
In conclusion it should be noted that one of the basic advantages of the proposed method is that it ensures  
agreement  of k with the the rmal  data p, v,  T. 

N O T A T I O N  

P 
V 

T 
R 
p~ 

Ps 
B, H, and 
B k, Hk 
k 

is the p r e s s u r e ;  
is the specif ic  volume; 
is the t empera tu re ;  
is the universa l  gas constant; 
is the density; 
is the density of sa turated liquid; 

a re  the coefficients of Eqs. (1), (2), t empera ture -dependent ;  
is the the rmal ' conduc t iv i ty  coefficient;  
is the thermal-conduct iv i ty  coefficient  of sa tura ted  liquid. 
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CALCULATING SEMICONDUCTOR PARAMETERS BASED 

ON MEASURING ELECTRICAL AND THERMOPHYSICAL, 

GALVANIC AND THERMOMAGNETIC EFFECTS USING 

THE METHOD OF VARYING THE INFLUENCE FACTORS 

I. S. Lisker and M. B. Pevzner UDC 538.63 

The methods and the sequence for Calculating the semiconductor parameters using the results 
of measuring the effects of a single experiment are examined. Algorithms for calculating the 
primary and secondary semiconductor parameters are proposed. 

Lisker [i] proposed experimental investigation methods based on the principle formulated by the author 
of varying the influence factors in an experiment and demonstrated the feasibility of separate determination in 
a single experiment of all of the electrical and thermophysical, galvanic and thermomagnetic effects (GTME) 
in solids, arising under the influence of thermal, electric, and magnetic fields. 

The most important consequence of the method of varying the influence factors is the possibility of ob- 
taining the maximum amount of physical data during the course of a single experiment under a given number of 
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Fig. 1. Structure  and organizat ion of p r o c e s s  for  obtaining and t r e a t -  
ing informat ion in an exper iment .  

fo rce  f ields.  L i s k e r  and Pevzne r  [2] es tab l i shed  that taking into considera t ion  the identical  re la t ionships  be -  
tween the cor responding  p r i m a r y  and the imposed  the rmomagne t i c  e f fec t s ,  the same r e su l t  can be obtained by 
vary ing  only two f ie lds ,  the e l ec t r i c  and the magne t ic ,  at the fixed value of the th i rd ,  the t he rma l  gradient  field 
in the spec imen.  The la t te r  c i r cums tance  made it poss ib le  to cons iderably  s impl i fy  ca r ry ing  out the e x p e r i -  
men t  and to p r e s e n t  it in the fo rma l i zed  f o r m  of a lgor i thms  of phys ica l  invest igat ion (API). Separate  d e t e r -  
minat ion of all  GTME gives the inves t iga tor  a d d i t i o n a l p r i m a r y  informat ion  which is usual ly i r r e t r i e v a b l y  los t  
when using f o r m e r  methods  [3]. 

In connection with th is ,  it is n e c e s s a r y  to ra t ional ly  organize  the p r o c e s s  of t r ea t ing  the l a rge  amount  of 
p r i m a r y  informat ion  obtained while c a r ry i ng  out the expe r imen t ,  and to work  out suitable p r o g r a m s  for  ca lcu-  
la t ing the p r i m a r y  and the secondary  p a r a m e t e r s .  Here  the p r i m a r y  informat ion is understood to be the e l e c -  
t r i ca l  s ignals  which cha rac t e r i ze  the reac t ion  of the examined object  to the given influence f ac to r s  and the e x -  
tent  (magnitude and direct ion)  of the l a t t e r ;  the p r i m a r y  p a r a m e t e r s  cha rac t e r i ze  the connection between the 
fo rce  f ields and the c u r r e n t s ,  while the secondary  p a r a m e t e r s  cha rac t e r i ze  the examined models  of the solid. 

