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The use of a r t i f ic ia l ly  an iso t ropic  t he rmoe lec t r i c  m a t e r i a l  as a heat- f lux t r ansducer ,  the method of 
se lect ing its components ,  and opt imizat ion of the p a r a m e t e r s  a re  d i scussed .  

Anlsot ropic  t he rm oe l ec t r i c  t r ansduce r s  us ingthe  t r a n s v e r s e  Seebeck effect  a r e  finding wide applicat ion 
in heat  m e a s u r e m e n t .  The i r  operat ion is based  on the induction of an e l ec t r i c  field component  E x i n m a t e r i a l  
with anan i so t rop ic  t he rmoe lec t r i c  coefficient  when heat  flows through it in a di rect ion that does not coincide 
withthe m a i n a x e s .  The t he rm a l  emf  genera ted  by anan i so t rop ie  t he rmoe lemen t  is given by 

e = q ~z~.~. I. (1) 
• 

Relation (1) shows the highly important  advantage of a t r a n s v e r s e  t he rmoe l ec t r i c  t r ansduce r  in oompar i son  
witha  longitudinal one, Since the magnitude of the signal depends on the heat  flux density,  the p a r a m e t e r s  of 
the m a t e r i a l ,  andthe  length of the the rmoe lemen t ,  its r e sponse  can b e m a d e  f a s t e r  without any loss  of vo l t - -  
wat t  respons  ivity by a reduction of height.  

Another  obvious advantage of the t r a n s v e r s e  t r ansduce r  is the s impl ic i ty  of its construct ion,  requir ing 
only one branch .  

The number  of t he rmoe lec t r i oa l lyan i so t rop io  m a t e r i a l s  is l imited,  however ,  and their  t he rmoe lec t r i c  

quality Zxy =a2xy/Pxx~yy is low. 

Zxy is lower by a fac tor  of 1 .5 -2  than the cor responding  p a r a m e t e r  of a t he rmoe lemen t  of the longitudinal 
type.  This  is respons ib le  for  the low detect ivi ty  [2], which is a very  important  cha r ac t e r i s t i c ,  along wtth the 
vo l t - -  watt  respons iv i ty ,  of a heat-f lux t r ansduce r .  

The possible  fabr ica t ion  of he te rophase  t h e r m o e l e c t r i c a n i s o t r o p i c  m a t e r i a l s  has recent ly  been widely 
d i scussed .  Geiling was the f i r s t  to sugges t  that a he te rophase  sys t em with m a c r o s c o p i c  anisot ropy of the t he r -  
m a l  emf  could be u s e d a s  a heat  t r ansduce r .  In his paper  [3] he r epor t ed  tha ta  flow of heat  in a sy s t em of a l t e r -  
nate l aye r s  of two t he rm oe l ec t r i c  m a t e r i a l s  with d i f f e r en t the rmoe lec t r i o  coeff ic ients ,  t h e r m a l  conductivity,  
and e l ec t r i ca l  conductivity,  se t  at  an angle to the t e m p e r a t u r e  gradient  (Fig.  1), gives r i s e  to a t he rma l  emf  
a c r o s s  this grad ien t .  
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Fig.  1. Heat  flux t r ansduce r  based  on AATEM: 1) 
l ayer  of semiconduct ing ma te r i a l ;  2) me ta l  layer ;  
3) e l ec t r i ca l  contacts  of t r ansducer ;  4) insulated 
h e a t - r e m o v i n g  subs t r a t e .  
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Fig.  2. Dependence of axy  of AATEM on con t r a s tpa rame te r  
~+2Pl/'~P2 of layer  mater ia l s  for ~o =45~ a 2 =0; ~2pt/~lp2 = 1 
(/~V/K). 

Fig.  3. Dependence of vo l t - -wa t t  respons ivity of heat-flux 
t ransducer  based on AATEM on rat io of layer  thicknesses 
for ~2 =0; ~ , . P l / ~ P l  =1; 1) ZT =0; nxpl/~lp 2 =104; 2) ZT=I ;  
~%ot/~p 2 =104; 3) ZT =0; ~ P l / ' ~ P 2 : 1 0 ~ ;  4) ZT =1; ~,2Pl[ 
"~IP2 =102" 

The p r imary  theory of the obl ique- layered heat t ransducer  was given in [1], where it was shown that the 
physical  cause of the t r ansve r se  thermal  emf is the difference in thermoelec t r ic  coefficients of the system as 
a whole along and ac ross  the layers  (it is obvious thatthe thermoelec t r ic  coefficient along the layers  is de ter -  
mined by the mater ia l  with the low resis t ivi ty ,  while that ac ross  the layers  is determined by the mater ia l  with 
low thermal  conductivity). 

The the rmoelec t r i c  coefficients of layered mater ia ls  were subjected toa  thorough analysis in [4], where 
for the descript ion of the averaged charac te r i s t i cs  and the signal developing along the specimen, whose length 
great ly  exceededthe thickness of the layer ,  the heterophase system was regarded  as a homogeneous anisot ro-  
pic medium, whose kinetic coefficients were exp re s sedas  second-rank tensors .  The analysis in [4] showed 
that by a suitable choice of mater ia l s  for the layers  and appropriate geometry ,  efficient t ransverse  thermoelec-  
t r ic  t ransducers  based on art if icially anisotropic  thermoelec t r ic  mater ia l  (AATEM) could be constructed.  

