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InnoSwitch3-Pro - digitally controllable CV/CC QRflyback switcher IC with integrated high-
voltage MOSFET synchronous rectification and FluxLink™ feedback

f I°’Cinterface enables low pin count USB PD ontroller (10 pin)

1 Sophisticated telemetry and comprehensive protection features

USB PD 3.0 with PPS fghly optimized low pin count USB PD @ntroller WT6635P

All the benefits of secondary-side control with the simplicity of primary -side regulation
1 Insensitive to transformer variation

Meets DOEG6 and CoC V5 2016 #iciency requirement (>1 % efficiency margin)

Micro stepping of voltages and CC thresholds in compliance with PPS protocol
Output overvoltage and overcurrent protection

<30 mW no-load input power

Integrated thermal protection

20 mV voltage step / 50 mA current step in PPS mode

Power Integrations
5245 Hellyer Avenue, San Jose, CA 95138 USA.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Www.power.com




DER 702 45W USB PD InnoSvitch3-Pro Charger 05-Oct-18

PATENT INFORMATION
The products and applications illustrated herein (including transformer construction and circuits external to the products) m ay

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 https://www.power.com/company/intellectual -

property-licensing/.

_p’“ Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 2 of 80


https://www.power.com/company/intellectual-property-licensing/
https://www.power.com/company/intellectual-property-licensing/

05-Oct-18 DER702 45 W USB PD InnoSvitch3-Pro Charger

Table of Contents

R [ 11 o o 18 o 1o o I 6
2  Power SUpply SPeCIfiCAtiON...........uuriiiiiiiiiiiiiiiies crrevrrirrrerrreerr s aeeeaaaaaaaaaaaaaas 9
3 SCREMALICS. ...t e ee e arra 10
3.1  Schematic [Part A- Mother Board] .........ccceiviiiiiiiiiiiiis e 10
3.2  Schematic [Part B - Daughter Board] ..........cccccuvrvimiiiiiiiins cevvveveeeeeeeeeeeeeeeeeeens 10

O O (ol 1 L= Tox 1o 1o o USRS 11
4.1  Mother Board CirCuit DESCIIPLON.......ccoiiiiiiiiiiiiieeeeiiis crreee e e .11
41.1 Input Rectifier and Filter...........cccooeee e s 11
4.1.2 INNOSWItCh3-Pro IC Primary.........ccuuvuiiiiiiiiiiiiiies eeveeeeeeieeeeeeeeeeeeeeseeeees .11
4.1.3 INNOSWItCh3-Pro IC SeCONarY...........uuuuuriiiiiiiiiiiiis eeeeeeeeeeeeeeeeeeeeeeeeeeeees 12

4.2  Daughter Board Circuit DesCription............cccoeeieiiiiies s 13
42.1 USB TypeC and PD INterface.........cccccoeeeiiiiiiiiis et 13

S = O = 3 - Yo T | O 14
5.1  PCB MOIfICAIONS. ....uuuiiiiiiiiiiiiiiiiiiiiies itiiieteee e e s ssiiirreeeeeees aareeeeeeeessannnnenees 16

6 Bill of Materials T Mother Board..........ccccccvviiiiiiiicis e s 18
7  Bill of Materials i Daughter Board ............cccccoiiiiiiiiiiiies vt eieeees e 19
8 Transformer SpecCifiCation .........cccccvvvviiiiiicis e 20
8.1  EIECtriCal DIagram........ccuiiiiiiiiiiiiiiiiiies iiiiieeee e e e e e e s rrereeaee e s e 20
8.2  Electrical SPECIfICALIONS.......ccccoiiiiiiiiiiiiiiiiies i rereeeae e 20
8.3 MaAterial LISt ....cciiiiiiiiiiiiie i eeeeeiii e aarnr e 20
8.4  Transformer Build DIagram .........ccccceiiiiiiiiiiiiiies itiiiieee e es eeeeeeeas 21
8.5  Transformer CONSIIUCHION.........ccuuviiiiiieiiiiiiiiiis e ree eeerereeee 21
8.6  Winding HIUSLratioNS ... e ——— 22

9 Common Mode Choke SPeCIfICAtIONS.......ccuiiiiiiiiiiiiiiiiies i e 29
9.1 34 mH Common Mode ChOKE (LL1)........uuuuuirrrriiiiiiiiiiiiis eereeeeeeeeeeeeeeeeeeeeeeeeeeens 29
9.1.1 Electrical Diagram............cooooiiiiiiii et e rrara————— 29
9.1.2 Electrical SPecCifiCations..........cccooiiiiiiiiiiiiis i e 29
9.1.3  Material LiSt...uueeiiiiieiiiiiiiiiiiiiiiies tiiiiee e e e eeeeee e e e e 29
9.14 LU 3 = U1 o] o 30
9.1.5  WINdiNG INSITUCHIONS ....coeiiiiiiiiiiiiiiiiiieiiiis et eeeeeaaaaaes 30

