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Summary and Features  
¶ InnoSwitch3-Pro - digitally controllable CV/CC QR flyback switcher IC with integrated high-

voltage MOSFET, synchronous rectification and FluxLinkTM feedback 

¶ I2C interface enables low pin count USB PD controller (10 pin)  
¶ Sophisticated telemetry and comprehensive protection features 

¶ USB PD 3.0 with PPS highly optimized low pin count USB PD controller VP302  
¶ All the benefits of secondary-side control with the simplicity of primary -side regulation 
¶ Insensitive to transformer variation  

¶ Meets DOE6 and CoC V5 2016 efficiency 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 
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 Introduction  1
This document is an engineering report describing a 5 V / 3 A, 9 V / 3 A, 15 V / 3 A, 20 V 

2.25 A USB PD PPS power supply. This power supply uses InnoSwitch3-Pro INN3368C-
H301 IC and VP302 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 1 ï Populated Circuit Board Photograph, Entire Assembly. 
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Figure 2 ï Populated Circuit Board Photograph, Top. 

 

56.3 mm 

 
 

Figure 3 ï Populated Circuit Board Photograph, Bottom. 

 
  

 

54.3 mm 
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Figure 4 Populated Circuit Board Photograph, Side View. 

 
 
 

                                            

Figure 5 ï Populated Circuit Board Photograph, Daughter Board, Front and Rear. 

 

  

Maximum total height:  
23.56 mm 
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 Power Supply Specification  2

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 ï no P.E. 

Frequency fLINE  47 50/60 64 Hz  

No-load Input Power ( 85 VAC)   34 40 mW Measured at 85 VAC. 

Output        

Output Voltage  VOUT  5.0  V °3% 

Output Ripple Voltage  VRIPPLE   
 

150 mV 
At End of Cable. Cable Needs a 

Resistance of 100 mҠ.  

Output Current  I OUT    3.0  A 20 MHz Bandwidth. 

Efficiency ₅ 86.5   %  

Continuous Output Power POUT   15 W  

Output        

Output Voltage  VOUT  9.0  V °3% 

Output Ripple Voltage  VRIPPLE    150 mV 
At End of Cable. Cable Needs a 

Resistance of 100 mҠ.  

Output Current  I OUT    3.0  A 20 MHz Bandwidth. 

Efficiency ₅ 88   %  

Continuous Output Power POUT   27 W  

Output        

Output Voltage  VOUT  15.0  V °3% 

Output Ripple Voltage  VRIPPLE    150 mV 
At End of Cable. Cable Needs a 

Resistance of 100 mҠ.  

Output Current  I OUT  3.0  A 20 MHz Bandwidth. 

Efficiency ₅ 87.3   %  

Continuous Output Power POUT   45 W  

Output        

Output Voltage  VOUT  20.0  V °3% 

Output Ripple Voltage  VRIPPLE    200 mV 
At End of Cable. Cable Needs a 

Resistance of 100 mҠ.  

Output Current  I OUT    2.25  A 20 MHz Bandwidth. 

Efficiency ₅ 87.3   %  

Continuous Output Power POUT   45 W  

Maximum Programmable Output 

Voltage 
VOUT 16   V APDO Maximum Voltage. 

Minimum Programmable Output 
Voltage 

VOUT 3.3   V APDO Minimum Voltage. 

PPS Voltage Step VOUT  20  mV PPS Voltage Step (USB PD 3.0). 

PPS Current Step I OUT  50  mA PPS current Step (USB PD 3.0). 

Conducted EMI   Meets CISPR22B / EN55022B  

Ambient Temperature TAMB 0  40 ºC 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.  
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 Schematics  3

 Schematic  [Part A -  Mother Board]  3.1

 

 

Figure 6  ï Schematic of Mother Board. 
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 Schematic [Part B -  Daughter Board]  3.2

 

Figure 7  ï Schematic of Daughter Board. 
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 Circuit Description  4

 Mother Board Circuit  Description  4.1

 Input Rectifier and  Filter 4.1.1

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 across C2. 
Thermistor RT1 limits the inrush current when the power supply is connected to the input 
AC supply. 

