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Summary and Features
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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 engineering report describes an output power supply intended for USB wall outlet
charger. The 30 W output (selectable 5.1 V/6 Aor 9.2V /3.3 Aor 153V /2A)rail is
designed for a high power USB charging with Type-A or Type-C ports. The output utilizes
INN3268C from the InnoSwitch3-CP family of ICs. This design shows high power density
and efficiency that is possible due to the high level of integration of the InnoSwitch3-CP
controller providing exceptional performance.

DER-631 is a low-line input flyback converter design. The key design goals were high
power density, high efficiency, low no load consumption, and best in class thermal
performance. This is intended for wall outlet USB chargers.

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

| @)mo
[eAR13

Figure 2 — Populated Circuit Board, Bottom View.
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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 VN 100 115 132 | VAC 2 Wire — no P.E.
Frequency fLine 47 60 63 Hz
No-load Input Power (115 VAC) 30 | mW Measured at 115 VAC.
5V Output
Output Voltage Vour 5.1 \Y +3%
Output Ripple Voltage Vireete 150 | mv | e of 200 mr
Output Current lour 6 6.3 A 20 MHz Bandwidth.
9 V Output
Output Voltage Vour 9.2 Vv +5%
Output Ripple Voltage Vireete 150 | mv | M e of 200 mr
Output Current lout 3.3 A 20 MHz Bandwidth.
15V Output
Output Voltage Vour 15.3 \Y +5%
Output Ripple Voltage VRIPPLE 150 | mv At Eg‘ig;ﬁi?:bfc ?g'g r:\']g(_eds a
Output Current lout 2 A 20 MHz Bandwidth.
Continuous Output Power Pout 30 W
Conducted EMI Meets CISPR22B / EN55022B
Safet Designed to meet IEC60950 /

afety UL1950 Class I1

Ambient Temperature Tame 0 | | 50 | °c Free Convection, Sea Level.
_p‘" Power Integrations, Inc.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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3 Schematic
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4 Circuit Description

The InnoSwitch3-CP IC combines primary, secondary and feedback circuits in a single
surface mounted off-line flyback switcher IC. The IC incorporates the primary MOSFET,
the primary-side controller, the secondary-side controller for synchronous rectification
and the Fluxlink™ technology that eliminates the need for an optocoupler needed on a
secondary sensed feedback system.

4.1  Input Circuit Description

Fuse F1 isolates the circuit and provides protection from component failure, and the
capacitor C1 provides attenuation for EMI. Common mode inductor L1 and capacitors C3
and C17 form a m—filter that provides filtering for both common mode and differential
mode noise. Bridge rectifiers BR1 rectifies the AC line voltage and provides a full wave
rectified DC across the input capacitors C3 and C17.

4.2  Primary Circuit

One end of the transformer T2 primary is connected to the rectified DC bus; the other is
connected to the drain terminal of the MOSFET inside the INN3268C (U1).

A low cost RCD clamp formed by diode D1, resistors R5 and R21, and capacitor C18
limits the peak Drain voltage of Ul at the instant turn-off of the MOSFET. The clamp
helps dissipate the energy stored in the leakage reactance of transformer T2.

The IC is kick-started by an internal high-voltage current source that charges the BPP pin
capacitor C5 when AC is first applied. During normal operation the primary-side block is
powered from an auxiliary winding on the transformer. The output of this is configured
as a flyback winding which is rectified and filtered using diode D2 and capacitor C6.
Resistor R8 limits the current being supplied to the BPP pin of the InnoSwitch3-CP (Ul).
An R-C network can be placed across D2 to offer damping of the high frequency ringing,
which can reduce radiated EMI.

The primary-side controller has a current limit threshold ramp that is inversely
proportional to time from the end of the last primary switching cycle. The nature of this
characteristic introduces a primary current limit that reduces as the switching frequency
reduces. It is similar to the state machine of ON/OFF control but the reduction is now
linear in nature rather than the discrete jumps in current limit that the ON/OFF state
machine introduces. This produces a primary MOSFET switching pulse train that looks
similar to a traditional PWM waveform under steady state conditions with consistent time
and peak current between cycles rather than the ON/OFF cycle skipping.

This algorithm enables the most efficient use of the primary switch with the benefit that
this algorithm responds to digital feedback information where the start of the next
switching cycle is immediate when a feedback switching cycle request is received.

_p‘" Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 8 of 80



12-Sep-17 DER-631 30 W USB Charger Using InnoSwitch3-CP

Resistor R19 provides line voltage sensing and supplies a current to the V pin of Ul,
which is proportional to the DC voltage across capacitor C3. At approximately 55 V DC,
the current through this resistor exceeds the line undervoltage threshold, which results in
enabling of Ul. At approximately 250 V DC, the current through this resistor exceeds the
line overvoltage threshold, which results in disabling of U1.

4.3 Secondary Circuit

The secondary-side of the INN3268C IC provides output voltage, output current sensing
and drive a MOSFET providing synchronous rectification. The secondary of the
transformer is rectified by MOSFET Q3 and filtered by capacitors C14 and C15. High
frequency ringing during switching transients that would otherwise create radiated EMI is
reduced via RC snubber, R13 and C8.

The gate of Q3 is turned on by the secondary-side controller inside IC U1, based on the
winding voltage sensed via resistor R10 and fed into the FWD pin of the IC.

In continuous conduction mode operation, the power MOSFET is turned off just prior to
the secondary-side controller commanding a new switching cycle from the primary. In
discontinuous mode the MOSFET is turned off when the voltage drop across the MOSFET
falls below ground. Secondary-side control of the primary-side MOSFET ensures that it is
never on at the same time with the synchronous rectification MOSFET on time. The
MOSFET drive signal is the output on the SR pin.

The secondary side of the IC is self-powered from either the secondary winding forward
voltage or the output voltage. The output voltage powers the device then fed into VO pin
and charges the decoupling capacitor C9 via an internal regulator.

During CC operation, when the output voltage falls, the device will power itself from the
secondary winding directly. During the on-time of the primary-side power MOSFET, the
forward voltage that appears across the secondary winding is used to charge the
decoupling capacitor C9 via resistor R10 and an internal regulator. This allows output
current regulation to be maintained down to ~3.0 V. Below this level the unit enters
auto-restart until the output load is reduced.

Output current is sensed by monitoring the voltage drop across resistors R16 between
the IS and GND pins with a threshold of approximately 30 mV to reduce losses. Once the
internal current sense threshold is exceeded the device adjusts the number of switch
pulses to maintain a fixed output current. If no fixed current requirement, the IS and
GND pins can be shorted.

Below the CC threshold, the device operates in constant voltage mode. Output voltage is
regulated so as to achieve an internal reference voltage of 1.265 V on the FB pin.
Capacitor C12 form a phase-lead network that ensures stable operation and minimizes

Power Integrations .
Tel: +1 408 414 9200 Fax: +1 408 414 9201 “~
Page 9 of 80 WWW.power.com
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output voltage overshoot and undershoot during transient load conditions. Capacitor C11
provides noise filtering of the signal at the FB pin.

Resistors R14 and R15 form the feedback divider network to sense the output voltage.
To change the output to 9 V, resistor R22 is added in parallel to the bottom resistor R15.
And to change the output to 15 V, resistor R23 is added in parallel to the bottom resistor
R15.To vary the output voltage using a USB PD interface, the ports must be connected to
the terminals 9V_FB and GND to make it a 9 V output and to the terminals 15V_FB and
GND to make it a 15 V output.

VR1 protects the power supply from output overvoltage. If the output voltage exceeds
VR1 + BPS voltage, current will flow through the BPS pin that will result to auto-restart.
A 15 V Zener regulator was used to not exceed the voltage rating of the output
capacitors.

In order to improve conversion efficiency and reduce switching losses, InnoSwitch3-CP
introduces a secondary-based QR functionality. The secondary controller has a means to
allow switching when the voltage across the primary switch is near its minimum voltage
when the converter operates in critical (CRM) or discontinuous conduction mode (DCM).
Rather than detecting the magnetizing ring valley on the primary-side, the peak voltage
of the FW pin voltage as it rises above the output voltage level is used to gate secondary
request to initiate the switch “on” cycle in the primary controller.

4.4  Design Key Points

The design targets greater than 90% average efficiency for the 3 outputs. Efficiency was
optimized with transformer design, chosen active devices and bias voltages. For the
transformer design, it is best to keep the reflected voltage (VOR) low to decrease the
RMS current on the secondary side. Lower VOR also means lower drain to source voltage
on the primary side MOSFET that can reduce switching loss. In this design, the VOR was
set to 50 V for the 5 V output. This will make the operation of the 5 V output in
continuous mode (CCM), but this will ensure the 9 V and 15 V output operations in
discontinuous mode (DCM) with valley switching. InnoSwitch3-CP switches up to the 4™
valley to achieve better efficiency. Always note that further lowering the VOR can lead to
a very large leading edge spike on the primary current because of deep CCM operation.
This can trigger the SOA peak limit protection that will result to auto-restart.

Aside from the VOR consideration it is also important to lower the leakage inductance of
the transformer. The energy being stored in the leakage inductance which is dissipated
on the clamping circuit contributes to lower efficiency. Reducing the leakage is an utmost
important in this design, to significantly increase the efficiency. A sandwich winding was
used to lower the leakage inductance to a value less than 5 pH (< 2% of magnetizing
inductance). Detailed transformer construction is described on section 7 of this report.

_p‘" Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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For higher efficiency, it is also necessary to choose the active devices that offer lower
conduction losses. For the InnoSwitch3-CP family, INN3268C offers the lowest Rps(on).
For the secondary rectifier (SR), a MOSFET was chosen instead of a Schottky diode. A
MOSFET of 2.8 mQ Rpsony Was used in the design. An added Schottky diode in parallel
with the SR MOSFET gives a slight improvement on the efficiency. This diode conducts
instead of the MOSFET body diode during the start of secondary MOSFET ON and before
the secondary current reaches zero or secondary MOSFET OFF. These delays on
transition are needed to avoid cross-conduction with the primary MOSFET.

