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SCANNING TUNNELING SPECTROSCOPY ON Bi=Sr=CaCu=Os-~ 
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T u n n e l i n g  measurement  was c a r r i e d  ou t  on s i n g l e  c r y s t a l s  o f  s u p e r c o n d u e t i o n g  o x i d e  Bi=Sr=CaCu:Os_~ 
w i t h  use  of  t he  STM. T u n n e l i n g  conduc tance  v a r i e s  wi th  t he  d i s t a n c e  between the  t i p  and the  sample 
s u r f a c e  a t  the  o u t s i d e  r e g i o n  of  s u p e r c o n d u c t i n g  gap,  w h i l e  t h e  midgap conduc tance  i s  independen t  
o f  t h e  t i p  d i s t a n c e .  The s u p e r c o n d u c t i n g  gap pa ramete r  was o b t a i n e d  as  A=26±4 meV, and 
c o r r e s p o n d i n g l y  2~/kT¢=7±1. Tempera ture  dependence  of gap p a r a m e t e r  i s  c o n s i s t e n t  w i th  the  BCS. 

In  v a r i o u s  h igh  T¢ s u p e r c o n d u c t i n g  o x i d e s ,  

l a r g e r  v a l u e s  of  e n e r g y  gap A than  the  BCS 

p r e d i c t i o n  have been r e p o r t e d  by s e v e r a l  

t u n n e l i n g  s t u d i e s .  These  v a l u e s  have shown a 

wide s c a t t e r .  For  i n s t a n c e ,  v a l u e s  of 2h/ksT= 

from 6 t o  11 have been a s s i g n e d  to  

Bi2SrzCaCu=08-8 [ 1 - 3 ] .  Here ,  we r e p o r t  the  

t u n n e l i n g  s p e c t r o s c o p y  measurement  pe r fo rmed  on 

Bi2Sr2CaCu20o-~ by use o f  a low t e m p e r a t u r e  

STM {Scanning T u n n e l i n g  Mic roscope} .  

S i n g l e  c r y s t a l s  o f  Bi2Sr2CaCuz08-~ were uscd  

in  t h i s  s t u d y .  The s u p e r c o n d u c t i n g  t r a n s i t i o n  

t e m p e r a t u r e  was d e t e r m i n e d  as  T~=87 K from t h e  

m i d p o i n t  o f  the  r e s i s t i v e  t r a n s i t i o n .  T u n n e l i n g  

( d I / d V ) - V  c h a r a c t e r i s t i c s  were measured in  t h e  

t e m p e r a t u r e  range  from 4 . 2  K to  room t e m p e r a t u r e  

a t  d i f f e r e n t  p o s i t i o n s  of  t h e  c l e a v e d  sample  

s u r f a c e  by s c a n n i n g  t h e  t i p .  

F i g u r e  1 shows d i f f e r e n t i a l  conduc tance  

c u r v e s  o b t a i n e d  by v a r y i n g  the  d i s t a n c e  betweel;  

t he  t i p  and the  sample  s u r f a c e .  We c o n t r o l l e d  

the  t i p  d i s t a n c e  by k e e p i n g  the  t u n n e l i n g  

c u r r e n t  I c o n s t a n t  f o r  a c o n s t a n t  b i a s  v o l t a g e  

of 150 mV, which i s  much larger than the 

superconducting energy gap, before the voltage 

sweep. As the current increases, the tip 

distance becomes narrowed. Each curve is 

normalized at 30 mV. We can see the sharp drop 

of the differential conductance corresponding to 

the superconducting gap. We also find that the 

conduc tance  i s  s t r o n g l y  enhanced a t  the  o u t s i d e  

r e g i o n  o f  t h e  gap with  d e c r e a s i n g  the  t i p  

d i s t a n c e .  S i m i l a r  behav io r  was r e p o r t e d  by 

Ki tazawa et  a t .  [4] .  They c l a i m e d  t h a t  the  f i t  

of the  conduc tance  curve to  Dynes '  equa t ion  a s ,  

Ns(E)=Re(E-iF) / I (E- iF)z-AzI*/ZN~(E) ,  {1) 

is not suitable. The origin of such a distance- 

dependent tunneling conductance has not been 

explained yet. The tunneling through Bi~O layer 

may be Fartly r e s p o n s i b l e .  

