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Abstract: The gain and saturation output power of In ,Ga,, As-GaAs single quantum-well semiconductor

optical amplifiers is calculated. A single quantum-well semiconductor optical amplifiers will have a positive

gain versus I,;=0.371,. The gain and saturation output power increases with the I

Key words: Gam - Saturation output power -

Semiconductor optical amplifier -

/T, enhancement.

inj

Rate equation - Imjection

current
INTRODUCTION
Semiconductor optical amplifiers (SOAs) are

optoelectronic  devices witch offer very promising
features for the optical treatment of information. They
offer the distinct asset of performing multiple operations
at the same time and the user can take advantage of both
the linear and nonlinear behavior of SOA’” 5. SOAs are
currently realized in a variety of different structures, with
the active region consisting of bulk materials [1] or
quantum wells (QWs) [2]. QW have successfully been
used in laser to give low threshold currents, high-speed
operation and narrow line widths [3], [4]. These
advantages arise from to basic properties 0f the QW’s mn
the laser: the small active volume in which you need to
achieve population inversion and the high differential
gain [5]. The use of quantum wells for optical amplifiers
has surprisingly received much less attention [5].

An 1deal SOA should possess a large gam of
frequency bandwidth and a high saturation power. In
linear end nonlinear applications, SOAs with high bt rates
have received remarkable attention; thus highlights the
mnportance of gain recovery rate enhancement. In
conventional SOAs this rate, which 1s limited to carrier
recovery rate and related to input power and injection
current. Optical amplification usually reduces population
inversion. As the input power increases, electrons’
reduction rate increases to such an extent that the
population inversion cannot remain fixed; this results in
a reduction in gain [6, 7). Gain saturation, which 15 one of

the most important factors in optical amplification
process, is determined in light of saturation output power
and causes inconvenience in the shape of the amplified
signal. Saturation output power impacts the dynamic
range and restricts the maximum accessible amplifying
power [&].

In this paper we calculated quantum-well gain as a
function of current density in the standard way [5] and
extend the calculation to consider the gain and saturation
output power of InGaAs-GaAs laser Amplifier and we
offers a solution to above problem by enhancing gain and
saturation output power by means of injection current
enhancement.

The method used here the Fimte Difference Method
(FDM) [9]. The Schrodinger equation is
numerically first to determine the energy states within a
quantum well and then by injection current, the
Pseudo-Fermi levels are calculated. The gain 1s then
calculated based on the Fermi’s golden role. This m tum
yields threshold current density. In order to model the
behavior of the amplifier, the change carrier and the
photon rate equation are solved m coupled from through
finite difference method and self consistency [10, 11].

solved

THEORY

The Rate Equation Model: Fig. 1 illustrates the modeled
transport processes in a SQW semiconductor lasers
and Amplifiers [12]. The simulated amplifiers have a
structure defined as follows: In,Gag As-GaAs. Generally,
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Fig. 1: Carrier transport processes being modeled in SQW amplifier structures
in this simulation the wavelength of the input signal is ANgewy — Neews  Neewn +ﬂ (Vwe,,)+§ Nt
constant and the maximum gain of the amplifier is at a dt Ty TuenNem2)  Te Vien Ty

wavelength of 1.55um.

Two independent carrier rate-equations are used
for the separate confinement heterostructure (SCH)
layer [13]: one for the region to the left of the well (N,,)
and another for the on to the right (N,,). They are
normalized with respect to the volume 0f each SCH region
[13,14].

The 2D carrier (N,) distribution in the well is
modeled by a third equation. This 2-D carrier is
normalized with respect to the volume of the equation well
[13, 14]. If we assume injection from left of the SCH, then
the rate of change in the carrier density in the left SCH
region is.

N
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The rate of change in 2-D carrier density in the
quantum well is:

dN 1 N schl V\'ch
—=(1- RN, 1772 N QA 7/ Sy R
dt (=) T,

_ N.\'chl. M
a-plen.[Fun

well well

MM V&N X1-€l,S)S
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For the SCH region to the right, the rate of change in
the carrier density is:

3

The r ate of change in the photon density is given
by the usual equation:

ds S
— =T w,gN)(1-el,S)S ——+ B
dt Tp

N 4
Tn(NI)

Where I is the injection current, q is the electronic
change, Such is the volume of one side of the SCH
layer, 7, is the carrier transport time in the SCH region, T,
is the carrier thermion emission/escape time, & is the
leakage factor mentioned earlier, I', is the optical
confinement factor of the single quantum well, g(N) is
the carrier-density dependent gain, S is the photon
density normalized with respect to the volume of the
quantum well, Vwell,1, is the photon life time, ¢ is the
gain compression factor, § is the spontaneous emission
factor, n, is the internal quantum efficiency, v, is the
group velocity and both 7,, and 7, are the carrier
recombination life time in the SCH region and in the
quantum well, respectively [12]. The -carrier-density
dependent carrier recombination lifetime are given by

7,=[A+ BN+ CN]™
Where A, B and C are the usual recombination

coefficients. The set of values for coefficients A, B
and C shown in Table 1 requires some clarification.
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Table 1: Parameters Of the Rate-equation Model [12-14], [18, 21, 22].