The sweet spot (efficiency and small form factor consideration) for switching frequency
operation is at the range from 70 kHz to 80 kHz. An EQ20 transformer with AE of 60
mm?is enough without saturating the core. The design chooses the minimum number of
secondary turns at 390 mT flux density.

Auxiliary bias voltage was chosen at range from 8 V to 10 V at no-load condition. This
helps improves no load consumption as well as light load efficiency.

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
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5 PCB Layout
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Figure 5 — Bottom Side.
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6 Bill of Materials

Item | Qty gg; Description Mfg Part Number Mfg
1 1 BR1 RECT BRIDGE, GP, 600V, 2A, Z4-D Z4GP206L-HF Comchip
2 1 Cl 47 nF, 310 VAC, Polyester Film, X2 BFC233920473 Vishay
3 2 C3 C17 | 27 pF, 200 V, Electrolytic, (10 x 16), EKXJ201ELL270MJ16S Nippon Chemi-Con
4 1 C5 0.47 pF, 10%, 16V, X7R, 0603 GRM188R71C474KA88D Murata
5 1 C6 22 uF, 35V, Ceramic, X5R, 1206 C3216X5R1V226M160AC TDK
6 1 C7 2.2 nF, Ceramic, Y1 CD90ZU2GA222MYNKA TDK
7 1 C8 470 pF, 200V, Ceramic, X7R, 0603 06032C471KAT2A AVX
8 1 C9 2.2 pF, 10 V, Ceramic, X7R, 0603 GRM188R71A225KE15D Murata
9 1 Cl1 330 pF 50 V, Ceramic, X7R, 0603 CCO0603KRX7R9BB331 Yageo
10 1 C12 4.7 nF 50 V, Ceramic, X7R, 0603 GRM188R71H472KA01D Murata
11 1 C13 1 uF 35V, Ceramic, X7R, 0603 C1608X7R1V105M TDK
12 2 81451 560 pF, 25 V,£20%, Al Organic Polymer, A750MS567M1EAAEQ15 Kemet
13 1 C18 470 pF, +10%, 500 V, X7R, Ceramic Capacitor, CC1206KKX7RBBB471 Yageo
14 1 D1 600 V, 1 A, Rectifier, Glass Passivated, POWERDI123 DFLR1600-7 Diodes, Inc.
15 1 D2 250 V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diode, Inc.
16 1 D4 100 V, 2 A, Schottky, SMA STPS2H100AY ST Micro
17 1 F1 1A, 250V, Slow, Long Time Lag, RST 1 RST 1 Belfuse
18 1 L1 10 mH, 0.7 A, Common Mode Choke 744821110 Wurth
19 1 Q3 MOSFET, N-CH, 60 V, 100 A, SMD, PG-TDSON-8 BSCO028NO6LS3GATMAL Infineon
20 1 R5 RES, 51 Q, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ510V Panasonic
21 1 R8 RES, 10 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ103V Panasonic
22 1 R10 RES, 47 Q, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ470V Panasonic
23 1 R13 RES, 4.7 Q, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ4R7V Panasonic
24 1 R14 RES, 100 kO, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1003V Panasonic
25 1 R15 RES, SMD, 33 kQ, 1%, 1/10 W, +100ppm/°C, 0603 RCO603FR-0733KL Yageo
26 1 R16 RES, 0.005 Q, 0.5 W, 1%, 0805 PMR10EZPFU5L00 Rohm
27 1 R19 RES, 2.2 MQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ225V Panasonic
28 1 R21 RES, 200 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ204V Panasonic
29 1 R22 RES, 32.4 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF3242V Panasonic
30 1 R23 RES, 12.4 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1242V Panasonic
31 1 R24 RES, 0 Q, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYOROOV Panasonic
32 1 R25 RES, 1 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ102V Panasonic
33 1 RV1 275 VAC, 23 J, 7 mm, RADIAL V275LA4P Littlefuse
34 1 T2 Bobbin, EQ20, 10 pins, 5pri, 5sec P-2042 Pinshine
35 1 Ul InnoSwitch3-CP, InSOP24 INN3268C-H202 Power Integrations
36 1 VR1 15V, 5%, 500 mW, SOD-123 MMSZ5245B-E3-08 Vishay
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7 Transformer (T2) Specification
7.1  Electrical Diagram
2 )
Primary Winding
39T - #30AWG FL1
1 Secondary Winding:
5 4T — 4 x #24AWG_TIW
Bias Winding: FL2
6T —5 x #35AWG
4
Figure 6 — Transformer Electrical Diagram.
7.2  Electrical Specifications
Electrical Strength 1 second, 60 Hz, from pins 1, 2, 4 and 5 to FL1, FL2. 3000 VAC

Primary Inductance | Pins 1-2, all other open, measured at 100 kHz, 0.4 Vrys.

490 uH, +5%

Primary Leakage

0.4 Vgys.

Pins 1-2, with FL1-FL2 shorted, measured at 100 kHz,

7uH (Max.)

7.3 Material List

Item

Description

[1] Core: EQZ20.

[2] Bobbin: EQ20, Horizontal, 10 Pins.

[3] Magnet Wire: #30 AWG Double Coated, Solderable.

[4] Magnet Wire: #35 AWG Double Coated, Solderable.

[5] Magnet Wire: #24 AWG Triple Insulated Wire.

[6] Tape: 3M 1298 Polyester Film, 1 mil Thick, 6 mm Wide.

[7] Varnish: Dolph BC-359.

< " Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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7.4

Transformer Build Diagram

? 7

WD5: (Sec) 4T -2 X #24AWG_TIW FL1 ..Om) FL2
nd . 1
WA pr 197 - 130AWG FE0000000000 000,
WD3: (Sec) AT -2 x #24AWG_TIW FL1 ”m@@ FL2
: 4 nc
WD2:(Bias) 6T — 5 x #35AWG m@@@
5 90000 OO
=
wos (1 P 201-monws 2 — @ OO
Figure 7 — Transformer Build Diagram.
7.5 Transformer Construction
Winding Place the bobbin Item [2] on the mandrel with the pin side is on the left side. Winding
preparation direction is clockwise direction.
WD1 Start at pin 2, wind 20 turns of wire Item [3] in 1 layer. At the last turn, bring wire back
1°' Primary to the left side.
Insulation Place 1 layer of tape Item [6] for insulation.
WD2 Start at pin 5, wind 6 (5-filars) turns of wire Item [4] in 1 layer. At the last turn, bring
. . bifilar wire back to the left finish at pin 4. Cut the remaining trifilar wire then no
Bias/Shield
connect.
Insulation Place 1 layer of tape Item [6] for insulation.
WD3 Start at FL1 from the left side of the bobbin, wind 4 bifilar turns of wire Item [5] in 1
Secondary layer. At the last turn, finish winding at FL2.
Insulation Place 1 layer of tape Item [6] for insulation.
WD4 Continue primary winding of 19 turns from left to right. At the last turn finish at pin 1.
2" Primary
Insulation Place 1 layer of tape Item [6] for insulation.
WD5 Start at FL1 from the left side of the bobbin, wind 4 bifilar turns of wire Item [5] in 1
2" Primary layer. At the last turn, finish winding at FL2.
Insulation Place 3 layers of tape Item [6] for insulation and secure the windings.
. Gap core halves to get 490 uH inductance. Secure core and wind bifilar tin wire around
Core shield ; . :
the core. Terminate the wire at pin 1.
Finish : .
Assembly Cover core with 2 layers of tape. Varnish ltem [7].

Page 15 of 80
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7.6 Winding IHlustrations

Winding
preparation

WwD1
1% Primary

Insulation

WD2
Bias/Shield

Place the bobbin Item [2] on the
mandrel with the pin side is on
the left side

Winding direction is clockwise
direction.

Start at pin 2, wind 20 turns of

wire Item [3] in 1 layer. At the

last turn, bring wire back to the
left side.

Place 1 layer of tape Item [6] for
insulation.

Start at pin 5, wind 6 (5- filars)
turns of wire Item [4] in 1 layer.
At the last turn, bring bifilar wire
back to the left and finish at pin
4. Cut the remaining trifilar wire
then no connect.

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

www.power.com
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Insulation

Place 1 layer of tape Item [6] for
insulation.

WD3
Secondary

Start at FL1 from the left side of
the bobbin, wind 4 bifilar turns
of wire Item [5] in 1 layer. At
the last turn, finish winding at
FL2.

Insulation

Place 1 layer of tape Item [6] for
insulation.

wD4
2" Primary

Continue primary winding of 19
turns from left to right. At the
last turn finish at pin 1.

Page 17 of 80
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Place 1 layer of tape Item [6] for

Insulation . .
insulation.

Start at FL1 from the left side of
the bobbin, wind 4 bifilar turns
of wire Item [5] in 1 layer. At
the last turn, finish winding at
FL2.

WD5
Secondary

Place 3 layers of tape Item [6]
for insulation and bring FL1 to
right side then secure the
windings.

Insulation

_p’" Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 18 of 80



12-Sep-17 DER-631 30 W USB Charger Using InnoSwitch3-CP

Gap core halves to get 490 puH
inductance. Secure core and
wind bifilar tin wire around the
core. Terminate the wire at pin
1.

Core shield

Cover core with 2 layers of tape.

Finish Assembly Varnish Item [7].

