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Self-assembled InGaAs quantum dots have been grown using alternating molecular beams of In, Ga, 
and As2. The size distribution changes from bimodal to monodisperse as the quantum dots grow 
larger. Room-temperature photoluminescence experiments on ensembles of these quantum dots 
show that the emitted intensity remains high as the center wavelength changes from about 1130 to 
1345 nm. The linewidths are less than 30 me V for all samples studied. with the narrowest measured 
linewidth being 18 me V at a peak emission energy of 930.1 me V (1333 nm). 
[S0734-21 IX(00)09703-l] 

I. INTRODUCTION 

Self-assembly of InGaAs quantum dots (QDs) is the most 
promising method of creating uniform arrays of zero­
dimensional structures. 1

-
3 Improvements in the growth of 

QDs have led to dramatic improvements in the characteristic 
temperature of semiconductor lasers4

·
5 and other novel de­

vices such as 1300 nm lasers grown on GaAs substrates.6
•
7 

However, control over size uniformity and areal density are 
still problems that are limiting conventional device perfor­
mance. The photoluminescence (PL) linewidth is one mea­
sure of the uniformity of these QD ensembles because of the 
inhomogeneous broadening. Room-temperature PL line­
widths for larger InGaAs/GaAs QDs, i.e., QDs with an emis­
sion wavelength near the technologically important wave­
length of 1300 nm, are routinely less than 30 meV,5

·
8
•
9 and 

the best reports are closer to 20 meV. 10
•
11 However, there 

have been fewer reports of narrow PL linewidths from QDs 
that emit near 1100 nm at room temperature, which is the 
emission wavelength if the QDs are terminated shortly after 
nucleation. These ensembles typically have PL linewidths of 
60-100 me V. In this article, we will report on the evolution 
of bimodal distributions of QDs into monodisperse distribu­
tions and the optical properties of these ensembles. The 
room-temperature peak emission wavelengths range from 
1130 to 1345 nm. and room-temperature PL linewidths range 
from 18 me V (1330 nm peak wavelength) to 26 me V (1130 
nm peak wavelength). 

II. EXPERIMENTAL RESULTS 

The samples are grown using molecular-beam epitaxy 
(MBE) with a valved arsenic cracker that produces As2 with 
a beam equivalent pressure of 9 X I o- 6 Torr as measured by 
an ion gauge in the growth position. The substrate tempera­
ture is measured using a single-color infrared pyrometer. The 
epilayer structure that is grown for PL samples is similar to 
the separate confinement heterostructure (SCH) used for 
edge emitting lasers and consists of a double well structure 
with a layer of InGaAs QDs sandwiched between 5 nm of 
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GaAs and 80 nm of Al0.2Ga0.8As. The layers deposited before 
the QDs are grown at a substrate temperature of about 
590 °C. The substrate temperature is then lowered to 520 °C 
for deposition of the InGaAs QDs and the GaAs that is used 
to bury the QDs. The samples grown for atomic force mi­
croscopy (AFM) are terminated immediately after the growth 
of the QDs. We use an alternating shutter sequence consist­
ing of 0.25 monolayers (MLs) of In, 5 s of As2, 0.31 MLs of 
Ga, and 5 s of As2 for the QDs. 

After 5 nm of GaAs is deposited at 520 °C, we have a one 
minute growth pause under arsenic flux to raise the tempera­
ture to about 570 °C for the growth of the remainder of the 
sample. This has been shown to lead to improved lumines­
cence efficiency as compared to the growth of the capping 
layers at low substrate temperatures. 12 The reflection high­
energy electron diffraction (RHEED) pattern is noticeably 
streaker after the growth pause, which indicates that the sur­
face is now smoother than before the pause. The remainder 
of the sample is then deposited at temperatures of 570-
590 °C. 

