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DesignGuidePD 65WAdapter TPA0651C04

PowerAdapterDescription

This document contains the power supply
specification,schematic, bill-of-materials, transformer
documentation,printedcircuitlayout,andperformancedata.

Features

Integrated TransphormGaN for QR Flyback
Switch

Board-end over92%Efficiency

FlatEfficiencyAcrossUniversal(90-264VAC)In
putVoltageandLoad

TightSwitchingFrequencyRegulationforl
mprovedInputEMIFilterUtilization

Upto300KHzSwitchingFrequencyOperation
OTP,UVLO,0PPandOSCProtections
<50mWNoLoadPowerConsumptionofthelC

= Upto65WOutputPower
KeySpecs Schematics Applications
Input 90-264Vac - Fn _ ; _
OutputVoltages 5V, 9V, 12V, 15V,20V ElongefSol\jverlili)aanIty USB-PD AC/DC
MaxOutputCurrent 3A for 5V, 9V, 12V, 15V PP
3.25A for 20V
MaxOutputPower 65W
OutputPort USB-PD
Efficiency >92.5%FullPowerEfficiency
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Warning

Tel:+86-13501775977
Mail: HZ021@QQ. COM

Disclaimers:

1. Caution — High Voltage Operation: Lethal high voltages are present when this evaluation board
ispoweredfromACmains.Impropercontactwithhighvoltagescouldleadtoelectricalshock,burn
and/orfirehazards,riskingpropertydamage,personalinjury,anddeath.

2. Evaluation Purpose Only: This evaluation board is intended for evaluation purpose only and not
forcommercial use. Care must be taken when testing the board, and an isolation transformer should
beutilized.

3. Patents:Theevaluationboarddesign,alongwithcircuitsshowninthistestreport,maybecoveredbyoneormo

reU.S.andforeignexisting/pendingpatents.
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. g . Tel:+86-13501775977
PowerSupplySpecifications Mail: HZ021€00. COM.

The evaluation board performance data presented in this report exceeds the power supply
specificationslistedinthefollowingtable.

Description Symbol Min. Typ. Max. Units Comments
Input
Voltage Vin 90 115/230 264 VAC .
2Wirelnput
Frequency fiine 47 60/50 63 Hz
Efficiency
5V/3A Nsv/3a 91.60 %
9VI3A Noviaa 92.95 % @115Vac,25°C
12V/I3A N12vi3A 93.43 % ambient
15V/3A N1svi3a 93.73 %
20V/3.25A N20v/3.25A 93.74 %
4-PointAveEfficiency
5V v 91.09 %

Nave 5 00 CoCversion5tier24-
9V Nave_ov 92.26 % point(25%,50%,75%,
12V Nave_12v 92.96 % 100%) average

— efficiency@115Vac
15V Nave_15v 93.32 %
20V Nave_20v 93.44 %
No-Load @230Vac,25°C
InputPower Pin 29.7 mw ambient
Programmable
OutputVoltage Vour 5 20 v
Environmental
ConductedEMI MeetsCISPR22B/EN55022
AmbientTem .
perature Tave 0 40 C Noairflow,sealevel.

NOTE: The circuit board needs to be evaluated for additional tests, such as ESD and Line Surge to use the evaluation
boarddesign presented in this test report as a charger/adapter. Furthermore, the layout of the board needs to be
adjustedaccordingtothetargetshapeandform factor of theendapplication.
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PD 65W Adapter TPA0651C04BoardPictures Tel:+86-13501775977
Mail: HZ021@QQ. COM

Figure1:TopSideoftheEVB

Figure2:BottomSideoftheEVB

Transphorm
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P Tel:+86-13501772977
Schematic Mail: HZ021@QQ. COM

Figure3:65WSchematic

Transphorm
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. . o Tel:+86-13501775977

CircuitDescription Mail: HZ021€QQ.COM
InputProtection

The design incorporates a slow-acting input fuse (F1) as a form of protection in case of destructive failure of any of
thedownstreamcomponents.

EMIFiltering

TomeetthetargetEN55032conductedEMIspecificationwithsufficientmarginwiththeleastnumberofcomponentsandthehighestpo
werprocessingefficiency,thedesignutilizesaninpuftfilterconsistingofanX-capacitor(CX1)andtwocommon-modechokes(L1&
L2)aswellastransformer(T 1)constructionforbetterEMIperformance.

