transphorm

TDADP-TPH-ON-USBC-45W-RD

Power Adapter Description

This design guide of the Transphorm GaN and
Onsemi NCP1342 controller reference design board
describes a 45 W, with greater than 90% average
efficiency, with programmable output voltage (5 V/3
A,9V/3 A, 12V/3A,15V/3 A, 20V/2.25 A).

The power supply uses Quasi-Resonant Flyback
controller, Collocation Transphorm GaN
TP65H480G4JSG (650 V SuperGaN FET). This design
shows the highpower density and efficiency.

This document contains the power supply
specification, schematic, bill-of-materials,
transformer documentation, printed circuit layout,
and performance data.

Key Specs Schematics
Input 90-265 Vac
Output Voltages 5V,9V, 12V, 15V, 20V,
Max Output Current 5V, 9V, 12V, 15V@3A
20V@2.25 A
Max Output Power 45W

Output Port USB-PD Type-C

Efficiency > 92.5% Full Power Efficiency

Features

* Integrated Transphorm GaN
TP65H480G4JSG for flyback converter
topology

= Board-end over 92.5% Efficiency(90VAC)

=  Flat Efficiency Across Universal (90-265 VAC)
Input Voltage and Load

= Tight Switching Frequency Regulation for
Improved Input EMI Filter Utilization

= Upto 200KHz Switching Frequency Operation

= 450V Input Capacitors to withstand line voltage
surge

= QOTP, UVLO, OPP and OSCProtections

= < 35mW (230Vac) No Load Power Consumption of
thelC

= Upto45W Output Power
Applications

= High-Power-Density USB-PD AC/DC Power
Supplies
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Warning
/\WARNING
HIGH
VOLTAGE

1. Caution —High Voltage Operation: Lethal high voltages are present when this evaluation board is
powered from AC mains. Improper contact with high voltages could lead to electrical shock, burn
and/or fire hazards, risking property damage, personal injury, and death.

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

3. Patents: The evaluation board design, along with circuits shown in this test report, may be covered by

one or more U.S. and foreign existing/pending patents.

Transphorm Ver. 1.0
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TDADP-TPH-ON-USBC-45W-RD Board Pictures

Figure 1: Top Side of the EVB

TP65H480G4JSG
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Schematic

Figure 3: 45W Schematic

Type-C Connector
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Circuit Description

Input Protection

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

EMI Filtering

To meet the target EN55022 conducted EMI specification with sufficient margin with the least number of components and the
highest power processing efficiency, the design utilizes an input filter consisting of an X-capacitor (CX1) and a single common-
mode choke (L1) as well as transformer (T1) construction for better EMI performance.

Fault Protections

Table 1: Recovery Behavior

Fault Protection
Input Under Voltage Lockout (UVLO)/ Brown-Out Auto-Recovery
Internal Over Temp Protection (OTP) Auto-Recovery
External Over Temp Protection (OTP) Auto-Recovery
Peak Current Limit (PCL) Auto-Recovery
Over-Power Protection (OPP) Auto-Recovery
Output Short Circuit (OSC) Auto-Recovery
Design Guide Transphorm Ver. 1.0
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PCB Layout
PCB Prints

38.0mm

15.8mm

Design Guide Transphorm Ver. 1.0
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transphorm & TP65H480G4JSG

Siner

650V SuperGaN® GaN FET in PQFN (source tab)

Description Features

The TP65H480G4JSG 650V, 480m{L Gallium Nitride (GaN) * Gen IV technology

FET is a normally-off device using Transphorm’s Gen IV ¢ JEDEC-qualified GaN technology
platform. It combines a state-of-the-art high voltage GaN e Dynamic Rosenser Production tested

HEMT with a low voltage silicon MOSFET to offer superior

L * Robust design, defined by
reliability and performance.

— Wide gate safety margin

— Transient over-voltage capability

Very low Qgrr

Reduced crossover loss

RoHS compliant and Halogen-free packaging

The Gen IV SuperGaN® platform uses advanced epi and
patented design technologies to simplify manufacturability
while improving efficiency over silicon via lower gate charge,
output capacitance, crossover loss, and reverse recovery
charge.

Benefits
Related Literature ¢ Achieves increased efficiency in both hard- and soft-

ANOQO3: Printed Circuit Board Layout and Probing S—err?:ﬁai:ggupl?wer density
ANOOOT: Recommendations for Vapor Ehase Reflow — Reduced system size and weight
ANOOO9: Recommended External Circuitry for GaN FETs

. . — Overall lower system cost
ANOOQ12: PQFN Tape and Reel Information ¢ Easy to drive with commonly-used gate drivers

¢ GSD pin layout improves high speed design

Product Series and Ordering Information

Applications
Part Number Package Pa_ckage_ PP
Configuration * Consumer e
TPE5H480G4AISG-TR* | 5x6 PQFN Source * Poweradapters ., & h\w\ r
* Lowpower SMPS  RoHS) | | ) | i
* “TR” suffix refers to tape and reel. Refer to ANOO12 for details. e Lighting / \:":/
TP65H480G41SG
PQFN
(top view)
Key Specifications
Vos (V) 650
Vossry(V) 800
Rps(on) (ML2) max* 560
D Qrr (NC) typ 14
Qs (nC) typ 9
D * Dynamic Rosion); see Figures 18 and 19
)
S
Cascode Schematic Symbol Cascode Device Structure
Design Guide Transphorm Ver. 1.0
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Bill of Materials (BOM)

