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Summary and Features

e InnoSwitch3-Pro - digitally controllable CV/CC QR flyback switcher IC with integrated high-voltage
MOSFET, synchronous rectification and FluxLink™ feedback
e I?C Interface enables low pin count USB PD controller (8 pin)
e Sophisticated telemetry and comprehensive protection features

e Dual Type-C USB PD 3.0 shared capacity ports using IP2726 USB PD controller

e 65 W available on both Type-C ports

! Port designation depends on loading order. See the table on page 6 for details.
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5/9/12/15/20 V supported on both ports, no dc/dc converters

>92% end to end efficiency at full load

Meets DOE6 and CoC v5 2016 efficiency requirement (>1% efficiency margin)
Maximum component temperature <110 ©C at 50 °C ambient temperature operation
Output overvoltage and overcurrent protection

Integrated thermal protection

Compact size 2.36" x 1.57” x 0.8”

PATENT INFORMATION

The products and applications illustrated herein (including transformer construction and circuits external to the products) may
be covered by one or more U.S. and foreign patents, or potentially by pending U.S. and foreign patent applications assigned to
Power Integrations. A complete list of Power Integrations' patents may be found at www.power.com. Power Integrations grants
its customers a license under certain patent rights as set forth at https://www.power.com/company/intellectual-property-

licensing/.
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Important Note:

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

This document is an engineering report describing a 65 W Dual USB PD 3.0 power supply
using InnoSwitch3-Pro INN3370-H302 IC and Injoinic IP2726 USB PD controller. The USB
PD source capabilities of the power supply are listed below.

Single Port Mode:

e 5V /3 A (Fixed Supply PDO)

9V / 3 A (Fixed Supply PDO)
12V / 3 A (Fixed Supply PDO)

15V / 3 A (Fixed Supply PDO)
20V / 3.25 A (Fixed Supply PDO)

Dual Port Mode (Power Limited to 65 W):

Port 1:

e 5V /3 A (Fixed Supply PDO)

9V / 3 A (Fixed Supply PDO)
12V / 3 A (Fixed Supply PDO)

15V / 3 A (Fixed Supply PDO)
20V / 2.25 A (Fixed Supply PDO)

Port 2:

e 5V /3 A (Fixed Supply PDO)

9V /2.22 A (Fixed Supply PDO)
12V / 1.66 A (Fixed Supply PDO)
15V / 1.33 A (Fixed Supply PDO)
20V / 1 A (Fixed Supply PDO)

Operation of the power supply is described in the table below.

inserted

usB UsB
. Port 1 Port 2 e
Operating Mode Max Max Description
power Power
- . Output of both flyback converters combine to supply Port 1
Single Port Operation 65w Unused Both power supplies provide 32.5 W and in parallel
. . Output of both flyback converters combine to supply Port 2
Single Port Operation Unused 65w Both power supplies provide 32.5 W and in parallel
. Port 1 starts at 65 W maximum power then drop to 45 W
Port 1 in use, Port 2load | 45\ | 20w  [Port 2 maximum will be 20 W
inserted .
Ports operate independently
. Port 2 starts at 65 W maximum power then drop to 45 W
Port 2in use, Port 1load | 5o\ | 45w  [Port 1 maximum will be 20 W

Ports operate independently

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

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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The report contains the power supply specification, schematic diagrams, PCB layouts, bill
of materials (BOM), magnetics design, and performance data.

Figure 1 — Populated Circuit Board Photograph, Entire Assembly.?

2 EMI Board used here is labelled Rev B. Rev C and Rev B EMI boards are identical. Latest EMI boards are
labelled Rev C to match Main Board revision letter.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Figure 3 — Populated Circuit Board Photograph - Bottom.
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20 mm assembly height

Figure 4 — Populated Circuit Board Photograph - Front.
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2 Power Supply Specification

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

Description Symbol | Min | Typ | Max | Units Comment
Input
Voltage Vin 100 132 | VAC 2 Wire — no P.E.
Frequency fune 56 60 64 Hz
No-load Input Power 200 | mw Measured at 115 VAC.
5V / 3 A Setting
Output Voltage Vout(s v) 5.0 Vv +3%
Output Voltage Ripple VRIPPLE(S V) 150 | mV Measured at End of 100 mQ Cable.
Output Current Iout(s V) 3.0 A +3%
Average Eficiency v o1 [ et o
Continuous Output Power Pourt(s v) 15 W
9V / 3 A Setting
Output Voltage Vout(o v) 9.0 Vv +3%
Output Voltage Ripple VRIPPLE(9 V) 150 | mv Measured at End of 100 mQ Cable.
Output Current Tout(ov) 3.0 A +3%
Average Efficiency Nev) 91 % Measﬁsge?tc %:czagcﬁgo?nﬁﬁeRgg:Efde e
Continuous Output Power Pout(o v) 27 W
12V / 3 A Setting
Output Voltage Vout(15 v) 12.0 Vv +3%
Output Voltage Ripple VRIPPLE(15 V) 150 | mv Measured at End of 100 mQ Cable.
Output Current Iout(1sv) 3.0 A +3%
Average Efficiency nasv) 91 % Meas”Trsgea_tc hlescga(a: cflgog"nﬁﬁeRgggfé"_"de to
Continuous Output Power Pout(15 v) 36 W
15V / 3 A Setting
Output Voltage Vout(20v) 15.0 \ +3%
Output Voltage Ripple VRIPPLE(20 V) 150 | mv Measured at End of 100 mQ Cable.
Output Current Iout(20 v) 2.25 A +3%
Average Efficiency Neov) 91 % Meas”{igea_é %jcgp?tg CflgogantﬁeR;ggf;"_"de to
Continuous Output Power Pout(20 v) 45 W
20V / 3.25 A Setting
Output Voltage Vout(20v) 20.0 Y +3%
Output Voltage Ripple VRIPPLE(20 V) 150 | mVv Measured at End of 100 mQ Cable.
Output Current Iout(20 v) 3.25 A +3%
Average Efficiency Neov) 92 % Meas”{igea_é %jcgp?tg Cﬁgogqn/iﬁeRgggféfc'e to
Continuous Output Power Pout(20 v) 65 W
Conducted EMI Meets CISPR22B / EN55022B
Ambient Temperature Tams 0 | | 50 | oc Open Frame, Sea Level,

Note: To use this design for a charger/adapter with a different shape and form factor, the circuit board
layout and heat spreader design would need to be adjusted to meet the target specifications for EMI, ESD,

and Line Surge performance.
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Figure 5 — DER-916 Rev C Schematic, Flyback 1 Power Section.
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Figure 6 — DER-916 Rev C Schematic, Flyback 2 Power Section.

Page 12 of 101

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

Power Integrations, Inc.
WWW.power.com

5



DER-916 65 W InnoSwitch3-Pro Dual USB PD 3.0

03-Nov-21

—> VL GATE

R32
30 R33
1% 82 ko
1/i6 W 1%
Vi) RTL
c3s 100 ke
0.1 uF
5V i
RTN
I R H] /| R 2
vee
= (o] - 9
= - z =
. > 5 g R37
T 1| vee > 2z 5
2| cupv cc1 |17 s w
o8 R35 L R36 — VWA cc1
220F=47 k0 S Sa7ka 3| spacmer oma |16 R38, 3 (2, 1%, 1/16 W
25V 1% = = 1% U4 A D-
I 4] sex 112726 op1 | 15 R39, 3 0, 1%, 1/16 W .
WA
RTN A s|r cc2 |1a R40, 22 03, 1%, 1/16 W -
Wy
A 6] Ne ne | 13 E E E E o
SDAO r n c29 gl 2| & &
z o 330 pF== E|E|E|E m Vs
v g 9 YU i ow U v 25V E N N E i
GPIO2 £ = =0 0 =z GP1010 o OR o O Zczng USB Type C
L iBAEEE =Y
/ RTN
vBUS1 ) )—
~ Gpro1 £ > GpIog >
scLo " ”
L1} \AAS
26 ReL R42
1000 pF 1kO 5mQ i
50V 1% 1% Q7
Il
116w 12w R15
A < 100 k0
é < 1%
116 W
RTN
R16
2 100 kO
2 1%
1/16 W
—> V2 GATE J C %
R43
30
1%
116 W
va) RT2
=1 100 k2
01 uF
=y l vBUS2 ) )—
RTN
A ~ N - Ol
~N ~N ~ ~N ~N
vee
A g E £ 2 g
g3 g
1] vce >
2] cMPV
2%39Fl Ras L L pas — WA
ST e 3k 3| soasemer s om |16 R48,3sl.‘1'.§'r’g',1/lﬁw
I 4| scx 1P2726 pp1 | 15 R49, 3 0, 1%, 1/16 W
Wh
RTN A s|re cc2 |1a R50, 22 (2. 1%, 1/16 W
W
A 5| nc Ne |13 2l a| ol a
SDAL \F R52 i | 2| 2| R
I 00 spopFR | D] 2 E e USB Type C
v PRETIRTEE- I 1716 W FEA I I 1
GPIO1 z = = = Sk o o oo --Zﬁv
N T W AT ST =T &
N R51  Gprog Z1E| 5] 8
L)) RTN
~ &p102 WA>) GPIo10
scL1
Il AAA
L) VYV
C34 R53 R54
1000 pF 1ko 5mo
50V 1% 1%
116 W 2w
AAA
é e PI-9366-052521
RTN
D5
BAV19WS-7-F
uz
vz AP7380-33Y-13
D6 N out 3 vee
BAV19WS7-F
cio
vidp—P— o L ==0.1uF
0.4 uF Ghp el

L rTn

Figure 7. DER-916 Rev C Schematic, USB-PD Controller and Ports
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4 Circuit Description

4.1  Input Rectifier and EMI Filter

The input fuse F1 isolates the circuit and provides protection from component failure.
Common mode chokes L1 and L2, with capacitors C1 and C20 provide common mode and
differential mode noise filtering for EMI attenuation. Bridge rectifiers BR1 and BR2 rectify
the AC line voltage to have a full wave rectified DC, which is filtered by the bulk capacitor
C2.

Resistor R55 discharges capacitor C1 when the power supply is disconnected from AC
mains.

4.2  InnoSwitch3-Pro IC Primary

This design uses two identical flyback converters that operate independently from each
other. The following paragraphs describe only one of the converters but is applicable to
the other by cross-referencing the part designators in the schematic.

One end of the flyback transformer T1 primary winding is connected to the rectified DC
bus while the other end is connected to the drain terminal of the switch inside the
InnoSwitch3-Pro IC U1l. Resistors R8 and R9 provide input voltage sensing for AC input
undervoltage or overvoltage protection.

A low-cost RCD clamp formed by diode D4, resistors R4 and R5, and capacitor C5 limits
the peak drain-source voltage of U1 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 C6 when the AC is first applied. During normal operation, the primary-side block
is powered by the auxiliary winding of transformer T1. The output of the auxiliary (or bias)
winding is rectified using diode D2 and filtered using capacitor C4. The NPN BJT Q1,
resistors R1 and R2, and Zener diode D1 form a linear regulator to maintain the voltage at
the Emitter terminal of Q1 to approximately 9V regardless of the output voltage set point.
Resistor R3 limits the BPP pin current of the InnoSwitch3-Pro IC U1 to a value sufficient
for normal operation without incurring excessive losses.

Zener diode D3 offers primary sensed output overvoltage protection. In a flyback
converter, the output of the auxiliary winding tracks the output voltage of the converter.
In case of overvoltage at the output of the converter, the auxiliary winding voltage
increases causing VR1 to breakdown resulting in a very low impedance. This will cause
excessive current to flow into the BPP pin of InnoSwitch3-Pro IC U1. If the current flowing
into the BPP pin increases above the Isp threshold, the InnoSwitch3-Pro controller will latch
off to prevent any further increase in output voltage. Resistor R7 limits the current injected
to BPP pin when the output overvoltage protection is triggered.

