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Abstarct

The power components in the transient state of switching will cause voltage
overshoot on the circuit that is particularly serious to the system safty. In this
thesis, we use the C++ language to design flyback circuits. It will be easier to
design, make compareisons between different designs, and analyze flyback
circuits with different specifications by using a computer program. In the
analysis of snubber circuit, we simplify the complicated circuit to a equivalent
circuit. Then, we use four work steps to derive the equations. Finally, we use
Matlab language to perform numerical analyses on the snubber circuit, more
understanding about how to control V,;(MAX) was obtained. At the last, we
propose the idea of snubber built-in Power IC, and using T-suprem to simulate
the device process. Then use Medice to load the devices for circuit simulation,
and finally we get the results as expected.
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BAA s~ UHV 700V MOSFET ¢4 4 BB » £ BB M ~ 4 ch

ﬁ’»_‘ KQ/;‘;
I, + =% < 0.454 (3.2-3)
IL AlL = 0. 054 (32_4)

d ;4(2.2-16)7 &> H ¥

VD
L™ R(1-D)2n? (3.2-5)
L (3.2-6)
pri

ot @EW (D) o ¥ b T ) T UV 0 T F R
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[GetVs

andR]

[Assume Veec and n, but n <

sec

Vmos—V.

= ,we use two for loop to decide. J

[Calculate D =

NVsec
Vet+nVse,

VD

and I, = RO_D)on?

|

[Assume Lyyi , calculate Aip=

Viec(1-D)T Ny }

Lpri N,
check
Aip
I, +=E < 0454
I, — 2% > 0.054

D < Vmos—Vs
~ Vmos

Bl 3.2-1 #2352 i A2 ]

V. =300V;R =20

. [ Ly = 10m — AiL]

check

I+ <0454

: Vaos—V.
I, — % > 0054 D <M=
Lz Vmos

output

Bl 3.2-2 1% BB~k i A2 B
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<K 3.2-1>5 A2 AR ARR] o P AR E B AR 0 5 <[]

3.2-2>5 % BIP~{Ri ALK > fEFRE BB REAT o T AR RASAE o

int main(int argc, char* argv[]){
double D=0;
double VS=50;
double VMOS=500;
double R=2;
double L=0.009;
double IL=0;
for(R=1; R<=10; R++){
for(double vsec=1;vsec<=100;vsec++){
double nmax=(VMOS-VS)/vsec;
for(double n=1;n<=nmax;n++){
D=dutycycle(n,vsec,VS);
IL=inductorCurrent(D,n,VS,R);
for(L=0.001;L<=0.01;L+=0.001){
double i=deltal(vsec,n,D,L);
output(IL,i,vsec,L,D,n,VMOS,VS,R);

}

system("'pause™);

return 0;
}
double output(double IL,double i,double vsec,double L,double D,double n,double VMOS,double
VS,double R){

double IAmax=IL+i/2;

double IAmin=IL-i/2;

double Dmax=(VMOS-VS)/VMOS;

if(IAmax<=0.45 && IAmin>=0.05 && D>=0.1 && D<=Dmax){

cout << "R=" << setw(2) <<R;

cout << setw(5) << "Vo=" << setw(2) << vsec;

cout << setw(7) << "IL="<< setw(9) << IL;
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cout << setw(5) << "L=" << setw(5) << L;

cout << setw(7) << "i/2=" << setw(9) << i/2;

cout << setw(7) << "Imax=" << setw(9) << IAmax;
cout << endl;

}

return 0;
}
double dutycycle(double n,double vsec,double VS){
double templ=n*vsec;
double temp2=temp1/(VS+temp1l);
return temp2;
}
double deltal(double vsec,double n,double D, double L)Y
double f=30e3;
double T=1/f;
double temp1=1-D;
double temp2=(vsec*n*T*templ)/L;

return temp2;

double Vsecond(double L, double i, double n, double D){
double f=30e3;
double T=1/f;
double templ=L*i;
double temp2=(1-D);
double temp3=templ/(n*T*temp2);

return temp3;

double inductorCurrent(double D , double n, double VS, double R){
double temp1=1-D;
double temp2=pow(temp1,2);
double temp3=D*VS;
double temp4=pow(n,2);
double IL=(D*VS)/(temp2*temp4*R);

return IL;
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Apr 23, 2013 Transient Kesponse
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3.3 kK AT

