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 
Abstract—Non-Hermitian photonics has attracted increasing 

attention especially for sensing applications. Two coupled optical 
systems, designed to work at the “exceptional point”, exhibit a 
strong spectral response to perturbations. Due to the enhanced 
sensitivity of exceptional points, they have been usually suggested 
as perfect candidates for high resolution sensing. The drawback of 
these configurations is their undesired sensitivity also to external 
fluctuations and noise that could eliminate the advantages of 
exceptional points. Recently, the concept of exceptional surface has 
been proposed to overcome this problem. In particular, coupling 
two counterpropagating modes in the same structure prevents 
differential noise in distinct cavities from affecting the exceptional-
point condition. In this work we present a new configuration based 
on exceptional surfaces to design an optical accelerometer. The 
strong spectral response guaranteed by exceptional surfaces is 
used here to demonstrate the enhancement of the sensitivity of a 
Bragg grating-based optical accelerometer, reaching a value of 3 
nm/g at 0.5 g.  
 

Index Terms—exceptional surface, exceptional point, parity-
time symmetry, anti-parity-time-symmetry, optical sensing, 
optical accelerometer 
 

I. INTRODUCTION 

CCELEROMETERS are sensors used to measure 
mechanical accelerations for various applications 

including seismic monitoring, vibration measurement and 
inertial navigation. Inertial navigation has especially attracted 
recent market interest for use in autonomous vehicles, including 
cars, robots and aerospace vehicles. 
MEMS technology represents the state-of-the-art solution for 
consumer integrated accelerometers. MEMS accelerometers 
are one of the most popular kind of MEMS inertial sensors 
[1][2]. For accelerometers, several approaches have been 
proposed to read the displacement of a seismic mass, i.e. 
capacitive [3] , piezo-resistive [4], piezo-electric [5] and optical 
[6][7]. The capacitive approach is the one most used due to its 
ease of fabrication. However, optical sensing could be 
considered as a good alternative because of the high spatial 
resolution offered by optical wavelengths. Moreover, the 
optical approach provides intrinsic immunity against Electro-
Magnetic Interferences (EMI), making it suitable to work in 
harsh and EMI-contaminated environments [8].  
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Recently a dual-axis optical MEMS accelerometer has been 
demonstrated using integrated Bragg gratings with a sensitivity 
of 30 pm/g [9] with a mass footprint of 4 mm x 4 mm. In [10], 
the design of a high-sensitivity optical MEMS accelerometer 
based on a Bragg grating integrated with a crab-leg is shown to 
have a sensitivity of 184 pm/g, while in [11], an optical MEMS 
accelerometer was demonstrated using a one-dimensional 
photonic crystal, providing a sensitivity of 1.17 nm/g with a 
core footprint of 400 µm x 400 µm. In [12], a two-dimensional 
photonic crystal add-drop filter has been used to demonstrate 
an optical MEMS accelerometer with an optical sensitivity of 
0.0756 nm/g, with a 100 µm x 100 µm proof mass footprint. 
In this work we propose the design of a new architecture for 
optical accelerometers, exploiting the concept of non-Hermitian 
photonics combined with integrated Bragg gratings. 
Non-Hermitian photonics has attracted attention in recent 
research for its important property of enhanced sensitivity 
exhibited by exceptional points. Since Bender et al. discovered 
that non-Hermitian Hamiltonians with parity-time (PT) 
symmetry exhibit real spectra [13], considerable research has 
been conducted, especially in optics [14][15][16], dealing with 
whispering-gallery  modes  [17], coupled  optical waveguides 
[18], optomechanics [19][20], optical gyroscopes 
[21][22][23][24], plasmonics [25],  nanobeam cavities  [26], 
lasers at the exceptional point [27], refractive index and 
absorption based sensing [28] and others. Exceptional points 
(EPs) are singularities in non-Hermitian Hamiltonians which 
exhibit a strong spectral response to perturbations because of 
the coalescence of two eigenstates. The resulting high 
sensitivity of the eigenfrequency splitting to external 
perturbations made EP-based devices interesting candidates for 
sensing purposes. In particular, the square-root dependence of 
the eigenfrequency splitting on parameter’s perturbations at 
EPs is much more suitable for high resolution sensing than the 
linear dependence on perturbation at diabolic points [30][28]. 
This feature attracted the interest of researchers especially in 
the fields of optical sensors and even higher order non-
Hermitian exceptional points have been investigated for sensing 
purposes [29]. However, the extraordinary sensitivity exhibited 
by exceptional points to external perturbations is also the reason 
for the particularly high influence of fabrication errors and 
experimental uncertainties on optical measurements [30]. 
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The concept of exceptional surfaces (ESs) has been recently 
introduced with optical resonators [31] for the possibility of 
exploiting the extraordinary sensitivity of EPs without being 
subject to fabrication errors or unwanted external perturbations 
that would eliminate the advantage of exceptional points. Our 
proposed idea is to couple two counterpropagating optical 
modes in the same cavity. The usual exceptional point condition 
arising from the coupling between the two counterpropagating 
modes is thus called “exceptional surface” since it is maintained 
for any perturbation applied to the optical cavity that is common 
to both counterpropagating modes. 

