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Electronic states tuning of InAs self-assembled quantum dots
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We demonstrate the dimensional tuning of InAs self-assembled quantuntQ@ss by changing

the growth kinetics during the capping of InAs islands with GaAs. Modifying the growth sequence
during the capping of InAs islands, allows us to tune the thickness and lateral dimensions of the QDs
while keeping the wetting layer thickness constant. Using the same method but embedding the tuned
InAs islands into AlAs layers allows to further blueshift the photoluminescence emission to higher
energies while keeping the wetting layer thickness constant. The main process responsible for the
QDs size modification is consistent with a kinetically controlled materials redistribution of the InAs
islands that minimizes the energy of the epitaxial layers at the start up of the GaAs capping
deposition. ©1998 American Institute of Physid$S0003-695(98)02024-5

With the steady progress on the understanding of selfx107° Torr Arsenic (As) pressure. In all cases a GaAs
assembled quantum dotQDs)’'~* physical and electronic buffer layer is prepared with a short period superlattice (40
properties, more device applications are currently under inx20 A/20 A AIAs/GaAs at a growth temperature of
vestigation. QDs lasefs, detectors, or charge storage =630°C. The dots are formed by depositing 1.7 InAs
device$ have been reported. More than often, to fully monolayers at 530 °C. A first growth interruption of 30 s is
achieve the device potential has remained elusive because @éed to narrow down the size distribution. Then the dots are
the lack of control over the dimensions of the self-assembledovered at 530 °C with a thin GaAs cap of thicknegs,
QDs. Here, we propose a method which allows to tune thedjusted between 10 and 50 A followed by a second 30 s
QDs sizes in an easy and reproducible fashion for the InAsgrowth interruption and a final capping with GaAs or AlAs.
GaAs QDs system while keeping the wetting laygvL) Samples A, B, and C are metal insulator semiconductor
thickness constant to a minimum-(L.7 ML). This could be  field effect transistotMISFET) structures in which the InAs
a desirable characteristic in some devices where the quantugibts imbedded in GaAs have been grown using this new
well (QW) like characteristics of the WL could adversely growth technique with.,= 50, 30, and 10 A, where a 200 A
affect the device. heavily (50<10 '8 cm ) Si-doped GaAs layer 250 A be-

Previous studies have shown that by changing the QDgw the dots acts as a back contact. The QDs layer in sample
compositions, e.g., using AllnAs QDs imbedded in AiGaAs, D is grown on the undoped GaAs buffer layer without the
it is also possible to tune their photoluminescer®.)  Si* back contact and with.,=10 A (similar to sample €
wavelength emission. However, this was achieved at the exand covered with thick GaAs$200 A). Sample E includes
pense of a thicker WL#22 A) since the misfit strain of the five layers of QDs grown with continuous rotation in which
AllnAs/AlGaAs structures is smaller than that of the InAs/ the dots are embedded in Al&see inset in Fig. 8 The first
GaAs QDs system. Post-growth anneali®g0 °Q of InAs/  four layers ¢.,= 10, 20, 30, 40 Aare grown repeating four
GaAs QDs has been shown to also blueshift the Pliimes the following sequenc@ee insert in Fig. 8 2000 A
emissiorf This effect was attributed to compositional inter- space GaAs T,=600°C), 50 A AlAs (T,=630°C), 2
diffusion between the islands and the cladding film. Sincemonolayers(ML) GaAs (T4=530°C), 1.7 ML InAs [T,
the electronic properties of the QB are sensitive to their =530 °C), 30 s pause,,, GaAs (T4=530 °C), 30 s pause,
shape, size and compositidm;? it is not surprising that dif- 60 A AlAs rising T, from 530 to 630 °C, 2000 A space
ferent growth conditiongand therefore different growth ki- GaAs layer T,=600°C) and 300 A A GaAs (Tg
neticy yield different electronic structures. We have already=630 °C). The last layer of QDg {,=50 A) is embedded
shown that during the overgrowth of InAs islands with in AlAs and covered with 300 A of GaAs.

GaAs, diffusion and intermixing with the top cladding The PL measurements were done at low temperdfide
GaAs epitaxial layer takes place and produce large changes) using an Af laser tuned at 514.4 nm and focused on a
in the original island sizes and shapes. In this letter we prospot of~100xm. The emitted light is dispersed by a 0.85 m
pose to use this effect for tuning the energy levels of thedouble spectrometer and detected with a liquid nitrogen
QDs. cooled Ge detector with a spectral resolution of 0.5 nm. The

To demonstrate the possibility of tuning the wavelengthtop layers of sample E are etched aWsgt a slow etch rate
of the dots we have grown by molecular bean epitaxy fivei60 A/s) solution (HPO,:H,0,:H,0) to expose successively
different samples on semi-insulating G4280) under 1  each layer of QD for carrying out the PL spectroscopy.
Figure 1 shows the PL spectra of samples A, B, and C.

