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6105647 . Chayanisa Sukkasem
Thesis Title : Application of Image Plane Intensity Modulation for Microscopic

Scale Sensor Fabrication: An Optical based Ultrasonic Detection

Program . Master of Engineering in Biomedical Engineering
Thesis Advisor . Assoc. Prof. Suejit Pechprasarn, Ph.D.
Thesis Co-Advisor : Phitsini Suvarnaphaet, Ph.D.

Abstract

The research entitled Application of Image Plane Intensity Modulation for Microscopic
Scale Sensor Fabrication: An Optical based Ultrasound Detection aims to design and implement
the image plane intensity modulation system for microfabrication in photolithography process using
a digital micromirror device (DMD) to project the master pattern of grating structure. The grating
structure focusing on grating period and grating fill factor has been studied the theoretical
framework to enhance the performance of optical ultrasonic detection using polydimethylsiloxane
(PDMS) material. Herein, the simulation of the PDMS thickness changes under the ultrasound
compression at 1-MHz frequency was reported and the optical ultrasonic detection that used the
PDMS grating as a receptor was analyzed. The results showed that the PDMS grating provided the
sensitivity of 3.46 x 10" Pa” to detect ultrasound which was greater than conventional thin film by
4.76 times. The figure of merit was 1.10 x 10° Pa” enhanced by 1.17 times and the detectable range
was wider by 3.55 times. In photolithography process, the grating patterns were fabricated in an
application of image plane intensity modulation system using the negative dry film photoresist. The
fabricated gratings were controlled as the theoretical design having 5.42% of error in features 3.20%
of error in optical aberration. This system has been promised excellent repeatable in
microfabrication without photomask and provided time-saving and cost-effective in the
photolithography process.
(Total 117 pages)

Keywords: Maskless photolithography, Ultrasound detection, Microfabrication
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V. ICUUNTTWHNLUUNIDNHUA LS f. ig’;ﬂUT‘V\IIﬁﬁI‘Wﬂi'W‘I!,L‘]J‘]Jﬂ'IEJﬂTW
W1: Wiese, 2019
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Hvna v iWuszuunimsesnuun Iiunusessuawsamasuiasudmiald eanse
v = Y = Y ¥ )] ¢ a
adnaraagimelidvualugaulaninnisaierats q aselagldszuuaudiio 1 g0
4 A Y = A A @ g’/ [
Tasudnuaanlsialnarsgdunufel a1aa18Nn189LMUDUNUNNATI HANNITVBITS Y
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(Ronse, 2006)
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17: Das & Sandstrom, 2002
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(Extreme Ultraviolet Lithography : EUV) €U U@ Tnns Wnlessdonasise (Proximity X-ray
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v
S U

urastuaudsntaNueaaued luga I T dulug19911me199a Y 10 nm 94 14 nm
1 ] 4 o 1 o
(Bjorkholm, 1998) dogr1uundn lidaruseasy
a ! @ 4 a wa {
2) szuvud Inns i 195 sdeonasd ludeslfiansvate o # 18
H H 1 Y H
imsununszuuIdIad Innsdfldanuenadudualoszouldlaa Innsdln145ed
d I Aq ¥ 1T o A A~ A 1 Y v 9 J °
g 1Wuszuunldunastidianaanianueaauluyieaiosniiosnidi 0.6 A (Shey,
. Yo an & P T oAa 3 =
Chiang, & Su, 1998) Tunisarsuaalinuszuy WA MTaaI193UT19INNVAENDI 20 nm
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uamﬂuiwuwmwmqq

