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Important Note:

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

This document is an engineering report describing a universal input 36 V / 2 A output power
supply/charger using the InnoSwitch3-CP INN3279C-H215 flyback controller. This design
shows the high power density and efficiency that is possible due to the high level of
integration of the InnoSwitch3-CP controller, providing exceptional performance.

This document contains the power supply specification, schematic, bill of materials,
transformer documentation, printed circuit layout, and performance data.
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Figure 1 — Populated Circuit Board Photograph, Top.
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Figure 2 — Populated Circuit Board Photograph, Bottom.
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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 90 264 | VAC 2 Wire — no P.E.
Frequency fLINE 47 |50/60| 64 Hz
No-load Input Power (230 VAC) 60 mwW Measured at 230 VAC.
Output
QOutput Voltage Vour 7 36 Vv 36V Nominal Output.
QOutput Ripple Voltage VRIPPLE 1 \Y; p-p On Board.
Output Current Iout 0 2 A On Board.
Continuous Output Power Pout 0 72 w
Conducted EMI Meets CISPR22B / EN55022B
o e e
Ambient Temperature Tams 0 | | 40 | °C Enclosed in Adapter, Sea Level.

Power Integrations, Inc.
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3 Schematic
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4  Circuit Description

4.1 Input EMI Filtering

Fuse F1 isolates the circuit and provides protection from component failure. The common
mode chokes L1 and L2 along with capacitors C1 and C3 attenuate EMI. Bridge rectifier
BR1 and capacitor C2 rectify the AC line voltage and provide a full wave rectified B+.

Resistors R1 and R2, with U2, discharge capacitor C1 when the power supply is
disconnected from AC mains.

Metal oxide varistor (MOV) RV1 protects the circuit during line surge events by effectively
clamping the input voltage seen by the power supply.

4.2  InnoSwitch3-CP IC Primary

One end of the transformer (T1) primary is connected to the rectified DC bus; the other is
connected to the drain terminal of the switch inside the InnoSwitch3-CP IC (U1). Resistors
R4-5 provide input voltage sense protection for undervoltage and overvoltage conditions.

An RCD clamp formed by diode D1, resistors R6-7 and capacitor C4 limits the peak drain
voltage of U1 at the instant of turn off of the switch inside U1. The clamp helps to dissipate
the energy stored in the leakage reactance of transformer T1.

Controller/switch IC U1 is self-starting, using an internal high-voltage current source to
charge the BPP pin capacitor (C6) when HVDC is first applied. During normal operation the
primary-side block is powered from an auxiliary winding on transformer T1. Output of this
auxiliary (or bias) winding is rectified using diode D2 and filtered using capacitor C5.
Resistor R8 limits the current being supplied to the BPP pin of the InnoSwitch3-CP IC (U1),
while providing enough current to ensure that the high-voltage tap inside U1 is turned off
during normal operation. This reduces the low/no-load input power consumption.

Output regulation is achieved using ramp time modulation control, the frequency and Ium
of switching cycles are adjusted based on the output load. At high load, most switching
cycles that are enabled have high value for Im in the selected Ium range, and at light load
or no-load most cycles are disabled and the ones enabled have low value of I in the
selected Ium range. Once a cycle is enabled, the switch will remain on until the primary
current ramps to the device current limit for the specific operating state.

Zener diode VR1 and diode D3, along with R9, offers primary sensed output overvoltage
protection. In a flyback converter, output of the auxiliary winding tracks the output voltage
of the converter. In case of overvoltage at output of the converter, the auxiliary winding
voltage increases and causes breakdown of VR1, which then causes a current to flow into
the BPP pin of InnoSwitch3-CP IC Ul. If the current flowing into the BPP pin increases

_p Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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above the Isp threshold, the InnoSwitch3-CP controller will latch off and prevent any further
increase in output voltage.

4.3 InnoSwitch3-CP IC Secondary

The secondary-side of the InnoSwitch3-CP IC provides output voltage, output current
sensing and drive to a MOSFET providing synchronous rectification. The transformer
secondary is split into two stacked windings to provide an intermediate voltage feeding the
U1l VOUT pin that is within the rating for that pin. This measure is necessary because the
36 V design Vour exceeds the U1 VOUT pin voltage rating. The top side of the secondary
winding stack is rectified by diode D5 and filtered by C13, while the bottom side is rectified
by MOSFET Q1 and filtered by capacitor C12. Capacitor C16 serves to filter the summed
output of the two stacked windings. High frequency ringing during switching transients
that would otherwise create radiated EMI and/or exceed the PIV ratings of Q1 or D5 is
reduced via RCD snubber R10, C8, and D4, as well as RC snubber C15 and R11.

The gate of Q1 is turned on by the secondary-side controller inside IC U1, based on the
winding voltage sensed via resistor R12 and D6 and fed into the FWD pin of the IC.

In continuous conduction mode of operation, the MOSFET is turned off just prior to the
secondary-side commanding a new switching cycle from the primary. In discontinuous
mode of operation, the power MOSFET is turned off when the voltage drop across the
MOSFET falls below a threshold of approximately 3 mV. Secondary-side control of the
primary-side power switch avoids any possibility of cross conduction of the two switches
and provides extremely reliable synchronous rectification.

The secondary-side of the IC is self-powered from either the secondary winding forward
voltage through R12 and D6 or the intermediate output voltage from the stacked secondary
windings. Capacitor C9 connected to the BPS pin of InnoSwitch3-CP IC U1l provides
decoupling for the internal circuitry.

Output current is sensed by monitoring the voltage drop across resistor R14 between the
IS and GND pins, with a threshold of approximately 35 mV to reduce losses. Resistor R13
and capacitor C11 provide filtering on the IS pin to reduce noise sensitivity.

Output voltage is regulated so as to achieve a voltage of 1.265 V on the FB pin. Resistors
R15 — R16 set the nominal output voltage to 36 V. Capacitor C10 provides noise filtering
of the signal at the FB pin. Resistor R17 and capacitor C17 (not used in this design) form
a phase lead network that ensures stable operation and minimizes output voltage
overshoot and undershoot during transient load conditions.