 InnoSwitch3-Pro IC Primary 4.1.2

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 U1. 
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 U1 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 Zener diode VR1 ensures sufficient 
current flows through R7 such that the 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 U1. If the current flowing into the BPP pin increases 
above the I SD threshold, the InnoSwitch3-Pro controller will latch off and prevent any 
further increase in output voltage.  Resistor R6 limits the current injected to BPP pin.  



19-Feb-19                                 DER-704 45 W USB PD InnoSwitch3-Pro Charger 
 

 
 
Page 13 of 87   

Power Integrations  
Tel: +1 408 414 9200   Fax: +1 408 414 9201  

www.power.com 

 
 

 InnoSwitch3-Pro IC Secondary 4.1.3

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, R9 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 prio r 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 VSR(TH). Secondary-side control of the 
primary-side power MOSFET avoids any possibility of cross conduction of the two 
MOSFETs and provides extremely reliable synchronous rectifier operation.  
 
The secondary-side of the IC is self-powered from either the secondary winding forward 
voltage or the output voltage. Capaci tor 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 primary -side power MOSFET, the 
forward voltage that appears across the secondary winding is used to charge the 
SECONDARY BYPASS pin decoupling capacitor C9 via resistor R10 and an internal 
regulator. This allows output current regulation to be maintained down to 3 .0 V. Below 
this level the unit enters auto -restart until the output load is reduced.  Capacitor C10 is 
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 drop acr oss resistor R11 between the 
IS and SECONDARY GROUND pins. A threshold of approximately 32 mV reduces losses. A 
decoupling capacitor C14 is needed between the IS and SECONDARY GROUND pin to 
improve CC accuracy. Resistors R12 and R20 provide a positive 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  I2C 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 MOSFET to its gate for providing a voltage  discharge path 
for capacitor C14 on the daughter board . 
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 Daughter Board Circuit  Description  4.2

 USB Type-C and PD Interface 4.2.1

In this design, VP302 U4 is the USB Type-C and PD controller. Output of the 
InnoSwitch3-Pro IC powers the VP302 device through the uVCC pin. USB PD protocol is 
communicated over either CC1 or CC2 line depending on the orientation in which T ype-C 
plug is connected. 
 
VP302 IC communicates with InnoSwitch3-Pro IC through the I2C interface using the SCL 
and SDA pins through which it sets the CV, CC, VKP, OVA and UVA parameters. The 
status of the InnoSwitch3-Pro IC is read by the VP302 IC from the telemetry registers 
also using the I2C interface. 
 
Capacitor C17 provides decoupling to the VP302 IC. Capacitors C15, C16; resistors R17, 
and R18; TVS D9, D10, D11 and D12 provide protection from ESD to pins CC1, CC2, D+ 
and D-. Thermistor RT4 connected to pin 7 (NTC) of the VP302 IC provides temperature 
detection functionality for the Type-C connector. 
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 PCB Layout  5

PCB thickness is 0.062 inches. 

 
Figure 8 ï Printed Circuit Layout, Mother Board, Top. 

 

 
Figure 9 ï Printed Circuit Layout, Mother Board, Bottom. 

Note:  Component references U3, R14, R15, R17 and R18 although present in the layout; they  are not to 

be populated.   
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Figure 10  ï Printed Circuit Layout, Daughter board, Top. 

 
 

Figure 11  ï Printed Circuit Layout, Daughter Board, Bottom. 
Note:  Component reference R15 although present in the layout, is not to be populated.   
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 PCB Modifications  5.1

 
 

Figure  12  ï Modifications done on Printed Circuit Board, Bottom. 

 

 
 

Figure  13  ï Modification 1; Repositioning of R21 on Printed Circuit Board image, Bottom. 

 
  

Notch created on PCB. This is 

done in order to ensure Kelvin 
connection to RSENSE from 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 
RSENSE from IS pin.  