In this work we propose, for the first time, the concept of 
exceptional surfaces applied to an optical accelerometer. The 
design will consist of the arrangement of a new optical 
architecture able to sense the strain on a Bragg grating with 
increased sensitivity with respect to the simple wavelength shift 
in a Bragg grating strain sensor. The use of Bragg gratings to 
couple counterpropagating modes in optical cavities has been 
widely investigated and used for optical sensing [32][33]. 
However, by designing the system to be at the exceptional 
surface, it is possible to show a square-root dependence of 
eigenvalues on perturbation, thus providing enhanced 
sensitivity. Moreover, the structure proposed here makes use of 
two matched Bragg gratings, thus allowing compensation of the 
negative effect of thermal drifts. 

II. EXCEPTIONAL SURFACE CONFIGURATION 

Exceptional points have been initially investigated for PT-
symmetric Hamiltonians. Optical PT-symmetric Hamiltonians 
are usually arranged with two coupled optical resonators having 
identical resonances, experiencing perfectly balanced gain/loss 
values (one resonator has optical gain, whereas the other is 
lossy). The resulting eigenfrequencies are separated by a 
splitting proportional to the square-root of the perturbation. 
This is the reason for the increased sensitivity of exceptional 
points with respect to diabolic points [30]. 

However, due to the extraordinary sensitivity of exceptional 
points to parameter’s perturbations, even unwanted small 
perturbations (fluctuations of the optical resonance or of the 
gain or loss of one of the cavities) would result in an amplified 
spectral response, thus cancelling all the advantages of the 
enhanced sensitivity. Exceptional surfaces (ESs) have been 
recently introduced in [31] to overcome this problem. In fact, 
by coupling two counterpropagating modes in the same optical 
resonator, rather than using two coupled modes in different 
resonators, it is possible to make the sensor immune to all the 
sources of differential perturbations applied to two distinct 
cavities. The basic principle for the design of an ES-based 
device is shown in Figure 1: one of the two optical 
counterpropagating modes (e.g. CCW) in a resonant cavity 
should be coupled to the other one (e.g. CW).  In the 
unperturbed condition, the reciprocal coupling (CW to CCW) 
is absent. As soon as the perturbation 𝜅ଶ (represented by the 
coupling from CW to CCW modes in Figure 1) is applied, 
eigenfrequency splitting arises as a function of the square-root 
of the perturbation [31]. 

A. Coupled mode theory analysis 

The coupled mode theory in the time domain is useful to 
predict the behaviour of an exceptional-surface based structure. 
The architecture in Figure 1 can be described with the coupled 
mode theory in the time domain using the effective 
Hamiltonian: 

 

𝑗
ௗ

ௗ௧
൤

𝑎෤௖௪

𝑎෤௖௖௪
൨ = 𝐻ாௌ ൤

𝑎෤௖௪

𝑎෤௖௖௪
൨ , 𝐻ாௌ = ൤

𝜔଴ − 𝑗𝛾 𝜅ଵ

𝜅ଶ 𝜔଴ − 𝑗𝛾
൨  (1) 

 
where 𝑎෤௖௪  and 𝑎෤௖௖௪ are the field amplitudes of the clockwise 

(CW) and counterclockwise (CCW) modes, 𝜔଴ is the optical 
resonance frequency of the optical cavity (same for CW and 
CCW modes), 𝛾 is the common loss per time unit, 𝜅ଵ (𝜅ଶ) is the 
coupling strength between the CCW and the CW modes (CW 
and CCW). The eigenfrequencies of the system are easily 
found, in the harmonic regime: 

 
𝜔ாௌଵ/ଶ

= 𝜔଴ + 𝑗𝛾 ± √𝜅ଵ𝜅ଶ (2) 

 
The maximum sensitivity of the sensor is obtained when the 

square-root is set to zero (the exceptional surface condition), 
that is, when one of the coupling strengths is zero in 
unperturbed conditions (as in Figure 1). 

