TOPSwitch-GX Flyback

Design Methodology
Application Note AN-32
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INTEGRATIONS, INC.

Designing an off-line power supply involves many aspects of
electrical engineering: analog and digital circuits, bipolar and
MOS power device characteristics, magnetics, thermal
considerations, safety requirements, control |oop stability, etc.
This represents an enormous challenge involving complex
trade-offswith alarge number of design variables. Asaresullt,
new off-linepower supply devel opment hasa waysbeentedious
and time consuming even for the experts in the field. This
application note introduces a simple, yet highly efficient
methodology for the design of TOPSwitch-GX family based
off-line power supplies. For TOPSwitch-GX Flyback designs,
Power Integrations recommends the use of Pl Expert which
implements this design methodology and also includes a
knowl edgebase and opti mi zation featurefor makingkey design
choices, further reducing design time.

Introduction

The design of a switching power supply, by nature, is an
iterative process with many variables requiring adjustment to
optimize the design. The design method described in this
document consists of two major sections: A design flow chart

and a step-by-step design procedure. The flow chart showsthe
design sequence at a conceptual level for TOPSwitch-GX
flyback power supply design. Thestep-by-step proceduregives
details within each step of the design flow chart, including
empirical designguidelinesandlook-uptables. All key equations
and guidelines are provided wherever possible to assist the
readers in better understanding and/or further optimization.

Basic Circuit Configuration

Because of the high level integration of TOPSwitch-GX, many
power supply design issues are resolved in the chip. Far fewer
issues are left to be addressed externaly, resulting in one
common circuit configuration for all applications. Different
output power levels may require different values for some
circuit components, but the circuit configuration stays
unchanged. TOPSwitch-GX is a feature-rich product family.
Advanced features like under-voltage, overvoltage, external
I line feed forward, and remote ON/OFF are easily
implemented with aminimal number of external components,
but do involve additional design considerations. Pleaserefer to
the TOPSwitch-GX data sheet for details. Other application
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Figure 2A. TOPSwitch-GX Design Flow Chart. Sep 1to 11.

specificissuessuchasconstant current, constant power outputs,
etc. are beyond the scope of this application note. However,
suchrequirementsmay besatisfied by addingadditional circuitry
tothebasic converter configuration. Theonly part of thecircuit
configuration that may change from application to application
isthefeedback circuitry. Depending onthepower supply output
specifications, one of the four feedback circuits, shown in
Figures 3, 4, 5 and 6, will be chosen for the application.

Thebasic circuit configuration used in TOPSwitch-GX flyback
power suppliesis shown in Figure 1, which also serves asthe
reference circuit for component identifications used in the
description throughout this application note.

Design Flow

Figures2A, 2B and 2C present adesign flow chart showing the
complete design procedure in 37 steps. With the basic circuit
configuration shown in Figure 1 as its foundation, the logic
behind this design approach can be summarized as follows:

1. Determine system requirements and decide on feedback
circuit accordingly.

2. Choose the smallest TOPSwitch-GX capable of the
required output power.

3. Design the smallest transformer for the TOPSwitch-GX
chosen.

4. Select all other componentsin Figure 1 to complete the
design.
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From Step 11
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!
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| 17. Calculate B, |
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19. Calculate Lg, CMA
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To Step 10
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Figure 2B. TOPSwitch-GX Design Flow Chart. Sep 12 to 28.
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From Step 28

|29. Select Clamp Zener & Blocking Diode |

| 30. Select Output Rectifier |

!

| 31. Select Output Capacitor |

| 32. Select Output Post Filter L, C |

| 33. Select Bias Rectifier |

!

| 34. Select Bias Capacitor |

!

35. Select CONTROL Pin Capacitor
& Series Resistor

!

36. Select Feedback Circuit Compenents
According to Reference Feedback Circuits
in Figures 3, 4,5and 6

!

37. Select Bridge Rectifier

Design
Complete

Step 29-37
Select Other Components

P1-2584-091402

Figure 2C. TOPSwitch-GX Design Flow Chart. Sep 29 to 37.

