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and transformer documentation. Performance data and typical operation characteristics
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1 Introduction

This document is an engineering report describing a single output Flyback converter
employing the DPA426R - an integrated IC comprising a high voltage MOSFET and a
fully featured PWM controller. The input voltage range is 36 to 72VDC providing a
regulated +12V at 5A.

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

2 Power Supply Specification

Description Symbol | Min Typ Max | Units Comment
Input
Voltage Vin 36 48 72 Vbe
No-load Input Power (60Vpc) 1 W
Output
Output Voltage 1 Vout1 12.1 | 12.75 | 134 V +5%
Output Ripple Voltage 1 VRIPPLEL 50 mV 20 MHz Bandwidth
Output Current 1 lout1 5 A
Total Output Power
Continuous Output Power Pout 60 W
Peak Output Power Pout pEAK 75 W
Efficiency n 82 % Measured at Max. Pour, 25 °C
Ambient Temperature Tams 0 40 °c Free convection, Sea level

Table 1 — Power Supply Specification

Power Integrations, Inc.

Tel: +1 408 414 9660 Fax: +1 408 414 9760
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4 Circuit Description

4.1 Primary Side Circuit

Figure 1 shows a single-ended Flyback converter using the DPA426R. The circuit is
designed for 36 V to 72 V input range and provides a single +12V @ 5A output. C1 and
L1 provide input filtering. C2 and C3 bypass the DC rail. The DC rail is applied to the
primary winding of T1. The other side of the transformer primary is driven by the
integrated MOSFET in Ul. D4 and VR1 clamp the maximum voltage transients at the
Drain of Ul caused by energy stored in the leakage inductance of the transformer.

R1 is used to set the low line turn-on threshold to approximately 33 V, and also sets the
over-voltage shutdown level to approximately 88 V. C5 bypasses the U1 control pin, and
provides the peak current necessary for driving the DPA-Switch internal MOSFET. C6
has three functions. It provides the energy required by U1l during startup, sets the auto-
restart frequency during fault conditions, and also reduces the gain of Ul as a function of
frequency. R4 adds a zero to stabilize the power supply control loop. R2 and C4 are
snubber components that reduce high frequency oscillations on the Drain-source voltage
waveform.

4.2 Output Rectification

The output of T1 is rectified and filtered by D2 and C10-C18. An auxiliary Flyback winding
on T1 powers Ul during normal operation. This winding delivers energy during the off
time of Ul (e.g. the flyback period), with an output voltage proportional to the supply
output voltage. The turns-ratio of T1 sets the output voltage of the auxiliary winding to
approximately 12 V. D1 and C23 rectify and filter the auxiliary winding output.

4.3 Output Feedback

Zener Diode (D3) and the opto-coupler (U3) photo-diode voltage drop set the output
voltage. R12 and R7 bias the opto-coupler and zener diode. The opto-coupler output also
provides power to U1 during normal operating conditions.

Power Integrations, Inc.
Tel: +1 408 414 9660 Fax: +1 408 414 9760
www.powerint.com Page 6 of 23
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5 PCB Layout

J1-1

Ji-2

Figure 2 - Printed Circuit Layout.

Power Integrations, Inc.
Tel: +1 408 414 9660 Fax: +1 408 414 9760
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6 Bill Of Materials

Flyback Converter Bill Of Materials

Item Oty

Reference Description

Manufacturer

Part Number

1 3 C1-C3
2 1 C4

3 1 G5

4 1 Co6

5 1 C7

6 2 C8,C19
7 1 C9

8 1 Ci15

9 1 C23

10 5 C10-C14
11 4 C15-C18
12 1 D1

13 1 D2

14 1 D3

15 1 D4

16 1 L1

17 1 R1

18 1 R2

19 1 RS

20 1 RA4

21 2 R5,R6
22 1 RY

23 1 R12

24 1 Ri14

25 1 T1

26 1 Ul

27 1 U2

28 1 VRI1

1u0/100Vv/1812
180pF/200V
220n/0805
68u/10V
1n/1.5kVv/1808
1uF/0805
2.2nF/50V/1206
1u0 16V / 0805

4u7/20V

100u/16V Sanyo
47uF/16V TDK
BAV19WS Diodes, Inc.

