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Fig. 1.1  Ratio of the volume of plastic parts produced in Japan in 2000.



PV

L s B -,
san BIRBEIES agl= QW) #l  HEETS

Kogit)

b o
58y ®,

o | BRI m|;

k—%
e o & (RS T) i B

%oo"zi ~—

GO |

= 055 E (ML S WKIEOMEE RB~EAT 5

@5

@ E

OMEE RRA~TETA.

N -

o |
y T e EOGHIEN £ ¢ LRSI 22 ) 2 EHETHE RS

L <|it\\\\\‘“§‘-\il_l

J e mWmyHE RS TE 5,

Fig. 1.2 Schematic of a typical injection molding process.



MO EANINTERBIEZ T LT o XI5 afiqk - 51 & L), &%
SHRERWTHREMmAZ R HPBER TRAOHER SIS, 2D, HHABETERL
TZEANATYER G 2 @ TUNICi LiIA R, @RI L ENERREMNGELTHLED S 2L T
DO 3WREBRBMNGESNTZT T AF v 7 REMERLIREEENZD.

1.2 WHEEREGDER

ek, IR E &1L, BEME L ToO~7 vl Z R oIRE M 595 BWRA VAR
o723, 1980 FROFBNO REIZI 7 v RPHIERMS GRLEEND L O Ik TE .
1313V 7~ A 7 v IR LHEANIC B 2 E N o 8 FF B % R 310 1995 E 8 H 5
MDA SHMIZHE B TV b5 . HBICER T2 L B8R T + A7 %R T,
WNTHZEM (ERT 4 AT LA ML )N, £, B 1.4 1SR TFRFEN O
Bl ik, 77 AFy 7 M~ OMMIBPRETORBERTRIZELOH DL AL 8
(AR L SN2 B e TRED 86 %a D, ZoZ bbb, MRS o
WEhE7TI7AFy 7ORIBEMLIZE > TEBE LI EToMVWEIER b EHERIND.
WM EO S HA2ER T2 EESH LT, LROKRAT AT HOHBLIOT 27 LA
DHUNMNZ T A T A = 25 REToND. FHEEBREOCTLDOOF v 7R, HARE
BRLAIERED IO OMBZERET 2T v 7R ENENTH D, ERKIE, MMM T kL
LTCHRATL TR EERINTHEFZRHLT, 720 arcilEshcnizy, 7
A AR=BFT b, ZRICHEIER TR MEOERBRE Y, BHEIZT T AF v 7~
MELTHND., 151, XA FF vy 7ICETL2ENEBARFZRZMNCELEZLOT
o SR 18 422006 YD T, EMEI AT T AL T IAF v 7 EN¥ExrTHY, =
DZENPLLETTAF v I ~ORBEHBLTWVWDLZ bbb, 2, K1.61%, 77
A2F v 7 OFBEINAM B EE LD LD TH LY. 727 UL (PMMA), KUY B —HRx— b
(PC), WU ZRF L (PS), Y7 uF L7 4ramRl<—(COC) & DI MR IE D2
J=F LT L7 HL—KMPET), RY Fat’ L (PP), KU ZF L (PE)A & Dk Mt
JERZFETOND. 2N L0, A HERIRIC L2 HUENREBSEENTVDLIORDND
K 1.71%, ERE2EGESHFORKRN2MMMN LRELEZ L0 b0 TH DU K
VORI O R MRl 1T R G B TH L. REICHM AR MM A TR T D 2 LISk,
RO EBLLE MR OGN T 7 AF v 78N EHRHMmE L TRD LT
L. R E com O E um ORI TR RO N HM R L, 5%, Thvbx



ZTDith

'S, = =
> © ® D ® ® D ® ® © b @ ©® O &5 85 8 3
T8 88 28 82889 22882828 ¢%
B ERHEERE
— 00— ®T4RY —O— kMR TAY —a— R R
X RPEM =@ EO METHE
—— ¥4

1987-2004 % F&

Ak 4
THE FARY
12} 51%

%

Fig. 1.3  Patent trend of micro injection molding technologies in Japan (Product classification).
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Fig. 1.8  Schematic of a backlight module.
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Fig. 1.9  Typical optical effect of Fresnel lens.
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Fig. 1.10 Typical optical effect of lenticular lens.
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Fig. 1.11  Schematic of a 3D display.
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Fig. 1.12  SEM images of an anti-reflective microstructure.
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Fig. 1.13  Schematic of an anti-reflective coating.
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Fig. 1.15  Schematic of a typical cell culture chip having surface microstructure.
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Fig. 1.16  SEM micrograph of dot pattern imprinted into PMMA.
(The dots have a 25 nm diameter and 120 nm period)

!ﬁmﬂy—y

Fig. 1.17  Schematic of the thermal nanoimprint process.
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Fig. 1.18  Schematic diagram of the thermal nanoimprint equipment.
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Fig. 1.19  High aspect ratio pattern fabrications by nanoimprint lithography.
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(a)SEM image of the replicated Ni mold
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(b)Cross-sectional profile after FIB sputtering of the replicated Ni mold
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(c)SEM image of imprinted pattern to PMMA film using replicated Ni mold

