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The temperature and power coefficients of the resistance of a posistor 
are examined together with the re la t ive  power response. 

In connect ion with  s t e a d y - s t a t e  and n o n - s t e a d y - s t a t e  
p r o c e s s e s  in c i r c u i t s  that  conta in  t e m p e r a t u r e - d e -  
pendent  r e s i s t a n c e s ,  an i m p o r t a n t  r o l e  i s  p layed  by  
the coef f i c ien t s  c h a r a c t e r i z i n g  the r e s p o n s e  of the  
t h e r m i s t o r  r e s i s t a n c e  to changes  in h e a t - t r a n s f e r  con-  
d i t ions .  The h e a t - t r a n s f e r  condi t ions  d e t e r m i n e  the 
t e m p e r a t u r e  of the t h e r m i s t o r  T and the d i s s i p a t e d  
power  P a .  

In t h e r m i s t o r  t h e o r y ,  the  fo l lowing coef f i c ien t s  a r e  
c o n s i d e r e d  : 

1) the t e m p e r a t u r e  coef f ic ien t  a t of the e l e c t r i c a l  
r e s i s t a n c e  which c h a r a c t e r i z e s  the r e s p o n s e  of the 
t h e r m i s t o r  r e s i s t a n c e  to changes  in the  t e m p e r a t u r e  
of the t h e r m i s t o r :  

1 dry. 
ate- Rt d T '  (1) 

2) the power  (energy)  coef f ic ien t  YT of the e l e c t r i c a l  
r e s i s t a n c e ,  which c h a r a c t e r i z e s  the r e s p o n s e  of the  
t h e r m i s t o r  r e s i s t a n c e  to changes  in d i s s i p a t e d  p o w e r :  

1 dRt. (2) = -  R--: 

3) the dynamic  coef f ic ien t  D o r  r e l a t i v e  power  r e -  
sponse  [1] 

D = u P~" (3) 

The p o s i s t o r  is  a l so  c h a r a c t e r i z e d  by these  coe f f i -  
c ients .  

Our  p r o b l e m  is  to i nves t iga t e  the coef f i c ien t s  Up, 
7p, and D for the  p o s i s t o r .  

Temperature  coeff icient of pos i s tor  res i s tance  ap. 
F o r  t h e r m i s t o r s ,  the t e m p e r a t u r e  coeff ic ient  a t i s  
negat ive  and depends  only on the t e m p e r a t u r e  of the  
t h e r m i s t o r .  Owing to i t s  c h a r a c t e r i s t i c  v a r i s t o r  e f fec t ,  
the p o s i s t o r  behaves  d i f fe ren t ly .  When the p o s i s t o r  
is  hea ted  th rough  1 ~ C by  the ambien t  m e d i u m  or  by 
the c u r r e n t  f lowing th rough  i t ,  the  change of r e s i s t a n c e  
is  not the s ame .  The r e a s o n  fo r  th i s  is  as  fol lows.  As 
the t e m p e r a t u r e  of the  ambien t  m e d i u m  v a r i e s  at P a  

0, the r e s i s t a n c e  of the p o s i s t o r  i s  a f fec ted  only by 
its t e m p e r a t u r e .  

F o r  th is  case ,  we can w r i t e  

%0 (T) -- 1 dRpo (T) _ d In Rpo (T) (4) 
Rpo (T) dT dr 

The coef f ic ien t  ap0(T) i s  d e t e r m i n e d  by g r ap h i c  

d i f f e ren t i a t ion  of 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  
In Rp0(W) = f (W).  

When the p o s i s t o r  is  hea ted  by the c u r r e n t  f lowing 
th rough  it  at  T o = cons t ,  a m o r e  c o m p l i c a t e d  effect  is  
obse rved .  In th i s  case  the  r e s i s t a n c e  of the p o s i s t o r  
changes  not only as  a r e s u l t  of the change in i t s  t e m -  
p e r a t u r e  ( t h e r m a l  effect)  but  a l so  as  a r e s u l t  of the 
change in the input vo l tage  ( v a r i s t o r  effect).  

