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The possibi l i ty  of control l ing the t e m p e r a t u r e  dependence of t h e r m o e l e c t r i c - c o n v e r t e r  p a r a m -  
e ters  by se lec t ion  of the doping- impur i ty  concentra t ion  of the rmocouple  ma te r i a l  is d i scussed .  
Fundamental  p a r a m e t e r s  a r e  presented  for  semiconduc tor  t h e r m o e l e c t r i c  c o n v e r t e r s .  

T h e r m o e l e c t r i c  c o n v e r t e r s ,  which check p r o c e s s e s  accompanied by the l iberat ion of heat and radiant  
energy,  for example ,  heat conver t e r s  to m e a s u r e  the fundamental  e l ec t r i ca l  ac  quantities in a frequency 
r ange  f r o m  s e v e r a l  her tz  to hundreds of megahe r t z ,  a re  used extensively in met ro logy  and measur ing  technique.  

Conver te r s  fabr ica ted  on the bas is  of meta l  the rmocouples  a r e  most  widespread [1]. However,  the low 
sens i t iv i ty  of meta l  the rmocouples  spec i f ies  a low loading capaci ty  for such  conve r t e r s ,  that  the i r  v o l t - - a m -  
pe re  cha rac t e r i s t i c s  will be signif icantly not quadrat ic ,  and a low value of the t h e r m a l  emf  at the nominal  
cu r r en t ,  e tc .  

An essen t ia l  improvemen t  in the p rope r t i e s  of t h e r m o c o n v e r t e r s  can be achieved by using thermocouples  
of semiconduct ing m a t e r i a l s  that pos ses s  a s ignif icant ly higher coefficient  of t h e r m a l  emf.;  the low t h e r m a l  
conductivity of the semiconduc tors  pe rmi t s  us to r e a l i z e  the needed t e m p e r a t u r e  drops eas i ly .  

However ,  a sha rp  t e m p e r a t u r e  dependence of the p a r a m e t e r s  is inherent  to the major i ty  of semiconduc-  
ring ma te r i a l s  [2], which is ,  in our opinion, the main  r e a s o n  for  the re jec t ion  of semiconductor  thermocouple  
ut i l izat ion in heat conve r t e r s  [3]. A heat conve r t e r  with semiconduc tor  the rmocoup les ,  produced in the USA 
[4], isknown. In this ca se  the use  of b i smuth  te l lur ide  semiconduc tor  thermocouples  significantly r a i sed  the 
re l iab i l i ty  and squa reness  of the convers ion ,  as r ega rds  the t e m p e r a t u r e  dependence of the convers ion  coeff i-  
cient .  By analyzing the p roper t i e s  of b i smuth  te l lur ide  [5], it can be seen  that  it does not sa t i s fy  the rigid r e -  
qu i rements  of m e a s u r e m e n t  technique.  The  purpose  of this paper  is to develop a method which would pe rmi t  
the  control  of the t e m p e r a t u r e  dependence of the fundamental  hea t - conve r t e r  p a r a m e t e r s  by changing the t e m -  
pe ra tu re  dependence of the t h e r m a l  emf  coefficient ,  the t h e r m a l  conductivity,  and the e lec t r i ca l  conductivity 
of the s emiconducting m a t e r i a l .  

The  invest igat ions were  conducted on cadmium ant imonide s ingle  c ry s t a l s  doped with s i l ve r  and zinc i m -  
pur i t i e s .  T h e r e  were  two reasons  for  the se lec t ion  of the m a t e r i a l :  on the one hand, the high t h e r m a l  emf co-  
efficient a s s u r e s  the needed output s ignal  at a negligible t e m p e r a t u r e  drop,  which improves  the squareness  of 
the t r ans fo rma t ion ,  as is known [6]; on the other hand, cadmium ant imonide is a ma te r i a l  studied sufficiently 
well,  and its band s p e c t r u m  affords a poss ibi l i ty  of pe r fo rming  opt imizat ion computat ions at the n e c e s s a r y  
level .  

