oower

integrations~

Design Example Report

Title

45 W Power Supply Using InnoSwitch3™-CP
PowiGaN™ INN3279C-H222

Specification

100 VAC - 135 VAC Input;
5V/6.5A,9V/5A, 15V / 3 A Output

Application | AC Outlet with USB Ports

Author Applications Engineering Department
Document DER-748

Number

Date November 11, 2019

Revision 1.0

Summary and Features

45 W compact power supply for high power USB Type-A/C port charging

>91% average efficiency at nominal AC input

Component temperatures <100 °C with up to 50 °C ambient temperature operation
<30 mW no-load input power

All the benefits of secondary side control with the simplicity of primary-side regulation
¢ Insensitive to transformer variation

e Extremely fast transient response independent of load timing

Synchronous rectification for higher efficiency

Accurate thermal protection with hysteretic shutdown

Input voltage monitor with accurate brown-in/brown-out and overvoltage protection
Meets IEC 2.0 kV common mode surge, 1.0 kV differential surge and EN55022 conducted EMI

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/.

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



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

DER-748 45 W USB Charger Using InnoSwitch3-CP 11-Nov-19

Table of Contents

3 1 1o e T ) o 5
2 Power Supply SpecifiCation .........coiiieiiiiiie e 6
G T Yol 1< 0. = [P 7
4 CircUIt DESCIIPLION .. cvuiii i e 8
4.1  Input Circuit DeSCHIPLION. ... iveiieiierir e e e e s r s e rn s en s rnnes 8
4.2 Primary-Side CirCUIL .....cocuniii i e 8
4.3  Secondary-Side CirCUIL .......ccuiiiiiiii e eaa s 9
4.4  DesSign KeY POINES ....icuuiiieiiriiieisisiers s rss s s ess s ses s s s ssnssn s s rnnssrnnsrnnssennsenns 10

oS =@ = 3 I Vo 11 | PP 12
6 Bill Of MAterialS ...ccuuiieeeiiieee e 13
7 Transformer (T2) SpeCifiCation ......c.uoviiiriiiiiiiiicre e e 14
/2% R = (<o u g Tor= | I D =T | = o Pt 14
7.2 Electrical SpecifiCations .......ccuuiiiiiiiiiiiii e 14
7.3 Material LiSt ...cceeeiiiii et 14
7.4 Transformer Build Diagram .........cccceeiiiiiiiiiiiiieiiiis s erss s s e s 15
7.5  Transformer CONStrUCtION........ciiiiui i e e e an e 15
7.6 WiInding TIUSLratiONS ......coieiiiiiiiiiie e e e 16

8 Inductor Design Spreadsheet ..........ovivieiiiiiiiiiiii e 21
9 Performance Data ......c..oiiiuuiiiii e 26
0.1  EffiCIENCY tuiiiieeiiie i 26
0.1.1  EffiCIeNCY VS. LINE cervuiiiiiiiiiii e nns s rn s s e nnn e eee 26
9.1.2  Efficiency vS. LOAd ....ceuuiiiiiiiiiiiie et 27
9.1.3  NO-Load INPUL POWEF .....ccvviiiiireiicee e errs s e e r e rn s s en s 28

9.2 Line and Load Regulation ..........ccueiiieriiiiien i re e rns e e 29
9.2.1 5V Line Regulation at 6.5 A L0ad ......cceuuiiiiiiiiiiiiiiiiiii e 29
9.2.2 9 VLineRegulation at 5 A L0ad ......cccoovvriiiiiiiiiiiniieer e 30
9.2.3 15V Line Regulation at 3 A LOAd ......cceuvuiiiiiimnniniieiinn s erren e ernn e 31
9.2.4 5V Load ReguIAtioN .......ccuuuiiiiiiiiii e e 32
9.2.5 9V Load RegUIALION ......iiiieiiecri e rr e e e 33
0.2.6 15V Load RegUIALION .....ccuvuiiiiiiiiiei e e e 34
9.2.7 CP Profile vs. LIN€ (5V / 6.5 A)euriiiiiiiiiiiii et en e e 35
9.2.8  CP Profile vS. LINE (O V /5 A)eeriiiieiiiiiie e eee e e e rn s nn s 36
9.2.9 CP Profile vs. LINE€ (15V / 3 A) cruiiiiiiiiiiie et er e e en s nn e 37

10 IS M D = | = P 38
10.1 Test Data Efficiency vs. Line, 5V / 6.5 A (PCB ENd)...c...ccevviviimrinieenniernnnnennn, 38
10.2 Test Data Efficiency vs. Line, 9V /5 A (PCB ENd).....ccvvviiiiiririniiiiienineseeennnnn 38
10.3 Test Data Efficiency vs. Line, 15V /3 A (PCB ENd)....ccovvvvriiiiininiecniieeeneneenn, 38
10.4 Test Data Efficiency vs Percent Load, 5V /6.5 A @ 115 VAC (PCB End) ......... 39
10.5 Test Data Efficiency vs Percent Load, 9V /5A @ 115 VAC (PCB End)............ 40
10.6 Test Data Efficiency vs Percent Load, 15V /3 A @ 115 VAC (PCB End).......... 41
10.7 Test Data Average Efficiency, 5V /6.5A @ 115 VAC (PCB End) ...c...cvvvvennnnen. 41
10.8 Test Data Average Efficiency, 9V /5A @ 115 VAC (PCB End) ......cevvuurrrrrrnnnn. 42
10.9 Test Data Average Efficiency, 15V /3 A @ 115 VAC (PCB End) ....ccooevvvvennnnnn. 42

5

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com Page 2 of 85



11-Nov-19 DER-748 45 W USB Charger Using InnoSwitch3-CP

10.10 Test Data Line Regulation, 5V / 6.5 A (PCB ENd) ...c..covvvriirernniernnnieennnnennns 42
10.11 Test Data Line Regulation, 9V /5A (PCB ENd)......ccoievuiiiviiiiiiiiiicienceenee, 42
10.12  Test Data Line Regulation, 15V /3 A (PCB ENd)....cccoovvvriiiernniernnnieenneneenn, 43
10.13  Test Data Load Regulation, 5V /6.5A @ 115 VAC (PCB End) .......ceevnnneee. 43
10.14 Test Data Load Regulation, 9V /5A @ 115 VAC (PCB End) .....cccevvvuvernnnnnn. 44
10.15 Test Data Load Regulation, 15V /3 A @ 115 VAC (PCB End) ....c.cceevvvureeen 45
10.16  Test Data No-Load Consumption, 5V /0 A (PCB End).....cccoevvniivniiinnieinnnnnn. 45
11 Thermal PerfOrmManCe.......uuuiiiiieiiiiiieiriris e e e e e s e e e s s e ernn e s eenes 46
11.1 Open Case at 15V /3 A (25 °C Ambient) .....ccovvvrriiieiniiiirisr e en e 46
11.1.1 100 VAC @ 25 OC AMDIENL ...ccvvuiieriiiiiiiinrris s srs s rrns s rn s ren s e 46
11.1.2 135 VAC @ 25 OC AMDIENL .. ccvviiiiiiiicii e err e e 47
11.2 Open Case at 9V /5 A (25 9C AMbient) ......cvvviirriiieiniiierisr s e eenn 48
11.2.1 100 VAC @ 25 OC AMDIENT .. ccvvuiieeiiiiriinerns s erss e rs s rrn e rn s en e e 48
11.2.2 135 VAC @ 25 OC AMbIENt ....cceuiiiiiiieiii e err e r e 49
11.3 OpenCase at5V /6.5 A (25 °C Ambient) .....cccovveviiiiiiiiiiiiinr e 50
11.3.1 100 VAC @ 25 OC AMDIENL .. ccvvuiieeiiieeiierris s erss e rnns s rn s ean e nn s 50
11.3.2 135 VAC @ 25 OC AMbIENt ....ccvuiiiiiii e rr e e r e 51
11.4 Open Case at5V /6.5 A (50 °C Ambient) .....cccoovvviiiiiiiiicniii e eennn 52
11.4.1 100 VAC @ 50 OC AMDIENL ....cvvuiiiiriiereeirrris s rrn e rn e n s e 53
11.4.2 115 VAC @ 50 OC AMbIent ....cccuiiiiriieiii e err e e 54
11.4.3 135 VAC @ 50 OC AMbIent .....ccuiiiiriiiiiiiicei e err e e e r e 55
11.5 Open Caseat9V /5 A (500C Ambient).......cceeviirriniiinniiirinern e e 56
11.5.1 100 VAC @ 50 OC AMbIent .......coiiiriiiiieiiieeic e srrs e rn e en e e 56
11.5.2 115 VAC @ 50 OC AMDIENL ...ccvvniiiiiiiciei e rrr e e rn e 57
11.5.3 135 VAC @ 50 OC AMDIENL ....ccvvuiiiieiieeei e e e e e 58
11.6 Open Case at 15V / 3 A (50°C AMDbient) ......cevuviiiriiiiiriiiciin e e 59
11.6.1 100 VAC @ 50 OC AMDIENL ...ccvvniiirriieeeiirrr e e er e e e e e e e 59
11.6.2 115 VAC @ 50 OC AMDbIENt ....ccvuiiiiiiiecii e e 60
11.6.3 135 VAC @ 50 OC AMbIENnt ....cceuiiiiiiiiiii e ere e en e 61
12 LA = Y= e 0L PP 62
12.1 Load Transient Response (PCB ENd) ......cuuvviirriiiiiiiniecne e en e enn e 62
L T T VA O 1 o 5 PP 62
L A BV O 11 1 o1 U | P 62
12.1.3 15 V OULPUL. ceueiie e r s e r e r e rnn s 63
12.2  SWItChing WavefOrmS. ......oiiveiiiiie e rr e eenn e rnas 64
12.2.1 Drain Voltage and Current (Normal Operation) .......ccccooevriiivrninieennninennnnn. 64
12.2.2 Drain Voltage and Current (Start-up)........cvuririiiiminiinineerninseerenn e 66
12.2.3 SR MOSFET VOIAQE ...euiiiriiiiieiiiierrin e ers s e rns e rs s rne s rnn e enn e nn s 68
12.2.4 Output Voltage and Current Start-up (End of 100 mQ Cable)................... 70
12.3 Output Ripple MeasuremMeNtS. ......ccuuiiiiiiirriniierrr s s renaa 72
12.3.1 Ripple Measurement TeChNIQUE .........ccuiiiiiriiierrireci e e 72
13 (@01 To [Tt u=Ya [ = 1 PSPPI 75
L 0C FR R I=SY A <1 1 o 2N 75
13.1.1 Equipment and Load USed..........cceuiiiriuiiiinninierrin e enns e s e en e eens 75

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
Page 3 of 85 WWW.power.com



DER-748 45 W USB Charger Using InnoSwitch3-CP 11-Nov-19

13.2 EMI TSt RESUIL....cceuiiieiiiieeie e e a e e rn e e rnas 76
13.2.1  Floating OULPUL......ceuiiiie e 76
13.2.2  Artificial Hand ........oieeeiieee e 79

14 TSI U ] o = PSPPI 82
15 ) I I 1<) 83
16 Y1 o] T 1] (e N 84

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 4 of 85



11-Nov-19 DER-748 45 W USB Charger Using InnoSwitch3-CP

1 Introduction

This engineering report describes a power supply intended for USB wall outlet
applications. The power supply can deliver up to 45 W output (selectable 5V /6.5 A or 9
V/5Aor15V /3 A) and is designed for high power USB charging with Type-A or Type-
C ports. The design utilizes INN3279C from the InnoSwitch3-CP family of ICs. This design
shows high power density and efficiency made possible by InnoSwitch3-CP switcher ICs.

