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INTRODUCTION

Advanced Flectronic Technology Program.

This  Quarterly Technical Summary covers the period
I May through 31 July 1981. It consolidates the reports of
Division 2 (Data Systems) and Division 8 (Solid State) on the
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DATA SYSTEMS

DIVISION 2

INTRODUCTION

sion 2 are issued for the following programs:

Seismic Diserimination
Distributed Sensor Networks

Network Speech Systems
Tachnology

Digital Voice Processing

& #

Digital Voice Interoperability
Program

Packet Speech Systems
Technology

Radar Signal Processing
Technology

Restructurable VLSI

Multi-Dimensional Signal

Processing

This section of the report reviews progress during the period 1 May through

31 July 1981 on Data Systems. Separate reports deseribing other work of Divi-

DARPA/NMRO
DARPA/IPTO
0sD-DCA

AF/ESD
AF/ESD

DARPA/IPTO
ARMY/BMDATC

DARPA/IPTO
AF/RADC

A.J. Mclaughlin
Head. Division 2

T. Bially

Associate Head
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DIGITAL INTEGRATED CIRCUITS
GROLP 23

I INTRODUECTION

The fiest yestructurable wafers. the phase 0
integrator, have been processed through fir-
metal. We have now progrmamed and tested
aver 1000 amorphons Si-metal sandwich test
Unloaded o MOS

ving oscillators with 10-nny niteided oxide gates

structures  without o failure,

have operated with a 3W0-ps delay at 100 pW

per <taves Expetiments suggest that an ehee-

trochemical effect may be involved in MNOS

fatigue.

1. ADVANCED CIRCUIT DESIGN
AND SIMULATION

A.  Phase O Integrator

The design of the phase O integrator. some-
times deseribed as the RVESE demonstration
waler has been finished, and reticles throngh
first-level metal have been obtained. Processing
of one run of waders bas now reached first-level
metal patterning, The renaining reticles will be
available as needed for processing.,

The reticles for first-level metal and above
cach consist of four patterms. These patterns are
photocomposed onto the waler using an aperture
plate in the direet=step-on-waler (OSW) machine
1o expose a dilferent pattern on each of four
pas=es over cach wader. Wiring and other features
frons one pattern merge with those in adjaeent
patterns 1o produce full-wafer photolithographs .
This has heen tested and works well with 8-pm
features, and shonld work with mach <maller

features,

B. RVLSI Spread-Spectrum
Integrator

The first version of the integrator cell has
been designed. The cell contains fonr 10-hit
comters, two <hift registers. and their associated
padds and buffers. This version of the cell is com-

plete with PO ciremts which witl make it possible

to pachage celis for functivnad and performance
testing, The cell contains approvimately 2200
transistors and has an active area of 285
158 mne,

In the complete, wholeowaler integrator the
clock siwnals witl be distributed 1o alb 01 atilized
cells, The assoctated interconnect capacitanee i~
Large and requires o vervowade CMOS driver,
Suchacclock dinver has heen designed with an er-
fective output gate width of 3 mm for p-cliannel
and 9 mm lor p-channel.

The inttial test water will contaim integrator
cells. driver cells, and standard 1est devices, The
vield data for the clock driver will determine
whether this approach is viable. or whether o dis-
tributed clock driver with a smaller amplitier in

cach integrator cell would he preferable,

.. FFT for Radar Applications

Mask design of the restructurable wafer-
~cale sistem or performing Vo-point FETs it a
VoML data rale is approaching completion. The
ha<ic cell is the multiplicr-aceumulator. of which
four are required to make a single radiv-two hat-
terflv. A second cell tupe has heen designed o
perlorm o parallel-to-<erial conversion of the data
at the FET input. and <erial-to-paratlel at the out-
put. Recenthv. a significant eftort has heen o
design a syvstem of waler inferconneet that is suit-
able for the computational structure of the FFT.

