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ON THE POPULATIONS OF NEON LEVELS I N  THE LOW 

TEMPERATURE PLASMA OF A HOLLOU CATHODE DISCHARGE 

R.Djulgerova D.Jechev Y.Pacheva , S.Rashev 

I n s t i t u t e  o f  So l id  j t a t e  Physics  , Sof i a  , Bulgar ia  

Atomic l e v e l s  popula t ion  measurements c o n s t i t u t e  an 

e s s e n t i a l  c o n t r i b u t i o n  t o  va r ious  a spec t s  o f  plasma 

re sea rch :  balance and cross -sec t ion  of i n e l a s t i c  processes ,  

admixtures e f f e c t s  on l e v e l  e x c i t a t i o n  mechanism , 
purposefu l  op t imisa t ion  of p l a s m a  parameters  e t c o  Atomic 

l e v e l  popula t ions  i n  the  nega t ive  glow of a hollow 

cathode d ischarge  a r e  of utmost i n t e r e s t  i n  view of 

t he  p e c u l i a r i t i e s  o f  t he  s p e c t r a l  source:  a r i c h  spectrum 

c o n s i s t i n g  o f  gas l i n e s  , l i n e s  o f  t he  cathode m a t e r i a l  

and a l s o  l i n e s  of t h e  subs tances  in t roduced  i n  t h e  

d i scha rge ;  i n t e n s i v e  atomic and i o n i c  l i n e s  o f  h igh  

e x c i t a t i o n  p o t e n t i a l s ;  small s p e c t r a l  l i newid th ,  convenient  

f o r  a n a l y t i c a l  purposes . 
This  paper  con ta ins  r e s u l t s  o f  popula t ion  measurements 

on t h e  S2 , S3 , S and S5 l e v e l s  o f  t he  s t a t e  

2p53s of neon i n  an uncooled hollow cathode d ischarge .  
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DJULGWOVA ET AL. 1002 

1 Popula t ion  measurements were c a r r i e d  out by 

t h e  method of r e a b s o r p t i o n  i n  one o f  i t s  m o d i f i c a t i o n s  - 
an e m i t t i n g  column of v a r y i n g  l e n g t h  I. A s p e c t r a l  l i n e  

w a s  s e l e c t e d  for each o f  t h e  examined l e v e l s  , ending on 

t h a t  l e v e l .  I n t e n s i t i e s  of t h e  s e l e c t e d  l i n e s  I, and 

I2 were measured a t  two d i f f e r e n t  l e n z t h s  lL1 and l2 

o f  t h e  column. Then r e a b s o r p t i o n  c o e f f i c i e n t s  30 were 

determined f o r  each of  t h e  l i n e s  , u t i l i z i n g  t h e  r e l a t i o n  

where S k e !  i s  t h e  Ladenburg-Levy f u n c t i o n ,  p r e s e n t e d  

g r a p h i c a l l y  and numer ica l ly  i n  ' . 
The product  of fik ( o s c i l l a t o r  s t r e n g t h  of  t h e  

l i n e )  and Ni ( p o p u l a t i o n  o f  i t s  lower l e v e l )  can then  

be found from 

where 2 and d A D  a r e  t h e  wavelength and Doppler 

width of t h e  l i n e  i n  nanometers while  X O  i s  i n  

i n v e r s e  c e n t i m e t e r s .  U t i l i z i n g  t h e  v a l u e s  for fik 

g iven  i n  a b s o l u t e  v a l u e s  were found f o r  Ni ( @ % - 3 ) .  

Popula t ions  o f  t h e  i n v e s t i g a t e d  l e v e l s  were 

determined by t h e  l i n e s  Ne 585,2 nm , Ne 626,6 run , 
Ne 607,4 nm and Ne 640,2 nm We used a d i r ;chr rge  

tube  w i t h  an aluminium hol low cathode , s u p p l i e d  

w i t h  a movable bottom ( F i g . 1 )  ; diameter  o f  the  
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POPULATIONS OF NEON LEVELS 1003 

FIG. 1 

~ i o l l o n  c a t h o d e  d i s c h a r g e  t u b e :  1 - hollow c a t h o d e ;  
2 - anode ;  3 - movable bo t tom;  4 - o b s e r v a t i o n  
winciow; 5 - i r o n  c o r e ( a t t a c 1 i - d  t o  movable bo t tom) .  

c a t h o d e  t u b e  1 U  mm , maximum e f f e c t i v e  l e n g t h  67 m a .  

