oower

integrations”

Reference Design Report for a 42 W Dual
Port Isolated Flyback Power Supply with
Title 30 W USB PD 3.0 and 12 W USB-A Port
Using InnoSwitch™ 3-Pro PowiGaN™
INN3379C-H302

Input: 90 VAC — 265 VAC

USB Type-C Output: 5V/3A,9V/3A 12V/
25A,15V/2A,20V/ 1.5A,

USB Type-A Output: 5V /2.4 A

Specification

Application | Wall Outlet, Power Strip and Surge Protectors

Author Applications Engineering Department
Document RDR-848

Number

Date November 17, 2021

Revision 1.4

Summary and Features
Dual USB charging ports

USB Type-C receptacle with USB PD 3.0
USB Type-A receptacle for standard USB charging
PowiGaN based InnoSwitch3-Pro
Highly integrated switcher IC with integrated high-voltage MOSFET, synchronous rectification and
FluxLink™ feedback
PowiGaN enables compact, heat sink-less design
Digitally controllable CV/CC via I°C interface enables the use of cost effective 8 pin PD controller IC
Low component count (73 pcs)
Up to 50 °C ambient temperature operation
Meets DOE6 efficiency requirement
<75 mW System no-load input power
Integrated protection and reliability features
Output short-circuit protection for both USB ports
OVP, OCP and OTP protection

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



DER-848 42 W Isolated Flyback using InnoSwitch3-Pro 17-Nov-21

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
Page 2 of 112

_p Power Integrations, Inc.
WWW.power.com


https://www.power.com/company/intellectual-property-licensing/
https://www.power.com/company/intellectual-property-licensing/

DER-848 42 W Isolated Flyback using InnoSwitch3-Pro 17-Nov-21

Table of Contents

N 1 o T oo PSPPI 6
2 Power Supply SpecifiCation .........coieeuiiiiiiii i 10
G T Yo 1= 0 = | o o PP 11
3.1  Main Board SChematiC........ccuvuuiiiiiiiiiiiiicirrren s rrn e e eenns 11
3.2 Daughter Board SChematiC.........ccuiiiiiiiiiiii e 12

L S [0l 8 1 B 7= 0] [ o T 13
4.1  Input EMI Filter and ReCHfier......cciiiuiiiiiiiiiciie e 13
4.2  InnoSwitch3-Pro Primary-Side Control BlOCK.........coovevuiiiiriiiiciiiireenc e ceeenn 13
4.3  InnoSwitch3-Pro Secondary-Side Control BIOCK.........cccovvveuiiierninieeneieeneceennnn, 14
4.4 DC/DC Converter for USB Type-A Output Receptacle .......cccoevevviviivniniiinnnnennn. 15

S = @ = 3 I Vo 1 | P 16
TR R = 1 T =T = o PP 16
5.2 Daughter Board.......cccooiiuiiiiiiiiiics e e 17
5.3 Main Board BOM......c.coiiiuiiiiiiiiiciii s s s s s s e s s e ra s s snn s ean s nn e e e eee 18
5.4  Daughter Board BOM........coiciuiiiiiiiiiicic e s s s eaa s sa s e e s e ena e 21

6 Power Transformer Specification (T1)....cccoiiiiiiiiiiiiiiii e 22
(G T A = (o u g Tor= | I D =T [ =1 o P 22
6.2  Electrical SpecifiCations .......ccuuiiiiiiiiiiiie e 22
6.3  Material LISt ....cvvuuiiiiiiiiii e e ee 22
6.4  Transformer Build Diagram .........ccceiveiiiiiiiniicrisr e s e 23
6.5  Winding THUSEratioNS .....covuiiiii e 24

7  Transformer (T1) Spreadsheet .......ccoviiieiiiiiiiiie e 31
8 Common Mode Choke Specification (L1) ......coiveruiiiernnieiriiersnssersesesssseeneseenneees 34
8.1  Electrical Diagram ......ciccuueiiiiiiiiiie e s s s s s ers s e ra s e e s s eae e e ra e s ena e e aee 34
8.2  Electrical SpecifiCations ..........oiiiruiiiiirii e 34

S G N 1= 1 =T o = | ) PP 34
8.4  Inductor Build Diagram .......cceiiiiuiiiiiiii i ers s era e sea s e e e en 34
£S5 TN 1 o (8T o] g @o] 0 =t u ot u [ o I PP 34

9 Common Mode Choke Specification (L2) ......coiveruiiiiiiiniiiiii e erie s erne e ene s ena e 35
10 R = (=oiu g (o= | B D= o = o [ PPNt 35
9.2  Electrical SpecifiCations ..........oiiiiuiiiiiriiiccri e 35
0.3 Material LISt ..cvvuuiiiiieiiie i 35
9.4  Inductor Build Diagram .......ccceiiiiuiiiiiiiiieiiis s s era s e s ea e en 36
1285 TN 1 o (8T o] g @o] 0 = u H ot u [ o I PP 36
10 Performance Data.......ccuuiiiiiiiiiiierii e e 37
10.1 System Full Load EffiCIENCY .uuuviiiriiiiiiii it er e e e 37
10.2 Main Flyback Full Load Efficiency w/o DC-DC Converter .........cccevvernnreennnreennn 38
10.3 Average System EffiCIeNCY...c.viiiiiiiiiiiicii s 39
10.4 System Efficiency VS. LOAd .....cocevuiiiiiiiiieric e er s erss s rrn s e s e enns 39
10.4.1  VIN = 115 VAC 60 HzZ...oovveiiieeeree et eeerrs s erne s nn e e e 39
10.4.2  VIN = 230 VAC 50 HzZ. o oevviiiiiieeiiee e srrns s s n s s s s e 40
10.5 NO-LOAd INPUL POWET .....uiiieiiieeei e s s er e e s e ra e e s n s e nn s e nn e e enaas 41
10.6 Output Voltage Regulation at Full Load .........c.covvivriiiiiiiiiiiiie e eeenn e 42

_p Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 3 0of 112



DER-848 42 W Isolated Flyback using InnoSwitch3-Pro 17-Nov-21

10.6.1 USB Type-C Receptacle Output Voltage Regulation .......c...cccvvivveennnieennnnn. 42
10.6.2 USB Type-A Receptacle Output Voltage Regulation .......ccccccevvivreennieennnnn. 43
10.7 Cross Regulation at Viysa-c = 5V cuiiiiiiiiiiiei st 44
10.7.1  VIN = 90 VAC 60 HzZ....ceevvieiieeeriiee et rre s s s s e nna e e ennaan 44
10.7.2  VIN=265VAC 50 HZ..coorriiiiiiiiiiie et rnn s 46
10.8 Cross Regulation at Viysg-c = 20 V eeeiieiiii it r e 48
10.8.1  VIN="90 VAC ...ttt s s e a s s s s s s e raae e s s e e naa e e e e ennnan 48
10.8.2  VIN = 265 VAC .. ciiiii ittt sras s s e ra s s s raa s s s s ann s s s ennnns 50
10.9 Output Ripple VOIAgE ......iceveiieere e er e e rn e enaas 52
10.9.1 USB-C Receptacle Output Ripple Voltage .........ccevvirriiiiiriiieriereenen e, 52
10.9.2 USB-A Receptacle Ripple VOItage .......cuueiiivniiiiiiiiiiiricc it 57
10.10 Transient Load Response Test Data.......ccocevviierniiierninieesnssesnsseensseennnseenns 61
10.10.1  USB Type-C Transient Load Response at Vysg-c = 20 V.cuuvvvniiiviiinniennnn. 61
10.10.2  USB Type-C Transient Load Response at Viysg-c = 5 V.rrerieviiireininieennnnn, 61
10.10.3  USB Type-A Transient Load Response at Vysg-c = 20 V.ouuivvniiivniiinniennnn. 62
10.10.4  USB Type-A Transient Load Response at Viysg-c = 20 V.uovvvnivrevnnereennnnn. 62
10.11  Overcurrent ProteCtion.......coiveeesiiiiiinierin s s s s s e eans 63
11 Thermal PerfOrmanCe... ..o e e 64
11.1 Thermal Scan at 25 9C AMDIeNt.........cceuriiiiiiiiiii e 64
11.2 Thermal SCan SUMMAIY .....cuuuiiiiiiiiiiiee s s s s rr s er s ra e e eaaneeeaas 64
11.2.1 90 VAC Input USB-C: 20V / 1.5A, USB-A: 5V /24 A ...crriiiiiiriieereeen, 65
11.2.2 265 VACInput USB-C: 20V / 1.5A, USB-A: 5V /24 A ..iiiiiiiiieeneees 67
11.2.3 90 VACInput USB-C: 9V /3 A, USB-A: 5V /24 A..iiiiiiiiiieeneeeens 69
11.2.4 265 VACInput USB-C: 9V /3 A, USB-A: 5V /2.4 A..iiiiiiiiniieeeeenn, 71
11.3 Thermal Performance at 50 °C Chamber Ambient Temperature...........ccceeeeuee. 73

11.3.1 Component Thermal Profile at USB-C: 20V / 1.5 A, USB-A: 5V /2.4 A....74
11.3.2 Component Thermal Profile at USB-C: 12V / 2.5A, USB-A: 5V /2.4 A....76

11.3.3 Component Thermal Profile at USB-C: 9V /3 A, USB-A: 5V /2.4 A ........ 78
11.3.4 OTP Testat USB-C: 20V / 1.5 A, USB-A: 5V /2.4 A...cceveriiiiiieeiieeeennnn, 80
12 L AV 0] L PP SRR 82
12.1 Start-up Profile at USB-C 5V / 3 Aottt er e ra e 82
12.2 USB-C Transient Voltage Step Change (5V-9V-12V-15V-20V)............ 82
12.3 USB-C Transient Voltage Step Change (5V - 20 V) ..ooevveiiiiiiiieiiiiiceceeeeneeeenan, 83
12.4 Transient Load RESPONSE ......uviiiruiiiiiiiiiiii et er s e e s s era s e nn e e naae e enas 84
12.4.1 USB Type-C Transient Load at Vysgc = 5V oo, 84
12.4.2 USB Type-C Transient Load at Viysg-c = 20 V reeveiiiiiiiiiicccrecreevne e 85
12.4.3 USB Type-A Transient Load at Viysg-c = 5V eueiiiiiiiiiiiiiiinereeeiveneeies 86
12.4.4 USB Type-A Transient Load at Vysgc = 20 V cevuiiniiiiiiiiiiccee e, 87
12.5 Output Ripple VOIAGE .....iviviiiiiieieere e 88
12.5.1 Output Ripple Voltage at Vysgc=5V /3 A, Vusga=5V /24 A.............. 88
12.5.2 Output Ripple Voltage at Vyssc =9V /3 A, Vysga=5V /24 A............... 89
12.5.3 Output Ripple Voltage at Vysgc= 12V /2.5A, Vyssa=5V /24 A.......... 89
12.5.4 Output Ripple Voltage at Vysgc =20V / 1.5A, Vysga=5V /24 A.......... 90
1 O 10 01U | Y o T i el O ol U P 90

_p Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 4 of 112



DER-848 42 W Isolated Flyback using InnoSwitch3-Pro 17-Nov-21

12.6.1 USB-C Output Short-Circuit at Vysgc =5V, Full Load .......ccoovvvvriniinnnnnnn. 90
12.6.2 USB-C Output Short-Circuit at Vysg-c = 20 V, Full Load........ccccoovvvnvrinnnnnns 91
12.6.3 Start-up with USB-C Output Shorted ........cccoovviiviiiiii e, 91
12.6.4 Start-up with USB-A Output Shorted ..o 92
12.6.5 USB-A Full Load Short @t VUs-c = 5 V euieiiiiiiiiiiiiiciniicinen e sssnnsnnss 92
12.6.6 USB-A Full Load Short at Vysg-c = 20V o s 93
12.7 Drain Voltage and Current Waveforms at Vysg-c = 20 V coevniiiniiiiiiiiiiiiccceceee, 93
12.8 Drain Voltage and Current Waveforms at Vysg-c =5V euroviiiiiiiiiiiiiieineneceneeeee, 94
12.9 SR FET Drain VORAge......cieeeuiiieriiieeri s sere s ers s ers s erns e enn s s snn s nn s enn s eennas 95
13 (@00 Lo 18 ot =Ta I = | PP 97
G 0 N 1S Y < U o PP 97
13.2 Equipment and Load USed...........ceiierniiiieiiiirniiierssserss s esn s snn s s e e enns 97
13.3 Conducted EMI at Vysg-c = 20 V Full Load with Output Floating...........cc.uuvveeee. 98
13.4 Conducted EMI at Vysgc = 12 V Full Load with Output Floating...........c......... 100
13.5 Conducted EMI at Vysg-c = 5 V Full Load with Output Floating ............cevvunnees 102
13.6 Conducted EMI at Vysg-c = 20 V Full Load, Earth Grounded ..........ccoovvvveennnnes 104
14 Line IMMUNILY ©.eeeiiei e s s e r s e e e rne s e nn s ennaaes 106
14.1 Differential Surge Test RESUILS........ccvuiiiirriiiiiriir e e 106
14.2 Ring Wave Surge Test RESUILS .......ccivuiiiiiiiiiiiiii i er e 107
15 ) I PP 108
15.1 ESD Discharge at the End of the Qutput Cable ..........cccovviviiiiiiiicii s 108
15.2 ESD Discharge at the End of the PCB (Output Receptacle) ......cccoevvvvieennnnnnns 109
16 Brown-Out / Brown-Out Recovery TeSt......cviiiiiiiiiiiiiiriec e 110
16.1 Brown-Out Test at Vysgc =5 V,Vusga=5V Full Load .....coooveiiiiiiiiiiecieeenn 110
16.2 Brown-Out Recovery Test at Vysg-c = 20 V, Vyssa = 5V Full Load ................. 110
17 Y71y o] g T 11 e YR 111

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.