The overriding objective of this procedure is “design for cost
effectiveness.” Using smaller components usually leads to a
less expensive power supply. However, for applications with
stringent size or weight limitations, the designer may need to

strike a compromise between cost and specific design
requirementsin order to achievetheoptimum cost effectiveness
for the end product.
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Step-by-Step Design Procedure

ThisdesignprocedureusesthePl Expertdesignsoftware(available
from Power Integrations), which contains al the important
equations required for a TOPSwitch-GX flyback power supply
design, and automatesmost cal culations. Designersare, therefore,
relieved fromthetediouscal culationsinvol vedinthecomplicated
and highly iterative design process. L ook-up tablesand empirical
designguiddlinesareprovidedinthisprocedurewhereappropriate
to facilitate the design task.

Step 1. Determine system requirements: V, ..., V, i
f,,Vo Pom, Z
* Minimum AC input voltage, V,,,,: in volts.
* Maximum AC input voltage, V, .- in volts.
» Recommended AC input ranges:
Input (VAC) Vo VAC) [V, ax (VAC)
Universal 85 265
230 or 115 with doubler 195 265
Table 1.

* Line frequency, f, : 50 Hz or 60 Hz.
* Output voltage, V. in Volts.
* Output power: P_: in Watts.

* Power supply efficiency, n: 0.8if no better reference data
available. (Refer to AN-29)

* Loss alocation factor, Z: If Z = 1, al losses are on the
secondary side. If Z =0, all lossesare on the primary side.
Set Z = 0.5 if no better reference data is available.

Step 2. Choosefeedback circuit and biasvoltageV , based
on output requirements

Feedback |V, | Circuit |Load* | Line | Total
Circuit (V) |Tolerance| Reg. | Reg. | Reg.

Pri/Basic |58| =10% | +5% |+1.5% |+16.5%
Pri./Enhan. |27.8| +5% |+2.5%|+15% | +9%
Opto/Zener | 12 | +5% +1% | +0.5% | +6.5%
Opto/TL43Y 12 | +1% |+0.2%| +0.2% | +1.4%

*QOver 10% to 100% Load Range.
Table 2.

e Use primary feedback for lowest cost (for low power
applications only).

 Use Opto/Zener for low cost, good output accuracy.

» Use Opto/TL 431 for best output accuracy.

* Set bias voltage V, according to Table 2.

« Choose optocoupler from Table 3.
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Figure 5. Opto/Zener Feedback Circuit.
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PIN CTR(%)|BVCEO| Manufacturer Step 3. Determine minimum and maximum DC input
IPnDIP voItag§VM|N,VMAX andinput stpragecapacitancecIN based
PC123Y6 80-160| 70V |Sharp on AC input voltage and P, (Figure7)
PC817X1 80-160| 70V |Sharp . .
SEHGIEAD 63125| 70V |Vishay, Isocom Choose input storage capacitor, C, per Table 4.
SFH617A-2 63-125| 70V |Vishay, Isocom
SFH61BA2 | 63-125| 55V |Vishay, Isocom Input (VAC) Cyn (uF/Watt of B) |V, (V)
ISP817A 80-160| 35V |Vishay, Isocom . _
LTVSL7A 80-160 | 35V |Liteon Universa 2-3 =90
LTV816A 80-160| 80V |Liteon .
LTV123A 80-160 70V |Liteon 230 or 115 with doubler 1 =240
K1010A 60-160| 60V |Cosmo
6PINDIP Table4
LTV702FB 63-125| 70V _|Liteon . - L _
LTV703FB | 63-125| 70V _|Liteon ; Set bridge rectifier conduction fime fo = 3 ms.
LTV713FA | 80-160| 35V |Liteon PUL VOTage Vi
K2010 60-160 | 60V |Cosmo
PC702V2NSZX | 63-125| 70V |Sharp 1
PC703V2NSZX | 63-125| 70V | Sharp , 2x Ry x o f tc
PC713VINSZX| 80-160| 35V |Sharp Viun =11 (2% Vagun) = L
PC714VINSZX| 80-160| 35V |Sharp \ nxCy
MOC8102 73-117| 30V |Vishay, Isocom .
MOCB103 108-173| 30V |Vishay, Isocom where units are volts, watts, Hz, seconds and farads
MOC8105 63-133| 30V |Vishay, Isocom . . )
CNY17E-2 63-125| 70V |Vishay, Isocom, Calculate maximum DC input voltage V, , .:

Liteon

Table 3. Optocoupler

Vuax = N, 2% Vpemax

r

A



AN-32

Step 4. Determinereflected output voltageV _and clamp voltage. Compared to Zener clamps, designs using RCD

Zener voltageV , (Figure8) clamps usualy have lower efficiency at light load. In

addition, great care must be taken in RCD clamp design.

» Set reflected output voltage, V.= 100 V for multiple Because of its inherent variation in clamp voltage across

output, 120 V for single output. load range, if not designed properly, an RCD clamp may

» RCD (Resistor/Capacitor/Diode) clamp may be used with fail to protect TOPSWwitch-GX, especially under startup or
TOPSwitch-GX when and only when current limit is set output overload conditions.

externally with current limit reduction asafunction of line

N K \ K \ + Po = Output Power
‘\ ’ ‘\ 1 ‘\ /I
1 1
\‘\ . \\ y ‘\\ I,’ f_ = Line Frequency
! ! (50 or 60 Hz)

tc = Conduction Angle
Use 3 ms if unknown

1 = Efficiency
PI-2585-012500
Figure 7. Input Voltage Waveform.
BV GG c cm i d e cegecceemcceemmceememmammmmaaa-
DSS- - § Margin 53V (b T 647 (605 V)
RN YRR
S it Sablr o R e R RLOEC PR AL 555 V (525 V)
------ 495V (475 V
Ve Velo ( )
VoR = 120V (100 V)
VMAX === m e qeem e el 375V
Vero = 15xVor =180V (150 V)
Veim = 14X Ve o =252V (210 V)
OVmmmmme e e oV

Universal/230 VAC Input
Use Vor =120V (100 V) and 180 V (150 V) Zener Clamp
For Single (Multiple) Output

PI-3336-091402

Figure 8. Reflected Voltage V., and Clamp Zener Voltage V..

9/02




AN-32

Step 5. Set current waveform parameter K, for desired
Ig mode of operation and current waveform: K_=K__for K_
Kp=Kgp=— <1l0and K, =K, for K =10 (Figures9and 10)

* For K, = 1.0, K, = K, continuous mode (see Figure 9)

RP’

|
Kp = Kge = I—R wherel , isprimary ripplecurrentand |,

P
isprimary peak current.

* ForK = 1.0,K_ =K, discontinuousmode (seeFigure 10)
Vor X (1-Dyax)
(Vwn—=Vos) % Dyax

* For continuous mode design, set
K, = 0.4 for universal input
0.6 for 230 VAC or 115 VAC with doubler.

DP’

Kp = Kpp =

(b) Borderline Continuous/Discontinuous, Kp =1

P1-2587-011400

» For discontinuous mode design, set K= 1.0.
Figure 9. Continuous Mode Current Waveform, K =<1. * K, must be kept within the range specified in Table 5.
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KP
Input (VAC) Continuous Discontinuous
Mode Mode
Universal 0.4~1.0 =1.0
230 0.6~1.0 =1.0
Table5

Step 6. DetermineD,,, basedonV,, andV .

« Continuous mode

Dyax = Vor
(M = Vos) + Vor

« Discontinuous mode

Vor
Kpx (Mun = Vos) + Vor

DMAx =

* Set TOPSwitch-GX Drain to Source voltage, V= 10 V.
Step 7. Calculate primary peak current |,
+ Continuous mode (K, =< 1.0)

l AVG

P Ke
(12 ) > P

» Discontinuous mode (K, = 1.0)

| 2 x|y
o= AV
DMAX

Po

* Input average current | , o = —————
7%V

Step 8. Calculate primary RMScurrent |,

« Continuous mode

K \
IRMS=IPX\/DMAXXL?P_KP+1J

« Discontinuous mode

IRMS=\‘J“DMAXX§P

Step 9. Choose TOPSwitch-GX based on AC input voltage,
V., P, and n using AN-29 selection curves

* Choosethesmallest TOPSwitch-GX using TOPSwitch-GX
Selection Curvesin AN-29.

o |dentify appropriate selection curves according to AC
input voltage and output voltage, V..

