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Furrier transform infrared spectroscopy (FTIR) is the key instruments in all the chemical labs for the analysis of
chemical compositions in many applications such as identification of organic compounds, biochemical, food safety
etc. In this paper, we introduce a new FTIR system including a new Brag-grating device, a broadband light source,
integrated optical waveguides, and a photodiode. The proposed system has several advantages; the ability to
randomly access to different wavelengths instead of swiping all wavelength, bandwidth adjustment, high
reliability, immunity to electromagnetic noise and mechanical vibrations. The device is designed analytically at
first, and then the design is confirmed utilizing numerical simulations. According to the numerical simulations, a
mechanical movement of about 1 um is achieved by applying of only 5-volt electrical signal. The designed device is
suitable for applications in which accidental accessibility is required instead of sweeping.

Keywords: Furrier transform infrared spectroscopy, Microelectromechanical systems, Bragg grating.

How to cite the article:
P. Ghasemi, M.J. Sharifi, K. Jafari, Novel optical MEMS FTIR, based on Bragg grating structure, J. Practical IT, 2020;
1(6): 17-24,

1. Introduction
Infrared spectroscopy is based on the absorption
of infrared radiation by molecules and then
evaluation of the vibrational mutations of
molecules and multi-atomic ions. This method has
been used as a powerful and developed method for
determining the structure of molecules and
measurement of chemical species. It is also used
primarily for the identification of organic
compounds [1], although the spectra of these
compounds are usually very complex and have a
large number of peaks. It can be used in these
cases through comparative methods. The FTIR
device is one of the most widely used devices in
chemistry and biochemical experiments[2]. This
device has also a very high potential for detection
and identifications of polymers [3] in biological
applications such as cancer cell diagnosis for both
clinical and research applications [4]. It also is
attractive in controlling microorganisms in the

context of food safety and nutrition [5]. However,
these systems often have very large dimensions
and need to be connected to a computer to
perform the necessary analyzes [6]. That's why
they are very expensive. In recent decades,
attempts to minimize the dimensions of
mechanical systems using the technology of MEMS
(Microelectromechanical systems) has attracted.
This silicon-based technology due to the ability to
achieve smaller dimensions, resulting in
portability, lower cost and the possibility of
integrating mechanical systems with CMOS
technology are very attractive. So, efforts have
been made to build MEMS-based FTIR systems.
Traditional systems for spectroscopy often operate
on the interferometer method. In the
interferometer, a light beam is divided into two
paths, and then the two light beams are recombined and producing a pattern of interference
based on superposition principle. The change in
the distance of each one of the paths changes the
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pattern of interference, then the detector converts
this pattern to the electrical signal that can be
analyzed using the computer to result in the
infrared spectra of the sample. Several studies
have been conducted for implementing the MEMSFTIR device based on this method (such as Mr.
Khalil et al work). They proposed a FTIR system
based on the above method and the Michelson
interferometer, and electrostatic parts [7]. In their
research, a piece of silicon was used as the optical
component for reflection, so different interference
spectra are obtained by moving of the reflector اin
one
direction.
However,
the
Michelson
interferometer which is based on an alert mirror
was very sensitive to mechanical movements [6],
and any vibration can cause the output spectrum
to become different. On the other hand, in order to
obtain the output, it is necessary to determine the
precise location of the mirror at any moment, and
therefore an internal measuring system is
required. Other methods that are used are based
on grating, which is called lamellar grating
interferometer (LGI). In these systems, two beams
pass through a splitter, one to a constant grating,
and another to the dynamic grating. The resulted
pattern is then recorded and evaluated by a
computer. Mr. Ayerden et al. developed a system
based on this method [8]. However, minimizing
dimensions of these systems is difficult and end to
many problems. The mechanical systems in MEMS
technology often has a very low range of motion,
but most of the systems designed for FTIR based
on the mentioned methods, due to the need to
sweep a wide range of wavelengths, should have a
large range of motion and need techniques such as
electrostatics [7,8], or the usage of complex
mechanical methods [9]. In the electrostatic
method, a high voltage of about 50 volts or greater
is often required to reach the high motion range.
On the other hand, the need for high speed in the
sweeping of the wavelength spectrum often causes
resonance in some pieces of the system and it is
necessary to reduce the amplitude of the motion in
the resonance frequencies by using high air
pressure and or other methods. Therefore, a tradeoff between the amplitude of motion in resonance
frequency and the sweep speed is usually
established. Resolution is one of the measurement
parameters that should also be considered. High
enough resolution of a measurement can
effectively impact the interpreting of the
measurement results, especially in complex
organic compounds. Most of the target molecules
are surrounded by other molecules and their
measurement is difficult. The structure used for
FTIR have low frequency accuracy due to the high
speed. Therefore, it is necessary that the frequency
pitch of sweep be very slim for more accuracy [6].
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Operation principle
The
Micro-Opto-Electro-Mechanical
Systems
(MOEMS) structure introduced in this paper is
based on the movement of the photonic crystal
layer. The wavelength of the output is swept by
movement of the photonic crystal layer. First, a
broadband source with a wavelength (0.7 to 4
micro) in the conventional optical fiber coupled to
the input waveguide. The light enters the
waveguide after passing through the photonic
crystal. Thus reflected light is passed through a
fiber to the detector. It converts the optical wave
into an electrical signal. In this case, by applying
electrical signals to the input pins, the output
wavelength can be changed. The internal structure
of the device consists of a grating structure, where
each arrangement of grating can be implemented
by applying a binary signal to the input pins of the
device. As shown in Figure 1. The central mass of
the arms is connected to the side supports by
flexible foundations. These arms are connected
from one side to the each other, which is called a
common electrode, and on the other side, each of
them is attached separately to the pads. So that the
electrical signal can be applied to they through the
input pins. By applying the electrical voltage to
each of the inputs in the arm relative to that base,
the electrical current causes heat generation due to
the electrical resistance. Generated heat due to the
effects of thermal expansion, increases the size of
the arm of the brags, so there are starting to bend.
In the bottom side of each brag is a few defects that
forces the brags to move in the opposite direction.
It also increases the range of movement of each
structure. The movement of the arms causes the
brags to enter or leave the optical path of the
waveguide. Therefore, effective thickness of the
brags changes in the optical path. As a result, the
refracted optical wavelength changes in the brag
structure, and any arbitrary wavelength can be
removed from the input wave selectively. This
structure allows us to set the frequency sweep
stairs in the device as the desired. So, we can pass
some wavelengths with larger steps or, conversely,
at impressive wavelengths, the resolution can be
increased. In other words, at a certain wavelength,
do the zoom. Most of the structures that have been
fabricated so far, based on interference Theory,
require a very high motion range to sweep the full
wavelength output. On the other hand, in linear
displacement, the precise location of the mirror or
reflective structure must be specified to determine
the amount of output wavelength to be transmitted
by this method. But in the proposed binary
structure, without the use of any additional
external measuring structure, it is possible to
easily determine the transmission wavelength by
applying electrical signals to the input pads.
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Figure 1: schematic of proposed MOEMS FTIR

