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RAA230161GSB Operation Manual  

24V input, USB Voltage Supply for Power Delivery 

Description 

RAA230161 (USB Voltage Supply) is the power supply IC for the power supply application with USB power 

delivery. This IC provides 5.3V to 20V power supply which are required in USB power delivery system. Power 

MOSFETs are included and maximum output power is 60W (20V, 3A). Various protection circuits are included to 

design safe system easily. The output voltage can be selected by I2C and the IC status can be monitored. The design 

of the power supply system with USB power delivery becomes easy by this IC. 

Figure 1 shows the block diagram, and table 1 shows the pin description. 
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Figure.1 Block Diagram  
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Table.1 Pin Description 

Pin No. Symbol I/O Function 

1 VIN I Power supply 

2 VREG I Internal power supply output (For 1uF capacitor connection)  

3 VDD I Power supply for I2C 

4 GND I/O Ground 

5 TS I/O Test pin 

6 MNO I Monitor pin for controlling DCDC converter output voltage. 

7 MNI I Monitor pin for DCDC converter output current. 

8 EN I Device enable               Note : Integrated pull down resister 

9 SDA I/O I2C Data input and output 

10 SCL I I2C Clock input 

11 PG O Power good output           Note : Open drain 

12 MR O Reset signal output for microcontroller (Low active)  Note : Open drain 

13 INT O Status output (Low active)     Note : Open drain 

14 PGND I/O Power ground for DCDC converter 

15 PGND I/O Power ground for DCDC converter 

16 LOUT O DCDC converter output 

17 LOUT O DCDC converter output 

18 BST I/O Bootstrap pin 

19 PVIN I Power supply for DCDC converter 

20 PVIN I Power supply for DCDC converter 
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1. Basic function 

1.1 Connection diagram of power supply system 

Figure 1.1 shows an example of power supply system using a power delivery controller and RAA230161GSB. 

RAA230161 operates as a slave. It requires a controller (PDC: Power Delivery Controller) as a master. 

The system receives DC24 V as the input voltage from the primary power supply. A DCDC (other IC) generates 

3.3V for the controller and VDD in RAA230161GSB. This 3.3 V (= VDD) is shared with the controller (master) for 

communication. RAA230161GSB controls VOUT output by EN control signal and I2C control signal, and outputs PG 

/ INT / MR signal to the master as status monitor signal (safety function signal). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1.1 Connection of power supply system 
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1.2 Operation Mode 

RAA230161GSB has 3 operation modes. The modes are decided by the DCON register status in the DCDC_ON 

register controlled by the I2C signal and the EN terminal input(Table 1.1). 

Table 1.1 Operation Mode 

 

Mode 

 

INPUT OUTPUT 

EN 
terminal 

DCON setting 

(DCDC_ON[D7]) 

VREG 
(IC internal 

power supply) 

PG terminal status 

(Pulled up to VDD) 

VOUT 

OFF Mode Low I2C unavailable OFF High OFF 

STBY Mode High Low ON Low OFF 

ON Mode High High ON High 

(Low during output changing) 

ON 

 

<OFF Mode>  

When EN = "Low", RAA230161GSB is OFF Mode. The IC internal power supply (VREG) doesn’t operate, so the 

I2C communication is unavailable and the internal register is cleared. 

 

<STBY Mode>  

When EN = "High", RAA230161GSB becomes STBY Mode. When VREG operates and the IC internal state 

stabilizes, the PG terminal outputs “Low” and I2C communication is available. 

 

<ON Mode>  

When EN = “High” and the DCON bit is “High”, RAA230161GSB becomes ON Mode. When the DCDC ON 

register is set by I2C, VOUT is changed to the set voltage. While the VOUT is being changed, the PG terminal 

outputs “Low”. The PG terminal outputs “High” when the VOUT stabilizes at the set voltage.  
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1.3 I2C register  

Table 1.2 shows the register map of RAA230161GSB. 

 

Table 1.2 Register Map of RAA230161 

Address 
Name 

Address  
Data 
[A7:A0] 

Data Name Function 
(*1) 

Reset 
(*2) 

D7 D6 D5 D4 D3 D2 D1 D0 

DCDC_ 
ON 

0000,0001 0(*3) ISEL2 ISEL1 ISEL0 VSEL2 VSEL1 VSEL0 DCON BBBBBBBB 00000000 

Protect Flag 0000,0010 - OVP_F SCP_F UVLO_F - OCP_F OTP_F WDT_F - BBB- BBB -000-000 

