RRW22111-153+IW610-08+RRW30110-190

FOR 65W PD3.2 ZSP DESIGN
EBC10296

NOTE: This reference design documentis intended as a designiidea to'show potential capability of:this integrated circuit device. Evaluation boards may not beavailable.
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BLOCK DIAGRAM OF EBC10296
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WARNING

DISCLAIMER FOR HIGH VOLTAGE (MAINS POWERED) EVALUATION BOARDS

Warning
This evaluation board is powered by AC mains voltage. When powered, this evaluation board generates non-insulated high voltages which may produce
electrical shock, burn, and/or fire hazards, resulting in risk of property damage, personal injury, and/or death.

When the evaluation board is powered, never touch the board or its electrical circuits since they may be operating at high voltages that can
cause an electrical shock hazard.

TO BE USED FOR EVALUATION PURPOSES ONLY
This board is intended for evaluation purposes only and not intended for commercial use in an end product. Any other use is strictly prohibited by Renesas Electronics
Corporation and its Subsidiaries (“Renesas”).

WORK AREA AND PERSONAL SAFETY

This board should be used in a test area/laboratory specifically designed and designated for working with, and evaluating high-voltage electrical devices. Only trained and
qualified professional personnel with experience, knowledge and training in the use of high-voltage electrical circuits should use this evaluation board. Trained personnel
must use required personal protective equipment and required laboratory equipment when working with the evaluation board.

The professional personnel operating this evaluation board and the test area/laboratory in which it is operated must be qualified according to the local regulations,
guidelines and labor laws applicable to working with non-isolated mains voltages and high voltage circuits.

An isolated housing is highly recommended when using this evaluation board.
Use this evaluation board at your own risk.
NOT AGENCY APPROVED

This evaluation board has not been agency tested or approved for safety, technical performance, and/or regulatory requirements, such as electromagnetic interference or
other technical regulatory or safety requirements.
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1. GENERAL SPECIFICATION

Description Symbol Min Typ Max Units Comment
Input Voltage Vin 90 264 Vac 2 Wire
Frequency fune 47 50/60 63 Hz
No-load Input Power (230Vac) 5 mw
Output Voltage Vour_cv 5 20 V Measured at PCB-end
Output Current lour 0 3.25 A Power limit (65W_Max)
Protocol Meets PD3.2
Over Current Protection locp 3.9 A
Conducted EMI Meets FCC Part 15B / EN55032B Output is Connected to Ground
Safety Designed to meet IEC60950, UL1950 Class I
Ambient Temperature Tams 0 25 °C Free convection, sea level
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2. SCHEMATIC
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3. CIRCUIT BOARD PHOTOGRAPH

Bottom View

RRW22111-153

PS2381-1

Optocoupler fa 3 NESAS " u—
®: M 25z 20250707 cop
RJKO3MSDNS-00 il S T MRcCREC- 11 i
LV MOS Device -

Integrated GaNFET

RBEO67N10R1SZN6 iW610-08 RRW30110-190
LV MOS Device SR Controller PD3.2 Protocol Controller

Ultra-Thin Design, Power Density: 1.38w/cm?3

ZSP Primary controller

Top View
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4. EFFICIENCY AT FULL LOAD

Efficiency at full load

95.00%
94.00% 93.32% 93.95% 93.82%
93.30% —e
93.77% —e
9 (0]
93.00% 97 64% — 93.41%
92.87% 92.89% —e
92.00% 92327 92.54%
' 92.12%
= 91.00% —
= 90.93% 91.21%
90.00% 90.34%
89.66%
89.00% 6
88.00%
87.00%
90Vac 115Vac 230Vac 264Vac

*Note: The output voltage is measured at PCB-end.

VIN

—=0=5\/ =8=9\/ =e=15\/ =e=20V
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5. ACTIVE MODE EFFICIENCY

10% Load Efficiency

Average Efficiency
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91.13%
90.48% 93.35%
91.00% ’ 92.00% | g0.70% 93.25% o
91.96%

88.00% 90.00%

85.00% = 88.00% 88.40% — 88.85% 89.00%
- 85.75% - . 89.00%
L [P Y L 47 30 88.85% :

