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Chapter 1. Summary

1.1 General Description

The 45W USB PD 3.0 Adaptor Evaluation Board EV3 is composed
of three main parts, AP3108LS PWM controller offers with high
voltage soft startup circuit, a high voltage LDO makes the Vcc
working range more wider, with a X-cap discharge function and a
frequency fold back functional for improving Eff. The APR348 is a
Synchronous Rectification Controller, as well as AP43771 is a
USB PD3.0 protocol decoder that is based on monitoring CC1 &
CC2 signals and interprets the desired voltage and current
requested from secondary side, and then feeds back the
information to primary side AP3108LS controller for getting well
regulated voltage and current as well as related protection
functions.

1.2 Key Features

1.2.1 System Key Features

e SSR Topology Implementation with an Opto-coupler for
Accurate Step Voltage Controlling

e USB PD 3.0 Compliance

e Meet DOE 6 and CoC Tier 2 Efficiency Requirements

e  <30mW No-Load Standby Power

1.2.2 AP3108LS Key Features

e  Current Mode PWM Controller

e Frequency Shift function changes frequency per line loading

e Frequency fold back for high average efficiency

e Integration of High-Voltage Start-Up Circuit to enable low
standby power

e Integration of 120V LDO, X-Cap discharge for minimal system
BOM components

e Constant load output current during output short circuit

e Rich Protection Functions: , Precise Secondary Side OVP,
UVP, OLP, BNO, FOCP, SSCP, External Programmable OTP

1.2.3 APR348 Key Features

e Synchronous Rectification operating at DCM, CCM and QR
mode for Flyback topology

e Eliminate Resonant Ringing Interference

e Only Two External Components Used

1.2.4 AP43771 Key Features

Supports USB PD3.0 PPS Type-C and QC4/QC4+
Drives N-Channel MOSFET for Load Switch
Built-in VBUS Discharger Pin

3V-20V operation voltage without external regulator
On-chip OVP,UVP,0CP and SCP

Supports OTP through integrated ADC circuit

USB PD3.0 PPS Compliance ( TID : 1100023)

1.3 Applications

e USB PD 3.0 Wall Adaptor
e USB PD 3.0 Car Charger
e Power Bank

1.4 Main Power Specifications (CV & CC Mode)

Parameter ' Value

Input Voltage 90Vac to 264Vac
Input standby power < 30mw
Fixed PDO:
Main Output 5VIAA, 9V/4A, 15V/3A, 20V/2.25A
Vo /lo PPS1: 3.3V~11V@4A
PPS2: 3.3V~16V@3A
Efficiency >90%
Total Output Power 45W
. OVP, UVP, OLP, BNO, FOCP,
Protections SSCP, OTP
XYZ Dimension 54 x 37.6 x 25mm
ROHS Compliance Yes

1.5 Evaluation Board Picture

Figure 2: Bottom View
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Chapter 2. Power Supply Specification

2.1 Specification and Test Results

Parameter

Value

Test Summary

Input Voltage

90Vac to 264V ac

Input Voltage Frequency

47Hz to 64Hz

Input Current

<1.0Anc(rmS)

Standby Power

<30mW:; no-load

PASS, 25mW@230VAC/50Hz

5V/4A Average Efficiency

DoE VI Eff >83.08%

Tier2 Eff>83.68%

PASS, 89.49% @115VAC/60Hz, 89.02% @230VAC/50Hz

5V/0.4A Efficiency (10% Load)

Tier2 Eff>74.24%

PASS, 86.92% @115VAC/60Hz, 85.45% @230VAC/50Hz

9V/4A average Efficiency

DoE VI Eff >87.40%

Tier2 Eff>88.30%

PASS, 90.51% @115VAC/60Hz, 90.92% @ 230VAC/50Hz

9V/0.4A Efficiency (10% Load)

Tier2 Eff>78.30%

PASS, 88.76% @115VAC/60Hz, 86.44% @230VAC /50Hz

15V/3A Average Efficiency

DoE VI Eff >87.73%

Tier2 Eff>88.85%

PASS, 91.15% @115VAC/60Hz, 91.81% @ 230VAC/50Hz

15V/0.3A Efficiency (10% Load)

Tier2 Eff>78.85%

PASS, 85.76% @115VAC/60Hz, 83.70% @230VAC /50Hz

20V/2.25A Average Efficiency

DoE VI Eff >87.73%

Tier2 Eff>88.85%

PASS, 90.89% @115VAC/60Hz, 91.73% @ 230VAC/50Hz

20V/0.225A Efficiency (10% Load)

