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A new p r e i o n i z a t  i on  system f o r  pu lsed gas l a s e r s  was developed. 

I t  does n o t  r e q u i r e d  spec ia l  e l e c t r o n i c  c i r c u i t s  and has an extreme sim- 

p l  i c i t y .  The system was app l  ied t o  an N2 l a s e r ,  and r e s u l t  a r e  shown. 

F o i  desenvolv ido um novo s  istema de p r e  ion ização para l a s e r s  

pulsados gasosos. O mesmo func iona  sem c i r c u i t o s  e l e t r ô n i c o s  a d i c i o n a i s ,  

e  é de uma extrema simpl i c idade  (quando se compara com o u t r o s  s is temas 

j á  conhecidos. )  Apresentam-se r e s u l t a d o s  da a p l  icação do sistema a  um 

l a s e r  de N,, mostrando as d i f e r e n ç a s  de comportamento do l a s e r  quando 

se emprega e s t e  sistema de p re ion ização  e  quando não se u t i l  i za  o  mesmo. 

Iri t h e  development o f  gaseous pulsed l a s e r s ,  one o f  t h e  sub- 

j e c t s  which has r a i s e d  more i n t e r e s t  i s  t h e  obta inment  o f  h ighpeak  power 

emiss ion.  Orie o f  t h e  most l o g i c a l  ways t o  achieve i t  i s  t o  r a i s e  t h e  

pressure i n s i d e  t h e  d ischarge  tube i n  o rder  t o  increase t h e  number o f  

elements which i n t e r f e r e ,  c o o p e r a t i v e l y ,  w i t h  t h e  s t i m u l a t e d  e m i s s i o n  
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process. On the  o t h e r  hand, t h e r e  a r e  two p a r t i c u l a r l y  s e r i o u s  problems 

which have t o  be so lved:  a)  t h e  r a  i se o f  impedance consequent t o  t h e  e l e -  

v a t i o n  o f  pressure and b) t h e  decrease i n  l i f e  t ime  o f  t h e  energy l e v e l s  

o f  i n t e r e s t  due t o  i n c r e a s i n g  c o l l i s i o n a l  processes. Th is  has lead t o t h e  

need o f  d i s p o s i n g  s h o r t  e x c i t a t i o n  pu lses  (E I ns) i n  o r d e r  t o  o b t a i n  an 

e f f i c i e n t  p o p u l a t i o n  i n v e r s i o n  as w e l l  as t o  t h e  i o n i z a t i o n  o f  t h e  ga- 

seous column p rev ious  t o  the  e x c i t a t i o n  i t s e l f  as a  way o f  d r a s t i c a l l y  

decreasing impedance. 

I n  the  p a r t i c u l a r  case o f  pu lsed C02 l a s e r s ,  t h e  r e s u l t s  has 

been t h e  employment o f  e l e c t r o d e s  w i t h  a  Rugovski p r o f  i l e '  one o f  which 

has the  p r e i o n i z a t i o n  system. On t h e  o t h e r  hand, f o r  h i g h  p ressure  N 2  

l a s e r s ,  an i n t e r e s t i n g  way c o n s i s t s  i n  work ing  w i t h  a  p a r t i c u l a r  e l e c t r o -  

de p r o f  i l e  o f  the  t ype  shown by von Bergmann e t  a z 2  which does n o t  need 

any a d d i t i o n a l  e l e c t r o n i c s  and i s  v e r y  e f f e c t i v e  ( ~ i g u r e  1 ) .  A l though,  

i t  p resen ts  some secondary d i f f i c u l t i e s  which a r e  l i s t e d  below: 

a)  The p rogress ive  r a i s e  i n  pressure makes i t  necessary t o  work w i t h  very 

small  d i s t a n c e  between e l e c t r o d e s .  Under such c o n d i t i o n s  t h e  e f f i c i e n c y  

o f  the  system i s  cond i t i oned  t o  the  r e l a t i o n  between t h e  d i s t a n c e  o f  t h e  

" e x c i t a t i o n"  p r o f i l e s  and t h e  a l r e a d y  e x i j t i n g  one between t h e  secondary 

