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Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Keep safety first in your circuit designs!

. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautions on Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power is first supplied, the product's state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and a low level is input on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing while it is in this
undefined state. For those products which have a reset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Access to Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system's
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

A

Description of Functional Modules
e CPU and System-Control Modules
¢ On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

1) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers
8. Electrical Characteristics
9. Appendix

10. Main Revisions and Additions in this Edition (only for revised versions)

The list of revisions is a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locations in this
manual.

11. Index
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Preface

The H8SX/1663 Group is a single-chip microcomputer made up of the high-speed internal 32-bit
H8SX CPU as its core, and the peripheral functions required to configure a system. The HESX
CPU is upward compatible with the H8/300, H8/300H, and H8S CPUs.

Target Users: This manual was written for users who will be using the H8SX/1663 Group in the
design of application systems. Target users are expected to understand the
fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8SX/1663 Group to the target users.
Refer to the H8SX Family Software Manual for a detailed description of the
instruction set.

Notes on reading this manual:

e In order to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e In order to understand the details of the CPU's functions
Read the H8SX Family Software Manual.

e In order to understand the details of a register when its name is known

Read the index that is the final part of the manual to find the page number of the entry on the

register. The addresses, bits, and initial values of the registers are summarized in section 24,

List of Registers.

Examples:  Register name: The following notation is used for cases when the same or a
similar function, e.g. 16-bit timer pulse unit or serial
communication interface, is implemented on more than one
channel:

XXX_N (XXX is the register name and N is the channel
number)
Bit order: The MSB is on the left and the LSB is on the right.

Number notation: ~ Binary is B'xxxx, hexadecimal is H'xxxx, decimal is xxxx.

Signal notation: An overbar is added to a low-active signal: xxxx

Related Manuals: ~ The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/
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H8SX/1663 Group manuals:

Document Title Document No.

H8SX/1663 Group Hardware Manual This manual

H8SX Family Software Manual REJ09B0102
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Section 1 Overview

1.1

Section 1 Overview

Features

32-bit high-speed H8SX CPU

Upward compatible with the H8/300 CPU, H8/300H CPU, and H8S CPU
Object programs for those CPUs are executable
Sixteen 16-bit general registers

87 basic instructions

Extensive peripheral functions

DMA controller (DMAC)

Data transfer controller (DTC)

16-bit timer pulse unit (TPU)

Programmable pulse generator (PPG)

8-bit timer (TMR)

Watchdog timer (WDT)

Serial communication interface (SCI) can be used in asynchronous or clocked synchronous
mode

Universal Serial Bus Interface (USB)
I'C bus interface 2 (IIC2)

10-bit A/D converter

8-bit D/A converter

Clock pulse generator

On-chip memory

Product Classification Product Model ROM RAM
Flash memory H8SX/1663 R5F61663 384 kbytes 40 kbytes
version H8SX/1664 R5F61664 512 kbytes 40 kbytes
¢ General I/O port

92 input/output ports
Nine input ports
Supports power-down modes

Small package
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Section 1 Overview

Package Code Body Size Pin Pitch
LQFP-144 FP-144LV* 20.0 x 20.0 mm 0.50 mm
Note: * Pb-free version
1.2 Block Diagram
AN AN
a TM32K Port 1
Interrupt  f—— |[——| TMR (unit0) Port 2
controller — X 2 channels
RAM () :
— TMR (unit 1) Port 3
[ x 2 channels
| TMR@nit2) Port 5
— x 2 channels
ROM [ BSC [ || TMR@nt3) Port 6
[ x 2 channels
3
» 2 () TPU x 6 channels Port A
3 E
—_ [}
© <
H8SX f—— € S PPG PortB
CPU £ &
(] SCI x 6 channels Port C
DMAC O USB Port D
DTC [ x 4 channels —
() lIC2 x 2 channels Port E
____1 A/Dconverter Port F
Main clock
oscillator
D/A converter Port H
Subclock Port |
oscillator N
Port M

(

External bus

[Legend]

CPU: Central processing unit TPU:
DTC: Data transfer controller PPG:
BSC: Bus controller SCI:
DMAC: DMA controller USB:
WDT: Watchdog timer lic2:
TMR:  8-bit timer TM32K:

16-bit timer pulse unit

Programmable pulse generator
Serial communication interface
Universal Serial Bus Interface

12C Bus Interface 2
32K timer

Figure 1.1 Block Diagram
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Section 1 Overview

1.3 Pin Assignments

1.3.1 Pin Assignments

a 35
2 2 @
S 2
: €g
T3 £ g8
9o < 3 s £
gge g ¢ 23
gEe & ¢ gs T1s
a8 3 o0 o0 S8
°g8 8 2% &z Egk
g E 3@ 5 T3z
E o 9z o <<} S S
3z83% 38 gk geBs
FRER-R-Re] § 3 233 SRE®
S8ESEE Sk sl 2355
e cd o i X
gEooe BR . BEg . Beffszey zgas.n
[ S 2oL 58 5 80860,0088¢58
58533%‘55?8;5%0935{&83%5@ SSenx@es=s8k
ffPocdhaacs>sux>B3aasceoofaaaacaoonasaanasa
OO000000000000000000000000000000000070
108 107 106 105 104 103 102101100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 84 83 82 81 80 79 78 77 76 75 74 73
P62/TMO2/SCK4/DACK2/IRQT0-B/TRST [] 109 72 [ PHB/D6
PLLVCC [ 110 71 [A PH5/D5
P63/TMRI3/DREQE/IRQTT-BTMS [ 111 70 [ PH4/D4
PLLVSS 112 69 [1 VSS
P64/TMCI3/TEND3/TDI [] 113 68 [1 PH3/D3
P65/TMO3/DACK3/TCK [ 114 67 [1 PH2/D2
MDO []115 66 [] PH1/D1
PC2/LUCAS/DQMLU [] 116 65 [] PHO/DO
PC3/LLCAS/DQMLL [] 117 64 [1 vee
P50/ANO/RQO-B [] 118 63 [ P34/PO12/TIOCA1/TENDT-B
P51/AN1/RQT-B [] 19 62 [] P33/PO11/TIOCCO/TIOCDO/TCLKB-ADREGT-B
P52/AN2/RG2-B [] 120 61 [ NMI
AVCC []121 60 [] P27/PO7/TIOCAS/TIOCBS
P53/AN3/RQ3-B [] 122 59 [] P26/POB/TIOCAS/TMO1/TXD1
AvsS []123 58 [] P32/PO10/TIOCCO/TCLKA-ADACKO-B
P54/AN4/IRQ4-B [] 124 57 [1 P31/PO9/TIOCAO/TIOCBO/TENDO-B
Vref []125 56 [] P30/PO8/TIOCAO/DREQO-B
P55/ANS/IRQ5-B [] 126 FP-144L 55 [] P25/PO5/TIOCA4/TMCIH/RxD1
P56/AN6/DAO/IRQE-B [] 127 (top view) 54 [] P24/PO4/TIOCA4/TIOCB4/TMRI1/SCK1
P57/AN7/DA1/IRQ7-B [] 128 p 53 [] P23/PO3/TIOCC3/TIOCD3/IRQTT-A
MD1 [] 129 52 [ P22/PO2/TIOCC3/TMOO/TXDOTRQT0-A
PB4/CSA-BWE []130 51 [] P21/PO1/TIOCA3/TMCIO/RXDO/RQS-A
PBS/OE/CKE [] 131 50 [ vee
PB6/CS6-D/(RD/WR-B) []132 49 [7] P20/POO/TIOCA3/TIOCB3/TMRIO/SCKO/RQB-A
MD3 [ 133 48] vss
PAO/BREQO/BS-A []134 47 [] MD_CLK
PA1/BACK/(RD/WR-A) []135 46 [ vBUS
PA2/BREQ/WAIT []136 457 Drvss
PAS/LLWR/LLB []137 4417 usD-
PA4/LHWR/LUB [] 138 437 usD+
PAS/RD []139 421 prvee
PA6/AS/AH/BS-B [] 140 417 Pm4
vss [ 141 407 pm3
PA7/By []142 39 EMLE=
vee O 38 [ Ppo/A0
PBO/CS0/CS4-ACS5-B [ 144 37 [ PD1/AT
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 81 32 33 34 35 36
000000000000 0000000 0000000000 00O oQ
DN 2QONC ORI TS PNIRNOCOTOYPAUOrORRE QRO IO
g 3888y 82gereerogegr-o222:88232¢
‘a‘é-é‘é’?g2EEEsssss?ssssss%’s%ss:a;a?m;aa
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Note: *  This is an on-chip emulator enable pin. Drive this pin low for the connection in normal operating mode.
When this pin is driven high, the on-chip emulation function is enabled and pins P62, P63, P64, P65, and
WDTOVF are dedicated to the on-chip emulator. For details on a connection example with the E10A,
refer to the E10A Emulator User's Manual.

Figure 1.2 Pin Assignments
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Section 1 Overview

1.3.2 Pin Configuration in Each Operating Mode

Table 1.1  Pin Configuration in Each Operating Mode

Operating Mode

Pin No. Modes 2,6, 7

Modes 4, 5

1 PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-B PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-B
2 PB2/CS2-A/CS6-A/RAS PB2/CS2-A/CS6-A/RAS
3 PB3/CS3-A/CS7-A/CAS PB3/CS3-A/CS7-A/CAS
4 VSS VSS

5 PB7/SDRAM¢ PB7/SDRAM¢
6 VCC VCC

7 MD2 MD2

8 PMO/TXD6 PMO/TXD6

9 PM1/RxD6 PM1/RxD6

10 PM2 PM2

11 PF7/A23 PF7/A23

12 PF6/A22 PF6/A22

13 PF5/A21 PF5/A21

14 PF4/A20 PF4/A20

15 PF3/A19 PF3/A19

16 VSS VSS

17 PF2/A18 PF2/A18

18 PF1/A17 PF1/A17

19 PFO/A16 PFO/A16

20 PE7/A15 PE7/A15

21 PE6/A14 PE6/A14

22 PES/A13 PE5S/A13

23 VSS VSS

24 PE4/A12 PE4/A12

25 VCC VCC

26 PE3/A11 PE3/A11

27 PE2/A10 PE2/A10

28 PE1/A9 PE1/A9

29 PEO/AS PEO/AS
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Operating Mode

Pin No. Modes 2, 6,7 Modes 4, 5

30 PD7/A7 PD7/A7

31 PD6/A6 PD6/A6

32 VSS VSS

33 PD5/A5 PD5/A5

34 PD4/A4 PD4/A4

35 PD3/A3 PD3/A3

36 PD2/A2 PD2/A2

37 PD1/A1 PD1/A1

38 PDO/AO PDO/AO

39 EMLE EMLE

40 PM3 PM3

4 PM4 PM4

42 DrvCC DrvCC

43 USD+ USD+

44 uSD- usD-

45 DrvVSS DrvVSS

46 VBUS VBUS

47 MD_CLK MD_CLK

48 VSS VSS

49 P20/PO0/TIOCA3/TIOCB3/TMRIO/SCKO/IRQ8-A  P20/PO0/TIOCA3/TIOCB3/TMRIO/SCKO/IRQS-A
50 vce VCC

51 P21/PO1/TIOCA3/TMCIO/RxDO/IRQ9-A P21/PO1/TIOCA3/TMCIO/RxDO/IRQ9-A
52 P22/PO2/TIOCC3/TMOO/TxDO/IRQT0-A P22/PO2/TIOCC3/TMOO/TxDO/IRQ10-A
53 P23/PO3/TIOCC3/TIOCDS/IRQTT-A P23/PO3/TIOCC3/TIOCDS/IRQTT-A

54 P24/PO4/TIOCA4/TIOCB4/TMRI1/SCK1 P24/PO4/TIOCA4/TIOCB4/TMRI1/SCK1
55 P25/POS5/TIOCA4/TMCI1/RxD1 P25/POS5/TIOCA4/TMCI1/RxD1

56 P30/PO8/TIOCA0/DREQO-B P30/PO8/TIOCA0/DREQO-B

57 P31/PO9/TIOCAO/TIOCBO/TENDO-B P31/PO9/TIOCAQ/TIOCBO/TENDO-B
58 P32/PO10/TIOCCO/TCLKA-A/DACKO-B P32/PO10/TIOCCO/TCLKA-A/DACKO-B
59 P26/PO6/TIOCA5/TMO1/TxD1 P26/PO6/TIOCA5/TMO1/TxDA1

60 P27/PO7/TIOCAS5/TIOCB5 P27/PO7/TIOCAS5/TIOCB5

RENESAS
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Operating Mode

Pin No. Modes 2, 6,7 Modes 4, 5

61 NMI NMI

62 P33/PO11/TIOCCO/TIOCDO/TCLKB-A/DREQT-B  P33/P0O11/TIOCCO/TIOCDO/TCLKB-A/DREQ1-B
63 P34/PO12/TIOCA1/TEND1-B P34/PO12/TIOCA1/TEND1-B
64 vVCC vVCC

65 PHO/DO PHO/DO

66 PH1/D1 PH1/D1

67 PH2/D2 PH2/D2

68 PH3/D3 PH3/D3

69 VSS VSS

70 PH4/D4 PH4/D4

71 PH5/D5 PH5/D5

72 PH6/D6 PH6/D6

73 PH7/D7 PH7/D7

74 vce vce

75 Pl0/D8 Pl0/D8

76 PI1/D9 PI1/D9

77 PI2/D10 PI2/D10

78 PI3/D11 PI3/D11

79 VSS VSS

80 Pl14/D12 Pl14/D12

81 PI5/D13 PI5/D13

82 Pl6/D14 Pl6/D14

83 PI7/D15 PI7/D15

84 P10/TxD2/DREQO-A/IRQO-A P10/TxD2/DREQO-A/IRQO-A
85 P11/RxD2/TENDO-A/IRQ1-A P11/RxD2/TENDO-A/IRQ1-A
86 P12/SCK2/DACKO-A/IRQ2-A P12/SCK2/DACKO-A/IRQ2-A
87 P13/ADTRGO/IRQ3-A P13/ADTRGO/IRQ3-A

88 VSS VSS

89 0SsC2 0SsC2

90 0SC1 0SC1

91 RES RES
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Operating Mode

Pin No. Modes 2, 6,7 Modes 4, 5

92 VCL VCL

93 P14/DREQT-A/IRQ4-A/TCLKA-B/TxD5/IFTXD/ P14/DREQT-A/IRQ4-A/TCLKA-B/TxD5/IFTXD/
SDAT1 SDAT1

94 P15/TEND1-A/IRQ5-A/TCLKB-B/RxD5/IrRxD/ P15/TEND1-A/IRQ5-A/TCLKB-B/RxD5/IrRxD/
SCLA1 SCLA1

95 WDTOVF/TDO WDTOVF/TDO

96 VSS VSS

97 XTAL XTAL

98 EXTAL EXTAL

99 vVCC vVCC

100 P16/DACKT-A/IRQ6-A/TCLKC-B/SDAO P16/DACKT-A/IRQ6-A/TCLKC-B/SDAO

101 P17/IRQ7-A/TCLKD-B/SCLO P17/IRQ7-A/TCLKD-B/SCLO

102 STBY STBY

103 VSS VSS

104 P35/PO13/TIOCA1/TIOCB1/TCLKC-A/DACK1-B  P35/PO13/TIOCA1/TIOCB1/TCLKC-A/DACKI-B

105 P36/PO14/TIOCA2 P36/PO14/TIOCA2

106 P37/PO15/TIOCA2/TIOCB2/TCLKD-A P37/PO15/TIOCA2/TIOCB2/TCLKD-A

107 P60/TMRI2/TxD4/DREQ2/IRQ8-B P60/TMRI2/TxD4/DREQ2/IRQ8-B

108 P61/TMCI2/RxD4/TEND2/IRQ9-B P61/TMCI2/RxD4/TEND2/IRQ9-B

109 P62/TMO2/SCK4/DACK2/IRQ10-B/TRST P62/TMO2/SCK4/DACK2/IRQ10-B/TRST

110 PLLVCC PLLVCC

111 P63/TMRI3/DREQ3/IRQ11-B/TMS P63/TMRI3/DREQ3/IRQ11-B/TMS

112 PLLVSS PLLVSS

113 P64/TMCI3/TEND3/TDI P64/TMCI3/TEND3/TDI

114 P65/TMO3/DACK3/TCK P65/TMO3/DACK3/TCK

115 MDO MDO

116 PC2/LUCAS/DQMLU PC2/LUCAS/DQMLU

117 PC3/LLCAS/DQMLL PC3/LLCAS/DQMLL

118 P50/ANO/IRQO-B P50/ANO/IRQO-B

119 P51/AN1/IRQ1-B P51/AN1/IRQ1-B

120 P52/AN2/IRQ2-B P52/AN2/IRQ2-B

RENESAS
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Operating Mode

Pin No. Modes 2, 6,7 Modes 4, 5

121 AVCC AvVCC

122  P53/AN3/IRQ3-B P53/AN3/IRQ3-B

123 AVSS AVSS

124  P54/AN4/IRQ4-B P54/AN4/IRQ4-B

125 Vref Vref

126 P55/AN5/IRQ5-B P55/AN5/IRQ5-B

127  P56/AN6/DAO/IRQ6-B P56/AN6/DAO/IRQ6-B
128  P57/AN7/DA1/IRQ7-B P57/AN7/DA1/IRQ7-B
129  MD1 MD1

130  PB4/CS4-B/WE PB4/CS4-B/WE

131 PB5/OE/CKE PB5/OE/CKE

132 PB6/CS6-D/(RD/WR-B) PB6/CS6-D/(RD/WR-B)
133  MD3 MD3

134  PAO/BREQO/BS-A PAO/BREQO/BS-A

135  PA1/BACK/(RD/WR-A) PA1/BACK/(RD/WR-A)
136  PA2/BREQ/WAIT PA2/BREQ/WAIT

137  PA3/LLWR/ALB PA3/LLWR/ALB

138  PA4/LHWR/LUB PA4/LHWR/LUB

139  PA5/RD PA5/RD

140  PA6/AS/AH/BS-B PA6/AS/AH/BS-B

141 VSS VSS

142 PA7/B¢ PA7/B¢

143  VCC vCcC

144  PB0/CS0/CS4-A/CS5-B PB0/CS0/CS4-A/CS5-B
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1.3.3 Pin Functions

Table 1.2  Pin Functions

Pin No.
Classification  Abbreviation (FP-144LV) 10 Description
Power supply Ve 6, 25, 50, Input  Power supply pins. Connect to the system
64, 74, 99, power supply.
143
Vo 92 Input  Connect this pin to V via a 0.1-uF capacitor.
(The capacitor should be placed close to the
pin.)
Vo 4,16, 23, Input  Ground pins. Connect to the system power
32, 48, 69, supply (0 V).
79, 88, 96,
103, 141
PLLV,, 110 Input  Power supply pin for the PLL circuits. Connect
to the system power supply.
PLLV 112 Input  Ground pin for the PLL circuits.
DrvCC 42 Input  Power supply pin for USB on-chip transceiver.
Connect to the system power supply.
DrVSS 45 Input  Ground pin for USB on-chip transceiver
Clock XTAL 97 Input  Pins for a crystal resonator. External clock can
EXTAL 08 Input be input to the EXTAL pin. For a connection
example, see section 22, Clock Pulse
Generator.
OSCH1 90 Input  Connects the 32.768-kHz crystal resonator.
0SscC2 89 Input  Connect the 32.768-kHz crystal resonator.
B¢ 142 Output Outputs the system clock for external devices.
SDRAM¢ 5 Output Connects to the CLK pin of synchronous
DRAM when synchronous DRAM is
connected. For details, see section 6, Bus
Controller (BSC).
Operating mode MD3 133 Input  Pins for setting the operating mode. The signal
control MD2 7 levels of these pins must not be changed
MD1 129 during operation.
MDO 115
MD_CLK 47 Input  Pin for changing the multiplication ratio of the

clock pulse generator. The signal levels of this
pin must not be changed during operation.
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Classification  Abbreviation

Pin

No.

(FP-144LV) 1/O

Description

System control ES 91 Input  Reset signal input pin. This LSI enters the
reset state when this signal goes low.

STBY 102 Input  This LSI enters hardware standby mode when
this signal goes low.

EMLE 39 Input  Input pin for on-chip emulator enable signal. If
the on-chip emulator is used, the signal level
should be fixed high. If the on-chip emulator is
not used, the signal level should be fixed low.

On-chip TRST 109 Input  On-chip emulator pins. When the EMLE pin is
emulator ™S 111 Input driven. high, these pins are dedicated for the
on-chip emulator.

TDI 113 Input

TCK 114 Input

TDO 95 Output

Address bus A23 11 Output Output pins for the addresses.

A22 12

A21 13

A20 14

A19 15

A18 17

A17 18

A16 19

A15 20

A14 21

A13 22

A12 24

A1 26

A10 27

A9 28

A8 29

A7 30

A6 31

A5 33

A4 34

A3 35

A2 36

A1 37

A0 38
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Pin No.
Classification  Abbreviation (FP-144LV) 1/0 Description
Data bus D15 83 Input/  Bidirectional data bus. These pins also output

D14 82 output addresses when accessing the address/data

D13 81 multiplexed 1/O interface space.

D12 80

D11 78

D10 77

D9 76

D8 75

D7 73

D6 72

D5 71

D4 70

D3 68

D2 67

D1 66

DO 65

Bus control BREQ 136 Input  External bus masters request the bus by this
signal.

BREQO 134 Output The internal bus masters request the bus to
access the external space in the external bus
released state.

BACK 135 Output Bus acknowledge signal which indicates that
the bus has been released.

BS-A/BS-B 134/140 Output Indicates the start of a bus cycle.

AS 140 Output Strobe signal which indicates that the output
address on the address bus is valid when
accessing the basic bus interface or byte
control SRAM interface space.

AH 140 Output This signal is used to hold the address when
accessing the address/data multiplexed I/O
interface space.

RD 139 Output Strobe signal to indicates that the basic bus
interface space is being read from.

RD/WR-A/RD/WR-B  135/132 Output Indicates the direction (input/output) of the
data bus.

LHWR 138 Output Strobe signal which indicates that the upper
byte (D15 to D8) is valid when accessing the
basic bus interface space.

LLWR 137 Output Strobe signal which indicates that the lower

byte (D7 to DO) is valid when accessing the
basic bus interface space.
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Pin No.
Classification  Abbreviation (FP-144LV) 1/0 Description
Bus control LUB 138 Output Strobe signal which indicates that the upper
byte (D15 to D8) is valid when accessing the
byte control SRAM interface space.

LB 137 Output Strobe signal which indicates that the lower
byte (D7 to DO) is valid when accessing the
byte control SRAM interface space.

CSO 144 Output Select signals for areas 7 to 0.

CSi 1

CS2-A/CS2-B 21

CS3-A 3

CS4-A/CS4-B 144/130

CS5-A/CS5-B 1/144

CS6-A/CS6-B/CS6-D 2/1/132

CS7-A/CS7-B 31

WAIT 136 Input  Requests wait cycles when accessing the
external space.

RAS 2 Output e Row address strobe signal for DRAM
when area 2 is specified as DRAM
interface space.

e Row address strobe signal when area 2 is
specified as synchronous DRAM interface
space.

CAS 3 Output Column address strobe signal when area 2 is
specified as synchronous DRAM interface
space.

WE 130 Output e  Write enable signal for DRAM space.

o Write enable signal when area 2 is
specified as synchronous DRAM interface
space.

OE/CKE 131 Output e  Output enable signal for DRAM interface
space.

e Clock enable signal for synchronous
DRAM interface space.
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Pin No.
Classification Abbreviation (FP-144LV) 1/0 Description
Bus control LUCAS/DQMLU 116 Output e  Upper-column address strobe signal for
16-bit DRAM interface space.
e Upper-data mask enable signal for 16-bit
synchronous DRAM interface space.
LLCAS/DQMLL 117 Output e Lower-column address strobe signal for
16-bit DRAM interface space
e Column address strobe signal for 8-bit
DRAM interface space.
e Lower-data mask enable signal for 16-bit
synchronous DRAM interface space.
e Data mask enable signal for 8-bit
synchronous DRAM interface space
Interrupt NMI 61 Input  Non-maskable interrupt request signal. When
this pin is not in use, this signal must be fixed
high.
IRQ11-A/IRQ11-B 53/111 Input  Maskable interrupt request signal.
IRQ10-A/IRQ10-B 52/109
IRQ9-A/IRQ9-B 51/108
IRQ8-A/IRQ8-B 49/107
IRQ7-A/IRQ7-B 101/128
IRQ6-A/IRQ6-B 100/127
IRQ5-A/IRQ5-B 94/126
IRQ4-A/IRQ4-B 93/124
IRQ3-A/IRQ3-B 87/122
IRQ2-A/IRQ2-B 86/120
IRQ1-A/IRQ1-B 85/119
IRQO-A/IRQO-B 84/118
DMA controller DREQO-A/DREQO-B 84/56 Input  Requests DMAC activation.
(DMAC) DREQ1-A/DREQ1-B 93/62
DREQ2 107
DREQ3 111
DACKO-A/DACKO-B  86/58 Output DMAC single address transfer acknowledge
DACK1-A/DACK1-B  100/104 signal.
DACK2 109
DACK3 114
TENDO-A/TENDO-B  85/57 Output Indicates DMAC data transfer end.
TEND1-A/TEND1-B  94/63
TEND2 108
TEND3 113
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Pin No.
Classification  Abbreviation (FP-144LV) 10 Description
16-bit timer TCLKA-A/TCLKA-B  58/93 Input/  Input pins for the external clocks.
pulse unit TCLKB-A/TCLKB-B  62/94 output
(TPU) TCLKC-A/TCLKC-B  104/100
TCLKD-A/TCLKD-B  106/101
TIOCAO 56, 57 Input/  Signals for TGRAO to TGRDO. These are used
TIOCBO 57 output for the input capture inputs/output compare
TIOCCO 58, 62 outputs/PWM outputs.
TIOCDO 62
TIOCA1 63, 104 Input/  Signals for TGRA_1 and TGRB_1. These are
TIOCBH1 104 output used for the input capture inputs/output
compare outputs/PWM outputs.
TIOCA2 105, 106 Input/  Signals for TGRA_2 and TGRB_2. These are
TIOCB2 106 output used for the input capture inputs/output
compare outputs/PWM outputs.
TIOCA3 49, 51 Input/  Signals for TGRA_3 and TGRB_3. These are
TIOCB3 49 output used for the input capture inputs/output
TIOCC3 52, 53 compare outputs/PWM outputs.
TIOCD3 53
TIOCA4 54, 55 Input/  Signals for TGRA_4 and TGRB_4. These are
TIOCB4 54 output used for the input capture inputs/output
compare outputs/PWM outputs.
TIOCA5 59, 60 Input/  Signals for TGRA_5 and TGRB_5. These are
TIOCB5 60 output used for the input capture inputs/output
compare outputs/PWM outputs.
Programmable PO15 106 Output Output pins for the pulse signals.
pulse generator PO14 105
(PPG) PO13 104
PO12 63
PO11 62
PO10 58
PO9 57
PO8 56
PO7 60
PO6 59
PO5 55
PO4 54
PO3 53
PO2 52
PO1 51
POO 49
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Pin No.

Classification Abbreviation (FP-144LV) 1/0 Description
8-bit timer TMOO0 52 Output Output pins for the compare match signals.
(TMR) TMOA1 59

TMO2 109

TMOS3 114

TMCIO 51 Input  Input pins for the external clock signals used

TMCH 55 for the counters.

TMCI2 108

TMCI3 113

TMRIO 49 Input  Input pins for the counter reset signals.

TMRI 54

TMRI2 107

TMRI3 111
Watchdog timer WDTOVF 95 Output Output pin for the counter overflow signal in
(WDT) watchdog timer mode.
Serial TxDO 52 Output Output pins for transmit data.
communication TxD1 59
interface (SCI)  TxD2 84

TxD4 107

TxD5 93

TxD6 8

RxDO 51 Input  Input pins for receive data.

RxD1 55

RxD2 85

RxD4 108

RxD5 94

RxD6 9

SCKO 49 Input/  Input/output pins for clock signals.

SCK1 54 output

SCK2 86

SCK4 109
SCI with IrDA IrTxD 93 Output Output pin that outputs decoded data for IrDA
(SCh IrRxD 94 Input  Input pin that inputs decoded data for IrDA

Rev.1.00 Jun. 07, 2006 Page 15 of 1102

RENESAS REJ09B0294-0100



Section 1 Overview

Pin No.
Classification Abbreviation (FP-144LV) 1/0 Description
I°C bus interface SCLO, SCL1 101, 94 Input/  Input/output pin for IIC clock. Bus can be
2 (lic2) output directly driven by the NMOS open drain output.
SDAO, SDA1 100, 93 Input/  Input/output pin for IIC data. Bus can be
output directly driven by the NMOS open drain output.
Universal Serial USD+ 43 Input/  Input/output pin for USB data
Bus Interface USD- 44 output
(USB)
VBUS 46 Input  Pin for monitoring USB cable connection
A/D converter  AN7 128 Input  Input pins for the analog signals for the A/D
ANG6 127 converter.
AN5 126
AN4 124
AN3 122
AN2 120
AN1 119
ANO 118
ADTRGO 87 Input  Input pin for the external trigger signal to start
A/D conversion.
D/A converter ~ DA1 128 Output Output pins for the analog signals for the D/A
DAO 127 converter.
A/D converter, AV, 121 Input  Analog power supply pin for the A/D and D/A
D/A converter converters. When the A/D and D/A converters
are not in use, connect to the system power
supply.
AV 123 Input  Ground pin for the A/D and D/A converters.
Connect to the system power supply (0 V).
Vref 125 Input  Reference power supply pin for the A/D and
D/A converters. When the A/D and D/A
converters are not in use, connect to the
system power supply.
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Classification

Abbreviation

Pin

No.

(FP-144LV) 1/0 Description

1/0 port P17 101 Input/  8-bit input/output pins.
P16 100 output
P15 94
P14 93
P13 87
P12 86
P11 85
P10 84
P27 60 Input/  8-bit input/output pins.
P26 59 output
P25 55
P24 54
P23 53
P22 52
P21 51
P20 49
P37 106 Input/  8-bit input/output pins.
P36 105 output
P35 104
P34 63
P33 62
P32 58
P31 57
P30 56
P57 128 Input  8-bit input pins.
P56 127
P55 126
P54 124
P53 122
P52 120
P51 119
P50 118
P65 114 Input/  6-bit input/output pins.
P64 113 output
P63 111
P62 109
P61 108
P60 107
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Pin No.
Classification Abbreviation (FP-144LV) 1/0 Description
1/0 port PA7 142 Input  Input-only pin
PA6 140 Input/  7-bit input/output pins.
PA5 139 output
PA4 138
PA3 137
PA2 136
PA1 135
PAO 134
PB7 5 Input/  8-bit input/output pins.
PB6 132 output
PB5 131
PB4 130
PB3 3
PB2 2
PB1 1
PBO 144
PC3 117 Input/  2-bit input/output pins.
PC2 116 output
PD7 30 Input/  8-bit input/output pins.
PD6 31 output
PD5 33
PD4 34
PD3 35
PD2 36
PD1 37
PDO 38
PE7 20 Input/  8-bit input/output pins.
PE6 21 output
PE5 22
PE4 24
PE3 26
PE2 27
PE1 28
PEO 29
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Classification

Abbreviation

Pin No.
(FP-144LV) 1/0 Description

I/O port PF7 11 Input/  8-bit input/output pins.
PF6 12 output
PF5 13
PF4 14
PF3 15
PF2 17
PF1 18
PFO 19
PH7 73 Input/  8-bit input/output pins.
PH6 72 output
PH5 71
PH4 70
PH3 68
PH2 67
PH1 66
PHO 65
P17 83 Input/  8-bit input/output pins.
P16 82 output
PI5 81
Pl4 80
PI3 78
PI2 77
P 76
PIO 75
PM4 41 Input/  5-bit input/output pins.
PM3 40 output
PM2 10
PM1 9
PMO 8
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Section 2 CPU

The H8SX CPU is a high-speed CPU with an internal 32-bit architecture that is upward
compatible with the H8/300, H8/300H, and H8S CPUs.

The H8SX CPU has sixteen 16-bit general registers, can handle a 4-Gbyte linear address space,
and is ideal for a realtime control system.

2.1 Features

e Upward-compatible with H8/300, H8/300H, and H8S CPUs
— Can execute H8/300, H8/300H, and H8S/2000 object programs
o Sixteen 16-bit general registers
— Also usable as sixteen 8-bit registers or eight 32-bit registers
e 87 basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Bit field transfer instructions
— Powerful bit-manipulation instructions
— Bit condition branch instructions
— Multiply-and-accumulate instruction
e Eleven addressing modes
— Register direct [Rn]
— Register indirect [@ERn]
— Register indirect with displacement [@(d:2,ERn), @(d:16,ERn), or @(d:32,ERn)]
— Index register indirect with displacement [@(d:16,RnL.B), @(d:32,RnL.B),
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERn.L), or @(d:32,ERn.L)]
— Register indirect with pre-/post-increment or pre-/post-decrement [ @+ERn, @—ERn,
@ERn+, or @ERn—]
— Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
— Immediate [#xx:3, #xx:4, #xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]

— Program-counter relative with index register [@(RnL.B,PC), @(Rn.W,PC), or
@(ERn.L,PO)]

— Memory indirect [@ @aa:8]
— Extended memory indirect [@ @vec:7]
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e Two base registers
— Vector base register
— Short address base register
e 4-Gbyte address space
— Program: 4 Gbytes
— Data: 4 Gbytes
e High-speed operation
— All frequently-used instructions executed in one or two states
— 8/16/32-bit register-register add/subtract: 1 state

— 8 x 8-bit register-register multiply: 1 state
— 16 =+ 8-bit register-register divide: 10 states
— 16 x 16-bit register-register multiply: 1 state
— 32 =+ 16-bit register-register divide: 18 states
— 32 x 32-bit register-register multiply: 5 states
— 32 + 32-bit register-register divide: 18 states

e Four CPU operating modes
— Normal mode
— Middle mode
— Advanced mode
— Maximum mode
e Power-down modes
— Transition is made by execution of SLEEP instruction

— Choice of CPU operating clocks
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2.2 CPU Operating Modes

The H8SX CPU has four operating modes: normal, middle, advanced and maximum modes. For
details on mode settings, see section 3.1, Operating Mode Selection.

Maximum 64 kbytes for program
and data areas combined

Normal mode

Maximum 16-Mbyte program
area and 64-kbyte data area,
maximum 16 Mbytes for program
and data areas combined

Middle mode

CPU operating modes

Maximum 16-Mbyte program
Advanced mode area and 4-Gbyte data area,
maximum 4 Gbytes for program
and data areas combined

Maximum 4 Gbytes for program
and data areas combined

Maximum mode

Figure 2.1 CPU Operating Modes

221 Normal Mode
The exception vector table and stack have the same structure as in the H8/300 CPU.
Note: Normal mode is not supported in this LSI.

e Address Space
The maximum address space of 64 kbytes can be accessed.

e Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers. When the extended register En is used as a 16-bit register it can
contain any value, even when the corresponding general register Rn is used as an address
register. (If the general register Rn is referenced in the register indirect addressing mode with
pre-/post-increment or pre-/post-decrement and a carry or borrow occurs, however, the value in
the corresponding extended register En will be affected.)

e Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.
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e Exception Vector Table and Memory Indirect Branch Addresses
In normal mode, the top area starting at H'0000 is allocated to the exception vector table. One
branch address is stored per 16 bits. The structure of the exception vector table is shown in
figure 2.2.

H0000 | _ Reset exception vector --

H'0001 P

H'0002 ] Exception
Hooos [~ Reset exception vector -- vector table

"

Figure 2.2 Exception Vector Table (Normal Mode)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes

are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction

code specifies a memory location. Execution branches to the contents of the memory location.
e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception

handling are shown in figure 2.3. The PC contents are saved or restored in 16-bit units.

\/\\/\

SP—1 PC SP—> EXR*!
(16 bits) %2 Reserved1. *3
(SP —) CCR
\/\ CCR'S
- - - PC -
(16 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure 2.3 Stack Structure (Normal Mode)
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2.2.2 Middle Mode

The program area in middle mode is extended to 16 Mbytes as compared with that in normal
mode.

e Address Space
The maximum address space of 16 Mbytes can be accessed as a total of the program and data
areas. For individual areas, up to 16 Mbytes of the program area or up to 64 kbytes of the data
area can be allocated.

e Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers. When the extended register En is used as a 16-bit register (in
other than the JMP and JSR instructions), it can contain any value even when the
corresponding general register Rn is used as an address register. (If the general register Rn is
referenced in the register indirect addressing mode with pre-/post-increment or pre-/post-
decrement and a carry or borrow occurs, however, the value in the corresponding extended
register En will be affected.)

e Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid and the upper eight bits are sign-extended.

e Exception Vector Table and Memory Indirect Branch Addresses
In middle mode, the top area starting at H'000000 is allocated to the exception vector table.
One branch address is stored per 32 bits. The upper eight bits are ignored and the lower 24 bits
are stored. The structure of the exception vector table is shown in figure 2.4.
The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes
are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies a memory location. Execution branches to the contents of the memory location.
In middle mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch address.
The upper eight bits are reserved and assumed to be H'00.

e Stack Structure
The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling are shown in figure 2.5. The PC contents are saved or restored in 24-bit units.
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2.2.3 Advanced Mode

The data area is extended to 4 Gbytes as compared with that in middle mode.

Address Space

The maximum address space of 4 Gbytes can be linearly accessed. For individual areas, up to
16 Mbytes of the program area and up to 4 Gbytes of the data area can be allocated.

Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers or address registers.

Instruction Set
All instructions and addressing modes can be used.
Exception Vector Table and Memory Indirect Branch Addresses

In advanced mode, the top area starting at H'00000000 is allocated to the exception vector
table. One branch address is stored per 32 bits. The upper eight bits are ignored and the lower
24 bits are stored. The structure of the exception vector table is shown in figure 2.4.

H'00000000 Reserved

H00000001 [~ TTTTTTTTTTIITI T
H'00000002 [ Reset exception vector
H'00000003 |
H'00000004 hmmmmmea—a—- Ee_s_e_r\ﬁq ............. >~ Exception vector table
H'00000005

H00000006 |
H'00000007

Figure 2.4 Exception Vector Table (Middle and Advanced Modes)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes
are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies a memory location. Execution branches to the contents of the memory location.

In advanced mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch
address. The upper eight bits are reserved and assumed to be H'00.
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e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling are shown in figure 2.5. The PC contents are saved or restored in 24-bit units.

\/\\/\

SP - EXR*!
SP —» Reserved #2 Reserved1, *3
(SP =) CCR
—_— PC R
L (24 bits) - L - PC -
| (24 bits) .
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure 2.5 Stack Structure (Middle and Advanced Modes)

224 Maximum Mode
The program area is extended to 4 Gbytes as compared with that in advanced mode.

e Address Space
The maximum address space of 4 Gbytes can be linearly accessed.
e Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers or as the upper 16-bit
segments of 32-bit registers or address registers.

¢ Instruction Set
All instructions and addressing modes can be used.
e Exception Vector Table and Memory Indirect Branch Addresses

In maximum mode, the top area starting at H'00000000 is allocated to the exception vector
table. One branch address is stored per 32 bits. The structure of the exception vector table is
shown in figure 2.6.
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H'00000000
H'00000001 |
H'00000002 |
H'00000003
H'00000004
H'00000005
H'00000006
H'00000007

--|  Exception vector table

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes
are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies a memory location. Execution branches to the contents of the memory location.

In maximum mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch

address.

e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling are shown in figure 2.7. The PC contents are saved or restored in 32-bit units. The

Figure 2.6 Exception Vector Table (Maximum Modes)

EXR contents are saved or restored regardless of whether or not EXR is in use.

sp—~|

PC
(32 bits)

(a) Subroutine Branch

SP—

\/\

EXR

CCR

PC
(32 bits)

(b) Exception Handling

Figure 2.7 Stack Structure (Maximum Mode)
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2.3 Instruction Fetch

The H8SX CPU has two modes for instruction fetch: 16-bit and 32-bit modes. It is recommended
that the mode be set according to the bus width of the memory in which a program is stored. The
instruction-fetch mode setting does not affect operation other than instruction fetch such as data
accesses. Whether an instruction is fetched in 16- or 32-bit mode is selected by the FETCHMD bit
in SYSCR. For details, see section 3.2.2, System Control Register (SYSCR).

24 Address Space

Figure 2.8 shows a memory map of the H8SX CPU. The address space differs depending on the
CPU operating mode.

Normal mode Middle mode Advanced mode Maximum mode
H'0000 H'000000 H'00000000 H'00000000
HOO7FFF f=========1
Program area
Data area
8 (64 kbytes) | Program area
HFFFF (16 Mbytes)
Program area
|| Dataarea | (16 Mbytes)
(64 kbytes)
HFF8000 == =======1 Program area
Data area
HFFFFFF i HOOFFFFFF[ === "="""" i (4 Gbytes)
| Dataarea
(4 Gbytes)
HFFFFFFFF] i HFFFFFFFF]

Figure 2.8 Memory Map
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2.5 Registers

The H8SX CPU has the internal registers shown in figure 2.9. There are two types of registers:
general registers and control registers. The control registers are the 32-bit program counter (PC),
8-bit extended control register (EXR), 8-bit condition-code register (CCR), 32-bit vector base
register (VBR), 32-bit short address base register (SBR), and 64-bit multiply-accumulate register
(MAC).

General Registers and Extended Registers

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H RIL
ER2 E2 R2H RoL
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers

31 0
PC [
76543210
ccr [1Jufr[uln]z[v]c
76543210
exR [1]-]-]-[-iefu[n]
31 12 0
VBR | : (Reserved) |
31 8 0
SBR | i (Reserved) |
63 41 32
Sign extension H MACH
MAC .
MACL
31 0
[Legend]
SP:  Stack pointer u: User bit T: Trace bit
PC: Program counter N: Negative flag 12 to 10: Interrupt mask bits
CCR: Condition-code register Z: Zero flag VBR:  Vector base register
I: Interrupt mask bit V: Overflow flag SBR:  Short address base register
Ul:  User bit or interrupt mask bit C: Carry flag MAC: Multiply-accumulate register
H: Half-carry flag EXR: Extended control register

Figure 2.9 CPU Registers
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2.5.1 General Registers

The H8SX CPU has eight 32-bit general registers. These general registers are all functionally alike
and can be used as both address registers and data registers. When a general register is used as a
data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.10 illustrates the
usage of the general registers.

When the general registers are used as 32-bit registers or address registers, they are designated by
the letters ER (ERO to ER7).

When the general registers are used as 16-bit registers, the ER registers are divided into 16-bit
general registers designated by the letters E (EO to E7) and R (RO to R7). These registers are
functionally equivalent, providing a maximum sixteen 16-bit registers. The E registers (EO to E7)
are also referred to as extended registers.

When the general registers are used as 8-bit registers, the R registers are divided into 8-bit general
registers designated by the letters RH (ROH to R7H) and RL (ROL to R7L). These registers are
functionally equivalent, providing a maximum sixteen 8-bit registers.

The general registers ER (ERO to ER7), R (RO to R7), and RL (ROL to R7L) are also used as index
registers. The size in the operand field determines which register is selected.

The usage of each register can be selected independently.

 16-bit registers

* Address registers

* 32-bit registers General registers E

e 32-bit index registers (EO to E7)

General registers ER « 8-bit registers

ERO to ER7
( ) * 16-bit registers General registers RH
¢ 16-bit index registers (ROH to R7H)

General registers R
(RO to R7) « 8-bit registers

 8-bit index registers

General registers RL
(ROL to R7L)

Figure 2.10 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine branches. Figure 2.11 shows
the stack.

/\_/A

Free area

SP (ER7) —»] A

Stack area

/\/

Figure 2.11 Stack

2.5.2 Program Counter (PC)

PC is a 32-bit counter that indicates the address of the next instruction the CPU will execute. The
length of all CPU instructions is 16 bits (one word) or a multiple of 16 bits, so the least significant
bit is ignored. (When the instruction code is fetched, the least significant bit is regarded as 0.
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2.5.3

Condition-Code Register (CCR)

CCR is an 8-bit register that contains internal CPU status information, including an interrupt mask
(D and user (UI, U) bits and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C)

flags.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branch conditions for conditional branch (Bcc)

instructions.

Bit

Bit Name

Initial
Value R/W

Description

7

1 R/W

Interrupt Mask Bit

Masks interrupts when set to 1. This bit is set to 1 at the
start of an exception handling.

ul

Undefined R/W

User Bit

Can be written to and read from by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

Undefined R/W

Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B,
or NEG.B instruction is executed, this flag is set to 1 if
there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or
NEG.W instruction is executed, this flag is set to 1 if
there is a carry or borrow at bit 11, and cleared to 0
otherwise. When the ADD.L, SUB.L, CMP.L, or NEG.L
instruction is executed, this flag is setto 1 if there is a
carry or borrow at bit 27, and cleared to 0 otherwise.

Undefined R/W

User Bit

Can be written to and read from by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

Undefined R/W

Negative Flag

Stores the value of the most significant bit (regarded as
sign bit) of data.
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Initial
Bit Bit Name Value R/W  Description
2 4 Undefined R/W  Zero Flag
Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.
1 \ Undefined R/W  Overflow Flag
Set to 1 when an arithmetic overflow occurs, and
cleared to 0 otherwise.
0 C Undefined R/W  Carry Flag
Set to 1 when a carry occurs, and cleared to 0
otherwise. A carry has the following types:
e Carry from the result of addition
e Borrow from the result of subtraction
e Carry from the result of shift or rotation
The carry flag is also used as a bit accumulator by bit
manipulation instructions.
2.54 Extended Control Register (EXR)

EXR is an 8-bit register that contains the trace bit (T) and three interrupt mask bits (I2 to 10).

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions.

For details, see section 4, Exception Handling.

Initial
Bit Bit Name Value R/W Description
7 T 0 R/W  Trace Bit
When this bit is set to 1, a trace exception is generated
each time an instruction is executed. When this bit is
cleared to 0, instructions are executed in sequence.
6to3 — All 1 R/W  Reserved
These bits are always read as 1.
2 12 1 R/W  Interrupt Mask Bits
1 1 R/W  These bits designate the interrupt mask level (0 to 7).
0 10 1 R/W
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2.5.5 Vector Base Register (VBR)

VBR is a 32-bit register in which the upper 20 bits are valid. The lower 12 bits of this register are
read as Os. This register is a base address of the vector area for exception handlings other than a
reset and a CPU address error (extended memory indirect is also out of the target). The initial
value is H'00000000. The VBR contents are changed with the LDC and STC instructions.

2.5.6 Short Address Base Register (SBR)

SBR is a 32-bit register in which the upper 24 bits are valid. The lower eight bits are read as Os. In
8-bit absolute address addressing mode (@aa:8), this register is used as the upper address. The
initial value is HFFFFFF00. The SBR contents are changed with the LDC and STC instructions.

2.5.7 Multiply-Accumulate Register (MAC)

MAC is a 64-bit register that stores the results of multiply-and-accumulate operations. It consists
of two 32-bit registers denoted MACH and MACL. The lower 10 bits of MACH are valid; the
upper bits are sign extended. The MAC contents are changed with the MAC, CLRMAC, LDMAC,
and STMAC instructions.

2.5.8 Initial Values of CPU Registers

Reset exception handling loads the start address from the vector table into the PC, clears the T bit
in EXR to 0, and sets the I bits in CCR and EXR to 1. The general registers, MAC, and the other
bits in CCR are not initialized. In particular, the initial value of the stack pointer (ER7) is
undefined. The SP should therefore be initialized using an MOV.L instruction executed
immediately after a reset.
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2.6 Data Formats

The H8SX CPU can process 1-bit, 4-bit BCD, 8-bit (byte), 16-bit (word), and 32-bit (longword)
data.

Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2, ..., 7) of byte
operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit
BCD data.

2.6.1 General Register Data Formats

Figure 2.12 shows the data formats in general registers.

7 0
1-bit data RnH 7[6]5]4[3[2]1]o] _ Dontcare :
T 7 0
1-bit data RnL Don't care EE
4-bit BCD data RnH 7 43 0
Borit care
4-bit BCD data RnL
________________ 7 43 0
Byte data RnH i...Dontcare [ Upper | Lower |
7 0
MSB Lsg T
Word data Rn 7 0
Word data En MSB LSB
15 0
Longword data ERn HIEEEEEEEEREREEE
MSB LSB
15 0
MSB LSB
31 1615 0
MSB En Rn LSB
[Legend]
ERn: General register ER RnL: General register RL
En:  General register E MSB: Most significant bit
Rn:  General register R LSB: Least significant bit

RnH: General register RH

Figure 2.12 General Register Data Formats
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2.6.2 Memory Data Formats
Figure 2.13 shows the data formats in memory.

The H8SX CPU can access word data and longword data which are stored at any addresses in
memory. When word data begins at an odd address or longword data begins at an address other
than a multiple of 4, a bus cycle is divided into two or more accesses. For example, when
longword data begins at an odd address, the bus cycle is divided into byte, word, and byte
accesses. In this case, these accesses are assumed to be individual bus cycles.

However, instructions to be fetched, word and longword data to be accessed during execution of
the stack manipulation, branch table manipulation, block transfer instructions, and MAC
instruction should be located to even addresses.

When SP (ER7) is used as an address register to access the stack, the operand size should be word
size or longword size.

Data Type Data Format
Address /\/
7 0
1-bit data AddressL | 7 | 6 | 5| 4| 3| 2|1 0
Byte data AddressL [MsB: ¢+ i 1 1 isB
Word data Address2M |vsBi  + o+ i+ 1 i
Address 2M + 1 E E E E E E ELSB
Longword data Address 2N MSBE E E E E E E
Address2N+1 |+ & 1 11
Address 2N + 2 H H H H H H H
Address 2N + 3 E E E E E E ELSB

L — T~

Figure 2.13 Memory Data Formats
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2.7 Instruction Set

The H8SX CPU has 87 types of instructions. The instructions are classified by function as shown
in table 2.1. The arithmetic operation, logic operation, shift, and bit manipulation instructions are
called operation instruction in this manual.

Table 2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV B/W/L 6
MOVFPE*°, MOVTPE*° B
POP, PUSH*' W/L
LDM, STM L
MOVA B/W:?
Block transfer EEPMOV B 3
MOVMD B/W/L
MOVSD B
Arithmetic ADD, ADDX, SUB, SUBX, CMP, NEG, INC, DEC B/W/LL 27
operations
DAA, DAS B
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
MULU, DIVU, MULS, DIVS Wi/L
MULU/U, MULS/U L
EXTU, EXTS Wi/L
TAS B
MAC —
LDMAC, STMAC —
CLRMAC —
Logic operations  AND, OR, XOR, NOT B/W/L
Shift SHLL, SHLR, SHAL, SHAR, ROTL, ROTR, ROTXL, ROTXR B/WI/L
Bit manipulation ~ BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, B 20
BXOR, BIXOR, BLD, BILD, BST, BIST
BSET/EQ, BSET/NE, BCLR/EQ, BCLR/NE, BSTZ, BISTZ B
BFLD, BFST B
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Function Instructions Size  Types
Branch BRA/BS, BRA/BC, BSR/BS, BSR/BC B+ 9
Bcc*®, JMP, BSR, JSR, RTS —
RTS/L L*®
BRA/S —
System control TRAPA, RTE, SLEEP, NOP — 10
RTE/L L
LDC, STC, ANDC, ORC, XORC B/W/L
Total 87
[Legend]
B: Byte size
W: Word size
L: Longword size

Notes:

1.

SO NSRS

POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP.

POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L ERn,
@-SP.

Size of data to be added with a displacement

Size of data to specify a branch condition

Bcc is the generic designation of a conditional branch instruction.

Size of general register to be restored

Not available in this LSI.
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271

Instructions and Addressing Modes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8SX CPU can

use.
Table 2.2  Combinations of Instructions and Addressing Modes (1)
Addressing Mode
@(d, @-ERn/
RnL.B/ @ERn+/
Classifi- Rn.W/ @ERn-/ @aa:16/
cation Instruction  Size #xx Rn @ERn @(d,ERn) ERn.L) @+ERn @aa:8 @aa:32 —
Data MOV BWL S SD SD SD SD SD SD
transfer
B S/D S/D
MOVFPE, B S/D S/D*'
MOVTPE**
POP, PUSH WI/L S/D S/D#*
LDM, STM L S/D S/D**
MOVA** B/W S S S S S S
Block EEPMOV B SD*®
transfer  MovmD B/WIL SD*°
MOVSD B SD*®
Arithmetic ADD,CMP B ] D D D D D D D
operations B s D D D D D D
B D S S S S S S
B SD SD SD SD SD
W/L S SD SD SD SD SD SD
SUB S D D D D D D
B ] D D D D D D
B D S S S S S S
B SD SD SD SD SD
W/L S SD SD SD SD SD SD
ADDX, SUBX B/W/LL S SD
B/W/L S SD
B/W/L S SD*®
INC, DEC B/W/L D
ADDS, SUBS L D
DAA,DAS B D
MULXU, B/W S:4 SD
DIVXU
MULU, DIVU  WI/L S:4 SD
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Addressing Mode

@(d, @-ERn/
RnL.B/ @ERn+/
Classifi- Rn.W/ @ERn-/ @aa:16/
cation Instruction Size #xx Rn @ERn @(d,ERn) ERn.L) @+ERn @aa:8 @aa:32 —
Arithmetic MULXS, B/W S:i4 SD
operations DIVXS
MULS, DIVS ~ WI/L S:i4 SD
NEG B D D D D D D D
W/L D D D D D D
EXTU, EXTS WIL D D D D D D
TAS B D
MAC —
CLRMAC — (0]
LDMAC — S
STMAC — D
Logic AND, OR, XOR B S D D D D D D
operations B D S ) S ) S s
B SD SD SD SD SD
Wi/L S SD SD SD SD SD SD
NOT B D D D D D D D
W/L D D D D D D
Shift SHLL, SHLR B D D D D D D D
B/W/L*® D D D D D D
B/W/L*’ D
SHAL, SHAR B D D D D D D D
ROTL, ROTR wy/_ D D D D D D
ROTXL,
ROTXR
Bit BSET, BCLR, B D D D D
manipu- BNOT, BTST,
lation BSET/cc,
BCLR/cc
BAND, BIAND, B D D D D
BOR, BIOR,
BXOR, BIXOR,
BLD, BILD,
BST, BIST,
BSTZ, BISTZ
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Addressing Mode

@(d, @-ERn/
RnL.B/ @ERn+/
Classifi- Rn.W/ @ERn-/ @aa:16/
cation Instruction Size #xx Rn @ERn @(d,ERn) ERn.L) @+ERn @aa:8 @aa:32 —
Bit BFLD B D S S ]
manipu- BFST B S D D D
lation
Branch BRA/BS, BRA/BC*® B S S S
BSR/BS, BSR/BC** B S S S
System LDC B/W=** S ] S ] S*"° ]
control  (CCR, EXR)
LDC L ]
(VBR, SBR)
STC B/W+° D D D D*" D
(CCR, EXR)
STC L D
(VBR, SBR)
ANDC, ORC, B ]
XORC
SLEEP — o]
NOP — (0]
[Legend]
d: d:16 or d:32
S: Can be specified as a source operand.

D:

SD:
S/D:
S:4:
Notes:

Can be specified as a destination operand.

Can be specified as either a source or destination operand or both.
Can be specified as either a source or destination operand.

4-bit immediate data can be specified as a source operand.

Only @aa:16 is available.
@ERN+ as a source operand and @-ERn as a destination operand

Specified by ER5 as a source address and ERG6 as a destination address for data
transfer.

Size of data to be added with a displacement
Only @ERnN- is available
When the number of bits to be shifted is 1, 2, 4, 8, or 16

When the number of bits to be shifted is specified by 5-bit immediate data or a general
register

Size of data to specify a branch condition
Byte when immediate or register direct, otherwise, word

10 Only @ERn+ is available
11.0nly @-ERn is available
12. Not available in this LSI.
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Table 2.2  Combinations of Instructions and Addressing Modes (2)

Addressing Mode

@(RnL.
B/Rn.W/
Classifi- ERn.L, @ @@vec:
cation Instruction Size @ERn @(d,PC) PC) @aa:24 aa:32 @@ aa:8 7 —
Branch BRA/BS, — O
BRA/BC
BSR/BS, — (0]
BSR/BC
Bcc — O
BRA — (0] O
BRA/S — (o
JMP — (0] O (0] O O
BSR — (0]
JSR — (0] o (0] O O
RTS, RTS/IL — O
System TRAPA — (0]
control - “prE RTEL — o
[Legend]
d: d:8 ord:16

Note: * Only @(d:8, PC) is available.
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2.7.2 Table of Instructions Classified by Function

Tables 2.4 to 2.11 summarize the instructions in each functional category. The notation used in
these tables is defined in table 2.3.

Table 2.3  Operation Notation

Operation Notation Description

Rd General register (destination)*
Rs General register (source)*

Rn General register*

ERn General register (32-bit register)
(EAd) Destination operand

(EAs) Source operand

EXR Extended control register
CCR Condition-code register

VBR Vector base register

SBR Short address base register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\" V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- Move

~ Logical not (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER?7).
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Table 2.4  Data Transfer Instructions

Instruction  Size Function

MOV B/W/L  #IMM — (EAd), (EAs) — (EAd)
Transfers data between immediate data, general registers, and memory.

MOVFPE* B (EAs) —> Rd

MOVTPE* B Rs — (EAs)

POP W/L @SP+ — Rn
Restores the data from the stack to a general register.

PUSH W/L Rn —»> @-SP
Saves general register contents on the stack.

LDM L @SP+ — Rn (register list)
Restores the data from the stack to multiple general registers. Two, three,
or four general registers which have serial register numbers can be
specified.

STM L Rn (register list) > @-SP
Saves the contents of multiple general registers on the stack. Two, three,
or four general registers which have serial register numbers can be
specified.

MOVA B/W EA - Rd

Zero-extends and shifts the contents of a specified general register or
memory data and adds them with a displacement. The result is stored in a
general register.

Note: Not available in this LSI.
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Table 2.5 Block Transfer Instructions

Instruction  Size

Function

EEPMOV.B B Transfers a data block.

EEPMOV.W Transfers byte data which begins at a memory location specified by ER5
to a memory location specified by ER6. The number of byte data to be
transferred is specified by R4 or R4L.

MOVMD.B B Transfers a data block.

Transfers byte data which begins at a memory location specified by ER5
to a memory location specified by ER6. The number of byte data to be
transferred is specified by R4.

MOVMD.W W

Transfers a data block.

Transfers word data which begins at a memory location specified by ER5
to a memory location specified by ER6. The number of word data to be
transferred is specified by R4.

MOVMD.L L Transfers a data block.
Transfers longword data which begins at a memory location specified by
ERS5 to a memory location specified by ER6. The number of longword
data to be transferred is specified by R4.

MOVSD.B B Transfers a data block with zero data detection.

Transfers byte data which begins at a memory location specified by ER5
to a memory location specified by ER6. The number of byte data to be
transferred is specified by R4. When zero data is detected during transfer,
the transfer stops and execution branches to a specified address.
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Table 2.6  Arithmetic Operation Instructions

Instruction  Size Function

ADD B/W/L (EAd) = #IMM — (EAd), (EAd)t (EAs) — (EAd)

SUB Performs addition or subtraction on data between immediate data,
general registers, and memory. Immediate byte data cannot be
subtracted from byte data in a general register.

ADDX B/W/L (EAd) = #IMM = C — (EAd), (EAd) * (EAs) + C — (EAd)

SUBX Performs addition or subtraction with carry on data between immediate
data, general registers, and memory. The addressing mode which

specifies a memory location can be specified as register indirect with
post-decrement or register indirect.

INC B/W/IL Rd+1—->Rd, Rd+2 - Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

ADDS L Rd+1—>Rd, Rd+2 > Rd, Rd+4 — Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a general register.

DAA B Rd (decimal adjust) - Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to the CCR to produce 2-digit 4-bit BCD data.

MULXU B/W Rd x Rs - Rd

Performs unsigned multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULU WiL Rd x Rs - Rd

Performs unsigned multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULU/U L Rd x Rs - Rd

Performs unsigned multiplication on data in two general registers (32 bits
x 32 bits — upper 32 bits).

MULXS B/W Rd x Rs - Rd

Performs signed multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULS WiL Rd x Rs - Rd

Performs signed multiplication on data in two general registers: either 16
bits x 16 bits — 16 bits, or 32 bits x 32 bits — 32 bits.

MULS/U L Rd x Rs - Rd
Performs signed multiplication on data in two general registers (32 bits x
32 bits — upper 32 bits).

DIVXU B/W Rd + Rs —» Rd

Performs unsigned division on data in two general registers: either 16 bits
+ 8 bits — 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.
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Instruction  Size Function

DIVU WI/L Rd + Rs —» Rd
Performs unsigned division on data in two general registers: either 16 bits
+ 16 bits — 16-bit quotient, or 32 bits + 32 bits — 32-bit quotient.

DIVXS B/W Rd + Rs — Rd
Performs signed division on data in two general registers: either 16 bits +
8 bits — 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

DIVS WI/L Rd + Rs — Rd
Performs signed division on data in two general registers: either 16 bits +
16 bits — 16-bit quotient, or 32 bits + 32 bits — 32-bit quotient.

CMP B/W/L (EAd) - #IMM, (EAd) - (EAs)
Compares data between immediate data, general registers, and memory
and stores the result in CCR.

NEG B/W/L 0 - (EAd) - (EAd)
Takes the two's complement (arithmetic complement) of data in a general
register or the contents of a memory location.

EXTU WI/L (EAd) (zero extension) — (EAd)
Performs zero-extension on the lower 8 or 16 bits of data in a general
register or memory to word or longword size.
The lower 8 bits to word or longword, or the lower 16 bits to longword can
be zero-extended.

EXTS Wi/L (EAd) (sign extension) — (EAd)
Performs sign-extension on the lower 8 or 16 bits of data in a general
register or memory to word or longword size.
The lower 8 bits to word or longword, or the lower 16 bits to longword can
be sign-extended.

TAS B @ERd -0, 1 — (<bit 7> of @EAd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.

MAC — (EAs) x (EAd) + MAC —» MAC
Performs signed multiplication on memory contents and adds the result to
MAC.

CLRMAC — 0 —> MAC
Clears MAC to zero.

LDMAC — Rs - MAC
Loads data from a general register to MAC.

STMAC — MAC — Rd

Stores data from MAC to a general register.
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Table 2.7  Logic Operation Instructions

Instruction Size Function
AND B/W/L (EAd) A #IMM — (EAd), (EAd) A (EAs) — (EAd)

Performs a logical AND operation on data between immediate data,
general registers, and memory.

OR B/W/L (EAd)v #IMM — (EAd), (EAd)v (EAs) — (EAd)

Performs a logical OR operation on data between immediate data,
general registers, and memory.

XOR B/W/L (EAd) ® #IMM — (EAd), (EAd) ® (EAs) — (EAd)

Performs a logical exclusive OR operation on data between immediate
data, general registers, and memory.

NOT BW/L ~ (EAd) - (EAd)

Takes the one's complement of the contents of a general register or a
memory location.

Table 2.8  Shift Operation Instructions

Instruction Size Function

SHLL B/W/L  (EAd) (shift) > (EAd)
SHLR Performs a logical shift on the contents of a general register or a memory
location.

The contents of a general register or a memory location can be shifted by
1, 2, 4, 8, or 16 bits. The contents of a general register can be shifted by
any bits. In this case, the number of bits is specified by 5-bit immediate
data or the lower 5 bits of the contents of a general register.

SHAL B/W/L  (EAd) (shift) - (EAd)

SHAR Performs an arithmetic shift on the contents of a general register or a
memory location.

1-bit or 2-bit shift is possible.

ROTL B/W/L (EAd) (rotate) — (EAd)

ROTR Rotates the contents of a general register or a memory location.
1-bit or 2-bit rotation is possible.

ROTXL B/W/L (EAd) (rotate) —» (EAd)

ROTXR Rotates the contents of a general register or a memory location with the
carry bit.

1-bit or 2-bit rotation is possible.
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Table 2.9  Bit Manipulation Instructions

Instruction  Size Function

BSET B 1 — (<bit-No.> of <EAd>)
Sets a specified bit in the contents of a general register or a memory
location to 1. The bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

BSET/cc B if cc, 1 — (<bit-No.> of <EAd>)
If the specified condition is satisfied, this instruction sets a specified bit in
a memory location to 1. The bit number can be specified by 3-bit
immediate data, or by the lower three bits of a general register. The Z flag
status can be specified as a condition.

BCLR B 0 — (<bit-No.> of <EAd>)
Clears a specified bit in the contents of a general register or a memory
location to 0. The bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

BCLR/cc B if cc, 0 — (<bit-No.> of <EAd>)
If the specified condition is satisfied, this instruction clears a specified bit
in a memory location to 0. The bit number can be specified by 3-bit
immediate data, or by the lower three bits of a general register. The Z flag
status can be specified as a condition.

BNOT B ~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)
Inverts a specified bit in the contents of a general register or a memory
location. The bit number is specified by 3-bit immediate data or the lower
three bits of a general register.

BTST B ~ (<bit-No.> of <EAd>) —» Z
Tests a specified bit in the contents of a general register or a memory
location and sets or clears the Z flag accordingly. The bit number is
specified by 3-bit immediate data or the lower three bits of a general
register.

BAND B C A (<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in the contents of a general
register or a memory location and stores the result in the carry flag. The
bit number is specified by 3-bit immediate data.

BIAND B C A [~ (<bit-No.> of <EAd>)] » C
ANDs the carry flag with the inverse of a specified bit in the contents of a
general register or a memory location and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BOR B C v (<bit-No.> of <EAd>) - C

ORs the carry flag with a specified bit in the contents of a general register
or a memory location and stores the result in the carry flag. The bit
number is specified by 3-bit immediate data.
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Instruction

Size

Function

BIOR

B

C v [~ (<bit-No.> of <EAd>)] - C

ORs the carry flag with the inverse of a specified bit in the contents of a
general register or a memory location and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BXOR

C @ (<bit-No.> of <EAd>) —» C

Exclusive-ORs the carry flag with a specified bit in the contents of a
general register or a memory location and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BIXOR

C @ [~ (<bit-No.> of <EAd>)] » C

Exclusive-ORs the carry flag with the inverse of a specified bit in the
contents of a general register or a memory location and stores the result
in the carry flag. The bit number is specified by 3-bit immediate data.

BLD

(<bit-No.> of <EAd>) - C

Transfers a specified bit in the contents of a general register or a memory
location to the carry flag. The bit number is specified by 3-bit immediate
data.

BILD

~ (<bit-No.> of <EAd>) - C

Transfers the inverse of a specified bit in the contents of a general
register or a memory location to the carry flag. The bit number is specified
by 3-bit immediate data.

BST

C — (<bit-No.> of <EAd>)

Transfers the carry flag value to a specified bit in the contents of a
general register or a memory location. The bit number is specified by 3-bit
immediate data.

BSTZ

Z — (<bit-No.> of <EAd>)

Transfers the zero flag value to a specified bit in the contents of a
memory location. The bit number is specified by 3-bit immediate data.

BIST

~ C — (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in the
contents of a general register or a memory location. The bit number is
specified by 3-bit immediate data.
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Instruction

Size

Function

BISTZ

B

~ Z — (<bit-No.> of <EAd>)

Transfers the inverse of the zero flag value to a specified bit in the
contents of a memory location. The bit number is specified by 3-bit
immediate data.

BFLD

(EAs) (bit field) — Rd

Transfers a specified bit field in memory location contents to the lower bits
of a specified general register.

BFST

B

Rs — (EAd) (bit field)

Transfers the lower bits of a specified general register to a specified bit
field in memory location contents.

Table 2.10 Branch Instructions

Instruction  Size Function

BRA/BS B Tests a specified bit in memory location contents. If the specified

BRA/BC condition is satisfied, execution branches to a specified address.

BSR/BS B Tests a specified bit in memory location contents. If the specified

BSR/BC condition is satisfied, execution branches to a subroutine at a specified
address.

Bcc — Branches to a specified address if the specified condition is satisfied.

BRA/S — Branches unconditionally to a specified address after executing the next
instruction. The next instruction should be a 1-word instruction except for
the block transfer and branch instructions.

JMP — Branches unconditionally to a specified address.

BSR — Branches to a subroutine at a specified address.

JSR — Branches to a subroutine at a specified address.

RTS — Returns from a subroutine.

RTS/L — Returns from a subroutine, restoring data from the stack to multiple

general registers.
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Table 2.11 System Control Instructions

Instruction  Size Function
TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
RTE/L — Returns from an exception-handling routine, restoring data from the stack
to multiple general registers.
SLEEP — Causes a transition to a power-down state.
LDC B/W #IMM — CCR, (EAs) — CCR, #IMM — EXR, (EAs) - EXR
Loads immediate data or the contents of a general register or a memory
location to CCR or EXR.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
L Rs — VBR, Rs —» SBR
Transfers the general register contents to VBR or SBR.
STC B/W CCR — (EAd), EXR — (EAd)
Transfers the contents of CCR or EXR to a general register or memory.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
L VBR — Rd, SBR — Rd
Transfers the contents of VBR or SBR to a general register.
ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR @ #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP — PC+2 - PC

Only increments the program counter.
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2.7.3 Basic Instruction Formats

The H8SX CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op field), a register field (r field), an effective address extension (EA field), and a
condition field (cc).

Figure 2.14 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op m m ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op m m

MOV.B @(d:16, Rn), Rm, etc.
EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:16, etc

Figure 2.14 Instruction Formats

e Operation Field

Indicates the function of the instruction, and specifies the addressing mode and operation to be
carried out on the operand. The operation field always includes the first four bits of the
instruction. Some instructions have two operation fields.

e Register Field

Specifies a general register. Address registers are specified by 3 bits, data registers by 3 bits or
4 bits. Some instructions have two register fields. Some have no register field.

e [Effective Address Extension
8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.
e Condition Field

Specifies the branch condition of Bcce instructions.
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2.8 Addressing Modes and Effective Address Calculation

The H8SX CPU supports the 11 addressing modes listed in table 2.12. Each instruction uses a
subset of these addressing modes.

Bit manipulation instructions use register direct, register indirect, or absolute addressing mode to
specify an operand, and register direct (BSET, BCLR, BNOT, and BTST instructions) or
immediate (3-bit) addressing mode to specify a bit number in the operand.

Table 2.12 Addressing Modes

No. Addressing Mode Symbol

1 Register direct Rn

2  Register indirect @ERN

3  Register indirect with displacement @(d:2,ERn)/@(d:16,ERn)/@(d:32,ERn)

4 Index register indirect with displacement @(d:16, RnL.B)/@(d:16,Rn.W)/@(d:16,ERn.L)

@(d:32, RnL.B)/@(d:32,Rn.W)/@(d:32,ERn.L)

5 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
Register indirect with pre-increment @+ERn
Register indirect with post-decrement @ERN-
6  Absolute address @aa:8/@aa:16/@aa:24/@aa:32
7 Immediate #xX:3/Hxx:4/#xx:8/#xx:16/#xx:32
8 Program-counter relative @ (d:8,PC)/@(d:16,PC)
9  Program-counter relative with index register @ (RnL.B,PC)/@ (Rn.W,PC)/@(ERn.L,PC)
10 Memory indirect @ @aa:8
11 Extended memory indirect @ @vec:7

2.8.1 Register Direct—Rn

The operand value is the contents of an 8-, 16-, or 32-bit general register which is specified by the
register field in the instruction code.

ROH to R7H and ROL to R7L can be specified as 8-bit registers.
RO to R7 and EO to E7 can be specified as 16-bit registers.

ERO to ER7 can be specified as 32-bit registers.
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2.8.2 Register Indirect—@ERn

The operand value is the contents of the memory location which is pointed to by the contents of an
address register (ERn). ERn is specified by the register field of the instruction code.

In advanced mode, if this addressing mode is used in a branch instruction, the lower 24 bits are
valid and the upper 8 bits are all assumed to be 0 (H'00).

2.8.3 Register Indirect with Displacement —@(d:2, ERn), @(d:16, ERn),
or @(d:32, ERn)

The operand value is the contents of a memory location which is pointed to by the sum of the
contents of an address register (ERn) and a 16- or 32-bit displacement. ERn is specified by the
register field of the instruction code. The displacement is included in the instruction code and the
16-bit displacement is sign-extended when added to ERn.

This addressing mode has a short format (@(d:2, ERn)). The short format can be used when the
displacement is 1, 2, or 3 and the operand is byte data, when the displacement is 2, 4, or 6 and the
operand is word data, or when the displacement is 4, 8, or 12 and the operand is longword data.

2.84 Index Register Indirect with Displacement—@(d:16,RnL.B), @(d:32,RnL.B),
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERn.L), or @(d:32,ERn.L)

The operand value is the contents of a memory location which is pointed to by the sum of the
following operation result and a 16- or 32-bit displacement: a specified bits of the contents of an
address register (RnL, Rn, ERn) specified by the register field in the instruction code are zero-
extended to 32-bit data and multiplied by 1, 2, or 4. The displacement is included in the instruction
code and the 16-bit displacement is sign-extended when added to ERn. If the operand is byte data,
ERn is multiplied by 1. If the operand is word or longword data, ERn is multiplied by 2 or 4,
respectively.
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2.8.5 Register Indirect with Post-Increment, Pre-Decrement, Pre-Increment,
or Post-Decrement— @ERn+, @—ERn, @+ERn, or @ERn—

e Register indirect with post-increment—@ERn+

The operand value is the contents of a memory location which is pointed to by the contents of
an address register (ERn). ERn is specified by the register field of the instruction code. After
the memory location is accessed, 1, 2, or 4 is added to the address register contents and the
sum is stored in the address register. The value added is 1 for byte access, 2 for word access, or
4 for longword access.

e Register indirect with pre-decrement—@—-ERn

The operand value is the contents of a memory location which is pointed to by the following
operation result: the value 1, 2, or 4 is subtracted from the contents of an address register
(ERn). ERn is specified by the register field of the instruction code. After that, the operand
value is stored in the address register. The value subtracted is 1 for byte access, 2 for word
access, or 4 for longword access.

e Register indirect with pre-increment— @+ERn

The operand value is the contents of a memory location which is pointed to by the following
operation result: the value 1, 2, or 4 is added to the contents of an address register (ERn). ERn
is specified by the register field of the instruction code. After that, the operand value is stored
in the address register. The value added is 1 for byte access, 2 for word access, or 4 for
longword access.

e Register indirect with post-decrement— @ERn—

The operand value is the contents of a memory location which is pointed to by the contents of
an address register (ERn). ERn is specified by the register field of the instruction code. After
the memory location is accessed, 1, 2, or 4 is subtracted from the address register contents and
the remainder is stored in the address register. The value subtracted is 1 for byte access, 2 for
word access, or 4 for longword access.

using this addressing mode, data to be written is the contents of the general register after
calculating an effective address. If the same general register is specified in an instruction and two
effective addresses are calculated, the contents of the general register after the first calculation of
an effective address is used in the second calculation of an effective address.

Example 1:

MOV.W RO, @ERO+
When ERO before execution is H'12345678, H'567A is written at H'12345678.
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Example 2:

MOV.B @ER0+, @ERO+

When ERO before execution is H'00001000, H'00001000 is read and the contents is written at
H'00001001.
After execution, ERO is H'00001002.

2.8.6 Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32

The operand value is the contents of a memory location which is pointed to by an absolute address
included in the instruction code.

There are 8-bit (@aa:8), 16-bit (@aa:16), 24-bit (@aa:24), and 32-bit (@aa:32) absolute
addresses.

To access the data area, the absolute address of 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) is used. For an 8-bit absolute address, the upper 24 bits are specified by SBR. For a 16-
bit absolute address, the upper 16 bits are sign-extended. A 32-bit absolute address can access the
entire address space.

To access the program area, the absolute address of 24 bits (@aa:24) or 32 bits (@aa:32) is used.
For a 24-bit absolute address, the upper 8 bits are all assumed to be 0 (H'00).

Table 2.13 shows the accessible absolute address ranges.

Table 2.13 Absolute Address Access Ranges

Absolute Normal Middle Advanced Maximum

Address Mode Mode Mode Mode

Data area 8 bits A consecutive 256-byte area (the upper address is set in SBR)
(@aa:8)
16 bits H'0000 to H'000000 to H'00000000 to H'00007FFF,
(@aa:16) H'FFFF H'007FFF, H'FFFF8000 to H'FFFFFFFF
32 bits H'FF8000 to H'00000000 to H'FFFFFFFF
(@aa:32) H'FFFFFF

Program area 24 bits H'000000 to H'00000000 to H'OOFFFFFF
(@aa:24) H'FFFFFF
32 bits H'00000000 to  H'00000000 to
(@aa:32) H'0OFFFFFF H'FFFFFFFF
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2.8.7 Immediate—#xx

The operand value is 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) data included in the
instruction code.

This addressing mode has short formats in which 3- or 4-bit immediate data can be used.

When the size of immediate data is less than that of the destination operand value (byte, word, or
longword) the immediate data is zero-extended.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, for specifying a bit
number. The BFLD and BFST instructions contain 8-bit immediate data in the instruction code,
for specifying a bit field. The TRAPA instruction contains 2-bit immediate data in the instruction
code, for specifying a vector address.

2.8.8 Program-Counter Relative—@(d:8, PC) or @(d:16, PC)

This mode is used in the Bcc and BSR instructions. The operand value is a 32-bit branch address,
which is the sum of an 8- or 16-bit displacement in the instruction code and the 32-bit address of
the PC contents. The 8-bit or 16-bit displacement is sign-extended to 32 bits when added to the PC
contents. The PC contents to which the displacement is added is the address of the first byte of the
next instruction, so the possible branching range is —126 to +128 bytes (—63 to +64 words) or
—32766 to +32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting
value should be an even number. In advanced mode, only the lower 24 bits of this branch address
are valid; the upper 8 bits are all assumed to be 0 (H'00).

2.8.9 Program-Counter Relative with Index Register— @ (RnL.B, PC), @(Rn.W, PC),
or @(ERn.L, PC)

This mode is used in the Bcc and BSR instructions. The operand value is a 32-bit branch address,
which is the sum of the following operation result and the 32-bit address of the PC contents: the
contents of an address register specified by the register field in the instruction code (RnL, Rn, or
ERn) is zero-extended and multiplied by 2. The PC contents to which the displacement is added is
the address of the first byte of the next instruction. In advanced mode, only the lower 24 bits of
this branch address are valid; the upper 8 bits are all assumed to be 0 (H'00).
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2.8.10 Memory Indirect—@ @aa:8

This mode can be used by the JMP and JSR instructions. The operand value is a branch address,
which is the contents of a memory location pointed to by an 8-bit absolute address in the
instruction code.

The upper bits of an 8-bit absolute address are all assumed to be 0, so the address range is 0 to 255
(H'0000 to H'OOFF in normal mode, H'000000 to H'O00OFF in other modes).

In normal mode, the memory location is pointed to by word-size data and the branch address is 16
bits long. In other modes, the memory location is pointed to by longword-size data. In middle or
advanced mode, the first byte of the longword-size data is assumed to be all 0 (H'00).

Note that the top part of the address range is also used as the exception handling vector area. A
vector address of an exception handling other than a reset or a CPU address error can be changed
by VBR.

Figure 2.15 shows an example of specification of a branch address using this addressing mode.

\/_\\/_\

Specified R 3
Branch address ---{ by @aa:i«l_> ---------- eserved ______]

\_/_\

Specified —
by @aa:8 ”

Branch address

\/\

(a) Normal Mode (b) Advanced Mode

Figure 2.15 Branch Address Specification in Memory Indirect Mode
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2.8.11 Extended Memory Indirect—@ @vec:7

This mode can be used by the JMP and JSR instructions. The operand value is a branch address,
which is the contents of a memory location pointed to by the following operation result: the sum
of 7-bit data in the instruction code and the value of H'80 is multiplied by 2 or 4.

The address range to store a branch address is H'0100 to H'0O1FF in normal mode and H'000200 to
H'0003FF in other modes. In assembler notation, an address to store a branch address is specified.

In normal mode, the memory location is pointed to by word-size data and the branch address is 16
bits long. In other modes, the memory location is pointed to by longword-size data. In middle or
advanced mode, the first byte of the longword-size data is assumed to be all 0 (H'00).

2.8.12 Effective Address Calculation

Tables 2.14 and 2.15 show how effective addresses are calculated in each addressing mode. The
lower bits of the effective address are valid and the upper bits are ignored (zero extended or sign
extended) according to the CPU operating mode.