The reticle 1o he used in wafer fabrica-
tion  combines an array  of  fouwr  multiplier-
accumadators, two versions of the dala format
comerter cell (one with bonding pads and inter-
connect for wafer input. and the other for wafer
output). and a final cell which contains process
test devices. When the wafer is fabricated. the
reticle will be shuttered such that only one of the
above cetls ix exposed at o time. In this manner.
the full set of different cell types for each litho-
graphic level can be printed onto the wafer with-

ol changing the retiele.
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1. RESTRUCTURABLE VLSI (RVLSI)
TECHNOLOGY

A. Laser-Formed Vias

Good vield statistics have been obtained on
the regular a-Si insulated links (large area, no
barrier layer), Over 4000 links have been formed
with a 100-percent suceess rate at various power
levels (above  the threshold power) and  a-Si
thicknesses,  Most  connection  resistances  are
<41 ohm (though some rise 10 0.2 ohm). These
test links carry 0.5 A hefore burning out.

The aim of the barrier-protected a-Si links
(see previous Quartery Technical Summan 'y s
to retain the vield of the programmed a-5i links.
while eliminating the failures due to Al-Si mixing
during sinter. Link insulators of thin, 100-A.
oxide  barriers sandwiching the  a-Si-generated
0. 1-ohm connections with a 20-percent threshold
power increase over that of straight a-5i links. In-
creasing the oxide thickness generated a narrower
useful power range, until at 300 A no links
<100-ohms were obtained. The oxide barrier
structures have shown good resistance 1o both
sinter and electrical breakdowns. Thin nitride or
polvimide barriers were less suceessful.

Over 900 of the 20 X 20 pum* RVLSI laser
links (see Ref. 1) have been tested and worked at
laser power from 1.1 to0 2.0 W. The single failure
found was due to poor positioning. These connec-
tions carried ap to 0.25 A with burnouts vecur-
ving in the 10-pm aluminum lines connecting the
links. rather than in the via itsell. In one demon-
stration. an already fabricated CMOS wafer had
RVEST links added 1o it. Then laser connections
were used to link in the powers signal in and sig-
nal out lines, and several ring oscillators were

operated,

B. Via Reliability

Unprogrammed a-Si links have been sub-
jeeted 1o 1400 b oof electrical stress at 12 VDO
and room temperatiire withomt degradation. Long-

term thermal-stress tests of unprogrammed Links

at 200° to 300°C and no voltage are about to

begin.

C. Laser X-Y Table

A new pair of 2-in. travel tables is being fit-
ted 10 the laser svstem. These tables will provide
approximately  four  times  the  positional
resolution of the present tables. with improved
positional accuracy. Also, the planarity of the
X-Y motion is to be improved 1o permit consider-

ably greater focus aceuracy.

D. Testing

Both a single mechanical probe for acees-
sing cell pads and an optical probe for measuring
the state of any CMONS pair are being designed 1o
aid in the testing-restructuring process while the

waler is in place on the laser table.

IV. SEMICONDUCTOR PROCESSING
A. Lithography

A semiautomatic reticle aperture system dis-
cussed in Ref. 1 is neardy complete and will soon
be tested. Until it is operational. we will use a
manual version for some levels of the phase 0

integrator.

B. Reactive lon Etching (RIE)

Experiments with a maodified parallel-plate
reactor for etehing aluminum with BCL; have sue-
cess{ully demonstrated the potential for achieving
excellent anisotropy in the RIE svstem which
should be relatively inexpensive. easily main-
tained. and provide fast turnaround time. This
RIE sy=tem is currenthy being construeted. and is

scheduled to undergo tests in the near {uture.

C. Polyimide

A study has been perdformed of first- to
second-level metal via resistance with plasma-
etehed polvimide between-metal insulation. Vias

are etched in Qs plasma at 200-mTorr pressure.




We tound that this resubts i a very thing insulat-
ing carbonaceous laver on the tirst metal. The use
of Oy plasma at 50 mTorr to cteh at least the final
20 percent of the polyimide in the vias eliminates
this laver. Thiz, tollowed by a dip in baffered HE
to thin the oxide on the first-level aluminum, plus
normal 125°C sinter, achieves a uniformly low-
contact resistance of 0.2 1o 0.3 oha/via for

2 .
L-pum” vias,

D. CMOS Test Chip

The 3-pm CMOS process is being run re-
peatedly 1o gather data on vield and run-to-run
variations in device parameters. At present. the
variation in threshold vollage for a given run is
20.05 V. the nominal values for threshold volt-
age being £1 V. The present vield for gate arrays
metallized as 1-bit counters ix 50 pereent. Fxper-
iments with reflowed phosphosilicate glass prom-
ise to improve vield in future runs.