_p Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 50f 112



DER-848 42 W Isolated Flyback using InnoSwitch3-Pro 17-Nov-21

1 Introduction

This engineering report describes a 42 W dual USB port switching power supply for wall
outlet and power strip pad application. The main power supply is an isolated flyback
controlled by InnoSwitcw3-Pro. It is designed to deliver 30 W USB PD 3.0 (USB Type-C)
and at the same time, provide DC input supply for 5V / 2.4 A output (USB Type-A)
DC/DC converter.

The DER board is designed to operate at input voltage range from 90 VAC to 265 VAC.

InnoSwitch3-Pro is a highly integrated digitally controllable quasi-resonant flyback
switcher IC designed for high efficiency USB PD 3.0 application. It integrates a high-
voltage switch, primary and secondary side control and fluxLink feedback which simplifies
the development of fully programmable, highly efficient power supplies, particularly those
in compact enclosures. InnoSwitch3-Pro has built-in 3.3 V linear regulator that provides a
bias supply for the microprocessor in stand-alone implementations. The IC uses the
universal I°C interface that enables dynamic control of output voltage and current along
with many configurable features.

DER-848 offers low component count and heat sink-less design for compact enclosure
applications. The key design goals were high efficiency and compact design.

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

Power Integrations, Inc.

_p Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 6 of 112



DER-848 42 W Isolated Flyback using InnoSwitch3-Pro 17-Nov-21

Figure 1 — Populated Circuit Board.
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Figure 3 — Populated Circuit Board, Bottom View.
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Figure 5 — Populated Daughter 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 90 265 VAC 2 Wire — no P.E.
Frequency fune 50 50/60 60 Hz
No-load Input Power 75 mwW 115 VAC and 230 VAC.
USB-C Output
USB-C Output Voltage Vo-usBc 20 \Y Output Voltage measured
Output Current Io-usec 1.5 A the end of the PCB
Output Power Po.-usec 30 w
Output Ripple VRr-usec 200 mvV Ripple measured with 100mQ cable
Full Load Efficiency with USB-A nNr 88 % 115 VAC to 230 VAC.
Average Efficiency with USB-A Nave 87 % DOE®6 Limit (84.13%)
USB-C Output
Output Voltage Vo-usBc 15 \Y Output Voltage measured at
Output Current Io-usec 2.0 A the end of the PCB
Output Power Po-usBc 30 W
Output Ripple VR-usBc 200 mV Ripple measured with 100mQ cable
Full Load Efficiency with USB-A nNeL 88 % 115 VAC to 230 VAC.
Average Efficiency with USB-A Nave 88 % DOEG6 Limit (84.13%)
USB-C Output
Output Voltage Vo-usBc 12 Vv Output Voltage measured at
Output Current Io-usec 2.5 A the end of the PCB
Output Power Po-usec 30 W
Output Ripple VR-usBc 200 mV Ripple measured with 100mQ cable
Full Load Efficiency with USB-A e 88 % 115 VAC to 230 VAC.
Average Efficiency with USB-A NAVE 89 % DOEG6 Limit (84.13%)
USB-C Output
Output Voltage Vo-ussc 9 Y Output Voltage measured at
Output Current Io-usec 3 A the end of the PCB
Output Power Po-usec 27 w
Output Ripple VR-usBc 200 mV Ripple measured with 100mQ cable
Full Load Efficiency with USB-A nNeL 88 % 115 VAC to 230 VAC.
Average Efficiency with USB-A NAVE 89 % DOE6 Limit (83.58%)
USB-C Output
Output Voltage Vo-ussc 5 Y Output Voltage measured at PCB
Output Current Io-usec 3 A
Output Power Po-usec 15 w
Output Ripple VR-usBc 200 mV Ripple measured with 100mQ cable
Full Load Efficiency with USB-A Nr 86 % 115 VAC to 230 VAC.
Average Efficiency with USB-A NAVE 88 % DOEG6 Limit (80.82%)
USB-A Output
Output Voltage Vo.-usea 5 Y Output Voltage measured at
Output Current Io-usea 2.4 A the end of the PCB
Output Power Po-usea 12 w
Output Ripple VR-usBa 100 mV Ripple measured with 100mQ cable
Full Load Efficiency NrL 90 % DC-DC Stand Alone
Environmental
Conducted EMI CISPR22B / EN550228 Output Floating or Grounded
ESD Immunity +Vesp 15 kv No Damage.
Combination Wave Surge Vsuree No Damage.
Ring Wave Surge Vsuree 2.5 kV No Damage.

Safety

IEC950 / UL1950 Class II

Designed to Meet.
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3 Schematic

3.1 Main Board Schematic

The circuit incorporates the main flyback circuit using INN3379C-H302 and the PD
controller.
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Figure 6 — Main Board Schematic.

Note: VIA Labs Device (U3) in this design is not recommended for new designs.
Alternatives are available from INJOINIC TECHNOLOGY (IP2726).
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3.2

Daughter Board Schematic
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Figure 7 — Daughter Board Schematic.
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4  Circuit Description

The flyback circuit is controlled by InnoSwitch3-Pro IC. The controller IC incorporates the
primary and secondary side controller circuit along with a high-voltage power MOSFET in
one single package.

4.1 Input EMI Filter and Rectifier

The input fuse (F1) provides safety protection from component failures. The AC input
voltage is full wave rectified by the bridge rectifier (BR1) and then filtered by the bulk
capacitor (C1). This provides a smooth DC input voltage supply to the flyback circuit.
Capacitor C1, CX1, L1 and L2 provide common mode and differential mode noise filtering
generated during switching actions. A low ESR electrolytic capacitor is recommended for
the bulk capacitor (C1) for better differential mode noise filtering on first band frequency.
Y capacitor (CY1) diverts common mode noise back to the primary where the EMI input
filter is located. Thermistor (RT1) limits the inrush current when AC line is connected.

4.2 InnoSwitch3-Pro Primary-Side Control Block

The power transformer is designed for flyback topology power conversion. The start
winding terminal (pin 3) of the transformer primary is connected to the DRAIN pin of the
power MOSFET inside the InnoSwitch3-Pro while the finish terminal (pin 1) of the
primary winding is connected to the positive terminal of the bulk capacitor (C1). RCD
primary snubber (C5, R3, R4, R5 and D1) limits the primary DRAIN (D) to SOURCE (S)
pin voltage spike caused by the transformer leakage inductance. The RCD clamp values
should be optimized to achieve better efficiency and standby power.

The InnoSwitch3-Pro uses an internal high-voltage current source to charge the
PRIMARY BYPASS BPP pin decoupling capacitor (C6) when AC is first applied. The BPP
pin capacitor (C6) value also allows the user to program the current limit (ILIM) setting
through the selection of capacitance value (0.47 uF and 4.7 pF for setting standard and
increased ILIM settings respectively). In this design, 4.7 pF (increased ILIM) was
selected for a more optimized constant current operation at low output voltage. 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 diode D2 and filtered by
the bias capacitor (C4). A linear regulator formed by resistor R6, R7,Q1 and ZD1 is
needed to control the current being supplied to the PRIMARY BYPASS pin of the
InnoSwitch3-Pro IC (U1) all throughout the output voltage range from 5 V to 20 V. Zener
diode ZD2 and R8 provide latching drive current to the PRIMARY BYPASS pin in the event
of output overvoltage. RC snubber network formed by C8 and R16 limit high frequency
ringing across D2 that would otherwise radiate EMI noise.

The V pin is shorted to ground disabling the input under voltage and overvoltage
functionality. This implementation reduces component count and prevents output power
interruption during input voltage surge events.

Power Integrations, Inc.
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4.3 InnoSwitch3-Pro Secondary-Side Control Block

The secondary start terminal (FL1) of the transformer (T1) is connected to the positive
terminal of output capacitor C12 and C13 while the finished terminal is connected to the
DRAIN pin of the SRFET (Q2). The secondary winding voltage is rectified by the SRFET
(Q2) in a quasi-resonant switching and filtered by the output capacitors C12 and C13.
High leakage voltage spike across SRFET drain to source during off time is reduced
through RC snubber, R11, R22 and C11.

The secondary-side block of the IC is powered from either the secondary winding
forward voltage (FW) or the output voltage (VO). Capacitor C14, connected to
SECONDARY BYPASS pin of InnoSwitch3-Pro IC (U1) serve as bypass capacitor for the
4.4V internal regulator. During CC operation, when the output voltage falls, the device
will power itself from the secondary winding. During the on-time of the primary-side
power switch, the forward voltage the secondary winding is use to charge the
SECONDARY BYPASS pin decoupling capacitor C14 via FORWARD pin resistor R12 and an
internal 4.4 V regulator. This allows output current regulation to be maintained down to
the minimum auto-restart threshold set by the I°C interface. Below this level the unit
enters auto-restart until the output load is reduced. A 47 Q resistor is recommended for
FORWARD pin resistor (R12) 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 SRFET (Q2), 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 (ony Of the SR FET (Q1) 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 FET turn-off.

Output current is sensed by monitoring the voltage drop across resistor RS1 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 output
voltage is set by the I°C data pulse fed by the PD controller (U3) through SDA and SCL.
The PD controller gets its DC supply from the pVCC pin of the InnoSwitch3-Pro IC.
Capacitor C17 served as a decoupling capacitor for uVCC pin.

USB PD protocol is communicated over either CC1 or CC2 line depending on the
orientation in which the Type-C male receptacle is connected. N-channel FET Q4 serve as
a bus switch that make the USB Type-C receptacle cold socket when no device is
attached to the charger as per the USB Type-C specification. Resistor R14 and diode D3

Power Integrations, Inc.
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are needed from the Source of the FET to the gate for providing a voltage discharge path
when the bus switch is opened. Capacitor C27 limits high frequency noise and voltage
spike caused by ESD.

4.4 DC/DC Converter for USB Type-A Output Receptacle

For compact design, the DC-DC converter circuit is mounted on a daughter board. The
DC input terminal is connected directly across the output capacitor C12 and C13. The DC
input supply voltage level is dictated by the USB-C output voltage which is from 5 V to 20
V.

The circuit topology is a bi-directional synchronous buck-boost using SC8903QDHR from
Southchip Semiconductor. It can deliver 12 W (5 V 2.4 A) from a wide DC input range
from 5V to 20 V. The topology is simple with few component counts and it only needs
positive and negative Vbus supply from the main flyback to operate. Please check
SC8903QDHR data sheet for more details on the circuit operation and design
recommendations.

Power Integrations, Inc.
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5 PCB Layout

5.1 Main Board

|__Woc 4w

B

Figure 9 — Bottom Side.

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

_p Power Integrations, Inc.
WWW.power.com Page 16 of 112



DER-848 42 W Isolated Flyback using InnoSwitch3-Pro 17-Nov-21

5.2 Daughter Board

91 o 8
] 1 1¢
l : U4 5-_'.7.__ ‘[ ;—-4--' E L i

POWST _ RD-848 DB
Integrations™ Rey B 1037

[3.8]

Figure 11 — Bottom Side.
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Bill of Materials
5.3 Main Board BOM
Item Qty | Ref Des Description Mfg Part Number Mfg
1 1 BR1 600 V, 2 A, Bridge Rectifier, SMD, DFS DF206ST-G Comchip
2 1 C1 68 uF, 400 V, Aluminum Electrolytic 400BXW68MEFR16X25 Rubycon
3 1 C4 10 pF, 10%, 35V, Ceramic, X7R, -55°C CL31B106KLHNNNE Samsung
4 1 C5 1 nF, 1000 V, Ceramic, X7R, 1206 CC1206KKX7RCBB102 Yageo
5 2 C6 C15 4.7 uF £10%, 25 V, X7R, 0805 TMK212AB7475KG-T Taiyo Yuden
6 1 C8 220 pF, 250 V, Ceramic, COG, 0603 C1608C0G2E221] TDK
7 1 Cii 1000 pF, £10%, 100 V, Ceramic, X7R, 0603 C0603C102K1RACTU Kemet
8 2 C12 C13 | 390 pF, 25V, Al Organic Polymer, Gen. Purp APSG250ELL391MIB5S United Chemi-Con
9 1 Cl4 2.2 YF,£10%, 25 V, Ceramic, X7R, 0603 GRM188Z271E225KE43D Murata
10 1 C17 2.2 uF, 25V, Ceramic, X7R, 0805 C2012X7R1E225M TDK
11 1 C27 1 pF, £10%,35 V, Ceramic, X7R, AEC-Q200 CGA3E1X7R1V105K080AC TDK
12 2 C28 C29 | 560 pF, 50V, Ceramic, X7R, 0603 CL10B561KB8NNNC Samsung
13 1 C49 0.1 pF, £5%, 16 V, X7R, 0805 C0805C104J4RACTU Kemet
14 1 CX1 330 nF, £10%, 275 VAC, Polypropylene Film 890324024003CS Wurth
15 1 CY1 1 nF, 500 VAC, Ceramic, Y1 VY1102M35Y5UG63V0 Vishay
16 2 D1 D2 1 kV, 1 A, Standard Recovery, SMA S1ML TAIWAN SEMI
17 1 D3 100 V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV19WS-7-F Diodes, Inc.
18 4 | DO gg D8 | DIODE, ZENER, 24 V, 200 mW, SC-90 DZ23240MOL Panasonic
19 1 F1 3.15 A, 250V, Slow, RST 507-1181 Belfuse
. 30-00469-00 Power Integrations
20 1 L1 CMC, 550 yH @ 100 kHz, Toroidal TSD-4547 Premier Ma?gnetics
. 32-00389-00 Power Integrations
21 1 L2 20 mH, Toroidal CMC, custom SD-4t46 Dremor Mfgnetics
22 1 Q1 NPN, Small Signal BJT, 80 V, 0.5 A, SOT-23 MMBTAOQ6LT1G On Semi
23 1 Q2 MOSFET, N-CH, 100 V, 48 A (Tc), 113.5 W AON6220 Alpha & Omega Semi
24 1 Q4 MOSFET, N-CH, 30 V, 23 A (Ta), 3.1 W (Ta) AO4354 Alpha & Omega Semi
25 1 R3 RES, 470 kQ, 5%, 1/4 W, 1206 ERJ-8GEYJ474V Panasonic
26 2 R4 R5 RES, 20 Q, 5%, 1/4 W, 1206 ERJ-8GEYJ200V Panasonic
27 1 R6 RES, 100 kQ, 1%, 1/16 W, 0603 ERJ-3EKF1003V Panasonic
28 1 R7 RES, 3 kQ, 5%, 1/10 W, 0603 ERJ-3GEYJ302V Panasonic
29 2 R8 R12 RES, 47 Q, 5%, 1/10 W, 0603 ERJ-3GEYJ470V Panasonic
30 1 R11 RES, 20 Q, 5%, 1/8 W, 0805 ERJ-6GEYJ200V Panasonic
31 1 R13 RES, 487 kQ, 1%, 1/16 W,0603 ERJ-3EKF4873V Panasonic
32 1 R14 RES, 100 Q, 1%, 1/16 W, 0603 ERJ-3EKF1000V Panasonic
33 1 R15 RES, 10 Q, 1%, 1/16 W, 0603 ERJ-3EKF10R0V Panasonic
34 1 R16 RES, 10 Q, 5%, 1/8 W, 0805 ERJ-6GEYJ100V Panasonic
35 2 R20 R21 | RES, 22 Q, 1%, 1/10 W,0402 ERJ-2RKF22R0X Panasonic
36 1 R22 RES, 12 Q, 5%, 1/4 W,1206 ERJ-8GEYJ]120 V Panasonic
37 1 RS1 RES, 0.009 Q, £1%, 0.5 W, 0805 CRF0805-FZ-RO09ELF Bourns
38 1 RT1 NTC Thermistor, 2.5 Q, 3 A SLO8 2R503 Ametherm
39 1 RT2 NTC Thermistor, 100 kQ, 3%, 0603 NCP18WF104E03RB Murata
40 1 T1 Bobbin, RM8, Vertical, 6 pins (4+2) SX-813-1 Shenzhep Sanxiangyuan
Transformer POL-INN044 Premier Magnetics
41 1 Ul InnoSwitchPro, InNSOP24D INN3379C-H302 Power Integrations
M 1 U3 IC, USB PD Type-C Controller for SMPS, DFN- VP302 . \_/IA Labs
8 1P2726 Injoinic Technology
43 1 ZD1 10V, 5%, 150 mW, SSMINI-2 DZ2S5100MOL Panasonic
DIODE, ZENER, 47 V, 200 mW, £2%, )
44 1 ZD2 SOD323F MM3Z47VB ON Semi

