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D R I F T  MOBILITIES I N  SINGLE CRYSTAL NORMAL ALKANES 

P.A.C. AMECHI, R.M. HOOPER and M.R. BELMONT 
Department of Engineering Science, University of Exeter . 
(Received for  Publication January 24, 1983) 

INTRODUCTION 

The normal alkanes have been of i n t e r e s t  f o r  some time 
as model substances f o r  saturated alkane polymers1. 
t i c a l  estimates of the e l ec t ron  d r i f t  mobili ty have been made 
by several   author^^,^,^ with r e s u l t s  i n  the  range 5 ~ 1 0 - ~  t o  
lo-' m2 v-l s-l and an associated l i f e t i m e  of the order of 
10"O s .  Measurements on n-alkanes have been mainly confined 
t o  the l iquid phase where highly degassed samples yielded 

Theore- 

fast  negative carr'er r i f t  mob i l i t i e s  i n  the range t o  
10-4 ,2 "-1 5,&97,{. 

I n  con t r a s t  only two inves t iga t ions  of c r y s t a l l i n e  mat- 
e r i a l  have been made. 
f l i g h t  techniques, the r e s u l t s  were e i t h e r  cu r t a i l ed  by the 
absence of an observable transient '  or the s igna l s  were i n  
equilibrium with the e x c i t a t i o n  pulselo.  

I n  these experiments using t i m e  of 

The present study forms p a r t  of a general  i nves t iga t ion  
i n t o  charge mobili ty i n  s o l i d  phase s t r a i g h t  chain alkanes 
using the t i m e  of f l i g h t  technique, and t o  date  s a t i s f a c t o r y  
t r ans i en t s  have been observed i n  high qua l i ty  s ing le  c r y s t a l s  
of Octadecane and Eicosane. 

EXPERIMENTAL 

Single c r y s t a l s  of Octadecane and Eicosane were produced 
from the m e l t  by a modification of t h e  method of Horton-and 
Glasgowll. 
i n  thickness f o r  use  i n  conventional time of f l i g h t  d r i f t  
mobili ty measurements12. Excess charges were induced v i a  
50 K e V  or 80 KeV e lec t ron  pulses i n  a modified transmission 
electron microscope. 
t o  5x10-' s e c  and the r e su l t i ng  induced charge t r ans i en t s  
were detected with a broadband charge amplif ier  and displayed 
on a Tektronix 7623 storage oscil loscope. 

A t  the upper end of the usable pos i t i ve  b i a s  range, i .e .  

23 

Samples were prepared between 2 ~ 1 0 ' ~  m and 5 x 1 6 '  m 

The i r r a d i a t i o n  period ranged from 2xlO-' 

3 KV, the s igna l s  were typ i f i ed  by Figure l a  and a re  what 
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might be expected from such a time of f l i g h t  measurement12. 
However a t  lower p o s i t i v e  b i a s  a negative-going sec t ion  of 
the t r a n s i e n t  appears as i n  Figure l b ,  while a t  zero applied 
vol tage a f i n i t e  wholly negative-going s igna l  was observed as 
depicted by Figure l c .  For negat ive b i a s  the s igna l  has the 
expected po la r i ty .  The r eve r se  p o l a r i t y  component of the 
s i g n a l  was found not t o  be dominated by the  n e t  dose of 
charge deposited by the e l ec t ron  beam. Consequently it 
appeared t h a t  bound po la r i za t ion  charge within the  samples 
might be producing regions of f i e l d  r eve r sa l .  The assumption 
of the presence of such a n e t  trapped charge d i s t r i b u t i o n  w a s  
supported by D.C.  tests.  

P. A. C. AMECHI, R. hi. HOOPER and M. R. BELMONT 

FIGURE l a  Signal a t  
+ 2-6 kV bias .  
1 l.isec/large div.  

FIGURE I c  Signal a t  
zero b i a s .  
1 l.isec/large div.  

FIGURE l b  Signal a t  
+ 1.1 kV b ias .  
1 vsec l l a rge  div.  

FIGURE Id Charge in- 
j ec t ed  by e l ec t ron  beam. 
1 psec/ large div.  
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RESULTS 

By analysing the behaviour of an i r r a d i a t e d  in su la to r  
subjected t o  a fixed i n t e r n a l  po la r i za t ion  f i e l d  and an ex- 
t e rna l ly  applied voltage i t  was possible  t o  p red ic t  the be- 
haviour of the observed induced charge signals over the range 
of conditions used. The analysis  involved i s  extensive and 
consequently inappropriate t o  t h i s  presentat ion;  however the 
key physical point i s  t h a t  the mobile charges are d r i f t i n g  
over regions of pos i t i ve  or negative f i e l d  whose extent  and 
mean value vary with applied b i a s .  Very crudely t h i s  r e s u l t s  
i n  the mean d r i f t  dis tance divided by the mean f i e l d  being 
only weakly dependent upon applied voltage.  

A t  the same t i m e  the proportion of negative and pos i t i ve  
contributions of a given species vary s i g n i f i c a n t l y  with bias .  
Consequently the p o l a r i t y  of the observed s igna l s  changes with 
applied f i e l d  but the typ ica l  "break points" i n  the t r ans i en t  
used general ly  fo r  t r a n s i t  time determination a r e  almost b i a s  
independent. 

The general f ea tu re s  of the predicted behaviour are in- 
s ens i t i ve  t o  the f i n e  d e t a i l  of the f ixed polar izat ion charge 
d i s t r ibu t ion ;  however accurate mobili ty determinations do de- 
pend on t h i s  information. I n  the absence of p rec i se  data  the 
simplest possible  fixed charge p r o f i l e  was assumed and conse- 
quently t h i s  places large e r r o r  bounds on the d r i f t  mobil i t ies .  
I n i t i a l  estimates are  given i n  Table 1. 
re f ine  the t ransport  da t a  estimates and extend the measurements 
t o  longer chain alkanes where phase charges impose d i f f i c u l t i e s  
i n  the c r y s t a l  growth process. 

Work i s  proceeding t o  

The d e t a i l s  of t h i s  work and the charge t r ans i en t  analysis  
used w i l l  be reported i n  f u l l  subsequently. 

TABLE 1 D r i f t  mobility values i n  n-alkanes 

I I I t 

vo 1 t-1 se  c- 1 
I I I 

I ________t 

I 1 Octadecane I 0.5 2 0.3 I 1.2 k 0.5 
I I 

E i co s ane 0.3 2 0.2 
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