In addition, the provided structures, such as [7],
require very high precision DAC (Digital to Analog
Converter) to convert exterior signals from the
processor to analog signals for actuation, and the
precision of this DAC specifies the wavelength
sweep accuracy and, consequently, the resolution
of the device. In addition, the device is not immune
to electrical and thermal noise such as white noise,
and any temperature change or electromagnetic
induction causes longitudinal changes in the
mirror location and eliminates the output result.
For this purpose, it is often necessary to have a
more complicated and costly package structure [9]
and there should also be a more complex BIST
(Built-in self-test) and BISC (Built-inSelfCalibration) structure on the device. Each of it
increases the cost of fabrication. While the
introduced structure due to the binary nature is
compatible with digital component so, there is no
need for complex DAC components on it. (Figure
2).

Design and analysis of mechanical structure
Thermal response time is a key design factor in
determining how quickly the MEMS device
responds, especially when driven by an AC
(Alternative Current) signal. From heat exchange
and transfer theory, there are three mechanisms of
heat flow: conduction, convection and radiation. As
mentioned earlier, a beam structure has been used
to thermal actuation the brags. In this scheme, the
electrical current is applied through the two
electrodes to the brag structure indicated in the
schematic. By passing the electric current due to
the electrical resistance of the arms, the heat is
generated in it. The temperature increased in the
arms due to this current can be calculated as
follows [10]:

(1)
(2)

Where T is the beam temperature, ∆𝑇𝑇 is the the
temperature difference with the environment, A is
the beam cross section area, P is beam cross
section perimeter, V is the voltage, R is the
electrical resistivity, L is the length of beam, ℎ is
the gap between the beam and the substrate, ρ is
density of material, 𝑘𝑘𝑔𝑔𝑔𝑔𝑔𝑔is the thermal conductivity
of surrounding media, 𝑘𝑘𝑎𝑎𝑎𝑎𝑎𝑎 is the thermal

conductivity of beam, 𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎 is the heat capacity of
structure, 𝑇𝑇𝑚𝑚 is the maximum temperature of the
structure
𝜕𝜕𝜕𝜕2 by neglecting of
. The structure of each brag
can be mechanically modeled simply by a bending
beam like a figure 2.

