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I. SUMMARY

This work was concerned with generating high-quality
single-crystal thin films of II-VI compound semiconductors
for ultimate use as electro-optically active (index~-
modulating) elements in integrated optical circuits. We
employed the relatively unexploited film growth technique
of molecular beam epitaxy, a sophisticated modification
of vacuum evaporation, because of its demonstrated unique
ability to generate exceptionally smooth films and multi-
layer structures with precisely defined geometries and
sharp interfaces, properties of particular value in in-
tegrated optics applications. We were specifically con-
cerned with optimizinyg the growth parameters for generating
films of zinc and cadmium selenides and tellurides and
with evaluating these films by examining waveguiding pro-
perties. Films were grown on heated, single-crystal sub-
strates under ultra-high vacuum by deposition of pure

elements evaporated from liquid nitrogen-shrouded graphite

Knudsen cells. Films were analyzed in situ, crystallographi-

cally by low-energy electron diffraction and chemically by

Auger electro.. spectroscopy.

Elemental deposition rates were determined from vapor
pressure data, film thickness, and quartz crystal micro-

balance monitoring. Digcrepancies of facters of two in




.

these data pointed up the need for continuous process monitor-
ing using the quartz crystal. The quartz crystal also re-
vealed that at sufficiently high substrate temperatures

most excess impinging group‘II or VI vapor was re-evaporated
from the growing II-VI compound film, so that growth rate

4

was determined by the impingement rate of the deficient ele-

ment. A small fraction of the excess element was incorporated

into the growing compound, producing intrinsic doping. This
fraction varied considerably among elements and compounds.
Process control using continuous quartz crystal monitoring
should minimize this effect.
Chemical polishing techniques were developed for CdS
(0001A) and CdSe (0001A) substrates which produce completely

featureless, undistorted single-crystal surfaces ideal for

This work has been submitted for publica-

epitaxial growth.
tion. On these substrates we achieved single-crystal growth
of ZnSe, ZnTe, Cd(SeTe) and CdTe. However, the single-

crystal films had coarse-textured surfaces, presumably due

to faceting to other crystallographic planes. For all of
the compounds, single-crystal growth occurred over a narrow
temperature range just below the compound decomposition
temperature. At low.. temperatures, films simultaneously
became polycrystalline and mirror-smooth. 63282 light

was coupled into several of the smooth ZnSe and ZnTe films,

and film thicknesses and refractive indices calculated



from coupling angles agreed closely with known values.
Propagation losses were relatively high, however, presum-
ably due to scattering from grain boundaries, aid therefore
infrared coupling was not attempted. Single-crystal films
could not be coupled into due to surface roughness.

Effort was concentrated on (0001)-oriented growth be-
cause of symmetry between cubic and hexagonal crystal sys-
tems along that plane and because of superior electro-optic
properties. Further effort should explore growth on other
planes in an attempt to simultaneously achieve smooth-
surfaced and monocrystalline films. It is likely that such
films wil. be obtainable once the preferred growth plane is

discovered.




II. EXPERIMENTAL SYSTEM

II-Vi compound films produced under this contract were
grown by molecular beam epitaxy, a highly-controlled form

of classical vacuum evaporation. Figure 1 is a schematic

of our two-chamber 10_10 Torr vac.um system, The growth

chamber is to the left of the isolation valve, the prepara-
tion and analysis chamber is to the right. Films are ana-
lyzed in situ for crystallography by low-energy electron
diffraction (LEED) and for elemental surface composition
by Auger spectroscopy. The gas valves and ion gun are for
substrate cleaning., Source materials evaporate from six
liquid nitrogen-shrouded graphite Knudsen cells, held iso-
thermal to iloc. The mass spectrometer monitors evaporant
flux and detects contamination., The shutter permits
instantaneous starting and stopping of growth. The five-
position substrate holder minimizes downt:ime. Each
substrate has a thermocouple probe buried in a 0.3mm dia-
meter by 3mm deep hole in its edge for precise temperature
control during growth., Specifications of source materials
used in this work are listed in Table I.

