E "EI—J NTQVL—UblOi\ L—l JT
ESTI Call No. .
Copy No. / of ' cys.

ESD-TR-70-148

ESD RECORD COPY

RETURN TO

SCIENTIFIC & TECHNICAL INFORMATION DIVISION
(ESTI). BUILDING 1211 2

Solid State Research 1970

Prepared under Electronic Systems Division Contract AF 19(628)-5167 by

F
Lincoln Laboratory f

MASSACHUSETTS INSTITUTE OF TECHNOLOGY '(

LLexington, Massachusetts

AD711074







ABSTRACT

This report covers in detail the solid state research work
of the Solid State Division at Lincoln Laboratory for the
period 1 February through 30 April 1970. The topics
covered are Solid State Device Research, Materials Re-
search, Physics of Solids, and Microelectronics. The
Microsound work is sponsored by ABMDA and is reported
under that program.
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INTRODUCTION

I. SOLID STATE DEVICE RESEARCH

Three high purity epitaxial GaAs samples have been evaluated as far infrared detectors under
different background conditions. Spectral response measurements at 4.2° and 1.93°K indicate
that the long wavelength response from 200 to 350 is due primarily to a combined photo-
thermal excitation process. The conductivity and thus the performance characteristics of the
detectors consequently depend critically on both the detector temperature and background
radiation. The best long wavelength response was observed at 4. 2°K in reduced background.

Long wavelength laser emission at 28 p has been observed from Schottky barrier diodes fab-

ricated by evaporating Pb contacts on Bridgman-grown Pb Sn Te. The material used
17 -3 0.71577°0. 285

was4.5 x 107" cm

terization of metal saturated Pbl_xSnxTe as a function of isothermal annealing temperatures.

p-type and was obtained as part of a study of the preparation and charac-

N-p junction photovoltaic detectors have been fabricated in p-type Hgo_ SCdO. 5Te using proton
bombardment to create the n-type region. The photovoltaic response of these diodes peaks
at 1.8y with a quantum efficiency of 15 percent. The 300°K detectivity at the peak is
2 x 1010cm Hzl/2/w.

A vidicon type television camera tube has been constructed employing an array of reverse
biased GaAs Schottky barrier photodiodes to form the image sensing target. This target has
many advantages over a conventional photoconductive vidicon target, and its simplicity of
fabrication and stability make it an attractive alternative to the silicon p-n photodiode array
target.

A new technique has been developed for the fabrication of semiconductor devices utilizing a
thin semiconductor layer. The advantage of this is that different parts of the devices can be
fabricated on both sides of the layer in close proximity to each other adding an additional
dimension to the fabrication technology. The technique has been used to fabricate GaAs
Schottky barrier field effect transistors in which the source and drain ohmic contacts sepa-
rated by 5p are on one side of an 0.5-p thick layer of GaAs and the Su long Schottky barrier
gate is on the opposite side positioned over the source-drain gap. This structure and others
utilizing this technique should result in improved high frequency performance of many semi-
conductor devices.

Acousto-electric amplification coefficients have been measured at room temperature over the
frequency range from 1.23 to 3.75 GHz in 5 X 1014 cm-3 n-type GaAs using Brillouin scat-
tering. Good agreement with theory is observed for the absolute value of the gain coefficient
over this range and for the frequency of maximum gain.
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II. MATERIALS RESEARCH

A new seed rod, cooled by means of a heat pipe, has been used for pulling crystals in the tri-
arc Czochralski furnace. Use of the heat pipe, a device in which extremely cfficient heat
transfer is accomplished by the evaporation and condensation of a volatile liquid, eliminates

the disadvantages encountered with a water-cooled seed rod.

Single crystals of CdO with dimensions up to about 5 x 5 X 8 mm have been grown from the
vapor phase at about 1050°C by an open tube method in which a stream of helium saturated
with cadmium vapor is mixed with an oxygen stream inside a cylindrical liner made of high
purity A1203.

Charts of the standard free energy of formation (AGf°) as a function of temperature have been
constructed for binary selenides and tellurides on the basis of published thermodynamic data.

No charts of this type have previously been available for these compounds.

The effects of deviations from stoichiometry on the lattice parameter and electrical resistivity
of EuO have been confirmed by measurements on europium-saturated and oxygen-saturated
single crystals. A marked increase in the optical transmission of EuS and EuSe single crys-
tals grown from curopium-rich solutions has been achieved by annealing the crystals in sealed

tungsten crucibles.

Optical transmission measurements on ZnTeI_XSeX single crystals have confirmed the exist-
ence of an energy gap minimum in this alloy system. Similar measurements demonstrate a
strongly nonlinear dependence of energy gap on composition in the ZnTe l—xsx alloys, although

no minimum can be observed because the mutual solubility of ZnTe and ZnS is too low.

