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Chapter 1.

1.1 General Description

The 18W 1C+1A Evaluation Board exemplifies a dual-port
charger adaptor design - 18W_USB-C PD 3.0 port, 18W_QC3.0
USB-A port, It also supports port-A trickle charge mode. It is
composed of four main parts. AP39303 offers the Quasi-
Resonant (QR) Flyback PWM switching. APR347 is a secondary
side Synchronous Rectification (SR) Controller. AP43971, an
PD3.0/QC4+ decoder, handshakes with the sink device through
the CC1/CC2 of Port-C or the D+/D- of Port-A and feedbacks
voltage and current regulation information to primary side
controller-AP39303 for providing regulation function. AZV831,
low-bias current and low voltage operational amplifier,
determines if Port-A is in trickle charge mode (<100mA).

Summary

1.2 Key Features
1.2.1 System Key Features
® SSR Topology Implementation with an Opto-coupler for
Accurate Step Voltage Controlling
® USB Type-A Port supports the 18W QC2.0/3.0 mode
function
USB Type-C Port supports the 18W PD3 function and PPS
3.3V -11V@20mV/step
Meets DOE VI and COC Tier 2 Efficiency Requirements
<75mW No-Load Standby Power
Low overall system BOM cost
.2.2 AP39303 Key Features
Quasi-Resonant (QR) operation/ Peak current mode control/
High-Voltage startup/ Soft Start
® Built-in 120V high voltage VCC LDO to guarantee wide
range output voltage application (3.3V~20V, PPS)
Built-in 700V high performance Power MOSFET
Low VCC operating current reduces stand-by power
(<30mw)
Adaptive burst mode operation with output voltage
Adaptive output power limit with output voltage
Non-Audible-Noise Quasi-Resonant control
Frequency fold back for high average efficiency
Secondary winding short protection with FOCP
Frequency dithering for reducing EMI
VCC maintain mode
Useful Pin fault protection:
SENSE Pin floating and FB/Opto-Coupler Open/Short
Comprehensive system protection feature:
Programmable External OTP / OLP / BNO / SOVP / SUVP

1.2.3 APR347 Key Features

® Synchronous Rectification Works with DCM/ QR Flyback
® Eliminate Resonant Ringing Interference
® Fewest External Components used

e

1.2.4 AP43971 Key Features

® Compatible with QC4/QC4+ Protocol

® Support USB PD 3.0 Version 1.2
(Programmable Power Supply) Mode

® OTP (One-Time-Programmable) for main firmware

® MTP (Multi-Time-Programmable) for system configuration

including PPS

1.3 Applications

® 18W Dual Port (Port-A/QC3.0 and Port-C/PD3) Wall
Charger Adaptor

1.4 Main Power Specifications (CV & CC Mode)

Parameter Value
Input Voltage 90Vac to 264Vac
Input standby power < 75mwW
Fix 18W PD3.0

PDO_5V/3A, 9V2A, 12V1.5A

Only Port-C
PPS 20mV step voltage, 3.3V-5.9V/3A,
3.3V-11VI2A
18W QC2.0 (5V3A, 9V2A,
QC2.0 | 15v1.54), & QC3.0

Only Port-A -

Continuous mode 200mV, 3.6V-

QC3.0

12v

Port-A: DCP 5V/1.5A
Port-A + Port-C Port-C: 5V/2A
Efficiency Comply with CoC version 5 tier-2
Total Output Power 18W / 22W at PPS
Protections OCP, OVP, UVP, OLP, OTP
Dimension 35mm x 48mm x 20mm

1.5 Evaluation Board Picture
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EVB Bottom View
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2.1 Specification and Test Results

Power Supply Specification

Parameter

Value

Test Summary

Input Voltage / Frequency

90Vac 10 264Vac / 47Hz to 63Hz

Test Condition

Input Current

<0.5ArMs at 100Vac

Standby Power

<75mW; load disconnected

PASS, 56.3mW@115Vac/60Hz
45.5mW@230Vac/60Hz

5VI3A Average Efficiency

DoE VI Efficiency >81.39%

CoC Version 5, Tier2 Efficiency >81.84%

PASS, 88.19%@115Vac/60Hz
87.56% @230V ac/50Hz

5V/0.3A Efficiency (10% Load)

CoC Version 5, Tier2 Efficiency >72.48%

PASS, 84.26% @115V ac/60Hz
81.39%@230Vac/50Hz

9V/2A Average Efficiency

DoE VI Efficiency >85.00%

CoC Version 5, Tier2 Efficiency >85.45%

PASS, 89.03%@115Vac/60Hz
88.27% @230V ac/50Hz

9V/0.2A Efficiency (10% Load)

CoC Version 5, Tier2 Efficiency >75.45%

PASS, 81.88%@115Vac/60Hz
80.71%@230Vac/50Hz

12V/1.5A Average Efficiency

DoE VI Efficiency >85.00%

CoC Version 5, Tier2 Efficiency >85.45%

PASS, 88.66%@115Vac/60Hz
88.06%@230Vac/50Hz

12V/0.15A Efficiency (10% Load)

CoC Version 5, Tier2 Efficiency >75.45%

PASS, 79.30%@115Vac/60Hz
78.35%@230Vac/50Hz

Output Voltage Regulation Tolerance | +/- 5% PASS,
5V PPS 3.3V = 5.9V +/- 5%, 0~3A +/-150mA PASS,
9V PPS 3.3V = 11V +/- 5%, 0~2A +/-150mA PASS,
Conducted EMI >6dB Margin; according to EN55032 Class B
Radiated EMI >6dB Margin; according to EN55032 Class B
2.2 Compliance
Parameter Value Summary
Output Connector USBZ20 Type-A
USB Type-C
Stress <90%
Dimensions W/D/H 35 x 48 x 20 (mm)
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3.2 Bill of Material

