
INTRODUCTION

A crystal is a periodic arrangement of atoms or molecules.

The pattern which the atoms or molecules are repeated in space

is the crystal lattice. The crystal presents a periodical potential

to an electron propagating through it and both the constituents

of the crystal and the geometry of the lattice dictate the con-

duction properties of the crystal. If the dielectric constants of

the materials in the crystal are sufficiently different and if the

absorption of light by the materials is minimum, then the

refractions and reflections of light from all the different inter-

faces can present many of the same phenomena for photons

that the atomic potential produces for electrons.

Fig. 1 is a schematic representation of several three-

dimensional lattices of spheres in a cubic cell. The simplest

lattice is formed by the blue spheres at the corners of the cube.

If we add the dark red spheres at the centers of the faces, we

obtain a face-centered cubic (or fcc) lattice. The fcc lattice

vectors are (ˆx + ̂ y)a/2, ( ̂ y + ̂ z) a/2 and (ˆx + ̂ z)a/2. Finally,

if we add the pink spheres, which represent another fcc lattice

that is shifted by (a/4, a/4, a/4) relative to the blue spheres,

then we obtain a diamond lattice1.

In recent years, the characteristics of vertical cavity surface

emitting laser (VCSEL) have extremely improved2. Vertical

cavity surface emitting lasers are important light sources in

optical communication systems where single mode, high output
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power and low threshold current are desirable for certain appli-

cations3. Vertical cavity surface emitting laser devices developed

using the wafer fusion method have achieved continuous wave

lasing at wavelength of 1550 nm at power, threshold voltage

and current about 0.65 mW, 2.5 V and 1 mA respectively4. TU

Berlin researchers have also produced 1530 nm vertical cavity

surface emitting lasers capable of 40 Gbit/sec modulation,

based on indium phosphide technology5.

Fig. 1. Ball-and-stick (atomic) representation of several three-dimensional

lattices in a cubic supercell, with a lattice constant a. The blue balls

alone form a simple cubic lattice. Adding the dark red balls produces

a face-centered cubic (fcc) lattice. Adding the pink balls as well

produces a diamond lattice, with stick bonds (four bonds per ball)



In this paper, we design a high power InGaAsP vertical

cavity surface emitting laser by employing combined single

defect photonic crystal index guiding layer and oxide layer

for L-band optical fiber application. In the following, we first

describe the numerical model. Next the simulated vertical cavity

surface emitting laser structures are introduced. Finally, the

conclusions provide common guidelines for designing perfor-

mance of vertical cavity surface emitting lasers.

EXPERIMENTAL

In modeling vertical cavity surface emitting lasers, we

must consider the electrical, optical and thermal interaction

during laser performance. Thus base of simulation is to solve

Poisson and continuity equations for electrons and holes6.

Poisson's equation is defined by:

ρ=ψ∇ε∇ ).( (1)

where, ψ is electrostatic potential, ρ is local charge density

and ε is local permittivity. The continuity equations of electron

and hole are given by7:
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where, n and p are the electron and hole concentration, Jn and

Jp are the electron and hole current densities, Gn and Gp are the

generation rates for electrons and holes, Rn and Rp are the

recombination rates and q is the magnitude of electron charge.

The fundamental semiconductor equations (1)-(3) are

solved self-consistently together with Helmholtz and the

photon rate equations. The applied technique for solution of

Helmholtz equation is based on improved effective index

model8, which shows accuracy for great portion of prelimi-

nary problems. This model is very good adapted to simulation

of laser structures and it is often called effective frequency

method9.

Two-dimensional Helmholtz equation is solved to deter-

mine the transverse optical field profile and it is given by6:
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where, ω is the frequency, ε(r, z, ϕ, ω) is the complex dielectric

permittivity, E(r, z, ϕ) is the optical electric field and c is the

speed of light in vacuum. The light power equation relates

electrical and optical models. The photon rate equation is given

by6:
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where, Sm is the photon number, Gm is the modal gain, Rspm is

the modal spontaneous emission rate, L represents the losses

in the laser, Neff is the group effective refractive index, τphm is

the modal photon lifetime and c is the speed of light in vacuum.

Equations (1)-(5) provide an approach that can account

for the mutual dependence of electrical, thermal, optical and

elements of heat sources. In this paper, we employ numerical-

based simulation software to assist in the device design and

optimization6.

Fig. 2 shows the schematic structures of vertical cavity

surface emitting laser device, which are used for simulation.

The vertical cavity surface emitting laser device consists of an

active region of six In0.76Ga0.24As0.82P0.18 quantum wells and

seven In0.48Ga0.52As0.82P0.18 barriers, bounded between 30

periods of top and 28 periods of bottom DBR mirrors. The

top one is GaAs/Al0.33Ga0.67As with index of refraction of layers

3.38 and 3.05, respectively and the bottom one is GaAs/AlAs

with index of refraction of layers 3.38 and 2.89, respectively.

The incorporation of a high aluminum content layer

(Al0.98Ga0.02As) in two DBR periods above the active region

allows for selective oxidation.

Fig. 2. Schematic structure of the laser devices (a) Simple vertical cavity

surface emitting laser (b) PhC vertical cavity surface emitting laser

In order to investigate the dependence of the characteristics

of vertical cavity surface emitting lasers on the photonic crystal,

vertical cavity surface emitting lasers with the following two

types of structures were simulated; a) Simple vertical cavity
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surface emitting laser, as shown in Fig. 2a; b) Vertical cavity

surface emitting laser modified by photonic crystal as shown

in Fig. 2b. Triangular-lattice air holes are formed in the upper

pairs of top distributed Brag reflectors. The optical confine-

ment is achieved by means of seven air holes where the center

is missed off to make the defect region.

RESULTS AND DISCUSSION

Fig. 3 shows the output power characteristics for the

vertical cavity surface emitting lasers with various structures.

The output powers of structure (a) and (b) are 11.349 mW and

21.039 mW at a bias current of 35 mA, respectively. The diffe-

rence of these output powers arises from the different the hole

etching on the top distributed Bragg reflectors, which have better

confined the optical field within a single defect of the photonic

crystal. As can be seen from Fig. 3, structure (b) increased

slope of power versus current curve than structure (a), which

is mainly related to the reduction of the mode volume. The

threshold current of structure (a) and (b) are 1.128 mA and

4.162 mA, respectively. Such parasitic effect is related to the

leakage of the light through the photonic crystal holes since

the holes are too shallow (2 µm) to confine efficiently the mode.

Fig. 3. Output power characteristics for the vertical cavity surface emitting

lasers (VCSELs) with various structures

Fig. 4 shows the optical wavelength for the vertical cavity

surface emitting lasers with various structures. At higher currents,

the optical wavelength of structure (a) and (b) are 1.541 µm

and 1.568 µm, respectively. This increment should be mainly

due to etching on the top distributed Bragg reflectors.

Fig. 4. Optical wavelength for the vertical cavity surface emitting lasers

(VCSELs) with various structures

Conclusion

A new structure of a GaAs-based long wavelength vertical-

cavity surface-emitting lasers (LW VCSELs) was designed for

L-band optical fiber application. We have successfully

increased the optical wavelength from 1.541 µm to 1.568 µm

and the lasing power 85.382 % from 11.349 mW to 21.039

mW at a bias current of 35 mA.
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