J . P r a c t i c a l I T , 2 0 2 0 ; 1 ( 6 ) : 1 7 - 2 4 |19

Figure 2: schematic of operation principle

The maximum deflection of the V-shape beam
depends on the longitudinal dimensions and the
thickness of the beam. The displacement rate can
also be directly related to the amount of force
involved. The temperature that is generated
causing the thermal expansion in beam structure

so that the V-shape beam start to bend in along the
y-axis (Figure 3). The maximum displacement in Vshape beam in absent of external force is obtained
using the following equation [11]:
(3)

Where, y is the maximum deflection in the middle
point of beam, 𝛼𝛼 is the coefficient of thermal
expansion, l is the beam length, A is the beam cross
section, I is the moment of inertia.

Numerical analysis of mechanical structure
The maximum displacement in y-axis direction and
temperature of V-shape beam can numerically
analyzed by Comsol multi-physics. the results
obtained with this parameters [12-14]: The arm
material is polysilicon with 80 um long, 100 nm
wide, 1 um height and 2 um gap, with angle θ = 10,
Young modulus, E = 152.9 GPa, Poisson ratio, ν =
0.2, resistivity ρ = 3.74 × 10−4 (Ω. 𝑚𝑚 ), thermal
expansion coefficient, 𝛼𝛼 = 2.6 × 10−6 (𝐾𝐾−1) ,
density, 2320 (𝑘𝑘𝑘𝑘𝑘𝑘−3) , thermal conductivity, 𝑘𝑘𝑎𝑎𝑎𝑎𝑎𝑎
= 34 (𝑘𝑘𝑘𝑘𝑘𝑘−1𝐾𝐾−1), 𝑘𝑘𝑔𝑔𝑔𝑔𝑔𝑔 = 0.05 (𝑊𝑊𝑊𝑊−1𝐾𝐾−1). For
modeling, the finite element analysis (FEA) of the
coupled Joule heating and solid mechanic are used
to deriving displacement and force. In this study, it
is assumed that the thermal expansion coefficient
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varies with temperature. It is also assumed that
thermal actuators are surrounded with air media
and the temperature transmission is carried out
with the body. However, the thermal expansion in
the body is neglected. The heat generated by joule
heating is considered to be a thermal equilibrium
and is distributed uniformly throughout the
surface of the piece. The temperature in the
anchor's location due to the connection to the body
and due to the temperature losses is assumed to be
in equilibrium with the surrounding environment
then it's set at room temperature 25℃ as a
boundary condition. Polysilicon is chosen as a
body material of thermal actuators, which is
considered uniform in the simulation. The FEA
results show that in the maximum displacement
1um (Figure 4). The maximum temperature also is
440 ℃ , this temperature is much less than of the
melting point of polysilicon. This temperature was
generated by voltage about 5 v.
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Figure 3: mechanical simulated of device.

Design and analysis of optical sensing system
The optical system is an important part of the FTIR
structure. This system should choose a specific
wavelength of light to pass and other wavelengths
will not pass. This system is as shown in the figure
[2]. A photonic crystal consists of several
consecutive layers known as gratings. By applying

an electrical signal to anchors in this structure, the
brags are moved so that, the effective grating
length has been changed. The Bragg grating
structure acts based on Fresnel law, the return
wavelength, known as the wavelength of the Bragg,
is calculated according to the equation below[15]:

Where n is the reflection index, Λ is the bragg
period, λ is the reflaction wavelength. In Figure. 5
reflectance spectra of the photonic crystal of the
proposed filter is shown for five different applied
voltages.
If the movable arms are initially
positioned without external stimulation the
reflected wavelength all will pass. Any selection of
the wavelength is caused by external stimulation.
By stimulating the anchors with a particular
arrangement, the arms move in the direction that
the brags are allocated in the optical path. The
placement of the brags in the optical path causes
the wavelength to be reflected in proportion to it,
and the rest of the wavelengths pass. By changing
the order of stimulation to the anchors, another
arrangement of brags can be created in the optical
pathway that changes the reflected wavelength so
that different wavelengths can be selected with
sequential or random access. Therefore, this
system in addition to the FTIR applications, can be
used in more diverse applications, such as
multiplexers[16] or optical filters [16-18]. Using
random access to different brags ordination allows
us to achieve special properties that cannot be
implemented through conventional optical
structures. In general, there are several
parameters that can affect the optical properties of
a Brag grating such as brag wavelength and grating
strength [19] . There are also properties that it is
better to have the controlling of them, depending
on the desired, such as transmission power and
bandwidth. The reflection power related to the
effective length of the brags [20]. Further lengths
have higher reflection power. This possibility is
provided for the system with random access that
can control the amount of power through
increasing or decreasing the Bragg length, so by
applying the arrangement of Braggs in the optical
path, it let to pass less or more of the transmission

