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Abstract

In our previous study, we proposed a novel MEMS logic gate that can implement
the NOR gate and NAND gate function on the same mechanical structure. In order to
promote this MEMS device, this research aims to fabricate the design using
foundry-provided CMOS-MEMS process. After experimenting on our first design, we
found that the old design suffer from release problem, contact problem, and high
actuation voltage problems, and etc. In this research, we proposed a new

post-fabrication process and new design, aiming to solve above problems.

The intended CMOS-MES process is TSMC 0.35um 2P4M, which contains
conducting layers including aluminum, tungsten, doped polysilicon, and titanium
nitride. After examining the mechanical/ electrical properties and process integrity of
each layer, we choose titanium nitride to realize the functionality of low-resistance
contact. However, patterning the titanium nitride layer is not a standard service
provided by the foundry. Therefore, patterning titanium nitride and etching aluminum

while preserving titanium nitride become key issues in this research.

In order to integrate the proposed MEMS device with existing IC circuits and to
extend the life cycles of the MEMS device, the MEMS gate should operate below
5\Wolts. The operating voltage is determined by the actuation force and stiffness of the



device. Since the device stiffness cannot be too soft for the sake of adhesion problem,
the actuation force should be carefully estimated. In this design, the actuation force
comes from the electrostatic force, which involves a 0.6um air gap and 1um silicon
dioxide between the top and bottom electrodes. The conventional approach neglecting
the 1um silicon dioxide layer results in a conservative estimate of electrostatic force.
In this research, we derive the equations for the electrostatic force with composite

dielectric materials, to estimate the electrostatic force more precisely.

In this research, we conducted several experiments on the previously designed
devices. Using those experimental data, we modified the post-fabrication process and
redesign the device dimensions to meet the performance specifications. Currently, the
new device has the footprint_of 250um x 230um, operating voltages (0V, 5V),
resonant frequency of 11kHz. The work of performance simulation and design layout

has also been completed.
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Values of different parameters like room-temperature resistivity (py), residual resistivity (pg), coefficient of temperature-dependent
resistivity (A) and power of the temperature-dependent resistivity (m)

Samples Pg % 107 Qcm) py (1074 cm) A(107"Qem T m
TNI 0.7361 01,6438 10,0286 20
TN2 1.3451 1.3073 42006 20
TN3 1.0070 1.0061 00995 20
TN4 0.9543 09532 35138 0
TNS 0.3707 03866 15619 20
TG 12746 22487 28796 20
TNT 0.5923 (3889 03710 20
TNE 0.7573 0.7564 0.1047 20
TNS 1955 19354 22607 0
TNID 3307 338 13028 20
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% 5(a). FHD-5 ;&4 %] % #c %

RIE IR = pE
FHD-5 20min
DI water 5min
IPA Smin
# 5(b). RIE % = 5 & -4
ICP Power 400 W
Bias Power 100 W
P 10 mTorr
BCI3 35 sccm
Cl2 35 sccm
Time 3 min
# 5(c). Silox Vapoxll ;&4 %] $-#
RSk e PER
Silox Vapoxlll : DI water (1:4) 10min
DI water 5min
IPA 5min
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dA g1*wkdx g1*wkdx
dCl = &1 * T =1 =-1

" hy—x+sin®  hq—x+0

dA gxxwxdx
dC, = &, x— =
2 27y hy

B H2_ 14 18 5][15]

g2 xWxdx
dc = —3

- 2, (h—
h2+£1*(h1 x*0)

£ xwxdx
£2 | |
hy +81*(h1 x*0)

dU=%*V2*dC=%*V2*

TR L dd A S

g wrdx
[t g2y - x+0))2

B g wxrx*dx

_ (B _ 1 52
M = fA x*xdF = S * Ve x fA [h2+z—i*(h1—x*e)]2
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A
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1 2 —113 1 d 4
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*
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:E*V *[g*ln(d—e*x)+

&
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*
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25240 2 2 2 2
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& &
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* In (5.9)

& &
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5.3 Serpentine Spring 4 %

di

%) 24. serpentine spring - %. B

spring constant of serpentine spring[16][17]

' & lf +li+2di+3lp 4lo ., (5.10)

G : shear modulus
J : polar moments of inertia with respect to the beam
E : Young’s modulus

R BF yrentorsional stiffness 52 H & < F B (A% AR E AR E H K B IRAK))
d 0 AR PR RRFILT R | TRE A - F RETI BV SR

TRATZ K E o REHEE (XL > #7038 * serpentine spring 38 ¥ > & ik gk

fb

R R R T B kKK 4 T R R
el

CHRARDE > FEARY s F e ¢S EED ERAB S w o

fm
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g EE I rAL i BfeBEf vy R4 2L B 4 B order> £ 7

H*Ac

Fv = ——¢ 5 20 (5.11)

T exmxd3  (d+2zg)

H : Hamaker constant

Ac - contact area

d : distance between two surfaces
Zy - 20nm

A% 2 TINZ H % 15.783*10%% AC % (5*10°)*(90*10°)»d % 0.4*10° >
FOE BV B A 420 45 4 FvE293%10N Ty B 2 2 4

“~

=F*125*10°=3.66*107"°N*m. o< 4% %ed¥ 0.4um 2 % 42 4 =4.68*10"°N*m #p - £

-

i 4 1% order > 711 A & A ARG o

55 i E*

BE XY 7 b mf
PR Y TR RE SRR AR LR XY e Z S et e
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SORAEE X YN Z 2 e g B o AT 0T RO

It T R AT HREE LS 2 bk B

F
[
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BOVo TRAEY 5 OV iR e

NODAL SOLOTICN
JUL 27 2014
STEP=1 16:00:27
SUB =1 NO. 1
TIME=1
oy (AVG)
RSYS=0
DMX =2.10121
SMN =—-2.10117
SMX =1.80725
-2.10117 -1.23263 —.364096 .504442 1.37298
—-1.6669 =, 796365 .070173 1920712 1.80725

B] 28. ANSYS titg T4 Y = v =% £ F(I)

Y hH _ 2 1 2 =h vh ¥ - - g
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. .
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[ EEE———E—— ]
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