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RR 011-02-01, SOLID STATE PHYSICS, (Dr. D. K. Ferry, 202 €92-L217)

NR 318-002, University of Pennsylvania, "Magnetic Memory Materia's
and Liquid Crystals", P.I. - Dr. Herb Callen, NOOO1L-76-C-0106

It is proposed to analyze the preferential-site-ordering mechanism
which determines uniaxial anisotropy in garnets. This will provide
& new method of determining the dynamics and mechanism of crystal
growth in such materials. Such information is needed for improving
magnetic materials useful in magnetic bubble technology. Domairn
hardness, wall mobility and velocity saturation are among the

areas to be investigated. In addition a study will be made of
modern critical phenomena theory and phase transitions in liquid
crystals. Progress: It was shown that the observations of Gyorgy,
Sturge, and Van Uitert, on the anisotropy of Y{3-x)Lu(x)Fe5012,

are in excellent agreement with the mechanism previously suggested
by Callen and Akselrad. The data are consistent with a tetrahedral
iron mechanism, although they do not exclude an octahedral iron 1
mechanism. The relative contributions of the two sublattices and
the relevant physical considerations have been determined. These
effects are pertinent to the mechanism of preferential site ordering
in these alloys. The analogy between a smectic-A liquid crystal

and a superconductor is made closer by a transformation on the
smectic system. Within the context of the Wilson-Fisher recursicn
relations, it has been shown that the critical properties of the

two systems are the same, and that therefore the phase transition
from smectic-A to nematic will always be at least weakly first order.

fecent Publications:

1. H. Callen, "Growth Induced Anisotropy in Garnets with Mixe:d
Diamagnetic Rare-Earth Ions: Y3_XLP Fe5012,” J. Applied Thysice,
Vol. b5, No. %, pp 2348-50, May 197ﬁ.

2. T. C. Lubensky and R. G. Priest, "Critical Exponents for a
Lymmetric Traceless Tensor Field Theory Model,” Physices Tetters,
Vol, WBA, No. 2, pp 103-4, June 197hk.

3. H. Callen, "Thermodynamics as a Ccience of Symmetry," Foundn-
tinng of Thysics, Vol. W, No. b, pp 423-U43, December 197k,

. L. I. Halperin and T. C. Lubensky, "On the Analogfy Fetweer
Smect ie-A Tiquid Crystals and Superconductors,” olid at..
eammunieations, Vol. 1h, pp 297-1001, 1974,

-
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NR 318-003, Harvard University, "Superconductors, Magnetic Detectors,
and Magnetic Electronics,”" P.I. - Dr. Michael Tinkham, NOOO1lu4-~T6-
C-0032

Far infrared spectroscopy and laser sources are used to probe and
determine the energy gaps in superconducting materials. Magnetic
resonante techniques are also applied to metals and to magnetic
materials. The major work is on the interaction of far-infrared
laser radiatiorn with superconducting weak-link devices. Progress:
Far infrared cyclotron resonance has been observed in copper. The
observed lineshapes have been analyzed with various calculations
of the surface impedance change at resonance, taking into account
the Fermi surface anisotropy, in addition to retardation effects
and propagation effects.

Recent Publications:

J. M. Peech, "Far Infrared Cyclotron Resonance in Metals," Technical
Report 9, September 197k,

NR 218-00L, Clarkson College of Technology, 'Magnetic Control
Mechanisms at Critical Temperatures," P.I. - Dr. Earl Anderson,
N0001L-76-C-0051

A careful study will be made of representative samples of ferro-
magnetic, anti-ferromagnetic and ferrimagnetic materials in the
vicinity of their magnetic transitions in order to determine the
critical exponents which describe their behavior. The behavior

of these different types of magnetic materials will be compared

to see how they differ at the transition temperature and how they
are applicable as control mechanisms in magnetic circuits. The
device implications of magnetic behavior at the transition point
will be surveyed. Additional magnetic materials having potential
magnetic control capabilities will be sought and magnetic measure-
ments to determine thei:r properties carried out. Frogress: A
study has been made of the critical magnetic properties of lutetium
iron garnet. Values of the critical exponents were observed to
fulfill the scaling relationship, within the limits of experimental
error. The critical temperature, obtaincd from the kink-point

plot of applied magnetic versus break-point temperature, was re-
affirmed through utilization of the Kouvel-Fisher analysis.

Recent Publications:
A. A, Stelmach, E. E. Anderson, and C. Arajs, "Magnetization of

Lutetium Iron Garnet Near the= Critical Feint,” J. Phys. Chems.
Golids, Vol. 34, 1343-13L6, 1973,




NR 318-005, University of Pennsylvania, "Optical and Acoustical
Spectroscopy of Solids," Dr. Elias Burstein, NOOOlL4-76-C-0107

Surface electromagnetic waves and surface acoustic waves and their
interaction with electrons in solids and with each other are studied
to give the electrical properties of solid state materials. The
interaction of surface electromagnetic waves {polaritons) with
anisotropic dielectric and permeable solids will be studied via
techniques such as attenuated total reflection (ATR). Progress:
Surface polariton dispersion curves have been obtained for an n-
InSb-air interface in a magnetic field using the ATR method and

are found to be in qualitative agreement with theory. In particular,
the curves show the predicted non-reciprocal nature of the surface
polariton propagation, and the appearance of virtual excitation

type branches of the dispersion curves. On the basis of data
obtained in zero magnetic field on etched surfaces, the quantita-
tive differences between evrerimental and theoretical dispersion
curves are attributed to su. .ace damage.

Recent Publications:

1. D. L. Mills and E. Burstein, "The Llectromagnetic Modes of
Media," Reports on Progress in Physics 37, 817-92( (1974).

2. E. Burstein, "Phase Matched Electromagnetic Generation and
Detection of Surface Elastic Waves on Non-Conducting Solids,"
J. Appl. Physics L5, 4360 (197kL).

3. E. Burstein, W. P. Chen, Y. J. Chen and A. Hartstein, "Tropa-
gating Electromagnetic Modes at Interfaces," J. Vac. Sei. Technoi.
11, 1004 (197k).

4, A. Hartstein and E. Burstein, "Observation of Magneto-plasmon-
type Surface Polaritons on n-InSb," Solid State Communications 1k,

1223 (1.97k).

5. M. L. Shand, Y. L. Ching and E. Burstein, "Raman Scatterins
by Optical Phonons and Polaritons in CuCl," Solid i‘tate Communi-
cations 15, 1209 (1974).

6. A. Hartstein, E. Burstein, E. D. Palik, R. Kaplan, R. W. Gammon {
and B. W. Henvis, "Optic Phonon-Magnetoplasmon Type Curface

Polaritons on n-InSb," Int. Conf. Thysics of Semicond., Stutteart

1974 (Teubner, Stuttgart, 1974) p. 5hl.
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NR 318-007, University of Colorado, "Band Ctructure Modifications in
Superlattice Structures," P.I. - Dr. Herbert Kroemer, NOOO1k-76-
C-0115

The effects of screening and self-energy are studied in the Peierl's
instability in periodic superlattices. Work on purely electronic
modifications of such instabilities is also carried out. A study

of the dynamics of the motion of a Peierl's instability through

its host lattice and of its high field behavior will be undertaken.
A study of two-dimensional surface superlattices created by atomic
steps on an off-oriented semiconductor surface will be carried out.
Progress: In layer-type superlattices the electron motion perren-
dicular to the direction of periodicity is not quantized, & fact
that greatly weakens the beneficial effects of the superlattice.

The overlap of the energy bands in this structure essentially
orecludes the occurrence of negative differential mobility caused

Ly a transfer of electrons between minibands. The effects seen

so far in the Esaki-Tsu type structures are more likely due to
medified Gunn effect. In order to realize more than just a fraction
of tne promise of the superlattice it will probably be necessary

to rrepare them in substances in which the electron motion is
inherently one-dimensional

Recent Tublications:
H. Kroemer, "Negative Bulk Mobility Devices - What Next?", Proceedings

of the International Electron Devices Meeting, Washington, D.C.,
December 197h, pp 2-kL.

NR 318~009, Rensselaer Polytechnic Institute, "Wave-Solid Tnteractions,"

F.I. - Dr. larold Tiersten, N0001L-76-C-0368

Theoretical investigations of the guiding of magnetoelastic and
viezoelectric surface waves in deformable media and on the nonlinear
interactions in acoustoelectric devices will be carried out. Frogress:
An analysis of the reflectinn of surface waves by an array of
reflecting strips by means of derived approximate equations was
carrvied out. These equations are expressed in terms of the known
fundamental material constants and no measurement of model parameters
is required. Agreement with experiment in Y-2 lithium niobate is
good. The extremely accurate approximate solution for the fundamentul
nondispersive antisymmetric mode of the wedge waveguide in isotropic
materials has been completed. A method of analysis has been obtained
“or the treatment of abrupt discontinuities in determining the

infivence of the radiqting continuour spectrum on the propagation ¢f
eiastic surface waves onide by Chin Clime, An analvaeis of trapped
enerysy resonators peratinge in o covertopes of congpered Chicknerc-shear
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Sympegium Proceedings,

B.oFL Tiersten and DL Bubin, "vn fhe

Fuide', 10Tk Ultrasonics

P, Tiersten, "Noniinesr elecireelastic equatics g cubie in
thee grall fieid variables,” Journal of the Acouotlcal Society of

1975) .