Power Integrations ™
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5 PCB Layout
PCB copper thickness is 2.0 oz.
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Figure 4 — Printed Circuit Layout, Top.
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Figure 5 — Printed Circuit Layout, Bottom.
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6 Bill of Materials
Item | Qty S Description Mfg Part Number Mfg
Reference
1 1 BR1 600 V, 4 A, Bridge Rectifier, GBU Case GBU4J-BP C Micro .
ommercial
2 1 Cl 470 nF, 275 VAC, Film, X2 80-R46K1347050P1M Kemet
150 pF, 20%, ALUM, 400 V, RADIAL, Electrolytic,
3 1 c2 (18 mm D x 33.5 mm H), Lead spacing 0.295" UCP2G151MHD6 Nichicon
(7.50 mm)
4 1 C3 1 nF, 500 VAC, Ceramic, Y1 VY1102M35Y5UG63V0 Vishay
5 1 C4 2.2 nF, 630 V, Ceramic, X7R, 1206 C3216X7R2J222K115AA TDK
6 1 cs5 Z}IE;:’ 25V, Electrolytic, Low ESR, 500 m<, (5 x ELXZ250ELL470MEBSD Nlppocnoiheml-
7 2 C6 C11 4.7 uF £10%, 25V, X7R, 0805, -55°C ~ 125°C TMK212AB7475KG-T Taiyo Yuden
8 2 C8 C14 1 nF, 200 V, Ceramic, X7R, 0805 08052C102KAT2A AVX
9 1 C9 2.2 uF, 25V, Ceramic, X7R, 0805 C2012X7R1E225M125AB TDK
10 1 C10 330 pF, +5%, 50V, Ceramic, COG, NP0, 0603 C0603C331]J5GACAUTO KEMET
330 uF, £20%, 25 V, Al Organic Polymer, Gen.
11 2 Ci2C13 Purpose, Can, 18 mQ, 2000 Hrs @ 105°C, (8 mm A750KS337M1EAAE018 KEMET
x 13 mm)
12 1 C15 470 pF, 200 V, Ceramic, X7R, 0805 C0805C471K2RACTU Kemet
13 1 C16 4.7 uF, 50 V, Ceramic, X7R, 1206 UMK316AB7475KL-T Taiyo Yuden
14 1 C17 10 nF 50 V, Ceramic, X7R, 0603 C0603C103K5RACTU Kemet
15 1 D1 800 V, 1 A, Rectifier, POWERDI123 DFLR1800-7 Diodes, Inc.
16 1 D2 100 V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV19WS-7-F Diodes, Inc.
17 1 D3 Diode SML SIG 80 V 100 mA SSMINI2 1SS355VMTE-17 Rohm Semi
18 1 D4 200 V, 1 A, Ultrafast Recovery, 50 ns, DO-41 UF4003-E3 Vishay
19 1 D5 Diode, Schottky, 120V, 12A, SMT, TO-277A V12P12-M3/86A Vishay
(SMPC)
20 1 D6 150V, 0.2 A, SOD-123 BAV20W-TP Micro
Commercial
21 1 F1 3.15 A, 250 V, Slow, RST 507-1181 Belfuse
22 1 HS1 SHTM, HEAT SINK, DER903 61-00287-00 Power
Integrations
23 1 JP1 Wire Jumper, Non-insulated, #22 AWG, 0.7 in 298 Alpha
24 1 JP2 Wire Jumper, Insulated, #28 AWG, 0.5 in 2842/1 WH005 Alpha Wire
600 puH, Toroidal Common Mode Choke, custom, Power
25 1 L1 DER-536, wound on 32-00275-00 core, Added FP 32-00347-00 Integrations
for DER601 |kn110117.
26 1 L2 9 mH, 2 A, Common Mode Choke T1810C7l}/5-; ?rz's P.1. Telzﬁl:\tcjg]gﬁes
MOSFET, N-CH, 100 V, 48 A (Tc), 113.5W (Tc), Alpha & Omega
27 |1 Q1 DFN5X6, 8-DFN (5x6) T (e AON6220 et
28 2 R1R2 RES, 75 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ753V Panasonic
29 1 R3 RES, 1.0 MQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ105V Panasonic
30 2 R4 R5 RES, 2.00 MQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF2004V Panasonic
31 2 R6 R7 RES, 160 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ164V Panasonic
32 1 R8 RES, 8.2 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ822V Panasonic
33 1 R9 RES, 47 Q, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ]470V Panasonic
34 1 R10 RES, 6.8 O, 5%, 1/2 W, Carbon Film CFR-50]B-6R8 Yageo
35 1 R11 RES, 22 RQ5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ220V Panasonic
36 1 R12 RES, 1 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ102V Panasonic
37 1 R13 RES, 10 Q, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ100V Panasonic
38 1 R14 RES, 0.015 Q, 0.5 W, 1%, 0805 ERJ-6BWFR0O15V Panasonic
39 1 R15 RES, 4.99 kO, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF4991V Panasonic
40 1 R16 RES, 137 kO, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1373V Panasonic

5
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41 1 R17 RES, 6.2 kQ, 5%, 1/16 W, Thick Film, 0402 RC0402JR-076K2L Yageo
42 1 RV1 275 VAC, 80J, 10 mm, RADIAL ERZ-V10D431 Panasonic
43 1 T1 Transformer, ATQ28/18, Vertical, 4 pins. Custom Custom
44 2 TP1 TP4 Test Point, BLK, THRU-HOLE MOUNT 5011 Keystone
45 1 TP2 Test Point, WHT, THRU-HOLE MOUNT 5012 Keystone
46 1 TP3 Test Point, RED, THRU-HOLE MOUNT 5010 Keystone
InnoSwitch3-CP Switch Integrated Circuit, Power
47 1 ut InSOP24D i INN3279C-H215 Integrations
48 1 u2 CAPZero-2, SO-8C CAP200DG Intzgx(:i::ns
49 1 VR1 DIODE ZENER 47 V 500 mW SOD123 MMSZ5261BT1G ON Semi

Page 13 of 55
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7  Flyback Transformer Design Spreadsheet

ACDC_InnoSwitch3-
CP_Flyback_072619;

Rev.1.5; Copyright INPUT INFO OUTPUT UNITS | InnoSwitch3-CP Flyback DesignSpreadsheet
Power Integrations
2018
APPLICATION VARIABLES
VIN_MIN 90 90 ) Minimum AC input voltage
VIN_MAX 264 264 ) Maximum AC input voltage
VIN_RANGE UNIVERSAL Range of AC input voltage
LINEFREQ 60 Hz AC Input voltage frequency
CAP_INPUT 150.0 150.0 uF Input capacitor
600 |wamng| 3000 | v | et soage ceste e youT Pntce
PERCENT_CDC 0% Compeneaton desied st fa bad
IOUT 2.000 2.000 A Output current
POUT 72.00 W Output power

AC-DC efficiency estimate at full load given that the
EFFICIENCY 0.93 0.93 converter is switching at the valley ofthe rectified

minimum input AC voltage
FACTOR_Z 0.50 Z-factor estimate
ENCLOSURE ADAPTER ADAPTER Power supply enclosure

IPRIMARY CONTROLLERSELECTION
ILIMIT_MODE INCREASED INCREASED Device current limit mode
DEVICE_GENERIC AUTO INN3279C Generic device code
DEVICE_CODE INN3279C Actual device code
POUT_MAX 75 W EZ‘#S: ni:ﬁite)i"ty of the device based onthermal
RDSON_100DEG 0.62 Q Primary switch on time drain resistance at 100degC
ILIMIT_MIN 1.980 A Minimum current limit of the primary switch
ILIMIT_TYP 2.130 A Typical current limit of the primary switch
ILIMIT_MAX 2.279 A Maximum current limit of the primary switch
VDRAIN_BREAKDOWN 750 \ Device breakdown voltage
VDRAIN_ON_PRSW 0.48 Vv Primary switch on time drain voltage
VDRAIN_OFF_PRSW 563.4 v (I;;:fak drain voltage on the primary switchduring turn-
WORST CASE ELECTRICALPARAMETERS

FowTTOAING M| sooo w0 |k e
00 | v | e vt e o e prman e
VMIN 97.71 \ Valley of the minimum input AC voltage at fullload
KP 0.57 :;/Ipe:rsaliir:nof continuous/discontinuous mode of
MODE_OPERATION CCM Mode of operation
DUTYCYCLE 0.552 Primary switch duty cycle
TIME_ON 11.32 us Primary switch on-time
TIME_OFF 4.97 us Primary switch off-time
LPRIMARY_MIN 524.7 uH Minimum primary inductance

