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A simple approach to obtain 2.0 pm GaSb laser by using
high-order distributed Bragg reflector
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Abstract: GaSb-based DBR lasers with high-order Bragg gratings are fabricated without complex process. The
16" -order and 24" -order Bragg gratings are fabricated with double-trench ridge waveguide by using standard contact
optical lithography respectively. The 16"™-order Bragg grating laser achieves single longitudinal mode continuous-
wave (CW) operation at room temperature with side mode suppression ratio (SMSR) as high as 17. 5 dB. The
maximum single mode continuous-wave output power is more than 10 mW at room temperature. The laser shows a
very excellent wavelength stability against injection current. The single spatial mode operation is maintained in the
entire injection current range. The 24"-order Bragg grating laser even shows a side mode suppression ratio up to

22.5 dB at room temperature. The emission wavelength is around 2.0 pm.
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Introduction

Semiconductor laser diodes emitting wavelength a-
round 2.0 pm are attracting more and more attention re-
cently due to a wide variety of applications ranging from
remote gas sensing, free-space communication, medical
and defense applications''>'. Currently the research of
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semiconductor laser is mainly based on GaAs and InP
substrates. The processing methods for these materials
are well-developed. Unfortunately, the emission wave-
length range around 2. 0 pm is difficult to obtain from
these materials'®'. However, a variety of molecules such
as CH, and CO, have strong absorption lines in this
wavelength region, making the lasers emitting at 2. 0 pm
wavelength region very important for atmospheric green-
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house gas sensing!”'. Thus, GaSb-based lasers which
can be realized with emission wavelengths above 1.8 pum
for room temperature operation draw more and more inter-
est. The recent research works of GaSbh laser focus main-
ly on expanding the wavelength*'*' | increasing the out-
put power and efficiency''”' or optimizing the modal
quality' "', Moreover, Zhuo Deng et al. have investi-
cated the effects of p-type beryllium (Be) doping on the
optical properties of GaSb epilayers recently. Their re-
search results suggest an improved optical quality in the
Be-doped GaSb layer'™'. The electrical properties have
been further studied as well. V. H. Compean-Jasso et
al. have demonstrated a very high abrupt breakdown
voltage as high as 38 V of the p-GalnAsSbh/n-GaSh junc-

tion"*). These results of the GaSh laser demonstrate a
significant superiority among many choice to obtain 2. 0
pm emission, benefiting from their low cost, small size
and excellent laser properties.

As for accurate gas sensing, the lasers must have
narrow spectral linewidth, good beam quality and moder-
ate tuning range, meaning that the lasers must attain sin-
gle longitudinal and spatial mode operation'®’. To limit
the operation of the device to a fundamental spatial
mode, narrow ridge waveguide defined by a small effec-
tive refractive index step An is widely employed. As for
single longitudinal mode operation, the distributed Bragg
reflector (DBR) is widely used. But there is a very great
challenge due to the difficulty of device fabricating
process, especially DBR fabricating. Several different
approaches can be used for making Bragg gratings, such
as e-beam lithography ( EBL)'"' | interference lithogra-
phy' """ and nanoimprint lithography'**'. EBL is ex-
pensive and inefficient, leading costly and time consu-
ming. Although interference lithography and nanoimprint
lithography are good at defining Bragg gratings on sur-
face, making the high aspect ratio etching challenging.
All of them have different disadvantages among cost, effi-
ciency, or process'’'. And some of them must divide
the fabrication of Bragg grating and ridge waveguide into
two steps, making the process more complex. Thus, we
want to find a simple path to obtain single longitudinal
operation, which makes use of high-order Bragg grating
to relax the fabrication process.

In this letter, we report high-order DBR lasers
whose Bragg gratings and ridge waveguide are patterned
in one step, utilizing standard contact optical lithography
in combination with inductively coupled plasma (ICP)
etching techniques. This makes the fabricating process
predigest significantly. The GaSb-based DBR lasers are
manufactured with two different order Bragg gratings.
Both of them show good single longitudinal and spatial
mode performance around 2.0 pm.

