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ABSTRACT

We present the comparison of frequency response of different shaped
microcantilever beams (namely rectangular, T-shaped and V-shaped) which
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are commonly used for sensing applications. Performance was measured
on the basis of both resonant frequency and geometrical parameters. It
was found that the overall cantilever design that produced optimum sensi-
tivity for sensing applications is the rectangular shaped microcantilever.
After optimizing the shape of microcantilever we have performed the analy-
sis based on material properties. It is observed that out of al possible
candidates silicon carbide possesses highest value of resonant frequency.
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INTRODUCTION

Micromechanical cantilever based sensorshave
been proved to be quite useful and highly sensitivede-
vices.They have been reported to be used in varied
applicationsranging from physical, chemica toeven
biologica fieldg*®. Themagnitude of surface-stresses
involvedinmicro cantilever-based sensinginthese gp-
plicationsisvery small. Consequently, itisimportant to
find out ways of enhancing the sensitivity of themicro
cantilever. Thiscan be achieved by adjusting various
parameterslikechoice of the materials, surface prop-
ertiesand geometric parameters. It isdesirableto have
sengtivemicro cantileversmade of commonly and com-
mercially available material. Hence we need to con-
sder factorslike shape of the cantilever which greatly
affectstheresonant frequency and defl ection produced.

In recent years, there hasbeen aconsiderablein-
creaseinthestudy of different shapesof micro cantile-

versandtheir applicationg®d. Out of thevarious shapes
reported in literature, the most popul arly used shapes
are: Rectangular shaped, T-shaped and V-shaped!®!,
However each of these shapes hasitsown advantages
and disadvantages. The growing use of V-shaped can-
tilever is because they are less susceptibleto latera
twisting androlling asthe micro cantilever jumpsinto
and out of contact with the surfacel¥. It was shown
that aT-shaped beam having alarger areaat thefree
end couldincreasetheoscillaion amplitudeand it makes
the measurement of resonant frequency easier*?. But,
use of rectangular beamsismore popular because of
their linear behavior and smplegeometry. Further stud-
ies have shown that displacement sensitivity, surface
stress sengitivity, deflection under stress and resonant
frequency depend greatly on the geometry of
microcantilever beamd?%. Henceit isimportant to se-
lect the optimum geometry suiting our gpplication.
Inour study, various parametersrel ated to geom-
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Figurel: Schematic view of each of themicrocantilever shapesand thegeometrical parametersused in thisstudy

etry of thebeam and beam materiad wasvariedto attan
ageneralized understanding of frequency responsefor
variousshapes. The dependence of frequency was stud-
ied analytically so asto comparetheresponse of above
mentioned shaped beams.

THEORY

Figure (1) showsthe schematic view of each of the
microcantileversshapesand thegeometricd parameters
used inthisstudy . Theimportant design parameter is
resonant frequency becausethisusualy determinesthe
maxi mum measurement bandwidth for acantilever. The
resonant frequency, f, for asimple cantilever can be
expressed as,

1 [k
fa | 1
22\ m @

where k denotes spring constant and m* denotes the effective
mass of the cantilever. This equation shows that resonant
frequency increases as a function of increasing spring con-
stant and decreasing mass of the cantilever. The spring con-
stant of a material is defined by Hooke's law as the force re-

quired for producing unit deflection. i.e.

F =-kx

where Fisthe force applied and x is the deflection produced
due to the force.

Thus deflection produced isinversely related to
spring constant and in order to produce higher deflec-
tion alower valueof spring constant isdesired.

The spring constant for a rectangular shaped
microcantilever, derived from Euler-Bernoulli beam
theory!*d isgiven by

Ewh®
B )
where E isthe modulus of elasticity of the material and wisthe
width, h isthe thickness and L isthe length.

Thefundamental resonant frequency for arectan-
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gular beamisgiven by thefoll owing relation™3:
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Thegpring congtant for aT shaped microcantilever
isgiven by thefollowing equation:

Eh®
4 |23W1 + |13W2 + 3l %l oWo + 3l 1| %Wz

WiWo

k= 4

where |, w, and h refer to the length, width and thickness of
the resonator beam respectively and |, and w, refer to the

length and width of the extra mass.
Theresonant frequency of the T shaped beamis
given by thefollowing relaion(®:

1 Eh3W1W2
0= on 1l an3 3 2 2
T 4(|2W1+|1W2+3|1|2W2+3|1|2W2)(.24m1+m2)
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The above expression showsthe nonlinear relaion
between the resonant frequency and the geometrical
parametersinthis case unlike therectangul ar shaped
resonator making the analysisconsiderably complex.

For theV-shaped cantilever, thes mplifying assump-
tion madeisthat the cantilever isequivaent to two par-
alel beamswith the samedimensions. This“parallel
beam gpproximation” wasinitidly put forth by Al brecht
et. a.Mand later considered by Butt™!. Later Sader
recogni zed the ambiguity in definingw and L for V-
shaped cantileversand offered hisown modifications
totheearlier stated results, giving thefinal form;1617;

-1
Ewh?® 4w
k= " cose{l+ ?(30056 - 2)} (6)

where b is the width at the base of the “vV”, 0 is half the angle
between the two legs, w is the width of the legs measured
parallel to thefront edge of the substrate (not perpendicular to
the leg edge) and L is the length of the cantilever measured
straight out to the apex from the substrate and not parallel to

theleg.
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Combining the aboveexpress onwith equation (1)
we can get the resonant frequency for aV shaped mi-
cro cantilever. m* asmentioned in equation (1) can be
expressed asthe product of thevolume, V and density,
p where volume depends on the geometrical param-
etersand density isamateria property.
Now V= surfacearea*thickness=area*h. (7

Theareaof theV-shaped cantilever wasca culated
by subtracting the areaof enclosed by theinner triangle
from the areaoccupied by the outer triangle. Thefol-
lowing expression for surface areawas obtained:

_ w(b-w)
Area= — o (8.1)
_ W(b—w)h
Volume= — == (82
_ W(b-w)hp
Thus m= — 2= (83

Using theaboveexpresson, theresonant frequency
for theV shaped micro cantilever.