Protect 
Status 

0000,0011 - - - - - - - PG -RRRRRRR -0000000 

WDT SET 0000,0100 - 0 0 1 - WDT1 WDT0 WDT_S -RRR-BBB -001-000 

WDT 
RESET 

0000,0101 - - - 0(*3) - - - WDT_R - - - B - - - B - - - 0 - - - 0 

TEST- 
MODE 

0000,0110 - OVP_M SCP_M UVLO_M 0(*3) OCP_M OTP_M 0(*3) -BBBBBBB -0000000 

*0) Slave Address = 1101111 

*1) B：Write & Read bit  ,  R：Read only bit 

*2) Initial value of the register  

*3) Be sure to write "0" 
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1.3.1 Register and Bit data 

• DCDC_ON(0×01) Register 

This register controls VOUT. When "1" is written to the DCON bit (D0), VOUT starts up, and when "0" is written, 

VOUT stops. The VOUT voltage is set by the VSEL* bits (D3, D2, D1) and the maximum current of VOUT is set by 

the ISEL * bit (D6, D5, D4). Details of the setting are shown in Table 1.4 and Table 1.5. 

Note : The D7 bit is the dedicated bit for test mode. Be sure to write "0". 

Table 1.3 DCDC_ON Register 

Address 

Name 

Address 

Data 

[A7:A0] 

Data Name Function Reset 

D7 D6 D5 D4 D3 D2 D1 D0 

DCDC_ON 0000,0001 0 ISEL2 ISEL1 ISEL0 VSEL2 VSEL1 VSEL0 DCON BBBBBBBB 00000000 

 

Table 1.4  VOUT maximum current setting (ISEL *)        Table 1.5 VOUT voltage setting (VSEL*) 
 

ISEL 

Name 

ISEL2 

(D6) 

ISEL1 

(D5) 

ISEL0 

(D4) 

VOUT 

Current 

Select 

I005 0 0 0 0.5A 

I010 0 0 1 1.0A 

I015 0 1 0 1.5A 

I020 0 1 1 2.0A 

I025 1 0 0 2.5A 

I030 1 0 1 3.0A 

 

 

  

VSEL 

Name 

VSEL2 

(D3) 

VSEL1 

(D2) 

VSEL0 

(D1) 

VOUT 

Voltage 

Select 

V05 0 0 0 5.3V 

V09 0 0 1 9.15V 

V012 0 1 0 12.1V 

V015 0 1 1 15.1V 

V020 1 0 0 20V 
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• Protect Flag (0×02) Register 

When the IC protection function operates, "1" is automatically written to the bits of each protection function, at the 

same time "0" is written to the DCON bit in the DCDC_ON register. Then VOUT stops. Table 1.7 shows a list of 

protect functions. 

Table 1.6 Protect Flag Register 
Address 

Name 

Address 

Data 

[A7:A0] 

Data Name Function Reset 

D7 D6 D5 D4 D3 D2 D1 D0 

Protect Flag 0000,0010 - OVP_F SCP_F UVLO_F - OCP_F OTP_F WDT_F -BBB- BBB -000-000 

 

Table 1.7 List of protect function 

Data 

Name 

Protect Function /  

Detection Condition 

Operation status at protection Reset 

Common 

circuit 

DC/DC Signal output 

terminal 

OVP_F 

(D6) 

Over voltage protection  

VOUT > VSEL setting × 110% 
Operation 

Stop 

(Latch) 
INT=L By I2C 

SCP_F 

(D5) 

Short circuit protection  

VOUT < VSEL setting × 80% 
Operation 

Stop 

(Latch) 
INT=L By I2C 

UVLO_F 

(D4) 

Under voltage lockout  

VIN < 5.7V 
Stop Stop - 

Recover automatically as 

STBY mode when VIN >6.2V 

and EN=”H”  

OCP_F 

(D2) 

Over current protection  

IOUT > ISEL setting × 120% 
Operation 

Stop 

(Latch) 
INT=L By I2C 

OTP_F 

(D1) 

Over temperature protection  

Tj > 165 ˚C 
Operation 

Stop 

(Latch) 
INT=L By I2C 

WDT_F 

(D0) 

Watch dog timer 

No reset signal input within WDT 

setting time 

Operation 
Stop 

(Latch) 

Output single “L” 

pulse from MR 

terminal 

By I2C 

 

• Protect Status (0×03) Register 

The same state as the PG terminal is written to the PG (D0) bit. PG terminal status can be monitored by reading the 

bit. 

