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1 Introduction

This document is an engineering report describing a 30 VDC to 550 VDC input, 12 V
output, 30 W Power Supply utilizing INN3977CQ from Power Integrations. The document

contains the power supply specification, schematic, bill-of-materials and basic
performance data.
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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 30 400 550 VDC For Electric VFngE:Ie Emergency
No-load Input Power (400VDC) 50 mwW @ 400 VDC.
Output
QOutput Voltage Vour 12 Vv £5%
Output Current Iour 2.33 A
QOutput Ripple Voltage VRippLE 240 mV On Board.
Total Output Power
Continuous Output Power Pour 30 W Vv 130 VDC to 550 VDC.
Continuous Output Power Pour 15 w Vv of 60 VDC to 130 VDC.
Continuous Output Power Pour 10 w Vv of 30 VDC to 60 VDC.
Isolation I\_/Igets IEC 6_0664-1 asa
minimum. Reinforce better
Ambient Temperature Tame -40 | | 85 | °C Inside Inverter.
Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201 =
Page 50f 73 WWW.power.com p
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3 Schematic

3.1

SR FET Version
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Figure 4 — Schematic with Qspeed Diode.
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4 Circuit Description

4.1 INN3977CQ IC Primary

One end of the transformer primary is connected to the DC bus, the other is connected
to the integrated power MOSFET inside the INN3977CQ IC (U1l). High-voltage ceramic
capacitor C1 is used for the decoupling capacitor for the DC input voltage, and a low cost
RCD clamp formed by D2, R1, R2, R3, and C2 limits the peak Drain voltage due to the
effects of transformer leakage inductance. Capacitor C15, Y capacitor, is used to
attenuate the high frequency common mode noise on the output.

The IC is self-starting, using an internal high-voltage current source to charge the BPP
pin capacitor, C4, when DC input voltage is first applied. During normal operation the
primary-side block is powered from an auxiliary winding on the transformer. The output
of this is configured as a flyback winding which is rectified and filtered using diode D3
and capacitor C3, and fed in the BPP pin via a current limiting resistor R4.

4.2 INN3977CQ IC Secondary

The secondary-side of the INN3977CQ IC provides output voltage, output current sensing
and drive to a MOSFET providing synchronous rectification.

Output rectification for the 12 V output is provided by SR FETs Q1 and Q2. Low ESR
capacitors, C7, C8, C9, C12, C13 and output inductor L1 provide filtering. Ceramic
capacitor C15 attenuates high frequency noise on the output. RC snubber network
comprising R7, R8 and C5 for Q1 and Q2 damps high frequency ringing across SR FETS,
which results from leakage inductance of the transformer windings and the secondary
trace inductances. The gates of Q1 and Q2 are turned on based on the winding voltage
sensed via R5 and the FWD pin of the IC. In continuous conduction mode operation, the
power MOSFET is turned off just prior to the secondary-side controller commanding a
new switching cycle from the primary. In discontinuous mode the MOSFET is turned off
when the voltage drop across the MOSFET falls below ground. Secondary-side control of
the primary-side MOSFET ensures that it is never on simultaneously with the
synchronous rectification MOSFET. The MOSFET drive signal is output on the SR pin. The
secondary-side of the IC is self-powered from either the secondary winding forward
voltage or the output voltage. The output voltage powers the device, fed into the VO pin.
It will charge the decoupling capacitor C6 via an internal regulator.

Resistors R9 and R11 form a voltage divider network that senses the output voltage.
INN3977CQ IC has an internal reference of 1.265 V. Capacitor C11 provides decoupling
from high frequency noise affecting power supply operation, and C10 and R10 is the
feedforward networks to speed up the response time to lower the output ripple. The
output current is sensed by R6 with a threshold of approximately 35 mV to reduce losses.
Once the current sense threshold across these resistors is exceeded, the device adjusts
the number of switch pulses to maintain a fixed output current.

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
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5 PCB Layout
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Figure 5 — Printed Circuit Board Layout (Top).

o [77.5] o
I
1.95
[49 6]
il

Figure 6 — Printed Circuit Board Layout (Bottom).
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Figure 7 — Printed Circuit Board Layout (Internal layer 1).
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Figure 8 — Printed Circuit Board Layout (Internal layer 2).
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6 Bill of Materials
6.1 Main Board
Item | Qty | Ref Des Description Mfg Part Number Mfg
0.047 uF, £10%, 1000V (1kV), Ceramic, X7R,
1 1 C1 Automotive, AEC-Q200, 1812 1812Y1K00473KST Knowles Syfer
100 pF, £5%,200 V, Ceramic, COG/NPO, Automotive,
2 1 Cc2 AEC-Q200,1206 CGJ5H3C0G2D472]115AA TDK
22 uF, £20%, 25V, Ceramic, X5R, Automotive, AEC-
3 1 Cc3 Q200,1206 12063D226MAT2A AVX
0.47 uF,£10% ,50 V, Ceramic, X7R, AEC-Q200,
4 1 C4 Automotive, 0805,-55°C ~ 125°C CGA4J3X7R1H474K125AB TDK
2200 pF, £10%, 200V, Ceramic, X7R,Automotive, AEC-
5 1 C5 Q200, 0805 08052C222K4T2A AVX
6 1 C6 2.2 uF, 25V, Ceramic, X7R, 0805 C2012X7R1E225M TDK
220 uF, 25V, Electrolytic, Automotive, AEC-Q200, 0.260" United Chemi-
7 3 C7C8C9 | Lx0.260" W (6.60 mm x 6.60 mm) x 0.315" H (8.00 EMZR250ARA221MF80G Con
mm), SMD
8 1 C10 10 nF, 50 V, Ceramic, X7R,Automotive, AEC-Q200, 0805 C0805C103K5RACTU Kemet
330 pF, £5%, 50V, Ceramic, COG, NPO, Automotive, AEC-
9 1 Ci1 0200,0603 (1608 Metric) C0603C331J5GACAUTO KEMET
10 1 C12 22 uF, 25V, Ceramic, X7R, 1210 GRM32ER71E226KE15L Murata
100 pF, £20%,25 V, Z=320 mQ, Electrolytic, Automotive,
11 1 C13 AEC-Q200, 0.260" L x 0.260" W (6.60 mm x 6.60 mm) x UCD1E101MCL1GS Nichicon
0.315" H (8.00mm), SMD
12 1 Cl4 1 uF, £10%,25V, X7R, 1206,1206 (3216 Metric) C1206C105K3RACAUTO Kemet
CAP, CER, 2200pF, £20% , 760 VAC, Safety, Automotive, )
13 1 C15 AEC-Q200, X1, Y1,Radial, Disc AY1222M47Y5UC63L0 Vishay
DIODE, GEN PURP, 1000V, 1A, Automotive, AEC-Q101, )
14 1 D2 D0214AC,DO-214AC (SMA) US1IMHE3_A/H Vishay
Diode, General Purpose, 250 V,200 mA, Automotive, AEC- .
15 1 D3 Q101, SC-76, SOD-323 NSVBAS21AHT1G ON Semi
16 2 FL1 FL2 | Flying Lead, Hole size 70mils N/A N/A
1.5 pH, £20%,Shielded, Wirewound, Inductor, 4.5A, )
711 L1 | 42mOhm Max Automotive, AEC-Q200, 2-SMD SRP4020TA-IR5M Bourns
MOSFET, N-Channel, 200 V, 13 A (Tc), 68 W (Tc),
18 2 Q1 Q2 Automotive, AEC-Q101, PowerPAK® SO-8, PowerPAK SO- SQJ454EP-T1_GE3 Vishay
8
= - - -
19 1 R1 :Ilzri’ igoké)' 5%, 1/4 W, Automotive, AEC-Q200, Thick ERJ-8GEY1203V Panasonic
= - - -
20 2 R2 R3 E.Ifri’ 813 0%, 5%, 1/4 W, Automotive, AEC-Q200, Thick ERJ-8GEYI820V Panasonic
21 1 R4 R.ES, 3.48 kQ, 1%, 1/8 W, Automotive, AEC-Q200, Thick ERJ-6ENF3481V Panasonic
Film, 0805
RES, SMD, 100 Q, 1%, 1/10W, £100ppm/°C, -55°C ~ )
2 11 RS | 1550¢,0603, Moisture Resistant, Thick Film RCDGO3FR-07100RL Yageo
0.011 ©, £1%, £75ppm/°C, 1W, 1206, Automotive AEC- ] .
23 1 R6 Q200, Current Sense,-55°C ~ 155°C ERJ-8CWFR0O11V Panasonic
2 | 2 R7 R8 EI'IE; igéé' 1%, 1/4 W, Automotive, AEC-Q200, Thick ERJ-8ENF20ROV Panasonic
25 1 RO RES, 100 k3, 1%, 1/8 W, Automotive, AEC-Q200, Thick ERI-6ENF1003V Panasonic
Film, 0805
26 1 R10 R_ES, 15 kQ, 5%, 1/8 W, Automotive, AEC-Q200, Thick ERJ-6GEYJ153V Panasonic
Film, 0805
27 1 R11 R.ES, 11.8 kQ, 1%, 1/8 W, Automotive, AEC-Q200, Thick ERJ-6ENF1182V Panasonic
Film, 0805
28 1 T1 Bobbin, EFD30, Horizontal, 12 pins B66424-B1012-D1 Epcos
29 1 u1 InnoSwitch3-AQ InSOP24D INN3977CQ I Powgr
ntegrations
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6.2  Mechanical Parts

