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The defect structure in CVD Si layers on sapphire were investigated before
and after scanning laser annealing. Prior to laser annealing, the films were
characterized by the presence of stacking faults, twinning zones and dislocation
[} lines producing large regions of high disorder. Subsequent to laser annealing
under conditions to produce total melting of the Si layers it was shown that
liquid phase epitaxial regrowth occured resulting in regions of defect-free Si
and a total absence of twinning regions. Correlated Rutherford backscattering,
channeling and (ransmission elecron microscopic analyses showed a dramatic
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P\-i-provement in crystalline perfection relative to the results obtained fromw 1
films grown by any other technique on sapphire substrates.

In separate collaborative experiments with Stanford University, it
was also shown that scanning cw laser irradiation could be used to produce
diffusion and activation of Sn from a spin-on SnO /Sl()2 source. The forma-

tion of a Sn3As2 alloy has been shown to be relatéd to the observed wt
activity.
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INTRODUCTION

Reactions between metal films and single or poly-
crystalline silicon substrates have received considerable
attention over the past decades becsuse of the relevancy
to integrasted circuit fabrication and design. The sluminum-
s1licon (A1/S1) system has been widely investigated in relat-
1on to 1ts use 1n contact structures, as & diffusion source

and 1n si1licon-gate MOS technology.

In an early phese of this pragram, 1l was shown that
interactions between a polycrystalline Al film and single-
crystal Si were controlled, 1n part, by qrein boundary kine-
tics and the ptesence aof microstructuras) defects within
individual Al qgteins. Interdiffusion belween the Al and S
was 1nitiated at A} grain houndery sites and within defectave
Al groups producing Si-saturated Al files and localizea A}
doped regians within the S; substrate. lipon conling, lateral
motion af S) 'o Qraea)n boundaries aoccuried, accompanied hy a
«alid-phase reqrowth of silicon hillockse an the single-rrys-

‘sl substrate.

Suhsequent ewperiments cronducted oan the Al.poly 'Sy
poly)/ﬁlﬂz/51 icrystal) svatem showed that after Hheating
wl SON°C, S, was transpoarten thiough the Al file to fare »
continvous S1 file at the surfaece. Giowth was 1nitiated at
Qrein boundaries of the Al file and 1ndividual Qiawth Iniands
erpanded by lateral accretion, vielding 8 coalesced cnnl .

nuous paly-S1 file at the sutface,.

The deta abtained i1n theae eaperiments suqgestied hat

the solid-phase 1eqgrtnmih prncess was canttalled by the tolu-

tive qrain s1208 of the silican and alusinue Qg )“l ﬂ‘
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relative thickness (t51/tA1)‘ Research 1n the first phase
of the current program tended to verify these assumptions,
confirming that as g¢./q,; + = (for tSi/tAlyl.). solid-phase
interchange of layer positions wes relatively 1nhibited.

To extend these results, we conducted s series of expe-
riments on reqQrcwth of Si on sspphire 1n the Si(amorphous)/
Al(poly)/AIZO)(cryslal) ayatem, The primary objective
was to determine if the solid-phase regrowth process could
be correlated with a classical 1sland growth/coaslescence
mode] within 8 known system, where 1sland coalescence 18 the

doainant mechanise 1n liquid-phase epitaxial qrowth,

These experiments demonstrated that solid-phase regrowth
of S) on sapphire can be abtasined using Al ass the transport
medium. The results show that the S1 18 transported through
the Al film to fore nucleation sites on the sapphire subs-
trate. These sites expand laterally by mass accretion and
coalescence to form 1slands continuous with the underlying
substiate, During the final qrowth sequence, the coaslescence
of larqger island structures 18 charescterized by the presence
of twinning zones and defects at the juncture reqion. Direct
observet ion hy TEM/SEM ot various staqes of annealing confirm
that the structurel) reqrowth sequence 318 similer to that
observed duiing conventional liqQuid-phase espitany qrowth of
S on sapphite. However, one problem with standard LPE SOS
structures 18 the relstively-high density of twins, stacking
faults and disincation Lines I1n the epitaxiasl si1licon. The
1eQgtewn si1licon layers pispared 1n these enperiments exhibi-
ted comparable defect densities and distribution of defects

wilthain the S e,

for electranic device fabricestion, 1t would be very

veluahile to develop techniques for the growth of epitaxiel
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silicon on sapphire (or another suitable dielectric subs-
trate) with a low defect concentration. The potential
importance of SO0S structures is suqggested by the fact that
a number of orqganizations proposed the use of S0S struc-
tures to satisfy the technical requirements of the current
DoD-funded Very-High-Speed Inteqrated Circuits (VHSIC)

Program.