Below, us ing the method developed in [4], we cons ider the method of selecting the components and optimi-  
zation of the AATEMparameters  for heat-flux t r ansducer s .  

In the case of a t r ansver se  thermoelec t r ic  t ransducer  the vo l t - -wa t t  responsivi ty is expressed in te rms  
of the components of the thermal  emf and thermal  conductivity tensors:  

where 

K = ~ J % ~ ,  (2) 

a=y = ((ZXo - -  ayo) sin ~ cos (p; 

• = ux0 sin ~ (p ~- • cos 2 q~. 
(3) 
(4) 

As was shown in [4], for the kinetic coefficients on the main axes of the AATEM we have the expressions 

TABLE 1. Calculated P a r a m e t e r s  of AATEM 

Components of AATEM 

CPopt, deg 
8* opt 

Z.103 (for q~opt), K -1 

(zx~ , V / W . c m  Xyy 

BI0,5SbI,sTe3 

B~ (type c) 

56 
0,~.6 
0,41 

0,0028 

Bi0,5Sbl,5Te3 

m (type A) 

55 

0,51 

0,83 

0,0036 

Bi0,5Sbl,5Te3 

Cu 

59 
0,005 
0,43 

0,0029 
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ai/•  -I- ~i*az ~ . 
~ = , (5) 

l/• § 8*/r~ 

ailDz 2F 5" a2 l:)l 
a'J~ = 8*pi ~- p~ (6) 

• = ; (7) 
1/• § 8"/• 

• § 8" • 
•176 1 + 6* (1 + ZI-2 T), (8) 

where subscr ip ts  1 and 2 co r respond  to the o rde r  of the m a t e r i a l s  in the a l ternat ing l aye r s .  

The nondiagonal component  ~xy of the t he rma l  emf  tensor  for  a he terophase  layered  medium depends 
grea t ly  on the degree  of con t ras t  of the m a t e r i a l s  of the consti tuent l ayers  with r e g a r d  to e l ec t r i ca l  and the rma l  
conductivity, g ivenby  the ra t io  x2p l /~p  2. As was shown in [4], the anisot ropy of the t he rmoe lec t r i c  coefficient  
inc reases  with increase  in this ra t io ,  reaching the value (al --  a2) at the l imit .  The theore t ica ldependence  of 
Otxy on x2pi/ptlp2 is i l lus t ra ted in Fig.  2, which shows that a x y  a lmos t  r eaches  its l imiting value at  the fa i r ly  
eas i ly  at tainable ra t io  ~,(epi/Xlp2 ~ 10 4. 

The v o l t - - w a t t  respons iv i ty  for  the se lec ted  pa i r  of m a t e r i a l s  of the layered  s t ruc tu re  at tains a max imu m 
$ 

at the o p t i m a l g e o m e t r i c  p a r a m e t e r s  (Popt and 6opt.  

The opt imal  angle of inclination of the l aye r s  is de te rmined  f rom re la t ions  (3) and (4): 

~opt--- arctg ] /  • (9) 

Inthts  case  the m a x i m u m  value of the vo l t - -  watt  respons iv i ty  is given by the express ion  

• lmax 2 ]/• zyo (i0) 

Another t r i t e r  ion for  opt imizat ion of the v o l t - -  watt  respons  tvity is the l ayer  thickness ra t io  6" .  The 
quanti tat ive nature  of this re la t ion  is i l lus t ra ted in Fig.  3. The value of 6" tha top t imizes  a x y / ~ y y  canbefound  
f r o m  the re la t ions  (3)-(8)between theAATEM tensor  components  and the p a r a m e t e r s  of the in i t i a lma te r i a l .  
Fo r  s impl ic i tywe  put a 2 =0, which is a sufficiently accura te  approximat ion for  a s e m i c o n d u c t o r -  meta l  s t ruc tu re .  
Then 

6opt (11) 
This expression is the same as the optimization condition fora longitudinal thermoelement whose branches are 
layers 1 and 2. In this case the thermoelectric quality ZI_ 2 reaches a maximum and, according to the expression 
for ~Y0 (8), the contribution of circulating currents in the layers tothe heat transfer becomes appreciable. The 
effect  of c i rcula t ing cu r ren t s  InAATEM is i l lus t ra ted  by curves  2 and 4 in Fig.  3. 

It is apparen t  f rom (11) that opt imizat ion of (~xv/~Cyy by the angle of inclination of the l aye r s  leads to a 
much g r e a t e r  share  of the semiconducting componenl~ in theAATEM in compar i son  with the me ta l  component .  

