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AlInGaAs/AlGaAs Strained Quantum Well Lasers
Grown by Molecular Beam Epitaxy
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Abstract  AlInGaAs/AlGaAs strained single quantum well lasers with an emission wave-
length of 810nm were fabricated by molecular beam epitaxy (MBE). The threshold current
density is 375A/cm’ for broad-area lasers (100X 800pm?), and it decreases to 270A /cm? when
the cavity length extends to 1600um, which is the best result in quaternary AllnGaAs/Al-
GaAs strained quantum well lasers for the as-grown wafer by MBE. An external differential
quantum efficiency of 1. 1W/A(72%) and a narrow transverse beam divergence of 34° are ob-

tained for the uncoated lasers.

PACC: 4255P, 6855, 7360F, 8115N

1 Introduction
Strained InGaAs/AlGaAs quantum well lasers have demonstrated improved perfor-
mance compared with lattice-matched, unstrained GaAs/AlGaAs or AlGaAs/AlGaAs

(123 which has been attributed to modifications of the band structure

quantum well lasers
due to the strained nature of InGaAs layer™. In addition, a significant advantage of the
improvement in laser reliability has been demonstrated™~®. In order to take advantage of
the benefits ascribed to In incorporation and extend the wavelength to other useful range,
aluminum can be incorporated into InGaAs quantum well structures. By the addition of
Al, the bandgap energy will be increased, thereby reducing the emission wavelength. The
resulting quaternary AlInGaAs strained quantum well lasers can operate over a very wide
range of wavelengths depending on the In and Al composition'’l. So far, most of the Alln-
GaAs/AlGaAs quantum well lasers have been grown by metal-organic chemical vapor de-
position (MOCVD)"~1), but few of them have been grown by solid-source molecular beam
epitaxy (MBE)U'Y), In this letter, we report an AllnGaAs/AlGaAs quantum well laser
emitting at 810nm with a record threshold current density of 270A/cm’ for the as-grown
wafer by MBE. The uncoated broad-area lasers (100X 800um?), which exhibit an external
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differential quantum efficiency of 1. IW/A(72%), and a narrow transverse beam diver-
gence of 34°, represent the high performance of lasers using this new combination of mate-
rials grown by MBE.
2 Laser structure and fabrication
The critical thickness of AllInGaAs layer in strained AllnGaAs/AlGaAs quantum well
lasers is the same as that of InGaAs layer in InGaAs/AlGaAs lasers. For In composition
of 0.15, the lattice mismatch is about 1. 1%, and the critical thickness is about 20nm.
The laser structure was grown in a RIBER MBE 32P system on a 3° off (100) towards
(111>A n*-GaAs substrate. Arsenic source is As,, and the n and p dopants are Si and Be,
respectively. The graded-index separate confinement heterostructure (GRIN-SCH) single
quantum well (SQW) laser consists of the following layers: 300nm of n*-GaAs buffer-lay-
er doped 2X10"¥cm™%,100nm of linearly graded n-Al, o 5Gag o~0.5As layer doped 2 X 10"

%, 70nm of

em™?, 1. 5um of n-Al, ;Ga, ;As as the lower cladding layer doped 1X10%¥em™
undoped linearly graded Alp s~ 3Gag s~o7As lower waveguide layer, a 8. 5nm Al, 5Ing ;s
Ga, ;As quantum well sandwiched by 25nm of Al, ;Ga, ;As barrier layer, 70nm of undoped
linearly graded Al; ;~o 5Gag 7~ sAs upper waveguide layer, 1. 5um of p—Alo.sGaMA.s as the
upper cladding layer doped 1 X 10"®cm ™%, 100nm of linearly graded p-Alg s~o.1Gao 5~0.0As
layer doped 2 X 10"¥em™%, 150nm of p*-GaAs doped 1X10”cm™%,and 20nm of p*-GaAs
ohmic-contact layer doped 5X10%cm ™%,

During the MBE growth, all the AlGaAs layers, except barrier and active layers,
were grown at a constant temperature of 700°C, the n*-GaAs buffer layer and p*-GaAs
layer were grown at 600°C, and the active layer was grown at 580°C. The temperature was
ramped from 700°C to 580°C or vice-versa during the growth of Al; ;Ga, ;As barrier layer.
No growth interruption was used during the growth. V /I flux ratio was selected near-
critical arsenic-stabilized condition, and the growth rate for GaAs was 0. 8um/h.

After growth, a conformal 120nm-thick SiO, was deposited over the entire p-surface
by Plasma-Enhanced Chemical Vapor Deposition(PECVD), then the wafer was processed
into wide-stripe (100um) lasers using standard photolithography techniques. After the p-
contact consisting of Ti/Pt/Au was deposited, the

600
o AllnGaAs/AlGaAs wafer was thinned to a thickness of about 100um,

EalUY ¢ AlGaAs/AlGaAs o )

e * s InGaAs/AlGaAs then the n-contact consisting of AuGe/Ni/Au was

S 400} . . .