* Continuous mode: Use selection curves asis.

» Discontinuous mode: Use sel ection curveswith the output
power derated by 33%. This effectively makes a 10 W
discontinuous design equivalent to a 15 W continuous
design in TOPSwitch-GX selection.

» Switching Frequency f . For DIP and SMP packages, set
f, = 132 kHz. For TO-220 package, choose between
66 kHz and 132 kHz.

Step 10. Set !, ¢
el yhere03< K, <10
default I, ;
* K, isset by the value of the resistor connected between M
pinand SOURCE pin (Refer to TOPSwitch-GX datasheet).
* For applications demanding very high efficiency, a
TOPSwitch-GX bigger than necessary may be used by

reduction factor K for External I, .

lowering |, externally to take advantage of the lower
RDS(ON)' . .

» If no special requirement, set K = 1.0.

* Caculatel ,, (min)andl , (Max)

| jwr(Min) = default 1, (min) xK,
I jwr(max) = default 1, (max) xK,

Step 11. Validate TOPSwitch-GX selection by checking |,
against I, .(min)

* For K, =1.0, check I,<0.96x1, ,, (min).
* For K, < 1.0, check I,<0.94x1  (min).
* Choose larger TOPSwitch-GX if necessary.

LIMIT

Step 12. Calculate primary inductancelL

» Continuous mode

6
L, - 10 xP, xe(l—n)+n

Tk (12 %)t (i n
lo x Kp \1 > ) fs (min)

where units are uH, watts, amps and Hz

» Discontinuous mode.
10°x P, L Zx(L=m)+

|§x;xfs(min) ’7

L, =

where units are uH, watts, amps and Hz

r
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» Z isloss allocation factor and v is efficiency from Step 1.

Step 13. Choose core and bobbin based on f and P_using
Table 6 and determine A, L_ A _and BW from core and

bobbin catalog

» Core effective cross-sectiona area, A in cn.
» Core effective path length, L : incm.
» Core ungapped effective inductance, A, : in nH/turn®
» Bobbin width, BW: in mm.
» Choose core and bobbin based on f , P_ and construction

type.
66 kHz 132 kHz
ggtput Triple _ Triple )
W' | Insulated | Margin | nsyiated | Margin
Wire Wound Wire Wound
EF12.6 El22 | EF126 EI22
EE13 EE19 EE13 EE19
EF16 |EI22/19/6| EF16 | E122/19/6
0-10W| EE16 EEL16 | EE16 EEL16
EE19 EF20
E122 EI25
EI22/19/6 | EEL19
EF20 EI28 EE19 EF20
10 W- EEL22 | EI22 EI25
20 W EF25 |EI22/19/6| EEL19
EF20
ow-| EF5 EI30 E128
W EPC30
EEL25
EI28 | E30/15/7| EF25 EEL22
EI30 EER28 EF25
E30/15/7 | ETD29 EI30
30W-| "EER28 | EI35 EPC30
S0wW E133/29/
13-Z
EER28L
sow. | ETD29 | EF32 EI28 EEL25
EI35 ETD34 E30/15/7
OW | Ep3p EER28
ETD34 El140 EI30 ETD29
E36/18/11 | E36/18/11| E30/15/7| EI35
70W- | EI40 EER35 | EER28 | EI33/29/
100 W ETD29 13-Z
EER28L
EF32
ETD39 | ETD39 | EI35 ETD34
100W-| EER40 | EER40 | EF32 El40
150 W E42/21/15| ETD34 | E36/18/11
EER35
E42/21/15 | E42/21/20|E36/18/11] ETD39
E42/21/20 | E55/28/21|  EI40 EER40
- 150u |E55/28/21 ETD39 | E42/21/15
EER40 | E42/21/20
E42/21/15| E55/28/21
E42/21/20
E55/28/21

Table 6. Transformer Core.