DER-748 is a low-line input flyback converter design. The key design goals were high
power density, high efficiency, low no load consumption, and best in class thermal
performance.

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

Figure 2 — Populated Circuit Board, Bottom View.
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2 Power Supply Specification

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

Description Symbol | Min Typ [Max|Units Comment
Input
Voltage Vin 100 115 135 | VAC 2 Wire — no P.E.
Frequency fLunE 47 60 63 Hz
No-load Input Power (115 VAC) 20 | mW Measured at 115 VAC.
5 V Output
Output Voltage Vour 5 \ +3%
Output Ripple Voltage VrippLe 150 mv | M E?{ig;gigfbf ?g'g n'\iffds a
Output Current Iout 6.5 A 20 MHz Bandwidth.
9 V Output
Output Voltage Vour 9 % +5%
Output Ripple Voltage VRippLE 180 | mv A Eaigitgizfégigge r':g(.eds ’
QOutput Current Iour 5.0 A 20 MHz Bandwidth.
15 V Output
Output Voltage Vour 15 \Y +5%
Output Ripple Voltage VRrippLe 300 mv | A Er&ig;ﬁigf&cigf n'\i(efds a
QOutput Current Iour 3.0 A 20 MHz Bandwidth.
Continuous Output Power Pour 45 w At 15 V and 9 V Output.
Conducted EMI Meets CISPR22B / EN55022B
Do s et
Ambient Temperature Tams 0 | | 50 | °c Free Convection, Sea Level.

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

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

4.1  Input Circuit Description

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

4.2  Primary-Side Circuit

One end of the transformer T2 primary is connected to the rectified DC bus; the other is
connected to the drain terminal of the MOSFET inside the INN3279C (U1).

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

The IC is kick-started by an internal high-voltage current source that charges the BPP pin
capacitor C5 when AC is first applied. During normal operation the primary-side block is
powered from an auxiliary winding on the transformer. The output of this is configured
as a flyback winding which is rectified and filtered using diode D2 and capacitor C6.
Resistor R8 limits the current being supplied to the BPP pin of the InnoSwitch3 (U1). An
R-C network can be placed across D2 to offer damping of the high frequency ringing,
which can reduce radiated EMI.

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

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

_p Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Resistor R19 provides line voltage sensing and supplies a current to the V pin of Ul,
which is proportional to the DC voltage across capacitor C3. At approximately 55 V DC,
the current through this resistor exceeds the line undervoltage threshold, which results in
enabling of U1l. At approximately 250 V DC, the current through this resistor exceeds the
line overvoltage threshold, which results in disabling of U1.

4.3  Secondary-Side Circuit

The secondary-side of the INN3279C IC provides output voltage, output current sensing
and drive a MOSFET providing synchronous rectification. The secondary of the
transformer is rectified by MOSFET Q3 and filtered by capacitors C14 and C15. High
frequency ringing during switching transients that would otherwise create radiated EMI is
reduced via RC snubber, R26, R13, and C8.

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

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

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

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

Output current is sensed by monitoring the voltage drop across resistors R16 between
the IS and GND pins with a threshold of approximately 30 mV to reduce losses. Once the
internal current sense threshold is exceeded the device enters into auto-restart mode.

Below the internal current sense threshold, the device operates in constant voltage
mode. Output voltage is regulated so as to achieve an internal reference voltage of 1.265
V on the FB pin. Capacitor C12 form a phase-lead network that ensures stable operation
and minimizes output voltage overshoot and undershoot during transient load conditions.
Capacitor C11 provides noise filtering of the signal at the FB pin.

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

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

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

4.4 Design Key Points

The design targets greater than 91% average efficiency for the 3 outputs. Efficiency was
optimized with transformer design, chosen active devices and bias voltages. For the
transformer design, it is best to keep the reflected voltage (VOR) low to decrease the
RMS current on the secondary-side. Lower VOR also means lower drain to source voltage
on the primary side MOSFET that can reduce switching loss. In this design, the VOR was
set to 45 V for the 5 V output. The operation for the 5 V outputs at full load is in deep
continuous mode (CCM) while the other output is in DCM with valley switching on the
first or second valley. Always note that further lowering the VOR can lead to a very large
leading edge spike on the primary current because of very deep CCM operation. This can
trigger the SOA peak limit protection that will result to auto-restart.

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

For higher efficiency, it is also necessary to choose the active devices that offer lower
conduction losses. For the InnoSwitch3 family, INN3279C offers the lowest Rpsoon). For
the secondary rectifier (SR), a MOSFET was chosen instead of a Schottky diode. A
MOSFET of 2.8 mQ Rpsony Was used in the design. An added Schottky diode in parallel
with the SR FET gives a slight improvement on the efficiency. This diode conducts

Power Integrations, Inc.
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instead of the MOSFET body diode during the start of secondary MOSFET ON and before
the secondary current reaches zero or secondary MOSFET OFF. These delays on
transition are needed to avoid cross-conduction with the primary MOSFET.

The sweet spot (efficiency and small form factor consideration) for switching frequency
operation is at the range from 70 kHz to 80 kHz. An RM8 transformer with AE of 64 mm?
is enough without saturating the core. The desigh chooses the minimum number of
secondary turns at 390 mT flux density.

Auxiliary bias voltage was chosen at range from 7 V to 9 V at no-load condition. This
helps improves no load consumption as well as light load efficiency.

Power Integrations
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5 PCB Layout

: 2.5 ~
J [65.5] >
+ L1 C7
Hower
integrations
12
i * E 14
< i ® 29]
(@) o R
RV1 ©)
1L ‘ / I8
: 2 Q1 \ DER-748 RevB mummm

Figure 4 — Top Side.

Figure 5 — Bottom Side.
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6 Bill of Materials
Item | Qty | Ref Des Description Mfg Mfg Part Number
1 1 BR1 600 V, 2 A, Bridge Rectifier, SMD, DFS DF206ST-G Comchip
2 1 Cl 47 nF, 310 VAC, Polyester Film, X2 BFC233920473 Vishay
CAP, 56 uF, £20%, 200 V, Aluminum, Radial, Can,
3 1 G | 10000 s @ 105 5C, (16 x16mm) LS. (7.50mm), 200BXF56M16X16 Rubycon
4 1 C5 0.47 pF, 10%, 16V, X7R, 0603 GRM188R71C474KA88D Murata
5 1 C6 22 uF, 35V, Ceramic, X5R, 1206 C3216X5R1V226M160AC TDK
6 1 C7 2.2 nF, Ceramic, Y1 KIN222MQ47FAFZA KEMET
7 1 C8 2.2 nF, 200 V, Ceramic, X7R, 0805 08052C222KAT2A AVX
8 1 C9 2.2 pF, 10 V, Ceramic, X7R, 0603 GRM188R71A225KE15D Murata
9 1 Ci1 330 pF 50 V, Ceramic, X7R, 0603 CC0603KRX7R9BB331 Yageo
10 1 C12 22 nF 50 V, Ceramic, X7R, 0603 06035C223KAT2A AVX
11 1 C13 10 pF, 25V, Ceramic, X7R, 1206 C3216X7R1E106M160AB TDK
560 pF, 25 V,+20%, Al Organic Polymer, Gen.
122 | 1 Cl4 Purpgse, can, 15 mér 200% Hre @ ‘{05% A750MS567M1EAAEO15 KEMET
560 pF, 25 V,£20%, Al Organic Polymer, Gen.
13 1 C15 Purpgse, Can, 15 mQ, 200% Hrs @ )105°C A750MS567M1EAAEQ15 KEMET
14 1 C17 27 uF, 200 V, Electrolytic, (10 x 16), EKXJ201ELL270MJ16S Nippon Chemi-Con
470 pF, £10%, 500 V, X7R, Ceramic, SMT, MLCC
15 1 C18 1206p(3216 Metric) CC1206KKX7RBBB471 Yageo
16 1 D1 600 V, 1 A, Rectifier, Glass Passivated, POWERDI123 DFLR1600-7 Diodes, Inc.
17 1 D2 250 V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
18 1 D4 100 V, 2 A, Schottky, SMA STPS2H100AY ST Micro
19 1 F1 1 A 250V, Slow, Long Time Lag, RST 1 RST 1 Belfuse
20 1 L1 10 mH, 0.7 A, Common Mode Choke 744821110 Wurth
MOSFET, N-CH, 60V, 23A (Ta), 100A (Tc), 100A (Tc
21 1 Q3 2.5W (Ta), 139W (TC), SM(D, I)DG-TSDS(OI\I)-S (19 BSC028NO6LS3GATMAL Infineon
22 1 R5 RES, 51 O, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ510V Panasonic
23 1 R8 RES, 10 kO, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ103V Panasonic
24 1 R10 RES, 47 Q, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ470V Panasonic
25 1 R13 RES, 13 Q, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ130V Panasonic
26 1 R14 RES, 100 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1003V Panasonic
27 1 R15 RES, SMD, 33 KQ, 1%, 1/10 W, £100ppm/°C, 0603 RCO603FR-0733KL Yageo
28 1 R16 RES, 0.005 Q, 0.5 W, 1%, 0805 PMR10EZPFU5L00 Rohm
29 1 R19 RES, 2.2 MQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ225V Panasonic
30 1 R21 RES, 200 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ204V Panasonic
31 1 R22 RES, 32.4 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF3242V Panasonic
32 1 R23 RES, 12.4 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1242V Panasonic
33 1 R24 RES, 10 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ103V Panasonic
34 1 R25 RES, 1 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ102V Panasonic
35 1 R26 RES, 13 Q, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ130V Panasonic
36 1 RV1 175 VAC, 17 ], 7 mm, RADIAL ERZ-V07D271 Panasonic
37 1 T2 Bobbin, RM8, Vertical, 8 pins (6 x 2) RM8(5X-814) ShenZhen SanXiangYuan
38 1 TP1 Test Point, BLK, Miniature THRU-HOLE MOUNT 5001 Keystone
39 1 TP2 Test Point, WHT, Miniature THRU-HOLE MOUNT 5002 Keystone
40 1 TP10 Test Point, BLK, Miniature THRU-HOLE MOUNT 5001 Keystone
41 1 TP11 Test Point, RED, Miniature THRU-HOLE MOUNT 5000 Keystone
42 1 Ul InnoSwitch-3, InSOP24D INN3279C-H222 Power Integrations
43 1 VR1 15V, 5%, 500 mW, SOD-123 MMSZ5245B-E3-08 Vishay
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7 Transformer (T2) Specification

7.1  Electrical Diagram

2 ®
Primary Winding
34T - #26AWG ° FL1
1 Secondary Winding:
6 4T — 6 x #26AWG_TIW

Bias Winding:
7T -4 x #32AWG

FL2

4

Figure 6 — Transformer Electrical Diagram.

