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Abstract—Polymer microring resonators are demon-
strated as high-frequency, ultrasound detectors. An optical
microring resonator consists of a ring waveguide closely cou-
pled to a straight bus waveguide, serving as light input and
output. Acoustic waves irradiating the ring induce strain,
deforming the waveguide dimensions and changing the re-
fractive index of the waveguide via the elasto-optic effect.
These effects modify the effective refractive index of the
guided mode inside the waveguide. The sharp wavelength
dependence of the microring resonance can enhance the op-
tical response to acoustic strain. Such polymer microring
resonators are experimentally demonstrated in detecting
broadband ultrasound pulses from a 50 MHz transducer.
Measured frequency response shows that these devices have
potential in high-frequency, ultrasound detection. Design
guidelines for polymer microring resonators forming an ul-
trasound detector array are discussed.

I. Introduction

High-resolution biomedical and industrial applica-
tions push ultrasonic imaging technology to its high-

frequency limits. High-frequency imaging (above 20 MHz)
plays an important role in a variety of areas from basic
scientific research, through drug development, to medi-
cal diagnosis and nondestructive testing of microelectron-
ics components [1]. For researchers in developmental bi-
ology, high-frequency ultrasonic imaging provides nonin-
vasive imaging of mice from very early embryonic stages
through neonate and adulthood [2]–[4]. Drug development
relies primarily on small animal models [5], [6]. The study
of disease progression and therapeutic effects of drugs is
greatly enhanced with high-frequency ultrasound imaging.
It also is used in medical applications such as intravascu-
lar ultrasound (IVUS) [7], diagnosis of skin pathologies
[8], ophthalmology [9], [1], and intraurethra catheters for
prostate gland imaging [11]. These applications currently
rely on piezoelectric transducers.

Piezoelectric technology has significant functional and
fabrication challenges as the frequency increases above
20 MHz. At these frequencies, small element size and
high-element density are difficult to obtain with piezo-
electrics. Transmission of the electrical signal from the ac-
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tive piezoelement to the receiver is another source of diffi-
culty due to the relatively large noise level and impedance
loading by the transmission line at high frequencies, as
well as the large number of electrical conductors needed
to address individual sensor elements.

In practical applications, operating frequency is of-
ten compromised due to these limitations. State-of-the-
art catheter based ultrasonic arrays for IVUS operate at
a maximal frequency of 20 MHz [12]. Another approach
uses a single element with mechanical scanning. Single-
element devices are limited to fixed focusing, which re-
sults in nonuniform resolution. They also are limited in
their frame rate due to mechanical scanning.

Recently, resonant optical ultrasound transducers
(ROUT) have attracted increasing attention. They include
microring resonators [13], etalons [14], [15], fiber gratings
[16], and dielectric multilayer interference filters [17]. They
all rely on the interaction of an optical field confined in a
resonance cavity with a transient ultrasonic field. The ul-
trasonic field can induce strain to modulate the optical
properties of the resonance cavity. With a sharp cavity
resonance, the optical response to transient strain is am-
plified.

ROUT sensors can be miniaturized to a size less than
10 µm due to light confinement in the resonant cavity.
In contrast to piezoelectric transducers in which size re-
duction causes excess noise. In optical detection, the noise
level is not affected by size reduction. Element miniaturiza-
tion is an essential requirement for ultrasonic array design
at high frequency. For example, phased-array imaging sys-
tems working at a center frequency of 50 MHz require λ/2
element size and spacing on the order of 15 µm.

In this article, we explore the potential of an optical
microring resonator array as a high-frequency ultrasound
sensor. In Section II, basic principles and operating theory
of a microring ultrasound sensor will be discussed and es-
tablished. Section III describes the fabrication process of
such a detector. Experimental results using the device to
detect high-frequency (∼50 MHz) ultrasound is illustrated
in Section IV. In Section V, we discuss design considera-
tions for a high-frequency, optoacoustic microring array.

