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1 Introduction

This document is an engineering report describing a dual output Flyback converter
employing the DPA425R. The input voltage range is 36 to 72VDC providing a regulated
+12V at 0.8A and a cross-regulated -12V @ 0.8A. The design also allow a primary-side
regulation of the auxiliary winding that affords further parts count reduction and coarsely
regulated +/-12V outputs.

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

Figure 1 - Populated Circuit Board.

Power Integrations, Inc.
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2 Power Supply Specification

Description Symbol | Min Typ Max | Units Comment
Input
Voltage Vin 36 48 72 Vbe
No-load Input Power (60Vpc) 0.75 W
Output
Output Voltage 1 Voutt 115 | 121 | 12.7 V +5%
Output Ripple Voltage 1 VRiPPLEL 100 mV 20 MHz Bandwidth
Output Current 1 lout1 0.8 A
Output Voltage 2 Voute 11.5 12.1 12.7 V +5%
Output Ripple Voltage 2 VRiPPLE2 100 mV 20 MHz Bandwidth
Output Current 2 lout2 0.8 A
Total Output Power
Continuous Output Power Pour 19.6 W
Peak Output Power Pout pEAK W
Efficiency n 83 % Measured at Max. Poyr, 25 °C
Ambient Temperature Tave 0 40 °C Free convection, Sea level

Power Integrations, Inc.
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3 Schematic

Cc3

Cc7 R14
1n/1.5kv/1808 10R/0603

a1 L1
36:72VDC  1uH/4A  1u0/100V/1812 "
clo  cl1 c13
- o2 X 100u/16V 100/16V 100u/16V -
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300nH
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6
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619k 1% / 080! 4uc7/2;0v 3 D5 == = R2 = c12
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R13
180R/0805
w2 Ny
. 4 RS R10
D4 PC357N1TKI”
1K0/0603 9
p|] b W BZT52C5V1/SOP123 C16 38Kk3 19/ 0603
—— DPA42SR 100n/0805
c c17
3*{: " RO
R4
s X £ 1R 0603 1uF/0805 220R/0603
cs
220n/0808, 5R1/0603 1
R3 c6
10k/0603] Tesunov ) s
LM431AIM3
10k0 1% / oeosg

D3 R7
BAV19WS 10k/0603

Cc18

“Taowiov

*required for precise voltage

Figure 2 - Schematic.
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3.1 Circuit Operation

3.2 Input EMI filtering

Figure 1 shows a single-ended Flyback converter using the DPA425R. The circuit is
designed for 36 V to 72 V input range and +/-12 V, 0.8A outputs. 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 U1l.
VR1 clamps the U1 drain leakage spikes.

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 Ul 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 Ul 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.

3.3 Output Rectification

The output of T1 is rectified and filtered by D2 (D3) and C10-11 (C19-C20). L2 (L3) and
C13 (C21) provides additional high frequency filtering. R2 (R15) damps primary to
secondary circulating current, which would otherwise appear imposed on the output
ripple voltage.

An auxiliary Flyback winding on T1 powers Ul during normal operation. This winding
delivers energy during the off time of U1, 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.

3.4 Output Feedback

R10 and R11 divide down the supply output voltage and apply it to the reference pin of
error amplifier U3. U3 drives opto-coupler U2 through resistor R6 to provide feedback
information to the CONTROL pin of Ul. The opto-coupler output also provides power to
U1 during normal operating conditions. D3 and C18 apply drive to the opto-coupler during
supply startup to eliminate output voltage overshoot. D3 isolates C18 from the supply
feedback loop after startup. R7 discharges C18 when the supply is off. R8 provides bias
current to U3.

C6, C16, C17, R4, R6, R9, and R12 all play a role in compensating the power supply
control loop. C6 rolls off the gain of U1 at a relatively low frequency. R4 provides a zero
to cancel the phase shift of C6. R6 sets the gain of the direct signal path from the supply
output through U2 and U3. C17 and R9 roll off the gain of U3. R12 and C16 provide
phase boost near the resonant frequency of the transformer and output capacitors to
improve phase margin and stability.

