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Abstract

In this research, we designed, fabricated, and observed optical properties of
holographic grating. First, the interference pattern of mask is designed based on
mathematical model using the interference of two plane waves with various interference
angles, where the interference angles are 0.45, 0.50, 0.60, 0.70, and 0.80 degrees,
respectively, to obtain a mask with different width or erating period according to the
various interference angles. The mask generated by computer simulation is printed on
the plastic film, i.e., the holographic grating mask. Once the mask is obtained, it is
transferred to a dry film photoresist by using the Lithography method. The substrate of
the film is polyethylene terephthalate and coated by dry film photoresist. To transfer
the holographic grating from the mask to the photoresist film, the mask is attached on
top of dry film photoresist. Then illuminated by UV light, the interference pattern on the
mask is transferred onto the dry film photoresist causing the negative grating to appear
on the dry film photoresist. From the experiment, it is found that the exposure time is
10 minutes. To confirm the grating period of the negative grating, we observe the grating
by the optical microscope. It is found that the periods of negative grating are similar in
size to the interference pattern on the mask, which are in the range of 45.38 — 82.38 um
and the density of the negative grating grooves are in the range of 220.00 — 121.00

line/cm. To obtain permanent holographic grating fixed on dry film, the dry film is



coated with metallic vanadium by RF magnetron sputtering method, the radio-frequency
power is 100 watts and the deposition of film is 30 minutes. To confirm the grating
period of the holographic grating, we observe the grating by the Scanning Electron
microscope. It is found that the periods of holographic grating are in the range of 46.34 —
83.49 um and the density of the holographic grating grooves are in the range of 215.00 -
119.00 line/cm.

Next, the measuring the period of holographic grating and analyzing the
diffraction properties of light through the holographic grating by Illumination of the laser
beam method is present. When illuminated the holographic grating with laser light
source, the diffraction patterns appear on the scene. The period of holographic grating
can be calculated from the first order diffraction pattern. The experiment results show
that, the period of holographic grating are in the range of 45.32 — 82.40 pm and the
density of the holographic grating erooves are in the range of 220.00 - 121.00 line/cm. It
is found that the period of holographic grating and the density of the holographic grating
grooves are in agree well with the period observe by Scanning Electron microscope and
correspond. to the period of the holographic grating mask. From the experimental
results, we could apply this method to fabricate holographic grating with period of the

desired size.

Keywords: computer-generated holograms, dry film holographic grating, grating period,
lithography method
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LARDUN AN ANTINULANAIINEIPAULAE?
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2.1.1 ASUNINFDAVDIARULES [3]

Tt a.a. 1802 nsfa &9 (Thomas Young) HnilAndusangwlivinansiiuandliiiuin
Adukasasounsnaenfuld Weliuanensidrmutesiauiidnun 9 tiiosziluundeiuia
LU § AUkt uIzuin T eanunTuadunsanay Tasdulumumdnnisvessosinud
(Huygen’s principle) euasmnnsgnudavesuaug s, uaz s, feglndiu Inefidosuaugiiy
uwdsrineiusveuas JauaaRanisunsnaenduuuaniduuauiinuazuavainsaduiu ne
Fruisiindunaaowrauiulvlanssiuasfansunsndenuuuiaiy Usngbiduduueuaduuan
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5UN 2.1 MIMAa03veIdauansinveLaulonuYaAUe

AIFUR 2.1 21N1INARRIYDId B TEUNNTUNINERAYR LA IHAR YN IUAULAS

(path difference) Lnaag A

2.1.2 SULUUNISUNINADAYBIUES [3]
NN15AEeaedslil s, way 5, wiutouaus Weia1sngn P yuan Jeegvirady
Je8¥ L ANYUAEA AIAUAIIE & TENIAAUNIEDININNTNRA P 98NenUesiuauiugns

fpuaonadoufiundsqn P Inefivanssiu awiAnnisunsnaenuuuLas i
S,P—S;P =A= ml = asina 2.1
fpAuaoundoufiundeqn P lnsfinlanssduiy asiansunsnaenuuuindnediu
S;P—S$,P=A=(m+2)1 = asina 2.2)

W915001990 P oglndfulnuBauatiufe y « L15193Usvanal sina = tana =~
- [ < P
199970 a Wuysidngagledn

= (—) mi (2.3)

ay =2t (2.4)

lpguauilnregNnaNTEnInUauaINe FAaLanIgun 2.2
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t Y t Y t Y Y t Y t f t
m=-3 m=-2 m=-1 m=0 m=1 m=2 m=3

JUN 2.2 ANUdUYDIAINAIENITUNITNADAVDIYDUANY13E

NN (2.1) UUaNNTTLEAIPANING1NTBIHAUATN Insdinuiduuasgiaaile

a2t =m (2.5)

nauns (2.2) Wuaunisiuansgaisnanswesaulin wazdiaudulainigaile

(== m (2.6)

A2 2

2.1.3 N3N5TANYAIULYULLES
NSUNINADAVBIAAUTYUIV E, Uag E, NHAudiiny IneRarsananauvmidainines

vosauuluia ﬁ’qﬁfuaumisﬂaaﬂﬁuaawmuaﬂﬁﬂu

E1 = EOl COS(kl 1 —wt + wl) (27)

Ez tS E02 COS(kZ - it @2) (2.8)

= d s A

Wl k uas ky FR LINWDSAAY
i Ao NI uivasgale 9 Tuawiuli
w AD ANDLT

0, Uay 0, Ao WASUAUVDIAAUIINLAAIALEN
E, = Ey;cos (2771 “i-S;P—wt) (2.9)

E, = Eyy cos (27” i5,P - wt) (2.10)

d‘ « v a 2/ CY Y = [ [ &/ Y =
WBARUABIYUIUNUNUNGA P INANTTYBUNUNU 621\‘1LU‘L!VL‘LJWWNW&ﬂﬂWi%@u%Uﬂ@ﬂﬂﬁu

aatiu awwlnihnge p agladu



E,=E +E, (2.11)

By, = [Eocos (F-i-8,P—wt ) + Egycos (- i-S,p —wt)|  (212)

NTUANULUVBIRAINYA P AlA

I = gyc(E,?) (2.13)
I = &yc(E, - E,) (2.14)
I'= eoc((E, + Ey) - (E; + E5)) (2.15)
I = yc{E;2 + E,* + 2E; - E,) (2.16)

I'= eqc [Eoy? cos? (Ei- 5P = wt ) + Egy? cos? (-1 -8,P — wt) + Eoq oy {cos [ (5,P - 5,P)| +
cos[Z(s,P~ 5,P)]}] (2.17)

ANAUNTT (2.14) Waauns (2.16) Wineuindauazmeniaeaduanudunasvesnau [ way

o < ) v
I, WagmoNdautUunIsknangen I, patuayladu
I == 11 + 12 + 112 (2.18)
Nsanmeunsunsnasalady

112 = 2£0C(E1 : E2> (219)

El i E2 = EOl a EOZ COS(k1 I —wt + Q)l) COS(kZ i — wt + @2) (2.20)

MUUALA Y=k, i+ 0y WO B =k, i+ 0, WA
E, - E, = Eyy * Egy cos(y — wt) cos(B — wt) (2.21)