82.00% - 86.00% 291 /0

* | 8239% S, T 8285% B3.00% ’ 7 87.30%
7 81.30% /
9 a» o em» o e 0,
79.00% P 7 = ,o-o - ;00/ 84.00% /
P /.‘ 78.85% . (o)
76.00% P ot 77.30% 82.00% v
75.84% , 81.84%
73.00% & 80.00% 81.84%
72.48%
70.00% 78.00%
5V Vv 15V 20V 5V v 15V 20V
VIN VIN

—e— 115Vac ==@==230Va =@ -COC_V5TIER 2 ==@= DOE Level VII —@— 115Vac ==@=—230vac =® -COC_V5TIER 2 == DOE Level VII|

*Note: The output voltage is measured at PCB-end.
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6. SYSTEM STANDBY POWER CONSUMPTION

System Standby Power Consumption(Pout=0.15W)
300

275
275

N
(o)
o

Standby power(mW)
N
(@) ]

N
o
o

206

175

150

5V 9V 15V 20V
VOUT

—o—115Vac =—e=230Vac

*Note: The output voltage is measured at Cable-end.
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7. NO-LOAD STANDBY POWER

No-Load Standby Power Consumption

6
5
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8. OUTPUT VI CHARACTERISTICS

VIN=90Vac/60HZz

(@ 500maA

*Note: The output voltage is monitored at PCB-end.

VIN=264Vac/50Hz

>a

—>
- 0.5A/Div.

(@D 500mA &

© 2025 Renesas Electronics Corporation. Al rights reserved.  [l{=\[S7ARNe{0] [ F[0] S 7.\ &

LENESAS



9. OUTPUT VOLTAGE RIPPLE

Vin o 0A 0.3A 0.75A 1.5A 2.25A 3A 3.25A
VOUT
5V 84mV 104mV 70mV 110mV 124mV 118mV N/A
9V 94mV 102mV 76mV 96mV 100mV 110mV N/A
115Vac
15V 90mV 64mV 82mV 90mV 104mV 122mV N/A
20V 80mV 72mV 78mV 88mV 114mV 132mV 152mV
5V 94mV 114mV 94mV 104mV 128mV 124mV N/A
9V 92mV 126mV 72mV 110mV 100mV 114mV N/A
230Vac
15V 96mV 58mV 84mV 88mV 96mV 120mV N/A
20V 82mV 70mV 86mV 90mV 112mV 114mV 124mV
*Note:
1. Add 0.1uF Ceramic capacitor and 10uF E-cap at the end of cable(150mohm).
2. Set oscilloscope to 20MHz bandwidth.
© 2025 Renesas Electronics Corporation. Al rights reserved. I S R A S L T Page 12 RENESAS



10. DYNAMIC LOAD RESPONSE

5V/9V/15V 0A-2.7A-0A and 20V 0A-2.93A-0A, Slew:2.5A/us
Dynamic Load Condition
1Hz 10Hz 100Hz 1kHz 5kHz
Vo mn (V) 4.60 4.60 4.60 4.80 4.64
90VAcI 60Hz
5V Vo_uax (V) 5.38 5.38 5.36 5.40 5.28
(4.5V<Vo<5.5V) Vo_wn (V) 4.62 4.60 4.62 4.68 4.64
264V ac/ 50Hz
Vo_max (V) 5.38 5.40 5.34 5.38 5.28
Vo mn (V) 8.56 8.52 8.54 8.62 8.64
90Vac/ 60Hz
9V Vo_max (V) 9.40 9.40 9.38 9.36 9.32 %
(8.1V<V0<9.9V) Vo wn (V) 8.54 8.54 8.56 8.70 8.64 ,
264V ac/ 50Hz Dynamic Load
Vo _max (v) 9.38 9.42 9.36 9.34 9.32 esponse Waveforr
Vo mn (V) 14.6 14.6 14.5 14.5 14.6
90VAc/ 60Hz
15V Vo_max (V) 15.4 15.4 15.4 15.4 15.4
(13.5V<Vo<16.5V) Vo (V) 14.6 145 145 14.6 14.6
264V ac/ 50Hz
Vo_max (V) 15.4 15.4 15.4 15.5 15.4
Vo_min (V) 19.5 19.5 19.4 19.5 19.6
90Vac/ 60Hz
20V Vo_max (V) 20.5 20.5 20.5 20.5 20.4
(18V<Vo<22V) Vo_wn (V) 195 19.5 19.4 19.5 19.6
264Vac/ 50Hz
Vo_max (V) 20.4 20.5 20.5 20.5 20.4