18W Two ports 1C+1A PD3.0 and QC3.0

Adapter EVB1 User Guide

Iltem Quantity Designator Description l\gg?tu’fle:ﬁ;%r:rr Manufacturer
1 1 Ul AP39303, QR PWM Switcher AP39303S16-13 Diodes
2 1 u2 APR347, SR Controller APR347 Diodes
3 1 u3 AP43971_20L, Decoder AP43971_20L Diodes
4 1 u4 AZV831, Comparator AZV831KTR-G1 Diodes
5 1 us AP2210K-5.0TRG1 AP2210K-5.0TRG1 Diodes
6 1 Q50 DMP3007SCG, 30V P-MosFET DMP3007SCGQ-13 Diodes
7 1 BD1 MSB12M, Bridge Rectifier Diode MSB12M-13 Diodes
8 1 Q2 DMT10HO09LSS, 100V N-MosFET DMT10HO09LSS-13 Diodes
9 2 Q52,051 2N7002/S0OT23 2N7002-13-F Diodes
10 2 D3,D5 RS1IMWF/SOD123 RS1IMWE-7 Diodes
11 1 D41 1N4148/SOD323 1N4148WS-13-F Diodes
12 1 U6 LTV1009TP-G (CTR-200/400) LTV-1009TP1-G Lite-On
13 1 Cc8 1nF/50V/X7R/0603
14 1 C9 220PF/50V/NPO/0603
15 2 C22,C32 22nF/50V/X7R/0603
16 1 Cc23 4.7uF/50V/X7R/0603
17 3 C6,C24,C40 100nF/50V/X7R/0603
18 1 C30 4.7uF/16V/X7R/0603
19 2 C35,C41 4.7nF/50V/X7R/0603
20 1 C36 47nF/50V/X7R/0603
21 1 C39 100PF/50V/X7R/0603
22 1 C51 2.2uF/50V/X5R/0603
23 1 C31 10uF/10V
24 1 c7 10uF/50V/1206
25 1 C3 10nF/1KV/1206
26 2 C4,C21 470PF/1KV/1206
27 2 Cc1,Cc2 15uF/400V/10*16
28 1 C5 10uF/50V/5*11
29 1 C20 680uF/16V/8*12/Polymer CAP
30 1 CY2 470pF/Y1-CAP
31 1 R1 20K/5%/1206
32 1 R2 200K/5%/1206
33 1 R3 51R/5%/0805
34 1 R4 200K/1%/1206
35 1 RS 12K/1%/0603
36 2 R7,R6 1R5/1%/1206
37 1 R8 510R/1%/0603
38 1 R21 51R/5%/1206
39 1 R22 30K/1%/0603
40 1 R30 10mR/1%/1206 (Low TCR) SMB12A1FR0O10T SART
41 3 R31,R33,R43 1K/1%/0603
42 1 R41 1M/1%/0603
43 1 R47 4.7M/1%/0603
44 1 R42 10K/1%/0603
45 1 R44 200R/1%/0603
46 2 R45,R46 60mR/1%/1206
47 1 R48 10M/1%/0603
48 3 R53,R54,R56 100K/5%/0603
49 1 R55 51R/5%/1206
50 2 R58,R57 20R/5%/0603
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. . o Manufacturer
Item Quantity Designator Description Part Number Manufacturer
51 1 F1 T2.0AL/250V
52 1 T1 EE16-10 - 750uH_NP:NS:NA=75:8:22
53 1 L1 T6*3*3 6Ts
54 1 L2 DR6*8-300uH
55 1 CN50 USB 2.0 A-Type Device
56 2 TVS3,TVS4 NC
57 5 RT2,R32,C33,R34,C34 [NC
Type-C Connector Daughter Board
. . o Manufacturer
Item Quantity Designator Description Part Number Manufacturer
1 1 CN60 Type C Connector UT13513-1180A-7H Foxconn
2 1 C62 100nF/50Vv/0603
3 2 TVS2,TVS1 NC
Note:
> Current sense resistor (R30) should use the Low TCR type resistor.
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3.3 Transformer SPEC

18W Two ports 1C+1A PD3.0 and QC3.0
Adapter EVB1 User Guide

Circuit : Cross sectional view :
Primary Secondary
leE==== —
WD5 B
1 I 3Ts
| FL1
WD6 Ita 2Ts
el WD4 WD6
2 FL2 e 1T
I
wot | 2Ts
3 | WD4
| 1T
6 s WD2+WD3
| e Start 1T
I
wp2 I [ Teflon Tube WD1
7 | B Black Teflon Tube I
7 _Wbs _ _ |
Definition FI 2ETne Wire (Diameter) Turn (Ts) Layers Layers of Tape
(Start >> End)
WD1 3>>2 2UEW-B 0.27mm x 1P 52 2 1Ts
WD2 6>>7 2UEW-B 0.15mm x 1P 22
1 1Ts
WD3 7 >> Null 2UEW-B 0.15mm x 1P 22
WwD4 FL1>> FL2 Triple wire-B 0.70mm x 1P 8 1 2Ts
WD5 1>> Null 2UEW-B 0.20mm x 1P 15 1 1Ts
WD6 2>>1 2UEW-B 0.27mm x 1P 23 1 2Ts
OVER CORE 3Ts
Item Test Condition Rating
Primary Inductance Pin 3-1,all other windings open, measured at 20kHz / 1V 750uH+/- 5%
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3.4 Schematics Description
3.4.1 Fuse, EMI Filter and Rectifier
The Fuse F1 protects against over-current conditions which occur when some main components failed. The L2 is a common mode

choke for the common mode noise suppression. The BD1 is a rectifier which converts alternating current and voltage into direct

current and voltage. The C2, L1, C3 are composed of the Pi filter for filtering the differential switching noise back to AC source.