A typical run proceeded as follows. Substrates were
installed with the growth chamber under vacuum, and the

preparation chamber was baked to achieve lo_loTorr. Sub-




strates were heat-cleaned and examined by LEED. Knudsen
cells were brought to operating temperature, and effusion
was checked with the mass spectrometer., &S bstrates were
advanced into the growth chamber and brought to growth tem-
perature with the shutter closed. The shutter was opened
for the desired growth time, then clcsed, and the grown
film was retracted into the analysis chamber for analysis
by LEED and Auger spectroscopy. Knudsen cel)l effusion was
re-checked with the mass spectrometer before shutdown.
Films were removed from the chamber for visual examination,
for thickness measurement by Michelson interferometry and

for waveguiding experiments.
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III. RESULTS
A. Substrate Preparation

Considerable effort was expended on developing chemical
polishing techniques for CdS ard CdSe substrates, since
the quality of grown films is directly dependent on sub-
strate quality. Single crystal film growth requires single
crystal substrates with undistorted surfaces, and low scatter-
loss waveguides require that these surfaces be mirror-smooth
as well. The simultaneous satisfaction of these two re-
quirements requires particular care.

The procedure reported for CdSe in the January Quarterly
Report was submitted for publication to the Journal of the
Electrochemical Society, and the manuscript is included
here as the Appendix. In addition, a procedure was developed
for CdSe which gives (000l1A) surfaces completely feature-
less under 400X Nomarski microscope examination and (0001B)
surfaces showing barely detectable irregularity. A and B
(Cd and Se) faces were distinguished by the etching proced-
ure of ref, 14. The LEED pattern obtained after only a 1-
minute vacuum firipg at 400°C shows the bright, sharp beams
and low background characteristic of undistorted single-

crystal surfaces (Fig. 2). The polishing solution con-

sisted of 5 parts household bleach (diiute Na0OCl), 5 parts

dabial s e e



water, and 1 part precipitated silica, by volume. Sub-
strates were loaded to 370 grams,’cm2 on a Geoscience

Corp. Politex Supreme polishing pad moving at 200 rpm.

{
The CdSe procedure evolved much more quickly than did

the CdS. While this may have been fortuitous, we feel it
indicates the achievement of a certain expertise in this
area which will prove valuable in fulfilling future sub-

strate needs.

B. Deposition Monitoring

Monitoring and control! of element evaporation continues
to be one of the more demanding aspects of molecular beam
epitaxy. Figure 4 shows the impingcment rates of the ele-
ments Zn, Cd, Se, and Te at the substrate as functions of
Knudsen cell temperature. The solid curves were calculated
from available vapor pressure data1 and from the Knudsen

: ——
effusion equation“:

8.8x10%1a%p

Rz/ﬁ




W = vapor flux at orifice normal, molecules/

cmzsec
d = orifice diameter, cm
P = vapor pressure, Torr
R = distance from orifice, cm
M = vapor molecular weight, amu
T = cell temperature, OK

Relative abundances of se vapor species are given by Berkowitz
and Chupka.3 Flux is seen to be quite strongly temperature-
dependent, typically several percent per degree. 2n and Te2
calibrations made by measuring deposition on 77°k substrates
(reported in January) are seen to be a factor of two lower
than the vapor pressure data. This discrepancy reflects the
combined errors in measurement of P, T, d, and R. Difficulty
in correlating thickness of grown II-vVI compound films with
this data to better than a factor of two has suggested that
drift in these calibrations is also taking place. A con-
tinuous monitoring method is clearly needed. The mass
spectrometer has been used here and elsewhere4'5, but is

subject to sensitivity drift and background signal from

re-evaporating species and is an indirect measurement, in

that it is not actually monitoring the deposition.