Power Integrations "'
Tel: +1 408 414 9200 Fax: +1 408 414 9201 “~
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8 Inductor Design Spreadsheet

ACDC_ InnoSwitch3-
CP_Flyback _062117;

InnoSwitch3 CP Flyback Design

Rev.0.1; Copyright Power INPUT CENEIT SR Spreadsheet

Integrations 2017

APPLICATION VARIABLES

VIN_MIN 100 100 Volts RMS Minimum AC input voltage

VIN_TYP 115 115 Volts RMS Typical AC input voltage

VIN_MAX 132 132 Volts RMS Maximum AC input voltage

VIN_RANGE LOW LINE Range of AC input voltage

FREQIN 60 60 Hertz AC Input voltage frequency

CAP_INPUT 54.0 54.0 u-Farads Input capacitor

Output 1

VOUT1 15.00 15.60 Volts DC Output volta_ge 1: Enter the highest output
voltage required at the end of cable

10UT1 2.00 2.00 Amperes Output current 1

POUT1 31.20 Watts Output power 1

EFFICIENCY1 0.90 0.90 Output 1 efficiency estimate

Z_FACTOR1 0.50 0.50 Output 1 Z-factor estimate

Qutput 2

VOUT2 9.00 9.59 Volts DC Output voltage 2

10UT2 3.30 3.30 Amperes Output current 2

POUT2 31.66 Watts Output power 2

EFFICIENCY2 0.90 0.90 Output 2 efficiency estimate

Z_FACTOR2 0.50 0.50 Output 2 Z-factor estimate

Qutput 3

VOUT3 5.00 5.60 Volts DC Output voltage 3

10UT3 6.00 6.00 Amperes Output current 3

POUT3 33.60 Watts Output power 3

EFFICIENCY3 0.90 0.90 Output 3 efficiency estimate

Z FACTOR3 0.50 0.50 Output 3 Z-factor estimate

IMPEDANCE_CABLE 0.100 Ohms Cable impedance

FEEDBACK_METHOD RSISVIISDT&R RSISVIISDT&R Select the type of feedback method

PRIMARY CONTROLLER SELECTION

ENCLOSURE ADAPTER ADAPTER Power supply enclosure type

ILIMIT_MODE STANDARD STANDARD Device current limit mode

VDRAIN BREAKDOWN 650 650 Volts DC Device breakdown voltage

DEVICE_GENERIC INN3268 INN3268 Generic device code

DEVICE_CODE INN3268C Actual device code

POUT MAX 45 Watts Power capability of the device based on
thermal performance

RDSON 100DEG 1.30 Ohms Primary MOSFET on time drain resistance at

— 100 degC

ILIMIT_MIN 1.60 Amperes Minimum current limit of the primary MOSFET

ILIMIT_TYP 1.65 Amperes Typical current limit of the primary MOSFET

ILIMIT_MAX 1.72 Amperes Maximum current limit of the primary MOSFET

VDRAIN_ON_MOSFET 0.45 Volts DC Primary MOSFET on time drain voltage

VDRAIN_OFF RING 476.7 Volts DC Primary MOSFET peak drain voltage

WORST CASE PRIMARY PARAMETERS

FREQUENCY_IOUT_MAX 78000 78000 Hertz Switching frequency at full load and valley of

- - the rectified minimum AC input voltage

Seconday voltage reflected to the primary

VOR 150 150 Volts DC when the primary MOSFET turns OFF

VMIN 1071 Volts DC Valley of the rectified minimum AC input
voltage at full load

KP 0.546 Measu_re of continuous/discontinuous mode of
operation

MODE_OPERATION CCM Mode of operation

DUTYCYCLE 0.432 Duty cycle at the valley of the rectified input

voltage
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TIME_ON 5.543 u-Seconds Primary MOSFET on-time

IPEAK_PRIMARY 1.64 Amperes Primary MOSFET peak currrent

IPEDESTAL_PRIMARY 0.70 Amperes Primary MOSFET current pedestal

IAVG_PRIMARY 0.35 Amperes Primary MOSFET average current

IRIPPLE_PRIMARY 1.59 Amperes Primary MOSFET ripple current

IRMS_PRIMARY 0.65 Amperes Primary MOSFET RMS current

LPRIMARY_MIN 465 u-Henrys Minimum primary inductance

LPRIMARY_TYP 490 u-Henrys Typical primary inductance

LPRIMARY_TOL 5 5 % Primary inductance tolerance

LPRIMARY_ MAX 514 u-Henrys Maximum primary inductance

WORST CASE SECONDARY PARAMETERS

IPEAK_SECONDARY 15.54 Amperes Secondary winding peak current

IPEDESTAL SECONDARY 6.65 Amperes Secondary winding current pedestal

IRMS_SECONDARY 9.15 Amperes Secondary winding RMS current

IRIPPLE_CAP_OUTPUT 9.10 Amperes Output capacitor current ripple

TRANSFORMER CONSTRUCTION PARAMETERS

Core selection

CORE Custom Custom Core selection

CORE CODE 0 Core code

AE 59.80 59.80 mm~2 Core cross sectional area

LE 25.10 25.10 mm Core magnetic path length

AL 3150 3150 Henrys /r(]t_ums’\Z) Ungapped core effective inductance

VE 1500.0 1500.0 mm~3 Core volume

BOBBIN EQ20 EQ20 Enter the custom bobbin information

AW mm~2 Enter the window area of the custom bobbin

BW 6.00 6.00 mm Bobbin width

MARGIN 0.0 mm Safety margin width (Half the primary to
secondary creepage distance)

Primary winding

NPRIMARY 39 Primary turns

BPEAK 3985 Gauss Peak fux density

BMAX 3665 Gauss Maximum flux density

BAC 1734 Gauss AC flux density

ALG 322 Henrys /?t-urns’\Z) Gapped core effective inductance

LG 0.209 mm Core gap length

LAYERS PRIMARY 3 Number of primary layers

AWG_PRIMARY 27 AWG Primary winding wire AWG

0D PRIMARY INSULATED 0.418 mm Primar_y winding wire outer diameter with

_ - insulation

OD_PRIMARY BARE 0.361 mm Primar_y winding wire outer diameter without
insulation

CMA_PRIMARY 311 mil~2/Amperes Primary winding wire CMA

Secondary winding

NSECONDARY 4 4 Secondary turns

AWG_SECONDARY 17 AWG Secondary winding wire AWG

OD_SECONDARY_INSULATED 1.454 mm _Secondary winding wire outer diameter with
insulation

OD SECONDARY BARE 1.150 mm Sgconda_ry win<_jing wire outer diameter

- - without insulation

CMA_SECONDARY 224 mil~2/Amperes Secondary winding wire CMA

Bias winding

NBIAS 10 Bias turns required to ensure minimum bias
voltage

PRIMARY COMPONENTS SELECTION

Line undervoltage

BROWN-IN REQURED 40.0 40.0 Volts RMS Required line brown-in threshold
Resistor connected to the V-pin for the

RLS 2.26 MOhms required UV/OV threshold

BROWN-IN ACTUAL 39.9 Volts RMS Actual brown-in threshold

BROWN-OUT ACTUAL 33.9 Volts RMS Actual brown-out threshold

Power Integrations, Inc.
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Line overvoltage

OVERVOLTAGE_LINE 181.3 | Volts RMS | Actual line over-voltage threshold

Bias diode

VBIAS MIN 10.0 10.0 Volts DC Minir_num rectified bias winding voltage

- required

VF_BIAS 0.70 Volts DC Bias winding diode forward drop

VBIAS MAX 31.40 Volts DC Maximum rectified bias winding voltage

VREVERSE_BIASDIODE 79.27 Volts DC Bias diode reverse voltage (not accounting
parasitic voltage ring)

CBIAS 22 u-Farads Bias winding rectification capacitor

CBPP 0.47 u-Farads BPP pin capacitor

SECONDARY COMPONENTS SELECTION

Rectifier

VREVERSE_RECTIFIER 39.63 Volts DC Secondary rectifier reverse voltage (not
accounting parasitic voltage ring)

SRFET Auto CSD18531Q5A Secondary MOSFET selection

VF_SRFET 0.03 Volts DC SRFET on time drain voltage

VDRAIN_OFF _SRFET 60 Volts DC Maximum SRFET off time drain voltage
SRFET on time drain resistance at 25degC for

RDSON_SRFET 4.4 m-Ohms VGS=4.4V

Feedback Components

RFB_UPPER 100 100.0 k-Ohms Upper feedback resistor (connected to output
voltage)

CFB_LOWER 330 p-Farads Lower feedback resistor decoupling capacitor

DESIGN OUTPUT PARAMETERS

OUTPUT_3 3 Select an output

VOUT 5.60 Volts DC Output voltage

10UT 6.00 Amperes Output current

POUT 33.60 Watts Output power

EFFICIENCY 0.90 Output efficiency

Z FACTOR 0.50 QOutput Z-factor

Primary Parameters

DUTYCYCLE 0311 Duty cycle at the valley of the rectified input
voltage
Seconday voltage reflected to the primar

VOR 48.1 Volts DC when thg primagry MOSFET turns OpFF /

KP 0.546 Measu_re of continuous/discontinuous mode of
operation
Maximum switching frequency at full load and

FREQUENCY_IOUT_MAX 78000 Hertz valley of the rectified minimum AC input
voltage
Mean switching frequency at full load and

