B — '
UNCLASSIFIED @
SECLRITY CLASSIFICATION OF THIS PAGE

r " ) S —
} REP . roved
PITUCTANA AD-A239 518 F
la. REPORT SECURITY CLASSIFICATION 1b. RE VI R T B R -
Unclass i ied RELECTE ¢ ~ L
2a. ?‘f}xmrv CLASSIFICATION AUT AUG16 1991 T OB e rcres mem ul.'....'.Jh....'..Lr:L’— v INT X
2b. DECLASSIFICATION/ DOWNGRAD EDU Unlimited Approved jor public '
N/A 3 Distitbution Unlimited .
o
4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFiCE SYMBOL 7a. NAME OF MONITORING ORGANI
4 : : . ZATION
Cornell University (if applicable) . ©
N/A Office of Naval Research
6c. ADDRESS (City, State. and Z/P Code) 7b. ADDRESS (City, State, and 2iP Code)
Office of Sponsored Programs Resident Representative N62927
123 Day Hall édmm]stratwe Contracting Officer
Ithaca., NY 14853 3 Third Avenue - Lower Lével
: ac R New York, NY 10003-9998
a. NAME OF FUNDING / SPONSQRING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)
Department of the Navy N00014-86-K-0531
8c ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
Office of the Chief of Naval Research PROGRAM PROJECT TASK WORK UNIT
800 North Quincy Street, Code 1513:CMB ELEMENT NO. I NO. NO ACCESSION NO.
Arlington, VA 22217-5000
11, TITLE (Inciuge Security Classification)
"Innovative Optoelectronic Materials and Structures using OMVPE"
12. PERSONAL AUTHOR(S) .
James R. Shealy
"3a. TYPE OF REPQRT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Da £ Cou
. . 4 , . Day) |15. PAGE COUNT
Final Technical Repoftrrom 4/86  +o 12/88 91/08/09 s
6. SUPPLEMENTARY NOTATION
07, COSATI CODES 18. SUBJECT TERMS (Continue on reverse «f necessary and identify by olock numoer)
FIELD GROUP SUB-GROUP
[1I-V semiconductors, Optoelectronics. Crystal growth
19. ABSTRACT {Continue on reverse :f necessary ana identity by block number)
The materials investigations in this program have contributed to extending the wavelength range of high power diode
lasers and to the development of improved OMVPE processes. The main research thrusts are OMVPE growth of wide
bandgap alloys. and in-situ processes during OMVPE. Growth of large bandgap 1lI-V phosphide alloys was developed
for optoelectronic applications including red semiconductor lasers. The lattice matched materials system AlGalnP/GaAs
resulted in high power, low threshold single quantum well lasers (A & 655 nm). A materials investigation of a potentially
shorter wavelength system. pseudomorphic GalnP/AlGaP-GaP, was initiated. Conventional growth was unsuccesstul
as the In containing alloys do not remain stable during high temperature growth of AlGaP. A multichamber OMVPE
process employing flow modulation techniques was planned to overcome this problem. In-situ diagnostic techniques for
OMVPE potentially offer real time measurements of growth rate and alloy composition. The feasibility to use Raman
Spectroscopy during OMVPE was established by performing measurements on cpitaxial I11-Vs at high temperature {post
growth). The phonon frequency shifts due to lattice expansion were measured and a temperature-tuned resonance was
ahserved on GadAs at 600°C
0. DISTRIBUTION / AVAILABILITY CF ABSTRACT 21. ABSIR 1ITY CLASSIFICATION
O uncLASSIFIEDUNLIMITED [0 SAME AS RPT (] OTIC USERS l?ﬁ&L‘)\chifﬂE{S
22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. JELEBHONE (/ : 2 iCE Y
e R Shealy (:66%1 %% n-cauggfxrea Coge) | 22¢. OFFCE SYMBOL
DD Form 1473, JUN 86 Previous editions are obsolete. SECURITY CLASSIFICAT'ON QF THIS PAGE
o ) UNCLASSIFIED