The frequenicy shift of a quartz oscillator due to load-
ing with an 2vaporant has long been used to monitor vacuum-
evaporated film growth, but has not been applied to epitax-
ial growth because of the higi: substrate temperatures in-
volved. Since growth kinetics are critically dependent on
substrate temperature, the monitor crystal must be held at
the actual film growth temperature. Under these conditions
the quartz is very frequency-unstable, and in addition the
convent .onal Ag and Au electrodes react with the impinging
molecu.es. We have developed, using internal funds, a
special isothermal mount and sputtered Nb electrodes which
have allowed us to make growth rate measurements at tempera-
tures up to 400°C for all of the II-VI compounds to an
accuracy of about .0l microns/hr. (1/100 monolayer/sec).
At fixed quartz crystal temperatures of 200° for cdse
and 300° for the other binaries, growth rate was measured
as a function of the group II element cell temperature
at constant group VI element cell temperature, and vice
versa. These data are plotted in Fig. 5a-h. Figure 54,
for example, shows the effect on ZnTe growth rate of Te
cell temperature when Zn cell temperature is held constant.

As cell temperature, and therefore Te., flux at the sub-

2
strate increases, so does growth rate. The solid line has
been drawn with the slope of the elemental flux data of

Fig. 4, and growth rate data are seen to have the same slope,




providing a good check ou the accuracy of the quartz moni-
toring technique. In this region of increasing growth rate,
growth rate is goverr od by Te2 flux, ar.d excess 2n re-
evaporates from the growing ZnTe due to the elevated sub-
strate temperature (3000C). When Te2 rate becomes ex-
cess, growth is 2n-limited, and most excess Te2 re-evaporates,
but the slight slope suggests that some is being incorporated
into the film, causing intrinsic doping. This slope, and
hence the extent of intrinsic doping, is seen to vary con-
siderably from compound to compound and element to element,
being steepest for excess 2n in 2ZnSe (Fig. 5a) and level-
est for excess Se in CdSe (Figure 5f). The effects of non-
stoichiometric growth conditions may thus be predicted.
Auger spectroscopy data reported in October for 2nTe films
grown under excess-Zn and excess-Te conditions showed film
composition to be constant to +10%. The quartz crystal
can sense the small deviations from stoichiometry taking
place within this range, and in addition has the potential
for continuous growth monitoring. The highest-quality
material should of course be obtained at the knee (circled
point) and we hope to eventually feedback-control the pro-
cess to remain on that point.

If it is assumed that, for growth at the knee of Figs,
Sa-h, all impinging molecules are incorporated into the
film, then elemental impingement rates may be calculated

from compound growth rates measured by the quartz crystal,

&ll=



using the data in Table/II. These calculated rates have
been plotted in Figures 4a-d, and are seen to be in close
agreement with the vapor pressure slopes and within a fac-
tor of two of the vapor pressure and elemental deposition
calibrations, except in the case of Cd, whose vapor pres-
sure 1s apparently nearly an order of magnitude lower than
quoted in reference 1. If instead, only 1/10 of impinging
Cd were being incorporated into the film, the knee in Fig.
5f wculd be much less sharp. It is particularly interest-
ing to note that all of the Se is being incorporated into
the films (Fig. 4c), because polyatomic species are often
found to have very low sticking coefficients due to steric

hinderance.

C. Compound Evaporation

The October Quarterly Report contained a study of
inTe evaporation. As ZnTe was evaporated from the Knudsen
cell at various temperatures, the pressures of the vapor
species (2n and Tez) were measured by the mass spectro-
meter after the mass spectrometer had been calibrated for
these species by evaporation of the pure elements. The

equilibrium constant for the reaction

(znTe) . ¥ (zn)  + k(Te,) (2)

-12=




is given by

K = 2

L3
5 PZnPTe (Tovr™) (3)

2

and for thermodynamic consistency this constant must obey

the relationship6

long’” 1/ (4)

Figure 6 shows that Kp calculated from our P data dces

obey this relationship and that in addition it agrees exac-
tly with and extends the data of Goldfinger and Jeunehomme7,
the discrepancy present in the Quarterly Report having been
a plotting error. This result substantiates the pressure
and temperature measurement techniques of both ref. 7 and
ourselves.

