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We experimentally demonstrate a high-Q ultrathin silicon nitride microring resonator operating
at wavelength of 970 nm that is favorable for large variety of biophotonic applications.
Implementation of thin device layer of 200 nm allows enhanced interaction between the optical
mode and environment, while still maintaining high quality factor of resonator. In addition, we show
the importance of spectral window around 970 nm to improve device sensing capability. © 2010
American Institute of Physics. �doi:10.1063/1.3483766�

In recent years we are witnessing an ongoing effort for
the miniaturization and integration of optical devices on
chip. A key feature in reducing the dimensions of photonic
devices is to use optical components based-on high refractive
index contrast materials facilitating a tight confinement of
light and dense integration on chip. A promising approach is
to employ silicon platform for realization of miniaturized
photonic components owing to its high refractive index and
compatibility with standard complementary metal-oxide-
semiconductor �CMOS� process. However, silicon cannot be
the material of choice for applications in the visible and near
infrared spectrum below 1.1 micron as it is opaque for wave-
lengths below the band gap. Additionally, the transmission of
high power optical signals in silicon waveguides at wave-
lengths above the band gap can be considerably attenuated
by free carriers’ absorption via two photon process.1

Among the variety of operation wavelengths, the spec-
tral window below one micron introduces particular interest
for bio-optical applications. Specifically, for in vivo optical
trapping and sensing of biocells there is a window of relative
transparency in the near infrared portion of spectrum around
750–1200 nm.2 This regime is bounded by absorption of pro-
teins toward the visible ��750 nm� and the increasing ab-
sorption of the water toward the infrared ��1200 nm�.
Moreover, a substantial variation with wavelength of optical
damage to biological specimens is observed even within the
near infrared region with damage minima occurring at 970
nm.2 Consequently, for large variety of bio-optical applica-
tions it is desired to operate at the wavelengths around 970
nm. As a result we are seeking for a high refractive index
optical material characterized by compatibility with standard
CMOS technology and high scalability, side by side with low
optical loss and low sensitivity to temperature variations for
the realization of laboratory on a chip platform operating at
spectral window around 970 nm.

Silicon nitride �SiN� is one of the best known candidates
to fulfill the aforementioned requirements since it is transpar-
ent both in the visible and the infrared spectrum, it possess
moderately high refractive index �n�2� and being a dielec-
tric material with large energy band gap SiN does not suffer
from free carriers’ absorption at wavelengths above 300

nm.3–5 Another advantage of SiN for biosensing applications
is its low thermo-optic coefficient ��10−5 K−1� making it
less sensitive to environmental variations.

Along with material considerations, the integration of a
resonance cavity into a bio-optical system provides an en-
hanced light-mater interaction, increased sensitivity and im-
proved trapping functionality while keeping the small dimen-
sions of the device.2,6–9 Specifically, the microring and
microdisk resonators are widely used for this purpose8–12

owing to their relatively ease of design and fabrication,
high quality factor and versatility in optimizing their transfer
function. In this work we demonstrate an ultrathin
��lambda /5�, high-Q SiN microring resonator tailored for
environmental sensing in aqueous environment and opti-
mized to operate around the wavelength of 970 nm. Using a
thin device layer facilitates strong interaction of the optical
mode with the environment, while still providing decent con-
finement required for device miniaturization.

To realize the device we first deposited a 200 nm
low-pressure chemical vapor deposition SiN layer onto
2.5 �m-thick thermally grown silicon oxide. The refractive
index of the SiN layer was measured by variable angle spec-
troscopic ellipsometry �VASE� and found to be 2.04 at the
wavelength of 970 nm. Next, both the bus waveguide and the
microring resonator were defined using standard electron-
beam lithography with 20 KV acceleration voltage and ZEP-
520A as an electron-beam resist, following by inductively
coupled reactive ion etching �ICP RIE� with a CHF3 /O2 gas
mixture. The optical structure was designed to support a TE-
like mode �Transverse electric, in-plane polarization� with
waveguide width and height of 850 nm and 200 nm, respec-
tively. The waveguide dimensions where chosen as a com-
promise between the desire for dense integration requiring
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FIG. 1. �a� Scanning electron micrograph of SiN microring resonator. �b�
Cross section of the SiN waveguide.
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high confinement of the optical mode in the waveguide core
and the need for significant interaction of the light with the
surrounding aqueous media. In addition, the low thickness of
SiN minimizes the tensile stress within the device layer, thus
providing low material loss of the waveguide.5

Figure 1 demonstrates the scanning electron micrograph
of the fabricated structure with 30 �m ring radius and 300
nm coupling gap between the bus waveguide and the reso-
nator. The effective refractive index of our waveguide is
1.64, as calculated by the finite element method assuming
aqueous top cladding with refractive index of 1.33.

