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We report, for the first time, the fabrica-
tion of vertically stacked InGaAs/GaAs quan-
tum wires (QWRs) on V-grooved substrates
by chemical beam epitaxy (CBE). To fabri-
cate the vertically stacked QWRs structure,
we have grown the GaAs resharpening barrier
layers on V-grooves with (100)-(322) facet
configuration instead of (100)-(111) base at
450 °C. Under the conditions of low growth
temperature, the growth rate of GaAs on
the (322) sidewall is higher than that at the
(100) bottom.  Transmission electron mi-
croscopy verifies that the vertically stacked
InGaAs QWRs were formed in sizes of about
200A x 500 ~ 600 A. Three distinct photolu-
minescence peaks related with side-quantum
wells (QWLs), top-QWLs and QWRs were
observed even at 200 K due to sufficient
carrier and optical confinement. These re-
sults strongly suggest the existence of the
quantized state in the vertically stacked In-
GaAs/GaAs QWRs grown by CBE.
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I. INTRODUCTION

In recent years, low dimensional quan-
tum confined semiconductor structures
such as quantum wires (QWRs) and quan-
tum dots (QDs) have attracted a great deal
of attention, as they show much potential
to bring forth a new class of functional de-
vices [1]-[3]. Many growth techniques have
been developed to fabricate such quantum
size structures. Fine lithography, dry etch-
ing and regrowth have been used to form
low dimensional structures [4],[5]. How-
ever, etch damage and contamination at
the interfaces have been found to strongly
reduce the quantum efficiency. In order
to obtain defect-less interfaces, in-situ one-
step growth processes are employed, which
include the epitaxial growth on V-grooves
[6],[7] or ridges [8],]9], selective area epi-
taxy using dielectric masks [10], or mask-
less growth on planar substrates [11]. Un-
til now, a variety of studies have mostly
reported GaAs/AlGaAs QWRs on the V-
grooved substrates by metalorganic chemi-
cal vapor deposition (MOCVD) or molecu-
lar beam epitaxy (MBE). Multiple stacked
QWRs and QDs also have advantage in
applying tunneling mechanism to quantum
devices. However, it is very difficult to
fabricate vertically stacked InGaAs/GaAs
QWRs on V-grooves because GaAs layer
may grow faster in the (100) bottom plane
than the (111)A sidewall plane, hence the
shape of GaAs layers at the bottom changes

from sharp to rounded V-grooves having
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wide (100) plane during growing the barrier
layers. Recently, we reported on the reduc-
tion of lateral dimension of InGaAs/GaAs
heterostructure on V-grooved GaAs(100)
substrate by chemical beam epitaxy (CBE)
[12]. By this method, we effectively con-
trol the lateral dimension of GaAs and
InGaAs, respectively, using non-(111) V-
grooved substrates and uncracked hydride

gases.

In this paper, we report the first suc-
cessful fabrication of vertically stacked In-
GaAs/GaAs QWRs on V-grooves by CBE.
To stack the QWR vertically, the shape of
the concave part of the GaAs barrier has
to be maintained sharply after fabricating
a QWR. We have grown GaAs resharpen-
ing barriers on V-grooves with (100)-(322)
plane at growth temperature of 450°C.
The growth temperature dependence of the
growth-rate anisotropy of GaAs on dif-
ferent crystallographic orientations enable
a resharpening effect, which plays a key
role in fabricating stacked QWRs. The
vertically stacked multiple InGaAs/GaAs
QWRs were actually fabricated with a size
of about 200A x 500 ~ 600A by crystallo-
graphic selective growth and necking forma-

tion.

Using a scanning electron microscope
(SEM) and transmission electron mi-
croscopy (TEM), we confirmed the resharp-
ening effects of GaAs layer at the bottom
of V-grooves and the absence of extended
defects. Photoluminescence (PL) measure-

ment has been used to verify the In com-
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position variation resulting from the differ-
ence of In migration. Finally, temperature
dependence of PL spectra clarifies the exis-
tence of the exciton ground state in the In-
GaAs QWRs as well as side-quantum wells
(QWLs) and top-QWLs.