7.2  Electrical Specifications

Electrical Strength | 1 second, 60 Hz, from pins 1, 2, 4 and 6 to FL1, FL2. 3000 VAC
Primary Inductance | Pins 1-2, all other open, measured at 100 kHz, 0.4 Vips. 380 uH, £5%
Primary Leakage glzsvl-z, with FL1-FL2 shorted, measured at 100 kHz, 7uH (Max.)

. RMS-

7.3  Material List

Item Description

[1] Core: RM8, PC95.

[2] Bobbin: RM8, Vertical, 8 Pins.

[3] Magnet Wire: #26 AWG Double Coated, Solderable.

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

[5] Magnet Wire: #26 AWG Triple Insulated Wire.

[6] Tape: 3M 1298 Polyester Film, 1 mil Thick, 8 mm Wide.

[7] Varnish: Dolph BC-359.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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7.4

Transformer Build Diagram

R

%
]
1—=
oz 17T 126AWG g@@m@mﬁ
. ”ﬁ
WD2:(Bias) 7T — 4 x #32AWG ] m
?0«00 OO .
-
wos; 1" : @ O 00
WD1: (1% Pri) 17T - #26AWG 2 % QC)@)/
Figure 7 — Transformer Build Diagram.
7.5  Transformer Construction
Winding Place the bobbin Item [2] on the mandrel with the pin side is on the left side. Winding
Preparation direction is clockwise direction.
WD1 Start at pin 2, wind 17 turns of wire Item [3] in 1 layer. At the last turn, bring wire back
1 Primary | to the left side (floating).
Insulation Place 1 layer of tape Item [6] for insulation.
WD2 Start at pin 6, wind 7 (4-filars) turns of wire Item [4] in 1 layer. At the last turn, bring
Bias/Shield bifilar wire back to the left finish at pin 4.
Insulation Place 1 layer of tape Item [6] for insulation.
WD3 Start at FL1 from the left side of the bobbin, wind 4 trifilar turns of wire Item [5] in 1
Secondary | layer. At the last turn, finish winding at FL2.
Insulation Place 1 layer of tape Item [6] for insulation.
WD4 . . - . . i
2™ Primary Continue primary winding of 17 turns from left to right. At the last turn finish at pin 1.
Insulation Place 1 layer of tape Item [6] for insulation.
WD5 Start at FL1 from the left side of the bobbin, wind 4 trifilar turns of wire Item [5] in 1
Secondary layer. At the last turn, finish winding at FL2.
Insulation Place 3 layers of tape Item [6] for insulation and secure the windings.
Core .
Inductance Gap core halves to get 380 pH inductance.
Finish . .
Assembly Cover core with 2 layers of tape. Varnish Item [7].
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7.6  Winding Illustrations

Winding
Preparation

WD1
1% Primary

Insulation

WD2
Bias/Shield

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

Winding direction is clockwise
direction.

Start at pin 2, wind 17 turns of

wire Item [3] in 1 layer. At the

last turn, bring wire back to the
left side (floating).

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

Start at pin 6, wind 7 (4-filars)
turns of wire Item [4] in 1 layer.
At the last turn, bring bifilar wire
back to the left finish at pin 4.

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

p’“ Power Integrations, Inc.
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. Place 1 layer of tape Item [6] for
Insulation insulation.
Start at FL1 from the left side of
Start at FL1 from the left side of
the bobbin, wind 4 trifilar turns
of wire Item [5] in 1 layer. At
WD3 L. -
the last turn, finish winding at
Secondary

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

Page 17 of 85
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Insulation

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

WD4
2" Primary

Continue primary winding of 17
turns from left to right. At the
last turn finish at pin 1.

Insulation

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

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

p’“ Power Integrations, Inc.
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Start at FL1 from the left side of
WD5 the bobbin, wind 4 trifilar turns
Seconda of wire Item [5] in 1 layer. At
ry the last turn, finish winding at
FL2.
Place 3 layers of tape Item [6]
Insulation for insulation and secure the

windings.

Core Inductance

Gap core halves to get 380 uH
inductance. Use clip to fix.
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Cover core with 2 layers of tape.

Finish Assembly Varnish Item [7].

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8 Inductor Design Spreadsheet

gg%"ght OER LS e INPUT OUTPUT UNITS | Flyback Design Spreadsheet
APPLICATION VARIABLES
VAC_MIN 100 100 V Minimum AC line voltage
VAC_MAX 135 135 V Maximum AC input voltage
VAC_RANGE LOW LINE AC line voltage range
FLINE 60 60 Hz AC line voltage frequency
CAP_INPUT 80.0 80.0 uF Input capacitance
SETPOINT 1
Output voltage 1, should be the highest
VOUT! 15.00 15.00 output voltage required
I0UT1 3.000 3.000 A Output current 1
POUT1 45.00 W QOutput power 1
EFFICIENCY1 0.92 0.92 Converter efficiency for output 1
Z_FACTORI1 0.50 0.50 Z-factor for output 1
SETPOINT 2
VOUT2 9.00 9.00 Vv QOutput voltage 2
I0UT2 5.000 5.000 A Output current 2
POUT2 45.00 W QOutput power 2
EFFICIENCY2 0.92 0.92 Converter efficiency for output 2
Z_FACTOR2 0.50 0.50 Z-factor for output 2
SETPOINT 3
VOUT3 5.00 5.00 \ Output voltage 3
I0UT3 6.500 6.500 A QOutput current 3
POUT3 32.50 W QOutput power 3
EFFICIENCY3 0.90 0.90 Converter efficiency for output 3
Z_FACTOR3 0.50 0.50 Z-factor for output 3
PERCENT_CDC 0% Percentage (of qutput v_oltage) cable
drop compensation desired at full load
PRIMARY CONTROLLER SELECTION
ENCLOSURE OPEN FRAME OPEN FRAME Power supply enclosure
ILIMIT_MODE STANDARD STANDARD Device current limit mode
VDRAIN_BREAKDOWN 750 \ Device breakdown voltage
DEVICE_GENERIC AUTO INN3279C Device selection
DEVICE_CODE INN3279C Device code
PDEVICE_MAX 75 W Device maximum power capability
RDSON_25DEG 0.34 0 ;gicr,rg:ary switch on-time resistance at
RDSON_100DEG 0.53 0 I;gglzz:ry switch on-time resistance at
ILIMIT_MIN 1.767 A Primary switch minimum current limit
ILIMIT_TYP 1.900 A Primary switch typical current limit
ILIMIT_MAX 2.033 A Primary switch maximum current limit
VDRAIN_ON_SWITCH 0.23 \ Primary switch on-time voltage drop
VDRAIN_OFF_SWITCH 389.49 v Peak drain voltage on the primary
switch during turn-off
WORST CASE ELECTRICAL PARAMETERS
The worst case minimum operating
FSWITCHING_MAX 88000 88000 Hz frequency is less than 25kHz: may
result in audible noise
Voltage reflected to the primary winding
VOR 130.0 130.0 \ (corresponding to setpoint 1) when the
primary switch turns off
Valley of the rectified minimum input
VMIN 110.06 v AC voltage at full load
KP 0.723 Measure of conFinuous/discontinuous
mode of operation
MODE_OPERATION CCM Mode of operation
DUTYCYCLE 0.496 Primary switch duty cycle
TIME_ON 7.00 us Primary switch on-time
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TIME_OFF 5.93 us Primary switch off-time

LPRIMARY_MIN 362.0 uH Minimum primary magnetizing
inductance

LPRIMARY_TYP 381.1 uH Typical primary magnetizing inductance

LPRIMARY_TOL 50 % Primary magnetizing inductance
tolerance

LPRIMARY MAX 400.1 uH !Vlaximum primary magnetizing
inductance

PRIMARY CURRENT

IAVG_PRIMARY 0.428 A Primary switch average current

IPEAK_PRIMARY 1.945 A Primary switch peak current

IPEDESTAL_PRIMARY 0.465 A Primary switch current pedestal

IRIPPLE_PRIMARY 1.945 A Primary switch ripple current

IRMS_PRIMARY 0.746 A Primary switch RMS current

SECONDARY CURRENT

IPEAK_SECONDARY 17.021 A Secondary switch peak current

IPEDESTAL_SECONDARY 4.067 A Secondary switch pedestal current

IRMS_SECONDARY 8.725 A Secondary switch RMS current

IRIPPLE_CAP_OUT 5.890 A QOutput capacitor ripple current

TRANSFORMER CONSTRUCTION PARAMETERS

CORE SELECTION
The transformer windings may not fit:

CORE RMS RMS pick a bigger core or bobbin and refer
to the Transformer Parameters tab for
fit calculations

CORE NAME Bo58110000R09 Core code

AE 64.0 mm~2 Core cross sectional area

LE 38.0 mm Core magnetic path length

AL 4100 nH Ungapped core effective inductance per
turns squared

VE 2430 mm~3 Core volume

BOBBIN NAME Po5812 1101200 Bobbin name

AW 30.0 mm~2 Bobbin window area

BW 10.03 mm Bobbin width

MARGIN 0.0 mm Bobbin safety margin

PRIMARY WINDING

NPRIMARY 35 Primary winding number of turns

BPEAK 3717 Gauss Peak flux density

BMAX 3435 Gauss Maximum flux density

BAC 1717 Gauss AC flux density (0.5 x Peak to Peak)
Typical gapped core effective