*Note

1. The output voltage is measured at Cable-end.
2. The cable impedance is 150mohm.

3. Refers to detail waveform as enclosed file.
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11. PEAK LOAD RESPONSE

Peak Power Condition: Vour Limits 90Vac/ 60Hz 264Vac/ 50Hz
Output Frequency: 1Hz
Slew-Rate: 2.5A/us Vo_min Vo_max Vo_min Vo_max Vo_min Vo_max
(v) (v) (v) (v) (v) (v) A
-
5V Load: 15W(999ms) — 22.5W(1ms) 4.50 5.50 4.54 5.14 4.52 5.14
Peak Load
9V Load: 27W(999ms) — 40.5W(1ms) 8.10 9.90 8.52 9.12 8.54 9.14 esponse Waveforr
15V Load: 45W(999ms) — 68W(1ms) 13.5 16.5 14.4 15.0 14.4 15.0
20V Load: 65W(999ms) — 95W(1ms) 18.0 22.0 18.8 20.1 19.3 20.1
20V Load: 65W(999ms) — 95W(2ms) 18.0 22.0 18.5 20.1 19.2 20.1
*Note
1. The output voltage is measured at Cable-end. The cable impedance is 150mohm.
2. Refers to detail waveform as enclosed file.
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12. TURN-ON DELAY TIME

90VAc, No Load
TsT pELAY=1.206S

Tek Stop [ _ I - | ]
) o) : ) : ‘9
0@ 440.0ms 5.000V
O -766.0ms 0.000V
A1.208s A5.000V
——————————————————————————————————————————————————————————————————————————————————————— o=
[ e
:}M
(@ 200V & ] 100V %] [200ms T [500ks7s o 40.0mv
1M points < 10 Hz

264Vac, No Load
Tst pELAY=0.502S

Tek Stop [ [ - - | _ ]
& -68.00ms 5.000 V
O -570.0ms 0.000 v
A502.0ms A5.000 v
————————————————————————————————————————————————————————— B e e e e e A el e
[ =
B e e e v
2.00V % 250V 8 200ms S00KS75 @ . 40.0mv
1M points < 10 Hz
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13. AC BROWN IN/OUT VOLTAGE

Full Load Full Load

VIN_sTarRTUP =64.2VAC ViN_BrowNouT =60.1Vac
Tek Prevu I | Tek Prevu [ I - - | _ ]
[ -2.0005 €@ 5.000V [ -2.000s @ 5.000V
&) -2.0005 O 0.000V O -2.0005  0.000v
A0.000s A5.000V A0.000s A5.000 v
) s
Qﬂ - p;@ T e e
R | | | it | i | | | ' | | | |
il | \ | | | | | i ' | | |\ LR e LT i ‘ | bl
I | }
|
& 200V & ] 100V 5] [400m5 ] [2.50Ms_/s } Ry 400mv] 2.00V % ] 100V §) [400&15 Mz.somsgs' } o 4oomv}
value Mean Min Max Std Dev 10M points < 10 H2 value Mean Min Max std Dev 10M points < 10 Hz
€D RMS 642V 64.2 64.2 64.2 0.00 €D RMS 601V 60.1 60.1 60.1 0.00
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14. CONDUCTED EMI (@20V/3.25A)

ViN=120VAc/60Hz, Live

E o T ‘me
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400k 500k B0k 800K 1M 2u 1Y aM 5M BM TMEM  OM 0m 0M
$R% Hz
Clarss B L QPK (I @EN 55032 Voltage Mains Class B

PR B0 @MBOTNM L AAVG IR @EN 55032 Voltage Mains

ViN=230VAc/50Hz, Live

B dBpv

1
1
s
25
o ' ' '
150k 200k 300k 400k 500k SO0k 800k 1M 2M M 4AM SMBM M EM  10M 20m 30 M
HEH
AVG 89 8 @A RTUME \/PKe BT @AM VAVG IR @EN 55032 Voltage Mains Class B \QPK Bl @EN 55032 Voltage Mains Class B

*Note: Output “-” is connected to Earth.