Il. EXPERIMENT

The V-grooved substrates were fabri-
cated on semi-insulating GaAs(100) sub-
strates with 2° off towards (110) wus-
ing standard photolithography and chem-
ical wet etching in solution of HySO4—
Hy05(30%) —H0O (1:8:40 in volume) at
room temperature for 2.5 minutes. The fab-
ricated V-grooves had 5 pum periods and
oriented along the [011] direction. Prior
to growth, the V-grooved substrates were
treated with organic solution. And then
they were dipped in a concentrated HCI
solution for 2 min and rinsed in deion-
ized (DI) water, followed by etching in
HySO4 —Hy09 —H20 (20:1:1 in volume) for
15 seconds. From these etching processes,
very smooth V-grooves closed to (322) sur-
faces were obtained. The substrates were
then rinsed in deionized water, dried and
finally loaded into the growth chamber.
Fabrication process of V-grooved substrates
and InGaAs/GaAs QWRs is schematically

shown in Fig. 1.

After the patterning procedure, CBE
growth was performed using trime-
thylindium (TMIn : (CHj)sln), triethylgal-

Sung-Bock Kim et al. 233

[100]

@

Photoresist
( [011]
| GaAs(100) substrate
photoresist coating

LPIPTIIT

standard photolithography

| LYl

wet etching

(d)

photoresist removal and smoothening

[011]

top-QWLs side-QWLs

/ InGaAs/GaAs QWRs growth

InGaAs
GaAs resharpening layer
vertically stacked QWRs

Fig. 1. Schematic fabrication sequence of InGaAs/
GaAs quantum wires on the V-grooves: (a)
photoresist coating, (b) patterning by standard
photolithography, (c) formation of a V-grooves
by wet etching in HoSO4-based solution, (d)
photoresist removal and smoothening, and (e)

stacked InGaAs quantum wires growth in CBE.

lium (TEGa : (CyH;)3Ga) and uncracked
monoethylarsine (MEAs : (CyH5)AsHy) as
group III and group V sources, respectively.
Prior to growth, the V-grooved substrates
were heated to 150°C for removal of

adsorbed moisture and were annealed at
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600°C for 15 min under MEAs pressure
of 4x10™* Torr in order to remove the
surface oxide layer of the GaAs substrates.
The source gases were introduced through
controllers  without

absolute pressure

carrier gas. The detailed configuration
of the system used in this work has been

described in a previous publication [13].

In order to investigate the resharpening
effect of GaAs, we have grown GaAs epi-
layers on V-grooves over a wide range of
growth temperatures from 400 to 600°C.
The growth-rate anisotropy was examined
by cross-sectional SEM and TEM. For fab-
ricating InGaAs/GaAs QWRs, the growth
temperature of GaAs and InGaAs films was
kept at 450°C. The shape, thickness and de-
fects of InGaAs QWRs were inspected by
TEM. In compositions of InGaAs epilayers
on each region of the V-grooves were deter-
mined by PL at 4.2 K. Temperature depen-
dence of PL spectra was measured for op-
tical characterization of the grown InGaAs
quantum structures. For the temperature-
dependent PL measurements from 77 to 200
K, the sample was mounted on a variable-
temperature cryostat cooled with liquid ni-
trogen. The PL was dispersed by a dou-
ble monochromator and measured with a
liquid-nitrogen cooled Ge photodetector us-
ing a standard lock-in technique. The defo-
cused 514.5 nm line from an Ar* laser with
optical power density of 10~100 mW /cm?

was used as the excitation source.
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[1l. RESULTS AND DISCUSSION

Figure 2(a) shows the growth rates of
GaAs on (100) top/bottom and (322) side-
wall planes as a function of growth temper-
ature. The GaAs growth rate on the (100)
planes increased with increasing growth
On the other hand, the

growth rate on sidewalls decreased with in-

temperature.

creasing growth temperature from 450 to
600°C. Otherwise, at lower temperature of
400°C, we could not grow GaAs epilayer.
The anisotropy factor defined by the ratio of
the growth rate on the sidewall to the (100)
top plane is plotted against growth tem-
perature in Fig. 2(b). The anisotropy fac-
tor decreased monotonically with increasing
growth temperature. This factor reaches
unity at the temperature of 450°C. This
means that, if a GaAs is growth on a V-
grooved substrate at growth temperature
above 450°C, the V-shaped geometry is
lost and becomes round at the bottom,
whereas the shape of the bottom V-grooves
remains very sharp at 450°C. This result
suggests that the lateral migration length
of Ga atoms from the (322) sidewalls to
the (100) bottom decreases with decreasing
growth temperature. The (322) plane com-
bines with step-edge atom with one dan-
gling bond per a atom and terrace atom
with two dangling bonds per a atom. In
contrast the (111)A plane has a dangling
bond per a atom. This means that the
density of dangling bonds of (322) plane
has greater than (111)A plane. Due to the