A kbt serial-in,  parallef-out CMOS
dynamic shift register operated at clock frequen-
cies ax low as 16 Hz. implying storage times on
the order of 0.25 = and storage-node leakage on

the order of 0.5 pA at room temperature.

E. Nitrided Oxide Devices

The first depletion-load nMOS run using
10-nm nitrided oxide for the gate dielectrie has
been suceessfully completed. Not enough y('uils

have been tested to report vield statis but a

check of several ring oscillators indicated few
failores. The fastest rving oscillators (unloaded)
have a 310-ps delay and a 0.1-mW power per
stage. for a L) product, at 1.0-V pum:r sUp-
ply. The channel fengths of the enhaneement and
depletion devices were about 1 and 2 pm.
respectively.

Evidence is accumulating that the relatively
high fixed charge in nitrided oxides, about 3 X
10" 10 1 X 10'2 cm™, is responsible for the low
mobility in IGFETS using nitrided oxides. An

empirical formula of Sun and Plummer® for

mobility vs fixed charge seems to fit our data very
well. A series of annealing experiments is under

way to altempt to correct this problem.
V. DEVICE THEORY

A. Fatigue-Induced Defects in
MNOS and MOS Devices

Two types of defects which are related o
MNOS fatigue  have been found by etehing
fatigucd devices ina 6-1-1 eteh (nitrie, hyvdro-
Muoric. and acetic acid) after removad of the
aluminum electrodes. Sinee the eteh atacks sili-
con and silicon dioxide at a rate greater than sili-
con nitride, defective regions in the nitride result
in siticon eteh pits. Nitride pinholes originally
present in the film produce large etch pits and are
believed to be related o early deviee failure.
since such pits were found only in those devices
which failed to -survive 10” write-crase cyeles,
The second type of defect was found within 7 nm
of the silicon-dielectric interface and appeared as
a general disintegration of the nitride where the
extent of the disintegration correlated with the
number of fatigue eveles. In addition. constant
current stresses (total charge of 0.1 C/em?) pro-
duced similar results. with an important excep-
tion. The eteh resistance of the nitride was
enhanced with positive bias and reduced with
negative bias stresses. We suspeet that this type
of fatigue defeet is electrochemical in origin. A
similar resull was seen using @ MOS structure: in
this case. a negative bias enhanced the etch re-
sistance of the oxide.

In addition to fatigue studies. this etching
procedure can be used as a process control tech-
nique {or hoth nitride  deposition and  thermal

oxidation,

B. The Electronic Structure of the
N;i Defect in Silicon Nitride

N+ C T .
The N7 defect in silicon nitride is a singhy
charged nitrogen atom bonded to four nearest-

neighbor — silicon  atoms  in a  tetrahedral




arrangement. The four electrons of the N7 defect
together with an electron from each of the four
silicon atoms completely fill the bonding (va-
lence) levels associated with the N7 defect. An
electron trapped on the N7 defect (N + ¢ » N
must therefore occupy the lowest antibonding en-
ergy level of the unrelaxed N} defect. The elec-
tronic structure of this lowest antibonding level is
described here.

The superbond-orbital method of Pantelides
and Harrison® and of Sokel* was used to study a
17-atom eluster consisting of the N defect nitro-
gen atom. four nearest-neighbor silicon atoms,
and twelve next-nearest-neighbor nitrogen atoms.
Essentially, it was found that the trapped electron
was not closely bound to the N} nitrogen atom
but distributed over the 17-atom cluster. Only
11.8 percent of the electron could be found on
the unrelaxed N7 defect nitrogen atom. Most of
the trapped electron {70 percent) was found on
the four nearest-neighbor silicon atoms. The re-
maining 18.2 percent was found distributed
evenly over the twelve next-nearest-neighbor ni-
trogen atoms. Of the 70 percent of the trapped
electron found on the silicon atoms, most of that
(97.6 Si(3s)
orbitals. The remainder of the 70

percent) was  found in atomic
percent
(2.4 percent) was found in Si(3j) atomic orbitals
oriented in the direction of the NI defect nitro-
gen. The picture of this trapped electron on the
unrelaxed defect that emerges from the study.

then, is not of a completely neutralized N defect

. ° y ) .
nitrogen atom (Ny), but of a partially neutralized

one (NT"™), with most of the remaining elec-
tronic charge (—0.88¢) distributed tetrahedrally
(Ty symmetryv) about the defect nitrogen on the
nearest-neighbor silicon atoms,