5
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LPRIMARY_TYP 552.3 uH Typical primary inductance
LPRIMARY_TOL 5.0 % Primary inductance tolerance
LPRIMARY_MAX 580.0 uH Maximum primary inductance
PRIMARY CURRENT
IPEAK_PRIMARY 2.167 A Primary switch peak current
IPEDESTAL_PRIMARY 0.838 A Primary switch current pedestal
TIAVG_PRIMARY 0.768 A Primary switch average current
IRIPPLE_PRIMARY 1.552 A Primary switch ripple current
IRMS_PRIMARY 1.086 A Primary switch RMS current
SECONDARY CURRENT
IPEAK_SECONDARY 7.430 A Secondary winding peak current
IPEDESTAL_SECONDARY 2.873 A Secondary winding current pedestal
IRMS_SECONDARY 3.352 A Secondary winding RMS current
TRANSFORMER CONSTRUCTIONPARAMETERS
CORE SELECTION
CORE CUSTOM CUSTOM Core selection
CORE CODE ATQ28-18 ATQ28-18 Core code
AE 156.00 156.00 mm~2 | Core cross sectional area
LE 47.80 47.80 mm Core magnetic path length
AL 3000 3000 nH/turns”2 | Ungapped core effective inductance
VE 7456.0 7456.0 mm”3 | Core volume
BOBBIN 1tq28 1tq28 Bobbin
AW 42.80 42.80 mm~2 | Window area of the bobbin
BW 8.50 8.50 mm Bobbin width
MARGIN 0.0 mm if(::;ya Sr;nea(rjgigsiE_j\r/1v(i:<it)h (Half the primary tosecondary
PRIMARY WINDING
NPRIMARY 24 Primary turns
BPEAK 3613 Gauss Peak flux density
BMAX 3320 Gauss | Maximum flux density
BAC 1166 Gauss | AC flux density (0.5 x Peak to Peak)
ALG 959 nH/turns”2 | Typical gapped core effective inductance
LG 0.139 mm Core gap length
LAYERS_PRIMARY 2 Number of primary layers
AWG_PRIMARY 23 AWG Primary winding wire AWG
gD—PRIMARY—INSULATE 0.642 mm Primary winding wire outer diameter withinsulation
OD_PRIMARY_BARE 0.573 mm Primary winding wire outer diameter withoutinsulation
CMA_PRIMARY 469 Cmil/A_ | Primary winding wire CMA
SECONDARY WINDING
NSECONDARY 7 Secondary turns
AWG_SECONDARY 21 AWG Secondary winding wire AWG
?EDSSECONDARY—INSULA 1.029 mm Secondary winding wire outer diameter withinsulation
OD._SECONDARY_BARE 0.723 mm _Seconc_lary winding wire outer diameter without
insulation
CMA_SECONDARY 242 Cmil/A | Secondary winding wire CMA

BIAS WINDING
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NBIAS |

| Bias turns

3

PRIMARY COMPONENTSSELECTION
LINE UNDERVOLTAGE
BROWN-IN REQURED 72.0 \ Required AC RMS line voltage brown-inthreshold
RLS 3.64 MQ Eeoqnur}fgg tl\JAC)/ é;/thI:IegE(r)Tdresistors to the V-pinfor the
BROWN-IN ACTUAL 73.0 \ Actual AC RMS brown-in threshold
BROWN-OUT ACTUAL 66.0 v Actual AC RMS brown-out threshold
LINE OVERVOLTAGE
OVERVOLTAGE_LINE | 304.2 v Actual AC RMS line over-voltage threshold
BIAS DIODE
VBIAS 12.0 \ Rectified bias voltage
VF_BIAS 0.70 \ Bias winding diode forward drop
VREVERSE_BIASDIODE 58.67 v S(i)?tsagi:?i?q Sverse voltage (not accountingparasitic
CBIAS 22 uF Bias winding rectification capacitor
CBPP 4.70 ukF BPP pin capacitor
SECONDARY COMPONENTS
RFB_UPPER 100.00 kQ t/J([))I?aeg; ef;eedback resistor (connected to the firstoutput
RFB_LOWER 3.65 kQ Lower feedback resistor
CFB_LOWER 330 pF Lower feedback resistor decoupling capacitor
MULTIPLE OUTPUT PARAMETERS
OUTPUT 1
VOUT1 36.00 v Output 1 voltage
I0UT1 2.00 A Output 1 current
POUT1 72.00 W Output 1 power
IRMS_SECONDARY1 3.352 A ESEJUTelzan squared value of the secondarycurrent for
IRIPPLE_CAP_OUTPUT1 2.690 A Current ripple on the secondary waveform foroutput 1
AWG_SECONDARY1 21 AWG Wire size for output 1
OD_SECONDARY1_INSUL| 1.029 mm Secondary winding wire outer diameter withinsulation
ATED for output 1
OD._SECONDARY1_BARE 0.723 mm %e;zc:;ﬁg;yﬂvxrﬂggu\t/vllre outer diameter without
CM_SECONDARY1 670 Crils Ifare conductor effective area in circular milsfor output
NSECONDARY1 7 Number of turns for output 1
VREVERSE_RECTIFIER1 144.90 v fiFn{gl)El'o:egsgsﬁtv;)ltage (not accountingparasitic voltage

The voltage stress (including the parasitic ring)on the
SRFET1 AUTO Info AON7254 secondary MOSFET selected may exceed the device

BVDSS: pick a MOSFET with a higher BVDSS
VF_SRFET1 0.132 \ SRFET on-time drain voltage for output 1
VBREAKDOWN_SRFET1 150 \ SRFET breakdown voltage for output 1
RDSON_SRFET1 66.0 mo ;SIEI;E:'I;(ZR/ t;cr;eoirtarl)lgtrlesstance at 25degCand
PO_TOTAL 72.00 W Total power of all outputs
EGATVE OUTRLUT | WA i e o e gyt mber
TOLERANCE ANALYSIS

5
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USER_VAC 115 115 \ Input AC RMS voltage corner to be evaluated
USER_ILIMIT TYP 2.130 A Current limit corner to be evaluated
USER_LPRIMARY TYP 552.3 uH Primary inductance corner to be evaluated
MODE_OPERATION CCM Mode of operation

KP 0.858 gflpe:rsaL;irgnof continuous/discontinuous mode of
FSWITCHING 66983 M| Fectified minimum AC inputvaltage -+
VMIN 139.50 v Valley of the minimum input AC voltage at fullload
DUTYCYCLE 0.463 Steady state duty cycle

TIME_ON 7.73 us Primary switch on-time

TIME_OFF 8.02 us Primary switch off-time

IPEAK_PRIMARY 2.030 A Primary switch peak current
IPEDESTAL_PRIMARY 0.289 A Primary switch current pedestal
TIAVERAGE_PRIMARY 0.537 A Primary switch average current
IRIPPLE_PRIMARY 1.742 A Primary switch ripple current

IRMS_PRIMARY 0.860 A Primary switch RMS current

BPEAK 3216 Gauss | Peak flux density

BMAX 2995 Gauss | Maximum flux density

BAC 1285 Gauss | AC flux density (0.5 x Peak to Peak)

