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Abstract

The high—voltage pulse generator is consist of transformers of fundamental wave and harmonic

waves, and shunt capacitances. The pulse has the fundamental wave and the harmonic waves that

have been increased as a series circuit by the transformers to make high voltage pulse. This paper

shows that pulse generator circuit is analyzed using Miller's theorem and network theory(ABCD

Matrix) and simulated in frequency and time domain using Matlab program. The output voltage of
pulse were obtained to 2.5kHz, 1.8kV. Output pulse voltage increases as Z,, increases in low voltage

circuit. In high voltage circuit, outer capacitors are related to frequency band pass characteristics.

Key Words : Transformer, Harmonic Freguency, High Voltage, Inductance, Capacitance, Miller'S Theorem,

Network Theory

.M E
TS BAE vhEs A7t ol da@Ee glom
AA= APl A 22 Fobre] BAE wes <
T7F AR ek o IS Ao SEkol
2 Hol 571 A7, el ofste] Ay
S Fehzutel o3t Abgal Aaad S7H2), ol
=4 wAARE], A= A, Aras(s),

« FAZ Tl st e &) A7) FE R

* Main author : Hongik University Science Technology
College Department of Electronic &
Electrical Engineering Associate Professor

Tel : 041-860-2483, Fax : 041-862-2740

E-mail : jykim5712@hotmail.com

AFd 20129 119 229

12414} 2 2012 119 27

AArgE R 12012 129 18Y

ZH - A7)Adn ks = A] A27d AllE, 20139 1€
Copyright (© 2013 KIIEE All right's reserved

0
o
o
o,
o
ot
1L
o
=
)
oo
i,
=

o
o

A Ha o wky whgo R IGBT switch 9
step-up EWRAEHE ARGSHE W3], H32HHT)
g2 W2[6], RCD 3|25 o] &3k WAl[7], EdE
weof Wy R sl tho]l L =5 ARE-g WHA[8] 5 o

™ 1-40kV 2749} A5 YA
7]aL Qi

B Ao M= A AR[15S Frarste] 7Ry}
9 ux9E9] 3|25 AFdste] Miller A2l 3=
o] &S AEete] 25 AIFTE el 1

gk B w4 Ao EHS Tk

X
—

2. 2 E

DAY B A AAE BB EolE Pl



A A A ARG B2 #F o] 24 AT

T
c
c3
C=0.02 pF
vron . 7 T T
bl & o R 0 s ot ) Re 2
V=i u\av (6.3662,0) V( C=5pF R=500 Ohrj) L=600 nH — C=364.12 pF
e 2§m J Re01 ohm'l' PP Reta0mohm L=150uH L=111H  Re0.4kOhm EEE
ES s
TF1
T=360
|
7T
c
cs
. C=0.02pF
V_tTone . : T : c
Srez ; 1 o :7 Ls L L4 :5 =
V=polar(-2.1221,0) s C=5pF L=1700 nH 27 C=44.59 pF {t]
F,:;;'ék“, d R=0.1 mmT " Re130monm L=180uH " L=101H  R=400Ohm o
= s
TF2
T=360
L
il
c
ce
. C=0.02pF
V_1Tone + L 13 i c
sRes R o r L s L 5 co
V=polar(1.2732,0) C=5pF L=2200 nH —_ C=16.66 pF {t]
;,;zu(swz J R=0.1 chm‘l' PP R=130mOhm L=180uH L=68H  R=388.89 Ohi] ]
S T
™
=350
!
7T
c
c10
G002 pF
Vigone - o " T c
SRC4 253 cn2 §14 i R13 s 111 o :12 cn ;a
V=polar(-0.9095,0) C=5pF R=500 Ohrj) L=2300 nH {-} —~ C=9.93 pF {1}
a R=01 OhmT P Re130monm L=150uH o L=8.4H (4} R=333.33 Oha] e R=100 MORm
= i
T4
T=300
Ayl
f
c
cis
C=0.02pF
V_1Tone o c
VEpolar(0.7074,0)V - ~ g9 pr
rm;;:zz(smz L R=monm‘l' L=58H{ R=22222 O it
S T
s
T=200
3 L
c
c
N C=0.02pF
V_1Tone 3 T L R L
SRC6 ;55 ci8 ;m e R19 s 117 T 17
V=polar(-0.5787,0) C=5pF R=125 Ohrj) L=2800 nH C=8.88 pF {t
e R=01 OhmT PP Re120mohm L=150uH Csesn o 144440hr?|' s