3.4.2 AP39303 Quasi-Resonant PWM Switcher
AP39303 is a highly integrated power switcher with a built-in Quasi-Resonant (QR) PWM controller and a 700V high performance

Power MOSFET. With its high-voltage start-up circuitry, AP39303 provides an excellent green power solution. It also integrates a
120V VCC LDO circuitry and allows a wide voltage range of VCC_IN. This makes it a great choice in wide output voltage range

application such as PD and QC.

3.4.3 APR347 Synchronous Rectification (SR) Controller
As a high performance solution, APR347 is a secondary side SR controller to effectively reduce the secondary side rectifier power

dissipation which works in DCM operation.

3.4.4 AP43971 PD3.0 and QC2.0/3.0 Decoder
The following pins provide critical protocol decoding and regulation functions in AP43971:

1) CC1 & CC2 (Pin 11, 10): CC1 & CC2 (Configuration Channel 1 & 2) are defined by USB PD spec to provide the channel
communication link between power source and sink devices. The CC1& CC2 connected to Port-C and to perform PD3.0
power profile function.

2) D+ & D- (Pin 13, 12): While defined under USB PD for data transfer only, D+ and D- are used in QC4+ to provide voltage
information and backward compatibility with QC2.0 and QC3.0 devices. The D+ & D- connected to Port-A and to perform
QC2.0/QC3.0 power profile function.

3) Constant Voltage (CV): The CV is implemented by sensing VCC (pin 3) via built-in resistor divider and compared with
internal reference voltage. The output voltages can be adjusted by firmware programming.

4) Constant Current (CC): The CC is implemented by sensing the current sense resistor (R30, 10mQ, 1%, Low TCR) and
compared with internal programmable reference voltage. The output current can be adjusted by firmware programming.

5) Loop Compensation: C32, R31 & C33 form the voltage loop compensation circuit, and C35, R32 & C34 form the current
loop compensation circuit.

6) OCDRYV (Pin 5): It is the key interface link from secondary decoder (AP43971) to primary regulation circuit (AP39303). It is
connected to Opto-coupler U6 Pin 2 (Cathode) for feedback information based on all sensed CC1 & CC2, D+ & D- voltage
status for getting desired Vgys voltage & current.

7) GPIO1: The pin is used to turn on the MOSFET_Q50 to bypass the LDO (U5), when Port-A output current is greater than
100mA.

8) GPIO2: The pin is used to turn on the MOSFET_Q52 to enable Port-A discharge function.

9) GPIO-TS: The pin connected to current sensing circuit output (U4_pin#1) to detection the Port-A output current. When Port-A
output current greater than 100mA, the GPIO-TS is LOW, the Q50 turns on to bypass LDO_US5. The adapter exits 100mA
trickle-charge mode and Port-A is capable of providing current greater than 100mA.

18W 1C+1A PD3.0 and QC3.0 Adapter EVB1 User Guide Page 8 of 28 08/23/2019
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3.5 Dual Port Power/Current Sharing Control Flowchart
After AC power plugged in, the adapter starts up and enters into default “Port-A 5V State”. In this state, the adapter can provide 5V

output to Port-A with less than 1.5A capability, while Port-C is disabled. The adapter remains in this mode until either Port-A
handshake through D+/D- for QC or Port-C handshake through CC1/CC2 for PD occurs. If Port-A for QC mode request passes, the
adapter enters into “Port-A QC State” and provides up to 18W for QC2.0 or QC3.0 operation through Port-A. If Port-C for PD mode
request passes, the adapter further checks if Port-A consumes more than 100mA of current. If so, the adapter enters into “Port-A-and-
C state” and provides only 5V to both Port-A with 1.5A and Port-C with 2.0A. Otherwise, the adapter enters in to “Port-C State” and
provides up to 18W for PD3.0 operation through Port-C and 5V@100mA for trickle charge through Port-A. The adapter will follow the
mode operation described in the flowchart for operation mode change.

Detection of Port-A load is executed by sensing current drawn from Type A receptacle (A_GND pin). Once Port-A output current is
greater than 100mA, AZV831 comparator pulls GPIO_TS pin LOW to notify the embedded MCU of AP43971_20L for proper operation

mode change.

Start

K Port-A 5V State \
P Port-A In 5V DCP Mode, 1.5A Max <%
\\ Port-C: Disabled /\

Type-A Attached
(D+ D- Handshaking)

Port-A QC State
Port-C: Disabled
Port-A Power Profile: 18W Max;
QC2: 5V@3A, SV@2A, 12V@1.5A;
QC3: Continuous Mode

A 4

No

Type-C Attached No Yes
(CC1 CC2 Handshaking)

Type-C Attached
(CC1 CC2 Handshaking)

Port-C State

Port-C Power Profile: 22W Max, 5V@3A, 9V@2A,
12V@1.5A, SVPPS@3A, 9VPPS@2A

Port-A In 5V Trickle Charge, 100mA Max

Type-A Detached
(D+ D- Handshaking)

Port-A current >100mA
(T5==0)

Port-A current >100mA Yes y

(T5==0)

No - v
Y
Port-A-and-C State
Port-C Power Profile: 5V@2A
S (CCTIVES;CH:‘::::;"E) Port-A Power Profile: SV@L.5A
Yes
Yes Port-A current <100mA
(TS==1)
Type-C Detached No
(CC1 CC2 Handshaking)
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Chapter 4. Evaluation Board Connections
4.1 Quick Start Guide Before Connection
1) Before starting the EVB test, the end user needs to prepare the following tool, software and manuals.