R21: 10 W;  

Left edge of 
resistor is de-
soldered from 
pad and soldered 
on top of R11 

R11; 9 mW 
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Figure  14  ï Modification 2; Etching Away of Copper on Printed Circuit Board Image, Bottom. Kelvin 

Sensing from GND Pin to Sense Resistor R11. 
 
 
  

~2.9 mm  

~0.2 mm  
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 Bill of Materials ï Mother Board  6
Item  Qty  Ref Des  Description  Mfg Part Number  Mfg  

1 2 J1 J2 Test point, THRU-HOLE Mount 5010 Keystone 

2 1 BR1 600 V, 3 A, Bridge Rectifier,  GBP KBP306G-BP Micro Commercial 

3 1 C1 100 nF, 275VAC, Film, X2 F1772-410-2000 Vishay 

4 1 C2 82 mF, 400 V, Electrolytic, Low ESR, (14.5 x 35) EPAG401ELL820MU35S Nippon Chemi-Con 

5 1 C3 1 nF, Ceramic, Y1 440LD10-R Vishay 

6 1 C4 2.2 nF, 630 V, Ceramic, X7R, 1206 C3216X7R2J222K TDK 

7 1 C5 56 pF, 250 V, Ceramic, NP0, 0603 GQM1875C2E560JB12D Murata 

8 1 C6 4.7 mF, 50 V, Ceramic, X5R, 0805 CL21A475KBQNNNE Samsung 

9 1 C7 
22 mF, 63, Electrolytic, Low ESR, 1000 mW, (6.3 x 

11.5) 
ELXZ630ELL220MFB5D Nippon Chemi-Con 

10 1 C8 1 nF, 200 V, Ceramic, X7R, 0805 08052C102KAT2A AVX 

11 3 
C9, C10, 

C11 
2.2 mF, 25 V, Ceramic, X7R, 0805 C2012X7R1E225M TDK 

12 2 C12 C13 
470 mF, 25 V,±20%, Al Organic Polymer, Gen. 

Purpose, Can, 15 mW, 2000 Hrs @ 105°C 
A750MS477M1EAAE015 KEMET 

13 1 C14 4.7 mF, 10 V, Ceramic, X5R, 0603 C1608X5R1A475M/0.50 TDK 

14 1 D1 800 V, 1 A, Rectifier, POWERDI123 DFLR1800-7 Diodes, Inc. 

15 1 D2 600 V, 1 A, Fast Recovery, 250 ns, SMA RS1J-13-F Diodes, Inc. 

16 1 D3 250 V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc. 