FREQUENCY_IOUT_MEAN 69691 Hertz valley of the rectified minimum AC input
voltage

TIME_ON 3.985 u-seconds Primary MOSFET on-time

IPEAK_PRIMARY 1.636 Amperes Primary MOSFET peak currrent

IPEDESTAL _PRIMARY 0.700 Amperes Primary MOSFET current pedestal

1AVG_PRIMARY 0.349 Amperes Primary MOSFET average current

IRIPPLE_PRIMARY 1.028 Amperes Primary MOSFET ripple current

IRMS_PRIMARY 0.647 Amperes Primary MOSFET RMS current

Sedondary Parameters

IPEAK_SECONDARY 15.706 Amperes Secondary winding peak current

IPEDESTAL SECONDARY 6.723 Amperes Secondary winding current pedestal

IRMS_SECONDARY 9.249 Amperes Secondary winding RMS current

IRIPPLE_CAP_OUTPUT 7.039 Amperes Output capacitor current ripple

Feedback Components

RFB_LOWER 40.20 | k-Ohms | Lower feedback resistor

OUTPUT 2 2 Select an output

VOUT 9.59 Volts DC Output voltage

10UT 3.30 Amperes Output current

POUT 31.66 Watts Output power
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EFFICIENCY 0.90 Output efficiency
Z _FACTOR 0.50 Output Z-factor
Primary Parameters
DUTYCYCLE 0.432 Duty cycle at the valley of the rectified input
voltage
Seconday voltage reflected to the primary
VOR 92.3 Volts DC when the primary MOSFET turns OFF
KP 1114 Measu_re of continuous/discontinuous mode of
operation
Maximum switching frequency at full load and
FREQUENCY_IOUT_MAX 62949 Hertz valley of the rectified minimum AC input
voltage
Mean switching frequency at full load and
FREQUENCY_IOUT_MEAN 57613 Hertz valley of the rectified minimum AC input
voltage
TIME_ON 6.868 u-seconds Primary MOSFET on-time
IPEAK_PRIMARY 1.594 Amperes Primary MOSFET peak currrent
IPEDESTAL PRIMARY 0.000 Amperes Primary MOSFET current pedestal
IAVG_PRIMARY 0.322 Amperes Primary MOSFET average current
IRIPPLE_PRIMARY 1.594 Amperes Primary MOSFET ripple current
IRMS_PRIMARY 0.585 Amperes Primary MOSFET RMS current
Sedondary Parameters
IPEAK_SECONDARY 15.302 Amperes Secondary winding peak current
IPEDESTAL_SECONDARY 0.000 Amperes Secondary winding current pedestal
IRMS_SECONDARY 6.099 Amperes Secondary winding RMS current
IRIPPLE_CAP_OUTPUT 5.130 Amperes Qutput capacitor current ripple
Feedback Components
RFB_LOWER 16.90 k-Ohms Lower feedback resistor
OUTPUT 1 1 Select an output
VOUT 15.60 Volts DC Output voltage
10UT 2.00 Amperes Output current
POUT 31.20 Watts Output power
EFFICIENCY 0.90 Output efficiency
Z FACTOR 0.50 Output Z-factor
Primary Parameters
DUTYCYCLE 0.425 Duty cycle at the valley of the rectified input
voltage
Seconday voltage reflected to the primar
VOR 150.0 Volts DC when thg primagry MOSFET turns OpFF /
KP 1.859 Measu_re of continuous/discontinuous mode of
operation
Maximum switching frequency at full load and
FREQUENCY_IOUT_MAX 62257 Hertz valley of the rectified minimum AC input
voltage
Mean switching frequency at full load and
FREQUENCY_IOUT_MEAN 56995 Hertz valley of the rectified minimum AC input
voltage
TIME_ON 6.826 u-seconds Primary MOSFET on-time
IPEAK_PRIMARY 1.591 Amperes Primary MOSFET peak currrent
IPEDESTAL_PRIMARY 0.000 Amperes Primary MOSFET current pedestal
IAVG_PRIMARY 0.316 Amperes Primary MOSFET average current
IRIPPLE_PRIMARY 1.591 Amperes Primary MOSFET ripple current
IRMS_PRIMARY 0.579 Amperes Primary MOSFET RMS current
Sedondary Parameters
IPEAK_SECONDARY 15.272 Amperes Secondary winding peak current
IPEDESTAL _SECONDARY 0.000 Amperes Secondary winding current pedestal
IRMS_SECONDARY 4.744 Amperes Secondary winding RMS current
IRIPPLE_CAP_OUTPUT 4.302 Amperes Output capacitor current ripple
Feedback Components
RFB_LOWER | 9.31 | k-Ohms | Lower feedback resistor
< " Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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9 Performance Data

9.1 Efficiency

Note: Output voltage measured at PCB end. This considers the 300 mV cable drop
compensation.

9.1.1 Efficiency vs. Line

96
=#=5.1 V Output
=+=0.2 V Output
=B=15.3 V Output
94 =
) 7 ./——*____‘
>
N —
c 90 = —
Q
o
5
88 =
86 =
84 L | | | L | | | | | L | | |
95 100 105 110 115 120 125 130 135

Input Voltage (VAC)

Figure 8 — Efficiency vs. Input Line Voltage.
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9.1.2 Efficiency vs. Load

Note: Output voltage measured at PCB end. This considers the 300mV cable drop
compensation.

94

92

90

(0] (o]
o (o]

Efficiency (20)
(o)
N

(0]
N

80

==5.1 V Output
78 ==0.2 VV Output |~
=#=15.3 V Output

76
0 10 20 30 40 50 60 70 80 90 100
Load (%0)
Figure 9 — Efficiency vs. Percent Load.
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9.1.3 No-Load Input Power
Note: 5 V outputs at no-load.

30

- N
(6] o
1 1

No-Load Power (mW)
|_\
o

95 100 105 110 115 120 125 130 135
Input Voltage (VAC)

Figure 10 — No Load Power vs. Input Line Voltage.
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9.2 Line and Load Regulation

9.2.1 5.1V Line Regulation at 6 A Load
Note: Output voltage measured at PCB end. This considers the 300 mV cable drop
compensation.
5.55 3%
5.50 L 204
—
S 5.45 = amne = 1%
Q /‘/
o
@
X
O - n 0,
S 5.40 0%
)
=
Q
5 0
o) 5.35 = -1%
530 - 1 _2%
525 ] ] ] ] ] ] | '3%
95 100 105 110 115 120 125 130 135

Load (%0)

Figure 11 — 5.1 V Output Regulation vs. Input Line Voltage.
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9.2.2 9.2V Line Regulation at 3.3 A Load
Note: Output voltage measured at PCB end. This considers the 300 mV cable drop
compensation.

9.8 3%
9.7 = F 2%

—

C, 9.6 . 1%

o

o

@

X

(@] - 3 0,

3 9.5 0%

]

) —

b B

8 94 l / 4‘—7 [ -1%
9.3 =  -2%
9-2 L} | | | | L} | | L} | | _3%

95 100 105 110 115 120 125 130 135
Load (%0)

Figure 12 — 9.2 V Output Regulation vs. Input Line Voltage
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9.2.3 15.3 V Line Regulation at 2 A Load

Note: Output voltage measured at PCB end. This considers the 300 mV cable drop
compensation.

16.0 3%
159 =
= 2%
15.8 =
e —)
< = -1
2 157 = >~ . 1%
()
O
‘_3 15.6 =
@] k00
S 0%
+~= 155 =
-]
o
5 0
o) 15.4 = s -1%
153 =
s -2%
15.2 =
15.1 | L} L] | L | L} -3%
95 100 105 110 115 120 125 130 135
Load (%0)
Figure 13 — 15.3 V Output Regulation vs. Input Line Voltage.
< " Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
p w(\a/vwfpower.com e Page 30 of 80



12-Sep-17 DER-631 30 W USB Charger Using InnoSwitch3-CP

9.2.4 5.1V Load Regulation

Note: Output voltage measured at PCB end. This considers the 300 mV cable drop
compensation.

5.50

5.45 +
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Figure 14 — 5.1 V Output Regulation vs. Percent Load.
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9.2.5 9.2V Load Regulation
Note: Output voltage measured at PCB end. This considers the 300 mV cable drop

compensation.

9.5

Output Voltage (V)

9.0 n ] | n || L] | L]
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Figure 15 — 9.2 V Output Regulation vs. Percent Load.
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9.2.6 15.3 V Load Regulation
Note: Output voltage measured at PCB end. This considers the 300 mV cable drop
compensation.

16.0
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Figure 16 — 15.3 V Output Regulation vs. Percent Load.
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9.2.7 CP Profile vs. Line (5.1 V /6 A)

Note: Output voltage measured at PCB end. This considers the 300 mV cable drop
compensation.

7 Y
===100 VAC
==115 VAC
=#=135 VAC

6

9 5
-’
)
&
o 4
o
>
5 3
Q
fr)
)
O

2

1

0 -l/

00 05 10 15 20 25 30 35 40 45 50 55 6.0 65
Load (A)
Figure 17 — CP Profile for 5.1 V Output at Different Input Line.
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9.2.8 CP Profile vs. Line (9.2V /3.3 A)
Note: Output voltage measured at PCB end. This considers the 300 mV cable drop
compensation.
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Figure 18 — CP Profile for 9.2 V Output at Different Input Line.
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9.2.9 CP Profile vs. Line (15.3V /2 A)

Note: Output voltage measured at PCB end. This considers the 300 mV cable drop
compensation.
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Figure 19 — CP Profile for 15 V Output at Different Input Line.
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10 Test Data

10.1 T7est Data Efficiency vs. Line, 5.1 V /6 A (PCB End)

Input Input Measurement 51V/6A
VAC | Freq Vin Iin Pin Vour | loutr | Pour
(Vrws) | (HZ) | (Vrvs) | (Arms) | (W) | (Vo) | (Aod) | (W)
100 47 99.85 0.64 | 36.07| 5.41 | 6.00 | 32.46 89.99
110 47 ]109.88] 0.60 ] 36.04] 5.43 | 6.00 | 32.56 90.33
115 50 ]114.94] 0.59 |]36.03] 5.43 | 6.00 | 32.59 90.45
120 60 |]119.92] 059 |36.05] 5.44 | 6.00 | 32.65 90.57
132 60 |]131.89] 0.56 | 36.08] 5.45 | 6.00 | 32.71 90.67

Efficiency
(%0)