v

=
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3) szvva Imnaiinlgaommnaseu WuszuuRIMINAIUININ
9 ‘a < 1 9 [ 9 [ o
NA0I3ANTIAUDIANATOUUVUADINGIA 1FHaNNIT a5 19a29a18 Tagn1s Ildad meaaves
ad A o ana v a g a A Jo ad I
dranaseuasuuas hudsnhilfnsenusianasen szuud Innsilnldddianasowilu
A A a o Y 9 4 Qddy 9 A A <
sEUDNNIMgn Hewhunlylumsaiandnuas I5NaNsoaialIaaenlvaEn
= )
D4 10 nm (Liu et al., 2002)
A A(Aq Yo a v = o
4) szvua sl leoou szuvvziianuadiendenuszuy
a AAqQ Vo ad 1 1 v A 1 o A Qddyd v o
alnasdnl¥a19anas o uuauaneIN UNLYAIAUALEIVDI5ZUY 13T AT InAaa e
A Y A + + ey .
loouasvueaisliuas lasloounly Ao H uaz He' (Melngailis, Mondelli, Berry iii, &
3 A = @ a { o ad Y
Mohondro, 1998) szuveSevmeunuszuva Innsinlddvom@nasouarlinnuazidea

:1 ' ) Y S = ) -
‘quxiﬂ'JT 3$1J1Juﬁ'iwmﬂmﬂulﬂmlmmaﬂm 4 nm (Ll, Wu, & Williams, 2012)

2.1.32 maviaszuy ldalelunszuiumskaaiinianag

mananszun1dIaa Innsailime 19 1dauazidealunmsnie
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MwnnvuaIeMslasuurasiiiatiuisnngaamnssunmsnaainaen lniluisgaie

A J o A 9 9 U A ] A 4

mszmaasuurasiuiiaazmuuialenisud lvaudulussoy wu msndsuaudae
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= [ Y a A 2 A A o v 9y
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awnsoih lamemsiauludiuvesnszuiumsvesas hudaselimsldmatiauisedis

1 1 J 4

[Wge 15U nseenuuumdnldauisoideudvenas (Phase Shifting Masks) 113

dauasgiinuesdwasluszu (Off-axis llumination) (Ronse, 2006) 1ludw
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g lunmsdouaveauudnuay A93UN 2.4 ¥, LaINANNTENVUUUTNUNLFUNYIY
A = 9 o a A 2 Y o 1 A A I 9
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1 A o d‘ ] Y 9 dld = A dy
FINUAINAVGA (Contrast) YBININNRIY ¥ 1WA IWITOAI19AIAA 1NN IDIANINTIUU
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9
U

J A 1 A [ A
HazINdnNUFUTIBa0 W VR ILLa (Ronse, 2006) ﬂﬂglhfl 2.4

Standard mask (BIM) Alternating shifter PSM

Chrome Quartz

E-field
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d' = d' 4 a 4 d'd 1
31N 2.4 vaaamsnfSoumennaannienIn 0. naananUVUNA tag ¥, NANLEINNFUTE
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n: Ronse, 2006
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o I { o {
anHuzituIuYIU (Annular Illumination) Lgaggﬂﬁ 2.5 . ANHULINANT I (Quadrupole

Illumination)
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Conventional Annular Quadrupole
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Mask Mask
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— Lt ran —
. Z
Image
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nowdngszuy v Tad Tnns il

W7 Fuller, 2017
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517 2.7 uaasmsrhauvesginsainsganvuna luaseunuuadalu Tnuaidlauas e

111: Gong & Hogan, 2014
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2) ginsalwanmautuarsnlguaviiaunsvenvanasy
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[ ) [ @ d I
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Tagn lnanman (Liquid Crystals) anvazuyyIaseadiaiuanarave iy ldaiuianig
(% o YA P A d' T W 1
woams i ldimanmeouna Wi (Permittivity : &) nazamauiavewasn limauluua
a 1 1 1 ] 1 ad
azdrmeanannsalasunadldlasmsvenseua lihiuurudianInsa Tnssadaves
= ~ , o Yy 1 o= ~ a o & o | ad .
Hanaaliglsne 3 dnvae laun manmallinsiFesdInmIniuurHuBEan Tnsa (Homeotropic
. o o 1 ad .
Configuration) HANHAINNITIFTEIAIVUIUADUNUBLAN INTA (Planar Configuration) LAZNAN
a 1 o 1T adg . . @ 1
MM sTABeAAN 9 NULHUBLIAN INTA (Twist Configuration) NI E4AIVBIHANHAITIND
) o a { ' ! wa < o . .
mlddwaunamsasuuas wu msnldeuqueautidvesnmiluInarlsd (Polarization)
d' a = % d' a a % = é a 1 g
voueziasuulasmunaniemsisesdainansiaaivednantval Fananluunasyu
AUANA1ANAINMTIANETT IATa (Chiral Agent) i 1eernmstadivesnanmallunaas
FEUUHANANAY M3Besaazmsiaveawanialtelanyuzadionuindes aegii 2.8 a.
~ = o q ¥ 3 o A = wa A
maasunlasveswaniadi Iiansavims Tugradunsen)asunilasnaautinvesuaen

