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/{ENESAS User’'s Manual

RTKA210610DEO000OBU

Evaluation Board

Overview

The RTKA210610DEO0O0OBU evaluation board (shown in Figure 1) features the RAA210610. Capable of
delivering up to 15A of continuous current, the RAA210610 is a single-channel, synchronous step-down power
supply that is optimized for high power density applications without the need for airflow or heatsink.

The RTKA210610DEO000BU evaluation board is a 1.8inx3in 4-layer FR4 board with 20z. copper on all layers.
Operating from a single 7V to 54V wide input power rail, the RTKA210610DEO000BU evaluation board offers
adjustable output voltages down to 0.6V and efficiencies of up to 97.6%. It is based on a valley current mode
PWM control scheme with V,\ feed forward, which provides a fast transient response and excellent loop stability.
The RTKA210610DEOO00BU evaluation board is designed to program switching frequencies up to 2MHz, with the
additional option of synchronizing to an external clock through the SYNC pin. A selectable Pulse Skipping Mode
(PSM) with Diode Emulation Mode (DEM) is easily enabled to improve light-load efficiency for battery-related
applications. The evaluation board also features output voltage tracking that is implemented through the SS/TRK

pin.
By default, the board is set to a 5V output voltage with a 300kHz switching frequency.

Key Features

» Wide input voltage range from 7V to 54V

 Adjustable output voltage from 0.6V to 12V with +1.5% accuracy over line, load, and temperature
» Up to 97.6% conversion efficiency

+ High light-load efficiency with pulse-skipping DEM operation

» Programmable soft-start with output voltage tracking

* Prebias output start-up

» External frequency synchronization up to 1MHz

* Dedicated enable pin and PGOOD indicator

» UVLO, programmable overcurrent, overvoltage, and over-temperature

» Thermally enhanced 19mmx13mmx5.3mm HDA package

Specifications

The evaluation board is configured and optimized for the following operating conditions:
* Viy =7V to 54V

* Voyr=35V

lour.max = 15A
fSW = 300kHz

Set to PWM/CCM mode by default

Ordering Information

Part Number Description
RTKA210610DEO000OBU RAA210610 single 15A power module evaluation board
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Related Literature

For a full list of related documents, visit our website:

+ RAA210610 device page

Recommended Testing Equipment
» 0V to 54V power supply with at least 12A source current capability

+ Electronic loads capable of sinking current up to 15A

+ Digital Multimeters (DMMs)

* Oscilloscope with higher than 100MHz bandwidth
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Figure 1. RTKA210610DE0000BU Block Diagram
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RTKA210610DEO0O0OBU 1. Functional Description

1. Functional Description

The RTKA210610DEO000BU provides the peripheral circuitry to evaluate the feature set of the RAA210610. The
evaluation board includes several connectors, test points, and jumpers that simplify the validation of the module.
The converter is enabled and disabled by moving the jumper across the EN pin as shown in Figure 2 on page 5.
Connecting a jumper across the MOD/SYNC pin and VCC (as shown in Figure 2) enables the PSM/DEM mode of
operation, which can lead to higher efficiencies at light loads. Resistors R4 and Rg are used to evaluate the
tracking functionality. Selecting features like external frequency synchronization is performed by connecting the
signal generator (square pulse waveform clock signal) to the MOD/SYNC pin. The output voltage (0.6V - 12V)
and the switching frequency (300kHz to 2MHz) are programmed by changing the resistors as shown in Figure 3

on page 5.
11 Quick Test Guide

1. Disable the module by moving the jumper across the EN pin as shown in Figure 2 on page 5.

2. Use the appropriate cables to connect the DC input power supply to banana sockets J1 and J4 and the
electronic load to sockets J3 and J2. Ensure that the polarity for the power leads is correct and the input voltage
is within the operating range (7V - 54V) of the module. Use test points TP1 (VIN) and TP2 (PGND) for
accurately measuring the input voltage.

