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Growth of ZnS Bulk Single Crystals and Homoepitaxial Growth of ZnS
by Molecular Beam Epitaxy
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Bulk single crystals of ZnS were grown by the iodine chemical vapor
transport method using a novel two-temperature technique (temperature-d.ifference conqtant-temperature method). High-quality single crystals larger than
1x1x1 cm3 in size with the etch pit d.ensities of ress trr.i-z"i[+-"*:z-*;;;-'
grown.

Elomoepitaxial growth of ZnS was carried out on the ZnS single crystal
substrate at temperatures between 200"C and 3O0oC by molecular beam epitaxy,
Twin crystals were grown at a substrate temperature of 26OoC and single crystals were grown at 300oC. From the result of photoluminescence characterization, the epitaxiar layers aE 26ooc and 300.c have good. quality.

1. INTRODUCTION
ZnS is a promising material for the application to short-wavelength light emitting
devices covering a blue to ultraviolet regj-on
of the spectrum because of its d.irect-transition-type wide band gap (3.7eV at room temperature). High-quality single crystals are
required to control opto-electronic properties
and thus to realize light, emittj_ng devices.
Many attempts have been mad.e to qrow fI-VI
compound films by using low-temperature growth
methods such as metal-organic chemical vapor
d.eposition (MOC\/D) and molecular beam epj.taxy
(MBE) on heteroepitaxial substrates. But,
heteroepiLaxy possesses many inherent shortcomings, for example, lattice-mismatching,
thermal-expansion-coeff ic ient dif f erence,
cross-doping (contamination) beLween the srrbstrate and. the epitaxial layer.
In this stud.y, we have cho3en homoepitaxial growLh by MBE. We developed. a bulk
si-ngle crystal growth technique using the iodine chemical vapor transportl-3 and tried.
the homoepitaxial grovrth of ZnS by tnmnl-7. In
this report, 4t first, we describe the growth

and characterization of bulk single ZnS crystals. Second.ly, substrate orientation d.epen-

of crystallographic quality, surface
morphology and photoluminescence (pL) featu:res
of ZnS homoepitaxial films grown by MBE are
d.ence

presented.

2. EXPERIMENTAL
ZnS bulk single crystals were grown by a
newly developed technique using the iodine
chemical vapor transports. The experimental
proced.ure was described elsewh"relr 8. Espe_
cial1y, the two zone furnace with strictly
controlled constant, temperatures was used. The
growth (source) temperature was set at g50og
and' the temperature differenee was controlled
between 2 and 10 d.egrees. Growth times were t
to 3 weeks. fodine concentration was varied
from O.O2 mg/cm3 to 10 mg/cm3.
ZnS wafers with orientations of (1OO),
(110) , (Itl)A and (111)B were prepared by the
conventionar method. Homoepitaxy was performed
using the ULVAC MBC 508 BASIC MBE system.
Zn (5n1 and S (5N ) were used as source materials. The beam intensities were fixed at
1x1O-6 Torr (zn) and 5x10-6 Torr (s). During

operat,ion, the back ground pressure was 1O-91O-r0 Tott. Growth temperatures were between
200 and 300oC. Growth times were 1-3 hours.
3. RESULTS AND DTSCUSSION
3. 1 Bulk Single Crystal''Growth
Figure 1 shows the transport rate of ZnS
versus iodine concentration in the ampoule.
The transport rate is the total transported
ZnS devided by the growth time. Open circles
indicate experimental results and closed ones
show calculation. fhe calculation is carried
out using the equilibrium vapor pressures of
ZnT.2, Sz, Iz, I, appropriate binary diffusion
Constants, the temperature difference of 10
degrees, the diffusion length of 150mm, the
ampoule cross-sectj-ona1 area of 7cm2. Since
the experimental and the calculated results
agreed. quite well, the transport mechanism is
considered to be a d.iffusion limi-ted one.

ed in IICI-IINO3 mixed solution and Br(1B)-MIOH
solutj-on.The etch pit density was typically
l-ess than 2x104 cm-2. Since etch pit densities
of 7-9x10b
were previously reported. in
"r-2
ZnSe and ZnSn."5Seg.5 crlstalsr,
the new growth
method proposed here is superior to the previous one.
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A photograph of (1111 ZnS wafers
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Figure 4 shows the PL spectrum of the
wafer aL 77 k with an excit,ation of 325 nm
line from HetCd laser (12 mW). The sLrong free
exciton emission line at 3.79 eV appeared. as
well as deep center emissions aE 2.65 eV, 2.96
eV and. the shallow center emissions with a
zero phonon line at 3.64 eV. The presence of
free exciton emission shows that the grown
single crystals are o.f high quality.
3.2 Homoepitaxial Growth by MBE
The growth rate was about, 1.4t0.3 Um/hr
at a substrate temperature of 260oC.
Figure 5 shows RHEED patterns of the IvIBE
grown homoepitaxial ZnS with film thickness of
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Transport rate versus iodine concen-

tration in the

A photograph of etch pits on the
(100) surface. E.P.D.=1x10h

ampoule.