The re-evaporation rate from a growing II-VI compound
surface may be calculated from Kp as follows. From the
kinetic theory of gases, evaporation rate from a surface
is related to the equilibrium vapor pressure over that sur-

face byl

22
5 = 3.5x10°°p (5)

VMT

J = molecules/cmzsec.

Since group II and VI elements are much more volatile than

their compounds, evaporation is congruent, so that

13-




JZn = 2JTe2 (6)

Combining equations 3, 5 and 6,

1/3
4.42x10%2%x

J = J = 1] 3 (7)
ZnTe Zn T MZn MTez

From equation 7, the data in Table 1II and extrapolations of
known K;, compound re-evaporation rates were calculated

as functions of temperature and are plotted in Fig. 7.
These rates determine the absolute upper limits to II-VI
compound growth temperatures, qucntities of prime import-

ance in optimizing growth conditions.

D. Film Growth

Under this contract, films of ZnSe, Zn(SeTe), ZnTe,
CdSe, Cd(SeTe) and CdTe have been grown on CaFZ, sapphire,
Cds, and CdSe single-crystal substrates. The more signifi-
cant of these runs are listed in Table III. Films grown
on CaF2 could not be analyzed by LEED due to surface charg-
ing, although some revealed their degree of crystallinity by
cracking into mosaic patterns from thermal strain, as reported
in October. Films on which neither crystallinity nor wave-
guiding measurements could be made, or which were obviously

contaminated, or for which there was a processing failure,




are not tabulated. Sticking coefficient is defined here as

the ratio of actual growth rate to elemental impingement rate.
Actual growth rates were c.lculated from interferometric

film thickness measurements (+.03 microns) and from growth
times. Impingement rates are accurate to a factor of two,

as discussed in section B. Waveguiding measurements are

discussed in section E.

The effects of growth rate and temperature on film
appearance and crystallography are seen from Table III
to be similar for the various compounds grown. At the
lower substrate temperatures, all films are mirror-
smooth and polycrystalline. At higher temperatures,
monocrystalline films were obtained for all compounds
except 2n(SeTe) over about a 50° range of temperature,
above which the sticking coefficient drops rapidly towards
zero. The temperature at which the sticking coefficient
drops off increases somewhat with grcwth rate. Since
the sticking coefficient always drops off before film
re-evaporation rate (as determined from Fig. 7) becomes
significant, growth temperature is apparentlv being
limited instead by the re-evaporation of the impinging
elements before reaction to the compound. The single
exception to this was ZnTe film No. 17, whose growth

was initiated at 350°C and completed at 450°C, which

P ——
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corresponds to a re-evaporation rate of 0.5 microns/hr.
The presence of an initial ZnTe deposit seems to have
decreased considerably the re-evaporation rates of
impinging Zn and Te2, allowing growth at the higher
temperature.,

When films changed from polycrystalline to mono-
crystalline upon increasing substrate temperature, they
also became progressively rougher in appzarance, except
in cases of films so thin that such roughness was not
et visible (Nos. 3, 12, 14 and 23). This suggests facet-
ing, or growth of surface pyramids to expose crystallo-
graphic planes other than the growth plane. In the case
of film No. 1, "maverick" LEED beams produced by surface
planes inclined to the substrate provided direct evidence