Item | Qty | Ref Des | Value | Description Mfg Part Number Mfg PI Part Number
30 2 RTN, VIN- BLK Test Point, BLK,THRU-HOLE MOUNT 5011 Keystone 35-00042-00
31 2 VIN+, VO RED | Test Point, RED, THRU-HOLE MOUNT 5010 Keystone 35-00043-00

Power Integrations
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7 Transformer Design
7.1  Electrical Diagram
6
WD1 (% Primary):
27T - 2x #28 AWG ° FL1
WD4 (Secondary):
5 10T - 3x #25TIW
WD6 (Primary):
30T - 2x #28 AWG FL2
3
, 1 °
WD2 (Bias)
Bias: 11T - 2x #32AWG
WD3 (Shield) 2 ° #28 bus wire
Shield : 11T - 2x #32AWG
NC
Figure 9 — Transformer Electrical Diagram.
7.2  Electrical Specifications
Parameter Condition Spec.
Nominal Primary | Measured at 1 V pk-pk, 100 kHz switching frequency, between pin 3 and
. o 950 puH +5%
Inductance 6, with all other windings open.
Resonant . - 1,100 kHz
Frequency Between pin 3 and 6, other windings open (Min.)
Primary Leakage Between pin 3 and 6, with pins:FL1-FL2 shorted 4.5 uH (Max.)
Inductance
7.3  Material List
Item Description
[1] | Core: Ferroxcube-EFD30-3F3, PI#:99-00068-00.
[2] | Bobbin: EFD30-Hor-12pins (6/6), Thru Hole; PI#: 25-00026-00.
[3] | Cover: PI#: 61-00267-00.
[4] | Magnet Wire: #28 AWG, Double Coated.
[5] | Magnet Wire: #32 AWG, Double Coated.
[6] | Magnet Wire: #25 AWG, Triple Insulated Wire.
[7]1 | Bus Wire: #28 AWG, Alpha Wire, Tinned Copper.
[8] | Tape: 3M 13450-F, Polyester Film, 1 mil Thickness, 20.4 mm Width.
[9]1 | Epoxy: Devcon, 5 mins Epoxy, Mfr#: 14270; or Equivalent.
[10] | Varnish: Dolph BC-359.

5
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7.4

<

<

WD3: Shield

(wound interleave with...)

WD2: Bias

D1: 1st Primary

D5: 2" Primary

D4: Secondar

Transformer Build Diagram

] ]
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FL2
10T - 3 x #25AWG_TIW LW‘Q— FL1
\ \
1 \00U2
11T - 2 X #32 AWG

i

27T - 2 x #28 AWG 6

SRR

Figure 10 — Transformer Build Diagram.

7.5 Transformer Instructions

Position the bobbin Item [2] on the mandrel such that the primary side of the bobbin is on

Winding .
Preparation th_e Igft 5|qe. _ . N o
Winding direction is clock-wise direction for forward direction.
WD1 Start at pin 6, wind 27 bifilar turns of wire Item [4] in 1 layer, with tight tension, from left
1% Primary to right. At the last turn, bring the wire back to left, and terminate at pin 5.
Insulation 1 layer of tape Item [8].
WD2: Bias Use 2 wires Item [5] start at pin 1 for Bias winding, also use 2 wires same Item [5] start
8.1 at pin 2 for Shield winding. Wind all 4 wires in parallel, at the 11 turn:
WD3: Shield - bring 2 wires for Bias winding to the left and terminate at pin 2,
’ - cut short 2 wires for Shield Winding as No-Connect.
Insulation 1 layer of tape Item [8].
WD4 Start at right slot of secondary side on the top of bobbin, use 3 wires Item [6], leaving ~
Secondary 50.0mm floating, and mark as FL1.Wind 10 turns in 1 layer, from right to left, at the last
turn bring the wires back to the right, also leaving ~ 50.0mm floating, and mark FL2.
Insulation 1 layer of tape Item [8].
WD5 Start at pin 5, wind 27 tri-filar turns of wire Item [4], from left to right for the 1% layer.
nd p: Continue winding 3 more turns for the 2™ layer, spreading from right to left and terminate
2"° Primary at pin 3.
Insulation 2 layers of tape Item [8] to secure the windings.
Gap core halves to get 950 uH.
Use 70mm of bus wire Item [7], solder to pin 2 then lean along core halves and secure
with tape.
Finish Remove all secondary pins and cut short pin 5.

Varnish with Item [11].
Place 2 beads of epoxy Item [9] at right and left, inside the cover Item [3].
Insert secondary side of the transformer into cover Item [3].

Page 13 of 73
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7.6  Winding Illustrations

Winding Preparation

Position the bobbin Item
[2] on the mandrel such
that the primary side of the
bobbin is on the left side.
Winding direction is clock-
wise direction for forward
direction..

WD1
1% Primary

Start at pin 6, wind 27
bifilar turns of wire Item
[4] in 1 layer, with tight
tension, from left to right.
At the last turn, bring the
wire back to left, and
terminate at pin 5.

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

WWW.power.com
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RDR-840Q 30 W 12 V, 2.5 A using INN3977CQ

Insulation

1 layer of tape Item [8].

WD2: Bias
&
WD3: Shield

Use 2 wires Item [5] start
at pin 1 for Bias winding,
also use 2 wires same Item
[5] start at pin 2 for Shield
winding. Wind all 4 wires in
parallel, at the 11" turn:

- bring 2 wires for
Bias winding to the
left and terminate
at pin 2,

- cut short 2 wires
for Shield Winding
as No-Connect.

Page 15 of 73
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Insulation

WD4
Secondary

1 layer of tape Item [8].

Start at right slot of
secondary side on the top
of bobbin, use 3 wires Item
[6], leaving ~ 50.0mm
floating, and mark as
FL1.Wind 10 turnsin 1
layer, from right to left, at
the last turn bring the
wires back to the right,
also leaving ~ 50.0mm
floating, and mark FL2.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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Insulation 1 layer of tape Item [8].
Start at pin 5, wind 27 tri-
filar turns of wire Item [4],
from left to right for the 1%
WD5 layer. Continue winding 3
2" Primary more turns for the 2™

layer, spreading from right
to left and terminate at pin
3.

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

Finish

2 layers of tape Item [8] to
secure the windings.

Gap core halves to get
950uH.

Use 70mm of bus wire
Item [7], solder to pin 2
then lean along core halves
and secure with tape.
Remove all secondary pins
and cut short pin 5.
Varnish with Item [11].
Place 2 beads of epoxy
Item [9] at right and left,
inside the cover Item [3].
Insert secondary side of

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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the transformer into cover
Item [3],

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 —p
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8 Performance Data with SR FET version

All measurements performed with room ambient temperature. Measured at PCB output
terminal.

8.1
8.1.1

Average Efficiency

30 VDC, 12 V 0.85 A (10 W)

8.1.1.1 SR FET Version

8.1.1.2 Qspeed Version

toad | 'G5 | k) |- (o)
100% | 11.50 | 848.56 87.71
75% | 11.60 | 636.59 87.93
50% | 11.70 | 424.63 87.12
25% | 11.84 | 212.31 84.49
10% | 11.92 | 85.06 76.28
Average 86.69
toad | 'G5 | ook |- (o)
100% | 11.58 | 849.25 83.71
75% | 11.68 | 635.63 83.96
50% | 11.78 | 423.25 82.97
25% | 11.91 | 209.63 79.90
10% | 11.99 | 82.13 71.46
Average 82.64

5

Power Integrations, Inc.

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

WWW.power.com

Page 20 of 73
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8.1.2 60 VDC, 12V 1.25 A (15 W)

8.1.2.1 SR FET Version

Vour Iour Efficiency
Load (V) | (mA) (%)

100% | 11.79 | 1241.88 89.97
75% | 11.81 | 929.38 90.48
50% | 11.98 | 619.06 89.33
25% | 11.96 | 305.94 87.86
10% | 11.93 ] 120.00 79.64
Average 89.40

8.1.2.2 Qspeed Version

Load | Your | o | Moy
100% | 11.84 | 1250.25 85.65
75% | 11.85 ]| 936.38 85.66
50% | 12.01 | 623.88 84.86
25% | 12.01 | 310.00 83.35
10% | 11.99 | 122.13 76.00

Average 84.88

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
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8.1.3

130 VDC, 12V 2.5 A (30 W)

8.1.3.1 SR FET Version

8.1.3.2 Qspeed Version

toad | 'G5 | k) |- (o)
100% | 11.74 | 2498.75 88.56
75% | 11.92 | 1873.75 90.63
50% | 12.01 | 1250.00 90.36
25% | 12.01 | 624.06 87.22
10% | 11.95 | 250.00 82.59
Average 89.19
toad | 'G5 | k) |- (o)
100% | 11.77 | 2504.25 86.14
75% | 11.94 | 1877.50 86.41
50% | 12.05 | 1250.25 87.11
25% | 12.04 | 623.88 84.63
10% | 12.01 | 247.38 80.06
Average 86.07

5

Power Integrations, Inc.