E=

.M A M JRE
. The Circuit of High-Voltage Pulse Generator

AR o], AP Ansr uxsh Ha
Aol #wek 58S 47 &l AlEwElAdS skl
2[10], ¥ AFelA = o]2F R 3RS S4S
Aste] ek s S FRlskit
AA 32 %e a7 19 2ow, oY st 9Ee
H2 91¥ 0 24 Fourier Series® &0]4 Z}7te] &
x| WER QU Tk 7] utet
Nz QSR wdgEe] AEE FAA st
R Eat= 53"37?}‘7}.
At Huge 7| 2991 25kHzeF S+ 1139}
5% 7.5kHz, 125kHZ 175kHz, 225kHz, 18] 3L
2 g4 Eo] Xt} o3 s o]

o =
S =9
I

2 A A 25kHz, 1.8kVe] 1249 H7t &

X{OF mi

Al
—_ =2 b |

21 1 L 2Y RZ OIEX B

A Hx v AR EE Edane] 7)E

o 57kEl 2 o 29} 2k

M TR
R

122 tm L&

s 1

M HA EMAENO 7|20 STI82
Fundamental Wave Circuit of High-Voltage
Pulse Transformer

T
TF3

a8 2.
Fig. 2.

=

217 29] 7|83} Sohel2e) Sleest HE Aol

Journal of KIIEE, Vol.27, No. 1, January 2013



o] AHAE(C,)E Millerg2|[11]5 o]-&3Hd ¢
o] IYE(L,) ¢ e ATAE(c) = W

o g oz Folar,

o

oy

TR \Lc T w R 1T . . T YT IR
SRet ctt §1o Rm Sim 2| o LR
3 Rt LMt 2 R
- T o 1l —‘7 T

J8 3. IHY HA EMAZNO Millere 7|2}
=AU

Fig. 3. Miller's Fundamental Wave Equivalent
Circuit of High-Voltage Pulse Transformer

2.1.1 e 24

718a 9 n29E] 57 AREES 247 Yt
7 FHGO R U] sjXshd v)Eutel iz} G
7hElRe] P gong 7Ry 552 g
ke 19 49} 2,

(b) &3¢t

J8 4. Millere 7|20} S7te|2e| bt S
Fig. 4. Miller's Fundamental Wave Equivalent
Circuit of Input and Output

SJelgel A Heh] |-

= 54 s} 2k

S

Z1 - A7) Au) ks =8 4274 A13E, 20139 19

I/E _ fz(w) ijmRm
|- [tz @
o171

fl(w) = (RllRm,_w2Llle) +]w(L R, +L Rll +L11Rm)

m*m m

_ JwLyfy (w)
jwLy(R,, +jwL,,) +(1—w*L,C) f (w)

fz(w)

d

Ly

o

e

a8l 5. 8¢ 7120} Millerel 7182
Fig. 5. Output Miller's Fundamental Equivalent Circuit

7)Eyle] Svl8|7E 7 59 o 7Ryl &
Ao S4E Ssie FY¥= 949 3,5 7,99 11
aLzste] g8 w5 wefstelof s ¥ B S
o] 34 |Juldg stojof gtk

HA 78 64 11 BxIe] 7 329 34 Q)
LX) E ok

Ry +jwlL,
7= - — )
(1= LsCs—w L Cyg) + j (wRCy + wR, Cyg)

olth. o714 R, 9} L= 1UE 11 %3} 3713|79)

@



2! 6. 11 1=x4e| YmEA
Fig. 6. Impedance of 11th Harmonic

0 wsisl 11aste] §y Paedsg zeku o

W SRR aE 7 2,

Z6

8 7. 9A} nxme| mHA
Fig. 7. Impedances of 9th Harmonic

Ry +jwl; + Zf s (w)