II. Principles of Microring Ultrasound Sensors

A. Microring Resonators

A microring resonator contains a ring waveguide closely
coupled to a straight bus waveguide serving as light input
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(a) (b)

Fig. 1. (a) A microring resonator consists of a ring waveguide closely
coupled with a straight waveguide. (b) Typical transmission spec-
trum of a microring possesses periodic resonant notches.

and output ports, as shown in Fig. 1(a). The ring waveg-
uide forms a resonant optical cavity. The input (E1), out-
put (E3), and circulating fields inside the ring (E2 and E4)
can be described by the following coupled-mode equations:

E3 = αi(τE1 + jκE2),
E4 = αi(jκE1 + τE2),

(1)

where τ and κ are the amplitude transmission and coupling
coefficients, respectively, and αi is the insertion loss due to
the waveguide mode mismatch in the coupling region. By
introducing the single-pass amplitude attenuation factor
a, we can express the relation between E2 and E4 as:

E2 = aejφE4, (2)

where φ is the single-pass phase shift experienced by light
traveling inside the microring, equal to 2πneffL/λ. Here
neff is the effective refractive index of the mode guided in-
side the ring waveguide, L is the circumference of the ring,
and λ is the light wavelength. The transmission coefficient,
defined as the ratio of the transmitted intensity to the in-
cident intensity, can then be calculated using (1) and (2)
to be:

T ≡ It

Ii
=

∣∣∣∣E3

E1

∣∣∣∣
2

= α2
i

(τ − αia)2 + 4ταia sin2 φ
2

(1 − ταia)2 + 4παia sin2 φ
2

.
(3)

Eq. (3) implies a periodic resonant spectrum, as shown
in Fig. 1(b), similar to the reflection spectrum in a Fabry-
Perot resonant cavity [14]. Resonances occur when the
round-trip phase acquired by the guided wave is equal to
multiples of 2π., i.e.,

mλc = neffL, (4)

λc and m represent the resonant wavelength and resonance
order (an integer), respectively. To simplify the calcula-
tion, coupling loss is neglected, i.e., αi = 1.

In microring ultrasound sensors, incident acoustic
pulses create a stress field, which can slightly deform
the waveguide dimension, as illustrated in Fig. 2(a). The
change in waveguide cross section directly modifies the
effective refraction index of the guided mode. Moreover,
the strain simultaneously modifies the refractive indices of
the waveguide material and water (surrounding the waveg-
uide) via the elasto-optic effect. Both phenomena influence

(a)

(b)

Fig. 2. (a) Schematic shows interaction between the waveguide and
an incoming ultrasound pulse. The pulse stresses the structure, de-
forming the waveguide dimension and simultaneously modifying the
refractive index of the core. To illustrate the concept clearly, the fig-
ure is not drawn to scale. Typically, the wavelength of the ultrasound
wave is much larger than the waveguide dimension. (b) Ultrasound
detection using the optical resonance of a microring sensor.

the effective refractive index of the guided mode, and in
turn shift the resonance. With a fixed incident wavelength
at λb, the output intensity, modulated by the ultrasound
pulse through the optical resonance, is collected by a high-
speed photodetector. Thus, the ultrasound signal is trans-
duced into a detectable optical intensity signal, as shown
in Fig. 2(b).

B. Waveguide Deformation

For an acoustic wave propagating in water with fre-
quency ranging from 10 to 50 MHz, the corresponding
wavelength is between 150 µm and 30 µm. The optical
waveguide height (< 2 µm) is much smaller than the acous-
tic wavelength. Therefore, to calculate the elastic defor-
mation of the waveguide due to acoustic pressure, a qua-
sistatic approximation is used, in which the stress does not
have shear components. The strain of an isotropic material
can be related to the applied stress through [18]:⎡

⎣εx

εy

εz

⎤
⎦ =

1
E

⎡
⎣ 1 −ν −ν
−ν 1 −ν
−ν −ν 1
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⎤
⎦ , (5)
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where εi and σi are the normal strain and stress in the i
direction (i = x, y, or z), respectively. E represents the
Young’s modulus, and ν is the Poisson’s ratio of the ma-
terial.

