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Abstract— In low-power wireless eectronic devices, Energy
harvesting generators have received increasing research
interest in recent years. This paper describes the design and
analysis of  electrostatic transduction based MEMS energy
harvester. Due to the benefit of a folded beam configuration
that can be displace large dimensions and compliant in
desired direction and stiffer in orthogonal direction. Since,
large displacement of proof mass of energy harvester renders
the enhance performance. Hence, the folded beam
configuration of harvest has been modeled and designed and
optimized the dimension of geometry. FEM simulations using
COMSOL were conducted to evaluate the natural frequency
and mode shape of the system and compared results with that
of analytically calculated values. Spice circuit of harvester has
been modeled and performed simulation to evaluate the output
power of the harvester in LTSPICE. Parameter analysis was
conducted to determine the optimal load and optimal output
power .

Keywords— Electrostatic, Folded beams, FEM, LTSPICE
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mechanism, by exploiting the mechanical strain eative
displacement caused from applied external load atttive
piezoelectric material of device can be converto irgn
electrical energy. The output power achieved deperdan
amount of strain generated
coefficient of material, thickness of material owltizlayer
stack and electro-mechanical coupling coefficierithe
principle of electromagnetic transduction is thia¢ trelative
movement (due to external velocity) between a pesnt

magnet and a coil mounted on the mechanical movable

element like beam produce an electricity. In cade
electrostatic mechanism, electrical power is olaginby
charging and discharging of capacitor plates of hialtage
and associated with mechanical vibrations. Eadhsthaction

mechanism has their own benefits and drawbacks. The

electrostatic method is one of best choice, sitcis iwell
known process to realize a micro scale structuréh wi
micromachining techniques [1,2].

In this paper, electrostatic based MEMS energy d&ter has
been presented. One of main concern is that eftatio

in piezoelectric madteria

harvesters require an initial polarizing voltagecharge. This

l. INTRODUCTION can be provided by supplying the bias voltage anmazglable
Battery powered various wired and wireless eledt®on methods that are electret based, floating methatl vaork
devices require a small amount of power for theifunction method [4] . An In-plane overlap varyingnab drive
functionality. The traditional methods that wereedisto actuator has been chosen [2]. Since, it can bieadilfor large
powering the electronics devices has large sizegroost and displacement applications and it has compliant &sirdd
requires replacement or recharging batteries [1fprafions, direction and stiff in orthogonal directions. A natithg and
which are occurred commonly in surrounding envirenin design is presented in section Il. The designedetioas been
and specific applications, in which sufficient \aion energy analysed by performing simulations in COMSOL muttigics
exist. By advancement of MEMS technologies, thand LTSPICE, results are discussed in section .
miniaturized cost effective devices for energy amsion from
ambient vibrations are superior choice [2]. An astion of Il. DESIGN AND MODELING
electrical power from ambient sources is generallgwn as A schematic of in-plane overlap varying comb drifa
energy harvesting, or energy scavenging. Therenaamly electrostatic MEMS energy harvester is shown in figlt
three methods of MEMS energy harvesters for energycludes the shuttle mass associated comb fingesgesded
transduction, such as piezoelectric, electromagnethd by folded beam configuration, outer folded beame ar
electrostatic mechanism [3]. In a piezoelectrimsduction anchored to the ground plane, stator comb fingedstausses
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allow expansion or contraction of the beams alomgala An assumption is made that structure undergoes only a lateral
direction. A ground plane is placed underneatistofttle to  deflection in standard air environment. According to the linear

avoid the vertical deflection. The modelling of alestatic
MEMS energy harvester includes the mechanical iehathe
behavior, the coupling the mechanical
energies and finally out power extraction. The et these
modelling is discussed in this section.

lm
mass
[shuttle)

tuss beam Anchor  Stoper

Fig.1: Schematic diagram of folded beam el ectrostatic energy
harvester.

A. Mechanical behaviour

The spring constant of folded beam configuratiomhb$ained
from small deflection theory. Each beam is congideas a
guided cantilever beam with same length and wicthd
assumed trusses are rigid. The equivalent sprimgtaat for
axial and lateral direction of folded beam confagion is
given below [5].

_ 2EhB,°

K, = K, =2ENB ()

3 y
L, b

And the stiffness ration is :

(L )
K, | b

This beam configuration has exhibited less defbecth axial
direction and strong compliant to the lateral dimt and it
can be provided the larger lateral deflection. Bevps placed
to avoid sticking of shuttle to the stationary etets. The
natural frequency for lateral mode shape of thecstre can
be obtained from Rayleigh’s quotient [5].
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and eleditimst

fluid damping, the formula for in-plane comb drive structureis
given below [2].

