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S i m u l a t i o n  i s  u s e d  to d e r i v e  the t h e r m a l  r e s i s t a n c e  of c y l i n d r i c a l l y  shaped  b o d i e s  a s  a f u n c -  
t ion of t h e i r  s t r u c t u r a l  p a r a m e t e r s .  The r e s u l t s  f r o m  the s i m u l a t i o n  have  been  g e n e r a l i z e d  
wi th  an  e m p i r i c a l  f o r m u l a .  

The p r o b l e m  of c a l c u l a t i n g  the i n t e r n a l  t h e r m a l  r e s i s t a n c e  of s e m i c o n d u c t o r  d e v i c e s  wi th  c y l i n d r i c a l  
c o n t a i n e r s  can  f r e q u e n t l y  be r e d u c e d  to the c a l c u l a t i o n  of the t h e r m a l  r e s i s t a n c e  of i s o t r o p i c  and h o m o -  
g e n e o u s  c o n s t r u c t i o n s  of c y l i n d r i c a l  s h a p e .  The c o n v e r s i o n  m e t h o d s  a r e  s i m i l a r  to those  d e s c r i b e d  in [1] 
f o r  s t r u c t u r e s  in the f o r m  of  a p a r a l l e l e p i p e d .  

In d e t e r m i n i n g  the i n t e r n a l  t h e r m a l  r e s i s t a n c e  R fo r  b o d i e s  c y l i n d r i c a l  in shape*  we wi l l  a s s u m e  the 
s u r f a c e s  S and S i t h rough  which  the hea t  f low p a s s e s  to be i s o t h e r m a l .  The s u r f a c e  S, a t  the end of the 
c y l i n d e r ,  i s  in the shape  of a r e c t a n g l e  (Fig .  1). 

A s i m i l a r  p r o b l e m  was  s o l v e d  in [1]; h o w e v e r ,  h e r e  the s u r f a c e  S i s  in the shape  of a d i s k  and i n s t e a d  
of c o n d i t i o n s  of  i s o t h e r m i c i t y  a t  S we have  a s s u m e d  the cond i t ion  0 T / ~  = c o n s t .  Thus ,  the s c h e m a t i c  r e p -  
r e s e n t a t i o n  of the h e a L - t r a n s f e r  p r o c e s s e s ,  a s  g iven  in th i s  p a p e r ,  m a k e s  it p o s s i b l e  to e n c o m p a s s  a b r o a d e r  
c l a s s  of s t r u c t u r e s  and c o r r e s p o n d s  m o r e  fu l ly  to the p h y s i c a l  s e n s e  of t h e r m a l  r e s i s t a n c e .  

The quan t i t y  R was  d e t e r m i n e d  by  s i m u l a t i o n  in an e l e c t r o l y t i c  ba th .  To e l i m i n a t e  the m e n i s c u s  b e -  
tween  the e l e c t r o l y t e  and the r e c t a n g u l a r  e l e c t r o d e  S, the l a t t e r  was  a t t a c h e d  to a wide d i s k  m a d e  of p l a s t i c .  
P r i o r  to the m e a s u r e m e n t ,  c o p p e r  w a s  d e p o s i t e d  on the e l e c t r o d e s  to p r o v i d e  the r e q u i r e d  e l e c t r o d e  s u r -  
face  f i n i sh .  In a l l  o t h e r  r e s p e c t s ,  the e x p e r i m e n t a l  t echn ique  c o r r e s p o n d e d  to that  of [2, 3]. The m a x i m u m  
r e l a t i v e  e r r o r  in the t e s t  d id  not  e x c e e d  10%. 

We w e r e  ab le  to g e n e r a l i z e  the t e s t  r e s u l t s  fo r  the s q u a r e  e l e c t r o d e  S by m e a n s  of the e m p i r i c a l  
f o r m u l a  

R)~Ro = ( ~ /~  I,.l+O.O36Ro/D (1) 

\ Ro]  

The function d(D/R0) is found from the following formulas: 

fo r  0.25 -< D / R  0 -< 0.75; 

-- -- 0.074 (2a) 
R0 

= --0.073 -t- 0.023 d D 0.4 1.27---D --. 
Ro 

f o r  0.074 -< D / R  0 --< 0.25; 

(2b) 

*In the following we will refer to R simply as the thermal resistance. 
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Fig. I. Theoretical model for the determination of the 
thermal resistance (S and S I are electrode surfaces) 
(a) and a simplified construction of an electrolytic 
bath (b): I) electrode with surface S; 2) electrode with 
surface Sl; 3) plastic disk; 4) electrolyte. 
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Fig. 2. Containers (Nos. 1 and 2) for TO-5 solid-state circuits: 
I) lid; 2) crystal lead; 3) semiconductor; 4) base; 5) insulator; 
6) container lead. 

for 0.75 ~ D/R 0 --< 1.12. 

Formula (i) has been derived for the values 

a ~0.917; 0,074~ D -(i.12. 0 . 0 9 2 ~ - ~ o  " Ro " 

For values of D/R 0 -> 0.75 the dimensionless thermal resistance RkR 0 virtually ceases to depend 
on the dimensionless height D/R 0 of the cylinder. Relationship (i) can therefore be used even when D/R 0 
> 1.12. The mean relative error in the approximation of the formula is 5.7%. The maximum error, which 
was observed at only a single point, amounts to 16%. 

Formula (i) is used to determine the thermal resistance in the case of a square electrode. When the 
square electrode is replaced by a rectangular electrode of equal area, the thermal resistance diminishes 
only slightly. This reduction is an approximately linear function of the ratio of the sides b/a (b > a), 
amounting to 11% when a/b = 0.25. 
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The above theoretical relationships were derived for a uniform cylinder. Similar relationships were 
found for two containers of solid-state circuits and have gained the widest acceptance (Fig. 2): 

0.4 
R~, --  . -  for container No. t" (3a) 

1/S 

R -  26.3 for container No. 2. (3b) 
SO,26 

F o r m u l a  (3a) is  v a l i d  when 0.04 -< ~/S - 0.3 and 0.45 -< a /b  <- 1; f o r m u l a  (3b) i s  va l id  when 0.04 -<~fS 
-< 0.22 and  0.45 -< a/b  -< 1. H e r e  S i s  e x p r e s s e d ,  cm2; whi le  R i s  e x p r e s s e d ,  d e g / W .  

N O T A T I O N  

X i s  the c o e f f i c i e n t  of t h e r m a l  c o n d u c t i v i t y ;  
R 0 i s  the c y l i n d e r  r a d i u s ;  
D i s  the c y l i n d e r  he igh t ;  
S i s  the a r e a  of c o n t a c t  b e t w e e n  the s q u a r e  e l e c t r o d e  and the c y l i n d e r .  

1. 

2. 

3.  

L I T E R A T U R E  C I T E D  

Ig. M. Dul ' neva ,  C a n d i d a t e ' s  D i s s e r t a t i o n  [in R u s s i a n ] ,  L P I  im .  K a l i n i n a  (1966). 
U.  K a r p l y u s ,  S i m u l a t i o n  of  D e v i c e s  f o r  the Solu t ion  of F i e l d - T h e o r y  P r o b l e m s  [Russ i an  t r a n s l a t i o n ] ,  
IL ,  M o s c o w  (1962). 
D.  I.  Z a k s  e t  a l . ,  I zv .  Vuzov ,  R a d i o t e k h n i k a ,  8, No. 3 (1965). 

774 


