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A me thod  is  p r o p o s e d  fo r  d e t e r m i n i n g  the hea t  c apac i t y  of p o s i s t o r s .  The  t e m p e r a t u r e  dependence  of the 
hea t  c a p a c i t y  is  c o n s i d e r e d .  

In ana lyz ing  the t r a n s i e n t  p r o c e s s e s  in e l e c t r i c a l  c i r c u i t s  con ta in ing  p o s i s t o r s ,  i t  i s  n e c e s s a r y  to know the hea t  
c apac i t y  of the  l a t t e r .  So f a r ,  h o w e v e r ,  nothing has  been publ i shed  on th i s  sub jec t .  

T h i s  pape r  d e s c r i b e s  a m e t h o d  of d e t e r m i n i n g  the hea t  c apac i t y  of p o s i s t o r s  and i n v e s t i g a t e s  the  t e m p e r a t u r e  
dependence  of that  quant i ty .  

S e v e r a l  m e t h o d s  have  been p r o p o s e d  fo r  d e t e r m i n i n g  the  hea t  c apac i t y  of t h e r m i s t o r s  wi th  a nega t i ve  t e m p e r a t u r e  
coe f f i c i en t .  B a s i c a l l y ,  t h e s e  m e t h o d s  r e d u c e d  to the a n a l y s i s  of the t r a n s i e n t  p r o c e s s  in a c i r c u i t  c o m p o s e d  of a 
t h e r m i s t o r  and a l i n e a r  r e s i s t a n c e  [1,2] .  Obv ious ly ,  a s i m i l a r  me thod  can a lso  be used  to d e t e r m i n e  the hea t  c a p a c i t y  
of p o s i s t o r s .  The only d i f f e r e n c e  is  that  in th i s  c a s e  i t  i s  m o r e  conven i en t  to ana lyze  the t r a n s i e n t  p r o c e s s  in a c i r c u i t  
c o n s i s t i n g  only  of a p o s i s t o r  (without a s e r i e s  r e s i s t a n c e )  connec ted  to a c o n s t a n t - v o l t a g e  s o u r c e .  O t h e r w i s e  the  
t r a n s i e n t  p r o c e s s e s  a r e  s e r i o u s l y  c o m p l i c a t e d  owing  to the p r e s e n c e  of a v a r i s t o r  e f fec t ,  i. e . ,  a d e p e n d e n c e o f p o s i s t o r  
r e s i s t a n c e  on app l ied  vo l t age .  As  wi l l  be shown be low,  the  p r o p o s e d  a p p r o a c h  c o n s i d e r a b l y  s i m p l i f i e s  the  c a l c u l a t i o n s .  

The hea t  c a p a c i t y  of the p o s i s t o r  Cp was  d e t e r m i n e d  f r o m  the hea t  ba l ance  equa t ion  

dO 
P = k (0 - -  0o) + Cp - - - -  (1) 

dt 

on the  ba s i s  of o s c i l l o g r a m s  of the t r a n s i e n t  p r o c e s s  I = f ( t )  wi th  the  p o s i s t o r  connec ted  to a c o n s t a n t - v o l t a g e  s o u r c e  
at  00 = const .  The  t e r m  d 0 / d t  ~ A 0 / & t  is  d e t e r m i n e d  by g r aph i c  d i f f e r e n t i a t i o n  of the funct ion  0 = f ( t ) .  Th is  r e l a t i o n  
can  be  r e c o n s t r u c t e d  f r o m  the I = f ( t )  o s c i l l o g r a m  at  U = cons t  as  fo l lows.  

The  p o s i s t o r  r e s i s t a n c e  due to the s i m u l t a n e o u s  ac t ion  of the t h e r m a l  and v a r i s t o r  e f f ec t s  i s  g iven  by the  
e x p r e s s i o n  

Rp (0, U) = Rpl (0) exp [--  b (0) (V'-0 - -  1)]. (2) 

Taking  l ogs ,  we obta in  

In Rp (o, U) = In Rp~ (0) - -  b (0) ( i / U  - -  1). (3) 