FaultProtections
Table1:RecoveryBehavior
FaultProtection
InputUnderVoltageLockout(UVLO)/Brown-Out Auto-Recovery
InputOverVoltageLockout(OVLO) Auto-Recovery
InternalOverTempProtection(OTP) Auto-Recovery
ExternalOverTempProtection(OTP) Auto-Recovery
PeakCurrentLimit(PCL) Auto-Recovery
Over-PowerProtection(OPP) Auto-Recovery
OutputShortCircuit(OSC) Auto-Recovery
Transphorm

DesignGuide Page8 Ver.1.0


TH
图章


DesignGuide PD 65W Adapter TPA0651C04
Tel :+86—13501775977
PCBLayout Mail: HZ021@QQ. COM

PCBPrints, Size: 38x48mm

Figure4: Component sidemainboard,top

Figure5:Soldersidemain board,bottom

Transphorm
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Figure6: PDboard, top

Figure7: PDboard, bottom
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BillofMaterials(BOM)

Description Designator | Manufacturer Manufacturerpartnumber
65WBoard(Main board)
0.47uF, 450V, X7T, 1812 Cc1 TDK CGA8BN4AX7T2W474M230KA
0.47uF, 450V, X7T, 1812 c2 TDK CGABN4AXTT2W474M230KA
0.47uF, 450V, X7T, 1812 c3 TDK CGABNAXTT2W474M230KA
0.47uF, 450V, X7T, 1812 c4 TDK CGABN4AXTT2WA474M230KA
330pF, NPO, 16V, 0402 C5 AVX 0402YA331JAT2A
10uF, 25V, X7R, 1206 (@) TDK CGAS5L1X7R1E106M160AC
TuF, 25V, X7R, 0603 c7 TDK C1608X7R1E105K080AB
10uF, 25V, X7R, 1206 c8 TDK CGAS5L1X7R1E106M160AC
0.1uF, 25V, X7R, 0603 c9 AVX 06033C104KAT4A
4.7uF, 10V, X7S, 0603 c10 TDK C1608X7S1A475M080AC
0.1uF, X7R, 25V, 0402 c1 AVX 04023C104KAT2A
1uF, X7R, 25V, 0603 Cc12 TDK C1608X7R1E105K080AB
68nF, X7R, 25V, 0402 c13 TDK GRM155R71E683KE14D
68nF, X7R, 25V, 0402 c14 TDK GRM155R71E683KE14D
68nF, X7R, 25V, 0402 Cc15 TDK GRM155R71E683KE14D
100pF, NPO, 25V, 0402 C16 Taiyo Yuden TMK042CG101JC-W
100pF, NPO, 25V, 0402 c17 Taiyo Yuden TMK042CG101JC-W
TuF, X7R, 25V, 0603 c18 AVX 0603ZC105KAT2A
4.7nF, X7R, 25V, 0402 Cc19 AVX 04023C472KAT2A
560pF, NPO, 50V, 0402 c20 Yageo CC0402JRNPO9BN561
560pF, NPO, 50V, 0402 C21 Yageo CC0402JRNPO9BN561
560pF, NPO, 50V, 0402 c22 Yageo CCO0402JRNPO9BN561
560pF, NPO, 50V, 0402 c23 Yageo CCO0402JRNPO9BN561
NC 24
100pF, NPO, 25V, 0402 C25 Taiyo Yuden TMK042CG101JC-W
12pF, NPO, 25V, 0402 C26 AVX 04023A120KAT2A
10nF, X7R, 50V, 0402 c27 Yageo C0402C103K5RECAUTO
NC C28
2.2nF, 500V, NPO, 1206 C29 TDK CGJ5H4C0G2H222)115AA
0.1uF, X7R, 25V, 0603 C30 AVX 06033C104KAT4A
10uF, 25V, X7R, 1206 C31 TDK CGAS5L1X7R1E106M160AC
10uF, 25V, X7R, 1206 C32 TDK CGAS5L1X7R1E106M160AC
2.2uF, 100V, X7R, 1206 C33 AVX 12061C225K4T2A
2.2uF, 100V, X7R, 1206 C34 AVX 12061C225K4T2A
2.2uF, 100V, X7R, 1206 C35 AVX 12061C225K4T2A
68nF, X7R, 25V, 0603 C36 AVX 06033C683KAT2A
47nF, 500V, X7R, 1206 c37 TDK GRM31CR72H473KWO09L
NC C38
22uF, 400V, Ymin, D10X13.5mm CE1 Ymin KCX Series
33uF, 400V, Ymin, D10x18mm CE2 Ymin KCX Series
18uF, 400V, Ymin, D8x17mm CE3 Ymin KCX Series
18uF, 400V, Ymin, D8x17mm CE4 Ymin KCX Series
33uF, 400V, Ymin, D10x18mm CE5 Ymin KCX Series
820uF, 25V, Ymin, D8x16.5mm CE6 Ymin VPX Series