use of (322) plane having a greater num-
ber of arsenic dangling bonds than (111)A
plane, the growth rate of GaAs on (322)
sidewalls is effectively enhanced by the sup-
pression of Ga migration. These effects give
a possibility of using a GaAs layer as re-
sharpening layer in vertically stacked mul-
tiple InGaAs/GaAs QWRs. If the second
GaAs barrier grows thick enough, the shape
of V-groove at the concave part will be-
come sharp, resulting in fabricating multi-
ple stacked InGaAs/GaAs QWRs.
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Cross-section transmission electron mi-
croscopy image showing resharpening effect of
GaAs on V-grooves (lower two images) and ver-
tically stacked InGaAs/GaAs quantum wires
(upper two images). Dark areas show InGaAs

epilayers.

Figure 3 shows a typical cross-sectional
TEM image of InGaAs/GaAs QWRs grown
on a V-groove patterned GaAs substrate.
SEM photographs reveal a cross-sectional
view of about 2.5 pm-wide and 1.6 pm-
deep V-grooves of InGaAs/GaAs which
were aligned along the [011] direction with
a 4.5 pm period. Even though the top-
QWLs are not seen in the TEM image of
Fig. 3, there are three quantum structures
of bottom QWRs, top-QWLs and side-
QWLs. The InGaAs/GaAs QWRs were
fabricated in-situ by CBE at a growth tem-
perature of 450°C. This fabrication tech-



nique is essentially based on the crystallo-
graphic selective growth and migration of
adspecies and was reported in our previ-
ous result [12]. At 450°C, the migration
of Ga adatoms is suppressed while that of
In adatoms is enhanced, resulting in an ef-
ficient confinement of InGaAs layers. As
shown in Fig. 3, the (100) bottom plane
is disappearing and the V-groove becomes
sharp because the growth rate of GaAs on
the bottom is less than that at the side-
wall. In case of the V-groove system, in con-
trast to ridge or planar system, the plane
with lower growth rate is disappeared. On
the other hand, the InGaAs growth rate
at the bottom is much higher than that
on the sidewall. As we discussed earlier,
to sharpen the bottom of the V-grooves, it
is necessary that adatoms incorporate into
the sidewall surface much more easily than
into the bottom surface so that the growth
rate of sidewall is higher than that at the
bottom. As clearly shown in the lower
two shapes of Fig. 3, the GaAs barrier lay-
ers have the function of resharpening the
shape of the (100) bottom of the V-grooves.
This result also utilized the mechamism
of relatvie migration length of group III
(In>Ga>Al) as with (Al,Ga)As resharpen-
ing layer of crescent-shaped GaAs/AlGaAs
multiple QWRs [7],[14], where the GaAs
layer shows a fast planarization of the V-
groove by creating a new (100) surface at
the bottom due to the fast surface migra-
tion of Ga atoms. In contrast, in this pa-

per, we achieved GaAs barrier layers which

sharpened to the shape of V-grooves by re-
straining the migration of Ga atoms with
the use of low growth temperature of 450°C
and (322) sidewall planes. For the growth of
active layers, it is important that the QWRs
separate from side-QWLs. In order to con-
fine the lateral dimension effectively, many
studies have utilized, in variety of ways,
the difference in the growth rate on vari-
ous crystal facets [15]-[17]. We have also
achieved a very large anisotropy of growth
rates on different crystal planes (sidewall
and bottom) employing the non-(111) V-
grooved substrates and necking areas (ar-
rows in Fig. 3) [11]. The upper two shapes
of Fig. 3 distinctly show the crescent-shaped
InGaAs QWRs with a size of about 200
A x 500 ~ 600 A at the bottom formed by
growth anisotropy and necks. The max-
imum thickness of QWRs is about three
times that of the 70A-thick QWLs on the
adjacent sidewalls. This shape of InGaAs
QWRs, due to the migration of group III
atoms from the sidewall to the bottom, is
very similar to that of GaAs QWRs by
MOCVD. However, we report, for the first
time, the multiple InGaAs QWRs vertically
stacked on V-grooves using GaAs as re-
sharpening layers. The TEM photograph
also indicates that there are no defects, such
as dislocations, stacking faults and twins,
neither at the bottom of V-grooves nor on
the sidewalls of the grown sample. The
defect-free character is important for opti-
cal and electrical properties of devices made

with such QWRs. Furthermore, in com-
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parison with MOCVD methods which have
been widely used to fabricate QWRs on V-
grooved substrates, the CBE growth tech-
nique has the advantage of thickness con-
trol, and hence the fabrication of fine quan-

tum structures can be expected.

