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EXPERIMENTAL EVIDENCE FOR AN ASYMMETRICAL DISLOCATION GLIDE IN INDIUM ANTIMONIDE 

J.L. Farvacque and D. Ferre 

Laboratoire de "s tmcture  e t  proprie'te's de Z ' Q t a t  soZi&",* ViZZeneuve drAscq, France. 

R@sume.- Une preparat ion specia le  des eprouvettes d '  I n  Sb permet de se lect ionner  l e  tyoe (a ou 8 )  
des d is loca t ions  116001' l o r s  de sa deformation p last ique.  Les r e s u l t a t s  experimentaux e t a b l i s s e n t  
l ' e x i s t e n c e  dlun comportement asymetrique du glissement correspondant aux energies d ' a c t i v a t i o n  s u i -  
vantes 0,6eV pour l ' o r i e n t a t i o n  mol le, 1,l eV pour l ' o r i e n t a t i o n  dure. On considere que l ' o r i g i n e  
de l ' a s y m e t r i e  e s t  une consequence de l ' i o n i c i t 6  du c r i s t a l .  

Abstract.-  I t  i s  poss ib le  t o  se lect ,  i n  a  compression experiment, the f l o w  o f  a o r  6 "60"" d is loca t ions  
by a  specia l  preparat ion of the  I n  Sb samples. The experimental r e s u l t s  e s t a b l i s h  a  s t rong ly  asymme- 
t r i c a l  d i s l o c a t i o n  motion f o r  these cases, which correspond t o  d i f f e r e n t  P e i e r l s  energies : 0.6 eV 
fo r  the s o f t  case, I. 1 eV f o r  the hard case. This  asymmetry i s  taken t o  be consequence o f  the c r y s t a l  
i o n i c i t y .  

The p l a s t i c i t y  o f  s p h a l e r i t e  St ructure mater ia ls  s i s t s  of the more common d is loca t ions  found in t h i s  
e x h i b i t s  a  spec ia l  feature, compared t o  covalent semi- c r y s t a l  s t ruc tu re ,  i. e. screw and "600" d i s l o c a t i o n s  

conductors i n  the sense tha t ,  due t o  noncentrosymme- seg,ients. 
t r y ,  two types o f  "60°1' d i s loca t ions  can be found /I, 

2/. Because o f  the  two kinds o f  terminal  atomic rows, I-- ------- - 3 go-------- l the  1'600" d is loca t ions  may possess e i t h e r  an an ion ic  I I 
I I 

o r  a  c a t i o n i c  character,  depending on s ign  o f  Burgers I I 

1 [g) I 
vector.  This imp l ies  t h a t  they do n o t  in t roduce the I I 

I 1 
same energy l e v e l s  i n s i d e  the band gap. So, one could 1 

1 
f 

expect, independent o f  whether they are d issoc iated I I I I 
I t o r  not,  they do n o t  experience the same P e i e r l s  po- I I 

t e n t i a l .  Nevertheless, the usual compression exper i -  I o( I 
t Y I 

ments were, t i l l  t h i s  time, considered as unable t o  1 Y I 
1 I 

d i s t i n g u i s h  between these d i f f e r e n t  types o f  g l i de .  I Y & I 
I 

Consequently no attempt was made, t o  deduce by a c t i -  
f,,,,,--,-r k- -, -, -, , , -. 

vat ion  parameters measurement, the P e i e r l s  energy 
Fig. 1 : Sketch of a  per fect  d i s l o c a t i o n  loop, w i t h  

corresponding t o  these cases. sect ions o f  sample surfaces i n  dashed l i n e s .  
On the o ther  hand, i t  has been observed tha t ,  

f o r  any k i n d  o f  deformation t e s t s  on 111-V compounds 

o f  h igh  mechanical q u a l i t y ,  the  s t r e s s - s t r a i n  curves 

e x h i b i t  a  pronounced y i e l d  po in t .  The upper y i e l d  

p o i n t  i s ,  i n  f a c t ,  very s e n s i t i v e  t o  the surface pre- 

para t ion  : i t  s t rong ly  decreases when surfaces have 

been mechanical ly ground. 

This  remark ind ica tes  t h a t  the observed y i e l d  

p o i n t  i s  presumably connected t o  the l a c k  of mobi le 

d is loca t ions  and induces a  poss ib le  way t o  s e l e c t  

the  f l ow o f  the  des i red a o r  6 type d is loca t ions .  I n  

add i t i on ,  t h i s  a l lows us t o  study t h e i r  character is-  

t i c  g l i d e  oarameters. 

