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CHADARAT HARDTAWAIKARN : SENSITIVITY IMPROVEMENT OF
FABRY-PEROT FIBER OPTIC SENSORS USING MEMS BASED
TECHNIQUES. THESIS ADVISOR : ASST. PROF. RANGSAN TONGTA,

Ph.D., 91 PP.

FABRY-PEROT/LITHOGRAPHY PROCESS/COMB-DRIVES ACTUATORS/

SU-8 PHOTORESIST/MEMS/FIBER OPTIC/SYNCHROTRON LIGHT

Fabry-Perot is a sensor technique used for measure small change of distance
by interference of two light waves. The light inside the fiber optic is partially reflected
at the end of the fiber optic while the rest will leave the fiber optic then reflected by a
mirror back into the fiber optic. Since the phase difference between two light waves
cannot practically determine in advance, Fabry-Perot technique has difficulty to setup
a starting point. This thesis proposes a Comb-Drives actuator with a reflector to preset
the starting point. The sensitivity of the sensor can be improved when the starting
point is set at around the middle between maximum and minimum of the interference.
The structure is built by X-ray lithography process. Negative photoresist called SU-8
photoresist is a polymer material used for infrastructure of the Comb-Drives actuator,
fabricated in the beamline 6a station (DXL) at the Synchrotron Light Research
Institute (SLRI) Micro-Electro-Mechanical Systems (MEMS) Lab. Comb-Drives with
80 teeth can travel over a distance of 2.2 micrometers when the input voltage is 250
volts. The sensor can create interference of 2.1 dB and the midpoint can be easily

setup.
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Eile Edit View Project Operste Tools Window Help

Scanning Function
I Selected Scanning dose.

buttom bright

Operation MENU Monitor
READY 1 Scanning Dose (mJ/cm3) Turn Number 78 Exposed Current 115,508
| |—rm— Scan Top right| 112188 Scan Top Dark| 0207883 Tol 1663.08 0
[ 1 Scan Bottom Bright | 350445 Scan Bottom Dark] 0.183056 Time Scanning/tum | 21,032 Area Scanning (cm?) | 456
3
Accumulated Dose (mJ/cm?) Image Quality Scanning Length
Acc Top Bright | 90660.5 AccTop Dark| 167994 Top Contrast 0 [ s
Acc Bottom Bright 28320 Acc Bottom Dark | 151971 Bottom Contrast 0
Top/Bottom Contrast | 99,8927 3

Bright Filter
Be 20000 um & SU-8 70.00 um & Graphite 370.00 um & SU-8 500.00 um
Dark Filter

Be 200,00 um & Silver 45.00 um & Graphite 370.00 um & SU-8 500.00 um

24 v
7 Be
Beam Current (mA)

OPEN SEQUENCE FOR BL6's PVs

Open sequences: PVS > PV4 > PV3 > PV2 > BS > ABS

Vs
va open
M xee Kapton

114928

PV6
n

H_J'

4.2363 Torr 0.00€+0 Torr

133€-2 Torr

761E+2 Torr
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2

3

'w.
7

PV7

3
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- Y ~Aq Y v A 4
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Tilsunsudraeswamsilasumlasmedeyanm
close all
clear all

cle

t0 = 3;
ts=0.01;
t=[0:ts:t0]
f0=1;

d = 2*pi/360;

m = sin(2*pi*f0.*t);

figure(1)

axis([0 0.2 -2 2])
plot(t,m(1:length(t)), LineWidth',2)
hold on

m_Phase = sin(2*pi*f0.*t — d*90);
plot(t,m_Phase(1:length(t)),-.",'Color’,'black’)
xlabel('Phase')

ylabel(' Amplitude')
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Tilsunsudiasawanandiamansvadlasaaieamutauuuua

close all

clear all

clc

Eo = 8.85¢-12; /AANNEONTUWNT

Er=1; //AENINGDNVDIDINA

E = 2¢9; /AANUIANGUUDI TR

v=022; //MBATIAINVD] 1D

g = 50e-6; eeaszn e Iihaseta

w = 50e-6; /anunevesauia

t = 150e-6; /ANURUIVBIATUTA

La = 500e-6; /anunevesauia

Lbl = 2500e-6; /IANUBIVOIATUTA

n=12; /BUIUVAYDIATUTA

N = 60; AT
WIAINIRUDINITA (Torsion constant /)

1=1:2:100;

A = ((1./(i.75)). *tanh((pi*t. *1)/(2*w)) );
B = sum(A);

C = (1-((192/pi"5)*(w/t)) *B);
J=(1/3)*(W"3)*t*C

%figure(1)

%plot(i,A)

%xlabel('i"); ylabel('A");