3. Turn on the input power supply.

4. To enable the module, you can either move the jumper on J6 for EN pin to enable the module or remove the
jumper completely.

5. To enable the PWM/CCM operation mode, you can move the jumper on J5 to PWM. To enable the PSM/DEM
operation mode, you can move the jumper on J5 to DEM. To enable external frequency synchronization,
remove the jumper on J5 and connect the external clock to TP8 (MOD/SYNC). PWM/CCM operation mode is
selected by default.

6. Probe test points TP3 (VOUT) and TP4 (PGND) to observe the output voltage. The output voltage should read
5V.

7. Adjust the input voltage, V,y, within the specified range and observe the output voltage. The output voltage
variation should be within +1.5%.

8. Adjust the load current to within the specified range (0 - 15A) and observe the output voltage. The output
voltage variation should be within +1.5%.

9. To change Vg, disconnect the evaluation board from the setup and populate a standard 0603 resistor at the
R, placeholder location on the bottom layer. The Output Voltage Resistor Settings table in the RAA210610
datasheet can be used as a reference for programming different output voltages. See the RAA210610 Design
Guide Matrix table in the RAA210610 datasheet for correct input and output capacitors, switching frequency,
and output voltage combinations.

10. The switching frequency is modified by populating a standard 0603 resistor at the R4 placeholder location on
the bottom layer. See Equation 2 in the RAA210610 datasheet for selecting the correct value of R4 within the
admissible operating range (300kHz - 2MHz).

1.2 Thermal Considerations and Current Derating

The board layout is very critical so that the module can operate safely and deliver the maximum allowable power.
For the board to operate properly at high ambient temperature environments and carry full load current, the board
layout needs to be carefully designed to maximize thermal performance. To achieve this, use enough trace width,
copper weight, and proper connectors.

The RTKA210610DEO000BU evaluation board is capable of operating at 15A full load current at room
temperature without the need for additional cooling systems. However, if the board is to operate at elevated
ambient temperatures, the available output current may need to be derated. See the derated current curves in
the RAA210610 datasheet to determine the maximum output current that the evaluation board can supply.

R12UZ0063EU0101 Rev.1.01 :{ENES/_\S Page 4 of 16
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1. Functional Description
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RTKA210610DE0O000BU 2. PCB Layout Guidelines

2. PCB Layout Guidelines

The RTKA210610DEO000OBU evaluation board is a 1.8inx3in four-layer FR-4 board with 2o0z. copper on all the
layers. The board can be used as a single 15A reference design. See Figures 8 through 13 for board layout
information.

The RTKA210610DEO000BU board layout is optimized for electrical performance, low loss, and good thermal
performance. Similar performance is obtained for designs involving RAA210610 while adhering to the following
layout design tips:

21 Layout Considerations

1. Place the input capacitors and high frequency decoupling ceramic capacitors between VIN and PGND, as close
to the module as possible. The loop formed by the input capacitor, VIN pad, and PGND must be as small as
possible to minimize the high-frequency noise. Place the output capacitors close to the load. Use short, wide
copper planes to connect the output capacitors to the load to avoid any parasitic inductances and resistances.
A layout example is shown in Figures 4 and 5 on page 7.

2. Use large copper planes to minimize conduction loss and thermal stress for VIN, VOUT, and PGND. Use
enough vias to connect the power planes in different layers.

3. Use full ground planes in the internal layers (underneath the module) with shared SGND and PGND to simplify
the layout design. Renesas recommends using slots (as shown in Figure 6 on page 7) to ensure that the
switching current avoids the SGND pad of the module. Use as much GND plane as possible for the layer
directly above the bottom layer (containing components such as input caps and output caps). Use the top and
bottom layers to route the EN, VCC, and PGOOD signals.

