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This Quarterly Technical Summary covers the period
1 November 1976 through 31 January 1977. It consol-

idates the report s of Division 2 (Data Systems ) and

Division 8 (Solid State) on the Advanced Electronic

Technology Program.
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D A T A  S Y S T E M S

D I V I S I O N  2

INTRODUCTION

This section of the report reviews progress during the period

1 November 197t ., through 31 January 1977 on Data Systems.

Separate reports describing other work of Division 2 are issued

for the following programs:

Seismic Discrimination A R P A / N M R O
l) iSt ributed Surveillance ARPA/ IPTO

~ ct wo rks
E d u c at i o n  Technology Bureau of T~1ines ,

A R P A / U R R O

Nctw o rk  Speech Processing OSD-DCA

Digital Voice Processing AF/E SD

Packe t Speech ARPA/IPTO
Communicat ions  Adaptive ARPA/ IP TO

Inte  rnet t i  ng
Radar  Signal Processing ARI\1 Y f l i \ I I )A T ( ’

T cc hnology

M . A .  l l cr l in
Head , Division 2
A. .1. Mc Laughlin
Associate Head
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D I G I T A L  C O M P U T E R S
G R O U P  23

I. INT RODUCTION

The fabrication of a set of custom ECL gate array circuits for a speech synthesizer was

completed and the synthesizer is operating. A 30 30 M NOS memory array has been operated

with offchip decoding circuits. Progress was made on development of the poly-ox dielectric

isolation process.

II. APPLICATIONS

A. Gate Array Custom Circuits

The Lincoln Integrated Speech Synthesizer (LISSYN ),  a real-time speech-processing com-

puter constructed largel y of ECL gate arrays , has been com pleted. It successfully implements

the synthesis portion of a linear predictive vocoder in 43 percent of real time. The central

processor of the LISS VN consists of eleven gate arrays of five types: four 4-bit AI.U slices.

four 4-bit slices of other internal registers, one each of two arrays of control c i rcui t ry ,  and

one timing phase generator. The average delay per gate is about 1.5 nsec , and the design goal

of a 50-nsec cycle time was achieved. Hardware prototyping of each chip and software synthesis

of the entire system prevented any need for revision of the logical design of any gate array af ter

its first version was fabricated.  Of the twenty packaged gate arrays that have been tried in the

LISSYN. only one has been fau l ty .

The input thresholds and output levels of the gate array differ from nominal ECL 10K levels,

so noise margins are small when the arrays interface to ECL ICE circuits. Desi gn changes

are being made to the array I/O circuits.

B. Serial-to-Parallel Converter

Masks have been desi gned and rabricated for the 8-bit Serial/Pa ~-ai}el converter with output

holding register which will be made using the poly-ox process. There arc two 0.12 5- ~ 0.125-in.

chips — one containing the s/P converter, the other containing a poly -ox eva lua t ion  circui t  plus

a simple logic circuit.  Wafers are now being processed using these masks.  A 24-pin  square

leadless package and socket have been chosen for packaging the S , ’P converter chips.

In order to test these circuits at the design goal of a i .O-GHz input rate, special c i r cu i t ry

is being built. High-speed discrete-component pulse squarers and gates are being debugged ,

and a test pattern generator has been designed .

C. MNOS Capacitor Mem ory  Arrays

An offch ip diode-resistor partial-decoding circ~iit fabricated from discrete components has

been used to successful ly  accomplish storage and readout in a 30 ~ 30 Pd NOS capacitor ar r a y

with 0. 2 -mu  lines on 0 .4 -mu centers,  I t is possible to do experiments h~ con tac t ing  t h e  a r r a y

with a probe card on which Is mounted the decoding c i rcui t ry .  The part ial-decoding c i r cu i t  re-

p quires only two diodes and one resistor for each row and for each column of t h c  memory a r r a y .