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

WWW.power.com

Page 22 of 73



31-Aug-20 RDR-840Q 30 W 12 V, 2.5 A using INN3977CQ

8.1.4 400 VDC, 12V 2.5 A (30 W)

8.1.4.1 SR FET Version

Vour Iour Efficiency
(V) | (mA) (%)

100% | 11.98 | 2498.75 87.38
75% | 12.08 | 1873.44 87.73
50% | 12.07 | 1250.31 87.13
25% | 12.02 | 624.69 83.36
10% | 11.96 | 250.00 78.25
Average 86.40

Load

8.1.4.2 Qspeed Version

VOUT IOUT Efficiency
(V) | (mA) (%)

100% | 11.99 | 2504.25 87.69
75% | 12.04 | 1877.50 83.91
50% | 12.08 | 1250.25 83.73
25% | 12.07 | 623.88 80.25
10% | 12.01 | 247.38 73.92
Average 83.89

Load

Power Integrations

Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
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8.1.5

550 VDC, 12 V 2.5 A (30 W)

8.1.5.1 SR FET Version

8.1.5.2 Qspeed Version

toad | 'G5 | k) |- (o)
100% | 11.97 | 2504.38 86.30
75% | 12.09 | 1877.50 84.98
50% | 12.08 | 1250.38 83.51
25% | 12.04 | 623.75 79.15
10% | 11.99 | 247.38 72.54
Average 83.49
toad | 'G5 | ook |- (o)
100% | 11.94 | 2504.25 81.99
75% | 12.09 | 1877.63 83.83
50% | 12.09 | 1250.25 81.33
25% | 12.06 | 623.75 78.06
10% | 12.02 | 247.38 69.62
Average 81.30

5

Power Integrations, Inc.

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

WWW.power.com
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8.2  Efficiency vs. Load and Line
Measurements taken at 0% to 100% of rated load.

8.2.1 SR FET Version

100
==30 VDC
===60 VDC
=#=130 VDC
95 + =>=400 VDC
=#=500 VDC

|

o
>
e 7N
> v | =
g 85 s ‘ =
2
2
E
g0 4
75 +
70 + ' ' ' ' '
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Load (A)

Figure 11 — Efficiency vs. Load and Line (VDC), Room Temperature — SR FET Version.

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
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8.2.2 Qspeed Version
100
=+=30 VDC
«#=60 VDC
95 =#=130 VDC
=>=400 VDC
=#=550 VDC
90

[0 0]
u

——

Efficiency (%)

70

65

0.0 0.5 1.0 1.5 2.0 2.5

Load (A)

3.0

Figure 12 — Efficiency vs. Load and Line (VDC), Room Temperature — Qspeed Version.

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

p’“ Power Integrations, Inc.
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8.3  No-Load Input Power

43.0

42.5 1

No-Load Input Power (mW)
W BH BH i RN oY
© o o© = = N
ul o ul o ul o

w
o
o

38.5 Y Y Y ' '
0 100 200 300 400 500 600

DC Input (VDC)

Figure 13 — No-Load Input Power, Room Temperature.

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
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8.4 Load and Line Regulation
Measurements taken at 0% to 100% of rated load.

12.6
=30 VDC =m=60VDC
==100 VDC ===130 VDC
12.4 4 =200 VDC =e=300 VDC
) 400 VDC 500 VDC

—
g
N

Output Voltage (V)
- Mo
o o

11.6

11.4 ' T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Load (A)

Figure 14 — Output Voltage vs. Output Current and Input Voltage (VDC), Room Temperature.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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85 cv/cc

14

12

—
o
]

Output Voltage (V)
(0]

==(CVCC_130 VDC
===CVCC_400 VDC
===CVCC_550 VDC

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Load (A)

Figure 15 — CV/CC measured at PCB Output Terminal, Room Temperature.

Power Integrations
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9 Waveforms
9.1 Switching Waveforms

9.1.1

File  Vertical Timel

Y

Measure PrmadC1)  PZmaCl)  PImaxC3d) Pomax(C4) PSmax(C4)  PEmax(Z2) PT:-- Pg:---
value amy 149V 1414 137 Y
status v v v v

X2= 20.302ps TBK= 48217 kHz

TELEDYNE LECROY THTI2019 4:30:04 PM

Figure 16 — Drain Voltage and Current Waveforms.
VIN =30 VDC, IOUT = 0.85 A.
VDS(MAX) =149V, IDRAIN(MAX)= 1.41 A.
Upper: VDRAIN-SOURCE/ 200 V, 2 mS/ div.
Lower: Ipramy, 500 mA, 2 ms / div.
Bottom Half: Zoom @ 10 pus / div.

File Vertical Timebase Trigger Display Cursors Measure Math Anabysis Utilifies Help

Drain Voltage and Current, Steady-State.

e Trigger Display Cu Measure  Math  Analy Utilities Help

Measure Plmax(Cly  PZmad)  PImax03y)  PomaxS) PEmaxCd4)  PEmaZi) PT:-- PB:--
valug amy 185V 1164 137 v
status v v v v

2= 26314 ps 1M 37813 kHz

TITI2019 4:28:50 PM

Figure 17 — Drain Voltage and Current Waveforms.
VIN =60 VDC, IOUT =1.25A
VDS(MAX) =185V, IDRAIN(MAX)= 1.16 A.
Upper: VDRAIN-SOURCE/ 200 V, 2 mS/ div.
Lower: Ipraiy, 500 MmA, 2 ms / div.
Bottom Half: Zoom @ 10 us / div.

Trigger  Display

I

Y

Measure Pimac!)  PzmaxC2) PImax(C3) P4maC4) PESmax(C4)  PEmaxZ2) PT--- PE---
El 262V 2144

value 160 my

Hi= -1.348p5 9592 s
X2= 18344 U5 1= 50702 kHZ

TELEDYNE LECROY

TAT/2018 4:22:24 PM

Figure 18 — Drain Voltage and Current Waveforms.
VIN =130 VDC, IOUT =25A
VDS(MAX) =262V, IDRAIN(MAX)= 2.14 A.
Upper: Vpran-source; 200 V, 2 ms / div.
Lower: Ipramy, 500 mA, 2 ms / div.
Bottom Half: Zoom @ 10 ps / div.

Measure Pimax(Cl)  PZmaxC2)  PImax(C3  P4maxC4) PEmanC4)  PEmaZ2) PT--- PB:--
value 1omy 548 1844 160 my
status v

Hi= 17063 20614 s
X2= 2232008 1% 48.511 kHz

TELEDYNE LECROY

TATI2019 4:25:50 PM

Figure 19 — Drain Voltage and Current Waveforms.
VIN =400 VDC, IOUT =25A
VDS(MAX) =548V, IDRAIN(MAX)= 1.64 A.
Upper: Vpra-source, 200 V, 2 ms / div.
Lower: Ipgramy, 500 MmA, 2 ms / div.
Bottom Half: Zoom @ 10 ps / div.

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

! Le [l !
FY
Measure PUmax(C1)  PImaxCl) PImax(C3) Pamax(C#) PEmax(C4)  PEmax(Z2) FT--- P8~

value amv 893V 2144 152my
status o v I v

Tmehase

Hl=  -13Zns  &4= 20292 ps
Hi= 2016045 14¢= 49281 kHz

711712018 428:01 PM

Figure 20 — Drain Voltage and Current Waveforms.
VIN = 550 VDC, IOUT =25A.
VDS(MAX) =693V, IDRAIN(MAX): 2.14 A.
Upper: VDRAIN-SOURCE/ 200 V, 2 mS/ div.
Lower: Ipramy, 500 mA, 2 ms / div.
Bottom Half: Zoom @ 10 ps / div.

Page 31 of 73
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9.1.2 Drain Voltage and Current, Start-up.

File  Vertical Timebase Trigger Display Cursors Measure Math Analysis Uflities Help File  Vertical Timehase Trigger Display Cursors Measure Math Analysis Utities Help

Measure P1:max(C1) PZmax(‘cz) P3max(C3) PdmaxC4)  PEmin(C1) PBpkpk(C1)  PT.pkpkiZ1) P8 -- Measure P1:max(C1) PZmax(‘C'l) PImaxiCl)  Pamax(Cd)  PSEmin(C1)  PBpkpk(C1)  P7:pkpkiZ1) [
value 21 my 154V 238A 137 my -24 v Ll v walue 24 iy 191y 217 A 160 my 7 1 !

v v v g L v v v v v
Figure 21 — Drain Voltage and Current Waveforms. Figure 22 — Drain Voltage and Current Waveforms.

Vin = 30 VDC, Ioyr = 0.85 A. Vin = 60 VDC, Ioyr = 1.25 A.

VDS(MAX) = 154 V, IDRAIN(MAX)= 2.38 A. VDS(MAX) =191 V, IDRAIN(MAX)= 2.17 A.
Upper: VDRAIN-SOURCEI 200 V, 50 ms / div. Upper: VDRAIN-SOURCEI 200 V, 50 ms / div.
Lower: IDRAINI 1 A, 50 mS/ div. Lower: IDRAIN/ 1 A, 50 ms / div.