SBG3045CT/D2PAK Diodes, Inc.
BZT52C11/SOD123 Diodes, Inc.
ES2D/SMB Diodes, Inc.
1uH /4A

619k 1% / 0805
68ohm/1/4W
12k/0603
1R0/0603
33R0/1206
1k/0805
150R/0805
10R/0603
Custom Flyback
Transformer
DPA426R
PC357N1T
SMCJ100A

Sharp
Diodes, Inc.

Table 2 - Flyback Converter Bill Of Materials

Power Integrations

16SA100M
C5750X5R1C476M

Power Integrations, Inc.
Tel: +1 408 414 9660 Fax: +1 408 414 9760
www.powerint.com
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7 Transformer Specification

° O 9.10
2 X 24 AWG WDG#3
() 5T
4X 27 AWG
-0 6,7

Figure 3 - Transformer Diagram.

7.1 Electrical Specifications

Electrical Strength 1 second, from Pins 1-4 to 1500 vDC
Pins 5-8
Creepage Between Pins 1-4 and Pins 5-8 N/A
Primary Inductance Pins 1,4, all other windings open, 21 pH,
measured at 400KHz, 400mVRMS +10 %
Resonant Frequency Pins 1,4, all other windings open 3.0 MHz
(Min.)
Primary Leakage Pins 1,4, with Pins 5-8 shorted, 1 uH (Max.)
Inductance measured at 400KHz, 400mVRMS

7.2 Materials

Item Description
[1] Core: EFD25-3F3 or equivalent
gap for A, of 84 nH/T?
[2] Bobbin: 10 pin surface mount
[3] Magnet Wire: #27 AWG Double Coated
[4] Magnet Wire: #34 AWG Double Coated
[5] Magnet Wire: #24 AWG Double Coated
[6] Tape, Polyester
[7] Varnish

Table 3 — Transformer BOM

Power Integrations, Inc.
Tel: +1 408 414 9660 Fax: +1 408 414 9760 Page 9 of 23
www.powerint.com
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7.3 Transformer Build Diagram

7.4 Transformer Construction

r—— @CO0000000.

=

v

M«— Secondary

5
1 F000000000), Ty

s — L @CCOCO0000

Figure 4— Transformer construction

Y% Primary

Start at Pin 4. Wind 8 bifiliar turns of item [5]. Finish on
Exit-finish lead at bobbin flange slot on primary side of
bobbin, leaving 1” lead length.

Basic Insulation

Use one layer of item [6] for basic insulation.

Bias Winding | Start at Pin 1. Wind 5 turns of item [4] Finish on Pin 5.
Basic Insulation | Use one layer of item [6] for basic insulation.
Secondary Start at Pins 9 and 10. Wind 5 quadrifiliar turns of item [3]
Winding Finish on Pins 6 and 7.
Basic Insulation | Use one layer of item [6] for basic insulation.
% Primary Start in bobbin flange slot on primary side of transformer
leave 1" lead length at start. Wind 8 bifiliar turns of item [5].
Finish on Pin 2.
Outer Wrap Wrap windings with 3 layers of tape [item [5].
Flying Lead Twist start of winding 4 together with finish of winding 2. Tin
Finish and trim to 1/8” length (FL1).

Final Assembly

Assemble and secure core halves. Varnish and impregnate
(item [7]).

Power Integrations, Inc.
Tel: +1 408 414 9660 Fax: +1 408 414 9760

www.powerint.com

March 30, 2004

Y% Primary

Y% Primary
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9

Performance Data

All measurements performed at room temperature.

9.1

Efficiency (%)

Efficiency

100.00%

90.00%

80.00%

70.00%

60.00%

50.00% -

40.00%

30.00%

20.00%

10.00% -

——Vin = 36VDC

—=—Vin = 48VDC

——\Vin = 60VDC

0.00% ‘ ‘ ‘
0.5 1 15 2

2.5

3 3.5

Output Current (ADC)

Figure 5 - Efficiency vs. Load Current, Room Temperature

4

4.5 5

Power Integrations, Inc.
Tel: +1 408 414 9660 Fax: +1 408 414 9760
Www.powerint.com
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9.2 Regulation
9.2.1 Load

15

14.5

14

13.5

?
|

f

e S o
— ]

—Vin = 36VDC

=

n

(6]
!

