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Abstract

The research entitled an instrumentation of optical microscopy projection for
maskless photolithography aims to design and manufacture the optomechanical
components for implementation of the optically microscopy systems. These components
were designed on computer-aided design software and using G-code, which is a language
for controlling a CNC operating machine. The 3-dimensional models of the components
were manufactured by milling and shaping the aluminum alloy with the CNC machine.
After the production, the optomechanical components were utilized for implementation
of the optical microscope projection for maskless UV photolithography system. The
significant device in the microscope was a digital-micromirror device (DMD) aligned as a
patterning reflector instead of a photomask. Hence, this system could provide a flexibility
in working, saving the cost of mask fabrication and saving time. In the experiment, we
have created the patterns on the cover slip using a dry-film photoresist. Using FE-SEM and
optical macrozoom, the micropatterning of grating was measured in micro-scale thickness,
approximately 30 um, and its width at 68 um. This grating would be useful for the medical

ultrasound detection further.
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1.2. unasinudiauas (Light sources) Tumssuuasiryunsaliazganssaumansiainis
dumasnudauasdns o ultlunisenuuuiazasessuunsiunas Tnanisidenldunasiiina
et snagdananUsennanuu Coherencel16,17] wag Incoherence[16] AU
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1.2.3. @NUEINIUDILAAINLTALAS %ﬂﬁwﬂaalﬂuqmu (Lumen,lm) Saazduwus
fufddodnuindivasalwldiiieliAnuasaing lnsunddanuaiuazideindagseyly
flussyfariveamaonli
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aiwemanali wu vasalilssnniiawusevaoald Mnsyualvihiiwnuldvasaviliin
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Hudu

1.3 fhduunasiniiawas (Light source holder) anunsandslismeia3asnds CNC ol
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FUNTIVDIAAINUALES LUURU

1.4. WHUNSEANINTFERS (Scientific grade mirror) @unsaas1slaaInnIsiAaauNIEan
lasagorgilillon AMULANANTENIWAUNTEINTTTUAMALURUNTEANTNYIANAAT AD ATUVDS
n1sazvisulreguuiinszan ldlaununszan duwiasviousdlaudunszanagyinlviuasean
nIENUinN1saEYauIN 2 Wuidld deiuanslugun 6 dsnseaninermansiduaiunsoadiela
lagnisindeunszanlanigegiideuuirdlagldinalinnisiadau 19 sputter coating 130
thermal evaporator Judu
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1.6. aUn3nidunsEaNTeaunsaUTuasAIN1siuL (Kinematic mirror mount) Uaduasive
Japawadld aunsalfananadudsguiiuandluzun 7 Baesdangvyuegiunds 2 wnuanunsald

lunsusuiiamsveanszanls Fagunalianaianansaadialalagldinionds CNC 1y

SUN 7 WEAIAINATUNTZINTIA1UNTOUSUDIFNDINTEANLUUALLDEALA [20]

Y

1.7. 1aud (Lens) snggmainendansiuazdesduaudfuinuieg1efiiesaenin
AANALARBUAMN4 (Aberrations) kazgnideselukaginmaviiinmed 1an Bnialinisiadauans
Anti-reflective 11938[21, 22] 39vlis1A189 Tunaulunisudntaudusznavluiisdunau

aastalull Fsanunsanmdunimduneulanigun 8
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- MNsIAdaUMBals Anti-reflective coating U MgF, Inanasld Thermal evaporator
139 Sputtering coater
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1.8. fduiaud (Lens Mount) 1lugunsainlaaudidnluuafiindeiangruianuvuin
vouaudlumanasinegld 1 97 uazilunden sM1 myuiedonaudlildmudnansdsgun 9 3
w3eINas CNC Nftuaunsafvindelusuin SM1 18 uag indenueniiluisumudanaiuise

=
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v [
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5UT 10 taseunsalfifuiaud v wae Ndngunsaliuuruingunsaluas [24]

1.10. wulwanlswwes (Polarizer) @u1saasiglaannnisinunuidulnalswes [25] aq
1 o . : a [ 1 a6 Y a < = . o (Y]
UVUWKUWAL coverslip vua 1 37 Ialuunuildulmssunazaiunsaldidu Polarizer &Sy
gunsaluaale

1.11. uNuASIaNAaY (half wave plate: 1/2 A) uag winlnailsiwesinan wie Sandn

FousunaumBIes (circular polarizer or quarter wave plate: 1/4 A) ludnwagiieatuuny
Tnanlswes aansadstsunuiaunediues [26] vurnlvejauildruu 1 1 Welddundulumnig

gunsaluasineunfudusunediwesivarddoutluldlunisndauiunauiinlugnamnssy

6 o Yal
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1.12. fduunulnanlsigas wiuasanadu wag wiulnailsiwesisnay dulidnwuy
wiloueganile Ao efnnwuiulnatlsiwesitnluudiszdenyuesmlaneinanddusy 11

wuReItugUnsaldudmsugunsalduaunsanaalaniensaInds CNC

5U 11 wananwiduusulnailsiwes wHuasgnady wae wiulnailsiwesinay [27]

1.11. WHueNaT (Aperture) WHUQUNTAITIYINIRAINTLLA UL IO YR ITLAIUI9Y IS

9 U

sala

HUle waz U1999Rulale anseeg1uty wHussaasndl 2 SEMTUNMIANYINTUNINADAYDS

was fanuanalugun 12

1" Dia 1* Dia 1" Dia 1" Dia
f=10mm f=100mm  f=60mm Tube lens Zamera

ATEan, ﬂ

Interference

o) A o

U . 5

Lo

2 holes aperture %20 o

[] vaae LED <
i Chjective lens o
LT o
)

o

o

O

)

i,

(o
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nnmluszuud 12 wiozmaniuuu 2 3 dugnlififiousnuanawesfivensuinduas
wéndu 2 deananievnnuiuliiAsnsunsnasanseiuveiissyly uag Daudlndng
(Objective lens) ua Lauduasn (Tube lens) Faduszuvvsnaninuazarsnmnisunsnasnld
fandos v3e andleginunds uiuszimaed (Aperture) amnsavile 2 dnwazde 1 M3ty
wituwanadin vide wiulavesulidy vie nishnanninesdmasuuuiuuialiindnuasuumng
LAFDINIS

1.12. wiugidu (Pinhole) Wugunsaifililundeganssmisgnandeaganssmineulvinea
vilmAnnwludnuvariliauaziBonnwiniindeanssmiuvvauuning wag Saldlunns
wasuuasidanasuuiliduladisudliumdsiidauasiiiuladisudlngnisindauas
siugidudndie sumeinermansasfiouaduiuaudnarsioud 1pm Tuauie 1mm fedl
wanslugud 13 Fadudusunaduinugudnatsiaud 0.3 mm 8 1 mm aunsoadisldainnisld
ponaiiuzdeaIiseUi fundnninduazdedldidudmiuisadiifvunadniian
Uszaad 90pm 51?lSﬁgﬁﬂiﬁlﬁﬂﬂj’]ﬁ?uLﬂﬁﬁUmﬁmﬁﬁﬂuﬁﬁﬂaﬁaﬁﬁﬁ% lithography vodta 1y
TassnstlatiudensagieaiiusnaUssuin 0.5mm wieldlunmsadaamautifvouas

d' ! <
bBRNTUILUL

UM 13 Uansn1ndiegagiduduruaudnans 50 pm @9a3193nn laser lithography [28]

