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Asymmetric Cladding for Distributed Feedback Lasers
at 1.5 pm with High Power and Narrow Linewidth
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Abstract We have prepared a ridge waveguide distributed feedback (DFB) laser emitting at 1.5 pym. To gain
maximum output power of the laser, we choose asymmetric cladding layer structure. By simulation, it is found that

while the lower cladding is 450 nm, the laser has minimum inner loose coefficient, and first order mode (m =1) can

has minimum limiting factor. The loose coefficient of prepared tube core is 9.78 cm ', which matches well with the

loose coefficient of simulation 9.3 cm '. Under the direct current of 600 mA, the maximum power of prepared
Fabry-Perot (F-P) cavity laser is greater than 114mW. Under the direct current of 225 mA, the prepared DFB laser
with single-wavelength has side-mode suppression ratio of 45dB, output power of 40 mW and spectrum line width
smaller than 400 kHz.
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1 Introdution
High power semiconductor lasers have important applications in analog microwave links for radar
systems and free-space laser communication systems. Meanwhile, narrow linewidth characteristics are

[1]

needed for coherent communication systems"'”, They are also excellent candidates for pumping amplifiers

and solid-state lasers'”. In order to increase the output optical power, the key is to reduce the losses of the
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optical mode. As we know, for 1.5 pum semiconductor laser, the internal losses is mainly derived from the
p-doped layers, due to the fact that the free carrier absorption resulted from holes is higher than that from

electrons™

. So reducing the optical overlap between the optical eigenmode and the p-doped layer is an
effective method to reduce the internal losses.

By pulling the mode away from the upper p-doped layers so as to reduce the internal losses, asymmetric
cladding has been used a lot in the past for high power and narrow linewidth. Using the asymmetric
cladding, Price et al.™® have worked on distributed Bragg reflector (DBR) lasers for high power and
narrow linewidth., Smith obtained lasers emitted at 1010 nm with a slope of 0. 3 W/A and 39 kHz spectral
linewidth for an output power of 24 mW, whereas Price et al. realized a maximum slope efficiency of
0.32 W/A and a minimum linewidth of 30 kHz for a 850 nm DBR laser. Recenetly, Faugeron et al." has
used an asymmetric cladding to fabricate distributed feedback (DFB) lasers at 1.5 pm. By using a 1. 62 pm-thick
dilute waveguide as the lower cladding layer including an alternation of thin layers of InP and InGaAsP,
impressive results were obtained with a linewidth of less than 500 kHz for 100 mW output power.

The goal of this study is to obtain high power for 1. 5 um lasers using a simple bulk InGaAsP as the
asymmetric cladding. In this paper, we present a discussion to design and optimize the asymmetric
cladding. The dependences of the internal losses and the overlap with the quantum wells (QWs) (Iqw) at
m=1 on the lower-cladding thickness are investigated. Taking into consideration both the lowest internal
losses and maintaining the single mode output, asymmetric cladding Fabry-Perot (F-P) lasers are
fabricated and the internal loss is calculated. Furthermore, DFB lasers emitting at 1570 nm are fabricated
and single-mode output power of 40 mW at 255 mA is obtained for a 1 mm long laser at 25°C. Wavelength
tunability of 5.4 nm with 45 dB sidemode suppression ratio is obtained for the temperature ranging from

15°C to 50°C. Besides, a spectral linewidth of less than 400 kHz is measured.

2 Epilayer structure

Figure 1 shows the schematic of the epitaxial structure of the laser diode, which consists of a 1. 8 pm
thick n-InP buffer layer, a lower separate confinement heterostructure (SCH) InGaAsP layer, a multiple
quantum well (MQW) active region consisting of five 6 nm InGaAsP QWs and six 10 nm InGaAsP
barriers, a 120 nm upper SCH InGaAsP layer, a 30 nm i-InP, a 35 nm InGaAsP layer. Above the active
part, thereis a 1.6 pm p-InP and a 200 nm p" -InGaAs layer.

p*-OnGaAs(100 nm, 3 x 10cm)

p-InP(1600 nm, 1.0 to 7 x 10%¥cm>)

1.2Q InGaAsP (35 nm)
i—Inp (30 nm)

1.2Q InGaASP (7,0, o 120 nm)

1.2Q TGaASP (T, perer)

n-Inp buffer (1 800 nm, 2 x 10'%cm?)