10.2 Test Data Efficiency vs. Line, 9.2V / 3.3 A (PCB End)

Input Input Measurement 9.2V/3.3A
VAC | Freq Vin Lin Pin Vour | loutr | Pour
(Vrws) | (HZ) | (Vrvs) | (Arms) | (W) | (Vo) | (Aod) | (W)
100 47 99.86 0.60 | 33.84] 9.36 | 3.30 | 30.89 91.28
110 47 ]109.89 ] 0.56 ] 33.84] 9.40 | 3.30 ] 31.03 91.70
115 50 ]11495] 0.56 |33.82] 9.41 | 3.30 | 31.05 91.80
120 60 |]119.93] 056 |33.82] 9.42 | 3.30 | 31.08 91.91
132 60 ]131.91] 0.53 |33.78] 9.43 | 3.300 | 31.12 92.13

Efficiency
(%0)

10.3 Test Data Efficiency vs. Line, 15.3 V /2 A (PCB End)

Input Input Measurement 15V/2A

VAC | Freq Vin lin Pin Vour loutr | Pour
(Vrvs) | (HZ) | (Vews) | (Arws) | (W) | (Vo) | (And) | (W)

100 47 99.86 0.61 | 34.42] 15.70] 2.00 | 31.40 91.22

110 47 1109.88| 0.57 | 34.36 ] 15.73 | 2.00 | 31.46 91.57

115 50 ] 114.94] 0.56 | 34.33]15.75] 2.00 | 31.49 91.74

120 60 ] 119.92 | 0.57 ] 34.31]15.76 ] 2.00 | 31.52 91.86

132 60 ] 131.90]| 0.54 | 34.24]15.77] 2.00 | 31.53 92.08
Note: Outputs measurement at PCB end.

Efficiency
(%0)

Power Integrations .
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10.4 Test Data Efficiency vs Percent Load, 5.1 V/ 6 A @ 115 VAC (PCB End)

Load Settings | Input Measurement | 5.1 V/ 6 A Measurement Variable
% Load Vin lin Pin Vour lout Pout Efficiency

(Vems) | (Arms) | (W) (Vo) (Apc) (W) (%0)
100 114.96 ] 0.61 | 36.04 5.44 6.00 32.62 90.51
90 114.96 ] 0.55 | 32.21 5.41 5.40 29.21 90.70
80 114.97 ] 0.50 | 28.52 5.42 4.80 26.02 91.23
70 114.97 ] 0.45 | 24.86 5.39 4.20 22.65 91.12
60 11498 | 0.40 | 21.22 5.38 3.60 19.36 91.22
50 11499 ] 0.35 | 17.59 5.36 3.00 16.07 91.34
40 11499 ] 0.29 | 13.98 5.32 2.40 12.78 91.41
30 115.00 ] 0.23 | 10.40 5.29 1.80 9.52 91.49
20 115.00 | 0.17 6.87 5.23 1.20 6.27 91.28
10 115.01] 0.10 3.42 5.16 0.60 3.09 90.43

10.5 Test Data Efficiency vs Percent Load, 9V /3.3A @ 115 VAC (PCB End)
Load Settings | Input Measurement | 9.2 V / 3.3 A Measurement Variable

% Load Vin Iin Pin Vour lout Pour Efficiency

Vrws) | (Arms) | (W) (Voo) (Ano) (W) (%0)
100 114.96 | 0.58 | 33.83 9.43 3.30 31.10 91.92
90 114.97 | 0.53 | 30.39 9.41 2.97 27.94 91.95
80 114.97 | 0.48 | 26.95 9.38 2.64 24.77 91.89
70 114.98 | 0.43 | 23.51 9.36 2.31 21.62 91.96
60 114.99 | 0.38 | 20.08 9.33 1.98 18.47 91.98
50 11499 | 0.33 | 16.68 9.29 1.65 15.33 91.88
40 115.00 ] 0.28 | 13.29 9.24 1.32 12.20 91.78
30 115.00 | 0.22 9.94 9.20 0.99 9.10 91.56
20 115.01 ] 0.16 6.61 9.12 0.66 6.02 91.04
10 115.01 | 0.10 3.34 9.06 0.33 2.99 89.45

10.6 Test Data Efficiency vs Percent Load, 15.3 V/2A @ 115 VAC (PCB End)
Load Settings | Input Measurement | 9.2 V / 3.3 A Measurement Variable

Y Loge Vin Iin Pin Vour lout Pour Efficiency

Vrws) | (Arms) | (W) (Voo) (Aoc) W) (%)
100 114.96 0.58 34.30 15.75 2.00 31.49 91.82
90 11496 | 0.54 | 30.85 15.73 1.80 28.30 91.75
80 114.97 0.49 27.39 15.70 1.60 25.11 91.67
70 114.98 0.44 | 23.94 15.66 1.40 21.92 91.57
60 114.98 0.39 20.50 15.63 1.20 18.75 91.46
50 114.99 0.34 17.07 15.59 1.00 15.58 91.29
40 114.99 0.28 13.68 15.55 0.80 12.44 90.90
30 115.00 0.23 10.28 15.48 0.60 9.28 90.23
20 115.01 0.17 6.91 15.40 0.40 6.16 89.11
10 115.01 0.10 3.58 15.33 0.20 3.06 85.37

Note: Outputs measurement at PCB end.

Power Integrations, Inc.
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10.7 Test Data Line Regulation, 5.1 V/ 6 A

Input 51V/6A
VAC | Freq | Vour | loutr | Pour

(Vems) | (HZ) | (Vo) | (Aod) | (W)
100 47 5.41 6.00 | 32.46

110 47 5.43 ] 6.00 ] 32.56
115 50 5.43 | 6.00 | 32.59
120 60 5.44 | 6.00 | 32.65
132 60 5.45 ] 6.00 ] 32.71

10.8 Test Data Line Regulation, 9.2V /3.3 A

Input 9.2V/3.3A
VAC | Freq | Vour lour | Pourt
(Vewms) | (HZ2) | (Vo) | (Aod) | (W)
100 47 9.36 | 3.30 | 30.89
110 47 9.40 3.30 | 31.03
115 50 9.41 | 3.30 | 31.04
120 60 9.42 3.30 | 31.08
132 60 9.43 | 3.30 | 31.12

10.9 Test Data Line Regulation, 15.3V /2 A

Input 15.3V/2A
VAC | Freq | Vour lour | Pourt
Vews) | (HZ) | (Vo) | (Aod) | (W)
100 47 | 15.70] 2.00 | 31.40
110 47 15.73 | 2.00 | 31.46
115 50 15.75]| 2.00 | 31.50
120 60 15.76 | 2.00 | 31.52
132 60 | 15.77 | 2.00 | 31.53

Note: Output voltage measurement at PCB end.

Power Integrations .
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10.10 7est Data Load Regulation, 5.1 V @ 115 VAC
Load Settings | 5.1 V / 6 A Measurement Variable

wioad | > | @0 | W
100 5.43 6.00 32.62
90 5.41 5.40 29.21
80 5.42 4.80 26.01
70 5.39 4.20 22.65
60 5.37 3.59 19.35
50 5.35 2.99 16.06
40 5.32 2.40 12.77
30 5.28 1.80 9.51
20 5.22 1.19 6.27
10 5.15 0.60 3.09
0 511 0.00 0.00

10.11 7est Data Load Regulation, 9.2V /3.3 A @ 115 VAC
Load Settings | 5.1 V / 6 A Measurement Variable

%6 Load o o o
100 9.43 3.30 31.10
90 9.41 2.97 27.94
80 9.38 2.64 24.77
70 9.36 2.31 21.62
60 9.33 1.98 18.47
50 9.29 1.65 15.33
40 9.24 1.32 12.20
30 9.20 0.99 9.10
20 9.12 0.66 6.02
10 9.06 0.33 2.99

0 9.07 0.00 0.00

Note: Output voltage measurement at PCB end.
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10.12 7est Data Load Regulation, 15.3 V/2A @ 115 VAC

Load Settings | 5.1 V / 6 A Measurement Variable
VOUT IOUT I:)OUT
%o Load (Voo) (Ano) W)
100 15.75 2.00 31.49
90 15.73 1.80 28.30
80 15.70 1.60 25.11
70 15.66 1.40 21.92
60 15.63 1.20 18.75
50 15.59 1.00 15.58
40 15.55 0.80 12.44
30 15.48 0.60 9.28
20 15.40 0.40 6.16
10 15.33 0.20 3.06
0 15.40 0.00 0.00

Note: Output voltage measurement at PCB end.

10.13 7est Data No-Load Consumption, 5.1 V/ 0 A

Input Input Measurement
VAC Freq Vin Iin Pin
(Vrms) (H2) Vems) | (MAgys) | (MW)
100 60 99.95 19.32 13.49
110 60 109.97 19.30 16.09
115 60 115.02 19.13 17.95
120 60 119.99 19.04 18.99
132 60 131.95 20.17 21.20

Power Integrations .
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11 Thermal Performance
11.1 Open Case at 5.1V /6 A (30 °C)

11.1.1100 VAC @ 30 °C Ambient

Ambient Inn3268C SR FET Transformer Bridge Diode
(&) (V1) (Q3) (T2) (BR1)
27 83.0 80.6 76.7 71.5

Figure 20 — Ambient = 27 °C. Figure 21 — Ambient = 26 °C.
INN3168C, Ul = 83 °C. SR FET, Q3 = 80.6 °C.

Spot N? ]_ : 5

Figure 22 — Ambient = 26 °C. Figure 23 — Ambient = 27 °C.
Transformer, T2 = 76.7 ©C. Bridge Diode, BR1 = 71.5 °C.
_p"‘ Power Integrations, Inc.
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11.1.2 132 VAC @ 30 °C Ambient

Ambient Inn3268C SR FET Transformer Bridge Diode
(9] (V1) (Q3) (T2) (BR1)
27 81.7 80.6 76.7 64.3

Spot ~8]_ .? |

Figure 24 — Ambient = 27 °C. Figure 25 — Ambient = 28 °C.
INN3168C, U1 = 81.7 °C. SR FET, Q3 = 80.6 °C.