1.13. uruanuas (Neutral density filter) 111 ND2 ND4 ND6 flanunsannzeldaindiu

Y o

dnenmEnUszendldvinduaunsel [29]

)
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1.14. wiuns04d (Color filter) WulAgiUkNUAALAIEINNTIUIRUNTAlvRINADIAIEA N
uszendldlilnedesdnuimdeyainasnsodaneunasludiedfidesnisliviols Tnonns
Anseimerdosadnlnsines

1.15. wiiu diffuser Ao gunsaiildlumsasanuduladisudvesawes vide ey
Tundsiudauainszaouasldogsainanevuiiuandluzuil 14 wiy diffuser Sinaneluefuus
MAPAMENUTBSED AB 120, 220, 600 WAy 1500 Grit B3¢ Grit geazBaiaumenuiios 83

NAR AD TALNULAINLENS 2 TanUlaAUNtaAnRINe1UTUIALNNTTANLILN

JUN 14 wisviaen LED Lilefnasuny diffuser amumnti [25]

1.16. 1n3afs (grating) 1ugunsalivugiudAgyvesgunsaluasanunsaldlunisutanend
wazANDAveuaalan inTeftuinatsuuUkazratesUTIslaeunaisnmadagIa
Inns il (UV lithography) [17, 21] geeglulassnisidenaniinesnisaiisgunsaldmiviases
o i A PN v Y a ! Y a aa P~ Y] v
Aanand eanusanazldnuasiunsafsguiuuniiegme wellagialnnsil luewandulng
dusulasansided dnsunsaiianvvesnsefaldidnauiuluanunsaaislalaenisifeselu

weuLAIeASaIndvilmAnsedEudun U undanisle

2. Wnanns1i (Photolithography) %30 senfneadlnns il (Optical lithography)
Tlnalnns1#l Wunszurunsiiunumdrdylugnanvnssilavgiwind Wunseuiunis

MsfiuianersasiviliiAnnsanuunevesdiutszneusis q vesgunsaididnmseiindarnlusin

fyue 50 lupseusutagdumaaiiies 14 uiluuns lnge1Aenann1InszasnasnIsRnuYed

pasluszuulnlndlnnsdl nszurun1snlndlnsnsidl duwlfstferfunIsiundannseing
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lupsou nszuaumsiannsagnitanlifienuazdenmntuldlnelfunasiidauasiifianuen
AAudUas

2. szvullndlnnildsedionaisd luiesujianisvane 9 Alddinistinisunud
ssuulilpalnnsilildmnueneduduiessuulilnalnn s iildsedioneasd uszuuild
wdsidauasiidanueneaulutiesanseutios q lumsaisuadliiussuu S8danunsaaing
sUsreiivunEnda 0.02 luaseunazsdussuudislsangs

3. szuulilndlnnailildduasdidnaseu Wussvuidnsiaununainndesganssal
BildnmseulUUdDINTIA SEULTind1oadsTUsT ULYDINdegansImiLuUBIAnAseuLUUdDIN TN
Huszuuiinmgeann Wussuuilimdnnsansnmldlunsadrstnlpandn

4. szuulilpalnnsiidauaweslesay szuviidlaisudiouiussuulnlnalnns g
Tduadianaseuazlirnuazidoniigeinii ssuvaziiamuadnendsiussuulnlnalnnsiild
Suadidnnseuuiuanafuiiuasiiauamesssuy

Feszuuitndnuagshnsiam fe ssuulilpalnnsitildanuenedudu mszdu
seuuildunasiudinfinnldie lidudeunarlifisunse

2.1. asfUsznevlusyuulnlnalnns il druennaudu

szuuTWlnalnsnsfifldudsznevdduidussuudes Taun undeiiiauawesszuy
STUUAUAGMTUNAUALLEN S2UUIAUFA S UanIUINNNLaENIEN

2.1.1. wndsrnudinuas (Light source) Asiidiaarilslunisidenunasiniauas

WuszuuTnlnalnnsiil Ae AueaauvsaTidmadionsiaenuursaniionuaudus
msvdenldanuenadusng o vewadussuudessidssinmvesanshuasildiadouuuuiu
sosdunazaduLas Feaziildssuuiiussaniainunniy fegrsundeindauasdiinig
tldluszuu Ioun vaeauasdunddenasalnlausen (Mercury arc lamp) waz wdeadnly

wostawas (Excimer Laser)
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A9 1 wansn1silSeuiisuauautRvesunasinlanaingnldluszuulnlndlnns il

Class of light source Specific type Wavelength (nm) Location in the electromagnetic spectrum
Mercury-arc lamps 2 line 436 visible
h line 405 visible
iline 365 mid-ultraviolet
DUV 240-255 DUV
Excimer lasers KrF 248 DUy
ArF 193 1A

2.1.2. szuusasadne Usenaulumenateilendu laun anasuiiamasineanie
szuuiildunasiudauaminuasauasiung mahliuasannuvasindaudandunanu ass
sULUUYRINSdRsadng TINFenIsmIUANsEUURINAaarauasiTlnaianeluszuy
JdTrUUdedainainTasaauuvesadtusruy sruvdesalnslulagtugnesnuuulv
finnsuvasiirmsveuasfioanunainuvasiudauadifuasunlagliinsgnasmeuniny

Winuaslaenisldssuumudeu faguin 15

JUN 15 ssvuaudgunldlumsaiiduwamunalussuuliladinn il [30]

2.1.3. Reduction Lenses UuuNU5045UFUT199QNAT8 19U 3995007 wiinisgn
anvualasaudlulasdinsns il NeguuRivesudusassuiuly Tussvumldagldmadunisan
AFUTNINLENAS 4 Wi waziaudildaziiinanuausalunsiiusiunuwaunnnimse

Wiy 0.93 audlulasdlninslazgnesniuumunguiues “double-Gaussian”
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wudniliAnnsinulaeyaluaglinmiinunmalusasiiinuenadulugisuay
N13RNIMYeIaRLAinTuUTIMNTnsUAsuLUasdInaslun1siAunIswesias vilvyuian

nsgnukazyuinmialiviniudsun 16

JUN 16 nsvinmveLauliadumesiuiInaiiuaeuly [30]

AUV BVDIAUAT ANUAUNITN 2

S ki - aunsil 2
sinf, n4

lagdl n ABAIRYHNTNLMYDITANTILALAUNIHY

AINNAMMUAUNUShAIZ AU UAL L BRI N 1SNl AsuLUaY dinaliminnig

'
=

WaguuUaweInugAdureLadazideuleluiadiennueniaduigndiinainnisinm
Yesuadonuaud nseentuulaudniinisinulurasirnalugisnaueeauning 9 1Wuns
sl v < i [ Y74 =
10 wazsvuulawdngnesnuuulsasiiusyuuiilvg dudeuuaziismuna(30]
2.1.8. Wlanndn fdnwaziluuduung q Yseneuldieg wiediunianunsali

LI Ul E A NS URNININAINANULANIZAIUTN D DN LU UAIUULNUTDISU éﬁgﬂﬁ 17
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JUN 17 uansdnwaszandniasildlunszuiunisnladlnnsiil [31]