8;40 have achieved mono-

of faceting. Other workers
crystalline ZnSe growth by vacuum evaporation most read-
ily on (100), with difficulty on (110), and not at all

on (111), suggesting that our films may be faceting to
the preferred (100) plane. Monocrystalline CdSe has

been reported on both the (100)ll and the (lll)12

planes, but surface smoothness was not discussed. On the
other hand, monocrystalline 2ZnTe has been reported ob-

tainable on (l111) but not on (100).13

Figure 3 is the
LEED pattern of film No. 3 and is typical of patterns

from films classified as "well-ordered epitaxial". The

-16-




hexagonal array of kright, sharp diffraction beams indi-
cates a well-ordered single-crystal film of ZnSe oriented
in the (111) plane of the cubic system, which is identical
to the (0001) plane of the hexagonal system. Also faintly
visible are some beams halifway between the bright beams

and the center of the hexagon, and halfway between adjacent
bright beams. This is a so-called half-order array indi-
cative of a surface structure having twice the bulk lattice
period; it is often observed on II-VI surfaces. The large

white area is a reflection.

Figures 8a-f are the Auger spectra of the various
films grown in this work. Relative elemental peak heights
for the binary films were always reproducible to within
the +10% accuracy of the technique, so that no gross
deviations from stoichiometry were ever observed. Composi-
tions reported for the ternary films were calculated from

the Auger spectra by linear interpolation between the limit-

ing binary spectra.

E. Waveguide Measurements

63288 light has been coupled into several 2ZnSe films
using a clamped-on rutile prism and into a ZnTe film using
a taper-coupler grown into the film by employing a knife-
edge mask during growth. These films are indicated in Table
III. A 2 mm streak was observed in a 2nSe film on sapphire

which the vendor had supplied 30° off the desired (0001)

=17s
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orientation (No. 7). Seven “E modes, with the lowest mode

having a 5 mm-long streak, ‘‘ere observed in a ZnSe

film on Can(lll) (No. 3). From coupling angle measure-

ments on the latter film we calculated the film's bulk index
of refraction to be 2.58 and its thickness to be 1.62 microns,
agreeing closely with the known ZnSe index of 2.58 a* 0.633

. 15
microns

and the interferometrically-measured film thick-
ness of 1.68 microns. Two TE modes were observed in film
No. 4, ZnSe on CdS, but were discernable only by a glow at
the prism corner, indicating very high losses. Again, index
and thickness calculated from coupling angles (2.5812 and 0.69
microns) agreed closely with known values. All three of
these films were polycrystalline, although mirror-smooth.,
Presumably, therefore, the high propagation losses were due
predominantly to scattering from crystallite interfaces.
The fact that losses are higher for the film on CdS than
for those on CaF2 or sapphire may mean smaller crystal-
lites in the latter cases, providing more nearly amorphous,
isotropic conditions. Amorphous optics generally exhibit
lower losses than do polycrystalline ones.

A 5 mm streak was observed in a film of ZnTe on CaF2
(No. 19),as reported in October. Although the hexagonal
mosaic of cracks suggests some degree of crystallographic
ordering, the extent of that ordering is difficult to assess

without LEED observation. The relatively high propagation

losses suggest numerous grain boundaries.
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Bulk scattering losses from single-crystal films are
expected to be considerably lower than those observed above
on polycrystalline films. Unfortunately, the single-crystal
films grown in this work either were too thin or had sur-
faces too rough to permit coupling. It was determined that
none of the films grown were of sufficient quality to make
worthwhile further propagation measurements in the more dif-

ficult infrared region.

-19-20-



IV. CONCLUSIONS AND RECOMMENDATIONS

Films of II-VI compounds were grown in this work in a
system incorporating state-of~the-art ultra-high vacuum
technique to eliminate contamination and a variety of monitor-
ing techniques to achieve the best possible process control.
They were grown on substrates having high surface and crystallo-
graphic quality and having near-optimum physical constants.
The fact that, despite this, films having both good crystallo-
granhic and good surface quality could not be obtained would
seem to imply that a more fundamental restriction is coming
into play. Possibly, the desired film will grow only on a
crystallographic plane which has not yet been tried. Or
possibly, the high volatility of the group II and VI elements
requires that growth be carried out at much higher pressures
(i.e., not by MBE), to approach more closely an equilibrium
situation.

