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Summary and Features

InnoSwitch3-PD — off-line QR Flyback Switcher IC with Integrated USB Type-C and USB-PD Controller,
Integrated High-Voltage Switch, Synchronous Rectification and FluxLinkTM feedback
Integrated USB Type-C and USB-PD Controller reduces footprint, no external microcontroller required
Telemetry and comprehensive protection features
e Meets DOE6 and CoC v5 2016 Average Efficiency requirements with high margin (>3.0%)
e 5V Output: 90.72% at 115 VAC (8.88% margin); 90.19% at 230 VAC (8.35%margin)
e 9V Output: 92.08% at 115 VAC (4.79% margin); 91.89% at 230 VAC (4.60%margin)
e 12V Output: 92.31% at 115 VAC (4.61% margin); 92.26% at 230 VAC (4.56% margin)
e 15V Output: 91.59% at 115 VAC (3.89% margin); 91.97% at 230 VAC (4.27%margin)
e 20V Output: 90.94% at 115 VAC (3.24% margin); 91.58% at 230 VAC (3.88%margin)
e < 18 mW no-load input power at 230 VAC
e Meets CISPR22 / EN55022 Class B Conducted EMI with high margin
« >6 dB margin at worst case condition (12 V / 2.5 A, 230 VAC)
e Low component count, high power density
+ Total part count: 59

+  Power density: 12.27 W / inch3 without enclosure (1.73" x 1.73" x 0.817" formfactor)
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Although this board is designed to satisfy safety isolation requirements, the engineering
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1  Introduction
This document is an engineering report describing a 30 W USB PD 3.0 power supply using
InnoSwitch3-PD INN3878C-H804 IC. The USB PD source capabilities of the power supply are
listed below.
e PDO1: 5V / 3 A (Fixed Supply)
« PDO2: 9V / 3 A (Fixed Supply)
 PDO3: 12V / 2.5 A (Fixed Supply)
PDO4: 15V / 2.0 A (Fixed Supply)
PDO5: 20 V / 1.5 A (Fixed Supply)
PDO6: 3.3V —-11V / 3 A (Programmable Power Supply, 30 W power-limited)
PDO7: 3.3V -16V/ 2 A (Programmable Power Supply)

This design shows the high power density and efficiency that is possible due to the high
level of integration of the InnoSwitch3-PD controller providing exceptional performance.

The report contains the power supply specification, schematic diagram, printed circuit board
layout, bill of materials, magnetics specifications, and performance data.

B

Figure 1 — Populated Circuit Board Photograph, Entire Assembly.
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i 2 L

Figure 2 — Populated Circuit Board Photograph — Top.
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Figure 4 — Populated Circuit Board Photograph — Side (H: 21 mm).
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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.

IDescription Symbol Min | Typ [ Max | Units Comment
Input
oltage Vin 90 50/60 265 | VAC 2 Wire — no P.E.
Frequency fLine 47 64 Hz
No-load Input Power 18 | mw Measured at 230 VAC
5V / 3 A Setting
Output Voltage Vouts v 5.0 \" +3%
Output Voltage Ripple VRIPPLE(S V) 200 | mVv Measured at End of 48 mQ Cable.
Output Current Toutis vy 3.0 A +3%
pverage Efficiency s 02| | % [N ACon AL e o
ggw:; l:uous Output Pouts vy i5 W
9V / 3 A Setting
Output Voltage Vouto v 9.0 \" +3%
Output Voltage Ripple VRIPPLE(S V) 200 | mVv Measured at End of 48 mQ Cable.
Output Current Iouto vy 3.0 A +3%
Average Efficiency o os| | o [MesmeaLis o i Recetaero
ggcvté |:uous Output Poutie vy 27 W
12V / 2.5 A Setting
Output Voltage Vout12v) 12.0 Vv +3%
output VOItage Ripple VRIPPLE(IZ V) 200 mV Measured at End of 48 mQ Cable.
Output Current Tout12wn 2.5 A +3%
pverage Efficiency Nz 9| | % [N YACon AL e
ggw:; l:uous Output Pourcizvy 30 W
15V / 2 A Setting
Output Voltage Vout(15 v 15.0 \Y +3%
Output Voltage Ripple VRIPPLE(15 V) 200 mV Measured at End of 48 mQ Cable.
Output Current Toutis v 2.0 A +3%
Average Efficiency nusw oLL| | o [MesmueaLis o i et
ggcvté |:uous Output Pourcs v 30 W
20V / 1.5 A Setting
Output VOItage VOUT(ZO V) 20.0 \"
Output Voltage Ripple VRIPPLE(20 V) 200 mV +3%
Output Current Iout20n 1.5 A Measured at End of 48 mQ Cable.
Average Efficiency N2o v 90.4 %
Continuous Output et s o e o
Power Pout(20v) 30 | W yP p :
3.3 — 11 V PPS Setting
Maximum
Programmable Output VoutmMax) 11 \Y APDO Maximum Voltage.
oltage
Minimum Programmable VouTt(MIN) 3.3 Vv APDO Minimum Voltage.

5
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Output Voltage

Output Current Tout(pps) 3.0 A +3%

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

PPS Current Step Istepcpps) 50 mA PPS Current Step (USB PD 3.0).

Continuous Output Pour 30 w PPS Power Limited bit = 1 (USB PD 3.0).

Power

3.3 — 16 V PPS Setting

Maximum

Programmable Output VoutmMax) 16 \Y APDO Maximum Voltage.
oltage

hod:lr;::::"\;.olptgoggerammable VOUT(MIN) 3.3 Vv APDO Minimum Voltage.

Output Current Ioutcpps) 2.0 A +3%

PPS Voltage Step Vstep(pps) 20 mVv PPS Voltage Step (USB PD 3.0).

PPS Current Step Istepcpps) 50 mA PPS Current Step (USB PD 3.0).

Sg::::uous Output Pour 32 w PPS Power Limited bit = 0 (USB PD 3.0).

Conducted EMI Margin 6 dB Meets CISPR22B / EN55022B

Ambient Temperature Tams 0 45 oC Open Frame, Sea Level.

Note: To use this design for a charger/adapter with a different shape and form factor, the
changes in the circuit board layout must be carefully evaluated to meet the target specifications
for EMI, ESD, and Line Surge performance.

5
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3 Schematic
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4  Circuit Description

4.1  Input Rectifier and EMIFilter

The input fuse F1 isolates the circuit and provides protection from component failure. NTC
thermistor RT1 limits the inrush current when the input AC supply is connected. Common
mode choke L1, differential mode choke L2, with capacitors C1, C2, C3, and Y-cap C9
provide common mode and differential mode noise filtering for EMI attenuation. Bridge
rectifier BR1 rectifies the AC line voltage to have a full wave rectified DC, which is filtered by
the bulk capacitors C2, C3, and C19.

4.2  InnoSwitch3-PD ICPrimary

One end of the flyback transformer T1 primary winding is connected to the rectified DC bus
and the other end is connected to the drain terminal of the switch inside the InnoSwitch3-PD
IC U1. Resistors R6 and R7 provide input voltage sensing for protection in case of AC input
undervoltage or overvoltage.

A low-cost R2CD clamp formed by diode D1, resistors R1, and R2, and capacitor C4 limits
the peak drain-source voltage of U1l at the instant the switch inside U1 turns off. 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 C7 when AC is first applied. During normal operation, the primary side block is
powered from an auxiliary winding on the transformer T1. The output of the auxiliary (or
bias) winding is rectified using diode D2 and filtered using capacitor C6 and C23. Resistor
R16 limits the current being supplied to the BPP pin of the InnoSwitch3-PD IC U1. A linear
regulator comprising resistor R17, R18, BJT Q5 and Zener diode VR2 ensures sufficient
current flows through R16 such that the internal current source of Ul is not required to
charge C7 during normal operation. The RC network consisting of resistor R3 and capacitor
C5 offers damping of the high frequency ringing in the voltage across diode D2 to reduce
radiated EMI.

Zener diode VR1 offers primary sensed output overvoltage protection. In a flyback
converter, output of the auxiliary winding tracks the output voltage of the converter. In case
of overvoltage at output of the converter, the auxiliary winding voltage increases and causes
breakdown of VR2 which then causes excess current to flow into the BPP pin of
InnoSwitch3-PD IC U1l. If the current flowing into the BPP pin increases above the ISD
threshold, the InnoSwitch3-PD controller will latch off and prevent any further increase in
output voltage. Resistor R5 limits the current injected to BPP pin when the output
overvoltage protection is triggered.

4.3  InnoSwitch3-Pro IC Secondary and USB Power Delivery Controller

The secondary-side of the InnoSwitch3-PD IC provides output voltage and current sensing
and a gate drive to a FET for synchronous rectification. The voltage across the transformer
secondary winding is rectified by the secondary-side synchronous rectifier FET (SR FET) Q2

W . Power Integrations, Inc.
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and filtered by capacitors C10, C11 and C12. High frequency ringing during switching
transients that would otherwise create radiated EMI is reduced via a RC snubber, R8 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 SR FET is turned off just prior to the
secondary-side commanding a new switching cycle from the primary. In discontinuous mode
of operation, the SR FET is turned off when the magnitude of the voltage drop across the SR
FET falls below a threshold of approximately VSR(TH). Secondary-side control of the
primary-side power switch avoids any possibility of cross conduction of the two switches 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. Capacitor C13 connected to the BPS pin of InnoSwitch3- PD
IC U1 provides decoupling for the internal circuitry.

The output current is sensed by monitoring the voltage drop across resistor R11. The
current measurement is filtered with decoupling capacitor C14 and R13; it is monitored
across the IS and SECONDARY GROUND pins. An internal current sense threshold of
approximately 32 mV is used to reduce losses. Once the threshold is exceeded, the
InnoSwitch3-PD IC U1 regulates the number of switch pulses to maintain a fixed output
current.

During constant current (CC) operation, when the output voltage falls, the secondary side
controller inside InnoSwitch3-PD IC U1 will power itself from the secondary winding directly.
During the on-time of the primary-side power switch, the forward voltage that appears
across the secondary winding is used to charge the SECONDARY BYPASS pin decoupling
capacitor C13 via resistor R10 and an internal regulator. This allows output current
regulation to be maintained down to the minimum UV threshold. Below this level the unit
enters auto-restart until the output load is reduced.

When the output current is below the CC threshold, the converter operates in constant
voltage mode. The output voltage is monitored by the VOUT pin of the InnoSwitch3-PD IC.
Similar with current regulation, the output voltage is also compared to an internal voltage
threshold and the controller inside IC U1l regulates the output voltage by controlling the
number of switch pulses. Capacitor C22 is needed between the VOUT pin and the
SECONDARY GROUND pin for ESD protection of the VOUT pin.

N-channel MOSFET Q1 functions as the bus switch which connects or disconnects the output
of the flyback converter from the USB Type-C receptacle. MOSFET Q1 is controlled by the
VB/D pin on the InnoSwitch3-PD IC. Resistor R9 and diode D3 are connected across the
Source and Gate terminals of Q1 to provide a discharge path for the bus voltage when the
Q1 is turned off. Capacitor C16 is used at the output for ESD protection and output voltage
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ripple reduction.

The InnoSwitch3-PD IC U1 integrates the USB Power Delivery (USB PD) controller and is
internally powered through the pVCC pin. USB PD protocol is communicated over either CC1
or CC2 line depending on the orientation in which Type-C plug is connected.

The InnoSwitch3-PD IC sets the CV, CC, VKP, OVA and UVA parameters via programmed
firmware. These parameters correspond to the output voltage, constant output current,
constant output power voltage threshold, output overvoltage threshold, and output
undervoltage threshold registers of the InnoSwitch3-Pro PD, respectively.

Capacitor C20 provides decoupling to the puVCC of the InnoSwitch3-PD IC. Capacitors C17
and C18, resistors R14 and R15, and zener diodes D4, and D5 provide protection from ESD
to pins CC1 and CC2.
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5 PCB Layout
PCB copper thickness is 0.031 inches.

Figure 6 — DER-836 Rev D PCB Layout, Top.
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Vo

DER-836 )

Figure 7 — DER-836 Rev D PCB Layout, Bottom.

Note: Component references R12, C21, and D6, although present in the layout, should not be populated.
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Figure 8 — USB Type-C Connector PCB Layout, Top.
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Figure 9 — USB Type-C Connector PCB Layout, Bottom.
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6 Bill of Materials
Item|Qty|Ref Des| Description Mfg Part Number Mfg
1 1 BRI Bridge Rectifier, Single Phase, Standard, 1 kV, 3 A, SMT, 4-MSBL, 4-SMD, MSB30M-13 Diodes, Inc.
Flat Leads
2 | 1| i |00 nF, 305 VAC, Polypropylene Film, X2 MK61104-P24M sichuan
! ! ! Zhongxing
c2C3 . Shanghai
313 c19 18 pF, 400 V, Electrolytic, (8 x 17) KCXD1702G180MF Yongming
4 |1 C4 |2.2 nF, 630V, Ceramic, X7R, 1206 C3216X7R2J222K TDK
5 1 C5 |56 pF, 250 V, Ceramic, NPO, 0603 GQM1875C2E560]B12D Murata
6 |1 C6 |Cap Alum 22pF 20% 50V Radial UVR1H220MDD1TD Nichicon
7 1] c7 l0.47 uF, £10%,25 V, Ceramic, X7R, 0805 CGA4J2X7R1E474K125AA TDK
8 |1 C8 |1 nF, 200 V, Ceramic, X7R, 0805 08052C102KAT2A AVX
9 |1 C9 470 pF, £10%, 250VAC, X1, Y1, Ceramic, B, Radial, Disc DE1B3RA471KA4BNO1F Murata
10 | 2 |C10 C11J470 pF, 25V, Electrolytic with polymer electrolyte, (6.3 x 14) CRS-FX-1805078 AISHI
11 | 2 |C12 C16|1 pF, £20% ,50 V, Ceramic, X7R, Boardflex Sensitive, 0805 CGA4)J3X7R1H105M125AH TDK
123 c1gzgzo 2.2 UF, £10%, 25V, X7R, r, -55°C ~125°C, 0805 CL21B225KAFVPNE Samsung
13 ] 1] Cil4 .7 yF £10%, 25V, X7R, 0805,-55°C ~ 125°C TMK212AB7475KG-T Taiyo Yuden
14 | 2 lc17 c1s ;E.nGrg)pF, 50V, Ceramic, X7R, 0603, 0.063" L x 0.031" W (1.60 mm x 0.80 CCO603KRX7RIBBS61 Yageo
1510 C21 |Do Not Populate
16 | 1 C23 |560 pF, +5%, 100V, General Purpose, Ceramic, COG, NPO, 0805 CC0805JRNPOOBN561 Yageo Corp
1711 D1 600V, 1 A, Rectifier, Glass Passivated, POWERDI123 DFLR1600-7 Diodes, Inc.
1811 D2 J200V, 1 A, Rectifier, Glass Passivated, POWERDI123 DFLR1200-7 Diodes, Inc.
19]1 D3 |250 V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
20 | 2 | D4 D5 |DIODE, ZENER, 24 V, 200 mW, SC-90, SOD-323F MM3Z724VC ON Semi
21 1 0 D6 |Do Not Populate
22 11 F1 2 A 250V, Slow, Long Time Lag,RST RST 2 Belfuse
Connector, "Certified", USB - C, USB 3.1, For 0.031" PCB Material!, i ) O .
2311 12 Superspeed+, Receptacle Connector, 16 Position, SMT, RA, TH LM-U3231-096 LM-Link Precise
24 |1 1 J4 |3 Position (1 x 3) header, 0.050" (1.27 mm) pitch, Gold, R/A M50-3930342 Harwin
2511 J6 K Position (1 x 4) header, 0.050" (1.27 mm) pitch, Gold, R/A M50-3930442 Harwin
CMC, 8 mH £25% @ 100 kHz, Power
26 |1 L1 [Toroidal, wound on 32-00376-00 30-04109-00 Intearations
toroidal core, using #30 AWG wire, and Cable Tie PI # 75-00202-00 9
27 1 1 L2  [Inductor, Fixed, 220 puH 0.43 A 5.4 MHz, Radial Lead 22R224C Murata
Alpha & Omega
2811 Q1 |MOSFET, N-Channel 30 V 20 A (Ta) 3.1 W (Ta) Surface Mount 8-SOIC A04576 Semi
20| 1| Q2 [MOSFET, N-CH, 100V, 48 A (Tc), 113.5 W (Tc), DFN5X6, 8-DFN (5x6) AON6220 A'phasge‘n?imega
3011 Q5 |NPN, Small Signal BJT, 40 V, 0.2 A, SOT-323 MMST3904-7-F Diodes, Inc.
31 | 1 R1 |RES, 1.0 MQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ105V Panasonic
3211 R2 |RES, 10 Q, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF10R0V Panasonic
3311 R3 |RES, 100 Q, 5%, 1/10 W, Thick Film, 0402 ERJ-2GEJ101X Panasonic
34 [ 3 [55e* jRes, 22 0, 5%, 1/10 w, Thick Film, 0402 ERJ-2GEJ220X Panasonic
3511 R6 |RES, 2.00 MQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF2004V Panasonic
3611 R7 |RES, 1.80 MQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF1804V Panasonic
3711 R8 |RES, 10 Q, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF10R0V Panasonic
3811 R9 |RES, 100 Q, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1000V Panasonic
39 | 1] R10 |RES, 47 Q, 5%, 1/10 W, Thick Film, 0402 ERJ-2GEJ470X Panasonic
a0 | 1 R11 Ell(fe?‘,1 eon.i)OQ Q, £1%, 0.5 W, 0805, Current Sense, Moisture Resistant, Metal CRFO805-FZ-RO09ELF Bourns
41 1 0 R12 |Do Not Populate
42 1 1] R13 |RES, 10 Q, 1%, 1/10 W, Thick Film, 0402 ERJ-2RKF10R0X Panasonic
43 ] 1] R16 |RES, 6.34 kQ, 1%, 1/10 W, Thick Film, 0402 ERJ-2RKF6341X Panasonic