ALG 311 nH inductance per turns squared

LG 0.239 mm Core gap length

LAYERS_PRIMARY 2 Primary winding number of layers

AWG_PRIMARY 25 Primary wire gauge

OD_PRIMARY_INSULATED 0.518 mm Primary wire insulated outer diameter

OD_PRIMARY_BARE 0.455 mm Primary wire bare outer diameter

CMA_PRIMARY 429.7 Cmils/A Primary winding wire CMA

SECONDARY WINDING

NSECONDARY 4 Secondary winding number of turns

AWG_SECONDARY 17 Secondary wire gauge

OD_SECONDARY_INSULATED 1.454 mm Secondary wire insulated outer
diameter

OD_SECONDARY_BARE 1.150 mm Secondary wire bare outer diameter

CMA_SECONDARY 234.8 Cmils/A Secondary winding wire CMA

BIAS WINDING

NBIAS | 7 | | Bias winding number of turns

PRIMARY COMPONENTS SELECTION

LINE UNDERVOLTAGE

BROWN-IN REQURED | 45.00 45.00 | v | Required line brown-in threshold

5
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Connect two 1.13 MOhm resistors to
RLS 2.26 MQ the V-pin for the required UV/OV
threshold
Actual brown-in threshold using
BROWN-IN ACTUAL 45.49 \Y standard resistors
BROWN-OUT ACTUAL 41.16 v Actual brown-out threshold using
standard resistors
LINE OVERVOLTAGE
OVERVOLTAGE_LINE 189.03 v Actual AC RMS line over-voltage
threshold
BIAS WINDING
The rectified bias voltage maybe too
low to supply the BP pin: Increase the
VBIAS 8.00 8.00 v rectified bias voltage to a value higher
than 9V
VF_BIAS 0.70 \ Bias winding diode forward drop
Bias diode reverse voltage (not
VREVERSE_BIASDIODE 45.90 v accounting parasitic voltage ring)
CBIAS 22 uF Bias winding rectification capacitor
CBPP 0.47 uF BPP pin capacitor
SECONDARY COMPONENTS SELECTION
RECTIFIER
VDRAIN OFF SRFET 36.66 Vv Seconda?ry rectiﬁgr_ reverse vo_ltage (not
- - ) accounting parasitic voltage ring)
SRFET AUTO AON6244 Secondary rectifier (Logic MOSFET)
VBREAKDOWN_SRFET 60 \ Secondary rectifier breakdown voltage
SRFET on time drain resistance at
RDSON_SRFET 62 M2 | 25deqC for VGS=4.4v
FEEDBACK COMPONENTS
Upper feedback resistor (connected to
RFB_UPPER 100.00 kQ the output terminal)
Lower feedback resistor required to
RFB_LOWER 34.00 kQ obtain the output for cable drop
compensation
CFB_LOWER 330 bF Lower. feedback resistor decoupling
capacitor
SETPOINTS ANALYSIS
TOLERANCE CORNER
USER_VAC 115 115 Input AC RMS voltage corner to be
evaluated
USER_ILIMIT TYP 1.900 A Current limit corner to be evaluated
USER_LPRIMARY TYP 381.1 uH Primary inductance corner to be
evaluated
SETPOINT SELECTION
SETPOINT 1 1 Select the setpoint which needs to be
evaluated
Maximum switching frequency at full
FSWITCHING 73247.1 Hz load and the valley of the minimum
input AC voltage
VOR 130.0 Voltage reflgded to the primary winding
when the primary switch turns off
VMIN 135.40 Valley of the minimum input AC voltage
KP 1.578 Measure of conFinuous/discontinuous
mode of operation
MODE_OPERATION DCM Mode of operation
DUTYCYCLE 0.379 Primary switch duty cycle
TIME_ON 5.17 us Primary switch on-time
TIME_OFF 8.48 us Primary switch off-time
PRIMARY CURRENT
IAVG_PRIMARY 0.347 A Primary switch average current
IPEAK_PRIMARY 1.834 A Primary switch peak current
IPEDESTAL_PRIMARY 0.000 A Primary switch current pedestal
IRIPPLE_PRIMARY 1.834 A Primary switch ripple current
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IRMS_PRIMARY | | 0.652 | A | Primary switch RMS current
SECONDARY CURRENT
IPEAK_SECONDARY 16.050 A Secondary switch peak current
IPEDESTAL_SECONDARY 0.000 A Secondary switch pedestal current
IRMS_SECONDARY 5.815 A Secondary switch RMS current
IRIPPLE_CAP_OUT 4.982 A QOutput capacitor ripple current
MAGNETIC FLUX DENSITY
BPEAK 3308 Gauss Peak flux density
BMAX 3121 Gauss Maximum flux density
BAC 1560 Gauss AC flux density (0.5 x Peak to Peak)
SETPOINT 2 Select the setpoint which needs to be
evaluated
Maximum switching frequency at full
FSWITCHING 73306.5 Hz load and the valley of the minimum
input AC voltage
Voltage reflected to the primary winding
VOR 783 when the primary switch turns off
VMIN 135.40 \ Valley of the minimum input AC voltage
Measure of continuous/discontinuous
KP 0.968 mode of operation
MODE_OPERATION CCM Mode of operation
DUTYCYCLE 0.367 Primary switch duty cycle
TIME_ON 5.10 us Primary switch on-time
TIME_OFF 8.64 us Primary switch off-time
PRIMARY CURRENT
TAVG_PRIMARY 0.347 A Primary switch average current
IPEAK_PRIMARY 1.834 A Primary switch peak current
IPEDESTAL_PRIMARY 0.059 A Primary switch current pedestal
IRIPPLE_PRIMARY 1.776 A Primary switch ripple current
IRMS_PRIMARY 0.652 A Primary switch RMS current
SECONDARY CURRENT
IPEAK_SECONDARY 16.051 A Secondary switch peak current
IPEDESTAL_SECONDARY 0.515 A Secondary switch pedestal current
IRMS_SECONDARY 7.495 A Secondary switch RMS current
IRIPPLE_CAP_OUT 5.584 A Output capacitor ripple current
MAGNETIC FLUX DENSITY
BPEAK 3308 Gauss Peak flux density
BMAX 3121 Gauss Maximum flux density
BAC 1510 Gauss AC flux density (0.5 x Peak to Peak)
SETPOINT 3 Select the setpoint which needs to be
evaluated
Maximum switching frequency at full
FSWITCHING 58684.4 Hz load and the valley of the minimum
input AC voltage
Voltage reflected to the primary winding
VOR 43.9 when the primary switch turns off
VMIN 142.27 \ Valley of the minimum input AC voltage
Measure of continuous/discontinuous
KP 0.846 mode of operation
MODE_OPERATION CCM Mode of operation
DUTYCYCLE 0.236 Primary switch duty cycle
TIME_ON 4.53 us Primary switch on-time
TIME_OFF 13.02 us Primary switch off-time
PRIMARY CURRENT
TAVG_PRIMARY 0.241 A Primary switch average current
IPEAK_PRIMARY 1.773 A Primary switch peak current
IPEDESTAL_PRIMARY 0.273 A Primary switch current pedestal
IRIPPLE_PRIMARY 1.500 A Primary switch ripple current
IRMS_PRIMARY 0.540 A Primary switch RMS current
SECONDARY CURRENT
IPEAK_SECONDARY 15.511 A Secondary switch peak current
IPEDESTAL_SECONDARY 2.386 A Secondary switch pedestal current

Power Integrations, Inc.
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IRMS_SECONDARY 8.494 A Secondary switch RMS current
IRIPPLE_CAP_OUT 5.467 A QOutput capacitor ripple current
MAGNETIC FLUX DENSITY

BPEAK 3308 Gauss Peak flux density

BMAX 3016 Gauss Maximum flux density

BAC 1276 Gauss AC flux density (0.5 x Peak to Peak)

Power Integrations
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9 Performance Data

9.1 Efficiency
Note: Output voltage measured at PCB end.

9.1.1 Efficiency vs. Line

95
==15V-3A
=0 \/-5A
=B=5V-6.5A
94 «
93 = A
o T
N
o y—
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9
[ 92'
2
2
o
91 =
— -
k
90 =
89

95 100 105 110 115 120 125 130 135 140

Input Voltage (VAC)
Figure 8 — Efficiency vs. Input Line Voltage.
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9.1.2 Efficiency vs. Load
Note: Output voltage measured at PCB end.

96
94
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)
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2
2
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82 = =+=5V-6.5A
=*=0V-5A
==2=15V-3A
80 - :
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Load (%)
Figure 9 — Efficiency vs. Percent Load.
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9.1.3 No-Load Input Power
Note: 5 V output at no-load.

30

N
o
'l

No-Load Power (mW)
=) ;

95 100 105 110 115 120 125 130 135 140
Input Voltage (VAC)
Figure 10 — No-Load Power vs. Input Line Voltage.
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9.2 Line and Load Regulation

9.2.1 5V Line Regulation at 6.5 A Load
Note: Output voltage measured at PCB end.

5.25 3%
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95
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Input Voltage (VAC)

Figure 11 — 5 V Output Regulation vs. Input Line Voltage.
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9.2.2 9 V Line Regulation at 5 A Load
Note: Output voltage measured at PCB end.

9.3 3%
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~ 9.1+ L 1%
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S
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Input Voltage (VAC)
Figure 12 — 9 V Output Regulation vs. Input Line Voltage.
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9.2.3 15 V Line Regulation at 3 A Load
Note: Output voltage measured at PCB end.
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Figure 13 — 15 V Output Regulation vs. Input Line Voltage.
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9.2.4 5 V Load Regulation
Note: Output voltage measured at PCB end.
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Figure 14 — 5 V Output Regulation vs. Percent Load.
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9.2.5 9 V Load Regulation
Note: Output voltage measured at PCB end.

9.3
==9V-5A

3%

9.2 = 2%
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Figure 15 — 9 V Output Regulation vs. Percent Load.
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9.2.6 15 V Load Regulation
Note: Output voltage measured at PCB end.
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Figure 16 — 15 V Output Regulation vs. Percent Load.
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9.2.7 CP Profile vs. Line (5V / 6.5 A)
Note: Output voltage measured at PCB end.

7
=100 VAC
e=115 VAC

6 =135 VAC
~ 5
>
N
(]
o 4
-
c I
>
‘é. 3 /
- )
3 —

2 /

]
"
1 /
"
"
0 /

00 05 10 15 20 25 3.0 35 40 45 50 55 6.0 65 7.0

Load (A)
Figure 17 — CP Profile for 5 V Output at Different Input Line.
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9.2.8 CP Profile vs. Line (9 V/5A)
Note: Output voltage measured at PCB end.

12 _
=100 VAC
==]115 VAC
===135 VAC

10

Output Voltage (V)
(@)}

-~
"
"

-l
0‘
00 05 10 15 20 25 3.0 35 40 45 50 55 6.0 65 7.0

Load (A)
Figure 18 — CP Profile for 9 V Output at Different Input Line.
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9.2.9 CP Profile vs. Line (15V /3 A)
Note: Output voltage measured at PCB end.

18 =100 VAC
e]15 VAC
14
—
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Load (A)
Figure 19 — CP Profile for 15 V Output at Different Input Line.
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10 Test Data
10.1 Test Data Efficiency vs. Line, 5V / 6.5 A (PCB End)
Input Input Measurement 5V/6.5A . .
Efficienc
VAC |Freq| Vi In Piv | Vour Iour Pour (%) Y
(Vems) | (HZ) | (Vems) | (MAgms) | (W) | (Vod) | (MmApxg) | (W)
100 60 100 681.2 | 35.63 ] 4.94 6498 | 32.123 90.2
115 60 115 629.0 35.61 ] 4.96 6498 | 32.217 90.5
135 60 135 576.5 | 35.66 | 4.97 6498 | 32.301 90.6
10.2 Test Data Efficiency vs. Line, 9V / 5 A (PCB End)
Input Input Measurement 9V /5A .
Efficienc
VAC | Freq| Vi In Pin | Vour Iour Pour (%) Y
(Vrms) | (HZ) | (Vrms) | (MAgms) | (W) | (Vbc) | (mApg) | (W)
100 60 100 875.5 |]48.10| 8.81 4999 | 44.026 91.5
115 60 115 799.1 47.88 | 8.81 4999 | 44.050 92.0
135 60 135 723.6 47.48 | 8.80 4999 | 44.006 92.7
10.3 Test Data Efficiency vs. Line, 15V / 3 A (PCB End)
Input Input Measurement i15V/3A . .
Efficienc
VAC | Freq| Vi In Pin | Vour Iour Pour (%) Y
(Vems) | (HZ) | (Vems) | (MAgms) | (W) | (Vo) | (mAL) | (W)
100 60 100 886.1 48.94 | 15.09 | 2999 | 45.262 92.5
115 60 115 813.7 49.08 | 15.19 | 2999 | 45.558 92.8
135 60 135 739.6 48.89 | 15.17 | 2999 | 45.496 93.1