Lrorvicn ST, €60-6

. H. ¥. Tiersten, "Analvsis of intermodulation in thickness-shear

e trapees energy radiatars”, Journal of the Acocustical Yociebty
ST 0D i 667—(” (1.9’4”;‘\)

i 218-0i0, University of Calivornia at Los Angeles, "Magnetic Alloys
and Orpanic Conductors," P'.I. - pr. Raymoni Orbach, NOOO1Y ~-T5-C-0245
{“.¢ phyeienl properties of conducting orFanic ceolids will be investi-

ratel treoretically by Jdeveloping new medels -~ f charse transfer in
ci-one dimensional narrow band solids. Fleetron spin resonance
used to investigate dilute mapnetic alloys that have nearly
L hio moments and exhibit large negative exchange coupling.
Aiditicnal work will be undertaken to investigate the effect of the
negntive exchange coupling on nemative thermopower in dilute
alloys. Additicnally, an investiration of fluctuations

ar stuperconductors near tho superconducting transition

oy ctare will bte carried ont. rogress:  The thermoelectric
cower o narrow-band Hubbard Uhu?n with an arbitrary number of

semiconductors,”




electrons per site was studied. The calculations were carried out
to the lowest order in the transfer integral. Tt was found that

a characteristic electron density (=2/3) existed below whizh the
thermoelectric power is negative at all temperatures. In contrast,
Tor the density larger than 2/3, the thermopower is small an«t
negative only above a characteristic temperature, below which

there is a change of sign and slope. The applicability of the
results to the charge-transfer salts of tetracyancquinodimethane
(TCNQ) was pointed out.

Recent Publications:

1. D, Davidov, K. Maki, R. Orbach, C. Rettori, and E. P. Chock,
"Re-Entrant Critical Field Behavior in GdyThy_yRu/: Cerrelatior with
EPR," Phycics Letters L5A, 163 (1973).

2. D. Davidov, C. Rettori, K. Baberschke, L. P. Chock, and R. Orbach,
"Correlation Between Electron Spin Resonance and Cuperconductivity
in GdyBj_xRup(B=Th, Ce, La)," Physics Letters 45A, 1€1 (1973).

3. N. L. H. Li and R. Orbach, "Superexchange," A.I.P. Conf. Proc.
10, 1238 (1973).

L. P. Pincus, "Charge Transfer Molecular Solids," Selected Topics in
Physics, Astrophysics, and Astronomy, p. 138 (1973).

5. P. Pincus, P. Chaikin, and C. F. Coll, "Correlated Pairs in the
Attractive Hubbard Model," Solid State Communications 12, 1265 (1973).

6. . Dettori and D. Davidov, '"Comment on the Hyperfine Constant of
Rare-Earth lons in Dilute Alloys: Th: Fr," Physical Review B 10,
4033 (1974).

7. C. F. Coll and G. Beni, "The Effect of Polarons on the Conductivity
of the Narrow-Band Hubbard Chain," Solid State Communications 15,

997 (197h).

8. D. J. Scalapino, Y. Imry, and P. Pincus, "Generalized Ginzberg-
Landau Theory of Pseudo-One-Dimensional Systems," Fhysical Review P
11, 20k2 (1975).

9. J-P. Gallinar, "Thermodynamics of an Extended Hubbard-Model
Chain. II. Strong-Coupling Limit,” Physical Review B 11, L4421 (1975).

10. T. Tonegawa, H. Shiba, and P. Pincus, "Thermodynamics of the
Impure Classical Heisenberg Chain,"” Physical Review B 11, 4683 (1975).

11. P. M. Chaikin, P. Pincus, and G. Beni, "Peierls' Transitions in
Alternate Lattices,’ Journal of Physics C: Solid Otate Physics &, LA%
(1975). 4




12. P. Pincus, "Basic Principles and Concepts in the Fhysics of
Low Dimensional Cooperative Systems," in Low-Dimensicnal Coopera-

tive Phenomena. J. T. Keller, Ed., (Plenum, New York, 197L) pr. 1-21.

13. C. Rettori, D. Davidov, and H. M. Kim, "Crystalline-Field
f

14. R. Orbach, "Electron Spin Resonance in Superconductors,' Physics
Letters LT7A, 281 (197hL).

15. R. Orbach, "Energy Transfer and Anderson Localization," Fhysics
Letters L8A, 417 (197k).

16. R. Orbach, M. Peter, and D. Shaltiel, "The Magnetic Rescnance
of Dilute Magnetic &1loys,” Archives des Sciences 27, 141 (197L).

17. . Beni and P. Tincus, "Thermodynamics of an Exterlded “ubkeri

Chain. I: Atomic Limit for the Falf-Filled Band," Physical Rev:
2, 2963 (1974,

g i. Beni, P. Pincus, and J. Xanomori, "Low Temperature Froperties

2t the One-Dimensional Folaron Band. I. Extreme Band-HNarrowing

Regime," Physical Review B 10, 1896 (197k).

19. U. Bernstein and P. Pincus, "Thermodynamic Properties of the
Dimerized Half-Filled-Band Hubbard Chain," Physical Review B 10,
3626 (197h).

20. G. B. Arnold, "Upper Critical Field and Critical Temperature
for Superconducting Alloys Described by the Anderson Model," Physical
Review B 10, 105 (197h).

21. 3. E. Barnes, "Fine-Structure Splitting of a Localized HMoment

in a Metal: A Diagrammatic Analysis," Physical Review B 2, L4789 (197L).
22. G. Beni, "Peierls Transition in a Quasi-One Dimensional System,"
Solid State Communications 17, 269 (197h).

23. C. F. Coll, "Excitation Spectrum of the One-Dimensional Hubbard
Model," Physical Review B 9, 2150 (197k).

24. 0. Entin-Wohlman, G. Deutscher, and R. Orbach, "Anomalcus Spin-
Flip Lifetime Near the Heisenberg-Ferromagnet Critical Foint,"
Physical Review B 11, 219 (1975).

25. G. Beni and C. F. Coll, "Thermoelectric Power in Half-Filled
Bands," Physical Review B 11, 573 (1975).
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W. Zingg, R. A. B. levirne, antit . B Ulnme e
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of Pd," Physical Review, T 11, s Ve

2. F. Fryne, "Magnetic Tield Twporiion e
in Antiferromaguets," Physical Soviow B g,
28, C. Rettori, fH. M. Kim, &,
Behavicor orf Paramagnetic Tone
metallic Compounds: Gi,luy_,

29, G. Beni, "Thermcelectric Inwer - the &
Chain at Arbitrary Flectron Toneity :
R 10, 218~ (1a7h),

NR 318-014%, Rockwel' Tcirnce Menrer,
PbSnTe,"” T.I. — Dr. Jdohr Cepe, Jinnoilos

This program will study ronvent i
grown epitaxial films in vacos,
induced scattering from cxide crowts ~n iy
with ESCA data, and will study the stecirno
thin film of Pb or other metal. Frogress:

have indicated that Te precipitates ure Tirm.

PbSnTe. Scattering from Ve ant "Ven.
signals from suitably etched Fh
the presence of Raman scatteri
from the L0 zone center plonoi.

e

NR 318-017, Naval Weapons enwter, "M oooir-
of Solids," P.I. - Dr. Victor Rehr

This program will utilize the HWC farilitire

Radiation Project to study the ultraviciet tand

L-25eV, and the deep-lying ceorm stntes ‘o o
excitations in the 25-300eV range,
on the materials Gals, TnD, i, (" apd 00
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NEO218-003, The American Hniveruity,
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n. “he materiale will be prepared un:
checked for their maguetic properties by Mogsbauer analyci
strain gauges, by conventional torgue and direct movenien®
nerts.  Urogress:  In terbium-iron-yttrium (TbFeY) alloys, ut small
concentrations of Y, the magnetostriction drops linearly with
increasing Y. At a critical concentration, the magnetostrictivn

en shown in

is varied.
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terbium-iron-cobalt

“he underlying mecha
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ThFeCs)
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this change 1s just the dependence of the Curie temperature on the
niloy concentration. The magnetostricticn ccomes almost exelucively
from the Th sublattice, which dominates the magnetostriction ¢f *the

trancition metal ions.

Fecent Publications:

1. A. E. Clark, J. R. Cullen, and E. Callen, ''Rhombohedral Magreto-
strictive and Magnetic Materials, Distortion of Highly Tt Alloys",
Proc. of Conf. on Magnetism ard Magnetic Materials, 1975.

2. R. Abbundi, R. Segnan

. J. J. Rhyne, and D. Sweger, "iiv

Fields in the Absence of Magretic Order in Dyfic Alloys"
on Magnetism and Magnetic Materials, 1975.

NR 318-02L4, General Electric Corporate Research and Development
Center," Improved Permanent Magnet Materials," T.I. - Dr.

Becker, NOOO1h-Th-C-02T1

J. J.

"he coercive force in high-anisotropy materials will be investigated
in order to supply a basis for the development of permanent magnet
materials surpassing the best in existence today. all of which are
now based on Co55m. Present techniques are senritive enough to
permit the measurement of magnetization and hysteresis behavior

of single microsample particles in great detail. Further
tion on the nature of the defects responsible for nucleation events
in single particles will Ve obtained by analysis of magnetization
behavior and its dependence on various physical parameters,

especially temperature.

Progress:

Very tiny samples from
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sintered Cobim macnets measar. 00 L Low domoany Loy 2ot -
caticn phenomena previoucly ceen oy in sincie purnioles
from cast material. These phenomena inel tie mapnetization

tinuitiec, a quanticed depenience of nucliewting Ticeldr on mad
rTields, an angular !/cosd tropped-wall dependence, dng on cocasi.o

a completely rectangular hysteresis loup. Thus for the first tone
a strong link has been estublished bLetween eariicr reversal rmech o’
studies and the behavicor of bulk CoS0m murnets, the sarme deroet -
nucleated reversal behavior being cobserved in toth.

Recent Publications:

1. J. J. Becker, "Properties of Microsurples of Sintered Cobnl? -
Samarium Magnets,” presented at 20th Annual Conference on Magretiss
and Magnetic Materials, San Francicco, AID Conference Froceeding: s
2k, 676 (1975).

2. J. J. Becker, "Origin of Coercivity in Ccbalt-Rare-Farth Yar«ic es

and Sintered Magnets,” University of Dayton Uymposiwm on (rysts)
Anisotropy and Coercivity of Rare-Earth-Transition-Metal Allcyy,

Dayton, Ohio, Oct. 17, 197k.