File Vertical Timehase Trigger Display Cursors Measure Math Analysis  Ufiities  Help File Vertical Timebase Trioger Display Cursors Measure Math Analysis Utiiies  Help

i i

Measure Plman(C1)  Pzmax(C2)  PImax(C3)  Pdmax(C4) PEmin(C1)  PEpkpk(C1)  PTpkpkiZ1) Pa--- Measure Plimax(C1y  PZmax(C2y  PImadCy)  P4maxC4) PEmINGCT)  PEPKpK(CT)  P7pkpkiZ1) Pa---
value M my 2668V 2804 137 my -amy Tamy 69 my value Tomy s41Y 1034 137 my T2my 142my 114my

status 'd v v v v v L L4 v v v v v L

Tmehase 100 me Trehase 10073

07:2,

Figure 23 — Drain Voltage and Current Waveforms. Figure 24 — Drain Voltage and Current Waveforms.
VIN =130 VDC, IOUT =25A. VIN =400 VDC, IOUT =25A
Vbsmax) = 266 V, Iprammax)= 2.80 A. Vosmax) = 541V, Iprammax)= 4.03 A.
Upper: V DRAIN-SOURCE, 200 Vv, 50 mS/ div. Upper: V DRAIN-SOURCE, 200 Vv, 50 ms / div.
Lower: IDRAIN/ 1 A, 50 ms / div. Lower: IDRAIN/ 1 A, 50 mS/ div.

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

_p Power Integrations, Inc.
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RDR-840Q 30 W 12 V, 2.5 A using INN3977CQ

rical  Timeh: g Curso e Ma s Utilities  Help

; :
Measure Plmax(C1)  P2max(C2)  PImax(C3)  P4amaxCd) PEmIN(C1)  PEPKpK(CT)  PT:pkpk(Z1) PE---
value 75my 892V 4034 160my TS mY 150 my 125 my

status v v v v

7/23/2018 3.08:06 PM

Figure 25 — Drain Voltage and Current Waveforms.
VIN = 550 VDC, IOUT =25A
VDS(MAX) =692V, IDRAIN(MAX): 4.03 A.
Upper: VDRAIN-SOURCE/ 200 V, 50 ms / div.
Lower: IDRAINI 1 A, 50 mS/ div.

Page 33 of 73
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9.1.3 SR FET Wav

eforms, Steady-State.

att Utilities Help

7y
|
—
2 —— [ —— | —
T i )
El \ | \ L ! ! 2 Ty
T |
| |
l f ! ¥
i i
Measure Plma(Cl) PZmaxCl) PImaqC3) Pomax(Cd) PSma(Cl  PEmmED PTae- PE:-- Measure Plma(Cl) PZmaiCl PIma(C3) PLma(Cl) PSmaxCl)  PEmaZl) PTae- Px--
value 54y arv 80A 160 my/ value 54y 41y 50R 137 myv

status v v v v

K= 114ns A= 26.330pg
1= 26.444 ps TiAK= 37078 kHz

711712018 5:23:30 PM

Figure 26 — Drain Voltage and Current Waveforms.
Viy = 30 VDC, Iyt = 0.85 A.
VDS(MAX) =41V, IDRAIN(MAX)= 6.0 A.
Upper: IDRAINI 5 A, 2ms / div.
Middle: Veate-source, DV, 2 ms / div.
Lower: VDRAIN-SOURCE/ 50 V, 2 mS/ div.
Bottom Half: Zoom @ 10 ps / div.

File ‘erical Timehase Trigger Display Cursars Measure Math Analysis  Ufiities  Help

status v v v v

14ns &= 20716us

L = 2
i 2= 20830 ps 1A= 42372 kHz

TELEDYN

T Ti2019 5:24:00 Y

Figure 27 — Drain Voltage and Current Waveforms.
Viy = 60 VDC, Iyt = 1.25 A,
VDS(MAX) =44V, IDRAIN(MAX)= 5.0A.
Upper: IDRAINI 5 A, 2ms / div.
Middle: Veate-source, DV, 2 ms / div.
Lower: VDRAIN-SOURCE/ 50 V, 2 ms / div.
Bottom Half: Zoom @ 10 ps / div.

—
al ] T T
2 X, Yo ‘
B T i)

1

) | +

s : 1

1 | i |

ry ry

Measure PLmaqCl)  PZmasCl)  PImaxC3) Podmax(C4) Pimax(Ca)  PEmax(Za) PTe-- Pg--- Measure PlmaCly  PEZmadCl)  PImaxC3y)  Pmax(Cd)  PEmaxCd4)  PEmaZI) PTee- PB:--
value 54Y 73V 7T 137 v valug 55V 101y TR 137 iy
status v v v v status v v

6378 ps 8328 s
XI= 24706 ps 1A= 54561 kHZ

TELEDYNE LECROY

711712018 5:19:32 PM

Figure 28 — Drain Voltage and Current Waveforms.
VIN =130 VDC, IOUT =25A
Vosmaxy = 73 V, Ipramnmaxy= 7.7 A.
Upper: IDRAIN/ 5 A, 2 mS/ div.
Middle: VGATE-SOURCE/ 5 V, 2ms / div.
Lower: VpraiN-SOURCES 50 Vv, 2 ms / div.
Bottom Half: Zoom @ 10 ps / div.

®1 -222ns
2= 20810 ps 1k 47547 kHz

2.032us

L
TELEDYNE LECROY

TATi2019 5:30:32 PM

Figure 29 — Drain Voltage and Current Waveforms.
VIN =400 VDC, IOUT =25A
Vosmax) = 101V, Ippammaxy= 1.37 A.
Upper: IDRAIN/ 5 A, 2ms / div.
Middle: VGATE-SOURCE/ 5 V, 2ms / div.
Lower: Vpram-source, 50 V, 2 ms / div.
Bottom Half: Zoom @ 10 ps / div.

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

Measure PImax(C1)  PImaxC2) PImax(C3) Pamax(C# PEmax(C4)  PEmax(Z2) FT---
value 54V 131Y ELEY 160my

status o v I I

Tmehase

W= -5Bns A= 22664 s
) Hi= 22608 s 10¢= 44123 khz
TELEDYN

711712018 52125 PM

Figure 30 — Drain Voltage and Current Waveforms.
VIN = 550 VDC, IOUT =25A
VDS(MAX) =131V, IDRAIN(MAX): 8.0 A.
Upper: Ipramn, 5 A, 2 ms / div.
Middle: VGATE-SOURCEI 5 V, 2ms / div.
Lower: VDRAIN-SOURCEI 50 V, 2ms / div.
Bottom Half: Zoom @ 10 ps / div.

Power Integrations ™
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9.1.4 SRFET Waveforms Start-up.

File  Vertical Timebase Trigger Disp it Utilities Help

es Help

| T
23 JIJ- oy [y [
ad ™ =T ™ = n ™ n
z P
7 f
‘ I
3
sk
f
* + .
Measure PlmadCl) PZmaxCl) PImean(cy Papkpk(C1) PSmax(C4)  PEmaxZ3) PT-- [ Measure Plmax(Cl)  PZmadC P3mean(CH  Papkpk(Cl)  PSmax(Cd)  PEmaZI) PTe-- PB:--
value 51y 48.4v 851 mA value 54 57.8Y 157 A
status v v v status v v v

Kl= 5.264582ms &= 4117248
Xi= 5223410ms 1iAX= -24.285 kHz

THE2018 4:31:17 PM

Figure 31 — Drain Voltage and Current Waveforms.
Vin = 30 VDC, Ioyt = 0.85 A
Vosax) = 48.4 V, Iopamguaxy= 0.851 A,
Upper: Ipran, 10 A, 2 ms / div.
Middle: VeaTe-source, 5V, 2 ms / div.
Lower: VDRAIN-SOURCE, 20 V, 2 ms / div.
Bottom Half: Zoom @ 50 ps / div.

1= 1771222me  &¢=  -38.640us
H2= 1732683 ms 1= -25880 kHz

62019 4:30:08 P

Figure 32 — Drain Voltage and Current Waveforms.
Vi = 60 VDG, Ioyr = 1.25 A.
Vosiax) = 57.8 V, Iopamquay= 1.57 A.
Upper: Ipramn, 10 A, 2 ms / div.
Middle: Veate-source, DV, 2 ms / div.
Lower: VDRAIN-SOURCE/ 20 V, 2 ms / div.
Bottom Half: Zoom @ 50 ps / div.

Vertical

T
~ ~ . -~ ~ . - ~ ~
. L\\H\-\f —— [
! " B - - 1 [
o /| Y | . . | \ 2 \ L A \
T U !
| N ER
T T !
< <
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Figure 33 — Drain Voltage and Current Waveforms.
VIN =130 VDC, IOUT =25A
Vbsmaxy = 86 V, Ipramvmaxy= 8.0 A.
Upper: IDRAIN/ 5 A, 2 mS/ div.
Middle: VGATE-SOURCE/ 5 V, 2ms / div.
Lower: VpraiN-SOURCES 50 Vv, 2ms / div.
Bottom Half: Zoom @ 50 ps / div.