Tier2 Eff>78.85%

PASS, 81.88% @115VAC/60Hz, 80.29% @230VAC /50Hz

EMI Conduction & Radiation

>6dB Margin; according to
FCC / EN55022 Class B

Pass, CE Margin >6dB
Pass, RE Margin >6dB

2.2 Compliance

Rev1.0

Parameter Test conditions Low to High | Highto Low | standard | Test Summary
Output Voltage Transition time 5VI3A to 9V/I3A 57ms 64ms 275mS < Pass
Output Voltage Transition time 9V/3A to 15V3A 82ms 85ms 275ms < Pass
Output Voltage Transition time 15V/2.25A to 20V/2.25A 70ms 66ms 275mS < Pass
Output Voltage Transition time SVIOA to 20V/0A 193ms 199ms 275mS < Pass
(Worst Case)
Output Connector USB Type C - . -
20V / 2.25A @90Vac and .
Temperature - - <90C
264Vac
Dimensions (W /D/ H) L54mm x 37.6mm x 25mm - - -
Safety IEC/EN/UL 60950 Standard ) _ _
EMI Conduction & Radiation FCC/EN55022 Class B - - - Margin>6db
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Chapter 3. Schematic
3.1 EV3 Board Schemat

45W USB PD 3.0 + PPS Compact Adaptor
EV3 Board User Guide
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Figure 3: Evaluation Board Schematic
3.2 Bill of Material (BOM)
Designator Comment Manufactory Footprint Quantity
BD1 TT410-13 DIODES TT 1
Q3 DMN3008SFGQ-7 DIODES DFN3*3 1
Q4 MMBT3906-7-F DIODES SOT-23 1
Q51 DMT10HO10LPS-13 DIODES PowerDI5060-8 1
$x§i TVS2,TVSs, DESD5VO0S1BA-7 DIODES SOD323 4
D5 S2MA-13-F DIODES SMA 1
D6, D9 S1IMWEF-7-F DIODES SOD-123 2
D7 1IN4148WS-7-F DIODES SOD-323 1
Ul AP3108LGSTR-G1 DIODES SSOP-9 1
U3 APA43771FB-7 DIODES DFN14 1
U4 APR348W6-7 DIODES SOT23-6 1
Q1 UTC15NM65L uTC TO-220AB 1
u2 Photo coupler, TCLT1006 VISHAY 1
co NC
C3 1nF/1KV Yageo C1206 1
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C5 220pF/25V Yageo C0603 1
C6 6.8uF/35V Yageo C0805 1
C7 1.2nF/25V Yageo C0603 1
C20 1nF/200V Yageo C0805 1
Cc23 4. 7uF/10V Yageo C0603 1
Cc24 100nF/50V Yageo C0402 1
C26 68nF/25V Yageo C0402 1
c27 2.7nF/25V Yageo C0402 1
C27A, C28 NC

C29 10uf/6.3V Yageo C0603 1
C60 47pF/200V Yageo C0805 1
C100 1nF/50V Yageo C0402 1
C103 2.2nF/50V Yageo C0603 1
CE1, CE2, CE3 22UF/400V, E-Cap/105°C AISHI D10.3xH18.0mm 3
CE4 6.8uF/100V, E-Cap/105°C AISHI D5.0xH12.0mm 1
Cvy1l 470pF/300VAC, Y-Cap CY-10.0 1
C21,C22 560UF/25V,Solid Cap/105C Solid Cap D6.3xH15.0mm 2
T1 T-RM9 Transformer, Lp=400uH RM9 core & bobbin 1
F1 T2A/250V,Class Fuse FUSE1 1
J1 TYPE-C Connector TYPEC-SMT2 1
L1 DM inductor, Lp>220uH/>0.5A D5.0xH12.0mm 1
LF1 Common Chock, Lp>200uH/>0.8A D10.0xT10.0mm 1
NTC1 8S2R5M, NTC Resistor 1
NTC If not used, install one 100k resistor R0603 1
NTC2 If not used, install one 20k resistor R0402 1
RO 2K Yageo R0805 1
R1, R1A 68R Yageo R1206 2
R2 300K Yageo R1206 1
R3 20K Yageo R0603 1
R4 270K Yageo R0805 1
R9 20K Yageo R1206 1
R7 100R Yageo R0603 1
R8 15R Yageo R0603 1
R10 1K Yageo R0603 1
R11, R12, R100 0.75R Yageo R1206 3
R13 22K Yageo R0603 1
R20 27R Yageo R0805 1
R21 10mQ/2W, +1% SART FUSE | R1206 1
R23 24K Yageo R0603 1
R24 1.5K Yageo R0805 1
R25 4.7K Yageo R0603 1
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R26 10K Yageo R0402 1
R27,R58 OR Yageo R0402 2
R60 2.2R Yageo R0805 1
R102 1K Yageo R0402 1
3.3 Transformer Design Specification
RM9 (Ae=75mm?2)
TERMINAL NO. WINDING
NO NAME
START FINISH WIRE TURNS Layers
1 Npl 1 5 ® 0.14mm*8P 2UEW 235TS 2
Na 4 3 (GND) ® 0.14mm*1P 2UEW 15TS
2 1
Shieldl 3 NC ® 0.14mm*2P 2UEW 15TS
3 Ns A B @ 0.23 mm *15P TIW-B 5TS 1
4 Shield2 3 NC @ 0.15mm*1P 2UEW 26 TS 1
5 Np2 6 2 ® 0.14mm*8P 2UEW 11.5TS 1
Primary Inductance Pin 1-2,all other windings open, measured at 20kHz, 0.4VRMS 360pH+5%
Primary Leakage Inductance Pin 1-2, all other windings shorted, measured at 20kHz, 0.4VRMS 20pH (Max.)
1, Core connect to Pin3
2, Core Material: PC95
Notes
3, Pin5 & Pin6 connected on PCB Board
4, Two layers of tape wrapped on each of winding.
& - D
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NS Lﬁ’ﬁ aimsue al
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Figure 4: RM9 Bobbin
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3.4 Schematics Description