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

Iltem Oty Reference Description
1 3C1,C2,C3 1u0/100Vv/1812
2 1C5 220n/0805
3 1C6 68u/10V
4 1C7 1n/1.5kVv/1808
5 6 C10, C11, C13, C19 100u/16V
C20, Cc21
6 3C12, C15, C17 1u0 16V/0805
7 1C16 100n/0805
8 1C18 10u/10V
9 1C23 4u7/20V
10 1D1 BAV19WS
11 1D2 MBRS360/SMC
12 1D3 BAV19WS
13 1D4 BZT52C5Vv1/SOD123
14 1D5 MBRS360/SMC
15 1L1 1uH /4A
16 2L2,L3 300nH
17 1R1 619k 1% / 0805
18 1R2 150R0/1206
19 2R3, R7 10k/0603
20 1R4 1R0/0603
21 1R6 150/0603
22 1RS8 1k0/0603
23 1R9 220R/0603
24 1 R10 38k3 1% / 0603
25 1R11 10kO0 1% / 0603
26 1R12 5R1/0603
27 1R13 180R/0805
28 1R14 10R/0603
29 1 R15 150R/1206
30 1T1 Custom Flyback
Transformer
31 1U1 DPA425R
32 1U2 PC357N1T
33 1U3 LM431AIM3
34 1VR1 SMBJ130A

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

Power Integrations, Inc.
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5 Design Spreadsheet

FILE : DPA Fiyback Design1 Power integrations, Inc. Power Supply Design October 09, 2002 16:40:21

A B D E (<] 1
DPASwiteh_Fiyback_Rev_1e_090302; DPASwiteh_Flyback 090302 - mode Sp Copyright 2002 Power
Copyright Pewer Integrations Inc. 2002 INPUT INFO OUTPUT UNITS _Integrations.

ENTER APPLICATION VARIABLES |+\l-12\f 0.6A Dual Output Flyback Converter
[VOCAMIN 36| Wolts Minimum DC Input Voltage
[VDCMAR 12| alts Maximum BE Input Veltage
el 13 (Volts Output Voltage
FO 19.8] |watts | Qutput Power
n 0.86) Efficiency Estimate
IZ 0.7 Loze Allocation Fector, (0.7 R d
VB 14 Walts mas Woltage
UV AND OV PARAMETERS
min| max|
[VUWVOFF 0.3 32.4|Vols Minimum underveltage On-Off threshold
[VUWVON 3.5 2.9 Off-On threshald (turn-on)
[VCVON 734 -l
[VOWOFE 424 Maxirum overvoltage On-Off threshold {turn-off
RL 8091 k-Chma Line Sense Resistor
ENTER DPASWITCH VARIABLES
|dpad2s HEVDC EVDC
OPAL2S |Power Out__ |31 TOW
4.65) 5.5 s From OPASWITCH Data Sheet
L ﬂ Enter 'F' for 15 = 400KHz and 'L' for S = 300KHz
A00000| Hertz DPASWITCH Switching Frequency
35 Ssl\.’olls |Rsﬂeme¢! Cutgut Voltage
0.60) X | Current Limit Reduction Factor
ILIMITEXT 2700 Minimum External Current lmit
R 12.7 Je-Chma Realstor from X pin to source to set external current bmit
VDS 2.5 alts DPASWITCH on-state Drain to Scurce Voltage
VD 0.5 alts IOutE| Winding Dicde Forward Volage Drop
FDEI 0.7] alts Bias Winding Dicde Forward Valtage
IKRF'FKDF' 0.90| Rippie 1o Peak Cument Rato (0.2 < KRP < 1.0 :1.0< KDP<8.0)
ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES
Core Type epcid
Core Manuf
Bobbin Manuf
EPC1g) PN | PC44EPCTD-Z
Babbir HWA] PIN: #iA
0227 |em*d | Core Effective Cross Sectionsl Ares
LE1Jem Core Effective Path Length
BA0InHT*2 Ungepged Core Effective Inductance
ENIA mm Bobbin Physical Winding Widsh
of mim |55f£ Maéln Width ;Hihhe Primary to Secondary Creepage Distance
L 1 Humber of Primary Leyers
m [ Humber of Secondary Turns
CURRENT WAVEFORM SHAPE PARAMETERS |
DA 051 | Mesimurn Duty Cycte
lAVG D0.63|Amps Awerage Primary Current
IP 2250Amps Peak Primary Current
(153 203 Frimary Ripple Current
|AMS 0.08| Primary RMS Current
ARAMETERS |
Zglu Henrigs Primary
17} Frimary Winding Humber of Tums

Bias Winding Number of Tums.
Gapped Core Effective Inductance
Peak Flux denslty during transients (Limit to 4000 Sauss)