The  t e r m  Rpl(0) i s  the t e m p e r a t u r e  c h a r a c t e r i s t i c  of the  p o s i s t o r  r e c o r d e d  at  a vo l t age  of i V. The  r e l a t i o n  b(0) 
r e s e m b l e s  the t e m p e r a t u r e  c h a r a c t e r i s t i c  of the  p o s i s t o r  and can be obta ined  as  fo l lows .  At  a c e r t a i n  t e m p e r a t u r e  of 
the a m b i e n t  m e d i u m  0 o we r e c o r d  on the o s c i l l o g r a p h  the t r a n s i e n t  p r o c e s s  I = f ( t )  wi th  the p o s i s t o r  connec ted  to a 
c o n s t a n t - v o l t a g e  s o u r c e .  Obv ious ly ,  at  the in i t i a l  ins tan t ,  at  t = 0, the  c u r r e n t  is d e t e r m i n e d  by the  t e m p e r a t u r e  of the  
a m b i e n t  m e d i u m  (s ince  as  a r e s u l t  of i n e r t i a  the t e m p e r a t u r e  of the p o s i s t o r  cannot  change  ins tan taneous ly )  and the  
vo l t age  supp l i ed .  

In a c c o r d a n c e  wi th  equa t ion  (3), in th i s  c a s e  

U 
In Rpt (0) - -  l n - -  

b = 5=o = f (0). 
/ - 0  - -  1 

(4) 
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R e m a r k .  F o r  vo l t ages  not  e x c e e d i n g  1 V and wi th  a c e r t a i n  d e g r e e  of a p p r o x i m a t i o n  fo r  t e m p e r a t u r e s  not  
e x c e e d i n g  126 -127  ~ C (Cur ie  point) i t  i s  p o s s i b l e  to u s e  the fo l lowing  e x p r e s s i o n  fo r  c a l cu l a t i ng  b: 

Rp (0, U) = Rpo (0) exp [ - -  b (0) 1 ~L/], (2 ' )  

then 

U 
In Rpo (0) -- In - -  

b = It=o 
0 - -  = f ( o ) .  ( 4 ' )  

H e r e ,  Rp0(6) is  the  t e m p e r a t u r e  c h a r a c t e r i s t i c  of the p o s i s t o r  r e c o r d e d  at P~  ~ 0 (see  Fig .  1). 
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Fig .  1. T e m p e r a t u r e  c h a r a c t e r i s t i c  of 
p o s i s t o r  wi th  Rz0 = 30 ohms  (R is  ohms ,  
6 in ~ and n o n l i n e a r i t y  f a c t o r  b 
(volt -1/2) as  a funct ion of p o s i s t o r  

t e m p e r a t u r e  0 (~ 

Thus ,  i t  is  p o s s i b l e  to d e t e r m i n e  the n o n l i n e a r i t y  f ac to r  b at  d i f f e r e n t  t e m p e r a t u r e s  of the a m b i e n t  m e d i u m  and 
c o n s t r u c t  the b f (0)  r e l a t i o n  ( see  Fig .  1). 

By a s s i g n i n g  d i f f e r e n t  v a l u e s  of the  p o s i s t o r  t e m p e r a t u r e  0, u s ing  the a v a i l a b l e  r e l a t i o n s  Rpl(0) and b(0), we can 
e a s i l y  d e t e r m i n e  Rp(0, U) f r o m  e x p r e s s i o n  (3) at cons t an t  p o s i s t o r  vo l t age .  In th is  way  we can c o n s t r u c t  a f a m i l y  of I = 
= f(0) c u r v e s  at U = cons t  as  p a r a m e t e r .  Having  the  r e l a t i o n s  I = f ( t )  and I = f(0) ,  we can e a s i l y  c o n s t r u c t  the c u r v e  
e x p r e s s i n g  the v a r i a t i o n  of t e m p e r a t u r e  wi th  t i m e  0 = f ( t )  when the p o s i s t o r  is connec t ed  to a cons t an t  v o l t a g e .  

! 

An a n a l y s i s  of the e x p e r i m e n t a l  da ta  showed that  the  h e a t  c a p a c i t y  of the  p o s i s t o r  cp is  not  a cons t an t  quant i ty .  It 
depends  s t r o n g l y  on the t e m p e r a t u r e  of the p o s i s t o r  and the t e m p e r a t u r e  of the amb ien t  m e d i u m .  

The relation Cp = f(O) can be constructed as follows. For small finite temperature increments the heat balance 
equation can be represented in the form: 

u &  (&) - -  k ( o , -  Oo) A0,, 
~ ,  - -  ( 5 )  

Cp h t~ 

On the graphs of I = f(t) and 0 = f(t) a series of straight lines parallel to the ordinate axis are drawn at time intervals 
Atp, a linear dependence of the current and temperature on time being assumed in each interval (see Fig. 2). Then 

the data obtained are substituted in (5). In this way we determine the heat capacity for each interval and from the data 

obtained construct the relation Cp = f(O). The curve in Fig. 3 represents the Cp = f(0) calculated by the method 
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desc r ibed  above for ST 5-1 pos i s to r s  with a r e s i s t ance  R20 = 30 ohms.  The curves  for  other  pos i s to r s  a re  s imi l a r .  