Kl= 1.372012ms
Xi= 1333202ms 1= 25767 kHz

TELEDYNE LECROY

TITI2019 5:34:43 I

Figure 34 — Drain Voltage and Current Waveforms.
VIN =400 VDC, IOUT =25A
Vpsmaxy = 145 V, Ipramvmaxy= 7.7 A.
Upper: IDRAIN/ 5 A, 2ms / div.
Middle: VGATE-SOURCE/ 5 V, 2ms / div.
Lower: Vpram-source, 50 V, 2 ms / div.
Bottom Half: Zoom @ 50 pus / div.
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Figure 35 — Drain Voltage and Current Waveforms.
VIN = 550 VDC, IOUT =25A
VDS(MAX) =149V, IDRAIN(MAX): 8.0 A.
Upper: Ipramn, 10 A, 2 ms / div.
Middle: VGATE-SOURCEI 5 V, 2ms / div.
Lower: VDRAIN-SOURCEI 50 V, 2ms / div.
Bottom Half: Zoom @ 50 ps / div.
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9.1.5

Vertical  Timebase

FWD Pin, Steady-State
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Figure 36 — Drain Voltage and Current Waveforms.
Vin = 30 VDC, Ioyr = 0.85 A.
VFWD(MAX) =39.6V
Upper: VFWD/ 20 V, 50 mS/ div.
Bottom Half: Zoom @ 20 ps / div.
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Figure 37 — Drain Voltage and Current Waveforms.
Vin = 60 VDC, Ioyr = 1.25 A.
VFWD(MAX) =346V
Upper: Vewp, 20V, 50 ms / div.
Bottom Half: Zoom @ 20 us / div.
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Figure 38 — Drain Voltage and Current Waveforms.
VIN =130 VDC, IOUT =25A.
VFWD(MAX) =66.0V
Upper: Vewp, 20 V, 50 ms / div.
Bottom Half: Zoom @ 20 ps / div.

X2= BABEOUS 1iAK= 48548 kHz

71232019 2:33:54 PM

Figure 39 — Drain Voltage and Current Waveforms.
VIN = 400 VDC, IOUT =2.5A
VFWD(MAX) =98.0V
Upper: Vewp, 20 V, 50 ms / div.
Bottom Half: Zoom @ 20 ps / div.
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Figure 40 — Drain Voltage and Current Waveforms.
VIN = 550 VDC, IOUT =25A
VFWD(MAX) =126.8V
Upper: Vrwp, 20 V, 50 ms / div.
Bottom Half: Zoom @ 20 ps / div.
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9.1.6 FWD Pin, Start-up
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Figure 41 — Drain Voltage and Current Waveforms.
Vin = 30 VDC, Ioyr = 0.85 A.
VFWD(MAX) =43.4V
Upper: VFWD/ 20 V, 50 mS/ div.
Bottom Half: Zoom @ 20 ps / div.
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= 19.95us
2= 8.24150ms 1A= 501 kHz
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712312019 8:29:24 PM

Figure 42 — Drain Voltage and Current Waveforms.
Vin = 60 VDC, Ioyr = 1.25 A.
VFWD(MAX) =526V
Upper: Vewp, 20V, 50 ms / div.
Bottom Half: Zoom @ 20 us / div.
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Figure 43 — Drain Voltage and Current Waveforms.
VIN =130 VDC, IOUT =25A.
VFWD(MAX) =796V
Upper: Vewp, 20 V, 50 ms / div.
Bottom Half: Zoom @ 20 ps / div.

Xi= 8.07635ms A= 17555
¥2= 9.09380ms 1UMN= 57.0 kHZ

L
J

74232019 8:27:3T PM

Figure 44 — Drain Voltage and Current Waveforms.
VIN = 400 VDC, IOUT =2.5A
VFWD(MAX) =115.2V
Upper: Vewp, 20 V, 50 ms / div.
Bottom Half: Zoom @ 20 ps / div.
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Figure 45 — Drain Voltage and Current Waveforms.
VIN = 550 VDC, IOUT =25A
VFWD(MAX) =127.5V
Upper: Vrwp, 20 V, 50 ms / div.
Bottom Half: Zoom @ 20 ps / div.

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
Page 41 of 73 WWW.power.com



RDR-840Q 30 W 12 V, 2.5 A using INN3977CQ 31-Aug-20

9.1.7 Output Voltage and Current, Startup CR Load

File Vertical Timebase Trigger Display Cursors Measure Math Anabysis Utilifies Help

File Vertical Timebase Trigger Display Cursors Measure Math Anabysis Utilies Help
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Measure PlmanCl)  PZmaxCl) PImax(Cl) P4maxC4) PImax(Cl)  PEman(Zz PT--- PE---
value 1224 1.064
status v v

Figure 46 — Drain Voltage and Current Waveforms.
Vi = 30 VDC, Ioyr = 0.85 A CR Load.
Upper: VOUT/ 5 V, 20 ms / div.
Lower: IDRAIN/ 1 A, 20 ms / div.

File Vertical Timehase Trigger Display Cursors Measure Math Analysis  Ufiities  Help

Measure Pimax(Cl)  PZmadC2)  PImMax(Cd  PamaxC4) PEmanC4)  PEmaIZ2) PT:-- P --
value 127y 1604
status v

Figure 47 — Drain Voltage and Current Waveforms.
Vi = 60 VDC, Iyt = 1.25 A CR Load.
Upper: VOUTI 5 V, 20 ms / div.
Lower: IDRAIN/ 1 A, 20 ms / div.
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status 4 v

TELEDYNE LECROY Waiting for Triager 74812019 1:29:47 PM

Figure 48 — Drain Voltage and Current Waveforms.
VIN =130 VDC, IOUT = 2.5 A CR Load.
Upper: Vour, 5V, 20 ms / div.
Lower: Ipramn, 1 A, 20 ms / div.
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Measure Plmax(Cl)  PZmMaxCl  PImax(©3  PamaxC4)  PEmaC4)  PEmaxZ2) PT--- P8 --
value 128Y 2774

status L4 v

0
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Figure 49 — Drain Voltage and Current Waveforms.
VIN = 400 VDC, IOUT = 25 A CR Load.
Upper: Vour, 5V, 20 ms / div.
Lower: Ipgramy, 1 A, 20 ms / div.
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Y

Measure PImax(C1)  PImaxC2) PImax(C3) Pamax(C# PEmax(C4)  PEmax(Z2) FT--- P8~
value 128V

status v v

TELEDYNE LECROY _

ino for Trigger 7/8/2019 1:31:01 P

Figure 50 — Drain Voltage and Current Waveforms.
Vin = 550 VDC, Iour = 2.5 A CR Load.
Upper: Vour, 5V, 20 ms / div.
Lower: IDRAIN/ 1 A, 20 ms / div.

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
Page 43 of 73

WWW.power.com



RDR-840Q 30 W 12 V, 2.5 A using INN3977CQ 31-Aug-20

9.2  Output Ripple Measurements (SR FET)

9.2.1 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 once capacitor tied in parallel across the probe
tip. The capacitor include one (1) 1 uF/50 V ceramic type.

Probe Ground

Probe Tip

Fgo.N
Figure 51 — Oscilloscope Probe Prepared for Ripple Measurement. (End Cap and Ground Lead Removed)

Figure 52 — OsciIIo§cope Probe with Probe Master (www.probemaster.com) 4987A BNC Adapter.
(Modified with wires for ripple measurement, and one parallel decoupling capacitor added)

Nal Power Integrations, Inc.
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9.2.2 100% Loading Condition
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Figure 53 — Output Voltage Ripple.
VIN =30 VDC, IOUT = 0.85 A.
Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 us / div.
Vrippte = 104 mVpp
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Figure 54 — Output Voltage Ripple.
VIN = 60 VDC, IOUT =1.25A

7i2312019 5:32:41 PM

Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div.

Vreprie = 133 mVpp
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value 107 mi walue 170 mi

status

Figure 55 — Output Voltage Ripple.
VIN =130 VDC, IOUT =25A.
Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 us / div.
Vrippie = 107 mVpp

status v

i
TELED

Figure 56 — Output Voltage Ripple.
VIN = 400 VDC, IOUT = 25 A.

Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 pus / div.

Vrippe = 170 mVpp

Page 45 of 73

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Www.power.com

5




RDR-840Q 30 W 12 V, 2.5 A using INN3977CQ

31-Aug-20

M/

N\
N

NS

Y,/

i
TELEDYNE LECROY

Figure 57 — Output Voltage Ripple.

VIN = 550 VDC, IOUT =25A.

7I8I2010 43322 PM

Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div.

Vreppeie = 170 mVpp
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9.2.3 75% Loading Condition
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Figure 58 — Output Voltage Ripple. Figure 59 — Output Voltage Ripple.
VIN =30 VDC, IOUT = 0.85 A. VIN = 60 VDC, IOUT =1.25A
Top Half: Voyur, 50 mV, 5 ms / div. Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div. Bottom Half: Zoom @ 20 ps / div.
Vrippie = 85 mVpp Vriprie = 160 mVpp
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Figure 60 — Output Voltage Ripple. Figure 61 — Output Voltage Ripple.
VIN =130 VDC, IOUT =2.5A VIN =400 VDC, IOUT =2.5A
Top Half: Voyur, 50 mV, 5 ms / div. Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 us / div. Bottom Half: Zoom @ 20 ps / div.
Vrippie = 123 mVpp Vrippeie = 178 mVpp
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Figure 62 — Output Voltage Ripple.

VIN = 550 VDC, IOUT =25A.

Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div.
Vripprie = 178 mVpp
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9.2.4 50% Loading Condition
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Figure 63 — Output Voltage Ripple. Figure 64 — Output Voltage Ripple.