For details, please contact Canyon Semiconductor local sales for further information.

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

USBCEE PAT Tester GUI Display

# POO |- S000mV, 3000mA S el T

Dumd votuge ’
SO0 7 - H00mY, 2000mA e =

Cypattng Cume 3X0 ' at

PO 3 12000, 1500mA
04 - 97V F0O 4 - NS00V, 3000ma, M Op Coes 00 g ) Juk

POO S - 3300 11000, 2060mA Usnlata Aagued

Auto Test

ULE 90 coot mc maldibed

2) Prepare a certified Type-C cable and a Standard-A to Micro-B Cable.

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

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

5) Use atype-C cable for the connection between EVB to Tester.

6) Apply E-load at the terminal “JP1” on tester which indicated in figure below.

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.

Type-C Input port

to Test Kit Mini USB port
to computer
The Test Kit Input & Output and E-load Connections
18W 1C+1A PD3.0 and QC3.0 Adapter EVB1 User Guide Page 10 of 28 08/23/2019
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4.2 Connection with E-Load

=

Quick Charge

Test Kit Travel Charger

I
! 1
: 1
| v
| Power Meter 1
- —= - Power part | & i
| Electronic Load :
- = = Protocol part : :
| 1
]

Wire Connection of Port-C of 18W EVB to Test Kit and PC Computer

18W 1C+1A PD3.0 and QC3.0 Adapter EVB1 User Guide Page 11 of 28 08/23/2019
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4.3 QC2.0/3.0 Emulator connection

Or using the QC2.0/QC3.0 emulator test Kit to testing the QC2.0 & QC3.0 functions, see the connection the between testing sample

board to DC load by mean of a USB-C to USB A converting cable.

AC INPUT

A a3 (
RN seet | gomv.  yope USBASE
HEHR LED asae [ —
:.»':! ,’\.,‘ . B : o ;
P e AL T F'-DE !‘-F'é Qt ;v i
s PDIOPPSQUI0SIRIAME — Mise
L : : O bt
E DOWN_ T
QC2.0/3.0 Emulator Test Kit
08/23/2019

18W 1C+1A PD3.0 and QC3.0 Adapter EVB1 User Guide
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Chapter 5. Input & Output Characteristics
5.1 Input Standby Power
Vin Vour Pin
90V ac/47Hz 5.14v 41.8mW
115V c/60Hz 5.14V 56.3mW
230V ac/50Hz 5.14V 45.5mwW
264V c/63Hz 5.14v 48.4mW

5.2 Output Voltage Regulation Performance Curve

Port-C PDO 5V/3A Line Regulation (At the Board)

Port-A QC2.0-5V/3A Line Regulation (At the Board)

VIN Vour_100% Vour_75% Vour so% Vour 25% VIN Vour_100% Vour 75% Vour so% Vour 25%
90V ac/47Hz 5.19v 5.18V 5.17v 5.14v 90Vac/47THz 5.05V 5.07v 5.07v 5.08V
115Vac/60HZ 5.19v 5.18Vv 5.17v 5.15V 115Vac/60Hz 5.05v 5.07v 5.07v 5.08v
230Vac/50Hz 5.20V 5.18V 5.17v 5.15v 230V ac/50Hz 5.06V 5.06V 5.07v 5.08V
264V pc/63Hz 5.20v 5.18Vv 5.17Vv 5.15Vv 264V c/63Hz 5.06V 5.06V 5.08v 5.08V

5VPDO Line Regulation (At the Board) QC2.0-5V Line Regulation (At the Board)

5.3 53

S S
0 57— 0 57 ————
(@) (@)
8 8
g 5.1 E 5.1
5 5
S50 |- ===—100%Load = 75% Load S50 |- e=——100%Load 75% Load
o s 5006 LoAd s 2504 Load o s 500 LOAd e 2506 LOA
49 | | | 49 | | |
90 120 150 180 210 240 270 90 120 150 180 210 240 270
INPUT Voltage (V) INPUT Voltage (Vac)
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Port-C PDO 9V/2A Line Regulation (At the Board)

Port-A QC2.0-9V/2A Line Regulation (At the Board)

VIN VOUT_lOO% Vo UT_75% VOUT_so% VOUT_25% VIN VOUT_lOO% VOUT_75% VOUT_SO% VOUT_25%
90Vacl47Hz 9.07Vv 9.07Vv 9.07Vv 9.07Vv 90Vacl47Hz 8.93Vv 8.94V 8.95V 8.95V
115Vac/60Hz 9.06V 9.06V 9.06V 9.07Vv 115Vac/60Hz 8.94V 8.94V 8.95V 8.95V
230V ac/50Hz 9.06V 9.06V 9.07V 9.07V 230Vac/50Hz 8.94V 8.94V 8.95V 8.95V
264V ac/63Hz 9.06V 9.07Vv 9.07Vv 9.07Vv 264V ac/63Hz 8.94V 8.94V 8.95V 8.95V

