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The temperature characteristic of a new semiconductor thermosen- 
sitive element--the ST5-1 ae posistor--is considered. It is shown 
that the capacitance of an ac posistor depends on the temperature. 
The general form of a posistor equivalent circuit is considered and 
its parameters are determined. 

In c o n t r a s t  to t h e r m i s t o r s ,  a p o s i s t o r  is  a s e m i -  
conductor  t e m p e r a t u r e - d e p e n d e n t  e l emen t  with a 
pos i t ive  t e m p e r a t u r e  coeff ic ient  of e l e c t r i c a l  r e s i s -  
tance for  a p a r t i c u l a r  range  of pos i t ive  t e m p e r a t u r e s .  
The ST5-1 pos i s to r s  have a pos i t ive  t e m p e r a t u r e  co- 
eff ic ient  of r e s i s t a n c e  r each ing  60 %/deg or  m o r e .  
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Fig.  1. The modulus  of pos i s t o r  i m -  
pedance z (in ohms} as a funct ion of 
the t e m p e r a t u r e  @ (~ for  d i f ferent  
supply-vol tage  f r equenc ies  : 1 ) f  = 0; 
2)f= 1000 Hz; 3) 5000; 4) 10 000; 5) 

20 000; 6) ]00 000. 

This  co r r e sponds  to at l eas t  a t h r e e - o r d e r  change 
in  p o s i s t o r  impedance .  In tu rn ,  this  makes  it pos-  
s ib le  to use  pos i s t o r s  as r e s i s t a n c e  t h e r m o m e t e r s ,  
t e m p e r a t u r e  r egu la to r s ,  m o i s t u r e  de tec to r s ,  etc. 

At p r e s e n t ,  we have r e l a t i v e l y  l i t t le  data  on the 
c h a r a c t e r i s t i c s  of p o s i s t o r s .  Such in fo rma t ion  is  
needed to make c o r r e c t  use  of these  s emiconduc to r  
e l emen t s .  In this  a r t i c le  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 ST5-1 pos i s t o r  is  cons ide red  when this  
device is  connected to an ac c i r cu i t  with v a r i o u s  sup -  
p ly -vo l tage  f r equenc i e s .  

F i g u r e  I shows e x p e r i m e n t a l  cu rves  for  the m o d -  
u lus  of pos i s t o r  impedance  as a funct ion of t e m p e r a t u r e  
for  supply-vol tage  f r equenc ie s  of 1000 to 100 000 Hz. 
F o r  compar i son ,  this  f igure  also shows the t e m p e r a -  
tu re  c h a r a c t e r i s t i c  of a d c  p o s i s t o r  f o r f  = 0 (curve 1). 
It follows f rom Fig. 1 that the impedance  of an ac po-  
s i s t o r  drops  sha rp ly  as the s u p p l y - c u r r e n t  f r equency  
i n c r e a s e s .  F o r  f r equenc ie s  down to 20 kHz the m a n n e r  
in  which the curves  for  the pos i s t o r  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 s  change is a lmos t  the s ame  as the m a n -  
n e r  in  which they change for  d i rec t  c u r r e n t .  With f u r -  
ther  i n c r e a s e  in f requency  the anomalous  r i s e  observed  
in  impedance  nea r  the Curie  t e m p e r a t u r e  d e c r e a s e s  
g rea t ly .  We have r e a s o n  to suppose that such a r i s e  
can  gene ra l l y  cease .  

F i g u r e  2 shows the change in the modulus  of p o s i s -  
to r  impedance  as a funct ion  of f r equency  when the 
ambien t  t e m p e r a t u r e  is  taken as the p a r a m e t e r .  As is  
c l ea r  f rom the f igure ,  fo r  t e m p e r a t u r e s  below the 
Cur ie  point  (125-127 ~ C for  our pos i s to r s ) ,  the i m p e d -  
ance r e m a i n s  cons tant  down to a f r equency  f = 104 Hz 
and changes  v e r y  l i t t le  for  f r equenc ie s  down to f = 
= 105 Hzo F o r  t e m p e r a t u r e s  above the Cur ie  point  
(curves  3 -5 ) ,  the modulus  of pos i s to r  impedance  de -  
c r e a s e s  g rea t ly  for  f r equenc ie s  as low as 20 kHz; the 
drop is  even g r e a t e r  at h igher  f r equenc ies .  F igu re  1 
also shows the d e c r e a s e  in  pos i s t o r  impedance  as the 
f r equency  i n c r e a s e s .  Thus,  pos i s t o r  impedance  at 
| = 200 ~ C and f = 100 kHz i s  a lmos t  a thousand t imes  
s m a l l e r  than for  a d c  pos i s to r .  