2.2, JumpUNIsNanaInany Lag stulaalnns i daumnoull

JUABUT 1 NSVNANUAZDINLNUTIITUNTBLIMNES KAI9INNTEUIUNTHTaUNESIAY

' £
a a =

TdsvinazarevinmuazeineanlasvaddansMandu lunsainnesiulnietaazidudeeldy
isopropyl (IPA) 38 MUeaa1s S INIARUMEAIAIUMUAITYIALdE R ILREE LAY
& v Aa [ < 2 Y v 1 = v
ysansnmRlagldnatau Uiy kasAI5auIs L AINaUNISAEBUAIUENT L ILES
FUADUN 2 NTTUIUNISIARDUAIENITU LIS Lie LALARINTANUS sUaLLELD 35015

1 ° ) ) aa A
uf\]ﬂi\]ﬂﬂqﬁu@ﬂﬂﬂ@@ﬁqﬂqiigLﬂﬂcﬂaﬂmﬁwqﬁga’]EW]ﬂJE]Eﬂ,Uﬁ’]{L’JLLﬁ\TV]EJEﬂ:UEU?J@QL‘Vﬁn

2 1
U ]

TunauN 3 NTaunsuRINITaIgua e lRfYIazaeTTIEINa1TILEINaIaIN
nszuunsdeumenstunies Wunidduduneuniaudify Weswnawateuldiiissne
aglianunsamdndinazaneviavanle sgdwradonnnImTasaslkasinisauniuluenavi
TiAnnsyhaeansusenevluanshnasarananulias sseznawilunldluniseuinldde 1

a a ° P = = ~ Y]
wiingluasesiauToukuvagyInie 115 asewaldeanie 30 uinilumiouau 90 aeen

dwmsuanshinas Shipley 1813 feanshinasusazyinazdaivuigauanizivesansyiniu o
) a{' st & 9] 44' =
Jupaudl 4 n1sarslasasuuesinIun1sedsvashinalasldaueniunie

wrasillawananznvhlnfaufiseneadnilienshwasnaaiduasazate asmareiniu

sraenmdasiulnlaundn dnduashuamwiauinuazassiudrudeldashuaminauiagui 18
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Resist
+= Si02

Mask

Positive Resist / \Negativc Resist

JUN 18 Anuuansasyninanshiuasyinuanuasyinau [30]

Fupeudl 5 Mseundindiunisateuas eannduis (standing waves) luanshauas
Taevhluldnseusoufigungl 115 ssrmisaifoa a1 1 wifluiaziuegfusiinvasanslouas
A8

Fupeudl 6 n3dsluthenadl (Developern) Tngldansazareiiandusanieluggale
@513l fhogratnenaiiild leun Tetramethyl ammonium hydroxide Ineldfuansliuasmin
51800 series 4f5vazinan 60 3undl figaumgiivies

funoudl 7 nseufoundminnisdrsluthenadl 1oy fudsseudumunstanseu
2998798181ALNIFVINFINIALA1DINNAININAITUIUNITHES

Funeudl 8 Photoresist Stripping n&1a1nn159Tnlaalnns fugasdudedn
anshuas Biheianrensavarsarshuadluszdlauvde Shipley 1165 Remover (aka NMP)
wiozdlau livmzierldlunisidaanshuas anusulegeuesosdlnuviliiAnniseuuiisi
madwasiliAenisdnnseuvesiundeufinndeununiusosiu ndanisidosdlnudodnede
isopropyl alcohol (IPA) 71 uaﬂmﬂﬁaﬁhLmemmﬁmaaﬂﬁasﬁwaaﬂ%lﬁmﬁasﬂuamw

wanddulesaw(Oxygen plasma) fiaunsaviuisendulndwesngninanldiduansluas [34]
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3. TllnalnnsrWuuulaildundn(Maskless photolithography)
ilesananlddelunmsndnundnlunismsaiianeisesdidnnsedndlugnanmnssuyinla

szuulnlpdlnsnsifwuulildundmduiianls wsizidussuufianuisoansuussuialy

nszvauNsladlnsnsilla nsiuianeisasmeszuulnladinsnsuuulalaundniivense

£

suulilas Tanudangulunisaieainaeuasldszagianlunisudnliui Tudagdumalulad
figniianununisldindnlunszuiunsdsnaniinaneyszian loun gunsalasninuea danse
9AINNANLNAT (Liquid crystal display, LCD) gunsad spatial light modulator (SLM) k@
gunsalnszanvwalupsoudusiu

3.1. gunsainszanvuinluasou (DMD) luszuugunsainszanlunseuddsia vt
wilougUalauaseslunisatsnmuesssuuiivszneusmeen sisdveenszandmasudufinea
Tuwdagfiniwaaunsnideslddonisauausiunszualiin Sadsnaliuasfinnnsgnuifanis

wWasuwdas Tuszuuliledlnsnsiwuulaldundnasldaunsainseanluasounda lunisasng

sULuUVSeaIRaNgfeINT saneunuUNsidandn fagun 19

Imaginary Reference

Diffuser, o
Grline Filter, |
& Collimator ele
i DMD
Light Source I \ I!L‘ b\l 7 (First Object Plane)
[HNHNHV 4
Y [ i MLA Back Plane
, ‘s mam
Law A @ilellel

1:3 Projection Lens {

v e | |
y v DMD Image
o (First Image Plane)
First Image Plane/
Second Object Plane Integrated MLSFA !
r B

High NA

MLA Foci
5:1 Reduction Lens <

(Second Object Plane)

e
= o
I Substrate I

Point Array

-.>ﬁ(_----_--.-

UM 19 uanssiregnmsneiryunsainendegunsalnszanvuialuaseuanyiglunisaiany

Yaaulaunsa[33]
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3.2. 9DNNHANLUAIVT090UOaTR (Liquid Crystal Display)

vonmueadn Wugunsaliltlunisuananaluguyes nmm v3ed 1y nsuannmues
Tnsvien] aefanef Taufsgunsalililunisarsam wu Waaawes 1wy seueadiddnwus
Dhuwkuwuusu Uszneuluedusing  Taun

1. Suvewsiuinalsluuuag

2. wuwifiuszneudeduieyiivesnlad

3, Juresndnvien

a.uduwiivsEneudeduisufivesnlerfisosiuluiuiuey

5. Furesusiuinanlsfluniiueunay

6. N3¥AN

$a3UTl 20 0. ssAUsznoUd A YEIIBLEATALAUA WARWAY 1130 Liquid Crystal Bady

miﬁﬁammagjsz‘mfwuaaLLGﬁaLLawmmm wazdanulusalalus Janwuzsgeaiuraneinea

= = v o ' ! a aa s 1 Y 1 a6 a o o =
Glj\‘]LﬁENC‘]'JﬂU@éJJ 3 L‘UaaﬂLULLCﬂaS 1 NNLa hazdnalnaTanIg 4 IWLLﬂ AUNNU ALLOLLASALUYTI LND

AIUANENUIINUUIBNW 20 2.

. i
\”\ 6
Qe
~d ‘3
2
1

9.

