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PHOTOLUMINESCENCE OF GALLIUM ARSENIDE ENCAPSULATED

WITH ALUMINUM AND SILICON NITRIDE FILMS

) b)

Hulya Birey,?’ Sung-Jae Pak,’’ and J. R. Sites

Physics Department, Colorado State University, Ft. Collins, CO 80523

ABSTRACT

Aluminum and silicon nitride films were deposited on lightly
doped n—-type GaAs:Si by low energy ion beam sputtering. Mechan-
ically the films were stable at annealing temperatures above
900°C. In contrast to bare GaAs and previously reported encap-
sulation with 813N4 where the 1.36 eV line appears at relatively
low annealing temperatures, there was no change in the photo-
luminescence spectrum until the samples were annealed at 800°C

in the case of aluminum nitride and 900°C for silicon nitride.
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Gallium arsenide that is doped by implantation must be annealed to
relieve structural damage. One technique for preventing the loss of
arsenic during the annealing process is to encapsulate the GaAs surface
with a deposited dielectric layer that can withstand high temperatures.
In this paper, we report the results of encapsulation with silicon
and aluminum nitride films as revealed primarily through photolumi-
nescence (PL) studies.

Characteristic of what happens at a GaAs surface that is not

encapsulated is shown in Fig. 1. The n-type GaAs used had only a very

light doping of silicon (4 x 1015 cm-3) so that there would be a high

degree of sensitivity to any changes in the PL spectrum. As reported

(1)

previously, the initial spectra has only a single near band gap peak
at 1.503 eV and is not sensitive to the measurement temperature below
100 K. Upon annealing, howevér, a distinctive feature appears at 1.36
eV. It is attributed(z) to an arsenic vacancy-silicon acceptor complex,

(3,4) disagree. The lower energy shoulder, in any

although other authors
case, is the LO phonon replica. In our work, the appearance of the 1.36
eV line was first noticable at 500°C annealing and became dominant at
600°C. Additionally, we observed considerable growth of the 1.503 eV
line at the same temperature, and visual observation showed that the

polished surfaces had become significantly duller.

Considerable effort has been given to developing techniques for

(4~9) (10,11)

depositing silicon nitride, and to a lesser extent, aluminum nitride

for encapsulation purposes. The technique we employ is low energy ion

(12)

beam sputtering using a neutralized beam, primarily nitrogen, impinging

on a pure aluminum or silicon target. Deposition takes place simultaneously




on GaAs and Corning 7059 glass substrates which are rotated during the
process. Generally, both target and substrate are lightly sputter etched
in situ before deposition; the substrates remain near room temperature
throughout the process. The sputter beam energy used most successfully
was 800 eV. The AIN depositions used a pure nitrogen beam, while the Si3N4

seemed to work best with a 15% admixture of argon. Typical deposition

time was 20 minutes resulting in films the order of 800 A thick. Both

the A1IN and Si3N4 films on glass were quite transparent (v90% transmission)

from 0.3 to 3 um. Auger analysis showed that the primary impurity was
oxygen, having a concentration near 5% in both the A1N and Si3N4 films.
Other impurities were considerably lower and probably unimportant. Neither
the pre-deposition sputter etch or the deposition itself leads to any
significant changes in the PL spectrum.

The development of the PL spectrum for the AIN encapsulated GaAs,
at successively higher annealing temperatures, is shown in Fig. 2. The
same low carrier concentration GaAs is used, and the scale is the same as
in Fig. 1. Basically, the same pattern is seen except that 300 additional
degrees of annealing temperature are gained before changes begin. In
addition to the growth of the 1.503 eV line and the onset of the 1.36
eV peak, we did observe a small feature at 1.40 eV, also seen in other
work. Even at 900°C, however, there is no observable visual deteriora-
tion (under 400x magnification), no shift in refractive index, no decrease
in transparency, and no change in Auger profile. Other AlIN samples studied

show basically the same PL development, except in some cases the growth of

the 1.503 eV line preceeds the onset of that at 1.36 eV.
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In the case of 813N4 encapsulation, the PL spectrum remains unchanged
until still higher temperatures. As with the AIN films, there are no
other signs of deterioration of the Si3N4 layers. Figure 3 illustrates
the PL onset, omitting the uninteresting intermediate temperatures.

This higher temperature onset shows an improvement over our earlier

(9

Si_N, results where we saw PL changes at 600°C. The difference,

3%
we believe, is due to an increase in our sputter beam energy from 500
to 800 eV and an increase in the nitfogen fraction of the beam.