10 Transformer Design SpreadSheet.........ccccciviiiiiiiiiiiiiis evvvveveervveeveeererrrrrrrreee eeea 31
11 Performance Data.............ccco oot e eeeeee e 36
11.1 No-Load Input Power at 5V OUIPUL .........ouviiiiiiiiiiiiiiiis e 36
11.1.1 Average Efficiency RequUirements............cccccuvviriiiiiiins eevvvvveeeeeeeeeeeeeeeeees 37
11.1.2 Average EfficienCy SUMMAIY.........oooiiiiiiiiiiiiiiiis e .37
11.2 Average Efficiency (On Board) and 10% Load at 115 VAC Input..................... 38
11,21 3.3V OULPUL.cceiiiieiie it eeiis eeeeee e e et e e e e e e e teeeeessannneneereeaeens 38
11.2.2 5.0V OUIPUL...ooiiii et et e e eeeeeesaannnnraeeaaaeens 38
11.2.3 9.0 V OULPUL...oiiiieieiciiiiiiiee e iis eeeeee e e e srere e e e e e teeeeaasannnnnneereeaeens 38
11.2.4  15.0 V OULPUL ...cuviiiiiiiee e iiiiiiiiies citiiieeeee e e e s sssnreeeeeeees arreeeeeseeseaannnnees 38
11.2.5  20.0 V OULPUL ....oviiiiiiiee e cciiiiiies citteere e e e e e e seirrrereeees rareeeeeeeseeannnnens 39
11.3 Average Efficiency (On Board) at 230 VAC Input and 10% Load..................... 39

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 =
Page 3 of 80 WWW.power.com



