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The present reports deals with the DC, AC, and transient simulation study of MEMS cantilever. The
open-ended rectangular system is simulated in the present investigation. In the present case, we have va-
ried the length of MEMS cantilever (platinum electrode) and studied its effect on the following cases: 1) the
effect of voltage on the capacitance and beam position (DC analysis), ii) time domain beam position, capa-
citance, and voltage (AC analysis), and iii) time domain beam position, capacitance, and voltage (transient
analysis). The results suggested that the length of an active electrode of MEMS cantilever significantly
affects the MEMS performance. In addition, the voltage of MEMS cantilever linearly increases with re-
spect to time and it was found to be independent of the electrode length and dielectric materials, which

were used in the considered system.
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1. INTRODUCTION

In recent years, micro-electro-mechanical systems
(MEMS) have attracted significant attention due to
their wide applicability in the many applications do-
mains. They served as a basic building block for many
applications such as sensors, biomedical devices, process
control, automotive industries and defense [1-2]. How-
ever, they are different from the molecular technology
or molecular electronics. MEMS’s entire design is based
on the synergetic integration of mechanical and elec-
tronic subcomponent. Due to current technological
achievements, we can scale down such systems in
micrometer scale or even nanometer scale (NEMS) and
produce beautiful complex structures and systems for a
variety of applications [3-4].

The size of indusial components of MEMS is in the
range of 1 and 100 pm and entire MEMS devices or
system come in the size of 20 pm to 1 mm [3]. The size
and dimension of the MEMS decide the various figures
of merits. For example, as we reduced the size and con-
trol on environmental effects, we can achieve high-speed
operation, low noise, better stability in the operation,
large operational voltage range, small footprint, low
power consumption and low power dissipation [5-6].

In the present investigation, we have varied the
length of active electrode of MEMS cantilever and stu-
died its effect on various parameters, such as effect of
voltage on the capacitance and beam position (DC anal-
ysis), time domain beam position, capacitance, and vol-
tage (AC analysis), and time domain beam position,
capacitance, and voltage (transient analysis). Further-
more, we have also studied the effect of the voltage on
the capacitance in the transient analysis case.

2. DETAILS OF SIMULATION

MEMS actuating element is a thin parallel plate
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capacitor like the system in which electrodes are sepa-
rated by air and a dielectric medium. In the present inves-
tigation, we have used platinum as an active electrode. In
addition to this, we have selected four different dielectric
materials, such as Aluminum Oxide (Al:Os), Hafnium
Oxide (HfOq), Silicon Nitride (SisN4), and Silicon Dioxide
(Si02) and studied the DC, AC and transient behavior for
each case. The details of the simulation parameters are
summarized in Table 1 and Table 2.

Table 1 — Dielectric materials used in the simulations

Sr. No. |Material Dielectric constant
1 Aluminium Oxide 11
2 Hafnium Oxide 25
3 Silicon Nitride 7.5
4 Silicon Dioxide 3.9

Table 2 — Details of the simulation parameters of MEMS
cantilever system

Sr. No. |Material Size
1 Width 100 pm
2 Thickness 2 um
3 Air Gap 3 pm
4 Dielectric Thickness 250 nm
5 No. of Grids 40

For the present investigation, we have used MEMS
Lab simulation tool [7]. The platinum is used as an
active electrode material for the present study. The
various parameters of the platinum electrode are as
follows: Young's modulus 168 GPa, Poisson's ratio 0.38,
and density of the material 21450 Kg/m3. In the
present case, we have varied the length of active elec-
trode of MEMS cantilever and studied its effect on
various parameters, such as effect of voltage on the
capacitance and beam position (DC analysis), time
domain beam position, capacitance, and voltage (AC
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analysis), and time domain beam position, capacitance,
and voltage (transient analysis). Furthermore, we have
also studied the effect of the voltage on the capacitance
in the transient analysis case. Other MEMS cantilever
parameters, such as width and thickness of electrodes,
air gap, dielectric thickness and numbers of grids are
kept constant for all simulation cases. In order to study
the behavior of beam position, capacitance and voltage
with respect to time, we have varied the length of active
electrodes, such as 300 pm, 400 um, 500 um and 600 pum,
respectively.