3.4.1 AC Input Circuit & Differential Filter

There are four components in this section. The Fuse F1 protects against over-current conditions which occur when some of the main
components fail. The NTC1 can effectively reduce inrush current. The LF1 is common choke filter for the common mode noise
suppression filtering due to each coil with large impedance. The BD1 is an AC-DC rectifier, and converts alternating current & voltage
into direct current & voltage.

3.4.2 AP3108LS PWM Controller

The AP3108LS PWM controller U1 and Opto-Coupler U2 as well as Q1 are the power converting core components. Connected to
filtered output after bridge circuit, D9 & R6 resistor path will provide start-up voltage and current during starting up through HV (Pin 9).
Subsequent VCC power will be provided by voltage feedback from the auxiliary winding through R60 and D6. This design is to
accommodate the required wide voltage range to support various protocols (including USB PD Programmable Power Supply PPS),
from 3.3V to 20V.

Based on feedback of secondary side (Pin CATH of AP43771 Decoder) to primary side (FB pin of AP3108LS) by through Opto-
coupler U2, the AP3108LS will switch ON and Off Q1 to regulate the desired voltage and current on the secondary side.

3.4.3 APR348 Synchronous Rectification (SR) MOSFET Driver
The APR348 operates in CCM/DCM mode in this design and drives the Q51 MOSFET. As the power loss with the APR348-controlled
MOSFET Q51 is less than Schottky Diodes, the total efficiency can be improved.

3.4.4 AP43771 PD3.0+ Decoder & Protection on /off P MOSFET and Interface to Power Devices

The few sets of important pins provide critical protocol decoding and regulation functions in AP43771.:

1) CC1 & CC2 (Pin 10, 11): CC1 & CC2 (Configuration Channel 1 & 2) are defined by the USB PD spec to provide the channel
communication link between power source and sink devices.

2) Constant Voltage (CV): The CV sensing resistors are integrated into MCU. There is a loop compensation circuit C26 & R26
between Pin8 & Pin5, the fast voltage response can be obtained by adjusting their value. The output voltages can be adjusted by
firmware programming.

3) Over current protection (OCP): The OCP is implemented by sensing via current sense resistor (R21, 10mQ) and current sense
amplifier, then comparing with internal programmable reference voltage to generate a signal on OCDRYV pin (pin 5).

4) OCDRV (Pin 5): It is the key interface that links secondary decoder (AP43771) to primary PWM regulation controller
(AP3108LS), through the Cath pin to Opto-coupler U2A link that will feed all information based on all sensed CC1 & CC2 voltage
status signals back to primary PWM controller for getting desired Vbus voltage & current.

5) GATE Driver (Pin 2) to N-MOSFET Gate: The pin is used to turn on/off Vbus load switch (Q3) to enable/disable voltage
output to the Vbus. An extra N-MOSFET (Q3) is required to prevent reverse current from the attached battery source.

45W USB PD 3.0 PPS Adaptor EV3 Page 7 of 23 11-12-2019
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Chapter 4. The Evaluation Board (EVB) Connections

4.1 EVB PCB Layout

The thickness for both sides of PCB board trace copper is 2 oz.

Figure 5: PCB Board Layout Top View Figure 6: PCB Board Layout Bottom View

4.2 Quick Start Guide before Connection

1) Before starting the 45W EVB test, the end user needs to prepare the following tool, software and manuals.

For details, please consult USBCEE sales through below link for further information.

USBCEE PD3.0 Test Kit: USBCEE Power Adapter Tester. https://www.usbcee.com/product-details/4

USB-A to Micro-B

USBCEE PAT Tester GUI Display Type-C Cable
Cable

04.75V

2)
3)
4)
5)
6)

Figure 6: Items: Test Kit / Test Cables

Prepare a certified three-foot Type-C cable and a Standard-A to Micro-B Cable.

Connect the input AC L & N wires to AC power supply output “L and N* wires.

Ensure that the AC source is switched OFF or disconnected before the connection steps.

A Type-C cable for the connection between EVB’s and Cypress’s Type-C receptacles.