DER 702 45W USB PD InnoSvitch3-Pro Charger 05-Oct-18

11.3.1 3.3V OUIPUL . ceeiiieii it eeeee et e e aeeeesssirreeeeeaaeeaans 39
11.3.2 5.0V OULPUL..coiiieiiiiciiiiiiiee i eeeee e e et ee e e e e e e s s aeeeessnnsnreeeeeaeeeaans 39
11.3.3 9.0 V OULPUL..coiiieiii it eiiis ceeee e e et e e e e e e s sniee aeeeessssnnnneeeeaaeaaans 39
11.3.4  15.0 V OUIPUL ....viiiiiiiiii e iiiiiiiiiies atiiieeeeee e e s s snirirre e e e e e es abreeeeesessasnnnnnnnes 40
11.3.5  20.0 V OULPUL ....uviiiiiiiie e e ciiiiiiiiies tttiiereeeeessssnrrreeeeeees arreeereeesesssnnnnnes 40
11.4 Efficiency ACrosS Load..........cooovvviiiiiiiiiis i e, 41
IS S R STV O L 11 o U | PP PPPP PO 41
11.4.2 9V OULPUL s ettt creerrreeereeeeeeeeeeeeeees 42
11.4.3 15 V OULPUL...ccoiiiiiiiiiiiiiee i eeeee s e riiee eeeessnnrnnereeeeeeanns 43
11.4.4 20 V OULPUL....coiiiiiiiiiiiiii i eeeee s st e e rniiee eeesssannrrneeeeeaeeaans 44
11.5 Line Regulation (ON BOArd).........ccuuuiiiiiiiiiiiiiiiis aeeeeeeeeeeeeeeee s v 45
11.5.1 5.0V OUIPUL..cciiiiiiiiiiiiiiiiiie i eeeee e et e e e s e aeeeesnnnrreeeeeaaeeaans 45
11.5.2 9.0 V OUIPUL..cciiieiiiiiiiiiiiiiie i eeeeee e et ee e e e e s s siies aeeeeasnnrrreeeeaaeeanns 46
11.5.3  15.0 V OULPUL ....oviiiiiieie e ccciiiiiies ctitieere e e e e s e e reeaees rreeeeeseeeeannnnnnnes 47
11.5.4  20.0 V OUIPUL ....uviiiiiiiiee i iiiiiiiiies etiiieieeee e e s s sninireeeeeeaes arreeeeesessssnnnnnees 48
11.6 Load Regulation (ON BOArd)........cccouiiiiiiiiiiiiiiiins e erveeens 49
11.6.1 5.0V OUIPUL..coiiieiiiiiiiiiicic i eeeee e e e e e e e e e s s aeeeeasnsnnnneeeeaaeaaans 49
11.6.2 9.0 V OUIPUL..cciiiiiiiiiiiiiiiiiiee i eeeee e e e e e e e e e e e s snies aeeeessnnrrreeeeeeeaaans 50
11.6.3  15.0 V OULPUL ....uviiiiiiiie e ciiiiiiies ctitieere e e e e s s e reeeees raeerreseeeeannnnnnnes 51
11.6.4  20.0 V OULPUL ....oviiiiiieee e e ciiiiiiiies ctivteeeeeee e s s s reeeaes rrereeeeeeeeannnnnnnes 52
12 Thermal Performance in Open CasSe........cccoceiiiiiiiiiiiiiiies evvvvivinninennnnnnnennnnnn. .53
L12.1 5V, B A s e eee e ————— 11aan 53
12.1.1 85 VAC INPUL...eiiiiiiiie e cccciiiiiiies ittt e e e e e e s s e e e e ees areeeaaeeeeesnnneneees 53
12.1.2 265 VAC INPUL...coiiiiiiiiiiiie i eeveiiiiiieee e e e e s sirrreee oansnnenneeeeaaesaaans 54
12.2 OV, B A it e eeee e ——————— aaaan 55
12.2.1 85 VAC INPUL...eiiiiiiiie i eiiciiiiiiiies titiieee e e e s s re e e e e es arreeeaaaeasasnnneeeees 55
12.2.2 265 VAC INPUL...coiiiiiiiiiiii i aeveiiiiiiee e e e e s sirreeee aannnnrneeeeeaaaeeaans 55
12.3 L5V, B A i es e eaaa e ————— aaen 56
12.3.1 85 VAC INPUL...eiiiiiiiie i iiiiiiiiiiies ittt e e e e e s re e e e e es aereeeaaeessasnnnneeees 56
12.3.2 265 VAC INPUL...coiiiiiiiiiiiie e aeviiiiiit e e e e sirrrees aannnnrnneeeeeaaseaans 56
12,4 20V, 2.25 Aottt ees e eeaeee e e a—————————— e 57
12.4.1 85 VAC INPUL...eiiiiiiiii i iicciiiiiiiiies ttiiteee e e e e e s e e e e e es aareeeaaeeasasnnnneeees 57
12.4.2 265 VAC INPUL...cciiiiiec e cevviit e e e e e e e s srrnees aersnrrnareeaaaeaaans 57
13 WaVEIOIMS ... i eeeeeere e ——————————. oo 58
13.1 Load TranSient RESPONSE..........uuuuuuuuuiiiiiiiiiiies avrrvererresssssssesererrrrre. eerrerreeeees 58
13.2  SWItChiNg WaVEeTOrMS.......ccoiiiiiiiiiiiiiiiis ettt eevae e e 66
13.2.1 Primary Drain Voltage and Current...........ccccccceeiiiiiiiiis cevveiiiiiiieeeeeeeens 66
13.2.2 SR FET VORAQE......ccc it oot eevenninneeeeeeeee s 68
IR R B = 1 ¥ | T PP PPPPPE PP 70
13.4 Output Ripple MeasSUremMENIS.........ccuiiiiiiiiiiiiiiies it veee 71
13.4.1 Ripple Measurement TECNNIQUE..........ccuvviiiiiiiiiiiiiiiis i 71
14 CVICC PrOfil@..cciiiiiiieeeeee e s .74
15 Voltage and Current Step Test using Quadramax and Total Phase Analyzer....... 75

_p Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page4 of 80



05-Oct-18 DER702 45 W USB PD InnoSvitch3-Pro Charger

16 (@0] o 18 [ox (=T o I =1 1Y | OO UPRPR R PPOTPPRRPPP 77
16.1 Floating OUutput (QPK / AV) c.eeeiiiiiiiieieiieiiiiiiiiiiitt aeeeeeeee s aaaaaaans 77
16,00 SV, B A e eeeerr e 77
16.1.2 OV, B A s s brrere e e 77
16.0.3 15V, B A s e teee e —————————— 78
16.1.4 20V, 2.25 A oo e e ———————— 78

17 ReVISION HIStOIY....ccooiiieiieeeeeee s e ———— 79

Important Note:

Although this board is designed to satisfy safety isolation requirements, the engineering
prototype has not been agency approved. Therefore, all testing should be performed
using an isolation transformer to provide the AC input to the prototype board.

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 =
Page5 of 80 WWW.power.com




DER 702 45W USB PD InnoSvitch3-Pro Charger 05-Oct-18

1 Introduction

This document is an engineering report describinga5V/3A,9V/3 A, 15V/3A, 20V
2.25 A USB PDPPS power supply. This power supply uses InnoSwitch3-Pro INN3368C
IC and Weltrend WT6635P USB PD controller. This design shows the high power density
and efficiency that is possible due to the high level of integration of the InnoSwitch3-Pro
controller providing exceptional performance.