In our present result, however, the inner gap 

conductance is almost ~ndependent of the tip 

BiaSr~Cu2Oa. 6 l:3r~=~ 
6-2K 
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F i g .  1. d I /dY vs V c h a r a c t e r i s t i c s  a t  v a r i o u s  
t i p  d i s t a n c e s .  The t u n n e l i n g  c u r r e n t  I deno te s  
t he  t i p  d i s t a n c e  as d e s c r i b e d  in  the  t e x t .  The 
d o t t e d  cu rve  r e p r e s e n t s  the  f i t  o f  the  curve a t  
I=10 nA to  eq.  (1 ) .  
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dis tance  as seen in Fig.  1 and is  considered to  

show an i n t r i n s i c  proper ty  of the superconduct- 

i v i t y  of t h i s  mater ia l .  We can, the re fore ,  

determine the gap parameter as &=29 meV from the 

separa t ion  between po in ts ,  where the conductance 

is 70~ of i t s  maximum In value ,  i r r e spec t i ve  of 

the t i p  d i s t ance .  This value of  h corresponds to 

tha t  obta ined by a f i t  of the (dI/dV)-V curve at  

I=10 nA to eq. (1). Although t h i s  determination 

of ~ i s  not based on any s p e c i f i e d  theory, i t  

gives probably the reasonable value for the 

superconduct ing gap parameter.  

As we repor ted  previous ly  [5] ,  the (dI/dV)-Y 

curve shows the spa t i a l  v a r i a t i o n .  The gap 

parameter & var ies  over a length  about 10 rim. 

This comes from both the shor t  coherence length 

and the lnhomogeneity of the sample, and is one 

of the causes for  s ca t t e r ed  values  reported.  As 

a r e s u l t ,  the gap parameter was determined as 

~=26±4 meV, and correspondingly  2a/kT¢=7±l. This 

ind ica tes  tha t  the superconduc t iv i ty  in 

Bi2Sr=CaCu=08-~ is tha t  of s t rong-coupl ing .  

As shown in Fig. 2, (dI/dV)-Y curve va r i es  

with the temperature.  As the temperature r a i s e s ,  

the s t r u c t u r e  of the energy gap becomes smeared 

and disappears  at  about To. 

The temperature dependence of the gap 

:>  
'¢1 

"o 

: 4 9 K  

- 200 0 200 
VOLTAGE (mY) 

Fig. 2. dI/dY vs V c h a r a c t e r i s t i c s  at var ious  
temperatures .  
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Fig. 3. Normalized gap parameter &(T)/h(4.2 K) 
vs reduced temperature T/To, where &(4.2 K)=26 
meV. The s o l i d  curve represents  the BCS 
pred ic t ion .  

parameter A is  shown in Fig. 3. Because of 

thermal expansions of STM uni t  ma te r i a l s ,  we 

could hardly  keep the t ip  a t  the f ixed  pos i t ion  

of the sample sur face  as the temperature  

changes. Accordingly ,  the s p a t i a l  v a r i a t i o n  of h 

described above is  also included in Fig. 3. At 

low temperature the gap parameter i s  almost 

constant  and decreases  as the temperature 

r a i ses .  The temperature dependence of a is 

q u a l i t a t i v e l y  cons i s t en t  with the BCS theory.  

in summary, tunnel ing conductance was 

inves t iga ted  on s ingle  c r y s t a l s  of  

Bi=Sr=CaCu=Os-¢ with the STY. Although the 

conductance curve var ies  with the t i p  dis tance 

from the sample surface at  the ou t s ide  region of 

the superconduct ing gap, the midgap conductance 

is independent of the t ip  d i s t ance .  The obtained 

gap parameter ind ica tes  the s t rong-coup l ing  

superconduc t iv i ty .  The temperature dependence of 

the gap parameter is  explained with the BCS. 
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