n'-Inp substrate

Fig. 1 Schematic of the epitaxial structure of the laser diode
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Figure 2(a) shows the simulated optical confinement factor for the QWs, p-cladding layer (I'qw.s I,
respectively at m=0) as a function of the thickness of lower SCH layer (T scu). It can be seen that as
Towersc increases from 120 nm to 800 nm, the fundamental mode (m=0) is pulled into the lower cladding
layer, thus reducing the overlap with the p-cladding layer, which will reduce the losses resulting from free
carrier absorption. Figure 2(b) shows the calculated internal losses as a function of T\,.scu» by using a; =
Law. X kvaqw 1", Xk, +k, Xk,, where kqw, k, and &, are the absorption coefficients at A=1. 55 pm in QWs,

[6]

in the p- and n-cladding layers, respectively-™. Taking into consideration for maintaining the fundamental

mode lasing (Iqw, is selected at the lowest value at m=1), a 450 nm Tipscu i1s selected, where the

calculated internal loss (a;) for this structure is 9.3 ecm™'.
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Fig. 2 (a) Calculated optical confinement factor (I'qw.» I',) under different Tiowerscn 3

(b) calculated I'qw, at m=1 and internal loss

3 Device fabrication and performance

The device structure is grown by metal organic chemical vapor deposition (MOCVD) on n-InP
substrates. A grating is formed in the InGaAsP material (A, = 1. 2 um) layer through holographic
lithography and dry etching. A 3 pm ridge-waveguide is formed to preserve lateral single-mode operation.
A Ti-Au metal layer is sputtered on the p-InGaAs contact layer to form a p-contact. After the substrate is
thinned, Au-Ge-Ni metal is evaporated on the backside. Finally, chips are cleaved with both sides
uncoated.

The basic parameters, such as internal quantum efficiency % and internal loss a; of the laser structure,
can be extracted by using the standard method. As shown in Figure 3(a), the external parameters of 7 (=
0.91) and o, (=9. 87 cm ') are extracted. Figure 3 (b) shows the continuous optical power and the
efficiency of the F-P cavity laser (on the same wafer as the DFB laser but without grating) at different
injection currents at 25°C. As can be seen, an output power of more than 114 mW is obtained at 600 mA.

Figure 4 shows the optical spectra of the 1 mm DFB laser at 255 mA injection current and at various
temperatures. As can be seen, the sidemode suppression ratios (SMSR) are better than 45 dB from 15°C to
50°C. This temperature shift permits to obtain a tunability of 5.4 nm. At 255 mA, a single-mode output
power of 40 mW is measured at 25°C. Besides, we use the delayed self-heterodyne method with 5 km
single mode fiber (SMF) to characterize the laser linewidth. A Lorentz fitting linewidth of 400 kHz is
obtained for the DFB laser under 255 mA injection current at 25°C.
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Fig.3 (a) Inverse external differential quantum efficiency as a function of the cavity length;
(b) light-current characteristic of 1 mm uncoated F-P laser at 25°C
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Fig. 4 Optical spectra of a 1 mm DFB laser from 15°C to 50°C at 255 mA current

4 Conclusion
A ridge waveguide distributed feedback laser emitting at 1. 5 pm with high power and narrow linewidth
has been reported. By calculating and optimizing the asymmetric cladding structure, 114 mW F-P laser and

40 mW single-mode DFB laser with Lorentz fitting linewith of 400 kHz are obtained.

Z % x #

1 M Okai, T Tsuchiya. Tunable DFB lasers with ultranarrow spectral linewidth [J]. Electron Lett, 1993, 29(4): 349—351.

2 M Faugeron, M Tran, F Lelarge, etal.. High-power, low RIN 1. 55-um directly modulated DFB lasers for analog signal transmission[]].
IEEE Photonics Technol Lett, 2012, 24(2): 116 —118.

3 L Hou, M Haji, ] Akbar, etal.. Low divergence angle and low jitter 40 GHz AlGalnAs/InP 1. 55 pm mode-locked lasers[J]. Opt Lett,
2011, 36(6): 966—968.

4 R K Price, J J Borchardt, V C Elarde, et al.. Narrow-linewidth asymmetric cladding distributed Bragg reflector semiconductor lasers at 850
nm[]J]. IEEE Photonics Technol Lett, 2006, 18(1): 97—99.

(21

G Smith, J Hughes. Wavelength-tunable asymmetric cladding ridge-waveguide distributed Bragg reflector lasers with very narrow linewidth
[J]. 1IEEE ] Quantum Electron, 1996, 32(7): 1225—1229.

6 D Garbuzov, L Xu, SR Forrest, etal.. 1.5 pm wavelength, SCH-MOW InGaAsP/InP broadened-waveguide laser diodes with low internal
loss and high output power[J]. Electron Lett, 1996, 32(18): 1717—1719.

EERE: % %

s102012-4