#9361 18 (Efron, 2001)

Unpolarized - /U 9 '
light - Liquid crystal .
Polarizer 3

A a = A a d A 9
gﬂﬂ 2.8 LLﬁ@NﬂTﬁ’mﬁJWU’t’]QNaﬂlfl’iﬁ’JLWE]ﬂ’JiJﬂll‘V]ﬁVINEU@QLLﬁQIWﬁﬂi‘ﬂﬂ“NLﬁu

32: Yoon et al., 2019

a o a a o a a 4 a

Tuiln3anAns1y 2001 Jain IdaaandinsdalseangszuuIving

1 4 { 4 o o @ o @ A

Tnns Wy ldldudn Taemsununundndreginssidimiunsii lugatuvesquaniia

A dsl ~ . 9 ¢ I 1 ° a Y I v d
YOIUAUFINUNTZ UV Jain v 1dtarso Tl uunassutiauaanaz Iduauduwad (Pulse)
o o o o o wAa a dy A g YA 4 ~ A =

gunsaldmiumvh lugesuvesguaninvesausinunildae Nauwasnndsumunan

M@ (Liquid Crystal Light Valve : LCLV) fignunsoiaent@siannsenuasuuiaas nnsaas
A ~ Y [ o - [l 1 a Y3 1

enuasnaziou lduaudnronmwiamnsadevinauannuaaz invaliianasnounisas

VULHU095U & (Jain, 2001)



19

2.1.3.4 miﬁ’wuﬂugﬂuuuﬁ'uq
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WﬂﬂuTNuﬁ%WﬁNVnmuﬁl!ﬁ%ﬂﬁ%ﬂﬂ‘ﬂﬂﬁulaﬂ IMavens 100 1911 wazimanuamnsalums
I [ Y dy Y 1 A~ = Y =3
NUIIUITIVUTIUNINY 1.2 38‘U‘]J'L!’fﬂlﬂﬁE]ﬁ'ﬁNg'ﬂ31\11/]3Jﬂ’313Jﬁ$LE)EJﬂllﬂq\‘lﬂ\1 0.6 um (Love,

Wolfe, Jacobs, & Whitesides, 2001)

2.1.4 M3 uaanlunszuiumsiliaalnns

vgnt | ||| ]

|<— Mask

& Photoresist
N

— Substrate

7 =

Negative photoresist: isve photoremlb t
. exposed photoresist
exposed photoresist

insoluble soluble \L

— N e
[ e

Etched film

/ patterns
— 1 \I_W —

5U7 2.9 namsanyuzvesns hugswiavinuazas luasstiaauiorumsnionduag g
¥ P
dvhenanaaniinlos

nu: Bellah, Christensen, & Igbal, 2012
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'
Aa d

A < A g A A A ~
Wognmisuasvznateilumsiitluoyyadase Ao oznonnse luananuaanasouaesdlu
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¥ e a ) Id a .
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= d Y % ] 9 1 Y Y
sadmumsunnd udu aedunslsanureanieragania 1dun mssenuuuuazadis
1 ) [ A 1 o 1 4 =\
Foan19 Inagamadimiunisuendrsnlvuiaaisnu wu Tunteanisuwnd 1adinsuuy
1 A Y o [ o 4 1 A .
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A v d’ =) g}z
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2.3 NYHYT A

2.3.1 vanmsveusatua (Fresnel principle)