The valid bits in middle mode are as follows:

e The lower 16 bits of the effective address are valid and the upper 16 bits are sign-extended for
the transfer and operation instructions.

e The lower 24 bits of the effective address are valid and the upper eight bits are zero-extended
for the branch instructions.
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Table 2.14 Effective Address Calculation for Transfer and Operation Instructions

No.| Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
1 | Immediate
o0 | mm
2 | Register direct
o> | [ ]
3 | Register indirect 31 0 31
'| General register contents ——-+
4 31 0
II General register contents 31
31 15 0 1
Sign extension
Register indirect with 32-bit displacement 31 0
II General register contents 31
op r |
| gllgg | | c_i‘ige
5 | Index register indirect with 16-bit displacement 31 L
1 Zero extension
Contents of general register (RL, R, or ER) 1,2, or4
31
31 15 1

Sign extension

Index register indirect with 32-bit displacement

oD |
grg |

|

6 | Register indirect with post-increment or post-decrement 31 0
1 General register contents 31
IR N T -
1,2,0r4
Register indirect with pre-increment or pre-decrement 31 0
1 General register contents 31
o 11 ] T -1
1,2,0r4
7 | 8-bit absolute address
31 7 0 31
[ i —— —
16-bit absolute address
o 1 | 31 15 0 31
| = | [Signextension | aa ——
T
32-bit absolute address
op 31 0 31
L 2 ] [ = o
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Table 2.15

Effective Address Calculation for Branch Instructions

No. [ Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

1 Register indirect

31

31

L General register contents

1

2 | Program-counter relative with 8-bit displacement

31
I PC contents

31

Program-counter relative with 16-bit displacement

0
'—
0
31 7 0
1 Sign extension | dis;
4
31 0
1 PC contents 31 0
oo | 31 15 0 1 |
| T | )
4
3 | Program-counter relative with index register 31 0
1 Zero extension
Contents of general register (RL, R, or ER)
o0 | | 31 0
31 [ 1 |
| PC contents
4 |24-bit absolute address Zero
31extension 23 0 31 0
| op | aa aa —- |
T I}
32-bit absolute address
[ op ] 31 0 31 0
| aa | aa —1 |
T T
5 | Memory indirect
31 7t o0
o0 | aa | Zero extension I @ |
31 0 31 0
[ Mermory contents | i | ]
6 | Extended memory indirect
31 7 ¥ o
[ __op | vec L Zero extension [ vec
2o0rd
31 0
|
31 0 31 0
[ Mermory contents — |
2.8.13 MOVA Instruction

The MOVA instruction stores the effective address in a general register.

Firstly, data is obtained by the addressing mode shown in item 2 of table 2.14.

2. Next, the effective address is calculated using the obtained data as the index by the addressing
mode shown in item 5 of table 2.14. The obtained data is used instead of the general register.
The result is stored in a general register. For details, see H8SX Family Software Manual.
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29 Processing States

The H8SX CPU has five main processing states: the reset state, exception-handling state, program
execution state, bus-released state, and program stop state. Figure 2.16 indicates the state
transitions.

e Reset state

In this state the CPU and internal peripheral modules are all initialized and stopped. When the
RES input goes low, all current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts when the RES signal
changes from low to high. For details, see section 4, Exception Handling.

The reset state can also be entered by a watchdog timer overflow when available.
e Exception-handling state

The exception-handling state is a transient state that occurs when the CPU alters the normal

processing flow due to activation of an exception source, such as, a reset, trace, interrupt, or
trap instruction. The CPU fetches a start address (vector) from the exception handling vector
table and branches to that address. For further details, see section 4, Exception Handling.

e Program execution state
In this state the CPU executes program instructions in sequence.
e Bus-released state

The bus-released state occurs when the bus has been released in response to a bus request from
a bus master other than the CPU. While the bus is released, the CPU halts operations.

e Program stop state
This is a power-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For details,
see section 23, Power-Down Modes.

Reset state*

Exception-handling
state
A
Request for exception| [End of exception

handling handling

Interrupt
request

Bus request| | End of bus request

Y \

Program execution bus request
state - —_ Program stop state
SLEEP instruction

Note: * A transition to the reset state occurs whenever the RES signal goes low.
A transition can also be made to the reset state when the watchdog timer overflows.

Figure 2.16 State Transitions
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Section 3 MCU Operating Modes

3.1 Operating Mode Selection

This LSI has five operating modes (modes 2, 4, 5, 6, and 7). The operating mode is selected by the
setting of mode pins MD2 to MDO. The setting of mode pin MD3 determines whether the various
operating modes are with the SDRAM interface enabled or disabled. Table 3.1 lists MCU
operating mode settings.

Table 3.1 MCU Operating Mode Settings

MCu CPU Bt oata
Operating Operating Address LSl Initiation On-Chip _bus Width
Mode MD2 MD1 MDO Mode Space Mode ROM Default Max.
2 0 1 0 Advanced 16 Mbytes Boot mode Enabled 8bits 16 bits
4 1 0 0 On-chip ROM Disabled 16 bits 16 bits
5 1 0 1 disabled extended “pigapied 8 bits 16 bits
mode
6 1 1 0 On-chip ROM Enabled 8bits 16 bits
enabled extended
mode
7 1 1 1 Single-chip mode  Enabled 8 bits 16 bits

Table 3.2 SDRAM Interface Selection for MCU Operating Mode

MD3 SDRAM Interface
0 Disabled
1 Enabled

In this LSI, an advanced mode as the CPU operating mode and a 16-Mbyte address space are
available. The initial external bus widths are eight or 16 bits. As the LSI initiation mode, the
external extended mode, on-chip ROM initiation mode, or single-chip initiation mode can be
selected.

Mode 2 is the boot mode in which the flash memory can be programmed and erased. For details
on the boot mode, see section 21, Flash Memory (0.18-um F-ZTAT Version).

Rev.1.00 Jun. 07, 2006 Page 65 of 1102
RENESAS REJ09B0294-0100



Section 3 MCU Operating Modes

Mode 7 is a single-chip initiation mode. In the initial state, all areas are designated to 8-bit access
space and all I/O ports can be used as general input/output ports. The external address space
cannot be accessed in the initial state, but setting the EXPE bit in the system control register
(SYSCR) to 1 enables to use the external address space. After the external address space is
enabled, ports D, E, and F can be used as an address output bus and ports H and I as a data bus by
specifying the data direction register (DDR) for each port.

Modes 4 to 6 are external extended modes, in which the external memory and devices can be
accessed. In the external extended modes, the external address space can be designated as 8-bit or
16-bit address space for each area by the bus controller after starting program execution.

If 16-bit address space is designated for any one area, it is called the 16-bit bus widths mode. If 8-
bit address space is designated for all areas, it is called the 8-bit bus width mode.

3.2 Register Descriptions
The following registers are related to the operating mode setting.

e Mode control register (MDCR)
e System control register (SYSCR)

3.2.1 Mode Control Register (MDCR)

MDCR indicates the current operating mode. When MDCR is read from, the states of signals
MD3 to MDO are latched. Latching is released by a reset.

Bit 15 14 13 12 11 10 9 8

Bit Name MDS7 — — — MDS3 MDS2 MDS1 MDSO0
Initial Value Undefined* 1 0 1 Undefined* Undefined* Undefined* Undefined*
R/W R R R R R R R R

Bit 7 6 5 4 3 2 1 0

Bit Name — — — — — — — —
Initial Value Undefined* 1 0 1 Undefined* Undefined* Undefined* Undefined*

R/W R R R R R R R R

Note: * Determined by pins MD3 to MDO.
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Bit Bit Name Initial Value R/W Descriptions

15 MDS7 Undefined* R Indicates the value set by mode pin (MDS3).

When MDCR is read, the input level on the MD3 pin is
latched. This latching is released by a reset.

14 — 1 R Reserved

13 — 0 R These are read-only bits and cannot be modified.

12 — 1 R

11 MDS3 Undefined* R Mode Select 3t0 0

10 MDS2 Undefined* R These bits indicate the operating mode selected by

9 MDS1 Undefined* R the mode pins (MD2 to MDOQ) (see table 3.2).

8 MDSO0 Undefined* R When MDCR is read, the_signal Ievel_s input on pins
MD2 to MDO are latched into these bits. These
latches are released by a reset.

7 — Undefined* R Reserved

6 — 1 R These are read-only bits and cannot be modified.

5 — 0 R

4 — 1 R

3 — Undefined* R

2 — Undefined* R

1 — Undefined* R

0 — Undefined* R

Note: Determined by pins MD3 to MDO.

Table 3.3  Settings of Bits MDS3 to MDS0

MCU Operating Mode Pins MDCR

Mode MD2 MD1 MDO MDS3 MDS2 MDS1 MDSO0

2 0 1 0 1 1 0 0

4 1 0 0 0 0 1 0

5 1 0 1 0 0 0 1

6 1 1 0 0 1 0 1

7 1 1 1 0 1 0 0

RENESAS
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3.2.2 System Control Register (SYSCR)

SYSCR controls MAC saturation operation, selects bus width mode for instruction fetch, sets
external bus mode, enables/disables the on-chip RAM, and selects the DTC address mode.

Bit 15 14 13 12 11 10 9 8
Bit Name — — MACS — FETCHMD — EXPE RAME
Initial Value 1 1 0 1 0 Undefined* Undefined* 1
R/W R/W R/W R/W R/W R/W R R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — DTCMD —
Initial Value 0 0 0 0 0 0 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * The initial value depends on the startup mode.

Initial

Bit Bit Name Value R/W Descriptions

15 — 1 R/W Reserved

14 — 1 R/W These bits are always read as 1. The write value should
always be 1.

13 MACS 0 R/W MAC Saturation Operation Control
Selects either saturation operation or non-saturation
operation for the MAC instruction.
0: MAC instruction is non-saturation operation
1: MAC instruction is saturation operation

12 — 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.

11 FETCHMD 0 R/W Instruction Fetch Mode Select

This LSI can prefetch an instruction in units of 16 bits or
32 bits. Select the bus width for instruction fetch
depending on the used memory for the storage of
programs*'.

0: 32-bit mode

1: 16-bit mode
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Initial
Bit Bit Name Value R/W

Descriptions

10 — Undefined** R

Reserved

This bit is fixed at 1 in on-chip ROM enabled mode, and
0 in on-chip ROM disabled mode. This bit cannot be
changed.

9 EXPE Undefined** R/W

External Bus Mode Enable

Selects external bus mode. In external extended mode,
this bit is fixed 1 and cannot be changed. In single-chip
mode, the initial value of this bit is 0, and can be read
from or written to.

When writing 0 to this bit after reading EXPE =1, an
external bus cycle should not be executed.

The external bus cycle may be carried out in parallel

with the internal bus cycle depending on the setting of
the write data buffer function.

0: External bus disabled
1: External bus enabled

8 RAME 1 R/W

RAM Enable

Enables or disables the on-chip RAM. This bit is
initialized when the reset state is released. Do not write
0 during access to the on-chip RAM.

0: On-chip RAM disabled
1: On-chip RAM enabled

7t02 — AllO R/W

Reserved

These bits are always read as 0. The write value should
always be 0.

1 DTCMD 1 R/W

DTC Mode Select

Selects DTC operating mode.

0: DTC is in full-address mode
1: DTC is in short address mode

Reserved

This bit is always read as 1. The write value should
always be 1.

Notes: 1. For details on instruction fetch mode, see section 2.3, Instruction Fetch.
2. The initial value depends on the LSl initiation mode.
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33 Operating Mode Descriptions

331 Mode 2

This is the boot mode for the flash memory. The LSI operates in the same way as in mode 7
except for programming and erasing of the flash memory. For details, see section 21, Flash
Memory (0.18-um F-ZTAT Version).

3.3.2 Mode 4

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is disabled.

The initial bus width mode immediately after a reset is 16 bits, with 16-bit access to all areas.
Ports D, E, and F function as an address bus, ports H and I function as a data bus, and parts of
ports A and B function as bus control signals. However, if all areas are designated as an 8-bit
access space by the bus controller, the bus mode switches to eight bits, and only port H functions
as a data bus.

3.3.3 Mode 5

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is disabled.

The initial bus width mode immediately after a reset is eight bits, with 8-bit access to all areas.
Ports D, E, and F function as an address bus, port H functions as a data bus, and parts of ports A
and B function as bus control signals. However, if any area is designated as a 16-bit access space
by the bus controller, the bus width mode switches to 16 bits, and ports H and I function as a data
bus.
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3.34 Mode 6

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is enabled.

The initial bus width mode immediately after a reset is eight bits, with 8-bit access to all areas.
Ports D, E, and F function as input ports, but they can be used as an address bus by specifying the
data direction register (DDR) for each port. For details, see section 9, I/O Ports. Port H functions
as a data bus, and parts of ports A and B function as bus control signals. However, if any area is
designated as a 16-bit access space by the bus controller, the bus width mode switches to 16 bits,
and ports H and I function as a data bus.

3.35 Mode 7

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is enabled.

In the initial state, all areas are designated to 8-bit access space and all I/O ports can be used as
general input/output ports. The external address space cannot be accessed in the initial state, but
setting the EXPE bit in the system control register (SYSCR) to 1 enables the external address
space. After the external address space is enabled, ports D, E, and F can be used as an address
output bus and ports H and I as a data bus by specifying the data direction register (DDR) for each
port. For details, see section 9, I/O Ports.
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3.3.6

Pin Functions

Table 3.4 lists the pin functions in each operating mode.

Table 3.4  Pin Functions in Each Operating Mode (Advanced Mode)

Port Mode 2 Mode 4 Mode 5 Mode 6 Mode 7

Port A PA7 P*/C P/C* P/C* P/C* P*/C
PAG to PA3 P*/C P/C* P/C* P/C* P*/C
PA2 to PAO P*/C P*/C P*/C P*/C P*/C

Port B PB7 to PB1 P*/C P*/C P*/C P*/C P*/C
PBO P*/C P/C* P/C* P*/C P*/C

Port C PC3, PC2 P*/C P*/C P*/C P*/C P*/C

Port D P*/A A A P*/A P*/A

Port E P*/A A A P*/A P*/A

Port F PF4 to PFO P*/A A A P*/A P*/A
PF7 to PF5 P*/A P*/A P*/A P*/A P*/A

Port H P*/D D D D P*/D

Port | P*/D P/D* P*/D P*/D P*/D

[Legend]

P: 1/O port

A: Address bus output

D: Data bus input/output

C: Control signals, clock input/output

*: Immediately after a reset
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34 Address Map

34.1 Address Map

Figures 3.1 and 3.2 show the address map in each operating mode.

Mode 2 Mode 4
Boot mode On-chip ROM disabled
(Advanced mode) extended mode
(Advanced mode)
H'000000 H'000000
On-chip ROM
H'060000 A hibited
ceess prohibited area External address space
H'080000
External address space/
J~ reserved area*!. *3 < S~ J-
H'FD9000 H'FD9000
Access prohibited area Access prohibited area
H'FDCO000 H'FDCO000
External address space/
1 %3 External address space
reserved area*!: *
H'FF0000 H'FFO000
Access prohibited area Access prohibited area
H'FF2000 H'FF2000 On-chip RAM/
On-chip RAM:2 external address
space*4
H'FFC000 H'FFC000
External address space/ External address space
reserved area*1 *3
H'FFEA0O ) ) H'FFEA0O0 . .
On-chip I/O registers On-chip I/O registers
HFFFFO0 | External address*?pgce/ HFFFFO0 External address space
reserved area*!: *
HFFFF20 On-chip I/O registers HFFFF20 On-chip I/0O registers
H'FFFFFF H'FFFFFF

Notes: 1. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.
2. The on-chip RAM is used for flash memory programming. Do not clear the RAME bit to 0.
3. Do not access the reserved areas.
4. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

Figure 3.1 Address Map in Each Operating Mode of H8SX/1663 (1)
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Mode 5
On-chip ROM disabled
extended mode
(Advanced mode)

Mode 6
On-chip ROM enabled
extended mode
(Advanced mode)

H'000000 H'000000
On-chip ROM
H
060000 Access prohibited area
External address space
H'080000
External address space
H'FD9000 H'FD9000
Access prohibited area Access prohibited area
H'FDCO000 H'FDC000
External address space External address space
H'FF0000 H'FF0000
Access prohibited area Access prohibited area
H'FF2000 On-chip RAM/ H'FF2000 On-chip RAM/
external address external address
space*? space*?
H'FFC000 H'FFC000
External address space External address space
H'FFEA0Q . . H'FFEA00 . )
On-chip I/O registers On-chip I/O registers
H'FFFFO0 H'FFFFO0
External address space External address space
H'FFFF20 H'FFFF20
On-chip I/O registers On-chip I/O registers
H'FFFFFF H'FFFFFF
Notes:

H'000000

H'060000

H'080000

Mode 7
Single-chip mode
(Advanced mode)

On-chip ROM

Access prohibited area

External address space/
| reserved area*!: *3

H'FD9000
Access prohibited area
H'FDC000
External address space/
reserved area*" *3
H'FF0000
Access prohibited area
H'FF2000 On-chip RAM/
external address
space*2
H'FFC000
External address space/
reserved area*! *3
H'FFEAQO . )
On-chip I/O registers
H'FFFFO0 [ External address space/
reserved area*! *3
H'FFFF20
On-chip /O registers
H'FFFFFF

1. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.

2. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.
3. Do not access the reserved areas.

Figure 3.1 Address Map in Each Operating Mode of H8SX/1663 (2)
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Mode 2
Boot mode
(Advanced mode)

H'000000

On-chip ROM

H'080000

| reserved area*! 3

External address space/

H'FD9000

Access prohibited area

H'FDCO000

External address space/
reserved area*!: *3

H'FF0000

Access prohibited area

H'FF2000

On-chip RAM#*2

H'FFC000

External address space/
reserved area*1 *3

H'FFEAO00

On-chip I/O registers

HFFFF00

External address space/
reserved area*! *3

HFFFF20

H'FFFFFF

On-chip I/O registers

H'000000

H'FD9000

H'FDC000

H'FF0000

H'FF2000

H'FFC000

H'FFEA0O

HFFFFO0

HFFFF20
HFFFFFF

Mode 4
On-chip ROM disabled
extended mode
(Advanced mode)

External address space

Access prohibited area

External address space

Access prohibited area

On-chip RAM/
external address
space*4

External address space

On-chip I/O registers

External address space

On-chip 1/O registers

Notes: 1. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.

2. The on-chip RAM is used for flash memory programming. Do not clear the RAME bit to 0.

3. Do not access the reserved areas.
4. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

Figure 3.2 Address Map in Each Operating Mode of H8SX/1664 (1)
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Mode 5
On-chip ROM disabled
extended mode
(Advanced mode)

Mode 6
On-chip ROM enabled
extended mode
(Advanced mode)

H'000000 H'000000
On-chip ROM
H'080000
External address space
External address space

H'FD9000 H'FD9000

Access prohibited area Access prohibited area
H'FDCO000 H'FDC000

External address space External address space
H'FF0000 H'FF0000

Access prohibited area Access prohibited area
H'FF2000 On-chip RAM/ H'FF2000 On-chip RAM/

external address external address
space*? space*?

H'FFC000 H'FFC000

External address space External address space
H'EFEA00 ] ] H'FFEA00 . .

On-chip I/O registers On-chip I/O registers

H'FFFFO0 H'FFFFO0

External address space External address space
H'FFFF20 H'FFFF20

On-chip I/O registers On-chip I/O registers

H'FFFFFF H'FFFFFF
Notes:

H'000000

H'080000

Mode 7
Single-chip mode
(Advanced mode)

On-chip ROM

| reserved area*!. *3

External address space/

H'FD9000
Access prohibited area
H'FDC000
External address space/
reserved area*" *3
H'FF0000
Access prohibited area
H'FF2000 On-chip RAM/
external address
space*2
H'FFC000
External address space/
reserved area*! *3
H'FFEAQO . )
On-chip I/O registers
H'FFFFO0 [ External address space/
reserved area*! *3
H'FFFF20
On-chip /O registers
H'FFFFFF

1. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.

2. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.
3. Do not access the reserved areas.

Figure 3.2 Address Map in Each Operating Mode of H8SX/1664 (2)
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Section 4 Exception Handling

4.1 Exception Handling Types and Priority

As table 4.1 indicates, exception handling is caused by a reset, a trace, an address error, an
interrupt, a trap instruction, a sleep instruction, and an illegal instruction (general illegal
instruction or slot illegal instruction). Exception handling is prioritized as shown in table 4.1. If
two or more exceptions occur simultaneously, they are accepted and processed in order of priority.
Exception sources, the stack structure, and operation of the CPU vary depending on the interrupt
control mode. For details on the interrupt control mode, see section 5, Interrupt Controller.

Table 4.1 Exception Types and Priority

Priority Exception Type Exception Handling Start Timing

High Reset Exception handling starts at the timing of level change from
low to high on the RES pin, or when the watchdog timer
overflows. The CPU enters the reset state when the RES
pin is low.

lllegal instruction Exception handling starts when an undefined code is
executed.

Trace*’ Exception handling starts after execution of the current
instruction or exception handling, if the trace (T) bit in EXR
issetto 1.

Address error After an address error has occurred, exception handling
starts on completion of instruction execution.

Interrupt Exception handling starts after execution of the current
instruction or exception handling, if an interrupt request has
occurred.*’

Sleep instruction Exception handling starts by execution of a sleep instruction
(SLEEP), if the SSBY bit in SBYCR is set to 0 and the
SLPIE bitin SBYCR is set to 1.

Trap instruction*® Exception handling starts by execution of a trap instruction
Low (TRAPA).

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.

2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

3. Trap instruction exception handling requests and sleep instruction exception handling
requests are accepted at all times in program execution state.
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4.2 Exception Sources and Exception Handling Vector Table

Different vector table address offsets are assigned to different exception sources. The vector table

addresses are calculated from the contents of the vector base register (VBR) and vector table
address offset of the vector number. The start address of the exception service routine is fetched
from the exception handling vector table indicated by this vector table address.

Table 4.2 shows the correspondence between the exception sources and vector table address
offsets. Table 4.3 shows the calculation method of exception handling vector table addresses.

Table 4.2

Exception Source

Exception Handling Vector Table

Vector Number

Vector Table Address Offset*'

Normal Mode*?

Advanced, Middle*?,
Maximum®** Modes

Reset

H'0000 to H'0001

H'0000 to H'0003

Reserved for system use

H'0002 to H'0003

H'0004 to H'0007

H'0004 to H'0005

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

lllegal instruction

H'0008 to H'0009

H'0010 to H'0013

Trace

H'000A to H'000B

H'0014 to H'0017

Reserved for system use

H'000C to H'000D

H'0018 to H'001B

Interrupt (NMI)

H'000E to H'000F

H'001C to H'001F

Trap instruction

N[O~ W[N] =[O

H'0010 to H'0011

H'0020 to H'0023

©

H'0012 to H'0013

H'0024 to H'0027

-
o

H'0014 to H'0015

H'0028 to H'002B

—_
—_

H'0016 to H'0017

H'002C to H'002F

CPU address error

-
)]

H'0018 to H'0019

H'0030 to H'0033

DMA address error®

—_
w

H'001A to H'001B

H'0034 to H'0037

Reserved for system use

—
N

—_
~

H'001C to H'001D

H'0022 to H'0023

H'0038 to H'003B

H'0044 to H'0047

Sleep interrupt

-
(o]

H'0024 to H'0025

H'0048 to H'004B
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Exception Source

Vector Number

Vector Table Address Offset*'

Normal Mode*?

Advanced, Middle*?,

Maximum®** Modes

Reserved for system use

19

23

H'0026 to H'0027

H'002E to H'002F

H'004C to H'004F

H'005C to H'005F

User area (not used)

24

63

H'0030 to H'0031

H'007E to H'007F

H'0060 to H'0063

H'00FC to H'0OFF

External interrupt

IRQO

64

H'0080 to H'0081

H'0100 to H'0103

IRQ1

65

H'0082 to H'0083

H'0104 to H'0107

IRQ2

66

H'0084 to H'0085

H'0108 to H'010B

IRQ3

67

H'0086 to H'0087

H'010C to H'010F

IRQ4

68

H'0088 to H'0089

H'0110 to H'0113

IRQ5

69

H'008A to H'008B

H'0114 to H'0117

IRQ6

70

H'008C to H'008D

H'0118 to H'011B

IRQ7

71

H'008E to H'008F

H'011C to H'O11F

IRQ8

72

H'0090 to H'0091

H'0120 to H'0123

IRQ9

73

H'0092 to H'0093

H'0124 to H'0127

IRQ10

74

H'0094 to H'0095

H'0128 to H'012B

IRQ11

75

H'0096 to H'0097

H'012C to H'012F

Reserved for system use

76

79

H'0098 to H'0099

H'009E to H'009F

H'0130 to H'0133

H'013C to H'013F

Internal interrupt**

80
|
255

H'00AO to H'00A1
|
H'01FE to HO1FF

H'0140 to H'0143
|
H'03FC to H'03FF

Notes: 1. Lower 16 bits of the address.
2. Not available in this LSI.
3. A DMA address error is generated by the DTC and DMAC.

4. For details of internal interrupt vectors, see section 5.5, Interrupt Exception Handling
Vector Table.

Rev.1.00 Jun. 07, 2006 Page 79 of 1102

RENESAS

REJ09B0294-0100
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Table 4.3  Calculation Method of Exception Handling Vector Table Address

Exception Source Calculation Method of Vector Table Address

Reset, CPU address error Vector table address = (vector table address offset)

Other than above Vector table address = VBR + (vector table address offset)

[Legend]
VBR: Vector base register
Vector table address offset: See table 4.2.

4.3 Reset

A reset has priority over any other exception. When the RES pin goes low, all processing halts and
this LSI enters the reset state. To ensure that this LSI is reset, hold the RES pin low for at least 20
ms with the STBY pin driven high when the power is turned on. When operation is in progress,
hold the RES pin low for at least 20 cycles.

The chip can also be reset by overflow of the watchdog timer. For details, see section 14,
Watchdog Timer (WDT).

A reset initializes the internal state of the CPU and the registers of the on-chip peripheral modules.
The interrupt control mode is 0 immediately after a reset.

4.3.1 Reset Exception Handling

When the RES pin goes high after being held low for the necessary time, this LSI starts reset
exception handling as follows:

1. The internal state of the CPU and the registers of the on-chip peripheral modules are
initialized, VBR is cleared to H'00000000, the T bit is cleared to O in EXR, and the I bits are
setto 1 in EXR and CCR.

2. The reset exception handling vector address is read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4.1 and 4.2 show examples of the reset sequence.
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4.3.2 Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after a reset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initializes

the stack pointer (example: MOV.L #xx: 32, SP).

4.3.3 On-Chip Peripheral Functions after Reset Release

After the reset state is released, MSTPCRA and MSTPCRB are initialized to H'OFFF and H'FFFF,
respectively, and all modules except the DTC and DMAC enter the module stop state.

Consequently, on-chip peripheral module registers cannot be read or written to. Register reading
and writing is enabled when the module stop state is canceled.

Vector
fetch

Internal
operation

First
instruction
prefetch

e

Internal
address bus

Internal read
signal

Internal write

signal E E High E
Internal data : / @ ;\ :
bus . \_/ \

1): Reset exception handling vector address (when reset, (1) = H'000000)
2): Start address (contents of reset exception handling vector address)

(

(

(3) Start address ((3) = (2))

(4) Firstinstruction in the exception handling routine

Figure 4.1 Reset Sequence (On-chip ROM Enabled Advanced Mode)

RENESAS
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Internal First instruction
Vector fetch operation

prefetch

I‘
m
[%p)

Address bus

I
=
X
—
T

D15 to DO

High |
{ @ ;,‘ { 4 ;,‘

1)(3) Reset exception handling vector address (when reset, (1) = H'000000, (3) = H'000002)
2)(4) Start address (contents of reset exception handling vector address)

(
(
(5) Start address ((5) = (2)(4))
(

6) First instruction in the exception handling routine

Note: * Seven program wait cycles are inserted.

Figure 4.2 Reset Sequence
(16-Bit External Access in On-chip ROM Disabled Advanced Mode)
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4.4 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode 0, irrespective of the state of the T bit. Before changing interrupt control modes, the T bit
must be cleared. For details on interrupt control modes, see section 5, Interrupt Controller.

If the T bit in EXR is set to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace mode is not affected by interrupt masking by CCR. Table
4.4 shows the state of CCR and EXR after execution of trace exception handling. Trace mode is
canceled by clearing the T bit in EXR to 0 during the trace exception handling. However, the T bit
saved on the stack retains its value of 1, and when control is returned from the trace exception
handling routine by the RTE instruction, trace mode resumes. Trace exception handling is not
carried out after execution of the RTE instruction.

Interrupts are accepted even within the trace exception handling routine.

Table 4.4  Status of CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | Ul T 12to 10
0 Trace exception handling cannot be used.
2 1 — 0 —
[Legend]
1: Set to 1

0: Clearedto 0
— Retains the previous value.
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4.5

4.5.1

Address Error

Address Error Source

Instruction fetch, stack operation, or data read/write shown in table 4.5 may cause an address

error.
Table 4.5 Bus Cycle and Address Error
Bus Cycle
Type Bus Master Description Address Error
Instruction fetch CPU Fetches instructions from even addresses No (normal)
Fetches instructions from odd addresses Occurs
Fetches instructions from areas other than on-chip No (normal)
peripheral module space*’
Fetches instructions from on-chip peripheral module Occurs
space*'
Fetches instructions from external memory space in Occurs
single-chip mode
Fetches instructions from access prohibited area.** Occurs
Stack operation CPU Accesses stack when the stack pointer value is even No (normal)
address
Accesses stack when the stack pointer value is odd Occurs
Data read/write CPU Accesses word data from even addresses No (normal)
Accesses word data from odd addresses No (normal)
Accesses external memory space in single-chip mode  Occurs
Accesses to access prohibited area*” Occurs
Data read/write  DTC or DMAC Accesses word data from even addresses No (normal)
Accesses word data from odd addresses No (normal)
Accesses external memory space in single-chip mode  Occurs
Accesses to access prohibited area*” Occurs
Single address DMAC Address access space is the external memory space for No (normal)

transfer

single address transfer

Address access space is not the external memory space Occurs

for single address transfer

Notes: 1. For on-chip peripheral module space, see section 6, Bus Controller (BSC).
2. For the access prohibited area, refer to figure 3.1 in section 3.4, Address Map.
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4.5.2 Address Error Exception Handling

When an address error occurs, address error exception handling starts after the bus cycle causing
the address error ends and current instruction execution completes. The address error exception
handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the address error is generated, the
start address of the exception service routine is loaded from the vector table to PC, and
program execution starts from that address.

Even though an address error occurs during a transition to an address error exception handling, the
address error is not accepted. This prevents an address error from occurring due to stacking for
exception handling, thereby preventing infinitive stacking.

If the SP contents are not a multiple of 2 when an address error exception handling occurs, the
stacked values (PC, CCR, and EXR) are undefined.

When an address error occurs, the following is performed to halt the DTC and DMAC.

e The ERR bit of DTCCR in the DTC is set to 1.
e The ERRF bit of DMDR_0 in the DMAC is set to 1.

e The DTE bits of DMDRs for all channels in the DMAC are cleared to O to forcibly terminate
transfer.

Table 4.6 shows the state of CCR and EXR after execution of the address error exception
handling.

Table 4.6  Status of CCR and EXR after Address Error Exception Handling

CCR EXR
Interrupt Control Mode | ul T 12to 10
0 1 — — —
2 1 — 0 7
[Legend]
1: Setto 1

0: Clearedto 0
— Retains the previous value.
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4.6 Interrupts

4.6.1 Interrupt Sources

Interrupt sources are NMI, IRQO to IRQ11, and on-chip peripheral modules, as shown in table 4.7.

Table 4.7 Interrupt Sources

Type Source Number of Sources
NMI NMI pin (external input) 1
IRQO to IRQ11 Pins IRQO to IRQ11 (external input) 12
On-chip DMA controller (DMAC) 8
Enec:ijpur;gral Watchdog timer (WDT) 1
A/D converter 1
16-bit timer pulse unit (TPU) 26
8-bit timer (TMR) 16
Serial communications interface (SCI) 24

I’C bus interface 2 (IIC2)
USB function module (USB)

Different vector numbers and vector table offsets are assigned to different interrupt sources. For
vector number and vector table offset, refer to table 5.2, Interrupt Sources, Vector Address
Offsets, and Interrupt Priority in section 5, Interrupt Controller.
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4.6.2 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The interrupt controller has two interrupt
control modes and can assign interrupts other than NMI to eight priority/mask levels to enable
multiple-interrupt control. The source to start interrupt exception handling and the vector address
differ depending on the product. For details, refer to section 5, Interrupt Controller.

The interrupt exception handling is as follows:

The contents of PC, CCR, and EXR are saved in the stack.
The interrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the interrupt source is generated,
the start address of the exception service routine is loaded from the vector table to PC, and
program execution starts from that address.

4.7 Instruction Exception Handling

There are three instructions that cause exception handling: trap instruction, sleep instruction, and
illegal instruction.

4.7.1 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all times in the program execution state. The trap
instruction exception handling is as follows:

The contents of PC, CCR, and EXR are saved in the stack.
The interrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the vector number specified in
the TRAPA instruction is generated, the start address of the exception service routine is loaded
from the vector table to PC, and program execution starts from that address.

A start address is read from the vector table corresponding to a vector number from O to 3, as
specified in the instruction code.

Table 4.8 shows the state of CCR and EXR after execution of trap instruction exception handling.
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Table 4.8  Status of CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | Ul 12to 10
0 1 — —
2 1 — —
[Legend]
1: Setto 1

0: Clearedto 0
— Retains the previous value.

4.7.2 Sleep Instruction Exception Handling

The sleep instruction exception handling starts when a sleep instruction is executed with the SSBY

bit in SBYCR set to 0 and the SLPIE bit in SBYCR set to 1. The sleep instruction exception

handling can always be executed in the program execution state. In the exception handling, the

CPU operates as follows.

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the vector number specified in
the SLEEP instruction is generated, the start address of the exception service routine is loaded
from the vector table to PC, and program execution starts from that address.

Bus masters other than the CPU may gain the bus mastership after a sleep instruction has been
executed. In such cases the sleep instruction will be started when the transactions of a bus master

other than the CPU has been completed and the CPU has gained the bus mastership.

Table 4.9 shows the state of CCR and EXR after execution of sleep instruction exception

handling.
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Table 4.9  Status of CCR and EXR after Sleep Instruction Exception Handling

CCR EXR
Interrupt Control Mode | Ul T 12to 10
0 1 — — —
2 1 — 0 7
[Legend]
1: Setto 1

0: Clearedto 0
— Retains the previous value.

4.7.3 Exception Handling by Illegal Instruction

The illegal instructions are general illegal instructions and slot illegal instructions. The exception
handling by the general illegal instruction starts when an undefined code is executed. The
exception handling by the slot illegal instruction starts when a particular instruction (e.g. its code
length is two words or more, or it changes the PC contents) at a delay slot (immediately after a
delayed branch instruction) is executed. The exception handling by the general illegal instruction
and slot illegal instruction is always executable in the program execution state.

The exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the occurred exception is
generated, the start address of the exception service routine is loaded from the vector table to
PC, and program execution starts from that address.

Table 4.10 shows the state of CCR and EXR after execution of illegal instruction exception
handling.
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Table 4.10 Status of CCR and EXR after Illegal Instruction Exception Handling

CCR EXR
Interrupt Control Mode | Ul T 12to 10
0 1 — — —
2 1 — 0 —
[Legend]
1: Setto 1

0: Clearedto 0
Retains the previous value.

4.8 Stack Status after Exception Handling

Figure 4.3 shows the stack after completion of exception handling.

Advanced mode

SP—>| EXR
Reserved*
SP —» CCR CCR
PC(24bits) | [ | F_’C_(_24_b|t_s) .

Interrupt control mode 0 Interrupt control mode 2

Note: * Ignored on return.

Figure 4.3 Stack Status after Exception Handling
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4.9 Usage Note

When performing stack-manipulating access, this LSI assumes that the lowest address bit is 0. The
stack should always be accessed by a word transfer instruction or a longword transfer instruction,
and the value of the stack pointer (SP: ER7) should always be kept even. Use the following
instructions to save registers:

PUSH.W Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERn)

Performing stack manipulation while SP is set to an odd value leads to an address error. Figure 4.4
shows an example of operation when the SP value is odd.

Address

CCR SP | RIL HFFFEFA
SP-» HFFFEFB
PC PC HFFFEFC
H'FFFEFD
____________________________________ H'FFFEFE
SP > H'FFFEFF

TRAPA instruction executed MOV.B R1L, @-ER7 executed
B — _—
SP set to H'FFFEFF T Data saved above SP Contents of CCR lost

(Address error occurred)

[Legend]

CCR : Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is 0, in advanced mode.

Figure 4.4 Operation when SP Value is Odd
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Section 5 Interrupt Controller

5.1 Features

e Two interrupt control modes

Any of two interrupt control modes can be set by means of bits INTM1 and INTMO in the
interrupt control register (INTCR).

e Priority can be assigned by the interrupt priority register (IPR)

IPR provides for setting interrupt priory. Eight levels can be set for each module for all
interrupts except for the interrupt requests listed below. The following seven interrupt requests
are given priority of 8, therefore they are accepted at all times.

— NMI
— Illegal instructions
— Trace
— Trap instructions
— CPU address error
— DMA address error (occurred in the DTC and DMAC)
— Sleep instruction
e Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecessary for the
source to be identified in the interrupt handling routine.

e Thirteen external interrupts

NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
detection can be selected for NMI. Falling edge, rising edge, or both edge detection, or level
sensing, can be selected for IRQ11 to IRQO.

e DTC and DMAC control
DTC and DMAC can be activated by means of interrupts.

e CPU priority control function
The priority levels can be assigned to the CPU, DTC, and DMAC. The priority level of the
CPU can be automatically assigned on an exception generation. Priority can be given to the
CPU interrupt exception handling over that of the DTC and DMAC transfer.
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A block diagram of the interrupt controller is shown in figure 5.1.

INTM1, INTMO CcPU
|INTCR 'I
NMIEG |
< CCR
12to0 10
I EXR
CPU
NMI input -] i
P NMI input unit > interrupt reques;t
IRQ11 to HRQO input ==p-| \,E,Zgr
TR IRQ input unit | ISR
- Priority
IRQ15 input determination
DMAC
| 1scr || IER || SSIER|
DMAC DMAC priority
l < activation control
permission

Internal interrupt

sources Source selector

WOVI to RESUME

CPU priority

DTC activation
request

|DTCER"DTCCRI |CPUPCR! DTC priority

control

DTC vector

DTC priority

Interrupt controller

Activation
request
__ Clear signal

[Legend]
INTCR: Interrupt control register

DTC

SSIER:  Software standby release IRQ enable register

CPUPCR: CPU priority control register IPR: Interrupt priority register
ISCR: IRQ sense control register DTCER: DTC enable register
IER: IRQ enable register DTCCR: DTC control register
ISR: IRQ status register
Figure 5.1 Block Diagram of Interrupt Controller
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5.2 Input/Output Pins

Table 5.1 shows the pin configuration of the interrupt controller.

Table 5.1 Pin Configuration

Name 1/0 Function

NMI Input Nonmaskable External Interrupt

Rising or falling edge can be selected.

IRQ11 to IRQO Input Maskable External Interrupts

Rising, falling, or both edges, or level sensing, can be

independently selected.

53 Register Descriptions
The interrupt controller has the following registers.

e Interrupt control register (INTCR)

e CPU priority control register (CPUPCR)

e Interrupt priority registers A to C, Eto I, K, L, Q, and R
(IPRA to IPRC, IPRE to IPRI, IPRK, IPRL, IPRQ, and IPRR)

e IRQ enable register (IER)

e JRQ sense control registers H and L (ISCRH, ISCRL)

e IRQ status register (ISR)

o Software standby release IRQ enable register (SSIER)
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5.3.1 Interrupt Control Register (INTCR)

INTCR selects the interrupt control mode, and the detected edge for NMI.

Bit 7

6

4 3 2 1 0

Bit Name —

INTM1

INTMO NMIEG — — —

Initial Value 0

R/W R

Bit Bit Name

0
R

Initial
Value

R/W

R/W

0 0 0 0 0
R/W R/W R R R

Description

0

Reserved
These are read-only bits and cannot be modified.

INTMA1
INTMO

A OO N

0
0
0

R/W
R/W

Interrupt Control Select Mode 1 and 0

These bits select either of two interrupt control modes for
the interrupt controller.

00: Interrupt control mode 0

Interrupts are controlled by I bit in CCR.
01: Setting prohibited.
10: Interrupt control mode 2

Interrupts are controlled by bits 12 to 10 in EXR, and
IPR.

11: Setting prohibited.

3 NMIEG

R/W

NMI Edge Select

Selects the input edge for the NMI pin.

0: Interrupt request generated at falling edge of NMI input
1: Interrupt request generated at rising edge of NMI input

2to0 —

AllO

R

Reserved
These are read-only bits and cannot be modified.
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53.2 CPU Priority Control Register (CPUPCR)

CPUPCR sets whether or not the CPU has priority over the DTC and DMAC. The interrupt
exception handling by the CPU can be given priority over that of the DTC and DMAC transfer.
The priority level of the DTC is set by bits DTCP2 to DTCPO in CPUPCR. The priority level of
the DMAC is set by the DMAC control register for each channel.

Bit 7 6 5 4 3 2 1 0
Bit Name CPUPCE DTCP2 DTCP1 DTCPO IPSETE CPUP2 CPUP1 CPUPO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/(W)* R/(W)* R/(W)*

Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so these bits cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 CPUPCE © R/W CPU Priority Control Enable
Controls the CPU priority control function. Setting this bit
to 1 enables the CPU priority control over the DTC and
DMAC.
0: CPU always has the lowest priority
1: CPU priority control enabled
6 DTCP2 0 R/W DTC Priority Level 2 to 0
5 DTCP1 0 R/W These bits set the DTC priority level.
4 DTCPO 0 R/W 000: Priority level 0 (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)
3 IPSETE 0 R/W Interrupt Priority Set Enable

Controls the function which automatically assigns the
interrupt priority level of the CPU. Setting this bit to 1

automatically sets bits CPUP2 to CPUPO by the CPU
interrupt mask bit (I bit in CCR or bits 12 to 10 in EXR).

0: Bits CPUP2 to CPUPO are not updated automatically

1: The interrupt mask bit value is reflected in bits CPUP2
to CPUPO

Rev.1.00 Jun. 07, 2006 Page 97 of 1102
RENESAS REJ09B0294-0100



Section 5 Interrupt Controller

Initial
Bit Bit Name Value R/W Description
2 CPUP2 0 R/(W)*  CPU Priority Level 20 0
CPUP1 0 R/(W)*  These bits set the CPU priority level. When the
0 CPUPO 0 R/(W)* CPUPCE is set to 1, the CPU priority control function

over the DTC and DMAC becomes valid and the priority
of CPU processing is assigned in accordance with the
settings of bits CPUP2 to CPUPO.

000: Priority level 0 (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so these bits
cannot be modified.

533 Interrupt Priority Registers A to I, K, L, Q, and R
(IPRA to IPRI, IPRK, IPRL, IPRQ, and IPRR)

IPR sets priory (levels 7 to 0) for interrupts other than NMI.

Setting a value in the range from B'000 to B'111 in the 3-bit groups of bits 14 to 12, 10to 8, 6 to 4,
and 2 to 0 assigns a priority level to the corresponding interrupt. For the correspondence between
the interrupt sources and the IPR settings, see table 5.2.

Bit 15 14 13 12 11 10 9 8
Bit Name — IPR14 IPR13 IPR12 — IPR10 IPR9 IPR8
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name —_ IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
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Bit

Bit Name

Initial
Value

R/W

Description

15

0

Reserved
This is a read-only bit and cannot be modified.

14
13
12

IPR14
IPR13
IPR12

R/W
R/W
R/W

Sets the priority level of the corresponding interrupt
source.

000: Priority level 0 (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

Reserved
This is a read-only bit and cannot be modified.

IPR10
IPR9
IPR8

R/W
R/W
R/W

Sets the priority level of the corresponding interrupt
source.

000: Priority level 0 (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

Reserved
This is a read-only bit and cannot be modified.

(¢)]

IPR6
IPR5
IPR4

R/W
R/W
R/W

Sets the priority level of the corresponding interrupt
source.

000: Priority level 0 (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)
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Initial
Bit Bit Name Value R/W Description
3 — 0 R Reserved
This is a read-only bit and cannot be modified.
2 IPR2 1 R/W Sets the priority level of the corresponding interrupt
1 IPR1 1 R/w  source.
0 IPRO 1 R/W 000: Priority level 0 (lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

534 IRQ Enable Register (IER)

IER enables interrupt requests IRQ15, and IRQ11 to IRQO.

Bit 15 14 13 12 11 10 9 8
BitName | IRQ15E — | — [ — [ wate | rate | iraoe IRQ8E
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Bit 7 6 5 4 3 2 1 0
BitName | IRQ7E IRQ6E IRQSE IRQ4E IRQ3E IRQ2E IRQ1E IRQOE
Initial Value 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RIW RIW

Initial
Bit Bit Name Value R/W Description
15 IRQ15E 0 R/W IRQ15 Enable

The IRQ15 interrupt request is enabled when this bit is
1. IRQ15 is internally connected to the 32KOVI interrupt
in the TM32K.

14to12 — AllO R/W Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial

Bit Bit Name Value R/W Description
11 IRQI1E 0 R/W IRQ11 Enable

The IRQ11 interrupt request is enabled when this bit is

1.
10 IRQI0OE 0 R/W IRQ10 Enable

The IRQ10 interrupt request is enabled when this bit is

1.
9 IRQ9E 0 R/W IRQ9 Enable

The IRQ9 interrupt request is enabled when this bit is 1.
8 IRQ8E 0 R/W IRQ8 Enable

The IRQ8 interrupt request is enabled when this bit is 1.
7 IRQ7E 0 R/W IRQ7 Enable

The IRQ7 interrupt request is enabled when this bit is 1.
6 IRQ6E 0 R/W IRQ6 Enable

The IRQ6 interrupt request is enabled when this bit is 1.
5 IRQ5E 0 R/W IRQ5 Enable

The IRQS5 interrupt request is enabled when this bit is 1.
4 IRQ4E 0 R/W IRQ4 Enable

The IRQ4 interrupt request is enabled when this bit is 1.
3 IRQ3E 0 R/W IRQ3 Enable

The IRQ3 interrupt request is enabled when this bit is 1.
2 IRQ2E 0 R/W IRQ2 Enable

The IRQ2 interrupt request is enabled when this bit is 1.
1 IRQ1E 0 R/W IRQ1 Enable

The IRQ1 interrupt request is enabled when this bit is 1.
0 IRQOE 0 R/W IRQO Enable

The IRQO interrupt request is enabled when this bit is 1.

RENESAS
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5.3.5 IRQ Sense Control Registers H and L. ISCRH, ISCRL)

ISCRH and ISCRL select the source that generates an interrupt request from IRQ15, and IRQ11 to
IRQO input.

Upon changing the setting of ISCR, IRQnF (n =0to 11, and 15) in ISR is often set to 1
accidentally through an internal operation. In this case, an interrupt exception handling is executed
if an IRQn interrupt request is enabled. In order to prevent such an accidental interrupt from
occurring, the setting of ISCR should be changed while the IRQn interrupt is disabled, and then
the IRQnF in ISR should be cleared to 0.

e ISCRH

Bit 15 14 13 12 11 10 9 8

Bit Name IRQ15SR IRQ15SF — — —_ — — —

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name IRQ11SR IRQ11SF IRQ10SR IRQ10SF IRQ9SR IRQ9SF IRQ8SR IRQ8SF

Initial Value 0 0 0 0 0 0 0 0

RW R/W R/W R/W R/W RW R/W R/W R/W
e ISCRL

Bit 15 14 13 12 1 10 9 8

Bit Name IRQ7SR IRQ7SF IRQ6SR IRQ6SF IRQ5SR IRQ5SF IRQ4SR IRQ4SF

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name IRQ3SR IRQ3SF IRQ2SR IRQ2SF IRQ1SR IRQ1SF IRQOSR IRQOSF

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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e ISCRH

Bit

Bit Name

Initial
Value

R/W

Description

15
14

IRQ15SR
IRQ15SF

0
0

R/W
R/W

IRQ15 Sense Control Rise
IRQ15 Sense Control Fall

IRQ15 is used as the 32KOVI interrupt in the TM32K.
IRQ15 is generated at falling edge of IRQ15.

00: Initial setting

01: Interrupt request generated at falling edge of IRQ15
10: Setting prohibited

11: Setting prohibited

13108

All O

R/W

Reserved

These bits are always read as 0. The write value should
always be 0.

IRQ11SR
IRQ11SF

R/W
R/W

IRQ11 Sense Control Rise
IRQ11 Sense Control Fall

00: Interrupt request generated by low level of IRQ11
01: Interrupt request generated at falling edge of IRQ11
10: Interrupt request generated at rising edge of IRQ11

11: Interrupt request generated at both falling and rising
edges of IRQ11

IRQ10SR
IRQ10SF

R/W
R/W

IRQ10 Sense Control Rise
IRQ10 Sense Control Fall

00: Interrupt request generated by low level of IRQ10
01: Interrupt request generated at falling edge of IRQ10
10: Interrupt request generated at rising edge of IRQ10

11: Interrupt request generated at both falling and rising
edges of IRQ10

IRQ9SR
IRQ9SF

R/W
R/W

IRQ9 Sense Control Rise
IRQ9 Sense Control Fall

00: Interrupt request generated by low level of IRQ9
01: Interrupt request generated at falling edge of IRQ9
10: Interrupt request generated at rising edge of IRQ9

11: Interrupt request generated at both falling and rising
edges of IRQ9

RENESAS

Rev.1.00 Jun. 07, 2006 Page 103 of 1102
REJ09B0294-0100



Section 5 Interrupt Controller

Initial
Bit Bit Name Value R/W Description
1 IRQ8SR 0 R/W IRQ8 Sense Control Rise
0 IRQSSF 0 r/w  IRQ8 Sense Control Fall
00: Interrupt request generated by low level of IRQ8
01: Interrupt request generated at falling edge of IRQ8
10: Interrupt request generated at rising edge of IRQ8
11: Interrupt request generated at both falling and rising
edges of IRQ8
e ISCRL
Initial
Bit Bit Name Value R/W Description
15 IRQ7SR 0 R/W IRQ7 Sense Control Rise
14 IRQ7SE 0 R/W IRQ7 Sense Control Fall
00: Interrupt request generated by low level of IRQ7
01: Interrupt request generated at falling edge of IRQ7
10: Interrupt request generated at rising edge of IRQ7
11: Interrupt request generated at both falling and rising
edges of IRQ7
13 IRQ6SR 0 R/W IRQ6 Sense Control Rise
12 IRQ6SF 0 r/w  IRQ6 Sense Control Fall
00: Interrupt request generated by low level of IRQ6
01: Interrupt request generated at falling edge of IRQ6
10: Interrupt request generated at rising edge of IRQ6
11: Interrupt request generated at both falling and rising
edges of IRQ6
11 IRQ5SR 0 R/W IRQ5 Sense Control Rise
10 IRQ5SE 0 R/W IRQ5 Sense Control Fall

00: Interrupt request generated by low level of IRQ5
01: Interrupt request generated at falling edge of IRQ5
10: Interrupt request generated at rising edge of IRQ5

11: Interrupt request generated at both falling and rising
edges of IRQ5
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Initial
Bit Bit Name Value R/W Description
9 IRQ4SR 0 R/W IRQ4 Sense Control Rise
8 IRQ4SF 0O r/w  IRQ4 Sense Control Fall
00: Interrupt request generated by low level of IRQ4
01: Interrupt request generated at falling edge of IRQ4
10: Interrupt request generated at rising edge of IRQ4
11: Interrupt request generated at both falling and rising
edges of IRQ4
7 IRQ3SR 0 R/W IRQ3 Sense Control Rise
6 IRQ3SF 0 r/w  IRQ3 Sense Control Fall
00: Interrupt request generated by low level of IRQ3
01: Interrupt request generated at falling edge of IRQ3
10: Interrupt request generated at rising edge of IRQ3
11: Interrupt request generated at both falling and rising
edges of IRQ3
5 IRQ2SR 0 R/W IRQ2 Sense Control Rise
4 IRQ2SF 0 r/w  IRQ2 Sense Control Fall
00: Interrupt request generated by low level of IRQ2
01: Interrupt request generated at falling edge of IRQ2
10: Interrupt request generated at rising edge of IRQ2
11: Interrupt request generated at both falling and rising
edges of IRQ2
IRQ1SR R/W IRQ1 Sense Control Rise
IRQISF 0 RIW IRQ1 Sense Control Fall
00: Interrupt request generated by low level of IRQ1
01: Interrupt request generated at falling edge of IRQ1
10: Interrupt request generated at rising edge of IRQ1
11: Interrupt request generated at both falling and rising
edges of IRQ1
IRQOSR 0 R/W IRQO Sense Control Rise
0 IRQOSF RIW IRQO Sense Control Fall

00: Interrupt request generated by low level of IRQO
01: Interrupt request generated at falling edge of IRQO
10: Interrupt request generated at rising edge of IRQ0

11: Interrupt request generated at both falling and rising
edges of IRQO
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5.3.6

IRQ Status Register (ISR)

ISR is an IRQ15, and IRQ11 to IRQO interrupt request register.

Bit 15 14 13 12 11 10 9 8
BitName | IRQISF | — — | - RQ11F | IRQ1oF | I1RQ9F IRQSF
Initial Value 0 0 0 0 0 0 0 0

R/W R/(W)* R/W R/W R/W R/(W)* R/(W)* R/(W)* R/(W)*

Bit 7 6 5 4 3 2 1 0

Bit Name IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F IRQOF
Initial Value 0 0 0 0 0 0 0 0

R/W R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*
Note: * Only 0 can be written, to clear the flag. The bit manipulation instructions or memory operation instructions should

be used to clear the flag.

Initial
Bit Bit Name Value R/W Description
15 IRQ15F 0 R/(W)*  [Setting condition]
e When the interrupt selected by ISCR occurs
[Clearing conditions]
e Writing O after reading IRQnF =1 (n = 15)
e When IRQn interrupt exception handling is executed
while falling-edge sensing is selected
14t012 — All O R/W Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial

Bit Bit Name Value R/W Description

11 IRQ11F 0 R/(W)*  [Setting condition]

10 IRQ10F 0 R/(W)* e When the interrupt selected by ISCR occurs

9 IRQ9F 0 R/(W)*  [Clearing conditions]

8 IRQ8F 0 R/(W)* e Writing O after reading IRQnF =1 (n =11 to 0)

7 IRQ7F 0 R/(W)* e When interrupt exception handling is executed while

6 IRQ6F 0 R/(W)* low-level sensing is selected and IRQn input is high

5 IRQ5F 0 R/(W)* e When IRQn interrupt exception handling is executed

4 IRQ4F 0 R/(W)* while falling-, rising-, or both-edge sensing is

3 IRQ3F 0 Riwys  Selected

2 IRQ2F 0 R/(W)* e When the DTC ig gctivated by an IRQr_1 interrupt,
and the DISEL bit in MRB of the DTC is cleared to 0

1 IRQ1F 0 R/(W)*

0 IRQOF 0 R/(W)*

Note: * Only O can be written, to clear the flag.

5.3.7 Software Standby Release IRQ Enable Register (SSIER)

SSIER selects the IRQ interrupt used to leave software standby mode.

The IRQ interrupt used to leave software standby mode should not be set as the DTC activation

source.
Bit 15 14 13 12 11 10 9 8
Bit Name SSI5 — — — SSi11 SSI10 SSI9 SSI8
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name SSI17 SSI16 SSI5 SSl4 SSI3 SSI2 SSi1 SSlo
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

RENESAS
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Initial
Bit Bit Name Value R/W Description
15 SSI15 0 R/W Software Standby Release IRQ Setting
This bit selects the IRQn interrupt used to leave
software standby mode (n = 15).
0: An IRQn request is not sampled in software standby
mode
1: When an IRQn request occurs in software standby
mode, this LSI leaves software standby mode after
the oscillation settling time has elapsed
14t012 — All O R/W Reserved
These bits are always read as 0. The write value should
always be 0.
11 SSI11 0 R/W Software Standby Release IRQ Setting
10 SSI10 0 R/W These bits select the IRQn interrupt used to leave
9 sSl9 0 R/w  Software standby mode (n =11 to 0).
8 SSI8 0 r/wW  0: An IRQn request is not sampled in software standby
! ssl7 0 AW 1 \r/nv(r)1de IRQ t in soft tandb
: When an n request occurs in software standby
6 Ssl6 0 RAW mode, this LSI leaves software standby mode after
5 SSI5 0 R/W the oscillation settling time has elapsed
4 SSl4 0 R/W
3 SSI3 0 R/W
2 SSiI2 0 R/W
1 SSH 0 R/W
0 SSlo 0 R/W

Rev.1.00 Jun. 07, 2006 Page 108 of 1102

REJ09B0294-0100

RENESAS



Section 5 Interrupt Controller

54 Interrupt Sources

54.1 External Interrupts

There are thirteen external interrupts: NMI and IRQ11 to IRQO. These interrupts can be used to
leave software standby mode.

(1) NMI Interrupts

Nonmaskable interrupt request (NMI) is the highest-priority interrupt, and is always accepted by
the CPU regardless of the interrupt control mode or the settings of the CPU interrupt mask bits.
The NMIEG bit in INTCR selects whether an interrupt is requested at the rising or falling edge on
the NMI pin.

When an NMI interrupt is generated, the interrupt controller determines that an error has occurred,
and performs the following procedure.

e Sets the ERR bit of DTCCR in the DTC to 1.
e Sets the ERRF bit of DMDR_O0 in the DMAC to 1

e C(Clears the DTE bits of DMDRs for all channels in the DMAC to 0 to forcibly terminate
transfer

(2) IRQn Interrupts

An IRQn interrupt is requested by a signal input on pins IRQ11 to IRQO. IRQn (n = 11 to 0) have
the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by a low level, falling
edge, rising edge, or both edges, on pins IRQn.

e Enabling or disabling of interrupt requests IRQn can be selected by IER.
e The interrupt priority can be set by IPR.

e The status of interrupt requests IRQn is indicated in ISR. ISR flags can be cleared to O by
software. The bit manipulation instructions and memory operation instructions should be used
to clear the flag.
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Detection of IRQn interrupts is enabled through the P1ICR, P2ICR, and P5ICR register settings,
and does not change regardless of the output setting. However, when a pin is used as an external
interrupt input pin, the pin must not be used as an I/O pin for another function by clearing the
corresponding DDR bit to 0.

A block diagram of interrupts IRQn is shown in figure 5.2.

Corresponding bit IRQNSF, IRQNSR IRQnE
in ICR
l l IRQNF
IRQn interrupt request

d Edge/level -

. Input buffer > detection circuit ™S Q
IRQn input R

[Legend] Clear signal
n=11t0 0

Figure 5.2 Block Diagram of Interrupts IRQn

When the IRQ sensing control in ISCR is set to a low level of signal IRQn, the level of IRQn
should be held low until an interrupt handling starts. Then set the corresponding input signal IRQn
to high in the interrupt handling routine and clear the IRQnF to 0. Interrupts may not be executed
when the corresponding input signal IRQn is set to high before the interrupt handling begins.

54.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following features:

e For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that enable or disable these interrupts. They can be controlled independently.
When the enable bit is set to 1, an interrupt request is issued to the interrupt controller.

e The interrupt priority can be set by means of IPR.
e The DTC and DMAC can be activated by a TPU, SCI, or other interrupt request.

e The priority levels of DTC and DMAC activation can be controlled by the DTC and DMAC
priority control functions.
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5.5 Interrupt Exception Handling Vector Table
Table 5.2 lists interrupt exception handling sources, vector address offsets, and interrupt priority.

In the default priority order, a lower vector number corresponds to a higher priority. When
interrupt control mode 2 is set, priority levels can be changed by setting the IPR contents. The
priority for interrupt sources allocated to the same level in IPR follows the default priority, that is,
they are fixed.

Table 5.2  Interrupt Sources, Vector Address Offsets, and Interrupt Priority

Vector

Vector Address DTC DMAC
Classification Interrupt Source  Number Offset* IPR Priority  Activation Activation
External pin ~ NMI 7 H'001C — High — —
External pin  IRQO 64 H'0100 IPRA14 to IPRA12 A (6] —
IRQ1 65 H'0104 IPRA10 to IPRA8 (0] —
IRQ2 66 H'0108  IPRAG6 to IPRA4 (0] —
IRQ3 67 H'010C IPRA2 to IPRAO (0] —
IRQ4 68 H'0110 IPRB14to IPRB12 (0] —
IRQ5 69 H'0114  IPRB10 to IPRB8 o —
IRQ6 70 H'0118  IPRB6 to IPRB4 (0] —
IRQ7 71 H'011C IPRB2 to IPRBO (0] —
IRQ8 72 H'0120 IPRC14 to IPRC12 (0] —
IRQ9 73 H'0124  IPRC10 to IPRC8 (0] —
IRQ10 74 H'0128 IPRCS6 to IPRC4 o —
IRQ11 75 H'012C IPRC2 to IPRCO (0] —
— Reserved for 76 H'0130 — — —
system use 77 H'0134 _ _
78 H'0138 — —
TM32K 32KOVI (IRQ15) 79 H'013C IPRD2 to IPRDO — —
— Reserved for 80 H'0140 — — —
system use
WDT WOVI 81 H'0144 IPRE10to IPRE8 Low — —
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Vector

Vector Address DTC DMAC
Classification Interrupt Source Number  Offset* IPR Priority  Activation  Activation
— Reserved for 82 H'0148 — High — —
system use A
Refresh CMI 83 H'014C  IPRE2 to IPREO — —
controller
— Reserved for 84 H'0150 — — —
system use 85 HO154 — —
A/D ADI 86 H'0158 IPRF10 to IPRF8 o o
— Reserved for 87 H'015C — — —
system use
TPU_O TGIOA 88 H'0160 IPRF®6 to IPRF4 (0] (0]
TGIOB 89 H'0164 O —
TGIOC 90 H'0168 o —
TGIOD 91 H'016C o —
TCIoV 92 H'0170 — —
TPU_1 TGHA 93 H'0174  IPRF2 to IPRFO (0] (0]
TGIHB 94 H'0178 O —
TCIV 95 H'017C — —
TCHHU 96 H'0180 — —
TPU_2 TGI2A 97 H'0184 IPRG14 to IPRG12 o o
TGI2B 98 H'0188 o —
TCl2v 99 H'018C — —
TCI2U 100 H'0190 — —
TPU_3 TGI3A 101 H'0194  IPRG10 to IPRGS8 (e} (o]
TGI3B 102 H'0198 (0] —
TGI3C 103 H'019C o —
TGI3D 104 H'01A0 o —
TCI3V 105 H'01A4 — —
TPU_4 TGI4A 106 H'01A8 IPRGS6 to IPRG4 o o
TGI4B 107 H'01AC (0] —
TCl4V 108 H'01BO — —
TCl4U 109 H'01B4 Low — —
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Vector

Vector Address DTC DMAC
Classification Interrupt Source Number  Offset* IPR Priority  Activation  Activation
TPU_5 TGI5A 110 H'01B8 IPRG2to IPRGO High (0] (0]
TGI5B 111 H'01BC A o —
TCI5V 112 H'01CO — —
TCI5U 113 H'01C4 — —
— Reserved for 114 H'01C8 — — —
system use 115 HO01CC — —
TMR_O CMIOA 116 H'01D0 IPRH14 to IPRH12 (0] —
CMIoB 117 H'01D4 (0] —
ovol 118 H'01D8 — —
TMR_1 CMI1A 119 H'01DC IPRH10 to IPRH8 (0] —
CMI1B 120 H'01EO0 (0] —
ovi1l 121 H'01E4 — —
TMR_2 CMI2A 122 H'01E8 IPRH6 to IPRH4 (0] —
CMiI2B 123 H'O1EC o —
oval 124 H'01FO — —
TMR_3 CMI3A 125 H'01F4 IPRH2 to IPRHO (0] —
CMI3B 126 H'01F8 o —
ovsl 127 H'01FC — —
DMAC DMTENDO 128 H'0200 IPRI14 to IPRI12 (0] —
DMTEND1 129 H'0204 IPRI10 to IPRI8 (0] —
DMTEND2 130 H'0208 IPRI6 to IPRI4 o —
DMTENDS3 131 H'020C IPRI2 to IPRIO (0] —
— Reserved for 132 H'0210 — — —
system use 133 H'0214 . .
134 H'0218 — —
135 H'021C — —
DMAC DMEENDO 136 H'0220 IPRK14 to IPRK12 (0] —
DMEEND1 137 H'0224 o —
DMEEND2 138 H'0228 o —
DMEEND3 139 H'022C Low (0] —
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Vector

Vector Address DTC DMAC
Classification Interrupt Source  Number Offset* IPR Priority  Activation Activation
— Reserved for 140 H'0230 — High — —
system use 141 H0234 A — —
142 H'0238 — —
143 H'023C — —
SCI_0 ERIO 144 H'0240  IPRK®6 to IPRK4 — —
RXI0 145 H'0244 o o
TXIO 146 H'0248 (e} (e}
TEIO 147 H'024C — —
SCI_1 ERN 148 H'0250 IPRK2 to IPRKO — —
RXI1 149 H'0254 o (o]
XN 150 H'0258 o o
TEN 151 H'025C — —
SCI_2 ERI2 152 H'0260 IPRL14 to IPRL12 — —
RXI2 153 H'0264 o o
TXI2 154 H'0268 o (e}
TEI2 155 H'026C — —
— Reserved for 156 H'0270 — — —
system use 157 HO0274 — —
158 H'0278 — —
159 H'027C — —
SCI_4 ERI4 160 H'0280 IPRL6 to IPRL4 — —
RX14 161 H'0284 o (o]
TXI4 162 H'0288 o o
TEI4 163 H'028C — —
— Reserved for 164 H'0290 — — —
system use | |
215 H'035C Low — —
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Vector

Vector Address DTC DMAC
Classification Interrupt Source Number  Offset* IPR Priority  Activation  Activation
lic2 1ICIO 216 H'0360 IPRQ6to IPRQ4  High — —
Reserved for 217 H'0364 A — —
system use
lic 218 H'0368 — —
Reserved for 219 H'036C — —
system use
SCI_5 RXI15 220 H'0370 IPRQ2 to IPRQO — o
TXI5 221 H'0374 — O
ERI5 222 H'0378 —
TEI5 223 H'037C —_ —_
SCI_6 RX16 224 H'0380 IPRR14 to IPRR12 — (e}
TXI6 225 H'0384 — (0]
ERI6 226 H'0388 —_ —_
TEI6 227 H'038C — —
TMR_4 CMIA4 or CMIB4 228 H'0390 IPRR10 to IPRR8 — —
TMR_5 CMIA5 or CMIB5 229 H'0394 — —
TMR_6 CMIA6 or CMIB6 230 H'0398 — —
TMR_7 CMIA7 or CMIB7 231 H'039C — —
uUSB USBINTNO 232 H'03A0 IPRR6 to IPRR4 — O
USBINTN1 233 H'03A4 — o
USBINTN2 234 H'03A8 — —
USBINTN3 235 H'03AC — —
— Reserved for 236 H'03B0 IPRR2 to IPRRO — —
system use 237 H03B4 — —
uUSB resume 238 H'03B8 — —
— Reserved for 239 H'03BC — — —
system use | | | |
255 H'03FC Low — —
Note: * Lower 16 bits of the start address in advanced, middle, and maximum modes.
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5.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two interrupt control modes: interrupt control mode 0 and interrupt
control mode 2. Interrupt operations differ depending on the interrupt control mode. The interrupt
control mode is selected by INTCR. Table 5.3 shows the differences between interrupt control
mode 0 and interrupt control mode 2.

Table 5.3  Interrupt Control Modes

Interrupt Priority
Control Setting Interrupt
Mode Register Mask Bit Description
0 Default | The priority levels of the interrupt sources are fixed
default settings.
The interrupts except for NMI is masked by the | bit.
2 IPR 12to 10 Eight priority levels can be set for interrupt sources

except for NMI with IPR.
8-level interrupt mask control is performed by bits 12 to
10.

5.6.1 Interrupt Control Mode 0

In interrupt control mode 0, interrupt requests except for NMI are masked by the I bit in CCR of
the CPU. Figure 5.3 shows a flowchart of the interrupt acceptance operation in this case.

1. If an interrupt request occurs when the corresponding interrupt enable bit is set to 1, the
interrupt request is sent to the interrupt controller.

2. If the I bit in CCR is set to 1, NMI is accepted, and other interrupt requests are held pending. If
the I bit is cleared to 0, an interrupt request is accepted.

3. For multiple interrupt requests, the interrupt controller selects the interrupt request with the
highest priority, sends the request to the CPU, and holds other interrupt requests pending.

4. When the CPU accepts the interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

5. The PC and CCR contents are saved to the stack area during the interrupt exception handling.
The PC contents saved on the stack is the address of the first instruction to be executed after
returning from the interrupt handling routine.

6. Next, the I bit in CCR is set to 1. This masks all interrupts except NMI.
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The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in the

vector table.

Program execution state

>

Interrupt generated?

>l

No

No

Y

| Save PC and CCR

1

| 1

Y

| Read vector address

1

| Branch to interrupt handling routine

Y

Pending

Figure 5.3 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 0
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5.6.2 Interrupt Control Mode 2

In interrupt control mode 2, interrupt requests except for NMI are masked by comparing the
interrupt mask level (I2 to 10 bits) in EXR of the CPU and the IPR setting. There are eight levels
in mask control. Figure 5.4 shows a flowchart of the interrupt acceptance operation in this case.

1. If an interrupt request occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

2. For multiple interrupt requests, the interrupt controller selects the interrupt request with the
highest priority according to the IPR setting, and holds other interrupt requests pending. If
multiple interrupt requests have the same priority, an interrupt request is selected according to
the default setting shown in table 5.2.

3. Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. When the interrupt request does not have priority over the mask level set, it is held
pending, and only an interrupt request with a priority over the interrupt mask level is accepted.

4. When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

5. The PC, CCR, and EXR contents are saved to the stack area during interrupt exception
handling. The PC saved on the stack is the address of the first instruction to be executed after
returning from the interrupt handling routine.

6. The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the priority of the
accepted interrupt. If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

7. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in the
vector table.
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Y
Program execution state |

>

Y

Interrupt gm

No

Yes

No
Level 7 interrupt?
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Mask level 6 N
or below?
Yes No

Mask level 0? No
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Y 4
[ save PC, CCR, and EXR | Pending

|

| Clear T bitto 0 |

.

| Update mask level |

!

| Read vector address |

|Branch to interrupt handling routinel

Figure 5.4 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 2
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Interrupt Exception Handling Sequence

Interrupt Controller

interrupt control mode O is set in maximum mode, and the program area and stack area are in on-

Figure 5.5 shows the interrupt exception handling sequence. The example is for the case where
chip memory.

Section 5
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5.64 Interrupt Response Times

Table 5.4 shows interrupt response times — the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The symbols for execution
states used in table 5.4 are explained in table 5.5.

This LSI is capable of fast word transfer to on-chip memory, so allocating the program area in on-
chip ROM and the stack area in on-chip RAM enables high-speed processing.

Table 5.4 Interrupt Response Times

Normal Mode** Advanced Mode Maximum Mode*°

Interrupt  Interrupt Interrupt Interrupt Interrupt  Interrupt

Control Control Control Control Control Control
Execution State Mode 0 Mode 2 Mode 0 Mode 2 Mode 0 Mode 2
Interrupt priority determination*' 3
Number of states until executing 1t0 19+ 2-S,
instruction ends**
PC, CCR, EXR stacking S t02.8* 2.5, S, t02.5*° 2.8, 2.5, 2:S,
Vector fetch S,
Instruction fetch*° 2.5,
Internal processing** 2

Total (using on-chip memory) 10 to 31 11 to 31 10 to 31 11 to 31 11 to 31 11 to 31
Notes: 1. Two states for an internal interrupt.

2. In the case of the MULXS or DIVXS instruction
Prefetch after interrupt acceptance or for an instruction in the interrupt handling routine.
Internal operation after interrupt acceptance or after vector fetch
Not available in this LSI.

When setting the SP value to 4n, the interrupt response time is S,; when setting to 4n +
2, the interrupt response time is 2.S,.

o0 s
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Table 5.5 Number of Execution States in Interrupt Handling Routine

Object of Access

External Device

8-Bit Bus 16-Bit Bus

On-Chip 2-State 3-State 2-State 3-State
Symbol Memory Access Access Access Access
Vector fetch S, 1 8 12 +4m 4 6 +2m
Instruction fetch S, 1 4 6 +2m 2 3+m
Stack manipulation S, 1 8 12 +4m 4 6 +2m
[Legend]
m: Number of wait cycles in an external device access.

5.6.5 DTC and DMAC Activation by Interrupt

The DTC and DMAC can be activated by an interrupt. In this case, the following options are
available:

e Interrupt request to the CPU
e Activation request to the DTC
e Activation request to the DMAC

e Combination of the above

For details on interrupt requests that can be used to activate the DTC and DMAC, see table 5.2,
section 7, DMA Controller (DMAC), and section 8, Data Transfer Controller (DTC).

Figure 5.6 shows a block diagram of the DTC, DMAC, and interrupt controller.
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Select signal
:' DMRSR_0 to DMRSR_3 |
. Control signal
Interrupt request ivati i
rrupt requi DMAC activation request signal > DMAC
. _ Clear signal
On-chip | DMAC %
peripheral select Clear signal
module Interrupt r.equest circuit DTCER
clear S|gnal
' Select signal
Interrupt request DTC activation request
————————— vector number
Clear signal | DTC control :;: DTC
1| pTC/ICPU circuit - Clelar signal
Interrupt request
- s.elecft CPU interrupt request
IRQ It \ tol anal circuit vector number
interrupt nterrupt request clear signa Priorit >
—] oy, CPU
determination | | |2t0 10
Interrupt controller -

Figure 5.6 Block Diagram of DTC, DMAC, and Interrupt Controller
(1) Selection of Interrupt Sources

The activation source for each DMAC channel is selected by DMRSR. The selected activation
source is input to the DMAC through the select circuit. When transfer by an on-chip module
interrupt is enabled (DTF1 = 1, DTFO = 0, and DTE = 1 in DMDR) and the DTA bit in DMDR is
set to 1, the interrupt source selected for the DMAC activation source is controlled by the DMAC
and cannot be used as a DTC activation source or CPU interrupt source.

Interrupt sources that are not controlled by the DMAC are set for DTC activation sources or CPU
interrupt sources by the DTCE bit in DTCERA to DTCERH of the DTC.

Specifying the DISEL bit in MRB of the DTC generates an interrupt request to the CPU by
clearing the DTCE bit to O after the individual DTC data transfer.

Note that when the DTC performs a predetermined number of data transfers and the transfer
counter indicates 0, an interrupt request is made to the CPU by clearing the DTCE bit to O after the
DTC data transfer.

When the same interrupt source is set as both the DTC and DMAC activation source and CPU
interrupt source, the DTC and DMAC must be given priority over the CPU. If the IPSETE bit in
CPUPCR is set to 1, the priority is determined according to the IPR setting. Therefore, the CPUP
setting or the IPR setting corresponding to the interrupt source must be set to lower than or equal
to the DTCP and DMAP setting. If the CPU is given priority over the DTC or DMAC, the DTC or
DMAC may not be activated, and the data transfer may not be performed.
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(2) Priority Determination

The DTC activation source is selected according to the default priority, and the selection is not
affected by its mask level or priority level. For respective priority levels, see table 8.1, Interrupt
Sources, DTC Vector Addresses, and Corresponding DTCE:s.

(3) Operation Order

If the same interrupt is selected as both the DTC activation source and CPU interrupt source, the
CPU interrupt exception handling is performed after the DTC data transfer. If the same interrupt is
selected as the DTC or DMAC activation source or CPU interrupt source, respective operations
are performed independently.

Table 5.6 lists the selection of interrupt sources and interrupt source clear control by setting the
DTA bit in DMDR of the DMAC, the DTCE bit in DTCERA to DTCERH of the DTC, and the
DISEL bit in MRB of the DTC.

Table 5.6  Interrupt Source Selection and Clear Control

DMAC Setting DTC Setting Interrupt Source Selection/Clear Control
DTA DTCE DISEL DMAC DTC CPU
0 0 * ¢} X J
1 0 ¢} Nl X
1 ¢} o J
1 * * V X X
[Legend]

\: The corresponding interrupt is used. The interrupt source is cleared.
(The interrupt source flag must be cleared in the CPU interrupt handling routine.)
O: The corresponding interrupt is used. The interrupt source is not cleared.
X: The corresponding interrupt is not available.
*: Don't care.

(4) Usage Note

The interrupt sources of the SCI, and A/D converter are cleared according to the setting shown in
table 5.6, when the DTC or DMAC reads/writes the prescribed register.

To initiate multiple channels for the DTC with the same interrupt, the same priority (DTCP =
DMAP) should be assigned.
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5.7 CPU Priority Control Function Over DTC and DMAC

The interrupt controller has a function to control the priority among the DTC, DMAC, and the
CPU by assigning different priority levels to the DTC, DMAC, and CPU. Since the priority level
can automatically be assigned to the CPU on an interrupt occurrence, it is possible to execute the
CPU interrupt exception handling prior to the DTC or DMAC transfer.

The priority level of the CPU is assigned by bits CPUP2 to CPUPO in CPUPCR. The priority level
of the DTC is assigned by bits DTCP2 to DTCPO in CPUPCR. The priority level of the DMAC is
assigned by bits DMAP2 to DMAPO in DMDR for each channel.

The priority control function over the DTC and DMAC is enabled by setting the CPUPCE bit in
CPUPCR to 1. When the CPUPCE bit is 1, the DTC and DMAC activation sources are controlled
according to the respective priority levels.

The DTC activation source is controlled according to the priority level of the CPU indicated by
bits CPUP2 to CPUPO and the priority level of the DTC indicated by bits DTCP2 to DTCPO. If the
CPU has priority, the DTC activation source is held. The DTC is activated when the condition by
which the activation source is held is cancelled (CPUPCE = 1 and value of bits CPUP2 to CPUPO
is greater than that of bits DTCP2 to DTCPO). The priority level of the DTC is assigned by the
DTCP2 to DTCPO bits regardless of the activation source.

For the DMAC, the priority level can be specified for each channel. The DMAC activation source
is controlled according to the priority level of each DMAC channel indicated by bits DMAP2 to
DMAPO and the priority level of the CPU. If the CPU has priority, the DMAC activation source is
held. The DMAC is activated when the condition by which the activation source is held is
cancelled (CPUPCE = 1 and value of bits CPUP2 to CPUPO is greater than that of bits DMAP2 to
DMAPO). If different priority levels are specified for channels, the channels of the higher priority
levels continue transfer and the activation sources for the channels of lower priority levels than
that of the CPU are held.

There are two methods for assigning the priority level to the CPU by the IPSETE bit in CPUPCR.
Setting the IPSETE bit to 1 enables a function to automatically assign the value of the interrupt
mask bit of the CPU to the CPU priority level. Clearing the IPSETE bit to O disables the function
to automatically assign the priority level. Therefore, the priority level is assigned directly by
software rewriting bits CPUP2 to CPUPO. Even if the IPSETE bit is 1, the priority level of the
CPU is software assignable by rewriting the interrupt mask bit of the CPU (I bit in CCR or 12 to I0
bits in EXR).
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The priority level which is automatically assigned when the IPSETE bit is 1 differs according to

the interrupt control mode.

In interrupt control mode 0, the I bit in CCR of the CPU is reflected in bit CPUP2. Bits CPUP1
and CPUPO are fixed 0. In interrupt control mode 2, the values of bits 12 to I0 in EXR of the CPU

are reflected in bits CPUP2 to CPUPO.
Table 5.7 shows the CPU priority control.

Table 5.7  CPU Priority Control

Interrupt Control Status

Control Interrupt Interrupt IPSETE in
Mode Priority Mask Bit CPUPCR CPUP2to CPUPO

Updating of CPUP2
to CPUPO

0 Default | =any 0 B'111 to B'000 Enabled
I=0 1 B'000 Disabled

=1 B'100
2 IPR setting 12to 10 0 B'111 to B'000 Enabled
1 12to 10 Disabled
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Table 5.8 shows a setting example of the priority control function over the DTC and DMAC and
the transfer request control state. A priority level can be independently set to each DMAC channel,
but the table only shows one channel for example. Transfers through the DMAC channels can be
separately controlled by assigning different priority levels for channels.

