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The resul ts  of a study of the nitrogen plasma of a stabilized glow discharge (I t =40-80 mA, 
p = 1 - 7  mm Hg) using Langmuir  probes  0.004 and 0.03 mm in d iameter  are presented.  Con- 
siderable d isagreement  is found in the p lasma pa ramete r s  n and f (e )  (electron concent ra-  
tion and energy distribution function of e lectrons)  obtained by measuremen t  with probes of 
4= 0.004 and 0.03 mm.  An analysis  of the experimental  data made it possible to conclude 
that the measuremen t s  made using the probe of 4=0.004 mm are co r rec t ,  and to show the 
magnitudes of the sys temat ic  distort ions of the p lasma pa ramete r s  occur r ing  in work with 
a probe of (~ = 0.03 mm.  

Interes t  in the operation of a Langmuir  probe in a glow discharge p lasma at average p r e s su re s  (p ~ 10 
mm Hg) has intensified in connection with studies of the physical  p rocesses  in the p lasma of a CO s l a se r  
[1]. 

The difficulties connected with the use of the probe method for p ~ I mm Hg have been indicated in 
the l i terature [2]. The theory  describing the operation of probes at low p r e s s u r e s  implies that the in- 
equality d, O <<?~ is satisfied (d is the d iameter  of the probe, D is the thickness of the space charge layer ,  
and k is the free path length of the e lectrons) .  Because the indicated dimensions are comparable in the 
region under  considerat ion it can be expected that the p lasma pa ramete r s  measured  by the probe will be 
distorted.  The qualitative nature of the distort ions ar is ing in this case is c lear:  if the probe is at the space 
potential the cur rent  in it becomes so great  that the influx of e lec t rons  from the plasma into the region of 
localization of the probe through diffusion is not able to res tore  the e lec t ron density n to the level n o in 
the undisturbed plasma.  As a result ,  as noted in [2, 4l the probe method leads to an unders ta ted e lectron 
concentrat ion n and to an overs ta ted mean e lec t ron energy  <e>. 

A method of recover ing  the e lec t ron energy distribution for the case of a spherical  probe comparable 
to the e lec t ron path length is proposed in [3]. The analogous problem for the case of a cyl indrical  probe 
is solved in [4]. Unfortunately, the method is ra ther  cumbersome because of the dependence of the p a r a m -  
e te rs  D and ~ which enter  into the theory  on the e lectron velocity distribution function f(v);  in addition, 
the assumption that the space charge layer  has a small  thickness is not always satisfied at p > 1 mm Hg. 

A compar ison of the charac te r i s t i c s  of "thick" (d =30 p) and "thin" (d =4 u) probes in the p lasma of 
a stabilized glow discharge in N 2 is made experimental ly  in the present  repor t .  

The degree of distort ion of the p lasma pa ramete r s  by a probe at different gas p r e s su re s  and dis-  
charge points was determined by the following system: 

1) the e lec t ron  distribution functions with respect  to e n e r g y f ( e ) a n d  ve loc i tyf (v)  at different points 
along a radius r of the gas -d i scharge  tube were found by the second derivative method. Then the depend- 
ence of the mean e lec t ron the rmal  velocity 

was calculated at different r; 
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Fig. 1 

2) the e lec t ron  concentrat ion n(r) for  different  d is tances  
f rom the axis of the tube was calculated f rom the probe c u r -  
ren ts  at the space potent ial  and the value <v T (r) >; 

3) the e l ec t r i c  "field s t rength  E was de te rmined  using a 
double probe;  

4) the radia l  t e m p e r a t u r e  dis tr ibut ion T(r)  of the gas 
was de te rmined  f rom thermocouple  m e a s u r e m e n t s  analogous 
to  [51. 

Since NT =const  a c r o s s  the tube, the thermocouple  
m e a s u r e m e n t s  made it poss ible  to obtain the dependence 
N(r) of the concentrat ion of gas molecu les  for  different  ex -  
pe r imenta l  conditions; 

5) the dependence Vg(r) of the e lec t ron  drif t  veloci ty  
was cons t ruc ted  f rom the known N and E, a f te r  which the 
rad ia l  dependence of the d ischarge  cur ren t  density j ( r )=en( r )  
Vg(r) was de te rmined .  

To tes t  the c o r r e c t n e s s  of the probe operat ion a com-  
par i son  was made of the total  cu r ren t  I t in the gas -d i scha rge  
tube m e a s u r e d  with a m i U i a m m e t e r  and the cu r ren t  reduced 
by the indicated method 

R 

= 2~ ~ ] (r) r dr I 
0 

fo r  p r e s s u r e s  of p ~ 7 m m  Hg and cu r ren t s  of It =40, 60, and 80 mA. The e lec t ron  ene rgy  dis tr ibut ion func- 
t i o n s f ( e )  m e a s u r e d  by the two probes  under  these  same conditions were  compared .  

