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NASA Cambridge ( D r  . J. Hopkins ) , JPL, Pasadena ( ~ r  . A. ~humka) and OSU, 

S t i l l w a t e r  ( D r .  H. ~ i l g e r )  each have received one thermostat and an e lec t ron ic  

c o n t r o l  system. Two more un i t s  a r e  i n  regular use here a t  Caltech. A paper 

on t h e  subject  has been submitted t o  the  Review of Sc i en t i f i c  Instruments, has 

been accepted and i s  scheduled f o r  publication i n  the  March issue 1970 (see  

enclosure) .  Ef for t s  t o  f i nd  a  manufacturer in te res ted  i n  a  commercial exploita-  

t i o n  of t h i s  thermostat should be worthwhile, but  w i l l  have t o  be delayed at  

t h i s  end because of the  prime inves t iga tor ' s  absence on a  leave. A revised 

manuscript f o r  publication a s  a  NASA report  has jus t  been completed; it provides 

f u l l  information t o  laborator ies  in te res ted  i n  duplicating t he  thermostat. 
. . 

The study of g r  noise i n  double in jec t ion ,  performed by P. Worch under 

H. B i lger ' s  d i rect ion at OSU i s  approaching i t s  conclusion. Mr. Bilger w i l l  

be i n  S t i l lwa te r  ea r ly  next year t o  discuss the  f i n a l  phases of t h i s  t he s i s .  

Upon completion, t he  analyzer w i l l  be returned t o  Caltech. 

M r .  Vu i s  presently wri t ing a  t he s i s  on the  f a s t  neutron experiment. Some 

aspects  of the  subject  are  well  understood, but  others (pa r t i cu l a r l y  the  e f f e c t  

of i r r ad i a t i on  i n  t h e  ohmic range of the  device and the  temperature dependence 

t he r e )  are not ,  probably because the  behavior i n  t ha t  range of operation i s  

c r i t i c a l l y  dependent on minute changes i n  the  balance of the  f r e e  ca r r i e r s  

(order  of % 10 '~cm-~) .  " 
Some thought i s  presently being given t o  the  subject  of s c l c  a s  a  

dosimeter. It appears t h a t  the  res idual  conductivity (Q energy gap) of the  

mater ia l  and the  breakdown voltage pose two major l imi ta t ions  t o  such a  

dosimeter. The subject  w i l l  be pursued a  l i t t l e  fu r ther  ana ly t ica l ly  and 

comparisons should then be drawn with ex i s t ing  detectors  t o  

*This experiment i s  c lea r ly  but  a f i r s t  s t ep  which should be followed by 

s tud ies  of annealing, d i f f e r en t  types of radia t ion (pa r t i cu l a r l y  Y-rays)  and a  

range of energies. Not u n t i l  then w i l l  it be c l ea r  t o  what extent  s c l c  i s  

af fected i r r eve r s ib ly  and how much by what type of radia t ion.  



determine t h e  poss ib le  advantages of such dosimeter.  

A l a s t  e f f o r t  i s  being prepared t o  measure t h e  noise  of scLc of thermal 

c a r r i e r s .  Consideration i s  being given t o  new m a t e r i a l s ,  of a wider band gap 

than S i ,  i n  which s c l c  could be inves t iga ted  above room temperature. Comparative 

a n a l y t i c a l  s t u d i e s  t o  b e t t e r  understand the  r e l a t i o n s h i p  between FET and SCLC '. 
would a l s o  be des i rab le .  To which extent  these  p r o j e c t s  can be pushed depends 

l a r g e l y  on our a b i l i t y  t o  g e t  a research fe l low's  he lp  next yea r ,  because t h e  

number of  Ph.D. s tudents  has f a l l e n  o f f  sharply l a s t  yea r  and new candidates 

w i l l  have t o  be broken' i n  f i r s t .  

Early r e s u l t s  on t h e  experiment with s c l c  i n  n-type s i l i c o n ,  using an ion  

implanted back contac t  of Boron and a r egu la r ly  a l loyed f r o n t  contact  of 

Aluminurn, a r e  b r i e f l y  a s  follows: 

- s c l c  e x h i b i t s  "trapping1' ( t h a t  i s ,  the  current  decays with time when a 

vol tage  i s  suddenly appl ied  t o  the  device) .  A t  room temperature, t h e  

time constant  decreases from loops t o  us f o r  appl ied  voltages increas ing 

from about 2.V t o  30.V. The t rapping parameter O i s  f a i r l y  constant  i n  

t h a t  range 2; 4. 

- The e l e c t r i c a l  behavior of t h e  device i s  symmetrical with respect  t o  

invers ion  of t h e  p o l a r i t y ,  although only one of t h e  two contacts  has been 

i o n  implanted. This i s  a su rp r i s ing  r e s u l t .  I t s  implicat ions a r e  not  

y e t  understood c lea r ly .  

0 - A t  77 K ,  t rapping is  much more pronounced 100) and long time constants  

appear i n  addi t ion  t o  the  s h o r t  one. 

- After  annealing a t  500 '~  f o r  about 15  min. , t r app ing  almost completely 

disappears.  This is  q u a l i t a t i v e l y  i n  l i n e  with t h e  r e s u l t s  of Hal l  e f f e c t  

measurements on ion implanted l aye r s .  Whether t h e  d e t a i l s  of the  two 

phenomena a re  cons i s t en t  with each o ther  i s  not  y e t  e s t a b l i s h e d ,  however. 



These experiments e s t a b l i s h  t h a t  nonannealed ion-implanted B contacts  a r e  

c l e a r l y  d e f i c i e n t  i n  t h e i r  emission ef f ic iency.  Preliminary r e s u l t s  with Sb 

and P implanted contacts  on v-type S i  ind ica te  t h a t  t h i s  f a c t  i s  l i k e l y  t o  be 

t r u e  q u i t e  general ly.  These r e s u l t s  a r e  obviously c lose ly  t i e d  t o  t h e  general  

quest ion of t h e  p roper t i e s  of ion  implanted i n t e r f a c e s  and t h e i r  e l e c t r i c a l  
I 

behavior. I n  p a r t i c u l a r ,  it would be important t o  know what the  work function of 

an implanted surface i s ,  o r  i f  t h i s  concept i s  breaking down. An independent 

proposal i s  being sen t  t o  NASA Cambridge t o  inves t iga te  t h i s  quest ion.  I n  the  

meantime, add i t iona l  experiments and measurements a r e  being prepared t o  pursue 

t h e  sub jec t  of s c l c  with implanted emit ters .  The pos i t ive  outcome of t h i s  

experiment uncovers a new aspect  of implanted layers .  

Pasadena, December 12,  1969 
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