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SUPERCONDUCTING TUNNELING I N  (TMTSF) 2C104/a-Si/Pb JUNCTIONS 

H I R O S H I  BANDO, K O J I  KAJIMURA, 
HIROYUKI ANZAI and TAKEHIKO ISHIGURO 
E l e c t r o t e c h n i c a l  Laboratory,  Sakuramura, I b a r a k i  305, Japan 
G U N Z I  SAITO 
I n s t i t u t e  f o r  Molecular Science,  Okazaki, Aichi  444, Japan 

A b s t r a c t  We have f a b r i c a t e d  (TMTSF) 2ClOq/a-Si/Pb j u n c t i o n s  
us ing  CVD a-Si  f i l m  as low-potent ia l  t u n n e l  b a r r i e r s .  From 
measurements w e l l  below Tc,  3D superconduct ing t r a n s i t i o n  tem- 
p e r a t u r e  of (TMTSF)zC104 , t h e  superconduct ing energy  gap com- 
p a r a b l e  to t h e  BCS theory  was d e t e c t e d .  A t  h i g h e r  tempera tures  
no s i g n i f i c a n t  change o t h e r  than t h e  superconduct ing  t r a n s i t i o n  
o f  Pb was observed. 
s t r u c t u r e  2A = 3 m e V  w a s  observed,  r e s u l t i n g  from t h e  SDWstate. 

I n  t h e  quenched c r y s t a l s  much l a r g e r  gap 

INTRODUCTION 

The proper ty  o f  (TMTSF) C 1 0  below T = 1 . 2  K a t  ambient p r e s s u r e  i s  

on t h e  whole understood as a h i g h l y  a n i s o t r o p i c  BCS superconductor .  

The superconduct ing energy gap i s  n o t  y e t  measured i n  a spec t rosco-  

p i c  way, b u t  t h e  e l e c t r o n i c  s p e c i f i c  h e a t  jump AC = 1.67yT is  con- e 
s i s t e n t  w i t h  the BCS theory.' When ("MTSF),C104 is rapidl ;  cooled 

through T 30 K ,  t h e  an ions  do n o t  o r d e r  a t  T = 24 K a n d i t b e c o m e s  

an SDW i n s u l a t o r  below T = 6 K and t h e  superconduct ing  t r a n s i t i o n  i s  

suppressed .  The t r a n s p o r t  p r o p e r t y  above T i s  w e l l  understood as  

a quasi-1D metall ic conductor .  Between T and Tc anomalies  e x i s t  

w i t h  c o n t r o v e r s i a l  i n t e r p r e t a t i o n s  : enhanced e lec t r ic  conduc t iv i -  

t y ;  l a r g e  t r a n s v e r s e  magnetores i s tance ;  and depressed  thermal  con- 

d u c t i v i t y  a g a i n s t  t h e  Wiedemann-Franz l a w .  Orsay group h a s  a s c r i b e d  

t h e s e  anomalies t o  t h e  1 D  superconduct ing f l u c t u a t i o n ,  m a k i n g u s e o f  

t h e  s p e c t r o s c o p i c  d a t a  showing t h e  "pseudo-gap", t h e  depress ion  o f  

t h e  d e n s i t y  of s ta tes ,  e .g .  f a r  i n f r a r e d  r e f l e c t i o n  d a t a 3  and t h e  
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42 H. BAND0 a al. 

FIGURE 1 S t r u c t u r e  of 

(TMTSF) 2 C 1 0 4 /  a-Si/ Pb j u n c t i o n s .  

4 tunnel ing  measurements on (TMTSF)2C104/n-GaSb Schot tky d iodes ,  
(TMTSF)2C104/oxide/Au 5 and (TMTSF)2C104/A1203/A~ 6 junc t ions .  Of 

course t h e  gap s t r u c t u r e  should n o t  always be ass igned  t o  t h e  super- 

conduct iv i ty ,  since t h e r e  are v a r i o u s  phases a d j a c e n t  t o  t h e  metal- 

l i c  state. Tunneling d e n s i t y  o f  states around the  Fermi level is 

one of t h e  most important  keys t o  s o l v e  t h e  c o n f l i c t i n g  problems. 

The purpose of  t h i s  work is t o  d e t e c t  the  3D superconduct ing gap be- 

low T 

tween T and T Tunneling c u r r e n t  I ( V )  is given by t h e  r e l a t i o n  

the  SDW gap i n  t h e  quenched s t a t e  and t h e  "pseudo-gap" be- 
C' 

9' 
I(V) = P(V)ldE N1(E-eV)N2(E)[f(E-eV)-f(E)], 

where P(V) is t h e  b i a s  dependent tunnel ing  p r o b a b i l i t y ,  N1(E) and 

N2(E) t h e  s ta te  d e n s i t i e s  i n  t h e  e l e c t r o d e s  and f(E)  t h e  Fermi d is -  

t r i b u t i o n  func t ion .  I f  N is p r e c i s e l y  known, e s p e c i a l l y  i f  i t  is a 

divergent  superconducting d e n s i t y  of states, t h e  tunnel ing  exper i -  

ment provides  t h e  f i n e  probing t o  the  unknown d e n s i t y  of states N2. 