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

Figure 17 Populated Circuit Board Photograph, Entire Assembly

Nal Power Integrations, Inc.
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Figure 2 7 Populated Circuit Board Photograph- Top.
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Figure 37 Populated Circuit Board Photograph- Bottom.
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Maximum total height:
23.56 mm

Figure 4 7 Populated Circuit Board Photograph (Side View)

T EF PR
Figure 57 Populated Circuit Board Photograph, Daughter Board [Front and Rear].
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2 Power Supply Specification

The table below represents the minimum acceptable performance of the design. Actual
performance is listed in the results section.

Description Symbol Min Typ |Max | Units Comment
Input
Voltage Vin 85 264 | VAC 2 Wire 7 no P.E.
Frequency fune 47 |50/60| 64 Hz
No-load Input Power (85 VAC) 34 40 mw Measured at 85 VAC
Output
Output Voltage Vout 5.0 \% °3%
Output Ripple Voltage VRippLE 150 mV At E&i;gg&f'ofigf r’;‘ﬂffds a
Output Current I out 3.0 A 20 MHz Bandwidth.
Efficiency 5 86.5 %
Continuous Output Power Pout 15 W
Output
Output Voltage Vour 9.0 \% °3%
Output Ripple Voltage VRiPPLE 150 mV At E';{i;;gizf'ofigf r::f_eds a
Output Current I out 3.0 A 20 MHz Bandwidth.
Efficiency 5 88 %
Continuous Output Power Pout 27 W
Output
Output Voltage Vour 15.0 Y, °3%
Output Ripple Voltage VRiPPLE 150 mV At E;i;fsgizf'ocf:igf r:ieds a
Output Current I out 3.0 A 20 MHz Bandwidth.
Efficiency 5 87.3 %
Continuous Output Power Pout 45 W
Output
Output Voltage Vour 20.0 Y, °3%
Output Ripple Voltage VRippLE 200 | mv At Egde;';g?]téfo?ig? n’:‘i‘ads a
Output Current | out 2.25 A 20 MHz Bandwidth.
Efficiency 5 87.3 %
Continuous Output Power Pout 45 W
Maximum Programmable Output Vour 21 v APDO Maximum Voltage
Voltage
\hjl(;T,:arT]gLém Programmable Output Vour 3.3 \% APDO Minimum Voltage
PPS Voltage Step Vout 20 mV PPS Voltage Step (USB PD 3.0)
PPS CurrentStep | out 50 mA PPS current Step (USB PD 3.0)
Conducted EMI Meets CISPR22B / EN55022B
Ambient Temperature Tave 0 | | 40 | °C Free Convection, Sea Level.

Note: To use this design for a charger/adapter, circuit board would need to be modified depending on
shape and form factor of the housing. ESD and Line surge performance should be evaluated and layout
adjusted to meet the target specification.

Power Integrations ™
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3  Schematics

3.1  Schematic [PartA - Mother Board]
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4  Circuit Description
4.1  Mother Board Circuit Description

4.1.1 Input Rectifier and Filter

Fuse F1 isolates the circuit and provides protection from component failure, and the
common mode choke L2 with capacitor C1 and C3 provides attenuation for EMI. Bridge
rectifier BR1 rectifies the AC line voltage and provides a full wave rectified DC acrossC2.
Thermistor RT1 limits the inrush current when the power supply is connected to the input
AC supply.

4.1.2 InnoSwitch3-Pro IC Primary

One end of the transformer primary is connected to the rectified DC bus; the other i s
connected to the drain terminal of the MOSFET inside the InnoSwitch3-Pro IC (Ul).
Resistors R1 and R2 provide input voltage sense protection for undervoltage and
overvoltage conditions.

A low cost RCD clamp formed by diode D1, resistors R3, R4 and R22, and capacitor C4
limits the peak Drain voltage of Ul at the instant of turn off of the MOSFET inside U1.
The clamp helps to dissipate the energy stored in the leakage reactance of transformer
T1.

The IC is self-starting, using an internal high -voltage current source to charge the BPP
pin capacitor (C6) when AC is first applied. During normal operation the primary side
block is powered from an auxiliary winding on the transformer T1. Output of the auxiliary
(or bias) winding is rectified using diode D2 and filtered using capacitor C7. Resistor R7
limits the current being supplied to the BPP pin of the InnoSwitch3-Pro IC (U1). A linear
regulator comprising resistor R8, R23, BJT Q1 and Zner diode VR1 ensures sufficient
current flows through R7 such that th e internal current source is not required to charge
C6 during normal operation. The RC network comprising of resistor R5 and capacitor C5
offers damping to the high frequency ringing in the voltage across diode D2 which
reduces radiated EMI.

