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Summary and Features
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Wide range input from 30 Vpc to 1000 Vpc, start-up and operation
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Secondary-side regulated output

Ambient operating temperature -40 °C to 105 °C
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! Excluding connectors

2 AEC-Q200 transformer and input common mode choke qualification belongs to final design
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Disclaimer:

The statements, technical information and recommendations contained herein are believed
to be accurate as of the date hereof. All parameters, numbers, values and other technical
data included in the technical information were calculated and determined to our best
knowledge in accordance with the relevant technical norms (if any). They may base on
assumptions or operational conditions that do not necessarily apply in general. We exclude
any representation or warranty, express or implied, in relation to the accuracy or
completeness of the statements, technical information and recommendations contained
herein.

No responsibility is accepted for the accuracy or sufficiency of any of the statements, technical
information, recommendations, or opinions communicated and any liability for any direct,
indirect or consequential loss or damage suffered by any person arising therefrom is expressly
disclaimed.
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1 Introduction

This engineering report describes a 13 W dual output automotive power supply. It is intended
for use in 800 V battery system electric vehicles supporting an ultra-wide input range of 30
Vpc to 1000 Voc. This design utilizes the 1700 V rated INN3949CQ IC from the InnoSwitch3-
AQ family of IC's.

In a typical configuration the 9 V output provides an emergency backup power rail for the
control power of the main traction inverter (functional safety requirement for loss of 12 V),
the 18 V output provides gate power.

The design provides reinforced isolation both from the High Voltage DC (HVDC) input to the
18 V and 9 V outputs by observing required creepage and clearances as indicated in IEC
60664 parts 1 and 4. Basic isolation is provided between the 18 V and 9 V outputs.

Included in this document are the power supply design specifications, schematic diagram, bill
of materials (BOM), magnetics documentation, printed circuit board (PCB) layout and
performance data.

Figure 1 — Populated Circuit Board Photograph, Entire Assembly.
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Figure 4 — Populated Circuit Board Photograph, Side.
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The regulated 18 V output can deliver 10 W continuously at an input voltage range of 60 Vpc
to 1000 Vpc which can be used to provide gate power for current generation of SiC MOSFETSs.

At 30 Vpc input, the power capability of 18 V output is reduced to 4 W, enough for startup
where the inverter is not being driven. The cross regulated 9 V output can deliver 3 W of
power from 30 Vpc to 1000 Vpc input voltage, providing backup power to maintain inverter
operation in the event of the 12 V system failure (functional safety requirement).

The InnoSwitch3-AQ maintains necessary regulation by directly sensing the output voltage
and providing fast, accurate feedback to the primary-side via FluxLink. Secondary-side control
also enables the use of synchronous rectification improving the overall efficiency compared
to diode rectification thus saving cost and space by eliminating heat sinking.
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2 Design Specifications

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

2.1 Electrical Specifications

Description Symbol | Min. | Typ. | Max. | Units
Input Parameters
Positive DC Link Input Voltage Referenced to HV- HV+ 30 800 | 1000 | Voc
Operating Switching Frequency fsw 25 33 56 kHz
Output Parameters
18 V Output
Output VoItage Vour (18v) 17.1 18 18.9 Vbe
Load and Line Regulation VREeG (18 V) -5 +5 %
Output Voltage Ripple Measured on Board VRIpPPLE (18 V) 500 mV
Output Overshoot / Output Undershoot AVour 18 v) 5 %
Output Current Ioutrasv) | 166 555 610 mA
Continuous Output Power Pout(18v) 3 10 W
9 V Output
Output Voltage Vout (9v) 7.5 9 11 Ve
Load and Line Regulation VReG (9 v) -17 +22 %
Output Voltage Ripple Measured on Board VRIPPLE (9 V) 800 mV
Output Overshoot / Output Undershoot AVourovy) | -20 +7 %
Output Current Iout (9 v) 22 333 | mA
Continuous Output Power Pout(o v) 0.2 3 W
Total Output Power Derating
Continuous Output Power at 30 Vpc Input Pour 7 w
Continuous Output Power at 60 Vpcto 1000 Vpc Input 13 W

Table 1 — Electrical Requirements.
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2.2 Isolation Coordination

Description Symbol Min. Typ. Max. Units
Maximum Blocking Voltage of INN3949CQ BVpss 1700 V
System Voltage Vpk_system 1500 V
Working Voltage VRrms 1000 V
Pollution Degree PD 2
CTI for FR4 CTI 175 399
Rated Impulse Voltage ViMpuLsE 2.5 kv
Altitude Correction Factor for h, Cha 1.59
Technical Cleanliness Requirement 0.6 mm
Basic Clearance Distance Requirement Clgasic 3.0 mm
Reinforced Clearance Distance Requirement ClreinForcep 5.4 mm
Basic Creepage Distance Requirement for PCB Creasic(pcs) 5.6 mm
Reinforced Creepage Distance Requirement for PCB Crremnrorceopce) 10.6 mm
Isolation Test Voltage Between Primary and Secondary-Side for 60s Viso 5000 A
Partial Discharge Test Voltage Vpp_TEST 2250 A
Table 2 — Isolation Requirements3.
2.3 Environmental Specifications
Description Symbol | Min. | Typ. | Max.| Units

Ambient Temperature Ta -40 105 °C

Altitude of Operation ha 5500 m

Relative Humidity RH 85 %

Table 3 — Environmental Requirements.
3 Clearance and creepage distances are derived from IEC 60664-1 and IEC 60664-4
. Power Integrations, Inc.
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3 Schematic
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Figure 5 — DER-956Q Schematic.
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4  Circuit Description

4.1 Input Filter

The automotive inverter environment is harsh, characterized by high dv/dt and di/dt from the
switching action of the power modules. Large common mode currents are generated across
the isolation barrier of the power supply which in turn can interfere with both the power
supply operation, other inverter blocks and measurement signal integrity. The input common
mode choke L1 together with the bypass capacitors C1 to C6 helps filter unwanted noise and
prevents them from affecting the overall performance of the design.

Common mode inductor L1 was selected such that the reference board would be able to
withstand the Power Integrations’ internal “Resistance to ripple on high voltage network” test.
The test injects high frequency ripple on the high voltage input to simulate the actual DC link
capacitor ripple in a traction inverter. The final value of L1 will depend on the final design or
application requirement. The higher the noise, the higher the inductance of L1 should be.
However, consideration should be given between inductance value and the DC resistance
(DCR) which has an impact on the overall efficiency of the design. Figure 6 shows how DCR
of the common mode choke impacts the overall efficiency of the reference board.
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Figure 6 — DCR Effect on Efficiency at 1000 Vboc input (No Input Noise) and 18 V at Maximum Load.

C1 to C6 bypass capacitors were selected so as not to exceed 65% of their voltage rating as
well as to maintain enough pad-to-pad distance to meet creepage and clearance
requirements.

. Power Integrations, Inc.
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4.2 High-Voltage Side Circuit

The design uses a flyback converter to provide two isolated low voltage outputs from the
high-voltage input. One end of the flyback transformer T1 primary winding is connected to
the high voltage DC input while the other end is connected to the drain terminal of the
integrated 1700 V power MOSFET inside the INN3949CQ IC1.

Primary clamp circuit formed by diodes D1, D2, resistors R4, R5, R6, R8, R9, R10 and
capacitors C7, C8, C9 limits the peak drain-source voltage of IC1 at the instant the switch
inside IC1 turns off. As compared with the traditional RCD clamp, two surface mount AEC-Q
qualified diodes were used in series to meet the creepage and clearance requirements as well
as to ensure that the voltage across each diode would not exceed 70% of their rating. The
resistor network helps to dissipate the energy stored in the leakage reactance of transformer
T1. Snubber resistors were selected such that 80% of their voltage rating would not be
exceeded while maintaining power dissipation of below 50%. Cooling area for the snubber
resistors were also considered to ensure operating temperature would be at acceptable level.

The IC is self-starting, using an internal high-voltage current source to charge the BPP pin
capacitor C12 when the DC input voltage is first applied. The INN3949CQ is guaranteed to
start-up from 30 V but typically will start below this level.

During normal operation, the primary-side block is powered by the auxiliary winding of
transformer T1. The output of the auxiliary (or bias) winding is rectified using diode D3 and
filtered using capacitors C10 and C11. Resistor R7 limits the BPP pin current of IC1 to a value
sufficient for normal operation without incurring excessive losses.

In this design the input primary under and overvoltage features were disabled by connecting
the V pin to SOURCE pin. This approach does not require the voltage sensing resistor chain
used in setting the under or overvoltage feature of IC1 thus saving cost and space. However,
with no undervoltage feature the output may fail to reach regulation at voltages < 40 Vpc
with high output load current, causing the outputs to rise but fail to reach regulation (hiccup).
The timing is determined by the auto-restart (AR) feature, giving a 50 ms start-up attempt
followed by a 2 s off time.

If this is not acceptable on the target design or application, then the undervoltage feature
can be implemented. Please refer to the datasheet for the recommended circuit and design
guide.

4.3 Low Voltage Circuit Side

The secondary-side, regulated 18 V output, of the INN3949CQ IC provides output voltage,
output current sensing and gate drive for the MOSFET providing synchronous rectification
(SR). The voltage across the 18 V winding of the transformer T1 is rectified by MOSFET Q1
and filtered by capacitor C19 and C22. High frequency ringing during switching is reduced by
the RC snubber formed by resistors R12, R13 and capacitor C17.

Power Integrations, Inc.
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Switching of Q1 is controlled by the secondary-side controller inside IC1. Control is based on
the winding voltage sensed by the FWD pin via resistor R11. Capacitor C13 reduces voltage
spike on the FWD pin to ensure that voltage seen by this pin won't exceed its maximum rating
of 150 V.

In continuous conduction mode operation, the primary-side power MOSFET is turned off just
prior to the secondary-side controller commanding a new switching cycle from the primary.
In discontinuous mode the SR MOSFET is turned off when the voltage drop across it falls
below a certain threshold of approximately Vsr(tH). Secondary-side control of the primary-side
power MOSFET avoids any possibility of cross conduction of the two switches and ensures
reliable synchronous rectifier operation.

The secondary-side of the IC is self-powered from either the secondary winding forward
voltage (via R11 and the FWD pin) or by the output voltage (via the VOUT pin). In both cases
energy is used to charge the decoupling capacitor C14 via an internal regulator.

Resistors R17 and R16 form a voltage divider network that senses the output voltage. The
INN3949CQ IC has a FB pin internal reference of 1.265 V. Capacitor C21 provides decoupling
from high frequency noise affecting power supply operation. C24 and R18 is a feedforward
network to speed up the response time and lower the output ripple.

Output current is sensed by monitoring the voltage drop across resistor R20. The resulting
current measurement is filtered with the decoupling capacitor C15 and monitored across the
IS and SECONDARY GROUND pins. An internal current sense threshold of around 35 mV is
used to minimize losses. Once the threshold is exceeded, the INN3949CQ IC1 will enter auto-
restart (hiccup) operation until the load current is reduced below the threshold.