However, in spite of over two decades of research on
the qrowth and control of silicon thin films grown epitax-
ially on single-crystal sapphire (AIZOB)’ difficult problems
remain. 0f particular caoancern is the high level of de-
fects present within the epitaxial Si layer, both at the
interface and within the bulk of the film, These defect
concentrations influence metal-semiconductor reactions in
the contact and interconnection regions and prove to be a
severe restrictive factor on the fabrication of devices.
The messurable reduction in electron mobility in the pre-
sence of these defect strucutures places limits on the

speed or switching capability of S0S-based devices.

fFor these reasons, i1n this reporting period we focused
our effort on developing a technique for producing SO0S
structures with substantially reduced defect concentrations.

Recently, a number of 1nveatigators have suggested
that the quality of silicon layers on sapphire (or, per-
haps, some other suitable dielectric aubstrate) can be
improved by pulsed laser i1rreadiation to i1nduce regrowth
of the deposited Jayers by a liquid-phase epitaxial mecha-
nism, Preliminary experiments have also shown that scan-
ning CW arqon leser snnealing can also produce regrowth
of the deposited layers, with an apparent reduction in
defect density. In sll cases, there have been no detsiled




investigations of the recrystallization of the Si1 luayers
on the microstructural perfection of reordered layers after

laser annealing.

Thus, we initiated experiments in collaboration with
1. Golecki of Rockwell Labs toward a detailed study of
microstructural defects within both control and laser-
annealed S0S structures in both the solid-phase regrowth
(SPEG) and liquid-phase regrowth (LPE) modes. Correls-
ted data from transmission electron microscopy/diffraction
' (TEM/TED), scanning electron microscopy (SEM), Auger elec-

tron spectroscopy (AES), secondary ion mass spectrometry !

L (SIMS), Rutherford back scattering (RBS), and Hall effect

measurements are being obtained to provide a consistent

h description of the regrawth mechanisms and to assess the
potential of laser-annealed S0S for device applications.
If it is determined that laser annealing techniques can
be used to control surface and bulk defect concentrations ﬂ
in silicon, we will conduct studies of metal-silicon

reactions on defect-controlled silicon prepared by laser

H processing.

In additional experiments, we conducted ecperiments
with Stanford University in support of another ARO-funded
program (DAAG-29-78-G-0119) on CW-laser-assisted diffusion
and sactivation of Sn in GaAs from a Sn02/SiO2 source.
These experiments have & direct relationship to our study
of metal-semiconductor reactions and gave us the opportu-
nity to investigate another metal-semiconductor system.
In this report, we will provide a brief description of

experiments conducted in each of these areas.




SUMMARY

Microstructural Defects and Laser-Induced

Reordering 1in SO0S

The (100) oriented Si epitaxial layers used in this
study were grown by chemical vapor deposition on 3 inch
diameter sapphire (A1203) wafers of (00I2) orientation
prepared by Union Carbide Corporation. Thicknesses of the
Si films were in the range, 0.15uym to 0.40ym, and the
deposition rate was varied between O0.luym and 2.4um/min.
Portions of some wafers were implanted at room temperature
(RT) with 2Bsi or 31p ions, with or without a secondary Mg
implant,. To avoid excessive sample heating during ion
implantation, the beam current density was maintained at

a level below luA/cm2 during all implants.

Laser 1irradiations were conducted on a scanning CW-
laser annealing system and samples exposed to the laser
beam from the Si side, wusing a multimode line () = O.5im).
Beam diameters were 100um and 140uym and corresponding
scan speeds were 5 and 15 cm/sec., respectively, producing
8 nominal dwell time of “1-2 msec. Uniformly, irradiated
areas were obtained by stepping adjacent scan lines by 20
um, During laser irradiation, substrates were maintained
at RT or 300°C using a resistivity-heated vacuum chuck.

Samples were characterized using optical microscopy,
scanning electron microscopy (SEM), MeV aHe* Rutherford
backscattering (RBS), channeling, and transmission electron

microscopy/diffraction (YEM/TED).