In the case of microring sensors, σx is equal to σy, and is
denoted as −P . In addition, the strain along z, the direc-
tion of light propagation, is considered zero due to strong
adhesion of the waveguide to the rigid substrate. With
these boundary conditions, the strain components can be
calculated as:

εx = εy =
−(1 + ν)(1 − 2ν)P

E
. (6)

and the stress along z as σz = −2νP . In our experiments,
polystyrene microrings are used. Recent studies of mechan-
ical properties of thin polymer films [19], [20] show signif-
icant softening for thin films compared with bulk poly-
mers. A reduction of the Young’s modulus by a factor of
10 from its bulk value for a 2-µm thick polymer layer has
been reported [20]. For a polystyrene thin film, the Young’s
modulus and the Poisson’s ratio are 0.3±0.1×109 Pa and
0.33, respectively [20]. With an applied acoustic wave hav-
ing a magnitude of 1 MPa, the strain components of the
waveguide, εx and εy, are equal to −1.5 × 10−3 (i.e., −1.5
milistrain).

C. Elasto-Optic Effect

Stress-induced strain also can change refractive index
through the elasto-optic effect. Based on elasto-optic the-
ory [21], the refractive indexes for x- and y-polarized light
(coordinates shown in Fig. 2) can be expressed as:

nx ≈ n0 − C1σx − C2(σy + σz),
ny ≈ n0 − C1σy − C2(σz + σx),

(7)

where n0 is the refractive index without stress (n0 = 1.58
at a wavelength of 1550 nm for polystyrene). C1 and C2
are elasto-optic constants. For a polystyrene thin film, C1
and C2 are 48 ± 3 × 10−12 Pa−1 and 29 ± 3 × 10−12 Pa−1

[20] at an optical wavelength of 632.8 nm. These values
are used for estimation due to lack of experimental data
measured in the infrared region, in which our experiments
are performed. Again, with an applied acoustic wave with
P = 1 MPa, the indices, nx and ny, are increased by ap-
proximately 1.0 × 10−4.

Applied stress also can change the refractive index
of water. The empirical elasto-optic constant is 1.5 ×
10−4 MPa−1 [22]. Even though the elasto-optic constant
of water has similar magnitude to that of polystyrene, the
influence on the effective index is about 25 times smaller
because the light field does not penetrate into the water
significantly.

A positive strain field can shrink the waveguide dimen-
sion, leading to reduced neff. In contrast, the elasto-optic
effect induced by the same strain increases the material in-
dex, enhancing neff. These two phenomena compete with
each other. To understand which phenomenon dominates,

the effective index is estimated as a function of applied
acoustic pressure accounting for both effects. The calcu-
lation is performed using the effective index method [23]
on a polystyrene channel waveguide with a cross section of
2.4 µm × 1.85 µm sitting on silicon oxide. For both TE and
TM polarizations, the effective index change is negative,
which implies that waveguide deformation has a larger im-
pact on neff than the elasto-optic effect. Assuming linearity
in the stress-strain relations we find that the pressure de-
pendence of neff is linear for levels below 1 MPa, with a
slope of:

dneff

dP
= −2.7 × 10−5 MPa−1. (8)

The shift in the resonant wavelength corresponding to
the change in the effective refraction index can be eval-
uated using the resonance condition (4). The predicted
wavelength shift is:

dλc

dP
=

λc

neff

dneff

dP
= −27 pm/MPa. (9)

D. Sensitivity

The total sensitivity S, is defined as the change in the
transmission coefficient due to a change in acoustic pres-
sure. For a high Q-factor resonator, the transmission near
the resonance has a sharp dependence on the one-pass
phase shift φ, which in turn depends on neff. Therefore,
small changes in neff due to deformations of the waveg-
uide are amplified leading to high sensitivity to acoustic
pressure. Acoustic pressure also can deform the coupling
region, leading to modifications in the coupling parameter
τ . The contribution of this effect to the total sensitivity
is negligible, however, due to the slow dependence of the
transmission on the coupling parameter. Therefore, the to-
tal sensitivity can be expressed as:

S(λ) =
∂T (φ, a, τ)

∂φ

dφ(λ)
dneff

dneff

dP
=

2πL

λ

∂T

∂φ

dneff

dP
.