COLOUR
FILTERS

NEMATIC
MOLECULES

VERTICAL
FILTER

HORIZONTAL
FILTER —

5UN 20 . uansduUsENaUTUANG 9 YB39BUeATH [34]

LAY 7. WANNANWAELAaTAnwaluTuNANYaD [35]
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q. miﬁugﬂﬁumuﬁfmm%iaqnﬁq Computer Numerically Controlled (CNC)
ma%ugﬂ%mué’wm%mﬁq wiefia MIruANNIuTeLAIosdnsem&ud
Favdienoufinnes sruunsufinnesuazszuudidnnseindidudiusyananauardaeny
ia3eadnsliinnundelinnisiadeud dsneiesufuRnisvestin@nuiiliades minicNC Ju
BS100507 Hdnwaurssgudl 21 1edes minicNC aziduedosdnsvunmdnivhausemsaiug
WUU CNC WhliAanistundeuveaadesdnslunnusiig q feuewmes 1w3ee micdCNC a1u1se
iludsggndldanldnainuans 1wy n1stuiunu nssuautugufeedos minichC 3o

(%

13831 Subtractive Process #.lun1suaunistugulaenisiavsedaiivesiansaiuliiisusng

9 U

a Y P ] caad Y] . Y] Y] s
AundaIINMISAnnIoaniuy tagldgunsaliiiiedn aenin (cutting tool) BesmaninLaani
namnateuwuy NMslduveneninduag iudnuMzIusI0enNk Uy 1Y WNEdan Y3l
warUssinnanfildlunistugy wu ll egludendudu [36] Fuaiesdnsdandanunsaduild
Tunstugurunuidugunsallunsseanasesszuulnladlnnsiuuulaldingn

P399 MiNICNC gdldulsznaunan & loua

1. lpssasivenn3esdng axusenaulusig

1.1 g1ureesod Faduuinadmsuininsanidesintusy vinuguildedining

uBawss anansasudmiinuesiagls nusieanznisduaziiou
v « d' d' d' [ < ¢ A o Y a
1.2 yaduiadouaznsiAdoufivenasesdng iWugunsalnalnanisnanvinliiinnis
d' d' [ U o v = < ¥

\nFRUTvRINeNin YaduindeulzUTEnaumiy veaang uazanUuidusiu

1.3 fdunendn {udiundanenia diudlazivemesiang fnuaunisyuvesiane
Tuseninnnguau

Y = A ca & Y Y = = o ¥ a o a
2. YAAIUANUNITVULARDU AB Q‘Uﬂim‘wLUu@’JﬂDU@M“@@ﬂJULﬂﬁ@u“ljﬂﬁ/ﬂiﬁLﬂ@ﬂ’]imﬁ@uwﬂ@ﬂ

9 9

v @ [

ftunendaliindouiiluunuss q gunsalludiud 1wy awudesuaimesuazuasa
AIUANNBLADS

3. TUsunsumruauiinis Jusgivaunifavesléeru tsu Tusunsy Mach3
TUsunsumuauazdnihiluniseld G-code Tidudyanalunismuaunisvyuves
oo iisludiuauauiirmandeuiluuuiinusing 4 uazarudlunisureaiady

ABNAA
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ynduiAGau
a -
NIAROUN

YDIATDIING

1Y) o <
YAAIUAUNTIVULAGOUN

AJunanna

FIUTDUATON

Ul 21 dnwaguavdinUsznauveaainadng minicNC Ju BS10050Z

=~ A = o -
LUINITLARDUNIVBILATIANT MINICNC
WAIDINA Mini CNC 98U52NaUlUMELNULAADUNILLLD 3 TR LALA WAU X WAU Y WAy
wnu Z Tunisiedauiivaanny X duaziduwnunisiedeufvessniduneniamuluieniaiaain

dl' < o ‘:l' v @ v o [ d' d'
NUZTUTDUATDY Tuwnu Y 2z duiuin1siedeuiueeiIune nAnfRIRIn 919 UNSIAR DUV

wn X waglunwauny Y ssifuwwinisindeunvesndudainluwuidu - a9 degui 22

5UN 22 LanuINsAGeUNveuATas miniCNC
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nénnsintugulnudusulneinias minichC

N1391191U789LATDY mMINICNC 92gnAUANAIE NC code 30 G-code Lunilaly
AwiReuined MlWd G-code armuauNTIAduTiveILnusig q vasiadunenda Belud
awdanamavannsnideuiuinies visldlusunsulunisaiiduan fegrelsunsuilélunis
a$74lWd G-code leiun TUsunsu Mastercam X5 1usiu ndnlunismuquasindeuiivediaies
miniCNC Suagldfdalunisiadeud dafusidesdinnsdefisazuduluunu X Y wae Z (0,0,0)
dieliedosannsavinulfegegnioamunsoonuuuiuey

#8813 NC code %38 G code Tun13AIUANLATES MINICNC

Q

00000 (T)

(DATE=DD-MM-YY - 05-03-19 TIME=HH:MM - 20:18)
(MCX FILE - T)

(NC FILE - C:\USERS\MITAR\DESKTOP\T.NC)
(MATERIAL - ALUMINUM MM - 2024)

( T60 | 5. DRILL | H60 )

N100 G21

N102 GO G17 G40 G49 G80 G90

N104 Te60 Mo

N106 GO G90 G54 X10. Y10. AQ. S6000 M3
N108 G43 H60 725.

N110 G99 G73 Z-10. R25. Q0. F200.

N112 G80

N118 GO XO0. YO. AO0.

N120 M30

o

¢}

(% 1%
(Y =

TUABUNNTTUITUMIELATES MINICNC
1. 99AWUUTUNUMBIUIHLATUAI NS UDDNLUUTUINUY 11 SolidWorks
FuRnBuuseUsznnlng

Walwanvuinaeluswnsy Mastercam X5

p LD

gonuuUITN1sAnTuuAlduulusunTy Mastercam X5 @auumilusunsuaziiuseinm
MsfindugUuauwuusng 4 Widen lawn nsinveu msdiniamiiuaznisate Wusu
5. denUssunnaendiaildlunisin@uau vuaeenin saudeinuamnansilunisnyuves

aanin A lunisiivresnande szeslunmsiradlulunsazase amnuanlunisia T4

v I

N13MNUASNYANEYRIRRNAALALA1DY 9 fosAdafsianisniunVusud uaunas

q

ANWLNUNLTIDONLUY
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6. ME@INAIEIINTTMedie o Beudssudusiaunsaudadiamddniulng G-code
AaelUsHNTY Mastercam

7. lEfldasdulidussnn NC anmnsatludadaelsunsy Mask3 Sadulusunsudild
TumsmuANNTaLYBLeAT0s MiniCNC

