I3 TEXAS User's Guide
INSTRUMENTS SLVU290—July 2009

Using the TPS650250EVM Power Management IC for Li-lon
Powered Systems

The TPS650250EVM is an integrated Power Management evaluation tool for use of the TPS650250 in
applications that are powered with one Li-lon or Li-Polymer cell and require multiple power rails. The
TPS650250 contains three adjustable highly efficient switching step-down converters, three LDOs, and
additional status and I/O pins.
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1 Introduction
1.1 Description
The TPS650250 provides three highly efficient, step-down converters targeted at providing the core
voltage, peripheral, I/O and memory rails in a processor based system. All three step-down converters
enter a low power mode at light load for maximum efficiency across the widest possible range of load
currents. The converters can be forced into fixed frequency PWM mode by pulling the MODE pin high.
The TPS650250 also integrates two general purpose 200mA LDO voltage regulators, which are enabled
with an external input pin. Each LDO operates with an input voltage range between 1.5V and 6.5V
allowing them to be supplied from one of the step-down converters or directly from the battery. The output
voltage of the LDOs can be set with an external resistor divider for maximum flexibility. Additionally there
is @ 30mA LDO typically used to provide power in a processor based system to a voltage rail that is
always on. TPS650250 comes in a small 5mm x 5mm 32 pin QFN package (RHB).
1.2 Applications
* Smart/ Cellular Phone
» Digital Still Cameras
e Samsung ARM based Processors, etc
» Freescale™ i.MX31 procesors, etc.
e Split Supply DSP and uP Solutions
1.3 Features

* Input Voltage Range : 3.3V up to 5.5V

» All Output DCDC Converters and LDOs Externally Adjustable

» Default Output Voltages for DCDC1 and DCDC2

* Output Current Rating : 1.6-A (DCDC1) / 0.8-A (DCDC2) / 0.8-A (DCDC3) 0.2-A (LDO1, LDO2)
e 2.25-MHz Switching Frequency

* Thermal Shutdown Protection
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2 TPS650250EVM Electrical Performance Specifications

Table 1. TPS650250EVM Electrical and Performance Specifications

Parameter ‘ Notes & Conditions ‘ Min Nom Max | Units
INPUT CHARACTERISTICS
VN Input Voltage 3.3 55| V
ViN_uvLo Input UVLO V) falling 2.35 \%
OUTPUT CHARACTERISTICS
DEFDCDC1 = 3.3
_ _ high
Vout pcpc1 | Output Voltage DCDC1 Vn = Nom, Igyt = Nom DEFDCDCL = 07 \%
low
Vin=3.3Vto6V, DEFDCDC2 = 25
lout = 0 mA to 800 mA high
Vout pcpcz | Output Voltage DCDC2 DEFDCDC2 = 18 \%
low
Accuracy DCDC1, DCDC2 ?QﬂZCODﬁi ffégg :;)AG v PFM/PWM 2% 2%
PWM -1% 1%
Vout pcpes | Output Voltage DCDC3 VIN = 3.3V to 6V, lout = 0 mA to 800 mA 1.2 \%
Vin=3.3Vto6V, PFM/PWM -4% 4%
poeuanC0C3 - |iaa<omawsoma  [owm
Fsw Switching Frequency 2250 kHz
Vout tpo1 | Output Voltage LDO1 25 \%
Vout Lpo2 | Output Voltage LDO2 1.4 \%
Accuracy LDO1, LDO2 lout = 10 mA, with 1% tolerance resistors -3% 5%
Vvpp_auve | Output Voltage VDD_Alive 1.0 \%
Accuracy VDD_Alive lout =0 mA -3% 3%
lout pcoc1 | Output Current DCDC1 Vout = Nom 1600 mA
lout pcocz | Output Current DCDC2 Vout = Nom 800 mA
lout pcocz | Output Current DCDC3 Vout = Nom 800 mA
Output Current LDO1, LDO2 |V|y=18V, Vour =13V 200 mA
Output Current LDO1, LDO2 |V|y=15V, Vour=13V 120 mA
Output Current VDD_ALIVE 30| mA
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3 Modifications
3.1 Voltage Scaling for DCDC3
The output voltage of DCDC3 is externally adjustable with the resistor divider network R10 and R11.
The factory EVM configuration is R10 = 182k and R11 = 182k, resulting in an output voltage of 1.2V.
See the TPS650250 data sheet (BLVS843) for assistance on changing the output voltage.
DCDC3 has no preset default output voltages as DCDC1 and DCDC2.
There is a voltage scaling circuit on the EVM, so the output voltage of DCDC3 can be switched between
two voltages. This feature is very useful in order to reduce the power consumption of an application
processor in Low Power Mode.
The voltage scaling circuit consist of JP5,Q1, R7 and R8. The circuit uses a transistor (Q8) to connect a
resistor (R8) in parallel to the lower resistor of the feedback network (R11) of DCDC3.
In factory configuration the components JP5, Q1, R7 and R8 are not assembled on the board.
The EVM has a SOT23 footprint for Q1, so any SOT23 transistor can be used.
Note: Modifying the resistor network by paralleling R11 and R8 will reduce the overall resistance of
the lower resistor and therefore increase the output voltage of the DCDC converter. See
Equation 1] and Equation 4 to design R8.
(R1 0x VREF)
Rx =
(Vourpcoc_2 — VREF) )
_ (R11xRx)
~ (R11-Rx) @
With:
1. R10: Upper resistor of the feedback driver
2. R11: Lower resistor of the feedback driver
3. Rx=R8|R11
4. Voutpcpcz: Output voltage when scaling circuit active
5. VREF: Reference voltage
R10@
DEFDCDC3
R8 § R11
3| D
© Q1
-
ON ol Jp5 1 |m3
Scale DCDC3 © MWV——
GNDJ; ol s
\Y4
Figure 1. Voltage Scaling Circuit
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5 Connector and Test Point Descriptions

