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ZL (PI-Shenzhen)

Engineering Test Report

Design of 5V*2A ; 9V*2A; 12V@1.5A Quick Charger with SC1223K 
(InnoSwitch) and CHY100D (Quick Charge 2.0 Interface IC)

Features :
• Build in Secondary Sync-Rectification. Efficiency Ratings exceeded DoE & CoC_v5.0;

• QualComm Quick Charge QC2.0 Compliance;

• Less than 10mW No-Load (USB disconnected or output set to 5V);

• Output CC Tracked Voltage Changes, Support Any Output CC Profile;

• Integrated-Secondary Side Regulation for Fast DLR;

• Complete System and Output Protections (SCP, OPP, OCP, OTP).

Demo Design # PI-C-USB-45 (Rev-1)
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Description Symbol Min Typ Max Units Comment/Conditions

Voltage VIN 90 265 VAC 2 Wire  no P.E

Frequency fLINE 47 50/60 63 Hz

No-load Input Power PIN 10 mW Input 230 V
AC 

@Vout=5V

Output Voltage (5V) VOUT           4.75 5.2 5.25 V            Measured at the End of Cable 

Output Current (5V) IOUT  2 A

Output Ripple Voltage (5V) ① VRIPPLE 150 mVP-P
See note 1

Output Voltage (9V) VOUT           8.55 9.0 9.45 V            Measured at the End of Cable 

Output Current (9V) IOUT  2 A

Output Ripple Voltage (9V) ① VRIPPLE 150 mVP-P
See note 1

Output Voltage (12V) VOUT           11.4 12.0 12.6 V            Measured at the End of Cable 

Output Current (12V) IOUT  1.5 A

Output Ripple Voltage (12V) ① VRIPPLE 150 mVP-P See note 1

Total Output Power

Continuous Output Power POUT 18 W  For 9V output

Peak Output Power POUT_PK W

Conducted EMI Margin 6 dB CISPR22B/EN55022 class B

Average Efficiency η 73.66 % 115 and 230 V
AC 

for 5.2Voutput

Ambient Temprature TAMB 0 40 ℃ Free convection, sea level

Surge Test 1 kV Differential Mode:2Ω
ESD(Air Discharge) 15 kV On each output terminals; +/-
Safety

OUTPUT

INPUT

Designed to meet IEC950, UL1950 Class II

1. Power Supply Specification

Note: 1 . Ripple Measured at the End of USB cord 1.0m, 20 MHz Bandwidth
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2. Schematic
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Component side Solder side 
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Component side Solder side 