B. Scattering matrix method 

The architecture proposed to realize the exceptional surface 
condition is shown in the dashed rectangle in Figure 2. The 
device is designed in the Silicon on Insulator (SOI) platform 
using strip waveguides with a standard cross-section (500 nm x 
220 nm). A ring resonator that contains an internally located S-
shaped coupling waveguide enables the unidirectional coupling 
of optical power from the CCW to the CW mode. The reflection 
𝑟௔ represents the amplitude reflection coefficient on the right 
part of top bus waveguide. This value represents the 
perturbation in our design (since it enables the coupling 
between the CW and the CCW modes) and will be designed to 
be approximatively null in unperturbed conditions, to enhance 

 
Fig. 1. Exceptional surface-based configuration illustrating schematically 
two waveguided modes within one microring resonator. 
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the sensitivity. 
Although the coupled mode theory in the time domain is 

useful to predict the behaviour of the ES-based device, to 
provide a more robust model to evaluate 𝜅ଵ and 𝜅ଶ, a scattering 
matrix approach is preferred here. The scattering matrices 
related to the directional couplers in the dashed rectangle in 
Figure 2 are: 

 

𝑆஼ = ൤
𝑡஼ 𝑗𝑘஼

𝑗𝑘஼ 𝑡஼
൨ (3a) 

 

𝑆஺ = ൤
𝑡஺ 𝑗𝑘஺

𝑗𝑘஺ 𝑡஺
൨ (3b) 

 

𝑆ௌ = ൤
𝑡ௌ 𝑗𝑘ௌ

𝑗𝑘ௌ 𝑡ௌ
൨ (3c) 

 
where 𝑡஼ and 𝑗𝑘஼ are the transmission and coupling normalized 
amplitudes at the bottom directional coupler, 𝑡஺ and 𝑗𝑘஺ are the 
transmission and coupling normalized amplitudes at the top 
directional coupler, 𝑡ௌ and 𝑗𝑘ௌ are the transmission and 
coupling normalized amplitudes at the directional couplers 
realized with the S-shaped waveguide. 

After some algebraic calculation, it can be found:  
 

𝑠௢௨௧ = 𝑠௜௡𝑡஼ +
 ௞಴

మ௦೔೙௧ೄ൫௘ೕమഝ௧ಲ
మ௧಴௧ೄ

యି௘ೕഝ௧ಲ௧ೄି௘ೕഝ ௞ಲ
మ ௞ೄ

మ௥ೌ ൯

(௘మೕഝ௧ಲ
మ௧಴

మ௧ೄ
రିଶ௘ೕഝ௧ಲ௧಴௧ೄ

మିଶ௘ೕഝᇲ
௞ಲ

మ ௞ೄ
మ௥ೌ ௧಴௧ೄାଵ)

 (4) 

 
with 𝜙 = 𝜙ଵ + 𝜙ଶ + 𝜙ଷ + 𝜙ସ, 𝜙ᇱ = 𝜙ଵ + 2𝜙ଷ + 𝜙ସ + 𝜙ௌ and 
𝜙௜ = (2𝜋/𝜆)𝑛ୣ୤୤𝐿௞, where 𝑘 = 1,2,3,4, 𝑆 (lengths 𝐿௞ are 
shown in Figure 2). 
The eigenvalues are easily found by equating the denominator 

to zero, resulting in: 
 

𝑒௝థಶೄ =
ଵ±ටଶ௞ಲ௞ೄ௘ೕഝᇲ

௥ೌ ௧಴௧ೄ

௝௧ಲ௧಴௧ೄ
మ   (5) 

 
The eigenvalues splitting around the exceptional surface 

condition is then found to be: 
 

Δ𝜙ாௌ = 2𝑗ඥ2𝑘஺𝑘ௌ𝑒௝థᇲ
𝑡஼𝑡ௌ𝑟௔ (6) 

 
It is seen that the eigenvalues splitting is proportional to 𝑟௔

ଵ/ଶ, 
confirming the exceptional surface condition. Moreover, the 

phase of 𝑒௝థᇲ
𝑟௔  should be designed to be 𝜋, during sensing 

operation, in order to obtain the maximum real splitting 
between the eigenvalues [31]. 