VIN =30 VDC, IOUT = 0.85 A. VIN = 60 VDC, IOUT =1.25A

Top Half: Voyr, 50 mV, 5 ms / div. Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div. Bottom Half: Zoom @ 20 ps / div.
Vreppee = 70 mVpp Vripeie = 133 mVpp

e Vettical Timebase Trigger Display Cursors Measure Math Anafysis  Utiliies  Help File  Vertical Timebase Trigger Display ors  Measure  Math

a. [/ AN ANIVA N /N a/ N LN S NSNS
~ e ANVA R W AR SN JoON S /N

WY Y o/ ! i
Measure PIpkpkiCl)  PZmaxCl) PIpkpk(Cl)  Pdmax(Cd) PSmax(Cd)  PEmax(ZZ) PTe-- Pg--- Measure PIpkpk(Cl)  PZmax(CZ)  PIpkpkiCl)  PemadCd)  PSmaxCd)  PEmax(Z2) PTee- PB:--
value 138 v value 162 mv
status v status v

TELEDY

TELED'

Figure 65 — Output Voltage Ripple. Figure 66 — Output Voltage Ripple.
VIN =130 VDC, IOUT =25A. VIN =400 VDC, IOUT =2.5A
Top Half: Voyr, 50 mV, 5 ms / div. Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div. Bottom Half: Zoom @ 20 ps / div.
Vrippie = 138 mVpp Vrippie = 162 mVpp
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value 163 miy

status v

Figure 67 — Output Voltage Ripple.
VIN = 550 VDC, IOUT =25A.
Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div.
Vrippeie = 163 mVpp
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9.2.5 25% Loading Condition
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Figure 68 — Output Voltage Ripple. Figure 69 — Output Voltage Ripple.
VIN =30 VDC, IOUT = 0.85 A. VIN = 60 VDC, IOUT =1.25A
Top Half: Voyur, 50 mV, 5 ms / div. Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div. Bottom Half: Zoom @ 20 ps / div.
Vrippeie = 192 mVpp Vripete = 99 mVpp
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Figure 70 — Output Voltage Ripple. Figure 71 — Output Voltage Ripple.
VIN =130 VDC, IOUT =25A. VIN =400 VDC, IOUT =2.5A
Top Half: Voyr, 50 mV, 5 ms / div. Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div. Bottom Half: Zoom @ 20 ps / div.
Vrepeie = 104 mVpp VriprLe = 82 mVpp
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Y e | S ey

Measure Flipkpk(C1)  PZmax(C2) Pipkpk(C1)  Pdmax(C4)  Pomax(C4)  PEmax(ZI) FT--- F8---
value 128 mi/

status v

Figure 72 — Output Voltage Ripple.
VIN = 550 VDC, IOUT =25A.
Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div.
Vrippie = 128 mVpp
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9.2.6 0% Loading Condition

File  Vertical Timebase Trigger Display Cursors Measure Math Analysis Uflities Help e Vertital Timehase Trigger Displa ors Measure  Math s Utilties Help

= L L c1 L . L o
o w u

« «
2 21

« <
Measure PLmaqCl)  PZmasCl) PImaxC3) Pamax(C4)  PEmIn(C1)  PBpkpk(C1)  PT:pkpk(Z1) Pg--- Measure PlmaCly  PZmadCl) PImaxC3l) PémaxC4)  PEmin(C1)  PEpkpk(Cl)  PTpkpkZ1) PB:--
value 19y 42v 201 137 v REY Irmv 13my valug 22my 42v 186 M 152 i B i 14mv

status v v v v v v v status v v v v v v v

. E i
TELEDYNE LECROY 71232018 5:27:02 PM TELEDYNE LECROY 712312019 5:24:22 PM

Figure 73 — Output Voltage Ripple. Figure 74 — Output Voltage Ripple.
VIN =30 VDC, IOUT = 0.85 A. VIN = 60 VDC, IOUT =1.25A
Top Half: Voyur, 50 mV, 5 ms / div. Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div. Bottom Half: Zoom @ 20 ps / div.
Vrippie = 37 mVpp Vrippe = 45 MVpp

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Uflities Help e Vertital Timehase Trigger Display ors Measure  Math
o - L o

2

Measure PIpkpkiCl)  PZmaxCl) PIpkpk(Cl)  Pdmax(Cd) PSmax(Cd)  PEmax(Z2) PTe-- Pg--- Measure PIpkpk(Cl)  PZmax(CZ) PIpkpkiCl)  PemadCd) PSmadCd)  PEmax(Z2) PTee- PB:--
value 2 my value s4my

status v status v

TELEDY

TELED'

Figure 75 — Output Voltage Ripple. Figure 76 — Output Voltage Ripple.
VIN =130 VDC, IOUT =25A. VIN =400 VDC, IOUT =2.5A
Top Half: Voyr, 50 mV, 5 ms / div. Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div. Bottom Half: Zoom @ 20 ps / div.
Vreppie = 32 mVpp Vrippe = 54 MVpp
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is  Utilites Heln

Measure PIpkpk(Cl)  PZmax(C2)  P3pkpk(C1)  P4max(C4) PEmax(C4)  PB:max(Z2)
value
status

Figure 77 — Output Voltage Ripple.

VIN = 550 VDC, IOUT =25A.
Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 us / div.

Vrippie = 53 mVpp

PT:--

5
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9.3 Output Ripple Measurements (Qspeed Diode)

9.3.1 100% Loading Condition

SAAMAAANAAANNAAAAAAAAAAANLAN o A ALY A fal WaATAW TaWANrW. Y,
YYYYY ¥ Fyny

Y Y Y Y VY VY YYYYYYYYYYYVY L WWW[NW MWW

Measure PlmaCl)  PzmaxC2)  PImax(C3)  P4max(C4) PEMIN(C1)  PEpKpK(CT)  PTiokpkiZ1) P& Measure Plimax(C1)  PZmax(C2y  PEmanCy  P4maxT4) PEMINCT)  PERPKOK(CT)  PTpkpkiZl) PaE---
value 12my value 146 my

status status

0
TELED

0y

TELEI ROY

Figure 78 — Output Voltage Ripple. Figure 79 — Output Voltage Ripple.
VIN =130 VDC, IOUT =25A. VIN =400 VDC, IOUT =2.5A
Top Half: Voyr, 50 mV, 5 ms / div. Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 50 ps / div. Bottom Half: Zoom @ 50 ps / div.
Vrippe = 112 mVpp Vrippe = 146 mVpp

OO YYY

Measure Plmax(C1)  P2max(C2)  PImax(C3)  PamaxC4) PEmIN(C1)  PEPKpK(CT)  PT:pkpk(Z1) PE---
walue 170 my
stat v

iive
TELEDYNE LECROY 72412018 50215 PM

Figure 80 — Output Voltage Ripple.
VIN = 550 VDC, IOUT =25A.
Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 50 pus / div.
Vrrppeie = 170 mVpp
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9.3.2 75% Loading Condition

a ANANANANNANADANANANNNANNANAN VAV ANAVAVAVAWAVAVAVAWAVAWAWAWAW AWAW AW
VV VVVVV\V V VWVVVVVV \I\H‘!W“\W‘PW\W\W\U Lt I il il
TELEDYNE LECROY T/2412019 5:00:11 P 742412018 5:01:29 PM
Figure 81 — Output Voltage Ripple. Figure 82 — Output Voltage Ripple.
Vi = 130 VDC, Ioyt = 1.875 A, Viy = 400 VDC, Ioyr = 1.875 A
Top Half: Voyr, 50 mV, 5 ms / div. Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 50 ps / div. Bottom Half: Zoom @ 50 ps / div.
Vreppeee = 109 mVpp Vrippie = 155 mVpp

AW AW AT AN AW N LW AN AWANT AW WA Lt AWl
YYVYNYVYNNYY VYV ‘ WYY
SHASRARASRRRARRARS,

187 miv

712412018 5:02:31 PM

Figure 83 — Output Voltage Ripple.
Vi = 550 VDC, Ioyr = 1.875 A.
Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 50 pus / div.
Vrippe = 187 mVpp
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9.3.3 50% Loading Condition
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Measure PLmaqCl)  PZmasCl) PImaxC3) Pamax(C4)  PEmIn(C1)  PBpkpk(C1)  PT-pkpk(Z1) Pg--- Measure
value 20my

Plmax(Cl)  PZmax(C  PImax(CH  PamaxC4)  PEmIn{C1)  PEpkpk(C1)  P7pkpkiZ1) PB:--
5 v

o P

TELEDYNE LECROY T/2412019 5:00:22 PM TELEDYNE LECROY 712402018 5:01:39 PM
Figure 84 — Output Voltage Ripple. Figure 85 — Output Voltage Ripple.
VIN =130 VDC, IOUT =1.25A. VIN =400 VDC, IOUT = 1.25 A
Top Half: Voyr, 50 mV, 5 ms / div. Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 50 ps / div. Bottom Half: Zoom @ 50 ps / div.
Vrippie = 120 mVpp VrippLe = 165 mVpp

A AN SV ART AN AU AW AW A AN AN AN AW AN AN
SARAARARRANARA

184 mv

712412018 5:02:45 PM

Figure 86 — Output Voltage Ripple.
Vi = 550 VDC, Ioyr = 1.25 A,
Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div.
Vrippe = 184 mVpp

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
Page 57 of 73 WWW.power.com