470uF, 25V, Ymin, D6.3x13mm CE7 Ymin VPX Series
220nF, 275V, Pitch 7.5mm, WQC X1 wQcC
470pF, Y5P CY1 TRX TMY1471K
220pF, Y5P cY2 TRX TBY2221KB
220pF, Y5P CY3 TRX TBY2221KB
RSFML, SOD123 D1 Taiwan Semiconductor RSFML RVG
RSFML, SOD123 D2 Taiwan Semiconductor RSFML RVG
P10L150SP, TO-277 D3 PFC Device P10L150SP
BAS16HT1G, SOD323 D4 On-Semi BAS16HT1G
BAS20HT1G, SOD323 D5 On-Semi BAS20HT1G
BAS20HT1G, SOD323 D6 On-Semi BAS20HT1G
ES1JFL D7 On-Semi ESTJFL
STMWE-7 D8 DIODES STMWE-7
Transphorm
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ZHCS400TA D9 DIODES ZHCS400TA
ESTJFL D10 On-Semi ESTJFL
BAS20HT1G, SOD323 D11 On-Semi BAS20HT1G
HBS610 DB1 Dyelec HBS610
3.15A, 250V, 5ET, Slow blow F1 Hollyfuse RST 3.15-BULK
MMZ1608S800AT FB1 TDK MMZ1608S800AT
HF70 T10x3x6 FB2 TDK HF70 T10x3x6
ACME K12, T9x5x3C L1 Createk DXT009078-A
ACME A10, T10x6x5C L2 Createk DXT010079-A
22uH L3 Bourns SRR4528A-220M
10R, 1206, 5%, 1/4W L4 - .
Jumper wire, D0.5mm, L12mm, P5mm NTC1 - -
100K NTC2 MuRata NCP18WF104F12RB
Main Board, 20z, FR4, 38x48mm, TTmm PCB - -
AONS62922, SOP-8(5x6mm) Q1 Alpha & Omega AONS62922
BSZ0902NS, TSDSON-8 Q2 Infineon BSZ0902NS
TP65H300GALSG, 8x8_PQFN(LS) Q3 Transphorm TP65H300G4LSG
BSS123, SOT23 Q4 Fairchild BSS123
1.5K, 0805, 5%, 1/8W R1 - .
1.5K, 0805, 5%, 1/8W R2 - -
4.7M, 1206, 5%, 1/4W R3 - -
4.7M, 1206, 5%, 1/4W R4 - .
NC R5 - -
300R, 0402, 1%, 1/16W R6 - -
0402, Jumper R7 - .
10K, 0402, 5%, 1/16W R8 - .
43K, 0402, 1%, 1/16W R9 - .
510R, 0603, 5%, 1/10W R10 - -
4.7K, 0402, 5%, 1/16W R11 - -
1M, 0402, 5%, 1/16W R12 - .
100K, 0402, 1%, 1/16W R13 - .
10K, 0402, 5%, 1/16W R14 - -
47K, 0402, 1%, 1/16W R15 - -
0805, 5mR, 1/2W R16 Panasonic ERJ-6LWFROO5V
22R, 0402, 5%, 1/16W R17 - .
22R, 0402, 5%, 1/16W R18 - -
5.1R, 0402, 5%, 1/16W R19 - -
5.1R, 0402, 5%, 1/16W R20 - .
4.7K, 0402, 1%, 1/16W R21 - .
47K, 0402, 1%, 1/16W R22 - -
0805, 1K R23 Panasonic ERJ-PO6F1001V
5.1K, 0402, 5%, 1/16W R24 - .
10R, 0603, 5%, 1/10W R25 - .
5.6K, 0402, 1%, 1/16W R26 - -
82K, 0402, 1%, 1/16W R27 - -
680K, 0805, 1%, 1/8W R28 - .
100R, 0402, 1%, 1/16W R29 - .
0.43R, 1206, 1%, 1/2W R30 Panasonic ERJ-8BQFR43V
2.4K, 0402, 1%, 1/16W R31 - -
9.1K, 0603, 1%, 1/10W R32 - .
820R, 0402, 1%, 1/16W R33 - .
1.3M, 1206, 5%, 1/4W R34 - -
0.43R, 1206, 1%, 1/2W R35 Panasonic ERJ-8BQFR43V
NC R36 - -
100K, 0603, 5%, 1/10W R37 - .
300R Ferrite Bead, 0603 R38 TDK MMZ1608S301AT
300R Ferrite Bead, 0603 R39 TDK MMZ1608S301AT
1.5K, 0805, 5%, 1/8W R40 - .
RM8 Transformer T1 Createk DXMO008042-B
Opto-Coupler-SMD5KV u1 CT Micro CT1019
MP6908A, SOT2306 u2 MPS MP6908A
PD controller, 4x4mm u3 Weltrend WT6633P
Transphorm
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NCP1342AMDCDD1R2G u4 On-Semi NCP1342AMDCDD1R2G
MOV-07D511K VDR1 VDR MOV-07D511K
Zener Diode, 12V, 2%, Fairchild ZD5 DIODES MM3Z12VB
Heatsink,Copper, 1x10x20mm HS1 --- ---
Description Designator | Manufacturer Manufacturerpartnumber