Main Board

Designator Description Manufacturer Manufacturer part number
c1 No components --- ---
c2 No components --- ---
C3 0.47uF, 450V, X7T, 1812 TDK CGABN4X7T2W474M230KA
c4 4.7uF, 450V, KCX, 6.3x12mm Ymin KCX Series
c5 330pF, NPO, 16V, 0402 AVX 0402YA331JAT2A
Cé 10uF, 25V, X7R, 1206 TDK CGA5L1X7R1ET106M160AC
c7 1uF, 25V, X7R, 0603 TDK C1608X7R1E105K080AB
c8 10uF, 25V, X7R, 1206 TDK CGA5L1X7R1E106M160AC
9 0.1uF, 25V, X7R, 0603 AVX 06033C104KAT4A
c10 4.7uF, 10V, X7S, 0603 TDK C1608X7S1A475M080AC
c11 0.1uF, X7R, 25V, 0402 AVX 04023C104KAT2A
c12 1uF, X7R, 25V, 0603 TDK C1608X7R1E105K080AB
c13 68nF, X7R, 25V, 0402 TDK GRM155R71E683KE14D
c14 68nF, X7R, 25V, 0402 TDK GRM155R71E683KE14D
C15 68nF, X7R, 25V, 0402 TDK GRM155R71E683KE14D
C1é 100pF, NPO, 25V, 0402 Taiyo Yuden TMK042CG101JC-W
c17 100pF, NPO, 25V, 0402 Taiyo Yuden TMK042CG101JC-W
c18 1uF, X7R, 25V, 0603 AVX 0603ZC105KAT2A
c19 4.7nF, X7R, 25V, 0402 AVX 04023C472KAT2A
C20 560pF, NPO, 50V, 0402 Yageo CC0402JRNPO9BN561
c21 560pF, NPO, 50V, 0402 Yageo CC0402JRNPO9BN561
c22 560pF, NPO, 50V, 0402 Yageo CC0402JRNPO9BN561
c23 560pF, NPO, 50V, 0402 Yageo CC0402JRNPO9BN561
C24 No components --- ---
C25 100pF, NPO, 25V, 0402 Taiyo Yuden TMK042CG101JC-W
C26 12pF, NPO, 25V, 0402 AVX 04023A120KAT2A
c27 10nF, X7R, 50V, 0402 Yageo C0402C103K5RECAUTO
C28 No components --- ---
C29 2.2nF, 500V, NPO, 1206 TDK CGJ5H4C0G2H222)115AA
C30 0.1uF, X7R, 25V, 0603 AVX 06033C104KAT4A
C31 10uF, 25V, X7R, 1206 TDK CGA5L1X7R1E106M160AC
C32 10uF, 25V, X7R, 1206 TDK CGA5L1X7R1E106M160AC
33 2.2uF, 100V, X7R, 1206 AVX 12061C225K4T2A
C34 2.2uF, 100V, X7R, 1206 AVX 12061C225K4T2A
C35 2.2uF, 100V, X7R, 1206 AVX 12061C225K4T2A
C36 68nF, X7R, 25V, 0603 AVX 06033C683KAT2A
37 47nF, 500V, X7R, 1206 TDK GRM31CR72H473KWO09L
C38 No components --- ---
CE1 15uF, 450V, Ymin, D10X13.5mm Ymin KCX Series
CE2 22uF, 450V, Ymin, D10x17mm Ymin KCX Series
CE3 10uF, 450V, Ymin, D8x15mm Ymin KCX Series

Design Guide Transphorm Ver. 1.0
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CE4 10uF, 450V, Ymin, D8x15mm Ymin KCX Series
CE5 22uF, 450V, Ymin, D10x17mm Ymin KCX Series
CE6 820uF, 25V, Ymin, D8x16.5mm Ymin VPX Series
CE7 470uF, 25V, Ymin, D6.3x13mm Ymin VPX Series
CX1 220nF, 275V, Pitch 7.5mm, WQC wQC ---
Y1 470pF, Y5P TRX TMY1471K
Cy2 220pF, Y5P TRX TBY2221KB
CY3 220pF, Y5P TRX TBY2221KB
D1 RSFML, SOD123 Taiwan Semiconductor RSFML RVG
D2 RSFML, SOD123 Taiwan Semiconductor RSFML RVG
D3 P10L150SP, TO-277 PFC Device P10L150SP
D4 BAS16HT1G, SOD323 On-Semi BAS16HT1G
D5 BAS20HT1G, SOD323 On-Semi BAS20HT1G
D6 BAS20HT1G, SOD323 On-Semi BAS20HT1G
D7 ESTJFL On-Semi ESTJFL
D8 STMWE-7 DIODES STMWE-7
D9 ZHCS400TA DIODES ZHCS400TA
D10 ESTJFL On-Semi ESTJFL
D11 BAS20HT1G, SOD323 On-Semi BAS20HT1G
DB1 HBS610 Dyelec HBS610
F1 3.15A, 250V, 5ET, Slow blow Hollyfuse RST 3.15-BULK
FB1 MMZ1608S800AT TDK MMZ1608S800AT
FB2 HF70 T8x4x4 TDK HF70 T8x4x4
L1 ACME K12, T9x5x3C Createk SPEC-DXT009078-A
L2 ACME A10, T10x6x5C Createk SPEC-DXT010079-A
L3 22uH Bourns SRR4528A-220M
L4 10R, 1206, 5%, 1/4W --- ---
NTC1 Jumper wire, DO.5mm, L12mm, P5mm --- ---
NTC2 100K MuRata NCP18WF104F12RB
PCB Main Board, 20z, FR4, 38x48mm, TTmm --- ---
Q1 HGNO93N12SL Huntek HGNO93N12SL
Q2 BSZ0902NS, TSDSON-8 Infineon BSZ0902NS
Q3 TP65H480G4JSG, 8x8_PQFN(LS) Transphorm TP65H480G4JSG
Q4 BSS123, SOT23 Fairchild BSS123
R1 1.5K, 0805, 5%, 1/8W --- ---
R2 1.5K, 0805, 5%, 1/8W --- ---
R3 4.7M, 1206, 5%, 1/4W --- ---
R4 4.7M, 1206, 5%, 1/4W - -
R5 NC --- ---
R6 300R, 0402, 1%, 1/16W --- ---
R7 0402, Jumper --- ---
R8 NC --- ---
R9 43K, 0402, 1%, 1/16W --- ---
R10 510R, 0603, 5%, 1/10W --- ---
Design Guide Transphorm Ver. 1.0
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R11 4.7K, 0402, 5%, 1/16W --- ---

