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Chapter 1. Summary

1.1 General Description

The 27W QC4/4+ Class A charger Evaluation Board EV5 is
composed of three main parts, AP3302A offers the QR PWM
switching control & working under the DCM mode with peak
current controlling, APR345 is a Synchronous Rectification
Controller, and the F75183 is USB PD and Qualcomm® Quick
Charge™ 4/4+ Controller for implementing quick charger decoder
functions. Based on monitoring D+ & D- and CC1 & CC2 signals,
F75183 will interprets desired voltage and current setting, and
then feedback information to primary side AP3302A controller for
providing well regulated voltage and current as well as related
power protections.

1.2 key Features

1.2.1 System Key Features

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

e QC4+ Offers QC3.0/QC2.0 Backward Compliance

e Supports the USB PD3.0 Function and PPS (3V-
11V@20mV)

e Meet DOE6 and CoC Tier 2 Efficiency Requirements

e  <75mW No-Load Standby Power

1.2.2 AP3302A Key Features

e Quasi-Resonant Operation with Valley Lock under all Lines

and Load Conditions

Switching Frequency: 22kHz-120kHz

Non-audible-noise QR Controlling

Soft Start Process during the Start-up Turn-on Moment

During the burst mode operation and Low start-up operating

quiescent currents, 75mW standby power can be achieved

e Built-in Jittering Frequency Function which is the EMI
emission can be improved

e Internal Auto Recovery OCP, OVP, OLP, OTP Power
Protection, cycle by cycle current limit, also with DC polarity
& transformer short and Brown out Protection

1.2.3 APR345 Key Features

e Synchronous Rectification Working at DCM, CCM and QR
Flyback

Eliminate Resonant Ringing Interference

Fewest External Components used

.2.4 F75183 Key Features
Type-C Source
USB PD 3.0 v1.1 (PPS)
BC1.2 DCP
Qualcomm Quick Charge 4/4+
Support OVP/OCP/OTP
Internal Discharge MOS
Internal Vbus Load Switch Driver
3V- 30V Operation Voltage without External Regulator
Web Site: http://www.fintek.com.tw/index.php/usb-type-c-
power-delivery-pd/item/178-f75183q

e 6 o o o o o o o |

1.3 Applications
e  QC4/4+ Wall Chargers

1.4 Main Power Specifications (CV & CC Mode)

Parameter Value
Input Voltage 90Vac to 264Vac
Input standby | _ 75mW
power
; 3V/3A, 5VI3A, 9VI3A, 12V/2.25A
b”g’;‘ ',nK? utput PPS Mode 3V-11V, 20mVistep,

50mA/step

Continuous Mode 200mV,3.6V-12V

Per Step Voltage 55876y 3v-11v

Efficiency 89%
Total Output
Power &

Protections OCP, OVP, UVP, OLP, OTP

XYZ Dimension 40 X 40 X 25mm

ROHS

Compliance Yes

1.5 Evaluation Board Picture

Fi'gur 2: Bottom View
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Chapter 2. Power Supply Specification

2.1 Specification and Test Results

Release 1.0

Parameter Test conditions Min Nom Max Eff / DoE E.ff ! Test Summary
VI Tier2
Ve INPUt Voltage - a0V 115/230 264 Vs - - -
F\ e Frequency - 47Hz 50/60 64Hz - - :
I,y Input Current - - - 1.5 A s - - Pass
At 230Vac /50Hz, Pass, the test result is
No load Pin @ 5V, Pin< - - 75mwW - - !
58mw
75mwW
3V/ 3A Pass, average
@115Vac/230Vac Board end - 3V/3A - 77.87% | 81.34% efficiency is
Average efficiency 82.22% / 80.3%
5V/ 3A Pass, average
@115Vac/230Vac Board end - 5VI3A - 81.39% | 81.84% efficiency is
Average efficiency 87.06% / 86.6%
SV/3A Pass, efficiency is
@115Vac/230Vac Board end - 5V/0.3A - - 72.48% * Y
- 84.9% / 83.04%
10% efficiency
9V/ 3A Pass, average
@115Vac/230Vac Board end - 9V/3A - 86.60% | 87.30% efficiency is
Average efficiency 88.84% / 88.5%
VI 3A Pass, efficiency is
- - - 0, ’
@115Vac/230Vac Board end 9V/0.3A 76.62% 84.19% / 84.05%
10% efficiency
12Vv/ 2.25A Pass, average
@115Vac/230Vac Board end - 12V/2.25A - 86.20% 87.30% efficiency is
Average efficiency 88.3% /88.41%
2.2 Compliance
Parameter Test conditions Min Nom Max Test Summary
Standby Power (mW) 5V Output - - 75mw Pass
Output Voltage 3V/0-3A 3v Pass
Tolerance
Output Voltage 5V/0-3A 4.75V 5V 5.25V Pass
Tolerance
Output Voltage 9V/0-3A 8.55V 9V 9.45V Pass
Tolerance
Output Voltage 12V/0-2.25A 11.4v 12v 12.6V Pass
Tolerance
Output Connector USB Type C . _ _
Temperature 90Vac, 9V / 3A - - - Pass
Dimensions (W /D/ H) 40mm x 40mm x 25mm - - - -
Safet IEC/EN/UL 60950 i
Y Standard - - -
EMI/EMC FCC/EN55022 Class B - - -
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Chapter 3. Schematic

