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Abstract—Silicon-on-insulator photonic microring resonators Compared to the sensor array presented in [4], a microring
are ideal components for applications that require a high degree with a weak grating to replace the access waveguides can save
of multiplexing because of their small size. However, when very up to 0.1 mm? of chip footprint. In this letter, we present a

high numbers of microrings are used in parallel, grating couplers L . . .
and waveguide routing quickly takes up more chip space than proof-of-principle demonstration of direct vertical readt of

the actual rings. Therefore, we suggest to combine microring & Microring resonator, supported by simulation results.
resonators with local weak gratings to read out light directly

from the microring while still maintaining high quality factors I
of 19000. We demonstrate simulation results and an experimental

analysis of different grating parameters. The resonance speaim For this purpose, we have designed microring resonators

is recovered from the vertical emission of the microring grating, combined with a weak grating that couples light directly ofit
without using a traditional output waveguide. the ring. The microring consist of 450 nm wide waveguide.
Index Terms—microring resonator, grating, vertical coupling. ~ The grating is created by etching slits in the silicon topelayf
220 nm until the buried oxide layer is reached, and is defined
|. INTRODUCTION in the same lithographical step as the microring resonator.

ILICON-ON-INSULATOR (SOI) photonic microring res- tThe W‘i.‘"‘k grat.'”gfeﬁectth's ‘.’Ipta'”ed by S.ga“i"ﬁf Separa“l”g
onators have proven to be excellent components for t]:\e grating region from tnhe silicon waveguide. 1his way only

variety of integrated applications such as photonic bisse tEe evetpescen(jt tail of the waveguide Iin .Oq[e m:gracés tWIth
ing [1], [2] or all-optical filters in telecommunications ]J[3 € graling and we can assume a weak interaction betveen

For sensing applications in particular, an important ass ;h' The dﬂIL facFor dOft trlie_ﬁgra:|?gh[{§f0% atrllld a perloq dOf.
of microring resonators is their small size and their apilit nm IS determined to difiract ight from the waveguide In

to perform multiplexed assays [4]. Vertical grating complethe vertical direction using the Bragg condition. A Scagnin

and waveguides are used to couple light in and out of tﬁéectron Micrograph (.SEM) of the micro_ring. resonatqr V.Vith
chip and to address the actual sensors. For low levels c?ak grating on both sides of the waveguide is shown in fig. 1.

multiplexing, this is an adequate solution. However, nexi- e inset shows a magnification of the grating region. Far thi

generation applications like DNA sequencing [5] can rwuhproof-of-p_rmup!e demonstration, we Use microrings ia ‘_*“'
pass configuration for easy characterization of differeatigg

thousands of detections in parallel. Microring sensorseha ¢ ical fib i Th K i
proven successful for multiplexed DNA detection [6], pyparameters -on an vertical fiver Setup. € weak gralings

the access waveguides pose problems in applications Wit Io.ct:ate_t(dj mftt?]e y|C|n|ty of thgtr'?r? wavelg_gwde on th;
massive parallelization. For such high levels of multijpbex opposite side oT the 1ing compared 1o the coupling waveguide

the waveguide routing on the chip surface quickly becomg e grating functions as a drop port for the microring and

impossible as waveguides start to take up more chip sp% raftf. light upwarfd, Whgrte It c?n bte fr?"e(];[edt by ?hc_amerla
than the actual sensors. Therefore, we suggest to combin ]:%Lu ations are performed to estimate the effect on theitgua

microring resonator with a weak grating. The combination (tpf the ring resonance for different grating configurations a

microrings with gratings has been investigated for diffiéere ° \{lsuallze the Qropped I|ght tthUQh the weak  grating.

applications [7], [8]. We suggest a technique that enablesd De_wces on SOl chips are fabr|cgted ina complementqry metal

interrogation of the microring resonance, without the nied OX|de-sem|cqnductor (CMOS) pilot line [10] for experimaht

output waveguides and output grating couplers, similah& tcharactenzatlon.

one adopted in [9]. However, by adopting a weak grating

approach, the resonance maintains a much higher quality IIl. SIMULATIONS

factor, which is of the utmost importance for most applizasi. The microring resonators combined with weak gratings are

S. Werquin, Y. De Koninck and P. Bienstman are with the Departroé SimUIated using the t_hree-dimensional finite-ditfererieet

Info.rmation Técﬁnology (INTEC) and the Center for Nano- andpBotonics domain (3D-FDTD) simulation tool Meep3D [11], [12]. For

(NB-Photonics), Ghent University-imec, B-9000 Ghent, Beig (e-mail: these simulations, a simple model of a silicon wire micrgrin

