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ABSTRACT 

Galvano~nagnetic measurements have been made i n  s i n g l e  c r y s t a l s  of 

n-type bismuth-antimony a l l o y s  as a func t ion  of concent ra t ion  i n  t h e  range 

0 - 1 3  a t  %. Sb. The d a t a  have been analyzed i n  terms c f  two band model. 

The r a t i o  o f  t h e  two r e s i s t i v i t y  components P /P sugges ts  t h a t  the 33 11 

e l e c t r o n s  i n  t h e  lower concent ra t ion  a l l o y s  a r e  l oca t ed  a t  t h e  same 

p o i n t s  i n  t h e  B r i l l o u i n  zone a s  those  f o r  pure bismuth and t h a t  t h e  r a t i o  

of t h e  va r ious  mob i l i t y  components is not  much inf luenced  on a l loy ing  

bismuth wi th  antimony. 

\ 



INTRODUCTION 

Bismuth and antimony are well known for their semi-metallic behavior. 

However, when bismuth is alloyed with antimony, there is a continuous 

.change from'semi-metallic to semiconducting behavior. ("*) ~lloys at both 

ends of Bi - Sb phase diagram have overlapping valence and conduction bands, 

but the alloys containing between 5 and 40 at % Sb have been shown to have 

a small energy gap. Recently there has been considerable interests in the 

thermoelectric and thermomagnetic of these alloys. So far 

the previous studies have not been sufficiently extensive to yield the 

information about the various parameters characterizing the electron and 

hole bands in these alloys. In the present work the variation of the elec- 

trical resistivity and Hall Effect tensors has been investigated as a 

function of alloy composition at liquid helium temperature. 

Results of the present investigation have been discussed in terms of 

the band structure model for bismuth. (51 According to this model the Fermi 

surface of electrons in bismuth consists of three electron ellipsoids which 

are really six half-ellipsoids centered on the pseudo-hexagonal faces of 

the Brillouin zone (points L, Figure 1). The hole Fermi surface is represented 

by a single ellipsoid which is composed of two half-ellipsoids centered on 

the hexagonal faces of the Brillouin zone (points H, Figure 1). The effect 

of adding antimony to bismuth is to displace the hole band at H downward 

with respect to the pair of light mass bands at the point L. The results of 

the present experiments indicate that this model is at least sufficient to 

explain the observed mobility anisotropy of electrons in the alloys contain- 

ing less than 12 at % Sb. 



EXPERIMENTAL DETAILS \. 

The a l l o y s  used i n  t h i s  work were prepared from Cominco's zone-refined 

i9 grade  bismuth and antimony. S ingle  c r y s t a l s  o f  high homogeity were grown 

)y us ing  t h e ' z o n e  l e v e l l i n  method descr ibed elsewhere. Since t h e  galvano- 

mgne t i c .  p r o p e r t i e s  i n  t h e  semiconducting range  a r e  very s e n s i t i v e  t o  t h e  

:oncentrat ion o f  t h e  a l l o y s ,  t h e  present  work was c a r r i e d  out  on s i n g l e  

' r y s t a l  p l a t e s  of  dimensions 8 x 8 x 3 mm. The o r i e n t a t i o n  of t h e  p l a t e s  

das such t h a t  t h e  c u r r e n t  could be s e n t  a long  e i t h e r  t h e  binary o r  t h e  

t r i g o n a l  d i r e c t i o n s .  The samples were c u t  and o r i e n t e d  using t h e  cleavage and  
( 

t h e  Lane p a t t e r n  methods. Composition of t h e  a l l o y s  was determined chemical ly.  

For e l e c t r i c a l  measurements, t he  c u r r e n t  flow d i r e c t i o n  used was e i t h e r  

t h e  binary o r  t h e  t r i g o n a l .  Thus by using t h e  sanp le  i n  t h e  form of p l a t e s ,  

it w a s  p o s s i b l e  t o  measure both t h e  components o f  t h e  e l e c t r i c a l  r e s i s t i v i t y  

and t h e  H a l l  e f f e c t  t e n s o r s  on t h e  same sample. I n  order '  t o  make t h e  elec-  

trical connect ions,  t h i n  copper f i b s  were deposited by evaporation and 

t h e  cu r r en t  l e a d s  were so ldered  with a low mel t ing  p o i n t  sol.der dirtectly o n t o  

t h e  copper f i l m s .  