Once the architecture has been demonstrated to work at the 
exceptional surface, we need to synthesize the needed 𝑟௔ for the 
specific application of an optical accelerometer. 

 

III. DESIGN OF EXCEPTIONAL-SURFACE ACCELEROMETER 

This section is focused on the design of an optical 
accelerometer. The maximum sensitivity of the ES-based 
sensor is obtained in the proximity of 𝑟௔ = 0. The idea that we 
propose is to exploit the destructive interference between the 
optical signals reflected by two matched Bragg reflectors in 
order to obtain 𝑟௔ ≅ 0 in unperturbed conditions. We have 
designed the Michelson interferometer illustrated schematically 
in Figure 2 (outside the dashed rectangle) that interferes a time-
varying optical reflection (acceleration-related) with a constant 
optical reflection (reference). In particular, one Bragg grating 

 
Fig. 2.  Design of the exceptional-surface-based optical accelerometer. The dashed rectangle encloses the optical circuit that realizes the coupling between the 
CCW and the CW optical modes. The sensing axis represents the direction of the acceleration of the moving chip. The Michelson interferometer (outside the dashed 
rectangle), realized with an 1x2 50/50 MMI and two Bragg gratings, interferes a time-varying optical reflection (acceleration-related) with a constant optical 
reflection (reference). 
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will be suspended and will sense the strain of a seismic mass, 
while the second grating will be fixed in space and time.  The 
amplitude reflectance of the structure in Figure 2 that employs 
a Multi-Mode Interferometer (MMI) splitter can be 
approximated as: 

 
𝑟௔ = 𝑒௝ଶథ೎൫𝐾ଵ

ଶ 𝑒௝ଶథಾಾ಺ 𝑒௝ଶథ೔భ𝑟஻భ
+ 𝐾ଶ

ଶ𝑒௝ଶథಾಾ಺మ 𝑒௝ଶథ೔మ𝑟஻మ
൯ (7) 

 

with 𝜙௜ଵ,ଶ =
ଶగ

ఒ
𝑛ୣ୤୤𝐿௜ଵ,ଶ and 𝜙௖ =

ଶగ

ఒ
𝑛ୣ୤୤𝐿௖ (𝐿௜ଵ,ଶ and 𝐿஼  

shown in Figure 2), with 𝑟஻భ(మ)
 the amplitude reflection 

coefficient of the first (second) Bragg grating and 
𝐾ଵ(ଶ)𝑒௝థಾಾ಺భ(మ) the amplitude transmission coefficient of the 
MMI from input port to the first (second) output port. 

The 1 x 2 50/50 MMI has been simulated with a propagator 
software for an operating wavelength of 1.535 µm. The MMI 
coupler length is 31.8 µm, whereas the width is 6 µm. The input 
and output tapers length is 20 µm, whereas their maximum 
width (next to the MMI coupler) is 6 µm. With simulations, it 
has been obtained that 𝐾ଵ 𝑒௝థಾಾ಺ = 𝐾ଶ 𝑒௝థಾಾ಺మ = 0.687 +

0.17𝑗 (with ห𝐾ଵ(ଶ)ห
ଶ

≅ 0.48). 
By designing 𝜙௜ଶ = 𝜙௜ଵ + 𝜋/4 at the operating wavelength, 

we obtain the destructive interference between the two optical 
signals reflected by the Bragg gratings, thus making 𝑟௔ ≅ 0 at 
the operating wavelength.  

The final configuration of the device is shown in Figure 3 
where the tunable laser light source and the photodetector diode 
can both be on-chip in principle. The seismic mass represents 
the inertial element causing a strain-induced perturbation of the 
suspended Bragg grating connected to it. The perturbation of 
the suspended strained Bragg creates a mismatch (both in the 

period of the grating and of the refractive index of the strained 
materials) with respect to the reference Bragg grating.   The 
fabrication of the proposed device can use the same 
micromachining technique proposed in [9]. The wafer to be 
used should be a standard SOI wafer with a buried 2 µm silicon 
dioxide layer. The residual silicon substrate in the seismic mass 
region, after micromachining will be of about 20 μm thickness, 
while the substrate Si is completely removed under the 
suspended Bragg grating. The seismic mass is designed to have 
a footprint of 400 µm  x 400 µm. 

