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Buried InAlGaAs—InP Waveguides:
Etching, Overgrowth, and Characterization

St. Kollakowski, Ch. Lemm, A. Strittmatter, E. H.0Bcher, and D. Bimberg

Abstract—We report on the fabrication and characterization of arrangements. The major practical problem in fabricating
InP-buried InAlGaAs rectangular core waveguides. LP-MOCVD  sych structures is related to the epitaxial overgrowth of Al
is used for growth of the INAIGaAs-InP material system and the = ¢, ntaining 11—V semiconductors. The difficulty arises from

regrowth of InP. Reactive ion-etching is employed for achieving . -
smooth and precise etch profiles. An efficient procedure for the formation of stable Al-oxides [5], [6] due to the often

preparing the surface is described that results in homogeneous inevitable air-exposure of the InAlGaAs core layer during
epitaxial InP overgrowth by preventing re-oxidation of the air- ~ device processing. This may be the cause why little has been
exposed etched surface. The loss characteristics of waveguidepublished about buried InAlGaAs waveguide structures thus
with a core layer thickness of 450 nm and widths ranging from 3.5 ¢, [4].

to 6 pm are investigated at 1.3pm wavelength. The propagation H t lete fabricati f ¢
loss is found to increase from 3 to 10 dB/cm with decreasing core ere, we report on a compiete fabrication process or rect-

width. Scattering loss caused by residual sidewall roughness is @hgular InP-buried InAlGaAs waveguides on an InP substrate

found to be the dominant loss mechanism. using LP-MOCVD for growth and regrowth. Furthermore,
Index Terms—Electrochemical processes, etching, InP, InAl- _the pr.opagatlo!'l loss of .the Wa}vegU|dgs is determined. We
GaAS' semiconductor Wa\/eguidesl |nVeSt|gated th|n WaVegL"deS W|th a hEIght Of Only 450 nm

and widths ranging from 3.5 to gm.

|. INTRODUCTION Il. ETCHING AND OVERGROWTH

T HE quaternary mate_rial _system INAIGaAs is gaining_ im- The Iy 53Al 051 Gay.16ASIFe—INP:Fe X, maicass = 1180
portance fpr the fgbrlcanon. of long-wavelength semlcoq]—m) samples are grown by MOCVD in a vertical rotating-
ductor waveguide devices. Lattice-matched to InP, INAIGaAgqy reactor operating at low pressure. The epitaxial layer
is attractive for replacing InGaAsP in various applications d%eequence consists of a 200-nm-thick InP:Fe buffer layer
to its refractive index ratio between waveguide and claddirlgo_nm INAlGaAs:Fe. and 30-nm InP:Fe ca{p layer. Prior to,
which is higher than that of In(_B_aAsP—InP with 'dem'caétching, stripes are defined by a silicon nitride mask deposited
bandgap. InAlGaAs offers an additional advantage due to h nonreactive RF magnetron sputtering and patterning by

ease by which its bandgap can be varied while retaining latticé 4 gard lithography process. The stripes are oriented along
matching to InP during epitaxial growth. InAlGaAs has bee%

i 11]. The structures are etched using a reactive-ion-etching
employed as core layer for low-loss waveguides [1] and relat IE) process with a Technics Plasma 4000. Optimal results

waveguide devices such as electrooptic modulators [2] af?‘fjterms of etch rate, profile, and smoothness of the etched
photodetectors [3], [4]. Because of the relatively high—modsquface are obtained at 6 sccm @#D sccm H/5 scem Ar,
confinement that can be obtained through the application PfPa, and a power density of 0.33 WArThe power density
InAlGaAs the propagation constant of the mode increasegyresnonds to a total power of 250 W. The corresponding
This is beneficial for enhancing the coupling efficiency fromd; n, rates of InP and InAlGaAs are 35 nm/min and 7 nm/min,
waveguide to absorber in vertical waveguide phOtOdeteCt%sspectively. The polymer deposition ratei8 nm/min. After
[4]. . ) ) every 30 min of the C-Hy—Ar RIE, we incorporate a £
Previous reports on InAlGaAs—InP waveguide devices refﬁfasma—etching step in the same etch-chamber for about 3
almost exclusively to uncladded rib waveguides. For varioysi, tes. This procedure has been shown to be beneficial for

