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Notice 
1. All information included in this document is current as of the date this document is issued. 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 attention to 
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website. 

2. 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. 

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. 
4. 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 of these circuits, software, 
and information in the design of your equipment.  Renesas Electronics assumes no responsibility for any losses incurred by 
you or third parties arising from the use of these circuits, software, or information. 

5. 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.  You 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 development 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. 

6. 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 errors in or omissions from the information included herein. 

7. 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.  You must check the quality grade of each Renesas Electronics product before using it in a particular 
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 be in 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 healthcare 
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life. 

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, 
especially 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. 

9. 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 physical 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. 

10. 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 a result of your noncompliance with 
applicable laws and regulations. 

11. This document may not be 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, 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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R2J20701NP 1phase POL EVB (Rev.2.0) 
R2J20701NP Evaluation Board 

Introduction 
The R2J20701NP 1phase POL EVB is an evaluation board for the single-phase DC/DC converter using the all-in-one 
SiP for POL (point-of-load). 

R2J20701NP is including a peak current mode PWM IC, a high-side MOS FET and a low-side MOS FET in a thin 
small 56-pin QFN package ( 8mm × 8mm).  Besides single-phase operation, it can also compose two-phase and multi-
channel operation easily.  In case of multi-channel operation, output voltage can make some sequence each other easily. 

In this application note, the specifications, operating, and measurement result of the R2J20701NP 1pahse POL EVB are 
described.  Diagrams of circuits, list of parts, and patterns of printed boards. 

The following materials are available for reference. 

• R2J20701NP Data sheet 
• R2J20701NP 2phase POL EVB2 Application note 
• R2J20701NP 2channel POL EVB2 Application note 
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1. Method of Using Evaluation Board 

1.1 Specifications of Evaluation Board 
Table 1 Main Specifications of Evaluation Board 

Item Pin Name 
Recommended Condition 
(Initial setting) Setting Range 

Input voltage VIN & VIN_RTN (for applying) 
TP-IN & TP-IN_RTN (for measuring) 

12 V 8 V to 16 V 

Output voltage TP-OUT & TP-OUT_RTN 1.8 V 0.6 V ~ 
Output current VOUT & VOUT_RTN OCP: around 20 A 0 A to 35 A 
Operating frequency  500 kHz 200 kHz to 1 MHz 
 

1.2 Functions of Evaluation Board 
(1) ON/OFF function 
(2) Load transient response test circuit 
(3) Soft-start function 
(4) OCP function (OCP: Over Current Protection) 
(5) External synchronous function 
 

1.3 Method of Connecting Evaluation Board 

SW101SW101 VIN_RTNVIN_RTN VINVIN

VOUT_RTNVOUT_RTN

TP-IN-RTNTP-IN-RTN

TP-TRANTP-TRAN

TP-IoutTP-Iout

TP-INTP-IN

SW1SW1

VOUTVOUT

R2J20701R2J20701

SW1: ON/OFF switch for evaluation board

SW101: ON/OFF switch for load transient response circuit

TP-TRAN: Probe point for VOUT monitor

TP-Iout: Probe point for IOUT monitor in load transient test

Power supply: 6673A

(manufactured by Agilent)

Voltmeter:

R6542A

(manufactured by

ADVANTEST)

Voltmeter: 34401A

(manufactured by HP)

Oscilloscope:

TDS5054B

(manufactured by

Tektronix)

Electronic Load:

PLZ664WA

(manufactured by

KIKUSUI)

 

Figure 1   Connection Diagram of Evaluation Board 
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2. Result of Measurement by Evaluation Board 

2.1 Efficiency/Loss/Regulation Data 
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Condition: VIN = 12 V, Vout = 1.8 V,
 Io = 0 to 35 A, fsw = 465 kHz,
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Figure 2   Efficiency vs. Output Current Characteristics 
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Figure 3   Loss vs. Output Current Characteristics 
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Figure 4   Output Voltage vs. Output Current Characteristics 
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Figure 5   Output Voltage vs. Input Voltage Characteristics 
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2.2 Various Waveforms 

Vout
(10 mV/div.)

V(SW)
(5 V/div.)

