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RUNGLADA CHIMCHANG : A MEMS BASE 2x2 OPTICAL SWITCH
FOR SINGLE MODE OPTICAL FIBERS. THESIS ADVISOR :

ASST. PROF. RANGSAN TONGTA, Ph.D., 107 PP.

OPTICAL SWITCH/MICROMIRROR/COMB-DRIVE ACTUATOR/MEMS/LIGA

This research project presents the design, fabrication and measurement results
of optical switch for single mode optical fiber. The optical switch is fabricated by using
X-ray lithography technique in beamline 6a : DXL at the Synchrotron Light Research
Institute (SLRI). All structures of the optical switch are fabricated by SU-8 photoresist
coated with chromium and gold thin film for electrical conduction and optical reflection,
respectively. A mirror which is attached to the end of moving part is used for reflect
light from optical fiber. The mirror is 22.91 um wide and 356 pum thick. A comb drive
actuator in moving path has 128 fingers. It can travel 100 um for 190-V electric step
signal. At a wavelength of 1310 nm, the difference of 16.20 dB was obtained between

switch on and switch off state.
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Switching Time 10 ms 20 ms
Switching Current 20-30 mA 130 mA
Switching power 17-38 mW 650 mW
Switch Size <lem’ 23 em’
Insertion Loss 0.062-3 dB 0.5-1dB
Loopback Path Loss 2.5-11dB 2-6 dB
Bypass Path Loss 2.3-2.5dB 0.5dB
Si wafer
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ANV lane 170 nm 100 nm 270 nm 320 nm
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Switch off Switch on
Insertion loss 1.2 dB 1.8 dB
Crosstalk attenuation <-66 dB <-50 dB
Backreflection attenuation <-40 dB <-33dB
Switching speed <1 ms
Driving voltage 5V CMOS
Supply voltage (power) 5V (70 mW)
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Torsion mirror

Si substrate
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Flat-ended fiber Beveled-ended fiber

Optical

Switch off Switch on Switch off Switch on
Characteristics

Pi-Po Pa-Pd | Pa-Po Pi-Pd Pi-Po Pa-Pd | Pa-Po Pi-Pd

TDL (dB) 0.06 0.02 0.24 0.33 0.01 0.04 0.01 0.03
PDL (dB) 0.13 0.05 0.28 0.41 0.05 0.05 0.03 0.05
WDL (dB) 0.48 1.11 0.61 1.24 0.28 0.68 0.71 0.24
Extinction

- - - - - - 31 32
ratio
Response time 5 ms
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Connector Insertion Loss Repeatability Fiber Type Application
Single Mode (SM) | Datacom,
FC Connector 0.50-1.00 dB 0.20dB
Multi Mode (MM) | Telecom
Inter-Building,
0.40 dB (SM) 0.40 dB (SM) | Single Mode (SM)
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Single Mode (SM)
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0.15 dB (SM) Single Mode (SM) | High Density
LC Connector 0.20dB
0.10 dB (MM) Multi Mode (MM) | Interconnection
Single Mode (SM) | Fiber Optic
FDDI Connector 0.20-0.70 dB 0.20 dB
Multi Mode (MM) | Network
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Parameter Symbol Size
Spring wide W 50 um
Thickness t 350 pm
Gap distance g 50 pm
Length () I 500 pm
Length (b) I, 3000 pm
Number of meander n 12
Comb wide b 50 um
Number of moving comb or plate N 128
Spring constant k -
Torsion modulus G -
Torsion constant J -
Moment of inertia I, -
Young’s modulus E 2 GPa
Moving distance X 100 pm
Poisson’s ratio G 0.22
Mirror wide Wi, 30 um
Length of mirror |m 200 pm
Groove of optical fiber W, 130 pm
Starting gab of plate 9o 120 pm
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close all

clear all

cle

% Comb-Drive Actuator

W = 50e-6; AN IEN

t = 350e-6; //mmqwaﬁw%

n=12; /1IN VAUDIEYS
N=128; AU veITIIE

E = 2¢9; /AANNBANGUVDI TG
v=1022; /MDA 1A INVD] W04
Eo = 8.85¢-12; /A permittivity YOO INA
Er=1; //A permittivity maﬁﬁ@aumﬁﬁy'mm’in%’g%aﬁm
g = 50e-6; /52021193 N I9EN

