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InGaA s/GaA s/InGaP Strained Quantum W ell L aser s Grown
by M etalorgan ic Chan ical Vapor D eposition
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Abstract A luminum-free strained Ino 2Gao eA 5/GaA s/Ine 4Gan s1P single quantum well lasers
w ith an enission w avelength of 985mim are presented T he laser material w as grow n by met-
alorganic chemical vapor deposition A n extremely low threshold current density of 1507 /an?
isobtained for 100um-w ide stripe lasers having a cavity length of 800um. The internal quan-
tum efficiency and the internal loss are 78% and 5an” *, regectively Themeasured vertical
bean divergence angle from the laser is about 45°

PACC: 4255P, 6855, 7865, 8115+
1 Introduction

Strained INnGaA s/GaA s quantum well (QW ) lasers with emission wavelength of
980nm are currently receiving considerable attention because they yield a low er noise fig-
ure, higher gain coefficient than 1 48um InGaA sP laser in the gpplication of the erbium-
doped fiber amplifier (EDFA ) pumping urces“”. In addition, the InGaA s/GaA s
strained quantum well lasers have low er threshold current and high slope efficiency. A I-
GaA s isusually used as cladding layers in most of the InGaA s/GaA sQW lasers But in re-
cent years, aluminum-freematerialsfor the claddingsare used to improve the reliability of
INGaA s/GaA s strained quantum well lasers Ino xGao s1P latticematched w ith GaA s, w as
introduced as a substitution for A IGaA s cladding layers grown by low -pressure metalor-
ganic chemical vapor deposition (L PMOCVD)® ® or gas-ource molecular beam epitaxy
(GsmBE)!" !

The advantages of InGaA s/GaA s/InGaP QW lasers are as follows Since it is alu-
minum-free, less surface oxidation during the fabrication process and laser operation is ex-
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pected The low surface recombination velocity w ill enhance catastrophic optical danage
(COD) threshold of the laser facets and improve the reliability of the lasers Further
more, the successfull selective chamical etching betw een GaA sand InGaP layersmakes the
ridge-w aveguide structure processing much more easily controlled In thispaper, we re-
port on the strained INGaA s/GaA s/InGaP single quantum well lasers grow n by M OCV D.

2 Laser StructureandM ater ial growth

The substrate used w as Si-doped (100) n* -GaA sw afers, tilted 6° tow ards the 111
A plane, with the etch pit densities of less than 500am” 2 The layer structure of the In-
GaA s/GaA s/InGaP laser isasfollow s (see Fig 1): a 0. 3um-thick n* -GaA s buffer layer,
a 1 Oum-thick n-Ine 9Gao 1P low er cladding layer, an undoped Q 1pm-thick GaA s low er
w aveguide layer, an undoped 7nm-thick Ine2Gan A s quantum w ell as the active layer, an
undoped Q 1um-thick GaA s as the upper waveguide layer, a 1 Opm-thick p-Inqe 29Gao 1P
upper cladding layer, a Q 1um-thick p* -GaA s cap layer, and a 30nm heavily doped p* " -
GaA sohmic contact layer for minimizing the contact resistance

The laser material was grown by

low-pressureMOCVD in an A IXTRON - p** -GaA sohmic contact (zn: 1x 10¥m- )
200 systam at a constant temperature of p* -GaA scap (Zn: 1x 109~ 3)

700 , except for the top GaA s layers p-InGaP upper clad (Zn: 1x 10%an- 2)
grown at 600 to increase the Zn incor- - GaA s upper w aveguide (undoped)
poration The surce materials were - InGaA s quantum well (undoped)
trimethylgalliun (TM G), trimethylindi- - GaA s low er waveguide (undoped)

un (TM 1), arsine(A Hs) and phogphine n-InGaP lower clad (S 1x 10%an” 3)
(PHz). Dimethylzinc (DM Z) and silane n* -GaA s buffer (St 1x 10%an- 2)

(SizHs) were used as the n- and p-type
dopants, regectively.
Since the layer structures contain rel-

n* -GaA s substrate (S 2x 10%m- 3)

Fig 1 The layer structureof the
atively thick InGaP cladding layers, it is INGAA s/GaA s/InGaP laser

essential to have close lattice matching to

the GaA s substrate It is experimentally observed that the latticemisnatch (Aa/a) of the
relatively thick (1.0um) InGaP layersmust be less than 2x 10 ° to avoid degradation in
laser performance

3 Device Fabrication and L aser Performance

The laser structure is evaluated by fabrication and characterization of wide stripe
(100um w ide) devices T he devices are fabricated by chem ical etching through thep” - and
p* " -GaA s layers outside the 100um stripe to prevent current preading A 120nm-thick
SiO:w as deposited over the entire p-surface by Plasna-Enhanced Chem ical V gpor D epo si-
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tion (PECVD). Then the wafer was processed into 100um-w ide broad stripes by using
standard photolithography techniques A fter the p-contact consisting of Ti/Pt/A uw as de-
posited, thew aferw as thinned to a thicknessof about 100um, then the n-contact consist-
ing of AuGeMN i/A uw as deposited The lasersw ere then cleaved into barsw ith various
cavity lengths T he tested devicesw eremounted p-side dow n on a copper heat-sink using
indium wlder.

Figure 2 show s the plot of the threshold current density against various cavity lengths
for the fabricated lasers The threshold current density is 150A /an” at a cavity length of
800um. W hen the cavity length extends to 1200um, the threshold current density
decreases to 130A /an’ due to the decreased facet optical loss

From the relationship of the reciprocal of the external quantum efficiency versus the
cavity length for the fabricated lasers, an internal quantum efficiency and total internal
lossof 78% and 5am” * are deduced, resectively. It is expected that the use of INGaA sP
(> 1 5ev) waveguide layer or a step graded index separate confinement heterostructure
w ill mprove the carrier injection efficiency, and consequently enhance the internal quan-
tumn efficiency comparedw ith the GaA sw aveguide layer structure shown in Fig 1

From the perpendicular far-field intensity profile, we know that the beam divergence
or far-field angle at full w idth of half maximum (FWHM ) isabout 45° T he large vertical
beam divergence is attributed to the strong optical confinement in the laser structure To
meet the danand of the device in systam applications, itwould be necessary to reduce the
beam divergence 0 that high fiber coupling efficiency could be achieved This can be ob-
tained by reducing the optical confinement in the single quantum well laser structure It is
very mportant to design thew aveguide layer structurew ith narrow far-field angle and low
threshold current

Figure 3 gives the lasing gpectrun measured at 200mW for the 100um x 800um broad
stripe laser device The enittingw avelength is 985nm and the PNV HM is 3nm.
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Fig 2 Threshold current density of Fig 3 M easured lasing pectrum for the
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The initial aging tests for the A I-free lasers have danonstrated better reliability than
the A I-containing lasers T he detail of the aging test results and the mprovement in laser
performancew ill be reported elsaw here

4 Conclusion

In conclusion, w e report on the room temperature CW operation of strained Ine 2Gao &
A s/GaA s/InassGan s1 P single quantum well lasers grovn by MOCVD. The broad area
lasers show extremely low threshold current density of 150 /am” at a cavity length of
800um. Our results demonstrate thatM OCVD is als suitable for grow ing the 980nm In-
GaA s/GaA s lasersw ith Ine 4Gae s1P as the cladding layers
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