3. RESULTS AND DISCUSSION

In the case of the MEMS cantilever, when the top
electrode is attracted towards the bottom electrode, the
top platinum electrode undergoes in pull in the state
with respect to the bottom electrode. This results in
either analog mode of operation or digital mode of the
operation of the MEMS cantilever. In the analog mode,
the position of the MEMS cantilever varies smoothly
whereas, an abrupt transition is observed in the digital
mode of operation. Both types of operation modes are
useful in the various kinds of applications. For example,
micro-mirrors used in the projectors or reflective diffrac-
tion grating used in the spectrometer use analog mode
[8] whereas RF-MEMS capacitive or Ohmic switch use
digital mode [9]. The DC simulation results of the
present case are shown in Fig. 1.

The effect of length of the platinum electrode on DC
capacitance-voltage (C-V) characteristics of MEMS canti-
lever with four different dielectric materials are shown
in Fig. 1a-d, respectively. The general operational modes
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of the MEMS cantilever are divided into four sections viz.
below pull-in state (0 < V< Vpi), pull-in voltage (V= Vp),
post-pull-in state (V> Vpo), and pull out voltage (V= Vpo).
It is observed that the pull-in voltage for all dielectric
materials and electrode lengths remains the same, how-
ever dramatic change in the pull out voltage is observed
for the various dielectric materials and electrode lengths.
Furthermore, the capacitance of the MEMS cantilever
also varies as a function of dielectric constant and ele-
ctrode length. The results suggested that the AloOs based
system possess lower capacitance and HfO2 based system
shows higher capacitance with respect to other dielectric
materials and electrode lengths. The effect of length of the
platinum electrode on beam position-voltage characte-
ristics of MEMS cantilever with four different dielectric
materials was simulated. The results suggested that both
pull in voltage and pull out voltage change with respect
to beam position scenario.

The AC analysis is important to investigate the effect
of well behaving AC signal on the MEMS cantilever. The
effect of electrode length on the time domain beam
position characteristics of MEMS cantilever for different
dielectric materials is shown in Fig. 2a-d, respectively.
The results suggested that the stable beam position is
achieved at the higher electrode length. In the present
case, it is 600 um. In addition to this, all dielectric
materials show the same behavior. This suggested that
the time domain beam position characteristic of the
MEMS cantilever is independent of the dielectric mate-
rials. It is interesting to note that the time domain beam
position fluctuated as the length of the active electrode
increased. Furthermore, the effect of electrode length on
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Fig. 1 - Capacitance-Voltage (C-V) characteristics of MEMS cantilever with four different dielectric materials: (a) Al2O3; (b) HfOg;
(c) SisNy and (d) SiOz and different lengths of the platinum electrode
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Fig. 2 — Effect of electrode length on the time domain beam position characteristics of MEMS cantilever for (a) AloO3; (b) HfO2; (c)

SisN4 and (d) SiO: dielectric materials

the time domain capacitance characteristics of MEMS
cantilever for different dielectric materials was simulated.
It is observed that the magnitude of the capacitance tends
to increase as the electrode length increases. It is in-
teresting to note that the magnitude of the capacitance
increases stepwise for a stepwise increase in the electrode
length from 300 pm to 600 pm. The effect of electrode
length on the time domain voltage characteristics of
MEMS cantilever for different dielectric materials was
simulated. The sinusoidal function like characteristics is
observed for all cases. In addition to this, the amplitude
of the voltage signal of MEMS cantilever for different
dielectric materials is found to be constant for all cases.
This suggested that the time domain voltage characteris-
tics of MEMS cantilever are independent of the dialectic
materials and electrode length.

The transient analysis is important to investigate the
effect of signal on the MEMS cantilever. The transient
analysis results of the MEMS cantilever with four
different dielectric materials and different electrode
lengths are summarized in this section. We particularly
studied the following cases for transient simulation: time
domain beam position with different electrode length
with different dielectric materials, beam position vs.
voltage with different electrode length with different
dielectric materials, time domain capacitance with
different electrode length with different dielectric
materials, capacitance vs. voltage with different
electrode length with different dielectric materials, time
domain voltage characteristics with different electrode
length with different dielectric materials. The effect of
electrode length on the transient time-domain beam
position characteristics of MEMS cantilever for different
dielectric materials is shown in Fig. 3a, d, respectively. It
is observed that the beam position characteristic of
MEMS cantilever is dependent on the electrode length
for the transient case. In addition to this, very small
fluctuations are observed for the beam having lower

length and larger fluctuations are observed for the beam
having higher length. It is interesting to note that the
HfO2 dielectric based system shows the larger fluctuations
than other dielectric based systems. This may be due to
the high dielectric constant of HfO2. Similar results are
also observed in the case of voltage-dependent beam
position characteristics of MEMS cantilever. The effect of
electrode length on the transient time domain capacitance
characteristics of MEMS cantilever for different dielectric
materials was simulated. Similar to the AC case, the
magnitude of the capacitance was found to increase as the
electrode length increased in the transient case scenario.
However, the HfO: dielectric based system shows a
decrease in the capacitance at higher electrode length.
This suggested that the study of the transient behavior is
important to investigate the dynamic behavior of the
system. Similar results are also observed in the case of the
voltage-dependent capacitance characteristics of the
MEMS  cantilever. The time domain voltage
characteristics suggested that the voltage of MEMS
cantilever linearly increases with respect to time.
Furthermore, it is independent of the electrode length and
dielectric materials used in the system.