NITUINISNSTAEMBNYaAlsdluanns (2.22) wle

E, - E, = Ey; - Egz[cosy cos Bcos?wt + siny sin fsinwt + (cosy sinf +
siny cos B)(sin wt cos wt)] (2.22)
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Wasnnanasaendsvesilanduloinaslaley Ao

(cos?wt) = (sinwt) = * 2.23
2
bbale

(sinwtcoswt) = 0 (2.24)

189910 1eNanwaln3LNadlA cos(y — B) =cosycosB + sinysinf AU
(Ey - By) ==Eqy - Eqzcos[(ey — k) -+ (81 = 8,)] (2.25)

ANAETENIN By ey B, Wunan191nmnue it aauas A3 uaeve sy asu iy
azlondu

8=~k —ky)-i+ (0, —0;) (2.26)

aslondu

112 = SOCEOZL " E02C056 (2.27)

NTUNANNDY I, wae I, Weulady

I = > &¢(Eo,”) (2.28)
ez
Iy = &4¢(Eg”) (2.29)

WANTUINTUN Egy||Epp HAAMANAITIUANNTT (2.27) 3LWINAUHBANUDIVUIAVBIINADS

aunuladdn agla

112 =2 [1]2C056 (2.30)
aylgndu
I = 11 + 12 + 2 11]2(:055 (2.31)
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Imax = Il + 12 + 2 1112 (2.32)

WOANUFINE § = 2mr W8 m=0,1,2, ...

=

WAL LD coss = —1 FLLAANITENINABALUUINA LANAINUIULIBENER AD

Imin = 11 + 12 -2 1112 (2.33)

WoAMNANING § = @m + D
v Y 1 L4 a c’{ 4{' } %4 [ -'-NI
NsuNsNaoALUUNAeE Ay salaginTulle Iy = I, = I, lansamuanifaguin 2.3

1 [ d' <
ﬂ?ﬂ'JWNLSUMNWﬂVIE‘jﬂLUU

Tadts 4 (2.34)
wazArUuToeigau
A (2.35)

I = 4l,cos? (%)

41,

1 L L 1 v
T Y y ¥ - 2
241 W\ 3A5QAN i 0 AL AL _32L | 2AL

a 2a a 2a 2a a 2a a

E‘Uﬁ 2.3 N15NAABITITUANINITNTE IUANUTNLEUBINITUNTNEDA

Tunsdlvosduaiiianisunsnaenduiiveundgawiiu anuduaglady

I = 2I4(1 + cosé) (2.36)
AatiY ANUDULEITRINSUNSNERR A iy
_ 2(8
I = 4lycos? (3) (2.37)
dio « Wunudng £ =2 qylg
1 2 AL

I = 4lycos? (B2 2.38
AL
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Substrate

Photoresist

Substrate

——Mask

Developed Photoresist

NE

1 Deposit

m ¢ Final Product s Substrate

SUN 2.6 TURBUVBINTEUIUNSINIAAINNT T

Y




12

2.4 Wn3%e [15]

W3t Wudanhuadildlugravnssululasdidnnseindifieatranisadouii
anmsuuiuivestangu JuLuvazgnanelouaniilmnadludaamesinglénssuiunsi
Bundn Wilealnns#l Tudunenilnlnifassindevuiuimes uazilniuuasiundinan
UfAzenlmafiratuluuinafgnidavedifuniu Sentduazasarslfireluasazany

[

dmsunisian sUkuuMsIumuinegiugduuulnlnananiuazdivesnnuaun iy Inlesda

\TIUINADUAUD IR DA UA N WL NI US DATIT RS ULAIRE a1eL ST UIUIENINNTLUILNTWAIUN

4
A A

nandndenilafeiiunigninazdeadldivfoundas ln3Tadeaunevaussaunasludnuoy
asanuulaenusunlllasulaIvaIfIf UNILITaran s I UE1TaL AU TUADUNITWAIUN

YULNUSIUNUASULAIILIPSAN TN [16]

2.4.1 Wa3ganuuauuie

anusuuELLlaUmMIRaLTuie 30 U fuddwsunsnanunessiian wii
nsldudmiunisnanszuuiaiesnaliihumadnidudedinund uilsnesuilnleidawuy
Hauwiafislegddmsunsndnuafinigualalii dusunisUadesvesnad uarldlu
ninIndmsunisnudduvestoslules lutagtuliles@auuuiauuwisiiunumadglung
fiwutgunaal TnedtluTnlaigauuuiduuisaniulasaisandy duusnidofugiusosiu
Tndleawmasiduduiuniudsiicnuvuiuaninefussarinessanm 15 8 75 lalaswns Tuee
fumsldauiiesnis %guﬁaaqéf';éhumu%gﬂmﬁawugmiaa%ﬂw%Laama%mﬂmsazmaLLé"J
sy uazduiianuiuieneedindieiay douflazdhuliduuuuuisiidamemvassosums
Indofidududedndudiedosiulilimsumunizintulndeamosveamidaneuntily
sywinamsshusn ln3gauvuuiddnsindeuiuuwis Tneililsisaazgninegrsaiiauei
flufinvosusunlediessfuminiuazenmaiifieruaulduansdeguil 2.7 luseninens
indeulndlefiduazgnaveennevluvaiidadunudinsegfidiusesiulndloanes ndsinnis
\deunarmalaunauds ndleawmefazdosaenseniagliviliiadumungaeenainiiui
nszuunsadeviauieu Hngusrasdiioatenisdudadiuiiainsninsiufiukumes

wazlnlanediwes nstanzlasundlifileymiuiaulasuiaum



13

( ©

Polyolefin separator sheet

Photopolymer
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Cover sheet
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2.7 1uAdeilieadas

2.7.1 ¥ a.A. 2013 Shaoxiang Li waz Zhenwei Wang lavinisanuifeatunisadnslalan
swifinnsnAslagliisnmslnladlnnswlasuutagsesiuui wdeuseiulasdonuaransluas
mudu Faguuuumthninveansaisldainsanaeufiunes :nnismaassnuinlalansiiiing
a$19tu fammuinduresiesUszana 100 Wusefiadiuns sosfinuaziBonguuazi3ou 6]

2.7.2 1l Af. 2015 Yuhan Yao uazani Iéimsanwiieadunisairanseidegliisns
uludunulnnsmilasuutansesiudaneu wdeudedulaadounaransluas mugdu a1n
MIVRABINUINNIRAITIas9TY SAruinTnfs 300 wilusms aunsouiumuniisesduninia
¢ wavanaumervvesiangndld Tnonisaavaunarlunisfnaisaiidsanunsolinanis
UsuwsegUuuuinsnfansniuazusiug) (8]

2.7.3 TuT a.6. 2008 Yune-Pin Chen uazrmizldinIsAineiReafiunisadiansafsuumsiug
wosaneuTinds umeasluadatliisnisuluduniualnns il 3nnsmaaomuiingad
fasrduannsaldseld Tuunaduinugudnasiuiivoansriadu 20 Teduns waziinmunsais

1.2 lumaseu [9]

A5 2.1 uAdeneTaslunisadnalalansinilininsnia

No. Research group Fabrication Technique Grating period
Shaoxiang Li. et al.
1 Holographic grating Photolithography 10 um
(2013)
Yuhan Yao. et al.
2 Periodical grating Nanoimprint lithography 300 nm
(2015)
Yung-Pin Chen. et al.
3 Concave grating Nanoimprint lithography 1.2 pm

