
REPORT DOCUMENTATION PAGE 
Public reporting DurOen tor trts collection of information is astimated to average 1 nour per response, mduoing tne time for n 
gathering ana maintaining tne data needed, and completing and reviewing tne collection of information   Send comments reg 
of information, including suggestions for reducing this burden to Washington Headquarters Service. Directorate tor Informal« 
1215 Jefferson Davis Hignway. Suite 1204. Arlington. VA 22202-4302. and to tne Office of Management and Budget 
Paperwork Reduction Project (0704-0188) Washington. DC 20503 

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

AFRL-SR-BL-TR-01- 

1. REPORT DATE (DD-MM-YYYY) 

17/11/00 
2. REPORT DATE 

 November  20C0-- 
4. TITLE AND SUBTITLE 
Microcontacts  to High-Tc  Superconductors:  A Study 
of  the  Crossover  from an Andreev Reflection to a 
Tunnel-Junction Character. 

6. AUTHOR(S) 

Aharon Kapitulnik 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

3. DATES COVERED (From - To) 
June   1,   1997-May  31,   2000 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

F49620-97-1-0441 
5c. PROGRAM ELEMENT NUMBER 

5d. PROJECT NUMBER 

5e. TASK NUMBER 

3484/TS 

5f. WORK UNIT NUMBER 

Board of Trustees of Leland Stanford Junior University 
651 Serra Street 
Stanford, CA 94305-4125 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

AF0SR/NE 
801 N. Randolph Street, Room 732 
Arlington, VA 22203-1977 
Dr. Harold Weinstock 

12. DISTRIBUTION AVAILABILITY STATEMENT 

Unlimited 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

10. SPONSOR/MONITOR'S ACRONYM(S) 

11. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

13. SUPPLEMENTARY NOTES 

Hin i-UHüh UF^ICE OF SCIENTIFIC RESEARCH (AFOSR) 
NOTICE OF TRANSMITTAL DTIC. THIS TECHNICAL REPORT 
HAS BEEN REVIEWED AND IS APPROVED FOR PUBLIC RELEASE 
LAWAFR f90-)2. UfSIHiSUilONiSUNLIMITED.  

14. ABSTRACT 

While the initial goal of the proposal was to concentrate on the study of point contact dots to 
HTSC. our initial measurements showed that surface preparation and impurities will be a major 
factor in determining the results, especially if we want to study the crossover from Andreev to 
tunneling behavior. We therefore launched a thorough study of the effects of single impurities 
and surface modifications on the tunneling spectra in HTSC. Our findings include the 
understanding of zero-bias anomalies as coming from point-impurities and the transition from 
spin-gap to superconducting-gap behavior as a function of strength of surface modification. 

15. SUBJECT TERMS 

Impurities, surface-modifications, zero-bias-anomaly, scanning tunneling 
microscopy 

16. SECURITY CLASSIFICATION OF: 
a. REPORT 

unclassii 
b. ABSTRACT 

uncl fied as; 

c. THIS PAGE 

if ied 

17. LIMITATION OF 
ABSTRACT 

unlimited 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 

Judv Clark 
19b. TELEPONE NUMBER {Include area code) 

650-723-0223 

20010302 115 
Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI-Std 239-18 



FINAL REPORT 

to the 

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH 

for a program in 

MICROCONTACTS TO HIGH-TC SUPERCONDUCTORS: 

A STUDY OF THE CROSSOVER FROM ANDREEV REFLECTION 

TO A TUNNEL-JUNCTION CHARACTER 

for the period June 1, 1997 to May 31, 2000 

under 

AASERT Grant F49620-97-1-0441 

Principal Investigator 
Professor Aharon Kapitulnik 

Edward L. Ginzton Laboratory 
Stanford University 

Stanford, CA 94305-4085 

November 2000 



Final Report 

MICROCONTACTS TO HIGH-TC SUPERCONDUCTORS: 
A STUDY OF THE CROSSOVER FROM ANDREEV REFLECTION 

TO A TUNNEL-JUNCTION CHARACTER 

June 1,1997 to May 31,2000 

Objectives: 

We proposed to study thoroughly point contact measurements from normal metal dots to 
HTSC. In particular we proposed to concentrate on the crossover between Andreev 
reflection and normal-superconductor tunneling. The main purpose of this study is to lay 
the foundation for better design possibilities of the resistance in SNS junctions which are 
the building blocks of currently used SQUIDs that are made of HTSC. 

Statement of Effort: 

In the past year we continued the study of impurities in high-Tc superconductors. 
Following our low-temperature STM studies of impurity states on the surface of BSCCO, 
we continued this study by using the STM to introduce other controlled modifications to 
the surface. 

Experiment performed with a low temperature UHV STM. Base temperature was 6 K. 
Vacuum: <10"9 Torr at room temperature. STM tip was made of Au and was cleaned by 
field emission a id crashing on Au film. BSCCO samples were cleaved in vacuum, 
presumably exposing BiO surface. Images typically taken at -200 mV. 100 pA 
conditions. Typical unmodified surface is shown below: 
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Typical native surface spectrum is shown below: 
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To modify the surface we note that BSCCO is very sensitive to excessive current or 
voltage. We therefore increase the Tunnel current to 500 pA at -200 mV sample bias and 
scan the tip over a 140 Ä x 90 A area. A typical modified region is shown below: 
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A summary of our results is presented in the figure below: 
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Quasiparticle peaks 
suppressed while gap 
size remains constant 

Insulating" gap is 
much larger 

This striking result shows that surface modification causes pseudogap-like behavior 
between the insulating and superconducting states at low temperature, and that gap size 
indicates that this surface modification is not completely equivalent to doping. 

Accomplishments/New Findings: 

1. Au impurities are strong scatterers on BSCCO and spectroscopy shows zero-bias 
anomaly with a split peak. 

2. Oxygen manipulation on the surface of BSCCO transforms the surface into the 
"underdoped regime." Spectroscopy of the manipulated surface shows the 
evolution from a pseudo-gap to a full superconducting gap. 
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