Warning | Peak Fiux density<2000 Gauss, A smater cors may be used

Gap Length [Lg »> 0.051 mm}

| Ettective Bobtin widh

NSFORMER SECONDARY DESIGI

6.31 Peak Secondary Current
2EB| |Secondary RMS Current
163)Amps Power Supply Output Current

|RIFFLE

213)Amps Cutput Capecitor RMS Ripple Current

IVOLTAGE STRESS PARAMETERS

[VORAIN 166|vals Meximurn Drain Voltage [Includes Effect of Leakage Inductance
PIVS 33|\.’0Il9 |0utnu| Rectifier Maximum Peak Inverse Voliege
PIVE Ad|Volts Bias Rectifier Maxirmum Peak Inverse Voltage

|ADDITIONAL OUTPUTS

[v_ouT2

VD _ouT2

Wolts Auliary Output YVoltage
Valts Audiary Diode Forward Voltage Orop

N_CUTZ

0.00) IAunllﬂ MNurnber of Turns

Page 9 of 21
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6 Transformer

O g
2 X 29 AWG g‘ WDG#4
[ ] 5T
2 X 29 AWG
O 7
O6
WDG#2
5T
2 X 29 AWG
‘O 5
MATERIALS
ltem Description
[1] Core: PR14X8 or equivalentgap for AL of 112.2 nH/T2
[2] Bobbin: 8 pin surface mount
[3] Magnet Wire: #29 AWG Double Coated
[4] Magnet Wire: #36 AWG Double Coated
[5] Tape, Polyester
[6] Varnish

ELECTRICAL SPECIFICATIONS:

Electrical Strength 1 second, from Pins 1-4 to Pins | 1500 VDC
5-8

Creepage Between Pins 1-4 and Pins 5-8 N/A

Primary Inductance Pins 1,4, all other windings 22 mH,
open, measured at 400KHz, +10 %
400mVRMS

Resonant Frequency | Pins 1,4, all other windings 5.0 MHz
open (Min.)

Primary Leakage Pins 1,4, with Pins 5-8 shorted, | 0.75 mH

Inductance measured at 400KHz, (Max.)
400mVRMS

Power Integrations, Inc.
Tel: +1 408 414 9660 Fax: +1 408 414 9760
www.powerint.com
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TRANSFORMER CONSTRUCTION
! Y5 Primar
FL——L@OOOO000CO) y
7
/ 8 1 000000000 +12V Windina
3
Tao \ 2 Primary Bias
5
6 -12V Winding
4 % Primary

Y% Primary

Start at Pin 4. Wind 7 bifiliar turns of item [3]. 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 [5] for basic insulation.

-12V Winding

Start at Pin 6. Wind 5 bifiliar turns of item [3] Finish on Pin 5.

Basic Insulation

Use one layer of item [5] for basic insulation.

Primary Bias

Start at Pin 2. Wind 5 turns of item [4] Finish on Pin 3.

Basic Insulation

Use one layer of item [5] for basic insulation.

+12V Winding Start at Pin 8. Wind 5 bifiliar turns of item [3] Finish on Pin 7.

% Primary Start in bobbin flange slot on primary side of transformer
leave 1” lead length at start. Wind 7 bifiliar turns of item [3].
Finish on Pin 1.

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 [6]).

Page 11 of 21

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

E



9/15/2014 ASM-140197

7 Performance Measurements

All measurements performed at room temperature.

7.1 Efficiency

100.00% -
90.00% -
EE.-..—.:7=T'..—.'- e T
+ = = e T
80.00%
70.00% -
60.00%
g
>
S 50.00% -
S
w 40.00% ——| (+12V) = | (-12V) =0.2A
= B 7| (+12V) = | (-12V) =0.4A"
30.00% .
— = | (+12V) = | (-12V) =0.6A"
0, I
20.00% "l (+12V) = | (-12V) =0.8A"
10.00% -
0.00% ‘ ‘ ‘
30 35 40 45 50 55 60 65

Input Voltage (VDC)

Efficiency vs. Input Voltage, Full Load, Room Temperature

Power Integrations, Inc.
Tel: +1 408 414 9660 Fax: +1 408 414 9760
www.powerint.com
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7.2 Regulation

7.2.1 Load
12.7
12.5 -
12.3
o
[a]
S
= 2 .
[}
2 l\ T T
= 121 L
S ——— —e— ——
5
o
s
o
11.9 -
——"Vout = +12V: Vin = 36V
—=—Vout = -12V: Vin = 36V
"Vout = +12V: Vin = 48V
1.7 "Vout = -12V: Vin = 48V
—¥—"Vout = +12V: Vin = 60V
—e—"Vout = -12V: Vin =60V
115 T T T t 1 1 T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Load Regulation, enter conditions

Load Current (ADC)

