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Low-loss as-grown germanosilicate layers for optical waveguides
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We report on systematic growth and characterization of low-loss germanosilicate layers for use in
optical waveguide technology. The films were deposited by plasma-enhanced chemical vapor
deposition technique using silane, germane, and nitrous oxide as precursor gases. Fourier transform
infrared spectroscopy was used to monitor the compositional properties of the samples. It was found
that addition of germane leads to decreasing of N—H- and O—H-related bonds. The propagation loss
values of the planar waveguides were correlated with the decrease in the hydrogen-related bonds of
the as-deposited waveguides and resulted in very low values, eliminating the need for
high-temperature annealing as is usually done2@3 American Institute of Physics.
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In recent years, a lot of attention has been paid to fabrimane, and nitrous oxide as precursor gases. It was found that
cation of silicon-based dielectric materials. Among them gerincreasing the germane flow rate leads to decreasing of the
manosilicate filmg Si0, :Ge or (SiQ),:(GeG);_,] attract  hydrogen related bonds and thus decreasing of the propaga-
special interest due to their excellent compatibility with tion loss to the lowest values reported so far.
single-mode fiber$.Using germane as the core dopant and A series of germanosilicate films was grown by using
silica as the substrate, ensures nearly identical characteristipgrallel-plate-type Plasmalab 8510C PECVD reactor. The
for planar waveguides with the existing fiber technology.|ayers were grown on high-resistivity silicon wafers with
Moreover, promising phenomena such as significant U\hoth sides polished at 350 °C, in a pressure of 1 Torr and rf
photosensitivity and second-harmonic generafidmave al- power of 10 W at a frequency of 13.56 MHz, applied to
ready been ;hown in germanqsiligate waveguides, providingkﬂeS with a diameter of 24 cm. Sila2% SiH,/N,) and
great potential for optical applicatiofls. _ nitrous oxide (NO) gas flow rates were kept constant at 180

Planar ggrmanosﬂmate layers are conventpnallgl grownyng 225 scem, while that of germaii2% GeH,/He) has
by rf sputtering; solgel .methodé,powder mgltmg‘; OF " peen varied between 0 and 70 sccm. The refractive index of
plasma-enhanced ch_emlcal_ vapor dgp05|t|(jﬁECV_D) the films was measured by a prism-coupling technitjae
techniques. As-deposited SiQGe optical waveguides A=632.8 and 1550 nm, and the film thicknesses were deter-

grown Wi.t h these methods all .share the shortcomings of hav, ined by the same method and by stylus profilometry. As the
ing relatively large propagation losses at wavelengths Ogel—h flow rate was increased from 5 to 50 sccm, the refrac-

632.8 nm and 1.5&m. In particular, loss ak=1.55 um is o .
known to be caused mainly by N—H and O—H bonds incor_t|ve index of the layers varied between 1.4683 and 1.5189

porated into the film matrix, while loss at 632.8 nm is due(io'0002 for TE-polarized light, and between 1.4681 and

mainly to scattering mechanismglthough there is no sys- 1.519hl for TM-poIe:jr}zed “fght @:.632'8 nm. Ath=1550 d
tematic study of propagation loss in germanosilicate planapm’ the corresponding refractive indices were measured to

waveguides, the reported values range between 3.5 and Y'Y Petween 1.4530 and 1.5033, and between 1.4527 and
dB/cm-2 at \=632.8 nm and are larger than 2 dB/cm at 1.5032 for TE and TM polarizations, respectively. The

A=1.55 um28 To reduce the loss, it is common practice to grovyth r.ate.of the films increased gradually from 370 to 440
anneal the as-grown layers at temperatures as high A/min with increasing Gepl flow rate. N _
1100 °C for prolonged times® Recently, Zhanget al® re- The composﬂpnal analysis of the germanos!llcate fllms
ported CVD-grown germanosilicate planar waveguides withv@s done by making use of Bomem H&B Series Fourier
propagation losses of about 2 and 1 dB/cm at wavelengths dfansform infrared(FTIR) spectrometer. The spectra were
632.8 and 1550 nm, respectively. However, due to low indexebtained in the 5500 to 250 cm range with 8 cm* reso-
contrast, almost half of the mode power in those waveguideBition. The thicknesses of the SiGGe layers deposited for
propagate in the cladding material, the effect of which is nofTIR characterization were between 1.5 and 2rb. Eight
taken into account in the reported loss values. samples, s0—s7, with corresponding Geftbw rates of O
In this study, we report on systematic characterization ofi.e., SiQ,), 5, 10, 20, 30, 50, 60, and 70 sccm, were used for
as-grown germanosilicate waveguides. The layers wereompositional characterization. Normalized absorbance
grown by standard PECVD technique by using silane, gerspectra of the samples in 250 to 1500 ¢rmange are shown
in Fig. 1. All the samples show a dominant absorption fea-
aElectronic mail: aydinli@fen.bilkent.edu.tr; ture around 1050 cit, which can be resolved into Si-O
URL: http://www.fen.bilkent.edu.tfiogroup/ symmetric and asymmetric stretching and Ge—0O stretching
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) B cate samples in the N—H and O—H absorption band region.
FIG. 1. Infrared absorption spectra of germanosilicate samples at the 250 to

