T JT o ]
-g’x N g %,}E.ﬂ

RFFELR 600 {185 %43
3 B2 bk

2}
(ol

sz’mr"}%’il'

Growth of 111-V Semiconductor Quantum Dots and
Device Application

2+ 3F e NSC 90—
H T
AL AP E

21 4=
Sl i U

FlI %El

P F o ;T P & .
In(Ga)As/GaAs B g ko~ Bk
ML 47 ~ ﬁ)’j’vlofbl«—mﬁﬂm °

INGaAS/GaAs # + B4 - RALT &
GaAs A+ & & InGaAs/GaAs ¥ + i*
"—H: C kA EER T 13mm e TR T

gy EE R o PR
MBE;\ . INAS/GaAs & + Bk #m 2t W T
kg £ A 1.3mm 7 InGaAS/GaAs i st
gLk -4 17 Fabry-Perot £ + B &=
B T FEH A BEDFIEY 2 5 g o

F:’fi%?ﬁ] e+

- ﬁ_l’_)(

iy

0

B ZEMT 6 #

Abstract

The research topics of this project are:
growth of In(Ga)Ag/GaAs quantum dots,
analysis of their optical properties, and
application as light-emitting devices.

INGaAs/GaAs quantum-dot structures
have extended the emission wavelength to
1.3 nm, breaking the limit of InGaAs/GaAs
guantum wells on the GaAs substrate.
Therefore, they will find important
applications in fiber communication. We use
MBE to growth InAs/GaAs quantum dots,
and extend to the InGaAs/GaAs system with
emission wavelength at 1.3 nm. Furthermore,
Fabry-Perot QD laser diodes are fabricated,
and their potentials in high-speed modulation
are investigated.
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Semiconductor lasers, Rate equations
Motivation and Goals

Semiconductor quantum dots have
attracted much  attention  recently.
Semiconductor lasers with quantum dots as
active medium not only have been predicted
theoretically, but also have been confirmed
experimentally to have many outstanding
properties, such as, ultralow threshold
current density (26 A/cm? [1]), ultra-high
temperature stability (To=385K [2]), very
small chirp (0.007 A/mA [3]), and large
modulation bandwidth (8.2GHz [4]). These
properties are very important for the light
sources used in optica communication
systems. Therefore, quantum-dot |asers have
large potentials for application in such
systems. 1.3 mm is the wavelength with very
low dispersion in optica fibers.
Traditionally, InGaAsP/InP is the material
for semiconductor lasers operating at this
wavelength. InGaAs/GaAs quantum-dot
structures have extended the emission
wavelength to 1.3 nm, breaking the limit of
INGaAs/GaAs guantum wells on the GaAs
substrate. Therefore, they will find important
applications in fiber communication.

We use MBE to grow InGaAs/GaAs
guantum dots with emission wavelength at
1.3 mm. Furthermore, Fabry-Perot
guantum-dot laser diodes are fabricated and
their dynamic properties under high-speed
modulation will be investigated. Simulation
based on a rate-equation mode will
demonstrate the influences of materid
properties, such as homogeneous broadening,



inhomogeneous broadening, and carrier
capture time, on the dynamic properties of
quantum-dot lasers. The research results will
give qguidelines for optimization of
quantum-dot lasers and provide suitable
models for their dynamic behaviors.

Results and Discussion

(1) Long-wavelength quantum-dot lasers

We have fabricated quantum-dot lasers
with threshold current density 478A/cm? at
room temperature. However, the emission
wavelength is from excited states at 1189nm
(Fig. 1). The quantum dot surface density is
about 2.3*10™ cm2.
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Fig. 1 A quantum-dot laser with
emission wavelength at 1189 nm at room
temperature.

The quantum dot surface density is then
increased to 7.64*10" cm? (Fig. 2). Laser
diodes with such high quantum-dot density
show ground-state lasing with emission
wavelength at 1298 nm (Fig. 3) and threshold
current  density 1433A/cm® a  room
temperature. Therefore, the target wavelength
1.3 nm has been achieved.
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Fig. 2 SEM picture of quantum dots
with surface density 7.64* 10'° cm™.
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Fig. 3 A quantum-dot laser with
emission wavelength at 1298 nm at room
temperature.

(2) Modulation bandwidth

We have measured the relaxation
oscillation frequencies of quantum-dot lasers
in order to determine their modulation
bandwidth. The highest we measured is about
51 GHz (Fig. 4), corresponding to a
modulation bandwidth 8 GHz that is similar
to the best value with the same device
structure  [4]. After optimization of
guantum-dot lasers, we Dbelieve this
bandwidth can be further increased.
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Fig. 4 Relaxation oscillation frequencies of a
guantum-dot laser

(3) Rate-equation modeling

We use a rate equation model proposed

in [5,6] to simulate the static and dynamic
characteristics of quantum-dot lasers. The
influences of the material and structural
parameters, such as homogeneous and
inhomogeneous broadening, and various time
constants, on the static and dynamic
characteristics of quantum-dot lasers are
analyzed.
The rate equations proposed in [5] are
re-written below with some modifications to
include the gain compression factor & Vjis
the active region volume.
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In Fig. 5, the relaxation oscillation
frequency of quantum-dot lasers decreases
with increasing ¢ Therefore, the

inhomogeneous broadening due to the size
fluctuation of quantum dots needs to be
reduced in order to have faster relaxation
oscillations and therefore higher modulation

bandwidth.
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Fig. 5 Relaxation oscillation frequencies with
increasing inhomogeneous broadening [7].

Conclusions

In this project, we have fabricated
long-wavelength quantum-dot lasers with
emission wavelength at 1298 nm successfully.
Dynamic properties of quantum-dot lasers are
measured. Modulation bandwidth of 8 GHz
is experimentally demonstrated. Therefore,
guantum-dot lasers have shown important
applications in high-speed opto-electronic
systems. Using a rate-equation model, we
simulate the dynamic behavior of
guantum-dot lasers. The influence of
inhomogeneous broadening on modulation
bandwidth is investigated. In order to achieve
higher modulation speed, the size uniformity
of quantum dots needs to be further
improved.
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