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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) 75 mW
Output Voltage Vour_cv 22.8 24 25.2 V Measured at PCB-end
Output Current lour 4.2 A
Over Current Protection locp 6 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 Top View
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PS2381-1 RRW43010-160
Optocoupler SR Controller
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4. EFFICIENCY AT FULL LOAD

Efficiency at Full Load
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90Vac 115Vac 230Vac 264Vac

*Note: The output voltage is measured at PCB-end.
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5. ACTIVE MODE EFFICIENCY
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*Note: The output voltage is measured at PCB-end.
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6. NO-LOAD STANDBY POWER

No-Load Standby Power Consumption
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7. OUTPUT VI CHARACTERISTICS

*Note:

VIN=90Vac/60HZz

.........................

1. The output voltage is monitored at PCB-end.

VIN=264Vac/50Hz
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8. OUTPUT VOLTAGE RIPPLE

lout
Vour ViN 0A 0.42A 1.05A 2.1A 3.15A 4.2A
90V ac 26mV 42mV 54mV 62mV 86mV 104mV
115Vac 26mV 42mV 58mV 70mV 98mV 108mV
24V
230Vac 32mV 44mV 66mV 72mV a6mV 126mV
264V c 34mV 42mV 68mV 72mV 96mV 122mV

*Note:

1. Add 0.1uF Ceramic capacitor and 10uF E-cap at PCB-end.
2. Set oscilloscope to 20MHz bandwidth.
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9. DYNAMIC LOAD RESPONSE

Dynamic Load Condition

24V 0A-4.2A-0A, Slew:0.5A/us

1Hz 10Hz 100Hz 1kHz 5kHz
[
-
Vo wn (V) 23.6 23.6 23.6 23.6 23.7 Dynamic Load
- esponse Waveforr
90Vac/ 60Hz
Vo_max (V) 24.5 24.5 24.5 24.5 24.4
24V
(22.8V<V0<25.2V)
Vo_mn (V) 23.6 23.6 23.6 23.6 23.7
264V ¢/ 50Hz
Vo_max (V) 24.5 24.5 24.5 24.5 24.4
*Note
1. The output voltage is measured at PCB-end.
2. Refers to detail waveform as enclosed file.
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10. TURN-ON DELAY TIME

90VAc, No Load 264Vac, No Load
TsT pELAY=0.728S Tst pELAY=0.28S
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11. AC BROWN IN/OUT VOLTAGE

Full Load Full Load

VIN_sTARTUP =67.2VAC VIN_BrowNOUT =62.1VAc

Tek Prevy | _ I —y — Tek Prevu | | — T—
L1 [

il I I i

" | | | | i | | | i | | ; . | | | | |
" i I i Il 1 I | I | |‘ ‘ l Il I ‘\ H | I I I I Ik ‘ ‘ !

bl | | ol | | | | | e | |

[l | I 1 |

I
& 100V & ] 100V 5] [400m5 ] [1.25M$/s } r 448 v] 0.0V & ] 100V §) [400&15 } [1.25!\/1_5/5. } I 448 v]
value Mean Min Max Std Dev 3M points value Mean Min Max std Dev 3M points
€D RMS 67.2v  67.2 67.2 67.2 0.00 €D RMS 621V 64.7 62.1 67.2 3.61
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12. CONDUCTED EMI WITH FULL LOAD
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13.1 RADIATED EMI WITH FULL LOAD