How the N defect containing a trapped
electron relaxes depends on whether or not the
antibonding level of the trapped electron is de-
generate. It can be shown by the superbond-
orbital method that the degeneracy of the trapped
electron antibonding level depends on the inter-
action between the Si(3s) atomic orbitals and the
three Ngsp®) hybrid orbitals of the defect nitrogen
that point away from any particular silicon atom.
Unfortunately. the superbond-orbital method does
not vield an accurate value for this interaction en-
ergy. However. it can be shown that if this inter-
action energy is in excess of 0.37 ¢V, the trapped
electron antibonding level will be degenerate and
relaxation will take place via the Jahn-Teller of-
fect.! I it is otherwise, the trapped electron level
will be nondegenerate and relaxation will take

place via a svmmetric “breathing™ mode.
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COMPUTER SYSTEMS
GROUP 28

A decision has been made to place control of

the developing Lincoln Internal Data Link (LIDL)
and implementation of the new ARPANET pro-
tocol in a single small machine to be connected to
the central computer system. A DEC PDP-11/44
is being acquired and will be programmed 1o
function as a gateway bhetween the central com-
puter. LIDL, and the ARPANET.

As previously reported, LIDL was originally
conceived as a geographical extension of an
Amdahl data channel. An AUSCOM interface
unit, based on a DEC [

/11, connects directly
to the V/8 and responds to all mpat/output com-
mands as though it were a standard control unit.
On the outhoard side, its Q-Bus sends and re-
ceives data via a Computrol modem and coaxial
cable at speeds of up to 1 Mbps. A few Q-Bus
computers, remotely located around the Labora-
tory. have been connected to the cable to test out
the low-level wansport software which has been
developed for the AUSCOM.

As more devices are added to the system. it
will be necessary to provide mechanisms for han-
dling more complex communications  {unctions
such as addressing and message handling. These
tasks will be assigned (o the PDP-11/44.

Lincoln™s unique hardware and software in-
terfaces 1o the ARPANET were originally de-

veloped more than ten vears ago. The hardware,

which connects the Interface Message Processor

(IMP) and an Amdahl channel. although rela-
tively trouble free, has no regular maimenance
support. The software cannot simply he modified
to handle the new protocol, but must be rewrit-
ten. By placing the ARPANET interface function
in an attached PDP-11/44, the Laboratory will
have a vend rsupported hardware interface and
access Lo a large community of users of compati-
ble software.

A measurement package from Bell Northern
Research has been installed 10 monitor usage pat-
terns on the Conversational Monitor  System
(CMS). Early statisties. which have been limited
to no more than 25 percent of the users 10
minimize overhead on the system. show consis-
teney with past measurements. One of the major
objectives of this activity is to increase our under-
standing of the nature of the interactive load. in
order to continue to provide a responsive svstem,
while addressing the need for better senvice for a
growing batch load.

The rapid turnaround provided by the new
on-line Benson Printer Plotters has had the effect
of markediy increasing the volume of plotted out-
put. In the first two weeks of operation. the total
load processed equaled a tvpical large manth of
output from the COMp80 CRT plotter svstem.
The COMpBO continues to provide publications-
quality oxput and photographic film. including

movies of some plotted sequences.
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SOLID STATE
DIVISION 8

INTRODUCTION

This section of the report summarizes progress during the period 1 May through
31 July 1981, The Solid State Research Report for the same period desceribes
the work of Division 8 in more detail. Funding is primarily provided by the Air

Force, with additional support provided by the Armyve DARPALD Navv, NASAL
and DOE.