3.2 Circuit board
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Item Qty C/C ReferenceDescription1 1 EC1 3.3uF,400 V, Electrolytic, (8X12)2 3 EC2,EC3,EC4 10uF,400 V, Electrolytic, (8X12)3 1 EC4 10uF,50V, Electrolytic,(5X11)4 1 CY1 Y-Cap,Y1,100pF5 1 C1 2.2nF,250V,Ceramic,X7R,08056 1 C2 100nF,16V, Ceramic, X7R, 08057 1 C3 220pF,250V, Ceramic, X7R, 08058 2 R1,R3 51R,5%,Thick Film, 12069 1 R2 390K,5%,Thick Film, 080510 1 R4 8.2K,5%,Thick Film,060311 1 R5 22R,5%,Thick Film,060312 1 R6 22R,5%,Thick Film,080513 1 BD1 Z4GP20M,1000V,2A,BridgeRectifier,SMD,MBCN14 1 D1 M7, 1A 1000VRectifier,SMA15 1 D2 RS1DL,Fast Recovery,0.8A, 200V, SOD-12316 1 L1 30uH,Common choke,0.25mm,9T,T6*3*2 core17 1 L2 220uH, I-Core, 6 x 818 1 L3 HS102,080519 1 F1 2A 250V,Time-lag Fuse20 1 RT1 NTC,5D-521 1 ZD1 24V, 5%, Zenner, SOD-8022 1 T1 RM8, 6+2Pin23 1 U1 SC1223K, eSOP-R16B (or K-package), I-Limit =950mA, 100kHz, 2A_CC, Profile 117.24 1 PCB FR-4,39.5mm*41mm26262626
Primary Side ComponentsPrimary Side ComponentsPrimary Side ComponentsPrimary Side Components Item Qty C/C ReferenceDescription1 1 EC6 470uF,16V, Solid Cap, (8X11)2 1 EC7 470uF,16V, E-Cap, (8X12)3 1 C4 2.2uF,16V, Ceramic, X5R, 08054 1 C5 1nF,100V, Ceramic, X7R, 08055 1 C6 47pF,16V, Ceramic, NPO, 06036 1 C7 220nF,16V, Ceramic, X7R, 06037 1 C9 1uF,16V, Ceramic, X5R, 08058 1 R8 91K,1%,Thick Film,06039 1 R9 30K,1%,Thick Film,060310 2 R10,R17 47R,5%,Thick Film,060311 1 R12 10R,5%,Thick Film,080512 1 R13 4.3K,5%,Thick Film,060313 1 R14 390K,5%,Thick Film,060314 1 R15 33K,1%,Thick Film,060315 1 R16 27K,1%,Thick Film,060316 1 R19 127K,5%,Thick Film,060317 1 D3 SS1010,100V,1A,Schottky,SOD-12318 1 D4 SCD34,40V,3A,Schottky,SOD-12319 1 Q1 1) UBIQ, QM0032S, FET, 100V,7A,22mΩ,SO-8.2) AOS, AO4292, FET, 100V,6A,33mΩ, SO-820 1 U2 CHY100,SO-821212121

Secondary Side ComponentsSecondary Side ComponentsSecondary Side ComponentsSecondary Side Components4. BOM
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5. Transformer Information
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Note: Core is connected 
to PIN-3

4(S)

SCHEMATIC

2UEW 0.27 mmx1 12T – Primary (Anti-Clockwise)

6(F)

Wire dressing direction

6

Wire started in Anti-clockwise 
direction from pin-1 and ended at 

pin-3 when looking from the Top 
side of the bobbin(right photo)

MATERIALS:

1. Core : RM8 (Ferrite Material TDK PC40 or equivalent, 
Ae=62mm^2)

2. Bobbin : RM8 (6+2pin).

3. Magnet Wires (Pri) : Type 2-UEW 

4. Magnet Wire (Sec) : Triple Insulated Wires 

ELECTRICAL SPECIFICATIONS:

1. Primary Inductance (Lp) = 525uH± 7% @10KHz

2. Primary Leakage Inductance < 50uH 

3. Electrical Strength = 3KV, 50/60Hz,1Min

FINISHED :

1. Varnish the assembly completely

1T Tape
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4
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* Note: Output voltage is measured at USB end.  (Set HVDCP Output to 5V)

VIN  PIN VOUT IOUT VRIPPLE POUT η Average DOE

(VAC) (W) on PCB(V) (mA) (mVP-P) (W) (%) η(%) η (%)

0.007 5.08 0 40

2.950 5.16 500 40 2.58 87.52

6.060 5.24 1000 74 5.24 86.50

9.270 5.32 1500 70 7.97 86.00

12.580 5.38 2000 87 10.77 85.61

0.008 5.08 0 34

2.940 5.16 500 42 2.58 87.81

6.010 5.24 1000 76 5.24 87.25

9.190 5.32 1500 88 7.97 86.76

12.470 5.39 2000 82 10.77 86.40

0.009 5.08 0 42

3.020 5.16 500 46 2.58 85.48

6.020 5.25 1000 82 5.25 87.18

9.150 5.32 1500 83 7.98 87.18

12.390 5.39 2000 82 10.78 86.97

0.013 5.08 0 30

3.060 5.16 500 38 2.58 84.36

6.040 5.25 1000 70 5.25 86.90

9.190 5.32 1500 83 7.98 86.80

12.450 5.39 2000 78 10.78 86.55

78.70

86.41

86.70

87.06

86.16264

90

230

115

6.1 Regulation, Ripple & Efficiency Measurement (5V)
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* Note: Output voltage is measured at USB end.  (Set HVDCP Output to 9V)