NR 318-027, Massachusetts Institute of Technology, "Magnetic
Semiconductors, Detectors, and Llectronic Devices," I'.I. -
Dr. George Pratt, NOO01L-75-C-0785

P
b

Use is made of new models of many electron systems in magnetic so
in order to determine their points of transition from metal to
insulator and conditions of spontaneous magnetization. Calculationg
of energy levels associated with deep traps, defects, and impuriti
are calculated by means of cluster techniques of energy band thecory.
The magnetic after-effect will continue to be investigated as =a
sensitive detection scheme. Progress: The electronic energy levels
associated with vacancies and interstitials in PbTe have been calcu-
lated using the Johnson-Slater cluster method with a PbhTel cluster.
This is a SCF relativistic calculation and the results are similar
to those reported earlier. Agreement with the previous Parada-Tratt
first principles calculation using conventional band theory is also
good.

3t

Recent Publications:

G. W. Pratt, "Production of Quasistatic High Magnetic Fields by
Switching Low Voltage d.c. Generators", IEKKF Trans. on Magnetics,
MAG-10, 201 (197L).
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NR 318-039, North Texas State University, "Investigation of Optical
Biasing on the Quantum Transport Properties of Semiconductors,”
P.I. - Dr. David Seiler, N0OO014-76-C-0319

The investigator will study the quantum transport of electrons and
holes generated by optical irradiation in the presence of high
electric and magnetic fields. During this study, new tools will

be developed and utilized to provide information on determination
of the non-equilibrium electron temperature and the effect of

laser irradiation upon this temperature, to determine the transient
effects of the Shubnikov-de Haas and magnetophonon resonance effects
in pulsed electric fields and the corresponding energy relaxation
times, and to study the properties of the non-equilibrium carriers
through spin-splitting of the Shubnikov-de Haas effect. Progress:
New

NR 318-0L40, Stevens Institute of Technology, "Research on Chalcopyrite
Semiconductors," P.I. - Dr. George Wright, NOOO1L-76-C~038L

Theoretical calculations of the electron energy bands will concentrate
or. the differing influence of these effects: the change in the
chemical potential of the A-B cation sublattices in perturbation

from ITI-V or II-VI lattices, the effect of the c¢/a distortion,

and the effect of the anion distortion. This study will utilize a
blend of symmetry, pseudopotential, deformation potential, and k-P
techniques. Experiments will utilize piezo-spectroscopy to ascertain
deformation potentials and optical pumping luminescence measurements
to ascertain g-factors. Progress: New

NR 318-0L1, Emory University, "Far Infrared Optical and Magnetooptical
Studies of Semiconductors," P.I. - Dr. Sidney Perkowitz, NOOO1L-T76-
C-0L429

Far infrared optical and magnetooptical reflection and transmission
measurements will be made in III-V, II-VI, and IV-VI semiconductors

and their alloys with particular emphasis placed upon the [IT-V
ternary solid solutions. These data will be utilized to investipate
dielectric behavior, coupled phonon-plasmon modes, and multi-carrier
properties of the materials. The role of multiple coupled oscillators
on the dielectric behavior will be investigated. DPolaron coupling

and the role of plasma interactions in narrow-gap materials will be
investigated. Progress: New
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R 318-042, IRM Can Jose Fesenrch laboratory, "Flectr oo reopers D
ot Anisotropic Organiec Sclide,” Fol. = D, Bo L. trewaie, 001 Lo

THimm

The contractor will investigate the following: (1) Uvothesis, o
cation, and Tilm and crystal rcrowth of derivatives o polysalyde
involving intercalation, substituticn, and attachment of of i v 0o,
() measurement of tne conductivity, thermorower, an’? ¢

of these crystals as a function of temperature; und (3) interrrot

tle above experiments using phenomena orienteld moleln *o provii
insight into molecular and solid state crigins of electironic ¢ rusture,
metal-insulator transitions, dencities of states, baniwidthe, electririo
effective masses, anicctropies and electron-phcnon interaction:z.

Irogress: New

N N
puocifie Lo

NR 318-0LL | Western Michigan University, "Magneto-transpcrt Utuijee
in Cemiconductors,” T.I. - Dr. Vijay Arora, [H0OCIL-7(-C-

“alculaticns will be carried out on magnetotransport effects in
semiconductors in the presence of electric fields and thermal praiiernt:,
A nquantum mechanical approach based upon the solution of Licuville'n
equation for the density matrix will be utilized. Results will te
extended to the cases of nonparabolic bands, inelastic accustic
scattering, many valleyed band structure, and the effTects of hirk
electric fields. Progress: New




RR N11-11-01, CUTPFRCONDUCTIVITY, (F. AL Fdelanck, 207 Fop=Lrli)

NRO210-0th ) National Warean of Ctandards, Naithersbure, "Tetectirr
~f Flectramarnet f¢ Batiatiop b Avreer ~f Tocerhson Junections,”
TLT. - T, P, Finnerun, NACTR_DI7C

The electrodynamic treverties of small arravs of interactine
Jeserhson *unnel jurctiers are teine investieated. Roth radiation
emiasion and micreowave induced recponse characterictics are heine
studied., Tunctinre are beine develnsned usine hieh transitirn
temrerature, larse enerryv fav materialc, Progrese: The most
sienificant new recnlts achieved with large area Fh-Ph nxide-FPh
tunnel Joserhansn $uneticong were: (1) the successful injection-
lockine (with an external L 7Fr micrawave eource) on small arrave,
{7) the ¢irst orservation of ccherent emission from a radia-

a
wrothree Suncticon arrvav, ceupled 5 a microwave strivline,
a

Fajiation trem thic array was letected a* frequencies near 4, °
ant 10 bz,

Recent tublicati no:

1. 7. F. Fipnepan, . Toots and J. Wileon, "Frequency-Pulline

ani “eherent-Locking in Thin Film Jeserhsorn Oscillators,” Pro-
coedinge of UT=14, p. 18L, (Nlerth-liclland Publiskine Co., (10700,

R 3192095, Imiversity nf California, Perkeley, "Microwave ani
Far Infrared Curerconducting Detertore Sor Purveillance Cycteme,
T.T. = P. Fichards, NO0NTL- A -nonno ned

"

The rroperties of high freauen~v, wide btandwidtt low noise rarn-
metric amplifiers using Joserhson functicrne ne nonlinear element -
are teing invectirated, TUrapreca: Fxperiments at 20 G¥e tave
“hewn that *he noice and fhe copyereiop effirioney -0 mixers
~entainine Tho banetione arres with thesrerically determined
valuec., Usine a 26 SEc parametric amplicior ~ontaining o
Jeserhsen tuncticn, cieni®iennt rararctric gair war o brerved,
Thic in the higtont Trompensy At whicl pain Lae been ~teepved,

B

17

T,
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Recent FPublications: ;

1. "Noise in Josephson Fffect mm-Wave Mixers," .J. (lagsern,
T. Taur and P. Fichards, Precceedine of 107L Aprlien Turercor-
Auctivity Conference, Cakbrook, T11., 1974,

2. "Josephson Juncticne as Heteroivne Netectors,” T, Tuur,
J. Classen and T. Richards, TFFF Transacticne rn Micr-wave §
The~ry and Techninues, Decemter 107L, Tar« 17,

" "

IR 319-057, Massachusetts Tnstitute cf Technclory, "Turereon-
ducting Flectric Machines for Naval Prorulsion,” P.T. - Tr. 0. L.
Smith, NOOOl4-AT-A-020L-N0AR,

The contractor is investigatine the characterictice ~¢ eoxics ir.-
superconducting machines for cship rropuleicr and comparines *hern
with the characteristics of newly conceive: machinec. Twe rew
machines concepts under investigation are: (1) curerconinesing
machines having a DC supercenducting field windines ani ~w. r oroel
conducting armature windings, and (2) a high el iciency variabis
speed ship propulsion system utilicine AC sujere i ine o tory
ard superccnducting generator. TProgress: The ctea:y | tnte
testing 0f an iron and corper prototvre oF o surercon et inge and
armature motor was completed. A starting windine war ecivnes
and installed on the inner roter of this moter, A cimpli“ie:

circuit medel fer this new dual-rotor class of machines har beer
developed.

Recent Publications:

1. "Multipole Superconducting Flectric Mators frr Chip tro-
rulsion," by P. Thullen, T. A. Keim and .J. V. Minervini, TEFF
Trans. on Magnetics, Vol. MAG-11, No. 2, March 197°, pn. S73-5.

NR 319-062, State University of New York, Stony Brook, "Tuper-
conducting Broadband Arrays," F.I. - Professor J. E. Lukens,
NOON1L-T5-C=0T#9.

The radiative properties of broadband superconducting arrays in
the 1-1°% GHz frequency range are being studied. These series
connected arrays consist of many thin film microbridrees whaose
properties are precisely controlled by means of electron-beam and !
inrn milling fabrication techniques. The effects of array size and ;
coupling on microwave output power and on the intrinsiec array

neoise are being studied. Frogress: A most important result has
been the observation of voltage locking between two series connected

. e nemr »
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superconducting indium microbridren whicl were i clrise proximd
Data show the existence of an internal synchronization interact
without need of a cavity or external radiation.

Recent Publications:

1. "Observation of the intrinsic noise of thin-film micrabridpre
Josephson junctions,' Appl. Phys. Lett. Vol. 24, LR0, 15 Arr 75,
3. 8. Pei and J. E. Lukens.

2. "Use of Fluxoid Quantization in the Measurement of the Induc-
tance of Single Junctions SQUIDs,” with £. S. Pei, J. Arpl. Fhys.
L6, 2257 (1975).

NR 319-072, The Aercspace Corporation, "Josephson Parametric
Amplification at Microwave and Millimeter Wavelengths," P.T. -
A. Silver, NOOOLL-TE-MP-60007.

Parametric amplificaticn preperties of superconductine Josephs-n
junetions at microwave frequencies are being studied., Parametric
amplificaticn is being studied as a function of critical current,
leakage resistance, junction geometry, and frequercy, in corder to
determine the conditions for optimization of rain, barndwidth, noice
figure and freauency conversion. FProgress: TImpedance measurements
vere made at 9 GHz on niobium supz:rconducting point contact Jjunctionc
in a broadband waveguide for the purpose of studying junction para-
meters. Results were inconclusive due to spurious reflections ani
lack of an absolute reference impedance. Alternate experiments

are being attempted. Experiments tc study parametric amplificaticon
at Q0 GHz are underway.