3.1 EV5 Board Schematic

PD3.0+PPS/QC4/4+ 27W Class A Quick Charge EV5
Board User Guide
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Figure 3: Evaluation Board Schematic
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3.2 Bill of Material (BOM)

3.2.1 Power Main Board

PD3.0+PPS/QC4/4+ 27W Class A Quick Charge EV5
Board User Guide

Bill of Material for Power Main Board

Designator Comment Designator Comment Designator Comment
BD1 MSB30KH Cy1 470pF/Y1 R10 100kQ/0603
C1, C2 15pF/400Vv D1 RS1M R13, R16 1.8MQ/1206
C3 10nF/630V D2, D5 SO07M R14A 51Q0/1206
C4 100pF/50Vv/0603 D3, 1N4148WS R36 10Q/0805
C5, C13 2.2nF/250Vv/0805 F1 T2AL/250VAC R22 47kQ/0603
Ce6, C7 2.2pF/100V/1206 L2 220pH R29, R30 0.820/1206
Ccs8 680uF/16V LF1 10mH R38 10Q/0603
Cc12 4.7uF/50V/1206 Q1 DMJBSHB50SCTI, R39 110K//0603

TO220
C10 22uF/400V Q2 DMTH10HO10LCT T1 TRANS-RMS8
C17 1nF/200V/0805 Q3 DMN24H3D u4 APR345
Cc23 100nF/50v/0603 R3, R4 100kQ/1206 ZD1 15V Zener
C22 27nF/50V/0603 R8, R12 20)/0603
3.2.2 Controller Daughter Board (EV5)
Bill of Material for Daughter Board
Designator Comment Designator Comment Designator Comment
C9 0.1uF/25V D4, D6 1N4148WS R18 10R
C1l1 4.7uF/50V JP1 JTAG R19 33
Cc14 0.1uF Q4, Q5 DMP2007UFG R20 100 ohm
C15, C16 2.2uF R1, R2 20K R25 200K
C18 10nF R5, R35 100K R27, R31, R33, 0
R34

C19 0.1uF R6 14K R28 10K

C24, C25, C26, R7, R21, R23,

C27 10pF/50V R24 470K R32 56K

C28 47nF/50v R9 51R R37 100K NTC
TVS1, TVS2,

C29 220pF/50V R11, R26 1K TVS3. TVS4 DESD5V0S1BA

C30 1nF/50V R14 20mR Ul F75183

C33 1uF/50V R15 51R U2 PC-4PIN

TYPEC
CN1 RECEPTACLE R17 2.2K U3 AP3302A
us TL432
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3.3 Schematics Description

3.3.1 AC Input Circuit & Differential Filter

There are three components in the section. The Fuse F1 protects against over-current conditions which occur when some main
components failed. The LF1 is a common mode chock for the common mode noise suppression filleting because of the each coil
with large impedance. The BDL1 is rectifier, and basically converts alternating current & voltage into direct current & voltage. The C1,
L2, C2, C3 & C10 are composted of the Pi filter for filtering the differential switching noise back to AC source.

3.3.2 AP3302A PWM Controller

The AP3302A PWM controller U1 and Opto-Coupler U2 and Q1 are the power converting core components. Connected to filtered
output after bridge circuit, R13 & R16 resistor path will provide start-up voltage and current during starting up through Vcc (Pin 5).
Subsequent VCC power will be provided by voltage feedback from middle-tapped auxiliary winding through two options, R12-D5 and
R8-D2-Q3-D3, depending on desired output voltage. This design is to accommodate with the required wide voltage range to support
various protocols (including QC 4/USB PD Programmable Power Supply PPS), from 3V to 12V.