Use 2 banana jack cables, one port of the cables are connected to E-load + & - terminals while the other port of

the cables are connected to EVB’s VBUS & GND pads.
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7) A Standard-A to Micro-B cable to be connected to the Cypress test kit's Micro-B receptacle & PC Standard-A

receptacle respectively.

4.3 System Setup
4.3.1 Connection with E-Load

s
' [ Ac power source | !

' i

] 1

M- - = - ———-————————————— i i, ~ sl 1
[ ] 1
n 1
n I
: !] GUI::;::“ %W e :
I

: l :
n 1
T o e T e e e e R o e e e e e - 1

- = - Power part

- = - Protocol part

4.3.2 USBCEE PAT Tester

Mini USB port
to computer

Type-C Input port
to Test Kit

Figure 8: The Test Kit Input & Output and E-load Connections
4.3.3 Input & Output Wires Connection

AC Input

Figure 9: Wire Connection of 45W PD3.0 EVB to Test Kit and PC Computer
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Chapter 5. Testing the Evaluation Board

5.1 Input & Output Characteristics

5.1.1 Input Standby Power

Output Voltage

Input Voltage

Standby Power (mW)

115Vac 60HZ 19
5V @ No Load 230Vac 50HZ 25
Note: Standard Power test condition: The output terminal of power board don’t connected any load
5.1.2 Input Power Efficiency at Different AC Line Input Voltage and its chart curve
Vin Freq Vin Iin PR Pin Vout Tout Pout Pd Eff
(Vac) (HZ) QW) (A QD) QD) (A) (W QD) (%)
90 47 90. 01 0. 928 0.59 49. 83 19. 874 2. 248 44. 68 5. 153 89. 66
115 60 115.1 0.79 0.54 49. 06 19. 874 2. 248 44. 68 4. 383 91. 07
230 50 230. 34 0.5 0. 42 48. 35 19. 874 2. 248 44. 68 3.673 92. 40
264 63 264. 22 0.47 0.39 48. 41 19. 874 2. 248 44. 68 3.733 92. 29
90 47 89. 99 0.94 0.59 50. 21 14. 947 3. 008 44. 96 5. 249 89. 55
115 60 115.1 0.79 0.54 49. 55 14. 947 3. 008 44. 96 4. 589 90. 74
230 50 230. 35 0.5 0.42 48.9 14. 947 3. 008 44. 96 3.939 91.94
264 63 264. 33 0. 392 0. 39 48.93 14. 947 3. 008 44. 96 3. 969 91. 89
90 47 90. 04 0.76 0.59 40.78 9.03 4. 002 36. 14 4. 642 88. 62
115 60 115. 14 0. 657 0.53 40. 27 9.03 4. 002 36. 14 4.132 89. 74
230 50 230. 37 0.424 0. 39 39. 85 9.03 4. 002 36. 14 3.712 90. 69
264 63 264. 33 0. 384 0. 38 39. 96 9.03 4. 002 36. 14 3. 822 90. 44
90 47 90. 08 0. 463 0.55 23.3 5.092 4. 002 20. 38 2.922 87. 46
115 60 115. 17 0. 409 0. 48 23.05 5.092 4. 002 20. 38 2.672 88. 41
230 50 230.4 0. 255 0.39 23.04 5.092 4. 002 20. 38 2.662 88. 45
264 63 264. 33 0.229 0. 38 23. 07 5.092 4. 002 20. 38 2.692 88. 33
System Eff VS AC Line Voltage
93.00
92.00 — —%
91.00 ——
89.00 ~ P™ P .
88.00 —=
—
87.00
90 110 130 150 170 190 210 230 250 270
=¢=—\out=20V =lll=\Vout=15V ==&=Vout=9V ==ie=Vout=5V
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5.1.3 Average Efficiency at Different Loading (@ PCB end) and its chart curve

. 10% 25% 50% 75% 100% Average Energy Star .
vin Vo Load Load Load Load Load Efficiency Level VI el ez
5V-4A 86.92% | 90.28% 89.87% 89.23% 88.57% 89.49% >83.08% >83.68%
9V-4A 88.76% 91.13% 90.75% 90.30% 89.69% 90.51% >87.40% >88.30%
115V/60Hz
15V-3A 85.76% 91.03% 91.56% 91.27% 90.75% 91.15% >87.73% >88.85%
20V-2.25A | 81.88% 90.15% 91.22% 91.11% 91.07% 90.89% >87.73% >88.85%
5V-4A 85.45% | 88.25% 89.64% 89.28% 88.92% 89.02% >83.08% >83.68%
9V-4A 86.44% | 90.75% 91.35% 90.88% 90.70% 90.92% >87.40% >88.30%
230V/50HZ
15V-3A 83.70% 90.61% 92.35% 92.20% 92.10% 91.81% >87.73% >88.85%
20V-2.25A | 80.29% 90.08% 92.12% 92.24% 92.47% 91.73% >87.73% >88.85%
5V Eff at PCB END 9V Eff at PCB END
91.00% 92.00%
90.00% / 91.00% #’%
(o)
89.00% / 90.00% / —
88.00% 89.00% /
87.00% —// 88.00% /
86.00% ‘ 87.00% ‘
85.00% 86.00%
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%
=§—5V@115Vac -—l—5V@230Vac =$—9V@115Vac =ll=9V@230Vac
15V Eff at PCB END 20V Eff at PCB END
94.00% 95.00%
92.00% + %
90.00% 90.00%
88.00% /
86.00% —/ 85.00%
84.00% —{
82.00% 80.00%
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%
=—@=—15V@115Vac == 15V@230Vac =—@=—20V@115Vac =l=20V@230Vac
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5.2 Key Performance Waveforms

