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Summary and Features

e 60 W low profile compact power supply for high power USB Type-A/C port charging

>94% Full Load Efficiency at nominal Input

Component temperatures <100 °C with up to 50 °C ambient temperature operation

<40 mW system no-load input power

PowiGaN-based InnoSwitch3-CP benefits

e Highly integrated switcher IC with integrated high-voltage MOSFET, synchronous rectification and
FluxLink™ feedback

e GAN-based Integrated MOSFET enables heat sink-less design

e Fast instantaneous transient response with 0%-100%-0% load step

e Constant Power (CP) profile minimizes charging time with continuous adjustment of output current
and voltage

e Low components count (40 pcs)

e Easily meets DOE6 efficiency requirements

e Integrated protection and reliability features
e Output short-circuit protection
e OVP, OCP and OTP protection

e Meets 2.0 kV differential surge and EN55022 conducted EMI

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




DER-917 60 W Isolated Flyback using InnoSwitch3-CP 20-Jul-22

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/."

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

_p'“ Power Integrations, Inc.
WWW.power.com Page 2 of 90



DER-917 60 W Isolated Flyback using InnoSwitch3-CP 16-Sep-20

Table of Contents

) I 1 o U T oo PP 6
2 Power Supply SpecifiCation........c.ceiieruiiiiiiiiieire e 8
Yol 1< 2= | o [P 9
4 CirCUIt DeSCIIPLION ...vuiei i e 10
4.1  Input EMI Filter and ReCHIfier.....coivuiiiiiiiiiin e 10
4.2  InnoSwitch3-CP Primary-Side CONtrol ......ccooeuuiiiiiiiniiciins e eeese s enne e ena e 10
4.3  InnoSwitch3-CP Secondary-Side Control .......c.cccevviiviiiiiiiiii e eea 11

N o 1= 38 5 1Yo | N 12
B Bill Of MAterials ...cuieiiii i 13
B.1  Electrical Parts.......ooieuiiii it 13
I (= To) =T o Tor= | B = | (PP 13

7  Power Transformer Specification (T1) ....civvviiiiiiiiiiiin e 14
2 R = (<ot g Tor= | =T [ = o PP 14
7.2 Electrical SpecifiCations ........ciiiiiiiiii i e 14
72 T 1= 14 T 15
7.4 Transformer Build Diagram.......ccccuuiiiiiiiniiiriiieiiin s s ssss s esn s ern s sean s eenns 15
7.5 Winding THUSErationsS ......oceeiiii e e e 16

8 Transformer (T1) Spreadsheet ........oivuviiiii i 23
G Performance Data .......coivuviiiiiiii i 27
8.1  System Full Load EffiCienCY.....ccccuiiiiiiiii e re e e r e 28
8,2  Energy EffiCieNCY «.cuuiiie i e 29
9.2.1  System Average EffiCIENCY ..cvuiiiiriiiiiiiiiiiie e 29
9.2.2  Efficiency at 10% LOAd .........ovevuiiiiiiiiiiciin e 30

8.3  Efficiency VS. LOAd ....ccvuiiiiiiiiie ittt e 31
8.4  NO-LOAd INPUL POWE ... .cveiiiiiiii i r s re s ra e r e a s enas 35
9.5  Output Voltage Load Regulation...........ccocuviiiiirniiiiiiniii e 36
8.6 VI CharacteriStiC CUMNVE... v e e e r e enas 40

1 A I =t B - | - PP 44
9.7.1  Electrical Test Data at Full Load.........cccooeviiiiniiiiiiciiicrieer e ee e 44
9.7.2  Energy Efficiency Test Data.......cccccvviiiiiiiiiiiiinin e e 45
9.7.3  Electrical Test Data at 20 V / 3 Ao e s s an e an e a e e e 46
9.7.4  Electrical Test Data at 15 V / 3 Ao a e e 47
9.7.5 Electrical Test Data at 9V / 5 A. e e e 48
9.7.6 Electrical Test Data at 5V / 6.5 A v 49

0.8 Output RIipple VOIAgE ....ccieviii ittt er e e e eae 50
9.8.1  Output Ripple Voltage vs. Load at 100 VAC. ......cooveviiieriiiiernnneenn e eenanns 51
9.8.2  Output Ripple Voltage vs. Load at 132 VAC ....c.oiiiiiiiiiiiciiccine e 52

10 Thermal PerformanCe........civvuiiiiiiii i r e r s e ra e ee 53
10.1 Thermal Scan at 25 0C Ambient........ccoeiiiiiii e 53
10.1.1  Thermal SCan SUMMAIY .....ccuiiiuiiieiiiereierie e e s s e e s s erneenns 53
10.1.2 100 VACINPUE 20V / 3 A oo err s rr s ra s na s e aa e 54
10.1.3 132 VACINPUL 20V / 3 A oot er e r e eaa e 55
10.1.4 100 VACINPUL 15V / 3 A ittt ra e e 56

Power Integrations, Inc.

_p Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 3 of 90



DER-917 60 W Isolated Flyback using InnoSwitch3-CP 20-Jul-22

10.1.5 132 VACINPUEL 15V / 3 A it r e 57
10.1.6 100 VACINPUE OV /5 A ittt ra e eaan 58
10.1.7 132 VACINPUE OV /5 A e r s r e eean 59
10.1.8 100 VACINPUES V /6.5 A et 60
10.1.9 132 VACINPUES V /6.5 A e 61
10.2 Thermal Performance at 50 °C Ambient ..........ccccoiiiiiiiiiii e, 62
B R Y o I T i 62
10.2.2 Thermal Test Summary at 50 °C Ambient .........ccoeiiiiiiiiiiiiii s 62
10.2.3 Thermal Data at 50 O0C Ambient .......cceviiiiiiiiiiie e 63

11 W aVE OIS . .ot e e 69
11.1 Primary Drain Voltage and Current Waveform ..........ccovveviiiiniiiiinienn e 69
11.2 SR FET Drain Voltage Waveform ........cccoviviuiiiiiiniiceie s s s enn s 71
11.3  Start-Up Profile.....c et 72
11.4 Transient Load RESPONSE ......cuuiiiiiiiiiiiiiii e e s sa e s s e e ees 74
11.4.1 Transient Load at Vour = 20 V..ee i enn e e e 74
11.4.2 Transient Load at VouT =15 V.t re e 74
11.4.3 Transient Load at VouT =9 V.ot 75
11.4.4 Transient Load at Vour =5 Vi ene e 75
11.5 Output Ripple Voltage Waveforms........cccoivuiiiiriiiiiiieeies e ese e en e 76
11.5.1 Output Ripple Voltage at Vour = 20 VDC / 3 A cerrveiiiiiiiiiiiriiii 76
11.5.2 Output Ripple Voltage at Vout = 15VDC / 3 A .o 76
11.5.3 Output Ripple Voltage at Vour = 9 VDC / 3 A e 77
11.5.4 Output Ripple Voltage at Vour = 5VDC / 3 Acrrriiiiiiiiiiiiiiiiiiiiiin, 77
11.6  Output ShOrt-CirCUIt......cuiierieii e e e e e rn e 78
11.6.1  Output Short-CirCUIt ......civeiiie i e 78
11.6.2 Start Up with Output Shorted.........coovviiiiiiii e, 79

| 7 o 3T 18 T T I = ) PP 80
12,1 TSt SOUP cuiirii i ra 80
12.2 Equipment and Load USEd..........ceoiiiiiiiiiiiiiiiiiii i ssrs s s s e s sns e srn e 80
12.3 Conducted EMI at Vour = 20 V Full Load with Output Floating ...........ccevuunn... 81
12.3.1 Output Load: 6.7 Q (20 V / 3 A) fixed reSistor ........ccevviviiiiinieninienieninnnens 81
12.4 Conducted EMI at Vour = 15 V Full Load with Output Floating ..........cccevevunnees 82
12.4.1 Output Load: 5Q (15V / 3 A) fixed resistor.......ccceveviiiviiirinieniiienieennens 82
12.5 Conducted EMI at Vour = 9 V Full Load with Output Floating........c..ccceveennnees 83
12.5.1 Output Load: 1.8 Q (9 V /5 A) fixed resistor......c.cccevviieriiernieriniennnennnens 83
12.6 Conducted EMI at Vour = 5 V Full Load with Output Floating ............cccevuunnnee. 84
12.6.1 Output Load: 0.78 Q (5 V / 6.5 A) fixed resSistor .........cceevvviivniiiiinnnennnn. 84

13 T L= [y o 3T 12 85
13.1 Differential Surge Test RESUILS..........ccevrrrriiiiiiiiii e 85
13.2 Ring Wave Surge Test ReSUILS ........ccuiiiriiiiiiiii e 86
14 ESD ettt 87
14.1 ESD Discharge at the End of the Output Cable.........ccoeveviiiiiiiiiniiiceeas 87
15 Brown-Out / Brown-Out Recovery TeSt......ccvviiriiiiiiiirnicrin s ser s ene e 88
16 RSV o T 1] o] 89

_p Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 4 of 90



DER-917 60 W Isolated Flyback using InnoSwitch3-CP 16-Sep-20

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

Power Integrations, Inc.
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1 Introduction

This engineering report describes an off-line 60 W isolated flyback power supply designed
to operate at an input voltage range from 100 VAC to 132 VAC within its 4 selectable
outputranges (20V/3A,15V/3A,9V/5Aand 5V /6.5 A). The power supply circuitry
is controlled by InnoSwitch3-CP PowiGaN INN3370C-H203.

PowiGaN InnoSwitch3-CP ICs are low profile, highly integrated, quasi-resonant flyback
switcher ICs with constant power regulation profile that is essential for fast charging
applications. It integrates a high-voltage switch, primary and secondary-side control and
FluxLink feedback which dramatically simplifies the development of isolated flyback power
supply, particularly those in compact enclosures.

DER-917 offers a high low-line efficiency, low component count and heat sink-less design
to meet increasing demands for power savings and small form factor enclosures.

The document contains the power supply specification, schematic, bill of materials,
transformer documentation, printed circuit layout, design spreadsheet, and performance
data.

Figure 1 — Populated Circuit Board.

Power Integrations, Inc.

_p Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 6 of 90



DER-917 60 W Isolated Flyback using InnoSwitch3-CP 16-Sep-20

Figure 3 — 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 Vin 100 115 132 VAC 2 Wire —no P.E.
Frequency fLINE 47 60 63 Hz
No-load Input Power
(115 VAC) 40 mwW Measured at 115 VAC, 5V Output
5 V Output
Output Voltage Vour 5 Vv +3%

. At End of Cable. Cable Needs a
Output Ripple Voltage VR1PPLE 150 mV Resistance of 100 mo.
Output Current Iour 6.5 A 20 MHz Bandwidth.
Efficiency n 91 Measured at 115 VAC.
9 V Output
Output Voltage Vout 9 Vv +5%

. At End of Cable. Cable Needs a
Output Ripple Voltage VRIPPLE 150 mV Resistance of 100 mo.
Output Current Iour 5 A 20 MHz Bandwidth.
Efficiency n 93 % Measured at 115 VAC.
15 V Output
Output Voltage Iour 15 \ +5%

. At End of Cable. Cable Needs a
Output Ripple Voltage VRIPPLE 150 mV Resistance of 100 mo.
Output Current Iour 3 A 20 MHz Bandwidth.
Efficiency n 94 % Measured at 115 VAC.
20 V Output
Output Voltage Vour 20 \ +5%

. At End of Cable. Cable Needs a
Output Ripple Voltage VRI1PPLE 200 mV Resistance of 100 mo.
Output Current Iout 3 A 20 MHz Bandwidth.
Efficiency n 94 % Measured at 115 VAC.

