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A Study on the Development of an Ultra—fast

Marx Generator

by Goang—Chul, Shin

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

This paper dealt with a new battery—powered ultra-fast Marx
generator to apply to pulse-power equipment. The final objection of
this thesis is to provide design and construction rules for the Marx
generator having characteristics of 80 ] and 800 kV.

To develop the type of Marx generator, I prefabricated a prototype
generator with 20ns risetime, 500KkV output, and 10KkA discharge
current. The generator has ten 4.2nF/50kV capacitor banks and
stably works under a pressure of 3 kgf/cr SFe.

From the analysis on the prototype generator, I was able to decide a
trigger circuit with high repetition rates, gas pressure ranges, and
pulse measurement sensors.

The finally developed Marx generator can produce 84 ] and 800KkV

with 20 ns risetime. It consists of 16-4.2nF /50kV capacitor banks

-V -



connected with isolated spark gaps. Each bank is completely modular
and can be easily unplugged for maintenance. The trigger circuit can
operate at a repetition of 1pps. and N instead of SF¢ gas in
insulation system of the enclosure was used to improve repetition
rates of the triggering.

Further studies on low-impedance tubes, such as virtual cathode
oscillator (Vircator) and the Magnetically Insulated Line Oscillator
(MILO), should be followed to apply the Marx generator widely to
ultra-wideband (UWB) radars, electronic weapons, and plasma radiation

sources.
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Marx 2% 50kV EglA 32+ wol=u 293 FoZHy A
of 77k 4 FAE BRIyl o] Marx #H w2 ®ol 1453
o, FHE ALFAY FAI =, b2 Aol e B Inte] Aol e
= 19% F+ 9 Aojze AAsArt 19 31& AZE L& Marx
719 AA FAElH, FAA AFSFE F 313 ZE
¥ 31 3% Marx 27|19 ARk
Table 3.1 Specification of the fast Marx generator
& = A} &
7N A H /e 42nF(2.1nFx2) / &
- HHdE 49 40 ~ 60 uH
=74 oy ] 525] @50 kV
T AY 50 KV max
57 oA E 2 420 pF
A w9 A% P00V
@ 5F-35H(400 kV ©] %)
A =94d+F 20 KA
Marx {3 d 2~ 20 Q
s Az 20 ns ©] 3}
Hyx Z 30ns o]
A4A 7t SFs¢ 7F2=
31 A5 2AYE ALFA
234 Marx HH7]Y Sd& 999 st 1% F -0l 5 w2
e ES sty fd B, BHAF A7 7He g SMPS(Swit-
ching Mode Power Supply) %219 m4<¢ AL3)27 8+ 5
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A FAAGe] 50kVelal Marx FHEZ= A F AAE 7 42
nF(4.2nF x 109 HEFA)oly "5 E S 1ppsZE &le] 4] (3.1)& o] &3}
of Asle] FxY EHHAFZ AAT F 9

[=C-V/t=42x10 ?x50x10 */1sec = 2.1 mA (3.1)

9 AoAe} o] MEFES olE ALE 2d AY9AA HFLF
T g AAERE B FHgAE AAZ WS medte] 50kV/2mAT
o] APUAXNE Ao Fx9 ALY F 329 2

¥ 32 A AYAA AL

Table 3.2 Specifications of the charging power supply

& = A ¥
9y At DC 24V +10%
=9 AY / A7 DC 0 ~50kV / 2mA, 100 W
s A 0 wA 001 % ol
i s AT - e 20055 ol
ER— A At 0.05% p-p ol W
z & 85% o]
A = 30 2% 0.01 % ol
Aol 54 AAG AAF Ao A
Ho 3= BAYG FAF HEIE WA
A 2 A AW e 2 (=)
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Ch.1 : [50 V/div, 200 ns/div]