In t h i s  ca se ,  we have 

ap(T, U)= 1 dRp (T, U) _ d In R T~(T, U). (5) 
Rp (T, U) dT dT 

We now show that  t h e r e  is  a r e g u l a r  r e l a t i o n s h i p  
be tween  the coef f i c ien t s  O~p0(T ) and up(T,  U). 

The r e s i s t a n c e  of the p o s i s t o r  is  given by  the e x -  
p r e s s i o n  

Re(T, U)=Rpo(T) exp [--b(T)(V'U----1)]. (6) 

The non l i ne a r i t y  f a c t o r  b i s  a funct ion of the t e m p e r a -  
tu re  of the p o s i s t o r ,  the r e l a t i o n  b = f (T) r e s e m b l i n g  
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  to a 
s e m i l o g a r i t h m i c  sca le .  

We take  l o g a r i t h m s  on both s ides  of e x p r e s s i o n  (6) 

lnRp (T, U ) =  In Rpo(T)--  b(T) (V'-U---1), (7) 

then d i f f e r en t i a t e  e x p r e s s i o n  (7) with r e s p e c t  to dT at 
U = cons t  

d lnRp(T,U) d In Rpo (T) db(T)( ~/~l)v 
dT dT dT 

o r  

ap(T, U ) = a p o ( T ) - - ~ ( T ) ( V ~ I  ), (8) 

where 

(T) - -  db (T) 
dT (9) 

Equation (8) reflects the dual nature of the posistor. 
The properties of the posistor regarded as a heat- 
dependent element are reflected by the term C~p0(T ) 
associated with the thermal effect; this is determined 
by graphic differentiation of the temperature charac- 
teristic InRp0 = f(T). The varistor properties of the 

posistor are reflected by the term fi(T); this is de- 
termined by the varistor effect and is found by graphic 
differentiation of the curve b = f(T). The minus sign 
in expression (8) is a consequence of the mutual op- 
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Fig.  1. The coef f ic ien t  fi, V-1/2 /deg ,  
as  a function of the p o s i s t o r  t e m p e r a -  

t u r e  G, ~ 

pos i t ion  of t he se  ef fec ts .  In fac t ,  on the t e m p e r a t u r e  
i n t e r v a l  70-190  ~ C the t e m p e r a t u r e  coef f ic ien t  ~p0 is  
pos i t ive ,  s ince  the r e l a t i o n  lnRp0 = f ( T )  is  an in -  
c r e a s i n g  function. The second  t e r m  on the r i gh t -ha nd  
s ide  of (8) d e t e r m i n e s  the v a r i s t o r  p r o p e r t i e s  of the 
p o s i s t o r .  As the vo l tage  i n c r e a s e s ,  the r e s i s t a n c e  of 
the v a r i s t o r  d e c r e a s e s .  Consequent ly ,  the non l inea r i ty  
f ac to r  b i s  a nega t ive  quanti ty.  It is  c l e a r  f rom (8) 
that  the h igher  the vo l tage  appl ied  to the p o s i s t o r ,  the 
m o r e  s t rong ly  the coef f i c ien t s  Up and Upo d i f fe r .  In 
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Fig.  2. P o s i s t o r  t e m p e r a t u r e  0 ,  ~ a s  a funct ion of 
the app l ied  vol tage  U, in V, at  an ambien t  t e m p e r a -  

t u r e  G 0 = 7 0  ~ 

p a r t i c u l a r ,  when the appl ied  vo l t age  i s  s e v e r a l  t ens  of 
m i l l i v o l t s ,  the second  t e r m  in e x p r e s s i o n  (8) can be  
neg lec ted  and then C~p = ap0. 

The curve  fl = db /dO = f (O)  in Fig .  1 r e c a l l s  the  
r e l a t i on  Up0 = f (O)  p r e s e n t e d  in [2,3].  