Z = 4)
7 (1= L Cy— P L5 Gy ) + j (wRs Cy + wRy s

+jwCss Zsf (w)

o] 714

fi(w) =1— WL, C, + jwR,C,°] T

A (4o} e o r 7 5 3 uxuE $4 o
ARl 7, 7, 25 52 6), 6), (N o] 78

AT

o]

o,

@

R+ jwL, + Z{(1-«*L,C,) + jwR,C,}
(1—u’L,C,—*L,Cy,) + jwR,C, + jwR,Cy,

®)

=
+jwCy Z{(1— WL, C) + jwR,C,}

_ Ryt+jwly+ Z{(1- o’ L,Gy) + juR, Gy} ©
A7 — WLy Cy— Ly Cly) + jwRy Cy + jwR, Cy

+ij'33Z4{( 1-w’L;Cy) +jCUR303}

5 Ry+ jwLy+ Z{(1 =’ LyCy) + jwR, Gy} @
* (11— WPL,Cy— L, Cyy) + jwRyCy + jwR,Cly

"'ij:sZZs{( 1-o’L,Gy) +ij2C'2}

7)Rste] 2 Srls|REE 19 83 o] HH A

v, .
o ‘ 2 4 @oz Fark
2
L R c22 | c1 RL
v2 L2 R22 ~—
VL
Z2
L

[

18l 8. 7|2nt E3E SII52
Fig. 8. Output Level Equivalent Circuit of
Fundamental Wave

V, R
1= : : ®
- |a) -
Jwlidtr) 190 jwCyy
1 RL 2 .
gO(w):(sz‘»m‘Fm)(liwLZQC;2+]MRZZC;2)

32} mx3Fe] S7tE 2 a1 99 o 3xF 1%
ko] &9 A& fI8iA 71Tk X1 3=} 5 7,
9¢} 119] X3 25E aefsteiof gt 5,7, 99 11
nxke] ISR 72 (6)3 2ol z7t Hrk

Journal of KIIEE, Vol.27, No. 1, January 2013



—ee

a8l 9. & Miller?l 3xF 1Xu} SII3|2
Fig. 9. Output Level Miller’s 3rd Harmonic
Equivalent Circuit

37 2 58 2e) 22e ke UEhllo] B
W 1 103 2o,

I

32 vL

a8l 10. &8¢ 3x 1X0 STI52
Fig. 10. Output Level 3rd Harmonic Equivalent
Circuit

o}714 7Eute] R RE AYHABCD) veh]
Bl & o]gate] & 4 Uk

“17 100114]
ahd o= 13 327t Har ﬂﬂ ABCD) Thepu] el &
LR =2 (999 2tk

Y, = jwCyy, Yy = jwCyy, Yy = +jwC Tl

Y, jwCh (R, + jwL,)
A=14 2o q T O ©)
Yy (1-u?L,C)) +jwR,C,
R+ jwl
B= 1 1 T Jwly

Y, (1—-?L,C) +jwR,C,

Y .
= jwCy +jwCy

C=Y+ Yyt —

&0y Oy (R +jwLy)
(1-«*L,C)) + juR, C,

Z9 - A7)d8) 8k =4 A27d A1E, 201349 1Y

Y] jwCh, (R, + jwL,)
L Jwlgo L1y T JWiy

D=1+—=
i Y (1-’L,C,) + jwR,C,
v
AHABCD) I EE o] &3le] Ae] 7L =
2
Teh =4 (10)2 ok
v
s 1 I (10)
2 [(1*w2L22022+ij22022)(A+?)
L

+(Rz2+ij22)(1+]@02233)(0+£)]
L

5 mZute] Srls| 2 18 113} o 929 7
A JEE g mEstelol dt),

§
—ie-

e

e

e

8 11, S Miller's 5xF X1t S713|2
Fig. 11. Output Level Miller's 5th Harmonic
Equivalent Circuit

suzte] £7} 32 712k Uehje] Byl 1
129} 2,

J8l 12. &8¢k 5X1 DX} JiEFEQl SIt8|2
Fig. 12. Output Level 5th Harmonic Equivalent
Circuit