(2008)
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ALY 100 30 uawszavalunadeuTlande 30 undl dwudivide Buduaiuvedalansim
finnseRmaangnindeumeasiangnuneunivuingnaesauysaivielil lnenisdunmsie
msdesndesganssaLdidnaraunuudeiniin gavhedndivnie mstaauveslalansimiiningafs
uarlinsesiautiinisiasuuteaasiulalansifininsnfneisnmeuanaies Weane
uasauetulslansmiininsnfsazUsngsUuuumsienuuresuasuuan muvedialansmin
nsnfsansadnildnguLuuNsAs L ULTe AT udy Tt
Brsdudunuideddunou feil

3.1 gunsaliazintesilofililun1side

3.2 upeunsduiiuauide

3.3 MyfanurestslansifininsefuasiemeiauiBnisdenuuveuasilslansmiin

LNSARY
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3.1 \n3asilouazgunsaiitldlunsise

3.1.1 \n3asilauazgunsaiildlunszurunisairalalanswiininsafauuuiduunslouas
YA Usenausie

1) Wduluaswdautts Aoflduilsiona? Feamnsathuildlunisaeuuvainaneasuuian
g1usesiu devinsnisuasglasvuitdihuasdauisdagilfduiduiatuuasg e
wilefnlufuivinvesiang Uiy

2) Hdulalndie@idumsrvan (PET film) Tddmsuiduiangiuseslunszuiunisiiuriuas
flduidnwueiuAnieu farla vumudenisdnuiavianisnanszunn Snwgunssldaly

a v I

QUUNNTEAUANN ) NUANTIUFS NUVNURBALTY Nuasiadtaziazangldainuany
Usziam wazanunsadesiun1sduruvedingsng o Lo

3) naonliuasyd 10 Ind vimdhilunisnanuasyInseuasganinllawdmnlunsaina fisen
Auauiaul s

4) 1@LAEUAISUBLUA TUFIASUATEUIUNNTESNATNLAE ASEAINATNUULHAUTEUNEI91NNNS
SUBIIGE

5) anenanadn W msuldieiiedeiida

6) NAu [HugUnsadldduusuilduszninsihnisdnsilay

Gl)) (M)

Sy < e

)] ) (@)

JUT 3.1 wnsesllenaraunsaiildlunssuiunsairansaia (n) Hauluasviiaus (1) fau

PET (m) viaenlnuased (1) lodeunisuaiun (3) anwanadin () NAu
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3.1.2 inTasilauazgunsaliléluadaulslansmiininsnfslagiBnnsenflenuuniinseu
alnnese Usznaumiy

1) TelanswiilninseReiiadetudeisnsisues

2) 9x3leu (CH;COOH)

3) Wwnuesa (CH;OH)

a) ﬁﬂﬂaaﬂ‘dszﬁ; (DI water)

5) 999aninleila
6) §ailnEns
7) findwsudavhantazen
8) avgilillyamayd

9) 1L ULREN 99.5%

= Methanol i |
Acetone | SHL0N C
CH000H: E

O
(n) ()
Kurt J. Lesker |
www.lesker.cori\
¥ Kurt J. L?,!SEF MATERIALS
() (@) ()

SUN 3.2 1A59950uaraUNSaINIELUNTLUIUNNSASIHNTARY (N) 9xTlau (V) Wwnuea (A) U1

v 9

Uaanuszq (1) endansiledn (3) Admsudnrianuazein @) iWruden 99.5%
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3.2 YUABUNISATLUITUIIY

(%
Y [J

JUABUNNTABLUINUITYNNTIDALUU F519 haENAFDUANURANILEIvaIlalans A NLNTAF

a6 a L4 1 [ & [ dy
wuuauushnassdaursanunsautseondu 5 Junau Al

3.2.1 99NLUUNENININIAY TELUUINARINI9ANAAIEASNES 19928 ABUN LMD S
MN150NLUUNTININMELUUTIaRINNANAMaRsTas1emeAsuiames JULUUNIS
WASNADAYDINUNININAILLUUINADINNANANF1E@NS LA THN1TENINEDAVDIARUTEUNUABIAN Y

WUUNTNABARN 9 AagUT 3.3

JUN 3.3 MIUNINABATDIARUIYUIUADIANYUUNTNHDARS 9|

f91saNIULUUN TS UNSNARnTaIAaLIEUIUARIRAUTRd LU AaduB e SWlaslsTwe sy
auylnihiages E, wae E, faduaduszuiuiiunsnsyanslumuiieng z Aaudidentu [21]

WNUMBANNIS (3.1) Wag (3.2)

E, = Eyexp(ikz + 2ikAd — wt) 3.1

E, = Eyexp(ikzcosO + ikxsind — wt) (3.2)

ledl k ADAIAIINISUNINTEANY Ad ABTTEENTENINNTLINADIUIU O ABYULNTN
donrne o lneiiflyuuvsnasndu 0.80°, 0.70% 0.60°, 0.50° uay 0.45° Fedreeegn 1 &
AIBET 5 AUEIAU

sULuuNsunsnaenvesauuliivisaesiian P Mvuslaenannsdouriuvesnauy



LAUNFIATITRULAAZIAYDILElALNTUAD HATILVBILDUNTYAVDIARUTIHEY

E = Eyexp(—iwt)[exp (ikz + 2ikAd) + exp(ikzcosO + ikxsin®)

E = Eyexp(—iwt)[cos (kz + 2kAd) + cos(kzcosO + kxsinf)]
+ iEy exp (—iwt)[sin (kz + 2kAd) + sin(kzcos6 + kxsin0)]

v & ) v &
FINUU ﬂ’J’]ﬂJL“UiJLLﬁWSI@]L‘Uu
I = (E; +E,)?

I =(E))? +(E)>+ E{E;, + E,E;

21

(3.4)

(3.5)

(3.6)

(3.7)

Tuaunis (3.7) wewiivilauasinenaedenrdsiuAnUtRNRgtosiuln fuleundyn

YIPAULAAZAAY WaUTANLALINENNFLSuNIIWMaNNITUNSnaaansamaulalannsy fudu

HINTUVDIANUANVD WWATEMINARULFAE ATY

I =E* + E;* + 2EE;

FaU A1INTEEANY anansalleulady

I = 4E,2 + cos? (kzsin?(6/2) + kAd) — (kx/2)sind)

AAUNTYNNUYRIUSUNTULAAIAIFUN 3.4

Gasiu

AMAUANI ST SRS TN ITD4

¥

maunsnaenuoduaaadl Tnofhyuiu
0.80°, 0.70°, 0.60°, 0.50° uag 0.45°

A 4

Computer Generated Holograms

¥

AMIUATUTBUNINGI

¥

Auganivinau

(3.8)

(3.9)

JUN 3.4 Wi aheuvedusunsilunsTaemeadinmansf e 1SUNSNHOA YD LEIABIA
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3.2.2 msdwiaugﬂl,wumsumsnaaﬂﬁaguuwﬁﬂmnawuﬂéuma‘hu,awﬁml,ﬁaé"m
Sennsfuvidouas annsautseanidy 2 Sunou dil
3.2.2.1 Fnsuideuadunsaeleuguuuunisunsnaeniiaguumniinnan
1) ﬁuﬁgﬂqumsLmaﬂaammm’hmm‘?iaaﬂl,wumﬂmiai’waaqmqﬂaimmam%awul,l,siu%?\léu
NaARnN IenLININABI8819 1 D9 5 ﬁﬁqmmsnaamﬁw q Tun1seenuuuidu 0.80°, 0.70°,
0.60°, 0.50° kag 0.45° MUAIAY Iﬂﬁﬁmmm%’mﬁumgﬂLLUU'%N'JmiLLmﬂaamﬁeﬁuagﬁugumi