Based on feedback of secondary side (Pin CATH of F75183 Decoder) to primary side (FB pin of AP3302A) through Opto-coupler
U2, AP3302A will switch ON and Off Q1 to regulate desired voltage and current on the secondary side.

3.3.3 APR345 Synchronous Rectification (SR) MOSFET Driver

APR345 operates in DCM mode in this design and drives the Q2 MOSFET based on the secondary side transformer on/off ‘s duty
cycle. As the power loss with the APR345-controlled MOSFET Q2 is less than that with Schottky Diodes, the total efficiency can be
improved.

3.3.4 F75183 QC4/4+ 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 F75183:

1) CC1 & CC2 (Pin 19, 20): CC1 & CC2 (Configuration Channel 1 & 2) are defined by USB PD spec to provide the channel
communication link between power source and sink devices.

2) D+ & D- (Pin 25, 24): 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.

3) Constant Voltage (CV): The CV is implemented by sensing VBUS voltage before Q4 P-Mosfet via the resistor divider ratio
(R1 & R6) and comparing with the U5 TL432 internal reference voltage to generate a CV compensation signal through U1l
photo coupler to primary side PWM IC AP3302A FB pin & tune the duty cycle time for maintaining desired Vbus voltage.
This voltage ratio point also is connected to with F75183 decoder IC FBD pin (pin 7), through FBD pin the output voltages
can be adjusted by firmware programming to satisfy the PD or QC devices of needing the different voltage requirements.

4) Constant Current (CC): The CC mode is implemented by sensing across current sense resistor (R14=20mohm) voltage
and feeds it into F75183 inner current sense amplifier, and then comparing with internal set programmable reference
voltage to generate a current limited compensation signal and send it to primary side PWM AP3302A controller through
FBD pin, U5 TL432 and U1 photo coupler.

5) EN_VBUS (Pin 14) to PMOSFET Gate: The pin is used to turn on/off Vbus load switch (Q4 & Q5) to enable/disable voltage
output to the Vbus. Two back to back PMOSFETs (Q4 & Q5) are required to prevent reverse current from the attached
battery source.
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Chapter 4. The Evaluation Board (EVB) Connections

4.1 Quick Start Guide Before Connection

1) Before starting the QC4/4+ 27W EVB test, the end user needs to prepare the following tool and manuals. For details, please

contact Fintek local agent for further information (http://www.fintek.com.tw/index.php/2014-08-04-00-48-50/contactus-en) .

e TestTool: F75183 (Fintek’s Qualcomm Quick Charge 4/4+ Test Tool)

e Manual: F75183_QC4.0/4.0+ Test Tool_User Guide_V1.0

F75183 Test Tool Standard-A to Micro-B Cable Type-C Cable

Figure 6: Fintek Iltems: Test Tool / Test Cables

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

3) The Standard-A to Micro-B cable should be connected to the Test Tool’s Micro-B receptacle & Adapter Standard-A receptacle

respectively.

4) Connect the test tool input to Micro-B power supply output.

Figure 7: The Test Tool Input & Output Location

5) A type-C cable for the connection between Test Tool and 27W Adapter Type-C receptacles.
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Figure 8: 27W Adapter & Test Tool

6) Connect the 27W Adapter input to AC power supply output.

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

4.2 System Setup

4.2.1 Fintek’s Qualcomm Quick Charge 4/4+ Charger

27W PD3.0/QC4/4+ AP3302A+APR345+F75183 Page 8 of 23 7/1/2018
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4.2.2 Fintek’s Qualcomm Quick Charge 4/4+ Test Tool

A. Type-C connector B START
B.  Micro-B (5V Power Input) G. UP
C. Protocol Switch H. DOWN
D. 80 Port For Voltage
E. 80 Port For Protocol
Figure 9: The Test Tool Input & Output and Connections
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Chapter 5. Testing the Evaluation Board

5.1 Input & Output Characteristics

5.1.1 Input Standby Power

Vin(Vac)| Fin(Hz) | Vin(V) | Iin(A) PF Pin(W) | Vout(V) | Iout(A) | Pout(W)
90 60 90.1 0.003 0.13 0.033 *
115 60 115.12 0.003 0.21 0.035 *
230 50 230.14 0.03 0.08 0.057 * * £
264 50 264.15 0.003 0.08 0.067 * 8 *

5.1.2 Input Power Efficiency at Different AC Line Input Voltage
Efficiency (+12VDC)
Vin(Vac) | Fin(Hz) | Vin(V) | Iin(A) PF Pin(W) | Vout(V) | Iout(A) |Pout(W) | Pd(W) | Eff(%)

