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It i s  shown that  the  l i g h t - p u l s e  method  can  be  used  f o r  m e a s u r i n g  the t h e r m a l  d i f f u s i v i t y  of 
s e m i c o n d u c t o r s ,  if the p h o t o t h e r m a [  e f fec t  is  e l i m i n a t e d .  The  a p p a r a t u s  is  d e s c r i b e d  and 
the r e s u l t s  of s o m e  m e a s u r e m e n t s  on v a r i o u s  s e m i c o n d u c t o r  m a t e r i a l s  a r e  a l so  shown.  

One of the m o d e r n  m e t h o d s  of i n t e g r a t e d  s t u d i e s  c o n c e r n i n g  the t h e r m a l  p r o p e r t i e s  of s o l i d - s t a t e  m a -  
t e r i a I s  i s  the me thod  of p u l s e  h e a t i n g  p r o p o s e d  b y  W. J. P a r k e r  [1]. H e r e  the f ron t  s u r f a c e  of a t h e r m a l l y  
i n s u l a t e d  s p e c i m e n  of any shape  and t h i c k n e s s  a b s o r b s  i n s t a n t a n e o u s l y  and u n i f o r m l y  s o m e  quan t i t y  of l u -  
m i n o u s  e n e r g y  c o m i n g  f r o m  a f l a sh  l a m p  o r  f r o m  a l a s e r .  The s u b s e q u e n t  change  in the t e m p e r a t u r e  at 
the  b a c k  s u r f a c e ,  a s  a func t ion  of t i m e ,  is  t r a c k e d  wi th  a t h e r m a l  p r o b e  which  s e n d s  a s i gna l  th rough  an 
a m p l i f i e r  to a r e c o r d i n g  o s c i l l o g r a p h .  Th i s  h e a t i n g  by  l ight  a l m o s t  c o m p l e t e l y  e l i m i n a t e s  the p r o b l e m  of 
t h e r m a l  c o n t a c t  be tween  s p e c i m e n  and hea t  s o u r c e ,  wh i l e  the s h o r t  t ime  i n t e r v a l  of m e a s u r e m e n t s  and the 
s m a l l  t h i c k n e s s  of s p e c i m e n s  both c o n t r i b u t e  to a s i g n i f i c a n t  r e d u c t i o n  of hea t  l o s s e s  even at  high t e m p e r a -  
t u r e s .  The  me thod  y i e l d s  c o r r e c t  m e a s u r e m e n t s  of the t h e r m a l  d t f fu s iv i t y  on s p e c i m e n s  of s i z e  and m a s s  
o v e r  a wide  t e m p e r a t u r e  r a n g e ,  up to 3500~K. 

The  t h e r m a l  d i f f u s i v i t y  a is  c a l c u l a t e d  by the f o r m u l a  in [1], w h e r e  the t i m e  tt/2 is  d e t e r m i n e d  f r o m  
o s c i t l o g r a m s  of the t e m p e r a t u r e  r i s e  at  the  b a c k  s u r f a c e :  

d 2 
= A-- (I) 

t~12 

The  n u m e r i c a l  c o e f f i c i e n t  A = 1.37 when the d u r a t i o n  of the  fight p u l s e  ~- i s  much s h o r t e r  than the c h a r a c -  
t e r i s t i c  r i s e  t i m e  of the b a c k  t e m p e r a t u r e  t c = d2/~-2o~ and when no hea t  is  l o s t  in the s p e c i m e n .  

It has  been  shown in [2-4] that  the n u m e r i c a l  v a l u e  of A i n c r e a s e s  wi th  i n c r e a s i n g  p u l s e  width  and d e -  
c r e a s e s  wi th  i n c r e a s i n g  hea t  l o s s e s .  

Both t h e s e  e f f ec t s  can be  p r a c t i c a l l y  e l i m i n a t e d  by  an o p t i m u m  d e s i g n  of the s p e c i m e n  t h i c k n e s s  f o r  
a g iven  m a t e r i a l  wi th  a g iven t h e r m a l  d i f fus iv i ty ,  and A = 1.37 m a y  be a s s u m e d  c o r r e c t .  Indeed,  the width  
of a l ight  p u l s e  f r o m  a g iven  f l a s h  t a m p  is  c o n s t a n t  and can a l w a y s  be m e a s u r e d ,  so  tha t  the cond i t ion  7 
<< t c can  be s a t t s f t e d  by  the p r o p e r  d e s i g n  of s p e c i m e n  t h i c k n e s s  at  a g iven  t h e r m a l  d i f fu s iv i t y .  With  a 
p u l s e  width  "r = 10 -3 s ec ,  the o p t i m u m  t h i c k n e s s  of m e t a l l i c  and d i e l e c t r i c  s p e c i m e n s  is  0.2 and 0.01 c m  
r e s p e c t i v e l y .  It ha s  been  shown in [2] that  wi th  t hese  t h i c k n e s s e s  the hea t  l o s s  b e c o m e s  i n s i g n i f i c a n t  even 
at  high t e m p e r a t u r e s .  With  n a r r o w e r  hea t i ng  p u l s e s ,  m e a s u r e m e n t s  can  be  made  on even t h i n n e r  s p e c i -  
m e n s .  In th i s  c a s e  the r e s u l t s  m a y  be l a r g e l y  a f f ec t ed  by  the t h e r m a l  i n e r t i a  of the m e a s u r i n g  i n s t r u -  
m e n t s ,  which  adds  a n o t h e r  e r r o r  to the m e a s u r e m e n t  of tl/2. Th i s  i n e r t i a  can be  accoun ted  fo r  by  i n t r o -  
duc ing  into f o r m u l a  (1) a c o r r e c t i o n  f a c t o r  m, a c c o r d i n g  to [5], def ined  as  m = 1 + 6 / t c .  