Condition: VIN = 12 V, Vout = 1.8 V,
 fsw = 465 kHz, Iout = 0 A,
 Ta = 27°C

10.8 mVpp

 

Figure 6   Vout Ripple Waveform (Iout = 0 A) 

 

Vout
(10 mV/div.)

V(SW)
(5 V/div.)

Condition: VIN = 12 V, Vout = 1.8 V,
 fsw = 465 kHz, Iout = 35 A,
 Ta = 27°C

11.2 mVpp

 

Figure 7   Vout Ripple Waveform (Iout = 35 A) 
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Condition: VIN = 12 V, Vout = 1.8 V,
 fsw = 465 kHz, Iout = 31 A,
 Ta = 27°CVout

(500 mV/div.)

V(TRK-SS)
(500 mV/div.)

V(SW)
(20 V/div.)

V(CS)
(2 V/div.)

OFF period: 1024 × Tsw

 

Figure 8   Waveform When the Over Current Protection 

 

Condition: VIN = 12 V, Vout = 1.8 V,
 fsw = 465 kHz, Iout = 31 A,
 Ta = 27°C

Vout
(200 mV/div.)

V(TRK-SS)
(200 mV/div.)

V(SW)
(10 V/div.)

V(CS)
(500 mV/div.)

OCP detect:
Vcs = 1.5 V

PWM OFF

 

Figure 9   Waveform When the Over Current Protection (Zoom up) 
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Vout
(50 mV/div.)

Iout
(2.5 A/div.)

Condition: VIN = 12 V, Vout = 1.8 V,
 fsw = 465 kHz, RL = 0.2 Ω,
 Ta = 27°C

Vopp:128 mVpp

8.935 A

0 A

Di/dt =
117.5 A/µs

Di/dt =
123.75 A/µs

 

Figure 10   Waveform When the Load Transient Response Circuit On (RL = 0.2 Ω) 
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3. Circuit Diagram of Evaluation Board 
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Figure 11   Circuit Diagram of Evaluation Board 
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4. List of Parts 
Reference Part No. Vendor Quantity Description Remarks 

U1 R2J20701 Renesas 1 QFN56 IC  

L1 PA0513.321NLT Pulse 1 0.32 µH  

C1, C2, C3, C4, C102, C23, C24 TMK316BJ106KL-T YUDEN 5 10 µF/25 V/3216 C23, C24 No mounting 

