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Abstract
In this paper, a nonlinear circuit model for the input of VCSELs based on rate equations is presented. Both parasitic and thermal
effects have been included in our model. The model parameters are extracted in two steps, DC and AC measurements. There is an
acceptable agreement between simulation results and measured data at 3 MHz to 3GHz.
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fixture and package leads, but implement Sutono’s model [6]
for wire-bonds. Our first proposed model is shown in Fig. 1.

I. INTRODUCTION

L0

Vertical-Cavity Surface-Emitting Lasers (VCSELs) have
become one of the most important components for the optical
interconnections. Until now, various circuit models have been
presented, which models both intrinsic behavior of VCSELs
and also their inputs. In [1], a VCSEL circuit model has been
presented, which is based on thermal rate equation and describe
the internal behavior of the laser. In [2] and [3] simple RLC
and LC models have been introduced for input modeling. In [4]
there are two LC stages which model wire-bonding and
package lead parasitic and a resistor for intrinsic VCSEL
modeling. In [5], a compact nonlinear equivalent circuit model
has been developed for input modeling which uses the model in
[1] for intrinsic VCSEL model. This input model includes
circuit model for text fixture, package leads and wire-bonds. In
[6-7] other equivalent circuit models have been discussed. At
higher frequencies, there is lower accuracy compared with
measured data. In order to overcome this limitation, we have
developed a more accurate model for parasitic effects. In
section II, we will describe this model. In section III, we see
how the parameters of the model are extracted, and in section
IV, results are presented. Section V concludes the paper.
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Fig. 1. First proposed equivalent circuit model for the input of the
VCSEL

In this model, Ln represent the wire inductance, Rn represent
radiation loss, Cp represent substrate capacitance and the wire
capacitance to ground , and Lp represent end inductance caused by
the bonds and is constant.
The intrinsic model is based on Minoglou’s model, which uses a
nonlinear temperature-dependent current-controlled voltage source
in shunt with a nonlinear capacitance Cj, and a series resistance Ra.
The second model has also been developed, which uses a complete
transmission line model for wire-bonds. At high frequency,
elementary model for line has low accuracy and needs to use this
precise model. Our second proposed model is shown in Fig. 2
L0

II. MODEL DESCRIPTION
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In this paper, we present a new input VCSEL circuit model
for wire-bonds, which can achieve better match between
simulated and measured data at higher frequencies 2-3 GHz. In
[5], Minoglou et al modeled text fixture with L0, R0, C0, and
package leads with Cl and Ll. We use the same model for test
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Fig. 2. Second proposed equivalent circuit model for the input of the
VCSEL

In wire-bonds model, Gm and Cm are added due to
transmission line model. We use Cp for combination of Cm and
the previous Cp.
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IV. RESULTS
III. PARAMETER EXTRACTION
For extraction of the first model’s parameters involving in
current-controlled voltage source equation (equation (1) in [5]),
DC measurement data is required and it is extracted with
Matlab fitting, which employs Levenberg method. For the
second step of parameters extraction, we use the S11
measurement data and the previous extracted parameters in
ADS simulator for optimization of initial values. Thus, the
second set of the parameters (L0, R0, C0, Ll, Cl , Lp , Cp , Cj) is
extracted. The extraction values for DC and AC parameters are
given in Table 1. Fig. 3 illustrates the measured and modeled
V-I data. These data are used for extracting DC parameters. AC
parameters are extracted from measured S11 data. At the next
step, we use a complete transmission line model for wirebonds.

Using parameters of Table 1, we have simulated the device.
In Fig. 4, which belongs to our first model, it can be seen that
at higher frequency (2-3GHz), there is a better agreement with
measured data. It can be improved in Fig. 5 with the second
model. In Fig. 6, it can be seen that the second proposed
model has performance better than the first one at higher
frequencies.

Table 1: Parameters resulted from fitting the VCSEL model to
experimental data

Fig. 4: Measured values, previous model [5], and the first proposed
model S-parameters for VCSEL at the bias current of 5 mA.

Fig. 3. Measured values (dotted line) and simulated (continuous line)
V–I characteristics of VCSEL at various ambient temperatures.
Fig.5: Measured value, previous model [5] and the second proposed
model S parameters for VCSEL at the bias current of 5 mA.
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