AL, MeWhorter
Head. Division 8

L Melngailis

Assoctate Head




DIVISION 8 REPORTS
ON ADVANCED ELECTRONIC TECHNOLOGY

15 May through 15 August 1981

PUBLISHED REPORTS

Journal Articles

JA No.
SAR R

Fd. (Academic Press, New
York. 1981). Vol. 2,
pp. 161-238
5129 A Comparison of Flash-Lamp- S.R. Chinn J. Appl. Plys, 52, 66
Excited Nd La, P50y, (x = W.K. Zwicker* (1981)
1.0, 0.75. 0.20) Lasers
5131 LiNb(); Surface-Acoustic-Wave D.E. Oates Appl. Phy=. Lett. 38, 761
Edge-Bonded Transducers on ST R.A. Becker (1981}
Quartz and <001> Cut GaAs
53151 Optical Interferometric Mea- W.E. Barch 1. Appl. Phys. 32, 3388
surement of the Thermal Ex- S.R. Chinn (1981)
pansion of NdP50y, W.K. Zwicker*
5165 UV Photolysis of van der Waals D.J. Ehrlich Chem. Phys. Lett. 79, 381
Molecular Films R.M. Osgood. Jr. (1981)
3166 Detectors for the 1.1 to C.E. Hurwitz Opt. Eng. 20. 658 (1981)
1.6 pm Wavelength Region
5168 Anodic Dissolution Technique J.P. Salermo J. Flectrochem. Soc. 128,
for Preparing Large Area GaAs J.C.C. Fan 1162 (1981}
Samples for Transmission Flec- R.P. Gale
tron Microscopy
3171 Liquid-Phase Epitaxial Growth S.H. Groves J. Cnst. Growth 51,81 H
of InP and InGaAsP Alloys M.C. Plonko (1981) i
¢!
5175 Liquid-Encapsulated Czochralski G.W. Iscler J. Crvste Growth 31, 16
Growth of InP Crvstals (1981) o
3176 Vapor-Phase Epitaxy of GalnAsP P. Vohl J. Cryst. Growth 31, 101
and InP (1981)

Infrared Spectroscopy Using
Tunable Lasers

* Author not at Lincoln Laboratory.

H.R. Schlossberg®

P.1.. Kelley

Chapter 1 in Spectrometric
Techniques. G AT Vanasse.
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2185

>189

3195
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97

5219

5220

5225

227

3229

5230

5231

5242

5251

e B et e Bt ok

Heteroepitaxy of Vacuum-
Evaporated Ge Films on
Single-Crystal Si

The Electro-Optic Applications
of InP

n TP Growth on InGaAs by
Liquid Phase Fpitaxy

Optical Properties of Proton

Bombarded InP and GalnAsP

GaAs Shallow-Homojunction Solar
Cells on Ge-Coated Si Substrates

Spatially Delineated Growth of
Metal Films via Photochemical
Prenucleation

Laser Chemical Technique for
Rapid Direet Writing of Sur-
face Relief in Silicon

Transient Annealing of Arsenic-
Implanted Silicon Using a
Graphite Strip Heater

Fffect of Turbulence-Induced
Correlation on Laser Remote
Sensing Errors

Temporal Correlation Measure-
ments of Pulsed Dual CO, Lidar
Returns

A Surface-Acoustic Wave/Metal-
Oxide-Silicon Field-Effect
Transistor Memory Correlator

MNOS/CCD Nonvolatile Analog
Memory

Sputtered Films for Wavelength-
Selective Applications

B-Y. Tsaur
M.W. Geis
J.C.C. Fan
R.P. Gale

A.G. l“u_\l

S.H. Groves

M.C. Plonko

F.J. Leonberger
J.N. Walpole
J.P. Donneth

R.P. Gale
J.C.C. Fan
B-Y. Tsaur
G.W. Turner
F.M. Davis

D.J. Ehrlich

R.M. Osgood. Jr.

T.F. Deutsch

D.J. Ehrlich

R.M. Osgood. Jr.

T.F. Deutsch

B.-Y. Tsaur
J.P. Donnelly
J.C.C. Fan
M.W. Geis

D.K. Killinger
N. Menyvuk

N. Menvuk
D.K. Killinger

D. 1. Smythe
R.W. Ralston

R.S. Withers
D.). Silversmith
R.W. Mountain

J.C.C. Fan
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Appl. Phys. Lett. 38, 779
981

J. (:l'_\.\l. Growth ﬂ. 1
(1981

Appl. Phys. Lett. 38, 1003
(1981)

IEEE J. Quanmtum Electron,
QE-17. 830 (1981

IEEE Electron Device Lett.
EDL-2. 169 (1981

Appl. Phas. Tett, 38. 916

t1981)

Appl. Phys. Lett. 38, 1018
(1981)

Appl. Phys. Lett. 39. 93
(1981)

Appl. Phys. Lett. 38. 968
(1981

Opt. Lett. 6. 301 (1981)

Appl. Phas. Lett. 38, 880
(1981)

IEEE Flectron Device Lett.
EDL-2. 165 (1981}

Thin Solid Films 80, 125
(1981)




MY No,

0321

128

2129

S078

JA No.