The simplicity of this c i rcui t  should make it compatible with the densities and fabri cat ion se-

q l l P n e e  used to form the storage a r ray .  The present exp erimental  c i rcu i t  accomplishes tine



selection with mechanical  switches. Electronic switching requires devices with ( 0 - V  break-

dow n voltages and substantial  current  capability. A one-million-bit a r r ay  will be s imulated by

a chip with 2 56 active devices formed by 0 .2- x 0.2-mil intersections and 768 larger dumrnied
devices. Fabrication of the fi rst wafer with this array is nearl y com plete.

Ill. INTEGRATED C I R C U I T  PROCESSING

A. Photo l i thographv and Plasma Etching

I ’hoto lithographic processing of the polv-ox serial-to-parallel converter  and the s imulated

one—mill ion-bit  \ INOS ar r ay  has not presented any problems.

Experimental  plasma et ch ing  of a luminum has been suff ic ient l y s uc c e s s f u l  to wa r ran t  con-

s t ruc t ion  of a reactor designed specif ical l y for metal  etching. A second reactor is under con-

struction to permit  oxide , ni t r ide , and silicon etching wi th  improved un i fo rmi ty .

H. Self-Aligned Transistors

Two major problems expe r~cnced in the fabricat ion of ion-implanted transistors have been

corrected. The poor a rsen ic -meta l  contact has been avoided by increas ing the arsenic implant

dose and decreasing the imp lant energy, both changes cont r ibut ing  to a higher  arsenic doping
at the sur face  of the silicon. rho emi t ter -base  leakage has been eliminated by rever t ing  to the

practice of annealing each implant separately. The separa te  anneals also decrease t h e  occur-

rence of emitter-collector leakage by e l iminat ing  the possibility of a r sen ic-emi t te r  enhanced
diffusion through the ion- implanted-damaged regions of the base. The presence of oxygen dur ing

the implant anneals has been shown to cause a drast ic  reduction in beta for a given base doping.

Without  oxygen , good control over betas has been achieved up to values of 200 to 300 . Betas  up

to 1000 have been observed , but with a rather wide scatter.

C. Pol y-Ox Dielectri c Isolation

ECL gate chains have been fabricated wi th  the polv-ox dielec t r ic  isolation process w i t h
acceptable y ields. They have a power-deI~~~pcddüct thi~ - half that of junc~ ~~solated c i r c u i t s

of s imilar  geometry . Work on this  par t icu la r  circuit has concluded , with ef for ts  now directed
at the  new evaluation circuit  designed speci f ica l l y for the poly-ox process and the  ser ia l - to-

parallel con v e r t cr .  One problem which  has arisen is poor isolation due to apparent in v c r ~ ion

of the s tar t ing subs t ra te  under  the spoiler oxide. Exper iments  using a ni t r ide spoiler l ay er

appear promising.

I) . Ion Imp lan te r

The 2 0 0 — k e V  ion imp lanter  has become avai lable  for r o u t i n e  and special  work for Group .t
and other  laboratory pro jec t s .

R .  I )E SIG N , AN ALYSIS , ANI ) I L S  1N G

•\. CV Tests

( apaci tan ce-vol tage measurements  obtained wi th  the I’ I (  t e r m i n a l  have been used to obta in
impur i ty  concentrat ions for imp lanted w a f e r s . The same program has been modif ied  to provide
\ tOS data  inc lud ing  oxide th ickness , f l a t  band voltage, and i m p u r i ty  c o n c e n t r a t i o n .

1 •
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B. Mask Anal ysis

A mask anal ysis program , M AP , * is being modified for operation on the  lBl’d t 7 0  1t~S.
Mask files will be transferred from the Cahn a design system to the 170 for a r twork  design

rule verification and other tests.