A 322 dntih o B P HRERE AR B M I ST

s
fén

WP EIERS R AERATRY Y 0% PRA A 4 AL Y 4L

P

BT FORE AP FP =1V G AT E A

PhE B HEEF gL R
331 #HFyEos
T Yoz = —f V()I(t)dt > 4o<B] 3.3-1>#77F o

700 299U
w : §
S X| 5021
= <| 270U >
§ 500 £ 19U ] 1 5.02m
£ & 270ﬂ=?f Ve X I, dt
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3.32 - =%

oA Et
:L!—L]‘ 1;}—

FPD=02) LEFTRE ] o

2 2 (s

_\)

PR E (Lpn)n/’J

=

+

V—4‘V’[F"§'{[’Ln1n2—1019 F‘ 14‘

FRLRE M AL e g

B A R4 o do<hk 3315957 o

% 3.3-1 xR RBBR E(Lpri)® F & fe 4
Ry )
160V/ 5ms~6ms | V,(W) | R(W) | D(W) | SW.(W) | R (W) Py,
Lyi=2m | 839 | 00331 | -131 | -0329 | -6.77 80.69%
Lpri =3m 8.49 -0.0307 -1.28 -0.355 -6.82 80.33%
Lyyi=4m | 856 | 00299 | -124 | -0369 | -6.87 80.26%
Lyyi=5m | 862 | 00296 | -127 | -0.385 -6.9 80.05%
Vo =
n=10
D =02
Lpri = 6m 8.67 -0.0295 -1.28 -0.390 -6.93 79.93%
Lyi=7m | 872 | 00295 | -129 | -0.41 -6.95 79.70%
Lyy=8m | 873 | 00295 | -129 | -0.406 | -6.96 79.72%
Lyi=9m | 873 | 00294 | -125 | -0409 | -6.97 79.84%
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333 THEMF(f)RH

FEEHB M ERE R

4o @ L FHR > do<k 3.3-2>97 5%

4 3.3-2 s A S () % A pe

T VO I M I A R

Pp
160V/ 5ms~6ms | V,(W) | R(W) | D(W) | SW.(W) | R, (W) L/PVS (%)
f=30k | 171 | -00436 | -2.01 | -033 | -14.6 85.38%
f=40k | 179 | -00453 | -1.98 | -0422 | -153 85.47%
(s | f=50k | 187 | 00475 | 198 | 0574 | 159 85.03%
n =
D = 0.36
VO =
L=9m
f=60k | 195 | -00498 | -213 | -0701 | -165 84.62%
f=70k | 202 | -0052 | -217 | -0.828 17 84.16%
f=80k | 211 | -0055 | -218 | -0.983 | -17.7 83.89%
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334 fFizxP(D)iE Y

. D N 2 A <z 3
d QI =V TR T R I By s
P T P

BREGHOFPEREFFAPHRIT Fo 0 P HF EE
B TR E XTI A PR RE RO LT T 2D P b
(S I S S

# 3.3-3 =®§ P (D) F & pe

Pp
160V/ 5ms~6ms | V,(W) | R(W) | D(W) | Sw.(w)| R,(W) L/P,,s (%
D =0.158
246 | 0003 | 0574 | -032 | -159 | 64.63%
vy =2
D = 0.22
498 | -0007 | 0926 | 0373 | -368 | 73.90%
Vo =3
n=15 | D=027
827 | 00153 | -1.28 | -0.422 | -653 | 78.96%
L=9m ;=4
D = 0319
130 | -0.0286 | -1.68 | -0.495 | -108 | 83.07%
Vo =5
D =036
e 187 | -0.0475 | -1.98 | -0574 | -159 | 85.03%
-
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335 ® #icit (n) F ik (D) BT s g