3180

3218

5210

Phase Diagram for LPE Growih
of GalnAsP Livers Lattice
Matched 1o InP Substrates

TEM Tnvestigation of the Micro-
~l|u(luu n Laser-Crystallized
Ge Films

Scanning Cathodoluminescence
Microscopy of Polyverystalline
GaAs

Liquid Phase Epitaxial Growth
of Hgy .CdTe from Te-Rich
Solutions

UNPUBLISHED REPORTS

Solid-Phase Epitaxial Crystal-
lization of Amorphous Ge on
<100>Si

Efficient Si Solar Cells by
Low-Temperature Solid-Phase
Epitaxy

Improved Techniques for Growth
of Large-Area Single-Crystal

Si Sheets over 8i0, Using Lat-
eral Fpitaxy by Seeded
Solidification

* Aathor not at Lincoln Laboratory,

Mecting Speeches

J.J. Hsich

R.P. Gale
J.C.C. Fan
R.L. Chapman
H.). Zeiger
J.P. Salerno
R.P. Gale
J.C.CL Fan

J. Vaughan*

I.C. Harman

* ok ok %

Journal Articles

B-Y. Tsaur
J.C.C. Fan
J.P. Salerno
C.H. Anderson
R.P. Gale
F.M. Davis
E.F. Kennedy*
T.T. Sheng*

B-Y. Tsaur
G. W Turner
. Fan

.C.C

-Y. Tsaur
.C.C. Fan
W (JPiﬂ

D.J. Silversmith

R.W. Mountain

Ughw hn

IEEE J. Quantum Flectron.
QE-17. 118 (1981

Proc. MRS Mtg. 1980:
Defects in Semiconductors
(North-Tlolland. New York.
1981). pp. 139-111

Proc. MRS Mg, 1980:
Defects in Semiconductors
{(North-Holland. New York.
1981). pp. 509-311

Proc. SPIE Vol. 285:

Infrared Detector Materials
{Society of Photo- Optical
|n~trunwntdtmn anluevu

Bellingham. Washington.
I‘)8H. pp- 8191

Accepted by J. Flectrochem.
Soc.

Accepted by Appl. Phys,
Lett.

Accepted by Appl. Phys,
Lett,




JA No.
5213

5245

247

MS No.

S081A

31158

>198D

5718
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Ultrathin, High-Efficiency
Solar Cells Made from GaAs
Films Prepared by the CLEFT

Process

Mixing of 10 pm Radiation in
Room Temperature Schottky
Diodes

Remote Probing of the Atmosphere

Using a CO» DIAL System

Direct Writing of Refractory
Metal Thin Film Structures
by Laser Photodeposition

Surface-Acoustic-Wave Devices
for Analog Signal Processing

Recent Experimental Results on
Permeable Base Transistors

On the Use of AsHy in the MBE
Growth of GaAs

High-Speed InP Optoelectronice
Switches for Signal Processing
Applications

A New Technique for Preparing
p-n Junctions for Si Photo-
voltaic Cells

C.0. Bozler
R.W. McClelland
J.C.C. Fan

P.F. Tannenwald
H.R. Fetterman
C. Freed

C.P. Parker

B.J. Clifton
R.G. O'Donnell

D.K. Killinger
N. Menyuk

D.J. Ehrlich
R.M. Osgood, Jr.
T.F. Deutsch

Meeting Speeches*

S.A. Reible

C.0. Bozler

A.R. Calawa

F.J. Leonberger
A.G. Foyt

R.C. Williamson |

J.C.C. Fan

T.F. Deutsch
G.W. Turmer
D.J. Ehrlich
R.L. Chapman
R.M. Osgood. Jr.

Accepted by IEEE Electron
Device Lett.

Accepted by Opt. Lett.

Accepted by IEEE J. Quantum

Flectron.

Accepted by J. Electrochem.
Soc.