R12 1M, 0402, 5%, 1/16W --- ---

R13 100K, 0402, 1%, 1/16W --- ---

R14 10K, 0402, 5%, 1/16W --- ---

R15 47K, 0402, 1%, 1/16W --- ---

R16 0805, 5mR, 1/2W Panasonic ERJ-6LWFROO5V

R17 22R, 0402, 5%, 1/16W --- ---

R18 22R, 0402, 5%, 1/16W --- ---

R19 5.1R, 0402, 5%, 1/16W --- ---

R20 5.1R, 0402, 5%, 1/16W --- ---

R21 4.7K, 0402, 1%, 1/16W --- ---

R22 47K, 0402, 1%, 1/16W --- ---

R23 0805, 1K Panasonic ERJ-PO6F1001V

R24 5.1K, 0402, 5%, 1/16W --- ---

R25 300R, 0603, 5%, 1/10W --- ---

R26 5.6K, 0402, 1%, 1/16W --- ---

R27 82K, 0402, 1%, 1/16W --- ---

R28 680K, 0805, 1%, 1/8W --- ---

R29 100R, 0402, 1%, 1/16W --- ---

R30 0.62R, 1206, 1%, 1/2W Panasonic ERJ-8BQFR43V

R31 2.4K, 0402, 1%, 1/16W --- ---

R32 9.1K, 0603, 1%, 1/10W --- ---

R33 820R, 0402, 1%, 1/16W --- ---

R34 1.3M, 1206, 5%, 1/4W --- ---

R35 0.62R, 1206, 1%, 1/2W Panasonic ERJ-8BQFR43V

R36 NC --- ---

R37 100K, 0603, 5%, 1/10W --- ---

R38 300R Ferrite Bead, 0603 TDK MMZ1608S301AT

R39 300R Ferrite Bead, 0603 TDK MMZ1608S301AT

R40 1.5K, 0805, 5%, 1/8W --- ---

R41 OR, 0805, 5%, 1/8W --- ---

T1 RM8 Transformer --- ---

u1 Opto-Coupler-SMD5KV CT Micro CT1019

U2 MP6908A, SOT2306 MPS MP6908A

U3 PD controller, 4x4mm Weltrend WT6633P

u4 NCP1342AMDCDD1R2G On-Semi NCP1342AMDCDD1R2G
VDR1 MOV-07D511K VDR MOV-07D511K
ZD5 Zener Diode, 12V, 2%, Fairchild DIODES MM3Z12VB

Design Guide Transphorm Ver. 1.0
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PD board
Designator Description Manufacturer Manufacturer part number
SHENZHEN HONGSEN PRECISION

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

Design Guide Transphorm Ver. 1.0
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Transformer Specification

T1 SPEC
1. SR (£ :mm)

Physical Dimensions (Unit: mm)

- ' €LB A: 27.5MAX.
' A-ﬂ—— B: 22.0MAX.
— \ C: 17.5MAX.
- AZA F D: 5.0£0.5
_E‘ngB (D . 0 t 0
' E: 0.620.1
\ F:3.5£0.3
© :
o 2 ‘z’:m,;z:%}t - G: 22.0£3.0
—| BB H: 5.0£2.0
7
1 e I: 1.6MAX.
=" J: 24.0£3.0
Front View Side View Top View Bottom View
Notes:
(1), EETHHBOLENF, PINTE SREPF—EED;
2), < :RrEE, MR, SRS (Sample);
(3), << :RFEE, EFTENPFARFEBEBFER AT RAFRER,
(4), BEGPIN 2 |, FAHETILEPINIY ;
(5), R<I DA OFBEHREN;
2. LR 3. BELEANY (EL :mm)( THEAE)
Connection Recommended Pad Layout (Unit:mm) (Top View)
NC Fly B Fly A .2__¢’2,.2
3
N1 | O
S D) | o
N5 | o KLEA (JETT)
6 | 35 5—*“"\'6
4 N2 | _ 4| 1|3
5 2] o KEB (T N ! o
N3 | 5TO O @
1 N7 P " 6 i1 A
o "R EIR .35
"ORAEE
4. BRI 5. LBFEFIEY
Structure of Products No of Turns & Wire Spec
Top Pin No |No. of Pin| Turns Wire Spec Note
] — Tape 2.25Ts N1| 3-8 [ 13TS |@0.10mm*20P UEWH/UZ &4  |#g—F
NG ~=——Tape 2.25Ts N2| 4 -5 [ 10TS |20.14mm*1P UEWH/U#% .48 NoEELE S N3
N5 ~ | Tape 1.25Ts . : NGRS
2 < Tape 1.25Ts N3|[ 5-1 5TS [20.14mm*8P UEWH/Ui% .4k
N2 N3 —=1 Tape 1.25Ts N4[ A-B 5TS | (20.10*20P)*2P TIW-F£i#52% H— R
’ ——— Tape 2.25T
N1 e N N5| S -6 |13TS|20.10mm*20P UEWHIUL: 448 %4 =
\\ _B‘N — NG| A-B 5TS | (80.10*20P)*2P TIW-F #4525 Hik— 2
AT Aty
N7 | 1 - NC| 24 TS [30.15mm*1P UEWH/U# fL £k R R
Design Guide Transphorm Ver. 1.0
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6. H T #

