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Important Note:

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

This engineering report describes 24 V / 4.2 A power supply intended for appliance and
industrial applications, utilizing IMX2353F-H418 from the InnoMux™2-EP family of ICs.

The SMPS features a Constant Voltage (CV) output and can deliver a maximum output
power of 100 W, with an input voltage of up to 1000 VDC. This design demonstrates high
efficiency and accurate output regulation, made possible from the adaptive ZVS switching
algorithm employed in InnoMux2 ICs.

The 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, Top View.
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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 illustrated in the results section.

Description Symbol Min | Typ | Max | Units Comment
Input
Voltage Vin 300 1000 | VDC
Output
VCV
Rated Voltage Vevi 24.0 \% +1% initial set point tolerance
Line and Load Regulation? +1% Measured from 300 to 1000 VDC, 0% to 100% load
Dynamic Response +5% 0-100% load step
Ripple Voltage Vcvi_RIPPLE 500 | mV 20 MHz Bandwidth, at 25 °C Ambient
Rated Current Icvi 4.2 A
Total Output Power
Output Power Pour 100 W 300 — 1000 VDC input
Efficiency
Full Load n 90 % Measured at 1000 VDC, 25 °C
91 |91.5 % Measured at 800 VDC, 25 °C
92 |92.5 % Measured at 500 VDC, 25 °C
92 |92.5 % Measured at 300 VDC, 25 °C
Standby Input Power <04| W Measured at 500 VDC, 25 °C, CV1 200 mW
Environmental
Ambient Temperature Tams 0 40 °C Free Convection, Sea Level.

Table 1 — Power Supply Specifications.

Note:
1. Measured across input line and load

N Power Integrations, Inc.
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3 Schematic
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4 Circuit Description
4.1 Primary-Side

4.1.1 Input Capacitor

The film capacitor C1 is connected in parallel with the DC input connector J3 and provides
filtering for ripple on the DC input.

4.1.2 Primary Switching Circuit

The primary side of the transformer is connected between the input DC bus (TXPRI+) and
the drain of the integrated primary switch of InnoMux2-EP IC (U1, pin 28). The primary
current loop closes at the negative terminal of C2 via the S pin of U1 (pin 18/19). An RCD-
type primary clamp (D14, D15, R1, R57, R2, R78, VR1, VR2, C63 and C73) is used to limit
the peak drain voltage spike on the integrated primary switch, caused by the leakage
inductance of the transformer when the switch turns off.

4.1.3 Primary-Side Controller Power Source

The primary-side controller is integrated into the InnoMux2-EP IC (U1). It is self-starting,
using an internal high-voltage current source to charge the BPP capacitor (C2) when AC
voltage is first applied to the converter input. During normal operation (steady-state), the
primary-side controller is powered from an auxiliary winding on the main transformer. The
voltage across this winding is rectified and filtered using diode D1 and capacitor C48.
Resistor R66 is inserted into the discharge circuit to limit transient current. The output of
the primary-side auxiliary supply is connected to the BPP pin via a current-limiting resistor,
R14.

4.1.4 Primary-Side OVP

Primary-side output overvoltage protection (OVP) is implemented by the Zener diode VR3
and series resistor R37. In the event of an uncontrolled overvoltage at the output, the
increased voltage at the bias winding causes the Zener diode VR3 to conduct, increasing
the current into the BPP pin. If this current exceeds the Isp limit (7.5 mA), OVP protection
is triggered, and the controller implements a latching shutdown.

4.1.5 Primary Peak Current Limit

The value of capacitor C2 is used to set the maximum primary current to either STANDARD
or INCREASED level. In this case, a 470 nF capacitor sets the primary-side controller peak
current limit to its STANDARD level of 1.85 A.

4.2 Secondary-Side

The secondary side of the InnoMux2-EP IC (U1l) is powered from an internal regulator
connected to BPS pin (U1, pin 6). At the beginning of startup, power for the BPS regulator
is provided by the FORWARD pin (U1, pin 10). Capacitor C7 is a decoupling capacitor.

Power Integrations, Inc.
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4.2.1 InnoMux2-EP Pin Configuration for 1CV Application

InnoMux2-EP can also be used for single output applications using the same part type used
for multiple output power supplies. To do this, the pin connections shown in table 2 must
be implemented.

Pin Number | Pin Name Connection

1 FB1 Connected to FBHV
3 FB2 Floating

5 CDR1 Floating

8 FBHV Connected to FB1
11 VCV1 Connected to VCHV
12 VCV2/AS Floating

13 VCVHV Connected to VCV1

Table 2 — InnoMux2-EP Pinout for 1 CV Application.

4.2.2 Primary to Secondary-Side Communication

The secondary side of the InnoMux2-EP IC (Ul) sends a request to the primary-side
controller to initiate a switching cycle via the internal safety-isolated FluxLink™
communication channel.

4.2.3 InnoMux2-EP Power Supply

During startup, the InnoMux2-EP secondary-side controller is also powered from VCV1
output via resistor R48. A local decoupling capacitor, C30, is connected close to the
VCVHV/VCV1 pin of Ul. An internal regulator lowers the VCV1 voltage to 5 V and supplies
it to the BPS rail. Resistor R48 and capacitor C30 provide local decoupling and ESD
protection.