top-QWLs

InGaAs/GaAs
T,=450C

PL intensities (arb. unit)

1 1 1 L | I | 1 1

1.05 1.10 1.15 1.20 1.251.30 1.35 1.40 1.45 1.50 1.55

Energy (eV)

Fig. 4. Temperature dependent photoluminescence
spectra of the sample including InGaAs/GaAs
quantum wires. Two peaks at high energy side
originate from the side-quantum wells (QLWs)
and top-QLWs as the third peak having the
lowest energy comes from the bottom quatum
wires. Three distinct peaks are still observed
even at 200 K.

Figure 4  presents temperature-
dependent PL spectra of the InGaAs/GaAs
QWRs illustrated in Fig. 3. We observe
three distinct peaks related with side-
QWLs, top-QWLs and QWRs. The spatial
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origin of the luminescence signals is verified
in relations with film thickness, composi-
tions, peak positions and intensities. The
thickness of side-QWLs is thinner than
that of top-QWLs or bottom QWRs owing
to surface migration of InGaAs adatoms
on the sidewall to the bottom- and top-
layers. Examination of the PL spectra
at 77 K indicates that the highest-energy
luminescence at 1.439 eV originates from
the InGaAs side-QWLs with a thickness of
about 70 A. Asymmetry found in thickness
of side-QWLs might origin from the use
of 2° tilted substrate. The PL peak with
strong intensity at 1.384 eV comes from
the top-QWLs. The strong PL peak of
top-QWLs is obtained over a large portion
of the entire sample area, and it suggest
that the layer is nearly free of defects which
could have been induced from chemical
wet etching processes. The PL peak with
the lowest energy can be allocated to be
QWRs at the bottom. The width of QWRs
(upper two images in Fig. 3) is about
500~ 600 A which is wide to the extent
that the effect of lateral confinement is
weak. Therefore the peak at the lowest
energy side with broad FWHM of 30 meV
included both QWRs’ peaks and bottom
QWLs’ peaks (lower two images in Fig. 3).
The peak energy, 1.240 eV, is far lower
and stronger than what we expected. We
consider that the lower energy is attributed
to two reasons. First, as mentioned above,
the vertical thickness of QWRs at the

bottom increases due to surface migration
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of group IIT species from (322) sidewalls
to the bottom of V-grooves. This result
is consistent with the red shift of QWRs
PL peak and side-QWLs PL peak at the
highest energy. Second, the In composition
at the bottom region significantly increases
because the surface migration length of In
is larger than that of Ga [18],[19]. The
InGaAs layers in every bottom intersection
are darker than those on the sidewalls,
showing strong contrast, as demonstrated
by Fig. 3. This suggests that the In
composition of InGaAs at the bottom is
higher. Although the full width at half
maximums of these luminescence peaks
have somewhat larger values of about 20
to 30 meV due to the fluctuation of well
thickness, these three peaks, including the
QWRs peak are clearly observed even at
a temperature of 200 K. In general, the
optical properties of strained epilayers over
a critical thickness are degraded due to
misfit dislocations. Therefore, it is difficult
to measure the luminescence of InGaAs
QWRs at the bottom of V-grooves due to
the large strain of about 2%. However,
we observed a very strong and separated
luminescence peak at 1.240 eV, which
comes from the InGaAs QWRs in spite of
its thickness of about 200 Aand its small
portion of the entire area, as shown in
Fig. 3. This phenomenon indicates a strong
optical confinement effect in the defect-free
InGaAs QWRs. The crescent shape and
necks also give reasonable subband separa-

tions. These results suggest that optically
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high-quality stacked InGaAs QWRs were
successfully grown on the V-grooves using
GaAs resharpening barrier layers by CBE.