5.2.1 45W PD3.0 System Start-up Time

ET hF OB =R 5 XRIE W

LeCroy

Figure 10: 45W PD 3.0 turn on time 0.256s  5V/4A at 90Vac

5.2.2 Q1 /Q2 Main Switching Voltage MOSFET Stress on at 20V/ 2.25A Loading @264Vac

Secondary side SR MOSFET- Q2

Mt BE ME ME ST JHr WE =8 o FRIE W

Primary side MOSFET - Q1

M BEE NE MK ST Nl WEB EF st XAIE Weh

. (S -
VAT T 1y T I |
\UJWU yY W\u HHW\‘ \UJJl‘N\J"\f vy W\JLWUW \U i i i f " i i
! i | %WW e e ,TW)\MW s |

P
101212019 3:32:31 PM LeCroy

Figure 11: Q1 Vds Voltage stress Figurel2: Q2 Vds Voltage stress

Vout | Vds | Vds_Max_Spec | Ratio of voltage stress Vout Vds Vds_Max_Spec | Ration of voltage stress
20V | 620V 650V 95% 20V | 73.9V 100V 74%
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5.2.3 System Output Ripple & Noise with @ PCB End

Xt BB HE RE 2T Wi 0B E = Xt BE BE AR 3 1z it

Measure P1--- PZ:-- P3pkpk(C4) Pa--
value 550my
status v

Measure P~ P2:-- P3pkpk(C4) P4~ PS5~ P -~
value 83my
status

[
& Trailing

<) inthe filename were truncated to allow auto-numbering,

Figure 14: The Ripple at 264Vac/50Hz AV=83mv 5V/0A

A AN N N N N TN AT TN TN T TN TN T
l\ A ‘;\ ]\ ‘mﬂ( 4 \H’ \%r ~ur ~l

Measure BN PI--- P3pkpk(C4) Pa--- Ph--- PG -~ Measure Pl--- FI--- PIpkpk(CA) Pa--- P5-- PG -~
value 947 my value 157 m.

status v status v

A\ Trailing numbercs) in the filename were truncated to allow auto-numbering. LeCroy 10/11/2018 3:51:01 FM

Figure 15: 90Vac/60Hz 5V/4A AV=95mV Figure 16: 264Vac/50Hz 5V/4A AV=157mv

X =B BE ME BT R W8 ZE i XATIE W it BB BE ME Bn e W8 EE 5 XAIE WE

o o L

1 W
Measure [SEe P2:-- FIpkpk(C4) Pa:-- P~ P~ Measure [SEe P2i-- PERkIK(CH) Pa--- [ [
value 269 mY value BB my

status v status v

A, Trailing number(s) in the filename weere truncated ta allow auto-numbering A&\ Trailing number(s) in the filename were truncated to allow auto-numbering

Figure 17: 90Vac/60Hz 9V/0A AV=27mV Figure 18: 264Vac/50Hz 9V/0A
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ft 2E RE MR BT W WNE EE St =RIR #8 T 2E ME AR T bE MIE EE A SRAIE WE

AR / L LN/ / / A\ A\
NN N N NN N NN N CNONCONCNN NN NONCNINCNCN N
A N N N 3 N N N N L LA B LA S ¥

Measure Ple-- P2:-- P3phpkiGd) P4~ P5--- [ Measure Pl:-- P2--- P3:pkpk(C4) Pd--- [ [
value 29.0mY value 141 my
status v status v

A\ Trailing number(g) in the filename were truncated to allow auto-numbering. A Trailing number(s) in the flename were truncated 1o allow auto-numeering

Figure 19: 90Vac/60Hz 9V/4A AV=89mV Figure 20: 264Vac / 60Hz 9V/4A AV=141mV

X EE HE AR BT NE WE EF O ZAIR W i ¥E HE AME BT hE NE =5 A SAIR R

Measure P1r-- P2i-- FIpkpkiCa) Pa:-- Pg--- [ Measure P1:-- P2--- P pkpk(C4) P4--- g~ P~
value 2 miv value samy

status v status v

LeCroy 107172019 3:56:55 P A Trailing nurmber(s) in the filename were truncated o allow auto-numbering

Figure 21: 90Vac/60Hz 15V/0A AV=29mV Figure 22: 264Vac / 60Hz 15V/0A AV=58mV

Tt BE ME AE 2T W WE =Y A XHETE #E T OEE ME AR 2T ME NE EE 5 TATE WA

T e I s S D A ot LT NN Y ST

Measure Pli-- P2--- P3pkpk(C4) Pé--- Pg:--- PE:--- Measure Ple-- P2--- P3:pkpk(C4) Pd--- P&.-- PE=--
walue Hzmy value 122 my
status v status v

me were runcated to allow auto-nurmbering 4 Trailing number(s) in the Tilename were truncated 1o allow auto-numbering.