Similarly, the voltage across the 9 V cross regulated winding of transformer T1 is rectified by
the freewheeling diode D5 and is filtered by the capacitors C20, C23, C25, C26, C27, C28,
C30, C32, C33. Regulation of the 9 V output depends on good coupling (low leakage
inductance) to the 18 V output, this is addressed in the transformer design.
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5 PCB Layout

Layers: Six (6) (typical for traction inverter control board)
Board Material: FR4

Board Thickness: 1.6 mm

Copper Weight: 20z

Top Layer Bottom Layer

T R E
mer W mesn

Mid-Layer 1

¥
o

Mid-Layer 3 Mid-Layer 4

B
Bel

Figure 7 — DER-956Q Board Layout.
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Figure 8 — DER-956Q Board Assembly (Top).
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6 Bill of Materials
Item | Qty. Designator Description MFR Part Number Manufacturer
C1, C2, C3, C4, | Multilayer Ceramic Capacitors MLCC - SMD/SMT 500 V
1 6 Cs, C6 0.068 LF X7R 1206 10% AEC-Q200 C1206C683KCRACAUTO KEMET
Multilayer Ceramic Capacitors MLCC - SMD/SMT CGA
2 3 C7,C8,C9 1206 450 V 0.01 uF COG 5% AEC-Q200 CGA5L4C0G2W103J160AA TDK
Multilayer Ceramic Capacitors MLCC - SMD/SMT 1206
3 2 C10, C11 50 VDC 10 uF 10% X7R AEC-Q200 CGA5L1X7R1H106K160AE TDK
Multilayer Ceramic Capacitors MLCC - SMD/SMT CGA
4 1 C12 0603 25 V 0.47 uF X7R 10% AEC-Q200 CGA3E3X7R1E474K080AB TDK
Multilayer Ceramic Capacitors MLCC - SMD/SMT CGA
5 1 C13 1206 630 V 330 pF COG 5% AEC-Q200 CGA5C4C0G2J331J060AA TDK
Multilayer Ceramic Capacitors MLCC - SMD/SMT 50 V
6 2 C15, Cc21 330 pF COG 0402 5% AEC-Q200 AC0402IRNPO9BN331 YAGEO
Multilayer Ceramic Capacitors MLCC - SMD/SMT 1206
7 1 C17 630 V 820 pF 5% C0G AEC-Q200 C1206C821IBGACAUTO KEMET
Multilayer Ceramic Capacitors MLCC - SMD/SMT 0805
8 0 C16 450 V 470 pF 5% SOFT C0G AEC-Q200 CGA4C4C0G2W471J060AE TDK
Multilayer Ceramic Capacitors MLCC - SMD/SMT 0805 .
9 1 C14 25 VDC 2.2 uF 10% X7R AEC-Q200 TMK212B7225KGHT Taiyo Yuden
10 1 C22 Aluminum Organic Polymer Capacitors EEH-ZS1E681UP Panasonic
Multilayer Ceramic Capacitors MLCC - SMD/SMT CGA
11 1 C24 0402 25 V 0.01 uF X7R 10% AEC-Q200 CGA2B2X7R1E103K050BA TDK
12 1 C29 Aluminum Organic Polymer Capacitors A768EB826M1ELAS036 KEMET
Multilayer Ceramic Capacitors MLCC - SMD/SMT CGA
13 2 C31, C34 0603 25 V 0.1 uF X7R 10% AEC-Q200 CGA3E2X7R1E104K080AA TDK
Multilayer Ceramic Capacitors MLCC - SMD/SMT 1206 .
14 2 C18, C19 100 VDC 0.47 uF 10% X7R AEC-Q200 HMK316B7474KLHT Taiyo Yuden
C20, C23, C25 . . .
! ! " | Multilayer Ceramic Capacitors MLCC - SMD/SMT 1206
15 9 C26, C27, C28, . CGAS5L1X7R1E106K160AC TDK
C30, C32, C33 25 VDC 10 pF 10% X7R AEC-Q200
16 2 D1, D2 Rectifiers 1000 V 1.5 A High Efficiency Rectifier NRVUS2MA ON Semi
Diodes - General Purpose, Power, Switching DIODE-GP .
17 1 D3 POWER SWITCHING BAS21GWX Nexperia
18 0 D4 Schottky Diodes & Rectifiers 5 uA 20 Volt 15 A IFSM SD103CWS-E3-08 Vishay
19 1 D5 Schottky Diodes & Rectifiers If 1 A Vrrm 100 V SS1FH10HM3/H Vishay
Schottky Diodes & Rectifiers SBR Diode X1-DFN1006- .
20 1 D6 2/SWP T&R 10K SBR0240LPW-7B Diodes, Inc.
21 1 D7 Zener Diode SOD123 T&R 3K BZT52C18Q-7-F Diodes, Inc.
CV/CC QR Flyback Switcher IC with Integrated 1700 V
22 1 IC1 Switch and FluxLink Feedback for Automotive INN3949CQ Power Integrations
Applications
23 1 J1 TERM BLOCK 1POS SIDE ENTRY SMD RED SR99S01VBNN04G7 METZ CONNECT
24 1 J2 TERM BLOCK 1POS SIDE ENTRY SMD BLACK SM99S01VBNNOOG7 METZ CONNECT
25 1 L1 Input Common Mode Choke CM6518-AL Coilcraft
26 1 L2 Fixed Inductors 0806 0.33 uH 30% 2200 mA 0.18 O LQH2MPZR33NGRL Murata
27 1 Q1 N-CHANNEL MOSFET BVDSS: 101 V 250 V DMT15H017LPS-13 Diodes, Inc.
28 0 Q2 P-CHANNEL MOSFET BVDSS: DMG1013UWQ-7 Diodes, Inc.
29 3 R3, R12, R13 -Ic-ggl(gl(; Film Resistors - SMD 51 Q a2 W 1206 5% AEC- AC1206JR-0751RL YAGEO
30 0 R14 -Ic-ggl(gl(; Film Resistors - SMD 51 Q a2 W 1206 5% AEC- AC1206JR-0751RL YAGEO
R4, R5, R6, R8, | Thick Film Resistors - SMD 1206 150 kQ 5% AEC- ) i
31 6 RO, R10 Q200 ERJ-8GEYJ154V Panasonic
32 1 R7 Thick Film Resistors - SMD 1/16 W 6.8 kQ 5% CRCW04026K80INED Vishay
33 1 R11 Thick Film Resistors - SMD 100 Q2 100 mW 0603 1% AC0603FR-13100RL YAGEO
AEC-Q200
34 1 R15 XEE(QTO% Resistors - SMD 4.7 Q2 1/8 mW 0805 5% ACO805JR-074R7L YAGEO

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

WWW.power.com
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35 1 R16 Thick Film Resistors - SMD 7.5 kQ 62.5 mW 0402 1% AC0402FR-077K5L YAGEO
AEC-Q200
36 1 R17 Thick Film R_e5|stors - SMD 0.125 W 100 kQ 1% SG73S1ETTP1003F KOA
200ppm Anti-Surge
Thick Film Resistors - SMD 0402 5% 10 kQ Anti-Sulfur .
37 1 R18 AEC-Q200 ERJ-U02J103X Panasonic
38 1 R20 Current Sense Resistors - SMD 0.056 Q 1% 1/4 W RL1206FR-070R056L YAGEO
39 2 R1, R2, R19 ID/LCK Film Resistors - SMD 0 Q 250 mW (1/4 W) 1206 AF1206JR-070RL YAGEO
40 1 T1 13 W Power Transformer Power Integrations
41 1 T1-Core 3C95 Ferrite Core Ferroxcube
42 1 T1-Bobbin Customized bobbin Power Integrations
43 2 X1, X2 TERMI-BLOK SMD MOUNT 180_2P_3.81 2383945-2 TE
44 1 Z1 Printed Circuit Board, PIA-00075-TL Power Integrations

Table 4 — DER-956Q Bill of Materials.

Power Integrations, Inc.
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7  Transformer Specification
7.1 Electrical Diagram
EFD 25/13/9
1 12
(]
WD1 & WD4 (Pri): WD3 (18VCC):
4T - 2x #24 AWG
45T - 2x 0.25mm FIW 4 T2AACIPXXYS
3 11
7 8
WD2 (Bias): WD3 (9VAUX):
3T-0.25mm FIW 4 2T — 2x#24 AWG
° e  T24A0IPXXX-3
6 9
Figure 10 — Transformer Electrical Diagram.
7.2 Electrical Specification
Parameter Conditions Min. | Typ. | Max. | Unit
Power Output power secondary-side 13 W
Input Voltage Vdc Flyback topology 30 800 | 1000 vV
Switching Frequency | Flyback topology 25 56 kHz
Duty Cycle Flyback topology 1.8 65.2 %
Np:Ns 11.25
WD1 (Pri) 390
WD?2 (Bias) 170
Rdc WD3a (18 VCC) 11 mQ
WD3b (9 VAUX) 8
WD4 (Pri) 460
Primary-side to bias side,
Measured at 1 Vpk-rk, 100 kHz frequency, between pin 1 to pin 20
7, with pins 1 - 3 shorted and pins 6 - 7 shorted at 25 °C
Primary-side to 18 VCC (Sec 1) side
Coupling Capacitance | Measured at 1 Vex-px, 100 kHz frequency, between pin 1 to pin 35 pF
12, with pins 1 - 3 shorted and pins 11 - 12 shorted at 25 °C
Primary-side to 9 VAUX (Sec 2) side
Measured at 1 Vpek-pk, 100 kHz frequency, between pin 1 to pin 20
8, with pins 1 - 3 shorted and pins 8 - 9 shorted at 25 °C
. Measured at 1 Vpk-pk, 100 kHz frequency, between pin 1 to pin
Primary Inductance 3, with all other windings open at 25 °C 445 uH
Part to Part Tolerance of Primary Inductance -5.0 5.0 %
Tolerance
Primary Leakage Measured at 1 V pk-pk, 100 kHz frequency between pin 1 to pin 75 H
Inductance 3, with all other Windings shorted. ) H

Table 5 — Transformer electrical specification.

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

Fax: +1 408 414 9201
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7.3

WDA4 (Pri) 45T — 0.25mm FIW 4

WD2 (Bias) 3T - 0.25mm FIW 4

WD1 (Pri) 45T - 0.25mm FIW 4

Transformer Build Diagram

12

8 WD3b (9VAUX) 2T — 2x #24 AWG T24A01PXXX-3
9

Figure 11 — Transformer Build Diagram.

— 11 WD3a(18VCC) 4T — 2x #24 AWG T24A01PXXX-3

7.4 Material List
Item Description Qty | UOM Material Manufacturer
[1] Bobbin: MCT-EFD25-N2 H7+5P 1 PC Phenolic MyCoilTech
[2] Core: EFD 25/13/9 2 PCS 3C.95 Ferroxcube
(or equivalent)
[3] WD1 (Pri): 0.25 mm FIW 4, Class F 2000 | mm Elektrisola
[4] WD4 (Pri): 0.25 mm FIW 4, Class F 2310 | mm Elektrisola
[5] WD?2 (Bias): 0.25 mm FIW 4, Class F 176 | mm Elektrisola
WD3a (18 VCC): Copper Wire
(6] | 124A01PXXX-3, AWG 24 PFA .003" 500 | mm Rubadue
WD3b (9 VAUX):
[7] | T24A01PXXX-3, AWG 24 PFA .003" 320 | mm Rubadue
3M1350FX series, Polyester Film, 1 mil 3M1350FX.645W1
[8] thickness, 16.38mm width 360 [ mm (or equivalent) 3M
[9] | Insulating Clear Varnish TBD Dolph BC-359 TBD
(or equivalent)
[10] 0.51mm Teflon Tubing Class B 30 mm TI-‘I'2_0024 Alphawire
(or equivalent)

Table 6 — Transformer Bill of Materials.

