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Progress during the past year has been made in the following

areas:
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1) Problems in the computer control system of the Quadrupole
SIMS instrument at USC have been resolved and it has been possible to
obtain SIMS depth profiles with this instrument. However, the primary
h beam current densities have been too low to obtain depth profiles over
distances significantly éreater than 1 y in a reasonable period of time.

Because of this, it was considered desirable to utilize the facilities

at the University of Illinois to obtain SIMS data on the specimens of

GaAs:Cr that have been examined by cathodolminescénce and photoluminescence.
2) In a visit to the University of Illinois, January 18 and 19 -

depth profiles of 12 specimens were obtained using a CAMECA IMS-3F.

3) Further analysis of the cathodoluminescence data was made and

and important correlation was found between the 1.363 eV peak in the catho~

doluminescence spectra and the resistivity of the thermally-converted

layers.

4) After obtaining the SIMS results with the IMS-3F it was found
that some of the assumptions previously made concerning the results of

cathodoluminegcence experiments were not valid. However new conclusions

»

could be drawn in view of these new data.
5) A draft of a paper combining the results of photoluminescence,

cathodoluminescence and SIMS has been prepared for submission to the
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Journal of Applied Physics and a shorter paper for presentation at the
EMSA/MAS conference in Washington, August 9-13 has been submitted.
COpie; of these papers are attached.

During the remaining period of tﬁe grant it is planned to carry out
further SIMS investigations of the Cr depth distributions and to attempt
to understand the mechanism for Cr depletion in the converted layer.
Investigations will also be made to try to determine the Si concentrations

more accurately by using ion implanted specimens as standards.
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Cathodoluminescence and SIMS Study of the Thermal Conversion of GaAs

S. Y. Yin" and D. B. Wittry
Departments of Materials Science and Blectiical Engineering
University of Southern California
Los Angeles, California 90007

Cathodoluminescence has been used to study the conversion of semi-insulating
GaAs to p-type as a result of different heat treatments. Low ".emperxature
cathodoluminescence and phptolumineécence spectra are compared and Aaif-
ferences are attributed to the difference in the excitation depth in
these techniques. The cathoéoluminescence spectra at 30°K indicate that
the 1.23 eV emission band in the as-grown chromium-doped semi-insulating
daAs is associatea with a SiGa.VGa complex. Cathodoluminescence spectra
of heat-treated material show emission bands at 1.363 eV, 1.407 eV and
1.496 eV which cor‘r:espond to the acceptor levels introduced through the
site transfer of ;ilicon. The 1.363 eV peak intensity increases mono-
tonically with increasing carrier concentration in the converted layer.
Secondary ion mass spectrometry depth profiles show that this peak is

not due to Cu and hence that it may be due to recombination involving

a SiAa-vGa complex.

.P:eunt address: Microelectronics Center of Xerox Coxp., El Segundo, CA 90245
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looking forward to the near future, gallium arsenide appears to be
a promising material for high speed, high performance .;[C technologies
now under de‘velopment.l There are, however, several major problems
associated with GaAs devices based on the use of semi-insulating sub-
strates.2 One of these problems results from the heating of semi-
insulating Gahs under typical epitaxial growth conditions or post ion-
implantation annealing; this frequently results in the semi-insulating
GaAs substrates undergoing surface modification with the formation of a
low resistivity surface layer. The low resistivity layer has been called
a thermal conversion layer. This phenomenon was first reported by l!dmond3
and Wysocki.“ Since then a variety of techniques such as photolumine~ -

sc:em:e,s-16 c::at:hodv:.\lumi.nescence.]'7 electrical measurements,lo'.n'la-zl

photoelectric measurements.lg Schottky barrier measurements,zz sms,23

16 2 25

AES, DLTS, 4 and SEM = have been used to study this effect but the true

causes of this effect are still somewhat ambiguous. Among these characteri-
zation techniques, thé photoluminescence technique has been the most popular
one. Phot&luminescence spectra of thermally-converted layers sometimes
show two emission bands at 1.36 eV or 1.41 eV. The origin of these two
emission bands is controversial. The 1.41 eV emission band has been
assigned by various investigations to recombination at a manganese acceptor
on a Ga 'iu5,9,11,26,27 (M“Ga’ » recombination due to a shallow acceptor-
arsenic vacancy mp1'x6.7.13,28-31 and recombination due to arsenic
vacunciu.m'n’az The 1.36 eV emission band has been assigned to