5
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Note: VIA Labs Device (U3) in this design is not recommended for new designs.
Alternatives are available from INJOINIC TECHNOLOGY (IP2726).

_p Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Miscellaneous Parts
Item | Qty | Ref Des Description Mfg Part Number Mfg
1 1 J4 CONN, USB TYPE A 2.0, VERT, FMALE, PCB 4 POS S5S-52100-002 Stewart Connector
2 1 J5 Connector, USB - C, USB 3.1, 10 pin, Through Hole | DX075024WJ3R400 JAE Electronics

5

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

WWW.power.com

Page 20 of 112



DER-848 42 W Isolated Flyback using InnoSwitch3-Pro 17-Nov-21
5.4 Daughter Board BOM
Item | Qty | Ref Des Description Mfg Part Number Mfg
1 2 C52 C56 | 22 nF 50 V, Ceramic, X7R, 0603 C1608X7R1H223K TDK
2 2 C53 C54 | 100 nF, +£10%, 50 V, Ceramic, X7R, 0603 | GCM188R71H104KA57] Murata
3 1 C58 1 uF, £10%,35 V, Ceramic, X7R, 0603 CGA3E1X7R1V105K080AC TDK
4 1 C60 270 pF, 6.3 V, Electrolytic,(5 x 9) RNE0J271MDS1 Nichicon
5 1 C61 1 uF, £20%, 16 V, Ceramic, X7R C0603X105M4RAC7867 Kemet
6 1 C66 10 pF, 10%, 35V, Ceramic, X7R 1206 CL31B106KLHNNNE Samsung
7 1 L3 6.8 puH, Shielded, Molded, Inductor, 8.5 A 104CDMCCDS-6R8MC Sumida America
8 1 R59 RES, 41.2 kQ, 1%, 1/16 W 0603 ERJ-3EKF4122V Panasonic
9 1 R60 RES, 10 kQ, 1%, 1/16 W, 0603 ERJ-3EKF1002V Panasonic
10 2 R62 R70 | RES, 100 kQ, 1%, 1/16 W, 0603 ERJ-3EKF1003V Panasonic
11 1 R63 RES, 30.9 kQ, 1%, 1/16 W, 0603 ERJ-3EKF3092V Panasonic
12 1 R64 RES, 0.01 Q, 0.4 W, 1%, 0805 PFO805FRM7WOR01L Yageo
13 2 R65 R66 | RES, 2.00 Q, 1%, 1/16 W, , 0603 RCO603FR-072RL Panasonic
14 1 R68 RES, 200 kQ, 5%, 1/10 W, 0402 ERJ-2GEJ204X Panasonic
15 1 U4 IC, REG, High Efficiency, Synchronous, SC8903QDHR Southchip Semi
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6 Power Transformer Specification (T1)

- FLA
WD4: Secondary 1 |
ST-2X#24AWG | W
TIW
5T -2 X #24 AWG
FL2
WD1: 1st Primary
20T-2 X #28 AWG ° 1
3 WD5: Shield 2
3 10T -4 X #35 AWG
®
NC

6.1 FElectrical Diagram

1

WD6: 2nd Primary
20T-2 X # 28 AWG

WD2: Bias
10T - #32 AWG
6 ° #26AWG_ bus wire
WD3: Shield1 |
11T -2 X # 32 AWG |
NC

Figure 12 — Transformer Electrical Diagram.

6.2 FElectrical Specifications

Parameter Condition Spec.
Nominal Primary Measured at 1-10 Vppk, 100 kHz switching frequency, between 373 uH
Inductance pin 1 and pin 3, with all other windings open. H
Tolerance Tolerance of Primary Inductance. 7%

Short all bias windings and secondary windings. Measured at
Leakage Inductance 1 Vpr.pk, 100 kHz switching frequency, across pin 1 and pin 3. <7 A

6.3 Material List

Item Description

[1] Core: RM8 PC95 or Equivalent.

[2] Bobbin, RM8, Vertical, 6 pins (4+2). Part No. : 25-01163-00.

[3] Magnet Wire: #28 AWG.

[4] Magnet Wire: #32 AWG.

[5] Magnet Wire: #35 AWG.

[6] TIW Wire: #24 AWG.

[7] Polyester Tape 8 mm.

[8] Polyester Tape 36 mm.

(91 | rmsclip.
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6.4 Transformer Build Diagram

FLA1

WD5: Shield2 10T -4 X #35 AWG |

5T-2X#24 AWG |
5T-2 X #24 AWG ‘

FL2

I’W ||||||l
V000000

|
WD4: Secondary 1 ‘

WD3:Shield1  |11T-2X#32AWG |g
WD2: Bias 10T - #32 AWG |4

WD1: 1st Primary |20T-2X#28 AWG | 3

Figure 13 — Transformer Build Diagram.
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6.5 Winding Illustrations

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.

Winding 1- 1% Primary

Use magnetic wire, Item [3].Prepare two
(bifilar) wires. Start at Pin 3 and wind 20
turns (Bifilar) evenly for 2 layers.

Set aside around 1m long wire extension
on the left side of the winding jig and cut
the wire. This remaining magnetic wire is
for Winding 6.

Insulation
Apply 1 layer of polyester tape, Item [7]
for insulation

R L T Y e

RRRLY UL T

'

3
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Winding 2 and 3 — Bias and shield 1

Use magnetic wire, Item [4] - AWG#32
for winding 2 and 3. Prepare single wire
for winding 2 and two (bifilar) wires for
winding 3. For Winding 2, start at pin 4
while for winding 3, start at pin 6.

Wind 10 turns for windings 2 and 3 evenly
together from left to right.

For winding 2, Finish the winding back to
the left on Pin 6.

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

Insulation
Apply 1 layer of polyester tape, Item [7]
for insulation

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Winding 4- Secondary Winding

Position the bobbin so that Pin 7 and 8
are facing upward. Use TIW wire Item [6]
— TIW AWG#24. Prepare 2 (Bifilar) wires
for the first layer. Secure 70 mm fly lead
(FL1) extension on the left side and wind
5 turns evenly from left to right for 1
layer. Fix the finish fly lead terminal (FL2)
on the right side of the jig and cut with
around 60mm wire extension.

Apply 1 layer of polyester tape, Item [6]
to fix the first layer of winding 4.

Prepare another 2 (Bifilar) wires for the
second layer. Secure 70 mm fly lead
(FL1) extension on the left side and wind
5 turns evenly from left to right for 1
layer. Fix the finish fly lead terminal (FL2)
on the right side of the jig and cut with
around 60mm wire extension.

Insulation
Apply 1 layer of polyester tape, Item [7]
for insulation

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Winding 5- Shield 2

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

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

Insulation
Apply 1 layer of polyester tape, Item [7]
for insulation

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Winding 5- 2" Primary

Use the remaining wires set aside from
winding 1. Start at the middle of the
bobbin and wind 20 turns evenly for 2
layers. Finish the winding on Pin 1.

I"h-““““"h' Il

Insulation
Apply 1 layer of polyester tape, Item [7]
for insulation

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

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

Apply 2 layers of polyester tape (item 7)
to fix the Secondary fly lead wire (FL1).

Core Fixing and Varnishing

Grind the center leg of the core until it
meets the desired inductance (373 uH
measured at 100kHz between pin 1 and
3). Use RM8 clip (item 9) to fix the top
and bottom cores.

Note: The terminal pins of the RM8 Clip
must be oriented on the top core facing
upward(Upside down). This is to avoid
piercing the safety insulation tape around
the core. Cut the unused RM8 Clip pins

Add Core termination as shown in the
figure and connect to Pin 6

Varnish the transformer and removed the
unused pins 2, 57 and 8

Clip terminal Pins must be
oriented here facing
upward (upside down).

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Safety Insulation Tape

Apply 2 layers polyester tape around the
transformer as shown in the figure for
reinforce safety insulation between core
and secondary components.

N Power Integrations, Inc.
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7 Transformer (T1) Spreadsheet
ACDC_InnoSwitch3-
Pro_Flyback_072619; InnoSwitch3-Pro Flyback Design
1 Rev.1.3; Copyright L LR T SRS Spreadsheet
Power Integrations 2018
2 | APPLICATION VARIABLES
3 | VAC_MIN 90 90 \ Minimum AC line voltage
4 VAC_MAX 265 \ Maximum AC input voltage
5 | VAC_RANGE UNIVERSAL AC line voltage range
6 | FLINE 60 Hz AC line voltage frequency
7 CAP_INPUT 68.0 68.0 uF Input capacitance
9 SET-POINT 1
10 | vouTi 20.00 20.00 Output voltage 1, should be the highest
output voltage required
11 | IOUT1 2.200 2.200 A Output current 1
12 | POUT1 44.00 W Output power 1
13 | EFFICIENCY1 0.90 0.90 Converter efficiency for output 1
14 | Z FACTOR1 0.50 0.50 Z-factor for output 1
16 | SET-POINT 2
17 | VOUT2 15.00 15.00 Vv Output voltage 2
18 | IOUT2 2.940 2.940 A Output current 2
19 | POUT2 44.10 W Output 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 12.00 12.00 \Y Output voltage 3
25 | IOUT3 3.670 3.670 A Output current 3
26 | POUT3 44.04 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 9.00 9.00 \ Output voltage 4
32 | IOUT4 4.500 4.500 A Output current 4
33 | POUT4 40.50 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
37 | SET-POINT 5
38 | VOUTS 5.00 5.00 Vv Output voltage 5
39 | IOUTS 5.500 5.500 A Output current 5
40 [ POUTS 27.50 W Output power 5
41 | EFFICIENCYS 0.88 0.85 Converter efficiency for output 5
42 | Z FACTORS 0.5 0.50 Z-factor for output 5
73 | VOLTAGE cpC 0.000 0.000 v I((Z)aE‘I:():IIe drop compensation desired at full
77 | PRIMARY CONTROLLER SELECTION
78 | ENCLOSURE ADAPTER ADAPTER Power supply enclosure
79 ILIMIT_MODE INCREASED INCREASED Device current limit mode
80 | VDRAIN_BREAKDOWN 750 750 \ Device breakdown voltage
81 DEVICE_GENERIC AUTO INN33X9 Device selection
82 | DEVICE_CODE INN3379C Device code
83 PDEVICE_MAX 65 W Device maximum power capability
Primary switch on-time resistance at
84 RDSON_25DEG 0.44 Q 25°C
Primary switch on-time resistance at
85 | RDSON_100DEG 0.62 Q 100°C
86 ILIMIT_MIN 1.980 A Primary switch minimum current limit
87 ILIMIT_TYP 2.130 A Primary switch typical current limit
88 ILIMIT_MAX 2.279 A Primary switch maximum current limit
89 | VDRAIN_ON_PRSW 0.36 \ Primary switch on-time voltage drop
Peak drain voltage on the primary switch
90 VDRAIN_OFF_PRSW 603.31 V during turn-off

5

Power Integrations, Inc.