Us ing  a magnet t h e  l e n g t h  o f  t h e  ernit t in:  c01.m.n may be  

v a r i e d .  S e n s i b i l i t y  o f  t h e  method depends  on t h e  c h o i c e  

or" t h e  ratio 11/12 ' The t y p s  o f  d i s c h u r g z  t u b e  we 

employed, allows for s e l e c t i n g  a s u i t a b l e  r a t i o  11/12 . 
The c o r r e c t  a p p l i c a t i o n  o f  t h e  method o f  r e a b s o r p t i o n  

i n v o l v e s  ma in tenance  of tic/o c o n d i t i o n s :  a x i a l  ilornoppnity 

o r  t h e  ernittin;.; colurim and G a u s s i a n  s h a p e s  o f  t h e  s p e c t r a l  

l i n e s .  Fab ry -Pe r ro t  i n t e r f e r o g r m s ,  c o r r e c t e d  € o r  

a p p a r a t u s  b r o a d e n i n g  demons t r a t ed  t h e  G a u s s i a n  shape  of t h e  

p r o f i l e s ,  w h i l e  s t u d i e s  on t h e  d i s c h a r g e  i n  a p e r f o r a t e d  

ho l low c a t h o d e  were i n d i c - t i v e  o f  t h e  a x i a l  hornogznity as 

r e z a r d s  l i n e  i n t e n s i t y  

5 2 Popu la t io r i s  of' t l ic levels S2 S 3  S4 a1.d S 

were cicasurzd a t  gres,ures I- .  = O y 5  ; 1 I 2 ; 3 ; 4 T o r r  
11 e 

and  for d e n s i t i e s  o f  t h e  d i s c h a r g e  c u r r e n t  j = 1,7 ; 3,4 ; 
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1004 DJULGEROVA ET AL. 

4 m*/crn2 On FIG.2 is presented the dependence N, (p) 

f o r  a fixed current density 1,7 mA/cm2 . 32-5 

Increasing pressure, N (P) decrease after passing 
s2-5 

through 3 rnaximum at P = 1 l ’or r .  

F o r  the grea.ter discharge current densities the 

dependence N(P) intensifies its descendinz chctracter, 

especially Bs , NS4 . 
2 

Table 1 contains data about the function ( j )  

at P = 0 , s  Torr. Populations are seen to grow with 

increasing j . This tendency in stronger in 11 which 
’2”4 

was also the case in at P = 1 , l  T o r r .  The observed 

dependence N ( j )  may be interpreted through the variations 

in the conditions at which the direct electron-atom 

excitation takes plece: increased electron concentration 

and enriched with fast electrons distribution function of 

the electrons with energy 3 

I 

1 2 3 c P I T p r l  

h ’ I G .  2 
Pressure dependence of populationo. 
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POPULATIONS OF NEON LEVELS 1005 

TABLE 1 
Dependence o f  p o p u l e t i o n s  on t h e  d i s c h a r g e  c u r r e n t  d e n s i t y  

a t  PNe = 0,5 Torr 

1 I I 

This  e x c i t a t i o n  mechanism should be  cons ide red  as  

fundame:ital for t h e  s t u d i e d  d i s c h a r g e .  A c o n s i d e r a t i o n  

i n  t h i s  r e s p e c t  i s  t h e  expe r imen ta l ly  observed c o r r e l a t i o n  

between N(P) and t h e  cath-ode v o l t a g e  drop U c  for 

j = 1,7 mA/cm2 (P ig .3 )  

Uc de t e rmines  t h e  e l e c t r o n  energy d i s t r i b u t i o n  E ( E )  axid 

p r o i i d e s  a n  uppe r  l i m i t  fb r t h e i r  maxlliium energy a-t f ' i ~ e d  

j and P ., A s  t h e  s t u d i e d  l e v e l s  have compara t ive ly  h i g h  

I 
I 
I 

0 1 2 3 4 Plrorrl  

PIG.? 
Pressure  dependence oJ' t h e  cz tkods  volta.ge drop. 
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DJULGEROVA ET AL. 1006 

e x c i t a t i o n  p o t e n t i a l s  t h e y  a r e  s e n s i t i v e  towards any  

r e d i s t r i b u t i o n  i n  F(E), caused by changes 111 Y which i s  

demonstrated by om e x p e r h e n t .  

Foi lowing f e a t u r e s  can be p o i n t e d  out  wnen z u n s i d e r l n g  

t n e  l e v e l  pupulz t ionv  i n  t h e  whole range  of v a r y i n g  

a n a l t i o r i s  (Keepiiig i n  view t h a t  S3  and S5 a r e  

m e t a s t a b l e  viniie S2 and S4 - r e s o n a n t ) .  