4.2.4 Synchronous Rectifier (SR) MOSFET Drive

The SR pin drives the synchronous rectifier (SR) MOSFET (Q1) when the transformer is
delivering energy to the secondary circuit. Before the end of secondary discharge, the gate
voltage of the SR MOSFET is reduced to maintain a fixed source-to-drain voltage across the
SR MOSFET. This functionality prevents the premature turn-off of the SR MOSFET.

In DCM operation, the SR MOSFET (Q1) is turned on for a short period just before the
primary switch turns on. This action generates a reverse current in the CV1 secondary
winding, which then commutates to cause a reverse current flow in the transformer on the
primary. This reverse current discharges the voltage across the primary switch, allowing it
to turn on at zero (or near zero) voltage. This mechanism, termed SR-ZVS, substantially
minimizes switching loss, significantly reducing the turn-on loss for the primary switch,
especially with high input voltage. The timing and duration of the ZVS conduction pulse
applied to via the secondary side SR FET is automatically adjusted by the secondary
controller on the InnoMux-2 IC.

Capacitor C74 and diode D16 clamp the negative transient gate-to-source voltage and
protect the SR MOSFET driver pin.

N Power Integrations, Inc.
WWW.power.com
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4.2.5 Output Control

Output rectification for the CV1 output is provided by the SR MOSFET (Q1). To ensure low
output ripple voltage, a I filter consisting of capacitors C10, C26 and inductor L2 is
employed. A low ESR capacitor, C10, is used in the first stage to attenuate ripple current,
while capacitor C26, an aluminum polymer type, minimizes switching noise. Additionally, a
multilayer ceramic capacitor (MLCC), C28, is connected across the CV1 output terminals to
provide a low-impedance bypass for any high-frequency noise.

The RC snubber network consisting of R6, R75 and C19 serves to dampen high-frequency
ringing across the SR MOSFET (Q1). This ringing results from the oscillation of transformer
leakage inductance and secondary trace inductance with the MOSFET body capacitance.

The output voltage on CV1 is controlled by R35, R54, R10 and C51, which provide an analog
current signal to FB1/FB2 (U1, pin 1 and pin 8). Loop compensation is necessary due to the
use of L2 and is provided by R9 and C27.

Power Integrations, Inc.
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5 PCB Layout
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6 Bill of Materials

6.1 Bill of Materials: Electrical Components
Item | Ref Des. Description Mfr. Part Number Manufacturer
0.047 pF, £5%, Film Capacitor, Automotive, AEC-Q200,
1 C1 650 VAC, 1600 VDC (1.6k VDC), Polypropylene (PP), R76TN24704040] KEMET
Metallized Radial
2 Q 470 nF, £10%, 50 V, Ceramic, X7R, 0805 CL21B474KBFVPNE Samsung Electro-
Mechanics
3 C6 4.7 nF, Ceramic, Y1 440LD47-R Vishay
4 C7 4.7 uF, 50 V, Ceramic, X7R, 1206 UMK316AB7475KL-T Taiyo Yuden
5 C10 470 uF, 35V, Electrolytic, Low ESR, 23 mOhm, (10 x 20) UHD35470MPD Nichicon
6 C19 4.7 nF, 200 V, Ceramic, X7R, 0805 08052C472KAT2A AVX Corp
7 C26 470 uF, 35V, Electrolytic, Low ESR, 23 mOhm, (10 x 20) UHD35470MPD Nichicon
8 27 0.1 uF (100 nF) £10% 50 V Cera_mic Capacitor X7R 0603 GCM188R71H104KA57D Murata
(1608 Metric)
9 C28 4.7 uF, 50 V, Ceramic, X7R, 1206 UMK316AB7475KL-T Taiyo Yuden
10 C30 100 nF, 50 V, Ceramic, X7R, 1206 CC1206KRX7R9BB104 Yageo
11 C32 100 pF, 500 V, Ceramic, NP0, 0805 501R15N101KVAT J°ha“S°?n'2'e'eCt”cs
27 uF, £20%, 100 V, Al Electrolytic, Gen. Purpose Panasonic Electronic
12 48 H ’ Can, (,8mm X 13nY|tm), Pose EEU-FS2A2708 Components
13 C51 220 pF, 250 V, Ceramic, COG, 0603 C1608C0G2E221] TDK Corp
14 C53 220 pF, 250 V, Ceramic, COG, 0603 C1608C0G2E221] TDK Corp
15 C63 1 nF, 1500 V, Ceramic, X7R, 1808 1808SC102KAT1A AVX
16 C72 4.7 nF, Ceramic, Y1 440LD47-R Vishay
17 C73 1 nF, 1500 V, Ceramic, X7R, 1808 1808SC102KAT1A AVX
18 C74 1 nF, 50 V, Ceramic, X7R, 0805 08055C102KAT2A AVX Corp
19 D1 DIODE ULTRA FAST, GPP, 400 V, 1 A SMA US1G-13-F Diodes, Inc
20 D13 Diode, Schottky, 200 V, 1 A, Surface Mount SOD-123HE | S510200HE_R1_00001 | Peryit International
21 D14 Diode, 2000 V, 2 A, Surface Mount DO-214AA (SMB) S2Y Diotec Semiconductor
22 D15 Diode, 2000 V, 2 A, Surface Mount DO-214AA (SMB) S2Y Diotec Semiconductor
23 D16 30V, 2 A, Schottky, SMD, DO-214AA Low Drop SL23-E3/52T Vishay
24 L2 Fixed Inductor, 12 uH, £10%, 5.1 A, 0.035 ohm, TH RFB1010-120L Coilcraft
N-Channel 150 V 17 A (Ta), 100 A (Tc) 6.2 W (Ta), Alpha & Omega
25 Q1 215 W (Tc) Surfaée IV)|ount 8-I§FN)(5 X 6)( : AONS66520 ngiconducttg)r
26 R1 RES, 10 R, 5%, 2/3 W, Thick Film, 1206 ERJ-P08]100V Panasonic
27 R2 RES, 100 k, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF1003V Panasonic
28 R5 RES, 47.0 R, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF47R0V Panasonic
29 R6 RES, 5.6 R, 5%, 2/3 W, Thick Film, 1206 ERJ-PO8J5R6V Panasonic
30 R9 RES, 22.1 k, 1%, 1/10 W, Thick Film, 0603 ERJ-3EKF2212V Panasonic
31 R10 RES, 3.32 k, 1%, 1/10 W, Thick Film, 0603 ERJ-3EKF3321V Panasonic
32 R14 RES, 10 k, 5%, 2/3 W, Thick Film, 1206 ERJ-P08]103V Panasonic
33 R35 RES, 61.9 k, 1%, 1/10 W, Thick Film, 0603 ERJ-3EKF6192V Panasonic
34 R37 RES, 47.0 R, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF47R0V Panasonic
35 R39 RES, 10 R, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF10R0V Panasonic
36 R48 RES, 10 R, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ100V Panasonic
37 R54 RES, 470 R, 1%, 1/10 W, Thick Film, 0603 (1608 Metric) ERJ-3EKF4700V Panasonic
38 R57 RES, 10 R, 5%, 2/3 W, Thick Film, 1206 ERJ-P08]100V Panasonic
39 R66 RES, 10 R, 5%, 2/3 W, Thick Film, 1206 ERJ-P08]100V Panasonic
40 R75 RES, 5.6 R, 5%, 2/3 W, Thick Film, 1206 ERJ-PO8J5R6V Panasonic
41 R78 RES, 100 k, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF1003V Panasonic
42 T2 Bobbin, PQ32/30, Vertical, 12 pins BQ32/30-1112CPFR TDK
43 Ul InnoMux2-EP WG, InSOP-T28G 10-01592-00 Power Integrations
44 VR1 TVS, 207 V Clamp, 7.3 A Ipp, Unidirectional, SMC, DO-214AB TPSMC150A Littelfuse Inc
45 VR2 TVS, 207 V Clamp, 7.3 A Ipp, Unidirectional, SMC, DO-214AB TPSMC150A Littelfuse Inc
46 VR3 DIODE ZENER 47 V 500 MW SOD123 MMSZ5261BT1G ON Semi

