
Indian J. Phys. 76A (6), 543-547 (2002)

U P  A
—  an international journal

C o m p o s itio n a l a n d  te m p e ra tu re  d e p e n d e n t e le c tr ic a l b e h a v io u r  o f  z in c - s u b s titu te d
c o p p e r- fe r r i-c h ro m a te s

K u n a l B  M o d i *  and H  H  Joshi
D epartm ent o f Physics. Saurashlra U niversity. 

R a jko l-3 6() 005 , G uiarai, India

Reieived 6 May 2002. iiucpted U  Septemhet 2002

A bstract The com positional and therm al variation o f electrical properties of Zn^Cu, ^FeCrO^ ( x = 0 0, 0 2, 0  4. 0  6 ) spinel ferrite system
studied by m eans o f  d c res is tiv ity  and therm oelectric  pow er measurements The e lcc ln ca l param eteis like  Ferm i - energy charge carrier 

u)iKCiUration and m o b ility  were determ ined and probable conduction mechanism in the system has been suggested
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I 'A r s  N os. : 75 50 . G g, 72  80  G a . 7 2 .2 0  Pa

1. Introduction

1 he study o f  t r a n s it io n  m e ta l o x id e  p a r t ic u la r ly  sp in e l fe rr ite s  is 

ol pical im p o rta n c e  I r o m  b o th  fu n d a m e n ta l an d  a p p lie d  research  
points o( v ie w .

h c rriie s  h a v e  a v e ry  h ig h  re s is t iv ity , w h ic h  is one o f  the  

c o n s id e ra tio n s  f o r  m i c r o w a v e  a p p l ic a t io n s .  T h e  o rd e r  o f  
n u g n ilu d c  o f  th e  re s is t iv ity  g re a t ly  m ilu e n c c s  the d ie le c tr ic  and  

m aijnelic b e h a v io r  o f  fe r r ite s . T h is  has a ro u sed  c o n s id e ra b le  
miercsi in th e  e le c t r ic a l  p ro p e r t ie s  o f  fe r r ite s

The H a ll  e f fe c t  a n d  th e rm o e le c tr ic  p ro p e rtie s  are  w id e ly  used  
in the i n t e r p r e t a t i o n  o f  th e  c o n d u c t i o n  m e c h a n is m  in  

s e m ic o n d u c to rs . H o w e v e r ,  in  th e  c a s e  o f  lo w  m o b i l i t y  

sem iconductors s u c h  as fe r r ite s , it  is s o m e tim e s  d i f f ic u l t  to  
m casiiie th e  H a l l  e f f e c t ,  in  s u c h  ca se s  th e  th e r m o e le c tr ic  
nicasurem ent te c h n iq u e  is th e  o n ly  a lte rn a t iv e . M o re o v e r , th e  

inciisurem ent o f  t h e r m o -e m f  is s im p le  an d  its s ign  g iv e s  v ita l  
in lo n n atio n  a b o u t th e  ty p e  o f  c o n d u c tio n  in  s e m ic o n d u c to rs .

f lic  s p in e l fe r r ite s  c o n ta in in g  C u  h a v e  s h o w n  in te re s tin g  

electrical, d ie le c t r ic  a n d  m a g n e t ic  p ro p e r tie s  [1 ] .  T h e  p o te n tia l  

‘Applications o f  C u , N i  a n d  C o  b ased  s o ft fe n  ites are  w e ll  k n o w n , 
^'^pecially w h e n  th e s e  e le m e n ts  a re  p a r t ia l ly  s u b s titu te d  b y  z in c  

c a d m iu m . F u r t h e r m o r e ,  Cu"*"^ c o n t a in in g  fe r r i te s  a re

<̂‘rrcsponding Author

supposed to be a u n iq u e  s p in e l b ecau se its c a tio n  d is tr ib u tio n  
IS v a r ia b le  an d  the p resence o f  Cu"^^ ions le d  to severe  John- 
T e lle r  typ e  d is to rtio n .