9VPDO Line Regulation (At the Board) QC2.0- 9V Line Regulation (At the Board)

9.2 9.2
> S

< 91 o 91
P P
g 90 S 90
5 5
g‘ 8.9 | == 100% Load s 75% Load ‘g- 8.9 | e 100% Load 75% Load
o e 50% LOAd e 259 Load o e 5006 LOBA e 2596 Load
8.8 l l l 8.8 | | |
90 120 150 180 210 240 270 90 120 150 180 210 240 270
INPUT Voltage (Vac) INPUT Voltage (Vac)
Port-C PDO 12V/1.5A Line Regulation (At the Board) Port-A QC2.0-12V/1.5A Line Regulation (At the Board)

VIN VOUT_100% Vo UT_75% VOUT_so% VOUT_25% VIN VOUT_lOO% VOUT_75% VOUT_so% VOUT_25%
90Vac/47Hz 12.08v 12.07V 12.06V 12.05vV 90Vac/4THzZ 11.88v 11.88v 11.89v 11.89vV
115V ac/60Hz 12.08Vv 12.07v 12.06V 12.05Vv 115Vac/60Hz 11.88Vv 11.88Vv 11.88Vv 11.89Vv
230Vac/50Hz 12.08v 12.07V 12.06V 12.05vV 230Vac/50Hz 11.88v 11.88v 11.88vV 11.89vV
264V ac/63Hz 12.08v 12.07V 12.06V 12.05vV 264V ac/63Hz 11.88v 11.88v 11.88v 11.89vV

9VPDO Line Regulation (At the Board) QC2.0- 9V Line Regulation (At the Board)

9.2 9.2
> S

° 9.1 P 9.1
P P e
g 9.0 E 9.0
5 5
% 8.9 | == 100% Load 750, |oad g‘ 8.0 | s 100% Load 75% Load
o e 50% Load == 25% Load o s 50% Load s 250 | oad
8.8 l l l 8.8 | | |
90 120 150 180 210 240 270 90 120 150 180 210 240 270
INPUT Voltage (Vac) INPUT Voltage (Vac)
18W 1C+1A PD3.0 and QC3.0 Adapter EVB1 User Guide Page 14 of 28 08/23/2019

Rev 1.0

www.diodes.com




TOOES.

o> "B A T E D

L} L] L= L]

5.3 Efficiency vs. AC Line Input Voltage

18W Two ports 1C+1A PD3.0 and QC3.0
Adapter EVB1 User Guide

Port-C Efficiency (At the Board)

Port-A QC2.0_5V Efficiency (At the Board)

Vin Vour lout Pin Efficiency Vin Vour lout PN Efficiency
0 0,
90V n/60H2 5.19Vv 3.00 18.24 W 85.4% 90V n/60H2 5.05V 3.00 18.05 W 83.9%
5.14v 0.30 1.79wW 86.3% 5.09v 0.30 1.77W 86.2%
5.19v 3.00 17.90 W 87.1% 5.05V 3.00 17.69 W 85.7%
110Vac/60Hz > 110Vac/60Hz 2
5.14Vv 0.30 1.83W 84.3% 5.09vV 0.30 179w 85.0%
0, 0,
230Vx0/50Hz 5.20V 3.00 17.72 W 88.1% 230V4c/50HzZ 5.06V 3.00 17.56 W 86.3%
5.14v 0.30 1.89wW 81.4% 5.09v 0.30 1.87 W 81.5%
0, 0,
264V ac/50HzZ 5.20v 3.00 17.80 W 87.5% 264V ac/50HzZ 5.06V 3.00 17.64 W 85.9%
5.15v 0.30 1.93wW 79.7% 5.09v 0.30 1.91W 79.7%
PD_5V Efficiency (At the Board) QC_5V Efficiency (At the Board)
95 95
g 90 g 90
>85 PR > 85
c c
g 80 - g 80 I
W 75 F—— 5V/3A 5V/0.3A ] w75 — 5V/3A 5V/0.3A ]
70 l l l l l 70 l l l l l
90 120 150 180 210 240 270 90 120 150 180 210 240 270
Input Voltage (Vuc) Input Voltage (Vac)
Port-C Efficiency (At the Board) Port-A QC_9V Efficiency (At the Board)
V|N VOUT IOUT P|N EffiCienCy V|N VOUT IOUT P|N Efficiency
0, 0,
90V n/60HZ 9.08Vv 2.00 20.73 W 87.6% 90V n/60H2 8.93V 2.00 20.41W 87.5%
9.04V 0.20 2.15W 84.3% 8.95V 0.20 211w 84.4%
9.08Vv 2.00 20.34 W 89.3% 8.94V 2.00 20.11W 88.8%
110Vac/60Hz > 110Vac/60Hz >
9.04V 0.20 2.22W 81.9% 8.96V 0.20 217W 82.5%
0, 0,
230Va0/50HZ 9.08Vv 2.00 20.33W 89.3% 230V a0/50HZ 8.94V 2.00 20.08 W 88.9%
9.04Vv 0.20 2.26 W 80.7% 8.96V 0.20 2.21W 80.7%
0, 0,
264V4c/50Hz 9.08Vv 2.00 20.44 W 88.9% 264V4c/50HzZ 8.94V 2.00 20.19 W 88.5%
9.04V 0.20 229 W 79.3% 8.96V 0.20 2.25W 79.3%
PD_9V Efficiency (At the Board) QC_9V Efficiency (At the Board)
95 95
< 90 _—L—— < 90
S &
> 85 > 85
© 80 I 5 80 —
W75 —— 9V/2A 9V/0.2A 1 W75 —— 9V/I2A 9V/0.2A
70 l l l l l 70 l l l l l
90 120 150 180 210 240 270 90 120 150 180 210 240 270
Input Voltage (Vuc) Input Voltage (Vac)
Port-C Efficiency (At the Board) Port-A QC_12V Efficiency (At the Board)
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Vin Vout lout Pin EffiCienCy Vin Vour lout Pin EffiCienCy
0, 0,
90Vxo/60HZ 12.08V 1.50 20.48 W 88.5% 90Vxo/60Hz 11.88Vv 1.50 20.17W 88.3%
12.05v 0.15 2.22W 81.5% 11.89Vv 0.15 2.18 W 81.4%
0, 0,
110V,/60Hz 12.08V 1.50 20.20 W 89.7% 110V/60Hz 11.88Vv 1.50 19.95 W 89.3%
12.05V 0.15 2.28 W 79.3% 11.89Vv 0.15 221 W 80.3%
0, 0,
230V x0/50Hz 12.08V 1.50 20.21' W 89.6% 230V x0/50Hz 11.88Vv 1.50 19.95 W 89.3%
12.05V 0.15 2.31W 78.4% 11.89Vv 0.15 2.27TW 78.3%
264V ac/50HzZ 12.08v 1.50 20.30 W 89.2% 264V ac/50HzZ 11.88Vv 1.50 20.06 W 88.8%
12.05v 0.15 2.34 W 76.9% 11.89Vv 0.15 2.31W 76.9%
PD_12V Efficiency (At the Board) QC_12V Efficiency (At the Board)
95 95
g 90 — —_ g 90 ——= =L
t:; 85 § 85
S 80 >v|; 280 [—
W75 7  e==12V15A ===12V/0.15A | | W75 —— 12V1.5A 12V/0.15A ]
70 | | | | | 70 | | | | |
90 120 150 180 210 240 270 90 120 150 180 210 240 270
Input Voltage (Vac) Input Voltage (V)
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5.4 Efficiency vs. Output Load

