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Abstract

Effect of scattering parameter is that the effect which it is effected on the
operating characteristics of direct modulated semiconductor lasers by small signal
analysis for injection current density , where this parameter is effected on amount
of quantum confinement carriers density where the part of this carriers density is
lost in the active region. The scattering parameter leads to appear the nonlinear
gain effects which they are reduced the response frequency of the direct
modulation process.

We use the rate equations of the single-mode semiconductor lasers and that they
have characteristics are used to continuous-wave small-signal modulation. We can
presented this effect and discussion it by the simple two-port device.



I. Introduction

The main application of semiconductor lasers is as a source for optical
communication systems, where the output of the semiconductor lasers is
modulated by applying the electrical signal either directly to the optical source or
to the external modulator [1]. In direct modulation , the typical approach to
enhance modulation band width is to fabricate the high speed semiconductor laser
using new materials and structures[1,2]. For example, 33GHz GaAs-based
penudomorphic multiple-quantum-well (MQW) ridge-wave guide laser have been
reported[2]. However, When the electrical signal applied to semiconductor laser is
small signal ,this leads to the distortions that they are appeared in the output of
laser will be decreased. But calculation of this signal is depended on the scattering
parameters[1,2].

I1. Theory and analysis

For a semiconductor laser which is operating above threshold, the output power
depends linearly on the input injection current. It is then expected that for an ac
current input with a dc offset above threshold, the optical output power will have a
corresponding ac and dc component as depicted in Fig.1[3]
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Fig.1 Graphical representation of output power modulation by input
current modulation in a semiconductor laser

To examine the dynamics of the output power dependence on input current under
ac modulation, rate equations for carrier and photon densities are used [3]:
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Where N is the carrier density (cm™). n; is the injection efficiency , J is the
current density (A/cm?).q is the elementary charge (C ), d is the gain region
thickness (cm), 1 is the carrier lifetime (s) , v is the group velocity of light in the
material (cm/s). g(N) is the gain coefficient (1/cm), S is the photon density (cm™)
, I' is the optical confinement factor. tp is the photon lifetime (s). B is the
spontaneous emission factor , and Rgp IS the spontaneous emission rate per
unit volume (cm™ S™).

Each term of the rate equations corresponds to a physical process which occurs to
change the total number of photons or carries .In eq. ( 1) , the carrier density is
increased by the first term , the injected number of carriers

per unit volume per second (n;J/qd). The carrier density is decreased due to
radiative and nonradiative recombination events which are lumped together in
the second term(N/ t), and also due to stimulated emission (v g(N)S).In eq.(2),
the photon density is increased by stimulated emission (I'v g(N)S)) and a fraction
of the spontaneous emission which couples into the lasing mode (B Rsp ). The
photon density is decreased due to absorption and cavity losses (S/ tp )[3,4].

For this analysis , the gain term will be approximated using a nonlinear model as
shown in eq. (3), where g, and g are the gain and differential gain |
respectively. At the bias point N, and the 1+¢S term accounts for gain
saturation which occurs at high photon densities where ¢ is the gain suppression

factor[4].
_go"‘g/(N_No) 3
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The equations for the total injection current density . carrier density , and
photon density are given in Equation (4a), (4b), and (4c) , respectively[4] :

J(t) =J, + i(t) (4a)
N(t) = N, +n(t) (4b)
S(t) =S, +s(t) (4c)

For small-signal analysis , the ac variations j(t). n(t) .and s(t) are assumed to be
very small compared to their dc counterparts Jo , Ng,and Sy, . The dc steady
state solutions to the rate egs. (1) and (2) can be obtained by setting the
derivatives as well as the ac components of the current, carrier, and
photon densities all equal to zero ,and solving for S, and Ng interms of J,
[5].

Assuming an ac sinusoidally varying current, carrier , and photon density,
the rate equations can be analytically solved through the use of the phasor
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expressions j(w),n(w),and s(w), where ® is the angular frequency of
modulation . Substituting in the steady state solutions of S, and Nginto the
solution for s(w) and dividing by j(o) yields the small-signal modulation
response[5] :
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Where ( assuming negligible spontaneous emission ) the relaxation oscillation
frequency fi=w/2m and the damping coefficient y are given by Equations (6)
and (7), respectively.
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In eq. (7b) , the K factor ( with units of seconds ) has been defined for
convenience .