Figure 23: 90Vac/60Hz 15V/3A AV=112mV Figure 24: 264Vac / 60Hz 15V/3A AV=122mV
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X FE HE ME BT O WE EE A XALE WEh it EE RE RE ET WF WE EE o ZAIR HM8

Measure P1--- P2.-- P3:pkpk(C4) Pd--- P1--- P2--- P3pkpk(C4) P&:--- P&:--- PB---
valug 29my my
status v v

er(g) in the filename were tuncated to allow auto-numbering.

Figure 26: 264Vac / 60Hz 20V/0A AV=53mV

T EE ME AR ST WE NE EE A XF h it EE RME EE S WE WE EE SiF FHAIR MR

«
Measure P1e-- P2:-- P3:pkpk(C4) Pds-- P~ P~ Measure P1:-- P2--- PIppk(C) Pd--- P~ [
value 142 my valug 18my

v

status v status

(syin me were truncated to allow aute-numbering,

&

Figure 27: 90Vac/60Hz 20V/2.25A AV=142mV Figure28: 264Vac / 60Hz 20V/2.25A AV=118mV
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5.2.4 Dynamic load ----10% Load — 90% Load, Tr=10mS, 100mA/uS( PCB End)

I =B ME AR 2T bR IR EF 5 XATE WE

M BE ME RE T R NE EF i XRIE Wi

e e el e e LB M e e W e e e e owm
o cal
@ o
Measure PLMAC2 P2rmin(c2) PIOKIKCD) Pa-- PEmaxC4) PEMINCA) Measure Pmax(C3) P2min(C3) P3pkpk(C2) P PEmax(cd) PEmIn(C4)
value 5238Y a4z 435 my 3798 270 mA valug 5286 4766V 520 v 370 270 mA
status v v v status v v v

a1
LeCroy

A\ Trailing numberis) in the filename were runcated to allow auto-numbering.

Figure 29: VIN=90VAC, 5V @ 0.4 ~ 3.6A Figure 30: VIN=264VA, 5V @ 0.4 ~ 3.6A

Vo_Undershoot(V) | Vo_Overshoot(V)

Vin=90VAC 4.74 5.23
Vin=264VAC 4.77 5.286

X EE ME AME ET BE WE EE o IHISE #m ¥t EE RE RE ST BF NE =R o XFAIE WE

- - h MO e e R e e e N o e e e e e e e
c4 c4
Measure P1maiG2) PZmMIn(C2) PIpKpKC2) PY--- PEM@(GH) PEmin(C 4y Measure Plimax(C2) PLmin{c2) PI:pkpk(CZ) Pa-en PEmanCd) PE:min(C4)
value 024V 263 608 my/ EELTY 270 mA value 225V 861 640 1MV 3798 302mA
status v v v status v v v

were fruncated to allow auto-numbering.

te truncated 1o allow aut

Figure 31: VIN=90VAC, 9V @ 0.4 ~ 3.6A Figure 32: VIN=264VAC, 9V @ 0.4 ~ 3.6A

Vo_Undershoot(V) | Vo_Overshoot(V)

Vin=90VAC 8.63 9.24
Vin=264VAC 8.63 9.25

45W USB PD 3.0 PPS Adaptor EV3 Page 16 of 23 11-12-2019
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Xt EE RME MR BT

E WE = ot XEIE ®ME

I EE RME RE 2T Mr ME ZF A XATE ME

e e e
-

ere truncated to allow auto-numbering.

Figure 33: VIN=90VAC, 15V @ 0.3 ~2.7A

- AN R R R r- T 1
¢ g

Measure P1:max(C2y PZmin{C2) P3pkpk(C2y P4--- Pamax(C4) PE:mMIN(C4) Measure P1max(C2) PZmin(C2) Fipknk(CZ) P4 Fomax(C4 PEmin(C4y
walue 1515 1457y 576 my 2894 174 mA value 1821 1454 B72mv 2834 142 mA
statu; v v status 4 v

were truncated o allow auto-numbering.