PD 5V/3A Efficiency (At the Board) QC 5V/3A Efficiency (At the Board)
95 95
.90 —~ 90
g g
285 285
& 5]
g 80 g8
s - 90VAC 115VAC Ws - 90VAC 115VAC
230VAC 264VAC 230VAC 264VAC
70 1 1 1 1 1 70 1 1 |
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Load (%) Load (%)
PD 9V/2A Efficiency (At the Board) QC 9V/2A Efficiency (At the Board)
95 95
.90 ~ 90
S g
285 285
& 5]
580 ¢ 580 ¢
s - 90VAC 115VAC Ws - 90VAC 115VAC
230VAC 264VAC 230VAC 264VAC
70 1 1 1 1 1 70 1 L L 1
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Load (%) Load (%)
PD 12V/1.5A Efficiency (At the Board) QC 12V/1.5A Efficiency (At the Board)
95 95
.90 —~ 90
g g
285 ? 85
c
[
:8 80 © 80
i i
7B - 90VAC 115VAC [E 90VAC 115VAC
230VAC 264VAC 230VAC 264VAC
70 1 1 1 1 1 70 1 L L 1
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Load (%) Load (%)
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5.5 Average Efficiency at Different Loading
5.5.1 Port-C Average Efficiency
Port-C PD3.0_PDO_5V / 3A Average Efficiency

L A CoC Tier 2
Vin lour Vour P Pour Efficiency Ef;{(?ir:r?(?y r%quilrird
100.0% 3.00A 5.19V 17.90W 15.60W 87.1%
75.0% 2.25A 5.18V 13.17W 11.66W 88.5% o o
115V x0/60H2 50.0% 1.50A 5.17V 8.74W 7.76W 88.8% 88.19% 81.84%
25.0% 0.75A 5.15V 4.38W 3.87W 88.3%
10.0% 0.30A 5.14V 1.83W 1.54W 84.3% 72.48%
100.0% 3.00A 5.20V 17.72W 15.61W 88.1%
75.0% 2.25A 5.18V 13.24W 11.65W 88.0%
0, 0,
230Vac/50HzZ 50.0% 1.50A 5.17V 8.83W 7.75W 87.7% 87.56% 81.84%
25.0% 0.75A 5.15V 4.47TW 3.86W 86.4%
10.0% 0.30A 5.14V 1.89W 1.54W 81.4% 72.48%
Port-C PD3.0_PDO_9V / 2A Average Efficiency
. A Tier 2
Vi lour Vour P Por | Efficiency | GrEf | Caquired
100.0% 2.00A 9.08V 20.34W 18.16W 89.3%
75.0% 1.50A 9.07V 15.23W 13.61W 89.4%
0, 0,
115V, /60Hz 50.0% 1.00A 9.06V 10.16W 9.07W 89.2% 89.03% 81.84%
25.0% 0.50A 9.04V 5.13W 4.53W 88.2%
10.0% 0.20A 9.04V 2.22W 1.82W 81.9% 72.48%
100.0% 2.00A 9.08V 20.33W 18.16W 89.3%
75.0% 1.50A 9.07V 15.29W 13.61W 89.1% . .
230V n/50Hz 50.0% 1.00A 9.06V 10.27W 9.07W 88.3% 88.27% 81.84%
25.0% 0.50A 9.05VvV 5.25W 4.54W 86.3%
10.0% 0.20A 9.04v 2.26W 1.82W 80.7% 72.48%
Port-C PD3.0_PDO_12V / 1.5A Average Efficiency
. A CoC Tier 2
100.0% 1.50A 12.08V 20.20W 18.12W 89.7%
75.0% 1.13A 12.07V 15.17W 13.58W 89.5% . .
115V, /60H2 50.0% 0.75A 12.06V 10.17W 9.05W 89.0% 88.66% 81.84%
25.0% 0.38A 12.05vV 5.23W 4.53W 86.5%
10.0% 0.15A 12.05V 2.28W 1.81W 79.3% 72.48%
100.0% 1.50A 12.08V 20.21W 18.12W 89.6%
75.0% 1.13A 12.07V 15.24W 13.58W 89.1% . .
230Vac/50HzZ 50.0% 0.75A 12.06V 10.2TW 9.04W 88.0% 88.06% 81.84%
25.0% 0.38A 12.05V 5.30W 4.53W 85.4%
10.0% 0.15A 12.05V 2.31W 1.81W 78.4% 72.48%
18W 1C+1A PD3.0 and QC3.0 Adapter EVB1 User Guide Page 18 of 28 08/23/2019
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5.5.2 Port-A Average Efficiency