6,33~ -
! 6 (C“Ga" recombi~

nation at a shallow acceptor-gallium vacancy complexi®’28¢37

nation at gallium vacanch-.ls'“

recombination at a copper acceptor on a Ga site
and recowbi-




In tl.ne present work low-temperature caManescmce and SIMS have
been used to study the nature of the thermal conversion phenomenon in GaAs.
Cathodoluminescence has the advantage (compared with pﬁotoluminescence)
that with readily available beam voltages (30-40 KeV) it is easy to get
a mean excitation depth in the specimen comparable to the thickness of
the thermal conversion layers (v1-2 um). Hence, by using cathodoluminescence
it is possible to study the properties of the thermal conversion layer
at depths significantly larger than those studied by photoluminescence
(<<l um). In this paper cathodoluminescence spectra and photoluminescence
spectra are cmpate& for one case of a thermally converted layer and results
from cathodoluminescence studies of 14 specimens of GaAs including 6 heat-
treated specimens are given. From the results obtained on specimens heat-
treated by two different techniques, and using the results of SIMS depth

profiles a model is proposed for the thermal conversion of GaAs.

Bxperimental Procedures

MW—doped semi-insulating Gaks wafers (100 orientation) from - -
Laser Diode Laboratories or Crystal Specialties, Inc. were heat treated
at the Naval Oceans Systems Center and at Hughes Ruegrch Laboratories.
Typical specimen preparation consisted of the following steps: a) mechanical-
chemical polishing b) ultrasonic cleaning using a sequence of electronic
grade solvents (trichloroethylene, acetone, nt._hanol and dionized water)
and drying by a blast of nitrogen gas. Thermal annealing of the GaAs
samples was done by two different annealing techniques. In the first case
(specimens from NOSC) the annealing was done in a temperature-controlled
quarts tube furnace. ‘They were placed on a graphite boat and exposed to
a continuous flow of pilladiun-dittuud hydrogen. The specimens were

annealed at temperatures from 750°C to 900°C one for one hour, then the
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furnace was turned off and the specimens removed after they cooled to
ambient témperature. ' In the second case (specimens from Hughes Research
Laboratories), the GaAs was annealed by using the melt-controlled

ambient technique (MCAT) .38 In this technique a crucible which contains
several kilograms of Ga saturated with GaAs was enclosed in an all-quartz
annealing chamber which is connected to a stainless steel entry chamber
through a high vacuum valve. The annealing chamber was continuously
maintained in an ambient of palladium~diffused hydrogen. Samples to be
annealed were held .n a specially designed graphite holder, with a sliding
cover. Annealing was performed by immersing the holder for two hours

in a melt maintained at 800°C with the graphite cover closed so that the
melt did not come in contact with the solid specimens.

The cathodoluminescence measurements were made using a clean-vacuum
electrun beam column that has been previously described by Marciniak and
Wittry.39 In order to get ar excitation depth approximately equal to the
thickness of thermal conversion layers, an accelerating voltage of 40 KV
was used (at this voltaye the electron range is about 6 ym in GaAs and
the mean excitation depth is about 1.8 um). The electron beam spct size
was 10-15 um and the typical beam currents were 0.25-10 nA. The samples'
temperature was held_ at 30°K by using an open-cycle Joule-Thompson refriger-
ator. 1In spite of this low specimen temperature no contamination effects
due to alectron-beam irradiation were observed. The specimens were smounted
on a copper bluck niing indium and the specimen temperature was monitored
by a copper~constantan thermocouple. The cathodoluminescence from the
specimens was modulated by a 11 Hz mechanical chopper and focussed on

the entrance slit of a plane grating spectrometer (Spex Industries, Inc.,

-~ gt

=l

SRR S T




1
:‘.

Model No. 1700-II) having a grating blazed for 7500 . a Corning 2-60
glass filter was used to discriminate the cathodoluminescence from the
native thin oxide layer on the surface of GaAs samples,‘o The detector

was an RCA C31034C photomultiplier which has a nearly-flat spectral response
from 3000 & to 10300 i. This detector was mounted in a thermo-electrically
cooled housing (Products for Research, Inc., Model TE-104 RF). The signal
was amplified and recorded by a synchronous amplifier (Brower Laboratories,
Inc., Synchronous Amplifier-recorder, Model 109).