Figure 34: VIN=264VAC, 15V @ 0.3 ~2.7A

Vo_ Undershoot(V)

Vo_ Overshoot(V)

Vin=90VAC

14.57 15.15

Vin=264VAC

14.54 15.21

Xt EE RE RERE ET ONE WE EF§ o XAIRE W

Xt =E AR AR

B hdr NE EE S XETE

HEh

10t g s g g o gy

e

iEnEnEnEnEnEuEnEnEnm

- e -

o e |

v
4)

ere truncated to allow auto-numbering

Figure 35: VIN=90VAC, 20V @ 0.22 ~2A

o
¥ v
lea: P1max(C2) P2MIn(c2) P3pkpk(C2) P4--- PEMax(C4) PE:MIN(C Mea: F1imax(C3) FZmin(C2y F3pkpk(C2) P PEman(Ce) PEMIN(CH
lue 2027V 19.70Y 576 mY 2194 7EmA value 027 1963V i 2194 48 mA
U v v stal v v

were truncated to allow aute-nurmbering

Figure 36: VIN=264VAC, 20V @ 0.22 ~ 2A

Vo _

Undershoot(V) | Vo_ Overshoot(V)

Vin=90VAC

19.70 20.27

Vin=264VAC

19.63 20.27

45W USB PD 3.0 PPS Adaptor EV3
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5.2.5 Output Voltage Transition Time
5.2.5.1 From Step up & Step down

T EFE e 3 3 iz S AT @8

TR OFE mE RE ST WE 08

"

FHTE ¥

20V 20V

9v . \ v ‘
sV / 5V

cal el
Measure P1maxC2) P2--- PImMIn(C2) Pé--- P& -~ P--- Measure P1max(C2) P2--- PImMIn(C2) P4--- PE--- PB:---
value 468V value 478V
status v v status v v

LeCroy 1011201932858 PM LeCroy 10112018 32813 PM

Figure 37: 5V-9V-15V-20V Transition Step Up Time Figure 38: 20V-15V-9V-5V Transition Steo down Time

5.2.5.2 Transition time from Low to high

i #E mE AR BT B MEB EE HiF XATE M i EBE mE e 2T G WNE 3=F St XATE W@

Measure P1maxC2) P2--- PEmMINC2) Pé--- g -- PE--- Measure P1max(C2) P2--- PIMIN(C) Pé--- Pg--- PE- -~
value 9.42Y 510V value 16.56 268V
status o v status v v

Xi= -3359200rms &= 9174030ms
2= 48.14810ms 1/8¢= 12233868 Hz

1= -21.26182ms = 57.09262m5

6
H2= 35.8408Qms 1im(= 17.515398 Hz

L
T
10/11/2018 3:21:47 PM Yy erts) in the filename were truncated to allow auto-numbering.

Figure 39: 5V—9V Transition upl Time: 57ms Figure 40: 9V—15V Fall Time: 82ms

45W USB PD 3.0 PPS Adaptor EV3 Page 18 of 23 11-12-2019
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T 2E AE AR ET i XAISE e T EE AE ftR ET ] 5 it EFAIE #Eh
! | ! |
. | . |
! | ! |
. | . |
I ‘ I |
! P !
! i~ k ! A
b ! ya
. I . I
! | ! | le
B I I
! | |
! | :
I
o \ o |
& ] | A |
| .
! | |
! | 1
Measure P1imaxiC2) P2--- P3miniC2) Pé--- P&--- PE--- Measure PlimaxiC2) P2--- Pamin(C2y P4--- P&--- PE---
walue 2088Y 1468V value 20,44 468y
status v v status v v

3.2456 ms

ms A
Ha= 337745Dms 1= 14.23583 He Hl= 1284244ms 1= 5174762 Hz

m Trailing number(s) in the filename wrere truncated to allow aute-numbering. m Trailing numberts) inthe filename were fruncated to allow auto-numbering,

Figure 41: 15V—-20V Fall Time: 70ms Figure 42: 5V—20V Fall Time: 192ms

5.2.5.3 Output Voltage Transition Time from High to Low

X EE WE MR RT e B 2E 5% TRIE M X #E HE MR 2T hBE WE I nth XFATE

Measure PAimax(C2) P2--- PEmin(C2) Pé-- P& Pé:-- Measure P1imax(C2 PZ--- PImin(C2 P Pg--- PE:- -
value 2068V 14.68Y value 1556 860V
status v v status v v

X1= -44.70415ms 84.90025ms
X2= 4019610ms 1i= 11778528 He

M= -2583770ms &%= 66.03380ms
X2= 4019610ms 1i= 1514376 Hz

LeCroy 10172019 32544 P

4 Trailing number(s) in the filename were fruncated to allow aute-numbering.

Figure 43: 20V—15V Fall Time: 66ms Figure 44: 15V—9V Fall Time: 95ms

Xt EE OME RME R s W8 55 oW RAIR RY T EE WS AR i XFTE s

Measure P1max(C2) P PEmIn(C2 Pa--- P& - PE: - Measure PLmaxC2) P2--- PImMIn(C2) Pa--- Pg--- PG
value 956y 284V value 488Y
status v v status v v

IS 326254 ms 99,4660
H2=  TB.840Bms 1= 5.013386 Hz

Ha= 4nmmnms 1ii%= 1656317 Hz

4\, Trailing number(s) in the filename were fruncated to allow auto-numbering, 4\ Trailing numberis) in the filename were truncated to allow aute-numbering

