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1. Introduction

Solitons are attracting much research interest in
physics and engineering due to its potential applications in
full optical controllability of optical signal processing. A
gpatial soliton refers to a beam of light propagates without
change in its transverse profile due to a postive
light-induced change in the index of refraction which
balances normal diffraction in the light propagation
medium. There had been reported about the spatial solitons
excitation in photorefractive media by low optical power
level [1-7]. Previoudly, we had presented the generation
of gpatial solitons on a substrate of MOCVD grown
InGaAlP multiple quantum wells structure by the excitation
of a circular ring resonator [8]. Here we present the output
characteristics of anovel semiconductor laser diode with an
intra cavity of soliton generated waveguide.

2. Devicefabrication

The device structure is shown in figure 1. The circular
ring resonator is the key element of the device in which
spatial soliton can be generated on non-waveguide region.
The Y-junction coupler section is used to couple out
clockwise(CW) beam in the circular ring resonator, and
part of the counter clockwise(CCW) beam to the spatial
solitons waveguide section.

The device was fabricated on an MOCVD grown
InGaAlP multiple quantum wells structure which is a
photovoltaic—photorefractive media and had been shown to
have spatial soliton generation under low excitation power
level [8]. Circular ring resonators with radius of 100 um,
250 um, and 400 um were fabricated. The Y-junction
coupling branch is a ridge waveguide structure of
8 umwidth and of 500 pmMin length. UV laser assisted
etching had been developed to achieve anisotropic etching
of the uniform circular ridge waveguide structure without
damage to the etched side wall [9]. A patterned 0.2 M
silicate based spin on glass (SOG) (ACCUGLASS 204)
was used to provide electrical isolation and optical
confinement of the ridge waveguide.

3. Characterizations and discussions

The fabricated devices were tested on a microscopic
probe-station driven by a pulse mode current source (HP
8114A) at 10 kHz. Asthe increase of the emission in the
ring resonator by higher current injection, the effective
length of the soliton waveguide increases accordingly until
lasing at the soliton cavity terminal is achieved.
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Fig.1. Sketch of the solitons cavity laser diode device.

We have found that the output characteristics at
Y-junction waveguide terminal and solitons cavity terminal
are quite different. Figure 2 shows the output power vs.
injection currents (L-1) characteristics of the laser diode
with a ring resonator diameter of 250 pumat Y-junction
waveguide terminal and at soliton waveguide terminal. The
threshold of the output power at the linear waveguide
terminal is lower than the power output at soliton emission
terminal. However, the quantum efficiency of the output at
solitons cavity termina is higher than at the Y-junction
waveguide terminal.
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Fig.2. L-I characteristics at the linear waveguide terminal of the
Y-junction and at the terminal of soliton emission of the soliton

cavity laser diode with aring resonator of 400 LT diameter.

It is interested to note that the output at the soliton
terminal shows the combination of a single mode spectrum
at 658 nm due to strong side modes suppressing from the
circular ring resonator and a multi-modes spectrum which
are contributed to the Fabry-Perrot cavity formed by the
linear cavity of Y-junction coupling section plus the linear
section of the gpatial solitons cavity section. Figure 4
shows the results of the L-I measurements of the soliton
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cavity laser diodes with aring cavity radius of 250 pim and
a500 umlong Y-junction coupling section while cleaving
at the distance of 30 um, 80 uMm, and 150 um on the
non-waveguide region to form the output mirror of the
soliton waveguide output terminal .
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Fig.3. Spectrum characteristics of the soliton cavity laser diode
with aring resonator of 250 LIIM diameter at the Y-junction

waveguide termina and at the solitons waveguide terminal.

4.0x107 —=— d=30um waveguide
- —+— d=30pm soliton
3.5:107 d=B0pm waveguide
= 50107 1
252107 /

d=150pm waveguide
— 4— d=150pm solitan

—v— d=B0um soliton
2,02107

Paowier (W

152107

/
10107 o h /
/

502107 o

00 pampEtin a ¥

BNl : : T
0.0 0z 04 08 08

Current (A)

Fig.4. L-1 characteristics of the emission at the soliton output
terminal of the laser diode with aring resonator radius of 250
Hmand a 500 (M Y-junction coupling section with soliton

cavity length of 30 (ImM, 80 M, and 150 (M.

For the cases of short solitons cavity length, the
threshold current density and external quantum efficiency
at soliton output termina are higher than at Y-junction
waveguide output terminal. Figure 5 show the results of
the calculated threshold current densities from L-I
measured data in Fig. 4. The threshold current density
monotonically increases with the length of the soliton
cavity due to the increase of the loss of absorption along
the soliton cavity. For soliton cavity as long as 150 um,
the deviation of the threshold current density between
soliton output terminal and Y-junction waveguide terminal
increase while the external quantum efficiency approaching
the same vaue.
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Fig.5. Dependence of the threshold current densities on the length
of the solitons cavity at the Y-junction terminal and at the soliton
waveguide terminal.of asloliton cavity laser diode with aring
resonator with radius of 250 (M.

4. Conclusions

In conclusion, we have demonstrated the operation and
output characteristics of a semiconductor laser diode
structure with a soliton intra-cavity excited by a circular
ring resonator. It shows interested output characteristics
which are different from traditional linear laser stripe lasers
that the threshold current densities of lasing at the soliton
output terminal were higher than the output at normal
waveguide terminal, and were approximately linearly
increased with the length of the soliton cavity due to
absorption of the gain medium while no current injection.
Experiments and study of the soliton cavity laser
mechanism are under going and detailed modeling of the
output mechanism of the soliton cavity laser will be
presented in the near future.
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