in v iew of the  f ac t  that  the  p u l s e  me thod  h a s  b e e n  u sed  p r i m a r i l y  fo r  m e a s u r i n g  the t h e r m a l  d i f f u s i v -  
i ty of m e t a l s  and d i e l e c t r i c s  [1, 3, 5, 6], it  would  be  of i n t e r e s t  to s tudy  the f e a s i b i l i t y  of u s ing  i t  a l so  fo r  
s e m i c o n d u c t o r s .  It is  n e c e s s a r y  h e r e  a l so  to e l i m i n a t e  the p h o t o t h e r m a l  e f fec t ,  n a m e l y  the change  in the 
t h e r m a l  d i f f u s i v i t y  of s e m i c o n d u c t o r s  a s  a r e s u l t  of i l l u m i n a t i o n  [7]. 
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Fig .  i. Schematic  block d i a g r a m  of the t es t  a p p a r a -  
tus: 1) furnace;  2) specimen;  3) to vacuum; 4) t h e r -  
mocouple; 5) photod[ode. 

The appara tus  for  m e a s u r i n g  the t h e r m a l  p r o p e r t i e s  of s emiconduc to r s  by the pulse  heat ing method 
is shown s c h e m a t i c a l l y  in F ig .  1. A light pulse f rom a model  IFK-120 lamp emi t t ing  120 J of energy  at a 
pulse  width ~- = 2 �9 10 -3 sec impinges  on the front  su r face  of the spec imen .  In o r d e r  to p reven t  the f o r m a -  
tion of e l ec t ron -ho l e  p a i r s  on the semiconduc to r  sur face ,  which causes  the photo thermal  effect,  and in 
o r d e r  to achieve a uni form absorp t ion  of energy,  the front  su r face  of the spec imen is covered  with a thin 
l a y e r  of soot.  Rec tangu la r  spec imens  0.5 • 0.5 • 0.2 cm 3 [n s ize  we re  mounted [aside the b r a s s  r e t a i n e r  
with th ree  s c r e w s  of s t a in l e s s  s tee l ,  the t ips  of these s c r e w s  ground to sharp  points for  r educ ing  the heat  
leakage  and then e l e c t r i c a l l y  [nsulated.  In o r d e r  to prevent  light f rom fal l ing on the back  su r face  and the 
l a t e r a l  s u r f a c e s  of a spec imen ,  a d i a p h r a g m  of s t a in l e s s  s tee l  and with a hole was fas tened to the r e t a i n e r .  
Specimens  were  r ep laced  by  sc rewing  the b r a s s  r e t a i n e r  into a c y l i n d r i c a l  copper  b lock  around which a 
b f f i l a r  hea t e r  co i l  of N ich rome  wi re  had been wound. This  b lock was fastened to cupronicke l  tube and 
p laced  [as ide  a quar tz  c h a m b e r  with a t r ans lucen t  window and evacuated down to a 0.1 N/m 2 p r e s s u r e  level .  

The tes t  t e m p e r a t u r e  was m e a s u r e d  with a C h r o m e l - A I u m e l  the rmocouple  made up of 0.12 n~tm (d[- 
amete r )  w i r e s .  

As has been mentioned e a r l i e r ,  a subs tan t ia l  e r r o r  in the t he r m a l  dif fusivi ty  m e a s u r e m e n t  in the 
case  of good heat  conduc tors  is due to the t he rma l  ine r t i a  of the ins t rument s ,  the fa t te r  being de t e rmined  
e s s e n t i a l l y  by the i ne r t i a  of the t he rma l  p robe  at the back sur face  of the spec imen .  It is wel l  known that 
the i ne r t i a  of a the rmocouple  is  sea ted  in the junction.  In o r d e r  to p r o p e r l y  r e c o r d  the t e m p e r a t u r e  changes 
at the back sur face ,  the authors  used, the re fo re ,  a C h r o m e l - A l u m e l  contact  thermocouple  without a junc-  
tion. This  reduced the s y s t e m  iner t i a .  

The "junction" of such a thermocoup[e  is the given spec imen  sur face ,  which in the case  of d i e l e c t r i c s  
and semiconduc to r s  must  be s i l v e r  coated.  