Step 14. Set value for number of primary layersL and
number of secondary turns N (may need iteration)

o Starting with L = 2 (Keep 1.0 = L =< 2.0 throughout
iteration).

* Starting with Ng = 0.6 turn/volt.

* Both L and N may need iteration.

Step 15. Calculatenumber of primary turnsN_and number
of biasturnsN,

* Diodeforward voltages: 0.7 V for ultra-fast P/N diodeand
0.5V for Schottky diode.

» Set output rectifier forward voltage, V.

» Set bias rectifier forward voltage, V.

* Calculate number of primary turns.

V
Np= Ng x —OR
V, + V5
» Calculate number of biasturns N,,.
V., +V
Ng = Ny x —2 D8

V, +V,

Step 16. DetermineprimarywindingwireparametersOD,
DIA, AWG

* Primary wire outside diameter in mm.

_ Lx(BW-2xM)
NP

oD

where L is number of primary layers,
BW is bobbin width in mm,
M is safety margin in mm.

* Determine primary wire bare conductor diameter DIA and
primary wire gauge AWG.

Step 17 to Step 22. Check B,,, CMA and L, Iterate if
necessary by changing L, Ng or core/bobbin until within
specified range

* Set safety margin, M. Use 3 mm (118 mils) for margin
wound and zero for triple insulated secondary.

» Maximum flux density: 3000 = B,, = 2000, in gauss or
03=B, =02, intesa

_100x 1, xLp

B Np xA,

where units are gauss, amps, uH and cn??

r
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 Gap length in mm; L,=01

2

No 1)
1000x L, A,

where Lg inmm, A_incn?, A innH/turn?and
L,inuH

L,=40x 7w xA,x (

* Primary winding current capacity in circular milsper amp:
500 = CMA = 200

2 JU

1.27x DIA x — 2
CMA = 4., (1000)
| s \ 25.4)

where DIA isthe bare conductor diameter in mm

* Iterate by changing L, N, core/bobbin accordingto Table 7.

B, L, CMA
L ! - - !
Ny ! ! ) |
core
size ! ! ? 1
Table 7.

Step 23. Check B, < 4200 . If necessary, reduce current

limit by lowering |, . reduction factor K,

B, = | i (MaX) %x B

M
p

* Check B, = 4200 gauss (0.42 tedla) to avoid transformer
saturation at startup and output over load.
* Decrease K, if necessary, until B, < 4200.

Step 24. Calculate secondary peak current |,
NP

o=l x—F

NS
Step 25. Calculate secondary RMScurrent I

« Continuous mode

(K \
l s = | x\/(l— Dyax ) X L?P_ K +1)
* Discontinuous mode

fl_DMAx

| =1y x |
wvs = I VSXKP

Step 26. Determine secondary winding wire parameters
OD,, DIA, AWG,

* Secondary wire outside diameter in mm
: BW - (2 x M)
N S
» Secondary wire bare conductor diameter in mm

4% CMAX | g5 254
127x 7 1000

oD

DIA; -

where CMA  is secondary winding current capacity
in circular mils per amp. Minimum wire diameter is
calculated by using aCMA of 200.

» Determine secondary winding wiregauge AWG_ based on
DIA.. If the bare conductor diameter of the wireis larger
than that of the 27 AWG for 132 kHz or 25 AWG for
66 kHz, aparallel winding using multiplestrandsof thinner
wire should be used to minimize skin effect.

Step 27. Determine output capacitor ripplecurrent |

RIPPLE

* Output capacitor ripple current

2 2
IRIPPLE = ISRMS_ Io

where , isthe output DC current

Step 28. Determine maximum peak inversevoltagesPIV
PIV, for secondary and biaswindings

» Secondary winding maximum peak inverse voltage.