This  a r t i c l e  is devoted to laying foundations for  the methods and the  sequence of calculat ing the inves t i -  
gated p a r a m e t e r s ,  to the f o r m a l  descr ip t ion  of this p r o c e s s ,  and a lso  to the examinat ion of the p roposed  a l -  
gor i thms  for  the t r e a t m e n t  of informat ion (ATI) speci f ica l ly  for  the invest igat ion of GTME. Moreover ,  only 
those expe r imen t s  a r e  examined in which the p r i m a r y  informat ion  is r eco rded  af ter  the complet ion of the p r o -  
cess  of es tab l i sh ing  the the rmodynamica l ly  s table  s tate  in the invest igated object ,  caused by the action of a 
given group of f ac to r s .  The additional informat ion  on p a r a m e t e r s ,  which can be obtained f r o m  the t e m p e r a -  
ture  and field dependences of the expe r imen ta l  va lues ,  was  not examined in this a r t i c le .  Let  us emphas ize  
that  in o rde r  to p r e s e r v e  the m a x i m u m  authentici ty of the calculat ion r e su l t s ,  only the values  obtained in the 
p r e s e n t  expe r imen t  a r e  used in the examined a lgor i thms .  

The p e r f o r m a n c e  of any comple te  (i .e. ,  such in which the opera t ions  of obtaining and t rea t ing  the data 
a r e  r ea l i zed  in a p r o g r a m m e d  and automated  manne r  in a single exper iment )  physica l  expe r imen t  can be 
divided into th ree  s tages  (see d iagram) .  
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TABLE 1. Algor i thm for  Calculat ing P r i m a r y  A T I - t  P a r a m e t e r s  

Calcula- Primary parameter Formula for calculation Parameters : Literature 
tion step used cited 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1,8 

1.9 

1.10 

l . l l  

1.12 

Hall coefficient 

Nermt - Etti ngshausen 
cross section ANE 

Specific resistance 

Specific resistance 

Thermal emf {B = 0) a~ 

Thermal emf {B ~ O) a 

Vn/lBd 

Y~e/VrBd 

Vpol fl 

(V,, -k Vao)/]l 

V~a/vTI 

(V~,o--~ VNE)/vTI 
Ettingiaamen A E 

Righi- Leduc ARL 

Nemst A N 

Maggi-  Righi - Ledue 
AMRL 
Gains coefficiem {mag- 
netic resistance) H 

Nemst-  Ettingshamen 
Longitudinal A~q E 

VE/O~]ad 

VRL/aVTBd 

--V MRL/O~v TBSl 

V ap/V poB~ 

a from (1.6) 

cffror~ 1.6) 

from (1.6) 

[4] 

[4] 

[4] 

[4] 

[41 

[4l 

[4] 

[4] 

TABLE 2. Algorithm for Calculating Secondary ATI-V1 Parameters 
(magnetic field of arbitrary intensity) 

Calcttla- Parameter Formula for calculation Primary pa- Litera- 
tionstep rameters used ture cited 

2.1 Hall mobility UH 

2.2 Femai level F 

Peltier coefficient 1] 2.3 

2 4 Complete thermal-con- 
ductivity coefficient x 

R H 

p 
R H from (1.1) 

p from (1.4) 

~ e  from (1.2) 
from (1.6) 

A E from (1.7) 
AN from (1.9) 

i~E from (1.2) 
A~ from (1.7) 
AN from (1.9) 
PH from (2.1) 

Abe from (1.2) 
A e from (1.7) 

p from (1.4) 

[41 

In the f i r s t  s tage ,  which r e f e r s  to the expe r imen ta l  p a r t  of the invest igat ion [2], the p r i m a r y  s ignals  of 
informat ion  Vi, which c h a r a c t e r i z e  all  e f fec ts  or iginat ing during a given var ia t ion  of the influence f a c t o r s ,  a re  
m e a s u r e d  at  va r ious  points in t ime.  

