
F I  Z I K A  V O L U M E  10 S U P P L E M E N T  2 ,  1978
Proceedings of the VI Yugoslav Symposium of tne Physics 
of Condensed Matter, Kru§evac, September, 18-22, 1978 

T H E  EFFECT OF  TH E P ROCESS  O F  CONS OL I DAT I ON O N  E L E CTROOPT I CAL 
CHARACTER I S T I CS O F  S EM I CONDUCT I NG CADM I UM O X I DE 

P . M . N i ko l i t+ , G . M . S ta n i � i f ,  z ., . Popov i t  a n d  M . M . R i s t i t+ +

I n s t i tute of  Phys i c s ,  +E l e ctrotecn i ca l  Fac u l ty , Be l g rade
U n i vers i ty a nd ++ I n s t i tute of  Tec h . Sc i . o f Serb i a n Acad  
S c i ence  a nd  Art , 1 1 000 Be l g rade , P . O � B ox 5 7 , Y u go s l a v i a .  

ABSTRACT 
Dur i n g  t he  process o f  c o n s o l i da t i o n  certa i n  m i c ro s tru c tura l  

c hanges  a r i s e  a n d  a ffec t t h e  c h a ra c ter i s t i c s  o f  the ma ter i a l . Cer­
ta i n  mod i f i c a t i o n s  of  t he  p hys i ca l  c haracter i s t i c s  o f  sem i con d u c ­
t i ng  C dO  produ ced  by  pres s u re a n d  s i n ter i ng , h ave  b e e n  s tu d i ed i n  
t h i s wor k . 

S oec i a l a t ten t i o n  ha s been  pa i d  to a na l ys i s  o f  the  e l e ctr i ­
c a l  and  o pt i c a l  propert i es wh i c h  we re the ba s i s  fo r f i n d i ng o u t  
t h e  dependa nce  of  t h e  properti es  o n  the  p ro c e s s  a p p l i ed .  
1 . I NTRODUCT I ON 

The i n terdependa nce  of  e l e c tr i c a l  a nd s truc tura l c h a ra c te ­
r i s t i cs of  «�n so l i da ted d i s p ersed  ma te r i a l s  h a s  recen t l y  b e e n  the 
s u bj ec t  of  �any s tud i es 1 ) . A few a u thors  h ave  i n ves t i g a te d  s ome
e l ectr i ca l  c ha ra c ter i s t i c s  o f  p re s s ed and s i n tered CdO . t h u s , cer­
ta i n  c hanges i n  the  H a l l coeff i c i e n t s 2 ) w i th  tempera tu re a nd  cond u ­
c t i vi ty3 ) after press i ng a n d  s i nte r i n g  h a v e  b e e n  determ i ned . On  the 
o ther hand only a fe� s tud i e s have been p u b l i s hed o n  the  effec t of
s i n ter i ng CdO o n  the i n frared refl e c t i v i ty s p e c trum . The  photon­
- p l a smon i ntera c t i on4 ) h a s  been  re searched  ma i n l y  beca u s e  of the
great concentra t i o n  o f  free carr i ers  whi l e  t he  fa r i nfra red spect­
rum  has  been part l y  co n s i d ered i n  our  prev i o u s  wo rk 5 ) . T he  resu l t s
of  exami n i ng the effec t of  compa c t i n g  pres s u re o n  c o n s o l i da t i o n  a nd
e l ectri cal  c haracter i s t i c s  o f  d i s p e r s i ve n o n s to i c h i ometr i c 6 ) CdO  i s
pro v i ded i n  th i s  wor k .

Mod i fi ca t i o n  o f  the  e l e c tr i c a l  c hara c ter i s t i c s  of  d i s pers i v e 
CdO  resu l t i ng from the e ffect  o f  the  s i n te r i n g  tempera ture a nd  tem­
pera ture ca l c i n i ng are s hown i n  the  f i rs t  part of th i s  work , wh i l s t 
t he refl ecti v i ty spec trum i n  the range  2 0 - 1 6 00 cm - 1 i s  g i ve n  i n  the
second  part . The  refl e c t i v i ty s pe c tra i n  the  f i e l d  of  p l a sma freq u ­
ency were numer i c a l l y  a n a l ys ed w i th a f i t t i n g  p roced u re , wh i l e  r e ­
f l ect i v i ty s pec tra i n  fa r i n fra red range were  a n a l ysed by Kramers ­
- KrHn i g  i ntegra t i o n . 

2 . E X P ER IMENTAL WORK AND  RESULTS  
We u sed d i spers i ve powder  CdO  p . a . ( produced  by  " C hemi ca " ­

Zagreb ) for o u r  i nve s t i g a t i o n .  T h e  oowder wa s compre s s ed a t  a p re s -



s u re of  49 . 05 · 1 07 Ntm2 a n d  the compa cts  were s i n tered i n  the tempe­
rature i nterva l 473 - 1 1 7 3 K .  

