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I. Progress in  This Report Period 

A high energy electron experiment was conducted on 6 March 1965 
u t i l i z i n g  a 3 Mev electron Van de  Graaff located a t  Shel l  Development Company 
i n  Eheryville,  California.  Experiments were performed a t  energies o f  1.0, , 
2 .0 ,  and 3.0 MeV. The specimens i r radiated consisted of n-ty-pe s i l i con ,  
with r e s i s t i v i t i e s  of 1 ohm-em and 100 ohm-cm and p-type s i l i con  with 
r e s i s t i v i t i e s  o f  150 ohm-cm, 75 ohm-em, and 1-5 ohm-cm. 
e f f ec t  measurements a r e  current ly  in  process and not yet  complete. 
t h e  preliminary data  obtained t o  date, however, appears qui te  i n t e re s t ing  
and w i l l  be discussed in  some d e t a i l  here. 

Pos t i r rad ia t ion  H a l l  
Some of 

The pr inc ipa l  objective of t h i s  experiment was t o  obtain va l id  and 
meaningful information on the  defect introduction rates i n  the  range from 
1 t o  3 MeV. 
experiment u t i l i z i n g  the  GA l inac  t o  obtain meaningful data  a t  these energies.  
Although the  GA l i nac  performs quite well i n  t he  energy in te rva l  from 5 t o  
45 MeV, operation of t h i s  un i t  in  the 1 t o  5 MeV region i s  extremely 
d i f f i c u l t .  Although operation i n  th i s  region was performed i n  our l a s t  experi- 
ment, t h e  data  c l ea r ly  indicated tha t  t he  accuracy of t he  ac tua l  e lectron 
energy obtained w a s  not su f f i c i en t  t o  a l l o w  the  acquis i t ion  o f  meaningful 
da ta .  Hence, an addi t iona l  experiment was performed using the  3 MeV Van de 
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The 150 ohm-cm p-type s i l icon  i r rad ia ted  in  t h i s  experiment w a s  cut 
from t h e  same c rys t a l  t h a t  has been used throughout t h i s  program f o r  the  
high r e s i s t i v i t y  p-type data.  A s  has been reported*, t he  electron energy 
dependence of t h e  E, + 0.29 l eve l  has not shown agreement with the  energy 
dependence of t he  observed degradation of  minority c a r r i e r  lifetime in  
so l a r  c e l l s .  For t h i s  reason a new group of c rys t a l s  w a s  obtained with 
r e s i s t i v i t y  more nearly a l i k e  the  r e s i s t i v i t i e s  representat ive of  commer- 
c i a l  so l a r  c e l l s .  The specimens i r radiated i n  t h i s  experiment from these 
c rys t a l s  were 15 ohm-cm and 75 ohm-cm p-type s i l i con .  
on these specimens indicate  an energy dependence s teeper  than t h a t  
previously obtained on t h e  1-50 ohm-cm p-type specimens; i n  f a c t ,  these 
lower r e s i s t i v i t y  specimens y ie ld  energy dependences very similar t o  the  
observed degradation of minority car r ie r  l i fe t ime in  p-type s i l i con .  In 
order t o  substant ia te  t h i s  trend, addi t ional  specimens from a l l  three 
c rys t a l s  were i r rad ia ted  a t  11.5 Mev on t h e  GA l inac .  
a r e  a l s o  not ye t  resolved completely, the  t rend appears t o  be substantiated.  
If fur ther  data reduction confirms the observed preliminary information, 
several  conclusions may be drawn. F i r s t ,  s ince the  difference i n  doping 
between 75 ohm-cm and 150 ohm-em p-type s i l i c o n  is  ra ther  s m a l l ,  there  would 
appear t o  be a dependence on the  e f fec t  which i s  controlled by e i t h e r  t he  
thermal h is tory  of a pa r t i cu la r  c rys ta l  o r  the  type and concentration of 
impurities therein., Second, since both-the 15 and t h e  75 ohm-em crys ta l s  
appear t o  exhibi t  energy dependences similar t o  observed minority c a r r i e r  
l i fe t ime degradation, t h e  poss ib i l i t y  t ha t  the  same defect  l e v e l  i s  res- 
ponsible f o r  both observed e f f ec t s  is  supported. This pa r t i cu la r  defect 
l e v e l  a t  Ev + 0.29 ev has been referred t o  a s  a divacancy. 
specimens i r rad ia ted  in  t h i s  experiment exhib i t  data i n  good agreement with * 
t h a t  previously reported. 

I n i t i a l  measurements 

Although these data  

The n-type 

11. Anticipated Ac t iv i t i e s  During the  Next Report Period 

The Hall  e f f ec t  measurements on the  specimens i r rad ia ted  from 1 t o  
3 Mev on the  Shel l  Development Company's 3 MeV Van de Graaff and the  
specimens i r rad ia ted  a t  11.5 Mev on the  GA l inac  w i l l  be completed. In  
addition, the  low energy proton experiments i n i t i a t e d  in  January, 1965 
w i l l  be completed now t h a t  chamber and accelerator  modifications have been 
performed. 
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R.  G. Downing and J. R.  Carter, Jr., "Charged Pa r t i c l e  Radiation Damage 

i n  Semiconductors, X :  
Contract NAS5-3805, 4161-6~04-~~-000, dated 3 September 1964. 

The Energy Dependence of  Electron Damage i n  Si l icon,"  
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111. Manpower Expended i n  This Report Period 

MANPOWER EXPENDITURES 

NAS5- 3805 

Period 1 February - 26 February 

To ta l  

J. R .  Carter 
R.  G. Downing 
H. Y.  Tada 

RGD : r c t  

160 
65 
12 

To t a l  237 

Respec t fu l ly  submittzd,  

XdLdaAy 
1 R. G. Downing 

P ro jec t  Manager 

J. '%. Denney, D i rec td r  
Solid S t a t e  Physics Laboratory 


