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The mechanism of dislocation mobility in Silicon 

1. THE A I M 

Dur ing Czochrał sk i g rowth of D . F . S i c rys ta l d i s l o c a t i o n s happened to ap -
pear out of var ious reasons . From t h i s monnent the c rys ta l s ta r t s to g row th 
w i t h d i s l o c a t i o n s , but even in the part w h i c h was d i s l o c a t i o n - f r e e , d i s l o c a -
t ions s tar t to appear due to the s t ress e x i s t i n g in the c r y s t a l . In our c r y s t a l 
the length of th i s part was 5 - 7 c m . 

The a i m cf our research w a s , apart f r o m the i n v e s t i g a t i o n of the m o t i o n 
of d i s l o c a t i o n s fo rmade in th i s w a y , to e x a m i n e p o s s i b i I i t i e s of the i r e l i -
m i n a t i o n . The m o b i l i t y of 6 0 ° d i s l o c a t i o n s in the tempera tu re range of 600- 
- 1 0 0 0 ° was e x a m i n e d . Dur ing t h i s , two cases were c o n s i d e r e d : 

1. when does their m a n i f o l d in te rsec t ion occur du r ing the m o t i o n of d i s l o -
c a t i o n and 

2 . when d i d not the i n te rsec t i on occur dur ing d i s l o c a t i o n m o t i o n . 

2 . METHOD 

The e x a m i n a t i o n of d i s l o c a t i o n m o t i o n was car r ied out by te e t c h - p i t s t e c h -
n i q u e . In our s a m p l e s bo th the concent ra t ion and the d i s t r i b u t i o n of d i s l o c a -
t i ons var ied c o n s i d e r a b l y . In the c rys ta l part that was very c lose to the p lace 
of the appearance of d i s l o c a t i o n s in the c r y s t a l , there were about l O V c m ^ 
of t h e m , l a y i n g in a l l the p lanes "C l i i ) ' ( F i g . l a ) . 

Du r ing the m o t i o n of d i s l o c a t i o n s arranged in t h i s w a y , a great number of 
i n te rsec t ions take p lace as we l l as the f o r m a t i o n of hard ly m o v a b l e par ts of 
d i s l o c a t i o n s . W i t h m o v i n g away f r o m the p lace of the d i s l o c a t i o n appearance 
towards the beginn ing of the c rys ta l g rowth , the concen t ra t ion of d i s l o c a t i o n s 
decreased, and at the d i s tance of about 5 c m there were d i s l o c a t i o n s on ly in 
one K l ip p lane ( .Tl l ) and in a very s m a l l number ( F i g . l b ) . Du r ing such a d i s -
t r i b u t i o n of d i s l o c a t i o n s their i n te rsec t i on d id not o c c u r e d . 

S a m p l e s for the e x a m i n a t i o n were obta ined by c u t t i n g the c rys ta l pe rpend i -
cu lar on the a x i s of g rowth | i 11J above the p lace of d i s l o c a t i o n appearance; 
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F i g . l a . The s a m p l e In w h i c h 
d i s l o c a t i o n s He in a l l p lanes 

(111) 

F i g . l b . Ttve s a m p l e in wh ich 
d i s l o c a t i o n s l i e on ly in p lanes 

(ill) 

F i g . 2 . The samp le f r o m F i g . 1a 
af ter be ing heated for 1 h at 900° 

T a b l e 1 

THE R A T E S OF D I S L O C A T I O N S MOTION IN THE C A S E OF THEIR 
M A N I F O L D I N T E R S E C T I O N S 

t ° c 750 800 850 900 

V s - 1 0 5 
c m / s 

0 . 7 2 . 7 2 4 . 2 106.4 

T a b l e 2 

THE R A T E S OF D I S L O C A T I O N S MOTION W H E N DURING THEIR MOTION 
NO I N T E R S E C T I O N OCCURS 

t°C 600 660 700 750 800 

V s - 1 0 6 
c m / s 

1 .62 ^ 8 . 8 7 24 55 130 

i n t h i s way wafers 10-20 m m t h i c k and 40 m m in d iamete r were ob ta ined . 
The c r y s t a l s were ob ta ined by means of the Czochra lsk i m e t h o d , doped w i t h B 
and the r e s i s t i v i t y was f r o m 7 - 1 2 c m . 

A f t e r e t c h i n g the w a f e r s , the s l i p s were se lec ted on the s a m p l e s , and the i r 
lang ths were measured under the m i c r o s c o p e . The heat ing was car r ied out 
i n A r a tmosphere f r o m 15 m i n up to 48 h . The tempera tu res was m a i n t a i n e d 
w i t h i n the l i m i t s of A f t e r c o o l i n g the s a m p l e was etched aga in and i t s 
s l i p s were m e a s u r e d . 