Chl: Eg7 A
Ch2 : E¥A =

(b) E=A 27 HEA

a9 34 EdA AUEY =¥y
Fig. 34 Output waveforms of the Trigger Pendant
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322 E4 A HA7|(Trigger Generator)
EA #Hd7= EYA AHE] F8 Aoy R 49 F7] A%

of o8] Marx 27 zeol AA® 227 B3 £F Aolo] FHA

2742 1" 359 Zth

BNC19 ©xte] sidE &¥< 100 Vpke] A&7t d8=H Q1 Q2

o] FETAAE 58 Q49 IGBTUIRF450)4#te] Alo]Ee] ON Az S F
o] E&]A Wt7]l PTI(TR-148A / PerkinElmer)®] 4253 A d= A
A¥ AHE3o=TEH 400VE Fd¥9 188 uFe 7 MAHE datA &
o] PT19] 1xZo sad77F 524 €
i3 Z|2
el 2 =
I T T
AT R e L&A_A.@;om 7 gl
o il Q;wuwauw T
T TAIGS
10Ty 100Kehm POWER O B} OFF 19100 pF /3 0K
o e e L
o oy fond g T
L wesomes L8]
EomRoL ciRcUT ‘L‘_ﬁ;l

% 35 EFA A7 =2
Fig. 3.5 Circuit diagram of the trigger generator
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o] Wl RT2¢ 2239 mkAMel 12 kVe kel f71=o] EgA
Als A (GP-91 / PerkinElmer)® Eg A Hol| Fw ¥t AvE4o] o)
10kVE Fd% 0.1uFe AgAEH} 4282 4% PT2(Ratio 1 & 5)¢]
Af7r 8 &80 oF 50kVe nAYgo] fr1Eoe] o

=1
FFAY. ojfe F49%8e 1% 363 370 vepdn)

Ch.l : Q3-IRF9540 Source A St [20 V/div, 400 ns/div]
Ch2 : PT1 TR-148 =9 A% [5kV/div, 400 ns/div]

9 36 TR-148 =4 13
Fig. 3.6 Output waveforms of the TR-148
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Ch.l : PT1 TR-148 &3 %%t [2kV/div, 100 ns/div]
Ch2: EZ7 =9 A% [10kV/div, 100 ns/div]
a9 37 EYA EAr)e] &9 9

Fig. 3.7 Output waveforms of the trigger generator

PT19) A%Fe the E 339 2ok

E 33 EfA ¥ ALY
Table 3.3 Specifications of the trigger transformer

3 = AL i

EEEERL 12KV
A= B A E 0.5 uF
Ao A" A7 49 A% 400 V
A= 92 A/ 120 A
A5 A1ZHI0 ~ 90 %) 0.35 us
HA2~ # (50% amp.) 0.5 us
B H) & 301

3 7] 1.93" A o] = 1.25" 9] 7
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3o YERY PT19 540l 1y 36014 B kel o] ofF o
= °F 0.2useolx ¥= A
oto] oF 13kVE ZHF 1 HrZFo| oF Jpus AR =Ao] FHojx =1

o= PT19] 1a50] d2% 787 B AMAIHREG oF 3uj7p =

Al AAE ool

oA EYA WYY FHE AsAIzte] ofF AA 7] fte] T4

o A7 wWel 1xke} 2249 AFAFTE ol FET 1A AFE

T FA Eetd 235 dste 43S BA§ 7 ol Hh
10kV/5kAY AZASL 7121 EfA A% AL Adzt(Adjacent

electrode)oll A=A, O@AH(Opposite electrode)ol] F=A o] Hdo] <7}
H Ao Ef A @A (Trigger probe)ol AFA e AlzE <7t
A-ModeZ F2stH Odztell AZE PT2] #AME Jo= dto =4

o] 19 3744 R vkel 2ol oF 100nse A 50

o] agk =9
kVZ &9 ).
=9 "2 wYris EZold Ao](T-106-6 / AMIDON /v =) 6715

o7 AdA sttt

PT13 EZA Als A Atolol 1800pF /30kVe A#MAIEH} &8 =
2 A7 9 Marx #H 19+e] Eg 7 A Alolo] & 2,100 pF/60kV 2
AMAE = Ale Aol WA A EAsE AATE Aefslr Ko g
of Alojslze] WAl T FERIY]l HEERE oE A AsIe
Blocking—capacitor 4 A %] &} 91 t}.

oy 39% EFA wH7IY AAARE yEd Aoz oY
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a9 38 AAA @A 2o A