65WBoard(USBType-CConnector)

USB Type-C connector, 16P CN1 SHENZHEN HONGSEN USBC-202N03A03
PRECISION ELECTTRONICS
FR4, 1.0mm, 20z, 7.3x15.7mm, 4 layers, PCB -—- -—-
RO1
TVS, 24V, SOD323 ZD1 KF GBLC24
TVS, 24V, SOD323 ZD2 KF GBLC24
TVS, 5V, SOD323 ZD3 KF ESD3Z5V0
TVS, 5V, SOD323 ZD4 KF ESD3Z5V0
Transphorm
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TransformerSpecification

Transphorm
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Table2:TransformerMaterialLists

Transphorm
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Common-ModeChokeSpecification
L1

Table3A:Common-ModeChokeMaterialLists

Transphorm
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Common-ModeChokeSpecification
L2

Table3B:Common-ModeChokeMaterialLists

Transphorm
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PerformanceData

ElectricalData
Efficiency

DoE Level VI and CoC Version 5 Tier-2 4-point (25%, 50%, 75%, 100%) average efficiency, along with
CoCVersion5Tier-210%loadefficiencyrequirements.

Table4:LoadEfficiencyRequirements

DoE Level VI
e 4-PointAverageEffi
ciency
5V/3A 81.39%
9V/3A 86.62%
12V/3A 87.40%
15V/3A 87.73%
20V/ 3.25A 88.00%

The following efficiency data are averaged from PD 65W TPA0651C04 boards.The boards are soaked for
3minutes before measuring the efficiency with output measured after the USB-PD disconnect FET.

Vout/lLoab_max=5V/3A

115Vac4-pointaverageefficiency

%LOAD Efficiency(%) AverageEfficiency(%)
100 91.90
75 91.81
91.39
50 90.73
25 91.10
10 88.69
Vout/lLoap_max=9VI/3 A
%LOAD Efficiency(%) AverageEfficiency(%)
100 93.25
75 93.10
92.56
50 92.72
25 91.19
10 89.60
Vout/ |LOAD_MAX=12V/ 3A
%LOAD Efficiency(%) AverageEfficiency(%)
100 93.73
75 93.74
93.26
50 93.42
25 92.14
10 91.41
Transphorm
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Vout/lLoap_max=15 VI3A

%LOAD Efficiency(%) AverageEfficiency(%)
100 94.03
75 93.94
50 93.64 98.62
25 92.87
10 91.47
Vout/lLoap_ max=20V/3.25A
%LOAD Efficiency(%) AverageEfficiency(%)
100 94.04
75 94.07
50 93.96 se.ra
25 92.89
10 90.16
230Vac4-pointaverageefficiency
Vout/lLoap_max=5V/3A
%LOAD Efficiency(%) AverageEfficiency(%)
100 90.21
75 89.41
50 89.80 89.34
25 87.94
10 82.64
Vout/lLoap_max=9V/3A
%LOAD Efficiency(%) AverageEfficiency(%)
100 92.03
75 91.73
50 90.05 o101
25 90.23
10 86.25
Vout/ ILOAD_MAX=1 2V/ 3A
%LOAD Efficiency(%) AverageEfficiency(%)
100 93.01
75 92.39
50 91.33 9200
25 91.29
10 88.48
Transphorm
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Vourt/l LOAD_MAX= 15V/I3A