Fig. 1.20  Cross sectional profiles of the Ni replicated mold and imprint result.
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(a)Imprints using a cylinder mold (b)Imprints using a flat mold

Fig. 1.21 Two ways for roller nanoimprint.
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Lamp Heater

with Heater

Fig. 1.22  Schematic of a roller nanoimprint system, consisting of a roller,

a movable platform, a hinge, and heaters.
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(a)AFM graph of a compact disk mold before (b)PMMA imprinted by a cylinder mold, showing

bent into a cylinder: 700 nm tracks pattern on sub-100 nm accuracy in pattern transfer

the surface of compact disk

Fig. 1.23  AFM graphs of a compact disk mold and PMMA imprinted.
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Fig. 1.24  The problem of demolding microstructure in a roller nanoimprint.
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Fig. 1.25 Schematic of a roller nanoimprint system, consisting of a belt-shaped nano-mold.

(a)Molded product (b)SEM image of microstructure

Fig. 1.26  Appearance of molded product and SEM image of microstructure

on the surface of molded product.
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Fig. 2.1  Schematic diagram of Melt Transcription Molding (MTM) process.
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The low coating pressure independent

Coating pressure of the size of coating area.

Thin wall | | Large area

Low coating pressure —

Low residual stress
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Low birefringence

Homogeneous temperature and -
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Die lip ~
Coating direction ~. ,; ;

The polymer melt is directly JZ A
and instantaneously filled
into the microstructure.

High transcriptability

The polymer melt
without significant
temperature drop or
solidification.

Self extrusion of air

Fig.2.2  The advantages of the MTM process during the coating stage.
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Low compression pressure

Homogeneous pressure and
temperature distributions.

Large area

The relatively low
compression pressure.

@ & -The polymer is flowable
*Short relaxation time

The polymer hardly flows. @ @ @
Minimal distortion \

Accurate transcription

e
Minimal residual stress {} Short cycle time
Minimal birefringence \
High optical transparency The highly homogeneous and precise

transcription over the large surface area
could be achieved.

Fig. 2.3  The advantages of the MTM process during the compression stage.
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Fig.2.4  Schematic of the MTM equipment.
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Fig. 2.5 Coating behavior of molten polymer in MTM process.
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FEARAFMED & 0, A @ WIE E R SRORE AR <, AT E V20, BHIE 2 E R
THLIEEWM AT = ~ODEMBIEORBEIIES EEZXOND. SHIT, ¥4 bk
SN IR ICIIHBE D DIERT 2720, il N7 —Icf LT b CTHRENET.
INL R, BALEFICENTH, b2REOWM AN — OBEENAIRELEEZLLNLD.
I, BBEOT LV ATRCTOMERTICE S DM OEMIC RN, IS B
FRAEORMEHIZB TS5 AY v MZbRD 5 5.

W, MM = EIY bBMINIBIEOTREERTHDL EWVWDS 2 &IX, BlAEE
ROEBMEINTBIBORENERTTLLEALZILEHTED. Tbb, ¥ANbHH
S, PO N Z — TR L TR IE O ST fF TIE A Z ORI T T O ERT
WTHSND. XoT, BMLERTIE, BRI O FPMESRSORMES SE I R LR 5
MNG = ~OFREPELEMERBIAZNECLTVD LHRIND.

—F, BEOT L ATRERIL, B LREIZESMABABIBREZMIT RV EHRHN S, AR
FNZITBIE DI EEADR R VRETORERZRBH LA OND TREELRE V. ZORMND,
B LRICBIT 2WMMEE A I =X L0MHAIE, THhBEEROEMEE T TR, 7LV ATE
DERBEEFHOMRICbEILHOLEEZOND.

WM EE T2 B I DWW T, FHABEBS IO 4 7 MEIZBWT RN
HDHNTWS. FHHEE T, 2R 5PTEA e 5 U204 ghen ) I | 5P 52
NoHoD., AXEORLPESRDLIANCENEZFERNSEL2 2L, @MIEBEELEmSTLIRE
TEREMENM BT 2 LRI TWD. E£7o, JESBRW % O MM RGO FIER R ST
H.F ATV R TR ORGSR g, Rk O 7 2%
MEE, BHIE R O OIHIE 2 7e E NI BB IC R IFTREBERRF I A TWS. Lal,
FHREETIE, BIENERT H2EMIRE COMIETHY, 612, BBICEHRTED
SBIEOMEN EENC L > TIRED. BT /A7 Vv MIBT2HRETIE, BIEOIRE &
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GHRRENRFE —TORIETHY, WTFnb, KEBIEDOEBM LR TOEE AN =X hx
i3 21213+ TR,

ZZTARETIE, BBEEIED > b, EREBEO —#flé LTy /et L7 0 ar
U~—(COC)E RV I —ARx— MPCO)ZH, Fix ORILEMLED F THM AT —2 ~D%
MBI OB 24TV, BIIEICEE SN MM AN Y — O IRBIEL B L T, 5 EH M
Bz AT,

3.2 ERAEXBIUVEE

B FERICHDL I EEO FHEER B L OEROKRNAZE 3.1 1T 7. SHLEE CTHIEL
WL 7o%, YA 52B8Ehns, T&MICEHINZAZ U RXEROMMANZ — i
WCHERBIE Z &M Lc. BHOMETIE, BMRICTVALTRICBITT 522, KEODFEER
T, Bfi TR COBTEHBEZRIET S0, 7 LRI XD MEEBTIXITHOT BA RO
JEDOHE L, B LIEBEZHH - Bl EERICAZ NP bIE<HEEs 2 TH Y
TN EGT.