51 J1-VIN
This header is the positive connection to the input power supply. The power supply must be connected
between J1 and J2 (GND). The leads to the input supply should be twisted and kept as short as possible.
The input voltage has to be between 3.3-V and 6-V.

52 J2-GND
This header is the return connection to the input power supply. Connect the power supply between J12
and J1 (VIN). The leads to the input supply should be twisted and kept as short as possible. The input
voltage has to be between 3.3-V and 6-V.

5.3 J3-VINLDO/GND
This header is the input supply for the LDOs LDO1, LDO2 and VDD_ALIVE. On the EVM VINLDO is
directly connected to VIN with R2. It can be also connected to VDCDC1 with R1.
An external power supply can be connected between J3 pinl (VINLDO) and pin2 (GND). Note that the
resistors R1 and R2 should be removed when supplying the LDOs from an external power supply.

54 J4-VDCDC1
This header is the positive output of VDCDC1 step-down converter. The output voltage of DCDC1 can be
selected between two default output voltage (3.3-V/2.7-V) with JP8 DEFL1. In addition the output voltage of
DCDC1 can be adjusted to any voltage between 0.6-V and VINDCDC1 with the external voltage divider
R12 and R13.
Note that the shorting jumper JP8 should be removed when using the external voltage divider.
The default setting is 3.3-V. VDCDCL is capable of sourcing up to 1600-mA. A load can be connected
between J4 and J5 (GND)

55 J5-GND
J5 is the return connection of VDCDC1 output rail. A load can be connected between J5 and J4
(VDCDC1).

5.6 J6-VDCDC2
This header is the positive output of VDCDC2 step-down converter. The output voltage of DCDC2 can be
selected between two default output voltage (2.5-V/1.8-V) with JP9 DEF2. In addition the output voltage of
DCDC1 can be adjusted to any voltage between 0.6-V and VINDCDC2 with the external voltage divider
R14 and R15.
Note that the shorting jumper JP9 should be removed when using the external voltage divider.
The default setting is 1.8-V. VDCDC?2 is capable of sourcing up to 800-mA. A load can be connected
between J6 and J7 (GND).

57 J7-GND
J7 is the return connection of VDCDC2 output rail. A load can be connected between J7 and J6
(VDCDC2).

5.8 J8-VDCDC3

This header is the positive output of VDCDC3 step-down converter. This output is externally adjustable for
the TPS650250. The default setting is 1.2-V. VDCDCS3 is capable of sourcing up to 800-mA. A load can be
connected between J8 and J9 (GND).

