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Finite Element Analysis on UV Curing of the Optical Films

Student: Ya-Wen Chen Advisor: Prof. Chinghua Hung

Institute of Mechanical Engineering

National Chiaé Tung University

ABSTRACT

This thesis is focused on the finite element analysis of the techniques
and the tolerance control on UV curing for making optical films.
Experiments were first conducted to find the fluid characteristics and the
accuracy of replication of UV curing process in micrometer scale. The
temperature effects on the heat emission of from both UV curing process and
exposure of light source were also studied. Secondly, a finite element mesh
was constructed with the same geometrical dimension of micro-pattened die
and spread UV resin as those used in the experiments. Combined with
measured temperature raise, this mesh was used to perform thermal
deformation simulation to obtain the dimensional change of micro-pattern on
the optical film.

The errors of replication on the UV curing process from both experiment
and numerical simulation were also compared and discussed.
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3041 BRI - T4 [10]

Physical Properties Metric English Comments
Density 8.68 glec 0.321 Ibfin®

Mechanical Properties

Tensile strength, Ultimate 317 MPa 46000 psi

Tensile strength, Yield 54 MPa 8560 psi

Elongation at Break 30 % 30 %

Modulus of Elasticity 207 GPa 30000 ksi

Foisson's Ratio 0.31 0.31

shear Modulus 76 GPa 11000 ksi

Electrical Properties

Electrical Resistivity b.4e-006 ohrm-crm b.4e-006 ohm-cim

Magnetic Permeability 1240 1240 mufmax) with B=1900G
Curie Temperature 388 °C B/6 °F

Thermal Properties

Heat of Fusion 3056 My 131 BTU/b

CTE, linear 20°C 13.1 prafm-*C 7.28 pinfin-"F

Heat Capacity 0.46 Jg-*C 0.11 BTUb-°F

Thermal Conductivity BO.7 Wrn- 421 BTU-infhr-ft=°F

Melting Paint 1455 °C 2680 °F

Optical Properties

Emigswity (0-1) 0.08 0.05  polished 200-400°C tatal spectrum
Emigswity ([0-1) 0.14 0.19 unoxidized at 1000°C
Reflection Coefficient, Yisible (0-1) 0.413 0.413 300 nm spectral

% Printer friendly wersion
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% 42 %5 LAUV B2 - 4

Physical Properties Metric

Density 1.071g/cc

Mechanical Properties

Viscosity 16,200 cps

Thermal Properties

CTE, linear 2°C 213.5794¢e-6/°C
linear 35°C 86.6619¢-6/°C

Tg 14.69°C

Optical Properties

Refractive Index 1.5019

443UV BEY 2 R iF B
UV BHAI2 @ R iF E 3k o™ (F5 Rl 4-6):

(1) AzEfaléfEz ~% 1§ UV BRI eREEHFE L FI
Joo BEBIBALE N E N RBEBASE D FE 0 AN 2R
FRMALIRICHER S - AT EF - Bz a4
o B P B RCR g E o

(2) Al =38R L5 #HfEd o

(3) UV A4 B REIITER YT NS 50°C FBI1 22 B 5H-
A RSP R R R e o BT KR4~ Kbk

B G2 IR R (T UV R AR A o R R -
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B A FERET 4.3.5 2 i Ap e o A w[E* DC2D3 1 2 CPE3 & 48
S TR L o R A

Ji
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4.4.5 7 HBg * 23t

@i LR B A R 60 T 0 B UV B B AR

PRI EER WA ERICHER Y c R R R o BT

Bod foaeh 25.011um fedgE 24.938um > &5 0.073um > e HF S X &

0.292%; % & ¢ R *750.021um Jedg 3 49.877um> F & 451 0.144pm >

TeiES 9 5 0.288% (W 4-7) dfi e s 7+ g Wwﬂmﬁﬂiv
hoT

RIRIDL R, MEREFAFEES ) T

43 gy i 55?“—;',‘--‘3:2;‘5(‘:‘,},'-*# T R A

38 p Pitch Depth Slope Angle
(pm) (um) (Degree) (Degree)
B (LA) 49.98 20.4236 43.1516 93.6968
okt d & 49.877 24.938 45 90
FAE 0.103 4.5144 1.8484 3.6968
angle

10*pitch

76




diﬁ&%’ MF TR R R RS AR R R
[ (0.103um)> e £ A& H B IEP = 6 PA B4 L1 3 A 4.5411um
AINE R 1.8484 B 11 E KINE R 3.6968 B o fFt R F] o EIL A U T
Beg
(1) SH-A 2 gl {Hfl ¥ TEPEE- = PEEL ol
HRERG ARG o T2 T RIS T & g
iR AR R T Tt R e
(2) BFEIHRECPH D LREFCEDF R UV R INET 4
Wiz @ Zo Pl E R R g sa R4 (PMMA) &5t >
ok 2 N E KR T A SE R AR SRR R Gk o B - B AnR T
WREEE S Lk TR ERR > BX T e
LR RS 2 UV A FrRis e 2 4ok - @ UV ¥
3 e