Table 3 — Electrical Bill of Materials.

5
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6.2 Bill of Materials: Mechanical Components

Item | Ref Des. Description Mfr. Part Number Manufacturer
1 TP1 Test Point, BLK, THRU-HOLE MOUNT 5011 Keystone
2 TP2 Test Point, RED, THRU-HOLE MOUNT 5010 Keystone
3 TP3 Test Point, RED, THRU-HOLE MOUNT 5010 Keystone
4 TP4 Test Point, BLK, THRU-HOLE MOUNT 5011 Keystone

Table 4 — Mechanical Bill of Materials.

5
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7 Transformer (T1) Specification

7.1

Core Information

PQ 32/30

Core

m To lEC 63093-13
® Delivery mode: sets

BE65879B

27.5+0.5

]
Magnetic characteristics (per set) “c,;’l
LA = 0.441 mm-1 | %r
le = 67.80 mm I
A, =153.8 mm2
Amin = 127.5 mm2 7 /// 77 i
Ve =10440 mm3 / 1 =
) : //«; 43 3
Approx. weight 57.4 g/set \ \ N &) S
R \. S Y
513.45+0.25
| 32405
Ungapped FPED475-8
Material | Ay value e Py Ordering code
nH Wiset
N49 3450 +30/-20% | 1210 | < 3.65 ( 50 mT, 500 kHz, 100 °C) B65879B0000R049
NE87 4800 +30/-20% | 1700 | < 7.00 (200 mT, 100 kHz, 100 =C) B65879B0000R0O8B7
N97 5000 +30/-20% | 1760 | < 5.80 (200 mT, 100 kHz, 100 °C) B65879B0000R097
NS5 6100 +30/=20% | 2140 | < 6.30 (200 mT, 100 kHz, 25 °C - 100 =C) | B65879B0000R095

< 7.56 (200 mT, 100 kHz, 120 °C)

Other A values/air gaps and materials available on request — see Processing remarks on page 4.

Combination with | core available on request.

Figure 6 — PQ32/30 Core Information.

5

Power Integrations, Inc.