Changes 1n surface morpholoqy, 1i1nidicative of melting
and resolidification, occured when the laser power/beam
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diameter ratio, P/¢, exceeded a threshold value of, (P/Q)m =
(4-5) x 102 W/cm. At levels of P/¢ within a window, (P/b)m
< P/® <1.20 (P/%) , the laser annealed areas were relative-
ly uniform with minimal or no traces of scan lines, At P/d
levels >1.20 (P/b)m, apparent damage or delamination was
observed. The surface uniformity could be improved by
additional line scans, although no significant differences
could be detected in the channeling spectra for up to 4
repeated line scans. The TEM data a!so showed no signifi-
cant alterations or additional improvements in structure
after repeated line scans, in agreement with the results
from channeling measurements. Areas which had been implan-
ted with Si ions at RT to form a buried amorphous layer
were visibly less uniform after laser irradiation than
the adjacent control (unimplanted) regions. This is pos-
sibly attributed to the higher absorption of the laser
light and the lower thermal conductivity of the implanted
(amorphous) region. Both channeling measurements and TEM
analysis showed no dramatic differences between the implan-
ted and unimplanted regions after laser irradiation. 1t
is interesting to note that the color of the laser irradi-
ated regions (in reflected light) was light yellow, where-
as unirradiated reqions were darker yellow and implanted

(no laser irradiation) areas were dark brown or black.

Rutherford backscattering, channeling energy spectra
and detailed anqular scans were obtained using a (1-2 mmz)
1.5 MevVv aHe+ beam. The laser annealed S80S structures exhi-
bited a dramatic imrpovement in crystal quality of the epi-
taxial Si films and the results’showed that the films were
superior to 505 films of the same thickeness grown or pro-

cessed by any other technique. As shown in Table 1 and

— 2 _l‘."-_,. e [
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Figs. 1-4, both the surface channeling yield, Xo' and the
average dechanneling rate, dx/dz, were considerably lower
than in the starting CVD material, although still above
the values obtianed for a bulk Si crystal of (100) orien-
tation. In addition, the measured full width at half mini-
mum, X1/2, of the angular scans measured for a zone, SOUR
below the Si surface was the same in the laser annealed
films and (100) bulk silicon (1.1 + 0.1°). In comparison,
the values obtained in CVD (no laser irradiation) films
were consistently lower than values for bulk (100) Si by a
factor of 10-15%. The results then imply that the laser
irradiation improves the crystal quality of the Si layers,

both at the surface and at depths into the film.

It can be noted that the crystal quality of thick
(t ~0.4um) laser irradiated S0S films is improved rela-
tive to results obtained for thinner (t ™ 0.2ym) films,
as shown in Figs. 1 and 2. Films of the same thickness,
but of varying initial crystal quality, produced as a
result of varying CVD conditions or post-deposition implan-
tation, exhibited essentially the same high crystal quality
after laser exposure (within rhe experimental accuracy of
the measurement system), as shown in figs. 2 and 3. The
small differences in shape of the aligned spectra measured
on the laser irradiated regions do not alter this conclu-
sion. The observed differences could be caused by: 1) pre-
sence of a thin oxide layer at the surface, resulting in the
respective absence, or presence of a clearly identifiable

surface channeling peak, and 2) the presence of residual

damage produced by the implantation on the sapphire side of

the interface.

To provide further information on the relative changes

in crystal quality in terms of microstructural defects




Thickness (yum) As Deposited Laser Annealed Bulk Si <100>
of SOS Film X, dx/dz (um‘l) X, dx/dz (um_l) X, dy/dz (um-l)
0.37 0.13 1.3 0.063 0.2 0.05
4
(e
' CvD 0.42 1.5
‘0.20 (P+B) - 0.16 0.35 0.04 0.04
{ "{ Implan~- ) 0.77 -
] ted
!
f
! 0.17 0.26 2.1 0.17 0.3 0.04
1 ]
)
| TABLE 1. Si SURFACE CHANNELING YIELD, X,, AND AVERAGE DECHANNELING RATE,
* dy/dz, FOR 1,5 MeV 4He+ IONS INCIDENT ON (100) SOS FILMS, BEFORE
AND AFTER CW Ar LASER ANNEALING IN THE LIQUID PHASE MODE FOR 1 ms.
{ Xo IS MEASURED JUST BELOW THE SURFACE PEAK, OR IN THE ABSENCE OF
A PEAK, AT THE POSITION OF THE SURFACE SLOPE CHANGE IN THE SPECTRUM,
dx/dz 1S DEFINED AS THE DIFFERENCE BETWEEN THE INTERFACE AND SURFACE
YIELDS, DIVIDED BY THE FILM THICKNESS. SINCE THE EXACT VALUES OfF
) dy/dz ARE SENSITIVE TO SURFACE CONTAMINATION AND OTHER EXPERIMENTAL
CONDITIONS, THEY ARE GIVEN MAINLY TO SHOW THE GENERAL TREND,

