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Abstract: Si-nanocrystal incorporated Si-rich Si6trip-loaded waveguide amplifiers grown
by detuning NO/SiH, fluence ratio and RF power are demonstrated with, kyellow, and red
multi-color amplified-spontaneous-emission and gaiefficients of 160, 70 and 45 €m
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1. INRINTRODUCTION

Either increasing the transistor quantity or introdg the optical interconnect is the alternativaywoward
enhancing the data processing speed and data {ssiamrate at the chip level. In the former cdlse,interior Cu
bonding wire based transmission lines still cause RC delay to limit the transition rate. RecentBi
nanophotonic waveguide based optical interconrestiei have been comprehensively investigated becdute
suitability on integration with Si substrate as @amed to other compound semiconductor, which idempnted by
replacing Cu bonding wires with sub-micron optiealveguide devices. The optical waveguide is knewrthe
key element to interconnect different devices/mesgulor the aforementioned purpose. Previously, Sheib
waveguide has been demonstrated [1-6] with its loss and high index contrast characteristics capaibl
fabricating many devices, such as optical switq@¢sring resonators [3-5], and small-core wavegsid6]. On
the other hand, the Si nanocrystal (Si-nc) hasaledehigher radiative recombination rate than I8ilkwhich were
subsequently employed to develop the active devdoel as light emitting diode and waveguide anggffi[7-9].
In this work, we demonstrate the Si-rich RiQtrip-loaded waveguide amplifiers with blue-yellogd
amplified-spontaneous-emission (ASE) response bynitey the Si-nc size. By using a strip-loaded eguide
geometry with better lateral confinement than ptamaveguide, we utilize the variable strip leng#ts() method
to characterize the different gain/loss coeffickeand the saturated pumping lengths of thesg:Si@c based
multi-color waveguide amplifiers.

2. EXPERIMENT

The Si-rich SiQ and stoichiometric Sig¥ilms of our waveguides were grown by plasma exkdrchemical vapor
deposition (PECVD) at substrate temperature andspre of 358 and 67 Pa, respectively. By changing the
fluence ratio of reaction gas and the RF plasmaepothe SiQ layers with changing composition ratio are
deposited and the different Si-nc size are detafied annealing in quartz furnace with &mbient at 110€. The
growth parameters and related optical propertiedisted in Table 1. The geometry of Si-rich g&Irip-loaded
waveguide was shown in Fig. 1, in which a 1-um&HhstO, buffer layer was deposited on p-type Si substnatie
N,O/SiH, fluence ratio of 20 for 800 sec to prevent optieslkage to substrate. The Q&+-thick Si-rich SiQ
film was deposited upon the Si®uffer layer and the im-thick top SiQ layer was grown to encap the Si-rich
SiO, film for better confinement. Afterwards, the pbldhography was performed on the i@yer to obtain the
5-um-waide and 3-cm-long waveguide pattern, and tlaetinee ion etching was used to cleave ani-deep
sharpened side-wall under flowing CH©, gaseous mixture. The strip-loaded waveguide waldat both ends.

Table 1 Thefabrication details and optical propertiesof Si-rich SiO, films prepared by PECVD

Blue-ASE Sample Yellow-ASE Sample Red-ASE Sample

Fluence ratio of [BO]/[SiH,]; [N.O] = 50 sccm 45 45 4

RF plasma power (W) 50 35 30
Annealing time (minutes) 25 90 90

Peak wavelength of PL spectrum (nm) 375 621 801
Linewidth of PL spectrum (nm) 86 189 124
Approximate size of Si-nc (nm) 1.54 2.8 4.7
Refractive index in visible light region 1.56 1%7 1.79

The VSL method shown in Fig. 2 was employed to wast&l the gain and loss coefficients of Si-rich ,SiO
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strip-loaded waveguide, in which the circular He-@der beam at 325 nm of 40 mW was reshaped into
one-dimension pumping line by using an UV cylindtiens, which top-illuminates the strip-loaded wgwide with
variable pumping length by controlling the slit ftims back and forth. The amplified spontaneousseion (ASE)
signal at the output end of the waveguide was cwtk by the lens collimated fiber, and analyzed thy
monochromator (CVI, DK480) in connection with a pdraultiplier tube (Hamamatsu, R5108).
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Fig. 1 The geometry structure of Si-rich SiGtrip-loaded Fig. 2 The experimental setup of VSL method.
waveguide amplifie

