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The growth of GaAs antiwires in the JgdGa 4AS matrix on InP substrate has been investigated.
The periodic, wire-like structure was obtained when a proper amount of GaAs was deposited. The
grown antiwires have a height about 1.2—-2.0 nm and a period about 23 nm. Using an
Ing 548G &y 47AS/INg 55Al g 4AS modulation-doped structure, the effect of the GaAs antiwires on the
two-dimensional electron gas mobility was investigated. For the sample with antiwires near the
two-dimensional channel, a significant anisotropy in low temperature mobility was observed.
© 2002 American Institute of Physic§DOI: 10.1063/1.1515878

Semiconductor nanostructures, such as quantum wells, The samples were grown gi00) InP substrates by a
guantum wires, and quantum d@@Ds) have attracted much solid-source Varian Gen Il molecular beam epitaxy system
attention in recent years. In these structures, carrier confinequipped with an arsenic cracker cell. After native oxide de-
ment and their energy quantization make them interesting isorption at 515°C under arsenic flux, a 0.am
both physics and device applications. The inverse of thesk,s{Ga, 4,7/As buffer layer was deposited before the GaAs
structures, quantum antidots and antiwires also posses integrowth. According to the measured x-ray result, the lattice
esting physics but are seldom studied. Several interestingnismatch between the InP substrate and the grown
phenomena related to the antiwires have been obséied.in, sGa ;As was less than 0.2%. To understand the transi-
However, in these studies, all the antiwires were fabricatedion behavior of surface morphology, several samples with
using external processing techniques, such as electron-beatifferent number of monolayer®ILs) of GaAs were grown
lithography and focused ion beam. Recently the selfunder the same growth condition. After GaAs deposition, the
assembled growth of one-dimensional, wire-like quantumuncapped sample was cooled down under arsenic flux. The
structures has been achieved.The spontaneous formation |11/ beam equivalent pressure ratio, the growth temperature,
of the one-dimensiona(1D) quantum structure was dis- and the growth rate for GaAs deposition were 10, 500 °C,
cussed in detail and several mechanisms have been propose@éd 0.1um/h, respectively.
including an-isotropic stress, orientation dependent chemical  Figure 1 shows the AFM images of the grown samples
bonding, and asymmetric surface energy for different facetswith 2, 3, and 5 ML of GaAs. The measurement was per-
From these reports, it was found that special material ang¢brmed with the tapping mode by a DI-5000 AFM system in
growth condition were necessary to form such structures. the air. From the image in Fig.(d, an almost flat surface

In this work, we investigated the growth of GaAs in the morphology was observed for 2 ML of GaAs deposition.
INg 546G 47As matrix on (100 InP substrates. Comparing From the cross-section analysis, the surface roughness was
with the case of InsGasAs QDs in the GaAs matrix on  |ess than 0.3 nm. It means that the GaAs growth remains in
(100) GaAs Substrates, the strain is about the same but Wlth’]e 2D |ayer-by-|ayer growth mode. However, as the thick-
opposite sign. From the atomic force microsc¢p§¥M) re-  ness of the deposited GaAs increased to 3 ML, the morphol-
sults, we found strong anisotropy in the GaAs growth. For 3,qy changed significantly. As shown in Figbl, clear wire-

ML GaAs deposition, 1D, periodic GaAs antiwires were ob-jike structure was observed. The periodic, wire-like pattern
served. The height and the period of the wires were detefiprmed along thé¢110] direction with a period around 23 nm.
mined with the AFM images. To understand the property Ofthe height of the wires was about 1.2—2.0 nm. If the amount
the grown antiwires, we have also studied the low temperagf deposited GaAs is increased beyond 3 ML, the wire-like
ture mobility of the two-dimensional electron g&8DEG)  morphology transforms gradually into separate islands with
channel of a modulation dopedl§Gay.4AS/INosAlo4gAS  isotropic distribution, as shown in Fig(d. In this study, we
structure with and without the GaAs antiwires. A strong an-haye grown six samples with GaAs varied from 2 to 7 ML
isotropy in the channel mobility was observed in the sampl&yith 1 ML increment. The wire-like pattern was obtained

with antiwires. only in the sample with 3 ML GaAs.
We have also investigated the property of the GaAs an-
¥Electronic mail: cplee@cc.nctu.edu.tw tiwires using an lgsdGay 47AS/INg 5/Alg 46AS 2DEG struc-
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FIG. 1. The AFM images of the samples wit# 2, (b) 3, and(c) 5 ML of

GaAs.
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Ing.53Gap.47As 20nm
Ing s2Alp43As 20nm
Ing 5,Alp 43As Snm
Si-doping 1x10"“cm™
Ing sAlp43As Snm
Si-doping 1x10"%cm™
Ing s,Alp4sAs 20nm
Si-doping 5x10"'cm™
Ing 52Alp4gAs 70nm
Ing53Gag47As Snm
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Ing 53Gag 47As 95nm
Ing 5,Alp4sAs S00nm
(100) S. L. InP substrate
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FIG. 2. The detailed sample structure of the JBa) 4,AS/INy5Al g 46AS
modulation doped structure used in this study.

other, although the temperature dependence is similar. For
the device with the hall bar parallel to the wires, the maxi-
mum mobility achieved was about 23 000 #ws. But, for
the device perpendicular to the wires, the maximum mobility
was less than 4500 @iV s. This anisotropy can be readily
explained by the difference in the electron’s scattering cross
section along the two different directions because of the
presence of the wires near the conduction channel. When the
electrons move parallel to the wires, the scattering cross sec-
tion is much less than that perpendicular to the wires. In
previous reports, similar phenomena were observed in
samples with anisotropic surface roughness and/or anisotrop-
ically distributed scattering centets™

In  conclusion, growth of GaAs antiwires in
Ing 54G& 47AS matrix on InP substrates has been studied. The
periodic, wire-like structure was achieved when a proper
amount of GaAs was deposited. The grown antiwires had a
height about 1.2—-2.0 nm and the period of the wires was

ture. The GaAs antiwires were embedded 5 nm below th&P0ut 23 Nm. Using an §a4Gay 4AS/INg s2Alo.4gAS modula-
2DEG interface. Detailed structure is shown in Fig. 2. For

comparison, another sample with the same structure but
without the wires was also grown under the same conditions. 5
After the growth, the samples were made into Hall bars using f"\-

standard lithography and wet chemical etching processes _ 200k[ "

25.0k T T T d T d T v T g T T T

parallel i
Then the temperature-dependent mobility was measured irN‘z" 17.5k i\.\ /
the temperature range between 8 and 295 K. The Iongitudinalg 15.0k |- \ 4
resistanceR,,) and the Hall resistancé(,) were measured 2 51| \'\_
by the low-frequency(17 Hz) ac lock-in technique. s N

For the sample without GaAs antiwires, isotropic 2DEG E 100k perpendicular N
c

mobility was observed as expected. The Iow—temperature% 75kt -
mobility was around 50 000—60 000 éfvs. However, for & 50k 00000002 00t o o
the samples with antiwires, clear difference between the de- 2.5k}
vices perpendicular and parallel to the wires was observed. 0.0 L L L ' : L

Figure 3 shows the measured mobility as a function of tem-
perature for the two devices with antiwires. From the figure,

we can see that there is a large difference in mobility forFlG, 3. The temperature-dependent mehility for the devices with

these two devices, which are orientated perpendicular to eachtiwires.
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