Power Integrations, Inc.
Tel: +1 408 414 9200
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7.5 Winding Illustrations

Start by removing the
unused pins 2, 4, 5
and 10 of the bobbin
(Item [1])

Winding
Preparation

Position the bobbin on
the mandrel such that
the primary-side (pins
1-7) of the bobbin is
on the left side.
Winding direction is
clock-wise direction.

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

WWW.power.com
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Route start lead here
(slot 2)

Route the start lead
from pin 1 going to
the bobbin thru slot 2
and then wind 45
turns of wire Item [3]
with tight tension,
from left to right.
Spread the winding
evenly along the
WD1: Pri bobbin’s width.

Place 1 layer of tape
(Item [8]) between
the winding and the
finish lead before
terminating the finish
lead to pin 3.

Route the finish lead
on slot 3 going to pin
Tm————, : 3 .

Power Integrations, Inc.
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Route finish lead here
(slot 3)

WD2: Bias

Route start lead from
the other side of
bobbin

In order to make the
winding rest flat on
the bobbin winding
area, route the start
lead initially coming
from the other side of
the bobbin.

Wind 3 turns of wire
Item [5] with tight
tension, from left to
right. Spread the
winding evenly along
the bobbin’s width.

Power Integrations, Inc.

LY Tel: +1408 414 9200
Fax: +1 408 414 9201

WWW.power.com
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Place 1 layer of tape
(Item [8]) between

the winding and the
finish lead.

Before closing the
layer of tape,
terminate the start
lead on Pin 6 and
insert teflon tube Item
[10] on the finish lead
then terminate it to
pin 7.

Power Integrations, Inc.
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Teflon tube

Use 2 strands of wire
Item [7] for the 9
VAUX winding and
start it at pin 9.

Also use 2 strands of
wire Item [6] for the
18 VCC winding and
start it at pin 11.

Wind all wires
together with tight
tension, from right to
left.

WD3: 18 VCC
and 9 VAUX

18 VCC 2nd Turn over 9 VAUX
finish lead

After 2 turns, fold the
end of the bifilar 9
VAUX winding to the
right then terminate it
to pin 8 and continue
to wind the 18 VCC

Power Integrations, Inc.
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bifilar winding for 2
more additional turns.

Place 1 layer of tape
(Item [8]) to finish
WD3.

Power Integrations, Inc.
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Reinforce tape near the
termination leads of WD3a

and WD3b j

Before winding WD4,
reinforce the
insulation near the
termination end of
WD3 by placing 1
layer of tape (Item
[8]) as shown.

Trim the reinforce
tape and fold it flat
against the bobbin
width edge as shown.

WD4: Pri

Fold tape against the bobbin
width edge

Power Integrations, Inc.
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Start at pin 1, wind 45
turns of wire Item [4]
with tight tension,
from left to right.
Spread the winding
evenly along the
bobbin’s width.

Place 1 layer of tape
(Item [8]) between
the winding and the
finish lead before
terminating the finish
lead to pin 3.

Finish up by placing 3
layers of tape (Item

[8]).

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

Fax: +1 408 414 9201
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Gap one of the core
halves (Item [2]) and
fasten the core tightly
to get 445 pH = 5%
of inductance
between pins 1 and 3.

Finishing

Varnish with Item [9].

Power Integrations, Inc.
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8 Transformer Design Spreadsheet

DCDC_InnoSwitch3AQ

el TR, InnoSwitch3-AQ Flyback Design

1 Rev.3.2; Copyright INPUT INFO OUTPUT UNITS Spreadsheet
Power Integrations
2022

2 APPLICATION VARIABLES

3 | vout | 18.00 | | 18.00 | v | Output Voltage

4 OPERATING CONDITION 1

5 VINDC1 1000.00 1000.00 \ Input DC voltage 1

6 I0UT1 0.722 0.722 A Output current 1

7 POUT1 13.00 W Output power 1

8 EFFICIENCY1 0.85 Converter efficiency for output 1

9 Z FACTOR1 0.50 Z-factor for output 1

11 OPERATING CONDITION 2

12 VINDC2 450.00 450.00 \ Input DC voltage 2

13 I0UT2 0.722 0.722 A Output current 2

14 POUT2 13.00 W Output power 2

15 EFFICIENCY2 0.85 Converter efficiency for output 2

16 Z FACTOR2 0.50 Z-factor for output 2
69 PRIMARY CONTROLLER SELECTION

70 ILIMIT_MODE STANDARD STANDARD Device current limit mode

71 VDRAIN_BREAKDOWN 1700 V Device breakdown voltage

72 DEVICE_GENERIC INN39X9 Device selection

73 DEVICE_CODE INN3949CQ INN3949CQ Device code

74 PDEVICE_MAX 70 W Device maximum power capability

75 RDSON_25DEG 0.62 Q Primary switch on-time resistance at 25°C
76 RDSON_125DEG 1.10 0 I;ggnoa&ry switch on-time resistance at
77 ILIMIT_MIN 1.767 A Primary switch minimum current limit
78 ILIMIT_TYP 1.900 A Primary switch typical current limit

79 ILIMIT_MAX 2.033 A Primary switch maximum current limit
80 VDRAIN_ON_PRSW 0.03 Vv Primary switch on-time voltage drop
81 VDRAIN_OFF_PRSW 1230 v Peak drain voltage on the primary switch

during turn-off

85 WORST CASE ELECTRICAL PARAMETERS

Maximum switching frequency at full load

86 FSWITCHING_MAX 33000 33000 Hz and the valley of the minimum input AC
voltage
Voltage reflected to the primary winding
87 VOR 200.0 200.0 Vv (corresponding to set-point 1) when the

primary switch turns off

Measure of continuous/discontinuous

88 KP 2413 mode of operation

89 MODE_OPERATION DCM Mode of operation

90 DUTYCYCLE 0.045 Primary switch duty cycle

91 TIME_ON_MIN 0.60 us Minimum primary switch on-time

92 TIME_ON_MAX 1.56 us Maximum primary switch on-time

93 TIME_OFF 28.97 us Primary switch off-time

94 LPRIMARY_MIN 422.5 uH Minimum primary magnetizing inductance

95 LPRIMARY_TYP 444.7 uH Typical primary magnetizing inductance

96 LPRIMARY_TOL 5.0 % Primary magnetizing inductance tolerance

97 | LPRIMARY_MAX 467.0 uH Maximum primary magnetizing
inductance

929 PRIMARY CURRENT

100 | IAVG_PRIMARY 1.540 A Primary switch average current

101 | IPEAK_PRIMARY 1.540 A Primary switch peak current

102 | IPEDESTAL_PRIMARY 0.031 A Primary switch current pedestal

103 | IRIPPLE_PRIMARY 1.540 A Primary switch ripple current

104 | IRMS_PRIMARY 0.180 A Primary switch RMS current

108 | TRANSFORMER CONSTRUCTION PARAMETERS

Power Integrations, Inc.
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109 | CORE SELECTION
110 CORE CUSTOM CUSTOM Core selection
EFD 25/13/9- EFD 25/13/9-

111 | CORE NAME 3C95 3C95 Core code

112 | AE 58.0 58.0 mm~A2 Core cross sectional area

113 | LE 57.0 57.0 mm Core magnetic path length

14 | AL 2660 2660 nH Ungapped core effective inductance per
turns squared

115 | VE 3300 3300 mm~3 [ Core volume

MCT-EFD25- MCT-EFD25-N2 .

116 | BOBBIN NAME N2 H7+5pP H74+5p Bobbin name

117 | AW 38.5 38.5 mm~2 [ Bobbin window area

118 | BW 16.20 16.20 mm Bobbin width

119 | MARGIN 0.0 mm Bobbin safety margin

121 PRIMARY WINDING

122 | NPRIMARY 45 Primary winding number of turns

123 | BPEAK 3723 Gauss Peak flux density

124 | BMAX 2689 Gauss Maximum flux density

125 | BAC 1344 Gauss | AC flux density (0.5 x Peak to Peak)

126 | ALG 220 nH Typical gapped core effective inductance
per turns squared

127 | LG 0.304 mm Core gap length

129 | SECONDARY WINDING

130 | NSECONDARY 4 | Secondary winding number of turns

132 | BIAS WINDING

133 | NBIAS | 3 | Bias winding number of turns

137 | PRIMARY COMPONENTS SELECTION

138 | LINE UNDERVOLTAGE/OVERVOLTAGE
Input Undervoltage/Overvoltage

139 | UVOV Type UV Only UV Only protection type

140 UNDERVOLTAGE

PARAMETERS
} Required DC bus brown-in voltage

141 BROWN-IN REQUIRED 30.00 30.00 Vv threshold

142 | JROERVOLTAGEZENER 1 g7ms509 v BZM55C9 V1 Undervoltage protection zener diode

143 | VZ 9.10 Zener diode reverse voltage

144 | WR 6.80 Zengr diode reverse voltage at the
maximum reverse leakage current

145 | 1LKG 2.00 WA Zener diode maximum reverse leakage
current

146 | BROWN-IN ACTUAL 22.99 - 29.55 y | Actual brown-in voltage range using
standard resistors

147 | BROWN-OUT ACTUAL 19.76 - 26.44 y | Actual brown-out voltage range using
standard resistors

148 OVERVOLTAGE

PARAMETERS

149 | OVERVOLTAGE REQUIRED Info v | Forv only design, overvoltage feature
OV diode is used only for the overvoltage

150 OVERVOLTAGE DIODE Info protection circuit

151 | VF Vv OV diode forward voltage

152 | VRRM \ QV diode reverse voltage

153 | PIV \ OV diode peak inverse voltage
For UV Only design, line overvoltage

154 LINE_OVERVOLTAGE \Y feature is disabled

155 | DC BUS SENSE RESISTORS
Connect five 140 kOhm DC bus upper

156 RLS_H 0.70 MQ sense resistors to the V-pin for the
required UV/OV threshold

157 | RLS_L 261 KQ DC bus lower sense resistor to the V-pin

for the required UV/OV threshold

5

Power Integrations, Inc.
Tel: +1 408 414 9200
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160 | BIAS WINDING

161 | VBIAS 9.00 \ Rectified bias voltage

162 | VF_BIAS 1.00 1.00 \ Bias winding diode forward drop

163 | VREVERSE_BIASDIODE 75.67 y | Bias diode reverse voltage (not
accounting parasitic voltage ring)

164 | CBIAS 22 uF Bias winding rectification capacitor

165 | CBPP 0.47 uF BPP pin capacitor

169 | SECONDARY COMPONENTS SELECTION

170 | FEEDBACK COMPONENTS

171 | RFB_UPPER 100.00 KQ Upper feedb_ack resistor (connected to the
output terminal)