In the second s tage ,  the p r i m a r y  p a r a m e t e r s  Ai, which co r re spond  to the bas ic  and the imposed  G T M E ' s ,  
a re  calcula ted on the bas i s  of the accepted  phenomenologica l  model  and the obtained p r i m a r y  s ignals  of in fo r -  
mat ion V i. The fo rm u l a s  for  these  ca lcula t ions ,  p re sen ted  by the a lgor i thm for  the t r e a t m e n t  of informat ion  
speci f ica l ly  for  calculat ing GTME coeff icients  (ATI-T) ,  a r e  given in Table  1. The calculat ions us ing this as 
well  as all  the subsequent  a lgor i thms  of t r e a t m e n t  of informat ion  (ATI) a re  purpose ly  l i s ted  in sequence,  i .e . ,  
the calculat ion of any  p a r a m e t o r  f r o m  its co r responding  fo rmula  does not occur  until al l  the n e c e s s a r y  s t a r t -  
ing values  of this fo rmula  have been de te rmined  in the p reced ing  calculat ion s teps .  

The genera l  r ep re sen t a t i ons  of the l inear  t h e r m o d y n a m i c s  of i r r e v e r s i b l e  p r o c e s s e s  consti tut ing the 
min imum of the requ i red  as sumpt ions  (a p r i o r i  for  our  exper iment )  a r e  the foundation for  rea l iz ing  the f i r s t  
two s tages .  
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TABLE 3. Algori thm for  Calculating SecondaryATV-V2 P a r a m e t e r s  
(weak magnetic  field; nondegenerated carriers)  

Calcu.,r - 
lation Secondary parameter 
step 

Dispersion law. exponent l 

Current carrier concen- 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

Formula for calculation 

l 
eAINEOoR-~ 1 k - z  + 

3x 1/2 r (2r+3/2) 
tration n 
Drifting mobility of 
current carriers u 
Electronic component of 
thermal-conductivity 
coefficient x e 
Complete thermal-con- 
ductivity coefficient x 

4 e R n r  ~ ( r+2)  

(Poen)-* 

k2T ( r+2)  
e~ 

AlE T 
A~ 

Reduced Fermi level 

Effective mass of current 
carriers m * 

Relaxation time comtant 
T o 

' ! 
r + 2 - - 1 r  - -  - -  ~ 9au~ " 

\ 2 / ~  • 

[ r  2 (2r+3/2) r (3r + l )  
• L ~-~ ~; +-~ r, ~ +2~ ] 

h2 (-- ~)]2/3 

3 u m *  

4~ 1/2 er (r + 2) 

Parameters 
used 

RH fmrn (I.I) 
A~E from (1.2) 

Po from (1.3) 
R H from (1.1) 

r from (3.1) 

P0 from (1.3) 
�9 n from (3.2) 
Po from (1.3) 
r from (3.1) 

A E from (1.7) j 

~.:v~e from (1.2) ] 

] 

A~ ~rom a121 
r from (3.1) l 
u from (3.3) ] 
n from (3.2) 

from (3.53 
r from (3.1) 
u from (3.3) 

m* from (3.7) 

Litera- 
lure cited 

[4; 6] 

[4] 

[4] 

[6] 

[4] 

The calculation of the secondary parameters  is  performed in the third stage according to the scheme 
presented in the diagram. Let us pause here at the three examples  of using various semiconductor energy 
models  (designated by the indices  1, 2, and 3) for calculating the investigated parameters .  

As  model  1 let  us adopt the usual  model  of the kinetic phenomena in a sol id,  one which includes such 
assumptions  as est imat ion of the relaxation t ime,  s imple spherical  zones ,  one type of charge carr iers  char-  
acterized by a scalar  effective mass .  The intensity of the magnetic  field remains arbitrary.  Then the transfer 
equations [4] that include such parameters  as ~H, IT, x ,  aB, ~ ' ,  fl', ~E, and k, serve as the original  expres -  
s ions for the charge and energy fluxes 

j = % (E* -- ~'V r) + % ~,, [(v.* -- ~'Vr), S], (Z) 

w = %n (v,_ ~'vD -- (% + ~) vT + ~z [oBnE* -- anP'vT-- ~,vT, B], (2) 

The  f o r m u l a s  f o r  c a l c u l a t i n g  t h e s e  p a r a m e t e r s  and  the  F e r m i  l e v e l  F f r o m  the p r i m a r y  p a r a m e t e r s  A i 
can  be o b t a i n e d  in t h i s  m o d e l  f r o m  E q s .  (1) and  (2); t hey  c o m p r i s e  the  A T I - V I  a l g o r i t h m  (Tab le  1). The  f o r -  
m u l a s  not  m a r k e d  wi th  the  l i t e r a t u r e  r e f e r e n c e s  w e r e  o b t a i n e d  by the a u t h o r s  in the  f o r m  c onve n i e n t  f o r  c a l -  
c u l a t i n g  a c c o r d i n g  to  the  p r o p o s e d  A T I - V .  