Table 5.8  Example of Priority Control Function Setting and Control State

Interrupt Control CPUPCE in CPUP2to  DTCP2to DMAP2to _lransfer Request Control State

Mode CPUPCR CPUPO DTCPO DMAPO DTC DMAC

0 0 Any Any Any Enabled Enabled

1 B'000 B'000 B'000 Enabled Enabled

B'100 B'000 B'000 Masked Masked
B'100 B'000 B'011 Masked Masked
B'100 B'111 B'101 Enabled Enabled
B'000 B'111 B'101 Enabled Enabled

2 0 Any Any Any Enabled Enabled
B'000 B'000 B'000 Enabled Enabled
B'000 B'011 B'101 Enabled Enabled
B'011 B'011 B'101 Enabled Enabled
B'100 B'011 B'101 Masked Enabled
B'101 B'011 B'101 Masked Enabled
B'110 B'011 B'101 Masked Masked
B'111 B'011 B'101 Masked Masked
B'101 B'011 B'101 Masked Enabled
B'101 B'110 B'101 Enabled Enabled
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5.8 Usage Notes

5.8.1 Conlflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to O to mask the interrupt, the masking becomes effective
after execution of the instruction.

When an interrupt enable bit is cleared to O by an instruction such as BCLR or MOV, if an
interrupt is generated during execution of the instruction, the interrupt concerned will still be
enabled on completion of the instruction, and so interrupt exception handling for that interrupt will
be executed on completion of the instruction. However, if there is an interrupt request with priority
over that interrupt, interrupt exception handling will be executed for the interrupt with priority,
and another interrupt will be ignored. The same also applies when an interrupt source flag is
cleared to 0. Figure 5.7 shows an example in which the TCIEV bit in TIER of the TPU is cleared
to 0. The above conflict will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.

TIER_O write cycle by CPU ) TCIV exception handling

Po

Internal X TIER_O address X

address bus

Internal
write signal

TCIEV E |

ey ]\

TCIV
interrupt signal

Figure 5.7 Conflict between Interrupt Generation and Disabling

Similarly, when an interrupt is requested immediately before the DTC enable bit is changed to
activate the DTC, DTC activation and the interrupt exception handling by the CPU are both
executed. When changing the DTC enable bit, make sure that an interrupt is not requested.
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5.8.2 Instructions that Disable Interrupts

Instructions that disable interrupts immediately after execution are LDC, ANDC, ORC, and
XORC. After any of these instructions is executed, all interrupts including NMI are disabled and
the next instruction is always executed. When the I bit is set by one of these instructions, the new
value becomes valid two states after execution of the instruction ends.

5.8.3 Times when Interrupts are Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction, and for a period of
writing to the registers of the interrupt controller.

5.84 Interrupts during Execution of EEPMOYV Instruction
Interrupt operation differs between the EEPMOV.B and the EEPMOV.W instructions.

With the EEPMOV B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at the end of the individual transfer cycle. The PC value saved on the
stack in this case is the address of the next instruction. Therefore, if an interrupt is generated
during execution of an EEPMOV.W instruction, the following coding should be used.

Ll: EEPMOV.W
MOV.W R4,R4
BNE L1

5.8.5 Interrupts during Execution of MOVMD and MOVSD Instructions

With the MOVMD or MOVSD instruction, if an interrupt request is issued during the transfer,
interrupt exception handling starts at the end of the individual transfer cycle. The PC value saved
on the stack in this case is the address of the MOVMD or MOVSD instruction. The transfer of the
remaining data is resumed after returning from the interrupt handling routine.
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5.8.6 Interrupts of Peripheral Modules

To clear an interrupt source flag by the CPU using an interrupt function of a peripheral module,
the flag must be read from after clearing within the interrupt processing routine. This makes the
request signal synchronized with the peripheral module clock. For details, refer to section 22.6.1,
Notes on Clock Pulse Generator.
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Section 6 Bus Controller (BSC)

This LSI has an on-chip bus controller (BSC) that manages the external address space divided into
eight areas.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters; CPU, DMAC, and DTC.

6.1 Features

e Manages external address space in area units
Manages the external address space divided into eight areas
Chip select signals (CSO to CS7) can be output for each area
Bus specifications can be set independently for each area
8-bit access or 16-bit access can be selected for each area
Burst ROM, byte control SRAM, or address/data multiplexed I/O interface can be set
An endian conversion function is provided to connect a device of little endian
e Basic bus interface
This interface can be connected to the SRAM and ROM
2-state access or 3-state access can be selected for each area
Program wait cycles can be inserted for each area
Wait cycles can be inserted by the WAIT pin.
Extension cycles can be inserted while CSn is asserted for each area (n =0 to 7)
The negation timing of the read strobe signal (RD) can be modified
e Byte control SRAM interface
Byte control SRAM interface can be set for areas 0 to 7
The SRAM that has a byte control pin can be directly connected
e Burst ROM interface
Burst ROM interface can be set for areas 0 and 1
Burst ROM interface parameters can be set independently for areas 0 and 1
e Address/data multiplexed I/O interface

Address/data multiplexed I/O interface can be set for areas 3 to 7
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e DRAM interface
DRAM interface is available as area 2
Row/column address-multiplexed output (8, 9, 10, or 11 bits)
Two CAS signals control byte accesses for 16-bit data bus device
CAS assertion period can be extended by a program wait and a pin wait
Burst access can be performed in fast page mode
Tp cycle for ensuring a RAS precharge time can be inserted
CAS-before-RAS refresh (CBR refresh) and self refresh are selectable
e Synchronous DRAM interface
Synchronous DRAM interface is available as area 2
Row/column address-multiplexed output (8, 9, 10, or 11 bits)
DQM signals control byte access for 16-bit data bus device
Auto refresh and self refresh are selectable
CAS latency can be selected from 2 to 4
e Idle cycle insertion
Idle cycles can be inserted between external read accesses to different areas
Idle cycles can be inserted before the external write access after an external read access
Idle cycles can be inserted before the external read access after an external write access

Idle cycles can be inserted before the external access after a DMAC single address transfer
(write access)

e  Write buffer function
External write cycles and internal accesses can be executed in parallel

Write accesses to the on-chip peripheral module and on-chip memory accesses can be executed
in parallel

DMAC single address transfers and internal accesses can be executed in parallel
¢ External bus release function
e Bus arbitration function

Includes a bus arbiter that arbitrates bus mastership among the CPU, DMAC, DTC, and
external bus master

e  Multi-clock function

The internal peripheral functions can be operated in synchronization with the peripheral
module clock (P¢). Accesses to the external address space can be operated in synchronization
with the external bus clock (B¢).

e The bus start (BS) and read/write (RD/WR) signals can be output.

Rev.1.00 Jun. 07, 2006 Page 132 of 1102
REJ09B0294-0100 RENESAS



Section 6 Bus Controller (BSC)

A block diagram of the bus controller is shown in figure 6.1.

CPU address bus
DMAC address bus > Address Area decoder » CS7 to CSO
DTC address bus > Sselector
Internal bus Internal bus — External bus
control signals <: control unit N — :> control signals
} External bus
CPU bus acknowledge signal <-— control unit
DTC bus acknowledge signal <«—— Internal <—— WAIT
DMAC bus acknowledge signal «—— bus
CPU bus request signal—-{ arbiter
DTC bus request signal——| — > BREA
DMAC bus request signal——] B External bus %
arbiter L » BREQO
| Refresh timer |—>
Control registers
Internal data bus ¢ [ ABWCR | | sramcr |
[ ASTCR | [ BROMCR |
[ WTCRA | [ MPXCR |
WTCRB DRAMCR
RDNCR DRACCR
| CSACR | | SDCR |
[ IDLCR | [ REFCR |
[ BCR1 | [ Rtent | RTCOR |
| BCR2 | ENDIANCR |
[Legend]
ABWCR:  Bus width control register SRAMCR: SRAM mode control register
ASTCR:  Access state control register BROMCR: Burst ROM interface control register
WTCRA:  Wait control register A MPXCR: Address/data multiplexed I/O control register
WTCRB:  Wait control register B DRAMCR: DRAM control register
RDNCR:  Read strobe timing control register DRACCR: DRAM access control register
CSACR: CS assertion pferiod control register SDCR: Synchronous DRAM control register
IDLCR:  Idle control register REFCR:  Refresh control register
BCR1: Bus control register 1 RTCNT:  Refresh timer counter
BCR2: Bus control register 2 RTCOR: Refresh time constant register

ENDIANCR:Endian control register

Figure 6.1 Block Diagram of Bus Controller

RENESAS
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6.2 Register Descriptions
The bus controller has the following registers.

e Bus width control register (ABWCR)

e Access state control register (ASTCR)

e Wait control register A (WTCRA)

e Wait control register B (WTCRB)

e Read strobe timing control register (RDNCR)

e CS assertion period control register (CSACR)

e Idle control register (IDLCR)

e Bus control register 1 (BCR1)

e Bus control register 2 (BCR2)

e Endian control register (ENDIANCR)

¢  SRAM mode control register (SRAMCR)

e Burst ROM interface control register (BROMCR)
e Address/data multiplexed I/O control register (MPXCR)
e DRAM control register (DRAMCR)

e DRAM access control register (DRACCR)

e Synchronous DRAM control register (SDCR)

e Refresh control register (REFCR)

e Refresh timer counter (RTCNT)

e Refresh time constant register (RTCOR)
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6.2.1 Bus Width Control Register (ABWCR)

ABWCR specifies the data bus width for each area in the external address space.

Bit 15 14 13 12 11 10 9 8

Bit Name ABWH?7 ABWH6 ABWH5 ABWH4 ABWH3 ABWH2 ABWH1 ABWHO

Initial Value 1 1 1 1 1 1 1 1/0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name ABWL7 ABWL6 ABWL5 ABWL4 ABWL3 ABWL2 ABWLA ABWLO
Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Initial value at 16-bit bus initiation is H'FEFF, and that at 8-bit bus initiation is H'FFFF.

Initial
Bit Bit Name Value* R/W  Description
15 ABWH7 1 R/W Area 7 to 0 Bus Width Control
14 ABWH6 1 R/W These bits select whether the corresponding area is to be
13 ABWH5 1 R/Ww  designated as 8-bit access space or 16-bit access space.
12 ABWH4 1 R/W ABWHn ABWLn (n=71to00)
11 ABWHS3 1 R/W x 0: Setting prohibited
10 ABWH2 1 R/W 0 1: Area n is designated as 16-bit
9 ABWH1 1 R/W access space
8 ABWLO 10 R/W 1 1: ?priien* is designated as 8-bit access
7 ABWL7 1 R/W
6 ABWL6 1 R/W
5 ABWL5 1 R/W
4 ABWL4 1 R/W
3 ABWL3 1 R/W
2 ABWL2 1 R/W
1 ABWL1 1 R/W
0 ABWLO 1 R/W
[Legend]
x: Don't care

Notes: 1. Initial value at 16-bit bus initiation is H'FEFF, and that at 8-bit bus initiation is H'FFFF.

2. An address space specified as byte control SRAM interface must not be specified as 8-
bit access space.
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6.2.2 Access State Control Register (ASTCR)

ASTCR designates each area in the external address space as either 2-state access space or 3-state
access space and enables/disables wait cycle insertion.

Bit 15 14 13 12 11 10 9 8
Bit Name AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO
Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — — —
Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Initial

Bit Bit Name Value R/W Description

15 AST7 1 R/W Area 7 to 0 Access State Control

14 AST6 1 R/W These bits select whether the corresponding area is to be

13 ASTS 1 R/W designated_ as 2-st_ate access space or 3-s_tate access
space. Wait cycle insertion is enabled or disabled at the

12 AST4 1 R/W same time.

" AST3 1 R/W 0: Area n is designated as 2-state access space

10 AST2 1 R/W Wait cycle insertion in area n access is disabled

9 AST1 1 R/W 1. Area n is designated as 3-state access space

8 ASTO 1 R/W Wait cycle insertion in area n access is enabled
(n=7100)

7t00 — All O R Reserved

These are read-only bits and cannot be modified.
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6.2.3 Wait Control Registers A and B (WTCRA, WTCRB)

WTCRA and WTCRB select the number of program wait cycles for each area in the external
address space.

*WTCRA
Bit 15 14 13 12 11 10 9 8
Bit Name —_ W72 W71 W70 —_ W62 W61 W60
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — W52 W51 W50 — W42 W41 W40
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W

* WTCRB
Bit 15 14 13 12 11 10 9 8
Bit Name —_ W32 W31 W30 — w22 W21 W20
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — W12 W11 W10 — Wo02 WO1 W00
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
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e WTCRA
Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This is a read-only bit and cannot be modified.
14 w72 1 R/W Area 7 Wait Control 2 to 0
13 W71 1 R/W These bits select the number of program wait cycles
12 W70 1 R/W when accessing area 7 while bit AST7 in ASTCR is 1.
000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
11 — 0 R Reserved
This is a read-only bit and cannot be modified.
10 we2 1 R/W Area 6 Wait Control 2 to 0
wWe1 1 R/W These bits select the number of program wait cycles
W60 1 R/W when accessing area 6 while bit AST6 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

7 — 0 R Reserved
This is a read-only bit and cannot be modified.
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Bit

Bit Name

Initial
Value

Description

W52
W51
W50

1
1
1

R/W
R/W
R/W

Area 5 Wait Control 2 to 0

These bits select the number of program wait cycles
when accessing area 5 while bit AST5 in ASTCR is 1.

000: Program cycle wait not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

Reserved
This is a read-only bit and cannot be modified.

W42
W41
W40

R/W
R/W
R/W

Area 4 Wait Control 2to 0

These bits select the number of program wait cycles
when accessing area 4 while bit AST4 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

Bit

WTCRB

Bit Name

Initial
Value

R/W

Description

15

0

R

Reserved
This is a read-only bit and cannot be modified.
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Initial
Bit Bit Name Value R/W Description
14 w32 1 R/W Area 3 Wait Control 2t0 0
13 W31 1 R/W These bits select the number of program wait cycles
12 W30 1 R/W when accessing area 3 while bit AST3 in ASTCR is 1.
000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
11 — 0 R Reserved
This is a read-only bit and cannot be modified.
10 w22 1 R/W Area 2 Wait Control 2t0 0
9 w21 1 R/W These bits select the number of program wait cycles
8 W20 1 R/W when accessing area 2 while bit AST2 in ASTCR is 1.

When SDRAM is connected, the CAS latency is
specified. At this time, W22 is ignored. The CAS latency
can be specified even if the wait cycle insertion is
disabled by ASTCR.

Selection of number of program wait cycles:

000: Program wait cycle not inserted

001: 1 program wait cycle inserted

010: 2 program wait cycles inserted

011: 3 program wait cycles inserted

100: 4 program wait cycles inserted

101: 5 program wait cycles inserted

110: 6 program wait cycles inserted

111: 7 program wait cycles inserted

Setting of CAS latency (W22 is ignored.):

00: Setting prohibited

01: SDRAM with a CAS latency of 2 is connected.
10: SDRAM with a CAS latency of 3 is connected.
11: SDRAM with a CAS latency of 4 is connected.
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Initial
Bit Bit Name Value R/W Description
7 — 0 R Reserved
This is a read-only bit and cannot be modified.
w12 1 R/W Area 1 Wait Control 2 to 0
W11 1 R/W These bits select the number of program wait cycles
4 W10 1 R/W when accessing area 1 while bit AST1 in ASTCR is 1.
000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
3 — 0 R Reserved
This is a read-only bit and cannot be modified.
2 wo2 1 R/W Area 0 Wait Control 2 to 0
WO01 1 R/W These bits select the number of program wait cycles
0 W00 1 R/W when accessing area 0 while bit ASTO in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
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6.2.4 Read Strobe Timing Control Register (RDNCR)

RDNCR selects the negation timing of the read strobe signal (RD) when reading the external
address spaces specified as a basic bus interface or the address/data multiplexed I/O interface.

Bit 15 14 13 12 11 10 9 8
Bit Name RDN7 RDN6 RDN5 RDN4 RDN3 RDN2 RDN1 RDNO
Initial Value 0 0 0 0 0 0 0 0
RW RW RW RW R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — — —
Initial Value 0 0 0 0 0 0 0 0
RW R R R R R R R R
Initial
Bit Bit Name Value R/W Description
15 RDN7 0 R/W Read Strobe Timing Control
14 RDN6 0 R/W RDN7 to RDNO set the negation timing of the read
13 RDN5 0 R/W strobe in a corresponding area read access.
12 RDN4 0 R/W As shown in figure 6.2, the read strobe for an area for
which the RDNn bit is set to 1 is negated one half-
11 RDN3 0 R/W cycle earlier than that for an area for which the RDNn
10 RDN2 0 R/W bit is cleared to 0. The read data setup and hold time
9 RDN/ 0 RIW are also given one half-cycle earlier.
8 RDNO 0 R/W 0: In an area n read access, the RD signal is negated
at the end of the read cycle
1: In an area n read access, the RD signal is negated
one half-cycle before the end of the read cycle
(n=7100)
7t00 — All O R Reserved

These are read-only bits and cannot be modified.

Notes: 1. In an external address space which is specified as byte control SRAM interface, the
RDNCR setting is ignored and the same operation when RDNn = 1 is performed.

2. In an external address space which is specified as burst ROM interface, the RDNCR

setting is ignored during CPU read accesses and the same operation when RDNn =0 is
performed.
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Bus cycle
: T : Ta : Ts :
Bo |

- RD E E E T

RDNn =0 < : E : :
Data : T : < E >—
(RO —/— E —

RDNn =1 1 !
o e T

(n=7100)

Figure 6.2 Read Strobe Negation Timing (Example of 3-State Access Space)

6.2.5 CS Assertion Period Control Registers (CSACR)

CSACR selects whether or not the assertion periods of the chip select signals (CSn) and address
signals for the basic bus, byte-control SRAM, burst ROM, and address/data multiplexed 1I/O
interface are to be extended. Extending the assertion period of the CSn and address signals allows
the setup time and hold time of read strobe (RD) and write strobe (LHWR/LLWR) to be assured
and to make the write data setup time and hold time for the write strobe become flexible.

Bit 15 14 13 12 11 10 9 8

Bit Name CSXH7 CSXH6 CSXH5 CSXH4 CSXH3 CSXH2 CSXH1 CSXHO

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name CSXT7 CSXTé CSXT5 CSXT4 CSXT3 CSXT2 CSXT1 CSXTO0
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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Initial
Bit Bit Name Value R/W Description
15 CSXH7 0 R/W  CS and Address Signal Assertion Period Control 1
14 CSXH6 0 R/W These bits specify whether or not the Th cycle is to be
13 CSXH5 0 R/W inserted (see figure 6.3). When an area for which bit
CSXHn is set to 1 is accessed, one Th cycle, in which
12 CSXH4 0 R/W the CSn and address signals are asserted, is inserted
11 CSXH3 0 R/W before the normal access cycle.
10 CSXH2 0 R/W 0: In access to area n, the CSn and address assertion
9 CSXH1 0 R/W period (Th) is not extended
8 CSXHO 0 R/W  1:Inaccess to area n, the CSn and address assertion
period (Th) is extended
(n=7100)
7 CSXT7 0 R/W  CS and Address Signal Assertion Period Control 2
6 CSXT6 0 R/W These bits specify whether or not the Tt cycle is to be
5 CSXT5 0 R/W inserted (see figure 6.3). When an area for which bit
CSXTn is set to 1 is accessed, one Tt cycle, in which
4 CSXT4 0 R/W the CSn and address signals are retained, is inserted
3 CSXT3 0 R/W after the normal access cycle.
2 CSXT2 0 R/W 0: In access to area n, the CSn and address assertion
1 CSXT1 0 R/W period (Tt) is not extended
0 CSXTO0 0 R/W 1: In access to area n, the CSn and address assertion
period (Tt) is extended
(n=71t00)
Note: * In burst ROM interface, the CSXTn settings are ignored during CPU read accesses.
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Bus cycle ] \
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Figure 6.3 CS and Address Assertion Period Extension
(Example of Basic Bus Interface, 3-State Access Space, and RDNn = 0)
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6.2.6 Idle Control Register (IDLCR)

IDLCR specifies the idle cycle insertion conditions and the number of idle cycles.

Bit 15 14 13 12 1 10 9 8
Bit Name IDLS3 IDLS2 IDLS1 IDLSO IDLCB1 IDLCBO IDLCA1 IDLCAO
Initial Value 1 1 1 1 1 1 1 1
RW RW RW RW RW RW RW RW RIW
Bit 7 6 5 4 3 2 1 0
Bit Name | IDLSEL7 | IDLSEL6 | IDLSEL5 | IDLSEL4 | IDLSEL3 | IDLSEL2 | IDLSEL1 | IDLSELO
Initial Value 0 0 0 0 0 0 0 0
RW RW R/W R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
15 IDLS3 1 R/W Idle Cycle Insertion 3
Inserts an idle cycle between the bus cycles when the
DMAC single address transfer (write cycle) is followed
by external access.
0: No idle cycle is inserted
1: An idle cycle is inserted
14 IDLS2 1 R/W Idle Cycle Insertion 2
Inserts an idle cycle between the bus cycles when the
external write cycle is followed by external read cycle.
0: No idle cycle is inserted
1: An idle cycle is inserted
13 IDLSH 1 R/W Idle Cycle Insertion 1

Inserts an idle cycle between the bus cycles when the
external read cycles of different areas continue.

0: No idle cycle is inserted
1: An idle cycle is inserted
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Initial
Bit Bit Name Value R/W Description
12 IDLSO 1 R/W Idle Cycle Insertion 0
Inserts an idle cycle between the bus cycles when the
external read cycle is followed by external write cycle.
0: No idle cycle is inserted
1: An idle cycle is inserted
11 IDLCB1 1 R/W Idle Cycle State Number Select B
10 IDLCBO 1 R/W Specifies the number of idle cycles to be inserted for
the idle condition specified by IDLS1 and IDLSO.
00: No idle cycle is inserted
01: 2 idle cycles are inserted
00: 3 idle cycles are inserted
01: 4 idle cycles are inserted
IDLCA1 1 R/W Idle Cycle State Number Select A
IDLCAO 1 R/W Specifies the number of idle cycles to be inserted for
the idle condition specified by IDLS3 to IDLSO.
00: 1 idle cycle is inserted
01: 2 idle cycles are inserted
10: 3 idle cycles are inserted
11: 4 idle cycles are inserted
7 IDLSEL7 0 R/W Idle Cycle Number Select
6 IDLSEL6 0 R/W Specifies the number of idle cycles to be inserted for
5 IDLSEL5 0 R/W each area for the idle insertion condition specified by
IDLS1 and IDLSO.
4 IDLSEL4 0 R/W ) . .
3 IDLSEL3 0 AW 0: Number of idle cycles to be inserted for area n is
specified by IDLCA1 and IDLCAO.
2 IDLSEL2 0 RIW 1: Number of idle cycles to be inserted for area n is
1 IDLSELT 0 R/W specified by IDLCB1 and IDLCBO.
0 IDLSELO 0 R/W (n=7100)
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6.2.7 Bus Control Register 1 (BCR1)

BCRI is used for selection of the external bus released state protocol, enabling/disabling of the
write data buffer function, and enabling/disabling of the WAIT pin input.

Bit 15 14 13 12 11 10 9 8
Bit Name BRLE BREQOE — — — — WDBE WAITE
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R R R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name DKC — — — — — — —
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R R R R R R

Initial
Bit Bit Name Value R/W Description
15 BRLE 0 R/W External Bus Release Enable

Enables/disables external bus release.
0: External bus release disabled

BREQ, BACK, and BREQO pins can be used as I/O
ports

1: External bus release enabled*

For details, see section 9, I/0 Ports.

14 BREQOE 0 R/W BREQO Pin Enable

Controls outputting the bus request signal (BREQO) to
the external bus master in the external bus released
state when an internal bus master performs an
external address space access.

0: BREQO output disabled
BREQO pin can be used as I/O port
1: BREQO output enabled
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Bit Bit Name

Initial
Value

R/W

Description

13,12 —

AllO

Reserved
These are read-only bits and cannot be modified.

11,10 —

AllO

R/W

Reserved

These bits are always read as 0. The write value should
always be 0.

9 WDBE

R/W

Write Data Buffer Enable

The write data buffer function can be used for an
external write cycle and a DMAC single address
transfer cycle.

The changed setting may not affect an external access
immediately after the change.

0: Write data buffer function not used
1: Write data buffer function used

8 WAITE

R/W

WAIT Pin Enable
Selects enabling/disabling of wait input by the WAIT
pin.
0: Wait input by WAIT pin disabled
WAIT pin can be used as 1/O port
1: Wait input by WAIT pin enabled
For details, see section 9, I/0O Ports.

7 DKC

R/W

DACK Control

Selects the timing of DMAC transfer acknowledge
signal assertion.

0: DACK signal is asserted at the B¢ falling edge
1: DACK signal is asserted at the B¢ rising edge

R/W

Reserved

This bit is always read as 0. The write value should
always be 0.

5to0 —

AllO

R

Reserved
These are read-only bits and cannot be modified.

Note: When external bus release is enabled or input by the WAIT pin is enabled, make sure to set
the ICR bit to 1. For details, see section 9, /O Ports.
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6.2.8 Bus Control Register 2 (BCR2)

BCR?2 is used for bus arbitration control of the CPU, DMAC, and DTC, and enabling/disabling of
the write data buffer function to the peripheral modules.

Bit 7 6 5 4 3 2 1 0
Bit Name — — — IBCCS — — — PWDBE
Initial Value 0 0 0 0 0 0 1 0
RIW R R RW R/W R R R/W R/W

Initial
Bit Bit Name Value R/W Description
7,6 — All O R Reserved
These are read-only bits and cannot be modified.
5 — 0 R/W Reserved
This bit is always read as 0. The write value should
always be 0.
4 IBCCS 0 R/W Internal Bus Cycle Control Select

Selects the internal bus arbiter function.
0: Releases the bus mastership according to the priority

1: Executes the bus cycles alternatively when a CPU
bus mastership request conflicts with a DMAC or
DTC bus mastership request

3,2 — All 0 R Reserved
These are read-only bits and cannot be modified.

1 — 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.

0 PWDBE 0 R/W Peripheral Module Write Data Buffer Enable

Specifies whether or not to use the write data buffer
function for the peripheral module write cycles.

0: Write data buffer function not used
1: Write data buffer function used
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6.2.9 Endian Control Register (ENDIANCR)

ENDIANCR selects the endian format for each area of the external address space. Though the data
format of this LSI is big endian, data can be transferred in the little endian format during external
address space access.

Note that the data format for the areas used as a program area or a stack area should be big endian.

Bit 7 6 5 4 3 2 1 0
Bit Name LE7 LE6 LE5 LE4 LE3 LE2 — —
Initial Value 0 0 0 0 0 0 0 0
RW R/W R/IW R/W R/W R/W R/W R R

Initial

Bit Bit Name Value R/W Description

7 LE7 0 R/W Little Endian Select

6 LE6 0 R/W Selects the endian for the corresponding area.

5 LE5 0 R/W 0: Data format of area n is specified as big endian

4 LE4 0 R/W 1: Data format of area n is specified as little endian

3 LE3 0 R/W (n=7102)

2 LE2 0 R/W

1,0 — All O R Reserved

These are read-only bits and cannot be modified.
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6.2.10 SRAM Mode Control Register (SRAMCR)

SRAMCR specifies the bus interface of each area in the external address space as a basic bus
interface or a byte control SRAM interface.

In areas specified as 8-bit access space by ABWCR, the SRAMCR setting is ignored and the byte
control SRAM interface cannot be specified.

Bit 15 14 13 12 11 10 9 8

Bit Name BCSEL7 BCSEL6 BCSEL5 BCSEL4 BCSEL3 BCSEL2 BCSEL1 BCSELO

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — — —
Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Initial
Bit Bit Name Value R/W Description
15 BCSEL7 0 R/W Byte Control SRAM Interface Select

14 BCSEL6 0 R/W Selects the bus interface for the corresponding area.
13 BCSEL5 0 R/W When setting a bit to 1, the bus interface select bits in
12 BCSEL4 0 R/W BROMCR and MPXCR must be cleared to 0.

11 BCSEL3 0 R/W 0: Area n is basic bus interface

10 BCSEL2 0 R/W 1: Area n is byte control SRAM interface

9 BCSEL1 0 pw (=710

8 BCSELO 0 R/W

7t00 — All O R Reserved

These are read-only bits and cannot be modified.
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6.2.11 Burst ROM Interface Control Register (BROMCR)

BROMCR specifies the burst ROM interface.

Bit 15 14 13 12 11 10 9 8
Bit Name BSRMO BSTS02 BSTSO1 BSTS00 — — BSWDO1 | BSWDO00O
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R R R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name BSRMH BSTS12 BSTS11 BSTS10 — — BSWD11 | BSWD10
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R R R/W R/W

Initial
Bit Bit Name Value R/W Description
15 BSRMO 0 R/W Area 0 Burst ROM Interface Select

Specifies the area 0 bus interface. To set this bit to 1,
clear bit BCSELO in SRAMCR to 0.

0: Basic bus interface or byte-control SRAM interface
1: Burst ROM interface

14 BSTS02 0 R/W Area 0 Burst Cycle Select

13 BSTSO01 0 R/W Specifies the number of burst cycles of area 0

12 BSTS00 0 R/W 000: 1 cycle
001: 2 cycles

010: 3 cycles
011: 4 cycles
100: 5 cycles
101: 6 cycles
110: 7 cycles
111: 8 cycles
11,10 — All O R Reserved
These are read-only bits and cannot be modified.
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Initial
Bit Bit Name Value R/W Description
9 BSWDO1 0 R/W Area 0 Burst Word Number Select
8 BSWDO00 0 R/W Selects the number of words in burst access to the area

0 burst ROM interface

00: Up to 4 words (8 bytes)
01: Up to 8 words (16 bytes)
10: Up to 16 words (32 bytes)
11: Up to 32 words (64 bytes)

7 BSRM1 0 R/W Area 1 Burst ROM Interface Select

Specifies the area 1 bus interface as a basic interface
or a burst ROM interface. To set this bit to 1, clear bit
BCSEL1 in SRAMCR to 0.

0: Basic bus interface or byte-control SRAM interface
1: Burst ROM interface

BSTS12 0 R/W Area 1 Burst Cycle Select
BSTS11 0 R/W Specifies the number of cycles of area 1 burst cycle
BSTS10 0 R/W 000: 1 cycle

001: 2 cycles

010: 3 cycles

011: 4 cycles

100: 5 cycles

101: 6 cycles

110: 7 cycles

111: 8 cycles

3,2 — All 0 R Reserved
These are read-only bits and cannot be modified.

1 BSWD11 0 R/W Area 1 Burst Word Number Select

0 BSWD10 0 R/W Selects the number of words in burst access to the area
1 burst ROM interface

00: Up to 4 words (8 bytes)
01: Up to 8 words (16 bytes)
10: Up to 16 words (32 bytes)
11: Up to 32 words (64 bytes)
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6.2.12

Address/Data Multiplexed I/O Control Register (MPXCR)

MPXCR specifies the address/data multiplexed I/O interface.

Bit 15 14 13 12 11 10 9 8
Bit Name MPXE7 MPXE6 MPXE5 MPXE4 MPXE3 — — —
Initial Value 0 0 0 0 0 0 0 0
RIW RW RW RW R/W R/W R R R
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — — ADDEX
Initial Value 0 0 0 0 0 0 0 0
R/IW R R R R R R R R/W
Initial
Bit Bit Name Value R/W Description
15 MPXE7 0 R/W Address/Data Multiplexed 1/O Interface Select
14 MPXE6 0 R/W Specifies the bus interface for the corresponding area.
13 MPXE5 0 R/W To set this bit to 1, clear the BCSELn bit in SRAMCR to
12 MPXE4 0 rw O
11 MPXE3 0 R/W 0: Area n is specified as a basic interface or a byte
control SRAM interface.
1: Area n is specified as an address/data multiplexed
I/O interface
(n=71t03)
10to1 — AllO R Reserved
These are read-only bits and cannot be modified.
0 ADDEX 0 R/W Address Output Cycle Extension

Specifies whether a wait cycle is inserted for the
address output cycle of address/data multiplexed 1/O
interface.

0: No wait cycle is inserted for the address output cycle

1: One wait cycle is inserted for the address output
cycle
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6.2.13

DRAM Control Register (DRAMCR)

DRAMCR specifies the DRAM/SDRAM interface. Rewrite this register while the

DRAM/SDRAM is not accessed.

Bit 15 14 13 12 11 10 9 8
Bit Name DRAME DTYPE — — OEE RAST — CAST
Initial Value 0 0 0 0 0 0 0 0
RW RW RW R R R/W R/W R R/W
Bit 7 6 5 4 3 2 1 0
Bit Name BE RCDM DDS — — — MXC1 MXCO
Initial Value 0 0 0 0 0 0 0 0
RW RIW RW RIW R/W R R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
15 DRAME 0 R/W Area 2 DRAM Interface Select
Selects whether or not area 2 is specified as the
DRAM/SDRAM interface. When this bit is set to 1,
select the type of DRAM to be used in area 2 with the
DTYPE bit. When this bit is set to 1, the BCSEL2 bit in
SRAMCR should be set to 0.
0: Basic bus interface or byte-control SRAM interface
1: DRAM/SDRAM interface
14 DTYPE 0 R/W DRAM Select
Selects the type of DRAM to be used in area 2.
0: DRAM is used in area 2
1: SDRAM is used in area 2
13,12 — AllO R Reserved
The initial value should not be changed.
11 OEE 0 R/W  OE Output Enable

The OE signal is output when DRAM with the EDO
page mode is connected, whereas the CKE signal is
output when SDRAM is connected.

0: OE/CKE signal output disabled (the OE/CKE pin can
be used as an 1/O port)

1: OE/CKE signal enabled
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Initial

Bit Bit Name Value R/W Description

10 RAST 0 R/W RAS Assertion Timing Select
Selects whether the RAS signal is asserted at the rising
edge or falling edge of the B¢ signal in the Tr cycle
during a DRAM access. The relationship between this
bit and RAS assertion timing is shown in figure 6.4.
When SDRAM is used, the setting of this bit does not
affect operation.
0: RAS signal is asserted at the falling edge of the Bf

signal in the Tr cycle
1: RAS signal is asserted at the rising edge of the Bf
signal in the Tr cycle

9 — 0 R Reserved
The initial value should not be changed.

8 CAST 0 R/W Column Address Output Cycle Count Select
Selects whether the number of column address output
cycles is two or three during a DRAM access.
When SDRAM is used, the setting of this bit does not
affect operation.
0: Column address is output for two cycles
1: Column address is output for three cycles

7 BE 0 R/wW Burst Access Enable

Enables or disables a burst access to the
DRAM/SDRAM. The DRAM/SDRAM is accessed in
high-speed page mode. When DRAM with the EDO
page mode is used, connect the OE signal of this LS| to
the OE signal of DRAM.

0: DRAM/SDRAM is accessed with full access

1: DRAM/SDRAM is accessed in high-speed page
mode

RENESAS
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Initial
Bit Bit Name Value R/W

Description

6 RCDM 0 R/W

RAS Down Mode

Selects the RAS signal state while a DRAM access is
halted when a basic bus interface area or an on-chip
I/O register is accessed: keep the RAS signal low (RAS
down mode) and high (RAS up mode).

This bit is effective when BE = 1. Clearing this bit to 0
with RCDM = 1 in RAS down mode cancels the RAS
down mode and the RAS signal goes high.

If the RAS down mode is selected for the SDRAM
interface, the READ/WRIT command is issued without
issuance of the ACTV command when the same row
address is accessed consecutively.

0: RAS up mode when the DRAM/SDRAM is accessed

1: RAS down mode when the DRAM/SDRAM is
accessed

5 DDS 0 R/W

DMAC Single Address Transfer Option

Selects whether a DMAC single address transfer
through the DRAM/SDRAM interface is enabled only in
full access mode or is also enabled in fast-page access
mode.

When clearing the BE bit to 0 to disable a burst access
to the DRAM/SDRAM interface, a DMAC single address
transfer is performed in full access mode regardless of
this bit.

This bit does not affect an external access by other bus
masters or a DMAC dual address transfer. Setting this
bit to 1 changes the DACK output timing.

0: DMAC single address transfer through the
DRAM/SDRAM is enabled only in full access mode

1: DMAC single address transfer through the
DRAM/SDRAM is also enabled in fast-page access
mode
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Initial
Bit Bit Name Value R/W Description
4 — 0 R/W Reserved
3 — 0 R The initial value should not be changed.
2 — 0 R/W
1 MCX1 0 R/W Multiplexed Address Bit Select
0 MCX0 0 R/W Select the number of bits by which a row address

multiplexed with a column address is shifted to the

lower side. At the same time, these bits select row

address bits compared during a burst access to the
DRAM/SDRAM interface.

00: Shifted by 8 bits

A23 to A8 are compared for 8-bit access space
A23 to A9 are compared for 16-bit access space
01: Shifted by 9 bits

A23 to A9 are compared for 8-bit access space
A23 to A10 are compared for 16-bit access space
10: Shifted by 10 bits

A23 to A10 are compared for 8-bit access space
A23 to A11 are compared for 16-bit access space
11: Shifted by 11 bits

A23 to A11 are compared for 8-bit access space
A23 to A12 are compared for 16-bit access space

RENESAS
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Figure 6.4 RAS Assertion Timing (Column Address Output for 2 cycles
in Full Access Mode)

6.2.14 DRAM Access Control Register (DRACCR)

DRACCR specifies the settings for the DRAM/SDRAM interface. Rewrite this register while the
DRAM/SDRAM is not accessed.

Bit 15 14 13 12 11 10 9 8
Bit Name — — TPC1 TPCO — — RCD1 RCDO
Initial Value 0 0 0 0 0 0 0 0
R/W R R R/W R/W R R R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — — —
Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R R R R
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Bit

Initial
Bit Name Value

R/W

Description

15, 14

— All O

Reserved
The initial value should not be changed.

13
12

TPC1
TPCO

R/W
R/W

Precharge Cycle Control

Select the number of RAS precharge cycles on a
normal access and a refresh cycle.

00: One cycle
01: Two cycles
10: Three cycles
11: Four cycles

11,10

— All O

Reserved
The initial value should not be changed.

RCD1
RCDO

R/W
R/W

RAS-CAS Wait Control

Select the number of wait cycles inserted between RAS
and CAS cycles.

00: No wait cycle inserted

01: One wait cycle inserted
10: Two wait cycles inserted
11: Three wait cycles inserted

7t00

— All O

Reserved
The initial value should not be changed.
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6.2.15  Synchronous DRAM Control Register (SDCR)

SDCR specifies the settings for the SDRAM interface (when the DTYPE bit in DRAMCE is set
to 1). Rewrite this register while the SDRAM is not accessed. When the SDRAM interface is not
used, the initial value must not be changed.

Bit 15 14 13 12 11 10 9 8
BitName | MRSE — — — — — — —
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R R R R/W R/W R R/W
Bit 7 6 5 4 3 2 1 0
Bit Name CKSPE — — — — — — TRWL
Initial Value 0 0 0 0 0 0 0 0
RW RW R R R R R R R/W
Initial
Bit Bit Name Value R/W Description
15 MRSE 0 R/W Mode Register Set Enable
Enables the setting in the SDRAM mode register. See
section 6.11.14, Setting SDRAM Mode Register.
0: Disables to set the SDRAM mode register
1: Enables to set the SDRAM mode register
14to12 — AllO R Reserved
These bits are always read as 0. The initial value
should not be changed.
11,10 — 0 R/W Reserved
The initial value should not be changed.
— R Reserved
— R/W The initial value should not be changed.
CKSPE R/W Clock Suspend Enable

Enables the clock suspend mode in which read data
output cycles are extended. Setting this bit to 1 extends
cycles in which read data is output from SDRAM.

0: Disables the clock suspend mode
1: Enables the clock suspend mode
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Initial
Bit Bit Name Value R/W Description
6to 1 — AllO R Reserved
The initial value should not be changed.
0 TRWL 0 R/W Write-Precharge Delay Control
Specifies the time until the precharge command is
issued after the write command is issued to the
SDRAM. Setting this bit to 1 inserts one wait cycle after
the write command is issued.
0: No wait cycle inserted
1: One wait cycle inserted
6.2.16 Refresh Control Register (REFCR)

REFCR specifies the refresh type for the DRAM/SDRAM interface.

Bit 15 14 13 12 11 10 9 8
Bit Name CMF CMIE RCW1 RCWO — RTCK2 RTCKA1 RTCKO
Initial Value 0 0 0 0 0 0 0 0
R/W R/(W)* R/W R/W R/W R R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name RFSHE RLW2 RLWA1 RLWO SLFRF TPCS2 TPCSH1 TPCSO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note: * Only 0 can be written to this bit, to clear the flag.
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Bit

Bit Name Value

Initial

R/W

Description

15

CMF

0

R/(W)*

Compare Match Flag

Indicates that the refresh timer counter (RTCNT) and
refresh timer constant register (RTCOR) match.

[Clearing conditions]

e When 0 is written to this bit after this bit is read as 1
with RFSHE =0

e When CBR refresh is performed with RFSHE = 1
[Setting condition]
e When RTCNT matches RTCOR

14

CMIE

R/W

Compare Match Interrupt Enable

Enables or disables an interrupt request (CMIF) when
the CMF flag is set to 1.

This bit is effective when refresh control is not
performed (RFSHE = 0). When refresh control is
performed (RFSHE = 1), this bit is always cleared to 0.
This bit cannot be modified.

13to 12 RCW1

RCWO

R/W
R/W

CAS-RAS Wait Control

Select the number of wait cycles inserted between the
CAS asserted cycle and CAS asserted cycle during
DRAM refresh.

When the SDRAM space is selected, these bits do not
affect operations although they can be read from or
written to.

00: No wait cycle inserted

01: One wait cycle inserted
10: Two wait cycles inserted
11: Three wait cycles inserted

11

Reserved
The initial value should not be changed.
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Bit

Bit Name Value

Initial

R/W

Description

10

RTCK2
RTCK1
RTCKO

0
0
0

R/W
R/W
R/W

Refresh Counter Clock Select

Select the clock used to count up the refresh counter
from the seven internal clocks generated by dividing the
on-chip peripheral module clock (P¢). When the clock is
selected, the refresh counter starts to count up.

000: Counting halted
001: Counts on P¢/2
001: Counts on P¢/8
001: Counts on P¢/32
001: Counts on P$/128
001: Counts on P¢/512
001: Counts on P$/2048
001: Counts on P$/4096

7

RFSHE

0

R/W

Refresh Control

Enables or disables refresh control. When refresh
control is disabled, the refresh timer can be used as the
interval timer.

In single-chip activation mode, the setting of this bit
should be made after setting the EXPE bit in SYSCR to
1. For SYSCR, see section 3, MCU Operating Modes.

0: Refresh control enabled
1: Refresh control disabled

RLW2
RLWA1
RLWO

0

0

R/W
RW
R/W

Refresh Cycle Wait Control

Select the number of wait cycles during a CAS before
RAS refresh cycle for the DRAM interface and an auto-
refresh cycle for the SDRAM interface.

000: No wait cycle inserted
001: One wait cycle inserted
010: Two wait cycles inserted
010: Three wait cycles inserted
010: Four wait cycles inserted
010: Five wait cycles inserted
010: Six wait cycles inserted
010: Seven wait cycles inserted

RENESAS
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Initial
Bit Bit Name Value R/W

Description

3 SLFRF 0 R/W

Self-Refresh Enable

Selects the self-refresh mode for the DRAM/SDRAM
interface when a transition to the software standby
mode is made with this bit set to 1. To perform a refresh
cycle by setting the RFSHE bit is set to 1, this bit is
effective.

To perform a self-refresh cycle when the SDRAM
interface is selected, enable the CKE output by setting
the OEE bit in DRAMCR.

0: Disables self-refresh
1: Enables self-refresh

2 TPS2 0 R/W
1 TPS1 0 RW
0 TPSO 0 R/W

Precharge Cycle Control during Self-Refresh

Selects the number of precharge cycles immediately
after a self-refresh cycle. The number of actual number
of precharge cycles is the sum of the numbers indicated
by these bits and bits TPC1 and TPCO.

000: No wait cycle inserted
001: One wait cycle inserted
010: Two wait cycles inserted
010: Three wait cycles inserted
010: Four wait cycles inserted
010: Five wait cycles inserted
010: Six wait cycles inserted
010: Seven wait cycles inserted

Note: Only 0 can be written to this bit, to clear the flag.
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6.2.17 Refresh Timer Counter (RTCNT)
RTCNT counts up on the internal clock selected by bits RTCS2 to RTCKO in REFCR.

When the RTCNT value matches the RTCOR value (compare match), the CMF flag in REFCR is
set to 1 and RTCNT is initialized to H'00. At this time, when the RFSHE bit in REFCR is set to 1,
a refresh cycle is generated. When the RFSHE bit is cleared to 0 and the CMIE bit in REFCR is
set to 1, a compare match interrupt (CMI) is generated.

Bit 7 6 5 4 3 2 1 0
Bit Name | |

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

6.2.18 Refresh Time Constant Register (RTCOR)
RTCOR specifies intervals at which a compare match for RTCOR and RTCNT is generated.

The RTCOR value is always compared with the RTCNT value. When they match, the CMF flag
in REFCR is set to 1 and RTCNT is initialized to H'0O0.

Bit 7 6 5 4 3 2 1 0

Bit Name

Initial Value 1 1 1 1 1 1 1 1

R/W R/W R/W R/W R/W R/W R/W R/W R/W
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6.3 Bus Configuration

Figure 6.5 shows the internal bus configuration of this LSI. The internal bus of this LSI consists of
the following three types.

e Internal system bus

A bus that connects the CPU, DTC, DMAC, on-chip RAM, on-chip ROM, internal peripheral
bus, and external access bus.

e Internal peripheral bus

A bus that accesses registers in the bus controller, interrupt controller, and DMAC, and
registers of peripheral modules such as SCI and timer.

e External access cycle

A bus that accesses external devices via the external bus interface.

o
synchronization S =
n-chi n-chi
Lceu | [ore | [OB&IP | [ RSP ]
Internal system bus >
Bus controller,
interrupt controller,
ower-down controller |_
Write data P DMAC Write data
buffer I T[T buffer
[ D ] [ R P}
Internal peripheral bus

External access bus,

B¢
synchronization

Po

synchronization

External bus
interface

Peripheral
functions

Figure 6.5 Internal Bus Configuration
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6.4 Multi-Clock Function and Number of Access Cycles

The internal functions of this LSI operate synchronously with the system clock (I¢), the peripheral
module clock (P¢), or the external bus clock (B¢). Table 6.1 shows the synchronization clock and
their corresponding functions.

Table 6.1 Synchronization Clocks and Their Corresponding Functions

Synchronization Clock Function Name

) MCU operating mode
Interrupt controller
Bus controller
CPU
DTC
DMAC
Internal memory
Clock pulse generator
Power down control

Po 1/0O ports
TPU
PPG
TMR
WDT
SCl
A/D
D/A
lica
uUSB

B¢ External bus interface

The frequency of each synchronization clock (I, P¢, and B¢) is specified by the system clock
control register (SCKCR) independently. For further details, see section 22, Clock Pulse
Generator.

There will be cases when P$ and B¢ are equal to I$p and when P¢ and B¢ are different from I¢
according to the SCKCR specifications. In any case, access cycles for internal peripheral functions
and external space is performed synchronously with P¢ and B¢, respectively.
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For example, in an external address space access where the frequency rate of I¢p and Bpisn: 1,
the operation is performed in synchronization with B¢. In this case, external 2-state access space is
2n cycles and external 3-state access space is 3n cycles (no wait cycles is inserted) if the number
of access cycles is counted based on 1¢.

If the frequencies of 1, Pd and B¢ are different, the start of bus cycle may not synchronize with
P¢ or B¢ according to the bus cycle initiation timing. In this case, clock synchronization cycle
(Tsy) is inserted at the beginning of each bus cycle.

For example, if an external address space access occurs when the frequency rate of I¢p and B¢ is
n: 1, 0 to n-1 cycles of Tsy may be inserted. If an internal peripheral module access occurs when
the frequency rate of I¢ and Pd is m : 1, O to m-1 cycles of Tsy may be inserted.

Figure 6.6 shows the external 2-state access timing when the frequency rate of I¢ and B is 4 : 1.
Figure 6.7 shows the external 3-state access timing when the frequency rate of I¢ and Bdpis 2 : 1.
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Figure 6.6 System Clock: External Bus Clock
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Figure 6.7 System Clock: External Bus Clock
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6.5 External Bus

6.5.1 Input/Output Pins

Table 6.2 shows the pin configuration of the bus controller and table 6.3 shows the pin functions
on each interface.

Table 6.2  Pin Configuration

Name Symbol 110 Function
Bus cycle start BS Output Signal indicating that the bus cycle has started
Address strobe/ AS/AH Output e Strobe signal indicating that the basic bus, byte control

address hold SRAM, or burst ROM space is accessed and address

output on address bus is enabled
e Signal to hold the address during access to the
address/data multiplexed 1/O interface

Read strobe RD Output Strobe signal indicating that the basic bus, byte control
SRAM, burst ROM, or address/data multiplexed 1/O space
is being read

Read/write RD/WR Output o Signal indicating the input or output direction

e Write enable signal of the SRAM during access to the
byte control SRAM space

Low-high write/ LHWR/LUB  Output e Strobe signal indicating that the basic bus, burst ROM,
lower-upper byte or address/data multiplexed I/O space is written to,
select

and the upper byte (D15 to D8) of data bus is enabled

e Strobe signal indicating that the byte control SRAM
space is accessed, and the upper byte (D15 to D8) of
data bus is enabled

Low-low write/ LLWR/LLB  Output e Strobe signal indicating that the basic bus, burst ROM,
lower-lower byte or address/data multiplexed 1/0 space is written to,
select

and the lower byte (D7 to DO) of data bus is enabled
e Strobe signal indicating that the byte control SRAM

space is accessed, and the lower byte (D7 to DO) of
data bus is enabled
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Name Symbol /0 Function

Chip select 0 Cso Output  Strobe signal indicating that area 0 is selected
Chip select 1 Cs1 Output  Strobe signal indicating that area 1 is selected
Chip select 2 CSs2 Output  Strobe signal indicating that area 2 is selected
Chip select 3 CSs3 Output  Strobe signal indicating that area 3 is selected
Chip select 4 CS4 Output  Strobe signal indicating that area 4 is selected
Chip select 5 CS5 Output  Strobe signal indicating that area 5 is selected
Chip select 6 CS6 Output  Strobe signal indicating that area 6 is selected
Chip select 7 CS7 Output  Strobe signal indicating that area 7 is selected

Row address strobe RAS Output e Row address strobe signal when area 2 is
specified as DRAM space

o Row address strobe signal when area 2 is
specified as SDRAM space

Column address strobe CAS Output  Column address strobe signal when area 2 is
specified as SDRAM space
Write enable WE Output e  Write enable signal for DRAM

e Write enable signal when area 2 is specified as
SDRAM space

Lower-upper-column address LUCAS/ Output e Lower-upper-column address strobe signal for 32-
strobe/lower-upper-data mask DQMLU bit DRAM
enable e Upper-column address strobe signal for 16-bit
DRAM
e Lower-upper-data mask enable signal for 32-bit
SDRAM
e Upper-data mask enable signal for 16-bit SDRAM
Lower-lower-column address  LLCAS/ Output e Lower-lower-column address strobe signal for 32-
strobe/lower-lower-data mask DQMLL bit DRAM
enable e Lower-column address strobe signal for 16-bit
DRAM

e Column address strobe signal for 8-bit DRAM

e Lower-lower-data mask enable signal for 32-bit
SDRAM

e Lower-data mask enable signal for 16-bit SDRAM
e Data mask enable signal for 8-bit SDRAM
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Name Symbol /0 Function

Output enable/clock enable OE/CKE Output e  Output enable signal for DRAM
e Clock enable signal for SDRAM

SDRAM¢ SD¢ Output SDRAM dedicated clock

Wait WAIT Input Wait request signal when accessing external address
space

Bus request BREQ Input Request signal for release of bus to external bus
master

Bus request acknowledge BACK Output  Acknowledge signal indicating that bus has been
released to external bus master

Bus request output BREQO Output  External bus request signal used when internal bus
master accesses external address space in the
external-bus released state

Data transfer acknowledge 3  DACKS3 Output Data acknowledge signal for DMAC_3 single address

(DMAC_3) transfer

Data transfer acknowledge 2  DACK2 Output  Data acknowledge signal for DMAC_2 single address

(DMAC_2 transfer

Data transfer acknowledge 1 DACK1 Output Data acknowledge signal for DMAC_1 single address

(DMAC_1) transfer

Data transfer acknowledge 0  DACKO Output Data acknowledge signal for DMAC_O single address

(DMAC_0) transfer

External bus clock B¢ Output  External bus clock
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Table 6.3 Pin Functions in Each Interface

Byte Address/Data
Control Burst Multiplexed
Initial State Basic Bus SRAM ROM I[e}
Single-
Pin Name 16 8 Chip 16 8 16 16 8 16 8 Remarks
B¢ Output Output — (0] (0] (0] (0] (0] (0] (0]
CSo Output Output — o o] 0 o o — —
CS1 — — — o} o (0] o} O — —
Ccs2 — — — o) o) (0] - = = =
Cs3 — — — o) o) (0] — — 0 o)
CS4 — — — o} o (0] — — O o}
Cs5 — — — o) o) (0] — — 0 o)
CS6 — — — o} o} (0] — — O o}
Cs7 — — — o) o) (0] — — 0 o)
BS — — — o} o} (0] O o} o o
RD/WR — — — o o} (0] o} o} o} o}
AS Output Output — o] o] 0 o o — —
AH — — — — — — — — O o}
RD Output Output — o] o] 0 O O O o]
CAWR/ALUB Output Output — o — o o — o —
LLWR/LB Output Output — o] o] 0 O O O o]
WAIT — — — o o 0 O O o o Controlled by
WAITE

[Legend]

O: Used as a bus control signal
—: Not used as a bus control signal (used as a port input when initialized)
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6.5.2 Area Division

The bus controller divides the 16-Mbyte address space into eight areas, and performs bus control
for the external address space in area units. Chip select signals (CSO to CS7) can be output for
each area.

Figure 6.8 shows an area division of the 16-Mbyte address space. For details on address map, see
section 3, MCU Operating Modes.

H'000000
Area 0
(2 Mbytes)
H'1FFFFF
H'200000
Area 1
(2 Mbytes)
H'3FFFFF
H'400000
Area 2
(8 Mbytes)
H'BFFFFF
H'C00000
Area 3
(2 Mbytes)
H'DFFFFF
H'E00000
Area 4
(1 Mbyte)
H'EFFFFF
H'FO0000
Area 5
(1 Mbyte — 8 kbytes)
H'FFDFFF
H'FFE000 Area 6
H'FEFEFF | (8 kbytes — 256 bytes)
H'FFFFO0 Area 7
HFFFFFF (256 bytes)

16-Mbyte space

Figure 6.8 Address Space Area Division
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6.5.3 Chip Select Signals

This LSI can output chip select signals (CSO to CS7) for areas 0 to 7. The signal outputs low when
the corresponding external address space area is accessed. Figure 6.9 shows an example of CSn (n
= 0 to 7) signal output timing.

Enabling or disabling of CSn signal output is set by the port function control register (PFCR). For
details, see section 9.3, Port Function Controller.

In on-chip ROM disabled extended mode, pin CS0 is placed in the output state after a reset. Pins
CS1 to CS7 are placed in the input state after a reset and so the corresponding PFCR bits should
be set to 1 when outputting signals CS1 to CS7.

In on-chip ROM enabled extended mode, pins CSO to CS7 are all placed in the input state after a
reset and so the corresponding PFCR bits should be set to 1 when outputting signals CSO to CS7.

The PECR can specify multiple CS outputs for a pin. If multiple CSn outputs are specified for a
single pin by the PFCR, CS to be output are generated by mixing all the CS signals. In this case,
the settings for the external bus interface areas in which the CSn signals are output to a single pin
should be the same.

Figure 6.10 shows the signal output timing when the CS signals to be output to areas 5 and 6 are
output to the same pin.

. Bus cycle .
i T1 T2 T3 i

Bo [ I S R

Address bus x External address of area n x

_ -

Figure 6.9 CSn Signal Output Timing (n = 0 to 7)
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B Area 5 access | Area 6 access _
B S L L L
CS5
CS6
Output waveform
Address bus X Area 5 access Area 6 access

Figure 6.10 Timing When CS Signal is Output to the Same Pin

6.5.4 External Bus Interface

The type of the external bus interfaces, bus width, endian format, number of access cycles, and
strobe assert/negate timings can be set for each area in the external address space. The bus width
and the number of access cycles for both on-chip memory and internal I/O registers are fixed, and
are not affected by the external bus settings.

(1) Type of External Bus Interface

Four types of external bus interfaces are provided and can be selected in area units. Table 6.4
shows each interface name, description, area name to be set for each interface. Table 6.5 shows the
areas that can be specified for each interface. The initial state of each area is a basic bus interface.

Table 6.4 Interface Names and Area Names

Interface Description Area Name
Basic interface Directly connected to ROM and  Basic bus space
RAM
Byte control SRAM interface Directly connected to byte Byte control SRAM space
SRAM with byte control pin
Burst ROM interface Directly connected to the ROM  Burst ROM space
that allows page access
Address/data multiplexed 1/0 Directly connected to the Address/data multiplexed 1/0
interface peripheral LSI that requires space

address and data multiplexing
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Table 6.5 Areas Specifiable for Each Interface

Related Areas
Interface Registers 0 1 2 3 4 5 6 7
Basic interface SRAMCR (0] (0] (0] o o (0] (0] 0]
Byte control SRAM interface (0] (0] (0] (0] (0] (0] (0] (0]
Burst ROM interface BROMCR (0] (0] _ = = = = —
Address/data multiplexed 1/0 MPXCR — — — 0 (0] (0] (0] (0]

interface

(2) Bus Width

A bus width of 8 or 16 bits can be selected with ABWCR. An area for which an 8-bit bus is
selected functions as an 8-bit access space and an area for which a 16-bit bus is selected functions
as a 16-bit access space. In addition, the bus width of address/data multiplexed I/O space is 8 bits
or 16 bits, and the bus width for the byte control SRAM space is 16 bits.

The initial state of the bus width is specified by the operating mode.

If all areas are designated as 8-bit access space, 8-bit bus mode is set; if any area is designated as
16-bit access space, 16-bit bus mode is set.

(3) Endian Format

Though the endian format of this LSI is big endian, data can be converted into little endian format
when reading or writing to the external address space.

Areas 7 to 2 can be specified as either big endian or little endian format by the LE7 to LE2 bits in
ENDIANCR.

The initial state of each area is the big endian format.

Note that the data format for the areas used as a program area or a stack area should be big endian.
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(4) Number of Access Cycles

(a) Basic Bus Interface

The number of access cycles in the basic bus interface can be specified as two or three cycles by
the ASTCR. An area specified as 2-state access is specified as 2-state access space; an area
specified as 3-state access is specified as 3-state access space.

For the 2-state access space, a wait cycle insertion is disabled. For the 3-state access space, a
program wait (0 to 7 cycles) specified by WTCRA and WTCRB or an external wait by WAIT can
be inserted.

Number of access cycles in the basic bus interface
= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)

+ number of CS extension cycles (0, 1, 2)
[+ number of external wait cycles by the WAIT pin]

Assertion period of the chip select signal can be extended by CSACR.

(b) Byte Control SRAM Interface

The number of access cycles in the byte control SRAM interface is the same as that in the basic
bus interface.

Number of access cycles in byte control SRAM interface

= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1, 2)
[+ number of external wait cycles by the WAIT pin]

(c) Burst ROM Interface

The number of access cycles at full access in the burst ROM interface is the same as that in the
basic bus interface. The number of access cycles in the burst access can be specified as one to
eight cycles by the BSTS bit in BROMCR.

Number of access cycles in the burst ROM interface
= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1)
[+number of external wait cycles by the WAIT pin]
+ number of burst access cycles (1 to 8) x number of burst accesses (0 to 63)
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(d) Address/data multiplexed 1I/O interface

The number of access cycles in data cycle of the address/data multiplexed I/O interface is the
same as that in the basic bus interface. The number of access cycles in address cycle can be
specified as two or three cycles by the ADDEX bit in MPXCR.

Number of access cycles in the address/data multiplexed I/O interface

= number of address output cycles (2, 3) + number of data output cycles (2, 3)
+ number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1, 2)
[+number of external wait cycles by the WAIT pin]

(e) DRAM Interface

In the DRAM interface, the numbers of precharge cycles, row address output cycles, and column
address output cycles can be specified.

The number of precharge cycles can be specified as one to four cycles by bits TPC1 and TPCO in
DRACCR. The number of row address output cycles can be specified as one to four cycles by bits
RCD1 and RCDO in DRACCR. The number of column address output cycles can be specified as
two or three cycles by the CAST bit in DRAMCR. For the column address output cycle, program
wait (0 to 7 cycles) specified by WTCRB or external wait by WAIT can be inserted.

Number of access cycles in the DRAM interface

= number of precharge cycles (1 to 4) + number of row address output cycles (1 to 4)
+ number of column address output cycles (2 or 3)
+ number of program wait cycles (0 to 7)
[+number of external wait cycles by the WAIT pin]

(f) SDRAM Interface

In the SDRAM interface, the numbers of precharge cycles, row address output cycles, and column
address output cycles, as well as clock suspend and write-precharge delay, can be specified by
DRACCR and WTCRB.

The number of precharge cycles can be specified as one to four cycles by bits TPC1 and TPCO in
DRACCR. The number of row address output cycles can be specified as one to four cycles by bits
RCD1 and RCDO in DRACCR. The number of column address output cycles during read access
can be specified as two to four cycles by bits W21 and W20 in WTCRB.

The cycles for clock suspend and write-precharge delay can be inserted by bits CKSPE and
TRWL in SDCR.
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Number of access cycles in the SDRAM interface

= number of precharge cycles (1 to 4) + number of row address output cycles (1 to 4)
+ number of column address output cycles (read: 2 to 4, write: 2)
+ number of clock suspend cycles (only read: 0 or 1)
+ number of write precharge delay cycles (only write: 0 or 1)

Table 6.6 lists the number of access cycles for each interface.

Table 6.6 Number of Access Cycles

Basic bus interface = Th +T1 +T2 +Tt
[0,1] [1] [1] [0,1] [2to 4]
T Th T F I e o e e
[0.1] (1 0 0to7] n] [1] [0,1] [3to 12+n]
Byte-control SRAM interface = Th +T1 +T2 +Tt
[0,1] (1 0] [0,1] [2t0 4]
T Th T B I e o e
[0,1] [1] [1] [0to 7] [n] [1] [0,1] [3 to 12+n]
Burst ROM interface = Th +T1 +T2 +Tb
[0,1] [1] [1] [(1 to 8) x m] [(2to 3)+(1 to 8) xm]
LT Th T IS S R e £ 1S
[0,1] 1 11 [0to 7] [n] 1 [(1to8)xm] [(2to 11+n)+(1to 8) x m]
Address/data multiplexed /O =Tma +Th +T +T2 +Tt
interface B N (O £ ) N £ o ... [407]
=Tma +Th +T1 +T2 +Tpw +Ttw +T3 +Tt
[2,3] [0,1] [1] [1] [0to 7] [n] [1] [0,1] [5 to 15+n]
DRAM Full access =Tp +Tr +Trw +TC1 +Tpw +Ttw +Tc2 +Tc3
inter- [1to4] [1] [0to3] [1] [0to7] [n] [] [0,1] [4 to 18+n]
face “Fastpage B o e e o
(1] [0to7] [n] [1] [0,1] [2 to 10+n]
Refresh =TRp +TRmw +TRr +TRc1 +TRcw +TRc2
[1to4] [0to3] [1] [1] [0to 7] [1] [4t017]
Self-refresh =TRp +TRrw +TRr + sta%gféy%gde +TRc3 +TRc4 +TRp
[1to4] [0to3] 1] [1+s] 1] [1] [0to 7] [5 to 18+s]
SDRAM Setting mode = Tp +Tr +Trw +Tcl +Tc2 +Trwl
interface _register [to4] [1] 0to3] [1] [1] [0,1] [4t011]
Full access = Tp +Tr +Trw +Tcl +Tcl +Tsp +Tc2
(read) [1to4] [1 [0to 3] [1 [1t03] [0,1] [1 [5to 14]
Full access = Tp +Tr +Trw +Tcl +Tc2 +Trwl
write [1to4] (1 [0to 3] (1 (1 [0.1] [4t011]
Page access = Tel +Tcl +Tsp 11
(read) [1 [1t03] [0,1] +Tc2 [3t0 6]
“Pageaccess =TTTTTTTTTTTTTmmT LS )
write] [1] +Tc2 [2to0 3]
Cluster transfer = Tp +Tr +Trw +Tcl +Tcb +Tcl 11 +Trwl
(read) [1to4] [1] [0to 3] [1] [0to 31] [1t03] +Tc2 [0,1] [5 to 44]
. F B N £
1] [0to31] [1to3] +Tc2 [3 to 36]
Cluster transfer = Tp +Tr +Trw +Tct [ +Tcb
(write) [Htod [1] 0to3] [1] +Tc2 [0to 31] [4 10 41]
oS T
1] +Tc2 [0to 31] [2 to 33]
Refresh = TRp +TRr +TRc1 +TRew +TRc2 [1]
[1to4] (1] (1] [0to7] (1] [4 1o 14]
Self-refresh = TRp +TRr  + Software +TRc2  +TRc3 +TRp
standby mode
[1to 4] [1] [1+s] [1] 1] [0to 7] [5 to 15+s]

[Legend]

Number enclosed by bracket: Number of access cycles
n: Pin wait (0 to )

m: Number of burst accesses (0 to 63)

s: Time for a transition to or from software standby mode
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(5) Strobe Assert/Negate Timings

The assert and negate timings of the strobe signals can be modified as well as number of access
cycles.

e Read strobe (RD) in the basic bus interface
e Chip select assertion period extension cycles in the basic bus interface
e Data transfer acknowledge (DACK3 to DACKO) output for DMAC single address transfers

6.5.5 Area and External Bus Interface
(1) Areal

Area 0 includes on-chip ROM. All of area O is used as external address space in on-chip ROM
disabled extended mode, and the space excluding on-chip ROM is external address space in on-
chip ROM enabled extended mode.

When area 0 external address space is accessed, the CSO signal can be output.

Either of the basic bus interface, byte control SRAM interface, or burst ROM interface can be
selected for area 0 by bit BSRMO in BROMCR and bit BCSELO in SRAMCR. Table 6.7 shows
the external interface of area 0.

Table 6.7 Area 0 External Interface

Register Setting

Interface BSRMO0 of BROMCR BCSELO of SRAMCR
Basic bus interface 0 0
Byte control SRAM interface 0 1
Burst ROM interface 1 0
Setting prohibited 1 1

Rev.1.00 Jun. 07, 2006 Page 184 of 1102
REJ09B0294-0100 RENESAS



Section 6 Bus Controller (BSC)

(2) Areal

n externally extended mode, all of area 1 is external address space. In on-chip ROM enabled
extended mode, the space excluding on-chip ROM is external address space.

When area 1 external address space is accessed, the CS1 signal can be output.

Either of the basic bus interface, byte control SRAM, or burst ROM interface can be selected for
area 1 by bit BSRM1 in BROMCR and bit BCSEL1 in SRAMCR. Table 6.8 shows the external
interface of area 1.

Table 6.8 Area 1 External Interface

Register Setting

Interface BSRM1 of BROMCR BCSEL1 of SRAMCR
Basic bus interface 0 0
Byte control SRAM interface 0 1
Burst ROM interface 1 0
Setting prohibited 1 1

(3) Area2
In externally extended mode, all of area 2 is external address space.
When area 2 external address space is accessed, the CS2 signal can be output.

Either the basic bus interface, byte-control SRAM interface, DRAM interface, or SDRAM
interface can be selected for area 2 by the DRAME and DTYPE bits in DRAMCR and bit
BCSEL2 in SRAMCR. Table 6.9 shows the external interface of area 2.

Table 6.9 Area 2 External Interface

Register Setting

DRAME in DTYPE in BCSEL2 in
Interface DRAMCR DRAMCR SRAMCR
Basic bus interface 0 Don't care 0
Byte-control SRAM interface 0 Don't care 1
DRAM interface 1 0 0
SDRAM interface 1 1 0
Setting prohibited 1 Don't care 1
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(4) Area3
In externally extended mode, all of area 3 is external address space.
When area 3 external address space is accessed, the CS3 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 3 by bit MPXE3 in MPXCR and bit BCSEL3 in SRAMCR.
Table 6.10 shows the external interface of area 3.

Table 6.10 Area 3 External Interface

Register Setting

Interface MPXE3 of MPXCR BCSEL3 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1

(5) Aread

In externally extended mode, all of area 4 is external address space.
When area 4 external address space is accessed, the CS4 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 4 by bit MPXE4 in MPXCR and bit BCSEL4 in SRAMCR.
Table 6.11 shows the external interface of area 4.

Table 6.11 Area 4 External Interface

Register Setting

Interface MPXE4 of MPXCR BCSEL4 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1
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(6) Areas

Area 5 includes the on-chip RAM and access prohibited spaces. In external extended mode, area
5, other than the on-chip RAM and access prohibited spaces, is external address space. Note that
the on-chip RAM is enabled when the RAME bit in SYSCR are set to 1. If the RAME bit in
SYSCR is cleared to 0, the on-chip RAM is disabled and the corresponding addresses are an
external address space. For details, see section 3, MCU Operating Modes.

When area 5 external address space is accessed, the CSS5 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 5 by the MPXES bit in MPXCR and the BCSELS bit in
SRAMCR. Table 6.12 shows the external interface of area 5.

Table 6.12 Area 5 External Interface

Register Setting

Interface MPXE5 of MPXCR BCSEL5 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1
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(7) Areat6

Area 6 includes internal I/O registers. In external extended mode, area 6 other than on-chip I/O
register area is external address space.

When area 6 external address space is accessed, the CS6 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 6 by the MPXEG6 bit in MPXCR and the BCSELG6 bit in
SRAMCR. Table 6.13 shows the external interface of area 6.

Table 6.13 Area 6 External Interface

Register Setting

Interface MPXE®6 of MPXCR BCSEL6 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1

(8) Area?7

Area 7 includes internal I/O registers. In external extended mode, area 7 other than internal I/O
register area is external address space.

When area 7 external address space is accessed, the CS7 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 7 by the MPXE?7 bit in MPXCR and the BCSELY7 bit in
SRAMCR. Table 6.14 shows the external interface of area 7.

Table 6.14 Area 7 External Interface

Register Setting

Interface MPXE7 of MPXCR BCSEL7 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1
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6.5.6 Endian and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and controls whether the upper byte data bus (D15 to DS8)
or lower data bus (D7 to DO) is used according to the bus specifications for the area being
accessed (8-bit access space or 16-bit access space), the data size, and endian format when

accessing external address space.

(1) 8-Bit Access Space

With the 8-bit access space, the lower byte data bus (D7 to DO0) is always used for access. The
amount of data that can be accessed at one time is one byte: a word access is performed as two

byte accesses, and a longword access, as four byte accesses.

Figures 6.11 and 6.12 illustrate data alignment control for the 8-bit access space. Figure 6.11
shows the data alignment when the data endian format is specified as big endian. Figure 6.12
shows the data alignment when the data endian format is specified as little endian.

Strobe signal

LHWF{/LUBI LLWR/LLB I

RD
L |
Data bus
Data Access Access Bus
Size Address Count Cycle Data Size 215 D807 Doj
Word n 2
2nd Byte 70t g
Longword n 4
Figure 6.11 Access Sizes and Data Alignment Control for 8-Bit Access Space (Big Endian)
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Strobe signal
| LHWR/LUBI LLWR/LLB |

RD
L |

Data Access Access Bus Data bus
Size Address Count Cycle Data Size D15 D8|D7 DO|
Word n - I e e e L L
Longword n 4 1st Byte

Figure 6.12 Access Sizes and Data Alignment Control for 8-Bit Access Space
(Little Endian)

(2) 16-Bit Access Space

With the 16-bit access space, the upper byte data bus (D15 to D8) and lower byte data bus (D7 to
DO) are used for accesses. The amount of data that can be accessed at one time is one byte or one
word.

Figures 6.13 and 6.14 illustrate data alignment control for the 16-bit access space. Figure 6.13
shows the data alignment when the data endian format is specified as big endian. Figure 6.14
shows the data alignment when the data endian format is specified as little endian.

In big endian, byte access for an even address is performed by using the upper byte data bus and
byte access for an odd address is performed by using the lower byte data bus.

In little endian, byte access for an even address is performed by using the lower byte data bus, and
byte access for an odd address is performed by using the third byte data bus.
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Figure 6.13 Access Sizes and Data Alignment Control for 16-Bit Access Space (Big Endian)
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6.6 Basic Bus Interface

The basic bus interface can be connected directly to the ROM and SRAM. The bus specifications
can be specified by the ABWCR, ASTCR, WTCRA, WTCRB, RDNCR, CSACR, and
ENDIANCR.

6.6.1 Data Bus

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and controls whether the upper byte data bus (D15 to DS)
or lower byte data bus (D7 to DO) is used according to the bus specifications for the area being
accessed (8-bit access space or 16-bit access space), the data size, and endian format when
accessing external address space,. For details, see section 6.5.6, Endian and Data Alignment.

6.6.2 I/0 Pins Used for Basic Bus Interface
Table 6.15 shows the pins used for basic bus interface.

Table 6.15 1/0 Pins for Basic Bus Interface

Name Symbol 110 Function

Bus cycle start BS Output  Signal indicating that the bus cycle has started

Address strobe AS* Output  Strobe signal indicating that an address output on the
address bus is valid during access

Read strobe RD Output  Strobe signal indicating the read access

Read/write RD/WR Output  Signal indicating the data bus input or output
direction

Low-high write LHWR Output  Strobe signal indicating that the upper byte (D15 to

D8) is valid during write access

Low-low write LLWR Output  Strobe signal indicating that the lower byte (D7 to
DO) is valid during write access

Chipselect0to7 CSO0to CS7 Output Strobe signal indicating that the area is selected

Wait WAIT Input Wait request signal used when an external address
space is accessed

Note: * When the address/data multiplexed I/O is selected, this pin only functions as the AH
output and does not function as the AS output.
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6.6.3 Basic Timing

This section describes the basic timing when the data is specified as big endian.

(1) 16-Bit 2-State Access Space

Figures 6.15 to 6.17 show the bus timing of 16-bit 2-state access space.

When accessing 16-bit access space, the upper byte data bus (D15 to D8) is used for even
addresses access, and the lower byte data bus (D7 to DO0) is used for odd addresses. No wait cycles

can be inserted.

Read <

Write <

LHWR

LLWR E High level

D15to D8 —'—( Valid )—
D7 to DO ! High-Z

BS

%

RDWR :)(

DACK 5 |

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC =0

L

Figure 6.15 16-Bit 2-State Access Space Bus Timing (Byte Access for Even Address)
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Figure 6.16 16-Bit 2-State Access Space Bus Timing (Byte Access for Odd Address)

Rev.1.00 Jun. 07, 2006 Page 194 of 1102
REJ09B0294-0100 RENESAS




Section 6 Bus Controller (BSC)

Bus cycle

—
—
)

I

Valid

Read < D15 to D8

I

D7 to DO Valid

;‘ 5‘
3 3

Write <

-

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC =0

Figure 6.17 16-Bit 2-State Access Space Bus Timing (Word Access for Even Address)
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(2) 16-Bit 3-State Access Space
Figures 6.18 to 6.20 show the bus timing of 16-bit 3-state access space.

When accessing 16-bit access space, the upper byte data bus (D15 to D8) is used for even
addresses, and the lower byte data bus (D7 to DO) is used for odd addresses. Wait cycles can be
inserted.

B Bus cycle _
E Ty ' Ty i Ty :
Bo — | | [ | | [
Address :}( ! , X:
cs E ' —
Read < pistoDs ' : (Vaiid y—

Invalid

|

LLWR .
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Notes: 1. n=0to7
2. When RDNn =0
3. When DKC =0

Figure 6.18 16-Bit 3-State Access Space Bus Timing (Byte Access for Even Address)

Rev.1.00 Jun. 07, 2006 Page 196 of 1102
REJ09B0294-0100 RENESAS




Section 6 Bus Controller (BSC)

Bus cycle

1
Y

T T

Bo J | | |

—
w

]

Invalid

Read < D15to D8

Valid

High level

Write <

High-Z

Valid

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC =0

Figure 6.19 16-Bit 3-State Access Space Bus Timing (Word Access for Odd Address)
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Figure 6.20 16-Bit 3-State Access Space Bus Timing (Word Access for Even Address)
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6.6.4 Wait Control

This LSI can extend the bus cycle by inserting wait cycles (Tw) when the external address space is
accessed. There are two ways of inserting wait cycles: program wait (Tpw) insertion and pin wait
(Ttw) insertion using the WAIT pin.

(1) Program Wait Insertion

From 0 to 7 wait cycles can be inserted automatically between the T, state and T, state for 3-state
access space, according to the settings in WTCRA and WTCRB.

(2) Pin Wait Insertion

For 3-state access space, when the WAITE bit in BCR1 is set to 1 and the corresponding ICR bit
is set to 1, wait input by means of the WAIT pin is enabled. When the external address space is
accessed in this state, a program wait (Tpw) is first inserted according to the WTCRA and
WTCRB settings. If the WAIT pin is low at the falling edge of B¢ in the last T2 or Tpw cycle,
another Ttw cycle is inserted until the WAIT pin is brought high. The pin wait insertion is
effective when the Tw cycles are inserted to seven cycles or more, or when the number of Tw
cycles to be inserted is changed according to the external devices. The WAITE bit is common to
all areas. For details on ICR, see section 9, I/0O Ports.
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Figure 6.21 Example of Wait Cycle Insertion Timing

Rev.1.00 Jun. 07, 2006 Page 200 of 1102

REJ09B0294-0100




Section 6 Bus Controller (BSC)

6.6.5

Read Strobe (RD) Timing

The read strobe timing can be modified in area units by setting bits RDN7 to RDNO in RDNCR to

1.

Note that the RD timing with respect to the DACK rising edge will change if the read strobe
timing is modified by setting RDNn to 1 when the DMAC is used in the single address mode.

Figure 6.22 shows an example of timing when the read strobe timing is changed in the basic bus 3-
state access space.

Bus cycle

T, ' T,

Bo

Address bus B

CSn |

RDNn =0

RDNn =1

RD/WR

DACK

Notes: 1. n=0to7
2. When DKC =0

Figure 6.22 Example of Read Strobe Timing
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6.6.6 Extension of Chip Select (ﬁ) Assertion Period

Some external I/O devices require a setup time and hold time between address and CS signals and
strobe signals such as @, LHWR, and LLWR.

Settings can be made in CSACR to insert cycles in which only the CS, AS, and address signals are
asserted before and after a basic bus space access cycle. Extension of the CS assertion period can
be set in area units. With the CS assertion extension period in write access, the data setup and hold
times are less stringent since the write data is output to the data bus.

Figure 6.23 shows an example of the timing when the CS assertion period is extended in basic bus
3-state access space.

Both extension cycle Th inserted before the basic bus cycle and extension cycle Tt inserted after
the basic bus cycle, or only one of these, can be specified for individual areas. Insertion or non-
insertion can be specified for the Th cycle with the upper eight bits (CSXH7 to CSXHO) in
CSACR, and for the Tt cycle with the lower eight bits (CSXT7 to CSXTO0).
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Figure 6.23 Example of Timing when Chip Select Assertion Period is Extended
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6.6.7 DACK Signal Output Timing

For DMAC single address transfers, the DACK signal assert timing can be modified by using the
DKC bit in BCRI.

Figure 6.24 shows the DACK signal output timing. Setting the DKC bit to 1 asserts the DACK
signal a half cycle earlier.

! Bus cycle ,
| Ty E T §
Bo —
Address bus :x E X
Ccsn :
AS ; | .
RD : : |_
Read : : |
Data bus ' !  Read data )
CAWR,[CWR
Write ' T
Data bus ! < Write data >
= T | ;
RD/WR E x E EX:
DKC =0 ! E T—
DACK .
DKC =1 —l :

Notes: 1. n=71t00
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Figure 6.24 DACK Signal Output Timing
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6.7 Byte Control SRAM Interface

The byte control SRAM interface is a memory interface for outputting a byte select strobe during
aread or a write bus cycle. This interface has 16-bit data input/output pins and can be connected to
the SRAM that has the upper byte select and the lower byte select strobes such as UB and LB.