Using the TPS650250EVM Power Management IC for Li-lon Powered Systems SLVU290-July 2009
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59 J9-GND
J9 is the return connection of VDCDC2 output rail. A load can be connected between J9 and J8
(VDCDC3).
5.10 J10-VDLO1
This header is the positive output of LDOL linear regulator. This output is externally adjustable for the
TPS650250 and is programmed to a value of 2.5-V on the EVM. The VLDOL1 output is capable of
supplying up to 200-mA. A load can be connected between J10 and J11 (GND).
5.11 J11-GND
J11 is the return connection of VLDO1 output rail. A load can be connected between J11 and J10
(VLDO1).
5.12 J12 - VDLO2
This header is the positive output of LDO2 linear regulator. This output is externally adjustable for the
TPS650250 and is programmed to a value of 1.4-V on the EVM. The VLDOZ2 output is capable of
supplying up to 200-mA. A load can be connected between J12 and J13 (GND).
5.13 J13-GND
J11 is the return connection of VLDOZ2 output rail. A load can be connected between J13 and J12
(VLDO2).
5.14 J14 - VDD_ALIVE/GND
This header is the positive output of LDO3 VDD_ALIVE. The output voltage is fixed to 1.0V in the
TPS650250.
The VDD_ALIVE output is capable of sourcing up to 30mA of load current. A load can be connected
between J14 pinl (VDD_ALIVE) and pin2 (GND).
In applications that use Samsung application processors the VDD_ALIVE output is typically connected to
the VDD_ALIVE input of the application processor.
5.15 J15 - PWRFAIL/GND
PWRFAIL is an open drain output, that is pulled up to VIN. PWRFAIL goes low if the PWRFAIL_SNS input
falls below 1.0V. On the EVM the default settings is PWRFAIL goes low when VIN falls below 3.4V. This
threshold can be changed by modifying the resistor network R5 and R6.
5.16 JP1-EN_DCDC1
Placing a shorting bar between EN_DCDC1 and ON ties the EN pin of DCDCL1 to VIN, thereby enabling
DCDCL1. Placing a shorting bar between EN_DCDC1 and OFF ties the EN pin of DCDCL1 to GND, thereby
disabling DCDC1.
5.17 JP2 - EN_DCDC2
Placing a shorting bar between EN_DCDC2 and ON ties the EN pin of DCDC2 to VIN, thereby enabling
DCDC2. Placing a shorting bar between EN_DCDC2 and OFF ties the EN pin of DCDC2 to GND, thereby
disabling DCDC2.
SLVU290-July 2009 Using the TPS650250EVM Power Management IC for Li-lon Powered Systems 7
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5.18

5.19

5.20

5.21

5.22

5.23

5.24

5.25

JP3 - EN_DCDC3

Placing a shorting bar between EN_DCDC3 and ON ties the EN pin of DCDC3 to VIN, thereby enabling
DCDCa3. Placing a shorting bar between EN_DCDC3 and OFF ties the EN pin of DCDC3 to GND, thereby
disabling DCDCL1.

JP4 —EN_LDO

Placing a shorting bar between EN_ LDO and ON ties the pin EN_LDO to VIN, thereby enabling LDO1
and LDO2. Placing a shorting bar between EN_LDO and OFF ties the pin EN_LDO to GND, thereby
disabling LDO1 and LDO2.

JP5 — SCALE_DCDC3
NO TEXT IN THIS ONE

JP6 — MODE

JP6 selects the forced PWM or Power Save Mode (PSM) operation for the switching converters
DCDC1,DCDC2 and DCDC3.

Placing a shorting bar between MODE and PWM ties the MODE pin of TPS650250 to VIN, thereby
selecting forced PWM operating mode for the DCDC converters. Placing a shorting bar between MODE
and PSM (Power Save Mode) ties the MODE pin of TPS650250 to GND, thereby selecting Power Save
Mode operating mode for the DCDC converters at light-load conditions. If Power Save Mode is selected
the DCDC converters will automatically switch to PWM mode at heavier load conditions.

JP7 — EN_VDD_ALIVE

Placing a shorting bar between EN_ VDD_ALIVE and ON ties the pin EN_VDD_ALIVE to VIN, thereby
enabling VDD_ALIVE. Placing a shorting bar between EN_VDD_ALIVE and OFF ties the pin
EN_VDD_ALIVE to GND, thereby disabling VDD_ALIVE.

JP8 — DEF1

JP8 selects the default output voltage for the switching converter DCDC1.

Placing a shorting bar between DEF1 and V-HI sets the default output voltage of DCDCL1 to 3.3-V.
Placing a shorting bar between DEF1 and V-LOW sets the default output voltage of DCDC1 to 2.7-V.

JP9 — DEF2

JP8 selects the default output voltage for the switching converter DCDC2.

Placing a shorting bar between DEF1 and V-HI sets the default output voltage of DCDC2 to 2.5-V.
Placing a shorting bar between DEF1 and V-LOW sets the default output voltage of DCDC2 to 1.8-V.

Factory Jumper Setup
The EVM comes from the factory with the following default jumper settings.