B dBpV

Vin=120VAc/60Hz, Neutral
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AVG B9 8 @ATRSIRRI Class B /QPK (I @EN 55032 Voltage Mains Class B

\PKe BT @B AUAVG IR @EN 55032 Voltage Mains

Vin=230VAc/50Hz, Neutral
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15.1 RADIATED EMI (@20V/3.25A)

ViN=120Vac/60Hz, Vertical

File :65W

80.0 dBuV/m

70

60

50

Radiated Emission Measurement

Data #25

Date: 2025/7/22

Time: 16:57:11

FCC Part 15 Class B Radiation (30-1000)

40
30
20
10
0.0
30,000 40 50 60 70 80 (MHz) 300 400 500 600 700  1000.000
No. Mk. Freq. Reading Correct Measure- Limit Margin Antenna Table
Level Factor ment Height Degree
MHz dBuV dB dBuV/m  dBuV/m dB  Detector  om degree Comment
1 * 30.2606 20.04 13.54 33.58 40.00 -642 peak
2 71.9917 19.28 11.11 30.39 40.00 -9.61 peak
3 132.2824 17.62 13.75 31.37 4350 -1213 peak
4 163.4873 14.84 14.71 29.55 4350 -13.95 peak
5 270.5961 1217 13.31 2548  46.00 -20.52 peak
6 705.4619 13.41 21.81 3522 46.00 -10.78 peak

*Note: Output “-”

is connected to Earth.

VIN=120Vac/60Hz, Horizontal

File :65W

80.0 dBu¥/m

70

60

50

40

30

20

10

Radiated Emission Measurement

Data #24

Date: 2025/7/22 Time: 16:55:25

FCC Part 15 Class B Radiation (30-1000)

Drlajum 40 50 60 70 80 [MHz) 300 400 500 600 700  1000.000

Mo. Mk. Freq. Reading Correct Measure- Limit Margin Antenna Table

Level Factor ment Height Degree

MHz dBuv dB dBuV/m  dBuV/m  dB  Detector cm  degree Comment

1 36.7963 9.14 14.03 2317 40.00 -16.83 peak
2 71.2134 12.34 1.1 23.45 40.00 -16.55 peak
3 101.0048 17.36 10.95 28.31 4350 -1519 peak
4 203.7846 16.67 10.96 27.63 4350 -15.87 peak
5 342.8192 10.15 15.12 25.27 46.00 -20.73 peak
6 * 909.9857 11.26 2417 35.43 46.00 -10.57 peak
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15.2 RADIATED EMI (@20V/3.25A)

Vin=230Vac/50Hz, Vertical

File :65W
80.0 dBuV/m

Radiated Emission Measurement

Data #17

Date: 2025/7/22

Time: 16:28:53

70

60

50

EN 55032 Class B Radiation

30

20

30.000 40 50 60 70 80 (MHz) 300 400 500 600 700 1000.000

No. Mk. Freq. Reading Correct Measure- Limit Margin Antenna Table

Level Factor ment Height Degree

MHz dBuV dB dBuV/m dBuVim dB Detector cm degree Comment

1 *  33.8042 19.69 13.69 33.38 40.00 -682 QP
2 65.3661 19.96 12.14 3210  40.00 -7.80 peak
3 133.0733 18.17 13.81 3198 40.00 -8.02 peak
4 157.2094 15.56 15.05 30.61 40.00 -9.39 peak
5 248.0295 15.12 12.73 27.85 47.00 -19.15 peak
6 4252268 11.22 18.91 28.13  47.00 -18.87 peak
*Note: Output “-” is connected to Earth.

ViN=230VAc/50Hz, Horizontal

File :65W

80.0 dBu¥/m

70

60

50

40

30

20

10

Radiated Emission Measurement

Data #23

Date: 2025/7/22

Time: 16:54:45

EN 55032 Class B Radiation

nrlajn.lm 40 S0 60 70 80 [MHz2) 300 400 500 600 700  1000.000

Mo. Mk. Freq. Reading Correct Measure- Limit Margin Antenna Table

Level Factor ment Height Degree

MHz dBuV dB dBuV/m  dBuVim dB  Detector  cm degree Comment

1 71.7062 13.32 11.11 24.43 40.00 -15.57 peak
2 97.0921 16.42 10.68 27.10  40.00 -12.90 peak
3 * 157.7247 12.26 15.04 27.30 4000 -12.70 peak
4 201.6521 14.11 10.93 25.04 40.00 -1496 peak
5 266.5466  10.66 13.18 23.84 47.00 -23.16 peak
6 4725625  11.72 17.81 29.53 47.00 -1747 peak

