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1 Introduction

This report describes a switch-mode power supply (SMPS) intended for appliance and
industrial applications, utilizing IMX2353FH415 from the InnoMux2 -EP family of ICs.

The SMPSfeatures two Constant Voltage (CV) outputs and can deliver a maximum total
output power of 60 W, with an input voltage of up to 1000 VDC. This design demonstrates
high efficiency and accurate output regulation, made possible by InnoMux-2 6énsultiplexing
power control algorithm and a high level of integration .

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

power

integrations™
¢ ' DER-1053

" RevB 2438

Figure 17 Populated Circuit Board Photograph, TopView.
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Figure 2 7 Populated Circuit Board Photograph, 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 70 1000 VDC
Output
VCV1
Rated Voltage Vevi 5.10 Vv +1% initial set point tolerance from factory
Line and Load Regulationt 1% Measured from 300 to 1000 VDC, 0% to 100% load
Dynamic Response +5% 0-100% load step
Ripple Voltage Vcvi_RiPPLE 150 mV °1.5%, 20 MHz bandwidth
Rated Current lcva 25 A
VCVHV
Rated Voltage Vevhy 24 \Y +1% initial set point tolerance from factory
Line and Load Regulation +1% Measured from 300 to 1000 VDC, 0% to 100% load
Dynamic Response +5% 0-100% load step
Ripple Voltage VCVHV_RIPPLE 480 mV ° 1%, 20 MHz bandwidth
Rated Current | cvhv 2 A
Total Output Power
60 W 3007 1000 VDC input CV112 W CVHV40 W
40 wW 200 VDC input, CV1 8 W CVHV 32W
Output Power Pour 15 W 100 VDC input CV15 W CVHV D W
3 W 70 VDC input, CV1 1W CVHV 2 W
Efficiency
Full Load h 90 % Measured at 800 VDC, 25 °C
Standby Input Power <0.3 W Measured at 800 VDG 25 °C, CV1 150 mW
Environmental
Ambient Temperature Tave 0 40 °C Free Convection, Sea Level.

Note:

Table 17 Power Supply Specifications.

1. Measuredacrossboth input line and load change

Www.power.com
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Schematic
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4  Circuit Description
4.1  Primary -Side

4.1.1 Input Capacitor

The film capacitor Cl1 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 InnoMux 2-EP IC (U1, pin 28). The primary
current loop closes at the negative terminal of C2 via the S pin (tab) of U1 (pin 18/19). An
ROD-type primary clamp (D14, R1, R57, R2, R78, VR1, VRZ 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-EPIC (Ul). 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 currentlimiting 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 VR3to 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 latch ing 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 casea 470 nF capacitor sets the primary-side controller peak
current limit to its STANDARDevel of 1.85 A.

4.2  Secondary -Side

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

4.2.1 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. This is done by sending a pulse via the internal safety-
isolated FluxLink™ communication channel.

- Power Integrations, Inc.
p WWW.power.com
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4.2.2 InnoMux2-EP Power Supply

During startup, the InnoMux2-EP secondaryside controller is also powered from CVHV via
resistor R47. A local decoupling capacitor, C36, is connected close to the VCVHV pin of U1.
Resistor R47 and C36 are optional and provide additional ESD protection. The internal
regulator lowers the VCVHYV voltage to 5 V and supplies it to the BPSrail.

In steady-state operation, when the voltage on VCV1 (U1, pin 11) rises to the BPSDirect
Power Rangethreshold, Vcvsysrg (4.65 V~5.45 V), the internal BPS regulator switches off,
and the secondary-side controller is powered directly from VCV1 This direct power mode
operation reduces the power consumption on the BPS regulator. Resistor R48 and capacitor
C30 provide local decoupling and ESD protection.

4.2.3 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 sourceto-drain voltage across the
SR MOSFET. This functionality plays a crucial role in preventing the premature turn-off of
the SR MOSFET.

In DCM operation, the SR MOSFET (Q1) is turned on for a short periodjust 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 side when the SR MOSFETurns off. Subsequently, the reverse current discharges
the voltage across the primary switch, allowing it to turn on at zero (or near zero) voltage.
This mechanism, termed SRZVS substantially minimizes switching loss, significantly
reducing the turn-on loss for the primary switch, especially with high input voltage.

4.2.4 Selection MOSFET Drive for Q2

The gate drive amplitude for the selection MOSFET (Q2) is approximately equal to the
voltage on the BPS rail (5 V). Consequently, logiclevel MOSFETs must be used. Wherthe
CDR1pin voltage is low, capacitor C4 is charged up to the level of Vcvi from the CV1 output
via diode D10. When the selection MOSFET Q2 needsd turn on, the CDR1 pin voltagerises
from GND to BPS, causing the gate voltage of the selection MOSFET to rise to \¢vi+Vers

The secondary control circuit in the InnoMux2-EP IC requires access to the idle ring
waveform through the FWD pin to calculate timing and facilitate SR ZVS This access is
ensured by keeping the selection MOSFET Q2) on even after the secondary conduction
time is completed.

4.2.5 Output Control

Output rectification for the CV1 output is provided by the SR MOSFET (Q1) and the CV1
selection MOSFET (Q2). To ensure low output ripple voltage, a Dzfilter consisting of

capacitors C10, C26 andinductor 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 CV1output terminals to provide a low -impedance bypass for any high-

frequency noise.

- Power Integrations, Inc.
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Output rectification for the CVHVoutput is provided by SR MOSET (Q1) and diode D3.
Low-ESR capacitors C14 and C15 serve as energy storage and filtering components at the
CVHVoutput. An inductor L5 is inserted between C14 and C15 to further reduce ripple and
noise at the CVHVoutput.

The RC snubber network consisting of R6, R75and C19 serves to dampen high-frequency
ringing across the SR MOSFETQ1). This ringing results from the oscillation of transformer
leakage inductance and secondary trace inductance with the MOSFET body capacitance.
Another RC snubber network, made up of R76 and C56 dampens high-frequency ringing
across the CV1 selection MOSFET QZFinally, an RC snubber network, comprising R13 and
C9, reduces high-frequency voltage transients across the CVHV diode(D3).

When both the selection MOSFET (Q2) and the SR FET (Q1) are turned on, thetransformer
secondary windings are designed 2 that the voltage on the anode of D3 is below VCVHV
As a result, D3 remains reverse-biased, ensuring that all the transformer energy is directed
to the CV1output through Q1.

