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Abstract: This study reported the performance evaluation
of various distributors and exchange elements configura-
tions in the opticalfiber communication system. The study of
different diaphragm structures mechanics under different
pressure levels effects. The stress along the x axis of a square
diaphragm and the deflection of a square diaphragm under
pressure are reported. The radial and tangential stress of a
round diaphragm and the deflection of a round diaphragm
under pressure are outlined. 3D for the bossed diaphragm

deflection against diaphragm position is clarified. The stress
distribution across the shorter side of a rectangular dia-
phragm and 3D for the rectangular diaphragm deflection
against diaphragm position under pressure are demon-
strated. The radial stress is larger than the tangential stress
through the diaphragm radial position from 50 μm to 250 μm
for a square diaphragm under pressure. The radial stress is
larger than the tangential stress for the bossed diaphragm
position varies from 125 μm to 250 μm. All the obtained
results are demonstrated through the use of the MEMSolver
simulation program software version 3.3.

Keywords: bossed diaphragm; rectangular diaphragm;
round diaphragm; square diaphragm; stress.

1 Introduction

As the silicon mechanical structures with the basic beams
and the basic diaphragms are themost basic important parts
for micro electrical mechanical system (MEMS) devices, the
beammechanics and diaphragm structures will be reviewed
in many researches according to the elasticity theory for the
homogeneous material [1–12]. There are many types of
diaphragms [13–26]. These types can be divided into the
square diaphragm, round diaphragm, bossed diaphragm
and rectangular diaphragm. Based on the elasticity theory,
external forces acting on a solid state body which will cause
and produce internal forces between the body portions and
cause deformation [27–40]. Depending on its kind and the
needs of the network, an optical node is viewed as a multi-
purpose component that may carry out a number of func-
tions. In essence, it transmits, receives, and retransmits or
reroutes optical signals to its connected neighbours [41–56].
The node must carry out either a routing or switching
operation in order to resend or divert an optical signal to the
desired networking nodes. It should be noted that several
optical multiplexing techniques, such as time division/
wavelength divisionmultiplexing, can be utilized. An optical
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node can also act as a router, sending a certainwavelength of
an input signal to a designated output port. Before the signal
is sent to the designated output port, it is also possible to alter
its wavelength [57–72]. Since it is used to switch the wave-
length by converting it to the conforming signal wavelength,
the router in this instancewill be referred to as awavelength
converting router [73–85]. The physicalmediumof an optical
switch, in contrast to semiconductor switches, remains fixed
while performingwavelength operational functions (such as
multiplexing, demultiplexing and switching). Integrated
optical or optoelectronic devices can be used to create such
wavelength changes. The four distinct roles of an optical
router are shown in [86–101], where a wavelength demulti-
plexer is used to split an optical signal with two signal

wavelengths (i.e., 1 and 2) present at the input port 1 and
route it to ports 2 and 3, respectively [102–125]. Benefits of
dense wavelength multiplexing are the transmission with a
very high capacity and a very long distance, transparent data
transfer. When upgrading systems [126–136], maximum
investment protection is provided, high flexibility, efficiency
and dependability in networking and support for all-optical
switching [137–150].

In this work, the simulative study of a square diaphragm
stress and deflection under pressure are demonstrated. As
well as a round diaphragm stress and deflection under pres-
sure are also demonstrated. Besides a bossed round dia-
phragm stress and deflection of are clarified. A rectangular
diaphragm stress and deflection are also demonstrated based

Figure 1: Stress and deflection variations. (a) Stress in relation to diaphragm side length. (b) Deflection of a square diaphragm under pressure.
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on MEMSolver simulation program software version 3.3. 3D
for the bossed diaphragm deflection against diaphragm po-
sition is clarified. The stress distribution across the shorter
side of a rectangular diaphragm and 3D for the rectangular
diaphragm deflection against diaphragm position under
pressure are demonstrated. The radial stress is larger than the
tangential stress through the diaphragm radial position from
50 μm to 250 μm for a square diaphragm under pressure. The
radial stress is larger than the tangential stress for the bossed
diaphragm position varies from 125 μm to 250 μm. All the
obtained results are demonstrated through the use of the
MEMSolver simulation program software version 3.3.

2 Simulation models description
and performance evaluation

Figure 1(a) outlines the stress along the x axis of a square
diaphragm under pressure. Where the diaphragm side
length is 500 µm, diaphragm thickness is 12 µm, applied
pressure is 15 psi, Young’s modulus (YM) is 180 GPa and
Poisson’s ratio (PR) is 0.3. The stress increases exponentially
with the increase of the diaphragm side length varies from
1 μm to 250 μm. A square diaphragm deflection under
pressure effects is shown in Figure 1(b).

Figure 2: Stress and deflection under pressure effects. (a) Stress versus diaphragm radial position. (b) Deflection of a round diaphragm under pressure.
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The square diaphragm stress and deflection under
pressure effects are clarified. Where the results assured that
the maximum stress is 45.8 MPa, The maximum strain is
254.4 microstrains, and maximum deflection is 0.301 µm.