RATHER THAN AS VIGOROUS QUANTITATIVE DATA.
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FIGURE 1. ENERGY SPECTRA OF 1.5 MeV %He® IONS (1-2 mm® SPOT SIZE)
BACKSCATTERED AT 170° FROM (100) Si EPITAXIAL FILM OF
0.37um THICKNESS GROWN ON (0172) A1,0, SUBSTRATE. LASER
ANNEAL CONDITIONS: BEAM DIAMETER - 140um; SCAN VELOCITY-
15 cm/sec; SCAN STEP - 20um; T = 300°C; P= 7.5W. ALIGNED
' SPECTRUM FOR A BULK (100) Si SINGLE CRYSTAL (UNTREATED)
IS SHOWN FOR REFERENCE.
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Y P10 ON SAPPHIRE  AFTER P o R IMPLANTATION, TME S°
Al A BURIED AMDR COLUAYER LYTENDING TC THE SAPPMIRE INTER.
‘ML, BEWEATW A g THICK S IMGLE-CRYSTAL SURFACE LAYER (DOTTEC
| i  ASER [RRADIATION MAC DONE UNODER "t FOLLOWING CON-
STTIOMS . BEAM DIAMETER YOum, SCAMRING SPEED & cm/s (BIDIRECTIONAL
(AR CTEF 20um. SUBSTRATE TEWMPERATURE 290C, NOMINAL | ASER POMER
C b SLIGHTLY ABOVE THE MELTING THRESHOLD) AL IGNED SPECTRA
N0 SHOMN:' MEASURED O AREAS HAVING (1) OMLY THE P IMPLANT AND
CASER IMRADIATION AT 5 264, or (it) EITHER P OR (P « B) IMPLANTS
ANC (RRADIATED AT ¢ 5w WfRE SIMILAR TO THE AL IGNED SPECTRUM
SMOMN (DASMED ( INE. ALIGNED), wWMICH WAS MESSURED ON AN AREA
IMPLANTED MITH (P « B) AND LASER IRRADIATED AY & .25W. THE
HWIGHER BACKSCATTERING YIELD OF THE RANDOM SPECTRUM MEASURED ON
Wi IMPLANTED AND LASER IRRADIATED ARCA (DASHED | INE, RANDOM)
(D BE DUE TO A 33 FRAOR IN CHARGE INTEGRATION.
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@, tugraphs aobl  aned o as depositlen and |lasel snthealed
R camp.re malr showr 4t bt ,gn. & anda S, ftor D, %Y7,.= ang 0.]7um
te i SN, b ime, tespect avely . Iev the aus-adepositead f)lms,
a .aige densily 0! stackhing faults, twinning zones, and
1.8 Dl atiar  L.nes ate typicwiiy nhsetvenr, producing laiqge,
. ateim:.y at atle 1egirons of disoraer an the f1lms, In
no asts, the aveiage density of defects within films
was ansistent iy hypgh. lev contrast, after laser annealing,

e subatantia! r1eduction 1n defect density 18 observed
thraughout the film thickness. Reqions as larqge as 25 ym
a 2%y 11 the lauser 1T1sd)1ated regions were found to be
detect-fi1ee with only = occasional line defect abserved
in other laset 1tradiated areas. Consistent with the chan-
neling datas, we observed that the thicker films displayed

 smailer number of randomly nucleated defects than the

thin films, In all cases, 1t 18 of significance to note
that the presence of prominent twinning observed by TED
’ in the as-deposited films 18 not detected i1n the laser

irradi1ated films.