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

WWW.power.com

Page 31 of 112




DER-848 42 W Isolated Flyback using InnoSwitch3-Pro

17-Nov-21

94 | WORST CASE ELECTRICAL PARAMETERS
Maximum switching frequency at full
load and the valley of the minimum
95 | FSWITCHING_MAX 74000 74000 Hz input AC voltage
Voltage reflected to the primary winding
(corresponding to set-point 1) when the
96 | VOR 160.0 160.0 \ primary switch turns off
A manual overwrite of VMIN voids the
value of input capacitor calculated by the
tool or manually entered by the user and
97 | VMIN 80.00 Info 80.00 \ will be used for all calculations
Measure of continuous/discontinuous
98 | KP 0.757 mode of operation
99 MODE_OPERATION CCM Mode of operation
100 | DUTYCYCLE 0.620 Primary switch duty cycle
101 | TIME_ON 10.49 us Primary switch on-time
102 | TIME_OFF 5.33 us Primary switch off-time
Minimum primary magnetizing
103 | LPRIMARY_MIN 347.5 uH inductance
104 | LPRIMARY_TYP 373.6 uH Typical primary magnetizing inductance
Primary magnetizing inductance
105 | LPRIMARY_TOL 7.0 7.0 % tolerance
Maximum primary magnetizing
106 | LPRIMARY_MAX 399.8 uH inductance
108 | PRIMARY CURRENT
109 | TIAVG_PRIMARY 0.585 A Primary switch average current
110 | IPEAK_PRIMARY 2.129 A Primary switch peak current
111 | IPEDESTAL_PRIMARY 0.436 A Primary switch current pedestal
112 | IRIPPLE_PRIMARY 2.129 A Primary switch ripple current
113 | IRMS_PRIMARY 0.911 A Primary switch RMS current
115 | SECONDARY CURRENT
116 | IPEAK_SECONDARY 17.032 A Secondary winding peak current
117 | IPEDESTAL_SECONDARY 3.484 A Secondary winding pedestal current
118 | IRMS_SECONDARY 7.974 A Secondary winding RMS current
119 | IRIPPLE_CAP_OUT 5.774 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
to the Transformer Parameters tab for
125 | CORE RM8 Info RM8 fit calculations
126 | CORE NAME B65811J0000R095 Core code
127 | AE 64.0 mm~2 | Core cross sectional area
128 | LE 38.0 mm Core magnetic path length
Ungapped core effective inductance per
129 | AL 4100 nH turns squared
130 | VE 2430 mm~3 | Core volume
131 | BOBBIN NAME B65812N1012D001 Bobbin hame
132 | AW 30.0 mm~2 | Bobbin window area
133 | BW 10.03 mm Bobbin width
134 | MARGIN 0.0 mm Bobbin safety margin
136 | PRIMARY WINDING
137 | NPRIMARY 40 Primary winding number of turns
138 | BPEAK 3643 Gauss Peak flux density
139 | BMAX 3262 Gauss Maximum flux density
140 | BAC 1631 Gauss AC flux density (0.5 x Peak to Peak)
Typical gapped core effective
141 | ALG 234 nH inductance per turns squared
142 | LG 0.325 mm Core gap length
143 | LAYERS_PRIMARY 2 Primary winding number of layers
144 | AWG_PRIMARY 26 Primary wire gauge
145 | OD_PRIMARY_INSULATED 0.465 mm Primary wire insulated outer diameter

5
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146 | OD_PRIMARY BARE 0.405 mm Primary wire bare outer diameter
147 | CMA_PRIMARY 279.0 Cmils/A | Primary winding wire CMA
149 | SECONDARY WINDING
150 | NSECONDARY 5 5 Secondary winding number of turns
151 | AWG_SECONDARY 18 Secondary wire gauge
Secondary wire insulated outer
152 | OD_SECONDARY_INSULATED 1.328 mm diameter
153 | OD_SECONDARY_BARE 1.024 mm Secondary wire bare outer diameter
154 | CMA_SECONDARY 203.7 Cmils/A | Secondary winding wire CMA
156 | BIAS WINDING
157 | NBIAS | [ 10 | Bias winding number of turns
161 | PRIMARY COMPONENTS SELECTION
162 | LINE UNDERVOLTAGE
163 | BROWN-IN REQURED 72.00 \ Required line brown-in threshold
Connect two 1.78 MOhm resistors to the
164 | RLS 3.56 MQ V-pin for the required UV/OV threshold
Actual brown-in threshold using
165 | BROWN-IN ACTUAL 71.40 \ standard resistors
Actual brown-out threshold using
166 | BROWN-OUT ACTUAL 64.58 \ standard resistors
168 | LINE OVERVOLTAGE
The device voltage stress will be higher
169 | OVERVOLTAGE_LINE Warning | 297.50 \ than 650V when overvoltage is trigerred
171 | BIAS WINDING
Rectified bias voltage at the lowest
172 | VBIAS 9.00 \ output set-point
173 | VF_BIAS 0.70 \ Bias winding diode forward drop
Bias diode reverse voltage (not
174 | VREVERSE_BIASDIODE 102.33 \ accounting parasitic voltage ring)
175 | CBIAS 22 uF Bias winding rectification capacitor
176 | CBPP 4.70 uF BPP pin capacitor
180 | SECONDARY COMPONENTS SELECTION
181 | RECTIFIER
Secondary rectifier reverse voltage (not
182 | VDRAIN_OFF_SRFET 66.66 \ accounting parasitic voltage ring)
183 | SRFET AUTO SIR804DP Secondary rectifier (Logic MOSFET)
184 | VBREAKDOWN_SRFET 100 Vv Secondary rectifier breakdown voltage
SRFET on time drain resistance at
185 | RDSON_SRFET 10.3 mQ 25degC for VGS=4.4V
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8 Common Mode Choke Specification (L1)

8.1 Electrical Diagram

127 12TTIW
AWG #29 AWGH29
4 ° 1

Figure 14 — Inductor Electrical Diagram.

8.2 FElectrical Specifications

Parameter Condition Spec.
Nominal Primary Measgred at 1_ Vpi-pK; 1OQ kHz _switching freq_ue|_1cy, between pin 1 550 pH
Inductance and pin 3 or pin 2 and pin 4 with all other windings open.

Tolerance Tolerance of Primary Inductance. +20%

8.3 Material List

Item Description

[1] Toroid Core: 32-00330-00 ( Green Color)

[2] Magnet Wire: #29 AWG.

[3] | TIW Wire: #29 AWG.

8.4 Inductor Build Diagram

Figure 15 — Inductor Build Diagram.

8.5 Inductor Construction

1. Winding 1 - Wind 12 turns of item 2 and 3 in bifilar wound as shown in above
figure.

_p Power Integrations, Inc.
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9 Common Mode Choke Specification (L2)

9.1 Electrical Diagram

TIE CABLE PAN-TY
8LB 2.8

— <

N ™

Figure 16 — Inductor Electrical Diagram.

9.2 Electrical Specifications

Parameter Condition Spec.
Nominal Primary Measured at 1 Vp.px, 100 kHz switching frequency, between pin 1 20 mH
Inductance and pin 3 or pin 2 and pin 4 with all other windings open.

Tolerance Tolerance of Primary Inductance. +20%

9.3 Material List

Item Description
[1] Toroid Core: 32-00350-00 (Light Blue Color)
[2] Magnet Wire: #29 AWG.
[3] TIE CABLE : 75-00202-00

aY Power Integrations, Inc.
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9.4 Inductor Build Diagram

WG 2 WG 1

65T 65T

AWG #29 AWG #29
12 4 3

Figure 17 — Inductor Build Diagram.

9.5 Inductor Construction

2. Winding 1 - Wind 65 turns of item 2 as shown in above figure.
3. Winding 2 - Wind 65 turns of item 2 as shown in above figure.

4. Apply Varnish

aY Power Integrations, Inc.
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10 Performance Data

All measurements were performed at room temperature.
Note: The E-load Von point loading set-up for the USB Type-A is 3V to be able to power
up at full load start-up.

10.1  System Full Load Efficiency

Unit was tested with the 2 output receptacle at full load condition. Output voltage was
measured at the end of PCB where the output receptacles were connected. See below
table for different loading conditions.

. i CC Mode Load
Loading Condition USB-A USB-C
USB-C5V 5V/3A
USB-C9V 9V/3A
USB-C 12V 5V/24A]12V/2.5A
USB-C 15V 15 V/2A
USB-C 20 V 20V/1.5A
92
91 -«
90 e = - M
q::'=.=l==
89 +

(0]
(00)

il I

Efficiency (%)
(0]
N

86 +

85 +

84 o =¢=|JSB-C: 5V
===-USB-C: 9V

83 ==SB-C: 12V
==JSB-C: 15V
=0={JSB-C: 20V

82 L] L} L} L} L} L} L} L}

80 105 130 155 180 205 230 255 280

Input Voltage (VAC)

Figure 18 — System Full Load Efficiency vs. Line.
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10.2

Main Flyback Full Load Efficiency w/o DC-DC Converter

Unit was tested with the daughter board removed from the main board. 2 E-load load channels were used
with the first channel connected across +VBUS to GND while the second channel was connected on USB
Type-C receptacle. See below load setting

Output Loading Set-up
Output Terminal USB-C USB-C USB-C USB-C USB-C
5V 9V 12V i5V 20V
CH1: VBUS/GND 5V/28A]|9V/156A|12V/1.17A|15V/094A |20V /0.7A
CH2: USB-C Receptacle ] 5V/3A 9V /3A 12V /25A iI5V/2A |20V /15A
Total Output Power 44 W 44 W 44 W 41 W 29 W
95
94
93 +
92 1 = .*.*
)
S 91 1
3. — *NN
e 90 o
2
i 89 -
w
88 +
87 o
86 +
85 T T T T ¥ r
80 105 130 155 180 205 230 255 280

Input Voltage (VAC)

Figure 19 — Flyback Full Load Efficiency vs. Line.
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10.3  Average System Efficiency
Note: DOE VI requirements for multiple outputs external PSU: >0.075 In (Poyr) + 0.561

Note: Output voltages are measured at the end of the PCB where the connectors are located.

USB Type A USB Type C Pot | Average Efficiency Pot DOE VI
Output (V/A) | Pour (W) | Output (V/A) | Pour (W) | (W) | 115V 230V Limit (%)
20V/15A 30 42 87.76 88.25 42 84.13
15V/2A 30 30 88.90 89.36 42 84.13
5V/24A 12 12V/25A 30 30 89.38 89.79 42 84.13
9V/3A 27 27 89.54 89.89 39 83.58
5V/3A 15 15 88.59 88.64 27 80.82

10.4  System Efficiency vs. Load

Loading Set-up: CC Mode
USB-A Type-A Receptacle: 10 — 100% Load
USB-C Type-C Receptacle: 10 — 100% Load

10.4.1 Vi =115 VAC60 Hz

92
91
90
?89 s
~
< 88 A
)
e 87
9
O]
= 86 *
&
g 85 -
£ 84
>
N g3 .
== JSB-C: 20V
82 =m={JSB-C: 15V
=#=USB-C; 12V
81 1 =#=USB-C: 9V
=¥=USB-C: 5V
80 r r r r r r r ¥
10 20 30 40 50 60 70 80 a0 100

Load (%)
Figure 20 — System Efficiency vs. Load at 115 VAC 60Hz
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10.4.2 Vi = 230 VAC 50 Hz

92

91

\
:

?89
3\488 E \(
>
Q87
(g
= 86
g'ss
()]
c:) 84 -7¢
E
W 83
82 =={JSB-C: 20V ||
=m=USB-C: 15V
81 ==JSB-C: 12V
«=o=USB-C: 9V ||
=%=JSB-C: 5V
80 e —
10 20 30 40 50 60 70 80 90 100
Load (%)

Figure 21 — System Efficiency vs. Load at 230 VAC 50 Hz.
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10.5 No-Load Input Power

Tested with no USB device connected from the output connectors
Note: DOE VI No Load Mode Limit for multiple output voltage external Power Supply: <300 mW

100

90 -
80 s
70 s

60 - 4‘_'_‘__‘_./

50 s

40

Standby Power (mW)

30 s

20 s

10 +o

80 105 130 155 180 205 230 255 280
Input Voltage (VAC)

Figure 22 — No-Load Input Power vs. Line.
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10.6  Output Voltage Regulation at Full Load
E-load is set at CC Mode Load with the following loading conditions.

Loading Set-up

USB Type A USB Type C ProtaL
Output (V/A) | Pour (W) | Output (V/A) | Pour (W) | (W)
20V/15A 30 42
15V /2A 30 42
5V/24A 12 12V /25 30 42
9V/3A 27 39
5V/3A 15 27

10.6.1 USB Type-C Receptacle Output Voltage Regulation

> =+=USB-C: 5V
4 4 «B=USB-C: 9V
«#={JSB-C: 12V
==|JSB-C: 15V
3 1 =#=SB-C: 20V

N

—
n

M

1 1
N =
» »

Output Voltage Regulation (%)
W o

80 105 130 155 180 205 230 255 280
Input Voltage (VAC)

Figure 23 — USB-C Output Voltage Regulation vs. Line.
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10.6.2 USB Type-A Receptacle Output Voltage Regulation

> «¢=|JSB-C: 5V
«#=USB-C: 9V
4 9 =#={JSB-C: 12V
==|JSB-C: 15V
3 =o=JSB-C: 20V

N

(I
1

1 1
N =
» »

Output Voltage Regulation (%)
W o

80 105 130 155 180 205 230 255 280
Input Voltage (V)

Figure 24 — USB-A Output Voltage Regulation vs. Line.
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10.7  Cross Regulation at Vysg.c=5V
USB-C and USB-A Voltage regulation was measured at different loading condition from 0% - 100% Load

USB-C % Voltage Regulation = (Vysg-.c- 5)/5 x 100%
USB-A % Voltage Regulation = (Vysg-a- 5)/5 x 100%

10.7.1 Vi =90 VAC 60 Hz

5

4 s

w

N

—
1

1
—
1

1
N

=+=@100 % USB-A Load
=m=@75 % USB-A Load
==@50 % USB-A Load

USB-C Voltage Regulation (%)
W o

-4 =o=@25 % USB-A Load
: =¥=@0 % USB-A Load

USB-C 5 V Load (%)

Figure 25 — USB-C Voltage Regulation vs. USB-A / USB-C Load @ 90 VAC.
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LN

w

(I
1

1
—
1

1
N

==@100 % USB-A Load
=m=@75 % USB-A Load
=#=@50 % USB-A Load

USB-A Voltage Regulation (%)
W o

-4 o =o=@25 % USB-A Load
. =¥=@0 % USB-A Load

USB-C 5 V Load (%)

Figure 26 — USB-A Voltage Regulation vs. USB-A / USB-C Load @ 90 VAC.
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10.7.2 V= 265 VAC 50 Hz

5

4

w

N

=
»

1
—
»