Electrical Characteristics

*Electrical specifications @ 25°C unless otherwise noted:

W Hiltems e#l/Winding H#/Specifications WX %A/ Test conditions
1 /% /Inductance L(3-6) 240uH+10% at 100kHz,0.1Vrms
o LK(3-6
JFi/# &/LK-Inductance Ei:ﬁﬁé)"l'j 3.5uH MAX. at 100kHz,0.1Vrms
R(3-6) 150mQ MAX.
R(4-5) 550mQ MAX.
HiitH/DCR at 25°C
R(5-1) 40mQ MAX.
R(A-B) 10mQ MAX.
[ Et/Turns Ratio (3-6):(4-5):(5-1):(A-B) 26:10:5:5;+3% at 100kHz,0.1Vrms
(3-6) - (A-B) 3750VAC
fiif Ff./Hi-Pot (3-6) — B & (4-5) 800VAC 1mA.3SEC
(A-B) — Bl 3750VAC
Design Guide Transphorm Ver. 1.0
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Common-Mode Choke Specification
L1 SPEC

1. SFERT (£1f):mm)

Physical Dimensions (Unit: mm )

B A 12.5MAX.
fé B 7.0MAX.
i % C 11.5MAX.
£ =0 D 5.0:2.0
- é E 0.35+0.1
— F 5.0Ref.
O
. . E 1 G 4.0Ref.
Tinned .,
Notes:
(1), DRAABFEHRERN
(2), 7@ FUBRE 2 5 A
2. REH 4. BHFZE
Schematic No of Turns & Wire Spec
10 . 0 04 - -
< || e No|No of Pin |Turns Wire Spec
N1t <=l N2
20 )| 03 N1 1-2 11 Ts(ref) | @0.35mm*1P TIW-F
N2| 4-3 11 Ts(ref.) | @0.35mm*1P TIW-F
4. HHEHE
Electrical Characteristics
T H /ltems £241 /Winding }#%/Specifications ik %+ Test Conditions
L(1-2) 35uH MIN.
i1 /& /Inductance at 10kHz,0.1Vrms
L(4-3) 35uH MIN.
R(1-2) 30mQ MAX.
i [H/DCR at25C
R(4-3) 30mQ MAX.
fE Ltk/Turns Ratio (1-2):(3-4) 1:1,#3% at 10kHz,0.1Vrms
fiif [t /Hi-Pot SR TG 1500VAC 3mA, 1S
5 # K #
Bill of material
No |ltem Material Name Manufacturer UL File No SGS File No
FERRITE CORE
1 Core K12-TIXEX3-C ACME or Equivalent NIL
2 |Triple Wire :ﬁ.")‘:;t(”ayer nsulated wire TIW- 15 5 \GJU or Equivalent  |E488352 CANEC2023548505
Design Guide Transphorm Ver. 1.0
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L2 SPEC
1. SR (#fL:mm)

Physical Dimensions (Unit: mm)

B
r————— A 13.0 MAX
B 8.0 MAX
C 125 MAX
2 O D 5.0+1.0
o E  0.3020.1
F  3.0(ref)
Tinned T G  6.0(ref)
(]
2(1) 1 201__ 1
El_ G |
- F
2. LBHE 3. BEL M
Connection No of turns & Wire spec.
- b! $ >4 No No of Pin | Truns Wire spec.
N1 N2 N1 21 36Ts [60.30mm*1P UEFN/U
1 3 N2 4--3 36 Ts |@0.30mm*1P UEFN/U
" o TR TE: 24 0 g R oY T 5
4. B 9 85 #
Electrical Characteristics
Items/THH #H/Winding #i#g/Specifications 9, % 4/ Test conditions
L(2-1) 4mH Min
& % & /Inductance at 10kHz,0.1Vrms
L(4-3) 4mH Min
B R(2-1) 190mQ Max.
B i & [H/DCR at257C
R(4-3) 190mQ Max.
iiif I/Hi-Pot g4l - Hrifl 1000VAC 3mA / 1SEC.
Design Guide Transphorm Ver. 1.0
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Performance Data

Electrical Data

Efficiency

DoE Level VI and CoC Version 5 Tier-2 4-point (25%, 50%, 75%, 100%) average efficiency, along with CoC
Version 5 Tier-2 10% load efficiency requirements.