For comparison with the cathodoluminescence spectra, photoluminescence

spectra were measured by W. Y. Lum of the Naval Electronics Laboratory Center A

using either 6328 R radiation from a 5 mW He-Ne laser or 6471 & radiation

from a 500 mW Krypton laser. The focused beam at the specimen had a
2

cross section of 1 mm“ and the emitted radiation was modulated by a mechanical

chopper at 100-200 Hz and focused the entrance slit of a Spex 1701 planeA
grating spectrometer of 0.75 m focal length. The grating was blazed at
1.6 ym and the detector was a cooled photomultiplier with S-1 response.
Electrical measurements were made at Hughes Research Laboratories
by C. L. Andersen and at NOSC by W. Y. Lum. Square (“4 mm x 4 mm) Hall
specimen, were cut from the wafer. nal:!. and conductivity measurements
using the Vander Pauw configuration were used to determine the carrier
concentration and mobility.
sius depth profiles were obtained using a Cameca IMS-3F and an
Applied Research Laboratories prototype QMAS, With th; IMS-3P, typically
a 250 y x 250 ym area was raster-scanned with a 9.55 KeV positive oxygen
beam of 2-3 YA and the central area of 150U in diameter was focused on
the entrance slit of the mass spectromater. For the QMAS instrument
a 500 x 500 U area was raster-scanned and the central area 250 ‘x 250 um
area was selected with an electronic aperture. A positive oxygen beam

of V.5~1 YA at 10 kV was used. In both instruments charging of the semi-
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insulating specimens was an important problem. This was minimized in
both instruments by using photoconductivity due to light from the illumin-
ator for the sample viewing system. In the case of the QMAS, additional
reduction of surface charging effects was obtained by a computer program
that adjusted the specimen potential to maximize the intensity for a

71 Ga+

reference ion, typically . The relative intensities of various

ion species obtained from the two SIMS instruments were not the same.
This is expected from the difference in "sensitivity factors" for the
quadrupole vs the magnetic spectrometer instruments, and will be
discussed elsewhere. To avoid confusion, only data from the IMS-3F are

included in this paper.

Experimental results and discussion

In the initial phase of this investigation a major concern was the
lack of agreement between the photoiuminescence and cathodoluminescence
spectra for a given specimen. Figure 1 shows a comparison of the photo-
luminescence spectrum at 4°K and the cathodoluminescence sp'ectruﬁ at 30°K
for specimen-T2. In oxder to investigate this discrepancy photolumines-

cence spectra were recorded at various temperatures and cathodoluminescence

spectra were recorded at various beam current densities, various temperatures

and at two different electron beam voltages. The results of these studies
indicated that the difference in the CL and PL spectra was not due to a
difference in injection level or specimen temperature but due to a dif-
ference in the depth of the region which is being sampled by these two
techniques. For the visible light used in photoluminescence the absorption

1 and the penetration depth (1l/e

coefficient of GaAs is ~3.6 x 10° cm
distance) is V.28 ym. The 40 keV beam, on the other hand, generates
carriers to a depth of 5-6 um. In order to elucidate this point, the

depth distribution of excess carriers was calculated for a reduced surface

——— e e e e .
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recombination velocity of 50 and a carrier diffusion length of 0.76 um

using a Gaussian approximation for the excess carrier generation as

previously described by Kyser and wittry.41 The results shown in

Fig. 2 clearly indicate the difference in sampling depth for optical

and electron beam excitation. However, it should be noted that the

excess carrier distribution will be different from the distributions

shown if there are gradients in the concentration of electrically-active

impurities or defects (this may give rise to electric fields and hence

drift of carriers as well as diffusion of carriers). It should also

be noted that the diffusion length of excess carriers in the.converted

layer will decrease with increasing carrier concentration and hence the

sampling depth (particularly for photoluminescence) will be different

for different specimens. Specimen no. T2 represents an extreme case

because of its very high carrier concentration (refer to Fig. 6). {
The results of the cathodoluminescence spectra and electrical

measurements on the 14 specimens studied are summarized in Table I.

Typical cathodoluminescence spectra are shown in Figures 3 and 4.