The operation of the byte control SRAM interface is the same as the basic bus interface except
that: the byte select strobes (LUB and LLB) are output from the write strobe output pins (LHWR
and LLWR), respectively; the read strobe (RD) negation timing is a half cycle earlier than that in
the case where RDNn = 0 in the basic bus interface regardless of the RDNCR settings; and the
RD/WR signal is used as write enable.

6.7.1 Byte Control SRAM Space Setting

Byte control SRAM interface can be specified for areas 0 to 7. Each area can be specified as byte
control SRAM interface by setting bits BCSELn (n = 0 to 7) in SRAMCR. For the area specified
as burst ROM interface or address/data multiplexed I/O interface, the SRAMCR setting is invalid
and byte control SRAM interface cannot be used.

6.7.2 Data Bus

The bus width of the byte control SRAM space can be specified as 16-bit byte control SRAM
space according to bits ABWHn and ABWLn (n =0 to 7) in ABWCR. The area specified as 8-bit
access space cannot be specified as the byte control SRAM space.

For the 16-bit byte control SRAM space, data bus (D15 to DO) is valid.

Access size and data alignment are the same as the basic bus interface. For details, see section
6.5.6, Endian and Data Alignment.
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6.7.3 I/0 Pins Used for Byte Control SRAM Interface

Table 6.16 shows the pins used for the byte control SRAM interface.

In the byte control SRAM interface, write strobe signals (LHWR and LLWR) are output from the
byte select strobes. The RD/WR signal is used as a write enable signal.

Table 6.16 1/O Pins for Byte Control SRAM Interface

When Byte Control

Pin SRAM is Specified Name 1/0 Function
AS/AH AS Address Output  Strobe signal indicating that the address
strobe output on the address bus is valid when a

basic bus interface space or byte control
SRAM space is accessed

CSn CSn Chip select Output  Strobe signal indicating that area n is
selected

RD RD Read strobe  Output  Output enable for the SRAM when the byte
control SRAM space is accessed

RD/WR RD/WR Read/write Output  Write enable signal for the SRAM when the

byte control SRAM space is accessed

LHWR/LUB  LUB Lower-upper  Output  Upper byte select when the 16-bit byte
byte select control SRAM space is accessed
LLWR/LLB LLB Lower-lower  Output Lower byte select when the 16-bit byte
byte select control SRAM space is accessed
WAIT WAIT Wait Input Wait request signal used when an external
address space is accessed
A23 to A0 A23 to A0 Address pin Qutput  Address output pin
D15 to DO D15 to DO Data pin Input/ Data input/output pin
output
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6.7.4 Basic Timing
(1) 2-State Access Space

Figure 6.25 shows the bus timing when the byte control SRAM space is specified as a 2-state
access space.

Data buses used for 16-bit access space is the same as those in basic bus interface. No wait cycles
can be inserted.
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Figure 6.25 16-Bit 2-State Access Space Bus Timing
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(2) 3-State Access Space

Figure 6.26 shows the bus timing when the byte control SRAM space is specified as a 3-state
access space.

Data buses used for 16-bit access space is the same as those in the basic bus interface. Wait cycles
can be inserted.
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Figure 6.26 16-Bit 3-State Access Space Bus Timing
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6.7.5 Wait Control

The bus cycle can be extended for the byte control SRAM interface by inserting wait cycles (Tw)
in the same way as the basic bus interface.

(1) Program Wait Insertion

From 0 to 7 wait cycles can be inserted automatically between T2 cycle and T3 cycle for the 3-
state access space in area units, according to the settings in WTCRA and WTCRB.

(2) Pin Wait Insertion

For 3-state access space, when the WAITE bit in BCR1 is set to 1, the corresponding DDR bit is
cleared to 0, and the ICR bit is set to 1, wait input by means of the WAIT pin is enabled. For
details on DDR and ICR, refer to section 9, I/O Ports.

Figure 6.27 shows an example of wait cycle insertion timing.
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Figure 6.27 Example of Wait Cycle Insertion Timing
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6.7.6  Read Strobe (RD)

When the byte control SRAM space is specified, the RDNCR setting for the corresponding space
is invalid.

The read strobe negation timing is the same timing as when RDNn = 1 in the basic bus interface.
Note that the RD timing with respect to the DACK rising edge becomes different.

6.7.7 Extension of Chip Select (ﬁ) Assertion Period

In the byte control SRAM interface, the extension cycles can be inserted before and after the bus
cycle in the same way as the basic bus interface. For details, refer to section 6.6.6, Extension of
Chip Select (CS) Assertion Period.

6.7.8 DACK Signal Output Timing

For DMAC single address transfers, the DACK signal assert timing can be modified by using the
DKC bit in BCRI.

Figure 6.28 shows the DACK signal output timing. Setting the DKC bit to 1 asserts the DACK
signal a half cycle earlier.
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6.8 Burst ROM Interface

In this LSI, external address space areas 0 and 1 can be designated as burst ROM space, and burst
ROM interfacing performed. The burst ROM interface enables ROM with page access capability
to be accessed at high speed.

Areas 1 and 0 can be designated as burst ROM space by means of bits BSRM1 and BSRMO in
BROMCR. Consecutive burst accesses of up to 32 words can be performed, according to the
setting of bits BSWDn1 and BSWDnO (n =0, 1) in BROMCR. From one to eight cycles can be
selected for burst access.

Settings can be made independently for area 0 and area 1.

In the burst ROM interface, the burst access covers only CPU read accesses. Other accesses are
performed with the similar method to the basic bus interface.

6.8.1 Burst ROM Space Setting

Burst ROM interface can be specified for areas 0 and 1. Areas 0 and 1 can be specified as burst
ROM space by setting bits BSRMn (n = 0, 1) in BROMCR.

6.8.2 Data Bus

The bus width of the burst ROM space can be specified as 8-bit or 16-bit burst ROM interface
space according to the ABWHn and ABWLn bits (n =0, 1) in ABWCR.

For the 8-bit bus width, data bus (D7 to DO) is valid. For the 16-bit bus width, data bus (D15 to
DO) is valid.

Access size and data alignment are the same as the basic bus interface. For details, see section
6.5.6, Endian and Data Alignment.
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6.8.3 1/0 Pins Used for Burst ROM Interface

Table 6.17 shows the pins used for the burst ROM interface.

Table 6.17 1/0 Pins Used for Burst ROM Interface

Name Symbol 110 Function

Bus cycle start BS Output  Signal indicating that the bus cycle has
started.

Address strobe AS Output  Strobe signal indicating that an address output on
the address bus is valid during access

Read strobe RD Output  Strobe signal indicating the read access

Read/write RD/WR Output  Signal indicating the data bus input or output
direction

Low-high write LHWR Output  Strobe signal indicating that the upper byte (D15 to
D8) is valid during write access

Low-low write LLWR Output  Strobe signal indicating that the lower byte (D7 to
DO) is valid during write access

Chip select0and 1 CS0, CS1  Output  Strobe signal indicating that the area is selected

Wait WAIT Input Wait request signal used when an external address

space is accessed
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6.8.4 Basic Timing

The number of access cycles in the initial cycle (full access) on the burst ROM interface is
determined by the basic bus interface settings in ABWCR, ASTCR, WTCRA, WTCRB, and bits
CSXHn in CSACR (n =0 to 7). When area O or area 1 designated as burst ROM space is read by
the CPU, the settings in RDNCR and bits CSXTn in CSACR (n =0 to 7) are ignored.

From one to eight cycles can be selected for the burst cycle, according to the settings of bits
BSTS02 to BSTS00 and BSTS12 to BSTS10 in BROMCR. Wait cycles cannot be inserted. In
addition, 4-word, 8-word, 16-word, or 32-word consecutive burst access can be performed
according to the settings of BSTS01, BSTS00, BSTS11, and BSTS10 bits in BROMCR.

The basic access timing for burst ROM space is shown in figures 6.29 and 6.30.

Full access Burst access

Bo J |
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T

Data bus ' i < > , < ) | < >

_ . i [ —
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Figure 6.29 Example of Burst ROM Access Timing (ASTn = 1, Two Burst Cycles)
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6.8.5 Wait Control

As with the basic bus interface, either program wait insertion or pin wait insertion by the WAIT
pin can be used in the initial cycle (full access) on the burst ROM interface. See section 6.6.4,
Wait Control. Wait cycles cannot be inserted in a burst cycle.

6.8.6  Read Strobe (RD) Timing

When the burst ROM space is read by the CPU, the RDNCR setting for the corresponding space is
invalid.

The read strobe negation timing is the same timing as when RDNn = 0 in the basic bus interface.

6.8.7 Extension of Chip Select (ﬁ) Assertion Period

In the burst ROM interface, the extension cycles can be inserted in the same way as the basic bus
interface.

For the burst ROM space, the burst access can be enabled only in read access by the CPU. In this
case, the setting of the corresponding CSXTn bit in CSACR is ignored and an extension cycle can
be inserted only before the full access cycle. Note that no extension cycle can be inserted before or
after the burst access cycles.

In accesses other than read accesses by the CPU, the burst ROM space is equivalent to the basic
bus interface space. Accordingly, extension cycles can be inserted before and after the burst access
cycles.
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6.9 Address/Data Multiplexed 1/0O Interface

If areas 3 to 7 of external address space are specified as address/data multiplexed I/O space in this
LSI, the address/data multiplexed I/O interface can be performed. In the address/data multiplexed
I/O interface, peripheral LSIs that require the multiplexed address/data can be connected directly
to this LSI.

6.9.1 Address/Data Multiplexed I/O Space Setting

Address/data multiplexed I/O interface can be specified for areas 3 to 7. Each area can be
specified as the address/data multiplexed I/O space by setting bits MPXEn (n =3 to 7) in
MPXCR.

6.9.2 Address/Data Multiplex

In the address/data multiplexed I/O space, data bus is multiplexed with address bus. Table 6.18
shows the relationship between the bus width and address output.

Table 6.18 Address/Data Multiplex

Data Pins

Bus Width| Cycle | Pi7 | PI6 | PI5 | PI4 | PI3 | PI2 | PI1 | PIO | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO

8 bits Address - - - - - - - - A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO

Data - - - - - - - - D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

16 bits Address | A15 | A14 | A13 [ A12 |A11 |A10| A9 | A8 | A7 | A6 | A5 | A4 | AB | A2 | A1 | AD

Data D15 | D14 | D13 | D12 |D11 |D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

6.9.3 Data Bus

The bus width of the address/data multiplexed I/O space can be specified for either 8-bit access
space or 16-bit access space by the ABWHn and ABWLn bits (n =3 to 7) in ABWCR.

For the 8-bit access space, D7 to DO are valid for both address and data. For 16-bit access space,
D15 to DO are valid for both address and data. If the address/data multiplexed I/O space is
accessed, the corresponding address will be output to the address bus.

For details on access size and data alignment, see section 6.5.6, Endian and Data Alignment.
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6.9.4 I/O Pins Used for Address/Data Multiplexed I/O Interface

Table 6.19 shows the pins used for the address/data multiplexed I/O Interface.

Table 6.19 1/O Pins for Address/Data Multiplexed I/O Interface

When Byte
Control
SRAM is
Pin Specified  Name 110 Function
CSn CSn Chip select Output  Chip select (n = 3 to 7) when area n is specified as the
address/data multiplexed 1/O space
AS/AH AH* Address hold Output  Signal to hold an address when the address/data
multiplexed 1/O space is specified
RD RD Read strobe  Output  Signal indicating that the address/data multiplexed 1/0
space is being read
LHWR/LUB LHWR Low-high write Output  Strobe signal indicating that the upper byte (D15 to
D8) is valid when the address/data multiplexed /O
space is written
LLWR/LLB LLWR Low-low write  Output  Strobe signal indicating that the lower byte (D7 to DO)
is valid when the address/data multiplexed I/O space is
written
D15 to DO D15to DO  Address/data Input/ Address and data multiplexed pins for the
output  address/data multiplexed I/O space.
Only D7 to DO are valid when the 8-bit space is
specified. D15 to DO are valid when the 16-bit space is
specified.
A23 to A0 A23to AO  Address Output  Address output pin
WAIT WAIT Wait Input Wait request signal used when the external address
space is accessed
BS BS Bus cycle start Output ~ Signal to indicate the bus cycle start
RD/WR RD/WR Read/write Output  Signal indicating the data bus input or output direction

Note: * The AH output is multiplexed with the AS output. At the timing that an area is specified
as address/data multiplexed 1/0, this pin starts to function as the AH output meaning
that this pin cannot be used as the AS output. At this time, when other areas set to the
basic bus interface is accessed, this pin does not function as the AS output. Until an
area is specified as address/data multiplexed 1/O, be aware that this pin functions as

the AS output.
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6.9.5 Basic Timing

The bus cycle in the address/data multiplexed I/O interface consists of an address cycle and a data
cycle. The data cycle is based on the basic bus interface timing specified by the ABWCR,
ASTCR, WTCRA, WTCRB, RDNCR, and CSACR.

Figures 6.31 and 6.32 show the basic access timings.

Address cycle Data cycle h

A
Y

T

mail | ma2

Address bus E X , i 1

)
(%]
=

|
|
N et

3
O

Read

OWR : | ! E :

Write ! E : I E

RD/WR X

DACK

Note:n=3t07

Figure 6.31 8-Bit Access Space Access Timing (ABWHn =1, ABWLn=1)
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Bus cycle

Address

Bo

Write data

Address

[2]
>
Qo o o
7] o a [as
a o z o« ) AM
S c ) = w0
S %) T [m] — — %9} a
< 70 Z 2 o L - o 2 o
el (0]
g £
o =

=3to7

Note: n

0, ABWLn = 1)

Figure 6.32 16-Bit Access Space Access Timing (ABWHn

Rev.1.00 Jun. 07, 2006 Page 221 of 1102

REJ09B0294-0100

RENESAS



Section 6 Bus Controller (BSC)

6.9.6 Address Cycle Control

An extension cycle (Tmaw) can be inserted between Tmal and Tma2 cycles to extend the AH
signal output period by setting the ADDEX bit in MPXCR. By inserting the Tmaw cycle, the
address setup for AH and the AH minimum pulse width can be assured.

Figure 6.33 shows the access timing when the address cycle is three cycles.

' Address cycle ' Data cycle

L
T ' '
' Tmaw i ma2

Bo

Address bus E

AH i
RD . '
Read : I E ;
LHWR ; 5 E 1 :
Write LLWR E E ; ; E
D15t DO E Address E >—< EWrite data E>—

RD/WR

DACK

Note:n=3t07

Figure 6.33 Access Timing of 3 Address Cycles (ADDEX =1)
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6.9.7 Wait Control

In the data cycle of the address/data multiplexed I/O interface, program wait insertion and pin wait
insertion by the WAIT pin are enabled in the same way as in the basic bus interface. For details,
refer to section 6.6.4, Wait Control.

Wait control settings do not affect the address cycles.

6.9.8  Read Strobe (RD) Timing

In the address/data multiplexed I/O interface, the read strobe timing of data cycles can be modified
in the same way as in basic bus interface. For details, refer to section 6.6.5, Read Strobe (@)
Timing.

Figure 6.34 shows an example when the read strobe timing is modified.
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Data cycle

Read data

Address
Address

Bo

[72]
>
a o =)
1%} [a) a
3 e i}
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3 78 iz [ 2 fa} 2
< o < [rs a [y o

o -

Il Il
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[a) (=)

[ [

=3to7

Note: n

Figure 6.34 Read Strobe Timing
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6.9.9 Extension of Chip Select (@) Assertion Period

In the address/data multiplexed interface, the extension cycles can be inserted before and after the
bus cycle. For details, see section 6.6.6, Extension of Chip Select (CS) Assertion Period.

Figure 6.35 shows an example of the chip select (CS) assertion period extension timing.

' Bus cycle
i Address cycle \ \ Data cycle ' g
E Tra ; Trma2 ! Th ! T ! T, , Ty

o
o 1
- 5 s | a ; . z
D15 to DO _E_GE:} @75
o — i i — i
Write < LLWR ; ; ; ; | E | ; E
D15 to DO E E Write data ; §>—
S S s S S
Note:n::3to7 | | | | | |

Figure 6.35 Chip Select (CS) Assertion Period Extension Timing in Data Cycle
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When consecutively reading from the same area connected to a peripheral LSI whose data hold
time is long, data outputs from the peripheral LSI and this LSI may conflict. Inserting the chip
select assertion period extension cycle after the access cycle can avoid the data conflict.

Figure 6.36 shows an example of the operation. In the figure, both bus cycles A and B are read
access cycles to the address/data multiplexed I/O space. An example of the data conflict is shown
in (a), and an example of avoiding the data conflict by the CS assertion period extension cycle in

(b).

Bus cycle A

50 L e

Bus cycle B

8
|

X
lw]

Data bus

e Y e Y
Data hold time is long. Data conflict

(a) Without CS assertion period extension cycle (CSXTn = 0)

Bus cycle A Bus cycle B

VA

Data bus { )

N
N

(b) With CS assertion period extension cycle (CSXTn = 1)

Figure 6.36 Consecutive Read Accesses to Same Area
(Address/Data Multiplexed 1/0 Space)
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6.9.10 DACK Signal Output Timing

For DMAC single address transfers, the DACK signal assert timing can be modified by using the
DKC bit in BCRI.

Figure 6.37 shows the DACK signal output timing. Setting the DKC bit to 1 asserts the DACK
signal a half cycle earlier.

Address cycle Data cycle '
:‘ Tma1 : Tma2 o T1 : T2 - E
P N ||
Address bus :>< ' E ; ><:
CSn : : ; |
AH ' , 1
RD i
RDNn =0
D15 to DO
RD - : - :
RDNn = 1 : : 5 :
D15 to DO :_CE lata /.
BS | | | :
RDWR ;X ; : : X:
DKC =0 ! | l
DACK : | | ' |
DKC =1 \ ! , |
Note:n=3t07

Figure 6.37 DACK Signal Output Timing
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6.10 DRAM Interface

In this LSI, area 2 in the external space can be used as the DRAM interface space. Up to 8 Mbytes
of DRAM is directly connected via the DRAM interface.

6.10.1 Setting DRAM Space

Area 2 can be specified as the DRAM space by the DRAME and DTYPE bits in DRAMCR.
Table 6.20 lists the relationship among the DRAME and DTYPE bits and area 2 interfaces.

The bus settings of the DRAM space such as bus width and wait cycle number depend on area 2
settings.

Table 6.20 Relationship Among DRAME and DTYPE and Area 2 Interfaces

DRAME DTYPE Area 2 Interface

0 x Basic bus space (initial state)/byte-control SRAM space
1 0 DRAM space
1 1 SDRAM space

[Legend]

x: Don't care

6.10.2  Address Multiplexing

A Row address and a column address are multiplexed in the DRAM space. Select the number of
row address bits to be shifted with bits MXC1 and MXCO in DRAMCR. Table 6.21 lists the
relationship among bits MXC1 and MXCO and shifted bit number.

Table 6.21 Relationship Among MXC1 and MXC0 and Shifted Bit Count

DRAMCR Shit Bit | Data Bus External Address Pin
MXC1| MXCO0 | Count Width Address A27 to A18 | A17 | A16 | A15 | A14 | A13| A12 ([A11 |A10| A9 | AB | A7 | A6 | A5 | A4 | AB | A2 | A1 | AD
0 0 8 bits 8/16 bits | Row address A23to A18 |A17| - |[A23|A22|A21|A20 [A19|A18|A17|A16|A15|A14[A13[A12|A11|A10| A9 | A8

Column address | A23 to A18 [ A17 | A16 | A15 | A14| A13 | A12 | A11 [A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 [ A1 | AD

0 1 9 bits 8/16 bits | Row address A23to A18 |A17| - - |A23|A22| A21 | A20 |A19 [A18 | A17 |A16 | A15| A14 [A13 | A12| A11[A10| A9

Column address | A23 to A18 [ A17 | A16 | A15| A14 | A13 | A12 |A11 [A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD

1 0 10 bits | 8/16 bits | Row address A23to A18 |A17| - - - |A23|A22 [A21|A20 |A19 [A18|A17 | A16 [ A15|A14 [ A13 | A12| A11[A10

Column address | A23 to A18 [ A17 | A16 | A15| A14 | A13 | A12 |A11 [A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD

1 1 11 bits | 8/16 bits | Row address A23to A18 |A17| - - - - |A23 | A22 [A21 | A20 | A19 [A18 | A17 | A16 [ A15| A14 | A13 | A12 | A1l

Column address | A23 to A18 [ A17 | A16 | A15| A14 | A13 | A12 | A11 [A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD
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6.10.3 Data Bus

The data bus width of the DRAM space can be selected from 8 and 16 bits by bits ABWH2 and
ABWL2 in ABWCR. DRAM with 16-bit words can be connected directly to 16-bit bus width
space.

D7 to DO are valid in 8-bit DRAM space, and D15 to DO are valid in 16-bit DRAM space.

The data endian format can be selected by bit LE2 in ENDIANCR. For details on the access size
and alignment, see section 6.5.6, Endian and Data Alignment.

6.10.4 1/O Pins Used for DRAM Interface
Table 6.22 shows the pins used for the DRAM interface.

Table 6.22 1/0 Pins for DRAM Interface

DRAM
Pin Selected Name /0 Function
WE WE Write enable  Output  Write enable signal for accessing the
DRAM interface
RAS RAS Row address Output  Row address strobe when the DRAM
strobe space is specified as area 2
LUCAS/ LUCAS Lower-upper Output e Lower-upper column address strobe
DQMLU column address when the 32-bit DRAM space is
strobe accessed
e Upper column address strobe when the
16-bit DRAM space is accessed
LLCAS/ LLCAS Lower-lower Output e Lower-lower column address strobe
DQMLL column address when the 32-bit DRAM space is

strobe accessed

e Lower column address strobe when the
16-bit DRAM space is accessed

OE OE Output enable  Output  Output enable signal when the DRAM
space is accessed

WAIT WAIT Wait Input Wait request signal used when an external
address space is accessed

A17t0 AO A17to AO  Address pin Output  Multiplexed address/data output pin

D15to D0 D15to DO  Data pin Input/ Data input/output pin
output
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6.10.5 Basic Timing
Figure 6.38 shows a basic access timing of the DRAM space.

A basic bus cycle consists of four clock cycles: one precharge cycle (Tp), one row address output
cycle (Tr), and two column address output cycles (Tcl and Tc2).

The RD signal is output to DRAM as an OE signal on a DRAM access. When DRAM with the
EDO page mode function is in use, connect the OE signal to the OE pin of the DRAM.

1 1
1 T, 1 T T
1 1

o L L L]

[ r cl TcZ

1
Address bus :X Row a:ddress X Columniaddress
[l

|
RAS | |

1
: 1
; ; ;
[UCAS ! | E 4|
1 1 1 1 1
LLCAS : : : ‘ |
WE | i THi i i
1 1 Ingh 1 1
Read < GE(RD) | | | J
1 1 1 1
L Data bus : : : : { :>—
1 1 1 1
= : : i :
WE : : | ' | :
) ) ) ) )
Write < 1 N . N T
OF D) | | o | |
Data bus : : : < ! :>—
| | | - :
BS | ' '
i i v \ i
RDWR | i i i X:
: : : : :

Figure 6.38 DRAM Basic Access Timing (RAS =0 and CAST =0)
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6.10.6  Controlling Column Address Output Cycle

The number of column address output cycles can be changed from two to three clock cycles by
setting the CAST bit in DRAMCR. Set the bit according to the DRAM to be used and the
frequency of this LSI so that the CAS pulse width can be optimal.

Figure 6.39 shows a timing example when the number of column address output cycles is set to
three clock cycles.

1

1
olumn address X:

1

1

1

1

!

2 ¢
[UCAS | E ! 5
[ICAS ! | i i | ! |
WE | 5  Hion i |
Read { OE(®D) ! ; E i | i |
Data bus — ; i : : < '>—
WE | P | | E
Write : : — : : :
CE(RD) ! : e ; !
Data bus — ; : ( 5 | 9_
ﬁ E E 1 1 E E
ROWR :)( : ; X

Figure 6.39 Access Timing Example of Column Address Output Cycles for 3 Clock Cycles
(RAST =0)
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6.10.7 Controlling Row Address Output Cycle

The RAS signal is driven low at the start of the Tr cycle by setting the RAST bit to 1. The row
address hold time to the falling edge of the RAS signal and the DRAM read access time are
changed. Set the bit according to the DRAM to be used and the frequency of this LSI so that
required performance can be obtained.

Figure 6.40 shows a timing example when the RAS signal is driven low at the start of the Tr cycle.

" | | |

RAS | I

[UCAS ! | |
[CAS | : | |
o E High 5 !
WE ! ! :g ! !
Read { OE(RD) | i E _I_
Data bus ! ! ] 1 B—
e |1 Ll
Wite { OE(RD) | E High | |
Databus — : — N
5 | E | | ;

L
3

Figure 6.40 Access Timing Example of RAS Signal Driven Low at Start of Tr Cycle
(CAST=0)
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To ensure the row address hold time or read access time, one to three of Trw cycles in which the
row address output is retained can be inserted between the Tr and Tc1 cycles. The RAS signal is
driven low in the Tr cycle and the column address is output in the Tcl cycle. Set the bit according
to the DRAM to be used and the frequency of this LSI so that the row address hold time to the
rising edge of the RAS signal is ensured.

Figure 6.41 shows an access timing example when one Trw cycle is specified.

Bo

1
i
Address bus :x

LUCAS

High

Read { OE (RD)

Write < OE (RD) High

Figure 6.41 Access Timing Example when One Trw Cycle is Specified
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6.10.8  Controlling Precharge Cycle

The number of precharge cycles (Tp) can be selected from one to four clock cycles by bits TPC1
and TPCO in DRACCR. Set the bit according to the DRAM to be used and the frequency of this
LSI so that the number of precharge cycle can be optimal.

Figure 6.42 shows an access timing example when two Tp cycles are specified.

The setting of bits TPC1 and TPCO affect the Tp cycle of a refresh cycle.

i Tp1 Il Tp2 I Tr I Tc1 1 Tcz i
|- >t > it it L
B ‘ |_
o | L | | | |
i : : : : :
Address bus :x Row addres% EX Columniaddress X:
! ; ; ; J
T
RAS | i L : [
| d ) | | |
[UCAS | | : | |
] ! ) B |
— | ) i I
LLCAS ! | ] !
: : : : : :
. 0 | - T T T
WE | ! | High | ' i
Read 3 OE(RD) | | ; ; |
1 1
| ' | | | |
Data bus : E : : : < .>_
| ' 1 | | !
T : . : ' :
WE | I ) | | | | |
1 1 1 1 1
Write : : : : : :
OE(RD) ! ! 1 High ' ' ;
| i | i :.
Data bus 1 T . * ! !
| | | |
__ i E T
BS 1 i 1 I
1 1 ! 1
RD/WR :X : ! X:
! ' ' '

Figure 6.42 Access Timing Example of Two Precharge Cycles (RAST = 0 and CAST =0)
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6.10.9 Wait Control

There are two methods of inserting wait cycles during a DRAM access cycle: program wait
insertion and pin wait insertion using the WAIT pin.

Wait cycles are inserted to extend the CAS assertion period during a DRAM read cycle and to
ensure the write data setup time to the falling edge of the CAS signal during a DRAM write cycle.

(1) Program Wait Insertion

When bit AST2 in ASTCR is set to 1, zero to seven of wait cycles can automatically be inserted
between the Tcl and Tc2 cycles. The number of wait cycles is selected by bits W22 to W20 in
WTCRB.

(2) Pin Wait Insertion

When the WAITE bit in BCR1 is set to 1, and the AST2 bit in ASTCR is set to 1, setting the ICR
bit for the corresponding pin to 1 enables wait input by the WAIT pin. When the DRAM space is
accessed in this state, a program wait (Tpw) is first inserted. If the WAIT pin is low at the rising
edge of B¢ in the last Tc1 or Tpw cycle, another Ttw cycle is inserted until the WAIT pin is driven
high. For details on ICR, see section 9, I/O Ports.

Figure 6.43 shows an example of wait cycle insertion timing for 2-cycle column address output.
Figure 6.44 shows an example of wait cycle insertion timing for 3-cycle column address output.
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Figure 6.43 Example of Wait Cycle Insertion Timing for 2-Cycle Column Address Output
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Figure 6.44 Example of Wait Cycle Insertion Timing for 3-Cycle Column Address Output
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6.10.10 Controlling Byte and Word Accesses
When 16-bit bus DRAM is used, two CAS signals can be used to control byte and word accesses.

Figures 6.45 and 6.46 show control timing examples with use of two CAS signals (in big endian
format). Figure 6.47 shows an example of connection for control with two CAS signals.

s

Address bus E X Row :address X Colurtlm address

RAS : ' | ' '

LUCAS 1 E i

LLCAS ' ) )

q

High

O
o
15}
o}
@
N

Figure 6.45 Timing Example of Byte Control with Use of Two CAS Signals
(Write Access with Lowest Bit of Address = B'0, RAST =0, CAST =0)
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Address bus
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T Teo
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|
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Figure 6.46 Timing Example of Word Control with Use of Two CAS Signals
(Read Access with Lowest Bit of Address = B'0, RAST =0, CAST =0)
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Two CAS signals used 64-Mbit DRAM

This LSI (4 Mwords x 16 bits)
(Address shifted by 11 bits) 11-bit column address
RAS »| RAS
LUCAS »| UCAS
LLCAS »| LCAS
WE »| WE
RD (OE) »| OE
A1 »{ A10
A10 »{ A9 (Row address input: ~ A10 to AO J
A9 »| A8 | Column address input: A10 to A0
A8 »{ A7
A7 »| A6
A6 »| A5
A5 »| A4
A4 »| A3
A3 | A2
A2 »{ A1
Al »| AO
D15 to DO D15 to DO

Figure 6.47 Example of Connection for Control with Two CAS Signals

6.10.11 Burst Access Operation

Besides an accessing method in which this LSI outputs a row address every time it accesses the
DRAM (called full access or normal access), some DRAMs have a fast-page mode function in
which fast speed access can be achieved by modifying only a column address with the same row
address output (burst access) when consecutive accesses are made to the same row address.

(1) Burst Access (Fast-Page Mode) Operation Timing
Figures 6.48 and 6.49 show operation timing of the fast-page mode.

When access cycles to the DRAM space are continued and the row addresses of the consecutive
two cycles are the same, output cycles of the CAS and column address signals follow. The row
address bits to be compared are decided by bits MXC1 and MXCO in DRAMCR.

Wait cycles can be inserted during a burst access. The method and timing of the wait insertion are
the same as that of full access mode. For details, see section 6.10.9, Wait Control.
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Figure 6.48 Operation Timing of Fast-Page Mode (RAST
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Figure 6.49 Operation Timing of Fast-Page Mode (RAST
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(2) RAS Down Mode and RAS Up Mode

Even if the fast-page mode is selected, the DRAM space is not consecutively accessed and other
spaces may be accessed. The RAS signal can be held low during other space accesses. The fast-
page mode access can be resumed (burst access) when the same row address in the DRAM space
is accessed.

(a) RAS Down Mode

Set the RCDM and BE bits in DRAMCR to 1 to make a transition to the RAS down mode.
The RCDM bit is enabled only when the BE bit is set to 1.

The fast-page mode access (burst access) is resumed when the row addresses of the current cycle
and previous cycle are the same. While other spaces are accessed when the DRAM space access is
halted, the RAS signal must be low. Figure 6.50 shows a timing example of RAS down mode.

The RAS signal goes high under the following conditions.

e When a refresh cycle is performed during RAS down mode

e  When a self-refresh is performed

e When a transition to software standby mode is made

e When the external bus requested by the BREQ signal is released
e When either the RCDM or BE bit is cleared to 0

If a transition to the all-module clock-stop mode is made during RAS down mode, clocks are
stopped with the RAS signal driven low. To make a transition with the RAS signal driven high,
clear the RCDM bit to 0 before execution of the SLEEP instruction.

Clear the RCDM bit to O for write access to SCKCR to set the clock frequencies. For SCKCR, see
section 22, Clock Pulse Generator.
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Figure 6.50 Timing Example of RAS Down Mode (RAST =0, CAST
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(b) RAS Up Mode

Set the BE bit in DRAMCR to 1 and clear the RCDM bit in DRAMCR to O to set the RAS up
mode.

Whenever a DRAM space access is halted and other spaces are accessed, the RAS signal is driven
high. Only when the DRAM space continues to be accessed, the fast-page mode access (burst
access) is performed.

Figure 6.51 shows a timing example of RAS up mode.

DRAM space read DRAM space read IBasic bus space reald

>t L L

! | i

1 T 1 1

T i T b Ty Te 1 T T 0 T T, E
1 1 1

Bo lI | |I | i | i | I | i | I | | | I

r c1

Address bus :X Row dddress XCqumn' address XCqumn:address X Externali address -X:

—

High

i
=
Is

—

|
—
—

.----.--_.--[1_.--j---.-.-_-._--.

Figure 6.51 Timing Example of RAS Up Mode (RAST = 0, CAST =0)
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6.10.12 Refresh Control

This LSI includes a DRAM refresh control function. The refresh method is the CAS before RAS
(CBR) refresh. Self-refresh cycles can be performed in software standby mode.

The refresh control function is enabled when area 2 is specified as the DRAM space by the
DRAME and DTYPE bits in DRAMCR.

(1) CAS before RAS (CBR) Refresh Mode
Set the RFSHE bit in REFCR to 1 to select the CBR refresh mode.

A CBR refresh cycle is performed when the value set in RTCOR matches the RTCNT value
(compare match). RTCNT is an up-counter operated on the input clock specified by bits RTCK2
to RTCKO in REFCR. RTCNT is initialized upon the compare match and restarts to count up with
H'00. Accordingly, a CBR refresh cycle is repeated at intervals specified by bits RTCK2 to
RTCKO in RTCOR. Set the bits so that the required refresh intervals of the DRAM must be
satisfied.

Since setting bits RTCK?2 to RTCKO starts RTCNT to count up, set RTCNT and RTCOR before
setting bits RTCK2 to RTCKO. When changing RTCNT and RTCOR, the counting operation
should be halted. When changing bits RTCK2 to RTCKO, change them only after disabling
external bus release, and if the write data buffer function is in use, disabling the write data buffer
function and reading the external space.

The external space cannot be accessed in CBR refresh mode.

Figure 6.52 shows RTCNT operation, figure 6.53 shows compare match timing, and figure 6.54
shows CBR refresh timing. Table 6.23 lists the pin states during a CBR refresh cycle.

RTCNT

Refresh request ﬂ ﬂ ﬂ ﬂ ﬂ

Figure 6.52 RTCNT Operation
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- ] B

RTCNT N X H'00

RTCOR N

Refresh request
and CMF bit set signal

Figure 6.53 Compare Match Timing
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LUCAS i i
LLCAS i i
B ! ;o Hon ! !
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Figure 6.54 CBR Refresh Timing
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Table 6.23 Pin States during DRAM Refresh Cycle

Pin State

A17 to AO Hold the value of the previous bus cycle
D15 to DO Hi-Z

RAS Used for refresh control

LUCAS, LLCAS Used for refresh control

WE High

AS High

RD High

BS High

RD/WR High

The RAS signal can be delayed for one to three clock cycles by setting bits RCW1 and RCWO in
REFCR. The pulse width of the RAS signal is changed by bits RLW2 to RLWO0 in REFCR. The
settings of bits RCW1, RCWO0, and RLW2 to RLWO are effective only for a refresh cycle. The

precharge time set by bit TPC1 and TPCO is effective for a refresh cycle.

Figure 5.55 shows a timing for setting bits RCW1 and RCWO0

! TR ! TR, \ TR, \ TR \ TR, \
1 1 1 1 :
o L L LI LI LT
: i : : : —
RAS J ! i | i |
! | t t
LUCAS | | | |
- ] : i : '
LLCAS | | i i
| | | | | |
s | ! I High | |
: : : : : :
RDWR | ' | High ' '

Figure 6.55 CBR Refresh Timing
(RCW1 =0, RCW0 =1, RLW2 = 0, RLW1 = 0, RLW0 = 0)
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(2) Self-Refresh Mode

Some DRAMS have a self-refresh mode (battery backup mode). The self-refresh mode is a kind of
standby mode and refresh timing and refresh address are controlled internally.

The self-refresh mode is selected by setting the RFSHE and SLFRF bits in REFCR to 1. The CAS
and RAS signals are output as shown in figure 6.56 by executing the SLEEP instruction. Then,
DRAM enters self-refresh mode.

When a CBR refresh is requested on a transition to the standby mode, the CBR refresh is first
performed and then the self-refresh mode is entered.

When the self-refresh mode is used, do not clear the OPE bit in SBYCR to 0.

For details, see section 23.2.1, Standby Control Register (SBYCR).

Software
' TR TR, | | | standb ' TR | TRe |
T 0 I e
: = B
o | I I I I |
- i i i i T T
RAS ! 1 1 L 1 | i i
' r : : P : R
woss | | i
: 1 1 1 R I I I
[LCAS | ‘ i i i i | |
H H HE(( H 1
i i [l [l [l )] [l [l 1
! ! | | L 1 1 1
e e
H ! H H R H H H
S A
H ! 1 1 I 1 1 1
RDWR | | i i High &7 i | :
= | | | | | | |

Figure 6.56 Self-Refresh Timing
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Some DRAMs having the self-refresh mode needs longer precharge time of the RAS signal
immediately after the self-refresh mode than that in normal operation. From one to seven of
precharge cycles immediately after a self-refresh cycle can be inserted. Precharging is also
performed according to bits TPC1 and TPCO in DRACCR. Set the precharge time so that the
precharge time immediately after a self-refresh cycle is optimal.

Figure 6.57 shows a timing example when one precharge cycle is added.
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1 ] E E 1 E : 0
ms L L L |
— A !
____ i i i T ; ; '
LUCAS ! I ! ] | ] |
e L
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| ' | 1 I | 1
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e L T
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i | i | i ] i i 0 |
[ [ ' I I I 1 1 1 1
s L T4 THeh L
| | i | i ) | i i i
Ll 1 v T v 1 . T T T T
RD/WR | | | ; ; pHigh b 5 |

Figure 6.57 Timing Example when 1 Precharge Cycle Added
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(3) Refresh and All-Module Clock Stop Mode

This LSI is entered in all-module clock stop mode by the following operation: Stop the clocks of
all on-chip peripheral modules by setting the ACSE bit in MSTPCR to 1 (MSTPCRA, MSTPCRB
= H'FFFFFFFF) or run only the 8-bit timer (MSTPCRA, MSTPCRB = H'F[C to F]JFFFFFF), then
execute the SLEEP instruction to enter the sleep mode.

In all-module clock stop mode, clocks for the bus controller and I/O ports are stopped. Since the
clock for the bus controller is stopped, a CBR refresh cycle cannot be performed. When external
DRAM is used and the contents of the DRAM in sleep mode should be held, clear the ACSE bit in
MSTPCE to 0.

For details, see section 23.2.2, Module Stop Control Registers A and B (MSTPCR and
MSTPCRB).

6.10.13 DRAM Interface and Single Address Transfer by DMAC

When fast-page mode (BE = 1) is set for the DRAM space, either fast-page access or full access
can be selected, by the setting of bit DDS in DRAMCR, for the single address transfer by the
DMAC where the DRAM space is specified as the transfer source or destination. At the same
time, the output timing of the DACK and BS signals is changed. When BE = 0, full access to the
DRAM space is performed by single address transfer regardless of the setting of bit DDS.
However, the output timing of the DACK and BS signals can be changed by the setting of bit
DDS.

The assertion timing of the DACK signal can be changed by bit DKC in BCR1.
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(1) WhenDDS =1

A fast-page access is performed regardless of the bus master, only according to the address. The
DACK signal is asserted at the start of the Tc1 cycle.

Figure 6.58 shows the output timing example of the DACK signal.

T, T Tq

s 1T 1

|
i
l_
Address bus 'x Row address X Column jaddress X:
|
i

RAS | |

When DKC = 0
DACK
When DKC = 1

1
1
1
1
| | | |
LUCAS | E
1 1 1 1
[LCAS | 5 |_|_
! ! : :
WE | Figh | :
WE ! e . .
Read { OE(RD) | 5 L[
| | | A
Data bus — + + < '>—
' E E .
WE ! | | | I i
H ! ! !
Write I T ™ T T
OE (RD) | jHigh | :
1
Data bus — 1 ] ;
1 1
T T
! !
! !
1
|
1
1
1

BS

RD/WR :y

Figure 6.58 Output Timing Example of DACK when DDS =1 (RAST =0, CAST =0)
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(2) WhenDDS =0

Single address transfer by the DMAC takes place as a full access (normal access). The DACK
signal is asserted within the Tr cycle and the BS signal is also asserted during the Tr cycle.

When the DRAM space is accessed with other than the single address transfer by the DMAC, a
fast-page access is available.

Figure 6.59 shows an output timing example of the DACK signal when DDS = 0.

ms T ]

LUCAS

D

Address bus :X Row address ;X Column address X:
1

LLCAS

WE
Read OE (RD)

Data bus

|
1
1
|
1
High 1
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|
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[

WE

Write OE (RD) Righ

[
\

Data bus

When DKC =0
DACK —i—l
WhenDKC =1 !
1

i
Bs | L |
1 1 1
RD/\W] : :

Figure 6.59 Output Timing Example of DACK when DDS =0 (RAST =0, CAST =1)
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6.11  Synchronous DRAM Interface

In this LSI, area 2 in the external space can be used as the SDRAM interface space. Up to 8
Mbytes (64 Mbits) of DRAM is directly connected via the SDRAM interface. The CAS latency
with 2 to 4 is supported.

6.11.1 Setting SDRAM space

Area 2 can be specified as the SDRAM space by the DRAME and DTYPE bits in DRAMCR.
Table 6.24 lists the relationship among the DRAME and DTYPE bits and area 2 interfaces.

In the SDRAM space, pins PB2, PB3, and PB4 are used as the R_AS, m, and WE signals. The
PBI1 pin is used as the CS2 signal by the PFCR setting, and the PB5 pin is used as the CKE signal
by setting the OEE bit in DRAMCR to 1. The bus settings of the SDRAM space depend on area 2
settings. The pin wait and program wait for the SDRAM space are not available. For PFCR, see
section 9, I/O Ports.

An SDRAM command is designated by the combination of the RAS, CAS, and WE signals and
the precharge-sel command (Precharge-sel) output on the upper column address.

This LSI supports the following commands: the NOP, auto-refresh (REF), self-refresh (SELF), all-
bank-precharge (PALL), bank active (ACTV), read (READ), write (WRIT), and mode register
setting (MRS). Commands controlling a bank are not supported.

Table 6.24 Relationship among DRAME and DTYPE and Area 2 Interfaces

DRAME DTYPE Area 2 Interface

0 X Basic bus space (initial state)/byte-control SRAM space
1 0 DRAM space

1 1 SDRAM space

[Legend]

X: Don't care
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6.11.2  Address Multiplexing

A Row address and a column address are multiplexed in the SDRAM space. Select the number of
row address bits to be shifted with bits MXC1 and MXCO in DRAMCR. The precharge set
command (Precharge-sel) is output on the upper column address. Table 6.25 lists the relationship
among bits MXC1 and MXCO and shifted bit number.

Table 6.25 Relationship Among MXC1 and MXCO0 and Shifted Bit Count

DRAMCR  |ghift Bit| Data Bus External Address Pin
MXC1 | MXCo |Count | Width Address A23 to A18| A17 [ A16| A15 [ A14 | A13 | A12 | A11 [A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 [ A1 | AD
0 0 | 8bits |8 bits Row address A23 to A18 A21 | A20 | A19 [p/ats+| A17 | A16 | A15 [ A14 | A13 | A12 [ A11 [A10 | A9 | A8

Column address|A23 to A18| - A21 | A20 |A19| P | A9 [ A8 [ A7 [ A6 | A5 | A4 | A3 | A2 | A1 | AO

16 bits [ Row address A23to A18| - - | A23 | A22 | A21 | A20 |p/at9s| A18 | A17 | A16 | A15 | A14 | A13 | A12 | A11 | A10| A9 | A8

Column address|A23 0 A18| - | - |A2a | Aze | Azt |20 P |ato| a9 | as | a7 [ A | As | a4 | a3 | a2 | a1 o

0 1 | 9bits |8 bits Row address  |A23to A18| A17 | - - | A23 [ A22 | A21 | A20 P/A19] A18 | A17 | A16 | A15 | A14 [ A13 | A12 | A11 | A10 | A9
Column address|A2a o a18| a17 | - | - | aza | aee |zt |azo| P | a0 | ns | a7 | as | as | a4 | s | m2 [ a1 | no

16 bits |Row address  [A23to A18| A17 | - - | A28 | A22 | A21 |P/A20+| A19 [ A18 | A17 [ A16 [ A15 | A14 | A13 | A12 | A11 | A10 | A9

Column address|A2s 0 A18| A17 | - | - | A2a|Aze |2t | P |ato] a9 | as | a7 [ A | As | A4 | A3 | Az | At | Ao

1 0 |10 bits | 8 bits Row address  |A23 to A18 - - | A23 | A22 | A21 |P/a20+ A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12 | A11 | A10

- - |A23 | A22 |A21| P | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD

Column address|A23 to A18

16 bits |Row address  [A23to A18| - - - - | A23 | A22 |p/a21+| A20 | A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12 | A11 | A10

Column address [A23 to A18 | - - - - |A23|A22| P [A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO

1 1 11 bits | 8 bits Row address  |A23to A18| A17 | - - - - | A23 | A22 |P/a21+ A20 | A19 | A18 | A17 [ A16 [ A15 [ A14 [ A13 [ A12 | A11
Column address [A23 to A18 | A17 | - - - - |A23|A10| P | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD

16 bits |Row address  |A23to A18| A17 | - - - - | A23 |P/a22+| A21 | A20 | A19 | A18 | A17 [ A16 [ A15 [ A14 [ A13 [ A12 | A11

Column address [A23 to A18 | A17 | - - - - |A11| P |A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO

Note: * When issuing the PALL command, precharge-sel = 1 is output and when issuing the ACTIV command, a corresponding address is output.

6.11.3 Data Bus

Either 8 or 16 bits can be selected as the data bus width of the SDRAM space by bits ABWH2 and
ABWL2 in ABWCR. SDRAM with 16-bit words can be connected directly to 16-bit bus width
space.

D7 to DO are valid in 8-bit SDRAM space and D15 to DO are valid in 16-bit SDRAM space.

The data endian format can be selected by bit LE2 in ENDIANCR. For details on the access size
and alignment, see section 6.5.6, Endian and Data Alignment.
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6.114 1/O Pins Used for DRAM Interface
Table 6.26 shows the pins used for the SDRAM interface.

Since a CS pin functions as an input after a reset, set the bit in PFCR to 1 to output the CS signal.
For details, see section 9, I/0O Ports.

To enable the SDRAM interface, select the appropriate MCU operating mode. For details, see
section 3, MCU Operating Modes.

Table 6.26 1/0 Pins for SDRAM Interface

DRAM
Pin Selected Name /0 Function
RAS RAS Row address Output  Row address strobe when the SDRAM
strobe space is specified as area 2
CAS CAS Column address  Output  Column address strobe when the
strobe SDRAM space is specified as area 2

WE WE Write enable Output  Write enable signal for accessing the
SDRAM interface

OE/CKE CKE Clock enable Output  Clock enable signal when the SDRAM
space is specified as area 2.

LLCAS/ DQMLU Lower-upper data Output  Upper data mask enable when the 16-

DQMLU mask enable bit SDRAM space is accessed

LLCAS/ DQMLL Lower-lower data Output e Lower data mask enable when the

DQMLL mask enable 16-bit SDRAM space is accessed
o Data mask enable when the 8-bit

SDRAM is accessed

A17 to AO A17 to AO Address pin Output  Multiplexed row/column-address output
pin

D15 to DO D15to DO Data pin Input/ Data input/output pin

output

(PA7) PB7 SD¢ Clock OQutput  SDRAM clock

Cs2 cs Chip select Output  Strobe signal indicating that SDRAM is
selected
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6.11.5 Basic Timing
Figures 6.60 and 6.61 show a basic access timing of the SDRAM space.

A basic read cycle consists of five clock cycles: one precharge cycle (Tp), one row address output
cycle (Tr), and three column address output cycles (Tcl, Tcl, and Tc2).

A basic write cycle consists of four clock cycles: one precharge cycle (Tp), one row address
output cycle (Tr), and two column address output cycles (Tcl and Tc2).

When the SDRAM space is selected, the WAITE bit in BCR, the RAST and CAST bits in
DRAMCR, bits RCW1 and RCWO0 in REFCR are ignored.

v Tpoov  Tror Tet 0 T Te2
>
soo_| L L L L[
Address bus :X Rowiaddress EX Ibolumn address X:
Row i i i
Precharge-sel W E E EIC
cs —I ! : : : |_
e R e e —
RAS ! | | i
H ! | | ;
CAS | ' ! i
— i : : i i
WE i i i i
CKE — : : : : :
DQMLU | I ' | : :
B | | :
DQMLL ! : ! :
' | | | |
D15 to D8 — + T T { }—
' ! | | | \
D7to DO — i ; { :>_
B ! | | | \
BS | = i i
’ : I—I : :
RD/WR | i i ] I_
1 i i 3
! PALL | ACTV ! READ | NOP !

Figure 6.60 SDRAM Basic Read Access Timing (CAS Latency = 2)
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Figure 6.61 SDRAM Basic Write Access Timing
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6.11.6  CAS Latency Control

The CAS latency is controlled by bits W21 and W20 in WTCRB. Table 6.27 lists the setting and
CAS latency. CAS latency control cycles (Tcl) are inserted in a read cycle according to the W21
and W20 settings. WTCRB can be specified regardless of bit AST2 in ASTCR.

Figure 6.62 shows a timing example when SDRAM with a CAS latency of 3 is in use.
Bits W21 and W20 is initialized to B'11.
Table 6.27 CAS Latency Setting

Number of CAS
w21 w20 Description Latency Cycles

0

Setting prohibited —
SDRAM with CAS latency of 2 is in use
SDRAM with CAS latency of 3 is in use
SDRAM with CAS latency of 4 is in use

-1 OoO|=| 0

Rev.1.00 Jun. 07, 2006 Page 259 of 1102
RENESAS REJ09B0294-0100



Section 6 Bus Controller (BSC)

Address bus :X Row &ddress K

Precharge-sel

o
o
pd
a
<T
w
o
>
T
(]
<
-
-
<C
o
© o |0 |r
DDiBAM
5 2 2
mD

=3)

Figure 6.62 Timing Example of CAS Latency (CAS Latency
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6.11.7  Controlling Row Address Output Cycle

When the time between the ACTV command and the subsequent READ or WRIT command does
not meet a given specification, the Trw cycle in which the NOP command is output can be
inserted for one to three cycles between the Tr cycle in which the ACTV command is output and
the Tc1 cycle in which the column address is output. Set the bit according to the SDRAM to be
used and the frequency of this LSI so that the number of wait cycles can be optimal.

Figures 6.63 and 6.64 show a timing example when the one Trw cycle is inserted.
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Figure 6.63 Read Timing Example of Row Address Output Retained for 1 Clock Cycle
(RCD1 =0, RCDO =1, CAS Latency = 2)
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Figure 6.64 Write Timing Example of Row Address Output Retained for 1 Clock Cycle
(RCD1=0,RCDO=1)
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6.11.8

Controlling Precharge Cycle

When the time between the PALL or PRE command and the subsequent ACTV or REF command
does not meet a given specification, the Tp cycles can be extended by one to four cycles by bits
TPC1 and TPCO in DRACCR. Set the bit according to the SDRAM to be used and the frequency

of this LSI so that the number of Tp cycles can be optimal.
Figures 6.65 and 6.66 show a timing example when the two Tp cycles are inserted.

Bits TPC1 and TPCO are effective for the Tp cycle in a refresh cycle.

! TD1 | TDZ ' T, | Tet | Tl | T |
1
1 1 1
SDo | | | | | | | L T L L
H | " i ! ! .
Address bus j Row address X Column address h
1 1 1 1 1
Precharge-sel :}’ A Row
1 : 'k
1
~O 1
1
i

cs i E
: .

1
R [l i I
CAS | | 1
L 1 1
WE -|_| ! !
] 1
CKE . High -

T R
DOMLL ! I ; ;
1 1 1 1 1
1 1 1 1 1
D15 to D8 — 1 } T # }—
i i 1 i |
D7 to DO — : ; ; < )—
1 1 1 1 1
1 | 1 1 1
JR— T 1 T T T
BS | i 1 | |
! ! ] ! !
RD/WR , ! ! . |_

! PALL ! NOP i ACTV i READ

Figure 6.65 Read Timing Example of Two Precharge Cycles
(TPC1 =0, TPCO = 1, CAS Latency = 2)
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' Tor Ty, T, v Ty T '
SDo l | | | I | I | | | |
- - : : : :
Address bus :X Rbw addresél; X Columniaddress X:
1 1 1 1 1 1
Precharge-sel :y .\ Row address )\ i :I<:
1 L 1
i i ] i ] |
— h | 1 1
cs | : : : : [
1 1 1 1 1 1
ms L [ L[
CAS ! | i i | |
: | 1 1 1 1
WE l ) | | I
- - : : : :
CKE ! i ' High | !
1 1 1 1 1 1
1 1 Y N '—
DQMLU ! ! 1 i l
1 1 : : ! 1
DQMLL | | ] i | |
1 i I 1
i I ] i " "
D15to D8 — 1 r T { i }—
1 1 1 1
1 i I 1 | I
D7 to DO — : —( ?—
PSS S S B e
=L b |
RDWR | i - i i [
1 : 1 1 1 1
' PALL ! NOP ' ACTV ! NOP | WRIT !

Figure 6.66 Write Timing Example of Two Precharge Cycles (TPC1 =0, TPC0 =1)
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6.11.9  Controlling Clock Suspend Insertion

When the SDRAM space is read, the read data settling cycle can be inserted for one cycle using
the clock suspend mode. To enter the clock suspend mode, set the CKSPE bit in SDCR and the
OEE bit in DRAMCR to land enable the CKE pin.

Figure 6.67 shows a read timing example when CKSPE = 1.

| | [l 1 1 I 1 1 1 [
Address bus ] Row %address X | Columr address; 1 X | Column,address,2 X:
1 : 1 1 1 1 1 1 1 1 1
. Row 1 i i i i i i i
Precharge-sel ! : ! ! ! ! ! :IC
. ' | | i ] ] ] ] ] f
I 1
e e
| T N N 7 7 0 \ \ \ |
| Il 1 [ [ [ [ [ [ [ [
RAS I | I | ] | | | | | |
| | 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
CAS 77 T | | 1 | | I | | |
1 1 1 1 1 1 1
i | | ! i i 1 1 i i i
m 1 1 1 1 1 1 1 1 1
| 1 1 1 1 1 1 1 1 1
. 1 1 1 1 1 1 1 1 1
L 1 1 1 1 1 1
CKE — ! : : : i i
| | | | | | |
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 ! | |
DQMLU | i i i i i |
| - - i : | |
| 1 1 1 1 ! | |
DOMLL ™ 1 1 | 1 | |
1 1 1 1 1 1 1
1 T T 1 1 1
i | i i i . \ i i H ;
1 | 1 1 1
i | i i i . \ i | . i
1 1 1 1 ! 1 ll
1 1 1 1 1 [l [l 1 1 [l [l
@ 1 1 1 1 1 1
! ! | : : I : : :
! ! H H H H H H H H H
RD/WR | | | | | | | | 1
J. i | | i | | | | |
! PALL ! ACTV | READ | | NOP | | READ . | NOP H

Figure 6.67 Read Timing Example when CKSPE = 1 (CAS Latency = 2)
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6.11.10 Controlling Write-Precharge Delay

In an SDRAM write cycle, a certain time is required until the write operation is completed inside
of the SDRAM. When the time between the WRIT command and the subsequent PALL command
does not meet a given specification, the Trwl cycle can be inserted for one cycle by the TRWL bit
in SDCR. Whether or not to insert the Trwl cycle depends on the SDRAM to be used and the
frequency of this LSI.

Figure 6.68 shows a timing example when one Trwl cycle is inserted.

SD¢|||||||||||

M i
Address bus :k Row :address X Column addi’ess
. T

1 ]
U
° X
1 1 1
Precharge-sel :y_m | K:
: |
= -
1
} !
1 1
| )
1 1
: 1

ol
RAS | |:
CAS | i : |__

CKE

DQMLU

DQMLL

D15 to D8

AN

D7 to DO

PALL i ACTV NOP WRIT NOP

Figure 6.68 Write Timing Example when Write-Precharge Delay Cycle Insertion
(TRWL =1)
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6.11.11 Controlling Byte and Word Accesses

When 16-bit bus SDRAM is used, byte and word accesses are performed through the control of
DQMLU and DQMLL.

Figures 6.69 and 6.70 show control timing examples of the DQM signals in the big endian format.
Figure 6.71 shows a connection example when the DQM signals are used for the byte and word
control.

Address bus ] Row :address X Coiumn addriass

Precharge-sel I
os ]
o

" High

DQMLU | |

1
1 1
paMLL — g T
1 1

D15to D8 — : < >—

1 1
1
D7 to DO — —
1 Hi-Z
1 1
1

1

1

1

L

byl
o
3
T

.

! .
PALL | ACTV | READ NOP

Figure 6.69 Control Timing Example of Byte Control by DQM in 16-Bit Access Space
(Read Access with Lowest Bit of Address = B'0)
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SD(]) ! 1 |

1
l 1 1
Address bus x Row address X Cblumn address
1

Precharge-sel y .< addressb\
1

RAS I I
s T L]
CAS : :

CKE

DQMLU | I
DQMLL ‘ l

1
1
1
1 1 1 1
1 1 1 1 1,
D15to D8 — s : : < }-
1 1 1 1 1
1 1 1 1 1 1
D710 DO I I : : IE_
1 ] 1 1 1
! ' ! ! ! !
= i I I
BS ! E I I i i
1 | 1 1
RD/WR i ! ! '
il ! | ! ; L
L n 1 1
" PALL ' ACTV ' READ: NOP '

Figure 6.70 Control Timing Example of Word Control by DQM in 16-Bit Access Space
(Read Access with Lowest Bit of Address = B'0, CAS Latency = 2)

Rev.1.00 Jun. 07, 2006 Page 268 of 1102
REJ09B0294-0100 RENESAS




Section 6 Bus Controller (BSC)

This LSI (1 Mwords x 16 bits x 4 banks)
(Address shifted by 8 bis) 10-bit column address
RAS 2 »| RAS
CAS| 82 »|CAS
WE H > WE
DQMLU »| DQMU
DQMLL »| DQML
SD¢ | CLK
OE/CKE > CKE [?ow address: Allto Aﬂ
o % o Column address: A9 to A0
CS ® »| CS Bank select address:  A11/A10
A12 | A11 (BA1)
A1 »| A10 (BAO)
A10 | A9
A9 »-| A8
A8 | A7
A7 | A6
A6 »-| A5
A5 | A4
A4 | A3
A3 | A2
A2 | A1
A1 | A0
D15 to DO DQ15 to DQO

64-Mbit synchronous DRAM

Figure 6.71 Connection Example of DQM Byte/Word Control

6.11.12 Fast-Page Access Operation

Besides an accessing method in which this LSI outputs a row address every time it accesses the
SDRAM (called full access or normal access), some SDRAMs have a fast-page mode function in
which fast speed access can be achieved by modifying only a column address with the same row
address output when consecutive accesses are made to the same row address.

The fast-page mode can be used by setting the BE bit in DRAMCR to 1.
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(1) Fast-Page Mode Operation Timing

When access cycles to the SDRAM space are continued and the row addresses of the consecutive
two cycles are the same, a column address output cycle follows. The row address bits to be
compared are decided by bits MXC1 and MXCO in DRAMCR.

A fast-page mode access is performed when the access data size exceeds the bus width of the
SDRAM and when consecutive accesses to the SDRAM are generated.

Figures 6.72 and 6.73 show longword access timing of the 16-bit bus SDRAM and word access
timing of the 8-bit bus SDRAM, respectively.

T, T,

r cl |

—L e T % e e E |

w LT LT LT LT LT LT

1

Precharge-sel 'y X anow h
1

1

1

os |

j

RAS

&
—

1
;
Address bus ] Row address X Column éiddress 1 XCqumn gddress 2 X:
i
1
i
I
i

I p—
wE | T ] J

: : :
High | | |
\ \ \

| | :
: | '
CKE i '
: : :
DOMLU ! ! : | | | |
: : : ] [ 1 [l
DQMLL — : 5 |—
! : i ! . ; !
: : : I 1 ! 1 1
D7toD0 — : —{ — r
1 : 1 1 1 1 1
BS | : E
1 : 1
ROWR | : ! ! ! ! [

PALL ACTV. ~ NOP '~ WRIT ° NOP ' WRIT

Figure 6.72 Longword Write Timing in 16-Bit Access Space (BE =1, RCDM = 0)
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SDo
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Figure 6.73 Word Read Timing in 8-Bit Access Space
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(2) RAS Down Mode

Set the RCDM and BE bits in DRAMCR to 1 to make a transition to the RAS down mode. The
RCDM bit is enabled only when the BE bit is set to 1.

Even if the fast-page mode is selected, the DRAM space is not consecutively accessed and other
spaces may be accessed. The RAS signal can be held low during other space accesses. Similarly to
the DRAM RAS down mode, the READ or WRIT command can be issued without the ACTV
command. However, two DQM cycles are always inserted for a SDRAM read cycle.

Figures 6.74 and 6.75 show a timing example of RAS down mode.
The next cycle after one of the following conditions is satisfied is a full access cycle.

e When arefresh cycle is performed during RAS down mode
e When a self-refresh is performed

e When a transition to software standby mode is made

e When the external bus requested by the BREQ signal is released
e  When either the RCDM or BE bit is cleared to 0
e When setting the SDRAM mode register

Some SDRAMs have a limitation on the time to hold each bank active. When such SDRAM is in
use, if the user program cannot control the time (such as software standby or sleep mode), select
the auto-refresh or self-refresh so that the given specification can be satisfied. If a refresh cycle is
not used, the user program must control the time.

Clear the RCDM bit to O for write access to SCKCR to set the clock frequencies. For SCKCR, see
section 22, Clock Pulse Generator.

(3) RAS Up Mode
Clear the RCDM bit in DRAMCR to O to set the RAS up mode.

Whenever a SDRAM space access is halted and other spaces are accessed, the next cycle is the
PALL command cycle. Only when the SDRAM space continues to be accessed, the fast-page
mode access is performed.
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Figure 6.75 Timing Example of RAS Down Mode (BE
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6.11.13 Refresh Control

This LSI includes a DRAM refresh control function. The refresh method is the auto-refresh. Self-
refresh cycles can be performed in software standby mode.

The refresh control function is enabled when area 2 is specified as the SDRAM space by the
DRAME and DTYPE bits in DRAMCR.

(1) Auto-Refresh Mode
Set the RFSHE bit in REFCR to 1 to select the auto-refresh.

An auto-refresh cycle is performed when the value set in RTCOR matches the RTCNT value
(compare match). RTCNT is an up-counter operated on the input clock specified bits RTCK2 to
RTCKO in REFCR. RTCNT is initialized upon the compare match and restarts to count up with
H'00. Accordingly, an auto-refresh cycle is repeated at intervals specified by bits RTCK?2 to
RTCKO in RTCOR. Set the bits so that the required refresh intervals of the DRAM must be
satisfied.

Since setting bits RTCK?2 to RTCKO starts RTCNT to count up, set RTCNT and RTCOR before

setting bits RTCK2 to RTCKO. When changing RTCNT and RTCOR, the count operation should
be halted. When changing bits RTCK2 to RTCKO, change them only after disabling external bus
release and, if the write data buffer function is in use, disabling the write data buffer function and
reading the external space.

The external space cannot be accessed during auto-refresh.
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Figure 6.76 shows auto-refresh cycle timing. For details, see section 6.10.12, Refresh Control.
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Figure 6.76 Auto-Refresh Operation
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The time between the PALL or PRE command and the subsequent REF command can be changed
by wait cycle insertion. The number of wait cycles is selected from one to three cycles by bits
TPC1 and TPCO in DRACCR. Set the bit according to the SDRAM to be used and the frequency
of this LSI so that the number of wait cycles can be optimal.

Figure 6.77 shows a timing example when the one wait cycles are inserted.

E TR, ' TR, ' TR, ' TR, ' TRy '
SDo [ I_
| | | I I I
: : : : : i
Address bus ,>( 1 ] T T X:
/ 1 1 1 1 1,
, ) ) , , ,
Precharge-sel ! ! ] ! ! E\_
| | ) | | |
] ) ) , ,
Cs ! 1 | | I_
__ — T 0
RAS , i
CAS ' . | i
, ) ) ) , ,
wE Bl T
: : i i i i
okE | | o | |
| ! ! | | |
BS | i | High | |
i i ) i i i
PowR L MR
1 1 1 1 1 1
' PALL ! NOP ! REF ! NOP !

Figure 6.77 Auto-Refresh Timing (TPC1 =0, TPC0=1)
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When the time between the REF command and the subsequent ACTV command does not meet a
given specification, a wait cycle can be inserted for one to seven cycles during a refresh cycle by
bits RLW2 to RLWO in REFCR. Set the bit according to the SDRAM to be used and the
frequency of this LSI so that the number of wait cycles can be optimal.

Figure 6.78 shows a timing example when the one wait cycle is inserted.

i TR, 1 TR, 1 TR, i TR, i TRy

Py >

:
!
oo L[ LI L L]
h
Address bus :;X
|
Precharge-sel :;y

High

High

High

PALL REF NOP

1
1
|
BS !
1
1
)
|

Figure 6.78 Auto-Refresh Timing (TPC1 =0, TPC0 = 0, RLW2 = 0, RLW1 =0, RLW0 =1)
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(2) Self-Refresh Mode

Some SDRAMSs have a self-refresh mode (battery backup mode). The self-refresh mode is a kind
of standby mode and refresh timing and refresh address are controlled internally.

The self-refresh mode is selected by setting the RFSHE and SLFREF bits in REFCR to 1. The
SELF command is issued as shown in figure 6.79 by executing the SLEEP instruction to enter the
self-refresh mode.

When an auto-refresh is requested on a transition to the standby mode, the auto-refresh is first
performed and then the self-refresh mode is entered.

When making a transition to the self-refresh mode, set the OEE bit in SBYCR to 1 and connect the
CKE pin.

When the self-refresh mode is used, do not clear the OPE bit in SBYCR to 0.

' TR, ' TR | | | Software standby i TRy, | TRy
,<—p—>l-<—>l 1 \ - I
L {(
SD¢ )j
11 I I I I I I
. ! 1 («
Address bus .x 1 i [)[)
| E . )
Precharge-sel | ! i
| | %
1 1 '
| | '
| i ! (
_ | 7
CS I \ I

I(
)

(
)

I(
)

:

|

y

'

'

:

|

' '

CAS ' | ‘ |
:

YV = 1
'

'

1

'

y

|

V

1
E
) |
N 1
CKE | i «
i H 3
1 ] 1 1
i i : :
s e
1 1 : :
| | ! High '
RDWR | : | 9 |
1 1
! "PALL ! SELF | NOP |

Figure 6.79 Self-Refresh Timing
(TPC1 =0, TPCO =0, RCW1 =0, RCW0 =0, RLW1 =0, RLW0 = 0)
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Some DRAMSs with the self-refresh mode have a given time between cancellation of the self-
refresh mode and the subsequent command issued cycle. From one to seven of precharge cycles
immediately after cancellation of the self-refresh mode can be inserted. Normal precharge is also
performed according to bits TPC1 and TPCO in DRACCR. Set the precharge time including the
normal precharge so that the precharge time immediately after a self-refresh cycle is optimal.

Figure 6.80 shows a timing example when one precharge cycle is added.

Soft , SDRAM space write ,
oftware < -

:standby: 1 TRCZ TRCS . TR1 E T T LT Tcz |
1

cl o

SDo

Address bus

Precharge-sel

Hialal

-t -

e B T vt Rk L

CcS
[ ] 1
RAS ! i
] : :
CAS i | |
WE L | LI
CKE .

DQMUU, DQMUL
DQMLU, DQMLL

u

Data bus
:;
BS | | '
1 1
RD/WR : |

1 1
1 1
NOP 1 PALL |

ACTV i NOP EWRITE

Figure 6.80 Timing Example when 1 Precharge Cycle Added
(TPC2 to TPCO =H'1, TPC1 = 0, TPCO = 0)
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(3) Refresh and All-Module Clock Stop Mode

This LSI is entered in all-module clock stop mode by the following operation: Stop the clocks of
all on-chip peripheral modules by setting the ACSE bit in MSTPCR to 1 (MSTPCRA, MSTPCRB
= H'FFFFFFFF) or run only the 8-bit timer (MSTPCRA, MSTPCRB = H'F[C to F]JFFFFFF), then
execute the SLEEP instruction to enter the sleep mode.

In all-module clock stop mode, clocks for the bus controller and I/O ports are stopped. Since the
clock for the bus controller is stopped, an auto-refresh cycle cannot be performed. When external
SDRAM is used and the contents of the SDRAM in sleep mode should be held, clear the ACSE bit
in MSTPCE to 0.

For details, see section 23.2.2, Module Stop Control Registers A and B (MSTPCR and
MSTPCRB).

6.11.14 Setting SDRAM Mode Register
To use SDRAM, the mode register must be specified after a power-on reset.

Setting the MRSE bit in SDCR to 1 enables the SDRAM mode register setting. After this, write to
the SDRAM space in bytes.

When the value to be set in the SDRAM mode register is x, write to the following memory
location (address). The value of x is written to the SDRAM mode register.

e H'4000000/H'400000 + x for 8-bit bus SDRAM
e H'4000000/H'400000 + 2x for 16-bit bus SDRAM

The SDRAM mode register latches the address signals when the MRS command is issued.

This LSI does not support the burst read/burst write mode of SDRAM. When setting the SDRAM
mode register, use the burst read/single write mode and set the burst length to 1. Setting in the
SDRAM mode register must be consistent with that in the bus controller.
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Figure 6.81 shows the timing of setting SDRAM mode register.
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Figure 6.81 Timing of Setting SDRAM Mode Register

6.11.15 SDRAM Interface and Single Address Transfer by DMAC

When fast-page mode (BE = 1) is set for the SDRAM space, either fast-page access or full access
can be selected, by the setting of bit DDS in DRAMCR, for the single address transfer by the
DMAC where the SDRAM space is specified as the transfer source or destination. At the same
time, the output timing of the DACK and BS signals can be changed. When BE = 0, a full access
to the SDRAM space is performed with a single address transfer regardless of the setting of bit
DDS. However, the output timing of the DACK and BS signals can be changed by the setting of
bit DDS.

The assertion timing of the DACK signals can be changed by the bit DKC in BCR1.

The output timing of the DACK signal can be independently set by the bits TRWL and CKSPE in
SDCR and bit DCK in BCR1 regardless of the setting of bit DDS.
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(1) WhenDDS =1

A fast-page access is performed regardless of the bus master, only according to the address. The
DACK signal is asserted within the Tcl cycle in both read and write accesses.

Figures 6.82 and 6.83 show the output timing example of the DACK signal when DDS = 1.

e To T Tt te Too ot Toy Teo !
1 1 1
soo || Ll L | I I
1 1 1
1 1 1
Address bus -x Row address X Column laddress 1 Column! address 2

Row
Precharge-sel " < address b\

S

I

RAS

CAS

RSP EDN EPRDED R [ ——— T« -

WE

L.

CKE High

DQMLU

[S—

DQMLL

:

D15 to D8

D7 to DO

o o

BS

RD/WR —|

—
—
=

DACK

NOP

PALL ACTV WRIT NOP WRIT

Figure 6.82 Output Timing Example of DACK when DDS =1 (Write)
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SD¢

ddress 2 X:

Coli.lmn al

ddress X Col

3

Address bus :}( Row

Precharge-sel

D15 to D8

Figure 6.83 Output Timing Example of DACK when DDS

=2)

1 (Read, CAS Latency
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(2) WhenDDS =0

Single address transfer by the DMAC takes place as a full access (normal access) to the SDRAM
space. The DACK signal is asserted within the Tr cycle and the BS signal is also asserted in the Tr
cycle.

When the SDRAM space is accessed with other than the single address transfer by the DMAC, a
fast-page access is available.

Figures 6.84 and 6.85 show an output timing example of the DACK signal when DDS = 0.

Address bus :x Row address X Column addressx:
" { {

1
Precharge-sel -y - i :‘
1

NOP i WRIT

i
1
1
1
! ! E | |
CKE ! : ! High ! !
- ; ! ! '
DOMLU | ! i | |
' L
DOMLL ! | : | l
D15 to D8 — i —{ .
1 1 E | |
D7 to DO — : —{( P—
! | ! ! )
ROWR _] : | | C
| ! | | |
DACK | : | : : I—

PALL | ACTV

Figure 6.84 Output Timing Example of DACK when DDS = 0 (Write)
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Address bus ::X
]
|
]

Precharge-sel

=2)
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Figure 6.85 Output Timing Example of DACK when DDS
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(3) When TRWL = 1

When the SDRAM interface is written to, one Trwl cycle is inserted after the Tc2 cycle. The
DACK signal stays asserted until the end of the Trwl cycle. The hold time of data output from an
external device can be extended by one cycle.

Figure 6.86 shows an output timing example of the DACK signal when TRWL = 1 with DDS =1
and DKC = 0.

| | |
T, T
: c2 :‘rvll>:

I N I
Address bus :X Row dddress X Colufnn addiess 1 X Coluinn address 2
| H '

1
Row
Precharge-sel ? < addressk

i

RAS | |

D15 to D8 —.—n—.—(

os T || ||
DQMLUE _| |_
DQMLLE . |_| |_|

D7 to DO 4_._._(

BS

L

DACK |

RD/WR —l :
|

PALL ACTV NOP WRI

TI

NOP

L

WRIT NOP’

Figure 6.86 Output Timing Example of DACK when TRWL = 1 (Write)
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(4) When CKSPE =1

When the SDRAM space is read, the read data settling cycle can be inserted for one cycle using
the clock suspend mode. To enter the clock suspend mode, set the OEE bit
to 1, and connect the CKE pin.

Figure 6.87 shows an output timing example of the DACK signal when CKSPE = 1 with DDS =1
and DKC = 0.

© LT LT L L LT LT L L

| | | | |
Address bus :XRow e‘}ddressx Column dddress 1 X Column gddress 2

addres

1

Precharge-sel

o T L ||

CKE

1
1
| |
1 1
DQMLU | | : ! !
1 1 ] 1 1
DOMLL I | | l | I ! i
: Y Y
1 1
1 1
1 1
i |

1
1 ) 1
: E ! | |
1
1 1
BS !
1

RDWR _| E
1 1
DACK | : |

L

|
|
|
|
|
|
!
T
I

' READ

|
|
|
|
|
|
!
D

PALL' ACTV REA NO NOP

Figure 6.87 Output Timing Example of DACK when CKSPE =1
(Read, CAS Latency = 2)
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(5 When DKC =1

With DKC = 1, the DACK signal is asserted a half cycle earlier compared to the case when DKC
=0.

In fast-page access, the DACK signal continues to be low. In this case, bus cycles can be
distinguished by the BS output timing.

Figure 6.88 shows an output timing example of the DACK signal when DKC = 1 and DDS = 1.
Figure 6.89 shows an output timing example of the DACK signal when DKC = 1 and DDS = 0.

-—— P —— > —— P —— > —>

1 l. | | | | |
Address bus :X Row address X Column address 1} Column address 2 K
| 1 1 1
Precharge-sel N ai5tss k

! E :
— ! !
CSs —l : .
| i i

. 1
RAS | ! l

[

&
>
(2]

=

CKE High

DQMLU

DQMLL

D15 to D8

D7 to DO

AN N

S

RD/WR

DACK I

PALL | ACTV' NOP ' WRIT' NOP ' WRIT

Ty YT T T T Ty

e e

U I R o o RV I At

l

Figure 6.88 Output Timing Example of DACK when DKC =1 and DDS =1 (Write)
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Address bus :x Row afldress X Cloumn address X:

| | 1 !
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1
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CKE ! ! |
1 [ |
oomv |+ L[
DOMLL | | |
D15 to D8 — ' . < ] .>—
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D7 to DO —. ' —{ P—
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t t I—

1
PALL ' ACTV NOP = WRIT

Figure 6.89 Output Timing Example of DACK when DKC =1 and DDS = 0 (Write)
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6.12 Idle Cycle

In this LSI, idle cycles can be inserted between the consecutive external accesses. By inserting the
idle cycle, data conflicts between ROM read cycle whose output floating time is long and an
access cycle from/to high-speed memory or I/O interface can be prevented.

6.12.1 Operation

When this LSI consecutively accesses external address space, it can insert an idle cycle between
bus cycles in the following four cases. These conditions are determined by the sequence of read
and write and previously accessed area.

1. When read cycles of different areas in the external address space occur consecutively
2. When an external write cycle occurs immediately after an external read cycle

3. When an external read cycle occurs immediately after an external write cycle
4

. When an external access occurs immediately after a DMAC single address transfer (write
cycle)

Up to four idle cycles can be inserted under the conditions shown above. The number of idle
cycles to be inserted should be specified to prevent data conflicts between the output data from a
previously accessed device and data from a subsequently accessed device.

Under conditions 1 and 2, which are the conditions to insert idle cycles after read, the number of
idle cycles can be selected from setting A specified by bits IDLCA1 and IDLCAO in IDLCR or
setting B specified by bits IDLCB1 and IDLCBO in IDLCR: Setting A can be selected from one to
four cycles, and setting B can be selected from one or two to four cycles. Setting A or B can be
specified for each area by setting bits IDLSEL7 to IDLSELO in IDLCR. Note that bits IDLSEL7
to IDLSELO correspond to the previously accessed area of the consecutive accesses.

The number of idle cycles to be inserted under conditions 3 and 4, which are conditions to insert
idle cycles after write, can be determined by setting A as described above.

After the reset release, IDLCR is initialized to four idle cycle insertion under all conditions 1 to 4
shown above.

Table 6.28 shows the correspondence between conditions 1 to 4 and number of idle cycles to be
inserted for each area. Table 6.29 shows the correspondence between the number of idle cycles to
be inserted specified by settings A and B, and number of cycles to be inserted.
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Table 6.28 Number of Idle Cycle Insertion Selection in Each Area

Bit Settings
IDLSn IDLSELN Area of Previous Access
Insertion Condition n Setting n=0to7 0 1 2 3 4 5 6 7
Consecutive reads in different areas 1 0 — Invalid
1 0 A A A A AAAA
1 B B B B B B B B
Write after read 0 o — Invalid
1 0 A A A A AAAA
B B B B B B B B
Read after write 2 0 — Invalid
1 A
External access after single address 3 0 — Invalid
transfer 1 A
[Legend]
A: Number of idle cycle insertion A is selected.
B: Number of idle cycle insertion B is selected.
Invalid: No idle cycle is inserted for the corresponding condition.
Table 6.29 Number of Idle Cycles Inserted
Bit Settings
A B
IDLCA1 IDLCAO IDLCB1 IDLCBO Number of Cycles
— — 0 0 0
0 0 — — 1
0 1 0 2
1 0 1 0 3
1 1 1 4
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(1) Consecutive Reads in Different Areas

If consecutive reads in different areas occur while bit IDLS1 in IDLCR is set to 1, idle cycles
specified by bits IDLCA1 and IDLCAO when bit IDLSELn in IDLCR is cleared to 0, or bits
IDLCBI1 and IDLCBO when bit IDLSELn is set to 1 are inserted at the start of the second read
cycle (n=0to 7).

Figure 6.90 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle for ROM with a long output floating time, and bus cycle B is a read cycle for SRAM, each
being located in a different area. In (a), an idle cycle is not inserted, and a conflict occurs in bus
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycle is inserted,
and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

LTy T, Ty T, T, LT, T, Tai T T, T,

CS (area A) | | ' '
CS (area B) : | : é I

RD

Data bus

6ata holld
time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS1 = 0) (IDLS1 =1, IDLSELn =0, IDLCA1 =0, IDLCAO = 0)

Figure 6.90 Example of Idle Cycle Operation (Consecutive Reads in Different Areas)
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(2) Write after Read

If an external write occurs after an external read while bit IDLSO in IDLCR is set to 1, idle cycles
specified by bits IDLCA1 and IDLCAO when bit IDLSELn in IDLCR is cleared to 0 when
IDLSELn = 0, or bits IDLCB1 and IDLCBO when IDLSELn is set to 1 are inserted at the start of
the write cycle (n =0 to 7).