ZAVE, BIEOIEHIE2S 100 mm T, U v FSEEOIRIEE 3.2 12T 2 FEZ H Vi,
S A7 AT OEZ M 0.5 mm, ¥4 7 BILJEMIZ 30 cO7 — R E AT 5.
Uy FoEh e A2 R OFRES,  CHREDBAAESE 150 pm F20F 250 pm &L, U v
T IOREME L OXHT, 1.1 MPaOBIIEENZEN S ERBbBMEIT oo, EHEOR
HEE (XA OBEFEE)NT 10mm/s & LT, 2% 280 H 30 100 mmx100 mm 0D % [ (& 45
g &84 U7z, BHIEE 0132 A R OCHEICERE L 72 BHIRJE 71 & > 5 (NP465-1/2-10MPA-24/45,
AARX A =Aa(@E)THRELZ., Vy 722X 0 RNICE#EIETEBAREZ2IT I BICREB SR
LEREIE D E, WUHHERETY v 722X 306+ Lz RETHR I S 2 8
JENN(FANTORENBEMEDES %, BAKRIZY v 7 TOBBICIENT 28EET &
LI ZF AV 7O ML= 72y PORINFFA T AN35mm, ¥ 7 B 6.5mm
Thow, BAEEN 10 mm/s DA, Vv 7 FTOBIRICEAEE S ER T 5 R,
% %20.35s, 0.65s &72%.

AL N T =y FVEHRT, REOWM AT = OFRRITEELK ¢ 10 pm, EI MR
)5 um OFERO MR TH 5 . B 51X COC(TOPAS 6013-S04, 7 7 AR FE (T,)=140 C,

MVR=14 ¢cm*/10min (ISO1133, 260 °C, 21.18N), & U 75 2 F v 7 A(#)) & PC(TARFLON
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Pressure sensor Polymer pellets

Injection unit

Lower metal mold Microstructure engraved
= on stamp

Molten polymer
coated on stamp

100 mm

microstructure

Molded product
000000 with surface
—

Fig.3.1  Experimental procedure.

-Plasticising the polymer
-Heat up the metal mold

-Coating the molten polymer

-Cooling

-Demolding



Die Lip Coating Direction Die Lip Coating Direction

Coated
molten polymer

61—5
3mm| 0.5 mm r
— e |
) L=35mm T
Stamp Dimensions of Microstructure
(Electroplated Ni sheet) (Hemispherical hollows)
(a) Type A (b) Type B

Fig.3.2  The shape and the dimension of die lip.
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IVI900R, T,=145 C, MVR=19 cm’/10min (ISO1133, 300 °C, 11.77N), H}¥ 8pE (¥k)) % ff
ALz, EREORBIEIEEEZ 280 CE LT, AFX U NREA 140 CTH25 210 CETS5 Ch
LS H T,

AL NP BIEFLKEEL TR 7L OREICES S LU TR O #8523 L O ER
ElX, U—VEEESI(VK-9500, (FR)F—= > A)TIT\y, FEMEALIE S 7o R s L
oo ¥k, L PBAMEIIIN 80 ° AR A HMEICIEVWEHOBRKNENKRNETCHY, K 3.3
DEINCAZ SR EOMAEIRME R OB I EERED LS ICBEEIND. AX U0
WO A BRI TH B Z Lk, K 34 R THEMEBGO®Y, mELICES I
AR N LR NBREZRT ZELOHRLTWD.

33 RBHERBFIUEE

3.31 BERRKOBERER

(1) BEEREOCEZE

COCZHWT, BARIRE T, %2 260 CE721L280 C& L7z DEEIRZK 3.5 1277 .
FRIERE DK O 5B, AN BT i 2 i O R, AR 23 R I H S o BE6R ™ JR ER o e
mEkEZ T, URBRICRTHEERTHD. KRERTIZZA T ABROY v 72 HWiz.
BATHEILERED 10 mm/s & Lic7od, U 7 FOEEBAE IS E D AEH 3 2 R i
035s &7, £, BAAERIFX 150 um, A X 2 /NEE 7,02 140 CE L7,

FOEROBIEZEBMT 52 TEHEENMEESIND & TR LA, BIRIREIC XS TR
BRRIIFEALEEZRIIATCT, K075 um BEOE FIHOWERRDHER I, #
JEIREIC KO TEEBRAEELL L TWDoiX, BAEAWLL T 2IRE LI EN RS, WM
AEMEBIZHR LIAE N DBAE OMMEICZRE N AU R P ol LHEIND. 51T, M
MEBICHAE AT E AL FES A TWARWDIE, BIEN A X o iC#Eimd 5 &, Sl mia
7 35 3 OV DTS 0> b oD 48 0D 1 2038 ORI 158~ D IR R 3 AT T 2 R A — 2 X0 b
WK TR T L, MEREROHMENEMLEEREE XS, 22T, RmoRERE
BIORENMET T2 ECORMAERE L.