Seminar, Dept. of Flec-
trical and Computer En-
gineering. University of
Mussachusetts. Amberst,
6 May 1981

Workshop on GaAs Micro-
structures and High Per-
formance Devices. Boston,
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SOLID STATE
DIVISION 8

I. SOLID STATE DEVICE RESEARCH

Phase diagram analvses of the liquid-phase
epitaxial (LPE) growth of Hg, Cd Te have been
carriecd out to determine the interrelationships
between growth solution composition, mercury
vapor pressure. and growth temperature for vari-
ous operational steps during the LPE growth
evele. The results indicate that it should  he
possible to grow  good-quality epilavers o this
miaterial.

Carrier concentrations in the low 10" ¢m™
range and electron Hall mobilities over 107 ¢m?/
Vos at 77 K have been achieved in annealed
LPE-grown Hy; (CdTe lavers. with x in the 0.1
to 0.2 range. In the same range of xo the mate-
rial constant that links layver thickness to growth
time. number of degrees supercooling. and ramp
rate has been determined to he approximately
0.75 p/°C-min. '3,

A echnique has been developed o
monolithically integrate  a passive  waveguide
with a Galn AsP/InP double-heterostrueture laser
for potential use in fabricating modulators and
integrated  external - cavities. Initial - tests of
broad-area lasers with 100-pm passive
waveguide  sections  showed  threshold  current
densities of 2.4 to 3.1 kAem?,

The feasibility  of fabricating  permeable-
base  transistors by molecualar-beam  epitaxial
(MBE) growth of GaAs over tungsten gratings is
heing explored. By using a substrate tempera-
ture of 680°C and an As»/Ga ratio of 10. suf-
ficient  surface  migration  of  the  GaAs
wax achieved to permit the first single-crystal
MBE growth of GaAs over amorphons tungsten

gratings,

(I. QUANTUM ELECTRONICS

A differential-absorption . LIDAR (DALY
svstem: has been utibized 10 detect the exhaust
pollutants (€O and C,H ) emitted by an A-1H0 jet

21

atreraft at u range of 2.7 k. Concentrations of
CoHy were measured as the aireraflt engines were
started. run at fast idle, and shut down, with the
greatest concentrations observed at shutdown. An
increase inthe concentration of CO was observed
during engine startup and idle,

A pulse-pumped CorMgl, laser. cooled to
77 K. has generated up to 150 ml of output ener-
gv per pulse and has been tuned between 1,396
and  2.288 pm. a 2000-cm™ range.  Room-
temperature pulsed operation of a Ni:MgO laser.
the first NECAMGAR (CaY,Mg,GeyO) o) laser.,
and CW tunable laser action from V:MgF, have
also been demonstrated. (See also See. 1)

The spectral width of CW. single-frequency
GaAlAs diode lasers has been observed to satu-
rate at high power levels due 1o refractive index
fluctuations. These index fluctuations are thought
to arise from electron number fluctuations in the
small laser gain volume.

The electrical properties of  single-ervstal
and amorphous i doped using a pulsed UV
laser. have been studied as a function of laser
wivelength and fluence, and of UV dose. Dis-
sociation of molecules adsorbed on the Si surface
can  supplement  photolysis of  gas-phase
molecules as a sowree of doping atoms.

An investigation of the properties of =uper-
conducting-insulator-superconducting (8181 di-
ades in the submillimeter has been initiated using
Nb-Nb,O5-Ph devices fabricated on quartz. Mix-
ing between the {ifth harmonie of a 69-GHz Kly-
stron and a 315-GHz carcinotron vielded an 1F

with a 30-dB signal-to-noise ratio.

. MATERIALS RESEARCH

Continuous  single-crvstal - Si sheets over
Si0y with areas of several square centimeters
have been produced from polversstalline Si films
by two improved versions of the LESS technique
(lateral epitaxy by seeded solidification) that use

a  composite SN /SOy encapsulating Taver,
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N-chanonel MOSFETs fabricated in these filins
exhibit electron sarface mobilities i the runge of
OO0 10 TO0 cm™ N <. comparable 1o the values Tor
devices fabneated in bulk Si.

Solid-phase epitanial Si kners that are
stremgly p-type have been grown at 400° to S00°C
Iy transport of Sioatoms from an amorphous Si
film through an Al film deposited on n-type S
substrates. This low-temperature process. which
produces good rectifving junctions hetween the
epitanial Livers and their substrates. hias been
used in the fabrication of solar cells with conver-
sion efficiencies at AMT of 10,1 and 8.5 pereent
on <100>N0 and polversstalline Sisubstrates,
respectively . without an antireflection coating or
huck-surface field stiructure.