Figure 2(a) shows the radial and tangential stress of a
round diaphragm under pressure. Where the diaphragm
diameter is 500 µm, the diaphragm thickness is 12 µm,
applied pressure is 15 psi, YM is 180 GPa and PR is 0.3. The
stress increases exponentially with the increase of the dia-
phragm radial position varies from 1 μm to 250 μm. The
radial stress is larger than the tangential stress through the

diaphragm radial position from 50 μm to 250 μm. The
deflection of a round diaphragm under pressure is clarified
in Figure 2(b).

The round diaphragm stress and deflection under
pressure are reported. The results demonstrated that the
maximum stress is 33.7 MPa, the maximum strain is 187.2
microstrains and the maximum deflection is 0.222 µm.

Figure 3(a) demonstrates the deflection of a bossed
diaphragm under pressure. Where the diaphragm diameter
is 2000 µm, the boss diameter is 700 µm, the diaphragm
thickness is 60 µm, applied pressure is 175 psi, PR is 0.3 and

Figure 3: Three dimensional based bossed diaphragm deflection versus diaphragm position. (a) Bossed diaphragm deflection against diaphragm
position. (b) 3D for the bossed diaphragm deflection against diaphragm position.
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YM is 180 GPa. The bossed diaphragm deflection is almost
constant around −2.5 µm for the diaphragm position varies
from 1 µm to 400 µm. But the bossed diaphragm deflection is
increases exponentially for the diaphragm position varies
from 400 µm to 1000 µm. 3D for the bossed diaphragm
deflection against diaphragm position is clarified in
Figure 3(b).

The maximum bossed diaphragm stress and deflection
of under pressure effects are outlined.Where the simulation
results assured that the maximum stress is 220.58 MPa, the

maximum strain is 1225.44 microstrains and the maximum
deflection is 2.492 µm.

Figure 4(a) indicates that the stress distribution across
the shorter side of a rectangular diaphragm under pressure.
Where the diaphragm length is 700 µm, of diaphragm width
is 500 µm, the diaphragm thickness is 9 µm, applied pressure
is 15 psi, PR is 0.3 and YM is 180 GPa. Both the radial and
tangential stress increases exponentially with the dia-
phragm position varies from 1 μm to 250 μm. The radial
stress is larger than the tangential stress for the diaphragm

Figure 4: 3D rectangular diaphragm deflection/radial and tangential stress under pressure. (a) Radial and tangential stress versus for rectangular
diaphragm position. (b) 3D rectangular diaphragm deflection under pressure.
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position varies from 125 μm to 250 μm. 3D for the rectangular
diaphragm deflection against diaphragm position is clarified
in Figure 4(b).

The maximum rectangular diaphragm stress and
deflection under pressure are reported. The results indi-
cated that the maximum stress is 126.6 MPa, The maximum
strain is 703.3 microstrains and the maximum deflection is
1.11 µm.

Figure 5 Clarifies the max stress for various diaphragm
types under study. The bossed diaphragm is the largest
exposed to maximum stress than other proposed types. But
the round diaphragm is the largest exposed to minimum
stress than other proposed types. Figure 6 Demonstrates the

max strain for various diaphragm types under study. The
bossed diaphragm is the largest exposed to maximum strain
than other proposed types. On the other side the round
diaphragm is the largest exposed to minimum strain than
other proposed types.

Figure 7 assured the max deflection for various dia-
phragm types under study. The bossed diaphragm is the
largest exposed to maximum deflection than other proposed
types. Moreover the round diaphragm is the largest exposed
to minimum deflection than other proposed types. Table 1
summarizes the maximum stress, strain, and deflection for
various diaphragm at the optimum operating conditions for
each case.

Figure 5: Max. stress with various diaphragm types at the optimum operating parameters.

Figure 6: Max. strain with various diaphragm types at the optimum operating parameters.
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3 Conclusions

We have reviewed the simulative study of different dia-
phragm structures mechanics under different pressure
levels. The study emphasized that the maximum square
diaphragm stress and deflection under pressure are clar-
ified the results assured that the maximum stress is
45.8 MPa, The maximum strain is 254.4 microstrains, and
maximum deflection is 0.301 µm. The maximum round
diaphragm stress and deflection under pressure are re-
ported. The results demonstrated that the maximum stress
is 33.7 MPa, the maximum strain is 187.2 microstrains and
the maximum deflection is 0.222 µm. Themaximum bossed
diaphragm stress and deflection under pressure are out-
lined. Where the simulation results assured that the
maximum stress is 220.58 MPa, the maximum strain is
1225.44 microstrains and the maximum deflection is
2.492 µm. Themaximum rectangular diaphragm stress and
deflection under pressure effects are reported. The results
indicated that the maximum stress is 126.6 MPa, The
maximum strain is 703.3 microstrains and the maximum
deflection is 1.11 µm.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.
Research funding: None declared.
Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.
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