N
PIVg = Vg + (Vyax X —3)
NP
* Bias winding maximum peak inverse voltage.

PIV, = V; + (Vyyax X %)

P

Step 29. Sdect clamp Zener and blocking diode per Table 8
for primary clamping based on V. and the type of output

Blocking Clamp
PS Output Vor Diode Zener

BYV26C

Multiple Output| 100V MUR160 | P6KE150
UF4005
BYV26C

Single Output 120V MUR160 | P6KE180

UF4005

Table 8.

r
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Step 30. Select output rectifier per Table 9

*V_=125xPIV wherePIV isfrom Step28andV . isthe
rated reverse voltage of the rectifier diode.

*l,=3xI, wherel isthe diode rated DC current and
l,=P,/ V.,

Rec. Diode |V (V)| I,(A) |Package|Manufacturer

Schottky

1N5819 40 1 Axia | Genera Semi
SB140 40 1 Axia |Genera Semi
SB160 60 1 Axial | General Semi
MBR160 60 1 Axia |IR

11DQO06 60 11 Axia |IR

1IN5822 40 3 Axia | Genera Semi
SB340 40 3 Axia | Genera Semi
MBR340 40 3 Axia |IR

SB360 60 3 Axial |General Semi
MBR360 60 3 Axia |IR

SB540 40 5 Axial |General Semi
SB560 60 5 Axia | Genera Semi
MBR745 45 75 |TO-220 | Genera Semi

IR
MBR760 60 7.5 |TO-220 | Generd Semi
MBR1045 45 10 |TO-220 | Genera Semi
IR
MBR1060 60 10 |TO-220 | General Semi
MBR10100 | 100 10 |TO-220 | General Semi
MBR1645 45 16 |TO-220 | Genera Semi
IR
MBR1660 60 16 |TO-220 | Genera Semi
MBR2045CT| 45 |20(2x10)| TO-220 | General Semi
IR
MBR2060CT| 60 |20(2x10)| TO-220 | General Semi
MBR20100 | 100 |20(2x10)| TO-220 | General Semi

IR
UFR
UF4002 100 1 Axia |Genera Semi
UF4003 200 1 Axia |Genera Semi
MUR120 200 1 Axia | Genera Semi
EGP20D 200 2 Axia |Genera Semi
BYV27-200 | 200 2 Axia |General Semi
Philips
UF5401 100 3 Axia |Genera Semi
UF5402 200 3 Axia |Genera Semi

EGP30D 200 3 Axia | General Semi
BYV28-200 | 200 35 Axia |General Semi
Philips
MUR420 200 4 TO-220 | Genera Semi
BYW29-200 | 200 8 TO-220 | Genera Semi
Philips
BYV32-200 | 200 18 |TO-220 | Genera Semi
Philips

Table 9.

Step 31. Select output capacitor

* Ripple current specification at 105 °C, 100 kHz: Must be
equal toor larger than I, . wherel_ ., _isfrom Step 27.

» ESR specification: Use low ESR, electrolytic capacitor.
Output switching ripple voltageis|, x ESR, wherel, is
from Step 24.

» Examples:
Output Output Capacitor

5Vto24V,1A 330uF, 35V, low ESR, electrolytic

UnitedChemicon
LXZ35VB331M10X16LL
Rubycon 35Y XG330M 10x16
Panasonic EEUFC1V 331

5Vto24V,2A 1000 uF, 35V, low ESR, eectrolytic

United Chemicon
LXZ35VB102M12X25L L
Rubycon 35Y XG1000M 12.5x25
Panasonic EEUFC1V 102

Step 32. Select output post filter L, C

e Inductor L: 2.2 uH to 4.7 uH. Use ferrite bead for low
current (<1A) output and standard off-the-shelf choke for
higher current output. Increasechokecurrent rating or wire
size, if necessary, to avoid significant DC voltage drop.

* Capacitor C;100 uF to 330 uF, 35V, eectrolytic

Examplesfor 100 uF, 35V, eectrolytic:

United Chemicon KMG35VB101IM6X11L L
Rubycon 35Y XA100M6.3x11
Panasonic ECA1VHG101

Step 33. Select biasrectifier from Table 10

*V_=1.25xPIV ;wherePIV isfromStep28and V. isthe
rated reverse voltage of the rectifier diode.