© 2025 Renesas Electronics Corporation. All rights reserved.
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16. THERMAL FOR CRITICAL COMPONENT

| ViN=90V i, Vour=20V g, =3A ViN=264,c, Vour=20V lg,;=3A

fom Temp.(°C) Rising Temp.(°C) Temp.(°C) Rising Temp.(°C)
BD1, FMB40M 98.8 73.8 77.0 52.0
CE1, 120uF420V 88.2 63.2 81.2 56.2
T1, ATQ27 Core 82.2 57.2 79.4 54.4
T1, ATQ27 Wire 88.3 63.3 85.6 60.6
CE51, 1000uF25V 81.7 56.7 80.5 55.5
U1, RRW22111-153 (150mQ) 89.0 64.0 85.5 60.5
U2, iwe10-08 88.7 63.7 87.2 62.2
U3, RRW30110-190 87.3 62.3 85.0 60.0
Q51, RBEO67N10R1SZN6 93.1 68.1 91.7 66.7
Ambient (Chamber) Temp.(°C) 25

Bottom View Top View

*Note:
1. Place UUT without plastic housing in a temperature chamber.
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17. MAXIMUM DRAIN VOLTAGE OF GaN DEVICE

Ml Wn = -
N |
o Ui 0 I Wl

Test Condition (Full Load):

ViN=264VAc
Output=20V/3.25A

Result:
Vbs max= 624V

The below is Key Performance Parameters of Integrated GaNFET Device (RRW22111-153)

MID | 3|
2

-
MD |4,

,,,,,,,,,,,,,

S
MID MID MID Gate Vec GND DRV

s

CSICFG

VSENSE

i}ﬁ FB

12]s

Vpas Drain to source voltage (T, =-55"C to 150°C) 700
VpSs(TR) . non- Trans:ignt drain to source voltage, non- 800
repstitive repetitive

VDS_S_HP)- Transient drain to source voltage, repetitive @ 750
repetitive

Vess Gate to source voltage +12
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18. MAXIMUM DRAIN VOLTAGE OF SR MOSFET

Tekstop

b

Result:

-

20,0V
Value

)[m.nus ][2.5055/5

Max 88.0V

Mean Min
88.0 88.0

Max
380

840V
25.8272kH2

Std Dev 1M points
0.00 ]

Vbs max= 88.0V

Test Condition (Full Load):
ViN=264VAc
Output=20V/3.25A

The below is Key Performance Parameters of SR MOSFET (RBEO67N10R1SZNG)

1. Source
2. Source
3. Source
4. Gate

5. Drain
6. Drain
7. Drain
8. Drain

Drain

Gate

Source

Equivalent circuit

Electrical Characteristics

(Ta=25°C)
Item Symbol Min Typ Max Unit Test Conditions

Zero Gate Voltage Drain Current lpss — — 10 LA Vps=100V, Ves =0V

Gate Leakage Current lgss — — +1 LA Ves=+20V,Vos=0V

Gate to Source Threshold Voltage Vasiin 20 — 4.0 \ Vos = Ves, Ip = 250 gA

Drain to Source On-state Resistance Ros(on) — 58 6.7 mQ Ves =10V, Ip = 40 NotesS A

Input Capacitance Ciss — 2800 — pF Vos =50 V

Output Capacitance Coss — 690 — pF Ves=0V

Reverse Transfer Capacitance Crss — 26 — pF f=100 kHz

© 2025 Renesas Electronics Corporation. All rights reserved.
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19. TRANSFORMER FLUX DENSITY

(N=24Ts, L=320uH, Ae=126.52mm?)

Tekstop | I Tek stop

o, - P i
M ria T Q"gﬂ,m 2".“73 S?Ot(:‘f:';"w.[mm . Mfﬂ%ﬁiﬁ; I A M . ‘.z’.“é‘éeA. 2".?6.” 2"..‘7"7 é".?fé 55%:":?"@[10.0“ . J[?ﬁ‘i,%ﬁ’:,; I A
Ip is monitored at 90VAC and 3.25A@20V (full load) Ip is monitored at 90VAC and 3.9A@20V (OCP)
Ly X Ipx  0.32x2730 _ 0.288(Tesla) Ly X Ik  0.32x2950 _ 0.311(Tesla)

B = = B = =
MAX ™ NxA, 24x126.52 MAX ™ NxA,  24x126.52
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APPENDIX-1 BILL OF MATERIAL