Fecent Publications:

5 "

1. "Tarametric Amplification with Self-lumped Josephson Juncticne,
2. ¥anter, IBEFE Trans on Magnetics, Vel. MAG-11, 782, 107%,

I. "lLew Neise Parametric Amplificaticn with a Telf-Tumped
Joserhson Junction,” H., Kanter, J. Applied Thysics.

dkO410-07%, Ctanford University, "Superconducting-Cavity Ctabilized
Sseillator for Ultra High Ctability Fadic Frequency Dource " TUT. -
Frofesscr H. A. Ochwettman, NOOOLU-6T-A-0112-00RT,

The electriral, crycrenic, mechanicral and envirenmental parameters
vhich effert the chert term frequency otability nand 1l Tongy term
Arift of superconiucting cavity ctabilized cscillatore (700C) are
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seuiied.  The long tern frequency drift of the CCCO are
cemrared to oa cesium beam f{requency standard and as part
ie erudy the uprer limit of the secular drift rate of the
ructure cons*art is being measuredi. Prorress: Recent
have resulted in the followine cubstantial imrrovement -
SCSO performance characteristics at 8.6 nHz: (1) the
rectral density of phase fluctuations have been reduced by twe
decades, (D) the shert-term freaquency stability as measured in
the time domain has been reduced bty a factor of 00 teo % x 10~t
for sampling times between ! ms to 10 ms and (?) the long-ternm
‘ractional frequency drift has bLeen reduced by & factor of four
+

s

b ovaiues ~F P g oy 10l ax

rer dav,

. . s
Fecent Tublications:

. - ~ C . Y e q - Z1F
ting-Cavity Stabilized Oscillators of € x 10 1
Stein and T, F. Turneaure, IEEF Proceedings

R O319-080, Natioral! Pureau of Stan
and Far Infrared Superconducting De
NAONR-3L-T75,

dards, Boulder, "Micrcwave
tectors,” P.I1. - D. McDonald,

The high frenquency rezpense to millimeter and submillimeter
radiaticn »¢ superveorducting point contact and tunnel type
Joserhsen juncticns are beins stuilied. Frequencies of ur tr
120 THz are reine explered. A thearerical study of ricaosecond

milse reneraticn by Jroecerhoon functicons is in rregress., Tregrecco:
Lorrataryre oy power T ivling fe refreiFerator male o8 non-
mnet , nomeoonict ire o materialo b been bullt andt maintained
at 17E Cor cver D700 G e ywith on porisentle wear, The micre-
secrin phencmern ol tharrsy o tbn Tocerhanr p0Tent hac Leer
reformglace ]l oo oac o permit o aalenlatiin ~f the intrinain
resyones Cime L F Tonerhiern turnet Sanetion when connectel 4
ar. '1?‘}‘?‘?"' ADEATARD IR '
Fecert T} tlons
v,oowy Havrio, Mlreetrste Yoo, 7T eert ooy Tunne!
Taret ien "
. . vl V0 0 Dvnen o and T, M0 Gincbere, "Ttrane-Tolings
Trrese oo v e Tyt e Ty art {o e Myrrent o8 4 Curer-
vt Grpeel aroedopt
oMy SHrcYere g B0V Barrie ot 0 O Dynea, Ty =T i
Preess Do b L e T Flestedegl Topbgetivive 0 Caperc
AR RS B o
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- 0 - - . . - . -
NP RI9-071, Talifornin . . v T
C7 Flectromarretic o Tero oy i I
P.T. = 7. Mercerean,

The courling btetween irdiviiual elemert: ¢ Chupee -

Jucting furnctions is examine s botd o 4 { v

mertally. Imredlance, noise, emisci-n . ETR R

and sensitivity are Teins ctuliel,  Drorres: ntlo

of individual elements In a4 swerconiuctine =eviesn

rroximity courled Jorerhorn furcetiorne khave Yoor £ .

torether in*c 1 eingle cynehreonoue mode whern st b e,

Juncticne ¢ mads su®tisdent v { o A

in arraye of Tr=Ta jurctions © :

rhenomenon ceeurs svontanesusly A S

radiation or a regnhnant cavity.

Recent Publicaticons:

1. MNeise Measurements in Turerconductine T .

&. ¥. Decker ani J. F. Mercereau, Aril. Tlvre, uT
" k3 s . = . ~

2. Strirline Coupling to Jesevheen Mecillators,” ansoan

J. E. Mercereau, J. Avrpl, Thva. 20, 4Q%¢d  (ramoy,

NR 319-082, University ¢f Fenrpexivaris, ©
3 . B kd

7 . "o o

Excited Curerconducting TDevicer, T.1. -
NOON1L~75-C-000%

The de TI-V characteristice of the optically~iniduced wealk
are reins studied in several supervconducting materiaice
dependence of the critical ocurrent orn temperature, 1l y
and marnetic field are teine investigpated. The resveonce of tleve
optically induced weak lirnks *c micrcwave raiiation ie alec teine
studied. Progress: Usine ortical excitation tc produce an excesc
of quasiparticles {i.e. non-paired electrrnc thin-film
supercnnductine micrrbridees han o ate e
an alterna*te techninue, 1 um x 7 ur *tunne’
on a langs *in micrebrides was cred,

throuch the

It et
ntenciow

evapernt el
Prlen were nfected
.

rarrier

tunne . Were et e ey
in demenstratins *he fenoibiiicy o F T tannbkls

surerconductinge Joserhson weak lirnk ucine the meth

W Tl
intertion - € excenrs quaniparticiee,
Fecont Tubllcoerions
- . IS M. PR . - . s . . "
e Langenterg 00 neaalDitrinr Thenomenn fn ayer s b Dol
[rw Temperatare Thyof e = TTTLOT T erthatie G ian e
W o e L Y v ey e . b *i e n . N cer N
rLoeviern s Amoateraars oaqr i lew Yy H




319-09L, Massachusetts Tnstitute of Technoloew,

Hish Transition Temperature AlS Fuperconductinge bty Means «of Teorn

Tmilantation,” }.1. - Tr, Fobert M, Poge, NOONLL-TA_0-0207,

Jynthegio o F

Jubstrates of NbRAL will te prepared, chariacterized and implanted
wity 01 dions at variouc dcsares and energies. Measurements ¢f
trarnsition temperature and other surerccnducting preperties will
be made as a functicn of implanta®icr temperature and initisel
specimen rreparation. TFroeress: Tlew.

Fecen®t Tublicaticns:

'3
T

riversity of Marvlani, "Woise and Felaxaticn Thenomens
Y AD

~w Temperatures,” T.I. - I'r, Joserh Weber, HONNIG-TV¥oT_0LRF

relaxaticn time aceociated with the rnoise “rom metal ani 3i-

lextric crvetals at low temreratures will be investipated., The

: ant O 27 9 nichiur cvlinder at low temrerature will be

itel, Troereca:  lYew.

LILETETS

Pacont Tuhlicntinne:
none
NPO319-09F ) Cornell Universzity, "Tuperconducting Detectors.” 1. -

. Buhrman, NOQOI1L-TF_C-052(C,

The electrodynamic prcperties and intrinsic ncoise ¢ surerccnducting
quantum magretometers tiased at rf frequencies above 100 MEz will

be determined emrloying toth computer analysis and experimentation.
"'sing superconducting thir film indium weak links and variable
thickness niobium bridges as microwave detectors, a detailed

study ~f heating effects will be made. Preogress: New.

Pecent Publications:
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Necent Torliosaticons
Rt

NR OR19-00%, University of Californi
Prorerties of Nonequilibrium Superc
L. J. Scalarino, NOCMIL-TA-_C-n525,

The rrocesses by which varicus mone
cause breardecwrn in surerconiucters
rerturtaticns from the equilibrium
rhonon deviations will be comrared
mechanisms. Chanres in enercy .
quasirarticle relaxaticn ra‘tes will

Recen*t tublicaticns:

None

219-1000, University of Califcrnia,

Flectremarnetic Radiation bty Temicenduc*or-bar

Junc*ions,” T.I. - Frofescor 7. Van

The current-vcltare characteristics of =suyers i

crrorat e

T,

qmet ers
analyvt iy

heke

a4, Oan

ot
3

onductineg

auilirt
will b
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fov g
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studied

de tre micrcbrid

tyre tunnel Jjuncticns containing silicon tarrioes

thicknesses and doping profiles will te ctuiied.

circuit medel of the semiconductor barrier wil!

usine three geries-connected shunt
quasiparticle and disrlacement curr

Recen* Publicaticons:

Hore

RCed

renite

te
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Fe

CooTe e et

ents., Progresc:




31ffysion distance. flen the extercior -7 -
vartizie A{ff%cion theory inte the r2 rerion will e —xveri-
rentally *tectel, Trogresc: New.
- A-' ..1£i‘ngz
TR Tranferd Undiveraity, "Cuyercendogos ine vt [
A S S 1. NonnT Nt e
LI .. , Neons ‘
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e
NHOSTI=T0k ) Prown University, Provijerce, BT, "Terivheral or Fipe-
in !lanar Ferrite [ ade! Wavesuiding Structures , VLl

ig progsran it develor the thesry «f edre jruided

in ferrite l-aded wavepuldes, which will Teail *o -pvtiryn
rip devices such as isclaters, phase shifters, ci
ributed unilirecticnal microwave amplifiers. Prototyvre
devices utilizine the edre fuided mode have teen built ard are charac-
terized hv extremely wide band performance which may te useful for hirh
data rate cr gpread spectrum ~unicaticns, or for frequency hLoppines

cr hisrh resoiution radars, h >r a basgic understanding «¢ this mode
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e S, TR

' is lacking. The propagaticn churacterisgtics ¢

i edyré puided modes will bte determi:-—-i Tor cancnicn’
' increasing complexity using interr:? equation ond
techniques. Trogress: Numerical ¢ Iutione 7 e

relationg for surface modes on die sctric=Yerrite

been developed. Compariscn with tl. experimentes! <

edie ruided mode shows sirilar characteristics., “rrputer rroorvanc
vere develcped for the surface node which will tec e mrn frte.re)

rart o the more complex programe requ.ired Lo aralyre the e
ruided mode.