8. n3sutaglunisfndusudafugiureaados mincNC uazidensumisiia (0,0,0
dmdumsmugunsiAureaeies CNC udanaty Start ielFun1shauvesaiesdng

auAdsuulng NC

4.1 penindugunldlunstuguiuau
P304 MINICNC anunsailuuszendldlunisinndaianlivainuaieyusean laun azad
an bl uugilide sudanudamin Wudu Tunsndatunuty nMsesnwuuilndnvueeig
9 vilidedldnondaurazUssnnuansnsiul Ussianaeniaildiuasos miniCNC J6adl
4.1.2. penfndudian (Square End mill) aggnldlunisdnniaiag fdnushe
Uagnaninazisou FMLans195E11190anndulaniunaniaisfe nantazazaulsann
Fuauldlubwinnuaz) whitiu dunenduladszausadadedanlaluynunu (xy,2) lauund
pandulianazildiuiisenia fdu(flutes) uIUTLvDIRNARILTvaRwazanwuznsilUTdu
‘NI 1 % U d’/
PANEAINY f9dl
2 a ¢ ° ) v 1Y iy A v o
Wudladuwuu 1 il wmunzdwsunisldnuTagniidady wazldseulunisings
Wulaskuu 2 fu Tafvasnaninfil 2 duazilsaepmeiauning wuziun1sie
o iy
Tanile
TJukazindean witoldeme LAUNawIRIneanintuIzduuIAldnnNIIneniaLdulakuurals
W AuLdansaRsanatnuluaie
Wuladuuu 3 flu WWuglwuuneninfiegsening 2 fluuag ¢ M anunsaldunu
ponfinnaaaswuulaws idundeudn
& a ¢ Y o & a ¢ S P Pt I o v &
Wudaauuy 4 du TeRveudulianussinnilAovzdununaisilug MlHidauss
1 [ @ a d' o o v [ d' yala a 1 d' a %
nmeniaulialssanau q Huduiuunagyinlinudafladiaissvuinniwuudu o deuld

Aa I3 1 I3 1Y A aA < v o a1 @ a
UIENNUAIULYS LYU LRAN LLEUDLEYAD ﬂ’]’iﬂ?ﬁlLﬁ‘lﬁ}maﬂ@@ﬂ%m%ﬂﬂﬁu%%ﬂﬂéﬂ,mﬂLV]'ILE]UILIZ‘]U

STV 9 [37]
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Overall Tool Length

o
v

Shank Cut Length

More chip space I

Two Flute Three Flute Four Flute Six Flute Eight Flute
Centercutting Centercutting Centercutting Centercutting Centercutting

@ &P RE

L Harder materials

v

JUN 23 dnvagaeniaduliannddwuiuiivansisi [38]

4.1.2. wulannnneu Ienwauzadgnendullawuuuninausiauiuazingld
Bov Tdnvazduinden fguit 15 Wullafaneugnuisesnidu 2 Ussian fe Buiiafiuveny
(Coarse Pitch) uazuuuiluazidea(Fine Pitch) lnsvisaasnuuagiinisiluldnuiiunndieiu
UszinitumenvasilUldfunuiagosin desnstuidetageeninun q egnemniga Ussan
fluazdunvsdauiiuudausindt Rrnuiildeeiinnudeuinnndt wanzdmsuinsewau  lWan

an

U 24 dnwazdufiadinvenu [39]

4.1.3. voardulan(Ball nose cutters) Wunonindusuivatsiidnwazuunay

Rrunlsazliissumilouduiliasnlataseu Totnaunaaanisialas Siusas 2-6 fu
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JUN 25 dnwauzuendulad [40]

4.1.4.99n1A114 (Side & face cutter) FANWULLUNUN ANARBYUTIINTBULEN
AUL9YBIABNNA Uszmmiuﬁm‘uaqmanﬁ’m%’mﬁugﬂaaﬂqumwmaﬂizmm dielwmanzaaly
nsthlvldauludiueig 9 wu aendadiesun@ (plain side milling cutter) Ausinzaguunanin
Aignwazdunsinszuen nMstnnusienenindisssinniazyhliintunudeuty duuin
inlulglunisinsesuaudansesewin ﬁwmwmmzaLLG\'Lﬁumu@uéﬂafm 50 Jadlunsie

200 fadung AU 4.5 Jadas 09 25 Naans Wudu

5UN 26 dnvaugaenining [41]

1% U v Y

4.1.5. aanfinisei(Angle milling cutters) JUs9ddNwuzARIeiuABNTAYS
wisusearliilensensyuenvunu ddnvazsen witeenls 2 Ussande

1.aenini3eiea(Single angle) AUARYLDYTBUUBNVRIFINBNNAR LWaNEd MY
Tunsinseainamden yuannsadnldfivuin 45 uag 60 o9

2.a0nNAL3E3A(Double angle) ANFANILRYTOUUBNVBINDN UANYMLITEILAD

ADY®) TUNTUTTIUAUNUITUATINANADA
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4.1.6. Aanautnsiunsenuinia(Face milling cutter) Tdusun1stuRIngd
Fumiliizeu dnvarariimthnininendeuiinay o

4.1.7. ponidos (Metal slitting saws) iuneniafifvuiauisann aufnegiiseu
WonUeIAEn nzdmsunsintunuliuin dnannatsvuiadaus 63.5 Jadwns § 200
Haguwung

4.1.8. aonainu (Dril) Aemenililumsianslans dnvaizAoasiisoundeey

59UMBNENUNB LTI UNITVIULABIANL TEMIN9N5HETUIU

Uil 27 dnwaizaenainu [42]

4.1.9. aendiy (Tap) UunendniivinliAnindeinisluzvesdduaiu wiasen
Ui wndedlu Tunisivindedluiudedddeunsaliiavnanunsanyulduasvyundule
nanfUndeIIna1eUsEnN taun

Y v

1.apnAUseLnaY? mmzé’m%’umi&"m%umw%gmu ANUATYRINBNILN
ponuuulilisesdmsunisaaavlangeanuvueyinn1siny

2. onfnusesnss wsnzdmdunsianuiidusneg Snuazveinenaseane
azideslunmstedmsunisnaniaelanzasluauans

3. pENAIUUAN8T09R8

4. AaNAULUUSANGE
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ﬂynmmnm._-qe

e AAAARAAAAAAAN

5UN 28 dnvaiznandUusiazyila [43]

3Blunsiuindedlu Sfuuy Manual wieuvufudedie Tnsnisldgunsaiiiadedn
suf Fesaruduiesd 2 Ussian Tesmsldnuazidenandnuuznsldou sufuuud
agaunsomivauauasIvasneniUlivaeinnsiulaieg aenfiuuudsuusslaasivang
dmiunendnvvunalug anueniviliamnsadulfifusiovlfamisamuguusalddngy

5 o = ¢ & o ° a v
uaﬂf\]’]ﬂu@@ﬂﬂWUQﬂqwumUﬂqiwqﬂqu@ﬂ@I’JEJ

UM 29 dnwaugsnudy n. duiuwuuiai @, duiusuuuusssld [44]

Tumsiuindedtiy aedinsiangsiisesneunisidaeniuinaiandelagnisianggi

J99UUADIADAAADINUINIANUABNAIUN LTI UNITAS19NREINIE AR 2



gigmﬂgl. Metric Coarse Metric Fine
: ; Drill Size in mm y Drill Size
Metric | Pitch " Fluted  Fluteless | Pitch | ST
1 0.25 075 - - -
1.1 0.25 085 | - - -
1.2 | 0.25 095 - - -
1.4 0.30 1.10 - - -
1.6 0.35 1.25 - -- -
1.8 0.35 1.45 - -- -