17 1 F1 2 A, 250 V, Slow, Long Time Lag, RST RST 2 Belfuse 

18 1 L2 34 mH, Toroidal Common Mode Choke, custom 32-00345-00 Power Integrations 

19 1 Q1 NPN, 100V, 20 Ma, SOT23-3 DSC2C01S0L Panasonic 

20 1 Q2 100 V, 60 A, 8.7 mW, N-Channel, PowerPAK SO-8 SIR882ADP-T1-GE3 Vishay 

21 1 Q3 
MOSFET, N-CH, 30 V, 23 A (Ta), 3.1W (Ta), 3.7 
mW (@ 20 A, 10 V), 8SOIC 

AO4354 Alpha & Omega Semi 

22 1 R1 RES, 1.91 MW, 1%, 1/4 W, Thick Film, 1206 RMCF1206FT1M91 Stackpole 

23 1 R2 RES, 1.80 MW, 1%, 1/4 W, Thick Film, 1206  ERJ-8ENF1804V Panasonic 

24 1 R3 RES, 232 kW, 1%, 1/4 W, Thick Film, 1206  ERJ-8ENF2323V Panasonic 

25 2 R4 R22 RES, 40.2 W, 1%, 1/4 W, Thick Film, 1206  ERJ-8ENF40R2V Panasonic 

26 2 R5 R6 RES, 22 W, 5%, 1/10 W, Thick Film, 0603  ERJ-3GEYJ220V Panasonic 

27 1 R7 RES, 6.49 kW, 1%, 1/16 W, Thick Film, 0603  ERJ-3EKF6491V Panasonic 

28 1 R8 RES, 267 kW, 1%, 1/16 W, Thick Film, 0603  ERJ-3EKF2673V Panasonic 

29 1 R9 RES, 10 W, 1%, 1/8 W, Thick Film, 0805  ERJ-6ENF10R0V Panasonic 

30 1 R10 RES, 47 W, 5%, 1/10 W, Thick Film, 0603  ERJ-3GEYJ470V Panasonic 

31 1 R11 RES, 0.009 W, 0.5 W, 1%, 0805  CRF0805-FZ-R009ELF Bourns 

32 1 R13 RES, 100 W, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1000V Panasonic 

33 1 R20 RES, 226 kW, 1%, 1/8 W, Thick Film, 0805  ERJ-6ENF2263V Panasonic 

34 1 R21 RES, 10 W, 1%, 1/16 W, Thick Film, 0603  ERJ-3EKF10R0V Panasonic 

35 1 R23 RES, 30.1 kW, 1%, 1/8 W, Thick Film, 0805  ERJ-6ENF3012V Panasonic 

36 1 R24 RES, 470 kW, 5%, 1/10 W, Thick Film, 0603  ERJ-3GEYJ474V Panasonic 

37 1 RT1 NTC Thermistor, 5 W, 1 A MF72-005D5 Cantherm 

38 1 T1 Bobbin, RM8, Vertical, 12 pins P-803 Pin Shine 

39 1 U1 InnoSwitch3-Pro, InSOP24D package INN3368C-H301 Power Integrations  

40 1 VR1 33 V, 5%, 200 mW, SSMINI-2 DZ2S33000L Panasonic 

41 1 VR2 DIODE ZENER 30 V 500 mW SOD123 MMSZ5256B-7-F Diodes, Inc. 

42 1 VR3 DIODE ZENER 20 V 500 mW SOD123 MMSZ5250B-7-F Diodes, Inc. 
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 Bill of Materials ï Daughter Board  7
Item  Qty  Ref Des  Description  Mfg  

1 1 C14 10 mF, 35 V, Ceramic,Y5V, 1210 Taiyo Yuden 

2 2 C15 C16 560 pF, 50 V, Ceramic, X7R, 0603, 0.063" L x 0.031" W (1.60  mm x 0.80 mm) Samsung 

3 1 C17 2.2 mF, 10 V, Ceramic, X5R, 0603 Murata 

4 2 D9 D10 DIODE, ZENER, 24 V, 200 mW, SMINI2 Panasonic 

5 1 J5 15 Position (1 x 15) header, 2 mm pitch, Right Angle  Sullins Connector 

6 1 J6 
Connector, "Certified", USB - C, USB 3.1, For 0.062" PCB Material!, Superspeed+, 
Receptacle Connector, 24 Position, SMT, Right Angle, TH 

Wurth  

7 1 R15 RES, 0 W, 5%, 1/10 W, Thick Film, 0603  Panasonic 

8 2 R17 R18 RES, 22 W, 5%, 1/10 W, Thick Film, 0603  Panasonic 

9 1 R19 DNP  

10 1 R20 DNP  

11 1 RT4 NTC Thermistor, 100 kW, 3%, 0603  Murata 

12 1 U4 VP302 IC, USB PD Type-C Controller for SMPS VIA Labs 

13 2 D11 D12 DNP  
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 Transformer Specificatio n 8

 Electrical Diagram  8.1

 

Figure 15  ï Transformer Electrical Diagram. 

 Electrical Specifications  8.2

Electrical 
Strength  

1 second, 60 Hz, from ins 1-5 to leads FL1-FL2. 3000 VAC 

Primary 

Inductance  
Pins 1-2, all other open, measured at 100  kHz, 0.4 VRMS. 502 mH, ± 5% 

Resonant 

Frequency  
Pins 1-2, all other open. 1200 kHz (Min.) 