80 

Fig.  2. Osc i l log ram of the t rans ien t  
p rocess  I =f(t) (I in mA; t in see) 
and p~sis tor  t e m p e r a t u r e  0 (~ as a 
function of the t ime  of the t rans ien t  
p roce s s  t (see). The graphs 
cor respond  to a pos is tor  with Rx0 = 

= 30 ohms.  

A knowledge of the re la t ion Cp = f ( O )  is n e c e s s a r y  for the c o r r e c t  calculat ion of the dynamic c h a r a c t e r i s t i c s  of 
pos i s to r  c i r cu i t s .  Af te r  analyzing this re la t ion  it  is poss ible  to draw the following conclusions.  In the range of 
pos is tor  t e m p e r a t u r e s  20-110 ~ C at 0o = const  it may be assumed that the heat  capaci ty  does not depend on pos is tor  
t e m p e r a t u r e  (see Fig.  3). There  then follows a sharp change in heat capaci ty and the exper imenta l  curves  have a 
c h a r a c t e r i s t i c  spike,  the sharp maximum cor responding  to the Cur ie  t empera tu re ,  which for  the pos i s to r s  invest igated 
is observed  in the region 126.5-127 ~ C. This  effect is assoc ia ted  with the specif ic  cha rac t e r  of the phase 
t r ans fo rmat ion  exper ienced  by semiconduct ing bar ium t i tanate in the neighborhood of the Curie  point. It is known that 
the appearance  of additional deg rees  of f r eedom,  changes in the state of aggregat ion,  and changes in the law of 
d i spe r s ion  or  the f requency spec t rum of the sys tem lead to a change in the heat capaci ty and its t empe ra tu r e  
dependence. Accordingly ,  heat  capaci ty m e a s u r e m e n t s  se rve  as a method of studying phase t rans format ions .  The 
jump in heat capaci ty is a t t r ibutable  to the fact  that near  the Cur ie  point the s t ruc tu re  of semiconduct ing bar ium 
t i tanate passes  f rom the te t ragonal  to the cubic phase. At the maximum the heat capacity reaches  1.88 W �9 s e c / d e g  for  
a pos i s to r  with R20 = 30 ohms and 1.3 W �9 s e c / d e g  for a pos i s to r  with R20 = 96 ohms,  i. e . ,  the heat capacity i n c r e a s e s  
by a fac tor  of 15-20 as compared  with that at pos i s to r  t e m p e r a t u r e s  in the range 20-100 ~ C. With fur ther  inc rease  in 
pos i s to r  t e m p e r a t u r e  the heat capaci ty fa l l s  sharply.  In the range 130-190 ~ C the heat capaci ty of the pos i s to r  may 
again be assumed constant. 
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Fig.  3. Heat capaci ty  of pos is tor  Cp (W �9 sec /deg)  as 
a function of i ts  t e m p e r a t u r e  0p (~ for a pos is tor  

with Rz0 = 30 ohms.  
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The results of the experiments showed that the heat capacity of a posistor also depends on the temperature of the 

ambient medium, decreasing as the latter increases. In the range 20-70 ~ C the heat capacity is almost independent of 
the temperature of the ambient medium. However, with further increase in ambient temperature this dependence 
becomes even more explicit. The heat capacity decreases especially sharply at ambient temperatures close to the 

Curie point (comparison of heat capacities at constant posistor temperature and various ambient temperatures). 
Comparing the heat capacities at the Curie point at 00 = 20 ~ C and 00 = 125 ~ C, we find that in the latter case the spike 
is considerably more smoothed. 

The results obtained can be used in the investigation of transient processes in posistor circuits and also in 
various thermal studies. 

NOTATION 

cp--heat capacity of posistor 
0--temperature of posistor, ~ 
00--ambient temperature, ~ 
P--power supplied to the posistor 
P~--power dissipated by the posistor into the ambient medium 
k--dissipation factor 
b--nonlinearity factor of the posistor 
U--voltage 
I--current 
t--time 
Rp0--resistance of the posistor determined from its temperature characteristic 
Rp--resistanee of the posistor due to the combined action of thermal and varistor effects 
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