I
i

*C. L. Mitchel l , ~Mask Analysis Program ( M A P )  Reference  Manua l ,~ M&S Computing,  Inc .,
NA SA Contractor Report NA SA (‘R-144042 , Mar sha l l  Space I - l i g h t  Center (23 .Iune 1~~76~. 
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( ‘ O M P I T E R  S V S ’ l ’ E M S
G R O I T P  28

On-line data acquisition over a ver ~ long land line and communicat ions  satell i te l ink was
successful ly demonstrated during this  qua r t e r .  An ord inary  uncondit ioned voice grade line
was used to t ransmi t  data at a 2400-baud rate using binary synchronous protocol. As expected ,

noise on the line in t roduced  seine e r rors .  h owever, tha t  problem was less s ignif icant  t h a n
apparent  errors  caused by f a i l u r e  of t h e  sending station to receive positive acknowled gments .
I - a c h  of these false errors required re t ransmiss ion  of the block jus t  as though it were a real
e r ror , and in some cases w a s  s u f f i c i e n t ly  confusing to abort the en t i r e  m e s s a g e  sequence.  A
new experiment  is being p la nned for a condi t ioned line and 9( 00-baud  rate .  i \ lod i f ica t ion s  in
the  t ransmission protocol will also be made in an e f fo r t  to determine the c a us e  of the  lost
acknowledgments .

‘l’wo fac i l i t i e s  are being developed to f u r t h e r ease user  access across the VM t i m e - s h a r i n g
and VS batch-processing systems.  ‘l’he f i r s :  lacili tv emp loys the  V~\l M A I I .  mechanism to
t ransfer  listings from V SI IA 1’ ( I I  d i rect l y to an individual  use r  account.  Ini t ia l ly ,  onl y l is t ings
generated I ,ecause of job control language errors  will ho au toma t i ca l l y t r a n s f e r r e d .  This wil l
provide a converuent and timel y notice of a needed co r rec t ion .  The second faci l i ty  br idging
the systems is a production v er s ion  of \ M  ( ~\IS file support  tor  VS . An y  allowable VS ha~ i-
sequential  read or wr i te  access command may operate  d i rec t ly  on a ( M S  file.  This simp lif i es
t In ’  development and use of programs across  the two sys tems and eliminates the problem of
main ta in ing  dup licate files in d i f f e r e n t  f o t n ~u t s .

Several small  hardware fea tu res  wer e  added to t h e  sy s tem d u r i n g  th i s  quar te r .  The nu n i—
her of communicat ions  ports was  increased by 20 to a to ta l  of 1 0 . A n e w  2400-b aud clock has

successful ly undergone a p re l iminary  t e s t  with a Tektronix disp lay terminal  connected t h r o u gh
l incoln ’s standard long hardwire  co n f i g u r a t i o n  and no ex t e rna l  modem. A pr in t ing  fe a t u r e ha s
been added to the on—line card punches to e l imina te  the extra burdensome step of an in terpre t ing
run  on off - l ine  equipment.

•

~ 

_ _ _ _ _ _ _ _  



- -- S — — - - - - —- - . --

-S

S O L I D  S T A T E
D I V I S I O N  8

INTRODUCTION

This section of the report summarizes progress during the period
ii November 1976 through 31 January 1977. The Solid State Research
Report for the same period describes the work of Division 8 in mGr e
detail. Funding is primarily provided by the Air Force, with addi-
tional support provided by the Army, ARPA , NSF, and ERDA .

A. L. McWhorter
Head , Division 8
L Melngailis
Associate Head
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D I V I S I O N  8 R E P O R T S
ON A D V A N C E D  E L E C T R O N I C  T E C H N O L O G Y

15 November 1976 through 15 F e br uu r -, 1977

PUBLISHED REI ’ORTS

t Journal Articles

JA No.

459 1 Dopp ler-Limited and Atmo- A. S. Pine J. i\lol. Spectcosc . 64, 15
spheric Spectra of the P. F. Moulton ( 1977)
4-g.m Pj  + 1)3 Combination
Band of SO2

46 11 Laser-Induced Surface Dam- Fl. Kil dal Appi. Opt. 15, 3062 (1976)
age of Infrared Nonlinear G. V~. Iseler
Materials

4637 Phenomenological Theory of S. A. Safran ” Solid State Commun.  19 , 1217
• Raman Scattering in Euro- B. Lax ” ( 1976)

pium Chalcogenides G. Dressethaus

465 1 Fluorescence and Dissocia- E. Zamir : J. Chem. Ph ys. 65, 4885
tive Energy Transfer in Iligh A. Szöke (1976)
Pressure Ar-HCN Mixtures H. Osgood