LNSNABAKALANALILAYBUATBIUTULADT WATHlIwIA 2 X 2 ANSTIBURILAT A9gUR 3.5

"*\

Sample 1 Sample 2 Sample 3

Sample 4

'\
\

sUR 3.5 mihnnlglansilningmi

2) dnunuildulalndiondumsnnian elfiduiangiusenazunuilduluasuiaunglil
YUIN 2 X 2 AISIBDURNAT LRI UBEUULININIElans WA nnsads Tnensundsulviasn
NANERNTULTN VAN AU LILAIT AL DN J9ADLTIINITARRUAELASaRdaUlAN AL InaswTn

wirsdaluTukNuAaula PET é’fﬂgﬂﬁ 3.6

Sample 1 Sample 2 Sample 3
Eﬁfﬂ Por v
Sample 4 Sample 5

JUN 3.6 wndeuilanlinasvlauisasuuunuiasla PET
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3) WmtnnnlalansininsaRlusenuAafuLN LR AL LAS T ALIA AagUN 3.7 2Nt

NsANEAIIELEIE] Feszaznamvinzaulunisdulaiasfe 10 U1 AegUN 3.8 uazguil 3.9

JUN 3.7 msUsenuwiunthnintglansnfinnsefiuukuiiaalisassinuwi

4) sUuuuMIunIngeaiaguuntnIndzgnatelouasuuilduhiuasuiaui Ineusiuilay

av v = v a a o i a < = .:’;
wavgIdudawazlilindninlalansiansededsliasiinluuaviladu

5) dusudulUnnszuunsneilunisnsawaz Anduiusanfaz leunAnunsn i

6) Y1N139015 2) — 5) YN UNUAIDYNN 2 — 5

5UN 3.8 Msanguasriey?

@ ' a ' ")
Substrate b ) Mask

y Dry film >=——
Mask Substrate

(c) Before the developed dry film

—~

«———— UV Light (d) After the developed dry film

JUN 3.9 lnezunsunsiiimsvaaesdmsunisasidalansmiininsafamenssuiun siamiuea
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3.2.2.2 mié"mLtﬁu?\léuﬁ'm%'unszmumiﬁuﬁuaa

1) Utkei Waud ﬂ”u ﬂa'Jﬂa’]EJﬂ']’iLLVI‘iﬂaE]ﬂﬂ’JEJLLﬁQEJ'JﬂJ’]ﬁE]ﬂWﬁ’]?W]ﬂSUULLﬁﬂ%BQWﬁiJlﬁLLﬂQ

lAuAean
2) TuNIZUIUNITASANULAZASANINAN UHUTALIZgNIE T 9 TulsiRsnasuaiund

Y

AMIdRdY 0.09 Tuans Wuaan 3 widl asdunamiuinusnaildunlignuasdudassgndng

gonly fagui 3.10
3) Pntuduruianludahazomduna 2 wiil Wengaujiseed

yll Im

! |

g ~ N

Sodium carbonate Water
Grating

Development Stop reaction
JUN 3.10 lpasunsumssneuwsiuilaudmsunssuaunsiuinea

4) \leduganszuiunsmuaiinazlaunfivnsnfe dagui 3.11

Sample 1 Sample Sample 3

de- I8 W

.

Sample 4 Sample

5UN 3.11 lwniinnsmfis

3.2.3 MsguduaiuvaaunfiningnfiieIsnisdesndesganssauuuulduas

n&osganssminuulduasiidmes 4 -100 wh vlfaunsoAnwlassadeiuiunndn
Tuszaululaswesle duniiwinsefludeandoindesganssaduuulduandudnu 5 dregn

msdesndoanssmivuuliuastigausrasdifiofusunureaunivminsRsioguuildalonag

yiauianvungnaesauysaiviseld
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3.2.4 msipdaulalansmilninsafiedlsdsnisenfieviuaniinsauadamasa

diefazlildlalansliininseisfidanamueguuildulnaswiauedvihnisindouiiduliuas
yiauisshoanslaveuien Seannsouisesndu 3 duneu fil

1) m3vharwazengunsaliilflussuvenfieviuninsouaiinmess

1.1) évihmuazen Ussuannivaey ang donsneg soexdlaulusadaniiledafunm
20 W1t ndudadowmuealusisdandledadunat 20 wifl uardedetiuasauszgly
g19danilefiaduian 20 unil

s

1.2) Yuszuavnivaey ang deasne o luwisiefnglulasiaumuuiandgs
1.3) ¥hanuavanianais uasdsuinayenalsl

1.4) naaKaIIANNAYINRINGTDY

1.5) il iuiessndalviazewsensyaumais dunaliuilainlifanula o fAnogiiin
1.6) Mntuinimuiedlugshewmuesalugisanitesdaduna 20 wi uazdade

Wasnlszyluersdandledaiung 20 w1l waswnliliui

2) MansBuszuUasenLuntasoualnnesy
2.1) dhFudiudng 9 MansseglulvuiveiannInfeanintarinauaso1rnTIUnRnag
szuuiiedestiunisuuileuansene q Adueglussuy

2.2) viegUnsalynTumeegiliflesmeyd fagun 3.12

JUN 3.12 vhanuazeauagvieagiiilleunesaiuiudiusing o Nfadeglunviiuesgyyinie

< o [ ¥ k4 p Al ¥ IS < ¥ a
2.3) L‘UWVI’W’J’]M?ISE]’WILL‘U@JLU@?E‘ijQJJ’]ﬂ’]ﬂﬂ?ﬁNﬁliﬂJU‘ljUﬂ’)H@%‘(}I@u AT LTANIYLUNIUBABDN

ﬂ%’qLﬁ@ﬁu%’mmmﬁmﬂamagjmwumﬁummua%
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2.4) vuussuatagyn1amgeaiiieunesd iedesiuliliaslufanundsuysives

Tnensa

b4
Y

2.5) AnssgunsaiinlUlunsueiaygimaliseues dagui 3.13

JUT 3.13 Yudiusing 9 MaenseglulsuatayyInea

3) natadeulalans wininsaRAIB LAY
3.1) AesausiulalansmininsaRauuukugnJuniugIuses deegarglunviiuasgyyinie

FagUil 3.14

c./ - // f
‘ ¥
a%Lna®®

3UN 3.14 fensurulalansvinnsafeunuwiudaiuuiuguses

3.2) Anaalnuney lngszezineseuninadanagground shield 19iu 160 Hadluns

Tiwihfunuanndnu wWedesiunisdondiu dsgud 3.15
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(n) ()

JUN 3.15 Annadhiusien

3.3) Lﬂﬂ%u@mmﬂﬂﬂﬂ vhnsanasungluszuulvioglussdv 5 x 100 faduns ilenayls
NioUAUSUNISIARDUNALILULAEA