Optical transmission measurementson CdTe xSeX single crystals have established the exist-

=
ence of an energy gap minimum in this alloy system. The data indicate that the energy gap
for a given composition is about 0.03 eV higher for samples with the hexagonal wurtzite

structure than for those with the cubic zincblende structure.

An energy level scheme which takes account of the role of cation vacancies has been proposed
for NiO. This scheme accounts for the optical and electrical properties of both undoped and
Li-doped NiO.

The polaron morphology in vanadium spinels has been investigated by analyzing the observed
variation in Seebeck coefficient with composition in the systems M;.{[li)(2+\/'2_x]()4 where
B =Mgor Ni. The results indicate that with decreasing V-V separation (R), the polarons
change from V4+ cations to Vz—clust:er and V4-cluster polarons, and finally to itinerant elec-

trons, in a narrow range 2.99 >R >2.94 A.

Integrated intensity data obtained in x-ray diffraction measurements on powdered samples
have been used to carry out a structure refinement for the hexagonal (6H) form of RbNiFS.
The results are generally in agreement with published values, but there are significant dis-

crepancies in the positions of the fluorine atoms.

The effect of high pressure on the crystal structure of CsMnCls, RanClB, and RbFeCl, has

3
been determined by means of x-ray diffraction measurements. For each compound, the
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proportion of hexagonal close packing decreases with increasing pressure, and the ultimate

high pressure form has the perovskite structure, which is entirely cubic close packed.

The sources of error in measuring volume compression by means of x-ray diffraction studies
at high pressures have been analyzed. The procedures required to obtain accurate lattice
parameters for the sample and for a marker material such as NaCl used to determine the

applied pressure, are discussed in detail.

The volume compression of 'I‘iOx for samples with x between 0.83 and 1.25 has been inves-
tigated by means of x-ray diffraction studies made with diamond-anvil high pressure units.
For pressures up to 140 kbars, the measured values of —V/VOAP are between 2.3 x 10—4 and
4.0 x 1074 kpar ™1,

III. PHYSICS OF SOLIDS

The quasi-particle approach to the optical properties of simple metals has now been applied
to the calculation of the optical properties of potassium. Using nonlocal pseudopotentials and
the experimental Fermi surface, both the photon energy threshold for interband absorption

and the magnitude of the absorption have been calculated.

Work on T1203 continues. In an attempt to describe the nature of the insulator-metal transi-
tion, a model based on the competition between elastic and electronic free energies of the
system as a function of temperature, is being investigated. Although this model is capable of
giving a reasonable description of the change in c¢/a ratio with temperature, it predicts a very
pronounced "mode softening” in the vicinity of the transition which is inconsistent with our

Raman scattering data.

A mechanism for the description of a metal to semiconductor transition with increasing tem-
perature has been found. The result is based on a comparison of the free energy for localized

(Wannier) vs band (Bloch) states for a half-filled band Hubbard Hamiltonian.

The phonon pinning spectrum of an electron bound to an impurity in a semiconductor, as
affected by the presence of the impurity, is under study. A preliminary calculation indicates
pinning due to interaction with local or resonant modes, as well as pinning due to lattice

modes.

A band theory of optical activity, which arises from terms in the dielectric constant linear in
q, has been developed. The general results, when reduced to a simple four-band model, give
a valuce for the ratio of rotary power parallel and perpendicular to the c~-axis which is close to

our previously measured ratio in a-quartz.

Work on the magnetic semiconductor EuO has now been extended to studies of magnetic prop-
crties in the vicinity of the Curic temperature. Measurements have been analyzed to deter-

mine the magnetic critical indices.

In other magnetic work the study of two-magnon Raman scattering in KNi.F3 has been extended
to samples doped with Mn2 impurities. In addition to the intrinsic two-magnon excitation

previously observed in pure samples, a new, relatively narrow line has been observed, with
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an intensity that is dependent on the Mn2+ concentration. The line is tentatively identified as
a resonant two-magnon state associated with an Mn2+ impurity. The Raman spectrum of the
antiferromagnet CsMnF3 has been observed using the 4880-A radiation from an argon laser.
In addition to the active phonon modes, a mode has been observed whose shape, position,
temperature dependence and polarization indicate that it arises from the excitation of two

magnons.

Theoretical work on light scattering from acoustic plasma waves and single electron excita-
tions in magnetoplasmas continues. A model calculation, involving only scattering due to den-
sity fluctuations and ignoring spin-orbit coupling, has been carried out to illustrate some of

the general features of magnetoplasma quasi-elastic scattering.