Item | Qty. Ref. designator Description Manufacturer Part no.
1 1 u1 Zero Standby Power Flyback Integrated GaN controller, QFN8*8 Renesas RRW22111-153
2 1 U2 Synchronous Rectifier controller, SOT23-6 Renesas iW610-08
3 1 U3 Programmable USB PD Source Controller, QFN4*4 Renesas RRW30110-190
4 1 OP1 Photocoupler Renesas PS2381-1Y-AX/W
5 1 F1 Fuse, size: 8mmX4mmX7mm Littelfuse 40013150000
6 1 LF1 Common-mode inductor, TC8%x4 X3, 42uH DELI ELECTRONICS 240305191
7 1 LF2 Common-mode inductor, TC9X6X%5, 18mH B&M Magnetism QYT09060503827018ML
8 1 L1 Differential-mode inductor, TC8 X4 X 3-50uH/min, Wire:0.4x35.5T B&M Magnetism TWL031125-50uH
9 1 FB1 Multilayer Chip Ferrite Bead Baorenhong BEAD1206S301A30T
10 2 BD1, BD2 Fast Recovery Bridge Rectifier Samwin FMB40M
11 1 Q1 N-Channel Depletion-Mode Power Mosfet PolySemi DN906
12 1 Q2 N-Channel Depletion-Mode Power Mosfet PolySemi DN169
13 1 Q51 N-Channel Power Mosfet Renesas RBE067N10R1SZN6
14 1 Q52 Silicon N-Channel Power Mosfet Renesas RJKO3M5DNS
15 1 T1 Transformer, Vertical type Renesas ATQ2714
16 1 CE1 Electrolytic capacitor, 100uF420V,®12.5mmX40mm YMM 100uF420V,®12.5mmX40mm
17 1 CE3 Electrolytic capacitor, 10uF 100V, ®5mmX11mm YMM 10uF100V, ®5mmX11mm
18 1 CE51 Solid Capacitor, 1000uF25V, ®10mmX13mm KNSCHA KNE5 1000UF25V 149EC0026
19 1 CB1 CBB capacitor, 1uF450V, size:12mm*17.5mm*6.5mm NISSEI 1054450
20 1 CX1 X2 capacitor, 0.033uF275V CARLI 0.033K275V-X2
21 1 C1 Ceramic capacitor SAMSUNG 2.2nF, 630V, X7R, SMD-1206
22 1 C2 Ceramic capacitor SAMSUNG 1nF, 250V, X7R, SMD-0805
23 1 C3 Ceramic capacitor SAMSUNG 68pF, 1000V, NPO, SMD-1206
24 2 C4,C11 Ceramic capacitor SAMSUNG 68pF, 50V, NPO, SMD-0603
25 2 C5,C7 Ceramic capacitor SAMSUNG 2.2uF, 25V, X7R, SMD-0603
26 1 C6 Ceramic capacitor SAMSUNG 470pF, 50V, NPO, SMD-0603
27 1 C9 Ceramic capacitor SAMSUNG 10pF, 50V, NPO, SMD-0603
28 1 C10 Ceramic capacitor SAMSUNG 2.2uF, 25V, X7R, SMD-0805
29 1 C13 Ceramic capacitor SAMSUNG 100nF, 50V, X7R, SMD-0805
30 1 C51 Ceramic capacitor SAMSUNG 220pF, 250V, X7R, SMD-0805
31 3 C52,C53,C59 Ceramic capacitor SAMSUNG 2.2uF, 25V, X7R, SMD-0603
32 1 C55 Ceramic capacitor SAMSUNG 2.2uF, 50V, X7R, SMD-0805
33 1 C56 Ceramic capacitor SAMSUNG 220pF, 50V, NPO, SMD-0603
34 2 C57,C58 Ceramic capacitor SAMSUNG 470pF, 25V, X7R, SMD-0402
35 1 CY1 Y-Cap, DIP SHM Y1, 330pF
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APPENDIX-2 BILL OF MATERIAL

