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Résumé - Des monocristaux d'antimoniure d'indium de type n ou p, ayant une 
densité de dislocations de croissance et une concentration de porteurs libres 
aussi faibles que possible ont été déformés en compression uniaxiale ou en 
torsion. Lorsque la densité de dislocations est élevée, relativement à la con
centration des porteurs libres, les mesures d'effet Hall et de conductivité 
montrent, pour les dislocations coin, une décroissance importante du nombre 
des porteurs et de leur mobilité. Dans InSb de type n, les dislocations vis 
ont, à basse température, pour effet d'inverser le signe des porteurs libres 
majoritaires. Les résultats sont discutés en termes de position, taux d'occu
pation et localisation des niveaux d'énergie introduits dans la bande d'éner
gie interdite. 

Abstract - n and p type InSb single crystals with as low as available initial 
carrier concentrations and dislocation densities were deformed by torsion or 
uniaxial compression. Hall effect and conductivity measurements exhibit a lar
ge decrease of the free carrier concentration and their mobilities for edge 
dislocations when the ratio between the carrier concentration and the disloca
tion density is not too high. Screw dislocations have been seen to inverse the 
type of the as-grown material for n-type InSb. 
Results are discussed in terms of position, occupation rate and localization 
of energy states introduced in the band gap. 

I - INTRODUCTION 

Dislocations in semiconductors are known to introduce electronic levels in the band 
gap and to affect both the free carrier concentration and their mobility. The parti
cular interest of III-V compounds is twofold, when compared to covalent semiconduc
tors : 
- the piezoelectrical character of these materials leads to a specific diffusion po
tential which can widely modify the electrical properties of a sample containing 
edge dislocations, 

- the two possible kinds of 60° dislocations -depending of the nature of the atoms 
in the core- should affect differently the electrical properties of the material. 

This second point was at the origin of many investigations of the Hall effect and 
conductivity on deformed III-V compounds but the experimental results and their in
terpretation are quite different [1] [2] [3). 

Our previous work on the plasticity of III-V compounds lead to an interesting result: 
plastic deformation have been carried out by uniaxial compression parallel to the 
<123> direction, complexe array of dislocations with edge and screw components where 
then controlled by direct observations. These observations (by X ray topography of 
deformed samples) at different stages of the deformation well established that only 
one type of 60° dislocations can develop in these samples [4], 

This paper presents some results of Hall effect and d.c conductivity measurements for 
plastically deformed n and p type InSb in compression or torsion in order to investi
gate separately the case of "60°" and screw dislocations. Comparison between experi-
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mental results and theoritical analysis w i l l  lead t o  information about the position 
and occupation rate  of energy levels t o  kx asscxiated with different types of d i s l e  
cations. 

I1 - EXF'EXDENTAL RESULTS 

D.c conductivity and Hall effectm?asurerrentshave been performed for as  grown, and 
deformd specirrrens with current flow parallel t o  the ccmpression or  torsion axis a t  
temperatures between 300 K and 77 K. Contamination during deformation was controlled 
by spec imns  which remined undeformed while heated. 

As there was no significant difference bebeen the as-grown specimen and the heated 
one, the deformed s p e c k  have been c-ed with the as-grown (reference) specimen. 

11-1. Case of 60' dislocations 

An excess of 60' dislcxations w a s  intrduced by uniaxial ccmpression in n-I& sam- 

ples (having an original carrier concentration of about 10 l4 and in p-In% sam- 

ples with carriers).  
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~ i g .  I : Typical resis t ivi ty (a) and H a l l  effect (b) versus 1/T for n - W  sanples 
( N ~  a lo1* m-3) 
Ref. : reference sarrple 6 R Def. : sample defo- by uniaxial ccmpression a t  !T=500K (ji-- a 2%) 

Ckle notices f i r s t  that i n  n type InSb (fig. I ) ,  the resistivity is relatively large 
even for liqhtly deformed spechens (i.e. for low dislocation densities) ; when the 
deformation rate increases, the resistivity kccmes larger. ?he temperature depen- 
dence of the Hall coefficient sha-m a significant decrease of the n m h r  of free 
carriers. In the highly deformd specinw, Hall coefficient meamrem2nts could not 
be performed because of hi* resistivities.  

Ckl p type specimens, the deformaticm does not lead to remarkable variations of the 
resistivity and the Hall effect (fig. 2 ) .  

It is also important to remark that the Hall coefficient curve does not cross the 
H a l l  effect curve obtained for undislcxated case. 



I . . . , . .  
3 9 7 9  1 1 1 3  $(K') 

Fig. 2 : ?Lpical res is t ivi ty  (a) and H a l l  ef fect  (b) versus 1/T for  pInSb sanples 
(NA = loq6 cm3) 
Ref. : reference sample 611 ~ e f .  : sample deformid by uniaxial compression a t  T=50OX (- % 2%) 

11 
11-2. Case  of screw dislocations 

Dislccation substructures w i t h  an upper density of screw m t s  than of edge parts 

ere introduced by torsion around a (1 1 1 1  axis  in  an n type InSb sample (ND % IO~~CIII-?; 
a s  there is no piezcelectrical effect  associated with s c r e w  dislocations, t h i s  case 
is a good one to test the core effects  of dislocations. 