: ™
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44 | 1| R17 [RES, 47.0 kQ, 1%, 1/10 W, Thick Film, 0402 ERJ-2RKF4702X Panasonic
45 | 1| R18 |RES, 4.22 kQ, 1%, 1/10 W, Thick Film, 0402 ERJ-2RKF4221X Panasonic
46 | 1 L3 |RES, 0 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYOROOV Panasonic
47 | 1 RT1 INTC Thermistor, 5Q, 1A MF72-005D5 Cantherm
48 11 RT2 INTC Thermistor, 100 kQ, 1%,4250K, 0603 NCU18WF104F60RB Murata
49| 1| T1 |DER-836 Rev D Transformer Rev 6 25-01185-00 I Power
ntegrations
. Power
50 |1 Ul  |InnoSwitch3-PD INN3878C-H804 Integrations
51 |1 VR1 |DIODE ZENER 36 V 500 mW SOD123 MMSZ5258B-7-F Diodes, Inc.
52 |1 VR2 JZener Diode 11 V 150 mW +2% SMT EMD2, SC-79, SOD-523 EDZVT2R11B Rohm

5
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7 Transformer Design Spreadsheet
IACDC_InnoSwitch3-
1 :'e"z':n':agg;?g::tz:zw or| INPUT |INFO| OUTPUT  |UNITS{InnoSwitch3-PD Flyback Design Spreadsheet
Integrations 2021

2 |APPLICATION VARIABLES

3 |VAC_MIN 90 90 V  [Minimum AC line voltage

4 [VAC_MAX 265 V  |[Maximum AC input voltage

5 |VAC_RANGE UNIVERSAL AC line voltage range

6 [FLINE 60 Hz |AC line voltage frequency

7 |CAP_INPUT 54.0 54.0 uF [Input capacitance

9 [SET-POINT 1

10 VOUT1 20.00 20.15 \?g:iggg\;ggiﬁzdl, should be the highest output

11 [IOUT1 1.500 1.500 A |Output current 1

12 |POUT1 30.23 W  [Output power 1

13 [EFFICIENCY1 0.91 0.91 Converter efficiency for output 1

14 |Z_FACTOR1 0.50 0.50 Z-factor for output 1
Select whether this set-point is a PDO(Power

15 [TYPE PDO PDO Delivery Object) or APDO (Additional Power
Delivery Object

17 |SET-POINT 2

18 |VOUT2 16.00 16.00 V  |Output voltage 2

19 [IOUT2 2.000 2.000 A |Output current 2

20 |POUT2 32.00 W  [Output power 2

21 |[EFFICIENCY2 0.91 0.91 Converter efficiency for output 2

22 [Z_FACTOR2 0.50 0.50 Z-factor for output 2
Select whether this set-point is a PDO(Power

23 [TYPE APDO APDO Delivery Object) or APDO (Additional Power
Delivery Object

25 |SET-POINT 3

26 [VOUT3 15.00 15.20 V  |Output voltage 3

27 [IOUT3 2.000 2.000 A [Output current 3

28 |POUT3 30.40 W  [Output power 3

29 [EFFICIENCY3 0.92 0.92 Converter efficiency for output 3

30 [Z_FACTOR3 0.50 0.50 Z-factor for output 3
Select whether this set-point is a PDO(Power

31 [TYPE PDO PDO Delivery Object) or APDO (Additional Power
Delivery Object

33 [SET-POINT 4

34 [VOUT4 12.00 12.25 V  |Output voltage 4

35 [IOUT4 2.500 2.500 A |Output current 4

36 [POUT4 30.63 W  [Output power 4

37 |EFFICIENCY4 0.92 0.92 Converter efficiency for output 4

38 |Z_FACTOR4 0.50 0.50 Z-factor for output 4

39 ITYPE PDO Info PDO The_ voltage_entered is not a standard PDO(Power
Delivery Object)

41 [SET-POINT 5

42 [VOUT5S 10.00 10.30 V  |Output voltage 5

43 |IOUT5 3.000 3.000 A |Output current 5

44 |POUTS 30.90 W  [Output power 5

45 [EFFICIENCY5 0.92 0.92 Converter efficiency for output 5

46 |Z_FACTORS5 0.50 0.50 Z-factor for output 5

47 TYPE PDO Info PDO The_ voltage_entered is not a standard PDO(Power
Delivery Object)

49 [SET-POINT 6

50 [VOUT6 9.00 9.30 Vv |Output voltage 6
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51 [IOUT6 3.000 3.000 A |Output current 6
52 |POUT6 27.90 W  [Output power 6
53 |EFFICIENCY6 0.92 0.92 Converter efficiency for output 6
54 |Z_FACTOR6 0.50 Z-factor for output 6
Select whether this set-point is a PDO(Power
55 [TYPE PDO PDO Delivery Object) or APDO (Additional Power
Delivery Object
57 |SET-POINT 7
58 |[VOUT7 5.00 5.30 V  |Output voltage 7
59 [IOUT7 3.000 3.000 A |Output current 7
60 |POUT7 15.90 W  [Output power 7
61 |EFFICIENCY7 0.90 0.90 Converter efficiency for output 7
62 [Z_FACTOR?7 0.50 Z-factor for output 7
Select whether this set-point is a PDO(Power
63 [TYPE PDO PDO Delivery Object) or APDO (Additional Power
Delivery Object
65 [SET-POINT 8
66 [VOUT8 3.30 3.30 V  |Output voltage 8
67 |IOUT8 3.000 3.000 A |Output current 8
68 |POUT8 9.90 W  [Output power 8
69 [EFFICIENCY8 0.90 0.90 Converter efficiency for output 8
70 [Z_FACTORS 0.50 Z-factor for output 8
Select whether this set-point is a PDO(Power
71 [TYPE APDO APDO Delivery Object) or APDO (Additional Power
Delivery Object
73 |SET-POINT 9
74 [VOUT9 0.00 V  |Output voltage 9
75 [IOUT9 0.000 A |Output current 9
76 [POUT9 0.00 W  |Output power 9
77 [EFFICIENCY9 0.00 Converter efficiency for output 9
78 |Z_FACTOR9 0.00 Z-factor for output 9
Select whether this set-point is a PDO(Power
79 [TYPE PDO PDO Delivery Object) or APDO (Additional Power
Delivery Object
81 [VOLTAGE_CDC 0.300 0.300 Vv gsg;itdgﬁfr:grpensatlon desired at maximum
85 [PRIMARY CONTROLLER SELECTION
86 |ENCLOSURE ADAPTER ADAPTER Power supply enclosure
87 |ILIMIT_MODE STANDARD STANDARD Device current limit mode
88 [VDRAIN_BREAKDOWN 750 750 V  |Device breakdown voltage
89 |DEVICE_GENERIC INN38X8 INN38X8 Device selection
90 [DEVICE_CODE INN3878C Device code
91 |[PDEVICE_MAX 55 W  |Device maximum power capability
92 |RDSON_25DEG 0.68 Q |Primary switch on-time resistance at 25°C
93 |IRDSON_100DEG 1.02 Q  |Primary switch on-time resistance at 100°C
94 |ILIMIT_MIN 1.581 A |Primary switch minimum current limit
95 [ILIMIT_TYP 1.700 A |Primary switch typical current limit
96 |[ILIMIT_MAX 1.819 A |Primary switch maximum current limit
97 [VDRAIN_ON_PRSW 0.38 V  |Primary switch on-time voltage drop
98 [VDRAIN_OFF_PRSW 585.31 Vv E:rilf (;jf;ain voltage on the primary switch during
102|WORST CASE ELECTRICAL PARAMETERS
103|FSWITCHING_MAX 54730 | Info 54730 Hz |The worst case minimum operating frequency is
less than 25kHz: may result in audible noise
\Voltage reflected to the primary winding
104[VOR 142.0 142.0 V  |(corresponding to set-point 1) when the primary
switch turns off
105|VMIN 90.03 V  |Valley of the rectified minimum input AC voltage at
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full load

106lkp 0.888 ?::rsaliir:n()f continuous/discontinuous mode of

107|MODE_OPERATION CCM Mode of operation

108[DUTYCYCLE 0.522 Primary switch duty cycle

109[TIME_ON 11.27 us [Primary switch on-time

110(TIME_OFF 8.87 us |Primary switch off-time

111|LPRIMARY_MIN 578.6 uH |Minimum primary magnetizing inductance

112|LPRIMARY_TYP 609.0 uH [Typical primary magnetizing inductance

113|LPRIMARY_TOL 5.0 % |Primary magnetizing inductance tolerance

114(LPRIMARY_MAX 639.5 uH |Maximum primary magnetizing inductance

116(PRIMARY CURRENT

117|IAVG_PRIMARY 0.375 A |Primary switch average current

118(IPEAK_PRIMARY 1.607 A |Primary switch peak current

119|IPEDESTAL_PRIMARY 0.160 A |Primary switch current pedestal

120|IRIPPLE_PRIMARY 1.607 A |Primary switch ripple current

121{IRMS_PRIMARY 0.633 A |Primary switch RMS current

123(SECONDARY CURRENT

124|IPEAK_SECONDARY 11.476 A [Secondary winding peak current

125(IPEDESTAL_SECONDARY 1.145 A [Secondary winding pedestal current

126|IRMS_SECONDARY 4.899 A [Secondary winding RMS current

127|IRIPPLE_CAP_OUT 3.873 A |Output capacitor ripple current

131 TRANSFORMER CONSTRUCTION PARAMETERS

132|CORE SELECTION

133|coRE RM8 Info RMS Refer to the Transformer Parameters tab to verify
fit factor

134|CORE NAME B65811J0000R095 Core code

135[AE 64.0 mm~ 2 |Core cross sectional area

136]|LE 38.0 mm |Core magnetic path length

137/aL 4100 nH lsJCr|1ugaarpézed core effective inductance per turns

138|VE 2430 mm~ 3 |Core volume

139(BOBBIN NAME B65812N1012D001 Bobbin name

140]AW 30.0 mm~2 |Bobbin window area

141BW 9.25 9.25 mm  [Bobbin width

142 [MARGIN 0.0 mm [Bobbin safety margin

144/PRIMARY WINDING

145[NPRIMARY 50 Primary winding number of turns

146 |BPEAK 3720 Gauss |Peak flux density

147 [BMAX 3157 Gauss [Maximum flux density

148|BAC 1579 Gauss |AC flux density (0.5 x Peak to Peak)

149|ALG 244 nH l’g}/ﬁ::rzldgapped core effective inductance per turns

150|LG 0.311 mm |Core gap length

151|LAYERS_PRIMARY 2 Primary winding number of layers

152|AWG_PRIMARY 28 28 Primary wire gauge

153|0D_PRIMARY_INSULATED 0.375 mm |Primary wire insulated outer diameter

154(0D_PRIMARY_BARE 0.321 mm [Primary wire bare outer diameter

155|CMA_PRIMARY 252.3 Cmils/AlPrimary winding wire CMA

157/SECONDARY WINDING

158NSECONDARY 7 7 Secondary winding number of turns

159|AWG_SECONDARY 20 20 Secondary wire gauge

160|0D_SECONDARY_INSULATED| 1.118 mm |Secondary wire insulated outer diameter

161|{0OD_SECONDARY_BARE 0.812 mm [Secondary wire bare outer diameter

162|CMA_SECONDARY 208.5 Cmils/AlSecondary winding wire CMA

164BIAS WINDING

5
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165 |NBIAS | | | 14 | |Bias winding number of turns

169|PRIMARY COMPONENTS SELECTION

170/LINE UNDERVOLTAGE

171[BROWN-IN REQURED 72.00 V  |Required line brown-in threshold
Connect two 1.91 MOhm resistors to the V-pin for

172RLS 3.82 MQ the required UV/OV threshold

173[BROWN-IN ACTUAL 72.58 V  |Actual brown-in threshold using standard resistors

174[BROWN-OUT ACTUAL 63.94 V  |Actual brown-out threshold using standard resistors

176(LINE OVERVOLTAGE

177|OVERVOLTAGE_LINE Warning 319.20 Vv The device voItage_ strgss will be higher than 650V
when overvoltage is triggered

179|BIAS WINDING

180VBIAS 9.00 Rectlflgd bias voltage at the cable disconnect (5V)
set-point

181|VF_BIAS 0.70 V  |Bias winding diode forward drop

182|VREVERSE._BIASDIODE 113.53 Vv Bias dlod.e reverse voltage (not accounting parasitic
voltage ring)

183|CBIAS 22 uF [Bias winding rectification capacitor

184|CBPP 0.47 uF |BPP pin capacitor

188/SECONDARY COMPONENTS SELECTION

189|RECTIFIER

190|VDRAIN_OFF_SRFET 72.41 Vv Seconp!ary I’eCtIer!’ reverse voltage (not accounting
parasitic voltage ring)

191(SRFET AON6220 AON6220 Secondary rectifier (Logic MOSFET)

192|VBREAKDOWN_SRFET 100 V  [Secondary rectifier breakdown voltage
SRFET on time drain resistance at 25degC for

193|RDSON_SRFET 7.4 mQ VGS=4.4V

Note: The warning on item number 177 above has been verified to not be an issue for this design (INN3878C
is a 750 V rating device).
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8 Transformer Specification (T1)
8.1  Electrical Diagram
RM8!/I
P
12 . FL2
WD6: 2nd Primary WD4: Secondary
25T T
1X28AWG 1x20TIW
. FL3
WD1: 1st Primary
25T
1X28AWG
1" L
1T
WD3: Bias
14T 3
1X35AWG
2 )
2
WD2: Shield #1
14T
2x33AWG
NC
2
WD5: Shield #2
15T
3x33AWG
NC
Figure 10 — Transformer Electrical Diagram.
8.2  Electrical Specifications
Parameter Condition Spec.
INominal Primary Across pin 11 to pin 12, with all other windings open, 100 kHz,
609 pH £3%
Inductance 1.0 V test level.
|Primary Leakage Across pin 11 to pin 12, with FL2 and FL3 shorted, 100 kHz, 1.0 7 uH (Max.)
Inductance V test level. H )

|IResonant Frequency

Across pin 11 to pin 12, with all other windings open.