3.4) Wnsedlsnaty Wemnusuihiivianas Iﬁﬁwmsmmwéﬂﬂﬁ roughing

3.5) lannuuiafiaesanasie 3 x 102 fadund Biviuandalui blacking

3.6) Pintudianuduiinilsanasiinia 3 x 102 8adund Wdedudmdedu seauds
Auaadu

3.7) Wadviimuseu 58 20 Wil Yuneuiinnddnetagi blacking naen

o Al

3.8) MnuulenuAuinvisgeliiin 3 x 102 fadu1s iuaewndilun roughing
3.9) 383uUnIIANURUAITNER 388 5 x 102 Tadus Tinyui1aalua blacking 1Un1187
butterfly wazilaaunutesfiany seaunitasla 1 x 10°fadu1s

3.10) Wawesasloufiwesneunianuusgnsgadilulussuu 50 sccm 50 20 w1dl

'
a

3.11) Wan3otendien wazilasangds ¥inns pre-sputter 150 04 1uiaan 10 undl g
daunamiuinnglulsiiuesazinuasdtag

3.12) anUSuanisteufinvensneu anfefiaz 5 scem lfanaamde 25 scem Budunou
nsindeuiidy Waddmmes iunan 30 undl faguil 3.16

3.13) ilenszuaunsedsuiaiaau TvhnsUaedesaniten Yeuleonsneu 20 scem Wy
a1 Falug

3.14) 9n1u Uanan butterfly wasUnainsasrininiusou
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(n) (v)

5UN 3.16 n1sinsoUTlaY

3.15) 58MiMNUAUANEBBANTUDT 1 x 10! Daduns Mvauszau 1 Talug
3.16) Wotasadunszurunisnanualndansodls azlaunulalansidininsadauuildy

Luasrliauiiignindeunieansiang uien Landnsgun 3.17

Sample 1 Sample 2 Sample 3

Sample 4 Sample 5

UM 3.17 lelansmiininsafsilasunisindeumeanslanginuien

wm:
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A15199 3.1 Waulvdmsunisieasulalans I nAninsaRanieanslane LRy

W19180a3 Fouly
Whansiadeu TULPLH 99.5%
WHUTRISY wsulglansmininsnia
sregvineseninatiasinio unuKusaesy 160 {adiuns
ANUAUNBUYINNSUN 3.8 x 10° dadu1s
assuieulauvasidaadwing 3.6 x 10* dadu1s
Mdsvaaumariinnauing 100 g
AURUYEINISUaN AN 3.5x 10 fadu1s
gnsamslvasinvesing 25 sccm
svogfilflumsugnildu 30 Wi

3.2.5 nsBuduarvvaslalansiniininsafsdieidnisdasndesganssatudianaseunuudas
n310
ﬂﬁaaﬁ;amiﬂﬁ@Lﬁﬂmamw‘u?iaqmwﬁfﬁé’wma 40 - 150,000 %1 vinlda1u1sa@nwn
Tssasneiuianadntussivlulasaesld usulalanswilnnsafsly Funnfenisdosndas
aNIIMIBIANATOURUUADINTIALTUTII 5 s
msdesndesganssaiBidnaseunuudesnedigauszasdiiiefususuvedlalansmilninsmia

VRIINNIATRUMEAITlavs RENT VLA ARaNY TaiTe

3.3 N159AANUVD91alansINANLNTARILALILATIZAANTANITLAY IUUVDILEINY

TalansWWnLnsana
3.3.1 N15IAANUYBILElanIMANLNIARIA8ITN1TRIBLELALYDS
1) anenasawasaasutoaun1ulalans i niningnds IneNnse e N1958nINELUnUaU 9

Talansmdninsafsdansuiissesdu 1 wWes
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2) Weanguauawesuulalans mannsnAzUsINFULUUNTEEIUUYBILAIUURIN T

AaguR 3.18
3) IATLYLVNIVDILAITAANITHRLIUU LD UAUNNTIUURIN NG UAL I

4) Mt uradlalansninin RN FULUUNSIREIUUYD LA UAUTIVIN FaaunIsT

3.10
A
~ sinfp, (3.10)
089 d  AamuvaskalansminLnsn@a
1 A9ANNENIAALYBRABS He-Ne JAniniu 632.8 Waluwms
O FRLNTDIFULUUNISELIUY @509 6, = tan'(¥/))
NEUSAUSULUUNITLA A ULDUAUTINTIG

X ABIrYryieTEnINgURUUNSEY I UNBUA URAUSAUS

L ABTYULMINTLIINBNTARDIRINSU

Holographic grating
He-Ne Laser
JUN 3.18 lapgunsusuuuumsigaivuiusnguuansulsannneuasasestiiulalansuniin

LNSHRILLUUEINIY

5) wasuniulalans NN SAFEEn 4 hiy A9 ADAIDEINN 2 DIA79E87197 5 ANUAIPU WAL

AuIAUYestalansmANLNTARIRLAIRU
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uni 4

NAN1SIVLAZN15DNUS1INE

4.1 HaN1TAATILNTOYALALNITNTIVEDUAINYNADY

TalansinnsaRssuuiduhkasdawisauisalasunistiuduainisnig el

4.1.1 Han150anLUUNUNININIAS T UUIIADINIANAAIARSNAS19A8ADURILADS

4.1.2 NaMIFANAAIUTBLUNIINNTARIIEITNSdRINABIgaNTTAULUUTWAS

4.1.3 wan1sdaneamvvadislansmilninsmnfineisnsdeindesganssaudianasouluudes

N30

4.1.4 anmFInA1U9lalans I WANNINRIAEITNITRILELATDS

4.1.1 Han15a8nwULtININIngldiuuIIanwmeAnAIansNas19n8ABUN LMD S

)
B

00
500
100
200

=

20
400
600

¥ 00 600 400 -200 O 20 400 800 800

Graling period [ um]

JUM 4.1 WUUTR0UNIARIMIAdnAIEAsYeY Sample 1

g

8
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2]
500
an
! 1
00f |
£
=
400
500
500
© 500 400 200 [} 200 400 500 800

Grating pericd [ xm ]

JUN 4.2 Luudnaeansnminendnmansves Sample 2
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Yiaml

5 &

800
0
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0

500
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-400 200 [ 200 00 600 800

Grating period [« |

JUT 4.3 uuudnaeansnfaneadnmansues Sample 3

800
600
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200
B
2
>
200 1
400
600
-800
200 500 400 0 200 @00 600 800

Grating period [ ym]
5UN 4.4 WuuTaednIRRmARinAIdnsYae Sample 4

200

JUN 4.5 Luudaeansnmainendinmansvas Sample 5
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A5199 4.1 AUIUATUYDINIARIIINLUUIIADINNANNFIERSNAS 19918 ADUNLADTVDS

WNIN
Sample Grating period (um) Grooves density (line/cm)
1 45.00 222.00
2 51.00 196.00
3 63.00 158.00
a4 72.00 138.00
5 82.00 121.00

AINA15199 4.1 wandIAAUAIUY DN TN RIAIULUUTIADINNADAFIERSUVDINTIININT

A319AEARLTILABS NUIITLULNNIVDITIUNINADATUBLAULNWNTNABAGN 7 LoYUUNINARAI]

Y 9

Y 1

ANanasAe 0.80° 0.70°% 0.60°% 0.50° wax 0.45° F9AARAI9879 1 84 5 NUARU ANalRAIUVD4