When the selection MOSFET (Q2) is turned off and the SR MOSFET (Q1) is turned on, the
voltage on the anode of D3 rises until it becomes forward-biased. In this state, all
transformer energy is directed to the CVHVoutput.

The output voltage on CV1 is controlled by R35, R54, R10 and C51 which provide an analog
current signal to FB1 (U1, pin 1). Loop compensation is necessary due to the use of L2 and
is provided by R9 and C27. The CVHVoutput voltage is set by R7, R56, R8 and C53which
deliver a current to FBHV (U], pin 8). Loop compensation is necessary due to the use of L5
and is provided by R72 and C54.

- Power Integrations, Inc.
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5 PCB Layout
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Figure 57 Printed Circuit Board Layout, Bottom.
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6 Bill of Materials

Item Ref Des . Description Mfr. Part Number Manufacturer
0.047 pF, +5%, Film Capacitor, Automotive, AEC-Q200,
1 c1 650VAC, 1600VDC (1.6kVDC), Polypropylene (PP), R76TN24704040J KEMET
Metallized Radial
2 c2 470 nF, £10%,50 V, Ceramic, X7R, 0805 CL21B474KBFVPNE | Samsung Electro
Mechanics
3 C4 OPS|CAP]|0.1 uF +10% 50V Ceramic, X7R 0805 VJ0805Y104KBABE31 Vishay Vitramon
4 C6 4.7 nF, Ceramic, Y1 440LD47-R Vishay
5 C7 4.7 uF, 50 V, Ceramic, X7R, 1206 UMK316AB7475KLT Taiyo Yuden
6 C9 330 pF, 500 V, Ceramic, X7R, 0805 C0805C331KCRACTU Panasonic
2000 pF, +20%, 6.3 V, Aluminum - Polymer Capacitors . .
! c10 Radial, Can, 9mOhm, 2000 Hrs @ 125°C ,(10 x 12.5) 870135175009 Warth Elektronik
8 Cl4 470 uF, 35V, Electrolytic, Low ESR, 23 mOhm, (10 x20) UHD35470MPD Nichicon
9 C15 470 uF, 35V, Electrolytic, Low ESR, 23 mOhm, (10 x 20) UHD35470MPD Nichicon
10 C19 2.2 nF, 200 V, Ceramic, X7R, 0805 08052C222KAT2A AVX Corp
2000 pF, +20%, 6.3 V, Aluminum - Polymer Capacitors . .
11 C26 Radial, Can,9mOhm, 2000 Hrs @ 125°C (10 x 12.5) 870135175009 Wirth Elektronik
12 C27 470 nF, 50 V, Ceramic, X7R, 0603 UMK107B7474KATR Taiyo Yuden
. . Samsung Electro-
0,
13 c28 10 uF, +10%, 10V, Ceramic Capacitor X7R,AEGQ200, CL31B106KPHVPNE | Mechanics America,
1206 (3216 Metric) Inc
14 C29 4.7 uF, 50 V, Ceramic, X7R, 1206 UMK316AB7475KLT Taiyo Yuden
15 C30 100 nF, 50 V, Ceramic, X7R, 1206 CC1206KRX7R9BB104 Yageo
16 c32 100 pF, 500 V, Ceramic, NPO, 0805 501R15N101KVAT JOha”S"Irr‘]cD'e'ec”'cs
> - -
17 c36 0.1 pF(100 nF) £10% 50V Ceramlc Capacitor X7R 0603 GCM188R71H104KA57D Murata
(1608 Metric)
> - - -
18 cas 33 uF,+20%, 100 V, Al Electrolytic, Gen. Purpose, Can, EEUFS2/830B Panasonic Electronic
(8mm x 13mm) Components
470 pF, £10%, 50V, Ceramic, X7R, 0603 (1608 Metric),
19 C51 0.063" L x 0.031" W (1.60mm x 0.80mm) CL10B471KB8NFNC Samsung
470 pF, £10%, 50V, Ceramic, X7R, 0603 (1608 Metric),
20 C53 0.063" L x 0.031" W (1.60mm x 0.80mm) CL10B471KB8NFNC Samsung
S - -
21 c54 0.1 pF(100 nF) £10% 50V Cera_mlc Capacitor X7R 0603 GCM188R71H104KA57D Murata
(1608 Metric)
22 C56 330 pF, 500 V, Ceramic, X7R, 0805 C0805C331KCRACTU Panasonic
23 C63 1 nF, 1500 V, Ceramic, X7R, 1808 1808SC102KAT1A AVX
24 C72 4.7 nF, Ceramic, Y1 440LD47-R Vishay
CAP, 2200 pF, +10%, 2000V (2kV), Ceramic Capacitor X7R
25 C73 1808 (4520 Metric) C1808X222KGRAC7800 KEMET
26 D1 DIODE ULTRA FAST, GPP, 400V, 1A SMA US1G13-F Diodes, Inc
Diode 150 V 6A Surface Mount TO252AA, TO252-3, DPak
27 D3 (2 Leads + Tab), SC-63 DSS6015ASTRL IXYS
28 D10 DIODE, SCHOTKY, 100V, 0.075A, SOD123 BAT46W-TP Micro Commercial
29 D14 Diode, 2000 V, 2A, Surface Mount DO-214AA (SMB) s2Y Diotec
Semiconductor
30 In CONN TERM BLOCK 5.QBMM 6POS, Screvieaf Spring, OSTTA064163 On Shore
Wire Guard Technology Inc
3 Position Wire to Board Terminal Block, Horizontal with TE Connectivity AMP
sl J3 Board, 0.300" (7.62mm) Through Hole 282845-3 Connectors
PANASONIC
32 L2 FIXED IND, 3.3UH, +20%,5.2A, 16 MOHM, TH ELG10E471L ELECTRONIC
COMPONENTS
PANASONIC
33 L5 FIXED IND, 3.3UH, +20%,5.2A, 16 MOHM, TH ELG10E471L ELECTRONIC
COMPONENTS
MOSFET, NChannel 100 V 60A (Tc) 6.25W (Ta), 104W ] . L
34 Q1 (Tc) Surface Mount PowerPAK® SO8, PowerPAK SG8 SIR870DRTI-GE3 Vishay/Siliconix
MOSFET,NChannel, 40V, 36A (Tc), 3.5W (Ta), 7.8W (Tc), T . I
35 Q2 Surface Mount, 8-SO S14154DY-T1-GE3 Vishay Siliconix
36 R1 RES, 22 R, 5%, 2/3 W, Thick Film, 1206 ERJP08J220V Panasonic
37 R2 RES, 270 k, 5%, 2/3 W, Thick Film, 1206 ERJP08J274V Panasonic
38 R5 RES, 47.0 R, 1%, 1/8 W, Thick Film, 0805 ERJGENF47ROV Panasonic

