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Gain-coupled distributed feedback laser
based on periodic surface anode canals
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A single-longitude-mode, broad-stripe, gain-coupled, distributed-feedback laser based on periodic surface anode
canals (PSACs) is demonstrated. The PSACs, produced by i-line lithography, enhance the contrast of periodic
current density in the active layer without introducing effective photon coupling; calculated grating kL is only
0.026. Power of 144.6 mW at 968.8 nm, with spectrum linewidth less than 0.04 nm on every uncoated cleavage

facet, is obtained at a current of 1.2 A with a side-mode suppression ratio >29 dB.
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1. INTRODUCTION

Distributed feedback (DFB) semiconductor lasers are important
components in the fields of communication links and broad-
band networks, which require single longitude mode, narrow
linewidth, and high power. Uniform index-coupled DFB lasers
with antireflection-coated facets have the intrinsic drawback of
lasing two degenerated modes [1]. This is often solved by either
introducing different facet reflectivity [2] or inducing a phase
shift in the corrugation inside the laser [3,4]. However, the for-
mer method suffers from random facet phases, which are hard to
control [5], and the latter method decreases the quantum effi-
ciency as kL increases, meanwhile reducing the side-mode sup-
pression ratio (SMSR) cause by spatial hole burning (SHB)
effects [3]. Other solutions include gain-coupled and complex-
coupled DFB lasers. Periodic gain (loss) assures a lasing spec-
trum exactly at Bragg wavelength without any degeneracy prob-
lem, realizing single longitude mode, facet reflection immunity,
wide temperature range of single-mode oscillation, low chirping,
and reduced SHB [6-12]. However, the preparation process
generally requires complex quadratic epitaxial growth technol-
ogy and expensive electron beam lithography techniques to
process the active layer, causing instability and increasing the
cost. Thus, they are not suitable for commercial applications.
DFB lasers based on high-order Bragg gratings (HOBG)
[13—15] are therefore proposed to simplify the production proc-
ess. These usually etch deep slots in complicated shapes (such as
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V-shaped slots using stepper lithography [15]) into the wave-
guide to increase kL for index coupling. Here, we propose a
gain-coupled, broad-stripe DFB laser based on periodic surface
anode canals (PSACs) prepared by simple i-line lithography.
The device works at 1.2 A with 144.6 mW at each uncoated
cleavage facet with single-longitude mode at 968.8 nm and of-
fers the same level of lasing power, operating at single-longitude
mode, as HOBG devices and ordinary DFB lasers when the
power from both uncoated cleavage facets is counted together
[16,17]. Measured spectrum linewidth is less than 0.04 nm and
SMSR is greater than 29 dB. The processing technologies are
low-cost and far simpler, as no quadratic epitaxial growth tech-
nology, electron beam lithography techniques, or stepper lithog-
raphy techniques are needed.

2. DEVICE FABRICATION AND MEASUREMENT

The schematic structure of the PSAC on the proposed device is
shown in Fig. 1(a). The chip structure for the laser is shown in
Table 1 and fabricated by epitaxial growth using the Metal
Organic Chemical Vapor Deposition (MOCVD) method. The
active layer of the epitaxial structure consists of two AlGalnAs
quantum wells with an emission peak around 970 nm.
Figure 1(b) shows several periodicities of the canals under scan-
ning electron microscopy.

First, broad stripes were defined by the photoresist layer
using i-line lithography. The width of the broad stripes was
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Fig. 1. (a) Schematic structure of PSAC gain-coupled DFB laser
and (b) scanning electron microscope picture of HOBG.

100 pm. The broad stripes were then etched out at a depth of
1.4 pm using an inductively coupled plasma etcher. For the
next step, i-line lithography was used again to pattern the peri-
odic canals on the broad stripes and dry etching was used to
form the periodic canal grooves with a depth of 0.67 pm and
width of 1.67 pm at a periodicity of 4.45 pm along the whole
2 mm laser cavity. This etching depth exposed the bottom and
side walls of the grooves with aluminum-doped layers to the air;
then the grooves were partially oxidized. The chips were metal-
contacted for 300 nm gold thereafter. Because of the oxidation,
the groove region had larger resistance and current injection
mainly came from the non-etched part of the chip, making
surface periodic anodes injected from each canal available.
Finally, the chips were cleavaged without coating. For

Table 1. Structure of the 970 nm Chip

Thickness
Layer Material (nm) Layer Name
1 p+-GaAs 120 Cap
2 p-Al0.2Ga0.8As 500 P-cladding
3 p—AlO.lZGaO.88AS 1200 P-optical
~Al0.08Ga0.92As confinement
4 GaAs & InGaAs 32 QWs
5 7-A10.08Ga0.92As 3000 N-optical
~Al0.12Ga0.88As confinement
6 n-A10.15Ga0.85As 600 N-cladding
7 n+-GaAs ~350000 Substrate
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comparison purposes, Fabry—Perot (FP) lasers with the same
cavity length and width, also without facet coating, were placed
on the wafer.