For extended output load requirement at 15 V and 9 V output.

9 V Output
Output Voltage Vour 9 \ +5%

i At End of Cable. Cable Needs a
Output Ripple Voltage VRippLE 200 mV Resistance of 100 mo.
Output Current Iout 6 A 20 MHz Bandwidth.
Efficiency n 92 % Measured at 115 VAC.
15 V Output
Output Voltage Iour 15 \ +5%

. At End of Cable. Cable Needs a
Output Ripple Voltage VRipPLE 200 mV Resistance of 100 mo.
Output Current Iout 4 A 20 MHz Bandwidth.
Efficiency n 93 % Measured at 115 VAC.

5
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3 Schematic
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Figure 4 — Main Board Schematic.
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4  Circuit Description

The circuit is an isolated quasi-resonant flyback power supply with synchronous
rectification controlled by a PowiGaN InnoSwitch3-CP controller IC. The IC incorporates
primary-side controller, secondary-side controller and FluxLink feedback along with a high-
voltage PowiGaN power MOSFET in one single package. Please see the product data sheet
for more details on the functional descriptions.

4.1 Input EMI Filter and Rectifier

The input fuse (F1) provides safety protection from component failures. Metal oxide
varistor (RV1) help prevents component failure in the event of high-voltage input line
surge. The AC input voltage is full wave rectified by the bridge rectifier (BR1) and then
filtered by the bulk capacitors (C4, C2 and C3) to provide a smooth DC input voltage supply
to the flyback circuitry. Input common mode choke (L1) is connected between C4 and C2
to provide common mode noise filtering and at the same time forms an LC filter circuit
with its leakage inductance for differential mode noise filtering. A low ESR electrolytic
capacitor is recommended for the bulk capacitors (C4, C2 and C3) for better differential
mode noise filtering and higher efficiency. Y capacitor (C7) bypass common mode noise
back to the primary power ground. X capacitor (C1) helps reduce the differential mode EMI
noise.

4.2 InnoSwitch3-CP Primary-Side Control

The power transformer (T1) is designed for flyback power conversion. For a better EMI
shielding, the primary winding start terminal (pin 3) must be connected to the noisy DRAIN
pin of the power MOSFET inside the InnoSwitch3-CP IC and the finish terminal (pin 2) is
connected to the positive terminal of the bulk capacitor (C1). RCD snubber (D1, R5, R21
and C18) cut down leakage voltage spike and help minimize the voltage stress across the
primary MOSFET internal to the IC. Fast recovery diode is recommended for D1 and RC
values must be optimized to achieved better efficiency and standby power.

The InnoSwitch3-CP internal bypass regulator charge the PRIMARY BYPASS (BPP) pin
decoupling capacitor (C5) when AC is first applied. The BPP pin capacitor (C5) allows the
user to program the current limit (Im) setting through the selection of capacitance value
(0.47 uF and 4.7 uF for standard and increased Ium settings respectively). In this design,
0.47 uF (Standard I.im) was selected for a lower RMS current on primary drain. During
normal operation, the primary-side of the IC is powered from the auxiliary winding of
transformer (T1). The auxiliary winding voltage is rectified using bias diode (D2) and
filtered by the bias capacitor (C4). An RC filter network might be needed to minimize
radiated EMI noise.

The V pin resistor (R19) is connected between high-voltage positive bulk capacitor (C2 and
C3) and V pin terminal for input line voltage monitoring. The input line voltage is checked
to confirm that it is above the brown-in and below the overvoltage shutdown thresholds.

_p Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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4.3 InnoSwitch3-CP Secondary-Side Control

The secondary winding start terminal (FL1) of the transformer (T1) is connected to the
positive terminal of output capacitor C14 and C15 while the finish terminal is connected to
the DRAIN pin of the SR FET (Q3). The secondary winding voltage is rectified by the SR
FET (Q3) in a quasi-resonant mode switching and then filtered by the output capacitors
C14 and C15. Leakage voltage spike and ringing across SR FET drain to source during off
time is minimize by the secondary RC snubber (R13 and C18). For high efficiency
requirement, shorting R13 will help improve the efficiency. Schottky diode (D4) helps
improve full load efficiency specially at 5 V output.

The secondary-side circuity of the IC is self-powered by the internal regulator which is
supplied by either the secondary winding forward voltage (through FW pin) or by the
output voltage (through VO pin). Secondary bypass capacitor (C14) connected across the
BPS pin and GND pin serves as decoupling capacitor for the 4.4 V internal linear regulator
to maintain a smooth DC supply voltage. When the output voltage (VO) falls during
constant current mode operation, the secondary-side internal regulator will be supplied by
the secondary winding forward voltage through FORWARD (FWD) pin resistor (R10). This
will maintain the output current regulation down to the minimum BPS pin auto-restart
voltage threshold. Below this level the unit enters auto-restart until the output load is
reduced. A 47 Q resistor is recommended for FWD pin resistor (R10) to ensure sufficient
IC supply current.

The forward voltage sensed by FWD pin from secondary winding is also use for both
handshaking and quasi-resonant timing for the SR FET (Q3), which is driven by the
SYNCHRONOUS RECTIFIER DRIVE (SR) pin. The FWD pin voltage is use to determine when
to turn off the SR FET in discontinuous conduction mode operation. This is when the
voltage across the Rps(on) of the SR FET (Q3) drops below zero volts with respect to the
GND pin. In continuous conduction mode (CCM) the SR FET is turned off when the
feedback pulse is sent to the primary to demand the next switching cycle, providing
excellent synchronous operation, free of any overlap for the SR FET turn-off.

Output current is sensed by monitoring the voltage drop across resistor R16 between the
IS and SECONDARY GROUND pins. The internal constant current sense threshold is
approximately 32 mV. Once the internal current sense threshold is exceeded, the device
regulates the number of switch pulses to maintain a fixed output current.

Below the CC threshold, the device operates in constant voltage mode. The external
resistor divider network (R14 and R15) is use for output voltage sensing to regulate the
output voltage. The rest of the lower voltage divider resistors (R22, R23 and R27) are used
to set output voltage from 5 V to 9 V, 15 V and 20 V respectively. The internal voltage
comparator reference voltage is Vrs (1.265 V). A phase boost RC network (R24 and C12)
is added to optimize ripple voltage.

_p Power Integrations, Inc.
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5 PCB Layout
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Figure 6 — Bottom Side.
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&  Bill of Materials
6.1 Electrical Parts
Item Qty Ref Des Description Mfg Part Number Mfg
RECT BRIDGE, GP, 600 V, 4 A, Z4-D, -55°C ~ .
1 1 BR1 175°C (TJ) Z4DGP406L-HF Comchip
2 1 C1l 0.1 uF, 20% , 275 VAC, 560 VDC, X2, -40°C R46KF3100DQP1M KEMET
3 3 C2 C3 C4 27 uF, 200 V, Electrolytic, (10 x 16), EKXJ201ELL270MJ]16S Nippon Chemi-Con
4 1 C5 0.47 uF, 10%, 16V, X7R, 0603 GRM188R71C474KA88D Murata
5 1 6 igo{' 10%, 50 V, Ceramic, X7R, -55°C ~ 125°C, CL31B106KBHNNNE Samsung
6 1 C7 2200 pF, £20%, 250 VAC,X1, Y1, DE1E3KX222MN4ANO1F Murata
7 1 C8 2200 pF, £10%, 100V, Ceramic, X7R, 0603 C0603C222K1RACTU KEMET
8 1 C9 2.2 uF, 10 V, Ceramic, X7R, 0603 GRM188R71A225KE15D Murata
9 1 Cl1 330 pF 50 V, Ceramic, X7R, 0603 CC0603KRX7R9BB331 Yageo
10 1 C12 47 nF 25 V, Ceramic, X7R, 0603 CCO603KRX7R8BB473 Yago
11 1 C13 10 pF, 25V, Ceramic, X7R, 1206 C3216X7R1E106M160AB TDK
12 2 C14 C15 390 uF, 25V, Al Organic Polymer, Gen. Purpose APSG250ELL391MJB5S United Chemi-con
13 1 C18 470 pF, £10%, 500 V, Ceramic, X7R, 0805 C0805C471KCRACTU Kemet
14 1 D1 600V, 1 A, Fast Recovery, 250 ns, SMA RS1J-13-F Diodes, Inc.
15 1 D2 250 V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
16 1 D4 100 V, 2 A, Schottky, SMA STPS2H100AY ST Micro
17 1 F1 5A, 250V, Slow, Long Time Lag,RST RST 5 Belfuse
18 1 L1 Custom, CMC, 18mH @ 10 kHz, Toroidal 04291-T231 Sumida
19 1 Q3 80 V, 60 A, N-Channel, PowerPAK SO-8 SIR826ADP-T1-GE3 Vishay
20 1 R5 RES, 30.1 Q, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF30R1V Panasonic
21 1 R8 RES, 24.9 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF2492V Panasonic
22 1 R10 RES, 47 Q, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ470V Panasonic
23 1 R13 RES, 0 Q, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYOROOV Panasonic
24 1 R14 RES, 100 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1003V Panasonic
25 1 R15 RES, SMD, 33 KQ, 1%, 1/10W, +100ppm/°C, 0603 RC0603FR-0733KL Yageo
26 1 R16 RES, 0.005 Q, +1%, 0.5W, 1/2W, 0805 ERJ-6LWFR0O05V Panasonic
27 1 R19 RES, 2.2 MQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ225V Panasonic
28 1 R21 RES, 680 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ684V Panasonic
29 1 R22 RES, 32.4 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF3242V Panasonic
30 1 R23 RES, 12.7 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1272V Panasonic
31 1 R24 RES, 10 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ103V Panasonic
32 1 R25 RES, 1.2 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ122V Panasonic
33 1 R27 RES, 8.25 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF8251V Panasonic
34 1 RV1 175 VAC, 17 J, 7 mm, RADIAL ERZ-V07D271 Panasonic
35 1 T1 Bobbin, EQ25, 6 pins, 6pri, Osec POT-2501 Shenz_hen Xin yu_jia
Transformer POL-INNO54 Premier Magnetics
36 1 Ul InnoSwitch3-CP, InSOP24D INN3270C-H203 Power Integrations
37 1 VR1 DIODE ZENER 20 V 500 MW SOD123 MMSZ5250B-7-F Diodes, Inc.
6.2 Mechanical Parts
Item | Qty | Ref Des Description Mfg Part Number Mfg |
1 2 TP1 TP10 | Test Point, BLK, Miniature THRU-HOLE MOUNT 5001 Keystone
2 1 TP2 Test Point, WHT, Miniature THRU-HOLE MOUNT 5002 Keystone
3 1 TP11 Test Point, RED, Miniature THRU-HOLE MOUNT 5000 Keystone

5
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7 Power Transformer Specification (T1)

7.1 FElectrical Diagram

2
WD6: 2nd Pri ¢ e
e '75?42 rlmar\lf-'t WDA4: Secondary 1
. ALl AT -3 X #26 AWG TIW
4T -3 X #26 AWG TIW
FL2
WD1: 1st Primary
; 2
15T - 75/42 serve Litz o
3 WDS5: Shield 2
6 10T -4 X#35 AWG
®
WD2: Bias Ne
7T -2 X # 34 AWG | #26AWG_ bus wire
5 Core Termination
]
WD3: Shield 1
8T -3 X#34 AWG
NC

Figure 7 — Transformer Electrical Diagram.