1,200 kHz (Min.)

Electrical Strength
(Primary to
Secondary)

Across shorted primary windings (pins 11, 12, 1, 2) to shorted
secondary winding (FL2, FL3).

3000 VAC, 10 mA
200V / s ramp
rate, 60 s soak

5
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8.3  Transformer Build Diagram

LR e
h
30% H WD4: Secondary
e 2T
: H WD3: Bias
| T 0.87L 14T 1x35AWG
-0 98 000000000000 0CO0000000000000CO0CO000000- g
11% H D1:1 rimary
LA 0.96L 25T 1x28AWG

Figure 11 — Transformer Build Diagram.

8.4  Material List

Item Description

[1] |Core: RM8 TDK-PC95.

[2] [Bobbin: RM8, Vertical, 6pins (6/0), PI1#: 25-01147-00.

[3] [Clip: RM8, MHW Int Corp; or equivalent.

[4] |Magnet Wire: #28 AWG, Double Coated.

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

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

[7] |Magnet Wire: #35 AWG, Double Coated.

[8] |Magnet Wire: #20 AWG, Triple Insulated Wire.

[9] |Bus Wire: #28 AWG, Alpha Wire, Tinned Copper.

[10] |Tape: 3M 1350-F, Polyester Film, 1 mil Thickness, 9.3 mm Width.
[11] |Tape: 3M 1350-F, Polyester Film, 1 mil Thickness, 24 mm x 52 mm.
[12] |Varnish: Dolph BC-359.

[13] | Teflon tube: #20 AWG, AlphaWire TFT-200-20; or equivalent.

5
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8.5 Transformer Winding Summary Instructions

Winding
Preparation

Remove pin 3 and 10 of bobbin Item [2], and place on the mandrel such that the
primary side of the bobbin is on the left side. Winding direction is clock-wise direction
for forward direction.

Start at pin 11, wind 25 turns of wire Item [4] in 1 layer, with tight tension, from left to

STWP]' right. At the last turn, bring the wire back to left, and leave enough length of wire-
15" Primary : 4 D
floating for 2™ Primary.
Insulation 1 layer of tape Item [10].
WD2: Bias Use single wire Item [7] start at pin 1 for Bias winding, also use 2 wires same Item
é( [5] start at pin 2 for Shield1 winding. Wind all 3 wires in parallel, at the 14% turn:
WD3: Shield1 - bring single wire for Bias winding to the left and terminate at pin 2,
s Shie - cut short 2 wires for Shield1 Winding as No-Connect.
Insulation 2 layers of tape Item [10].
WD4 Start at right slot of secondary side, use wire Item [8], leaving ~30.0 mm floating, and
Seconda mark as FL2.Wind 7 turns in 1 layer, from right to left, at the last turn bring exit at the
Yy left slot, also leaving ~40.0 mm floating, and mark FL3.
Insulation 2 layers of tape Item [10].
WD5 Start at pin 2, wind 15 tri-filar turns of wire Item [6], from left to right. At the last turn,
Shield2 cut short to leave as No-Connect.
Insulation 1 layer of tape Item [10].
W[_)G Use floating wire from winding 1%t Primary, continue to wind 25 turns from left to right.
2P Primary | At the last turn, bring the wire back to the left and finish at pin 12.
Insulation é ::zg;s(.)f tape Item [10]. Bring floating wire FL3 to the right and continue securing with
Gap core halves to get 609 pH, secure with clips Item [3], and cut short GND
tips. Solder pin 2 with bus-wire Item [9] and solder to top of either clip Item
[3].
Varnish with Item [12].
Finish Place 2 layers of tape Item [11] at the bottom then wrap up to the body of

transformer, also place 1 layer surround and wrap on top to cover the cores.
Tape around 1turn of tape Item [10].

Insert Teflon tubes Item [13] to secondary leads and

twist. (See pictures below).

5
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8.6

Transformer Winding Step-By-StepInstructions

Remove pin 3 and 10 of bobbin Item
[2], and place on the mandrel such
that the primary side of the bobbin is
on the left side.

Bobbin and
Winding
Preparation
Winding direction is clock-wise
direction for forward direction.
Start at pin 11, wind 25 turns of wire
Item [4] in 1 layer, with tight
WwWD1 tension, from left to right. At the last
1st Primary turn, bring the wire back to left, and

leave enough length of wire-floating
for 2"d Primary.
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Insulation 1 layer of tape Item [10].
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Start at pin 2, with 1 wire
Item [4] for WD2 (Bias).

WD2: Bias &

WD3: Shield #1 Use single wire Item [7] start

at pin 1 for Bias winding, also
use 2 wires same Item [5]
start at pin 2 for Shield1
winding. Wind all 3 wires in
parallel, at the 14™ turn:
- bring single wire for
Bias winding to the left
and terminate at pin 2,
- cut short 2 wires for
Shield1 Winding as
No-Connect.

Insulation 2 layers of tape Item [10].
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WD4:
Secondary

Insulation

WD?5: Shield #2

Insert Teflon tubes Item [13]

Start at right slot of secondary side,
use wire Item [8], leaving ~ 30 mm
floating, insert Teflon tube item {13]
also ~30 mm long reach inside to
bobbin ~ 3mm and mark as
FL2.Wind 7 turns in 1 layer, from
right to left, at the last turn exit the
wire at the left slot, leaving ~
40.0mm floating and also insert
Teflon tube same as FL2, and mark
FL3.

2 layers of tape Item [10].

Start at pin 2, wind 15 tri-filar
turns of wire Item [6], from left to
right. At the last turn, cut short to

leave as No-Connect.
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Insulation 1 layer of tape Item [10].
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Use floating wire from winding 1st]
Primary, continue to wind 25 turng
from left to right. At the last turn,
bring the wire back to the left and
finish at pin 12.

WD6: 2" Primary

N Power Integrations, Inc.
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1 layer of tape Item [10]. Bring
floating wire FL3 to the right
and continue securing with 2

layers.

Insulation

N Power Integrations, Inc.
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Finish Assembly

Gap core halves to get 609
uH, secure with clips Item [3],
and cut short GND tips.

Solder pin 2 with bus-wire Item

[9] and solder to top of either
clip Item [3].

Varnish with Item [12].

Place 3 layers of tape Item [11]

at the bottom then wrap up to
the body of transformer.

Also place 1 layer surround and
wrap on top to cover the cores.
Tape around 1turn of tape Item
[10].

(See pictures beside).

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Completed
Transformer

N Power Integrations, Inc.
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Common Mode Choke Specifications
8 mH Common Mode Choke (L1)

Electrical Diagram

FL1 5 s 1FL4

w2 w1
60T 60T
1X30AWG 1X30AWG

FL2 FL3

Figure 12 — Choke Electrical Diagram.

Electrical Specifications

Across FL1 to FL2 (or FL3 to FL4) with the other winding

Inductance open.

8 mH
+10%

Leakage Across FL1 to FL2 (or FL3 to FL4) with the other winding
Inductance | shorted.

0.3 pH (Max.)

LCR Meter
Setting

Ls measurement, 100 kHz switching frequency, 1.0 V test level.

Material List

Item Description

[11 " Jo0376-00.

Toroidal Core: TDK , T10 X 6X X 4 T46, Mfg P/N: B64290L0038X046 PI#: 32-

[2] |Magnet Wire: #30 AWG, Double Coated.

[3] |Cable Tie PI # 75-00202-00.

[4] to 0.75" length.

Heat Shrink: Heat Shrink 1" Inner diameter, 0.035” Wall Thickness. PI#: 62-00002-00; cut

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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9.5 Winding Instructions

Prepare core Item [1], ~4ft of 2 wires Item [2].
Insert Cable Tie [3] in to core Item [1].

Start as FL1 for Item [2] and wind 19 turns for 1stlayer.
Continue winding another 13 turns in 2nd layer and 8 turns
in 3rd layer and 8 turns in 4 layer, 7 turns in layer 5 and
backward to start point for 5 turns and finish as FL2 for Item

2.

Continue to wind the same the second half of core start
as FL4 and finish as FL3.

Add Item [4] to the common-mode choke.

N Power Integrations, Inc.
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10 Assembly Details

10.1 C9 Y Capacitor Teflon Sleeving

Before soldering to the board, cut the length of the
C9 capacitor wire to about 1.5 cm. Use #20 AWG
AlphaWire TFT-200-20 or equivalent and add
sleeves to the wire connections to prevent ESD
arcing.
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10.2 C10 and C11 Output Capacitor Insulation

Before soldering output capacitors C10 and C11,
use 8.43 mm width tape and place on top of
both capacitors as shown on the left.

Then, use 13.7 mm width tape and wrap the
capacitors as shown.
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11 Performance Data
Note:

1. Output voltage measured on the PCB unless otherwise specified.
2. Measurements taken at room temperature ambient (approximately 25 °C)
unless otherwise specified.

11.1 No-Load Input Power at 5Voyr
Note:

1. Unit tested without Type-C cable connected to output.
2. For each line voltage, soak time = 15 min and integration time = 15 min.

20

15 =

Input Power (mW)
=)

(O}
'l

90 115 230 265

Input Voltage (VAC)
Figure 13 — No-Load Input Power vs. Input Line Voltage.
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11.2 Full Load Efficiency
Vour | Load | Power Full Load Efficiency (%)
M | (A) (W) 90 VAC 115 VAC 230 VAC 265 VAC
5 3.0 15 89.15 90.11 90.83 90.42
9 3.0 27 90.17 91.42 91.97 92.49
12 2.5 30 90.47 91.62 92.81 91.21
15 2.0 30 90.40 91.59 92.37 92.92
20 1.5 30 90.37 91.57 92.71 92.55
11.3 Average and 10% LoadEfficiency
11.3.1 Efficiency Requirements
Test Average Average | 10% Load
Effective 2016 Jan-16 Jan-16
Vour Model Power New CoC v5 CoC v5
(V) (V) (W) EISA2007 Tier 2 Tier 2
5 <6 15 81.39% 81.84% 72.48%
9 >6 27 86.62% 87.30% 77.30%
12 >6 30 86.95% 87.70% 77.70%
15 >6 30 86.95% 87.70% 77.70%
20 >6 30 86.95% 87.70% 77.70%
11.3.2  Efficiency Performance Summary (On Board)
Vour| Power | Average Efficiency (%) | 10% Load Efficiency (%)
V)| (W) 115 VAC 230 VAC 115 VAC 230 VAC
5 15 90.72 90.19 90.35 85.19
9 27 92.08 91.89 90.51 88.04
12 30 92.31 92.26 89.23 86.98
15 30 91.59 91.97 87.27 85.69
20 30 90.94 91.22 82.80 81.24

: ™
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11.3.3 Average and 10% Load Efficiency Measurements
11.3.3.1 Output: 5 V/ 3 A
_ Average DOE6 CoC v5 Tier 2
gcx:; Izgz;l P((‘)Al,")T Efﬁ(f,'/f;' cy Efficiency | Requirement | Requirement Remarks
(%) (%) (%)
100 | 15.54 90.11
75 11.55 90.55
115 =0 > 62 91.02 90.72 81.39 81.84 PASS
25 3.75 91.18
10 1.47 90.35 72.48 PASS
100 | 15.63 90.83
75 11.58 90.57
230 =0 > 62 90.27 90.19 81.39 81.84 PASS
25 3.75 89.10
10 1.48 85.19 72.48 PASS
11.3.3.2 Output: 9V / 3 A
- Average DOEG6 CoC v5 Tier 2
gcxg; Izgf;l P((‘)Al,")T Efﬁ(f,'/e;' cy Efficiency | Requirement | Requirement Remarks
° ° (%) (%) (%)
100 | 27.53 91.42
75 20.54 91.64
115 =0 13.60 91.96 92.08 86.62 87.30 PASS
25 6.74 93.32
10 2.65 90.51 77.30 PASS
100 | 27.67 91.97
75 20.58 92.36
230 =0 1363 92.23 91.89 86.62 87.30 PASS
25 6.74 91.03
10 2.65 88.04 77.30 PASS

5
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11.3.3.3 Output: 12 V/ 2.5 A

. . Average DOE6 CoC v5 Tier 2
ARDC '-f,’a" AU Eff|<¢:)|ency Efficiency |Requirement| Requirement | Remarks
(VAC) | (%) | (W) (%) (%) (%) (%)
100 | 30.34 91.62
75 |22.70 91.88
115 =0 | 15.07 92.16 92.31 86.95 87.70 PASS
25 7.47 93.58
10 2.92 89.23 77.70 PASS
100 | 30.42 92.81
75 | 22.74 92.69
230 =0 | 15.07 92.39 92.26 86.95 87.70 PASS
25 7.47 91.16
10 2.93 86.98 77.70 PASS
11.3.3.4 Output: 15V /2 A
. . Average DOEG6 CoC v5 Tier 2
e '-f,’a" HULT Eff|<¢:)|ency Efficiency |Requirement| Requirement | Remarks
(VAC) | (%) | (W) (%) (%) (%) (%)
100 | 30.19 91.59
75 | 22.57 91.80
115 =0 | 14.99 91.95 91.59 86.95 87.70 PASS
25 7.43 91.02
10 2.93 87.27 77.70 PASS
100 | 30.22 92.37
75 |22.60 92.61
230 =0 11501 9229 91.97 86.95 87.70 PASS
25 7.43 90.60
10 2.93 85.69 77.70 PASS

: ™
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11.3.3.5 Output: 20 V/ 1.5 A
. Average DOEG6 CoC v5 Tier 2
i Lf,’a" KDy Effl((:)lency Efficiency | Requirement | Requirement Remarks
(VAC) | (%) | (W) (%) (%) (%) (%)
100 | 30.03 91.57
75 22.44 91.54
115 =0 14.90 91.49 90.94 86.95 87.70 PASS
25 7.37 89.15
10 2.89 82.80 77.70 PASS
100 | 30.06 92.71
75 22.47 92.43
230 =0 14.90 91.82 91.22 86.95 87.70 PASS
25 7.37 89.34
10 2.89 81.24 77.70 PASS

5

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

Page 44 of 125




Efficiency (%)

DER-836 30 W InnoSwitch3-PD USB PD 3.0 with PPS 22-Jul-21

11.4 Efficiency Across Line at 100% Load (On Board)

100
95
- E‘q‘-ﬂ
85
80
75
70
== 5V / 3A
03 === 9V / 3A
60 == 12V / 2.5A |
55 === 15V / 2A
== 20V / 1.5A
50 T
85 105 125 145 165 185 205 225 245 265

Input Voltage (VAC)
Figure 14 — Full Load Efficiency vs. Input Line for 5V, 9V, 12V, 15V, and 20 V Output, Room Temperature.
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11.5 Efficiency Across Load (On Board)
11.5.1 Output: 5V /3 A

100
95
90 W—_‘—-_—
85
80
75
70
65
60 =+=90 VAC
55 =#=115 VAC
=#=230 VAC
=265 VAC
50 T 1
10 20 30 40 50 60 70 80 90 100
Load(%)
Figure 15 — Efficiency vs. Load for 5 V Output, Room Temperature.
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11.5.2 Output: 9V/3A

100

95

90

85

80

75

70

65

60

55

50

f—*ﬁ

=+=00 VAC

=#=115 VAC
==230 VAC
===265 VAC

10 20 30 40 50 60 70 80 90 100

Load(%)
Figure 16 — Efficiency vs. Load for 9 V Output, Room Temperature.
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11.5.3 Output: 12V /2.5A

100

95 I

90

85

80

75

70

65

60 =+=00 VAC

55 =#=115 VAC
==230 VAC
===265 VAC

50 T 1

10 20 30 40 50 60 70 80 90 100

Load(%)
Figure 17 — Efficiency vs. Load for 12 V Output, Room Temperature.
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11.54 Output: 15V /2A

100

70

65

60

55 30 VA
=265 VAC I

50 T 1

10 20 30 40 50 60 70 80 0 100

Load(%)
Figure 18 — Efficiency vs. Load for 15 V Output, Room Temperature.
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11.5.5 Output: 20V /1.5A

