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Abstract: This research have included the studying of carrier heat phenomenon with the aid of transactions nonlinear gain
coefficients, the influence mole fraction on the wetting layer had been studied , we has been observed that the increase in mole fraction
lead to a change in the dynamics of carriers and determine the occupancy rate for each level, in addition to changing the energy gap for
structure and this is leads to an increase in the heating effect on the semiconductor material.
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1. Introduction

Semiconductor opt ical am plif ers (SOAs) have significant
practical in terestin d ata co mmunication ap plications,
because of their sm all size, high optical gain, low  input
power requirement, faster response time and large bandwidth
[1,2]. A quant um dot (QD) nanost ructure devi ce shows

excellent nonlinear propert ies and can be usedt o devel op
semiconductor devices when used in their active regions [3].

Carrier heat ing (C H)i n semiconductor lasers and
semiconductor opt ical am plif ers (SOAs) refers to the
phenomenon that the temperature of the carriers [electrons in
the conduction band (CB) or holes in the valence band (VB)]
is higher than the lattice tem perature [4]. CH is 0 ne of'the
mosti mportant phy sical processt  hat induce gain
compression, which is crucial in determining the high speed
modulation characteristics of semiconductor lasers and ultra-
fast gai nrecovery of SOAs and has't herefore been
extensively investigated [5]. Due to the large effective m ass
of holes, the temperature change in the VB is relatively small
and therefore the CH in the VB is usually neglected [4].

The major sources of heating effects in SOAs are carrier
recombination, where the "cold carriers" which are close to
the band edge are rem oved [6] and free carri er absorption
(FCA) whi chi ncludest he phot on absorpt ionby t he
interaction of free carrier with inth esam eb and[7 ].
Consequently, the temperature and energy of carrier will rise
higher th an th at o fth e lattice, th ermalization will o ccur
where the carriers transfer their excess energies to the crystal
lattice through interaction with phonons [8] . Several of
researches studied the effect of carri er heat ing i n bul k,
Quantum Well and Quant um dot [9-11] t o obt ain perfect
preference of device.

In th is p aper, we are in  troduced a theoretical model to
decrease of carrier heating effect and investigate an
influence of mole fraction of wet ting layer on the nonlinear
gain coefficients which are re flect the heating generated in
SOA material.

2. Carriers Relaxation Times in QD SOA

We are treated with the rate equat ions fort he el ectron
transitions between the WL, GS, and ES used i n [12], [13]
and si milar t o [14] , [15] . t he chosen rat e equat ions are

composed of t he two energy levels in the conduction band
are taken into account in this study. This system accounts for
the fast tran sitions from WL to ES with the relaxation time
T\EVSL 0 3 ps[11],t he fast transitions bet ween ES and GS

with the electron relaxation time from ES to GS, an dthe
electron relax ation time from GS to ES 75 [ 1.2 ps[11],

and the slow spontaneous transitions and electrons escape
from ESbackt oW L with the spontaneous radiative

time 7;; [l 0.4 ns, t he spontaneous radiative lifetime in WL

0 1 ns, and the electron escape  time 7,,, I 1ns. The

Twr
balance between the WL and ES is determined by the shorter
time 7,,, of QDs flling. ES level carriers relax quickly to
the GS level serving as a carrier reservoir for the GS level
[16].

The relation that relates carrier capture
times is as follows [17]:

and carrier escape

AEY)
c(v) _ c(v) Y KgT
Ty TTx D_e ’ (1)
X
c(v)
where AE, s the energy difference between the state y

and the state x in the conduction (valence) band and D is the
degeneracy of the considered confined states,

3. Carrier Heating in QD SOA

The analysis are studied carrier heating in QD are collected

between two theories, d ensity m atrix th eory an d wav e-
mixing t heory, t he densi ty-matrix form alism are used to
calculate the polarization induced by an electrom agnetic
field in a sem iconductor m edium. W ave-mixing condition
satisfy by considering the case of copropagating pump and
probe waves and assume the amplifier to be of the traveling-
wave typ e.In th eg eneral case, nonlinearities in the
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semiconductor material lead to the generation of fields at the
combination frequenci  esw, = @, £j6 ,j=+1,£2,..., where

