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BARRIER P R O F I L E S  I N  CLEAN AND DOPED TUNNEL JUNCTIONS 

R.B. Floyd, W.J. Nelson and D.G. Walmsley 

School of PhysicaZ Sciences, New University of Ulster, Cozeraine, Northern Ireland BT52 ISA 

Rdsum6.- Nous avons f a i t  l e s  c a l c u l s  en u t i l i s a n t  l a  mCthode de WKB e t  nous l e s  avons f a i t  accorder 
avec l a  conductance mesurge des jonctions tunnels (Al-I-Pb), l e s  unes propres e t  l e s  au t res  avec l e s .  
impuretds. Les b a r r i s r e s  dBduites pour l e s  jonctions propres sont  asymgtriques 1,5 eV, $2 = 4,5 
eV): Nous expliquons ces  r d s u l t a t s  par  une difference de concentrat ion deg espsces hydroxyles ndga- 
t i v e s s  t ravers  l a  b a r r i s r e .  Une bar r ig re  haute (1 10 eV) e t  mince (- 2,5 A) d d c r i t  l a  couche organi- 
que des jonctions avec l e s  impuretds. 

Abstract;- We have measured the conductances of c lean and doped A1-I-Pb tunnel junct ions and f i t t e d  
them by a WKB ca lcu la t ion  i n  which the b a r r i e r  parameters were varied.  I n  undoped junctions the bar- 
r i e r  so  deduced is  highly asymmetric 1.5 eV, $, - 4.5 eV). We explain the r e s u l t s  by a concgn- 
t r a t i o n  gradient  of f r a c t i o n a l l y  charged negat ive hydroxyl species  i n  the  b a r r i e r .  A th in  (%2.5 A) 
high (% 10 eV) b a r r i e r ,  associated with the  organic layer ,  reproduces the measured conductances i n  
doped junctions. 

Fisher  and G i a e ~ e r  / I / ,  i n  t h e i r  pioneering 

paper, determined the current-voltage response of 

A1-I-A1 sandwiches i n  the  range 0 t o  % 2V. Theyfound 

a roughly l i n e a r  current  increase a t  low (< 50 mV) 

b i  s, exponential increase a t  high (> 200 mV) b i a s  a 
and an exponential increase of res i s tance  with insu- 

l a t o r  thickness. A l l  these observations were shown 

t o  f i t  well t o  an analysis  of tunneling due to Holm 

121. Comment was made on the inhomogeneity of the 

tunnel b a r r i e r ,  which was evident  from a s l i g h t  rec- 

t i f i c a t i o n  present  a t  a l l  values of bias .  The only 

surpr i se  was a discrepancy between the Holm thick- 

ness  required t o  explain the r e s u l t s  and the values 

We have measured the dynamic conductance of 

clean and de l ivera te ly  doped tunnel junctions and 

attempted t o  determine the  b a r r i e r  parameters by 

f i t t i n g  the r e s u l t s  t o  the conductance calculated 

i n  the BDR fashion. The f i t s  were found by t r i a l a n d  

e r r o r  v a r i a t i o n s  of the parameters i n  the calcula- 

tion. 

The total cur ren t  at b i a s  V is 

deduced by capacitance measurements. The l a t t e r  were 
For evaluat ion of the tunnel p robabi l i ty  a trapezoi- 

g r e a t e r  by a f a c t o r  of th ree  and the discrepancy was 
da l  b a r r i e r  is  chosen t o  represent  the insu la tor  i n  

resolved by a t t r i b u t i n g  an e f f e c t i v e  mass of 119 t o  
a clean junction. In doped samples an organic bar- 

the tunneling electrons.  
r i e r  of height  @ and thickness S i s  added. 

Later,  more extensive and r e l i a b l e  d a t a  ena- 
Tunnel sandwiches of the type A1-I-Pb were fa- 

bled Rowel1 131 to  i d e n t i f y  a common fea ture  of near- 
b r ica ted  by well-established techniques. A wide va- 

l y  a l l  tunnel junctions : the conductance could be 
r i e t y  of organic species  w i l l  chemisorb t o  the f r e -  - 

roughly approximated by a parabola with i t s  ax i s  
shly grown oxide (Walmsley e t  a l .  151). By varying 

o f f s e t  from zero b ias .  Subsequently Brinkman, Dynes 
the exposure, any coverage up t o  sa tura t ion  (% 1 

and Rowel1 / 4 /  (hereaf te r  BDR) car r ied  through a nu- 
monolayer) i s  possible .  The convention adopted i n  

merical  evaluat ion of the  conductance f o r  a trape- 
t h i s  work is  t h a t  pos i t ive  b i a s  corresponds t o  the 

zoidal  b a r r i e r  shape. A problem which BDR encounte- 
lead (Pb) electrode being posi t ive.  

red was the f a i l u r e  of t h e i r  model to  explain large An e x a m ~ l e  of measured and f i t t e d  conductan- 
(Q 250 mV) o f f s e t s  of the conductance minimum. They 

ces is  shown i n  f igure  1. The f i t t i n g  data  f o r  a 
suggested a more d i s t o r t e d  po ten t ia l  was required 

number of samples is  shown i n  Table I. Par t i cu la r  
t o  account f o r  the behaviour and noted a cor re la t ion  

a t ten t ion  was paid t o  obtaining the cor rec t  abso- - 
between the o f f s e t s  and organic contamination of the 1 

l u t e  value of the conductance (Q- ) a t  zero b ias  
junctions. 0 

and a l s o  a t  the b i a s  l i m i t s .  
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Fig. 1 : Trapezoidal and b i l a y e r  p o t e n t i a l  b a r r i e r s  
r epresen t ing  c lean  and doped junct ions .  

DOPE 

NONE 

NONE 

NONE 

NONE 

LAURIC ACID 

ACETIC A C I D  

PHENOL 

m-CRESOL 
PHENOL (30%) 

PHENOL (90%) 

Table I 

Even the c lean samples show a s t rong ly  asymrne- 

t r i c  b a r r i e r .  I n  conjunction with  evidence from the 

de r iva t ive  of t h e  conductance and capaci tance mea- 

surements we a t t r i b u t e  the  asymmetry t o  a concen- 

t r a t i o n  g rad ien t  of f r a c t i o n a l l y  charged negat ive 

hydroxyl spec ies  incorporated wi th in  the  b a r r i e r  du- 

r i n g  i t s  growth. 

Fig.  2 : Measured ( s o l i d  l i n e )  and f i t t e d  (open cir- 
c l e s )  conductances of A1-I-Pb junct ion doped t o  sa- 
t u r a t i o n  with  l a u r i c  ac id  (no = 62.2 ohms). Dashed 
l i n e  shows asynnnetry of measured conductance. 
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