S e v e ra l in v e s tig a to rs  h a v e  s tu d ied  IR  sp ectra  and th e rm o  

e le c tr ic  p o w e r  o f  Zn^Li^^ .s */2^4 [ 2 -3 ] ,  d .c . c o n d u c tiv ity
a n d  d ie le c t r ic  c o n s ta n t  m e a s u r e m e n ts  as a fu n c t io n  o f  
tem peratu re  and frequency  on Z n ^ C O |^ F c20  ̂system  | 4 , 51. S o m e  
w o rk s  h a v e  been  re p o rte d  on stud ies  o f  the th e rm o e le c tr ic  
p o w e r o f  Z n ^ C U j^ F c ^ O ^ lb l.

D e ta ile d  .study on e le c tr ic a l p ro p erties  o f  Z n ^ C U j^ F e ^ .^ C rp ^
[ 7], the  e ffe c t o f  s in te r in g  te m p e ra tu re  and  fre q u e n c y  on the  
e le c t r ic a l  p ro p e r t ie s  o f  C o ^  ^^Zn^, .^^Fe^O^ fe r r i t e  | 8 ] an d  
d ie le c tr ic  b e h a v io u r  and a .c . e le c tr ic a l c o n d u c tiv ity  o f  Z n  - 
su b stitu te d  N i - M g  fe rr ite s  [9 ]  h a v e  been c a rr ie d  out.

N o  sy s te m a tic  stud ies on the te m p e ra tu re  an d  c o n c e n tra tio n  
d e p e n d e n c e  o f  e le c t r ic a l  p r o p e r t ie s  o f  Z n “  ̂ s u b s t itu te d  
C u F e C T O ^  system  h a v e  been  rep o rte d  in the lite ra tu re , ex c e p t  

o u r e a r lie r  s tud y  on m a g n e tic  p ro p e rtie s  f 10, 11 ] and the rec en t 
study on structural p ro p e rties  [ 121 o f  the Z n  ̂ Cu, ̂ F e C rO ^  system . 
H e n c e , an a tte m p t has b e en  m a d e  to  in v e s tig a te  th e  e ffe c t  o f  
s u b s titu t io n  o f  Zn^'*’ on th e  th e rm a l v a r ia t io n  o f  e le c t r ic a l  
b e h a v io u r  o f  C u F e C r O ^  b y  m e a n s  o f  r e s is t i v i t y  a n d  

th e n tio e le c lr ic  p o w e r  m c a s u rc in e n ls .
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2. Experimental details

T h e  p o w d e re d  s a m p le s  o f  Z n ^ C u , J ‘c C rO ^  h a v e  b e en  p re p a re d  
b y u s u a l d o u b le  s in te r in g  c e ra m ic  m e th o d , w ith  c o m p o s it io n  .v =  
0 .0 ,  0 .2 ,  0 .4 ,  an d  0 .6 .  T h e  d e ta ils  re g a rd in g  .sam ple p re p a ra t io n  
a n d  X - r a y  d i iT r a c io m c t r y  h a v e  b e e n  g iv e n  in  o u r  e a r l ie r  
c o m m u n ic a tio n s  (10 - 12].

T h e  s a m p le s  fo r  e le c tr ic a l m e a s u re m e n ts  w e re  in  the fo rm  o f  
di.se 10 m m  in  d ia m e te r  an d  3 m m  th ic k  an d  b o th  th e  fac es  o f  
e a c h  d isc  s a m p le  w e re  p o lis h e d  by ru b b in g  w ith  /.e ro  g rad e  
e m e ry  p a p er, w as h ed  in d ilu te  H C I  and  ac e to n e . F in a lly ,  g ra p h ite  
w as ru b b e d  on b o th  i la t  faces o( the sa m p les  on w h ic h  a lu m in iu m  
fo il  w as  a ls o  k e p i fo r  g o o d  c le c l i ic a l  c o n ta c ts .