1 

EXPERIMENTAL 

We adopted Pb as t h e  superconduct ing counter  e l e c t r o d e  in o u r  junc- 

t i o n s  depic ted  in Fig. 1. Since (TMTSF)2C104 is a very  s t r o n g  a c i d  

and oxid izes  t h e  whole counter  e l e c t r o d e  i n  hours ,  i t  is d i f f i c u l t  

t o  use i t s  n a t i v e  oxide as a durable  b a r r i e r .  We adoptedchemica l ly  

i n a c t i v e  a-Si :H as a low p o t e n t i a l  tunnel ing  b a r r i e r  0 . 1  e V .  A 

t h i n  film of a-Si:H of  20 nm th ickness  w a s  depos i ted  on t h e  s i d e  

s u r f a c e s  of  needle  l i k e  c r y s t a l s  by glow discharge  of SiH4 g a s  b e f o r e  

Pb was evaporated.  Since t h e  s i d e  s u r f a c e s  of  t h e  c r y s t a l s  are n o t  

p e r f e c t l y  f l a t ,  the  t u n n e l  c u r r e n t  can flow along v a r i o u s  c r y s t a l l o -  

graphic  axes .  Thin Au l e a d s  were a t t a c h e d  on t h e  Pb counter  elec- 

t rode  and Au ohmic c o n t a c t s  by s i l v e r  p a i n t  w i t h  c a r e f u l l y  prepared 
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SUPERCONDUCTING TUNNELING IN (TMTSF),ClO,/a-SilPb JUNCTIONS 43 

-4  -2 

-- 

I 

FIGURE 2 D i f f e r e n t i a l  conductance of  t h e  r e l a x e d  s ta te .  

nonpo la r  o r g a n i c  t h i n n e r .  The 4-wire r e s i s t a n c e  of t h e  c r y s t a l  w a s  

a lways monitored t o  check i n  which s ta te  t h e  sample i s  s t a y i n g .  

RESULTS AND DISCUSSIONS 

Experimental  r e s u l t s  of  t h e  r e l a x e d  state are shown i n  F ig .  2 .  

1) Below T an SIS '  j u n c t i o n  i s  r e a l i z e d  i n  t h e  d i f f e r e n t i a l c o n d u c -  

t a n c e  dI/dV. S u b t r a c t i n g  t h e  known v a l u e  APb= 1.38  m e V  from t h e  

d a t a  o f  gap sum a t  0.5 K ,  w e  o b t a i n e d  t h e  BCS r e l a t i o n s h i p  2 A ( O )  = 

3.4kgTc. 

gy gap of (TMTSFI2C10 

t h a t  o f  Tc. 

Pb, t heSIN s i g n a l  is observed.  The gap s t r u c t u r e  of Pb is reduced 

on approach ing  7.2 K. 3)  Above 7.2 K o n l y  a b road  d i p  i n  t h e  d i f -  

f e r e n t i a l  conductance w a s  obse rved ,  which i s  t empera tu re  dependent  

and v i s i b l e  up t o  1 3  K . I t  is a l s o  v i s i b l e  a t  lower  t e m p e r a t u r e  as a 

background. Recen t ly  Fourne l  e t  a l .  d e t e c t e d  s i m i l a r  d i p  o f  conduc- 

The gap d i f f e r e n c e  s i g n a l  is smeared o u t  because  t h e e n e r -  

has  10 % d i s t r i b u t i o n  which is e s t i m a t e d  from 

2) Between Tc and 7.2 K ,  t h e  t r a n s i t i o n  t empera tu re  o f  
4 
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44 H. BAND0 era/. 

1.2 K 

FIGURE 3 D i f f e r e n t i a l  conduc- 

tance  of t h e  re laxed  (R) s t a t e  

and t h e  quenched (0) state.  

JQ-s t a  te 

-4 -2 0 2 4 aV 
I 

tance i n  t h e  (TMTSF)2C104/oxide/Pb j u n c t i o n s  between 1.2 K and 4.2 K,  

which they a s c r i b e d  t o  t h e  "pseudo-gap". However, the  n o n l i n e a r  

f e a t u r e  i s  common t o  t h e  high impedence j u n c t i o n s  o r  those  withcom- 

p l i c a t e d  b a r r i e r s .  

t h e  s t r u c t u r e .  

is now i n  progress .  

c h a r a c t e r i s t i c s  much broader  than  2Apb and temperature  dependent, as 

shown i n  Fig. 3. The width of t h i s  gap, presumably due t o  t h e  SDW 

phase, is 'L 3 meV and comparable t o  those repor ted  as the  quasi-1D 

"pseudo-gap". 

A t  t h i s  moment we cannot s p e c i f y  the  o r i g i n  of 

For t h i s  purpose measurements under magnetic f i e l d  

4) I n  t h e  quenched samples we  observed the  

Then they would be ascr ibed  t o  t h e  quenched s ta te .  

In  summary, w e  observed t h e  3D superconduct ing gap i n  the  re- 

laxed state and an SDW gap 2AsDw% 3 meV i n  t h e  quenched s t a t e ,  but  

ob ta ined  no ev ident  i n d i c a t i o n  o f  t h e  1 D  f l u c t u a t i o n  above Tc. 
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