Power Integrations, Inc.
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39 R6 RES, 5.6 R, 5%, 2/3 W, Thick Film, 1206 ERJP08J5R6V Panasonic

40 R7 RES, 61.9 k, 1%, 1/10 W, Thick Film, 0603 ERJ3EKF6192V Panasonic

41 R8 RES,3.32 k, 1%, 1/10 W, Thick Film, 0603 ERJ3EKF3321V Panasonic

42 R9 RES, 10.0 k, 1%, 1/10 W, Thick Film, 0603 ERJ3EKF1002V Panasonic

43 R10 RES, 3.32 k, 1%, 1/10 W, Thick Film, 0603 ERJ3EKF3321V Panasonic

44 R13 RES, 10 R, 5%, 1/8 W, Thick Film, 0805 ERJ6GEYJ100V Panasonic

45 R14 RES, 10 k, 5%, 2/3 W, Thick Film, 1206 ERJP08J103V Panasonic

46 R35 RES, 10.0 k, 1%, 1/10 W, Thick Film, 0603 ERJ3EKF1002V Panasonic

47 R37 RES, 47.0 R, 1%, 1/8 W, Thick Film, 0805 ERJ6ENF47R0OV Panasonic

48 R39 RES, 10 R, 1%, 1/8 W, Thick Film, 0805 ERJ6ENF10R0V Panasonic

49 R47 RES, 10 R, 5%, 1/10 W, Thick Film, 0603 ERJ3GEYJ100V Panasonic

50 R48 RES, 10 R, 5%, 1/10 W, Thick Film, 0603 ERJ3GEYJ100V Panasonic

51 R54 RES, 619 R, 1%, 1/10 W, Thick Film, 0603 ERJ3EKF6190V Panasonic

52 R56 RES, 470 R, 1%, 1/10 W, Thick Film, 0603 (1608 Metric) ERJ3EKF4700V Panasonic

53 R57 RES, 22 R, 5%, 2/3 W, Thick Film, 1206 ERJP08J220V Panasonic

54 R63 RES, 470 k, 5%, 1/8 W, Thick Film, 0805 ERJ6GEYJ474V Panasonic

55 R66 RES, 10 R, 5%, 2/3 W, Thick Film, 1206 ERJP08J100V Panasonic

56 R72 RES, 22.1 k, 1%, 1/10 W, Thick Film, 0603 ERJ3EKF2212V Panasonic

57 R75 RES, 5.6 R, 5%, 2/3 W, Thick Film, 1206 ERJP0O8J5R6V Panasonic

58 R76 RES, 10R, 5%, 1/8 W, Thick Film, 0805 ERJ6GEYJ100V Panasonic

59 R78 RES, 270 k, 5%, 2/3 W, Thick Film, 1206 ERJP08J274V Panasonic

60 T Bobbin, PQ26/20, Vertical, 12 pins B65878E0012D001 EP_COS (TDK)

Custom, RDK 1053 Transformer, PQ26/20. POL:INNO65 Premier Magnetics

61 Ul IMX2353FHA415, INSOP-T28G 10-01592-00 Power Integrations
Tvs Diode, Unidirectional, 90V Reverse Standoff, 146V TAIWAN

62 VRL Clamp, 10.3A Ipp, Surface Mount SMC (DO214AB) SMCJ90A SEMICONDUCTOR
Tvs Diode, Unidirectional, 90V Reverse Standoff, 146V TAIWAN

63 VR2 Clamp, 10.3A Ipp, Surface Mount SMC (DG214AB) SMCJ90A SEMICONDUCTOR

64 VR3 DIODE ZENER 47V 500MW SOD123 MMSZ5261BT1G ON Semi

65 VR4 Zener Diode, 27 V, 1 W, ig‘)h/zA?urface Mount DO-214AC SMAZ2713-F Diodes Incorporated

Table 2 i Bill of Materials.

™
—

Power Integrations, Inc.
WWW.power.com
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v

7.1

Core Information

PQ 26/20

Transformer (T 2) Specification

Core B65877B
m To |[EC 63093-13 22.5+0.45
m Delivery mode: sets 15.5+0.8 ‘
’ 1
Magnetic characteristics (per set) 1 Q
SVA =0.362 mm-! ! kS
lo  =444mm T Y
A, =122.6 mm?2 '
Amin = 108.8 mm? :
Ve =5440 mm3 's
S
< | &
Approx. weight 31 g/set -
al &
T o
_lot2:02] | &
26.5:045 |~
Ungapped FPK0472-3
Material | A value e | Py Ordering code
nH Wiset
N49 3850 +30/-20% | 1110| < 1.90 ( 50 mT, 500 kHz, 100 °C) B65877B0000R049
N92 3850 +30/-20% | 1110| < 3.70 (200 mT, 100 kHz, 100 °C) B65877B0000R092
N87 5000 +30/-20% | 1440 < 3.20 (200 mT, 100 kHz, 100 °C) B65877B0000R087
N97 5150 +30/-20% | 1480| < 2.70 (200 mT, 100 kHz, 100 °C) B65877B0000R097
N95 6300 +30/-20% | 1820 < 3.00 (200 mT, 100 kHz, 25 °C — 100 °C) | B65877B0000R095

< 3.60 (200 mT, 100 kHz, 120 °C)

Figure 6 7 PQ2620Core Information.