Figure 6.91 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle for ROM with a long output floating time, and bus cycle B is a CPU write cycle. In (a), an
idle cycle is not inserted, and a conflict occurs in bus cycle B between the read data from ROM
and the CPU write data. In (b), an idle cycle is inserted, and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

Ty T, T Ty Ty ' T T, T, ¢ » T, T, |

Address bus :X X X: 3; X ' x:
CS (area A) | ‘, . | | . .
CSwea) T LT I

Data bus

Data hold '

time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLSO = 0) (IDLSO =1, IDLSELNn = 0, IDLCA1 =0, IDLCAQ = 0)

Figure 6.91 Example of Idle Cycle Operation (Write after Read)
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(3) Read after Write

If an external read occurs after an external write while bit IDLS2 in IDLCR is set to 1, idle cycles
specified by bits IDLCA1 and IDLCAO are inserted at the start of the read cycle (n =0 to 7).

Figure 6.92 shows an example of the operation in this case. In this example, bus cycle A is a CPU
write cycle and bus cycle B is a read cycle from the SRAM. In (a), an idle cycle is not inserted,
and a conflict occurs in bus cycle B between the CPU write data and read data from an SRAM
device. In (b), an idle cycle is inserted, and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

o UL JUUUuuLr
e X X
S@eany | [ T 5

T T LT

LLWR i :

Data bus

Output floating '

time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS2 = 0) (IDLS2 =1, IDLCA1 = 0, IDLCAQ = 0)

Figure 6.92 Example of Idle Cycle Operation (Read after Write)
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(4) External Access after Single Address Transfer Write

If an external access occurs after a single address transfer write while bit IDLS3 in IDLCR is set
to 1, idle cycles specified by bits IDLCA1 and IDLCAOQ are inserted at the start of the external
access (n=0to 7).

Figure 6.93 shows an example of the operation in this case. In this example, bus cycle A is a
single address transfer (write cycle) and bus cycle B is a CPU write cycle. In (a), an idle cycle is
not inserted, and a conflict occurs in bus cycle B between the external device write data and this
LSI write data. In (b), an idle cycle is inserted, and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
! (L 2
Bo _| I_l |_| I—I |_| |—| —| I—l Ll LI I—I |—| I—I

CS (area A) _|—,— | [ ;
SSmn) I )
we LT T TLT
ook L[ B
- TEY )

s

Output floating '
time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS3 = 0) (IDLS3 =1, IDLCA1 =0, IDLCAOQ = 0)

Figure 6.93 Example of Idle Cycle Operation (Write after Single Address Transfer Write)
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(5) External NOP Cycles and Idle Cycles

A cycle in which an external space is not accessed due to internal operations is called an external
NOP cycle. Even when an external NOP cycle occurs between consecutive external bus cycles, an
idle cycle can be inserted. In this case, the number of external NOP cycles is included in the
number of idle cycles to be inserted.

Figure 6.94 shows an example of external NOP and idle cycle insertion.

No external access Idle cycle
Preceding bus cycle (NOP) . (remaining)

@ LU LML Lo
Address bus:x :X
|

3

7

CS (area A) -i

S (area B)

us]
lw]

T

Data bus

——
—

1 I
Specified number of idle cycles or more
including no external access cycles (NOP)

(Condition: Number of idle cycles to be inserted when different reads continue: 4 cycles)

Figure 6.94 Idle Cycle Insertion Example
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(6) Relationship between Chip Select (CS) Signal and Read (RD) Signal

Depending on the system's load conditions, the RD signal may lag behind the CS signal. An
example is shown in figure 6.95. In this case, with the setting for no idle cycle insertion (a), there
may be a period of overlap between the RD signal in bus cycle A and the CS signal in bus cycle B.
Setting idle cycle insertion, as in (b), however, will prevent any overlap between the RD and CS
signals. In the initial state after reset release, idle cycle indicated in (b) is set.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

T, T, Tsf T, TZE LT T, Taf T T, T,
Bo
Address bus :;X X ;X: 3 X ]
CS (area A) —l—,—i | . i i
CS (area B) i | | i ; | I
o LA -

Overlap time may occur between the
CS (area B) and RD

(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS1 =0) (IDLS1 =1, IDLSELn =0, IDLCA1 =0, IDLCAO = 0)

Figure 6.95 Relationship between Chip Select (CS) and Read (RD)
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(7) 1Idle Cycle for Accessing to DRAM/SDRAM Space

In the following read cycles, when the DRAM/SDRAM space is accessed in a full access, the Tp
and Tr cycles are also counted as idle cycles.

Figures 6.96 and 6.97 show timing examples of full accesses to the DRAM/SDRAM space when
four idle cycles are inserted.

When accessing the DRAM/SDRAM space, the Ti cycles are inserted so that the sum of the
numbers of Tp (precharge), Tr (row address output), and Ti cycles satisfies the specified number
of idle cycles. The Ti cycles are inserted before the column address output cycle.

While the SDRAM space is accessed in a full access, the CS2 signal is driven low even in an idle
cycle.

The idle cycle insertion is enabled even in a fast-page access in RAS down mode. The specified
number of idle cycles is inserted. Figure 6.98 shows a timing example of the idle cycle insertion in
RAS down mode.

:External space read: DRAM space read E
T T T Teo

cl

Address bus :X ;X X X:
S _r
RAS | ] [
o LI
Data bus ; “ ;,‘ < '>—

Figure 6.96 Example of DRAM Full Access after External Read (CAST = 0)
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External space (area A) read , SDRAM space read -~
= > =

1
T Ty LE T T T T Ta Te2

Address bus :X x X X

CS (area 2)

0
CS (area A) _l ;
|_

DQMLL

Data bus —<:\/

=
m

Figure 6.97 Example of SDRAM Full Access after External Read (CAS Latency = 2)
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Figure 6.98 Example of Idle Cycles in RAS Down Mode (Write after Read)
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Table 6.30 Idle Cycles in Mixed Accesses to Normal Space and DRAM/SDRAM Space

Previous IDLS IDLSEL IDLCA IDLCB
Access Next Access 3 2 1 0 7t00 1 0 1 0 Idle Cycle
Normal/DRAM/ Normal/DRAM/ — — 0 — — — — — — Disabled
SDRAM space SDRAM space ~— 1 0 0 0 — — 1cycleinserted
read read
0 1 2 cycles inserted
1 0 3 cycles inserted
1 1 4 cycles inserted
1 — — 0 0 Ocycleinserted
0 1 2 cycles inserted
1 0  3cycles inserted
1 1 4 cycles inserted
Normal/DRAM/ Normal/DRAM/ — — — 0 — — — — — Disabled
SDRAM space SDRAM space —__ — 0 0 0 — — 1cycleinserted
read read
0 1 2 cycles inserted
1 0 3 cycles inserted
1 1 4 cycles inserted
1 0 O Ocycleinserted
0 1 2 cycles inserted
1 0  3cycles inserted
1 1 4 cycles inserted
Normal/DRAM/ Normal/DRAM/ — 0 — — — — — — — Disabled
SDBAM space SDRAM space —_ 1 - 0 0 — — 1cycleinserted
write read
0 1 2 cycles inserted
1 0 3 cycles inserted
1 1 4 cycles inserted
Single address Normal/DRAM/ 0 @ — — — — — — — — Disabled
write SD_RAM space 4 _ — — 0 0O — — cycleinserted
write
0 2 cycles inserted
0 3 cycles inserted
1 4 cycles inserted
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6.12.2

Pin States in Idle Cycle

Table 6.31 shows the pin states in an idle cycle.

Table 6.31 Pin States in Idle Cycle

Pins Pin State
A23 to AO Contents of following bus cycle
D15 to DO High impedance
CSn (n=71t00) High*'
LUCAS, LLCAS High
DQMLU, DQMLL High*?
AS High
RD High
BS High
RD/WR High*®
AH low
LHWR, LLWR High
LUB, LLB High
CKE High
OE High
RAS High/Low**
CAS High
WE High
DACKn (n =310 0) High
Notes: 1. Low when accessing the SDRAM in full access cycle
2. Low when reading the SDRAM in full access cycle
3. Low when accessing or writing to the DRAM/SDRAM in full access cycle
4. The pin state varies depending on the DRAM space access/ area access other than the

DRAM space, or RAS up mode/RAS down mode. For details, see figures 6.96 and
6.98.
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6.13 Bus Release

This LSI can release the external bus in response to a bus request from an external device. In the
external bus released state, the internal bus master continue operation as long as there is no
external access.

In addition, in the external bus released state, the BREQO signal can be driven low to output a bus
request externally.

6.13.1 Operation

In external extended mode, when the BRLE bit in BCR1 is set to 1, and the ICR bit for the
corresponding pin is set to 1, the bus can be released to the external. Driving the BREQ pin low
issues an external bus request to this LSI. When the BREQ pin is sampled, at the prescribed
timing, the BACK pin is driven low, and the address bus, data bus, and bus control signals are
placed in the high-impedance state, establishing the external bus released state. For ICR, see
section 9, I/0 Ports.

In the external bus released state, the CPU, DTC, and DMAC can access the internal space using
the internal bus. When any one of the CPU, DTC, and DMAC attempts to accesses the external
address space, it temporarily defers initiation of the bus cycle, and waits for the bus request from
the external bus master to be canceled.

In the external bus released state, certain operations are suspended as follows until the bus request
from the external bus master is canceled:

e When a refresh is requested, refresh control is suspended.

e When the SLEEP instruction is executed to enter software standby mode or all-module clock-
stop mode, control for software standby mode or all-module clock-stop mode is suspended.

e When SCKCR is written to set the clock frequencies, changing of clock frequencies is
suspended. For SCKCR, see section 22, Clock Pulse Generator.

If the BREQOE bit in BCR1is set to 1, the BREQO pin can be driven low to request cancellation
of the bus request when any of the following requests are issued.

e  When any one of the CPU, DTC, and DMAC attempts to access the external address space
e When a refresh is requested

e When a SLEEP instruction is executed to place the chip in software standby mode or all-
module-clock-stop mode

e When SCKCR is written to set the clock frequencies
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If an external bus release request, external access, and a refresh request occur simultaneously, the

order of priority is as follows:

Refresh > External bus release > External access by CPU, DTC, and DMAC

6.13.2  Pin States in External Bus Released State

Table 6.32 shows pin states in the external bus released state.

Table 6.32 Pin States in Bus Released State

Pins Pin State

A23 to A0 High impedance
D15 to DO High impedance
BS High impedance

CSn(n=71t00)

High impedance

AS

High impedance

AH

High impedance

RD/WR

High impedance

LUCAS, LLCAS

High impedance

RD

High impedance

RAS High impedance
CAS High impedance
WE High impedance

DQMLU, DQMLL

High impedance

CKE

High impedance

OE High impedance
LUB, LLB High impedance
CHWR, LLWR High impedance

DACKn (n =310 0)

High

RENESAS

Rev.1.00 Jun. 07, 2006 Page 305 of 1102

REJ09B0294-0100



Section 6 Bus Controller (BSC)

6.13.3 Transition Timing

Figures 6.99 and 6.100 show the timing of transition to the bus released state.

External space
access cycle External bus released state CPU cycle

Address bus x !
Databus ~  ===---- 'E"D'.‘""é""

wz ..... e eeebeeneen
. T
il a o
e [V R e
o T
[I1] [é] [I3] [;1] [;] [I5] | [f;] [EIS] |

[1] Alow level of the BREQ signal is sampled at the rising edge of the B¢ signal.

[2] The bus control signals are driven high at the end of the external space access cycle. It takes two cycles or
more after the low level of the BREQ signal is sampled.

[3] The BACK signal is driven low, releasing bus to the external bus master.

[4] The BREQ signal state sampling is continued in the external bus released state.

[5] A high level of the BREQ signal is sampled.

[6] The external bus released cycles are ended one cycle after the BREQ signal is driven high.

[7] When the external space is accessed by an internal bus master during external bus released while the BREQOE
bit is set to 1, the BREQO signal goes low.

[8] Normally the BREQO signal goes high at the rising edge of the BACK signal.

Figure 6.99 Bus Released State Transition Timing (SRAM Interface is Not Used)
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External

access cycle External bus released state CPU cycle
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[1] A low level of the BREQ signal is sampled at the rising edge of the B¢ signal.

[2] The PALL command is issued.

[3] The bus control signals are driven high at the end of the external access cycle. It takes two cycles or
more after the low level of the BREQ signal is sampled.

[4] The BACK signal is driven low, releasing bus to the external bus master.

[5] The BREQ signal state sampling is continued in the external bus released state.

[6] A high level of the BREQ signal is sampled.

[

[

7] The BACK signal is driven high, ending external bus release cycle after one cycle.

8] When the external space is accessed by an internal bus master or a refresh cycle is requested during external
bus released while the BREQOE bit is set to 1, the BREQO signal goes low.

[9] Normally the BREQO signal goes high at the rising edge of the BACK signal.

Figure 6.100 Bus Released State Transition Timing (SRAM Interface is Used)
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6.14 Internal Bus

6.14.1  Access to Internal Address Space

The internal address spaces of this LSI are the on-chip ROM space, on-chip RAM space, and
register space for the on-chip peripheral modules. The number of cycles necessary for access
differs according the space.

Table 6.33 shows the number of access cycles for each on-chip memory space.

Table 6.33 Number of Access Cycles for On-Chip Memory Spaces

Access Space Access Number of Access Cycles
On-chip ROM space Read One l¢ cycle

Write Three 1 cycles
On-chip RAM space Read One I¢ cycle

Write One ¢ cycle

In access to the registers for on-chip peripheral modules, the number of access cycles differs
according to the register to be accessed. When the dividing ratio of the operating clock of a bus
master and that of a peripheral module is 1 : n, synchronization cycles using a clock divided by 0
to n-1 are inserted for register access in the same way as for external bus clock division.

Table 6.34 lists the number of access cycles for registers of on-chip peripheral modules.

Table 6.34 Number of Access Cycles for Registers of On-Chip Peripheral Modules

Number of Cycles

Module to be Accessed Read Write Write Data Buffer Function
DMAC registers Two l¢ Disabled
MCU operating mode, clock pulse generator, Two l¢ Three Ip Disabled

power-down control registers, interrupt controller,
bus controller, and DTC registers

1/0 port registers of PFCR and WDT Two P¢ Three P¢ Disabled

1/0 port registers other than PFCR and PORTM, Two P¢ Enabled
TPU, PPG, TMR, SCI, SCI0 to SCI2, SCl4, A/D,
and D/A registers

1/0 port registers of PORTM, Three P¢ Enabled
USB, SCI5, and SCI6

Rev.1.00 Jun. 07, 2006 Page 308 of 1102
REJ09B0294-0100 RENESAS



Section 6 Bus Controller (BSC)

6.15

6.15.1

Write Data Buffer Function

Write Data Buffer Function for External Data Bus

This LSI has a write data buffer function for the external data bus. Using the write data buffer
function enables internal accesses in parallel with external writes or DMAC single address
transfers. The write data buffer function is made available by setting the WDBE bit to 1 in BCR1.

Figure 6.101 shows an example of the timing when the write data buffer function is used. When
this function is used, if an external address space write or a DMAC single address transfer
continues for two cycles or longer, and there is an internal access next, an external write only is
executed in the first two cycles. However, from the next cycle onward, internal accesses (on-chip
memory or internal I/O register read/write) and the external address space write rather than
waiting until it ends are executed in parallel.

'
—

| |
\~&— On-chip memory read —»|<¢— Peripheral module read
| | |

External write cycle >

L 1 L L1 |
X

On-chip
memory

On-chip

Internal memory 2 X Peripheral module addres:x:

address bus

Lol

Bo

Address bus :x

Y

External address

Write to N |
external CSn '
space

LHWR, LLWR

D15 to DO

( —

Figure 6.101 Example of Timing when Write Data Buffer Function is Used
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6.15.2  Write Data Buffer Function for Peripheral Modules

This LSI has a write data buffer function for the peripheral module access. Using the write data
buffer function enables peripheral module writes and on-chip memory or external access to be
executed in parallel. The write data buffer function is made available by setting the PWDBE bit in
BCR2 to 1. For details on the on-chip peripheral module registers, see table 6.34, Number of
Access Cycles for Registers of On-Chip Peripheral Modules in section 6.14, Internal Bus.

Figure 6.102 shows an example of the timing when the write data buffer function is used. When
this function is used, if an internal I/O register write continues for two cycles or longer and then
there is an on-chip RAM, an on-chip ROM, or an external access, internal I/O register write only
is performed in the first two cycles. However, from the next cycle onward an internal memory or
an external access and internal I/O register write are executed in parallel rather than waiting until
it ends.

On-chip
memory___
read ;

~—Peripheral module write—s!

L\n(;g:ggls bus :X X X
Po 4 L

\
Internal /0
address bus x Peripheral module address

Internal 1/O i
data bus '

Figure 6.102 Example of Timing when Peripheral Module
Write Data Buffer Function is Used
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6.16 Bus Arbitration

This LSI has bus arbiters that arbitrate bus mastership operations (bus arbitration). This LSI
incorporates internal access and external access bus arbiters that can be used and controlled
independently. The internal bus arbiter handles the CPU, DTC, and DMAC accesses. The external
bus arbiter handles the external access by the CPU, DTC, and DMAGC, refresh, and external bus
release request (external bus master).

The bus arbiters determine priorities at the prescribed timing, and permit use of the bus by means
of the bus request acknowledge signal.

6.16.1 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master. If there are bus requests from more than one bus
master, the bus request acknowledge signal is sent to the one with the highest priority. When a bus
master receives the bus request acknowledge signal, it takes possession of the bus until that signal
is canceled.

The priority of the internal bus arbitration:

DMAC > DTC > CPU

The priority of the external bus arbitration:

Refresh > External bus release request > External access by the CPU, DTC, or DMAC

If the DMAC or DTC accesses continue, the CPU can be given priority over the DMAC or DTC
to execute the bus cycles alternatively between them by setting the IBCCS bit in BCR2. In this
case, the priority between the DMAC and DTC does not change.

An internal bus access by the CPU, DTC, or DMAC, an external bus release, and the refresh can
be executed in parallel.
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6.16.2  Bus Transfer Timing

Even if a bus request is received from a bus master with a higher priority over that of the bus
master that has taken control of the bus and is currently operating, the bus is not necessarily
transferred immediately. There are specific timings at which each bus master can release the bus.

(1) CPU

The CPU is the lowest-priority bus master, and if a bus request is received from the DTC or
DMAC, the bus arbiter transfers the bus to the bus master that issued the request.

The timing for transfer of the bus is at the end of the bus cycle. In sleep mode, the bus is
transferred synchronously with the clock.

Note, however, that the bus cannot be transferred in the following cases.

e The word or longword access is performed in some divisions.

e Stack handling is performed in multiple bus cycles.

e Transfer data read or write by memory transfer instructions, block transfer instructions, or TAS
instruction.
(In the block transfer instructions, the bus can be transferred in the write cycle and the
following transfer data read cycle.)

e From the target read to write in the bit manipulation instructions or memory operation
instructions.
(In an instruction that performs no write operation according to the instruction condition, up to
a cycle corresponding the write cycle)

(2) DTC

The DTC sends the internal bus arbiter a request for the bus when an activation request is
generated. When the DTC accesses an external bus space, the DTC first takes control of the bus
from the internal bus arbiter and then requests a bus to the external bus arbiter.

Once the DTC takes control of the bus, the DTC continues the transfer processing cycles. If a bus
master whose priority is higher than the DTC requests the bus, the DTC transfers the bus to the
higher priority bus master. If the IBCCS bit in BCR2 is set to 1, the DTC transfers the bus to the
CPU.

Note, however, that the bus cannot be transferred in the following cases.
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e During transfer information read
e During the first data transfer

e During transfer information write back
The DTC releases the bus when the consecutive transfer cycles completed.
(3) DMAC

The DMAC sends the internal bus arbiter a request for the bus when an activation request is
generated. When the DMAC accesses an external bus space, the DMAC first takes control of the
bus from the internal bus arbiter and then requests a bus to the external bus arbiter.

After the DMAC takes control of the bus, it may continue the transfer processing cycles or release
the bus at the end of every bus cycle depending on the conditions.

The DMAC continues transfers without releasing the bus in the following case:

e Between the read cycle in the dual-address mode and the write cycle corresponding to the read
cycle

If no bus master of a higher priority than the DMAC requests the bus and the IBCCS bit in BCR2
is cleared to 0, the DMAC continues transfers without releasing the bus in the following cases:

e During 1-block transfers in the block transfer mode

e During transfers in the burst mode
In other cases, the DMAC transfers the bus at the end of the bus cycle.
(4) External Bus Release

When the BREQ pin goes low and an external bus release request is issued while the BRLE bit in
BCRI1 is set to 1 with the corresponding ICR bit set to 1, a bus request is sent to th

(5) Refresh

When area 2 is specified as the DRAM space or SDRAM space with the RFSHE bit in REFCR set
to 1, RTCNT starts to count up. When the RTCOR value matches RTCNT, a bus request is sent to
the bus arbiter.

A refresh cycle is inserted on completion of the external bus cycle. A refresh cycle is not
consecutively inserted. Once a refresh cycle is inserted, the bus is passed to another bus master.
When the bus is passed, if there is no bus request from other bus masters, NOP cycles are inserted.
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6.17  Bus Controller Operation in Reset

In a reset, this LSI, including the bus controller, enters the reset state immediately, and any
executing bus cycle is aborted.

6.18  Usage Notes

(1) Setting Registers

The BSC registers must be specified before accessing the external address space. In on-chip ROM
disabled mode, the BSC registers must be specified before accessing the external address space for
other than an instruction fetch access.

(2) Mode Settings
The burst read-burst write mode of synchronous DRAM is not supported.

When setting the mode register of synchronous DRAM, the burst read-single write mode must be
selected and the burst length must be 1.

(3) External Bus Release Function and All-Module-Clock-Stop Mode

In this LSI, if the ACSE bit in MSTPCRA is set to 1 and a SLEEP instruction is executed to enter
the sleep state after shutting off the clocks to all peripheral modules (MSTPCRA and MSTPCRB
= H'FFFFFFF) or allowing operation of the 8-bit timer module alone (MSTPCRA and MSTPCRB
= H'F[C to F]JFFFFFF), the all-module-clock-stop mode is entered in which the clock for the bus
controller and I/O ports is also stopped. For details, see section 23, Power-Down Modes.

In this state, the external bus release function is halted. To use the external bus release function in
sleep mode, the ACSE bit in MSTPCR must be cleared to 0. Conversely, if a SLEEP instruction to
place the chip in all-module-clock-stop mode is executed in the external bus released state, the
transition to all-module-clock-stop mode is deferred and performed until after the bus is
recovered.

(4) External Bus Release Function and Software Standby Mode

In this LSI, internal bus master operation does not stop even while the bus is released, as long as
the program is running in on-chip ROM, etc., and no external access occurs. If a SLEEP
instruction to place the chip in software standby mode is executed while the external bus is
released, the transition to software standby mode is deferred and performed after the bus is
recovered.
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Also, since clock oscillation halts in software standby mode, if the BREQ signal goes low in this
mode, indicating an external bus release request, the request cannot be answered until the chip has
recovered from the software standby mode.

Note that the BACK and BREQO pins are both in the high-impedance state in software standby
mode.

(5) External Bus Release Function and CBR-Refresh or Auto-Refresh Cycle

The CBR refresh or auto-refresh cycle cannot be performed while the external bus is released.
When a CBR-refresh or an auto-refresh cycle is requested, the BREQO signal can be output by
setting the BREQOE bit in BCRI1 to 1.

(6) BREQO Output Timing

When the BREQOE bit is set to 1 and the BREQO signal is output, both the BREQO and BACK
signals may go low simultaneously.

This will occur if the next external access request occurs while internal bus arbitration is in
progress after the chip samples a low level of the BREQ signal.

(7) Refresh Settings

In single-chip activation mode, the setting of the RFSHE bit in REFCR should be made after
setting the EXPE bit in SYSCR to 1. For SYSCR, see section 3, MCU Operating Modes.

(8) Refresh Timer Settings

The setting of bits RTCK?2 to RTCKO in REFCR should be made after RTCNT and RTCOR have
been set. When changing RTCNT and RTCOR, the counter operation should be halted. When
changing bits RTCK2 to RTCKO, change them only after disabling external bus release and, if the
write data buffer function is in use, disabling the write data buffer function and reading the
external space.
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(9) Switching Between Refresh Timer and Interval Timer

When changing the RFSHE bit in REFCR from 1 to 0, a refresh cycle may be inserted until the bit
change is reflected. After this, when using RTCNT as an interval timer, the compare match flag
(CMF) may be set to 1. Therefore, confirm the state before setting the CMIE bit to 1.

(10) RAS Down Mode and Software Standby Mode for DRAM Interface

When making a transition to software standby mode with the OPE bit in SBYCR set to 0 without
using the self-refresh mode, the transition should be made in RAS up mode (RCDM = 0). When
RAS down mode (RCDM = 1) is used, execute the SLEEP instruction after setting the RCDM bit
to 0. RAS down mode should be set again after recovery from software standby mode. For
SBYCR, see section 23, Power-Down Modes.

(11) RAS Down Mode and Clock Frequencies Setting for DRAM/SDRAM

Write access to SCKCR for setting the clock frequencies should be performed in RAS up mode
(RCDM = 0). When RAS down mode (RCDM = 1) is used, set the RCDM bit to O before writing
to SCKCR. RAS down mode should be set again after clock frequencies are set. For SCKCR, see
section 22, Clock Pulse Generator.

(12) Cluster Transfer to SDRAM Space

Cluster transfer mode is available for the SDRAM with CAS latency of 2. When the SDRAM is
used in cluster transfer mode, the SDRAM with CAS latency of 2 should be used. In cluster
transfer mode, the write-precharge output delay function by the TRWL bit is not available. The
TRWL bit must be cleared to 0.
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Section 7 DMA Controller (DMAC)
This LSI includes a 4-channel DMA controller (DMAC).

7.1 Features

e Maximum of 4-G byte address space can be accessed

e Byte, word, or longword can be set as data transfer unit

e Maximum of 4-G bytes (4,294,967,295 bytes) can be set as total transfer size
Supports free-running mode in which total transfer size setting is not needed

e DMAC activation methods are auto-request, on-chip module interrupt, and external request.
Auto request: CPU activates (cycle stealing or burst access can be selected)

On-chip module interrupt: Interrupt requests from on-chip peripheral modules can be selected
as an activation source

External request: Low level or falling edge detection of the DREQ signal can be
selected. External request is available for all four channels.

In block transfer mode, low level detection is only available.
e Dual or single address mode can be selected as address mode
Dual address mode: Both source and destination are specified by addresses

Single address mode: Either source or destination is specified by the DREQ signal and the
other is specified by address

e Normal, repeat, or block transfer can be selected as transfer mode

Normal transfer mode: One byte, one word, or one longword data is transferred at a
single transfer request

Repeat transfer mode: One byte, one word, or one longword data is transferred at a
single transfer request

Repeat size of data is transferred and then a transfer address
returns to the transfer start address

Up to 65536 transfers (65,536 bytes/words/longwords) can be set
as repeat size

Block transfer mode: One block data is transferred at a single transfer request

Up to 65,536 bytes/words/longwords can be set as block size
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e Extended repeat area function which repeats the addressees within a specified area using the
transfer address with the fixed upper bits (ring buffer transfer can be performed, as an
example) is available
One bit (two bytes) to 27 bits (128 Mbytes) for transfer source and destination can be set as
extended repeat areas

e Address update can be selected from fixed address, offset addition, and increment or
decrement by 1, 2, or 4
Address update by offset addition enables to transfer data at addresses which are not placed
continuously

e Word or longword data can be transferred to an address which is not aligned with the
respective boundary

Data is divided according to its address (byte or word) when it is transferred
e Two types of interrupts can be requested to the CPU

A transfer end interrupt is generated after the number of data specified by the transfer counter
is transferred. A transfer escape end interrupt is generated when the remaining total transfer
size is less than the transfer data size at a single transfer request, when the repeat size of data
transfer is completed, or when the extended repeat area overflows.
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A block diagram of the DMAC is shown in figure 7.1.

< Internal address bus >< Internal data bus )
External pins .
_DREOn Data buffer
DACKn +—
AN
TENDn —<—
Interrupt signals <+— Controller Address buffer D
CPUbyeach —<— __, / Operation unit D
e acivation sourcos
Internal activation sources —> Operation unit D
'y 4 [_oorrn )
‘ DSARn__|( )
Internal activation >
source detector , DDAR_n D
> DMDR_n DTCR_n
[ ovRsA 1 | ()
> DACR_n DBSR_n D

[ [] [ -

Module data bus >
[Legend]
DSAR_n: DMA source address register DREQn: DMA transfer request
DDAR_n: DMA destination address register DACKn: DMA transfer acknowledge
DOFR_n: DMA offset register TENDnN: DMA transfer end
DTCR_n: DMA transfer count register n=0to3

DBSR_n: DMA block size register

DMDR_n: DMA mode control register
DACR_n: DMA address control register
DMRSR_n: DMA module request select register

Figure 7.1 Block Diagram of DMAC
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7.2 Input/Output Pins
Table 7.1 shows the pin configuration of the DMAC.

Table 7.1  Pin Configuration

Channel Pin Name Abbr. 1/0 Function

0 DMA transfer request 0 DREQO Input Channel 0 external request

DMA transfer acknowledge 0 DACKO  Output Channel 0 single address transfer
acknowledge

DMA transfer end 0 TENDO  Output Channel 0 transfer end

1 DMA transfer request 1 DREQ1  Input Channel 1 external request

DMA transfer acknowledge 1 DACK1  Output Channel 1 single address transfer
acknowledge

DMA transfer end 1 TEND1 Output  Channel 1 transfer end

2 DMA transfer request 2 DREQ2 Input Channel 2 external request

DMA transfer acknowledge 2 DACK2  Output Channel 2 single address transfer
acknowledge

DMA transfer end 2 TEND2  Output Channel 2 transfer end

3 DMA transfer request 3 DREQ3 Input Channel 3 external request

DMA transfer acknowledge 3 DACK3  Output Channel 3 single address transfer
acknowledge

DMA transfer end 3 TEND3  Output Channel 3 transfer end
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7.3 Register Descriptions
The DMAC has the following registers.
Channel 0:

e DMA source address register_0 (DSAR_0)

e DMA destination address register_0 (DDAR_0)

e DMA offset register_0 (DOFR_0)

e DMA transfer count register_0 (DTCR_0)

e DMA block size register_0 (DBSR_0)

e DMA mode control register_0 (DMDR_0)

e DMA address control register_0 (DACR_0)

e DMA module request select register_0 (DMRSR_0)

Channel 1:

e DMA source address register_1 (DSAR_1)

e DMA destination address register_1 (DDAR_1)

e DMA offset register_1 (DOFR_1)

e DMA transfer count register_1 (DTCR_1)

e DMA block size register_1 (DBSR_1)

e DMA mode control register_1 (DMDR_1)

e DMA address control register_1 (DACR_1)

e DMA module request select register_1 (DMRSR_1)

Channel 2:

e DMA source address register_2 (DSAR_2)

e DMA destination address register_2 (DDAR_2)

e DMA offset register_2 (DOFR_2)

e DMA transfer count register_2 (DTCR_2)

e DMA block size register_2 (DBSR_2)

e DMA mode control register_2 (DMDR_2)

e DMA address control register_2 (DACR_2)

e DMA module request select register_2 (DMRSR_2)

Rev.1.00 Jun. 07, 2006 Page 321 of 1102
RENESAS REJ09B0294-0100



Section 7 DMA Controller (DMAC)

Channel 3:

e DMA source address register_3 (DSAR_3)

e DMA destination address register_3 (DDAR_3)

e DMA offset register_3 (DOFR_3)

e DMA transfer count register_3 (DTCR_3)

e DMA block size register_3 (DBSR_3)

e DMA mode control register_3 (DMDR_3)

e DMA address control register_3 (DACR_3)

e DMA module request select register_3 (DMRSR_3)

7.3.1

DMA Source Address Register (DSAR)

DSAR is a 32-bit readable/writable register that specifies the transfer source address. DSAR

updates the transfer source address every time data is transferred. When DDAR is specified as the

destination address (the DIRS bit in DACR is 1) in single address mode, DSAR is ignored.

Although DSAR can always be read from by the CPU, it must be read from in longwords and
must not be written to while data for the channel is being transferred.

Bit 31 30 29 28 27 26 25 24
Bit Name I
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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7.3.2

DMA Destination Address Register (DDAR)

DDAR is a 32-bit readable/writable register that specifies the transfer destination address. DDAR
updates the transfer destination address every time data is transferred. When DSAR is specified as
the source address (the DIRS bit in DACR is 0) in single address mode, DDAR is ignored.

Although DDAR can always be read from by the CPU, it must be read from in longwords and
must not be written to while data for the channel is being transferred.

Bit 31 30 29 28 26 25 24

Bit Name I I I I I

Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 23 22 21 20 18 17 16

Bit Name

Initial Value 0 0 0 0 0 0 0

RW RW R/W RW R/W RW R/W RW R/W

Bit 15 14 13 12 10 9 8

Bit Name

Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 2 1 0

Bit Name

Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W
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7.3.3 DMA Offset Register (DOFR)

DOFR is a 32-bit readable/writable register that specifies the offset to update the source and
destination addresses. Although different values are specified for individual channels, the same
values must be specified for the source and destination sides of a single channel.

Bit 31 30 29 28 27 26 25 24
BitName | I I I I I I I

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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7.3.4 DMA Transfer Count Register (DTCR)

DTCR is a 32-bit readable/writable register that specifies the size of data to be transferred (total
transfer size).

To transfer 1-byte data in total, set H'00000001 in DTCR. When H'00000000 is set in this register,
it means that the total transfer size is not specified and data is transferred with the transfer counter
stopped (free running mode). When H'FFFFFFFF is set, the total transfer size is 4 Gbytes
(4,294,967,295), which is the maximum size. While data is being transferred, this register
indicates the remaining transfer size. The value corresponding to its data access size is subtracted
every time data is transferred (byte: —1, word: -2, and longword: —4).

Although DTCR can always be read from by the CPU, it must be read from in longwords and
must not be written to while data for the channel is being transferred.

Bit 31 30 29 28 27 26 25 24
Bit Name I I I I I I I

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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7.3.5 DMA Block Size Register (DBSR)

DBSR specifies the repeat size or block size. DBSR is enabled in repeat transfer mode and block
transfer mode and is disabled in normal transfer mode.

Bit 31 30 29 28 27 26 25 24
BitName | BKSZH31 | BKSZH30 | BKSZH29 | BKSZH28 | BKSZH27 | BKSZH26 | BKSZH25 | BKSZH24
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RW RW RIW RW RIW RW
Bit 23 22 21 20 19 18 17 16
Bit Name BKSZH23 | BKszH22 [ BkszH21 | BkszH20 | BKSZH19 | BKkszH18 | BKSZH17 [ BKSzZH16
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RW RIW RW RIW RW
Bit 15 14 13 12 11 10 9 8
Bit Name Bksz15 | Bkszi4 | Bksz13 | Bkszi2 | Bkszi1 | Bkszio | Bkszo | Bkszs
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RW RIW RW RIW RW RIW RW
Bit 7 6 5 4 3 2 1 0
Bit Name Bkszz | Bksze | Bkszs | Bksza | Bksza | Bksz2 | Bkszi | Bkszo
Initial Value 0 0 0 0 0 0 0 0
RW RW RIW RW RIW RW RIW RW RIW

Initial
Bit Bit Name Value R/W Description
31to 16 BKSZH31 to Undefined R/W Specify the repeat size or block size.
BKSZH16

When H'0001 is set, the repeat or block size is one byte,
one word, or one longword. When H'0000 is set, it
means the maximum value (refer to table 7.1). While the
DMA is in operation, the setting is fixed.

15t00 BKSZ15to Undefined R/W Indicate the remaining repeat or block size while the
BKSZ0 DMA is in operation. The value is decremented by 1
every time data is transferred. When the remaining size
becomes 0, the value of the BKSZH bits is loaded. Set
the same value as the BKSZH bits.
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Table 7.2  Data Access Size, Valid Bits, and Settable Size

Settable Size
Mode Data Access Size BKSZH Valid Bits BKSZ Valid Bits (Byte)
Repeat transfer Byte 311016 15t00 1 to 65,536
and block transfer Word 210 131,072
Longword 4 t0 262,144
7.3.6 DMA Mode Control Register (DMDR)
DMDR controls the DMAC operation.
e DMDR 0
Bit 31 30 29 28 27 26 25 24
BitName | DTE DACKE | TENDE — DREQS NRD — —
Initial Value 0 0 0 0 0 0 0 0
R/W R/W RW R/W RW R/W RW R R
Bit 23 22 21 20 19 18 17 16
Bit Name ACT — — — | errr | — | EsF | bmF |
Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R/(W)* R RAW)*  R/W)*
Bit 15 14 13 12 11 10 9 8
Bit Name DTSZ1 DTSZ0 | MDSH Mpso [ Tsee | — [ Ese | bmE |
Initial Value 0 0 0 0 0 0 0 0
R/W RIW RW R/W RW RIW R R/W RW
Bit 7 6 5 4 3 2 1 0
Bit Name DTF1 DTFO DTA — — DMAP2 [ DmAP1 | DmAPO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W RW R/W R R RW RIW RW

Note: * Only 0 can be written to this bit after having been read as 1, to clear the flag.
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e DMDR_1to DMDR_3

Bit 31 30 29 28 27 26 25 24
BtName | DTE | DACKE [ TENDE — DREQS NRD — —
Initial Value 0 0 0 0 0 0 0 0

RW RW RIW RIW RW RIW RW R R

Bit 23 22 21 20 19 18 17 16

Bit Name ACT — — — — | EesF | omF |
Initial Value 0 0 0 0 0 0 0 0

RIW R R R R R R RIW)*  R/AW)*

Bit 15 14 13 12 11 10 9 8

Bit Name DTSZ1 DTSZ0 | MDSH MDso | TSEE — | Ese | ormE |
Initial Value 0 0 0 0 0 0 0 0

RW RIW RW RIW RW RIW R RIW RW

Bit 7 6 5 4 3 2 1 0

Bit Name DTF1 DTFO DTA — — DMAP2 | DMAP1 | DMAPO
Initial Value 0 0 0 0 0 0 0 0

RW RW RW RW R R RW RW RW

Note: * Only 0 can be written to this bit after having been read as 1, to clear the flag.
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Bit

Bit Name

Initial
Value

R/W

Description

31

DTE

0

RW

Data Transfer Enable

Enables/disables a data transfer for the corresponding
channel. When this bit is set to 1, it indicates that the
DMAC is in operation.

Setting this bit to 1 starts a transfer when the auto-
request is selected. When the on-chip module interrupt
or external request is selected, a transfer request after
setting this bit to 1 starts the transfer. While data is
being transferred, clearing this bit to 0 stops the
transfer.

In block transfer mode, if writing 0 to this bit while data is
being transferred, this bit is cleared to 0 after the current
1-block size data transfer.

If an event which stops (sustains) a transfer occurs
externally, this bit is automatically cleared to 0 to stop
the transfer.

Operating modes and transfer methods must not be
changed while this bit is set to 1.

0: Disables a data transfer
1: Enables a data transfer (DMA is in operation)
[Clearing conditions]

o When the specified total transfer size of transfers is
completed

e When a transfer is stopped by an overflow interrupt
by a repeat size end

e When a transfer is stopped by an overflow interrupt
by an extended repeat size end

e When a transfer is stopped by a transfer size error
interrupt

e When clearing this bit to 0 to stop a transfer

In block transfer mode, this bit changes after the current
block transfer.

e When an address error or an NMI interrupt is
requested

¢ In the reset state or hardware standby mode
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Initial
Bit Bit Name Value R/W  Description
30 DACKE 0 R/W  DACK Signal Output Enable

Enables/disables the DACK signal output in single
address mode. This bit is ignored in dual address mode.

0: Enables DACK signal output
1: Disables DACK signal output

29 TENDE 0 R/W  TEND Signal Output Enable
Enables/disables the TEND signal output.
0: Enables TEND signal output
1: Disables TEND signal output

28 — 0 R/W  Reserved
Initial value should not be changed.
27 DREQS 0 R/W  DREQ Select

Selects whether a low level or the falling edge of the
DREQ signal used in external request mode is detected.

When a block transfer is performed in external request
mode, clear this bit to 0.

0: Low level detection

1: Falling edge detection (the first transfer after a
transfer enabled is detected on a low level)

26 NRD 0 R/W  Next Request Delay
Selects the accepting timing of the next transfer request.

0: Starts accepting the next transfer request after
completion of the current transfer

1: Starts accepting the next transfer request one cycle
after completion of the current transfer

25,24 — All 0 R Reserved
These bits are always read as 0 and cannot be
modified.

23 ACT 0 R Active State

Indicates the operating state for the channel.

0: Waiting for a transfer request or a transfer disabled
state by clearing the DTE bit to 0

1: Active state

221020 — AllO R Reserved

These bits are always read as 0 and cannot be
modified.
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Bit

Bit Name

Initial
Value

R/W

Description

19

ERRF

0

R/(W)* System Error Flag

Indicates that an address error or an NMI interrupt has
been generated. This bit is available only in DMDR_O.
Setting this bit to 1 prohibits writing to the DTE bit for all
the channels. This bit is reserved in DMDR_1 to
DMDR_3. It is always read as 0 and cannot be modified.

0: An address error or an NMI interrupt has not been
generated

1: An address error or an NMlI interrupt has been
generated

[Clearing condition]

e When clearing to 0 after reading ERRF = 1

[Setting condition]

e When an address error or an NMI interrupt has been
generated

However, when an address error or an NMI interrupt has
been generated in DMAC module stop mode, this bit is
not setto 1.

18

Reserved
This bit is always read as 0 and cannot be modified.

17

ESIF

0

R/(W)* Transfer Escape Interrupt Flag

Indicates that a transfer escape end interrupt has been
requested. A transfer escape end means that a transfer
is terminated before the transfer counter reaches 0.

0: A transfer escape end interrupt has not been
requested

1: A transfer escape end interrupt has been requested
[Clearing conditions]

e When setting the DTE bit to 1

e When clearing to 0 before reading ESIF = 1
[Setting conditions]

o When a transfer size error interrupt is requested

o When a repeat size end interrupt is requested

o When a transfer end interrupt by an extended repeat
area overflow is requested
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Bit

Bit Name

Initial
Value

R/W

Description

16

DTIF

0

R/(W)*

Data Transfer Interrupt Flag

Indicates that a transfer end interrupt by the transfer
counter has been requested.

0: A transfer end interrupt by the transfer counter has
not been requested

1: A transfer end interrupt by the transfer counter has
been requested

[Clearing conditions]

e When setting the DTE bit to 1

e When clearing to 0 after reading DTIF = 1

[Setting condition]

e When DTCR reaches 0 and the transfer is
completed

15
14

DTSZ1
DTSZz0

R/W
R/W

Data Access Size 1 and 0

Select the data access size for a transfer.
00: Byte size (eight bits)

01: Word size (16 bits)

10: Longword size (32 bits)

11: Setting prohibited

13
12

MDS1
MDSO0

R/W
R/W

Transfer Mode Select 1 and 0
Select the transfer mode.

00: Normal transfer mode

01: Block transfer mode

10: Repeat transfer mode

11: Setting prohibited
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Bit

Bit Name

Initial
Value

R/W

Description

11

TSEIE

0

R/W

Transfer Size Error Interrupt Enable
Enables/disables a transfer size error interrupt.

When the next transfer is requested while this bit is set
to 1 and the contents of the transfer counter is less than
the size of data to be transferred at a single transfer
request, the DTE bit is cleared to 0. At this time, the
ESIF bit is set to 1 to indicate that a transfer size error
interrupt has been requested.

The sources of a transfer size error are as follows:

e In normal or repeat transfer mode, the total transfer
size set in DTCR is less than the data access size

e In block transfer mode, the total transfer size set in
DTCR is less than the block size

0: Disables a transfer size error interrupt request
1: Enables a transfer size error interrupt request

10

Reserved
This bit is always read as 0 and cannot be modified.

9

ESIE

0

R/W

Transfer Escape Interrupt Enable

Enables/disables a transfer escape end interrupt
request. When the ESIF bit is set to 1 with this bit set to
1, a transfer escape end interrupt is requested to the
CPU or DTC. The transfer end interrupt request is
cleared by clearing this bit or the ESIF bit to 0.

0: Disables a transfer escape end interrupt
1: Enables a transfer escape end interrupt

8

DTIE

0

R/W

Data Transfer End Interrupt Enable

Enables/disables a transfer end interrupt request by the
transfer counter. When the DTIF bit is set to 1 with this
bit set to 1, a transfer end interrupt is requested to the
CPU or DTC. The transfer end interrupt request is
cleared by clearing this bit or the DTIF bit to 0.

0: Disables a transfer end interrupt
1: Enables a transfer end interrupt
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Initial
Bit Bit Name Value R/W  Description
7 DTF1 0 R/W  Data Transfer Factor 1 and 0
6 DTFO 0 R/W  Select a DMAC activation source. When the on-chip
peripheral module setting is selected, the interrupt
source should be selected by DMRSR. When the
external request setting is selected, the sampling
method should be selected by the DREQS bit.
00: Auto request (cycle stealing)
01: Auto request (burst access)
10: On-chip module interrupt
11: External request
5 DTA 0 R/W Data Transfer Acknowledge
This bit is valid in DMA transfer by the on-chip module
interrupt source. This bit enables or disables to clear the
source flag selected by DMRSR.
0: To clear the source in DMA transfer is disabled.
Since the on-chip module interrupt source is not
cleared in DMA transfer, it should be cleared by the
CPU or DTC transfer.
1: To clear the source in DMA transfer is enabled.
Since the on-chip module interrupt source is cleared
in DMA transfer, it does not require an interrupt by
the CPU or DTC transfer.
4,3 — AllO R Reserved

These bits are always read as 0 and cannot be
modified.
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Initial
Bit Bit Name Value R/W  Description
2 DMAP2 0 R/W  DMA Priority Level 2'to 0
1 DMAP1 0 R/W  Select the priority level of the DMAC when using the
0 DMAPO 0 rw  CPU priority control function over DTC and DMAC.

When the CPU has priority over the DMAC, the DMAC
masks a transfer request and waits for the timing when
the CPU priority becomes lower than the DMAC priority.
The priority levels can be set to the individual channels.
This bit is valid when the CPUPCE bit in CPUPCR is set
to 1.

000: Priority level 0 (low)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (high)
Note: * Only 0 can be written to, to clear the flag.
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7.3.7

DMA Address Control Register (DACR)

DACR specifies the operating mode and transfer method.

Bit 31 30 29 28 27 26 25 24
BtName [ Ams | bmrs [ — | — [ — RPTIE ARST ARSO0
Initial Value 0 0 0 0 0 0 0 0
RIW R/W R/W R R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name — — SAT1 SATO — — DAT1 DATO
Initial Value 0 0 0 0 0 0 0 0
RW R R RW RW R RW RW
Bit 15 14 13 12 11 10 9 8
Bit Name SARIE — — SARA4 [ SARA3 SARA2 SARA1 SARAQ
Initial Value 0 0 0 0 0 0 0 0
RW RW R R RW RW RW RW RW
Bit 7 6 5 4 3 2 1 0
Bit Name DARIE — — DARA4 | DARA3 DARA2 DARA1 DARAO
Initial Value 0 0 0 0 0 0 0
RW RW R RIW RW RIW RW RW
Initial
Bit Bit Name Value R/W Description
31 AMS 0 R/W  Address Mode Select
Selects address mode from single or dual address
mode. In single address mode, the DACK pin is enabled
according to the DACKE bit.
0: Dual address mode
1: Single address mode
30 DIRS 0 R/W  Single Address Direction Select
Specifies the data transfer direction in single address
mode. This bit s ignored in dual address mode.
0: Specifies DSAR as source address
1: Specifies DDAR as destination address
29t027 — 0 R/W  Reserved

These bits are always read as 0 and cannot be
modified.
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Bit

Bit Name

Initial
Value

R/W

Description

26

RPTIE

0

R/W

Repeat Size End Interrupt Enable
Enables/disables a repeat size end interrupt request.

In repeat transfer mode, when the next transfer is
requested after completion of a 1-repeat-size data
transfer while this bit is set to 1, the DTE bit in DMDR is
cleared to 0. At this time, the ESIF bit in DMDR is set to
1 to indicate that a repeat size end interrupt is
requested. Even when the repeat area is not specified
(ARS1 =1 and ARSO = 0), a repeat size end interrupt
after a 1-block data transfer can be requested.

In addition, in block transfer mode, when the next
transfer is requested after 1-block data transfer while
this bit is set to 1, the DTE bit in DMDR is cleared to 0.
At this time, the ESIF bit in DMDR is set to 1 to indicate
that a repeat size end interrupt is requested.

0: Disables a repeat size end interrupt
1: Enables a repeat size end interrupt

25
24

ARS1
ARSO

R/W
R/W

Area Select 1 and 0

Specify the block area or repeat area in block or repeat
transfer mode.

00: Specify the block area or repeat area on the source
address

01: Specify the block area or repeat area on the
destination address

10: Do not specify the block area or repeat area
11: Setting prohibited

23,22

AllO

Reserved

These bits are always read as 0 and cannot be
modified.

21
20

SATA
SATO

R/W
R/W

Source Address Update Mode 1 and 0

Select the update method of the source address
(DSAR). When DSAR is not specified as the transfer
source in single address mode, this bit is ignored.

00: Source address is fixed

01: Source address is updated by adding the offset

10: Source address is updated by adding 1, 2, or 4
according to the data access size

11: Source address is updated by subtracting 1, 2, or 4
according to the data access size
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Initial
Bit Bit Name Value R/W  Description

19,18 — All O R Reserved

These bits are always read as 0 and cannot be
modified.

17 DATA1 0 R/W  Destination Address Update Mode 1 and 0

16 DATO 0 R/W  Select the update method of the destination address
(DDAR). When DDAR is not specified as the transfer
destination in single address mode, this bit is ignored.

00: Destination address is fixed
01: Destination address is updated by adding the offset

10: Destination address is updated by adding 1, 2, or 4
according to the data access size

11: Destination address is updated by subtracting 1, 2,
or 4 according to the data access size

15 SARIE 0 R/W Interrupt Enable for Source Address Extended Area
Overflow

Enables/disables an interrupt request for an extended
area overflow on the source address.

When an extended repeat area overflow on the source
address occurs while this bit is set to 1, the DTE bit in
DMDR is cleared to 0. At this time, the ESIF bit in
DMDR is set to 1 to indicate an interrupt by an extended
repeat area overflow on the source address is
requested.

When block transfer mode is used with the extended
repeat area function, an interrupt is requested after
completion of a 1-block size transfer. When setting the
DTE bit in DMDR of the channel for which a transfer has
been stopped to 1, the transfer is resumed from the
state when the transfer is stopped.

When the extended repeat area is not specified, this bit
is ignored.

0: Disables an interrupt request for an extended area
overflow on the source address

1: Enables an interrupt request for an extended area
overflow on the source address

14,13 — All 0 R Reserved

These bits are always read as 0 and cannot be
modified.
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Bit

Bit Name

Initial
Value

Description

12
11
10

SARA4
SARA3
SARA2
SARA1
SARAOQ

o O O O o

RW
R/W
R/W
R/W
R/W

Source Address Extended Repeat Area

Specify the extended repeat area on the source address
(DSAR). With the extended repeat area, the specified
lower address bits are updated and the remaining upper
address bits are fixed. The extended repeat area size is
specified from four bytes to 128 Mbytes in units of byte
and a power of 2.

When the lower address is overflowed from the
extended repeat area by address update, the address
becomes the start address and the end address of the
area for address addition and subtraction, respectively.

When an overflow in the extended repeat area occurs
with the SARIE bit set to 1, an interrupt can be
requested. Table 7.3 shows the settings and areas of
the extended repeat area.

DARIE

0

R/W

Destination Address Extended Repeat Area Overflow
Interrupt Enable

Enables/disables an interrupt request for an extended
area overflow on the destination address.

When an extended repeat area overflow on the
destination address occurs while this bit is set to 1, the
DTE bit in DMDR is cleared to 0. At this time, the ESIF
bit in DMDR is set to 1 to indicate an interrupt by an
extended repeat area overflow on the destination
address is requested.

When block transfer mode is used with the extended
repeat area function, an interrupt is requested after
completion of a 1-block size transfer. When setting the
DTE bit in DMDR of the channel for which the transfer
has been stopped to 1, the transfer is resumed from the
state when the transfer is stopped.

When the extended repeat area is not specified, this bit
is ignored.

0: Disables an interrupt request for an extended area
overflow on the destination address

1: Enables an interrupt request for an extended area
overflow on the destination address

6,5

AllO

R

Reserved

These bits are always read as 0 and cannot be
modified.

RENESAS
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Initial
Bit Bit Name Value R/W  Description
4 DARA4 0 R/W Destination Address Extended Repeat Area
3 DARA3 0 R/W  Specify the extended repeat area on the destination
2 DARA2 0 R/W address (DDAR). With the extended repeat area, the

specified lower address bits are updated and the

1 DARA1 0 R/W remaining upper address bits are fixed. The extended
0 DARAO 0 R/W  repeat area size is specified from four bytes to 128

Mbytes in units of byte and a power of 2.

When the lower address is overflowed from the
extended repeat area by address update, the address
becomes the start address and the end address of the
area for address addition and subtraction, respectively.

When an overflow in the extended repeat area occurs
with the DARIE bit set to 1, an interrupt can be
requested. Table 7.3 shows the settings and areas of
the extended repeat area.
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Table 7.3  Settings and Areas of Extended Repeat Area

SARA4 to

SARAO or

DARA4 to

DARAO Extended Repeat Area

00000 Not specified

00001 2 bytes specified as extended repeat area by the lower 1 bit of the address
00010 4 bytes specified as extended repeat area by the lower 2 bits of the address
00011 8 bytes specified as extended repeat area by the lower 3 bits of the address
00100 16 bytes specified as extended repeat area by the lower 4 bits of the address
00101 32 bytes specified as extended repeat area by the lower 5 bits of the address
00110 64 bytes specified as extended repeat area by the lower 6 bits of the address
00111 128 bytes specified as extended repeat area by the lower 7 bits of the address
01000 256 bytes specified as extended repeat area by the lower 8 bits of the address
01001 512 bytes specified as extended repeat area by the lower 9 bits of the address
01010 1 kbyte specified as extended repeat area by the lower 10 bits of the address
01011 2 kbytes specified as extended repeat area by the lower 11 bits of the address
01100 4 kbytes specified as extended repeat area by the lower 12 bits of the address
01101 8 kbytes specified as extended repeat area by the lower 13 bits of the address
01110 16 kbytes specified as extended repeat area by the lower 14 bits of the address
01111 32 kbytes specified as extended repeat area by the lower 15 bits of the address
10000 64 kbytes specified as extended repeat area by the lower 16 bits of the address
10001 128 kbytes specified as extended repeat area by the lower 17 bits of the address
10010 256 kbytes specified as extended repeat area by the lower 18 bits of the address
10011 512 kbytes specified as extended repeat area by the lower 19 bits of the address
10100 1 Mbyte specified as extended repeat area by the lower 20 bits of the address
10101 2 Mbytes specified as extended repeat area by the lower 21 bits of the address
10110 4 Mbytes specified as extended repeat area by the lower 22 bits of the address
10111 8 Mbytes specified as extended repeat area by the lower 23 bits of the address
11000 16 Mbytes specified as extended repeat area by the lower 24 bits of the address
11001 32 Mbytes specified as extended repeat area by the lower 25 bits of the address
11010 64 Mbytes specified as extended repeat area by the lower 26 bits of the address
11011 128 Mbytes specified as extended repeat area by the lower 27 bits of the address
111xx Setting prohibited

[Legend]

x: Don't care
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7.3.8

DMA Module Request Select Register (DMRSR)

DMRSR is an 8-bit readable/writable register that specifies the on-chip module interrupt source.
The vector number of the interrupt source is specified in eight bits. However, O is regarded as no
interrupt source. For the vector numbers of the interrupt sources, refer to table 7.5.

Bit 7 6 5 4 3 2 1 0
BitName | I I I I I I |
Initial Value 0 0 0 0 0 0 0 0
RW RW R/W RW RW RW RW RW RW

7.4 Transfer Modes

Table 7.4 shows the DMAC transfer modes. The transfer modes can be specified to the individual

channels.

Table 7.4  Transfer Modes

Address Register

Address Destina-

Mode Transfer mode Activation Source Common Function Source tion

Dual e Normal transfer e Auto request e Total transfer DSAR DDAR

address | poneat transfer (activated by size: 1to 4

e Block transfer CPU) Gbytes or not
Repeat or block size ® ©On-chip module specified

=1 to 65,536 bytes, interrupt e Offset addition
110 65,536 words, or o External request o Extended repeat
110 65,536 area function
longwords

Single ¢ Instead of specifying the source or destination address DSAR/  DACK/

address DACK DDAR

registers, data is directly transferred from/to the external
device using the DACK pin
e The same settings as above are available other than address
register setting (e.g., above transfer modes can be specified)
e One transfer can be performed in one bus cycle (the types of
transfer modes are the same as those of dual address modes)
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When the auto request setting is selected as the activation source, the cycle stealing or burst access
can be selected. When the total transfer size is not specified (DTCR = H'00000000), the transfer
counter is stopped and the transfer is continued without the limitation of the transfer count.

7.5 Operations

7.5.1 Address Modes
(1) Dual Address Mode

In dual address mode, the transfer source address is specified in DSAR and the transfer destination
address is specified in DDAR. A transfer at a time is performed in two bus cycles (when the data
bus width is less than the data access size or the access address is not aligned with the boundary of
the data access size, the number of bus cycles are needed more than two because one bus cycle is
divided into multiple bus cycles).

In the first bus cycle, data at the transfer source address is read and in the next cycle, the read data
is written to the transfer destination address.

The read and write cycles are not separated. Other bus cycles (bus cycle by other bus masters,
refresh cycle, and external bus release cycle) are not generated between read and write cycles.

The TEND signal output is enabled or disabled by the TENDE bit in DMDR. The TEND signal is
output in two bus cycles. When an idle cycle is inserted before the bus cycle, the TEND signal is
also output in the idle cycle. The DACK signal is not output.

Figure 7.2 shows an example of the signal timing in dual address mode and figure 7.3 shows the
operation in dual address mode.
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DMA read DMA write

i cycle i cycle i
Bo | | I | | | I | | | I |
Address bus h DSAR X DDAR |
RD ! | l !
WR : | | I |
TEND | |

Figure 7.2 Example of Signal Timing in Dual Address Mode

/\/ /\/

Address Ta —> Transfer > ~+— Address Ts

Address Bn —» Address update setting is as follows:

Source address increment

Fixed destination address
Figure 7.3 Operations in Dual Address Mode
(2) Single Address Mode

In single address mode, data between an external device and an external memory is directly
transferred using the DACK pin instead of DSAR or DDAR. A transfer at a time is performed in
one bus cycle. In this mode, the data bus width must be the same as the data access size. For
details on the data bus width, see section 6, Bus Controller (BSC).

The DMAC accesses an external device as the transfer source or destination by outputting the
strobe signal (DACK) to the external device with DACK and accesses the other transfer target by
outputting the address. Accordingly, the DMA transfer is performed in one bus cycle. Figure 7.4
shows an example of a transfer between an external memory and an external device with the
DACK pin. In this example, the external device outputs data on the data bus and the data is written
to the external memory in the same bus cycle.
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The transfer direction is decided by the DIRS bit in DACR which specifies an external device with
the DACK pin as the transfer source or destination. When DIRS = 0, data is transferred from an
external memory (DSAR) to an external device with the DACK pin. When DIRS =1, data is
transferred from an external device with the DACK pin to an external memory (DDAR). The
settings of registers which are not used as the transfer source or destination are ignored.

The DACK signal output is enabled in single address mode by the DACKE bit in DMDR. The
DACK signal is low active.

The TEND signal output is enabled or disabled by the TENDE bit in DMDR. The TEND signal is
output in one bus cycle. When an idle cycle is inserted before the bus cycle, the TEND signal is
also output in the idle cycle.

Figure 7.5 shows an example of timing charts in single address mode and figure 7.6 shows an
example of operation in single address mode.

External External

address data

bus bus

LSI
External
- memory
DMAC N G | External device
U with DACK
Py /
DACK
--» Data flow DREQ

Figure 7.4 Data Flow in Single Address Mode
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Transfer from external memory to external device with DACK
+ DMAcycle .
-

w LML LI L

Address bus X DSAR 'x -+——— Address for external memory space
RD . ~—— RD signal for external memory space
WR High | 5

DACK | |_

Data bus : -+—— Data output by external memory

TEND l l

Transfer from external device with DACK to external memory
+ DMAcycle .
e —

w LI LI LI L

Address bus X DDAR 'x ~+——— Address for external memory space

RD High
WR

DACK | |_

~—— WR signal for external memory space

Data bus

TEND

Figure 7.5 Example of Signal Timing in Single Address Mode

Address T ——- {  Transfer >I |<— DACK

Address B —p

R,

Figure 7.6 Operations in Single Address Mode
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7.5.2 Transfer Modes
(1) Normal Transfer Mode

In normal transfer mode, one data access size of data is transferred at a single transfer request. Up
to 4 Gbytes can be specified as a total transfer size by DTCR. DBSR is ignored in normal transfer
mode.

The TEND signal is output only in the last DMA transfer. The DACK signal is output every time a
transfer request is received and a transfer starts.

Figure 7.7 shows an example of the signal timing in normal transfer mode and figure 7.8 shows
the operation in normal transfer mode.

Auto request transfer in dual address mode:
. DMA transfer i Last DMA H
1 cycle ! ' transfer cycle !

Bus cycle —X Read X Write X—X Read X Write X—
TEND | I

External request transfer in single address mode:

DREQ | [

DACK | I | I

Figure 7.7 Example of Signal Timing in Normal Transfer Mode
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/\//\/

~
Address Tp, —» | Transfer> ~<— Address T

\ Total transfer
size (DTCR)

Address Bn —» -<— Address Bs

/\//\/

Figure 7.8 Operations in Normal Transfer Mode
(2) Repeat Transfer Mode

In repeat transfer mode, one data access size of data is transferred at a single transfer request. Up
to 4 Gbytes can be specified as a total transfer size by DTCR. The repeat size can be specified in
DBSR up to 65536 x data access size.

The repeat area can be specified for the source or destination address side by bits ARS1 and ARSO
in DACR. The address specified as the repeat area returns to the transfer start address when the
repeat size of transfers is completed. This operation is repeated until the total transfer size
specified in DTCR is completed. When H'00000000 is specified in DTCR, it is regarded as the
free running mode and repeat transfer is continued until the DTE bit in DMDR is cleared to 0.

In addition, a DMA transfer can be stopped and a repeat size end interrupt can be requested to the
CPU or DTC when the repeat size of transfers is completed. When the next transfer is requested
after completion of a 1-repeat size data transfer while the RPTIE bit is set to 1, the DTE bit in
DMDR is cleared to 0 and the ESIF bit in DMDR is set to 1 to complete the transfer. At this time,
an interrupt is requested to the CPU or DTC when the ESIE bit in DMDR is set to 1.

The timings of the TEND and DACK signals are the same as in normal transfer mode.
Figure 7.9 shows the operation in repeat transfer mode while dual address mode is set.

When the repeat area is specified as neither source nor destination address side, the operation is
the same as the normal transfer mode operation shown in figure 7.8. In this case, a repeat size end
interrupt can also be requested to the CPU when the repeat size of transfers is completed.
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~
Address Tp, —» Transfer > ~—Address Tg

Repeat size =
BKSZH x
data access size

Address B —p Total transfer

size (DTCR)

Y

Operation when the repeat area is specified ~+— Address Bg )

to the source side

/\/

Figure 7.9 Operations in Repeat Transfer Mode
(3) Block Transfer Mode

In block transfer mode, one block size of data is transferred at a single transfer request. Up to 4
Gbytes can be specified as total transfer size by DTCR. The block size can be specified in DBSR
up to 65536 x data access size.

While one block of data is being transferred, transfer requests from other channels are suspended.
When the transfer is completed, the bus is released to the other bus master.

The block area can be specified for the source or destination address side by bits ARS1 and ARSO
in DACR. The address specified as the block area returns to the transfer start address when the
block size of data is completed. When the block area is specified as neither source nor destination
address side, the operation continues without returning the address to the transfer start address. A
repeat size end interrupt can be requested.

The TEND signal is output every time 1-block data is transferred in the last DMA transfer cycle.
When the external request is selected as an activation source, the low level detection of the DREQ
signal (DREQS = 0) should be selected.

When an interrupt request by an extended repeat area overflow is used in block transfer mode,
settings should be selected carefully. For details, see section 7.5.5, Extended Repeat Area
Function.
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Figure 7.10 shows an example of the DMA transfer timing in block transfer mode. The transfer
conditions are as follows:

e Address mode: single address mode

e Data access size:

byte

e I-block size: three bytes

The block transfer mode operations in single address mode and in dual address mode are shown in
figures 7.11 and 7.12, respectively.

orEa | |

Transfer cycles for one block

Bus cycle §_cPu X cPU X pmac X DMAC X DMAC X cpu X

N — 1
H No CPU cycle generated |

TEND E |_l7

Figure 7.10 Operations in Block Transfer Mode

Address T —»

AddressB  —»

—~—

[

[ ] Transfer I ~<— DACK
Block

BKSZH x N
data access size _L

/\/

Figure 7.11 Operation in Single Address Mode in Block Transfer Mode

(Block Area Specified)
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Address Ta

Address B,

——

—

|

First block

BKSZH x
data access size

Y

JE—

Second block

Nth block

/_\/

Total transfer
size (DTCR)

——

—  First block —

Second block

Nth block

<— Address Tg

Y
-<— Address Bg

(Block Area Not Specified)

Figure 7.12 Operation in Dual Address Mode in Block Transfer Mode
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7.5.3 Activation Sources

The DMAC is activated by an auto request, an on-chip module interrupt, and an external request.
The activation source is specified by bits DTF1 and DTFO in DMDR.

(1) Activation by Auto Request

The auto request activation is used when a transfer request from an external device or an on-chip
peripheral module is not generated such as a transfer between memory and memory or between
memory and an on-chip peripheral module which does not request a transfer. A transfer request is
automatically generated inside the DMAC. In auto request activation, setting the DTE bit in
DMDR starts a transfer. The bus mode can be selected from cycle stealing and burst modes.

(2) Activation by On-Chip Module Interrupt

An interrupt request from an on-chip peripheral module (on-chip peripheral module interrupt) is
used as a transfer request. When a DMA transfer is enabled (DTE = 1), the DMA transfer is
started by an on-chip module interrupt.

The activation source of the on-chip module interrupt is selected by the DMA module request
select register (DMRSR). The activation sources are specified to the individual channels. Table
7.5 is a list of on-chip module interrupts for the DMAC. The interrupt request selected as the
activation source can generate an interrupt request simultaneously to the CPU or DTC. For details,
refer to section 5, Interrupt Controller.

The DMAC receives interrupt requests by on-chip peripheral modules independent of the interrupt
controller. Therefore, the DMAC is not affected by priority given in the interrupt controller.

When the DMAC is activated while DTA = 1, the interrupt request flag is automatically cleared by
a DMA transfer. If multiple channels use a single transfer request as an activation source, when
the channel having priority is activated, the interrupt request flag is cleared. In this case, other
channels may not be activated because the transfer request is not held in the DMAC.

When the DMAC is activated while DTA = 0, the interrupt request flag is not cleared by the
DMAC and should be cleared by the CPU or DTC transfer.

When an activation source is selected while DTE = 0, the activation source does not request a
transfer to the DMAC. It requests an interrupt to the CPU or DTC.

In addition, make sure that an interrupt request flag as an on-chip module interrupt source is
cleared to O before writing 1 to the DTE bit.
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Table 7.5  List of On-chip module interrupts to DMAC

On-Chip Module Interrupt Source

DMRSR

On-Chip  (Vector
Module Number)

ADI (conversion end interrupt for A/D converter) A/D 86

TGIOA (TGIOA input capture/compare match) TPU_O 88

TGI1A (TGI1A input capture/compare match) TPU_1 93

TGI2A (TGI2A input capture/compare match) TPU_2 97

TGI3A (TGI3A input capture/compare match) TPU_3 101
TGI4A (TGI4A input capture/compare match) TPU_4 106
TGI5A (TGI5A input capture/compare match) TPU_5 110
RXIO (receive data full interrupt for SCI channel 0) SCI_0 145
TXIO (transmit data empty interrupt for SCI channel 0) SCI_0 146
RXI1 (receive data full interrupt for SCI channel 1) SCI_1 149
TXI1 (transmit data empty interrupt for SCI channel 1) SCI_1 150
RXI2 (receive data full interrupt for SCI channel 2) SCI_2 153
TXI2 (transmit data empty interrupt for SCI channel 2) SCI_2 154
RXI14 (receive data full interrupt for SCI channel 4) SCI_4 161
TXI4 (transmit data empty interrupt for SCI channel 4) SCI_4 162
RXI5 (receive data full interrupt for SCI channel 5) SCI_5 220
TXI5 (transmit data empty interrupt for SCI channel 5) SCI_5 221
RXI6 (receive data full interrupt for SCI channel 6) SCI_6 224
TXI6 (transmit data empty interrupt for SCI channel 6) SCI_6 225
USBINTNO (EP1FIFO full interrupt) uSB 232
USBINTN1 (EP2FIFO empty interrupt) USB 233

RENESAS
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(3) Activation by External Request

A transfer is started by a transfer request signal (DREQ) from an external device. When a DMA
transfer is enabled (DTE = 1), the DMA transfer is started by the DREQ assertion. When a DMA
transfer between on-chip peripheral modules is performed, select an activation source from the
auto request and on-chip module interrupt (the external request cannot be used).

A transfer request signal is input to the DREQ pin. The DREQ signal is detected on the falling
edge or low level. Whether the falling edge or low level detection is used is selected by the
DREQS bit in DMDR. To perform a block transfer, select the low level detection (DREQS = 0).

When an external request is selected as an activation source, clear the DDR bit to 0 and set the
ICR bit to 1 for the corresponding pin. For details, see section 9, I/O Ports.

7.5.4 Bus Access Modes
There are two types of bus access modes: cycle stealing and burst.

When an activation source is the auto request, the cycle stealing or burst mode is selected by bit
DTFO in DMDR. When an activation source is the on-chip module interrupt or external request,
the cycle stealing mode is selected.

(1) Cycle Stealing Mode

In cycle stealing mode, the DMAC releases the bus every time one unit of transfers (byte, word,
longword, or 1-block size) is completed. After that, when a transfer is requested, the DMAC
obtains the bus to transfer 1-unit data and then releases the bus on completion of the transfer. This
operation is continued until the transfer end condition is satisfied.

When a transfer is requested to another channel during a DMA transfer, the DMAC releases the
bus and then transfers data for the requested channel. For details on operations when a transfer is
requested to multiple channels, see section 7.5.8, Priority of Channels.
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Figure 7.13 shows an example of timing in cycle stealing mode. The transfer conditions are as
follows:

e Address mode: Single address mode

e Sampling method of the DREQ signal: Low level detection

DREQ |

Buscycdle X" cpu X_cpu X__bmac_X_cpu X bMAC X cPu X
N~

Bus released temporarily for the CPU

Figure 7.13 Example of Timing in Cycle Stealing Mode
(2) Burst Access Mode

In burst mode, once it takes the bus, the DMAC continues a transfer without releasing the bus until
the transfer end condition is satisfied. Even if a transfer is requested from another channel having
priority, the transfer is not stopped once it is started. The DMAC releases the bus in the next cycle
after the transfer for the channel in burst mode is completed. This is similarly to operation in cycle
stealing mode. However, setting the IBCCS bit in IBCR of the bus controller makes the DMAC
release the bus to pass the bus to another bus master.

In block transfer mode, the burst mode setting is ignored (operation is the same as that in burst
mode during one block of transfers). The DMAC is always operated in cycle stealing mode.

Clearing the DTE bit in DMDR stops a DMA transfer. A transfer requested before the DTE bit is
cleared to 0 by the DMAC is executed. When an interrupt by a transfer size error, a repeat size
end, or an extended repeat area overflow occurs, the DTE bit is cleared to 0 and the transfer ends.

Figure 7.14 shows an example of timing in burst mode.

Buscycle X cpu X cpu X pmac X bmac X pmac X cpu X cru X
N
No CPU cycle generated

Figure 7.14 Example of Timing in Burst Mode
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7.5.5 Extended Repeat Area Function

The source and destination address sides can be specified as the extended repeat area. The contents
of the address register repeat addresses within the area specified as the extended repeat area. For
example, to use a ring buffer as the transfer target, the contents of the address register should
return to the start address of the buffer every time the contents reach the end address of the buffer
(overflow on the ring buffer address). This operation can automatically be performed using the
extended repeat area function of the DMAC.

The extended repeat areas can be specified independently to the source address register (DSAR)
and destination address register (DDAR).

The extended repeat area on the source address is specified by bits SARA4 to SARAO in DACR.
The extended repeat area on the destination address is specified by bits DARA4 to DARAO in
DACR. The extended repeat area sizes for each side can be specified independently.

A DMA transfer is stopped and an interrupt by an extended repeat area overflow can be requested
to the CPU when the contents of the address register reach the end address of the extended repeat
area. When an overflow on the extended repeat area set in DSAR occurs while the SARIE bit in
DACR is set to 1, the ESIF bit in DMDR is set to 1 and the DTE bit in DMDR is cleared to O to
stop the transfer. At this time, if the ESIE bit in DMDR is set to 1, an interrupt by an extended
repeat area overflow is requested to the CPU. When the DARIE bit in DACR is set to 1, an
overflow on the extended repeat area set in DDAR occurs, meaning that the destination side is a
target. During the interrupt handling, setting the DTE bit in DMDR resumes the transfer.
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Figure 7.15 shows an example of the extended repeat area operation.

When the area represented by the lower three bits of DSAR (eight bytes)
is specified as the extended repeat area (SARA4 to SARAO = B'00011)

External memory

Repeat

— An interrupt request by extended repeat area

overflow can be generated.

: Area specified
H23FFFE by DSAR
H'23FFFF
H'240000 |~ [H'240000
H'240001 H'240001
H'240002 H'240002
H'240003 H'240003
H'240004 H'240004
H'240005 H'240005
H'240006 H'240006
H'240007 H'240007
H240008|
H'240009

Figure 7.15 Example of Extended Repeat Area Operation

When an interrupt by an extended repeat area overflow is used in block transfer mode, the
following should be taken into consideration.

When a transfer is stopped by an interrupt by an extended repeat area overflow, the address
register must be set so that the block size is a power of 2 or the block size boundary is aligned with
the extended repeat area boundary. When an overflow on the extended repeat area occurs during a
transfer of one block, the interrupt by the overflow is suspended and the transfer overruns.
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Figure 7.16 shows examples when the extended repeat area function is used in block transfer
mode.

When the are represented by the lower three bits (eight bytes) of DSAR are specified as the extended
repeat area (SARA4 to SARAO = 3) and the block size in block transfer mode is specified to 5 (bits 23
to 16 in DTCR = 5).

External memory Area specified 1st block 2nd block
: by DSAR transfer transfer
H'23FFFE
H'23FFFF
H'240000 H'240000 H'240000 H'240000
H'240001 H'240001 H'240001 H'240001
F240002 H240002 H'240002 Interrupt
request
H'240003 H'240003 H'240003 generated
H'240004 H'240004 H'240004
H'240005 H'240005 H'240005
H'240006 H'240006 H'240006
H'240007 H'240007 H'240007
H240008 BIoc}( transfer
continued
H'240009

Figure 7.16 Example of Extended Repeat Area Function in Block Transfer Mode
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7.5.6 Address Update Function using Offset

The source and destination addresses are updated by fixing, increment/decrement by 1, 2, or 4, or
offset addition. When the offset addition is selected, the offset specified by the offset register
(DOFR) is added to the address every time the DMAC transfers the data access size of data. This
function realizes a data transfer where addresses are allocated to separated areas.

Figure 7.17 shows the address update method.

External memory External memory External memory
10 D +1,2,0r4 ~N
D + offset
2 :
< <
< R
< <
Address not Data access size Offset is added to address
updated added to or subtracted (addresses are not

from address (addresses continuous)
are continuous)

(a) Address fixed (b) Increment or decrement (c) Offset addition
by 1,2,0or4

Figure 7.17 Address Update Method

In item (a), Address fixed, the transfer source or destination address is not updated indicating the
same address.

In item (b), Increment or decrement by 1, 2, or 4, the transfer source or destination address is
incremented or decremented by the value according to the data access size at each transfer. Byte,
word, or longword can be specified as the data access size. The value of 1 for byte, 2 for word, and
4 for longword is used for updating the address. This operation realizes the data transfer placed in
consecutive areas.

In item (c), Offset addition, the address update does not depend on the data access size. The offset
specified by DOFR is added to the address every time the DMAC transfers data of the data access
size.
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The address is calculated by the offset set in DOFR and the contents of DSAR and DDAR.
Although the DMAC calculates only addition, an offset subtraction can be realized by setting the
negative value in DOFR. In this case, the negative value must be 2's complement.

(1) Basic Transfer Using Offset

Figure 7.18 shows a basic operation of a transfer using the offset addition.

' Data 1 Address A1 Data 1 Address B1
Data2 | Address B2 = Address B1 + 4
Data 3 Address B3 = Address B2 + 4
Offset X rx——> Data 4 | Address B4 = Address B3 + 4

Data 5 Address B5 = Address B4 + 4

AN
O
]
=3
[
n

Address A2 e
= Address A1 + Offset

Offset < F ——

N7

Data 3 Address A3
= Address A2 + Offset

Offset { ==

Transfer source:  Offset addition
Transfer destination: Increment by 4 (longword)

Data 4 Address A4
= Address A3 + Offset

N7

Offset < [ =

~ Data 5 Address A5
= Address A4 + Offset

—

Figure 7.18 Operation of Offset Addition

In figure 7.18, the offset addition is selected as the transfer source address update and increment or
decrement by 1, 2, or 4 is selected as the transfer destination address. The address update means
that data at the address which is away from the previous transfer source address by the offset is
read from. The data read from the address away from the previous address is written to the
consecutive area in the destination side.

Rev.1.00 Jun. 07, 2006 Page 360 of 1102
REJ09B0294-0100 RENESAS




Section 7 DMA Controller (DMAC)

(2) XY Conversion Using Offset

Figure 7.19 shows the XY conversion using the offset addition in repeat transfer mode.

Datai | Data5 |Data9 |Data 13 isttransfer —»| Data1 |Data2 [ Data3 Data 4
Data 2 Data6 |Data10 |Data 14 2nd transfer—p-| Data 5 Data 6 Data 7 Data 8
Data3 | Data7 |Data11 |Data 15 3rd transfer —| Data9 | Data 10 | Data 11 | Data 12
Data4 | Data8 |Data12 |Data 16 4th transfer —>| Data 13 | Data 14 | Data 15 [ Data 16

1st transfer 2nd transfer Tygnsfer sourcesrd transfer
addresses
’\/ ,\/ changed ,\/ ,\/
___________ by CPU -
Data 1 _ | Data 1 ] Data 1 Data 1
Offset Data 5 Address | Dalad —» | Daas :l Data 2 1st transfer
Data 9 initialized | Data 9 Address | Data9 Data 3
Data13 | | . _____ Data 13 initialized | Data 13 | Tyansfer sourcel | Data4 |
Data 2 Data 2 N Data 2 addresses Data 5
Offset Data 6 Data 6 Data 6 gt;acr;gﬁd Data 6
Data 10 Data 10 Data 10 Data 7 2nd transfer
Data14 | | Data 14 Data 14 Data 8 J
Data 3 Data 3 I P Data 3 Data 9
Data 7 Data 7 Data 7 Data 10
Offset Data 11 Data 11 Data 11 : Data 11 | | o ransfer
Datai15 | | _______ Data 15 Data 15 E Data 12 |
Data4d F——» Data 4 R Data 4 ! Data 13
Data 8 Interrupt Data8 |—— , Data 8 Data 14
4th transfer
Data 12 requesg g Data 12 Interrupt Data 12 |— Data 15
Data 16 generate Data 16 request Data 16 Interrupt Y| Data16 | |
generated request
—~_ —_ —~_ generated —_

Figure 7.19 XY Conversion Operation Using Offset Addition in Repeat Transfer Mode

In figure 7.19, the source address side is specified to the repeat area by DACR and the offset
addition is selected. The offset value is set to 4 x data access size (when the data access size is
longword, H'00000010 is set in DOFR, as an example). The repeat size is set to 4 x data access
size (when the data access size is longword, the repeat size is set to 4 x 4 = 16 bytes, as an
example). The increment or decrement by 1, 2, or 4 is specified as the transfer destination address.
A repeat size end interrupt is requested when the repeat size of transfers is completed.
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When a transfer starts, the transfer source address is added to the offset every time data is
transferred. The transfer data is written to the destination continuous addresses. When data 4 is
transferred meaning that the repeat size of transfers is completed, the transfer source address
returns to the transfer start address (address of data 1 on the transfer source) and a repeat size end
interrupt is requested. While this interrupt stops the transfer temporarily, the contents of DSAR are
written to the address of data 5 by the CPU (when the data access size is longword, write the data

1 address + 4). When the DTE bit in DMDR is set to 1, the transfer is resumed from the state when
the transfer is stopped. Accordingly, operations are repeated and the transfer source data is
transposed to the destination area (XY conversion).

