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Abstract

This paper presents a design automation tool for isolated DC-DC converters. Isolated DC-DC
converters have many advantages: isolation between the input and output provides the circuit
protection, multiple outputs at different voltage levels can be obtained, and step-up/step-down
voltages can be easy with transformer coupling. Design automation procedures consist of several
steps. They are the selection of converter topology, the selection of switching devices, the
calculation for the value of inductances and capacitances, and the design of transformers. We
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programed the tool in C and verified it with many practical examples from data books.
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Table 1. V/I equations
rectifiers

MOSFET
Vu
Vin+(Np/Ns)Vout

for MOSFET and

tlolex
Ir

X2
Ly

5.5Pout/Vin
2.8Pout/Vin
2.8Pout/Vin
1.4Pout/Vin

Flyback Tout

Forward 2 Vin Tout

Half-bridge
Full-bridge

Vin Tout

Vin Tout
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|
Equations for choosing inductor and

capacitor values
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At

This program is for transformer isolated DC-DC
converter.

Swiching frequency(Khz) @ 33

Enter number of output : 1

Input voltage(V): 50

1th output voltage(V) : 10

1th minimum output current(A) : 1

1th maximum output current(A) @ 2

1th output volage ripple(mV) : 500

We want to recommend Flyback.

What topology do you want?(l. Flyback 2.
Forward 3. Half-bridge 4. Full-bridge) : 1

In Flyback

Next is for drive transformer.

Select suitable core given frequency.

Enter window area(Ac, square of Cm) : 0.42

Enter maximum saturation flux density(Bsat,
mT) @ 400

Enter inductance per turn(Al, nH/(square of N) :
10000

Flyback is selected.

AARES} =2 gelA] AHgeE WHE SPICE ¢
Hulol & o} 2o}

This is for flyback converter.

V_V1 1 0 DC 50.000000

V_V2 4 0 PULSE 0 15 0 0 0 12.121212us
30.303030us

L_LP 1 2 303.030304uH
M_M1 2300 IRF621
Kn K1 L_LPL.LSI 1
L_LS1 0 5 18.939394uH
c.C1 6 0 85.227272uF 1C=7.000000
R_R1 6 0 5.000000

D_D1 5 6 DIN3881
RR11 G4 1n

L_LD1 G 0 1830.105479uH
L_LD2 3 0 1830.105479uH
Kn K2 L_LD1I L LD2 1

.options ABSTOL=1nA
.options CHGTOL=0.01nc
.options ITL1=1000
.options [ITL4=100

BIH S F4W 105

.options PIVTOL=10e-15
.options RELTOL=0.01
.options VNTOL=1mV
lib nom.lib

.0p

tran 10n 10m

.probe

.end
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dlojetgell Sl EEZAIS 10785 8717} U314
t}. 2708 eflolAE B EERAS Addsiy glon)
83 7ol o] Ve EERAE Adla glon)
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4 sk

2. T3l 9] Az

2708 &=t 370 2HE e AAHES As
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Foj= TDKAF] H5AEIZ2Z 3lgic) 2709} 3709
Y-S 7RXle FHE AvEY AEdeld H:
ZHh #4, B59) ol AEAEE EEex dme
ol Fel] EZ2X|7} HAEe] Qx| ¢otr] wlmE

H 3. Al g0l AsddED)
Table 3. Simulation results (single output)

A3 DC-DC AWME 9 HAANES} =7 78

EH—

4 ¢1gltl Flyback ZHWE]: kol vleA A%
ez 2528 3kt Flybackg A¢dF Uiz
A el BEEZZA)] FAsire e Edel] s}
o] 33 EFAGE 4  Uslk