Www.power.com

Page 14 of 48



DER-1087 100 W InnoMux2-EP Isolated Flyback Power Supply 4-November-25

7.2 Bobbin Information

Accessories BE5880E

Coil former

Material: GFR thermosetting plastic (UL 94 V-0, insulation class to IEC 60085:
F = max. operating temperature 155 “C), color code black

Sumikon PM 98209 [E41429 (M)], SUMITOMO BAKELITE CO LTD
Solderability: to IEC 60068-2-20, test Ta, method 1 (aging 3): 235°C, 25

Resistance to soldering heat: to |IEC 60068-2-20, test Tb, method 1B: 350 *C, 3.5 s

Terminals Ordering code

Sections By

mm<

IN
mim

Agp value
pil

104

G2

21

12

B65880E2012D001

Pin 1
marking

34.440.3

B4
25,2+0.3

o15.8+0.2
-

a2G,4+0,2 a14+0.2
A
—
o]
'
3 RN
— ! 2]
]
I &
o] | & J
% I
";:I - J
& O
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o M
. . =
L% a8 2

FPEB-HE

Figure 7 — PQ32/30 Bobbin Information.
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7.3 Transformer Electrical Diagram

0 o[
°
Primary-1: CV1-A (24V):
33T — ECW Gr 2 5T — TIW-Litz
3 X #28 3 x (0.3mmx7)
o[8]
Oo[12
Primary-2: °
33T - ECW Gr 2 CV1-B (24V) :
3x #28 5T — TIW- Litz
3 x (0.3mmx7)
[6] o
[7]
°
Pri. Bias:
3T - TIW
2 X #32

Figure 8 — Transformer Electrical Diagram.

7.4 Transformer Electrical Specification

Parameter Condition Spec.
Electrical strength | 1 second, 60 Hz from pins 1,2, 4,5, 6t07, 8,11, 12 3000 VAC
Nominal Primary | Measured at 1 Vek-p, 100 kHz switching frequency, between o
Inductance pin 4 and 6, with all other windings open. 1100 puH +5%
I:!esonant Between pin 4 and 6, other windings open. 1,100 kHz (Min.)
requency
Primary Leakage Measured at 1 Vrk-px, 100 kHz switching frequency, between

pin 4 and 6, with all secondary windings shorted (pins 7, 8, 9, <21upH

Inductance 10, 11, 12), and primary bias winding opened (pins 1, 2).

Table 5 — Transformer Electrical Specifications.

N Power Integrations, Inc.
WWW.power.com
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7.5 Winding Stack Diagram

Note: . .
outer most layer of insulation

Unless stated otherwise bobbin verof Fold down fast

tums anti-clock-wise looked from - <

the pins’ end.

Pri. Bias: 3T — ECW Gr 2
2x #32

Primary-1A: 17T - ECW Gr 2

3x #28

CV1-A (24V): 5T — TIW-Litz

2 x (0.29mmx7)

Primary-1B: 16T — ECW Gr 2

3x #28

Primary-2A: 16T — ECW Gr 2

3x #28

CV1-B (24V): 5T — TIW-Litz

3 x (0.3mmx7)

Primary-2B: 17T — ECW Gr 2

3x #28

Figure 9 — Transformer Build Diagram.

7.6 List of Materials

Item Description
[1] | Core: PQ32/30.
[2] | Bobbin: PQ32/30, 12 pins (6/6).
[3] Magnet Wire: #28, 0.38 mm, Grade 2 ECW.
[4] | TEX: #32, 0.203 mm, Triple Insulated Wire.
[5] | TEX-ELZ Wire: 0.3 mm x 7, Triple Insulated Wire — Litz Type.
[6] | Tape: 3M 1298 Polyester Film, 1 mil thick, 18 mm Wide.
[7]1 | Tape: 3M 1298 Polyester Film, 1 mil thick, 19 mm Wide.
[8] | Tape: 3M 1298 Polyester Film, 1 mil thick, 13 mm Wide.
[9] | Varnish: Recommended, E962-A (alternative: Dolph BC-359).

Table 6 — Transformer Materials List.

7.7 Transformer Test

The measured inductances of the individual windings as well as the primary leakage
inductance of the transformer are shown in the table below:

Inductance [pH] Between Pins Pins Shorted
Lpri [uH] 1102 4-6
Levi-a [uH] 6.91 7-12
Lovi-s [uH] 6.62 8-11
Lpribias [pH] 2.60 1-2
Likgpri [H] 12.3 4-6 7,8,11,12

Table 7 — Winding Inductance. All measurement done in 100 kHz at 1 Vrws.

Power Integrations, Inc.
WWW.power.com
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7.8 Winding Illustration

Winding
Preparation

Place the bobbin on the
mandrel with the pins’ side
facing to the right. Bobbin
winding direction is anti-
clockwise when looked from
pins’ end.

Primary-2B

Start at pin 6. Wind 3 strands
and 17 turns of wire Item [3]
in 1 layer, with normal
tension from right to left.
Terminate the  winding
temporarily on the mandrel
using a piece of tape with an
excess of around 2 meters.
Do not cut off.

Insulation layer

Add 1 layer of tape Item [6].

Cv1i-B

Start at pin 12. Prepare 3
strands of Item [5] and wind
5 turns from right to left.
Terminate the  winding
temporarily on the mandrel
using a piece of tape with an
excess of around 10 cm. Do
not cut off.

<z - Power Integrations, Inc.
WWW.power.com
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Insulation layer

Add 1 layer of tape, Item [6].

Primary-2A

Remove the taped end of
Primary-2B and wind 16
turns of primary-2A from left
to right. Terminate at pin 5.

Insulation layer

Add 1 layer of tape, Item [6].

Primary-1B

Start at pin 5. Prepare 3
strands of Item [3] and wind
16 turns in 1 layer, with
normal tension from right to
left. Terminate the winding
temporarily on the mandrel
using a piece of tape with an
excess of around 2 meters.
Do not cut off.