100
95
90
85 =
<
o 80
Nt
E 75
2
e 70
w
65
60 ==90 VAC
“5-115 VAC
35 =230 VAC
=265 VAC
50 T 1
10 20 30 40 50 60 70 80 90 100

Load(%)
Figure 19 — Efficiency vs. Load for 20 V Output, Room Temperature.
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11.6 Load Regulation (End of Cable)
11.6.1 Output:5V/3A

7.0
6.5
6.0
Sss
N
[} o en o on oo on o g o enjeos on o o oo jon o o o o o -5%w
=)]
° -_" -_" = — L] -_" —— o= -_" -_" — — == -_" —— -_" -_" -_— e — — ‘o
S 5%~
2 45
=3
e
=
O 4.0
=+=90 VAC
3.5 ===115 VAC
==230 VAC
=265 VAC
3.0 T 1
10 20 30 40 50 60 70 80 90 100

Load(%)
Figure 20 — Output Voltage vs. Output Load for 5 V Output, Room Temperature.
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11.6.2

Output Voltage (V)

13

12

=t
[

10

~

Output: 9V /3 A

a» o

=+=00 VAC
===115 VAC

===230 VAC
===265 VAC

10 20 30

60 70
Load(%)

80

90 100

Figure 21 — Output Voltage vs. Output Load for 9 V Output, Room Temperature.
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11.6.3 Output: 12V /2.5A

16
15
14
S 13
N
) - ov oo ov ool o o b os o o oo o o oG o o e Y
(=)}
N IR N P N D . — — | =
2 11
o
hed
-
O 10
=+=0(0 VAC
9 ===115 VAC
=w=230 VAC
=e=?65 VAC
8 T 1
10 20 30 40 50 60 70 80 90 100

Load(%)
Figure 22 — Output Voltage vs. Output Load for 12 V Output, Room Temperature.
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11.6.4 Output: 15V /2A
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Figure 23 — Output Voltage vs. Output Load for 15 V Output, Room Temperature.
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11.6.5
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Figure 24 — Output Voltage vs. Output Load for 20 V Output, Room Temperature.
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11.7 Line Regulation (End of Cable)
11.7.1 Output: 5V /3 A
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Figure 25 — QOutput Voltage vs. Input Line Voltage for 5 V Output, Room Temperature.
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11.7.2
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Output: 9V /3 A
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Figure 26 — Output Voltage vs. Input Line Voltage for 9 V Output, Room Temperature.
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11.7.3 Output: 12V /2.5A
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Figure 27 — Output Voltage vs. Input Line Voltage for 12 V Output, Room Temperature.
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11.7.4 Output: 15V /2 A
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Figure 28 — Output Voltage vs. Input Line Voltage for 15 V Output, Room Temperature.
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11.7.5 Output: 20V /1.5A
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Figure 29 — Output Voltage vs. Input Line Voltage for 20 V Output, Room Temperature.
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12 Thermal Performance

12.1 Thermal Performance in Open Case, 25 °C Ambient

Note: Measurements taken at room temperature ambient.
Output: 5V /3 A (90 VAC
Ell Max 55.5 o

El2

EI3

12.1.1

Figure 30 — Top Thermal Image, Tams = 23.1 °C. Figure 31 — Bottom Thermal Image, Tams = 23.1 °C.
Ell: Transformer, T1 = 55.5 °C. Arl: InnoSwitch3-PD, Ul = 51.2 °C,
El2: Thermistor, RT1 = 60.6 °C. Ar2: SR FET, Q2 = 56.5 °C.
El3: CMC, L1 = 51.6 °C. Ar3: SR FET Snubber = 56.5 °C.

Ar4: Primary Snubber = 50.4 ©°C.
Ar5: Bridge Rectifier, BR1 = 53.5 °C.

12.1.2  Output: 5V / 3 A (265 VAC)

Ell Max 57.7 oC
El2 Max 40.4
EI3

Figure 32 — Top Thermal Image, Tavs = 22.7 °C. Figure 33 — Bottom Thermal Image, Tavs = 22.7 °C.
El1: Transformer, T1 = 57.7 °C. Arl: InnoSwitch3-PD, Ul = 55.1 °C,
El2: Thermistor, RT1 = 40.4 °C. Ar2: SR FET, Q2 = 61.0 °C.
EI3: CMC, L1 = 38.3 °C. Ar3: SR FET Snubber = 63.4 °C.

Ar4: Primary Snubber = 48.5 °C.
Ar5: Bridge Rectifier, BR1 = 40.2°C.
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12.1.3  Output: 9V /3 A (90 VAC
Ell Max 72.8 o

El2 max 83.1

EI3 Max 75.2

Figure 34 — Top Thermal Image, Taws = 23.3 °C. Figure 35 — Bottom Thermal Image, Tams = 23.1 °C.
Ell: Transformer, T1 = 72.8 °C. Arl: InnoSwitch3-PD, Ul = 69.1 °C.
EI2: Thermistor, RT1 = 83.1 °C. Ar2: SR FET, Q2 = 70.3 °C.
EI3: CMC, L1 = 75.2 °C. Ar3: SR FET Snubber = 70.9 °C.

Ar4: Primary Snubber = 68.6 °C.
Ar5: Bridge Rectifier, BR1 = 75.9 °C.

12.1.4 Output: 9V / 3 A (265 VAC)

Ell Max 70.8 OC
El2 max 52.9
EI3 Max 46.8

Figure 37 — Bottom Thermal Image, Tams = 22.6 °C.
Ell: Transformer, T1 = 70.8 °C. Arl: InnoSwitch3-PD, Ul = 67.5 °C.
EI2: Thermistor, RT1 = 52.9 °C. Ar2: SR FET, Q2 = 71.5 °C.

Figure 36 — Top Thermal Image, Taws = 22.6 °C.

Ar3: SR FET Snubber = 73.8 °C. Ar4:
Primary Snubber = 59.2 °C. Ar5:
Bridge Rectifier, BR1 = 48.8 °C.

EI3: CMC, L1 = 46.8 °C.
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12.1.5

El
El2
EI3

Figure 38 — Top Thermal Image, Taws = 22.8 °C.

Output: 12V / 2.5 A (90 VAC)

Max 75.6 OC!
Max 87.5
Max 80.5

Ell: Transformer, T1 = 75.6 °C.
El2: Thermistor, RT1 = 87.5 °C.
EI3: CMC, L1 = 80.5 °C.

12.1.6  Output: 12V / 2.5 A (265 VAC)

El
El2
El3

Figure 40 — Top Thermal Image, Taws = 21.4 °C.

Max 71.7 OC
Max 54.8
Max 47.8

Ell: Transformer, T1 = 71.7 °C.
El2: Thermistor, RT1 = 54.8 °C.
EI3: CMC, L1 = 47.8 °C.

— Bottom Thermal Image, Tavs = 22.8 °C.
Arl: InnoSwitch3-PD, Ul = 72.4 °C.
Ar2: SR FET, Q2 = 70.3 °C.

Ar3: SR FET Snubber = 69.6 °C.
Ar4: Primary Snubber = 72.6 °C.
Ar5: Bridge Rectifier, BR1 = 81.0 °C.

Figure 41 — Bottom Thermal Image, Tams = 21.4 °C.
Arl: InnoSwitch3-PD, Ul = 69.2 °C.
Ar2: SR FET, Q2 = 68.9 °C.

Ar3: SR FET Snubber = 72.4 oC.

Ar4: Primary Snubber = 60.2 °C.

Ar5: Bridge Rectifier, BR1 = 49.6 °C.
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12.1.7 Output: 15V / 2 A (90 VAC)
El1 Max 74.4 oC

El2 Max 86.7

El3 Max 79.8

Figure 42 — Top Thermal Image, Taws = 23.0 °C. Figure 43 — Bottom Thermal Image, Tams = 23.0 °C.
Ell: Transformer, T1 = 74.4 °C. Arl: InnoSwitch3-PD, Ul = 72.7 °C.
EI2: Thermistor, RT1 = 86.7 °C. Ar2: SR FET, Q2 = 66.9 °C.
EI3: CMC, L1 = 79.8 °C. Ar3: SR FET Snubber = 67.6 °C.

Ar4: Primary Snubber = 72.5 °C.
Ar5: Bridge Rectifier, BR1 = 80.6 °C.

12.1.7 Output: 15V / 2 A (265 VAC)

Max 70.2 OC

Max 55.2 B
Max 48.5
EB

=
@a

.
.
»

Figure 44 — Top Thermal Image, Tavs = 22.8 °C. Figure 45 — Bottom Thermal Image, Tams = 22.8 °C.
Ell: Transformer, T1 = 70.2 °C. Arl: InnoSwitch3-PD, Ul = 71.2 °C.
El2: Thermistor, RT1 = 55.2 °C. Ar2: SR FET, Q2 = 68.4 °C.
EI3: CMC, L1 = 48.5 °C. Ar3: SR FET Snubber = 70.8 °C.

Ar4: Primary Snubber = 61.9 °C.
Ar5: Bridge Rectifier, BR1 = 51.1 °C.

_p‘“ Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 64 of 125



DER-836 30 W InnoSwitch3-PD USB PD 3.0 with PPS 22-Jul-21

12.1.8 Output: 20 V/ 1.5 A (90 VAC)

Ell Max 75.6 oCH
El2 max 87.2 j

EI3 max 80.7

Figure 46 — Top Thermal Image, Taws = 23.7 °C. Figure 47 — Bottom Thermal Image, Tams = 23.7 °C.
Ell: Transformer, T1 = 75.6 °C. Arl: InnoSwitch3-PD, Ul = 77.6 °C.
EI2: Thermistor, RT1 = 87.2 °C. Ar2: SR FET, Q2 = 67.1 °C.
EI3: CMC, L1 = 80.7 °C. Ar3: SR FET Snubber = 66.7 °C.

Ar4: Primary Snubber = 74.3 °C.
Ar5: Bridge Rectifier, BR1 = 81.5 °C.

12.1.9 Output: 20V / 1.5 A (265 VAC)

Ell Max 71.0 oC
El2 Max 55.5
El3

Figure 48 — Top Thermal Image, Tavs = 23.3 °C. Figure 49 — Bottom Thermal Image, Tams = 23.3 °C.
Ell: Transformer, T1 = 71.0 °C. Arl: InnoSwitch3-PD, Ul = 75.9 °C.
El2: Thermistor, RT1 = 55.5 °C. Ar2: SR FET, Q2 = 66.4 °C.
El3: CMC, L1 = 49.0 °C. Ar3: SR FET Snubber = 70.5 ©°C.

Ar4: Primary Snubber = 63.9 °C.
Ar5: Bridge Rectifier, BR1 = 52.0 °C.
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12.1.10 Output: 16 V/ 2.0 A (90 VAC)

Ell  mMax 77.1 OC

El2 Max 89.8 l
El3 Max 84.8

Figure 50 — Top Thermal Image, Taws = 23.5 °C. Figure 51 — Bottom Thermal Image, Tams = 23.5 °C.
Ell: Transformer, T1 = 77.1 °C. Arl: InnoSwitch3-PD, Ul = 75.9 °C.
El2: Thermistor, RT1 = 89.8 °C. Ar2: SR FET, Q2 = 70.6 °C.
El3: CMC, L1 = 84.8 °C. Ar3: SR FET Snubber = 69.78 °C.

Ar4: Primary Snubber = 77.1 °C.
Ar5: Bridge Rectifier, BR1 = 85.5 °C.

12.1.11 Output: 16 V / 2.0 A (265 VAC)

1 max 72.0 oCh
El2 max 56.6 3
EI3 Max 50.5

Figure 52 — Top Thermal Image, Taws = 23.5 °C. Figure 53 — Bottom Thermal Image, Tams = 23.5 °C.
Ell: Transformer, T1 = 72.0 °C. Arl: InnoSwitch3-PD, Ul = 73.1 °C.
EI2: Thermistor, RT1 = 56.6 °C. Ar2: SR FET, Q2 = 69.7 °C.
El3: CMC, L1 = 50.5 °C. Ar3: SR FET Snubber = 72.1 °C.

Ar4: Primary Snubber = 63.8 °C.
Ar5: Bridge Rectifier, BR1 = 52.4 °C.
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12.2 Thermal Performance in Open Case, 45 °CAmbient

Note: Measurements taken using Type-T thermocouple and with the
board inside a thermal chamber.

12.2.1 Components Temperature Summary
Temperature (°C)
Condition Component 5V/3A5V/3A|9V/3A9V/3A
|(90 VAC)|(265 VAC)|(90 VAC)|(265 VAC)|
INN3878 (U1) 69 73 90.1 87.7
Primary Snubber (D1) 68 66.5 88.4 79.5
SR FET (Q2) 72.5 76.9 87.9 88.4
Open Frame Unit SR FET Snubber (R8) 71.4 76.6 86.8 87.9
45 °C Ambient Bridge Rectifier (BR1) 68.7 58.3 92.3 68.3
Transformer (T1) 66.4 68.9 80.6 80.2
Thermistor (RT1) 66.9 52.6 85.9 63.2
Ambient 48.2 42.9 44.1 46.9

Temperature (°C)

Condition Component 15y 2 5A12v/25A15V/ 2.0A[15V/ 2.0A
(90 VAC) | (265 VAC) | (90 vAC) | (265 vAC)

INN3878 (U1) 94.1 90.7 98.3 94.3
Primary Snubber (D1) 92.3 81.7 95.6 85.1
SR FET (Q2) 87.8 87.8 89 89.8
lopen Frame Unit{SR FET Snubber (R8)] _ 86.6 87.6 88 89.6
45 °C Ambient [Bridge Rectifier (BR1)|  97.3 70.3 100.3 75.1
Transformer (T1) 82.6 81.7 85.5 81.5
Thermistor (RT1) 88.7 64.9 91.1 69.4
Ambient 43.5 43.6 49 42.5

Temperature (°C)

Condition Component 5y 1.5A20V/ 1.5A[16 V/ 2.0A[16 V/ 2.0 A
(90 VAC) | (265 VAC) | (90 VAC) | (265 VAC)
INN3878 (U1) 101.3 97.4 92.8 90.5
Primary Snubber (D1)]  96.6 86.1 94.3 87.1
SR FET (Q2) 88 88.5 87.5 88.1
|Open Frame Unit{SR FET Snubber (R8) 86.8 87.9 87.1 90.8
45°C Ambient |Bridge Rectifier (BR1) 100.4 75.8 104.8 76.9
Transformer (T1) 85.5 82 91.8 90.3
Thermistor (RT1) 91.4 69.9 98.3 69.6
Ambient 49.1 43.3 46.5 45.6

W Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201 Page 67 of 125

WWW.power.com



DER-836 30 W InnoSwitch3-PD USB PD 3.0 with PPS 22-Jul-21

12.2.2  Output: 5V /3 A (90 VAC and 265VAC)

30

Temperature (°C)

20

10 o—InnoSwitch3-PD (U1) —Primary Snubber (D1) — SRFET (Q2) —SRFET Snubber (R8)
—Bridge Rectifier (BR1) —Transformer (T1) Thermistor (RT1)

S —

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
Time (Minutes)

Figure 54 — Enclosed Unit Thermal Performance at 5 V / 3 A Output, 90 VAC, 45 °C Ambient.
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Figure 55 — Enclosed Unit Thermal Performance at 5V / 3 A Output, 265 VAC, 45 °C Ambient.
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12.2.3  Output: 9V /3 A (90 and 265 VAC)
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Figure 56 — Enclosed Unit Thermal Performance at 9 V / 3 A Output, 90 VAC, 45 °C Ambient.

N Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201 Page 70 of 125

WWWw.power.com



DER-836 30 W InnoSwitch3-PD USB PD 3.0 with PPS 22-Jul-21

Temperature (°C)
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Figure 57 — Enclosed Unit Thermal Performance at 9 V / 3 A Output, 265 VAC, 45 °C Ambient.
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12.2.4 Output: 12V / 2.5 A (90 VAC and 265 VAC)
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Figure 58 — Enclosed Unit Thermal Performance at 12 V / 1.5 A Output, 90 VAC, 45 °C Ambient.
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Figure 59 — Enclosed Unit Thermal Performance at 12 V / 2.5 A Output, 265 VAC, 45 °C Ambient.
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12.2.5 Output: 15V /2.0 A (90 VAC and 265 VAC)
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Figure 60 — Enclosed Unit Thermal Performance at 15V / 2 A Output, 90 VAC, 45 °C Ambient.
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Figure 61 — Enclosed Unit Thermal Performance at 15V / 2 A Output, 265 VAC, 45 °C Ambient.
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12.2.6  Output: 20 V / 1.5 A (90 VAC and 265 VAC)
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Figure 62 — Enclosed Unit Thermal Performance at 20 V / 1.5 A Output, 90 VAC, 45 °C Ambient
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Figure 63 — Enclosed Unit Thermal Performance at 20 V / 1.5 A Output, 265 VAC, 45 °C Ambient.
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12.2.7 Output: 16 VV / 2.0 A (90 VAC and 265 VAC)
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—InnoSwitch3-PD (U1) —Primary Snubber (D1) —SRFET (Q2) —SRFET Snubber (R8)
10 =
—Bridge Rectifier (BR1) —Transformer (T1) ——Thermistor (RT1)
0

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
Time (Minutes)

Figure 64 — Enclosed Unit Thermal Performance at 16 V / 2.0 A Output, 90 VAC, 45 °C Ambient.
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—Bridge Rectifier (BR1) —Transformer (T1) ——Thermistor (RT1)
0
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Time (Minutes)
Figure 65 — Enclosed Unit Thermal Performance at 16 V / 2.0 A Output, 265 VAC, 45 °C Ambient.
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13 Waveforms
Note: Waveforms taken at room temperature ambient (approximately 25 °C)
13.1 Start-up Waveforms
13.1.1  Output Voltage and Current
Note: Output voltage waveforms captured at the end of 48 mQ cable.

i
m | ey

ILOAD 1LOAD |

Measure P1:maxC1) P2MaXC2) P3pkpk(C1) Pamean(Cl) P5mean(C2 PEamMpI(C3) Measure P1:maxC1) P2MaXC2) P3pkpk(C1) Pamean(C1) P5mean(C2
value 506V o6V

P6amMpI(CY

] b 0.0

2.00 Vidiv| 20.0 msidiy|

0mV offset 500MS 25 MSis
TELEDYNE LECROY

11902021 1:45.42 PM

11902021 1:4415PM

Figure 66 — Output Voltage and Current. Figure 67 — Output Voltage and Current.
90 VAC, 5.0V, 3 A Load (CR Mode). 265 VAC, 5.0 V, 3 A Load (CR Mode).
Vour = 5.06 V Maximum. CH1: Vour = 5.059 V Maximum.
Vour, 2V / div. CH1: Vour, 2 V / div.
CH2: Ioap, 1 A/ div. CH2: Ioap, 1 A/ div.
Time: 20 ms / div. Time: 20 ms / div.

Power Integrations, Inc.
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13.1.2 Primary Drain Voltage and Current
Bt i s e e —————
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Flgure 68 Primary Drain Voltage and Current Flgure 69 Primary Drain Voltage and Current
90 VAC, 5.0V, 3 A Load. 265 VAC, 5.0V, 3 A Load.
Vbs_pr1 = 223 V Maximum. Vbs_pr1 = 478 V Maximum.
CH1: Vbs_pri, 100 V / div. CH1: Vbs_pri, 200 V / div.
CH2: Ips_pr;, 750 mA / div. CH2: Ips_pr, 750 mA / div.
Time: 100 ms / div. (100 ps / div. Zoom) Time: 100 ms / div. (50 ps / div. Zoom)

13.1.3 SR FET Drain Voltage and Current

s e s \J \ A \ \ N )
e 4( 1) P3.mi }:: v:‘l:! e P1 ‘ADB E;' P ‘z ’3‘1

,,,,,,
ov
v

ﬁnm- ' u\;‘ﬂ'ﬁ s .“ 31PM TELEDYNE LECROY - - RO TRTEND P
Figure 70 — SR FET Drain Voltage and Current. Figure 71 — SR FET Drain Voltage and Current.

90 VAC, 5.0V, 3 A Load. 265 VAC, 5.0 V, 3 A Load.

Vbs_srrer = 41 V Maximum. Vps_srrer = 101 V Maximum.

CH1: Vbs_srrer, 10 V / div. CH1: Vbs_srrer, 30 V / div.

CH2: Ips srret, 3 A/ div. CH2: Ips_srret, 3 A/ div.

Time: 100 ms / div. (56 ps / div. Zoom) Time: 100 ms / div. (56 ps / div. Zoom)
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13.2 Primary Drain Voltage and Current(Steady-State)
13.2.1 Output: 5V/3A
——J—— R —————
L_ L VDS L
vos’ VWW T WWA | WWW
- W T |

Figure 72 — Primary Drain Voltage and Current.

90 VAC, 5.0V, 3 A Load.
Vbs_pr1 = 223 V Maximum.
CH1: Vbs_pri, 100 V / div.
CH2: Ips_pr, 750 mA / div.
Time: 10 ps / div.

13.2.2 Output: 9V/3A

2 s
TELEDYNE LECROY

P2 duvc)

Figure 73 — Primary Drain Voltage and Curr
265 VAC, 5.0 V, 3 A Load.
Vbs_pr1 = 474 V Maximum.
CH1: Vbs_pri, 150 V / div.

CH2: Ips_pr1, 750 mA / div.
Time: 10 ps / div.

Figure 74 — Primary Drain Voltage and Current.
90 VAC, 9.0V, 3 A Load.

Vbs_pr1 = 242 V Maximum.

CH1: Vps_pri, 100 V / div.

CH2: Ips_pri, 750 mA / div.
Time: 10 ps / div.

& s
. P2auic) Fimarcy rm— 2% mincy [ P minc4 e  feaCs Pymesica Fhmac Psmeseich 96 minCy [ 98 mint:
s wma A 22y 5T M 5 TeiA S
v H v v v M Y v
2 sy
LECAOY

Figure 75 — Primary Drain Voltage and Curr:
265 VAC, 9.0V, 3 A Load.
Vbs_pr1 = 509 V Maximum.
CH1: Vbs_pri, 150 V / div.

CH2: Ips_pr1, 750 mA / div.
Time: 10 ps / div.
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13.2.3 Output: 12V /2.5A

TELEDYNE LECROY

Figure 76 — Primary Drain Voltage and Current
90 VAC, 12.0V, 2.5 A Load.

Vbs_pr1 = 269 V Maximum.
CH1: Vbs_pri, 100 V / div.

CH2: Ips_pr1, 750 mA / div.
Time: 10 ps / div.

13.2.4 Output: 15V /2 A

"\A llﬁvf‘uf‘. N\ i; Jf‘r v,"‘\vl‘uv 1;‘(\ 'V\ | ﬁ M f\ T‘
/ // ,/ DS / /./
/ i ‘ .;\;/ / f
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Figure 77 — Primary Drain Voltage and Current

265 VAC, 12.0V, 2.5 A Load.
Vbs_pri = 523 V Maximum.
CH1: Vps_pri, 150 V / div.

CH2: Ips_pr1, 750 mA / div.
Time: 10 ps / div.

; .F
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TELEDYNE LECROY

Figure 78 — Primary Drain Voltage and Current
90 VAC, 15.0 V, 2 A Load.

Vbs_pr = 292 V Maximum.

CH1: Vbs_pri, 100 V / div.

CH2: Ips_pr1, 750 mA / div.
Time: 10 ps / div.

Flgure 79 — Primary Drain Voltage and Current

265 VAC, 15.0V, 2 A Load.
Vps_pr1 = 539 V Maximum.
CH1: Vbs_pri, 150 V / div.

CH2: Ips_pri, 750 mA / div.
Time: 10 ps / div.

Power Integrations, Inc.
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13.2.5

Output: 20V / 1.5A
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Figure 80 — Primary Drain Voltage and Current
90 VAC, 20.0 V, 1.5 A Load.
Vps_pr1 = 319 V Maximum.

CH1: Vbs_pri, 100 V / div.

CH2: Ips_pr1, 750 mA / div.
Time: 10 ps / div.

/’ o ‘/
R/L /',
] |

Flgure 81 — Primary Drain Voltage and Currentw

265 VAC, 20.0 V, 1.5 A Load.
Vbs_prr = 587 V Maximum.
CH1: Vps_pri, 150 V / div.

CH2: Ips_pr1, 750 mA / div.
Time: 10 ps / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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13.3 SR FET Drain Voltage and Current (Steady-State)
13.3.1 Output: 5V /3A

3
P1max(C1) P2max(C2) P3.min(C2) Pa&max(C2) PS5 pkok@@1) PBfreq(C2) P3min(C2) Pa&max(C2) PS5 pkok(@1)
280V 1171A 3201
v « A staws

Flgure 82 — SR FET Drain Voltage and Current Flgure 83 SR FET Drain VoItage and Current
90 VAC, 5.0V, 3 A Load. 265 VAC, 5.0 V, 3 A Load.
Vs srrer = 28.0 V Maximum. Vs srrer = 97.9 V Maximum.
CH1: Vbs srrer, 12 V / div. CH1: Vps_srrer, 30 V / div.
CH2: Ips_srret, 3 A/ div. CH2: Ips_srret, 3 A/ div.
Time: 10 ps / div. Time: 10 ps / div.

13.3.2 Output: 9V/3A

a
P2max(C2) P3min(C2) P1 max(C1) P2maxC2) P3.min(C2) Pe&max(C2) P5 pkok(Z1) PEfreq(C2)
1334A 1026V 54

z value 1085 24621634 kz
u status v u EY

Flgure 84 — SR FET Drain Voltage and Current. Flgure 85 SR FET Drain Voltage and Current
90 VAC, 9.0V, 3 A Load. 265 VAC, 9.0V, 3 A Load.
Vs srrer = 34.6 V Maximum. Vs srrer = 105 V Maximum.
CH1: Vbs_srrer, 12 V / div. CH1: Vps_srrer, 30 V / div.
CH2: Ips_srrer, 3 A/ div. CH2: Ips_srret, 3 A/ div.
Time: 10 ps / div. Time: 10 ps / div.
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13.3.3

Output 12V / 2.5A

ey
1 I
! J
i ‘
Figure 86 — SR FET Drain Voltage and Current. Figure 87 — SR FET Drain Voltage and Current.

90 VAC, 15.0 V, 2 AlLoad. 265 VAC, 15.0V, 2 A Load.
Vbs srrer = 31.5 V Maximum. Vps_srrer = 97.9 V Maximum.
CH1: Vbs_srrer, 12 V / div. CH1: Vbs_srrer, 30 V / div.
CH2: Ips srret, 3 A/ div. CH2: Ips srret, 3 A/ div.
Time: 10 ps / div. Time: 10 ps / div.

13.3.4 Output: 15V /2 A

-

P1madCt) P3.min(C2)
353V

P2max(C2) Pa&max(C2) PS5 pkok(Z1) PEfrRq(C2) P3min(C2)
12964 42250912

Pa&max(C2) PS5 pkok@@1) PEfreq(C2)

Figure 88 — SR FET Drain Voltage and Current. Figure 89 — SR FET Drain Voltage and Current.
90 VAC, 15.0V, 2 AlLoad. 265 VAC, 15.0V, 2 A Load.
Vps srrer = 35.3 V Maximum. Vs srrer = 105 V Maximum.
CH1: Vbs_srrer, 12 V / div. CH1: Vps_srrer, 30 V / div.
CH2: Ips_srret, 3 A/ div. CH2: Ips srret, 3 A/ div.
Time: 10 ps / div. Time: 10 ps / div.
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13.3.5

Output: 20V /1.5A

Trigger  Displas 150 sure  Math  Analy

o -

Measure P1max(C) P2max(C2) PImin(C2) Pe&max(C2) P5:pkok(Z1) PBfreq(C2)
value 34V 11814 451320564 kiz
status v u A

500 k8

TELED'
Figure 90 — SR FET Drain Voltage and Current.
90 VAC, 20.0 V, 1.5 A Load.
Vbs srrer = 38.4 V Maximum.
CH1: Vbs_srrer, 12 V / div.
CH2: Ips_srrer, 3 A/ div.
Time: 10 ps / div.

SRFETGurot |
Measure P1max(Ct) P2max(C2) P3min(C2) Pemax(C2) P5:pkok(Z1) PEfeq(C
lue 1027V 11624 440020226k
tatus v 4

TELEDYNE LECROY 14
Figure 91 — SR FET Drain Voltage and Current.
265 VAC, 20.0 V, 1.5 A Load.

Vbs srrer = 103 V Maximum.

CH1: Vbs_srrer, 30 V / div.

CH2: Ips_srrer, 3 A/ div.

Time: 10 ps / div.
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13.4 Primary and SR FET Drain Voltage and Current (during Output Voltage
Transition)

13.4.1 Primary Drain VoItage and Current, 3.3 V to 11 V Transition / 2.727 AlLoad
- ouT ___

ouT
vos 3 ii I| l l I

DS

ARG AR LR R LA

VOUT vouT |

ot atutatatabuttahl ity aty Wﬁt rmr "'r A&k "T T e ~”mr "r
Mtw_u L u“ L Hmu, ]

| i ’__'_.,.w_.J_J.__.__JL__J

Messare

Flgure 92 Primary Drain Voltage and Current Figure 93 — Primary Drain Voltage and Current.
90 VAC, 3.3 V to 20 V Vour Transition, 265 VAC, 3.3 V to 20 V Vour Transition,
2.727 A Load. 2.727 A Load.
Vbs_pr1 = 276 V Maximum. Vbs_pr1 = 525 V Maximum.
CH1: Vbs_pri, 100 V / div. CH1: Vbs_pri, 200 V / div.
CH2: Ips_pri, 750 mA / div. CH2: Ips_pr1, 750 mA / div.
CH4: Vour, 2 V / div. CH4: Vour, 2V / div.
Time: 10 ms / div. (50 ps / div. Zoom) Time: 10 ms / div. (50 ps / div. Zoom)

13.4.2 Primary Drain Voltage and Current, 3.3 V to 16 V Transition / 8 Q Load

t/_./L__/ g L/ _}.H_ /LY L t/ /Ly /U ] ”._./_J_J._JL._J._J}L._J__J____JI__/._J =

Mea: P1m: <1 ax( P3:min(C2) kok(Z1)

sp0ma 3o0v|
9.00 V]

E LECRQV

Flgure 94 — Primary Drain Voltage and Current " Figure 95 — Primary Drain Voltage and Current

90 VAC, 3.3 V to 20 V Vour Transition, 265 VAC, 3.3 V to 20 V Vour Transition,
2.727 A Load. 2.727 A Load.

Vps pr1 = 301 V Maximum. Vps pri = 557 V Maximum.

CH1: Vbs pri, 100 V / div. CH1: Vbs_pri, 200 V / div.

CH2: Ips pri, 500 mA / div. CH2: Ips pri, 500 mA / div.

CH4: Vour, 3V / div. CH4: Vour, 3V / div.

Time: 10 ms / div. (25 ps / div. Zoom) Time: 10 ms / div. (25 ps / div. Zoom)
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13.4.3

SR FET Drain Voltage and Current, 3.3 V to 11 V Transition / 2.727 A Load

TELEDYNE LECROY

Figure 96 — SR FET Drain VoItage and Current.
90 VAC, 3.3 V to 20 V Vour Transition,
2.727 A Load.
Vbs srrer = 68.5 V Maximum.
CH1: Vps_srrer, 20 V / div.
CH2: Ips_srrer, 3 A/ div.