172 RFB_LOWER 7.50 kQ Lower feedback resistor

173 | CFB_LOWER 330 OF Lower_ feedback resistor decoupling
capacitor

177 | MULTIPLE OUTPUT PARAMETERS

178 | OUTPUT 1

179 [ VOUT1 18.00 ) Output 1 voltage

180 | IOUT1 0.555 0.555 A Output 1 current

181 POUT1 9.99 W Output 1 power

182 | IRMS_SECONDARY1 2330 A Root mean squared value of the
secondary current for output 1

183 | IRIPPLE_CAP_OUTPUT1 2.263 p | Currentripple on the secondary
waveform for output 1

184 | NSECONDARY1 4 Number of turns for output 1

185 | VREVERSE_RECTIFIER1 106.89 y | SRFET reverse voltage (not accounting
parasitic voltage ring) for output 1

186 | SRFET1 AUTO DMT15H017LPS- Secondary rectifier (Logic MOSFET) for

13 output 1

187 | VF_SRFET1 0.80 \ SRFET on-time drain voltage for output 1

188 | VBREAKDOWN_SRFET1 150 Vv SRFET breakdown voltage for output 1
SRFET on-time drain resistance at 25degC

189 | RDSON_SRFET1 26 mQ and VGS=4.4V for output 1

191 | OUTPUT 2

192 | VOUT2 9.00 9.00 \ Output 2 voltage

193 I0UT2 0.333 0.333 A Output 2 current

194 POUT2 3.00 W Output 2 power

195 | IRMS_SECONDARY2 1.398 A Root mean squared value of the
secondary current for output 2
Current ripple on the secondary

196 IRIPPLE_CAP_OUTPUT2 1.358 A waveform for output 2

197 | NSECONDARY?2 2 Number of turns for output 2

198 | VREVERSE_RECTIFIER2 53.44 v | SRFET reverse voltage (not accounting
parasitic voltage ring) for output 2

199 | SRFET2 AUTO SQSABOENW iﬁgggtdgry rectifier (Logic MOSFET) for

200 | VF_SRFET2 0.82 \ SRFET on-time drain voltage for output 2

201 | VBREAKDOWN_SRFET2 80 \ SRFET breakdown voltage for output 2
SRFET on-time drain resistance at 25degC

202 | RDSON_SRFET2 27.0 mQ and VGS=4.4V for output 2

203

217 | PO_TOTAL 12.99 W Total power of all outputs

Table 7 — DER-956Q PIXls Spreadsheet.
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9 Performance Data

Note: 1. Measurements were taken with the unit under test placed inside a thermally
controlled High Voltage (HV) box.
2. For data points showing performance across varying input line voltages and output
loading conditions, unit under test was soaked at full load condition for at least 5
minutes for every change in the input voltage during the start of each test sequence.
Also, for every loading condition, unit under test was soaked for at least 20 seconds
before measurements were taken.

Figure 12 — Test Set-up.
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9.1 No-Load Input Power

The unit was soaked for 10 minutes before starting integration time of 10 minutes to more
accurately measure the no-load power consumption of the unit.

160

BTa=25°C

140.40
140 +

129.01

120 +o

—

(=

o
11

Input Power (ImW)
g 8

44.19

I ]
23.19
60 400

800 1000

N
o

N
o

Vin (Voc)

Figure 13 — No-load Input Power vs. Input Line Voltage.
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9.2 Efficiency

9.2.1 Line Efficiency

Line efficiency describes how the change in input voltage affects the overall efficiency of the
unit.

Yo}
o

02}
O

=4=Tg = 25 °C
=m=Ta = 105 °C

(@]
(o]

Efficiency (%)
0 00 CO O 0 0 o o
O = N W A U1 OO N

80% Limit

NN NN
A N 0w

~l
(9,
o

0 200 400 600 800 1000
vIN (VDC)

Figure 14 — Full Load Efficiency vs. Input Line Voltage.
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9.2.2

Load Efficiency

Load efficiency describes how the change in output loading conditions affect the overall
efficiency of the unit.

9.2.2.1

Efficiency (%)
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30 Voc Input

=¢=18 V Min. Load
==18 V 20% Load
18 V 40% Load
=2=18 V 60% Load
==18 V 80% Load
18 V Max. Load

3.0 3.5 4.0

4.5 5.0
Total Pgyr (W)

5.5

6.0 6.5 7.0

Figure 15 — Efficiency vs. Total Output Power at 30 Voc Input and 105 °C Ambient Temperature.
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90 I
==18 V Min. Load
89 —=18 V 20% Load ]
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—_ 85 e
° b o
S84
~
a' 83
| =
o 82
(@)
i 81
1T}
80
79
78
77
76
75
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

Total Pgyr (W)
Figure 16 — Efficiency vs. Total Output Power at 30 Voc Input and 25 °C Ambient Temperature.
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Figure 17 — Efficiency vs. Total Output Power at 60 Voc Input and 105 °C Ambient Temperature.
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Figure 18 — Efficiency vs. Total Output Power at 60 Voc Input and 25 °C Ambient Temperature.
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Figure 19 — Efficiency vs. Total Output Power at 800 Voc Input and 105 °C Ambient Temperature.
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Figure 20 — Efficiency vs. Total Output Power at 800 Voc Input and 25 °C Ambient Temperature.
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Figure 21 — Efficiency vs. Total Output Power at 1000 Vboc Input and 105 °C Ambient Temperature.
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Figure 22 — Efficiency vs. Total Output Power at 1000 Voc Input and 25 °C Ambient Temperature.
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9.3 Load Regulation

Load regulation describes how loading conditions (minimum — maximum) affects the output
voltage of the unit.

9.3.1 30 Voc Input
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Figure 23 — 18 V Output Voltage vs. Total Output Power at 30 Voc Input and 105 °C Ambient Temperature.
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Figure 24 — 9 V Output Voltage vs. Total Output Power at 30 Vboc Input and 105 °C Ambient Temperature.
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Figure 25 — 18 V Output Voltage vs. Total Output Power at 60 Voc Input and 105 °C Ambient Temperature.
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Figure 26 — 9 V Output Voltage vs. Total Output Power at 60 Vboc Input and 105 °C Ambient Temperature.
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Figure 27 — 18 V Output Voltage vs. Total Output Power at 800 Voc Input and 105 °C Ambient Temperature.
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Figure 28 — 9 V Output Voltage vs. Total Output Power at 800 Voc Input and 105 °C Ambient Temperature.
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Figure 29 — 18 V Output Voltage vs. Total Output Power at 1000 Voc Input and 105 °C Ambient
Temperature.
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Figure 30 — 9 V Output Voltage vs. Total Output Power at 1000 Vpc Input and 105 °C Ambient Temperature.
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9.4 Line Regulation

Line regulation describes how the change in input voltage affects the output voltage of the
unit.

9.4.1 Loading Condition: 18 V = Max. / 9 V = Max.
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Figure 31 — 18 V Output Voltage vs. Input Line Voltage.
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Figure 32 — 9 V Output Voltage vs. Input Line Voltage.
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9.4.2 Loading Condition: 18 V = Max. / 9 V = Min.
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Figure 33 — 18 V Output Voltage vs. Input Line Voltage.
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Figure 34 — 9 V Output Voltage vs. Input Line Voltage.
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9.4.3 Loading Condition: 18 V = Min. / 9 V = Max.
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Figure 35 — 18 V Output Voltage vs. Input Line Voltage.
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Figure 36 — 9 V Output Voltage vs. Input Line Voltage.
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10 Thermal Performance

10.1  Thermal Data at 105 °C Ambient Temperature

The unit under test was placed inside a thermally controlled High Voltage (HV) box. The
chamber was pre-heated to 105 °C for at least 30 minutes before turning on the unit under
test. The following measurements were taken after soaking the unit for at least one (1) hour
to allow component temperatures to stabilize.

. Input Voltage
Critical Components 30V 50V 8%0 v 1000 V
Input CMC 118.8 °C 124.1 °C 126.4 °C 127.5 °C
Transformer Pri-Sec Wire 119.4 °C 124.4 °C 127.7 °C 128.1 °C
Transformer Sec-Pri Wire 119.2 °C 124.0 °C 127.3 °C 127.8 °C
Transformer Pri-air Wire 117.9 °C 122.4 °C 124.8 °C 125.6 °C
Transformer Core 116.4 °C 120.6 °C 124.2 °C 124.8 °C
18 VSR FET 116.1 °C 119.8 °C 120.5 °C 121.8 °C
Secondary Snubber Resistor 115.5 °C 118.8 °C 121.7 °C 122.1 °C
18 V Cout 113.9 °C 116.9 °C 117.1 °C 118.1 °C
18 V Lfilter 114.3 °C 120.4 °C 118.5 °C 120.8 °C
18 V Cfilter 113.4 °C 116.1 °C 115.5 °C 116.4 °C
9 V Freewheeling diode 123.7 °C 125.2 °C 125.3 °C 125.5 °C
Primary Snubber Resistor 118.3 °C 121.1 °C 120.0 °C 120.6 °C
INN3949CQ 121.4 °C 124.6 °C 129.1 °C* 131.1 °C>
Ambient Temperature 104.9 °C 105.9 °C 103.6 °C 103.5 °C

Table 8 — Summary of DER-956Q Critical Components at 105 °C Operating Temperature.

4 Increasing the cooling area in the actual design or having a provision for heat sink or thermal pad between source area of the device

and the enclosure is recommended.
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Figure 37 — 1000 Voc Input, 13 W Output Operating Temperature of DER-956Q Critical Components.
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Figure 38 — 1000 Vboc Input, 13 W Output Operating Temperature of DER-956Q T1 Flyback Transformer.
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10.2  Thermal Data at 25 °C Ambient Temperature

The following thermal scans were captured using Fluke thermal imager after soaking the unit
under test for at least one (1) hour in an acrylic enclosure to minimize the effect on any

external/forced air flow.

. Input Voltage
Critical Components 30V 50 V 8%0 v 1000 V
Input CMC 43.6 °C 47.2 °C 68.9 °C 77.3 °C
Transformer Core 40.6 °C 44.3 °C 49.6 °C 52.5 °C
Transformer Wire 42.0 °C 46.5 °C 51.6 °C 54.4 °C
18 VSR FET 37.6 °C 40.5 °C 47.0 °C 50.0 °C
Secondary Snubber Resistor 37.3 °C 39.9 °C 48.2 °C 51.9 °C
18 V Cout 36.0 °C 40.6 °C 44.7 °C 44.4 °C
18 V Cfilter 35.6 °C 38.0 °C 41.7 °C 42.7 °C
9 V Freewheeling Diode 50.7 °C 51.0 °C 53.5 °C 55.3 °C
Primary Snubber Resistor 50.8 °C 57.0 °C 59.7 °C 62.3 °C
INN3949CQ 42.6 °C 46.1 °C 58.7 °C 66.5 °C
Ambient Temperature 31.0 °C 30.0 °C 30.8 °C 31.2 °C

Table 9 — Summary of DER-956Q Critical Components 25 °C Operating Temperature.
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Figure 40 — 60 Voc Input, 13 W Output Thermal Scans, Top PCB (Left) and Bottom PCB (Right)
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[

Figure 42 — 1000 Voc Input, 13 W Output Thermal Scans, Top PCB (Left) and Bottom PCB (Right).
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11 Waveforms
11.1  Start-up Waveforms
11.1.1 25 °C Ambient Temperature

The following measurements were taken by hot plugging-in the unit under test to a DC link
capacitor fully charged- to a test input voltage of HV+.