Power Integrations, Inc.
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4.3  InnoSwitch3-Pro IC Secondary and USB Power Delivery Controller

The secondary-side of the InnoSwitch3-Pro IC provides output voltage and current sensing
as well as a gate driver for the synchronous rectification FET (SR FET). The voltage across
the transformer secondary winding is rectified by the SR FET Q2 and filtered by capacitors
C12 and C13. High frequency ringing during switching transients that would otherwise
create radiated EMI is reduced via the RC snubber formed by resistor R11 and capacitor
Co.

Switching of Q3 is controlled by the secondary-side controller inside IC U1. Control is based
on the secondary winding voltage sensed by the FWD pin via resistor R10.

In continuous conduction mode (CCM) of operation, the SR FET is turned off just prior to
the secondary-side commanding a new switching cycle to 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 certain threshold of approximately Vsr(thy. Secondary-side control
of the primary-side power switch avoids any possibility of cross conduction of the two
switches and ensures reliable synchronous rectifier operation.

The secondary-side of the IC is powered either by the secondary winding forward voltage
(thru R10 and the FWM pin) or by the output voltage (thru the VOUT pin). Capacitor C8
connected to the BPS pin of InnoSwitch3-Pro IC U2 provides decoupling for the internal
circuitry.

Output current is sensed by monitoring the voltage drop across resistor R12. Resistors R13
and R14 add an offset to the sensed output current to provide a positive slope to the CC
characteristic. The resulting current measurement is filtered with decoupling capacitor C11
and monitored across the IS and SECONDARY GROUND pins. An internal current sense
threshold, programmable up to 32mV thru the I°C interface, is used to reduce losses. Once
the threshold is exceeded, the InnoSwitch3-Pro IC U1l regulates the number of switch
pulses to maintain a fixed output current.

During constant current (CC) operation, when the output voltage falls significantly, the
secondary-side controller inside InnoSwitch3-Pro IC U1 derives power 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 C8 via resistor R10 and an internal regulator. This allows output
current regulation to be maintained down to the minimum UV threshold. Below this
threshold, 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-Pro
IC. Similar with current regulation, the output voltage is also compared to an internal
voltage reference that is set via the I?C interface. Capacitor C12 is placed directly across
the VOUT pin and the SECONDARY GROUND pin for ESD protection of the VOUT pin.

_p Power Integrations, Inc.
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N-channel MOSFET Q3 is the bus switch used to connect or disconnect the output of the
flyback converter to the USB Type-C port Veus pin. MOSFET Q3 is controlled by the USB-
PD controller IC. Resistor R17 is a pulldown resistor to prevent unwanted triggering of Q3
and while also acting as a discharge path for the bus voltage when the Q3 is turned off.
Capacitor C15 is used at the output for ESD protection.

In this design, a couple of IP2726 (U4, U5) ICs are used as the USB Power Delivery (USB
PD) controller. The IP2726 also controls paralleling of the power supplies for 65W peak
power operation. The USB-PD controllers are powered from the outputs of both flyback
converters thru the LDO IC (U3). USB PD protocol is communicated over either CC1 or CC2
line depending on the orientation in which Type-C plug is connected.

The IP2726 ICs communicate with InnoSwitch3-Pro IC through the I2C interface using the
SCL and SDA lines in which it sets the CV, CC, Vkp, OVA and UVA parameters. 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 IC, respectively. The status of the InnoSwitch3-Pro IC is
read by the IP2726 IC from the telemetry registers also using the I°C interface.

Capacitors C7 and C10 provide decoupling for the LDO. Capacitors C29 and C31, resistors
R37 to R40, and TVS diodes D11 to D14 provide protection from ESD to pins D+, D-, CC1
and CC2. The IP2726 has a dedicated sense resistor R42 to measure the USB Port output
current. The signal from R42 is filtered by the low pass filter formed by R41 and C26 before
entering the ADC port inputs of the IP2726. RT1 is used for temperature sensing while R33
is used to trim the readings of the temperature ADC. Resistors R35 and R36 are the pull-
up resistors of the I2C lines (SDA/SCL). Resistor R32 and C35 form the low pass filter for
the Vi input pin of the USB-PC controller.

MOSFETs Q7 and Q8 are used as OR-in FETs for parallel operation. Resistors R15 and R16
are the pull-down resistors for the OR-in FETSs.

_p Power Integrations, Inc.
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5 PCB Layout
PCB copper thickness is 1.0 mm.

Main Board Top Layer (Top View)

3.7mm - - = ]

Main Board Bottom Layer (Top View)
Figure 8 — DER-916 Main Board Rev C Printed Circuit Layout.
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USB-PD Controller Board Top Layer (Top View) USB-PD Controller Board Bottom Layer (Top View)
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Figure 9 — DER-916 USB PD Controller Board Rev C Printed Circuit Layout.

EMI Board Layout Top (Top View) EMI Board Layout Bottom (Top View)

7
°

17mm

Figure 10 — DER-916 EMI Board Rev C Printed Circuit Layout.
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Figure 12 — DER-916 PD Controller Board Rev C PCB Overlay Layers.
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Figure 14 — DER-916 Main Board Rev C PCB Assembly Top.
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Figure 15 — DER-916 Main Board PCB Rev C Assembly Bottom.
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USB-PB Controller Board Assembly Top

Figure 16 — DER-916 USB PD Controller Rev C Assembly Top.

USB-PB Controller Board Assembly Bottom

Figure 17 — DER-916 USD PD Controller Rev C Assembly Bottom.
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EMI Board Assembly Top
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Figure 18 — DER-916 EMI Board Rev C Assembly Top.
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6 Bill of Materials
Item | Qty Ref Des Description Mfg Part Number Mfg
1 2 BR1 BR2 RECT BRIDGE, GP, 800 V, 4 A, Z4-D Z4DGP408L-HF Comchip
2 1 Cl FILM 0.33 uF 10% 275 VAC RAD 890324024003 Wiirth
3 1 C2 ALUM 120 uF 20% 200 V RADIAL EKXJ201ELL121MK30S Rubycon
4 2 C3 C16 1 uF £5% 200 V Ceramic X7R 1812 18122C105JAT2A AVX
5 2 c4 C17 CER 10 uF 63 V X7R 1210 CL32B106KMVNNWE Samsung
6 | 4 | @S | cer 1000 pF 200 v x7R 0805 08052C102KAT2A AVX
7 2 C6 C19 0.47 uF, 16 V, Ceramic, X7R, 0603 GRM188R71C474KA88D Murata
8 2 C7 C10 0.1 pF £10% 25 V Ceramic X7R 0603 06033C104KAT4A AVX
C8 C11 C14,
9 6 21 C24 C27 2.2 uF 10 V X7R 0603 GRM188R71A225KE15D Murata
0 | 4 |5 | cEr22F 25 v xR 1206 12063C225K4Z2A AVX
680 uF 25 V Aluminum - Polymer Radial, Can 16 . .
11 2 Ci3C23 mQ 1500 Hrs @ 125 °C 687AVG025MGBJ Illinois Capacitor
12 1 C20 2200 pF £20% 250 VAC Ceramic E Radial, Disc DE1E3RA222MN4ANO1F Murata
13 ] 4 |©® gé 33 | 330 pF £10% 25 V Ceramic X7R 0402 04023C331KAT2A AVX
C32 C30,
14 4 €38 C39 CER 2.2 uF 25 V X5R 0402 C1005X5R1E225K050BC TDK
15 2 C35 C37 CER 0.1 uF 25 V X7R 0402 CLO5B104KA5NNNC Samsung
16 2 C34 C26 1000 pF £10% 50 V Ceramic X7R 040 C1005X7R1H102K050BA TDK
17 2 D1 D7 10 V, 5%, 150 mW, SSMINI-2 EDZVT2R10B Rohm
18 2 D2 D8 Diode GEN PURP 300 V 225 mA SOD123 BAV3004W-7-F Diodes, Inc.
19 2 D3 D9 Diode Zener 47 V 500 mW SOD123 MMSZ5261BT1G ON Semi
20 2 D4 D10 800 V, 1 A, Fast Recovery Rectifier, POWERDI123 DFLF1800-7 Diodes, Inc.
21 2 D5 D6 Diode GEN PURP 100 V 200 mA SOD323 BAV19WS-7-F Diodes, Inc.
D11 D12,
D13 D14, .
22 8 D15 D16 Zener Diode 24 V 150 mW +2% SMT EMD2 EDZVT2R24B Rohm
D17 D18
3 A 250 V ACDC Fuse Board Mount (Cartridge Style .
23 1 F1 Excluded) Through Hole Axial 0263003.MXL Littlefuse
24 2 J132 Vertical USB
Power Entry Connector Receptacle, Male Pins, IEC
25 1 J3 320-C8, Non-Polarized, Panel Mount, Snap-In; TH, RAPC322X Switchcraft
Right Angle
250 pH, Toroidal CMC, custom, DER-538, wound on ) } .
26 1 L1 32-00275-00 core. 32-00367-00 Power Integrations
Custom, CMC, 18 mH @ 10 kHz, Toroidal, 17.5 mm
27 1 L2 OD x 11.0 mm thick. 40 turns x 2, 0.40 mm wire 04291-T231 Sumida
190 mQ max
28 2 Q1 Q4 NPN, Small Signal BJT, 80 V, 0.5 A, SOT-23 MMBTAO6LT1G On Semi
MOSFET, N-CH, 120 V, 85 A (at VGS=10 V), Trench Alpha & Omega
29 2 Q2 Q> Power AlphaSGT 120 V TM Technology, DFN5x6 AON62922 Semi
Q3 Q6 Q7 MOSFET, N-CH, 30 V, 48 A (Ta), 50 A (Tc), 6.2 W Alpha & Omega
30 | 4 08 (Ta), 8.3 W (Tc), SMT, 8-DFN-EP (3.3x3.3) AON7520C Semi
31 2 R1 R18 RES, 100 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1003V Panasonic
32 2 R2 R19 RES SMD 5.11 kQ 1% 1/10 W 0603 ERJ-3EKF5111V Panasonic
33 2 R3 R20 RES, 3 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ302V Panasonic
34 2 R4 R21 RES SMD 232 kQ 1% Ya W 1206 ERJ-8ENF2323V Panasonic
35 | 4 | RORSSM | RES, 20, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ200V Panasonic
36 | 4 | ® 11207R24 RES, 47 Q, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ470V Panasonic
_p Power Integrations, Inc.
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2 MO £1% 0.125 W, 1/8 W Chip Resistor 0805

37 | 2 RBR2S | e o 200 Thick Fim RMCFO805FT2MO00 Stackpole
1.8 MO £1% 0.125 W, 1/8 W Chip Resistor 0805

38 | 2 RIRZE [ o R EC 0200 Thick Him RMCFO805FT1M80 Stackpole
9 mQ £1% 1 W Chip Resistor 1206 Automotive

39 | 2 RIZR29 | o500, Cument Sence Thick Hi PMR18EZPFUILOO Rohm

20 | 2 R13 R30 | RES SMD 324 k 1% 1/10 W 0603 RCO603FR-07324KL Yageo

a1 | 2 R14 R31__ | RES, 10 ©, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1OROV Panasonic

a2 | a4 | FPRISRI7 | Res, 100 ke, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1003V Panasonic

R32 R43 R38
3 | 6 | Rr39,ra8 | RrES3 1% 1/16 W 0402 RMCF0402FT3R00 Stackpole
R49
2 | 2 R33 R44__| CRGCQ 0402 82 kO 1% CRGCQO402F82K TE Connectivity
4 | 4 iiSS F;Z%' CRGCQ 0402 4.7 k& 1% CRGCQO402F4K7 TE Connectivity
R37 R40,

4 | 4 R | RES SMD 22 21% 1/16 W 0402 PFRO5S-220-FNH Delta

7 | 2 R41 R53 | RES SMD 1 kO 1% 1/16 W 0402 RT0402FRE07 KL Yageo

a8 | 2 R51R52 | RES 0 O JUMPER 1/16 W 0402 RMCF0402ZTOR00 Stackpole

2 | 2 R42 R54 | RES 0.005 0 1% V> W 0805 ERJ-6LWFR005V Panasonic

50 | 1 R55 RES SMD 4.3 MQ 1% s W 1206 KTR1BEZPF4304 Rohm

51 | 2 RTLRT2 | NTC, 100 ko3, 0.5%,0402, AEC-Q200,125 NTCG104ED104DTDSX TDK

52 2 Ul U2 InnoSwitch3-Pro INN3370C-H302 Power Integrations

53 | 1 U3 IC REG LINEAR 3.3 V 150 mA SOT89 AP7380-33Y-13 Diodes, Inc.