<z - Power Integrations, Inc.
WWW.power.com
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Insulation Layer

Add 1 layer of tape, Item [6].

CV1-A

Start at pin 11. Prepare 3
strands of Item [5] and wind
5 turns from right to left.
Terminate the winding again
temporarily on the mandrel
using a piece of tape with an
excess of around 10 cm. Do
not cut off.

Insulation Layer

Add 1 layer of tape, Item [7].

Primary-1A

|
4
L |
| |

Remove the taped end of
Primary-1B and wind 17
turns of primary-1A from left
to right. Terminate at pin 4.

Insulation Layer

Add 1 layer of tape, Item [7].

<z - Power Integrations, Inc.
WWW.power.com
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Primary Bias

Start at pin 2. Prepare 2
strands Item [4] and wind 3
turns from right to left and
terminate temporarily on the
mandrel using a tape.

Insulation Layer

Add 1 layer of tape, Item [7].

Primary Bias
termination

Remove the taped end of the
Primary Bias winding. Press
down across the bobbin
window before terminating
at pin 1.

CV1-A and CV1-B
termination

Remove the taped ends of
the CV1-A and CV1-B
windings. Press down across
the bobbin window before
terminating at pin 7 and 8.

<z - Power Integrations, Inc.
WWW.power.com
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Insulation Layer

Finish Assembly

Add 1 layer of tape, Item [7].

Gap core to achieve a
nominal inductance of 474
uH across the primary
winding pins, 4 and 6.

Secure core halves into the
bobbin using Item [9]. Then
reinforce the enclosure using
around 13 cm of tape, Item

[8].

Vacuum impregnate varnish
for 30 minutes to make sure
varnish is well infiltrated.
Recommended varnish, Item
[9]. Dry in oven for 30
minutes at 100 °C temp.

Label “"DER1087 XXX.X uH”
(XXX.X = measured primary
inductance value in puH)

5

Power Integrations, Inc.
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8 Performance

8.1 Full Load Efficiency vs. Line

The full load efficiency vs. line measurement is shown below. Results were obtained across
line voltage (300 VDC, 500 VDC, 800 VDC, 1000 VDC) measured at full load.

94%
92.6%
91.9%
92%
90.5% 90.4%
> 90%
£
2 88%
E
Y 86%
2
S 84%
82%
80%
300 500 800 1000

Line Voltage [VDC]

Figure 10 — Full Load Efficiency vs. Line Voltage at Room Temperature.

Power Integrations, Inc.
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8.2 Efficiency vs. Load
The efficiency vs. load measurement is shown below and was obtained for combinations

of:
1. Input line voltages (300 VDC, 500 VDC, 800 VDC, 1000 VDC)
2. CV1 =24V @ 4.2 A (5% to 100% with 5% load increments)

95%
90%
o
3 85%
O
= —e—Vin=300 VDC
W 80% —e—Vin=500 VDC
Vin=800 VDC
—e—Vin=1000 VDC
75%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Po/Pomax

Figure 11 — Efficiency vs. Load Across Line, Room Temperature.

Power Integrations, Inc.
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8.3 Output Load Regulation

The output voltage regulation error vs. load measurement is shown below. Results were
obtained for all combinations of:

1. Input line voltages = 300 VDC, 500 VDC, 800 VDC, 1000 VDC

2. CV1 =24V @ 4.2 A (0% to 100% with 5% load increments)

3.0%
(24 .
o 2.0% @ Line=300VDC
E @ Line=500VDC
w4 0% e Line=800VDC
> o 9 o
o) S : s 8 s ¢ ) 3 : 3 ® Line=1000VDC
= 0.0% ° o § ; $ ¢ 8 g0 0o
: ? ® : o o ®*°*°
S -1.0% ® e o
O
e
& -2.0%
i
>
L -3.0%

0% 20% 40% 60% 80% 100%

CV1 LOAD [%]

Figure 12 — CV1 Output Voltage Error vs. Output Load, Room Temperature.

N Power Integrations, Inc.
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8.4 Full Load Line Regulation

The output voltage regulation error vs. input voltage measurement is shown below. Results

were obtained for all combinations of:
1. Input line voltages = 300 to 1000 VDC with 30 V increment
2. COV1=24V@4.2A

3.0%
(24
8 2.0%
v 0%
1T}
> 1.0%
(@)
=
I:t 0.0%
-
o -1.0%
1T}
(2
L -2.0%
>
(@]
> 3.0%
300 400 500 600 700 800 900 1000
Input Voltage (VDC)
Figure 13 — CV1 Output Voltage Error vs. Line, Room Temperature.
N Power Integrations, Inc.
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8.5 No-Load and Standby Input Power

Output power vs. input power in standby are shown below. Results were obtained under
the following test conditions:

1. Input line voltages = 300 VDC, 500 VDC, 800 VDC, 1000 VDC

2. CV1 output = 0 mW to 250 mW; 0 mW to 1000 mW

E. 500
E 450
= 400
A 350
fg 300
o 250
o
45 200
a —e—Vin = 300 VDC
S 150 .
- —e—Vin = 500 VDC
o 100 Vin = 800 VDC
g 50 —e—Vin = 1000 VDC
= 0
0 50 100 150 200 250 300

Output Power on CV1 (24 V), Pout [mW]

Figure 14 — Available Standby Power Measured against Input Power (0 — 450 mW).
Across Input Voltage. Test Performed at Room Temperature.