F r o m  the above t h e r e  fo l lows a method of d e t e r -  
min ing  the t e m p e r a t u r e  coef f ic ien t  Up at  any point  on 
the s t a t i c  c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c .  By a s s ign ing  
d i f fe ren t  va lues  of the  p o s i s t o r  t e m p e r a t u r e  G, f r o m  
the e x p e r i m e n t a l l y  c o n s t r u c t e d  | = f (U)  curve  fo r  
G 0 = coas t  we f ind the vo l tage  va lues  c o r r e s p o n d i n g  
to t hese  t e m p e r a t u r e s  (Fig.  2). 

F r o m  the r e l a t i o n s  ~p0 = f (G)  and fi = f ( |  we find 
the va lues  of the  coef f i c ien t s  ap0 and fl f o r  the s a m e  
t e m p e r a t u r e s  (F igs .  1 and 2). Subst i tu t ing the  va lues  
of the  c o r r e s p o n d i n g  p a r a m e t e r s  into e x p r e s s i o n  (8), 
we find the va lue  of the  t e m p e r a t u r e  coef f ic ien t  
at  the poin ts  on the  s t a t i c  c u r r e n t - v o l t a g e  c h a r a c t e r -  
i s t i c  c o r r e s p o n d i n g  to the vo l t ages  obtained.  

P o w e r  coef f ic ien t  7p of the p o s i s t o r  r e s i s t a n c e .  
The power  coef f ic ien t  Tp can be  d e t e r m i n e d  f r o m  the 
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Fig.  3. Coef f ic ien t  ~/p, %/mW, a s  a function of the d i s s i p a t e d  power  
P~, mW, with the ambien t  t e m p e r a t u r e  as  p a r a m e t e r :  1) | = 18~ C; 

2) 50; 3) 90; 4) 110; 5) 125. 
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expres s ion  

ap Up| ( T ) -  [I (T) (V-U--- l) (10) 
~'p= k - =  k . . . .  

where  k is the pos i s to r  d i s s ipa t ion  factor .  Moreover ,  
the power coefficient  can be d e t e r m i n e d  f r o m  the 
l n R p  = f ( P a )  curves  cons t ruc ted  with the t e m p e r a t u r e  
of the ambient  med ium as p a r a m e t e r .  Since 

1 dRp dlnRp ~ . & l n R p  (11) 

having graphica l ly  d i f ferent ia ted  these  curves  with r e -  
spect  to P~,  we find the change in the coeff ic ient  7p 
along the s ta t ic  c u r r e n t - v o l t a g e  cha rac t e r i s t i c .  Analy-  
s is  showed that  up to an ambien t  t e m p e r a t u r e  equal to the 
Cur ie  t e m p e r a t u r e  the Tp = f ( P a )  curves  have a peak 
and r e s e m b l e  the shape of the aP0 = f(O) curve  (Fig. 
3). As the ambien t  t e m p e r a t u r e  i n c r e a s e s ,  the m a g -  
ni tude of the Tp peak s teadi ly  grows (from 2.145%/mW 
at O 0 = 18 ~ C to 19.2%/mW at | = 127~ C). 

At ambient  t e m p e r a t u r e s  above the Cur ie  point,  
the coefficient  Tp is negat ive ,  and the Tp = f ( P a )  
curves  do not have a peak. At O 0 in the range  150-  
200 ~ C, the power coefficient  r eaches  ve ry  l a rge  va lues  
at smal l  d i s s ipa ted  powers.  The h igher  the ambient  
t e m p e r a t u r e ,  the h igher  the value of 7pmax,  which at 
| = 190~ C r eaches  350%/mW. 

Rela t ive  power r e sponse - - t he  coeff icient  D. Singu- 
l a r  point  on the s ta t ic  c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c .  
The coefficient  D may  be cal led the r e l a t ive  power 
r e sponse  [1] 

D =  dRp/Rp (12) 
dP~/P~ 

The va r i a t ion  of D along the s ta t ic  c u r r e n t - v o l t a g e  
c h a r a c t e r i s t i c  is  r e p r e s e n t e d  in Fig. 4 for  O 0 = 70 ~ C. 

