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TJO INTERFERIIL'G EFFECTS I N  OPTOGALVBNIC DETECTOR 

HOLLOW CATHODE D I S C W G E  
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ABSTRACT 

Two e f f e c t s  i n  optogalvanic d e t e c t o r  - hollow cathode 

d ischarge  a r e  reported.They appear a t  l i g h t  i r r a d i a t i o n  

of t h e  d e t e c t o r  and i n t e r f e r e  with i t s  p rope r t i e s .F i r s t  

e f f e c t ,  connected with Penning process  i n  Ar-Cd plasma, 

is  used f o r  i d e n t i f i c a t i o n  of negat ive plasma r e s i s t a n c e .  

The o t h e r  e f f e c t  i s  a light induced p o t e n t i a l  on t h e  

cathode. 
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1222 ZHECHEV 

I N T R O D U C T I O N  

The wide use of t h e  Hollow Cathode Discharge (HCD) 

as an Optogalvanic (OG) d e t e c t o r  extends t h e  i n t e r e s t  

t o  t h e  light-HCD i n t e r a c t i o n ,  inc luding  some s p e c i f i c  

HCD features .The HCD advantages a r e  more o f t e n  discussed 

from t h i s  po in t  of view'. We r e p o r t  two i n t e r f e r i n g  

e f f e c t s ,  l i m i t t i n g  t h e  a p p l i c a t i o n  of HCD i n  OG spectros-  

copy - t h e  appearence of nonoptogalvanic components a t  

a negat ive plasma impedance and wi th  HCD l a m i  turned 

off.The first type of experiments is  s t imula ted  by our 

previous i n v e s t i g a t i o n s  on the  c o r r e l a t i o n  between V-A 

c h a r a c t e r i s t i c s  and t h e  behaviour of OG s i g n a l  i n  HCD. 

A t  p resent ,  based on t h i s  c o r r e l a t i o n  t h e  inverse  prob- 

lem i s  t r e a t e d ,  i .e .  t h e  use of t h e  OG s i g n a l  pecu la r i ty  

f o r  i n d i c a t i o n  of a nega t ive  plasma impedance.To c l a r i f y  

t h i s  problem we performed an a n a l y s i s  and comparison of 

OG s i g n a l s  and V-A curves of va r ious  t r a d e  mark HCD 

1amps.The second type of experiments is  connected with 

t h e  cathode poten t ia l .  when an i r r a d i a t e d  lamp is  turned 

o f f  e l e c t r i c a l l y .  

EXPER II'iENT 

The OG response - t h e  ight  induced change A U  o 

vol tage  dropp U i s  de tec t ed  f o r  c e r t a i n  HCD lamps 

t h e  

( A r / C d  /"Narva"/, NeI'Zn, Ne/Fe, Ne/FeCu~'lnNiCoCr/"Hil~e~~' ' /)  , 
i r r a d i a t e d  consequently by 488 nm and 514 nm s p e c t r a l  
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Fig.1. Experimental set-up f o r  measuring o f :  
a - optogalvanic A U  response; 
b - l i g h t  induced cathode p o t e n t i a l  U1. 

l i n e s  from Ar' 

laser (20 mW).AU values  are  measured i n  a standart 

i n t e g r a t i n g  OG scheme with a ' l ock  - i n  (Fig.la).U- values  

of V-A c h a r a c t e r i s t i c s  a r e  measured between t h e  anode 

and t h e  cathode d i r e c t l y  a t  s h o r t  s t e p  A i  o f  t he  

d ischarge  cu r ren t  i. 

l a s e r  (1 W) and 632.8 m from He-Ne 

I n  t h e  second type of experiments t h e  s p e c t r a l  l i n e s  

1.06pm(4 ~ 1 0 ' ~  J.cm-2.s-1) and 532 nm (2.5 x l O q 0  J,cm-*. 

s ) from a Nd:YAG l a s e r  (pulse  du ra t ion  30 xlO-'*s) 

a r e  focused on the  cathode of a Ne/Cu lamp /"Narva"/. 

The l i g h t  induced p o t e n t i a l  U1 on t h e  cathode is  de- 

t e c t e d  by a scheme i d e n t i c a l  t o  t h e  one used for OG 

measurement i n  the  cathode c i r c u i t  (Fig.lb).To elimi- 

na t e  t h e  l a b m a t o r y  e l e c t r i c a l  background the  lamps 

a r e  i n s e r t e d  i n  a grownded box. 

