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“Controllable Single-Quantum Dots Growth and its Device Applications”

E TCL

FAHEF 96E087 01p

AL T R

AL T
ERN - s IE N AR A Tl

EFEZ A ROpMAEY cE APy
HRAROIFRE N k- B2 AP
‘F“L-Fké‘.-’“—a- R e S ‘?\f)ﬁ.aa = K TR
ARREz T o PR E - 38 FLE
F R R R A AR AR o AT
fIr FARFRI LT RESEHES

E NP 2 H R A5 R A
EAR7 L a P UBRAEDLG &

?%&L Feh—- 09 ﬂqf ENNLE Y 4157@,2—;*#9%

25 55.%;«»%47 £ F g E ;R lf’“;ﬁd
fmoo mﬁlﬁiﬁf’? LFE R & R S anF E
Moo Fesker A, N H - § 3 8hengp B S8k

A kFEF Rk ir L g S Lo

|. Abstract

With the financid support of this oneyear
project, the sdf-assembled growth of positioning
single quantum dots has been investigated. By using
a method that was first proposed and developed in
our group, we plan to combine e-beam lithography
and MBE re-growth to form single quantum dots on
pre-patterned templates. Because the growth of
guantum dots is sengtive to the strain fidd, selective
growth can be achieved with pre-desgned drain
digribution. The main difference between our
method and others is that the quantum dots can be
grown on the template far from processed surface. In
this year, high quaity and ste-controllable single
quantum-dots is realized with our proposed structure
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and procedure. Intensive care has been to ensure the
cleanness of re-grown samples. Parameters rdated to
sngle-quantum-dots formation are examined.
Opticd measurement is used to characterize grown
guantum dots.

Z P F % d ¥ p e (1. Motivation and goal)

In this one-year project, our goa is to
develop a process for making high-quality,
position-controllable single quantum dots. With
the growing demand in various applications,
positioning QDs becomes an important
technology for realizing high-yield production of
QDs’ devices. However, most existing methods
suffer from the poor optical properties due to
more or less contamination near the grown QDs.
To overcome this issue, we propose a method
which can distance the processed interface from
the QDs. In this report, we state the fabrication
method and show the measurement results in
detail.

=~y 2% 2% (11l Method and result)

(A) Fabrication method:

We grew the layer structure, as shown
in Fig.1. The sample includes a strained layer of
INAIGaAs which is used as strained seed for
QDs growth afterward. The main difference
between this structure and previous one [1] is
that the surface is capped with about 50nm



amorphous arsenic. The amorphous arsenic is
deposited at substrate temperature less than
150°C. With this additional protection layer, the
thickness of GaAs cap layer (above InGaAlAs
strain layer) is reduced to 5nm because it is not
exposed to the air during the lithography.

Amorphous arsenic protection layer 50nm

GaAs cap layer 5nm

Ing»Gag sAlp 4As strain layer 10nm

GaAs buffer layer

GaAs (100) substrate

Fig.1 Theinitia structure with a strained layer.

Amorphous As 50nm

GaAs Snm

Ing 2Gag 4Al 4As 10nm

GaAs buffer layer

GaAs (100) substrate

Fig.2 The etched sample after e-beam lithography.

After that the sample was taken out of the
MBE chamber, an e-beam lithography process
was carried out to define small square mesas
(0.2x0.2 - 0.4x0.4um?) with wet etching (Fig.2).
The sample then was cleaning with acetone and
methanol before reloading into the preparation
chamber. The desorption of amorphous arsenic is
done with 400°C in ultra-high vacuum for more
than 5 hours. We grew an extra layer of GaAs
(~5nm) to distance the InAs quantum dots from
the pre-grown GaAs layer before the InAs layer
growth (Fig.3). The extra GaAs layer could
further improve the crysta quality of

surrounding matrix of InAs. The sample growth
finished with a cover layer of 150nm GaAs. No
surface InAs layer was grown because it is far
from the strained layer.

InAs quantum dots

GaAs extra layer

GaAs 5Snm

Ing »Gag 4Alp 4As 10nm

GaAs buffer layer

GaAs (100) substrate

Fig.3 The regrowth of InAs QDs on the mesa.

One point has to be mentioned here is that,
because of the shortage of approved budget, the
H-atom cleaning procedure before regrowth
could not be done. This may cause the quality
degradation of the grown film as we shall discuss
in the following.

(B) Optical characterization:

The optical characterization of grown
samples was carried out with a u-PL system at
low temperature (4K and/or 77K). The schematic
figure of the system setup is shown in Fig.4.
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Fig.2 The u-PL system setup

By using the white light source and visible-CCD,
the image of the sample surface can be seen to



make sure the excitation spot position. The spot
sizeis around 2um (10um) when the 100x (20x)
objective lensis used.

We have grown 5 samples in total when this
report is being written. The main difference is
their deposited InNAs monolayers (MLs) — 2.0, 1.8,
1.7, 1.5, and 1.4 MLs. However, for the first four
samples, no clear PL signal coming from QDs or
wetting layer has been observed. As shown in
Fig.5 below, only the GaAs bulk emission peak
and the background signa coming from the
substrate are seen, no matter that the excitation
gpot position is in the processed area (the area
with mesa array) or outside the region. For the
sample of 1.4MLs InAs deposition, the PL
spectrum coming one processed region is very
different from others, as shown in Fig.6.
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Fig.5 A typical PL spectrum of the first four samples
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Fig.6 The PL spectrum of the 1.AMLs sample

It is clear that the curves C and C2 have
strong signal around 900nm with full-width
half-maximum (FWHM) about 40nm, which is
typical for QDs. Interestingly, comparing the
curves of C and C’, we can find that, in the curve
C, not only the clear 900nm peak is seen but also
the broad peak around 950nm gets weaker. This
indicates a carrier distribution between the
like-QDs and the background states. To identify
the 900nm peak really belongs to QDs, we have
to carry out the single QDs’ measurement and it
is undertaking.

One point is worth noting that the 900nm
signal is observed only in one of the 18
processed areas. We believe that the problem of
sO many unsuccessful areas comes from the
not-clean-enough interface around the QDs layer
due to the e-beam lithography process. The
to-be-purchased H-atom cleaning setup may be
able to improve the cleanness. Perhaps, it is why
no nice optical result on this topic has been
reported up to date.

P9~ %% (IV. Conclusion)

In this project, we have developed a
fabrication and re-growth process of making
single QDs array. The PL signal from most of the
processed samples does not have QDsS’ peaks. A
QDslike PL peak around 900nm is observed
only in one of mesas of the 1.4MLs sample. We
believe that the interface cleanness of the
processed sample is the crucia factor in the
failure of the most samples. A further
improvement of the re-growth procedure has to
be taken to achieve the bright PL emission of
signle QDs’.
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