ViN=120Vac/60Hz, Vertical VIN=120Vac/60Hz, Horizontal

80.0 dBuV/m

80.0 dBuV/m

70 70

60

60
FCC Part 15 Class B Radiation (30-1000) FCC Part 15 Class B Radiation [30-1000)

su |

40

30

20

10

30000 40 50 60 70 80 (MHz) 300 400, 200 500 700; 1900000 I]‘;]n,lmn W 50 60 70 80 {MHz) 300 400 500 600 700  1000.000
o. Mk.  Freq. Rl_e:‘;:i:g CFc;]r;f:rt Memaesr:re- Limit  Margin /i\_:"n;iegnhnta Jea;rlze o. Mk.  Freq. Rl_e:\?;?g %:;::crt M;a:rﬂre— Limit  Margin w;%nhrlla J:;:e
MHz dBuV dB dBuV/m dBuV/im dB Detector cm degree Comment MHz dBUV dB dBUV/m dBuVim 4B Detector em degree  Comment
1% 392440 1957 1446  34.03 4000 -5.97 peak 1 1092711 1502 1176 2678 4350 -16.72 peak
2 oedB7 12 a4 92100 4000 AT peMk 2 ¢ 1354112 1894 1398 3292 4350 -10.58 peak
3 1496954 1640 1504 3144 4350 -1206 peak 3 1718339 19.06 1382  32.88 4350 -1062 peak
4 1720348 1679 1379 3058 4350 -12.92 peak

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

© 2025 Renesas Electronics Corporation. Al rights reserved.  [l{=\[S7ARNe{0] [ F[0] S 7.\ & Page 16 [ | z E N ESAS



13.2 RADIATED EMI WITH FULL LOAD

Vin=230Vac/50Hz, Vertical

80.0  dBuV/m
70
€0
50 EN55032 Class B Radiation
40

1

4
30
20
10
0.0
30000 40 50 60 70 80 [MHz) 300 400 500 600 700  1000.000
o. 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 40.1066  20.79 14.46 3525 40.00 -475 peak
2 * 50.2559 2147 14.00 3547 40.00 -4.53 peak
3 50.6481 19.18 13.94 3312 4000 -6.88 QP 100 0
4 152.8248  15.58 15.05 30.63 40.00 -9.37 peak

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

ViN=230VAc/50Hz, Horizontal

80.0  dBuV/m
70
60
50 EN55032 Class B Radiation
40
2
3

30 i
20
10
0.0
30000 40 50 60 70 80 [MHz) 300 400 500 60O 700  1000.000
lo. Mk. Freq. Reading Correct Measure- Limit Margin Antenna Table

Level Factor ment Height Degree

MHz dBuv dB dBuv/im  dBuV/m  dB  Detector  cm degree Gomment

1 50.3264 12.31 13.99 26.30 40.00 -13.70 peak
2 * 137.8546 20.59 14.16 34.75 40.00 -525 peak
3 190.4050 20.02 11.45 31.47 40.00 -8.53 peak
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14. THERMAL FOR CRITICAL COMPONENT

ViN=90V ¢, Vour=24V |y r=4.2A ViN=264,c, Vour=24V lg=4.2A
ftem Temp.(°C) Rising Temp.(°C) Temp.(°C) Rising Temp.(°C)
BD1, WRGBU1510 90.2 65.2 57.7 32.7
CE1, 180uF400V 82.2 57.2 68.5 43.5
D1, RS3MF 83.6 58.6 82.2 57.2
T1, ATQ28 Core 72.2 47.2 70.5 455
T1, ATQ28 Wire 81.5 56.5 79.5 54.5
CE3, 680uF35V 63.2 38.2 65.1 40.1
U2, RRW22101-153 90.7 65.7 84.8 59.8
U1, RRW43010-160 77.2 52.2 78.1 53.1
Q2, BSC074N15NS5 80.7 55.7 81.4 56.4
Ambient (Chamber) Temp.(°C) 25
Bottom View Top View

I

T

)
4
|
%
.=
>
Q

it

L',.
-
\

*Note:
1. Place UUT without plastic housing in a 40cm*40cm*40cm acrylic box.
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15. MAXIMUM DRAIN VOLTAGE OF GaNFET DEVICE

o ] VIN=264VAC
| Output=24V/4.2A

Result:
Vbs max= 576V

(@ o0V )[z 10.0p8 ] S00M5/5 @ 7 o000V
Value Mean Min Max std Dev 20M points

a;
Max 576V 576 576 576 0.00

apman Test Condition (Full Load):