Output Voltage (VDC)
|_\
N
L 2

11.5 —=Vin = 48VDC

11 —Vin = 60VDC

1 0 T T T

0 0.5 1 15 2 2.5 3 3.5 4 4.5 5
Output Current (ADC)

Figure 6- Load Regulation, Room Temperature

Power Integrations, Inc.
Tel: +1 408 414 9660 Fax: +1 408 414 9760
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9.2.2 Line
15
14.5
14
~13.5
2
2 13 i
/ - W =
> R
C—‘E 12.5 - ’//z: :
g /
5 12
3 ——| LOAD=0A
O
——| LOAD = 4.5A
10.5
——1 LOAD =5A
10 | | } }
30 35 40 45 50 55 60 65

Input Voltage (VDC)

Figure 7 - Line Regulation, Room Temperature

Power Integrations, Inc.
Tel: +1 408 414 9660 Fax: +1 408 414 9760 Page 15 of 23
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10 Waveforms

10.1 Drain Voltage, Normal Operation

2002/10/10 0854:22 NORM:200MS /s 1us/div
Stopped ] (1us/div)
: : : CH1. ON
50V Adiv 10:1
DC o.ov
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10m¥ /div 11
; ; ; : ; ; : ; DC 0.0000v
......... SRR L L P L TL PR EREIRTIILN Pt T OFF
: : : : : : : : 2V fdiv 10:1
: : : : : : : : DG 0.00v
......... CHe: OFF
: : : : : : : : 10mY /Adiv 11
DC 0.0000V

Record Length

Kain: 2K

Zoom: 2K
Filter

Smoothing: ON

BW: 20MHz
Trigger

tode: AUTO

Type: EDGE

Source; CH1 £

CH1
CH1 V/DIV v/DI¥
VAR sV
Figure 8 - 60VDC No Load- VDS, 20V / div
2002710710 08:53:19 HNORM:Z00MS /5 us /div

Stopped ] (1usAdiv)
: : : CH1: ON
B0V Fdiv 10:1
DC 0.0v
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10mY /div 11
DC 0.0000v
CH3: OFF
2¥ /div o1
: : : : : : : : DC 0.00v
......... CH4: OFF
: : : : : : : : 10mY fdiv 11
DC 0.0000v

Record Length

Main: 2K

Zoom: 2K
Filter

Smoothing: ON

Bw: 20MHz
Trigger

Mode: AUTO

Type: EDGE

Source: CH1 &

CH1
W /DIV
50 v

CH1 V/DIV
YAR

Figure 9 — 60VDC | = 5A - VDS 20V / div

Power Integrations, Inc.
Tel: +1 408 414 9660 Fax: +1 408 414 9760
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2002 /10710 085503 NORM:Z00MS /s us fdiv
Stopped ] (1usAdiv)
: : : CHT: ON
50V /div 10:1
DC 0.0v
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10mY /div 11
: : : : : : : DC 0.0000V
......... DD o OFF
: : : : : : : : 2V fdiv 10:1
DC 0.00v
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Zoom: 2K
Filter
Smoothing: ON
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Figure 10 - 48vDC | = 2.5A - VDS, 50V / div
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10mY /div 11
DC 0.0000%
CH3: OFF
2V fdiv 10:1
DC 0.00v
CH4: OFF
10mY /div 11
DC 0.0000%
Record Length
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Zoom: 2K
Filter
Smoothing: ON
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Trigger
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Figure 11 - 36VDC | = 4A - VDS, 50V /div

Power Integrations, Inc.
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10.2 Output Voltage Start-up Profile

2002710710 09:05:44 MORMZMS /5 Bms fdiv

Stopped ] (5ms /div)

""""""" ",
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T P
Eq:m " CH2 CH3 CH4 EXT LINE

