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The realization of two-dimensional SiGe/Si strained-layer low-loss waveg(ide db/cm is
reported. The waveguide geometry is grown by selective epitaxy. It ensures loosened cutoff and
critical thickness conditions. This geometry could be applied for waveguide active devices like light
emitting diodes, photodetectors, or modulators. Because of the high cross section of the guided
mode, these devices could be easily interfaced with optical fibers19€9 American Institute of
Physics[S0003-695099)03035-1

The recent interest in SiGe optoelectronic devices is be-  An interesting solution of the critical thickness limitation
cause of the possibility of integration of optical and highwas proposed by our group. In that approach, SiGe strained
speed electronic functions on a Si substl&t&iGe is a suit- layers are realized by selective epitaxy on patterned
able alloy for optoelectronic applications owing to a rela-substrate&§?2 We use this idea for the realization of SiGe
tively high absorption on fiber communications wavelengthswaveguides with higher confinement factors and lower cutoff
Thus, poor optical properties of Si can be counterbalancethickness restrictions. The solution is presented in Fig. 1.
by employing SiGe components. SiGe optoelectronic device$he main difference from other methods is the local deposi-
are appealing since they offer a tuneable band gap from 1.tion of the SiGe in a finite stripe region while in the conven-
to 1.5 um by varying the Ge content in the alloy or by tional Rib or Ridge geometry the SiGe layer is deposited on
controlling the strain state. That opens a large field of re-an entire wafer and afterwards patterned by reactive ion etch-
search activities with device applications such as rooming.
temperature operating light emitting dioded EDs), In order to show the influence of Si and SiGe cap layers
photodetector$ modulators’® guided wave demultiplexefs, on the confinement of the light in the SiGe guiding film, we
etc. The main design parameter for these devices is the cohave carried out calculations by the spectral ind&Y
finement factor in the active SiGe layer. Until now this wasmethod® in a previous papef: Namely, we have investi-
practically limited by the critical thickness of SiGe alloys gated the cutoff condition dependence of cap layers thick-
that can be grown on a Si substrate without plastic relaxness versus the thickness of the §&e, , guiding film by
ation. Recent advances in selective epifaxypermit us to  using the SI method. Our calculations show that a cap layer
circumvent this problem and to achieve higher confinemen@f about 1um thickness is sufficient for the realization of

factors. strained §j Gy »/Si waveguides. Very thick cap layers are
Several kinds of SiGe waveguides were obtained by dif-
ferent author$?~'° There are two main obstacles for the re- air

alization of single mode strained-layer waveguides with high
Ge concentration. The first is related to the cutoff thickness
limitation in asymmetrical SiGe waveguidEsBecause of

the refractive index asymmetry only a limited quantity of Ge Si cap

can be incorporated into these waveguides for single mode Sh'-»few
operatiort® In Refs. 19 and 21 this obstacle was withdrawn Si0; — Si0;
by deposing a thick Si cap layer on the, SiGe,, which gﬁi';;:gﬁ"m
makes the structure closer to a symmetric configuration S ofor layer

Si/Si,_,Ge,/Si with respect to the refractive index and
therefore the cutoff limitation is loosened. However, there is
a second limitation due to the critical thickness for plastic Si substrate
relaxation of Sj_,Ge,/Si which limits the confinement fac-
tor in this region.

FIG. 1. Symmetric stripe SiGe two-dimensional waveguide on Si substrate
¥Electronic mail: pogossia@univ-brest.fr after selective epitaxy. The Sj@ removed afterwards.
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TABLE I. Parameters of SiGe waveguides grown by selective epitaxy. Polarization Ge
controller BS  detector

Si; - Ge First oM Q00 T T T T Ny I
Si buffer guiding film Ge contenix Siy oG,  Second A l 777777 i Ty i l CENT
layer thickness in Si;_,Ge,  cap layer Si cap layer 13 pmand LSS pm WG !

Sample (nm) (nm) guiding film (nm) (nm) pigtailed Iaser 63X- . 633X- v
diodes objective lens objective lens _
1427 150 380 0.20 625 2 v
1430 150 320 0.19 630 2
FIG. 2. Schematic of the experimental setup used for measuring the wave-
guide losses.

not necessary since there is always a residual cutoff limita®
tion independent of cap thickne¥sOur strained SiGe wave-
guide geometry is therefore less critical with respect to thazation controller is used for adjusting the light polarization
critical thickness compared to those grown on a wafer scaldor both TE and TM guided mode excitation.