F3.11F, COCBIUOAKZ Y AHMETH D=y 7 Lo %2 3 B2 Bk o
RERGEEIZEE L, 2 & v BEm L EEsE & o RmiREZ2RAE Db ko iz,
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5.61 pm

o r
~

The top view of the microstructure
(Hemispherical hollow)

Fig. 3.3  The laser microscope images and the measured cross-sectional shape of the microstructure

(hemispherical hollows) engraved on the stamp.

Vo W W

10 ym
(a)Surface appearance (b)Cross-section
(SEM image) (Optical microscope image)

Fig. 3.4  The micrographs of the surface appearance and the cross-section of the microstructure

(hemispherical projections) transcribed on the molded product.
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Stamp temp. Polymer temp. 7, C

T, C 260 280

140

Fig. 3.5 The microstructure transcribed on the COC product at the polymer temperature 260°C and 280°C.

Table 3.1 The material properties of COC and an electroplated Ni stamp.

Material o (kg/m’) ¢ (J/kg/K) & (W/m/K)
CoC 1030 1370 0.16
Nickel 8899 447 90.50
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\)prCrKr ><TrO + \/pwchw ><TwO

\/prCrKr +\/pw

(3.1)

ZZT, T, p, ¢, KITENENIRE, HBE, LBABIOREERKZRL, RFEr, i,
w, 01, BiE, A, AF U A"BLOWBEZEKT S, AZ /R ED 140 CTHIE
N 260 COHA, R oL 1429 °C, BAREEN 280 COHA X 143.4 CL i
L. BIEIEZEIZ 20 COEPODICHEADLL T, R OBIEEEIZ1 CUTOERLRD,
SHICEDRELVANVFIFERZ NREICRD ZENDND. ZhIE, AZ L SHED
=y NVORRER [pcxk BBIEOK 40 EREVI LICERT 5.

S 50T, R T, OWBBAEA 2 & 2 S ICHK L CEBIEH O 2V RIETHM LT, 2 & 18
L OHEEMPBHE OBIBIRENZRARTICET 5 MELIERED, Bl THror Bk ok
SR 6 O B x (2B B IR EEHIE DR EZE T (x,) 2 RE.2)P I FH L.

T (x, ) (T T, )xerch+T

2\/a—r[ r0

ZIT, T, a, x, tiFH&RE, RELRESR, EMEN S OHEEES X O E O
BIRIEE DN Z L Th o ofEiFMa s L, W5 r, i, 00%, BI5, #ffimEs L 00

(3.2)

HEEWT D, AETE, BHEExZ2AZ o AOBMNEMOBERS EFRLE S um & Lz, 72,
B S ORE TIIRG D) TROZEERA L.

BEHR IR E 260 C & 280 CL T, MFIRIE O E L Z ik Lo R4 K 3.6 I ~7 . fEE
NBERT 5 035s X0 HE0.05s FRET, I ZIFEMAEOREE TR TS5 &2
Z, BlEREDOEZLDLT N TOHLIERLND. TbD, BIRRELZE X THEEERIR
WCEBRNEC 2o RKEHEREIND.

(2) REAVUNEESSLUVHEREOEZE

AL R A 140 CTH 5 210 CETEASETEAEZITW, VU T IVICET S L7
MR ZBE Lz, £, BIBICL 2T RIROEZREZ BB T 5720 COC & PC & TR S
HCOBMEREZIT T XA T BRKROY v 72, A EE X 10mm/s & L7272
BIEE DAER T 21X 0.65s & 72 %5, BHIRIR B 1X351C 280 C& L, &4 /E A 1% 250 pm
L.

X 3.7 AFX N E T80T 58ERKEZ7R7. COCIEL 170 C, PCIX 175 CTA
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170

_ —_ —_
(8] (o)) (0)]
(9] o O,

Temperature (°C)

—_
(83}
o

0.00 0.05 0.10 0:19 0.20
Time (s)

Fig. 3.6 The change of the polymer temperature with time at a distance 5 pm from the interface at the

initial polymer temperature 260 “C and 280 “C.
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Stamp temp. Polymer

7,’C Cyclo-Olefin Copolymer Polycarbonate

140

150

160

165

170

175

180

210

The top view of the microstructure -~

(hemispherical projection)

Fig.3.7 The microstructure transcribed on the COC and the PC product at the various stamp temperatures.
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Z U NMEOMMIEIR 2 BRI T T 5 2 L BNHER S L. o X FZ IR E T ORIE S
RiEOHEBIRIZER T2 L, COCDHH, 140 CTIEF LI LD, 150 CTIFIE7
Ty FRBREZRT D, XV EEETIEEESSE < TR MRRO R R RETEIRZ R,
IHIT, AFUNREZ 170 CEYV@m<T2E, 22 "OWMMMBIRZ ERICES L
PRAZANZHDRVEIRONBERE R LT, BBERKOHEBRELZ LD L LK 3.8 DL HITR
5. PCOYgGHE, COC LTS5 COMEEND LD, TEREBEICED £ TORERROHER
X COC EMERLT 2 2 ERMREINTZ. £/, AZ LV NOMBREZERICEIRE Lz A ¥ X
RE 175 CRV B EIHICHIRD 210 CETHEBRABLE LICHER, hRIZAZHDOZR W
FEREEDOBIREMERFT 52 LRI, COC b RBERMM AR L.