Nal Power Integrations, Inc.
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10.4 Test Data Efficiency vs Percent Load, 5V / 6.5A @ 115 VAC (PCB End)

Load Settings Input Measurement 5V / 6.5 A Measurement Variable Effici
iciency
0/0 Load VIN IIN PIN VOUT IOUT POUT (0/0)
(Vaws) | (Arws) | (W) | (Voo (Anc) (W)

100 115 629.0 | 35.61 5.0 6498 32.217 90.5
95 115 604.1 | 33.83 5.0 6173 30.659 90.6
90 115 579.2 | 32.07 5.0 5849 29.101 90.7
85 115 553.8 | 30.29 5.0 5524 27.531 90.9
80 115 526.3 | 28.38 5.0 5199 25.938 91.4
75 115 501.7 | 26.69 5.0 4874 24.440 91.6
70 115 476.9 | 25.01 5.0 4549 22.918 91.6
65 115 450.8 | 23.26 5.1 4224 21.338 91.7
60 115 424.2 | 21.51 5.1 3899 19.748 91.8
55 115 396.8 | 19.76 5.1 3574 18.155 91.9
50 115 368.7 | 18.00 5.1 3249 16.550 91.9
45 115 340.2 | 16.23 5.1 2925 14.930 92.0
40 115 310.6 | 14.43 5.1 2600 13.284 92.1
35 115 280.7 12.64 5.1 2274 11.642 92.1
30 115 250.0 | 10.84 5.1 1950 9.990 92.1
25 115 217.2 | 9.04 5.1 1625 8.328 92.1
20 115 182.0 | 7.25 5.1 1300 6.670 92.0
15 115 143.2 | 5.44 5.1 975 4.990 91.7
10 115 100.9 | 3.65 5.1 650 3.319 91.0
5 115 0.09 1.87 5.2 0.33 1.68 89.9

Power Integrations
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11-Nov-19

10.5 Test Data Efficiency vs Percent Load, 9V /5A @ 115 VAC (PCB End)

Load Settings Input Measurement 9V / 5 A Measurement Variable Effici
iciency
% Load VIN IIN PIN VOUT IOUT POUT (o/o)
(Vrms) | (Arms) | (W) (Voc) (Aoc) (w)

100 115 799.1 | 47.88 8.8 4999 44.050 92.0
95 115 763.8 | 45.27 8.8 4749 41.811 92.4
90 115 733.2 | 43.03 8.9 4499 39.902 92.7
85 115 702.3 | 40.74 8.9 4249 37.796 92.8
80 115 670.1 | 38.41 8.9 3999 35.644 92.8
75 115 638.3 | 36.10 8.9 3749 33.507 92.8
70 115 605.9 | 33.80 9.0 3499 31.370 92.8
65 115 571.8 | 31.40 9.0 3249 29.141 92.8
60 115 538.0 | 29.05 9.0 2999 26.970 92.8
55 115 503.6 | 26.69 9.0 2749 24.775 92.8
50 115 468.1 | 24.29 9.0 2500 22.555 92.9
45 115 431.5 | 21.89 9.0 2250 20.317 92.8
40 115 393.6 | 19.47 9.0 2000 18.074 92.8
35 115 355.0 | 17.06 9.1 1750 15.831 92.8
30 115 315.3 | 14.64 9.1 1500 13.575 92.7
25 115 274.7 | 12.22 9.1 1250 11.317 92.6
20 115 232.2 | 9.80 9.1 1000 9.052 92.4
15 115 185.3 | 7.38 9.1 750 6.784 91.9
10 115 132.5 | 4.96 9.0 500 4.514 91.0
5 115 69.8 2.54 9.0 250 2.254 88.7

Power Integrations, Inc.
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10.6 Test Data Efficiency vs Percent Load, 15V /3 A @ 115 VAC (PCB End)

Load Settings | Input Measurement | 15V / 3 A Measurement Variable Effici
iciency
o/o Load VIN IIN PIN VOUT IOUT POUT (0/0)
(Vems) | (Arms) | (W) (Voc) (Aoc) w)
100 115 813.7 | 49.08 15.2 2999 45.558 92.8
95 115 781.3 | 46.64 15.2 2849 43.293 92.8
90 115 748.9 | 44.29 15.2 2699 41.098 92.8
85 115 718.0 | 41.94 15.3 2549 38.914 92.8
80 115 683.7 | 39.47 15.3 2399 36.614 92.8
75 115 651.8 | 37.12 15.3 2249 34.421 92.7
70 115 617.3 | 34.66 15.3 2099 32.130 92.7
65 115 583.1 | 32.23 15.3 1949 29.857 92.6
60 115 548.5 | 29.81 15.3 1799 27.598 92.6
55 115 512.9 | 27.36 15.3 1649 25.314 92.5
50 115 476.8 | 24.90 15.4 1500 23.026 92.5
45 115 439.8 | 22.45 15.4 1350 20.734 92.4
40 115 401.5 | 19.99 15.4 1200 18.435 92.2
35 115 362.1 | 17.52 15.4 1050 16.133 92.1
30 115 322.0 | 15.06 15.4 900 13.824 91.8
25 115 281.0 | 12.60 15.4 750 11.521 91.4
20 115 238.4 | 10.15 15.4 600 9.221 90.9
15 115 191.1 | 7.67 15.3 450 6.903 90.0
10 115 138.5 | 5.22 15.3 300 4.595 88.1
5 115 74.5 2.74 15.3 150 2.297 84.0
10.7 Test Data Average Efficiency, 5V / 6.5A @ 115 VAC (PCB End)
Load Settings | Input Measurement | 5V / 6.5 A Measurement Variable Effici
iciency
% Load Vin In Py Vour Iour Pour (%)
(Vrms) | (Arms) | (W) (Voc) (Aoc) w)
100 115 629.0 | 35.61 5.0 6498 32.217 90.5
75 115 501.7 | 26.69 5.0 4874 24.440 91.6
50 115 368.7 | 18.00 5.1 3249 16.550 91.9
25 115 217.2 | 9.04 5.1 1625 8.328 92.1
AVERAGE 91.5
Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201 .
Page 41 of 85 WWW.power.com p



DER-748 45 W USB Charger Using InnoSwitch3-CP 11-Nov-19
10.8 Test Data Average Efficiency, 9V /5A @ 115 VAC (PCB End)
Load Settings | Input Measurement | 9V /5 A Measurement Variable
% Load Vin Iin Py Vour Lour Pour Efficiency
(VRM§) (ARM_S) w) (Voo) (Anc) w) (%)
100 115 799.1 | 47.88 8.8 4999 44.050 92.0
75 115 638.3 ] 36.10 8.9 3749 33.507 92.8
50 115 468.1 | 24.29 9.0 2500 22.555 92.9
25 115 274.7 | 12.22 9.1 1250 11.317 92.6
AVERAGE 92.6
10.9 Test Data Average Efficiency, 15V /3 A @ 115 VAC (PCB End)
Load Settings | Input Measurement | 15V / 3 A Measurement Variable
% Load Vin Iin Pin Vour Lour Pour Efficiency
(VRM§)_ ‘ARMS) w) (Voo) (Apc) w) (%)
100 115 813.7 | 49.08 15.2 2999 45.558 92.8
75 115 651.8 | 37.12 15.3 2249 34.421 92.7
50 115 476.8 | 24.90 15.4 1500 23.026 92.5
25 115 281.0 ] 12.60 15.4 750 11.521 91.4
AVERAGE 92.4

10.10 Test Data Line Regulation, 5V / 6.5 A (PCB End)

10.11 Test Data Line Regulation, 9V /5 A (PCB End)

Input 5V/6.5A
VAC | Freq | Vour | Iour Pour
(Vems) | (HZ) | (Voc) | (Aod) | (W)
100 47 4.9 | 6498 | 32.123
115 50 5.0 | 6498 | 32.217
135 60 5.0 | 6498 | 32.301

Input 9V /5A
VAC | Freq | Vour | Iour | Pour
(Vems) | (HZ) | (Voc) | (Aod) | (W)
100 47 8.8 | 4999 | 44.026
115 50 8.8 | 4999 | 44.050
135 60 8.8 | 4999 | 44.006

5
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11-Nov-19 DER-748 45 W USB Charger Using InnoSwitch3-CP

10.12 Test Data Line Regulation, 15V / 3 A (PCB End)

Input 15V/3A
VAC | Freq | Vour | Iour | Pour

(Vems) | (H2) | (Vod) | (Aod) | (W)
100 47 15.1 | 2999 | 45.262

115 50 15.2 ]| 2999 | 45.558
135 60 15.2 | 2999 | 45.496

10.13 Test Data Load Regulation, 5V / 6.5A @ 115 VAC (PCB End)

Load Settings | 5V / 6.5 A Measurement Variable
o Vour Iour Pour
Yo Load (Vo) | (Ang) (W)

100 5.0 6498 32.217
95 5.0 6173 30.659
90 5.0 5849 29.101
85 5.0 5524 27.531
80 5.0 5199 25.938
75 5.0 4874 24.440
70 5.0 4549 22.918
65 5.1 4224 21.338
60 5.1 3899 19.748
55 5.1 3574 18.155
50 5.1 3249 16.550
45 5.1 2925 14.930
40 5.1 2600 13.284
35 5.1 2274 11.642
30 5.1 1950 9.990
25 5.1 1625 8.328
20 5.1 1300 6.670
15 5.1 975 4.990
10 5.1 650 3.319
5 5.1 325 1.658
0 5.1 0.13 0.000

Power Integrations
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10.14 Test Data Load Regulation, 9V /5A @ 115 VAC (PCB End)

Load Settings

9V / 5 A Measurement Variable

Wload | W2 | | s
100 8.8 4999 44,050
95 8.8 4749 41.811
a0 8.9 4499 39.902
85 8.9 4249 37.796
80 8.9 3999 35.644
75 8.9 3749 33.507
70 9.0 3499 31.370
65 9.0 3249 29.141
60 9.0 2999 26.970
55 9.0 2749 24.775
50 9.0 2500 22.555
45 9.0 2250 20.317
40 9.0 2000 18.074
35 9.1 1750 15.831
30 9.1 1500 13.575
25 9.1 1250 11.317
20 9.1 1000 9.052
15 9.0 750 6.784
10 9.0 500 4,514

5 9.0 250 2.254
0 9.1 0.10 0.000

5
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DER-748 45 W USB Charger Using InnoSwitch3-CP

10.15 Test Data Load Regulation, 15V /3 A @ 115 VAC (PCB End)

10.16 Test Data No-Load Consumption, 5V /0 A (PCB End)

Load Settings | 15V / 3 A Measurement Variable
o Vour Lout Pour
otoad | (o) | (A (W)

100 15.2 2999 45.558
95 15.2 2849 43.293
90 15.2 2699 41.098
85 15.3 2549 38.914
80 15.3 2399 36.614
75 15.3 2249 34.421
70 15.3 2099 32.130
65 15.3 1949 29.857
60 15.3 1799 27.598
55 15.3 1649 25.314
50 15.4 1500 23.026
45 15.4 1359 20.734
40 15.4 1200 18.435
35 15.4 1050 16.133
30 15.4 900 13.824
25 15.4 750 11.521
20 15.4 600 9.221
15 15.3 450 6.903
10 15.3 300 4.595
5 15.3 150 2.297
0 15.4 0.02 0.000

Input Input Measurement
VAC Freq Vin Iin Pin
(Vems) (Hz) (Vems) | (mAgums) | (mW)
100 60 100 31.7 7.23
110 60 110 31.3 9.22
115 60 115 31.8 9.04
120 60 120 31.1 9.70
135 60 135 30.5 13.63
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DER-748 45 W USB Charger Using InnoSwitch3-CP 11-Nov-19

11  Thermal Performance
11.1 Open Caseat15V /3 A (25 °C Ambient)
11.1.1 100 VAC @ 25 °C Ambient

Ambient INN3279C SR FET Transformer Bridge Diode
(°© (U1) (Q3) (T2) (BR1)
24.3 76.1 72 76.1 69.9

Bx1 Max 76.1°C oC 3. Bx1 Max 72.0°C oC

Figure 20 — Ambient = 24.3 °C. Figure 21 — Ambient = 24.3 °C.
INN3279C, Ul = 76.1 °C. SR FET, Q3 = 72 °C.