Sagév;;le:iql;itn(@?:i)ntzeg.lljlgﬁlgtlébEE) Personal use of this material is peeahi with 5 um radius on a buried oxide layer with air as a top
A ' cladding is used. The very high index contrast allows us

However, permission to use this material for any other purpasest be S : : > ; e
obtained from the IEEE by sending a request to pubs-permis@deee.org. to limit the device dimensions which significantly reduces
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Fig. 2: Simulated quality factors and grating associatedds
for microring resonators with different grating configuoat.

are significantly reduced, as can be expected by the reduced
overlap between the waveguide mode and the grating. If a two
sided grating is used, with second grating placed at therinne
radius of the bend in an attempt to increase the outcoupling,
we notice only very limited extra losses. This can be exgldin

by the fact that the mode is concentrated at the outer edge of
the waveguide in the bend sections. Additional simulations
show very little effect on the simulated losses for a chamge i
Fig. 1. SEM-picture of the microring resonator with wealgrating period of30nm. Also, in general for a fixed period,
grating in the vicinity of the waveguide. The inset shows ghe grating loss increases with increasing wavelengths Thi
magnification of the grating region. can most likely be attributed to the reduced confinement of
the waveguide mode for larger wavelengths, rather than a

simulation time. We use Harminv [13], [14] to perform awavelength dependency of the grating losses. The grating

harmonic inversion of the time-dependent field values dedr fheorlljzdh does determine the diffraction angle of the grating
in the resonator to determine the quality factor of the déffe )

. ; . Using a commercial-grade simulator based on the finite-
resonator modes. By comparing the simulation results to tBﬁference time-domain method [15], the far-field response
reference microring without grating, the influence of thealwve '

. i _ of the grating is simulated. The resulting projection on the
grating on the resonator mode and the gratmg—assouaheqnisp%erel?n above a two-sided grating v?/ithj gaiR0 nm

. . he
losses can be extracted. We have simulated the microrigg, 5 periods 0547 nm is plotted in fig. 3. The figure shows
thE intensities of the optical field for the different directs

with weak grating for different grating lengths and diffiete
gaps between waveguide and grating. The influence of a w 9 @), with the propagation of the counter clockwise mode in
waveguide along the negative x direction,¢oe= 180°.

grating on both sides of the ring waveguide has also be
majority of the light is emitted in theé = 0° direction,

investigated. The grating los4,,, which is in fact the only The
extra loss mechanism after taking into account the ref«arengt a polar anglef of approximately30° from the surface
normal. The opening angle along the azimuthatlirection

ring simulation, is defined adl,, = 1 — exp(—ag,-L), with
oy, the attenuation coefficient associated with the grating. is approximately60°, which is expected for diffraction from
U 450 nm wide waveguide.

can be determined from the simulated quality factors bygusi
relation (1).

1 1 1
+ and & = & ) IV. EXPERIMENTS

Q@ Qrey  Qgr Q@ ng For the experimental characterization of the microringhwi
Here, Q is the simulated quality factor of the microring withweak gratings, the devices are clad with silicon oxide. This
grating while Q.. corresponds to the reference situatian. cladding material approaches the index contrast of a water
andn, are the angular frequency and the group index of tltadding which will most likely be used in a biomedical
resonator mode, respectively. These results are sumrdarigensing application. The microrings consist of silicon ewir
in fig. 2. The simulations show a significant effect of thevaveguides of450 nm with 16 ym bends. The directional
weak grating on the resonator losses, while still maintajni coupler with the pass waveguide has a gapR@&dnm and
a reasonable quality factor. For a spacing between gratihgm straight arms. The microrings with gratings are measured
and waveguide ofl20nm, the simulations show the ringin the pass configuration on a vertical fiber setup. An Agilent
losses are increasing linearly with increasing gratinggflen 81980A tunable laser is swept over a wavelength range of
When the spacing is increasedi80 nm, the resonator losses60 nm and an Agilent 81635A optical powermeter records the



1.7-320 infrared camera mounted on a magnifying objective.
In correspondence with the simulated far-field response, th
camera is mounted under an angle8of to pick up the grating
emission.

A. Power transmission

The round-trip and coupling loss of the microring reso-
nances can be extracted from the parameters of the lorantzia
approximation for the transmission (2).