54 2 U4 U5 USB-C Quick Charge Protocol IC 1P2726 Injoinic

55 | 2 T1T2__ | ATQ 23.7/14.6 Bobbin 25-01171-00

56 | 2 T172 | ATQ 23.7/14.6 Core 99-00072-00

5
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7 Transformer Specification (T1 and T2)

7.1  Electrical Diagram
FL1

WD6 (Pri 2):

14T - #26 AWG

split—
continuous wind

WD1 (Pri 1):
14T — #26 AWG
FL2

FL3
WD2 (Bias):
8T —2x #34 AWG
FL4

WD3 (Shield 1):

8T —2x #34 AWG

NC ®

FL5
WD4 (Sec):
4T - 4x #24 TIW

FL6

FL4
WDS5 (Shield 2):
8T — 4x #34 AWG

L]
NC

#34AWG bus wire
with copper tape

Figure 19 — Transformer Electrical Diagram.

7.2 Electrical Specifications

Parameter Condition Spec.
Nominal Primary | Measured at 1 Vek-pk, 100 kHz switching frequency, between 370 uH +£5%
Inductance FL1 and FL2, with all other windings open. H 0
Resonant - .
Frequency Between FL1 and FL2, other windings open. 1200 kHz (Min.)
Primary Leakage Between FL1 and FL2, with all other FLs shorted 7.4 pH (Max.)
Inductance

7.3  Material List
Item Description
[1] | Core: ATQ23.7/14 PI Part #: 99-00072-00.
[2] | Bobbin: ATQ23.7/14 Bobbin PI Part #: 25-01171-00.
[3] | Magnet Wire: #26 AWG, Double Coated.
[4] | Magnet Wire: #34 AWG, Double Coated.
[51 | Magnet Wire: #24 AWG, Triple Insulated Wire.
[6] | Bus Wire: #34 AWG, Double Coated.
[7] | Copper Foil: Copper Tape, 1 mil Thickness, 5 mm Width
[8] | Tape: 3M 1350-F, Polyester Film, 1 mil Thickness, 7.0 mm Width.
[9] | Tape: 3M 1350-F, Polyester Film, 1 mil Thickness, 20 mm Width.
[10] | Varnish: Dolph BC-359.
<z Power Integrations, Inc.
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7.4  Transformer Build Diagram

FL6

WD (Pri 2) 14T - #26awG FL1 —— @) (0 ()
WDS5 (Shield 2) 8T - 4x #34AWG FL4 ———@@@O® U000 NC

—
WD4 (Sec) 4T — 4x #24TIW FL5 —[ m%% ]—’

WD3 (Shield 1) 8T — 2x #34AWG FL3 |
WD2 (Bias) 8T - 2x #34AWG FL4 .
(Bias) 87— 2 T~ Y e ee e es

w1 (Pri 1) 14T - #26aW6 FL2 — = (OO @
—
FL4

Figure 20 — Transformer Build Diagram.

7.5 Bobbin Preparation

s Cut Slots

iy
)

Figure 21 — Transformer 1 Bobbin Modification.

Cut Slots

T

Figure 22 - Transformer 2 Bobbin Modification.
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7.6 Transformer Construction

7.6.1 Transformer 1 Construction
Winding Make_slo_ts on bobbin as shown in Figure_21. Positipn the bobbin on the mandrel such that
Pre ti the pin side of the bobbin is on the left side. Rotation of mandrel is referenced as seen
paration )
from the right of the set-up.
Start at lower left slot, wind 14 turns of wire Item [3] in 1 layer from left to right. Rotation
WD1 . . . . L .
- of mandrel is counterclockwise. Exit at lower right slot and secure the remaining wire for
1st Primary
use later.
Insulation 2 layers of tape Item [8].
Start at middle left slot using 2 strands Item [4] for WD2.
Start at lower left slot using 2 strands of Item [4] for WD3.
WD2 Bias & Mandrel direction is clockwise. Wind all 4 wires simultaneously for 8 turns. Exit at lower
WD3 Shield 1 | right slot.
Place start of insulating tape Item [8] as shown and bend back all 4 wires to lower left
slot. Cut the start of WD2. This is a No Connect.
2 layers of tape Item [8].
Insulation Combine the end of WD2 to the start of WD3. Twist the wires together. This will be FL4.
The end of WD3 will be FL3.
Start at the middle left slot of the bobbin. Use 2 strands Item [5] and wind clockwise.
WD4 Leave ~1.5" floating and mark as FL5.
S Wind 4 turns in 1 layer. At the last turn, exit at the middle right slot. Leave ~1.5” floating
econdary
and mark as FL6.
Repeat steps above to complete the secondary winding. All 4 wires are in parallel.
Insulation 2 layers of tape Item [8].
WD5 Start at lower left slot. Wind 8 turns using 4 strands of wire Item [4]. Exit at lower right
Shield 2 slot.
Insulation 2 layers of tape Item [8]. Position remaining wire for the primary winding.
WD6 Use wire hanging from WD1 and continue winding 14 turns from left to right. Mandrel
2" Primary direction is counterclockwise. Exit at lower left slot. This is FL1A.3
Insulation ghlgz/virs of tape Item [8]. Bend back the secondary winding through the upper slots as
Add gap to the middle leg of core Item [1] to get 370 uH primary inductance.
Gap and Place copper tape to secure core as shown. Solder copper tape intersections to ensure

Ground Core

good connection. Solder FL4 end of Shield 2 winding to copper tape. Solder 1 strand of
wire Item [4] to copper tape.
Twist this wire together with the FL4 end of the Bias and Shield 1 winding bundle.

Finish

Add another 2 layers of tape Item [8] to transformer bottom and sides to cover copper
tape. Cover secondary-side of core with tape Item [9]
Varnish using Item [10]. Trim all Fly-leads to at least 25 mm.

3 FLxy refers to Fly-lead number x (x = 1 to 6) of transformer y (A for Transformer 1 or B for Transformer
2) e.g. FL1A is Fly-lead 1 of Transformer A.
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7.6.2 Transformer 2 Construction
Make slots on bobbin as shown in Figure 22. Position the bobbin on the mandrel such that
Winding the pin side of the bobbin is on the left.
Preparation Rotation of mandrel is referenced as seen from the right of the set-up.
Start at side of bobbin with only 2 slots.
WD1 Start at Ic_aft slot, wind 14 _turns of wire Item [3] in 1 layer from left to right. Rotation of
1st Primary ma_mdrel_ is counterclockwise. N _
Exit at right slot and secure the remaining wire for use later.
Insulation 2 layers of tape Item [8].
Rotate mandrel to show section of bobbin with 6 slots.
Start at upper left slot using 2 strands Item [4] for WD2.
WD2 Bias & Start at upper _Ieft_slot using 2 str_ands of Ite_:m [4_] for WD3. _ _
WD?3 Shield 1 Mandrel direction is clockwise. Wind all 4 wires simultaneously for 8 turns. Exit at middle
right slot. Place start of insulating tape Item [8] as shown and bend back all 4 wires to
upper left slot.
2 layers of tape Item [8]. Combine the end of WD2 to the start of WD3. Twist the wires
Insulation together. This will be FL4. Cut the start of WD2. This is a No Connect.
The end of WD3 will be FL3.
Start at the middle left slot of the bobbin. Use 2 strands Item [5] and wind clockwise.
WD4 Leave ~1.5" floating and mark as FL5.
S Wind 4 turns in 1 layer. At the last turn, exit at the middle right slot. Leave ~1.5" floating
econdary
and mark as FL6.
Repeat steps above to complete the secondary winding. All 4 wires are in parallel.
Insulation 2 layers of tape Item [8].
WD5 Start at upper left slot. Wind 8 turns using 4 strands of wire Item [4].
Shield 2 Exit at middle right slot.
Insulation 2 layers of tape Item [8]. Cut end of Shield 2 (WD5) for No Connect.
WD6 Rotate mandrel to show bobbin side with 2 slots. Resume winding wire from WD1 14 turns
2"d Primary from right to left. Mandrel direction is counter clockwise. Exit at left slot. This is FL1B.
2 layers of tape Item [8]. Bend back the secondary winding through the lower slots as
Insulation shown. Secure with 2 layers tape Item [8]. Bend FL1B and FL2B as shown. Cover slots
with 2 layers tape Item [8] to isolate primary wires from core. Cover both slots.
Add gap to the middle leg of core Item [1] to get 370 uH primary inductance.
Place copper tape to secure core as shown. Solder copper tape intersections to ensure
good connection. Place 2 layers tape Item [8] as shown to isolate primary winding from
Gap and core. Bend primary wires over tape.

Ground Core

Solder FL4 end of Shield 2 to copper tape.

Solder 1 strand of wire Item [4] to copper tape.

Twist this wire together with the FL4 end of the Bias and Shield 1 winding bundle.
Cover copper tape with tape Item [8]. Use 2 layers.

Finish

Cover secondary-side of transformer core using tape Item [9]

Varnish using Item [10]. Trim all Fly-leads to at least 25 mm.
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7.7
7.7.1

Winding I/lustrations

Transformer 1 Winding Illustrations

Preparation

Winding

Make slots on bobbin as
shown in Figure 21.

Position the bobbin on the
mandrel such that the pin side
of the bobbin is on the left
side.

Rotation of mandrel is
referenced as seen from the
right of the setup.

1st Primary

WD1

Insulation

WD3: Shield 1

WD2: Bias

&

A

Start at lower left slot, wind
14 turns of wire Item [3] in 1
layer from left to right.

__—+ Rotation of mandrel is counter

clockwise.

~Exit at lower right slot and
secure the remaining wire for
use later.

2 layers of tape Item [8].

| Start at middle left slot using 2

strands Item [4] for WD2.

| Start at lower left slot using 2
strands of Item [4] for WD3.

Mandrel direction is clockwise.
Wind all 4 wires
simultaneously for 8 turns.
Exit at lower right slot.
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Place start of insulating tape
Item [8] as shown and bend
back all 4 wires to lower left
WD2: Bias slot.
&

WD3: Shield 1

L Cut the start of WD2. This is a
No Connect.

2 layers of tape Item [8].

Combine the end of WD2 to
" the start of WD3. Twist the

wires together. This will be

FL4.

Insulation

The end of WD3 will be FL3.

Start at the middle left slot of
the bobbin. Use 2 strands
Item [5] and wind clockwise.
Leave ~1.5" floating and mark
as FL5.

- Wind 4 turns in 1 layer. At the
last turn, exit at the middle
right slot. Leave ~1.5" floating
and mark as FL6.

WD4
Secondary

Repeat steps above to
complete the secondary
winding. All 4 wires are in
parallel.