The small signal bandwidth of the device is defined as the frequency at
which the modulation bandwidth is equal to one-half the value at dc . this
corresponds a 3-dB drop on a logarithmic scale. and as such, the bandwidth
is often termed the 3-db frequency . it can be shown that the maximum 3-
dB bandwidth possible occurs when the following condition is met[4] :

207 =y* =K*f?
From eq. (8), the theoretical maximum relaxation oscillation freque (g)
found to be

272 9)
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Unfortunately, this model is somewhat poor for a real semiconductor laser.
Parasitic effects such as series resistance, capacitance between the contact pads,
and capacitance due to the oxide region create the need for a more accurate model
oxide-confined devices are primarily limited due to the capacitance of the oxide
region. Adding another term to the modulation transfer function yields the three
pole model[5,6]:
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Where wp, is the frequency of the pole due to the parasitics.
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To accurately calculate the small-signal modulation characteristics of the
photonic crystal semiconductor, scattering parameters were employed. Fig.2
illustrates a simple two-port device (due to high frequency operation, transmission
lines must be considered) [6].
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Fig.(2) Linear two — port device model

The voltage and current at port one and port two are defined as

Vltotal =v+ +V—andV2tOta| :V2+ +V2_ (11)
Itotal V7 an d| total V2+ _V27
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The normalized forward and backward traveling waves are defined as
- (12)
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The system scattering parameters ( or S- parameters ) are defined as
b, =S8 +S,,a
1 1171 1272 (13)

bz =35,13; + 5,2,

By matching the end of transmission line connected to port 2 (in
Fig. (2)), the reflected wave b, becomes zero. it is straightforward to
show that S,; (often called the system transmission ) is given by[6]

Sy = \Q A+S,,) (14)
Vl

And for small or constant S;; , which is valid when the two port device is

either matched to Z, or has a very small reactance associated with it , the

transmission S,; is proportional to the voltage gain of the system[7]

V, (15)
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Under bias, all semiconductor lasers show a small- signal linear relationship
between injection current and input voltage . therefore, by using a high-
speed photodetector which gives a small-signal linear voltage response which is



proportional to the input light power, the transmission S,; is proportional to the

small signal modulation response[6,7]
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I.e. The transmission S, is calculate as a function of frequency. Therefore S,; is

given as
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Where €, and i are dielectric and permeability in the vacuum.
Table(1) is parameters values of the 1.3um Buried hetero structure lasers[2].

Table(1)[2]
The parameters values of 1.3um Buried hetero-structure laser
Parameter Symbol Value
Active-layer thickness D 0.2 um
Cavity length L 250 um
Active-region width W 2 um
Group velocity C/Ug m/s
Effective refractive index ; 3.4
Group refractive index Mg 5
Carriers recombination lifetime Tep 2.2ns
Photon lifetime 7o 1.6ps
Confinement factor r 0.3
Threshold current lin 15.8mA
Fraction of spontaneous emission B 10"s™t
entering the lasing mode
Gain compression factor € 3x10™% m°/s
Confinement factor of port one [ (portone) 0.023

I11. Results and Discussions

From the table (1) and the egs.(10) and (17),Fig.3 shows the relaxation resonant
frequency (f;) as a function of the square root of the photon density (+/P ), we can
observed from this figure the relaxation resonant frequency without scattering
parameter effect is higher than these frequency with scattering parameter effect
due to the scattering parameter on the small signal will decrease the injection
carriers density. In addition, this different between two frequencies will lead to
nonlinear gain effects where this effect will reduce the response frequency due to
the K- factor will decrease{ where we can calculated the K- factor from Fig.3
which it is represented the slope of the curve } this leads to the damping rate and
the response frequency will reduce .
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Fig.4 shows frequency response as a function of the modulation frequency
where we are observed the different between two cases of frequencies response s
due to the effect of the scattering parameter on the small signal

5
without scattering parameter
with scattering parameter
\\
A\
. \\\
o \\
E \
[<F] \
(%2} \
= \
o \
§ \
(a4 \\
\
-5
\}
\
\
\
\
\
\
A\
\
\
-10
0 1 2 3 4 5 6 7 8
Modulation frequency(Hz) % 10°

Fig.4 The Response a function of the Modulation frequency



V. Conclusions

The single mode semiconductor lasers were characterized under small signal
modulation. The modulation response is limited due to the scattering parameter
that this is appeared in the small signal analysis where this is effected on amount
of the quantum confinement carrier density where the part of this carriers will loss
in the active region . In addition , this effect leads to the appearance the nonlinear
gain effects, where this effects will reduce the damping rate and the response
frequency. This means the performance of the modulation for semiconductor
lasers will limit.
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