Bxl1 Max 76.1°C OC Bx1 Max 69.9°C oC

Figure 22 — Ambient = 25.1 °C. Figure 23 — Ambient = 24.3 °C.
Transformer, T2 = 76.1 °C. Bridge Diode, BR1 = 69.9 °C.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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11.1.2 135 VAC @ 25 °C Ambient

Ambient INN3279C SR FET Transformer Bridge Diode
(°© (U1) (Q3) (T2) (BR1)
24.7 76 74.4 79 59.8

Bx1 Max 76.0 °C oC 3. Max 74.4 °C oC

Figure 24 — Ambient = 24.7 °C. Figure 25 — Ambient = 24.7 °C.
INN3279C, U1 = 76 °C. SR FET, Q3 = 74.4 °C.

Bx1 Max 79.0 °C oC

Figure 26 — Ambient = 25.3 °C. Figure 27 — Ambient = 24.7 °C.
Transformer, T2 = 79 ©C, Bridge Diode, BR1 = 59.8 °C.
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11.2 Open Caseat9V/5A (25 °C Ambient)
11.2.1 100 VAC @ 25 °C Ambient

Ambient INN3279C SR FET Transformer Bridge Diode
(°©) (U1) (Q3) (T2) (BR1)
25.7 93.8 90 81.9 73.5

Bx1 Max 93.8 °C o(C § Bx1 Max 90.0 °C oC

Figure 28 — Ambient = 25.7 °C. Figure 29 — Ambient = 25.7 °C.
INN3168C, U1 = 93.8 °C. SR FET, Q3 =90 °C.

BxI Max 81.9°C o( ; Bxl Max 73.5°C o(

Figure 30 — Ambient = 23.6 °C. Figure 31 — Ambient = 25.7 °C.
Transformer, T2 = 81.9 °C. Bridge Diode, BR1 = 73.5 °C.
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11.2.2 135 VAC @ 25 °C Ambient

Ambient INN3279C SR FET Transformer Bridge Diode
(°© (U1) (Q3) (T2) (BR1)
23.7 87.2 87.5 83.4 60.2

Bxl Max 87.2°C o(

Figure 32 — Ambient = 23.7 °C.
INN3279C, Ul = 87.2 °C.

Bx1 Max 83.4°C o(C

Figure 34 — Ambient = 24.3 °C.
Transformer, T2 = 83.4 °C.

Bxl Max 87.5°C o(

Figure 33 — Ambient = 23.7 °C.
SR FET, Q3 = 87.5 °C.

Figure 35 — Ambient = 23.7 °C.
Bridge Diode, BR1 = 60.2 °C.
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11.3 Open Caseat5V/ 6.5A (25 °C Ambient)
11.3.1 100 VAC @ 25 °C Ambient

Ambient INN3279C SR FET Transformer Bridge Diode
(°©) (U1) (Q3) (T2) (BR1)
22.5 78.1 85.4 79.5 57.8

Bx1 Max 78.1°C o(C Bx1 Max 85.4°C o(C

Figure 36 — Ambient = 22.5 °C. Figure 37 — Ambient = 22.5 °C.
INN3279C, Ul = 78.1 °C. SR FET, Q3 = 85.4 °C.

Bxl1 Max 79.5°C OC Bx1 Max 57.8°C oC

Figure 38 — Ambient = 24.9 °C. Figure 39 — Ambient = 22.5 °C.
Transformer, T2 = 79.5 °C. Bridge Diode, BR1 = 57.8 °C.
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11.3.2 135 VAC @ 25 °C Ambient

Ambient | INN3279C | SR MOSFET | Transformer | Bridge Diode
(°O (U1) (Q3) (T2) (BR1)
24.6 82 88.1 81 53.3

Bx1 Max 82.0°C oC ; Bxl Max 88.1°C oC

Figure 40 — Ambient = 24.6 °C. Figure 41 — Ambient = 24.6 °C.
INN3279C, U1 = 82 °C. SR FET, Q3 = 88.1 °C.

Bxl Max 81.0°C oC Bxl Max 53.3°C o(

Figure 42 — Ambient = 25 °C. Figure 43 — Ambient = 24.6 °C.
Transformer, T2 = 81 °C. Bridge Diode, BR1 = 53.3 °C.
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11.4 Open Caseat5V/ 6.5A (50 °C Ambient)

is

Figure 44 — Test Set-up Picture.

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

_p Power Integrations, Inc.
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11.4.1 100 VAC @ 50 °C Ambient

Input Output

Ambient | INN3279C | SR FET | Transformer | Bridge | CMC L Ny
Capacitor | Capacitor

cc) | (D | (@3) (12) [ (BR1) | (L1) | CePacer | CARAC)
53.3 94.0 95.9 85.1 81.6 73.6 77.1 85.2
GROUP 1 2018/08/02 11:07:40 GBE— 2
U1-InnoG
gmin/dij S0 94.0
% 03-5R FET -
= 95.9
?0 ER1-Bridae ‘
= 81.6
— T2-TRF Wire :
= 85.1
A ;ﬂ T2-TRF Care -
11 Y
% CI-Input Cap :
.|‘..=’<ﬂ 77'!2
| | T | | I T ) T = L1-GHG
= 73.6
$ r C1a-Output Cap :
< | Spaa 85.2
%_ Anbient :
= 53.3
E_ Output Woltage :
34 o] |00 10:11  |wse]  [oes] [10s4] [osE] [13s0 & I 4.977
r
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11.4.2 115 VAC @ 50 °C Ambient

Input Output

Ambient | INN3279C | SR FET | Transformer | Bridge | CMC L Ny
Capacitor | Capacitor

(o]
(°C) (U1) (Q3) (T2) (BR1) | (L1) (C3) (C15)
53.5 95.2 97.0 86.0 79.1 72.7 76.9 85.8
GROUP 1 2018/08/02 11:58:53 g po——2ual
U1-TrnotG
2rpin/ div 95.2

ER1-Bridae

T2-TRF Wire

T2-TRF Core

C3-Input Gap

L1-CHE

Cld-Qutput Cap

fnbient

53.05C

Output ‘u'nltagz ' 986U

FRTERTT]ITTITII @f e "'Elllléll ﬁl LA @IUIH HII\IﬂjOj
R
son

11:27 11:3] 11: 3] 11:3 11:4: 11:4 11:1] 11:5
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11.4.3 135 VAC @ 50 °C Ambient
Ambient | INN3279C | SR FET | Transformer | Bridge | cMc Cal::cI;:or Cg::zi‘;f)r
o
o) | (1 | (@3 (12) [ (BRy) [ (L1) | CePacer | CARAC)
53.6 97.4 98.9 87.3 76.7 71.8 76.9 86.6
GROUP 1 2018/08/02 14:15:34 e — 7oy
U1-TnnotG
2min/divEES0 97.4
% L3-Sk FET -
= 98.9
?0 BR1-Bridae :
= 76.7
E T2-TRF Wire :
PSS S et 3 .
= T2-TRF Caore
. Ea 85.7
:m C3-Input Cap -
@ 76.9
Il I | I Il I 1 ) I 1 I I I I I I I > - it
N S N S e [ [ Y A A A T~ L1-CHE
= 71.8
¢ g C1d-Dutput Cap ‘
> 86.6
g_ Ambient ‘
= 53.6
o Dutput Vol tage ‘
1547 1305 ms) [imsd o) [1ed |wend i jund JEE 4.997
W
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11.5 OpencCaseat9V/5A (50 °C Ambient)
11.5.1 100 VAC @ 50 °C Ambient

Ambient | INN3279C | SR FET | Transformer | Bridge | CMC

Input Output
Capacitor | Capacitor

o | wn | (@3 (1) [ (Bry) | (1) | @PagEer | Copech
54.5 98.9 97.2 89.7 84.7 80.8 82.2 84.4
GROUP 1 2018/08/02 16:10:40 &G [P e
U1 -Irnot

2min/divEs0 98.9

g [13-5R FET -

= 97.2

?0 ER1-Er | dae -

= 84.7

% T2-TRF Wire s

e ———. st = e ﬂ 89.7

— T2-TRF Core -

< <3 88.2

z C3-Input Cap -

=¢ €4 82.2

1 l_:_: L1-CHG .

= 80.8

| Clé-lutput Cap .

= 84.4

= Fubient -

= 54.5

;—f Outeut Yol teae -

H |53y sl 155 s sy fisisy jen] fiso§ e BE I 8.676

i

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

_p’“ Power Integrations, Inc.
WWW.power.com Page 56 of 85



11-Nov-19 DER-748 45 W USB Charger Using InnoSwitch3-CP

11.5.2 115 VAC @ 50 °C Ambient

Input Output

Ambient | INN3279C | SR FET | Transformer | Bridge | CMC L Ny
Capacitor | Capacitor

o
co [ () | (@3 (12) | (BRY) | (L)) | 0" | M)
54.1 96.5 95.5 88.9 80.5 77.5 80.1 83.3
GROUP 1 2018/08/02 16:53:02 wdlPmr——2sy
UL-Innal
2minf/ diViZ50 96.5
% 3-SR FET -
= 95.5
?0 EBR1-Bridae :
= 80.5
— T2-TRF Wire :
= T2-TRF Core .
< < 87.4
= C3-Input Cap 80 1
= memmae e .
—:—l—'rllllllllllllllf—-ﬂ i
PR L1-GHG
= 77.5
i Cld-Output Cap :
30 83.3
i Fmbient :
= 54.1
o Dutput Vol tage :
16:1  |16:2 16:21  |16:3 16:35  [16:1  |16:4 16:4 16:51 S I 8 . 691
[
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11.5.3 135 VAC @ 50 °C Ambient
Ambient | INN3279C | SR FET | Transformer | Bridge | cMc CaI:apcl;:or cg::ziﬁr
o [ Wy | (@3 (12) | (BRY) [ (L | “BPEIOT | “REE
54.0 97.1 96.1 89.6 77.0 75.2 79.1 83.5
GROUP 1 2018/08/02 17:37:07 oGP —2uie|
UL-Innal

2rin]divES0 97.1

% 03-5R FET .

