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Ridge waveguide DBR laser with nonabsorbing grating and transparent integrated

waveguide

D». Hofstetter, H.P. Zappe and 1.E. Epler

feciegy rermar: Dinritured Sragg reJecior hererr, Semicondusor
quaniu wells

A ridge wavegnide GaAs' AlGaAs DER laser wilh a nosabsarbing
frating section and o monobithicelly imtegraied wranspancnt
wvepuide Fon been Frbricated by the use of voamcy-enhmnoed
quantum el disondering (VED)D Thes echeique aliows ithe
definition of absorbing and Iesniparent nageans, asd meguises only
a sngle prowth step. Mo VED-enhanos] degradiation of the: laser
quality was mobed. The optical owlpsl power was § m'%W fram
both the cleaved facet and the graling reflecior, threshold curremts
were 25 mA and the shope efficiencics sore .2W/ A,

Introductice: Monolthic photondc miegrated cireaits (PICs) ofien
require coherent light sources without cleaved baser facets. Distrib-
uted Bragg reflecior (DBR) kusers are weally suted 1w this applica-
tion. Furihermore. & method is needed to produce absorbing and
monabsorbing regions on the same subsirale withowt degrading
taser performance. Pumped laser sections and photodetectors need
to abscrb 4t the operatme wavelengih, whereas the waveguides
and the gratmg section of the DBR laser must be (fapsparent.
DBR lasers with a transparent grating secton fabecated by
vacancy-enhanced disombering (VED) [1] and DBR lasers cvancs-
cently coupled with a iransparent waveguide [Z] have been
reporied. The first of these approaches demonstrated that the
VED procees cam shift the energy bandgap, albeit at the cost of 0
very hipgh laser threshold current, whereas the latter requited
exlended regrowth lecknology.

In this Letter, we demonstrate the use of the VED process 1o
fabricate a low thresheld DBR laser with a nosabsorbing prating
section, monolithically integrated with 2 T0pm Jong dransparent
wavegusle. The device demonstrates the utility of posigrowth
processing for achieving spatially-defined iransparency m a PIC.
VEIY selectively alters the shape of the quantam well (W) in the
active region, using lifi-off patterned SrF, and Su0, surface dielec-
iries to delime the transparent and absorbing reglons and a high
temperatune rapid thermal anneal o sccomplish disordering [3].

Deviee fatwicarion; An MOVPE layer structare grown on an #-
type, Si-doped, (10"cm™) (3aAs subatrate was used 10 fabricate
the device. An undoped 165nm thick Al Ga,As core containimg
a singh Tnm wide (aAs guantum well was grown between a
Llipm thick Al,Gia,.As lower dadding laver {s-doped 1.5 =
10™gm 5i) and o 0.8pm thick Al /GagAs upper cladding layer
(p-doped 10°%cm * Mg). The upper cladding was covered with a
100 nm thick highly p-doped (8 x 1{™emZn} Gads cap Layer
The VED process staned with a 200 mm thick e-heam evaporated
Sely layer. paterned by standand photolithopraphby and reaciive
jon etching {RIE} an & CF, plasma. Using a selfalipned procees, &
250nm  thick S¢F, layer was subsequently evaporited, and
removed from the underlying Si0); by KT, The fimal wafer sur.
lace was nearly planar and ooverad with either 5iCkh or
SrFy The selective bandgap-shift was then accomplished using a
rapid thermal anneal in an M, ambient at 9607 Tor 245

Deurinig thermal annealing. the proup-I1T vacancies peneraed
under the Sil.-capped regions diffuse through the wpper cladding
min the wavcguidle core. These vacancies promode intermixing of
the Ga i the GaAs OW and the Al of the adjacem Al Gag A8
wavegaide core, increasing the effective Al content of the QW
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The resulting targer bandgap bue-shillis the phololumnescence
(PL} spectram and thus the lsng wavelength. 8cF,, on the other
hand, suppresses the generation of these growpelll vacancies and
no blue shift ocours durmg thermal annealing. As seen in Fig. 1,
the amount of bue shift under the 50, cap can be varied between
5 and ¥nm with the anneal temgperature, while on the same waler
under the same anneal conditiens, the blue shift upder the SrF.
cap s oaly 1 - Sam. The anncal time = held comstant at 308
botl cases. During RTA, & Gads proxmuty cap prevenls surface
damage of the sample doe 1o As outddTuson [4]