 

A. Bragg Grating modelling 

The Bragg grating is obtained by locally etching the optical  
waveguide by a depth 𝑑஻, with an unperturbed period Λ଴ and 

a duty cycle 𝐷𝐶. Bragg grating reflectors have been modelled 
as proposed in [34] and [35]. In particular, the amplitude 
reflection coefficient of each Bragg grating is given by the 
following expression: 

 

𝑟஻ = −
௝఑∗ ୱ୧୬୦(ఊಳ௅ಳ)

ఊಳ ୡ୭ୱ୦(ఊಳ௅ಳ)ା௝ఋ ୱ୧୬୦(ఊಳ௅ಳ)
 (8) 

 
where 

 

𝛾஻ = ඥ|𝜅|ଶ − 𝛿ଶ (9a) 

𝛿 =
ଶగ௡౛౜౜

ఒ
−

ଶగ

ஃబ
= 2𝜋𝑛ୣ୤୤ ቀ

ଵ

ఒ
−

ଵ

ఒಳ
ቁ (9b) 

𝜅 =
௝గ

ଶ௉ఒఎబ
∫ (𝑛ୡ୭୰ୣ

ଶ − 𝑛ୡ୪ୟୢ
ଶ )|𝑬|ଶ𝑑𝑥𝑑𝑦

௚௥௔௧௜௡௚

ୱ୧୬(గ஽஼)

గ
 (9c) 

 
with 𝜆 the operating wavelength, 𝑃 the optical power of the 
mode, 𝜂଴ the vacuum impedance, 𝑛ୡ୭୰ୣ the effective index of 

 

 
Fig. 3.  Rendering of the final device. The sensing axis represents the direction of the acceleration of the moving chip. 
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the core (etched material) and 𝑛ୡ୪ୟୢ is the material of the 
cladding (air in this case). A value of 𝜅 of 459.36 cm-1 has been 
estimated from simulations in COMSOL Multiphysics. Figure 
4 shows the fundamental TE optical mode in the non-etched 
cross section of the Bragg grating. Figure 5 shows the optical 
spectrum of the designed Bragg grating with the parameters of 
Table I. 

The effect of the acceleration-induced strain on the 
suspended Bragg grating can be modelled, by means of two 
distinct effects upon the Bragg grating:  

-change of the period of the grating 
-photoelastic change in the refractive index of the strained 

materials.  
The perturbed period of the Bragg grating can be evaluated 

as: 
 

Λ = Λ଴(1 + 𝜖) (10) 
 
with 𝜖 the mechanical strain on the Bragg grating. 

whereas the change of refractive index of strained materials 
could be accounted as: 
 

Δ𝑛 = −
ଵ

ଶ
𝑛ଷ𝑝௟௠𝜖 (11) 

 
where 𝑝௟௠ is the component of the photoelastic tensor along the 
sensing direction. For this Bragg grating with a Silicon core, the 
effect of the photoelastic effect is negligible for any of the 
considered components of the photoelastic tensor with respect 
to the effect on the perturbation of the grating period, as in [9]. 

B. Mechanical modeling 

In order to model the device, we need to relate the 
acceleration of the seismic mass to the strain induced in the 
Bragg grating bridge. The Bragg grating bridge can be 
modelled using the spring constant along the sensing direction: 

 

𝑘஻ =
ா஺ಳ

௟್ೝ
 (12) 

 
where 𝐸 is the Young’s modulus (weighted on the cross-

section areas of different materials comprising the Bridge) of 
the bridge material, 𝐴஻ is the cross-sectional area of the Bridge, 
and 𝑙௕௥  is the length of the waveguide bridge. The width of the 
SiO2 bottom cladding of the device is designed to be 3 µm. Due 
to the much higher area occupied by the SiO2 bottom cladding 
(2 µm x 3µm) with respect to the Si core (220 nm x 500 nm), 
the spring constant of the Bragg bridge is mostly determined by 
the SiO2 part. The approximated parameters used to model the 
spring constant of the Bragg grating bridge are summarized in 
Table II. 