1
N

==@100 % USB-A Load
=2=@75 % USB-A Load
==@50 % USB-A Load

USB-C Voltage Regulation (%)
W o

-4 o =o=@25 % USB-A Load
- =3#=@0 % USB-A Load

USB-C 5 V Load (%)
Figure 27 — USB-C Voltage Regulation vs. USB-A / USB-C Load @ 265 VAC.
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N

w

=
»

1
—
»

1
N

==@100 % USB-A Load
=l=-@75 % USB-A Load
=#=@50 % USB-A Load

USB-A Voltage Regulation (%)
W o

-4 o =o=@25 % USB-A Load
. =x=@0 % USB-A Load

USB-C 5 V Load (%)
Figure 28 — USB-A Voltage Regulation vs. USB-A / USB-C @ 265 VAC.
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10.8  Cross Regulation at Vysg.c = 20 V
USB-C and USB-A Voltage regulation was measured at different loading condition from 0% - 100% Load

USB-C % Voltage Regulation = (Vysg.c - 20)/20 x 100%
USB-A % Voltage Regulation = (Vysg-a- 5)/5 x 100%

10.8.1 V=190 VAC

5

4 o

W
»

N

=
»

1
—
»

1
N

==@100 % USB-A Load
=B=@75 % USB-A Load
==@50 % USB-A Load

1
w
»

USB-C Voltage Regulation (%)
o

-4 ==@25 % USB-A Load
i =%=@0 % USB-A Load
0 25 50 75 100

USB-C 20 V Load (%)

Figure 29 — USB-C Voltage Regulation vs. USB-A / USB-C Load @ 90 VAC.
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N

w

=
»

1
—
»

1
N

=+=@100 % USB-A Load
=E=@75 % USB-A Load
=2=@50 % USB-A Load

USB-A Voltage Regulation (%)
W o

-4 =o=@25 % USB-A Load
=¥=@0 % USB-A Load
_5 ¥ L o
0 25 50 75 100

USB-C 20 V Load (%)
Figure 30 — USB-A Voltage Regulation vs. USB-A / USB-C Load @ 90 VAC.
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10.8.2 Vi = 265 VAC

5

N w BN

=
»

1
=
»

1
N

USB-C Voltage Regulation (%)
o

==@100 % USB-A Load
=B=@75 % USB-A Load
==@50 % USB-A Load

1
W

-4 ==@25 % USB-A Load
5 =>=@0 % USB-A Load
0 25 50 75 100

USB-C 20 V Load (%)
Figure 31 — USB-C Voltage Regulation vs. USB-A / USB-C Load @ 265 VAC.
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w BN
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1
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=+=@100 % USB-A Load
=m=@75 % USB-A Load
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USB-A Voltage Regulation (%)
W o

-4 =0=@25 % USB-A Load
: =x=@0 % USB-A Load
0 75 50 75 100

USB-C 20 V Load (%)
Figure 32 — USB-A Voltage Regulation vs. USB-A / USB-C Load @ 265 VAC.
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10.9  Output Ripple Voltage

Set-up: Use x1 voltage probe with 2 capacitors (0.1 uF/50 V ceramic and 47 uF/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 100mQ output cable at room ambient temperature (25 °C).

10.9.1 USB-C Receptacle Output Ripple Voltage
Ripple was tested throughout different USB-C/USB-A loading conditions from 0-100%
load.

Power Integrations, Inc.
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10.9.1.1 USB-C Ripple Voltage at Vysgc =5V

150
125 + —
; /
E L S
()] 100 "
o /
]
=
S
" 75 s
Q.
2
(-4
Ll) 50 +
[a4]
("))
-
=¢=100 % USB-A Load
25 1 «#=75 % USB-A Load
=#=50 % USB-A Load
=>xe=)5 % USB-A Load
0 =0=10 % USB-A Load
10 20 30 40 50 60 70 80 90 100

USB-C 5 V Load (%)
Figure 33 — USB-C Ripple Voltage vs. USB-A / USB-C Load @ 90 VAC.
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Figure 34 — USB-C Ripple Voltage vs. USB-A / USB-C Load @ 265 VAC.
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10.9.1.2 USB-C Ripple Voltage at Vysgc = 20V
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Figure 35 — USB-C Ripple Voltage vs. USB-A / USB-C Load @ 90 VAC.
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Figure 36 — USB-C Ripple Voltage vs. USB-A / USB-C Load @ 265 VAC.
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10.9.2 USB-A Receptacle Ripple Voltage

USB-A ripple voltage was tested throughout different USB-C/USB-A loading conditions
from 0-100% load.

10.9.2.1 USB-A Ripple Voltage at Vysgc=5V

100
=¢=100 % USB-A Load
=m=75 % USB-A Load
90 + =#=50 % USB-A Load
=>e)5 % USB-A Load
80 = =0=10 % USB-A Load
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— 70 o
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=)}
g 60 =
(=}
z 50 \ —_—
& el
- —— —1
& 40 =
< A ®
en 30 o~
1))
-
20 =
10 o
0 L} L] L} L}
0 20 40 60 80 100

USB-C 5 V Load (%)
Figure 37 — USB-A Ripple Voltage vs. USB-A / USB-C Load @ 90 VAC.
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Figure 38 — USB-A Ripple Voltage vs. USB-A / USB-C Load @ 265 VAC.
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10.9.2.2 USB-A Ripple Voltage at Vysgc = 20 V
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Figure 39 — USB-A Ripple Voltage vs. USB-A / USB-C Load @ 90 VAC.
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Figure 40 — USB-A Ripple Voltage vs. USB-A / USB-C Load @ 265 VAC.
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10.10 Transient Load Response Test Data

10.10.1 USB Type-C Transient Load Response at Vysg-c = 20 V

Note: USB-C transient load was tested with USB-A receptacle at full load condition. Output Voltage was
measured at the end of 60 mQ output cable.

USB-C Transient Input Overshoot/Undershoot Measurement
. USB-C USB-C USB-A USB-A
at USL;?Cd 20V \(I";; I(::Ii(; Vomax Vomin Vomax Vomin
V) V) () V)
0-100% USB-C Dynamic Load VUSB-C =20V / 0 -1.5 A, VUSB-A =5
V/2.4 A
90 60 20.19 19.69 5.18 5.03
0-100% 115 60 20.22 19.70 5.18 5.01
230 50 20.22 19.72 5.18 5.03
265 60 20.22 19.74 5.18 5.03
50-100% USB-C Dynamic Load VUSB-C = 20V / 0.75-1.5 A, VUSB-A
=5V/2.4A
90 60 20.20 19.74 5.16 5.03
50-100% 115 60 20.19 19.74 5.16 5.01
230 50 20.20 19.75 5.16 5.01
265 60 20.22 19.75 5.18 5.03

10.10.2 USB Type-C Transient Load Response at Vysgc =5V

Note: USB-C transient load was tested with USB-A receptacle at full load condition. Output Voltage was
measured at the end of 60 mQ output cable.

USB-C Transient Input Overshoot/Undershoot Measurement
. USB-C USB-C USB-A USB-A
at U';:g 5V \(I\','; I(::Ii(; Vomax Vomin Vomax Vomin
(\))] V) ) )
0-100% USB-C Dynamic Load VUSB-C=5V / 0-3 A, VUSB-A =5
V/2.4A
90 60 5.13 4.76 5.23 4.95
0-100% 115 60 5.15 4.77 5.23 4.95
230 50 5.15 4.77 5.23 4.95
265 60 5.15 4.79 5.23 4.95
50-100% USB-C Dynamic Load VUSB-C=5V / 1.5-3 A, VUSB-A =5
V/2.4A
90 60 5.11 4.81 5.21 4,95
50-100% 115 60 5.12 4.83 5.21 4.95
230 50 5.13 4.83 5.21 4.95
265 60 5.13 4.84 5.21 4,95
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10.10.3 USB Type-A Transient Load Response at Vysgc = 20 V

Note: USB-A transient load was tested with USB-C receptacle at full load condition. Output Voltage was
measured at the end of 60 mQ output cable.

USB-A Transient Input Overshoot/Undershoot Measurement
. USB-A USB-A USB-C USB-C
At U;(B)?(ctl 20V \(I\','; I(::Ii(; Vomax Vomin Vomax Vomin
(\)) ) (\)) (\))
0-100% USB-A Dynamic Load VUSB-C=5V /3 A, VUSB-A = 5V/0-
24 A
90 60 20.16 19.73 5.63 4.59
0-100% 115 60 20.19 19.76 5.63 4.59
230 50 20.19 19.76 5.65 4.59
265 60 20.19 19.78 5.65 4.59
50-100% USB-A Dynamic Load VUSB-C=5V /3A,VUSB-A=5V/
1.2-24A
90 60 20.18 19.74 5.33 4.84
50-100% 115 60 20.19 19.76 5.33 4.84
230 50 20.19 19.78 5.35 4.84
265 60 20.21 19.79 5.35 4.84

10.10.4 USB Type-A Transient Load Response at Vysg-c = 20 V

Note: USB-A transient load was tested with USB-C receptacle at full load condition. Output Voltage was
measured at the end of 60 mQ output cable.

USB-A Transient Input Overshoot/Undershoot Measurement
. USB-A USB-A USB-C USB-C
At UléoBiccl 5V ‘("',r)' ::Iic)' Vomax Vomin Vomax Vomin
V) V) () V)
0-100% USB-A Dynamic Load VUSB-C=5V /3 A, VUSB-A =5V/ 0-
24 A
90 60 5.12 4.81 5.54 4.55
0-100% 115 60 5.12 4.81 5.53 4.55
230 50 5.14 4.82 5.53 4.56
265 60 5.15 4.82 5.53 4.56
50-100% USB-A Dynamic Load VUSB-C=5V /3A,VUSB-A=5V/
1.2-24 A
90 60 5.1 4.79 5.39 4.75
50-100% 115 60 5.1 4.82 5.39 4.75
230 50 5.14 4.84 5.39 4.75
265 60 5.14 4.82 5.39 4.73
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10.11

reaches the OCP level.

Overcurrent Protection
OCP threshold was tested using E-load set at CC mode loading. Output current is increase slowly until it

Input USB Type C OCP Threshold (mA)
Voltage |[USB-C5 V|USB-C9 V|USB-C 12 V|USB-C 15 V|USB-C 20 V
90V 60 Hz | 2919.60 2899.92 2920.11 4224.97 5125.91
265V 50 Hz| 2919.51 2919.74 2939.56 3804.23 5124.78
Input USB Type C OCP Threshold (mA)
Voltage |USB-C5V|USB-C 9 V|USB-C 12 V|USB-C 15 V|USB-C 20 V
90 V60 Hz | 3460.16 3460.16 2880.10 2299.85 1699.74
265V 50 Hz | 3459.78 3440.33 2880.10 2299.66 1719.61
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11 Thermal Performance

11.1 Thermal Scan at 25 °C Ambient

11.2 Thermal Scan Summary

Figure 41 — Test Set-up Picture.

Thermal Scan Data(°C)

Components USB-C:20 V | USB-C:15V | USB-C:12V | USB-C:9V | USB-C:5V
90V | 265V | 90V | 265V | 90V | 265V | 90V | 265V | 90V | 265V
InnoSwitch3-Pro (U1) 89.3 ] 90.6 | 854] 89.3 | 87.7| 86.1 | 86.8] 87.6 | 74.6 | 76.8
SRFET(Q2) 81.3 ] 81.6 | 81.2 | 84.3 86 | 80.1 |88.5] 90.5 |88.2 | 88.5
Power Transformer (T1) 89 | 90.6 | 86.5] 89.9 |88.7] 91 |88.3 90 80.2 | 82
Primary Snubber Diode (D1) | 90.4 ] 87.6 | 86.2 | 85.7 | 87.3 ] 80.2 |856] 83.2 | 73.1| 72.1
Bridge Diode (BR1) 95 | 66.7 192.4] 66.7 | 93.5] 619 |89.7] 64.3 | 72.5] 82.9
Input CMC (L2) 91.8] 54.5 | 90.1 ] 55.4 | 909 | 53.8 | 84.6 | 62.5 | 64.4| 444
Buck-Boost Controller IC (U4) | 94.3 94 ]1854] 87.7 |852] 855 |83.6] 83.6 | 86.1] 85.4
Buck-Boost Inductor (L3) 90.1 | 90.1 | 83.1] 84.4 | 81 81.6 | 78.5 81 79.3 | 80.8
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11.2.1 90 VAC Input USB-C: 20V /1.5A, USB-A: 5V /2.4 A

Figure 44 — SRFET (Q2): 89.3 °C. Figure 45 — Transformer (T1): 89 °C.
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Figure 48 — Buck-Boost IC (U4): 89.3 °C. Figure 49 — Buck-boost Inductor (L23): 90.1 °C.
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11.2.2 265 VAC Input USB-C: 20V / 1.5A, USB-A: 5V /24 A

Figure 52 — SRFET (Q2): 81.6 °C. Figure 53 — Transformer (T1): 90.6 C.

_p Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 67 of 112



DER-848 42 W Isolated Flyback using InnoSwitch3-Pro 17-Nov-21

54.5 °C OC

Figure 56 — Buck-Boost IC (U4): 94 °C. Figure 57 — Buck-boost Inductor (L3): 90.1 °C.
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11.2.3 90 VACInput USB-C:9V /3 A, USB-A:5V/2.4A

Figure 60 — SRFET (Q2): 88.5°C. Figure 61 — Transformer (T1): 88.3 oC.
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Figure 64 — Buck-Boost IC (U4): 83.6 °C. Figure 65 — Buck-boost Inductor (L23): 78.5 °C.
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11.2.4 265 VAC Input USB-C: 9V /3 A, USB-A:5V/24A

Figure 68 — SRFET (Q2): 90.5 °C. Figure 69 — Transformer (T1): 90.3 °C.
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83.2°C oC

Figure 72 — Buck-Boost IC (U4): 83.9 °C. Figure 73 — Buck-boost Inductor (L3): 81 °C.
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11.3  Thermal Performance at 50 °C Chamber Ambient Temperature

Figure 74 — Test Set-up Picture Thermal at 50 °C Ambient.