Table 4: Load Efficiency Requirements

Vout/lout Tvi:';V:IE\f/fli;eFx;t CX\(/:e\r/:g-Z eErff?c?eZ?;;/m CoC V5 Tier-2 10% Efficiency
5V/3A 81.39 81.84 72.48
9V/3A 86.62 87.30 77.30
12V/3A 87.40 88.30 78.30
15V/3A 87.73 88.85 78.85
20V /2.25A 87.73 88.85 78.85

The following efficiency data are averaged from PD 45W boards. The boards are soaked for 5 minutes before

measuring the efficiency with output measured after the USB-PD disconnect FET.

115 Vac 4-poin

Vour/lLoap max =5V / 3A

t average efficiency

%LOAD Efficiency (%) Average Efficiency (%)
100 92.29
75 92.35
50 91.98 91.86
25 90.83
10 89.30

Vour/lLoao max =9V /3 A

%LOAD Efficiency (%) Average Efficiency (%)
100 93.21
75 93.45
50 93.19 92.94
25 91.90
10 90.39

Vout/lLoap max =12 V / 3A

%LOAD Efficiency (%) Average Efficiency (%)
100 93.31
75 94.09
50 93.84 93.49
25 92.73
10 91.23
Design Guide Transphorm Ver. 1.0
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Vout/lLoap_ max = 15V / 3A

Vour/lLoap max =20 V / 2.26A

%LOAD Efficiency (%) Average Efficiency (%)
100 93.34
75 93.96
50 93.91 93.55
25 93.00
10 91.21

%LOAD Efficiency (%) Average Efficiency (%)
100 93.90
75 93.85
50 93.71 93.38
25 92.06
10 89.66
230 Vac 4-point average efficiency
Vour/lLoap max =5V / 3A
%LOAD Efficiency (%) Average Efficiency (%)
100 91.02
75 90.74
50 89.38 90.00
25 88.87
10 84.60
Vour/lLoap max =9 V / 3A
%LOAD Efficiency (%) Average Efficiency (%)
100 92.68
75 92.23
50 9110 91.66
25 90.64
10 87.30
Vout/lLoap max =12V / 3A
%LOAD Efficiency (%) Average Efficiency (%)
100 93.42
75 92.74
50 02.38 92.55
25 91.68
10 88.92
Design Guide Transphorm Ver. 1.0
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Vour/lLoap_max = 15V / 3A

%LOAD Efficiency (%) Average Efficiency (%)
100 93.77
75 93.26
50 92.52 92.41
25 90.07
10 89.63

Vour/ |LOAD_MAX =20V /2.25A

%LOAD Efficiency (%) Average Efficiency (%)
100 93.78
75 93.32
50 92.49 92.27
25 89.47
10 88.24

Full Load Efficiencies at 90Vac / 115Vac / 230Vac / 265Vac; 5V / 9V / 15V / 20V
(measured after the USB-PD disconnect FET)

Vout =5V
Vin lout Efficiency (%)
90 Vac @ 60 Hz 3A 91.51
115 Vac @ 60 Hz 3A 92.29
230 Vac @ 50 Hz 3A 91.02
265 Vac @ 50 Hz 3A 90.36
Vout=9V
Vin lout Efficiency (%)
90 Vac @ 60 Hz 3A 92.03
115 Vac @ 60 Hz 3A 93.21
230 Vac @ 50 Hz 3A 92.66
265 Vac @ 50 Hz 3A 92.22
Vout =12V
Vin lout Efficiency (%)
90 Vac @ 60 Hz 3A 92.01
115 Vac @ 60 Hz 3A 93.31
230 Vac @ 50 Hz 3A 93.42
265 Vac @ 50 Hz 3A 92.96
Design Guide Transphorm Ver. 1.0
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Vout =15V
Vin lout Efficiency (%)
90 Vac @ 60 Hz 3A 91.61
115 Vac @ 60 Hz 3A 93.34
230 Vac @ 50 Hz 3A 93.77
265 Vac @ 50 Hz 3A 93.41
Vout =20V
Vin lout Efficiency (%)
90 Vac @ 60 Hz 2.25A 92.53
115 Vac @ 60 Hz 2.25A 93.90
230 Vac @ 50 Hz 2.25A 93.78
265 Vac @ 50 Hz 2.25A 93.43
Design Guide Transphorm Ver. 1.0
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Efficiency Graphs

The following graphs demonstrate 5 V/ 9 V/ 12V/ 15 V/ 20 V efficiency results with output measured after the

USB-PD disconnect FET.

Efficiency vs Load Current (115Vac)

Efficiency %
95.00
94.00 =—0—5V
+
93.00 /J—' —m—9V
-
o /! = B
91.00 1V
IW 20V
90.00
~
890 +—F—-+—"+—77—"+—F7—+—F+—F+——F————F—
10% 25% 50% 75% 100%
Load Current
Efficiency vs Load Current (230Vac)
Efficiency %
94.00
93.00
92.00 =5V
91.00 e
90.00
89.00 ALy
88.00 15V
87.00
86.00 =20V
85.00 rd
8.0 +—F—F++—F7—+—F—+—F—+—F+——F+——+——+—
10% 25% 50% 75% 100%
Load Current
Figure 9: Efficiency graphs for various output voltages and load currents
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Table 5 lists average no-load power consumption of two boards across the input voltages.

Table 5: No-load Power Consumption

Input Voltage (Vac)

No-Load Power (mW)

115

22.8

230

32.2

USB Power Tester Identification Data

POWER-Z KT001

Design Guide
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Key Waveforms

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

secondary side MOSFET are shown below.

