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1 Introduction

GanNAs [1], GaAsh, and InAs quantum dots have been
atracting much interest as an active media for long wavdength
VCSELs on GaAs subgtrate, because there are advantages that
they can be grown monadlithicaly on GaAgAIGaAs DBR mirror
with the high reflectivity and the high thermd conductivity, and
one can utilize the matured technologies established for 850-980
nm VCSELs such as AlAs sdettive oxidation. Since the large
conduction band offsst can be redlized in GAINNASGaASs based
gructure, GalnNAs bassd materid is the leading candidate for
tempeardure-insendtive  1300nmrange  VCSELs  Therefore
GanNAs besed VCSEL is very promisng to be used as
high-gpeed trangmission light sources for the SAN/WAN and the
metro/access neworks

However, there are roomsto be improved on the crystd quiity
for practicd gpplications in the 1300 nm wavedength. GAnNAs
VCSELSs were reported to have the high Xh of 3512 kA/on?
[2-6], which are more then twice as high as those of 850 nm
VCSELs  For the solution of this problem, we have proposed
GanNAsSHh QW adtive media [7,8] that indudes the smdl
amount of S to improve the cryddline qudity of GalnNAs by
GSMBE growth. We obtained the very low threshold current
density of 450 A/an? (150 Aleniwel [9]) for in-plane lasars with
triple QWs which is the world record in 1300nmrange
GanNAsbasd lesers to our best knowledge Usng this
materid for the active media, we accomplished the firda CW
operation of 1300 nmrange VCSELs and VCSEL aray with the
low threshold current density, the low threshold valtage and the
low differentid ressance[10]. In this peper, we review the date
of the art of long wavelength VVCSELs based on GalnNAYSh)

QWs

2. Fabricationsand Reaults

Fgure 1 shows the schematic diagram of a long wavdength
VCSEL. The VCSEL sructurewith the doped p, -DBR isgrown
on an nGaAs subdrae The adtive layer is made up of
strain-compensated  Gayesl NozNoo12AS972T0016 /GaNaoro ASoger
triple quantum wels. Mesagtructures buried by polyimide with
current flowing gperture by the sdlectively oxidation of AlAslayer
were prepared.

Fgure 2 shows the temperature dependence of light output

power veraus injection current (L-1) curve. The maximum output
power increased up to 1.4 mW a 25°C with the dope efficiency of
0.18 W/A, and the maximum lasing temperature incressed up to
95°C. The maximum single mode output power of 0.73 MW is
obtained for agmdler device Fgure 4 shows the lasing pectrum
for this device & different bias current. The VCSELs lased a the
single mode with an SMSR more then 45 dB up to the injection
current of 7 mA. Far-fidd patterns are shown in Fig.5. A narrow
and drecular output beam is obtained. A very high coupling
fidency of goproximately 70 % into an SMF is obtained without
coupling lens, which enables us to redlize low cost package. The
results of the ACC aging test were shown in Fig.6. The test was
caried out & 100°C under a condant current of 5 mA,
corresponding to 11 kA/cn?. No agppredieble change in output
power isobserved for more than 3500 hours. Theseresultsindicate
that GAnNNAsSH-QW issuitable materia for 1300nmVCSELs

After the firgd demondration of GanNAs lasars [1], dragtic
improvements have been accomplished. By the use of
GanNAsSh QW ingeed of GaAlnNAs QW, further improvements
on lasing characteridtics induding relighility for long wavelength
VCSEL swill beexpected in near future.
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Fig.3. L-I-V curvefor asmdler goerturedevice. Fig.6. ACC accderated aging test.
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