After RTA, SrF; and 50, were removed with diluted HCI
(HCIWHO 1%, 208) and by RIE in CF,, respeciively, Lasers were
then fabricated by dry etching mdge waveguides, deposstion of
350nm S1.M, ax an electrical solation lay!r and TP AR preonlact
metzllsation. The holographicalby-defined third-order grating {4
= 340nm) was fabricated in a grating recess as described i [5)
DBR lasers with ridge widths of 2.3 and 4pm, a constant pumped
lengih of S00pm and sia differemt grating section lengths {50 o
130pm) were made and comparatively characienised. The lasers
and pratings were intcgrated with a TO0um long tramsparent
waveginile

Rendre: As seen in Flg. 2. DBR laser threshold currents were typ-
jcally 25mA on devices witha 4pm siripe width and & S00pm
pumped length, cormespomding 10 a threshold corrend density of
1.25kAjcm?. The ripples in the L-1 curve for optical owtpat from
ihe cleaved facet are reproductble and wilhowl bysteresis whon
increasing and decreasing the injection currenl. They indicate that
the laser has 10 optimise its internal stored emergy under changing
phase conditions dae 10 carvier and iemperature induced refructive
index changes. The ripples in the L-1 curve were less promounced
for emussion from the gratmg side of the laser than from the
chaved facei, We beliove that thas results from a trade-off berween
the grating tramsmission and the internal laser dored energy. A
decrease in grating reflectivity inducss a simultaneous decrease of
the mernal power amd sigce the output power is the produc of
internal power and mirtor transmission, psarly constant baser out-
Tk powear s expected.
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The optical sutput power was SmW [rom both the cleaved facst
anil the grating side of the DBR laser at = 2, and the slope &lTi-
ciencies were 0.2 Wik at the deaved facot and 0UI%WAA at the
grating. This balance is dus 10 the low grating reflectivity (= 30%:)
amd the traneparency of the waveguide, The optical emission spec-
trum, shown o the insst of Fig. 1, shows a pnmary emission peak
al L = Kldnm and an SMSE of 25dB. No mode hops were seen as
the temperaiure was varied from 7 to 25°C; the temperatare tan-
ing coefficsent was .05 nm™(.

A comparison of Fabry-Perod lasers (aboeated from the
amncaled but wnshified (SrF, capped) and as-grown {unannealed)
material provided a further demonstration that high-quality lasers
can be fabricated using VED. The former devices operabed with a
threshold current of 14mA J, = M0Aem'), slope efficiency of
D36 WA per Facet an an emisslon wavelongth of & = 823nm with
SMER = M0dB. In as-grown malerial, the samee laser siaciures
yiekded a threshold current of 12mA (1, = 600A/cm) and & shope
eliciency of &52W!A per Facet af an emassion wavelength of i =
#27nm with SMSR = J0dB. demonstrating that devices prodwced
in high temperature annealed material are of comparable quality
1 thase produced in as-grown maierial, In contrast to results puib-
lished in |6], we could not see any dopant diffusion or a drift of
the pa-junction by imspecting the staimed facet in the scanming elec-
trom microscope. These data also helped 1o explain the somewhat
high threshold current density of the DBR lasers, owing Lo the.
mumatch between the Bragg peak of the grating (£14nm) and the
Laser gain peak ($23mam),

Canclanons: Low threshold DBR lasers monolithically integrated
with a transparent waveguide have been fabricated asing selective
vacancy-enhanced disordering. The performance of “‘ﬂ: laser was
not adversely affected by the high temperature quared for
VED, demonstrating the wtility of this procsss for PIC I‘almﬂllnn
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