CH4: Vour, 2V / div.
Time: 10 ms / div. (50 ps / div. Zoom)

AT fLJ ¥ow o

O O T ™ O

o)
2122021 2 1 35 Pu

Figure 97 — SR FET Drain Voltage and Current
265 VAC, 3.3 V to 20 V Vour Transition,
2.727 A Load.
Vps srrer = 107.5 V Maximum.
CH1: Vos_srrer, 30V / div.
CH4: Vour, 2 V / div.
Time: 10 ms / div. (50 ps / div. Zoom)

13.4.4 SR FET Drain Voltage and Current, 3.3V to 16 V Transition / 8 QLoad

9.0 ot 10V of s/ 5 00 e 06i1ve]
TELEDYNE LECROY £3035PM

Figure 98 SR FET Dra|n VoItage and Current
90 VAC, 3.3 V to 20 V Vour Transition,

2.727 A Load.

Vs srrer = 63.4 V Maximum.

CH1: Vbs_srrer, 20 V / div.
CH4: Vour, 2 V / div.
Time: 10 ms / div. (25 ps / div. Zoom)

,,,,,,,,,,,,,,,,

9.0
TELEDYNE LECROY

Figure 99 SR FET Dra|n VoItage and Current
265 VAC, 3.3 V to 20 V Vour Transition,

2.727 A Load.
Vs srrer = 96.0 V Maximum.

CH1: Vbs_srrer, 30V / div.
CH4: Vour, 2V / div.
Time: 10 ms / div. (25 ps / div. Zoom)

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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13.5 Load Transient and Output Ripple Measurements

13.5.1 Ripple Measurement Technique

For load transient response and DC output ripple measurements, a modified oscilloscope
test probe must be utilized in order to reduce spurious signals due to pick-up. Details of
the probe modification are provided in the Figures below.

The 4987BA probe adapter is affixed with two capacitors tied in parallel across the
probe tip. The capacitors include one (1) 0.1 pF/50 V ceramic type and one (1) 47
uF/50 V aluminum electrolytic. The aluminum electrolytic type capacitor is polarized, so
proper polarity across DC outputs must be maintained (see below).

Probe Ground

Probe Tip

Figure 100 — Oscilloscope Probe Prepared for Ripple Measurement. (End Cap and Ground Lead
Removed)

Figure 101 — Oscilloscope Probe with Probe Master (www.probemaster.com) 4987A BNC Adapter.
(Modified with wires for ripple measurement, and two parallel decoupling capacitors added)

Power Integrations, Inc.
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13.6 Load Transient Response

Note: 1. Output voltage waveforms captured at the end of 48 mQ cable using theripple
measurement probe with decoupling capacitors.
2. Duration for load states (high = 50 ms; low = 50 ms) are chosen
to show steady- state for each load condition.
3. Load slew rate (150 mA / us) is based on USB PD 3.0 PPS specification.
13.6.1 Output: 5V/3A

&
Measure P1:min(C1) P2max(C1) P3min(C2) Pamax(C2) P5:pkpk(C1) P&:mean(C1) Measure P1:min(C1) P2max(C1) P3min(C2) Pamax(C2) PS:pkpk(C1) P&:mean(C1)
I 477V 523V 4.989V val 7V 523V 4991V

Figure 102 — Transient Response. Figure 103 — Transient Response.
90 VAC, 5V, 0 to 25% Load. 265 VAC, 5V, 0 to 25% Load.
Vour = 5.23 V max., 4.77 V min. Vour = 5.23 V max., 4.77 V min.
CH1: Vour, 1.02 V / div. CH1: Vour, 1.02 V / div.
CH2: Tour, 1 A/ div. CH2: Tour, 1 A/ div.
Time: 50 ms / div. Time: 50 ms / div.
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)
i A

Measure P1min(C1) P2max(C1) P3min(C2) Pamax(C2) P5:pkpk(C1) PE:mean(C1)

value 474v 520V 416 mA 182A 457 mv 4968V

status v v v v v v

Trigger _ GAGH)

1.02 Vidiv| 50.0 ms/div] Stop 150 A

-5.000V ofst 500MS 10 MSis]Edge  Window]
TELEDYNE LECROY 1202312020 2:43:32 PM

Figure 104 — Transient Response.
90 VAC, 5V, 25% to 50% Load.
Vour = 5.20 V max., 4.74 V min.
CH1: Vour, 1.02 V / div.
CH2: Iour, 1 A/ div.
Time: 50 ms / div.

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiiies Help

Measure Math Analysis Utiliies Help

e Trigger Display Cursors

o
* &

Measure P1imin(C1) P2max(C1) PImin(C2) P4:max(C2) P5ipkpk(C1) PB:mean(C1)

value anv 516V 448 mA 182A 457 mv 4962V

status v v v v v v

(Timebase 0 (Trigger GAG)

1.02 Vidiv| 500ms/div|Stop 1504

-5.000 V ofst) 5.00MS 10 MS/s]Edge  Window)
TELEDYNE LECROY 1212372020 2:39:56 PM

Figure 105 — Transient Response.
265 VAC, 5V, 25% to 50%
Load. Vour = 5.16 V max., 4.71
V min. CH1: Vour, 1.02 V / div.
CH2: Iout, 1 A/ div.

Time: 50 ms / div.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

[l

L3
Measure P1:min(C1) P2max(C1) P3min(C2) P4:max(C2) PS:pkpk(C1) Pémean(C1)
value 467V 520V 1184 256A 522my 4947V
status. v v v v v v
1.02 Vidiv|
-5.000 V ofst)
TELEDYNE LECROY 12/23/2020 2:39:45 PM

Figure 106 — Transient Response.
90 VAC, 5.0V, 50% to 75% Load.
Vour = 5.20 V max., 4.67 V min.
CH1: Vour, 1.02 V / div.
CH2: Iour, 1 A/ div.
Time: 50 ms / div.

¢l

i
Measure P1:min(C1) P2max(C1) P3min(C2) Pamax(C2) P5:pkpk(C1) P&:mean(C1)
value anv 520V 1184 256A 490 mv 4954V
status v v v v v v

(Timebase ___0md (Trigger GAES)

LT
Figure 107 — Transient Response.

265 VAC, 5.0 V, 50% to 75% Load.

Vour = 5.20 V max., 4.71 V min.

CH1: Vour, 1.02 V / div.

CH2: Iour, 1 A/ div.

Time: 50 ms / div.

Power Integrations, Inc.
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File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

a
¥ 0
Measure P1imin(C1) P2max(C1) PImin(C2) P4:max(C2) P5ipkpk(C1) Pé:mean(C1)
value 467V 516V 1924 3394 490 mv 4923V
status v v v v v v
(Trigger @A
1.02 Vidi| 500msidv|Stop 1504
-5.000V ofst 500MS 10 MS/s|Edge  Window
TELEDYNE LECROY 1212312020 2:39:34 PM

Figure 108 — Transient Response.
90 VAC, 5.0V, 75% to 100% Load.
Vour = 5.16 V max., 4.67 V min.
CH1: Vour, 1.02 V / div.

CH2: Tout, 1 A/ div.
Time: 50 ms / div.

Measure P1:min(C1) P2max(C1) P3min(C2) P4:max(C2) P5:pkpk(C1) PB:mean(C1)

value 467V 533V <-96 mA 166 A 653 mv 4994V

status v v o o v v

(Trigger _ GAGH)

1.02 Vidiv| 500msidiv|Stop  1.50A

-5.000V ofst 500 MS 10 MS/s|Edge  Window]
TELEDYNE LECROY 12/23/2020 2:43:.09 PM

Figure 109 — Transient Response.
265 VAC, 5.0V, 75% to 100% Load.
Vour = 5.33 V max., 4.67 V min.
CH1: Vour, 1.02 V / div.

CH2: Iout, 1 A/ div.
Time: 50 ms / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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13.6.2 Output: 9V/3A

File Vertical Timebase

Trigger

Display Cursors Measure Math Analysis Utiliies Help

File

Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

P3min(C2) P4:max(C2)

928 mA

P5:pkpk(C1)
490 mv
v

P6:mean(C1)
8.983V
v

Measure
value
status.

P1:min(C1)
874V
v

P2max(C1)
923V
v 4
1.02 Vidiv|
-9.000V ofst
TELEDYNE LECROY

Figure 110 — Transient Response.
90 VAC, 9.0V, 0 to 25% Load.
Vour = 9.23 V max., 8.74 V

min. CH1: Vour, 1.02 V / div.
CH2: Tout, 1 A/ div.
Time: 50 ms / div.

12/23/2020 2:45:15 PM

File Vertical Timebase Cursors Measure Math

Trigger Display

Analysis  Utiliies  Help

Measure

vBUsS

Load

w
A

PS:pkpk(C1)

P1:min(C1) P2max(C1) P3min(C2) Pa:max(C2) P&:mean(C1)

value 874V 920V 928 mA 457 mv 8989V

status v v o o v v

1.02 Vidiv| 50.0 ms/div| Stoy 150 A|

-9.000V ofst 500 MS 10 MSjs|Edge  Window]
TELEDYNE LECROY 1212312020 2:48:52 PM

Figure 111 — Transient Response.
265 VAC, 9.0 V, 0 to 25% Load.
Vour = 9.20 V max., 8.74 V min.

CH1: Vour, 1.02 V / div.
CH2: Tout, 1 A/ div.
Time: 50 ms / div.

e
i i
Measure P1:min(C1) P2max(C1) P3min(C2) P4max(C2) PS:pkpk(C1) Pémean(C1)
value 867V 448 mA 1794 490 mv 8957V
status v v v v v v
(Trigger _ GAGE)
1.02 Vidiv| Sto 1.50 A|
-9,000 V ofst] Edge  Window]
TELEDYNE LECROY 12/23/2020 2:45:04 PM

Figure 112 — Transient Response.
90 VAC, 9.0V, 25% to 50% Load.
Vour = 9.16 V max., 8.67 V min.
CH1: Vour, 1.02 V / div.

CH2: Tout, 1 A/ div.
Time: 50 ms / div.

File Vertical Timebase Trigger Display Curso is Utiliies  Help

VBUS

= ]

Load |
c2| I
- 0
Measure P1imin(C1) P2max(C1) P3min(C2) P4max(C2) P5:pkpk(C1) Péimean(C1)
value [X48% 9.20v 480 mA 1824 490 mv 8.961V
status v v v v
1.02 Vidi|
-9.000V ofst
TELEDYNE LECROY 1212312020 2:48:41 PM

Figure 113 — Transient Response.
265 VAC, 9.0 V, 25% to 50% Load.
Vour = 9.20 V max., 8.71 V min.
CH1: Vour, 1.02 V / div.

CH2: Tout, 1 A/ div.
Time: 50 ms / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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o
b A
Measure P1:min(C1) P2:max(C1) P3:min(C2) P4:max(C2) P5:pkpk(C1) P6:mean(C’
value 867V 916V 118A 253A 490 mv 8.936"
status v v v v v v
(Tiigger ¢
1.02 Vidiv| 50.0 ms/div] Stop
-9.000 V ofst] 500MS 10 MSis]Edge
TELEDYNE LECROY 12/23/2020 2:44:52 PM

Figure 114 — Transient Response.
90 VAC, 9.0V, 50% to 75% Load.
Vour = 9.16 V max., 8.67 V min.
CH1: Vour, 1.02 V / div.

CH2: Iour, 1 A/ div.
Time: 50 ms / div.

File Vertical Timebase

Trigger  Display

Cursors Measure Math Analysis Utilities

Help

2l

L3

Measure P1:min(C1) P2:max(C1) P3:min(C2) P4:max(C2) P5:pkpk(C1) Pé:mean(
value 867V 916V 1.22A 256A 490 mv 8.9¢

status v v v v

(Tigger

1.02 Vidiv| 50.0m: top 14
-9.000 V ofst] /s |Edge  Win
TELEDYNE LECROY 12i23/2020 2:48:29 F

Figure 115 — Transient Response.
265 VAC, 9.0 V, 50% to 75% Load.
Vour = 9.16 V max., 8.67 V min.
CH1: Vour, 1.02 V / div.

CH2: Iour, 1 A/ div.
Time: 50 ms / div.

ors Measure Math Analysis

a
+ 0

Measure P1:min(C1) P2max(C1) P3min(C2) Pamax(C2) P5pkpK(CT) PE:mean(C1)

value 867V 910v 1924 333A 424mv 8904V

status v v v v v v

(Timebase 03 (Trigger  GAEM)

v o

-9.000 V ofst) 500MS 10 MSis]Edge  Window]
TELEDYNE LECROY 1212312020 2:44:41 PM

Figure 116 — Transient Response.
90 VAC, 9.0V, 75% to 100% Load.
Vour = 9.10 V max., 8.67 V min.
CH1: Vour, 1.02 V / div.

CH2: Iour, 1 A/ div.
Time: 50 ms / div.

o

i
P3min(C2)

Measure P1:min(C1) P2max(C1) Pamax(C2) PS:pkpk(C1) PE:mean(C1)
value 867V 913V 1954 336A 457 mv 8.927V
status v v v v v v

1.02 Vidiv
-9.000 V ofst|

TELEDYNE LECROY

(Timebase 03 (Trigger  GAGH)
500msidiv|Stop 1504
5.00 MS 10 MS/sJEdge  Window|

12/23/2020 2:48:18 PM

Figure 117 — Transient Response.
265 VAC, 9.0V, 75% to 100% Load.
Vour = 9.13 V max., 8.67 V min.
CH1: Vour, 1.02 V / div.

CH2: Iour, 1 A/ div.
Time: 50 ms / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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Output: 12V / 2A

13.6.3

Load
m
&

Measure P1:min(C1) P2max(C1) P3Imin(C2) P4:max(C2) P5:pkpk(C1) PB:mean(C1)
value 174V 20V <-95 mA 768 mA 57 11.985V
status v v 4
Timebase 0 (Trigg
1.02 Vidiv| 50.0 ms/div] Stop
-12.000V) 500 M3 10MS/s
TELEDYNE LECROY 1212312020 2:50:24 PM

Figure 118 — Transient Response.
90 VAC, 12.0V, 0 to 25% Load.
Vour = 12.20 V max., 11.74 V
min. CH1: Vour, 1.02 V / div.
CH2: Iour, 1 A/ div.
Time: 50 ms / div.

ol
PEmean(C1)

PS:pkpk(C1)
57 mv

Measure P1:minf P3min(C2) P4max(C2)
<-96 mA 68 mA

(C1) P2max(C1)
value 174V 1220V 11.989V
status v v 4

1.02 Vidiv|
-12.000V)
TELEDYNE LECROY 1242312020 2:54:03 PM

Figure 119 — Transient Response.
265 VAC, 12.0 V, 0 to 25% Load.
Vour = 12.20 V max., 11.74 V
min. CH1: Vour, 1.02 V / div.
CH2: Iour, 1 A/ div.
Time: 50 ms / div.

Cursors Measure Math Analysis Utilities Help

a

* 0
Measure P1:min(C1) P2:max(C1) PImin(C2) P4max(C2) PSpkpK(C1) P6mean(C1)
value 174V 1218V 352 mA 11960V,
status v v v v v v
" v 2 n
-12.000 V| 500MS 10 MSis, ge  Window]
TELEDYNE LECROY 12/23/2020 2:50:13 PM

Figure 120 — Transient Response.
90 VAC, 12.0 V, 25% to 50% Load.
Vour = 12.16 V max., 11.74 V min.
CH1: Vour, 1.02 V / div.
CH2: Tout, 1 A/ div.
Time: 50 ms / div.

o

i
Measure P1:min(C1) P2max(C1) P3min(C2) Pa&max(C2) PS:pkpk(C1) PE:mean(C1)
value 174V 1216V 352mA 1504 424 mv 11.968V
v v v v v

status v
(Timebase _0ms) (Trigger | )

1.02 Vidiv 50.0 ms/div] Stop 150 A
500MS 10 MSis]Edge  Window

-12.000 V|
TELEDYNE LECROY 12/23/2020 2:53:52 PM

Figure 121 — Transient Response.
265 VAC, 12.0 V, 25% to 50% Load.
Vour = 12.16 V max., 11.74 V min.
CH1: Vour, 1.02 V / div.