L Excited by Relativistic
Electrons

466 1 Relaxation Oscillations in S. R . Chinn Opt. Commun. 19 , 208 (1976)
Distributed Feedback
Lasers

4663 - Optical }‘honons in AgGaSe2 A. Miller ’~ -, 
- —-— Ph ys. Status Solidi B 78 . 569

G . D. Holah ’ (1976)
W. F). Dunnett ’~G.W . Iseler

468 1 Preparation and Properties T. C. Harman J. Electron. Mater. 5, 621
• of PbS Crystals with Low A. J. Strauss (1976)

Carrier Concentrations

Meeting Speeches

MS No.

- . 3986 Planar HgCdTe Quadrantal D. L. Spears Infrared I’hys. 17 , 5 (1 9 77 )
Ileterod yne Arrays with GHz
Response at 10.6 gm

4045A Electron Energy Loss Spec- V. F’.. Efenrich Proc. Workshop on Electro-
troscopy of Surface States on H. J. Zeiger catalysis of Non-Metallic
Titanium and Vanadium G. Dresseihaus Surfaces, Bethesda ,
Oxides Maryland , 9-12 l)ecembei’

1975 , p. 133

* Author not at Lincoln Laboratory.
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MS No. - --

4067G Scalable Tunable IR Lasers A. Mooradian In Tunable Lasers and
applications, edited by
A. Mooradian, T. Jaeger ,
and P. Stokseth (Springer-
Verlag, Berlin, 1976), p. 60

4 140 Photoelectrolysis of Water J. G. Mavroides Proc. Workshop on Electro - S

D. L Tchernev catalysis of Non-Metallic
J. A. Kafalas Surfaces, Bethesda,
F). F. Kolesar Maryland, 9-12 December

1975 , p. ZZ I

4143 Stark Model of the Excitonic H. J. Zeiger Proc. Workshop on Electro- 
—

Surface States Observed on V. E. Henrich catalysis of Non-Metallic
MgO G. Dresselhaus Surfaces, Bethesda,

Maryland , 9-12 December
1975, p. 59

4 174A Optically Pumped Gas Lasers H. Kiidal In Tunable Lasers and 1 :
T. F. Deutsch Applications, edited by

A. Mooradian, T. Jaeger ,
and P. Stokseth (Springer-
Verlag, Berlin, 1976), p. 3b7

4319 Convolvers for DPSK Demod- S. A. Reible In 1976 Ultrasonics Svmpo-
ulation of Spread Spectrum J. H. Cafacella sium Proceeding~ I I L I : t . .
Signals • R. W. Ralston New York , 1976), p. 4 - 1

E. Stern

4320 A Continuously Variable V. S. Dolat In 1976 Ultrasonics Sympo-
Delay-Line System R.C.  Williamson sium Proceeding s ( I E E E ,

• New York , 1976), p. 4 19

4332 Lincoln Laboratory Program H. J. Zeiger Proc. ERDA Solar Photovol-
on Thin-Film Photovoltaics taic Program Review Meet-

ing, Univers i ty  of Maine ,
Orono, 3-5 August 1976 ,

* * * •5* *

U NPUBLISHED R E 7 OR T S

Journal Articles

JA~~~~. -~~

4622 Infr ared Third-Harmonic 11. Kildal Accepted by IEEE J. Quantum
Generation in Phasematched Electron.
(‘O Gas

4629 Grap hite Intercalation Corn- Itt . S. Dresselhaus * Accepted by i ’hys. Rev. U
pounds: l- b c t r o n i  l’ roper - 0. I)resselhaus
ties in the l)ilute I . imi t  .1. K. l- iscbe r

4ta o Temper a ture -Gradien t  l l ~ E S. II.  Groves Accepted by J. Electron.
Growth  of l’l ~ _x~~ x Te Mater.

* Author not at l incoln 1•abora tory.
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JA No.