EREY, R URBEEZRLS THLEHBEOMRENEEL 2RV, WEEE L, HOIRE
DLECTHBHRICLDERRENEB SN, £, BEOREBEICE LT, XAZ U NEED
EFICHE S BERR O FER R 2R d 2 &R ST,

(3) BEEHOEE

COC ZH\W T, BIEES p, 28 0.8 MPa DA & 1.1 MPa D4 & TBAT 21T\, IETE
RaeBBE L. 247 BRKROY v 7 E2 M, BIIFIEEIL 280 C, A& 8 EEIX 170 °C
L7z MEREZK 3.9 TR T. BARE I 0.8 MPa DA O FEHE & 13k T 0.29 um,
F1E-0.22um £ 72V IFE A EEE I TWRWD, BIREEN 1.1 MPa D& IX%ERES
L7z, TRy, BfMSn2BEICHMT2ENZm<$52&7T, BEMeEIND Z
ENTERE NS, F, FEHEA R, AFUNEESELS LTCRAICLABEEMEE SR
7 LTh, ZZ U N@EORIBICETOIRMAPES RD2TCOAEEZHLR O BER & 2
D, ZhuTx LTARRRIT, BIEENZRWE T D 2 & THEEME A D 77 I8 5k R 4
WML DHEMEZRT OO LMRTE S,

B, BERROFRTCHEEEG SN YA FAMEEZRT OML, B S B RRE O BHE
PREREE CRERT T2 &1MA, Bk, BIEEZAZ AP LIELHEEL72D
CRRETHHASED Z L THE L DBIEEA ORI EREUCHE S REIGHE (LT, HEIY
i) DD, BAATOHMIET~OBMBEOFHEEL Y bZ N2 EBELLND.

(4) ZHEHOEE
FEHB IR A G E CHE, BATE B2 BMICEETX 5. 2 2T, COC & W Tl &
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Coated molten polymer
7\ Low stamp

‘ The shape of the

temperature

transcribed microstructure

Y

High stamp
temperature

Fig. 3.8 The typical shapes of the transcribed microstructures at the various stamp temperatures.

Stamp temp.
T, C

Polymer pressure p, MPa

170

-0.22 ym

Fig. 3.9 The microstructure transcribed on the COC product at the polymer pressure 0.8 MPa and 1.1 MPa.
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NI MR DIE 8, 2% 150 pm 35 & OV 500 pm DA L T, BATNE LR T RIS KIET KB
R LIz, 24T ABKRDY v 72, BIEREIZ 280 C, BHIEEIE 0.8 MPa, %
H NI T, 1% 140 CTH 6 200 CET20 CHRICAISEZ. MEEZHK 310127 T. R
Z NN 140 COBE, JEH 150 pm OEGE XK Z 7R L7223, 500 pm Tl M2
RSN ol ZZ /7GRN 180 COHBAIL, JEAIT X & FRE 2 & <t A3 1]
Wizl pfmE R L7, HFRO~NZHEIFZEA 150 pm D-0.18 pm (2% LT, 500 pm T
1Z-1.25um & REL< Rofe. 2L, BEO®mIILIHIZ 052056 0.6 um T, FREFLIZE KR
TRERITHERINR T,

AL NRED 140 THH 180 CETOMOMBM & LT, AZ U NEENGWIEL, F
7=, BAERBIENT BB IROEEE S MMEL, g, PREO~ZHENRKEL 2
o7, BRE~OHME), MEBEEBIORAXZ U NEBEEREOLRBIZIRLCTHDIZD, V
Yy 7 NBEIBTABEOFEEEHICRNERER IRV EHIIIND. BRESABEWVEAIZH
RDONZHPERNDIT, BEHGFMOMEIR2mANMERENZ R LI IND.

INETOREBERROHEE PO THIT 5L, SHITEIBORAZ U RIRE 200 COYA I
WMHIE RS KL T~ HABPBEFEICRDIETEN, ERERIIHETOERT~ZHODR
WEBBREOBIREZ R Lz, Zhik, —HBERA Y U ROMMBNERICERIcREIND
ELRONZHEZSHPERT 22 2RBLTWS. S 6T, AZ U /NREN 180 C
DHEAECBEINTZREB P E < FRPUPROBEERR OB KIZE N TS, FREOEE TR
H N OREFIZHM L R OBWMBIE ORI~ xS HPER L, DBAER LR
HRES OB O NIRRT B BND.