The sequence of epitaxial growth starts with the Si sub-  The fiber output is collimated and focused onto the
strate patterning using S}ONext, a Si buffer layer is depos- waveguide input using two objective lenses. The waist of the
ited by selective epitaXy!! prior to the SiGe growth. Then focused beam is estimated using the input collimated beam
the Sj_,Ge, guiding film is deposited and afterwards cov- waist before focusing and the focal length of the objective
ered first by a SisdGey o Cap layer and then by a Si cap lens at about 1.0Zm at 1.3um and 1.27um at 1.55um.
layer. Cap layers allow us to make the waveguide closerto a The output of the waveguide is imaged using an objec-
symmetric waveguide geometry. tive lens onto an infrared Ge detector. Using a beam splitter

The selective epitaxy was performed in a low pressureand an infrared video camera positioned at 90° from the
chemical vapor deposition system, which is a high vacuumeptical axis we could observe the image of the waveguide
horizontal, cold wall reactor with radiation heatifig! output and make the adjustments for optimum waveguide
Si(001) wafers(n type, 1Q2 cm) were thermally oxidized and coupling.
patterned with stripes 1 cm long and different widths. The  Both input and output objective lenses are mounted on
epitaxy was performed at a temperature of 700 °C at 0.1 Torprecision piezoelectric positioning stages that allow precise
pressure. Layer thickness and composition of the &€,  control of the alignment with the waveguide input—output.
layers were determined by Rutherford backscattering specFhe waveguide mount is fixed on top of a precision four-axis
trometry. Surface morphology studies were performed bywvaveguide manipulator that allows supplementary flexure
scanning electron microscope and by a DI Nanoscope lllaotations for an optimum alignment of the waveguide input
atomic force microscope in tapping mode. The layer sewith the input light beam.
guence for the $i,Ge waveguides is shown in Table I. Three different lengths of waveguides were used for the
Waveguide insertion loss measurements forloss measurement. This is known generically asdimback
SilSiy odS& 02/Si _xGe /Si waveguides were carried on at method As the net propagation loss varies exponentially
1.3 and 1.55um for both TE-TM polarizations. The sche- with the length of the waveguide, by using at least three
matic of the experimental setup is presented in Fig. 2. Fodifferent waveguide lengths we could eliminate the insertion
our experiments, the SiGe waveguides were cleaved and themd Fresnel lossesupposed the same for all waveguides
polished at the ends to form the waveguide surfaces. Insefrom the total loss measured. The averaged error due mainly
tion loss results from coupling loss due to the mismatch beto errors in measuring the length of the waveguides or dif-
tween the field profile of the input beam and guided modeferent polishing quality from waveguide to waveguide is es-
propagation loss of the guided mode, and Fresnel reflectiotimated at=0.3 dB/cm.
loss at both endfaces. Assuming a normally incident beam The main advantage of the experimental setup presented
the total Fresnel reflection loss was estimated to be 1.68 Fig. 2 is the possibility of changing the polarization of the
dB/facet. input light beam by using the in-line fiber polarizer. The

The first light source is a pigtailed distributed feedbackmechanical positioning is not changed at the input and output
laser diode emitting at 1.m with an output power of 2 ensuring a reliable way to measure the transmitted light for
mW, and the second light source is a pigtailed FabryePe TE and TM polarization. Also, the wavelength is changed
laser diode operating at 1.5bm with a nominal power of without modifying the positioning at the input or output, but
1.5 mW at the output of the fiber. An in-line fibered polar- just switching on the other laser source.

TABLE Il. Experimental results for the propagation losses of the SiGe waveguides.

Loss (dB/cm) Loss (dB/cm) Loss (dB/cm) Loss (dB/cm)

Guide 1.3 um-TE 1.3 um-TM 1.55 um-TE 1.55 um-TM

Sample width (um) (0.3 dB/cm (0.3 dB/cm (+0.3 dB/cm (+0.3 dB/cm
1427 15 2.1 2.2 2.3 2.2
1427 25 2.9 2.7 2.6 2.7
1427 300 2.7 2.8 3.0 3.2
1430 15 1.7 1.8 2.2 2.4
1430 20 2.2 2.4 2.5 2.6

1430 300 2.5 2.5 2.9 3.3
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