Page 13 of 21
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7.2.2 Line
12.7
—&—+12V No Load
12.5 —m—+12V1=0.2A
+12V 1 = 0.4A
+12V 1= 0.6A
—%—+12V 1= 0.8A
12.3 1
)
[a]
2 Ly 5
© b3 M
) * M
£ 121
o
>
5
=3
>
o
11.9 -
11.7 1
115 ‘ : : :
35 40 45 50 55 60

Input Voltage (VDC)

Line Regulation, enter conditions

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

8.1 Drain Voltage, Normal Operation

2002/10/09 12:08:29 NORM:200MS/s  lus/div 2002/10/09 14:10:01 NORM:Z00MS/s  1us/div
Stopped g (lus/div) Stopped | (1us /div)
: : B B CH1: on : : : : CH: ON
10v/div 1001 : : : : 20v/div 1001
DC 0.0v DC 0.0v
Th
CH2: OFF CH2: OFF
omv/div 101 W0mv/div 171
DC 0.0000v : : : : DC 0.0000v
| cna: OFF i FEERN S e FITRR P cha: OFF
2v/div w01 : : : : 2V /div 00
DC 0.00v DC 0.00v
CH4: OFF CHa: OFF
10my/div - 11 In| : 10my Adiv 11
DC 00000 : k- DC 0.0000v
Record Length Record Length
Main: 2K Main: 2K
Zoom: 2K Zoom: 2K
Filter Filter
Smoothing:  ON Smoothing:  ON
BW: 20MHz BW: 20MHz
Trigger Trigger
Mode: AuUTO Mode: AUTO
.U OO S . THSUURUONS MSOUROO 1. SOUUNIOONOON SR S | Type: EDGE P - A o] Type: EDGE
- Source: CH1 ¢ = : : : : Source: CH1 ¥
CH1 CH1
Y/DIV Level
CH1 V/DIV H1
CH2 CH3 CHa EXT LINE
ny ﬂ | | | | | | i
36VDC No Load- VDS, 20V /div 36VDC Full Load- VDS, 20V / div
2002/10/09 14:10:41 NORM:Z00MS/s  1us/div
Stopped | (1us /div)
12 . " : : : : CH: oN
2002/10/08 14:12:47 NORM:200MS/s  1us/div - .
1 y 20v/div 1001
Stopped ¥ (1us/div) b a0V
: : : : CHT: on ! "
: y CH2: OFF
20v/div 1001 : i
W0mv/div 171
DC 0.0v
. DC 0.0000v
CH2: OFF X
) . CH3: OFF
omv/div 1 i
2V /div 101
DC 0.0000v
. DC 0.00v
CH3: OFF -
) CHa: OFF
2V /div 10:1 N .
10my Adiv 11
pc 000y e 0.0000v
™ CH4: OFF .
10my/div - 11
Record Length
ﬂ pc 0.0000v M, i
Record Length .Zuum. x
. Filter
Main: 2K .
...... .| Zoom: 2K Smoothing: ON
e BW: 20MHz
Filter Trigger
Sm:.mthmg: ON Mode- auTo
BW: 20MHz -
Trigger Type: EDGE
Mo AUTO Source: CH1 ¢
Type: EDGE
Source: CH1 ¢ CH1
Level
o1 84.4v
H1 Level
ﬂ ‘ CH2 | CH3 ‘ CH4 | EXT ‘ LINE | 80.0v

48VDC Half-Load- VDS, 20V / div 48VDC Full Load- VDS, 20V / div

Power Integrations, Inc.
Tel: +1 408 414 9660 Fax: +1 408 414 9760
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2002/10/09 14:12:04
Stopped

NORM:200MS /s Tus /div

(lus/div)

fi ﬂﬂﬂ{\f\r\n

VUUUV%UVVV

CH1: ON
20V fdiv o
DC ooy
“lcH: OFF
10mv /div 1
DC 0.0000v
CH3: OFF
2V fdiv 01
DC 0.00v
| CH4: OFF
10mV /div 1
DC 0.0000v

Record Length

Main: 2K

Zoom: 2K

Filter

Smoothing: ON
.| Bwe 20MHz

Trigger

Mode: AUTO

Type: EDGE

Source: CH1 &

H1
ﬂ ‘ CHZ ‘ CH3 ‘ CH4 ‘ EXT ‘ LINE |

CH1
Level
80.0V

63VDC No Load- VDS, 20V /div

8.2 Output Voltage Start-up Profile

2002/10/09 141542
Stopped

MORM:E00kS/s  20ms/div

(20ms/div)

[ Trigger Posilion To
[ =adiv_ | oOdiv_ ]