1986-1988 SDIO/ IST Final Report/Cornell University 2

Table of Contents

I. Introduction 2
II. Progress 2
a) Visible Laser Materials & Devices 2

b) OMVPE In-Situ Raman Probe 3

II1. Publications, Presentations, Patents & Graduate Students 3

I. Introduction

This program has focused on extending the range of IlI-V compound semiconductors
materials which are useful in optoelectronic devices. To this end improvements in
OMVPE processes were sought by establishing an in-situ diagnostic technique, and new
[1I-V phosphide structures were grown by OMVPE. The first high power red laser source
was demonstrated using AlGalnP heterostructures lattice matched to GaAs. Other vis-
ible materials systems for potentially shorter wavelength laser sources were identified
and investigated. Raman Spectroscopy of epitaxial III-V compounds was investigated at
high temperatures (up to 700°C). The relative temperature insensitivity of the observed
spectra suggests this technique to be applicable as an in-situ probe. These investiga-
tions have contributed to the design of an improved OMVPE apparatus for new III-V
materials and structures for use in optoelectronic devices.

ITA. Visible Laser Materials & Devices

Two materials systems were studied during this program, AlGalnP lattice matched to
GaAs and AlGaP latticed matched to GaP with pseudomorphic GalnP direct bandgap
regions. The former system has been extensively studied and characterized. Visible
single quantum well GRIN-SCH laser diodes were fabricated and tested. The system
on GaP was studied by first optimizing the growth of AlGaP alloys on GaP and then
by attempting the growth of pseudomorphic GaInP/GaP structures. At moderate sub-
strate temperatures (= 750 °C) the In inter-diffused throughout the structure preventing
quantum well fabrication.

Pulsed, room temperature operation of an AlGalnP graded-index separate confine-
ment heterostructure laser grown by OMVPE was achieved. The laser active region
consisted of a single 100 A Gag 5Ing sP quantum well and 1600 A graded index regions
on both sides of the well. The graded index regions were produced by lattice-matched
graded composition (Al,Gai_)e.sIng.sP quaternary alloys. This structure reduces the
broad-area threshold current compared to a double heterostructure laser, with pulsed
thresholds as low as 1050 A/cm?. Total pulsed power of 1.4 W at 658 nm was measured
from an 80 ymx300 :m mesa-stripe laser. Differential quantum efficiencies as high as
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~ 56% was measured. By examining the cavity length dependence of the threshold
current density and quantum efficiency, it is apparent that the quantum well gain has
not saturated in these structures. This suggests that devices containing a thinner sin-
gle quantum well active region may result in a further reduction in threshold current
density for visible lasers. These devices produce comparable powers as their AlGaAs
counterparts making them attractive as visible diode pump sources for solid state laser
systems.

Films of Al;Ga;_.P were grown with composition z <0.8 on GaP substrates. The
electronic and vibrational properties of the alloys were investigated using electrolyte
electroreflectance and Raman spectroscopy, respectively. The compositional dependence
of the phonon frequencies and electronic transition energies E; and E; were evaluated
from the measured spectra. There are significant discrepancies between the vibrational
frequencies obtained in this experiment and the previous literature. However, the de-
pendence of E, and E; on composition is in good agreement with a previous experiment
(r <0.58). However, because of the greater composition range investigated, accurate
evaluations of the nonlinear composition dependence (bowing parameter) for these two
transitions were obtained. Lower growth temperature processes are required for this
alloy in order to pursue the pseudomorphic visible laser system on GaP.

IIB. OMVPE In-Situ Raman Probe

The properties of several III-V compound semiconductor alloys, namely, GaAs, Al-
GaAs, and GalInP, have been studied at high temperatures using Raman spectroscopy.
The temperature range used for these measurements includes the thermal dissociation
temperatures for GaAs and GalnP in vacuum. The Raman spectra taken from the
thermally dissociated surface yield information on the crystallinity (or lack of it) af-
ter decomposition in vacuum occurs. The phonon frequency shifts were determined
with temperature, and found that the linewidth broadening of the Raman peaks at high
temperatures (700°C) is minimal. These data establish the feasibility to acquire Raman
spectra of these materials and deduce their alloy composition and layer thickness during
epitaxial growth.
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