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Abstract

A 10 KkJ pulsed-power system is being built. The system stores the energy and
release it in a short period of time. The expected peak output voltage and current are
~80 kV and up to ~500 kA, respectively, with a rise time of ~1 ps. Since, the input of the
system is a DC current, we use rectifier to transform the AC current from the power
supply. On the other hands, switches play an important roles in the system. The switch
has to hold high voltage without breakdown. In addition, it has to be controlled precisely
in time. We picked spark gap switches for our system. The gap distance between
electrodes and the gas pressure inside the spark gap switch are important factors for the
breakdown voltage of the spark gap switch. We built 3 spark gap switches in total with
better and better performance. The latest one has a total gap distance of 8 mm. The
breakdown voltages with pressurized Nitorgen gas in different pressure were tested. In
order to control the spark gap switch, we use a trigger pulse generator. The trigger pulse
generator provides a ~20 KV trigger pulse with a rise time of ~55 ps. The function
generator deliver the signal to activate the trigger pulse generator and thus triggers the
spark gap switch. In order to protect the function generator damaged by the reflected

signal from the spark gap switch, we use fiber to connect the trigger pulse generator and



the function generator. In the future, we will test the jitter of the spark gap switch and

build the whole pulsed-power system.
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ﬁwﬁﬁﬁﬁ&iwiﬂ%‘ﬁwﬁukmﬁ%ﬁﬁ:iﬂﬁv v he@ 3-4-1 - kALt
% 1KQ PR Efr- R EETRERE - BT R e o EER IR
EHMNITHRERE A IKQOTEIF T RERTHDER T2 F > B E M
HF L WAL RPN FARL L ERF O FHER I REEE
FEF - VRAXI2BRPTIRL > VFILAEREFAZFERTFRERY
Er-1 KQFER\ATREBETES > IR %%@%ﬁﬂﬁﬁ%oﬁ?
Y EL40nF AT FIrRHBERELHS 10 GQenT > p i F FHE IS

Z
B PEEHDEACTRTF P IR T ORI T RGBT L L%
S

é’—?lgﬁ.} E@Pﬁmﬁ‘ygﬁéx}@]%c)\ 1atm\1Satm\2atm\25atm‘3atm E’f”g 7;»{;' ,

EALRY GEHFE Tlam IR - < F R EMBFTEARS 2 0B
Hrenfd T o
20 kV
P—o .
1kQ
10 GQ
O
Spark itch
HVPS — 1 40nF park gap switc
10 GQ
—
m— REERT W
B 3-4-2 %= ARFHBEM IR FHRELE - b T T
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3-4-3 = ARHEME R
YRR BRMIRREE Y D A ARAPR o =

2

LR R A 2

7

-~

F‘lgﬁu/lqu ?_,/
TEEFHRAR c EF R F L AFHRYT

b

3 Bl E 2k
BT E B RPN P AR R 540 100 Q2 Fre 0 4oB] 3-4-20 B poehE_G

L LN G R T SO N

B o F%POE TESZATHEERAT FF BT 242 &
*F FBRAJew - A- %4 5 latm > 1.5atm ~ 2 atm ~ 2.5 atm ~ 3 atm -

VW—P
I
1kQ
i HPS —— 40 nF Spark gap switch
100 Q
B 3-4-3 F=AFHEM N2 F%KREB -
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3-b PGS
3-5-1 - ARHEMIKLE

b REHBRM2ZRHRSSR 3-5-1 &1 atm{rtple FFHEERT » = A E B

AV ERFEREEL BRI RFOHBFLR R AFHEMILG WL F 0
FHEMG IHT A L nf v g L atn ™ 8 TRACT MY e

Breakdown voltages

17-
15- H :
- t 3 i
> - . g
S
0 ¥
m ] }
g 10- } {
O -
>
cC - ]
s
O
T * —
Ar‘\'s - - W/O capacitor !. .
2 7 W/ capacitor L.
CD = i '
- Trigger pulse generator L ) .
0
DI 1 1 I i [} I 2I ] I 1 3: I 1 ] Zi 1 4_‘5

B 3-5-1 % - ~“2Z BB -

gap spark distance(mm)

XFRT AFTREF B EERE M o
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352 - ARFHBEMIRES