As may be seen  f rom Fig. 4, at ambien t  t e m p e r a -  
t u r e s  not exceeding the Cur ie  t e m p e r a t u r e ,  the D = 
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Fig. 4. Static c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c  of 
pos i s to r  at O 0 = 70 ~ C (curve 1) and the D =f(U) 
re la t ion  for  this  c h a r a c t e r i s t i c  (curve 2). (D in 

d i m e n s i o n l e s s  uni ts ;  I in mA; U in V. 

= f(U) curve  has a fa i r ly  complicated shape, pass ing  
twice through zero  and unity,  and having a max imum 
and negat ive  values .  

The coefficient  D pas se s  through unity at the m a x i -  
mum and m i n i m u m  points of the s ta t ic  c u r r en t -vo l t age  
c ha r a c t e r i s t i c ,  which can be proved s t a r t ing  f rom 
Eq. (12). In view of the fact that 

( U )  l d U - - U d I  
R p =  ~ d R p = d  - 7  12 ' 

P,~ = UI dP. = d (UI) = Udl q- IdU, 

I IdU - -  UdI 

U I* I/U - -  dl/dU 
D = -- (13) 

1 (UdI -t- IdU) I/U ~- dI/dU 
UI 

Since at the ma x i mum and m i n i m u m  of the s ta t ic  
c u r r e n t - vo l t a ge  c h a r a c t e r i s t i c  dI /dU = 0, the e x p r e s -  
sion 

I/U - -  dI/dU 
D = -- 1. (14) 

I/U @ dI/dU 

For  the points  at which the coeff icients  7p, ~p, and 
D are  equal to zero 

D -  I~176 O. (15) 
Io/U o - -  dl /dU 

For  this  exp res s ion  to be equal to zero,  it  is  n e c e s -  
s a r y  and suff icient  that 

o r  

lo/U o - -  dl/dU ----- O, 

lo/U o = dl/dU, 

tip,st ~- O'p.dyn~ 

i . e . ,  at these  points  the s ta t ic  and dynamic  conduc-  
t ances  (and hence  r e s i s t a n c e s )  a re  equal. 

Up to this  point,  the c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c  
is  approximate ly  a s t ra ight  l ine ,  but beyond it, i t  is 
d is t inc t ly  curved.  

To the left  of this  point,  D < 0; consequent ly ,  

tip.st ~ tip.dyn, 

the dynamic  conductance be ing  posi t ive  on this  i n t e r -  
val. 

On the in t e rva l  0 < D < 1 

tip.st ~ tip.dyn, 

and on this  i n t e rva l  the dynamic  conductance is  also 
posi t ive,  whereas  at D > 1 it  becomes  negat ive.  

Along the s ta t ic  c u r r e n t - vo l t a ge  c h a r a c t e r i s t i c  the 
max imum of the coefficient  D coincides  with the max i -  
ma  of C~p and Tp. Moreover ,  at these  same points 
the O = f(U) curves  have an inf lect ion (Fig. 2) and 
the l i n e a r  O = f ( P a )  r e l a t ions  for  va r ious  ambient  
t e m p e r a t u r e s  show a discont inui ty .  

Consequent ly ,  these  a re  s ingu la r  points  of the s ta t ic  
c u r r e n t - vo l t a ge  c h a r a c t e r i s t i c s  cha rac t e r i zed  by max i -  
mum values  of the coeff ic ients  ~p, Tp, and D. At 
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t he se  points  on the s t a t i c  c u r r e n t - v o l t a g e  c h a r a c t e r -  
i s t i c s ,  the t e m p e r a t u r e  of the p o s i s t o r  is  equal  to the 
Cur ie  t e m p e r a t u r e .  

F o r  D at the  m a x i m u m ,  t ak ing  into account  that  
h e r e  the d i f f e r en t i a l  conductance  i s  nega t ive ,  we have 

D = ffp.st ~ ( - - f f p . d y n )  ~--- O'p.st ~-  O'p.dyn - -  Dmax" (16) 
O'p.st -~- ( - -  O'p.dyn) ffp.st - -  O'p.dyn 

F o r  th i s  f r ac t i on  to have a m a x i m u m  value ,  it  is  
suf f ic ien t  that  

% . d y .  = d I / d U  = (~p,~yn)m~x~ 

i . e . ,  the point of m a x i m u m  of  the r e l a t i on  D = f (U)  
co inc ides  with the point of m a x i m u m  nega t ive  d i f f e r -  
en t ia l  conductance  on the s t a t i c  c u r r e n t - v o l t a g e  c h a r -  
a c t e r i s t i c .  The s a m e  point wi l l  be  the  point of m i n i -  
mum nega t ive  d i f f e r en t i a l  r e s i s t a n c e .  