The  idea of control l ing the t e m p e r a t u r e  dependence of h e a t - c o n v e r t e r  p a r a m e t e r s  is that  the t e m p e r a -  
t u r e  dependence of the fundamental  t h e r m o e l e e t r i c a l  p a r a m e t e r s  can be reduced to a min imum by se lec t ing 
the  doping- impur i ty  concentra t ion in such  a way that  two competing c a r r i e r  re laxa t ion  mechan i sms ,  for ex-  
ample,  sca t t e r ing  by acoust ical  phonons and by an ionized impur i ty ,  would s imul taneous ly  act  in a given t e m -  
p e r a t u r e  band. Then according to the model  of nonequivalent va l leys  [7], the t enso r  components of the t h e r m o -  
e lec t r i ca l  p a r a m e t e r s  of a m a t e r i a l  in a semiconduc tor  can be r ep re sen ted  at  a l m o s t - r o o m - t e m p e r a t u r e s  in 
the f o r m  
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Fig.  1. Concentration dependences : 
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Fig.  2 
1) e lec t r ica l  conductivity; 2) 

the rma l  conductivity; 3) the rma l  emf in CdSb single crys ta ls  doped with 
Ag and Zn in the 300-330~ interval .  A~/~, A ~ / ~ ,  A a / a  
deg-~; N, cm -a. 

Fig. 2. Tempera tu re  dependence of the vo l t - -wa t t  r esponse  of t h e r m o -  
electr ic  conver te rs  : 1) TVB-type the rma l  conver te r ;  2) semiconductor  
conver ters  with CdSb thermocouples ;  3) mult ielement TEM the rmal  con-  
v e r t e r s .  A~/~, %; t, ~ 
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The concentrat ions of the doping impurit ies a re  selected in such a way that the equality 

.c(n)'v < ~ > = < '~[F '> 

is satisfied at the t empera tu re  T = T 0. In this case (1), (2), and (3)become 
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0L(n) The values of r i i  a r e  determined f rom the quantities xrii/ [8]. The t empera tu re  dependences of ~ii, a i d  and 
~ i i  were computed for the nondegenerate case  according to (1)-(3)~ The impurity concentrations varied be-  
tween 1015-1018 em -a in the 300-330~ t empera tu re  range.  The Fe rmi  levels were  found f rom the equation of 
e lec t r ica l  neutrali ty taking into account that all  the impurit ies a re  ionized at these  t empera tu re s .  

It follows f rom Fig.  1 that the minimal t empera tu re  dependence of the the rmoe lec t r i c  parameters  ~ii 
and ~ii is observed in the 1017-1018 e/n -a concentrat ion range.  As regards  the the rmal  conductivity, according 
to  computations the contribution of the hole component to it is an order  of magnitude less than the contribution 
of the lattice component.  Therefore ,  limiting ourselves to just the f i rs t  t e r m  in the thermal-conduct iv i ty  equa- 
tion, we can show that the change in the lattice component of the the rmal  conductivity is A ~ / ~  ~ 3 . 1 0  -4 deg -t  

944 



T A B L E  1. 
and S e m i c o n d u c t o r  T h e r m o c o u p l e s  

fac- Nominal Value of I Admis-~i~ theemf IResp~ sible 
Type of thermal converter, at the l(sensitiv-Lloading 

No. tory-fabricator or firm current, current,mvn~ _w ~it'r V/  valueCUrrent(%) oitnenominal 

1 

2 

3 
4 

5 
6 

7 

8 
9 

I0 

11 

12 

13 
14 

15 

F u n d a m e n t a l  P a r a m e t e r s  of T h e r m a l  C o n v e r t e r s  wi th  M e t a l  

0,1 

0,1 
0,5 

0,5 
0,6 

0,72 

I 

1 

1 

3 

5 

3 
5 

4,39 

5 

0,38 

2,5 
5 

l0 
5 

10 

2,5 
7 

15 

5 

10 

2O 
10 

10 

25 

2,3 

100 
2,8 

5O 
3,4 

O, 806 

4,1 
0,38 

5O 

2,8 

2,6 

30 
2,6 

0,96 

10 

500 

45O 

45O 

150 
150 

45O 

150 

150 

450 
200 

450 

4O0 

Experimental thermal converters 
(All-Union Sei,-Res. Inst. 
Metrology) 

Semiconc[uctor thermal converte~ 
(Chernovtsy State Univ.) 

Inst. Phys. Geography 

Semiconductor thermal eonverteJ 
(Chernovtsy State Univ.) 