VIN  PIN VOUT IOUT VRIPPLE POUT η Average DOE

(VAC) (W) on PCB(V) (mA) (mVP-P) (W) (%) η(%) η (%)

0.037 9.05 0 22

5.14 9.02 500 60 4.51 87.75

10.20 9.01 1000 66 9.01 88.31

15.43 8.99 1500 70 13.48 87.36

20.63 8.96 2000 72 17.91 86.83

0.039 9.04 0 22

5.12 9.02 500 44 4.51 88.13

10.16 9.01 1000 60 9.01 88.64

15.24 9.00 1500 88 13.50 88.56

20.33 8.97 2000 88 17.94 88.25

0.040 9.04 0 22

5.33 9.02 500 52 4.51 84.62

10.24 9.01 1000 62 9.01 87.99

15.18 9.01 1500 94 13.51 89.01

20.24 8.99 2000 90 17.98 88.83

0.050 9.04 0 22

5.37 9.02 500 60 4.51 83.99

10.32 9.01 1000 66 9.01 87.31

15.25 9.01 1500 101 13.51 88.62

20.33 8.99 2000 93 17.98 88.43

264

90

230

115

85.00

87.56

87.61

88.40

87.09

6.2 Regulation, Ripple & Efficiency Measurement (9V)
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* Note: Output voltage is measured at USB end.  (Set HVDCP Output to 12V)

VIN  PIN VOUT IOUT VRIPPLE POUT η Average DOE

(VAC) (W) on PCB(V) (mA) (mVP-P) (W) (%) η(%) η (%)

0.092 12.12 0 22

5.24 12.09 375 60 4.54 86.55

10.35 12.09 750 62 9.06 87.57

15.50 12.08 1125 80 13.59 87.66

20.75 12.06 1500 58 18.09 87.16

0.093 12.13 0 22

5.22 12.10 375 44 4.54 86.91

10.29 12.09 750 52 9.06 88.09

15.33 12.08 1125 72 13.59 88.64

20.43 12.06 1500 61 18.09 88.53

0.095 12.13 0 22

5.41 12.10 375 40 4.54 83.84

10.34 12.10 750 83 9.07 87.73

15.26 12.08 1125 82 13.59 89.09

20.37 12.07 1500 70 18.10 88.87

0.098 12.13 0 22

5.43 12.10 375 38 4.54 83.54

10.42 12.09 750 58 9.06 86.99

15.32 12.08 1125 78 13.59 88.72

20.45 12.07 1500 72 18.11 88.53

85.00

87.24

87.38

88.04

86.95264

90

230

115

6.3 Regulation, Ripple & Efficiency Measurement (12V)
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(Measured at PCB End) 

VIN=115Vac

VIN=264Vac
Vin=230Vac

VIN=90Vac
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7. Output VI Characteristic
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+5V     +9V

V:2V/div

A: 1A/div
t: 20ms/div

Test result for 90V and 264Vac are compatible

Test conditions:

• Output at No-Load
• Output voltage selected by QC2.0 Interface IC via D+ & D- signals  

V:2V/div

A: 1A/div
t: 2ms/div

VOUT

IOUT

VOUT

IOUT

+9V     +5V

8.1 Voltage Transition-A
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+5V     +9V

V:2V/div

A: 1A/div
t: 20ms/div

Test result for 90V and 264Vac are compatible

Test conditions:

• Output at 2A (Full Load)
• Output voltage selected by QC2.0 Interface IC via D+ & D- signals  

V:2V/div

A: 1A/div
t: 2ms/div

VOUT

IOUT

VOUT

IOUT

+9V     +5V

8.2 Voltage Transition-B
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+9V     +12V

V:2V/div

A: 1A/div
t: 20ms/div

Test result for 90V and 264Vac are compatible

Test conditions:

• Output at No-Load
• Output voltage selected by QC2.0 Interface IC via D+ & D- signals  

V:2V/div

A: 1A/div
t: 2ms/div

VOUT

IOUT

VOUT

IOUT

+12V     +9V

8.3 Voltage Transition-C
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+9V     +12V

V:2V/div

A: 1A/div
t: 20ms/div

Test result for 90V and 264Vac are compatible

Test conditions:

• Output at 1.5A (12V Full Load)
• Output voltage selected by QC2.0 Interface IC via D+ & D- signals  

V:2V/div

A: 1A/div
t: 2ms/div

VOUT

IOUT

VOUT

IOUT

+12V     +9V

8.4 Voltage Transition-D
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Test conditions:

• Output at 9V@ 2A and Switch to 5V@ 0A

• Output voltage selected by QC2.0 Interface IC via D+ & D- signals, then unplug the USB

• Total Output capacitance is 470uF+470uF or 940uF

Vout = 9V

Iout = 2A

74.55ms

Vout = 5V

Iout = 0A

Vout = 9V

Iout = 2A
Vout = 5V

Iout = 0A

94.02ms

90Vac 264Vac

8.5 Output Settling from 9V to 5V
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Test conditions:

• Output at 12V@ 1.5A and Switch to 5V@ 0A

• Output voltage selected by QC2.0 Interface IC via D+ & D- signals, then unplug the USB

• Total Output capacitance is 470uF+470uF or 940uF

Vout = 9V

Iout = 2A

138.1ms

Vout = 5V

Iout = 0A

Vout = 12V

Iout = 2A
Vout = 5V

Iout = 0A

145.7ms

90Vac 264Vac

8.6 Output Settling from 12V to 5V
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Test Conditions:

1. AC input = 90VAC
2. Load range: 0.5A single pulse

CH1: Output Voltage, 100mV/Div

CH4: Output Current, 0.5A/Div

Test Conditions:

1. AC input = 264VAC
2. Load range: 0.5A single pulse

CH1: Output Voltage, 100mV/Div

CH4: Output Current, 0.5A/Div

VOUT

IOUT

VOUT

IOUT

5.029V

5.147V

5.029V

5.147V

9. DLR Load Response (5V output, single pulse)
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CH1: Output Voltage, 200mV/Div 

CH4: Output Current, 1A/Div

Test Conditions:

1. AC input = 90VAC
2. Load range: 0A-2A-0A

3. Frequency: 100Hz(5ms/5ms)
4. Slew rate: 0.5A/S

CH1: Output Voltage, 200mV/Div 

CH4: Output Current, 1A/Div

Test Conditions:

1. AC input = 264VAC
2. Load range: 0A-2A-0A

3. Frequency: 100Hz(5ms/5ms)
4. Slew rate: 0.5A/S

VOUT

IOUT

VOUT

IOUT

10.1 DLR Load Response (5V output, 5mS/5mS)

4.994V

5.429V

5.038V

5.435V
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CH1: Output Voltage, 200mV/Div 

CH4: Output Current, 1A/Div

Test Conditions:

1. AC input = 90VAC
2. Load range: 0A-2A-0A

3. Frequency: 100Hz(5ms/5ms)
4. Slew rate: 0.5A/S

CH1: Output Voltage, 200mV/Div

CH4: Output Current, 1A/Div

Test Conditions:

1. AC input = 264VAC
2. Load range: 0A-2A-0A

3. Frequency: 100Hz(5ms/5ms)
4. Slew rate: 0.5A/S

VOUT

IOUT

VOUT

IOUT

10.2 DLR Load Response (9V output, 5mS/5mS)

8.793V

9.106V

8.844V

9.119V
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CH1: Output Voltage, 100mV/Div 

CH4: Output Current, 1A/Div

Test Conditions:

1. AC input = 90VAC
2. Load range: 0A-1.5A-0A

3. Frequency: 100Hz(5ms/5ms)
4. Slew rate: 0.5A/S

CH1: Output Voltage, 100mV/Div

CH4: Output Current, 1A/Div

Test Conditions:

1. AC input = 264VAC
2. Load range: 0A-1.5A-0A

3. Frequency: 100Hz(5ms/5ms)
4. Slew rate: 0.5A/S

VOUT

IOUT

VOUT

IOUT

10.3 DLR Load Response (12V output, 5mS/5mS)
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11. OVP test (Test on 12V)

Vo=9V
90V No load

Vo=12V
90V 1.5A

Vo=9V
264V No load

Vo=12V
264V 1.5A

Max 16.5V
Max 14.8V

Into AR Mode

Max 16.7V Max 15.6V

Vo=12VVo=12V

Vo=12V Vo=12V

Vo=12V
264V 1.5A

Vo=12V
90V 1.5A
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Test Condition:

VIN=264VAC, VOUT=12V, IOUT=1.5A

RESULT:  PIV= 63.7V

(Out of the 3 Levels, 12V measured the 
highest)

Component Stress on Output Rectifications : 

• QM0032S @7A/100V (Q1);

• SS10100 @1A/100V (D3).

12. Output Rectifier Maximum Invers Voltage
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Test Condition:

VIN=264VAC, VOUT=12V @ IOUT=1.5A

RESULT: VDRAIN-MAX =576V

13. Maximum Drain Voltage (9V Output)
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120VAC, Live 120VAC, Neutral

230VAC, Live 230VAC, Neutral

14.1 Conducted EMI (Output Float, CR, 5V*2A)

PK

AV

PK

AV

PK

AV

PK

AV
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120VAC, Live 120VAC, Neutral

230VAC, Live 230VAC, Neutral

14.2 Conducted EMI (Output Float, CR, 9V*2A)

PK

AV

PK

AV

PK

AV

PK

AV
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120VAC, Live 120VAC, Neutral

230VAC, Live 230VAC, Neutral

PK

AV

PK

AV

PK

AV

PK

AV

14.3 Conducted EMI (Output Float, CR, 12V*1.5A)
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15.1 Radiated EMI PK & AV (Output Floating, CR, 9V*2A@120Vac
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15.2 Radiated EMI PK & AV (Output Floating, CR, 9V*2A@230Vac)
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16. Thermal Test (9V*2A)

Device
90VAC 50Hz, 9V*2A 264VAC 50Hz, 9V*2A

T (℃℃℃℃) TRISE (℃℃℃℃) T (℃℃℃℃) TRISE (℃℃℃℃)

EC4 (10uF/400V) 88.3 45.0 82.9 39.3

EC6 (470uF/16V) 95.7 52.4 99.0 55.4

T1 (RM8 Winding) 104.5 61.2 106.4 62.8

D1 (M7) 99.1 55.8 94.9 51.3

T1 (Core) 97.0 53.7 99.1 55.5

Q1 (AO4292) 107.4 64.1 111.3 67.7

U1 (SC1223K) 96.5 53.2 95.3 51.7

BD1 (Z4GP20M) 95.2 51.9 76.2 30.6

AMB (℃℃℃℃) 43.3 43.6

T1

EC6

EC4

U1

Q1

BD1

D1

Testing Conditions and Setup :

a) Perform under a controlled 

temperature chamber with 

restricted air circulation

b) PCB is being mounted inside an 

enclosed simulated plastic 

housing ;

c) Thermal coupler (type-K) are 

attached to respective 
measuring points;

d) Temperature is recorded after 1 

hours from initial turn on.
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17.1 Product Specification
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17.2 Major Component Specification (SR-FET)
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Output to 

Electronics 

load

HVDCP Simulator

(To select different 

charging voltage)

QC 2.0 

Compliance 

Charger

AC Line

18.1 QC 2.0 Test Setup (HVDCP Simulator with E-Load)
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Output to HVDCP 