In m o d e l  2 ,  in add iUon  to the  a s s u m p t i o n s  in m o d e l  1 r e g a r d i n g  the  m i x e d  c h a r a c t e r  of conduc t iv i ty  and 
the  q u a d r a t i c  law o f  d i s p e r s i o n ,  the  fo l lowing  a s s u m p t i o n s  a r e  added :  the  p o w e r  d e p e n d e n c e  of  r e l a x a t i o n  t i m e  
on the  c a r r i e r  e n e r g y  

�9 (e) = % 8 , - t / ~  : (3)  

the mechanism of c a r r i e r  d i spers ion ,  the only one charac te r i zed  by r and 7o; nondegeneration of cur ren t  c a r -  
r i e r s ; a n d a w e a k  m a g n e t i c  f i e ld .  A s  i t  i s  known [5], the  c r i t e r i o n  of  a w e a k  m a g n e t i c  f i e l d ,  in the  l i g h t  of  the  
a s s u m p t i o n s  m a d e  h e r e ,  i s  the  i n e q u a l i t y  

~e2 << I. (4) 

The  s e c o n d a r y  p a r a m e t e r s  t h a t  can  be c a l c u l a t e d  by t h i s  m o d e l  a r e  the F e r m i  l e v e l  F ,  the  d i s p e r s i o n  
m e c h a n i s m  c h a r a c t e r i s t i c s  r and r and a l s o  c o n c e n t r a t i o n  n which  d e p e n d s  on r o r  F ,  t h e  m o b i l i t y  u ,  t h e  
e f f ec t i ve  m a s s  of  c a r r i e r s  m*, and the e l e c t r o n i c  c o m p o n e n t  x e of the c o m p l e t e  t h e r m a l - c o n d u c t i v i t y  c o e f f i -  
c i en t  x .  The  f o r m u l a s  fo r  c a l c u l a t i o n  a r e  p r e s e n t e d  in T a b l e  3 (ATI-V2 a l g o r i t h m ) .  
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TABLE 4. 
(weak magnet ic  field; de 

Calcu- 
lation 
step 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

Secondary parameter 

Algor i thm for Calculating Secondary ATI-V3 P a r a m e t e r s  
;enerating ca r r i e r s )  

Formula for calculation I Parameters Litera- ture meal . cited 

Carrier concentration n 

Drifting mobility of cur- 
rent carriers u 
Effective mass of cur- 
rent carriers m* 

Relaxation time con- 
stant % 

Electronic component o: 
thermal-eonfluctivity 
coefficient ~t e 
~onon component of 

thermal- conductivity 
coefficient ur 

(eRH)-zr ~ l SG~ ,o R~ from (1.1) 
- -- ~r+w,~ ' '~ rannd~from (6).(7) 

from (4.1) 
(enpo) -i  Po from (1.3) 

h~ ( 3n ) 2/3 
~ - ~  "~q~3/2,~ n from (4.1) 

~-~ um*e-l(D3/2,~; r+l,r~ 

] k~r [.%+3.~ _ %2+~2 '~-] 
j e~po L rDr+2,~ r162 

x--'de 

u from (4.2) 
rn* from (4.3) 
r I from (6), 

P0 from 
from . 