ﬁiﬁTN@ﬂﬁﬁﬂl@ﬂﬂﬁﬁﬂ (Torsion modulus :G)
Iy = (t*(w"3))/12

G = E/(2*(1+v))
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mmasnvesadsalunuannu X (K,)

K = (48*G*))/(La"2*(((G*J*La)/(E*Iy))+Lb1)*n"3)

A 4
MN1TTHSVDINTINADUN (X)

V =0:1:200; /mseau T
X = (N*t*Eo*Er.*(V."2))/(2*K 1*g)

figure(2)

plot(X,V)

xlabel('Distance (Meter)"); ylabel('Voltage (Volt)");

W muay (N)

V =200; /s e i
N = (X*2*K1*g)./(t*Eo*Er.*(V."2))

figure(2)

plot(N,V)

xlabel('No. of Comb-Drive (N)'); ylabel("Voltage (Volt)');
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T1lsunsudrasawamendineansvaalnssa3 1 amuganUUN

close all

clear all

clc

Eo = 8.85e-12; S MNEDUTNNT
Er=1; /ATANTNIONYDIDINA
E = 2¢9; /AANNTANGUUDI T
v=022; //MBATIAINVDT 1D
g = 50e-6; Jpeeasznieia liihaneta
w = 50e-6; /anunevesauia
t=150e-6; /ANURUIVBIATUTA

L = 3250e-6; /ANVIIVOINIUTA

V = 0:20:400; usaau i

mamnsnvesalsaluuuannu X (K,)

K = 4*E*w*((t/L)"3)

WITLELVDINTIAADUN (%)

N =74; iy
X = (N*t*Eo*Er.*(V.A2))/(2*K*g)

figure(1)

plot(V,X*1076)

xlabel('Voltage (Volt)"); ylabel('Distance (MicroMeter)");




&1

WUy (N)

X =1le-6; //ﬁgflgéllﬂx‘lﬂWﬂﬂé’fJUﬁ
N = (X*2*K*g)./(t*Eo*Er.*(V."2))

figure(2)

plot(N,V)

xlabel('"No. of Comb-Drive (N)"); ylabel('Voltage (Volt)");
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Abstract

This article present the technical process of deep X-ray lithography
process that discusses about design and fabrication of comb-
drive. The comb-drive is composed of comb teeth, suspension
spring and reflecting mirror. The comb teeth comprise fixed part
and movable part. The suspension springs function to force
movable parts moving back and forward. The reflecting mirror acts

a mirror to reflect light from source back into fiber optic. In

§9473A N2IM

=

aminendtinaluladigauis

tongta@sut.ac.th

addition, sputtering technique is used for coating conductive thin
films to conduct the electricity on the structure. Photoresist used
for constructing the comb-drive is negative photoresist which is
specific the size of parameters as follow Serpentine spring. The
width of spring is 500 micrometers and the lenght is 2500
micrometers. Each tooth of the comb-drive actuators is 50
micrometers in wiath and 250 micrometers in lenght which can

make the moving distance of 10 nanometers.
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IIL Design process

AFlexure spring constants
In general, the lever acts as a prop fo be flaating in the air and act like u spring “This article discusses the design and fabrication of Micro-cletro-mechan-

Y. Conclusion
L. Abstract

This article presents the technique of deep X-ray lithography process
discussing about design and fabrication of comb-drive. The comb-drive selection Fixed-fixed flexure. The equation used to design is actuator, fixed-fied flexures and reflector fabricated by X-ray lithography
is composed of comb teeth, suspension spring and reflecting mirror, The Foky 1
comb teeth comprise fixed part and movable part. The suspension S

that pulls forward the motion fo refurn io the original position. In the article [ fcal systems (MEMS), The MEMS structure is composed of the comb-drive

process. The design parameters are the width of the beam 50 micrometers,
ot

k= 4gw(l] 2 W length of the heam 3250 micrometers, and comb-drive actuator the comb
springs function to force movable parts moving back and forward. The where ¥, Is reaction force or the restorlag force of the spring, k_Is spring constant

reflecting mirror acts as a mirror to reflect light from source back in the x-direction, x is the displacement of the movable comb, E s the Young mod-

with a width of 50 micrometers and length is 150 micrometers applying the

input voltage 200 valt to get the range of motion of 10 nanometers.
fiber optic. In addition, sputtering technique is used for coating conduc- [l ulus of the bean material, w is the width of the beam, € is the thickness of the

tive thin films to conduet the electricity on the structure of comb drive. beam and | is the length of the heam,
Photoresist used for eonstructing the comb-drive is negative photoresist

% w
IR )
which s specific the size of parameters as follow Fixed-fixed spring. The J—‘k ‘j_':%.. N
B —

width of spring is 50 micrometers and the length is 9250 micrometers.