Note: The spreadsheet displays a warning for output voltage, as the specified 36V output
is greater than the rating of the InnoSwitch Vout pin. This problem is addressed by using
two stacked output voltage windings and feeding the Vout pin with the lower winding
stack such that the voltage is with the ratings of the InnoSwitch Vout pin.
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8 Transformer Specification

8.1  Electrical Diagram
FL1
3 WD4A: 4T-2X 24 AWG T.I
D6: 12T — 23 AWG FL2
°
® WD4B: 3T-2X24 AWG T.I.
D2: 12T — 23 AWG FL3
¢11 NC
° D1: 13T -2 X 32 AWG
D3: 3T4 X 32 AWG.
3
2
D5: 13T -2 X 32 AWG
NC
Figure 6 — Transformer Electrical Diagram.
8.2  Electrical Specifications
Electrical .
Strength 1 second, 60 Hz, from Pins 1-4 to FL1-3. 3000 VAC
Primary . -
Inductance Pins 3-4, all other windings open, measured at 100 kHz, 0.4 Vrws. 552 pH, £5%
?esonant Pins 3-4, all other windings open. 600 kHz (Min.)
requency
Primary Leakage | Pins 3-4, with FL1 and FL3 shorted, measured at 100 kHz, 0.4 Vrws. 4 uH (Max.)

8.3 Material List
Item Description
[1] Core Pair: ATQ28-18, A of 958 nH/T2.
[2] Bobbin: ATQ28-18 Vertical, 4 pins.
[3] Triple Insulated Wire: #24 AWG Furukawa Tex-E or Equivalent.
[4] Magnet Wire: #32 AWG Solderable Double Coated.
[5] Magnet Wire: #25 AWG Solderable Double Coated.
[6] Tape: Polyester Film, 3M 1350F-1 or Equivalent, 8.4 mm wide.
[7] Tape: Polyester Film, 3M 1350F-1 or Equivalent, 30 mm Wide.
[8] Varnish. Dolph BC-359 or Equivalent.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8.4  Transformer Build Diagram

WD6: 2" primary 12 T — #23 AWG 3

3
WD5: Shield 13T —2 X #32 AWG 3

FL3

WD4B: Sec 3T-2X #24 AWG T.I
FL2
WD4A: Sec 4T — 2 X#24 AWGT. | m

FL1

WD3: Bias 3T -4 X #32 AWG

1 oe

Figure 7 — Transformer Build Diagram.

=
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8.5 Transformer Construction
Winding Position the bobbin Item [2] on the mandrel such that the pin side is on the left.
Preparation Winding direction is clock-wise direction.
WD1 Starting at pin 3, wind 13 bifilar turns of wire Item [4] in one layer. Place 1.5 layer of
Shield/Insulation | tape Item [6]. Cut finish lead of previous winding short, trap between tape layers.
WD2 Starting at Pin 4, wind 12 turns of magnet wire Item [5] in 1 layer with tight tension.
1st half Primary | Bring out finish wire on non-pin side with enough length for 2™ primary layer.
Insulation Place 1 layer of tape Item [6].
WD3 Starting at pin 1, wind 3 quadriifilar turns of wire Item [4] in 1 layer, spread wire evenly
Bias on the bobbin, and finish at pin 2.
Insulation Place 1 layer of tape Item [6].
WD5 Starting at pin 3, wind 13 bifilar turns of wire Item [4] in 1 layer with tight tension Use

Shield/Insulation

1.5 turns of tape to secure winding — bury finish between tape layers.

Start with _ cm bifilar length of TIW Item [3] with 3 cm flying start lead exiting from

WD4A secondary winding slot opposite to bobbin pin side per picture. Tape to mandrel as
Secondary shown. Mark start lead. Wind 4 bifilar turns of TIW Item [3], bring finish back to
secondary slot as shown. Leave 3 cm of finish lead, tape to mandrel to secure.
Start with _ cm bifilar length of TIW with 3 cm flying start lead exiting from secondary
WD4B winding slot as shown. Tape start lead to mandrel as shown. Mark start lead. Wind 3
Secondary bifilar turns of TIW Item [3], bring finish back to secondary slot. Leave 3 cm of finish
lead, tape to mandrel to secure.
Insulation Place 2 layers of tape Item [6].
WD5 Starting at pin 3, wind 13 bifilar turns of wire Item [4] in 1 layer with tight tension Use
Shield/Insulation | 1.5 turns of tape to secure winding — bury finish between tape layers.
Insulation Place 1 layer of tape Item [6].
WD6 Starting with wire left from first primary layer, wind 12 bifilar turns of wire Item [5] in 1
2" half Primary | layer with tight tension, and finish at pin 3.
Finish Wrap Place 3 layers of tape Item [6].
Gap core halves for 552 uH +5%. Assemble core halves in bobbin, secure with two turns
of tape Item [6]. Wrap secondary side of assembled transformer as shown with 3 layers
Finish of tape Item [7] as shown. Secure tape wrap with 3 turns of tape Item [6 ] as shown.

Twist finish of WDG 4A and start of WDG 4B together, trim to 30 mm and tin 5 mm.
Twist WDG 4A start wires together, trim to 30mm and tin 5 mm. Twist finish leads of WD
4B tightly together, trim to 30 mm and tin 5 mm. Dip varnish Item [8].

5
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8.6

Winding Illustrations

Winding
Preparation

Shield/Insulation

WD1

Pin-out of bobbin is indicated as
in picture beside.

Position the bobbin Item [2] on
the mandrel such that the pin
side is on the left.

Winding direction is clock-wise
direction.

Starting at pin 3, wind 13 bifilar
turns of wire Item [4] in one
layer. Place 1.5 layer of tape
Item [6]. Cut finish lead of
previous winding short, trap
between tape layers.
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WD2
12 Primary

Insulation

WD3
Bias

Starting at Pin 4, wind 12 turns
of magnet wire Item [5] in 1
layer with tight tension. Bring
out finish wire on non-pin side
with enough length for 2"
primary layer.

Place 1 layer of tape Item [6].

Starting at pin 1, wind 3
quadfilar turns of wire Item [4]
in 1 layer, spread wire evenly
on the bobbin, and finish at pin
2.

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

p‘“ Power Integrations, Inc.
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WWW.power.com
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Insulation

WD4A
Secondary

Place 1 layer of tape Item [6].

Start with _cm bifilar length of
TIW Item [3] with 3 cm flying
start lead exiting from
secondary winding slot opposite
to bobbin pin side per picture.
Tape to mandrel as shown.
Mark start lead. Wind 4 bifilar
turns of TIW Item [3], place a
piece of to hold wires in place
then bring finish back to
secondary slot as shown. Leave
3 cm of finish lead, tape to
mandrel to secure.
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WD4b
Secondary

Start with _ cm bifilar length of
TIW with 3 cm flying start lead
exiting from secondary winding
slot as shown. Tape start lead
to mandrel as shown. Mark
start lead. Wind 3 bifilar turns
of TIW Item [3], bring finish
back to secondary slot. Leave 3
cm of finish lead, tape to
mandrel to secure.

5
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Place 1 layer of tape Item [6].

