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High-Quality ZnSe/GaAs Superlattice Grown by Migration-Enhanced Epitaxy
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The difficulty of ZnSelGaAs superlattice growth is primarily due to the large difference in
optimal growth temperatures between ZnSe and GaAs, ond low sticking coefficient of As4 on

ZnSe surface. By using the migration-enhanced epitaxy and room temperature As4

deposition onto ZnSe surface, these difficulties have been solved, and the superlattice
structure has been successfully grown. We report the characterization of ZnSe/GaAs
superlattice using X-ray diffraction, and transmission electron microscopy. The sharp
satellite peaks observed in the double-crystal X-ray diffraction rocking curve confirm the
high crystalline and interfacial quality of the superlattice. Transmission electron
microscopy indicates abrupt interface at Znse-on-GaAs as well as GaAs-on-ZnSe.
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ZnSe/GaAs superlattice is attractive
because of the small latticc mismatch
(0.27To), and the wide band-gap and
smal I dielectric constant of ZnSe.
However, while a large number of
studies have been reported on ZnSe-
on-GaAs heterostructures I ,2), it is dif-
ficult to form the GaAs-on-ZnSe het-
erostructure by conventional molecu-
lar beam epitaxy (MBE) and metalor-
ganic chemical vapor deposition
(MOCVD). This difficulty is mainly due
to the I arge dif ference in optim al
growth temperatures (-300'C for ZnSe
and 550'C for GaAs) and low sticking
coef ficient of As4 molecules on ZnSe
surface.

Migration-cnhanced epitaxy (MEE)
has been developed to grow high-
quality GaAs layers at substrate tem-
peratures as low as 300"C3 ). This
method utilizes the rapid migration of
Ga atoms in an As-free atmosphere and
is ba.sed on an alternate deposition of
Ga and As4 to the growing surface.
MEE is also eflective in the growth of
Zn Se-on -G aAs. A flat and abrupt
ZnSe/GaAs heterojunction with good
interface quality h as been obtained at
the substrate tcmperature of 250'C4).

Recently, the prohlcm of low sticking
coclficient of As4 has bccn solved by
room tcnrpcraturc As4 dcposition on
ZnSe surface. By cornbining MEE and
room tcmperature As4 deposition,

ZnSe/GaAs superlattice structure has
been success[ully gro*n5).

In this paper, we report the charac-
terization of ZnSc/GaAs superl attice
using X-ray diffraction and tran.s-
mission electron microscopy.
resu l ts i ndi cate h i gh-qual ity

T'hese
ZnSe

/GaAs superlattice can be grown by
MEE.

A conventional MBE apparatus
equipped with a reflection high-en-
ergy electron diffraction (RHEED) gun
h aving an acceleration voltage of l0
kV was used for the MEE growth. Both
GaAs and ZnSe layers were grown in
the same MBE chamber. ZnSe/GaAs
superlattice was grown on (001) ori-
ented GaAs substrate. For the MEE
growth of GaAs, the beam flux inten-
sity of Ga (fCa) was l.5xl0-7 Torr, and
the deposition duration was 1.6s. The
beam flux intensity of As4 (fe s ) was

| .2x10-6 Torr, and the deposition dura-
tion was 8.4s. For the MEE growth of
ZnSe, bcam flux intensities were
1.5x l0-7 Torr for Zn and 1.7x10-7 Torr
for Se. The deposition duration was lOs
each. For the growth of ZnSe-on-GaAs,
ZnSe layer can be grown just after the
GaAs MEE growth at 250"C without de-
terioration of the heterointerf ace.
This was confirmed by the conscrva-
tion of both streaky patterns and
specular beam intensity oscillations in
RI.IEED during the ZnSe-on-GaAs het-
erostructure growth. On the other



hand, for the growth of GaAs-on-ZnSe,
when GaAs layer is grown on ZnSe just
after the ZnSe MEE growth at 250oC,
RIIEED specular beam intensity weak-
ens rapidly, indicating that the grow-
ing surface of GaAs becomcs rough due
to the extremely low Asa sticking coef-
ficient on ZnSe surface. This phe-
nomenon was observed independently
of the growth initiations such as Ga de-
position on either Zn or Se atomic sur-
face and Asa deposition on either Zn or
Se atomic surface. As described be-
fore, this problem can be solvcd by the
room temperature As4 deposition on
ZnSe su rlace. Figure 1 shows the
RFIEED specular beam intcnsity trace in
the tl00l azimuth, during ZnSe/GaAs
superlattice growth using As+ deposi-
tion at room tcmperature. After As4

deposition, two alomic laYers of Ga
were deposited at room temperature
and then annealed at 250"C. RHEED
specul ar beam intensity decreased af-
ter the As4 deposition at room tempcra-
ture. Since such RHEED intensity de-
crease was not observed at substrate
temperatures above 100"C, this phe-
nomenon indicates the adsorption of
As+ on ZnSe surface. When two atomic
layers of Ga were depositcd at room
temperalure, the halo-RHEED pattern
was obscrved, and it did not show any
streak lines. However, increasing the
substrate tempcrature from room tem-
perature to 250'C and then annealing
at 250'C for a few minutes resulted in a

streaky RHEED pattern, indicating that
a thin GaAs layer was grown on ZnSe
surface. As a result, subscquent MEE
growth of GaAs could be Performed
without degradation of the growing
surface. This was confirmed by the
streaky RHEED pattern and persistent
RHEED intensity oscillation.

The intcrfiace and thc crYstalline
quality of the superlattice as well as

the pcriod thickness were determincd
using double-crystal X-ray di ffraction
and transmission electron microscopy
(TEM). Figure 2 shows a X-ray di ffrac-
tion rocking curve profile obtained
from a 2l -period ZnSe/GaAs superlat-
tice in the vicinity oI the (004) CaAs
Bragg angle. The wavelcngth of X-
ray 

-*a* i.S+OOA. The sharpncss o[ the
diffraction satellite peaks, with full-

width at half-maximum of 100 arcsec-
onds, indicates the high crystalline
and intcrfacial quality of the superlat-
tice. The period thickness of this
superlattice, calculated from the
angular spacing of the superlatlice
satellite peaks is 40.8nm which is in
agreement with the average Period
thickness obtained from 'T'EM

obscrvation.
Cross-section bright-field T'EI\4 image

(Fig.3) shows that flat hetero-
interfaces were rcalized at both the
ZnSe-on-GaAs and GaAs-on-ZnSe
heterointerfaces. The thickness of the
GaAs layers of the superlattice obtained
from the TEM m icrograph is as

expected from a MEE-growth rate of
about one monolayer/cycle. [{owever,
the thickness of the ZnSe layers of the
superl attice obtained from TEM
micrograph yields a MEE-growth rate
of less than 0.67 monolayer/cycle for
ZnSe growth at 250"C. It appears that
in our study of ZnSe growth at 250oC,
the RHEED-oscillation amPlitudc
saturation and the alternate obser-
vation of the c(Zx?) and ( 1x2) RI{EED
patterns do not guarantee the cornplete
monolayer coverage.

In this study, we have demclnslrated
the high-quality ZnSe/GaAs superl at-
tice grown by MEE. Doublc-crystal X-
ray rocking curve pro[ile and TEM im-
ages confirm the excellent interfacial
and crystalline quality of the superlat-
tice.
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Fig.2 Double-crystal
curve of a 2l-period
tained in the vicinity
Bragg reflection.
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of the (004) GaAs
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lig.g Cross-section TEM bright_field
image of a ZnSe/GaAs SL grown by
MEE.




