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Abstract—We incorporate the effect of two-dimensional (2D)
carrier diffusion in a BH laser source to establish the condition
on modal reflectivity for stable dual polarized mode oscillation.

I. INTRODUCTION

A dual wavelength laser source can be achieved by ex-
ploiting the birefringence property of buried heterostructure
(BH) laser for a typical application of microwave generation
[1]. In this method, the reflectivity of one target mode is
required to be adjusted for its simultaneous oscillation with the
maximum gain mode [1]. The burying and clad layers of the
BH laser provide a higher optical field and carrier confinement
in the active layer in a 2D manner. As a result, the modal
fields exhibit greater intensities at the midpoint of the active
layer with gradually decreasing towards the burying and clad
layer [1]. Due to this, the carriers injected inside the active
region experience a higher recombination rate at the higher
intensity region in the center as compared to the boundaries
[2]. This leads to carrier diffusion from the boundary regions
towards the center of the active region [3]. The analytical
model of the rate equation with one-dimensional (1D) carrier
diffusion has already been established in [2]– [3]. In the 1D
structure, the carrier distribution along the height of the active
layer is assumed to be homogeneous. However, in the 2D
confined structures, the carrier diffusion both in lateral and
transverse directions needs to be considered. In this work, the
rate equation incorporating the effect of 2D carrier diffusion is
derived. An explicit expression of the average carrier density
and the inhomogeneity parameter of the carrier density using
a spaced-averaged carried density approach is computed in
Section II. The reflectivity modification of the target mode
for achieving stable dual polarized mode oscillation near the
threshold vicinity is estimated in Section III. The work is
concluded in Section IV.

II. RATE EQUATION

The dominant field component for x and y polarized mode
(Ex and Ey , respectively) for the BH laser can be expressed
as

ψp(x, y, z) = Ψp(x, y) sin
(mpπz

L

)
(1)

Here, p could refer to x or y polarization, Ψp(x, y) is the
transverse mode distribution for the dominant electric field
component in the x and y polarization estimated in [1], mp

is the longitudinal mode number, and L is the length of the
cavity. Due to the carrier diffusion, the inhomogeneous carrier
distribution can be expressed by the first order Fourier series
as [3], [4]

N(x, y, t) = N0(t)−N1(t) cos
(πx
a

)
cos

(πy
d

)
(2)

Here, 2a and 2d are the width and height of the active region,
N0 is the average carrier density and N1 is the inhomogeneity
parameter of the carrier density. We assume that the carrier in
the z direction is uniformly distributed [2]. By incorporating
2D carrier diffusion, the rate equation model of the BH laser
can be modified as
dEp

dt
= i(ω − ωp)Ep +

1

2
[{Γpvgpg0p(N0 −Nt − fpN1)

− 1

τpx

}(1− iα)]Ep

(3)

with,

fp =

∫
v
|ψp|2 cos(πxa ) cos(πyd ) dv∫

v
|ψp|2 dv

(4)

dN(x, y, t)

dt
=
Ith
eV

− N(x, y, t)

τe
−

x,y∑
p

Γpvgpg0pV |ψp|2

×{N(x, y, t)−Nt}|Ep|2 +D

(
∂2

∂x2
+

∂2

∂y2

)
N(x, y, t)

(5)

Here, D is the diffusion coefficient and Nt is the carrier
density at transparency. Other parameters in Eq (3) and (5)
are described in [1]. To compute the explicit rate equation of
N0, we multiply cos(πmx

a ) cos(πnyd ) for m,n = 0 and take
volume integral both side of Eq. (5), we get

dN0

dt
=
Ith
eV

− N0

τe
−

x,y∑
p

Γpvgpg0p{q0p(N0 −Nt)

−q1pN1}|Ep|2
(6)



with,
q0p =

∫
v

|ψp|2 dv (7)

and
q1p =

∫
v

|ψp|2 cos
(πx
a

)
cos

(πy
d

)
dv (8)

To compute explicit rate equation of N1, we multiply
cos(πmx

a ) cos(πnyd ) for m,n = 1 and take volume integral
both side of Eq. (5), we get

dN1

dt
=

x,y∑
p

4Γpvgpg0p{q1p(N0 −Nt)− q2pN1}|Ep|2

−N1

τe
− LD

τe

{(π
a

)2

+
(π
d

)2
}
N1

(9)

with,
q2p =

∫
v

|ψp|2 cos2
(πx
a

)
cos2

(πy
d

)
dv (10)

and LD =
√
D/τe is the diffusion length.
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Fig. 1. Electric field dual mode oscillation incorporating carrier diffusion
with Ith = 50 nA

For stable dual mode oscillation, the net gain of both
modes must be equal [1]. Without accounting for the effect of
carrier diffusion, the reflectivity of y polarized mode (Ry) is
computed as 31.13% using net gain equalization for stable dual
mode oscillation with Rx = 30% [1]. However, with carrier
diffusion included in the rate equation, these parameters do
not ensure dual mode stability. Fig. 1 shows the oscillation of
only one mode with the above parameters, and incorporating
diffusion phenomenon. Thus, after incorporating carrier dif-
fusion in the rate equation model, further modification in the
reflectivity of the target mode is desirable.

III. REFLECTIVITY MODIFICATION

We modify the reflectivity of the target mode to achieve
stability of two modes simultaneously. The stable dual mode
oscillation is achieved when the net gain for both modes is
equal. Therefore,

Ry = exp

(
lnRx · g0yΓy(N0 −Nt − fyN1)

g0xΓx(N0 −Nt − fxN1)

)
(11)

is obtained. As N0 and N1 are time-dependent parameters, we
take the average value of these to modify the reflectivity. Using
Eq. (11), the modified reflectivity of the y polarized mode is
calculated as 32.68%. This can generate simultaneous stable
oscillations of electric field for both x and y polarized modes,

as shown in Fig. 2(a). The normalized power spectrum of the
electric field for x and y polarized modes depicts a frequency
difference of 107 GHz as shown in Fig. 2(b). We study the
changes in reflectivity of the target mode with the variation in
threshold current (Ith). Since the modification of reflectivity
depends on N0 and N1, the variation in Ith also leads to a
variation in the modified reflectivity. However, the frequency
difference remains constant with variations of Ith. Fig. 3 shows
the reflectivity required for the y polarized mode, along with
the variation of the average value of N0 and N1, to achieve
stable dual mode oscillation with respect to the changes in
Ith. It is observed that the changes in N0 are minimal with
Ith. However, N1 changes considerably with Ith leading to a
change in carrier density inside the active region due to the
diffusion process.
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Fig. 2. (a) Electric field of stable dual mode oscillation incorporating carrier
diffusion having Ith = 50 nA, (b) Normalized power spectrum of x and y
polarized mode
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Fig. 3. Variation of estimated reflectivity of y polarized mode, average of N0

and N1 with respect to the threshold current for stable dual mode oscillation

IV. CONCLUSION

The rate equation model that takes with the impact of 2D
carrier diffusion is obtained for stable dual polarized mode
oscillation. The stability condition for dual mode oscillation
is derived near the threshold vicinity. The stable oscillation can
be established using reflectivity modification in the presence
of carrier diffusion.
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