Trigger Knob
DELAY

+Adiv |

CHT: ON
2V /div o1
DC n.00v

“|cHz: OFF
10mV fdiv 1
DC 0.0000v

CH3: OFF
2V /div 10:1
DC 0.00v

©r[CcHa: OFF
10mV /div 1
DC 0.0000v

Record Length

2002/10/09 1411223
Stopped

MORM:200MS /5 Tus/div

(us/div)

1]

CHT: ON
20V fdiv 1o
Dc 0.ov

CHz: OFF
10mV Adiv N
Dc 0.0000v

CH3: OFF
2V /div 10
DC 0.00v

CH4: OFF

10mY /div 1

Dc

0.0000V

Record Length

Main: 2K
Zoom: 2K
Filter

Smoothing:  ON
BW: 20MHz
Trigger

Mode: AUTO
Type: EDGE

Source: CH1 ¢

: : : CH1
H1 Level
:ﬂ ‘ CH2 | CH3 ‘ CH4 | EXT ‘ LINE | 5.2y
63VDC Full Load- VDS, 20V [/ div
2002/10/09 1417223 NORMS00kS/s  20ms/div
Stopped (20ms /div)
CHI: ON
2V fdiv 1001
DC 0.00v
CHz: OFF
10mV Adiv N
DC 0.0000v
CHZ OFF
2V /div 1011
DC 0.00v
CHa: OFF

10mVY /div 1

Dc

0.0000V

Record Length

Main: 100K
| Zoom: 100K

Filter

Smoothing: ON

BW: 20MHZ

Trigger

Mode: SINGLE
.| Type: EDGE

Source: CH1 &

Trigger
Position
-1.8%div

Start-up Profile, Vin =
(20msec/div) & (2V/div)

48V, No

Load

Main: 100K
Zoom: 100K
Filter

Smoothing:  ON
BW: 20MHz
Trigger

Mode:  SINGLE
Type: EDGE

Source: CH1 &

Trigger
[ Trigger Positon To | i
[ =adv | odiv_ | +adiv_ | PosITION IPENG 182

Full-Load
(2vidiv

Start-up Profile, Vin =
(20msec/div) &

48V,

Power Integrations, Inc.
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8.3 Output Ripple Measurements

8.3.1 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 24 and Figure 25.

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

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

Power Integrations, Inc. E
Tel: +1 408 414 9660 Fax: +1 408 414 9760
Page 17 of 21 www.powerint.com



9/15/2014 ASM-140197

8.3.2 Measurement Results at 48 VDC

2002710709 14:22:07 NORM:Z00MS /s 20us/div
o Stepped ] (20us/div)
: : : : : : CHT: ON
10m¥ fdiv - 1001
Ac
.............................................................. CHE: OFF
10mv /div 11
N # ! {---H pe 0.0000v
o3 b kb e qqdrs e o OFF
2V fdiv 10:1
[Ts DC 0.00v
} 10mv /div 11
DC 0.0000V
: : : : : : Record Length
av(1) i 16.80mv : : : Main: 40K
AR . [T T A T [EERT Tl Zoom: 40K
Filter
: : : : Smoothing: ON
P S S S PPN PRPTI BW: 20MHZ
: : : : Trigger
: : : : Mode: AUTO
P S S S PPN PUPTI Type: EDGE

Source: CH1 &

H1
Cursor

Cursor Type Trace Cursor -
Zadl on | NP J H2 A1z 0.50div

+12 \% Ripple, No Load
2 us, 10 mV / div

2002/10/09 142108 NORM:200MS/s  20us/div
o Stopped 3 (20us/div)

CHI: oM
somv/div 1001
ac
: : : : : : CHZ: OFF
AL EEL b e L G g e g 1Omyrdiv 11
i : ] pC 0.0000v
CHa: OFF
3 k " 2v rdiv 101
s : g b pC 0.00v
- : ] CHa: OFF
1omvsdiv - 11
pC 0.0000v

: : : : : : Record Length
av(1): 110.0m¥ : : : : Main: 40K
: : : : : : Zoon: 40K
Filter
Smoothing: ON
BW: 20MHz
Trigger
Mode: AUTO
Type: EDGE
Source: CH1 4

H2
Cursor

Cursor Type Trace Cursor 2 Sﬂd'
i on | ! H1 H1&H2 e

+12 \% Ripple, Full Load
2 us, 10 mV / div
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9 Revision History

Date Author Revision Description & changes
2/19/2003 RM 1 Initial Release
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manufacturability. Power Integrations does not assume any liability arising from the use of any device or
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The products and applications illustrated herein (including circuits external to the products and transformer
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may be found at www.powerint.com.
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