The e l e c t r i c a l  measurements were made a t  l i q u i d  helium and room temper- 

a t u r e s  u s ing  t h e  convent iona l  d . c .  t echniques ,  A l l  vo l tages  were measured by 

t y p e  K-3 Leeds and Northrup potent iometer  and d . c .  e l e c t r o n i c  n u l l  d e t e c t o r .  

The maximum c u r r e n t  and t h e  magnetic f i e l d  used were 3 0  mamp and 200 gauss 

r e s p e c t i v e l y .  



RESULTS AND DISCUSSION 

Measured values of the resistivity and Hall effect components at 4.2OK 

are shown in Table 1 as a function of antimony concentration. The sign of 

the Hall effect components indicates that the carriers responsible for conduc- 

tion in these.sarnples containing 5 - 12- at % Sb are primarily electrons. 

Assuming that these electrons are.locat.ed at the points marked L in the 

Brillouin zone and using the.3-ellipsoid model for electrons, the electrical 

resistivity and Hall effect components are given by 

where N is the total number of electrons and the u's kre the components of 

the electron mobility tensor in the crystal axis coordinate system such that 



If t h e  g e n e r a l  shapes of  t h e  conduction Sand i n  bismuth is assumed t o  

emain unchanged on a l l o y i n g  such t h a t  mp > ml, m3 and u ug >> u2, u we 
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:an r educe  t h e  above express ions  f o r  1or.r magnetic f i e l d s  t o  

1 In t h e  high f i e l d  l i m i t  Rp + RS + . 
If t h e  samples a r e  p-type, then the  similar expres s ions  f o r  ho les  a t  

t h e  p o i n t  T w i l l  be 

where P is  t h e  t o t a l  number of holes  and vl and v3 a r e  t h e  m o b i l i t i e s  i n  t h e  

b a s a l  p l ane  and a long  t h e  t r i g o n a l  d i r ec t ion  r e s p e c t i v e l y .  

From t h e  galvanomagnetic e f f ec t s  da t a  a t  1+.2OK, ~ i t t e r ' ~ )  has estimated 

t h e  fo l lowing  va lues  f o r  components of t h e  e l e c t r o n  and hole  mob i l i t y  tensor :  



7 2 
u . = 4.30 x .lo cm /v. s e c  
1 

If t h e  g e n e r a l  form of t h e  m o b i l i t y  t e n s o p s  remains. unchanged on a l l o y i n g  

d i t h  ant imony e x c e p t  f o r  t h e  reduc t ion  of a l l  m o b i l i t y  components by a c o n s t a n t  

f a c t o r  f o r  a g i v e n  c o n c e n t r a t i o n ,  then  t h e  r a t i o  PB3/Pl1 would l i e  c l o s e  TO 

0.7 for  n t y p e  and P  /P : 12 f o r  p-type a l l o y s .  The p r e s e n t  d a t a  i n d i c a t e  
33 11 

t h a t  t h e  measured v a l u e s  of P3JPll have a s p r e a d  o f  v a l u e s  from 0 . 5  t o  0 . 7  

f o r  n - type  B i  - SD a l l o y s  having c o n c e n t r a t i o n  from 5 t o  1 0  a t  % Sh. Along 

w i t h  t h e  p r e l i m i n a r y  measurements of t h e  H a l l  c o e f f i c i e n t s ,  it i s  p o s s i b l e  

t o  c o n c l u d e  t h a t  t h e  e l e c t r o n s  i n  a l l o y s  hav ing  l e s s  t h a n  1 0  a t  % Sb a r e  

l o c a t e d  a t  t h e  same p o i n t s  i n  t h e  B r i l l o u i n  zone as i n  t h e  c a s e  of pure  

b i s m u t h  and t h a t  t h e  r a t i o  of t h e  mobi l i ty  components f o r  e l e c t r o n s  i s  

n o t  changed s i g n i f i c a n t l y  from t h a t  i n  b ismuth,  A t  p r e s e n t  it is of  con- 

s i d e r a b l e  i n t e r e s t  t o  check t h e  v a l i d i t y  o f  t h e  above s t a t e d  r e l a t i o n s  f o r  

p- type a . l loys  . 
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TABLE 1 

' ~ e s i s f i v i t ~  and H a l l  e f f e c t  i n  n-type B i  - Sb a l l o y s  a t  4.2OK. Pll 
? 

nd P33 are t h e  r e s i s t i v i t ?  components measured with current  flowing along 

binary and t r i g o n a l  axes respecf ive ly .  R and R are the  Hall components 
P s 

ieasured with  t h e  magnetic f i e l d  p a r a l l e l  and perpendicular t o  the  t r i g o n a l  

ixis . 