1550 cm ! range with the following Gekiflow rates; s0, 0; s1, 5; s2, 10; s3, . . . . )
20; s4, 30; s5, 50; s6, 60; and s7, 70 sccm. and finally SiO—H stretching vibrations at+3600 and

~3665 cm 1.° As the GeH flow rate in the grown samples

O 1112 . increased, the N—H stretching vibrational frequency shifted
\9/|8b(;atloinlél at ftr_eqlu enSc.lesé of E.bOUt ldO6b5’ dl;SO, .bandabout 30cm?! towards lower frequencies, while that of
i em 'rdesp'?f(.: ';e ¥v‘45'0_ (EONCS'Z%Q ar_11 ?\r']l '239 V|Ora- GeO-H and SiO—H remained constant. The N-H and O-H
lons were identiied at-2ou an cm =, whrle \>e— bond concentrations were calculated for all the grown layers
and Ge—_Hl bending vibrations were observed-at20 and by using the method of Lanford and RahfFor N—H bonds,
~650 cm -, respectively. Analysis of the oxygen bond con- pe absorption cross section value Ofry_p=5.3

centration was performed by integrating over the relevani'>< 1078 cn? was used throughout the calculations. The cor-

bands. The bands were decomposed using nonlinear CUlYEsponding value for O—H bonds wagro_y=1.5

fitting, assuming that the peaks are in the form of symmetric, 102! cn?, obtained by Rostaingt al* In spite of the
Gaussmns..The.resuItS of this anegS|s are plotted in Fig. 2relatively large uncertainty for the O—H bond absorption
The normalized integrated absorptifhang(w)de)] of the ross section, we believe that the results obtained can be
Si—O bonds exhibited a gradual decrease, while that Ogafely used in the comparison of O—H bond concentrations

Ge—Oﬂbondstsh;wtehd a stﬁagy w;creise af’ a functlontof 9%+ the samples. The results of the calculations are plotted in
mane flow rate. Both reached saturation at a & rate Fig. 4. As seen from the figure, the N—H bond concentration

of about 50 sccm. Assuming that the infrared absorptior}1as decreased from 043022 cm-23 below our detection
cross section for the bonds of interest are similar, it can b‘ﬁmit of 0.06x% 1072 Cm_g' by a factor of 7 as the GeHlow
stated that Si and Ge are incorporated into the film matrix a}ate incréased from Qsil’icon oxide to 70 scem. As for the
negr:y equal concentrations for Ggfflow rate of 50 sccm O-—H bonds, their concentration showed a sharp decrease as
and larger. . well, from about 2.2%¥10%°cm 2 down to 0.23

An interesting outcome of the FTIR analysis is that the 0?2 cm 2, by a factor of 10 in the same germane flow
observed amount of both N-H and O-H bonds decrease%nge_ The observed decrease of these bonds has an impor-

V\f[ltht |r:1_crea5|_rtl)g tG el flow rateb(see Zlg.agsggg N__lH tant impact on propagation losses »xt1.55 um of the
stretehing - vibrations —were —observe cm = waveguides grown using germanosilicate films.

. . . — _1
GeO-H stretching vibrations at3470 and~3515cm *, The propagation losses of the waveguides were mea-
sured by using a prism coupling technique. The waveguides
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FIG. 2. Variation of normalized absorption band area for Si—O- and Ge—O¥IG. 4. Variation of calculated N—Kha) and O—H(b) bond concentrations

related bonds with increasing Gglflow rate. for germanosilicate samples with increasing Gdldw rate.
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TABLE |. Propagation loss variation with GgHlow rate for three repre-  creases as well, due mainly to scattering mechanfsfhas

sentative germanosilicate waveguides\atl. 55 um. for the propagation loss values ®t1.55 um, they are in
Propagation loss agreement _with our expt_actations based on FTIR analysis.
ol GeH, flow (dB/cm) The normalized propagation loss rates showed a decrease by
ample rate

a factor of 2, while approaching our measurement limit, and
following the decreasing N—H bond concentration.
S1 5 0.32:0.03 0.22:0.04 In summary, we have grown germanosilicate layers us-
S2 10 0.26:0.05 0.18-0.02 ing the PECVD technique. Compositional analysis using
S5 50 0.14:0.06 0.18-0.07
FTIR spectroscopy showed that the amount of N-H and
O-H related bonds exhibited a drastic decrease upon in-
creasing Gellflow rate. Planar waveguides fabricated with
were grown on oxidized silicon wafers with SiGhickness  germanosilicate core layers showed the lowest propagation
of 9.8 um. Core layer thicknesses were varied between 4 ana)ss values reported so far both for as deposited and annealed

6 um, by using the same parameters as the samples used|iyers atn=1.55 um,? eliminating the need for costly and
FTIR characterlzat!on. Aﬂ\=_1.55 um, the moving-prism  cymbersome annealing process.
method was used, in which light was coupled into the wave-
guide at different lengths and the output power was moni- The authors gratefully acknowledge the support of The
tored at the end of the slab waveguide.¥632.8 nm, the Scientific and Technical Research Council of TurkeYBI-
method of Rampongét al!® was employed, in which a single TAK, Project No: 199E00band Bilkent University Research
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