Figure 3 shows the cathodoluminescence spectra at 30°K for specimens

Tl and T2 corresponding to before (dashed line) and after (golid line)

annealing in H, at 800° for 1/2 hour. Both samples show a narrow peak

2
at 1.509 ev (8215 i), about 6 meV lower than the band gap for those
temperatures.‘l This energy corresponds closely to that of a simple
hydrogenic donor impuxity43 and is assumed to result from recombination
involving silicon on a gallium site (SiGa) and the valence band. The
unheated specimen (T1) shows a small peak-at 1.23 eV (10088 i). This
peak was attributed earlier by Hwang7 and williams42 to recombination
involving a Si donor-Ga vacancy complex (SiGa-VGa). This 1.23 eV peak

7,37,44

can always be found in Si doped n-type GaAs. Thus for the unannealed

Cr-doped semi-insulating GaAs the presence this 1.23 eV peak means that

o
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this sample contains silicon as an impurity. The heat-treated specimen
{(T2) shows a small peak at 1.496 eV (8289 R); this is considered to be
a free-to-bound transition produced by a free electron captured at a

8,45 which was

neutral acceptor site. The shallow acceptor may be CM
introduced into crystal during the annealing process because the GaAs
sample was put on a graphite boat. Two additional peaks at 1.407 eV -
(8816 %) and 1.363 ev (9100 &) and two shoulders at 1.33 eV (9320 A)
and 1.296 eV (9570 A) are also evident in this figure. The 1.407 eV
peak is presumed to be a Si acceptor-arsenic vacancy complex (SiAs-vAs)
which was reported previously in doped samples of bulk Ga.l\s.“6 The
1.363 eV peak is an important key to understanding the mechanism of
thermal conversion and will be discussed further in the following
paragraphs. The two shoulders at 1.33 eV and 1.296 eV are LO-phonon
replicas of 1.363 eV peak.

Figure 4 shows the cathodoluminescence of specimens T9 and T10
corresponding to before (dashed line) and after (solid line) annealing
at 800°C for 2 hours using the melt-controlled ambient technique. It
will be noted that the unheated specimen (T9) shows the same strong
peak at 1.23 eV as in Fig. 3 and that this peak also disappears on
heat treatment. The heat-treated specimen (T10) also shows the peaks
at 1.407 eV and 1.363 eV which were obtained from T2.

In the course of this work, the temperature dependence of the peak
position was also measured. The results are shown in Figure 5. For
comparison the temperature dependence of the bandgap is shown (line a)
as previously reported by Casey and Panish.“ It can be noted that the

1.363 eV peak has the same temperature dependence as the bandgap while

the 1.509 eV peak has a slightly different temperature dependence.
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Figure 6 indicates a strong correlation of the intensity of the
1.363 eV peak with carrier concentration in the converted layers. This
peak was not seen in the photoluminescence spectra for specimen T2; if
it is present it was apparently masked by the LO phonoﬁ replica of the
1.41 eV peak (8790 %) as can be seen from Figure 1. The high intensity
of the 1.41 eV peak in the photoluminescence spectra and its lower
intensity (relative to the 1.363 eV peak) in the cathodoluminescence
spectra can be explained if it is assumed that the 1.363 eV peak involves
a defect at a larger depth in the specimen than the 1.41 eV peak. This
would be consistent with the assignment of the 1.41 eV to recombination
involving an As vacancy and the 1.36 eV peak to recombination involving
a Ga vacancy since it is expected that the As vacancy concentration will
be very high at the surface and drop off sharply with distance due to
the small self diffusion coefficient of As in GaAs. On the other hand
the Ga vacancies will have lower concentration at the surface but will

extend to larger depths because of a larger self diffusion coefficient.

This possibility is indicated by a calculation of .the vacancy..concentra- .

tion distribution of Ga and As based on results published by Chiéng and
Pearson48 and shown in Figure 7.

Figures 8-10 shdw SIMS depth profiles for specimens T2, T1O and
T14. Several important observations can be made from these results if
we assume the concentration of each element is directly propditional
to the ion intensity optained from that element. First it will be noted
that there is a strong depletion of chromium in a surface layer for
all three specimens and the chromium concentration is about the same
for specimens T2 and T10 but is higher in Tl4. Second, it will be noted
that concentration of copper is not abnormally high in T2 compared to

T10 and T14 (i.e. at most a factor of 3 compared to T10 and a factor of




A7 compared to Tl4.) Third, there is a tendency for the concentration
of manganese to increase in the surface layer for Tl4 and T2 but the
concentration of Mn in T2 does not exceed that in T10 by more than a
factor of 10. Finally, the concentration of Si is high in all three
of these heat-treated specimens and in fact is about the same in the.
unheated specimens.