Zener diodes VR2 and VR3 offer primary sensed output overvoltage protection. In a
flyback converter, output of the auxiliary winding tracks the output voltage of the
converter. In case of over voltage at output of the converter, the auxiliary winding
voltage increases and causes breakdown of VR2 which then causes a current to flow into
the BPP pin of InnoSwitch3-Pro IC UL. If the current flowing into the BPP pin increases
above the Igp threshold, the InnoSwitch3-Pro controller will latch off and prevent any
further incr ease in output voltage. Resistor R6limits the current injected to BPP pin.

Power Integrations ™
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4.1.3 InnoSwitch3-Pro IC Secondary

The secondary-side of the InnoSwitch3-Pro IC provides output voltage, output current
sensing and drive to a MOSFET providing synchronous rectification.The secondary of the
transformer is rectified by MOSFET Q2 and filtered by capacitors C12 and C13 High
frequency ringing during switching transients that would otherwise create radiated EMI is
reduced via a RC snubber, F® and C8.

The gate of Q2 is turned on by secondary-side controller inside IC U1, based on the
secondary winding voltage sensed via resistor R10 and fed into the FWD pin of the IC.

In continuous conduction mode of operation, the MOSFET is turned off just prior to the

secondary-side commanding a new switching cycle from the primary. In discontinuous

mode of operation, the power MOSFET is turned off when the voltage drop across the
MOSFET falls below a threshold of approximately Vsgh). Secondary-side control of the

primary-side power MOSFET avoids any possibility of cross conduction of the two
MOSFETs and provides extremely réable synchronous rectifier operation.

The secondary-side of the IC is self-powered from either the secondary winding forward
voltage or the output voltage. Ca pacitor C9 connected to the BPS pin of InnoSwitch3-Pro
IC U1 provides decoupling for the internal circuitry.

During CC operation, when the output voltage falls, the device will power itself from the
secondary winding directly. During the on-time of the p rimary-side power MOSFET, the
forward voltage that appears across the secondary winding is used to charge the
SECONDARYBYPASS pindecoupling capacitor C9 via resistor R10 and an internal
regulator. This allows output current regulation to be maintained do wn to 3.0 V. Below
this level the unit enters auto -restart until the output load is reduced. Capacitor C10is
needed between the VOUT pin and the SECONDARY GROUND pin for ESD protection of
the VOUT pin.

Output current is sensed by monitoring the voltage d rop across resistor R11 between the
IS and SECONDARY GROUND pins.tAreshold of approximately 32 mV reduces losses. A
decoupling capacitor C14 is needed between the IS and SECONDARY GROUNDPIn to
improve CC accuracy. Resistors R12 and R20 provide a positve slope to the CC
characteristic. Once the internal current sense threshold is exceeded, the device
regulates the number of switch pulses to maintain a fixed output current. When the
output current is below the CC threshold, the device operates in constant voltage mode.
The output voltage is set by the 1C interface.

N-MOSFET Q3 forms the bus switch and is controlled by the VB/D pin on the
InnoSwitch3-Pro IC. When the bus switch is opened, resistor R13 and diode D3 are
needed from the source of the MOSFETto its gate for providing a voltage discharge path
for capacitor C3 on the daughter board.

_p Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 12 of 80
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4.2  Daughter Board Circuit Description

421 USB TypeC and PD Interface

In this design, WT6635P (Ul) is the USB TypeC and PD controller. Output of the
InnoSwitch3-Pro IC powers the WT6635P device through the uVCC pin.USBPD protocol
is communicated over either CC1 or CC2 line dependng on the orientation in which
Type-C plug is connected.

WT6635P IC communicates with InnoSwitch3-Pro IC through the 12C interface using the
SCL and SDApins through which it sets the CV, CC, Vkp, OVA and UVA parameters. The
status of the InnoSwitch3-Pro IC is read by the WT6635P IC from the telemetry registers
also using the 1°C interface.

Capacitor C18 provides decoupling to the WT6635P IC. Capacitors CDB, C20, C1, C2;
resistors R1, R2 R3 and R4; TVS D1, D2, D3 and D4 provide protection from ESD to pins
CC1, CC2, D1 and D2.Thermistor (RT1) connected to pin GPIO6 of the WT6635P IC
provides temperature detection functionality of the Type -C connector.

Power Integrations ™
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5 PCB Layout
PCB copper thickness is0.062 inches.

Bb? 2CT 20¥ NACC  AoNy

Figure 971 Printed Circuit Layout, Mother Board, Bottom.
Note: Component references U3, R14, R15, R17 and R18 although present in thelayout; they are not to
be populated.