(7) 

~-~ from (4.5) 

[4] 

[41 

[7] 

HI 

The cr i ter ion of nondegeneration of the e lec t ronic  gas ,  as it is known, is the inequality 

F /kr  ---- ~ < -  L (5) 

There fore ,  if the assumption made above is t rue ,  the obtained Fe rmi  potential (3-6) must  sat isfy the in-  
equality (5L Inasmuch as model 2 is a par t icu lar  case of a more  general  model 1, the resul ts  pertaining to it 
mus t  also be true for model 2. In pa r t i cu la r ,  calculations of the Fe rmi  level using 3-6 and 2-2 mus t  be in 
agreement .  It should be noted that for  calculating a se r i e s  of the mos t  important  pa r ame te r s  of Table 3 
(namely, r ,  n, u,  Y~e, ~) it is possible to be l imited to the knowledge of galvanomagnetic effects.  

Model 3 (Table 4) differs f rom model 2 only in the assumption on nondegeneration of the e lectronic  gas. 
In this case the express ions  for  Fe rmi  in tegra ls ,  which enter  into a lmos t  all formulas  of the investigated 
p a r a m e t e r s ,  a re  not simplified and the calculations mus t  be per formed in three stages.  Two auxiliary values 
should therefore  be calculated f i r s t  f rom the formulas  

ffPr+l.v --~ ' (D~r§ 

where ~ r , ~  is the F e r m i  integral  de termined f rom (7), 

(Dr, ~ = r  S 
0 

x~-Z dx 
exp (x- -  ~) + 1 

(6) 

(7} 

In o rde r  to pe r fo rm calculations using formulas  (6), additional measu remen t  of the complete the rma l -conduc-  
tivity coefficient ~t is required,  

P a r a m e t e r s  r and ~ should subsequently be determined f rom (6) and (7) using numer ica l  methods. The 
problem is simplified if the Fe rmi  level is known in advance,  for example,  f rom (2-2). 

Final ly,  f rom the known r and 9, with the aid of formulas  given in the algori thm ATI-V3 (Table 4) one 
can find n, u, m % a n d  ~,  and also separa te  ~e and ~t. 

There fo re ,  the proposed s t ruc ture  and organizat ion for  calculating the semiconductor  p a r a m e t e r s ,  through 
the use of the method of vary ing  the influence fac tors  pe rmi t s  simple and effective real izat ion of the possibil i ty 
of obtaining the l a rges t  amount of information in a single exper iment  and of fully automatingthe p r o c e s s  of its 
t reatment .  

V H and R H 
2. 

~NE and ANE 

N O T A T I O N  

are the voltage drops and coefficients of the Hall effect,  respect ively;  

are  the N e r n s t - E t t i n g h a u s e n  (cross  sectional) effect;  
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VnNE and A~E 
V E and A E 
VR L and A RL 
V N and A N 
VMR L and AMR L 
VAp and H 
P0 

J 
w 

B 

E 
E* 
F 

II 

~H 
u 

r O and r 

aB 

fl', ~E and ~, 

n 

m* 
k 
h 
e 

dand  l 

are the Nernst-Ett ingshausen (longitudinal) effect; 
are the Ettingshausen effect; 
are the Righi-Leduc effect; 
are the Nernst effect; 
are the Maggi -Righ i -Leduc  effect; 
are the magnetic resistance effect; 
is the specific resistance; 
is the thermal emf; 
is the current density; 
is the heat flux density; 
is the magnetic field induction; 
is  the electric field intensity; 
is E - V(F/e); 
is the Fermi level measured from the bottom of the conductivity band; 
is  the thermal-conductivity coefficient; 
is the Peltier coefficient; 
is the Hall mobility; 
is the drifting mobility; 
are the parameters of the exponent law of carr ier  dispersion; 
is the electrical conductivity; 
is the thermal emf in Hall current system; 
are the parameters  in the transfer  equations; 

~ = (s_, + ~H ~) /AA,  , , 1  
~T~--~HJ ' 

~, = (A~e ~ p - *  -- A~A~ "~) (I + ~,~/r-A~vA~'~)-*; 

is the current carr iers '  concentration; 
is the effective mass of current carr iers ;  
is the Boltzmann constant; 
is the Planck constant; 
is the electron cha rge ;  
are the dimensions of a specimen between the cross sectional (Hall) and the longitudinal 
probes, respectively. 

I n d i c e s  

0 signifies that B = 0. 
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