These  samp l e s  were  u sed  t o  mea s u re t h e  den s i ty a n d  b u l k re­
s i s tance . The  re s u l t s  a re g i ve n  i n  t ab l e I . 

TABLE I 
TIA\ 

d �ml T [� 
549 473
�50 573
547 673
5,42 773 
�38 873 
536 973
�l 10,73 
!\52 1173 

e .nt.rn 
0149 
0.11 6  
Q115 
Q10 
Q101 
(l066
Q033 
0,01 74 

The  ref l e ct i v i ty s pectra  were ob ­
s e rved  i n  t he  i nterva l 2 00-4000cm- 1  by
mean s  of a Pe rk i n - E l me r  type  57 7 s pec­
tro p h o tometer  a n d  i n  t he  range  1 00 -400
cm- 1  u s i ng a B e c kmann  FS 7 20 Fou r i e r
s p e c trometer A l l o p t i c a l  mea s u rement s
g i ve n  i n  t h i s work  were executed u s i ng
s amp l e s  s i n tered a t  67 3 K for 4 h o u rs .
F i g .  1 s hows a typ i c a l  s pe ct rum o f  re­
f l e c t i v i ty i n  t he  ra nge  20 - 1 600 cm - 1 ,
determ i ned a t  room tempe ra t u re . T he  re-

• 1 f l e c t i v i ty s p eJtra i n  the  range  400-
1 660 cm· 1 were a na l ysed wi t h  a f i tt i ng  p rocedure . The  re s u l ts  of
t h i s n umeri ca l  method  a re s hown i n  f i g . 2 The  s o l i d  l i n e rep re sent s  
t h e  theoret i c a l  c u rve w h i l e  t h e  p o i n ts repre s e n t  t h e  exper imenta l  d a ta . 

Fi g . 2  

1.0.-----------------------------, 

0 

o....._ __ ..._ __ .J-... __ ....__ __ _._ __ .....__ __ __._ __ __.____. m um 12m m em :m 
cm-1 

F i g . 1 .  I nfrared room tempera tu re ref l e c t i v i ty s pectrum 
o f  CdO  i n  the  range 2 0- 1 600  cm- 1 .

F i g . 2 . I nfrared room tempera ture ref l e c t i v i ty s pectrum 
o f  CdO  in  the range 400- 1 600  cm- 1 . T he  s o l i d  l i n e
repre s e n t s  the t heoret i c a l  c u rve ; p o i n t s  repre s e n t  
t h e  exper i me n t a l  d a ta . 

I n  t h i s  way- th e  fo l l ow i ng pa rame ters  were obta i ned A p= 1 1 . 7 5µm , E 0 pt=
6 . 47 a nd 1 / Twp=0 . 298 ( T =2 · 1 0- 1 4 s ) .

351 



Krame r s - KrHn i g  a na l ys i s  wa s made i n  t h e  i nterva l b etween  the  
wa ve  numbers  1 00 a n d  350  cm- 1  and  o p t i ca l  pa rame ters of  the  r e s t s t -

- 1  - 1  ra h l e n  pea k were determ i ned : wT0= 2 59 cm a nd wl0= 309  cm •

3 .  D I SCUSS I ON 
D i s l o c at i o n  of  ma te r i a l  w h i c h  i s  compacted a p pear s  du r i n g  the  

pre s s i ng p ro c e s s  wh i l e  s i n te r i n g  o c c u rs by h e a t i n g  t he  compa c t s  a t  a 
temperature  above  room tempera ture  a l thou g h  the  ma te r i a l  recov ers  be­
cause  d i s l o ca t i o n  a p pears . Th i s u s u a l l y  h a p p e n s  a t  tempera tu re s 7 ) be­
l ow the  norma l s i nte r i n g  tempera t u re . Our  i n ves t i g a t i o n s  of s i n te ­
r i n g  a nd b u l k  re s i s ta n c e  o f  t h e  samp l e of  CdO s how , t ha t ,  du r i n g  t he  
p rocedure of  s i n ter i ng , ha ppen  t h e_ recovery of  the  ma te r i a l . U po n  
a n a l ys i s o f  t he  data  g i v e n  i n  t ab l e  I we  o b serve  tha t d u r i n g  hea t i n g  
t h e  s pe c i f i c e l ec tri c a l  res i s ta nce  i s  red uced  a s  a re s u l t  of  t h e  i n ­
crea s ed den s i ty o f  d i s l oca t i on . 

