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Observation of Negative Resistance Region in Voltage—current Curve
of Hollow Cathode Discharge
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Abstract

We measured the optogalvanic signal and discharge voltage-current(V-I) curve under the two
different discharge conditions with different buffer gases, Ar, and Ne. When the Gd was used as a
cathode material at low discharge current less than 10 mA, a significant change was observed in the
current-voltage curve. Time resolved optogalvanic signal measurement were measured by the diode
laser of which wavelengths correspond to metastable transition line of these gases (Ar, Ne). From
these measurements, we found that the characteristics of the V-I curve strongly depend on the

Penning ionization process.
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Fig. 1. The experimental setup of measurement
for the optogalvanic signals in the
hollow cathode discharge tube.

2 dAFoA F4 #3e] 810 I} 635 nm¢l ot
oj2= #HolA (Environmental Optical Sensors
Inc., model ECU-2001-A)& AH&3ld Ar9 7%
3o A F99 801479 nm (ls;—2ps)k Ne
o] 7H & A #9191 633443 nm (185 —2p)
Holol Mo FHF AEe AV V- FHE &
A&k HCDe WA AYE A3 948 &
23 &3 Alojo} AYAE dAsATh

HCDE 989 &3¢ Algstd &3 Ui
2% WA 48 99 F &F ¢4FES & 2
24 9gvg TE F 3, B Ages WA
€ #AY F ok =2F FE o HAe g
Qo] Belzul ¢t A8 ExA 3 o]
AlFe2 HCDE 9A #3toA 44 F7] 44
9 FE U3 2¥9EFZLE FYo2 dey Roln
=

3.dn R 1@

Ar 7147} Eol9ly HCDAA Hola X¥ 3
AF Az V-1 F4& F3E FFH7 29 2]



J. of KIEEME(in Korean), Vol. 18, No. 9, September 2005.

11e <ix
11¢ } —_— 4 som
< . 112 | « sO0m
a
=
= =y
% 1"af b Bt §
[5:4
2 =S
< o3
c;) o8 +4 20m (_.'_)
-g - o
=
(13
¢> o6 | - 10m
10+ 40
g T v e e o w E e e
Dischrege Current{mA)
a8 2. Gd/Ar HCDYA A5 o Hek T4 o
ol BY #AF 4.
Fig. 2. The V-1 curve and peak-like opto-

galvanic signals for Gd/Ar HCD.
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Fig. 3. The V-I curve and its derivative for
Gd/Ar HCD.

guistone A Zart Az & A9t Beke
29 29 V-1 Z4M "bump’olt}. o]t o] &
A GIddME T BAA 2HEdd 43
€ ©] 2384 7]+ Penning E#7} $ A5t

a9 294 Hole Aiet B2 {418 4
golA7]19 4 A dolA[18]18 AHg3t
AN A BEHAY o|9p & HAbe A
FA4 F99 Ne d#kel Cal7]zh As[1119)
HE Y2 Atol9] Penning ©]23F &9
7l AE=7t FtEdubs Reg Mg

w2

4

o |y 2 o e
2 % & fo ot |>

ﬂ_&m

}E

L °4:r‘°ﬂ"1 ola B FHFHF
Qo2 Penning °l23 aANE
A8 Are] b e Fobd YR
74 949 QU 98 19 49
A 4 (1)9 Penning ©]23E }A]

()¢ #t

Az A%
23] st

29

Ar'(1s) + M Ar® + M + e+ AE (2)

A7NA Ar'(ls)e 7 we #o

o
AN
oA
o
>
11

A AR, M0 = v gEel e F4 FE
A2, M*e F4% o2 AEE oA 2y



-1

(1corgo) Laser excited
A
95 b= Q540Q mempr— o
| 94554 et 155
" 93754 1s+ Penning ionization
93 |- 93144 4
—F T ear2
50 = 49603
——— | P
44 ™
0 -
Ar Gd
18 4. Penning ©]23¢} #do] e Ard} Gd

EIEEEEE)
Energy level diagram of Ar-Gd system
relevant to the Penning ionization.

Fig. 4.

