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Single-growth-step GaAs/AlGaAs distributed Bragg reflector lasers with

holographically-defined recessed gratings

. Hofstetter, H.P. Zappe, LE. Epler and J. Sichtig

fngvving e Dinribured Brage reffecior fasers, Holegraphic
Fhalimgs

A ritpe waveguwide GascvAlrass quantum well DBR laser
Tabsicated with a simplified grating recess-technology and a third
order grating is described. The reflector 15 fabricated on top of a
recessed  waveguide wmng holographic exposure followsd by
reactive iom ctching. The Tnser operates on & single Longitodinal
and lateral mode with threshold curremt as low s 20mA, putpot
power SmW per facer and B intended dor monolithically
integrated mierleromeler applications.

Mtradivenioss; Distributed Brogg reflactor (DBR ) lasers are attrae-
tive light sources due 1o their narrow linewidh, good frequency
stabiliy and large sidemode suppression [1]. In addition, they are
sustable for monolithically imtegrated opiical circuts, bocause at
least ome cleaved facet can be replaced by a waveguide gratmg.
Fatrication of DBR Insers i typacally mther mvedved: where elec-
tren-heam direct write is used for grating definition, throughpat is
limited by the serial nature of this process [2, 3]; il regrowih afier
grating eich s required, for the formation of an upper cladding or
for contact purposes, densands on matersal prowth are significant
|3, d]; Gmally, For noo-regrown wasveguides with a thick apper clad-
dng, a dewp grating etch B needed in order 1o schieve Sullscsmi
coupling. Recenily, single growth step DBR sers with an e-beam
defined grating requiring a decp (1 pm) grating ctch were reported
121

We present i Uhis Letter a samghe-prow th-step DBR lascr with a
hadographically defined grating fabricated m a recess etched inte
Lhe wpper cladding of the waveguide. This gruting recess combines
the advanizpes of a high coupling cosfficient &, resulting from the
small bufTer layer berwesn waveguide core and prating. with a sim-
plified grating etch procsss due 1o the small reguired esch depth.
This relatively simple DBR ksser fabocation procedure i fully
compatible with & peeviously developed integrated optical interlfers-
ommeter progess 5], making uwse of only two additional phatolathog-
raphy steps {dielectne pulieming) and one addilional elch step
(grating etsh).

Fig. | Sehamaric diagram o sidpe wavepuide DER laser with grofing
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Device fbricarion; The laser layer struciure was grown by
MOCVD o an w-type. Si-doped (10%em ™) Gads waler and con-
sisted of an 1 100nm a-doped (1,5 » 10" Sij Al (Ga, s lower
cladding, an undoped 150nm thick AL Ga, As waveguide core
with one Bam GaAs quanium well, a 780nm p-doped (10Fcm?
Be) Al Gig.As upper cladding and a highly p-doped (8 = 10Fcm
Zn) 140nm GaAs cap layer. Magnetic ekl enbanosd reactive 0n
u:';r_-l;'.imgI (MERIE) in an 51, plasma was tsed o dry elch a ridge
wavegusde to a depth of 4 = B00nm (see Fig. 1) A 300nm layer of
plasma-enhanced chemical vapour deposited (PECVID) SiM, for
ehepirical isolation of the sarface allowed us 1o selectively comtact
the top of the ridge and alse werved os an etch mask [or 1he subse-

quent grating recess eich, Mitnde was removed from the contact
hode and recess op=ning by dry stching vsng a CF, plasma.
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Fig. 3 SEM photcgraph of peviion of DER (A = Miam) on g of o
e wavepnrds

Following p-meial evaporation (TUPuAud, the grating recess
was etched into the upper cladding of the reflector section o a
depth of b = BMam by 5101, MERIE, stopping [40mm above the
Al Ging,As waveguide core. The device wias then coated with a
thin phatorsist Laver, leavimg a thickness of 3Wmm on lop of the
recessed waveguide. Holographic exposure using an HelCd laser ai
24160, subsequent development and a soft-bake for resist side-
wall smoothness improvement [ vielded a suitable dry etch mask
far the grating eich by MERIE. The rectangalar third order grat-
ing with & unity lUnespace ratho was 140nm deep and bad a period
of 385nm (sec Fig. 2). Waler thinning to 200um, e-metal contac
(Cre' AuMid A evaporation and cleaving to 150pm kength com-
pleted ihe process.

DEBR lasers with mask ridge widins B = 3 and Jpm and with £

480, 730 and $5kan long gain secions were fabricated. The
unpumped Bragg reflector lengths were 1000, 300 and 200 pm. For
measuremenl comparisons, | 500m long Fabey-Férot lasers were
also made on the same chip.
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Fig. 3 Clprical speciram of DRR lasr ar 2.2 1

Resule: Typical threshold currenis of these simplified DBR basers
were [, = 20mA, yielding J, = 600A0m’ 4l an emission wave-
bength of B2Mhmy; slope efficicncy was 001 GWA For emission from
the cleaved facel. We compare this with Fabry-Péros lasers which
bad [, = 13ma, J, = 450A%m" a1 £33om and an efficiency of



(205 WAL A typical emission specirum, measured with a high res-
olution grating spectrometzr (0,64 m focal distance, 600 line per
mm grating, 0.05nm resolution), at [ = 1.3 [, for the DBR lasers,
driven OW at 300K, is shown in Fig, 3, The sidemaode suppresion
ratio (SMSR) was 27dB and the main peak had a linewidth <
15MHz; measurement of the latier was equipment limited (scaning
Fabry-Pérol Etalon. free speciral range = 20GHz, finesse = 1500,
The DBR devices had 2 temperature tuning coefficent of n7AK
and operated im the same fundamental mode over A temperature
range of more than 20K, The Fabry-Pérod lasers. on the other
hamd, had a emperature wuning cocflickent of 234K with mode
hops every 3 o K.

The value of the SMSER is given by the coupling coefficient, & =
Méem ', and the longitedinal mode spacing of 0.1732nm. We
determined k experimentally from the FWHM of the grating filier
curve which could be determined approzimately by measuring the
laser spectrum at 0.96 L, [7]. Mumencn] modelling for this grating
structure gave ¥ = 3%2cm-l, caleulated for o ozero buffer layer
thickmess. This buffer layer s the remaining cladding layer
hetween the top of the cane and the bottom of the grating, and has
teen shiown by simulation 1o strongly affect «. Becasse this thick-
ness 15 pecurately controlled by the grating recess eich, we have o
senditive method for customising K in this process.

The process compatibilicy with miegrated optical sensor circuits
permits this laser 1o act as a light source for interferometer cir-
cuiis, The neduced demands om dry etching allow sensifive control
of % through variation of the recess etch depth thereby permitting
casy optimsation of light intensity coupled imte a Tollowing
wirvegusdis cincusl

Conclusions: Single growth step quantum well DBR losers with a
recossed prating mirror have been described. The third order grat-
ing, labricated by holographdc exposure and dry etching, appeared
only on top o the recessed wavegmide. A lhreshold gurrent of
20mA, and a sidemode suppression ratie of 2TdB were achisved
when operated monomods al $20mm. The graning recess process
allvws easy customisation ol &, mportant for subsequent integra-
tion with optical integrated circuigs.
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