(5) ZEHREDOEE
BAAREPNEGEIRICKETEEZHRRBT 572012, COC & W TERAEE v 28 5 mm/s
& 10 mm/s & TEBAMAATY, BERRZBE L. BIRIEEIX 280 C, A ¥ U NRE X
165 CE L7z, Vi Ebhb—U v/ oy VOREIN65 mmDFYA T BEHWELD,
BATHE D Smm/s OHE1X 1.3s, 10 mm/s DIFEIL 0.65s D], A X /8T8 A S -
JEWCHHIEE D DER LIz Lo s, M3 ICEERREZRT. BAAEE 10 mm/s DS
X 1pum BOEGEE I o7, BAEED Smm/s DAL, HADO I —HLUNTIZ
FREBICEHETEL, AOLNMCEERMEESNTWDEEFNb2 5. £l L% H o liEE

S, BAHAEEDR S mm/s DAL 0.7 MPa, 10 mm/s DAL 1.1 MPa TH VD, IEH &
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Stamp temp.
T, C

Thickness 0,

pum

140

160

150

500

180

200

Fig. 3.10 The microstructure transcribed on the COC product in thickness 150 pm and 500 pm.

Stamp temp. Coating speed v mm/s
7, C 5 (Pressure loading time = 1.3 s) 10 (Pressure loading time = 0.65 s)
165

Fig. 3.11 The microstructure transcribed on the COC product at coating velocity 5 mm/s and 10 mm/s.
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WE P2 T T RBIRIE T K2 >72. Zh &0, PRoFLLBIEENEZm< T 508
B, ENOHMBMZRES 702 L THEENMRESNDL Z LRI,

332 BEERRKICEEZEZELETEAF

WM TZIR Z 85 5120%, M ANF — B2 RE T 20ATERL, 20k,
SNTRREREE, BETHILEND L. BIEEZMMMEICHAALTLEE T TL,UTETH
HIhiE, EEIC X2 BROBEENATREE B X LD, EREAT - 2B A LI TOMM
AR E T, BIREDPAER L T 2MOBIEREITX T, XY bEiEo 2 ¥ o REE T
LoymHA S z2nized, BB & 2 FEBROEE IWFTE V. I, ERETOR
WRBEINT 170 CEE X DIRE T, BEIZL > THIEOREIZR 2 1O T um 4 —
FOBREEET S LIIRELEZOND. S5, AERTIE, BETHICAL Y
NREZRFTHHAL T ZLE2EFLEL VDD, 2AZ U RNEE LSRR EOREREIC
SHIST B W ANENE L H1XFTTHEH. L, ERTIE, AZ U UREN 170 CTEB £
HEMCHERBEORRMBBEI N, S HITHEIRD 210 CTH @ HNM D 2 W IERIRE O
BRBBRS T, Zhb XY, BEMEICHELZ RET 2 2 L3I SHATH 528, FRFIC
FHEME O Z EE - BT 5 E FAFE L2V & BAIC X 2RO E KL L 72
WZ e d., ZFZTCARETEINDIZOWTEET S.

(1) TEZEETHEF

MAEEBROFE RN S, BENEE SN D KU Z2HEET DL FTROLIICRD.

DAZ U NREZELST 5.

SREOBIBREZEGS T2 L THRM A= ITHEREALLTWVWREBIZTS.

DBIEENE®L T 5.

SHBHE 2 W Z — T D T E K& T 52 L TREEZRET S.

NBAEEZELS T 5.

SBE~OEDHMER 2R T2 & TREELZHELT.

IHDHEBIBO VA T Y — RIS Y T TN 7 TR B & R R R 22 TR BT K
AL, BEMERZEEIO SRR & U CBHEO MR, K28 o ZER - & L CRE
EARET S, BE S D FREEB ORI AR 3.12 127 F . BHIE O WM IC 8 S D
WERICLDRBEE, HIMENEENCL > TERRRHMELICHNT 527 Y —7 122K
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Press force

\AAAASRALAA S AAAA R AAAA R AAAL/

Elastic deformation Creep Stress relaxation
(Stress relaxation)

Fig. 3.12 The filling behavior of a polymer into a microstructure.

59



TOREE TRESGINDRED, 612, BMMBIZTERICREIND &, & DEME
T2 MR L., BERESEWIZEBIEOMMERIT/ NS WD, FUBIEENTH -
THEREPNRELS RV REBEITHKRT S, £/, BEEIRSGEVWEERERHE KL TR
HEmSiEm< s, &b, ENHNEREELST2L, 7 U -7 TH#ITT 5 L&D
KT 2 EMBELE.

2T, RFERIZH W COC I LU PC DGR I5 I O Fn iy [ o0 i B2 K A7 M 2 4048
L7028, VARA—=H(ARES, 74—+ TA + A VAV AL Ny NN EHNT, #
FRPHA T TIHRE 160, 180, 200, 230 3 XUV 260 C, MAHEE%E 0.1 75 100 rad/s (22 1k
SHTHEBMER GEHIMMER G2 RE L. K313 BLUOR 31415, G'& G D
B L EEMERIG B L OBMEMOBREKGEEZRYT. 2RI 5AHEZHET S
72, PR 2 @i b U772 B2 10 pm, RS 5 um O P AEFLZ £ EUNEERE 0.65 s T4
FERT 72T b0 e LTRGEI)P I RETAWEEy 2B LT,

40 _ 4 mrtoh
3

= - =
Tr T-r tp

(3.3)

T, QUEIBIEOKRMEEE, r BEX R AIIHEADO R EES, 1, (XEHENEH % 7
T, Z2hEVREEAMEE y 12 625" &5 728, Cox-Merz HIIZHE > T 6.2 rad/s Dtk
HaZR L7z, 72k, K 3.14 ® 170 CLLTFORES CHEMEMAEL 22D D%, LA R
—Z TOMEL LT WLF AN KX 2 ERMBEOREICLI 20 THY, ZEMEICED
HZHbDETS.