Ar 7139 &y F9 19 F4& ol
#4999 oy zpololtt 7lA9 EAA &
2% #99%E 998 msec 049 7 F£HE
2o olEg FaA FHY YAEC] &
E4 8% 49 2EY 8o FolA F& 4
AE oA £ vk 1 A A AL
opA T},

I 48 Ar 71A% F&9 A F40)
o} Arel b3 @& F2aF 44 M e
Gd ©)& (Gdh)9 & £9E 43518 cm'[12]00
ek o] BE F9+ 1Y 490A 2Rl T4 Gd
o] wig AE]2RE 9312lem ol BE Arel 7HE
we FAA £9) 9314 emT'[13]sF 23 em ')
e Jduizx] BAAE e 28D 4 (2)d
o8 1s;9] ¢4 9 Ar 4R &5 ¥HE
€@ uieh gele Gd 9%e $E8 Ar A
viet Al gojxxm wieg el e Gd €A
= 93144 em™'el AUAE ol oo HE o
yz 23 Aol 44 doldtt. & Penning ©l
23lo] o A FEE} FVHEEE 29 29
A}k ol V-1 FAMo| "bump”7t YERHH o F
el A dola 2F FHF A5 7 vepdeh

Ne 71#7} Eolgle HCDAA Fejz Zof %
AF A5 V-1 FHE A5 A0 29 59

AE

”

Ae
zt7)

873

A7| AR =FR], A18A 93, 2005 9¥

130

o
128 |
-4 ZHD
%12‘ -
E-
§ 12 1 “’mg
- 2
E l. &
. 122 f [G)
__g o
£ -~
© 20| 1o
)
e b -axn
Bz . s 8 w2 e e
Discharge Current{(mA)
a3 5. Gd/Ne HCDOIA V-1 543 FHola &%
FHAF M5
Fig. 5. The V-I curve and peak-like opto-

galvanic signals for Gd/Ne HCD.

t}. Ne 7i#MAMN Gdg
633.443 nm(ls; —2pg)of A o] sola XF
NF9 V-1 24 29 5otk 19 59
HCDA Sl AR7E 78tz V-1 F4el
"bump”7t UYEHA g3 AYE G2 EFA FoHE
th. 29 6& Gd/Ar HCDalM 9 V-1 Fx3 o
ZHe vlEelth a7 64A BEol FH AY p
ERAE 19 o8 g9y %9 e Zed o
Az $XNE 990 veuA] dn V-IFAAM
B Agssr dojvis yiol gt

g 5ellA Rolx Huel e HAG AU
tlo]o = ol E AbE§ La/Ar HCD A A
HZEHATH14). Arel AF e FUA F99 L
% 7l7t& La o] EE £9& 49733 em'[12]
o Qlth o 9= 24 Lao uid AdH=
HE 04714 cmlo]mE Are JhE v FoA
#919kel duA BAAE 1570 em otk o]
A Bdx WEd Are M #2 F9H4
9 La 34 €A Atoldl AuxE 288 F 3l
F 2E0| dojd #Eo] Fo} V-1 FH "bump”
= Jelyx gz deola B #HF SHE
th olx Ar 71A¢ ~HE g (x} Abelo] €
o] gtk ZAoltk & Penning °|<3 AdFE o
ojr}x] gt

SFo2 AEFE
BHF
Gd/Ne

zHe

;e =
8T

ANl



J. of KIEEME(in Korean), Vol. 18, No. 9, September 2005.

130

128 | —
2126
=
=
5 —
> 1ze b -
Q -
2 ° 2
c
‘:F 122 | =
a
=]
2 -
g 120
118 |
Bz e e s wm az 1e e
Discharge Curremt{ma)
18 6. Gd/Ne HCDlA V-1 43} o] Mg
LI
Fig. 6. The V-I curve and its derivative for
Gd/Ne HCD.
&3 7IA7F Nedl A9l Gd #4¢& §3o=
AHgEHR VT ol $A4Y o) yehia g
ok 19 7oA BEo] Gd ol BE FH&

o} &3} EHEHE 49498 cmT[12] o] F e LEA
AR gt 282 g Ned 1s; 99 713 717}
o] d2lX Gd ol29 BE FHE FA Gd9
o AEERE 99101 cmTloln GdtTel #9=
e AR 2R 147103 cm ol B g Ned) F¢H3
9 lssobe 13059 ecm ™9 & ouyx Bgx=2
Bolx gtk olgh 2L Ui Aol Ar WA
A &AF 9ol vEhtA & LadAe oigz
YA Ho gy A= Atk a8nE ojg e
E EYAdAME $A4Y 9490 Yeux gEt
%% Penning °] 28 A7t YA @t Ao
2 Hol Ne 7|A9] 244 &9 Ao Gd ol&
o A= E47F dE Aoz Aztdr)

pral)