Figure 7.20 shows a flowchart of the XY conversion.

|| Set address and transfer count ||
I

|| Set repeat transfer mode ||
|

|| Enable repeat escape interrupt ||

|| Set DTE bitto 1 ||

| Receives transfer request |
I
| Transfers data |
|
Decrements transfer count
and repeat size

No
Transfer count = 0?

Yes

N
Repeat size = 0?

Yes

|Initializes transfer source addressl
Il

Generates repeat size end
interrupt request
I

|| Set transfer source address + 4 "

(Longword transfer)

End

: User operation I:l : DMAC operation

Figure 7.20 XY Conversion Flowchart Using Offset Addition in Repeat Transfer Mode

Rev.1.00 Jun. 07, 2006 Page 362 of 1102
REJ09B0294-0100 RENESAS




Section 7 DMA Controller (DMAC)

(3) Offset Subtraction

When setting the negative value in DOFR, the offset value must be 2's complement. The 2's
complement is obtained by the following formula.

2's complement of offset = 1 + ~offset (~: bit inversion)

Example: 2's complement of H'0001FFFF
= H'FFFE0000 + H'00000001
= H'FFFE0001

The value of 2's complement can be obtained by the NEG.L instruction.

7.5.7 Register during DMA Transfer

The DMAC registers are updated by a DMA transfer. The value to be updated differs according to
the other settings and transfer state. The registers to be updated are DSAR, DDAR, DTCR, bits
BKSZH and BKSZ in DBSR, and the DTE, ACT, ERRF, ESIF, and DTIF bits in DMDR.

(1) DMA Source Address Register

When the transfer source address set in DSAR is accessed, the contents of DSAR are output and
then are updated to the next address.

The increment or decrement can be specified by bits SAT1 and SATO in DACR. When SAT1 and
SATO = B'00, the address is fixed. When SAT1 and SATO = B'01, the address is added with the
offset. When SAT1 and SATO = B'10, the address is incremented. When SAT1 and SATO=B'11,
the address is decremented. The size of increment or decrement depends on the data access size.

The data access size is specified by bits DTSZ1 and DTSZ0 in DMDR. When DTSZ1 and DTSZ0
= B'00, the data access size is byte and the address is incremented or decremented by 1. When
DTSZ1 and DTSZ0 = B'01, the data access size is word and the address is incremented or
decremented by 2. When DTSZ1 and DTSZ0 = B'10, the data access size is longword and the
address is incremented or decremented by 4. Even if the access data size of the source address is
word or longword, when the source address is not aligned with the word or longword boundary,
the read bus cycle is divided into byte or word cycles. While data of one word or one longword is
being read, the size of increment or decrement is changing according to the actual data access size,
for example, +1 or +2 for byte or word data. After one word or one longword of data is read, the
address when the read cycle is started is incremented or decremented by the value according to
bits SAT1 and SATO.
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In block or repeat transfer mode, when the block or repeat size of data transfers is completed while
the block or repeat area is specified to the source address side, the source address returns to the
transfer start address and is not affected by the address update.

When the extended repeat area is specified to the source address side, operation follows the
setting. The upper address bits are fixed and is not affected by the address update.

While data is being transferred, DSAR must be accessed in longwords. If the upper word and
lower word are read separately, incorrect data may be read from since the contents of DSAR
during the transfer may be updated regardless of the access by the CPU. Moreover, DSAR for the
channel being transferred must not be written to.

(2) DMA Destination Address Register

When the transfer destination address set in DDAR is accessed, the contents of DDAR are output
and then are updated to the next address.

The increment or decrement can be specified by bits DAT1 and DATO in DACR. When DAT1
and DATO = B'00, the address is fixed. When DAT1 and DATO = B'01, the address is added with
the offset. When DAT1 and DATO = B'10, the address is incremented. When DAT1 and DATO =
B'11, the address is decremented. The incrementing or decrementing size depends on the data
access size.

The data access size is specified by bits DTSZ1 and DTSZ0 in DMDR. When DTSZ1 and DTSZ0
= B'00, the data access size is byte and the address is incremented or decremented by 1. When
DTSZ1 and DTSZ0 = B'01, the data access size is word and the address is incremented or
decremented by 2. When DTSZ1 and DTSZ0 = B'10, the data access size is longword and the
address is incremented or decremented by 4. Even if the access data size of the destination address
is word or longword, when the destination address is not aligned with the word or longword
boundary, the write bus cycle is divided into byte and word cycles. While one word or one
longword of data is being written, the incrementing or decrementing size is changing according to
the actual data access size, for example, +1 or +2 for byte or word data. After the one word or one
longword of data is written, the address when the write cycle is started is incremented or
decremented by the value according to bits SAT1 and SATO.

In block or repeat transfer mode, when the block or repeat size of data transfers is completed while
the block or repeat area is specified to the destination address side, the destination address returns
to the transfer start address and is not affected by the address update.

When the extended repeat area is specified to the destination address side, operation follows the
setting. The upper address bits are fixed and is not affected by the address update.
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While data is being transferred, DDAR must be accessed in longwords. If the upper word and
lower word are read separately, incorrect data may be read from since the contents of DDAR
during the transfer may be updated regardless of the access by the CPU. Moreover, DDAR for the
channel being transferred must not be written to.

(3) DMA Transfer Count Register (DTCR)

A DMA transfer decrements the contents of DTCR by the transferred bytes. When byte data is
transferred, DTCR is decremented by 1. When word data is transferred, DTCR is decremented by
2. When longword data is transferred, DTCR is decremented by 4. However, when DTCR = 0, the
contents of DTCR are not changed since the number of transfers is not counted.

While data is being transferred, all the bits of DTCR may be changed. DTCR must be accessed in
longwords. If the upper word and lower word are read separately, incorrect data may be read from
since the contents of DTCR during the transfer may be updated regardless of the access by the
CPU. Moreover, DTCR for the channel being transferred must not be written to.

When a conflict occurs between the address update by DMA transfer and write access by the CPU,
the CPU has priority. When a conflict occurs between change from 1, 2, or 4 to 0 in DTCR and
write access by the CPU (other than 0), the CPU has priority in writing to DTCR. However, the
transfer is stopped.

(4) DMA Block Size Register (DBSR)

DBSR is enabled in block or repeat transfer mode. Bits 31 to 16 in DBSR function as BKSZH and
bits 15 to 0 in DBSR function as BKSZ. The BKSZH bits (16 bits) store the block size and repeat
size and its value is not changed. The BKSZ bits (16 bits) function as a counter for the block size
and repeat size and its value is decremented every transfer by 1. When the BKSZ value is to
change from 1 to 0 by a DMA transfer, O is not stored but the BKSZH value is loaded into the
BKSZ bits.

Since the upper 16 bits of DBSR are not updated, DBSR can be accessed in words.

DBSR for the channel being transferred must not be written to.
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(5) DTE Bit in DMDR

Although the DTE bit in DMDR enables or disables data transfer by the CPU write access, it is
automatically cleared to 0 according to the DMA transfer state by the DMAC.

The conditions for clearing the DTE bit by the DMAC are as follows:

e When the total size of transfers is completed

e When a transfer is completed by a transfer size error interrupt

e When a transfer is completed by a repeat size end interrupt

e When a transfer is completed by an extended repeat area overflow interrupt
e When a transfer is stopped by an NMI interrupt

e When a transfer is stopped by and address error

e Reset state

e Hardware standby mode

e When a transfer is stopped by writing 0 to the DTE bit

Writing to the registers for the channels when the corresponding DTE bit is set to 1 is prohibited
(except for the DTE bit). When changing the register settings after writing 0 to the DTE bit,
confirm that the DTE bit has been cleared to 0.

Figure 7.21 show the procedure for changing the register settings for the channel being
transferred.

Changing register settings [1] Write O to the DTE bit in DMDR.
of channel during operation

| [2] Read the DTE bit.
| Write 0 to DTE bit |[1]

| Read DTE bit |[2]

[38] Confirm that DTE = 0. DTE =1
indicates that DMA is transferring.

[4] Write the desired values to the
registers.

[3]

| Change register settings |[4]

End of changing
register settings

Figure 7.21 Procedure for Changing Register Setting For Channel being Transferred

Rev.1.00 Jun. 07, 2006 Page 366 of 1102
REJ09B0294-0100 RENESAS



Section 7 DMA Controller (DMAC)

(6) ACT Bit in DMDR

The ACT bit in DMDR indicates whether the DMAC is in the idle or active state. When DTE =0
or DTE =1 and the DMAC is waiting for a transfer request, the ACT bit is 0. Otherwise (the
DMAC is in the active state), the ACT bit is 1. When individual transfers are stopped by writing 0
and the transfer is not completed, the ACT bit retains 1.

In block transfer mode, even if individual transfers are stopped by writing O to the DTE bit, the 1-
block size of transfers is not stopped. The ACT bit retains 1 from writing 0 to the DTE bit to
completion of a 1-block size transfer.

In burst mode, up to three times of DMA transfer are performed from the cycle in which the DTE
bit is written to 0. The ACT bit retains 1 from writing O to the DTE bit to completion of DMA
transfer.

(7) ERREF Bit in DMDR

When an address error or an NMI interrupt occur, the DMAC clears the DTE bits for all the
channels to stop a transfer. In addition, it sets the ERRF bit in DMDR_0 to 1 to indicate that an
address error or an NMI interrupt has occurred regardless of whether or not the DMAC is in
operation.

(8) ESIF Bit in DMDR

When an interrupt by an transfer size error, a repeat size end, or an extended repeat area overflow
is requested, the ESIF bit in DMDR is set to 1. When both the ESIF and ESIE bits are setto 1, a
transfer escape interrupt is requested to the CPU or DTC.

The ESIF bit is set to 1 when the ACT bit in DMDR is cleared to 0 to stop a transfer after the bus
cycle of the interrupt source is completed.

The ESIF bit is automatically cleared to 0 and a transfer request is cleared if the transfer is
resumed by setting the DTE bit to 1 during interrupt handling.

For details on interrupts, see section 7.8, Interrupt Sources.
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(9) DTIF Bit in DMDR

The DTIF bit in DMDR s set to 1 after the total transfer size of transfers is completed. When both
the DTIF and DTIE bits in DMDR are set to 1, a transfer end interrupt by the transfer counter is
requested to the CPU or DTC.

The DTIF bit is set to 1 when the ACT bit in DMDR is cleared to 0 to stop a transfer after the bus
cycle is completed.

The DTIF bit is automatically cleared to 0 and a transfer request is cleared if the transfer is
resumed by setting the DTE bit to 1 during interrupt handling.

For details on interrupts, see section 7.8, Interrupt Sources.

7.5.8 Priority of Channels

The channels of the DMAC are given following priority levels: channel 0 > channel 1 >
channel 2 > channel3. Table 7.6 shows the priority levels among the DMAC channels.

Table 7.6  Priority among DMAC Channels

Channel Priority
Channel 0 High
Channel 1

Channel 2

Channel 3 Low

The channel having highest priority other than the channel being transferred is selected when a
transfer is requested from other channels. The selected channel starts the transfer after the channel
being transferred releases the bus. At this time, when a bus master other than the DMAC requests
the bus, the cycle for the bus master is inserted.

In a burst transfer or a block transfer, channels are not switched.
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Figure 7.22 shows a transfer example when multiple transfer requests from channels O to 2.

Channel 0 transfer

Channel 1 transfer Channel 2 transfer

Address bus ):( X Channel 0 XiiSased Channel 1 iSased Channel 2 X
' T T I T ' ' ' ' i ' i
, ' ' 1 ' ' ' ' ' ' ' ' '
' I ' ' ' ' ' ' ' ' '

DMAC - i : : : : - ' ,

operation X Wa|t' X Qhannel 0 X Cha'nnel 1 X Char:nel 2 : X . Wait ' :
Channel 0 : ! Reques:t clearedi / E E E E E E E E E
Channel 1 E } T Request cleared! E ' E E E E ;
/ ' .Request -Selected -\ - X X - " T T " ]
' .retalned : ' ' / : ' : . ' '
Channel 2 1 i ] i i Request cleared
/- .Request Not -Request :Selected\ : + 0 ; ]
E .retamed -selected-retamed - : i | : . . ' E

Figure 7.22 Example of Timing for Channel Priority
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7.5.9 DMA Basic Bus Cycle

Figure 7.23 shows an examples of signal timing of a basic bus cycle. In figure 7.23, data is
transferred in words from the 16-bit 2-state access space to the 8-bit 3-state access space. When
the bus mastership is passed from the DMAC to the CPU, data is read from the source address and
it is written to the destination address. The bus is not released between the read and write cycles
by other bus requests. DMAC bus cycles follows the bus controller settings.

CPU cycle DMAC cycle (one word transfer) |CPU cycle
—>|= =|<—
Ty T, T, T, Ty T, T, Ty \
o LTI L
' 1
| Source address Destination address i

Address bus X X x X

SO

LHWR High

LLWR

Figure 7.23 Example of Bus Timing of DMA Transfer
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7.5.10  Bus Cycles in Dual Address Mode
(1) Normal Transfer Mode (Cycle Stealing Mode)

In cycle stealing mode, the bus is released every time one transfer size of data (one byte, one
word, or one longword) is completed. One bus cycle or more by the CPU or DTC are executed in
the bus released cycles.

In figure 7.24, the TEND signal output is enabled and data is transferred in words from the
external 16-bit 2-state access space to the external 16-bit 2-state access space in normal transfer
mode by cycle stealing.

DMAread , DMA write DMA read DMA write , , DMA read , DMA write )
cycle ' cycle . | cycle ' cycle , I cycle I cycle
| P P ————> -

Address bus X X X-i)_ X X_-_ jj:x X L

|
i
1 ) !
A

L L | R

| ' | | | : :

_ ! \ )

LHWR, LLWR - : —— - ) — - | | r
| |_| | | | |_| i i i |

|
1
TEND T . ) : — |
1 ' 1 1 1 ' '
1 : 1 1 1 ' 1 |'
i

—
=

' ' '
— :<—>: 1 ! —p' >lt—
Bus .

Bus Bus Last transfer cycle Bus
released

released released released

Figure 7.24 Example of Transfer in Normal Transfer Mode by Cycle Stealing

In figures 7.25 and 7.26, the TEND signal output is enabled and data is transferred in longwords
from the external 16-bit 2-state access space to the 16-bit 2-state access space in normal transfer
mode by cycle stealing.

In figure 7.25, the transfer source (DSAR) is not aligned with a longword boundary and the
transfer destination (DDAR) is aligned with a longword boundary.

In figure 7.26, the transfer source (DSAR) is aligned with a longword boundary and the transfer
destination (DDAR) is not aligned with a longword boundary.

Rev.1.00 Jun. 07, 2006 Page 371 of 1102
RENESAS REJ09B0294-0100




Section 7 DMA Controller (DMAC)

DMA byte DMA word DMA byte DMA word  DMA word DMA byte DMA word DMA byte DMA word ~ DMA word

1 read cycle 1 readcycle 1 readcycle , write cycle , write cycle | 1 readcycle | readcycle |, readcycle , write cycle | write cycle
1 L 1 1 1.

ALAULU AULLAUTALLUTLAL FLLAU L

Address  {4m+1 X4m+2 Y4m+4 X 4an X 4n+2 X‘:‘: L 4m+5 ) 4m+6)f4m+8 X 4n+4 | 4n+6 |

bus ' 1 A \ \
o ' ! ! ' -(\(\ ! ' '
I N A N L
CAWR 5 ; 5 ; M( ; : : ; I_,——l_,——
| ' | . | b | . . i i i
LLWR ' ' ' ' | I i | I T | ' ' | I j | I '
TEND — i E Z : :&‘—i E E E E —
— . . i 1 .<—— - T >
Bus Bus Last transfer cycle Bus
released released released
m and n are integers.
Figure 7.25 Example of Transfer in Normal Transfer Mode by Cycle Stealing
(Transfer Source DSAR = Odd Address and Source Address Increment)
DMA word DMA word  DMA byte DMA word DMA byte DMA word DMA word  DMA byte DMA word DMA byte
1 read cycle | readcycle | write cycle , write cycle , write cycle | 1 read cycle , read cycle , write cycle , write cycle | write cycle |
e LML U L L UL

Address X 4m X4m+2x4n+5X4n+6x4n+8x(:(: X 4m+4 X 4m+6 ) 4n + 1 X4n+2X4n+4x
) (4 H H

bus : : : : Nl : ‘ ‘
RD m 5 ! A | | | | ! : :
LHWR I_,—‘—l_l S I_,—‘—l_,—‘—
wn———
TEND  — § : : Z Zes | E E : E —
. : 5 : : s : —
Bus ' ' Bus ' Last transfer cycle Bus
released released released
m and n are integers.
Figure 7.26 Example of Transfer in Normal Transfer Mode by Cycle Stealing
(Transfer Destination DDAR = Odd Address and Destination Address Decrement)
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(2) Normal Transfer Mode (Burst Mode)

In burst mode, one byte, one word, or one longword of data continues to be transferred until the
transfer end condition is satisfied.

When a burst transfer starts, a transfer request from a channel having priority is suspended until
the burst transfer is completed.

In figure 7.27, the TEND signal output is enabled and data is transferred in words from the
external 16-bit 2-state access space to the external 16-bit 2-state access space in normal transfer
mode by burst access.

) DMA read cycle 1 DMA write cycle + DMA read cycle 1 DMA write cycle, DMA read cycle ) DMA write cyclel
¢ > — P — P — ' —p'
1 1 1 [l 1 ! !

Bo ||_||_||—||—||—||—||—l|—||—ll—||—ll—||—l|—
Address bus X X X

L
<o -
S<
><

. i , 1 | |
LAWR, LLWR : - | | ; - | | : ' |_|
1 i , i i i
, | h \ \ |
: : | : —_—
TEND : i : i | ,
! | h |
- s s s = -
Bus . . . Last transfer cycle 1 Bus
; | released
|

Burst transfer

Figure 7.27 Example of Transfer in Normal Transfer Mode by Burst Access
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(3) Block Transfer Mode

In block transfer mode, the bus is released every time a 1-block size of transfers at a single transfer
request is completed.

In figure 7.28, the TEND signal output is enabled and data is transferred in words from the
external 16-bit 2-state access space to the external 16-bit 2-state access space in block transfer
mode.

+ DMAread , DMA write « DMAread , DMA write DMA read, DMA write, DMA read ! DMA write ,
| cycle 1 cycle 1 cycle 1 cycle ' cycle ' cycle ! cycle 1+ cycle '
! 1

Bo ||||||||||||||||_||_|3|_||_||—||—|I—I|—||—||—||—|I—
I S S S S x | S N

; 5 A E
o ' ' HEYY ! ! D
RD ! | (0 | . | \
: |—| E L P ! E ‘ 5
' | I | oy ! ' : !
LHWR, LLWR 0 1 : T X (o T j ' i
| L | . L g
TEND : : ; ' 0 : ' i :
T T ! |(( T v h |
: : ; | ' :
T ' i N 0 |
: : : : e : : ! :
> T > <> —t—
Bus Block transfer Bus Last block transfer cycle Bus
released released released

Figure 7.28 Example of Transfer in Block Transfer Mode
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(4) Activation Timing by DREQ Falling Edge
Figure 7.29 shows an example of normal transfer mode activated by the DREQ signal falling edge.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared and starts detecting a high level of the DREQ signal for falling edge detection. If
a high level of the DREQ signal has been detected until completion of the DMA write cycle,
receiving the next transfer request resumes and then a low level of the DREQ signal is detected.
This operation is repeated until the transfer is completed.

DMA read DMA write DMA read DMA write

Bus released cycle cycle Bus released cycle ! cycle Bus released
]

o MU L L e

prRE@  \ 5 : /

Address bus

'
'

'

'

,

1 N 1
)dy Transfer sourc?XTransfe( destinatiol X

DMA Wait )<ead Wrne X wait

operation T i v
'
/_/
Channel Request\ _
MR
'
'
'

X:EX Wiite X wait
/ . :

|
'
'
T
'
'
'
'
1 i 1
x Transfer sourceXl’ ransfer destmauoa(
|
'
'
|
'
'
'
'
y

Duration of transfer

P

'
'
'
1 Duration of transfer o /Requeét\ . -
' 1 request disapled o v request disablefd o '
1 [ ' [ ] ' N
. 1 ' 1 1 '
Min. of 3 cycles | ! Min. of 3 cycles . ! '
e ' -~ ! i
i I | I i I | I \
(1] [2] [3] [4 8] [6] [7]
Transfer request enable resumed Transfer request enable resumed

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the Bo signal is started to detect a high level of the
DREQ signal.

[4][7]1 When a high level of the DREQ signal has been detected, transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 7.29 Example of Transfer in Normal Transfer Mode Activated
by DREQ Falling Edge
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Figure 7.30 shows an example of block transfer mode activated by the DREQ signal falling edge.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared and starts detecting a high level of the DREQ signal for falling edge detection. If
a high level of the DREQ signal has been detected until completion of the DMA write cycle,
receiving the next transfer request resumes and then a low level of the DREQ signal is detected.
This operation is repeated until the transfer is completed.

1-block transfer 1-block transfer

Bus released cycle cycle Bus released Bus released

|
i
1 DMA read DMA write
|

'
l
DMA read DMA write |
! cycle ! cycle

i WMMJ_LJ_W

: 7

x y Transfer sourceXl’(ansier destinatiol
'

N

'
))'
'

)
'

(s

(s

'
|
'
{8 N
'
'

'

'

'

'

i

: N '
y Transfer sourchTransfe( destinatiol X

'

'

!

1

'

'

'

'

y

Address bus

'request disabled o

i il
Nl

DMA Wait! Read wite X Watt EX wite X Wait
operation T T T oy T 1 T

h | \ \ \

| | | | |

\ | | | |

| H !
Channel J S\ Duration of transfer

-

| :

| |

! i

.
o /Requeét\ L Duration of transfer o
<
:
'
'

I
!
E request disapled =
I
'
I

E Min. of 3 cycles E
' '

-~
1 ' 1 K
o | ' :
1] [2] [3] [4] (8] [6] [7]
Transfer request enable resumed Transfer request enable resumed

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high level of the
DREQ signal.

[4][7] When a high level of the DREQ signal has been detected, transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 7.30 Example of Transfer in Block Transfer Mode Activated
by DREQ Falling Edge
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(5) Activation Timing by DREQ Low Level
Figure 7.31 shows an example of normal transfer mode activated by the DREQ signal low level.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after completion of the write cycle
and then a low level of the DREQ signal is detected. This operation is repeated until the transfer is
completed.

, DMAread =~ DMAwrite , DMAread = DMAwrite
Bus released ! cycle cycle ! Busreleased ' cycle 1 cycle ! Bus released

i I_LFI_I_I_I_LJ_I_I_I_I_I_I_LFI_I_LJ_LJ_LI_LI_I_I_LI_LI_L

DREQ  ~\ I

'
'
'
L
e
'
'
U
()

'
'

'

'

T

:

] rans er ransier rgnsier
! A source des%na?on source _/ desﬁmaﬁon
T

j '

T

'

'

'

'

'

D

Address bus

DMA

operation _ Wait dad Write X Wait
. ! s T :
1 ' 1
Duration of transfer Duration of transfer
Channel request disabled request disabled

T
'

'

—|—>,

h

Min. of 3 cycles '

> <—>
' '
' '
no@ [3] 4 6] [6] 71
Transfer request enable resumed Transfer request enable resumed

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3](6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 7.31 Example of Transfer in Normal Transfer Mode Activated
by DREQ Low Level
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Figure 7.32 shows an example of block transfer mode activated by the DREQ signal low level.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after completion of the write cycle
and then a low level of the DREQ signal is detected. This operation is repeated until the transfer is
completed.

1-block transfer 1-block transfer
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[1] After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer

request is held.
[2][5] The DMAC is activated and the transfer request is cleared.
[3]6] A DMA cycle is started.
[4][7] Transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 7.32 Example of Transfer in Block Transfer Mode Activated
by DREQ Low Level
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(6) Activation Timing by DREQ Low Level with NRD =1

When the NRD bit in DMDR s set to 1, the timing of receiving the next transfer request is
delayed for one cycle.

Figure 7.33 shows an example of normal transfer mode activated by the DREQ signal low level
with NRD = 1.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after completion of the write cycle
and then a low level of the DREQ signal is detected. This operation is repeated until the transfer is
completed.

DMA read DMA read DMAread DMA read

Bus released cycle 1 cycle 1  Busreleased I cycle cycle 1 Busreleased
r r r r
: : : :

oea O\ [} () 7

2 N 0 0

2
X o T X XXX i X X
Address bus ource destination " ource destinatio
d . { T

i Duration of transfer request Duration of transfer request
! disabled which is extended disabled which is extended

) by NRD \ - ' by NRD
' Duration of transfer Y 7
Channel Duration o( transfer > f [ iy
Request\__g request disabled o fRequest\__g request disabled L e
o ] ] L o ] ] L
' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
Mln; of 3cycles ! ! ! ! Min.lof 3cycles | ! ! !
> ' ' T ' '
' ' ' ' ' ' ' ' ' '
H ' ' ' ' ' '
[1] [2] [3] [4] 5] (6] [7]
Transfer request enable resumed Transfer request enable resumed

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed one cycle after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 7.33 Example of Transfer in Normal Transfer Mode Activated
by DREQ Low Level with NRD =1
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7.5.11 Bus Cycles in Single Address Mode
(1) Single Address Mode (Read and Cycle Stealing)

In single address mode, one byte, one word, or one longword of data is transferred at a single
transfer request and after the transfer the bus is released temporarily. One bus cycle or more by the
CPU or DTC are executed in the bus released cycles.

In figure 7.34, the TEND signal output is enabled and data is transferred in bytes from the external
8-bit 2-state access space to the external device in single address mode (read).

DMA read DMA read DMA read DMA read
cycle cycle cycle cycle

Address bus X %Z:X )@:X xz:x X:
FD N g SN s Ny B
BACK ] |-$$——| |-s$——| f"‘_l_l_

Ve Vo ¥ ! h
TEND ' R . 7 |_
I | h | | |
— - - - -
Bus Bus Bus Bus Lasttransfer Bus
released released rel d rel I cycle released

Figure 7.34 Example of Transfer in Single Address Mode (Byte Read)
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(2) Single Address Mode (Write and Cycle Stealing)

In single address mode, data of one byte, one word, or one longword is transferred at a single

transfer request and after the transfer the bus is released temporarily. One bus cycle or more by the

CPU or DTC are executed in the bus released cycles.

In figure 7.35, the TEND signal output is enabled and data is transferred in bytes from the external

8-bit 2-state access space to the external device in single address mode (write).
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Figure 7.35 Example of Transfer in Single Address Mode (Byte Write)
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(3) Activation Timing by DREQ Falling Edge
Figure 7.36 shows an example of single address mode activated by the DREQ signal falling edge.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared and starts detecting a high level of the DREQ signal for falling edge detection. If
a high level of the DREQ signal has been detected until completion of the single cycle, receiving
the next transfer request resumes and then a low level of the DREQ signal is detected. This
operation is repeated until the transfer is completed.
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[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.
[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high level of the
DREQ signal.

[4][7] When a high level of the DREQ signal has been detected, transfer enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 7.36 Example of Transfer in Single Address Mode Activated
by DREQ Falling Edge
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(4) Activation Timing by DREQ Low Level

Figure 7.37 shows an example of normal transfer mode activated by the DREQ signal low level.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately

after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after completion of the single cycle
and then a low level of the DREQ signal is detected. This operation is repeated until the transfer is
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[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the single cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)
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After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer

Figure 7.37 Example of Transfer in Single Address Mode Activated

by DREQ Low Level
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(5) Activation Timing by DREQ Low Level with NRD =1

When the NRD bit in DMDR s set to 1, the timing of receiving the next transfer request is
delayed for one cycle.

Figure 7.38 shows an example of single address mode activated by the DREQ signal low level
with NRD = 1.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after one cycle of the transfer
request duration inserted by NRD = 1 on completion of the single cycle and then a low level of the
DREQ signal is detected. This operation is repeated until the transfer is completed.
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[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed one cycle after completion of the single cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 7.38 Example of Transfer in Single Address Mode Activated
by DREQ Low Level with NRD =1
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7.6 DMA Transfer End

Operations on completion of a transfer differ according to the transfer end condition. DMA
transfer completion is indicated that the DTE and ACT bits in DMDR are changed from 1 to 0.

(1) Transfer End by DTCR Change from 1, 2, or 4, to 0

When DTCR is changed from 1, 2, or 4 to 0, a DMA transfer for the channel is completed. The
DTE bit in DMDR is cleared to O and the DTIF bit in DMDR is set to 1. At this time, when the
DTIE bit in DMDR is set to 1, a transfer end interrupt by the transfer counter is requested. When
the DTCR value is 0 before the transfer, the transfer is not stopped.

(2) Transfer End by Transfer Size Error Interrupt

When the following conditions are satisfied while the TSEIE bit in DMDR is set to 1, a transfer
size error occurs and a DMA transfer is terminated. At this time, the DTE bit in DMR is cleared to
0 and the ESIF bit in DMDR is set to 1.

¢ In normal transfer mode and repeat transfer mode, when the next transfer is requested while a
transfer is disabled due to the DTCR value less than the data access size

e In block transfer mode, when the next transfer is requested while a transfer is disabled due to
the DTCR value less than the block size

When the TSEIE bit in DMDR is cleared to 0, data is transferred until the DTCR value reaches 0.
A transfer size error is not generated. Operation in each transfer mode is shown below.

e In normal transfer mode and repeat transfer mode, when the DTCR value is less than the data
access size, data is transferred in bytes

e In block transfer mode, when the DTCR value is less than the block size, the specified size of
data in DTCR is transferred instead of transferring the block size of data. The transfer is
performed in bytes.
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(3) Transfer End by Repeat Size End Interrupt

In repeat transfer mode, when the next transfer is requested after completion of a 1-repeat size data
transfer while the RPTIE bit in DACR is set to 1, a repeat size end interrupt is requested. When
the interrupt is requested to complete DMA transfer, the DTE bit in DMDR is cleared to 0 and the
ESIF bit in DMDR is set to 1. Under this condition, setting the DTE bit to 1 resumes the transfer.

In block transfer mode, when the next transfer is requested after completion of a 1-block size data
transfer, a repeat size end interrupt can be requested.

(4) Transfer End by Interrupt on Extended Repeat Area Overflow

When an overflow on the extended repeat area occurs while the extended repeat area is specified
and the SARIE or DARIE bit in DACR is set to 1, an interrupt by an extended repeat area
overflow is requested. When the interrupt is requested, the DMA transfer is terminated, the DTE
bit in DMDR is cleared to 0, and the ESIF bit in DMDR is set to 1.

In dual address mode, even if an interrupt by an extended repeat area overflow occurs during a
read cycle, the following write cycle is performed.

In block transfer mode, even if an interrupt by an extended repeat area overflow occurs during a 1-
block transfer, the remaining data is transferred. The transfer is not terminated by an extended
repeat area overflow interrupt unless the current transfer is complete.

(5) Transfer End by Clearing DTE Bit in DMDR

When the DTE bit in DMDR is cleared to O by the CPU, a transfer is completed after the current
DMA cycle and a DMA cycle in which the transfer request is accepted are completed.

In block transfer mode, a DMA transfer is completed after 1-block data is transferred.
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(6) Transfer End by NMI Interrupt

When an NMI interrupt is requested, the DTE bits for all the channels are cleared to O and the
ERREF bit in DMDR_0 is set to 1. When an NMI interrupt is requested during a DMA transfer, the
transfer is forced to stop. To perform DMA transfer after an NMI interrupt is requested, clear the
ERREF bit to 0 and then set the DTE bits for the channels to 1.

The transfer end timings after an NMI interrupt is requested are shown below.

(a) Normal Transfer Mode and Repeat Transfer Mode

In dual address mode, a DMA transfer is completed after completion of the write cycle for one
transfer unit.

In single address mode, a DMA transfer is completed after completion of the bus cycle for one
transfer unit.

(b) Block Transfer Mode

A DMA transfer is forced to stop. Since a 1-block size of transfers is not completed, operation is
not guaranteed.

In dual address mode, the write cycle corresponding to the read cycle is performed. This is similar
to (a) in normal transfer mode.

(7) Transfer End by Address Error

When an address error occurs, the DTE bits for all the channels are cleared to 0 and the ERRF bit
in DMDR_O is set to 1. When an address error occurs during a DMA transfer, the transfer is
forced to stop. To perform a DMA transfer after an address error occurs, clear the ERRF bit to 0
and then set the DTE bits for the channels.

The transfer end timing after an address error is the same as that after an NMI interrupt.
(8) Transfer End by Hardware Standby Mode or Reset

The DMAC is initialized by a reset and a transition to the hardware standby mode. A DMA
transfer is not guaranteed.
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7.7 Relationship among DMAC and Other Bus Masters

7.7.1 CPU Priority Control Function Over DMAC

The CPU priority control function over DMAC can be used according to the CPU priority control
register (CPUPCR) setting. For details, see section 5.7, CPU Priority Control Function Over DTC
and DMAC.

The priority level of the DMAC is specified by bits DMAP2 to DMAPO and can be specified for
each channel.

The priority level of the CPU is specified by bits CPUP2 to CPUPO. The value of bits CPUP2 to
CPUPO is updated according to the exception handling priority.

If the CPU priority control is enabled by the CPUPCE bit in CPUPCR, when the CPU has priority
over the DMAGC, a transfer request for the corresponding channel is masked and the transfer is not
activated. When another channel has priority over or the same as the CPU, a transfer request is
received regardless of the priority between channels and the transfer is activated.

The transfer request masked by the CPU priority control function is suspended. When the transfer
channel is given priority over the CPU by changing priority levels of the CPU or channel, the
transfer request is received and the transfer is resumed. Writing O to the DTE bit clears the
suspended transfer request.

When the CPUPCE bit is cleared to 0, it is regarded as the lowest priority.
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7.7.2 Bus Arbitration among DMAC and Other Bus Masters

When DMA transfer cycles are consecutively performed, bus cycles of other bus masters may be
inserted between the transfer cycles. The DMAC can release the bus temporarily to pass the bus to
other bus masters.

The consecutive DMA transfer cycles may not be divided according to the transfer mode settings
to achieve high-speed access.

The read and write cycles of a DMA transfer are not separated. Refreshing, external bus release,
and on-chip bus master (CPU or DTC) cycles are not inserted between the read and write cycles of
a DMA transfer.

In block transfer mode and an auto request transfer by burst access, bus cycles of the DMA
transfer are consecutively performed. For this duration, since the DMAC has priority over the
CPU and DTC, accesses to the external space is suspended (the IBCCS bit in the bus control
register 2 (BCR2) is cleared to 0).

When the bus is passed to another channel or an auto request transfer by cycle stealing, bus cycles
of the DMAC and on-chip bus master are performed alternatively.

When the arbitration function among the DMAC and on-chip bus masters is enabled by setting the
IBCCS bit in BCR2, the bus is used alternatively except the bus cycles which are not separated.
For details, see section 6, Bus Controller (BSC).

A conflict may occur between external space access of the DMAC and an external bus release
cycle. Even if a burst or block transfer is performed by the DMAC, the transfer is stopped
temporarily and a cycle of external bus release is inserted by the BSC according to the external
bus priority (when the CPU external access and the DTC external access do not have priority over
a DMAC transfer, the transfers are not operated until the DMAC releases the bus).

In dual address mode, the DMAC releases the external bus after the external space write cycle.
Since the read and write cycles are not separated, the bus is not released.

An internal space (on-chip memory and internal I/O registers) access of the DMAC and an
external bus release cycle may be performed at the same time.
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7.8 Interrupt Sources

The DMAC interrupt sources are a transfer end interrupt by the transfer counter and a transfer
escape end interrupt which is generated when a transfer is terminated before the transfer counter
reaches 0. Table 7.7 shows interrupt sources and priority.

Table 7.7 Interrupt Sources and Priority

Abbr. Interrupt Sources Priority
DMTENDO Transfer end interrupt by channel O transfer counter High
DMTEND1  Transfer end interrupt by channel 1 transfer counter A

DMTEND2 Transfer end interrupt by channel 2 transfer counter

DMTENDS3 Transfer end interrupt by channel 3 transfer counter

DMEENDO Interrupt by channel 0 transfer size error
Interrupt by channel 0 repeat size end
Interrupt by channel 0 extended repeat area overflow on source address

Interrupt by channel 0 extended repeat area overflow on destination address

DMEEND1 Interrupt by channel 1 transfer size error
Interrupt by channel 1 repeat size end
Interrupt by channel 1 extended repeat area overflow on source address

Interrupt by channel 1 extended repeat area overflow on destination address

DMEEND2 Interrupt by channel 2 transfer size error
Interrupt by channel 2 repeat size end
Interrupt by channel 2 extended repeat area overflow on source address

Interrupt by channel 2 extended repeat area overflow on destination address

DMEEND3 Interrupt by channel 3 transfer size error
Interrupt by channel 3 repeat size end

Interrupt by channel 3 extended repeat area overflow on source address

Interrupt by channel 3 extended repeat area overflow on destination address Low

Each interrupt is enabled or disabled by the DTIE and ESIE bits in DMDR for the corresponding
channel. A DMTEND interrupt is generated by the combination of the DTIF and DTIE bits in
DMDR. A DMEEND interrupt is generated by the combination of the ESIF and ESIE bits in
DMDR. The DMEEND interrupt sources are not distinguished. The priority among channels are
decided by the interrupt controller and it is shown in table 7.7. For details, see section 5, Interrupt
Controller.
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Each interrupt source is specified by the interrupt enable bit in the register for the corresponding
channel. A transfer end interrupt by the transfer counter, a transfer size error interrupt, a repeat
size end interrupt, an interrupt by an extended repeat area overflow on the source address, and an
interrupt by an extended repeat area overflow on the destination address are enabled or disabled by
the DTIE bit in DMDR, the TSEIE bit in DMDR, the RPTIE bit in DACR, SARIE bit in DACR,
and the DARIE bit in DACR, respectively.

A transfer end interrupt by the transfer counter is generated when the DTIF bit in DMDR is set to
1. The DTIF bit is set to 1 when DTCR becomes 0 by a transfer while the DTIE bit in DMDR is
set to 1.

An interrupt other than the transfer end interrupt by the transfer counter is generated when the
ESIF bit in DMDR is set to 1. The ESIF bit is set to 1 when the conditions are satisfied by a
transfer while the enable bit is set to 1.

A transfer size error interrupt is generated when the next transfer cannot be performed because the
DTCR value is less than the data access size, meaning that the data access size of transfers cannot
be performed. In block transfer mode, the block size is compared with the DTCR value for
transfer error decision.

A repeat size end interrupt is generated when the next transfer is requested after completion of the
repeat size of transfers in repeat transfer mode. Even when the repeat area is not specified in the
address register, the transfer can be stopped periodically according to the repeat size. At this time,
when a transfer end interrupt by the transfer counter is generated, the ESIF bit is set to 1.

An interrupt by an extended repeat area overflow on the source and destination addresses is
generated when the address exceeds the extended repeat area (overflow). At this time, when a
transfer end interrupt by the transfer counter, the ESIF bit is set to 1.

Figure 7.39 is a block diagram of interrupts and interrupt flags. To clear an interrupt, clear the
DTIF or ESIF bit in DMDR to 0 in the interrupt handling routine or continue the transfer by
setting the DTE bit in DMDR after setting the register. Figure 7.40 shows procedure to resume the
transfer by clearing a interrupt.
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Figure 7.39 Interrupt and Interrupt Sources
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[1] Specify the values in the registers such as transfer counter and address register.
[2] Setthe DTE bitin DMDR to 1 to resume DMA operation. Setting the DTE bit to 1 automatically clears the DTIF or

ESIF bit in DMDR to 0 and an interrupt source is cleared.
[3] End the interrupt handling routine by the RTE instruction.

[4] Read that the DTIF or the ESIF bit in DMDR = 1 and then write 0 to the bit.

[5] Complete the interrupt handling routine and clear the interrupt mask.

[6] Specify the values in the registers such as transfer counter and address register.
[7] Setthe DTE bit to 1 to resume DMA operation.

Figure 7.40 Procedure Example of Resuming Transfer by Clearing Interrupt Source
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7.9 Notes on Usage

1.

DMAC Register Access During Operation

Except for clearing the DTE bit in DMDR, the settings for channels being transferred
(including waiting state) must not be changed. The register settings must be changed during
the transfer prohibited state.

Settings of Module Stop Function

The DMAC operation can be enabled or disabled by the module stop control register. The
DMAC is enabled by the initial value.

Setting bit MSTPA13 in MSTPCRA stops the clock supplied to the DMAC and the DMAC
enters the module stop state. However, when a transfer for a channel is enabled or when an
interrupt is being requested, bit MSTPA13 cannot be set to 1. Clear the DTE bit to 0, clear the
DTIF or DTIE bit in DMDR to 0, and then set bit MSTPA13.

When the clock is stopped, the DMAC registers cannot be accessed. However, the following
register settings are valid in the module stop state. Disable them before entering the module
stop state, if necessary.

— TENDE bit in DMDR is 1 (the TEND signal output enabled)
— DACKE bit in DMDR is 1 (the DACK signal output enabled)

Activation by DREQ Falling Edge

The DREQ falling edge detection is synchronized with the DMAC internal operation.

A. Activation request waiting state: Waiting for detecting the DREQ low level. A transition to
2. is made.

B. Transfer waiting state: Waiting for a DMAC transfer. A transition to 3. is made.

C. Transfer prohibited state: Waiting for detecting the DREQ high level. A transition to 1. is
made.

After a DMAC transfer enabled, a transition to 1. is made. Therefore, the DREQ signal is
sampled by low level detection at the first activation after a DMAC transfer enabled.
Acceptation of Activation Source

At the beginning of an activation source reception, a low level is detected regardless of the
setting of DREQ falling edge or low level detection. Therefore, if the DREQ signal is driven
low before setting DMDR, the low level is received as a transfer request.

When the DMAC is activated, clear the DREQ signal of the previous transfer.
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Section 8 Data Transfer Controller (DTC)

This LSI includes a data transfer controller (DTC). The DTC can be activated to transfer data by
an interrupt request.

8.1 Features

e Transfer possible over any number of channels:

Multiple data transfer enabled for one activation source (chain transfer)

Chain transfer specifiable after data transfer (when the counter is 0)
e Three transfer modes

Normal/repeat/block transfer modes selectable

Transfer source and destination addresses can be selected from increment/decrement/fixed
e Short address mode or full address mode selectable

— Short address mode

Transfer information is located on a 3-longword boundary

The transfer source and destination addresses can be specified by 24 bits to select a 16-
Mbyte address space directly

— Full address mode
Transfer information is located on a 4-longword boundary

The transfer source and destination addresses can be specified by 32 bits to select a 4-
Gbyte address space directly

o Size of data for data transfer can be specified as byte, word, or longword
The bus cycle is divided if an odd address is specified for a word or longword transfer.
The bus cycle is divided if address 4n + 2 is specified for a longword transfer.
e A CPU interrupt can be requested for the interrupt that activated the DTC
A CPU interrupt can be requested after one data transfer completion
A CPU interrupt can be requested after the specified data transfer completion
e Read skip of the transfer information specifiable
e Writeback skip executed for the fixed transfer source and destination addresses

e Module stop state specifiable
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Figure 8.1 shows a block diagram of the DTC. The DTC transfer information can be allocated to
the data area*. When the transfer information is allocated to the on-chip RAM, a 32-bit bus
connects the DTC to the on-chip RAM, enabling 32-bit/1-state reading and writing of the DTC
transfer information.

Note: * When the transfer information is stored in the on-chip RAM, the RAME bit in SYSCR
must be set to 1.

: : :  DTC
: Interrupt controller : A ; A
i | DTCERA to DTCERE, | : »| MRA
+ |DTCERG, and DTCERH| * @ H ) <
H H 3 ' Register [ ] MRB
i [_oroon ] g
' DTCCR ' 4] @ H
. ' > H <
: + | On-chip % é : ] sAR_ K 2
' + | peripheral T =2 H a
: ¢t | " module - 2 g i 1 +—| oar (s
' ' = § H @
: : el |E] i crRA K JE
1 DTC activation request : | Activation 2
: vector number : 8// * | control cre K Do
v CPU interrupt request E
' Interrupt source clear i H Interru;?t
: request : : contro
L 1 N
: \
Ext I @ Bus interface
xterna T
memory 2 :
2 : Y\
g [ R 1
External device 2
(memory mapped) L
Bus controller |- REQ
DTCVBR ACK
[Legend]
MRA, MRB: DTC mode registers A, B
SAR: DTC source address register
DAR: DTC destination address register
CRA, CRB: DTC transfer count registers A, B

DTCERA to DTCERE,

DTCERG and DTCERH: DTC enable registers A to E, G, and sH
DTCCR DTC control register

DTCVBR: DTC vector base register

Figure 8.1 Block Diagram of DTC
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8.2 Register Descriptions

DTC has the following registers.

DTC mode register A (MRA)

DTC mode register B (MRB)

DTC source address register (SAR)
DTC destination address register (DAR)
DTC transfer count register A (CRA)
DTC transfer count register B (CRB)

These six registers MRA, MRB, SAR, DAR, CRA, and CRB cannot be directly accessed by the
CPU. The contents of these registers are stored in the data area as transfer information. When a
DTC activation request occurs, the DTC reads a start address of transfer information that is stored
in the data area according to the vector address, reads the transfer information, and transfers data.
After the data transfer, it writes a set of updated transfer information back to the data area.

DTC enable registers A to E, G, and H (DTCERA to DTCERE, DTCERG, and DTCERH)

DTC control register (DTCCR)
DTC vector base register (DTCVBR)

RENESAS
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8.2.1

DTC Mode Register A (MRA)

MRA selects DTC operating mode. MRA cannot be accessed directly by the CPU.

Bit 7

6

5

4 3 2 1 0

Bit Name MD1

MDO

Sz1

Sz0 SM1 SMo

Initial Value Undefined

R/W

Bit Bit Name

Undefined

Initial
Value

Undefined

R/W

Undefined  Undefined Undefined Undefined Undefined

Description

7 MD1
6 MDO

Undefined
Undefined

DTC Mode 1 and 0

Specify DTC transfer mode.
00: Normal mode

01: Repeat mode

10: Block transfer mode

11: Setting prohibited

5 Sz1
4 Sz0

Undefined
Undefined

DTC Data Transfer Size 1 and 0

Specify the size of data to be transferred.
00: Byte-size transfer

01: Word-size transfer

10: Longword-size transfer

11: Setting prohibited

3 SM1
2 SMO

Undefined
Undefined

Source Address Mode 1 and 0
Specify an SAR operation after a data transfer.
0x: SAR is fixed
(SAR writeback is skipped)
10: SAR is incremented after a transfer

(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

11: SAR is decremented after a transfer

(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

1,0

Undefined

Reserved
The write value should always be 0.

[Legend]
X: Don't care
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8.2.2

DTC Mode Register B (MRB)

MRB selects DTC operating mode. MRB cannot be accessed directly by the CPU.

Bit 7 6 5 4 3 2 1 0
Bit Name CHNE CHNS DISEL DTS DM1 DMO — —
Initial Value Undefined  Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W — — — — — — — _
Initial
Bit Bit Name Value R/W Description
7 CHNE Undefined — DTC Chain Transfer Enable
Specifies the chain transfer. For details, see section
8.5.7, Chain Transfer. The chain transfer condition is
selected by the CHNS bit.
0: Disables the chain transfer
1: Enables the chain transfer
6 CHNS Undefined — DTC Chain Transfer Select
Specifies the chain transfer condition. If the following
transfer is a chain transfer, the completion check of the
specified transfer count is not performed and activation
source flag or DTCER is not cleared.
0: Chain transfer every time
1: Chain transfer only when transfer counter = 0
5 DISEL Undefined — DTC Interrupt Select
When this bit is set to 1, a CPU interrupt request is
generated every time after a data transfer ends. When
this bit is set to 0, a CPU interrupt request is only
generated when the specified number of data transfer
ends.
4 DTS Undefined — DTC Transfer Mode Select

Specifies either the source or destination as repeat or
block area during repeat or block transfer mode.

0: Specifies the destination as repeat or block area
1: Specifies the source as repeat or block area

Rev.1.00 Jun. 07, 2006 Page 399 of 1102
RENESAS REJ09B0294-0100



Section 8 Data Transfer Controller (DTC)

Initial
Bit Bit Name Value R/W Description
3 DMA1 Undefined — Destination Address Mode 1 and O
2 DMO Undefined — Specify a DAR operation after a data transfer.
0X: DAR is fixed
(DAR writeback is skipped)
10: DAR is incremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
11: SAR is decremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
1,0 — Undefined — Reserved
The write value should always be 0.
[Legend]
X: Don't care

8.2.3 DTC Source Address Register (SAR)

SAR is a 32-bit register that designates the source address of data to be transferred by the DTC.

In full address mode, 32 bits of SAR are valid. In short address mode, the lower 24 bits of SAR is
valid and bits 31 to 24 are ignored. At this time, the upper eight bits are filled with the value of

bit 23.

If a word or longword access is performed while an odd address is specified in SAR or if a

longword access is performed while address 4n + 2 is specified in SAR, the bus cycle is divided
into multiple cycles to transfer data. For details, see section 8.5.1, Bus Cycle Division.

SAR cannot be accessed directly from the CPU.

Rev.1.00 Jun. 07, 2006 Page 400 of 1102
REJ09B0294-0100

RENESAS



Section 8 Data Transfer Controller (DTC)

8.2.4 DTC Destination Address Register (DAR)

DAR is a 32-bit register that designates the destination address of data to be transferred by the
DTC.

In full address mode, 32 bits of DAR are valid. In short address mode, the lower 24 bits of DAR is
valid and bits 31 to 24 are ignored. At this time, the upper eight bits are filled with the value of
bit 23.

If a word or longword access is performed while an odd address is specified in DAR or if a
longword access is performed while address 4n + 2 is specified in DAR, the bus cycle is divided
into multiple cycles to transfer data. For details, see section 8.5.1, Bus Cycle Division.

DAR cannot be accessed directly from the CPU.

8.2.5 DTC Transfer Count Register A (CRA)
CRA is a 16-bit register that designates the number of times data is to be transferred by the DTC.

In normal transfer mode, CRA functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time data is transferred, and bit DTCEn (n = 15 to 0) corresponding to the
activation source is cleared and then an interrupt is requested to the CPU when the count reaches
H'0000. The transfer count is 1 when CRA = H'0001, 65,535 when CRA = H'FFFF, and 65,536
when CRA = H'0000.

In repeat transfer mode, CRA is divided into two parts: the upper eight bits (CRAH) and the lower
eight bits (CRAL). CRAH holds the number of transfers while CRAL functions as an 8-bit
transfer counter (1 to 256). CRAL is decremented by 1 every time data is transferred, and the
contents of CRAH are sent to CRAL when the count reaches H'00. The transfer count is 1 when
CRAH = CRAL = H'01, 255 when CRAH = CRAL = H'FF, and 256 when CRAH = CRAL =
H'00.

In block transfer mode, CRA is divided into two parts: the upper eight bits (CRAH) and the lower
eight bits (CRAL). CRAH holds the block size while CRAL functions as an 8-bit block-size
counter (1 to 256 for byte, word, or longword). CRAL is decremented by 1 every time a byte
(word or longword) data is transferred, and the contents of CRAH are sent to CRAL when the
count reaches H'00. The block size is 1 byte (word or longword) when CRAH = CRAL =H'01,
255 bytes (words or longwords) when CRAH = CRAL = H'FF, and 256 bytes (words or
longwords) when CRAH = CRAL =H'00.

CRA cannot be accessed directly from the CPU.
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8.2.6 DTC Transfer Count Register B (CRB)

CRB is a 16-bit register that designates the number of times data is to be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time data is transferred, and bit DTCEn (n = 15 to 0) corresponding to the activation source
is cleared and then an interrupt is requested to the CPU when the count reaches H'0000. The
transfer count is 1 when CRB = H'0001, 65,535 when CRB = H'FFFF, and 65,536 when CRB =
H'0000.

CRB is not available in normal and repeat modes and cannot be accessed directly by the CPU.

8.2.7 DTC enable registers A to E, G, and H
(DTCERA to DTCERE, DTCERG, and DTCERH)

DTCER which is comprised of eight registers, DTCERA to DTCERE, DTCERG, and DTCERH,
is a register that specifies DTC activation interrupt sources. The correspondence between interrupt
sources and DTCE bits is shown in table 8.1. Use bit manipulation instructions such as BSET and
BCLR to read or write a DTCE bit. If all interrupts are masked, multiple activation sources can be
set at one time (only at the initial setting) by writing data after executing a dummy read on the
relevant register.

Bit 15 14 13 12 11 10 9 8

Bit Name DTCE15 DTCE14 DTCE13 DTCE12 DTCE11 DTCE10 DTCE9 DTCES8

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name DTCE7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCE1 DTCEO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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Initial
Bit Bit Name Value R/W Description

15 DTCE15 O R/W DTC Activation Enable 15 to 0

14 DTCE14 0 R/W Setting this bit to 1 specifies a relevant interrupt source to
13 DTCE13 0 r/w  aDTC activation source.

12 DTCE12 0 r/w  [Clearing conditions]

11 DTCE11 © RW * When writing 0 to the bit to be cleared after reading 1
10 DTCE10 O R/W e When the DISEL bit is 1 and the data transfer has

9 DTCE9 0 RIW ended N

8 DTCES 0 R/W ;h th: the speflf:ed n:ml:};er o:t:ralgls;msgi Ef'::\{e gndzd
7 DTCE7 0 R/W thee§§eclifsie?irer)1:r%b(;fgfretzra;vsfee?s hgve not enldtlesd o

6 DTCE®6 0 R/W

5 DTCES5 0 R/W

4 DTCE4 0 R/W

3 DTCE3 0 R/W

2 DTCE2 0 R/W

1 DTCE1 0 R/W

0 DTCEO 0 R/W

8.2.8 DTC Control Register (DTCCR)

DTCCR specifies transfer information read skip.

Bit 7 6 5 4 3 2 1 0
Bit Name — — — RRS RCHNE — — ERR
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R R R/(W)*

Note: * Only 0 can be written to clear the flag.

Initial
Bit Bit Name Value R/W Description
7t05 — AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.
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Bit

Bit Name Value

Initial

R/W

Description

4

RRS

0

R/W

DTC Transfer Information Read Skip Enable

Controls the vector address read and transfer
information read. A DTC vector number is always
compared with the vector number for the previous
activation. If the vector numbers match and this bit is
set to 1, the DTC data transfer is started without
reading a vector address and transfer information. If the
previous DTC activation is a chain transfer, the vector
address read and transfer information read are always
performed.

0: Transfer read skip is not performed.

1: Transfer read skip is performed when the vector
numbers match.

3

RCHNE

0

R/W

Chain Transfer Enable After DTC Repeat Transfer

Enables/disables the chain transfer while transfer
counter (CRAL) is 0 in repeat transfer mode.

In repeat transfer mode, the CRAH value is written to
CRAL when CRAL is 0. Accordingly, chain transfer may
not occur when CRAL is 0. If this bit is set to 1, the
chain transfer is enabled when CRAH is written to
CRAL.

0: Disables the chain transfer after repeat transfer
1: Enables the chain transfer after repeat transfer

2,1

AllO

Reserved
These are read-only bits and cannot be modified.

ERR

R/(W)*

Transfer Stop Flag

Indicates that an address error or an NMI interrupt
occurs. If an address error or an NMI interrupt occurs,
the DTC stops.

0: No interrupt occurs

1: An interrupt occurs

[Clearing condition]

e When writing O after reading 1

Note:

Only 0 can be written to clear this flag.
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8.2.9 DTC Vector Base Register (DTCVBR)

DTCVBR is a 32-bit register that specifies the base address for vector table address calculation.
Bits 31 to 28 and bits 11 to 0 are fixed O and cannot be written to. The initial value of DTCVBR is
H'00000000.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
tName | | [ | | | [ [ | | | [ [ | I [ 1
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R R R R R/W R/W R/W RW R/W R/W R/W R/W R/W R/W R/W R/W

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
tName | | [ | | | [ [ | [ [ | I [ 1
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R R R R R R R R R R R R

8.3 Activation Sources

The DTC is activated by an interrupt request. The interrupt source is selected by DTCER. A DTC
activation source can be selected by setting the corresponding bit in DTCER; the CPU interrupt
source can be selected by clearing the corresponding bit in DTCER. At the end of a data transfer
(or the last consecutive transfer in the case of chain transfer), the activation source interrupt flag or
corresponding DTCER bit is cleared.

84 Location of Transfer Information and DTC Vector Table

Locate the transfer information in the data area. The start address of transfer information should be
located at the address that is a multiple of four (4n). Otherwise, the lower two bits are ignored
during access ([1:0] = B'00.) Transfer information can be located in either short address mode
(three longwords) or full address mode (four longwords). The DTCMD bit in SYSCR specifies
either short address mode (DTCMD = 1) or full address mode (DTCMD = 0). For details, see
section 3.2.2, System Control Register (SYSCR). Transfer information located in the data area is
shown in figure 8.2

The DTC reads the start address of transfer information from the vector table according to the
activation source, and then reads the transfer information from the start address. Figure 8.3 shows
correspondences between the DTC vector address and transfer information.
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Transfer information
in short address mode

/X/
Lower addresses
Start ——
address| 0 1] 2] 3
MRA SAR
Chain | MRB DAR
transfer CRA | CRB
MRA SAR
MRB DAR
CRA | CRB
4 bytes

Transfer information
in full address mode

M~
Lower addresses
Start ——
address| O 1 2 | 38
Reserved
MRA |MRB h
Transfer information (0 write)
for one transfer SAR
(3 longwords)
Chain DAR
transfer
Transfer information CRA CRB
for the 2nd transfer Reserved
in chain transfer MRA | MRB| (0 write)
(3 longwords) SAR
DAR
crRA | cRB
4 bytes
— T~

N

Transfer
information

L
for one transfer
(4 longwords)

Transfer
information
for the 2nd
L
transfer
in chain transfer

(4 longwords)

Figure 8.2 Transfer Information on Data Area

Upper: DTCVBR

Lower: H'400 + vector number x 4 |\ oo - T T~
DTC vector  ~— | Transfer information (1)
address >
Transfer information (1) /\/
start address
+4 —» T~
Transfer information (2) >
start address | Transfer information (2)
+4n — .
Transfer information (n) .
start address /\/
4 bytes >
- . | Transfer information (n)

Figure 8.3 Correspondence between DTC Vector Address and Transfer Information
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Table 8.1 shows correspondence between the DTC activation source and vector address.

Table 8.1 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of Activation Vector DTC Vector
Activation Source Source Number Address Offset DTCE* Priority
External pin IRQO 64 H'500 DTCEA15  High
IRQ1 65 H'504 DTCEA14 i
IRQ2 66 H'508 DTCEA13
IRQ3 67 H'50C DTCEA12
IRQ4 68 H'510 DTCEA11
IRQ5 69 H'514 DTCEA10
IRQ6 70 H'518 DTCEA9
IRQ7 71 H'51C DTCEAS8
IRQ8 72 H'520 DTCEA7
IRQ9 73 H'524 DTCEA6
IRQ10 74 H'528 DTCEAS
IRQ11 75 H'52C DTCEA4
A/D ADI 86 H'558 DTCEB15
TPU_O TGIOA 88 H'560 DTCEB13
TGIOB 89 H'564 DTCEB12
TGIOC 90 H'568 DTCEB11
TGIOD 91 H'56C DTCEB10
TPU_1 TGHA 93 H'574 DTCEB9
TGI1B 94 H'578 DTCEBS
TPU_2 TGI2A 97 H'584 DTCEB7
TGI2B 98 H'588 DTCEB®6
TPU_3 TGI3A 101 H'594 DTCEBS
TGI3B 102 H'598 DTCEB4
TGI3C 103 H'59C DTCEBS3
TGI3D 104 H'5A0 DTCEB2
TPU_4 TGI4A 106 H'5A8 DTCEBH1
TGl4B 107 H'5AC DTCEBO
TPU_5 TGI5A 110 H'5B8 DTCEC15
TGI5B 111 H'5BC DTCEC14  Low
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Origin of Activation Vector DTC Vector
Activation Source Source Number Address Offset DTCE* Priority
TMR_O0 CMIOA 116 H'5D0 DTCEC13  High
CMIoB 117 H'5D4 DTCEC12 A
TMR_1 CMIA 119 H'5DC DTCEC11
CMI1B 120 H'5EQ DTCEC10
TMR_2 CMI2A 122 H'5E8 DTCEC9
CMI2B 123 H'5EC DTCECS8
TMR_3 CMI3A 125 H'5F4 DTCEC7
CMI3B 126 H'5F8 DTCEC6
DMAC DMTENDO 128 H'600 DTCEC5
DMTENDH1 129 H'604 DTCEC4
DMTEND2 130 H'608 DTCEC3
DMTENDS3 131 H'60C DTCEC2
DMAC DMEENDO 136 H'620 DTCED13
DMEEND1 137 H'624 DTCED12
DMEEND2 138 H'628 DTCED11
DMEEND3 139 H'62C DTCED10
SCI_0 RXI0 145 H'644 DTCED5
TXIO 146 H'648 DTCED4
SCI_1 RXI1 149 H'654 DTCED3
X! 150 H'658 DTCED2
SCI_2 RXI2 153 H'664 DTCEDH1
TXI2 154 H'668 DTCEDO
SCl_4 RX14 161 H'684 DTCEE13
TXI4 162 H'688 DTCEE12 Low

Note: * The DTCE bits with no corresponding interrupt are reserved, and the write value should
always be 0. To leave software standby mode or all-module-clock-stop mode with an
interrupt, write 0 to the corresponding DTCE bit.
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8.5 Operation

The DTC stores transfer information in the data area. When activated, the DTC reads transfer
information that is stored in the data area and transfers data on the basis of that transfer
information. After the data transfer, it writes updated transfer information back to the data area.
Since transfer information is in the data area, it is possible to transfer data over any required
number of channels. There are three transfer modes: normal, repeat, and block.

The DTC specifies the source address and destination address in SAR and DAR, respectively.
After a transfer, SAR and DAR are incremented, decremented, or fixed independently.

Table 8.2 shows the DTC transfer modes.

Table 8.2 DTC Transfer Modes

Transfer Size of Data Transferred at Memory Address Increment or Transfer

Mode One Transfer Request Decrement Count

Normal 1 byte/word/longword Incremented/decremented by 1, 2, or 4, 1 to 65536
or fixed

Repeat*' 1 byte/word/longword Incremented/decremented by 1, 2, or 4, 1 to 256+°
or fixed

Block*® Block size specified by CRAH (1 Incremented/decremented by 1, 2, or 4, 1 to 65536
to 256 bytes/words/longwords)  or fixed

Notes: 1. Either source or destination is specified to repeat area.
2. Either source or destination is specified to block area.

3. After transfer of the specified transfer count, initial state is recovered to continue the
operation.

Setting the CHNE bit in MRB to 1 makes it possible to perform a number of transfers with a
single activation (chain transfer). Setting the CHNS bit in MRB to 1 can also be made to have
chain transfer performed only when the transfer counter value is 0.

Figure 8.4 shows a flowchart of DTC operation, and table 8.3 summarizes the chain transfer
conditions (combinations for performing the second and third transfers are omitted).
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Not match | RRS = 0

Read DTC vector

Next transfer

Y

Read transfer |
information

»

P

Y

Transfer data |

!

Update transfer | Update the start address

information

of transfer

information

\d

| Write transfer information |

ransfer counter = 0

or DISEL = 1 Ves

No

Transfer counter = 0

Y ¢ 3

Y

Clear activation | | Clear DTCER/request an interrupt
source flag to the CPU

¢

\ 4
End

Figure 8.4 Flowchart of DTC Operation
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Table 8.3 Chain Transfer Conditions

1st Transfer 2nd Transfer
Transfer Transfer

CHNE CHNS DISEL Counter:' CHNE CHNS DISEL Counter*' DTC Transfer
0 — 0 Not 0 — — — — Ends at 1st transfer
0 — 0 0%** — — — — Ends at 1st transfer
0 — 1 — — — — Interrupt request to CPU
1 0 — — 0 — 0 Not 0 Ends at 2nd transfer

0 — 0 0%+ Ends at 2nd transfer

0 — 1 — Interrupt request to CPU
1 1 0 Not 0 — — — Ends at 1st transfer
1 1 — 0%+ 0 — 0 Not 0 Ends at 2nd transfer

0 — 0 0+* Ends at 2nd transfer

0 — 1 Interrupt request to CPU
1 1 1 Not 0 — — — — Ends at 1st transfer

Interrupt request to CPU

Notes: 1. CRA in normal mode transfer, CRAL in repeat transfer mode, or CRB in block transfer
mode

2. When the contents of the CRAH is written to the CRAL in repeat transfer mode

8.5.1 Bus Cycle Division

When the transfer data size is word and the SAR and DAR values are not a multiple of 2, the bus
cycle is divided and the transfer data is read from or written to in bytes. Similarly, when the
transfer data size is longword and the SAR and DAR values are not a multiple of 4, the bus cycle
is divided and the transfer data is read from or written to in words.

Table 8.4 shows the relationship among, SAR, DAR, transfer data size, bus cycle divisions, and
access data size. Figure 8.5 shows the bus cycle division example.

Table 8.4 Number of Bus Cycle Divisions and Access Size

Specified Data Size

SAR and DAR Values Byte (B) Word (W) Longword (LW)
Address 4n 1(B) 1 (W) 1(LW)

Address 2n + 1 1(B) 2 (B-B) 3 (B-W-B)
Address 4n + 2 1(B) 1 (W) 2 (W-W)
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1vision

[Example 1: When an odd address and even address are specified in SAR and DAR, respectively, and when the data size of transfer is specified as word]
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[Example 2: When an odd address and address 4n are specified in SAR and DAR, respectively, and when the data size of transfer is specified as longword]
[Example 3: When address 4n + 2 and address 4n are specified in SAR and DAR, respectively, and when the data size of transfer is specified as longword]
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Figure 8.5 Bus Cycle D
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Section 8 Data Transfer Controller (DTC)

8.5.2 Transfer Information Read Skip Function

By setting the RRS bit of DTCCR, the vector address read and transfer information read can be
skipped. The current DTC vector number is always compared with the vector number of previous
activation. If the vector numbers match when RRS = 1, a DTC data transfer is performed without
reading the vector address and transfer information. If the previous activation is a chain transfer,
the vector address read and transfer information read are always performed. Figure 8.6 shows the
transfer information read skip timing.

To modify the vector table and transfer information, temporarily clear the RRS bit to 0, modify the
vector table and transfer information, and then set the RRS bit to 1 again. When the RRS bit is
cleared to 0O, the stored vector number is deleted, and the updated vector table and transfer
information are read at the next activation.

Clock IlI|||IlI|||I|||IlI|||IlI|||||||||||||||||||||||I|

DTC activation!f(1)
request —/

DTC request /

Transfer
information
read skip

Address

O

' ' ' ' '

- ' <
Vector read  Transfer information Data  Transfer information Data  Transfer information
read transfer write transfer write

Note: Transfer information read is skipped when the activation sources of (1) and (2) (vector numbers) are the same while RRS = 1.

Figure 8.6 Transfer Information Read Skip Timing

Rev.1.00 Jun. 07, 2006 Page 413 of 1102
RENESAS REJ09B0294-0100




Section 8 Data Transfer Controller (DTC)

8.5.3 Transfer Information Writeback Skip Function

By specifying bit SM1 in MRA and bit DM1 in MRB to the fixed address mode, a part of transfer
information will not be written back. This function is performed regardless of short or full address
mode. Table 8.5 shows the transfer information writeback skip condition and writeback skipped
registers. Note that the CRA and CRB are always written back regardless of the short or full
address mode. In addition in full address mode, the writeback of the MRA and MRB are always
skipped.

Table 8.5 Transfer Information Writeback Skip Condition and Writeback Skipped

Registers
SM1 DM1 SAR DAR
0 0 Skipped Skipped
0 1 Skipped Written back
1 0 Written back Skipped
1 1 Written back Written back

8.54 Normal Transfer Mode

In normal transfer mode, one operation transfers one byte, one word, or one longword of data.
From 1 to 65,536 transfers can be specified. The transfer source and destination addresses can be
specified as incremented, decremented, or fixed. When the specified number of transfers ends, an
interrupt can be requested to the CPU.

Table 8.6 lists the register function in normal transfer mode. Figure 8.7 shows the memory map in
normal transfer mode.

Table 8.6  Register Function in Normal Transfer Mode

Register Function Written Back Value

SAR Source address Incremented/decremented/fixed*
DAR Destination address Incremented/decremented/fixed*
CRA Transfer count A CRA -1

CRB Transfer count B Not updated

Note: * Transfer information writeback is skipped.
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Section 8 Data Transfer Controller (DTC)

Transfer source data area Transfer destination data area

/\_//—\/

SAR— -<— DAR

Transfer

=

/\_//—\/

Figure 8.7 Memory Map in Normal Transfer Mode

8.5.5 Repeat Transfer Mode

In repeat transfer mode, one operation transfers one byte, one word, or one longword of data. By
the DTS bit in MRB, either the source or destination can be specified as a repeat area. From 1 to
256 transfers can be specified. When the specified number of transfers ends, the transfer counter
and address register specified as the repeat area is restored to the initial state, and transfer is
repeated. The other address register is then incremented, decremented, or left fixed. In repeat
transfer mode, the transfer counter (CRAL) is updated to the value specified in CRAH when
CRAL becomes H'00. Thus the transfer counter value does not reach H'00, and therefore a CPU
interrupt cannot be requested when DISEL = 0.

Table 8.7 lists the register function in repeat transfer mode. Figure 8.8 shows the memory map in
repeat transfer mode.

Rev.1.00 Jun. 07, 2006 Page 415 of 1102
RENESAS REJ09B0294-0100




Section 8 Data Transfer Controller (DTC)

Table 8.7  Register Function in Repeat Transfer Mode

Written Back Value

Register Function CRAL is not 1 CRAL is 1
SAR Source address Incremented/decremented/fixed DTS =0: Incremented/
* decremented/fixed*
DTS = 1: SAR initial value
DAR Destination address Incremented/decremented/fixed DTS = 0: DAR initial value
¥ DTS =1: Incremented/
decremented/fixed*
CRAH Transfer count CRAH CRAH
storage
CRAL Transfer count A CRAL -1 CRAH
CRB Transfer count B Not updated Not updated

Note: * Transfer information writeback is skipped.

Transfer source data area Transfer destination data area
(specified as repeat area)
o
SAR—» <+— DAR
Transfer
\/
/\/ /\/ \

Figure 8.8 Memory Map in Repeat Transfer Mode
(When Transfer Source is Specified as Repeat Area)
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Section 8 Data Transfer Controller (DTC)

8.5.6 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is designated as a block area by the DTS bit in MRB.

The block size is 1 to 256 bytes (1 to 256 words, or 1 to 256 longwords). When the transfer of one
block ends, the block size counter (CRAL) and address register (SAR when DTS = 1 or DAR
when DTS = 0) specified as the block area is restored to the initial state. The other address register
is then incremented, decremented, or left fixed. From 1 to 65,536 transfers can be specified. When
the specified number of transfers ends, an interrupt is requested to the CPU.

Table 8.8 lists the register function in block transfer mode. Figure 8.9 shows the memory map in
block transfer mode.

Table 8.8  Register Function in Block Transfer Mode

Register Function Written Back Value

SAR Source address DTS =0: Incremented/decremented/fixed*
DTS = 1: SAR initial value

DAR Destination address DTS = 0: DAR initial value
DTS =1: Incremented/decremented/fixed*

CRAH Block size storage CRAH

CRAL Block size counter CRAH

CRB Block transfer counter CRB -1

Note: * Transfer information writeback is skipped.

Transfer source data area Transfer destination data area
/\—/I (specified as block area)
SAR—» | [|— ]
| — 1st black —  Transfer s
— f ] 'l: [ Blockarea | DF DAR
Nth block | —  ~—
/\/

Figure 8.9 Memory Map in Block Transfer Mode
(When Transfer Destination is Specified as Block Area)
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8.5.7 Chain Transfer

Setting the CHNE bit in MRB to 1 enables a number of data transfers to be performed
consecutively in response to a single transfer request. Setting the CHNE and CHNS bits in MRB
set to 1 enables a chain transfer only when the transfer counter reaches 0. SAR, DAR, CRA, CRB,
MRA, and MRB, which define data transfers, can be set independently. Figure 8.10 shows the
chain transfer operation.

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting the DISEL bit to 1, and the interrupt source
flag for the activation source and DTCER are not affected.

In repeat transfer mode, setting the RCHNE bit in DTCCR and the CHNE and CHNS bits in MRB
to 1 enables a chain transfer after transfer with transfer counter = 1 has been completed.

Data area

/\_/

Transfer source data (1)

Transfer information
Vector table stored in user area

. ~—— 1 T~

DTC vector Transfer information
address | Transfer information I: CHNE =1
—_

start address Transfer information
CHNE =0

Transfer destination data (1)

Transfer source data (2)

—  ~ - b/

Transfer destination data (2)

/\_/

Figure 8.10 Operation of Chain Transfer
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Section 8 Data Transfer Controller (DTC)

Operation Timing

8.5.8

Figures 8.11 to 8.14 show the DTC operation timings.

Clock

Transfer
information
write

ansfer
'
'
'

Data tr:

Transfer
information
read

DTC activatio
Address

Figure 8.11 DTC Operation Timing
(Example of Short Address Mode in Normal Transfer Mode or Repeat Transfer Mode)

Clock

Transfel
information
write

r

Data transf
'
'
'

read

Transfer
informati

DTC activatiol
Address

Figure 8.12 DTC Operation Timing
(Example of Short Address Mode in Block Transfer Mode with Block Size of 2)
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Figure 8.13 DTC Operation Timing (Example of Short Address Mode in Chain Transfer)

Clock

DTC activatiol
request
Address

Figure 8.14 DTC Operation Timing
(Example of Full Address Mode in Normal Transfer Mode or Repeat Transfer Mode)
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Section 8 Data Transfer Controller (DTC)

8.5.9

Number of DTC Execution Cycles

Table 8.9 shows the execution status for a single DTC data transfer, and table 8.10 shows the

number of cycles required for each execution.

Table 8.9 DTC Execution Status
Transfer Transfer

Vector Information Information Internal

Read Read Write Data Read Data Write Operation
Mode | J L L M N
Normal 1 0x' 4% 3 o' 3 ¥t 4% kb DT A 3% 2% 1 1 0’
Repeat 1 %'  4%® 3% Q' 3P 2t qx® kS DT 3 2% 1 1 0’
Block 1 0*'  4x® 3#3 o' 3xP3 2% 1%°  ZeP  2eP#’ 1eP 3P 2eP%’ {eP 1 o'
transfer 8 8
[Legend]

P: Block size (CRAH and CRAL value)

Note:

. When transfer information read is skipped

. In full address mode operation
. In short address mode operation

. When the SAR and DAR are in fixed mode

1
2
3
4. When the SAR or DAR is in fixed mode
5
6

. When a longword is transferred while an odd address is specified in the address

register

7. When a word is transferred while an odd address is specified in the address register or
when a longword is transferred while address 4n + 2 is specified
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Section 8 Data Transfer Controller (DTC)

Table 8.10 Number of Cycles Required for Each Execution State

On-Chip On-Chip On-Chip I/O

Object to be Accessed RAM ROM Registers External Devices

Bus width 32 32 8 16 32 8 16

Access cycles 1 1 2 2 2 2 3 2 3

Execution Vector read S, 1 1 _ — — 8 12 +4m 4 6 +2m

status Transfer information read S, 1 1 _— — 8 12 +4m 4 6 +2m
Transfer information write S, 1 1 _ — — 8 12 +4m 4 6 +2m
Byte data read S, 1 1 2 2 2 2 3+m 2 3+m
Word data read S, 1 1 4 2 2 4 4 +2m 2 3+m
Longword data read S, 1 1 8 4 2 8 12+4m 4  6+2m
Byte data write S,, 1 1 2 2 2 2 3+m 2 3+m
Word data write S, 1 1 4 2 2 4 4 +2m 2 3+m
Longword data write S, 1 1 8 4 2 8 12 +4m 4 6 +2m
Internal operation S, 1

[Legend]

m: Number of wait cycles 0 to 7 (For details, see section 6, Bus Controller (BSC).)

The number of execution cycles is calculated from the formula below. Note that ¥ means the sum
of all transfers activated by one activation event (the number in which the CHNE bit is set to 1,
plus 1).

Number of execution cycles=1¢S +X (J¢S +KeS +LeS +MeS)+N-S_

8.5.10 DTC Bus Release Timing

The DTC requests the bus mastership to the bus arbiter when an activation request occurs. The
DTC releases the bus after a vector read, transfer information read, a single data transfer, or
transfer information writeback. The DTC does not release the bus during transfer information
read, single data transfer, or transfer information writeback.

8.5.11 DTC Priority Level Control to the CPU

The priority of the DTC activation sources over the CPU can be controlled by the CPU priority
level specified by bits CPUP2 to CPUPO in CPUPCR and the DTC priority level specified by bits
DTCP2 to DTCPO. For details, see section 5, Interrupt Controller.
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8.6 DTC Activation by Interrupt

The procedure for using the DTC with interrupt activation is shown in figure 8.15.

( DTC activation by interrupt )
[
|

| Clear RRS bitin DTCCR to 0 | [1]

Set transfer information
(MRA, MRB, SAR, DAR, [2]
CRA, CRB)

Set starts address of transfer 3
information in DTC vector table El

|
Set RRS bitin DTCCRto 1 | [4]

1
Set corresponding bit in
DTCER to 1 (8]
a
Set enable bit of interrupt

request for activation source | [6]
to 1

( Interrupt request generated )

( DTC activated )

Clear
activation
source

[71

Determine
clearing method of
activation source

Clear corresponding
bit in DTCER

Corresponding bit in DTCER
cleared or CPU interrupt
requested

( Transfer end )

[1] Clearing the RRS bit in DTCCR to 0 clears the read skip flag

of transfer information. Read skip is not performed when the
DTC is activated after clearing the RRS bit. When updating
transfer information, the RRS bit must be cleared.

Set the MRA, MRB, SAR, DAR, CRA, and CRB transfer
information in the data area. For details on setting transfer
information, see section 8.2, Register Descriptions. For details
on location of transfer information, see section 8.4, Location of
Transfer Information and DTC Vector Table.

Set the start address of the transfer information in the DTC
vector table. For details on setting DTC vector table, see section
8.4, Location of Transfer Information and DTC Vector Table.

Setting the RRS bit to 1 performs a read skip of second time or
later transfer information when the DTC is activated consecu-
tively by the same interrupt source. Setting the RRS bit to 1 is
always allowed. However, the value set during transfer will be
valid from the next transfer.

Set the bit in DTCER corresponding to the DTC activation
interrupt source to 1. For the correspondence of interrupts and
DTCER, refer to table 8.1. The bitin DTCER may be setto 1 on
the second or later transfer. In this case, setting the bit is not
needed.

Set the enable bits for the interrupt sources to be used as the
activation sources to 1. The DTC is activated when an interrupt
used as an activation source is generated. For details on the
settings of the interrupt enable bits, see the corresponding
descriptions of the corresponding module.

After the end of one data transfer, the DTC clears the activation
source flag or clears the corresponding bit in DTCER and
requests an interrupt to the CPU. The operation after transfer
depends on the transfer information. For details, see section
8.2, Register Descriptions and figure 8.4.