Table 1.8 Protect Status Register 

Address 

Name 

Address 

Data 

[A7:A0] 

Data Name Function Reset 

D7 D6 D5 D4 D3 D2 D1 D0 

Protect Status 0000,0011 - - - - - - - PG -RRRRRRR -0000000 
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• WDT SET (0×04) Register 

This register controls the start-up of the watchdog timer (WDT). When “1” is written to the WDT_S bit (D0), the 

WDT counter starts counting. WDT stops when “0” is written to the bit.  

The WDT reset time is set by the WDT * bit (D2, D1) in the register. Table 1.10 shows the details of reset setting 

time. 

 
Table 1.9 WDT SET Register 

Address 

Name 

Address 

Data 

[A7:A0] 

Data Name Function Reset 

D7 D6 D5 D4 D3 D2 D1 D0 

WDT SET 0000,0100 - 0 0 1 - WDT1 WDT0 WDT_S -RRR-BBB -001-000 

 

Table 1.10 WDT reset setting time (WDT*) 

 

 

 

 

 

 

 

• WDT RESET (0×05) Register 

The WDT timer is reset by writing "0" to the WDT_R (D0) bit. 

Note : The D4 bit is the dedicated bit for test mode. Be sure to write "0". 

Tale 1.11 WDT RESET Register 

Address 

Name 

Address 

Data 

[A7:A0] 

Data Name Function Reset 

D7 D6 D5 D4 D3 D2 D1 D0 

WDT RESET 0000,0101 - - - 0 - - - WDT_R - - - B - - - B - - - 0 - - - 0 

 

• TEST-MODE (0×06) Register 

Each protection function is stopped by writing "1" to each bit in this register. Be careful to use the register because 

the protection circuit doesn’t operate. 

Note : The D0 bit and the D3 bit are the dedicated bit for test mode. Be sure to write "0".  

Table 1.12 TEST-MODE Register 
Address 

Name 

Address 

Data 

[A7:A0] 

Data Name Function Reset 

D7 D6 D5 D4 D3 D2 D1 D0 

TEST- 
MODE 

0000,0110 - OVP_M SCP_M UVLO_M 0 OCP_M OTP_M 0 -BBBBBBB -0000000 

 

  

WDT 

Name 

WDT1 

(D2) 

WDT0 

(D1) 

WDT Reset 

Time Select 

W008 0 0 8.2ms 

W033 0 1 32.8ms 

W131 1 0 131ms 

W524 1 1 524ms 

D6, D5, D4 bit are the internal management number 
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1.4 I2C Data transfer 

1.4.1 I2C Data transfer format 

The maximum clock frequency of the I2C is 1.0MHz. Figure 1.2 shows the transfer data format, and Figure 1.3 

shows the typical waveform. 

 

 

 

 

 

1.4.2 I2C bus free characteristic in OFF Mode 

Figure 1.4 shows the internal circuit of the SDA terminal. The drive MOS of the SDA output is an open drain 

configuration and bus free when the STBY Mode / ON Mode (EN = High).  When OFF Mode (EN = Low), the 

VREG power supply disappears and the internal circuit becomes indefinite, which may affect the bus line (SDA 

signal becomes dull). 

Note : Start I2C communication after the EN terminal becomes “High” and PG terminal becomes “Low”. If 
PG terminal status cannot be monitored, wait 50ms after EN terminal becomes “High”. 

 

          

 

 

Figure 1.2 I2C Data transfer format 

Figure 1.3 I2C reference waveform 

Figure 1.4 Internal circuit of the SDA terminal  
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2. Operation method 

2.1 Start-up 

Figure 2.1 shows start-up control timing by the controller. When VIN and VDD are applied, RAA230161 becomes 

OFF mode. When EN terminal becomes "High", the internal power supply (VREG) rises and the I2C register is reset. 

When I2C communication becomes available, the PG terminal output changes from “High” to “Low” and the IC 

becomes STBY Mode. 

Note : When transiting from OFF mode to STBY mode, input “High” to the EN terminal once to initialize 
RAA230161GSB internal register. After that, input “Low” to the EN terminal, and re-input “High” to 
transit to STBY mode. 

After entering STBY Mode, check the state of Protect Flag register by I2C (1). If "1" is in the Protect Flag register, 

RAA230161 doesn’t become ON mode (The protection operates and the DCDC output is latched off). When "1" is in 

the Protect Flag register, write "0" to the register and clear it. If there is no "1" in the Protect Flag register, write "1" to 

the WDT?S bit(D0) in the WDT SET register(0x04) and operate the watchdog timer (2). Then, if the WDT_R bit(D0) 

in the WDT RESET register(0x05) is not cleared within the WDT reset timing (set in the WDT SET register), the 

WDT stops RAA230161. When not using WDT function, write "1" to WDT_R bit.  