RDR-840Q 30 W 12 V, 2.5 A using INN3977CQ 31-Aug-20

9.3.4 25% Loading Condition

File Vertical Timehase Trigger Display Cursars Measure Math Analysis  Ufiities Help File  Vertical Timebase Trigger Display
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Measure PLmaqCl)  PZmasCl) PImaxC3) Pamax(C4)  PEmIn(C1)  PBpkpk(C1)  PT:pkpk(Z1) Pg--- Measure PlmaCly  PEZmadCl) PImaxCy)  PémaxC4)  PEminC1)  PEpkpk(Cl)  PTpkpkZ1) PB:--
value a9 mv valug 6 My
status status

v

TELEDYNE LECROY ] T/2412019 5:00:34 PM TEI.EVNE LECROY = 712402018 5:01:47 PM
Figure 87 — Output Voltage Ripple. Figure 88 — Output Voltage Ripple.
Vv = 130 VDC, Ioyr = 0.625 A. Vv = 400 VDC, Iyt = 0.625 A.
Top Half: Voyr, 50 mV, 5 ms / div. Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 50 ps / div. Bottom Half: Zoom @ 50 ps / div.
Vrippeie = 99 mVpp Vripeie = 138 mVpp

File Werical Timebase Trigger Display Cursors Measurs Math Analysis  Ufiities  Help

ST ANTANETANETAY AN AT AN AN s AN

\ﬁ ] “n...# Moy \..# \1 w._’ \...hq '\,,hq “‘*‘T ] 1.,&”
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Measure PlmaxCl)  PImax(Cl) PImax(C3) P4max(C4) PEmin(C1) PEpkpk(C1)  PTpkpk(Z1y PB:---
158 mv

L

0Y

Figure 89 — Output Voltage Ripple.
Vin = 550 VDC, Ioyr = 0.625 A.
Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 20 ps / div.
Vrippe = 158 mVpp
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9.3.5

0% Loading Condition

File  Vertical Timebase Trigger Display Cursors Measure Math Analysis Uflities Help e Vertital Timehase Trigger Display Cursars Measure Math Anabysis Utiities Help
- ° I N U A | Ll Ll

s r T T— | i ! ‘ ! T —‘
2 21
Measure PLmaqCl)  PZmasCl) PImaxCl) Pamax(C4)  PEmIn(C1)  PBpkpk(C1)  PT:pkpk(Z1) Pg--- Measure PlmaCly  PEZmadCl) PImaxCy)  PémaxC4)  PEminC1)  PEpkpk(Cl)  PTpkpkZ1) PB:--
value 43mv valug 4my
status status

i

TELEDVNE LECROY

712412018 5:00:42 PM

Figure 90 — Output Voltage Ripple.
VIN =130 VDC, IOUT =0A.
Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 50 ps / div.
Vrippie = 43 mVpp

v

E
TELEDYNE LECROY

712412019 5:01:53 PM

Figure 91 — Output Voltage Ripple.
VIN = 60 VDC, IOUT =0A.
Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 50 ps / div.
Vrippe = 114 mVpp

2t
Measure PlmaxCl) PImax(Cl) PImax(C3) P4max(C4) PEmin(C1) PEpkpk(C1)  PTpkpk(Z1y PB:---
value 126 mv

status

0Y

Figure 92 — Output Voltage Ripple.
Vi = 130 VDC, Ioyr = 0 A.
Top Half: Voyur, 50 mV, 5 ms / div.
Bottom Half: Zoom @ 50 pus / div.
Vrippe = 126 mVpp
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9.4 Output Load Transient
9.4.1

Output Load Transient, 100% to 50% Load

=l o
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3 ¥
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=i 1
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Measure PlmaCl)  PzmaxC2)  PImax(C3)  P4max(C4) PEmMIN(C1)  PBpKpK(CT)  PTiokpkiZ1) P& Measure Plimax(C1)  PZmax(C2y  PEmanCy  P4maxT4) PEMINCT)  PERPKOK(CT)  PTipkpkiZl) PaE---
value 1178y 42y 1.03A 137 my 11.2: a41 my 467 my value 1218Y 42y 1444 160 my 1183V B3 580 my
statu v v v v v status v v v v v

v v
imehase -100m3

TELEDYNE LECROY Slow Acquisition 71237209 54020 PM

Figure 93 — Output Load Transient, 100% to 50%
Load.
VIN =30 VDC, IOUT =0.85At00.425 A
VOUT(MAX) =11.79 V, VOUT(MIN)= 11.25 V.
Upper: Vour, 1V, 100 ms / div.
Lower: Ioyr, 1 A, 100 ms / div.
Bottom Half: Zoom @ 2 ms / div.

v v
imebase -100mmg [Trigger e

TELEDYNE LECROY 7232019 53712 P1

Figure 94 — Output Load Transient, 100% to 50%
Load.
VIN =60 VDC, IOUT = 1.25Ato0 0.625 A.
VOUT(MAX) =12.16 V, VOUT(MIN)= 11.53 V.
Upper: Vour, 1V, 100 ms / div.
Lower: Ioyr, 1 A, 100 ms / div.
Bottom Half: Zoom @ 2 ms / div.
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Measure FlmanCl)  PZmaxCl) FImax(C3) F4maxC4) PEmMINCY)  PEmasZz FT--- F--- Measure Flmax(C1)  PZmMaC  FImanC®  PamaxC4)  PEmMINC1)  PEMaZI) FT:-- P8 --
value 1238V 10V 2814 160 mY. 11.36Y value 1263% 10V 2884 137 my 137V

Al
status L4 v v v v

TELEDYNE LECROY

TAT2018 8:11:22 PM

Figure 95 — Output Load Transient, 100% to 50%
Load.
Viy = 130 VDC, Tout = 2.5Ato 1.25 A.
VOUT(MAX) =12.38 V, VOUT(MIN)= 11.36 V.
Upper: Vour, 1V, 100 ms / div.
Lower: Ioyr, 1 A, 100 ms / div.
Bottom Half: Zoom @ 1 ms / div.

al
status v

Tmebase

1
10.0 MS el
TATI2019 81T:23 FM

Figure 96 — Output Load Transient, 100% to 50%
Load.
Vin = 400 VDC, Tout = 2.5Ato 1.25 A.
VOUT(MAX) = 12.63 V, VOUT(MIN)= 11.37 V.
Upper: Vour, 1V, 100 ms / div.
Lower: Ioyr, 1 A, 100 ms / div.
Bottom Half: Zoom @ 1 ms / div.

TELEDYNE LECROY
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z

z
B
Measure PImax(C1)  PImaxC2) PImax(C3) Pamax(C#  PEmIn(C1)  PEmax(Z2) FT--- P8~
value 1274V 10y 2844 152my 134y
status v v v v v

=1
TELEDYNE LECROY

Figure 97 — Output Load Transient, 100% to 50%
Load.
Viy = 550 VDC, Igyr = 2.5 Ato 1.25 A.
VOUT(MAX) =12.74 V, VOUT(MIN)= 11.34 V.
Upper: Vour, 1V, 100 ms / div.
Lower: Ioyr, 1 A, 100 ms / div.
Bottom Half: Zoom @ 2 ms / div.
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9.4.2 Output Load Transient, 100% to 0% Load

nehase Trgger Display Cursors Measure Math Analysis Utilites Help
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Measure Pimadct)  P2maxtCl) PImax(C3) PdmadCd)  PEmin(C1) PBpkpk(C1)  PT.pkpkiZ!) [ Measure PlmaxCl)  PZmaxCZ  PImaxC3)  PdmadCd)  PEmin(C1)  Phpkpk(C1)  PTpkpk(Z1) P8---
value 1210v 38y 1.01A 160 my 1127 822 my 798 v walue 1210% 42y 1434 160 v 11.49Y

status v v v v L4 L v status v v v v v v v

imehase -100mg

TELEDYNE LECROY

712312018 5:41:03 PM

Figure 98 — Output Load Transient, 100% to 0%
Load.
Vi = 30 VDC, Ioyr = 0.85 Ato 0 A
VOUT(MAX) =12.10 V, VOUT(MIN)= 11.27 V.
Upper: Vour, 1V, 100 ms / div.
Lower: Ioyr, 1 A, 100 ms / div.
Bottom Half: Zoom @ 2 ms / div.

File ‘erical Timehase Trigger Display Cursars Measure Math Analysis  Ufiities  Help

TELEDYNE LECROY

7i2312019 5:37:52 PM

Figure 99 — Output Load Transient, 100% to 0%
Load.
Vin = 60 VDG, Ioyr = 1.25 Ato 0 A.
VOUT(MAX) =12.10 V, VOUT(MIN)= 11.49 V.
Upper: Vour, 1V, 100 ms / div.
Lower: Ioyr, 1 A, 100 ms / div.
Bottom Half: Zoom @ 2 ms / div.

e Vetical Timehase Trigger Display Cursors Measure Math Analysis  Utifiies  Help
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Measure PLmaqCl)  PZmasCl)  PImaxC3l) Pdmax(C4)  PEmIn(C1)  PEmax(Za) PTe-- Pg--- Measure PlmaCly  PZmadCl)  PImaxCy)  Pmax(Cd)  PEmin1)  PEmaxZI) PTee- PB:--
value 1236V 10V 2734 160 Y 1134V valug 1285V 10V 2738 152 i M2y

status v v v v v status v v v v v

imehase

TELEDYNE LECROY

711712018 8:15:52 PM

Figure 100 — Output Load Transient, 100% to 0%
Load.
Vin = 130 VDC, Tour = 25Ato 0 A
VOUT(MAX) = 12.36 V, VOUT(MIN)= 11.34 V.
Upper: Vour, 1V, 100 ms / div.
Lower: Ioyr, 1 A, 100 ms / div.
Bottom Half: Zoom @ 1 ms / div.