The spring constant along the sensing axis for each of the 
four compliant spring mechanisms (𝑘௣) (see Figure 3) has been 
evaluated via COMSOL Multiphysics to be 2-to-3 orders of 
magnitude lower than the 𝑘஻. 

The total spring constant along the sensing axis is: 
 

𝑘௬ = 𝑘஻ + 4𝑘௣ ≅ 𝑘஻ (13) 
 

The mechanical resonance frequency 𝑓଴ of the device is given 
by [36]: 

 

𝑓଴ =
ଵ

ଶగ
ට

௞೤

௠
,  (14) 

 
where 𝑚 is the seismic mass. 

Finally, the relative strain on the Bragg grating bridge (𝜖 =
Δ𝑙௕௥/𝑙௕௥) at an acceleration 𝑎 along the sensing axis is [36]: 

 
𝜖 = 𝑎

௠

௞೤௟್ೝ
 (15) 

 
The mechanical parameters used for the simulations are 
summarized in Table II. 

 
Fig. 4. Optical mode calculated for a standard 500 nm x 220 nm SOI strip 
waveguide cross section. 

TABLE I 
BRAGG GRATING PARAMETERS 

Parameter Value 

|𝜅| 459.36 cm-1 

𝐿஻ 50 μm 

𝐷𝐶 0.15 

Λ଴ 1.535 μm 

𝑑஻ 20 nm 

 

 
Fig. 5. Modelled unperturbed Bragg spectral response as a function of the 
wavelength. 
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IV. RESULTS 

Table III summarizes the parameters used for the final 
numerical simulation. Figure 6 shows the normalized spectral 
response for different values of the acceleration 𝑎 (as fractions 
of gravity acceleration 𝑔). The top left figure shows the 
resonance dip in the unperturbed condition. For an applied 
acceleration of 0.25 g, only a broadening of the resonance dip 
is visible. Whereas, starting from a = 0.5 g, a splitting between 
the resonance dips is observed. Then, the higher the 
acceleration, the greater the splitting between the resonance 
dips. It should be noticed that the splitting measured on the 
spectral response (Figure 6) doesn’t strictly correspond to the 
eigen-wavelengths splitting, especially for small values of the 
acceleration, due to the overlapping of the two resonance dips. 
Consequently, although the splitting between the resonance 
dips appears only at 0.5 g, even smaller accelerations can be 
detected if a regression method is used to the detect the 
eigenvalues splitting from Figure 6. 

Figure 7 shows the resonance splitting measured on the output 
spectrum of the ES-based accelerometer (Δ𝜆ாௌ) as a function of 
the ratio a/g. In the same figure, the variation of the central 
wavelength of the Bragg grating Δ𝜆஻ with respect to the 
unperturbed Bragg grating central wavelength is shown, thus 
demonstrating the increase of about one order of magnitude in 
the splitting of the proposed device, with respect to a simple 
Bragg grating strain sensor.  

This represents the main result of this work: with the proposed 
configuration, the resonance splitting obtained with the 
exceptional surface-enhanced configuration can be one order of 
magnitude higher than the wavelength shift obtained with a 
standard Bragg grating, without the need of external gain. 

For the designed system, the differential sensitivity (𝑑Δ𝜆/𝑑𝑎) 
has been evaluated to be 3 nm/g at 0.5 g acceleration. 

To determine the acceleration, the wavelength of the tunable 
laser source should be scanned across the wavelength range of 
interest, which here is 1.533 µm to 1.538 µm.  Then, for the 
electronic readout, the measured photocurrent should be 
processed by an electronic Digital Signal Processor (DSP), that 
can use a method of regression (for example, the "Ordinary 
Least Squares" method) to fit the spectrum and to predict the 
real eigen-wavelength splitting (the same method of fitting is 
often used to predict the real and the imaginary parts of the 
eigenfrequencies in PT-symmetric systems). 