5

Power Integrations, Inc.
WwWw.power.com
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7.2 Bobbin Information

PQ 26/20

Accessories B65878E

Coil former

Material: GFR thermosetting plastic (UL 94 V-0, insulation class to IEC 60085:
F 2 max. operating temperature 155 °C), color code black
Sumikon PM 9820® [E41429 (M)], SUMITOMO BAKELITE CO LTD
Solderability: to IEC 60068-2-20, test Ta, method 1 (aging 3): 235°C, 2 s
Resistance to soldering heat: to IEC 60068-2-20, test Th, method 1B: 350 °C, 3.5 s

Sections AN In AR value Terminals Ordering code
mm2 mm uQ
1 33 56 58 12 B65878E0012D001
< 265203
Funus] eyt M—
o | [=1K=]
a &2
o | o | 18
N — A
|
«H;_—‘_Lo— i —+— *
3.81:0.3 = Pin 1 marking
7.62+0.2 (2x)
—
A A-A 3
a5 ail E
=1
} ] 1] &y +y
; S
o
7 |
[To] (=] 1
(=] < | :
H Y [
H ;
o3Y Y H[‘ f ;]
A
20.8 012.4+0.2
-
= ©14.2:0.2

FPK0422-2-E

Figure 7 7 PQ2620Bobbin Information.

_p‘" Power Integrations, Inc.
WWW.power.com
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7.3  Transformer Electrical Diagram

c

Primary-1:
22T
1 x0.335mm Grade2 4

5

Primary-2:
44T
1 x 0.335mm Grade2
[}

6]
.

Pri. Bias:
8T
4 x 0.2mm Grade?2

0
CVHV (24V) :
4T
2 x 0.65mm TIW

10, 11

CV1(5V):
3T
2 x 0.85mm TIW

Figure 8 i Transformer Electrical Diagram

7.4  Transformer Electrical Specification

Parameter

Condition

Spec.

Electrical strength

1 second, 60 Hz from pinsl1, 2,4,5,6t07,8,9, 10,11, 12

3000Vac

Nominal Primary

Measured at 1 Vekpk, 100 kHz switching frequency, between

1100 nH +5%

Inductance pin 4 and 6, with all other windings open.
Resonant Between pin 4 and 6, other windings open. 1,100 kHz (Min.)
Frequency

Primary Leakage

Measured at 1 Vrkprk, 100 kHz switching frequency, between
pin 4 and 6, with all secondary windings shorted (pins 7, 8, 9,

<21 nH

Inductance 10, 11, 12), and primary bias winding opened (pins 1, 2)
Table 3 17 Transformer Electrical Specifications.
- Power Integrations, Inc.
p Www.power.com
Page 16 of 45




RDR 1053 60 W InnoMux2-EP Dual Output Power Supply

07-Nov-24

7.5 Winding Stack Diagram
Note: , , outer most layer of insulation  Fold down last
Unless stated otherwiggobbin
turns anticlockwiselooked from -
the pin€end. 1 ® S
. . )
Pri. Bias: 8T
4 x 0.2mm, Grade 2
Primary-1: 22T
1 x 0.335mm, Grade2
CV1 (5V): 3T )
2 x 0.85mm, TIW , <
. £\ £\ ‘ )
CVHV (24V): 4T
2 x 0.65mm, TIW S
6 LALA AL
Primary-2: 44T /Ij
1 x 0.335mm, Grade2
Figure 97 Transformer Build Diagram.
7.6  List of Materials
ltem Description
[1] Core: PQ2620.
[2] Bobbin with Cover: PQ2620Q 12pins (5/5).
[3] Magnet Wire: 0.335 mm, Grade 2 ECW.
[4] Magnet Wire: 0.2 mm, Grade 2 ECW.
[5] TEXE Wire: 0.65 mm, Triple Insulated.
[6] TEXE Wire: 0.85 mm, Triple Insulated.
[7] Tape: 3M 1298 Polyester Film, 1 mil thick, 11.5 mm Wide.
[8] Tape: 3M 1298 Polyester Film, 1 mil thick, 9 mm Wide.
[9] Varnish: Recommended, E962A (alternative: Dolph BC-359).
[10] Glue: Recommended, H907 (alternative: Devcon 5-minute Epoxy).

Table 4 i Transformer Materials List.

™
—

Power Integrations, Inc.
WWW.power.com

Page 17 of 45




RDR 1053 60 W InnoMux2-EP Dual Output Power Supply 07-Nov-24

8 Performance

8.1 Full Load Efficiency vs. Line

The full load efficiency vs. line measurement is shown below. Resultswere obtained across
line voltage (300 VDC, 500 VDC, 800 VDC, 1000 VDC) measured at full load (CV1=5V @
25A,CVHV =24V @ 2A).

Efficiency vs. Line

94%
92% 90.8% 90.9% 90.6% 90.1%
90%
o 88%
©
'C 86%
2
L 84%
2 g
S 82%
o
80%
78%
76%
300 500 800 1000

Line Voltage [VDC]

Figure 10 7 Full Power Efficiency vs. Line Voltage at Room Temperature.

_p‘" Power Integrations, Inc.
WWW.power.com
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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 VDQ)

T CVvi=5V@ 2.5A(10% to 100% with 10% load increments)

T CVHV=24V @ 2 A(10% to 100% with 10% load increments)

Efficiency vs. Load
92%
91%
90%
89%
88%
87%
86%
85%

Efficiency

84% | —e—Vin=300V
83% | —e—=Vin=500V
82% | —e—Vin=800V
81% | —e=Vin=1000V

80%
0 10 20 30 40 50 60 70

Po/Pomax

Figure 11 i Efficiency vs. Loadfor All Line Inputs, Room Temperature.

N Power Integrations, Inc.
p WWW.power.com
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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

T Cvi=5V @2.5A(0to100% with 20% load increment)

T CVHV= 24V @2 A (0to 100% with 5% load increment)

CV1 (5V) Cross Regulation vs. Load

3.0%
® \/in=300V ® VVin=500V
% 2 0% Vin=800V e \/in=1000V
x
@
LLl
- 1.0%
e ® °

SN T R
< 0.0% ' I ' '
) e o
O H s
| e
X -1.0%
—
>
@)
>

-2.0%

0% 20% 40% 60% 80% 100% 120%

CV1 LOAD [% of FS]

Figure 12 i CV1Output Voltage Error vs. Output Load, Room Temperature.

_p Power Integrations, Inc.
WWW.power.com
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CVHYV (24V) Cross Regulation vs. Load

3.0%
® \Vin=300V ° Vin=500V
” Vin=800V ® \in=1000V
T 2.0%
X
o
L
(z) 1.0%
®
- s )
l_ . ’ A A . @ . V 9 @ -
oo fERNNIRNNIROTTEG g,
O ¢ 8
Ll
X -1.0%
>
T
>
O
> 2.0%
0% 20% 40% 60% 80% 100%  120%

CVHV LOAD [% of FS]

Figure 13 7 CVHVOutput Voltage Error vs. Output Load, Room Temperature.

