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Abstract The design and fabrication of high power 980 nm ridge waveguide semiconductor laser diodes are
described. To reduce the optical power density on facets, the broad-waveguide structure is designed. The 500 mW
kink-free laser diodes is obtained by standard ridge waveguide laser diode process techniques, and the catastrophic
optical damage (COD) level of the LDs is 560 mW.
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摘要 介绍了高功率 980 nm 脊型波导半导体激光器的设计及制造。为了减少腔面处的光功率密度，设计了宽波导

结构。利用常规工艺获得了最大 500 mW输出的器件，同时灾变光学损伤阈值达到了 560 mW。

关键词 激光器 ; 980 nm半导体激光器 ; 可靠性 ; 宽波导 ; 灾变性光学损伤

中图分类号 TN958 文献标识码 A

doi: 10.3788/LOP52.091404

1 Introduction
Erbium- doped fiber amplifiers (EDFAs) are the key devices of dense wavelength- division

multiplexing (DWDM) systems. The 980 nm pump laser diodes are identified to be practical pump
sources for EDFAs[1-2]. High power and highly reliable laser devices are in high demand in applications. A
lot of studies are focused on improving the reliability of the 980 nm laser diodes[3-6]. The degradation and
catastrophic optical damage (COD) of facets are the main causes affecting the reliability of 980 nm laser
diodes.

There are some techniques to improve the reliability of the 980 nm laser diodes: 1) Reduce the surface
non- radiative recombination velocity by cleaving the wafer into bars in ultrahigh vacuum and to
evaporate an appropriate passivation layer on the facets, or passivating the surface with ZnSe to replace
the non-stable oxide by a more stable compound[7]; 2) Decrease the initial light absorption at the facets.
One possible method is using non- absorption windows to regrow high gap material near the facets[8].
Another method is using quantum well disordering through ion implantation[9]; 3) Reduce the leakage
current to facets. The leakage current reduction technique is relatively simple and effective[10].
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2 Design and fabrication
To reduce the power density on the facets, broad-waveguide structure is designed. Figure 1 (a) shows

the schematic diagram of the refractive index (A), the calculated results according to the transverse near-
field distribution (B), and the vertical far-field pattern [Fig1.(b)] for the broad-waveguide structure. The
theoretical vertical far-field angle is 28o [full width at half maximum (FWHM)].

Fig.1 (a) Diagram of refractive index (A), and calculated results of transverse near-field distribution (B);

(b) vertical far-field pattern (C)

Epitaxial layers are grown by low-pressure metal-organic chemical vapor deposition (LP-MOCVD) on
the (100) oriented Si-doped GaAs substrate with concentration of 1×1018~3×1018 cm-3 in the Aixtron A200
system. The layer sequence is illustrated in Table 1, a n-GaAs buffer layer (0.3 mm, Si doped concentration
of 1×1018 cm-3), a n-Al0.23Ga0.77As cladding layer (900 nm, Si doped concentration of 1×1018 cm-3), a Al0.16Ga0.84As
waveguide layer (400 nm, doped partly), In0.2Ga0.8As quantum well (7 nm), GaAs barrier layer (12 nm),
In0.2Ga0.8As quantum well (7 nm), GaAs barrier layer (10 nm), a Al0.16Ga0.84As waveguide layer (400 nm, doped
partly), P-Al0.23Ga0.77As cladding layer (30 nm, Zn doped concentration of 6×1017 cm-3), 5 nm P-InGaAsP (Eg=
1.61 eV) etch stop layer (Zn doped concentration of 6 × 1017~2 × 1018cm- 3), P-Al0.23Ga0.77As cladding layer
(800 nm , Zn doped concentration of 2×1018cm-3), P-GaAs top layer (200 nm, Zn doped concentration of 2×

1018~1×1019cm-3), P+-GaAs cap layer (20 nm, Zn doped concentration of 1×1019~1×1020cm-3).
Table 1 Epitaxial layer sequence

Layer number
13
12
11
10
9
8
7
6
5
4
3
2
1

Material
P+-GaAs cap

P-GaAs top layer
P-Al0.23Ga0.77As cladding

P-InGaAsP
P-Al0.23Ga0.77As cladding
Al0.16Ga0.84As waveguide

GaAs barrier layer
In0.2Ga0.8As quantum well

GaAs barrier
In0.2Ga0.8As quantum well
Al0.16Ga0.84As waveguide
n-Al0.23Ga0.77As cladding

n-GaAs buffer

Thickness
20 nm
200 nm
800 nm
5 nm
30 nm
400 nm
10 nm
7 nm
12 nm
7 nm

400 nm
900 nm
0.3 mm

Note
Zn: 1×1019-1×1020cm-3

Zn: 2×1018-1×1019cm-3

Zn: 2×1018cm-3

Zn: 6×1017-2×1018cm-3

Zn: 6×1017cm-3

doped partly

doped partly
Si: 1×1018cm-3

Si: 1×1018cm-3

After growth, the 4-mm-wide ridge waveguide LDs are fabricated by a standard 980 nm ridge waveguide
laser diodes process. Low-reflection (RL=6%) and high-reflection (Rh=95%) coating are formed on the front
and the rear facets by electron cyclotron resonance-plasma chemical vapor deposition (ECR-PCVD). The
cavity length of the laser diodes is 900 mm.

3 Results and discussion
Laser diodes are bonded on copper heat sink with p- side down configuration using indium solder.

The experiment is carried out under the continuous- wave (CW) operation condition with room
temperature of 23 ℃. The maximum 500 mW kink-free output is obtained at a driving current of 620 mA.
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The COD level is 560 mW, the threshold current is 40 mA and the voltage of operation is 1.75 V for the
output of 500 mW. The slop efficiency is 0.86 W/A. The wallplug efficiency is 46.3%. The series resistance
is 0.56 W, and the vertical far-field divergence angle of FWHM is 30° , which is in good agreement with
the theoretical analysis. Figure 2 shows the typical continuous-wave light output versus current (P- I)
characteristics and COD profiles of the laser diodes.

A Al0.16Ga0.84As waveguide layer (400 nm, doped partly) is the restrictions on both sides of the quantum
well layer beam waveguide layer. The total width is about 800nm, which is much larger than the normal
width of narrow waveguide layer (100~200 nm). This will reduce the cavity surface optical density, and
accordingly help improve its reliability.

Fig.2 Typical CW P-I characteristics and COD profile of LDs

4 Conclusions
To reduce the optical power density on facets, the broad-waveguide structure is designed to produce

high power ridge waveguide laser diodes emitting at 980 nm. The maximum 500 mW kink- free output
power is obtained at a driving current of 620 mA, and the COD level is 560 mW. The threshold current is
40 mA. The voltage of operation is 1.75 V for the output of 500 mW. The slop efficiency is 0.86 W/A. The
wallplug efficiency is 46.3% . The series resistance is 0.56 W, and the vertical far- field divergence angle
of FWHM is 30°, which is in good agreement with the theoretical analysis.
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