11.1.1.1 Output Voltage and Current
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Figure 43 — Output Voltage and Current.
60 VocInput, 18 V = Max. 9 V = Max. Output.

o o

800 VpcInput, 18V =Max. 9V =

Max. Output.

1000 Vpc Input, 18 V = Max. 9 V = Max. Output.

3 Inrush current was limited by adding a 10 Q series resistor between the DC link capacitor and the unit under test
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11.1.1.2 Primary Drain Voltage and Current
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Figure 44 — Primary Drain Voltage and Current.

N a. 60 VpcInput, 18 V = Max. 9 V = Max. Output.

. b. 800 VocInput, 18 V = Max. 9 V = Max. Output.
c. 1000 VocInput, 18 V = Max. 9 V = Max. Output.
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c. CH1: HV+, 500 V / div.
CH2: Ip, 1 A/ div.
CH3: Vbs, 500 V / div.
Time: 200 ms / div. (200 ps / div. Zoom).
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CH1 HV+, 500V/ d|v

CH2: Ip, 10 A / div.

CH3: Vbs, 50 V / div.

Time: 200 ms / div. (200 ps / div. Zoom).

Il

...........

Min £
0 ¥ \] 1328 32750kY. 0.00000 ¥
6.50 V an 523.170mA 523.170mA 523.170m/ 0.00000 A
6.50 V v 115 5.875 00000 ¥

b. CH1: HV+, 500 v/ div.
CH2: Ip, 10 A/ div.
CH3: Vbs, 50 V / div.
Time: 200 ms / div. (200 us / div. Zoom).

A Figure 45 — SR FET Drain Voltage and Current.

. 60 VpcInput, 18 V = Max. 9 V = Max. Output.
. 800 VpcInput, 18 V = Max. 9 V = Max. Output.

1000 VpcInput, 18 V = Max. 9 V = Max. Output.
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11.1.1.4 9 V Output Diode Voltage and Current

2022/03/30 13:58:00 Toge 202003/30. 14:0253
i History| 0 0 .0 v 50,0 -0V | 500 0 v

Zoom1 oom1
200us/div|
12.5kPts| 1
o PN O e I\ (I lllll\ll [ |
HH|H|IHHH\HHHH!HHHHHHH\H\HH\HH\ A |
e , i SHHH R
| T AIEmA SR TR ATHAT
OO e A ST e RSESRN R R RRRRER
Max Min Mean Count Max Min Mean K Count
Vi 0.000 v Max(C1) 95.8 V. 68.8 V 82.2500 V 13 5000V 2 Vi o040V Max(C1) 1411 ¥ 1411 v 1.41125kV 0.00000 ¥ 1
m X\Z[ 42%8 3 Mﬁgngczi 429.677TmA 291.092mA 360.384mA 2925mA 2 m V2 755,80 v Meant02§ 241.702mA 241.702mA 241.702mA 0.00000 A 1
. x(C3) 16.08 V 13.63V 14.8500 V 122500V 2 4 -55.40 v Max(C3) 55.50 V 55.50 v 55.5000 ¥ 0.00000 ¥ 1

a. CH1: HV+, 100 V/ div. b. CH1: HV+, 500 V / div.
CH2: Ip, 5 A/ div. CH2: Ip, 5 A/ div.
CH3: Vka, 5V / div. CH3: Vka, 20 V / div.

Time: 200 ms / div. (200 ps / div. Zoom). Time: 200 ms / div. (200 us / div. Zoom).
ﬁ’ %‘nv 5004 ’;'g_‘ﬂ Vl’;—ﬂyﬂv ;—E;BA ‘z;nvls 00V‘ ::;Z g é?ii}l:y?a = story|
1]

Figure 46 — 9 V Freewheeling Diode Voltage and
Current

INWWWW _________________________________________________________ a. 60 VocInput, 18 V = Max. 9 V = Max. Output.

b. 800 VocInput, 18 V = Max. 9 V = Max. Output.
c. 1000 VocInput, 18 V = Max. 9 V = Max. Output.

200us/div!
" 1 v 1 i} T s

AR L] | A LERERELELL ] Ll
443814 adaadynayidns AL B AN IR IR IR IN AR A RARRRARRR R

e et

Ds,\HUL“ | ! 8| ;

Max Min Mear K Count
v Max(C1) 1739 V 1404 v 1. 5|792|(V 156.183 v 3
E V2 63.80 V Mean(C2) 274.454mA 20 . 702mA 260.243mA 13.7171mA 3
4 -63.40 ¥ Max(C3) 63.50 ¥ 55.50 ¥ 59.6333 V 32Ny 3

c. CH1: HV+, 500 V / div.
CH2: Ip, 5 A/ div.
CH3: Vka, 20 V / div.
Time: 200 ms / div. (200 ps / div. Zoom).
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11.1.2 - 40 °C Ambient Temperature

The following measurements were taken using a DC link voltage rise time of 500 ns (10% to
90% of HV+ within 500 ns).

11.1.2.1 Primary Drain Voltage and Current

/
| | | |
g A AR A
o L Ll ‘
INRTIERNRLIERIEIGRIRIR R NIRIATY NS & L
:‘:ﬁme j‘ma;lﬂn/ii\’ Fera)f;‘]EE‘/ le‘ﬂz/z;\’ FAra)"é‘i[Eu‘j/‘ Ff:\iéﬂg(’;l 13 1 [ Py-.. Bl A Fio :iz;:um P"naﬂ/ﬂﬁ)(‘/ FZma)f;‘EDE‘/ MW&;M‘PLWWHE%(JPE;%& Pé-- - Pé Pg-- PiC-- P P2--
salls ¥ v ¥ '3 ' e ([ ¢ [ ¥ ' ¢
CH2: Ip, 1 A/ div. CH2: Ip, 1 A/ div.
CH3: Vbs, 100 V / div. CH3: Vbs, 200 V / div. _
Time: 100 ms / div. (200 ps / div. Zoom). Time: 100 ms / div. (200 ps / div. Zoom).

Figure 47 — Primary Drain Voltage and Current.

Ik

|
/ﬂﬂﬂﬁﬂiﬁmﬂﬂmﬂﬂu 60 VocInput, 18 V = Max. 9 V = Max. Output.
mwwuﬁ L w b. 800 VocInput, 18 V = Max. 9 V = Max. Output.

C. 1000 VocInput, 18 V = Max. 9 V = Max. Output.

o

\ | L . - .
H T T {
| NERRRRNER L] \
| |
I L i |
T T T i
Messure 2tmaV 0. P2may D... Pmex(V K. PLma(y DC) 25lewy CC) Ps--- P F8- P Pl Pit-- Fi2

ialie iR msv B6V TRV 4158152 kVIs
s v / ¢ v /

CH2: Ip, 1 A/ div.
CH3: Vbs, 500 V / div.
Time: 100 ms / div. (200 ps / div. Zoom).
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11.1.2.2 SR FET Drain Voltage and Current

TN TELEDYNE E:R0)

e

v \ [N i 1 1 1
LA i ,
muL-JdnTnu” bt i J’ ot olelw MK \\\k\k‘M\L\\H\H\\LL\‘AL\A‘H\
it S U
\\"\\ \\ \ \ \ \ \ \\ x \A \ \ (\ ’ '\ \ \\ \ ~| \ H\ (\ \\ \ ‘\ \ x \ ‘t ‘\ \h 4 \ \\ \ '\ ‘A
R SRR ERAER AR REEER Measre  PimadVD PinaiC. %Smadi K. mzoy OC Pisey DU FE i P | Fi2
h vile 110k %ay #xV BBV L1800k
Measre  Plmaif D PDmaelVD.. Fdmal . 2fmod OC FEskuy 00 %o 2T %o Moo . P s ¢ 1 v v v
va.e 32V (11 23V B8V LU
staus Vv [ [ v v
CH2: Ip, 5 A/ div.
CH2: Ip, 1 A/ div. CH3: Vbs, 50 V / div.
CH3: Vbs, 10 V / div. Time: 100 ms / div. (200 ps / div. Zoom).
Time: 100 ms / div. (200 us / div. Zoom).
g R _JC "  Figure 48 — SR FET Drain Voltage and Current.
A A A
Sk a. 60 VocInput, 18 V = Max. 9 V = Max. Output.
0
R AL b. 800 VocInput, 18 V = Max. 9 V = Max. Output.
c. 1000 VocInput, 18 V = Max. 9 V = Max. Output.
H -
N T O W W O W O L N A
AR LR RS \
v;;asmz Plmari¢ D.. F2mas . P3maV K . Permaxty DC Fisleufy DC) Fb-- [ Ph--- e FWDeee Pl
vl 13T v BV UMY 4SRN
s I ¢ ¢ v v

CH2: Ip, 5 A/ div.
CH3: Vbs, 50 V / div.
Time: 100 ms / div. (200 ps / div. Zoom).

Page 69 of 97
Fax: +1 408 414 9201
WWW.power.com

. Power Integrations, Inc.
—i ) Tel: +1 408 414 9200



[]
/ : \ DER-956Q 13 W Dual Output Automotive Power Supply 09-May-22

11.1.2.3 9 V Output Diode Voltage and Current

1
4 I
Il
. I
I
‘ | ) | i ‘ L Ll
il i L Nl o A
I Y- ‘\-‘.\' i J..\-‘. W \.‘.\.\. \‘-\. \“.\». m\h\h LoR R IR AR h\-. m\u- n\u W w\‘u} M
Measue  maxV D.. PmaVC. Pimaxiv K. FémawiV DC| P5sewy OC) P PP % Pg-- Fl0-- PA
¢ il Al %V fv BBV 4020
Measure mexi .. PmarlV D... PhmaV .. Pmax(V CCl Paseny 021 %--- Pr-- - Pg-- Pp--- - PR atus ¢ ¢ ¢ v v
vau A BV 445y 603V 11897 Kils
stafls ¢ v ¢ v ¢
CH2: Ip, 5 A/ div.
CH2: Ip, 5 A/ div. CH3: Vka, 10 V / div.
CH3: Vka, 5V / div. Time: 100 ms / div. (200 us / div. Zoom).
Time: 100 ms / div. (200 us / div. Zoom).
KRB Figure 49 — 9 V Freewheeling Diode Voltage and
e Current.
_ a. 60 VocInput, 18 V = Max. 9 V = Max. Output.
b. 800 VocInput, 18 V = Max. 9 V = Max. Output.
|
I . C. 1000 VpcInput, 18 V = Max. 9 V = Max. Output.
AR RN | |
o | \
{ [[NRN
T [T |
PRI ¥l ol o SRR \
Measure Prmm 0. P2max .. PImalV K. PomaV OO) Fislaul! DC) Fb--- FT-- PB-- Py - IR M-
VAl 1:05):‘; ﬂJIy 5543 WJ‘NI/ 401 k\’;’ls

CH2: Ip, 5 A/ div.
CH3: Vka, 20 V / div.
Time: 100 ms / div. (200 us / div. Zoom).
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11.2
11.2.1

Switching Waveforms at 105 °C Ambient Temperature

11.2.1.1 Normal Condition

Steady-State Stress Waveforms

Steady-State Switching Waveforms 105 °C Ambient Temperature

Input Otgp\lllt o:’t:)’ut INN3949CQ 18 V SR FET e F’eD?;‘c’l';ee"“g
Vin Iout Iout IC1 Vbs VsTRESS Q1 Vbs VsTRESS D5 VsTRESS
) (mA) (mA) ) (%) ) (%) (Vka) (%)