A~ part of a study of the lateral growth of InP
lavers over  dielectric films by vapor-phase
epitany. the rates of vertical growth by the PCls-
InP-H, method on the four principal low-indes

planes have been determined as a function of

substrate temperature for a source lemperature of

TO0°C. For cach substrate orientation. the growth
rate exhibits & maximum  between 620° and
6060°C: up 1o 670°C. the rate increases in the
order [TTTBL[TOO), [TTHAL [110].

A theoretical model has been developed 1o
describe the ervstallization of a thin amorphous
semiconductor film, supported on a thick sub-

strate, that is irradiated by a heat pulse from a

evlindrically symmetric energy beam. Solution of

the integral equation for the dvnamies of the

amorphons-crystalline  boundary - radius  yields

three alternative types of motion - a series of

jumps. a single longer jump. or indefinite runa-
way - that  account  for  structural  features
observed in pulsed  laser and  electron-heam
envstallization.

A gradient-freeze technique emploving self-
sealing graphite erucibles has been used to grow
single erystals of MgF,, doped with Ni. Co. or V',
up 1o 3 7 em in diameter and 10 em long. High-
quality laser rods up to 5 em long have been fab-

ricated from these erystals.

IV, MICROELECTRONICS

A l'|lul'ul‘>|'(nl|»lml Hesvtee 1 n Hlllnll'lllc it
tation of a time-iregrating cortelator has heen
designed lor ase with the GPS1Global Positioning
Syatem) Pocode which will requine that the €060
he clocked at 20016 MHz. or twice the P-code Tat
rate. The device uses o pipe-organ sttucture to
achieve high-speed operation. and o complemen-
tary input stracture o anoid stgnal- and - code-
||<'|wn(|l'lll offscis,

A new CED parallel-processmg architectere
has been developed which can pedorm mam
high-lesel mathematical functions sach as vector-
matrix. matrix-matrix. and tripleamatoy products,
The busic deviee consists of a floating-gate CC1)
tapped delas Tine and parallel arrays of CCD <ig-
wal processor. Al compuatations are pevformed m
the charge domain. and cuchis the multiplication
of a sampled analog data point with o digital

word,

An optimized process for the high-re<olution
etehing of alumimuon on ovidized silicon wates
using a BCL plasma has been developed. Con-
stant plate-to=plate voltage and nonstandard <v<-
tem geometries have been uzed 1o achieve ame-
form etching with elean, vertical walls wand no

residues,

3200-A-period  gratings. several-thousand-
angstroms deep, fuve heen etched in <ilicon
using reactive jon etchimg with an A\ 8icly O,
gas mizture and aluminam or nickel a< the eteh
mask material. Redeposition of Si0; during eteh-
ing creates a hevhole cross section i the eiehed
grooves when usmg an aluminum mash. and this
phenomenon hecomes more pronounced as the

aluminum mask is made thicker.

Electron-heam techniques hine heen des
veloped for defect location and adaptive intercan-
nection on waler-scale imegrated svstems, These
technigues are compatible with a commereially
available electron-beam lithography svstem and

standard aMOS waler processing, Test structures




including an electron-beam multiplexer, floating-
gate transistors, and simple FETs were designed,
fabricated, and tested.

The feasibility of using integral microstrip
transmission lines  for interconnecting GaAs
microwave devices has been demonstrated using
a simulated mixer application. This fabrication
technique, which employs a polyimide dielectric
layer, permits direct electrical contact to the de-
vices, and should substantially reduce the com-

plex assembly procedures currently required by

such devices.

V. ANALOG DEVICE TECHNOLOGY

A SAW delay line has been developed with
very high (>100 dB) isolation between the short

(10-ns) pedestal-of-delay acoustic signal and the
direct electrical feedthrough signal by using
edge-bonded  transducers  in a  dual-track
geometry. The high feedthrough isolation design
provides the first practical means of providing
high-pedformance SAW transversal filters with

very shont-delay pedestal.

A comprehensive analysis has been made of
the performance limits of integrated optical spec-
trum analyzers. Resolution is found to be limited
to around 2.7 MHz. and the time-bandwidth
product to approximately 1000 with existing de-
tector arrays. The aperture and weighting for the
input lens are shown to be important with regard
to resolution, crosstalk, and scalloping loss.
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