EIN
o
b=}
=N
|

ﬂé?%%%w&@izj, eaeiEls g IR o
fglo»:’ﬁru*f— m%g_%'ég%—t [ERER )‘éﬁlf}-'r/&’?\a ,j@.ﬁﬁ:ﬂ;

B iF R 2 (TR &R -

4.5 3 I+ {82 HEE
4.5.1 SHi-H3 B
Fyp b ik 445 g (1) P BF 5%t 480 J1* FHN
¥ Pl % B ET4000 £ 478 PIAcS I /e < H %40 £ 445 7 %
8 RIBA R Ao B 4-8 o 0 BRI R IR 47 R > ek Kk
B2 40 4-9 7757 > 1450t A dcdy 0 F 2 PRIz S 0 H v 1)
4B 4-10 #551 o

77



44 HHo-csiE s 47 E LRI

Ig Pitch Depth Slope Angle
(pm) (pm) (Degree ) (Degree )
i S 50 25 45 90
FsE R~ (T35) 50 235 43.229 93.543
FAE 0 1.5 1.771 3.543

10*pitch

o Fd AR B PO BOR] A b 432 it 2 R
2434 B G HTEAE 0 - 1T 3 TR E BAE A ek
Ao o R WD s SRR 0 iz 2 UV B~ 4

Frenl A et et R 2 UV i) -

452 B H E

BUVR Y chd - AEF7R R 4 B0 L EY Y EJUV’%?]’% %
BEE o B S UVE A b M EE R M o s R EFWER
<~ 5% 123um > pt R4 2 R 7 d hittp://www.matweb.com[10] &
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%045 R34 ER L IFHE A E[10]

Physical Properties Metric English Comments
Density 1.15 gice 0.043 Ibfin® ASTM D752
Water Absarption 0.3 % 0.3 % 24 hrg.; ASTMW D570
Linear Mold Shrinkage 0.002 - 0.006 crdfcm 0.002 - 0.008 infin ASTH 0955
Melt Flow 14 g0 min 14 g0 min 230°C/3.8 kg, ASTM D1238
Mechanical Properties
Hardness, Rockwell a0 an ASTh D785
Tensile Strength @ Break B5.7 MPa 8530 psi ASTH DB35
Elongation at Break 4% 4% ASTH DB35
Modulus of Elasticity 223 GPa 463 ksi ASTH 0635
Flexural Modulus 3.04 GPa 4409 ksi ASTM D750
Flexural Yield Strength 58 MPa 14220 psi ASTMW 0790
Compressive Yield Strength 97.9 MPa 14200 psi ASTHW DB35
Impact Test 115 115 crm Falling Ball Impact
lzod Impact, Motched 015965 Jfcrm 0.368 ft-Ibfin 0.250 inches; ASTH D256
Thermal Properties
CTE, linear B8°F £9.9 prm/m-"C 33.3 pinfin-"F ASTM DBSE
Heat Capacity 1.46 Jig-"C 0.345 BTU/b-"F
Thermal Conductivity 0.209 Wim-k 1.45 BTUkinfhr-ft%°F ASTM D177
Deflection Ternperature at 1.5 MPa (264 psi) 83 *C 181.4 °F ASTH DB45
‘icat Softening Paint 85 °C 20584 °F ASTM D1525; 1 ky
Optical Properties
Refractive Indax 1.49 1.49 ASTM DE42
Transmission, Yisible 93 % 3.2 mm; ASTh 0003
453UV B & eia (1)
195445 0% (2) Bk 220 R 4-11 2 % 0 #0315 UV % R
Ry vhiz 2 -—%@ix‘%%&ﬁ%%ﬁﬁgi SRRppEE A EAHR

B &R
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4.6 Br2 HEEEEFRFERBMEE FEp 1A (A A)

p Pitch Depth Slope Angle
(pm) (pm) (Degree) | (Degree)

SR = ¢ A 50 23.5 43.229 93.543

Lo 49.98 20.424 43.152 93.697

(A) 49.810 23.452 43.279 93.442

=3 (B) 49.823 23.453 43.273 93.455

(C) 49.835 23.291 43.068 93.864

A~B~CzgTiaE 49.823 23.399 43.207 93.587
BB ApEGEL E (um) 0.157 2.975 0.055 0.11
WAE A (%) 0.31 14.566 0.127 0.117

10*pitch

Rypt 285 PHUFNATANZE LR 6 0 HRES 2T SR
BERARIT > A A )3 1% e £F BIEL 2.975um > F i
14.566% » 455 7 it B FldeT
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