90 60 89.920 0.615 0.558 31.037 | 12.168 2.251 27.37 3.27 89.32%
115 60 115.000 | 0.514 0.517 30.681 12.138 2.251 27.32 3.36 89.05%
230 50 230.080 [ 0.339 0.394 30.522 | 12.137 2.251 27.32 3.20 89.51%
2064 50 264.110 [ 0.318 0.364 30.646 | 12.160 2.251 27.37 3.27 89.32%

Efficiency (+9VDC)
Vin(Vac) | Fin(Hz) | Vin(V) | Iin(A) PF Pin(W) | Vout(V) | Iout(A) |Pout(W) | Pd(W) | Eff(%)

90 60 89.930 0.612 0.567 31.278 9.109 3.001 27.34 3.94 87.39%
115 60 114990 | 0.513 0.520 30.743 9.041 3.001 27.13 3.61 88.25%
230 50 230.180 | 0.331 0.401 30.640 9.061 3.002 27.20 3.44 88.78%
264 50 264.210 [ 0.314 0.370 30.815 9.099 3.001 27.31 3.51 88.61%

Efficiency (+5VDC)
Vin(Vac) | Fin(Hz) | Vin(V) | Iin(A) PF Pin(W) | Vout(V) | Iout(A) |Pout(W) | Pd(W) | Eff(%)

90 60 90.010 0.381 0.511 17.647 5.039 3.001 15.12 2.52 85.69%
115 60 115.010 | 0.324 0.465 17.501 5.024 3.001 15.08 2.42 86.15%
230 50 230.120 | 0.211 0.361 17.560 5.028 3.011 15.14 2.42 86.21%
264 50 264.230 [ 0.194 0.345 17.691 5.040 3.001 15.13 2.57 85.50%

Efficiency (+3VDC)
Vin(Vac) | Fin(Hz) | Vin(V) | Iin(A) PF Pin(W) | Vout(V) | Iout(A) | Pout(W) [ PA(W) | Eff(%)

90 60 90.040 0.262 0.455 10.789 2.973 2.941 8.74 2.05 81.04%
115 60 115.080 | 0.223 0.429 10.826 2.973 2.951 8.77 2.05 81.04%
230 50 230.120 [ 0.137 0.348 10.987 2.973 2.951 8.77 2.21 79.85%
264 50 264.240 | 0.124 0.336 10.987 2.973 2.930 8.71 2.28 79.28%
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5.1.3 Average Efficiency at Different Loading
Average Efficiency (+12VDC)