Brc® o f WHOTIEE > F E D) ] 0 TR M A

# 34-4 Wt (nN)E F iz (D) pFecg s 5o e
PRL/ (o
160V/ 5ms~6ms V,.(W) R,(W) D(W) SW.(W)| R,(W) Py, g
n=28
135 -0.0731 -1.71 -0.438 -11.2 82.96%
D =0.2
n=11
13.3 -0.0447 -1.66 -0.448 -11 82.71%
D = 0.256
n=14
12.8 -0.0305 -1.69 -0.479 -10.6 82.81%
D = 0.304
n=17
13.1 -0.0249 -1.64 -0.502 -10.8 82.44%
D = 0.347
V, =5V
L=8
™ =20
13.0 -0.0205 -1.73 -0.543 -10.7 82.3%
D = 0.385
n =23
13.2 -0.0185 -1.69 -0.557 -10.8 81.82%
D =0.418
n =26
12.6 -0.0152 -1.64 -0.592 -10.3 81.75%
D = 0.448
n =29
13.3 -0.0153 -1.75 -0.635 -10.9 81.95%
D = 0.475
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4.1.2 Matlab #ciE 4 47
d FaF RI®er 2 fR st % il Matlab i 7 #cig f2[53] 5 & TR
Y7o 2 ¢ Ry = 50Q° Ryjpe = 100Q° Ly, = 20uH > Cygs = 100pF >

V, = 100V » ¢ 8 (4.1-2) £ 42, (t) » @ 4= 4o i
Vs

Vp'(0%) = R";# s A~ R a2 v F<F 4.3-1> -

0SS

Ho oy (MAX) 5 B % % & T B o fL15 44550 g 3524 o
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4222 >XkE

Stepl :

NS

Rline

T ERM tunoff & >t =0"
TR ABTIN MG EE

7,(07)=0
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Step2 :

Isource \[ Rline

VD Coss

B 4.2-6 ST EH I ST R

bl

BHEBRRRE t=0F

5 RLC P B RE > Vp? A2 F 27 5

Vo' (6) + 222V (8) + % Vp(t) = LCV (4.2-3)
Veoss# 4+ B & 0

Vp(07) =0 (4.2-4)
BLPER S4B 27 stepl oo 403V (40)

Vo (0*) = 10D _ 1O (4.2-5)

COSS COSS

d 3 (4.2-3)(4.2-8)(4.2-5)F @V, (¢)
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A Lsource ™ AT AT 5
4 Riine / 1 _

Lsource () + L Lsource () + @Isource =0
A7 4e% on e ostepl o

Isource(0+) =1,(07)

TR AR RV, =0 R

VL(07)
Isource,(0+) = LT =0

d (4.2-7)(4.2-8)(4.2-9) 7 ¥ Lpyrce ()

B 18

V.(t) = Vs — [Isource (t) X Rline] — Vp(t)

BV, () <—1> &7 tMWEL > & step3ot=¢; o
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Step3 :
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B 427 %45 T 5 H F

4o<[] 4.2-4> step3 #751 » RLC I B 7 BaAR 5 —

1\\

Isource VS
Rline

+

Vv, /

B Coss

(b)

i b Z<M) 4.2-7(2)>

f& @V, s & lee ossg <@ 4.2-7(b)> > ¥ 'gé&u@VC °
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(4.2-12)
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<@ 4.2-T>T 7> 4258 5

Isource' (©) + 7= Lsource (t) = 0 (4.2-13)
BU R BA A T T g oyrce (0) & StEp2 B ¥ TR > W

Isource (0) = Lsgurce (1) (4.2-14)
b 34(4.2-13)(4.2-14)7 F18t;~t, T i Lsource (t)

PlVpe B+ #

VD (t) = Vs - [Isource (t) X Rline] - VL(t) (4-2'15)
LREFV,TRAfE I, A E o TRALHT FCar T &
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