EAB 
Semiconductor thermal converter 
(USA) 

TVI3-1 (Moscow Electric Light- 
Bulb Factory) 

Hartman-- Brown 

Semiconductor thermal converter 
(Chernavtsy State Univ.) 

TVB-2 (Moscow Electric Light- 
Bulb Factory) 

TVB-3 (Moscow Electric Light- 
Bulb Factory) 

Semiconductor thermal converter 
(Chernovtsy State Univ.) 

Siemens 

Semiconductor thermal converter 
(usA) 

Semiconductor thermal converter 
(Chernovtsy State Univ.) 
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fo r  t h e  t e m p e r a t u r e  i n t e r v a l  m e n t i o n e d .  Changes  of t he  s a m e  m a g n i t u d e  a r e  ob ta ined  for  t he  e l e c t r i c a l  con -  
d u c t i v i t y  and t h e r m a l  emf .  

C o m p a r i n g  t h e  r e s u l t s  ob ta ined  wi th  t h e  change  in  t h e  f u n d a m e n t a l  t h e r m o e l e c t r i c a l  p a r a m e t e r s  of a l l o y s  
used  to  f a b r i c a t e  t he  t h e r m o c o u p l e ,  fo r  e x a m p l e ,  C h r o m e l - -  Copel ,  shows  t ha t  t he  a l l oys  p o s s e s s  c o n s i d e r a b l y  
g r e a t e r  t e m p e r a t u r e  d e p e n d e n c e s  of t he  t h e r m o e l e e t r i c a l  p a r a m e t e r s  : 

A~ ~ 4 . 1 0  -~ deg-1 ,  Ace ~ 1 . 6 . 1 0  -s deg-1,  A• .~10_~deg.1. 
(rChromel ~ZChromel- Copel ~ Chromel 

T h e  f u n d a m e n t a l  p a r a m e t e r s  of s e m i c o n d u c t o r  t h e r m a l  c o n v e r t e r s  wi th  o p t i m i z e d  c a d m i u m  a n t i m o n i d e  
t h e r m o c o u p l e s  and of t h e r m a l  c o n v e r t e r s  b a s e d  on m e t a l  t h e r m o e o u p l e s  a r e  p r e s e n t e d  in T a b l e  1, and the  
change  in  t he  v o l t - - w a t t  r e s p o n s e  of t h e r m a l  c o n v e r t e r s  wi th  t he  change  in  t e m p e r a t u r e  of t he  a m b i e n t  m e d i u m  
in  t h e  - -30  to  +50~ r a n g e  is p r e s e n t e d  in  F i g .  2. 

I t  is  s e e n  f r o m  t h e  r e s u l t s  p r e s e n t e d  tha t  t h e  u s e  of s e m i c o n d u c t o r  m a t e r i a l s  a s s u r e s  a n u m b e r  of a d v a n -  
t a g e s  to  t h e  s e m i c o n d u c t o r  t h e r m a l  c o n v e r t e r s  a s  c o m p a r e d  wi th  t h e  m e t a l l i c .  T h u s ,  fo r  i n s t a n c e ,  a t h r e e -  to  
four fo ld  i n c r e a s e  in the  load ing  c a p a c i t y  of t h e  s e m i c o n d u c t o r  t h e r m a l  c o n v e r t e r s  as  Compared  wi th  t he  load ing  
c a p a c i t y  of t h e  m e t a l l i c  t h e r m a l  c o n v e r t e r s  in  a n u m b e r  of e a s e s  a f fo rd s  t he  p o s s i b i l i t y  of d i s p o s i n g  of s p e c i a l  
p r o t e c t i v e  e i r c u i t s  [9], wh ich  c o m p l i c a t e  t h e  a p p a r a t u s  and i n t r o d u c e  a d d i t i o n a l  e r r o r s  in to  t h e  m e a s u r e m e n t .  