Spat 07,7 °C . spot v 3

Figure 26 — Ambient = 26 °C. Figure 27 — Ambient = 27 °C.
Transformer, T2 = 76.7 °C. Bridge Diode, BR1 = 64.3 °C.
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11.2 Open Case at 9.2V /3.3 A (30 °C)

11.2.1 100 VAC @ 30 °C Ambient

Ambient INNn3268C SR FET Transformer Bridge Diode
(°©) (U1) (Q3) (T2) (BR1)
27 70.7 63.4 71 67.3

st ~70,7 ISR & N spot 53,4, JOCRS

Figure 28 — Ambient = 27 °C. Figure 29 — Ambient = 28 °C.
INN3168C, Ul = 70.7 °C. SR FET, Q3 = 63.4 °C.

Spat ~F1.0 . : 24 spat (7,3

7~

Figure 30 — Ambient = 26 °C. Figure 31 — Ambient = 27 °C.
Transformer, T2 = 71 °C. Bridge Diode, BR1 = 67.3 °C.
_p"‘ Power Integrations, Inc.
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11.2.2 132 VAC @ 30 °C Ambient

Ambient Inn3268C SR FET Transformer Bridge Diode
(9] U1 (Q3) (T2) (BR1)
28 69.4 64.4 69.5 61.1

Figure 32 — Ambient = 27 °C. Figure 33 — Ambient = 28 °C.
INN3168C, U1l = 69.4 °C. SR FET, Q3 = 64.4 °C.

Spot Nﬁg ; 5

Figure 34 — Ambient = 26 °C. Figure 35 — Ambient = 27 °C.
Transformer, T2 = 69.5 °C. Bridge Diode, BR1 = 61.1 °C.

Power Integrations '“
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11.3 Open Case at 15.3 VvV /2 A (30 °C)

11.3.1 100 VAC @ 30 °C Ambient

Ambient INNn3268C SR FET Transformer Bridge Diode
(°©) (U1) (Q3) (T2) (BR1)
27 74.5 63.2 70.8 68.5

Figure 36 — Ambient = 27 °C. Figure 37 — Ambient = 28 °C.
INN3168C, Ul = 74.5 °C. SR FET, Q3 = 63.2 °C.

Figure 38 — Ambient = 26 °C. Figure 39 — Ambient = 27 °C.

Transformer, T2 = 70.8 °C. Bridge Diode, BR1 = 68.5 °C.
W " Power Integrations, Inc.
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11.3.2 132 VAC @ 30 °C Ambient

Ambient | INN3268C | SR MOSFET | Transformer | Bridge Diode
(9] 1) (Q3) (a2 (BR1)
27 73.4 63.6 68.2 62.2

Figure 40 — Ambient = 27 °C.
Inn3168C, Ul = 73.4 °C.

Figure 41 — Ambient = 28 °C.
SR FET, Q3 = 63.6 °C.

Figure 42 — Ambient = 26 °C.
Transformer, T2 = 68.2 °C.

Figure 43 — Ambient = 27 °C.
Bridge Diode, BR1 = 62.2 °C.
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11.4 Open Case at 5.1V /6 A (50 °C)

!

Figure 44 — Test Set-up Picture.

Unit was placed inside a box enclosure to prevent airflow that might affect the thermal
measurements. Ambient temperature was set to 50 °C. Temperature was measured
using type T thermocouple.

11.4.1100 VAC @ 50 °C Ambient

Ambient | INN3268C | SR FET | Transformer | Bridge | CMC Inpqt Outp_ut
Capacitor | Capacitor

co | Wy | @ (2 [ @Ry |y | TR | e
52.1 101.7 96.8 93.6 87 79.7 86.4 87.6

GROUP 1 2017/07/22 09:23:32 G[EVENT _ 4h:gm]

2min/|div|

S
[8))
no

o

(T R T T ERTITT TTeS
o
©
w

004
002

Ous

003

c15

[}

FRTRITTITT ﬁél LIl

08: 5 052 5 052 5 0 : 1 0 : 09 : 1 9 1: 09 : 1 09 : 2
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11.4.2115 VAC @ 50 °C Ambient

Ambient
(°C)

INnn3268C
(V1)

SR FET
(Q3)

Transformer
(T2)

Bridge
(BR1)

CMC
(L1)

Input
Capacitor
(€3

Output
Capacitor
(C15)

52.2

100.4

96.7

93.2

84.2

78.1

85.1

87.5

i [EVENT 5h:1

m
3
B

GROUP 1 2017/07/22 10:06:47

2min/div,

o
w
no
no

o

] AL AL L %IUIH M

004
= 002
i nns

003

(]

C15

K]

FRRTTTT @%\ I
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11.4.3132 VAC @ 50 °C Ambient

Ambient
(°C)

INnn3268C
(U1)

SR FET
(Q3)

Transformer
(T2)

Bridge
(BR1)

CMC
(L1)

Input
Capacitor
(€3

Output
Capacitor
(C15)

52.3

99.9

97.3

93.2

82

84.4

87.9

GROUP 1

2017/07/22 10:52:11 QG[EVENT __ 5h:14m]

2min/di

15

10: 1.

10: 2 10: 2 10: 3

10: 3 10: 3 10:4,

10: 4 10: 5

83

HWHHMHH@E&HME;?Eg#WM@HWHWWH@WMHM@

5
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11.5 Open Case at 9.2V /3.3 A (50°C)

11.5.1100 VAC @ 50 °C Ambient

Ambient | Inn3268C | SR FET | Transformer | Bridge | CMC Calgailjclji:or nggzﬁgr
O,
°0) (U1) Q3) (12 | BRD | 1) [ G (15)
51.9 89.4 81.9 85.2 82.9 75.1 80.5 75.2
GROUP 1 2017/07/22 12:23:49 Q@ [EVENT _ 4h:31m]

op m/divgo anbient 51 ' 9
= ()

= 2
50 85.2
g_ ¢
= 75.1
= °C

20

= 89.4
= °C
1 002 82.9
£ 003 *
= 80.5
Eﬂ Ci5 ‘
= 75.2
= °C

i %]
& 11:5: 11:5 11: 2 12: 0 12:00 12:1. 12: 1 12: 14 12:2: E 81 . 090
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11.5.2 115VAC @ 50 ©C Ambient
Ambient | Inn3268C | SR FET | Transformer | Bridge | CMC Ce:::cl::or ng;g;f[gr
(U1) Q3) (T2) @BRY) | (1) | s (C15)
87.8 81.5 84.5 79.9 73.3 79.1 75
GROUP 1 2017/07/22 13:07:51 @@[EVENT _ 5h:16m| .
S div%o anbient 51 8
= C
= 2
=0 84.5
= 73.3
20 ‘
= 87.8
% °(
F 002 79.9
003 Y
= 79.1
Em €15 ‘
= 75.0
= ¢
i 83
12:3 12: 38 12: 4l 12: ds 12: 4 12: 5 12: 5 13: 0 13: [ E 81 ‘050

5
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11.5.3132 VAC @ 50 °C Ambient

Ambient | Inn3268C | SR FET | Transformer | Bridge | CMC Ce:::cl::or ng;g;f(gr
(°C) (U1) Q3) (12) | BRD | (1) | 75 (C15)
51.8 87.0 81.5 84.2 77.6 72 78.2 75

GROUP 1 2017/07/22 13:50:11 @@[EVENT _ Sh:19m|
S go anbient 51 8
= c
= 84.2
= 72.0
= °
E 87.0
= E
& - 7.8
L2 003

= 78.2
- :

C15
= 75.0
= °(

E [k}
13:1F 13: 2 13: 2 13:2 13: 3 13:3 13:4 13:4 13: 4 E 81 . ‘.5[:
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11.6 Open Case at 15.3V /2 A (50°C)

11.6.1 100 VAC @ 50 °C Ambient

Ambient | Inn3268C | SR FET | Transformer | Bridge | CMC Ca::;cui:or Cg;;g;(t)r
(o]
°0) (U1) Q3) (12 | BRD | 1) [ G Gis)
51.8 91.4 79.1 85.1 84.1 76.1 82 71.7
GROUP 1 2017/07/22 15:05:13 @l [EVENT _ 4n:47m| .
Smivd v@o ankient 51 ' 8
S N
50 85.1
i 0]
= 76.1
= ¢
20

= 91.4
= ¢
¢| LE 84.1
4i: 003 C
= 82.0
Em cI5 ‘
= 71.7
= ¢

E_ 63
2 14:3 14: 38 14:4) 14: 4 14: 41 14:5 14: 5 15: 0 15: 0 E 79 . JE:
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11.6.2115 VAC @ 50 °C Ambient

Input Output

Ambient | Inn3268C | SR FET | Transformer | Bridge | CMC . .
Capacitor | Capacitor

(o]
°0) (UD) Q3) (1) | GRD | 1) [ G (15)
50 89.7 78.7 84.4 81 74.2 80.6 71.5
GROUP 1 2017/07/22 15:49:54 Q&[EVENT _ 5h:15m] .

2min, divgo bient 51 . 7
= :
50 84.4
= °C
= 74.2
= °
= 89.7
= £
. & 81.0
< 003 ¢
= 80.6
m !