N Power Integrations, Inc.
p WWW.power.com
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8.4 No-Load and Standby Input Power (lcvnv =0 A)

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

1 CV1 output = 0 mW to 250 mW; 0 mW to 1000 m W

1T CVHVoutput=0 W

Standby Power

300
S 250
o
@ 200
i
5= 150
c £
S =
g 100 —e—\V/in=300V
S —e—\in=500V
= 50 Vin=800V
£ —e—Vin=1000V
o) 0

0 50 100 150 200 250 300 350 400

Input Power, Pin [mMW]

Figure 14 7 Available Standby Power Measured againstInput Power (0 i 400 mW). Across Input
Voltage. Test Performed at Room Temperature.

_p Power Integrations, Inc.
WWW.power.com
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Standby Power

1200
o 1000
(al
E 800
S
O = 600
c €
O e
& 400 —e—\in=300V
Dog_ —e—\/in=500V
= 200 Vin=800V
o —e—V\/in=1000V
8 0

0 200 400 600 800 1000 1200 1400

Mains Input Power, Pin [mW]

Figure 15 7 Available Standby Power Measured against Input Power (07 1400 mW input) Across
Input Voltage. Test Performed at Room Temperature

_p‘“ Power Integrations, Inc.
WWW.power.com
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8.5 Load Transient Response

8.5.1

CV1Step Load Transient Response

The load transient test was performed under the following test conditions:
1 Input line voltage = 300 VDC, 1000 VDC
1 CV1 load stepbetween 0 A and 2.5 A (0% and 100% load) and back to 0 A
T CVHV= 0 A (0% load), 1A (50% load), 2A (100% load)

e ‘I.I B2
100uV | 500wV
oLy

\3\ 4
5,00 V200

51 6

7 T |ese
200 v[1.00 &
bl O Bl B0 g [ o

2024/09/03 13507 5 Stopped.

i3
q Fdhnllll

ell L e 6
1000V | 500wy amvm 5.00 V5,00 v
=0 i L

?700V 100/“35)
=0 State

01 st
500V (500 v CEE
miny | 0 3o | 0.B1A 1 MY s M/
20ms/div. § 15/ v
I i kv i8] S2EE] EEan) SEIERSImEasseammaan: ! ErEEEsERsREssact
1 i
4 e A W
Pk I
. o P i - 4
. o U BB S B T e S SR R S R l~=—-—-————- | Tr— e —
e tep
q e e 7 i u S e
tms/div ms/dv. | H tms/div tms/div
625kPts | 620kPts. ‘ "
d i [ RRERZERA., L
i i “umlh}‘
|
| !
i
I
b
*
L
"‘J P-P(C1) 136mV 220my P“P(CIAZ) |30mV P-P(C2,A2) 220mV 'r’d P-P(CG1)  140mV P(C2)  220mY P-P(C1,A2) 141mV P-P(G2,A2) 220mV
l\clua 20ms/div, 62.5MS/s, 12. SMPomts Nnrml Trigger Acauire 20ms/div, 62.5MS/s, 12. EM’mts Normal Trigger Edge , Auto
CHO: CHB:Istep oVt CH:CVIV CHg:lstep
10A:1V 10:1 10:1 10A:1V
1.00 A/div 100mV/div 500mV/div 1.00 A/div
DG1MO 20M ACIMO 20M  |ACIMO 20M DC1M 20M

(&) 300 VDC, ICV1=0 A-> 2.5A(100%) ->0 A.
ICVHV= 0 A
Overshoot 136 mV (2.7%).
Undershoot 130 mV (-2.6%).
L3 m n

ooy 130 Sto
dn 8 3 ‘Ik!wyllh-ﬂ
9814

(b) 1000 VDC, ICV1= 0A->25A(100%) ->0A.
ICVHV =0 A.
Overshoot: 140 mV (2.8%).
Undershoot: -141 mV( 2.8%).
O/ b T AN \53 -

e 3 Zneasog/og 13m0 11 Stopped
[ _: [Edge CHB Z
=3 |3 o] o, a,ll A

g

HE 3

"J P-P(C1) 179mV P-P(C2) 280mV P-P(C1,A2) 193mV P-P(C2,02) 480mY
Acauire 20ms/dv, 62.5M5/s, 12.5MPoints, Normal Trigger Fdge , Auto

CHI:CVI  [CHO:CVHY CHgsten
10:1 10:1 10A:1V
100my/dv | S00m/div 1.00 A/div
ACIM2 20M  |ACTMO O0M DG1Mo 20M

(c) 300 VDC,ICV1=0A ->25A (100%) ->0A.
ICVHV =1 A.
Overshoot: 179 mV (3.6%).
Undershoot: -193 mV (-3.9%).

stq
Y P-pon) 17z P-P(C2)  280mY P-P(G1,42) 196mV P-P(G2,A2)  490mY
Acauire 20ms/div, 62.5MS/s, 12.5MPoints, Normal Trigger Edge , Auto

l}ﬂ V1 l)H2 CVHV CHg:istep
10: 10A:1V
10(MIV/dv 50&nV/viv 1.00 A/div
ACIMQ 20M  |ACIMQ 20M DGIMQ 20M

(d) 1000 VDC, ICV1=0A ->2.5A(100%) ->0A.
ICVHV =1 A.
Overshoot: 172 mV (3.4%).
Undershoot: -196 mV (-3.9%).

Power Integrations, Inc.
WwWw.power.com
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© My (Wb |claa v oy [0 v |0 v [oToo v [T a] L2
o RN (SN |53 w %[B0 |40 | ¥0 | BQ | EEG

2024/09/03 13:41:88 B st
= [FET‘L—- ® Titary Rl ]
Q" fmuto 0.81 4 Al w2smys

20ms/div.
12.5MPts

2024/08/03 134250 4 Stopped

G [foer m istory orial

Q" Jauto 0.81 4 1 ey
T

. 20ms/dw
| 2MRs

‘.)5‘-3"- [k

P

™

H

i

I
steb

-

i
i
1
1
I
|
|
1
i

F o peen tsm

1] P-P(C?) 380mV P-P(G1,82) 231V P-P(C2,42) 510mV P-P(C1,A2) 226mV P-P(G2,42) 510mY
Acquire 20ms/dre, 62.5MS/s, 12.5MPonts, Normal Trigger Fdge , Auto rigger Edge . Auto
GH1:Cv1 CHO:-CVHY [CHgisten Cigistep
10:1 101V 101V
500m\V/ciy 1.00 /dy 1.00 Ay
AGTMO 20M DCIMR 20M DGIMO 20M

(e) 300VDC, ICV1= 0A->25A(100%) ->0A.
ICVHV =2 A.
Overshoot: 183 mV (3.7%).
Undershoot: -231 mV (-4.6%).

