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Task 1: Josephson junction fabrication and Testing 

The highlight of this month's technical progress was the fabrication of working Josephson junctions and a SQUID 
using YBCO films grown on YSZ buffered silicon. 

Two SQUID's were fabricated. SQUID Rl did not exhibit any magnetic field modulation, although the shape of the 
current-voltage (IV) characteristic was RSJ-like. This SQUID exhibited clear microwave induced Shapiro steps in 
the IV curve. Fig. 1 shows the dc IV curve of this SQUID. Fig. 2 shows Shapiro steps in the IV curve of SQUID Rl 
(at 54 K) as induced by a 10.2 GHz microwave source. This SQUID had a resistance of approximately 0.4 £1. 

SQUID Rl was fabricated by e-beam modification using a beam dwell time of 600 ms. and 2048 dwell points. 
These conditions usually give Tc of -50 K. but in this case, Tc for the SQUID was -61 K. This is probably due to 
inhomogeneity in the film, which could result in significantly different critical temperatures between the two 
junctions of the SQUID. If one of the junctions was completely non-superconducting, then we would expect the 
structure to display the observed behavior. 

SQUID R2 showed both SQUID-like magnetic interference and microwave induced steps in the TV curve. Fig. 3 
shows an SEM image of this SQUID. Fig. 4 shows the dc IV curve for this device at a temperature of 40 K. Fig. 5 
shows the IV curve under the influence of 10.2 GHz microwaves. Note the existance of pronounced Shapiro steps. 

Fig. 6 shows the magnetic interference pattern of SQUID R2. 
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Fig. 1. Current-Voltage characteristic of SQUID Rl at a temperature of 61 K. 
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Fig. 2. Microwave induced steps in the current voltage characteristic of SQUID Rl at a temperature of 54 K. 
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Fig. 3. SEM micrograph of SQUID R2. 



Fig. 4 DC IV curve of SQUID R2 at a temperature of 40 K. 
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Fig. 5 IV curve of SQUID R2 at T = 39 K, under the influence of 10.2 GHz microwaves. 
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Fig. 6 Magnetic interference pattern of SQUID R2 at 32 K. 

Task 2: RSFQ Modeling and Design 

SQUID R2 exhibited magnetic modulation of the critical current only at temperatures at least 7 K below the critical 
temperature of the SQUID. This suggests that one of the junctions had a higher Tc of 45 K, and the other had a Tc 

around 37 K. The magnetic modulation was measured by injecting current across the SQUID loop, between 
terminals one and three as shown in Fig. 3. For this geometry, the inductance is given by L= <pO/AIs, where AIS is 
current amplitude associated with one oscillation of the SQUID. From the measurement shown in Fig. 6, we infer 
that the inductance is approximately 40 pH. This value is approximately a factor of two higher than is typically seen 
with SQUIDs fabricated on conventional i.e. LaA103 substrates. This difference in inductance is likely due to 
parasitic kinetic inductance associated either an increased magnetic penetration depth, or possible to microstructural 
defects in the film used for the SQUID. 

We will attempt to improve the quality of our films and get more data to get a better assessment of the role of film 
quality on SQUID inductance. It is important to resolve this issue before undertaking a serious effort to fabricate a 
more complicated RSFQ logic element. 

\ 
/ 

ß^/%zZärj~ 
Peter A.  Rosenthal,  Senior Physicist 



OFFICE OF THE UNDER SECRETARY OF DEFENSE (ACQUISITION) 
DEFENSE TECHNICAL INFORMATION CENTER 

CAMERON STATION 
ALEXANDRIA, VIRGINIA 22304-6145 

REFEHTO DTIC-OCC 

SUBJECT: Distribution Statements on Technical Documents 

OFFICE OF  NAVAI.  RESEARCH 
CORPORATE: PR0>-RA;Vi3 DIVISION 

_~ ONR  353 
T0: 800 NORTH OUINCY STREET 

ARLINGTON, VA    22217-56G0 

0 
Q 1. Reference: DoD Directive 5230.24, Distribution Statements on Technical Documents, 

18 Mar 87. / 

^ 2. The Defense Technical Information Center received the enclosed report (referenced 
^ below) which is not marked in accordance with the above reference. 

PROGRESS REPORT 
N00014-94-C-0261 
TITLE: HTS JOSEPHSON TECHNOLOGY 
ON SILICON WITH APPLICATION TO 

i pv HIGH SPEED DIGITAL 
\J ) MICROELECTRONICS 

^ 3.' We request the appropriate distribution statement be assigned and the report returned 

$^ to DTIC within 5 working days. 

4. Approved distribution statements are listed on the reverse of this letter. If you have any 
questions regarding'lhese statements, call DTIC's Cataloging Branch, (703) 274-6837. 

FOR THE ADMINISTRATOR: 

Ö 

1 Enc, GOPALAKRISHNAN NAIR 
Chief, Cataloging Branch 

FL-171 
Jul93 



DISTRIBUTION STATEMENT A: 

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION IS UNLIMITED 

DISTRIBUTION STATEMENT B: 

DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES ONLY; ' 
(Indicale Reason and Dale Below). OTHER REQUESTS FOR THIS DOCUMENT SHALL BE REFERRED 
TO (Indicale Controlling DoD Office Below). 

DISTRIBUTION STATEMENT C: 

DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES AND THEIR CONTRACTORS; 
(Indicale Reason and Dale Below). OTHER REQUESTS FOR THIS DOCUMENT SHALL BE REFERRED 
TO (Indicale Controlling DoD Office Below). 

DISTRIBUTION STATEMENT D: 

DISTRIBUTION AUTHORIZED TO DOD AND U.S. DOD CONTRACTORS ONLY; (Indicale Reason 
and Dale Below). OTHER REQUESTS SHALL BE REFERRED TO (Indicale Controlling DoD Office Below). 

DISTRIBUTION STATEMENT E: 

DISTRIBUTION AUTHORIZED TO DOD COMPONENTS ONLY; (Indicate Reason and Date Below). 
OTHER.REQUESTS SHALL BE REFERRED TO (Indicate Controlling DoD Office Below). 

DISTRIBUTION STATEMENT F: 

FURTHER DISSEMINATION ONLY AS DIRECTED BY (Indicale Controlling DoD Office and Dale 
Below) or HIGHER DOD AUTHORITY. 

DISTRIBUTION STATEM ENT X: 

DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES AND PRIVATE INDIVIDUALS 
OR ENTERPRISES ELIGIBLE TO OBTAIN EXPORT-CONTROLLED TECHNICAL DATA IN ACCORDANCE 
WITH DOD DIRECTIVE 5230.25, WITHHOLDING OF UNCLASSIFIED TECHNICAL DATA FROM PUBLIC 
DISCLOSURE, 6 Nov 1984 (Indicale dale of determination). CONTROLLING DOD OFFICE IS (Indicale 
Controlling DoD Office).' . 

The cited documents has been reviewed by competent authority and the following distribution statement is 
hereby authorized. 

±_ S°L^RESEARCH 
(Statement) oNrTJr^ PROGRAMS" DIVISION (Controlling DoD Office Name) 

GOO NORTH  QUINCY STREET 
ARLINGTON,  VA    22217-5660 

(Reason)        ^ (Controlling DoD Office Address, 
UGUES' '■"••■*■=•                      City, Stale. Zip) 
ECTOR H 

PROGRAMS OFFICE                                9 SEP 

{Signature 'ytfpedHJmep^^ (Assigning Ollice) (Date Statement Assigned) 