3 'h c  re s is ta n c e  o f  a p e lle t  w a s  m e a s u re d  b y  the tw o  te rm in a l  
p re s s u re  c o n ta c t m e th o d  u s in g  B P L  m a d e  M e g -o h m  m e te r . 
T h e n n a l v a r ia t io n  o f  re s is ta n c e  w a s  o b ta in e d  b y  p la c in g  s a m p le  
h o ld e r  c o n ta in in g  a p e lle t  in  a h o r iz o n ta l e le c tr ic  fu rn a c e  an d  
te m p e ra tu re  w a s  m e a s u re d  b y  c h ro m a le -a lu m e l th e rm o -c o u p le  
T h e  res is ta n c e  o f  the  p e lle t  w a s  m e a s u re d  d u r in g  the  d e crea se  
o f  te m p e ra tu re  at th e  s tep  o f  I d ’,

T h e r m o e le c t r ic  p o w e r  s tu d ie s  w e r e  c a r r ie d  o u t o v c i a 
te m p e ra tu re  ra n g e  3 ( ) 0 -5 ( ) 0 K  b y  the d if fe re n t ia l  m e th o d . The  
te m p e ra tu re  g ra d ie n t w a s  m e a s u re d  by tw o  c h ro m a lc -a lu m c l  
th e rm o -c o u p le s  w h ic h  w e re  k e p t v e ry  c lo s e  to  the s a m p le  w h ile  
th e rm o -e rn f w as m easu red  w ith  the h e lp  o f  a d ig ita l m ic ro v o lim c tc r  
w ith  an a c c u ra c y  o l ±  V 7 t .

In  o rd e r  to  a c h ie v e  g o o d  th e rm a l s ta b ili ty , the v a lu e s  o f  the  
th e r m o -e r n f  h a v e  b e e n  re c o rd e d  w h i le  c o o lin g . The s a m p le  is 
m a in ta in e d  at a g iv e n  te m p e ra tu re  fo r  a b o u t 5 - 1 0  m in u te s .

3. Results and discussion

T h e  c o m p o s it io n a l d e p e n d e n c e  o f  re s is t iv ity  ( p  ) a t 3 0 0 K  is 

re p re s e n te d  in  fa b le  I .  T h e  r e s is t iv i t y  ( P )  in c re a s e s  w ith  

in c r e a s e  in  z i n c - c o n t e n l ( . \ ). T h is  h a p p e n s  b e c a u s e  th e  
re p la c e m e n t o f  C ii-^  b y  Z r r '  in  Z n  C U |^ F c C rO ^ s y s te m  d ilu te s  
c o n d u c tio n  th ro u g h  the  o c ta h e d ra l s ites . 3 'h c  in c o rp o ra t io n  o f  
Z n '*  io n s  w h ic h  d o  n o t p a r t ic ip a te  in  th e  c o n d u c tio n  p ro c ess , 
l im its  the d e g re e  o f F e ^ ^ -fC ir^  -> F e ^ "  -t-Cu'^ an d  C u ' '  +  Cu-"^ —> 
C u-^  + C u '^  c o n d u c tio n  th a t o c c u rs . T h u s , th e  e f f ic ie n t  m e th o d  
o l c u r ta i l in g  th e  c o n d u c t io n  p ro c e s s  is th e  re p la c e m e n t  o f  th e  
e f f e c t i v e  io n  ( C u ' ' - C u ' M  b y  le s s  e f f e c t i v e  o n e s  ( Z n * " ) .

T a b le  1. Rcsi.slivity ( p  ) and N e d  tem perature (7,^) tor Z n -C u  F e -C r-O  
.sy.stein

C o n te n t
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F u r th e rm o re , th e  ro o m  te m p e ra tu re  re s is t iv ity  ( P )  fo r  all the 
s a m p le s  w a s  fo u n d  to  b e  o f  th e  o rd e r  o f  10  ̂ o h m .c m . (T ab ic  1) 
in d ic a t in g  th e  a b s e n c e  o f  m ix e d  v a le n c y  in  th e  sa m p les .