Port-A_QC2.0_5V / 3A Average Efficiency

Vin lout Vour Pin Pour EffiCienCy Average CoC Tier 2

Efficiency required
100.0% 3.00A 5.05V 17.69W 15.15W 85.7%
75.0% 2.25A 5.07V 13.05W 11.39W 87.3% o o
115V c/60HzZ 50.0% 1.50A 5.07V 8.65W 7.61W 88.0% 87.2% 85.45%
25.0% 0.75A 5.08V 4.33W 3.81W 87.9%
10.0% 0.30A 5.09V 1.79W 1.52wW 85.0% 72.48%
100.0% 3.00A 5.06V 17.56W 15.16W 86.3%
75.0% 2.25A 5.06V 13.14W 11.39W 86.7%
0, 0,
230V Ac/50Hz 50.0% 1.50A 5.07V 8.76W 7.61W 86.8% 86.48% 85.45%
25.0% 0.75A 5.08V 4.43W 3.81W 86.0%
10.0% 0.30A 5.09V 1.87W 1.52wW 81.5% 72.48%

Port-A_QC2.0_9V / 2A Average Efficiency

Average CoC Tier 2

Vin lour Vour Pin Pour Efficiency Efficiency required
100.0% 2.00A 8.94V 20.11W 17.86W 88.8%
75.0% 1.50A 8.94V 15.05W 13.41W 89.1% . .
115V,1/60Hz 50.0% 1.00A 8.95V 10.04W 8.94W 89.1% 88.62% 85.45%
25.0% 0.50A 8.95V 5.11W 4.47W 87.5%
10.0% 0.20A 8.96V 2.17W 1.79W 82.5% 72.48%
100.0% 2.00A 8.04V 20.08W 17.86W 88.9%
75.0% 1.50A 8.94V 15.10W 13.41W 88.8% . .
230Vao/50H2 50.0% 1.00A 8.95V 10.14W 8.94W 88.2% 88.05% 85.45%
25.0% 0.50A 8.95V 5.18W 4.47W 86.3%
10.0% 0.20A 8.96V 2.21W 1.79W 80.7% 72.48%

Port-A_QC2.0_12V / 1.5A Average Efficiency

Average CoC Tier 2

Vin lour Vour P Pour Efficiency Efficiency required
100.0% 1.50A 11.88V 19.95W 17.81W 89.3%
75.0% 1.12A 11.88V 14.98W 13.36W 89.2% . .
115V, /60H2 50.0% 0.75A 11.88V 10.04W 8.91W 88.7% 88.33% 85.45%
25.0% 0.37A 11.89V 5.17W 4.46W 86.1%
10.0% 0.15A 11.89V 2.21W 1.78W 80.3% 72.48%
100.0% 1.50A 11.88V 19.95W 17.81W 89.3%
75.0% 1.12A 11.88V 15.03W 13.36W 88.9% . .
230Vo/50Hz 50.0% 0.75A 11.88V 10.14W 8.91W 87.9% 87.83% 85.45%
25.0% 0.37A 11.89V 5.22W 4.45W 85.3%
10.0% 0.15A 11.89VvV 2.27TW 1.78W 78.3% 72.48%
18W 1C+1A PD3.0 and QC3.0 Adapter EVB1 User Guide Page 19 of 28 08/23/2019
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5.6 PD3.0 & PPS Compatible Mode Testing
5.6.1 CC Mode current limitation function testing
The test is by USBCEE Tester and with E-Load set at CR mode.

To Port-C PPS Mode set 5V-1A & 5V-3A and then increase the current (by reducing R) to see the CC-CV curve

5V PPS /1A 5V PPS/3A
7 7
6 6 =
Ss Ss
5 5
> 4 > 4
3 3
2 2
0.0 0.2 0.4 0.6 0.8 1.0 1.2 0.0 05 1.0 1.5 2.0 25 3.0 3.5
Output Current (A) Output Current (A)

To Port-C PPS Mode set 9V-1A & 9V-2A and then increase the current (by reducing R) to see the CC-CV curve

9V PPS /1A 9V PPS/2A
12 12
10 10
S s S8
5 5

> 6 > 6
4 4

2 2

0.0 0.2 0.4 0.6 08 1.0 12 0.0 05 1.0 15 2.0 25
Output Current (A) Output Current (A)
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5.7 Key Performance Waveforms
5.7.1 EVB System Start-up Time