We did not annealed the samples a f te r  the deformtion test since t h i s  kind of expe- 
r h t  only lead to a poorer density of the wanted dislocations but is, in fact ,  ac- 
cc~npanied by a contamination by unwanted dapant impurities. 
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Fig. 3 : Typical res is t ivi ty  (a) and Hall effect (b) versus 1/T fo r  n InSb samples 
1% = lo1* m-3) 
-2. : reference sample 
Def. : sample defo& by torsion a t  -500K (2. 10°/an twisted) 
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Resis t iv i ty  and H a l l  e f f e c t  m e a s u r e n t s  versus temperature are reported on f i p e  3 
f o r  an about 10°/cm twisted sample. The noticeable p i n t  i s  now the change of sign 
of the Hall coeff ic ient  a t  T = 130 K. 

I11 - DISCUSSION 

The discussion developped here is based on the  theore t ica l  analysis  drawn up e a r l i e r  
by Farvacque and a 1  [5,6]. Hall e f f e c t  and conductivity can be calculated se l f  con- 
s i s t en t ly  when the posit ion of the levels  associated w i t h  t hed i s loca t ions  and t h e i r  
occupation, when neutral ,  are known. 

Characterist ics of deep states associated with dislocations are evidently dependent 
on their actual  core s t ruc tures  ; t h i s  complex prcblem is f a r  from being wll solved 
and me has no other poss ib i l i ty ,  in the  lack of e x p e r w n t a l  da tas  t b n  chwsing 
values which are a s  mre r e a l i s t i c  a s  possible but do remain f o m l  ones. 

For 60° dislocations in p type InSb, w have not  observed the tmqxrature 
neut ra l i ty  point  of the dislocations (i.e. the point where the Hall e f f e c t  curve of 
the  deformed material crosses the Hall e f f e c t  curve of the  as-grown material) .  

The ext ra  charge on the dislocation is given by 

1 

I + exp --- kT 

* 
ED is t h e  energy level  a s smia ted  with the d i s lma t ion ,  ED the  s h i f t  energy level  

due t o  electronic in terac t ions  of charges trapped along the dislocation line, D the 
density of dislocations of Burger's vector b, AG the generalized screening lenqth. 

The neut ra l i ty  point  nt = 0 leads t o  

I f  this par t icular  p i n t  is not observed, it m y  ke because it occurs a t  temperature 
too high t o  k e  i n  the  ex t r in s i c  conductivity range, t h a t  is  as T > -. 160 K. 

Assuming 6 = 5/8 [ 7 1 inplies ED > = 60 meV ; this renwrk does not  contradict  opti- 

c a l  datas obtained on the same specimns which lead to a dislocation level  located 
a t  about 1 40 meV from the valence band 1 8 1 . 
The l q e  experimental increase of the r e s i s t i v i t y  i n  n-type material results from 
the decrease of the n&r of f r ee  carriers and £ran the decrease of t h e i r  mobility 
due t o  a very e f f i c i e n t  piezoelectr ical  scatterinq.  

In p type material, the  d i s loca t im  e f f ec t  is not so  pronounced because of a higher 
r a t i o  betwen f r ee  c a r r i e r  and dislocation dens i t ies .  

For screw dislocations,  the temperature To a t  which the Hall cceff ic ient  
goes t o  zero allows t o  determine the Fermi level  a t  this pint  

where f3 stands fo r  the m b i l i t y  r a t i o  betmen electrons and holes. K n d n g  $ deter- 
mines the ext ra  charges trapped on d i s lma t ion  levels nt. 



Using the  c l a s s i ca l  picture of b m  levels  associated with screw dislocations -the 
lawest one being completely f i l l e d  and the upper one q l e t e l y  empty- and inser t ing  

an ef fec t ive  level  6 a t  about 30 m V  frcnn the  valence band a s  evaluated by opt ica l  

absorption [8 ] ,  the theoreticaL calculat ion of qrI exhibi t s  fo r  decreasing temperatu- 

re a t r ans i t i on  a t  To frcm a p-type m t e r i a l  t o  an n-type m t e r i a l  but does not give 
the t rans i t ion  f r m  a n-type to a p t y p e  material a s  experbenta l ly  observed. To ob- 
tain such a t rans i t ion  it is necessary t o  introduce a single level  very near the va- 
lence band with an occupation r a t e  > 0,7 and t o  allow trapped c a r r i e r s  to be par- 

* 
t i a l l y  delccalized around t h i s  dislocation t rap ,  in order to keep E,, a t  the  proximity 
of the valence band. 

IV - SUMMARY 

Edge type dislocations l m k  t o  introduce amphoteric deep levels, the location of 
which w u l d  be in the upper pa r t  of the band gap. These levels  wuld s h i f t  with the 
e l ec t ros t a t i c  energy of trapped carriers, when considered to  be strongly localized 
along the  dislocation line. 

Cn the other hand, screw dislocations are seen t o  introduce solre kind of shallow 
enerqy s t a t e s  located very near the valence band. These levels  do not  experience, 
with their occupation r a t e  a s h i f t  a s  strong a s  in the previous 60" dislocation case 
and have therefore to be seen a s  pa r t i a l ly  delccalized levels.  
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