Since at t h e s e  poin ts  d I /dU = max,  

d 2 I / d U  2 = O. 

Such points  a r e  ca l l ed  l i n e a r i z a t i o n  poin ts ,  s ince  at 
t hem the curve  a p p r o a c h e s  a s t r a i g h t  l ine ,  which can 
a l so  be seen  by examin ing  the s t a t i c  c u r r e n t - v o l t a g e  
c h a r a c t e r i s t i c  (Fig.  4). At the  l i n e a r i z a t i o n  points  the 
curve  is  p a r t i c u l a r l y  c lo se  to i t s  tangent .  

Thus ,  having  the s t a t i c  c u r r e n t - v o l t a g 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 ,  we can g r a p h i c a l l y  d e t e r m i n e  
the l i n e a r i z a t i o n  point.  It wi l l  be  l oca t ed  in the middle  
of the in t e rva l  on which the I = f (U)  curve  is  c l o s e s t  
to i ts  tangent .  This  point wi l l  a l so  be the  s i n g u l a r p o i n t  
of the c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c  whose p r o p e r t i e s  
were  e n u m e r a t e d  above.  

At high ambien t  t e m p e r a t u r e s  the coeff ic ient  D 
v a r i e s  l i t t l e ,  f luc tua t ing  about some  s m a l l  cons tant  
value.  

The r e s u l t s  obta ined can be used  in ana lyz ing  
s t e a d y - s t a t e  and dynamic  modes  in c i r c u i t s  conta in ing  
p o s i s t o r s  when the t e m p e r a t u r e  of the  ambien t  med ium 
and the d i s s i p a t e d  power  vary .  

NOTATION 

R t is  the  t h e r m i s t o r  r e s i s t a n c e ;  s t and Tt a r e  the 
t e m p e r a t u r e  and p o w e r  coef f i c ien t s  of the t h e r m i s t o r  
r e s i s t a n c e ;  Rp~ i s  the r e s i s t a n c e  of the p o s i s t o r  d e -  
t e r m i n e d  f rom i t s  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 ;  Rp i s  
the r e s i s t a n c e  of the p o s i s t o r  d e t e r m i n e d  f rom i t s  
s t a t i c  c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c ;  ~p0 i s  the t e m -  
p e r a t u r e  coeff ic ient  of the p o s i s t o r  r e s i s t a n c e  d e t e r -  
mined  f rom i t s  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 ;  ~p i s  the 
t e m p e r a t u r e  coef f ic ien t  of the p o s i s t o r  r e s i s t a n c e  for  
hea t ing  by the c u r r e n t  at  cons tan t  ambien t  t e m p e r a -  
ture ;  Tp i s  the power  coef f ic ien t  of p o s i s t o r  r e s i s t a n c e ;  
T and | a r e  the p o s i s t o r  t e m p e r a t u r e  in ~ and ~ 
r e s p e c t i v e l y ;  To and | a r e  the ambien t  t e m p e r a t u r e  
in ~ and ~ r e s p e c t i v e l y ;  D i s  the r e l a t i v e  power  
r e s p o n s e ;  U is  the vol tage;  I i s  the cu r r en t ;  P ~  is  the 
d i s s i p a t e d  power ;  k i s  the d i s s i p a t i o n  fac to r ;  b i s  the 
coef f ic ien t  of non l i ne a r i t y  of the v a r i s t o r  c h a r a c t e r -  
i s t i c ;  fl = db /dT ;  ~p.s t  i s  the s t a t i c  conductance;  
~p.dyn i s  the  dynamic  conductance .  
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