Insulation
Starting at pin 3, wind 13 bifilar
WD5 turns of wire Item [4] in 1 layer
Shield/I lati with tight tension Use 1.5 turns
ield/Insulation of tape to secure winding —

bury finish between tape layers

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 —p
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Starting with wire left from first
primary layer, wind 12 bifilar
turns of wire Item [5] in 1 layer
with tight tension, and finish at
pin 3.

WD6
2nd half Primary

Finish Wrap Place 3 layers of tape Item [6].

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

Gap core halves for 552 pH
+5%. Assemble core halves in
bobbin, secure with two turns
of tape Item [6]. Wrap
secondary side of assembled
transformer as shown with 3
layers of tape Item [7]. Secure
tape wrap with 3 turns of tape
Item [6] as shown. Twist finish
of WDG 4A and start of WDG
4B together, trim to 30 mm and
tin 5 mm. Twist WDG 4A start
wires together, trim to 30mm
and tin 5 mm. Twist finish leads
of WD 4B tightly together, trim
to 30 mm and tin 5 mm. Dip
varnish Item [8].

Finished transformer.
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9 Input HF Common Mode Choke Specifications
9.1 250 uH Common Mode Choke (L3)

9.1.1 Electrical Diagram
1 3

10T 10T
ltem-2 ltem-3

Figure 8 — Inductor Electrical Diagram.

9.1.2 Electrical Specifications

Pin 1 — pin 2 (pin 3 — pin 4), all other windings 250uH + 20%

Winding Inductance open, measured at 100 kHz, 0.4 Vrws.

9.1.3 Material List

Item Description
[1] Toroidal Core: 35T0375-10H, PI#: 32-00275-00.
[2] Triple Insulated Wire: #27 AWG, Triple Coated.
[3] Magnet Wire: #27 AWG, Double Coated.

Figure 9- Finished Choke.
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10 U1l Heat Sink

= Dimensions are inches

4 3

HEATSINK, DER-903

c
B
}._7 B0 ——==
I'Iupndwluui luﬁm MATERIAL CAMEMSHIRS ARE 4 WM TITLE:
mw‘tﬂ may 50 mil copper ',:."'?.:c:’.:,‘a.m. Eﬂwﬁar HEATSINK, DER-903
mu_s_ ey -'_L ....................................................
ru-fm.g.uhm.hum o Powear Drorwn By: Aot AN Fari No. REV
ISR EST S S Michael Madson = 61-00287-00 | 1
e X b
ey and ary SCALE 2] | msemoo | [weom [semion
5 3 2 1
Figure 10 — U1 Heat Sink.
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11 Performance Data
All the performance data have been taken at the board output terminals unless otherwise

specifically mentioned.

11.1 Efficiency vs. Load

96

95

94

93

Efficiency (%)
e 8

o)
o

89

88

87

86

=S
=,
_— '*\:\\ \‘
7 \

SN

=90 VAC
-=-100 V /50 Hz
=115 VAC
=132 VAC
=180 VAC
—-0-230 VAC
——264 VAC

20 30

40
Output Power (W)

50

Figure 11 — Efficiency vs. Load, Room Ambient.
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11.2 No-Load Input Power

No-load power was measured using a Yokogawa WT210 operating in watt-seconds

mode, with 20 minute integration time.
70

60

w D (9]
o o o
1 1 1

No-Load Input Power (mW)

N
o
1

10 A

80 100 120 140 160 180 200 220 240 260 280
Input Voltage (VAC)

Figure 12 — No-Load Input Power vs. Input Line Voltage, Room Temperature.
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11.3 Line Regulation
Line regulation data was captured at supply output terminals.

38.0 I
——-100% Load
~m-75% Load

37.5 ~+-50% Load ]
—425% Load
—-10% Load

37.0

36.5

Output Voltage (V)
&
o

L * L L M YV x
35.5 : N n I— s
—-—\\.// /
35.0 - - — —— |
34.5
34.0
80 100 120 140 160 180 200 220 240 260 280
Input Voltage (VAC)

Figure 13 — Line Regulation, Room Temperature
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11.4 Load Regulation
Load regulation data was captured at supply output terminals.

38.0

37.5

1 1
=90 VAC

-#-100 V /50 Hz

37.0

=115 VAC
=<132 VAC
=180 VAC

w
a
n

=-230 VAC

——264 VAC

w
o
tn

Output Voltage (V)
&
o

35.0

//
I

34.5

34.0

0.0

0.5 0.8 1.0 1.3 1.5 1.8 2.0 2.3
Output Current (A)

Figure 14 — Load Regulation, Room Temperature.

Page 33 of 55

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 —p

WWw.power.com



DER-903 72 W 36 V Innoswitch3-CP Adapter Power Supply 05-Apr-21

11.5 V-I Characteristic

The V-I characteristic was measured using an electronic load set to constant resistance,
to plot the V-I characteristic in both the constant voltage and constant current region.

40

36 1 \: s > s + 5 L

v \ : 4‘\

32 4 3

¢

28 1 ®
S
)

(=)} *
8

024 ¢
>
e
3

o *
F

O 20 - ¢

16 1 x 3

12 4 2 3

0.0 0.3 0.5 0.8 1.0 1.3 1.5 1.8 2.0 2.3 2.5
Output Current (A)

Figure 15 — V-I Characteristic, 115 VAC Input.
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40

36 o

32

N
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Output Voltage (V)
N
N

N
o

16
L 4
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8

0.0 0.3 0.5 0.8 1.0 1.3 1.5 1.8 2.0 2.3 2.5

Output Curent (A)
Figure 16 — V-I Characteristic, 230 VAC Input.
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11.6 Average Efficiency
11.6.1 115VAC

Pour | Efficiency | Average Efficiency
0,
otoad] wy) | (%) (%)
100 70.76 92.25
75 53.84 93.92
50 | 3642 | 93.11 92.81
25 17.69 91.96

11.6.2 230 VAC

% Load | PovT Efficiency | Average Efficiency

(W) (%) (%)
100 70.76 93.65
75 53.96 93.11
50 36.49 93.23 92.88
25 17.71 91.51
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11.7 Thermal Performance

Thermal performance is measured room temperature.

11.7.1 90 VAC, 100% Load
90 VAC
Amb Ul Q1 D5 R19 T1 Core | T1 Wdg |
26 89.8 72.6 91.9 74.5 72 81.7
BR1
85.2
11.7.2 115 VAC, 100% Load
115 VAC
Amb Ul Q1 D5 R19 T1 Core | T1 Wdg |
26 80.4 70.6 89.8 67.6 69.8 80.3
BR1
72.8
11.7.3 230 VAC, 100% Load
230 VAC
Amb Ul Q1 D5 R19 T1 Core | T1 Wdg |
26 57.4 63.7 86.9 69.9 70.1 78.9
BR1
52.4
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12 Waveforms

12.1 Load Transient Response (at output terminals)

12.1.1

le  Vertical Timebase Triguer Display Cursors

0-100% Load Transient

gasure Math Analysis  Utiliies  Help

e Verical Timebase Trigmer Display Cursors Measure Math Analysis Ulilies Help

fa
o n n
Measure PUmax(Cl)  P2miniC4) PItreq@ivcs) Pdi-- P5:-- P~ 7o~ PB:-- Measure PImax(C1)  P2min(C4) PItrea@ios) Pdi-- P~ P~ P7:-- 1
valug 135V valug 14BY
mean 138V mean 1.28170Y
min 135V min dpy
max 135V max 1By
st st 8371 mv
nurm 1 num 14
status v status v

Figure 17 — Transient Response 90 VAC, 0 -2 A
Load Step.
Upper: Vour, 500 mV / div.
Lower: Lioap, 1 A, 2 ms / div.