3.7 THMITE IR 2 52 2R E L 72 170 205 175 CO A H )R EE TIL,PC L v % COC
DI PFHERP/NS WD, COCOLT N REIASH LEEZLND. LrL, ZThLEVbE
VMR BES O fE FRER 1L PC D7 B ELN T 6D, BBAT S AL 7 B @it RE 23 W1 R B2 > 280 T 6
ALV RRESRE CTIKRTT 2 £ T, PCOHTBMMARY - ~OFRENEG EHBSND.
B LSRR, K 3.7 TIEPC L COC DEREXENIC S COREELMEL L)
eI ND. £z, KM3.9T, BAEES 0.8 MPa & 1.1 MPa &L TIERBERICEND D
DIE, BAEOMERSCEMEMAFC TS, BIEEDREWIZEHEEBENERL, M
MR ~OERMBIEORV I LESRKEVIRE T V-7 BNiEIT L, BEREE I
HEEZOND., EHICKINICRLEBRETIE, BARHELELS T2 & TEAMIMNK
MlaR< LR, 7V —7IckaREMEE S, FAIMBHEE DMK 2oz ic b BD
LI RN BT EIIZ ol tHEIND.
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Fig. 3.13 The change of complex modulus |G*| of COC and PC with temperature.
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Fig. 3.14 The change of relaxation time of COC and PC with temperature.
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(2) FEBKZEETISEAF

A a0 TR TIX, WA S AR EBHIRICE DA EIIN & 2 REETIE 0.65 s LIV, JE
JIEDIN A — R B I R AT AR 2 A M I I LT, A U vl L % ICHUNE
DBER LR e b LERET 2 iEEIE+ o IcEx oD, £, BAiikice&A s =
BLAXLVETHALTEBES T LE2HETWDL D, HHINMLELZIEITTHDL. £
CHBELLPRERETOBRIGLNZHEEBE L LT, KHINEBREZBEET 2K T OF
ENRBREND.

IR LIZEO1E, ERBTOBRBBOLNIZOETWBIED T, L0 b &EIED 170 CHi
“BTHY, BIEOEICEID2BROEEIIRETH D, £, SEMWIZBIAE 2 8EE 7
FUMHC E R L LIRET 2 &, EBRM#% O MERBIEB IS 2 2 &R TE 50,
BATRE OB AR IR E 280 C22 6 A X VN £ TOWRER NIRRT 56 AEIAEILAE L D
I ThDH. 5T, BEAE S PRAUR O R R ARIREIROFIZ OV TIE, EA
I 2 2 o /RBERNI AR U 72 & HETI S 0 2 8% 50 D 2 23T & s D F) R IS & o THE I 12 [E]
TS AL, BEMEICHEAR L 7> o 7o o SR 0D 2 3 BRME B &b 2 W I v EVIHE O R & 52T T s
AT EHREIND.

F T, WRIBRA A X L RBEME ISR D LOREAE D3R BL L, M [ S0 vy EVILRE L2
WH o CHMBHIEAZBERICHRT 2 EMELZ. B3A51F, RV AFLUolo s EED
ALy MIxt LT S 7 Bk 2 AT 2% 1251 & B, by b O%nHZiRikiz
MAETDNEFRZL0TH LU JEEMEBHE CIER 3.2 ISR T, M MEHIE k@
N(T)EFOREZBEZ D EMENEBL, EREHORENES RD2IFIEMET LI
Y FOENREIMTHZENREBINTND., 5L, KETIToBMERICBWNTH,
AL ONREN T, 2 B2 DIRBER TIX, o TN EAZ AN LIEBEESE D 2 & NN
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Fig. 3.15 The measured adhesion ratio change of the different materials.

The materials - < : PET, @ : LDPE, A : PS, 4 : HDPE, [ : PP.

Table 3.2  The glass transition temperature (7,) and the melt temperature (7,,) of the materials used .

PET LDPE PS HDPE PP
T,(C) 75 15 104 13 9.9
T, (C) 254 111 - 130 164
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Fig. 3.16 The model for transcription behavior of a polymer filling into a microstructure at a low molding

temperature near 7, of a polymer.
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Fig. 3.17 The model for transcription behavior of a polymer filling into a microstructure in case of

incomplete filling.
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Fig. 3.18 The model for transcription behavior of a polymer filling into a microstructure in case of

complete filling.
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Table 3.3 The relationship between the filling-conditions and the applicable transcription models.

Filling condition

Transcription Model

Coated molten polymer

Fig. 3.16
/ Microstructure
Stamp temperature = T,

Fig. 3.17

Stamp temp. > T, Adhesion to the

surface of

Free surface microstructure

Vo Fig. 3.18

Stamp temp. > T Adhesion to the whole

surface of microstructure
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Fig. 4.2 Dimensions of the stamp used in experiment and simulation.