4 4 &

ArZ Ne 71A1& 24 7IAZ ALEE &o] 1l
488 53 FdlA V-1 FHE ST Ar
o] Eojgle WHAAMT §4% FHo] A&
o EF o] oM Foja Bd FHF AIE

874

(f’orgo) Lase{ excited
135 |- 135891 =t 132

134821 13
134461 134

134 | 134044t 155
100 |~ — 99101
50 |- 12828 1P
40 -
ok - -—
Ne Gd

3% 7. Penning ©|23t9 #B#EYE Ned GdY
Az &9,

Fig. 7. Energy level diagram of Ne-Gd system
relevant to the Penning ionization.

Z£ 4= At Penning ©]-23} 4o V-I M)A
X*%‘ 237t goivte & A 998 v=E d
9 @72 #A45) Penning o238 &
#&ey] daME 3 F59 o238 Az
7} B8 A9 b Be Fod F9HYg
ofokdt b ofual, ek & A Az
& 2B F AE 2T 229 oL qun 29
7t glojop i

mlru e

#u 238

{11 K. C. Smyth and P. K. Schenck, "Opto-
galvanic spectroscopy of a neon discharge:
Mechanism studies”, Chem. Phys. Lett., Vol.
55, No. 3, p. 466, 1978.

J. M. Labat and S. Bukvic,
of some impurities on the optogalvanic
signal”, J. Phys.,, Vol. D21, p. 1396, 1988,

V. D' Accurso, F. A. Manzano, and V. B.
slezak, "Chopped c¢w laser-induced optogal-
vanic effect in a neon hollow cathode
Appl. Phys., Vol. B63, p. 375,

(2] "The influence

3]

discharge”,
1996.



[4] G. Erez, S. Lavi, and E. Miron, "A simpli-
fied theory of the optogalvanic effect”,
IEEE J. Quant. Elec.,, Vol. QE-15, No. 12,
p. 1328, 1979.

{5] E. Miron, I. Smilanski, J. Liram, S. Lavi,
and G. Erez, "Dynamic optogalvanic effect
in rare gases and uranium”, IEEE J. Quant.
Elec., Vol. QE-15, No. 3, p. 194, 1979.

[6] A. Ben-Amar, G. Erez, and R. Shuker,

"Pulsed resonant optogalvanic effect in neon

discharge”, J. Appl. Phys., Vol. 54, No. 7, p.

3688, 1983.

R. Shuker, A, Ben-Amar, and G. Ereg,

"Optogalvanic spectroscopy of gquasi-resonance

penning ionization”, J. Appl. Phys., Vol. 54,

No. 10, p. 5685, 1983.

A. Ben-Amar, G. Erez, S. Fasting, and R.

Shuker, "Observation of penning ionization

in Sr/Ne discharge by the optogalvanic

effect”, Appl. Optics, Vol. 23, No. 24, p.

4529, 1984.

B. R. Reddy, P. Venkateswarlu, and M. L.

George, "Penning type of ionization energy

(71

(8l

875

AN AR B2, #1187 A9, 20053 94

transfer collisions in a Hg-Ar discharge
detected by the optogalvanic effect”, Optics
Comm., Vol. 73, No. 2, p. 117, 1989.

{10 B. R. Reddy and P. Venkateswarly,

"Optogalvanic effect in neon hollow cathode
discharge”, Optics Comm., Vol. 85, No. 5, 6,
p. 491, 1991.

D. Zhechev and G. Todurove, "On the
peak-like light induced galvanic responses
in a hollow cathode discharge”, Optics
Comm., Vol. 136, p. 227, 1997.

[12] W. C. Martin, R. Zalubas, and Lucy Hagan,

"Atomic energy lvels”, NSRDS-NBS 60,
U. S. Department Commerce, 1978.

C. E. Moore. "Atomic Energy Levels”,
NSRDS-NBS 35, Vol. I, U. S. Department
Commerce, 1971,

{14] E. C. Jung, S. P. Rho, J. M. Lee, J.-H. Lee,
and H. Cho, "Effects of penning ionization
on the optogalvanic signal of argon/
rare-earth metal hollow-cathode discharge”,
Optics comm., Vol. 149, p. 238, 1998

(111

(13]