3Electronic mail: jorge.garcia@uam.es As t.,, decreases a blueshift of the ground state.emiss.ion is
YElectronic mail: petroff@engineering.ucsb.edu observed. For sample A§,=50 A) and low pump intensity
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6. 1 Photolum ) 10 K and 50 mivt duces their vertical size, it is reasonable to question whether
sarn.ple.s A, gt,oallf\rgIg.eﬁ'chzng;i:giicntrffosr?tﬁg Sltjs is bluzghiftedr::]losgp]to thtgh.e QDS qbtamed \_Nlthcap% 10 A (~3 mon0|ayer\s.0f .GaAS .
WL emission line (-1.43 eV) ast.,, decreases from 50 to 10 A, §t|l| exhibit Ql?s with OD confinement characteristics. With
increased optical pump powé&rom 0.1 to 50 mW/crf), we
verified that the electronic state filling effects observed in the
(~1mWw), the spectrum shows a single peak at 1.057 e\hormally grown QDs are also seen with these QDs. The
(not shown, while at 50 mW, four luminescence peaks higher energy luminescence lines corresponding to the
equally spaced approximately 75 meV are obsei¥g. 1).  higher excited states intensities are becoming dominant as
Whent,,,is reduced to 30 A, the PL spectrum is blueshiftedihe pump power increase and the lower subband lumines-
with a significant broadening of the lines that is probablycence is saturated. Confinement in locally OD areas due to
associated with a change in the shape and size of the QD& monolayer fluctuation can be excluded since the calcu-
This effect has been reproduced in other samples and cagted electronic energy splitting due to InAs/GaAs QW
also be seen in Fig. 2 for sample E. For samplet(,(  monolayer fluctuations are much bigger {10 meV) than
=10A), the emission is further blueshifted. The groundihe measured values. We also note that for the sample with
state luminescence is observed at 1.311 eV and the energye QDS Corresponding tQap: 10 A’ the Wetung |ayer is
difference between higher order recombination lines is remuch more intense. We attribute this to the reduced thick-
duced to~42 meV. ness of the QDs which induces higher energy quantum con-
For all these sampleig. 1), the wetting layer PL emis-  fineq states and a smaller confinement barrier with the GaAs
sion appears at the same ene(@y43 eV) in agreement with  parrier continuum.
an expected constant WL layer thickness. The observed \yhen the QDs are embedded in Aldgample B a blue-
GaAs donor-acceptor paiDAP) exciton recombination in  shift is also observed as,, decreasegFig. 2). Compared to
samples A, B, and C appears at 1.55 eV because of thesmples A, B, C, and D, the ground state PL emission lines
conduction band degeneracy of the heavily doped back conyre ghifted to higher energy values. As in sample B.tigy
tact GaAs layer. ~30 A, an abrupt change in the energy position and PL line
shape is observed. Fdg,;~ 10 A the emission is shifted
beyond the GaAs free exciton around 1.56 eV. As expected

2 T %530A 3 from the larger quantum confinement provided by embed-

g A I 3004 AIGaA xcbud ding the QDs in AlAs, all the spectra in Fig. 2 are blue

g E 450 A= shifted from those in Fig. 1.

EE J40i 5 ¢ 20004 Gads - As we have previously showhi,the vertical and lateral

S E N~ 3304 = size and shape of the InAs islands and partially covered is-

H J 30 A~ E R lands(PCI) are primarily controlled by the thicknesg{) of

£E ol A . J104= 12""“*““’*““[ the GaAs capping layer which is deposited before the islands

§ 3 g“’ '-‘\ ] ’ are completely covered. As seen in Fig. 3, for the QDs, the

£ f 10Ax10; R observed shift in the ground state luminescence and changes
P I s he 1 in the energy level spacing of the higher excited states lumi-

Energy(eV) nescence lines are consistent with the previously reported

shape changes of the PCI. Rggs~20 A, atomic force mi-

=10 K). The ground state PL line emission is blueshifted beyond the GaASCI’OSCOpe measurements show InAs PCI which a5 A

exciton emission £ 1.52 eV) ast.,, decreases from 50 to 10 A. The spec- high and have an approximately ellipsoidal base with dimen-

trum for t.,,=10 A is plottedx 10. sions ~1100x 700 A?. The total InAs QD vertical size is
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