Vin(Vac) | Fin(Hz) | Vin(V) | Tin(A) | PF | Pin(W) | Vout(V) | Tout(A) | Pout(W) | Pd(W) | Eff(%) ’;;;r(ff)e
0
115 60 | 115000 | 0514 | 0517 | 30.681 | 12138 | 2.251 | 27323 | 3358 | 89.05%
115 60 [115030 | 0414 [ 0485 [ 23047 [ 12145 [ 1.687 [ 20485 | 2562 | 88.88% | oo
115 60 | 115060 | 0303 | 0446 | 15456 | 12159 | 1125 | 13.679 | 1.777 | 88.50% |
115 60 | 115090 | 0176 | 0396 | 7.881 | 12.167 | 0562 | 6.838 | 1.043 | 86.76%
230 50 |230.080 | 0339 | 0394 | 30522 | 12137 | 2251 | 27320 | 3202 | 89.51%
230 50 [230100 [ 0268 | 0370 [ 22943 [12.133 | 1.687 | 20468 | 2475 [8921% | oo, o
230 50 230110 | 0.187 | 0356 | 15425 | 12131 | 1.125 | 13.647 | 1778 | 8848% | o7
230 50 230130 | 0102 | 0333 | 7899 | 12151 | 0562 | 6.829 | 1070 | 86.45%
Average Efficiency (+9VDC)
Vin(Vac) | Fin(Hz) | Vin(V) | Tin(A) | PF | Pin(W) | Vout(V) | Tout(A) | Pout(W) | Pd(W) | Eff(%) ’;;;r(fyg)e
0
115 60 | 11499 | 0513 | 0520 | 30743 | 9041 | 3.001 | 27.132 | 3611 | 88.25%
115 60 [115030 | 0407 | 0488 [23.041 | 0.005 [ 2251 | 20473 [ 2568 [ 88:85% | oo
115 60 | 115060 | 0304 | 0443 | 15378 | 9111 | 1501 | 13.676 | 1702 | 88.93% | =
115 60 | 115000 | 0173 | 0404 | 7753 | 9135 | 0758 | 6924 | 0829 | 8931%
230 50 230180 | 0331 | 0401 | 30640 | 9061 | 3.002 | 27201 | 3439 | 88.78%
230 501230200 [ 0260 | 0383 | 20963 | 9061 | 2251 [ 20396 | 2567 [ 88.80% | oo
230 50 230220 | 0182 | 0366 | 15375 | 9077 | 1501 | 13.625 | 1750 | 88.62% | o207
230 50 230140 | 0099 | 0340 | 7767 | 9.092 | 0750 | 6819 | 0948 | 87.79%
Average Efficiency (+5VDC)
Vin(Vac) | Fin(Hz) | Vin(V) | Tin(A) | PF | Pin(W) |Vout(V) | Tout(A) | Pout(W) | Pdw) | Eff(%) ;%;r(ff)e
0
115 60 | 115010 | 0324 | 0465 | 17501 | 5.024 | 3.001 | 15077 | 2424 | 86.15%
115 60 [115040 [ 0256 | 0452 [13.019 | soa1 [ 2258 | 11383 [ 1736 [ 8676% | o0 o
115 60 | 115070 | 0182 | 0419 | 8774 | 5065 | 1515 | 7.673 | 1101 | 87.46% |
115 60 | 115090 | 0096 | 0379 | 4401 | 5089 | 0760 | 3.868 | 0533 | 87.88%
230 50 230120 | 0211 | 0361 | 17560 | 5028 | 3.011 | 15139 | 2421 | 86.21%
230 501230010 [ 0462 | 0351 | 13188 | 5053 | 2051 [ 11374 | 1814 [8625% | o o
230 50 230130 | 0113 | 0338 | 8825 | 5079 | 1511 | 7.674 | 1151 | 86.96% | 007
230 50 230140 | 0062 | 0311 | 4453 | 5102 | 0759 | 3872 | 0581 | 86.96%
Average Efficiency (+3VDC)
Vin(Vac) | Fin(Hz) | Vin(V) | Tin(A) | PF | Pin(W) | Vout(V) | Tout(A) |Pout(W) | Pd(W) | Eff(%) ’;;;r(;g)e
0
115 60 | 115080 | 0223 | 0429 | 10826 | 2.973 | 2951 | 8773 | 2053 | 81.04%
115 60 [115000 | 0176 [ 0410 [ 8298 [ 3001 [ 2258 [ 6776 [ 1522 [81.66% | o0,
115 60 | 115100 | 0129 | 0387 | 5549 | 3.034 | 1515 | 4597 | 0952 | 82.83% |
115 60 | 115120 | 0067 | 0358 | 2790 | 3.067 | 0758 | 2.325 | 0465 | 8333%
230 50 230120 | 0137 | 0348 | 10987 | 2.973 | 2950 | 8770 | 2217 | 79.82%
230 501230120 [ 0409 | 0338 | 8529 | 3001 | 2258 | 6776 | 1753 [7945% | o 00
230 50 230130 | 0076 | 0322 | 5705 | 3.034 | 1516 | 4600 | 1.105 | 80.62% | © "
230 50 230140 | 0.042 | 0294 | 2864 | 3068 | 0759 | 2329 | 0535 | 8131%
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5.2 Output CV & CC Mode Testing

Vout=3V Vout=5V
4 6
35 550
5
3
4.5
E 4==Vin=90V S [m==Vin=90V
5 25 f=vin-11sv | 5 4 |—Vin=115v
S vin23ov | 2 35 Vin=230V
25 4—Vin=264v |=—=Vin=264v
3
15
25
1 2 T
0 1 2 3 4 0 1 2 3 4
lout (A) lout (A)
Figure 12: 1-V Curve — 3.0V Output Figure 13: 1-V Curve — 5V Output
Vout=9V Vout=11V
10 12
L) 11 -..'
’ 10
8
9
7 8
= [==Vin=90V s ——Vin=50V
s 6 —vin-11sv | 5 7 —Vin=115V
S 5 vin230v | S 6 Vin=230V
| Vin=264V 5 —Vin=264V
4
4
3 3
2 T 2
0 1 2 3 4 0 1 2 3 4
lout (A) lout (A)
Figure 14: |-V Curve — 9V Output Figure 15: |-V Curve - 11V Output
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5.3 QC Series Compatible Mode Testing

5.3.1 QC 2.0 Mode Testing

5.105V 9.102v 12.108V

5.3.2 QC 3.0 Continuous Mode 200mV/Step Testing

12.114V
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5.3.3 QC4/4+ CV Accuracy 20mV/Step Testing (PPS Support)

