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Charac

terization of GaAs/Zn (S.5e)

Multi-Layered Structures
Grown by OMVPE

ABSTRACT

We report fabrication of multi-layered structures of GaAs/Zn(S,Se) lattice matched
system by organometallic vapor-phase epitaxy (OMVPE) at 470°C. In this system, low
temperature (470°C) growth of GaAs on ZnSe was achieved by photo-irradiation during
the growth. The structural and optical properties of ZnSSe/GaAs/ZnSSe double
heterostructures(DH) have been investigated with special attention to the problem of

thermal stability at interface.

€ INTRODUCTION

Special interest has grown, recently, on inter-
family quasi-lattice-matched multi-layered
structures of -V and II-VI semiconductors.
In these systems, there exists large band dis-
continuity and large differences in refractive
indices between the constituent layers, hence
these structures can show new functionality for
devices such as SHG, HBTs, HPTs, and solar
cells. For this purpose, GaAs/Zn(S,Se) is a
suitable candidate, and is least studied for
multi-layered structures.

In this paper, we investigated growth condi-
tions for this attractive structure by OMVPE
and characterized its properties by photolu-
minescence (PL) and X-ray measurement for
the first time, with special attention to the prob-
lem of interdiffusion between GaAs and
Zn(S,Se).

®EXPERIMENTS, RESULTS
AND DISCUSSION

The optimum growth temperature in

OMVPE is > 600C for GaAs and < 500°C for
Zn(S,Se). For GaAs/Zn(S,Se) multi-layered
structures, therefore, good quality GaAs must
be grown at a low temperature (< 500C). This
was achieved in the following manner; (1) we
used alkylarsenic such as triethylarsenic
(TEAs) due to lower decomposition tempera-
ture than AsHs,
(2) high carbon contamination problem was
mitigated by photo-OMVPE using Xe lamp
irradiation, where we confirmed reduction in
carbon concentration by PL and SIMS, and
enhancement of mobility values, and (3)
smooth surface was also obtained by photo-
OMVPE. For the growth of uniform GaAs on
Zn(S,Se), following techniques are found to be
necessary:

(1) lattice-matching at the growth temperature,
(2) sufficient preflow of TEAs with irradiation,
and (3) Zn-stabilized surface of Zn(S,Se).
Hence we succeeded in fabrication of a
ZnSSe(300nm)/GaAs(100nm)/ZnSSe(300nm)
DH structure, which was confirmed by SEM
and AES(Fig.1)

P—2nS5e —IGoAS - 2nSSe — = Gaks (st )—

AUGER YIELD (au)

We also attempted growth of GaAs/Zn(S,Se)
super lattices.
We investigated diffusion problem by PL
measurements. If Zn diffuses into a GaAs
layer, Zn-related peak should appear In PL
from GaAs. He-Cd laser (325nm,500mW/
cm?2) excited PL at 4.2K of the DH structure,
showed (Fig.2)

| DH structure. Variation due to thermal |
annealing is also shown. Here, Ta denotes ‘

(1) A peak at ~1.492eV, which is related to C
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impurity not to Zn in GaAs.

(2) Two peaks from ZnSSe at about 690nm
and 620nm which are known as self-acti-
vated (SA) centers (VZn-GaZn) in ZnSSe.
(3) ZnSSe did not show band-edge lumines-
cence (although single layer ZnSSe/GaAs
does show a peak at about 2.83eV), may be
due to flow of generated carriers into GaAs
well.

The annealing upto 650C resulted in, (1)
No appearance of Zn-related peak from
GaAs. (2) Reduction in FWHM of double-
crystal X-ray diffraction peaks from ZnSSe.
(3) Merging and enhancement of two
S.A.centers SA1 and SA2 from ZnSSe
above 550°C. This indicates that Ga dif-
fuses in ZnSSe and recombines with Vzn ,
and forms VZn-GaZn SA centers above
550°C, which increases with tempera-
ture(650TC).

€ CONCLUSION

We could, at low temperature, grow good
quality multi-layered structures of GaAs/
Zn(S,Se) where interdiffusion is suppressed
due to an effect of lattice-matching and
thermal stability at interface is successfully
achieved up to 550°C.
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