Figure 8.15 DTC with Interrupt Activation

RENESAS
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Section 8 Data Transfer Controller (DTC)

8.7 Examples of Use of the DTC

8.7.1 Normal Transfer Mode
An example is shown in which the DTC is used to receive 128 bytes of data via the SCI.

1. Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
1, DMO = 0), normal transfer mode (MD1 = MDO0 = 0), and byte size (Sz1 = Sz0 = 0). The
DTS bit can have any value. Set MRB for one data transfer by one interrupt (CHNE = 0,
DISEL = 0). Set the RDR address of the SCI in SAR, the start address of the RAM area where
the data will be received in DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

2. Set the start address of the transfer information for an RXI interrupt at the DTC vector address.

3. Set the corresponding bit in DTCER to 1.

4. Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the receive
end (RX]I) interrupt. Since the generation of a receive error during the SCI reception operation
will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

5. Each time reception of one byte of data ends on the SCI, the RDRF flag in SSR is set to 1, an
RXT interrupt is generated, and the DTC is activated. The receive data is transferred from RDR
to RAM by the DTC. DAR is incremented and CRA is decremented. The RDREF flag is
automatically cleared to 0.

6. When CRA becomes 0 after the 128 data transfers have ended, the RDREF flag is held at 1, the
DTCE bit is cleared to 0, and an RXI interrupt request is sent to the CPU. Termination
processing should be performed in the interrupt handling routine.

8.7.2 Chain Transfer

An example of DTC chain transfer is shown in which pulse output is performed using the PPG.
Chain transfer can be used to perform pulse output data transfer and PPG output trigger cycle
updating. Repeat mode transfer to the PPG's NDR is performed in the first half of the chain
transfer, and normal mode transfer to the TPU's TGR in the second half. This is because clearing
of the activation source and interrupt generation at the end of the specified number of transfers are
restricted to the second half of the chain transfer (transfer when CHNE = 0).
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A

Perform settings for transfer to the PPG's NDR. Set MRA to source address incrementing
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), repeat mode (MD1 =0,
MDO = 1), and word size (Sz1 =0, Sz0 = 1). Set the source side as a repeat area (DTS = 1). Set
MRB to chain transfer mode (CHNE = 1, CHNS = 0, DISEL = 0). Set the data table start
address in SAR, the NDRH address in DAR, and the data table size in CRAH and CRAL.
CRB can be set to any value.

Perform settings for transfer to the TPU's TGR. Set MRA to source address incrementing
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), normal mode (MD1 = MDO
=0), and word size (Sz1 =0, Sz0 = 1). Set the data table start address in SAR, the TGRA
address in DAR, and the data table size in CRA. CRB can be set to any value.

Locate the TPU transfer information consecutively after the NDR transfer information.

Set the start address of the NDR transfer information to the DTC vector address.

Set the bit corresponding to the TGIA interrupt in DTCER to 1.

Set TGRA as an output compare register (output disabled) with TIOR, and enable the TGIA
interrupt with TIER.

Set the initial output value in PODR, and the next output value in NDR. Set bits in DDR and
NDER for which output is to be performed to 1. Using PCR, select the TPU compare match to
be used as the output trigger.

Set the CST bit in TSTR to 1, and start the TCNT count operation.

. Each time a TGRA compare match occurs, the next output value is transferred to NDR and the

set value of the next output trigger period is transferred to TGRA. The activation source TGFA
flag is cleared.

10. When the specified number of transfers are completed (the TPU transfer CRA value is 0), the

TGFA flag is held at 1, the DTCE bit is cleared to 0, and a TGIA interrupt request is sent to the
CPU. Termination processing should be performed in the interrupt handling routine.

8.7.3 Chain Transfer when Counter = 0

By executing a second data transfer and performing re-setting of the first data transfer only when
the counter value is 0, it is possible to perform 256 or more repeat transfers.

An example is shown in which a 128-kbyte input buffer is configured. The input buffer is assumed
to have been set to start at lower address H'0000. Figure 8.16 shows the chain transfer when the
counter value is 0.
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1. For the first transfer, set the normal transfer mode for input data. Set the fixed transfer source
address, CRA = H'0000 (65,536 times), CHNE = 1, CHNS = 1, and DISEL = 0.

2. Prepare the upper 8-bit addresses of the start addresses for 65,536-transfer units for the first
data transfer in a separate area (in ROM, etc.). For example, if the input buffer is configured at
addresses H200000 to H21FFFF, prepare H'21 and H'20.

3. For the second transfer, set repeat transfer mode (with the source side as the repeat area) for re-
setting the transfer destination address for the first data transfer. Use the upper eight bits of
DAR in the first transfer information area as the transfer destination. Set CHNE = DISEL = 0.
If the above input buffer is specified as H200000 to H21FFFF, set the transfer counter to 2.

4. Execute the first data transfer 65536 times by means of interrupts. When the transfer counter
for the first data transfer reaches 0, the second data transfer is started. Set the upper eight bits
of the transfer source address for the first data transfer to H'21. The lower 16 bits of the
transfer destination address of the first data transfer and the transfer counter are H'0000.

5. Next, execute the first data transfer the 65536 times specified for the first data transfer by
means of interrupts. When the transfer counter for the first data transfer reaches 0, the second
data transfer is started. Set the upper eight bits of the transfer source address for the first data
transfer to H'20. The lower 16 bits of the transfer destination address of the first data transfer
and the transfer counter are H'0000.

6. Steps 4 and 5 are repeated endlessly. As repeat mode is specified for the second data transfer,
no interrupt request is sent to the CPU.

Input circuit
/X/
Transfer information
located on the on-chip memory
T o~ Input buffer
1st data transfer <
information Chain transfer
:I (counter = 0)
2nd data transfer /X/
information >
—  ~—_ Upper 8 bits of DAR D
/\_/

Figure 8.16 Chain Transfer when Counter = 0
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8.8 Interrupt Sources

An interrupt request is issued to the CPU when the DTC finishes the specified number of data
transfers or a data transfer for which the DISEL bit was set to 1. In the case of interrupt activation,
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and priority level control in the interrupt controller.

8.9 Usage Notes

8.9.1 Module Stop State Setting

Operation of the DTC can be disabled or enabled using the module stop control register. The
initial setting is for operation of the DTC to be enabled. Register access is disabled by setting the
module stop state. The module stop state cannot be set while the DTC is activated. For details,
refer to section 23, Power-Down Modes.

8.9.2 On-Chip RAM

Transfer information can be located in on-chip RAM. In this case, the RAME bit in SYSCR must
not be cleared to 0.

8.9.3 DMAC Transfer End Interrupt

When the DTC is activated by a DMAC transfer end interrupt, the DTE bit of DMDR is not
controlled by the DTC but its value is modified with the write data regardless of the transfer
counter value and DISEL bit setting. Accordingly, even if the DTC transfer counter value
becomes 0, no interrupt request may be sent to the CPU in some cases.

8.94 DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If all interrupts
are disabled, multiple activation sources can be set at one time (only at the initial setting) by
writing data after executing a dummy read on the relevant register.
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8.9.5 Chain Transfer

When chain transfer is used, clearing of the activation source or DTCER is performed when the
last of the chain of data transfers is executed. At this time, SCI and A/D converter
interrupt/activation sources, are cleared when the DTC reads or writes to the relevant register.

Therefore, when the DTC is activated by an interrupt or activation source, if a read/write of the
relevant register is not included in the last chained data transfer, the interrupt or activation source
will be retained.

8.9.6 Transfer Information Start Address, Source Address, and Destination Address

The transfer information start address to be specified in the vector table should be address 4n. If an
address other than address 4n is specified, the lower 2 bits of the address are regarded as Os.

The source and destination addresses specified in SAR and DAR, respectively, will be transferred
in the divided bus cycles depending on the address and data size.

8.9.7 Transfer Information Modification

When IBCCS =1 and the DMAC is used, clear the IBCCS bit to 0 and then set to 1 again before
modifying the DTC transfer information in the CPU exception handling routine initiated by a DTC
transfer end interrupt.

8.9.8 Endian Format

The DTC supports big and little endian formats. The endian formats used when transfer
information is written to and when transfer information is read from by the DTC must be the
same.
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Section 9 1/O Ports

Section 9 1/0 Ports

Table 9.1 summarizes the port functions. The pins of each port also have other functions such as
input/output pins of on-chip peripheral modules or external interrupt input pins. Each 1/O port
includes a data direction register (DDR) that controls input/output, a data register (DR) that stores
output data, a port register (PORT) used to read the pin states, and an input buffer control register
(ICR) that controls input buffer on/off. Port 5 does not have a DR or a DDR register.

Ports D to F, H, and I have internal input pull-up MOSs and a pull-up MOS control register (PCR)
that controls the on/off state of the input pull-up MOSs.

Ports 2 and F include an open-drain control register (ODR) that controls on/off of the output

buffer PMOSs.

All of the I/O ports can drive a single TTL load and capacitive loads up to 30 pF.

All of the I/O ports can drive Darlington transistors when functioning as output ports.

Port 2 and 3 are Schmitt-trigger input. Schmitt-trigger inputs for other ports are enabled when
used as the IRQ, TPU, TMR, or IIC2 inputs.

Table 9.1 Port Functions

Function Input Open-
Schmitt-  Pull-up Drain
Trigger MOS Output
Port  Description Bit /O Input Output Input*' Function Function
Port1 General /O port 7 P17/SCLO  IRQ7-A/ — IRQ7-A, — —
also functioning TCLKD-B TCLKD-B,
as interrupt inputs, SCLO
SCIVOs, DMAC "~ p1g/sDA0  TRQ6-A/  DACKI-A  IRQE-A,
VOs, AD TCLKC-B TCLKC-B,
converter inputs, SDAO
TPU inputs, and
11C2 1/Os 5 P15/SCL1  IRQ5-A/ TEND1-A  IRQ5-A,
TCLKB-B/ TCLKB-B,
RxD5/ SCL1
IrRXD
4 P14/SDA1  DREQ1-A/ TxD5/ IRQ4-A,
IRQ4-A/ IrTxD TCLKA-B,
TCLKA-B SDA1
3 P13 ADTRGO/ — IRQ3-A
IRQ3-A
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Function Input Open-
Schmitt- Pull-up Drain
Trigger MOS Output
Port  Description Bit 1/O Input Output Input *' Function Function
Port 1 General I/Oport 2 P12/SCK2  IRQ2-A DACKO-A  IRQ2-A — —
:f?niz:‘rit")‘:?;ﬁts P11 RxD2/ TENDO-A  TRQT-A
’ IRQ1-A
SCI 1/0s, DMAC Q
1/0s, A/D 0 P10 DREQO-A/ TxD2 IRQO-A
converter inputs, IRQO-A
TPU inputs, and
1IC2 1/0s
Port2 General I/Oport 7 P27/ TIOCA5 PO7 P27, — (0]
also functioning TIOCB5 TIOCBS5,
as interrupt inputs, TIOCA5
:72(5 ?‘;/‘IpR“I/SéTPU P26/ — POB/TMO1/ Al input
S: S TIOCAS5 TxD1 functions
and SCI I/Os
5 P25/ TMCI1/ PO5 P25,
TIOCA4 RxD1 TIOCA4,
TMCI1
4 P24/ TIOCA4/ PO4 P24,
TIOCB4/ TMRI1 TIOCB4,
SCKi1 TIOCAA4,
TMRI1
3 P23/ TIRQ11-A/ PO3 P23,
TIOCD3 TIOCC3 TIOCD3,
IRQ11-A
2 P22/ IRQ10-A  PO2/TMOO/ Allinput
TIOCC3 TxDO functions
1 P21/ TMCI0/ PO1 P21,
TIOCA3 RxDO IRQ9-A,
IRQ9-A TIOCAS,
TMCIO
0 P20/ TIOCA3/ POO P20,
TIOCB3/ TMRIO/ IRQ8-A,
SCKO IRQ8-A TIOCBS,
TIOCAS,
TMRIO
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Function Input Open-
Schmitt- Pull-up Drain
Trigger MOS Output
Port  Description Bit /O Input Output Input *' Function Function
Port 3 General /O port 7 P37/ TIOCA2/ PO15 Allinput  — —
also functioning TIOCB2 TCLKD-A functions
as PPG outputs, “g " pag, _ PO14 Al input
DMAC I/0s, and TIOCA2 functions
TPU I/Os
5 P35/ TIOCA1/ PO13/ All input
TIOCBH1 TCLKC-A DACK1-B  functions
4 P34/ — PO12/ All input
TIOCAT1 TEND1-B functions
3 P33/ TIOCCO/ PO11 All input
TIOCDO TCLKB-A/ functions
DREQ1-B
2 P32/ TCLKA-A PO10/ All input
TIOCCO DACKO-B  functions
1 P31/ TIOCAO POY9/ All input
TIOCBO TENDO-B functions
0 P30/ DREQO-B  POS8 All input
TIOCAO functions
Port 5 General input port 7 — P57/AN7/ DA1 IRQ7-B — —
also functioning IRQ7-B
;"_‘\jD'”te””pt nputs, g _ P56/AN6/  DAO RQ6-B
. converter W_B
inputs, and D/A
converter outputs 5 — P55/AN5/ - IRQ5-B
IRQ5-B
4 — P54/AN4/  — IRQ4-B
IRQ4-B
3 — P53/AN3/  — IRQ3-B
IRQ3-B
2 — P52/AN2/  — IRQ2-B
IRQ2-B
1 — P51/AN1/  — IRQ1-B
IRQ1-B
0 — P50/ANO/  — IRQO-B
IRQO-B
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Function Input Open-
Schmitt- Pull-up Drain
Trigger MOS Output
Port  Description Bit /O Input Output Input+' Function Function
Port 6 General /O port 7 — — — — — —
also functioning 6 — — — —
as SCl inputs,
DMAC 1/Os, 5 P65 TCK TMO3/
H-UDI inputs, and DACK3
interrupt inputs 4 pe4 TMCI3/TDI TEND3 TMCI3
3 P63 TMRIZ/ — TMRI3,
DREQ3/ IRQT11-B
TRQTT-B/
T™MS
2 P62/SCK4 IRQ10-B/  TMO2/ IRQ10-B
TRST DACK2
1 P61 TMCI2/ TEND2 TMCI2,
RxD4/ IRQ9-B
IRQ9-B
0 P60 TMRI2/ TxD4 TMRI2,
DREQ2/ IRQ8-B
IRQ8-B
Port A General I/Oport 7 — PA7 Bo — —
also functioning 6 PA6 — AS/AH/
as system clock BS-B
output and bus —
control I/Os 5 PA5 — RD
4 PA4 — LHWR/LUB
3 PA3 — LLWR/LLB
2 PA2 BREQ/ —
WAIT
1 PA1 — BACK/
(RD/WR)
0 PAO — BREQO/
BS-A
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Port  Description

Bit

Function

/0

Input

Schmitt-
Trigger
Input’

Input Open-
Pull-up Drain
MOS Output
Function Function

Port B General I/O port
also functioning
as bus control
outputs

PB7

PB6

PB5

PB4

PB3

PB2

PB1

PBO

Port C General I/O port
also functioning
as bus control
1/0s and A/D
converter inputs

PC3

LLCAS/
DQMLL

PC2

LUCAS/
DQMLU
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Function Input Open-
Schmitt- Pull-up Drain
Trigger MOS Output
Port  Description Bit /O Input Output Input+' Function Function
Port D General I/Oport 7 PD7 — A7 — (0] —
also functioning 6 PD6 — A6
as address
outputs 5 PD5 — A5
4 PD4 — A4
3 PD3 — A3
2 PD2 — A2
1 PD1 — Al
0 PDO — A0
Port E General /O port 7 PE7 — A15 — (0] —
also functioning "¢ PE6 7 Al4
as address
outputs 5 PE5S — A13
4 PE4 — Al12
3 PE3 — Al
2 PE2 — A10
1 PE1 — A9
0 PEO — A8
Port F General /O port 7 PF7 — A23 — (6] (0]
also functioning 6 PF6 — ADD
as address
outputs 5 PF5 — A21
4 PF4 — A20
3 PF3 — A19
2 PF2 — A18
1 PF1 — A17
0 PFO — A16
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Function Input Open-
Schmitt- Pull-up Drain
Trigger MOS Output
Port  Description Bit /O Input Output Input+' Function Function
PortH General I/Oport 7 PH7/D7*%  — — — (e} —
also‘fuhcno‘nmg 6 PHE/D6* —
as bi-directional
data bus 5 PHS/D5>‘<2 — —
4 PH4/D4**  — —
3 PH3/D3**  — —
2 PH2/D2*%*  — —
1 PH1/D1*  — —
0 PHO/DO**  — —
Port| General I/Oport 7 PI7/D15%  — — — (¢} —
also‘fuhcno‘nmg 6 Pl6/D14* -
as bi-directional
data bus 5 F’IE)/D"S*2 — —
4 Pl4/D12%*  — —
3 PI3/D11%*  — —
2 PI2/D10**  — —
1 PI1/D9** — —
0 Pl0o/D8* — —
Port M General /O port 7 — — — — — —
also functioning 6 — — —
as SCI I/Os
5 — — —
4 PM4 — —
3 PM3 — —
2 PM2 — —
1 PM1 RxD6 —
0 PMO — TxD6

Notes: 1. Pins without Schmitt-trigger input buffer have CMOS input buffer.
2. Addresses are also output when accessing to the address/data multiplexed I/O space.
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9.1 Register Descriptions
Table 9.2 lists each port registers.

Table 9.2  Register Configuration in Each Port

Number of Registers

Port Pins DDR DR PORT ICR PCR ODR

Port 1 8

Port 2

o|0|0
Oo|0|0

Port 3

Port 5

Port 6

Port A

Port B

Port D

Port E

Port F

Port H

0| 0|0|0O|O
o

Port |

O|0|O0|0O|O|0O|O|0O|O|0O|O|0O|0O|O
O|0|O0|0O|0O|0O|O|O|O|0O|O|0O|0O|O
|
|

8
8
8
6
8
4
Port C* 2
8
8
8
8
8
5

O0|0|0|0|0|0O|0O|0|0O|0
O0|0|0|0|0O|0O|0O|0O|0O|0

Port M

[Legend]

O: Register exists

— No register exists

Note: * The write value should always be the initial value.
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9.1.1 Data Direction Register (PnDDR) (n=1,2,3,6, A to F, H, I, and M)

DDR is an 8-bit write-only register that specifies the port input or output for each bit. A read from
the DDR is invalid and DDR is always read as an undefined value.

When the general I/O port function is selected, the corresponding pin functions as an output port
by setting the corresponding DDR bit to 1; the corresponding pin functions as an input port by
clearing the corresponding DDR bit to 0.

The initial DDR values are shown in table 9.3.

Bit 7 6 5 4 3 2 1 0

Bit Name Pn7DDR Pn6DDR Pn5DDR Pn4DDR Pn3DDR Pn2DDR Pn1DDR PnODDR

Initial Value 0 0 0 0 0 0 0 0
R/W W w W W W W W w

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower five bits are valid and the upper three bits are reserved for port M registers.
Bits 2 and 3 are valid and the other bits are reserved for port C registers.

Table 9.3  Startup Mode and Initial Value

Startup Mode

Port External Extended Mode Single-Chip Mode
Port A H'80 H'00
Other ports H'00
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9.1.2 Data Register (PnDR) (n=1,2,3,6,A to F, H, I, and M)

DR is an 8-bit readable/writable register that stores the output data of the pins to be used as the
general output port.

The initial value of DR is H'00.

Bit 7 6 5 4 3 2 1 0
Bit Name Pn7DR Pn6DR Pn5DR Pn4DR Pn3DR Pn2DR Pn1DR PnODR
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower five bits are valid and the upper three bits are reserved for port M registers.
Bits 2 and 3 are valid and the other bits are reserved for port C registers.

9.1.3 Port Register (PORTn) (n=1,2,3,5, 6, A to F, H, I, and M)

PORT is an 8-bit read-only register that reflects the port pin state. A write to PORT is invalid.
When PORT is read, the DR bits that correspond to the respective DDR bits set to 1 are read and
the status of each pin whose corresponding DDR bit is cleared to 0 is also read regardless of the
ICR value.

The initial value of PORT is undefined and is determined based on the port pin state.

Bit 7 6 5 4 3 2 1 0

Bit Name Pn7 Pn6 Pn5 Pn4 Pn3 Pn2 Pn1 Pn0

Initial Value Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W R R R R R R R R

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower five bits are valid and the upper three bits are reserved for port M registers.
Bits 2 and 3 are valid and the other bits are reserved for port C registers.
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9.14 Input Buffer Control Register (PnICR) (n=1,2,3,5,6, A to F, H, I, and M)
ICR is an 8-bit readable/writable register that controls the port input buffers.

For bits in ICR set to 1, the input buffers of the corresponding pins are valid. For bits in ICR
cleared to O, the input buffers of the corresponding pins are invalid and the input signals are fixed
high.

When the pin functions as an input for the peripheral modules, the corresponding bits should be
set to 1. The initial value should be written to a bit whose corresponding pin is not used as an input
or is used as an analog input/output pin.

When PORT is read, the pin state is always read regardless of the ICR value. When the ICR value
is cleared to O at this time, the read pin state is not reflected in a corresponding on-chip peripheral
module.

If ICR is modified, an internal edge may occur depending on the pin state. Accordingly, ICR
should be modified when the corresponding input pins are not used. For example, an IRQ input,
modify ICR while the corresponding interrupt is disabled, clear the IRQF flag in ISR of the
interrupt controller to 0, and then enable the corresponding interrupt. If an edge occurs after the
ICR setting, the edge should be cancelled.

The initial value of ICR is H'00.

Bit 7 6 5 4 3 2 1 0

Bit Name Pn7ICR Pn6ICR Pn5ICR Pn4ICR Pn3ICR Pn2ICR Pn1ICR PnOICR

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower five bits are valid and the upper three bits are reserved for port M registers.
Bits 2 and 3 are valid and the other bits are reserved for port C registers.
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9.1.5 Pull-Up MOS Control Register (PnPCR) (n=D to F, H, and I)
PCR is an 8-bit readable/writable register that controls on/off of the port input pull-up MOS.

If a bit in PCR is set to 1 while the pin is in input state, the input pull-up MOS corresponding to
the bit in PCR is turned on. Table 9.4 shows the input pull-up MOS status.

The initial value of PCR is H'00.

Bit 7 6 5 4 3 2 1 0

Bit Name Pn7PCR Pn6PCR Pn5PCR Pn4PCR Pn3PCR Pn2PCR Pn1PCR PnOPCR

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Table 9.4  Input Pull-Up MOS State

Hardware Software Other

Port Pin State Reset Standby Mode Standby Mode Operation
Port D  Address output OFF

Port output OFF

Port input OFF ON/OFF
Port E  Address output OFF

Port output OFF

Port input OFF ON/OFF
Port F Address output OFF

Port output OFF

Port input OFF ON/OFF
PortH Data input/output OFF

Port output OFF

Port input OFF ON/OFF
Port | Data input/output OFF

Port output OFF

Port input OFF ON/OFF
[Legend]
OFF: The input pull-up MOS is always off.
ON/OFF: If PCRis set to 1, the input pull-up MOS is on; if PCR is cleared to 0, the input pull-up

MQOS is off.
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9.1.6 Open-Drain Control Register (PnODR) (n =2 and F)
ODR is an 8-bit readable/writable register that selects the open-drain output function.

If a bit in ODR is set to 1, the pin corresponding to that bit in ODR functions as an NMOS open-
drain output. If a bit in ODR is cleared to 0, the pin corresponding to that bit in ODR functions as
a CMOS output.

The initial value of ODR is H'00.

Bit 7 6 5 4 3 2 1 0

Bit Name Pn7ODR Pn6ODR Pn50DR Pn4ODR Pn30ODR Pn20DR Pn10ODR PnOODR

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

9.2 Output Buffer Control
This section describes the output priority of each pin.

The name of each peripheral module pin is followed by "_OE". This (for example: TIOCA4_OE)
indicates whether the output of the corresponding function is valid (1) or if another setting is
specified (0). Table 9.5 lists each port output signal's valid setting. For details on the
corresponding output signals, see the register description of each peripheral module. If the name
of each peripheral module pin is followed by A or B, the pin function can be modified by the port
function control register (PFCR). For details, see section 9.3, Port Function Controller.

For a pin whose initial value changes according to the activation mode, "Initial value E" indicates
the initial value when the LSI is started up in external extended mode and "Initial value S"
indicates the initial value when the LSI is started in single-chip mode.
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9.2.1 Port 1
(1) P171RQ7-A/TCLKD-B/SCL0

The pin function is switched as shown below according to the combination of the IIC2 register
setting and P17DDR bit setting.

Setting
lic2 I/O Port
Module Name Pin Function SCLO_OE* P17DDR
lcz SCLO input/output 1 —
I/0 port P17 output 0
P17 input 0 0

(initial setting)

Note: * When pin functions as I/O: 1

(2) P16/DACKI-A/IRQ6-A/TCLKC-B/SDA0

The pin function is switched as shown below according to the combination of the DMAC and IIC2
register setting and PI6DDR bit setting.

Setting
DMAC lic2 1/0 Port
Module Name Pin Function DACK1A_OE* SDAO_OE* P16DDR
DMAC DACK1-A output 1 — —
lIc2 SDAQOQ input/output 0 1 —
I/O port P16 output 0 0 1
P16 input 0 0 0

(initial setting)
Note: * When pin functions as 1/O: 1
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(3) P15/RxD5/IrRXD/TEND1-A/IRQ5-A/TCLKB-B/SCL1

The pin function is switched as shown below according to the combination of the DMAC and IIC2
register setting and PISDDR bit setting.

Setting
DMAC lic2 1/0 Port
Module Name  Pin Function TEND1A_OE* SCL1_OE* P15DDR
DMAC TEND1-A output 1 — —
lIC2 SCL1 input/output 0 —
I/O port P15 output 0 0
P15 input 0 0 0

(initial setting)
Note: * When pin functions as I/O: 1

(4) P14/TxD5/IrTXD/DREQ1-A/IRQ4-A/TCLKA-B/SDA1

The pin function is switched as shown below according to the combination of the SCI, IrDA, and
IIC2 register setting and P14DDR bit setting.

Setting

SCI IrDA lic2 1/0 Port
Module Name Pin Function TxD5_OE IrTXD_OE SDA1_OE* P14DDR
SCI TxD5 output 1 — — —
IrDA IrTXD output 0 1 — —
lIc2 SDAT1 input/output 0 0 —
I/0 port P14 output 0 0 0

P14 input 0 0 0 0

(initial setting)
Note: * When pin functions as I/O: 1
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(5) P13/ADTRGO/IRQ3-A

The pin function is switched as shown below according to the P13DDR bit setting.

Setting
1/0 Port
Module Name  Pin Function P13DDR
I/0 port P13 output 1
P13 input 0

(initial setting)

(6) P12/SCK2/DACKO-A/IRQ2-A

The pin function is switched as shown below according to the combination of the DMAC and SCI
register settings and P12DDR bit setting.

Setting
DMAC SCI I/O Port
Module Name Pin Function DACKOA_OE SCK2_OE P12DDR
DMAC DACKO-A output 1 — —
SCI SCK2 output 0 —
I/0 port P12 output 0 0 1
P12 input 0 0

(initial setting)
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(7) P11/RxD2/TENDO-A/IRQI-A

The pin function is switched as shown below according to the combination of the DMAC register
setting and P11DDR bit setting.

Setting
DMAC 1/0 Port
Module Name Pin Function TENDOA_OE P11DDR
DMAC TENDO-A output 1 —
I/0 port P11 output 0 1
P11 input 0 0

(initial setting)

(8) P10/TxD2/DREQO-A/TRQO-A:

The pin function is switched as shown below according to the combination of the SCI register
setting and PIODDR bit setting.

Setting
SCI I/O Port
Module Name  Pin Function TxD2_OE P10DDR
SCI TxD2 output 1 —
I/0 port P10 output 0 1
P10 input 0 0

(initial setting)
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9.2.2 Port 2
(1) P27/PO7/TIOCAS/TIOCB5

The pin function is switched as shown below according to the combination of the TPU and PPG
register settings and P27DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name  Pin Function TIOCB5_OE PO7_OE P27DDR
TPU TIOCBS output 1 — —
PPG PO7 output 0 —
I/0 port P27 output 0
P27 input 0 0

(initial setting)

(2) P26/PO6/TIOCAS/TMO1/TxD1

The pin function is switched as shown below according to the combination of the TPU, TMR,
SCI, and PPG register settings and P26DDR bit setting.

Setting

TPU TMR SCI PPG 1/0 Port
Module Name  Pin Function TIOCA5_OE TMO1_OE TxD1_OE PO6_OE P26DDR
TPU TIOCAS5 output 1 — — — —
TMR TMO1 output 0 1 — — —
SCI TxD1 output 0 0 1 — —
PPG PO6 output 0 0 0 —
I/O port P26 output 0 0 0

P26 input 0 0 0 0

(initial setting)
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(3) P25/POS/TIOCA4/TMCI1/RxD1

The pin function is switched as shown below according to the combination of the TPU and PPG
register settings and P25DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name  Pin Function TIOCA4_OE PO5_OE P25DDR
TPU TIOCA4 output 1 — —
PPG PO5 output 0 —
I/O port P25 output 0 0
P25 input 0 0

(initial setting)

4) P24/PO4/TIOCA4/TIOCB4/TMRI1/SCK1

The pin function is switched as shown below according to the combination of the TPU, SCI, and
PPG register settings and P24DDR bit setting.

Setting

TPU SCI PPG I/0 Port
Module Name  Pin Function TIOCB4_OE SCK1_OE PO4_OE P24DDR
TPU TIOCB4 output 1 — — —
SCI SCK1 output 0 1 — —
PPG PO4 output 0 0 1 —
I/0 port P24 output 0 0

P24 input 0 0 0

(initial setting)
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(5) P23/PO3/TIOCC3/TIOCD3/IRQ11-A

The pin function is switched as shown below according to the combination of the TPU and PPG
register settings and P23DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name  Pin Function TIOCD3_OE PO3_OE P23DDR
TPU TIOCD3 output 1 — —
PPG POS3 output 0 —
I/O port P23 output 0 0
P23 input 0 0

(initial setting)

(6) P22 /PO2/TIOCC3/TMO0/TxD0/IRQ10-A

The pin function is switched as shown below according to the combination of the TPU, TMR,
SCI, and PPG register settings and P22DDR bit setting.

Setting
TPU TMR SCI PPG I/O Port
Module Name Pin Function TIOCC3_OE TMOO_OE TxDO_OE PO2 OE P22DDR
TPU TIOCCS3 output 1 — — — —
TMR TMOO output 0 1 — — —
SCI TxDO output 0 0 1 — —
PPG PO2 output 0 0 0 1 —
I/0 port P22 output 0 0 0 1
P22 input 0 0 0 0

(initial setting)
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(7) P21/PO1/TIOCA3/TMCI0/RxD0/IRQ9-A

The pin function is switched as shown below according to the combination of the TPU and PPG
register settings and P21DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name  Pin Function TIOCA3_OE PO1_OE P21DDR
TPU TIOCAS output 1 — —
PPG PO1 output 0 —
I/O port P21 output 0 0
P21 input 0 0

(initial setting)

) P20/POO/TIOCA3/TIOCB3/TMRIO/SCKO/IRQ8-A

The pin function is switched as shown below according to the combination of the TPU, SCI, and
PPG register settings and P20DDR bit setting.

Setting

TPU SCI PPG I/O Port
Module Name  Pin Function TIOCB3_OE SCKO_OE POO0_OE P20DDR
TPU TIOCB3 output 1 — — —
SCI SCKO output 0 1 — —
PPG POO output 0 0 —
I/0 port P20 output 0 0

P20 input 0 0 0

(initial setting)
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9.2.3 Port 3

(1) P37/PO15/TIOCA2/TIOCB2/TCLKD-A

The pin function is switched as shown below according to the combination of the TPU and PPG

register settings and P37DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name  Pin Function TIOCB2_OE PO15_OE P37DDR
TPU TIOCB2 output 1 — —
PPG PO15 output 0 —
I/0 port P37 output 0
P37 input 0 0

(initial setting)

(2) P36/PO14/TIOCA2

The pin function is switched as shown below according to the combination of the TPU and PPG

register settings and P36DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name  Pin Function TIOCA2_OE PO14_OE P36DDR
TPU TIOCAZ2 output 1 — —
PPG PO14 output 0 —
I/0 port P36 output 0
P36 input 0 0

(initial setting)
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(3) P35/PO13/TIOCA1/TIOCB1/TCLKC-A/DACK1-B

The pin function is switched as shown below according to the combination of the DMAC, TPU,
and PPG register settings and P35DDR bit setting.

Setting
DMAC TPU PPG I/O Port
Module Name  Pin Function DACKIB_OE TIOCB1_OE PO13_OE P35DDR
DMAC DACK1-Boutput 1 — — —
TPU TIOCB1 output 0 1 — —
PPG PO13 output 0 0 —
I/0 port P35 output 0 0 1
P35 input 0 0 0

(initial setting)

(4) P34/PO12/TIOCA1/TENDI-B

The pin function is switched as shown below according to the combination of the DMAC, TPU,
and PPG register settings and P34DDR bit setting.

Setting
DMAC TPU PPG I/O Port
Module Name  Pin Function TEND1B_OE TIOCA1_OE PO12_OE  P34DDR
DMAC TEND1-B output 1 — — —
TPU TIOCA1 output 0 1 — —
PPG PO12 output 0 0 —
I/0 port P34 output 0 0 1
P34 input 0 0 0

(initial setting)
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(5) P33/PO11/TIOCCO/TIOCD0/TCLKB-A/DREQ1-B

The pin function is switched as shown below according to the combination of the TPU and PPG
register settings and P33DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name  Pin Function TIOCDO_OE PO11_OE P33DDR
TPU TIOCDO output 1 — —
PPG PO11 output 0 —
I/O port P33 output 0 0
P33 input 0 0

(initial setting)

(6) P32/PO10/TIOCCO/TCLKA-A/DACKO-B

The pin function is switched as shown below according to the combination of the DMAC, TPU,
and PPG register settings and P32DDR bit setting.

Setting
DMAC TPU PPG 1/0 Port
Module Name Pin Function DACKOB_OE TIOCC0_OE PO10_OE P32DDR
DMAC DACKO-B output 1 — — —
TPU TIOCCO output 0 1 — —
PPG PO10 output 0 0 1 —
I/0 port P32 output 0 0 1
P32 input 0 0 0

(initial setting)
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(7) P31/PO9/TIOCAO/TIOCBO/TENDO-B

The pin function is switched as shown below according to the combination of the DMAC, TPU,
and PPG register settings and P31DDR bit setting.

Setting
DMAC TPU PPG I/O Port
Module Name  Pin Function TENDOB_OE TIOCBO_OE PO9_OE P31DDR
DMAC TENDO-B output 1 — — —
TPU TIOCBO output 0 1 — —
PPG PO9 output 0 0 1 —
I/0 port P31 output 0 0 1
P31 input 0 0 0

(initial setting)

(8) P30/POS/TIOCAO0/DREQO-B

The pin function is switched as shown below according to the combination of the TPU and PPG
register settings and P33DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name  Pin Function TIOCAO_OE PO8_OE P30DDR
TPU TIOCAO output 1 — —
PPG PO8 output 0 —
I/0 port P30 output 0
P30 input 0 0

(initial setting)
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9.24 Port 5
(1) P57/AN7/DA1/IRQ7-B

Module Name Pin Function

D/A converter DA1 output

(2) P56/AN6/DA0/IRQ6-B

Module Name Pin Function

D/A converter DAO output

9.2.5 Port 6

(1) P65/TMO3/DACK3/TCK

The pin function is switched as shown below according to the combination of the DMAC and
TMR register settings and P65SDDR bit setting.

Setting
DMAC TMR I/O Port
Module Name  Pin Function DACK3_OE TMO3_OE P65DDR
DMAC DACKS3 output 1 — —
TMR TMO3 output 0 —
I/0 port P65 output 0 0 1
P65 input 0 0 0
(initial setting)
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(2) P64/TMCI3/TEND3/TDI

The pin function is switched as shown below according to the combination of the DMAC register
setting and P64DDR bit setting.

Setting
DMAC 1/0 Port
Module Name Pin Function TEND3_OE P64DDR
DMAC TENDS output 1 —
I/0 port P64 output 0 1
P64 input 0 0

(initial setting)

(3) P63/TMRI3/DREQ3/IRQ11-B/TMS

The pin function is switched as shown below according to the P63DDR bit setting.

Setting
I/O Port
Module Name  Pin Function P63DDR
I/0 port P63 output 1
P63 input 0

(initial setting)
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(4) P62/TMO2/SCK4/DACK2ARQI0-B/TRST

The pin function is switched as shown below according to the combination of the DMAC, TMR,

and SCI register settings and P62DDR bit setting.

Setting
DMAC TMR SCI I/0 Port
Module Name  Pin Function DACK2_OE TMO2_OE SCK4_OE P62DDR
DMAC DACK2 output 1 — — —
TMR TMO2 output 0 1 — —
SCI SCK4 output 0 0 1 —
I/0 port P62 output 0 0 1
P62 input 0 0 0

(initial setting)

(5) P61/TMCI2/RxD4/TEND2/IRQ9-B

The pin function is switched as shown below according to the combination of the DMAC register

setting and P61DDR bit setting.

Setting
DMAC 1/0 Port
Module Name  Pin Function TEND2_OE P61DDR
DMAC TEND2 output 1 —
I/0 port P61 output 0 1
P61 input 0 0

(initial setting)
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(6) P60/TMRI2/TxD4/DREQ2/IRQ8-B

The pin function is switched as shown below according to the combination of the SCI register
setting and P6ODDR bit setting.

Setting
SCI I/O Port
Module Name  Pin Function TxD4_OE P60DDR
SCI TxD4 output 1 —
I/0 port P60 output 0 1
P60 input 0 0

(initial setting)

9.2.6 Port A
(1) PA7/Bo

The pin function is switched as shown below according to the PA7DDR bit setting.

Setting
1/0 Port
Module Name Pin Function PA7DDR
I/0 port B¢ output* 1
(initial setting E)
PA7 input 0

(initial setting S)

[Legend]

Initial setting E:  Initial setting in external extended mode

Initial setting S:  Initial setting in single-chip mode

Note: * The type of ¢ to be output switches according to the POSEL1 bit in SCKCR. For details,
see section 22.1.1, System Clock Control Register (SCKCR).
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(2) PAG/AS/AH/BS-B

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, bus controller register, port function control register (PFCR), and the PA6DDR bit
settings.

Setting
Bus
Controller 1/0 Port
Module Name  Pin Function AH_OE BSB_OE AS_OE PA6DDR
Bus controller AH output* 1 — — —
BS-B output* 0 1 — —
AS output* 0 0 1 —
(initial setting E)
I/0 port PA6 output 0 0 0 1
PAG input 0 0 0 0

(initial setting S)

[Legend]

Initial setting E:  Initial setting in external extended mode
Initial setting S:  Initial setting in single-chip mode

Note: * Valid in external extended mode (EXPE = 1)

(3) PAS5RD

The pin function is switched as shown below according to the combination of operating mode, the
EXPE bit, and the PASDDR bit settings.

Setting
MCU Operating Mode 1/0 Port

Module Name Pin Function EXPE PA5DDR

RD output*
Bus controller (Initial setting E) 1 —
I/0 port PA5 output 0 1

PAS5 input

(initial setting S) 0 0

[Legend]

Initial setting E:  Initial setting in external extended mode
Initial setting S:  Initial setting in single-chip mode

Note: * Valid in external extended mode (EXPE = 1)
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(4) PA4/LHWR/LUB

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, bus controller register, port function control register (PFCR), and the PA4DDR bit
settings.

Setting
Bus Controller 1/0 Port

Module Name  Pin Function LUB_OE** LHWR_OE** PA4DDR
Bus controller LUB output*' 1 — —

LHWR output*’ — 1 —

(initial setting E)
I/0 port PA4 output 0 0

PA4 input 0 0 0

(initial setting S)

[Legend]

Initial setting E:  Initial setting in external extended mode
Initial setting S:  Initial setting in single-chip mode

Notes: 1. Valid in external extended mode (EXPE = 1)

2. When the byte control SRAM space is accessed while the byte control SRAM space is
specified or while LHWROE = 1, this pin functions as the LUB output; otherwise, the
LHWR output.
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(5) PA3LLWR/LLB

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, bus controller register, and the PA3DDR bit settings.

Setting
Bus Controller 1/0 Port

Module Name  Pin Function LLB_OE** LLWR_OE** PA3DDR
Bus controller  LLB output*' 1 — —

LLWR output*’ — 1 —

(initial setting E)
I/0 port PAS output 0 0

PA3 input 0 0 0

(initial setting S)

[Legend]

Initial setting E:  Initial setting in external extended mode
Initial setting S:  Initial setting in single-chip mode

Notes: 1. Valid in external extended mode (EXPE = 1)

2. If the byte control SRAM space is accessed, this pin functions as the LLB output;
otherwise, the LLWR.

(6) PA2/BREQ/WAIT

The pin function is switched as shown below according to the combination of the bus controller
register setting and the PA2DDR bit setting.

Setting
Bus Controller 1/0 Port
Module Name Pin Function BCR_BRLE BCR_WAITE PA2DDR
Bus controller ~ BREQ input 1 — —
WAIT input 0 1 _
I/0 port PA2 output 0 0 1
PA2 input 0 0

(initial setting)
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(7) PA1/BACK/(RD/WR)

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, bus controller register, port function control register (PFCR), and the PA1DDR bit
settings.

Setting
Bus Controller 1/0 Port
Byte control
SRAM
Module Name  Pin Function BACK_OE Selection (RD/WR)_OE PA1DDR
Bus controller BACK output * 1 — — —
RD/WR output * 0 1 — —
0 0 —
I/0 port PA1 output 0 0
PA1 input 0 0 0

(initial setting)
Note: * Valid in external extended mode (EXPE = 1)

(8) PAO/BREQO/BS-A

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, bus controller register, port function control register (PFCR), and the PAODDR bit
settings.

Setting
1/0 Port Bus Controller  1/0O Port
Module Name  Pin Function BSA_OE BREQO_OE PAODDR
Bus controller BS-A output* 1 — —
BREQO output* 0 1 —
I/0 port PAO output 0 0 1
PAO input 0 0

(initial setting)
Note: * Valid in external extended mode (EXPE = 1)
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9.2.7 Port B
(1) PB7/SD¢

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, port function control register (PFCR), and the PB7DDR bit settings.

Setting
MCU Operating Mode I/O Port
Module Name Pin Function SDRAM Mode PB7DDR
Clock pulse SD¢ output* 1 —
generator
I/0 port PB7 output 0 1
PB7 input 0 0

(initial setting)

Note: * Validin SDRAM mode

(2) PB6/CS6-D/(RD/WR-B)

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, bus controller register, port function control register (PFCR), and the PB6DDR bit
settings.

Setting
I/O Port
Byte control
SRAM _
Module Name  Pin Function Selection (RD/WR)-B_OE CS6D_OE PB6DDR
Bus controller RD/WR-B output* 1 — — —
0 1 — —
CS6-D output* 0 0 1 —
I/0 port PB6 output 0 0 1
PB6 input 0 0 0

(initial setting)

Note: * Valid in external extended mode (EXPE = 1)
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(3) PB5/CS5-D/OE/CKE

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, bus controller register, port function control register (PFCR), and the PBSDDR bit
settings.

Setting
1/0 Port
Module Name  Pin Function CKE_OE OE_OE CS5D_OE  PBSDDR
Bus controller CKE output* 1 — — —
OE output* 0 1 — _
CS5-D output* 0 0 1 —
I/O port PB5 output 0 0
PB5 input 0 0 0

(initial setting)
Note: * Valid in external extended mode (EXPE = 1)

(4) PB4/CS4-B/WE

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, bus controller register, port function control register (PFCR), and the PB4DDR bit
settings.

Setting
Bus Controller I/O Port
Module Name  Pin Function WE_OE CS4B_OE PB4DDR
Bus controller ~ WE output* 1 — —
CS4-B output* 0 1 —
I/0 port PB4 output 0
PB4 input 0 0

(initial setting)
Note: * Valid in external extended mode (EXPE = 1)
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(5) PB3/CS3-A/CS7-A/CAS

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, bus controller register, port function control register (PFCR), and the PB3DDR bit
settings.

Setting
Bus Controller 1/0 Port

Module Name  Pin Function CAS_OE CS3A_OE CS7A_OE PB3DDR
Bus controller CAS output* 1 — — —

CS3-A output* 0 1 — —

CS7-A output* 0 — 1 —
I/O port PB3 output 0 1

PB3 input 0 0

(initial setting)

Note: * Valid in external extended mode (EXPE = 1)

(6) PB2/CS2-A/CS6-A/RAS

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, bus controller register, port function control register (PFCR), and the PB2DDR bit
settings.

Setting
Bus Controller 1/0 Port

Module Name  Pin Function RAS_OE CS2A_OE CS6A OE PB2DDR
Bus controller ~ RAS output* 1 — — —

CS2-A output* 0 1 — —

CS6-A output* 0 — 1 —
I/0 port PB2 output 0 1

PB2 input 0 0

(initial setting)

Note: * Valid in external extended mode (EXPE = 1)
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(7) PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-B

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, port function control register (PFCR), and the PBIDDR bit settings.

Setting
1/0 Port
Module Name  Pin Function CST_OE (CS2B_OE CS5A_OE CS6B_OE CS7B_OE PB1DDR
Bus controller ~ CS1 output* 1 — — — — _
CS2-B output* — 1 — — _ _
CS5-A output* — — 1 _ _ _
CS6-B output* — — — 1 _ _
CS7-B output* — — — — 1 _
I/O port PB1 output 0
PB1 input 0 0 0 0 0 0

(initial setting)
Note: * Valid in external extended mode (EXPE = 1)

(8) PBO/CS0/CS4/CS5-B

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, port function control register (PFCR), and the PBODDR bit settings.

Setting
1/0 Port
Module Name  Pin Function CS0_OE CS4_OE CS5B_OE  PBODDR
Bus controller ~ CSO0 output 1 — — —
(initial setting E)
CS4 output — 1 — —
CS5-B output — — 1 —
I/O port PBO output 0 0 0 1
PBO input 0 0 0 0

(initial setting S)

[Legend]
Initial setting E: Initial setting in on-chip ROM disabled external extended mode
Initial setting S:  Initial setting in other modes
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9.2.8 Port C
(1) PC3/LLCAS/DQMLL

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, bus controller register, and the PC3DDR bit settings.

Setting
Bus Controller 1/0 Port
Module Name Pin Function LLCAS_OE DQMLL_OE PC3DDR
Bus controller ~ LLCAS output* 1 — —
DQMLL output* — 1 —
I/0 port PC3 output 0
PC3 input 0 0 0

(initial setting)

Note: * Valid in external extended mode (EXPE = 1)

(2) PC2/LUCAS/DQMLU

The pin function is switched as shown below according to the combination of operating mode,
EXPE bit, bus controller register, and the PC2DDR bit settings.

Setting
Bus Controller 1/0 Port
Module Name Pin Function LUCAS_OE DQMLU_OE PC2DDR
Bus controller ~ LUCAS output* 1 — —
DQMLU output* — 1 —
I/O port PC2 output 0
PC2 input 0 0 0

(initial setting)

Note: * Valid in external extended mode (EXPE = 1)
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9.2.9 Port D
(1) PD7/A7,PD6/A6, PD5/AS, PD4/A4, PD3/A3, PD2/A2, PD1/A1, PD0/A0

The pin function is switched as shown below according to the combination of operating mode, the
EXPE bit, and the PDnDDR bit settings.

Setting

1/0 Port
Module Name Pin Function MCU Operating Mode PDnDDR

Bus controller Address output On-chip ROM disabled extended mode —
On-chip ROM enabled extended mode 1

I/0 port PDn output Single-chip mode* 1
PDn input Modes other than on-chip ROM 0
(initial setting) disabled extended mode
[Legend]
n: Oto7
Note: * Address output is enabled by setting PDnDDR = 1 in external extended mode
(EXPE =1)

9210 PortE
(1) PE7/A15, PE6/A14, PES/A13, PE4/A12, PE3/A11, PE2/A10, PE1/A9, PEO/AS8

The pin function is switched as shown below according to the combination of operating mode, the
EXPE bit, and the PEnDDR bit settings.

Setting
1/0 Port
Module Name  Pin Function MCU Operating Mode PEnDDR
Bus controller Address output On-chip ROM disabled extended mode —
On-chip ROM enabled extended mode 1

I/0 port PEn output Single-chip mode* 1

PEn input Modes other than on-chip ROM 0

(initial setting) disabled extended mode
[Legend]
n: Oto7
Note: * Address output is enabled by setting PDnDDR = 1 in external extended mode

(EXPE = 1)
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9.2.11 PortF
(1) PF7/A23

The pin function is switched as shown below according to the combination of operating mode, the
EXPE bit, port function control register (PFCR), and the PF7DDR bit settings.

Setting
MCU I/O Port I/O Port
Operating Mode  Pin Function = A23_OE PF7DDR
Bus controller A23 output* 1 —
I/0 port PF7 output 0 1
PF7 input 0 0

(initial setting)
Note: * Valid in external extended mode (EXPE = 1)

(2) PF6/A22

The pin function is switched as shown below according to the combination of operating mode, the
EXPE bit, port function control register (PFCR), and the PF6DDR bit settings.

Setting
MCU I/O Port I/O Port
Operating Mode  Pin Function = A22_OE PF6DDR
Bus controller A22 output* 1 —
I/0 port PF6 output 0 1
PF6 input 0 0

(initial setting)

Note: * Valid in external extended mode (EXPE = 1)
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(3) PF5/A21

The pin function is switched as shown below according to the combination of operating mode, the
EXPE bit, port function control register (PFCR), and the PFSDDR bit settings.

Setting
MCU I/0 Port I/0 Port
Operating Mode  Pin Function = A21_OE PF5DDR
Bus controller A21 output* 1 —
I/0 port PF5 output 0 1
PF5 input 0 0

(initial setting)
Note: * Valid in external extended mode (EXPE = 1)

(4) PF4/A20

The pin function is switched as shown below according to the combination of operating mode, the
EXPE bit, port function control register (PFCR), and the PFADDR bit settings.

Setting
MCU 1/0 Port I/0 Port
Operating Mode  Module Name  Pin Function @ A20_OE PFADDR
On-chip ROM Bus controller A20 output — —
disabled extended
mode
Modes other than  Bus controller A20 output* 1 —
on-chip ROM
disabled extended I/0 port PF4 output 0 1
mode PF4 input 0 0

(initial setting)
Note: * Valid in external extended mode (EXPE = 1)
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(5) PF3/A19

The pin function is switched as shown below according to the combination of operating mode, the
EXPE bit, port function control register (PFCR), and the PF3DDR bit settings.

Setting
MCU 1/0 Port I/0 Port
Operating Mode  Module Name  Pin Function A19_OE PF3DDR
On-chip ROM Bus controller A19 output — —
disabled extended
mode
Modes other than ~ Bus controller A19 output* 1 —
on-chip ROM
disabled extended I/O port PF3 output 0 1
mode PF3 input 0 0

(initial setting)

Note: * Valid in external extended mode (EXPE = 1)

(6) PF2/A18

The pin function is switched as shown below according to the combination of operating mode, the
EXPE bit, port function control register (PFCR), and the PF2DDR bit settings.

Setting

MCU 1/0 Port 1/0 Port
Operating Mode  Module Name  Pin Function A18_OE PF2DDR
On-chip ROM Bus controller A18 output — —
disabled extended
mode
Modes other than  Bus controller A18 output* 1 —
on-chip ROM

I t PF2 output 1
disabled extended /O por outpu 0
mode PF2 input 0 0

(initial setting)

Note: * Valid in external extended mode (EXPE = 1)
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(7) PFUA17

The pin function is switched as shown below according to the combination of operating mode, the
EXPE bit, port function control register (PFCR), and the PF1DDR bit settings.

Setting
MCU 1/0 Port I/0 Port
Operating Mode Module Name Pin Function A17_OE PF1DDR
On-chip ROM Bus controller A17 output — —
disabled extended
mode
Modes other than ~ Bus controller A17 output* 1 —
on-chip ROM
disabled extended PFT output 0 !
mode PF1 input 0 0

(initial setting)

Note: * Valid in external extended mode (EXPE = 1)

(8) PF0/A16

The pin function is switched as shown below according to the combination of operating mode, the
EXPE bit, port function control register (PFCR), and the PFODDR bit settings.

Setting
MCU 1/0 Port 1/0 Port
Operating Mode  Module Name  Pin Function A16_OE PFODDR
On-chip ROM Bus controller A16 output — —
disabled extended
mode
Modes other than  Bus controller A16 output* 1 —
on-chip ROM PFO output 0 1
disabled extended
mode PFO input 0 0

(initial setting)

Note: * Valid in external extended mode (EXPE = 1)
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9.2.12 PortH
(1) PH7/D7, PH6/D6, PH5/DS, PH4/D4, PH3/D3, PH2/D2, PH1/D1, PH0O/D0

The pin function is switched as shown below according to the combination of operating mode, the
EXPE bit, and the PHnDDR bit settings.

Setting
MCU Operating Mode I/0 Port
Module Name Pin Function EXPE PHnDDR
Bus controller Data 1/0O* 1 —
(initial setting E)
I/0 port PHn output 0 1
PHn input 0 0

(initial setting S)

[Legend]

Initial setting E:  Initial setting in external extended mode
Initial setting S:  Initial setting in single-chip mode

n: Oto7

Note: * Valid in external extended mode (EXPE = 1)
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9.213 Portl
(1) PI7/D15, P16/D14, PI5/D13, P14/D12, P13/D11, P12/D10, PI1/D9, P10/D8

The pin function is switched as shown below according to the combination of operating mode, bus
mode, the EXPE bit, and the PInDDR bit settings.

Setting
Bus Controller 1/0 Port
Module Name Pin Function 16-Bit Bus Mode PInDDR
Bus controller Data I/0* 1 —
(initial setting E)
I/0 port PIn output 0 1
PIn input 0 0

(initial setting S)

[Legend]

Initial setting E:  Initial setting in external extended mode
Initial setting S:  Initial setting in single-chip mode

n: Oto7

Note: * Valid in external extended mode (EXPE = 1)
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9.2.14 PortM
(1) PM4

The pin function is switched as shown below according to the combination of the USB register
setting and PM4DDR bit setting.

Setting
usB 1/0 Port
Module Name  Pin Function PULLUP_E PM4DDR
uUSB PULLUP control output 1 —
I/0 port PM4 output 0
PM4 input 0 0

(initial setting)

(2) PM3

The pin function is switched as shown below according to the combination of the PM3DDR bit
setting.

Setting
1/0 Port
Module Name Pin Function PM3DDR
I/0 port PM3 output 1
PMS3 input 0

(initial setting)

(3) PM2

The pin function is switched as shown below according to the combination of the PM2DDR bit
setting.

Setting
1/0 Port
Module Name Pin Function PM2DDR
I/0 port PM2 output 1
PM2 input 0

(initial setting)
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(4) PMI1/RxD6

The pin function is switched as shown below according to the combination of the PM1DDR bit
setting.

Setting
1/0 Port
Module Name Pin Function PM1DDR
I/O port PM1 output 1
PM1 input 0

(initial setting)

(5) PMO/TxD6

The pin function is switched as shown below according to the combination of the SCI register
setting and PMODDR bit setting.

Setting
SCI I/0 Port
Module Name Pin Function TxD6_OE PMODDR
SCI TxD6 output 1 —
I/0 port PMO output 0 1
PMO input 0 0

(initial setting)
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Table 9.5  Available Output Signals and Settings in Each Port
Output Output
Specification Signal Signal Selection
Port Signal Name Name Register Settings Peripheral Module Settings
P17 SCLO_OE SCLO ICCRA.ICE =1
6 DACK1A_OE DACK1 PFCR7.DMAS1[A,B]=00 DACR.AMS =1, DMDR.DACKE =1
SDAO_OE SDAO ICCRA.ICE =1
5 TEND1A_OE TEND1 PFCR7.DMAS1[A,B]=00 DMDR.TENDE =1
SCL1_OE SCLA1 ICCRA.ICE =1
4  TxD5_OE TxD5 SCR.TE=1,IrCR.IFE=0
IrTxD5_OE IrTxD5 SCR.TE=1, IrCR.IfE =1
SDA1_OE SDA1 ICCRA.ICE =1
3 —_ —_ —_ —_—
2 DACKOA_OE DACKO PFCR7.DMASO[A,B]=00 DACR.AMS =1, DMDR.DACKE =1
SCK2_OE SCK2 When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while
SMR.GM = 0, SCR.CKE [1, 0] = 01 or while
SMR.GM =1
When SCMR.SMIF = 0:
SCR.TE =1 or SCR.RE = 1 while
SMR.C/A = 0, SCR.CKE [1, 0] = 01 or while
SMR.C/A=1,SCR.CKE1=0
1 TENDOA_OE TENDO PFCR7.DMASO[A,B] =00 DMDR.TENDE =1
0 TxD2_OE TxD2 SCR.TE =1
P2 7 TIOCB5_OE TIOCB5 TPU.TIOR5.10B3 =0,
TPU.TIOR5.10B[1,0] = 01/10/11
PO7_OE PO7 NDERL.NDER7 =1
6 TIOCA5_OE TIOCA5 TPU.TIOR5.1I0A3 =0,
TPU.TIOR5.10A[1,0] = 01/10/11
TMO1_OE TMOA1 TCSR.0S3,2 =01/10/11 or
TCSR.OS[1,0] = 01/10/11
TxD1_OE TxD1 SCR.TE =1
PO6_OE PO6 NDERL.NDER®6 = 1
5 TIOCA4_OE TIOCA4 TPU.TIOR4.I0A3 =0,
TPU.TIOR4.10A[1,0] = 01/10/11
PO5_OE PO5 NDERL.NDER5 = 1
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Output Output
Specification Signal Signal Selection
Port Signal Name Name  Register Settings Peripheral Module Settings
P2 TIOCB4_OE TIOCB4 TPU.TIOR4.10B3 = 0,

TPU.TIOR4.10B[1,0] = 01/10/11

SCK1_OE SCK1 When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while
SMR.GM = 0, SCR.CKE [1, 0] = 01 or while
SMR.GM =1
When SCMR.SMIF = 0:
SCR.TE =1 or SCR.RE = 1 while
SMR.C/A = 0, SCR.CKE [1, 0] = 01 or while
SMR.C/A=1,SCR.CKE1=0

PO4_OE PO4 NDERL.NDER4 = 1

TIOCD3_OE TIOCD3 TPU.TMDR.BFB =0,
TPU.TIORL3.10D3 =0,
TPU.TIORL3.10DJ[1,0] = 01/10/11

PO3_OE PO3 NDERL.NDERS3 =1

TIOCC3_OE TIOCC3 TPU.TMDR.BFA =0,
TPU.TIORL3.I0C3 =0,
TPU.TIORL3.10DJ[1,0] = 01/10/11

TMOO_OE TMOO0 TCSR.0S[3,2] =01/10/11 or
TCSR.OSJ[1,0] = 01/10/11

TxD0_OE TxDO SCR.TE =1

PO2_OE PO2 NDERL.NDER2 =1

TIOCA3_OE TIOCA3 TPU.TIORH3.I0A3 =0,
TPU.TIORH3.IOA[1,0] = 01/10/11

PO1_OE PO1 NDERL.NDER1 =1

TIOCB3_OE TIOCB3 TPU.TIORH3.10B3 = 0,
TPU.TIORH3.I0BJ[1,0] = 01/10/11

SCKO0_OE SCKO When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while
SMR.GM = 0, SCR.CKE [1, 0] = 01 or while
SMR.GM =1
When SCMR.SMIF = 0:
SCR.TE =1 or SCR.RE = 1 while
SMR.C/A = 0, SCR.CKE [1, 0] = 01 or while
SMR.C/A=1,SCR.CKE1=0

POO0_OE POO NDERL.NDERO = 1
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Output Output
Specification Signal Signal Selection
Port Signal Name Name  Register Settings Peripheral Module Settings
P3 TIOCB2_OE  TIOCB2 TPU.TIOR2.10B3 =0,
TPU.TIOR2.10BJ[1,0] = 01/10/11
PO15_OE PO15 NDERH.NDER15 = 1
TIOCA2_OE  TIOCA2 TPU.TIOR2.I0A3 =0,
TPU.TIOR2.10A[1,0] = 01/10/11
PO14_OE PO14 NDERH.NDER14 = 1
DACK1B_OE DACK1 PFCR7.DMAS1[A,B]=01 DACR.AMS = 1,DMDR.DACKE =1
TIOCB1_OE  TIOCB1 TPU.TIOR1.10B3 =0,
TPU.TIOR1.10B[1,0] = 01/10/11
PO13_OE PO13 NDERH.NDER13 = 1
TEND1B_OE TEND1 PFCR7.DMAS1[A,B]=01 DMDR.TENDE =1
TIOCA1_OE  TIOCA1 TPU.TIOR1.I0A3 =0,
TPU.TIOR1.I0A[1,0] = 01/10/11
PO12_OE PO12 NDERH.NDER12 = 1
TIOCDO_OE  TIOCDO TPU.TMDR.BFB =0,
TPU.TIORLO.10OD3 =0,
TPU.TIORLO.IODJ[1,0] = 01/10/11
PO11_OE PO11 NDERH.NDER11 =1
DACKOB_OE DACKO PFCR7.DMASO[A,B]=01 DACR.AMS = 1,DMDR.DACKE =1
TIOCCO_OE  TIOCCO TPU.TMDR.BFA =0,
TPU.TIORLO0.IOC3 =0,
TPU.TIORLO0.10OD[1,0] = 01/10/11
PO10_OE PO10 NDERH.NDER10 = 1
TENDOB_OE TENDO PFCR7.DMASO[A,B]=01 DMDR.TENDE =1
TIOCBO_OE  TIOCBO TPU.TIORH0.10B3 = 0,
TPU.TIORHO0.10BJ[1,0] = 01/10/11
PO9_OE PO9 NDERH.NDERS9 = 1
TIOCAO_OE  TIOCAO TPU.TIORHO0.I0A3 = 0,
TPU.TIOHO.I0A[1,0] = 01/10/11
PO8_OE PO8 NDERH.NDERS = 1

Rev.1.00 Jun. 07, 2006 Page 478 of 1102
REJ09B0294-0100

RENESAS



Section 9 1/O Ports

Output Output
Specification Signal Signal Selection
Port Signal Name Name Register Settings Peripheral Module Settings
P6 5 DACK3_OE DACK3 PFCR7.DMAS3[A,B] =01 DACR.AMS =1, DMDR.DACKE = 1
TMO3_OE TMO3 TCSR.0S[3,2] =01/10/11 or
TCSR.OS[1,0] = 01/10/11
4  TEND3_OE TEND3 PFCR7.DMAS3[A,B] =01 DMDR.TENDE =1
2 DACK2_OE DACK2 PFCR7.DMAS2[A,B] =01 DACR.AMS =1, DMDR.DACKE = 1
TMO2_OE TMO2 TCSR.0S[3,2] = 01/10/11 or
TCSR.OS[1,0] = 01/10/11
SCK4_OE SCK4 When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while
SMR.GM = 0, SCR.CKE [1, 0] = 01 or while
SMR.GM =1
When SCMR.SMIF = 0:
SCR.TE =1 or SCR.RE = 1 while
SMR.C/A =0, SCR.CKE [1, 0] = 01 or while
SMR.C/A=1,SCR.CKE 1=0
1 TEND2_OE TEND2 PFCR7.DMAS2[A,B]=01 DMDR.TENDE =1
0 TxD4_OE TxD4 SCR.TE =1
PA 7 B¢_OE Bo PADDR.PA7DDR = 1, SCKCR.POSEL1 =0
6 AH_OE AH SYSCR.EXPE =1,
MPXCR.MPXEn (n=7to 3) =1
SB_OE BS PFCR2.BSS =1 SYSCR.EXPE =1, PFCR2.BSE =1
AS_OE AS SYSCR.EXPE =1, PFCR2.ASOE = 1
5 RD_OE RD SYSCR.EXPE =1
4 LUB_OE LUB SYSCR.EXPE =1, PFCR6.LHWROE = 1 or
SRAMCR.BCSELn =1
LHWR_OE LHWR SYSCR.EXPE =1, PFCR6.LHWROE = 1
3 LLB_OE LLB SYSCR.EXPE =1, SRAMCR.BCSELn = 1
LLWR_OE LLWR SYSCR.EXPE =1
1 BACK_OE BACK SYSCR.EXPE = 1,BCR1.BRLE =1
(RD/WR)_OE RD/WR SYSCR.EXPE =1, PFCR2.REWRE =1 or
SRAMCR.BCSELn = 1
0 BSA_OE BS PFCR2.BSS =0 SYSCR.EXPE =1, PFCR2.BSE =1
BREQO_OE BREQO SYSCR.EXPE =1, BCR1.BRLE =1,

BCR1.BREQOE =1
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Output Output
Specification Signal Signal Selection
Port Signal Name Name  Register Settings Peripheral Module Settings
PB 7 SD¢_OE SD¢ MDCR.MDS7 = 1
6 (RD/WR)-B_OE RD/WR PFCR2.RDWRS =1 SYSCR.EXPE=1, PFCR2.REWRE =1 or
ASRAMCR.BCSELn = 1
CS6D_OE CS6 PFCR1.CS6S[A,B] = 11 SYSCR.EXPE = 1, PFCR0.CS6E = 1
5 CKE_OE CKE SYSCR.EXPE = 1, DRAMCR.DRAME =1,
DRAMCR.DTYPE =1, DRAMCR.OEE = 1
OE_OE OE SYSCR.EXPE = 1, DRAMCR.DRAME =1,
DRAMCR.DTYPE = 0, DRAMCR.OEE =1
CS5D_OE CS5 PFCR1.CS5S[A,B] = 11 SYSCR.EXPE = 1, PFCR0.CS5E = 1
4 WE_OE WE SYSCR.EXPE = 1, DRAMCR.DRAME = 1
CS4B_OE Cs4 PFCR1.CS4S[A,B] = 01 SYSCR.EXPE =1, PFCR0.CS4E = 1
3 CAS_OE CAS SYSCR.EXPE = 1, DRAMCR.DRAME =1,
DRAMCR.DTYPE =1
CS3A_OE CS3 PFCR2.CS3S =0 SYSCR.EXPE =1, PFCR0.CS3E = 1
CS7A_OE CS7 PFCR1.CS7S[A,B]=00 SYSCR.EXPE =1, PFCRO.CS7E = 1
2 RAS_OE RAS SYSCR.EXPE = 1, DRAMCR.DRAME = 1
CS2A_OE CSs2 PFCR2.CS2S =0 SYSCR.EXPE =1, PFCR0.CS2E = 1
CS6A_OE CS6 PFCR1.CS6S[A,B]=00 SYSCR.EXPE =1, PFCRO.CS6E = 1
1 CS1_OE Cst SYSCR.EXPE =1, PFCR0.CS1E = 1
CS2B_OE CS2 PFCR2.CS2S =1 SYSCR.EXPE =1, PFCR0.CS2E = 1
CS5A_OE CS5 PFCR1.CS5S[A,B]=00 SYSCR.EXPE =1, PFCR0.CS5E = 1
CS6B_OE CS6 PFCR1.CS6S[A,B] = 01 SYSCR.EXPE = 1, PFCR0.CS6E = 1
CS7B_OE CS7 PFCR1.CS7S[A,B] = 01 SYSCR.EXPE =1, PFCR0.CS7E = 1
0 CS0_OE CSo SYSCR.EXPE =1, PFCR0.CSOE = 1
CS4_OE CS4 SYSCR.EXPE =1, PFCR0.CS4E = 1
CS5B_OE CS5 PFCR1.CS5S[A,B] = 01 SYSCR.EXPE =1, PFCR0.CS5E = 1
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Output Output
Specification Signal Signal Selection
Port Signal Name Name Register Settings Peripheral Module Settings
PC 3 LLCAS_OE LLCAS SYSCR.EXPE = 1, DRAMCR.DRAME = 1,
DRAMCR.DTYPE =0
DQMLL_ OE  DQMLL SYSCR.EXPE = 1, DRAMCR.DRAME = 1,
DRAMCR.DTYPE =1
2 LUCAS_OE LUCAS SYSCR.EXPE =1,
ABWCR.[ABWH2,ABWL2] = x0/01,
DRAMCR.DRAME =1,
DRAMCR.DTYPE =0
DQMLU_OE  DQMLU SYSCR.EXPE =1,
ABWCR.[ABWH2,ABWL2] = x0/01,
DRAMCR.DRAME =1,
DRAMCR.DTYPE =1
PD 7 A7_OE A7 SYSCR.EXPE =1, PDDDR.PD7DDR = 1
6 A6_OE A6 SYSCR.EXPE = 1, PDDDR.PD6DDR = 1
5 A5_OE A5 SYSCR.EXPE = 1, PDDDR.PD5DDR = 1
4 A4 OE A4 SYSCR.EXPE = 1, PDDDR.PD4DDR = 1
3 A3_OE A3 SYSCR.EXPE = 1, PDDDR.PD3DDR = 1
2 A2 _OE A2 SYSCR.EXPE =1, PDDDR.PD2DDR = 1
1 A1_OE A1 SYSCR.EXPE = 1, PDDDR.PD1DDR = 1
0 AO_OE A0 SYSCR.EXPE = 1, PDDDR.PDODDR = 1
PE 7 A15_OE A15 SYSCR.EXPE = 1, PDDDR.PE7DDR = 1
6 Al14_OE Al4 SYSCR.EXPE = 1, PDDDR.PE6DDR = 1
5 A13_OE A13 SYSCR.EXPE = 1, PDDDR.PE5SDDR = 1
4 A12_OE A12 SYSCR.EXPE = 1, PDDDR.PE4DDR = 1
3 A11_OE Al SYSCR.EXPE = 1, PDDDR.PE3DDR = 1
2 A10_OE A10 SYSCR.EXPE = 1, PDDDR.PE2DDR = 1
1 A9_OE A9 SYSCR.EXPE =1, PDDDR.PE1DDR = 1
0 A8_OE A8 SYSCR.EXPE = 1, PDDDR.PEODDR = 1
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Output Output
Specification Signal Signal Selection
Port Signal Name Name  Register Settings Peripheral Module Settings
PF 7 A23_OE A23 SYSCR.EXPE = 1, PFCR4.A23E = 1
6 A22_OE A22 SYSCR.EXPE = 1, PFCR4.A22E = 1
5 A21_OE A21 SYSCR.EXPE = 1, PFCR4.A21E = 1
4  A20_OE A20 SYSCR.EXPE = 1, PFCR4.A20E = 1
3 A19_OE A19 SYSCR.EXPE =1, PFCR4.A19E =1
2 A18_OE A18 SYSCR.EXPE =1, PFCR4.A18E = 1
1 A17_OE A17 SYSCR.EXPE =1, PFCR4.A17E =1
0 A16_OE A16 SYSCR.EXPE =1, PFCR4.A16E = 1
PH 7 D7_E D7 SYSCR.EXPE =1
6 D6_E D6 SYSCR.EXPE =1
5 D5_E D5 SYSCR.EXPE =1
4 D4_E D4 SYSCR.EXPE =1
3 D3_E D3 SYSCR.EXPE =1
2 D2_E D2 SYSCR.EXPE =1
1 D1_E D1 SYSCR.EXPE =1
0 DO_E DO SYSCR.EXPE =1
Pl 7 D15_E D15 SYSCR.EXPE = 1, ABWCR.ABW[H,L]n = 01
6 Di14_E D14 SYSCR.EXPE = 1, ABWCR.ABW[H,L]n = 01
5 D13_E D13 SYSCR.EXPE = 1, ABWCR.ABW[H,L]n = 01
4 Di12_E D12 SYSCR.EXPE = 1, ABWCR.ABW[H,L]n = 01
3 D11_E D11 SYSCR.EXPE = 1, ABWCR.ABW[H,L]n = 01
2 D10_E D10 SYSCR.EXPE = 1, ABWCR.ABW[H,L]n = 01
1 D9_E D9 SYSCR.EXPE = 1, ABWCR.ABW[H,L]n = 01
0 D8_E D8 SYSCR.EXPE =1, ABWCR.ABW[H,L]n = 01
PM 4 — — —
3 — — —
2 — — —
1 — — —
0 TxD6_OE TxD6 SCR.TE =1
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9.3 Port Function Controller
The port function controller controls the I/O ports.

The port function controller incorporates the following registers.

Port function control register 0 (PFCRO)
Port function control register 1 (PFCR1)
Port function control register 2 (PFCR2)
Port function control register 4 (PFCR4)
Port function control register 6 (PFCR6)
Port function control register 7 (PFCR7)
Port function control register 9 (PFCR9)
Port function control register B (PFCRB)
Port function control register C (PFCRC)

9.3.1 Port Function Control Register 0 (PFCR0)

PFCRO enables/disables the CS output.

Bit 7 6 5 4 3 2 1 0

Bit Name CS7E CS6E CS5E CS4E CS3E CS2E CS1E CSOE
Initial Value 0 0 0 0 0 0 0 Undefined*
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * 1 in external extended mode; 0 in other modes.

Initial
Bit Bit Name Value R/W Description
7 CS7E 0 R/W CS7 to CSO Enable
6 CS6E 0 R/W  These bits enable/disable the corresponding CSn
5 CS5E 0 RW  output
2 CS4E 0 RIW 0: Pin functions as VO_port
3 CS3E 0 RIW 1: Pin functions as CSn output pin
2 CS2E 0 rRw (=710
1 CS1E 0 R/W
0 CSOE Undefined* R/W

Note: * 1 in external extended mode, 0 in other modes.
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9.3.2 Port Function Control Register 1 (PFCR1)

PFCRI selects the CS output pins.

Bit 7 6 5 4 3 2 1 0
Bit Name CS7SA CS7SB CS6SA CS6SB CS5SA CS5SB CS4SA CS4SB
Initial Value 0 0 0 0 0 0 0 0
RW RW RW RW RW RW R/W RW RW
Initial
Bit Bit Name Value R/W Description
7 CS7SA* 0 R/W  CS7 Output Pin Select
6 CS7sB* 0 R/W Selects the output pin for CS7 when CS7 output is
enabled (CS7E = 1)
00: Specifies pin PB3 as CS7-A output
01: Specifies pin PB1 as CS7-B output
10: Setting prohibited
11: Setting prohibited
5 CS6SA* 0 R/W  CS6 Output Pin Select
4 csesB* 0 R/W Selects the output pin for CS6 when CS6 output is
enabled (CS6E = 1)
00: Specifies pin PB2 as CS6-A output
01: Specifies pin PB1 as CS6-B output
10: Setting prohibited
11: Specifies pin PB6 as CS6-D output
3 CS5SA* 0 R/W  CS5 Output Pin Select
2 CS5SB* 0 R/W Selects the output pin for CS5 when CS5 output is

enabled (CS5E = 1)

00: Specifies pin PB1 as CS5-A output
01: Specifies pin PB0 as CS5-B output
10: Setting prohibited

11: Specifies pin PB5 as CS5-D output
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Initial
Bit Bit Name Value R/W Description
1 CS4SA* 0 R/W CS4 Output Pin Select
0 CS4sB* 0 R/W Selects the output pin for CS4 when CS4 output is

enabled (CS4E = 1)

00: Specifies pin PB1 as CS4-A output
01: Specifies pin PB0 as CS4-B output
10: Setting prohibited

11: Setting prohibited

Note: * If multiple CS outputs are specified to a single pin according to the CSn output pin
select bits (n = 4 to 7), multiple CS signals are output from the pin. For details, see
section 6.5.3, Chip Select Signals.

9.3.3 Port Function Control Register 2 (PFCR2)

PFCR?2 selects the CS output pin, enables/disables bus control I/O, and selects the bus control I/O
pins.

Bit 7 6 5 4 3 2 1 0
Bit Name — Cs2s BSS BSE RDWRS | RDWRE ASOE —
Initial Value 0 0 0 0 0 0 1 0
RIW R RW RW R/W R/W R/W R/W R
Initial
Bit Bit Name Value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
6 CS2S8*' 0 R/W  CS2 Output Pin Select

Selects the output pin for CS2 when CS2 output is
enabled (CS2E = 1)

0: Specifies pin PB2 as CS2-A output pin
1: Specifies pin PB1 as CS2-B output pin
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Initial
Bit Bit Name Value R/W

Description

5 BSS 0 R/W

BS Output Pin Select

Selects the BS output pin

0: Specifies pin PAO as BS-A output pin
1: Specifies pin PA6 as BS-B output pin

4 BSE 0 R/W

BS Output Enable
Enables/disables the BS output
0: Disables the BS output

1: Enables the BS output

3 RDWRS* 0 R/W

RD/WR Output Pin Select

Selects the output pin for RD/WR

0: Specifies pin PA1 as RD/WR-A output pin
1: Specifies pin PB6 as RD/WR-B output pin

2 RDWRE** 0 R/W

RD/WR Output Enable
Enables/disables the RD/WR output
0: Disables the RD/WR output

1: Enables the RD/WR output

1 ASOE 1 R/W

AS Output Enable

Enables/disables the AS output

0: Specifies pin PA6 as I/0 port

1: Specifies pin PA6 as AS output pin

Reserved

This bit is always read as 0. The write value should
always be 0.

Notes: 1. If multiple CS outputs are specified to a single pin according to the CSn output pin
select bit (n = 2), multiple CS signals are output from the pin. For details, see section

6.5.3, Chip Select Signals.

2. If an area is specified as a byte control SDRAM space, the pin functions as RD/WR
output regardless of the RDWRE bit value.
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9.34

Port Function Control Register 4 (PFCR4)

PFCR4 enables/disables the address output.

Bit

Bit Name

7

6

4 3 2 1 0

A23E

A22E

A21E

A20E A19E A18E A17E A16E

Initial Value 0

R/W

Bit

R/W

Bit Name

0
R/W

Initial
Value

R/W

01 01 01 0/1 0/1+
R/W RIW RIW RIW RIW

Description

A23E

0

R/W

Address A23 Enable

Enables/disables the address output (A23)
0: Disables the A23 output

1: Enables the A23 output

A22E

R/W

Address A22 Enable

Enables/disables the address output (A22)
0: Disables the A22 output

1: Enables the A22 output

A21E

R/W

Address A21 Enable

Enables/disables the address output (A21)
0: Disables the A21 output

1: Enables the A21 output

A20E

0/1%*

R/W

Address A20 Enable

Enables/disables the address output (A20)
0: Disables the A20 output

1: Enables the A20 output

A19E

0/1%*

R/W

Address A19 Enable

Enables/disables the address output (A19)
0: Disables the A19 output

1: Enables the A19 output
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Initial
Bit Bit Name Value R/W Description
2 A18E 0/1* R/W Address A18 Enable

Enables/disables the address output (A18)
0: Disables the A18 output
1: Enables the A18 output

1 A17E 0/1* R/W Address A17 Enable
Enables/disables the address output (A17)
0: Disables the A17 output
1: Enables the A17 output

0 A16E 0/1* R/W Address A16 Enable
Enables/disables the address output (A16)
0: Disables the A16 output
1: Enables the A16 output

Note: * When external extended mode: Initial value is 1, reserved.
This bit is always read as 1. The write value should
always be 1.

When other modes: Initial value is 1, enable setting.
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9.3.5 Port Function Control Register 6 (PFCR6)

PFCRG6 selects the TPU clock input pin.

Bit 7

6 5

Bit Name —

LHWROE —

Initial Value 1

R/W R/W

Bit Bit Name

1 1
R/W R/W

Initial
Value R/W

Description

7 R

1 R/W

Reserved

This bit is always read as 1. The write value should
always be 1.

6 LHWROE

LHWR Output Enable

Enables/disables LHWR output (valid in external
extended mode).

0: Specifies pin PA4 as I/0 port
1: Specifies pin PA4 as LHWR output pin

Reserved

This bit is always read as 1. The write value should
always be 1.

Reserved
This is a read-only bit and cannot be modified.

3 TCLKS

TPU External Clock Input Pin Select

Selects the TPU external clock input pins.

0: Specifies pins P32, P33, P35, and P37 as external
clock input pins.

1: Specifies pins P14 to P17 as external clock input
pins.

2to0 —

AllO R/W

Reserved

These bits are always read as 0. The write value should
always be 0.
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9.3.6 Port Function Control Register 7 (PFCR7)

PFCR7 selects the DMAC I/O pins (DREQ, DACK, and TEND).