1| Eh2sin0

fo—
3
o \] 2L3{1+ 4%(&:059 - 2)}(&3 ~w)p ©)

RESULTSAND DISCUSSION

Figure (2) showsthe variation of resonating fre-
guency responseasafunction of h/L ratiofor different
shapes (rectangul ar shaped,V shaped and T shaped)
of microcantilever. Thisratio was chosen here because
it completely specifiesall thedimens onsof theresona:
tor onwhich theresonant frequency and deflection pro-
duced depend. Herewe havetaken silicon carbide as
amaterid for micro cantilever beam (Young’smodulus:
450GPaand density: 2800 kg/m?) asit iswidely used
because of high durability and easy availabilityd. In
our analysiswe are keeping materia parameters (and
asoenvironmentd conditionslikeambient pressureand
temperature) constant and varying the geometrical pa-
rametersto get different h/L ratiosfor different shapes
of microcantilevers. For each shape we have obtained
different resonating frequenciesfor different values of
h/L. Hence, for aparticular valueof WL, frequency re-
sponse of al the shapes could be directly compared.
Assuggested by the formul ag, frequency response of
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Figure2: Computed variation of resonant frequency asa
function of h/L for different shapesof microcantilever

rectangular shaped beamvarieslinearly with /L wheress
V-shaped and T-shaped micro cantilevers showed non-
linear relationshipwith /L.

Itisobserved from figure (2) that the frequency
response of rectangular microcantilever showsthe bet-
ter response as compared to that of V-shaped and T-
shaped onesfor the samevaues of h/L. Although the
frequency response of rectangular cantilever isfound
to be better than the other shapes such asV-shape and
T-shape, the other two shapesarealsowidely usedin
many applications. V-shaped cantilevers show excel-
lent laterd stability™ whereas T-shgped micro cantile-
ver beamshave reduced defl ection offset and are use-
ful for chemical and biomedica detection*9.

Also, fromthegraphit can beconcludedthatinthe
h/L ratio’srangeof 1.54x10?to 2x10? and 2.3x10?
to0 2.5x10?, T-shaped and V-shaped cantilever beams
gaveamost equal frequency response. But intherange
of 2x102t0 2.3x107?, response of T-shaped beam was
better than that of V-shaped one. So thisoutcome can
be explored to usethe appropriate shapeinthe differ-
ent h/L ranges.

Having observed that rectangular shape givesbet-
ter responsethan V-shaped or T-shaped micro cantile-
ver beam, wenow try to find the suitable material that
can be employed to optimizetheresult. Inorder to se-
lect the suitable material, using the expression for the
fundamental resonating frequency for rectangular mi-
cro cantilever, theresonant frequenciesfor different
materialsnamely Si, SIC, SU-8, Diamond, GaAsand
SN, wereplotted against various surface areaval ues.
Each of these materialshasbeenreported inliterature
to besuitable asmicrocantilever. Herewe assumethe
environmenta conditionslikeambient temperatureand
pressure to be constant and air damping to be negli-
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Figure3: Computed variation of resonant frequency ver -

sussurfaceareaof arectangular microcantilever for dif-

ferent materials

TABLE 1: Material parametersused inthe study

Material Young’sModulus Poisson’s  Density
of Elasticity(GPa)  Ratio (kg/m?
SiC 450 0.15 2800
Si 110 0.24 2330
SU-8 4.02 0.22 1190
Diamond 3520 0.2 122
GaAs 85.5 0.31 5320
SizNg 290 0.24 3100
gible

Figure (3) showsthe computed variation of surface
areaof arectangular microcantilever for different ma
terials. Plot depictsthat for the value of surface area
lyingintherange 5x10° m?t0 9.5 x 10°° m?resonant
frequenciesfor different materia s noted above were
found to be present intherangeof 11Khzto 420 KHz.
The best response was observed in the case of silicon
carbide (SiC) whereas diamond displayed poor re-
sponse. Similar resultswere obtained by plotting fre-
guency responseagainst surface area.

Asresonant frequency isfoundto bein direct pro-
portionwith V(E/p) and silicon carbide having thehigh-
est E/p ratio givesthe best response. It also hasthe
advantage of high thermal conductivity and durability
because of whichit can be operated under harsh oper-
ating conditions. It can also be used in both bulk and
thinfilmforms. Although silicon nitridewasobserved to
bethe second best material, because of the cost factor
itisnot aswidely used as SiC.

CONCLUSIONS
Thefreguency responseof V-shaped, T-shaped and

rectangular shaped microcantilever beamswere stud-
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ied asafunction of h/ L where h representsthe thick-
ness of the beam and L represents the length of the
beam. It was observed that rectangular beam givesthe
best frequency responsefor al h/L values. To further
optimizetheresults, thefrequency responseof rectan-
gular micro cantilever beam for different materials
namely Si, SIC, SU-8, Diamond, Si,N,, GaAs was
studied asafunction of surface area. It was observed
that out of all possible candidatessilicon carbidegives
the best response.
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