Comparison of both multiply (laser) scanned and laser
» irradiated j10n-1mplanted films show no significent differ-

ences or alterstions 1n cyrstel to the results obtained
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As Deposited

'
. PLAN VIEW TRANSMISSION ELECTRON MICROGRAPHS

OBTAINED ON AS-DEPOSITED (CVD) AND LASER IRRADIATED
S0S FILMS (t51' 0.37 um) CORRESPONDING TO SAMPLE

IN FIG. V.




Laser
Annealed

h—_-

0.1ym

FIGURE 5. PLAN VIEW TRANSMISSION ELECTRON MICROGRAPHS
OBTAINED ON AS-DEPOSITED (CVD) AND LASER
IRRADIATED SOS FILMS (t .= 0.17 um) CORRESPONDING
TO SAMPLE IN FIG. 2.
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after » single laset sncan of (¥ o1 100 implanted samples.
In each cane, we observe large 1egqions of Aefect.-fiee S
and a drsmatic change 1n cryatal quality 1ejlative ta the
as-depositeda f,)lms. Multaiple laser scans do notl ei1thes
ithtroduce additional defects or further improve the crystal
quality obtesined afte:r o single lesel (mejt-mode  1eciys-
tallization consistent with the data obtained from RRS and

channeli1ng meassurements.

Yhe results ohtajyned 1n these expetiments indicete ;
that the jeqrowth mechanism 1nduced by the lasetr irradis-
tion 1nvolvea: 1) complete melting of the S1 film ang 2)
subsequent epitaxial regrowth starting st the Sx-AlZO’
interface, from the dats obtained, epitexial regrowth
initistion from the surface of the S) film 18 neither war-
ranted nor expected. The surface morphology of the films

after the use of a2 thin transpsrent encapsulating luyer

deposited on top of the S) lesyer and by increasing the

laser beam aspect ratio.
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taser Assisted Diffusion wnd Activation of Tin

fiom a 9n02/5102 Source

In cooperative experimenta with Stesnford University,
we have 1nvestiqsted the wmetallurqical modifications
induced afler thermal and scanning lsser annealing treat-
ments of spin-an Sn()z/SlO2 layers on GaAs substrates.

Semi-i1nsulating, Cr-doped GaAs substrates of (100)

’ orientation were coated with a double "source cap" layer
consi1sting of s 0.Yym sapin-on Sn02/5102 film covered
by & 0.%um CVD-SJO2
double Jlayer sasource-cap durinqg laser irrediation, & slow

film, To prevent delaminstion of the

’ thermal ramp was cerried out 1n a flowing N2 enviraonment.
i lypical thermal pre-treatment for optimum results consists
of a ramp from room temperature to 900°C 1n 15 minutes.
This step breaks down the barrier 1ntroduced by a native
oxi1de layer, produces 1nitial i1ntermixing and allows the

diffusion process to proceed.

fFollowing thermal ramping, samples were subjected to

scanning CW-Ar laser annealing using & beam spot diameter

of 50uwm, a scan velocity of 12 cm/sec and a scan step

spacing of 15um between lines. To reduce thermal stress,

the substrate was maintained at a temperature of 350°C

' during laser 1rradiataion. Using calculations and curves

of Jlaser i1nduced temperature 1n GaAs, the maximum surface

temperature was obtained for each laser power level used

in the experiments.

’

The diffusion of tin waes first studied in a regime
where the laser power was kept below the level required
to melt the substrate. The laser power for this condition

] was determined by observing the laser power required to




Just produce visiblie thermal eltching and then 1educing the
settings by 5%. A power leve]l of P - DN,.6IW, leading to a
maximum 1nduced temperature of about AND°C, was obltained.
A series of 1, 3 and 5 scan frames were performed with the
double layer "source-cap” remaining on the substrate,. A
Van der Pauw Technique was used to characterize the result-
ing sheet resistivaity, Hall mobility snd sheet carrier
concentration. The results are summarized i1n Table 2. The
increase of the sheet carrier concentration from 2.44 to
3.01 x 101‘ cn’z. sccompenied by 8 decresse of sheel 1es1s-
tivity with a larger number of scans, 1llustrates the di1f-

fusion process.