The l imit ing value of the vo l t - -  watt  respons iv i ty  of a heat-f lux t r ansduce r  based  on AATEM with s e m i -  
conducting and me ta l  components with opt imal  l ayer  thickness ra t io  can be obtained f rom express ion  (10) in con- 
junction with (3)-(8), (11)and with x2p l /~p  2 >>1: 

( a ~ y  1 1 ~z~ 
• / l i m ~ - ~  }r (12) 

Thus,  the l imit ing value of the v o l t - - w a t t  respons iv i ty  of a heat-f lux t r ansduce r  based on AATEM can 
attain 1/6 of the v o l t - - w a t t  respons iv i ty  of the initial sem iconducting m a t e r i a l .  The obtained express ions  show 
that an effect ive se lect ion of m a t e r i a l s  as AATEM components  is poss  ible. 

The highvalue of(~/~  of the m a t e r i a l  is usual ly a lso  respons ib le  for  the high t he rmoe lec t r i c  quality Z. 
Thus,  by select ing an effect ive t he rmoe lec t r i c  m a t e r i a l a s  the semieonduct ing component  of the AATEM, it 
is poss ible  to obtain high values not only of respons iv i ty  of the heat-f lux t r ansducer ,  but also of its detectivi ty D*. 

Table  1gives  the resu l t s  of calculat ion of the AATEM p a r a m e t e r s  for  some pa r t i cu la r  s t ruc tu res  which 
a r e  p romis ing ,  in our  opinion, f rom the viewpoint of construct ion of heat-f lux t r a n s d u c e r s .  
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e, t he rma l  emf;  q, specif ic  heat  flux; l ,  length of the rmoelement ;  ~p, angle of inclination of l ayers ;  
6" = 5 2 / 5 t ,  l ayer  thickness rat io;  ~xy, nyy,  Pxx, nondiagonal components  of t he rmoe lec t r i c  coefficient,  t he r -  
ma l  conductivity,  and e l ec t r i ca l  r e s i s t i v i t y t e n s o r s ;  a x  o, ~Yo' ~xo' ~tYO' components of t he rmoe lec t r i c  coef-  
f icient and t h e r m a l  conductivity tensors ;  a l ,  ~2, hi ,  x2, Pl, P2, t he rmoe lec t r i c  coefficient,  t he rma l  conductivity, 
and e l ec t r i ca l  r e s  ist ivity of i n i t i a lma te r i a l s ;  Zxy, Z 1_2, t he rmoe lec t r i c  quality of anisot ropic  and longitudinal 
c l a s s i ca l  the rmoelement ;  D*, detectivity;  K, v o l t - - w a t t  responsivi ty ;  T = (Th +Tc)/2,  mean t e m p e r a t u r e .  
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E F F E C T  O F  N O N U N I F O R M I T Y  O F  H E A T I N G  O F  

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

M E A S U R E M E N T S  O F  P U L S E D  H E A T - F L U X  D E N S I T I E S  

B . A .  G r i g o r ' e v  a n d  A .  A .  K o n ' k o v  UDC 536.24.08 

A method of co r rec t ion  for  the nonuniformity of heating of me ta l  and semiconducting film res i s t ance  
t h e r m o m e t e r s  of the c a l o r i m e t r i c  type in the m e a s u r e m e n t  of pu l sedhea t  flux densi t ies  is p roposed .  

Measu remen t s  of heat  flux densi t ies  by means  of f i lm re s i s t ance  t h e r m o m e t e r s  (FRT) of the ca lo r ime t r i c  
type a re  based  on determinat ion of the mean  excess  t e m p e r a t u r e  of the heated e lec t r i ca l ly  conducting fi lm and 
its f i r s t de r i va t i v e  with r e s p e c t  to t ime .  If the fi lm has an initial t e m p e r a t u r e  to, ~ (T 0, ~ unheated state 
the mean excess  t empe ra tu r e  of the f i lm, heated in the absence  of hea t l o s s ,  is 

3" (~) = T* (~) - -  to = tV(~)/cvv, (1) 

where W is the amountof  heat,  in J ,  r ece ived  by the fi lm; z is the t ime,  in see ,  m e a s u r e d  f r o m  the s t a r t  of 
the heat  pulse .  

When the heatf lux dens i tyq  is the same  over  the ent i re  heated su r f aceo f  a f i lm of a rea  s, 

W (~) = s .[ q (r do), (2) 
0 

where w is the t ime .  Substituting the value of W f rom (2) in (1) and taking the film thickness  as l ,  we obtain 

1 
~* (~) = ~ ! q (o)) d~. (3) 

If we different ia te  (3) with r e s p e c t t o  T, we eas i lyob ta in  

d~* (~) c~,l. (4) q (~c) = d'c 

The heat  loss by the f i lm by the t ime of m e a s u r e m e n t  is due to eonductionof heat  into the e lec t r ica l ly  insulating 
subs t ra te  and wire ,  and a i s o t o  h e a t t r a n s f e r  to the surroundings .  Reduction of heat  loss is achieved p r i m a r i l y  
by the use  of f i lms which a r e  not apprec iably  heated through by the t ime of m e a s u r e m e n t .  This  inevitably leads 
to a t e m p e r a t u r e  gradient  over  the film th ickness .  Heat  loss  to the wire  and surroundings can lead to t e m p e r a -  
ture gradients  along and ac ro s s  the f i lm.  The p r i m a r y  m e a s u r e d  quantity is the varying difference in voltage 
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