222 22 323 19.00 23.15 15.00 12.4 12.00

30 166 333 318 19.00 23.2 15.00 11.1 11.00
222 333 320 19.00 23.5 16.00 11.55 12.00

555 22 391 23.00 27.3 18.00 16.05 16.00

60 166 333 350.5 21.00 27.2 18.00 13.25 13.00
555 333 382 22.00 27.75 19.00 14 14.00

555 22 1090 64.00 111.5 74.00 59.5 60.00

800 166 333 1080 64.00 111.8 75.00 57 57.00
555 333 1140 67.00 112.1 75.00 57.5 58.00

555 22 1301 77.00 120.5 80.00 69.5 70.00

1000 166 333 1270 75.00 122.6 82.00 66.4 66.00
555 333 1299 76.00 120 80.00 68.5 69.00

Table 10 — Summary of Voltage Stress Analysis at 105 °C Ambient Temperature.
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e [En 2 | KN |51 (60 [(7] [[8]
5.00 V200 v 20,0 v|20.0 v 500 v 5ooun 5.00 v |5.00 v
MENU | 2 = = =

e 1 n |5] 6 7
5.00 v|200 v |20.0 v|20.0 v |50.0 v | 500mA |5.00 v
meny | |E | g )z |Tn |F z

(81

5.

ol Ul

oae] 2
[state] Q@ |orma
o

m i MMM_M

T

e [4] 61 7] (8]
soov suov soov saov soov 500A soov 5oov

Y ) 1 7Y 'y 1YY n
e e e e
Max Min E ount
Max(C2) 320.0 ¥ 325 Y 3|7 2% ¥ 1.78478 ¥ 40
Max(C3) 23.50 V 22.40 ¥ 23.0125 v 286.262mY
Max(C4) 11.55 v 10.80 V 11.0341 v 197.649mY 4l

30 VocInput, 18 V = Max. 9 V = Max. Output.
CH2: INN3949CQ Vbs, 200 V / div.

CH4: 9 V Freewheeling Diode Vka, 20 V / div.
Time: 20 ps / div.

2022/03/24 13:34:12 173
Fistory|

o} [Edge
Q" [Normal 111.0 v

[Logic|
[state]
e

b WV

nﬁw ; “%-W" 1Jv s

Count
Max(C2; 382 0 V 369 0 V 2 26664 Y 129
Max(C3) 27.75 26.50 21.1016 V 206.196mY 129
x(C4) 14.00 V 13.10 V 13.6310 v 204.617mV 129

60 VocInput, 18 V = Max. 9 V = Max. Output.
CH2: INN3949CQ Vbs, 200 V / div.

Mean
314.702 V

CH4: 9 V Freewheeling Diode Vka, 20 V / div.
Time: 20 ps / div.

‘ - e [7. 8 Logic 2022/03/24 13:41:39 209 Running
5ouv mv 50.0v wav 5unv o | 5,00 v| 500 v 571 [Edge CH3 it aHi-l
MENII £ State Q rmal
KR
e "
i i
c1 bos
J
| | i ‘ |
| | 1 1
Han It m fi

o5 JRE (i _)\Jn‘ | J{-‘" ‘—N""“

Min Mean Count
1101 v 1.12226kY 8 73642 V 13

Max(C3) 112.1 ¥ 110.5 ¥ 111,321 v 333.36¢ 113

Max(C4) 57.5V 56.0 V 56.1613 V 204. 420mV 113

800 VocInput, 18 V = Max. 9 V = Max. Output.
CH2: INN3949CQ Vbs, 500 V / div.

Max
Max(C2) 1140 V.

CH4: 9 V Freewheeling Diode Vka, 50 V / div.
Time: 20 ps / div.

Max Min Mean E) Count
Max(C2) 1299 V. 1276 ¥ 1.28635kV 3.68628 V. 209
Max(C3) 120.0 ¥ 119.6 ¥ 119.952 ¥ 13.0498mV 209
Max(C4) 68.5 V 66.6 V 671411 V 306.858mY 209

1000 VpcInput, 18 V = Max. 9 V = Max. Output.
CH2: INN3949CQ Vbs, 500 V / div.

CH4: 9 V Freewheeling Diode Vka, 50 V / div.
Time: 20 ps / div.

Figure 50 — Switching Waveforms During Normal Condition at 105 °C Ambient Temperature.
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11.2.1.2 Short-Circuit Response

& ]| 2022/03/24 15:13:38
5,00 v

Fault recovery

Short circuit fault

Min Mean
1160 V. 1.16000kY

Count Max
1 1160 V.

= BE AR Adb gy = wE e Wy i
60 Voc Input, 800 Voc Input,
18 V = Max.-Short-Max. 9 V = Max. Output. 18 V = Max.-Short-Max. 9 V = Max. Output.
CH2: INN3949CQ Vbs, 200 V / div. CH2: INN3949CQ Vbs, 500 V / div.
CH4: 9 V Freewheeling Diode Vka, 20 V / div. CH4: 9 V Freewheeling Diode Vka, 50 V / div.
Time: 2 s/ div. Time: 2 s/ div.

2022/03/24 15:20:30

Mae Min Mean El
L‘Z} 319V 1319 ¥ 1.31815kY 0.
0

E 03) 1226 Y 122 6 ¥ 122 625 ¥ %8% 3 1
C4) 69.1V 69.1 ¥ 69.1250 v 00000 ¥ 1
1000 Voc Input,

18 V = Max.-Short-Max. 9 V = Max. Output.
CH2: INN3949CQ Vbs, 500 V / div.

CH4: 9 V Freewheeling Diode Vka, 50 V / div.
Time: 2 s/ div.

Figure 51 — Switching Waveforms During Short-Circuit Condition at 105 °C Ambient Temperature.

Power Integrations, Inc.

<L) Tel: +1408 414 9200 Page 73 of 97
Fax: +1 408 414 9201

WWWw.power.com



]
/ : \ DER-956Q 13 W Dual Output Automotive Power Supply

09-May-22

11.2.2  Switching Waveforms at 25 °C Ambient Temperature

11.2.2.1 Primary Drain Voltage and Current

omn 3 @ |5 6] |7 |8 |eas 2022/03/24 21:16:37 73 Ruming

200v [1.004|20.0 v |20.0 v |20.0 v|20.0 v 2000 v |20:0 v 57 [Edge CHT Fistory [NormHi-Res
wew | | |w | | | |E|E|see 1 Q" |Normal 450 v .

| 20us/div!

250kt

.

Max Min Mean o Count
] MaxECI; 456.5 Y “rsy 452.858 V 1.59167 v 173
I Max(C2) 1.525 A 1.478 A 1.50163 A 7.89012mA 13

60 VocInput, 18 V = Max. 9 V = Max. Output.
CH1: Vbs, 200 V / div.

CH2: Ip, 1 A/ div.

Time: 20 ps / div.

) AR AR (I~ AR R T3] 202203725 10851 25 Rumi
1.00 A [20.0mv [ 50.0 v [50.0 v | 500mA |5.00 v |5.00 v i [Edge CHT Hist weHi-Res
ENU E AN |E |EO|EN |E % |sww Q" |Normal 1395 v 1.256:
20us/div
250kPt:
1
| 4 g
{ i I I
crbes
o
&3 r
Max Min Mean 3 Count
) Haxien i v 1393 v 139148y 1,692V 205
Max(C2) 1.198 A 1128 A 17629 A 13.4230mA 205

1000 VpcInput, 18 V = Max. 9 V = Max. Output.
CH1: Vbs, 500 V / div.

CH2: Ip, 1 A/ div.

Time: 20 ps / div.

e 31 (4] |51 6] |7 |8 |oge 2022/03/25 00:54:07 285 Running
@ 1.00 A‘Zﬂ.ﬂmv 50.0 V| 50.0 V | 500mA |5.00 V [5.00 v‘ ;- [Edge CHI History|NormeHi-Res
MENy E SN ¥ ¥ |mN |F |F  |swe Q" |Normal 1150 v 2565/s!
T
I
M i)
u' v‘ ; | |
|
f
|
|
|
IC1_VOS |
i
I i
I\ I
|
} &
Max Min Mean E Count
E MBXEC1} 1160 v 14y 1.15532ky 2.737140 V 285
Max(C2) 1.770 A 1.693 A 1.72211 A 12.0761mA 285

800 VpcInput, 18 V = Max. 9 V = Max. Output.
CH1: Vbs, 500 V / div.

CH2: Ip, 1 A/ div.

Time: 20 ps / div.

(=) T80 4] 2500 500 v | 0 v | so0mn |5100 v [0 v | 2 o [ itory arme o

OB e [Foole [l B[] & %
* |

L: Short circuit fault [ | AR | AR || AR [
& frd-b b

N AT e

EEEEEE
.

Max Min Mean o Count
MaxECI 1400 v 1400 v 1.40000kY 0.00000 ¥ 1
Max(C2) 1.918 A 1.918 A 1.91750 A 0.00000 A 1

1000 Vocinput, 18 V = Max.-Short 9 V = Max. Output.
CH1: Vbs, 500 V / div.

CH2: Ip, 1 A/ div.

Time: 1 s/ div. (200 ps / div. Zoom).

Figure 52 — Primary Drain Voltage and Current at 25 °C Ambient Temperature.

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

Fax: +1 408 414 9201
Www.power.com

Page 74 of 97



]
/ : \ DER-956Q 13 W Dual Output Automotive Power Supply

09-May-22

11.2.2.2 SR FET Drain Voltage and Current

e (2 [FU X SR T (X T N A [F S e 2022103724 20:0%:02 197 Running
fgov|oafmovizov mov|do|aov|zoy i [Fdgo A1 Vistory Noroci-Res
FOUEEEY e Q" |Normal 27 5| 12568/
1
M | f

Max Min Mean EY Count
A MaxECq 27.60 ¥ 26.80 ¥ 201731 Y 119.920my 196
WY Max(C2) 12.70 A 12.18 A 12.5181 A 90.4411mA 196

60 VocInput, 18 V = Max. 9 V = Max. Output.
CH1: Vbs, 10 V / div.

CH2: Ip, 10 A / div.

Time: 20 us / div.

e @ ‘ " ‘ l l l ‘ -
10.0 A (20.0m¥ |50.0 ¥ |50.0 ¥ |500mA |5.00 ¥ |5.00 v
-4 T NN |E |E |Ed |E|E
o

5 [Edge CHI
[state) Q" [Normal 1315 v

Max Min Mean E) Count
m Max%mg 133.0V 132.0v 132.212 v 214.55TmY 185
Max(C2) 14.90 A 14.30 A 14.6155 A 107.576mA 185

1000 VbcInput, 18 V = Max. 9 V = Max. Output.

CH1: Vbs, 50 V / div.
CH2: Ip, 10 A/ div.
Time: 20 ps / div.

e @ ‘ i ‘ l l IT
10.0 A [20.0m¥ |50.0 ¥ |50.0 V| 500mA |5.00 ¥ 5.00 v
-4 T o |E |E |Ed | |E

e 3 [z 9] 7{ 71 E [Togie]
Tt 28 onw 56 [ 8.0 v [SB0ms [5ho0 u [P0 v

MENU = wmO | Ey mu State|

1|

2 ot R D SR ) SR RT3 S 2V S
800 VpcInput, 18 V = Max. 9 V = Max. Output.
CH1: Vbs, 50 V / div.
CH2: Ip, 10 A/ div.
Time: 20 us / div.