0 =, —, isthe det uning frequency . The electric field

E(z,t) induces a nonlinear polar ization in the active medium
of the amplifier is given as [6]:
P(00,,0,,0,) = £,X, (o,)E, +&,X (0;0,0,)E,

E2 *
+g,X (@12(’325@0)ﬁE2 (2)
0

The m ost i mportant cont ribution of t he pump beam to the
saturated susceptibility X with occupation probability, stems
from the change of the carrier density induced by the pump,
but X also has cont ributions from carri er heat ing and

spectral-hole burni ng (SHB ). The carri er density pulsation
(CDP) and carrier heat ing effect s ent er t hrough the Fermi
function and spect ral-hole burni ng ent ers t hrough the term
proportional to Ay(w,) , which gives the spectral shape of

the hole burned by the pump. The susceptibilities X, which
account for coupling between the different field components
mediated by beating with the pump can be decom posed into
contributions from CDP, CH, and SHB [6]:

X — XCDP + XCH + XSHB (3)
The susceptibility due CH contribution Which we are
concern with studying is derived as [11]

1 h't, cn og(w) .
XCH — X _“in _
x (l—iS’ESHB)(l—i&Cm)( o o, ((XTX (OJ)+1)
2¢, nclE, | _
{OTM]( o, N, ho— g((o)Ec’O) (4)
where [11]
e ] (5
Tsus Ten T

Tgup and 7, éH are the SHB and CH time constant, o_ is the
cross-section, pgs is the occupation p robability o fES at

steady-state, l\_lW is the carrier density at steady-state, ¢ is
the line width enhancem ~ent factor for CH, g(w)isthe
material g ain, E_, isthe energy at ground st ate,ci sthe

velocity of speed and n is the reflective index .Depending on
the analytical solution of pulse propagation inside QD SOA ,
the nonlinear gain coefficient due C H is derived andi tis

given by [3]:
N, EZ, h't, c. N_ho

= ’ X mn 1_ X W 6

Kenx {KﬁT2 J (Tlr)(l—i&tm) ( g((’))Ex,OJ ()

4. Results, Discussion and Conclusions

The aim of this study is introduce analytic model to simulate
an influence of carrier heating phenomena in semiconductor
material, CH nonlinear gai n coeffi cients are support us

important i nformation about t he heat ing generate inside
material. This model described carrier dynamics between the
wetting layer and dot, disk model is used to calculate energy
levels for ( GaAs/ InGaAs/InAs),t he changi ng of m ole

fraction of this structure will be change the energy level and
the energy splitting between GS, ES and WL levels. The our
calculations for m ole fraction (z=0.3, 0.35 and 0.4) versus
energy level splitting is given by the following table

Table 1: show mole fraction versus energy splitting

Energy level
Mole fraction WL ES WL
AEES AEGS AEGS
0.3 0.0188 0.1477 0.1665
0.35 0.0702 0.1472 0.2134
0.4 0.1159 Q.1471 0.263

The change o f energy splitting between levels is restrict o f
number of carriers in each levels as result of lim  itation of
time rel axation for1 evels. Fi gures (1 and 2) show the
influence of increase m  ole fraction for W L with CH
nonlinear coefficients, the resu Its refers to in crease th is
parameter wi th i ncreasing mole fraction. As we know, the
mole refraction is related d irectly with en ergy g ap, with
increasing m ole fraction ( >0.47 )energy gap becom e

indirect gap so that the impact of heating will be dominant,
also the change of K¢y with carrier density and det uning
are agree with global research [10].
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Figure 1: illustrated CH nonlinear gain coefficients versus
detuning.
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Figure 2: shown CH nonlinear gain coefficients versus
Carrier density.
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