
US$6.4m DARPA contract for Rockwell to develop 
antimonide-based compound semiconductors 
Rockwell Sdentigc (Thousand 

Oaks, CA, USA) has received a 

US$6.4m DARPA-sponsored 

contract from the US Space and 

Naval Warfare Systems Center to 

develop very high frequency and 

lowconsumed-power ICs using 

antimonide-based compound 

semiconductors (ABCS) for high- 

speed digital and millimetrc-wave 

circuits (e.g. cameras - see ~33). 

ABCS materials include binary, 

ternary and quaternary alloys of 

the iridium arsenide (InAs)/galli- 

urn antimonide (GaSb)/alumini- 

urn antimonide (AlSb) family. 

The choice of compositions is 

characterized by a crystal struc- 

ture with a lattice constant near 

a = 0.61 nm - enabling a choice 

of substrate for lattice matching 

(within l-2%) between InAs (a = 

0.60583 nm), GaSb (a = 0.609593 

mn) orAlSb (a = 0.61355 nm). 

Awidetangeofbandgaps,bandgap 

offsets and electronic barriers is 

possible. Coupled with cxtrcmely 

high electron mobility these 

materials enable a range of low 

fast, lowconsumed-power elec- 

tmnic dcvices and circuits as well 

as sources and devices operating 

fromTeraHertz (1012 si> fmquen- 

ties through to the infrared (IR). 

Antimonide-based compounds 

have superior electronic prop 

erties and lower turn-on volt- 

ages than silicon-, GaAs- and 

I&‘-based transistors, and will 

be combined with new circuit 

fabrication techniques pioneered 

by the University of California, 

Santa Barbara for defense and 

space applications which are 

the world’s fastest and have the 

lowest (electrical) noise and 

lowest consumed power. 

In addition, the technology will 

have commercial impact in 

light-wave communication cir- 

cuits, high-frequency wireless 

applications, and integrated 

optoelectronic circuits. 

By the end of the program, 

Rockwell expects operational 

circuits which integrate many 

thousands of devices.To 

achieve this, radical improve- 

ments will be required in sub 

strate quality and availability as 

well as device integration level. 
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Figure I. Graph of energy bandgap (Ed versus lattice constant (a), showing the AlGaAsSb and InGaAsSb materials 

systems and the compositions that can be lattice matched on /nAs and GaSb. 

Improved Pmformance with ABCS 
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Figure 2. 
Projected 
performance 
features of 

antimonide-based 
compound 
semiconductors 
compared to 
conventional 
compounds 
(based on the 
fundamental 
material proper- 
ties of ABCSJ 

The objectives are to: 

1. demonstrate and deliver sig- 

nificant numbers (>lOOO) of 

low-defect (<<lo8 cmm2) semi- 

insulating substrates to ABCS 

Program participants; 

2. demonstrate high-frequency 

(- 100 GHz) analog and/or digi- 

tal and/or mixed-signal opera- 

tion with extremely-low- 

consumed-power electronic cir- 

cuits (cl fJ per operation) with 

integration levels of at least 

5000 devices per circuit; 

3. demonstrate innovative 

devices and circuits that operate 

at extremely high frequencies 

in the region of the electromag- 

netic spectrum which extends 

fromTHz to the IR. 

An integral part of the ABCS 

pmgrarn is technology transition. 

It is expected that each program 

participant will identify specific 

circuit performance that will 

provide a Department of 

Defense or government cus- 

tomer with a needed high-fre- 

quency, low-consumed-power 

electronics capability. 

Substrate transfer and IR opto 

The materials in the ABCS pro- 

gram arc GaSb and AlSb, which 

are closely lattice-matched to 

InAs.The device structures arc 

HEMTs and HBTs. 

AlSb is unstable in air, while 

InAs and GaSb are conducting 

and very lossy for RF uses. 

Rockwell will use GaSb sub 

strates for growth and then a 

process of University of 

California, Santa Barbara’s to 

transfer the active material to a 

low-loss substrateAlso, some 

work will be done on lattice- 

mismatched GaAs substrates. 

Rockwell will also start a new 

program later this year for 

application to infrared lasers 

and detectors (the latter operat- 

ing at 15-25 urn by detecting 

across the synthetic bandgap of 

a superlattice of materials 

including InAs and InGaSb). 

For further information, see: 
DARPA program manager 
Dr Christie Marrian 
(cmarrian@darpa.mil); 

Bobby Brar, Manager of 
Advanced Ill-V Materials, 
Rockwell (bbrar@nvsc.com) 

Ill-Vs REVIEW THE ADVANCED SEMICONDUCTOR MAGAZINE VOL14 - NO 8 - October zooi 