where the InAlGaAs rectangular core layer is fully embeddetg], [8]. After etching, the silicon nitride mask is removed by

in the InP cladding in ordgr to obtain a symmetrical_ modg CHR,—O, RIE process using 45 sccm ChiB.4 sccm Q

profile. Suc;h structure; are important for optical spot—saepogt- 1.2 Pa and a total power of 50 W. The etch rate is about
verters which are applied fpr low-loss fiber-to-chip coupllr_1g:L2 nm/min. As shown in Fig. 1(a), we achieve a smooth and
As a consequence of the high degree of symmetry, there IS} ise etch profile. More details about the etching process

cutoff height of the core. This feature enables one to realigd jis optimization as well as the dependence of the shape
very thin stripes with improved coupling in vertical absorbm%n the etching conditions can be found elsewhere [7].
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Fig. 2. Propagations loss as a function of waveguide width. The lower curve
represents calculated loss due to sidewall roughness.

During the pre-heating of the sample before overgrowth the
sulfur evaporates leaving behind a clean surface. In Fig. 1(b), a
typical result of the waveguide structure after InP overgrowth
of the sulfur-passivated surface is shown. To enhance the
contrast of the SEM picture we etched the cleaved facet of
the waveguide. One can see a very homogeneous overgrowth
without any visible growth interface besides the stripe. Please
note that two different interfaces are involved in the InP
overgrowth (InP—InP and InP-InAlGaAs).

Ill. W AVEGUIDE CHARACTERIZATION

nEDs Bn Waveguide-loss measurements are performed atuh3-
Fig. 1. (a) SEM picture of an as etched waveguide stripe. (b) SEM pictuygaVEIGngth using the so-called cutback method. As shown

of an InP buried waveguide stripe. Contrast enhancement was achievediby Fig. 2, the propagation loss drastically decreases with
etching the cleaved facet. increasing waveguide width. It ranges between 10 dB/cm for a

3.5um-wide waveguide and 3 dB/cm for ayn-wide device.

three alternative surface preparations on the quality of th@e relatively high measurement uncertainties are inherent
regrown InP is studied: 1) HF, 2) HF and 2-Propanol, and & the cutback method [10]. Furthermore, Fig. 2 includes a
(NH,4)2S;. After the surface treatment, the samples are loadedrve indicating the radiation-losses that are caused by side-
in the LP-MOCVD reactor to carry out the InP overgrowttwall roughness. They are calculated using an approximation
in a standard process. The pre-heating is performed ina Pgiven by Tien [11]. This approximation has been originally

atmosphere. The InP overgrowth is performed at 6€D developed for planar guides with roughness at the top and
and 20 hPa with a growth-cycle of 30-s growth and 15 Isottom interfaces. By means of an effective index calculation,
interruption. The growth rate is about 1.8n/h. The regrown the approximation is applicable for our case with roughness

InP is about 1m thick. on both sidewalls of the stripe. The formula for the attenuation
We observe that the yield of homogeneously overgrows in units of dB can be written as
samples is fairly low with the first and second preparation. 213
k . 40logeo” h
Mostly, the regrown InP shows island-type growth behavior. o= W/—j

However, very smooth and regular overgrowth is observed

after each growth-run when the samples are subjected to tteere ¢ is the interface roughnessy the width of the

third preparation procedure. The details of the sulfur basedveguide core, ang a term for width correction. The
surface treatment have been published previously [9] and willopagation constant and transverse propagation constant are
be only briefly summarized here. The first step is immersigh and A, respectively. The sidewall roughness is inferred
of the sample in a solution of 3.2 ml (N§£S,./45 ml HbO from SEM measurements as shown in the inset of Fig. 2. We
at 50°C under illumination of a halogen lamp for about terxtract an interface roughness @k 60 nm. The calculation
minutes. After this the sample is rinsed in water for abosuggests that the observed increase of the loss with decreasing
20 min to remove excess sulfur from the surface. Due twaveguide width can be attributed to scattering loss. Thus,
the sulfur passivation re-oxidation of the surface is preventeal.further considerable reduction of the sidewall roughness
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