= deposited. The lasers were then cleaved into uncoat-

< 300b . ) : ]

:—: . ed bars of intended various cavity lengths. The test-
200¢ ed devices were mounted p-side down on a copper
100 . " . . T

0 400 800 1200 1600 2000 heat-sink by using indium solder.

L/ pum 3 Experimental Results

Fig. 1 Threshold current density Ju of Fig. 1 shows the plot of threshold current den-
AllnGaAs/AlGaAs strained quantum well

lasers as a function of cavity length L

sity (J4) against various cavity lengths L for the

fabricated lasers. The threshold current density is
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375A /cm? at cavity length of 800pm, and this value takes no account of any current
spreading, nor of the anti-guiding effects which widen the effective stripe width. When the
cavity length extends to 1600um, the threshold current density (Jy) is 270A/cm?. In Fig.
1, we also give the typical J, value for our fabricated AlGaAs/AlGaAs and InGaAs/Al-
GaAs quantum well lasers. Because the three structures are similar, we believe that the
lower J, values of the AllnGaAs/AlGaAs lasers in comparison to the AlGaAs/AlGaAs de-
vices show the basic advantage of the quaternary material, which can be expected because
the biaxial compressive strain reduces the valence band density of states, and should there-

fore decrease the current density needed for popu-

lation inversion. The AllnGaAs/AlGaAs lasers 20
have higher J, value than the InGaAs/AlGaAs L8 a=dem
devices, possibly because the addition of Al in the T L.6p
active layer increases both the conduction and va- =14t
lence band effective mass. 1ok
In Fig. 2, the reciprocal of 7, is plotted vs L 1'0“"

0 2 4 6 8§ 10 12 14 16
for the AlInGaAs/AlGaAs GRIN-SCH-SQW (L/In(1/R))/ % 10~ 2em

lasers. The value of 7, increases from 59% for L

=1600pm to 80% for L=400um. From the inter- Fig. 2 Reciprocal differential quantum effi-
ciency 7' as a function of cavity length L/In

. (1/R) for AllnGaAs/AlGaAs diode 1
and total internal loss «; are found to be 0. 91 and or AllnGaAs/AlGaAs diode lasers

1

cept and slope, the internal quantum effiency 7

4cm™!, respectively. These values are typical of our InGaAs/AlGaAs lasers and better

600 than our AlGaAs/AlGaAs lasers.

j ] For an uncoated wide stripe (100pum)
f — AllnGaAs/AlGaAs strained quantum well
{
I

480 4 laser having a cavity length of 800um, the

light output versus CW drive current charac-

teristics to an output power level of 600mW

W
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<

300 mw| |3 is shown in Fig. 3, which was measured from

an uncoated 100um-wide stripe laser having a

Light output/mW

Voltage/V
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P

cavity length of 800pum. The threshold cur-

Intensity/a. u.

rent is 300mA and the operating current at

800 805 810 815820 600mW is 1. 38A, so an external quantum ef-
Wavelength/nm

B ! ficiency of 0. 55W/A (36%) per facet could

|
|
|

120

i
1" | be deduced. In Fig. 3, the operating voltage
]’ |

as a function of driving current is also

HEEN

] L _ o

o 1.0 2.0 3.0 4.0 demonstrated, and the differential resistance
Drive current/A

is 0. 2Q. The inset presents the emission

Fig. 3 CW output power and forward voltage spectrum measured at a CW output of

against driving current 300mW
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Fig. 4 Parallel and perpendicular far-field
intensity profiles of an AlInGaAs/AlGaAs

wide stripe laser device

Fig. 4 shows both the parallel and
perpendicular far-field intensity profiles cor-
responding to CW output power of 300mW
per facet. The parallel far-field angle at full
width half maximum (FWHM) is 7°, The per-
pendicular far-field angle at FWHM is 34°.
The narrow perpendicular beam divergence is
attributed to the weak optical confinement in
our laser structure. This is very useful for
the device applications in systems so that ef-
ficient fiber coupling or high pumping effi-
ciency can be achieved. If strong optical con-
finement in the laser structure is used, the

threshold current density will decrease more.
4 Conclusion

In this paper, we have shown that it is
possible to achieve high performance strained
AllnGaAs/AlGaAs quantum well lasers for

the as-grown wafer by solid source MBE. We have also demonstrated that the perfor-

mance of strained AllnGaAs/AlGaAs quantum well lasers is improved over AlGaAs/Al-

GaAs lasers. For a 8. 5nm-thick Al i5In, 15Ga, ;As quantum well active layer, the lasing

wavelength is 810nm. A record low CW threshold current density of 270A/cm?’ in wide

stripe lasers for L=1600um is obtained. An internal quantum efficiency as high as 91%, a

low internal loss of &, =4cm_,, and a narrow transverse beam divergence of 34° are mea-

sured.
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