P robes  of two types  were  mainly  used  in the exper iments :  d =30 /~ (platinum} and d=4  ~ (tungsten}. 
Each probe cons is ted  of a long quar tz  cap i l l a ry  (~100 /z in diameter} through which a wire  of one of the in-  
dicated types  was drawn. The length of the open pa r t  of the probe was l ~3 m m .  The two probes  (thick and 
thin) p r e p a r e d  in this way were  mounted in a pa i r  with a distance of ~3 m m  between them.  The p robes  
were  inse r t ed  into an uncooled gas -d i s cha rge  tube (inner d i ame te r  36 m m ,  length 750 mm)  a c r o s s  its axis 
12 cm f rom the anode and could be shifted radia l ly  without dis turbing the vacuum. The flow veloci ty  of 
gas in the tube was ~1 m/sec .  

The m e a s u r e m e n t s  were  made in the following way. The p robes  were  at a floating potential  and were  
a l te rna te ly  switched into the m e a s u r i n g  c i rcui t  us ing a re lay  at 2 m s e c .  At the moment  of switching the 
probe was blocked with r e spec t  to e lec t ron  flow, although the probe potential ,  which was set  f rom a r e f e r -  
ence source  connected between the anode and the probe,  was close to the floating potential .  The sequence 
of subsequent opera t ions  was as follows: the t r igge r ing  voltage was supplied to the probe f rom a sawtooth 
pulse gene ra to r  (amplitude of sawtooth pulse 50 V, duration ~1 m s e e ,  nonl inear i ty  2%). The voltage,  p r o -  
por t ional  to the probe cur ren t  Ip, was taken f rom the load impedance and was fed to one of the beams of 
an S1-33 osci l lograph.  

After  differentiat ion of this signal us ing an RC circui t  and amplif icat ion,  a s ignal  propor t iona l  to the 
f i r s t  der ivat ive  of  the probe cur ren t  was viewed on the second beam.  Finally,  a f t e r  redif ferent ia t ion and 
ampli f icat ion the second der ivat ive  signal  was fed to the th i rd  beam.  After  some fixed t ime (10 msec)  the 
second probe was turned on according to an analogous p r o g r a m .  

Osc i l l og rams  obtained by the sy s t em descr ibed  above are  p resen ted  in Fig. 1. 

Each m e a s u r e m e n t  was p receded  by conditioning of the probe surface  by ion bombardment .  To de-  
t e rmine  such c h a r a c t e r i s t i c s  as the mobil i ty ,  drif t  veloci ty,  and free path length of the e lec t rons  in the 
gas it was n e c e s s a r y  to know the concentra t ion N of the neut ra l  gas.  The l a t t e r  was m e a s u r e d  indirect ly  
f rom the m e a s u r e d  p r e s s u r e  p and t e m p e r a t u r e  T of the gas in the d ischarge .  The gas t e m p e r a t u r e  m e a s u r e -  
ments  were  made using a plat inum (~--30/z) and copper  (~b--15 /z) the rmocouple .  The thermocouple  was 
cons t ruc ted  analogously to a probe.  The thermocouple  was ca l ib ra ted  with r e spec t  to Rayleigh sca t t e r ing  
of ruby l a s e r  light (V. N. Luk 'yanov and G. I. Shu,zhenko took par t  in the light sca t t e r ing  exper imen t s ) .  The 
e s sence  of the ca l ibra t ion cons is t s  in the following. Observa t ion  of the sca t t e r ed  radiat ion in the d ischarge  
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and in cold gas at the same  p r e s s u r e  makes  it poss ible  to de te rmine  N/N 0 = T J T .  This  rat io  was then c o m -  
pared  with the t e m p e r a t u r e  ra t io  obtained f rom the thermocouple  m e a s u r e m e n t s .  In the t e m p e r a t u r e  and 
p r e s s u r e  range of in te res t  to us the d i sag reemen t  did not exceed  10%. 

The gas t e m p e r a t u r e  dis t r ibut ions (fine lines) along the radius  in the p r e s s u r e  in terva l  of p =1-7  m m  
Hg are  p resen ted  in Fig. 2 for  th ree  cu r ren t s :  I t=40  , 60, and 80 mA. Measu remen t s  of the e l ec t r i c  field 
s t rength  E were made for  these  expe r imen ta l  conditions,  In conjunction with the t e m p e r a t u r e  m e a s u r e -  
ments  this makes  it poss ible  to de te rmine  the e lec t ron  drif t  veloci ty  f rom the dependence Vg = F(E/N) which 
is known for  ni t rogen.  Fami l i e s  of Vg(r) curves  are  p resen ted  in Fig. 2 (heavy lines).  

Elec t ron  ene rgy  dis t r ibut ion functions f ( e ) o b t a i n e d  f rom an analys is  of the second der iva t ives  of 
probe cu r r en t s  for  different  p r e s s u r e s  and a d ischarge  cu r r en t  of I t = 80 mA are  shown in Fig. 3. The 
curves  shown by fine l ines r e f e r  to the probe with d=30 #, The cor responding  fami l ies  o f )Z(~ieurves  for  
cu r r en t s  of  I t =40 and 60 mA have an analogous fo rm.  The mean  e lec t ron  ene rgy  functions 

obtained f rom fami l ies  of the type p resen ted  in Fig, 3 a re  i l lus t ra ted  in Fig. 4. 