G =E/(2*(1+v));

1=1:2:100;
V =0:1:200;
% Find J

A = sum((1./(i.75)). *tanh((pi*w.*1)/(2*1)));
B = (1-((192/pi”5)*(t/w))*A);

I =(1/3)*(t"3)*w*B;

% Find K
La =500e-6;

Lb = 3000e-6;

Ix = (Ww*(t"3))/12;

K = (48*G*))/(La”2*(((G*J*La)/(E*Ix))+Lb)*n"3);

% Find X

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

/AupgaaueINIiia

a 4 @
/AHIANITINNDTVDILITIAY

/MAINUINTUA

Jamunnavesaila
/anuenveaasa
/umudgamunssue a3

/maanailsa

A 4 a4
/388N UNVYDIYN
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% mmmmmmmmmmm——- Find N----------------

X = 100e-6; /52 pzinRpURYBIANI
N = (K*X*g) ./ (*Eo*Er.*(V.A2)); A

% ===-==mmmmmmmee- Find g-----------------

X= 100e-6; /52 ezinRpURYDIAN
g = (N*t*E0*Er.*(V."2)) /(K*X); /52 UL RTEN AN
% Find t

X = 100e-6; /52 0IARIURYBIEN
t = (K*X*g) ./ (N*Eo*Er.*(V.A2)); //mmqweﬁﬁ%

% figure

figure(1) sl 1

plot(N,V) maassuEnIfUuInaus s Wih

xlabel('Number of Fingers for Moving Comb, N');  //il& ALY

ylabel('Driving Voltage, V (Volt)"); /e ﬂﬁ%@t!ﬂu

figure(2) //ﬂ'ﬁ‘N‘ﬁ 2

plot(g,V) EaeszozrasEnsaIturnaus s Wi
xlabel('Gap between Comb Fingers, g (um)"); /e m%auﬂu

ylabel('Driving Voltage, V (Volt)"); /e m%auﬂu

figure(3) //ﬂiTN‘ﬁ 3

plot(t,V) //uﬁmﬂ’quwm@Zw%w%ﬁmumumﬁﬂﬂﬂw
xlabel('Fingers Thickness for Comb, t (Meter)'); /e m%mmu

ylabel('Driving Voltage, V (Volt)"); //uﬁm%auﬂu

Figure(4) //ﬂiTN“ﬁ 4

plot(X,V) MEAeTTEYMIAAURvIEWITUILALT AL T
xlabel('Distance, x (Meter)"); /e m%uﬂu

ylabel('Driving Voltage, V (Volt)"); /MARFOLAY




% Parallel Plate Actuator

g 0= 120e-6; /NTZEERNE IR TE LA
A w = 150e-6; /AANUATIHUAN
A_h=350e-6; /AMANNYTILHUAINN

V = 50:1:200; Jamsimes voansaau Wil

w = 50e-6; /ANUAIIveIaLf3

t=350e-6; /AaNugIUIa3a

n=12; /RN UAUDIa YS9

E = 2¢9; /ANANNBANGUVDI TG

v=022; //MBATIAINVDT 1D

Eo = 8.85¢-12; //AN permittivity Y8IDINA

Er=1; //AN permittivity Gu’e)ﬁﬁ@nmuﬁf‘?ui:win%aﬁ’mm
G = B/2*(1+V)); /AyegaaueIN1iiia

i=1:2:100;

% Find J

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

B = (1-((192/pi*5)*(t/w))*A);