= 96.1

?0 EBR1-Bridae :

= 77.0

— T2-TRF Wire :

F 301 89.6

= T2-TRF Core .

= 88.;[

‘ _ﬂ C3-Input Cap :

—_————¢ €Y 79.1

IIIIIIIIIIII!III'—E_ AR :

= 75.2

: z Cld-Output Cap :

30 83.5

i Fmbient :

= 54.0

E_ Output Yol tage :

V10 St S a: N s B it B i B B e B o & I 8.694

W)
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11.6 Open Caseat 15V /3 A (50°C Ambient)
11.6.1 100 VAC @ 50 °C Ambient

Input Output

Ambient | INN3279C | SR FET | Transformer | Bridge | CMC Capacitor | Capacitor

o | wn | (@3 (12) | (BRY) | (1) | CPagEer | Copacht
52.7 89.6 83.8 84.4 89.3 78.0 78.9 75.4
GROUP 1 2018/08/03 08:46:36 &G P oo
2min/ fivES0 o 89.6
g 3-SR FET .
= 83.8
?0 ER1-Eridge -
| em 89.3
— T2-TRF Wire
= 84.4
< % T2-TRF Core .
) ¢ 4 83.3
§ = €3-Input Cap X
{ € 78.09c
E— M L1-CHe
~ 78.0
- Cla-Dutput Cap -
30 75.4
= Fnbient -
= 52.7
E_ Output Yol tage -
el |oais el loeeg [omery [oesst |0 (oem  |oms = I 14.865
b
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11.6.2 115 VAC @ 50 °C Ambient
Ambient | INN3279C | SR FET | Transformer | Bridge | cMc CaI:apcl;:or cg::ziﬁr
(°C) (U1) (Q3) (T2) (BR1) | (L1) (C3) (C15)
53.3 90.3 85.3 86.4 86.4 77.3 79.4 76.7
GROUP 1 2018/08/03 09:30:55 g P 2uim|
[/ dviES0 T 90.3
-~ | 8.3
?0 BRI-Br idge 4
< jﬂ T2-TRF Wi 86 : ﬂ;
= 86.4
ey S mé iﬂ i " 85 . SC
cam| "
= 77.3
__%) —Uutpu ap 76 ] 07(:
%_ mo 1 en 53 ' 03
%_ Output Yol tage ‘
o lomsd  |mend mng me |med meg |mezm |meg mem BE I 14.872
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11.6.3 135 VAC @ 50 °C Ambient
. SR . Input Output
Amglent INN3279C MOSFET Transformer | Bridge | CMC Capacitor Capacitor
(°C) (U1) (03) (T2) (BR1) [ (L1) (C3) (C15)
53.3 90.5 86.0 87.5 82.1 75.3 78.6 77.2
GROUP 1 2018/08/03 10:20:04 P 2uill
11-InnoG

2min/difiE50 90.5
% [13-SE FET -
= 86.0
fo ER1-Bridge :
< |am o

; T2-TRF Wire
= 87.5
y i

> T2-TRF Core
¢ jﬂ 86.6
% C3-Input Gap :
< <2 /8.6
O L1-cHe -
= 75.3
5 ¢14-Output Gap -
0 77.2
%_ fnbient -
= 53.3
E_ Output ol tage :
g |oea) Jmesd Jmesg hoeor joeog fos fioid o [[EE I 14.878
W
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12 Waveforms

12.1 Load Transient Response (PCB End)

12.1.1 5V Output

‘m

s
’T

Y

Teav T
Qutput Voltage

FRAV T
Qutput Voltage

Figure 45 — Transient Response.
100 VAC, 5V, 0 — 6.5 A Load Step.
Ve 4.797 V, Vmax: 5.113 V.
Upper: Vour, 1V / div., 5 ms / div.
Lower: ILOAD/ 2A / div.

12.1.2 9 V Output

v

Tl T
QOutput Voltage

Figure 46 — Transient Response.

135VAC, 5V, 0 — 6.5 A Load Step.
Vmin: 4.797 V, Vmax: 5.153 V.
Upper: Vour, 1V / div., 5 ms / div.
Lower: ILOAD/ 2 A/ div.

oy T
Output Voltage

Figure 47 — Transient Response.
100 VAC, 9V, 0 — 5 A Load Step.
VMIN: 8.605 V, VMAX: 9.000 V.
Upper: Vour, 1V / div., 5 ms/ div.
Lower: I oap, 2 A/ div.

Figure 48 — Transient Response.

135 VAC, 9V, 0 -5 A Load Step.
VMIN: 8.605 V, VMAX: 9.000 V.
Upper: Vour, 1V / div., 5 ms / div.
Lower: I,oap, 2 A/ div.
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12.1.3 15 V Output

T T
Output Voltage

Er

A

£ T
Qutput Voltage

EET

Figure 49 — Transient Response.
100 VAC, 15V, 0 — 3 A Load Step.
Vum: 14.679 V, Vuax: 15.154 V.
Upper: Vour, 2V / div., 5 ms/ div.
Lower: I,oap, 2 A/ div.

Figure 50 — Transient Response.
135 VAC, 15V, 0 — 3 A Load Step.
Vum: 14.758 V, Vuax: 15.154 V.
Upper: Vour, 2V / div., 5 ms / div.
Lower: I,oap, 2 A/ div.
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12.2 Switching Waveforms

12.2.1 Drain Voltage and Current (Normal Operation)

12.2.1.1 5V Output

Figure 51 — Drain Voltage and Current Waveforms. Figure 52 — Drain Voltage and Current Waveforms.
100 VAC, 5V, 6.5 A Load, (224 Vyax)- 135 VAC, 5V, 6.5 A Load, (271 Vyax)-
Upper: Vpram, 100V, 10 ps / div. Upper: Vpram, 100V, 10 ps / div.
Lower: IDRAIN/ 500 mA/ div. Lower: IDRAIN/ 500 mA/ div.

12.2.1.2 9V Output

Figure 54 — Drain Voltage and Current Waveforms.

Figure 53 — Drain Voltage and Current Waveforms.

100 VAC, 9.0V, 5.0 A Load, (264 Vyax)- 135 VAC, 9.0V, 5.0 A Load, (299 Vyax)-
Upper: VDRAIN/ 100 V, 10 ns / div. Upper: VDRAIN/ 100 V, 10 us / div.
Lower: Ipramy, 500 mA / div. Lower: Iprany, 500 mA / div.
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12.2.1.3 15 V Output

Figure 55 — Drain Voltage and Current Waveforms. Figure 56 — Drain Voltage and Current Waveforms.
100 VAC, 15.0V, 3.0 A Load, (315 Vyax)- 135 VAC, 15.0V, 3.0 A Load, (343 Vyax)-
Upper: VDRAIN/ 100 V, 10 us / div. Upper: VDRAIN/ 100 V, 10 us / div.
Lower: Ipgramy, 500 mA / div. Lower: Ipramy, 500 mA / div.
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12.2.2 Drain Voltage and Current (Start-up)

12.2.2.1 5V Output

u1vDs

Figure 57 — Drain Voltage and Current Waveforms.
100 VAC, 5V, 6.5 A Load, (324 Vyax)-
Upper: Vpram, 200V, 40 ms / div.
Lower: Ipgamn, 1 A/ div.

12.2.2.2 9 V Output

u1vDs

ulrd

EENERNEREEE

Figure 59 — Drain Voltage and Current Waveforms.
100 VAC, 9.0 V, 5.0 A Load, (347 Vuax)-
Upper: Vpra, 200 V, 40 ms / div.
Lower: IDRAINI 1A / div.

ulid

Figure 58 — Drain Voltage and Current Waveforms.

135 VAC, 5V, 6.5 A Load, (363 Vuax).
Upper: Vpram, 200V, 40 ms / div.
Lower: Ipgam, 1 A/ div.

ulid

Figure 60 — Drain Voltage and Current Waveforms.

135 VAC, 9.0 V, 5.0 A Load, (387 Vyax).
Upper: Vpra, 200 V, 40 ms / div.

Lower: Ippamy, 1 A/ div.
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12.2.2.3 15V Output

T S T, =
LU EERERNANNRENRNEN

Figure 62 — Drain Voltage and Current Waveforms.
135 VAC, 15.0V, 3.0 A Load, (434 Vyax)-
Upper: Vpram, 200V, 40 ms / div.
Lower: Ippam, 1 A/ div.

Figure 61 — Drain Voltage and Current Waveforms.
100 VAC, 15.0V, 3.0 A Load, (387 Vvax)-
Upper: Vpram, 200V, 40 ms / div.
Lower: Ipgamy, 1 A/ div.
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12.2.3 SR MOSFET Voltage

12.2.3.1 5V Output

Figure 63 — SR FET Voltage Waveform. Figure 64 — SR FET Voltage Waveform.
100 VAC, 5V, 6.5 A Load, (38.291 Vyax)- 135 VAC, 5V, 6.5 A Load, (50.149 Vyax).
VDRAIN/ 10 V, 10 us / div. VDRAIN/ 10 V, 10 us / div.

12.2.3.2 9 V Output

Figure 65 — SR1 FET Voltage Waveform. Figure 66 — SR1 FET Voltage Waveform.
100 VAC, 9V, 5.0 A Load, (45.406 Vyax)- 135 VAC, 9V, 5.0 A Load, (53.311 Vyax)-
VDRAINI 10 V, 10 us / div. VDRAINI 10 V, 10 us / div.
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12.2.3.3 15 V Output

Figure 67 — SR FET Voltage Waveform. Figure 68 — SR FET Voltage Waveform.
100 VAC, 15V, 3 A Load, (32.362 Vuax)- 135 VAC, 15V, 3 A Load, (42.639 Vyax)-
VDRAIN/ 10 V, 10 p.S/ div. VDRAIN/ 10 V, 10 us / div.
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12.2.4 Output Voltage and Current Start-up (End of 100 mQ Cable)

12.2.4.1 5V Output

e

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

100 VAC Input, 5V, 0.77 Q Load . 135 VAC Input, 5V, 0.77 Q Load.
Upper: Vour, 2V / div Upper: Vour, 2V / div
Lower: Ioyr, 2 A, 10 ms / div. Lower: Ioyr, 2 A, 10 ms / div..

12.2.4.2 9 V Output

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

100 VAC Input, 9V, 1.8 Q Load . 135 VAC Input, 9V, 1.8 Q Load.
Upper: VOUT/ 4V / div Upper: VOUTI 4 V/ div
Lower: Ioyr, 2 A, 10 ms / div. Lower: Ioyr, 2 A, 10 ms / div.
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12.2.4.3 15 V Output

2018-08-28 2018-08-28
12:03:12 12:03:32
O . ’ ’
iagrami: Ch2,Ch

Figure 74 — Output Voltage and Current Waveforms.
135 VAC Input, 15V, 5 O Load.
Upper: Vour, 5V / div
Lower: Ioyr, 1 A, 10 ms / div.

