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The electr ical  and optical charac te r i s t i cs  of hf vacuum breakdown a re  experimental ly investi-  
gated. It is shown that the breakdown current  amplitude can reach  20 A with a voltage of up to 
30 kV on the electrodes and a discharge duration of 20-25 nsec.  

The use of a spark mass  spec t rome te r  to determine impuri t ies  in solids is l imited by the poor reproduci -  
bility and accuracy  of the analysis.  Most m a s s - s p e c t r o m e t r i s t s  agree  with the view that the e r r o r s  of analysis 
a re  mainly due to p rocesses  occurr ing  in the spark source  during vaporizat ion and ionization of the invest i-  
gated mater ia l  and the formation of the ion beam. In this connection it  was of in te res t  to investigate the e lec-  
t r ical  pa ramete r s  of vacuum breakdown (current  amplitude and duration, d i scharge  voltage, etc.) in conjunc- 
tion with the pa ramete r s  charac ter iz ing  the spark plasma,  par t icu la r ly  the ionization p rocesses  occurr ing  in 
it. The conduction of such investigations can enlarge our knowledge of the kind of effects occurr ing  in a spark 
source,  and can lead to an improvement  in the qualitative cha rac te r i s t i c s  of  the analysis .  

The pa ramete r s  of the hf vacuum discharge used in spark  mass  spec t rome t ry  have been the subject of a 
few studies. In [ 1-3] the ion energy spect rum was investigated, but this spect rum,  however, is not related to 
the hf spark pa ramete r s .  The amplitude of the spark d ischarge  cu r r en t  has only been est imated and, in the 
opinion of the authors of [1, 2], is measured  in mi l l iamperes .  

In [4-7] the shape of the hf d ischarge cur rent  was investigated and it  was shown that the discharge cu r -  
rent  can reach severa l  amperes .  

Below we give the resul ts  of an investigation of the e lec t r ica l  and optical  cha rac te r i s t i c s  of a vacuum 
spark, which a re  required for identification of the pa r ame te r s  of ion sources  of different mass  spec t romete rs .  
The measurements  were made on a JMS-0IB mass  spec t romete r ,  which has an ion source  typical of such in- 
s t ruments .  In the experiments we determined the cur ren t  shape and the voltage in the spark discharge,  and 
also the t ime course  of the intensity of individual emission lines of different  ions in the obtained plasma. The 
measurement  setup is shown in Fig. 1. 

The voltage was measured  with a capacitive divider C1, Cz, the cu r ren t  with a noninductive r e s i s to r  R, 
and the spect ra l  charac te r i s t i cs  with an SPM-2 monochromator .  The measured  signals were fed to an $1-42 
two-beam storage oscil lograph, which could record  simultaneously any pa i r  of pa r ame te r s  of interest ,  and the 

Fig. 1. Ion source c i rcui t  and measurement  setup: 1) 
Monochromator;  2) leads to osci l lograph.  
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2. Breakdown voltage and cur ren t  osc i l tograms.  I, A; U, kV; 
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Fig. 3. OscUlogram.q of intensit ies of individual 
lines (I~ A; I/t, re l .  uni ts ) :  1) CIII (2296 A); 2) 
CII (2837 s  3) CI (2478/k}. 

signals were then photographed f rom the sc reen .  The hf t r ans fo rmer  was tuned to resonance frequency 1 mHz; 
the discharge capacitance C 1 = 50 pF (C 2 >> C 0 .  

Typical ose i l lograms of the e lec t r ica l  pa r ame te r s  of the spark discharge are  shown in Fig. 2. Figure 2a 
shows cur ren t  and voltage osc i l lograms  for  a single breakdown. The decaying hf oscil lations,  previously r e -  
ported by Franzen [2], a re  c lear ly  seen. The frequency of these oscillations is 108 Hz, which is much g rea te r  
than the basic frequency of the genera tor .  Thei r  decay can be attributed to the loss of energy on dissipative 
p rocesses  in the spark and on the e lec t rodes  and can be very  pronounced [4], while the frequency depends on 
the electrode c i rcui t  pa rame te r s  {the capaci tance C 1 and the s t ray  inductance Ls due to the presence  of the 
vacuum lead-ins and conducting wi res ) .  The frequency of these oscillations varied with change in capacitance 
C l.* 

Since the duration of the voltage pulse of the spark  genera tor  is 10-80 psec, severa l  breakdowns between 
the electrodes can occur  in this t ime (Fig. 2b). With a short  pulse duration a single breakdown can be obtained. 
With a sufficient number of genera tor  pulses  the breakdown for metal e lectrodes can occur  equally probably on 
either electrode,  i r r espec t ive  of its mater ia l ,  although predominant  breakdown in one direction is possible dur -  
ing an individual pulse. In the case  where one of the electrodes is an ionic c rys ta l  (NaC1, KC1) breakdown oc-  
curs exclusively on the metal  e lectrode side, i .e. ,  when the ionic c rys ta l  is at a positive potential. 