7.2 Electrical Specifications

Parameter Condition Spec.
Nominal Primary Measured at 1 Vrek-rk, 100 kHz switching frequency, between pin 400 uH +5%
Inductance 2 and 3, with all other windings open. H °

Resonant Frequency | Between pin 2 and 3, other windings open. 1,000 kHz (Min.)

Primary Leakage

Inductance Between pin 2 and 3, with pins:FL1-FL2 shorted. < 6 uH (Max.)

_p Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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7.3 Material List

Item Description
[1] Core: EQ25, Ferroxcube: 3C95.
[2] Bobbin: EQ25-Vert-6pins (6/0); PI#: 25-01136-00.
[3] Magnet Wire: Served Litz 75/42.
[4] Magnet Wire: #34 AWG, Double Coated.
[5] Magnet Wire: #35 AWG, Double Coated.
[6] Magnet Wire: #26 AWG, Triple Insulated Wire.
[7] Bus Wire: #26 AWG, Alpha Wire, Tinned Copper.
[8] Tape: 3M 13450-F, Polyester Film, 1 mil Thickness, 7.5 mm Width.
[9] Tape: 3M 13450-F, Polyester Film, 1 mil Thickness, 18.2 mm.
[10] Varnish: Dolph BC-359.
7.4 Transformer Build Diagram

- FL1
WD6: 2nd Primary |13T- 75/42 serve Litz |2
WDS5: Shield 2 10T -4 X #35 AWG |
_ FL1
WD4: Secondary 1 4T - 3 X #26 AWG TIW |
WD4: Secondary 1 |4T - 3 X #26 AWG TIW | \ |_ FL2
WD3: Shield 1 |8T-3 X #34 AWG 5 NG
WD2: Bias 7T -2 X #34 AWG 6
i
WD1: 1st Primary |15T - 75/42 serve Litz 3
a ¥

Figure 8 — Transformer Build Diagram.

5
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7.5 Winding Illustrations

Bobbin Preparation

Make slots with 2.0 mm width on both flanges of
secondary-side of bobbin Item [2]. Position the —
bobbin Item [2] on the mandrel such that the
primary-side of the bobbin is on the left side.
Winding direction is clock-wise direction for forward
direction.

Winding Directions

Bobbin is oriented on winder jig such that terminal
Pin 1- 6 are in the left side facing upward. The
winding direction is clockwise.

Pin

Winding 1- 15t Primary
Use a 75/42 Litz wire, Item [3]. Start at Pin 3 and
wind 15 turns evenly in 2 layers.

Set aside an extension on the left side of the bobbin
long enough for 13 turns (Winding 6).

Apply 1 layer of polyester tape, Item [8] for
insulation

Pin3

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Winding 2 and 3 — Bias and shield 1

Use magnetic wire, Item [4] - AWG#34 for winding
2 and 3. Prepare bifilar wire for winding 2 and three
(trifilar) wires for winding 3. For Winding 2, start at
pin 6 while for winding 3, start at pin 5.

Wind winding 2 and 3 evenly together for 7 turns
from left to right.

For winding 2, Finish the winding back to the left on
Pin 5.

For winding 3, add 1 more turn to make it 8 turns
and cut the finish terminal as shown in the figure.

Apply 1 layer of polyester tape, Item [8] for
insulation

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

_p'“ Power Integrations, Inc.
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Winding 4- Secondary Winding

Position the bobbin on the other side with the
secondary wire slot facing upward. Use TIW wire
Item [6] — AWG#26.

First Layer - Prepare 3 (trifilar) wires and secure 70
mm fly lead (FL1) extension on the left side. Wind
4 turns evenly from left to right. Fix the finish fly
lead terminal (FL2) on the right side of the jig and
cut with around 70mm wire extension

Apply 1 layer of polyester tape, Item [8] for
insulation

Second Layer — Same with the first layer, prepare
3 (trifilar) wires and secure 70 mm fly lead (FL1)
extension on the left side. Wind 4 turns evenly
from left to right. Fix the finish fly lead terminal
(FL2) on the right side of the jig and cut with
around 70mm wire extension.

Combine fly lead wires from first and second layer
and add polarity marking.

Apply 1 layer of polyester tape, Item [8] for
insulation

(&

...L__-.h_{\‘ ‘."'H\]lll.l'

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

5

Page 18 of 90




DER-917 60 W Isolated Flyback using InnoSwitch3-CP 16-Sep-20

Winding 5- Shield 2

Use magnetic wire, Item 5 - AWG#35. Prepare 4
wires (quadrifilar). Start at Pin 2 and wind 10 turns
evenly from left to right for 1 layer.

Finish the winding at the right side of the bobbin
and cut the wire as shown in the figure.

Apply 1 layer of polyester tape, Item [8] for
insulation

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

_p'“ Power Integrations, Inc.
WWW.power.com Page 19 of 90



DER-917 60 W Isolated Flyback using InnoSwitch3-CP 20-Jul-22

Winding 6- 2" Primary

Use the remaining wires set aside from winding 1.
Start at the middle of the bobbin and wind 13
turns evenly for 2 layers. Finish the winding on Pin
2

Apply 1 layer of polyester tape, Item [8] for
insulation

Secondary Wire

Fold the secondary fly lead wires (FL1) from left
to right as shown in the figure.

Apply 1 layer of polyester tape, Item [8] for
insulation

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Core Fixing and Varnishing

Prepare a AWG # 26 TIN wire, Item 7. Terminate the wire on
Pin 4 and lay it out on top of the core as shown in the figure.

Fix top and bottom core together with the TIN wire with tape,
Item (9)

Safety Insulation Tape

Add double layer safety Insulation tapes as shown in the
figures.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Fly Lead Wires Dimensions

Fly lead wire length is 22mm.

_p Power Integrations, Inc.
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8 Transformer (T1) Spreadsheet

ACDC_InnoSwitch3-
CP_Flyback_050420;

InnoSwitch3-CP Flyback Design

1 Rev.1.5; Copyright Power sl LR iAo b Spreadsheet
Integrations 2020

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 81.0 81.0 uF Input capacitance

9 SET-POINT 1

10 | vouTt 20.00 20.00 Qutput voltage 1, should be_ the
highest output voltage required

11 I0UT1 3.000 3.000 A Output current 1

12 | POUT1 60.00 W Output power 1

13 | EFFICIENCY1 0.94 0.94 Converter efficiency for output 1

14 | Z_FACTOR1 0.50 0.50 Z-factor for output 1

16 [ SET-POINT 2

17 [ vOUuT2 15.00 15.00 V Output voltage 2

18 | IOUT2 3.000 3.000 A Output current 2

19 POUT2 45.00 W QOutput power 2

20 | EFFICIENCY2 0.90 0.90 Converter efficiency for output 2

21 | Z FACTOR2 0.50 0.50 Z-factor for output 2

23 | SET-POINT 3

24 | VOUT3 9.00 9.00 Vv QOutput voltage 3

25 | IoUT3 5.000 5.000 A Output current 3

26 POUT3 45.00 W Output power 3

27 | EFFICIENCY3 0.90 0.90 Converter efficiency for output 3

28 [ Z FACTOR3 0.50 0.50 Z-factor for output 3

30 | SET-POINT 4

31 | VOUT4 5.00 5.00 \ Output voltage 4

32 | IouT4 6.500 6.500 A Output current 4

33 POUT4 32.50 W Output power 4

34 | EFFICIENCY4 0.90 0.90 Converter efficiency for output 4

35 [ Z FACTOR4 0.50 0.50 Z-factor for output 4

72 | cpc 0 0 mv Cablg drop compensation desired at
maximum output current
Base SET-POINT votlage to determine

73 | BASE_SETPOINT 4 4 the feedback network lower resistor
value

77 | PRIMARY CONTROLLER SELECTION

OPEN

78 ENCLOSURE OPEN FRAME FRAME Power supply enclosure

79 | ILIMIT_MODE STANDARD STANDARD Device current limit mode

80 | VDRAIN_BREAKDOWN 750 750 \ Device breakdown voltage

81 | DEVICE_GENERIC INN32X0 INN32X0 Device selection

82 DEVICE_CODE INN3270C Device code

83 | PDEVICE_MAX 85 W Device maximum power capability

84 | RDSON_25DEG 0.39 o ;;i‘r)ncary switch on-time resistance at

85 RDSON_100DEG 0.54 Q I;g(r)\l%ry switch on-time resistance at

86 | ILIMIT_MIN 2.139 A Primary switch minimum current limit

87 | ILIMIT_TYP 2.300 A Primary switch typical current limit

88 ILIMIT_MAX 2.461 A Primary switch maximum current limit

5
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89 | VDRAIN_ON_PRSW 0.33 Vv Primary switch on-time voltage drop

90 | VDRAIN_OFF_PRSW 395248 Vv Pe:_jk drain_ voltage on the primary
switch during turn-off

94 | WORST CASE ELECTRICAL PARAMETERS
Maximum switching frequency at full

95 FSWITCHING_MAX 76000 76000 Hz load and the valley of the minimum
input AC voltage
Voltage reflected to the primary

96 | VOR 140.0 140.0 Vv winding (corresponding to set-point 1)
when the primary switch turns off
Valley of the rectified minimum input

97 | VMIN 101.06 v AC voltage at full load

98 KP 0.695 Measure of con_tinuous/discontinuous
mode of operation

99 | MODE_OPERATION CCM Mode of operation

100 | DUTYCYCLE 0.582 Primary switch duty cycle

101 | TIME_ON 9.48 us Primary switch on-time

102 | TIME_OFF 5.51 us Primary switch off-time

103 | LPRIMARY_MIN 378.5 uH Minimum primary magnetizing
inductance

104 | LPRIMARY_TYP 398.4 uH Typical primary magnetizing
inductance

105 | LPRIMARY_TOL 5.0 % Primary magnetizing inductance
tolerance

106 | LPRIMARY_MAX 418.4 uH Maximum primary magnetizing
inductance

108 | PRIMARY CURRENT

109 | IAVG_PRIMARY 0.615 A Primary switch average current

110 | IPEAK_PRIMARY 2.312 A Primary switch peak current

111 | IPEDESTAL_PRIMARY 0.587 A Primary switch current pedestal

112 | IRIPPLE_PRIMARY 2.312 A Primary switch ripple current

113 | IRMS_PRIMARY 0.973 A Primary switch RMS current

115 | SECONDARY CURRENT

116 | IPEAK_SECONDARY 16.187 A Secondary winding peak current

117 | IPEDESTAL_SECONDARY 4.109 A Secondary winding pedestal current

118 | IRMS_SECONDARY 8.306 A Secondary winding RMS current

119 | IRIPPLE_CAP_OUT 5.461 A Output capacitor ripple current

123 (| TRANSFORMER CONSTRUCTION PARAMETERS

124 | CORE SELECTION
The transformer windings may not fit:
pick a bigger core or bobbin and refer

