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Peixu Li (F#7m)"?, Kai Jiang (# 4)"?, Shuqgiang Li (F#3%)"2, Wei Xia (EZ 4)"?, Xin Zhang (% #7)?,
Qingmin Tang (% #)?, Zhongxiang Ren (#£%4)%, and Xiangang Xu (#4#LR])"2*
!State Key Laboratory of Crystal Material, Shandong University, Ji’nan 250100, China
2Shandong Huaguang Optoelectronics Co., Ltd., Ji'nan 250101, China
*E-mail: xxu@sdu.edu.cn
Received September 17, 2009

Asymmetric broad-waveguide separate-confinement heterostructure (BW-SCH) quantum well (QW) laser
diode emitting at 808 nm is analyzed and designed theoretically. The dependence of the optical field dis-
tribution, vertical far-field angle, and internal loss on different thicknesses of the upper waveguide layer is
calculated and analyzed. Calculated results show that when the thicknesses of the lower and upper waveg-
uide layers are 0.45 and 0.3 pm, respectively, for the devices with 100-um-wide stripe and 1000-pm-long
cavity, an output power of 7.6 W at 8 A, a vertical far-field angle of 37°, a slope efficiency of 1.32 W/A,

and a threshold current of 189 mA can be obtained.
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Semiconductor lasers emitting at a wavelength of 808 nm
have been developed for approximately two decades.
However, interests in these lasers have not decreased,
since they are widely used in systems for pumping solid-
state lasers and in fiber optics amplifiers thanks to the
main advantages of these lasers!' =3/, Rapid development
of the electronic industry requires continual improvement
of laser diodes (LDs), such as the performance of optical
power, radiation intensity, efficiency, and operation life.

In order to improve the characteristics of 808-nm
quantum well (QW) LDs, various approaches are used.
Now, the most widely used structure is broad-waveguide
separate confinement heterostructure (BW-SCH) or the
structure with a super-large optical cavity*~"). These
structures have a large equivalent transverse spot size
d/T', where d is the active layer thickness and I" is the
optical confinement factor. It is highly desirable to
increase the value of catastrophic optical mirror dam-
age (COMD). Thus the purpose of increasing the max-
imum output power of the diode laser will be achieved.
However, the improvement of the d/T" value by lower-
ing the optical confinement factor is limited because of
the injected-carrier leakage and higher optical mode. In
those symmetric structures, it is also subject to mode
instabilities due to the weak mode confinement and ther-
mal lens!®. In particular, it has been shown recently
that the use of an asymmetric heterostructure in an Al-
GaAs/GaAs or AlGalnP/GalnP system makes it possi-
ble to appreciably reduce the internal optical losses and
increase the maximum optical power® =14,

In this letter, the effect of the thickness on the upper
waveguide layer in the asymmetric heterostructure in In-
GaAsP/GalnP/AlGalnP system is studied. The depen-
dence of the optical field distribution, the vertical far-field
angle, and the internal loss on the thickness of the upper
waveguide layer is calculated and analyzed. Meanwhile,
LDs are produced and tested with the structures.
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In order to analyze the characteristics of the optical
field, the waveguide structure is taken as one-dimensional
(1D) broad waveguide structure. For TE mode, the wave
function is

d?u(x)
da?

where ko = 2T is the wave number, n(z) is the index, £ is

the propagation constant. By the boundary condition of
the TE mode, the wave function u(z) can be calculated.
The optical confined factor I can be obtained by using

u(x):

+ [kgn®(z) — B%Ju(z) =0, (1)

I = / Ctivezﬂ(a:)da:/ / ) u?(r)de, (2)

where [ . and [ are the integral of the active region
and the whole optical field distribution region. Then the
equivalent transverse spot size d/T" can also be obtained.
The intensity of the optical field is
2
all
(3)

1(6) =cos® / u(z) expli(ko sin G)x}daﬁr/
1(0) ’
When % = %, the angle 0/, equals half of the vertical
far-field angle 6, then 6, is
01 = 20,5 (4)

The optical absorption out of the active layer is
proportional to the doped consistency. The asym-
metric BW structure is designed based on the fact
that the optical absorption in n-type semiconductor
materials is lower than that in p-type semiconductor
materials. The structure investigated in this study
consisted of p-doped (Alp4Gage)os2Ing4sP and n-
doped (Alp.2Gag.g)o.52In0.4sP asymmetric cladding lay-
ers, which was beneficial for reducing the optical ab-
sorption in the active region. Three cases of the upper
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waveguide layer thickness of 150, 300, and 450 nm were
chosen to analyze the effect.

All the asymmetric BW laser structures were grown
by low-pressure metal organic chemical vapor deposition
(MOCVD). The source materials were trimethylindium,
trimethylgallium, and trimethylaluminum for the group
IIT elements; arsine and phosphine for the group V
elements; diethylzinc, silane diluted to 0.02% in hy-
drogen for the dopants. Palladium-diffused hydro-
gen was used as the carrier gas. One 8-nm-thick In-
GaAsP QW surrounded by the Gag s0IngsP waveg-
uide layer was located close to the 1.0-um-thick p-doped
(Alp.4Gag g)o.52In0.4sP cladding layer. The lower waveg-
uide thickness was 0.45 pm while the thickness of upper
waveguide was 0.15, 0.3, and 0.45 pm corresponding to
the structures a, b, and c, respectively. 1.0-pm-thick
(Alp.2Gag.g)o.52In0 48P was used as the n-cladding layer.