The magnitude of the m e a s u r e d  e l ec t ron  concentra t ion and the fo rm of the dis tr ibut ion functions ob-  
tained f rom the probe c h a r a c t e r i s t i c s  depend essen t i a l ly  on the choice of the space potential  point. In the 
l i t e ra tu re  this point is connected both with the null of the second der iva t ive  of the probe cu r ren t  [6, 7] and 
with its m a x i m u m  [8]. The authors  of the p resen t  r epor t ,  based  on the r e su l t s  of [6], took the null of the 
second der iva t ive  as the space potential .  
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Elect ron concentrat ion functions for different p r e s su re s  and discharge cur rents  are presented in 
Fig. 5. The e lec t ron density was determined from the equation for the current  at the probe at the space 
potential: 

i p  ~ e  ( V T )  �9 �9 

where f(v)  is the velocity distribution function obtained from "Ip of the corresponding probe. Values of 
the discharge current  through the tube for different experimental  conditions can be reduced with the help 
of the equation 

R 

= 2~te~ n (r) vd(r ) I rdr 
0 

from the distributions n(r) and vg(r) obtained. 

The resul ts  are  presented in Fig. 6. Points 1, 2, and 3 re fe r  to the thin probe and 4, 5, and 6 to the 
thick probe. The current  reduced from the data obtained using the thin probe cor responds  with good ac-  
curacy to the current  measured  by a mi l l i ammete r  in the discharge circuit  in the entire interval of ex-  
per imental  pa rame te r s .  Since the e r r o r  in determining the e lec t ron drift velocity is small  it can be stated 
that the cor rec tness  of the determination of the e lec t ron concentration by the thin probe follows from the 
coincidence of the values of the reduced current  and the discharge cur rent  measured  by an instrument.  
The exper imental  resul ts  do not prove the co r rec tness  of the electron velocity and energy distribution func- 
tions found. However, in the case of the thin probe the existing facts confirm the cor rec tness  of the p robe ' s  
operation, Let  us present  some of them. 
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1. As seen f rom Figs.  3 and 4 , f ( e )  actual ly  does not depend on the p r e s s u r e .  On the other  hand, it 
is known that <e> is p ropor t iona l  to (kE/Vg) 2. An exact  calculat ion shows that <e> ~- const in the p r e s s u r e  
in te rva l  p = 1 - 7  m m  Hg. 

2. The effect ive f requency of col l is ions between e l ec t rons  and molecu les  can be found through the 
re l i ab ly  de te rmined  p a r a m e t e r s  

ver~ = e E  / mug 

and is independent of the dis t r ibut ion function used  

The appropr ia te  calculat ion showed that  the m a x i m u m  difference between Vef f and W e f  t does not ex -  
ceed the l imit  of 10%over  the en t i re  range (see Fig. 7). Points I, H, and II! designate W e f  t for  d ischarge  
cu r r en t s  of 40, 60, and 80 mA, while cu rves  1 (40 mA), 2 (60 mA), and 3 (80 mA) co r re spond  to  Vef f=eE/  
mVg. 

3. Since as follows f rom Fig. 5 the e lec t ron  concentra t ion  n found f rom the probe cu r r en t  at the space 
potent ial  was co r r ec t ,  the value <VT> calcula ted t h r o u g h f ( v )  is also co r r ec t .  

On the basis  of the above it can be a s s umed  with a high degree  of re l iabi l i ty  that  the e lec t ron  veloci ty  
distr ibution function is r eproduced  without d is tor t ions  by the thin probe.  

I f  the readings  of  the thin probe are  taken as "absolute ,"  the resu l t s  obtained f rom the thick probe 
can be analyzed.  The nature  of the deviat ions is well  seen in Figs .  3, 4, and 5. A r a t h e r  significant  b road-  
ening of the dis t r ibut ion function is p r i m a r i l y  observed .  

It  is in te res t ing  to obse rve  that the dis t r ibut ion function f ( e ) i s  even broadened at p =1 m m  Hg, where 
d /k~  0 . I .  The dis tor t ion occu r s  because  the th ickness  of the double layer ,  whose s ize in this case  can be 
e s t ima ted  at 75 p, is comparab le  with the probe  d i ame te r .  

The g rea t e s t  e r r o r  is obse rved  in the e lec t ron  concentra t ion  de terminat ion .  At I t = 80 mA and p = 1 
m m  Hg (N =1.67.1016 cm -3) n is unders ta ted  twofold, and at p = 7  m m  tIg 4.5-fold.  

In conclusion the authors  thank V. M. Fedorov for  useful  d iscuss ions  in the course  of the work.  
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