C5, C6, C7, C8, C9, C10 GRM32EB30J107ME16L muRata 6 100 µF/6.3 V/3225  

C11 C1608JB1E105K TDK 1 1 µF/25 V/1608  

C12, C14, C17, C101 C1608JB1E104K TDK 4 0.1 µF/16 V/1608  

C13 C1608JB1C474K TDK 1 0.47 µF/25 V/1608  

C15, C25 C1608JB1H102K TDK 1 1000 pF/50 V/1608 C15 No mounting 

C16 C1608CH1H680J TDK 1 68 pF/50 V/1608  

C18 C1608CH1H511J TDK 1 510 pF/50 V/1608  

C19 C1608CH1H101J TDK 0 100 pF/50 V/1608 No mounting 

C20 C1608CH1H100D TDK 0 10 pF/50 V/1608 No mounting 

C21 C1608CH1H040C TDK 0 4 pF/50 V/1608 No mounting 

C22 C1608CH1H222J TDK 0 2200 pF/50 V/1608 No mounting 

R1 RK73Z1JTTD KOA 1 0 Ω/1608  

R2 RK73H1JTTD2702F KOA 1 27 kΩ ± 1%/1608  

R3 RK73H1JTTD5102F KOA 1 51 kΩ ± 1%/1608  

R4 RK73H1JTTD2001F KOA 1 2 kΩ ± 1%/1608  

R5 RK73H1JTTD1001F KOA 1 1 kΩ ± 1%/1608  

R6 RK73H1JTTD6202F KOA 1 62 kΩ ± 1%/1608  

R7, R105, R107 RK73H1JTTD1000F KOA 3 100 Ω ± 1%/1608  

R8 RK73H1JTTD8200F KOA 1 820 Ω ± 1%/1608  

R9 R73B2BTTD3R0J KOA 0 3 Ω/3225/1/4 W No mounting 

R11 RK73H1JTTD2R0F KOA 1 2 Ω ± 1%/1608  

R101, R102, R103 SL1TTER20J KOA 1 0.2 Ω/1 W/6.3 mm×3.1 mm R101, R102 No mounting

R104, R106 RK73B1JTTD510J KOA 2 51 Ω ± 5%/1608  

R108 RK73B1JTTD473J KOA 1 47 kΩ ± 5%/1608  

R109 RK73B1JTTD471J KOA 1 470 Ω ± 5%/1608  

Q101, Q102 HAT2168H Renesas 2   

Q103 RQK0603CGDQA Renesas 1   

D101, D102, D103, D104 HRV103A Renesas 4   

U101 HIP2100 Intersil 1   

VIN, VOUT T-6530-RED Sato Parts 2   

VIN_RTN, VOUT_RTN T-6530-BLACK Sato Parts 2   

TP_IN, TP_IN_RTN, TP_OUT, 

TP_OUT_RTN 

LC-2-G Mac Eight 4   

SW1, SW101 G-22AP Nihon Kaiheiki 2   

TP_TRAN, TP_IOUT 131-5031-00 Tektronix 2   
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5. Evaluation Board Patterns 
Board structure: Copper foil (70 µm) × 4 layers, 1.6 mmt 

 

Figure 12   Top Silk Screen Pattern 

 

 

Figure 13   First Layer Pattern 
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Figure 14   Second Layer Pattern 

 

 

Figure 15   Third Layer Pattern 
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Figure 16   Fourth Layer Pattern 

 

 

Figure 17   Bottom Silk Screen Pattern 
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Website and Support 
Renesas Technology Website 

http://www.renesas.com/ 
 
Inquiries 

http://www.renesas.com/inquiry 
csc@renesas.com 
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1. This document is provided for reference purposes only so that Renesas customers may select the appropriate 
Renesas products for their use. Renesas neither makes warranties or representations with respect to the 
accuracy or completeness of the information contained in this document nor grants any license to any  intellectual 
property rights or any other rights of Renesas or any third party with respect to the information in  this document. 

2. Renesas shall have no liability  for damages or infringement of any intellectual property or other rights arising  out 
of the use of any information in this document, including, but not limited to, product data, diagrams, charts,  
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military 
applications such as the development of weapons of mass destruction or for the purpose of any other military  
use. When exporting the products or technology described herein, you should follow the applicable export  
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and  
application circuit examples, is current as of the date this document is issued. Such information, however,  is  
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this  
document, please confirm the latest product information  with a Renesas sales office. Also, please pay regular  
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed  
through our website. (http://www.renesas.com)

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas  
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information  
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in  light 
of the total system before deciding about the applicability of such information to the intended application. 
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any  
particular application and specifically disclaims any liability arising out of the application and use of the  
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas  products 
are not designed, manufactured or tested for applications or otherwise in systems the failure or  malfunction of 
which may cause a direct threat to human life or create a risk of human injury or which require  especially high 
quality and reliability such as safety systems, or equipment or systems for transportation and  traffic, healthcare, 
combustion control, aerospace and aeronautics, nuclear power, or undersea communication  transmission. If you 
are considering the use of our products for such purposes, please contact a Renesas  sales office beforehand. 
Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:
  (1) artificial life support devices or systems
  (2) surgical implantations
  (3) healthcare intervention (e.g., excision, administration of medication, etc.)
  (4) any other purposes that pose a direct threat to human life
 Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who 

elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas  
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all  
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect  to 
the maximum rating, operating supply voltage range, movement power voltage range, heat radiation  
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or  
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific  
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use  conditions. 
Please be sure to implement safety measures to guard against the possibility of physical injury, and  injury or 
damage caused by fire in the event of the failure of a Renesas 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 applicable measures.  Among others, since the  evaluation of microcomputer 
software alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas  products 
are attached or affixed, the risk of accident such as swallowing by infants and small children is very  high. You 
should implement safety measures so that Renesas products may not be easily detached from your  products. 
Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in  whole or in part, without prior written  
approval from Renesas.

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