4677 Submillimeter Ileterodyne R. A. Murph y Accepted by IEEE Trans.
Detection with Planar GaAs C .  0. Bozier Microwave Theory Tech.
Schottky Barrier Diodes C. 0. Parker

Fl. R. Fetterman
P. E. Tannenwaid
B. J. Clifton
J. P. Donnelly
W. ‘F. Lindley

4684 Microscopic Theory of the J. C. U padh yaya~ Accepted by Ph ys. Rev. B
Lattice Dynamics of HCP A. 0. E. Animalu
Rare-Earth Metals

469 3 Resonant Infrared Third— H. Kildal Accepted by i’hys. Rev. l~ett .
h armonic Generation in S. H. J. Brueck
Cryogenic Liquid s

4700 Low-Dose n-Type Ion tin - J. P. Donnelly Accepted by Solid-State
plantation into Cr-Doped C. 0. l3ozler Electron.
GaAs Substrates W. T. Lindley

4703 1500-Flour Continuous CW C.C. Sheri Accepted by App i. I ’hvs , l.ett .
Operation of Double- J. J. Hsieh
Ileterostructure GalnAsP/ T. A. [And
tnP Lasers

4708 Schottky Barrier Diodes for B, J. Clifton Accepted by IEEE Trans.
Submillimeter Ileterod yne Microwave Theory Tech.
Detection

ItIS-4230A In Ga 1 As P 1 h aP  J. A. Rossi Accepted for l’roc. 1976 North

Double- eterostructure 

~: ~~~. 
) elly 

American Sympo: ~~ 
-

lated Compounds , St. Louis,
26-29 September 1976

MS-427- 1 N -Ray  l ithography H. I. Smith Accepted by Jap. J. App i.
L). C. Flanders l’hys.

MS-4302 Ion Implantation in GaAs .1. P. Donnell y Accepted for Proc. 1976  N o r t h
American Symposium on
Gallium Arsenide md R e—
lated Compounds , St. Louis,
2 6—29 September 1b7 (  

- 
-

M S No.

4 140E I’hiotoelectrol ysis of Water J. 0. Mavroides Lioston ( ollege t ’ I i y s( c s  ( o h -
loquium , Boston , ‘ I - H - u —
ary 1077

4230D Double-Ileterostructure J. J. h lsieh h oneywell Corporate I to -
GafnAsP/En l ’  Diode Lasers search ( ‘enter , I tJ oon i n j t~~u ,

Minnesota , 7 l) ecember l ” 7 t

•-\ u t h or  not at  .inco ln I . a t , o ru t o i ’v .  
-

t ‘ritl~ s of \k ’et irig Speeches are listed for informat ion  on l y .  No cop ies are available tor
distribution.
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MS No.

4309A Hi gh-Temperature Electrol- T. B. Reed Energy Seminar, Brookhaven
ysis and Fuel Cells National Laboratory, U pton,

New York , 30 November 1976

4335 Scho t tkv  Barr ier  Diodes B. J. Clifton
for Subi i i i l lj nie t er  Hetero-

(m i’ Detection

4 1 1 7  In te rna l  Cavity, Opticall y II.  R. l e t t e rman  .

Pumped Molecular Laser F!. R . Schlossberg * Second In ternat ional  Confer-
ence and tk inter School on
Submillimeter W a v es  and

438 8 Submill imeter  Heterodyne R. A. Murphy  Their Applications ,- San Juan . —

Detection Using Surface-  (‘.0. Rozler Puerto Rico , 6- 10 l)ecem-
Oriented Sehot tkv  Diodes C. D. Parker  ber 1976

II.  R. l ’ e t t e rrn an
B. J. Clifton
3. P. Donnell y
Vi . ‘F. I . indlev
P. E. ‘la nn enwa l d

4343 Second and Fourth Order II. Kildal
Nonlinear Processes in G. W. Iseler
Chalcopyrites N. ItIenyuk Topical Meeting on Optical