The below is Key Performance Parameters of Integrated GaNFET Device (RRW22101-153)

D D D D D D
BB IE R Vbss Drain to source voltage (T, =-55°C to 150°C) 700
L VDSS(TR). non- Trans:|§nt drain to source voltage, non- 300
s[i _Ls]s repefitive repetitive
B :2]:' s i 115 | csicFe \V/ . . . ,
B e — PSSR Transient drain to source voltage, repetitive 750
[ repefitive
MID ;: 7777777777 i % 3] Fe
wolsl " “rals Vass Gate to source voltage 12
I ri 1o T TT T T T T T T T T T -
o e el N
1o o] N e =

S
MID MID MID Gate Vec GND DRV

© 2025 Renesas Electronics Corporation. All rights reserved. M= 2160l \[F10] 3\ 1.\ B Page 19
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16. MAXIMUM DRAIN VOLTAGE OF SR MOSFET

= F
™
N
=
=

Test Condition (Full Load):

Vin=264VAc

Output=24V/4.2A

Result:

Vbs max= 113V

The below is Key Performance Parameters of SR MOSFET (BSC074N15NS5)

TSON-8-3

8
7 )
6 /’6 ;
5 R 3 8

81 [] ] eD
s2 [ ] 7D
$3 [] ] 6D
G4 [] ] 5D

Parameter Value Unit
Vbs 150 V
Rbs(on),max 7.4 mQ
) 114 A
Qoss 116 nC
Qr 23 nC
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17. TRANSFORMER FLUX DENSITY

(N=20Ts, L=210uH, Ae=161mm?)

Tek PrevVu M 1.60ms Tek Prevu M 1.60ms

-
u

Z00m Facmr_: 160 X Zoom Position: —476us _ _ _ Zoom Factor: 160 X Zoom Position: —2.68ms

4

=

e ] A | v | e ( e R (L)@
3.91 3.91 0.00 J NI 4.29 A 4.29 4.29 4.29 0.00 J
Ip is monitored at 90VAC and 4.2A@24V (full load) Ip is monitored at 90VAC and 5A@24V (OCP)

Ly X i 0.21 %3910

— Ly X I 0.21 X 4290
MAX ™ NxA,  20x161

B = =
MAX ™ N x A, 20 x 161

= 0.255(Tesla)

= 0.28(Tesla)

© 2025 Renesas Electronics Corporation. Al rights reserved.  [l{=\[S7ARNe{0] [ F[0] S 7.\ & Page 21 [ | z E N ESAS