Figure 45: 9V—5V Fall Time: 64ms Figure 46: 20V—5V Fall Time: 199ms
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5.2.7 Thermal Testing

5.2.7.1 Test Condition: AC input=90Vac, Load 20V-2.25A ,Open Frame

Figure 47: Components Side

Figure 48: surface mount side

~86.0

Test Items Temperature Unit
Ambient Temp 30.1 °C
AP3108LS 83 °C
Q1 74.3 °C
T1 76.1 °C
Q2 65 °C
BD1 84.7 °C
NTC1 89.8 °C

5.2.7.2 Test Condition: Vin=264Vac Vo0=20V |0=2.25A Open Frame

~78.0 ~83.0
L72 =77
L 66 ~70
60 63
-S54 56
48 ~49
42 -42
_36 _35
~-27.0 ~-27.0
°C °C
Figure 49: Components Side Figure 50: Surface mount side
Test Items Temperature Unit
Ambient Temp 28.4 °C
AP3108LS 81.8 °C
Q1 75.2 °C
T1 75.1 °C
Q2 73.6 °C
45W USB PD 3.0 PPS Adaptor EV3 Page 20 of 23 11-12-2019
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BD1 59 C
NTC1 59.8 °C

5.3. EMI testing results
5.3.1 EMI (CE) Testing results—115Vac @ 20V/2.25A- (L) & (N)

o I B T

i --. N
T H l!MIﬂﬁIII‘: e
' mmimilie
i 1 llll--
| T \TTTIE i

150 kHz

Figure 52: 115Vac/60Hz 20V/3.25A (N)

5.3.2 EMI (CE) Testing results—230Vac @ 20V/2.25A- (L) & (N)

T T T TTTTE
o) IIIIII

-IIIIII|I gt

4

Figure 53: 230Vac/50Hz 20V/3.25A (L)
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Figure 54: 230Vac/50Hz 20V/3.25A (N)

5.3.3 EMI (RE) Testing results—115Vac @ 20V/2.25A

il ]mm”um.l

P

o I‘ ‘_
>;IW, ‘

Test Graph
22.CNS13438-VCG Class Bl Test Graph
CISPR 22 ENS5022 CNSI438.VCC Class BQVerkcal)
E
2 i3
g g
3 2
] ' Vool ' "
SNy AL, I oy ] . o
e :
300 14 300 106G
Frenuency[Hz] Froquency[Hz]
o QP Deterter o QP Detecior
vo. E:eq-. Read;lng LJ.ru./t- Margin Helgl:lt olarity Freg Reading Factor Level Limit Margin | Height | Angle Dolarity
[MEz] [dBuv/m] [dBpV/m] [cm! [MEz [dBuv/m] [dB] [dBpV/m] [dBpV/m] [dB] [em] [°1
1 112.8 42.50 40.00 200 Horizontal 38.29 oot 28.32 20. (1162 ]| 100 255
2 201.3 40.00 100 Horizontal 38.34 -14.42 .82 40. 16.08 100 264
3 234.8 47.00 . 100 Horizontal 36.51 _11.85 G 40. 15,22 100 296
4 256.9 £0.01 47.00 17.18 100 Horizontal 26.52 -12.31 .21 40. 15.79 100 154
Test Graph Test Graph
55022.CNS1M43BVCE Class B(Horizonal) CISPR 22 ENS5022.CNS13438.VCC Class BVerical)
= —
3 H
E J E
. | -
" Pl o, N | n m———
s ki)
300 16 S0M 16
Frequency[Hz] FrequencylHz]
o G Detecter o GF Detecior
Freg. | Reading Limit Margin | Height B Freg. | Reading | Factor Level Limit Margin | Height | Angle
No. ) i ) 7 Polarity Folarity
[MEz] | [dBpvV/m] [dBpV /m] [4B] [em] [MHEz] | [dBuV/m] [dB] [dBuv/m] | [dBuv/m] [dB] [em] [°]
1 £4.60 21.82 40.00 2.11 200 Horizontal 1 87.61 42.15 -14.33 27.82 40.00 12.18 200 188 Vertical
2 201.1 41.23 20,00 [(i.o3)] 1oo Horizontal 2 132.0 33.67 -10.63 23.04 40.00 16.9€ 100 0 Ver
3 254.4 30.64 47.00 17.64 100 Horizontal 3 193.3 38.2¢ -12.07 26.22 40.00 13.78 100 132 Vertical
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT, INCLUDING,
BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE (AND THEIR
EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes without
further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the application or
use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or trademark rights, nor
the rights of others. Any Customer or user of this document or products described herein in such applications shall assume all risks of such use and
will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated website, harmless against all
damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and hold
Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, any
claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the final
and determinative format released by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any use
of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related information or
support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its representatives against
any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2017, Diodes Incorporated

www.diodes.com
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