4. For a switching frequency of 300kHz and a 54V input, connect a 4.02Q 0805 resistor and a 270pF 100V X7R
0603 capacitor in series from PH to VIN. Derate the resistor size for switching frequencies higher than 300kHz.
Calculate the power dissipated in resistor R5 (P,) by using the formula C x V2 x f, where:

a. C=270pF
b. V =input voltage

c. f=frequency of operation
For derating purposes, the nominal power handling capability of the resistor package size should be at least
P¢4/0.65. The 65% derating is derived from the resistor operation at +100°C ambient temperature. Use a
standard thick film chip resistor datasheet to find the correct resistor package size for different switching
frequencies and input voltage.

5. Make sure that UG1 and UG2 (D6 and K4) are connected externally through a PCB trace. Make a similar
connection for the two EN pins (A6 and A8). See the pin configuration and descriptions in the RAA210610
datasheet.

6. Use a remote sensing trace to connect to the VOUT+ load to achieve a tight output voltage regulation. Route
the remote sense trace underneath the GND layer and avoid routing the sense lines near noisy planes such
as the PHASE node. Place a 2Q resistor close to the RS pin to damp the noise on the traces.

7. To avoid ground bouncing issues, place the VIN return and the VOUT return diagonally opposite to each other.
This ensures that the switching noise generated by the power-train has minimal effect on the controller
operation.

8. Do not unnecessarily oversize the copper islands for the PHASE node. Because the phase nodes are
subjected to very high dv/dt voltages, the parasitic capacitor formed between these islands and the
surrounding circuitry tends to couple the switching noise. Ensure that none of the sensitive signal traces are
routed close to the PHASE node plane.

9. Place the VCC bypass capacitor underneath the VCC pin and connect its ground to the PGND pad. Connect
the low side feedback resistor and the decoupling cap for VOUT1 to the SGND pad.

R12UZ0063EU0101 Rev.1.01 :{ENESAS Page 6 of 16
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Figure 5. Layout Example - Bottom Layer
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2. PCB Layout Guidelines

2.3 Bill of Materials
Reference Package
Designators | Qty | Value Tol. | Voltage | Power Type Manufacturer Part Number Description
C15 1 330uF | £20% 16V 2917 KEMET T521X337M016ATE025 | POSCAP
C12, C13, 4 100pF | +20% 16V 1210 Taiyo Yuden EMK325ABJ107MM-P Ceramic
C27,C28 Capacitor
C10, C11, 4 OPEN | +20% 16V 1210 Ceramic
C14, C26 Capacitor
C17, C18, 4 10uF | £10% | 100V 1210 Murata GRM32EC72A106KEO5L | Ceramic
C19, C22 Capacitor
C16, C20, 3 OPEN |+10% | 100V 1210 Ceramic
C21 Capacitor
C23 1 100pF | +20% 63V Radial, Can | Nichicon UUX1J101MNL1GS Aluminum
- SMD Electrolytic
Capacitor
C3 1 | 0.047uF | 5% 25V 0603 AVX 06033C473KAT2A Ceramic
Capacitor
C4 1 0.1puF | £10% 100V 0603 Samsung CL10B104KC8NNNC Ceramic
Capacitor
C25 1 1.0pF | £10% 25V 0603 Murata GCM188R71E105KA64D | Ceramic
Capacitor
Cc7 1 OPEN | £+10% 25V 0402 Ceramic
Capacitor
Cc2 1 270pF | 5% 100V 0603 Kemet C0402C271J1GAC7867 | Ceramic
Capacitor
C24 1 10pF | +10% 16V 0805 Samsung CL21B106KOQNNNE Ceramic
Capacitor
J1-J4 4 CONN- | Keystone 575-4 Solder Mount
JACK Banana Jack
TP1-TP8 8 CONN- | Keystone 5002 Miniature PC
MINI TEST Test Point
POINT
J5, J6 2 CONN- | BERG/FCI 68000-236HLF Three Pin
HEADER Jumper
U1 1 19X13 HDA | Renesas RAA210610 54V 15A Step-
Down Power
Module
R1 1 4.02Q | +1% 1w 2512 Stackpole RMCF2512FT4R02 Thick film Chip
Resistor
R2 1 5.9kQ | +1% 1/10W 0603 Panasonic ERJ-3EKF5901V Thick Film Chip
Resistor
R3-R5, R10 4 DNP +1% 1/10W 0603 Thick Film Chip
Resistor
R6 1 20Q +1% 1/10W 0603 Panasonic ERJ-3EKF20R0OV Thick Film Chip
Resistor
R11 1 0Q 1/10W 0603 Venkel CR0603-10W-000T Thick Film Chip
Resistor
R9 1 100kQ | 1% 1/10W 0603 Venkel CR0603-10W-1003FT Thick Film Chip
Resistor
R16 1 20 +1% 1/16W 0402 Venkel CR0402-16W-02ROFT Thick Film Chip
Resistor
R12UZ0063EU0101 Rev.1.01 .ZENESAS Page 9 of 16
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2.4