Item Qty. Ref. designator Description Manufacturer Part no.
36 1 D1 Diode, SMAF PINGWEI R2MF
37 2 D2,D4 Diode, SOD-123 Diodes FR107
38 1 D52 Diode, SOD-323 Onsemi BAV21
39 1 D53 Diode, SOD-523 Onsemi 1N4148WT
40 2 TVS1,TVS2 TVS, 24V, SOD-523 Nexperia PESD24VS1UB,115
41 1 TVS3 TVS, 24V, SOD-523 Nexperia PESD24VS1UB,115
42 1 ZD1 Zener Diode, 7.5V, SMD-323 Nexperia PDZ7.5B,115
43 1 R1 Resistor YAGEO 1.2KQ £5%, SMD-0805
44 2 R2,R3 Resistor YAGEO 300KQ +5%, SMD-1206
45 1 R4 Resistor YAGEO 200KQ £5%, SMD-1206
46 2 R5,R6 Resistor YAGEO 120Q +£5%, SMD-1206
47 2 R7,R12 Resistor YAGEO 1Q £5%, SMD-0805
48 1 R8 Resistor YAGEO 750KQ +5%, SMD-0603
49 1 R10 Resistor YAGEO 330KQ *1%, SMD-0805
50 1 R11 Resistor YAGEO 33KQ +1%, SMD-0603
51 2 R13, R65 Resistor YAGEO 1KQ +£5%, SMD-0603
52 1 R14 Resistor YAGEO 20Q +5%, SMD-0603
53 1 R15 Resistor YAGEO 10KQ £5%, SMD-0603
54 2 R16,R17 Resistor YAGEO 0.36Q +£1%, SMD-1206
55 1 R18 Resistor YAGEO 2.4KQ £5%, SMD-0603
56 1 R19 Resistor YAGEO 20MQ 5%, SMD-0805
57 1 R21 Resistor YAGEO 1MQ £5%, SMD-0805
58 1 R51 Resistor YAGEO 33Q +5%, SMD-0805
59 1 R52 Resistor YAGEO 47Q +5%, SMD-0603
60 1 R53 Resistor YAGEO 47Q +5%, SMD-0805
61 1 R54 Resistor YAGEO 1KQ £5%, SMD-0402
62 1 R55 Resistor YAGEO 390KQ +5%, SMD-0805
63 3 R56,R59,R60 Resistor YAGEO 100Q £5%, SMD-0603
64 1 R57 Resistor YAGEO 0Q £5%, SMD-0402
65 1 R58 Resistor YAGEO 1Q +5%, SMD-0603
66 1 R63 Resistor SART SMF12M1FR005T, 5mQ, SMD-1206
67 2 R61,R62 Resistor YAGEO 33Q £5%, SMD-0402
68 1 NTC51 Resistor YAGEO 100KQ £1%, SMD-0402
69 1 USB1 Connector ZDT 5A, Type-C USB,14Pin
70 1 PCB PCB Renesas 2layer side, 20Z, FR-4
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APPENDIX-3 TRANSFORMER (T1)

Winding Start pin-4& End
M to “Clockwise”

50 . o OA direction-looking from
Primary 2 12Ts : bottom side of the Bobbin
|
v | 4Ts S d
; I s Seconda . L
Primary 1 12Ts | v Rotating direction
40 I of winding machine
10 |
|
Bias1 | ©B
T - i
20 | OD?)i (@) denote electrical
. () °
Bias2 4T$X : start. <4— 3Tstape
Shielding 12Ts @ : * Electrical start could be 3(F)
30 | different to Mechanical 2(S/F)
Winding start. 2UEW 0.17mmx1J L 2UEW 0.17mmx1
4-’- \ 6Ts — Bias1 4Ts — Bias2
1(S) (Clockwise) (Clockwise)
—|1.5Ts tape
5(F) I 2UEW 0.10mmx25 6Ts — Primary2 (Clockwise)
M(S) I 2UEW 0.10mmx25 6Ts — Primary2 (Clockwise)
ELECTRICAL SPECIFICATIONS: 3Tst
1. Primary Inductance (Lp) =32015%uH @10KHz s ape
2. Electrical Strength = 3KV, 50/60Hz,1Min (pins1~5 to pins A~B) |:Triple Insulated Wire 0.1mmX45*2 2Ts — Secondary (Clockwise) B(F)
w Triple Insulated Wire 0.1mmX45*2 2Ts — Secondary (Clockwise) A(S)
1. Core: ATQ2714(Ferrite Material DMR97 or equivalent) <— 75 tape
2. Bobbin: ATQ2714 P
3 Magnet Wires (pri): Type 2-UEW 3(S) 2UEW 0.17mmx2 12Ts — Shielding(Clockwise) |—X
4, Magnet wires(sec): Triple Insulated Wire 1.5Ts tape
5. Layer Insulation Tape: 3M1298 or equivalent. M(F) I 2UEW 0.10mmx25 6Ts — Primary1 (Clockwise) }—
FINISHED : 4(S) I 2UEW 0.10mmx25 6Ts — Primary1 (Clockwise) }—
1. Vacuum varnish.
2. Core and winding around 1T copper and connect to Pin3. The width of winding slot is 5.5mm
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APPENDIX-4 COMMON MODE INDUCTOR