4. CONCLUSIONS

The results suggested that the length of an active elec-
trode of MEMS cantilever significantly affects the MEMS
performance. The DC analysis results suggested that the
pull-in voltage for all dielectric materials and electrode
lengths remains the same; however, a dramatic change in
the pull out voltage is observed for the various dielectric
materials and electrode lengths. Furthermore, the capa-
citance of MEMS cantilever also varies as a function of
dielectric constant and electrode length. The AC analysis
results suggested that the stable beam position is
achieved at the higher electrode length. The time do-
main beam position characteristics of MEMS cantilever
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Fig. 3 — Effect of the electrode length on the time domain beam position characteristics of MEMS cantilever for (a) Al:03; (b)

HfOq; (c) SisN4 and (d) SiO: dielectric materials

Is independent of the dielectric materials. Furthermore,
the magnitude of the capacitance tends to increase as the
electrode length increases. The transient simulation re-
sults suggested that the beam position characteristic of
MEMS cantilever is dependent on the electrode length.
Similar to the AC case, the magnitude of the capacitance
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JHocaigxeHa MoaeII0BAHHS IIOCTIMHOI0, 3MiHHOIO TA [IEPEXiTHOro CTPyMiB
kautinisepa MEMS

S.S. Khot!, A.A. Patil!, V.N. Mokashi2, P.P. Waifalkar3, K.V. More4, R.K. Kamat2, T.D. Dongale!

1 Computational Electronics and Nanoscience Research Laboratory,
School of Nanoscience and Biotechnology, Shivaji University, Kolhapur-416004, India
2 Department of Electronics, Shivaji University, Kolhapur-416004, India
3 Department of Physics, Shivaji University, Kolhapur-416004, India
4 Department of Chemistry, Shivaji University, Kolhapur-416004, India

PobGora mprcBaveHa OCITIIKEHHI0 MOIEIOBAHHSA IIOCTIMHOIO, 3MIHHOIO Ta IIEPEXiIHOTr0 CTPYMIB KAHTI-
misepa MEMS. V po6GoTi MomeioeTbess IPAMOKYTHA CACTEMA BIIKPUTOrO TUILY. ¥ JAHOMY BHUIIALKY MK 3Mi-
HIOBAJIX JOBKHUHY KaHTLIiBepa MEMS (miatuHOBMIA €JI€KTPO/I) 1 BUBYAIM MOT0 BILIAB y HACTYIIHUX BHIIAI-
Kax: 1) BIUIUB HAIIPYTHW HA EMHICTD 1 ITOJIOJKEHHsI IIPOMEHI0 (aHAJII3 IIOCTIMHOrO CTPYMY), 11) HOJI0KEHHS IPOo-
MEHIO ¥ 4acoBilf 006J1acTl, EMHICTE 1 HAIpyTa (aHaJsi3 3MIHHOTO CTPYMY) Ta 1il) ITOJIOKEeHHS IIPOMEHIO y 4aco-
BI¥ 00s1acTi, EMHICTH 1 HAIpyTa (aHAJII3 MepexiTHUX IporeciB). PesyibraTu mokasasu, 1o JTOBKUHA aKTHB-
Horo esiekrposa kaHriiaiBepa MEMS snauno BrumBae Ha npoaykrusaicte MEMS. Kpim toro, Hanpyra zHa
rauTuTiBepi MEMS JsiHilHO 3pocTae 3 4acoM 1 BUSBHIIOCS, 10 BOHA He 3aJIeKUTH BIJ JOBKUHU €JIEKTPOIa 1
IIeJIEKTPUYHUX MaTepiasIiB, Kl BAKOPHUCTOBYBAJIMCS B PO3TJISHYTIN CHCTEMI.

Kmouosi cnosa: Mikpoenexkrpomexaniuna cucrema, MogemoBansasa, Kanrigisep.
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