When not using other protection functions(OVP, SCP, UVLO, OCP, OTP), write "1" to each bit in the TEST-

MODE register. 

After setting is completed, 5.3 V is output from VOUT by writing "1" to the DCON bit in the DCDC ON register 

(3). When the VOUT output stabilizes at 5.3 V, the PG signal changes from “Low” to “High”. After confirming that 

the PG terminal output changes to “High”, set the output voltage and the maximum output current in the DCDC ON 

register (4). When RAA230161 receives the voltage changing order, the PG output changes from “High” to “Low”, 

and the IC starts to change the output voltage to the set voltage. When the set voltage stabilizes, the PG changes from 

“Low” to “High”, and the master can detect VOUT change by monitoring the PG terminal. 

 

 

 

  

Figure 2.1  Start-up Timing 

* After the EN terminal becomes “High” and PG terminal becomes “Low”,  
or, after EN terminal becomes “High” and waiting 50ms. 
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2.2 Stop 1(ON Mode to STBY Mode) 

Figure 2.2 shows the transition timing from ON Mode to STBY Mode. By writing "0" to the DCON bit in the 

DCDC ON register at ON mode, VOUT stops and is discharged through the built-in discharge circuit (1). The 

discharge circuit operates until the VOUT drops to 0.4 V(typ.). When it becomes 0.4 V(typ.) or less, the discharge 

stops and VOUT becomes HiZ. 

 

 

 

      *Reference value : Typical discharge time when the output capacitor effective value =44uF, VOUT drops from 20V 

to 0.4V 

 

 

  

Figure 2.2  Stop Timing (ON to STBY) 

* 
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2.3 Stop 2(ON Mode to OFF Mode) 

Figure 2.3 shows the transition timing from ON Mode to OFF Mode. By inputting "Low" to the EN terminal at ON 

mode, VOUT stops and is discharged through the built-in discharge circuit (1). The discharge circuit operates until the 

VOUT output voltage drops to 0.4 V(typ.). When it becomes 0.4 V(typ.) or less, the discharge stops and VOUT 

becomes HiZ. At this time, the VREG also stops, and the register information in RAA230161GSB is also cleared. 

When restarting, set the register again. 

 

 

 

 

 

 

  

Figure 2.3  Stop Timing (ON to OFF) 
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2.4 Protection Function 1 (OVP, SCP, OCP, OTP) 

Figure 2.4 shows the control timing by the protection circuits (OVP, SCP, OCP, OTP). When each protection circuit 

detects, RAA230161GSB stops VOUT output, starts discharging and transits from ON Mode to STBY Mode. At the 

same time, the INT terminal output changes from “High” to “Low” and clears the DCON bit in the DCDC ON 

register. The operating protection circuit is identified by reading the Protect Flag register(1). Then, the DCDC circuit 

is latched off. To restart VOUT (release the latch), write "0" to the Protect Flag register by I2C. When the latch is 

released, the INT terminal changes from “Low” to “High”(2). The master device can know releasing the latch by 

seeing the INT status. The IC becomes STBY Mode. To re-output VOUT, follow the startup sequence.  

The DCON bit in the DCDC ON register is cleared, but the other bits are not cleared. Be careful when changing 

VOUT output voltage and maximum VOUT output current. 

 

 

 

 

 

 

  

Figure 2.4 Protection function timing 1 
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2.5 Protection function 2 (WDT) 

Figure 2.5 shows the control timing of the WDT protection. When the WDT is not reset within the reset time, the 

DCON bit automatically becomes “0”, the DCDC circuit stops, VOUT is discharged and RAA230161GSB transits the 

STBY Mode. The IC outputs a low-level one shot pulse from the MR terminal. At this time, the EN terminal doesn’t 

accept any signal. Reset the master device in order to return to the normal state.   

 After the master device restarts, the operating protection circuit is identified by reading the Protect Flag register(1). 

For VOUT restart, input “High” to the EN terminal and write "0" to the Protect Flag register by I2C. The latch off 

state is released and RAA230161GSB transits STBY Mode (2). 