1= (1/3)*(t"3)*w*B; /Anafveansiie

% Find K

La = 500e-6; /AaNunNaveaatl3

Lb = 3000e-6; /aNuevedalsa

Ix = (W*(t"3))/12; //Tmnuéfmmgﬁaammﬁﬂ‘%q

K = (48*G*J)/(La*2*(((G*J*La)/(E*Ix))+Lb)*n"3);  /A1nanailsa

% Find N

A=A w*A h; i

N = (8*K*g 073) / (2Q7*Bo*Er*A*(V.A2)); /A IUIULRUAIN

figure(5) //ﬂ'ﬁ‘N‘ﬁ 5

plot(N,V) /e uuruanh A Uvausagu i
xlabel('Number of Finger for Moving Plate, N'); 8N m%auﬂu

ylabel('Pull-In Voltage, V (Volt)"); /MEAIFOLAY
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Compare comb-drive between design with fabrication

n=12; TR R R RO SRR

N =128; AU YR IRTIE
E = 2¢9; /AANNIANRGUVDITAY
v=022; //MBATIAINVDITT I
Eo = 8.85¢-12; /AN permittivity YDIDINA
Er=1; /AN permittivity maﬁﬁfvgamu‘ﬁfizuﬁwdwﬂ%aﬁzmm
wd = 50e-6; A0 and

td = 350e-6; //mmqwaﬁw%

od = 50e-6; /328eMeTENIeENd
wt=43.17¢-6; AN euean

tf = 356e-6; //mmqwaﬁw%

of = 62.56e-6; /528eMeTENINeEN
G = E/(2*(1+v)); //AuBYATUBINILIA
i=1:2:100;

% ==mmmmmmmmmm e Find Jd

Ad = sum((1./(i.°5)). *tanh((pi*wd.*1)/(2*td)));

Bd = (1-((192/pi*5)*(td/wd))*Ad);

Jd = (1/3)*(td"3)*wd*Bd; Jfnafiveamsiia

%o =======mmmmmmmeean Find Kd

Lad = 500e-6; /ANUANIveIaLf3e
Lbd = 3000¢-6; G R R 1ER

Ixd = (wd*(td"3))/12;
Kd = (48*G*Jd)/(Lad"2*(((G*Jd*Lad)/(E*Ixd))+Lbd)*n"3);

Vd=0:1:200;

Xd = (N*td*Eo*Er.*(Vd."2))/(Kd)*gd);

%

Find Jf-

//Tmuuﬁmm!,ﬁeﬂmmaﬂ?q

/maanailsa

a 4 1%
/AWIANITIUADITVDILITIAY

A4 4 A
/388N UNYDILN

Af = sum((1./(G.”5)).*tanh((pi*wf. *1)/(2*tf)));

Bf = (1-((192/pi*5)*(tf/wt))* Af);
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JE= (1/3)*(tf"3)*wi*Bf; Jinafiveansiie

%o ========mmmmmmeenn Find Kf:

Laf = 494.27¢-6; /Aanunnaveaifsa
Lbf=2969.21¢-6; /AMuEIVeIa s
Ixf = (WPH(tf3))/12; Juudanunesvesdil3a
Kf = (48*G*Jf)/(Laf*2*(((G*Jf*Laf)/(E*Ixf))+Lbf)*n"3) //ﬂ'mqﬁﬁﬂ‘%q

% Find Xf-

VE=071"200; /AMIAMT N0 VBT IR Y
Xf = (N*tf*Eo*Er.*(VEA2)/((Kf)*gf); //52einReURYBIENT
Figure(6) s id 6

plot(Xd,Vd, ‘-.b") /EassLezMsnaeuR VeI TUYIaus iy THih
hold on MNinadunsidu@uly

plot(X£, VT, r’) /EassLezMsnAeuR eI TUYIaus iy THih
xlabel('Distance, x (Meter)"); /e m%mmu
ylabel('Driving Voltage, V (Volt)"); /e m%mmu