Power Integrations, Inc.
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E. 1600

£ 1400

£ 1200

o.

.~ 1000

3

2 800

o 600

g_ —e—\V/in = 1000 VDC
e 400 —e—Vin = 800 VDC
PR —e—Vin = 500 VDC
S —o—\in = 300 VDC
g 0

0 200 400 600 800 1000
Output Power on CV1 (24 V), Pout [mW]

Figure 15 — Available Standby Power Measured against Input Power (0 — 1400 mW input).
Across Input Voltage. Test Performed at Room Temperature.

Power Integrations, Inc.
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8.6 Load Transient Response

8.6.1 CV1 Step Load Transient Response

The load transient test was performed under the following test conditions:

Input line voltage = 300 VDC, 500 VDC, 800 VDC, 1000 VDC

CV1 load step between 0 A and 4.2 A (0% and 100% load) and back to 0 A
CV1 is at 0% load for 5 ms and at 100% load for 5 ms

Slew rate: 800 mA/us

2025-06-25 2025-06-25
3 0:36
37 T Horizontal
£ Diagram: Ch1,ch2 g
Rl I L

(a) 300 VDC, ICV1 =0A > 4.2 A(100%) > 0 A. (b) 500 VDC, ICV1 = 0A > 4.2 A (100%) - 0 A.
Overshoot: 0.617 V (2.5%). Overshoot: 0.664 V (2.8%).
Undershoot: -0.538 V (-2.2%). Undershoot: -0.585 V (-2.4%).

wies @ s 6,

(c) 800 VDC, ICV1 =0A > 4.2 A(100%) > 0 A. (d) 1000 VDC, ICV1 =0A > 4.2 A(100%) - 0 A.
Overshoot: 0.680 V (2.8%). Overshoot: 0.664 V (2.7%).
Undershoot: -0.617 V (-2.5%). Undershoot: -0.617 V (-2.5%).

Figure 16 — CV (24 V) Output - Load Transient at Full Load.

<z - Power Integrations, Inc.
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8.7 Switching Waveforms

8.7.1 Primary Switch Maximum Voltage
The primary switch (U1) maximum voltage test was performed under the following test

conditions:
e Line input voltage 1000 VDC
e Load transient with full load on the output:
o CVi=24V@4.2A
e 200 MHz bandwidth selected on the oscilloscope

2025-06-13
11:11:24

Horizontal

Res:5S ns / 200 M.

RL: Z0 MSa

Scl 10 ms/div

Posi0 s

Trigger Morrmal
A Edge Chz

Lvl: 145154 kv

= (1) I N v Ul H
[T ]
Lo Zooml: Ch2,Ch3 I
: H H feaSelt 200 Vidiv
Lo o e e 4 e 4 L e e e gy o el L gy e e e . e e e e e . A e . e S 4 Fos: 4 div
H H H H H H | : Off: 0
: ' : Cpl: DC 1MG

Deci3a  TA: Off
r:éw: 200 MHz
[Selr 2 adiv

Pas: 2 div

Off: 0 A

T lcpl oC 1me
Deci5a  Thr Off
BW; 500 MHz

TR

Figure 17 — Primary Switch Worst Case Peak Voltage, Vpri_pk = 1.45 kV.
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8.7.2 SR FET Voltage Waveform

The SR FET (Q1) maximum voltage test was performed under the following conditions:
e Line input voltage 1000 VDC
e Start-up with full load
e 20 MHz bandwidth selected on the oscilloscope

2025-06-23
15:34:03

| Horizontal | |

- |Resis0ns /20 MSa/s

- JRL: 20 MSa R
Sol: 100 ms/div

Figure 18 — SR FET Worst Case Peak Voltage, Vsr_pc = 130 V.
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8.7.3 BPP Rectifier Diode Reverse Voltage Waveform
The BPP rectifier diode (D1) maximum reverse voltage test was performed under the
following test conditions:

e Line input voltage 1000 VDC

e Start-up with full load

e 20 MHz bandwidth selected on the oscilloscope

2025-06-23
16:07:30
T N T R ! —— T Horizontal
= Diagrami1: Ch1,ch2 ARV = H 8

= 24k R Rt SEEER

— 1.6

— 800 W

_’lqOPV \ L ) I A L I | I

.
R R ——————— ———————
3 Zoomli: Chi,chz g3

L
Sl 400 Midiv
Pos: -4 div
off: 0V
Cpli DT 1MO
DeciSa  Th: Off
Wi 20 MHz

kv

BPP diode, 1 Pri VDS

/\f W WL W

Scli 20 WAdiv
Pos: 1 div

off: 0w

Cpl: DC 1MO
DeciSa  Th: Off
By; 20 MHz

Figure 19 — BPP Rectifier Diode Worst Case Reverse Voltage, Vbi1_pk = 69.3 V.
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8.7.4 Maximum Voltage Stress

The voltage waveforms on each key component, i.e., MOSFETs & diodes, were checked to
confirm that maximum voltages were below the component voltage ratings at 1000 VDC
input voltage. Maximum voltage stress can occur under different combinations of input line
voltages, output loads, start-up and load step. Most design specifications call for 10% ~
20% margin between the maximum voltage stress and component rating. The table below
lists the maximum voltage stress on key components:

Component Part Number C:algﬂ;ngat vl Eoiave StI:SS -
erating [%]
InnoMux2 (U1) IMX2353F-H418 1700 1448 85%
SR FET (Q1) AONS66520 150 130 87%
BPP Diode (D1) US1G 400 69.3 17%

Table 8 — Maximum Voltages on key components.