An explana t ion  of the m a n n e r  in  which the t e m p e r a -  
tu re  c h a r a c t e r i s t i c  of an ac pos i s t o r  changes (as wel l  
as the m a n n e r  in which Rp = F(| changes for  a dc 
pos i s tor )  m u s t  be found by examin ing  the p r o p e r t i e s  
of i t s  m a t e r i a l .  The pos i s t o r  is  made f rom b a r i u m  
t i tanate .  Such a m a t e r i a l  p o s s e s s e s  f e r r o e l e c t r i c  
p r o p e r t i e s ,  and this  p rovides  a bas i s  for  a s s u m i n g  
that these  p r o p e r t i e s  are  also man i fe s t ed  in  a pos i s to r .  
In fact,  in an e l ec t r i c  c i r cu i t  made  up of a l i nea r  r e -  
s i s t ance  and a pos i s to r ,  there  is  a phase shift  between 
the c u r r e n t  and voltage. This  shows up quite c l e a r l y  
on an osc i l lograph  sc reen .  The magni tude  of the phase 
shift  changes as the t e m p e r a t u r e  and supply-vol tage  
f r equency  change. F igu re  3 shows the phase  shift  b e -  
tween the c u r r e n t  and voltage of the pos i s t o r  as a 
funct ion  of t e m p e r a t u r e  for  va r i ous  supply-vol tage  
f r equenc i e s .  Compar i son  of the cu rves  in  Fig .  3 shows 
that the phase  angle depends cons ide rab ly  on the sup -  
p ly -vo l tage  f requency .  Thus,  fo r  f r equenc i e s  below 
20 kHz and t e m p e r a t u r e s  below the Cur ie  point ,  the 
phase shift  i s  so s m a l l  that it  i s  a lmos t  unnot iced  on 
the osc i l lograph  sc reen .  This  quant i ty  becomes  no-  
t i ceab le  only for  t e m p e r a t u r e s  c lose  to or  g r e a t e r  
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F ig .  2. The modu lus  of p o s i s t o r  i m p e d a n c e  z (in ohms)  a s  
a funct ion  of s u p p l y - v o l t a g e  f r e q u e n c y  f (Hz) fo r  d i f fe ren t  
ambien t  t e m p e r a t u r e s :  1) | = 20 ~ C; 2) 100; 3) 130; 4) 150; 

5) 180. 

than the Curie temperature (curve 1 in Fig. 3). At 

higher frequencies (100 kHz or more), the shift angle 

is significant even for temperatures below the Curie 

point. Here, roughly the following relationship between 

the phase angle and supply-voltage frequency is ob- 

served in the initial section of the curve (up to I00 ~ C) 

for a constant temperature (up to the temperature of 

line I) : 

{P_L~ .~ f~ (1) 
% i2 

For line II, the curves are more or less equipotential, 

but the relationship between q and f no longer agrees 

w~th (i). 
The presence of a phase shift between the current 

and voltage indicates that the ae posistor impedance 
is complex; the fact that the voltage lags behind the 

current is indicative of the capacitive nature of the 

reactive component. This makes it possible to repre- 

sent the ae posistor by the equivalent circuit in Fig. 

4a. In the most general case, the posistor can be re- 

presented as a nonlinear resistance rp coupled in 

parallel to a capacitance Cp whose magnitude depends 

on temperature. Our representing the posistor by a 

similar equivalent circuit makes it possible to discover 

the nature of the processes taking place when a posis- 

tor is connected to an ac circuit; this method also 
makes it possible to determine the dependence of the 

phase shift and the change in the modulus of posistor 

impedance on temperature, as well as their changes 
occurring with supply voltages of varying frequencies. 

M o r e o v e r ,  the equ iva len t  c i r c u i t  m a k e s  it p o s s i b l e  
to d e t e r m i n e  the ac t ive  and r e a c t i v e  componen t s  of 
i m p e d a n c e ,  the va lues  of the e q u i v a l e n t - c i r c u i t  p a -  
r a m e t e r s ,  and the dependence  of these  quan t i t i e s  on 
t e m p e r a t u r e .  Thus,  the equ iva len t  c i r c u i t  of the p o s -  
istor can serve as a basis for subsequent calculations 
of electrical circuits employing a posistor as the 
measuring or control element. We should also note 

that  d e t e r m i n a t i o n  of p o s i s t o r  c a p a c i t a n c e  by m e a n s  
of an equ iva len t  c i r c u i t  i s  the only me thod  p o s s i b l e  
in some  c a s e s ,  b e c a u s e  d i r e c t  m e a s u r e m e n t  of th is  
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Fig .  3. Phase  angle  q~ (deg) be tween  
c u r r e n t  and vo l tage  in the c i r c u i t  con -  
s i s t i n g  of a p o s i s t o r  and l i n e a r  r e s i s -  
tance  as  a funct ion  of the t e m p e r a t u r e  
| (~ f o r  d i f f e ren t  s u p p l y - v o l t a g e  f r e -  
quenc ie s :  1) f = 20 kHz; 2) 100; 3) 200; 

4) 300. 

quant i ty  m e e t s  with v e r y  g r e a t  t echn ica l  d i f f i cu l t i e s  
owing to high e l e c t r i c a l  conduct iv i ty .  