Also, the symmetric BW laser structure was grown
by LP-MOCVD. In the structure we used 1.0-pm-thick
(Alg.4Gagg)os IngsP as the cladding layers and 0.45-
pm-thick GalnP as the waveguide layers.

Broad area lasers with 100-um-wide stripe were fab-
ricated. The LDs were coated with 15% antireflection
(AR) coating on the front facet and 95% high-reflection
(HR) coating on the rear facet and were bonded with a
p-side down configuration on the Cu heatsink.

Figure 1 shows the calculated optical field distribution
in the asymmetric structures. The thick plumb lines
stands for the location of the QW, and others stand for
the locations of the interfaces between the upper waveg-
uide layer and the p-doped cladding layer. It shows that
with the thickness of the upper waveguide layer reducing,
the peak optical intensity is pushed away from the QW,
which will be beneficial for reducing the optical absorp-
tion of the injected free carriers. In these asymmetric
structures, the optical field is prevented from penetrating
into the p-cladding layer. But in structure a, perhaps the
thickness of the upper waveguide layer is so small that
the optical field penetrates into p-cladding layer more
deeply than other structures.

Figure 2 shows the relationship between the thickness
of the upper waveguide layer and the vertical far-field
angle 6, . This angle reduces with the increase of the up-
per waveguide layer thickness. It decreases from 39° at
0.15 um to 35° at 0.45 pm. The angle 8, does not vary
largely due to the small changes of the upper waveguide
layer thickness.

The internal loss a; of the laser is calculated using the
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Fig. 1. Calculated optical field distribution in the asymmetric
structures.
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Fig. 3. Reciprocal external differential quantum efficiency as
a function of cavity length.

cavity length and the differential quantum efficiency as

1 1 1
=<1+ai11>7 ()
4 T 3z 0 5 g;

where 7nq and 7; are the differential quantum efficiency
and the injection efficiency, L is the cavity length, Ry
and Ry are the reflectivity of the front and back facets,
respectively.

The power-current characteristics of devices with vary-
ing cavity lengths L are measured under continuous wave
(CW) condition at room temperature. The internal loss
a; of the structures a, b, and ¢ are 4.8, 2.7, and 3.5 cm ™1,
respectively. In structure a, the optical field penetrates
into p-cladding layer more deeply than others which
brings in more absorption. Meanwhile, the interface of
the waveguide layer and cladding layer is nearer to the
QW which also brings in more absorption. The result is
shown in Fig. 3.

The influences of the design variations on the electro-
optical laser parameters are studied on uncoated devices
with a stripe width of 100 gm under CW condition at
room temperature. The experimental results are com-
piled in Table 1. The vertical far-field angle 6, at full-
width at half-maximum (FWHM), threshold current Iy,
and slope efficiency S are given for 1-mm-long devices.

From the results, the LD is superior if the thickness
of the upper waveguide layer is optimized. In the ex-
periment, structure b is the best. With structure b, the
power-current and efficiency-current characteristics of 1-
mm-long lasers with stripe width of 100 pm are shown in
Fig. 4(a). Figure 4(b) shows the CW output power and
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Table 1. Compilation of Data Obtained from Devices
Without Coating. The Stripe Width is 100 ym

L=1 mm
Structure  0(°) Im(mA) Es(W/A)  ai(em™)
a 39 295 0.62 4.8
b 37 235 0.68 2.7
¢ 35 196 0.6 3.5
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Fig. 4. CW output power and wall-plug efficiency at room
temperature of (a) structure b and (b) symmetric BW LD.

wall-plug efficiency of symmetric BW LD at room tem-
perature. From Fig. 4(a), it can be seen that the 100-
pm-stripe-width device achieves the maximum output
power of more than 7.6 W at an injection current of 8
A limited by thermal rollover. A threshold current Iy
of 189 mA and a slope efficiency E; of 1.32 W/A are
obtained. The maximum conversion efficiency is more
than 60%.

In conclusion, the thickness of the upper waveguide
layer in the asymmetric BW-SCH QW laser has a great
effect on the optical field, vertical far-field angle, and
internal loss. The dependence of the optical field dis-
tribution, vertical far-field angle, and internal loss on
the thickness of the upper waveguide layer is analyzed
and calculated. With the optimized structures, LDs

are produced and tested under CW condition at room
temperature. The experiment demonstrates 7.6-W CW
optical power at an injection current of 8 A. Meanwhile, a
threshold current Iy, of 189 mA, a vertical far-field angle
of 37°, a slope efficiency of 1.32 W/A, and a maximum
conversion efficiency of more than 60% are obtained from
a 100-pm-wide stripe and 1000-pm-long cavity device.
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