Figure 18 — Transient Response, 115 VAC, 0-2 A
Load Step.
Upper: Vour, 500 mV / div.
Lower: Lioap, 1 A, 2 ms / div.

le Verical Timebase Trigger Display Cursors Measure Math Analysis Utiiies Hel e Vertical Timebase Trguer Display Gursors Measure Math Anabsis Uliiies Halp

| ‘L o Lt (I |
o o T 1 ST

le

o
Measure PImaCl)  P2min(C4) P3fea@ied) Pa-- [ [ PP Pa--- Measure Plma(Cl)  P2min(C4) P3freq@hiC3) Pa-- Ps--- [ P [
value -130v valus -1.00%
mean 123488 mean -1.00000%
min 130y min 103
max EREN max 938 mv
sdev 5280mY sdev 3064mV
num 3 num 6
status v status v

Figure 19 — Transient Response, 230 VAC,0-2A
Load Step.
Upper: Vour, 500 mV / div.
Lower: Lioap, 1 A, 2 ms / div.

TELE

Figure 20 — Transient Response, 264 VAC, 0-2A
Load Step.
Upper: Vour, 500 mV / div.
Lower: Iioap, 1 A, 2 ms / div.
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12.1.2 10%-100% Load Transient

e Vetical Timebase Trigger Display Cursors Measure Math Analysis  Utiliies Help

e Verical Timehase Trigger Display Oursors sure = Utilties  Help

& £
Measure PlimaxCl)  PZmin(C4) P3fieq@h(C3) Pa-- P5:-- [ PTe-- Pg:--- Measure PImax(Cl)  PZmin(C4) PRfrea@C3) Pde- P5ee- PB--- PTen- PB---
value v value 152V
mean -1.68001 v rean 155202V
min AV min 1BV
max 158V max 4BV
sdev 41.90 my sdev 6299 mv
num 7 num 18
status v status v

TELEDYNE LECROY

30812020 7:31:32 PM 332030 7:32:17 PM

Figure 21 — Transient Response, 90 VAC, 0.2 - 2 A Figure 22 — Transient Response, 115VAC, 0.2 -2 A

Load Step.
Upper: Vour, 1V / div.
Lower: Ioap, 1 A, 2 ms / div.

50%-100% Load Transient

e ‘Vertical Timebase Trigger Display Cursors Measure Math Analysis  Utilities Help

Load Step.
Upper: Vour, 1V / div.
Lower: Ioap, 1 A, 2 ms / div.

e Vertical Timebase Trigwer Display Cursors Measure Math Analysis  Utilities Help

=l c

Measure PImax(Cl)  PZmin(Cd) PINeq@v(C3) P4--- PE:-- PE--- PT- Pa- Measure PImax(C1)  PZmin(C4) P3Mea@MC3) Pé--- P§--- PE--- PT--- P --
value value

mean -880.04 my mean -277.98 My

min 976 mv min 976 My

max -848 MV max BEFIY

sdev 28.69 mv sdev 50.55mv

num 32 num 46

status o

TELEDYNE LECROY

Figure 23 — Transient Response, 90 VAC, 1 -2 A

Load Step.
Upper: Vour, 1V / div.
Lower: Ioap, 1 A, 2 ms / div.

30972020 7:42:36 PM

status v

P
34312020 7:43:15 PM

Figure 24 — Transient Response, 115VAC, 1-2 A
Load Step.
Upper: Vour, 1V / div.
Lower: Ioap, 1 A, 2 ms / div.
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e Vertical Timebase Trigner Display Cursors Meas Math  Analysis  Utilities  Help e Vertical Timebase Triguer Display Cursors M Math  Analysis  Utilities  Help

] ]

Measure PUmax(C1)  PZmin(C4) P3freq@ves) P~ PE--- PB--- PT--- P8-  Measure PUmax(C1)  PZmin(C4) P3freq@vcs) P~ PE--- PB--- PT:-- P8-
value 720 my value

mean 63472 v mean 62406 v

min 720 v min -B56 Y

man -592 v man -592 v

sdev 60.34 miv sdev 32.00my

num 3 num 2

status o status o

TELE Y

mﬂggy -

12020 74417 Py TELE Y

&l (Triager

42020 7:45:00 P

Figure 25 — Transient Response, 230 VAC, 1 - 2 A Figure 26 — Transient Response, 264 VAC, 1 -2 A
Load Step. Load Step.
Upper: Vour, 1V / div. Upper: Vour, 1V / div.
Lower: Iioap, 1 A, 2 ms / div. Lower: Ioap, 1 A, 2 ms / div.
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12.2 Switching Waveforms

12.2.1  Primary Drain Voltage and Current

yd pd yd e ) /| /

¥ ¥ /
m ¥ / /
stat ‘ ) ” — status. ) ” —
TELEDYNE LECROY = — 2132020 71906 P TELEDYNE LECROY 2132020 7:20:42 P
Figure 27 — Flyback Drain Voltage and Current, Figure 28 — Flyback Drain Voltage and Current,
90 VAC Input, 2 A Load. 115 VAC Input, 2 A Load.
Upper: Drain Voltage, 100 V / div. Upper: Drain Voltage, 100 V / div.
Lower: Drain Current, 1 A, 5 us / div. Lower: Drain Current, 1 A, 5 ps /div.

/ /

Measure PImax(C3)  PZmaCly  P3Trea(Ca) P~ PE--- PB--- PT--- P8-  Measure PImax(C3)  PZmaxCly  P3frea(Ca) P~ PE--- PB--- PT:-- P8-
value 489y 1.84A 7644800 kHz value 44 1.88A 6508605 kHz
status v v v status v v v

TELEDYNE LECROY 232020 7:222aPw - TELEDYNE LECROY

Figure 29 — Flyback Drain Voltage and Current, Figure 30 — Flyback Drain Voltage and Current,
230 VAC Input, 2 A Load. 264 VAC Input, 2 A Load.
Upper: Drain Voltage, 200 V / div. Upper: Drain Voltage, 200 V / div.
Lower: Drain Current, 1 A, 5 us / div. Lower: Drain Current, 1 A, 5 us / div.
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12.2.2 SR FET Voltage

The reading taken at 168 V represents a worst-case situation, as it is the highest voltage
where the supply still operates occasionally in continuous mode.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ufiiies Help File

vertical Timebase Trigger Display Cursors Measure Math Analysis Utilties Help

ULV -
. l . \

Measure PLmaCl)  PImascd) PIireq@iv(C3) Pd-en P5-e- P-- PTe-- Pé--- Measure Plimax(cl)  PIZmax(C3) PRfiea@h(C3) Phe-n 5. PB--- PTen- PB---
value 508V value 63TV

mean 57919V mean 643161V

min 56.0V min BTV

max 598V max G50V

sdev 1.568Y sdev 5225 my

num 6 nurm 3

status v status v

TELEDYNE LECROY 31312020 3:08:66 P TELEDYNE LECROY 313030 30500 P

Figure 31 — SR FET Vs, 90 VAC, 2 A Load. Figure 32 — SR FET Vps, 115 VAC, 2 A Load.
Blu - SR_VDRAIN, 20 V, 1 ps / div. Blu - SR_VDRAIN, 20 V / div, 1 us / div.