D30 20144, WV5201093% Tue Jan 18 11:26.04 2022

DSO-X 201448, MY52010903: Tue Jan 18 11:27:13 2022

2000 2 3 4 500/ 0.0s 50.00%/ Stop £ 438y 00y 2 3 4 0.0V 0.0s 50005/ Stop £ 528V
i Agilent “+ Agilent
Acaquisition Acquisition
High Res L High Res
50.0MSafs [ }"""m T T s L""\;\, L‘*"“u\ L"’M L"‘u 500MSals
Channels f \ v Channels
|’ 0L BW 1001 0C BW 10.01
AC BW 10.0:1 AL B 10.041
0C BW 100:1 = " = = * b r o 0C BW 100:1
Measurements Measurements
P-PK(T) Pk-PK(1]
540v ]" I [ & & k M A 570V
|l ||. M 1] Max[1]
503V 537V
= Covmsonn S 0 1 O A
4 24.94kHz | R = _ 190.8kHz
i PP} FRPR(AL
aqy 106V
0.08 0 750,000V 11-95 A { ‘ +0.04 ‘ +0.0V ‘ +150.000V } 11:27 AM
o B 1I]E|'1‘AE B mu-w‘nu . 100 Jan 18, 202 0C_BW 100:1] AC BW 10.0:1] 0C BW 100:1 Jan 18, 2022

Vin=264 Vac, Vout=20V, lout=0 A

Vds_pri (max) =540V
Vds_sec (max) =94V

Vin=264 Vac, Vout=20 V, lout=2.25 A
Vds_pri (max) = 570V
Vds_sec (max) = 106V

Figure 10-1: Voltage stress on the primary and secondary side MOSFET during worst case operating conditions
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Output Voltage Ripple Noise

The output voltage ripple was measured using a voltage probe.

Measurement done at load side using an E-Mark USB cable.

Table 6: Output Voltage Ripple Summary

Input Voltage (Vac) Vout / lout Measured Output Ripple (mVpk-pk)
5V/0A 17
5V/3A 52
9V /0A 11
9V /3A 58
115 12V / 0A 9
12V / 3A 64
15V /0A 8
15V /3A 62
20V /0A 7
20V / 2.25A 64
5V/0A 21
5V/3A 50
9V /0A 13
9V /3A 55
230 15V /0A 12
12V / 0A 54
12V / 3A 10
15V /3A 57
20V /0A 9
20V / 2.25A 57
a. 115Vac 60Hz
DS04% 20144, WY52010933 Tue Jan 18 15:01:45 2022 DS0-X 20148, MY5201093% Tue Jan 16 1502202022
2 5w 4 00s 2.000%/ Stop 4 3 BADY 2 3 ooE0y 4 0.0s 500.0¢/ Stop £ 3 BS0Y
-ix- Agilent =i Agilent
Aequisition Beauisition
High Res High Res
1 25MSafs 1.26MSals
Channels Channels
P DL B 1001 I 10.0:1
sL:a . . || AC BW 10 3}3 AC BW 10041
A e O O Wy sy LI L e S
Pk-PK(3): Pk-PK[3]
17my 52my
+0.08 +0.0¢ +150.000¢ 0301PM +0.0A +00V +150.000v 03:02 PM
oC Bw 100:1] AC BW 100:1) DC BW 1001 Jan 18, 2022 0L BW 1001 AC BW 10.0:1] OC BWY 100:1 Jan 18, 2022
Vin = 115Vac, 60Hz; Vout = 5V; lout = 0A Vin = 115Vac, 60Hz; Vout = 5V; lout = 3A
Design Guide Transphorm ver. 1.0
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D30 20144, MY52010935 Tue Jan 18150243 2022

