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Photonic microresonators have great potential in the application of highly sensitive sensors due to
high Q-factor resonances and steep slopes between zero and unity transmission. A microring
resonator with increased resonance slopes is proposed by introducing two partially reflecting
elements implemented by waveguide offsets. This configuration produces a Fano-resonant line
shape and can greatly enhance the sensitivity of the sensor. Polystyrene microring resonators were
fabricated by the nanoimprinting technique, and the optical spectra were measured in glucose
solutions of different concentrations. The shift in resonant wavelength and variation of the
normalized transmitted intensity are linearly related to the concentration of the glucose
solution. © 2003 American Institute of Physic§DOI: 10.1063/1.1605261

Microdisk and microsphere resonators have been proare added in the straight waveguidég. 1(b)], which cause
posed as sensitive chemical senSamsd biosensors due to partial reflection of propagating optical waves. To analyze
their largeQ factors of resonanceThese sensors rely on the behavior of this configuration, we use the scattering ma-
accurate measurement of the effective refractive indexrix introduced in Ref. 6 to obtain the transfer matrik,,
change due to the presence of biomolecules on the surface tfat relates the incoming and outgoing optical field compo-
sensing areas, or the presence of a solution surrounding thents at the left ports(; andb,) to those at the right poria;
devices>* Boyd and Heebner proposed that sensing can alsandb,):
rely on the optical absorption of molecules attached on mi-

-1 io
crodisk surfacedIn all these examples, detection is made by~ |b2| 1 1 -r » e 0_
measuring resonance shifts. As an alternative, detection can |az] j./1—r?2| r 1 0 e
also be made by measuring the output intensity change from _ )
the microresonator at a fixed wavelength. The latter scheme 1 Iy —ly _
is especially useful for detecting very small concentration of 0w—w, O, e’ 0
X ) .
analytes. _ _ N iy iy 0 eid
Theoretically, the resonance line shape of a traditional 1+
. . . . . . W~ Wqo W~ Wgq
microdisk or microsphere resonator is symmetrical with re-
spect to its resonant wavelengths. In this letter, we propose a 1 -1 —r a a
microring resonator structure that incorporates two partially X —— x| H=Tx| ! (D)
g ivi—r2| r 1 by 37 |by

reflecting elements in the waveguide that couples the mi-
croresonator. This' structure can prpduce a sharp asymmetijg. o ., is the angular frequency of incident lightthe am-
Fano-resonance line shape, in which the slope between thgiy qe reflection coefficient at the waveguide offset junc-
zero and the unity transmission is greatly enhanced comyqng o, the center angular frequency of a selected reso-
pared with that of a conventional microring resonator. Such dance,y the half width of this resonance, antithe phase
Fano-resonance scheme was proposed by Fan to improve Wi that the waveguide mode acquires as it propagates a
optical switching characteristics of m|croresonator—baseqength of L [see Fig. 1b)]. The transmission spectrum near
devices® For the sensor application that we consider in thisgne resonance can then be calculated using(Bq Figure
letter, the sharply asymmetric line shape of the Fano resor(c) shows calculated spectra for configurations with and
nance provides greatly improved slope sensitivity. We furtheqithout the partially reflecting elements. Compared with a
propose use of a polymer core and air cladding for the mixqyentional microring resonator where waves propagate in
croring waveguides because they could allow surface modigng girection, the added partially reflecting elements intro-
fication for specific biomolecule attachment. As a proof of y,ce packward propagating waves that can perturb the phase
concept, we fabricated a polystyrene microring resonator by the wave transmitted and hence lead to complex interfer-
the nanoimprinting technique and used it to measure the glysnce - Such interference produces an asymmetric Fano-
cose concentration in aqueous solutions. resonant line shapeAs can be seen in Fig.(d), Fano reso-

A microring resonator consists of a ring, or racetrack,nance greatly increases the slope between the zero and the
waveguide that is closely coupled to a straight waveguide, agniry transmission compared with that of symmetric reso-
shown in Fig. 1a). In the proposed configuration two offsets nance exhibited in a traditional microring resonator, and this
characteristic can be used for the sensitive detection of the
¥Electronic mail: guo@eecs.umich.edu resonance shift.
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FIG. 1. Schematic configuration ¢d)

a conventional microring resonator
and (b) a microring resonator with
two partially reflecting elements that
are implemented by waveguide off-
sets. (c) Symmetric resonance spec-
trum of a conventional microring
resonatoldotted curvgé and asymmet-
ric Fano resonance of one with the
reflecting elementssolid curve. The
parameters used ar@,=1550 nm,
05 > ® 1 > 3 L=15.565um andr=0.5.
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We chose polymer material to fabricate the microring G

resonator because of its rich surface functionality as well as
low cost and simple processing. We have developed a pro-
cess to fabricate polymer microring resonators using a direct
imprinting techniqué which is applicable to a large number

of polymer materials. Details of the fabrication process can
be found in Ref. 8. Briefly, a silicon mold with microring or

microracetrack patterns was first fabricated by a combination [

of electron-beam I|thography, nan0|mpr|nt|?1@,nd reactive FIG. 2. () SEM of a PS microring resonator with waveguide offs¢ks.