J. C. Mikkelsen ’ l ’henomena in Infrared Mate-
rials , Annapolis , Mary land.
1-3 December 1976

4358 Semiconductor-Based In- I. Meingailis
frared Integrated Optics

4344 Molecular-Beam Epitaxy in J. N. Walpole
the Lead-Tin Chalcogenides

Annual i’t h - e t i n 1~ of ).I a t o n al ~
4362 Studies of Defect Surface J. 0. Mavroides Research Society , a i nh n i d i” ,

States on SrTiO i’hotoelec— V. K. Ilenr ich Massachusett s , I ’ -17 \ov . n . -
trolytic Electrodes II. J. Zeiger bee 19Th

G. Dresselbaus
J. A. Kafalas
D. 1”. Kolesar

438 1 Adsorption of 02 and H 2 0 by V. E. ilenr ich Workshop on l ’hv sical  A l sor t ~-
Surface Defects on Ti02 and 0. Dresselhaus t ion , Br ookhave n N a t i o n a l
SrT1O3 II. J. Zeiger l , aho rato r v , Upton.  New ) o r L ,

2 8 — 3 0  l)ecc mher i~~7~

* Author not at I incubi  I ah o r at or y .
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S O L I D  S T A T E
D I V I S I O N  8

1. SOLID STATE DEVICE RES EARCH

By using a commercial PbSnSe diode laser operated in a cryogenic closed-cycle cooler and

a state-of-the-art HgCdTe photodiode, high-resolution absorption spectra of ethy lene were ob-

tained by heterodyne radiometry. The observed signal-to-noise ratio obtained with the diode

laser LO and a blackbody source was only about a factor of 2 less than the best S/N obtained

using a CO2 laser LO. The latter was about 45 percent of the theoretical limit for an ideal het-

erodyne receiver. The diode laser driven by a moderately regulated power suppl y was found to

have a 100-klIz instantaneous linewidth.
CW operation has been achieved in distributed-feedback PbSnTe str ipe-geometry double -

heterostructure diode lasers grown by molecular-beam epitaxy. The lasers emit near

A 12.5 ~m for heat-sink temperatures between 12 and 50 K, and single-mode operation is

obtained for large variations in diode current  and heat-sink temperature. Also, continuous

current-tuning of the mode frequency over a 7-cm t -wide band is observed.

II. QUANTU M ELECTRONICS

Grating tuning of the output of the HBr-pumped l6-1im CO2 laser has been accompli shed.

With the tuned cavity, experiments elucidating the kinetics of this laser medium have been per-

formed. In addition. 1/3 mJ of energy in a single pulse was obtained.
Studies of the vibrational kinetics of simple liquids have been extended with the investigation

of CII  and 51 6 kinetics in liquid Ar and Oz hosts by means of saturation techni ques. For
(‘11 1F, a simple saturation behavior with a 150 ± 50-nsec V-T decay time was found. SF~ ex-

:h it s  a more complex behavior due to excited-st ate absorption processes: rate l im i t i n g  steps of

54 ± 15 psec in liquid 02, and 320 ± 80 psec in l iquid Ar were found. The implications of the

molecular  spectroscopy in the cryogenic liquid environment for the modeling of vibrational en-

ergy flow within these molecules have been considered.
Acoustic spectrophone measurements of the absorption of pulsed CO2 laser radiation by

cooled and room -temperature SF’6 have been made in order to stud y mult i photon absorption pro-

cesses in polyatomic molecules. The absorption shows a strong dependence on laser frequency,

I e’u r energY , and t empera tu re .

II I .  MAT ER LAI .S  RES EARCH

A techni que has been developed for the fabrication of thin , corrugated . stabtl ized-zir conia

!i~~ks that could he used as membranes for- oxygen—ion transport in hi g l i - ton ipora tu r e  ~ l i - t i , l ~~s~
cells. A s lu r ry  of zirconia in an organic solvent is spread on a glass p h ate  to form a rubbery

‘ green shevt ’ which is then deformed to the desired shape , fi red it  1 i - U ( ~ C in a i r , and f inal ly

fired at 2200~ C in a reducing atmosphere to give a h igh-densi ty ,  t ransl t .cent  a ’ i , i n u c .