( i o n i z a t i o n )  p r o f i l e s .  That i s  t o  say t h a t  i t  i s  necessary t o  d ispose o f  

a  p a i r  o f  e l e c t r o d e s  f o r  each v a l u e  o f  f u i i c t i o n i n g  pressure i f  we want 

t o  improve t h e  f u n c t i o n i n g  c o n d i t i o n s .  I t  i s  woor thwh i le  ment ion ing  t h a t  

the  i r c o n s t r u c t  i011 becomes ever  so compl i ~ca ted  t h e  more we i ncrease pres-  

sure, because o f  t h e  a l r e a d y  mentioned r e l a t i o n  between main e l e c t r o d e s  

and t h e  p r e i o n i z a t i o n  ones. 

COPPER CLAD STRIP RAZOR 
CIRCUIT BOARD BLADES 

F i g .  1 - Model o f  t y p i c a l  e lect rodes,  showinij p r e o n i z a t i o n  p r o f i l e  ( i n  

accordance wi t h  2 ) .  



b) The c o n s t r u c t i o n  o f  t h i s  k i n d  o f  e l e c t r o d e s  f o r  medium l e n g t h  tubes 

(E'8C cm) does n o t  seem t o  be v e r y  sirnple, a t  l e a s t  f rom t h e  mechanical 

~ o i n t  o f  v iew.  

The i d e a l  t ype  o f  e l e c t r o d e s  should n o t  o n l y  be a b l e  t o  d i s -  

pense any a d d i t i o n a l  e l e c t r o n i c s  f o r  p r e i o n i z a t i o n  b u t  should a l s o  have 

a  s imp le  des ign .  T h i s  would a l l o w  t h e  same p a i r  o f  e l e c t r o d e s  t o  be em- 

p loyed f o r  any d ischarge  d i s t a n c e .  

We t h e r e f o r e  propose t h e  model based on F i g .  2. I t  shows e l e c -  

t r o d e  s e c t i o n s  o f  two k i n d s .  I n  a)  t h e  e x c i t a t i o n  p u l s e  a r r i v e s  a t  t h e  

e l e c t r o d e  a t  p o i n t  A. T h i s  p u l s e  can o n l y  propagate towards t h e  d i s c h a r -  

ge channel ( " c ~ n v e n t i o n a l ~ ~ m o d e l ) .  b) shows a  v e r y  s imp le  r n o d i f i c a t i o n  

which i s  t h e  b a s i s  o f  t h e  p resen t  paper. The e x c i t a t i o n  p u l s e  a r r i v e s  a t  

t h e  same p o i n t  o f  e l e c t r o d e  A as be fo re .  N e v e r t h e l l e s ,  i t  i s  now p o s s i -  

b l e  t o  have the  pu lse  p ropaga t ing  i n  two o p p o s i t e  d i r e c t i o n s  ( t o w a r d s  

and away f rom t h e  d ischarge  channe l ) .  I n  t h i s  way A '  and A" a r e  genera- 

ted.  A '  then reaches - and d ischarges over  - t h e  l a s e r  channel p roduc ing  

the  necessary p r e i o n i z a t i o n .  Meanwhile, A" has been t r a v e l l i n g  i n  theop-  

p o s i t e  d i r e c t i o n ,  a r r i v i n g  a t  t h e  open end and s u f f e r i n g  t h e  correspon-  

d i n g  r e f l e c t i o n .  A f t e r  a  c e r t a i n  d e l a y  t, A" reaches the  l a s e r  channel .  

Th is  d e l a y  i s  v e r y  e a s i l y  r e g u l a t e d  by c o n t r o l l i n g  t h e  dimensions o f  t h e  

e l e c t r o d e s .  These dimensions w i l l  determine t h e  d i s t a n c e  t o s  be covered 

by A"  i n  excess over  t h e  co r respond ing  d i s t a n c e  covered byAf .  T h i s  model 

was e x p e r i m e n t a l l y  t e s t e d  by u s i n g  a  N, l a s e r  o f  t h e  t ype  employed Ref.2, 

w i t h  d i s t a n c e  between e l e c t r o d e s  o f  7,5 mm ( d , )  and 3 mm (d,),. 