Insulation 2 layers of tape Item [8].
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mwm‘ / . i
I 1 Start at lower left slot. Wind 8
turns using 4 strands of wire
Item [4]. Exit at lower right
slot.

WD5
Shield2

2 layers of tape Item [8].

Insulation " Position remaining wire for the

primary winding as shown.

Use wire hanging from WD1
and continue winding 14 turns
from left to right. Mandrel

WD6 direction is counter clockwise.

2" Primary

- Exit at lower left slot. This is
FL1A.

" 2 layers of tape Item [8].

Insulation + Bend back the secondary
winding through the upper
slots as shown.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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2 layers of tape Item [8] to

Insulation secure bent secondary.

Cut NC end of Shield 2.

Add gap to the middle leg of
core Item [1] to get 370 pH
primary inductance.

Place copper tape to secure
core as shown. Solder copper
tape intersections to ensure
good connection.

Solder FL4 end of Shield 2
winding to copper tape.

Gap core and Install

Solder 1 strand of wire Item
[4] to copper tape as shown.

Twist this wire together with
the FL4 end of the Bias and
Shield 1 winding bundle.

Add another 2 layers of tape
Item [8] to transformer
bottom and sides to cover
copper tape.

Finish
Assembly

Cover secondary-side of core
with tape Item [9]

Varnish using Item [10]

Trim all Fly-leads to at least
25mm.

_p Power Integrations, Inc.
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7.7.2 Transformer 2 Winding Illustrations

Winding
Preparation

WD1
1st Primary

Insulation

WD2: Bias
&
WD3: Shield 1

Make slots on bobbin as
shown in Figure 22.

Position the bobbin on the
mandrel such that the pin side
of the bobbin is on the left.

Rotation of mandrel is
referenced as seen from the
right of the setup.

Start at side of bobbin with
only 2 slots.

Start at left slot, wind 14 turns
of wire Item [3] in 1 layer

| from left to right. Rotation of
mandrel is counter clockwise.

|_Exit at right slot and secure
the remaining wire for use
later.

2 layers of tape Item [8].

Rotate mandrel to show
section of bobbin with 6 slots.

| Start at upper left slot using 2
strands Item [4] for WD2.

| Start at upper left slot using 2
strands of Item [4] for WD3.

Mandrel direction is clockwise.
Wind all 4 wires
simultaneously for 8 turns.
Exit at middle right slot.
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WD2: Bias
&
WD3: Shield 1

Insulation

WD4
Secondary

Place start of insulating tape
Item [8] as shown and bend
back all 4 wires to upper left
slot.

2 layers of tape Item [8].

_+ Combine the end of WD2 to

the start of WD3. Twist the
wires together. This will be
FL4.

L Cut the start of WD2. This is a
No Connect.

A+ The end of WD3 will be FL3.

Start at the middle left slot of
the bobbin. Use 2 strands
Item [5] and wind clockwise.
Leave ~1.5" floating and mark
as FL5.

- Wind 4 turns in 1 layer. At the
last turn, exit at the middle
right slot. Leave ~1.5" floating
and mark as FL6.

L Repeat steps above to

complete the secondary
winding. All 4 wires are in
parallel.
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Insulation

WD5
Shield2

Insulation

WD6
2" Primary

2 layers of tape Item [8].

Start at upper left slot. Wind 8
turns using 4 strands of wire
Item [4]. Exit at middle right

r slot.

2 layers of tape Item [8].

" Cut end of Shield 2 (WD5) for

No Connect.

Rotate mandrel to show
bobbin side with 2 slots.

Resume winding wire from
WD1 14 turns from right to
left. Mandrel direction is
counter clockwise.

Exit at left slot. This is FL1B.
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Insulation

. 2 layers of tape Item [8].

Bend back the secondary

" winding through the lower
slots as shown. Secure with 2
layers tape Item [8]

Bend FL1B and FL2B as
shown.

| Cover slots with 2 layers tape
Item [8] to isolate primary

| wires from core. Cover both
slots.

Gap core and Install

Add gap to the middle leg of
core Item [1] to get 370 uH
primary inductance.

Place copper tape to secure
core as shown. Solder copper
tape intersections to ensure
good connection.

Place 2 layers tape Item [8] as
shown to isolate primary
winding from core.

Bend primary wires over tape.
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Finish
Assembly

Solder FL4 end of Shield 2 to
copper tape.

Solder 1 strand of wire Item
[4] to copper tape.

Twist this wire together with
the FL4 end of the Bias and
Shield 1 winding bundle.

Cover copper tape with tape
Item [8]. Use 2 layers.

Cover secondary-side of
transformer core using tape
Item [9]

Varnish using Item [10]

Trim all Fly-leads to at least
25mm.
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8 Common Mode Choke Specifications

8.1 18 mH Common Mode Choke (L2)

8.1.1 Electrical Diagram

1 2
55T 55T
#29 AWG #29 AWG
4 3

Figure 23 — Inductor Electrical Diagram.

8.1.2 Electrical Specifications

Inductance é;;c;ss pin 1 to pin 4 (or pin 2 to pin 3) with the other winding 18 mH £25%
Leakage Across pin 1 to pin 4 (or pin 2 to pin 3) with the other winding 80 uH +£10%
Inductance | shorted.

LCR Meter oo

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

8.1.3 Material List

Item Description

[1] Core, Ferrite Inductor Toroid, 14 mm OD x 8 mm ID x 5.5 mm H. PI#: 32-00286-00.

[2] Cable Tie, PLT.6SM-M, 1.8 mm Thick. PI#: 75-00202-00

[3] Magnet Wire: #29 AWG, Double Coated.

[4] Varnish: Dolph BC-359.

[5] Heat Shrink: Heat Shrink 1” Inner Diameter, 0.035"” Wall Thickness.
PI#: 62-00002-00; cut to 0.75” length

8.1.4 Winding Instructions

sections.

and end as pin 3.

Place cable ties Item [2] to divide core Item [1] into two
Start as pin 1 with Item [3], wind 55 turns in two layers
on half section of the core. Mark end of wire as Pin 4.

Repeat procedure on remaining half of core. Start as pin 2

Remove cable ties and varnish the CMC using Item [4].
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8.2 250

uH Common Mode Choke (L1)

8.2.1 Electrical Diagram

10T 10T
[tem-2 ltem-3

2 4

Figure 24 — Inductor Electrical Diagram.

8.2.2 Electrical Specifications

Inductance | Across pin 1 to pin 2 (or pin 4 to pin 3) with the other winding open. 250 pH £10%
LCR Meter o
Setting Ls measurement, 100 kHz switching frequency, 1.0 V test level.

8.2.3 Material List

Item Description
[1] Core, Ferrite Inductor Toroid; PI#: 32-00275-00.
[2] Magnet Wire: #24 AWG, Triple Insulated Wire.

[3] Magnet Wire: #24 AWG, Double Coated.
[4] Varnish: Dolph BC-359.

8.2.4 Winding Instructions

pin 3.

Varnish the CMC using Item [4].

Start as pin 1 for Item [2] and pin 4 for Item [3].
Wind together 10 turns on core Item [1].

Mark end of Item [2] as pin 2 and end of Item [3] as

+1 408 414 9200 Fax: +1 408 414 9201
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9 Transformer Design Spreadsheet

ACDC_InnoSwitch3-
Pro_Flyback_032521; InnoSwitch3-Pro Flyback
1 Rev.2.1; Copyright Power LA MR 2l b Design Spreadsheet
Integrations 2021
2 APPLICATION VARIABLES
3 VAC_MIN 100 100 V Minimum AC line voltage
4 VAC_MAX 132 132 \' Maximum AC input voltage
5 VAC_RANGE LOW LINE AC line voltage range
6 FLINE 60 Hz AC line voltage frequency
7 CAP_INPUT 120.0 120.0 uF Input capacitance
9 SET-POINT 1
10 | vouTt 20.00 20.00 v Qutput voltage 1, should be. the
highest output voltage required
11 | IOUT1 2.250 2.250 A Output current 1
12 POUT1 45.00 W Output power 1
13 | EFFICIENCY1 0.92 0.92 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 Delivery Object) or
15 | TYPE PDO PDO APDO (Additional Power Delivery
Object)
17 | SET-POINT 2
18 | VOUT2 15.00 15.00 \ Output voltage 2
19 | IOUT2 3.000 3.000 A Output current 2
20 POUT2 45.00 W Output power 2
21 | EFFICIENCY2 0.92 0.92 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 Delivery Object) or
23 | TYPE PDO PDO APDO (Additional Power Delivery
Object)
25 | SET-POINT 3
26 | VOUT3 9.00 9.00 \ Output voltage 3
27 | IOUT3 3.000 3.000 A Output current 3
28 POUT3 27.00 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 Delivery Object) or
31 | TYpE PDO PDO APDO (Additional Power Delivery
Object)
33 | SET-POINT 4
34 | VOUT4 5.00 5.00 V Output voltage 4
35 | IouT4 3.000 3.000 A Output current 4
36 POUT4 15.00 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
Select whether this set-point is a
PDO(Power Delivery Object) or
39 | TYPE PDO PDO APDO (Additional Power Delivery
Object)
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 \ Device breakdown voltage
89 | DEVICE_GENERIC INN33X0 INN33X0 Device selection
90 DEVICE_CODE INN3370C Device code
91 | PDEVICE_MAX 75 W Device maximum power capability
9 RDSON_25DEG 0.39 0 g;i(r’rg:ary switch on-time resistance at
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Primary switch on-time resistance at

93 | RDSON_100DEG 0.54 Q 100°C

94 | ILIMIT MIN 2.139 A E’;L?:ary switch minimum current

95 | ILIMIT_TYP 2.300 A Primary switch typical current limit

96 | ILIMIT_MAX 2461 A E’;L?:ary switch maximum current

97 | VDRAIN_ON_PRSW 0.21 \ Primary switch on-time voltage drop

98 | VDRAIN_OFF_PRSW 395248 Vv Pegk drain. voltage on the primary
switch during turn-off

102 | WORST CASE ELECTRICAL PARAMETERS
Maximum switching frequency at full

103 | FSWITCHING_MAX 65000 65000 Hz load and the valley of the minimum
input AC voltage
Voltage reflected to the primary

104 | VOR 140.0 140.0 \" winding (corresponding to set-point
1) when the primary switch turns off
Valley of the rectified minimum

105 | VMIN 120.24 v input AC voltage at full load
Measure of

106 | KP 1.369 continuous/discontinuous mode of
operation

107 | MODE_OPERATION DCM Mode of operation

108 | DUTYCYCLE 0.390 Primary switch duty cycle

109 | TIME_ON 7.17 us Primary switch on-time

110 | TIME_OFF 9.45 us Primary switch off-time

111 | LPRIMARY_MIN 350.8 | Minimum primary magnetizing
inductance

112 | LPRIMARY_TYP 369.2 uH | Typical primary magnetizing
inductance

113 | LPRIMARY_TOL 50 % Primary magnetizing inductance
tolerance

114 | LPRIMARY_MAX 387.7 uH | Maximum primary magnetizing
inductance

116 | PRIMARY CURRENT

117 | IAVG_PRIMARY 0.391 A Primary switch average current

118 | IPEAK_PRIMARY 2.251 A Primary switch peak current

119 | IPEDESTAL_PRIMARY 0.000 A Primary switch current pedestal

120 | IRIPPLE_PRIMARY 2.251 A Primary switch ripple current

121 | IRMS_PRIMARY 0.766 A Primary switch RMS current

123 | SECONDARY CURRENT

124 | IPEAK_SECONDARY 15.760 A Secondary winding peak current

125 | IPEDESTAL_SECONDARY 0.000 A Secondary winding pedestal current

126 | IRMS_SECONDARY 5.730 A Secondary winding RMS current

127 | IRIPPLE_CAP_OUT 4.882 A Output capacitor ripple current

131 | TRANSFORMER CONSTRUCTION PARAMETERS

132 | CORE SELECTION

133 | CORE CUSTOM | Info CUSTOM Refer to the Transformer
Parameters tab to verify fit factor

