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Abstract
Quantum wells are effective potential wells in which an extremely thin semiconductor layer with a narrower band-gap is surrounded
by two layers with a wider band gap. Quantum wells are widely used in diode lasers, HEMTs, Quantum well infrared photo detectors
and mode locking lasers. Analysis of InGaN based blue laser diodesis required for the research and development of future deep UV
laser diodes for bio-sensing applications. This technology emerged as the advancement of 3-dimensional Bulk model and it led to the
new technologies such as 1-dimensional Quantum wires and O-dimensional Quantum dots. Group Il nitride wide band gap
semiconductors have recently attracted considerable attention due to their applications for optical devices operating in the blue and
UV wavelength regions. This paper focuses on the design and modelling of a novel structure for the active region of InGaN blue laser

diodes
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1. INTRODUCTION

In a bulk material there is a continuum of energyes. As the
thickness of the material is reduced the numbeatoms per
unit volume decreases. The difference between trexgyg
levels is too high to be considered as continuunerwrgy
states. In such situations we can expect sub-bahdsergy
levels which are nothing but discrete energy levéisthe

material of such thickness is sandwiched betweetenmats
having a higher energy gap we end up with a pakemell

which has discrete energy levels in it which islezhla
guantum well.

The quantum well has additional features viz:

1. Reduced density of states when compared to bulk
structures.

2. Discrete energy levels.

3. Constant density of states in individual sub bands.

Due to the small size, low power dissipation arghlguantum
efficiency than solid state lasers, Semiconductsel diodes
(SLDs) have tremendous applications in the fidldpatical
data storage, printing, optical communications,cspscopy
etc. Because of the unique features such as simall lsigh
data storage capacity, high immunity to external EM
interference and therefore a longer life time, agitidiscs are
preferred over magnetic discs as secondary dateag&to
devices. On these optical discs, information i©oreed in the
form tiny grooves and planes by SLDs. The capaaityhe
disc can be improved by increasing aerial densftyhese
grooves. The area of the groove is proportiongh&incident
light wavelength. Thus the density and resoluti@an de
improved by a reduction in emission wavelengthhaf taser

diode. It was therefore necessary to produce lageich emit
shorter wavelength which led to the formation otidILaser
Diode.

Because of their quasi-two dimensional nature,tedas in
quantum wells have a density of states as a fumcticenergy
that has distinct steps, versus a smooth squatelependence
that is found in bulk materials. Additionally, theffective
mass of holes in the valence band is changed te closely
match that of electrons in the conduction band.s&h&vo
factors, together with the reduced amount of aatierial in
quantum wells, lead to better performance in optiEavices
such as laser diodes. As a result quantum wellsamide use
in diode lasers, including red lasers for DVDs dader
pointers, infra-red lasers in fibre optic transenit or in blue
lasers. They are also used to make HEMTs (High tilec
Mobility Transistors), which are used in low-noise
electronics. Quantum well infrared photo detectoes also
based on quantum wells, and are used for inframeatjing.
For decades, the blue laser was the ultimate diealaser
technology. Blue light is the shortest wavelengthvisible
light. By building a blue laser diode, we could dugple the
amount of data that could be read and stored oangpact
disc, a DVD player, etc.

2. MODELING OF BLUE LASER DIODE

The energy levels in the conduction band and valdrand of
Quantum well are determined by solving the 1D time
independent Schrédinger equation for a finite padbn
quantum well subjected to boundary conditions. Sdimger
equation is a mathematical model which describes th
behavior of a system as a function of spatial anuk tco-
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ordinates in terms of a wave functio®. solving the
Schrddinger equation in time independent form gitles
possible wave functions that can exist within tlegion.

Different ¥ functions give the possible energy levels in the

region.
Time Independent Schrodinger Equation is given by:

ploal

2m &x°

pr(x)+ 1 (e (%)= £ (%) (1)

E is the energy of the system.

Carriers at the edge of energy bands follow a pi@lE-k
relationship. They behave as free carriers as wedefor
uniform potentials. The carriers encounter no piidésninside
the well. The carriers encounter potential barridfs, at the
extremes of the low band gap semiconductor.

Substituting,
w(x)= Asin kx+ Bcos kx (2)
The equation becomes,

/ :uﬁ:
f__ (dsinkx+ Beoskx)= E(Asinkx+ Beoskx)  (3)
2m
This gives

L ()
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Outside the well, (x) =0 and (x) = A sinkx. Bog x = a,
where a is the thickness of quantum well, gives

kx =nx (5)
Thus the equation becomes,
b’
il e
Ima

This equation gives the energy levels in a quanieth. The
energy levels for different values of n can betglbtas shown
below:
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Fig- 1 Energy levels in quantum well

The wave functions can be plotted by giving,

[
== (7)
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which gives the equation,

e
siaf 22X (®)

Blue laser diodes emit light in the wavelength ahge
440nm- 485nm. This region of operation has led
applications in optical data storage i.e. in CDd &vDs and
high resolution printing. Emission of photons inetiblue
region requires a material having a band gap ofe/6

%)
)
“3

Fig -2 Wave functions in quantum well

3. DESIGNING OF BLUE LASER DIODE

This band gap can also be tailored by alloying widad gap
(>2.4ev) materials. The materials under investigativere
group 1lI-V, 1I-V1, and SiC investigation as theypgsessed
sufficient energy gap for emission in the blue oegi
Experimental results showed that laser diodesdated using
GaN had high internal quantum efficiency and lorigertime

inspite of having a high dislocation density. Thessults led
to the commercialization of GaN based blue lasedel. Thus
InGaN is used as the active region and AlGaN asldmdding

region. For the effective electrical confinemenbpfical field

in SCH structure, the refractive index differenetween core
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and cladding must be very high. The proposed stracis
shown below:

