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INTRODUCTION

In recent years the Vertical Cavity Surface Emit-
ting Lasers (VCSELS), have emerged and threaten
to supplant the standard laser technology in a vari-
ety of applications, such as short hull high speed
networks and MOEMS. Thus, motivated by the
fact that the ability to model VCSELSs is critical to
the design and analysis of optoelectronic micro-
systems, we propose a new model scheme that
will combine the non-linear behavior of the input
parasitics with the intrinsic fundamental device
rate equations. A systematic methodology for the
model parameter extraction from dc and ac, elec-
trical and optical measurements is also presented
and simulation results are compared with the ex-
perimental measurements. Simulation and extrac-
tion procedures are proved to be very fast while
they preserve adequate accuracy.

MODEL DESCRIPTION

The proposed circuit model for a packaged
VCSEL is illustrated in Fig. 1. Ly, Ry and Cy,
model the connection to the measurement equip-
ment and inductance L, with capacitance C, repre-
sent the parasitics of the package-leads as well as
the wire-bonds of the package. The intrinsic
VCSEL is modeled by a series resistance R, in
shunt with a non-linear capacitance C; and the
combination of a non-linear temperature-
dependent current-controlled voltage-source Einp
with a series resistance R,,, and an ideal diode
D, Intrinsic voltage drop Einp and the intrinsic
capacitance of the VCSEL are modeled according
to the semi-empirical equation and to the junction
diode's equation presented in [1]. The internal de-
vice temperature 7, the carrier density and the
photon density, which is equivalent to the output
optical power are dynamically calculated using the
respective rate equations [2]. Moreover non-linear
gain and transparency number and temperature
dependent leakage current are included in the
model.
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Since a circuit simulator is a differential equation
solver, the rate equations can be solved with such
atool by mapping the dynamic quantities (i.e. the
electron and photon populations) into node volt-
ages, which are dynamically calculated. Working
towards this direction, we have implemented al
rate equations based on the analysis of Mena[2] in
OPSIM™, As an example in fig.2 is presented the
equivalent circuit (with the expressions for the
circuit elements) that corresponds to the following
photon density equation:

as _ _i+ﬁN0+ Go-zn(y,No—y,Ni-y,Nt-zn)S
dt Tp n 1+gS
Where tp, w,p, No, Go, zn, y,, y; and ¢ are model

parameters.

PARAMETER EXTRACTION PROCEDURE

Due to the large humber of the model parameters
(16 for the input circuit and 24 for the rate equa-
tions) a three-step parameter extraction methodol-
ogy is proposed to estimate them by dividing them
into distinct groups. The parameter estimation is
achieved by using I-L-V dc characteristics meas-
ured at four ambient temperatures and S11 and
optical signa ac responses for various bias cur-
rents.

In the first step the dc dependent parameters of the
input circuit (such as R, R;,; and R,) are estimated
using as input to the optimization tool the dc cur-
rent-light (I-L) characteristics and as targets the
measured 1-Vs. In the second step, using the pre-
viously calculated values, the optimization target
is changed to S;; vector measurements and the
remaining parameters of the input circuit, which
influence its ac behavior (such as L,, R,, C,, L,
and C,) are estimated. In the above procedures the
rate equation that affects the results is only the
thermal one, which is used to determine the inter-
nal device temperature. Thus, in the third step, the
parameters of the carrier and photon rate equations
as well as gain, transparency number and leakage
current parameters are estimated using as optimi-



zation targets the dc I-L characteristics and the ac
optical response.

As it is shown in Figures 3 and 4 satisfactory
agreement between measured values and smula-
tion results for a commercially availlable VCSEL
is achieved using the proposed model and extrac-
tion methodol ogy.

Unambiguously, the level of model complexity
and the different nature of the parameters (physi-
cal, geometrical, fitting values), suggest that
methods like sensitivity analysis, classification of
the parameters, possible calculation or estimation
based on published values can significantly im-
prove the extraction methodology. Currently we
are developing the parameter extraction procedure
pursuing the goal to be robust and efficient. Up to
now the two first steps of the parameter extraction
methodology have been successfully completed
while the third one needs further refinement due to
the increased number of parameters.
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Figure1l The proposed circuit model of the VCSEL.
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Figure 2 Equivalent circuit for the photon rate equation

328

CONCLUSIONS

A compact and efficient VCSEL model for the
VCSEL that models by means of equivalent cir-
cuits the fundamental device rate eguations, the
thermal effects, the non-linear gain and transpar-
ency number functions and the input parasitics
elements has been presented. The parameter ex-
traction is based on standard dc and ac measure-
ments and it is achieved by athree-step procedure,
which divides model parameters into distinct
groups. Simulation results, using the proposed
model, present satisfactory agreement with the
measurements.
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Figure 3 Measured values (dots) and simulated (continuous

line) 1-V and I-L characteristics at 20°C
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Figure 4 Measured (dots) and simulated (continuous line) S11
and optical ac responses at abias of 6 mA