Temperature (°C)

USB-C:20V | USB-C:15V | USB-C:12V | USB-C:OV USB-C:5V | Max
Components 90V | 265V | 90V | 265V | 90V [ 265V ] 90V | 265V | sov | 265v| (°c) | Remarks
60Hz | 50Hz | 60Hz | 50Hz | 60Hz | 50Hz | 60Hz | 50 Hz | 60 Hz | 50 Hz
InnoSwitch3-Pro (U1) | 1150 | 118.4 | 112.5 | 1145 | 112.0 | 1143 | 112 | 111.0 | 1002 | 102 | 1184 | Pass
SRFET (Q2) 102.7 | 1043 | 103.2 | 1044 | 1056 | 107.2 | 109.1 | 109.0 | 108 | 108.8 | 1090 | Pass
Transformer 110.5 | 1126 | 108.8 | 109.9 | 1093 | 111.4 | 109.3 | 1103 | 102.1 | 1035 | 1126 | Pass
Input CMC (L2) 119.6 | 84.4 | 118.4 | 831 | 1185 | 833 | 112.8 | 815 | 924 | 747 | 1196 | Pass
Bridge (BR1) 1146 | 90 | 1136 | 878 | 1135 | 882 | 109.7 | 86.1 | 943 | 79.1 | 1146 | Pass
Buck Boost IC 113.8 | 1152 | 107.7 | 1085 | 1049 | 1058 | 103.6 | 104 | 1056 | 1050 | 1152 | Pass
Buck Boost (L3) 114.7 | 1140 | 108.7 | 108.7 | 1056 | 106.2 | 103 | 103.4 | 103.7 | 103.8 | 1140 | Pass
Ambient 523 | 521 | 527 | 522 | 524 | 52 | 526 | 523 | 565 | 521 | 565 Pass
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11.3.1 Component Thermal Profile at USB-C: 20V / 1.5 A, USB-A: 5V /2.4 A
11.3.1.1 Vi =90 VAC 60 Hz

—
—
o

[y
o
o

O
o

70

60

50

e==| 2 (Input CMC) e==]nnoSwitch3-Pro
===BR 1 e==Buck Boost IC
===Buck Boost L3 ===Transformer

40

Components Case Temperature (°C)

30

e==SRFET ===Ambient

20 T T T T

0 20 40 60 80 100 120 140 160 180 200
Soak Time (Minutes)
Figure 75 — 90 VAC, USB-C: 20V / 1.5 A, USB-A: 5V / 2.4 A.
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11.3.1.2 Vi = 265 VAC 50 Hz
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Figure 76 — 265 VAC, USB-C: 20V / 1.5 A, USB-A: 5V / 2.4 A,
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11.3.2 Component Thermal Profile at USB-C: 12V / 2.5A, USB-A: 5V /2.4 A
11.3.2.1 Vi =90 VAC 60 Hz
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8 e==]nnoSwitch3-Pro  ===Transformer
30 e===SRFET e==Buck Boost IC
===Buck Boost L3 ==Ambient
20 ! ! ] !
0 10 20 30 40 50 60 70 80 a0

Soak Time (Minutes)
Figure 77 — 90 VAC, USB-C: 12V / 2.5 A, USB-A: 5V / 2.4 A.
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11.3.2.2 Vi = 265 VAC 50 Hz
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Figure 78 — 265 VAC, USB-C: 12V / 2.5 A, USB-A: 5V / 2.4 A,
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11.3.3 Component Thermal Profile at USB-C: 9V /3 A, USB-A: 5V /24 A
11.3.3.1 Vi =90 VAC 60 Hz
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Figure 79 — 90 VAC, USB-C: 9V /3 A, USB-A: 5V / 2.4 A.
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11.3.3.2 Vi = 265 VAC 50 Hz
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Figure 80 — 265 V AC, USB-C: 9V / 3 A, USB-A: 5V / 2.4 A.
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11.3.4 OTP Testat USB-C: 20V /1.5A, USB-A:5V /24 A

Temperature (°C) - OTP at 90 VAC USB-C
Final Data Ambient | InnoPro | BR1 | sRFeT | TRF Buck Boost | Buck Boost V)
IC Inductor
OTP-Point 77.7 139.9 134.1 | 1259 | 131.7 136.4 135.3 20.133
OTP Recovery 35.1 68.7 62.9 65 72.2 61.8 62.3 4.88
150 30V
e==]nnoSwitch3-Pro ===BR1
140 w{===Buck-Boost IC ===Buck Boost L3
~ ===Transformer e==SRFET
3130 «==Ambient «=={JSB-C VOUT = 25V
o 120
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whd
© = 20V
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o
= L 10V
()]
c
o
3
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Figure 81 — OTP Thermal Profile at 90 VAC 60 Hz.
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Temperature (°C) - OTP at 265 VAC USB-
Final Data ) C
Ambient | InnoPro | BR1 | SRFET | TRF | Buck Boost IC | Buck Boost L3 )
OTP-Point 69.6 140.1 105.3 | 123.6 132 131.7 130.2 20.1V
OTP Recovery 38.5 69.4 62.1 65.4 68.7 63.4 63.7 49V
150 30V
140 e==]nnoSwitch3-Pro
_ ===BR1
O 130 e==Buck-Boost IC I
D «==Buck-Boost L3 25V
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E 110 ===Ambient . 20V
o 90
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O 70
€ L 10V
g 60
g. 50
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o 40
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20 L] L] L] - - - - OV
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Figure 82 — OTP Thermal Profile at 265 VAC 50 Hz.
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12 Waveforms

12.1

Start-up Profile at USB-C5V /3 A

USB-C Load: 3 A CC Mode load, USB-A Load: 2.4 A CC Mode Load

| USB-C Outpul Voltage |

TELERPNE LECATY

Figure 83

12.2

[T

—90 VAC 60 Hz, 5V Full Load Start-up.

CH1(Brown): Vi, 200 V / div., 50 ms / div
CH2(Pink): Iysg.c, 2 A / div.

CH3(Violet): Vysg-a, 2 V / div.

CH4(B|U€) VUSB-C, 2V / div.

USB-C Turn-On Delay = 290 ms.

Figure 84 — 265 VAC 50 Hz, 5 V Full Load Start-up.

CH1(Brown): Vi, 200 V / div., 50 ms / div
CH2(Pink): Iysg.c, 2 A/ div.

CH3(Violet): Viysg-a, 2 V / div.

CH4(B|U€) VUSB-C, 2 V/ div.

USB-C Turn-On Delay = 290 ms.

USB-C Transient Voltage Step Change (5V-9V-12V-15V-20V)
e I B e e e B —

=

TIURTHL

Figure 85 -90 VAC60 Hz, 5V-9V-12V-15V-20

USEC Outgest VoRage

— 1.2 Outpt Curront

V Step.
CH].(BI'OWI']): IUSB-C, 500 mA/ diV.,
CH2(Pink): Iysg.a, 500 mA / div.

CH3(Violet): Vysg-a, 1 V / div. 500 ms / div.

CH4(B|U€) VUSB-C, 5V / div.
Remark: No overshoot/undershoot.

-mmm
Figure 86 — 265 VAC60 Hz, 5V-9V-12V-15V -

20 V Step.
CH].(BI'OWI']): IUSB-C, 500 mA/ diV.,
CH2(Pink): Iysg.a, 500 mA / div.
CH3(Violet): Vysg-a, 1 V / div. 500 ms / div.
CH4(B|U€) VUSB-C, 5V / div.

Remark: No overshoot/undershoot.
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i
i

LFEE-A Dumput Volage

USEC Dugest Cument
|-

USB-C Ouiput Curment

USH-E Crtput Veilage

Figure 87 — 90 VAC60Hz, 20V -15V-12V-9V -5 Figure 88 — 265 VAC60 Hz, 20V-15V-12V-9V -
V. 5V.
CHl(BrOWﬂ) IUSB-C, 500 mA/ div. CHl(BrOWﬂ) IUSB-C, 500 mA/ div.
CH2(Pink): Iysg-a, 500 mA / div. CH2(Pink): Iysg-a, 500 mA / div.
CH3(Violet): Vysg-a, 1 V / div., 500 ms. CH3(Violet): Vysg-a, 1 V / div., 500 ms.
CH4(Blue): Vysp-c, 5V / div. CH4(Blue): Vysp-c, 5V / div.
Remark: No overshoot/undershoot. Remark: No overshoot /undershoot.

12.3  USB-C Transient Voltage Step Change (5 V - 20 V)

u

ERRTRTR maal SRR L
Figure 89 — 90 VAC 60 Hz, 5 — 20 V USB-C Step Figure 90 — 265 VAC 60 Hz, 5 — 20 V USB-C Step
CHl(BrOWﬂ) IUSB-C, 500 mA/ div. CHl(BrOWﬂ) IUSB-C, 500 mA/ div.
CH2(Pink): Iysg.a, 500 mA / div. CH2(Pink): Iysg.a, 500 mA / div.
CH3(Violet): Vysg-a, 1 V / div., 500 ms. CH3(Violet): Vysg-a, 1 V / div., 500 ms.
CH4(B|U€) VUSB-C, 5V / div. CH4(B|U€) VUSB-C, 5V / div.
Remark: No overshoot/undershoot, Remark: No overshoot /undershoot,
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UAE-A Dutpu Vellage UHE-A Dutput Vistge

UBB-A Outget Cusrmant

USE-C Dutsut Vomage

U38-C Owagst Cursent USB.C Cutpin Current
UBE-L Cutpunt Woltage:
L) -
A —— [ ramac ' = - [ Bt P i [ ” . o -

Figure 92 — 265 VAC 60 Hz, 20 — 5 V USB-C Step.
CH1(Brown): Iysg.c, 500 mA / div.
CH2(Pink): Iysg-a, 500 mA / div.
CH3(Violet): Vysg-a, 1 V / div., 500 ms.
CH4(Blue): Vysp-c, 5V / div.
Remark: No overshoot /undershoot,

Figure 91 — 90 VAC 60 Hz, 20 — 5 V USB-C Step
CH1(Brown): Iysg.c, 500 mA / div.
CH2(Pink): Iysg-a, 500 mA / div.
CH3(Violet): Vysg-a, 1 V / div., 500 ms.
CH4(Blue): Vysp-c, 5V / div.
Remark: No overshoot/undershoot,

12.4  Transient Load Response
See chapter 9.10 transient load test data.

12.4.1 USB Type-C Transient Load at Vysgc=5V
Duty Cycle: 50%, Frequency = 100 Hz, Slew Rate = 200 mA / us, Iysz-a=2.4 A,

e e T N T e A
' —

e

Figure 94 — 265 VAC 50 Hz, 0-3 A USB-C Transient Load
CH1(Blue): Iysg.a, 1V / div., 5 ms/ div.
CH2(Pink): Iysg.c, 2 A / div.
CH3(VIO|et) VUSB-A, 0.5 V/ div.
CH4(Green): VUSB-C, 0.5V / div.

CH1(Blue): Iysg.a, 1 A/ div., 5 ms/ div.
CH2(Pink): Iysg.c, 2 A / div.
CH3(VIO|et) VUSB-A, 0.5 V/ div.
CH4(Green): VUSB-C, 0.5V / div.
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Pitwacs P

Figure 95 — 90 VAC 60 Hz, 1.5-3 A USB-C Transient.
CH1(Blue): Iysg-a, 1 A/ div., 5 ms / div.
CHZ(PInk) Tysgc, 2 A/ div.
CH3(VIO|et) VUSB-A, 0.5 V/ div.
CH4(Green): Vysg-c, 0.5 V / div.

12.4.2

Figure 96 — 265 VAC 50 Hz, 1.5-3 A USB-C Transient.

CH1(Blue): Iysg-a, 1V / div., 5 ms / div.
CHZ(PInk) Tysgc, 2 A/ div.
CH3(VIO|et) VUSB-A, 0.5 V/ div.
CH4(Green): Vysg-c, 0.5 V / div.

USB Type-C Transient Load at Vysg-c= 20V

Duty Cycle: 50%, Frequency = 100 Hz, Slew Rate = 200 mA / ys, Iysp-a=2.4 A,

Figure 97 — 90 VAC 60 Hz, 0-1.5 A USB-C Transient.
CH1(Blue): Iysg-a, 1 A/ div., 5 ms / div.
CHZ(PInk) Tysgc, 2 A/ div.
CH3(VIO|et) VUSB-A, 0.5 V/ div.
CH4(Green): Vysgc, 1 V / div.

Figure 98 — 265 VAC 50 Hz, 0-1.5 A USB-C Transient.
CH1(Blue): Iysg-a, 1V / div., 5 ms / div.
CHZ(PInk) Tysgc, 2 A/ div.
CH3(VIO|et) VUSB-A, 0.5 V/ div.
CH4(Green): Vysgc, 1 V / div.
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g l !‘

Figure 99 — 90 VAC 60 Hz, 0.75-1.5 A USB-C Transient. Figure 100 — 265 VAC 50 Hz, 0.75-1.5 A USB-C
CH1(Blue): Iysg-a, 1 A/ div., 5 ms / div. Transient.
CHZ(PInk) Tysec, 1 A/ div. CHl(Blue) Tysga, 1V / diV., 5 ms / div.
CH3(VIO|et) VUSB-A, 0.5 V/ div. CHZ(PInk) IUSB'CI 1 A/ div.
CH4(Green): Vysg-c, 1 V / div. CH3(Violet): Vysg-a, 0.5V / div.

CH4(Green): Vysgc, 1 V / div.

12.4.3 USB Type-A Transient Load at Vysg-c=5V
Duty Cycle: 50%, Frequency = 100 Hz, Slew Rate = 200 mA / ps, Iysgc=3 A,

e - — 1 ‘.._ s I | .