The role of semiconductor surface states in the photoelectr olysis nt a it or  Is being inves-

tigated by mean s of in situ photoresponse measurements  on SrTIO 3 
i - I , ~ t r ’~u1r’~ in ~hoto~ 1~ •‘t ro- •

chemical cells. Photons with below -bandgap energies o x u i t ,  pho t ocur rent s  w i th  I~~ng l i i i ,- ,‘ofl

st flflt5 (of the order  of minutes)  that are associated wi th  the t’ ,’, I u c t j c ~n of ‘, I v  eli , - t r o i i s  t a i i s  —

ferred from the sur face  states of SrTiO 3 to the conduction band.

H
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Thin films of Sn-doped In2O~~ which can be used as heat mirrors for solar collectors and
as transparent electrodes for solar cells, have been studied by x-ray photoemission spectros-

copy in an attempt to understand the factors determining their electrical arid optical properties.
The photoemission data suggest that darkening of such films, which seriously reduces their use-
fulness, is due to formation of an Sn304-like second phase.

IV. MICROELECTRONICS

A chip has been designed to add n-channel MOS shift registers and latch circuits to the orig-

inal prototype CCD programmable transversal filter structure. In the prototype device, the tap
weights were programmable as digital words which were controlled by switches external to the

chip, but in the fin al device the digital words are to be stored on the chip in static logic devices.

The analog input structure to the CCD sections has also been modified to make it controllable
by the positive voltage levels of the logic devices.

Electrical characterization of the first of the 100- x 400-cell CCD imaging devices to be

fabricated for the GEODSS (Ground Electro-Optical Deep Space Surveillance) program has be-

gun. The time constants and densities of two trap levels thought to be responsible for transfer
inefficiency have been identified by using a technique based on sequentially injected electrical
signals. The most prominent source of transfer loss is a trap level which appears to be the

acceptor level of gold located near the middle of the band gap.
Small, planar, surface-oriented Schottky diodes in which both terminals of the rectily ing

junction are on the same surface of the GaAs wafer have been fabricated and operated for the
first time as detectors at submillimeter wavelengths. The planar configuration lends itself nat-

urally to an integrated circuit approach, enabling the connection of matched strip-line antennas

and IF filter networks. Diodes with diameters as small as 2 1Lm have been fabricated and eval-
uated as harmonic mixers up to 668 GHz.

Quantitative measurements have been mad e of photoresist linewidth as a function of expo-
sure time and exposure order for the double-reticle technique used to eliminate faults, which
arise from particulate contamination or emulsion defects in the 10 X reticle, in chromium -

coated master masks, In this technique , the mask is exposed in the step-and-repeat camera
with a reticle having nominal-sized geometries and with a second reticle having slightly over-

sized geometries. These measurements indicate that the exposure time per reticle to achieve

a desired linewidth is less for the double-reticle technique than when using a single reticle, and

that exposing the oversized reticle first in the double-reticle process results in longer total ex-

posure times for optimum line widths.

V. SURFACE-WAVE TECHNOLOG Y

The program to develop surface-acoustic-wave (SAW) pulse expanders and compressors

for the MASR (Multiple -Antenna Surveillance Radar) system has been completed. The devices

were fabricated in the reflective-array-compressor (RAC) confi guration on bismuth germanium

oxide (BGO). Sets of devices were developed to generate and process a narrowband linear -FIt~1

waveform (2.5 MHz , 125 isec) and a wideband waveform (10 MHz , 150 isec). The low surface-

wave velocity on BOO allowed compact devices capable of processing these relatively large dis-
persions to be fabricated on commercially available 15—cm substrates. l~~’v spurious levels,

large dynamic range, large compression ratios , and good sidelobe suppression are cha rac t e ri st i c

features of these devices. Good control of phase and amplitude response y i e l d s  pea k near- in side-

lobes of 3 5 d B , and the uni que RAC geometry suppresses far-out  sidolobes 1w nioi o than 80 di t .

‘4
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