_ Ngh

g

B. Electrostatic behaviour
By providing bias voltage to the shuttle mass, parallel plate
capacitor is formed between two adjacent comb fingers and
opposite charges are distributed in each finger of paralléel
plate capacitor. The total capacitance of one comb-drive
model is given below:

C = 2ngo M(S)
g

4

The charge distribution between adjacent fingerpafallel
plate capacitor produce an electrostatic force betwthem.
The electrostatic force in axial direction is cdneach other,
but the lateral direction electrostatic force isseed.

F,=-2%Cy2 =g, Ny2(6)

2 0x g

C. Electro-mechanical behaviour
The equation of motion for the structure at presemnd
electrostatic force and external acceleration vibna with
frequency of natural frequency of structure is gibelow.

ik + DX+ K, = -2 (7)
In analysis of harvest, parasitic capacitance amt stop are
not included.

M. RESULTS AND DISCUSSION

The dimensions of structure has been optimized eb tige
desired frequency and maximum output power. Thplame
overlap varying comb drive model has been desigaed
modelled as per dimensions listed in table lin C@MS
multiphysics and polysilicon has chosen as a siratt
material. Simulations were performed to extract taural
frequency of 667 Hz and lateral mode shape of strac
shown in figure 2. The frequency obtained from FEM
simulation was well matched with analytical valuEa@rding
equation (3). In figure 3, shown comparison of natu
frequency of system obtained from analytically aREM

simulation for varying beam length.

Table 1: List dimensions of geometry.
Parameter dimension(um)

beam length, & 3500
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beam width, B 25 A lumped model of the structure is modelled in PTSE,
shown in figure 4. The values of spring constapt ifkass (m),
truss length, L 480 . . . .
damping (b), transduction coefficient were calcdatusing
mass length, 5010 (1)-(4), respectively for the parameter values e tumped
mass width, B 320 elements.
finger length, k 250
finger width, B 20 uom ] ]
finger overlapping 180 e ezl
dIStaﬂce, b. s N o 1) Y e * it — B B S
distance between fingers, 5 e -
- ! ]
number of fingers 100 bt s
associated with one side of i
mass, n me s | 2 :
thickness, h 500 S r — 1
7> - =~ _ Flgenfrequency=664.94 Sirface: Total disalacement (um! o :a::zm m«n)vw: g:,, 5;} “
A251x10° 1
¥

Fig.2: lateral mode shape of harvester with natural frequency
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Fig.3: Natural frequency Vs. beam length obtaiend from
analytically and FEM simulation.
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Fig.4: LTSPICE model of eelctrostatic MEMS energy
harvester.

Bias voltage of 20 V is applied to the shuttle &l resistor

of 5 MQ to extract electric power is connected to the each

stationary comb-drive. An external mechnical vilmat
harmonic acceleration with frequency equal to tlaural
frequency, 668 Hz, was applied with an amplitudé gfto the
electrostatic energy harvesting model. A transtsmulations
were conducted for above metioned the input exeitadnd
the outload resistance to the harvestr model. Tloés pf
maximum diplacment of 40 um and output voltage sstoad
resistor is 0.27 V are shown in figure 5& 6Gregpely.
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Fig.5: Diplacemnt of proof mass of harvester for given bias

voltge of 20V, 2 g acceleration and 5 MQ load resistance.
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Fig.8: Average output power Vs. bias voltage of harvester.
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Fig.6: Voltage acoross load resistor harvester for given bias

voltge of 20 V and 2 g acceleration.

The optimal load resistance of 75(Mwas determined by

parametric sweep of load resistance with respeobuiput

power, shown in figure 7.
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Fig.7: Average output power Vs. load resistance of harvester.
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Fig.9: Average output power Vs. input acceleration of

harvester.

Parametric analysis of harvester for varying this valtage
and input acceleration were performed and obsertked
ouput average power. From figure 8 & 9, observed tlutput
power of harvester is linearlly varying with biasdainput
acceleration.

V. CONCLUSION

The folded beam configuration of harvest has beedeated
and designed in COMSOL and LTSPICE. FEM simulations

Pagd 725



I nternational Journal of Advanced Engineering, Management and Science (IJAEMYS)
Infogain Publication (I nfogainpublication.com)

[Vol-2, I ssue-6, June- 2016]
ISSN : 2454-1311

using COMSOL were conducted to evaluate the natural
frequency and mode shape of the system and compsselts
with that of analytically calculated values. Spickcuit of
harvester has been modeled and performed simuldton
evaluate the output power of the harvester in LTERI
Parameter analysis was conducted to determine phiena
load and observe the output power for varying thpui
acceleration and bias voltage.
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