DS0-x 20144, MYE2010933: Tue Jan 18 16:03:11 2022

320w 4 0.05 2.000%f Stop | 6.50% 50y 4 0.0s 500,05/ Stop £ 3 6.50%
2 Agilent Agilent
Boquisition Acquisition
High Res High Res
1.26M3als 1.25MSals
Channels Channels
1 DC Bify 10.0:1 DC B/ 10.0:1
4 AL By 10.0:1 | AC B 10.0:1
SL’WWM P al Mmmmw IC B 1001 S-EL;E 7[)[: L 110
Measurements | [ WU WL W MY WY v W N WY i, Measurements
Pk-Pki3] Ph-Pk(3]:
1imy 58mY
+0.04 +0.0v +160.000V 03:.02 PM +0.04 +0.0V +150.000V 03:03 PM
OC BW 10.0:1| AC B 10.0:7] DC_BW 100:1 Jan 18, 2022 OC BW 10.0:1{ AC BW 10.0:1] D BW 100:1 Jan 18, 2022
Vin = 115Vac, 60Hz; Vout = 9V; lout = OA Vin = 115Vac, 60Hz; Vout = 9V; lout = 3A
DS0-K 201448, MY52010933: Tue Jan 18 15:03:30 2022 DS0-K 20148, MY52010933: Tue Jan 18 15:03.43 2022
Z 5008l 4 0.0s 2.0002/ Stop £ 03 B.60% 2 3 a0% 4 0.0s 500.05/ Stop £ 3 6.50%
<+ Agilent Agilent
Bequisition Bequisition
High Res High Res
1.25MSa/s 1.25MSals
Channels Channels
1 OC B/ oot ettt OC BARY 10.0:1
3;: ACBW 10.0:1 3}:_5 A BV 1001
= P s,/ . 10ty s ., | OC B 100:1 + OC B 100:1
Measurements . . W W Measuremeants
Pl-PK(3) Pk-PK(3)
amy Gam
+0.04 +0.0V +150.000% 03:03 P +0.04 +0.0V +150.000Y 03:03PM
OC B 10.0:1| AC B/ 10.0:1] DG BW 100:1 Jan 18, 2022 OC BW 10.0:1 | AC BW 10.0:1] OC BWY 100:1 Jan 18, 2022
Vin = 115Vac, 60Hz; Vout = 12V; lout = 0A Vin = 115Vac, 60Hz; Vout = 12V; lout = 3A
DS0-X 20144, MY52010539: Tue Jan 16 15:04:16 2022 DS0-X 20144, MY52010939: Tue Jan 18 15:04:50 2022
a0 4 0.0s 2.0002/ Stop £ 3 6.00% 3080w, 4 0.0s a00.0%/ Stop £ 3 6.50%
% Agilent - Agilent
Aoguisition Acquisition
High Res High Res
1.26M3als 500kSals
Channels Channels
T DC Bt 10.0:1 OC Bif 10.0:1
s AC B 10.0:1 353 AL B 10.0:1
iy B T e T PPt ot P, (| D B 100:1 = OC BW/ 100:1
o Measurements : Measurements
Pk-Pk(] Ple-Pk(3]):
SmY e2my
004 -+0.0Y +150.000¢ 03:04 PM +0.08 +0.0v +150.000V 03:04 P
OC B 10.0:1| AC B 10.0:1] DC_ B 100:1 Jan 18, 2022 DT BW 10.0:1 | AT BW 10.0:1] DC BW 100:1 Jan 18, 2022
Vin = 115Vac, 60Hz; Vout = 15V; lout = 0A Vin = 115Vac, 60Hz; Vout = 15V; lout = 3A
. . Ver. 1.0
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D30 20144, hY52010939: Tue Jan 18 12:05:10 2022