T h e  e le c tr ic a l re s is t iv ity  as fu n c t io n  o f  te m p e ra tu re  (T )  lor 
th e  sy s te m  Z n  C u ,^ F e C r O ^  in  th e  fo rm  o f  A r rh e n iu s  plots of 

*^^g ioP  lO V T  a re  s h o w n  in  F ig u r e  1 fo r  a l l (dui

c o m p o s it io n s . T h e  te m p e ra tu re  d e p e n d e n c e  o f  re s is tiv ity  is 
g iv e n  b y  the A r rh e n iu s  e q u a tio n .

p  =  pQ c x p ( A £ / A . T ) ,  ( i j

w h e re  k  is B o l t z m a n n ‘s c o n s ta n t, .d £  is th e  a c t iv a t io n  cncrev 

an d  T  is th e  ab .so lu le  te m p e ra tu re .
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F ig u re  1. E lectrical rcsis iiv iiy  versus icm pcnilurc lo r  ̂ -  0 0.0 2,0 \ jiuI 
0 6 samples

A s  s h o w n  in  F ig u re  1, the c u rv e  co n s is ts  o f  tw o  straight line 
p o rt io n s ; h e n c e  th e re  a re  tw o  a c t iv a t io n  e n e rg ie s  lo r  the two 

d if fe re n t  ran g es . T h e  rea so n  fo r  the  tw o  s lo p es  can  be cxphiincd 
as fo llo w s  : A t  h ig h  te m p e ra tu re , the th e rm a l en erg y  is sufiicicntl) 
g re a l to  c re a te  v a c a n c ie s  an d  th e  a c t iv a t io n  e n e rg ie s  rcprcsciii'^ 
a s u m  o f  th e  e n e rg ie s  re q u ire d  fo r  v a c a n c ie s  g e n e ra tio n  ami ilu 
m o tio n  o f  io n s  in to  th e  v a c a n c ie s . A t  lo w e r  tem p eratu re , tlie 
th e rm a l e n e rg y  is o n ly  la rg e  e n o u g h  to  a l lo w  the m igration ol 
a to m s  in to  v a c a n c ie s  a lre a d y  p rc s c jit  in  th e  c ry s ta l. A  change 
in  th e  s lo p e  m a y  b e  d u e  to  th e  N e e l te m p e ra tu re  [1 3 ]  or lo ihe 
c h a n g e  in  the  c o n d u c t iv ity  m e c h a n is m  [1 4 ] .  T h is  anom aly  

s tro n g ly  s u p p o rts  th e  in f lu e n c e  o f  m a g n e t ic  o rd e rin g  upon ihe 

c o n d u c tio n  p ro c e s s  in  fe r r ite s .

T h e  N e e l te m p e ra tu re  (T ^ )  d e d u c e d  fo r  a ll fo u r  composition^ 
fro m  lo g  P  v e r s u s  lO ^ /T  p lo ts  a re  lis te d  in  T a b le  I . U is 

th a t th e  v a lu e s  o f  7 ^ a re  in  g o o d  a g re e m e n t  to  those founJ 
e x f ie r im e n ta l ly  f r o m  a .c . s u s c e p t ib il i ty  m e a s u re m e n ts  [ 10| and 

th o s e  c a lc u la te d  th e o re t ic a l ly  u s in g  m o d if ie d  m o le c u la r  field 

th e o ry  [ 1 5 ]  (T a b le  1).
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The a c t iv a t io n  e n e rg y  v a lu e s  fo r  c o n d u c tio n  a rc  

,„n ipu ied  f r o m  lo g  p  v e r s u s  \O V T  p lo ts  an d  the s a m e  arc  

p liu la lc d  in  T a b le  2 .  T h e  a c t iv a t io n  e n e rg y  in c re a s e s  o n  