3. RESULT AND DISCUSSIONS

The Fig. 3 shows the simulation (R-soft BPM methofl)optical propagation in the planar and stripdied
waveguides with same material structure. The sitedl cross section view of optical field for plamad 5-um
strip-loaded waveguide clearly shows a well lateraifined optical mode for the Si@i-nc strip-loaded waveguide
due to the tiny effective index difference betwednand SiQ. The PL spectra with its intensity normalized to
thickness of the Si-rich Sidilms are shown in Fig. 4. The inset of Fig. ®8fs the PL emission patterns of three
samples. The linewidths of these three sample8&r&89, and 124 nm with peak wavelengths of 24, and
801 nm, and the corresponding sizes of Si-nc &€218, and 4.7 nm [10]. For the blue- and yellb8E samples,
the peak PL intensity for blue-ASE samples is tviltan yellow-ASE sample. However, the refractindex of
blue-ASE sample is smaller than yellow and red pmwsch means the blue-ASE sample with lower Siessdhan
yellow and red ones. Although the lower Si exdadslue-ASE sample, the density of Si-ncs with deradize of
Si-nc in blue-ASE sample is higher than that ofhwérger size of Si-nc in yellow and red ones. r&fae, the
higher density of Si-nc in blue-ASE sample contid@suto the higher PL intensity.
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Fig. 3 The simulation of contour map for optica&ldi distribution in planar waveguide and strip-leddvaveguide.

The ASE intensity response versus different pumpéngth for three 5-um strip-loaded waveguidesstn@wn

in Fig. 5, in which the gain and loss of each waxeg amplifier can be fitting with the following eagtion,

I 0N 4 -a)z —_ I N % —QaZ H i
| :ﬁ (e(g ) —1)-;—*; (e*)ifg=0" )
where ¢,0, lson @nd z represent the gain, the loss coefficidm, ihtensity of spontaneous emission, and the
pumping length, respectively. As a result, thngand loss coefficients at peak wavelength of BT6for the
blue-ASE sample are 160 ¢nand 16 crit. For yellow-ASE sample, the gain and loss cokffits at peak
wavelength of 620 nm for yellow-ASE sample are #0'@nd 15.5 cm.  For the red-ASE sample with largest size
of buried Si-nc, the gain and loss coefficients@etermined as 45 chand 14 crit at peak wavelength of 780 nm.
In addition, the blue-, yellow-, and red-ASE areadyrally saturated by lengthening the pumping linigh w
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characteristic lengths of 0.18, 0.65, and 1.0 midnder He-Cd laser pumping, the spontaneous emisgibie
amplified when passing through the inversion pofaaregion. The ASE intensity increases at larglepe in
blue-ASE sample due to the higher population irieersondition developed in the waveguide (also icoréd by
the higher PL intensity). That is, the blue-ASEnpée with higher PL intensity exhibits higher gaioefficient,
whereas the saturation length is smaller for thepsa with higher gain coefficient. On the othem#athe
dominated scattering loss occurred in the stripdobSiQ:Si-nc waveguide can be attributed to Mie or Raiei
scattering (Si-nc <<) at short wavelengths with a proportionality X§. The blue-ASE could experience a
stronger Rayleigh scattering in Si@ith smaller Si-ncs. This essentially elucidatiest the loss coefficient of
blue-ASE sample is larger than the other sampketheascattering loss at shorter wavelengths iarered by higher
density of Si-ncs.
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Fig. 4 The spectrum of PL intensity per thicknesstliree samples. Fig. 5 The ASE intensity versus different pumpiegdths for three
Inset: the PL pattern for three samples. samples.

4. CONCLUSION

We have characterized the blue-yellow-red multbe@i-rich SiQ strip-loaded waveguide amplifiers grown by by
PECVD at changing MD/SiH, fluence ratio and RF plasma power conditions. Fhepectra for blue, yellow, and
red samples exhibits peak wavelengths at 375,81 801 nm and corresponding linewidth of 86, E8@, 124 nm.
By fitting the VSL experiment data, the maximumrgaoefficient of 160 cf and saturation length of 0.18 mm are
obtained from blue-ASE sample at PL peak of 375which also exhibits highest loss coefficient ofct6*due to
the scattering loss by high density of Si-ncs art&n wavelength.
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