C15
= 71.5
= °C

= a3
15: 11 15: 2 15: 2 15: 2 15: 3 15: 3 15: 4 15: 4 15: 4 E 78 . "7(:
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11.6.3132 VAC @ 50 °C Ambient

. SR . Input Output
A”gfgnt IN'\(IS%S 8C MOSFET Tran(s_lftz); mer I?gg%e ?ﬂg Capacitor Capacitor
(Q3) (C3) (C15)
50 88.7 78.6 84.1 78.6 72.9 79.6 71.4
GROUP 1 2017/07/22 16:36:52 Q&[EVENT _ 5h:13m|

op m’div@o ambient 51 ' 7
= °
% 84.1
= 72.9
= :
= 88.7
= &
003 78.6
s °C
= 79.6
o :

C15
= 71.4
= °C

i 83
16:10; 16: 16: 1 16: 1. 16: 1 16: 2 16: 21 16: 3 16: 3 E 78 . "6(:
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12 Waveforms
12.1 Load Transient Response (PCB End)

12.1.15.1 V Output

zmrnsqv@
Horizontal t o
M' Olitput Volge I E— R oermn o  OliputVelge "
e L | ——" s ioaas Rr N i = e
| ‘ l ’ Output Curent ' | 10 me/dv = I omruu;ugmr_‘
Trgger s }
g . S| e e | ——) | -t
= T T T Level: 4053/ - -
zooms: chi,chs &3] Output Voltage Output Voltage

Output Current Output Current

Figure 45 — Transient Response. Figure 46 — Transient Response.
100 VAC, 5.1V, 0 — 6 A Load Step. 132 VAC, 5.1V, 0 — 6 A Load Step.
Vuin: 5.07 V, Vyax: 5.56 V. Vuin: 5.13 V, Vyax: 5.63 V.
Upper: Voyr, 0.2 V / div., 40 ms / div. Upper: Vour, 0.2 V / div., 40 ms / div.
Lower: I oap, 2 A/ div. Lower: l oap, 2 A/ div.

12.1.2 9.2 V Output

T

m ot Vollg
Output Current
j 1 I 1 i ‘
2oom1: Chi,Ch3 ' T

Output Current

It
L

E o - T
] ]

Output Voltage Output Voltage

Output Current

Output Current

Figure 47 — Transient Response. Figure 48 — Transient Response.
100 VAC, 9.2V, 0 — 3.3 A Load Step. 132 VAC, 9.2V, 0 — 3.3 A Load Step.
Vuin: 9.12 V, Vuax: 9.56 V. Vuin: 9.13V, Vuax: 9.61 V.
Upper: Voyr, -2 V / div., 40 ms / div. Upper: Vour, .2 V / div., 40 ms / div.
Lower: I oap, 2 A/ div. Lower: loap, 2 A/ div.
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12.1.315.3 V Output
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Output Current i/ Output Current
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Chivim ~
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Output Current ! Output Current

Figure 49 — Transient Response. Figure 50 — Transient Response.
100 VAC, 15.3V, 0 — 2 A Load Step. 132 VAC, 15.3V, 0 — 2 A Load Step.
Vuin: 15.31V, Vyax: 15.76 V. Vuin: 15.35 'V, Vyax: 15.82 V.
Upper: Vour, 2 V / div., 40 ms / div. Upper: Vour, 2 V / div., 40 ms / div.
Lower: loap, 2 A / div. Lower: loap, 2 A / div.
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12.2 Switching Waveforms

12.2.1 Drain Voltage and Current (Normal Operation)

12.2.1.1 5 V Output

UL vDs

uiid

Figure 51 — Drain Voltage and Current Waveforms.
100 VAC, 5.1V, 6.0 A Load, (324 Vyax)-
Upper: Vprain, 100V, 10 us / div.
Lower: lpran, 1 A / div.

12.2.1.2 9V Output

Figure 53 — Drain Voltage and Current Waveforms.
100 VAC, 9.0 V, 3.3 A Load, (336 Vyax)-
Upper: Vprain, 100V, 10 us / div.
Lower: lpran, 1 A / div.

Horizontal
10ps / 10 GSa/s
10 MSa

10 ps/div

os

A [Trigge Normel

A “Edge KCha

Level: 351.68 v

V/a.
o div -102 my

bc M2 BW: 500 MHz
(Sample

132 VAC, 5.1V, 6.0 A Load,

Figure 52 — Drain Voltage and Current Waveforms.

(360 Vyax)-

Upper: Vprain, 100V, 10 us / div.

Lower: lpran, 1 A / div.

Figure 54 — Drain Voltage and Current Waveforms.

132 VAC, 9.0 V, 3.3 A Load,

(395 Vyax)-

Upper: Vprain, 100V, 10 us / div.

Lower: lpran, 1 A / div.
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12.2.1.3 15 V Output

Figure 56 — Drain Voltage and Current Waveforms.
132 VAC, 15.0 V, 2.0 A Load, (431 Vyay)-
Upper: Vprain, 100 V, 10 ps / div.
Lower: Ipran, 1 A/ div.

Figure 55 — Drain Voltage and Current Waveforms.
100 VAC, 15.0 V, 2.0 A Load, (383 Vyax)-
Upper: Vprain, 100 V, 10 us / div.
Lower: Ipgran, 1 A/ div.
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12.2.2 Drain Voltage and Current (Start-up)

12.2.2.1 5V Output
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Figure 57 — Drain Voltage and Current Waveforms.
100 VAC, 5.1V, 6.0 A Load, (324 Vyax).
Upper: Vprain, 100V, 40 ms / div.
Lower: lpran, 1 A/ div.

12.2.2.2 9V Output

Figure 58 — Drain Voltage and Current Waveforms.
132 VAC, 5.1V, 6.0 A Load, (363 Vyax).
Upper: Vprain, 100V, 40 ms / div.
Lower: lpran, 1 A / div.
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020735
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40 ms/dv
o s
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02:08:2
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| os
Trigger Norml
[A: Edge Kcha
T evel

Level: 142,86

Figure 59 — Drain Voltage and Current Waveforms.
100 VAC, 9.0 V, 3.3 A Load, (347 Vyax)-
Upper: Vprain, 100V, 40 ms / div.
Lower: lpramn, 1 A / div.

Figure 60 — Drain Voltage and Current Waveforms.
132 VAC, 9.0 V, 3.3 A Load, (387 Vyax)-
Upper: Vprain, 100V, 40 ms / div.
Lower: lpramn, 1 A / div.
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12.2.2.3 15V Output

1
uLVvDs |

UL VvDs

20 ms/dv
os

U1 VDS

‘\;LL*

bt Lo [
0 O B B 1

—TTTITT

ul1d
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ERURREEY

Figure 61 — Drain Voltage and Current Waveforms.
100 VAC, 15.0 V, 2.0 A Load, (387 Vyax)-
Upper: Vprain, 100V, 40 ms / div.
Lower: lprain, 1 A/ div.

Figure 62 — Drain Voltage and Current Waveforms.
132 VAC, 15.0 V, 2.0 A Load, (434 Vyax)-
Upper: Vprain, 100V, 40 ms / div.
Lower: lpran, 1 A/ div.
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12.2.3 SR MOSFET Voltage

el

Horizontal
10 ps / 10 GSa/s
10 ps/div
K

SRVDS

|
]

Figure 63 — SR FET Voltage Waveform.

100 VAC, 5.1V, 6.0 A Load, (38.9 Viay).

Vpran, 10V, 10 us / div.

mron @
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10 ps /10 GSa/s
105 1
10 ps/div
o=
Trigger Normal
A edge gorm
RVD: Level: 29.459 V.

WL/\L[W

10 V/di
0 div
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(Sample

Figure 65 — SR1 FET Voltage Waveform.

0V
BW: 500 MHz

100 VAC, 9.0 V, 3.3 A Load, (29.5 Vyax).

Vprain, 10V, 10 us / div.

Horizontal
10ps / 10 GSa/s
0Msa

10 M
10 pis/div
o s

SRIVDS

Figure 64 — SR FET Voltage Waveform.

132 VAC, 5.1 V, 6.0 A Load, (50.1 Vyay).

Vpran, 10V, 10 us / div.

2017+
02:37

Figure 66 — SR1 FET Voltage Waveform.

Horizontal
10 ps / 10 GSa/s
10 Msa

m

| W {!}- n}' !sts Warom
W __Md\/ PUH_JW.’\W m /L

132 VAC, 9.0 V, 3.3 A Load, (39.7 Vyax)-

Vprain, 10V, 10 us / div.
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12.2.3.3 15 V Output

Figure 67 — SR FET Voltage Waveform. Figure 68 — SR FET Voltage Waveform.
132 VAC, 15.0 V, 2.0 A Load, (46.1 Vyay).

100 VAC, 15.0 V, 2.0 A Load, (35.4 Vyax)-
Vpramn, 10V, 10 us / div. Vpramn, 10V, 10 us / div.
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12.2.4 Output Voltage and Current Start-up (End of 100 mQ Cable)

12.2.4.1 5 V Output
e ® e

Horizontal
10 ns / 100 MSa/s
0 Msa

Horizontal 1
0 ns / 100 MSa/s
10 Msa

RT

RT f
10 ms/div 10 ms/div

1500 us 500 s

Trigger Normal Trigger

A Edge Fchi L A Edge FChi
Level: 27496 V. Level: 2.7496 V.

Output Voltage

Output Voltage /

Figure 69 — Output Voltage and Current Waveforms. Figure 70 — Output Voltage and Current Waveforms.

100 VAC Input, 5.1V, 0.85 Q Load . 132 VAC Input, 5.1 V, 0.85 Q Load.
Upper: loyt, 2 A, 10 ms / div. Upper: loyr, 2 A, 10 ms / div.
Lower: Vour, 2 V / div. Lower: Vout, 2 V / div.

12.2.4.2 9 V Output

,,,,,,,,, & HrdeS
nnnnnnn
Horizonta ] Horizontal
10 ns / 100 MSa/s 10 ns / 100 MSa/s
10 RT 101a RT
10 ms/div 10 ms/div
500 s 500 5
Trigger Normal Trigger ma
A Edge it L A Edge Fchi
Level: 2.7496 V.

Level: 27456 v/

Output Voltage v
5 civ
oc e
o tignres
Aldi
d
a
Output Current L Output Current /

Output Voltage

\

Figure 71 — Output Voltage and Current Waveforms. Figure 72 — Output Voltage and Current Waveforms.