(10)

Assuming the operating point is near a resonance such
that φ ∼ 2πm + δφ, and using (1), the sensitivity can be
expressed as a function of the microring parameters as:

S(λ) ≈ 2πL

λ
× 2τa(1 − τ2)(1 − a2)(δφ)[

(1 − τa)2 + 4τa
(

δφ
2

)2
]2

dneff

dP
.

(11)

The point of maximal sensitivity can be calculated from
(8). This yields the phase-tuning value, δφmax, associated
with the maximum sensitivity:

δφmax =
1 − τa√

3τa
. (12)

At this point, the total sensitivity and the absolute
transmitted intensity become:

(S)
∣∣
δφ=δφmax

≈ 2πL

λ
× 3

√
3

8

√
τa(1 − τ)(1 − a)

(1 − τa)3
dneff

dP
,

(13)
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and:

(It)
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δφ=δφmax

≈ I0 × 3
4

[
1
3

+
(

τ − a

1 − τa

)2
]

.
(14)

When the microring operates at the critical point at
which the intensity coupled into the microring cavity is
balanced with the loss inside the cavity (i.e., τ is equal
to a), zero transmission intensity can be achieved at reso-
nance. Simultaneously, the transmission intensity with the
maximum slope is (It)

∣∣
δφ=δφmax

= I0/4.
According to (10), the maximum slope depends on two

parameters of the microring, τ and a, with a fixed mi-
croring size and I0. These parameters can be estimated by
fitting the measured transmission spectrum to (1). Opti-
mization of the sensitivity is gained by tuning these param-
eters through iterations in device design and fabrication.
The amplitude self-coupling coefficient τ can be controlled
by adjusting the waveguide dimension, and the gap sepa-
ration between the ring and straight waveguides. The am-
plitude attenuation factor a, is mainly affected by the radi-
ation loss due to surface roughness and bending of the ring
waveguide [24]. Surface roughness can be reduced by ther-
mal reflow technique for polymer microrings[25]. Bending
loss can be reduced by reducing the ring curvature or de-
creasing the operating wavelength.

E. Maximum Modulation Frequency

The resonator has a finite optical bandwidth deter-
mined by the resonance width. It can be expressed as a
function of the basic optical frequency ν and the Q-factor:

BWOPTIC =
ν

Q
. (15)

The finite optical bandwidth imposes an upper limit on
detection bandwidth. For typical microring resonators, the
resonant bandwidth ranges from 0.01 nm to several nm,
leading to a bandwidth limit larger than 1 GHz.

Another factor influencing the maximum modulation
frequency is the finite size of the microring structure.
With the ultrasonic wavelength comparable to the waveg-
uide dimension, a hydrostatic assumption is no longer
valid. This reduces optical modulation in response to ul-
trasound. Acoustic reflections from the rigid substrate
and the polymer-water boundary further reduce detection
bandwidth. The extreme case occurs when the wavelength
of ultrasound is equal to twice the waveguide height. For a
polystyrene waveguide of 2×2 µm (taking into account the
reduced Young’s modulus of a thin film) this corresponds
to a maximum modulation frequency of 200 MHz.

III. Fabrication

We chose polystyrene (PS) as the waveguide material to
meet several design criteria. PS has relatively low Young’s

(a)

(b)

Fig. 3. (a) Cross section of a mold cleaved right at the coupling
region. (b) An imprinted PS microring. Note the scale bars in each
photograph.

modulus and, therefore, high deformation per unit pres-
sure, leading to increased sensitivity. PS has low optical
absorption throughout the visible and near IR range, en-
abling high Q-factor resonance to enhance sensitivity. In
addition, polymers have other advantages, such as low cost
and simple fabrication processes, which may lead to dis-
posable sensor devices.