() 1000 VDC, ICV1=0A ->25A(100%) ->0A.
ICVHV =2 A.
Overshoot: 175 mV (3.5%).
Undershoot: -226 mV (-4.5%).

Figure 16 i CV1 (6 V) Load Transient

Power Integrations, Inc.
WWW.power.com
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8.

5.2 CVHVStep Load Transient

The load transient test was performed under the following test conditions:
1 Input line voltage = 300 V DC, 1000 VDC
1 CV1=0A (0% load); 1.25 A (50% load); 2.5 A (100% load)
1 CVHVioad step from 0 Ato 2 A and backto 0 A

© My Gy

weny | 2T

o

e %%ov‘!% 2026108703 13:46:32 122

ige
to 0.81 A

Lv.a_i

o

om0

] Zoomi| T ; Zoom?
tms/div| tms/div
G2kt

VI P-PCY) 143mY P-P(C2) 500mY P-P(cmz) mmv P-P(C2,02)  380mY
Acquire 20ms/div, 62.5MS/s, 12.5MPoints, Normal Trigger Cdge ,

CH1:CV1 CH2:CVHY CHB:Istep
10:1 10:1 1V
100mV/div 500mV/div 1.00 A/div
AGIMR 20M  [AGIMO 20M DC1MO 20M

TV P-P(C1) 147mV P-P(G2) 520mV P-P(C1,42) 1320V P-P(C2,A2)  400mY
Acauire 20ms/div, 62.5MS/s, 12.5MPaints, Normal Trigger Edge , Auto
IM»I‘,VO (M BVHV (CH8:Istep
1 DOmV/Aiv SU&nV/ﬁv :03(!‘ ‘/Ivdv
AGIMO 20M  |AGIMO 20M | DG1MR 20M
(a) 300 VDC, ICVHV =0A ->2 A (100%) ->0 A.
ICV1=0A.
Overshoot: 520 mV (2.2%).
Undershoot: -400 mV (-1.7%).
© M (B o[ B[ S v o [ A] I
Meny it el 3 : B _u‘ \ : ’ «Q moa.: A r 1r m

2

T e s P-P(C2) 530mY P-P(CIA2) 166mY P-P(C2,A2) A60mY
Acauire 20ms/div, 62.5M5/s, 12.5MPoints, Normal Trigger Edge , Auto

CH1:CV1 CH2:CVHY CHS:Istep
10:1 10:1 0AAY
100mV/diy  |500mV/div 1.00 A/d
ACIMO 20M  [ACIMR 20M DG1M2 20M

(c) 300 VDC, ICVHV=

(b) 1000 VDC, ICVHV= 0 A->2 A (100%) ->0 A.
ICV1=0A.
Overshoot: 500 mV (2.1%).

ey | 500

Undershoot -380 mV( 1. 6%)

ell 6 1
mv\:mnv 5gv m\( sovv 5nov zo‘;v

(3 B]

W

T PPEN 121mY P-P(C?)  560mV P-P(C1,A2) 183mY P-P(C2,A2)  450mY
Acquire 20ms/div, 62.5MS/s, 12.5MPoints, Normal Trigger Edge , Auto

ETTERT] CHO:CVHY Chg:lstep
10:1 10:1 10A:1V
100mV/div 500mV/div 1.00 A/div
ACIMO 20M  |AGTIMQ 20M DC1MO 20M

0A->2A(100%) ->0A.
ICV1=1.25A.

Overshoot: 530 mV (2.2%).

Undershoot: -460 mV (-1.9%).

(d)

1000 VDC, ICVHV =0 A -> 2 A (100%)
ICV1=1.25A.

Overshoot: 560 mV (2.3%).
Undershoot: -450 mV (-1.9%).

Power Integrations, Inc.
WwWw.power.com

5

Page 26 of 45



RDR 1053 60 W InnoMux2-EP Dual Output Power Supply

07-Nov-24

2024709/03 13:55:10 " Stopped
G [ oy i
Q" |ato 0.81 A 1 oMy

20ms/div

F O

P-P(C2) 570mY P-P(C1,A2) 184mV P-P(C2,A2) 460mV Y P-P(C1) 148mV P-P(C2) 600mY P-P(C1,42) 186mY P-P(C2,A2)  440mY
Acquire 20ms/div, 62.5MS/s, 12_5MPoints, Normal Trigger Edge , Auto Acquire 20ms/div, 62.5MS/s, 12.5MPoints, Normal Trigger Edge , Auto
CH1:CV1 CH2:CVHV CH:Istep CH8:istep
10:1 10:1 10A:1Y 3 10A:1V
100mV/div 500mY/div 1.00 A/dv 1.00 A/div
AGIMQ 20M  |AGIMQ 20M DC1MQ 20M AGIMOQ 20M  |ACIMQ 20M DC1MR 20M

(e) 300 VDC, ICVHV= 0A->2 A (100%) ->0A.
ICV1=25A.
Overshoot: 570 mV (2.4%).
Undershoot: -460 mV (-1.9%).

(f) 1000 VDC, ICVHV =0 A ->2 A (100%) ->0A.
ICV1=25A.
Overshoot: 600 mV (2.5%).
Undershoot: -440 mV (-1.8%).