RTKA210610DE0000BU PCB Layout
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2. PCB Layout Guidelines

Figure 12. Bottom Layer Solder Side
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3. Typical Evaluation Board Performance Curves and Data

3. Typical Evaluation Board Performance Curves and Data
The following data was acquired using the RTKA210610DEO000BU evaluation board at +25°C ambient and free air OLFM.
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Operating condition: Vy = 48V, fgy = 300kHz, PWM/CCM Mode, unless otherwise noted.

Vour 100mV/Div EN 2ViDiv
W&MW\-‘—“ Vour 2V/Div
) loyr 10A/Div
lour SA/DiV /
_ S W _Peo0D svow
500us/Div 5ms/Div
Figure 20. Transient Response, Vo1 = 5V, 0A to 7.5A, Figure 21. Start-Up Waveform, Vot = 5V, lgyT = 15A,
2.5A/us Step Load, Coyt = 4x100uF Ceramic + 1x330pF Cout = 4x100uF Ceramic + 1x330pF POSCAP
POSCAP
Vn 25V/Div Viaster rar 2V/Div
Vour 100mV/Div Vour 2V/Div
PGOOD 2V/Div
|
PGOOD 2V/Div
2ms/Div 5ms/Div
Figure 22. Prebiased Power-Up Waveform, Prebiased Figure 23. Tracking Operation Waveform, Vgt = 5V,
Voltage = 47V, VOUT =5V, IOUT = No Load, VMASTER RAIL = 6V, IOUT = 15A,
Cout = 4x100pF Ceramic + 1x330uF POSCAP Cout = 4x100uF Ceramic + 1x330uF POSCAP
i I
| | Vour 2VIDiv [ S
J? 15‘ ouT 14 \
325kHz i | . \
: ! Vpuase 20V/Div .
. | . <
| / Varne 2V/Div z 10
\ 5 8
— h | s
i ‘
’ | | | ~ \
N |
e O LFM 400 LFM
| ) \\
200 LFM
2ps/Div 0 ‘ ‘ ‘ ‘ ‘

25 35 45 55 65 75 85 95 105
Ambient Temperature °C

Figure 24. External Frequency Synchronization
Waveform, VOUT = 5V, fSYNC = 325kHZ, IOUT = OA,

Cour = 4x100uF Ceramic + 1x330uF POSCAP Figure 25. Derating Curve, Vot = 5V, Coyr = 4x100pF

Ceramic + 1x330uF POSCAP

R12UZ0063EU0101 Rev.1.01 :{ENESAS Page 13 of 16
Mar.10.20



RTKA210610DEO000OBU

4. Revision History

4. Revision History

Rev. Date Description
1.01 Mar.10.20 Updated Figure 1.
1.00 Jan.16.20 Initial release
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

3. Nolicense, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The intended applications for
each Renesas Electronics product depends on the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home
electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, "General Notes for
Handling and Using Semiconductor Devices" in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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 and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

9. Renesas Electronics products and technologies shall 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. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

10. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

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

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

(Note1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
www.renesas.com www.renesas.com/contact/
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