legend('Design','Fabrication'); /mans¥erdunsivl
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% comb-drive fabricated

n=12; /A MUIUYAVIET

N =128:; JRUUEUDIFITLIE

E = 2¢9; /AANNBANGUVDITAY
v=022; //MBATIAINVDT 1D
Eo = 8.85¢-12; /AN permittivity Y8IDINA
Er=1; //AN permittivity 611'e)ﬁﬁ@ﬂmuﬁﬁuizwdw%ﬁ’mm
wf=43.17¢-6; AU eueani

tf = 356e-6; //mmqwm«?}w‘i

of = 62.56e-6; /52 M9TENNIEN T

G = E/*(1+V)); //AyegaTYeINIiia
1=1:2:100;

% Find Jf-

Af = sum((1./(1.75)).*tanh((pi*wf.*1)/(2*tf)));
Bf = (1-((192/pir5)*(tf/wf))* Af);

£ = (1/3)*(tf"3)*w*Bf; /ansiivesnisiia
%o ==mmmmmmmmmmmm e Find Kf-

Laf = 494.27¢-6; /anunaveeafs
Lbf=2969.21¢-6; /MU
Ixf = (Wi*(tf*3))/12; //Tmnuéfmmgﬁawmﬁﬂ‘%q
Kf = (48*G*Jf)/(Laf*2*((G*JP*Laf)/(E*Ixf))+Lbf)*n"3) ansiaafa

% Find Xf-

Vf=0:1:200; /AUIANITINA DT UB LTI Y
Xf = (N*tf*Eo*Er. *(VEA2))/((Kf)*gf); /52 eznReURIDIANT
Figure(7) //ﬂ'i”l“l’\l‘ﬁ 6
plot(Xf,Vf) /maasszezmsnaeuivesdrduvLaus s 1Wih
xlabel('Distance, x (Meter)"); /e m%mmu

ylabel('Driving Voltage, V (Volt)"); /AR LAY
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Vertical Micromirror Fabrication by X-ray
Lithography for Single Mode Optical Fiber
Switching Applications

R. Chimchang, R. Tongta, R. Phatthanakun

Abstract—Inthis paper, design and fabrication of vertical
micromirror for optical switching applications of single mode optical
fibers are proposed. The structure of micromirror will be created
from negative photoresist (SU-8) on X-ray lithography using X-ray
from synchrotron light source. The properties of X-ray from
synchrotron light source are high-energy electrons which can
construct materials that have a high aspect ratio. In addition, the
technique of gold coating of reflective material has been used for
change direction of light between two pairs of optical fibers. At a
wavelength of 1310 nm with minimum average loss of 5.305 dB is
obtained.

Keywords—vertical micromirror, negative photoresist X-ray
lithography

I. INTRODUCTION

NOWADAYS.oplical communication through fiber optic is
very popular because it can send data, at high speed, to a
very long distance while using a few repeaters. Optical signal
in fiber optic has less attenuation compare to electrical signal.
In addition, stealing signal from optical fiber system is
difficult, so it is the most widely accepted and used. Generally,
optical fiber communication is a point to point connection. If
we want to communicate from point to multipoint, we have to
use more optical fiber line. For this reason, thereisa fabrication
device thatacts as alightswitchin order to reducethe number
offiberoptic cablestoa minimum. For all of these reasons, we
decided to study about fabrication of vertical micromirror
using X-Ray lithography technique for optical fiber switching.

Vertical micromirror placed at 90 degree on a chip’s
surface are highly interesting in terms of micro-optical
systems. Installation of optical fiber and laser diode in parallel
with plane of the chip is not difficult [1]. On the otherhand,
making of high quality optical fiber micromirror is very
challenging. For these reasons, plenty of making techniques
are made.

Micro-Electro Mechanical system (MEMS) is a very small
device in micrometer or one of a million of meter. It 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, growth technique,
etching technique and lithography technique.