 If the abnormal state at the master device continues, the latch off state is not released unless VIN drop off. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2.5  Protection function 2 (WDT detect) 
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3. Peripheral parts  

Figure 3.1 shows the application diagram, and Table 3.1 shows the list of the external parts examples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.1 Peripheral parts list 

Part No. value size Part number Note 

Inductor L1 6.8uH 10145 NS10145T6R8NNA Inductor 

Capacitor C1/C2 10uF/35V 3225 GRM32ER71H106KA12L VIN/PVIN input capacitor 

C3 1uF/25V 1608 GRM188R71E105KA12D VREG capacitor 

C4 10uF/20V 20125 GRM21BC71E106KE11L VDD input capacitor 

C5/C6 22uF/35V 7563 C7563X7S1H226MT VOUT output capacitor 

C7 0.1uF/50V 1608 GRM188B11E104KA01D Bootstrap capacitor 

Resistor R3/R4/R5 100kΩ 1608 - EN/PG/INT/MR pull-up 
resistor 

R1/R2 2.2kΩ 1608 - I2C signal pull-up resistor 

R6 50mΩ/1W 6232 ERJL1WKF50MU Current sense resistor for 
OCP 

 

3.1 Inductor 

The inductor should be chosen so that the inductor ripple current (∆IL) is within 10 to 40% of IOUT(max). When 

ΔIL increases, the inductor current peak raises, so the ripple of VOUT gets larger and the power loss increases. On the 

other hand, the large size inductor is required to lower ΔIL. ΔIL can be calculated by an equation below. 

 

      fsw=0.5MHz 

 

The inductor peak current (ILpeak) can be calculated by an equation below. 
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Figure 3.1 Application diagram 
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Choose the inductor which saturation current is higher than ILpeak. 

Table 3.1 Inductor example 

Inductance 
[H] 

Part number Manufacture 

DC 
Resistance 

[Ω] 

ITEMP 

[A] 

ISAT 

[A] 

Size (L×W×T) 

[mm] 

4.7u NS10145T4R7NNA TAIYO YUDEN 17.3m 5.03 6.69 10.1×10.1×4.85 

6.8u NS10145T6R8NNA TAIYO YUDEN 24m 4.22 5.05 10.1×10.1×4.5 

10u NS10155T100MNA TAIYO YUDEN 24m 4.4 4.49 10.1×10.1×5.5 

 

Note   ITEMP : Rated current by temperature rising 

           ISAT : Rated current by inductance loss 

           These inductors are examples. About inductor detail, contact each manufacturer 

 

3.2 Input capacitor 

Connect the input capacitor between VIN pin and GND pin, PVIN pin and GND pin. Use over 10uF. Put the 

capacitor as close as possible to the pins. Low ESR (equivalent series resistance) capacitor like a ceramic capacitor is 

recommended to reduce the input ripple voltage. Capacitance of a ceramic capacitor decreases in actual use because of 

DC bias effect, so choose a ceramic capacitor which capacitance maintains over 10uF in the application operation 

condition.   

 

3.3 Output capacitor 

RAA230161GSB has phase compensation circuit which is optimized to DC/DC operation. In order to operate stably 

with the phase compensation, choose the output capacitor over 22uF. Low ESR capacitor like a ceramic capacitor is 

recommended to reduce the output ripple voltage. Capacitance of a ceramic capacitor decreases in actual use because 

of DC bias effect, so choose a ceramic capacitor which capacitance maintains over 22uF in the application operation 

condition. To reduce the mounting area, it is possible to use multiple small capacitance capacitors in parallel.  

 

3.4 Current sense resistor  

The over current protection circuit (OCP) in RAA230161GSB uses the current sense resistor between MNI pin and 

MNO pin. Use 50mΩ(typ). Recommended power rating of the resistor is 1W. 
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4. Reference data   

Reference waveforms on Renesas RAA2230161GGSB evaluation board.  

Condition : VIN = PVIN = 24V, VDD=3.3V, No load, TA = 25˚C    Using the parts on the page 16  

4.1 Start-up / Shutdown Waveforms 

 

 

 

 

 

 

 

 

Start-up (STBY mode → ON mode) 

Shutdown (ON mode → STBY mode, VOUT=5.3V) Shutdown (ON mode → STBY mode, VOUT=9.15V) 

Shutdown (ON mode → STBY mode, VOUT=12.1V) Shutdown (ON mode → STBY mode, VOUT=15.1V) 

Shutdown (ON mode → STBY mode, VOUT=20V) 
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4.2 Output Voltage Changing Waveforms 

 

 

 

 

 

 

 

 

 

 

VOUT : 5.3V to 9.15V 9.15V to 5.3V 

VOUT : 5.3V to 12.1V VOU :  12.1V to 5.3V 

VOUT :  5.3V to 15.1V VOUT :  15.1V to 5.3V 

VOUT : 5.3V to 20.0V VOUT :  20.0V to 5.3V 
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Website and Support  

Renesas Electronics Website 

http://www.renesas.com/ 
 

Inquiries 

http://www.renesas.com/contact/ 
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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. No license, 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. It is 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.

(Note 1)  “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2)  “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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