2 0.40 1.60 - 0.25 1.75
2.2 0.45 1.7 4 | - 0.25 195 |
2.3 0.40 190& ¢ - - -

2.5 0.45 209 9 & -- 0.35 2.15
2.6 0.45 20050 W o - - -

3 0.50 2.50 275 0.35 2.65
35 | 0.60 280 WRN - - -

4 0.70 3.30 3.70 0.50 3.50
4.5 0.75 3.70 - 0.50 4.00

5 0.80 4.20 4.60 0.50 4.50

5 - - e 075 | 425 |
5.5 - - - 0.50 | 5.00

6 1.00 5.00 5.50 0.75 5.25

T 1.00 6.00 - 075 6.25

8 1:edB 6.80 7.40 0.75 7.25

8 -- - - 1.00 | 7.00

9 1.25 7.80 - 0.75 | 8.25

9 - - - 1.00 | 8.00
10 1.50 8.50 9.30 0.75 9.25
10 - - _ - 1.00 | 9.00
10 - - - 1.25 8.75
11 1.50 9.50 e 1.00 10.00
11 - - - 1.25 9.75
12 1.75 10.20 11.10 1.00 11.00
12 - - - 1.25 10.75
12 - - - 1.50 10.50
14 2.00 12.00 - 1.00 13.00

4.2. ANuSIuNIAATUNU(Cutting speed) wagdnitUou(feed rate)
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M13197 2 wansANFNTusvewIAdugudnasgziuTInYBLdUNUALINa1a UMY

< [ A o & . = PN [y Y o 1%
ANUSIlUNTAAYSefnTuIu(Cutting speed) vunefieszaziinaniavulavinliiy

[

ANULEIFINAMNEILTALIULLAIINAMNLEITEUTVIRNAR FaALELRLS Al

Y0IRDNAALAADUN LA I UTIIAMTANITIAR DU IUTEUNTBIABNAR) Ty waseaufl @4
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N=2 aunsi 3
nD
Tog@l N e Aansaseu(Spindle speed) Simiendu seu/undl
CS A AR (Cutting speed) nuaedu wns/und
D Ao iduriugudnannenin ey wns
Snsdoufeed rate) \usseriinentnndeuiivuianiidosmstugulussesiinendn

= [ = [ = 1 I~ a a 1 = ) v [y v 6
wyulunilsseusiendsituin Iviiedu Tafwesdeiiy Fwaunsamuiulaananuduiug
Vf=n Xfz XZ aunisn 4

Wefl  Vf fe anasalunistonau wholu Sedwnssouyl

n  fe AUITEU(Spindle speed) Anuleilu seunaund

fz Ao dpstloufeed rate) Hmheilu dadunssoilu

Z @9 9nuiiueesnenia [44]

Y < (% : (% v (% ‘d’f : a Y
wANINAIUT AISLUNSIRTUNY wavdndeuuadlunsinuguua ndiuds

nilandAryAanuanlumsin(Depth of cut) TuediumawauaIawazvinvamaniniINgn

Juanianvidale aonnnUsslan High speed steel AaslymAlnuanlunisinnsias 1-1.25

q

o o (%

TAAAT @MSUNISAANENU WL MANUANIUNSNAASIAL 0.25 — 0.5 Jadwns @15un15ne

LS

5. gsbuasildlunszurunsiladlnns il

anshuas Wunidlutaniifianuddglugaamnssuanslangis arshuaaduned
wes vlianis awnsauvseanld 2 Usziam leun arshuassiaauuazarshuasedauin
ashiuas 2 vdadananuansstufianmmdsnisaisuas arshuasinavuinandudatuues
wudafuarhigniliameslundminnssuiunmsldthends Tunmemssiuduamsluasin
vanuTnufignaneuas axgnihliazangludaiiends luaeivinaibignuasnsaseguiiiag
gnvdnsaeansiedl [45] faguil 30 anslauasiis 2 vdin Tdun sdauanuassiinauiinudnuas

Y 9

LALUDAUBLFLLANANNUAIAITIN 3
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JUT 30 uanansvihauvesanshiuasisaesyiln laud arshuasidavinuazanshawinay

[46]

P Y a
A15197 3 LEARIANELTRNENT I ILEITAUINLAYAU [47]

ARANYY anshuaviiauan a1shuasuiinau
nsFuiIiUTaNaU i AN
5701 HPRGREN ERCRIEGR
viimhegail asiazareluin aa3unin
a a H = a = a Y
feavarelueed USulignany USuiilignane
AiEnfaniias e 0.5 lunsou 2 luaseu
ANUAUNIUNITANNTBUNNALAL #in GN

A15130as WANINALYNWUIUTLANANEN BUEVaIN1TRNEKAT Selinsuusnulasease

maadl @unsautalaidu 3 Uszian laun anshwasslialnlnnediues (Photopolymer

photoresist) @15lauasriiniazarsfaniguas (photo-decomposing photoresist) Wag

anshuasnillasasadusunlaneunas (photo-cross-linking photoresist)
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Wlawediues (Photopolymen) fnifiuansuszinvueda tewawasAllyl monomer) ile
gnansuasaznaeduasiiiueyyaiad fe ozmewvideluanafiididnaseudorlutuuonan
annsadunieadaiuseiuansiuldednasimds laneawesdomhuldiduashuamwinay
SNFA0EYU LAALLIATIAN (MMA)

ashuasiafiazatesifieuas (photo-decomposing photoresist) tHuanslauasiioz
naneduansiannsaazansluih (hydrophitic) Sesthuldifuansluasdauin e
anshuasUszani 6w azide quinone

anshwaafiilassasadusamlddeunas (photo-cross-linking photoresist) Ju
anshuasfiannsadanisinzdndusumiiilazaneld dWenunsansuas ansliuasdia
Iassasradusrauwnlamenas danldduanshuasiinau

wonnidefianslnasfiidedn Off-Stoichiometry Thiol-Enes (OSTE) polymers 181
a157iUsznovlusie off-stoichiometry thiol-enes (OSTE) wag off-stoichiometry thiol-ene-
epoxies (OSTE+) Lﬁ'aﬁwma%ﬁaLﬂu%’jul,aL%J@%(Self—assembted monolayer) UULNUTDITU e
L3I1URAINALNIURAIAIUN OFf-Stoichiometry Thiol-Enes (OSTE) polymers $39ginadns
wiloutuanshuasiindy q fawnsedresnailddesmsidmetead (48]

Tudruvesanshuaseiias q du ueninluguvesvesmaiuda Tutlgiulddinsiamn
Tegluguvemedmesiiddnvazadiounuiidy #9931 Dry film Photoresist Sedusnnildusila

fargnihluldlunisinanesasdidnnseiind Band1 wiufidd (PCB) Anvarvesanslhuasuin

&y Faguit 31

U 31 wansanshuasuilnildy [49]
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Abstract

Widefield microscopy refers to a technique to illuminate the light to the whole sample. The primary function
of a microscope is not only resolving details of the specimen but also enlarging the size. Though the microscope’s
applications are mostly serving as a magnifying device, however, its optical alignment could be modified reversely. In
this work, we propose to modify the widefield microscope for projection micro-pattern without the mask that would be
utilized in the photolithography process. Herein, we used LED as a light source in Kéhler illumination where the light
was condensed and projected onto a transmission LCD by the three-compound lens, namely a collector lens, a field
lens, and a condenser lens. The light passed through the transmission LCD originated the desired pattern to be projected
through an objective lens, where it is adjustable for 4x and 10x magnifications. The objective lens was used to reduce
the transmission pattern size to the micrometer scale before projecting on the substrate. To observe the image plane of
the pattern, we can use a beam splitter added into the alignment to reflect the pattern back to a CMOS sensor. Based on
this alignment, the pattern can be designed easily using a computer program such as Microsoft PowerPoint.
Consequently, the minimum size of a micro-scale pattern can be reduced to 10 um when the projected image was
exposed on the substrate, i.e., linear line, droplet array, grating, and T-junction. This work can be applied towards cost-
effective photolithography applications where the mask for patterning would not be needed.