SRR HAEMZRHREE IR 3-5-2 ARFKAFE4L42mMm E 5 &L 25 atm
PFo € FATRE~ D RETHEMBT - 8287 EREL 0P LTRY 155
AT RERBEM Ak shy £2:20)8 %979k & B 3-5-2 ¢ FFHiEH 4.2 mm
£% 7 ®4 25atm -3 atm 2 #pl#df 0 T & m5mmg¢%ﬁﬁ{ﬂé@%?i
1~2 atm T 2ba i > BRI kS % €3 hALH 1.5 atm e F %y~ 1768 Rifr
Paschen’'s curves 4p % = & » 4cf 3-5-3 » AP O FIp W IFA PR = KT R
Moo 52 NP HEM: 2T R 80KV PP e R EREFIF 0 &
FPTREERN R 40KV it TR 0 d [ 3-5-4 F ¥ Faro A FRIREESRE G A P
R F RE o BIHEEAR] TE 2 F REARL o Bdedmm + G 3.3atme
B2 EEH/ S 2 FHIER > Flieafdil Pl REPHER > 40 2 mm >
fos AT HEERR A 70 F] 5 S A F IR E AR S 2 TR E 0 ok ALER

st

TEAI I A PEREAIAMM DT R KRY F = AFH B2 FRESR -

3

Vbreak(kV)

35¢ 3.9mm

3.6mm

30t 3.3mm

4.2mm 3.0mm

25} 2.7mm

2.4mm

20 2.1mm

1.5mm

L 1.2mm

0.9mm

Ll L - 0.6mm

5} e / 0.3mm
0 —n - - - - ' P(atm)

05 1.0 1.5 20 25 2.0 a5

Bl 3-5-2 %= NELEM KT SRS A T2 Bdp o

(Experiments//20171230_Spark_gap _witch_Ver2_Sheng//Spark gap analysis)



= = P N W
o o O O o O O

ul 1 1 1 1 1 1]

0 2 4 6 8 10

pd (atm-mm)
B 3-5-3 % = AL R P % E P E{- Paschen’ s curves ** # ) -

Breakdown voltage, V,, (kV)

Vbreak(kV) 4.0mm  3.9mm
50 .- 3.6mm
3.3mm
: 3.0mm
55 2 7mm
i / / . 2.4mm
: /j/ //, 2.1mm
— -
. 4/ _+ 18mm
20} —— //' 1. Smim
|t e 1.2mm
[ //%/
. l%/ — 0.9mm
L ___/
10 i =) 0.6mm
- . : " P(atm)
1 2 3 4

B 3-5-4 %= N EM LILE Ridp ET’F'“ 0

(Experiments//20171230_Spark gap witch Ver2 Sheng//Spark gap Linearly)
27



352 FZARHBEMIKLSE

FIARHBEMZERD DT T ELBRMZAETN > F A RRA LB LR
200 2 g R~ a~brcrde gk = =cFH@ b c)LipFE S50 g o
Pk N5 e TatmTag 50 = > £ R4 f BRI 1.5atm £ F 50 = » &M} =
3 3atme ax+a b BEAKFMFRI FeFERIEL 49 > FidaR{7C
Tk o FRpAEDBEF LG & % Fb4cR 3-5-5 % B 3-5-6 #7771 ° & s - = (d)A i
3atm T FeF 200 = 0 4oB) 3-5-7 % B 3-5-8 51 o e St F %Y 1~2.5atm %
== 160 =x*x® > 3atm == 7 350 =7 - FHEF L 2atm TAEFET > B EAN
Penipdp o e Ak 3t 25 atm E?f]ﬁ»%%i’#ﬁ”‘g‘*;Z;ﬁ%i’ B FIR AR Y 0 ARE T iR
AR TR & A paﬂkmwf{#—4$W°ﬁ%4% & 1atm ™
A 20KV EO2F FAEah s e a3 atm T 2 s 3 g KR 85 KV o F] & R iRt 5k

Sk 5 80KV iR A A R F RARfEA

Vbreak(kV)
70 ? | .
60 : |
20 ' " N, ,awl AN
-~ \i l A :
30 | i
: ; 3 atm
20 | § m— 2 atm
a ! b .: c m— 1.5 atm
10 ! i = 1 atm
{ A 4 : 1 . i . L Shot(n)

20 40 60 80 100 120 140
Bl 355 %= “"FHEM (A FTHREI ST HRZEE -
(Experiments//20171219_New_spark_gap_switch_test_Sheng//Spark gap switch

for all shots)
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Vbreak(kV)

70}

60 }

50}

40¢

30}

=== ¢ (101~150 shots)
20f = b (51~100 shots)
10} == a (1~50 shots)
0% ; ; : - - : ' Patm)

a(V,,..std%) 26.25,(3%) 3859,(2%) 43.30,(2%) 49.23,(10%) 61.55, (16%)
b(V,,. ,std%) 28.02,(4%) 4156 ,(2%) 47.30,(4%) 56.26,(10%) 68.29 , (6%)
¢(Voo ,Std%) 2811, (4%) 42.30,(2%) 48.03,(5%) 57.38,(7%) 68.68, (6%)