ion etching (RIE). A thin _p_0|y5tyrene(PS film was spin  cross-sectional SEM of a PS waveguide on top of a silicon oxide pedestal
coated onto an oxidized silicon substrate. Then the mold wasructure.

imprinted into the PS film under pressure of 900 psi and o
temperature of 175 °C. After cooldown and separation of the TE Polarization

mold from the substrate, PS waveguides with microring reso- 30 ’ ) ) ) )

nators formed. Any residual PS layer was subsequently re- ~ 25l

moved by RIE, and the oxide underneath the PS waveguide g

was isotropically wet etched. The latter step was taken to ; 20}

create a pedestal structure beneath the waveguide, which not '@

only enhanced light confined within the waveguide but also 215

increased the surface area of the device that can interact with E

analytes. Figure 2 shows scanning electron microscopy g1or

(SEM) micrographs of a typical PS microring resonator and E 0

a cross-sectional view. Notice that the two offsets in the up- s [

per waveguide act as the partially reflecting elements to pro- o . , \ \ ,

duce the desired Fano resonances. 1550 1555 1560 1565 1570 1575 1580
The transmission spectrum was measured with a tunable Wavelength A (nm)

laser (Santec TSL-220 Polarization of the incident laser g 3. measured transmission spectrum of a PS microring resonator show-
beam was controlled by a half-wave plate and a polarizering periodic resonances with a Fano-resonant line shape.

The laser beam was coupled into PS waveguides and col-

lected by objective lenses. The spectr(ffig. 3) of a micror- 7 " J " v
ing resonator with waveguide offsets obtained clearly shows
periodic resonances with the expected Fano-resonant line
shape.

The resonant wavelengths of a microring resonator de-
pend on the effective refractive index of the waveguide
mode. This index can be affected by, e.g., biomolecules at-
tached to its surface, or by a refractive index change of the
surrounding environment that serves as waveguide cladding.
Sensitive detection of such an effective index change can be
made by either monitoring the shift of resonant wavelengths
or by measuring the change of light intensity from the output
at a fixed wavelength. The former method allows a large
dynamic range for the sensor, while the latter provides more A-2, (nm)
sensitive detection of small changes in resonance by virtue fig_ 4. spectra measured when the resonator is immersed in DI water and
the large slope sensitivity of the spectrum. in 1%, 1.5%, 2% and 3% glucose solutions.
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FIG. 5. (a) Concentration of the glucose solution as a function of the resonant wavelengti{lsh@ucose concentration as a function of the normalized
variation in transmitted intensity at fixed wavelength of 1569.29 nm.

We performed the experiment to detect the concentration In conclusion, we proposed use of a polymer microring
of glucose in an aqueous solution by using a fabricated P&sonator that exhibits sharp asymmetric Fano resonances as
microring resonator. We measured the change in the spectea possible biochemical sensor. We demonstrated that the
of the device near one of its resonancag=1568.97 nm) resonant wavelength of a polystyrene microring resonator is
when it was immersed in glucose solutions of different con-very sensitive to the concentration of glucose solution, and
centrations. To avoid possible experimental inaccuracy, théhe resonance shift has a linear relationship with the glucose
reference spectra of the device in de-ionizBt) water were  concentration. By measuring this shift, the concentration of
measured each time before immersion into a glucose soliglucose can be determined. More sensitive detection can be
tion. The measured device spectra at different glucose cor&chieved by measuring the intensity change at a fixed wave-
centrations are shown in Fig. 4. The curves shift consistentljength, which is made possible by the significantly enhanced
toward higher wavelength with an increase of the glucoselope sensitivity in the sharp Fano resonances. For biosensor
concentration. The wavelength shift of the resonance igpplications, the use of polymers may allow easy surface
shown in Fig. %a) as a function of the concentration of the chemical modifications for binding of specific biomolecules
glucose solution, for which a linear relationship can be ob-on the resonator surface. This property offers potential for
served. Based on Fig. 4, the variation of the normalizedabricating multiple sensors for various types of biomol-
transmitted intensity at a fixed wavelendt669.29 nmis  ecules on a single chip.
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