D30 20144, MY52010933: Tue Jan 18 15:08:39 2022

320 4 0.0s 2.0002/ Stop £ 3 6.50% 3 a0 4 0.0s 500.0%/ Stop £
Agilent
Acquisition Bcquisition
High Res High Res
1.25MSars 1.25MSa/ls
Channels Channgls
T DC BW 10.0:1 OC B 10.0:1
31:3 AL BW 1001 3113 AL B 10.0:1
= | Pimna A o - R e e LISl 100:1 < OC By 100:1
Measuremeants Ieasurements
Pk-PK[=] Pk-Pk(3]
7mi 64my
+0.04 +0.0v +150.000Y 03:05 PM +0.04 +0.0Y +150.000Y 03:06 Ph
OC BW 10.0:1 | AC BW 10.0:1| DC BW 100:1 Jan 18, 2022 OC B 10.0.1] AC BW 10.0:1] OC Bw 100:1 Jan 18, 2022
Vin = 115Vac, 60Hz; Vout = 20V; lout = 0A Vin = 115Vac, 60Hz; Vout = 20V; lout = 2.25A
b. 230Vac 50Hz
DS0-X 20144, MY52010333 Tue Jan 18 15:16:30 2022 DS0-X 20144, MY5201093% Tue Jan 18 15:16:49 2022
2 L 0.0s 5.0002/ Stop £ 3 6.00% 2 3 a0y 4 0.0s a00.05/ Stop E B.50%
Agilent Agilent
Boquisition Boquisition
High Res High Fies
S00kSa/s 1.25M5a/ls
Channels Channels
T DC B 10.0:1 R D B 10.0:1
a3 e % L AL B 10.0:1 a3 AD B 10.0:1
L g ™ 4 DC BW 1001 = OC BW/ 100:1
h.'J \H\M‘\ m \N""' i Measurements o) o oWE M TR T e T L TR Measurements
Pl-Pk(3] Pl-Pll 3
21my 50my
+0.04 +0.0v +150.000v 03:16 Ph +0.04 +0.0V +160.000 0316 P
0C BW 10.0:1| &C BW 10.0:1] OC BW 100:1 Jan 18, 2022 oc Bw 100T] AC BW 100:1] DC BW 100:1 Jan 18, 2022
Vin = 230Vac 50Hz; Vout = 5V; lout = 0A Vin = 230Vac 50Hz; Vout = 5V; lout = 3A
DSO-X 20144, MY5201093% Tue Jan 1815:17.09 2022 DS0-X 20144, MY52010939: Tue Jan 16 15:17:23 2022
2 30w 4 0.0s 2.000%/ Stop 2 3 A0w 4 0.0 50008/ Stop f 3 6.50%
Agilent
Aoquisition Aoquisition
High Res High Res
1.25M3a/s 1.28M3als
Charnels Channels
1] OC B 10.0:1 DC B 10.0:1
&:3 - AC BW 10.0:1 AC By 10.0:1
o H r""h OC B 100:1 OC Bl 100:1
“m’h. J"‘h Mw leasurements Mleasurements
Pl-P(3] PL-PR[E):
13m¥ 55m¥
+0.04 +0.0v +150.000% 0317 P +0.04 +0.0v +150.000¢ 0317 FM
DC BW/ 10.0:1 | AC BWY 10.0:1] DC_ BW 100:1 Jan 18, 2022 OC BW 10.0:1] AC BW 10.0:1] DC BW 100:1 Jan 18, 2022
Vin = 230Vac 50Hz; Vout = 9V; lout = 0A Vin = 230Vac 50Hz; Vout = 9V; lout = 3A
. . Ver. 1.0
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D30 20144, MY52010935 Tue Jan 18 15:17:41 2022 D0 20144, MY52010933: Tue Jan 18 13:17.56 2022
0w 4 0.0s 2.0002/ Stop £ 3 6.50% 2 3 h09, 4 0.0s 500.0%/ Stop £ 3 6.50%
- Agilent - Agilent
Boquisition Acquisition
High Res High Res
1.26M3als 1.25MSa/s
Channels Channels
Tl DC B 10.0:1 DC BW 10.0:1
3;: -..,,F‘“ = AL B 001 AL BYY 10.0:1
7 — remand TP OF: B | F 0C Bw 100:1
] R ey N = T Wy vy vTVYVvYyTYTVYyVYYywe o i [
Ph-Pk(3] Ph-Pk{ 3]
12my S4my
+0.04 +0.0v +150.000V 03:17 P +0.04 +0.0V +150.000% 03:17 PR
OC B 10.0:1] AC BW 10.0:1) DC B 100:1 Jan 18, 2022 OC BW 100:1 | AC BW 10.0:1] DC BW 100:1 Jan 18, 2022
Vin = 230Vac 50Hz; Vout = 12V; lout = 0A Vin = 230Vac 50Hz; Vout = 12V; lout = 3A
D30 20148, MY52010933: Tue Jan 18 16:18:27 2022 D30 20144, MVE2010833: Tue Jan 18 16:28.20 2022
2 3208 4 0.0s 2.000z/ Stop £ 3 6.00¢ 2 3ooanw 4 0.0s a00.08/ Stop £ 3 6.50%
Agilent
Bcquisition Acquisition
High Res High Res
1.26MSa/s 1.26MSals
Channgls Channels
T DC B 10.0:1 DC BW 10.0:1
SL: AC B 10.0:1 3}1‘3‘ AL BWY 10.0:1
= Pttty | AN S F it DC B 100:1 = DC BW 100:1
M ¢ Measuremernts Weasurerments
Pl-Pk(3] Pl-P(3]
10my 57mY
+0.04 +0.0v +150.000v 0310 PM +0.04 +0.0Y +150.000V 03:23 PM
DT By 10.0:1] AC BW 10.0:1) DC BW 100:1 Jan 18, 2022 OC Bw 10.0:1 | AC BW 10.0:1] DC BW 100:1 Jan 18, 2022
Vin = 230Vac 50Hz; Vout = 15V; lout = 0A Vin = 230Vac 50Hz; Vout = 15V; lout = 3A
DS0-X 20144, MV52010935 Tue Jan 18 15:23:43 2022 DS0-X 20144, MVE2010939: Tue Jan 18 15:30:13 2022
0% 4 0.0s 2.000z/ Stop F 3 6.50% 2 5 Bow/ 4 0.0s 500.08/ Stop £ 3 £.50%
i Agilent Agilent
Acquisition Acquisition
High Res High Res
1.26MSa/s 1.26M3a/s
Channels Channels
T DL By 10.0:1 DC B 10.0:1
31: ACBW 10.0:1 3_}% ACBW 10.0:1
L eraptomig s s P i, fmed s, L i P Povns ]| DT BYY 100:1 < DC B 100:1
Measurements == Measurements
Ple-Plef 3] Pk-Pk(3]
Im' 57mV
+0.04 +0.0V +150.000v 03:23 P +0.04 +0.0v +150.000 03:30 P
DC B\ 10.0:1 | AT BW 100:1] DC BW 100:1 Jan 18, 2022 OC BwW 10.0:1| AC BW/ 10.0:1] DC_BW 100:1 Jan 18, 2022
Vin = 230Vac 50Hz z; Vout = 20V; lout = 0A Vin = 230Vac 50Hz; Vout = 20V; lout = 2.25A
Figure 12: Output Voltage Ripple Waveforms under various operating condition
. . Ver. 1.0
Design Guide Transphorm

Page28




Design Guide TDADP-TPH-ON-USBC-45W-RD

Thermal Measurements
The key component temperatures are shown below for 90Vac & 264Vac full load (20V/45W) operating conditions

after 1hr bake time.

RefDes Description Temp. at 90Vac Temp. at 264Vac
T1 RM8 75.4 79.9
CE7 470uF 25V 66.3 69.9
DB1 HBS610 82.5 61.7
U4 |NCP1342AMDCDD1R2G 77.2 76.8
Q3 TP65H480G4JSG 87.8 89.2
uz2 MP6908A 67.7 85.7
Q1 HGNO93N12SL 69.9 76.8
u3 WT6633P 69.8 75.7
Q2 BSZ0902NS 64.1 72.2

Revision History Revision

Hardware Info

Info Value
Timestamp Jan. 24, 2022
Primary IC Flyback PWM Controller (NCP1342AMDCDD)
Primary ACF Switch Transphorm 650 V SuperGaN™ FET (TP65H480G4JSG)
Secondary IC MP6908A
AC Supply Chroma Programable AC Source, 61602
Input Meter Chroma digital power meter 66201
Output Meter ESCORT 3146A
Oscilloscope Agilent Technologies DSO-X 2014A
No-load bake time 300
Input voltages [(90, 60), (115, 60), (230, 50), (265, 50)]
Output voltages [5,9, 12, 15, 20]
Electronic Load Chroma, 63030
USB PD Weltrend WPD010-1
Cable E-mark type-C
Design Guide Transphorm Ver. 1.0
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