.hanging fro m  fe r r im a g n e t ic  (£^ .) to  p a ra m a g n e tic  ( £  ) re g io n .  
A ccord ing  to  th e  th e o ry  o f  m a g n e t ic  s e m ic o n d u c to rs , o n e  
cvpccis a  r e d u c t io n  in  th e  a c t iv a t io n  e n e rg y  as th e  s y s te m  

undcigocs th e  t ra n s it io n  f r o m  p a ra m a g n e t ic  to  fe r r im a g n e t ic  
.i;,ic S im ila r  re s u lts  h a v e  b e e n  o b s e rv e d  fo r  C u -C d  11 6 ], C u - N i  
1171 ( \ 1- N i - T i - F c  [1 8 ] ,  C u - C d - G d - F e  [ 19] m ix e d  fe n i lc s  system s. 

A .c o r d in g t o R c z le s c u < 'r a / [ 2 0 ]  th e  c h a n g e  4 £  IS

-issociaicd w ith  th e  o rd e r in g  ic m p c ra iu re  ro u g h ly  g iv e n  by the  

A E  =  AkT^„ w h e re  an d  a re  a c t iv a t io n  e n e rg ie s  

|,l1ow  and a b o v e  T^. T h e  v a lu e  o l th c  p r o p o r t io n a lity  c o n s tan t 
,V i.s found to  b e  -  4 .5  fo r  a l l  c o m p o s it io n s . T h e  v a lu e  4 .5  is in  

dooil a g re e m e n t w ith  th a t re p o rte d  fo r  C u - M n - Z n  fe rr ite s  [201 . 

li IS iiitL 'rcs tm g to  n o te  th a t n o  c o n s id e ra b le  c h a n g e  in  A E  is 

.tbsciNcd fo r  p re s e n t s y s te m  (T a b le  2 ) .  A c c o rd in g  to  A h m e d  
, / III | 2 l ) ,  i f  th e  s u b s titu te d  c a t io n s  o c c u p y  £ -s ite s  th en  the  

^ l la io n  A E  is g re a te r  an d  D e v a l c f ' r « / [ 2 2 |  su ggest th a t w h e n  
i1l  sL ibslilu tion  is  m a d e  o n  /^ -s ite s  w ith o u t  d is tu rb in g  £ -s ite s ,  
iliLii a lm ost no  c h a n g e  in  is o b s e rv e d . T h e  ch a n g e  in A  £  

Will) \ lo r p re s e n t s y s te m  s u g g e s t th a t Z n '^  ions  o c c u p y  A -s ite s  

wiih some s o n  o f  d is tu rb a n c e  o n  c a t io n ic  d is tr ib u tio n  on B- 

 ̂ as e o n f im ie d  b y  c a t io n  d is tr ib u t io n  fo rm u la e  [ 10- 11].

I.ihli' 2. ALtivation
Winn

energy and I'c rm i energy lo r ii-l^c L lAJ

NiiLLiilMlinn /' (cV ) L (cV ) a p : (cV )
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0 i i y
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the te m p e ra tu re  d if fe re n c e  across th e  s a m p le  , F ig u re  2 sh ow s  
th e  te m p e ra tu re  v a r ia t io n  o f  th e rm o  e le c tr ic  p o w e r  ( a  ) fo r  
Z n  C u , F e C r O ^  s y s te m . T h e  c o m m o n  fe a tu r e  fo r  a l l th e  
c o m p o s it io n  is th at a  is n e g a tiv e  o v e r  the w h o le  ran g e  o f  
te m p e ra tu re , in d ic a tin g  that th e  c h a rg e  c a rrie rs  arc e le c tro n s . I t  
is c le a r  Iro m  F ig u re  2 th a t the m a g n itu d e  o f  * a  ' is fo u n d  to  

