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Abstract: T he mechanical and electric characteristics of a cantilever-beam micro-opto-mechanical switch are studied
theoretically, with which the dependence of the flexion on the applied voltage is derived. as well as the formula of
the threshold—voltage. The applied voltage, having no connection with the width of the beam, is in inverse propor—

tion to the square of the beam’s length. T he deflection at the beam”s tip cannot exceed 1/3 of the distance between

two adjacent electrodes. These results are the basis of the switch design and development.
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1 Introduction

Micromechanical optical switches are devel-
oped greatly in recent years in the rapidly growing
market of optical fiber networks and optical mea-
surement instruments. The optical switches have
many merits, such as low insertion loss, small
crosstalk, large switching contrast, low manufac-
turing cost, etc. Much attention has been paid on
the micromachining technology due to its potential
ability to meet these requirements. Various types
have been

of micromechanical switches

pro—
posed' for the network application.

Owing to the increasing complexity of optical
networks, it becomes more and more important to
develop a fiber compatible optical switch, which is
insensitive to the polarization and wavelength and

has the advantage of network safety and reconfigu-

ration. Micro-mechanical optical switch integrated
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on silicon is such an example. In recent vears, opti-
cal waveguides on silicon ( including SOI and
Si02,) have developed rapidly'* * based on the in—
tegrated optics technology.

A cantilever-beam  micro-opto-mechanical
switch with SiO: optical waveguide on silicon has
been designed and analyzed theoretically in this pa-
per. By taking the mechanical and electric charac-
teristics into consideration, the formula of the flex—
ion versus the applied voltage for a cantilever-heam
has been derived, with the threshold-voltage ob-
tained. The deflection at the beam’s tip can not ex-
ceed 1/3 of the distance between two adjacent elec—
trodes. These results are the basis of the switch de-

sign and development.

2  Structure and Mechanism of the
Device

The device’s structure is shown in Fig. 1. The
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waveguide’s structure, grown on silicon, is like a
sandwich with 3 silica layers at different doping
levels. Its mechanism is as follow: a cantilever
beam bears the input waveguide. A voltage applied

between two adjacent electrodes creates an electro-

static force, which makes the cantilever beam tip
deflect from a distance. Consequently, the input
waveguide will face the chosen output waveguide

and can switch from one to the other.
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FIG. 1

Schematic View of Device

3 Basis of MechanicalElectro De-

sign

3.1 Dependence of Electrostatic Deflection of

Cantilever Beam on Applied Voltage

The applied voltage is denoted as V. Since the
cantilever beam is subjected to an electrostatic
force, the beam tip is deflected, as shown in Fig. 2.

According to the electromagnetic mechanism, the

FIG.2 Electrostatic Deflection of Cantilever Beam

bearing electrostatic force per unit area at the posi-

tion x 1s
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where 6(x) is the deflection at the position x, ap—

(%) = E_;

proximately as
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where £ is the total amount of electrostatic deflec—
tion at the beam tip under the applied voltage V.
The electrostatic force at the position x on a uni-

form cantilever beam will cause a deflection at the

(a) Cross=Section Drawing, (b) Vertical View

tip of the beam, as is shown below'”.

x.’_
dE = (31— x)bg(x)dx (2)

. 1 .
where E is Young’s modulus, /= 12“3 is the mo-
ment of inertia (¢ is the thickness), b is the width
of the beam. Since the electrostatic force works at
the whole beam, the total deflection at the tip of

the beam is

L 2
£E= Ié‘E—I(:’,z— x) bg(x) dx (3)
Substitute Eq. (1) into Eq. (3), we obtain:
_ bal'V? (31— x)x’
€= Lpra ) 2 E ads (4)
-l

Assuming A= _3_, above equation can be simplified

as
bel'V? (3] = x)x’

A= prd b (P wa) M

(5)

Consequently, the applied voltage V that is depen-
dent on the electrostatic deflection (known as A)
of the cantilever beam, is

3
2
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1+ A’
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1- A
(6)

Discussion: the applied voltage V has no con-

f ].
T A

nection with the width of the beam, b, and is in in—
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verse proportion to the square of the beam’s
length. These conclusions are the basis to deter—
mine the distance between two electrodes and the

beam size.
3.2 Threshold Voltage

Equation (6) shows the relationship between
applied voltage and the amount of deflection. How -
ever, there exists a maximum voltage, defined as
threshold voltage, above which, the spring force
and the electrostatic force on the beam can not be
kept in equilibrium; in addition, there also exists a
excess deflection at the tip of the beam, therefore a
short circuit between two adjacent electrodes will
take place.

At the tip of the beam, when equivalent spring
constant is ko. the net force will be

V.

i g bdv- kE= 0 (7)

ZF: _ZLEn

In Eq. (7). supposing the derivative of the deflec—

tion (£) at the beam” tip is zero, then

1 . -2
2€nV bdx (d- §)3 -

Substitute Eq. (7) into Eq. (8),then Eq. (8) can be

simplified as

ko= 0 (8)

_2% _
i-g 150 (9)
Solving Eq. (9). we obtain:
1 ) & 1
€= 3d o1 A= =3 (10)

Discussion: the deflection at the beam’s tip
cannot exceed 1/3 of the distance between two ad—
jacent electrodes. Otherwise, an excess deflection at
the tip of the beam, and a short circuit between two
adjacent electrodes will occur. By inserting Eq.
(10) into Eq. (6), the formula of the threshold

voltage is as follows.

L
Va = 0.6476 12| 2E
[ 30

Calculation example: E= 7. 17 X 10°N/m’, & =
8.85 X 10 "F/m,t = 25um,d = 30um,l= 5mm,
the threshold voltage Vi is obtained to be 39. 04V,

b =

4 Conclusion

Based on the mechanical and electric charac—
teristics, the cantilever beam” deflection character-
istic is analyzed theoretically, and the quantitative
relationship of the applied voltage versus the
amount of deflection is obtained. According to the
theoretical analysis, we derive a formula of the
threshold voltage The applied voltage, having no
connection with the width of the beam, is in inverse
proportion to the square of the beam’s length. T he
deflection at the beam’s tip can not exceed 1/3 of
the distance between two adjacent electrodes. Oth-
erwise, an excess deflection at the tip of the beam
and a short circuit between two adjacent electrodes
will occur. The calculation results and analyses in
this paper are of every significance to the develop-
ment of the devices and the micromechanical opti-

cal switches.
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