Primary Leakage  
Pins 1-2, with leads FL1-FL2 shorted, measured at  
100 kHz, 0.4 VRMS. 

9.0 mH (Max.) 

 Material  Lis t  8.3

Item  Description  

[1]  Core: RM8, TDK-PC45; or equivalent. Gapped ALG: 213nH/T². 

[2]  Bobbin: RM8, Vertical, 12 pins (6/6),  in-line, PI#: 25 -00041-00; or Equivalent. 

[3]  Magnet Wire: #25 AWG, Double Coated. 

[4]  Magnet Wire: #33 AWG, Double Coated. 

[5]  Magnet Wire: #32 AWG, Double Coated. 

[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, Alpha Wire, Tinned Copper; or Equivalent. 

[9]  Clip: Epcos, Clamp RM8, MF#: B65812A2203X; or Equivalent. 

[10]  Tape: 3M 1298 Polyester Film, 1 mil Thick, 27.5 mm x 58.0 mm. 

[11]  Varnish: Dolph BC-359; or Equivalent. 

1

2

FL1

FL2

WD6:  2nd Primary

WD2: Bias

WD4: Secondary

5

4

WD1: 1st Primary

WD3: Shield1

WD5: Shield2

NC

#26AWG_ bus wire

1

NC

14T ï  #33 AWG

14T ï 2 x #33 AWG

7T ï  #19 AWG_TIW

9T ï 4 x #32 AWG

32T - #25 AWG

17T ï #25 AWG
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 Transformer Build Diagram  8.4

 

Figure 16  ï Transformer Build Diagram. 

 Transformer Construction  8.5

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. 

WD1  
1st  Primary  

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

to right then right to left. At the last turn, exit the wire; leave floating enough length 

for WD6-2nd Primary. 

Insulation  1 layer of tape Item [7].  

WD2 Bias &  

WD3 Shield 1  

Start at pin 5 with single wire I tem [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. 

Insulation  1 layer of tape Item [7].  

WD4  

Secondary  

Start from left slot of secondary side of bobbin, use single wire Item [6], leaves 
floating ~ 2 ñ, mark as FL1 and wind 5 turns from left right with tight tension. At the 

last turn exit the wires at right slot of secondary bobbin and leave floating ~ 2ò and 
mark as FL2. 

Insulation  1 layer of tape Item [7].  

WD5  
Shield 2  

Start at pin 1, wind 9 quad -filar turns of wire Item [5], from left to right evenly. At the 
last turn, cut short wires as No -connect. 

Insulation  1 layer of tape Item [7].  

WD6  

2nd  Primary  

Now take the wire floating from WD1, continue winding 17 turns from left to right. At 

the 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. 

Finish  

Gap cores to get 513 mH, 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.  
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). 

  

4

FL2FL1

1

1

2

NC

FL1

NC

5

WD3: Shield 1

WD4: Secondary

32T - #25 AWG

14T ï  #33 AWG

17T ï #25 AWG

WD5:  Shield2 9T ï 4 x #32 AWG

WD2: Bias

14T ï 2 x #33 AWG
(wound interleave  withé)

5T ï  # 21AWG_TIW

WD6:  2nd Primary

WD1: 1st Primary
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 Winding Illustrations  8.6

Winding P reparation   

 

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. 

WD1  

1st  Primary  

 

Start at pin 2, wind 32 

turns of wire Item [3] in 2 

layers, with tight tension, 
from left to right then right 

to left. At the last turn, exit 
the wire; leave floating 

enough length for WD6-2nd 
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 f or Bias 
winding, and cut short 2 

wires no-connect for Shield 
1 winding. 
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Insulation  

 

1 layer of tape Item [7].  

WD4  
Secondary  

 

Start from left slot of 
secondary side of bobbin, 

use single wire Item [6], 

leaves floating ~ 2ò, mark 
as FL1 and wind 5 turns 

from left right with tight 
tension. At the last turn 

exit the wires at right slot 

of secondary bobbin and 
leave floating ~2ò and 

mark as FL2. 

NC 

FL1 