power to the output. On the other hand, since the
grating strength is related to the bandwidth[19], so
by controlling of it can control bandwidth. In these
methods, as shown in Figure 6, by applying a
special arrangement of Braggs in the optical path
can be controlled bandwidth to increase or
decrease. In this structure, by inducing the Braggs
in the optical path, the thickness of the layer with a
higher refractive index can be more or less than
the intended length for the air gap, or vice versa.
Notice that it is necessary that the overall period of
the Bragg is fixed to obtain a central frequency, but
unlike the conventional method, which determines
the thickness of each component of the Bragg in
terms of refractive index, in this case the
contribution of one or both of the components of
the Bragg structure increases or decreases.
Therefore, according to Figure 6, the possibility of
changing in bandwidth and zoom in wavelength
can be made. Therefore, for rapid changes in
bandwidth, the thickness of both Braggs increases
or decreases, but if the objective is to reduce the
bandwidth gradually, it can be made by changing
only one of the thicknesses, and then change the
second. by this way, the change in the output
bandwidth done more precisely, in other words,
the output bandwidth changes in a half step. In
addition to the features that can be found in the
uniform structure that is known as a constant
grating period. this device can use to access other
features that are not available in the uniform
structure [21]. For example, the possibility of
creating different Bragg arrangement allows us to
apply nonperiodic gratifications like chirps that
have special applications and properties [22]. in
this structure, the grating pitches change with a
linear profile along the optical path. This allows
different resonant frequencies to be created during
grating [23]. by this way, if changes in gratings be

λ=2nΛ

(4)
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small, thus changes can be considered uniform; so,
each partition of grating independently returns a

Figure 4: Reflection spectrum for the different
arrangement of Braggs in the optical pathway.

Design and analysis of stimulation system
In this system, the smaller size of the fingers, can
provide us smaller sweeping steps, for example in
a Bragg grating structure with a 100 nm fingernail
length for a 25 um grating length. we need 250
fingers. Each of these fingers need to be driven
through a circuit, which will require to have at
least 250 entries per piece, which is not possible.
The problem can be overcome by division Braggs
in smaller units then determining a maximum
wavelength and a minimum wavelength for each
unit. Therefore, using a digital combinational
circuit can drive any small unit. Because the arms
are made from polysilicon, its compatible with
CMOS process. This compatibility allows us to
integrate CMOS circuits with MOEMS structure. So,
according to the figure 6. Each small unit connects
to a logic circuit, and the parallel circuits is driven
by a driver circuit. Therefore, by applying a digital
signal to input pins of the chip, the signals which
needed to drive the actuators by a suitable pattern,
can be reached.

Comparison study and discussion
In terms of complexity and operation condition,
available systems for access to a wider range of
wavelengths require high voltage operation. This
high voltage, as already mentioned, is due to the
electrostatic method, requires high voltage circuits.
In spite of, these systems need to have feedback
from their reflector position because the system is
based on diffraction so that the precision
determining of the reflector position due to the
analogical nature of it, is critical. Therefore, they
require accurate DAC and ADC circuits. This
mechanism makes the system more complex, while
the proposed system acts as an open loop and does
not require any feedback. Furthermore, its
operating voltage is about 5 volts, which is
22 |

different wavelength so, the reflected bandwidth
can be wider.

Figure 5: Reflection spectrum for non uniform Bragg
thickness.

proportional to the digital system. In addition to
previous challenges, these systems require
different external lenses and mirrors to maintain
its function, which makes the system more
expensive and more sensitive to mechanical
vibrations and noises. Additionally, the use of high
air pressure inside the device to damp the
resonance amplitude, makes the device packaging
more complex, while the proposed system acts
between two upper or lower levels, so mechanical
noise such as vibration is not affected on it. In
terms of fabrication, the proposed device is harder
to fabricate due to smaller feature sizes of device
components. contrary to the [13] that feature sizes
are larger.

Conclusion and perspectives
In this work, an optical MEMS FTIR is proposed.
The present structure operates based on the
grating properties. In this device, using joule
heating, the movable Braggs are placed on the
optical pathway and cause a change in the optical
properties of the system that achieves different
wavelengths. By sweeping the wavelength and
recording the optical power output, a power
spectrum can be obtained. The system of
wavelength sweeper includes an air-dielectric
movable Bragg grating structure, a broad band
light source, a photo-detector, and integrated
optical waveguides. The behavior of both the
mechanical actuator structure in presence of joule
heating and the optical system has been studied by
FEA simulations. The main features of this device
include immunity to electromagnetic noise and
mechanical vibrations, the ability to randomly
access to different wavelengths, bandwidth
adjustment, high reliability and Compatibility with
digital circuits. In addition to FTIR applications,
this device can be used in various applications
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such as optical sensors, optical filters, frequency
multiplexer
in
optical
telecommunication
networks, in the single frequency light source, and
optical modulators. Fabrication of the proposed
MOEMS FTIR by using Nano lithography and Deep
Reactive Ion Etching (DRIE) is an ongoing work
which can be the subject of a wholly different
paper.
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