N Power Integrations, Inc.
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8.8 Start-Up
8.8.1 Start-up under Full Load

The start-up test was performed using the following test conditions:
e Input line voltage 300 VDC, 500 VDC, 800 VDC, 1000 VDC

o CV1=24V@ 100 W (Full Load)

2025-07-01
08:58:47

2025-07-01
08:58:18
Sa/s
T

P27 Vdspri CV1 SRgate

- = - -
Vdspri CV1 SRgate
200

ey

(a) 300 VDC Input Line Voltage.
CVi=5V@42A

¥ Vdspri CV1 "SRgate

HRNENENAER AN NAINRILRINRIN]

MMM UL

(b) 500 VDC Input Line Voltage.
CVi=5V@42A

FF " Vdspri CV1 SRgate ' Y |

(b Lk

(c) 800 VDC Input Line Voltage.
CVi=5V@4.2A

NINAEAE AN AN IEIpwiniian

28W h T
. Vdspri_ CV1 SRgate

280 | | T T
saw. Vdspri_ CV1 SRgate

B DU ) A A MU RSV RN

(d) 1000 VDC Input Line Voltage.
CVi=5V@4.2A

Figure 20 — Start-up with Output Loads.
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8.8.2 No-Load Start-up

The no load start-up test was performed using the following test conditions:
e Input line voltage 300 VDC, 500 VDC, 800 VDC, 1000 VDC

2025-07-01 2025-07-01
09:02:31 00:03:35
es: 100 1S 5110 5

F2*¥7 Vdspri CV1 [SRgate /,‘/'%_I [ 259" Vdspri CV1TSRgate ‘)”;__'_‘H
£ Eiow
] v ”
oy
W
ST T
Vdspri CV1 SRgate
X Scl: 10 V/din B Sel: 10 v/di
Fos: 1o Fas: 1
25 B¢ o b g
Fiow 2SS R o Liew 5855 TR o
o 20 s B 26 iz
=2 cl: 5 W/div Fee
oe: 4 e
o
2655 Mo e h
o 20
mf\ Aop ‘WMM [ETI i P i 1 1 W
= W P AMa e [ TV “

(a) 300 VDC Input Line Voltage. (b) 500 VDC Input Line Voltage.

2025-07-01 ® 2025-07-01 ®
Gor06:03 Oor08:50
FZ5¥7 Vdspri - CV1 [SRgate //_H i/ 1o s TV dspri CVI‘SRgate‘/’;’_’__%_H ! ! Resiis e Tou s
5
" : :
g

<
i
|

[

S —

280

T T
" Vdspri CV1 SRgate

T T
" Vdspri CVi SRgate

Pas: 1 div
loff. 0V
Col:
B DeciSa
lew: 20 mHz
Fzew sel: 5 w/div
" Pos: -4 div
ot o
Spl: DC 1M
HE ~|peeisa Ta: off
BW: 20 HHz

e

T 50 padiv

(c) 800 VDC Input Line Voltage. (d) 1000 VDC Input Line Voltage.
Figure 21 — No-load Start-up.

<z - Power Integrations, Inc.
WWW.power.com

Page 35 of 48



DER-1087 100 W InnoMux2-EP Isolated Flyback Power Supply 4-November-25

8.9 Output Ripple Measurements

8.9.1 Ripple Measurement Technique

For DC output ripple measurements, a modified oscilloscope test probe was utilized to
minimize noise pick-up. The probe adapter configuration is shown below. It includes a
coaxial cable with two parallel capacitors connected to the measurement points. The
capacitors are a 0.1 uF / 100 V ceramic type and a 10 uF / 50 V aluminum electrolytic type.
The aluminum electrolytic type capacitor is polarized, so proper polarity across DC outputs
must be ensured.

Probe Ground

-

Probe Tip

End Cap and Ground Lead Removed. Oscilloscope Probe with Probe Master
(www.probemaster.com) 4987A BNC Adapter.
(Modified with wires for ripple measurement, and
two parallel decoupling capacitors added)

Figure 22 — Oscilloscope Probe Prepared for Ripple Measurement.

N Power Integrations, Inc.
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8.9.2 CV1 Output Ripple

The CV1 and CVHV output ripple were tested under the following conditions:
e Input line voltage 300 VDC, 500 VDC, 800 VDC, 1000 vDC
e CV1=24V@4.2A
e 20 MHz bandwidth selected on the oscilloscope

2025-07-16 ® 2025-07-16 ®
T T T T T
it
T

Vout_ripple

)

i

F 8 5
4."%“ B @B E e
Etzgﬁﬁxwﬂgﬁ
2 oz oz F oz oz oz oz ff ;@2

_—

—

Vout_ripple Vout_ripple

Y, 10 ui 0544

i : ; 10 iy | i a0
Meas 1@ Meas 1 @)
Peak to peak  |/387.35m¥| [Peak to peak | 426.88/mV!