Bit 7

6

5

4 3 2 1 0

Bit Name DMAS3A

pmassB | DMAs2A | pmaszs | pmasia | pmasis | pmasoa | pmasos

Initial Value 0 0 0 0 0 0 0 0
RIW RW R/W R/W R/W R/W R/W R/W R/W
Initial

Bit Bit Name Value R/W Description

7 DMAS3A 0 R/W DMAC control pin select

6 DMAS3B 0 R/W Selects the 1/O port to control DMAC_3.
00: Setting prohibited
01: Specifies pins P63 to P65 as DMAC control pins
10: Setting prohibited
11: Setting prohibited

5 DMAS2A 0 R/W DMAC control pin select

4 DMAS2B 0 R/W Selects the 1/O port to control DMAC_2.
00: Setting prohibited
01: Specifies pins P60 to P62 as DMAC control pins
10: Setting prohibited
11: Setting prohibited

3 DMAS1A O R/W DMAC control pin select

2 DMAS1B 0 R/W Selects the 1/O port to control DMAC_1.
00: Specifies pins P14 to P16 as DMAC control pins
01: Specifies pins P33 to P35 as DMAC control pins
10: Setting prohibited
11: Setting prohibited

1 DMASOA O R/W DMAC control pin select

0 DMASOB O R/W Selects the 1/O port to control DMAC_O0.

00: Specifies pins P10 to P12 as DMAC control pins
01: Specifies pins P30 to P32 as DMAC control pins
10: Setting prohibited
11: Setting prohibited
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9.3.7

Port Function Control Register 9 (PFCRY)

PFCRO selects the multiple functions for the TPU 1/O pins.

Bit 7 6 5 4 3 2 1 0
Bit Name | TPUMS5 | TPUMS4 | TPUMS3A | TPUMS3B | TPUMS2 | TPUMS1 | TPUMSOA | TPUMSOB
Initial Value 0 0 0 0 0 0 0 0
RIW RW RW R/W R/W R/W R/W R/W R/W

Initial
Bit Bit Name Value R/W Description
7 TPUMS5 0 R/W TPU 1/O Pin Multiplex Function Select
Selects TIOCAS function
0: Specifies pin P26 as output compare output and input
capture
1: Specifies P27 as input capture input and P26 as
output compare

6 TPUMS4 0 R/W TPU I/O Pin Multiplex Function Select

Selects TIOCA4 function

0: Specifies P25 as output compare output and input
capture

1: Specifies P24 as input capture input and P25 as
output compare

5 TPUMS3A 0 R/W TPU I/0O Pin Multiplex Function Select

Selects TIOCAS function

0: Specifies P21 as output compare output and input
capture

1: Specifies P20 as input capture input and P21 as
output compare

4 TPUMS3B 0 R/W TPU I/0O Pin Multiplex Function Select

Selects TIOCC3 function
0: Specifies P22 as output compare output and input
capture

1: Specifies P23 as input capture input and P22 as
output compare
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Initial
Bit Bit Name Value

R/W

Description

3 TPUMS2 0

R/W

TPU I/O Pin Multiplex Function Select
Selects TIOCA2 function

0: Specifies P36 as output compare output and input
capture

1: Specifies P37 as input capture input and P36 as
output compare

2 TPUMS1 0

R/W

TPU I/O Pin Multiplex Function Select
Selects TIOCA1 function

0: Specifies P34 as output compare output and input
capture

1: Specifies P35 as input capture input and P34 as
output compare

1 TPUMSOA 0

R/W

TPU I/O Pin Multiplex Function Select
Selects TIOCAO function

0: Specifies P30 as output compare output and input
capture

1: Specifies P31 as input capture input and P30 as
output compare

0 TPUMSOB 0

R/W

TPU I/O Pin Multiplex Function Select
Selects TIOCCO function

0: Specifies P32 as output compare output and input
capture

1: Specifies P33 as input capture input and P32 as
output compare
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9.3.8

Port Function Control Register B (PFCRB)

PFCRB selects the input pins for IRQ11 to IRQS.

Bit 7 6 5 4 3 2 1 0
Bit Name — — | — [ — ] sn ITS10 ITS9 ITs8
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW R/W R/W

Initial
Bit Bit Name Value R/W Description
7t04 — AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.
3 ITS11 0 R/W  IRQ11 Pin Select
Selects an input pin for IRQ11.
0: Selects pin P23 as IRQ11-A input
1: Selects pin P63 as IRQ11-B input
2 ITS10 0 R/W  IRQ10 Pin Select
Selects an input pin for IRQ10.
0: Selects pin P22 as IRQ10-A input
1: Selects pin P62 as IRQ10-B input
1 ITS9 0 R/W  IRQ9 Pin Select
Selects an input pin for IRQ9.
0: Selects pin P21 as IRQ9-A input
1: Selects pin P61 as IRQ9-B input
0 ITS8 0 R/W  IRQ8 Pin Select

Selects an input pin for IRQS8.
0: Selects pin P20 as IRQ8-A input
1: Selects pin P60 as IRQ8-B input
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9.3.9 Port Function Control Register C (PFCRC)

PFCRC selects input pins for IRQ7 to IRQO.

Bit 7

6

5

4 3 2

1

0

Bit Name ITS7

ITS6

[ 1Tss

| i7s4 ITS3 ITS2

ITS1

ITSO

Initial Value 0

R/W R/W

Bit Bit Name

0
R/W

Initial
Value

0

R/W

R/W

0 0 0
R/W R/W R/W

Description

0
R/W

0
R/W

7 ITS7

0

R/W

IRQ7 Pin Select

Selects an input pin for IRQ7.

0: Selects pin P17 as IRQ7-A input
1: Selects pin P57 as IRQ7-B input

6 ITS6

RW

TRQ6 Pin Select

Selects an input pin for IRQS.

0: Selects pin P16 as IRQ6-A input
1: Selects pin P56 as IRQ6-B input

5 ITS5

R/W

IRQ5 Pin Select

Selects an input pin for IRQ5.

0: Selects pin P15 as IRQ5-A input
1: Selects pin P55 as IRQ5-B input

4 ITS4

R/W

IRQ4 Pin Select

Selects an input pin for IRQ4.

0: Selects pin P14 as IRQ4-A input
1: Selects pin P54 as IRQ4-B input

3 ITS3

R/W

IRQ3 Pin Select

Selects an input pin for IRQ3.

0: Selects pin P13 as IRQ3-A input
1: Selects pin P53 as IRQ3-B input
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Initial
Bit Bit Name Value R/W Description
2 ITS2 0 R/W  IRQ2 Pin Select
Selects an input pin for IRQ2.
0: Selects pin P12 as IRQ2-A input
1: Selects pin P52 as IRQ2-B input
1 ITS1 0 RW  IRQ1 Pin Select
Selects an input pin for IRQT.
0: Selects pin P11 as IRQ1-A input
1: Selects pin P51 as IRQ1-B input
0 ITSO 0 R/W  IRQO Pin Select

Selects an input pin for IRQO.
0: Selects pin P10 as IRQO-A input
1: Selects pin P50 as IRQO0-B input
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94 Usage Notes

94.1 Notes on Input Buffer Control Register (ICR) Setting

1.

When the ICR setting is changed, the LSI may malfunction due to an edge occurred internally
according to the pin state. Before changing the ICR setting, fix the pin state high or disable the
input function corresponding to the pin by the on-chip peripheral module settings.

If an input is enabled by setting ICR while multiple input functions are assigned to the pin, the
pin state is reflected in all the inputs. Care must be taken for each module settings for unused
input functions.

When a pin is used as an output, data to be output from the pin will be latched as the pin state
if the input function corresponding to the pin is enabled. To use the pin as an output, disable
the input function for the pin by setting ICR.

94.2 Notes on Port Function Control Register (PFCR) Settings

1.

Port function controller controls the I/O port.
Before enabling a port function, select the input/output destination.

When changing input pins, this LSI may malfunction due to the internal edge generated by the
pin level difference before and after the change.

To change input pins, the following procedure must be performed.

A. Disable the input function by the corresponding on-chip peripheral module settings
B. Select another input pin by PFCR

C. Enable its input function by the corresponding on-chip peripheral module settings

If a pin function has both a select bit that modifies the input/output destination and an enable
bit that enables the pin function, first specify the input/output destination by the selection bit
and then enable the pin function by the enable bit.
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Section 10 16-Bit Timer Pulse Unit (TPU)

This LSI has an on-chip 16-bit timer pulse unit (TPU) that comprises six 16-bit timer channels.

Tables 10.1 lists the 16-bit timer unit functions and figure 10.1 is a block diagram.

10.1 Features

e Maximum 16-pulse input/output
e Selection of eight counter input clocks for each channel
e The following operations can be set for each channel:
— Waveform output at compare match
— Input capture function
— Counter clear operation
— Synchronous operations:
e Multiple timer counters (TCNT) can be written to simultaneously
o Simultaneous clearing by compare match and input capture possible
e Simultaneous input/output for registers possible by counter synchronous operation

e Maximum of 15-phase PWM output possible by combination with synchronous
operation

e Buffer operation settable for channels 0 and 3

e Phase counting mode settable independently for each of channels 1, 2, 4, and 5
e (Cascaded operation

e Fast access via internal 16-bit bus

e 26 interrupt sources

e Automatic transfer of register data

e Programmable pulse generator (PPG) output trigger can be generated

e Conversion start trigger for the A/D converter can be generated

e Module stop state specifiable
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Table 10.1 TPU Functions

Item Channel 0 Channel1 Channel2 Channel 3 Channel 4 Channel 5
Count clock P/ P/ P/ P/ P/ P/
Po/4 Po/4 P¢/4 P¢/4 P¢/4 P¢/4
P¢/16 P¢/16 P¢/16 P¢/16 P¢/16 P¢/16
P¢/64 P¢/64 P¢/64 P¢/64 P¢/64 P¢/64

TCLKA P¢/256 P¢/1024 P¢/256 P¢/1024 P¢/256
TCLKB TCLKA TCLKA P¢/1024  TCLKA TCLKA
TCLKC TCLKB TCLKB P¢/4096 = TCLKC TCLKC
TCLKD TCNT2 TCLKC TCLKA TCNT5 TCLKD

General registers TGRA_0O TGRA_1 TGRA_ 2 TGRA_3 TGRA_4 TGRA_S

(TGR) TGRB_O TGRB_1 TGRB_2 TGRB_3 TGRB_4 TGRB_5
General registers/ TGRC_0 — — TGRC_3 — —
buffer registers TGRD_0 TGRD_3
I/0 pins TIOCAO TIOCA1 TIOCA2 TIOCA3 TIOCA4 TIOCA5
TIOCBO TIOCB1 TIOCB2 TIOCBS3 TIOCB4 TIOCB5
TIOCCO TIOCC3
TIOCDO TIOCD3
Counter clear function TGR TGR TGR TGR TGR TGR

compare compare compare compare compare compare
match or match or match or match or match or match or

input input input input input input
capture capture capture capture capture capture
Compare 0 output (0] (0] (0] (0] (0] (0]
match "o a0 0 0 0 0 0
output
Toggle (0] (0] (0] (0] (0] (0]
output
Input capture function O O o] O O o
Synchronous (0] (0] (0] (0] (0] (0]
operation
PWM mode O o O o O O
Phase counting mode — (0] (0] — (0] (0]
Buffer operation (0] — — (0] — —
DTC activation TGR TGR TGR TGR TGR TGR

compare compare compare compare compare compare
matchor matchor matchor matchor matchor matchor
input input input input input input
capture capture capture capture capture capture
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Iltem Channel 0 Channel1 Channel 2 Channel 3 Channel 4 Channel 5
DMAC activation TGRA_0O TGRA_1 TGRA_ 2 TGRA_3 TGRA_4 TGRA_S
compare compare compare compare compare compare
matchor matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture
A/D converter trigger TGRA_0O TGRA_1 TGRA_ 2 TGRA_3 TGRA_4 TGRA_S
compare compare compare compare compare compare
matchor matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture
PPG trigger TGRA_O/ TGRA_1/ TGRA_2/ TGRA_3/ — —
TGRB_0O TGRB_1 TGRB_2 TGRB_3
compare compare compare compare
match or matchor matchor match or
input input input input
capture capture capture capture
Interrupt sources 5sources 4 sources 4 sources 5sources 4 sources 4 sources
Compare Compare Compare Compare Compare Compare
match or  matchor matchor matchor matchor match or
input input input input input input
capture OA capture 1A capture 2A capture 3A capture 4A capture 5A
Compare Compare Compare Compare Compare Compare
match or  matchor matchor matchor matchor match or
input input input input input input
capture OB capture 1B capture 2B capture 3B capture 4B capture 5B
Compare Overflow  Overflow  Compare Overflow  Overflow
match Of " Underflow Underflow match Of " Underflow Underflow
input input
capture 0C capture 3C
Compare Compare
match or match or
input input
capture 0D capture 3D
Overflow Overflow
[Legend]
O : Possible
—: Not possible
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Input/output pins

Channel 3:

Channel 4:

Channel 5:

TIOCA3
TIOCB3
TIOCC3
TIOCD3
TIOCA4
TIOCB4
TIOCA5
TIOCB5

<>

Clock input

Internal clock: P¢/1

Po/4
Po/16
Po/64
P0/256
Po/1024
P0/4096

External clock: TCLKA

TCLKB
TCLKC
TCLKD

Input/output pins

Channel 0:

Channel 1:

Channel 2:

[Legend]
TSTR:
TSYR:
TCR:
TMDR:

TIOCAO
TIOCBO
TIOCCOo
TIOCDO
TIOCA1
TIOCB1
TIOCA2
TIOCB2

<

Timer start register

TSR

Channel 3
TCR | TMDR
TIORH | TIORL
TIER

Interrupt request signals
Channel 3: TGI3A
TGI3B

TCNT
TGRA
TGRB
TGRC
TGRD

TGI3C

TCR | TMDR |

Channel 4
TIOR

TIER | TSR |

TGI3D
TCI3V
TGI4A
TGl4B
TCl4V
TCl4U

:,|> Channel 4:

TCNT
TGRA
TGRB

g

Control logic for channels 3 to 5
Channel 5

TCR | TMDR |

TIOR

TIER | TSR |

Channel 5: TGI5A
TGI5B
TCI5V

TCI5U

TCNT
TGRA
TGRB

Control logic

Common

Module data bus

J::> Internal data bus

» A/D conversion start request signal

Bus interface

———> PPG output trigger signal

3 ﬂﬁl“

Channel 2
TCR | TMDR |

TIOR

TIER | TSR | || TsTR | TSYR |

TCNT
TGRA
TGRB

Interrupt request signals

Channel 0: TGIOA

TSR |

TCR | TMDR |

TIOR

Channel 1
TIER

TGIOB
TGIOC
TGIOD
TCIoV
TGHA
TGIB

TCNT
TGRA
TGRB

Channel 1:

Control logic for channels 0 to 2

TCIHV

Channel 0
TCR | TMDR

TIORH | TIORL

TIER | TSR

TCIHU
TGI2A
TGI2B
TCl2V
TCI2U

Channel 2:

TCNT
TGRA
TGRB
TGRC
TGRD

Timer synchronous register

Timer control register
Timer mode register

TIOR (H, L): Timer I/O control registers (H, L)

TIER:
TSR:

Timer interrupt enable register
Timer status register

TGR (A, B, C, D): Timer general registers (A, B, C, D)

TCNT:

Timer counter

Figure 10.1 Block Diagram of TPU
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10.2  Input/Output Pins

Table 10.2 shows TPU pin configurations.

Table 10.2 Pin Configuration

Channel Symbol 1/0 Function
All TCLKA Input External clock A input pin
(Channel 1 and 5 phase counting mode A phase input)

TCLKB Input External clock B input pin
(Channel 1 and 5 phase counting mode B phase input)

TCLKC Input External clock C input pin
(Channel 2 and 4 phase counting mode A phase input)

TCLKD Input External clock D input pin
(Channel 2 and 4 phase counting mode B phase input)
0 TIOCAO 1/0  TGRA_O input capture input/output compare output/PWM output pin
TIOCBO /O  TGRB_O0 input capture input/output compare output/PWM output pin

TIOCCO I/O  TGRC_0 input capture input/output compare output/PWM output pin

TIOCDO 1/0 TGRD_0 input capture input/output compare output/PWM output pin

1 TIOCA1 /O  TGRA_1 input capture input/output compare output/PWM output pin
TIOCB1 1/0  TGRB_1 input capture input/output compare output/PWM output pin
2 TIOCA2 1/0  TGRA_2 input capture input/output compare output/PWM output pin
TIOCB2 1/0  TGRB_2 input capture input/output compare output/PWM output pin
3 TIOCA3 1/0  TGRA_3 input capture input/output compare output/PWM output pin

TIOCB3 /0  TGRB_3 input capture input/output compare output/PWM output pin

TIOCC3 1/0 TGRC_3 input capture input/output compare output/PWM output pin

TIOCD3 /0 TGRD_3 input capture input/output compare output/PWM output pin

4 TIOCA4 1/0  TGRA_4 input capture input/output compare output/PWM output pin
TIOCB4 1/0  TGRB_4 input capture input/output compare output/PWM output pin
5 TIOCA5 /0 TGRA_5 input capture input/output compare output/PWM output pin

TIOCB5 1/0  TGRB_5 input capture input/output compare output/PWM output pin
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10.3  Register Descriptions
The TPU has the following registers in each channel.

e Channel O
— Timer control register_0 (TCR_0)
— Timer mode register_0 (TMDR_0)
— Timer I/O control register H_0 (TIORH_0)
— Timer I/O control register L_0 (TIORL_0)
— Timer interrupt enable register_0 (TIER_0)
— Timer status register_0 (TSR_0)
— Timer counter_0 (TCNT_0)
— Timer general register A_0 (TGRA_0)
— Timer general register B_0 (TGRB_0)
— Timer general register C_0 (TGRC_0)
— Timer general register D_0 (TGRD_0)
e Channel 1
— Timer control register_1 (TCR_1)
— Timer mode register_1 (TMDR_1)
— Timer I/O control register _1 (TIOR_1)
— Timer interrupt enable register_1 (TIER_1)
— Timer status register_1 (TSR_1)
— Timer counter_1 (TCNT_1)
— Timer general register A_1 (TGRA_1)
— Timer general register B_1 (TGRB_1)
e Channel 2
— Timer control register_2 (TCR_2)
— Timer mode register_2 (TMDR_2)
— Timer I/O control register_2 (TIOR_2)
— Timer interrupt enable register_2 (TIER_2)
— Timer status register_2 (TSR_2)
— Timer counter_2 (TCNT_2)
— Timer general register A_2 (TGRA_2)
— Timer general register B_2 (TGRB_2)
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Channel 3

— Timer control register_3 (TCR_3)

— Timer mode register_3 (TMDR_3)

— Timer I/O control register H_3 (TIORH_3)
— Timer I/O control register L_3 (TIORL_3)
— Timer interrupt enable register_3 (TIER_3)
— Timer status register_3 (TSR_3)

— Timer counter_3 (TCNT_3)

— Timer general register A_3 (TGRA_3)

— Timer general register B_3 (TGRB_3)

— Timer general register C_3 (TGRC_3)

— Timer general register D_3 (TGRD_3)
Channel 4

— Timer control register_4 (TCR_4)

— Timer mode register_4 (TMDR_4)

— Timer I/O control register _4 (TIOR_4)

— Timer interrupt enable register_4 (TIER_4)
— Timer status register_4 (TSR_4)

— Timer counter_4 (TCNT_4)

— Timer general register A_4 (TGRA_4)

— Timer general register B_4 (TGRB_4)
Channel 5

— Timer control register_5 (TCR_5)

— Timer mode register_5 (TMDR_5)

— Timer I/O control register_5 (TIOR_S)

— Timer interrupt enable register_5 (TIER_5)
— Timer status register_5 (TSR_5)

— Timer counter_5 (TCNT_5)

— Timer general register A_5 (TGRA_S)

— Timer general register B_5S (TGRB_5)
Common Registers

— Timer start register (TSTR)

— Timer synchronous register (TSYR)
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10.3.1 Timer Control Register (TCR)

TCR controls the TCNT operation for each channel. The TPU has a total of six TCR registers, one
for each channel. TCR register settings should be made only while TCNT operation is stopped.

Bit 7 6 5 4 3 2 1 0
Bit Name CCLR2 CCLRH1 CCLRO CKEGH1 CKEGO TPSC2 TPSCH TPSCO
Initial Value 0 0 0 0 0 0 0 0
RW RW RW R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
7 CCLR2 0 R/W Counter Clear 2 to 0
6 CCLR1 0 R/W These bits select the TCNT counter clearing source. See
5 CCLRO 0 R/W tables 10.3 and 10.4 for details.
4 CKEGH1 0 R/W Clock Edge 1 and 0
3 CKEGO 0 R/W These bits select the input clock edge. For details, see
table 10.5. When the input clock is counted using both
edges, the input clock period is halved (e.g. P¢/4 both
edges = P¢/2 rising edge). If phase counting mode is
used on channels 1, 2, 4, and 5, this setting is ignored
and the phase counting mode setting has priority. Internal
clock edge selection is valid when the input clock is P¢/4
or slower. This setting is ignored if the input clock is P¢/1,
or when overflow/underflow of another channel is
selected.
2 TPSC2 0 R/W Timer Prescaler 2to 0
1 TPSC1 0 R/W These bits select the TCNT counter clock. The clock
0 TPSCO 0 R/W source can be selected independently for each channel.

See tables 10.6 to 10.11 for details. To select the external
clock as the clock source, the DDR bit and ICR bit for the
corresponding pin should be set to 0 and 1, respectively.
For details, see section 9, I/0 Ports.
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Table 10.3 CCLR2 to CCLRO (Channels 0 and 3)

Bit 7 Bit 6 Bit5
Channel CCLR2 CCLR1 CCLRO Description
0,3 0 0 0 TCNT clearing disabled
0 0 1 TCNT cleared by TGRA compare match/input
capture
0 1 0 TCNT cleared by TGRB compare match/input
capture
0 1 1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation*'
1 0 0 TCNT clearing disabled
1 0 1 TCNT cleared by TGRC compare match/input
capture**
1 1 0 TCNT cleared by TGRD compare match/input
capture*®
1 1 1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation*'

Notes: 1. Synchronous operation is selected by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

Table 10.4 CCLR2 to CCLRO (Channels 1, 2, 4, and 5)

Bit 7 Bit 6 Bit5
Channel Reserved*® CCLR1 CCLRO Description
1,2,4,5 0 0 0 TCNT clearing disabled
0 0 1 TCNT cleared by TGRA compare match/input
capture
0 1 0 TCNT cleared by TGRB compare match/input
capture
0 1 1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation*'

Notes: 1. Synchronous operation is selected by setting the SYNC bit in TSYR to 1.

2. Bit 7 is reserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot be
modified.
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Table 10.5 Input Clock Edge Selection

Clock Edge Selection Input Clock
CKEG1 CKEGO Internal Clock External Clock
0 0 Counted at falling edge Counted at rising edge
0 1 Counted at rising edge Counted at falling edge
1 X Counted at both edges Counted at both edges
[Legend]
X: Don't care

Table 10.6 TPSC2 to TPSCO (Channel 0)

Bit 2 Bit 1 Bit 0

Channel TPSC2 TPSC1 TPSCO Description

0 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKB pin input
1 1 0 External clock: counts on TCLKC pin input
1 1 1 External clock: counts on TCLKD pin input

Table 10.7 TPSC2 to TPSCO (Channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKB pin input
1 1 0 Internal clock: counts on P¢/256
1 1 1 Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.
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Table 10.8 TPSC2 to TPSCO (Channel 2)

Bit 2 Bit 1 Bit 0

Channel TPSC2 TPSC1 TPSCO Description

2 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKB pin input
1 1 0 External clock: counts on TCLKC pin input
1 1 1 Internal clock: counts on P¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.

Table 10.9 TPSC2 to TPSCO (Channel 3)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 Internal clock: counts on P¢/1024
1 1 0 Internal clock: counts on P¢/256
1 1 1 Internal clock: counts on P¢/4096
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Table 10.10 TPSC2 to TPSCO0 (Channel 4)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKC pin input
1 1 0 Internal clock: counts on P¢/1024
1 1 1 Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase counting mode.

Table 10.11 TPSC2 to TPSCO (Channel 5)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKC pin input
1 1 0 Internal clock: counts on P¢/256
1 1 1 External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase counting mode.
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10.3.2

Timer Mode Register (TMDR)

TMDR sets the operating mode for each channel. The TPU has six TMDR registers, one for each
channel. TMDR register settings should be made only while TCNT operation is stopped.

Bit 7 6 4 3 2 1 0
Bit Name — — BFB BFA MD3 MD2 MD1 MDO
Initial Value 1 1 0 0 0 0 0
R/W R R R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
7,6 — All 1 R Reserved
These are read-only bits and cannot be modified.
5 BFB 0 R/W Buffer Operation B
Specifies whether TGRB is to normally operate, or TGRB
and TGRD are to be used together for buffer operation.
When TGRD is used as a buffer register, TGRD input
capture/output compare is not generated.
In channels 1, 2, 4, and 5, which have no TGRD, bit 5 is
reserved. It is always read as 0 and cannot be modified.
0: TGRB operates normally
1: TGRB and TGRD used together for buffer operation
4 BFA 0 R/W Buffer Operation A
Specifies whether TGRA is to normally operate, or TGRA
and TGRC are to be used together for buffer operation.
When TGRC is used as a buffer register, TGRC input
capture/output compare is not generated.
In channels 1, 2, 4, and 5, which have no TGRC, bit 4 is
reserved. It is always read as 0 and cannot be modified.
0: TGRA operates normally
1: TGRA and TGRC used together for buffer operation
3 MD3 0 R/W Modes 3to 0
2 MD2 0 R/W Set the timer operating mode.
1 MD1 0 R/W MD3 is a reserved bit. The write value should always be
0 MDO 0 R/W 0. See table 10.12 for details.
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Table 10.12 MD3 to MD0

Bit 3 Bit 2 Bit 1 Bit 0
MD3*' MD2* MD1 MDO Description

0 0 0 0 Normal operation

0 0 0 1 Reserved

0 0 1 0 PWM mode 1

0 0 1 1 PWM mode 2

0 1 0 0 Phase counting mode 1
0 1 0 1 Phase counting mode 2
0 1 1 0 Phase counting mode 3
0 1 1 1 Phase counting mode 4
1 X X X —

[Legend]

X: Don't care

Notes: 1. MDQ is a reserved bit. The write value should always be 0.

2. Phase counting mode cannot be set for channels 0 and 3. In this case, 0 should always
be written to MD2.

10.3.3 Timer I/O Control Register (TIOR)

TIOR controls TGR. The TPU has eight TIOR registers, two each for channels 0 and 3, and one
each for channels 1, 2, 4, and 5. Care is required since TIOR is affected by the TMDR setting.

The initial output specified by TIOR is valid when the counter is stopped (the CST bit in TSTR is
cleared to 0). Note also that, in PWM mode 2, the output at the point at which the counter is
cleared to O is specified.

When TGRC or TGRD is designated for buffer operation, this setting is invalid and the register
operates as a buffer register.

To designate the input capture pin in TIOR, the DDR bit and ICR bit for the corresponding pin
should be set to 0 and 1, respectively. For details, see section 9, I/O Ports.
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TIORH_O, TIOR_1, TIOR_2, TIORH_3, TIOR_4, TIOR_5

Bit 7 6 5 4 3 2 1 0
Bit Name 10B3 l0B2 I0B1 I0BO IOA3 IOA2 IOA1 I0AO
Initial Value 0 0 0 0 0 0 0 0
R/W RIW R/W R/W RW R/W RW R/W RW
e TIORL_O, TIORL_3
Bit 7 6 5 4 3 2 1 0
Bit Name [e]ok] I0D2 I0D1 I0DO I0C3 I0C2 I0C1 10C0
Initial Value 0 0 0 0 0 0 0 0
RW R/W R/W R/W R/W R/W RIW RW RW
e TIORH_O, TIOR_1, TIOR_2, TIORH_3, TIOR_4, TIOR_5
Initial
Bit Bit Name Value R/W Description
7 I0B3 0 R/W 1/0 Control B3 to BO
6 10B2 0 R/W Specify the function of TGRB.
5 I0B1 0 R/W For details, see tables 10.13, 10.15, 10.16, 10.17, 10.19,
4 10BO 0 rRw  and10.20.
3 I0A3 0 R/W 1/0 Control A3 to AO
2 I0A2 0 R/W Specify the function of TGRA.
1 I0A1 0 R/W For details, see tables 10.21, 10.23, 10.24, 10.25, 10.27,
0 IOAQ 0 R/W and 10.28.

TIORL_0, TIORL_3:

Initial
Bit Bit Name Value R/W Description
7 IOD3 0 R/W 1/0 Control D3 to DO
6 I0D2 0 R/W Specify the function of TGRD.
5 I0DA1 0 R/W For details, see tables 10.14 and 10.18.
4 I0D0 0 R/W
3 I0C3 0 R/W 1/0 Control C3 to CO
2 I0C2 0 R/W Specify the function of TGRC.
1 10C1 0 R/W For details, see tables 10.22 and 10.26.
0 I0COo 0 R/W
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Table 10.13 TIORH_0

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_0
10B3 10B2 10B1 10B0 Function TIOCBO Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare - itial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCBO pin
capture 5t capture at rising edge
register
1 0 0 1 Capture input source is TIOCBO pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCBO pin
Input capture at both edges
1 1 X X Capture input source is channel 1/count clock

Input capture at TCNT_1 count-up/count-down?*

[Legend]
X: Don't care

Note: When bits TPSC2 to TPSCO0 in TCR_1 are set to B'000 and P¢/1 is used as the TCNT_1
count clock, this setting is invalid and input capture is not generated.
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Table 10.14 TIORL_0

Bit7
I0D3

Bit 6
10D2

Bit 5
10D1

Bit 4
I10D0

Description

TGRD_0
Function

TIOCDO Pin Function

Output
compare
register*

Output disabled

Initial output is 0 output
0 output at compare match

Initial output is 0 output
1 output at compare match

Initial output is 0 output
Toggle output at compare match

Output disabled

Initial output is 1 output
0 output at compare match

Initial output is 1 output
1 output at compare match

Initial output is 1 output
Toggle output at compare match

Input
capture
register*

Capture input source is TIOCDO pin
Input capture at rising edge

Capture input source is TIOCDO pin
Input capture at falling edge

Capture input source is TIOCDO pin
Input capture at both edges

Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down*'

[Legend]

X: Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and P¢/1 is used as the
TCNT_1 count clock, this setting is invalid and input capture is not generated.

2. When the BFB bit in TMDR_OQ is set to 1 and TGRD_0 is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.

RENESAS
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Table 10.15 TIOR_1

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_1
10B3 10B2 10B1 10B0 Function TIOCB1 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare - itial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCB1 pin
capture 5t capture at rising edge
register
1 0 0 1 Capture input source is TIOCB1 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCB1 pin
Input capture at both edges
1 1 X X TGRC_0 compare match/input capture

Input capture at generation of TGRC_0 compare
match/input capture

[Legend]
X: Don't care
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Table 10.16 TIOR_2

Description
Bit 7 Bit 6 Bit 5 Bit4 TGRB_2
IOB3 10B2 10B1 IOBO  Function TIOCB2 Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compare - hitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 Output disabled
1 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCB2 pin
capture 5t capture at rising edge
register
1 X 0 1 Capture input source is TIOCB2 pin
Input capture at falling edge
1 X 1 X Capture input source is TIOCB2 pin
Input capture at both edges
[Legend]
X: Don't care
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Table 10.17 TIORH_3

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_3
10B3 10B2 10B1 10B0 Function TIOCB3 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare - itial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCBS3 pin
capture 5t capture at rising edge
register
1 0 0 1 Capture input source is TIOCBS pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCB3 pin
Input capture at both edges
1 1 X X Capture input source is channel 4/count clock

Input capture at TCNT_4 count-up/count-down?*

[Legend]
X: Don't care

Note: When bits TPSC2 to TPSCO0 in TCR_4 are set to B'000 and P¢/1 is used as the TCNT_4
count clock, this setting is invalid and input capture is not generated.
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Table 10.18 TIORL_3

Bit7
I0D3

Bit 6
10D2

Bit 5
10D1

Bit 4
I10D0

Description

TGRD_3
Function

TIOCD3 Pin Function

Output
compare
register*

Output disabled

Initial output is 0 output
0 output at compare match

Initial output is 0 output
1 output at compare match

Initial output is 0 output
Toggle output at compare match

Output disabled

Initial output is 1 output
0 output at compare match

Initial output is 1 output
1 output at compare match

Initial output is 1 output
Toggle output at compare match

Input
capture
register*

Capture input source is TIOCD3 pin
Input capture at rising edge

Capture input source is TIOCD3 pin
Input capture at falling edge

Capture input source is TIOCD3 pin
Input capture at both edges

Capture input source is channel 4/count clock
Input capture at TCNT_4 count-up/count-down*'

[Legend]

X: Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and P¢/1 is used as the
TCNT_4 count clock, this setting is invalid and input capture is not generated.

2. When the BFB bit in TMDR_3 is set to 1 and TGRD_3 is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.

RENESAS
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Table 10.19 TIOR_4

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_4
10B3 10B2 10B1 10B0 Function TIOCB4 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare - itial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCB4 pin
capture 5t capture at rising edge
register
1 0 0 1 Capture input source is TIOCB4 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCB4 pin
Input capture at both edges
1 1 X X Capture input source is TGRC_3 compare

match/input capture

Input capture at generation of TGRC_3 compare
match/input capture

[Legend]
X: Don't care
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Table 10.20 TIOR_5

Description
Bit 7 Bit 6 Bit 5 Bit4 TGRB_5
IOB3 10B2 10B1 IOBO  Function TIOCB5 Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compare - hitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 Output disabled
1 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCBS pin
capture 5t capture at rising edge
register
1 X 0 Capture input source is TIOCBS pin
Input capture at falling edge
1 X 1 X Capture input source is TIOCB5 pin
Input capture at both edges
[Legend]
X: Don't care
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Table 10.21 TIORH_0

Description

Bit 3 Bit 2 Bit 1 Bit 0 TGRA_O
I0A3 10A2 I0A1 I0A0 Function TIOCAO Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare - itial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAO pin
capture 5t capture at rising edge
register
1 0 0 1 Capture input source is TIOCAO pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCAO pin
Input capture at both edges
1 1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down
[Legend]
X: Don't care
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Table 10.22 TIORL_0

Description
Bit 3 Bit 2 Bit 1 Bit0 TGRC_O
IOC3 10C2 10C1 I0OCO0  Function TIOCCO Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compareé - iial output is 0 output
register*
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 Output disabled
1 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCCO pin
capture 5t capture at rising edge
register*
1 0 0 1 Capture input source is TIOCCO pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCCO pin
Input capture at both edges
1 1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down
[Legend]
X: Don't care
Note: 1. When the BFA bitin TMDR_O is set to 1 and TGRC_0 is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.
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Table 10.23 TIOR_1

Description

Bit 3 Bit 2 Bit 1 Bit 0 TGRA_1
I0A3 10A2 I0A1 I0A0 Function TIOCA1 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare - itial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAT1 pin
capture 5t capture at rising edge
register
1 0 0 1 Capture input source is TIOCA1 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCA1 pin
Input capture at both edges
1 1 X X Capture input source is TGRA_O compare

match/input capture

Input capture at generation of channel 0/TGRA_0
compare match/input capture

[Legend]
X: Don't care
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Table 10.24 TIOR_2

Description
Bit 3 Bit 2 Bit 1 Bit0 TGRA_2
IOA3 I0A2 IOA1 IOA0  Function TIOCA2 Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compare - hitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 Output disabled
1 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCA2 pin
capture 5t capture at rising edge
register
1 X 0 1 Capture input source is TIOCA2 pin
Input capture at falling edge
1 X 1 X Capture input source is TIOCA2 pin
Input capture at both edges
[Legend]
X: Don't care
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Table 10.25 TIORH_3

Description

Bit 3 Bit 2 Bit 1 Bit 0 TGRA_3
I0A3 10A2 I0A1 I0A0 Function TIOCA3 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare - itial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAS pin
capture 5t capture at rising edge
register
1 0 0 1 Capture input source is TIOCAS pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCAS pin
Input capture at both edges
1 1 X X Capture input source is channel 4/count clock
Input capture at TCNT_4 count-up/count-down
[Legend]
X: Don't care
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Table 10.26 TIORL_3

Description
Bit 3 Bit 2 Bit 1 Bit0 TGRC_3
IOC3 10C2 10C1 I0OCO0  Function TIOCC3 Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compareé - iial output is 0 output
register*
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 Output disabled
1 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCC3 pin
capture 5t capture at rising edge
register*
1 0 0 1 Capture input source is TIOCC3 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCC3 pin
Input capture at both edges
1 1 X X Capture input source is channel 4/count clock
Input capture at TCNT_4 count-up/count-down
[Legend]
X: Don't care
Note: When the BFA bitin TMDR_3 is set to 1 and TGRC_3 is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.
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Table 10.27 TIOR_4

Description

Bit 3 Bit 2 Bit 1 Bit 0 TGRA_4
I0A3 10A2 I0A1 I0A0 Function TIOCA4 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare - itial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCA4 pin
capture 5t capture at rising edge
register
1 0 0 1 Capture input source is TIOCA4 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCA4 pin
Input capture at both edges
1 1 X X Capture input source is TGRA_3 compare

match/input capture

Input capture at generation of TGRA_3 compare
match/input capture

[Legend]
X: Don't care
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Table 10.28 TIOR_5

Description
Bit 3 Bit 2 Bit 1 Bit0 TGRA_5
IOA3 I0A2 IOA1 IOA0  Function TIOCA5 Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compare - hitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 Output disabled
1 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Input capture source is TIOCA5 pin
capture 5t capture at rising edge
register
1 X 0 1 Input capture source is TIOCA5 pin
Input capture at falling edge
1 X 1 X Input capture source is TIOCA5 pin
Input capture at both edges
[Legend]
X: Don't care
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10.3.4 Timer Interrupt Enable Register (TIER)

TIER controls enabling or disabling of interrupt requests for each channel. The TPU has six TIER
registers, one for each channel.

Bit 7 6 5 4 3 2 1 0
Bit Name TTGE — TCIEU TCIEV TGIED TGIEC TGIEB TGIEA
Initial Value 0 1 0 0 0 0 0 0
R/W R/W R R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name value R/W Description
7 TTGE 0 R/W A/D Conversion Start Request Enable

Enables/disables generation of A/D conversion start
requests by TGRA input capture/compare match.

0: A/D conversion start request generation disabled
1: A/D conversion start request generation enabled

6 — 1 R Reserved
This is a read-only bit and cannot be modified.
5 TCIEU 0 R/W Underflow Interrupt Enable

Enables/disables interrupt requests (TCIU) by the TCFU
flag when the TCFU flag in TSR is set to 1 in channels 1,
2,4, and 5.

In channels 0 and 3, bit 5 is reserved. It is always read as
0 and cannot be modified.

0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled

4 TCIEV 0 R/W Overflow Interrupt Enable

Enables/disables interrupt requests (TCIV) by the TCFV
flag when the TCFV flag in TSR is set to 1.

0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled
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Bit

Initial

Bit Name value

R/W

Description

3

TGIED

0

R/W

TGR Interrupt Enable D

Enables/disables interrupt requests (TGID) by the TGFD
bit when the TGFD bit in TSR is set to 1 in channels 0
and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is always
read as 0 and cannot be modified.

0: Interrupt requests (TGID) by TGFD bit disabled
1: Interrupt requests (TGID) by TGFD bit enabled

2

TGIEC

0

R/W

TGR Interrupt Enable C

Enables/disables interrupt requests (TGIC) by the TGFC
bit when the TGFC bit in TSR is set to 1 in channels 0
and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is always
read as 0 and cannot be modified.

0: Interrupt requests (TGIC) by TGFC bit disabled
1: Interrupt requests (TGIC) by TGFC bit enabled

1

TGIEB

0

R/W

TGR Interrupt Enable B

Enables/disables interrupt requests (TGIB) by the TGFB
bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB bit disabled
1: Interrupt requests (TGIB) by TGFB bit enabled

0

TGIEA

0

R/W

TGR Interrupt Enable A

Enables/disables interrupt requests (TGIA) by the TGFA
bit when the TGFA bit in TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA bit disabled
1: Interrupt requests (TGIA) by TGFA bit enabled
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10.3.5

Timer Status Register (TSR)

TSR indicates the status of each channel. The TPU has six TSR registers, one for each channel.

Bit 6 5 4 3 2 1 0
Bit Name TCFD — TCFU TCFV TGFD TGFC TGFB TGFA
Initial Value 1 0 0 0 0 0 0
RW R R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*
Note: * Only 0 can be written to bits 5 to 0, to clear flags.
Initial
Bit Bit Name value R/W Description
7 TCFD 1 R Count Direction Flag
Status flag that shows the direction in which TCNT counts
in channels 1, 2, 4, and 5.
In channels 0 and 3, bit 7 is reserved. It is always read as
1 and cannot be modified.
0: TCNT counts down
1: TCNT counts up
6 — 1 R Reserved
This is a read-only bit and cannot be modified.
5 TCFU 0 R/(W)* Underflow Flag

Status flag that indicates that a TCNT underflow has
occurred when channels 1, 2, 4, and 5 are set to phase
counting mode.

In channels 0 and 3, bit 5 is reserved. It is always read as
0 and cannot be modified.

[Setting condition]

When the TCNT value underflows (changes from H'0000
to H'FFFF)

[Clearing condition]

When a 0 is written to TCFU after reading TCFU = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure to
read the flag after writing O to it.)
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Bit

Initial

Bit Name value

R/W

Description

4

TCFV

0

R/(W)*

Overflow Flag

Status flag that indicates that a TCNT overflow has
occurred.

[Setting condition]

When the TCNT value overflows (changes from H'FFFF
to H'0000)

[Clearing condition]

When a 0 is written to TCFV after reading TCFV = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure to
read the flag after writing 0 to it.)

3

TGFD

0

R/(W)*

Input Capture/Output Compare Flag D

Status flag that indicates the occurrence of TGRD input
capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is always
read as 0 and cannot be modified.

[Setting conditions]

e When TCNT = TGRD while TGRD is functioning as
output compare register

e When TCNT value is transferred to TGRD by input
capture signal while TGRD is functioning as input
capture register

[Clearing conditions]

e When DTC is activated by a TGID interrupt while the
DISEL bitin MRB of DTC is O

e When 0 is written to TGFD after reading TGFD = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure
to read the flag after writing O to it.)
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Bit

Initial

Bit Name value

R/W

Description

2

TGFC

0

R/(W)*

Input Capture/Output Compare Flag C

Status flag that indicates the occurrence of TGRC input
capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is always
read as 0 and cannot be modified.

[Setting conditions]

e When TCNT = TGRC while TGRC is functioning as
output compare register

e When TCNT value is transferred to TGRC by input
capture signal while TGRC is functioning as input
capture register

[Clearing conditions]

e When DTC is activated by a TGIC interrupt while the
DISEL bit in MRB of DTC is 0

e When 0 is written to TGFC after reading TGFC = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure
to read the flag after writing O to it.)

1

TGFB

0

R/(W)*

Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TGRB input
capture or compare match.

[Setting conditions]

e When TCNT = TGRB while TGRB is functioning as
output compare register

e When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

[Clearing conditions]

e When DTC is activated by a TGIB interrupt while the
DISEL bitin MRB of DTC is 0

e When 0 is written to TGFB after reading TGFB = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure
to read the flag after writing O to it.)
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Initial
Bit Bit Name value R/W Description
0 TGFA 0 R/(W)* Input Capture/Output Compare Flag A
Status flag that indicates the occurrence of TGRA input
capture or compare match.
[Setting conditions]
e When TCNT = TGRA while TGRA is functioning as
output compare register
e When TCNT value is transferred to TGRA by input
capture signal while TGRA is functioning as input
capture register
[Clearing conditions]
e When DTC is activated by a TGIA interrupt while the
DISEL bitin MRB of DTC is 0
e When DMAC is activated by a TGIA interrupt while
the DTA bit in DMDR of DMAC is 1
e When 0 is written to TGFA after reading TGFA = 1
(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure
to read the flag after writing 0 to it.)
Note: * Only 0 can be written to clear the flag.

RENESAS
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10.3.6 Timer Counter (TCNT)

TCNT is a 16-bit readable/writable counter. The TPU has six TCNT counters, one for each
channel.

TCNT is initialized to H'0000 by a reset or in hardware standby mode.

TCNT cannot be accessed in 8-bit units. TCNT must always be accessed in 16-bit units.

Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

10.3.7 Timer General Register (TGR)

TGR is a 16-bit readable/writable register with a dual function as output compare and input
capture registers. The TPU has 16 TGR registers, four each for channels 0 and 3 and two each for
channels 1, 2, 4, and 5. TGRC and TGRD for channels 0 and 3 can also be designated for
operation as buffer registers. The TGR registers cannot be accessed in 8-bit units; they must
always be accessed in 16-bit units. TGR and buffer register combinations during buffer operations
are TGRA-TGRC and TGRB-TGRD.

Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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10.3.8

Timer Start Register (TSTR)

TSTR starts or stops operation for channels O to 5. When setting the operating mode in TMDR or
setting the count clock in TCR, first stop the TCNT counter.

Bit 7 6 4 3 2 1 0
Bit Name — — CST5 CST4 CST3 CST2 CST1 CSTO
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name value R/W Description
7,6 — AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.
5 CST5 0 R/W Counter Start 5t0 0
4 CST4 0 R/W These bits select operation or stoppage for TCNT.
3 CST3 0 R/W If 0 is written to the CST bit during operation with the
2 CST2 0 R/W TIOC p?n designated for output, the co_unter §tops but the
TIOC pin output compare output level is retained. If TIOR
1 CST1 0 R/W is written to when the CST bit is cleared to 0, the pin
0 CSTO0 0 R/W output level will be changed to the set initial output value.

0: TCNT_5 to TCNT_O count operation is stopped
1: TCNT_5 to TCNT_O performs count operation
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10.3.9  Timer Synchronous Register (TSYR)

TSYR selects independent operation or synchronous operation for the TCNT counters of channels
0 to 5. A channel performs synchronous operation when the corresponding bit in TSYR is set to 1.

Bit 7 6 5 4 3 2 1 0
Bit Name — — SYNC5 SYNC4 SYNC3 SYNC2 SYNC1 SYNCO
Initial Value 0 0 (0] 0 0 0 0 0
RW RW RW R/W R/W R/W R/W R/W R/W

Initial
Bit Bit Name value R/W Description
7,6 — AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.

5 SYNC5 0 R/W Timer Synchronization 5 to 0

4 SYNC4 0 R/W These bits select whether operation is independent of or

3 SYNC3 0 R/W synchronized with other channels.

2 SYNC2 0 R/W When synchronous operation is selected, synchronous

presetting of multiple channels, and synchronous clearing

1 SYNCH1 0 R/W through counter clearing on another channel are possible.

0 SYNCO 0

R/W To set synchronous operation, the SYNC bits for at least
two channels must be set to 1. To set synchronous
clearing, in addition to the SYNC bit, the TCNT clearing
source must also be set by means of bits CCLR2 to
CCLRO in TCR.

0: TCNT_5 to TCNT_O operate independently (TCNT
presetting/clearing is unrelated to other channels)

1: TCNT_5 to TCNT_O perform synchronous operation
(TCNT synchronous presetting/synchronous clearing
is possible)
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104  Operation

10.4.1 Basic Functions

Each channel has a TCNT and TGR register. TCNT performs up-counting, and is also capable of
free-running operation, periodic counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.
(1) Counter Operation

When one of bits CSTO to CSTS5 is set to 1 in TSTR, the TCNT counter for the corresponding
channel starts counting. TCNT can operate as a free-running counter, periodic counter, and so on.

(a) Example of count operation setting procedure

Figure 10.2 shows an example of the count operation setting procedure.

- ) [1] Select the counter clock with
O \{ lect
( perafion sefection ) bits TPSC2 to TPSCO in TCR.

| At the same time, select the
input clock edge with bits
CKEG1 and CKEGO in TCR.

Select counter clock [1]

[2]
| For periodic counter operation,

. select the TGR to be used as
Periodic counter Free-running counter the TCNT clearing source with

T bits CCLR2 to CCLRO in TCR.

Select counter clearing source | [2] [3] Designate the TGR selected in
T [2] as an output compare
register by means of TIOR.

Select output compare register | [3
P P ¢ ol [4] Set the periodic counter cycle in

I the TGR selected in [2].

Set period [4] o
[5] Set the CST bitin TSTRto 1 to
| start the counter operation.
Start count [5] Start count 5]
<Periodic counter> <Free-running counter>

Figure 10.2 Example of Counter Operation Setting Procedure
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(b) Free-running count operation and periodic count operation

Immediately after a reset, the TPU's TCNT counters are all designated as free-running counters.
When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-count
operation as a free-running counter. When TCNT overflows (changes from H'FFFF to H'0000),
the TCFV bit in TSR is set to 1. If the value of the corresponding TCIEV bit in TIER is 1 at this
point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from H'0000.

Figure 10.3 illustrates free-running counter operation.

TCNT value

H'0000

> Time

CST bit

TCFV

Figure 10.3 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter for the relevant
channel performs periodic count operation. The TGR register for setting the period is designated
as an output compare register, and counter clearing by compare match is selected by means of bits
CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts count-up operation as
a periodic counter when the corresponding bit in TSTR is set to 1. When the count value matches
the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleared to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an interrupt.
After a compare match, TCNT starts counting up again from H'0000.
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Figure 10.4 illustrates periodic counter operation.

TCNT value Counter cleared by TGR
TGR oo COmMPArematch
H'0000 y } } »Time
CST bit
\ Flag cleared by software or
, 4 DTC activation
TGF

Figure 10.4 Periodic Counter Operation
(2) Waveform Output by Compare Match

The TPU can perform 0, 1, or toggle output from the corresponding output pin using a compare
match.

(a) Example of setting procedure for waveform output by compare match

Figure 10.5 shows an example of the setting procedure for waveform output by a compare match.

. [1] Select initial value from 0-output or 1-output,
Output selection
and compare match output value from 0-output,

| 1-output, or toggle-output, by means of TIOR.
Select waveform output mode 1] The set initial value is output on the TIOC pin
T until the first compare match occurs.

Set output timing [2] [2] Setthe timing for compare match generation in
T TGR.
Start count [8] [3] Setthe CST bitin TSTR to 1 to start the count
l operation.

<Waveform output>

Figure 10.5 Example of Setting Procedure for Waveform Output by Compare Match
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(b) Examples of waveform output operation

Figure 10.6 shows an example of O-output and 1-output.

In this example, TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the set
level and the pin level match, the pin level does not change.

TCNT value

HFFFF
TGRA

TGRB

H'0000

No change No change

VAR
N

i

TIOCA

E 1-output

TIOCB ~ No change ~ No change O-output
N N

Figure 10.6 Example of 0-Output/1-Output Operation
Figure 10.7 shows an example of toggle output.

In this example, TCNT has been designated as a periodic counter (with counter clearing performed
by compare match B), and settings have been made so that output is toggled by both compare
match A and compare match B.

TCNT value

»Time

TIOCB 'ﬂ' | | Toggle-output
TIOCA | | ‘ | Toggle-output

Figure 10.7 Example of Toggle Output Operation
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(3) Input Capture Function
The TCNT value can be transferred to TGR on detection of the TIOC pin input edge.

Rising edge, falling edge, or both edges can be selected as the detection edge. For channels 0, 1, 3,
and 4, it is also possible to specify another channel's counter input clock or compare match signal
as the input capture source.

Note: When another channel's counter input clock is used as the input capture input for
channels 0 and 3, P¢/1 should not be selected as the counter input clock used for input
capture input. Input capture will not be generated if P¢/1 is selected.

(a) Example of setting procedure for input capture operation

Figure 10.8 shows an example of the setting procedure for input capture operation.

( Input selection )
T [1] Designate TGR as an input capture register by
means of TIOR, and select the input capture source
Select input capture input [] and input signal edge (rising edge, falling

| edge, or both edges).

Start count [2] [2] Setthe CST bitin TSTR to 1 to start the count
* operation.

<Input capture operation>

Figure 10.8 Example of Setting Procedure for Input Capture Operation
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(b) Example of input capture operation

Figure 10.9 shows an example of input capture operation.

In this example, both rising and falling edges have been selected as the TIOCA pin input capture
input edge, falling edge has been selected as the TIOCB pin input capture input edge, and counter
clearing by TGRB input capture has been designated for TCNT.

TCNT value Counter cleared by TIOCB
A / input (falling edge)
HIOT80 b o - - o m e e e e e e e e S
H'0160 ko mmm e e oo ] P
HOO10 | oo o oo 2 L I I -
H'0005 | - - - - Y ol R R I S \ __________
H'0000 ; \\ : . : > Time
TIOCA j l { ' {
; Y , .
TGRA } H'0005 ‘X H'0160 . D( H'0010
TIOCB |

T6RB X X Ho180

Figure 10.9 Example of Input Capture Operation
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10.4.2

Synchronous Operation

In synchronous operation, the values in multiple TCNT counters can be rewritten simultaneously
(synchronous presetting). Also, multiple TCNT counters can be cleared simultaneously

(synchronous clearing) by making the appropriate setting in TCR.

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 5 can all be designated for synchronous operation.

(1) Example of Synchronous Operation Setting Procedure

Figure 10.10 shows an example of the synchronous operation setting procedure.

(1]
(2]

(3]
(4]
(5]

Synchronous operation
selection

Set synchronous
operation

(Synchronous presettingD

Set TCNT

\/
<Synchronous presetting>

(2]

(Synchronous cIearing)

Clearing
source generation
channel?

No

Select counter
clearing source

Start count [5]

|

<Counter clearing>

(3]

Set synchronous
counter clearing

Start count

'

<Synchronous clearing>

4]

5]

Set the SYNC bits in TSYR corresponding to the channels to be designated for synchronous operation to 1.

When the TCNT counter of any of the channels designated for synchronous operation is written to, the
same value is simultaneously written to the other TCNT counters.

Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.

Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.

Set the CST bits in TSTR for the relevant channels to 1, to start the count operation.

Figure 10.10 Example of Synchronous Operation Setting Procedure
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(2) Example of Synchronous Operation
Figure 10.11 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGRB_0 compare match has been set as the channel O counter clearing source, and
synchronous clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCAO, TIOCA1, and TIOCA2. At this
time, synchronous presetting and synchronous clearing by TGRB_0 compare match are performed
for channel 0 to 2 TCNT counters, and the data set in TGRB_O is used as the PWM cycle.

For details on PWM modes, see section 10.4.5, PWM Modes.

Synchronous clearing by TGRB_0 compare match

TCNT_0 to TCNT_2 values / \
R S S
TGRB_A -~ 30 EELELEEEEPEPEREES o
TGRA_O f---mmmmmmm e SR ELE EEEEREERLPESS +ZREEET] CEREEREELEERE
TGRB_2 f---------; --------------- . -------------
TGRA 1-----; R IR B
TGRA_2|-- JL ------ ------ ------
H'0000 A : A

L

.

T > Time
j

' 1

.

I

TIOCA_O

TIOCA_1

T|00A,2_,_i—,_i |_|

Figure 10.11 Example of Synchronous Operation
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10.4.3  Buffer Operation

Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer
registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or a compare match register.

Table 10.29 shows the register combinations used in buffer operation.

Table 10.29 Register Combinations in Buffer Operation

Channel Timer General Register Buffer Register

0 TGRA_O TGRC_0
TGRB_0 TGRD_0

3 TGRA_3 TGRC_3
TGRB_3 TGRD_3

e  When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

This operation is illustrated in figure 10.12.

Compare match signal

Timer general [\

Buff ist
uffer register register 1 Comparator [ TCNT

Figure 10.12 Compare Match Buffer Operation
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e When TGR is an input capture register

When input capture occurs, the value in TCNT is transferred to TGR and the value previously
held in TGR is transferred to the buffer register.

This operation is illustrated in figure 10.13.

Input capture
signal

Buffer register Timer general TONT
register

Figure 10.13 Input Capture Buffer Operation
(1) Example of Buffer Operation Setting Procedure

Figure 10.14 shows an example of the buffer operation setting procedure.

( Buffer operation ) [1] Designate TGR as an input capture register or
| output compare register by means of TIOR.

Designate TGR for buffer operation with bits
BFA and BFB in TMDR.

Select TGR function [1] [2

Set buffer operation

| Start count

:

<Buffer operation>

[3] Setthe CST bitin TSTR to 1 to start the count
[2] operation.

| (3]

Figure 10.14 Example of Buffer Operation Setting Procedure
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(2) Examples of Buffer Operation

(a) When TGR is an output compare register

Figure 10.15 shows an operation example in which PWM mode 1 has been designated for channel
0, and buffer operation has been designated for TGRA and TGRC. The settings used in this
example are TCNT clearing by compare match B, 1 output at compare match A, and O output at
compare match B.

As buffer operation has been set, when compare match A occurs, the output changes and the value
in buffer register TGRC is simultaneously transferred to timer general register TGRA. This
operation is repeated each time compare match A occurs.

For details on PWM modes, see section 10.4.5, PWM Modes.

TCNT value

TGRB_0 H'0520

»Time

TGRC_O H02000 X ' HO0450 | | HO0520 PoX
TransferN ;\ 1 E\‘ ,

TGRA_O H'0200 ! X '+ H'0450

Figure 10.15 Example of Buffer Operation (1)
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(b) When TGR is an input capture register

Figure 10.16 shows an operation example in which TGRA has been designated as an input capture
register, and buffer operation has been designated for TGRA and TGRC.

Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling edges
have been selected as the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value
A

H'0F07

H'09FB

H'0532

H'0000

> Time

TGRA !

X H'0532 X H'OF07 X HooFB
y

TGRC

X X H0532 X H'OF07

Figure 10.16 Example of Buffer Operation (2)
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10.44  Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 (channel 4) counter clock at overflow/underflow of
TCNT_2 (TCNT_5) as set in bits TPSC2 to TPSCO in TCR.

Underflow occurs only when the lower 16-bit TCNT is in phase-counting mode.
Table 10.30 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1 or 4, the counter clock setting is invalid
and the counter operates independently in phase counting mode.

Table 10.30 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_A1 TCNT_2
Channels 4 and 5 TCNT_4 TCNT_5

(1) Example of Cascaded Operation Setting Procedure

Figure 10.17 shows an example of the setting procedure for cascaded operation.

( Cascaded operation ) [1] Set bits TPSC2 to TPSCO in the channel 1
T (channel 4) TCR to B'1111 to select TCNT_2

(TCNT_5) overflow/underflow counting.
Set cascading

T [2] Set the CST bit in TSTR for the upper and lower
channels to 1 to start the count operation.

Start count 2]

!

<Cascaded operation>

Figure 10.17 Example of Cascaded Operation Setting Procedure
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(2) Examples of Cascaded Operation

Figure 10.18 illustrates the operation when counting upon TCNT_2 overflow/underflow has been
set for TCNT_1, TGRA_1 and TGRA_2 have been designated as input capture registers, and the
TIOC pin rising edge has been selected.

When a rising edge is input to the TIOCA1 and TIOCA?2 pins simultaneously, the upper 16 bits of
the 32-bit data are transferred to TGRA_1, and the lower 16 bits to TGRA_2.

TCNT_1 I_l
clock

TCNT_1  H'03A1 X H'03A2

TCNT_2 I_l I_l
clock

TCNT.2  HFFFF X H'0000 X H'0001
TIOCAT,

TIOCA2 I L
TGRA_1 X H'03A2

TGRA_2 X H'0000

Figure 10.18 Example of Cascaded Operation (1)

Figure 10.19 illustrates the operation when counting upon TCNT_2 overflow/underflow has been
set for TCNT_1, and phase counting mode has been designated for channel 2.

TCNT_1 is incremented by TCNT_2 overflow and decremented by TCNT_2 underflow.

towe — 1 L | [
ow — [ L [

TCNT_2 FFFDX FFFE XFFFFX 0000 X 0001 X 0002 X 0001 X 0000 X FFFF X

TCNT_1 0000 X 0001 X 0000

Figure 10.19 Example of Cascaded Operation (2)
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1045 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0-, 1-, or toggle-output can be
selected as the output level in response to compare match of each TGR.

Settings of TGR registers can output a PWM waveform in the range of 0% to 100% duty cycle.

Designating TGR compare match as the counter clearing source enables the cycle to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.

1.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The outputs specified by bits IOA3 to IOA0 and IOC3 to IOCO in TIOR
are output from the TIOCA and TIOCC pins at compare matches A and C, respectively. The
outputs specified by bits IOB3 to IOB0 and IOD3 to IODO0 in TIOR are output at compare
matches B and D, respectively. The initial output value is the value set in TGRA or TGRC. If
the set values of paired TGRs are identical, the output value does not change when a compare
match occurs.

In PWM mode 1, a maximum 8-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty cycle
registers. The output specified in TIOR is performed by means of compare matches. Upon
counter clearing by a cycle register compare match, the output value of each pin is the initial
value set in TIOR. If the set values of the cycle and duty cycle registers are identical, the
output value does not change when a compare match occurs.

In PWM mode 2, a maximum 15-phase PWM output is possible by combined use with
synchronous operation.
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The correspondence between PWM output pins and registers is shown in table 10.31.

Table 10.31 PWM Output Registers and OQutput Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGRA_O TIOCAO TIOCAOQ
TGRB_0 TIOCBO
TGRC_0 TIOCCO TIOCCO
TGRD_0 TIOCDO
1 TGRA_1 TIOCA1 TIOCA1
TGRB_1 TIOCBH1
2 TGRA_2 TIOCA2 TIOCA2
TGRB_2 TIOCB2
3 TGRA_3 TIOCA3 TIOCA3
TGRB_3 TIOCB3
TGRC_3 TIOCC3 TIOCC3
TGRD_3 TIOCD3
4 TGRA_4 TIOCA4 TIOCA4
TGRB_4 TIOCB4
5 TGRA_5 TIOCA5 TIOCA5
TGRB_5 TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the cycle is set.
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(1) Example of PWM Mode Setting Procedure

Figure 10.20 shows an example of the PWM mode setting procedure.

( PWM mode )

| 1

Select the counter clock with bits TPSC2 to TPSCO

| Select counter clock | 1] in_TCB. At the same time, select the input clock edge

T with bits CKEG1 and CKEGO in TCR.
| Select counter learing source | (2] [2] Use bits CCLR2 to CCLRO in TCR to select the

| TGR to be used as the TCNT clearing source.
| Select waveform output level | 3] [3] Use TIOR to designate TGR as an output compare

I register, and select the initial value and output value.
| Set TGR | [4]

| [4] Set the cycle in TGR selected in [2], and set the duty

in the other TGRs.

| Set PWM mode | [5]

I [5] Select the PWM mode with bits MD3 to MDO in TMDR.
| Start count | [6]

[6] Setthe CST bitin TSTR to 1 to start the count
l operation.
<PWM mode>

Figure 10.20 Example of PWM Mode Setting Procedure
(2) Examples of PWM Mode Operation
Figure 10.21 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set as the TCNT clearing source, O is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the cycle, and the value set in TGRB register as the
duty cycle.

TCNT value
Counter cleared by

TGRA compare match
TGRA |-cccmmmmm e e e e e -

TGRB |ccoceoe? |
H'0000

Figure 10.21 Example of PWM Mode Operation (1)
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Figure 10.22 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGRB_1 compare
match is set as the TCNT clearing source, and 0 is set for the initial output value and 1 for the
output value of the other TGR registers (TGRA_0 to TGRD_0, TGRA_1), to output a 5-phase
PWM waveform.

In this case, the value set in TGRB_1 is used as the cycle, and the values set in the other TGRs as
the duty cycle.

TCNT value Counter cleared by

TGRB_1 compare match

TGRB_1
TGRA_1
TGRD_0
TGRC_0
TGRB_O
TGRA_O |--
H'0000

TIOCAO J J J
TIOCBO I ; ; i ; I ; 5 i . | ;
TIOCCO | ‘ | |_

TIOCDO | ' | H

TIOCA1 | |_

Figure 10.22 Example of PWM Mode Operation (2)
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Figure 10.23 shows examples of PWM waveform output with 0% duty cycle and 100% duty cycle
in PWM mode.

TCNT value
TGRB changed
TGRA R S
1
o TGRB

TGRS TGRB changéd | (]_)_Ch?EE’_ _
H0000 I/ T > Time
TIOCA | 0% duty . I

Output does not change when compare matches in cycle register

and duty register occur simultaneousl
TCNT value yred v

TGRB changed
TGRA oO— ----

> Time

100% duty |_|

Output does not change when compare matches in cycle register
and duty register occur simultaneously

TCNT value
TGRB changed o-————-
TGRA U F--
TGRB changed i
TGRB )
changed

> Time

—
(9]
0
L - =D

100% duty 0% duty

d
(o]
o
>

Figure 10.23 Example of PWM Mode Operation (3)
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10.4.6 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected and
TCNT is incremented/decremented accordingly. This mode can be set for channels 1, 2, 4, and 5.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits
CKEG1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

This can be used for two-phase encoder pulse input.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 10.32 shows the correspondence between external clock pins and channels.

Table 10.32 Clock Input Pins in Phase Counting Mode

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD
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(1) Example of Phase Counting Mode Setting Procedure

Figure 10.24 shows an example of the phase counting mode setting procedure.

" 1] Select phase counting mode with bits MD3 to
C ase counting mode ) MDO in TMDR.

| [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Select phase counting mode | [1]
|

Start count [2]

:

<Phase counting mode>

Figure 10.24 Example of Phase Counting Mode Setting Procedure
(2) Examples of Phase Counting Mode Operation

In phase counting mode, TCNT counts up or down according to the phase difference between two
external clocks. There are four modes, according to the count conditions.
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(a) Phase counting mode 1

Figure 10.25 shows an example of phase counting mode 1 operation, and table 10.33 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)

TCLKC (channels 2 and 4) —| l—l |—| | |_| |
TCLKB (channels 1and5) 7 | | : ' ' |
TCLKD (channels 2 and 4) 1 —

TCNT value

|
o

1Down-count |
1 N 1 1

» Time

Figure 10.25 Example of Phase Counting Mode 1 Operation

Table 10.33 Up/Down-Count Conditions in Phase Counting Mode 1

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 'y Up-count
Low level T

Y Low level

T High level

High level 1 Down-count
Low level Yy

Y High level

T Low level

[Legend]

¥ Rising edge

1 Falling edge
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(b) Phase counting mode 2

Figure 10.26 shows an example of phase counting mode 2 operation, and table 10.34 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)

TCLKC (channels 2 and 4) | I | I | l_l l_l |_

TCLKB (channels 1 and 5) : : E E
TCLKD (channels 2 and 4) : : | : :

TCNT value , ,

Time

Figure 10.26 Example of Phase Counting Mode 2 Operation

Table 10.34 Up/Down-Count Conditions in Phase Counting Mode 2

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 'y Don't care
Low level 1 Don't care
Y Low level Don't care
T High level Up-count
High level T Don't care
Low level Y Don't care
Y High level Don't care
T Low level Down-count
[Legend]

5 Rising edge

1 Falling edge
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(c) Phase counting mode 3

Figure 10.27 shows an example of phase counting mode 3 operation, and table 10.35 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4) _,_‘_,_‘_,_|_|
TCLKB (channels 1 and 5) : :

TCLKD (channels 2 and 4) 1 i : l_l l_l L

TCNT value i '
\

» Time

Figure 10.27 Example of Phase Counting Mode 3 Operation

Table 10.35 Up/Down-Count Conditions in Phase Counting Mode 3

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 'y Don't care
Low level 1 Don't care
'y Low level Don't care
1 High level Up-count
High level T Down-count
Low level Y Don't care
Y High level Don't care
T Low level Don't care
[Legend]

5 Rising edge

1 Falling edge

Rev.1.00 Jun. 07, 2006 Page 560 of 1102
REJ09B0294-0100 RENESAS



Section 10 16-Bit Timer Pulse Unit (TPU)

(d) Phase counting mode 4

Figure 10.28 shows an example of phase counting mode 4 operation, and table 10.36 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) T T T X T
TCLKC (channels 2 and 4) J ! I T I ! I I ! I I ! I T I ! I T r

TCLKB (channels 1 and 5) | | f | | |_| |_|_

TCLKD (channels 2 and 4)

TCNT value - : ; ! ; 5 5
\'{wn count

»Time

Figure 10.28 Example of Phase Counting Mode 4 Operation

Table 10.36 Up/Down-Count Conditions in Phase Counting Mode 4

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 'y Up-count
Low level T

'y Low level Don't care
T High level

High level 1 Down-count
Low level Yy

Y High level Don't care
T Low level

[Legend]

5 Rising edge

1 Falling edge
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(3) Phase Counting Mode Application Example

Figure 10.29 shows an example in which phase counting mode is designated for channel 1, and
channel 1 is coupled with channel O to input servo motor 2-phase encoder pulses in order to detect
the position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGRC_0 compare match; TGRA_0 and
TGRC_O0 are used for the compare match function and are set with the speed control cycle and
position control cycle. TGRB_0 is used for input capture, with TGRB_0 and TGRD_0 operating
in buffer mode. The channel 1 counter input clock is designated as the TGRB_O input capture
source, and the pulse width of 2-phase encoder 4-multiplication pulses is detected.

TGRA_1 and TGRB_1 for channel 1 are designated for input capture, channel 0 TGRA_0 and
TGRC_0 compare matches are selected as the input capture source, and the up/down-counter
values for the control cycles are stored.

This procedure enables accurate position/speed detection to be achieved.

Channel 1
TCLKA Edge
: detection TCNT_1
TCLKB circuit
TGRA_1

[
S

(speed cycle capture)

TGRB_1
(position cycle capture)

|— TCNT_O

|I__l|_

[
S

TGRA_0 >’j>__
(speed control cycle) p=

TGRC_0 _/j>
(position control cycle) )

TGRB_0 (pulse width capture) C—%]—_

-I>—> TGRD_0 (buffer operation)

Channel 0

Figure 10.29 Phase Counting Mode Application Example
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10.5 Interrupt Sources

There are three kinds of TPU interrupt sources: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disable
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at this time, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priority levels can be changed by the interrupt controller, but the priority within a
channel is fixed. For details, see section 5, Interrupt Controller.

Table 10.37 lists the TPU interrupt sources.

Table 10.37 TPU Interrupts

DTC DMAC
Activa- Activa-

Channel Name Interrupt Source Interrupt Flag tion tion

0 TGIOA TGRA_O input capture/compare match  TGFA_O (0] (0]
TGIOB  TGRB_0 input capture/compare match ~ TGFB_0 (0] —
TGIOC  TGRC_0 input capture/compare match  TGFC_0 (0] —
TGIOD  TGRD_O0 input capture/compare match  TGFD_O (0] —
TCIOV ~ TCNT_O overflow TCFV_0 — —

1 TGHA TGRA_1 input capture/compare match  TGFA_1 (0] (0]
TGIHB  TGRB_1 input capture/compare match  TGFB_1 (0] —
TCHV ~ TCNT_1 overflow TCFV_1 — —
TCHU TCNT_1 underflow TCFU_A1 — —

2 TGI2A TGRA_2 input capture/compare match  TGFA_2 (0] (0]
TGI2B  TGRB_2 input capture/compare match  TGFB_2 0] —
TCl2Vv TCNT_2 overflow TCFV_2 — —
TCI2U  TCNT_2 underflow TCFU_2 — —

3 TGIBA  TGRA_3 input capture/compare match  TGFA_3 (0] (0]
TGI3B TGRB_3 input capture/compare match  TGFB_3 (0] —
TGIBC  TGRC_3 input capture/compare match  TGFC_3 (0] —
TGI3D  TGRD_3 input capture/compare match  TGFD_3 (0] —

TCI3V TCNT_3 overflow TCFV_3 — —
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DTC DMAC
Activa- Activa-
Channel Name Interrupt Source Interrupt Flag tion tion
4 TGI4A TGRA_4 input capture/compare match  TGFA_4 (0] (0]
TGI4B  TGRB_4 input capture/compare match  TGFB_4 0] —
TCIl4V ~ TCNT_4 overflow TCFV_4 — —
TCl4U TCNT_4 underflow TCFU_4 — —
5 TGISA  TGRA_S5 input capture/compare match  TGFA_5 (0] (0]
TGI5B TGRB_5 input capture/compare match  TGFB_5 (0] —
TCI5V TCNT_5 overflow TCFV_5 — —
TCI5U  TCNT_5 underflow TCFU_5 — —
[Legend]
O : Possible
—: Not possible

Note: This table shows the initial state immediately after a reset. The relative channel priority
levels can be changed by the interrupt controller.

(1) Input Capture/Compare Match Interrupt

An interrupt is requested if the TGIE bit in TIER is set to 1 when the TGF flag in TSR is set to 1
by the occurrence of a TGR input capture/compare match on a channel. The interrupt request is
cleared by clearing the TGF flag to 0. The TPU has 16 input capture/compare match interrupts,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

(2) Overflow Interrupt

An interrupt is requested if the TCIEV bit in TIER is set to 1 when the TCFV flag in TSR is set to
1 by the occurrence of a TCNT overflow on a channel. The interrupt request is cleared by clearing
the TCFV flag to 0. The TPU has six overflow interrupts, one for each channel.

(3) Underflow Interrupt

An interrupt is requested if the TCIEU bit in TIER is set to 1 when the TCFU flag in TSR is set to
1 by the occurrence of a TCNT underflow on a channel. The interrupt request is cleared by
clearing the TCFU flag to 0. The TPU has four underflow interrupts, one each for channels 1, 2, 4,
and 5.
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10.6 DTC Activation

The DTC can be activated by the TGR input capture/compare match interrupt for a channel. For
details, see section 8, Data Transfer Controller (DTC).

A total of 16 TPU input capture/compare match interrupts can be used as DTC activation sources,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

10.7 DMAC Activation

The DMAC can be activated by the TGRA input capture/compare match interrupt for a channel.
For details, see section 7, DMA Controller (DMAC).

A total of six TPU input capture/compare match interrupts can be used as DMAC activation
sources, one for each channel.

10.8  A/D Converter Activation
The TGRA input capture/compare match for each channel can activate the A/D converter.

If the TTGE bit in TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, a request to start A/D conversion is
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at this time, A/D conversion is started.

In the TPU, a total of six TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.
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10.9  Operation Timing

10.9.1 Input/Output Timing
(1) TCNT Count Timing

Figure 10.30 shows TCNT count timing in internal clock operation, and figure 10.31 shows TCNT
count timing in external clock operation.

& UL

Internal clock Elz Falling edge (b\R‘ising edge (lR Falling edge

TCNT input clock | | | | | |

TCNT N— 1 X N X N+ 1 X N+2

Figure 10.30 Count Timing in Internal Clock Operation

& UL

External clock FaII|ng edge Rising edge aIIlng edge

TCNT input

clock

TONT N-1 N N+ 1 L N2

Figure 10.31 Count Timing in External Clock Operation
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(2) Output Compare Output Timing

A compare match signal is generated in the final state in which TCNT and TGR match (the point
at which the count value matched by TCNT is updated). When a compare match signal is
generated, the output value set in TIOR is output at the output compare output pin (TIOC pin).
After a match between TCNT and TGR, the compare match signal is not generated until the

TCNT input clock is generated.

Figure 10.32 shows output compare output timing.

Po JU LU e
TCNT input | |

clock

TCNT N X N+1

TGR N

Compare match
signal

[ ]

TIOC pin X

Figure 10.32 Output Compare Output Timing
(3) Input Capture Signal Timing

Figure 10.33 shows input capture signal timing.

Po

Input capture
input

Uy

Input capture
signal

S
— [ [

TCNT X

C

NX Neto X N+2§X
N N

TGR X N )

Figure 10.33 Input Capture Input Signal Timing
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(4) Timing for Counter Clearing by Compare Match/Input Capture

Figure 10.34 shows the timing when counter clearing by compare match occurrence is specified,
and figure 10.35 shows the timing when counter clearing by input capture occurrence is specified.

& I I o I

Compare match
signal

Counter clear

signal
TCNT N H'0000
TGR N

Figure 10.34 Counter Clear Timing (Compare Match)

& Ty e
Input capture | |
signal |

Counter clear E | |

signal |

TONT N ! X H'0000
TGR X N

Figure 10.35 Counter Clear Timing (Input Capture)
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(5) Buffer Operation Timing

Figures 10.36 and 10.37 show the timings in buffer operation.

& [ I I o I

TCNT n X n+1

Compare match | |
signal 1

TGRA, TGRB n N

——
TGRC, TGRD N i

Figure 10.36 Buffer Operation Timing (Compare Match)

& T e
Input capture | | | |
signal ) )

TCNT N X N+ 1

TGRA, TGRB P X N - X N+ 1

TGRC, TGRD

Figure 10.37 Buffer Operation Timing (Input Capture)
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10.9.2 Interrupt Signal Timing
(1) TGF Flag Setting Timing in Case of Compare Match

Figure 10.38 shows the timing for setting of the TGF flag in TSR by compare match occurrence,
and the TGI interrupt request signal timing.

i A I
TCNT input | |
clock

TONT N X N+1
TGR N

Compare match | |

signal

TGF flag |

TGl interrupt |

Figure 10.38 TGI Interrupt Timing (Compare Match)
(2) TGF Flag Setting Timing in Case of Input Capture

Figure 10.39 shows the timing for setting of the TGF flag in TSR by input capture occurrence, and
the TGI interrupt request signal timing.

& UL
Input capture | |
signal )

TCNT N

TGR E X N

TGF flag |

TGl interrupt |

Figure 10.39 TGI Interrupt Timing (Input Capture)
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(3) TCFYV Flag/TCFU Flag Setting Timing

Figure 10.40 shows the timing for setting of the TCFV flag in TSR by overflow occurrence, and
the TCIV interrupt request signal timing.

Figure 10.41 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
the TCIU interrupt request signal timing.

TCNT input
clock

TCNT
(overflow)

Overflow signal | |

TCFV flag |

& Uy
1

HFFFF X Hoo00

TCIV interrupt |

Figure 10.40 TCIV Interrupt Setting Timing

& A I
TCNT input | |
clock

TCNT ) !
(underflow) H'0000 X H'FFFF
Underflow signal | |

TCFU flag |

TCIU interrupt |

Figure 10.41 TCIU Interrupt Setting Timing
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(4) Status Flag Clearing Timing

After a status flag is read as 1 by the CPU, it is cleared by writing O to it. When the DTC or
DMAC is activated, the flag is cleared automatically. Figure 10.42 shows the timing for status flag
clearing by the CPU, and figures 10.43 and 10.44 show the timing for status flag clearing by the
DTC or DMAC.

TSR write cycle
T1 T2

eo M A
Address X TSR address X
Write |_|

Status flag |

Interrupt request
signal

Figure 10.42 Timing for Status Flag Clearing by CPU

The status flag and interrupt request signal are cleared in synchronization with P¢ after the DTC or
DMAC transfer has started, as shown in figure 10.43. If conflict occurs for clearing the status flag
and interrupt request signal due to activation of multiple DTC or DMAC transfers, it will take up
to five clock cycles (P¢) for clearing them, as shown in figure 10.44. The next transfer request is
masked for a longer period of either a period until the current transfer ends or a period for five
clock cycles (P¢) from the beginning of the transfer. Note that in the DTC transfer, the status flag
may be cleared during outputting the destination address.
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DTC/DMAC DTC/DMAC

read cycle write cycle
T T T4 | Tp
T T T T 1
P ST L
Source Destination
Address X address address X

Status flag |

Period in which the next transfer request is masked

Interrupt request |
signal

Figure 10.43 Timing for Status Flag Clearing by DTC or DMAC Activation (1)

DTC/DMAC | DTC/DMAC
< read cycle > write cycle >

Po
Address X Source address X Destination address

Period in which the next transfer request is masked >
Status flag | Period of flag clearing |
Interrupt request | Period of interrupt request signal clearing |
signal

Figure 10.44 Timing for Status Flag Clearing by DTC or DMAC Activation (2)
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10.10 Usage Notes

10.10.1 Module Stop State Setting

Operation of the TPU can be disabled or enabled using the module stop control register. The initial
setting is for operation of the TPU to be halted. Register access is enabled by clearing module stop
state. For details, refer to section 23, Power-Down Modes.

10.10.2 Input Clock Restrictions

The input clock pulse width must be at least 1.5 states in the case of single-edge detection, and at
least 2.5 states in the case of both-edge detection. The TPU will not operate properly with a
narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 10.45 shows the input clock
conditions in phase counting mode.

Phase Phase
differenge difference

Overlap EOverIapE i

f

Pulse width Pulse width
-

TCLKA : ! | .
(TCLKC) . | ' '
Teu® | s | I
(TCLKD) ' ' ' '
| Pulse width | | Pulse width |

Note: Phase difference, Overlap > 1.5 states
Pulse width > 2.5 states

Figure 10.45 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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10.10.3 Caution on Cycle Setting

When counter clearing by compare match is set, TCNT is cleared in the final state in which it
matches the TGR value (the point at which the count value matched by TCNT is updated).
Consequently, the actual counter frequency is given by the following formula:

Po
(N+1)

f:  Counter frequency
P¢: Operating frequency
N: TGR set value

10.10.4 Conflict between TCNT Write and Clear Operations

If the counter clearing sig