CH1. ON
BV fdiv o1
DC 0.00v

CHz: OFF
10mYy Sdiv 11
DC 0.0000v

CH3: OFF
2V fdiv 101
DC 0.00¥v

CH4: OFF
10mY div 11
DC 0.0000v

Record Length

Main: 100K
Zoom: 100K
Filter
Smoothing: ON
BW: 20MHz
Trigger
Mode:  SINGLE
Type: EDGE
Source: CH1 &
CH1
Level
5.4V

Figure 12 - Start-up Profile, Vin = 48V, No Load (5msec/div) & (5V/div)

2002 /10410 09006:32

NORM:ZMS /s 5Sms/div

Stopped

Ul

(5ms /div)

CH2

CH3

CH4 EXT LINE

CHT: ON
5V fdiv 10:1
DC 0.00¥

CHZ: OFF
10my 7 div 11
DC 0.0000v

CHZ: OFF
2y fdiv o1
DC 0.00¥

CH+ OFF
10my 7 div 11
DC 0.0000V

Record Length

Main: 100K
Zoon: 100K
Filter
Smoothing: OM
BW: 20MHz
Trigger
Mode: SINGLE
Type: EDGE
Source; CH1 £
CH1
Level
54V

Figure 13 - Start-up Profile, Vin = 48V, | = 4.5A (5msec/div) & (1V/div)
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10.3 Output Ripple Measurements

10.3.1 Ripple Measurement Technique

For DC output ripple measurements, a modified oscilloscope test probe must be utilized
in order to reduce spurious signals due to pickup. Details of the probe modification are
provided in Figure 14 and Figure 15.

The 5125BA probe adapter is affixed with two capacitors tied in parallel across the probe
tip. The capacitors include one (1) 0.1 uF/50 V ceramic type and one (1) 1.0 uF/50 V
aluminum electrolytic. The aluminum electrolytic type capacitor is polarized, so
proper polarity across DC outputs must be maintained (see below).

Probe Ground

Figure 15 - Oscilloscope Probe with Probe Master 5125BA BNC Adapter. (Modified with wires for probe
ground for ripple measurement, and two parallel decoupling capacitors added)
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10.3.2 Measurement Results

2002 /10/20 14:27:26 NORM:ZMS /s 5ms /div
Stopped {1 (5ms/sdiv)
: : : : : : : : CH1: OFF
s50my Fdiv 101
DC 5000V
.................................................................................................. CH: OFF
10mY /div 11
: : : : : : : : e 0.0000v
......... D e e ON
: : : : : : : : 100mY /div 100:1
DC 12.30%
3 CH4: OFF
10my fdiv 11
DC 0.0000V

Record Length

: : : : : : : : Main: 100K
......... L | Zoom: 100K
: : : : : : : : Filter
: : : : : : : : Smoothing: OM
S S S S F TS SO SR UUPUE SEPEUURTE SRR BwW: 20kMHz
: : : : : : : : Trigger
Mode: AUTO
.................................................................................................. Type: EDGE

Source: CH3 4

Figure 16 - Vin = 36VDC, | =4A (5 ms, 50 mV / div)

2002710720 14:29:46 NORM:ZMS /s bms /div
Stopped 4 (5ms div)
: : : : : : : : CH1: OFF
50mV /div 1021
DC 5.000v
.................................................................................................. cHo: OFF
10mY /div 11
: ; : ; ; ; ; ; DC 0.0000v
......... Dtk ON
: : : : : : : : 100mY #div 100:1
: : : : : : : : Dc 12.70v
......... CH4: OFF
: : : : : : : : 10mY /div 11

DC 0.0000%v

Record Length

Main: 100K
Zoom: 100K
Filter
: : : : : : : : Smoothing: ON
S R S S BW: 20MHz
: : : : : : : : Trigger

: Mode: AUTO
S S S SO HU TS SRR SPNORNE SRPRNURRE SRR Type: EDGE
: : : : : : : : Source: CH3 &

Figure 17 - Vin = 60VDC, | = 5A (5 ms, 50 mV / div)
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Notes
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