TELEDYNE LECROY

TATI2019 8:33:38 PM

Figure 101 — Output Load Transient, 100% to 0%
Load.
VIN = 400 VDC, IOUT =25Ato0A.
VOUT(MAX) = 12.65 V, VOUT(MIN)= 11.21 V.
Upper: Vour, 1V, 100 ms / div.
Lower: Ioyr, 1 A, 100 ms / div.
Bottom Half: Zoom @ 1 ms / div.
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z
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Measure PTmax(C1)  PZmaxC2) PImax(C3) Pamax(CH)
value 12768V gy 27348 170my
status v v v v

=1
TELEDYNE LECROY

PEMIN(C1)  PEmMaXZ2) PT--- PE---
1114y

Figure 102 — Qutput Load Transient, 100% to 0%

Load.

Vv = 550 VDC, Igyr = 2.5 Ato 1.25 A.
VOUT(MAX) =12.75 V, VOUT(MIN)= 11.14 V.
Upper: Vour, 1V, 100 ms / div.

Lower: Ioyr, 1 A, 100 ms/ div.

Bottom Half: Zoom @ 2 ms / div.
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9.5 Output Short-Circuit Auto-Restart Test
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Measure PLmaqCl)  PZmasCl)  PImaxC3) Podmax(C4) Pimax(Ca)  PEmax(Za) PTe-- Pg--- Measure PlmaCly  PEZmadCl)  PImaxCy)  Pmax(Cd) PEmaxCd4)  PEmaZI) PTee- PB:--
value 484 mv 10v 1514 137 my value 946 mv 10y 3944 152 miy
status v v v v status v v v v

imehase

1= -80.793ms L= -1.889467¢
X3= 10702605 1/fX= -520.2488 mHz

TELEDY

Figure 103 — 30 VDC, Output Shorted.
Vi = 30 VDC.
ARy, = 81 ms, ARy = 1.88 s.
Upper: Vour, 1V, 1 s/ div.
Lower: Ioyr, 1 A, 1 s/ div.
Bottom Half: Zoom @ 10 ms / div.

711712018 6:25:26 PM

10.
L K= -41.975ms &
T 4 XI= 1.5024408 1

TELEDYN

-1.550465 5
44.0678 mHz

TITi2019 6:24:08 PY

Figure 104 — 60 VDC, Output Shorted.
Viy = 60 VDC.
AR1on = 41 ms, ARy = 1.55 s.
Upper: Vour, 1V, 1 s/ div.
Lower: Ioyr, 1 A, 1 s/ div.
Bottom Half: Zoom @ 10 ms / div.
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Measure PLman(C1)  PZmax(Cl)  PImax(C3)  Pdmax(C4) PSmax(C4)  PEmaxZz PT--- PE--- Measure Plmax(Cly  PZmMadC  PImManC3  PémaxCd) PSmaxCd)  PEMaZI) PT--- PB:--
value 101V v 4228 137 my value 110v 10v 1374 170 my
status L4 L4 L4 v status v L4 L4 v

imehase -1.08 §

H2=  -1.0B5MS 1= 6526976 MHz

TELEDYNE LECROY

Figure 105 — 130 VDC, Output Shorted.
VIN = 130 VDC.
AR1on, = 50 ms, ARy = 1.53 s.
Upper: Vour, 1V, 1 5/ div.
Lower: Ioyr, 1 A, 1 s/ div.
Bottom Half: Zoom @ 10 ms / div.

TM17/2018 6:18:46 PM

Ha= -309ps 1iAK= 5487036 mHz

THTI2019 6:19:53 PM

Figure 106 — 400 VDC, Output Shorted.
VIN = 400 VDC.
AR = 56 ms, ARry = 1.54 s.
Upper: Vour, 1V, 1 s/ div.
Lower: Ioyr, 1 A, 15/ div.
Bottom Half: Zoom @ 10 ms / div.
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rical  Timeh: g Cursors e Ma s Utilities  Help
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Measure PImax(C1)  PImaxC2) PImax(C3) Pamax(C#) PEmax(C4)  PEmax(Z2) FT--- P8~
value 128V 10y 4804 160my
status o v I v

Hl= -1548859s M= 15485965
H2= B3Us 1= 6457462 mHz

TELEDYN

Figure 107 — 550 VDC, Output Shorted.
VIN = 550 VDC.
AR7on = 56 ms, ARrr = 1.54 s,
Upper: Vour, 1V, 1 s/ div.
Lower: Ioyr, 1 A, 1 s/ div.
Bottom Half: Zoom @ 10 ms / div..

711712018 6:21:58 PM
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10 Thermal Performance (SR FET)

All measurements have been done at room ambient temperature after 2 hours of
continuous operation.
Max 73.6 °C oC
Max 74.3 °C
Max 72.7-2C

« 60.7°C OC

Bx2 Max 71.9°C
73.7.°C

Bx4 73.4 °<a

m
:

3

:

:
:

:
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.....

Figure 108 — 130 VDC 2.5 A Full Load. Figure 109 — 400 VDC 2.5 A Full Load.
Temperature of InnoSwitch3-AQ: 73.6 °C. Temperature of InnoSwitch3-AQ: 69.7 °C.
Temperature of SR FET: 74.3 °C. Temperature of SR FET: 71.9 °C.
Ambient Temperature: 28.5 °C. Ambient Temperature: 26.8 °C.

Figure 110 — 500 VDC 2.5 A Full Load.
Temperature of InnoSwitch3-AQ: 79.4 °C.
Temperature of SR FET: 75.7 °C.
Ambient Temperature: 28.2 °C.
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130 VDC 400 VDC 500 VDC
Component Temperature Temperature Temperature
(°C) (°C) (°C)
U1 (Primary Controller ) — Bx1 73.6 69.7 79.4
Q1, Q2 (SR FET) — Bx2 74.3 71.9 75.7
Ambient 28.5 26.8 28.2
IC temperature rise vs.
ambient (delta) 45.1 42.9 51.2
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10.1 INN3977CQ Temperature Rise vs. Output Power
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Figure 111 — Output Power vs. InnoSwitch3-AQ Temperature Rise.
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12 Thermal Performance (Qspeed Diode)
All measurements have been done at room ambient temperature after 2 hours of

continuous operation.
Bx1 Max 73.8 °C o(C
Bx2 _ Max _94.8.°C

Bx1 Max 79.3°C oC
Bx2 Max.100.0 2C,

ox1

InnoSwitch-3

Figure 112 — 130 VDC 2.5A Full Load. Figure 113 — 400 VDC 2.5A Full Load.
Temperature of InnoSwitch3-AQ: 73.8 °C. Temperature of InnoSwitch3-AQ: 79.3 °C.
Temperature of SR FET: 94.8 °C. Temperature of SR FET: 100 °C.
Ambient Temperature: 27.3 °C. Ambient Temperature: 28.3 °C.

Max 84.7°C oC

Figure 114 — 500 VDC 2.5A Full Load.
Temperature of InnoSwitch3-AQ: 84.7 °C.
Temperature of SR FET: 105.5°C.
Ambient Temperature: 27.3°C .
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130 VDC 400 VDC 500 VDC
Component Temperature Temperature Temperature
(°C) (°C) (°C)
U1 (Primary Controller ) — Bx1 73.8 79.3 84.7
Q1 (Qspeed Diode) — Bx2 94.8 100 105.5
Ambient 27.3 28.3 27.3
IC temperature rise vs.
ambient (delta) 46.5 °1 574
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13 -40 °C and +85 °C operational test
Start-up at -40 °C full load

Ambient Vin Input Power Input Current | Vour | Iour | Efficiency
(&) (VDO) w) (mA) M | (A (%)
30 11.3 505 11.2 | 0.9 83.7
60 17.1 470 11.7 | 1.3 86.4
-40 °C 130 33.6 518 11.8 | 2.5 87.8
400 37.6 287 123 | 2.5 81.8
550 37.9 239 123 | 2.5 81.1

After one hour running at full load, no OTP occurred
Ambient Vin Input Power Input Current | Vour | Iour | Efficiency

() (VDC) (W) (mA) M | (A (%)
30 11.6 516 11.51 | 0.85 84.3
60 16.5 455 11.66 | 1.25 88.3
85°C 130 33.5 523 11.56 | 2.5 86.3
400 33.5 298 11.74 | 2.5 87.6
550 34.6 249 11.75] 2.5 84.9

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
Page 71 of 73 WWW.power.com



RDR-840Q 30 W 12 V, 2.5 A using INN3977CQ

31-Aug-20

15 Revision History

Date Author Revision | Description & Changes | Reviewed
11-Feb-20 DK 1.0 Initial Release Apps & Mktg
09-Apr-20 KM 1.1 Added Test Point Parts Apps & Mktg
09-Jun-20 KM 1.2 Converted to RDR. Apps & Mktg
31-Aug-20 KM 1.3 Updated Figure 13. Apps & Mktg
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