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A p l a s t i c  deformation influences strongly the e l e c t r i c a l  
propert ies  o f  semiconductor single c rys ta l s ,  If the disloca- 
t ions,  generated by p l a s t i c  deformation, have an edge component, 
they introduce acceptor centres along the dis locat ion l i n e  
which capture e lectrons from the conduction band of an n-type 
semioonductor (1). The dis locat ion l i n e  becomes negatively 
charged, and a space charge is formed around it. The resu l t ing  
poten t ia l  f i e l d  sca t t e r s  the conduction electrons and so re- 
duces the electron mobility. The e f f ec t  of dislocat ions on the 
electron mobility i n  n-type germanium w a s  examined experimen- 
t a l l y  i n  (2 t o  4), and theore t ica l ly  i n  (5) and (6). 

t i o n  l i n e  a t  a great  distance from the l i ne  i s  aocording t o  (7) 
The screened potent ia l  of a negatively charged disloca- 

u(r)  = - - 
where a is  the distance between the acceptor centres  along the  
dis locat ion l ine ,  f i s  the oocupation rate of these acoeptor  
s i t e s ,  and A,, the Debye screening length: 

Knowing the sca t te r ing  potent ia l  we determined w i t h  the  Born 
approximation the ma t t e r ing  cross seotion. Thus the relaxa- 
t i o n  time perpendioular t o  the system of  pa ra l l e l  dis locat ions 
has been deduced as follows: 
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where vl is  the  component o f  electron veloci ty  perpendicular 
t o  the  dislocations.  Averaging with the equilibrium dis t r ibu-  
t i o n  function, the  mobility is  

Equation (2) is  s l igh t ly  d i f fe ren t  from the corresponding ex- 
pression given in  (6) ,  based on a potent ia l  function d i f f e ren t  
from (1). Equation (2)  indicates  a stronger sca t te r ing  than 
the corresponding expression i n  (6) .  A t  about 100 OK it gives 
a mob i l i t y  which i s  more than one order of magnitude smaller 
than that obtained from the expression i n  ( 8 ) .  This high mo- 
b i l i t y  is  due t o  the sca t te r ing  e f f ec t  of the mechanical de- 
formation f i e l d  around the dis locat ion l ine .  Since the rec i -  
procal values o f  the  re laxat ion times resu l t ing  from d i f fe ren t  
physical mechanisms are  additive,  the sca t te r ing  caused by 
the charge of d is locat ions i n  n-type semiconductors gives the 
dominant e f fec t  below room temperature. 

germanium single c rys ta l s  between 80 and 300 OK. n-type high- 
puri ty  germanium single  c rys t a l s  with a room temperature re- 
s i s t i v i t y  of 25 Qcm and a dis locat ion density of 4x103 cm-2 
were bent about the [112] axis  at  730 OC i n  a H2 stream by 
graphite shapes w i t h  a known curvature. The samples were plated 
w i t h  t i n  i n  order t o  prevent contaminations during the heat 
treatment (9). According t o  our measurements the  heat treatment 
alone d i d  not produce acceptor centres, the  electron concen- 
t r a t i o n  and mob i l i t y  remained unchanged. 

The electron mobility w a s  determined from the conductivity 
and the  H a l l  coeff ic ient .  The r a t i o  of H a l l  mobility t o  con- 
duction mobi l i ty  was taken t o  be 3n/8. The magnetic f i e l d  w a s  
normal t o  the axis  of bending i.e. t o  the d i rec t ion  of  the 
dislocations,  and the current perpendicular t o  both.  Typical 
r e s u l t s  o f  the measurements on non-deformed and deformed 
samples are  plotted i n  Fig. 1. 

We measured the electron mobility on p las t i ca l ly  deformed 

The mobi l i ty  measured on deformed samples i s  the compo- 
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IHm perature i n  non-deformed and plas- 
t i c a l l y  deformed germanium s ingle  \ 

c r y s t a l s  F 
Curve 1: unbent c rys t a l ;  x 

i_; 
2 

W[IM curve 2: bent c rys t a l ,  bending 
axis [112], bending rad ius  50 mm 

s i t i o n  o f  the  sca t t e r ing  e f f e c t s  

and by dis locat ions.  The r e su l t i ng  

5olm 

of electrons by acoustic phonons ZoLul 

mobi l i t y  i n  the  usual approximation 

a 
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From the r e s u l t s  of the  measurements at 100 OK we f i n d  
2 lldisl = 9600 cm /Vs. At the  same time we obtain 

= 15000 cm / V s  f rom equation (2) w i t h  C/Eo = 16, h i s1  
m P 0.3 mel, a = 3.46~10 '~  om, n =I 2 . 1 ~ 1 0 ' ~  
measurements on deformed crys ta l s ) ,  Na - 6 . 5 3 ~ 1 0 ' ~  ernm3 (from 

= 5x106 cmm2 (from the  bending radius). 

r e s u l t s  is  acceptable. 

valuable discussions. 

2 

(from H a l l  

Hall measurements on non-deformed crystals), and Ndisl P 

Thus the agreement between the  experimental and theoret i081 
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