Both the PSAC device and common FP laser were mounted
p-side down on Cu c-mount heat sinks and placed on a water-
cooling unit to maintain a stationary temperature of 20°C for
testament under continuous-wave (CW) operation. The spec-
tra were measured directly by coupling the output laser using a
10 pm core diameter fiber-linking YOKOGAWA AQ6370C
optical spectrum analyzer with 0.02 nm resolution, meaning
40.02 nm instrument error.

3. TEST RESULTS AND DISCUSSION

The CW power-voltage-current and spectrum characteristics
of devices are shown in Figs. 2 and 3. Figure 2 shows that the
threshold current of the FP laser is 0.39 A with a slope effi-
ciency of 520 mW /A. Compared with the FP laser, the gain-
coupled PSAC laser’s threshold current increases to 0.7 A, and
meanwhile the slope efficiency drops down to 274 mW /A.
This is basically because the latter worked at single-longitude
mode.

The PSAC actually coupled a small part of the waveguide
power working as Bragg gratings. Since calculated effective in-
dex of the chip is 3.4817, this is a 32-order grating. The etching
depth of 0.67 pm decreases the effective index 7y from 3.4817
to 3.4815. The theoretical calculation for kL [18] is
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Fig. 2. CW power-voltage-current characteristics of (a) FP lasers
and (b) gain-coupled PSAC lasers.
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Fig. 3. CW spectrum characteristics of (a) FP lasers and (b) gain-
coupled PSAC lasers at 1.2 A.
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where L is the cavity length of 2 mm and A is 4.45 pm, the
periodicity of the PSAC. The calculated «L for the PSAC cold
cavity is only 0.026. This is because, compared with the Bragg
grating DFB laser, A is much larger and A# is smaller. This
leads to a very weak index-coupled effect that can be neglected
(kL is greater than 1 for ordinary DFB lasers and 0.3 for
HOBG multiple-longitude-mode lasers [15]), assuring the de-
vice is gain-coupled.

At 1.2 A, the device still maintains single-longitude mode,
with an output power of 144.6 mW from every cleavage facet.
The linewidth is only 0.04 nm, already beyond our instrument
error, and corresponding SMSR >29 dB. Considering both
sides together, the total power level is 289.2 mW. This is the
same as a single-longitude-mode ordinary second-order, index-
coupled DFB laser [16,17], but no quadratic epitaxial growth
technology or electron beam or stepper lithography techniques
are needed, making the fabrication process easy and low-cost.
The actual lasing wavelength is 968.8 nm at 1.2 A, which is
very close to the Bragg wavelength of 968.3 nm. This small
difference is probably caused by four factors. First, the perio-
dicity of the PSAC defined by i-line lithography might have a
2 nm deviation from the original design, perhaps due to
processing or fabrication error caused by the 1 pm litho-
graphic plate resolution: for a device with 2 mm cavity length,
including 450 PSAC, each period with a 2 nm deviation only
enlarges the total cavity length by 900 nm from the design.
Second, the theoretical refractive index might be different with
our chip, having been grown by MOCVD. Current injection
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Fig. 4. (a) Two-dimensional current density distribution for two
periodicities of the PSAC device. (b) One-dimensional current density
distribution in the quantum well for the PSAC device and pure peri-
odic anode device without etching grooves.

and heat accumulation are the third and fourth factors that may
lead to fluctuations of the chip’s refractive index.

To calculate the current density of the devices, simulation
analysis was carried out using the commercial software PICS3D.
Results for both the PSAC device and a model with pure periodic
anodes without canals separated by etching grooves are given in
Fig. 4. At 1.2 A, the whole device has an average current density
of 600 A/cm?. Figure 4(a) shows the PSAC device's two-
dimensional current density distribution for two periodicities.
Thanks to PSAC, the current was injected into the quantum
wells periodically; this is caused by 1.67 pm separation between
each anode canal. Figure 4(b) shows the differences of
current density in the quantum well layer between the models
with and without etching grooves. It can be seen that the PSAC
device with etching grooves has a current density contrast of
115 A/cm?, almost three times as 43 A/cm? for the pure
periodic P-contact anode model without etching grooves.
High electric current density contrast means high contrast of
optical gain along the cavity; therefore, the PSAC device can
operate in single-longitude mode at high power before gain sat-
uration. Etching grooves increase the periodic current density
contrast by inducing the injected current into the quantum
well from periodic anode canals as deep as possible to reduce the
current side drift while not bringing much optical coupling to
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scatter the photons in the waveguide, which often leads to high-
order scattering loss or unwanted directional lasing attenuation.

4. CONCLUSION

To conclude, a single-longitude mode, gain-coupled DFB laser
at 1.2 A based on PSACs with a power of 144.6 mW at every
uncoated cleavage facet is demonstrated. Considering both
sides together, its total power level is 289.2 mW, the same as
an ordinary DFB laser. The measured lasing wavelength is
968.8 nm, linewidth is less than 0.04 nm, and SMSR >29 dB.
The device is based on simple i-line lithography and is suitable
for commercial production. Future work will include film
coating on cleavage facets for single-facet emitting and making
a device at an optical communication wavelength, such as
1550 nm.
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