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OESCRIPTJON:  One of the major issues revolving around high temperature 
superconducting (HTS) microwave technology is that, while researchers have applied 
it to components of various systems, far fewer integrated systems have been 
designed; such integrated designs are essential for HTS technology to be 
successfully implemented for practical applications. 

A variety of HTS microwave components (such as filters and delay lines) have been 
demonstrated that perform better, weigh less, and occupy less space than state-of- 
the-art non-superconducting components; however, practical microwave systems also 
require compatible non-reciprocal devices (such as circulators and isolators) to ; 
reduce performance-limiting interactions between the individual components.  By 
applying HTS technology to these non-reciprocal components and integrating them 
into a system, a complete HTS integrated microwave circuit can be produced. 

Researchers at Neocera (College Park, MD) and the David Sarnoff Research Center 
(Princeton, NJ) are developing HTS non-reciprocal devices such as microwave ^' 
circulators and isolators, that will make possible the fabrication of miniature integrated 
microwave circuits with reduced interconnect losses.  Such enhancements will y Z •; 
significantly improve performance over current technology. rl Co ^^ : 
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Neocera is applying its expertise in pulsed laser deposition and metal-oxide materials 
for this project. To make these devices, researchers at the company have found a      : 
way to deposit HTS thin films of yttrium barium copper oxide (YBCO) onto i 
ferrimagnetic substrates such as yttrium iron garnet (YIG).  (Ferrimagnetic materials 
can be magnetized by applying a sufficiently strong magnetic field. They differ from 
ferromagnets such as iron on a microscopic level.)    High quality YBCO thin films with 
near single crystalline epitaxy must be used to achieve the desired size reduction and 
enhanced performance; however, the structural and chemical characteristics of 
technologically important ferrimagnetic substrates in the past have not permitted 
microwave-quality YBCO to be grown in contact with the substrate. 

Through lattice engineering, Neocera has successfully developed a proprietary 
multilayer technology using one or more buffer layers that permit microwave-quality 
YBCO to be grown on ferrimagnetic substrates. To facilitate the growth of the 
multilayer thin film structures, Neocera has enhanced its pulsed laser deposition 
equipment through the development of the Automated Target Carrousel Flange 
Assembly. 

BMD APPLICATION:   Neocera, Inc. started a 2-year Phase II BMDO 
SBIR in September 1992 to develop thin films for microwave circuits.    David Sarnoff 
Research Center, as a subcontractor, is providing expertise in microwave circuit 
fabrication and testing. 
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SPINOFF APPLICATIONS;  High-quality HTS superconductors deposited onto 
ferrimagnetic and related substrates within the garnet family can be applied to a 
variety of technologies, including radar, radio frequency and cellular communications, 
microelectronics, and sensors. 

In addition, the pulsed laser deposition equipment developed under this project can 
be used to deposit a variety of complex materials, including oxides, nitrides, sulfides, 
carbides, and alloys. Technology areas where such coatings are in demand range 
from semiconductor manufacturing to medical implants. 

COMMERCIALIZATION:   Neocera, Inc. is a 12-employee company located within 
the Technology Advancement Program (TAP) at the University of Maryland. The 
company works closely with researchers at the University, including the Center for 
Superconductivity Research. The State of Maryland, through TAP, supports start-up 
companies to foster its high technology industrial base. 

Neocera is currently marketing thin films and pulsed laser deposition hardware. 
Many of these items have been developed through research on SBIR contracts 
funded by BMDO and other agencies.   In 1993, product sales accounted for over 12 
percent of total revenue as compared to under 4 percent in 1992. The company 
anticipates that this figure will approach 30 percent in 1994. 

One way that Neocera markets its products is through exhibits at conferences 
including the Materials Research Society, Conference on Lasers and Electro-Optics, 
and American Vacuum Society.  Neocera maintains excellent relationships with 
leaders in complementary industries such as Lambda Physik, the leading 
manufacturer of excimer lasers in the world, and the Kurt J. Lesker Company, a 
leading supplier of vacuum deposition equipment to the R&D community.  Neocera 
and Lambda Physik have cooperated in three demonstrations of pulsed laser 
deposition at equipment exhibits, and Neocera has participated in Lesker displays at 
two additional exhibits. These exhibits have led to the sales of at least three 
automated Target Carrousel Assemblies (which retail for about $18,000); there is 
considerable interest from other researchers as well. 

FOR MORE INFORMATION: 

Contacts: 
Dr. Erwin Belohoubek, Director of Microwave Electronics (Principal Investigator) 
Mr. Alberto Pique', Member of Technical Staff (Coatings Product Development) 
Dr. Steven Green, Member of Technical Staff (Hardware Product Development) 
Dr. Venky Venkatesan, President 
Neocera, Inc. 
335 Paint Branch Drive 
College Park, MD  20742 
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(301) 314-9937  FAX (301) 405-9256 

Peter J. Rainville (Program Monitor) 
Rome Laboratory, Electromagnetics Directorate 
Hanscom AFB, MA 01731-5000 
(617) 377-4663 

Reports and Presentations: 

HTS Film Devices for Microwave and Millimeter Wave Systems ... E. Belohoubek; 
David Sarnoff Research Center/Neocera, Inc., Superconductivity TA Review 
VuGraphs, December 1992, 23 pp. 

Writer:  Leslie Aitcheson 
Engineer:  Tom Tucker 
TAIS No.:   1835 
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9 September 1994 

MEMORANDUM FOR BMDO/TRI 

FROM: ESC/PAM 

SUBJECT: Security Review (ESC 94-1142) 

1. The attaclied BMDO description entitled ljoi>Recipro£al Superconducting 
Microwave Devices" has been reviewed by ESC for security, military critical 
TecFinoibgy transfeTconsiderations and export restrictions. 

2. ESC has no objection to public release. 

3. This review does not satisfy any requirement for submission to the Directorate 
for Freedom of Information and Security Review, OASD(PA) for final clearance. 
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DORIS M. RICHARDS 
Security & Policy Review Officer 
Office of Public Affairs 
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