Fabrication of dry etched and subsequently passivated laser facets
in GaAs/ AlGaAs
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The aging behavior of edge emitting laser diodes based on GaAs/ AlGaAs is investigated by
comparing devices with facets that are alternatively cleaved or dry etched and consecutively treated
with H2S. In this work we demonstrate that an in situ exposure to H2S gas is not sufficient to prevent
ageing but an additional plasma treatment is rather required to obtain comparable ageing results to
lasers with cleaved facets. © 2004 American Vacuum Society. [DOI: 10.1116/1.1786307]

I. INTRODUCTION
Plasma etching of laser facets in the material system
GaAs/ AlGaAs has reached a remarkable standard. There are
many advantages of lasers with dry etched facets. They offer
the ability of full-wafer processing and testing, which allows
the fabrication and the characterization without separating
the devices. New applications become possible like the
monolithic integration of a monitor photodiode, which allows the control of laser output power during operation. The
orientation and shapes of the mirrors are no longer dependent
on the crystal orientation, which enables new laser designs
including unstable resonators or semiconductor ring lasers.
In the past, various attempts have been made featuring
either a pure wet etch procedure or a hybrid dry/wet etch
procedure.1,2 However, with a total wet etching procedure, it
is impossible to fabricate vertical laser facets. Therefore,
only the potential can be evaluated with this method.
Starting from the first good results on ion beam etching,3,4
it could be shown that there is no difference in the laser I – P
characteristics irrespective of whether the laser facets are
fabricated by cleavage or dry etching.5 However, there still
exists a difference in lifetime. This mainly referred to the
etching process itself which leaves behind dangling and unsaturated bonds. These bonds react in a first step with oxygen
and water vapor to (hydrated) nonstochiometric aluminum/
gallium oxide, which is followed by gradual aging. In the
end, this leads to a pronounced deterioration of the laser
performance since the electrical carriers are localized by
traps of deep oxides. Hence, this situation should be improved by offering shallower traps which should be generated directly after the facet etching. Experiments on facet
passivation using sulphur have been reported in Refs. 6 and
7. The best protecting results were achieved so far with aqueous sulfidic solutions like 共NH4兲2S,8,9 but also experiments
with H2S have been reported.10 The resulting sulfide is sufficiently stable against moisture, and the preparative success
is shown most easily when evaluating the I – P characteristics
of the lasers. The maximum output power which is limited
by local heating at certain, randomly scattered spots on the
laser facets [catastrophic optical mirror damage (COMD)] is
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shifted to higher values because of lowering the surface recombination velocity. However, the dry etching procedure
requires the change of the ambiance during the processing,
especially after having etched the extremely sensitive AlGaAs layers. Therefore, a good approach would be the surface passivation or the deposition of a protecting coating
directly after the dry etching of laser facets. This coating film
should react with AlGaAs to a compound that is stable
against moisture and oxygen. This layer can optionally be
patterned with a second coating (e.g., anti-and highreflection coating). In particular, the latter could be improved
by protecting the surface by a gently coated film without any
handling in moist air. It is evident that in this case an in situ
processing is the best suited method.
II. FABRICATION OF THE LASER DIODES
A. Epitaxy

The epitaxial layer sequence used in this work for the
laser diodes is a molecular-beam epitaxy (MBE)-grown
graded-index
separate-confinement
heterostructure
(GRINSCH). The active region consists of an 8-nm-thick
compressively strained In0.20Ga0.80As single quantum well
(SQW) which is surrounded by 10-nm-thick GaAs spacing
layers followed by doped AlGaAs grading and Al0.30Ga0.70As
cladding layers. The p- and n-dopants are C and Si, respectively. The emission wavelength is in the range of 980 nm.
Details of the epitaxial growth are shown in Ref. 11.
B. Fabrication sequence

The devices used in this work are based on a broad-area
design with an active stripe width of 100 m. The gain region is defined by wet-chemical etching of the highly
p-doped surface layer. A 250 nm thick SiN layer, deposited
applying plasma enhanced chemical vapor deposition
(PECVD), serves to passivate the surface. The contact windows in this passivation layer are opened by CF4 reactive ion
etching (RIE). After e-beam evaporation of Ti/ Pt/ Au as
p-contact metallization, the contacts are structured using liftoff technique. At this stage of the fabrication process the dry
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