To show t h i s  l a t t e r  p o i n t ,  l e t  us consider the 

d i s l o c a t i o n  loop represented i n  f i g u r e  1 which con- 

Owing t o  the symmetry, any proper ty  o f  both 

screw segments should be equiva lent .  This does n o t  

ho ld f o r  the "60°" d i s l o c a t i o n  p a r t s  which f o r  ins -  

tance correspond t o  some d i s t r i b u t i o n  o f  a o r  6 cha- 

rac te rs  as shown i n  t h i s  f i gu re .  So by o r i e n t i n g  the  

surfaces of a  sample as ind ica ted  by the dashed 

l i n e s  i n  f i g u r e  1, i t  i s  poss ib le  t o  induce by com- 

pression, a  macropl a s t i c  f l ow o f  se lected a o r  6 

d is loca t ions ,  provided t h a t  d is loca t ions  sources are 

located near the sur face o f  r i g h t  s ide  as shown i n  

f i gu re  1, n o t  i n  the  bulk .  

1. Experimental procedure. - This  experimental s i tua -  

t i o n  has been obtained i n  h igh q u a l i t y  c r y s t a l s  o f  

n-doped InSb (n = lo1'+ ~ m - ~ )  con ta in ing  a  low densi- 

t y  o f  grown i n  d i s l o c a t i o n s  ( less  than 10+2cm-2 as x associe au C.N.R.S. 
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observed by X-rays transmission topography). Samples 

w i t h  a  compression d i r e c t i o n  choosen i n  order  t o  ac- 

t i v a t e  o n l y  one g l i d e  system were f i r s t  c a r e f u l l y  

chemical ly pol ished. Then one o f  the two sides w i t h  

the above specia l  o r i e n t a t i o n  was mechanical ly 

ground by an abras ive paper. Two ser ies  o f  such sam- 

p les were then deformed by u n i a x i a l  compression a t  

various temperatures. 

The obtained s t r e s s - s t r a i n  curves are shown i n  

f i g u r e  2. 

the evo lu t ion  o f  apparent a c t i v a t i o n  volume V* 

versus apo l ied  s t ress,  as measured a t  the lower 

y i e l d  oo in t .  Temperatures as 250°C and 300°C f o r  

the  so f t  o r  hard case respec t i ve ly  aooear t o  be 

the upper bounds of the a c t i v a t i o n  range. Owing t o  

the  presence of y i e l d  po in ts  and work hardening, 

n e i t h e r  the measured values f o r  V* are the " t r u e "  

a c t i v a t i o n  volumes, nor  the lower y i e l d  p o i n t  i s  

the t r u e  e l a s t i c  l i m i t  needed f o r  a c t i v a t i o n  ener- 

gy estimates. Fur ther  analys is  /3/ shows t h a t  a l l  

( b )  
soft 

Fig. 2 : St ress -s t ra in  curves, f o r  the  hard and so f t  cases, a t  various temperatures. 

Two main observat ions can be pointed ou t  : 

1) One case looks 'harder" than the other ,  i.e. the 

y i e l d  p o i n t  and the f low s t ress  are systemat ica l -  

l y  l a r g e r  i n  one case than i n  the  other .  They 

w i l l  be c a l l e d  "hard" and "sof t1 '  i n  the  fo l lowing.  

2)  I n  both cases, t h e  lower y i e l d  po in t ,  s t rong ly  

decreases w i t h  increasing temperature. This  shows 

t h a t  d i s l o c a t i o n  motion i s  thermal ly  act ivated.  

St ress r e l a x a t i o n  t e s t s  have been performed which 

conf i rm t h i s  thermal ac t i va t ion .  F igure 3 shows 

the  a c t i v a t i o n  parameters can We deduced from these 

measurements and y i e l d s  the  a c t i v a t i o n  energies f o r  

the  s o f t  and hard cases. 

(A G o  ( s o f t )  = 0.6 eV A  GO (hard) = 1.1 eV) 

Therefore, t h e  ex is tency of an asymmetrical be- 

hav iour  i s  c l e a r l y  establ ished which ind ica tes  t h a t  

one o f  the "60°" d i s l o c a t i o n  type B(or  a) should be 

l e s s  mobi le than the  others ( e i t h e r  u ( o r  6) o r  screw). 

This can be r e l a t e d  t o  the fo l lowing i n e q u a l i t y  
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(a) 
h a r d  

(b) 
s o f t  

Fig. 3 : Activation volume versus lower yield s t r a in  for both soft(*) and hard (*) cases. 

that  t h i s  inequality can only be at tr ibuted to  dif- A $/or a 
> A screw >{ A ' a / o r B  < ferences in l a t t i c e  f r ic t ion  experienced by B (or a)  

d i s l o c a t i ~ n s , i . e . t o t h e i o n i c i t y o f a t o m s i n t h e  
Note that  d i rec t  measurements of dislocation dislocation cores independently on any dissociation 

velocit ies in n-doped InSb /4/ support a similar re- s c ~ e m e , ~ a l c u ~ a t j o n s  of peierls enerqjes are curren- 
lation w i t h  the @-type as t h e  One A G$ > A Ga t l y  in progress which support a difference in the 

A screw' From symmetry i t  i s  Peierls potential similar  to  the ones observed when 

the core ionici t y  i s  changed from a t o  £3 type. 
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