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Spectrum Measurement Study of Arc Plasma on Triggered Vacuum Switch (TVS)
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Abstract - The purpose of this experiment was
to develope Triggered Vacuum Switch(TVS) and
to improve understanding of the high current
vacuum arc phenomena in the TVS. The TVS
has an array of rods of alternate polarity in
which a fixed gap spacing is maintained
between the rods. The cross section of each rod
has trapezoidal shape. Breakdown of the TVS
produced high current vacuum arc plasma. A
spectroscopic measurement was performed over
20 kA peak current in the center of electrodes,
in the vicinity of cathode, and outside
electrodes. The electrode material tested was
Fe. Measured Fe spectrum range was from 200
nm to 900 nm. Measurement result showed
that over 90 percent of the charge states were
Fell and the others were Feland Felll. The
electron temperature was determined from the
relative line intensity ratio methode of Fell
system by assuming the local thermal
equilibrium(LTE). The electron temperature at
the center of electrodes was measured as 1.5
eV at 26 kA peak current. The electron
temperature varied with its peak current.
Intensity of spectrums is the highest in the
vicinity of the cathode. Further we will also
present study result of the diode phenomena in
the TVS.

1.4 &

AF of2g AR s A¥AY o WAL nA
g 2949 e 22 AHAN T F@g 24 A
I Yo o TxE 5 AR AN 293 2
B4 A9 E AN 4% A7)0 e BRARI @
I B9 Fe Aol4 FETo} ge IRUEE &

TEA F&53 AT &4 A A 29 Ao 7
gatgel 9 AEH ALY 30kVelA 200kA
9} peak currentZ}A AHE ZHEEA HoAo EE &
R AAe FF  FALo] HAI AFRALE
(—dlfd¥)°l 300 A/ps ©18+Y ¥ 100%2 AF &
£ HolF A Ao = 2] Al o}g]
VEI(All-Russian Electrotechnical Institute)ol
Z+E TVSe A= 4% A i 972 3 F
o e},

248 TS A LA WAE H2¥ ~9
2 A Fol #¥E AozM A F AR UH B
gk AAME TVSY Az ¢ AZ 229 AMew
EZo wtg A7iF dyojtt. EAE TVSY z
otz WA V4L A7 sloM SFHE A
2nto] 8 & H4de BFEs Aoy,

AR dFEEY AF o3 wA AFe o)idze

R

A
=
=

g

AT (BPR HAF)oMe  peak current?t FA
A9l ¥e AF & 5~10 kA Ax9 vnd &
UA Ao e o8 7la 28A A4S EdE
3 229 spots B, SFore @Y, IF of
2 29z BF F %F spots?] F&, 439 spots
AA AHAJA 9FE F AT Fave] E2F
£ a3z A 39 o238 ndygyg e A% gL
Q77 R gg(1, 2).

B AgdA TVSY A% ol WA 2FEgA dF
£ rod-array ¥Hl9 E5% AF FZoA peak
current7t 20 kA ©]749) w¢ & AF] wA @4
<2 23 ¥ Aot} oW AFL v¥imd EFFH dold
7t & 4 Fe AT o) &3ty n AF AEES
71€8 F g 24U mdoldst T %A 4

48 F F e A2 Zeavtd F8F H
9 M3 X9 MALEE 2HHAY.
A B A8 TVse AZ A wE AF
2 AF otz WABLAMY EH
AFFe N H3e 1 AF o=
olgfsted T A9 A &S

2.2 £

2.1 ®x 259 £3

Agd Fetxod o) wEE FAUAESY X
= A EAle v)$- th2r) diEe] AA Zekiutolx
A3 4495ty B JHE vEd § Y= 2 A9
FLF 255 AN AY B

ey grek A Zekavl WelA oyx] 550 A
AR oz dojuyn(Lxe FUF 71&77F 22 4=
E Alol9 oy mFo] FEO| s iR dojdrd
2 73S Pk EF ol FEo &3 oux] @)
olF w2 A dojdr} ez o] FEIFo] o I3
€ FutEa 78§ ol F0 AUF oz EARHd g
qyA o] A-g u, HA Zetxwle ofF T2 2
oA dd HIPYE vehlle #9F &8 78 &
ot AA Zetaviel 22 v AR YHAY o]
9 Ze HY AFHE F4& F983H H¥(Local
Thermodynamic Equilibrium)(3)°]&} 3o},

24 QAR HYPoM R £ XA A
FRAAEL SAYHcs 94 988 FPH Lol
ward &% EXE Zeth § ATFo] mola R
EIX7 v ~ vtdvAeld gAle] BX & oteiel 2o
B 2=

e

2
dn,=n {52 Yexp( ~ - o (1

A7H me AFAAY BE, Tie A4 L£8 Y
gatt. 749 Z9AdAY dAse BxT P34

-1732 -



N

Fot MANE maid 2xw wRde 27t ofr)e

ZAE AoloM YAse] PUmd Uy BAH
A e A2 O oo @A AUe RE 9
Age) REIRE e

. ri E/ - rio_ rJ E
v e e[ ar) == e e[ E) @

AN n ;e ANERANMN Ut RIUE, g,
£ oule 296l Udnte) B¥UE g, o 249 =
9(de 1), g, weEde 2EE@ES ), £,
€ A, UT)e ¥934E dehar,

oot 12U, (7)) QamaT ) __E, (3)
nw, n, UAT.) P ( xT[,)
AZIA 7, AdIE r+19 4R BEEE, g,