Fig.  2 - a )  "Conventional" electrodes, without preionizat ion b) Electro- 

des used i n  t h i s  work, where the d i v i s i o a  o f  the e x c i t a t i o n  pulse - as i r  

comes into contact wi th  the electrodes a t  point  A - i n  t w  pulses ( A '  

and A") i s  c l e a r l y  shown. 



The corresponding diagram o f  thé: l a s e r  i s  shown i n  F i g .  3 .  +HV 

charges t h e  two upper p lane  s e c t i o n s  p o s i t i v e l y ,  which r e s u l t s  i n  a  ne- 

g a t i v e  charge f o r  t h e  lower  p l a t e .  I n  t h i s  way, C, and C, c a p a c i t o r s  a r e  

forrned (3 and 2 nF, respec t  i v e l  y ) .  Once the  su i  t a b l e  v01 tage ( = 15 k ~ )  i s  

reached, SG, ( ~ p a r k - G a p )  d i  scharges the  C, condenser . Thi s  generates a  

p u l s e  which - p ropaga t ing  i n s i d e  the  c o a x i a l  c a b l e  (CC) - c r e a t e s  an i g -  

n i t i o n  pu lse  on SG, (Spark-Gap). T h i s  i s  the  way i n  which C, d i scharges .  

C o r r e l a t i v e l y ,  a  h i g h  and sudden v o l t a g e  c i f f e r e n c e  i s  c rea ted  between 

the  e l e c t r o d e s  ~f t h e  l a s e r  tube, thus d is .charg ing the  C, energy on i t .  

F i g .  3 - E x c i t a t i o n  c i r c u i t .  + HV: P o s i t i v e  h igh v o l t a g e ;  -HV: Negat ive  

high v o l t a g e ;  C , :  3 nF c a p a c i t o r ;  C,: 2 nF c z ~ p a c i t o r ;  S G , :  Main spark- 

-gap; S G , :  "Tr igger"  spark-gap; C,: I nF c a p c ~ c i t o r  ( " t r i g g e r "  capaci tor ) ;  

C C :  Coaxial c a b l e .  

R a d i a t i o n  was de tec ted  by a  p h o t o v i o l e t  EGG SGD 040 d e t e c t o r  

and a  7904 T e k t r o n i x  o s c i l l o s c o p e .  Commercial n i t r o g e n  was used i n  t h e  

d ischarge  tube and a  system o f  neu t ra1  f i l t e r s ,  i n  o r d e r t o a t t e n u a t e  the 

i n c i d e n t  s t i rnu la ted  r a d i a t i o n  on the  d e t e c t o r .  

Resu l t s  were r e g i s t e r e d  by us inc  4  d i f f e r e n t  d ischarge  tubes, 

w i t h  the f o l l o w i n g  c h a r a c t e r i s t i c s ,  concern ing d i s t a n c e  between e l e c t r o -  

des ( d )  and e l e c t r o d e  c o n f i g u r a t i o n  ( i n  accordance w i t h  c l a s s i f i c a t i o n  

g iven  i n  F i g .  2 ) .  
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Resu l t s  a r e  shown i n  F i g .  4 .  The optimum pressure  f o r  l a s e r  

o p e r a t i o n  i s  c l e a r l y  s h i f t e d  t o  h igher  va lues  when " p r e i o n i z a t i o n "  e l e c -  

t rodes  ( F i g .  2-b) a r e  used, i n  b o t h  cases (d  = 7,s  mm and d = 3 mm). 

We wish t o  p o i n t  o u t  t h a t :  

a) The p r o f i l e  o f  the e l e c t r o d e s  i s  f a r  more s imple than those which, t o  

o u r  knowledge, have been employed p r e v i o u s l y .  

b) From t h e  mechanical p o i n t  o f  view, t h e r e  a r e  no d i f f i c u l t i e s  i n  cons- 

t r u c t i n g  e l e c t r o d e s  o f  any l e n g t h .  

c )  The method i s  e f f i c i e n t  and, compara t i ve ly ,  o f  as good q u a l i t y  as t h e  

e x i s t í n g  ones. 

F i g .  4 - a) Output - i n  v o l t s  - as a function o f  the N, pressure 

( V  E 15 kV) ------ with tube n? 1 

- with tube n? 2 

b) Same a s  a)----- with tube n? 3 
- with tube n? 4 
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