T h e  p o s s i b i l i t y  of p r o d u c i n g  h igh ly  r e s p o n s i v e  s e m i c o n d u c t o r  c o n v e r t e r s  without  a s i g n i f i c a n t  i n c r e a s e  
in  t h e  n u m b e r  of t h e r m o c o u p l e s  s i m p l i f i e s  t he  p r o b l e m  of m e a s u r i n g  low a l t e r n a t i n g  c u r r e n t s  bo th  by  ex tend ing  
the  r a n g e  of t h e  quan t i t i e s  be ing  m e a s u r e d  t o w a r d  t h e  low v a l u e s  and b y  i n c r e a s i n g  t h e  output emf  at  t h e  n o m i -  
na l  c u r r e n t .  M o r e o v e r ,  t he  high r e s p o n s e  of s e m i c o n d u c t o r  t h e r m o c o u p l e s  p e r m i t s  a s u b s t a n t i a l  r e d u c t i o n  in  
t h e  h e a t e r  r e s i s t a n c e ,  which  i m p r o v e s  the  f r e q u e n c y  a p p l i c a b i l i t y  of t h e  t h e r m a l  c o n v e r t e r ,  a s  is  known [10]. 

A n  i n c r e a s e  in  t h e  output t h e r m a l  emf  of s e m i c o n d u c t o r  t h e r m a l  c o n v e r t e r s  r a i s e s  t h e  a c c u r a c y  and in -  
t e r f e r e n c e - i m m u n i t y  of a c  m e a s u r i n g  a p p a r a t u s  in  t h e  g e n e r a l  c a s e .  

N O T A T I O N  

u i i ,  e l e c t r i c a l  conduc t i v i t y  t e n s o r  c o m p o n e n t s ;  a f t ,  t h e r m a l  emf  c o e f f i c i e n t  t e n s o r  c o m p o n e n t s ;  ~ti i  , 
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t h e r m a l  conductivity t enso r  components ;  e, charge  on an e lec t ron;  o (n), c a r r i e r  concentra t ion  of the n - th  
ex t r emum;  ( r n ) ,  components  of the a v e r a g e  re laxa t ion  t i m e  of the n- th  ex t r emum;  -- (n), t enso r  components  nl i i  
of the  effect ive c a r r i e r  mass  of the n- th  ex t r emum;  ~ (n), i so t ropic  t h e r m a l  emf  due to c a r r i e r s  of the n- th  
ex t r emum;  ~t (~ la t t ice  component  of the  t h e r m a l  conductivity; T,  absolute  t e m p e r a t u r e ;  (r~7) F) a v e r a g e  

ii 
c a r r i e r  r e laxa t ion  t i m e  for  s ca t t e r ing  by acoust ic  phonons; (r~l)I),'- a v e r a g e  re laxa t ion  t ime  for  s ca t t e r ing  

by ionized impur i t i e s ;  k 0, Bol tzmann constant;  E, energy .  
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S O L U T I O N  O F  A P R O B L E M  A B O U T  E V A P O R A T I O N  O F  

S P H E R I C A L  M E T A L  P A R T I C L E S  I N  A N  A R C  F L A M E  

B Y  A N  I N T E G R A L  E Q U A T I O N S  M E T H O D  

E .  A .  A r i n s h t e i n  a n d  A .  A .  K i s l i t s y n  UDC 536.42 

The  p rob lem about the  evapora t ion  of meta l  par t ic les  in a p l a sma  is reduced to a s ing le -phase  
nonsta t ionary  Stefan p rob lem,  whose solution is obtained by an in tegra l  equations method.  Com-  
putations a r e  pe r fo rmed  for  sphe r i ca l  lead par t ic les  with an initial radius  of R = 7 "10 -3 cm.  

P la sma  in terac t ion  with solid par t i c les  is of g rea t  in te res t  in p la sma  phys ics .  The p roces se s  oeeuring 
here  can be modeled by the following p rob l em.  

A globular  meta l  par t ic ie  with initial  radius  R 0 enters  a p la sma  whereupon it s t a r t s  to evapora te .  Our 
p rob lem is to  find the law of the  t i m e  change in the  par t i c le  radius  r 1 (t). Exper iments  on the evapora t ion  of 
lead and t in  par t i c les  a r e  elucidated in [1]. 

The  p rob lem under cons idera t ion  is t r ea t ed  in this paper  as a Stefan p rob lem and its theore t i ca l  solution 
by  an integral  equations method is proposed [2, 3]. The  t e m p e r a t u r e  at any point of the par t ic le  can be found 
f rom the expres s ion  

t t 

T (r, t) = ~ T (p, ' dr~ 

0 0 

OT (p, ~) 
Op Op )lo=,,<~) 

(i) 
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