<z . Power Integrations, Inc.
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Figure 11 7 Printed Circuit Layout, Daughter Board, Bottom.
Note: Component reference RM4 although present in the layout, is not be populated.
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51 PCB Modifications

eI !

Notch created on PCB. This is
done in order to ensure Kelvin
connection to Rgensefrom GND

pin.

R21: 10 W One end of the resistor is
placed on top of R11. This is done in
order to ensure Kelvin connection to
Rsensefrom IS pin.
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Figure 13 i Modification 1; Repositioning of R21 on Printed Circuit Board image, Bottom.
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~0.2 mm

Figure 14 i Modification 2; Etching Away of Copper on Printed Circuit Board |mage, Bottom. Kelvin
Sensing from GND Pin to Sense Resistor R11.
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DER 702 45W USB PD InnoSvitch3-Pro Charger 05-Oct-18
6 Bill of Materials 1 Mother Board
Item Qty Ref Des Description Mfg Part Number Mfg
1 1 BR1 600 V, 3 A, Bridge Rectifier, GBP KBP306GBP Micro Commercial
2 1 Cl 100 nF, 275VAC, Film, X2 F1772-410-2000 Vishay
3 1 C2 82 nt, 400 V, Electrolytic, Low ESR, (14.5 x 35) EPAG401ELL820MU35S Nippon ChemiCon
4 1 C3 1 nF, Ceramic, Y1 440LD10-R Vishay
5 1 C4 2.2 nF, 630 V, Ceramic, X7R, 1206 C3216X7R2J222K TDK
6 1 C5 56 pF, 250 V, Ceramic, NP0, 0603 GQM1875C2E560JB12D Murata
7 1 C6 4.7 nF, 50 V, Ceramic, X5R, 0805 CL21A475KBOQNNNE Samsung
8 1 c7 ﬁg: + 63, Electrolytic, Low ESR, 1000 MW, (6.3 | ¢ v 763061 | 220MFB5D|  Nippon ChemiCon
9 1 C8 1 nF, 200 V, Ceramic, X7R, 0805 08052C102KAT2A AVX
10 3 CQ(,:JC.leo, 2.2 nF, 25V, Ceramic, X7R, 0805 C2012X7R1E225M TDK
470 nF, 25 V,+20%, Al Organic Polymer, Gen.
11 2 | crzews| gt e 2008 Hrs @31050(: A750MS477M1EAAEO15 KEMET
12 1 Cl4 4.7 nf, 10 V, Ceramic, X5R, 0603 C1608X5R1A475M/0.50 TDK
13 1 D1 800 V, 1 A, Rectifier, POWERDI123 DFLR18007 Diodes, Inc.
14 1 D2 600 V, 1 A, Fast Recovery, 250 ns, SMA RS1313-F Diodes, Inc.
15 1 D3 250V, 0.2 A, Fast Switching, 50 ns, SOD323 BAV21WS7-F Diodes, Inc.
16 1 F1 2 A, 250 V, Slow, Long Time Lag, RST RST 2 Belfuse
17 2 J1J2 Test point, THRU-HOLE Mount 5010 Keystone
19 1 L2 34 mH, Toroidal Common Mode Choke, custom 32-00345-00 Power Integrations
19 1 Q1 NPN, 100V, 20 Ma, SOT233 DSC2C01S0L Panasonic
20 1 Q2 100 V, 60 A, 8.7 mW, N-Channel, PowerPAK SEB SIR882ADRT1-GE3 Vishay
MOSFET, NCH, 30V, 23 A (Ta), 3.1W (Ta),3.7 .
21 1 Q3 mW (@ 20 A, 10 V), SSOIC( ) (Ta) A04354 Alpha & Omega Semi
22 1 R1 RES, 1.91 MV, 1%, 1/4 W, Thick Film, 1206 RMCF1206FT1M91 Stackpole
23 1 R2 RES, 1.80 MV, 1%, 1/4 W, Thick Film, 1206 ERJBENF1804V Panasonic
24 1 R3 RES, 232 WV, 1%, 1/4 W, Thick Film, 1206 ERJBENF2323V Panasonic
25 2 R4 R22 | RES, 40.2W, 1%, 1/4 W, Thick Film, 1206 ERJBENF40R2V Panasonic
26 2 R5 R6 RES, 22W, 5%, 1/10 W, Thick Film, 0603 ERJ3GEYJ220V Panasonic
27 1 R7 RES, 6.49 RV, 1%, 1/16 W, Thick Film, 0603 ERJ3EKF6491V Panasonic
28 1 R8 RES, 267 RV, 1%, 1/16 W, Thick Film, 0603 ERJ3EKF2673V Panasonic
29 1 R9 RES, 10W, 1%, 1/8 W, Thick Film, 0805 ERJI6ENF10R0V Panasonic
30 1 R10 RES, 47W, 5%, 1/10 W, Thick Film, 0603 ERJ3GEYJ470V Panasonic
31 1 R11 RES, 0.009W, 0.5 W, 1%, 0805 CRF0805FZ-RO09ELF Bourns
32 1 R13 RES, 100W, 1%, 1/16 W, Thick Film, 0603 ERJ3EKF1000V Panasonic
33 1 R20 RES, 226 WV, 1%, 1/8 W, Thick Film, 0805 ERJ6ENF2263V Panasonic
34 1 R21 RES, 10W, 1%, 1/16 W, Thick Film, 0603 ERJ3EKF10R0OV Panasonic
35 1 R23 RES, 30.1 RV, 1%, 1/8 W, Thick Film, 0805 ERJ6ENF3012V Panasonic
36 1 R24 RES, 470 WV, 5%, 1/10 W, Thick Film, 0603 ERJ3GEYJ474V Panasonic
37 1 RT1 NTC Thermistor, 5W, 1 A MF72-005D5 Cantherm
38 1 T1 Bobbin, RM8, Vertical, 12 pins P-803 Pin Shine
39 1 Ul InnoSwitch3-Pro, INSOP24D package INN3368G-H301 Power Integrations
40 1 VR1 33V, 5%, 200 mW, SSMINI-2 DZz2S33000L Panasonic
41 1 VR2 DIODE ZENER30 V 500 mW SOD123 MMSZ5256B7-F Diodes, Inc.
42 1 VR3 DIODE ZENER20 V 500 mW SOD123 MMSZ5250B7-F Diodes, Inc.
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7 Bill of Materials 1 Daughter Board
Item Qty Ref Des Description Mfg Part Number Mfg
C1C2C19 | CAP, CER, 270F,+5%, 50 V, Low ESL,COG/NPO, 0603