5,772mV

5,732mV

5,713mV

4,585mV

4,566mV

4,544mv

4,524mV

3,190mV

3,172mV

3,155mV

3,138mV

3,119mV

3,102mV
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5.3.4 QC4/4+ CC Accuracy 50mA/Step Testing (PPS Support)

1,800mA 1,753mA 1,702mA 1,651mA 1,600mA 1,553mA
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5.4 Key Performance Waveforms
5.4.1 AC Input Requirements

AC Brownout on/off

Input AC Reading

Max Load 75Vac

Turn_Off Min Load 72.3Vac

Max Load 82.9Vac

Turn_On Min Load 82.6Vac

feksiop. T T | ak stop 1 T 1 |
| @ ® f o ®
1 0@ 30.40Hz 970.0mA | I 0@ 30.49 Hz 970.0mA
T Q0O 61.73Hz ~230.0mA | T O® 61.73Hz ~230.0mA

A60.24 Hz A1.200 A AG0.24 Hz A1.200 A

CHL: Vout(12V) ' t ' o T cHL vout@ay)

o CHB3ENVAC oot N B CHBIVAG
CH4 :lac ! [ CH4:lac : ! 5
1] : 2] :
| 1 | | \ i | | | \
- | f Y y - ol ¥ Y Y Y S
o ] | ]

'[Eums:s ][ @ 11.2v | [25.0M575 ][ @ . 11.2v

J[5M points [ value Mean Min Max Std Dev J|5M points
&) RMS 723V 73.7 72.3 75.0 1.34
(26 0ct 2017)[| | @B Max 128V 128 128 128 0.00 (26 oct 2017
18:09:01 ] €D RM5 28.9mA  45.4m  28.9m  61.8m  23.4m 18:00:01 J

Figure 17

eksto T - T - — 1 T [ekStop — - T I
e B o o
] 0@ 161.3 Hz 3.880 A 0@ 333.3Hz 970.0mA
1 0 43.86 Hz 920.0mA O 50.00Hz —230.0mA
AB0.24 Hz A4.800 A AS58.82 Hz A1.200 A
CH1: Vout(5V) : I : . CH1: Vout(5v)
"CH3:Vac e "CH3:vac !
CH4 :lac I CH4 :lac

& 200V W 100V~ @B 2.00A 5)[20.0ms 25.0MS5/8 }[ -« 5 312V & 200V W & 100v ~u @B S00mA ‘)[H,ums ] 25.0M5/5 @ 5 312V
Value Mean Min Max Std Dev 5M points Value Mean  Min Max Std Dev 5M points
& RS 82,9V 82.9 82.9 82.9 0.00 & rvs 826V §2.8 82.6 82.9 193m
‘25 Oct 2017 & Vax 536V 5.36 5.36 5.36 0.00 26 Oct 2017
a 18:16:28 RMS 16.3mA __16.3m___16.3m___16.3m___0.00 18:18:13

Figure 18 Figure 19

& vax 536V 5.36 5.36 5.36 0.00
LD RMS 307mA  307m 307m 307m 0.00

27W PD3.0/QC4/4+ AP3302A+APR345+F75183 Page 16 of 23 7/1/2018
Release 1.0 www.diodes.com


http://www.diodes.com

- = — e ——— >
— = >
— —————
——— —f—— — w
—— el -
—— s rm—
e - N
= e =
- ————— -]
e —— —— T
———— e
o e e ——
=~ ———— B —— —
e e m—— e —
————— P ——— P
; ——— » P = wi
—_— e e $E
P ——t———
e = —_—— =3
| e Sz e, Sz
(=] _———— se [=]2] e s3
0o - p— = E—— =)

@
: = sy £
e —— s
= e m——

o — ———r =
IﬂiuH\rAh.U' = e = )
i —— e —
——— -

i e z -

i
Figure 21: 16ms 100% Sag of 90Vac with 5Vo at 1.5A
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5.4.2 AC Line Slow Transients (Sag/Surge)
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Figure 23: 16ms 100% Sag of 90Vac with12V at 1.15A
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Figure 22: 500ms Sag 10% of 90Vac with 12Vo at 1.15A
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5.4.3 27W QC4/4+ System Start-up Time & Hold-up Time