As we k n ow , d i s l o c a t i o n s  a re defec t i ve a t  l ow temperature  a n d  
non-equ i l i b r i a l  a nd t h a t  i s  why we  a re a b l e t o  o b s e r ve  t he i r d i s a pp e ­
a ra n c e  wi th  i nc rea s e  of  tempera ture8 ) a s  o c c u red i n  o u r  expe r i me n t a l
wo rk . We mu s t  s tre s s  t ha t d i s l o c a t i o n  of  a l l oys  i s  c o n n e c ted w i t h  
the i r e l e ctro n i ca l  s tructure a n d  i t  repre s e n t s  the res i s ta n c e  to c o n ­
d u c t i o n  o f  e l e ctr i c i ty .  I t  i s  we l l k n own th a t  the  c o ncentra t i on o f  
effect i ve c arr i er s  o f  e l e c t ri c i ty i n  s i n te red semi cond u c t i n g  o x i d e s  
i s  g i ven  b y  the  fo l l ow i n g  equat i o n : 

n - a 
ef - ejja '

where : a - condu c t i v i ty ,  e - e l ectron  e l ectr i c i ty , µ - carr i e r  mo b i l i ty ,  
d - den s i ty ra t i o  of t he  pres sed mater i a l s .  

F i g . 3  s hows t h e  dependence  o f  the  e ffec t i ve concent ra t i o n  of  
e l ec tron c a rr i er s  a nd c l ea r l y  i mp l i e s t hat  th ere a re 2 s tages  w i t h  
d i fferent  c o nd u c t i ve mec ha n i sms . The  i n ter s ec t i o n s  o f  l i n es  I a nd I I 
re spond  to t he  tempe rature of  600°c .  I n  v i ew of  the afor s a i d ,  o u r
o p i n i on i s  t h a t  t he  i nf l u ence  o f  d i s l oc a t i o n  o n  conduct i v i ty a ppear s
up  to th i s  tempe rature , wherea s above  t h i s tempera ture i t  i s  n o t  o f
g r e a t  i mportance  t o  c o nd uct i v i ty .

By a n a l y s i ng the  refl e c t i v i ty s pectra i n  the  p l a sma freq ue n cy 
ra nge  we s ee t h a t  t h e  c o ncentra t i o n  of  free ca rri ers  i s  i n  t h e  ra n g e  
1 0 1 8cm-3 . T h i s  i s  two ra nges  h i g her  than  i n  the  c a s e  when  t he  c o n c e n ­
tra t i o n  o f  e l ectron s  wa s obta i ned o n  the  b a s i s of e l e c tr i c a l  res i s ­
ta nce . 

I n  t he  s pec tra l range  A > A p ' when  n > > k ( f i g . 4 ) the  s l ope  of  the
s t ra i g h t  l i n e  dete rmi n e s  t he  effect i ve ma s s  of e l ec trons 
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of  CdO a t  t he c o n c e n t ra t i o n s  1 . 2 . · 1 0 1 8cm - 3  a nd t h i s amo u n t s t o  m*/m= 

0 . 02 5 . A l l v a l u e s  of  t h e  pa rameters  o b t a i n ed  i n  t h i s work  a r e  i n  a c ­
c o rd a n c e  w i t h  the  a n t i c i pated v a l u e s4 ) determ i ned  o n  the  b a s i s  o f  
t h e  d e pe nde n ce  o f  t he i r mod i f i c a t i o n  o n  t h e  c o n c e n t ra t i o n  wh i c h wa s 
te s ted i n  t h i s wor k . 

I n  t he  far  i nfrared  s pec trum we c a n  s e e  a re s ts t ra h l e n pea k
wi th  a freq u e n cy o f  t he  t ra n s v e rs a l  mode  o f  wT0 = 2 5 9  cm- 1 

• 

• 

S1 ! 

.. � ... , 
F i , . 3 . D e p e nde n ce  of  t he
ef ecti v e  c o n c e n t ra t i o n
wi t h  s i n te r i ng temp era­
ture . 

4 . CONCLUS I ON 

F i g . 4 . n �  a s  fu n c t i o n  o f  � 2 . 

We h a ve  i nv e s t i g a ted t he  proc e s s  o f  recov e r i ng  CdO  d u r i n g  
s i n ter i n g  i n  t h e  temperature  r a n ge  4 7 3 - 1 1 7 3 K .  O n  the  ba s i s  o f  m e ­
a s uremen t s  o f  t he e l e c t r i c a l  c o n d u c t i v i ty w e  have  s hown t h a t  t he  e s ­
s e n t i a l  e f f e c t  of  l i ne d efec t i v i ty a pp e ar s  a t  87 3  K .  T h e  r e s e arc h
o n  t h e  o pt i ca l  s p e c tra h a s  demo n s tra ted t h a t  the  c o n c e n t ra t i o n  o f  
e l e c t r o n s  i n  s i n te red C d O  wa s i n  t he  r a n g e  1 0 1 8  cm- 3 a n d  t he  re s t ­
s tra h l en pea k was i n  t he range  o f  2 5 9 ( wT0 ) a n d  309cm- 1 { wl0 ) . 
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