Further work should be done to determine the effect of the
substrate crystallographic orientation. Recently reported
liquid-phase epitaxial growth of ZnTe on ZnSe16 has resulted
in good films on (111B) and poor ones on (111a), (110), and
(100). The (0001A) planes of the hexagonal substrates,
equivalent to the (111A) Plane of a cubic film, were used
in this work because higher quality polished surfaces were

obtained than on (0001B). This problem is being o arcome,

and the (0001B) face should be tried next.




8-10 | < indicated that (100)

Reported ZnSe growth work
is the preferred orientation. Scanning electron microscope
examination of single-crystal films grown in the present work
may reveal if our films have faceted to (100) or to another
plane. Growth on planes other than (0001) involves two com-
plications, however, which had originally led us to the
decision to concentrate our efforts on that plane. First,
the electro-optic effect is strongest when the field is
perpendicular to and the guide parallel to the (0001) plane.
The (110) plane is somewhat less desirable. The (100) is
least desirable both because the effect is weakest and because
it is dependent on the direction of propagation in the film,
although these effects are not serious enough to rule out
(100). Second, only CdS and CdSe are presently available
in large (>lcm) single-crystal bulk ingots of sufficiently
high quality. They are both of hexagonal symmetry, while the
£ilms to be grown are generally cubic, and only the (0001) plane
has a matching plane (the (111) plane) in the cubic system.
Cubic 2ZnSe is just now becoming available, and this should be
tried. A number of cubic III-V semiconductors are available,
and these wculd probably make good substrates, except that
their indices of refraction are higher than for the II-VI
compounds. Consequently, it would be necessary to grow a
rather thick II-VI cladding under the guide to prevent

absorption of the evanscent field by the substrate, but this is

a possibility.
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FIG. 2. LEED PATTERN OF CdSe (000l)
SUBSTRATE AT 52 eV

FIG. 3. LEED PATTERN OF ZnSe (1)
FILM AT 35 1/2 eV
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TABLE I

Specifications of Source Materials

Specified
Composition Source purity, nines
Zn Cominco 6
cd Cominco 6
Se Alfa 4
Te Cominco 6
ke s
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CHEMOMECIIANICAL POLISIHING OF (C4s
Vincent Y. Pickhardt and Donald L. Smith

Perkin-~Elmer Corporation, Norwalk, Connecticut 06856

ABSTRACT

The chemomechanical polishing of the "A" or cadmium~-rich

face of cadmium sulfide has been accomplished. The etchant

contained 90 ml nitric acid, 300 ml precipitated silica and

10 g aluminum chloride per 1000 ml water. Best results were

obtained using a poromeric pPolishing disk with 370 g/cm2

work pressure at 240 RPM polishing wheel speed. Surfaces were

completely featureless when viewed by Nomarski and Michelson

interference microscopy at 155 and 400x, and gave good LEED

patterns after brief heat-cleaning under vacuum,
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CHEMOMECHANICAL POLISHING OF CdsS
Vincent Y. Pickhardt and Donald L. Smith

Perkin-Elmer Corporation, Norwalk, Connecticut 06856

Cds is a desirable substrate for the epitaxial growth
of semiconductor thin films for electro-optic devices. For
such applications, the crystals must be flat, highly pol-
ished and damage-free. Many etchants have been suggested
in previous articles (1-3), but none of them produces all
of these surfaces requirements simultaneously. We describe
below a procedure utilizing both mechanical and chemical
polishing which produces excellent results on “he (0001A)

face of Cds.

EXPERIMENTAL PROCEDURE

Undoped, single-crystal CdS (Eagle-Picher ultra-high purity
grade) was x-ray oriented to within 2° of the (0001) plane
and sawn by a continuous loop wire saw into 8x10%x2 rm wafers.
The "A" face was differentiated from the "B" face by a 60
second etch in 50%* HCl(l). The oriented crystals were

mounted on a 3cm-diameter titanium polishing block with the

* All concentrations of HCl and HNO, are expressed as a
volume percent of the standard 38%
respectfully.

and 70% assay solutions




"A" face exposed. A schematic of the equipment is shown in

Figure 1. The block and its closely-fitting dressing ring
are held by rollers about half-way out to the edge of the
10-inch diameter motor-driven polishing pad, and the block
and ring rotate about their axis due to friction with the
pad, providing compound motion.