Recent Publicaticns:

1-088, University of Colorade, Houlder, Culerade, "Flectr -
marnetic Susceptitility Study of Metzllice knclosures ano ¥lectr nic
Circuits", P.I.-D.C. Chang, NOOOIL~T(- '-n318,

This propram will investigpate, theoreii ~31y, the electronzinetic
penetration into apertured cylindrical «: -losures of circular

e
cross-section. Two types of plane wave ponetration scheme wiil
be considerel, cne with the wave incidert bLr adside te the cylirder,
and the other with the wave ncrmally ircident upen the end of the
enclosure. In addition, a thecoretical stuay will te made ¢t the
conditions for the existence of low-attenuaticn, sulstrate-attached
rodes in electronic circuits and transmissicn structures. The
excitaticn and propapation characteristics o7 ¢uch rmodes will al
be investirated. DIrocress: New.

w

X

Recent Tublicaticns:
lione
NR 271-089, University of California, l.os Anfeles, “ni., "T'roparatic:

Characteristics of Arbltrarlly—uhaped Dielectric waveruides", T.1.-
C.W. Yeh, NO0014-76~C-0321.

Finite element techniques will be used to ¢btain the propacati
characteristice of electreomagnetic waves alony dielectric suidine
structures whose cores maybe of arbitrary crouss-secticrnal shape and
whrose material media maybe inhomopeneous in more than ore transverse
direction. The proposed methcdalesy will be appliec to several
impeortant problems dealine with practical optical fiter or interrated
optical wavepuides whese cress-sectional index of refracticon ilctritu-

tion mayhe quite arvitrary. TProgrecs: An efficient methenf 0 computing
¥ !




.o Marcuvitz, NOO0TLSTE-0-017C,
bFropusation throush non=linear ana/or furiciient meain 004 1
irvestiyated., The reneral technigues Yeing ceve  rel tre;
the wavepackets as gquasi-particles, and treats the proiars
throush nen-linear/turbulent media using kiretic esuationc.
Progress: The areas investirated include electron tear interaction
with a Tackysround plasme with generation of electron-acoustic
waves, ccherent wave rrovacation in a noen-lirear mediur wioce
dielectric rconetant is a funection of the mearn zquare electric
Yield  intensity, wave-wave interactions excited bty Yish v ower
waves, wave-mztter interactions, and micrnwave o
from turbulent plasma.

N
QLTOTIN

Fecvent Fubliecatior

1. U. Mttwood, "Microwave Scattering from an Overiense Turtelent
Yilasma,"” TPhysics of Fluids, Vol. 17, Wo. £, June 107.L.

Attwood, "Tuppressicr of Tonizaticrn Waves Yy Hydro—ovrard
TG

S 1.
Turbulence,'" Thvsics of Fluids, Vol. 17, Un. £, June
3. . Marcuvitz, "On the Theory cof Flasma Turbulerce,” . irnal

y e )

o Mathematical Physics, Veol. 15, Ko. €, Tune 127.,

IR 371-108, The Ohic Ctate University Research Foundation, .
Chic, "Fundamental Investiration ¢f a Hytrid Technigue frr tGoners!

Flectromasnetic Tcatterers and Antennas', P.l.=0.A. Thiele,
NODCIN=TH-C=05T 4.

A hyvbrid technique of determining antenna impedance and rainti v
pattern will be developed by unifying the method of momente and

geometric thecry of diffraction. The method of monents teciirique
for calculating the impedance matrix will be extended t.w cejurate
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"

‘he use ot reactively lcaded antenne arrays tc forn arl steer
directive beams will be investigated. The effect of the jroyer
choice of the reactive loads in influencing the {requerncy tar :-
width will be investigated. Characteristic modes % the antenrna
structure are used to synthesize & desired patterr, cr + -ypeinic
a ywivelr parareter, end then to resonate the current bty resct
loading of elements. Progress: Good resulte have teer Y talrne:
cn small reactively-loaded linear ond circular arrays 'rr 1 i
directive beams and scanning them by varying the reactive
Such arrays have the following advantages cver ccnventi-nal rhase :-
array antennas: (1) Cnly one element is fed by thre trancmitter,
hence, matching the array to the transmitter is accemplichec tv &
single one-pcrt matching network. (2) lc transmiscicrn linec are
connected to the remaining elements, their excitation teing ottt
from the electrcmagnetic interaction. (3) Control of the dire
bean is cbtained by reactances which can be variec¢ tv electronic
means. (L) All mutual interactions between elemerts wuve sccounted
for in the theory, and in fact are necessary for proper coutrol o
the array. Techniques for mazimixing endfire gain <t e lincar

PR

array have been develcped. Mathematical techniques for the ana'voir

of a non-linearly lcaded multiport antenna structure was cevelcred,
including the effect of imperfect ground.

Recent Publications:

1. R. F. Harrington and J. R. Mantz, "Reactively Lcaded Tirective
Antennas', Technical Report Th-6, September 157L.

2. Y. Chang anc R. F. Harrington, "A Surface Formulation for
Characteristic Modes of Material Fodies', Technical Report Tu-7
Cctober 197L.

k]

. H, K. Schuman and ¥. F. Harrington, "A Low Frequency Fxpansi-i.
for Characteristic Modes of Conducting Brdies", Techrical Tepcort
T5-3, Aurust 1975.

h. B, F. Harringtor, B. F. Wallenbury anc A. k. darvev, "Tec
of Reactively Contrnlled Antenna Arrays', Tecnnical Ferort 7S-.,

¢ -

Ceptember 1075.

S. J. Luzwick =ni k. ¥F. Harrineton, "A Conpariscrn of ptimizaticr
Techniques as Applied to Gair Nptimization of a Feactively leoaded
Linear Array", Technica! Ferort 76-1, Fer 107(

. ~ N N . T o . (1IN - .
6. 7. F. Carkar, 1. 1. Weiner, an: Fo B Hurrington, Analyvolcs
of Tienlinearly [oaded N=lort Sntennn tvactares” ) Technical Ferort

TE=D > 1’\\{?1" ) {),!,( .
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trphusis in an:  coryuscular radiaticns trapred or fran
€ el *

present in the earth's marnetic field, and snlar, interrlanetary
and t

i
errestrial phenomena asscciated witl, these rasiatirrn {e.o.

ic sterme, reatinge 7 the zir orhere
5

2
electrongy sclar x-rayc; very lcw frequercy (VIF) reiis plenmens
i +

1 s . .
IOLS N SURE S N

in the magnetosthere; radic frequercy em
flare activity; and interactiornc ~¢ the

sphere. Fropresc:  HAWET

strumentes are operating pertect? €
enerietic particle, electric ar+d marretic fiel ! experimertc nnd
relicen Lo g prelimirary rmaster croierce data tare in renl tine.

Trhe entire data acquisition an: retiction cvrtern ic retting o rew
tandari for the efficiernt and rarid handling % data frcor g sate [0 10°
relimirary papers on the scientific results ot these experimert:

in the pclar cusp region of tre marretosphere have teen reported.

with o the masrer -

was laurches ant ol) ccolerti®ie ir-

et toker Tropo tin

Sl

Recent Publications:
1. E. 7. Carris and 7. A. Van Aller, "VFffects of Interplanetary
Chock Waves on Enerpetic “harped farticles", .’. Geophys. Fes.,
79, k157-%173, 197k,
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YR 0 CaC0u, Univercity Califorrnia, Lo SAnpeles, Tal, g
"omrunications:  Macnetospheric Substerms', Fol.-olel BT
MePherron, HOC01L-€d 0000-501¢,

garound and satellite magnetic field data will te wov-: v irieer
parameters of rodels of field aligned current - ivir- *ic o r w*i
phase ¢ a substorm. Ctudies (¢ substorm mapretic pert rint!
wiil continue. This werk includes improvemernt: Ir Ly oniiintlclie
mayretic mapping procedures, improverents in the yaranetericol o
U osutsteorm prowth and expansion phases, and arplicat i 0 otheo.
irprovedl procedures to a large set of conputer Iierti<ie:r cotoe o
exvansions. An attempt will te made ic deters
vartial rirg current developrent rrecedes mal : : yrl
how frequently a majer expansicon causes ¢ Voer ring 2urrens

shown that the near earth plasma sheet thins pricr ¢ roet Tl wen
1 exparnsicn in respense to each cnset while ir 2% lotone

Yy a rari

tail the plasma sheet thins Tcllowing the firct rneet an i exyaris
nly after the lact of 1 sequence «f cnsets.

“ecent ublicaticons:

1. TFugsell, C. 7., Mclherrcn, F.1. ani Yurton, F.8,, "Trn the

cavse o7 pecmagnetic storms", J. Gecphys., Res., TG (7Y 1107, 1970,

2. Jlauer, T.E. ard McTherron, F.L., "Mappings the local tire-
universal time developnent of nasretospheric subctornms at mil-

» AL - ~r .
latitules'", J. Gecphys. Fes, 70 (10), 2811, 1467L,

i lauer, LE, and MeTherrcon, NI, "Variability of rmid-latitude
.

ragnetic parameters used to characterized magnetospheric substcrms",
J. Geophys. Res. 79 (19), 2898, 197L.