SIMS analysis was performed on » sample thermally ramped
only and on 8 sample scanned 5 times after the ramping. The
profiles show ans increase 1n Sn concentratisn and an 1n-

[
diffusion of about 150 A. To anvestigate the contribution

of the irradiation to the diffusion form the source-cap, com-
pared to the activation of the impurity sittinn 1n the subs-
trate after the ramp, the source was removed bhefore the laser
scans. The reflectivity of the bare substrate (after the

S thermal ramp) was messured and the i1ncident laser power ad-

justed to reach the same maximum temperature (X 800°C) as
before. The wafer was scanned five times and the sheet elec-
trical measurements presented i1n Table 2 were carried out.
The results, when compasred with those obtained with the
"sogurce-cap" on, suggest that the total increase 1n active
impurities due to laser irradiation 18 77% from the source
and 23% from the activation of Sn i1ntroduced during the ramp.

’ : The action of the laser 18 found to be more significant
if the sample is left "at temperature” for a short time after
the ramp. For this reason, the above experiment was repeated




TABLE 2

Sheet Electrical Measurement of the Sn Diffused Layer
Induced by Repetitive Laser Scans

°(a /(D)

')
"(cuzlv.sec)

s(cvn'z)
Thermal Ramp to 900°¢C 13
in 15 Win. 122 2098 2.44 x 10
1 Scan with "Source Cap" 118 2017 2.63 x 1013
3 Scans with "Source Cap” 117 1838 2.91 x 10%3
5 Scans with “Source Cap" 107 1940 3.01 x 1013
5 Scans with NO "Source Cap® 118 2057 2.57 x 10%3
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sfter thermally ramping the substrate and its source to 900°C
and leaving 1t for 5 minutes louger at 900°C. A series of 5
scans i1nducing a8 maximum temperature of about BOO®C wus then
performed. A differential van der Pauw technique was used to
profile these samples. fiqure 6 shows the results obtained
before and after i1rradiation. A net increuse i1n carrier can-
centration to a value of about B x 10'} 1s observed after
the scans. The total Sn profile was alsa oblained using a
Rutherford backscattering system. A 2.2 MeV 1ncident helium
beam 1ncident on the GaAs substrate was used after removal of
the source, A sample having received a thermal treatment
only, another one receiving sadditional laser scans leading
to T__ Y 800°C, and a third one scanned at higher lsser

max
power leading to IMGXESSU'C, were snalyzed. The Sn profile
18 characterized by a large peak concentration at the surface
which increased after laser scan, probably showing Sn dif-

fusing from the source.

Both the R.B.S. profiles and those obtained using SIMS
analysis show an anomalously high concentration of Sn close
to the surface. This suggests that a chemical reaction takes
place 1n addition to the diffusion process. To study thas
possibility, a sample ramped to 900°C and a sample ramped and
scanned 5 times at a power inducing & temperature of 800°C,
wete prepared for T.E.M. and diffraction analysis using con-
ventional jet thinning techniques. Bright-field (Fig. 7)
and derk-field transmission electron micrographs indicated
precipitation after thermal ramp and after laser processing.
Selected area electron diffraction patterns revealed that
the precipitates were composed of a tin arsenic compound:
Sn,llz. Additionally, an emorphous 8-63203 was detected 1in
the semples. After laser irradiation, we observed an increase
of the amount of surface caverage by 8-65203 crystallates.
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FIGURE 6. ELECTRICAL PROFILES FOR Sn OBTAINED USING A

DIFFERENTIAL VAN DER PAUW TECHNIQUE.
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, FIGURE 7. BRIGHT-FIELD TRANSMISSION ELECTRON MICROGRAPH SHOWING
FORMATION OF A525n3 PLOTS. IN THE UPPER RIGHT HAND CORNER
ARE THE RINGS ASSOCIATED WITH 864203 AND A525n3. THE d
VALUES WERE MEASURED AND CHECKED TO BE CONSISTENT WITH

. ABOVE COMPOUNDS .
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In all cases, the surface oxide film sppesred #s a laterally

dairscont 1nuous film,

from the results obtained 1t has been shown that CW-scan-
ning leser annealing can ass1st 1n the diffusion and activation
of Sn 1in GuAs. The observed increase in Sn concentration
and the subsequent substantial i1ncrease 1n Sn,As2 precipitates
after thurmal ramping and laser annealing show that a s.mple
“"doping" model cannot alone explain the effective farmation
of the n* layer and that the alloy formation 1s correlated
with the observed activity. In ei1ther case, the technique

described appears attractive for GaAs contact technology.