Fig. 3.8 Photographs of the prototype trigger generator
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3.3 Marx AW

¥ 39 Marx ZE2 AHA
Fig. 3.9 Photograph of the Marx module
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Fig. 3.10 Circuit diagram of the generator
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5T
3t

34 SFe st&ell m& Ao W At

Table 3.4 Discharge voltage of the sphere gap as a function of SFg

pressure

7} 2=F 5 ¢ SFe THAXE, F% @ 28T 95% el kV

T A | 0.5kef/cnf | 1.0kgf/cnr | 1.5kgf/cnf | 2.0kgf/cf | 2.5kgf/cnr | 3.0kgf/cnf

0.5 mm 6.9 9.7 10.1 12.5 14.8 17.0

1.0 mm 12.2 16.8 19.1 26.4 28.2 34.7

2.0 mm 24.9 33.9 38.2 515 54.1 67.0

3.0 mm 37.2 49.5 55.2 72.3 84.5

4.0 mm 48.6 64.1 7.2 91.2

5.0 mm 58.5 76.0 89.0

6.0 mm 70.1 88.0

2 AP owiE 1072 Marx 2d719 FHol Aol 50 kvl A
S #etstd oA of {5 Fa 20elA] 10T Akol o A HA S 25 mm
2 3t 199 AF A2 279 25 mmolAe W Adro oF 1.24)
AEg A A5 2A4¢d A4 2= 3mmA =7 A
AW e 7tabg e Hd 3kgf /ecmZ AAsA oW, Als AL Cu-W(70

% ~ 30 %)= A7 20 mme vt E A Al 7k SFe b= H
Woll Al A= Fwe S 7pAaFe 248 Sow o7t AA7 oA
L ol® gla) At gkel @dFol AASHA UdEYRE o by - 59

07l AYe Fal ok F e AWU&e fAGop @

AANA AANA FAN AF FL AARLL A A=A SF
b wol o] Hu glow, 55 230 14 FAEEP Marx LA
Azt glolAz ofF ol gol Huk AW AA] fal D Wik of
ek #7092 9ele] B £ omz A Fae dx hAE ol



Fgo] Ha = FAoY. wEA Aa hae de=E 7o dEs

E 35 No gEel uhE 4 wA A
Table 3.5 Discharge voltage of the sphere gap as a function of No
pressure
7b2=FF 0N, FHELE, F% 1 28C 95% @9 kV

T A | 0.5kef/cnf | 1.0kgf/cnr | 1.5kgf/cnf | 2.0kgf/cf | 2.5kgf/cnr | 3.0kgf/cnf
0.5 mm 4.3 7.0 8.8 11.1 13.8 15.6
1.0 mm 6.7 10.2 12.7 15.9 19.0 211
2.0 mm 123 16.6 20.1 25.0 29.0 31.6
3.0 mm 16.9 22.8 27.4 32.2 384 414
4.0 mm 21.3 28.4 34.4 40.1 47.6 51.1
5.0 mm 25.6 33.4 40.1 484 53.4 60.4
6.0 mm 29.9 38.3 46.3 55.6 61.0 69.1

16 9o Marx W31719 Hul FdA%e] 50kvel F2 wdsn tha
o offrE Fau 2wl 16% Alele] A 1AL 4~ 45mmE 39

19e] A% AL 299 4~ 45mmoel Ao W AR o 129 A%

f

A AE A5t APAHORE °F 6 ~65mm=E s WY T~

dHLe Ao 35kgf/cre 2 ZAA I}
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3.3.3 ASAH & d49H

Rl

% Marx %4719 AUA AFLEAA AN E 2717 4
5o,

EE4E 7]

al
o F-ANANE 4L Ak ARAE] G Be &

_

i
flo
2

R
rr

L5 AHAEHY Alge AfAE7E wo] AMEH
], A ZE o= TDK(Y E)e] Door-nobd ¢l FHV-12AN Aty 7] 3

NEE Agdgon 54 F 367 ok

% 36 AIMAIE 54
Table 3.6 Characteristics of the charging capacitor

B 2 S
o A4 A A -35~857C
A A il DC 50 kV
A g} 100,000 MRmin
N A 2 2100 pF
A A2 3] 8 2t £10 %