-1 
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1224 ZHECHEV 

0 1  2 3 

Fig.2. Galvanic response of Ar/Cd HCD lamp to 
ArII 514.5 1lm resonant irradiation: 
a - l a s e r  power 1 W; b - laser power 100 mW. 

RESULTS AND D I S C U S S I O N S  

I. Among A U ( i ) -  curves, which are more or less 

monotonous, we would like to emphasize on the curve 

for 

vicinity of the discharge ctccrent i= 1.7 mA a local 

peak arises.In our case it is a sign of increased 

plasma conductivity.The chasacter and 

of the peak does not (depend on the characteristics o f  

the irradiating light flux.The extremum appears at 

irradiation by 632.8 nm too,  although the resonvlt in- 

teraction is absent.This nonselectivitg is the reason 

which rises a doubt about the OG character of the AU-  

Ar/Cd lamp, irradiated by Ar' laser (Fi@;.2).In the 

i- localization 
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22'[d 215 

0 1 6  3.2 

i ( m A )  

Fig.3. Local V-A c h a r a c t e r i s t i c s  of Ar/Cd HCD lamp. 

extrernum.Recently, w e  observed a response of the same 

type  i n  N e / A s  lamp2.0ur ana lys i s  confirmed t h a t  Penning 

r e a c t i o n  As + I?em-As+ i N e  + A E  (Nem is a meta- 

s t a b l e  s t a t e  of neon a t o m  and AE is  t h e  defec t  of 

energy) proceeds with grea t  probabili tg.The correspon- 

d ing  change of As11 s p e c t r a l  l i n e  i n t e n s i t i e s  w a s  

measured a t  the AU- peak discharge cur ren t ;  

neously, a negat ive plasma re s i s t ance  2g = R < o was 

found i n  the  same i- region. 

simulta- 

If both t h e  nonselect ive response AU and R ( 0  

a r e  interconnected then V-A c h a r a c t e r i s t i c s  of Ar - 
C d  plasma should conta in  a negat ive p a r t  R e 0  too, 

Indeed, V(A) - values ,  measured between anode and 

cathode, i l l u s t r a t e  t h e  negative plasma res i s tance  near 

i =1.7 mA (Pig.3).We consider  t h i s  l o c a l  change of t h e  

conduct ivi ty  as a consequence of Penning process between 

Ar-Cd species.A comparison of t he  Ar, Ar', C d  and Cd+ 
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1226 ZHECHEV 

energy l e v e l s  shows s u f f i c i e n t  c loseness  

between t h e  metastable  A r m (  ’PE) and Cd+(3S,,) levels3&. 

Then the  r e a c t i o n  

( AE= 635cm-’) 

Arm(3P:) + Cd(’So) --+ Ar(’S0) + Cd+(3S,) + 

4 + e + AE(635 em-’) 

1 proceeds with a y r e a t  p r o b a b i l i t y  ( So 

s ta te  of Cd atom).Note, t h a t  i n  otter lamps no 

negat ive r e s i s t a n c e  and AU- extremum are found.  

is  t h e  ground 

The observed anomalous responses  of abovementioned 

type including t h a t  i n  Ne/Cu lamp a% pulse  irradia- 

t i o n  a r e  the  reason  t o  s t a t e  t h a t  AU- extremum i s  

formed by an i n t e g r a t i n g  of plasma conduct iv i ty  osci-  

l a t i o n s ,  a r i z i n g  i n  R ( 0  region.Here the  l i g h t  f lux 

is  only a pe r tu rba t ion ,  independent on i t s  frequency.Sc1 

t h e  corresponding p a r t  of AU(i) response i s  not  of CG 

type,  but  it i s  an i n d i c a t i o n  of t h e  negat ive plasma 

r e s i s t a n c e  near  i =1.7 mA. 