Tose]
[state]
o

c:i:!

12.5MPts!

HLUMLUMMUJMM
IS T
[ ey sy ey Wy hemy T

1000 Voc Input, 18 V = Max.-Short 9 V = Max. Output.
CH1: Vos, 50 V / div.

CH2: Ip, 10 A/ div.

Time: 1 s/ div. (200 ps / div. Zoom).

Figure 53 — SR FET Drain Voltage and Current at 25 °C Ambient Temperature.
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11.2.2.3 9V Freewheeling Diode Voltage and Current

5] 6] |0 &l [ese 2022103724 20:30:33 249 Ruming
oy |zov 2oy oy i [Edee Ot istory [NormiHi-
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T 20us/div!
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20.0 v [5.00 A [ 20.0nv | 50.0 v | 50.0 v | 500mA |5.00 v |5.00 ¥
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e e T Wer hwe F
60 VocInput, 18 V = Max. 9 V = Max. Output.
CH1: Vka, 5V / div.
CH2: Ip, 5 A/ div.

Time: 20 ps / div.

=)

2022/03/25 00:08:08 202 Rumning
5 [Fdgo Gl Fistory [NormeHi-
Q" |Normal 5.0 v

B WolR T TR Tk ddRm W
800 VbocInput, 18 V = Max. 9 V = Max. Output.
CH1: Vka, 20V / div.
CH2: Ip, 5 A/ div.
T|me 20 ps / div.

81 [Tl [8]
iy 5,00 v|5.00 v

=)

Q@ aute

[st3te)
o

[stte]
u

200us/ d v

=l

H......__._._

RRRLESTY NN \JIM‘»JJJ L

W

Max 01; 64 80 V 64 15 V 64 4809 v 139 965mY 166
7.60735 A 47.6729mA 165

1000 VDC Input 18 V = Max. 9 V = Max. Output.
CH1: Vka, 20 V / div.

CH2: Ip, 5 A/ div.

Time: 20 ps / div.

| L Jt

N O 1 I
1000 Voc Input, 18 V = Max.-Short 9 V = Max. Output.
CH1: Vka, 20V / div.
CH2: Ip, 5 A/ div.
Time: 1 s/ div. (200 ps / div. Zoom).

Figure 54 — 9 V Freewheeling Diode Voltage and Current at 25 °C Ambient Temperature.
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11.3

Load Transient Response

Load transient response describes the response characteristic of the unit under test to sudden
load changes. Output voltage waveforms on the unit were captured with switching load
transient from minimum to maximum and back to minimum. Duration for load state high is

100 ms and for low is 100 ms with a slew rate of 100 mA / ps.

11.3.1 Load Transient Response at 105 °C Ambient Temperature
Test Conditions
(01 8 Slew Rate, R e
200 ms Period, Min.-Typ.-Min.)
Input 18 V Output 9 V Output 18 V output 9 V Output

2’\‘,'; (f:l/’;) (f:l/j;) 18 Vmax | 18 Vmin | 9 Vmax | 9 Vmin

switching 22.00 18.02 17.96 8.62 8.24

30 switching 333.00 18.07 17.91 8.64 8.15

166.00 switching 18.04 17.94 9.00 7.52

222.00 switching 18.06 17.92 9.09 7.56

switching 22.00 18.07 17.82 9.33 8.11

60 switching 333.00 18.06 17.85 9.11 8.11

166.00 switching 18.00 17.93 9.32 7.79

555.00 switching 18.00 17.94 9.56 7.80

switching 22.00 18.14 17.91 9.01 8.01

800 switching 333.00 18.14 17.88 8.94 7.84

166.00 switching 18.10 17.97 9.19 7.47

555.00 switching 18.08 17.98 9.21 7.72

switching 22.00 18.19 17.90 8.90 8.05

1000 switching 22.00 18.17 17.87 8.92 7.82

166.00 switching 18.12 17.97 9.15 7.36

555.00 switching 18.11 17.95 9.13 7.75

Table 11 — Summary of Load Transient Response at 105 °C Ambient.
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iy

Max Min Mean o Count
Max(C1) 159.5my 141.5my 151.420my 4.86761mV 2
E Min(C1) -115.0mY -125.5m¥ -118.660mY 2.52476mY 2
P-P(C1) 280.5mV 258.0mY 210.080my 5.22815my

Load: 18 V = Switching 9 V = Min. Output.
CH1: 18V, 200 mV / div.
CH2: 18 V Iour, 1 A/ div.

Time: 50 ms / div.
8 B BB [fo 3 [ [i o B0

Loge: 20220414 212117 2 Runni
ii [Edpe CHI F Fistory For i Res
State Q° Hormal i 5 TiMS/s

i - P
Max Min Mean i
Ma‘xgmi 91.0my 86.0mY 48 .6800mY 1.22376mY i)
Min(C1) 52 0mV 59 mY 55 _0000mY 2 00000 %
! P-P(C1) 149.5m¥ 139.0my 143.680mY 2.595659mV il

Load: 18 V = Min. 9 V = Switching Output.
CH1: 18V, 200 mV / div.
CH2: 18 V Iout, 1 A/ div.

Time: 50 ms / div.

Max Min Mean 0
Max(C1) 141.5mV 130.0mY 136.040mYy 2.
Min(C1) -142.5mY -155.5m¥ -148.240my 3
P-P(C1) 292.0mV 213.0my 2

82461my
.39152my 25

84.280mY 4.42511mY 25

Load: 18 V = Switching 9 V = Max. Output.

CH1: 18V, 200 mV / div.
CH2: 18 V Iour, 1 A/ div.

Time: 50 ms / div.

20727038 PN
[Filge CH3

LT

i

nt

Max M Mean £ Lou
Max(G1) 82V 16 .5my 19.8000my -BHOEImY o}
Min(C1) -67_5mb —82 Om¥ =75 4200mY - 81492mY %
P-P(C1) 163 .5mY 146.5mV 156.. 220mV A.91344my %

Load: 18 V = Max. 9 V = Switching Output.

CH1: 18 V, 200 mV / div.
CH2: 18 V Iour, 1 A/ div.

Time: 50 ms / div.

Figure 55 — 1000 Vboc Input Load Transient Response at 105 °C Ambient Temperature.
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11.3.2 Load Transient Response 25 °C Ambient Temperature
Test Conditions
(0.1 s Slow Rate, T
200 ms Period, Min.-Typ.-Min.)
Input 18 V Output Input 18 V Output Input
Vin Iout Vin Iout Vin Iout Vin
()] (mA) ) mAd) | (V) (mA) ()]
switching 22.00 18.06 | 18.00 8.39 8.04
30 switching 333.00 18.10 | 17.96 8.42 7.96
166.00 switching 18.07 | 17.97 8.78 7.34
222.00 switching 18.10 17.93 8.82 7.41
switching 22.00 18.11 | 17.89 9.23 7.99
60 switching 333.00 18.10 17.92 8.99 8.03
166.00 switching 18.04 | 17.98 9.20 7.71
555.00 switching 18.05 | 17.99 9.47 7.71
switching 22.00 18.18 | 18.00 8.93 7.85
800 switching 333.00 18.17 17.97 8.81 7.74
166.00 switching 18.14 | 18.06 9.05 7.52
555.00 switching 18.12 | 18.06 9.16 7.56
switching 22.00 18.19 | 17.98 8.89 7.86
1000 switching 22.00 18.17 | 17.96 8.80 7.75
166.00 switching 18.13 18.04 9.03 7.31
555.00 switching 18.12 | 18.03 9.13 7.56

Table 12 — Summary of Load Transient Response at 25 °C Ambient.
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unt

Min E'd ot
97.0mY 3.57219my 26

Max
bhxgmi 116.0mYy 107 654mV

Min(C1) -78.5mV -87.5mV -83.6154mV 2.34231mV 26
P-P(C1) 197.5mY 182.5mY 191.269mv 3.2291mv 26

Load: 18 V = Switching 9 V = Min. Output.
CH1: 18V, 200 mV / div.
CH2: 18 V Iour, 1 A/ div.

Time: 50 ms / div.

2 [EXINN (- 6 I (AR ¥ 2] Loge zozmans 1:37:45 2%
00uv |1.00 A |500mv (500 v |50.0 v | 500mA |5.00 v |5.00 v ] st
menu |G [ JS | £ 2N | H i) State
e s e S50 Strmmmnora)
e ———— sttt ——

MENu | Y |

Min Count
Max(C1 99 SmY 90.5m¥ 94 l400mV Z 35508mV 2
Min(C1) -102 .5mV -112.0mV )7.600m! 25
P-P(C1) 210.5mY 194.0mY 202 040mV 3 84687mV

Load: 18 V = Switching 9V = Max Output.
CH1: 18V, 200 mV / div.
CH2: 18 V Iout, 1 A/ div.

Time: 50 ms / div.

4] (el fEE (7] (8]
500 v |50.0 V| 500mA |5.00 V 5 00 v
£ £ SN |

[ 1] Logic
200mv |1.00 A | 5000V
00

state.
e

2022/03/15 11:3821 %
i History|

Max Min Mean o Count
Max(C1) 56.0mV 50.0mY 53.4600mY 1.22409mY 2
Min(C1) -28.0mY -34.0mY -30.8600mY 1.26902mY 2
P-P(C1) 87.5mV 81.0mv 84.3200mV 1.67857mV 2

Load: 18 V = Min. 9 V = Switching Output.
CH1: 18V, 200 mV / div.
CH2: 18 V Iout, 1 A/ div.

Time: 50 ms / div.

Max Min nt
Max(C1) 48.5mV 45.0mY 46.8200m! 10.925u! 2!
Min(C1) -33.0mY -43.5my -36.3200mY 2.50551my 25
P-P(C1) 91.5mV 79.5my 83.1400mV 2.74780mV 25

Load: 18 V = Max. 9 V = Switching Output.
CH1: 18V, 200 mV / div.
CH2: 18 V Iout, 1 A/ div.

Time: 50 ms / div.

Figure 56 — 1000 Voc Input Load Transient Response at 25 °C Ambient Temperature.
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11.4  Output Voltage Ripple Measurements

11.4.1 Output Voltage Ripple Measurement Technique

For output ripple measurements, a modified oscilloscope test probe must be utilized to reduce
spurious signals due to pick-up. Details of the probe modification are provided in Figure 57
and Figure 58 below.

A CT2708 probe adapter is affixed with a 1 uF, 50 V ceramic type capacitor placed in parallel
across the probe tip. A twisted pair of wires kept as short as possible is soldered directly to
the probe and the output terminals.

Probe Ground

Probe Tip

Figure 57 — Oscilloscope Probe Prepared for Ripple Measurement. (End Cap and Ground Lead Removed.)

Figure 58 — Oscilloscope Probe with Cal Test CT2708 BNC Adapter. (Modified with wires for ripple
measurement, and a parallel decoupling capacitor added.)