(a) 300 VDC Input Line Voltage (b) 500 VDC Input Line Voltage
VrippLe_cvi = 0.378 V VriprLe_cvi = 0.427 V

2005-07-16
20250716 ® Davan.12 ®
- : ‘ . :
it it
— I B

Vout_ripple

ssssssssss

(c) 800 VDC Input Line Voltage (d) 1000 VDC Input Line Voltage
VriprLe cvi = 0.435V VrippLe cvi = 0.435V

Figure 23 - VCV1 Output Ripple and Noise.
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8.10 Thermal Performance

Heatsinks are not required for the design. Instead, copper pour area on the PCB was used
for cooling the InnoMux2-EP IC. No forced air-cooling was required during any test. The
temperatures of the hottest components in the assembly are shown below.

Bxl Max 64.9°C o(

(a) Primary winding side

fax 65.0 °C o

AT
eniee Lo

(©) Secondar;;:vs;inding side

Component Component Component
Ref. Des. Description Temperature, T [°C]
Primary Winding 64.9
Transformer T1 Core 62.9
Secondary Winding 65.0
Ambient 22.0

Figure 24 — Thermal Image Top View. 300 VDC, Full Power.
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91.9°C o[
47.5 °C

6.7 °C
42.9 *C]

-
T
o

Component Component Component
Legend Ref. Des. Description Temperature, T [°C]

Bx1 Ul InnoMux2-EP 91.9
Bx2 VR1/VR2 Snubber Zener 47.5
Bx3 D14/D15 Snubber Diode 56.7
Bx4 R2/R78 Snubber Resistors 42.9
Bx5 Q1 SR FET 73.6

Ambient 22.5

Figure 25 — Thermal Image Bottom View. 300 VDC, Full Power.
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Component Component Component
Ref. Des. Description Temperature, T [°C]
Primary Winding 72.7
Transformer T1 Core 65.7
Secondary Winding 73.1
Ambient 22.1

Figure 26 — Thermal Image Top View. 500 VDC, Full Power.
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Component Component Component
Legend Ref. Des. Description Temperature, T [°C]

Bx1 Ul InnoMux2-EP 73.3
Bx2 VR1/VR2 Snubber Zener 49.9
Bx3 D14/D15 Snubber Diode 57.9
Bx4 R2/R78 Snubber Resistors 44.8
Bx5 Q1 SR FET 77.5

Ambient 22.9

Figure 27 — Thermal Image Bottom View. 500 VDC, Full Power.

5
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a=®
L ...-.'.
- - ®
S L BT

(b) Secondary winding side

Component Component Component
Ref. Des. Description Temperature, T [°C]
Primary Winding 83.5
Transformer T1 Core 73.5
Secondary Winding 83.6
Ambient 22.5

Figure 28 — Thermal Image Top View. 800 VDC, Full Power.
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Component Component Component
Legend Ref. Des. Description Temperature, T [°C]

Bx1 Ul InnoMux2-EP 72.5
Bx2 VR1/VR2 Snubber Zener 51.5
Bx3 D14/D15 Snubber Diode 59.7
Bx4 R2/R78 Snubber Resistors 46.0
Bx5 Q1 SR FET 83.1

Ambient 22.9

Figure 29 — Thermal Image Bottom View. 800 VDC, Full Power.
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Bx1 Max

Component Component Component
Ref. Des. Description Temperature, T [°C]
Primary Winding 90.4
Transformer T1 Core 79.6
Secondary Winding 91.3
Ambient 22.7

Figure 30 — Thermal Image Top View. 1000 VDC, Full Power.
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76.4 °C o(

92.9 *C

b2.1 °C
47.0 °
88.0 °C

Component Component Component
Legend Ref. Des. Description Temperature, T [°C]

Bx1 Ul InnoMux2-EP 76.4
Bx2 VR1/VR2 Snubber Zener 52.9
Bx3 D14/D15 Snubber Diode 62.1
Bx4 R2/R78 Snubber Resistors 47.0
Bx5 Q1 SR FET 88.0

Ambient 23.1

Figure 31 — Thermal Image Bottom View. 1000 VDC, Full Power.
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Bottom Side Component Temperature [°C]
Component | Description Vin = 300 Vin = 500 _ _
VDC VDC Vin = 800 VDC Vin = 1000 VDC
Ul InnoMux2-EP 91.9 73.3 72.5 76.4
VR1/VR2 Snubber Zener 47.5 49.9 51.5 52.9
D14/D15 Snubber Diode 56.7 57.9 59.7 62.1
R2/R78 Snubber 42.9 44.8 46.0 47.0
Resistors

Q1 SR FET 73.6 77.5 83.1 88.0
Ambient 22.5 22.9 22.9 23.1

Table 9 — Bottom Side Component Temperatures, 300 VDC, 500 VDC, 800 VDC and 1000 VDC,
Full Load (100 W).

Top Side Component Temperature [°C]
Component | Description |\, '_ 369 ypc | Vin = 500 VDC vmv;goo Vin = 1000 VDC
T f Pri Winding 64.9 72.7 83.5 90.4
ra”?r;’rmer Core 62.9 65.7 73.5 79.6
Sec Winding 65.0 73.1 83.6 91.3
Ambient 22.0 22.1 22.5 22.7

Table 10 — Top Side Component Temperatures, 300 VDC, 500 VDC, 800 VDC and 1000 VDC,
Full Load (100 W).
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For the latest updates, visit our website: www.power.com

For patent information, Life support policy, trademark information and to access a list of Power Integrations
worldwide Sales and engineering support locations and services, please use the links below.
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