R. Chimchang is with the School of Telecommunication Engineering,
Institute of Engineering, Suranaree University of Technology, 111 University
Avenue, Muang District, NakhonRatchasima 30000, Thailand(corresponding
author to provide phone: 08-3937-2378; e-mail: yui.tce13 @gmail.com).

R. Tongta, was with the School of Telecommunication Engineering,
Institute of Engineering, Suranaree University of Technology, 111 University
Avenue, Muang District, NakhonRatchasima 30000, Thailand(phone: 044-
224-320; e-mail: tongta@sut.ac.th).
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30000,  Thailand  (phone:  044-217-040  Ext 1410;  e-mail:
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Micro-Electro-Mechanical system is the modern technology
and has been continuously popular. It is interested and
widespread all around the world due to the demand of small,
inexpensive and high-performance devices. This technology
has been utilized in various fields. Automotive technology is
used MEMS to creating speed metering devices and pressure
metering devices. In medical technology and biotechnology is
used MEMS to produce different types of sensors and
actuators and in the telecommunications technology is used
MEMS to produce manufacturing devices in optical
communications.

II.UV LITHOGRAPHY, X-RAY LITHOGRAPHY AND SPUTTERING
PROCESS

A. UV Lithography process

Lithographyprocess is a chemical process to reproduce
pattern from the original pattern, which is in opaque lines, to a
flat surface [2].It may create pattern in flat surface materials.
In reproduction process, we use chemical called photoresist to
reproduce the pattern. The chemical property of photoresist
will change when the light is exposed on it. Photoresist can be
divided into two types. Positive type photoresist will be
featured when the light hits in some areas where we can wash
it by using developer solution and there will be left only area
where the light is not affected. Another type is negative type
photoresist, its properties are in contrast to the positive type,
unexposed area can be washed by developer solution and then
it will be left only the exposed areas. According to the
properties of two types of photoresist, we can create patterns
for UV lithography process in two ways depending on the type
of photoresist. The light projecting to photoresist is the light in
ultra-violet (UV) range. The concise overview of lithography
process can be explained in Fig. lcomparison chemical
property between positive and negative photoresist.

Mask to define patterns
Transparent toUV . .—7 AbsorbUV

Process while using
negative photoresist

Process while using

positive photoresist Base

+_ Photoresist —T[

The rest of
photoresist after
light projected and
developed

4— Base |

Fig. 1 Reproducing patterns by using lithography process
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B. X-rayLithography process

Anotherprocess used in this research is X-ray lithography
process which is in the same way aslithography process but
the difference is the process using light in X-ray range instead
of UV range [3].Moreover, the properties of X-ray obtained
from synchrotron source are in high energy. Thus, we can
create 3D pattems in high aspect ratio.We can coat photoresist
more than | millimeter thick, and we are able to create
patterns in width of 30 micrometers.So, this process is suitable
to produce micro-electro-mechanical system products.

[II.  FABRICATION OF X-RAY MASK AND CREATING
MICROMIRRORS STRUCTURE

InX-ray lithography process, the important factor which has
high effects to the process is the X-ray mask since it acts like
original patterns. In lithography process using UV, original
patterns or mask are the patterns in opaque ink form area
situated on transparent material like transparent film or glass.
In case of X-ray mask, patterns in opaque ink can't absorb X-
ray.So patterns are in the form of material, which well absorb
X-ray, and have to be on a high performance transparent
material as well. Generally, we use absorber material such as
gold lead or silver, its good properties to absorb X-ray, to be
patterns placed on a thin graphite sheet or on transparent film
in X-ray transparent type.

uv BlockingUV
Transparent to UV

AZ 4620
Base

After projecting
uv

After developed
AZ 4620

Absorber material
electroplating

Transparent to X-ray AbsorbX-ray

After clean AZ 4620
byaceton

Fig. 2 Cross section of reproducing patterns by UV lithography
process for producing X-ray mask

A. Fabrication of X-ray mask

Transparent film was attached by copper ring using epoxy
glue. When the glue dried out, cut the transparent sheet by the
edge of copper ring, and then coat the sheet with titanium and
silver using evaporation procees.