Device Under Test

QC 2.0 

Compliance 

Charger

L

N

AC Line

18.2 QC 2.0 Test Setup (HVDCP Device Under Test)
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Revision History

Date Author Revision Description & changes Reviewed

4-Apr-2014 ZL Rev-1 First Release EH Quek

19. Change revision History
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China Sales Contacts Important note

CHINA (Shanghai)
Room 2410,Charity Plaza, 
No. 88, North Caoxi Road, 
Shanghai, PRC 200030
TEL: +86-21-6354 6323
FAX: +86-21-6354 6325
E-mail: chinasales@powerint.com

中国上海中国上海中国上海中国上海上海市漕溪北路88号圣爱广场2410室邮编: 200030电话:+86-21-6354 6323传真:+86-21-6354 6325电子邮件: chinasales@powerint.com

CHINA (Shenzhen)

3rd Floor, Block A, 
Zhongtou International
Business Center, No 1061, 
Xiang Mei Road,

FuTian District, ShenZhen, China.
Zip Code: 518040
TEL:+86-755-8379-3243 
FAX:+86-755-8379-5828
E-mail: chinasales@powerint.com

中国深圳中国深圳中国深圳中国深圳深圳市福田区香梅路1061号,中投国际商务中心A栋3层, 518040电话:+86-755-8379-3243传真:+86-755-8379-5828电子邮件：chinasales@powerint.com

CHINA (PI Guangzhou Lab)
Room 311,3nd floor, No.9, Jianggong 
Road, Tianhe Software Park, 
Zhongshan thoroughfard,
Tianhe District, Guangzhou,
China, 510660
TEL:+86 20-8566-4509 

FAX:+86 20-8555-1081
E-mail: chinasales@powerint.com

中国深圳中国深圳中国深圳中国深圳-广州实验室广州实验室广州实验室广州实验室广州市天河区中山大道天河软件园建工路9号3楼311室邮编:510660 电话:+86-20-8566-4509 传真 +86 20-8555-1081
E-mail: chinasales@powerint.com

CHINA (PI Chengdu Lab)
Room 1426,Colorful Holiday 
Internation Mansion 
No.2 Baisi Street,Chengdu,
China, 610016
TEL: +86-28-8676-3012 
FAX: +86-28-8676-3011

E-mail: chinasales@powerint.com

中国深圳中国深圳中国深圳中国深圳-成都实验室成都实验室成都实验室成都实验室四川省成都市白丝街2号缤纷假日国际公寓1426号邮编:610016电话:+86-28-8676-3012传真:+86-28-8676-3011
E-mail: chinasales@powerint.com

Power Integrations reserves the right to make changes to its products at any 

time to improve reliability or manufacturability.

Power Integrations does not assume any liability arising from the use of any 

device or circuit described herein. 

POWER INTEGRATIONS MAKES NO WARRANTY HEREIN AND 

SPECIFICALLY DISCLAIMS ALL WARRANTIES INCLUDING,
WITHOUT LIMITATION, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY, FITNESS FOR A PARTICULAR

PURPOSE, AND NON-INFRINGEMENT OF THIRD PARTY RIGHTS.

PATENT INFORMATION

The products and applications illustrated herein (including transformer 
construction and circuits’ external to the products) may be covered by one or 
more U.S. and foreign patents, or potentially by pending U.S. and foreign 

patent applications assigned to Power Integrations. A complete list of Power 
Integrations’ patents may be found at www.powerint.com. 

Power Integrations grants its customers a license under certain patent rights 
as set forth at http://www.powerint.com/ip.htm

The PI Logo, TOPSwitch, TinySwitch, LinkSwitch, DPA-Switch, PeakSwitch, 
CAPZero, SENZero, LinkZero, HiperPFS, HiperTFS, HiperLCS, Qspeed, 
EcoSmart, Clampless, E-Shield, Filterfuse, StackFET, PI Expert and PI 

FACTS are trademarks of Power Integrations, Inc. Other trademarks are 
property of their respective companies. ©Copyright 2011 Power Integrations, 
Inc. 

For the latest updates, visit our website: www.powerint.com

China Sale Contacts and Important Note