1 4 c20 (1608 Metric) ® C0603C271J5GACTU Kemet

2 1 C3 2.2 nF, 50 V, Ceramic, Y5V, 1206 UMK316F225ZGT Taiyo Yuden

3 1 C18 2.2 nF, 10 V, Ceramic, X5R,0603 GRM188R61A225KE34D Murata

4 4 D1 D2 D3 D4 | DIODE, ZENER, 24V, 200 mW, SMINI2 DZ2J240MOL Panasonic

5 1 J1l 15 Position (1 x 15) header, 2 mm pitch, Right Angle NRPN151PARMNRC Sullins Connector
Connector, "Certified",USB- C, USB 3.1, For 0.062 PCB

6 1 J2 Material!, Superspeed+, Receptacle Connector, 24 632723300011 Wurth
Position, Surface Mount, Right Angle, Through Hole

7 4 R1 R2 R3 R4 | RES, 22W, 5%, 1/10 W, Thick Film, 0603 ERJ3GEYJ220V Panasonic

8 1 R13 RES, 1 WV, 1%, 1/16 W, Thick Film, 0603 ERJ3EKF1001V Panasonic

9 1 R15 RES, 0W, 5%, 1/10 W, Thick Film, 0603 ERJ3GEYORO0OV Panasonic

10 1 RT1 NTC Thermistor, 100 KW, 3%, 0603 NCP18WF104E03RB Murata

11 1 Ul USBPD Controller WT6635P Weltrend
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DER 702 45W USB PD InnoSvitch3-Pro Charger 05-Oct-18
8 Transformer Specificatio n
8.1  Electrical Diagram
1
WD6: 2™ Primary ® FL1
17T #25 AWG WD4: Secondary
7TiT #19 AWG_TIW
WD1: 1st Primary FL2
1
32T - #25 AWG hd
5 WDS: Shield2
5 9T 1 4 x #32 AWG
[ ]
WD?2: Bias NC
14TT #33 AWG
4 ° #26AWG_ bus wire
WD3: Shield1
14T7T 2 x #33 AWG
NC
Figure 15 7 Transformer Electrical Diagram.
8.2  Electrical Specifications
Electrical 1 second, 60 Hz, from ins 1-5 to leads: FLI-FL2 3000 VAC
Strength
Primary Pins 1-2, all other open, measured at 100 kHz, 0.4 Vrus 502 nH, £5%
Inductance
Resonant Pins 1-2, all other open. 1200 kHz (Min.)
Frequency
Primary Leakage Pins 1-2, with leads FL1-FL2 shorted, measured at 100 KHz, 9.0 nH (Max.)
0.4 Vrus
8.3  Material List
Item Description
[1] Core: RM8, TDKPCA45; or Equivalent. Gapped ALG:213nH/T2.
[2] Bobbin: RM8, Vertical, 12 pins (6/6), in -line, Pl#: 25 -00041-00; or Equivalent.
[3] Magnet Wire: #25 AWG, Double ated.
[4] Magnet Wire: #33 AWG, Double Mated.
[5] Magnet Wire: #32 AWG, Double ated.
[6] Magnet Wire: #19 AWG, Triple Insulated Wire.
[7] Tape: 3M 1298 Polyester Film, 1 mil Thick, 9.0 mm Wide.
[8] Bus Wire: #26 AWG, AlphaWire, Tinned Copper; or Equivalent.
[9] Clip: Epcos, Clamp RM8, MF#: B65812A2203X; or Eyuivalent.
[10] Tape: 3M 1298 Polyester Film, 1 mil Thick, 27.5 mm x 58.0 mm.
[11] Varnish: Dolph BG-359; or Equivalent.
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8.4  Transformer Build Diagram