APPENDIX-1 BILL OF MATERIAL

Item Qty. Ref. designator Description Manufacturer Part no.
1 1 U1 Synchronous Rectifier controller, SOT23-6 Renesas RRW43010-160
2 1 u2 Primary Side Integrated GaN controller, QFN8*8 Renesas RRW22101-153
3 1 u3 2.5V Low Iq Adjustable Precision Shunt Regulator Tl ATL431
4 1 OP1 Photo-coupler Renesas PS2381-1Y-F3-AX/W, CTR: 130%-260%
5 1 F1 Fuse, size: 8mmX4mmX7mm,3.15A Littelfuse 40013150000
6 1 LF1 Common-mode inductor, TC8x4 X3, 42uH DELI ELECTRONICS 240305191
7 1 LF2 332?401[13-?;0'5('1? Inductor, 15mH, Core: Nanocrystalline, Wire: 0.2*1.5mm flat Lucky-tenda TD1815EN
8 1 FB1 Multilayer Chip Ferrite Bead Baorenhong BEAD1210S301A50T
9 1 FB2 Resistor YAGEO 0Q 5%, SMD-0603
10 1 BD1 Fast Recovery Bridge Rectifier World WRGBU1510
1" 1 Q4 N-Channel Power Mosfet Infineon BSCO074N15NS5
12 1 Q3 N-Channel Depletion-Mode Power Mosfet PolySemi DN906
13 1 T1 Transformer, Vertical type Xinyuanyang ATQ2803
14 1 CE1 Electrolytic capacitor, 180uF400V,®18mmX40mm MAN YUE ERT187M2GL40RR
15 2 CE3, CE4 Solid Capacitor, 680uF35V, ®8mmX16mm MAN YUE ULR687M1EF16CB
16 1 CE5 Electrolytic capacitor, 22uF35V, ®5mmX11mm BERYL RG035M220L0O5*11
17 1 CX1 X2 capacitor, 0.47uF275V 18*14.5*8.5mm KNSCHA 474K 275V
18 1 C1 Ceramic capacitor SAMSUNG 470pF, 250V, X7R, SMD-0805
19 1 C2 Ceramic capacitor SAMSUNG 1nF, 1000V, X7R, SMD-1206
20 1 C3 Ceramic capacitor SAMSUNG 33nF, 630V, X7R, SMD-1206
21 2 C4, C6 Ceramic capacitor SAMSUNG 1uF, 50V, X7R, SMD-0603
22 1 C5 Ceramic capacitor SAMSUNG 68pF, 1000V, NPO, SMD-1206
23 1 Cc7 Ceramic capacitor SAMSUNG 0.1uF, 50V, X7R, SMD-0603
24 1 Cc8 Ceramic capacitor SAMSUNG 330nF, 25V, X7R, SMD-0603
25 1 C9 Ceramic capacitor SAMSUNG 1nF, 25V, X7R, SMD-0603
26 1 C10 Ceramic capacitor SAMSUNG 68pF, 50V, NPO, SMD-0603
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APPENDIX-2 BILL OF MATERIAL

Item Qty. Ref. designator Description Manufacturer Part no.
27 1 Cc11 Ceramic capacitor SAMSUNG 10pF, 50V, NPO, SMD-0603
28 1 C12 Ceramic capacitor SAMSUNG 68pF, 50V, NPO, SMD-0805
29 1 C13 Ceramic capacitor SAMSUNG 2.2uF, 25V, X7R, SMD-0805
30 1 C14 Ceramic capacitor SAMSUNG 470pF, 25V, X7R, SMD-0603
31 1 CY1 Y-Cap, AC 400V, 330pF SHM DCF331K26Y5PG6JLOAO
32 1 D1 Diode, SMBF PINGWEI RS3MF
33 1 D3 Diode, SOD-123 Diodes FR107
34 2 R1, R6 Resistor YAGEO 22Q £5%, SMD-1206
35 2 R3, R4 Resistor YAGEO 200KQ +£5%, SMD-1206
36 2 R5, R8 Resistor YAGEO 120KQ £5%, SMD-1206
37 4 R7, R9, R10, R11 Resistor YAGEO 120Q +£5%, SMD-1206
38 1 R12 Resistor YAGEO 56KQ +1%, SMD-0603
39 4 R13, R17, R26, R27 Resistor YAGEO 10KQ £1%, SMD-0603
40 1 R15 Resistor YAGEO 30KQ £1%, SMD-0603
41 1 R16 Resistor YAGEO 2KQ +5%, SMD-0603
42 1 R18 Resistor YAGEO 1Q +£5%, SMD-0805
43 1 R19 Resistor YAGEO 33Q £1%, SMD-0603
44 1 R20 Resistor YAGEO 2.4KQ £1%, SMD-0603
45 4 R21, R22, R23, R24 Resistor YAGEO 0.47Q £1%, SMD-1206
46 1 R25 Resistor YAGEO 5.1MQ £5%, SMD-1206
47 1 R28 Resistor YAGEO 100KQ £1%, SMD-0603
48 1 R29 Resistor YAGEO 200KQ £1%, SMD-0805
49 1 R30 Resistor YAGEO 20Q 5%, SMD-0603
50 1 R31 Resistor YAGEO 1KQ £5%, SMD-0603
51 4 R32, R33, R34, R35 Resistor YAGEO 2.2MQ £5%, SMD-1206
52 1 R37 Resistor YAGEO 0Q £5%, SMD-0603
53 1 R39 Resistor YAGEO 10Q £5%, SMD-0603
54 1 PCB PCB Renesas 2layer side, 20Z, FR-4
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APPENDIX-3 TRANSFORMER (T1)