Our contact  thermocouple  was made as follows: i ts  w i r e s ,  0.2 mm [n d i a m e t e r  and embedded in 
c e r a m i c  s leeving,  we re  pulled through tube of s t a in l e s s  s tee l .  The sha rp ly  pointed ends, for  reduc ing  the 
heat  leakage along the i r  su r face ,  were  fas tened to the back  su r face  of the spec imen  app rox ima te ly  1 mm 
apar t .  The o ther  junction was in t h e r m a l  contact  with the spec imen  r e t a i n e r  and not exposed to Iight. Con- 
sequently,  this  the rmocouple  was r e c o r d i n g  the t e m p e r a t u r e  changes at the back sur face  of the spec imen 
due to i l luminat ion  of the f ront  su r f ace .  These  tes t s  have shown that such a contact  thermocouple  ks a l -  
most  without ine r t i a ,  while using a conventional  thermocouple  with spec imens  of good heat  conductors  will  
y ie ld  e r roneous  and unrepea tab le  data. 
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F ig .  2. Schemat ic  c i r c u i t  d i a g r a m  of the t r a n s i s t S r  a m p l i -  
f i e r .  
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TAB LE 1. 
300~ and Com )arison with Published Values 

Specimen i Carrier concen- thicknessd. 10 s Ctmeas" 105 aP ubl" lOs 
~ate ria i tration (m-~) ~' (m2/sec) (m2/sec) 

(m) 

Ge 

si 
GaSb 
GaAs 
InSb 
HgTe 

Resul ts  of Thermal  Diffusivity Measurements ,  a, at 

2,1 
2,6 
2,2 
2,4 
2,1 
1,7 

4,1 
9,8 
2,5 
4,4 
1,5 
0,15 

n=4.10 ~1 
n=2.1022 

p =  1,2.102a 

n=3.102~ 
n ~  1,4.1023 

n=5.102a 

4,2 [7] 
10 [9] 

4,3 [I0] 

0,18111] 

Since the maximum tempera tu re  r i se  at the back surface due to a light pulse does not exceed 3-4~ 
corresponding to a thermocouple emf of approximately 140 pV, it becomes  neces sa ry  to amplify the s ig-  
nal before recording it on the oscil lograph.  The amplif ier  is an important  component of the test appara-  
tus and, in o rde r  to t ransmi t  a signal without distortion, it must have a fast  response  and a wide band. 
The di rect -coupled amplif ier  c i rcui t  on four MP42-B t rans i s to rs ,  as described in [8] but modified and 
adapted for measur ing  the thermal  emf of a contact thermocouple,  was used by the authors as the p r e a m -  
plifier.  The modification was effected by breaking the c i rcui t  of the contact thermocouple,  disconnecting 
the base of the input-stage t r ans i s to r  and taking it out of operation. The operat ing point of the f i r s t - s t age  
amplifying t r ans i s to r  is established by means of a separate  source of emf. Moreover,  provisions are made 
for  regulating it by means of two variable r e s i s to r s .  In o rder  to eliminate self-excitat ion and to reduce 
the ripple in the rectif ied voltage, the f i rs t  two stages are supplied through a paramet r ic  s tabi l izer  built 
on a D814G silicon stabili tron. The thus modified amplif ier  has a high sensit ivity and a high gain (approxi- 
mately 1000) at a low noise level. Its schematic  d iagram is shown in Fig. 2. 

The amplified signal is t ransmit ted to a model $1-29 memory  osci l lograph whose sweep is t r iggered 
by an FD-3 photod[ode in synchronism with the light flash. The thermal  diffusivity ~ of a specimen was 
calculated by formula  (1) with the average time tl/2 based on ten measurements .  

An analysis of possible e r r o r s  in the thermal  diffusivity measurement  has shown that, owing to the 
short  duration of a measurement  and to the excellent thermal  insulation of the specimen, e r r o r s  caused by 
heat leakage along sheaths and leads of a contact thermocouple  are negligible. The excellent thermal  in- 
sulation of the specimen is indicated by the trend of the tempera ture  r ise at the back surface of the speci-  
men, with no appreciable drop after  the maximum tempera ture  has been reached.  

A careful  observance  of the procedural  rules under which formula  (1) is valid makes it possible to 
es t imate  the accuracy  of thermal  diffuslv[ty measurements .  According to calculations, the maximum pos-  
sible e r r o r  in the value of a ,  essent ia l ly  due to the e r r o r  in measur ing  the t ime tl/2, is • 

The resul ts  of thermal  diffusivity measurements  made on severa l  semiconductors  at room tempera -  
ture have been compiled in Table 1 together  with published values.  

d 
tl/2 
A 

t e 
T 
m 
6 

N O T A T I O N  

is the thermal  diffusivity of the material ;  
is the thickness of the specimen; 
is the time of reaching half the maximum tempera ture  r i se  at the back surface; 
is the dimensionless  pa ramete r ,  equal to 1.37 when the heat loss is negligible and t c is much longer 
than the pulse duration; 
is the charac te r i s t i c  time of tempera ture  r i se  at the back surface;  
is the duration (width) of light pulse; 
is the cor rec t ion  factor  accounting for  the thermal  inertia of the instruments;  
is the response  time of the instruments .  

1. 

2. 
3. 
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