125 | CORE EQ25 Info EQ25 to the Transformer Parameters tab for
fit calculations

126 | CORE NAME EQ25-3C95 Core code

127 | AE 100.0 mm~2 | Core cross sectional area

128 | LE 41.4 mm Core magnetic path length

129 | AL 5710 nH Ungapped core effective inductance
per turns squared

130 | VE 4145 mm~3 | Core volume

TBI-235- .
131 | BOBBIN NAME 01091.1206 Bobbin name

5
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132 | AW 34.8 mm~2 Bobbin window area

133 | BW 8.10 mm Bobbin width

134 | MARGIN 0.0 mm Bobbin safety margin

136 | PRIMARY WINDING

137 | NPRIMARY 28 Primary winding number of turns

138 | BPEAK 3764 Gauss Peak flux density

139 | BMAX 3411 Gauss Maximum flux density

140 | BAC 1705 Gauss AC flux density (0.5 x Peak to Peak)

141 | ALG 508 M| inuctance per turs squared

142 | LG 0.225 mm Core gap length

143 | LAYERS_PRIMARY 2 Primary winding number of layers

144 | AWG_PRIMARY 24 Primary wire gauge

145 | OD_PRIMARY_INSULATED 0.577 mm Primary wire insulated outer diameter

146 | OD_PRIMARY_BARE 0.511 mm Primary wire bare outer diameter

147 | CMA_PRIMARY 415.1 Cmils/A | Primary winding wire CMA

149 | SECONDARY WINDING

150 [ NSECONDARY 4 Secondary winding number of turns

151 | AWG_SECONDARY 17 Secondary wire gauge

152 | OD_SECONDARY_INSULATED 1.454 mm | Secondary wire insulated outer

153 | OD_SECONDARY_BARE 1.150 mm Secondary wire bare outer diameter

154 | CMA_SECONDARY 246.6 Cmils/A | Secondary winding wire CMA

156 | BIAS WINDING

157 | NBIAS 7 | Bias winding number of turns

161 | PRIMARY COMPONENTS SELECTION

162 | LINE UNDERVOLTAGE

163 | BROWN-IN REQURED 45.00 45.00 Vv Required line brown-in threshold
Connect two 1.13 MOhm resistors to

164 | RLS 2.26 MQ the V-pin for the required UV/OV
threshold

165 | BROWN-IN ACTUAL 45.49 v Actual brown-in threshold using
standard resistors

166 | BROWN-OUT ACTUAL 41.16 v Actual brown-out threshold using
standard resistors

168 | LINE OVERVOLTAGE

169 | OVERVOLTAGE_LINE 189.03 v tArfrtg:‘r: Cﬁg RMS line over-voltage

171 | BIAS WINDING
The rectified bias voltage maybe too

oo [so0 v | il the g e e
than 9V

173 | VF_BIAS 0.70 Vv Bias winding diode forward drop

174 | VREVERSE_BIASDIODE 54.31 v S'Cif)gﬁfjn‘; rs;’f{::;i;":,';?tg‘;é”r?;g)

175 | CBIAS 22 uF Bias winding rectification capacitor

176 | CBPP 0.47 uF BPP pin capacitor

180 | SECONDARY COMPONENTS SELECTION

181 | RECTIFIER

5
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Secondary rectifier reverse voltage

182 | VDRAIN_OFF_SR FET 46.46 \Y - . :
(not accounting parasitic voltage ring)
183 | SR FET SiR826ADP SiR826ADP Secondary rectifier (Logic MOSFET)
184 | VBREAKDOWN_SR FET 80 \ Secondary rectifier breakdown voltage
SR FET on time drain resistance at
185 | RDSON_SR FET 8.7 mQ 25degC for VGS=4.4V
187 | FEEDBACK COMPONENTS
188 | RFB_UPPER 100.00 K Upper feedback_resistor (connected to
the output terminal)
Lower feedback resistor required to
189 | RFB_LOWER 34.00 kQ obtain the output for cable drop
compensation
190 | CFB_LOWER 330 bF Lower feedback resistor decoupling

capacitor

Power Integrations, Inc.
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9 Performance Data

All measurements were performed at room ambient temperature otherwise specified.
Please refer to below output voltage selector guide when changing output voltage.

Output Voltage Selector Guide

Vour = 5V — All 3 shorting pads are open
Vour = 9V —short 9 V shorting pad only
Vour = 15 V —short 15 V shorting pad only

Vout = 20 V — short 20 V shorting pad only

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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9.1 System Full Load Efficiency
Output voltage was measured at PCB output terminal Pin

96
95 +
g — {
94
i |
203 4= — — -
Y
<
3.92 "
.E) | - T — = m—l |
(9
&
o 91 +
90 o
“#=5V/6.5A
89 A ==V /5A
=15V /3 A
=20V /3A
88 L] L] L] L] L] L] L]
100 104 108 112 116 120 124 128 132
Input Voltage (VAC)

Figure 10 — System Full Load Efficiency vs. Line at 20 VDC.
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8.2 Energy Efficiency

9.2.1 System Average Efficiency
Note: Unit tested with with 5 mins soak time and 1 min soak time per load step.

| mmm \out/Iout — = CoC Tier 2 Limit — = DoE VI Limit |

95%

94.30% 94.30%
94% 93.76%
0,
93% 92.42%
92%
L 91%
=
O
c
.g 90%
=
w
o 89% o - - - e - -
o
9]
<>( 88% — - - - = - =
87%
86%
85%
84%
20V/3A 15V/3A 9V/5A 5V/6.5A

Output Voltage/Output Current
Figure 11 — Average Efficiency at 115 V 60 Hz.
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9.2.2 Efficiency at 10% Load
= \Vout/Iout — = CoC Tier 2 Limit

94%

92.64%

92.05%

91.62%

92%

90.88%

90%

88%

86%

84%

82%

80%

Efficiency at 10% Load (%)

78%

76%

74%

72%

20V/3A 15V/3A 9V/5A 5V/6.5A
Output Voltage/Output Current

Figure 12 — Efficiency at 10 % Load , 115 VAC 60 Hz.
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9.3 Efficiency vs. Load

96
95
— 1
H
94 s
~~
EQ, 93
?92
2
2
[ -
91
90
=4=100 V 60 Hz
89 s =#=115V 60 Hz
=132 V 60 Hz
88 - - - - - - L] L]
10 20 30 40 50 60 70 80 90 100

Load (%)
Figure 13 — System Efficiency vs. Load at Vour = 20 VDC.
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96

O
(93]

O
N

O
w

Efficiency (%)
o]
N

91 s
90 1§
=+=100 V 60 Hz
89 1 =#=115V 60 Hz
=4=132V 60 Hz
88 - - LJ LJ LJ LJ - -
10 20 30 40 50 60 70 80 90 100

Load (%)
Figure 14 — System Efficiency vs. Load at Vour = 15 VDC.
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96

O
(0]

O
N

O
w

Efficiency (%)
O
N

91 +o
90 +o
=+=]100 V 60 Hz
89 - ===115V 60 Hz
=132 V 60 Hz
88 - - - - - - - L]
10 20 30 40 50 60 70 80 90 100

Load (%)
Figure 15 — System Efficiency vs. Load at Vour = 9 VDC.
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96

O
(O]

O
N

O
w

Efficiency (%)
O
N

91
90 1
=4=100 V 60 Hz
89 1 =#=115V 60 Hz
==132 V 60 Hz
88 v v v " " " " "
10 20 30 40 50 60 70 80 90 100

Load (%)
Figure 16 — System Efficiency vs. Load at Vour = 5 VDC.
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9.4 No-Load Input Power
Note: Tested at Vour = 5 V, with 30 seconds soak time every input line.

120

110 +
100 g e e
90 s
80
70.--__—_--—_-_--__-__—_.
60
50 -
40 -
30 3 o ———=

No-Load Power (mW)

20 9

=4=Stanby Power
10 = DOEVI
=== CoC Tier 2

0 L L] L] L] L] L] L]
100 104 108 112 116 120 124 128 132

Input Voltage (VAC)
Figure 17 — No-Load Input Power vs. Line at Vour = 5 V.
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9.5 Output Voltage Load Regulation
E-load is set at CC Mode Load

21.4 7%
21.2 > 6%
21_0 - -— -—— -—" -—" -—" -—"— -— -—"— -—" -— -—" -—" -— -—" -—" -—" -—" -—" -—" -— 50/0
20.8 + = 4%
20.6 = 3%
S
~20.4 2%
()]
220.2 1 - 1%
L
g 20.0 + = 0%
‘§.19.8 " = -1%
5 19.6 1 ==100V60 Hz |-} 204
o =l=115V 60 Hz
19.4 = eie=132 V 60 Hz k -39%,
e 504 Limit
19.2 = e= 504 Limit ke -49%
19_0 - -— -— -—" -— -—" -—" -— -—"— -—" -— -—" -—" -— -—" -—" -— -—" -—" -— -—— -50/0
18.8 1 * -6%
18.6 L L L L L L L L L '70/0
0 10 20 30 40 50 60 70 80 90 100
Load (%)

Figure 18 — Voltage Regulation vs. Load at Vour = 20 VDC / 3 A.
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= 5%

15.8 o

[
=
(o2]

e=p==100 V 60 Hz
= -2%
=l=115V 60 Hz

15.6 ¢ L 49,
~15.4 o = 3%
2 - 2%
152
g ‘V‘N 1%
=
g 15.0 o 0%
s = -1%
Q.
whd
-

(@]

14.6 1 =#=132V 60 Hz || _
= -5% Limit 3%
- Cop | imi
14.4 » 5% Limit L -49%,
D--_-—---_-—--—_-—---._50/0
14.2 +
= -6%
14.0 " v v v v v . . : -7%
0 10 20 30 40 50 60 70 80 90 100
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Figure 19 — Voltage Regulation vs. Load at Vour = 15 VDC / 3 A.
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9.6 7%
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2921 - 2%
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Figure 20 — Voltage Regulation vs. Load at Vour =9 VDC/ 5 A.
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35.1 . 1%
E * 0%
"5' 5.0 o r -1%
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Figure 21 — Voltage Regulation vs. Load at Vour = 5 VDC/ 6.5 A.
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8.6 VI Characteristic Curve

==100 VAC

20 ¢ =115 VAC
=132 VAC

= =
o N D

Output Voltage (V)
o

0 1000 2000 3000 4000 5000 6000 7000

Output Current (mA)
Figure 22 — VI Curve at Vour = 20 V.
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Figure 23 — VI Curve at Vour = 15 V.