The impedance  of the p o s i s t o r  equ iva len t  c i r c u i t  
can  be w r i t t e n  as  
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Fig.  4. The equiva lent  c i r c u i t  of an ac 
p o s i s t o r  (a), and p o s i s t o r  capac i t ance  
Cp ( f )  as  a funct ion of the t e m p e r a t u r e  
| (~ fo r  v a r i o u s  supp ly -vo l t age  f r e -  

quenc ies  (b): 1) f = 20 kHz; 2) 100. 
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Z =  R + j x =  l_bo)~C2r2 
P P 

1 + o ~ C  2 r 2 ' 

P P 

where  the modulus  of impedance  is  

(2) 

rp (3) 
z = V1 + J c~, rg 

With e x p e r i m e n t a l  va lues  fo r  the modulus  of i m -  
pedance  and the phase  angle rp we can find the ac t ive  
and r e a c t i v e  componen t s  of p o s i s t o r  impedance  fo r  a 
g iven  cons tan t  t e m p e r a t u r e  | i . e . ,  

R = z cos % (4) 

x = zsincp. (5) 

On so lv ing  the s y s t e m  

X-- 1 +  2 2 2  ~) Cp% 

t,2 
Z2 P 

1 4-  o~C 2 r 2 
�9 p P 

fo r  Cp and rp ,  we obta in  

C p -  x_ = sinq0 
O) 2 ~ O? Z 

(6) 

(7) 

Z 2 
(8) 

% =  R "  

Thus,  e x p r e s s i o n s  (7) and (8) can be used  fo r  c a l -  
cu la t ing  the capac i t ance  and r e s i s t a n c e  of a p o s i s t o r  
when it  is  connec ted  to an ae c i r c u i t .  

F i g u r e  4b shows p o s i s t o r  c apac i t ance  as a funct ion 
of t e m p e r a t u r e .  This  g raph  i s  p lo t ted  with (7). As i s  
c l e a r  th is  f i gu re ,  the g raph  of Cp = F(| is  de f in i t e ly  
non l inea r  with a sha rp  m a x i m u m  in the ne ighborhood  
of the Cur i e  t e m p e r a t u r e .  It i s  c l e a r  that  the c u r v e s  
in F ig .  4b r e p r e s e n t  on an a l t e r e d  s c a l e  the d i e l e c t r i c  
cons t an t  of the p o s i s t o r  as  a function of t e m p e r a t u r e .  
The  c u r v e  showing the  d i e l e c t r i c  cons t an t  as  a function 
of t e m p e r a t u r e  fo r  f e r r o e l e e t r i c  b a r i u m  t i t ana t e  has  a 
s i m i l a r  f o rm  [2]. Th i s  j u s t i f i e s  the  va l id i ty  of the  
equ iva len t  c i r c u i t  u sed  for  the p o s i s t o r  and c o n f i r m s  
the p r e s e n c e  of p r o p e r t i e s  common to the p o s i s t o r  and 
f e r r o e l e c t r i c  BaTiO3. 

The fact that the curves Cp = F(| coincide fairly 

closely for frequencies of 20 and 10O kHz (Fig. 4b) 
shows that posistor capacitance in the range indicated 

does not depend on frequency. 
On the basis of our study of the temperature char- 

acteristic of an ac posistor we can draw the following 

eonclusions: 
i. The ac posistor possesses capacitive properties. 

The nature of the relation Cp = F(| is similar to the 
dependence of the dielectric constant of ferroelectric 

barium titanate on temperature. 
2. The sharp increase in posistor impedance and 

capacitance in the neighborhood of the Curie tempera- 
ture is associated with the ferroelectric phase tran- 

sition of BaTiO 3. 
3. The characteristic properties discovered for 

these ac posistors can prove useful when the latter 
are used as elements in measuring, control, and cor- 

rection dev ice s .  
4. The r e s u l t s  obta ined ,  can a l so  s e r v e  as  a b a s i s  

fo r  f u r t h e r  s tudy of t h e r m a l  and e l e c t r i c a l  p r o p e r t i e s  
c o m m o n  to p o s i s t o r s  and f e r r o e l e e t r i e s ,  and fo r  d e -  
ve lopmen t  of a t h e o r y  of t h e r m o e l e c t r i c  e f fec t s .  

NOTATION 

Z is the posistor impedance; R and x are the active 
and reactive components of impedance; z is the modu- 

lus of impedance ;  Cp and rp  a r e  the c a p a c i t a n c e  and 
r e s i s t a n c e  of an ac p o s i s t o r ;  f i s  the s u p p l y - v o l t a g e  
f requency ;  w i s  the angu la r  f r equency ;  ~ is  the phase  
angle  be tween  the c u r r e n t  and vo l tage  in the p o s i s t o r -  
l i n e a r  r e s i s t a n c e  c i r cu i t ;  | i s  the ambien t  t e m p e r a t u r e .  
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