Keywords: Widefield microscopy, Projection maskless micropattern, Microfabrication, Optics, Instrumentation

1. Introduction

In a general view, a microscope is an essential device used in various fields of biomedical studies
in order to magnify and resolve small details down to 0.2 um which is a limitation of visible light (Chen,
Zheng, & Liu, 2011). Because of the abilities of the microscope, it would help scientists to work easier and
more effective, especially in the medical field trip and school laboratory. For the optical view, the system of
the microscope is conventionally aligned based on a basic of widefield technique. It is one of the
illumination methods that could be modified and developed to more advanced techniques. For example,
Pechprasarn et al. (2018) have shown the modified widefield microscope for low-cost automated whole-
slide imaging applications (S. Pechprasarn et al., 2018). The widefield illumination system consisting of
three lenses, namely a collector lens, a field lens, and a condenser lens, was used to shine the light upon the
whole sample and was combined with a motorized stage in 3-dimensional movement. Therefore, this
microscope could capture and stitch images for a large-scale area. Such illumination is called Kdéhler
illumination (Dawe, Schantz, Abramowitz, Davidson, & Hutmacher, 2006). This method does not only give
even illumination onto the sample with condensed and uniform light but also reduces artifacts in images
wherein they are useful in phase contrast imaging, differential interference contrast microscopy, and
projection photolithography (Love, Wolfe, Jacobs, & Whitesides, 2001)

Photolithography, so-called optical lithography, is the main process for the fabrication of
semiconductor (Ronse, 2006) and microelectronic industries such as integrated circuits (IC) and micro-
electro-mechanical systems (MEMS). This technology has allowed printing of scaffolding pattern in
printing technology and microfluidic fabrication in a laboratory on a chip. This technique uses the exposure
of UV light with a wavelength between 193-436 nm to transfer the pattern through a photomask onto a
substrate that requires a photoresist coating (Li & Wang, 2012; Pimpin & Srituravanich, 2012). The
photoresist is a combination of a film-forming agent that is sensitive to the irradiated light. The photoresist
area, which is unprotected, can break down in the development (Pimpin & Srituravanich, 2012). Therefore,
the photolithography technique is most widely used in small patterning as well as microchannel fabrication
(Ali et al., 2013) where the photolithography process is used to create the platform in a biosensor system.
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Pechprasarn et al. (2016) have enhanced the sensitivity in the optical biosensor via grating platform in
which the micro-patterning needed the photolithography technique (Suejit Pechprasarn et al., 2016).

However, the limitation of this technique involves the fabrication of the photomask process and its
cost. When the mask designer creates a new pattern, it leads to the new mask fabrication. This process
produces the difficulty of patterning, manufacturing time and costs leading to disruption of innovation
(Menon, Patel, Gil, & Smith, 2005; Seok Park et al., 2009). Recently, maskless photolithography has been
developed. This system integrates either the digital micromirror device (DMD) or spatial light modulator
(SLM) instead of the photomask. The maskless photolithography technique is cost-effective, flexible, and
time-saving (Jun Zhong, Qing Gao, & Li, 2013).

In this work, we introduce an idea to modify the widefield microscope to be the maskless
projection system for micropatterning. The optical alignment has been developed by adding the optical
component and projection device using liquid crystal display (LCD) to project the pattern image, like
turning the light ON and OFF. The pattern passed through the LCD will be then minimized and transferred
to the substrate. This maskless patterning system based on the widefield microscopy leads to a uniform
projection of pattern image. In addition, the modified system provides cost-effective maskless patterning
giving more flexibility in pattern design.

2. Objectives

1. To study and design the optical alignment of the widefield microscope for projecting image.

2. To construct the modified widefield microscope for projection maskless micropatterning which
is to be useful in photolithography applications.

3. Materials and Methods

In order to study and design the optical system for the widefield microscope-based maskless
patterning projection system, we first illustrated the schematics of optical components and alignment
conditions for image implementing.

3.1 Implementation of conventional widefield microscope system

The optical system of the widefield microscope consists of a light source, an illumination optical
system, objective lens, tube lens, and CMOS sensor, respectively. The schematic of the optical system for a
conventional widefield microscope is shown in Figure 1.

Based on the instrumentation system, the light source produced the light passing through the
alignment of the system. In conventional, many types of lamps in the commercial microscope are available
such as halogen, xenon, and arc lamp, including LED. The illumination of the optical system was designed
to create the condensed and uniform light to expose onto the whole sample. Kohler illumination provided
the condensed and uniform light through three lenses which are the collector lens, field lens, and condenser
lens, respectively. The field diaphragm was also placed between the field lens and the condenser lens in
order to control the field of the image plane and adjust the intensity of the light. As a result, the light
passing through this illumination will be achieved the proper light intensity onto the sample. Objective lens
was used to magnify and resolve sample details in which there were 4x, 10x, 40x and 100x magnifications.
The higher the magnification, the higher the resolution can achieve. The resolution which is the ability to
resolve two points in the image significantly involves the ability to gather light, or so-called numerical
aperture (NA). The NA, therefore, is used to measure how much the light can be collected. The high
magnification lens having very short working distance provides the high NA value. In the experiment, we
used the NA value of the objective lens as same as that of the condenser lens in Kéhler illumination. The
NA value can be calculated from a reflective index of the lens related to the light cone angle that the lens
can be collected (Mansfield, Studenmund, Kino, & Osato, 1993). In general, there are two types of
objective lens, i.e., finite conjugate and infinite conjugate objective lenses. The finite conjugate lens will
focus the light from the specimen at the focal plane of the objective lens. On the other hand, the infinite
conjugate lens will create the parallel rays, the light is not focused. So, tube lens must be required in an
optical system with using the infinite conjugated objective lens to adjust the focal length of the light from
the objective lens. The last component was the CMOS sensor adopted from the sensor of a digital camera
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for recording the image and manipulate in a computer program. This conventional system has manipulated
the referred results related to the resolution and the optimization via Kohler illumination technique.

CMOS sensor

LED ®
_f/. \ ,a',""l \\ \
! © Tube lens

/ \
/
/ \
> Collector lens

Objective lens

C—————1 Sample slide

<> Field lens

/

Condenser lens

Aluminium Mirror L. .
Aluminium Mirror

Field diaphragm

Figure 1 Schematic of the optical alignment of conventional widefield microscope

3.2 Modification of widefield microscope-based maskless patterning projection system

To transform the conventional widefield microscope into the modified widefield microscope for
the projection system of micropatterning, we have designed the optical alignment as shown in Figure 2
which use the same technique as in Kohler illumination. The optical components inserted were two parts,
that are, the patterning used as the light obstacle and the monitoring used for capturing the picture for
further processing.

Figure 2 shows the system of the modified widefield microscope. The selection of the light source
for the photolithography was considered depending on the wavelength which can engrave the photoresist on
the substrate. Some experiment used a halogen lamp with 405 nm wavelength (Lee, 2010; Love et al.,
2001). However, in this experiment, we have proposed to demonstrate the setup of the projection
microscope for micropatterning. This work thus used the 50 watts warm white LED with approximately 600
nm as a light source of the system.