@



o]

DAY B B PR o] 4 o2 AT
skl g ATHZ2)E 54 (B)olA Folzick S5k ARHABCD) Sebi]el 7} 39lo] 1
&) 7| Eyle} 33133} $HA OUJE% 7171 $1el 71*1 Ay = A}, By =By, Cy= C5, Dy =Dyolek. SIHAt
A 1% AHABCD) 32P[EE o]-§sle] gt ofuf T Iz RS witth 72 (@A zE e
1 1 - . = )= 1
Cia =5 Cro 1 = 5 Gy % 220] W50 20 1) A1 =] A= A (18)2 o] refzict.
(ABCD) #HEIE 52 (11), (12)9} 7o) vk = Slrk )
S JwCy (Ry + jwL,)
) . = 1
. JwCisy/2( Ry + jwL,) (a1 ! (1— WL, Cy) + jwR, Gy (15
! (1—W’LyCy) + jwR, Cy )
B - R+ jwL,
5 R, + jwL, b (1= WLy Cy) + jwR,Cy
Y (1L, Cy) + jwR,C, ,
1 @’ Cy Cyy (Ry + jwLs)
L2 ; C, = jwCyy + = jwCyy — (
O = jwCyy+ ~ jwCyy — ¢ O Hy july) T s (P L,Cy) + juR,
1 22 ? (1_“’2L202)+jWR202 . .
JwC’M(R3 +]wL3)
. : D =1+
D14 jwCis (Ry+ jwL,) (1= *LyCy) + jwR, Cy
! (1—u?LyCy) + jwR, C,
JwCie/2( Ry + jwLy) 16
W jwCy, (R, + jwL,) 12 ’ (1—w?L,C,) + jwR, Cy
: (1—’L, Q) + jwR, C, ‘
B — Ry + jwL,
5 - R, +jwL, ' (1-wPL,C) + jwR,C,
' (1-w’L,C) + jwR,C, .
1 1 ZWQ Cu3Coy (Ry + jwLsy)
—u? ; Cy = = jwCyy + jwCyy —
. :ija o 5@ Cy,Cyy (R + jwLy) 2T Wl TIWCn T FL,C) + joltyC
P2 U (1-W?L,C) +jwR, C, _ _
D1 Jw Oy (Ry + jwL,)
. JwCi/2(R, + jwL,) ’ 2(1—w’L,Cy) + jwR, Cy
: (1*(4)2[/101)-i-ju)RlC1 [A”B”]: Ay By || Ay By| | 43 By a7)
c'D'l e D¢, | CD,
AHABCD) sHepr|E ] gEd ALES shd 2 (13
_ ; 1
o} o] AHABCD) B2 7 T + Stk 1= = (18
? (1_W2L226Y22+jWR22C22)( U"'E)
{A' B'}: A, By| |4, B, (13)
cr C, D||C,D, i
(Ryy+ jwLoy ) (14 jwChy Z ) (C" + i )
L
ko] A= 72 (14)ol Foixith
9 ax3h= AEH(ABCD) FepH|E7} 4dA 0] AL o
s ! = ag A
2 (1= WLy Chy + jw Ry Cyy ) (A +?L) A=Al B, =Bl C,=Cl,D,=D!
V5l Ay =A),By=DB],Cy=CJ, Dy=DJ]
Vo el )02 O ) ol s4le Thew 2
Journal of KIIEE, Vol. 27, No. 1, January 2013



1. .
EJLU Cyy (R4 +J<UL4)

A =1+
! (1-w?L,C,) + jwR,C, 13)

R, +jwL,
(1-«’L,C,) + juR,C,

B,

1 )
5(4)2035034(34 +jwL,)