In our design, the waveguides are 2.4 µm wide and
1.85 µm high for single-mode operation at an optical wave-
length of 1550 nm. The separation in the coupling region
between the microring and straight waveguides is in the
submicron regime, typically several hundred nanometers.
To fabricate such high aspect-ratio polymer structures,
a nanoimprint technique [26] is used due to its simple
process, high fidelity, and precise dimension control. It
starts from a mold with reverse patterns fabricated us-
ing electron-beam lithography, nanoimprint lithography,
and reactive ion etching. The mold then is used to directly
imprint a spin-coated polymer material on a substrate at
appropriately elevated temperature and applied pressure.
Heating makes the polymer easy to deform and flow, and
the applied pressure squeezes and displaces the polymer
to fill the trench patterns on the mold. The whole device
structure then can be easily stamped. Detailed fabrication
processes can be found in [27]. It can be applied to a va-
riety of polymers, such as poly(methylmethacrylate), PS,
and polycarbonate. Examples of a mold and an imprinted
polystyrene microring are shown in Fig. 3.
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Fig. 4. Experimental setup used to test microring detection system.
MR, microring sample; OL, objective lens; PD, photodetector; TF,
tapered fiber; TSL, tunable semiconductor laser; and UT, ultrasound
transducer.

Fig. 5. Measured spectrum of the selected microring. The bias wave-
length is chosen at 1550.5 nm.

IV. Experimental Demonstration of

Single-Microring

The experimental setup shown in Fig. 4 is used to test
the microring detection system. A microring sample is
mounted inside a tank and immersed in water. Light from
a tunable semiconductor laser (TSL-220, Santec, Hacken-
sack, NJ) is coupled into the waveguide with a tapered
fiber. Output light is collected by an objective lens and
detected using a wide bandwidth amplified InGaAs photo-
diode (model 818-BB-30A, Newport, Irvine, CA). The PS
microring has a diameter of 95 µm. The microring spec-
trum first is measured, as shown in Fig. 5. The resonance
has a fairly low Q-factor of about 600. From the spectrum,
the incident wavelength is fixed at a bias wavelength of
1550.5 nm, at which the slope of resonance is maximal.

Ultrasound pulses, generated from a 50 MHz piezoelec-
tric transducer [28] (LiNbO3, aperture diameter 3 mm,
focal length 4.5 mm, custom made by the Resource Cen-
ter for Medical Ultrasonic Transducer Technology, Uni-
versity of Southern California, Los Angeles, CA) are ap-
plied to insonify the microring. The transducer, driven by
a pulser/receiver (5910PR, Panametrics-NDT, Waltham,
MA), is positioned such that ultrasound pulses are focused

on the sample surface. A pulse-echo measurement then is
performed by receiving the reflection of the incident pulse
back to the transducer. The received waveform is plotted
in Fig. 6(a). Fig. 6(b) shows the optical output signal of
the microring under the same modulation condition. The
pulse arrival time of the optical signal is about one-half
the round trip pulse-echo time. Frequency spectra of both
waveforms can be calculated by fast Fourier transform, as
shown in Fig. 6(c).

The pulse-echo exhibits a wide band of ultrasound sig-
nal ranging from 20 MHz to 65 MHz. The detected optical
signal has similar spectral shape, except for a dip around
60 MHz. The reason for the dip is under investigation.
The pulse-echo signal is shaped twice by the transducer
response on both transmit and receive, whereas the opti-
cal signal from the microring is shaped only on transmit.
This produces slightly different spectral shapes. The ex-
perimental result shows that the microring can respond to
high-frequency ultrasound signals at least up to 55 MHz.
From these two spectra, the frequency response of the mi-
croring detector can be obtained as illustrated in Fig. 7.
The bandwidth is flat up to 25 MHz (−3 dB bandwidth),
except for a dip around 60 MHz. We believe that micror-
ings should possess similarly flat response for low frequen-
cies as well. Measured data are not accurate below 20 MHz
due to the finite bandwidth of the ultrasound transducer.