Forl
. = FL1
=
: 50000060006
WD6: 2™ Primary 17T #25 AWG (
WD5: Shield2 9T 4x#32 AWG 1 RyNe
_ i FLil FLo
WD4: Secondary 5Ti #21AWG_TW
=
WD3: Shield 1 14T 2 X #33 AWG 4— RyNe
(wound inter)eave withé 5
WD2: Bias 14T #33 AWG

WD1: 1st Primary

32T - #25 AWG

Figure 16 i Transformer Build Diagram.

8.5 Transformer Construction

Winding
Preparation

Trim off the secondary bottom flange and cut short all side pins of bobbin Item [2]. (see
picture below)

Position the bobbin Item [2] on the mandrel such that the primary side of the bobbin is on
the left side.

Winding direction is clock-wise direction for purpose of these instructions.

Start at pin 2, wind 32 turns of wire Item [3] in 2 layers, with tight tension, from left to

st W.Dl right then right to left. At the last turn, exit the wire; leave floating enough length for
1> Primary nd
WDG6-2" primary.
| nsulation 1 layer of tape Item [7].
Start at pin 5 with single wire Item [4] for Bias winding, and pin 4 with 2 wires also Item
WD2 Bias & [4] for Shield1 winding. Wind all 3 wires in parallel 14 turns from left to right. At the last
WD3 Shield 1 turn, bring the single wire back to the left and terminate at pin 4 for Bias winding, and cut
short 2 wires no-connect for Shield 1 winding.
Insulation 1 layer of tape Item [7].
WD4 Start from left slot of secondary side of bobbin, use single wire Item [6], leaves floating
~2 pmark as FL1 and wind 5 turns from left right with tight tension. At the last turn exit
Secondary . .
the wires at right sl ot of secondary bobb
Insulation 1 layer of tape Item [7].
WD5 Start at pin 1, wind 9 quad -filar turns of wire Item [5], from left to right evenly. At the last
Shield 2 turn, cut short wires as no-connect.
Insulation 1 layer of tape Item [7].
WD6 Now take the wire floating from WD1, continue winding 17 turns from left to right. At the
2" Primary last turn bring the wire back to the left and finish at pin 1.
Insulation 1 layer of tape Item [8], bring wires floating FL1 to the right and add 2 layers of tape for
secure windings.
Gap cores to get 513 nH, secure with clips Item [9] (pins of clips should be on top and cut
short), and solder bus wire Item [8] to pin 4 and to top of clip.
Finish Varnish with Item [11].

Place 2 layers of tape Item [9] at bottom core and wrap up to the body of transformer.
1 layer of tap Item [8] wrap around the transformer. (See pictures below).
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8.6  Winding lllustrations

Trim off the secondary
bottom flange and cut short
all side pins of bobbin Item
[2]. Position the bobbin Item
[2] on the mandrel such that
the primary side of the
bobbin is on the left side.
Winding direction is clock-
wise direction for purpose of
these instructions.

Winding P reparation

Start at pin 2, wind 32 turns
of wire Item [3] in 2 layers,
with tight ten sion, from left
to right then right to left. At
the last turn, exit the wire;
leave floating enough length
for WD6-2" primary.

WD1
1% Primary
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Insulation

1 layer of tape Item [7].

WD2 Bias &
WD3 Shield 1

Start at pin 5 with single
wire Item [4] for Bias
winding, and pin 4 with 2
wires also Item [4] for
Shield1 winding. Wind all 3
wires in parallel 14 turns
from left to right. At the last
turn, bring the single wire
back to the left and
terminate at pin 4 for Bias
winding, and cut short 2
wires no-connect for Shield 1
winding.
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