In our experimentsr-we could grow a single
crystal when the iodine concentration was less
than about 2 mg/cm3. ftre crystal was composed.
of two or more twinning parts, but the largest, single crystal part, extended over more
than 90t of the grown crystal.
Crystal structure examined by X-ray Laue
photograph and Electron Spin Rtrsonance is
purelycubic.Figure 2 shows the (111) ZnS
wd.fers cut from a bulk single crystal. Figure
3 shows a photograph of the (n.00) wafer etch248

about 5 Um. The pattern of the (100) epi-taxial
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Fig.4 PL spectrum aE 77 k.

Zn surface.
.(111)
layer is a superposition of the (100) oriented. one, the <111> rotation twinrand the doubty <111> rotated twin. The layer grown on
the (110) substrate includes a small amount
of the <111> rotation twin. llkre layers groiln
on the (111)A and the (111)B substrates show
patterns composed. of the <111> rotation twin
and the rings superimposed on the (111) sing1e pattern. Judging from the RIIEED patterns,
the layer grown on the (110) substrate is superior to the layers grown on the other srrbstrates,
Figure 6 shows the surface morphologies.
the layer grown on the (100) srrbstrate showed
rough and irregular j.slands as wel-l as the
pattern peculiar to the (100) surface. On the
other hand, the layer on the (110) substrate
showed well-d.efined surface troughs which may
be inherent in this plane. ftre (110) surface
with high guality is consisLent with the
RHEED patterns containing a small amount of
the twin pattern.
Figure 7 shows PL spectra of the layers
grown on the substrates with different orientations. In the present measurement, the epitaxial layers of about 5 Urn thick were used.
Therefore, the PL emission is due. to only the
grown layer. Both the layers grovrn on the
(100) and (110) substrates exhibited strong
and dominant, free exciton emiission at 3.79 eV.
Tkre deep center emissions around 2.8 eV were
greatly reduced. Thus, the layers on the (100)
and. (110) substrates have excellent quality.

Fig.
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patterns. A: (100) , B: (110) ,

C: (111)A' D: (111)e.

Fig. 6 Surface morphology. A: (100), B: (110)
c: (111)A, D: (111)B.
2 um.
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the other hand, the layers grown on the
ft1,IL) A and ( 111) B substrates showed only the
deep center enissions.

dine chemical vapor transport method using
novel two temperature technique.
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Fig.8 RHEED'pattern (a) and surface morphologv (b) of the (100) homoepitaxial
layer grown at 300oC.
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was de:

scribed for the first time and. the substrate
orientation dependence was shown. The (tOO)
and (110) orientations are superior to the
(111)A and (111)8 orienLations from the characterization by RIIEED, morphology and photoluminescence. Pure single crystal was obtained
by MBE homoepitaxy at a substrate temperature
of 300"C.
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Fig. 7 Photoluminescence spectra. A: (100),
B: (110), Ct (111)A, D: (111)8.

REFERENCE

Figure B shows RIIEED pattern and surface
photograph of the layer grown on the (100)
substrate at, a higher srrbstrate ternperature
of 3OO.C. The layer has higher crystalline
perfection and more smooth surface than the
Iayers grown at 260oC. The growth rate at
300oC was about 0.1 Un/hr.
4. CONCLUSION
ZnS bulk single crystals 1arger than
1xlx1;rcms in size with the etch pit, d.ensity
of less than 2x1,Ob
were grown by the io"r-2

1) A.Catano and Z.K.Kun, J.C.G. 31 U97G) 324.
2) S.Fujita et, al. J.C.c. 47 (1979) 326.
3) W.Palocz, J.C.c. 50. (1,982) 57.
4) T.Yao and S.Maekawa, J.C.c. 53 (1981) 423.

5) K.Yoneda et al., J.C.c. 67 (1984) 125.
6) M,Yokoyama et al., A.p.L. .4P. (198G) 4It.
7I s.Kaneda et aI., J.C.c. 76 (1996) 44O.
8) M.Kitagawa et aI.7 Strarp fechnical J.
37 (1987) 13.

2s0