WNSARITANALUY LAZAINAUILUUYDIT9TAIANAY

4.1.2 HaN1THANAAIVVBAUNANINTAR IR TTN T snHoRan AU e
nsdesndesqanssmiiuuliuas 9euszasdiilofudunuvesundininsmisfiog uuilda
huassilauividvungniesanysalvield dauniivinsnisdiauazideslusesululasiuns
waznapgansauuulduasiimgeens 4 -100 W ilvianansodannaiundisvestesineuy

WAANNSARILG LEARIAIRIAITWT 4.2

JUN 4.6 Aminsdeanaesganssmiiuulduases Sample 1
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JUN 4.7 Ammsdeandesganssaiiuuliuasas Sample 2

JUT 4.8 Amimsdesnaesanssaduuulduasas Sample 3

JUT 4.9 aMmmsdendesganssaiwuulduasias Sample 4
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UM 4.10 nwmsdesnaesganssaduuulduasves Sample 5

M990 4.2 Msdeandesgansiadkuulduaslunsdanamurasuninnsnia

The period of negative grating (um) of the sample

Line No. 1 2 3 4 5
1 45.36 50.72 62.18 71.05 82.36
2 45.40 50.78 62.12 71.08 82.40
= 45.35 50.81 frhteh 71.04 82.34
4 45.42 50.75 62.18 71.05 82.38
5 45.38 50.76 62.17 71.09 82.41
Average 45.38 50.76 62.16 71.06 82.38
Grooves density (line/cm) ~ 220.00 197.00 160.00 140.00 121.00

31NM1519% 4.2 n15deendesgansaduuulduadlunisdunnaivveuniininsngs

wandliiiunauresumAningnfdaeglugig 45,38 - 82.38 um wALAIUVUILILUBIT

wnininseRseglugae 220.00 - 121.00 line/cm Wayuunsnaenilranasadimalyinruvaauniiiv

nsnRsdiAnitTuLaANITEIRINTEITBLUN TN SIRITAantae waziieidunsEudugUwuy

3

n1sunsnaeanaelauasuuiaubinassidauis nuirlvuingnaesauysal Jadalnaimeaiy

wuuaemeedamans wasitisesidunuianainagi 0.46 - 0.84 % fen13197 4.4
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4.1.3 wamsdanaaivvadlalansmilninsnfssiogisnisdendesanssaidianasou

wuUUdaINTIA
\ v ca & ! = ¢ A A o a
nsdeIndeIgansIALBanasoukUUdeINTIn TenUszadietudumureadalansmiin
InsnRsEIINgnIAdUmeaslangRsintivungneesauysaivsely ddalansmiininsnis
fianuazdualuszivlulasumswazdideigaeudisgailiaiunsa dunaanuniieve

Y997190Ulalans WANNIARILS WARIARIAITIN 4.3

JUN 4.12 nmin1sdesndedganssaudianasouluudeinIInves Sample 2



i ! v fa < !
gﬂ‘VI 4.15 AMNNIIFDINADNYANTIAUBDLANATDULUUHDINTINUD Sample 5
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3197 4.3 Msdesndeanssaudianasouluudeanalumsdunamuredslansminnsni

38

The period of holographic grating (um) of the sample

Line No.
1 2 3 4 5
1 46.29 51.41 63.49 72.51 83.47
2 46.39 51.45 63.54 72.46 83.51
3 46.36 51.40 63.48 72.50 83.45
4 46.30 Bl 63.53 72.41 83.53
5 46.36 51.48 63.50 72.49 83.48
Average 46.34 51.45 63.50 72.47 83.49
Grooves density (line/cm) 215.00 194.00 157.00 137.00 119.00

N3 4.3 Nsdesndeqavssrididnaseulutdeansislunsdunanuredalansmiin

nsafe wansliiuiinuvedalananininsafafidiodluyae 46.34 - 83.49 um wazA Iy

nkduressastalansminnsndeaglugie 215.00 - 119.00 line/cm Waknsnaonilranas

dsmaliimurealalans WANNSARITAANTY karAUULLLYe I8 lalanswmAnnsaRadiAn

R < A o a a o = D] =
312NI3N LLa%LW@L‘U‘Uﬂ'ﬁEJUEJ‘U@']U"UENI@IaﬂTWWWﬂLﬂiﬁ]GN‘V‘aQ?’UqﬂgﬂLﬂa@UﬂfJﬁJaqﬁiaVW’NLuuﬂﬁJﬂJ

wuhilvwingndedanysal elialndifssiusuudtaemsadamans wasdvindesiduniny

APNAIABET 0.50 ~ 0.8 % 331971 4.4

a a d o a Y aa !
A195199 4.4 LUSEUNEURNANITALNAAIUVDILNTARIAIYITNITANY ‘)

The grating period (um) of the sample

Process
1 2 3 a4 5
CCG 4500 51.00 63.00 72.00 82.00
Lithography observe by OM 4538 50.76 62.16 71.06 8238
RF sputtering observe by SEM 4540 50.57 6220 71.01 8241
Percentage difference (%): Lithography 0.84 0.47 1.34 1.31 0.46
Percentage difference (%): RF sputtering ~ 0.88 0.85 128  1.38 0.50
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Sample The period of holographic grating (um)  Grooves density (line/cm)

1 4532 220.00
2 51.07 195.00
3 62.51 159.00
4 71.09 140.00
5 82.40 121.00
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The period of holographic grating (um)

Sample
CGH SEM [llumination
1 45.00 46.34 45.32
2 51.00 51.45 51.07
3 63.00 63.50 62.51
aq 72.00 72.47 71.09
5 82.00 83.49 82.40
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Grooves density (line/cm)

Sample
CGH SEM Illumination
1 222.00 215.00 220.00
2 196.00 194.00 195.00
3 158.00 157.00 159.00
4 138.00 137.00 140.00
5 121.00 119.00 121.00
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Abstract. This paper presented an application of reflective holographic gratings for the
measurement of cylindrical curvature. The surface of the fabricated holographic grating was
coated with gold by the sputtering method, where it became a reflective holographic grating. The
grating was attached to the surface of various radius cylindrical objects. The diffraction pattern
produced by the bent grating with different radius was observed by illuminating a laser beam
normal to the grating surface. The gratings constant were calculated from the observed
diffraction pattern. The relationship between the grating constants and the radius of cylindrical
objects was obtained. The grating constant and the reciprocal of the radius of cylindrical objects
was a linear relationship, with the least R-square between 0.85-0.97. Moreover, the y-intercept
of the relationship between the grating constants and the reciprocal radius was consistent with
the grating constant of the non-bended grating. As the radius of the grating approach is infinite,
the reciprocal of the radius approaches zero, which is a non-bend grating. We can apply this
method to measure the radius of cylindrical objects.

1. Introduction

Curvature is an important physical parameter that needs to be monitored in engineering, bridge,
machinery, architectural structure, health monitoring, biomechanics, robotics, and aerospace. Various
optical fiber-based curvature sensors have been widely studied due to their distinct advantages of simple
structure and high sensitivity. Researchers have proposed methods for the physical parameter based on
a different structure, such as holographic optical elements (HOEs) [1], long-period grating (LPG) [2—
3], fiber Bragg grating (FBG) [4-7], photonic crystal fiber (PCF) [8-9], a multicore fiber (MCF) [10—
11], and in-fiber Mach—Zehnder interferometer (MZI) [12—14]. They could be well applied to the
physical parameter measurement. However, the methods mentioned above have some accuracy
problems and complication for setting up.