134 | CORE NAME ATQ23.7/14.6 ATQ23.7/14.6 Core code

135 | AE 103.0 103.0 mm~2 | Core cross sectional area

136 | LE 38.2 38.2 mm Core magnetic path length

137 | AL 2200 2200 nH Ungapped core effective inductance
per turns squared

138 | VE 3934 3934 mm~A3 | Core volume

139 | BOBBIN NAME ATQ Bobbin ATQ Bobbin Bobbin name

140 | AW 29.5 29.5 mm~2 | Bobbin window area

141 | BW 15.20 15.20 mm Bobbin width

142 | MARGIN 0.0 mm Bobbin safety margin

144 | PRIMARY WINDING

145 | NPRIMARY 28 Primary winding number of turns

146 | BPEAK 3386 Gauss | Peak flux density

147 | BMAX 2983 Gauss | Maximum flux density

5
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148 | BAC 1491 Gauss | AC flux density (0.5 x Peak to Peak)

149 | ALG 471 nH Typical gapped core effective
inductance per turns squared

150 | LG 0.257 mm Core gap length

151 | LAYERS_PRIMARY 1 Primary winding number of layers

152 | AWG_PRIMARY 25 Primary wire gauge

153 | OD_PRIMARY_INSULATED 0.518 mm | Frimary wire insulated outer
diameter

154 | OD_PRIMARY_BARE 0.455 mm Primary wire bare outer diameter

155 | CMA_PRIMARY 418.1 Cmils/A | Primary winding wire CMA

157 | SECONDARY WINDING

158 | NSECONDARY 4 Secondary winding number of turns

159 | AWG_SECONDARY 19 Secondary wire gauge

160 | OD_SECONDARY_INSULATED 1.217 mm ﬁi,cn‘i';?;ry wire insulated outer

161 | OD_SECONDARY_BARE 0.912 mm Secondary wire bare outer diameter

162 | CMA_SECONDARY 224.8 Cmils/A | Secondary winding wire CMA

164 | BIAS WINDING

165 | NBIAS | | | 8 | | Bias winding number of turns

169 PRIMARY COMPONENTS SELECTION

170 | LINE UNDERVOLTAGE

171 | BROWN-IN REQURED 80.00 \ Required line brown-in threshold
Connect two 2 MOhm resistors to

172 | RLS 4.00 MQ the V-pin for the required UV/OV
threshold
Actual brown-in threshold using

173 | BROWN-IN ACTUAL 80.16 \Y standard resistors

174 | BROWN-OUT ACTUAL 22.50 Vv Actual brown-out threshold using
standard resistors

176 | LINE OVERVOLTAGE
The device voltage stress will be

177 | OVERVOLTAGE_LINE Warning 334.21 \" higher than 650V when overvoltage
is trigerred

179 | BIAS WINDING

180 | VBIAS 9.00 v Rectified bias_voltage at the lowest
output set-point

181 | VF_BIAS 0.70 \ Bias winding diode forward drop

182 | VREVERSE BIASDIODE 61.93 v | Biasdiode 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
Secondary rectifier reverse voltage

190 | VDRAIN_OFF_SRFET 46.46 Vv (not accounting parasitic voltage
ring)

191 | SRFET AONS62922 AONS62922 Secondary rectifier (Logic MOSFET)

192 | VBREAKDOWN_SRFET 120 Vv Secondary rectifier breakdown
voltage

193 | RDSON_SRFET 7.0 mo SRFET on time drain resistance at

25degC for VGS=4.4V

5

Power Integrations, Inc.

www.power.com

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

Page 44 of 101




DER-916 65 W InnoSwitch3-Pro Dual USB PD 3.0 03-Nov-21

10 Performance Data

Note: 1. Tests made on open frame board without adapter case and heat spreader.
2. Output voltage measured on the PCB.
3. Measurements taken at room temperature ambient (approximately 25 °C).

10.1 No-Load Input Power

250

200 -

150 A

Power (mW)

100 A

50 1

100 115
Input Voltage (VAC)

Figure 25 — No-Load Input Power vs. Input Line Voltage.
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10.2 Average and 10% Load Efficiency
10.2.1  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 84.25% 85.00% 75.47%
9 >6 27 87.73% 88.85% 78.85%
12 >6 36 87.73% 88.85% 78.85%
15 >6 45 87.73% 88.85% 78.85%
20 >6 60 87.73% 88.85% 78.85%
10.2.2  Efficiency Performance Summary (On Board)
Average 10% Load
Vour Power Efficiency Efficiency
(%) (%)
(V) (W) 115 VAC
5 15 91.77 87.01
9 27 92.37 87.28
12 36 92.42 86.95
15 45 92.38 86.45
20 65 92.25 86.24
10.2.3 Average and 10% Load Efficiency Measurements
10.2.3.1 Output: 5V/3A
. Average DOE6 CoC v5 Tier 2
:\';Kg; IE?Z;I ?‘7“”; Efﬁ(f,'/i; cy Efficiency | Requirement Requirement Remarks
(%) (%) (%)
100 | 14.96 | 92.19
75 11.25 92.25
115 =0 51 91.88 91.77 84.25 85.00 PASS
25 3.75 90.74
10 1.50 87.01 75.47 PASS
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10.2.3.2 Output: 9V/3A
. . Average DOEG6 CoC v5 Tier 2
izt Lgad Pour Effut:)lency Efficiency | Requirement Requirement Remarks
(VAC) | (%) | (W) (%) (%) (%) (%)
100 | 27.12 92.87
75 20.34 92.78
115 =0 13.57 92,57 92.37 87.73 88.85 PASS
25 6.77 91.32
10 2.71 87.28 78.85 PASS
10.2.3.3 Output: 12V /3 A
. . Average DOEG6 CoC v5 Tier 2
L "f,’a" Pour Efflc‘:)lency Efficiency | Requirement Requirement Remarks
(VAC) | (%) [ W) | (%) o) (%) (%)
100 | 36.17 92.98
75 27.13 92.86
115 =0 18.10 92,57 92.42 87.73 88.85 PASS
25 9.04 91.28
10 3.61 86.95 78.85 PASS
10.2.3.4 Output: 15V /3 A
. Average DOE6 CoC v5 Tier 2
Hifp Lgad Pour Eff|<(:,|ency Efficiency | Requirement Requirement Remarks
(VAC) | (%) | (W) | (%) (%0 o (%)
100 | 45.19 92.98
75 33.91 92.87
115 =0 2 61 92.53 92.38 87.73 88.85 PASS
25 11.30 91.12
10 4.51 86.45 78.85 PASS
10.2.3.5 Output: 20V /3.25A
. . Average DOEG6 CoC v5 Tier 2
L Lgad Pour Effl((:)lency Efficiency | Requirement Requirement Remarks
(VAC) | (%) | (W) | (%) 5 (%) (%)
100 | 65.17 92.87
75 48.89 92.80
115 =0 32.61 92.40 92.25 87.73 88.85 PASS
25 16.30 90.93
10 6.51 86.24 78.85 PASS
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10.3 Efficiency Across Line at 100% Load (On Board)
100
98 -
95 4
93 4  —— o ~
s\oa 90 4
>
G 88
&
85 4
83 4
80 A -5V /3A
-=9V/3A
=12V /3A
78 4 =><=15V/3A
==20V/3.25A
75 T T T T
90 100 110 120 130 140
Input Voltage (VAC)

Figure 26 — Full Load Efficiency vs. Input Linefor 5V, 9V, 12V, 15V, and 20 V Output, Room

Temperature.
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10.4 Efficiency Across Load (On Board)
10.4.1 Output: 5V/3A

100
=100 VAC
-#-115 VAC
132 VAC
95 4
- >
e
g
o
2
2
E
1]
85
80
75 T T T T T T T T
10 20 30 40 50 60 70 80 90 100

Load (%)

Figure 27 — Efficiency vs. Load for 5 V Output, Room Temperature.
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10.4.2 Output: 9V/3A
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Figure 28 — Efficiency vs. Load for 9 V Output, Room Temperature.
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10.4.3 Output: 12V /3 A
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Figure 29 — Efficiency vs. Load for 12 V Output, Room Temperature.
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10.4.4 Output: 1I5V/3 A
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Figure 30 — Efficiency vs. Load for 15 V Output, Room Temperature.
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10.4.5 Output: 20V /3.25A
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Figure 31 — Efficiency vs. Load for 20 V Output, Room Temperature.
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10.4.6  Dual Output Mode Efficiency Spread
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Figure 32. DER-916 Efficiency vs Load across various combinations of Vout and Iout at 115 VAC Input
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10.5 Load Regulation (On Board)
10.5.1 Output: 5V/3A
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Figure 33 — Output Voltage vs. Output Load for 5 V Output, Room Temperature.
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10.5.2 Output: 9V/3A
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Figure 34 — Output Voltage vs. Output Load for 9 V Output, Room Temperature.
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10.5.3 Output: 12V /3 A
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Figure 35 — Output Voltage vs. Output Load for 12 V Output, Room Temperature.
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10.5.4 Output: 15V /3 A
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Figure 36 — Output Voltage vs. Output Load for 15 V Output, Room Temperature.
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10.5.5 Output: 20V /3.25A
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Figure 37 — Output Voltage vs. Output Load for 20 V Output, Room Temperature.

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

<z - Power Integrations, Inc.
p WWW.power.com Page 59 of 101



DER-916 65 W InnoSwitch3-Pro Dual USB PD 3.0 03-Nov-21

10.6 Line Regulation (On Board)
10.6.1 Output: 5V/3A

6.0
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Figure 38 — Output Voltage vs. Input Line Voltage for 5 V Output, Room Temperature.
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10.6.2 Output: 9V/3A

Output Voltage (V)

13

12

11

10
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120
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Figure 39 — Output Voltage vs. Input Line Voltage for 9 V Output, Room Temperature.
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10.6.3 Output: 12V /3 A
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Figure 40 — Output Voltage vs. Input Line Voltage for 12 V Output, Room Temperature.
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10.6.4 Output: 15V /3 A
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Figure 41 — Output Voltage vs. Input Line Voltage for 15 V Output, Room Temperature.
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10.6.5 Output: 20V /3.25A
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Figure 42 — QOutput Voltage vs. Input Line Voltage for 20 V Output, Room Temperature.
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11 Thermal Performance

11.1 Thermal Performance in Open Case
Note: Measurements taken at room temperature ambient (approximately 25 °C).

11.1.1 Output: 65 W Single Port 20 V / 3.25 A (100 VAC)

Max 83.1°C ¢

Max 80.4 °C

Max 73 1 CI S
oMax 64.5 °C ‘_:':H_E.

ks .F E

i-= - aaanisle i "-_

Figure 43 — Top Thermal Image. Figure 44 — Bottom Thermal Image.
Bx1: Output Capacitor, Cour: = 65.4 °C. Bx1: Bridge Rectifier, BR1 = 83.1 °C.
Bx2: Transformer 1, T1 = 77.1 °C. Bx2: InnoSwitch3-Pro, Ul = 80.4 °C.
Bx3: Input Capacitor, Cin = 73.5 °C. Bx3: SR FET 1, Q2 = 73.1 °C.
Bx4: CMC, L1 = 75.3 °C. Bx4: Bus Switch, Q3 = 64.5 °C