100 VAC Input, 9V, 2.75 Q Load . 132 VAC Input, 9V, 2.75 Q Load.
Upper: loyr, 1 A, 10 ms / div. Upper: loyr, 1 A, 10 ms / div.
Lower: Vour, 2 V / div. Lower: Vout, 2 V / div.
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12.2.4.3

15 V Output

output Voltage

Output Current

Figure 73 — Output Voltage and Current Waveforms.

100 VAC Input, 15V, 7.5 Q Load .
Upper: loyr, 1 A, 50 ms / div.
Lower: Vour, 5V / div.

Output Voltage

2]

2564
BW: 20 MHz
\\\\

Output Current

Figure 74 — Output Voltage and Current Waveforms.
132 VAC Input, 15V, 7.5 Q Load.
Upper: loyr, 1 A, 50 ms / div.

Lower: Vout, 5V / div.

5
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12.3 Output Ripple Measurements

12.3.1 Ripple Measurement Technique

For 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 puF/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). Ripple measurement done at
the end of a 100mQ cable.

Probe Ground

Figure 76 — 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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2017-07-12 -07-12
20 S o
40 ns
o RT RT
40
[ —————— jos—m
Trigger Normal Trigger Normel
A: Edge K Chi L [A: Edge K chi
Level: 3.21 mV. Level: 3.21 mV/
Output Voltage Output Voltage
140 m\i/div
d 24mv
lac BW: 20 MHz

lSample.

Figure 77 — Output Ripple.
100 VAC Input 5.1 V, 6.0 A Load.
Vour, 40 mV / div., 40 ms / div.

Figure 78 — Output Ripple.
132 VAC Input 5.1 V, 6.0 A Load.
Vour, 40 mV / div., 40 ms / div.

7777777 -12 2017-07-12
07:57:39 07:59:16
m T Horizontal o i Horizontal
40 ns / 25 MSe/s Jagrami: Eh [40 ns / 25 MSa/s
10 MSa RT 10 MSa RT
40 ms/div 140 ms/div
o5 0s
Trigger Auto Trigger Auto
A Edge Fchi A “Edge Fchi
Level: 321 myv. Level: 351 my.

Output Voltage

ov
BW: 20 Mz Output Voltage

U STt —— Tt STwaT .-

ov
BW: 20 MHz

_

Figure 79 — Output Ripple.
100 VAC Input 5.1V, 0 A Load.
Vout, 20 mV / div., 40 ms / div.

Figure 80 — Output Ripple.
132 VAC Input 5.1V, 0 A Load.
Vout, 20 mV / div., 40 ms / div.

Input (VAC) | Full Load (mV) | No-Load (mV)
100 93.3 17.8
132 82.2 18.1

W " Power Integrations, Inc.
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12.3.1.2 9V Output

Horizontal
40 ns / 25 1Sa/s
10 Msa

40 ms/div
o<
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Level: 3.21 MV

140 mV/div
lodiv 2.4 mv
BW: 20 MHz
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Figure 81 — Output Ripple.
100 VAC Input, 9.0 V, 3.3 A Load.
Vout, 40 mV / div., 40 ms / div.

12.3.1.3 15 V Output

v

08:10:2;
Horizontal
H 20 s / 25 Sa/s
10 Msa RT
i 40 ms/dv
1 os

Trigger Normal
i A: Edge KCni

Level: 321 v,

Output Voltage

v 24my
i . BW: 20 MHz

Figure 83 — Output Ripple.
100 VAC Input, 15.0 V, 2.0 A Load.
Vout, 40 mV / div., 40 ms / div.

Output Voltage

.....

Figure 82 — Output Ripple.
132 VAC Input 9.0 V, 3.3 A Load.
Vout, 40 mV / div., 40 ms / div.

2017-07-12 ®
0gi1153

Horizontal

40 ns / 25 MSa/s.

10 M50 RT
40 ms/div

0s

Trigger Normal
[~ “edge Ko

Level: 3.21 mV/

Output Voltage
140 m\i/div
dv 2.4my

lac BW: 20 MHz
(Sample

Figure 84 — Output Ripple.
132 VAC Input 15.0 V, 2.0 A Load.
Vout, 40 mV / div., 40 ms / div.

Input (VAC) | 9V (mV) | 15V (mV)
90 131.2 134.4
132 86.5 83.8

Page 69 of 80

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

5



DER-631 30 W USB Charger Using InnoSwitch3-CP 12-Sep-17

13 Conducted EMI
13.1 T7est Set-up

13.1.1 Equipment and Load Used

1. Rohde and Schwarz ENV216 two line V-network.

2. Rohde and Schwarz ESRP EMI test receiver.

3. Hioki 3322 power hitester.

4. Chroma measurement test fixture, model A662003.
5. Resistor load with input voltage set at 115 VAC.

Figure 85 — Conducted EMI Test Set-up.
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13.2 EMI Test Result
13.2.1 Floating Output
13.2.1.1 Output5.1V/6 A
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Figure 86 — Conducted EMI, 5.1V / 6 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Line).
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Figure 87 — Conducted EMI, 5.1V /6

A Load 115 VAC, 60 Hz, and EN55022 B Limits (Neutral).
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Output9V/3.3A
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Figure 88 — Conducted EMI, 9V / 3.3 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Line).
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Figure 89 — Conducted EMI, 9V / 3.3 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Neutral).
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13.2.1.3

Output 15V /2 A
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Figure 90 — Conducted EMI, 15V / 2 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Line).

Receiver

(=

= Input AC @ Att

RBW (QPK) 9 kHz ™T
10 dB Preamp OFF Step TD Scan ENWZ16 N

5s ENYZ216.TDF ESH3-22, TDF

Level dBpv Frequency (678.7500000 kHz|
Average  36.69 | o 100]
Scan @1QP Mar@2av Max -
DT100.000deY | | | LHHe ISGICH :
s 1 ; |
80 dBi_J
70 dBL -
ENS50150LIN ] :
60 dBpN——= — :
ENESI]IEEALIN [
T B |
4gmau ; o . g
kil H . :
MU ‘”LVLH\JIW‘J‘ L B s
v ' P [
20 do o ”u M\ Wt " \_»—J
i RN L .
10 dB:u\. L . -
F1

" p20.000 dBu\

Stop 30.0 MHz

Start 150.0 kHz

12.07.2017

— T
CERRERE | ™1 96011 7

J Measuring...

Figure 91 — Conducted EMI, 15V / 2 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Neutral).
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13.2.2 Artificial Hand
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Output5.1V/6 A

Receiver [T
RBW (QFK) 9 kHz ™MT 5s ENY216.TDF ESH3-Z2.TDF

Input 4C & Att 10 dB_Preamp OFF Step TD Scan ENW216 L1
Level dBpv Frequency(29.9310000 MHz/
Average  34.35 |

Scan @1QP Max@2Av Max -

D1100,000degv | | | 1MHz |10 MHz i

90 dBpY : ‘

80 e

70 dey

ENS5015Q LIN

60 depy—=

ENSS022ALIN |
50

“‘\k_q_
4DL|

%A, \ﬂmmg

/

N

R s T e

E
ZDdBL. \ r\ /\}ﬂ U ’\')1

10 dBU

! b2 0000 dE\u\,

F2)
F1]

Start 150.0 kHz

Stop 30.0 MHz

J Measuring...

Zore0tr

18:06:06 7

Figure 92 — Conducted EMI, 5.1V / 6 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Line).
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Figure 93 — Conducted EMI, 5.1V / 6 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Neutral).
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13.2.2.2 Output 9V / 3.3 A
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Figure 94 — Conducted EMI, 9V / 3.3 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Line).
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Figure 95 — Conducted EMI, 9V / 3.3 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Neutral).
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13.2.2.3 Output 15V /2 A
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Figure 96 — Conducted EMI, 15V / 2 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Line).
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Figure 97 — Conducted EMI, 15V / 2 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Neutral).
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14 Line Surge

The unit was subjected to 2000 V, common mode surge and £1000 V differential surge
using 10 strikes at each condition. A test failure was defined as a non-recoverable
interruption of output requiring repair or recycling of input voltage.

surge Input Injection Injection Test Result
Ve veliEge Location FnesE (Pass/Fail)
M (VAC) )
+1000 115 LtoN 0 Pass
-1000 115 LtoN 0 Pass
+1000 115 LtoN 90 Pass
-1000 115 LtoN 90 Pass
+2000 115 L to PE 0 Pass
-2000 115 L to PE 0 Pass
+2000 115 L to PE 90 Pass
-2000 115 L to PE 90 Pass
Note: Output ground of output connected to PE.
2017/07,18 18:02:52 21 : v Normal
YOKOGAWA 4 8 T SMSss  ZBNsidiv
T LATIRY : < Nm!'v : : : CH1 1606:1
.......................................... 9.200kV div
....................................... DC Full
................................................................... R
- Normal
@.424kV

=S0.0us © g 2odk -
lax (C1) 475.000V

Figure 98 — U1 Drain to Source Voltage, 15V / 2 A Load 115 VAC, 60 Hz, and Line Input Surge Test.
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15

Passed +8 kV contact test.

Passed +15 kV air test.

ESD Test

Conta<(:l'i\\//)oltage Applied to 0’;“;'::?;;3 Test Result

8 5V 10 PASS

-8 5V 10 PASS

8 9V 10 PASS

-8 9V 10 PASS

8 15V 10 PASS

-8 15V 10 PASS
leferen(tll(z\i/I)Voltage Applied to ol:‘llgrtnr?lfers Test Result

15 5V 10 PASS

-15 5V 10 PASS

15 9V 10 PASS

-15 9V 10 PASS

15 15V 10 PASS

-15 15V 10 PASS

5
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16 Revision History

Date Author Revision Description and Changes Reviewed
12-Sep-17 1B 1.0 Initial Release Apps & Mktg
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