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An Equivalent Circuit Model for 850nm VCSELSs
Based on Measured S-parameters

Kihun Kim?*, Junseo Kim?!, Jaeyoung Kim?, and Woo-Young Choit
!Department of Electrical & Electronic Engineering, Yonsei University, Seoul, South Korea
2Qualitas Semiconductor Co., Seongnam 13558, South Korea
* khkim511@yonsei.ac.kr

Abstract—This paper presents an equivalent circuit
model for Vertical-Cavity Surface-Emitting  Lasers
(VCSELs) implemented in Verilog-A, a standard circuit
simulation tool. Our model accounts for electrical as well as
optical characteristics of a VCSEL, and allows an easy and
accurate simulation of VCSEL output when it is modulated
by an electrical circuit.

I. Introduction

Vertical-Cavity Surface-Emitting Lasers (VCSELS) are
very attractive for short-distance optical interconnect
solutions especially in data center applications. They are
capable of very high-bandwidth optical data transmission
over multi-mode fiber with high cost-effectiveness.
However, VCSELs have intrinsic nonlinear modulation
characteristics, which make designing of efficient driver
circuits quite challenging especially for PAMA4
applications. Although the VCSEL rate equations can be
used for modeling VCSEL modulation characteristics[1, 2],
they are complicated and not compatible with the standard
electronic circuit design environment. In this paper, we
demonstrate a VCSEL equivalent circuit, which is accurate
and easy to use.

1. VCSEL Modelling

Fig. 1 shows the proposed equivalent circuit for the
VCSEL. The left side accounts for the VCSEL electrical
characteristics and the RLC circuit in the right side
represents the two-pole transfer function for the VCSEL
modulation frequency response.

Fig. 1 VCSEL equivalent circuit model

The numerical values for the circuit elements within the
equivalent circuit can be determined by matching
measured S11 and electro-optical S21 parameters with the
simulated results of the equivalent circuit in Verilog-A as
shown in Fig. 2. For the measurement, a commercial
VCSEL is measured with a light component analyzer at
several different bias currents. For good matching,

bias-dependent circuit parameter values are used with the
fourth-order polynomial fitting functions.
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Fig. 2 Measured and simulated (a) S11 and (b) electro-optical Sz1

Fig. 3(a) shows the block diagram of the VCSEL
transmitter including the CMOS driving circuit. The
VCSEL driver implemented in 28nm CMOS technology is
designed to produce pre-distorted VCSEL driving currents
so that the resulting 50Gbps PAM4-modulated VCSEL
optical output signals has enhanced Level Separation
Mismatch Ratio (RLM) performance as shown in Fig. 3(b).
The entire simulation is done in Cadence Spectre, a
standard IC design environment. More details of our
VCSEL modeling will be presented.

Time [ps]

(@) (b)
[Fig. 3] (a) Block diagram and (b) PAM4 simulation result of
VCSEL behavior model with VCSEL driver
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