The d i f f e rence i n the s l i p lengths before and a f ter hea t ing , re la ted to the 
t i m e u n i t , were the rate of d i s l o c a t i o n m o t i o n . Shor ten ing of s l i p s proceeded 
due to the fac t that d i s l o c a t i o n s moved in the s l i p s i f i n j r f r o m the m i d d l e 
par t of the c rys ta l towards the pe r iphe ry . 
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3 . RESULTS 

Dur ing the f i r s t part of our i nves t i ga t i on we used the samp les in w h i c h d i s -
loca t ions were in a l l p lanes the d i rec t i ons of D u r i n g the 
m o t i o n s of d i s l o c a t i o n s arranged in t h i s way thei r m a n i f o l d i n te rsec t i ons 
took p l a c e . A t 7 0 0 ° the ra tes were e x c e p t i o n a l l y l o w . A t 950 and 1000° the 
d i s l o c a t i o n m o t i o n rates were very h igh so the s l i p s c o m p l e t e l y d isappeared 
al ready af ter 15 m i n u t e s . For these reasons we were able to d e t e r m i n e the 
rates of d i s l o c a t i o n m o t i o n on ly in the tempera tu re range of 7 5 0 - 9 0 0 ° . At 
each temperature about 20 m e a s u r e m e n t s were ca r r i ed ou t , and in Table 1 
are g i ven the mean v a l u e s . In F i g . 3 . the resu l t s are presented g r a p h i c a l l y , 
and the a c t i v a t i o n energy for the d i s l o c a t i o n m o t i o n was 3 . 5 e V . 

In the second part of our research we measuaured the rates of d i s l o c a t i o n 
m o v e m e n t when dur ing the i r m o t i o n no in te rsec t ion occured . The m e a s u r e m e n t s 
were per formed at tempera tu res f r o m 600 up to 8 0 0 ° . A t tempera tu res be low 
6 0 0 ° the rates of d i s l o c a t i o n m o t i o n were e x c e p t i o n a l l y l o w , but at the t e m -
peratures above 8 0 0 ° the ra tes of m o t i o n s d id not e s s e n t i a l l y d i f fe r f r o m the 
va lues ob ta ined for the case when d i s l o c a t i o n s i n te rsec ted . 

In Table II are g i ven the mean va lues of the d i s l o c a t i o n m o t i o n ra tes for 
t h i s case , and in the d i a g r a m ( F i g , 4 ) they are g raph i ca l l y p resen ted . The 
a c t i v a t i o n energy for d i s l o c a t i o n m o t i o n in t h i s case a m m o u n t s 1 . 8 e V . 

> 

c 

- 6 

- 7 

- 8 

- 9 

-10 

-11 

- 1 2 

10 12 J . kT 10 11 

The resu l t s f r o m Table 1 
presented in s y s t e m 
I n V s - ^ 

The resu l t s f r o m the Table 2 
presented in s y s t e m 
m v s - ^ 
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4 . D I S C U S S I O N A N D CONCLUSION 

D u r i n g measur ingo f the rates of d i s l o c a t i o n nnotion in semiconduc to rs the 
au tho rs ,ea r l ier engaged in th i s p r o b l e m , have used the s a m p l e s in w h i c h 
thei r i n te rsec t i on d id not occured or the number of the in te rsec t ions were 
s m a l l , and t h i s means that they have de te rm ined the a c t i v a t i o n energy for 
the d i s l o c a t i o n m o t i o n by the m e c h a n i s m of k inks n u c l e a t i o n m o t i o n . The 
ob ta ined va lues were a p p r o x i m a t e l y ^a l f less than the a c t i v a t i o n energy for 
the s e l f d i f f u s i o n in these m a t e r i a l s . The ob ta ined va lues for Si va r ied f r o m 
2 . 4 to 1 . 8 e V . The va lue of 1 .8 eV was obta ined when the X - r a y topography 
was used (Kannan and o t h e r s ) , so i t was p o s s i b l e to observe the separated 
d i s l o c a t i o n s in the near ly per fect c r y s t a l . For th is reason, i t i s probably the 
m o s t a p p r o x i m a t e . 

The va lue of the rates of d i s l o c a t i o n m o t i o n , we obta ined in the f i r s t parf 
of our research, are cons iderab ly less than the va lues ob ta ined by other 
au tho rs , and {he a c t i v a t i o n energy is cons iderab ly h igher . This event cou ld be 
expec ted in regard to qu i te d i f f e ren t c o n d i t i o n s for d i s l o c a t i o n m o t i o n . 

The a c t i v a t i o n energy for s e l f - d i f f u s i o n E s In Si doped w i t h B is 3 . 6 e V , 
and th i s is qu i te near the va lue that we ob ta ined for the a c t i v a t i o n energy for 
d i s l o c a t i o n m o t i o n of 3 . 5 e V . On the bas is of th i s i t i s p o s s i b l e to a s s u m e 
that b i g j o g s , m o v i n g n o n - c o n s e r v a t i v e l y , d e t e r m i n e the rate of d i s l o c a t i o n 
m o t i o n . To prove that the d i f f e rence in the va lues we ob ta ined for d i s l o c a t i o n 
m o t i o n rates and the a c t i v a t i o n energy and the va lue obta ined by other authors 
is the resu l tsoo f the d i s l o c a t i o n in te rsec ion dur ing their m o t i o n in our expe r i -
m e n t s , we car r ied out the second par t of our i nves t iga t ions as w e l l . For t h i s 
i n v e s t i g a t i o n we took the s a m p l e s in w h i c h dur ing thei r m o t i o n no d i s l o c a t i o n 
i n t e r s e c t i o n proceeded, as already desc r ibed . The va lues ob ta ined in th i s v\/ay 
agreed w e l l w i t h the va lues obta ined by ear l ie r au thors . This gives greated 
r e l i a b i l i t y to the c o n c l u s i o n re fer r ing to the f i r s t part of our research. 

http://rcin.org.pl