AAAE | 2YAY tel g5 27y z2agedA 73 gE
Vo_=50\7 flyback flyback Lp = 128uH
lo=10A 50w 4.52V 4.52V Ls = 0.50H
Cl = 1125uF
V0_=412V flyback flyback Lp = 126.98ull
lo=4.2A | g0 4w 11.1v 11.1v Ls = 2.86uH
Cl = 196.88uF
Vo=24V flyback flyback Lo = 106.67Tul
lo=2.5A 23.7V 23.7V L o
o0W Ls = 9.6uH
Cl = 58.59uF
;7°_=15V forward | forward |\, _ 93 93 Lp = Lr = 128 ul
0=154 75W 4.37v 43TV e = 2.9 Ls = 25.29uH
L1 = 1.33uH C1 = 600uF
Vo—=12V forward flyback Lp = 82.05ul
lo=6.5A 78W 11V 11.3v Ls = 1.85uH
Cl1 = 304.69uF
Vo—=24V forward flyback Lp = 76.19uH
lo=3.5A | gqy 22.4v 22.8v Ls = 6.86uH
Cl = 82.03uF
Vo_=48V forward forward Np = 23.23 Lp = Lr = 1618.73uH
=164 1 iggy | 459V 459Vl Ns = 27.88 Ls = 2330.98uH
L1 = 120uH Cl = 6.67uF
Vo_: 5V half bridge | half bridge Np 24 8 Lp = 6151.19ul
o=60A | 3qqw 4.2v 4.2v Ns = 3.1 Lsl = Ls2 = 96.11uH
L1 = 0.35uH C1 = 2500uF
Vo—=12V half bridge | half bridge Np = 24.8 Lp = 6151.19uH
lo=25A | 300w 1.1V LIV Ns = 7.44 Lsl = Ls2 = 553.60uH
L1 = 2uH C1 = 434.03uF
Vo=48V half bridge | half bridge - 6151 19uH
lo=6.5A 45.2v 452y | Np =248 Lp = 6151.19u
312W Ns = 29.76 Lsl = Ls2 = 8857.71uH
L1 = 30.77uH  Cl = 28.21uF
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Table 4. Simulation results (two outputs)