Positive photoresist was spin coating (AZ 4620) on
transparent sheet coated with metals. Project UV through
photo mask, develop by using photoresist solution AZ
developer. The concise overview of UV lithography process
for producing X-ray mask is explained in Fig. 2. The piece is
passed absorber material electroplating and then clean it by
acetone. We can get an X-ray mask as in Fig. 3 and 4.

iy

Sl

E Absorber material

[ Titanium

Silver
[] Transparentsheet

EA Copper ring

Fig. 3 Cross section of X-ray mask

Fig. 4 X-ray mask

B. The process of creating micromirrors structure

Prepare a 17x1” glass. First, clean and then coat it with
titanium. Spin coat with negative photoresist (SU8 2100) by
spinner machine at 500 rpm for 5 seconds and at 1500 rpm for
30 seconds respectively. Then bake it in oven at 95° for 2.30
hours and let it cool down in the oven. Project X-ray to the
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 and bake again (Hard bake) at 95°
for 30 minutes. The piece is coated thin gold film by
sputtering machine at base pressure 5.15 x 10~* torr, operate
passure 1.20 X 10~2 torr and power 100 watts for 60 seconds.
So it acts as reflective glass. The concise overview of X-ray
lithography process is explained in Fig. 5. Finally, we can get
amicromirror as shown in Fig.6 and 7.
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Xeray

vy

AbsorbX-ray
Transparent to X-ray

SUS 2100

After projecting
X-ray

After developed
SU8 2100

After coated

thin gold film

Fig. 5 Cross section of reproducing patterns by X-ray lithography
process

O sus2100

B Gou

[ Titanium

[ Glass

Fig. 6 Cross section of micromirror structure

Micromirror

Optical fibes

SUT 10KV %136 d47mm
Fig. 7 Structure of micromirror

IV. RESULT AND MEASURING RESULT

After measured the structure of produced micromirror, it
was measured 234 micrometers thick, 36 micrometers wide
and 184 micrometers long. The groove placing optical fiber

was measured 138 micrometers for wide.That was the
transmission of the light through the micromirror’s structure
produced from negative photoresist (SU-8). A 1310 nanometer
wavelength light source were projected through an optical
fiber line and to another line is receiver. Two line are placed at
90 degree together. The end of these lines plug into
LightwaveMultimeter (Fig. 8). After we measured 20 times,
we have found that the average loss of signal is 5.305 dB.

Lightwave

Multimeter

Optical
Switch

Fig. 8 Transmission of the light test

V.CONCLUSION

This paper proposed steps of micromirror fabrication for
single mode optical fiber switching. The structure of
micromirror is produced from negative photoresist (SU-8) by
X-ray lithography process, then coated with thin gold film to
reflect the light, and changed the direction of the light between
optical fiber lines. After measured micromirror, it is 234
micrometers thick, 36 micrometers wide and 184 micrometers
long. The groove to place optical fiber is measured 138
micrometers width, which is a little bigger than a 125
micrometers diameter optical fiber. When using light source
which has 1310 nanometerswavelength to send data through
an optical fiber line and use another line, placed at 90 degree
to the first line, to a receiver. The end of these 2 lines
areplugged into the lightwavemultimeter. The result, the
average loss of signal is 5.305 dB.

Problems and obstacles occurred during the test is deviation
of original patterns so the size of produced piece is not
conformed to our design. The problems were caused by
insufficient size of the groove to place optical fiber make
placing the optical fiber line at the proper angle.

The next step will focus on electrostatic comb drive
actuators from X-ray lithography process controlled by
electrostatic. These electrostatic actuators will be the
moveable micromirror driver moving into the light path to
optical switching and moving out when optical switching is
not necessary.
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