IV. CONCLUSION

We report the resharpening effect of
GaAs layers grown on V-grooved substrate
by CBE. We achieved GaAs resharpening
layers in such a way that low growth tem-
perature and (322) sidewall efficiently en-
hance the growth rate of GaAs on the side-
wall owing to the suppression of Ga migra-
tion. Under these growth conditions, we
successfully fabricated vertically stacked In-
GaAs/GaAs QWRs by CBE. TEM and PL
measurements show that multiple crescent-
shaped InGaAs/GaAs QWRs with a size of
200 A x 500 ~ 600 A were formed at the
bottom of V-grooves. Three distinct PL
peaks related with side-QWLs, top-QWLs
and QWRs could be identified even at tem-
perature of a 200 K. Furthermore, in spite of
large thickness and small area, QWRs show
very strong PL intensity, resulting from suf-

ficient carrier and optical confinement in In-

GaAs QWRs.

ACKNOWLEDGMENTS

We would like to thank Prof. S. J. Park
and T. Y. Soeng in KJIST for fruitful dis-
cussion and TEM measurements. We also
wish to express our thanks to Dr. K. S. Lee

for his support in the PL analysis. This



ETRI Journal, volume 20, number 2, June 1998

work was supported in part by the Min-

istry of Information and Communications,

Korea.

REFERENCES

1]

[7]

Y. Arakawa and H. Sakaki, “Multidimensional
Quantum Well Laser and Temperature Depen-
dence of Its Threshold Current,” Appl. Phys.
Lett., Vol. 40, No. 11, 1982, pp. 939-941.

H. Sakaki, “Quantum Wires, Quantum Boxes
and Related Structures: Physics, Device Poten-
tials and Structural Requirements,” Surf. Sci.,
Vol. 267, No. 1-3, 1992, pp. 623-629.

J. Tanaka and A. Sawada, “Simulation of En-
hanced Drain Current Characteristics in a MOS-
FET with a Quantum Wire Structure Incorpo-
rating a Periodically Bent Si-SiOy Interface,” in
Ext. Abstr. of the 1995 Int’l Conf. on Solid State
Devices and Materials, Osaka, Japan, Oct. 1995,
pp. 240-242.

K. Kash, J.M. Worlock, H.G.
Craighead, and M.C. Tamargo, “Optical Spec-

A. Scherer,

troscopy of Ultrasmall Structures Etched from
Quantum Wells,” Appl. Phys. Lett., Vol. 49,
No. 16, 1986, pp. 1043-1045.

B.E. Maile, A. Forchel, R. Germann, and
D. Gutzmacher,
bination on the Quantum Efficiency of Dry
Etched InGaAs/InP Semiconductor Wires,”
Appl. Phys. Lett., Vol. 54, No. 15, 1989, pp.
1552-1554.

S. Tsukamoto, Y. Nagamune, M. Nishioka,
and Y. Arakawa, “Fabrication of GaAs Quan-
tum Wires on Epitaxially Grown V-grooves by

“Impact of Sidewall Recom-

Metal-organic Chemical-Vapor Deposition,” J.
Appl. Phys., Vol. 71, No. 1, 1992, pp. 533-535.

X.Q. Shen, M. Tanaka, and T. Nishinaga, “Re-
sharpening Effect of AlAs and Fabrication of
Quantum Wires on V-grooved Substrates by
Molecular Beam Epitaxy,” J. Cryst. Growth,
Vol. 127, No. 1-4, 1993, pp. 932-936.

(8]

[10]

[11]

[12]

[13]

[14]

[15]

Sung-Bock Kim et al. 239

H. Fujikura and H. Hasegawa, “Fabrication
of InGaAs Ridge Quantum Wires by Selective
Molecular Beam Epitaxy and their Character-
ization,” J. Cryst. Growth, Vol. 150, No. 1-4,
1995, pp. 327-331.

S. Koshiba, H. Noge, H. Akiyama, T. In-
oshita, Y. Nakamura, A. Shimizu, Y. Naga-
mune, M. Tsuchiya, H. Kano, H. Sakaki, and
K. Wada, “Formation of GaAs Ridge Quantum
Wire Structures by Molecular Beam Epitaxy
on Patterned Substrates,” Appl. Phys. Lett.,
Vol. 64, No. 3, 1994, pp. 363-365.