T

+.  Hornine, .1, MeTherrarn, K.i. and Jackscn, D.T., "Applicati-r
. e current model ~% *the narneto-

linear inverce thecry te a sinpl
" -
e

spheric oubctorm exransi n', 7. Geophys. Res., 70 (Y, srop ) a7l
0 . N . - B P " 5 -
. aan, M., Metherren Folo and Puseell, 07, "Tabstorm and
H 1 gy vy e PN R i . 8 . H g e, vy N P ~ S
irterrlanetary ragnetic field el fects othe permarretic tail 1otes

S e T Lo 0 1o ey
. Gerphys. Res., U0 “\, TG, 1aTs
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4]

Fesearch I
onospheric T

The exrerimert is an erergetic icn mass spectrometer and g onulti-
crarnel electren spectrometer which measures low-energy ians and
elections in the range from a fracticn cf a keV toc atout 30 keV,
The cyporty N ¢ and

inity to use heavy icrns as tracers tc probe mas
rndent magnetospheric processes will furnich & new

£
v
i
a
i
[T
]
'3
(D

igque tc study tbe still unknown mechanisms respcnsitlie for
the eFEr'lthlOn and transpcrt ¢f magnetospheric plasma. A
rement with higher sensitivity and better mass rescluticn
be perlormed and extended tc energy ranges not covered in
revicus experiment. The possibility alsc now exists of per-
Tor"1r: actlve experirents in ccordination with chemicel releases
and the Max-Planck Institute c¢f TGermarny.
truction of instrument is proceeding according

m

o

3~031, Zornell University, Ithaca, Lew York, "Communicaticrs:
ctrestatic waves", P.I.-Dr. M.C. Kelley, NOCOlL-75-C-CT780.

4 vector electric field measurement has been designed and built
tc te flown on an Air Force satellite £3-2 expected to be launched
this year. The launch into a polar orbit with an apogee of 5000

Les will enable vector electric field measurements in a pre-

usly unexplored region., This launch is part of the Dol &7F
Allfht Th-2. Progress: Electric field date from satelite cbserva-
tions has revealed an isotropic electric field vecteor at LCO km
in the high latitude regions which is not coincident as had teen
rrevicusly reported by others. The region of this trubulent electric
field is in rocd agreement with that of ionospheric plasma turbulernce
as deduced from scintillaticn of radic stars and measurements of
syread F. An additional mode, not electrostatic, is due tc the
eiectric comronent of an electromagnetic wave giving an otserved
icsion of ELF hiss. Observations of intense low-frequencey

¢ field fluctuation near the magnetic equator are correlated

pread ¥ at equatorial ground staticns sugrest ionosphere
ic field turbulence is caused by same instability resroncibdle
he hich latitude case.
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Hecent Publications:

!
(. Felley, "“he Temperature Greiient Tri:h
Pauatorward hive U the Ioncgrheric @lanns
e, V. nttp¥vs. F¥er., (in rrecs’.

strcnautics
Glchal
o000 ko

Dx=030, Mcebonnell Iowyrlas
S, Jommunlcatlmns: Quartl dth
Ylectron Density', POT.-W.P. Clsor,

will te develaoped *
monitored data
JCLEAD and

7lobal in extent,
density usinyg
such as

Aoguantitative model,
vrredict ioncspheric electroen
sreound staticons and satellite systens

NE electromesretic fluxes, fluxes of charred particles
tie ‘”nosphere will te used to input this mcde. Progres

Worg is progressing on schedule.

recent

- study the effects of wave-induced particle precipitaticn on
™ el b

‘vvF/V " -~

LF p
"
n

8‘(“91" ner:
1

averuide, avai
will te used
this

cragaticn in the earth-~icnosphere wa
1 data on whistler-induced perturtations
tc develcp & physical model cf the perturtaticn. From
rhysical model an electrical mecdel will be derived tc explul
the observed rerturbations (up to 6db) in VIF/FLF sirnal strengsth,
mcdel of magretcspheric duct preparation will alsc te leveliped.
This model will be used to predict the whistler-mcde fielli intensity
at a given ground observaticn pcint from a given transmitter.
frogress: Artificially stimulated VLF emissions (ACE) are triprered
in the magnetosphere by whistler mcde signals from transmitters,
These enissicns may be separated into two classes, risins ant
alling in frequencey. feveral hundred AU have

ta

e
I

C

been analyver v

Fast Fourier transtorm. Averages taken cver muny events i: iicate
that both rising and falling tenes show the carve {ritial tebavi v,
“he ermissions bepin at the frequency of the triccering:

rather than at an offset frequency. Ioth tomes initia ce in
frequency. Talling tones reversing slore at uopoint (0= 00 Bwmoatove
the trigperinge sirnal.
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4
00 1=00=01, PEYCTCAL BELECTEONLCS (Dr, Davii ¥, Ferry, .00 17 :
qhOYT0=002, 1R4 T, J. Watson Reseurch Center, "Flectronic Jtructure
ani Iroperties of the Jxides of Tetrahedral lemicerductors,” 1.1, -
Lr. Joerates Pantelides, NOCO1L-T€-C-
The uxides of the tetrahedral semiconducters (DiCH, el Fnls ani
the Aboj-type oxides ol the AR-type compound serlconductors, e.d.,
A1P(),, 5aAs0lL, etc.) are important technological materialr used
wilely in the fabrication of electron devicec. Their cr}:tzl
structures are generally complicated and the overall symmetry is low
¢, that theoretical studies of the prepertics of these mate r’a%
have been very limited in scope. In thic program, a trneore* lonl
invectiraticon of the properties of thesce materiuale will Le rarried ,
i boti, conventional and newly-develcpe:d techniques, fartis-
ted to the situaticn and explciting cumplermentary asiesis
t-vinding pseudopctential methols. This irvestipation will
irctuie the energy bands, x-ray photoermission cpocora, optinnl stao ry-

*ir cpectra, ¥xeray emlssion and absorption opeectra, dielectri:
fancslons, effective charges, elastic constants, otability of
“tructures, heats of formation, the electrunic- structure ansd

uniecs of defects, and sur®ace and interface otateo, Trogresc: Lew

k9T 200Y, brown University, "Experimental andi Theoretical Inverti-
Lt ion of the Transport Iropertiec of Temicorciucting Turface fnversioo
Layers,t BLlL = ot PHilip Stiles, NOOGIL-TRo0-
Tnio presrar wiil investipate Yeth experimen ot LN,
tYe phycicns U charve francport in conpound dvting curty
O Ciect experimental aprrecoach will e : wtor-
cerdes et or dnterfoces apploexy D et b Ve e
irternic i % characterize Sy el b R SR ST N :
propectierys e dnvestipnto s wilD oareertafr et e Coe
o N
r. R
iy
reen s -
. o
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NRE 372-C2%, University of Colorado, "Heterojunction Cortacts for
; Transtferred Electron Devices," P.I. - Dr. Russell lHayes, H00C1k-
1 75-C-0L72

i Controlled heterojunction contact barriers will be prepared by rFrowtlh
; of quaternary lattice-matched layers of (In, Ga) (As,P) solid
soluticns on indium phosphide. By varying the constituency of the
quaternary compound, it will be possible to vary the heterojunction
barrier height continuously, and thus to determine its effect on the
performance of transferred electron devices in indium phosphide.
Lattice matching is important to minimize defect states at the s
heterojunction interface. Theoretical analysis will accompany the 3
experiments to provide a sound scientific basis for a raticnal ’
heterojunction technology. Progress: InGaAsP layers have been

grown on InP with composition that are approximately lattice matched

to the InP and with a band gap in the 1.35-1.37 eV range. The

layers were compensated n-type with a net donor concentration of

1x1017/cc and an electron mobility of 2250 em?/V-sec. Fhotolumi-

nescence studies indicate a Zn or Cd acceptor is present.

i
'
)
1

-l

R 370-026, California Institute of Technology, 'Condensation of
Injected Electrons and Holes in Semiconductors,” P.I. - Dr. Thomas
McGill, NOOO1Lk-T75-C-0L23

A comprehensive experimental program will study the condensation

of the electron-hole gas injected in semiconductor double injection
devices at low temperatures. Emphasis will be placed on studying
the electrical device double injection process at low tenjeratures
and its interaction with condensate will be developedl. Iroprerc:
Flectrically injected carriers at low temperatures may be Tcund as
fre» electrons and holes, as excitonic pairs, as bound excituns,

nr as an electron-hole condensed liquid. This latter phase i- 4
nirh lYensity phase containing about 3x10Y Jem ™ in silioor. Trparit e
piny oan irportant role in determining which state the carriers are
in an! the time decay of the nonequilibrium distributicn. Flectrie
ields have been shown to affect the population sdynamics of the
various phases.

Fecent, Publicaticns:

1. V. Marrello, T. F. Tee, R, . DOilver, 7. C. Metiill, and 0.0 W,

Mayer, "Condensation of Injected Electrons and Holeo in Sermaniae
o ’

e, Eeve lLetters A1, No.o 9, 59 =50l “1974),

. H. v, Hammond, V. Marrello, B. N, Cilver, To 70 MeGill, and Jo W,
. . RN P . e "
Voyer, Condensaticon of Inectedl Rlectrones and Foles in Uilieon,
U .

vt
P rvate Comm, 15, (01=000 (1974),
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3. V. Marrello, P. B. Hammond, R. N. Cilver, T. (", MecGill, and
J. W. Mayer, "Electron Hecle Condensate Kadiation from Ge Double
Injection Devices Between 1.5° and L.29K," Phys. Letters LTA, 3,
237-238 (1974).

NR 372-035, Stanford University, "Control of Tmpurities in the
Epitaxial Growth of High Quality Galds," P.I. - I'r. David Stevenson,
N00O1k~T75-C-0887

The investigators will analyze the thermal-chemical reuctiocns ir a
controlled growth system to determine the source of impuritiecs,
correlate the residual impurity with gas species, and modify the
reactions accordingly. Two principal activities are to be under-
taken: the development of liquid phase epitaxial growth techniques
to control impurities; and the desiyn and construction of a molecular
beam-mass analyzer syctem to sample, a* growth temperatures an
atmospheric pressure, the gaseocus environment invclved in the
chemical transport reactions during crystal growth. Trogresc: Tt
has been shown that a major scurce of impuritiecr in the growth of
GaAs epitaxial layers arisec from chemical *rancport reactione
involving the protective gas atmosphere, container nnd crucihle
materials and growth ingredients. In growth studies, dramatic
changes in layer properties occur for different pre—gsrowth arnesd in,s
conditions. The shallow and deep levels ajpeal to he dependent - n
impurities that arise from chemical reactionc betweer the rrewth
system components. A model on the attachment at the tigquid-colidg
interface has been developed that predicts that impurities are
segregated at the boundaries of clusters of Gafis.  Foth n- antd

p-type layers were produced, depending upon the annesl.  Thoe desien
and ccnstruction of a molecular bheam-mass ana’yrzer ia decoribed
thet is capable of analyzing a gaseocus syster at bLich ternperst
and at atmospheric prescsure.