2. An e f f e c t  unreported,  i n  our  opinion, up t o  da t e  

i n  t h e  OG r e fe rences  is observed.When t h e  e l ec t rodes  

a r e  e l e c t r i c a l l y  i s o l a t e d  (wi thout  power supply) t he  

inc iden t  l i g h t  induces a p o t e n t i a l  i n  t h e  cathode.The 

de tec ted  s i g n a l ,  i . e .  t he  appearence and development 

of a cathode p o t e n t i a l  Ul(t) i s  shown in Fig.4.The 

s i g n a l  c o n s i s t s  of two components: 

s h o r t e r  than  100 ns which is followed by a wide one 

a narrow p a r t ,  
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a- I /  

3- 0.0 ' I-- 
0 100 2 00 

Fig.4. L ight  induced p o t e n t i a l  U1 on t h e  cathode 
w i t h  hollow cathode l a p  turned o f f  and l a s e r  
i r r a d i a t i o n :  R , =  1 . 0 6 , ~ ~ ~  (curve 1); 

n2 = 532 nm (curve 2 )  ; 

of r e l a x a t i o n  type.Fig.4 i l l u s t r a t e s  i n  f a c t ' t h e  

appearence of a c u r r e n t  between t h e  cathode and t h e  

ground.Since t h e  f i l l i n g  gas neon i s  t ranspcrent  f o r  

both i r r a d i a t i n g  frequences,  t h e  f o t o e f f e c t  from the  

cathode Cu- su r face  seems t o  be t h e  only probable 

reason f o r  t h e  aforementioned signa1,But such a point  

o f  view c o n t r a d i c t s  t h e  "red l i m i t "  d a t a  f o r  ~ u p r u r n ~ ' ~ .  

We would l i k e  t o  no te ,  t h a t  t h e r e  is  no oxide l aye r ,  

decreas ing  t h i s  l i m i t  i n  our experiment.In f a c t ,  t h i s  

e f f e c t  i s  q u i t e  similar t o  t h e  "photon-charge e f f ec t "  

i n  Ref. 8 .Regretful ly ,  t h a t  experiment proceeds i n  the  

a i r  atmosphere and such an important f a c t o r  as t he  

sur face  condi t ions ,  i s  not  discussed.In t h i s  sense o u r  

experiment (cathode su r face  bombarded by ions  f o r  a 
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1228 ZHECHEV 

long  time in neon) is more "pure".But the interpre - 
tation in Ref. 8 , i.e. a local light induced change 

of the surface potential seems to be suitable for the 

explanation of our  results.It is more important that 

the light flux - cathode surface interaction forms a 
galvanic channel which is alternative and interfering 

with the OG channel. 

CONCLUSION 

Our investigation concerns the accuracy of the op- 

togalvanic 

deformation of the signal by means of the negative 

plasma resistance.Here we use this deformation for 

response.?enning process raises a specific 

plasma diagnostic, i.e. identification and localiza - 
tion of its negative resistance.The light induced 

cathode potential is another interfering effect, com - 
peting t h e  OG signal.It is not discussed in detail, 

bu t  we emphasize on the necessity the optogalvanic 

detector to be tested accounting the additional cathode 

potential. 

REFZENCES 

1. Rao G.,  Govindarajan J. and Reddy M. Optogalvanic 
Spectroscopy of Sputtered Atoms. In: Hyperfine 
Interactions .Ed.Rao, J.C.BaLtzer Scientific Publi- 
shing Go,  Basel, 1987, 539-552 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



HOLLOW CATHODE DISCHARGE 1229 

2. Zhechev D.Penning Interaction Ne-As and Optogalvanic 
Signal Deformation, Spectroscopy Letter 1992; 25 
to be published. 

3. Striganov A.P., Sventizki N.S.Tables of Spectral 
Lines.Atomizdat,Xoska 1966 

4. Radzig A . ,  Smirnov B.,Parameters of Atoms and Atom 
Ions,  Energoatomizdat,Moska 1986 

5. Djulgerova R.,Zhechev D.,Jaskowska I.,Lukaszewski M. 
Enhancement of the Dynamic Optogalvanic Signal by a 
Wagnetic Field.In: Europhysics Conf.Abstracts 20 
EGAS, European Physical Socisty,Graz,1988,370-372 

th 

6 .  Chemistry Guide, ed.Nicolski B.,Chemistry,Koskva 
1966 

7. Short Guide of Phisico-Chemical Constants,eds.Maten- 
ko K. ,  Ravdel A . ,  Chemistry,Leningrad 1974 

8. Pustovoit V.,Borisov 1". and Ivanov 0.Photon-Charge 
Effect in Conductors,Phys.Lett.A 1989;135;59-61 

Date Received: 05 /20 /92  
Date  Accepted: 06/21/92 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