Figure 101 — 90 VAC 60 Hz, 0-2.4 A USB-A Transient. Figure 102 — 265 VAC 50 Hz, 0-2.4 A USB-A Transient.
CHl(Blue) Tysga, 2 A / diV., 5 ms / div. CHl(Blue) Tysga, 2V / diV., 5 ms / div.
CHZ(PInk) Tysgc, 2 A/ div. CHZ(PInk) Tysgc, 2 A/ div.
CH3(Violet): Vysg-a, 1 V / div. CH3(Violet): Vysg-a, 1 V / div.
CH4(Green): Vysg.c, 0.5 V / div. CH4(Green): Vysg-c, 0.5 V / div.
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Figure 104 — 265 VAC 50 Hz, 1.2-2.4 A USB-A Transient.
CHl(Blue) Tysga, 2 A / diV., 5 ms / div. CH1(B|ue) Tusg-a, 2 v/ diV., 5 ms / div.
CHZ(PInk) Tysgc, 2 A/ div. CHZ(PInk) Tusec, 2 A / div.
CH3(Violet): Vysg-a, 1 V / div. CH3(Violet): Vysga, 1 V / div.
CH4(Green): Vysg-c, 0.5 V / div. CH4(Green): Vysg-c, 0.5V / div.

12.4.4 USB Type-A Transient Load at Vysg-c = 20 V

Duty Cycle: 50%, Frequency = 100 Hz, Slew Rate = 200 mA / ps, Iysgc= 1.5A
.
e e My ey ey e e e Neh e

L | . u L] | | |
R R e e SR R B SRS R R
Figure 105 — 90 VAC 60 Hz, 0-2.4 A USB-A Transient. Figure 106 — 265 VAC 50 Hz, 0-2.4 A USB-A Transient.
CHl(Blue) Tysga, 2 A / diV., 5 ms / div CH1(B|ue) Tusg-a, 2 v/ diV., 5 ms / div.
CHZ(PInk) Tysgc, 2 A/ div. CHZ(PInk) Tusgc, 2 A / div.
CH3(Violet): Vysg-a, 1 V / div. CH3(Violet): Vysga, 1 V / div.
CH4(Green): Vysg.c, 0.5V / div. CH4(Green): Vysg.c, 0.5V / div.
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Figure 107 — 90 VAC 60 Hz, 1.2-2.4 A USB-A Transient.

CH1(Blue): Iysg-a, 2 A/ div., 5 ms / div.
CHZ(PInk) Tusgc, 2 A / div.
CH3(V|O|et) VUSB-A, 1 V/ div.
CH4(Green): Vysg-c, 0.5V / div.

12.5  Output Ripple Voltage
See ripple voltage test data at chapter 9.9

12.5.1
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Figure 109 — 90 VAC 60 Hz, Full Load Normal.
Upper:Vysg.a, 50 mV / div., 10 ms / div.
Lower: Vysg.c, 50 mV / div.
VrippLE (use-a) = 30 mVpp.
VrippLe (uss-c) = 106 mVpp.

Figure 108 — 265 VAC 50 Hz, 1.2-2.4 A USB-A Transient.

CH1(Blue): Iysg-a, 2 V / div., 5 ms / div.
CHZ(PInk) Tusgc, 2 A / div.
CH3(V|O|et) VUSB-A, 1 V/ div.
CH4(Green): Vysg-c, 0.5V / div.

Output Ripple Voltage at Vysgc=5V /3 A, Vysga=5V /24 A

B L
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Figure 110 — 265 VAC 50 Hz, Full Load Normal.
Upper:Vysg-a, 50 mV / div., 10 ms / div.
Lower: Vysgc, 50 mV / div.
VrippLeuse-a) = 60 mVpp.
VrippLeuss-c) = 118 mVpp.

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

Page 88 of 112



DER-848 42 W Isolated Flyback using InnoSwitch3-Pro

17-Nov-21

12.5.2
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Figure 111 — 90 VAC 60 Hz, Full Load Normal.
Upper:Vysg-a, 50 mV / div., 10 ms / div.
Lower: VUSB-C, 50 mV/ dIV
VrippLe(uss-a) = 17.3 mVpp.
VrippLeuss-c) = 110 mVpp.

12.5.3
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Figure 113 — 90 VAC 60 Hz, Full Load Normal.
Upper:Vysg-a, 50 mV / div., 10 ms / div.
Lower: Vysgc, 50 mV / div.
VrippLe(uss-a) = 21.3 mVpp.
VrippLeuss-o) = 133 mVpp.

Output Ripple Voltage at Vysgc =9V /3 A, Vyssa=5V/2.4A
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Figure 112 — 265 VAC 50 Hz, Full Load Normal.

Upper:Vysg.a, 50 mV / div., 10 ms / div.
Lower: VUSB C, 50 mV / div.
VrippLeuss-a) = 20.6 mVpp.
VrippLeuss-o) = 115 mVpp.

Output Ripple Voltage at Vysgc= 12V /2.5A, Vyssa=5V /2.4 A
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Figure 114 — 265 VAC 50 Hz, Full Load Normal.
Upper:Vysg.a, 50 mV / div., 10 ms / div.
Lower: Vysg.c, 50 mV / div.
VrippLe(uss-a) = 21.9 mVpp.
VrippLeuss-c) = 110 mVpp.
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12.5.4 Output Ripple Voltage at Vysg.c=20V/ 1.5A, Vysga=5V /24 A
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Figure 115 — 90 VAC 60 Hz, Full Load Normal.
Upper:Vysg-, 50 mV / div., 10 ms/div.
Lower: Vysgc, 50 mV / div.
VrippLe(uss-a) = 23.2 mVpp.
VrippLeuss-c) = 141 mVpp.

12.6  Output Short-Circuit

12.6.1
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Figure 116 — 265 VAC 50 Hz, Full Load Normal.
Upper:Vysg.a, 50 mV / div., 10 ms / div.
Lower: Vysgc, 50 mV / div.
VrippLE(UsB-a) = 23.2 MVpp.
VrippLeuss-c) = 93 mVpp.

USB-C Output Short-Circuit at Vysg-c = 5V, Full Load

Figure 117 — 90 VAC 60 Hz, USB-C Full Load Short.
CH1(Red): Iysgc, 5 A/ div., 1 s/ div.
CHZ(PInk) IDRAIN/ 1 A/ div.
CH3(Violet): Vysg-c, 5V / div.
CH4(B|U€) VDRAIN, 200V/ div.

Figure 118 — 265 VAC 50 Hz, USB-C Full Load Short.
CH1(Red): Iysgc, 5 A/ div., 1 s/ div.
CHZ(PInk) IDRAIN/ 1A / div.
CH3(Violet): Vysg.c, 5V / div.
CH4(Blue) VDRAIN, 200V / div.
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12.6.2

USB-C Output Short-Circuit at Vysg.c = 20 V, Full Load

Figure 119 — 90 VAC 60 Hz, USB-C Full Load Short.
CH1(Red): Iysgc, 2 A/ div., 1 s/ div
CHZ(PInk) IDRAIN/ 1 A/ div.
CH3(V|0|et) VUSB-C, 20 V/ div.
CH4(B|U€) VDRAIN, 200 V/ div.

12.6.3

Pramary Drabn Correns
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Figure 121 — 90 VAC 60 Hz, USB-C Full Load Short.
CHl(Red) IUSB-C, 5 A/ diV., 1 S/ div.
CHZ(Plnk) IDRAINI 1 A/ div.
CH3(Violet): Vysg-c, 20 V / div.
CH4(B|UE) VDRAIN, 200 V/ div.

Start-up with USB-C Output Shorted

Figure 120 — 265 VAC 50 Hz, USB-C Full Load Short.
CH1(Red): Iysgc, 2 A/ div., 1 s/ div.
CHZ(PInk) IDRAIN/ 1A / div.
CH3(VIO|et) VUSB-C, 20V / div.
CH4(Blue) VDRAIN, 200V / div.
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Figure 122 — 265 VAC 50 Hz, USB-C Full Load Short.
CHl(Red) IUSB-C/ 5A / diV., 1ls / div.
CHZ(Plnk) IDRAINI 1A / div.
CH3(Violet): Vysg.c, 20 V / div.
CH4(B|U€) VDRAIN, 200V / div.
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12.6.4  Start-up with USB-A Output Shorted
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Figure 123 — 90 VAC 60 Hz, USB-A Start-up Short. Figure 124 — 265 VAC 60 Hz, USB-A Start-up Short.
CH1(Blue): Iysg-a, 0.5 A/ div., 5 ms / div. CH1(Blue): Iysg.a, 0.5 A/ div., 5 ms / div.
CH2(Pink): I 3, 1 A/ div. CH2(Pink): I3, 1 A/ div.
CH3(Violet): Vysg.c, 2 V / div. CH3(Violet): Vysg-c, 2 V / div.

12.6.5 USB-A Full Load Short at VUSB-C =5V
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Figure 125 — 90 VAC 60 Hz, USB-A Full Load Short. Figure 126 — 265 VAC 60 Hz, USB-A Full Load Short.
CH1(Blue): Iysg-a, 0.5 A/ div., 5 ms / div. CH1(Blue): Iysg.a, 0.5 A/ div., 5 ms / div.
CH2(Pink): I3, 1 A/ div. CH2(Pink): I3, 1 A/ div.
CH3(Violet): Vysgc, 2 V / div. CH3(Violet): Vysg.c, 2 V / div.
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12.6.6 USB-A Full Load Short at VUSB-C =20V
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Figure 127 — 90 VAC 60 Hz, USB-A Full Load Short
CH1(Blue): Iysg-a, 1 A/ div., 10 ps / div.
CH2(Pink): I3, 1 A/ div.
CH3(Violet): Vysg.c, 10 V / div.

12.7

US4 Dutet Votags

Figure 128 — 265 VAC 60 Hz, USB-A Full Load Short.
CH1(Blue): Iysg-a, 1 A/ div., 10 ps / div.
CH2(Pink): I3, 1 A/ div.
CH3(Violet): Vysg-c, 10 V / div.

Drain Voltage and Current Waveforms at Vysg.c = 20V

Tested with both USB-A / USB-C in full load condition.
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Figure 129 — 90 VAC 60 Hz, Vysg.c = 20 V Full Load.
Upper: Vpram, 1 A/ div.
Lower: Ipramn, 100V / div., 10 us / div.
IDS = 2.03 A, VDS =371V.
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Figure 130 — 265 VAC 50 Hz, Vysg.c = 20 V Full Load.
Upper: Vpramn, 1 A/ div.
Lower: Ipramn, 200 V / div., 10 us / div.
IDS =211 A, VDS =636V.
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12.8

Drain Voltage and Current Waveforms at Vysgc=5V

Tested with both USB-A / USB-C in full load condition.
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Figure 131 — 90 VAC 60 Hz, Vysgc= 5V Full Load.
Upper: Vpramy, 1 A/ div.
Lower: Ipramn, 100V / div., 10 us / div.
IDS =1.9 A, VDS =249 V.

L
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Figure 132 — 265 VAC 50 Hz, Vysg.c = 5 V Full Load.
Upper: Vpram, 1 A/ div.

Lower: Ipramn, 200 V / div., 10 us / div.
IDS =1.93 A, VDS =502 V.

Figure 133 — 90 VAC 60 Hz, Vyss.c = 5 V Full Start-up.
Upper: Vpram, 1 A/ div.
Lower: Ipramn, 100 V / div., 10 us / div.
Ips = 1.96 A, Vps = 249 V.
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Figure 134 — 265 VAC 50 Hz, Vysgc = 5 V Full Start-up.

Upper: Vpram, 1 A/ div.
Lower: Ipramy, 200 V / div., 10 ps / div.
Ips = 1.93 A, Vps = 518 V.
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12.9 SR FET Drain Voltage

Tested with both USB-A / USB-C in full load condition.
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Figure 135 — 90 VAC 60 Hz, Vysg.c = 20 V Full Normal.

VDRAIN/ 20V / diV., 10 LJ.S/ div.
Vps = 45 V.
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Figure 137 — 90 VAC 60 Hz, Vysg.c = 15 V Full Normal.
VDRAIN/ 20V / diV., 10 LJ.S/ div.
Vps = 36.4 V.

Figure 136 — 265 VAC 50 Hz, Vysg.c = 20 V Full
Normal.
VDRAIN/ 20 V/ diV., 10 s / div.
Vps = 82.2 V.

Figure 138 — 265 VAC 50 Hz, Vysgc = 15V Full
Normal.
VDRAINI 20 V/ diV., 10 Hus / div.
VDS = 80.6 V.
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Figure 139 — 90 VAC 60 Hz, Vysg.c = 12 V Full Normal.

VDRAINI 20V / diV., 10 lJ.S/ div.
VDS =52.3V.

B G p e e S M

BRFET Cenin Voltage

i

o

Figure 141 — 90 VAC 60 Hz, Vysg.c = 9 V Full Normal.
VDRAIN/ 20V / diV., 10 LJ.S/ div.
VDS =528 V.
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Figure 143 — 90 VAC 60 Hz, Vysg.c = 9 V Full Normal.

VDS =48.3 V.
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Figure 140 — 265 VAC 50 Hz, Vysgc = 12 V Full
Normal.
VDRAINI 20 V/ diV., 10 Hus / div.
VDS =78.3 V.
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Figure 142 — 265 VAC 50 Hz, Vysg.c = 9 V Full Normal.
VDRAIN/ 20 V/ diV., 10 s / div.
VDS =77.2 V.

BRFET Drain Valtage
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Figure 144 — 265 VAC 50 Hz, Vysg.c = 9 V Full Normal.

VDRAINI 20 V/ diV., 10 Hus / div.
VDS =77.3V.

Power Integrations, Inc.
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13 Conducted EMI

13.1

Test Set-up

EMI measurement was done using a resistor load for both Type-C and Type-A output
receptacle.

13.2

1.

Equipment and Load Used
Rohde and Schwarz ENV216 two line V-network.

2. Rohde and Schwarz ESRP EMI test receiver.
3.
4. Full Load with input voltage set at 230 VAC 50 Hz and 115 VAC.

Chroma measurement test fixture.

Figure 145 — Conducted EMI Test Set-up.
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13.3  Conducted EMI at Vysg.c = 20 V Full Load with Output Floating

Tested with USB Type-C loaded with 13.33Q (20 V / 1.5 A) while USB Type-A was loaded
with 2.08 Q (5V / 2.4 A) load resistor.