Recent Publications:

B. L. Mattes, Yu-M. Houng, anid . T, Pearoor, Divowtd ard Treorert Do
of Cemi-Tnsulating Fpitaxial GaAs™, J. Vae. Cei. ot Technoi ooy oL

569 (1975).

NR 372-055, Princeton University, "Compount Deris niuetor Sarcnoer
F.I. - Dr. Peter Mark, L0001L4-75-C-n3ak

This program will carry out recoarch on Clhe md oo oo e e gy
bulk properties of semiconductors That ind aer Cha o b R
film overlayers and surface reaction pine' foc, T 07 e 0 by
doping and of surface cryerallopraphio fredew cond oty ooyt

corpositicon and curfoace forography will he Groe s e F 0 ot e




50

toclys will include low energy electron (100 ract i oo, e elestroo
Jpectroscopy, scanning electron microsenyy, o nractivity noduinti g
and ellipsometric analysic., Irogresc: The cyctemse {0 exaninat i
=1 the surface ctructure o!f variouc compour.: Poonbaetors W
continued by a LERED examinaticn of Od0 curfuces.  From oo ocony et
LELD symmetry analysis, it has been concluiel that the ton-; .ar
surfaces terrinated with an ideal surface ! T
rinal lattice plane spacing is within ¢ 7 vl
This ir i uwgreement with earlier similar wore on o, el
tihis contract.  The polar surfaces, in contrast, alway:s nete
in 2 ron-ideal fachicn., They are either reconstruciel, -
covered or terminated with the incorrect rotaticnal ournes o
ertaln patcoher of the curface were wurtoite-—connecte r ar ‘e
ratches were Clrcblende-connected, oot i
et T bonding iunicity on the Polncerarer o
ctoerlered r-potar compound semiconduce Loy,
Pewnn o and the inltisel results bave bteen putliched, Wy

: el by fhe earlier rosearch which chowet chms cxyeern =7 ke
o el ouraces N Ureoant TR owan moech ol oawer Corer.rt
frothe literatdre Uor oriereld o N EUTA Lt
byoctte early work o8 Mewtoanoo o L Loween Lot b g
Ponicity playel a lominant role e 5 SRR AT o P I
mecent Tutlicntions:

Lo T iy and 1. Morky Mhee I S : ; -
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e TDenS, Brown YUniversity, "Transport Properties of Tnfahc
Sl ioens “ich Electric Fields," P.I. - Dr. Maurice Glicksman,
U000 L =T5-C=0565

e investirstor will measure the velocity~electric field charazter-
istics ¢ n-type samples of high quality solid solutions of InGuic,
Measurenents will be made on material epitaxially grown on Gahc
suabctrares, and having values of composition correspording tr x
botweenl oang 0.29. Initial studies will focus con the measurerernt

T she characteristics using short pulse and microwave technizuecs.
I odater stacsce, the focus will be on the theoretical analysis o
e ity to determine the scattering parameters < the material
r_cress:  Preliminary measurements of InGafs alloy sarmples indl
it e threchold Tield for Junn effect increases with incrousins
miooition.  Apparatus hao been assembled for otudying the
mlcor owave troperties of the alloys.

S e : Texuz, "The Uynthesic o o
Tt 5ui slid Mecotions Teoar .-
- e AN L ST
Claes il rrtce regetions 1id phase epit- Yo v w
fryortarn new metiod Cor reallizing reasonably Trnere
fevio s srructares withno oo micimum 57 procesc 1 ‘ it 0
Pnteerfaces 1y these structures formed by thl“ ﬂw*vwiuu Lo
Jiite 4l 8erersr than those Tormed by serial deyn v
- srowte oroprowti fromoaopras-solii interface.
terrst U Irpuritics and lattic mismatcheo ut fie
el v slenifioant effects on device perfor o
it qnr rep et abiiity of fabrication. The madirn .
St iy oot develop a ospecitic net of thermoivnamic
voorements s e oeach aseful tyvpe of electronic otrae
inve lve o overall set of rulec in terme U hest o0 Tormat fon
reet Do cnntante, ete., for thin Jilm oprowtih between fwo elemernt o
vocongooandes Inoaddition, the comotrainto Tieel by oeconoideringe
Sree iU conbinet iupf' Aaf materialc with radi ool erent trancpe r?
Ceopert b Inon tedinite rder may well o allow oot e more Spec
Dot rilees v oallow oun o re-specify then oo oaab et
ot v e iy v lable start s thermodyroens s conrtat e gn
- Yo e it b parameteras Opecifie obth
rtowl L rorent ety are Ygnary o ant ternnry e
HEA R S S Uoarmo MU N U M MTD ) MM NN e e
Wi Mot e ':!U"%L.’U.f AR }umi(y>ni\ﬂ“ L The heeer e
St b e Dt correspondr Lo the U Al tinnry syotens

Wb Ay eerime ntal dnta o carrent iy oexiste nnl be belinge expanied
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process or indeed be the eullivrian Larrow
interfacial regicn. Thece have led to the cone:i0ion thet the

Circy comround nucleated in planar bipory resction oo ouples I

the most stable congruently melting compound adjoeoons to the Towes!
tenmperature eutsctic o the bulk equilitrium phase oo, frelin-
inary analysis of the initial formaticn in binary 00 o couplers
Swrreste that the stability of properly prepared int .o Uoes, and ouboe-—
rent nucleation rhases, is dependent on the as—icr. o 0. 0 concentra-
tisnn prorile. The investigators propose that the owels «cnersy
state of the interface system 1s possibly an amervhou:s tlirory ool
witii the lowest eutectic concentration. 't is ocpecalor. o -out the
stability of this interface is related to Its wi noaser
are nucleated ot temperatures where large concerntroatioon Do
cenerated by the onset of chemical reacticn: ot the i iario,

272077, California Institute of Teehnolory, ollid itax il
Srowth, ' P.I. - Lr. Marc i NOONT L= T5==001,

The broad objective ¢f the program is *o investivate the bt
processes which control this form of eritaxial growth. 4 Iv o
to study: (1) growth kinetics, () the role of the metal luver,

(-} incorporation cf dopant atoms, and (L) correlaticn with regrowt!
of implanted amorphous layers and consideration ©f other cubstrates
such as Ge or GaAs. A second task will further investisnte *he netal-
silicon interface and lissolution and prowth reazcticne which take
place at this interface. Measurements will be made on the velocitier
of digrolation and/or growth proceeding scimultancourly in cevers)
eryctal directions. A third, new task will Investirate the offects
of nish dose rate and high dose effects on ion implantaticn on the
srowth of the epitaxial layers. Progreus: During the luast vear,
backscattering spectrometry and scanning «lectron microscopy (o
have been used to ctudy the trancport ¢ U1 from an amorphour U
layer (< 1 um) throush a Pd=cilicide laver cnto <i00> criented Vi,

or onopiven annealing temperature, twe lictinet ctapes ot hicoprocess

+ stogre start s with doliarnd

Luve been cboerved.  The initinl transient

crowtth of 01 and enda with oo uniform Inyver o0 U1 oon the oabotrnee
The thickness of the ini*iqxl transient staee o foamd o he o egunld
to the thickness of the Pi-nilicide layere The recond otagre o
frowth Do charactericed Yy oa linear tire dependence which o f-10%
olower than the trancient. ctoaece. Arer electron spectroscopy s
estnblished that carten (o pregent i the P00 and the norp o oun

"

layers, probably aricins from the carte o srmeible of Lhe evar rat Doy
syster,  Theoe carbon impurities may b orelate ! o She varia' e b
prowth rate ohoerve s et e e, oo D sl T ‘
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trancient stape i less distincet. Investigationc of intertional
dopin; of the grown layers has begun.

Recent Tublicaticno:

1. J. 0. Melaldin, "Atom nmovements occurring at 113 metal-
semiconductor interfaces,” Journal Vacuum Science and Technclogy

, 990 (197k)

So H, Muller, W. ¥, Chu, J. Gyulai, J. W. Mayver, 7. W. Sigmor,
and T. K. Cass, "Crystal orientaiion dependence cof residual disorder
in As-implunted £1," iApplied Physics Letters 26, 292 (1975).

> C. Carali, S. . Campisan, . . Lau, Z. L. Liau, and J. W.
, "Sclid<phase epitaxial growth of Si through palladium-
siticiie layers,” Journal of Applied Physies L€, 2831 (1975).
. J. L Best and J. 0. MeCaldin, "Si-Al Interface Shapes Jevelcje
durings heating of integrated circuits," Journal of Aprlied Thysics
LG, Lot (1975).