The wafers were first mechanically polished on a 3-micron
silicon carbide-impregnated polishing disk with water as
lubricant, to remove all surface and subsurface wire saw
damage. Both polishing block and dressing ring were then
cleaned in a concentrated detergent to remove any particle
contamination. Final chemical polishing was completed on
the same apparatus. The etchant which produced best results
contained 90 ml HNO3, 300 ml precipitated silica, 10g AlCl3
(anyhdrous powder) and 1 ml concentrated detergent as an
anticoagulant per 1000 ml deionized water. This was fed to the
polishing pad immediately after mixing at approximatgly 25
ml/min. The crystals were weighted to 370 g/cmz. Best
results were obtained using a Politex~Pix poromeric polishing

pad at a speed of 240 RPM.

RESULTS

After approximately 30 minutes of polishing with the

above etchant, the crystal surfaces showed a flat, highly

polished, "mirror-like" finish. Surfaces were completely




featureless when viewed by Nomarski microscopy at 155 and

400 x. When viewed by Michelson interference microscopy
at 370 x the crystals showed no defects and showed flatness
to better than 3008 (resolution limit) over the 0.3 mm
field.

Of upmost importance is removal of all subsurface
damage from sawing and mechanical polishing operations.
Although a polishing time of 30 minutes is suggested, in
some instances this must be lengthened to remove pre-
ferential etching caused by leftover subsurface damage.
Extreme care must be taken while handling crystals so
as not to introduce damage between operations. The
etchant composition is also important. An increase in
acid concentration produces large etch pits, a decrease
in concentration produces surface "scratching". Deletion
of AlCl3 produces preferential etching and surface
"scratching". Increasing the silica content leads to the
same pits encountered with higher acid concentrations, and
deletion produces an orange-peel effect across the crystal
face.

On the "B" face, the same etchant produces an orange-
pPeel texture and "scratches". An etchant consisting of
150ml HCl and 5g AlCl; per 1000 ml H,0, on a Pellon Pan-W
polishing pad produces somewhat better results. Shallow

scratches were apparent when the surface was viewed by

Nomarski microscopy at 400 x magnification although no




preferential etching or orange-peel cffect was observable

3

(see Figure 2). j
Polished "A"-surfaces were also cxamined by low-energy ]

1 electron diffraction (LEED) and Auger spectroscopy at 10_9

Torr using a hemispherical grid apparatus. A l-minute flash i

+n ASOOP wae enffimiant +0 genarsta +ha chavn (1v]) TEED

pattern shown in Figure 3, whereas ion bonkbardment is generally

Eatm agda

required to generate any LEED pattern on CdS(4) and other

semiconductors. The diffraction pattern was observable down

to 20 eV, below which surface charging became a problem, and

up to 180 eV, above which the diffraction features faded into

the diffuse background. Table I compares Auger spectra taken

before and after the 450°C flash. C and C1 were the only

contaminints detected. Both of these were reduced consider-

ably, though not completely eliminated, by the 450°c flash,

with accompanying increases in the Cd and S signals. Based

on the quality of the LEED pattern and on relative Auger

peak strengths, residual contamination is estimated to be

about 1/10 monolayer.
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element

Auger Spectra of CdS(0001A)

nominal

eV

152
181
272
277,232
321
376,382

510

Auger peak strengths, V

before flash

after flash
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Figure 2: "B" face of polished CdS when viewed
by Nomarski microscopy at 400 x mag-

nification.

Figure 3: LEED pattern of polished cdS after 450

flash; 92 eV,
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