The illumination system was similar to the conventional widefield microscope that uses Kohler
illumination. In this system, the light was illuminated to the transmission LCD plate where the pattern can
be created easily using a computer program, for example, the Microsoft PowerPoint and Paint. The pattern
composing black and white patterns will obstruct as an analogy between OFF and ON light, respectively.
This provides the flexibility to design the new pattern dependent on the applications. In addition, the
transmission LCD has controlled the area and field of view of designing patterns matching to the
minimizing lens. Thus, we can remove the field diaphragm from the illumination system. The pattern on the
transmission LCD was carried by a convex lens and reduced its size using the finite conjugated objective
lens. The pattern image whose size was reduced was projected onto the substrate. In the monitoring part, the
image of the pattern on the substrate can be reflected back from the objective lens to the CMOS sensor
adopted from the digital camera where the beam splitter was placed as in the figure.
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This system has been demonstrated both of the projection microscope and the monitoring of the
pattern simultaneously serving the precision and the pattern correction to be engraved of the desired
microfabrication.

® LED I/:I Substrate

CMOS sensor Objective lens

© Collector lens

Beam splitter

|
<> Fieldlens

LCD
Condenser lens 200 mm lens

Aluminium Aluminium
Mirror L Mirror

Figure 2 Schematic of the optical alignment of modified widefield microscope for projection maskless micropattern

3.3 Patterns and optical alignment testing

Figure 3 shows four patterns as the sample to be demonstrated the projection onto the substrate.
There are a linear line, droplet array, grating, and T-junction, respectively. Due to the projection technique
based on this microscope, the patterns are capable to design conveniently using a basic computer program
and interface to the transmission LCD plate. In this work, we created the patterns to be projected using the
Microsoft PowerPoint. The first pattern was a linear line with a 0.11 mm width projected through this
microscope to find the narrowest line on the substrate. The second pattern was a 3x3 droplets array with a
1.20 mm diameter of each circle and is useful for the fabrication of microfluidic platform for the detection
of E.coli in the water (Golberg et al., 2014). The third pattern was a linear grating with a 0.25 mm width
and gap used to enhance the sensitivity in the optical sensor (Suejit Pechprasarn et al., 2016). The last
pattern was T-junction with a 0.20 mm width as a basic pattern of the microfluidic channel for mixing the
chemical agents.

Figure 3 Pattern for projection on the substrate
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4. Results and Discussion

The optical alignment of the conventional widefield microscope has been implemented showing in
Figure 4. As seen, the components consisted of the high-power LED as a light source of the system as a
reason of cost-effective and avoiding the heat problem from some types of the lamp (Albeanu, Soucy, Sato,
Meister, & Murthy, 2008). The illumination system consisting of three convex lenses were the collector
lens (50 mm), field lens (200 mm), and condenser lens (50 mm, 0.4472NA). The field diaphragm was
placed between the field lens and condenser lens. The magnification system consisting of the 4x objective
lens (0.1NA) and the 10x objective lens (0.25NA), was used herein. These lenses were matched with the
NA of the condenser lens which was below 0.44. The tube lens with a 200 mm focal length was matched
with the finite objective lens. The image acquisition system and monitoring were used CMOS sensor having
size of 22.3mm x 14.9mm (4752 x 3168 pixel, Canon 50D). Other components, the aluminum mirror was
sputtered aluminum with a 202 nm thickness used as the reflector where %transmission was less than
0.05% in a range of 200-1100 nm wavelength.

LED Collector lens

(50 mm)

Field lens (200 mm)

CMOS sensor Aluminium Mirror
Tube lens Field diaphragm
(200 mm)

Condenser lens
(0.44 NA)

Objective lens

Aluminium
Mirror

Sample slide

Figure 4 Implementation of the optical alignment of conventional widefield microscope

As a result, the grating target of USAF1951 (R1DSIN, Negative 1951 USAF Test Target,
Thorlabs, Inc.) was used for testing the resolution of this widefield microscope. It was placed in the position
of the sample slide as seen in the figure. The resolution of the image acquired from this system can obtain a
measurement of approximately 8.7 um which was the smallest details that are able to resolve the image.

Figure 5 shows the modified widefield microscope that has been implemented. We have
transformed the system into a projection microscope for maskless patterning. As seen, the transmission
LCD was inserted into the projector part. The convex lens with a 200 mm focal length was used for
carrying out the pattern from the transmission LCD to the finite conjugated lens and the beam splitter which
helped us to collect the image from the substrate. The objective lens was inversely used in order to
minimize the pattern instead of magnification which was the result of the conventional method. Therefore,
the image was projected on the substrate with micro-size and high-resolution image. In addition, the
illumination part has to be covered with the aluminum sheet because the amount of noise from the
circumstance affected the low intensity of imaging. The imaging results of the patterns in Figure 3 will be
demonstrated in the next section.
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Figure 5 Implementation of the optical alignment of modified widefield microscope for projection maskless
micropattern

The results of the system in the figure below show the four patterns projected on the substrate
using 4x and 10x objective lens related to Figure 6a and Figure 6b, respectively. The results show that more
magnification and more NA gave more resolution and contrast in accordance with the rules of resolution
that were 0.61) over NA in the xy-axis and 1.67A over NAZ in the z-axis (Mansfield et al., 1993).

(a)

(b)

Figure 6 Patterns projected onto the substrate (a) using 4x objective lens and (b) using 10x objective lens. The patterns
were linear lines, droplet array, grating and T-junction, respectively

As a result of pattern projection shown in Figure 6, we acquired these images from the monitoring
part using CMOS sensor interfaced to the computer. All of the patterns can be obviously seen and resolved
with the details. To evaluate the size of the patterns that was projected on the substrate, the demonstration
was achieved to project the minimized patterns on the substrate and simultaneously reflect back to the
CMOS sensor through an objective lens for monitoring. The CMOS sensor was connected to PC via USB
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cable so we can control the digital camera to capture and collect the image. Then, we can estimate the size
of the patterns by comparing with a known object (width of line pair) of 1951 USAF image where we
captured 1951 USAF with the same objective lens. The smallest micropattern size that can be projected on
the substrate using this alignment was approximately 50 pm with 4x objective lens and 10 um with 10x
objective lens, respectively. However, the size was calculated theoretically related to the resolution of the
CMOS sensor, which their real size could be observed under the electron microscope after the etching
process for further work.

5. Conclusion

The modified alignment system of the widefield microscope for projecting a maskless
micropatterning system has been implemented. The developed system consists of high-power LED as the
light source of the system, the three-convex lens of Kohler illumination for uniformly illuminating the
whole pattern, the 4x and 10x objective lens for reducing pattern images instead of magnifying, the beam
splitter, and CMOS sensor for observation. As a system testing, we projected four patterns, namely the
linear line, droplet array, grating, and T-junction on the substrate. Consequently, the pattern projected onto
the substrate was measured at the size of approximately 50 pm with the 4x objective lens and 10 pm with
the 10x objective lens. The projection pattern can be taken simultaneously by the CMOS camera in the
backward reflection alignment which is very convenient for observing during the projection pattern incident
on the substrate. The projection system will be integrated into the microfabrication of grating for further
process. We expect that this system would reduce the cost of photomask fabrication, provide flexibility, and
save production time.
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