To measure the sensitivity and noise equivalent pres-
sure (NEP), a calibrated 10 MHz transducer (V311,
6.35 mm diameter, 19 mm focal length, Panametrics-NDT,
Waltham, MA) is used. It generates a peak pressure of
∼5 MPa. A setup similar to Fig. 4 is used to measure
the induced optical modulation signal. The spectral slope
(Fig. 5) is used to convert the voltage signal of the pho-
todetector to wavelength shift. The wavelength shift cor-
responding to an acoustic pressure of 5 MPa is 105 pm,
leading to a sensitivity of 21 pm/MPa. This value is in
close agreement with the expected value of 27 pm/MPa
calculated using the theoretical model presented in Sec-
tion II (9).

The measured sensitivity value is used to estimate the
NEP to be 150 kPa with a 40 MHz bandwidth. This value
is significantly higher than our previous result [13] because
we used a resonator of lower Q-factor in the current exper-
iment. The fabrication technology could enable increasing
the Q-factor by more than an order of magnitude. Higher
Q-factor increases the signal amplitude linearly, without
elevating the noise level. Moreover, the sensitivity can be
further improved by increasing the optical power coupled
to the ring. In our current setup, an optical power of only
20 µW is measured at the waveguide output. At least a
100-fold higher power can be obtained by increasing the
laser output and improving the coupling efficiency. Under
these conditions, the predicted NEP of the system would
scale to a value of 15 KPa, representing performance al-
most two times better than a state-of-the-art PVDF hy-
drophone of similar size [29].

The active area of a single microring sensor was tested
by scanning the focal spot of the ultrasonic transducer
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(a)

(b)

(c)

Fig. 6. (a) The received waveform reflected at the sample surface back
to the transducer in a pulse-echo measurement. (b) The optical signal
of the microring in response to an ultrasound pulse. (c) Normalized
frequency spectra of the pulse echo (dashed line) and optical response
of the microring (solid line).

Fig. 7. Frequency response of a PS microring resonator to an ultra-
sound pulse.

Fig. 8. 2-D scan of a focused pulse source over the microring: x axis
is the direction along the straight waveguide, and y axis is parallel to
the sample surface. The color bar represents linear scale of microring
signal energy.

across the microring surface. The ultrasonic beam width
(full width at half maximum) at the focal plane is esti-
mated to be about 80 µm at 40 MHz [30]. The scanning
step then is chosen to be 20 µm. The energy of the optical
modulation signal for a two-dimensional (2-D) scan is plot-
ted in Fig. 8. Nearly circular symmetry is demonstrated
(consistent with the microring shape) and the full width
at half maximum is about 130 µm. A numerical calcula-
tion integrating the pressure field of the transducer along
the microring circumference was performed. The induced
optical signal was calculated by assuming a linear relation
between the pressure and the effective refraction index.
The calculation was performed for multiple positions of
the transducer in order to simulate the experimental scan
results. A ring diameter of 90 µm was assumed. The simu-
lation results are in close agreement with the measurement
as shown in Fig. 9. Confinement of detection to the ring
area demonstrates that multi-ring array operation is pos-
sible with minimal interelement cross talk.
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Fig. 9. Line scan of a focused 40 MHz transducer across the center
of the microring. The measured optical signal (crosses) is in close
agreement with calculation of pressure integral along the ring (line).

V. Design of High-Frequency Optoacoustic

Microring Arrays

To use microring resonators in high-frequency ultra-
sound imaging, several design criteria must be fulfilled. In
the high-frequency regime (20 MHz–50 MHz), the acous-
tic wavelength ranges from 75 µm to 30 µm. For a typical
transducer array, the spacing between two adjacent ele-
ments is around the wavelength (typically 0.5λ–0.8λ). This
implies that the radius of the microring should be less than
24 µm at 50 MHz and 60 µm at 20 MHz. Reduced ring
radius might lead to loss of guiding capability in microring
waveguides. For the example of PS microrings immersed
in water, the index difference between the polymer core
and the water media is too small to support light guiding
at 1550 nm if the ring radius is less than 20 µm. This issue
can be remedied by using shorter optical wavelengths or
by using other materials with low Young’s modulus and
high-refractive index.