The cur ren t  osc i l lograms  for  individual breakdowns were s imi lar  in shape but they showed a large spread 
of amplitude, which could reach  20 A when the e lect rode voltage was 30 kV. It should be noted, however, that 
the amplitudes of the f i r s t  breakdowns of different  pulses had a much smal le r  spread.  

Figure  3 shows typical osc iUograms  of the d ischarge  cur ren t  and intensifies of individual lines of neu- 
tral ,  s ingly- and doubly-charged carbon.  An analysis  of a large  number of osc i l lograms of the breakdown cur -  
rent and the emiss ion lines showed that when the amplitude and shape of the discharge cur ren t  were the same, 
the amplitude and shape of the emiss ion  curves  of equally charged ions were also the same. This indicates 
sa t i s fac tory  reproducibi l i ty of the p lasma  cha rac t e r i s t i c s  when the energy input is the same. In all cases the 
emission of the individual lines lagged behind the d i scharge  cur rent  peak by up to 10-20 nsec:  We can conclude 
f rom this that the vaporizat ion of the analyte takes place mainly at the discharge cur ren t  peak and the vapor is 
subsequently ionized. The var iat ion of the line intensifies with t ime shows that the more  highly ionized states 
are  present  f rom the very  s tar t ,  whereas  the s ta tes  with a lower degree of ionization appear later .  

Thus, we can conclude f rom the conducted experiments  that the amplitude of the hf d ischarge cur rent  of 

*In spark circui ts  the concentrated capaci tance C 1 is often absent and its role is taken by the s t ray  capacitance, 
whose value is usually of the same  o rder ,  i .e. ,  severa l  tens of pF. 
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a vacuum spa rk  can r each  s eve ra l  tens of a m p e r e s  with a d i scharge  durat ion of 20-50 nsec; during the d i s -  
charge  there  is intense vapor iza t ion  of the e lec t rode  ma te r i a l ,  whose vapor  is subsequently ionized. The main 
r eason  for  the i r r ep rodue ib i l i ty  is the sp read  of the e lec t r ica l  p a r a m e t e r s  of the d ischarge ,  which de t e rmine  
the energy  input to the spa rk  and, consequently,  the c h a r a c t e r i s t i c s  of the p l a sma  produced:  Stabilization of 
the d i scharge  cu r r e n t  and voltage of individual breakdowns should lead to an i m p r o v e m e n t  in the met ro log ica l  
cha r ac t e r i s t i c s  of ins t ruments .  

N O T A T I O N  

C, capacitance;  R, res i s tance ;  Ls,  s t r a y  inductance; I, current ;  U, voltage; LX, emiss ion  intensity.  
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The p rob lem of a nonsteady a rc  column in a channel containing a gas  s t r e a m  is solved for  an 
a r b i t r a r y  law of var ia t ion  of the cu r r en t  with al lowance for  the var iab i l i ty  of the gas dens i ty ,  
flow velocity,  and flow ra te .  

Theore t ica l  invest igat ions of the in te rac t ion  of the pos i t ive  column of a nonsteady e lec t r i c  a r c  in a chan-  
nel containing a gas  s t r e a m  a r e  assoc ia ted  with cons iderable  difficult ies.  Analyt ical  solutions of the p rob lem 
can be obtained only by adopting a number  of s implifying assumpt ions .  In [ 1], for  example ,  the p rob lem was 
solved when convect ive energy l o s s e s  can be neglected,  while in [2] the gas  flow r a t e  was constant .  As a r e -  
sult  of the heating of the gas in the e lec t r ic  a rc ,  however ,  i ts  ve loci ty  and flow ra te  can va ry  cons iderably  along 
the channel [3, 4]. There fore ,  for  a fu l ler  understanding of p r o c e s s e s  of in te rac t ion  of an a rc  d i scharge  with a 
gas s t r eam,  one mus t  allow for  the var iab i l i ty  of its veloci ty  and flow ra te .  

It is a s sumed  that the ent i re  channel is filled with an e lec t r i ca l ly  conducting gas ,  while the main ro le  in 
the energy  balance  of the a r c  is  p layed by p r o c e s s e s  of Joule diss ipat ion of the energy  of the e lec t r i c  field, heat  
t r a n s f e r  in the radia l  d i rec t ion due to heat  conduction, convect ive energy  t r a n s f e r  along the channel axis ,  and 
emiss ion ,  and the p rope r t i e s  of the posi t ive  column of a nonsteady a rc  in a gas s t r e a m  can be desc r ibed  by the 
equations 
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