CH2: Tout, 1 A/ div.
Time: 50 ms / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201

WWWw.power.com
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File Vertical Timebase Trigger Display Cursor: re A Utilities  Help

Load
Measure P1:min(C1) P2:max(C1) P3min(C2) P4:max(C2) P5:pkpk(C1) P6:mean(C1)
value 167V 1213v 992 mA 2144 457 mv 11941V
status v v v v v v
1.02 Vidiv|
-12.000 V]
TELEDYNE LECROY 1212312020 2:50.01 PM

Figure 122 — Transient Response.
90 VAC, 12.0 V, 50 to 75% Load.
Vour = 12.13 V max., 11.67 V min.

CH1: Vour, 1.02 V / div.
CH2: Tout, 1 A/ div.
Time: 50 ms / div.

VBUS

R —]

Load |
c
¥ &
Measure P1:min(C1) P2max(C1) P3:min(C2) Pa:max(C2) P5:pkpk(C1) P&:mean(C1)
value 1My 1216V 992 mA 214A 457 mv 11.955v
status v v v v v v
(Timebase —0m9 (Trigger  GAEH
1.02 Vidiv| 50.0 msfdiy
-12.000 V| 500MS 10 MS/is]Edge  Window
TELEDYNE LECROY 12/23/2020 2:53:41 PM

Figure 123 — Transient Response.
265 VAC, 12.0 V, 50 to 75% Load.
Vour = 12,16 V max., 11.71 V min.

CH1: Vour, 1.02 V / div.
CH2: Tout, 1 A/ div.
Time: 50 ms / div.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilties Help

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

a2
Measure P1:min(C1) P2max(C1) P3min(C2) Pamax(C2) P5:pkpk(C1) P&:mean(C1)
value 167V 1213V 160A 275A 457 mv 11.907V
status v v v v v v

(Trigger _ GAEH)
1.02 Vidiv| 50.0 ms/div| Stop 150 A|
12,000V 500MS 10 MS/s]Edge  Window]

TELEDYNE LECROY 12/23/2020 2:49:50 PM

Figure 124 — Transient Response.
90 VAC, 12.0 V, 75% to 100% Load.
Vour = 12.13 V max., 11.67 V min.
CH1: Vour, 1.02 V / div.

CH2: Tout, 1 A/ div.
Time: 50 ms / div.

Load
ol
Measure P1:min(C1) P2max(C1) PIMin(C2) P4:max(C2) P5ipkpk(C1) PE:mean(C1)
value FERIRY 1248V 157A 275A 457 mv 11933V
status v v v v v v
Timebase 0 (Trigger  GAGH)
1.02 Vidiv 50.0 ms/div] Stop 1.50 A
-12.000 500 MS 10 MSjs|Edge  Window)
TELEDYNE LECROY 12/23/2020 2:53:29 PM

Figure 125 — Transient Response.
265 VAC, 12.0V, 75% to 100% Load.
Vour = 12.16 V max., 11.71 V min.
CH1: Vour, 1.02 V / div.

CH2: Iout, 1 A/ div.
Time: 50 ms / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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13.6.4 Output: 15V /2A

VBUS

Load
M
A

Measure P1:min(C1) P2max(C1) P3min(C2) P4:max(C2) P5:pkpk(C1) P6:mean(C1)
value v 1520V <-96 mA 672mA mv 14.989V
status v v 3 o v

1.02 Vidi

-15.000 V| ge
TELEDYNE LECROY 12/23/2020 2:55:40 PM

Figure 126 — Transient Response.
90 VAC, 15.0 V, 0 to 25% Load.
Vour = 15.20 V max., 14.77 V

min. CH1: Vour, 1.02 V / div.
CH2: Iour, 1 A/ div.
Time: 50 ms / div.

B e D e e A ey

Load
m
3

Measure P1:min(C1) P2:max(C1) P3:min(C2) Pamax(C2) P5:pkpk(C1) P6:mean(C1)
value 1477V 15.23v <-96 mA B72mA 7mv 15.000V
status v 4 v v
(Trigger GAEM)
1.02 Vidiv| 50.0 ms/div] Stoj 1.50 A
-15.000 V] 500MS 10 MSis]Edge  Window]

TELEDYNE LECROY

12/23/2020 2:59:17 PM

Figure 127 — Transient Response.
265 VAC, 15.0 V, 0 to 25% Load.
Vour = 15.23 V max., 14.77 V

min. CH1: Vour, 1.02 V / div.
CH2: Iour, 1 A/ div.
Time: 50 ms / div.

VBUS

Load

o e e i gy g e g

=1

Measure P1:min(C1) P2max(C1)

P3min(C2) Pamax(C2) P5:pkpk(C1) PE:mean(C1)
value 1474V 1516V 288 mA 424mv 14.968V
status v v v v

1.02 Vidiv|

-15.000 V|
TELEDYNE LECROY

121232020 2:55:29 PM

Figure 128 — Transient Response.
90 VAC, 15.0V, 25% to 50% Load.
Vour = 15.16 V max., 14.74 V min.

CH1: Vour, 1.02 V / div.
CH2: Iour, 1 A/ div.
Time: 50 ms / div.

Measure

P1:min(C1) P2max(C1) P3:min(C2) P4:max(C2) P5:pkpk(C1) P6&:mean(C1)
value 1477V 1520V 288 mA 1.25A 424 mv 14982V
status v v v v v v

(Tigger GaEm)
T e
115,000V, s00Ms 10 Majs| Edge
TELEDYNE LECROY

12/23/2020 2:59:06 PM

Figure 129 — Transient Response.
265 VAC, 15.0 V, 25% to 50% Load.
Vour = 15.20 V max., 14.77 V min.
CH1: Vour, 1.02 V / div.

CH2: Tout, 1 A/ div.
Time: 50 ms / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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Measure Math Analysis Utilties Help

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

o
¥ i
Measure P1min(C1) P2max(C1) P3MIn(C2) Pamax(C2) PSPKOK(C1) PE:mean(C1)
value 1471V 1516V 768 mA 1734 457 mv 14.955V
status v v v v v
(TiGger B
1.02 Vidiv 50. s/div] Stop 1.50 Al
15,000V 5005 10MSjs|Edge  Window]
TELEDYNE LECROY 1202312020 2:55:17 PM

Figure 130 — Transient Response.
90 VAC, 15.0 V, 50% to 75% Load.
Vour = 15.16 V max., 14.71 V min.

CH1: Vour, 1.02 V / div.
CH2: Tout, 1 A/ div.
Time: 50 ms / div.

File Vertical Timebase Trigger Display Cursors

Measure Math Analysis

VBUS

Load

c

* &

Measure P1:min(C1) P2max(C1) P3min(C2) P4max(C2) P5ipkpk(C1) P6:mean(C1)

value 1477V 1520V 768 mA 1764 424mv 14,973V

status v v v v v v

(Trigger _ GAEB)

1.02 Vidi| 500msidiv|Stop  1.50A)
-15.000V 500MS 10 MSfs]Edge  Window)

TELEDYNE LECROY 12/23/2020 2:58:55 PM

Figure 131 — Transient Response.
265 VAC, 15.0 V, 50% to 75% Load.
Vour = 15.20 V max., 14.77 V min.
CH1: Vour, 1.02 V / div.

CH2: Iour, 1 A/ div.
Time: 50 ms / div.

a

— A

Measure PAimin(C1) P2max(C1) PImin(C2) P4max(C2) PSpkpk(C1) P6imean(C1)

value 1467V 1513V 1258 221A 457 mv 14926V

status v v v v v
1.02 Vidiv| top 150A
-15.000 V| s|Edge  Window]

TELEDYNE LECROY 12/23/2020 2:56:05 PM

Figure 132 — Transient Response.
90 VAC, 15.0 V, 75% to 100% Load.
Vour = 15.13 V max., 14.67 V min.
CH1: Vour, 1.02 V / div.

CH2: Iour, 1 A/ div.
Time: 50 ms / div.

a

i
P2max(C1) P3min(C2)

Measure P1:min(C1) Pamax(C2) P5pkpK(CT) PE:mean(C1)

value 1474V 1516V 1.25A 2247 424 mv 14958V

status v v v v v v

(Trigger _ GAEB)

Oz o

-15.000V) 500MS 10 MSis|Edge  Window]
TELEDYNE LECROY 1212312020 2:58:43 PM

Figure 133 — Transient Response.
265 VAC, 15.0V, 75% to 100% Load.
Vour = 15.16 V max., 14.74 V min.
CH1: Vour, 1.02V / div.

CH2: Iour, 1 A/ div.
Time: 50 ms / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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13.6.5 Output: 20V /1.5A

sure Math Analysis

File Vertical Timebase Trigger Display

W
1 i
Measure P1min(C1) P2max(C1) P3min(C2) Pamax(C2) PEpkpk(C1) PE:mean(C1)
value 1974V 2016V <-96 mA 576 mA 424 mv 19.980V
status v 4 4 v
O

1.02 Vidiv

-20.000 V|
TELEDYNE LECROY 1212312020 3:00:50 PM

Figure 134 — Transient Response.
90 VAC, 20.0 V, 0 to 25% Load.
Vour = 20.16 V max., 19.74 V min.

CH1: Vour, 1.02 V / div.
CH2: Iour, 1 A/ div.
Time: 50 ms / div.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

re Math Analysis Utiliies Help

Load |
2l
Measure P1:min(C1) P2max(C1) P3:min(C2) Pamax(C2) PS:pkpk(C1) PE:mean(
value 19.80V 2020V <-96 mA 576 mA mi 19.9¢
status v v 4 1 v
igger

1.02 Vidiv 50.0 msidi 9

-20.000V 500 MS 10 MSis {
TELEDYNE LECROY 12/23/2020 3:04:24 P

Figure 135 — Transient Response.
265 VAC, 20.0 V, 0 to 25% Load.
Vour = 20.20 V max., 19.80 V min.

CH1: Vour, 1.02 V / div.
CH2: Iour, 1 A/ div.
Time: 50 ms / div.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

Q2

Measure P1:min(C1) P2max(C1) P3min(C2) Pamax(C2) P5:pkpk(C1) P&:mean(C1)
value 1974V 2016V 224 mA 928 mA 424 mv 19.965V
status v v v v v v

(Tirebase 07 (Trigger  @AGEM)

1.02 Vidiv| 50.0 ms/div] Stop 150 A
-20.000V] 500MS 10 MSis]Edge  Window,
TELEDYNE LECROY 12/23/2020 3:00:38 PM

Figure 136 — Transient Response.
90 VAC, 20.0 V, 25% to 50% Load.
Vour = 20.16V max., 19.74 V min.
CH1: Vour, 1.02 V / div.
CH2: Iour, 1 A/ div.
Time: 50 ms / div.

Load
ud u g u H h
i A
Measure P1:min(C1) P2max(C1) PIMin(C2) P4:max(C2) P5ipkpk(C1) PE:mean(C1)
value 1980V 2016V 224 mA 928 mA 359 mv 19.981V
status v v v v v v
(Timebase  0mg (Trigger  GAGH)
1.02 Vidiv 500msfdiv|Stop  1.50A
-20.000V 500 MS 10 MSjs|Edge  Window)
TELEDYNE LECROY 12/23/2020 3:04:13 PM

Figure 137 — Transient Response.
265 VAC, 20.0 V, 25% to 50% Load.
Vour = 20.16 V max., 19.80 V min.
CH1: Vour, 1.02 V / div.

CH2: Iour, 1 A/ div.
Time: 50 ms / div.

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

P‘” Power Integrations, Inc.
-———
WWW.power.com
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o
Measure P1:min(C1) P2:max(C1) P3min(C2) P4max(C2) P5ipkpk(C1) P6:mean(C1)
value 19.74V 2016V 576 mA 134A 4 m) 19.953V
status v v v

Figure 138 — Transient Response.
90 VAC, 20.0 V, 50% to 75% Load.
Vour = 20.16 V max., 19.74 V min.
CH1: Vour, 1.02 V / div.
CH2: Tout, 1 A/ div.
Time: 50 ms / div.

1212312020 3:00:27 PM

73

Measure P1:min(C1) P2max(C1) PImin(C2) P4:max(C2) P5DkDK(CT) PEmean(C1)
value 4 0 576 mA 134A 457 mv 19.975V
status v v v
b 07 (Trigger @
-20000Y) s 10Ms/s]Edge  Window,
TELEDYNE LECROY 1212312020 3:04:02 PM

Figure 139 — Transient Response.

265 VAC, 20.0 V, 50% to 75% Load.
Vour = 20.20 V max., 19.74 V min.
CH1: Vour, 1.02 V / div.

CH2: Iour, 1 A/ div.
Time: 50 ms / div.

Load

a

il A

Measure P1imin(C1) P2max(C1) P3min(C2) P4:max(C2) PSpkpK(C1) P&:mean(C1)

value 1971V v 960 mA 1734 mv 19932V

status v v

(Trigger  EAEm)

1.02 Vidiv| 500msfdiv|Stop  1.504
-20.000V] 5.00MS 10 MSis|Edge  Window,

TELEDYNE LECROY 12/23/2020 3:00:15 PM

Figure 140 — Transient Response.
90 VAC, 20.0V, 75% to 100% Load.
Vour = 20.13 V max., 19.71 V min.
CH1: Vour, 1.02 V / div.

CH2: Iour, 1 A/ div.
Time: 50 ms / div.

gl

i
Measure P1:min(C1) P2max(C1) P3min(C2) Pamax(C2) P5:pkpk(C1) PE:mean(C1)
value 1974V 2016V 960 mA 1734 mv 19.961V
status v v v v
(Trigger _ GAGE)

1.02 Vidiv| 50.0 msidiv| Stop 150 Al
-20.000V) 500MS 10 MSis|Edge  Window]

TELEDYNE LECROY

Figure 141 — Transient Response.
265 VAC, 20.0 V, 75% to 100% Load.
Vour = 20.16 V max., 19.74 V min.
CH1: Vour, 1.02 V / div.

CH2: Iour, 1 A/ div.
Time: 50 ms / div.

12/23/2020 3:03:50 PM

Power Integrations, Inc.
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13.7 Output Voltage Ripple Waveforms

Note: 1. Output voltage waveforms captured at the end of 96 mQ cable using the

ripple measurement probe with decoupling capacitors.
Output: 5V/3A

\ a7 If\ I \ | | A ) IANASSEN L TNVt IV £ ey )
1 3 1 ey 7 P ¥ f ¥ T f f f i
[ NN NN N NN NN N NN NN N NN N _N_N N

Measure P1:pkpk(C1) P2max(C1) P3min(C2) P4:max(C2) P5:pkpk(Z1) PEfreq(Z1) Measure P1:pkpk(C1) P2max(C1) P3min(C2) Pamax(C2) P5:pkpk(Z1) PEfreq(Z1)
value 18 my 104my 69378040 kHz alue 12my 9% my 3178083 kHz
statu: v v R statu: v v R
a5 To0)
0.0 msidiv] Stop 0.0 mV|
si /s Edge  Positive)

TELEDYNE LECROY 1126/2021 11:19:38 AM TELEDYNE LECROY 11262021 11:28:10 AM

Figure 142 — Output Voltage Ripple.
90 VAC, 5.0V, 3 A Load.
Vourac) = 118 mV peak-to-peak.

CH1: Voutac), 50 mV / div.
Time: 50 ms / div. (50 ps / div. Zoom)

13.7.1

Output: 9V /3A

Figure 143 —

Output Voltage Ripple.
265 VAC, 5.0V, 3 A Load.
Voutac) = 112 mV peak-to-peak.

CH1: Voutac), 50 mV / div.
Time: 50 ms / div. (50 ps / div. Zoom)

e ,m&hﬂﬁ,\uwmn\!y\[;}np\h
RN N NN NV NNNNNY b A&l e bbbl i
v N N NN NN
Measure P1:pkpk(C1) P2Zmax(C1) Pg min(C2) P4max(C2) P5: nknk(ﬂ) P6:freq(Z1)
value 147 mv 18mv 46.22378 kHz 'y
status . v - Measure P1:pkpk(C1) P2:max(C1) P3:min(C2) P4:max(C2) P5:pkpk(Z1) Pé:freq(Z1)
value 128 mv 123mv 43.45660 kHz
L M status v ¢ a

102612021 || 3123 AM

TELEDYNE LECROY
Figure 144 — Output VoltageRipple.
90 VAC, 9.0V, 3 A Load.
Vourac) = 147 mV peak-to-peak.