Table 2. TPS650250 EVM Factory Jumper Setup

Jumper Shunt Location
JP1 Between ON and DCDC1 DCDCL1 enabled
JP2 Between ON and DCDC2 DCDC2 enabled
JP3 Between ON and DCDC3 DCDC3 enabled
JP4 Between ON and LDO LDO1 and LDO2 enabled
8 Using the TPS650250EVM Power Management IC for Li-lon Powered Systems SLVU290-July 2009
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Table 2. TPS650250 EVM Factory Jumper Setup (continued)
Jumper Shunt Location
JP7 Between ON and VDD_ALIVE VDD_ALIVE enabled
JP8 Between V-HI and DEF1 DCDC1 setto 3.3V
JP6 Between PWM and MODE
JP9 Between V-LOW and DEF2 DCDC2 setto 1.8 V

6 EVM Assembly Drawings and Layout

through show the design of the TPS650250EVM printed circuit board. The EVM has
been designed using a 4-Layer, 10z copper-clad circuit board 2.2” x 3.3”

JP1 J4 J7 J2 J8 JP5 JP3
JP8
J1
Ccé C11
P7 R 7 co J5
2
ais L2 L3 R7
R17 2
R16 ce c2 R = Q
J14 cl4 R11 J6
A0 A
S5 hig Ut E i e
c12 1 2
JP6 c13 & 206 J9
R2 Ll g
R14
o Ri15
o
JP2
J15
J3 JP4 J12 J13 J11 J1o JP9
Figure 3. TPS650250 EVM Top Assembly
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Figure 5. TPS650250EVM Top Copper
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Figure 7. TPS650250EVM Internal Layer 3
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Figure 8. TPS650250 EVM Bottom Layer
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6.1 Bill of Materials
lists the EVM components as configured according to the schematic shown in Eigure 2.
Table 3. TPS650250EVM Bill of Materials
Count | RefDes Value Description Size Part Number MFR
2 C1,C5 1.0pF Capacitor, Ceramic, 6.3V, X5R,10% 0603 C1608X5R0J105K TDK
4 C12, C13, C14, 2.2uF Capacitor, Ceramic, 6.3V, X5R, 10% 0603 C1608X5R0J225K TDK
C15
9 C2, C3,C4,C6, |10uF Capacitor, Ceramic, 6.3V, X5R, 10% 0805 C2012X5R0J106K TDK
C7, C8, C9, C10,
C11
15 J1, 32, 33, J4, Header, 2 pin, 100mil spacing, (36-pin strip) 0.100 x 2 PTC36SAAN Sullins
J5, J6, J7, J8,
J9, J10, J11,
J12,J13, J14,
J15
8 JP1, JP2, JP3, Header, 3 pin, 100mil spacing, (36-pin strip) 0.100 x 3 PTC36SAAN Sullins
JP4, JP6, JP7,
JP8, JP9
0 JP5 open Header, 3 pin, 100mil spacing, (36-pin strip) 0.100 x 3 PTC36SAAN Sullins
2 L1, L3** 2.2pH Inductor, SMT, 1.72A, 59milliohm 0.157 x 0.157 inch VLCF4020T-2R2N1R7 TDK
1 L2** 3.3uH Inductor, SMT, 1.52A, 78milliohm 0.157 x 0.157 inch VLCF4020T-3R3N1R5 TDK
0 Q1 open SOT23
2 R1, R3 0 Resistor, Chip, 1/16W, 1% 0603 Std Std
2 R10, R11 182k Resistor, Chip, 1/16W, 1% 0603 Std Std
1 R16 60.4k Resistor, Chip, 1/16W, 1% 0603 Std Std
2 R17, R18 150k Resistor, Chip, 1/16W, 1% 0603 Std Std
0 R2, R12, R13, Open Resistor, Chip, 1/16W, 1% 0603
R14, R15
1 R4 1 Resistor, Chip, 1/16W, 5% 0603 Std Std
1 R5 1.21M Resistor, Chip, 1/16W, 1% 0603 Std Std
1 R6 499k Resistor, Chip, 1/16W, 1% 0603 Std Std
0 R7, R8 open Resistor, Chip, 1/16W, 1% 0603
2 R9, R19 100k Resistor, Chip, 1/16W, 1% 0603 Std Std
1 Ul TPS650250RH | IC, Power Management ICs for Li-lon Powered QFN-32 TPS650250RHB TI
B Systems
1 — PCB, 2.2 Inx 3.3 1n x 0.064 In HPA447 Any
8 — Shunt, 100-mil, Black 0.100 929950-00 3M
Notes: 1 These assemblies are ESD sensitive, ESD precautions shall be observed.
2. These assemblies must be clean and free from flux and all contaminants.
Use of no clean flux is not acceptable.
3. These assemblies must comply with workmanship standards IPC-A-610 Class 2.
4. Ref designators marked with an asterisk ("**') cannot be substituted.
All other components can be substituted with equivalent MFG's components.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
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