Bl 356 = ARFMEMN AT REG 2 "X FHRMFIRL TOEREL -
(Experiments//20171219 New_spark_gap_switch_test_Sheng//Spark gap switch

for comparison of average diagram)
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Vbreak(kV)

75
ol YI'l“ '”‘ [l.wl'm‘h'. i 'l““I.;“ |‘ll“ 69,8 KV
65
60
55
50
45
1 . . - 2(‘)0 Shot(n)
_
Spark gap switch 69.8 6.05 kV (8.7%)
Bl 3-5-T %= AAHEM 9% 8dy 25 X FHRAFTLRARB-TOEL RE L
& ST

(Experiments//20171219_New_spark_gap_switch_test_Sheng//Spark gap switch 4)

30



Vbreak(kV)
80

S B T R

60

50

40}

30 * Number|n]

V... (kV) 61.55 68.29 68.68 69.8
STD (%)  9.91kV (16%) 4.06 kV (6%) 4.27 kV (6%) 6.05 KV (8.7%)

Bl 3-5-8 SR HEM (A FRER 23 atnTe X FHRLFFTRIDEfHREL
ERLY
(Experiments//20171219_New_spark_gap_switch_test_Sheng//4 times comparison for 3

atm)
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SRR IHKCFEFHEBEM? B f 0 AP2E 7 FHAOR MR APRY
K45 % mﬁs?lf\ s fsxp i SRR (relief valve) % *4] % Sp en
EARGHF BB 4.2 atm FEBRR € FSF URR L ah® 2 o

GeBld-1e Rk PP H F §F RE LERER SR F W HAgRic Mgt 7 AR
AR S BRERE S RER O AeB 4-20 ARB ARG HPFEE S v ) A RRE A G OEpE 4

woe NUTE S R TEIAR o

R M
1. & B 4-1 ¥ = switchl 1. Mawrgi
2. BB 4-1 ¥ s switch? 2. BB 4-1 ¥ s switch?
3. B amFg R 3. % REBLA I BREF By & 0 FFH o
4. BamFg s BRRE I 2 BEF E 5 3 LA BRI
5. B switchl 4. #MFCR #Icig 24232 2 0
6. B MFCR 4, B 5. i MFCR 5 %8 % R
7. #MFCR #cie 242 12 1.0 6. i MFCR 4, % B
8. B MFCR # %8 & Bf 7. B switchl
9. B switch2
10. & Bl 4-1 ¥ B4 erg 2 B4
pF o> 35 MFCR 5 %8 % BE RS+

LIRS E TR LrE SRR AL

{5 Hide

1. B¢ MFCR # %8 % B

2. BBl 4-1 ¢ shswitch?

3. FrinE 4-1 ¢ R 4 2 iE G

4. K B 4-1 ¢ “hswitch2

5. B MFCR 5 %8 & R

6. FesnBl 4-1 ¢ R4 A B S FARF T 5 RE
7. B MFCR # %8 B B
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l '* [ S L -
X 8
s Enit -

FEREEER

(Nitrogen cylinders)- BERE 2¢
(Mass Flow Controller Readout)- (Rressure gauge)
l (switch2)-

L oR

MFCR. Spark gap- ﬁ]
L ]
%Eﬁ+
EﬁEﬂ 1&‘
= (relief valve)-
(switch1)- j
i
l
Bl 4-1 % 8k SR -
SYRESE A -
(Partial pressure gauge)  (Total pressure gauge) P (Mainvaive)

4rEEfE] (Partial pressure valve)
Bl 4-2 % # sh¥qfe B B -

33



FIF% AEREFLLF

5-1 /i 2 p ep

A2 4 ®B(Trigger-pulse generator)i & iy 2 H EpF 2 3 T B » At
B
&l ff P et

g % b
* R 8 s s frE ¥ ¥ (Marx generator) o "R ffFr F ok AF & *F - B2
SRl IS B f&_m@?] 4o %ﬁd MELAE 24 ‘3*3%] b Venug
AT Bl DS R ETF R E AR EM K

TR RART ARG ABEYL 1.2 uso 8 &

A BKMGHF 8 s g B g
ke SUE S IRENE S LS
5 G ATE T B T RAZE-40KV > A PR Sns o g ks B HE M
fob subri RABE € -
time) X 5 Dh us: R BE 5 -20 kV % e B o

B B B R rA 4 %’F@?Jt“,i - R (Rise
4 TPl R e L F
e 0 he@) 5-1-1 -

R

Bl - Mgl Bo M Lo TonE P R FRE2#

TiiseS5 ns, 250 MHz, V,,,=-40 kV

T,ise=1.2 us, =210 kHz, 8 stage
Voui=80 kV (20 kV) | Marx

\ / generator

—_— I
SIow | T,i,.=55 s,
Trigger | =45 kHz
pulse | v =20kV
generator
LT Function
Voutr=oV
generator