File Vertical Timebase Trigwer Display Cursors Measure Math Analysis  Ulilities Help File

Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiiies Help

Measure PLmax(C1)  PZmMax(C3) PIfreq@ve3) P~ PE--- PB--- PPe--- Pg--- Measure PUma(Cl)  PZmax(C3) P3frea@vC3) P4--- PE--- PB--- PT:-- Pg---
value value

mean TRITIY mean 773014V

min Ay min Y

mas 752 i T8V

sty 540.2mv sday 2601 my

num 682 num 7

status v status v

TELEDYNE LECROY TELEDYNE LECROY

Figure 33 — SR FET Vbs, 168 VAC, 2 A Load. Figure 34 — SR FET Vbs, 264 VAC, 2 A Load.
Blu - SR_VDRAIN, 20 V / div, 1 us / div. Blu - SR_VDRAIN, 20 V / div, 1 ps / div.
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12.2.3 Diode (D5) Voltage

The reading taken at 169 V represents a worst-case situation, as it is the highest voltage
where the supply still operates occasionally in continuous mode.

File Vertical Timebase Trigger Display Cursors Measure Math Anabsis Utiiies  Help File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

-
Measure Plmax(Cl)  P2min(C3) PIrea@ivicd) Pden- P5e-- [ PTeen PE--- Measure PlmaCl)  PLminiC3) Parea@iviC) Pd-en P5:--- [ PTe-n Pg---
value 714y valug TEBY

mean -60.991 v mean TITIBY

min 1Ay min TEBY

max -66.2v ma TLOV

sdev 1461y sdev 13856V

num 10 num 7

status v status v

TELEDYNE LECROY 313(2020 5:27:43FM TELEDYNE LECROY 31 3200 6201 M

Figure 35 — D5 PIV, 90 VAC, 2 A Load. Figure 36 — D5 PIV, 115 VAC, 2 A Load.
Blu—D9 PIV, 20V / 1 ps / div. Blu—D9 PIV, 20V / 1 us / div.

File ‘erical Timehase Trigger Display Cursors Measure Math Analysis  Utilities Help ile  Werical Timebase Triguer Display Cursors Measure Math Analysis  Utilities Help

]
-

Measure PLmMaG1)  PZmin(C3) Pafren@iv(C3) Pé--- PE--- PB:-- PT--- Pa--- Measure PImax(CG1)  PZMIN(G3) PANeq@w(C3) Pé-- PE--- PE-- - PT:--- P8~
value -84.2V value

mean -84.0803V mean 268035V

min -85.4v min -88.0V

max -82.9V max 854V

sdev 524.2my soev 805.0my

num 167 num 15

status o status o

TELEDYNE LECROY TELEDYNE LECROY

Figure 37 — D5 P1V, 169 VAC, 2 A Load. Figure 38 — D5 P1V, 264 VAC, 2 A Load.
Blu-D9 PIV, 20V / 1 ps/ div. Blu—-D9 PIV, 20 V / 1 pus / div.
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12.2.4  Flyback Start-up Waveforms

e Plimaxcl)  PImax(C3) Pafieq@n(C3) Pa-- 12 PEi-- PTe-- PB:---
1 4y

Plmax(C1)  PZmax(C3) P3:freq@iC3) Pd--- P&--- PE--- P7e-n P8---
val 339V
status 1 v

v
status I id

TELEDYNE LECROY 319/2020 9:13:19 PM TELEDYNE LECROY 39/2020 9:14:05 P
Figure 39 — Flyback Start-up Waveforms, 90 VAC Figure 440 2 — Flyback Start-up Waveforms, 115
Input, 2 A Load. VAC Input, 2 A Load.
Red — Vour, 20 V / div. Red — Vour, 20 V / div.
Blu — U3 Voram, 100 V / div. Blu — U3 Vpram, 100 V / div.
Yel — U3 Ipraiy, 1 A, 5 mS/ div. Yel — U3 Ipramy, 1 A, 5 ms / div.

i

Measure PUmax(C1)  P2max(C3) PIfrea@ve3)
value 3084 s12v
status. L L

Measure
value
slatus

[y
PLmaiCl)  PZmax(C3) Pafreq@iv(C3)
563V

TELEDYNE LECROY

Figure 41 — Flyback Start-up Waveforms, 230 VAC Figure 42 — Flyback Start-up Waveforms, 264 VAC

Input, 2 A Load. Input, 2 A Load.

Red — Vour, 20 V / div. Red — Vour, 20 V / div.

Blu — U3 Vpra, 200 V / div. Blu — U3 Vobra, 200 V / div.
Yel — U3 Ipray, 2 A, 5 ms / div. Yel — U3 Ipramy, 2 A, 5 ms / div.
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e Vertical Timebase Trigmer Display Cursors Measure Math Analysis Utilities Heln

e ‘Verical Timebase Trigger Display Cursors Measure Math Analysis  Utilities Help

[y
Measure PLmax(C1)  PZmMax(C3) PIfreq@ve3) P~ PE--- PB--- PPe--- PB:-- Measure PLMa(CT)  PZmax(C3) P3fren@iv(C3)
value 1824 value 1854 328V
status

status o o

4
TELEDYNE LECROY 3942020 8:18:22 PM TELEDYNE LECROY

3/9/2020 9:19:09 PM

Figure 43 — Flyback Start-up Waveforms, 90 VAC Figure 44 — Flyback Start-up Waveforms, 115 VAC

Input, 0 A Load. Input, 0 A Load.

Red — Vour, 20 V / div. Red — Vour, 20 V / div.

Blu — U3 Vpram, 100 V / div. Blu — U3 Vpray, 100 V / div.
Yel — U3 Ipray, 1 A, 5 ms/ div. Yel — U3 Ipray, 1 A, 5 ms / div.

LU DL

i

:ll::gsum ] P1 mazxé?A) P2 max((;:i/) P3freq@iv(C3) Pd--- ] P&--- Phi- - - PT--- ] Pg--- VM:::WE P1 m;xg?ﬁ P2 ma;;ﬁé::z P3:freq@ha(C3) Pd--- P5--- ] PB--- PTe-- P~
status v status o c
TELEDYNE (ECROY TELEDYNE LECROY 214
Figure 45 — Flyback Start-up Waveforms, 230 VAC Figure 46 — Flyback Start-up Waveforms, 264 VAC

Input, 0 A Load. Input, 0 A Load.

Red — Vour, 20 V / div. Red — Vour, 20 V / div.

Blu — U3 Voram, 200 V / div. Blu — U3 Vobra, 200 V / div.

Yel — U3 Ibray, 2 A, 5 ms / div. Yel — U3 Ipramy, 2 A, 5 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).