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

_p'“ Power Integrations, Inc.
WWW.power.com Page 41 of 90



DER-917 60 W Isolated Flyback using InnoSwitch3-CP 20-Jul-22

10

Output Voltage (V)
(6]

4 o
3 o
2
=100 VAC
1 =115 VAC
=132 VAC
0 L] L] L] L] L] L}
0 1000 2000 3000 4000 5000 6000 7000

Output Current (mA)
Figure 24 — VI Curve at Vour = 9 V.
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Figure 25 — VI Curve at Vour = 5 V.
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8.7 Test Data
9.7.1 Electrical Test Data at Full Load
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iour Pout (%)
Load (A) | (Vrms) (Arms) (W) (Voc) | (mAbc) (W)
100 60 99.94 1177.60 64.68 20.28 | 2998.65 | 60.80 94.00
20V/3A ™10 | 60 | 109.90 | 1107.40 | 64.53 | 20.32 ] 2999.03 | 60.94 | _94.44
115 60 114.96 1075.70 64.44 20.31 2998.65 | 60.90 94.51
120 60 119.94 1048.30 64.43 20.32 | 2998.65 | 60.94 94.58
132 60 131.94 996.80 64.74 20.45 2998.65 | 61.31 94.71
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iour Pout (%)
Load (A) (Vrms) (Arms) (W) (Vbc) (mAbc) (W)
100 60 99.96 913.70 47.78 15.00 | 2998.65 | 44.99 94.16
ISV/3A ™50 | 60 | 109.91 | 863.80 | 47.73 | 15.02 | 2998.65 | 45.03 | 94.35
115 60 114.97 842.10 47.71 15.02 | 2999.03 | 45.06 94.45
120 60 119.95 823.40 47.76 15.04 | 2999.03 | 45.11 94.46
132 60 131.95 784.90 47.87 15.10 | 2999.03 | 45.27 94.58
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iour Pout (%)
Load (A) (Vrms) (Arms) (W) (Vbc) (mAbc) (W)
100 60 99.96 919.60 48.02 8.94 4999.12 | 44.70 93.08
OV/5A ™70 | 60 | 10901 | 870.10 | 48.04 | 8.96 | 4998.75] 44.77 | _93.20
115 60 114.97 849.00 48.06 8.96 4999.12 | 44.80 93.23
120 60 119.95 830.00 48.08 8.97 4999.12 | 44.84 93.25
132 60 131.95 789.80 48.09 8.98 4998.75 | 44.89 93.35
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iour Pout (%)
Load (A) (Vrms) (Arms) (W) (Vbc) (mAbc) (W)
100 60 99.97 726.80 35.82 5.05 6499.20 | 32.83 91.65
SV/65A 110 60 109.92 690.50 35.83 5.06 6499.20 | 32.90 91.81
115 60 114.98 674.70 35.84 5.06 6498.82 | 32.91 91.82
120 60 119.96 660.60 35.86 5.07 6498.82 | 32.95 91.89
132 60 131.96 630.50 35.92 5.08 6499.20 | 33.00 91.87
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9.7.2 Energy Efficiency Test Data

Load Setting Input Measurement Load Measurement Efficienc
% Load Vin Iin Pin Vour Iour Pout (%) ¥
Load (A) (Vrms) | (Arms) (W) (Voc) (mApnc) | (W)

100 3000 114.96 | 1072.70 | 64.40 20.30 2999.03 | 60.87 94.52

20V/3A | 75 2250 114.97 | 859.70 48.78 20.49 2249.55 | 46.10 94.50

50 1500 114.98 | 631.50 32.70 20.58 1498.95 | 30.85 94.34

25 750 115.00 | 371.70 16.43 20.59 749.10 | 15.42 93.87

10 300 115.00 | 187.29 6.70 20.53 299.19 | 6.14 91.62
Average Efficiency at 20V 94.30
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iout Pour (%)
Load (A) (Vrms) | (Arms) (W) (Vbc) (mAbc) | (W)

100 3000 114.97 | 841.30 47.72 15.02 2998.28 | 45.04 94.38

15V/3A | 75 2250 114.98 | 676.50 36.01 15.13 2249.18 | 34.02 94.48

50 1500 114.99 | 496.50 24.06 15.16 1498.95 | 22.72 94.43

25 750 115.00 | 295.80 12.09 15.16 749.10 ] 11.35 93.91

10 300 115.01 | 141.45 4.91 15.10 299.19 | 4.52 92.05
Average Efficiency at 20V 94.30
Load Setting Input Measurement Load Measurement Efficienc
% Load Vin In Pin Vour Iout Pour (%) i
Load (A) (Vrms) | (Arms) (W) (Voc) (mApnc) | (W)
100 5000 114.98 | 848.30 48.05 8.96 4999.50 | 44.82 93.27
9V /5A 75 3750 114.99 | 678.60 36.02 9.02 3749.25 | 33.82 93.90
50 2500 114.99 | 500.10 24.19 9.10 2499.00 | 22.74 93.99
25 1250 115.00 | 297.60 12.12 9.11 1248.75 | 11.38 93.86
10 500 115.01 | 141.38 4.89 9.07 500.02 | 4.53 92.64
Average Efficiency at 20V 93.76
Load Setting Input Measurement Load Measurement Efficienc
% Load Vin LN Pin Vour Iout Pour (%) v
Load (A) (Vrms) | (Arms) (W) (Vbc) (mApc) | (W)
100 6500 114.98 | 674.10 35.82 5.06 6499.20 | 32.91 91.88
5V/65A| 75 4875 114.99 | 541.60 26.89 5.10 4874.59 | 24.87 92.49
50 3250 114.99 | 398.00 18.09 5.16 3249.60 | 16.78 92.77
25 1625 115.00 | 239.36 9.10 5.18 1624.24 | 8.42 92.53
10 650 115.01 | 109.25 3.69 5.16 649.62 | 3.35 90.88
Average Efficiency at 20V 92.42
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9.7.3 Electrical Test Dataat 20V /3 A
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iour Pour (%)
Load (A) (Vrms) | (Arms) (W) (Vbc) (mAbc) (W)
100 3000 99.94 1177.30 64.67 20.28 2998.65 | 60.80 94.02
zgoH‘z’ 75 | 2250 | 99.96 | 935.90 | 48.88 | 20.48 | 2249.18 | 46.06 |  94.23
50 1500 99.97 681.60 32.75 20.58 1499.33 | 30.85 94.20
25 750 99.99 400.10 16.45 20.59 749.10 15.42 93.76
10 300 100.00 203.84 6.70 20.53 299.57 6.15 91.85
0 0 100.00 14.73 0.07 20.63 0 0 0.00
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin In Pin Vour Iour Pour (%)
Load (A) (Vrms) (Arms) (W) (Vbc) (mAbc) (W)
100 3000 114.96 | 1072.70 64.40 20.30 2999.03 | 60.87 94.52
é})s”‘z’ 75 | 2250 | 114.97 | 859.70 | 48.78 | 20.49 | 2249.55 | 46.10 | _ 94.50
50 1500 114.98 | 631.50 32.70 20.58 1498.95 | 30.85 94.34
25 750 115.00 371.70 16.43 20.59 749.10 15.42 93.87
10 300 115.00 187.29 6.70 20.53 299.19 6.14 91.62
0 0 115.01 14.59 0.07 20.63 0 0 0.00
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iour Pour (%)
Load (A) (Vrms) | (Arms) (W) (Vbc) (mAbc) (W)
100 3000 131.94 | 992.70 64.70 20.43 2999.03 | 61.27 94.69
;ng‘z’ 75 | 2250 | 131.95 | 799.20 | 48.87 | 20.56 | 2249.55 | 46.26 | _ 94.66
50 1500 131.96 587.20 32.67 20.59 1498.58 | 30.85 94.44
25 750 131.97 350.80 16.45 20.60 749.10 15.43 93.79
10 300 131.98 169.20 6.72 20.52 299.19 6.14 91.33
0 0 131.98 14.54 0.07 20.63 0 0 0.00
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9.7.4 Electrical Test Dataat 15V /3 A
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iour Pout (%)
Load (A) (Vrms) | (Arms) (W) (Vbc) (mAbc) | (W)
100 3000 99.96 914.50 47.79 15.00 2998.65 | 44.99 94.15
clsgon\z, 75 | 2250 | 99.97 | 730.10 | 36.01 | 15.09 | 2249.18 | 33.95| 94.27
50 1500 99.98 534.80 24.08 15.15 1498.20 | 22.69 94.25
25 750 99.99 314.20 12.09 15.16 748.73 | 11.35 93.86
10 300 100.00 156.45 4.90 15.10 299.19 4.52 92.24
0 0 100.00 14.26 0.04 15.18 0 0 0.00
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin In Pin Vour Iour Pour (%)
Load (A) (Vrms) | (Arms) (W) (Vbc) (mAbc) | (W)
100 3000 114.97 | 841.30 47.72 15.02 2998.28 | 45.04 94.38
2(1)5“‘; 75 | 2250 | 114.98 | 676.50 | 36.01 | 15.13 | 2249.18 | 34.02] 94.48
50 1500 114.99 | 496.50 24.06 15.16 1498.95 | 22.72 94.43
25 750 115.00 295.80 12.09 15.16 749.10 | 11.35 93.91
10 300 115.01 141.45 4.91 15.10 299.19 4.52 92.05
0 0 115.01 14.18 0.04 15.17 0 0 0.00
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iour Pout (%)
Load (A) (Vrms) | (Arms) (W) (Vbc) (mAbc) | (W)
100 3000 131.95 783.10 47.87 15.09 2998.65 | 45.26 94,55
éng‘z’ 75 2250 131.96 | 629.80 35.96 15.13 2248.80 | 34.01 94.59
50 1500 131.97 | 460.80 24.05 15.16 1498.58 | 22.73 94.49
25 750 131.98 | 278.00 12.10 15.16 749.10 | 11.36 93.85
10 300 131.98 127.43 4.93 15.10 299.19 4.52 91.64
0 0 131.98 14.16 0.04 15.17 0 0 0.00
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9.7.5 Electrical Test Dataat9V /5A
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iour Pout (%)
Load (A) (Vrms) | (Arms) (W) (Vbc) (mAbc) | (W)
100 5000 99.96 921.00 48.04 8.94 4999.50 | 44.70 93.05
;goH\z, 75 3750 99.97 732.00 36.00 9.00 3748.88 | 33.73 93.69
50 2500 99.98 538.00 24.17 9.08 2498.63 | 22.68 93.84
25 1250 99.99 315.80 12.11 9.10 1248.75 | 11.37 93.86
10 500 100.00 156.51 4.88 9.07 500.02 4.53 92.89
0 0 100.01 13.36 0.02 9.09 0 0 0.00
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iour Pout (%)
Load (A) (Vrms) | (Arms) (W) (Vbc) (mAbc) | (W)
100 5000 114.98 | 848.30 48.05 8.96 4999.50 | 44.82 93.27
c15(1)5|-|\z, 75 | 3750 | 114.99 | 678.60 | 36.02 9.02 | 3749.25 | 33.82 | _ 93.90
50 2500 114.99 500.10 24.19 9.10 2499.00 | 22.74 93.99
25 1250 115.00 297.60 12.12 9.11 1248.75 | 11.38 93.86
10 500 115.01 141.38 4.89 9.07 500.02 4.53 92.64
0 0 115.01 13.42 0.02 9.09 0 0 0.00
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin In Pin Vour Iout Pour (%)
Load (A) (Vrms) | (Arms) (W) (Vbc) (mAbc) (W)
100 5000 131.96 | 787.50 48.06 8.98 4999.12 | 44.88 93.39
éng‘z’ 75 | 3750 | 131.96 | 633.40 | 36.10 9.05 | 3749.25 | 33.92 | _ 93.96
50 2500 131.97 | 464.30 24.21 9.10 2499.38 | 22.75 93.97
25 1250 131.98 280.00 12.15 9.11 1249.13 | 11.38 93.70
10 500 131.98 127.32 4.92 9.07 499.65 4.53 92.17
0 0 131.99 13.53 0.02 9.09 0 0 0.00
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9.7.6 Electrical Test Dataat5V /6.5 A
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iour Pout (%)
Load (A) (Vrms) (Arms) (W) (Vbc) (mApc) | (W)
100 6500 99.97 728.00 35.84 5.05 6498.82 | 32.83 91.61
égoH‘z’ 75 | 4875 | 99.98 | 583.10 | 26.93 5.09 | 4874.59 | 24.82 | 92.16
50 3250 99.99 428.80 18.06 5.15 3249.60 | 16.74 92.67
25 1625 99.99 255.20 9.07 5.18 1623.49 | 8.40 92.67
10 650 100.00 121.10 3.67 5.15 649.25 3.35 91.31
0 0 100.00 14.03 0.03 5.15 0 0 0.00
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin In Pin Vour Iout Pour (%)
Load (A) (Vrms) (Arms) (W) (Vbc) (mApnc) | (W)
100 6500 114.98 674.10 35.82 5.06 6499.20 | 32.91 91.88
;(1)5”‘2’ 75 | 4875 | 114.99 | 541.60 | 26.89 5.10 | 4874.59 | 24.87 | 92.49
50 3250 114.99 398.00 18.09 5.16 3249.60 | 16.78 92.77
25 1625 115.00 239.36 9.10 5.18 1624.24 | 8.42 92.53
10 650 115.01 109.25 3.69 5.16 649.62 3.35 90.88
0 0 115.01 14.05 0.03 5.14 0 0 0.00
Load Setting Input Measurement Load Measurement Efficiency
% Load Vin Iin Pin Vour Iour Pout (%)
Load (A) (Vrms) (Arms) (W) (Vbc) (mAbc) | (W)
100 6500 131.96 628.60 35.88 5.08 6499.20 | 32.99 91.96
;ng‘z’ 75 | 4875 | 131.97 | 502.20 | 26.91 5.12 | 4874.21 | 24.93|  92.65
50 3250 131.97 373.80 18.14 5.17 3249.23 | 16.81 92.66
25 1625 131.98 221.12 9.13 5.18 1623.86 | 8.42 92.25
10 650 131.98 98.75 3.72 5.16 649.62 3.35 90.25
0 0 131.98 14.13 0.04 5.15 0 0 0.00
e Power Integrations, Inc.
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5.8 Output Ripple Voltage