In summary, we have succeeded in depositing dielectric layers of
aluminum nitride and silicon nitride that appear to be useful for the
encapsulation of gallium arsenide. We feel that good results are
attributed to general cleanliness, predeposition sputter etches, and the
proper energy and composition of the beam. We also see some evidence
that oxygen impurity in the films may degrade their encapsulation pro-
perties, perhaps explaining the somewhat better results with the Si3 4
which is slightly more stable chemically compared to SiO2 than AlN
compared to Al 0,.
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FIGURE CAPTIONS

Figure 1. Appearance of 1.36 eV PL line at 90 K when bare
+ -
' GaAs:Si (n = 4x 10 cm ) 1s annealed at 500 and
600°C.
i Figure 2. Onset of the PL features when same GaAs is encap-

sulated with AIN using ion beam sputtering and then

| annealed.
3 : 1
f ‘ Figure 3. Higher temperature onset of PL change when GaAs is ;
% | encapsulated with S:l3N4 prior to annealing. ;
g |
{ ; ?
i |
1
i
z 1
f

T o e -




BARE GaAs

1.36
600°C
15 min

W\
RPN

BEFORE
ANNEAL

| 0.0lOO 8000
WAVELENGTH [R]




GaAs+AE@N
1.36

900 °C ﬂ 1.503
15 min ’
1.33
1 1 L
800°C
15 min

._.==/\~J\.

700 °C
15 min
L 1 L&

600 °C
15 min

L - s 1

AFTER

<
DEPOSITION —L

| - 4

16,000 8000
WAVELENGTH [A]




i R R SRS Bt SR RN, 1 L R R R

GaAs + Sig N,

y 900 °C |.503
] 15 min

f 600°C
15 min

I0,0lOO 8000
WAVELENGTH [A]

et i e ————— ity LI




TECHNICAL REPORTS

Contract N00014-76-C-0976

Code 427
Office of Naval Research
Arlington, VA 22217

Naval Research Laboratory
4555 Overlook Avenue, S. W.
Washington, D.C. 20375
Code 5211

Code 5220

Defense Documentation Center
Building 5, Cameron Station
Alexandria, VA 22314

Dr. Y. S. Park

AFAL/DHR

Building 450

Wright-Patterson AFB, OH 45433

ERADCOM
DELET-M
Fort Monmouth, NJ 07703

Texas Instruments
M.S. 105/W. Wisseman
P. 0. Box 5936
Dallas, Texas 75222

Commanding Officer

Office of Naval Resezarch
Branch Office

1030 East Green Street

Pasadena, CA 91101

Dr. M. Malbon
Avantek, Inc. b=
3175 Bowers Avenue
Santa Clara, CA 95051

Dr. R. Bell, K 101
Varian Associates
611 Hansen Way

Palo Alto, CA 94304

DISTRIBUTION L1ST

12

Dr. H. C. Nathanson 1

Westinghouse Research and
Development Center

Beulah Road

Pittsburgh, PA 15235

Dr. Daniel Chen 1
Rockwell International | 3
Science Center !

P. 0. Box 1085
Thousand Oaks, CA 91360

Mr. G. J. Gilbert 1
MSC

100 Schoolhouse Road

Somerset, NJ 08873

Drs. C. Krumn/C. L. Anderson 1)
Hughes Research Laboratory

3011 Malibu Canyon Road

Mslibu, CA 90265

Mr. Lothar Wandinger 3
ECOM/AMSEL/TL/1J
Fort Monmouth, NJ 07003 }

Dr. Harry Wieder 1 :
Naval Ocean Systems Center
Code 922

271 Catalina Blvd

San Diego, CA 92152

Dr. William Lindley 1
MIT

Lincoln Laboratory

F124A P. O. Box 73

Lexington, MA 02173

Mr. Sven Roosild |
AFCRL/LQD
Hanscom AFB, MA 01731




Commander

U.S. Army Electronics Command
V. Gelnovatch

(DRSEL-TL-IC)

Fort Monmouth, NJ 07703

RCA

Microwave Technical Center
Princeton, NJ 08540

Attn: Dr. F. Sterzer

Hewlett-Packard Corporation
Page Mill Road

Palo Alto, CA 94306

Attn: Dr. Robert Archer

Watkins-Johnson Co.
E. J. Crescenzi, Jr./

K. Niclas
3333 Hillview Avenue
Stanford Industrial Park
Palo Alto, CA 94304

Commandant

Marine Corps

Scientific Advisor (Code AX)
Washington, D.C. 20380

Communications Transistor Corp.
301 Industrial Way

San Carlos, CA 94070

Attn: Dr. W. Weisenberger

Microwave Associates

Northwest Industrial Park
Burlington, MA 01803

Attn: Drs. F. A. Brand/J. Saloom

Comnander, AFAL

AFAL/DHM ‘

Wright-Patterson AFB, OH 45433
Attn: Mr. Richard L. Remski

Professor Walter Ku
Phillips Hall
Cornell University
Ithaca, NY 14853

Commander

Harry Diamond Laboratories
2800 Powder Mill Road
Adelphia, MD 20783

Attn: Mr. Horst W. A. Gerlach

Advisory Group on Elcctron
Devices

201 Varick Street, 9th floor

New York, NY 10014

D. Claxton

MS/1414

TRW Systems

One Space Park

Redondo Beach, CA 90278

Profs. Hauser & Littlejohn
Dept. of Electrical Engineering
North Carolina State University
Raleigh, NC 27607

ARACOR

1223 E. Arques Avenue
Sunnyvale, California 94086
Attn: T. Magee