d e crease  c o n tin u o u s ly  w ith  in c re a s in g  te m p e ra tu re  fo r  a ll the  
s a m p le s . T h e  te m p e r a tu re  d e p e n d e n c e  o f  ‘ a  ' is m a in ly  
d e te rm in e d  by  the  c o n c e n tra tio n  o f  F c ’  ̂ ions in  the o c ta h e d ra l 
site and th is  m a y  be a ttr ib u te d  to  the p re d o m in a n c e  o l im p u r ity  
c o n d u c tio n  in th is  re g io n . T h e re fo re , c o n d u c tio n  p h e n o m e n o n  
in  th e s e  Ic r n t c s  is d u e  to  im p u r i t y  c o n d u c t io n  at lo w e r  
te m p e ra tu re s  w h ile  it is du e  to the p o la ro n  h o p p in g  al h ig h e r  
te m p e ra tu re  T h e re  is s tro n g  e x p e r im e n ta l e v id e n c e  o i the  
e x is te n c e  o f  p o la ro n s  and th e ir  h o p p in g  process [2 3 ] .

1 or ihc sake o f  c o m p a r is o n  v a r ia t io n  o f  ‘ re s is tiv ity  (1 kH z.) 
\\iih  ic m p c ra tu rc  w a s  c a r r ie d  o u t fo r  ty p ic a l s a m p le  x  =  ().(). I t  

observed  th a t th e  re s is t iv ity  is s l ig h t ly  h ig h e r  than

re s is tiv ity  w ith in  te m p e ra tu re  ra n g e  3 (K )-4 5 () K .  I t  p red ic ts  
(lull Ihc d e c lr ic a l  c o n d u c t iv ity  in  th is  ra n g e  is c o m p o s e d  o f  tw o  

onui ih iitio n s  v /r .  e le c t ro n ic  a n d  io n ic . H ig h e r  v a lu e s  o f  as 

compared to p̂ ŷ  su g g es t th a t s o m e  so rt o f  im p u r it ie s  a re  present 
lit ilic c o m p o u n d s  d u e  to  w h ic h  d ie le c t r ic  loss o c c u rs . A b o v e  T  

^ 4 5 ()K , p ^̂  ̂ an d  p j^ . r e s is t iv ity  c o in c id e . I t  in d ic a te s  that the  

o)ncciura tion  o f  th e  e le c t r o n ic  c h a rg e  c a rr ie rs  b e c o m e s  m u c h  
'̂ iri-’ci th an  th e  c o n c e n t r a t io n  o f  f r e e  io n s . H e n c e , a t the  
'sniperaiurc a b o v e  T ~  4 5 0  K ,  th e  e le c tr ic a l re s is t iv ity  d u e  to fre e  

“ lit'' becom e n e g lig ib le  a n d  i t  is e n t i r e ly  e le c tro n ic .

I be S e e b e c k  c o e f f ic ie n t  ( a  )  is g iv e n  b y  th e  re la t io n  :

a ^ A V / A T  (2 )

^vhcTc ijj ih g  v o lta g e  m e a s u re d  acro ss  th e  s a m p le  an d  S T

F ig u re  2 . V a n a lio n  o l S cebeck c o c llic ic n i w iih  Ic m p c ra iu re  fo r  
\ = 0 ().() 2.0 4 anil 0 6 compositions

In  the re g io n  w h e re  c o n d u c tio n  is d u e  to o n e  k in d  o f  c h arg e  
c a rrie rs , the re la tio n s  b e tw e e n  the S ee b cc k  c o e ff ic ie n t ( a  ) and  
fe rm i e n e rg y  ( E ^ ) w i l l  be g iv e n  by [2 4 ]

E r = e a T - A k T .  (3 )

w h e re  A is a te rm  c o n n e c te d  w ith  the k in e t ic  en e rg y  o f c a rrie rs , 
e, k and T a re  e le c tro n ic  ch arg e , B o ltz m a n n  constant and absolute  

te m p e ra tu re , re s p e c tiv e ly . T h e  c a lc u la te d  va lu e s  o f  as a 
fu n c tio n  o f  te m p e ra tu re  fo r  tw o  v a lu e s  o f  /4 ( 4  =  0 and 2 ) arc  
s h o w n  in  F ig u re  3. T h e  e x tra p o la te d  v a lu e  o f  to  T  =  0  K .  