ek Prevu__ [ TTrig? fTek Run I Trig?
3] @ 0
5.880V 0@ -i1s.40ms 5880V
| ‘ 3@ u nuus 1.080 v o0 -1.600ms 1.080V
A1.468 5 A4.800V A13.80ms A4.800V |
CH1: Vout(5V CH1: Vout(5V)
CH3: Vac CH3: Vac
e B | [ St o
e e P W
LS +
————— G- 5 &
| 8 1| -
(1) 700V & 9 100V A& )[‘woms } ZSOkS{s. l @ 5 3i2v (@ _2.00v_& @& 100V 20.0ms ][S.GEMSIS ] [T Y 312\']
value Mean  Min Max std Dev 1M points value Mean  Min Max Std Dev 1M points
@ s 837V 837 83.7 83 0.00 & rus 613V 61.3 61.3 61.3 0.00
@ vax S.28V 528 5.28 5.28 0.00 27 0ct 2017|[| @D max 536V 5.36 5.36 5.36 0.00 27 Oct_2017

Figure 24: 27w QC4/4+ turn on time 1.46s FL at 90Vac

Figure 25: 27w QC4/4+ hold time 13.8ms at 12V- 2.25A, at 90Vac

5.4.4 Q1 /Q2 Main Switching Voltage MOSFET Stress on at 12V/ 2.25A Loading

g z— —— = T (7 — T I |
2] o . (a] b
0@ -208.3ps 290.0 V L 0© -2186ps 7250V
CH3: Q1 Vvds 1 OB -199.8us 0.00 v CH3: Q2 Vds OO -199.6us 1250V
A9.500us A240.0 ¥ A19.00ps AB0.00 V
«
4 & 100V & )[w.uus Hz.so:;ls “ & 598V 4 € 250V N J{Zu.ous ]ZSD(.S/S I & . 755V
Value Mean Min Max 5td Dev 1M points value Mean Min Max std Dev 1M points
& Max 612V 613 612 616 2.00 & Max 80.0V 80.0 80.0 0.0 843n J
(€D Peak-Peak 632V 633 632 636 2.00 27 Oct 2017 @D Peak-Peak 820V 81.4 80.8 82.0 849m (27 0ct 2017
11:48:13 13:45:04

Figure 26:

264Vac/50Hz Primary Q1 Vds(max)= 632Vp-p

Figure 27:

264Vac/50Hz Secondary Q2 Vds(max) = 82Vp-p
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5.4.5 System Output Ripple & Noise with @ 1.2m Cable End

m— m—
ek S0 1 T T " T ek 510 1 T T - T

) ¥ & —1.840ms @ 64.00mV B i ] —1.840ms @ 64.00mV

CHIL: VOUt(5V) 2 \ ) 160.0us @ -70.00mV CHL: VOUt(SV) 3 o 160.0us 3 -8§2.00mV

H Al.680ms A134.0mV H Al.680ms A146.0mV.

(@ _100my A ][l,ﬂﬂms 50.0MS/s L [ Y —z,nﬂmvl (@ _100my A ][l,ﬂﬂms 50.0MS/S L & \ -2.00mv
Value Mean Min Max Std Dev |\ 200.00004<f{1M points ] Value Mean Min Max Std Dev 1M paints |

‘npsak Peak  140my_ 141m 136m 148m 2.76m ] @D Peak-Peak  148my_ 142m 136m 152m 3.89m ]

7 Oct 2017
14:13:12

27 Oct_2017
|14:00:58

Figure 28: The Ripple at 90Vac/60Hz AV=140mV 5V/3A Figure 29: The Ripple at 264Vac/50Hz AV=148mv 5V/3A
[fekStop — - 1 T - T [feksto T — 1 - T

CHl Vout(9V) L —1.840ms € 122.0mV CHl Vout(g\/) :;J —£.600ms @ 130.0mV

160.0us 3 —70.00mV 200.0ps O -74.00mV
Al.680ms Al92.0mV AR.400ms A204.0mV

T T S| S T [ e
@D Peak-Peak 196mV___ 198m __ 196m___ 200m ___ 2.83m ) ] ‘nveak Peak  216mV__ 212m___ 208m___ 216m ___5.66m 1 ,
[27 Ooct 2017J 27 Oct zm?]
14:14:48 |14:15:35
Figure 30: The Ripple at 90Vac/60Hz AV=196mV 9V/3A Figure 31: The Ripple at 90Vac/60Hz AV=216mV 9V/3A
flekstep T 7 T T flekstep T T T T

CH1: VOUt(lZV) = £.600ms © 148.0mV

200.0ps () -65.00mV
AB.400ms A216.0mV.