4

I Aq Y a A
mJmammMmmauJumJm’s‘n“l%“lumia‘ﬁmﬂﬂﬁmgmimmmumm‘e

v A

A ] 3 gﬂ' a [ [l 1 % é I o d‘d 1 Y]
aauuiman A ulo@unamiiusseas sz 2 danansauiudinaraniaasiiinm
HANANAY IWRUAUAUNNHIUTOIADYDIAINAN HaU NIz nazRounay lUdidanag
a A [y tzl 1 a 1 1 v t:' % Ld' O'J
IANY50AINANTN 1 tazua uNaIIzamsdoru lUdadanasi 2 degld 2.12 Taena li

4 1 I ] < —
aauudvan 1rliezdszaevlddreauinniivan (Magnetic Field : B) uazauin Inia

9 9 1] 1 1]
(Electric Field : E)Gl\‘]ﬂ?ﬂﬂulmg@QﬂWﬂﬂ‘U‘VIﬁ‘VHQﬂ?imﬁﬂu‘ﬂﬂlﬂﬂﬂﬁuuﬁﬁ NANINIVD

' Y
A a K o

[] < =\ [ 4 Yy = [ 4
ﬁu13JLL3JLW@ﬂLLﬁ%ﬁHHJ1Wﬂ11]Wﬁ@]@ﬂi'lﬂ;]fﬂim‘ﬂ! AVU Vl?iﬁ%ﬂ1iﬁﬂ‘]eﬂﬂﬁﬁ1/‘l‘ﬁﬂl®\1

A A 1<)

[l < o v 13 A g’/ @
ﬁum"lvxlﬁmaz:ﬁmmmmaﬂmﬂan IﬂEJLL‘]J\?UJL! 2N3% AD ﬂiil!‘i/lﬁu1l|]lwﬂ1ﬁ\1ﬂ1ﬂﬂﬂ
= 4 1 = 4
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Nu1: aauaaninIn Mohamad, 2020
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agouriy 6, funnudsninuaztasidedriusosasIznaMsHALazyiyy 6, fuunu

AININ NNHVBINTHAHMYBIAIUA (Snell’s Law) (Vandergriff & McLean, 2021)

0, =0, @)
n sing, =n,siné, (2-9)
Ad' o [ 4
nnoulvdmsunaaTwa lsduuy TE
E4E =E (2-10)
A
N30
B. cosé, — B, cos 6, = B, cos 6, (2-11)
Ad' o [ 4
nou lvdmsunaaTwan lsguuy ™™
‘BB =B (2-12)
A
N30
E,cosé —E, cosd. = E, coso, (2-13)

[ Y4 J 1 I < J
ﬂ’]ﬂﬂ'J’]?Jﬁ?JWu‘ﬁ53W'J’Nﬁu']3J!!JJLWaﬂ!Lﬁ$ﬁu']11ulwi?\rTﬂTﬂﬁiJﬂTﬁﬂlﬂQuNﬂmﬁﬁ (Maxwell’s

equation)
E:(EJB (2-14)

{ [ < a
Tagi ¢ Ao 9T UFTvoMAUAUNI UgYINA (m/s)
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E.+E =E

n,E; cosé —n,E, cosb, =nE, cosé,
wazuasIna lsduuy ™™ aunsadagyl Ididy

-n,E +n,E, =-nE

E, cosé —E, cosé. =E, cosé,
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(2-15)

(2-16)

(2-16)

(2-17)

1 Qv a Q‘{ 1 U a QJ 1
Li'l’fmlﬂ'ii]ﬂTL!’Jle‘VHﬂTﬁﬂJﬂi%ﬁ'“ﬂ‘ﬁﬂ1§ﬁ$ﬁ}®uuﬁ$ﬂ1ﬁllﬂigﬁﬂ‘ﬁ EEGERN

{u'ld drsunaaInanlsdtiun TE (Mohammed, 2019) fai)

E.. n,cosé —n cosg,

w |

i,s

i,s

dnsuuaaInar lsFuny T™M (Mohammed,

* E. n,cosé +n,cosé,

_ 1 2n,c0s0
n, Cos &, +n, cos o,

[

2019) A1

. E., ncosg—n,cosé,
= =

E., MCosg +n,cos6,
. E,  2n,cos@
o= =

E., ncosé +n,cos6,

(2-18)

(2-19)

(2-20)

(2-21)
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R=|r[’ (2-22)
T =[tf (2-23)
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