Symbol Parameter Value

Inj. eff It 0.95

Width (SCH) Lok 130 nm

Width (W) Ty 4.8 nm

Therm. Em. i 20 ps

Transport time ¥ 13 ps

Gain comp. factor g 1.0*1071 em?
Internal loss gt 11.8cm™
Temperature T 300K

Optical conf. Ty 0.02

Initial dens. (SCH) Nen 4*#101 em
Initial dens. (QW) Na 4#10" o3
Threshold dens. N 9%10' ¢ ?
Traps coeff. A L1*1¢F !
Spont. Coeff. B 0.7*1071° em’s !
Auger coeff. C 0.6*107% cm®s!
Teakage factor £ 0

Spont. Em. factor B 1#107¢

Material gain coeff. Gy 1500 cm™!
Group vel. v, 8.5%10" m/s

By defimtion 7, used here i1s twice that used by
Nagarajan et al [13-15]. Also (1-€l',S) is used because
the photon density 1s defined assummg all the photons
travel within the active region [16, 12].

Gain: The carrier-density dependent gain of a single
quantum well is taken as the logarithmic gain-current
density relationship as defined in [17]:

AN + BN + CN3
ANy + BNE + CN3

g(N) =Gyln( (3

Where N is the carrier density in that particular
quantum well, G, is the gain coefficient and AN+BN+CN’
accounts explicity for the role of each recombination
process through the recombination coefficients A for
Capture at trap centers, B for spontaneous emission and
C for Auger recombination [18]. The benefits of
mcorporating strain in QW devices should be reflected in
an increase in the value of G, [19] and a reduction in both
the transparency current density [19, 20] and Auger
recombination rate [20]. The usual linear form of the gain
is only suitable for small signal analysis, [12-14].

Broad-Area Threshold Current-Density of SQW
Amplifiers: The Broad-Area Threshold current densities
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Of 980nm InGaAs-GaAs SQW laser have been studied
analytically by Coleman et al. [21]. The equation for the
threshold current density of SQW laser is:

Jo

o+ O
exp[i“llt G ]
w0

Jy = (6)

I

Where «,_, 1s internal loss, e, 1s the mirror loss and

both I, and J; are the current densities at threshold and

transparency, respectively. These current densities can be

expressed in terms of the corresponding carrier densities

at threshold, Ny, and transparency, N, and the width of the
quantum well, Lz [12, 17].

Jo = gL, (AN + BNZ + CN3) (7

_qlz

J, ANy + BV, + V) (8)

I

SIMULATIN RESULTS

The results of the analysis of quantum-structure
amplifiers show that the iyjection current of the traveling-
wave semiconductor amplifier falls below the threshold
current. Also, in the amplifiers of the traveling-wave type
the resistance of both ends 1s set to zero in the ideal
condition although in reality they put up small quantities
of resistance. All the parameters employed for the
simulation are presented in Table 1.

Initially, we will show how much imection
current 18 required for an amplifier to result in gain.
Certainly, the larger the input power is (before reaching
the saturation level), the better the amplifying conditions
are provided in smaller currents. Here the input amplifier
15 assumed equal to -60 dBm. As plotted in Fig. 2 the
amplifier will have a larger gain versus I,; /I,. It is worth
noting that the larger the current used for the amplifier
iyjection, the smaller the currents at which the amplifier
will be saturated.

In order to calculate the mput power, the amplifier’s
behavior in different time-intervals should be understood.
The time-ntervals should be specified in a way that makes
it possible to measure the precise input power which
begins in each particular time. Having performed different
observations, the range from 65-dBm to -15 dBm was
selected as the optimally fitting range. In Fig. 3, I/, is
equal to 0.9 and the amplifier 1s divided into 20 sections.
As seen in the figure, the amplifier’s gain begins to
decline around -52 dbm, which happens under the
influence of saturation output power.
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Fig. 4: Amplifier’s gain versus input power at I,,/1,=0.9

As the input power increases, the amplifier cannot
sufficiently amplify the input signal; this is because the
constant population inversion caused by a constant
injection current is negated by the input signal and hence
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Fig. 6: Amplifier’s gain versus input power at different
injection currents

begins to decline; this results in the reduction of the
amplifier’s gain, which is directly related to carrier density.

In order to measure the saturation output power,
gain changes should be plotted as a function of output
power. In so doing, the range needs to be relocated since
in the powers larger than the output power, the amplifier
will become saturated. In Fig. 4 the curve has been plotted
at I, / 1,= 0.9 with Psat=4.6 dBm.

In Fig. 5 the impacts of the injection current changes
on the amplifier’s behavior is plotted. Not surprisingly, as
the current increases the amplifier’s gain grows larger
than its previous magnitude. This figure is plotted at three
quantities, I,,/I,, =0.8, 0.9 and 0.99.

The total sum of the injection carrier density
increases with the injection current improvement. The
closer the amplifier injection current to the threshold level,
the smaller the powers at which the amplifier becomes
saturated.
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Another notable point is the change in the magnitude
of the output power. In Fig. 6 the saturation output power
increases with the I, /I, enhancement because in this
state the occurred population inversion rate keeps
constant as a function of a larger mput power. Saturation
powers will be -4dBm, -4.6dBm and -5.05respectively.

CONCLUSION

In order to have a higher saturation output power,
the current increases along with the
The injected light should have a wavelength around gain
peak. The total sum of the injection carrier density
mcreases with the imection current wnprovement. The
closer the amplifier mjection current to the threshold
level, the smaller the powers at which the amplifier
becomes saturated.

Increase m the amplifier mjection results m a growth
i saturation output power and the increase 1n the input
powers results in further changes in gain and output
signal wave, thereby increasing the output signal wave at
the input powers larger than saturation.
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