M. Nishioka, S. Tsukamoto, Y. Nakamune, T.
Tanaka, and Y. Arakawa, “Fabrication of In-
GaAs Strained Quantum Wires Using Selective
MOCVD Growth on SiOs-patterned GaAs Sub-
strate,” J. Cryst. Growth, Vol. 124, No. 1-4,
1992, pp. 502-506.

J. Ahopelto, H. Lezec, Y. Ochiai, A. Usui, and
H. Sakaki, “Maskless InP Wire Formation on
Planar GaAs Substrates,” Appl. Phys. Lett.,
Vol. 64, No. 4, 1994, pp. 499-501.

S.-B. Kim, J.-R. Ro, S.-J. Park, and E.-
H. Lee, “Reduction of Lateral Dimension on
InGaAs/GaAs Multilayers on Non-(111) V-
grooved GaAs(100) Substrate by Chemical
Beam Epitaxy,” in Abstr. of the 1995 Fall Meet-
ing of Mat. Res. Soc., Boston, USA, Nov. 1995,
p. 345.

S.-J. Park, J.-R. Ro, J.-K. Sim, and E.-H. Lee,
“Growth of GaAs by Chemical Beam Epitaxy
Using Unprecracked Arsine and Trimethylgal-
lium,” ETRI J., Vol. 16, No. 3, 1994, pp. 1-10.
E. Kapon, D.M. Hwang, M. Walther, R. Bhat,
and N.G. Stoffel, “Two-Dimensional Quantum
Confinement in Multiple Quantum Wire Lasers
Grown by OMCVD on V-grooved Substrates,”
Surf. Sci., Vol. 267, No. 1-3, 1992, pp. 593-600.
M. Kaneko, Y. Okada,

“Fabrication of GaAs Quantum

T. Sugaya, and
M. Kawabe,
Wire Structures by Hydrogen-Assisted Molecu-
lar Beam Epitaxy,” Jpn. J. Appl. Phys., Vol. 32,

No. 12B, 1993, pp. L1834-L1836.



240 Sung-Bock Kim et al.

[16] H. Isshiki, Y. Aoyagi, and T. Sugano, “Crystal-
lographic Selective Growth of GaAs by Atomic
Layer Epitaxy,” Appl. Phys. Lett., Vol. 63,
No. 11, 1993, pp. 1528-1530.

[17] M.S. Lee, Y. Kim, M.S. Kim, S.I. Kim, S.K.
Min, Y.D. Kim, and S. Nahm, “The Properties
of the Quantum Wires Grown on V-grooved
Aly3Gap7As/GaAs Substrate by Atmospheric
Pressure Metalorganic Chemical Vapor Deposi-
tion,” Appl. Phys. Lett., Vol. 63, No. 22, 1993,
pp. 3052-3054.

[18] M. Walther, E. Kapon, C. Caneau, D.M.
Hwang, and L.M. Schiavone, “InGaAs/GaAs
Strained Quantum Wire Lasers Grown by
Organometallic Chemical Vapor Deposition
on Nonplanar Substrates,” Appl. Phys. Lett.,
Vol. 62, No. 18, 1993, pp. 2170-2172.

[19] M. Nishioka, S. Tsukamoto, Y. Nagamune, T.
Tanaka, and Y. Arakawa, “Fabrication of In-
GaAs Strained Quantum Wires Using Selective
MOCVD Growth on SiOs-patterned GaAs Sub-
strate,” J. Cryst. Growth, Vol. 124, No. 1-4,
1992, pp. 502-506.

Sung-Bock Kim was born in
Chungnam, Korea in 1965.
He received B.S. and M.S.
degrees in physics from Yon-
sei University in 1990 and
1992, respectively. From
1992 to 1993, he held a re-
search assistant at Yonsei University. Since 1993, he
has been with Research Department at ETRI. His re-
search interests include the epitaxial growth of com-
pound semiconductors and the fabrication of low di-

mensional structure.

Jeong-Rae Ro was born in
Seoul, Korea in 1966. He re-
ceived B.S. and M.S. degrees
in chemical technology from

Seoul National University in

ETRI Journal, volume 20, number 2, June 1998

1989 and 1991, respectively.
Since 1991, he has been with
Research Department at ETRI. His research interests
include thin film growth of compound semiconduc-
tors, surface processes during the growth and fabri-

cation of quantum nanostructure.

El-Hang Lee
See ETRI Journal, Vol. 17, No. 2, July 1995, p. 10.