For a polymer microring resonator, there are two main
factors contributing to resonator loss: surface roughness
scattering and bending loss [24], [25]. In most cases, the
former dominates. Fortunately, this scattering loss can
be greatly reduced in polymer microrings using thermal-
reflow techniques [25], with which bending loss starts to
dominate as ring size shrinks. Size shrinkage introduces
more loss (reducing a) to the resonator cavity and widens
the resonance. This, in turn, lowers the resonant slope.
To maintain large contrast between on- and off-resonance
(i.e., to approach critical coupling), τ should be decreased
accordingly to provide sufficient light coupling into the mi-
croring.

Even though the resonant bandwidth of polymer mi-
crorings can be very narrow [31], leading to high sensitiv-
ity, it should be sufficiently wider than the resonant shift
induced by ultrasound to avoid signal distortion.

To achieve the optimal design, the target frequency
range should be chosen. Based on this range, the suitable
microring size is determined to satisfy array requirements.
From the microring size, the total loss or a can be esti-
mated, then τ is set by choosing a proper waveguide cross
section and gap between microring and bus waveguides to
optimize sensitivity.

Microring arrays can use multiplexing techniques de-
veloped for telecommunication applications, such as wave-

(a)

(b)

Fig. 10. (a) A linear array of microrings based on wavelength multi-
plexing and (b) 2-D array using multiple inputs and multiple outputs
configuration.

length division multiplexing (WDM) [32], for element con-
nectivity and addressing. Two examples of a potential mi-
croring array are shown schematically in Fig. 10. Fig. 10(a)
shows a linear array formed by coupling all microrings to
a common straight waveguide (signal bus). Each micror-
ing has slightly different diameter so that each element
has different resonance frequency. A tunable laser can ad-
dress each element at a time by wavelength selection, or a
multiwavelength source can be used to probe all elements
simultaneously.

In the second case, the transmitted optical signal at
the bus output is first demultiplexed to route each optical
wavelength signal into a separate photodetector. Fig. 10(b)
shows a layout for a 2-D array that does not use frequency
selection (all rings have the same resonance frequency).
Instead, each microring acts as a transmission switch be-
tween horizontal and vertical waveguides. Any microring
can be selected by choosing input and output waveguides.
The two schemes also can be combined to have a 2-D ar-
ray with wavelength selection along each row. This greatly
minimizes the number of input/output lines required for
addressing the array, making this scheme especially at-
tractive for catheter-based, high-resolution, 3-D imaging
applications, such as IVUS.

VI. Conclusions

Polymer microring resonators detecting high-frequency
ultrasound signals were demonstrated. A simple theoret-
ical model was introduced to describe interaction mecha-
nisms between ultrasound and polymer waveguides. The
model includes elastic deformation of the optical waveg-
uide and refraction index modulation due to the elasto-
optic effect. The model was used to predict the sensitivity
and bandwidth of the microring detector.

A PS microring device has been fabricated using nano-
imprint technique. The device was tested using 10 MHz



964 ieee transactions on ultrasonics, ferroelectrics, and frequency control, vol. 54, no. 5, may 2007

and 50 MHz ultrasonic transducers. We found good agree-
ment between the measured sensitivity and the model pre-
dictions. By comparing pulse-echo signals with the micror-
ing optical modulation signal, the microring response was
obtained. The bandwidth has a 10 dB rise from 15 MHz to
58 MHz and a dip around 60 MHz. In addition, a 2-D scan
was performed to examine the effective detection area of a
microring. Results illustrate that the effective area is close
to the ring size, implying that array operation would be
possible with minimal cross talk between elements. These
features suggest potential application of polymer micror-
ing resonators in high-frequency ultrasound detection ar-
rays. Several methods to realize microring detector arrays
are suggested based on techniques used in optical routing
applications for telecommunications.
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