Power Integrations, Inc.
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11.4.2 Output Voltage Ripple Waveforms

Output voltage ripple waveform at full load was captured at the output terminals using the
ripple measurement probe with decoupling capacitor. Unit under test was soaked at full load
condition for at least 5 minutes for every change in the input voltage during the start of each
test sequence. Also, for every loading condition, unit under test was soaked for at least 20

seconds before measurements were taken.

11.4.2.1 Output Voltage Ripple at 105 °C Ambient Temperature

(5]

[ A 7 Toge 2022/03/24 20:53:07 24 Running
(=] a00mv 500 v [ joomv {500V 500 v : [Edge CHI istory [NormaHi-Res

‘520 o |5l v ‘%8%0 v & [Eds
i | 5. :
EN | Q" [Normal 0.0mv

2022/03/24 21:09:49

ETNEY 718 [oae! . 25 Ruming
50.0 v |50.0 v | 500mA |5.00 ¥ |5.00 V i ‘dee CH1 & ‘Pﬁslnvy‘Nwm:H’rRes
F O|E |En | |® state] Q" [Normal 0.0mv 5 25MS/s

W Zoomi
20us/div
HPts

VP N R A e A e P P A

® roke he T Gew ¥
30 VocInput, 18 V = Max. 9 V = Max. Output.
CH1: 18V, 50 mV / div.

Time: 20 ms / div. (20 ps / div. Zoom).

6 7] 8] esc] 2022/03/24 21:34:18 %
500mA (5.00 V |5.00 v 5 istory|
i = Stat

[E3)
50.0 v

[E:3)
5.0 v

[ 1]
50.0mV
=0

2
500 | 200m¥
. =0

e [1] 7 EINE) 6] 7 8] |[togsic 2022/03/24 23:04:14 2 Running.
100y [560 v | 200mv [50-0 v 580 v [S00mA | 500 v |5.00 v o i tory [Normeii-|
winvo |20 |E RN |w|F O |EN |E | E |(sew Q" |Nornal

20ms/div.
SMPts!

T

Zooml
20us/div.
BkPts

S

o V'W\/\J’VWVW\,T‘NMM e N ,J\/W,f\f\)\«.

Max. Min Mean EJ Count
P’PECI; 13.0mv 68.9mV 11.0050mY 1.06799mV 25
= P-P(C3) 332.3my 313.0mv 322.930mY 4.64732my 25

60 VpcInput, 18 V = Max. 9 V = Max. Output.
CH1: 18V, 50 mV / div.

Time: 20 ms / div. (us / div. Zoom).

L A e S

L Zoom1
20us/div:
BkPts

Max Min Mean £ Count
E P*PECI% 116.5my 110.8my 112.995my 1.30694my 2%
P-P(C3) 367.5mV 347 .5my 357.120mV 5.12695mV 2%

800 Vpc Input, 18 V = Max. 9 V = Max. Output.
CH1: 18 V, 50 mV / div.

Time: 20 ms / div. (20 us / div. Zoom).

Max Min Mean E) Count
P-P(C1) 125.5mY 116.5mY 119.010my 2.03930my 24
P-P(C3) 371.0mV 359.5mV. 365.229mV. 3.369%3mV 2

1000 VpcInput, 18 V = Max. 9 V = Max. Output.
CH1: 18V, 100 mV / div.

Time: 20 ms / div. (20 ps / div. Zoom).

Figure 59 — Output Voltage Ripple at 105 °C Ambient Temperature.
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11.4.2.2 Output Voltage Ripple at 25 °C Ambient Temperature

[E3)

5.00 v [5.00 v

© oy

100 4
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Joomv
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Max Min Mean E') Count Max Min Mean EY Cou
E P*PECI% 127.8my 115.0my 119.487my 2.78725mY a1 m P*PECI} 95. 1mV 81.5mv 90.4219my 1.75402my 24
P-P(C3) 300.8mV 277 .8mY 287.394mV 5.50525mV a7 P-P(C3) 317.3mY 303.8mY 308.521mV 3.51479mv k2

30 VocInput, 18 V = Max. 9 V = Max. Output. 60 VpcInput, 18 V = Max. 9 V = Max. Output.

CH1: 18 V, 50 mV / div. CH1: 18 V, 50 mV / div.

Time: 20 ms / div. (20 us / div. Zoom). Time: 20 ms / div. (20 us / div. Zoom).

[Cogie]
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i

. 2022/03/24 1054356

frtaed 1t 25 Running om
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B P*PEC|; 120 .3my 115.4my 117.609my 1.16554my 24 P-P(C1) 113.3mV 107.0mY 108.573my 1.56205my 2
P-P(C3) 361.0mV 342.0mY 349.417mV 4.66071mV 24 P-P(C3) 385.0mV 367.5mY 312.833mV 4.47369mY 24

800 VocInput, 18 V = Max. 9 V = Max. Output. 1000 VocInput, 18 V = Max. 9 V = Max. Output.

CH1: 18 V, 50 mV / div. CH1: 18 V, 100 mV / div.

Time: 20 ms / div. (20 ps / div. Zoom). Time: 20 ms / div. (20 ps / div. Zoom)
Figure 60 — Output Voltage Ripple at 25 °C Ambient Temperature.
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11.4.3 Output Voltage Ripple vs. Load
11.4.3.1 30 Vpc Input

600
500 mVpep Limit
500 +
=4=13 V Min. Load
==18 V 20% Load
400 - 18 V 40% Load
E =#=18 V 60% Load
- ==18 V 80% Load
=300 1 18 V Max. Load
a.
&
>
200 -
100 + /
WA Dl N
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

Total Pgy; (W)

Figure 61 — 18 V Output Voltage Ripple vs. Total Output Power at 30 Vbc Input and 105 °C Ambient
Temperature.
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900
800 mVpp Limit
800 =«
==18 \/ Min. Load
700 o ==18 YV 20% Load
18 V 40% Load
600 + =B=18 V 60% Load
~ =x=18 V 80% Load
2500 - 18 V Max. Load
LLl
g
>§400 .
_—
200 | W’ '
100 =
0 L] L] L] L] L] L] L]
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

Total Poyr (W)

Figure 62 — 9 V Output Voltage Ripple vs. Total Output Power at 30 Voc Input and 105 °C Ambient
Temperature.
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11.4.3.2 60 Voc Input

600

500 mVpp Limit
500 +

==18 V Min. Load
400 =#=18V 20% Load
18 V 40% Load

>
2 =#-18 V 60% Load
=300 ===18 V 80% Load
5 18 V Max. Load
b
200 -
100 -

3 5 7 9 11 13
Total Pgyr (W)

Figure 63 — 18 V Output Voltage Ripple vs. Total Output Power at 60 Voc Input and 105 °C Ambient
Temperature.
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900
800 mVpp Limit
800 +
=+=18 V Min. Load
700 s «ie=18 V 20% Load
18 V 40% Load
600 + -m=18 V 60% Load
~ «==18 V 80% Load
%500 " 18 V Max. Load
8
5400 -
>
300 1 / '\..—-)C:/‘X
200 4 \//
100 +«
0 L] L] L} L}
3 5 7 9 11 13

Total Poyr (W)

Figure 64 — 9 V Output Voltage Ripple vs. Total Output Power at 60 Voc Input and 105 °C Ambient
Temperature.
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11.4.3.3 800 Vpc Input

600
500 mVep Limit
500 o
=4=18 V Min. Load
400 =18V 20% Load
- 18 V 40% Load
; -=-18 V 60% Load
§300 l =18 V 80% Load
& 18 V Max. Load
o
>
200 -
;.\A—h\(
100 o=t P T—— .—.—.—M
0 L] L] L] L]
3 5 7 9 11 13
Total Pyt (W)

Figure 65 — 18 V Output Voltage Ripple vs. Total Output Power at 800 Vbc Input and 105 °C Ambient
Temperature.
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900
800 mVpp Limit
800 =
=¢=18 V Min. Load
700 + wte=18 V 20% Load
18 V 40% Load
600 1 ~#=18 V 60% Load
~ =18 V 80% Load
2500 1 18 V Max. Load
8
5400 +
>
300 o
200 A
100 +
0 ¥ r r '
3 5 7 9 11 13

Total Poyr (W)

Figure 66 — 9 V Output Voltage Ripple vs. Total Output Power at 800 Voc Input and 105 °C Ambient
Temperature.
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11.4.3.4 1000 Vpc Input

600

500 =

400 +

W

o

o
11

VRIPPLE (18 V)

200

100 -

500 mVpp Limit

=+=18 V Min. Load
=18V 20% Load
18 V 40% Load
===18 V 60% Load
=18 V 80% Load
18 V Max. Load

Total Poyr (W)

11 13

Figure 67 — 18 V Output Voltage Ripple vs. Total Output Power at 1000 Vpc Input and 105 °C Ambient

Temperature.
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900
800 mVep Limit
800 =
=+=18 V Min. Load
700 s =18 V 20% Load
18 V 40% Load
600 1 -=-18 V 60% Load
S =18 V 80% Load
2500 1 18 V Max. Load
8
5400
g /
300 o
200 A
100 +
0 ¥ r r '
3 5 7 9 11 13

Total Poyr (W)

Figure 68 — 9 V Output Voltage Ripple vs. Total Output Power at 1000 Vboc Input and 105 °C Ambient
Temperature.
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12 Output Overload

12.1 18 V Output Overload Capability

The unit under test was placed inside a thermally controlled High Voltage (HV) box. The
chamber was pre-heated to desired ambient temperature for at least 30 minutes before
turning on the unit under test. The unit was soaked for at least 20 minutes for every change
in the input voltage during the start of each test sequence. Also, for every loading condition,
unit under test was soaked for at least 60 seconds before the voltage and current
measurements on the 18 V output were taken.

12.1.1 30 Vpc Input
20

18

16

14

—
N

Vout (18v)
=
0] o

Nominal lout

4
=p=Ta = 25 °C
2 ==Tg = 85 °C
=@=Ta = 105 °C
0 L] L] L] L] L] L]
0 50 100 150 200 250 300 350 400

Lout (18 v, mA)

Figure 69 — 18 V Output Overload Curve at 30 Vboc Input.
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12.1.2 60 Vpc Input
20

18 &

16

14

[y
N

VOUT (18V)
[y
o

(o]

Nominal lour

6
4

ae=Tg = 25 °C
2 =#=Ta = 85 °C H

=B=Ta = 105 °C

0 100 200 300 400 500 600 700

IOUT (18 V, mA)

Figure 70 — 18 V Output Overload Curve at 60 Voc Input.
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12.1.3 800 Vpc Input
20

18

16

14

[y
N

Vout (18 v)
[a—y
o

(00]
INomirLI lout

4
=t=Ta = 25°C
2 ==Ta = 85°C
=m=Ta = 105°C
0 '
0 100 200 300 400 500 600 700

Iout (18 v, ma)

Figure 71 — 18 V Output Overload Curve at 800 Vbc Input.
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12.1.4 1000 Vpc Input
20

18

16

14

[y
N

Vout (18 v)
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: 3
€
]

6 z

4
=t=Ty = 25 °C

2 ==Ta = 85 °C |
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0 ’

0 100 200 300 400 500 600 700

Iout (18 v, ma)

Figure 72 — 18 V Output Overload Curve at 1000 Voc Input.
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