If we assume that the intensity of the 1.363 eV peak is directly
proportional to the concentration of the impurity or defect which is
responsible for this transition then it appears that recombination due
to Cu contamination is not responsible for this peak. Using a similar
assumption regarding the 1l.41 eV peak, it is possible to rule out Mn
as being principally responsible for the 1.41 eV peak. Alsq,using an
LTE model49 for quantitative SIMS it is expected that silicon will be
detected with a significantly lower sensitivity than Cr (;pproximately
by a factor of 0.115 if the LTE temperature is 10,000°K or 0.0527 if
the LTE temperature is 5,000°K. On this basis it seems that the Si
concentration may be two to ten times higher than the Cr concentration
in some of the specimens examined (Tl, T2, T9 and T10). While it is
possible that other ion species may interfere with the 2881 peak, it

seems unlikely that the intensities of these species e.qg. (14“;' 12C16°+'

27A1H+, lzczﬂ:, 56Fe++, etc.) will be sufficiently high to account for
the high intensity of the 28 AMU peak. On the other hand, if the Si
concentration exceeds the Cr concentration, then in order to explain the
semi-insulating nature of the bulk material it must be assumed that a
significant fraction of the Si is electrically inactive. This could
result from siG‘-siAs pairing or sio2 microprecipitates. Further needs
to be done concerning quantitative determination of Cr, Si and D in

semi-insulating GaAs in order to understand some of the present SIMS results.
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Summary and Conclusions

In the present work, we have clarified some .* the ambiguities
concerning thermal conversion of GaAs. Our work indicates that the 1.407 eV
emission peak is probably due to a SiAs.vAs complex and not to recombi-
nation at Mn impurities. It also indicates that the 1.363 eV peak is

due to recombination involving a Si complex and not to Cu contami-

as 'Ga
nation. Figure 11 summarizes the assignments of various radiative transi-
tions observed in the present work. The tendency for thermal conversion
is enhanced by the depletion of Cr in the thermally converted layer

but this depletion alone cannot account for the thermal conversion.

On the basis of the present results, the formation of a SiAs- complex

véa
appears to play a key role. Further work is required to determine the

18
role of oxygen in this process. This may be done by SIMS using 0+ as

| ek,

a primary beam but will require the use of a SIMS instrument with mass

18
filtering of the primary beam and low background of ‘HZO-
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Figure Captions

1

10

Comparison of cathodoluminescence spectrum at 30°K (dashed lines)
and photoluminescence spectrum at 4.2°K (s0lid lines) for a specimen
of GaAs:Cr heat-treated in H, for 1/2 hr at 800°C (specimen no. T2).
Comparison of the excitation vs depth and the resulting equilibrium
carrier densities for photon excitation (solid lines) and electron
beam excitation (dashed lines). The parameters used for electron
beam excitation were Vacc = 40 KV, z, = 0.65 ym, L = 0.76 um,

DP = 3 cmzlsec, J = 2a/cm? and <e> = 5.35 eV. For optical excita-
tion the parameters used were a = 4 um L Cop = 1027 /cm3 sec at the
surface (L and <e> had the same values).

Cathodoluminescence spectra at 30°K of specimen Tl (before heat-
treatment: dashed line) and specimen T2 at 30°K (after heat-
treatment: solid line).

Cathodoluminescence spectra at 30°K of specimen T9 at 30°K

(before heat-treatment: dashed line) and specimen TIV (after
heat-treatment: - solid line). .

Temperature dependence of (a) GaAs bandgap (b) énission peak at
1.509, (c) emission peak at 1.407 eV (d) eémission peak at 1.363 eV.
Relation between the cathodoluminescence intensity of the 1.363 eV
peak (normalized to the 1.509 eV peak) and hole concentration.

Depth distribution of As and Ga vacancies for a specimen of Gals
heat treated at 800°C for 2 hr in l-l2 (low Ga and As overprassures).

Logarithmic plot of ion intensities for 52(::. 2881, 12(':. sslln and

630: vs depth for specimen no. T2.

Logarithmic plot of ion intensities for 52(::. 2881, C, " Mn and

63(.‘u vs depth for specimer. no. T10.

2 12, 55

Logarithmic plot of ion intensities for 5 Cr, 2881. C, "Mn and

”cn ve depth for specimen no. Tl14.

14

e wh =

P

i
¥




+

A

11 Emission lines observed in the present work and assignment of

their most probable origin. Bands observed before annealing are

a and 4 and bands observed after annealing are a - f£.
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USE OF CATHODOLUMINESCENCE AND SIMS IN THE STUDY OF THERMAL CONVERSION OF

SEMI-INSULATING GaAs
S. Y. Yin and D. B. Wittry

Chromium-doped GalAs because of its high resistivity is frequently employed
as a substrate for device fabrication. One of the problems encounte?ed ‘
in device fabrication with semi-insulating GaAns has been the tendency for
thin surface layers of low resistivity to form during heat treatment at
temperatures used for epitaxial growth or post ion iwlﬁption annealing.
In this paper work is described in which cathodoluminescence and SIMS are
used to investigate this problem of thermal conversion.