YOS
£22 9%(-35 ~ 85 C, 25 °C)
Spcmax at 50 % of VR

nHF ZEU A F A No ®d at 1.5* Vg

F(D(2174) = T(F7) = L(F 2 °])) mm 60 * 29 * 33
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Fig. 3.11 Photographs of the capacitor and inductor
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Fig. 3.12 Photographs of the insulators
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Fig. 3.13 Cross section view of the Marx generator
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Fig. 3.14 Typical voltage waveforms of SVB and Triggering
at each stage
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2 B (P6015A, Tektronics)E 2743t 1 ¢H|7F o 250: 12 YEIS L
m 2oy 2o 100:1 g/ S AAsle] AR 19 3149 38
Aol o 25000& watel & 369 HALS AEH9

% 37 @®¥ SBV % EZA AY [ A
Table 3.7 Test voltage results of SVB and Triggering at each stage

g | SBV A @A 28 AkV) | 6kVEAA =9 AgkV)
1 10.13 - 9.0 5.63
2 1535 - 74 10.05
3 2248 = 75 15.53
4 28.85 = 7.6 20.38
5 - 8 26.48
6 40.63 = 7.5 32.20
7 472575 37.45
8 5298 - 7.6 41.55
9 58.00 - 7.6 45.43
10 61.88 - 7.7 49.55
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x 3.8 SFé ¢4 W& Marx® 254
Table 3.8 Operation characteristics of the Marx as a function of SFs

pressure.
7h2=qtE | el o |[E-E(Min) | A1 @ A St [E-E(Max)| SBV
(kgt/ci) (kV) (kV) (kV) (kV) (kV)
0.0 8.5 11.4 14.3 17.0 17.9
0.2 12.0 14.7 17.4 20.7 21.8
0.4 17.0 18.6 20.2 24.0 255
0.6 19.5 214 23.2 276 29.0
0.8 225 24.1 256 30.4 32.0
1.0 24.0 25.8 275 32.7 34.4
1.2 28.0 28.8 29.6 35.2 37
1.4 29.0 30.3 31.6 37.5 39.5
1.6 30.5 32.0 33.5 39.8 41.9
1.8 32.0 33.9 35.7 42.4 44.6
2.0 36.5 37.4 38.2 45.4 47.8
2.6 42.5 46.3 50.0
60
50

= % + cutort

—~ 40
< M = E-E(Min)
=
)]
g 30 —+Test Volt
e
= . ——E-E{(Max)
// -8BV
10

Pl

0 02 04 06 08 1 12 1.4 16 1.8 2 286
Gas = (kgf/cu)
% 317 SFe ool mE Marxe 5354
Fig. 3.17 Operation characteristics of the Marx as a function
of SFg pressure
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3.38 N2 7} 25 o] &3 1699 800kV Marx % 37]

SF6 7k=E o] 83 Marx 2d7]e & 22 Lx=A 16 &e] 27
S AlFskdoh. SFe 7k @ Uiy A4 ddoewyE %
359 Np &+& el stellA e Al 122 6mm, 2 ~ 52 4

m
L 45mm, 11 ~ 169X E= 5mm AEE AASdAY. 29 4255 N,

f2E A F gge e Marx 4 SA4S 3 39 % 19 3189

X 39 N ¢ & Marx®| 254
Table 3.9 Operation characteristics of the Marx as a function of Ny
pressure
b=t ([ Add S E-EMin) | A1 @ A [E-E(Max)| SBV
(kgf/cm') (kV) (kV) (kV) (kV) (kV)
0.0 7.4 2 0 123 14.8 145
0.5 10.34 13.7 172 20.6 20.2
1.0 12.9 IF7y 21.5 25.8 25.3
1.5 15.1 20.2 25.2 30.3 29.7
2.0 17.9 23.9 29.8 35.8 35.1
2.5 19.9 26.6 33.2 39.9 39.1
3.0 22.5 30.1 37.6 45.1 44.2
3.5 25.5 34.0 42.5 51.0 47.0
4.0 28.8 384 48 57.6 50.0
4.5 30.0 40.0 50.0 60.0 50.0
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Fig. 4.3 Time delay and transition time
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