-- 1u > 
-11 > s4 

s2 
i n u r e a s i n g  j 

s i m i i  a r  va lues  

-- f o r  J 

Sor i r lc reas ing  

p r e s e r v e  t h e i r  

p o p u l a t i o n s  UI' tlil t h r e e  l e v e l o  assume 

( i n  t n e  range  

> 'I r r i A / - ~ ~  olla P > 3 Torr a Tendency 

1 ,5  - 3 T o r r ) .  

i s  observed wriiie Ns. ,dS 
2 5  

i n v e r s e  dep;ndence on P i n  t h e  whole 

range o f  j and P . 
3 . Helium was in t roduczd  i n  t h e  d i s c h a r g e  and i t s  

S2-5 i n f l u e n c e  wzs s t u d i e d  on Gopulat ion of  t h e  l e v e l s  

i,;e worked wi th  gay m i x t u r e s  PNe:PHe = 1:l  1:2 , 1:3 , 
1:'j , 1:7 a t  t o t a l  gas  p r e s s u r e s  and d i s c h a r g e  c u r r e n t  

d e n s i t i e s  same as r e p o r t e d  above. Analogica l  experiments  

i n  p o s i t i v e  giow for t h e  3S and 2s l e v e l s  of  Ne a r e  

c l o s e l y  r e l a t e d  wi th  t h e  observed l a s e r  a c t i o n  of t h e  

t r a n s i t i o n s  2 s  2p, 3 s  3p and 3s2 2p4 which i s  

i n t e r p r e t e d  by tile energy resonance between t h e  m e t a s t a b l e  

l e v e l s  

Nc(2S) and Ne(3S) from another.0f p r i n c i p a l  i n t e r e s t  i s  

t h e  t o t a l  e f f e c t  of  t h e  He-Ne i n t e r a c t i o n  on t h e  

He(2 1 s)  and He(2 3 S) from one s i d e  and t h e  groups 

p opul  a t  i ons . For t h a t  reason  t o t a l  p o p u l a t i o n s  
"2-5 

a r e  only bein: d i scussed .  
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POPULATIONS OF NEON LEVELS 1007 

An i n c r e m e  i n  was observed on p a s s i n g  from 

Ne t o  t h e  mixture  PHe:PNe 1 : l  . Data f o r  p r e s s u r e  

‘Ne + He = 3 f o r r  and j = 3 , 4  mA/cm2 a r e  p r e s e n t e d  i n  Table2 

P H ~  : PNe ’s2. 7 0- BS lo-’ 10-1 
NS4 3 

0 1,062 0 ,178  1 ,293  

2 :  1 2,935 0 ,337  3,351 

5: 1 4 ,063  1 , 0 4 2  6,174 

7:  1 1 , 8 8 2  0 , ?37  3 352 

TABLE 2 
P r e s s u r e  dependence of t h e  p o p u l a t i o n s  f o r  j = 3 , 4  mA/cm 2 

0,434 2,967 

0 ,435  7 , 058 
0,954 12,233 

0,216 5,787 

It can be seen t n a t  t h e  g r e a t e s t  c o n t r i b u t i o n  t o  t h i s  

i n c r e a s e  i s  due t o  t h e  resonance l e v e l s  S2 and s4 A 

moni tor ing  measurement was a l s o  c a r r i e d  out  on t h e  

p o p u l a t i o n  of  t h e  hel ium l e v e l  2” by t h e  l i n e  He5016 A ,  

It was found t h a t  N21S most s t r o n g l y  d i m i n i s h e s  f o r  t h e  

0 

t r a n s i t i o n  Ne:He = 1: l  -1:2 i . e .  where x N s  grows 
2- 5 

most cons iderably .  The i n f l u e n c e  o f  helium i s  n o t  s o l e l y  

reduced t o  t h e  d i s c u s s e d  energy i n t e r a c t i o n  between He  and 

We. iie made an  e v a l u a t i o n  by t h e  method o f  r e l e t i v e  i n t e n s i -  

t i e s  of t h e  k i n e t i c  energy of e l e c t r o n s  t h a t  shows t h a t  

t h i s  grows c o n s i d e r a b l y  on a d d i t i o n  o f  hel ium ( u s e  h a s  been 

made of t h e  l i n e s  II  e 5047 and He 4713 A while  d a t a  

on e f f e c t i v e  c r o s s - s e c t i o n s  and o p t i c a l  e x c i t a t i o n  f u n c t i o n s  

0 0 

b were t a k e n  from 
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lie m a i n t a i n  t ha t  the l , , t t c r  nieclilzniam a l s o  c o n t r i b u t e s  

t o  t h e  i n c r e a s e  i n  EN3 
2-5 
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