Receiver | =

RBW (QPK) 9 kHz ™MT 1s ENY216+ESH3-Z2
Input DC & Att 10 dé Preamp OFF Step TD Scan ENVZ216 L1
Level dBpv Frequency (30.0000000 MHz

| Quasipeak  23.68

Scan @10P Max@2Av Max

a0 dkumt Check P | 1 MHEASS i 10 MHz
Hl[— E'\I‘i‘:{ll))q PASS V
70 dhll{p EMNG '\.fl??a'-\ PASS

I| Iy r ': -"'é‘"-\\» At ,.'-

o l\J Wl‘uﬂ«\(’\{‘f\)‘”‘”"* WJMM M S LT M.-— R H“

trmdi ], b i
20 dByv o St
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Start 150.0 kHz Stop 30.0 MHz

:"‘ l Measuring... iii'l.“' a 16119:00 ﬁ

Date: 7.AUG.2019 16:15:07

Figure 146 — Conducted EMI at Vyss.c=20 V Full Load, 115 VAC 60 Hz Line L.
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Input DC & Att 10dB Preamp OFF Step TD Scan ENV216 N ]
Level dBuv Frequency  [30.0000000 MHz

Quasipeak  21.07 SIS

Scan @10P Max@2av Max

a0 dkrmit Chetk I i 1 MHEBASS H 10 MHz
nE‘ ENSS0220 PASSE :
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Figure 147 — Conducted EMI at Vysg.c=20 V Full Load, 115 VAC 60 Hz Line N.
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Receiver I
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Level dBuv Frequency
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Figure 148 — Conducted EMI at Vysg.c=20 V Full Load, 230 VAC 50 Hz Line L.
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Figure 149 — Conducted EMI at Vysp.c=20 V Full Load, 230 VAC 50 Hz Line N.
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13.4  Conducted EMI at Vysg.c = 12 V Full Load with Output Floating

Tested with USB Type-C loaded with 4.8Q (12 V / 2.5 A) while USB Type-A was loaded
with 2.08 Q (5 V / 2.4 A) load resistor.
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Figure 150 — Conducted EMI at Vyss.c=12 V Full Load, 115 VAC 60 Hz Line L.
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Figure 151 — Conducted EMI at Vysgc=12 V Full Load, 115 VAC 60 Hz Line N.
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Figure 153 —

Conducted EMI at Vysg-c=12 V Full Load, 230 VAC 50 Hz Line N.
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13.5 Conducted EMI at Vysg.c = 5 V Full Load with Output Floating

Tested with USB Type-C loaded with 1.67 Q (5 V / 3 A) while USB Type-A was loaded
with 2.08 Q (5V / 2.4 A) load resistor.
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Figure 154 — Conducted EMI at Vysg.c=5 V Full Load, 115 VAC 60 Hz Line L.
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Figure 155 — Conducted EMI at Vysg.c=5 V Full Load, 115 VAC 60 Hz Line N.
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Figure 156 — Conducted EMI at Vysg.c=5 V Full Load, 230 VAC 50 Hz Line L.
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Figure 157 — Conducted EMI at Vysp.c=5 V Full Load, 230 VAC 50 Hz Line N.
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13.6  Conducted EMI at Vysg.c = 20 V Full Load, Earth Grounded

Tested with USB Type-C loaded with 13.33 Q (20 V / 1.5 A) while USB Type-A was
loaded with 2.08 Q (5 V / 2.4 A) load resistor.
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Figure 158 — Conducted EMI at Vysg.c=20 V Full Load, 115 VAC 60 Hz Line L. Output Grounded.
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Figure 159 — Conducted EMI at Vysgc=20 V Full Load, 115 VAC 60 Hz Line N. Output Grounded.
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Figure 160 — Conducted EMI at Vysg.c=20 V Full Load, 230 VAC 50 Hz Line L. Output Grounded.
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Figure 161 — Conducted EMI at Vyss.c=20 V Full Load, 230 VAC 50 Hz Line N. Output Grounded.
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14 Line Immunity

Unit with USB-C Load of 20 V / 1.5 A and USB-A load of 5V / 2.4 A was subjected to ring

wave and combination wave surge immuni

ty. A test failure was defined as a non-

recoverable interruption of output requiring repair or recycling of input voltage.

Loading Set-up:
USB-C: 20 V/ 1.5 A (13.33 Q Resistor Loads)
USB-A: 5V /2.4 A (2.08 Q Resistor Loads)

14.1  Differential Surge Test Results

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

. . il Injection Injection Test Result
M CE T VL Lgcation PhJase (©) (Pass/Fail)
(VAC)

2000 230 LtoN 0 Pass

-2000 230 LtoN 0 Pass

2000 230 LtoN 90 Pass

-2000 230 LtoN 90 Pass

2000 230 LtoN 270 Pass

-2000 230 LtoN 270 Pass

0.0 sl

N N (010 456 45 PN
Figure 162 — 230 VAC 50 Hz, 2 kV Differential Surge
L/N.
Injection Phase: 90°.
Upper: VDRAINI 200 V/ div.
Lower: Vi, 500 V / div., 20 ms / div.
VDS = 557 V.

TELEDYMNE LECROY

Figure 163 — 230 VAC 50 Hz, 2 kV Differential Surge
L/N.
Injection Phase: 270°.
Upper: VDRAINI 200V / div.
Lower: Vi, 500 V / div., 20 ms / div.
VDS = 555 V.
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14.2  Ring Wave Surge Test Results

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

Differential Surge VI;Eaugte ILnject_ion Injectic:’n LGS Resqlt
(VAC) ocation Phase (°) (Pass/Fail)

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

TELEDYNE LECROY

Figure 164 — 230 VAC 50 Hz,2.5kV Ring Wave L/N.

B
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Injection Phase: 90°.

Upper: VDRAIN/ 200 V/ div.

Lower: Vi, 500 V / div., 20 ms / div.
VDS = 510 V.
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Figure 165 — 230 VAC 50 Hz,2.5kV Ring Wave L/N.
Injection Phase: 270°.
Upper: VDRAIN/ 200V / div.
Lower: Vi, 500 V / div., 20 ms / div.
VDS = 510 V.
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15 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.

Loading Set-up:

USB-C: 5V /3.0 A (1.67 Q Resistor Load)
USB-A: 5V /2.4 A (2.08 Q Resistor Load)

15.1  ESD Discharge at the End of the Output Cable

No. V:I?::tge SI,:?i.kzi; Discharge Location Remarks Pass/Fail
1 10 + USB-C End of cable No Damage / No AR Pass
2 +8 10 - USB-C End of cable No Damage / No AR Pass
3 10 + USB-A End of cable No Damage / No AR Pass
4 10 - USB-A End of cable No Damage / No AR Pass
1 10 + USB-C End of cable No Damage / No AR Pass
2 8 10 - USB-C End of cable No Damage / No AR Pass
3 10 + USB-A End of cable No Damage / No AR Pass
4 10 - USB-A End of cable No Damage / No AR Pass
1 10 + USB-C End of cable No Damage / No AR Pass
2 +12 10 - USB-C End of cable No Damage / No AR Pass
3 10 + USB-A End of cable No Damage / No AR Pass
4 10 - USB-A End of cable No Damage / No AR Pass
1 10 + USB-C End of cable No Damage / No AR Pass
2 12 10 - USB-C End of cable No Damage / No AR Pass
3 10 + USB-A End of cable No Damage / No AR Pass
4 10 - USB-A End of cable No Damage / No AR Pass
1 10 + USB-C End of cable No Damage / No AR Pass
2 +15 10 - USB-C End of cable No Damage / With AR Pass
3 10 + USB-A End of cable No Damage / With AR Pass
4 10 - USB-A End of cable No Damage / No AR Pass
1 10 + USB-C End of cable No Damage / With AR Pass
2 15 10 - USB-C End of cable No Damage / No AR Pass
3 10 + USB-A End of cable No Damage / No AR Pass
4 10 - USB-A End of cable No Damage / No AR Pass
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15.2  ESD Discharge at the End of the PCB (Output Receptacle)

No. | Test Voltage | No. of Strikes Discharge Location Remarks Pass/Fail
1 10 + USB-C Connector (PCB) | No Damage / No AR Pass
2 +8 10 - USB-C Connector (PCB) | No Damage / No AR Pass
3 10 + USB-A Connector (PCB) | No Damage / No AR Pass
4 10 - USB-A Connector (PCB) | No Damage / No AR Pass
1 10 + USB-C Connector (PCB) | No Damage / No AR Pass
2 3 10 - USB-C Connector (PCB) | No Damage / No AR Pass
3 10 + USB-A Connector (PCB) | No Damage / No AR Pass
4 10 - USB-A Connector (PCB) | No Damage / No AR Pass
1 10 + USB-C Connector (PCB) | No Damage / No AR Pass
2 +12 10 - USB-C Connector (PCB) | No Damage / No AR Pass
3 10 + USB-A Connector (PCB) | No Damage / No AR Pass
4 10 - USB-A Connector (PCB) | No Damage / No AR Pass
1 10 + USB-C Connector (PCB) | No Damage / No AR Pass
2 12 10 - USB-C Connector (PCB) | No Damage / No AR Pass
3 10 + USB-A Connector (PCB) | No Damage / No AR Pass
4 10 - USB-A Connector (PCB) | No Damage / No AR Pass
1 10 + USB-C Connector (PCB) | No Damage / No AR Pass
2 +15 10 - USB-C Connector (PCB) | No Damage / With AR Pass
3 10 + USB-A Connector (PCB) | No Damage / No AR Pass
4 10 - USB-A Connector (PCB) | No Damage / No AR Pass
1 10 + USB-C Connector (PCB) | No Damage / No AR Pass
2 15 10 - USB-C Connector (PCB) | No Damage / No AR Pass
3 10 + USB-A Connector (PCB) | No Damage / No AR Pass
4 10 - USB-A Connector (PCB) | No Damage / With AR Pass

Note: Additional tape insulation around the output capacitors (C12 and C13) helps
improve ESD immunity up to 18 kV.
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16 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.

16.1  Brown-Out Test at Vysg-c = 5 V, Vysg-a = 5 V Full Load

UIBE-A Cuipet Volisgs 1§ s | + M | ' WES-A Durput Votege
I i IR & L ‘

UBBLC Qutpu Veltage UEBC Ouipsn Viokage

BB ustpust Current

Figure 166 — Brown-Out from 230 Vto 0 V. Figure 167 — Brown-Out Recovery 230 Vto O V.
Slew Rate: 0.5V / s. Slew Rate: 0.5V / s.
CH1(Brown): Vi, 200 V / div. CH1(Brown): Vyy, 200 V / div.
CH2(Pink): Iysg.c, 1 A / div., 50 s / div. CH2(Pink): Iysg.c, 1 A / div., 50 s / div.
CH3(V|O|et) VUSB-A/ 2V / div. CH3(V|O|et) VUSB-A/ 2 V/ div.
CH4(B|U€) VUSB-A/ 2V / div. CH4(B|U€) VUSB-A/ 2 V/ div.

16.2  Brown-Out Recovery Test at Vysg.c = 20 V, Vysg-o = 5 V Full Load

— / F——

USI-C Outpes Volage

Figure 168 — Brown-Out from 230 Vto 0 V. Figure 169 — Brown-Out Recovery 230 V to 0 V.
Slew Rate: 0.5V / s. Slew Rate: 0.5V / s.
CH1(Brown): Vi, 200 V / div. CH1(Brown): Vyy, 200 V / div.
CH2(Pink): Iysg.c, 1 A/ div., 50 s / div. CH2(Pink): Iysg.c, 1 A/ div., 50 s / div.
CH3(V|O|et) VUSB-A/ 2V / div. CH3(V|O|et) VUSB-A/ 2 V/ div.
CHA4(Blue): Vysg.a, 10 V / div. CH4(Blue): Vysg.a, 10 V / div.
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17 Revision History
Date Author | Revision | Description and Changes Reviewed
29-Oct-19 MGM 1.0 Initial release Apps & Mktg
13-Mar-20 MGM 1.1 Added L1 and L2 Specifications Apps & Mktg
28-Jul-20 KM 1.2 Converted to RDR Apps & Mktg
03-Sep-21 MM/KM 1.3 Updated Supplier for U3. Format Updated. Apps & Mktg
17-Nov-21 KM 1.4 Updated Magnetics Supplier Apps & Mktg
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Germany

Tel: +49-89-5527-39100
e-mail: eurosales@power.com

GERMANY (Gate Driver Sales)
HellwegForum 1

59469 Ense

Germany

Tel: +49-2938-64-39990
e-mail: igbt-driver.sales@
power.com

INDIA

#1, 14" Main Road
Vasanthanagar
Bangalore-560052

India

Phone: +91-80-4113-8020
e-mail: indiasales@power.com

ITALY

Via Milanese 20, 3™. FI.

20099 Sesto San Giovanni (MI) Italy
Phone: +39-024-550-8701

e-mail: eurosales@power.com

JAPAN

Yusen Shin-Yokohama 1-chome Bldg.

1-7-9, Shin-Yokohama, Kohoku-ku
Yokohama-shi,

Kanagawa 222-0033 Japan
Phone: +81-45-471-1021

e-mail: japansales@power.com

KOREA

RM 602, 6FL

Korea City Air Terminal B/D,
159-6

Samsung-Dong, Kangnam-Gu,
Seoul, 135-728 Korea

Phone: +82-2-2016-6610
e-mail: koreasales@power.com

SINGAPORE

51 Newton Road,

#19-01/05 Goldhill Plaza
Singapore, 308900

Phone: +65-6358-2160

e-mail: singaporesales@power.com

TAIWAN

5F, No. 318, Nei Hu Rd.,

Sec. 1

Nei Hu District

Taipei 11493, Taiwan R.O.C.
Phone: +886-2-2659-4570
e-mail: taiwansales@power.com

UK

Building 5, Suite 21

The Westbrook Centre

Milton Road

Cambridge

CB4 1YG

Phone: +44 (0) 7823-557484
e-mail: eurosales@power.com
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