To characterize the fabricated device we performed
transmission measurements using a tunable laser with spec-
tral window of 965–995 nm �New Focus 6300�, where the
light was launched into the bus waveguide by a polarization
maintaining tapered fiber using a butt coupling configuration.
According to the experimental results presented in Fig. 2
we obtained a maximal quality factor of 75 000 and extinc-
tion ratio up to 15 dB. By fitting the measured transfer
function of the device at the vicinity of different resonance
wavelengths we estimated the intrinsic loss of the resonator
��0.033 dB / round trip� and the coupling coefficient
��0.032� between the bus and the ring waveguides.13

To appraise the environmental sensing capability of the
device we repeated the transmission measurements for dif-
ferent concentrations of sodium chloride �NaCl� in the upper
cladding aqueous solution. At 20 °C the refractive index of
an aqueous solution of NaCl varies by 0.0018 refractive in-
dex units �RIU� per 1% mass.14 For small variations of the
upper-cladding refractive index ��nc�, first-order correction
to the resonance wavelength can be found by:

�� = �0��/neff��nc, �1�

where �0 is the resonance wavelength of the unperturbed
resonator, neff is the effective index of the waveguide, and �
is the proportionality factor which is related to the sensitivity
of the device according to �neff=��nc. We defined the pro-
portionality factor � similarly to Refs. 15–17 and determined
the sensitivity of the system using the concentration of the
electric field �and not the concentration of power� in the
sensing region, as follows:

� �
nc�clad	E	2dA

Z0��	E 	 H�	 · ẑdA
, �2�

where Z0 is the impedance of free space, ẑ is the unit vector
along the propagation direction, and the integrals are calcu-
lated over the cross-sectional area of the waveguide. Accord-
ing to the measurement results presented in Fig. 3 the in-
creasing salt concentration results in an expected red shift
�Eq. �1�� in the resonance wavelength of the device.

By performing a linear fit to the experimental data
�Fig. 3�b�� we estimated a maximal resonance shift of
0.164
0.007 nm for 1% variation in NaCl �refractive index
change of 1.8	10−3� in the upper cladding solution. This
value comes in reasonable agreement with the theoretical
estimation of resonant wavelength shift of ��=0.172 nm,
that is calculated by Eq. �1� with an effective refractive index
neff=1.64. The proportionality factor was evaluated using
Eq. �2� and found to be �=0.16. From the slope of the fit
curve �Fig. 3�b�� we found the sensitivity of the device S
=�� /�nc
91 nm /RIU. Our sensitivity is about two times
lower compared with previous work based on SiN slot
waveguides.18 Yet, the Q factor of our device is �25 times
higher than that of Ref. 18. The realization of high Q factor
devices contributes to improved detection capability of the
system due to the narrowing of the resonance linewidth,16

which in turn enables to detect smaller changes in resonance
wavelength, and thus �according to Eq. �1�� allows to ob-
serve smaller variations in the refractive index of the clad-
ding material.

To emphasize the importance of operational spectral
window around the wavelength of 970 nm we found out the
loss and coupling coefficients of the microring resonator13 in
cases of air cladding �bare device� and liquid environment.
Based on calculation results presented in Fig. 4 the changes
in total quality factor of the device at the presence of refrac-
tive index variations in the upper cladding �with and without
aqueous solution� are primarily due to the fluctuations of the
coupling coefficient between the bus waveguide and the ring,
while the intrinsic loss �intrinsic quality factor� of the reso-
nator remains almost the same.

This fact shows that at operation wavelengths around
970 nm, which are preferable for large variety of biological
species, one can preserve the high sensitivity required for
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FIG. 2. �Color online� �a� Measured transmission spec-
trum of the device. �b� Lorentzian fit to a single reso-
nance for obtaining the quality factor of the resonator.
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FIG. 3. �Color online� �a� Sensitivity of the device to
small variations in the refractive index of upper clad-
ding. The variation in the extinction ratio of the reso-
nance dips is due to the limited sampling resolution in
the spectral domain of the tunable laser. �b� Linear fit to
the corresponding shift in resonance wavelength.
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biosensing applications in an aqueous environment because
of the negligible degradation of the optical system caused by
absorption of the water at this wavelength regime. In addi-
tion, it is also possible to further improve the sensitivity of
the system by increasing the total quality factor of the device
using an under-coupled design of the bare resonator. In such
a configuration, the introduction of an aqueous solution to
the upper cladding will bring about the critical coupling con-
dition allowing both improved extinction ratio and better
Q-factor compared with the presented device.

In summary, we demonstrate an ultrathin SiN microring
resonator for biophotonic applications operating at a spectral
window around 970 nm. The dimensional design of the de-
vice allows reasonable sensitivity �91 nm/RIU� together with
a high quality factor of 75 000 and small device dimensions
�radius of 30 microns�. By using different NaCl concentra-
tions in the aqueous solution we measured a linear shift in
the resonance wavelength of the device. Finally, we show
that the variations in the total quality factor of the system are
primarily due to changes in the coupling coefficient while the
intrinsic loss of the resonator remains almost the same at the
presence of the liquid clad at the wavelengths around
970 nm.
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FIG. 4. �Color online� Loss and coupling coefficients of the microring reso-
nator with air cladding �bare device� and with liquid environment, calculated
from the measured data.
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