200,0ps (O —68.00mv
AS.400ms A212.0mV

CH1: VOUt(lZV) [m] §.600ms © 144.0mv

(@D Toomv un — — T \[lb.om's H’lu’.oM_st 1 o~ fz.o'urr'-v] (@ oomv nu 'w[m,nms “[10.0m5/5 [ @ \ -z.o00mv
{’ value Mean min Max Std Dev 1 LT 40000004 (1M points i : value Mean Min Max Std Dev (M points |
@D Peak—Peak  208mV__ 200m 204m 216m___4.00m . (@D Peak—Peak  216mv__ 211m 204m 220m 4.86m
27 Oct 20‘?1 27 Oct 2017
14:16:58 14:17:48
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Figure 33: The Ripple at 90Vac/60Hz AV=216mV 12V/2.25A

Figure 32: The Ripple at 90Vac/60Hz AV=208mV 12V/2.25A

5.4.6 Output Voltage Transition Time

[ekrun T Trrar  |[lekkun | R
Lo/ 1 (2] b
CH1: Vout i 08 Shoom  aemv || | CHL: Vout S Shnoms & semv
T A12.10 A3.8R0V ) A9.300ms A2.960V
e
: :
———————————————————————————————————————————————————————————— =
«
14 |
( 2.00V J[10.0ms [m,ums/s - r 648V (‘n 2,00V & ]'.m oms 10.0M5/§ [ & 5 9.64 V
@ o { e | [ J (i e [
(27 oct 20|7] [m]
14:36:52 4:47:30
Figure 34: 5V—9V Rise Time: 12.1ms Figure 35: 9V—12V Rise Time: 9.3ms
h_i; Run L 1 1Trig? [lek Run [ I 1 [ Trig?
o v i
CH1: Vout 78 tmm vy |l | cHL: vout T e § ey
| AZ.200ms A2.960 v A4.100ms A4.000 V
* I
e m— ERRma. T
(b)
> o
(@p _z.00v = I [10.0ms ] :&.lz)ﬂ;ﬁ{[&s “ @&\ esav| (@@ zoov J(10.0ms ] :I?’\-?:\;isr:lss ][ @ 76V
(27 Oct zm?} [27 Oct ml?J
14:48:00 14:48:37
Figure 36: 12V—9V Fall Time: 3.2ms Figure 37: 9V—5V Fall Time: 4.1ms
flekrun____ T - — TTriaz Mek run____ T T - TTigr .
o : ) i o v e i
CH1: Vout | 98 T ey |If | cHa: vout | 5 -
A21.80ms AB.960 v AG.700ms A7.080¥
/ . « «
> i
(@@ 200v W L .].lﬁu.m.s - l’ln,nms/s ] & 5 7.6V (@ 2o00v & ][Wun.m.s — rm.,m.\'ls.fs. l . 1 EATIY
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Figure 38: 5V—12V Fall Time: 21.8ms Figure 39: 12V—5V Fall Time: 6.7ms

5.4.7 Thermal Testing

Test Condition: Vin=90V Vo=9V lo=3A Open Frame

Figure 40: components side Figure 41: surface mount side
Temperature
Ambient Temp. 24.7°C
Bridge 82.6°C
Q3 80.5°C
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5.4.8 EMI (CE) Testing

I e e Lo T = = e i
lewskozzn LINE ENSEOZER FAIL [swsfozz0 LINE EusfozzA AL
- MEHEEO22A o — ::.;_a\!ﬂ??ﬁ o
x| ] i I A 7w % ane i ' HW‘\«/‘\""’J
J: =v] A " f _— ] A mn " " —
= L AR N e J'D\‘;Jlm Hi l Mmd Fer T
Figure 42: 115Vac/60Hz 12V/2A (L) Figure 43:  115Vac/60Hz 12V/2A (N)

QP AV QP AV
-10.79dB -5.26dB -5.95dB -4.28dB

Lo Y 1 MEz 10 MEz B T 1 MEx 1D MBc-

|- LIMIT CHECE  §AIL | o LIMIT CHECE HAIL

[susfozzg LINE ENSE0ZZA JAIL [suskozzg LINE ENSBO22R FALL
R e = - q.;_;snzzn :
CLAWR =0 o ‘4 CLRWR = i | I

40 40 4 | | | L A
g L (| H h m%#ﬂ%ﬂw TOT , J‘U ',-"A ah | % [* MM;W ToF
LR, ul‘ " I‘UF -

Lz0 .l\ ¥ mA N}N.’h’ o £ L) L

:D . -;D (331

o ks TR 150 kHz 30 ME

Figure 44: 230Vac/50Hz 12V/2A (L) Figure 45: 230Vac/50Hz 12V/2A (N)
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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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