y ie ld s  the v a lu e s  o f  £^ .(0 ) (T a b le  2 ) .
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C o m p a r in g  th e  a c t iv a t io n  e n e rg ie s  o f  f 'e ir im a g n e t ic  re g io n  
(£ ^ ) w ith  £ ^ (0 ) ,  it is seen th a t >  £ ^ ( 0 ) .  T h e  d if fe re n c e  b e tw e e n  
tw o  v a lu e s  ca n  be a t t r ib u te d  to  an a c t iv a t io n  e n e rg y  as s o c ia te d  
w ith  th e  d r i f t  m o b il i ty  o f  e le c tro n s . T h u s , th e  a c t iv a t io n  e n e rg y  
co n sis ts  o f  o n e  p a n  a s s o c ia te d  w ith  th e  g e n e ra t io n  o f  e le c tro n s  
an d  th e  o th e r  p a rt a s s o c ia te d  w ith  th e  h o p p in g  o f  th e  p o la ro n s  
b e tw e e n  e q u iv a le n t  s ites .

c a rr ie rs  c o n c e n tra t io n  ( )  u s in g  th e  w e l l  k n o w n  re la tion

F ig u re  3. Therm al variation o f I'ermi energy (E^) for v =  ()(),() 2 .0  4 and 
0 h samples

C h a r g e  c a r r i e r  c o n c e n tr a t io n  ( ) a n d  n io h il i ty  (

F ro m  th e  v a lu e s  o f  a  , th e  v a lu e s  o f  c a r r ie r  c o n c e n tra t io n  ( 7 7 ) 
h a v e  b e en  c a lc u la te d  u s in g  th e  fo r m u la  1 2 5 , 2 6  J

r j, =  W / V  [ l / { l  +  e x p ( - a e / A ) } ] . ( 4)

w h e re  N  is th e  d e n s ity  o f  sta tes (c a n  b e  ta k e n  as 1 0 ‘ - c m  ' [ 2 7 ] ) ,  
V  is th e  v o lu m e  o f  th e  s a m p le  u n d e r  s tu d y  an d  k  th e  B o ltz m a n n  

c o n s ta n t .  I t  is fo u n d  th a t  77, in c re a s e s  c o n t in u o u s ly  w ith  
in c re a s e  o f  te m p e ra tu re .

T h e  c h a rg e  c a r r ie r  m o b i l i t y  ( / i ^ )  has b e en  c a lc u la te d  f ro m  
th e  e x p e r im e n ta l  v a lu e s  o f  c o n d u c t iv i t y  ( a  ) a n d  th o s e  o f

T h e  v a lu e s  o f  m o b il i ty  a re  fo u n d  to  be v e ry  lo w  as compared 
to  n o rm a l s e m ic o n d u c to rs . I t  w a s  o b s e rv e d  th a t in itia lly  ih  ̂
m o b i l i t y  d e c re a s e s  u p lo  c e r ta in  te m p e r a tu re  { T  <  350 

H o w e v e r , b e y o n d  th a t te m p e ra tu re , ( 7 ’ > 3 5 0 K )  the increases 
c o n tin u o u s ly  w ith  in c re a s e  o f  te m p e ra tu re .

C o n d u c t io n  m e c h a n is m  :

T h e  o b s e rv e d  in c re a s e  in  m o b i l i ty  w ith  in c re a s in g  lernperaiua  
su gges ts  th a t :

T h e  r e s p o n s i b le  m e c h a n is m  f o r  th e  c o n d u c t io n  m 
Z n  C u , ^FeC rO ^ fe r r ite s  is h o p p in g  o f  c h a rg e  c a rrie rs  from  Fc' 
to  Fe"^ io n s  on  o c ta h e d ra l s ites  ra th e r  th an  th e  b a n d  mechanism