11.1.2  Output: 65 W Dual Port - Port A20V / 2.25 Aand Port B20V / 1 A (100 VAC)

Max 71.7 °C « 3 T Max 84.5 °C ¢
Max 78.3 70 %2 Max 85.7°C
Hu- .?? 3= — 3 it X3 oMax. 81,3 °C
n“ 76.2 ? o S— "
Figure 45 — Top Thermal Image. Figure 46 — Bottom Thermal Image.
Bx1: Output Capacitor, Cout: = 71.1 °C. Bx1: Bridge Rectifier, BR1 = 84.5 °C,
Bx2: Transformer 1, T1 = 78.3 °C. Bx2: InnoSwitch3-Pro, U1 = 85.7 °C.
Bx3: Input Capacitor, Cin = 77.5 °C. Bx3: SR FET 1, Q2 = 81.3 °C.
Bx4: CMC, L1 = 78.2 °C. Bx4: Bus Switch, Q3 = 68.0 °C.
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11.2 Thermal Performance, 50 °C Ambient

11.2.1 Components Temperature Summary

Temperature (°C)
65 W Dual Port

Condition Component Port A: 20V / 2.25 A
PortB: 20V /1A
INN3370 A 108.1
INN3370 B 103
SR A 97.1
SR B 86.6
T A 96.5

No Enclosure

50 °C Ambient IxB 86.1
Cour A 88.9

Cout B 76.6

Ci 89.3

Bridge 104.1

CMC 98.3

11.2.2  Output: Port A5 W 20V / 2.25 A and Port B20 W 20V / 1 A (100 VAC)
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Figure 47 — Unit Thermal Performance at 65 W Dual Port Operation, 100 VAC, 50 °C Ambient.
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12 Waveforms

Note: Waveforms taken at room temperature ambient (approximately 25 °C)

12.1 Start-up Waveforms

12.1.1  Output Voltage and Current
Note: Output voltage waveforms captured at the end of 100 mQ cable.

Figure 48 — Output Voltage and Current.
100 VAC, 5.0V, 3 A Load (5.04 Vwmax).
CH2: Voury, 1V / div.
CH1: Ioap1, 1 A/ div.
CH4: Vourz, 1V / div.
CH3: Ioap2, 1 A/ div.
Time: 20 ms / div.

12.1.2  Primary Drain Voltage and Current
e ®

Vd:

i

—

==

Figure 50 — Primary Drain Voltage and Current.
100 VAC, 5.0V, 5 A Load (223.91 Vwmax).
CH3: Vpram, 50 V / div.
CH2: Iprav, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom)

Figure 49 — Drain Voltage and Current.

132 VAC, 5.0 V, 3 A Load (5.08 Vmax).
CH2: Voury, 1V / div.

CH1: Ioap1, 1 A/ div.

CH4: Vourz, 1V / div.

CH3: Iroap2, 1 A/ div.

Time: 20 ms / div.

o Vs

T

oy 1dS

(T

it oaren

Figure 51 — Primary Drain Voltage and Current.

132 VAC, 5.0V, 3 A Load (269.96 Vmax).
CH3: Vpram, 100 V / div.

CH2: Ipray, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)
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12.1.3 SR FET Drain Voltage and Current

TR 4
oy SRVds
SR 1ds

i TR

L

[Tzv v 20V
wy SR Vds sy SR Vds
SR 1ds SR Ids

s g T

SRS 1 A L SR S 1 W
Figure 52 — SR FET Drain Voltage and Current. Figure 53 — SR FET Drain Voltage and Current.
100 VAC, 5.0V, 3 A Load (72.964 Vmax). 132 VAC, 5.0V, 3 A Load (108.54 Vmax).
CH3: Voramsr), 20 V / div. CH3: Vpramsry, 20 V / div.
CH2: Ipramsry, 10 A / div. CH2: Ipramesr), 10 A / div.
Time: 100 ms / div. (250 ps / div. Zoom) Time: 100 ms / div. (250 ps / div. Zoom)
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12.2 Load Transient Response
Note: Output voltage waveforms captured on the PCB.

12.2.1 Output: 5V/3A

Figure 55 — Transient Response.
132 VAC, 5.0V, 0 - 0.75 A Load Step.
Vmin: 5.0901 V, Vmax: 5.2957 V.
CH2: Vour, 0.2 V / div.
CH1: Ioap, 1 A/ div.
Time: 50 ms / div. (250 us / div. Zoom)

Figure 54 — Transient Response.
100 VAC, 5.0V, 0 - 0.75 A Load Step.
Vmin: 5.0901 V, Vmax: 5.2877 V.
CH2: Vour, 0.2 V / div.
CH1: Ioap, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom)

Figure 57 — Transient Response.
132 VAC, 5.0V, 0.75 — 175 A Load Step.

Figure 56 — Transient Response.
100 VAC, 5.0V, 0.75 — 1.5 A Load Step.

Vmin: 4.9636 V, Vmax: 5.2008 V.

CH2: Vour, 0.2 V / div.

CH1: Ioap, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)

Vmm: 4.9715 'V, Vwmax: 5.2087 V.

CH2: Vour, 0.2 V / div.

CH1: Ioap, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)
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Figure 58 — Transient Response.

100 VAC, 5.0V, 1.5 -2.25 A Load Step.

Vmin: 4.8688 V, Vmax: 5.0901 V.

CH2: Vour, 0.2 V / div.
CH1: Ioap, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom)

2021-01-07
11:1:51

c2v Vout

azv Vout

sv
BW: 20 MHz

Figure 59 — Transient Response.

132 VAC, 5.0V, 1.5 -2.25 A Load Step.
Vmm: 4.8767 V, Vmax: 5.0901 V.

CH2: Vour, 0.2V / div.

CH1: Lioap, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)

22y Vout

N T AR AARRRARANARAR AR AR

Figure 60 — Transient Response.

100 VAC, 5.0V, 2.25 — 3.0 A Load Step.
Vmin: 4.7739 V, Vuax: 5.0032 V.

CH2: Vour, 0.2 V / div.

CH1: Ioap, 1 A/ div.

Time: 50 ms / div. (250 us / div. Zoom)

Figure 61 — Transient Response.

132 VAC, 5.0V, 2.25 — 3.0 A Load Step.
Vumn: 4.7739 V, Vuax: 4.9953 V.

CH2: Vour, 0.2V / div.

CH1: Lioap, 1 A/ div.

Time: 50 ms / div. (250 us / div. Zoom)
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12.2.2

Output: 9V/3A

2021-01-07
11:2:24

a2y Vout

2021-01-07
11:29:37

auy ToUE

aav Vout

Tout

Figure 62 — Transient Response.

100 VAC, 9.0V, 0 - 0.75 A Load Step.
Vmin: 8.8925 V, Vmax: 9.1296 V.

CH2: Vour, 0.2 V / div.

CH1: Iomap, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)

01-07
a2:46

Figure 63 — Transient Response.

132 VAC, 9.0V, 0 —0.75 A Load Step.
Vmin: 8.8055 V, Vmax: 9.1296 V.

CH2: Vour, 0.2 V / div.

CH1: Ioap, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)

2021-01-07
11:39:98

T TT AN TN TR AN NN AN ANNSRY,

Figure 64 — Transient Response.

100 VAC, 9.0V, 0.75 — 1.5 A Load Step.
Vmin: 8.766 V, Vmax: 9.0348 V.

CH2: Vour, 0.2 V / div.

CH1: Ioap, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)

200 MSa/s
RT

A
Level:1.125A

Figure 65 — Transient Response.

132 VAC, 9.0V, 0 — 0.75 A Load Step.
Vmin: 8.766 V, Vmax: 9.0269 V.

CH2: Vour, 0.2 V / div.

CH1: Ioap, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)
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Figure 66 — Transient Response.

100 VAC, 9.0V, 1.5 - 2.25 A Load Step.

Vmn: 8.687 V, Vmax: 8.9241 V.

CH2: Vour, 0.2 V / div.

CH1: Ioap, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)

rrrrrr

Trigger
[ “Edge & ot

Figure 67 — Transient Response.
132 VAC, 9.0V, 0 - 0.75 A Load Step.
Vmm: 8.6949 V, Vvax: 8.9241 V.
CH2: Vour, 0.2 V / div.
CH1: Lioap, 1 A/ div.
Time: 50 ms / div. (250 us / div. Zoom)
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Figure 68 — Transient Response.

100 VAC, 9.0V, 2.25 - 3.0 A Load Step.

Vmin: 8.5921 V, Vuax: 8.8292 V.

CH4: Vout, 0.2 V / div.
CH1: Ioap, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)

Figure 69 — Transient Response.
132 VAC, 9.0V, 2.25 - 3.0 A Load Step.
Vmmn: 8.5921 V, Vuax: 8.8292 V.
CH4: Vour, 0.2 V / div.
CH1: Lioap, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom)

Power Integrations, Inc.

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

www.power.com

Page 72 of 101



DER-916 65 W InnoSwitch3-Pro Dual USB PD

3.0 03-Nov-21

12.2.3 Output: 12V /3 A

Figure 70 — Transient Response.
100 VAC, 12V, 0 —0.75 A Load Step.
Vmm: 11.869 V, Vmax: 12.367 V.
CH4: Vour, 0.2 V / div.
CH1: Iomap, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom)

NV ey Bl

Figure 71 — Transient Response.
132 VAC, 12V, 0 — 0.75 A Load Step.
Vum: 11.877 V, Vmax: 12.367 V.
CH4: Vour, 0.2 V / div.
CH1: Ioap, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom)

TITEE

Figure 72 — Transient Response.
100 VAC, 12V, 0.75 — 1.5 A Load Step.
Vummn: 11.75V, Vmax: 12.28 V.
CH4: Vout, 0.2 V / div.
CH1: Ioap, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom)

&{%WMMMWMWJ«\WMWVW B

Figure 73 — Transient Response.
132 VAC, 12V, 0.75 — 1.5 A Load Step.
Vmmn: 11.766 V, Vuax: 12.288 V.
CH4: Vour, 0.2 V / div.
CH1: Ioap, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom)
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K|

Figure 74 — Transient Response. Figure 75 — Transient Response.
100 VAC, 12.0V, 1.5 - 2.25 A Load Step. 132 VAC, 12.0 V, 1.5 - 2.25 A Load Step.
Vum: 11.671 V, Vmax: 12.161 V. Vum: 11.663 V, Vmax: 12.169 V.
CH4: Vour, 0.2 V / div. CH4: Vour, 0.2 V / div.
CH1: Ioap, 1 A/ div. CH1: Ioap, 1 A/ div.
Time: 50 ms / div. (250 us / div. Zoom) Time: 50 ms / div. (250 ps / div. Zoom)

2021-01-07
11:34:47
200 Msa/s

Figure 76 — Transient Response. Figure 77 — Transient Response.
100 VAC, 12.0V, 2.25 — 3 A Load Step. 132 VAC, 12.0V, 2.25 — 3 A Load Step.
Vmmn: 11.553 V, Vuax: 12.098 V. Vmmn: 11.553 V, Vmax: 12.082 V.
CH4: Vour, 0.2 V / div. CH4: Vour, 0.2 V / div.
CH1: Ioap, 1 A/ div. CH1: Lioap, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom) Time: 50 ms / div. (250 us / div. Zoom)
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12.2.4 Output: 15V /3 A

Figure 78 — Transient Response.
100 VAC, 15V, 0 —0.75 A Load Step.

Vumn: 14.916 V, Vvax: 15.43 V.

CH4: Vour, 0.2 V / div.

CH1: Ioap, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)

Figure 79 — Transient Response.

132 VAC, 15V, 0 - 0.75 A Load Step.
Vmm: 14.885 V, Vmax: 15.422 V.

CH4: Vour, 0.2 V / div.

