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A new fabrication process to create InGaAs/InP quantum wireg1@® GaAs substrates is
demonstrated. The process is based on the selectivity of the growth of InP on lines created by
focused ion beam bombardment, together with the selectivity of the growth of InGaAs on the InP
wires. Intense photoluminescene is observed from the wires and the emission shows clear
polarization parallel and perpendicular to the wires. Cathodoluminescene images confirm that the
luminescence originates from the wires. 197 American Institute of Physics.
[S0003-695(197)00921-2

The theoretically predicted properties of quantum wiresture was 640 °C, the deposition time was 20 s and the partial
can be used to improve the performance of devices, such gsessures of InCl and PHwere 1.3<10 % and 19.0
lasers, and also to develop new device concepts based, e.g 103, respectively. InP was Fe-doped to a nominal con-
on electron waveguiding. Consequently, a wide variety ofcentration of 2<10'8 cm™3. The substrates were degreased,
different methods to fabricate quantum wires has emergedlipped in HCI and rinsed in deionized water prior to the
including approaches based both on lithographical techdeposition. After the formation of the wires, the substrates
niques and selective growth? Recently it was reported that were transferred to a metalorganic vapor phase epitaxy
the density of InP islands deposited @®0 GaAs substrates
by hydride vapor phase epitaxijdVPE) depends strongly on
the substrate off-angle, i.e., on the surface step den3itys FIB
effect can be used to obtain maskless, selective growth of (a) '”H “[’

InP wires on planar GaAs substrates by modifying locally

the surface using focused ion bed#IB) bombardment.

The process is schematically shown in Fig. 1. High resolu-

tion compositional analysis revealed that no wetting layer is

present after HVPE of InP on GaAsnd the nucleation GaAs

seems to occur only on the implanted lines. Grooves or pre-

patterned dielectric masks are not required in the fabrication
; > , . . InCl + PH

process, making the fabrication of wires relatively simple. (b) 3

Also, precise alignment of wires on processed wafers should l l | J, vl |

be possible by FIB using the available simultaneous second- ;

ary electron image. It has been demonstrated that when In-

GaAs, nominally lattice matched to InP, is deposited on

GaAs substrate with InP islands on the surface, it grows

selectively on the InP islandsin this letter we report a se-

lective fabrication process for InGaAs/InP quantum wires on InP

GaAs, based on the phenomena described above. (c)

The sample preparation was as follows: 40680 um?
fields of lines with a pitch of 3um were patterned by FIB on
(100 GaAs wafers using 100 keV Gaons. The lines were GaAs ‘
aligned along the[011] direction. The line dose was
10 cm™! and the estimated diameter of the beam was 30

nm. To form the wires, InP was deposited on the implanted . 1. process for the selective growth of InP on GaAs shown schemati-
substrates by atmospheric HVBHhe deposition tempera- cally. (a) (100 GaAs substrate is bombarded by FiB) InP is deposited by
HVPE. The nucleation takes place on the implanted line and the nuclei act
as sink to the migrating surface specié¢s). The nuclei coalesce and a
dElectronic mail: jouni.ahopelto@vtt.fi continuous wire is formed.
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FIG. 3. Low-temperature PL spectra fra@ InP:Fe wires before the depo-
sition of the InGaAs and InP layers by MOVPE affl from the sample A
with polarizer parallelll) and perpendiculafL) to the wires.

and size are essentially unaltered after the deposition of the
InGaAs and InP cladding layers. No extra islands were
formed between the wires during the MOVPE growth in the
sample A. In MOVPE of InP on plandd00 GaAs, islands
are formed when the deposited amount of InP exceeds 2.5
monolayers%!! Here the amount of InP is 4 times the
FIG. 2. Top view SEM micrographs of InP wires on Ga@ before and  threshold for the island formation. This suggests that the de-
(b) after (from the sample Bthe deposition of the thin InGaAs and InP posited material migrates to and grows selectively on the InP
cladding layers. The inset i@) shows the cross section of a wire. wires. The actual structure, whether InGaAs forms top or
side quantum wells or both on the InP wires, cannot be de-
(MOVPE) reactor for the deposition of a thin layer of termined from the SEM images. Selectivity in the growth of
InGaAs and a top cladding layer of InP. Before loading, thelnGaAs on(111) B and on (100 planes of InP has been
substrates were dipped in HF:isopropanol solution, rinsed imeported? and it is expected that also here the growth occurs
isopropanol, and blown dry. Two samples with differentpreferentially on the tog100 plane. This would lead to a
layer thicknesses were grown. In sample A, a nominallyformation of about 3—4-nm-thick and 120-nm-wide InGaAs
0.15-nm-thick layer of InGaAs, lattice matched to InP, wasquantum wire on the top of the InP wire. In sample B the
deposited at 580 °C, followed by a deposition of 10 mono-deposited amount of InGaAs and InP was about twice that in
layers of undoped InP. In sample B, 0.6 nm of InGaAs wasA and a few large islands appeared between the wires. One
deposited at 650 °C, followed by 20 monolayers of InP.of these extra islands can be seen in the upper part in Fig.
MOVPE was used in the growth of InGaAs and the cladding2(b).
layers because in HVPE it is difficult to control the deposi- In Fig. 3 are shown low-temperatut&4 K) photolumi-
tion of very thin layers. nescenceéPL) spectra recorded before and after the deposi-
Top view scanning electron microscop$EM) images tion of the InGaAs and the cladding layers. The 488 nm-line
of InP wires, before and after the deposition of InGaAs, areof an Ar" ion laser was used for excitation. The lumines-
shown in Figs. 2a) and 2b), respectively. In HVPE the cence was dispersed through a 0.5 m monochromator and
growth occurred exclusively on the implanted lines. The InPdetected by a liquid nitrogen cooled Ge detector. No lumi-
wires are continuous and homogeneous in size. A cross senescence was observed from the Fe-doped InP wires, as can
tion of a wire is shown in the inset of Fig(&. The wires be expected when the material has a high density of deep
have(111) B side planes and a narrow, in this case about 12@evels. Only the emission from the GaAs substrate was de-
nm wide, (100) top plane. This flat top can be seen also intected. After the deposition of the InGaAs layer and the clad-
the top view SEM images. The width of the base of the wiresding InP layer, a broad emission appeared at around 0.9 eV,
is about 1000 nm and the height is about 600 nm. The shapegether with weaker InP related emission lines at around 1.4
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sity of the emission varies along the wires. By selecting dif-
ferent spectral regions within the broad PL peak, fluctuations
can be observed along the wires, suggesting that the thick-
ness and/or composition are not constant. The image con-
firms that all the light emitted from the sample comes from
the wires.

In summary, a new fabrication process to create InGaAs/
InP quantum wires ofiLl00) GaAs substrates is proposed and
demonstrated. The process is based on the selectivity of the
growth of InP on lines created by focused ion beam bom-
bardment together with the selectivity of the growth of
InGaAs on InP wires on GaAs. Intense photoluminescence is
observed from the wires and the emission shows clear polar-
ization between luminescence parallel and perpendicular to
the wires. Cathodoluminescence images confirm that the lu-
minescence originates from the wires.

This work was partially financed by the European Com-
mission through ESPRIT IV, Long Term Research, Project
No. 20960, Q-SWITCH.

FIG. 4. Top view CL image of the sample B recorded at 25 K. The inset
shows the cross-sectional image of the same sample.
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