This research proposes a method for measuring the radius of cylindrical objects by applying reflective
holographic gratings. The reflective holographic grating was fabricated by the method in Ref. [15].
Then, the holographic grating was coated with gold by the sputtering method. The grating was attached
to the surface of various radius cylindrical objects. A diffraction pattern appears on the screen observed
by illuminating a laser beam normal to the bent grating surface. The grating constant is calculated from
the diffraction pattern where the grating constant corresponds to the radius. Then grating constant is
confirmed by Scanning Electron Microscope (SEM). The relationship between the gratings constant and
the reciprocal radius of the objects and discussed. Using this method, the radius of a cylindrical object

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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could easily be measured, uncomplicated experiment setup and able to measure the radius in a narrow
space. In the future, we may have more devices to support better measurement.

2. Experiment

2.1. Fabrication of reflective holographic grating

Transmission grating fabricated from an alternative setting of Michelson interferometer, Inneam et al.
[15], were fabricated. By adjusting the angles between the two arms of the Michelson interferometer,
cross-beam angle, we can obtain a fringe pattern that has a linear shape. The grating sample 1 to 5 have
cross-beam angles () 0.2°, 0.4°, 0.6°, 0.8°, and 1.0° respectively. The surface of the fabricated
holographic grating was coated with gold by the sputtering method. The sputtering method used gold as
a target material bombarded with the Argon plasma, the plasma current of 18 mA in 120 s, and the
coating thickness is 408 A. The transmission grating became the reflective holographic grating.

He-Ne Laser

Screen

Refractive

holographic grating Gold coating

—————

) Cvlindrical Object

Figure 1. The schematic diagram for measuring the radius of the cylindrical object.

2.2. Experiment method

The experiment setup for measuring the radius of cylindrical objects is shown in figure 1. First, the
reflective holographic grating was attached to the various radius of cylindrical object surfaces, where
the grating is bent along the cylindrical object surface. The radius of objects are 0.0129 m, 0.0195 m,
0.0260 m, and 0.0319 m. Second, the He-Ne laser with a wavelength of 632.8 nm was used as a light
source. By illuminating the laser beam normal to the bent grating surface with a different radius, a
diffraction pattern was observed on the screen. Finally, the grating constant is calculated from the
observed diffraction pattern. In addition, the grating constant was observed by Scanning Electron
Microscope is shown in figure 2. The relationship between the grating constant and the reciprocal radius
of the cylindrical objects is shown in figure 3.

3. Results and discussion

3.1. Measurement of grating constant by Scanning Electron Microscope

The grating constant was observed by Scanning Electron Microscope (SEM). Figure 2 shows the image
of the reflective holographic grating. The grating constants are shown in table 1.
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106.31 pm 107.13 ym 106.91 pm

75.84 i 75.63 pin 58.20 um 53\7:/' pm

7542 um 76.26 pm  75.83pm 57.63 um 57.78 um 58.20 um

48.10 ym

48.14 pm

Figure 2. Image of reflective holographic gratings obtained by SEM, where (a) Sample 1, (b) Sample
2, (c) Sample 3, (d) Sample 4, and (e¢) Sample 5.

3.2. Measurement of grating constant by illumination of the laser beam

The laser beam is normally incident the bent grating surface. The diffraction pattern caused by the bent
grating with different radius appears on a screen. The diffraction angle is measured, and the grating
constant A is calculated from the following equation,

A
~ 2sind,,

(1

where 4 is the wavelength of the He-Ne laser and 0,, is the angle of the diffraction pattern. The
relationship between the grating constant (A) and the reciprocal radius of a cylindrical object (1/r) is shown
in figure 3. The y-intercept from the graph is shown in table 2.
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Table 1. Comparison of the non-bend grating constants, measured by Scanning Electron Microscope
(SEM) and measured by illumination of the laser beam.

The grating constants (pm)

Method
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Measured by SEM 217.44 106.79 75.80 58.12 48.30
Measured by experiment 218.77 100.35 76.11 58.99 47.27
Percentage difference (%) 0.61 6.21 0.41 1.49 2.16
® Sample 1
180 k- ® Sample 2
= Sample 3
L L T4 o ® Sample 4
i, B A Y L KR € Sample 5
150 | LR B
£ e -
.';‘ 120 -
) Y202 I ,
% 90 L ° - e —_—-
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60 |- ¢ - 5 "“"“i"‘ AN =
- - — VAR 4 ) s
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1 e L e 1 " -, i 1 . 1
30 40 50 60 70 80
1/r (m'l)

Figure 3. The relationship between the grating constant and the reciprocal radius of the cylindrical
objects.

Table 2. The grating constants which measured by the illumination of the laser beam and y-
intercept of the graph.

The grating constants (um)

1/r (m™)
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
31.37 167.84 94.65 68.98 60.80 48.48
38.54 160.62 90.32 65.67 57.70 46.72
51.23 153.23 87.08 63.41 55.77 45.43
77.04 141.98 84.25 60.41 53.77 44.46
Y-intercept 182.94 99.35 73.16 63.87 50.22
R? 0.97 0.87 0.91 0.86 0.85




Siam Physics Congress 2021 (SPC 2021) IOP Publishing
Journal of Physics: Conference Series 2145(2022) 012054  doi:10.1088/1742-6596/2145/1/012054

Figure 3 showed that the grating constant and the reciprocal radius of cylindrical objects is a linear
relationship. The R-square is in the range of 0.85-0.97. Also, it was found that the y-intercept is
consistent with the non-bend grating constant.

4. Conclusion

In this research, we presented the method and experimental results for measuring the radius of
cylindrical objects. In the method, the grating is fixed to the surface of a cylindrical object, where the
object radius is varied from 0.013 m to 0.032 m. Then the diffraction pattern was observed, and the
grating constant of the bent grating of the various radius is calculated. The relationship between the
grating constant and the reciprocal radius of the cylindrical object is linear, the R-square is in the range
of 0.85 to 0.97, and the y-intercept corresponds to a non-bend grating constant, which is confirmed by
two different methods. The non-bend grating constant measured by the illumination of the laser beam is
in agreement with that obtained by the SEM imaging. From the experimental results, if the calibration
graph between the grating constant and the reciprocal radius has been performed, this system will
measure the curvature of an unknown radius, where the object radius is in the range 0.013 - 0.032 m
with the error + 1.02 %. Therefore, we could apply the method to measure the radius of a cylindrical
object.
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Abstract

This paper presented an alternative technique for fabricating the dry film holographic grating based on a mask
generated by computer simulation and experimental results. The mask was generated by a fringe pattern which is created
by the mathematical model of two beams interference with various angles. Computer simulation of the fringe pattern was
printed on film, i.e., the holographic grating mask. The mask was attached on dry film and then illuminated by UV light,
where the lithography technique was applied. According to the lithography technique, the computer-generated
holographic grating mask was transferred to dry film. After fabrication, fringe patterns obtained from the grating were
observed. Then, the grating period was analyzed and confirmed by Scanning Electron Microscope (SEM). Experimental
results show that the method could apply to fabricate the dry film holographic grating.