A AL A1) YA
2z |[AFHdgd g o] F3 gk
3N Ao sxw | A8 | BEZ22A | 4G | SHw
Np = 29.04 Lp = Lr = 2529.27uH
Vo=5V Ns(0) = 7.26 Lsl = 158.08uH
Ivo_lloz\; lo=1~9 | 30W | forward | 9.4V | 4.5V | Ns(1) = 3.63 Ls2 = 39.52uH
o=1~
A L1 = 50uH Cl = 25uF
L2 = 25uH C2 = 50uF
Np = 29.04 Lp = Lr = 2529.27TuH
Vo=5V Ns(0) = 7.26 Lsl = 158.08uH
To=
1‘0310; lo=3-4 60W | forward | 9.1V | 43V | Ns(1] = 3.63 Ls2 = 39.52uH
0=3~
A L1 = 16.67uH C1 = 75uF
L2 = 833uH C2 = 150uF
Np = 29.04 Lp = Lr = 2529.27uH
Vo=25V Ns(0] = 36.3 Lsl = 3951.98uH
IV0‘1502‘; lo=1~2 | 150W| forward | 47.5V | 23.4V| Ns(1) = 18.15 Ls2 = 988uH
o=1"
A L1 = 250uH Cl = buF
L2 = 125uH C2 = 10uF
Np = 14.52 Lp = 632.32uH
- Ns(0) = 18.15 Lsl = Ls2 = 988uH
Vo=s0v | V072V half
lo=3~4 |300W _ 47.0V | 23.0V| Ns[1) = 9.07 Ls3 = Lsd4 = 247uH
lo=3~4A bridge
A L1l = 41.67uH Cl1 = 7.5uF
12 = 20.83uH C2 = 1ouF
Np = 14.52 Lp = 632.32uH
Vo=50V NS[O] = 36.3 Lsl = Ls2 = 3951.98uH
Vo=100V half
lo=1~2 |300w| 94.5V | 47.9V| Ns(1) = 18.15 Ls3 = Lsd = 988uH
Io=1~2A bridge ‘
A L1 = 250uH Cl = 1.25uF
L2 = 125uH C2 = 25uF
Np = 14.52 Lp = 632.32uH
= : Ns(0) = 18.15 Lsl = Ls2 = 988uH
Vo=100v | V0750V full
lo=3~4 600W ) 94.8V | 47V Ns(1) = 9.07 Ls3 = Lsd4 = 247uH
lo=3~4A | brdige
: A L1 = 83.33uH C1 = 3.75uF
L2 = 41.67uH C2 = 75uF
Np = 14.52 Lp = 632.32uH
= Ns(0] = 36.3 Lsl = Ls2 = 3952uH
Vo=200v | "0~ 100V. full S
lo=1~2 600W , 190V | 94.7V| Ns(1) = 18.15 Ls3 = Ls4 = 988uH
Io=1~2A brdige
A L1 = 500uH C1 = 0.63uF
L2 = 250uH C2 = 1.25uF
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Table 5. Simulation results (three outputs)
A A ALF Ay |AEAH Z8AHV)
29 = 2PN 7% #
ARG | EAG | ARG | A | EZ2X] AA4D| ST | AT
Np = 29.04 Lp = Lr = 2529.27uH
Ns{0] = 14.52 Lsl = 632.32uH
V=20V | V=10V | v=5V Ns{1] = 7.26 Ls2 = 158.08uH
1=1-2A | 1=1-2A |1=1-24 T0W | forward | 18.2 | 9.1 4.35 | Ns[2) = 3.63 Ls3 = 39.52uH
N N - L1 = 100uH Cl = 12.5uF
L2 = 50uH C2 = 25uF
13- 2%uH  C3=50F
Np = 29.04 Lp = Lr = 2529.27uH
Ns(0] = 14.52 Lsl = 632.32uH
V=20V | V=10V | v=5v Ns(1] = 7.26 Ls2 = 158.08uH
-3-4 —34 —3.4A 140W | forward | 18.6 | 9.25 4.4 Ns(2) = 3.63 Ls3 = 39.52uH
I1=3-d4A|1=3-4A 1= L1 = 33.33uH  Cl = 37.5uF
L2 = 16.67uH C2 = 75uF
L3 = 833uH C3 = 150uF
Np = 14.52 Lp = 632.32uH
Ns(0) = 18.15 Lsl = Ls2 = 988uH
V=50V | V=25V | V=10V half Ns(1] = 9.07 Ls3 = Lsd = 247uH
=19 | 1=1-2a |1=1-24 170W b ,Z 47.2 | 23.2 ) 9.2 | Ns(2] = 3.63 Lsb = Ls6 = 39.52uH
=l-eall= = ridge L1 = 125uH Cl = 2.5uF
L2 = 625uH C2 = buF
L3 = 25uH C3 = 125uF
Np = 14.52 Lp = 632.32uH
Ns[0] = 18.15 Lsl = Ls2 = 988uH
V=50V | V=25V | V=10V half Ns(1) = 9.07 Ls3 = Ls4 = 247uH
Caan | 15ap | 1maan| 340V ,‘z 48.0 | 23.6 | 9.3 | Ns(2) = 3.63  Lsb = Ls6 = 39.52uH
= =3-4A 1= ridge Ll = 41.67uH  Cl = 7.5uF
L2 = 20.83uH C2 = 1ouF
L3 = 833uH C3 = 375uF
Np = 14.52 Lp = 632.32uH
Ns{0) = 36.3 Lsl = Ls2 = 3951.98uH
_ - _ Ns(1] = 18.15 Ls3 = Ls4 = 988uH
V=100V| V=50V | V=25V half
. _1-9A |1=1-2A 350W b '?1 96.8 | 47.9 | 23.6 | Ns(2) = 9.07 Ls5 = Ls6 = 247TuH
[=1-2A | I=1-2A |1=1- ridge Ll = 250uH  Cl = 1.25uF
L2 = 125uH C2 = 25uF
L3 = 625uH C3 = 5uF
Np = 14.52 Lp = 632.32uH
Ns{0) = 18.15 Lsl = Ls2 = 988uH
v=100V| V=50V | v=25v full Ns(1] = 9.07 Ls3 = Ls4 = 247uH
" 8 _ot70ow| 1 96.6 | 47.9 | 23.5 | Ns(2) = 454  Ls5 = Ls6 = 61.75uH
1=3-4A | I=3-4A |I=3-4A brdlge L1 = 83.33uH C1 = 3.75uF
1.2 = 4167uH C2 = 75uF
L3 = 20.83uH C3 = 15uF
Np = 14.52 Lp = 632.32uH
Ns(0] = 36.3 Lsl = Ls2 = 3951.98uH
V=200V |V=100V| V=50V full NS[U = 18.15 Ls3 = Ls4 = 988uH
_ _ . 700W . 195 | 96.7 | 48.1 | Ns[2] = 9.07 Ls5 = Ls6 = 247uH
I=1-2A | I=1-2A [I=1-2A brdlge L1 = 500uH Cl = 0.625uF
L2 = 250uH C2 = 1.25uF
L3 = 125uH C3 = 25uF
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