The designed device is proposed on a purely passive platform 
(SOI). However, using a platform where gain is available, 

TABLE II 
MECHANICAL PARAMETERS 

Parameter Value 

𝑙௕௥ 200 µm 

𝐴஻ 10,11 µm2 

𝐸ௌ௜  170 GPa 

𝐸ௌ௜ைమ
 66 GPa 

dSi 2.33 g/cm3 

dSiO2 2.65 g/cm3 

𝑘௬ 2.077 kN/m 

𝑓଴ 2.51 kHz 

V 400 x 400 x 22.22 µm2 

m 8.38 µg 

 

TABLE III 
FINAL DESIGN PARAMETERS 

Parameter Value 

𝐿ଵ 48.75 µm 

𝐿ଶ 48.75 µm 

𝐿ଷ 48.75 µm 

𝐿ସ 48.75 µm 

𝐿ௌ 97.48 µm 

𝐿௜ଵ 10 µm 

𝐿௜ଶ 10.015 µm 

𝐿஼ 10 µm 

𝑡஼  0.53 

𝑡஺ 0.14 

𝑡ௌ  0.14 

 

 
Fig. 6.  Spectral output of the transfer function |𝑠௢௨௧/𝑠௜௡|ଶ as a function of 
wavelength for different values of the acceleration 𝑎. 

 
Fig. 7.  Spectral splitting (Δ𝜆ாௌ) at the exceptional surface as a function of the 
relative acceleration 𝑎/𝑔, evaluated as the distance between the resonance 
dips. 
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(waveguided semiconductor optical amplifier) sharper 
resonances could let much smaller resolutions be achieved, thus 
enabling high resolution acceleration sensing, even with very 
small seismic mass. In this way a further enhancement of an 
optical accelerometer could be achieved. 

While our proposal showed an enhanced sensitivity with 
respect to a Bragg-grating-based accelerometers [9][10], there 
are other promising techniques exploiting high-finesse cavities 
and photonic bandgaps.  

The solution fabricated in [37] shows a high optical sensitivity 
(90 nm/g), with a small measurement range (±0.263 g) and a 
low first mechanical resonant frequency (438 Hz). 

In contrast, the one dimensional  and two dimensional 
photonic-bandgap-based accelerometers in [11] and [12] have 
been numerically demonstrated to have linear sensitivities of 
1.17 nm/g and 0.0756 nm/g and first mechanical resonances of 
8.9 kHz and 12.9 kHz, respectively. Both these solutions have 
high measurement ranges (±22 g in [11] and ±156 g in [12]). 

A benefit of the configuration proposed here with respect to 
high-finesse solutions is that it does not require a very stable 
laser source or active locking techniques. Moreover, in 
principle, the solution proposed here could exhibit a very high 
dynamic range, thanks to the square root dependence of the 
splitting on the acceleration. However, the same intrinsic 
square-root behavior worsens the splitting enhancement for 
high values of the acceleration with respect to a classical Bragg-
grating-based accelerometer, thus making it difficult to perform 
a fair comparison with the dynamic ranges of the different 
solutions. In this work, we have numerically evaluated that the 
splitting enhancement of the proposed accelerometer at the 
exceptional surface is absent for values of the acceleration 
higher than 10 g.  

We want to underline that the aim of this work was to 
demonstrate the high possibility of the exceptional surface to 
enhance the sensitivity of an optical accelerometer, compared 
with that of the standard Bragg-grating-based accelerometer, 
for small values of acceleration. Moreover, the possibility of 
combining the exceptional surface with the photonic bandgap 
or with the accelerometer implemented with optical gain, could 
easily lead to better performances. 

 

V. CONCLUSION 

In this paper we have designed an optical accelerometer 
based on exceptional surfaces. The square-root dependence of 
the eigenfrequency splitting on perturbations, typical of non-
Hermitian Hamiltonians, has been exploited here to enhance the 
sensitivity of a strain-based Bragg grating accelerometer. The 
interference between a sensing suspended Bragg grating and a 
reference Bragg grating allows the condition of exceptional 
surface to be obtained. The advantage of the proposed solution 
is the use of exceptional surfaces, rather than exceptional 
points, to realize the non-Hermitian Hamiltonian. By coupling 
two counterpropagating modes of a single optical resonator, it 
is possible to overcome all the noise problems of PT-symmetric 
sensors related to the unwanted differential perturbations 
applied on distinct cavities. The proposed configuration has 
been designed for the Silicon on Insulator platform, thus 

demonstrating that no gain is necessary to obtain the desired 
sensitivity enhancement. A sensitivity of 3 nm/g has been 
achieved at 0.5 g acceleration. However, a design with the 
integration of optical gain could give sharper resonances in the 
optical response, thus reaching even greater sensitivity. 
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