Winding Start pin-3& End

M to “Clockwise”
) 50 | ° OA direction-looking from
Primary 2 10Ts | bottom side of the Bobbin
|
" | 4Ts S d
. I s Seconda
Primary 1 10Ts | v Rotating direction
30 : of winding machine
10 |
Bias1 | ©B
3Ts | _ Pin1-5 Pin6-7
[ | Note:
20 | * Dot (®) denote electrical
Shieldingt X : start
ielding 12Ts | :
 Electrical start could be .
Shielding2 8T X : different to Mechanical 2Ts tape
19 S () Winding start. 5(F)
M(S) I 2UEW 0.10mmx30 10Ts — Primary2 (Clockwise) H
<—|1.5Ts tape
1(S) 2UEW 0.2mmx3 8Ts — Shielding2(Clockwise) —X
<¢—{2Ts tape
ELECTRICAL SPECIFICATIONS: B(F)
1. Primary Inductance (Lp) =21015%uH @10KHz L TIW 0.1mmX170 4Ts — Secondary (Clockwise) A(S)
2. Electrical Strength = 3KV, 50/60Hz,1Min (pins1~5 to pins A~B)
1(F) <¢—| 2Ts tape
MATERIALS: J
1. Core: ATQ28(Ferrite Material DMR97 or equivalent) 2(5) 2UEW 0.2mmx2 3Ts — Bias1(Clockwise)
2. Bobbin: ATQ28 —— ~@—{ 1.5Ts tape
3. Magnet Wires (pri): Type 2-UEW 1(S) 2UEW 0.2mmx3 12Ts — Shielding1(Clockwise) ~ —X
4, Magnet wires(sec): Triple Insulated Wire <4—| 1.5Ts tape
5. Layer Insulation Tape: 3M1298 or equivalent. M(F) '
FINISHED : 3(S) I 2UEW 0.10mmx30 10Ts — Primary1 (Clockwise) }J
1. Vacuum varnish.
2. Core and winding around 1T copper and connect to Pin1. The width of winding slot is 9mm
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APPENDIX-4 COMMON MODE INDUCTOR

SCHEMATIC LF1: SCHEMATIC LF2:
1 | 3 1 | 2
L | L] ° | °
| |
W1 | w2 W1 | w2
| |
8.5Ts : 8.5Ts 34Ts : 34Ts
| |
0.4mm 2-UEW Type : 0.4mm TIW Type 0.2*1.5mm 2-UEW Type : 0.2*1.5mm 2-UEW Type
| |
2 | 4 4 | 3
ELECTRICAL SPECIFICATIONS: ELECTRICAL SPECIFICATIONS:
1. Primary Inductance (Lm) = 42uH@10KHz, 1V 1. Primary Inductance (Lm) = 12mH@100KHz, 1V
2. Ferrite Material: Ni-Zn 2. Ferrite Material: Nanocrystalline
3. CORE: T8X4X3mm 3. CORE: TD1815
4 Electrical Strength = AC 1000V 3mA 3S 4. Electrical Strength = 500V, 50/60Hz, 1Min(W1 to W2)
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REVISION HISTORY

Revision history

Document Date of ...
. Description of changes
version release
V1.0 2025/09/30 Initial release
Updated Bill of Material
V1.1 2025/11/26 Updated Schematic

Updated Turn-on Delay Time
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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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https://www.renesas.com/us/en/legal/disclaimers/e-mail-general-terms-and-conditions
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