Fie. 1 Parameters of the Fied-fed soring

Each tooth of the comb-drive actuators is 50 micrometers in width and
. L B. Comb-drive actuator

160 micrometers in length which can muke the moving distance of 10
Comb-drive actuator serving 1o drive the workpicee can move around. The TR
nanometers, dfive actuators
comb-drive actuator consists of two parts that are fixed and movable parts. The
Keywords : Fabry-Perot, inferferometer, fiber optic sensor, X-ray li-

ihography

equation used to design companents for a range of mation is - The s misretes

d_U o Ntege,V:

Fe%~

Fig. § The images of real workpiece
wing Eq. 1 in Fy3.

_ NtggeV?

T

where U is the energy associated with voltage (V) input, g is the gap between the

fingers, N is the number of fingers, €, Is the permittivity of free space value is
8.854x10-12 Flm, € Is the permittisity of air value Is 1 and V is voltage

g ,LI J‘J

Fig. 2 Parameters of the comb-drive actuator
11. Introduction V1. REFERENCES ,
1. Gabriel M, Rebeiz, “RF MEMS, Theory, design and technology,” Wi-
ley-Interscience, Hobaken, NJ, USA, 2003, pp.21-57.
2. G.C. Hill, R. Melamud, F.E. Declercq, A.A. Davenport, LH. Chan, P.G

Optical fiber Fabry-Perat type or Interferometer is to source emitting light through
fiber optic and then the light collides with a reflector at the end of the fiber optic. The

reflection of the light is reflected hack to the end of its wn. Both the light from souree
IV. Fabrication process Hartwell, B.L. Pruitt, "SU-8 MEMS Fabry-Perot pressure sensor,” E

BV, All rights reserved, 2007, pp.52-82.
4, Ming Li, Ming Wang, “Optical MEMS pressure sensor based on Fab

and reflector, are combined with each other occurring the waves in phase and out of
phise. Therefore, this principle applies o use the ware that s in phase, I the distance JHA.Fal n of Xeray mask with Ultra-violet (UV) Lithography process

between the tip of the fiber optic and reflector is changed. it will result in different phase Prepare a 1"x1” graphite substrate. First, clean graphite substrate by "
ry-Perot interferometry, Optical Society of America, Vol.14, No.4, February

2008, pp.1487-1504,
4.Ville kaajakari, “Practical MEMS : Design of microsystems,accelerome-

as well, cotton ball moistened with isopropyl alcohol (IPA), After that, drying it by
Lithography process is a process teansmiting paticrns on 4 mask to the base coated [@initragen gas (N3, Baked it in oven at 80 °C for 30 minutes. Spin coat with
with the photoresist by projecting light through it. The chemical property of phatoresist lnegative photoresist (SU-8 3028) by spinner machine at 500 rpm for § seconds
will change when the light is exposed on. Phaloresist can be divided into two tvpes. The JMand at 3000 rpm for 30 seconds respectively. Then bake it in oven at 95°C for [ElIters: &¥roscopes. RF MEMS. and microfluidic systems."March 17, 2008,
photoresist will be reacted when the light bits in some areas where we can wash 80 minutes and let it cool down in the oven. Project UV through photo pp-1-11
using developer solution and there will be It anly area where is nol exposed, An- [mask, develop by using photoresist solution SU-8 developer. The piece is

ather type is the negative photoresist. Its properties are in contrast to the pesitive one. passed absorber material electroplating.

Unexpased areas can be washed by developer solution and then it will be left only the ex-

posed areas. There are tw different techniques of lithography process used. the Ul

olet (UV) Lithography and X-ray Lithography process. X-ray light obtained from syn

chrotran source is in high cnergy. Thus, photoresist structures can he created in high
aspeet ratio,

Micro-Electra Mechanical system (MEMS) s a very small device in micrometer or
ane of a million of meter. 1t is composed of electric part to move another part which use
some mechanical system to move. This system can be fabricated by integrated circuit
technology. Micra-Electro-Mechanical system is the modern technology and has been con-
tinwously popular. 1t is interested and widespread all around the workd due fo the o 25™ SUT ANMIVERSARY

demand of small, inexpensive and bigh-performance devices. _— UNIVERSITY OF INNGVATION

Hill iver by electroplaing
Fig. 3 Noray mank fabrbation process

. Fabrication of X-ray Lithography process
Prepare a sheet of graphite, as well as the first step. But the photoresist
with a thickness less than 300 micrometers must be drops of photoresist
using spin coating with negative photoresist (SU-8 2100). Project X-ray to
ihe piece through X-ray mask and bake again at 95 °C for 30 minutes and
let it cool down in the oven. Develop the piece by SU-8 developer solution.

ece is coated thin gold film by sputtering machine.

Fig. 4 Finally fabrication
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