Previous researchers have used-a variety of techniques including
phoi:olum:l.nesc':ence1-4 or SIMSS because both of these techniques provide .
high sensitivity for detection of impurity effects in Gaas. However, t!;e
results of photoluminescence can be misleading because the excitation
depth is small compared to thickness of the thermally converted layers
(typicaliy 1-2 microns).- With cathﬁolmnescﬁcm-'for example ‘at 40_kv
the mean carrier generation depth is approximately 2 microns. - A comparison
! of photoemission spectra and cathodoluminescence spectra obtained from the -

same specimens shows significant differences and some of the strong peaks

in the photoluminescence spectra are seen in the cathodoluminescence spectra
only when the electron beam voltage is reduced. Thus it seems clear that
cathodoluminescence is a preferred method to investigate the mechanisms.-

& involved in thermal conversion.

Author Yin is at the Microelectronics Center of Xerox Corp., El Segundo,

CA 90245; author Wittry is at the University of Southern California (Department

of Materials Science), Los Angeles, CA 90007
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In this work 14 specimens of GaAs were studied including 6 untreated
specimens, 4 specimens heat-treated in hydrogen in a tube furnace and
4 specimens heat-treated by the “Melt Controlled Ambient Technique” (MCAT).®
The latter technique, developed at Hughes Research laboratories involved
immersion of a graphite box containing the specimens in a large melt; of
gallium saturated with GaAs. The box has a sliding 1id which may be
opened for growing layers by liquid phase epitaxy but is left closed for
heaﬁ treatment. In the latter case, the vapor pressure of Ga and As are
determined by ambient-conditions —~ hence -the texrm MCAT. -

Typical cathodoluminescence spectra at 30°K for a specimen that had
a very low resistivity surface layer are shown in Fig. 1. (solid line).
Thig specimen was heat-treated in H2 at 800°C for 1/2 hour. In the same
figure, the dotted line represents the 30°K spectra for a specimen from
the same ingot but without heat treatment. The 10,088  { (1.23- eV) peak has
been attributed by. Hwangl and willians7 to recombination involving a
Si-donor-Ga-vacancy complex. This peak was observed in all of the specimens
examined. The small peak at 8289 A (1.496 eV)-may be due-to free electron
capture at a shallow neutral acceptor (the acceptor may be carbon on an
arsenic l:ltaAu .repozted by Lum et al.z since the GaAs was supported by
a graphite boat during heat-treatment). The peak at 8816 R (1.407 ev) is
presumed to be due to a Si-acceptor-As-vacancy complex previously reported
in doped samples of bulk GaAs.l® The peak at 9100 A (1.363 eV) is presumed
to be due to a 8i -acceptor-Ga vacaricf_ complex (s:lM-VG.) .9 or a shallow
donor (sic.) - Cu acceptorxr (Cn;.)]' or ;ecoubinati.on at Ga vacmciec.lo
The two shoulders at 9320 & (1.33 eV) and 9570 & (1.296 eV) are LO phonon
replicas of the 9100 4 peak, -

The 9100 X (1.363 eV) peak seams to be a key to the mechanism for
thermal éonvcuion because it was found by Hall effect measurements of

several specimens that the intensity of this peak increased monotonically
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with the carrier concentration of the surface layers.
SIMS deptli profiles were obtained for 12 of the specimens studied

p7
by cathodoluminescence. The secondary ion intensities of c:,"c, Mn and Cu

A

" for the heat-treated specimen of Pig. 1 are shown in Fig. 2.- The Cu ion

intensity obtained from this specimen is not significantly higher than
obtained from other specimens examined. The Si ion intensity is also not
unusually high but the heat treatment conditions for this specimen are
expected to produce a high As and Ga vacancy concentration. Thus the
principle mechanism for thermal conversion of semi-insulating GaAs may be

a Si_ -V _ complex formed during heat treatment. Obviously there are other

As Ga

possible interpretations, for example the. depletion-in-Cr in the converted
layer may lower the resistivity--but this cannot account for-the increase -
in the intensity of the 9100 X peak..

A more Jdetailed description of this work and analysis of the results

is being sulwmitted for publication elsewhere.
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