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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: i) 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 m and entire MEMS devices or 

system come in the size of 20 m 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 

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 (Al2O3), Hafnium 

Oxide (HfO2), Silicon Nitride (Si3N4), and Silicon Dioxide 

(SiO2) 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 m 

2 Thickness 2 m 

3 Air Gap 3 m 

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 m, 400 m, 500 m and 600 m, 

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 

of the MEMS cantilever are divided into four sections viz. 

below pull-in state (0 ≤ V  VPI), pull-in voltage (V = VPI), 

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 Al2O3 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 m. 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 

 

 
 

Fig. 1 – Capacitance-Voltage (C-V) characteristics of MEMS cantilever with four different dielectric materials: (a) Al2O3; (b) HfO2; 

(c) Si3N4 and (d) SiO2 and different lengths of the platinum electrode 
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H = thickness
y0 = airgap

yd = dielectric constant
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Fig. 2 – Effect of electrode length on the time domain beam position characteristics of MEMS cantilever for (a) Al2O3; (b) HfO2; (c) 

Si3N4 and (d) SiO2 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 m to 600 m. 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 HfO2 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) Al2O3; (b) 

HfO2; (c) Si3N4 and (d) SiO2 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 

tends to increase as the electrode length increases in the 

transient case scenario. Furthermore, the voltage of 

MEMS cantilever linearly increases with respect to time 

and it is found to be independent of the electrode length 

and dielectric materials used in the system. 
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Робота присвячена дослідженню моделювання постійного, змінного та перехідного струмів канті-

лівера MEMS. У роботі моделюється прямокутна система відкритого типу. У даному випадку ми змі-

нювали довжину кантілівера MEMS (платиновий електрод) і вивчали його вплив у наступних випад-

ках: i) вплив напруги на ємність і положення променю (аналіз постійного струму), ii) положення про-

меню у часовій області, ємність і напруга (аналіз змінного струму) та iii) положення променю у часо-

вій області, ємність і напруга (аналіз перехідних процесів). Результати показали, що довжина актив-

ного електрода кантілівера MEMS значно впливає на продуктивність MEMS. Крім того, напруга на 

кантілівері MEMS лінійно зростає з часом і виявилося, що вона не залежить від довжини електрода і 

діелектричних матеріалів, які використовувалися в розглянутій системі. 
 

Ключові слова: Мікроелектромеханічна система, Моделювання, Кантілівер. 
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