1
C, = jwCha + —jwCy, —
1 — JWlss 2] 34 (1—w2L404)+ij4C4
JjwCis (R, + jwL,)

D =1+ 5 :
(1-w*L,C,) +jwR,C,

jwCya/2( Ry + jwLy)
Ay =14 T T (20)
(1=w’L;Cy) +jwRy Cy
B - Ry +jwly
P (1-WPL,G) + jwRyCy
1, .
) e Coy Cyy (Ry+ jwLs)
Cy = —jwCyy + jwCsy —
2 T 5 Wl T Wl (1—w’L,C,) +jwR, G,
jwCy, (R + jwLy)
D=1+ J 24 3 T Jwisy
2(1=w’LyCy) + jwR, Cy
|:A/// B//’]: Al Bl A2 BQ A3 BS A4 B4 (21)
"'’ CD||CD,| | CyDy| | Co D,y
V. 1
AR Vo (22)

(1= Loy Chy + jwRyy Cyy ) (A" + 7])

y/ 7
Ry

)

+ (RQQ +jWL22)(1 +jw022Z6)(C’” +

11 az3k= AHABCD) 32}v]E)7} 5ebA| o] A of
714
A5 :AZast :B477 G = 047=D5 :D47

A= A3, B,=B{,C,=C{,D, = Dj

oY
of,
N

. JwCye/2( Ry + jwLs) 23)
! (1= w*L;Cy) + jwR; C;
- Ry + jwL,
b (1-W’LyC) + jwR; Gy
1, .

1 Dt Cys O (R + jwLs)
C) = jwCi + —jwCh — ;
L s T T R0 + ok C
P JwCiss(Ry +jwLy)
L -GG HjeR G

jwCy, (R, + jwL,)
Ay =1+ T (24)

2(1—-*L,C,) +jwR,C,

R, +jwL,
(1-4’L,C,) + jwR,C,

B, =

1 .
ZwQ CysCoy (R, + jwL,)

1
Cy = —jwCh + jwCo: —
2T g IO TR T 2L 0 + jwR, C,

jwCys (R, +jwL,)
2(1-*L,C)) + jwR,C,

D=1+

(4@ pW _ A B| |4y By | | A3 By | | Ay By| |45 Bs (25)
LcW pW Ci DG, D] [ Gy Dy [ Cy D, | | G5 Dy

V; 1
Vil o B
Vv 2 : w, B
(1= w"Lyy Coy + jw Ry Coy ) (A R )
L
(4)
+(Ryy + joLy) (9 + 22
R’y
2.1.3 A=y S5
R} Eee) APOISE v, —nyolmT A




2.2 1My EHX Y 2IZ AIEEo|M Zalt

]

o}
H

L
[>
T
z
o,

il

71839} 579] xR o] Fo7] 31 g
s|2o| A At 7]Evte} 7F uzuES Qts)
739- Matlab2- ©]-83F Avl= 717 133 2o
o 71Eute} 7} mzvlEe] R 1 1914 T

(o

2

ol
SIS A
2L o

=

o}

2000

Ampitude
Angl

yyyyyyyyy

50,
wor
50,

Ampltude
Ang

5 4
200 100, =y ey = i
_ -xv
<0 x10t

gt
Angl
e
88 /
L
=
//
2
I
/
-
-
f
/

rrrrrrrr

(e) b 1xm 37|

xt0’

nnnnnnn

Ampliude
Ang

@

Ampltude

Aagle

yyyyyyyyy

s

J8 13. ol AWMLl AlZ0lM Za}
Fig. 13. Simulation Results at Frequency Domain

' 1

FIi% 9o

OlM E3 37|19 &

Table 1: Output Amplitude and Phase at
Frequency Domain
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a7V | A | a7V) | SR | 2TIV) | 980
2251.0 -2.3 7483 -179.8 4118 0.6
7 %3 9 123 11 123
(1751kHz) (22.52kHz) (275kHz)
A7NV) | A | AZNV) | SR | 2T1V) | 980
3126 | 1799 | 3023 -20 2137 | 1800
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Table 2. Input Amplitude and Phase at Frequency
Domain
7] 25t 3 1%} 5 1%}
(25kHz) (75kHz) (125kHz)
AZ|V) | 92C) | 27HV) | 98O | V) | 930
6.366 83.03 2.122 89.93 1273 | -90.04
7 123 9 123 11 2%
(175kHz) (225kHz) (275kHz)
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