Keywords: computer-generated holograms, dry film holographic grating, grating period, holographic grating,

lithography technique

I Introduction

The holographic grating is an optical device of interest
to researchers in which the fringe pattern of two beams
interference is used to fabricate the grating [1-3] and the
application of holographic grating have been presented
[4-6]. One fabrication method of holographic grating the
interference of two beams generated by computer
programming [7-8] and transferred onto a photoresist
film. Other researchers have proposed an interference
lithography method that is widely used for the fabrication
of holographic gratings such as Nanoimprint lithography
[9-10], Extreme ultraviolet interferometric lithography
(EUVIL) [11], X-ray lithography [12]. and Atom
lithography [13], etc. Those holographic grating can be
used well to measure physical parameters.

This research proposes an alternative technique for
fabricating the holographic grating based on a mask
generated by computer simulation and using interference
lithography. The mask was generated by a fringe pattern
which is created by the mathematical model of two beams
interference with various angles. Computer simulation of the
fringe pattern was printed on film, i.e., the holographic grating
*witoon.yi@kmitl.ac.th

mask. In this interference lithography technique, we use
polyethylene terephthalate film as a substrate and coat
with a dry film photoresist. The mask was attached on dry
film. Then mask pattern was transferred to the dry film
when illuminated by UV light. After fabrication, fringe
patterns obtained from the grating were observed. Then,
the grating period was investigated and analyzed.
Moreover, Scanning Electron Microscope (SEM) is used to
confirm the grating periods. Using this method, the
holographic could be
uncomplicated experiment set up and the grating period

grating easily fabricated,

can be controlled by the interference angle.

IT Experiments

1. Designing marks with computer simulation

The mask was generated by computer programming.
The mathematical model of the fringe pattern is produced
by two beams interference with various angles. Consider
the interference pattern of Michelson interferometer by
two electric fields E; and E, which are plane waves
propagating along z-direction at the same frequency,
represented by equations (1) and (2) [14].

Eleoexp(ikz+2ikAd—a)t) )
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E2:Eoexp(ikzcos¢9+ikxsin¢9—at) )

where the propagation constant is k=27/A , the
distance between the mirrors is Ad =A/2, A is the
wavelength of the light source and @ is the angle
between the interference beams where the angles is varied
such as 0.80°, 0.70°, 0.60°, 0.50°, and 0.45°, i.e., sample
1 to 5 respectively.

The interference pattern of the two electric fields at the
point P given by the principle of superposition,

E=E1+ E2 3)

The complex amplitude at each point of the hologram is
the sum of the amplitudes of the two waves.

exp (ikz+ 2ikad )

E=Eo¢Xp (_ o )[ +exp (ikzcos@ +ikxsin® )} S

cos (kz +2kAd )
+cos (kz cosf + kxsinf )

E=E(¢cxp (— it )[

sin(kz+2kAd )

)
+iEqexp (_icot )|:+sin(kzcosﬁ+kxsin9):|

Therefore, the light intensity will be
I= <E2> (6)

1=(E,f +(E, )+ B Es+ BiES ™

In Equation (7), the first and the second terms correspond
to the intensity of each wave. The third and the fourth
terms have represented the interference or the holographic
term, which is a function of the phase difference between
the individual waves.

Thus, the intensity distribution can be written as equation
below,
I=4(EO)2+Cosz(stin2(9/2)+kAd) ®
~(kx/2(sin0))

The fringe pattern will be strictly straight lines with fringe
width.

2. Fabrication of dry film holographic grating

The fabricated schematic diagram of dry film
holographic grating based on the lithography technique is
shown in figure 1. The mask generated by computer
simulation was selected. The mask which is the fringe

pattern generated by computer simulation was printed on
plastic film where the sharpness of the pattern depends on
the interference angle and resolution of the printer. Based
on lithography technique, the mask was attached on dry
film and illuminated by 10 W UV source, exposure is 10
minutes. Consequently, the grating pattern was transferred
to the dry film.

(a) (b)

Mask

Dry film
Substrate

(¢) Before the developed dry film

~P

(d) After the developed dry film

=

Figure 1. The schematic diagram for fabrication of holographic
grating, (a) The system is illuminated by UV light, (b) The

\\
! (
\

«~——— UV Light

mask was attached on dry film, (c) Before the developed
dry film, (d) After the developed dry film.

Afterward, the film is developed and removed with a 0.09
molar solution of Sodium Carbonate (Na,COs) in water.
The area exposed to light solidifies and insoluble in the
developer and remover chemical process is appeared the
dark band. While the area not exposed to light weakens
and dissolves is appeared the bright band. Finally, the dry
film holographic grating is durability captured on the
film. Repeat the experiment in steps by varying the mask
to sample 2, 3, 4, and 5 respectively.

IIT Results and Discussion

1. Simulation results of the masks

Figure 2 shows the mask, grating period, generated by
computer simulation and the grating periods are shown in
table 1.
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Figure 2. Image of the mask generated by computer
simulation, (a) Sample 1, (b) Sample 2, (c) Sample 3, (d)

|||‘i]||\|
(d)

Sample 4, and (e) Sample 5.

Table 1. The grating periods generated by computer

simulation.
Sample | Angle (deg.) | The grating period (um)
1 0.80 45.00
2 0.70 51.00
3 0.60 63.00
4 0.50 72.00
5 0.45 82.00

2. Observation of grating period by the light source

The schematic diagram for observation of grating
period by the light source is shown in figure 3. The

grating surface is illuminated by the He-Ne laser after that

diffraction pattern appears on the screen. From equation

(9) the grating period (d)

is calculated based on

diffraction angle ¢@,, expressed as,

d=1/sing,,

(€))

where A is the wavelength of the light source and @g,, is
the diffraction angle. The grating periods are shown in

table 2.

/mw | Screen
6 Holographic grating

He-Ne Laser

Figure 3. The schematic diagram for observation of grating

period.

3. Observation of grating period by Scanning
Electron Microscope

The grating periods were also observed and confirmed
by Scanning Electron Microscope (SEM). Figure 4 (a-e)
shows the image of the dry film holographic grating and
the grating periods are shown in table 2.

Figure 4. Image of dry film holographic gratings obtained
by SEM, where (a) Sample 1, (b) Sample 2, (c) Sample 3,
(d) Sample 4, and (e) Sample 5.
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Table 2. The grating periods of the dry film

holographic grating.
The grating period (um) of the
Method sample
1 2 3 4 5
Experiment | 45.32 | 51.07 | 62.51 | 71.09 | 82.40
SEM 45.40 | 50.57 | 62.20 | 71.01 | 82.41
Percentage | o 15 | 998 | 050 | 0.11 | 0.01
difference (%) ' ' ’ : :

IV Conclusion

In this research, an alternative technique and fabrication
results for the fabrication of dry film holographic grating based
on the computer-generated mask are presented. Based on the
lithography technique, the mask is transferred to a dry film
photoresist and the dry film holographic grating is obtained.
Afterward fabrication, the gating was investigated and
analyzed. The grating period was observed and confirmed.
The result shows that the grating periods obtained from
computer simulation and experiment are slightly different. The
grating periods obtained from SEM, for sample 1 to sample 5
with various interference angles between 0.80° to 0.45° are in
the range between 45.40 pm and 82.41 um. The results show
that the grating period depends on the interference angle. Thus,
we could be controlled the grating period from the interference
angle. From the experimental results, we could apply the
technique to fabricate a dry film holographic grating and the
grating could apply to be optical sensor and spectroscopy.
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Period 124 m sasinmmansanansyivili 21 afiudl 1 @auunsaxn
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