Bl 5-1-1 & SLAFREF 4 AT -
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H-2 Sk EE 4 &L

AP AFPER A S B2 0 ATk B kA L kA Ic R AP BB R
& ek 48 £ 254 (Optical coupling @ 4- B 5-1-2)8 - B E R 2 > £ S84 f 2
g trAdd BN BEAA S B R iiitrA L B 4o Bl 5-1-6 0 ATk g
G E P Rk anskdm L s e 2 - B R E(Receiver)fr- B % & % (Transmitter) -
P kg (Fiber)#-a ~i24hd > §- BRERBHESE o P hEF LA BT
MBI R S kS EE A B o 4o 5-1-T o BRibras F LA A 4 TN WP E
BE SR i 15 A 2 2 T R r(Electromagnetic pulse): & Hil (82 T AL e T
Ew DB A 4 B LR BT ghf—” REET ¥ - BRAME ko

it ABBEIBTI RAGfIFERrA L B > BF S ER I AFRiEFE 4
B> I - BERERPERENG - BEHET REFFHEZ IC - H L
+ SV%?]/\;V,%-? » He 5V lrﬁﬁg?l/\‘;#:r 50 g s Rag h o 2% USB &5 =
*o H7 USBREERINED v ET RS s S BEk 8 ~ B Rufigpd o M
£ ;‘E?ﬁ%l ~ Vee(+5V) » v s 5 f 25 USB Data- » %4 5 & 5.4 USB Data+ >
@2 AL He 5 GND > 4@ 5-1-9 -

S -
B
=
g3
=
~
3

PR

B 5-1-2 %48 & 5.4 (Optical coupling) ° Bl 5-1-3 # % % (Receiver)ir
# 4% B (Transmitter) -
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HFBR-2528Z R1

v
05 ] I W—-0 Ve
‘ : c1

{ IC 2
08 e o DATA

d ]

VALUE | TOLERANCE J7
R1[ 270 5%
c1| 0.4pF 20 %

Bl 5-1-4 < B T EL 0 o

Veco »
L4 al e HFBR-1528Z
R13 :‘qu [d
Lol 80
12
3
'a 4
sl 5 Q [d50
! 1/2 SN75451 !
! i
DATA0—L |
{. : ~
TTTTTTTTTTTT,E VALUE | TOLERANCE
7 R1| 2KQ 5%
R2| 470 1%
c1| 0.1pF 20 %
c2| 1.0pF 20%

Bl o-1-b @ ERTER -
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Optical Function
Coupling generator
1k ohm
24V O—"v—s C <3 HV output : 20kV

100 uF | | |

GND I GND
|
4.7 nF

e S ————
Trigger pulse generator
B 5-1-6 k48 & M Hfoff R BrAd 4 B ko
T ke maaal DRl Ry DR R 1
i i
1 " i : Function
i Receiver D Transmitter generator
| 1k ohm i
: 24V O——A - : OHV :
] v \ ] Olltput o 2UkV
: |
i i
| |
| ]
| U - ]
1 - 1
! 100 uF | ‘ ‘ :
] ]
] ]
] ]
1 == 1
i ¥ \ :
| _© T

— l —
1 - -
i GND || | GND
i [ !
H 4.7 nF !

Trigger pulse generator
B 5-1-T R B B2 sk 2 B L s



B 5-1-8 fR 5 "k rd 2 Biekh s S 52 -

=88 4

- D+ D- +
B 5-1-9 USB 8 p FR&REL o
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¥AF Akair

2ATFHBEMZ FF2ER(jitter) Bz o

%% One stage’ # 7 One stage &.d = Brkfrss F kg & m 1 uF T % #7e

T
£ 7 One stage sh® 7n 2 T/& » 7 f% One stage =0k Sl > 748 fp FERR k se2

B L WRAL A R F h s FRARKLZ T E

L=

PR BRAI AAKR NS LEA T A E RS TR

s
SRR AT fRAE AR A DT b KR e
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BT 2T AR TUPT AR OBIEA Y o B FFERALD atn T HFTR

BRI G g o 20 KV eB D i RAL T L F SR FATIER -
YR ETA L B MRA kg &SRR S kLR R B T O Rk

AL EA X8 TRIFL 2 LIRAE W e

R
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R X AT R Rl FRSMERARM TS VA - BEREE o AT AR
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BRiEE > BT RIERIRATHBEMLEF ER

v
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&
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