CH1: Ioap, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)

Figure 80 — Transient Response.
90 VAC, 15V, 0.75 — 1.5 A Load Step.
Vmmn: 14.813 V, Vuax: 15.343 V.
CH4: Vour, 0.2 V / div.
CH1: Ioap, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom)

2

Figure 81 — Transient Response.

132 VAC, 15V, 0.75 — 1.5 A Load Step.
Vmin: 14.806 V, Vuax: 15.343 V.

CH4: Vour, 0.2 V / div.

CH1: Ioap, 1 A/ div.

Time: 50 ms / div. (250 ps / div. Zoom)
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Figure 82 — Transient Response. Figure 83 — Transient Response.
90 VAC, 15V, 1.5 - 2.25 A Load Step. 132 VAC, 15V, 1.5 - 2.25 A Load Step.
Vmin: 14.726 V, Vuax: 15.232 V. Vum: 14.711V, Vuax: 15.24 V.
CH4: Vour, 0.2 V / div. CH4: Vour, 0.2 V / div.
CH1: Ioap, 1 A/ div. CH1: Ioap, 1 A/ div.
Time: 50 ms / div. (250 us / div. Zoom) Time: 50 ms / div. (250 ps / div. Zoom)
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Figure 84 — Transient Response. Figure 85 — Transient Response.
90 VAC, 15V, 2.25 — 3 A Load Step. 132 VAC, 12.0V, 2.25 — 3 A Load Step.
Vmmn: 14.592 V, Vuax: 15.138 V. Vmmn: 14.576 V, Vmax: 15.153 V.
CH4: Vour, 0.2 V / div. CH4: Vour, 0.2 V / div.
CH1: Ioap, 1 A/ div. CH1: Lioap, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom) Time: 50 ms / div. (250 us / div. Zoom)
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12.2.5 Output: 20V / 3.25A

Figure 87 — Transient Response.
132 VAC, 20.0 V, 0 — 0.813 A Load Step.

Vmin: 19.924 V, Vmax: 20.501 V.

Figure 86 — Transient Response.
100 VAC, 20.0 V, 0 — 0.813 A Load Step.

Vmmn: 19.908 V, Vmax: 20.462 V.
CH2: Vour, 0.2 V / div. CH2: Vour, 0.2 V / div.
CH1: Ioap, 1 A/ div.

CH1: Ioap, 1 A/ div.
Time: 50 ms / div. (250 us / div. Zoom) Time: 50 ms / div. (250 ps / div. Zoom)

Figure 89 — Transient Response.
132 VAC, 20.0 V, 0.813 — 1.625 A Load Step.

Vmm: 19.845 V, Vwmax: 20.406 V.
CH4: Vour, 0.2 V / div.

CH1: Ioap, 1 A/ div. CH1: Ioap, 1 A/ div.
Time: 5 ms / div. (250 pus / div. Zoom) Time: 50 ms / div. (250 ps / div. Zoom)

Figure 88 — Transient Response.
100 VAC, 20.0 V, 0.813 — 1.625 A Load Step.

Vmin: 19.806 V, Vmax: 20.406 V.
CH4: Vout, 0.2 V / div.
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Figure 90 — Transient Response. Figure 91 — Transient Response.
100 VAC, 20.0 V, 1.625 — 2.438 A Load Step. 132 VAC, 20.0V, 1.625 — 2.438 A Load Step.
Vmm: 19.734 V, Vvax: 20.18 V. Vmm: 19.75 V, Vmax: 20.256 V.
CH4: Vour, 0.2 V / div. CH4: Vour, 0.2V / div.
CH1: Ioap, 1 A/ div. CH1: Ioap, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom) Time: 50 ms / div. (250 ps / div. Zoom)

Figure 92 — Transient Response. Figure 93 — Transient Response.
100 VAC, 20.0 V, 2.438 — 3.25 A Load Step. 132 VAC, 20.0 V, 2.438 — 3.25 A Load Step.
Vmmn: 19.497 V, Vmax: 20.169 V. Vmmn: 19.592 V, Vuax: 20.161 V.
CH4: Vour, 0.2 V / div. CH4: Vout, 0.2 V / div.
CH1: Ioap, 1 A/ div. CH1: Ioap, 1 A/ div.
Time: 50 ms / div. (250 ps / div. Zoom) Time: 50 ms / div. (250 ps / div. Zoom)
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12.3 Primary Drain Voltage and Current (Steady-State)
12.3.1 Output: 5V/3A

Ty v T Y ] [Horizontal i ®
= | ‘ - /‘ | ,‘ ,‘ |
ST o . —
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Figure 94 — Primary Drain Voltage and Current. Figure 95 — Primary Drain Voltage and Current.
100 VAC, 5.0V, 3 A Load (197.23 Vwmax). 132 VAC, 5.0V, 3 A Load (244.46 Vwmax).
CH3: Voram, 100 V / div. CH3: Vpram, 100 V / div.
CH2: Ipram, 0.4 A / div. CH2: Ipra, 0.4 A / div.
Time: 20 ps / div. Time: 20 ps / div.

12.3.2 Output: 9V /3 A
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Figure 96 — Primary Drain Voltage and Current. Figure 97 — Plrlga\%g rglg\\//olgagel_gggl g;;eggv )
100 VAC, 9.0 V, 3 A Load (232.81 Vuax). Y 2H T : 23 VIAX).
. - CH3: Voramy, 100 V / div.
CH3: Vpram, 100 V / div. ' ;
' X CH2: Ipramv, 0.4 A/ div.
CH2: Ipraw, 0.4 A/ div. Time: 20 ps / div
Time: 20 ps / div. s :
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12.3.3 Output: 12V /3 A
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Figure 98 — Primary Drain Voltage and Current.

100 VAC, 12.0 V, 3 A Load (260.47 Viax).

CH3: Vbram, 100 V / div.
CH2: Ibray, 0.4 A / div.
Time: 20 ps / div.
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Figure 99 — Primary Drain Voltage and Current.

132 VAC, 12.0V, 3 A Load (303.95 Vmax).
CH3: Voram, 100 V / div.

CH2: Ipbramy, 0.4 A / div.

Time: 20 ps / div.
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12.3.4 Output: 15V /3 A
e

T
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Figure 100 — Primary Drain Voltage and Current. Figure 101 — Primary Drain Voltage and Current.
132 VAC, 15.0 V, 3 A Load (331.62 Vwmax).

v‘fmﬂﬂWF MvaFWWMWWWWMWWWW

100 VAC, 15.0V, 3 A Load (276.28 Vmax).

CH3: Vpram, 100 V / div. CH3: Vpram, 100 V / div.

CH2: Ipram, 0.4 A / div. CH2: Ipbramy, 0.4 A / div.
Time: 20 ps / div.

Time: 20 ps / div.
12.3.5 Output: 20V / 3.25A

ENN )

Figure 102 — Primary Drain Voltage and Current.

Figure 103 — Primary Drain Voltage and Current.
132 VAC, 20.0 V, 3.25 A Load (355.34 Vmax).

100 VAC, 20.0 V, 3.25 A Load (331.62 Vmax).

CH3: Voramy, 100 V / div. CH3: Vpram, 100 V / div.

CH2: Ipray, 0.4 A/ div. CH2: Ipray, 0.4 A / div.
Time: 20 ps / div.

Time: 20 ps / div.
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12.4 SR FET Drain Voltage and Current (Steady-State)

Figure 104 — SR FET Drain Voltage and Current.

12.4.2

.. SRIds

100 VAC, 5.0V, 3 A Load (45.77 Vmax).
CH3: Vbramsry, 20 V / div.

CH2: Ipramsr), 10 A / div.

Time: 20 ps / div.

Output: 9V /3 A

o SRVds

......

Figure 106 — SR FET Drain Voltage and Current.

100 VAC, 9.0V, 3 A Load (46.56 Vmax).
CH3: Voramsry, 20 V / div.

CH2: Ipramsry, 10 A / div.

Time: 20 us / div.

12.4.1 Output: 5V/3A
NS NN N N
N sl L PR G GO S

Figure 105 — SR FET Drain Voltage and Current.

s SRIds

132 VAC, 5.0V, 3 A Load (60 Vwmax).
CH3: Vpramsry, 20 V / div.

CH2: Ipramesr), 10 A / div.

Time: 20 ps / div.

o SRVds
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Figure 107 — SR FET Drain Voltage and Current.

132 VAC, 9.0V, 3 A Load (59.21 Vmax).
CH3: Voramsry, 20 V / div.

CH2: Ipramsr), 10 A / div.

Time: 20 ps / div.
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12.4.3

Output: 12V /3 A

o SRIds

E%MWMMNMWLWWT Jwrmwh __wam __f\fhvwwwh Lo

SR FET Drain Voltage and Current.

Figure 108 —
100 VAC, 12.0V, 3 A Load (44.19 Vmax).
CH3: Vpramsry, 20 V / div.
CH2: Ipbramsry, 10 A / div.
Time: 20 ps / div.
12.4.4 Output: 15V/3A
N N Y N N

o SRVds
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Figure 110 — SR FET Drain Voltage and Current.

100 VAC, 15.0 V, 3 A Load (43.4 Vuax).
CH3: Voraisry, 20 V / div.

CH2: Ipramsry, 10 A / div.

Time: 20 us / div.

SR Ids.

JUW“ memwﬁuwwmmw i J-L

Figure 109 — SR FET Drain Voltage and Current.

os  SRIds

132 VAC, 12.0 V, 3 A Load (58.42 Vmax).
CH3: Vpramsry, 20 V / div.

CH2: Ipramesr), 10 A / div.

Time: 20 ps / div.

o SRVds

%WM ﬂme wﬂmwmmmwmmm i

Figure 111 — SR FET Drain Voltage and Current.

132 VAC, 15.0 V, 3 A Load (56.05 Vmax).
CH3: Vpramsry, 20 V / div.

CH2: Ipramsr), 10 A / div.

Time: 20 ps / div.
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12.4.5

Output: 20V / 3.25A
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Figure 112 -

SR FET Drain Voltage and Current.

100 VAC, 20.0V, 3.25 A Load (41.03 Vmax).
CH3: Vbramsr), 20 V / div.

CH2: Ibramesr), 10 A / div.

Time: 20 ps / div.

o SRIds

\
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Figure 113 — SR FET Drain Voltage and Current.

132 VAC, 20.0 V, 3.25 A Load (55.26 Vmax).
CH3: Vpramsry, 20 V / div.

CH2: Ipramesr), 10 A / div.

Time: 20 ps / div.
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13 Output Ripple Measurements

13.1 Ripple Measurement Technique

For DC output ripple measurements, a modified oscilloscope test probe must be utilized 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 uF / 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 114 — Oscilloscope Probe Prepared for Ripple Measurement. (End Cap and Ground Lead Removed)

Figure 115 — Oscilloscope Probe with Probe Master (www.probemaster.com) 4987A BNC Adapter.
(Modified with wires for ripple measurement, and two parallel decoupling capacitors added)
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13.2 Output Voltage Ripple Waveforms

Note: 1. Output voltages captured at the end of 100 mQ cable.
2. Measurements taken at room temperature ambient (approximately 25 °C).

13.2.1

Output: 5V/3A

Figure 116 — Output Voltage Ripple.

13.2.2

100 VAC, 5.0V,

3 A Load (98.814 mVep).

CH2: Vout(ac), 50 mV / div.

Time: 5 ms / div. (50 ps / div. Zoom)

Output: 9V/3 A

Figure 118 — Output Voltage Ripple.

100 VAC, 9.0V,

3 A Load (92.885 mVep).

CH2: Vout(ac), 50 mV / div.

Time: 5 ms / div. (50 ps / div. Zoom)

Figure 117 — Output Voltage Ripple.

132 VAC, 5.0V,

3 A Load (94.862 mVep).

CH2: Vout(ac), 50 mV / div.