& As7t 19 Qe PEREE dEAY 99 (1)~
(3) FHHEL T G9%H I Fehavils
ARAES AU e

ey Eotaoil FetH oz gke A (optically

thin)ehd 258 oA 29 jolx 29 iz ¥AH
ol & w ~HEHY Al & 2ol
I= huﬁAﬁn,,,-l (4)

AN v B $E RS Ae Ad B
29 Aol BE. n, = Ao} rd ¢

I, Vi A g (Efn_Efj)
I”m - Vﬂm Anm g’,n exp[ xTZ ](1_25)
ZUAY 2dEGMY AVNEL d7EHY ¥R
9 Azl @y k] Wil ek ol duA A}
ETS WA Acke o wwlel o9 339e Be
SAE A @ Aolth Wb o] WAS Agea
W A7 208 AU 245 Aok o] Aol AHeE 7
2o % sdEe] ¥ad sl YSAME Faiol

F2slojo} @} (4,5,6)
2.2 A9 &

DSAGO2A | p,cl
500 .

P 16.22»F_L

supply -, Ve
50kV

3000

Trigger
Unit

28 1. TVS dE 32

" 18 TVS systemd #A7|& 2 2338 23&
A zExojty AFE str] Mol Awle TS

~1077 TorrAd @2 ¥ Hd 50 kv &

4u
e
e

FTF AN 2HE 2448 50 S AX  16.22 F9
R 24718 2AAY. EdA FAZEEH F 4y
W) Eg)A HFd F(positive)d EB]A HAE A7}
ste 2AITH EFA A Aleld] Aol doji} &2
AZol holedl otzrl WAJETH o] otz g8 F
AT Alolofl olz whde] WMASHA 4R ZFHv|e A

sl7F WA E o] TVS7E AHEdct

TVS Axg o e 9A HFE rod-array 3
Hel 125 7z dlen @ BAge 0 E4E
ozl g3 S2A4 A 28dn F3Td S35 A
2 349 4 F dFAlol9 Agle 8mmeltk. AF
o AL OFHCS FezA AR gt TVSZE 3
g9 o 233o FFL YOBIN YVON A2l HR460&
Abg-slget. S ST Aol Fu AldEHA
2237 da A=2F A8 BAE g B EF
7lel&= 1200 grooves/mm< holographic grating©l
AHg5ol 190 nm - 900 nm7hAY $EE B3 ¢
Qo oY & slit AN dispersione 1.76
nm/mme] 2 resolution® 1200 grooves/mm
gratingg AH&8 W 500 nm< g Wid 0.04
nmolet. £ o] EFV9 detection system
R928 PMTe CCD 30008 AM&stx ot

2.3 dgzAy
W J
S =1
3] & 1 e
S = e e %
o
[N
03]
n db n
og 2 #H= E2HEel fx 1t M3
22 &3 ¢ 3 M7 v
1511)7 ) o V -
- :
gum»;i 1
E ]
lH oy w by
KRR ,"1:_ . i |
IR N R BRI VIR
Fy a ® - ™ @

Vadaghim Vet

(a) peak current 26 kA

3700

{b) peak current 68 kA

3200

2700 -

Intensit

2200 -

1700 -

1200 % — - -
280 290 300 310 320

Wavelength{nm)
{c) peak 110 kA
28 3 TVS & 5 ol
BRALE ZHE o CudFe FHIAHA EHE
A% o8 RaFo)l BRI oA Ho] &ojst
A gomz o ¥ BF PAE A% o3 A8EC
AiiRez & Loz FedFE 7z 4¥8S vt



24 TVS7E A8 o] Fe2 © F AF AloldA on
¥ A3de (charge state distribution)® AE)
EZAsteA 23 vt At JuHE FFEY) 99
B33719 A7 <82 100 wm 2 A AN
grating€ 20 nm ¥ ¥ AA s1EA BF FHo]
200 nmolA 900 nm7MA & &H 3. ojw WA A
#9 AFAE Z4 oF 26 kA, 64 kA, 110 kA o
o 239 93t 28 294 Ee AT o] AFALe]
o] £ 19 A AA ZF L SRt

8 4L BN 98 B3¢ &2 wng Z
Ao HZeE Oriel Aol EFUZE 183l £F
23718 9t 23F Aol HRAF AT 29
EY F gRFo] 24 3o et U F o¥ 39
(a), (b), (c)= 200 nmolA 900 nme ~HEHZF
280 nmelA 320 nm Ale]e] EFHES 1‘4 'r“;}

200 nmel4 900 nm *}°]-—1 34 F iy
AsAAHE Fel(90%ld) AE=ZA G oles A
Bl (singly ionized state)7}l F& o]Fxn ‘4"1747}
Fel, 28z 9% E2] Fell2 7459 JUY.