Set-up: Use x1 voltage probe with 2 capacitors (0.1 uF / 50 V ceramic and 47 u F/ 50 V
E-cap) connected across the probe tip and ground as shown below. Oscilloscope was set
to AC coupling with frequency bandwidth of 20 MHz. Ripple voltage was measured at the
end of 100 mQ output cable at room ambient temperature (25 °C).
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9.8.1 Output Ripple Voltage vs. Load at 100 VAC.
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Figure 26 — Ripple Voltage vs. Load @ 100 VAC.
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9.8.2 Output Ripple Voltage vs. Load at 132 VAC
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Figure 27 — Ripple Voltage vs. Load @ 132 VAC.
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10 Thermal Performance
10.1 Thermal Scan at 25 °C Ambient
10.1.1  Thermal Scan Summary
Note: Tested using an IR Camera
100 VAC 60 Hz
Component Case Temperature (°C)
20VDC,3A | 15VDC,3A | 9VDC,5A | 5VDC,6.5A
U1-InnoSwitch3-CP 76.6 60.5 74.3 67.9
D1-Snubber Diode 68.5 56.4 66.4 61.5
BR1-Bridge Diode 70 56.1 60 56
Q3-SR FET 70.1 57.7 76.5 79.3
D4-Sec Rectifier 69.7 52.7 73.2 75.3
TRF-TIW Wire 72 59.5 72.6 74.1
TRF-Core 67.2 55 64.7 61.6
L1-Input CMC 62.1 50 55.3 48.6
132VAC 60Hz
Component Case Temperature (°C)
20VDC,3A | 15VDC,3A | 9VDC,5A | 5VDC,6.5A
U1-InnoSwitch3-CP 72.4 60.5 74.9 68.3
D1-Snubber Diode 66.7 56.4 67 62.1
BR1-Bridge Diode 60.9 56.1 53.9 51.6
Q3-SR FET 69.3 57.7 77.9 79.4
D4-Sec Rectifier 67.2 52.7 74.4 75.3
TRF-TIW Wire 70.8 59.5 73.6 72.8
TRF-Core 66.8 55 65.7 62
L1-Input CMC 56.3 50 52.4 49.2
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10.1.2

100 VAC Input 20V /3 A

Figure 29 — Primary Bottom Side.

Component

Case Temperature (°C)

U1-InnoSwitch3-CP 76.6
D4-Sec Rectifier  68.5
BR1-Bridge Diode 70

Figure 31 — Top Side.

Component

Case Temperature (°C)

TRF-TIW Wire 72

TRF-Core

67.2

L1- Input CMC 62.1

70.1 o
68.5]

Figure 30 — Secondary Bottom Side.

Component Case Temperature (°C)
Q5-SR FET 70.1
D1-Snubber Diode 69.7
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10.1.3 132 VACInput20V /3 A

Figure 32 — Primary Bottom Side. Figure 33 — Secondary Bottom Side.
Component Case Temperature (°C) Component Case Temperature (°C)
U1l-InnoSwitch3-CP 72.4 Q5-SR FET 69.3

D1-Snubber Diode 66.7 D4-Sec Rectifier 67.2

BR1-Bridge Diode 60.9

708 oC
66.8
56.3

Figure 34 — Top Side.

Component Case Temperature (°C)
TRF-TIW Wire 70.8
TRF-Core 66.8

L1- Input CMC 56.3

e Power Integrations, Inc.
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10.1.4 100 VACInput15V /3 A

61.0 oC

56.2

30.0

Figure 35 — Primary Bottom Side. Figure 36 — Secondary Bottom Side.

Component Case Temperature (°C) Component
U1-InnoSwitch3-CP 60.5 Q5-SR FET
D4-Sec Rectifier 56.4
BR1-Bridge Diode 56.1

Case Temperature (°C)
57.7
D1-Snubber Diode 52.7

Figure 37 — Top Side.

Component Case Temperature (°C)
TRF-TIW Wire 59.5
TRF-Core 55

L1- Input CMC 50

N Power Integrations, Inc.
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10.1.5 132 VACInput15V/3A

Figure 38 — Primary Bottom Side. Figure 39 — Secondary Bottom Side.
Component Case Temperature (°C) Component Case Temperature (°C)
U1-InnoSwitch3-CP 60.5 Q3-SR FET 57.7

D1-Snubber Diode 56.4 D4-Sec Rectifier 52.7

BR1-Bridge Diode 56.1

Figure 40 — Top Side.

Component Case Temperature (°C)
TRF-TIW Wire 59.5
TRF-Core 55

L1- Input CMC 50
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10.1.6 100 VACInput9V/5A

74.3
66.4
60.0

Figure 41 — Primary Bottom Side. Figure 42 — Secondary Bottom Side.
Component Case Temperature (°C) Component Case Temperature (°C)
U1-InnoSwitch3-CP 74.3 Q5-SR FET 76.5

D1-Snubber Diode 66.4 D4-Sec Rectifier 73.2

BR1-Bridge Diode 60

Figure 43 — Top Side.

Component Case Temperature (°C)
TRF-TIW Wire 72.6
TRF-Core 64.7
L1-Input CMC 55.3

N Power Integrations, Inc.
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10.1.7

132 VACInput9V/5A

Figure 44 — Primary Bottom Side.

Component

Case Temperature (°C)

U1-InnoSwitch3-CP 74.9
D1-Snubber Diode 67
BR1-Bridge Diode 53.9

Figure 46 — Top Side.

Component Case Temperature (°C)
TRF-TIW Wire 73.6
TRF-Core 65.7
L1-Input CMC 52.4

Figure 45 — Secondary Bottom Side.

Component Case Temperature (°C)
Q3-SR FET 77.9
D4-Sec Rectifier 74.4
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10.1.8 100 VAC Input5V /6.5 A

67.9 oC
61.5

Figure 47 — Primary Bottom Side. Figure 48 — Secondary Bottom Side.

Component Case Temperature (°C) Component
U1-InnoSwitch3-CP 67.9 Q3-SR FET
D1-Snubber Diode 61.5
BR1-Bridge Diode 56

Case Temperature (°C)
79.3
D4-Sec Rectifier 75.3

Figure 49 — Top Side.

Component Case Temperature (°C)
TRF-TIW Wire 74.1
TRF-Core 61.6
L1-Input CMC 48.6

N Power Integrations, Inc.
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10.1.9 132 VACInput5V/6.5A

Figure 50 — Primary Bottom Side. Figure 51 — Secondary Bottom Side.

Component Case Temperature (°C) Component Case Temperature (°C)
U1-InnoSwitch3-CP 68.3 Q3-SR FET 79.4
D1-Snubber Diode 62.1 D4-Sec Rectifier 75.3

BR1-Bridge Diode 51.6

773

72.8 oC
62.0
49.2

Figure 52 —Top Side.

Component Case Temperature (°C)
TRF-TIW Wire 72.8

TRF-Core 62

L1-Input CMC 49.2

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

WWW.power.com Page 61 of 90



DER-917 60 W Isolated Flyback using InnoSwitch3-CP 20-Jul-22
10.2 Thermal Performance at 50 °C Ambient
10.2.1  Set-up Picture
Figure 53 — Tested using the environmental test chamber.
The DUT is placed inside enclosure to prevent airflow.
10.2.2 Thermal Test Summary at 50 °C Ambient
o
Input / Output Condition fempesa NESIGE)
AMB| U1 | Q3 | D1 | C2 | T1 D4 | BR1
100 VAC20 V-3 A 54 ]198.4]93.4]90.7]84.1]89.2|88.8] 89.8
132 VAC20V-3 A 52.2 190.7]90.1|84.7]78.2]86.3]86.1| 79.7
100 VAC9V-5A 52.6 | 94.5]| 95 | 85.9]|77.6]85.1]89.5| 79.9
132VACOV-5A 52.7 1 95.1]196.3]85.3]76.6]86.4]90.5] 75.1
100 VAC5V-6.5A 52.8 188.9]198.2]|814] 74 |84.9]91.2| 73.4
132VAC5V-6.5A 52.6 189.7199.1] 81 | 73.3]85.3]92.2] 69.9
N Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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10.2.3 Thermal Data at 50 °C Ambient

110
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r ()] ==Q3 e===D] e==D4 e===BR] ===T] e===C2 ===AMB
20 + e ——————————
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Soak Time (Minutes)

Figure 54 — Thermal Profile at 100 VAC, 20V / 3 A.
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Figure 55 — Thermal Profile at 132 VAC, 20V / 3 A.
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Figure 56 — Thermal Profile at 100 VAC, 9V /5 A.
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Figure 57 — Thermal Profile at 132 VAC, 9V /5 A.
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Figure 58 — Thermal Profile at 100 VAC, 5V / 6.5 A.
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Figure 59 — Thermal Profile at 132 VAC, 5V / 6.5 A.
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11 Waveforms
11.1  Primary Drain Voltage and Current Waveform

Figure 60 — 100 VAC 60 Hz, 20 V Full Load Start-up. Figure 61 — 132 VAC 60 Hz, 20 V Full Load Start-up.
CH1(Blue): Vbs, 100 V / div., 20 ms / div. CH1(Blue): Vps, 100 V / div., 20 ms / div.
CH2(Pink): Ips, 1 A / div. CH2(Pink): Ips, 1 A / div.
Vbs = 357V, Ips = 2.22 A. Vbs =497V, Ips = 2.22 A.