Figure 17 i CVHV(24 V) Load Transient

Power Integrations, Inc.
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8.6  Switching Waveforms

8.6.1 Primary Switch Maximum Voltage
The primary switch (U1l) maximum voltage test was performed under the following test
conditions:
i Line input voltage 1000 VDC
91 Full load on both outputs:
o CVli=5V@25A
o CVHV=24V @2A
1 Full bandwidth selected on the oscilloscope

O [ [ I 150 [ v [T v [ B | 2 2024/09/20 16:08:35 9366 Stopped
20,0 v | 50,0mv | 50.0mv|200 v |5.00 v |5.00 v |2.00 v |1.00 A i i} [Edge CHE & |History|Normal
menu | B0 (i (R |3 w|E B N | mR | [Stete] @ |auto 330 v 1] 1.2568/s
| : : : : : T ms/div)
1 12. H
{
| [
‘ i
| "
| [
‘ i
? I
4 :
| v
‘ t
} ?
Vpr‘ |
T i i ; ; Zoomi
i 1 i i 1 10us/div

""""""" ST 125kPty

<
k°]

|||-|

.- J Max(C4) 1360 V AvgFreq(C4) 42.01257kHz
Acquire 1ms/div, 1.25GS/s, 12.5MPoints, Normal Trigger Edge CH4% 330 V, Auto

Figure 18 7 Primary Switch Worst Case Peak Voltage Veri_pk= 1360 V
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8.6.2 SR FET Voltage Waveform

The SR FET(Q1) maximum voltage test was performed under the following conditions:
i Line input voltage 1000 VDC
9 Start-up with full load on both output s
o CV1(GV)fulllobadto 2.5A
o CVHV(24 V) full load to 2 A
1 100 MHz bandwidth selected on the oscilloscope

e En [ 7 T ETR I DY a2 Logic 2024/09/02 12:26:36 1
100 v |20.0 v|70.0 v |2.00 ¥ |50.0 ¥ [5.00 ¥ |2.00 ¥ |1.00 A ;) [Edge CH2 © IHistoryINormal
MENU | M MY | | M | M | NN | M | [State] Q" |auto 24.0 ¥ 1 62.5MS/s
i 1] i j ; i ; 20ms/div
............................................................................................. 12 il
--------- S ————
o =mmss=ms==ms==mss=i Ul L Lol ommirrmeme S S S |
Zoom1 i 1 i i i i I i :Zoom2
1 ! i i 1 i it ! 10us/div i E 1 £ 2 ! ! i 10us/div
L e e e e e e e e
........... H
e e "]’]ll ............ H
L I: |
| || T
EEE RS
L RREER e ——— |‘|J|||| .....

s Max(C2) 77.9V
Acquire 20ms/diy, 62.5MS/s, 12.5MPoints, Normal Trigger Edge CH2Y 24 .0 ¥, Auto
%GHQ:FWD
110:1
120.0 V/div
|DG1MQ 100M

Figure 19 i SR FET Worst Case Peak VoltageVsr_pxk= 77.9 V
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8.6.3 Selection FET Voltage Waveform

The Selection FET (Q2) maximum voltage test was performed under the following test
conditions:
1 Line input voltage 1000 VDC
1 Start-up with full load on both outputs
o CV1(GV)fulllobadto2.5A
o0 CVHV (24 V) fullloadto 2 A
1 100 MHz bandwidth selected on the oscilloscope
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i o HE R ‘ El e d e ‘
FWOL 31w b s Ho i .x' ........... } B B e | AR Hoeoendl
= i i ( 4 J] 1 i

bR Max(C3) 27.4 V

Acquire 20ms/div, 62.5MS/s, 12.5MPoints, Normal Trigger Edge CH2t 13.8 V, Auto
CH2:FWD [CH3:Mselt |
J"” R E
20.0 V/div 10.0 V/div

IDG1 MQ 20M  |DCIMQ 100M

Figure 20 i Selection FET Worst Case Peak/oltage, VseL_pk= 27.4 V.
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8.6.4 CVHVDiode Reverse VoltageWaveform

The CVHVDiode (D3) maximum reverse voltage test was performed under the following
test conditions:
1 Line input voltage 1000 VDC
1 Start-up with full load on both outputs
o CV1(GV)fulllobadto2.5A
o0 CVHV (24 V) fullloadto 2 A
1 100 MHz bandwidth selected on the oscilloscope

o T Y AN = 2024/09/02 11:53:27 1
100 v |20.0 v[50.0 v|2.00 v 50,0V 2.00 v [1.00 A .7 [Edge CH2 £ Fistory [Formal

MEnu | E | ER|ERO|E | ER FR | BR | [Shte Q' |auto 0.2 v 1| 62.5Ms/s
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i 1 i 1 i o 20ms/div)

12.5MPts

......... SstEeed i;iii ill\l |

i i i i | i i i Zoom1 i i i i i i i i Zoom2

L . i e [ I © |50us/div I I ] i ! I i o A0us/div

'] gREEE .l ’[125th5825ths
iil :

bR Min(C3) -124 v

Acquire 20ms/div, 62.5MS/s, 12.5MPoints, Normal Trigger Edge CH2 0.2 V, Auto
[CH2:FWD [CH3:Dcvhy |
}10:1

10:1
20.0 V/div  |50.0 V/div
‘DC1 MQ 20M  |DCIMQ 100M

Figure 21 7 CVHVDiode Worst CaseReverse Voltage Vps pk= 124 V

_p‘" Power Integrations, Inc.
WWW.power.com
Page 31 of 45



RDR 1053 60 W InnoMux2-EP Dual Output Power Supply 07-Nov-24

8.6.5 BPP Rectifier DiodeReverse VoltageWaveform

The BPP rectifier diode (D1) maximum reverse voltage test was performed under the
following test conditions:
1 Line input voltage 1000 VDC
1 Start-up with full load on both outputs
o CV1(GV)fulllobadto2.5A
o0 CVHV (24 V) fullloadto 2 A
1 100 MHz bandwidth selected on the oscilloscope
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1 o e
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......................................................................................... oty
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W EIE R AR G | | 53 1522, 528
.................................................. ’LA \ L
. 5 e e e v i (L1 | IR s e e | |
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Acquire 20ms/div, 62.5MS/s, 12.5MPoints, Normal Trigger Edge CH4% 240 V, Auto
(CH3:Dbpp [CH4:Vpri \
10:1 100:1
50.0 ¥/div  |500 V/div
DGC1MQ 100M  [DG1MQ Full

Figure 22 7 BPP Rectifier Diode Worst CaseReverse Voltage Vo1 pk=174 V.