P-AlGaN Cladding: Aly 5Gag oN

GaN GaN waveguide
P*AlGaN EBL: Mg-doped Al ,Gay gN

MQW 3-5 quantum wells

GaN GaN waveguide

Cladding: Aly sgGagg,N

N-GaN GaN substrate

Fig- 3 Proposed structure

Laser diodes with different design layout have biedmicated
and most of the designs reported were SCH devitéshvhad
multiple quantum wells as the active region withNGas the
optical guiding region and AlGaN layer as the claddegion
Additionally there is an electron blocking p-AlGaldyer

which prevented overflow of electrons. Laser dioddh

different emission wavelengths, efficiencies, ottpowers
and threshold currents were reported by varyingptioperties
of each of these layers. The active region comgjsii InGaN
quantum wells is responsible for confining the ieas: The
proposed model is an SCH structure with InGaN M&@\the
active region, GaN as optical guiding region anG&N as the
cladding region for emission wavelength in the engf

440nm — 485nm. Multiple quantum wells are usechtwdase
the amount of power emitted by the laser diodehaspower
generated by a single quantum well is limited ey $hturation
effects.

4. STRUCTURAL ANALYSIS OF BLUE LASER
DIODE

When the InGaN quantum well is of thickness comiplarso
the scattering length of the carriers the carrids not
thermalize sufficiently to settle down at lower exestates. In
order to increase the fraction of carriers settlilogvn at lower
energy states a higher carrier density is needbi. implies
an increase in the threshold current density ofldser diode.
Multiple quantum wells solve this problem to somdeat.

Coupling of a quantum via a thin barrier to anotbarrier
increases the effective length of the active regibm get a
uniform distribution of carriers in the quantum iseif the

effective mass of the electrons in the quantumsnelbse to
the n — side is increased and the effective masolek in the
guantum wells is reduced then we can have a unifpimthe

distribution of carriers across the active regitfruniformity

is achieved the AlGaN blocking layer responsibler fo

preventing the carriers from overflowing can be ogad. The

problem with AlGaN blocking layer is that it prewenthe
overflow of carriers(electrons) at the cost of gased series
resistance and also presents a barrier to thefloreof holes
into the quantum well from the p-region. A doublarrier
guantum well formed by placing a wider quantum vedlbve
a narrow quantum well can reduce the carrier overfand
thereby causes a reduction in the threshold cudensity of
the laser diode. A 1D — photonic crystal is complosd
alternating stacks of layers having a low and higtex of
refraction. These structures reflect light at amjagzations,
any incidence angle and over a wide range of wagghes.

The emission in a quantum well is dominated by the
difference in energy levels between the lowestrdiscenergy
level in the conduction band and the highest discemergy
level in the valence band. The discrete energyldeire the
conduction and valence band are given are givesadbying
the Schrddinger time independent wave equatiorbéin the
potential wells in the conduction band and valetead
respectively. As most of the carriers settle dowto ithe
lowest energy level the emission energy is domahbtelower
energy levels. The emission wavelength is dependenthe
position of the energy levels relative to the badde.

5. SSIMULATION OF QUANTUM WELL IN BLUE
LASER DIODE

The wave functions and energy levels of InGaN quanivell

of thickness 60 micrometers have been simulatedhgusi
Matlab. The output is obtained by solving 1D Sclimgdr
equation for a finite potential well. The quantumellw
thickness in micrometer unit is taken along x-aitong y-
axis two parameters are taken: the energy of quantall in
eV unit and the wavefunction. The equation for ggpenas
been obtained as:

r- Watn (9)

¥,
2ma

From the equation, it is clear that E depends onlyhe no. of
energy levels as all the other parameters are @atnsthus for
different values of n=1,2,3 and 4, different enelgyels has
been plotted.

Also the equation for wave function gas been oletias:

i 1K:I' 3:.”“: #f?:-‘ ‘lﬂ]
ye

Here also, the wave functions depend only on thgevaf n as
all other parameters are constant. Hence waveituschave
been plotted for values of n=1,2,3 and 4. The lymeiptained
using matlab is shown below:
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Fig - 4 Energy level and Wave functions in InGaN quantum
well simulated using Matlab

A p-n junction semiconductor laser diode has tisadivantage
of improper optical confinement, leading to heavydes. So a
large current was required for the lasing actionDAuble
Heterostructure Laser Diode (DHLD) formed by sarahiig
a lower band gap material in between two higherdbgap
materials was a solution to this problem to an mxt&/hen
forward biased, the injected carriers were trapjedhe
potential well formed by the structure, therebyverging the
loss of carriers. As the thickness of this potdnivell
decreased, the lasing action was found to be cdatadh lower
threshold current densities which was the formatioh
quantum well laser diode. Thus the blue laser dioges
obtained.

6. CONCLUSIONS

Designs for the active region have been proposeatihieve
uniform distribution of carriers across the actregion of the
guantum well to achieve lasing at low energies #irashold
current density compared to the conventional |adiede

structures. These designs can also be applied@aNnLEDs

to prevent the overflow of carriers in the proposgntum
well laser diode structures. These results can [dieal

towards research and development of AlinGaN deefdadder

diodes. As for the future work, InGaN laser diotkesed on
the proposed structure have to be grown and testhd.
parameters like quantum well thickness, barriezkifiéss have
to be varied to get the lowest threshold curremisdg for the

laser diode that is the optimum laser diode design.
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