Figure 62 — 100 VAC 60 Hz, 20 V Full Load Normal. Figure 63 — 132 VAC 60 Hz, 20 V Full Load Normal.
CH1(Blue): Vbs, 100 V / div., 20 ms / div. CH1(Blue): Vbs, 100 V / div., 20 ms / div.
CH2(Pink): Ips, 1 A / div. CH2(Pink): Ips, 1 A / div.
Vps = 322V, Ips = 2.09 A. Vbs = 359V, Ips = 2.07 A.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Figure 64 — 100 VAC 60 Hz, 5 V Full Load Start-up. Figure 65 — 132 VAC 60 Hz, 5 V Full Load Start-up.
CH1(Blue): Vbs, 100 V / div., 20 ms / div. CH1(Blue): Vbs, 100 V / div., 20 ms / div.
CH2(Pink): Ips, 1 A/ div. CH2(Pink): Ips, 1 A / div.
Vps = 277V, Ips = 2.02 A. Vbs = 307 V, Ips = 2.02 A.

Figure 66 — 100 VAC 60 Hz, 5 V Full Load Normal. Figure 67 — 132 VAC 60 Hz, 5 V Full Load Normal.
CH1(Blue): Vbs, 100 V / div., 20 ms / div. CH1(Blue): Vbs, 100 V / div., 20 ms / div.
CH2(Pink): Ips, 1 A / div. CH2(Pink): Ips, 1 A / div.
Vps =272V, Ips = 1.97 A. Vps =308V, Ips = 1.97 A.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Figure 68 — 100 VAC 60 Hz, 20 V Full Load Start-up.
CH1(Blue): Vbs, 20 V / div., 20 ms / div.

Vos = 63.7 V.
B
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Figure 70 — 100 VAC 60 Hz, 20 V Full Load Normal.
CH1(Blue): Vbs, 20 V / div., 20 ms / div.
Vps = 63.3 V.

SR FET Drain Voltage Waveform

e RS e R e e R e L e S

Figure 69 — 132 VAC 60 Hz, 20 V Full Load Start-up.
CH1(Blue): Vos, 20 V / div., 20 ms / div.

Vps = 67 V.
> o
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Figure 71 — 132 VAC 60 Hz, 20 V Full Load Start-up.
CH1(Blue): Vos, 20 V / div., 20 ms / div.
Vps = 55.8 V.

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

5

Page 71 of 90



DER-917 60 W Isolated Flyback using InnoSwitch3-CP 20-Jul-22

11.3  Start-up Profile
Tested using an E-load set at constant current mode.

Srart- Lip A Fifl Lo e F e T I R
Vin= 100V G0 He I = =

Srart- Lip A Pl Lo e F e T I R
Vin= 132V G0 He M = =
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f f
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Figure 72 — 100 VAC 60 Hz, 20 V Full Load Start-up. Figure 73 — 132 VAC 60 Hz, 20 V Full Load Start-up.
CH1(Blue): Vi, 200 V / div., 100 ms / div. CH1(Blue): Vi, 200 V / div., 100 ms / div.
CH2(Pink): Tour, 2 A / div. CH2(Pink): Tour, 2 A / div.
CH3(Purple): Vour, 10 V / div. CH3(Purple): Vour, 2 V / div.
=
llfu— : llr_
j.. il IEXERER) R ||""|| | '|'|I'I'||| ||r|'l"l'lllll|ll
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Figure 74 — 100 VAC 60 Hz, 15 V Full Load Start-up. Figure 75 — 132 VAC 60 Hz, 15 V Full Load Start-up.

CH1(Blue): Vi, 200 V / div., 100 ms / div. CH1(Blue): Vi, 200 V / div., 100 ms / div.
CH2(Pink): Iout, 2 A/ div. CH2(Pink): Iout, 2 A/ div.
CH3(Purple): Vour, 10 V / div. CH3(Purple): Vour, 2 V / div.
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Figure 76 — 100 VAC 60 Hz, 9 V Full Load Start-up.

CH1(Blue): Vi, 200 V / div., 100 ms / div.

CH2(Pink): Iout, 2 A/ div.
CH3(Purple): Vour, 10 V / div.

Start- Lip Ak Fifl Load 5 1 e F e e
Vi = A0VAL G0 He = 1 s

Inpus Vishaps

H [Illl
'I|I|I|II|'|'||. "||I|'||II||"' i '||||I|" |

: i I 1y ||||'

.lﬂ““hnqnl " II|““IhlﬂLva:UII”h“”b“hLJh

ihu '! I

Figure 78 — 100 VAC 60 Hz, 5 V Full Load Start-up.

CH1(Blue): Vi, 200 V / div., 100 ms / div.

CH2(Pink): Iout, 2 A/ div.
CH3(Purple): Vour, 10 V / div.
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Figure 77 — 132 VAC 60 Hz, 9 V Full Load Start-up.
CH1(Blue): Vi, 200 V / div., 100 ms / div.
CH2(Pink): Iout, 2 A/ div.
CH3(Purple): Vour, 2 V / div.
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Figure 79 — 132 VAC 60 Hz, 5 V Full Load Start-up.
CH1(Blue): Vi, 200 V / div., 100 ms / div.
CH2(Pink): Iout, 2 A/ div.
CH3(Purple): Vour, 2 V / div.
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11.4  Transient Load Response
Tested using an E-Load set at dynamin constant current loading.

11.4.1 Transient Load at Vour= 20V
Set-up: Duty Cycle = 50%, Frequency = 100 Hz, Slew Rate = 200 mA / us

Figure 80 — 100 VAC 60 Hz, 0-3 A Transient Load. Figure 81 — 132 VAC 60 Hz, 0-3 A Transient Load.
CH1(Blue): Vour, 1V / div., 2 ms / div. CH1(Blue): Vour, 1V / div., 2 ms / div.
CH2(Pink): Iout, 1 A / div. CH2(Pink): Iout, 1 A/ div.
Voutmax) = 20.56 V, Vomin = 19.96 V. Voutmax) = 20.62V, Vommn = 20.26 V.

11.4.2 Transient Load at Vour =15V
Set-up: Duty Cycle = 50%, Frequency = 100 Hz, Slew Rate = 200 mA / nus

Figure 82 — 100 VAC 60 Hz, 0-3 A Transient Load. Figure 83 — 132 VAC 60 Hz, 0-3 A Transient Load.
CH1(Blue): Vour, 1V / div., 2 ms / div. CH1(Blue): Vour, 1V / div., 2 ms / div.
CH2(Pink): Iour, 500 mA / div. CH2(Pink): Iout, 500 mA / div.
Voutmax) = 15.19V, Vomin = 14.9 V. Voutmaxy = 15.20 V, Vomin = 14.94 V.

_p Power Integrations, Inc.
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11.4.3 Transient Load at Vour =9 V
Set-up: Duty Cycle = 50%, Frequency = 100 Hz, Slew Rate = 200 mA / us

TELENVRE LEFIN TELEMVRE LEZEN

Figure 84 — 100 VAC 60 Hz, 0-5 A Transient Load. Figure 85 — 132 VAC 60 Hz, 0-5 A Transient Load.
CH1(Blue): Vour, 0.5V / div., 2 ms / div. CH1(Blue): Vour, 0.5V / div., 2 ms / div.
CH2(Pink): Iout, 2 A/ div. CH2(Pink): Iout, 2 A/ div.
Voutmax) = 9.12 V, Vomin = 8.79 V. Voutmax) = 9.12V, Vomin = 8.79 V.

11.4.4 Transient Load at Vour =5V
Set-up: Duty Cycle = 50%, Frequency = 100 Hz, Slew Rate = 200 mA / us

Figure 86 — 100 VAC 60 Hz, 0-6.5 A Transient Load. Figure 87 — 132 VAC 60 Hz, 0-6.5 A Transient Load.
CH1(Blue): Vour, 0.5V / div., 2 ms/ div. CH1(Blue): Vout, 0.5V / div., 2 ms / div.
CH2(Pink): Iout, 2 A / div. CH2(Pink): Iout, 2 A / div.
Voutmax) =5.25V, Vomin = 4.85 V. Voutmaxy = 5.27 V, Vomin = 4.87 V.
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11.5  Output Ripple Voltage Waveforms
Tested at room ambient temperature using an E-load at constant current mode setting.

11.5.1 Output Ripple Voltage at Vour=20VDC/ 3 A
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Figure 88 — 100 VAC 60 Hz, Full Load Normal. Figure 89 — 132 VAC 60 Hz, Full Load Normal.
Upper:Vour, 20 mV / div., 10 ms / div. Upper:Vour, 20 mV / div., 10 ms / div.
Vriree = 147.4 mV. VriprLe = 139.5 mV.

11.5.2 Output Ripple Voltage at Vour= 15VDC/ 3 A
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Figure 90 — 100 VAC 60 Hz, Full Load Normal. Figure 91 — 132 VAC 60 Hz, Full Load Normal.
Upper:Vout, 20 mV / div., 10 ms / div. Upper:Vour, 20 mV / div., 10 ms / div.
VriepLe = 130.2 mV. VriprLe = 95 mV.
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11.5.3 Output Ripple Voltage at Vour=9VDC/ 3 A

(\"\f“ ',""\'”\h"'l"l;‘".“"‘n "|.\ |"\ hla' i HOOR T IA .‘hnf\r‘r\‘.ﬂ,;\"\'\'ﬂ'ﬁ "."‘. n |"\ .Al
_-] \] \ .\ '. II I".I I -. ,l | i ] L f \ II‘. ! .-il '.lll ! "'.\ ] "'. | .“ || “.."‘ d \ l. i . |'| ". || ok | |'| J' "| | '-.~ ! \ | \
YV \ R ‘j I \f \l \ \f VUV YV \ \[ v TERE R \|
Figure 92 — 100 VAC 60 Hz, Full Load Normal. Figure 93 — 132 VAC 60 Hz, Full Load Normal.
Upper:Vout, 20 mV / div., 10 ms / div. Upper:Vour, 20 mV / div., 10 ms / div.
Vrirree = 108.9 mV. Vrieee = 106.9 mV.