Rectifier V. (V) Manufacturer

BAV21 200 Philips

UF4003 200 General Semi

1N4148 75 Motorola
Table 10.

Step 34. Select bias capacitor
* Use 0.1 uF, 50V, ceramic.
Step 35. Select CONTROL pincapacitor and seriesresistor

» CONTROL pincapacitor: 47 uF, 10V, low cost el ectrolytic

r

(Do not use low ESR capacitor).
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* Series resistor: 6.8 2, 1/4 W (Not needed if K, = 1, i.e.
discontinuous mode).

Step 36. Select feedback circuit components according to
applicablereference feedback circuits shown in Figures 3,
4,5and 6

 Applicable reference circuit: Identified in Step 2.
Step 37. Select input bridgerectifier

eV, 2125%x2XV, . WhereV, . isfrom Step 1.
* | crus= 2 X 1 where | isthe bridge rectifier rated RMS

current and I, ... isthe input RMS current.
Po

1 % Vaemin X P

; where V is

Note: IACRMS = ACMIN

from Step 1 and PF isthe power factor of the power supply
whichistypically between0.5and 0.7. If nobetter reference
information is available, use PF = 0.5.
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Appendix A

Multiple Output Flyback Power
Supply Design

The only difference between a multiple output flyback power
supply and a single output flyback power supply of the same
total output power isin the secondary side design. Instead of
delivering al power to one output as in the single output case,
a multiple output flyback distributes its output power among
several outputs. Therefore, thedesign procedurefor theprimary
side staysthe same, while that for the secondary side demands
further considerations.

Design with lumped output power

One simple way of doing multiple output flyback design is
described in detail in AN-22, “Designing Multiple Output
Flyback Power Supplieswith TOPSwitch”. Thedesign method
startswith asingle output equivalent by lumping output power
of all outputsto onemainoutput. Secondary peak current 1 and
RMS current I, . are derived. Output average current |

corresponding to the lumped power is also cal culated.

Assumption for simplification

The current waveforms in the individual output windings are
determined by theimpedanceineach circuit, whichisafunction
of leakageinductance, rectifier characteristics, capacitor value
and most importantly, output load. Although this current
waveform may not be exactly the same from output to output,
it is reasonable to assume that, to the first order, al output
currents havethe same shape asfor the single output equival ent
of lumped power.

Output RM S current vs. average current

The output average current is aways equal to the DC load
current, while the RMS value is determined by current wave
shape. Since the current wave shapes are assumed to be the
samefor al outputs, their ratio of RM Sto average currentsmust
also be identical. Therefore, with the output average current
known, the RMS current for each output winding can be
calculated as

| pane() =1 () x 28

l (o]
where |, (n) and | (n) are the secondary RMS current and
output average current of the n” output and I, and |  are the
secondary RMS current and output average current for the

lumped single output equivalent design.

Customization of secondary designsfor each output
Theturnsfor each secondary winding are calcul ated based on
the respective output voltage V (n):
Vo) +V, (1)

V+V,

Output rectifier maximum inverse voltageis

Ng(n) = Ng

PIVL(N) = Vi a X Nlil(“) £V, (n)

P

With output RMS current | ., (n), secondary number of turns
N¢(n) and output rectifier maximum inverse voltage PIV (n)
known, the secondary side design for each output can now be
carried out exactly the sameway asfor the single output design.

Secondary winding wire size

The TOPSwitch-GX design spreadsheet assumesaCMA of 200
when cal culating secondary winding wirediameters. Thisgives
the minimum wire sizesrequired for the RM S currents of each
output using seperate windings. Designers may wish to use
larger size wire for better thermal performance. Other
considerations such as skin effect and bobbin coverage may
suggest the use of a smaller wire by using multiple strands
wound in parallel. In addition, practical considerations in
transformer manufacturing may also dictate the wire size.
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