Probe Ground

Probe Tip

£ ,
Figure 47 — Oscilloscope Probe Prepared for Ripple Measurement. (End Cap and Ground Lead Removed)

Figure 48 — 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 Output Ripple waveforms

le  Vertical Timeha ile  Vertical Timeha Cursor Math A Utilities  Heln

Measure PImax(C1)  P2pkpk(C4) P3Trea@c3) P P PG~ PT--- 1 Measure PIMa(CT)  P2RKDKICH P3TBU@IMG3) Pa--- P P~ PT-- Pg---
value 1.043v value 1037V

status v status v

TELEDYNE LECROY 311312020 2.43:42PM TELEDYNE LECROY

31132020 2.44:38 PM

Figure 49 — Output Ripple. 90 VAC, 2 A Load Figure 50 — Output Ripple. 115 VAC, 2 A Load
5ms /200 mV /div. 5ms /200 mV /div.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Uliliies Help

|'1||"'|'|'|!‘|!‘Ir"\|" T

Measure Flima(Cly  P2pkpkiC4) P3:freq@iv(C3) Fd--- P&--- PG -- PT--- Pg--- Measure Flimax(C1)  PZpkpk(C4) Pfreq@iv(C3) Fe--- P&--- P - FT--- P---
value 749 my value 1.018Y

status v status v

TELEDYNE LECROY

3132020 2:45.37 PM TELEDYNE LECROY

31312020 24718 PM

Figure 51 — Output Ripple, Detail, 115 VAC, Figure 52 — Output Ripple. 230 VAC, 2 A Load
2 Aload - 20 us /200 m V / div. 5ms /200 mV/ div.
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File Wertical Timebas igger Display Cursors asure  Math Analysis  Utilities Help

Measure PIimaxCl)  PZpkpk(C4) PRfea@i(Ca) Pa--- P~ [ P7:-- PB: -
value

status v

TELEDYNE LECROY

Figure 53 — Output Ripple, Detail, 230 VAC, 2 A Load
-20 ps /200 m V / div.
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13 Conducted EMI

EMI scans were made using an 18Q resistive load, with the output return grounded to
the LISN.

Receiver @] lnfl

RBW (QPK) 9 kHz ™MT 100 ms EMY216+ESH3-Z2
Input DC Aftt 10 dB Preamp OFF  Step TD Scan EMYZ216 L1
Level dBpv Frequency 30.0000000 MHz/
-20 1] 20
Scan @10P Clrw@Z2ay Clrw

a0 dhir\?lt Check i i . 1 1MHPASS ! ' : ' T U 10 MHz
ne EN55!III22Q ! Lo PASS ] 1 ] R
71 dbmp EN55€DZ2A : PASS

ENSS0220.LIN !

AL I —
ENSS0228.LIM | S : : L

dZw \‘H : : : 5 J
20:15' ﬂ/:\vlf m : : T
T UVM

10 dBpv

0 dBpv:

-10 dé.uv

-20 dE-l.I\.-"
Start 150.0 kHZ Stop 30.0 MHz

Measuring... [ 0 RRRRD gk ﬂ'li?é-gil:gg ﬁ

Date: 9.MAR.2020 14:36:33

Figure 54 — EMI, Full Load, 115 VAC, LISN grounded to secondary return.
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Receiver @] lnfl
RBW (QPK) 9 kHz ™T 100 ms EMYZ16+ESH3-Z2
Input DC Aftt 10 dB Preamp OFF  Step TD Scan EMYZ216 L1
Level dBpv Frequency 30.0000000 MHz/
-20 0 20
Scan @10P Clrw@2ay Clrw
imit Check . 1 MHEASS v 10 MHz

B dEFn'Ue EN55022Q | T | PASS !

PASS

71 db.Lr\lp ENSSEDZZA :

ENSS0220.LIN ! A : : P
60 BN ——F— i i ]
ENSS0228.LIM | : oo ! ! :

50 e =i

il

A

N

I

I

i

AN U T U e 7
10 dBpy———t———
u] dE-l.I‘;.-" I .
-10 dEi-l.l\.-"
=20 dEi-l.l\.-" : i TF
Start 150.0 kHz Stop 30.0 MHz

09.03.2020

Measuring... 14:38:30 ﬁ

9.MAR.2020

Date: 14:38:30

Figure 55 — EMI, Full Load, 230 VAC, LISN grounded to secondary return.
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14 Line Surge

14.1 Combination Wave Differential Mode Test
Pass criterion is no output interruption.

AC Input Surge Generator
Voltage Voltage Phas(eol)\ngle Impedance N;E?;;sof Test Result
(VAC) (kV) (Q)

115 +1 90 2 10 PASS
115 -1 90 2 10 PASS
115 +1 270 2 10 PASS
115 -1 270 2 10 PASS
115 +1 0 2 10 PASS
115 -1 0 2 10 PASS

AC Input Surge Generator

Voltage Voltage Phas(eol)\ngle Impedance Ngﬂ?;;sof Test Result

(VAC) (kV) (Q)
230 +1 90 2 10 PASS
230 -1 90 2 10 PASS
230 +1 270 2 10 PASS
230 -1 270 2 10 PASS
230 +1 0 2 10 PASS
230 -1 0 2 10 PASS
Power Integrations ™
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14.2 Combination Wave Common Mode Test
Pass criterion is no output interruption.

AC Input Surge Generator
VoItaI;e Volta?ge Phas(eol)\ngle Impedance Ngﬂ?;;sof Test Result
(VAC) (kV) (@)
115 +2 90 12 10 PASS
115 -2 90 12 10 PASS
115 +2 270 12 10 PASS
115 -2 270 12 10 PASS
115 +2 0 12 10 PASS
115 -2 0 12 10 PASS
AC Input Surge Generator
VoItaI;e Voltgge Phas(eol)\ngle Impedance Ng::?:;:f Test Result
(VAC) (kV) (@)
230 +2 90 12 10 PASS
230 -2 90 12 10 PASS
230 +2 270 12 10 PASS
230 -2 270 12 10 PASS
230 +2 0 12 10 PASS
230 -2 0 12 10 PASS

5
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15 ESD

Pass criterion is no permanent output interruption.

15.1 Air Discharge

AC Input Discharge .
VoltaI;e Voltagz Dlspc(:::ge N;:—:f;:f Test Result
(VAC) (kV)
115 +15 Output + 10 PASS
115 -15 Output - 10 PASS
115 +15 Output + 10 PASS
115 -15 Output - 10 PASS
AC Input Discharge .
VoltaI;e Voltagz D'ic(:::ge N;::_?I:S‘)f Test Result
(VAC) (kV)
230 +15 Output + 10 PASS
230 -15 Output - 10 PASS
230 +15 Output + 10 PASS
230 -15 Output - 10 PASS
15.2 Contact Discharge
AC Input Discharge .
VoItaI;e Voltagg Dlspc:iz:ge N;E:’:;“ Test Result
(VAC) (kV)
115 +8.8 Output + 10 PASS
115 -8.8 Output - 10 PASS
115 +8.8 Output + 10 PASS
115 -8.8 Output - 10 PASS
AC Input Discharge .
VoltaI;e Voltagg Dlspc:iz:ge N;ﬂ:’:;“ Test Result
(VAC) (kV)
230 +8.8 Output + 10 PASS
230 -8.8 Output - 10 PASS
230 +8.8 Output + 10 PASS
230 -8.8 Output - 10 PASS
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