Tol Prevu

Input: 90Vac / 60Hz
Start-up Time= 486.1ms

5.7.2 VDS_U1 & Q2 MOSFET Vps Stress

Tof Fan [ = — — = k. — . - g’ Tejfrevu [ = — i ——k = . - L
n Rl 1) 13 LY o »m v
b T e e e pre S il i)
[} T8 apn TERR [} 1 [3) T8 = o 1
& {78 gesers & T4 gasens
Input: 264Vac / 60Hz Input: 264Vac / 60Hz
Output: 12V / 1.5A Output: 12V / 1.5A
Primary Side Switcher (VDS_U1) Vps: 598Vuax Secondary Side SR MOSFET (Q2) Vps: 69.2Vmax
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5.7.3 Output Ripple & Noise
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Input: 90Vac / 60Hz, Output: 5V /3A
Output Voltage Ripple Noise Vp.p: 92mV

Input: 264Vac / 60Hz, Output: 5V /3A
Output Voltage Ripple Noise Vp.p: 70mV
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Input: 90Vac / 60Hz, Output: 9V / 2A
Output Voltage Ripple Noise Vp.p: 70mV

Input: 264Vac / 60Hz, Output: 9V / 2A
Output Voltage Ripple Noise Vp.p: 78mV

e  u4wwe

= NN ARG r\k\r NAR t\\h_

By  uaewe

Input: 90Vac / 60Hz, Output: 12V / 1.5A
Output Voltage Ripple Noise Vp.p: 72mV

Input: 264Vac / 60Hz, Output: 12V / 1.5A
Output Voltage Ripple Noise Vp.p: 74mV
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5.7.4 Output Voltage Transition Time

TR vey I ——- - 1 Ty X Slkita et Sy 1
\
? N
.- o 1y At S T | i .- o = 2t S T | i
Input: 115Vac / 60Hz, Output: 5V to 9V Input: 115Vac / 60Hz, Output: 9V to 5V
Transition Time: 52.82ms Transition Time: 53.22ms
- ! = - = 1 T ey I = - . 1
™
» . LN
L RE o 1y At S T | i LR o 1yl 2t S T | i
Input: 115Vac / 60Hz, Output: 9V to 12V Input: 115Vac / 60Hz, Output: 12V to 9V
Transition Time: 40.82ms Transition Time: 40.42ms
kv 1 Wb vy I
d ™
\\\

o - o E) O L - o ol TOu o
Input: 115Vac / 60Hz, Output: 5V to 12V Input: 115Vac / 60Hz, Output: 12V to 5V
Transition Time: 90.82ms Transition Time: 90.42ms
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5.7.5 EMI (Conduction) Testing

110Vac/60Hz 12V/1.5A (L) 110Vac/60Hz 12V/1.5A (N)
® RBW © kHz Marker 1 (T1 ] ® RBW 9 kHz Marker 1 (T1 ]
T 1. 42.90 amuv mr 1s 43.13 amuv
Ate 10 am 458.000000000 kiz Ate 10 aB 458.000000000 kiz
aspv g0 T MHz 10 MHz aspv g0 T MHz 10 MHz
1 ex
e
[pasbozzo
d A
[ EEe

e
=

8_"::
|

150 kHz 30 mMHz 150 kHz 30 MHz
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220Vac/60Hz 12V/1.5A (L) 220VAc/60Hz 12V/1.5A (N)

} RBW 9 kHz Marker 1 (T1 ] } RBW 9 kHz Marker 1 (T1 ]
MT 1s 50.02 aBpv M 1s 44.09 ampv
Att 10 aB 458.000000000 kiz Att 10 aB 458.000000000 ki
daBuv 100 1 MHz 10 MHz aBpv 100 1T MHz 10 MHz
1 ek 1 e
sansce ranscat
= o8
L &
[esgboz20 [esspoz20
-
Wopoz22a N Eoz2a ™~
s . L
b A
il
- ‘I\‘t ) x‘ﬂ'\ %
L 1
0 o
150 kHz 30 MHz 150 kHz 30 MHz
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5.7.7 Thermal Testing

Test Condition: Vo=12V, l0=1.5A, Set up the EVB into the closed box (120mm*7.5mm*6mm) at room temperature +25 °C

90Vac 18W TOP Side

Ambient Temperature -------- 33.0°C
T1 (Transformer) --------------- 81.4°C
IR0 ) P — 65.7 °C
(o T T1010)Y) J— 65.4°C
(O N ST ATE)Y) e — 56.5 °C

90Vac 18W Bottom Side

Ambient Temperature -------- 33.7°C
BE oKk o) — 93.9°C
Y S (V) FPL ) R — 85.1°C
Q2 (DMT10HOO9LSS) ~------- 68.7°C
(BRI 4 P —— 63.5°C

264Vac 18W TOP Side

Ambient Temperature -------- 345°C
T1 (Transformer) --------------—- 87.2°C
IR (0] ) ) —— 57.8°C
(o 11| =TZ1010)Y) [P — 62.1°C
(oL N (L T AT\ R — 59.9 °C

264V ac 18W Bottom Side

Ambient Temperature ------ 34.9°C

U1 (AP39303) ---rmrmmemmes 100.1°C

BD1 (MSB12M) ---nrmemememeean 62.1°C
Q2 (DMT10HO09L SS) -------- 73.5°C
(VRN Y Eclop 4 —— 64.8 °C
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Chapter 6. Revision Control
6.1 Revision table
Revision Items Changed & added The changing reason
1.0 Release
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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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