SCHEMATIC LF1:

1 | 3
° | °
W1 i W2
8.5Ts i 8.5Ts
0.4mm 2-UEW Type i 0.4mm TIW Type
2 | 4

ELECTRICAL SPECIFICATIONS:

1. Primary Inductance (Lm) = 40uH@10KHz, 1V
2. Ferrite Material: Ni-Zn

3. CORE: T8X4X3mm

4 Electrical Strength = AC 1000V 3mA 3S

SCHEMATIC LF2:

W1

27Ts

0.38mm 2-UEW Type

4

ELECTRICAL SPECIFICATIONS:

—_

honN

W2
27Ts

0.38mm TIW Type
3

Primary Inductance (Lm) = 18mH MIN@1KHz, 0.25V
Ferrite Material: Nanocrystalline

CORE: T9*6*5
Electrical Strength = AC 1000V 3mA 3S

A 12.5 MAX
B 13.0 MAX
C 9.5 MAX
D 3.5 +0.5
E 7.2 +0.5
F 2.6 +0.5
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APPENDIX-5 DIFFERENTIAL MODE INDUCTOR

SCHEMATIC L1:

W1

35.5Ts

0.4mm 2-UEW Type
2

ELECTRICAL SPECIFICATIONS:

1. Primary Inductance (Lm) >50uH@10KHz, 1V
2. Ferrite Material: Fe-Si

3. CORE: T8X4X3mm
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REVISION HISTORY

Revision history

Document Date of .
. Description of changes
version release
V1.0 2025/07/31 Initial release
Updated PCB Layout
V1.1 2025/08/07 Updated Schematic

Updated Bill of materials
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DISCLAIMER

Information in this document is believed to be accurate and reliable. However, Renesas Electronics Corporation and its Subsidiaries (“Renesas”) does not give any representations or warranties, expressed or
implied, as to the accuracy or completeness of such information. Renesas furthermore takes no responsibility whatsoever for the content in this document if provided by any information source outside of
Renesas.

Renesas reserves the right to change without notice the information published in this document, including without limitation the specification and the design of the related semiconductor products, software and
applications.

Applications, software, and semiconductor products described in this document are for illustrative purposes only. Renesas makes no representation or warranty that such applications, software and
semiconductor products will be suitable for the specified use without further testing or modification. Unless otherwise agreed in writing, such testing or modification is the sole responsibility of the customer and
Renesas excludes all liability in this respect.

Customer notes that nothing in this document may be construed as a license for customer to use the Renesas products, software and applications referred to in this document. Such license must be separately
sought by customer with Renesas.

All use of Renesas products, software and applications referred to in this document are subject to Renesas’ General Terms and Conditions, unless otherwise stated.

Evaluation Boards
In addition to the above “Disclaimer,” Renesas provides this evaluation board under the following conditions:

This evaluation board is provided for evaluation purposes only and is not intended for commercial use in any end product. Renesas expressly disclaims all warranties, express, implied or statutory, including (but
not limited to) the implied warranties of non-infringement, suitability for a specific application(s) or end product(s), product quality or reliability. All risks and liability regarding quality, use or performance of this
evaluation board are those of the customer/user and/or customer/user’s employer.

This evaluation board must be used in a test area/laboratory specifically designed and designated for working with, and evaluating high-voltage electrical devices. Only trained and qualified professional
personnel with experience, knowledge and training in the use of high-voltage electrical circuits should use this evaluation board. Trained personnel must use required personal protective equipment and required
laboratory equipment when working with the evaluation board.

The user, and/or user’s employer, if user is using this evaluation board for employer-related purposes:
- Assumes all responsibility and liability for proper and safe handling of the evaluation boards and indemnifies Renesas from any and all claims arising from use of the evaluation board.

- Assumes all responsibility for using this evaluation board in a test area or laboratory which is qualified and/or certified according to the local regulations, guidelines and labor laws applicable to working with
non-isolated mains voltages and high voltage circuits

- Understands that this evaluation board has not been agency tested or approved for safety, technical performance, and/or regulatory requirements, by any agency. This includes electromagnetic interference or
other technical regulatory or safety testing and certifications.
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