1 Device design and fabrication

The laser structure was grown on a (100) oriented
n-type GaSb substrate via solid source molecular beam
epitaxy ( MBE). The laser structure contains a GaSb
buffer layer followed by a 2.0 pum-thick Al, 5Ga, 5 As, ,
Sby, o3 n-type bottom cladding layer. The undoped active
structure for a wavelength around 2. 0 pwm consists of a

10-nm-thick single In, ,Ga, Sb quantum well embedded
in two 270-nm-thick Al ,5 Ga, ;5 As, o, Shy o5 Waveguide
layers. The p-type top cladding layer is composed of 2.0
pm-thick Al 5 Ga, 5 Asg o, Sby o5 layer. The entire struc-
ture ended with a 250-nm-thick heavily p-doped (1 x
10" ¢cm™*) GaSb contact layer to attain a good ohm con-

tact.
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Fig.1 Schematic layout of the DBR laser device. Inset: SEM
images of DBR grating
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To verify the tentative performance of high-order
DBR lasers, preliminary devices were processed into
double-trench ridge waveguide. A 5-um-wide and 1500
pm-long ridge waveguide was designed for single spatial
mode operation. The 16"-order Bragg gratings have a pe-
riod of 4 210 nm and a grating teeth width of 2 105 nm,
forming a grating duty cycle of 50% . We manufactured
the 16" -order Bragg grating and ridge by standard contact
optical lithography simultaneously, decreasing the DBR
device fabricating complexity greatly. After the MBE
growth, a 400-nm-thick SiO, was first deposited on the
top of the epitaxial wafer by utilizing plasma enhanced
chemical vapor deposition (PECVD) as etching protec-
ting mask during the etching. Taking use of the hard
mask and photoresist together instead of photoresist only
makes the grating have steep section and stay the stable
size of the pattern. The wafer was then spin-coated with
photoresist. Then the grating and ridge were patterned on
Si0, layer using contact lithography and inductively cou-
pled plasma (ICP) dry etching. The pattern transformed
from SiO, layer to epilayer using ICP dry etching, SiO,
layer working as hard mask. ICP was used for the second
time to clean the residual SiO, away. After a new 400-
nm-thick SiO, layer was deposited by PECVD on the pat-
tern, a current injecting window on the ridge was opened
using ICP dry etching. Then we sputtered Ti/Pt/Au as
p-side top Ohm contact through using a magnetron sput-
tering system. The bottom Ohm contacts were formed by
utilizing fast-annealed alloyed Au/Ge/Ni/Au after wafer
thinning of GaSb substrate. After that, the devices were
mounted epi-side down using indium solder on copper
heat sinks.

2 Laser performances

The lasers were characterized after the fabricating
process. The power-current-voltage (L-I-V ) characteris-
tics of the 16"-order DBR device in the CW mode at
room temperature are shown in Fig. 2. The voltage re-
mains below 3.5 V, indicating a low series resistance.
The curve of output power shows a clear threshold current
of 160 mA. Even working at room temperature, an opti-
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cal output power of more than 14 mW could be obtained
for an injection current of 1.1 A.
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Fig.2 Power-current-voltage characteristic of a DBR
laser at room temperature

K2 il T #EZ8 TAE DBR BUGAS 15
Ui —FL AR I 25

H

670 mA
RT CW

o
%

670 mA
RT CW

e
>

S
kY

'
(=]
Intensity/arb.units

)
[y

1919 1920 1921 1922 1923 1924

Rl “Hl

( \ |
1910 1915 1920 1925 1930 1935
Wavelength/nm

Intensity/dB
)
(=]
T

Fig.3  Representative emission spectrum of a DBR laser
with an injection current of 670 mA
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The high-resolution emission spectrum of the 16"-
order DBR laser operating with an injection current of
670 mA at room temperature is shown in Fig. 3. The e-
mission wavelength for these conditions is 1 921.2 nm.
The laser shows a single longitudinal mode operation with
a side mode suppression ratio (SMSR) as high as 17.5
dB, corresponding to approximately 10. 3 mW optical
output power. As expected, the spectrum shows stabi-
lized emission around the predefined wavelength. The
unwanted wavelengths in the gain spectrum of normal
Fabry - Pérot laser have been suppressed. Meanwhile,
the wavelength which matches the DBR has a significant
emission peak in the spectrum, leading single longitudi-
nal mode operation.