NR 3T2-0%7, Haval GSurface Weaponc Center, "High Field Transport in
-

Ternary Alloy Cemiconductors," P.I. - Dr. Gary Carver

This prograr will study the transport properties of the semiconducting
alloy systern (Pb, Sn) Te in strong electric fields. This material iv
finding externcive application in 8-14% micrometer wavelength range
imaging dev ', but little is known about the transport properties,
The thruct the effort will be to determine the saturated drift
velocity r:t »5tifate whether dynamic inctabilities, related to
bulk negati-e

i7Terential conductivity, may be initizted in this
alloy syste-.. it.oomenologically, the FPby_ySnyTe alloys are a rich
system. The 7't -alley band otructure, the evidence for subsiiinry
minima in toll ‘- ~nductisn and valence bands, and the possibility
of strong nonlinc - ;rovertics due to electric fieli dependent phinog

scattering irter. @7 o ;C‘P“'Lalx 011 point toward fertile grountd
for new thysics - imrroved devices.  Propresc: The electrom

velocity as a func* o ~F CxpﬂtrlC fxeld has been measursd in cever:s!

samples of n-IbTe ~nj *io saturated value was founti to Yo conewhore
between 1 ant ? x 17 omoiee at 779K, The effects of comtocts gre
non-negligitie and are voocoadied to redure Che aneertaint vl
Preliminary observatio:: “orirn=field domain Tormation b ocecrre
in samples =7 MhTe and 1w~ The domaine propayte witd o ooovel o4
near to o x 107 em/sec. C.o maing appear o be several Vognoored
micrometers in length, & 0 o the ecathade and feeqy a0 tia

travel]l toward the anode.
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% 370-00%, Colorado Ctate University, "Compound Semiconducter
Jurtaces and Interfaces,'" P.I. - Dr. Carl Wilmsen, N0001L-T6é-
0-0387

Insulators on InP, InSb, and InAs will be investigated for their
electrical and mechanical properties and for low surface state
densities. Several analytical techniques, such as Auger electron
spectroscopy, ESCA, capacitance-voltage, and capacitance-conduc-
tance measurements will be utilized to study the interface propertiec
tc obtain a correlation between surface state properties and chemical
composition. Theoretical calculations of surface oxidation energiec
as a function of position and coverage will alsc be carried cut.
Initial studies will focus on a double layer insulator with an anodic
oxide overlaid with a sputtered oxide, such as silicon dioxide.

ol

Progress: New

NR 372-096, Naval Research Laboratory, "Solid Phase Fpitaxial Studie:
Using Molecular beam Deposition Techniques," F.I. - Dr. Johr Lavey

J¢lid-selid surface reactions (solid phase epitaxy) may offer arn
important new method for realizing reasonably complex layered levice
structures with a minimum of processing complexity. ONR has recent .y

begun a ccordinated program to investigate the physical preperties ¢
these interactions in several universities and industry. While
striking recrystallization effects have been seen, evapcraticn cf
the amorphous silicon has disadvantages. Similarly, growth of
single crystal siliccn by molecular beam epitaxy (vacuum evapcraticrn’®
at low temperatures has been singularly unsuccessful. Treliminary
studies at NRL indicate that by placing a metal layer on the siliccn
substrate and heating to 600 C during evaporation, thus combining
solid-phase-epitaxy with molecular beam epitaxy, single crystal
silicon can be grown, a result that could be an important stride
forward in semiconductor technology. This program will continue the:e
investigations. Yrogress: New

NR 370-097, Yeshiva University, "Piezo-Uptical Determinaticrn of
Teformaticn Potentials in Multi-Valleved Cemiccnductors,” .1
Ur. Fred Pollak, NOOOLL-76-C-0L81

An investigation of the ctress-dependence of the optical abrorption
will be carried out in several T11-V semiconductors. WwWavelenpgtih
modulated transmicsion and reflection will be utilived ‘o menoure
bttt indirect and direct transitions frem valence te conduction
bered, From the tranciticn rates and the scattering procescer, the
absolate valuss Tor the electron-phonon and hole-phonon e rmnt 10

potentinls for intervalley procescen can be determine i, v gerers s Tew

—
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Cratinges wave ! Voi. 1, pp°
DOY-0BT 0 alvternnle Institute o7 Tlew it bennm Coeipleer
intesrater dptieal  ircuivto. LI - Tamir, NWXY .-

Nhm

e
1H=C=

Jptical waveruides which leak enerry {but 3- not dissipate it by

3 - AY 4 - . -
absorption or scattering! are adapted ac couplers between intesrntol

o~

circuit elemernts or ag beam formers. Changec in cuilie thicknes:

modulated gratine structures are studied ac the mechanism 4o produce

the desired heam behavior. Tropress: The perturbat ion approach
hns been highly successful in providings hichly acourate results for
the analysis of wave phenomena orn dielectric pratings.  The work and
results obtained during the past half-year nerioi include the
formulation of solutions for treatins ™e-nmcie problems, which are
more complicated than those of T modes 1l ed In the past, the
levelopment of equivalent networbs, which rrently facilitate the
nnderstandine of the physical mechanism inv.ived in the guidinge
and scattering of waves by dielectriec gratincc, the derivation o»f
leaky-wave dispersion curves for use in bean-coupler applicationds,
and the development of systematic criteria ¢or the decipn of
dielectric pratinegs having desirnble physic:! charancteristicas.

]

DRGSR PR

Fecent, Publ ications:

1. G. T. Peny and T. Tamir, "DNirectional Flacine of Waves Tuide!
1 !

Asymmetric Dielectric Gratingo", ptice Come,, Vol T, vp. or 2o
Ausust 107h,
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2. A. Saad, H. L. Bertoni and T. Tamir, "Beam Ccattering by lNonuniform

Leaky-Wave Structures,” Proc. IEEE, Vol. €2, (Zpecial Issue on Fays
and Beams), pp. 1552-1561; November 197k,

3. S. T. Peng and T. Tamir, "Effect of Groove Profile on the
Performance of Dielectric Grating Couplers,” Proc. Cymp. Optical
and Acoustical Micro-Electronics, Polytechnic Press, pp. 377-397,

1975.

L, 3. T. Peng, 7. Tamir and H. L. Bertoni, "Thecry of Fericdic
Dielectric Waveguides", IEEE Trans. Microwave Thecry and Techniques
(Special Issue on Integrated Optics and Optical Waveguidec), Vol.
MIT-23, pp. 123-133; January 1975.

5. K. Handa, ©. T. Peng and T. Tamir, "Improved Ferturt tion Analysis

of Dielectric Gratings", Appl. Physics, Vol. 5, pp. 329- 9,
January 1975.
6. S. T. Peng and T. Tamir, "TM-Mode Perturbatic /fralys . ¢

oL

Dielectric Gratings", App. Phys., Vol. €, pp. 35-- . May 197

7. T. Tamir (Editor), "Integrated Optics", Springer-Verlag,
New York, Heidelberg, Berlin; 1975.

NR 009-017, Rensselaer Polytechnic Institute, "Optical Pzal Time
Signal Processors Using Surface Rayleigh Waves," F.I. - Dr.
Pankaj Das, NOCQ1k-75-C-0772

The interaction of acoustic surface waves and integrated coptical
waves will be studied for signal processor applications. Two
acoustic surface waves can be correlated through the acousto-

optic interaction with the correlation signal appearing in the
diffracted optical signal. The application of this to correlateres,
modulators, and filters will be investigatec. The use of acoustic
surface waves for determining the surface properties of semicon-

ductors will be investigated. Progress: Signal processing functionc

such as convolution correlation, and Fourier transform have heen
obtained in real-time using the efficient diffraction of laser
light from acoustic surface waves propagating on lithium nicbate.
Different device configurations and detection schemes have heen
considered. Results were found for the usual delay-line trancducer
configuration, as well as for an improved scheme which eliminates
the problem of the reflection cipnal. A dicscuscieon wac givern
indicating the extension of the arcuctooptical convolver too the
generation of ambipuity funetions and the correlation ¢ o Tirht
amplitude distrilticn with «n aconustic oirnal.,
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Recent Publications:

1. P. pas, M. E. Motamedi, and R. T. Webster, "Determination of
Semiconductor Surface Properties Using Surface Acoustic Waves',
Applied Physics Letters 27, 120 (1975).

2. H. Bilboa, M. E, Motamedi, and P. Das, "Study of GaAs Epitaxial
Layer Using the Separated Medium Acoustoelectric Effect”, in Proc.
1975 Ultrasonics Symposium.

3. M., E. Motamedi, R. T. Webster, and P. Das, "Application of SAV
Delay Line Attenuation and Transverse Acoustoelectric Voltage for

Determination of Semiconductor Surface Properties”, in Proceedingc
1975 Ultrasonics Symposium.

L. H. Gilboa, M. E. Motamedi, and F. Das, "Determination of Energy
Band and Surface State Locations in Gafs Using the Separated
Medium Surface Acoustoelectric Effect”, Applied Physics Letters 27,

641 (1975).

NR 009-018, University of Texas, "Multiple and/or Inhomogeneous
Layers for Integrated Optical Coupling and Modulation,” P.I. -
Dr. Bruce Buckman, NO001Lk-75-C-0753

Large, permanent refractive index changes are obtainable in Tbl.
films in the red and infrared portions of the spectrum when these
films are subjected to LB88 nm Ar laser radiation at film temperature
around 165 celsius. Several ncvel coupling and modulaticn devicer,
which are feasible only when a refractive index grating formaticn
mechanism such as this is possible, will be investigated analyti i !x
and evaluated experimentally. Trogress: A matrix method Tor ~ulcu-
iating the effective refractive index of fuided modes on multii=oer
diclectric waveguides was developed arnd empleoyed tc calculate * i
ef'fective elecirooptic coefficient =f such waveguide siruct irec wien
one of the media compecing them is electroopiic. TIn properiy
specified three-layer waveruides, enhancronment of the ¢ffective
lectrooptic coefficient above the bulk values by av mich ac

fictar equal to the square of the highest refraoctive index in the
structure is possible.  The maximaum meodulalion enbinncement. ic

attainable with loosely, a5 well as Liehtly, comfined waveruide modes,

ecent Publications:
5 .y . ' ' e . o . .
! Ao PL Buckman and . L Yonge, "Targe Eefroot ive-index Thangse i

11 Films by Photolysic ot 150=1600" 0 dournei of the  prienl 0 cjety
=0 fmerien £5, 916 (1979).
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1. Annual Frogress Heport dated Jeptember 1975 -- "Theoretionl
Ceurch for Super-Velocity Uemiconductors', M. A, Littleionn nri
K. ifaus

2. M. A, Littlejohn, J. . Hauser, T. ¥. Clisson, "Monte :
Calculation of the Velocity-TFiela Relationship for Zalliur i,

Applied Phys. Letters.

3. J. E. Andrews and M. A. Littlejchn, "Growth of Sall Thi
trom Trietnylgallium Monamine", Journul of Flectrochemica

W

L, J. E. Andrews and M, A. Littlejohn, "Mass Cpectroscoyic Arulysd
of Gall Films", (A write-up).
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