Vout/lLoap_max=20V/3.25A

Full Load Efficiencies at 90Vac / 115Vac / 230Vac / 265Vac; 5V / 9V / 12V / 15V [ 20V

%LOAD Efficiency(%) AverageEfficiency(%)
100 93.23
75 92.85
92.20
50 91.69
25 91.04
10 88.70
%LOAD Efficiency(%) AverageEfficiency(%)
100 93.85
75 93.49
93.03
50 92.53
25 92.27
10 89.89

(measured after the USB-PDdisconnectFET)

Vout=5V
Vin lout Efficiency(
%)
90Vac@50Hz 3A 91.84%
115Vac @60Hz 3A 91.90%
230Vac @50Hz 3A 90.21%
265Vac @50Hz 3A 89.66%
Vout=9V
Vin lout Efficiency(
%)
90Vac@50Hz 3A 93.01%
115Vac @60Hz 3A 93.25%
230Vac @50Hz 3A 92.03%
265Vac @50Hz 3A 91.38%
Vout=12V
Vin lout Efficiency(
%)
90Vac@50Hz 3A 93.46%
115Vac @60Hz 3A 93.73%
230Vac @50Hz 3A 93.01%
265Vac @50Hz 3A 92.41%
Transphorm
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Vout=15V
Vin lout Efficiency(
%)
90Vac@50Hz 3A 93.47%
115Vac @60Hz 3A 94.03%
230Vac @50Hz 3A 93.23%
265Vac @50Hz 3A 92.69%
Vout=20V
Vin lout Efficiency(
%)
90Vac@50Hz 3.25A 93.04%
115Vac @60Hz 3.25A 94.04%
230Vac @50Hz 3.25A 93.85%
265Vac @50Hz 3.25A 93.46%

DesignGuide
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Table5listsaverageno-loadpowerconsumptionof10boardsacrosstheinputvoltages.

Table5:No-loadPowerConsumption

InputVoltage(Vac) No-LoadPower(mW)
115 20.0
230 28.5

DesignGuide
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KeyWaveforms

The key waveforms for the worst-case voltage conditions as seen by the primary side GaN Transistor

andsecondary side MOSFET are shown below.

Vin=264 Vac, Vout=20 V, lout=0A Vin=264Vac, Vout=20V, lout=3.25A
Vds_pri (max) = 535V Vds_pri (max) = 537V
Vin=264 Vac, Vout=20 V, lout=0A Vin=264Vac, Vout=20V, lout=3.25A
Vds_sec (max) = 106V Vds_sec (max) = 106V

Figure10-1:VoltagestressontheprimaryandsecondarysideMOSFETduringworstcaseoperatingconditions

Transphorm
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ConductedEMIScans

Input: AC100V 60Hz, Output: DC20V 3.25A, Pol. (L)

Input: AC100V 60Hz, Output: DC20V 3.25A, Pol. (N)

Input: AC230V 50Hz, Output: DC20V 3.25A, Pol. (L)

Input: AC230V 50Hz, Output: DC20V 3.25A, Pol. (N)

Figure 11: Conducted EMI test results under various operating conditions
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RadiatedEMIScans

Input: AC100V 60Hz, Output: DC20V 3.25A (Vertical) Input: AC100V 60Hz, Output: DC20V 3.25A (Horizontal)
Input: AC230V 50Hz, Output: DC20V 3.25A (Vertical) Input: AC230V 50Hz, Output: DC20V 3.25A (Horizontal)
Transphorm
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Thermal Measurements
The key component temperatures are shown below for 90Vac and 230Vac full load (20V/65W) operating

conditions after 2hrs 30mins bake time.
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Revision History Revision

Hardwarelnfo
Info Value
Timestamp June 11,2021
PrimaryIC PFC + FlybackPWMController(NCP1623+NCP1342)
Primary PFC Switch Transphorm650VGaNFET(TP65H150LSG)
Primary Flyback Switch Transphorm650VSuperGaN™FET(TP65H300G4LSG)
SecondarylC WeltrendWT6633P
ACSupply ChromaProgramableACSource,61602
InputMeter Chroma digital power meter 66201
OutputMeter ESCORT 3146A
Oscilloscope Agilent Technologies DSO-X 2014A
No-loadbaketime 300
Inputvoltages [(90,60),(115,60),(230,50),(265,50)]
Outputvoltages [5,9,15,20]
Electronic Load Chroma,63030
Weltrend EVB WPDO010-1/ WPDO005
Cable E-mark type-C, 20V 5A
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