The RHEED pattern begins to show the characteristic 
spots that are indicative of the transformation of the surface 
from two dimensional to three dimensional after eight cycles, 
corresponding to 4.5 MLs, of the above shutter sequence 
have been executed. Execution of nine cycles (5.0 MLs) of 
this shutter sequence leads to well-defined chevrons along 
the [011] azimuth. We have deposited up to 20.2 MLs of 
In0.45Ga0.55As. cmTesponding to 36 cycles of the above shut­
ter sequence. 

Room-temperature PL measurements are made by focus­
ing the pump laser light onto the sample with a spot size of 
approximately 50 µn,2. The emitted light is focused on the 
input slit of a 0.75 rn monochromator and detected with a 
liquid-nitrogen-cooled Ge detector and a lock-in amplifier. 
Room-temperature PL spectra of three different samples are 
shown in Fig. I . Luminescence from the wetting layer only 
appears in the spectra of the 5.0 ML sample, and then only at 
very high pump powers. The PL spectrum from the 4.5 ML 
sample (not shown), however, does show strong wetting 
layer luminescence at 925 nm (1.340 e V) and a QD emission 
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Fro. I. (a) Intensity-dependent PL from the 5.0 ML sample shows two peaks 
even at very low pump powers. Several excited states are seen, including 
what we suspect is the wetting layer at 1.35 eV. (b) Well-resolved excited 
states are seen even at room temperature in the 15.7 ML sDmple. The peak 
emission wavelength is 1305 nm, which is suitable for semiconductor lasers 
for optical fiber communications. (c) The peak emission wavelength for the 
17.9 ML sample is 1333 nm. The Iinewidth of 18 meV is believed to be the 
narrowest reported for a large ensemble of QDs. 

peak at 1050 nm. The 5.0 ML sample has a ground state 
emission at 1130 nm (1.097 eV) .and a linewidth (full width 
at half maximum, FWHM) of 26 meV (28 nm) [Fig. l(a)]. 
The peak wavelength can be continuously varied by chang­
ing the amount of In0 .45Gao.55As that is deposited. After 15.7 
MLs have been deposited, the peak wavelength is at 1305 
nm (1.053 eV), with a FWHM of 27 meV (47 nm) [Fig. 
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Fro. 2. (a) Intensity-dependent PL from the 5.0 ML sample at 4.3 K. (b) 
Temperature-dependent PL from the 15.7 ML sample at I mW pump power 
shows a nearly constant spectrum from 4.6 to 50 K. The FWHM is inde­
pendent of temperature . 

l(b)J. The 1.79 ML sample is peaked at 1333 nm (0.930 eV) 
with a FWHM of only 18 meV (25 nm) [Fig. l(c)]. We 
believe this is the smallest PL linewidth reported for en­
sembles of self-assembled InGaAs/GaAs QDs. 

Samples with as many as 20.2 MLs of In0.45Gao.55As have 
been grown. These samples have a peak emission wave­
length of about 1345 nm. This is a very small increase in 
wavelength compared to the 17.9 ML sample. AFM images 
show that the 15.7 ML sample already has large dots that are 
tightly packed, so a small increase in height is unlikely to 
affect the emission wavelength by much. This wavelength 
appears to be near the long wavelength limit of what is ob­
tainable using these MBE growth conditions. 

Low-temperature PL measurements are made on the 5.0 
ML sample and the 15.7 ML sample. The sample is mounted 
in a continuous flow helium cryostat, and the pump laser is 
focused to a spot with an area of about 180 µm2

. Intensity­
dependent PL from the 5.0 ML sample at 4.3 K is shown in 
Fig. 2(a). Even at low pump power, two states are always 
observable in the spectrum. At high pump powers, there are 
four well-resolved peaks and a clear shoulder on the fourth 
peak. Figure 2(b) shows the temperature dependence of the 
PL spectra for the 15.7 ML sample at a pump power density 
of 550 W/cm2

. The spectra has almost no change when the 
temperature is changed from 4.6 to 50 K. Between 50 and 90 