Figure 73 — Output Voltage and Current Waveforms.
100 VAC Input, 15V, 5 Q Load .
Upper: Vour, 5V / div
Lower: Ioyr, 1 A, 10 ms / div.
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12.3 Output Ripple Measurements

12.3.1 Ripple Measurement Technique

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

The 4987BA probe adapter is affixed with two capacitors tied in parallel across the probe
tip. The capacitors include one (1) 0.1 uF/50 V ceramic type and one (1) 47 uF/50 V
aluminum electrolytic. The aluminum electrolytic type capacitor is polarized, so proper
polarity across DC outputs must be maintained (see below). Ripple measurement done at
the end of a 100mQ cable.

Probe Ground

Figure 76 — Oscilloscope Probe with Probe Master (www.probemaster.com) 4987A BNC Adapter.
(Modified with wires for ripple measurement, and two parallel decoupling capacitors added)
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12.3.1.1 5V Output

Output' Ripple

[Ere

Y

Output' Ripple

Figure 77 — Output Ripple.

100 VAC Input 5V, 6.5 A Load.

VOUTI 40 mV / div.

, 10 ms / div.

Figure 78 — Output Ripple.

135 VAC Input 5V, 6.5 A Load.
Vour, 40 mV / div., 10 ms / div.

T T T Y

1585 miv. 4

Dutputl Ripple

|||||

Y

Dutputl Ripple

Figure 79 — Output Ripple.

100 VAC Input 5V, 0 A Load.

Vour, 40 mV / div.

, 40 ms / div.

Figure 80 — Output Ripple.

135 VAC Input 5V, 0 A Load.
Vour, 40 mV / div., 40 ms / div.

Input (VAC) | Full Load (mV) | No-Load (mV)
100 82.21 34.78
132 82.21 37.95
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12.3.1.2 9V Output

v T T = T T T v

| it i
Qutput Ripple ) QutputiRipple
L sy

Figure 81 — Output Ripple. Figure 82 — Output Ripple.
100 VAC Input, 9.0V, 5.0 A Load. 135 VAC Input 9.0 V, 5.0 A Load.
Vour, 40 mV / div., 10 ms / div. Vour, 40 mV / div., 10 ms / div.

12.3.1.3 15V Output

A Y

Output Ripple

Output Ripple

Figure 83 — Output Ripple. Figure 84 — Output Ripple.
100 VAC Input, 15.0V, 3.0 A Load. 135 VAC Input 15.0 V, 3.0 A Load.
Vour, 50 mV / div., 10 ms / div. Vour, 50 mV / div., 10 ms / div.

Input (VAC) | 9V (mV) | 15V (mV)
100 109.09 132.41
135 101.19 122.53
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13 Conducted EMI
13.1 Test Set-up

13.1.1 Equipment and Load Used

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

2. Rohde and Schwarz ESRP EMI test receiver.

3. Hioki 3322 power hitester.

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

e ———

Figure 85 — Conducted EMI Test Set-up.
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13.2 EMI Test Result
13.2.1 Floating Output
13.2.1.1 Output 5V /6.5A

RBW (QPK) 9 kHz MT Es ENY216.TDF ESH3-Z2.TDF
Input AC & Att 10 dB Preamp OFF Step TD Scan  ENY216 L1
Level dBpv Frequency 27.7822500 MHz/

40

Quasipeak  42.78 EIN - " 60 a0 iog
Scan @1QP Max@2Av Max -

D1 100.000 depv | 1 MHz T 10MHz
90 day .  — -
80 dBy
70 dey
ENSS015Q.LIN |
| 0 dBpv——

ENSS0224.LIN

i d“ﬂrl A e Lo L ‘\N/

5&%\ =
408 v ‘ A
0 bow T
SR -
20 diy ni AT : i g
SRRV ;
10 dey T T . o)
H | H H o F1j
| D2 0.000 BV

Start 150.0 kHz Stop 30.0 MHz

. S TTEIRLLES)
[ worer |3) Meazaring... @ALMLANID W _——

Date: 24.AUG.2018 13:57:46

Figure 86 — Conducted EMI, 5V / 6.5 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Line).

Receiver o

RBW (QPK) 9 kHz MT Es ENY216.TDF ESH3-Z2.TDF
Input AC & Att 10 dB Preamp OFF Step TD Scan  ENV216 N
Level dBpv Frequency 27.9195000 MHz/

Average  33.08 NN IENE 0 0 o0 o0
Scan @1QP Max@2av Max -

D1100.000 deyv | 1 MHz T 10MHz
a0 day — -
80 day
70 dby
ENSS015Q.LIN |
‘su dapy——=

ENSS0224.LIN

10 gy : — I : o)
: : Lol ! F1i

H | D2 0.000 dByv:
Start 150.0 kHz

= T T T T Rl
ﬁ'{ Measuring...  EURNNNEND W 14:04:53 7

Date: 24.AUG.2018 14:04:53

Stop 30.0 MHz

Figure 87 — Conducted EMI, 5V / 6.5 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Neutral).

_p’“ Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 76 of 85

WWW.power.com



11-Nov-19

DER-748 45 W USB Charger Using InnoSwitch3-CP

13.2.1.2

Output9V/5A

(=)

RBW (QPK) 9 kHz MT
Input AC & Att

10 d8 Preamp OFF Step TD Scan ENV216 L1

5s ENV216.TDF ESH3-Z2.TDF

Level dBpv

Average

36.94 NN o 1o0]

Frequency27.8227500 MHz/

Scan @10P Max@2Av Max

D1 100.000 dBpy @ )

1 MHz

Lo 10 MHz

90 da

80 dBy

70 dep n
ENSS015Q.LIN

|50 depv——==
ENSS0228.LIN |

n

LA

w\/ ‘%U
] U

20 dey

10 daLu

:D2UDUUCL|JV

F2|
F1

Stop 30.0 MHz

Start 150.0 kHz

RRERRRE LI 14:16:31 7

Date: 24.AUG.2018 14:16:31

Figure 88 — Conducted EMI, 9V / 5 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Line).

Receiver

(=)

RBW (QPK) 0 kHz MT
Input AC & Att

10 dB Preamp OFF Step TD Scan  ENV216 N

s ENV216.TDF ESH3-Z2.TDF

Level dBuV

Average

36.78 DN —_l

Frequency [29.9985000 MHz

Scan @10P Max@2Av Max

D1 100.000 dBpy @ )

1 MHz 1 10 MHz

90 da

80 dey

70 dBy
ENSS0150Q.LIN

| 0 dBpv——
ENSS022A LIN |
50 :

40 dB;.. A
’%b\ AN MR
\ = \/’ \l \,ru \1 T -
20 dBIu f\\f’\f J/ Liad M punpmmrdon et
10 dey )
: : P =
| D2 0.000 dEuV: :

Start 150.0 kHz

Stop 30.0 MHz

o e T

Date: 24.AUG.2016 14:09:4%9

Figure 89 — Conducted EMI, 9V / 5 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Neutral).
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13.2.1.3

Output 15V /3 A

RBW (QPK) 9 kHz ™MT 53 ENV216.TDF ESH3-Z2.TDF
Input AC & Att 10 d8 Preamp OFF Step TD Scan ENV216 L1

Level dgyv  Frequency27.7102500 MHz/
Average 40.23 E T ! .
Scan @10P Max@2Av Max

D1 .IDD.D[[D dB\_‘IV 1 MHz I‘U MHz

90 da

80 dBy

70 dep
ENSS015C.LIN | o
50 dBpv—==4 S f
ENSS0228.LIN | L
50 —==

N

20 dey

A I
N L e

10 dey -
: F1j

: 1 D2 0,000 depv: ¢
Start 150.0 kHz

Stop 30.0 MHz

S ————
| | BERRRREN ] w224

Date: 24.AUG.Z201E8 14:22:42

Figure 90 — Conducted EMI, 15V / 3 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Line).

Receiver o

RBW (QPK) 9 kHz MT Es ENY216.TDF ESH3-Z2.TDF
10 dB Preamp OFF Step TD Scan  ENV216 N

Input AC & Att

Level dBpv Frequency 27.9082500 MHz/
Average 38. 73 TSN 0 . , ]
Scan @1QP Max@2Av Max -
01100000 depv | | | 1MHz T i0MHz

o0 dB;:J H . i H i H I

a0 daL

70 dB\:. -

ENSS015C.LIN | [

50 depy—===4 1 i

ENS5022A.LIN |
50 -

30°de v \”"i\j"

20 dey

e

Y j‘l‘c‘"‘v' T -"‘-.-’uFL-“-l. NATTRLY

oL ,-W.jy-w-,.-w.ﬂ,mmmww

10 déy i T T Fel
: : F1i

H | D2 0.000 dBpv: !
Start 150.0 kHz

Stop 30.0 MHz

Date: 24.AUG.2018 14:28:47

142846 7

Figure 91 — Conducted EMI, 15V / 3 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Neutral).
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13.2.2 Artificial Hand

13.2.2.1  Output5V/6.5A
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Figure 92 — Conducted EMI, 5V / 6.5 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Line).
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Figure 93 — Conducted EMI, 5V / 6.5 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Neutral).
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13.2.2.2 Output 9V / 5 A
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Figure 94 — Conducted EMI, 9V / 5 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Line).
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Figure 95 — Conducted EMI, 9V / 5 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Neutral).
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13.2.2.3 Output 15V / 3 A
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Figure 96 — Conducted EMI, 15V / 3 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Line).
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Figure 97 — Conducted EMI, 15V / 3 A Load 115 VAC, 60 Hz, and EN55022 B Limits (Neutral).

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
Page 81 of 85 WWW.power.com



DER-748 45 W USB Charger Using InnoSwitch3-CP 11-Nov-19

14 Line Surge

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

SAHE i Injection e Test Result
Las el Location e (Pass/Fail)
(\)) (VAC) ©
+1000 115 LtoN 0 Pass
-1000 115 LtoN 0 Pass
+1000 115 LtoN 90 Pass
-1000 115 LtoN 90 Pass
+2000 115 L to PE 0 Pass
-2000 115 L to PE 0 Pass
+2000 115 L to PE 90 Pass
-2000 115 L to PE 90 Pass

Note: Output ground of output connected to PE.

q‘ TELEDYNE LECROY

Everywhereyoulook”

O

J

i

-

I

Measure P1:max(C1) P2:max(C2) P3:rms(C2) P4:duty(C1) P5:max(C3) P6:min(C2) P7:rms(C2) P8:mean(C2)
value 442V
status v

base -29.2 mg|[Trigger ()
10.0 ms/divfNormal 374V
500MS 50MS/sjEdge Positive

Figure 98 — U1 Drain to Source Voltage, 15V / 3 A Load 115 VAC, 60 Hz, and Line Input Surge Test.
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15 ESD Test
Passed £8 kV contact test.
Contact Voltage . Number
(kV) Applied to of Strikes Test Result
8 5V 10 PASS
-8 5V 10 PASS
8 9V 10 PASS
-8 9V 10 PASS
8 15V 10 PASS
-8 15V 10 PASS
Passed £15 kV air test.
Differential Voltage . Number
(kV) Applied to of Strikes Test Result
15 5V 10 PASS
-15 5V 10 PASS
15 9V 10 PASS
-15 9V 10 PASS
15 15V 10 PASS
-15 15V 10 PASS
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16 Revision History
Date Author Revision Description and Changes Reviewed
11-Nov-19 1B / RPA 1.0 Initial Release Apps & Mktg
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