~a® —2arcos(¢) + 1
r= 1 — 2ar cos(¢) + (ar)? @

Round-trip loss for a microring resonator with attenuation
coefficiento and round-trip lengtlL is represented by the am-
plitude reduction coefficient = exp(—alL), while ¢ equals
the round-trip phase change. The directional coupler ant#i

self-coupling coefficient = /1 — k2 represents the coupling
A losses corresponding to a field coupling coefficiéntThe
— = g method described in [16] returns a set (a,r) and by comparing
[———— > X the behaviour of the solutions for different devices, trentis

Fig. 3: Simulated far-field response on the hemisphere abde® @ndr can be identified. The resulting and r of the
the grating. The center of the grating coincides with theiori MICToring resonators with a weak grating are given in fig. 4

of the coordinate system, as indicated by the schematic @& 2 function of wavelength for different grating lengthbeT
view. Concentric circles represent increments16f in the résults in the graph are for a grating-to-waveguide gap of

polar angled, while radial lines correspond to steps &ff° 130nm and a grating period df47 nm with 50% filling factor.

in the azimuthal anglé. The highest intensity optical field is | "¢ quality factors of the resonances arouri0nm are

found around the directiofl = 30°, ¢ = 0°. indicated in the legend.

The method in [16] can not distinguish betweeandr, but
since the dashed lines do not vary for different grating teeg
1 : : : : : : they have to correspond to the coupling coefficients. Thie ful

lines represent round-trip losses that increase with asing
098 | | grating length, which is in good agreement with the simalati
s e\ results. Broadening of some resonances by resonancénsplitt
TR R SN results in poorly-fit parameters which causes the particula
0.9 T ties in the graph. In general, round-trip and coupling lesse
increase slightly with increasing wavelength. Changing th
0941 ] period of the fabricated grating does not result in changes
10 periods, Qfactor = 19k in the recorded losses of the resonator mode. For a gap of
0.92 1 20 periods, Q—factor = 15k 1 200 nm, increasing the grating length no longer has any effect
— 30 periods, Q-factor =14k on the losses of the microring resonance. This indicates the
—— 40 periods, Q—factor =11k . .
0.9 : : : grating has only a very limited effect for such large gapse Th

15101520 1530 1540 1550 1560 quality factor recorded for a resonance around 1550 is 23000

for a gap of200 nm and 20 grating periods d¢f47 nm, which

Fig. 4: Device and wavelength dependent coupling and round-ingeeq significantly higher than the quality factor of @80
trip loss for microrings with different number of weak grayi reported in fig. 4 for a30 num gap.

periods. Dashed lines represent the coupling coefficient

while the full lines show the round-trip amplitude reduatio o

coefficienta. The weak grating periods afé7 nm with 50% B- Grating image

filling factor while the waveguide-grating gap 180 nm. Fig. 5 shows the image of the microring with weak grating
on resonance as recorded by an infrared camera under an angle
of 30°. The microring grating is imaged on the camera array as

optical power withl pm wavelength resolution. The resultinga bright spot with some low intensity fringes due to focusing

microring spectra can be used to extract resonance charadgsues. The power integrated over the spot size can be used

istics for different grating configurations such as quditgtor as a transmission characteristic of the microring. Conptwe

and losses by fitting a lorentzian lineshape to the resonarnhe scattering from the waveguide edges, the power diffthct

dips. To monitor the microring directly by recording thehig by the grating is two orders of magnitude higher. By sweeping

vertically diffracted by the grating, an image of the inggid a Tunics Plus CL tunable laser and recording the transnmissio

chip with microring resonators is recorded by a Xenics Xevat every wavelength, a spectral response of the microring is



obtained. This is represented in fig. 6. A lorentzian shape ca 1 }
be fitted to the microring spectrum to obtain the resonance —— Lorentzian fit
parameters. This results in a resonance quality factor @0@0 * measured
at a wavelength of 1523.5 nm, which corresponds very well 08y
to the quality factor of 19000 that we obtain for the same
resonance by investigating the pass transmission on tkiealer E 06}
fiber setup. This indicates the transmission of the weakrgyat >
represents the same resonance of the microring and confirms 2
the ability to record the microring resonance without usimng E 04r
output waveguide.
02
V. CONCLUSION .
We have simulated and experimentally characterized the 01523.3 15234 15235 15236 15237
combination of a microring resonator with a weak grating Wavelength [nm]

for direct interrogation of the microring. The effect of dif Fig. 6: Microring spectrum and resulting lorentzian fit b
ferent grating parameters is evaluated. Both simulatioth apy recording the near-vertical emission of the grating gisin
experiment show near-vertical emission from a microring canfrared camera.

be achieved, while still maintaining high qualilty factoo$

19000. Using an infrared camera to collect the vertically
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Fig. 5: Schematic microring and weak grating image as
recorded by an infrared camera picking up the emission at
30°. Axes are expressed jimn. The color scale represents the
counts per individual pixel.