T h e  c h a rg e  c a rr ie rs  re s p o n s ib le  fo r  the  c o n d u c tio n  process 
m a y  be s m a ll p o la ro n s  ra th e r  th a n  e le c tro n s . In  so lids w ith  Imgc 
c o u p lin g  c o n s ta n t an d  n a r ro w  c o n d u c t io n  b a n d , sm all polaiun 
fo rm a t io n  is m o re  p ro b a b le  [2 8 ] .  In  o x id e s  o f  iro n  groutp >iicials 
the o v e r la p  o f M  w a v e  fu n c tio n s  b e tw e e n  the neighboriV ig mcial 
ions is r e la t iv e ly  s m a ll . B a s e d  o n  th e  e x p e r im e n ta l evidence ol 

e x is te n c e  o f  s m a ll p o la ro n s  a n d  h o p p in g  p ro c ess , it can W 

c o n c lu d e d  th a t th e  c o n d u c tio n  in  Z n ^ C u ,^ F e C rO ^  m ix e d  tem ks  
al h ig h  te m p e ra tu re s  m a y  p ro c e e d  v ia  th e r m a l ly  ac iiv jied  
h o p p in g  m o t io n  o f  s tro n g ly  c o rre la te d  p o la ro n s . O n  ihc oihci 
han d  at lo w e r  te m p e ra tu re s , the w e e k ly  a c tiv a te d  hopp ing  rnoimn 
o f  p o la ro n s  m ig h t  d e g e n e ra te  in  B ro w n ia n  l ik e  m o tio n  lesuliiin: 
in  tu n n e lin g  in s te a d  o f  h o p p in g  o f  p o la ro n s .

O n  e x a m in in g  th e  v a r ia t io n  o f  77̂ an d  j j j  as a function ol 

te m p e ra tu re , it  is e v id e n t  th a t th e  c h a n g e  in  ch arg e  carnci 

m o b il i ty  ( i d j  ) is g re a te r  th a n  th a t m  c a r r ie r  m o b il ity  ( 77̂ ) 101.1 
g iv e n  te m p e ra tu re  d if fe re n c e  in d ic a t in g  th a t the increase ol 

c o n d u c t iv ity  ( o r  d e crea se  o f  r e s is t iv ity  (F ig u re  1 ) )  is esscniialK 
in l lu e n c e d  b y  the m o b i l i t y  ra th e r  th a n  th e  c a r r ie r  conccniraim n  
T h is  c o u ld  be d u e  to  th e  fa c t th a t the c h a rg e  c a rrie rs  are locali/a l 
at ions o r  v a c a n t s i t e .. D u e  to  th e  la t t ic e  v ib ra tio n s , the 10ns 
o c c a s io n a lly  c o m e  c lo se  e n o u g h  fo r  th e  tra n s fe r o f  charge carricis 
an d  th e  c o n d u c tio n  is th e re fo re  in d u c e d  b y  la ttic e  vibraiinns. 
a n d  as a  r e s u lt  th e  c a r r ie r  m o b i l i t y  s h o w s  an  cxponcniia l 
te m p e ra tu re  d e p e n d e n c e  w ith  an  a c t iv a t io n  en e rg y .

4. Conclusions

T h e  re s u lts  o b ta in e d  f r o m  v a r io u s  e le c t r ic a l  p roperties  ol

Z n  C u , F e C r O . ,  it is c o n c lu d e d  t h a t ;

( i )  T h e  c h a n g e  in  s lo p e  in  re s i.s tiv ity  v e r su s  temperature 
c u rv e  n e a r  N e e l  te m p e ra tu re , s tro n g ly  supports the 
in f lu e n c e  o f  m a g n e t ic  o rd e r in g  u p o n  the conduction 

p ro c ess  in  fe r r ite s .

( i i )  A l l  th e  s a m p le s  a rc  n - ty p e  s e m ic o n d u c to rs  and the 
e le c tr ic a l c o n d u c t io n  in  th is  m a te r ia ls  take place by 
tw o  d is t in c t  c o n d u c tio n  m e c h a n is m  b e lo w  and above 

4 5 0  K .
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