11.5.4 Output Ripple Voltage at Vour=5VDC/ 3 A
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Figure 94 — 100 VAC 60 Hz, Full Load Normal. Figure 95 — 132 VAC 60 Hz, Full Load Normal.
Upper:Vour, 20 mV / div., 10 ms / div. Upper:Vour, 20 mV / div., 10 ms / div.
VrippLe = 93 mV. VripeLe = 89.7 mV.
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11.6  Output Short-Circuit

11.6.1  Output Short-Circuit
Waveforms are captured during the unit was running with an output shorted

Figure 96 — 100 VAC 60 Hz, Output Short Normal. Figure 97 — 100 VAC 60 Hz, Output Short Normal.
CH1(Blue): Vo, 100 V / div., 1 s/ div. Zoom in
CH2(Pink): Ip, 1 A / div. CH1(Blue): Vb, 100 V / div., 10 us / div.

CH2(Pink): I, 1 A / div.

Figure 98 — 132 VAC 60 Hz, Output Short Normal. Figure 99 — 132 VAC 60 Hz, Output Short Normal.
CH1(Blue): Vp, 100 V / div., 1 s/ div. Zoom in
CH2(Pink): In, 1 A / div. CH1(Blue): Vb, 100 V / div., 10 us / div.

CH2(Pink): In, 1 A / div.
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11.6.2  Start Up with Output Shorted
Note: Unit was powered up with output shorted.

TELEIWRE LEZFIN

Figure 100 — 100 VAC 60 Hz, Short-Start-up.
CH1(Blue): Vb, 100 V / div., 1 s/ div.
CH2(Pink): I, 1 A/ div.

Figure 101 — 100 VAC 60 Hz, Short-Start-up.
Zoom in
CH1(Blue): Vb, 100 V / div., 10 ps / div.
CH2(Pink): In, 1 A / div.

TELEIWRE LEZFIN ATIENG M

Figure 102 — 132 VAC 60 Hz, Short-Start-up
CH1(Blue): Vo, 100 V / div., 1 s/ div.
CH2(Pink): In, 1 A/ div.

Figure 103 — 132 VAC 60 Hz, Short-Start-up.
Zoom in
CH1(Blue): Vb, 100 V / div., 10 ps / div.
CH2(Pink): I, 1 A/ div.
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12 Conducted EMI

12.1  Test Set-up
EMI measurement was done using a resistor load.

12.2  Equipment and Load Used

1. Rohde and Schwarz ENV216 two-line V-network.
2. Rohde and Schwarz ESRP EMI test receiver.
3. Variable Voltage Transformer set at 115 VAC
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Figure 105 — Conducted EMI at Vour = 20 V Full Load, 115 VAC 60 Hz, Floating Output
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Figure 106 — Conducted EMI at Vour = 20 V Full Load, 115 VAC 60 Hz, Output Grounded
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12.4

12.4.1 Output Load: 5 Q (15V / 3 A) fixed resistor

Conducted EMI at Vour = 15 V Full Load with Output Floating

Receiver [EJ] e
RDW (OPK) 9 kHz  MT 1s ENVZ164E5HI 22
Input DC & Att 10 dl Preamp OFF Step TD Scan ENVE16 M
Level dBpv Frequency 30.0000000 MHz
Quasipeak 47.78 E T R
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imit Check ]. MHEASS H {1 L0 MHz
a0 dI; :Ju EN550220) : PASS ; R
- cILI' g ENSO02ZA PASS : o
EI‘JS"Dé’«‘C |
|s0d [ S f ! i [
Enssozes, N [ Lo
g — : : | T 7
40 dE"." : rr* T : ' — V
. Y | HH’r. i . P R I
) "\‘f"i; [ J|“ ‘U.\.n»\;f\ S YL T — P S
20 oo LU e
: W V i U " 4 : : :
10 dBy, :
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-10 dE;tu
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Figure 107 — Conducted EMI at Vour = 15 V Full Load, 115 VAC 60 Hz, Floating Output
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Figure 108 — Conducted EMI at Vour = 15 V Full Load, 115 VAC 60 Hz, Output Grounded
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12.5

12.5.1 Output Load: 1.8 Q (9 V / 5 A) fixed resistor

Conducted EMI at Vour = 9 V Full Load with Output Floating

Receiver [EJ] e
RBW [OPK) 9 kHz MT 1s EMV215+ESHI-22

Input DC & Att 10 dl Preamp OFF Step TD Scan ENVE16 M

Level dBpv Frequency (30.0000000 MHz

Quasipeak 43.68 E T
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Figure 109 — Conducted EMI at Vour = 9 V Full Load, 115 VAC 60 Hz, Floating Output
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Figure 110 — Conducted EMI at Vour = 9 V Full Load, 115 VAC 60 Hz, Output Grounded
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12.6

Output Load: 0.78 Q (5 V/ 6.5 A) fixed resistor

Conducted EMI at Vour = 5 V Full Load with Output Floating

12.6.1
Receiver [EJ] e
RDW (OPK) 9 kHz  MT 1s ENVZ164E5HI 22
Input DC & Att 10dl Preamp OFF Step TD Scan ENYE16 M
Level dBpv Frequency (30.0000000 MHz
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Figure 111 — Conducted EMI at Vour = 5 V Full Load, 115 VAC 60 Hz, Floating Output
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Figure 112 — Conducted EMI at Vour = 5 V Full Load, 115 VAC 60 Hz, Output Grounded
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13 Line Immunity
Output Load set at max load (20 V / 3 A) using a 6.67 Q Fixed Resistor

13.1  Differential Surge Test Results

Source Impedance: 2Q
Repetition Rate: 1/30 s
No. of surge strike per location: 10 strikes

. . e Injection Injection Test Result
DR EL ST P s LoJcation PhJase (°) (Pass/Fail)
(VAC)

2000 120 LtoN 0 Pass

-2000 120 LtoN 0 Pass

2000 120 LtoN 90 Pass

-2000 120 LtoN 90 Pass

2000 120 LtoN 270 Pass

-2000 120 LtoN 270 Pass

File ‘erical Timebase Trigger Display Cursors heasure Math  Analysis  Utilities Help

. i TN o
B T e PP e e e W 11

zd| UU L* [

e e
zt \ i

FAVAV N
)
Measure P1max(C1) PZmax(C4) P3:max(C3) P4:max(C2) PapkpkiC4) PB freq(C2)
value 454 512Y
status
200m
-200 i div} 10.0 M5 C

TELEDYNE LECROY TIG2020 Q0640 AM

Figure 113 — 120 VAC 60 Hz, 2 kV Differential Surge L-N.
Injection Phase: 909°.
Upper: Voram, 200 V / div.
Lower: Viy, 200 V / div., 20 ms / div.
Vbs = 494 V.
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13.2  Ring Wave Surge Test Results

Source Impedance: 12Q
Repetition Rate: 1/30 s
No. of surge strike per location: 10 strikes

. . T Injection | Injection Test Result
PSRN IEL ST LR Lo]cation PhJase (°) (Pass/Fail)
(VAC)

2500 230 LtoN 0 Pass

-2500 230 LtoN 0 Pass

2500 230 LtoN 90 Pass

-2500 230 LtoN 90 Pass

2500 230 LtoN 270 Pass

-2500 230 LtoN 270 Pass

ile  Werical Timebase Trigger Display Cursors hleasure Math  Analysis  Utilities Help

I i B *"\un B e DO o W s hUnl.l'AUWWW “‘W I
zl - J‘V
Y
Measure P1max(C1) PZmax(C4) P3:max(C3) P4:max(C2) PapkpkiC4) PB freq(C2)
value M3V HEY
status L L

TELDVNE LECROY
Figure 114 — 120 VAC 60 Hz, 2.5kV Ring Wave L-N.
Injection Phase: 909°.

Upper: Voram, 200 V / div.

Lower: Viy, 200 V / div., 20 ms / div.
Vbs = 416 V.

imebase i

TIE2020 9:11:20 Adt
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14 ESD

Unit was subjected to £8 kV, £12 kV and +15 kV ESD air discharge test. An LED indicator
connected across the resistor load was used to observe the output behavior during to ESD.
A test failure was defined as a non-recoverable interruption of output requiring repair or

recycling of input voltage.

Note: Output Load set at max load (20 V / 3 A) using a 6.67 Q Fixed Resistor

14.1  ESD Discharge at the End of the Output Cable

No. Vc.:-l‘:::je Sl\:::i.k:'; Discharge Location Remarks Pass / Fail
1 +8 10 + Output Terminal End of cable No Damage / No AR Pass
2 10 - Qutput Terminal End of cable No Damage / No AR Pass
1 8 10 + Qutput Terminal End of cable No Damage / No AR Pass
2 10 - OQutput Terminal End of cable No Damage / No AR Pass
1 +12 10 + Qutput Terminal End of cable No Damage / No AR Pass
2 10 - Qutput Terminal End of cable No Damage / No AR Pass
1 12 10 + Qutput Terminal End of cable No Damage / No AR Pass
2 10 - Output Terminal End of cable No Damage / No AR Pass
1 +15 10 + Qutput Terminal End of cable No Damage / No AR Pass
2 10 - Output Terminal End of cable No Damage / No AR Pass
1 15 10 + Qutput Terminal End of cable No Damage / No AR Pass
2 10 - Output Terminal End of cable No Damage / No AR Pass
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15 Brown-Out / Brown-Out Recovery Test

No abnormal overheating or voltage overshoot/undershoot was observed during and
after 0.5 V / s. The unit works normally after the brown-out test.

Brown-in sEVOUT - 20, ==
WIN = 150 DY S Feabn = 05 % 1

Brown.in sEVOUT - 20V, _—
VIR = U - T, S Feabn = 054

ourputVakage

Ingar Vakage:

Figure 115 — Brown-Out at Vour = 20 V. Figure 116 — Brown-in at Vour = 20 V.
Vin=132V-0V, SlewRate =0.5V/s. Vin=0V-132V, Slew Rate = 0.5V /s.
CH1(Blue): Vi, 100 V / div., 50 s / div. CH1(Blue): Vi, 100 V / div., 50 s / div.
CH2(Pink): Iout, 5 A/ div. CH2(Pink): Iout, 5 A/ div.
CH3(Purple): Vour, 2 V / div. CH3(Purple): Vour, 2 V / div.

Browm Dt AL YDUT = 5 Fam2 Mern 8 trenn Lrin fige
VK= 1120 -0, v R - L5V I =

FputVoitge

nmn Nerwazh Sarcr wrwan Paruzcr merwazi e tzeer

Figure 117 — Brown-Out at Vour = 5 V. Figure 118 — Brown-in at Vour = 5 V.
Vin=132V -0V, Slew Rate = 0.5V / s. Vin=0V-132V, Slew Rate = 0.5V / s.
CH1(Blue): Vi, 100 V / div., 50 s / div. CH1(Blue): Vi, 100 V / div, 50 s / div.
CH2(Pink): Iout, 5 A/ div. CH2(Pink): Iout, 5 A/ div.
CH3(Purple): Vour, 2 V / div. CH3(Purple): Vour, 2 V / div.

Power Integrations, Inc.

_p Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 88 of 90



DER-917 60 W Isolated Flyback using InnoSwitch3-CP 16-Sep-20
16 Revision History
Date Author Revision Description and Changes Reviewed
16-Sep-20 MGM 1.0 Initial release Apps & Mktg
20-Jul-22 KM MGM Added Supplier for T1 Apps & Mktg
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