In another phase of the laser program, heterodyne experiments with both millimeter and
infrared sources have been performed in high purity, epitaxial GaAs. The millimeter waves
produce avalanche breakdown, and mixing via hot electrons is observed. At laser frequencies
the DC bias level determines whether detection proceeds via a similar hot electron mechanism
or through photothermal ionization of shallow donor states. The time constant associated with

the latter process is significantly faster than that of hot carrier relaxation.

Two nonlinear effects on the polarization and linewidth of an intense broadband maser signal
have been calculated with application to the interstellar masers. One is the competition
between opposite circularly polarized Zeeman modes by means of parametric down-conversion
involving an electron cyclotron idler wave. The second is the saturation broadening in a two-
level system due to a broadband signal having Gaussian statistics.

IV. MICROELECTRONICS

The Microelectronics Group, which is now part of the Solid State Division, has a dual charter
of service and research in integrated electronics. Service tasks have provided an opportunity
to apply new processes and techniques that have been developed as part of the research pro-
gram on integrated circuits. Typically, at any one time there are about 20 active programs
ranging from special semiconductor devices to large hybrid integrated assemblies. In addi-
tion, about five or six research programs are in progress as long range support for Lincoln

Laboratory programs.
The present programs in research and development include the following:

(1) Rigid and nonrigid forms of beamlead substrates have been fabricated with
gold and more recently with aluminum metallization for the beams and air
gap crossovers. Some work remains to be done to improve yield and cost
reduction in the fabrication and assembly of the substrates, but the basic
techniques are developed for several forms of substrates including an
automated version.

(2) Aluminum beam leaded silicon chips have been developed as a comple-
mentary assembly method to the beam lead substrates. Air gap cross-
overs using aluminum metallization on the silicon chips also look prom-
ising as a means of providing an additional and high yield interconnection
method at the chip level.

viii




(3)

(4)

()

A silicon dioxide passivation method for mesa semiconductor devices has
been developed which has several advantages over present passivation
methods. Actual devices have been fabricated using this technique with
excellent results.

A development effort on Impatt and Trapatt microwave devices with
special geometries has been pursued during the past year. New packaging
and die attachment techniques are being investigated to reduce the thermal
coefficient and improve the efficiency.

A laser scanner for mask inspection and semiconductor chip evaluation
has been bhuilt and tested. Improvements in the scanning mechanism are
under way which will allow faster scanning. Metallization faults, mask
misalignment, diffusion faults and oxide problems and device gain char-
acteristics can be examined with the scanner.

Introduction

Other programs that are more applications oriented and include some research or develop-

ment are listed below.

(1)

(2)

(3)

A strip or an array of 64 silicon photodiodes spaced 6 mils on centers has
been developed for a satellite stabilization system. Two approaches have
been taken: one method employs 4 strips of 64 diodes assembled very
accurately in a single package, and a second method employs a redun-
dancy and discretionary wiring to allow the fabrication of the four diode
arrays on a single silicon wafer.

Special diodes with very shallow junctions (0.5 ) have been fabricated for
use in high power applications with an electron beam as the input control.
These devices hopefully will compete favorably with magnetrons and
traveling wave tubes in power and frequency. Present results indicate an
oxide charging problem and lower power capabilities than anticipated.

A multi-element particle detector using a silicon array is under develop-
ment in cooperation with Dr. Kosta M. Tsipis (Laboratory for Nuclear
Science, M.I.T.).

Other programs of a service nature that require moderate development are:

(1)

(2)
(3)

Surface wave transducer program.

(a) Fine line masks.

(b) Semiconductor amplifier substrates.

Microwave thin film assemblies.

Mixer diodes employing 5-p Schottky barrier devices.

ix
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1.

A. GaAs FAR INFRARED DETECTORS

Three high purity epitaxial GaAs samples have been evaluated as far infrared detectors

under two different background conditions.

in Table I-1.

SOLID STATE DEVICE RESEARCH

The material properties of these samples are given

Although the samples fall in the range of purity generally obtainable today by epi-

taxial techniques, two of them have relatively low compensation ratios compared to those usu-

ally observed.

TABLE 1-1
MATERIAL PROPERTIES OF DETECTOR SAMPLES
Gl :D -3 :A -3 n?z?OOK-3 ZWK "
No. (10" " em ) | (10 "em 7) | (10" "em ) | (em /V-sec) | (meV)
1 1.2 1.0 0.13 155,000 5.4
i 2.0 0.4 1.6 153,000 5.1
3 4.9 1.0 3.7 108,000 4.6

The experimental arrangement shown in Fig. I-1 was used for the optical evaluation of the

detectors.
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