The characteristics of emission spectrum and wave-
length against current at room temperature are measured.
Figure 4 shows the emission spectrum of the laser at each
injection current. Figure 5 shows the DBR emission
wavelength as a function of the injection current at room
temperature. When the injection current increases from
440 mA to 1040 mA, the emission wavelength shifts from
1920.4 nm to 1922.4 nm. The slope is estimated to be

—440 mA
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940 mA
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RT CW

A

T2l 1o
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Fig.4 Emission spectra of a DBR laser at different
injection currents
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Fig.5 Emission peak wavelengths of a DBR laser at
different injection currents
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about 3.3 nm/A. This slope is most likely determined by
the change in effective index of the laser structure. It is
much less than that of Fabry - Pérot laser whose emis-
sion wavelength more freely fellows the peak in the gain
spectrum, showing a typical characteristic of DBR laser
to make the wavelength stable.

Fig.6  Far-field images of a DBR laser. Left: measured;
right; plotted by using data
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Measured and plotted far-field images for the DBR
laser at injection current of 0. 8 A are shown in Fig. 6.
The contrast and definition of the measured image are not
so clear due to the low optical output power. Thus, we



656

ai s =

PSR 31

plot the image by using data measured, which is defined
as right of Fig. 6. It can be seen that the laser maintains
single spatial mode operation.

To demonstrate the capability of DBR lasers using
higher order Bragg gratings indeed, DBR lasers with
24" order gratings were manufactured as the same
process mentioned above. The 24"-order Bragg gratings
have a period of 6316 nm and a grating teeth width of
3158 nm, forming a grating duty cycle of 50%. The
representative emission spectrum of the 24"-order DBR
laser measured at room temperature is shown in Fig. 7.
The emission wavelength is 1 951. 3 nm. The device
shows a single longitudinal mode operation with a SMSR
as high as 22.5 dB at an injection current of 860 mA.
There is a difference between the 16" -order DBR laser’ s
emission wavelength and that of the 24" -order DBR la-
ser. The difference is probably caused by the wavelength
change of the maximum reflectivity for the different Bragg
gratings due to the variation of the average effective index
determining the Bragg wavelength. Comparing the emis-
sion spectra of the different lasers in Fig. 3 and Fig. 7,
the peak’ s width of the 16"-order DBR laser is much
less than that of the 24™-order DBR laser. The results
show that the wavelength range of high reflectivity for
Bragg grating may expand with their order. If the lasers
work at the temperature control condition, e. g. 20°C,
instead of the room temperature, the SMSR will have a
significant increase.
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Fig. 7 Emission spectrum of the 24"-order DBR laser at 860
mA
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3 Conclusion

We successfully present a very simple approach to
obtain 2.0 pm single longitudinal and spatial mode oper-
ation by using high-order distributed Bragg reflector GaSh
laser. The 16"-order and 24"-order gratings are pat-
terned by using standard contact optical lithography and
ICP with the ridge waveguide simultaneously, reducing
the fabricating complexity sharply. The laser operates in
a single longitudinal and spatial mode at room tempera-
ture with a SMSR as high as 17. 5 dB. The laser’ s
SMSR is even up to 22.5 dB. The SMSR of the laser still

has a very sufficient area to increase with the strict tem-
perature control. The wavelength stability against current
shows a typical characteristic of DBR laser. The device
emits up to 10 mW at room temperature, giving the de-
vice a very significant value in mid-infrared application.
The results show the capability of DBR GaSb-based lasers
by using high order Bragg gratings as well.
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