Time: 5 ms / div. (50 s / div. Zoom)

NN

NN

Figure 119 — Output Voltage Ripple.

132 VAC, 9.0V,

3 A Load (100.79 mVep).

CH2: Vout(ac), 50 mV / div.

Time: 5 ms / div. (50 us / div. Zoom)
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13.2.3 Output: 12V /3 A

Figure 121 — Output Voltage Ripple.
132 VAC, 12.0V,
3 A Load (84.98 mVpre).
CH2: Vbramac), 50 mV / div.
Time: 5 ms / div. (50 ps / div. Zoom)

Figure 120 — Output Voltage Ripple.
100 VAC, 12.0V,
3 A Load (86.957 mVep).
CH2: Vout(ac), 50 mV / div.
Time: 5 ms / div. (50 us / div. Zoom)

13.2.4 Output: 15V /3 A
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Figure 123 — Output Voltage Ripple.
132 VAGC, 15.0 V,
3 A Load (102.77 mVep).
CH2: Voramac), 50 mV / div.
Time: 5 ms / div. (50 ps / div. Zoom)

Figure 122 — Output Voltage Ripple.
100 VAC, 15.0V,
3 A Load (88.933 mVep).
CH2: Vout(ac), 50 mV / div.
Time: 5 ms / div. (50 ps / div. Zoom)
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13.2.5 Output: 20V / 3.25A
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Figure 125 — Output Voltage Ripple.

Figure 124 — Output Voltage Ripple.
100 VAC, 20.0 V, 100 VAC, 20.0V,
3.25 A Load (88.933 mVbep). 3.25 A Load (81.028 mVep).
CH2: Vout(ac), 50 mV / div.

CH2: Vout(ac), 50 mV / div.
Time: 5 ms / div. (50 us / div. Zoom) Time: 5 ms / div. (50 ps / div. Zoom)
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13.3 Output Voltage Ripple Amplitude vs. Load
13.3.1 Output: 5V/3A
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Figure 126 — Peak-to-Peak Output Voltage Ripple Amplitude vs. Load for 5 V Output.
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13.3.2 Output: 9V/5A
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Figure 127 — Peak-to-Peak Output Voltage Ripple Amplitude vs. Load for 9 V Output.
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13.3.3 Output: 12V /3 A
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Figure 128 — Peak-to-Peak Output Voltage Ripple Amplitude vs. Load for 12 V Output.
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13.3.4 Output: 15V /3 A
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Figure 129 — Peak-to-Peak Output Voltage Ripple Amplitude vs. Load for 15 V Output.
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13.3.5 Output: 20V / 3.25A
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Figure 130. Peak-to-Peak Output Voltage Ripple Amplitude vs. Load for 20 V Output.
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14 Conducted EMI
Note: EMI plots captured with heat spreader and adapter case enclosed.

14.1 Floating Ground (QPK / AV)
14.1.1 Single Port Output: Port A 65 W 20 V / 3.25 A and Port B Open

Date: 8.MAY.2021 13:31:48

115 VAC Line Scan 115 VAC Neutral Scan
Figure 131 - Floating Ground EMI, 20 V / 3.25 A Load.

Date: 8.MAY.2021 13:30:52

14.1.2  Dual Port Output: Port A45W 20V /2.25Aand Port B20W 20V /1A

Receiver by Receiver by
RBW (QPK) 0 kHz MT s ENV216.TDF ESH3-22. TDF RBW (QPK) 0 kHz MT s ENV216.TDF ESH3-22. TDF
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Date: 8.MAY.2021 13:21:15 Date: 8.MAY.2021 13:22:26

115 VAC Line Scan. 115 VAC Neutral Scan
Figure 132 — Floating Ground EMI, 20V / 2.25 Aand 20V / 1 A Load.

Receiver by Receiver by
RBW (QPK) 0 kHz MT s ENV216.TDF ESH3-22. TDF RBW (QPK) 0 kHz MT s ENV216.TDF ESH3-22. TDF
Input_AC _Att 10 d8_Preamp OFF _Step TD Scan ENV216 L1 Input_AC _Att 10 d8_Preamp OFF _Step TD Scan ENV216 N
Scan @1QP Max@2Av Max TAC CPL Scan @1QP Max@2Av Max TAC CPL
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15 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.

Note: Surge tested on the power supply with heat spreader and adapter case enclosed.

15.1 Differential Mode Surge (L1 to L2), 115 VAC Input

Test Result
Surge Injection Injection Test Result D:g:tP::lt Tt_est Result
Level Location Phase Open Ports 20V / 2.25 A Single Port
(V) (°) 5V/0A Port B: 20V / 3.25A
20V / 1A
+1000 L1tol2 0 Pass Pass Pass
-1000 L1to L2 0 Pass Pass Pass
+1000 L1tol2 90 Pass Pass Pass
-1000 L1to L2 90 Pass Pass Pass
+1000 Llto L2 270 Pass Pass Pass
-1000 L1tol2 270 Pass! Pass Pass
IPower supply might initiate Auto-Restart
15.2 Common Mode Surge (L1, L2 to PE), 115 VAC Input
Test Result
Surge Injection Injection Test Result DuaIF’I:)?tnA(;is L ;?:;Ize::::
Level . Phase Open Ports
) Location ©) 5V/0A 20V / 2.25A 65 W
Port B: 20V / 3.25A
20V/ 1A
+2000 L1, L2 to PE 0 Pass Pass Pass
-2000 L1, L2 to PE 0 Pass Pass Pass
+2000 L1, L2 to PE 90 Pass Pass Pass
-2000 L1, L2 to PE 90 Pass Pass Pass
+2000 L1, L2 to PE 270 Pass Pass Pass
-2000 L1, L2 to PE 270 Pass Pass Pass
15.3 Common Mode Surge (L1 to PE), 115 VAC Input
Test Result
Surge Injection Injection Test Result Dualpt’;trtA?S u/ ;?:;Ize:::
Loye Location HIZEE Open Ports | 55y /2254 65 W
V) (°) 5V/0A
Port B: 20V / 3.25A
20V/1A
+2000 L1 to PE 0 Pass Pass Pass
-2000 L1 to PE 0 Pass Pass Pass
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+2000 L1 to PE 90 Pass Pass Pass
-2000 L1 to PE 90 Pass Pass Pass
+2000 L1 to PE 270 Pass Pass Pass
-2000 L1 to PE 270 Pass Pass Pass

15.4 Common Mode Surge (L2 to PE), 115 VAC Input

Test Result
Sl Injection e 8 Test Result LT Test Result
ey Location gace 5V/0A 20V/2.25A | gy /3254

V) (°) Port B:

20V/1A
+2000 L2 to PE 0 Pass Pass Pass
-2000 L2 to PE 0 Pass Pass Pass
+2000 L2 to PE 90 Pass Pass Pass
-2000 L2 to PE 90 Pass Pass Pass
+2000 L2 to PE 270 Pass Pass Pass
-2000 L2 to PE 270 Pass Pass Pass

Note: Surge events might trigger input line OV Protection and initiate an auto-restart. Auto-restart (AR) is
one of the safety features of InnoSwitch3-Pro to protect the converter from fault conditions. For
applications that require completely no output interruption, the design can be modified to have a
higher input line OVP voltage threshold or with the input line OVP completely disabled.
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16 Electrostatic Discharge

The unit was tested with £8 kV to £16.5 kV air discharge and £8.8 kV contact discharge
with 10 strikes for each condition at the following locations:
e End of cable +VOUT
End of cable GND
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.

Note: 1. End of cable discharge points (VOUT, GND, CC1, CC2) located on the USB-C
power adapter tester Tiny-PAT
2. Type-C cable for VOUT and GND strikes: E-marked 5 A cable, 1 meter
(CableCreation)
3. Type-C cable for CC1 and CC2 strikes: Passive 3 A cable, 1 meter (Google)

16.1 Contact Discharge, +VOUT and GND, 115 VAC Input

Test Result
Discharge Test Result Port A: Test Result
Voltage ESD Strike Location Single Port 20V / 2.25A Single Port
(kV) 5V/0A Port B: 20V / 3.25A
20V/ 1A
+88 +VOUT Pass Pass Pass
End of GND Pass Pass Pass
88 Cable +VOUT Pass Pass Pass
) GND Pass Pass Pass
+88 +VOUT Pass Pass Pass
On the GND Pass Pass Pass
88 Board +VOUT Pass Pass Pass
) GND Pass Pass Pass

16.2 Contact Discharge, CC1 and CC2, 115 VAC Input

Discharge
Vtz:(t\a,?e ESD Strike Location Tgs\l; ?%S:It Zze\slt/R;.szusltA
+8.8 cCl Pass’ Pass'
End of CC2 Pass! Pass!
8.8 Cable CC1 Pass! Pass!
' cc2 Pass! Pass!

'Power supply might initiate Auto-Restart
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16.3 Air Discharge, +VOUT and GND, 115 VAC Input
Discharge ESD Strike Location
Vc():(t\a;?e (End of Type-C Cable) Tgs‘tl I;%S:It Tgs\l; I/(ess:It Z'Be\s’t /R;_ szusltA
+8 +VOUT Pass Pass Pass
GND Pass Pass Pass
8 +VOUT Pass Pass Pass
GND Pass Pass Pass
+10 +VOUT Pass! Pass? Pass?
GND Pass? Pass? Pass?
10 +VOUT Pass! Pass! Pass!
GND Pass? Pass? Pass?
+12 +VOUT Pass! Pass! Pass!
End of GND Pass? Pass? Pass?
12 Cable +VOUT Pass! Pass! Pass?
GND Pass! Pass! Pass!
+14 +VOUT Pass? Pass? Pass!
GND Pass! Pass! Pass!
14 +VOUT Pass? Pass! Pass!
GND Pass! Pass? Pass?
+16.5 +VOUT Pass? Pass? Pass?
GND Pass! Pass! Pass!
6.5 +VOUT Pass? Pass? Pass?
GND Pass! Pass! Pass!
+8 +VOUT Pass Pass Pass
GND Pass Pass Pass
8 +VOUT Pass Pass Pass
GND Pass Pass Pass
+10 +VOUT Pass! Pass! Pass!
GND Pass? Pass? Pass?
10 +VOUT Pass! Pass! Pass!
GND Pass? Pass? Pass?
+12 +VOUT Pass! Pass! Pass!
On the GND Pass? Pass? Pass?
1 Board +VOUT Pass! Pass? Pass?
GND Pass? Pass? Pass?
+14 +VOUT Pass! Pass? Pass?
GND Pass! Pass! Pass!
14 +VOUT Pass? Pass? Pass?
GND Pass! Pass! Pass!
+16.5 +VOUT Pass? Pass? Pass!
GND Pass! Pass! Pass!
6.5 +VOUT Pass? Pass! Pass?
GND Pass! Pass? Pass?
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16.4 Air Discharge, CC1 and CC2, 115 VAC Input

Discharge

Vc():(t\a;?e ESD Strike Location Tgs\l; I/zeos:It zge‘s’t/R;. szusltA

” CCl Pass! Pass!

CC2 Pass? Pass!

5 CCl Pass! Pass!

CC2 Pass! Pass!

1 CCl Pass! Pass!

CC2 Pass? Pass!

0 CCl Pass! Pass!

CC2 Pass? Pass!

' CCl Pass! Pass!

End of CC2 Pass? Pass?

1 Cable CC1 Pass! Pass!

cC2 Pass! Pass!

14 CC1 Pass? Pass!

cC2 Pass! Pass!

14 CC1 Pass? Pass!

cC2 Pass! Pass!

CC1 Pass? Pass!

+16.5 cc2 Pass! Pass!

-16.5 el Pass s

cC2 Pass! Pass!

IPower supply might initiate Auto-Restart
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