CH1: Voutac), 50 mV / div.
Time: 50 ms / div. (50 ps / div. Zoom)

Figure 145 —

Output Voltage Ripple.
265 VAC, 9.0V, 3 A Load.
Vourac) = 128 mV peak-to-peak.

CH1: Vourtac), 50 mV / div.
Time: 50 ms / div. (50 ps / div. Zoom)
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13.7.2

Fi

13.7.3

Output: 12V /25A

e Vertical Timebase Trigger Display

Cursors  Meas Math Analysis Utilities Help

1 phek i i
NS S o b et
2 ¥ R S aa e SRR R
NN NN NNN NN N NN NNNVNN
i
Measure P1:pkpk(CT) P2max(C1) P3ImIn(C2) PaMax(C2) P5pkpk(Z1) PEiteq1)
value 163myv 123mV 47.90845 kHz
status v v S
(Timebase —0m¢ (Trigger  GDED)
500 msidivste
TELEDYNE LECROY

1/26/2021 11:43.08 AM

igure 146 — Output Voltage Ripple.

90 VAC, 15.0V, 2 A Load.

Vourac) = 163 mV peak-to-peak.

CH1: Vout(ac), 50 mV / div.

Time: 50 ms / div. (50 ps / div. Zoom)

Output: 15V /2A

Vertical Timebase Trigger Display

Cursors Measure Math Analysis Utilities

Help

e A A AN AN

e Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilties Help

phpk
S N e e f*ﬂ'\l.f\r*'f\., = iz
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L\]r\r\
\ \\\\

&
Measure P1:pkpk(C1) P2max(C1) P3min(C2) P4max(C2) P5:pkpk(Z1) PEfreq(Z1)
value 131 mv 15my 46.45280 kHz
status v v b
(Trigger _ GEE)|
50.0m run Stop  0.0mV|
500MS 10 MSis|Edge  Positive)
TELEDYNE LECROY

17262021 11:51:47 AM

Figure 147 — Output Voltage Ripple.
265 VAC, 15.0V, 2 A Load.
Vourac) = 131 mV peak-to-peak.

CH1: Vout(ac), 50 mV / div.
Time: 50 ms / div. (50 ps / div. Zoom)

Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

LL:ER‘ b\k—l&\hhb\L\MLLL\

e
A A i e
RSN Nx\\\\\\\\\\\\\\
[
Measure P1:pkpk(C1) P2:max(C1) P3:min(C2) P4:max(C2) P5:pkpk(Z1) Pé:freq(Z1) L3
value 170 my 126 mV 47.00391 kHz Measure P1:pkpk(C1) P2:max(C1) P3:min(C2) P4:max(C2) P5:pkpk(Z1) Pé:freq(Z1)
status v ¢ R value 130 mv 1M2mv 42.96436 kHz
T status v ks
50, uw_m\ Stop  00mY
TELEDYNE LECROY 112612021 11:55:01 AM
TELEDYNE LECROY

Fi

gure 148 — Output Voltage Ripple.
90 VAC, 15.0V, 2 A Load.
Vourac) = 170 mV peak-to-peak.

CH1: Vout(ac), 50 mV / div.
Time: 50 ms / div. (50 ps / div. Zoom)

1/26/2021 12:04:19 PM

Figure 149 — Output Voltage Ripple.
265 VAC, 15.0V, 2 A Load.
Vourac) = 130 mV peak-to-peak.

CH1: Vout(ac), 50 mV / div.
Time: 50 ms / div. (50 ps / div. Zoom)

5

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

Page 103 of 125



DER-836 30 W InnoSwitch3-PD USB PD 3.0 with PPS

22-Jul-21

1374 Outut 20V/15A

{Eﬂ;\LLLLuL\N\L\nxL

—— - | L - L L L - k\ - -
2 RUTR P ¥ B =% N 1 §
N NN YN NN NSNS RPN \\‘\\i\\\\\\.\ ORI
& i
Measure P1:pkpk(C1) P2:max(C1) P3:min(C2) P4:max(C2) P5:pkpk(Z1) P6:freq(Z1) Meﬂslll‘e P1:pkpk(C1) P2Zmax(C1) P3:min(C2) P4:max(C2) P5:pkpk(Z1) P6:freq(Z1)
158 mv 122mv 4584890 kHz 128 mv 109 mv 40.81721 kHz
slat us v R s(alus v R

TELEDYNE LECROY

Figure 150 — Output Voltage Ripple.
90 VAC, 20.0 V, 1.5 A Load.
Vourac) = 158 mV peak-to-peak.

CH1: Vout(ac), 50 mV / div.
Time: 50 ms / div. (50 ps / div. Zoom)

Figure 151 — Output Voltage Ripple.
265 VAC, 20.0 V, 1.5 A Load.
Vourac) = 128 mV peak-to-peak.

CH1: Vout(ac), 50 mV / div.
Time: 50 ms / div. (50 ps / div. Zoom)

1/26/2021 12:16:30 PM
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13.8 Output Voltage Ripple Amplitude vs. Load (End of Cable)
13.8.1 Output: 5V/3A

220
200
180
160
S
E 140
L —
v
- 120
le
& 100
et
-
g 80 -
-
© 60
=00 VAC
—#=115 VAC
40 =230 VAC
=265 VAC
20 T 1
10 20 30 40 50 60 70 80 90 100

Load(%)
Figure 152 — Peak-to-Peak Output Voltage Ripple Amplitude vs. Load for 5 V Output.

Power Integrations, Inc.
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13.8.2 Output: 9V/3A

220
200
180
160
S
£ 140
N
()]
3 120
2
& 100 +
et
=
£ 0 /
=
© 60
=90 VAC
40 «8-115 VAC
=230 VAC
=265 VAC
20
10 20 30 40 50 60 70 80 90 100
Load(%)

Figure 153 — Peak-to-Peak Output Voltage Ripple Amplitude vs. Load for 9 V Output.

N Power Integrations, Inc.
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13.8.3 Output: 12V / 2.5A

Output Ripple (mV)

120
100 =
80
o «=00 VAC
40 =115 VAC
- «w=230 VAC
=265 VAC ’I
20 T 1
10 20 30 40 50 60 70 80 90 100
Load(%)

Figure 154 — Peak-to-Peak Output Voltage Ripple Amplitude vs. Load for 12 V Output.
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13.8.4 Output: 15V /2A

220
200
180
160
S
£ 140
N
0
- 120
o
& 100
el
-
g a0
-
© 60
=30 VAC ||
40 ===115 VAC
«=230 VAC
=265 VAC
20 T 1
10 20 30 40 50 60 70 80 90 100

Load(%o)
Figure 155 — Peak-to-Peak Output Voltage Ripple Amplitude vs. Load for 15 V Output.
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13.8.5 Output: 20V /1.5A

220
200
180
160
S
£ 140
L -
Q
2120
le
& 100
el
-
g 380
-
© 60
=00 VAC
40 «B=115 VAC
=w=230 VAC
=) 65 VAC
20 L | L
10 20 30 40 50 60 70 80 90 100

Load(%)
Figure 156 — Peak-to-Peak Output Voltage Ripple Amplitude vs. Load for 20 V Output.
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14 CV/CC Profile

Note: 1. Two Programmable Power Supply (PPS) Augmented Power Data
Objects (APDO) are supported in this design:
e PDOG6:3.3V-11V/3.0APPS (30 W power-limited)
e PDO7:3.3V-16V/2.0APPS

14.1 Output: 10V /3APPS Request, PDO6 (30 W Power-Limited)

11

9 -
8 =
S 7
L
& 6°
S
o 59
>
5 4+
o
5 3.
(@)
2 =00 VAC
w115 VAC
1+ =730 VAC
=265 VAC
O | | | | | | | | | | | | | | |
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Load (A)
Figure 157 — CV/CC Profile for 10 V / 3 A PPS Request.

W . Power Integrations, Inc.
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14.2 Output: 11V /3 A PPS Request, PDO6 (30 W Power-Limited)

12 : . _
10
9
—~ 8
2
P 7
o
B 6
©
> 5
5
o 4
b
=
o 3
2 / =90 VAC
™ w115 VAC
1 / =230 VAC 'I
=265 VAC
0 -/ T 4
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Load (A)

Figure 158 — CV/CC Profile for 11 V / 3 A PPS Request.
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14.3 Output: 15V /2 A PPS Request, PDO7

18
15
12
>
N’
]
(=)}
S 9-
©
>
5
o 6+
whed
=
(@)

3. =00 VAC
=115 VAC
=230 VAC
=265 VAC

0 = T T T T T 1

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Load (A)
Figure 159 — CV/CC Profile for 15V / 2 A PPS Request.
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14.4 Output:16 V/ 2 A PPS Request, PDO7

18

15 =

12

Output Voltage (V)

3 - ==90 VAC
=115 VAC
=230 VAC

/ =265 VAC |

0 - L] | | | | | | | | L

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Load (A)
Figure 160 — CV/CC Profile for 16 V / 2 A PPS Request.
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15 Voltage Step and Current Limit Test using Quadramaxand Total

Phase Analyzer
15.1 Voltage Step Test(VST) )
Current/Voltage Monitor n
8| (8] [=] [ [ag
i /\ | } I B
AN |
S ~-2,000 g
$ - 3
3 - 3
> / \ 2
1 I--3,000
] I~ -4,000
- _-_ I~ -5,000
’ ' ' ' 8:120 ' ' ' ' 16:40 ' ' ' ’ 25:00 ' ' ’ ' 33:20 ' ' '

Time (m:ss)

m m w— VCONN Valtage = VCONN Curvert - CC1 Valtage - 02 Vlage
Figure 161 — Plot of SPT.6 VST from Total Phase Analyzer.
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15.2 Current Limit Test(CLT)

Current/Voltage Monitor n
B8] 2] =) 1 [

M /fw?
| JLVJ '
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||I ‘I B -s’ooo
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T T T T T - T T T T T - T T - T T
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Time (m:ss)

- VIUS Volage I—Mcm = VCOMN Viltage = VCONN Cuwest = CCI Volage = CC2 Voltage

I--1,000

Voltage (V)
-
1

N —

1

Figure 162 — Plot of SPT.7 CLT from Total Phase Analyzer.
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16 Conducted EMI
16.1 Floating Ground (QPK /AV)

16.1.1

Output: 5V /3 A
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Figure 163 — Floating Ground EMI, 5V / 3 A Load [Line Scan].
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Figure 164 — Floating Ground EMI, 5V / 3 A Load [Neutral Scan].
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16.1.2
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10 d8_Preamp OFF _Step TD Scan ENV216 L1

Output: 9V /3 A
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Figure 165 — Floating Ground EMI, 9 V / 3 A Load [Line Scan].
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115 VAC. 230 VAC.
Figure 166 — Floating Ground EMI, 9V / 3 A Load [Neutral Scan].
N Power Integrations, Inc.

Page 117 of 125



DER-836 30 W InnoSwitch3-PD USB PD 3.0 with PPS

22-Jul-21

16.1.3
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Figure 167 — Floating Ground EMI, 15V / 2 A Load [Line Scan].
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Figure 168 — Floating Ground EMI, 15V / 2 A Load [Neutral Scan].
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16.1.4 Output: 15V /2A
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Figure 169 — Floating Ground EMI, 15V / 2 A Load [Line Scan].
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16.1.5
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17 Combination Wave Surge

The unit was subjected to £1000 V differential mode and £2000 V common mode
combination wave surge at several line phase angles with 10 strikes for each
condition.

A test failure was defined as an output latch-off that needs operator intervention
to recover, or a complete loss of function that is not recoverable.

17.1 Differential Mode Surge (L1 to L2), 230 VAC Input

Surge |Injection|Test ResultiTest Result] Test Result|Test Result] Test Result
Level (V)|Phase (°)] 5V/3A |9V /3A |12V /25A|15V/2A|20V/1.5A
+1000 0 PASS PASS PASS PASS PASS
-1000 0 PASS PASS PASS PASS PASS
+1000 90 PASS PASS PASS PASS PASS
-1000 90 PASS PASS PASS PASS PASS
+1000 180 PASS PASS PASS PASS PASS
-1000 180 PASS PASS PASS PASS PASS
+1000 270 PASS PASS PASS PASS PASS
-1000 270 PASS PASS PASS PASS PASS

17.2  Common Mode Surge (L1, L2 to PE), 230 VAC Input

Surge Injection|Test ResultiTest Result| Test Result|Test Result| Test Result
Level (V) |Phase(°)] 5V/3A |9V /3A |12V /25A|15V/2A|20V/1.5A
+2000 0 PASS PASS PASS PASS PASS
-2000 0 PASS PASS PASS PASS PASS
+2000 90 PASS PASS PASS PASS PASS
-2000 90 PASS PASS PASS PASS PASS
+2000 180 PASS PASS PASS PASS PASS
-2000 180 PASS PASS PASS PASS PASS
+2000 270 PASS PASS PASS PASS PASS
-2000 270 PASS PASS PASS PASS PASS
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17.3 Common Mode Surge (L1 to PE), 230 VAC Input

Surge |Injection|Test ResultiTest Result] Test Result|Test Result] Test Result
Level (V)|Phase (°)] 5V/3A |9V /3A |12V /25A|15V/2A|20V/ 1.5A

+2000 0 PASS PASS PASS PASS PASS
-2000 0 PASS PASS PASS PASS PASS
+2000 90 PASS PASS PASS PASS PASS
-2000 90 PASS PASS PASS PASS PASS
+2000 180 PASS PASS PASS PASS PASS
-2000 180 PASS PASS PASS PASS PASS
+2000 270 PASS PASS PASS PASS PASS
-2000 270 PASS PASS PASS PASS PASS

17.4 CommonModeSurge(L2toPE), 230VACInput

Surge |Injection|Test ResultiTest Result] Test Result|Test Result] Test Result
Level (V)|Phase (°)] 5V/3A | 9V/3A |12V /2.5A]15V/2A20V/1.5A

+2000 0 PASS PASS PASS PASS PASS
-2000 0 PASS PASS PASS PASS PASS
+2000 90 PASS PASS PASS PASS PASS
-2000 90 PASS PASS PASS PASS PASS
+2000 180 PASS PASS PASS PASS PASS
-2000 180 PASS PASS PASS PASS PASS
+2000 270 PASS PASS PASS PASS PASS
-2000 270 PASS PASS PASS PASS PASS
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18 Electrostatic Discharge
The unit was tested with £16.5 kV air discharge and £8.8 kV contact discharge with

10 strikes for each condition at the following locations:

» End of cable +VOUT
* End of cable GND

e On-board +VOUT

* On-board GND

» End of cable CC1

* End of cable CC2

A test failure was defined as an output latch-off that needs operator intervention

to recover, or a complete loss of function that is not recoverable.

18.1 Contact Discharge 8.8kV, USB-C Cable Connected

Zap Terminal|Zap Point

VOUT (V)|Load (A)[# of Strikes|Positive|Negative

End of Cable

0 PASS PASS

ccl 3 PASS PASS
0 PASS PASS

cc2 5 3 10 PASS PASS
VBUS 0 PASS PASS
3 PASS PASS

Return 0 PASS PASS
3 PASS PASS

18.2 Air Discharge 16.5 kV, USB-C Cable Connected

Zap Terminallzap Point|

VOUT (V)|Load (A)[# of Strikes|Positive|Negative

0

CC1 3

CC2 g

End of Cable 0
VBUS 5

3

0

3

On Board Return g

10

PASS PASS
PASS PASS
PASS PASS
PASS PASS
PASS PASS
PASS PASS
PASS PASS
PASS PASS
PASS PASS
PASS PASS

18.3 Air Discharge 16.5 kV, USB-C Cable NotConnected

Zap PointjvOUT (V)| Load (A)

# of Strikes|Positive|Negative

CC1

CC2

VBUS

Return

10

PASS PASS
PASS PASS
PASS PASS
PASS PASS
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