_p‘“ Power Integrations, Inc.
WWW.power.com
Page 32 of 45



RDR 1053 60 W InnoMux2-EP Dual Output Power Supply 07-Nov-24

8.6.6 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. 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:

Voltage Stress
Component Part Number go?pon\e}nt
ating [ V] [V] Derating [%]

InnoMux2 (U1) IMX2353FH415 1700 1360 80%
SR FET (Q1) SIR870DH1-GE3 100 77.9 78%
Selection FET (Q2) SI14154DY1-GE3 40 27.4 69%
CVHYV Diode (D3) DSS&15ASTRL 150 124 83%
BPP Diode (D1) USi1G 400 174 44%

Table 51 Maximum Voltages on key components
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8.7 Start -Up

8.7.1 Start-up under Output Load

The start-up test was performed using the following test conditions:
1 Input line voltage 300 V DC, 500 VDC, 800 VDC, 1000 VDC
o CV1l=5V @12.5W (Full Load)
o CVHV =24V @48 W (Full Load)
1 Input line voltage 70 VDC
o CVli=5vV@1WwW
o CVHV=24V@2W
1 Input line voltage 100 VDC
o CVli=5vV@5W
o CVHV=24V @ 10W
1 Input line voltage 200 VDC
o CVli=5v@8WwW
o CVHV=24V @ 32W

i ] Logc | 2024/09/02 13:21:08 1 Stopped Lo 2024/09/02 13:16:02 1 Stopped
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v B0 EN Y EN | E ezt B0V BN E0 " e QMo 240 v 1 s oo B0 B0 50 e B0 ER Y ER | ER Y Qi Y |etonyHoree swsvs
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I ——— 20ms/div.
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S AtduBhe] 45 RAERLRRISRT SIASRIELET SRR LN vy~ ]
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%{f-fy-wv\d’r—’v‘\ww} rF;ﬁJ'uhhh/\.r‘.ﬂfJ— \.’\,A.A,A:\Lh,’\,'»alr’_ﬂ]j—— }'WNIJ.

iy
Acquire 20ms/div, 62.5MS/s, 12.5MPoints, Normal Trigger Edge CH4z 2.40 V, Auto

CH1:oV1 CHO:GVHY CHA:Vpri GHB:Gsel
1011 10:1 100:1 10:1

1.00 V/dv  |5.00 V/dv 500 V/dv  [5.00 V/dv
DCIMe 1M [DCIMR 1M DCIMO Full  [DG1Mo M

Trigger Edge CHA+ 2.40 V, Auto
CHY:Gsel

10:1
5.00 V/div
DC1MQ 2M

10:1 10:1
1.00 V/dv  5.00 V/div
DC1MQ 1M DCIMQ 1M

(&) 300 VDC Input Line Voltage.
CVli=5V@25A
CVHV=24V@2A

(b) 500 VDC Input Line Voltage.
CVvi=5V@25A
CVHV =24V @ 2A
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(c) 800 VDC Input Line Voltage.
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CVHV=24V@2A
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(e) 70 VDCInput Line Voltage.
CVli=5vVv@1W
CVHV =24V @ 2W
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(d) 1000 VDC Input Line Voltage.
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CVHV =24V @2 A
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(f) 100 VDC Input Line Voltage.
Cvli=5vVv@5W
CVHV =24V @ 10 W
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100:1 10:1

200 V/div 5.00 V/dv

DCIMQ Full DC1MR 2M

(g) 200 VDC Input Line Voltage.
CVli=5V@8W
CVHV =24V @ 32W

Figure 23 1 Start-up with Output Loads
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8.7.2 No-Load Start-up
The no load start-up test was performed using the following test conditions:

1 Input line voltage 300 V DC, 500 VDC, 800 VDC, 1000 VDC
1 No load on either output
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Figure 24 i No-load Start-up.
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8.8  Output Ripple Measurements

8.8.1 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
capacitorsare a 0.1 nF/ 100 V ceramic type and a 10 nf /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 andGround 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 25 17 Oscilloscope Probe Prepared for Ripple Measurement
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8.8.2 CVland CVHVOutput Ripple

The CV1 and CVHV output ripplewere tested under the following conditions:
1 Input line voltage 300 V DC, 500 VDC, 800 VDC, 1000 VDC

1T CV1=5V@25A
1 CVHV=24V@2A

1 20 MHz bandwidth selected on the oscilloscope

e%mis%vlﬂﬂ%'%&”dfl@vl_u%\
wen |2Y | (60 = | B0 (BB BRSNSt |
|

Zoom1
10us/div
62.5kPts

jha sl a ahn (Aa A
A THILE AN gAY : AN
:ﬁﬂr“.\’wwwwl iy Mv*«w‘ahx\w*ﬂ‘ﬂf

e
iU P-P(et) 57.2m¥

Acquire 2ms/div, 625MS/s, 12.5MPoints, Normal Trigger Edge , Auto

CH1:0v1
10:1
20. 0mV/div
ACIMQ 20M
(a) 300 VDC Input Line Voltage
VRipPLE cviE 57.2 mV
e T T e

L

2024/09/03 16:54:49 k2] Stopped
e ‘[ﬂm ory[Normal

Q" |uto 0.81 4 1 GZ5MS/s.

T 3 2ms/div
12.5MPts

Zoom!|
10us/div
R2.5kts

W2

X ! ! X £ 28t FYRELD)
1ha) i i iths
Wﬁ,w‘w ?LH\WV‘W'w.r'."W',f \} TWWU j \r\w"‘v""‘\
Y L& i i 1

PO peen) s9my
Acauire 2ms/div, 625MS/s, 12.5MPoints, Normal
CHIGV1

Trigger Edge , Auto

10:1
20 0mV/div
AGIMQ 20M
(b) 500 VDC Input Line Voltage
VRripPLE_cviE 59.7 mV
Ll 2ms/div.

Zoomi
o Mus/div|
' B2.5kPts

62.5kPts.

FUPPED) 586y
Acquire 2ms/div, 625MS/s, 12.5MPoints, Normal
CHI:oV1

1

Trigger Edge , Auto

10:
20..0mV/div.
ACIMO 20M

(c) 800 VDC Input Line Voltage
VRippLE_cvi= 58.6 mV
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Acquire 2ms/div, 625MS/s, 12.5MPoints, Normal Trigger Edge , Auto

(d) 1000 VDC Input Line Voltage
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(e) 300 VDC Input Line Voltage (f) 500 VDC Input Line Voltage
VrippLECVHV= 339 mV VRIPPLE_cvHFE 328 mV

(g) 800 VDC Input Line Voltage (h) 1000 VDC Input Line Voltage
VrippLECVHV= 336 MV VRipPLECVHV= 352 MV

Figure 26 T VCVland VCVHVRIipple and Noise
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