" "
s "
; _tn
! 3
o pan
[
it aw
m
un m
Ko Cnba
(@) & M= 7t2d 1 b) 53 & 2
2100
]
a 1800
1100 st L
Wavalangth

(c) M5 vlZ 3
a3 4 =2F Ao w2 AEEHL| NI Hat

ool WwAAB] HEt 64kA d o 23 394

£ A3 o] 2342 B LBU intensity 9
W3lE 248l usith 29 49 (a)“ 42 1. (b)
E 94 2, (O AX 30149 2B4oltt. 489 A
19 ME 2) 1) 39 £Molgt 3 &3 2AdY
A% ¥ 99 A7 AeAT. = gl 23 3014
LA TS A R PRI
e Ase) 43 Se g AN we EER

arz
7171 2eldte AL wAg o 2= e A AL
9 dx9 257} %‘ uet T AFY S o
g dggte ai% Eoh. W}E}H. 239 29
AN RE M =& 28 5 Ao

£ A ’ﬂTr7]' zZtz} 26 kASH 64 kA ¥ 9 %
dge) oA A7E FFs =g AdsAH
AUAEQA A7lel A" F EFAL Fel402.44%
Fell429.64 < AMg3ct o] F42 vaA 7}7;}o]
QoMM T MFe wWsto] NPEHA w2 Pt
A 5 Adel M7 g €71 Aol 400 nmolM 440
nm 742 & Oriel AHe} ol2&(Ar) EEYUZE ALE3)
o 5 BFE AT 29 5= FFA AF7L 64

mlo

kA 299 400 nm A 440 nm Abe]e] EFHe] B2
ko]t £EE AlAE] st Bad o dHelHEL
NIST(National Institute of Standards and
Technology)® atomic spectra databaseclA A&
sl & 19 YeERRATE,

¥°20¥ 193

B

o920 WS

-
[«]
[=]
(=]
2°60F 1194
962y 1l 3
~

Intensity

400 410 420 440

Wavelength(nm)

»
W
[=]

13 5. 4 2%} 1HollA peak current 68KA & mf
= ﬁ*ﬁlé%*
E 1. Fell 4024 2} Fell42962| Spectral data
spectrums trasrzittéon g{Aac10%7)| v | Energy(eV)

Fell4024] n — m 23 x 103|308/ 757

Fell4296| j — i x 10 ~412.89/h 559
59 X10

SE 1“3 54 23" Fell4024(A)A1 Fell
4296(A) B3N A A7 E 19 dataE€ o
goto] AAeEE AdsE BA A 26 kAU
£ 1.5¢V , 64 kAW E 2.5eV7 A%ch.

3.2 8
2 ’2"&3—3— Cu® Fe MAZ rod-array 89 TVS
A& AzsPch $4 A2 AJEH FHE 5]'“] °l

A=) 7k ﬂl@@“% nE Tar 2820 AME JHssithe A&
1ud, EAE 23" ARBJF vwd F A
Fe A3 & °]%°]'°4 ’\i‘: RAF7 20kAo) ol e WA
HAL R oz #AFSHUY. FIAHE F A B
TE Fell7l 90% ol &4€ AASFAR ‘4“1747} Fel=
Fell2 FA=o At matA TVSS of= AF ¥
AN Atttz AFEBAE FAHAJYSS & F Al
Ak, 2P: AF Alele FH AF Wil ‘I]'E}
2HEH9 A7)7t %‘E}XE Ag E?J:_TL 258 A
AXste Bttt 239 2o HyPA 2 oy
A o] AF AA A e PAAF(FY &
Ho)2 P& AF olzdtd A vy « A9
Hl%g A= o FYoh. ®@etA  rod-array FERe]
4:"° ALEE TVS7E 28 ARAME Zddez ¥

258 Yedezs ZJE."-J £4o) AL ¢ 33 &
" 9).9\15}

l‘-l

& zed)
{1). Raymond L. Boxman. Philip J. Martin, and
David M. Sanders, “"Handbook of Vacuum Arc Science
and Technology”, 1995.
(2] T. Warren, J. Dickens, A. Neuber, and M.
Kristiansen, IEEE Proc. 1999.
[3) Richard Paying, Delwyn Jones and Arne
Bengtson, ~ Glow Discharge Optical Emission
Spectrometry”, John Willey & Sons New York, 1997.
(4) Richard H. Huddlestone and Stanley L. Leonard,
” Plasma Diagnostic Techniques” Academic Press New
York, 1965
(5] Hans R. Griem,
McGraw-Hill, New York, 1964
(6] Auciello, "Plasma Diagnostics”,
New York, 1989

Plasma Spectroscopy”.

Academic Press,

- 1734 -