72



17, A2 AR T CGoF B, AR o BREE) R KOV ER o B oo MHE O B R XM AR R & L
7o, BIIEE AZ X, AF U NREEMITIHAEREELTVDLHEOE LT, BAEITEE

PN HE WA= BT 24T - T2

423 BEZOYMHEE

1 i 13 Bl 38 o> 928 T A W 7= PC(TARFLON IV1900R, T,=145 ‘C, MVR=19 cm’/10min
(ISO1133, 300 C, 11.77N), HRBEM@MK))E LT, ToMMEMEEHEH L. X 4.3 134
ELT20 CCTORFMMEMR G, HEAHMMEE G B L OEAWRE | n |2 R . Mokt T
NMZIER@ DD NE 1 & LTEH—FEME— KD Giesekus E7 /v Z H W=, BIRA % £ H
M ET oI T, MEZEMCLR2VEVW AOENLH —BEME—FET vz A0ty
%, Giesekus &7 /LM & Wb TV AW KD a 1IZEMIE T A —% T, SEITH
HEEDT7 4 v T 4V TORER 03 L Lz, £, G ITEMMMER, 37 Y, 4
IS L ODIXEREET v YV ERT. Fi2, T IO EDOVIERERD
T R p R oy &2 R 9

v
TP AT A A T=2-G A D, T=)1, (4.1)
k

Q|Q
bl
L

TR AT R@.2)0 WLF I TEE L. a3V 7 b7 77 % —, C& CGIXER, T,
TEERE AR L, AMHTTIE 200 CE L.

-C,-\T-T,
ol )=~ 2
1 0

R DOIEE FIBIRAT O R L U TR 2 4 2 155 20 2 438 08I IR %S9 2 2 PEAE
AW DRI 21T o 72, T2 L, MATEFE OLZEMICE D M5, A
1% 0.83x107° m’/kg (R TOMM)D —Efl, FEE 2.2 kI/kg/K(270 CTOE)—E L L.
FIINE 7173 1 MPa & He#g/h & Wio o, WABOENKFEEOREBII b nwE Bbnb.
AL URBIREMOMEITEREFELTEL, FAafli=y i, e L THBITZIT-
. ZSMBOBEp, BB I OBYRE Rk 2 4.1 1257370 K8 E TOWIEME 29

SMMIRAR ROV TORIBERGEEZEE L.

73



10° E - - .
N ézin
—~ " /A/
< G
o 5 A
= 107 A "4
= = |71 rvack
_ —<>—<>—<>—<>—<>_<>\ o 710
= e g O
DG_S 4 / <>\<>\
:/ 10 A/ / ~
O e /
© /
- 3
/ .
‘/ PC IV1900R @ 200°C 1
102 - asad - b At aaas - b & 8 aaas , N aaal - At dsas
10 10 10 10 10

Frequency (rad/s)

10°

Fig. 4.3 Rheological properties of the material used (PC IV1900R) at 200 C.

Table 4.1 Material properties of coated polymer, stamp and metal mold.
Material Temp.(K) o (kg/m®) ¢ (J/kg/K) (W/m/K)
Coated Room temp. 1200 0.31
Polymer 543 - 2200
300 8899 447 90.5
Stamp
600 8782 589 65.5
Metal mold 300 8390 375 123
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Fig. 4.5 Comparison of cross-sectional profiles between simulation results and experimental results

(Laser microscope images).
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Fig. 4.6 Simulated internal stress distribution at initial stamp temperature 7, 170, 175 and 180 C.

81

(+ : compression stress, - : tensile stress)



5, MEIZLDWMR N TEHEERRZHEFELTH, SIERSEMIS N> 72 F £ TR < B
BRI IR ADPHER L2 20 L RERRPHNDL & THRISH DD, WIS TV D MICHE
JEWES OIS 3T 5 2 & THRNERZEOIROBAMENIZ G RLHHFTE 5. D
FV, KEBEICLAMRNORBLL, MERBEIZLI--TERLLY ET28EE2 ) THEHET
L0 TERLS, MERLTHDHICHIERNE TOIR DiEMBAEITS 2 2 & T, BRORE
EREIS ORI E DM 2 ER TE LI 2R LTND.

EHIZK 4.6 D T, 5 170 TEB LW 175 CTD 0.66 s B L D5 TIix, HOMME O A1
JEREIS DAER L TWAD Z ERbnd. T, 4.7 O X D ITHIME ABBRf S 415 Z
ETCHMRIEICE > THE S 2 LT HBIENKE L TV D EALICH R S THRERIZEIRIE /)
MIFEAETDHRER, RKI&%2T 2 MEMELEORBIRIC K L CTHIIEZ MM T 2 23588 L
bl EZOND., ZHIEMMAY - OEBEREICHES T AREEND D.

EREy, REOFKEELELTUTOMANELNT.

DRAEIC K DM OREIRN, RESNTEBIEORRERICFSTLLEOEZITRYET

H 5.

DB ZBER CHIR T 52 & T, WHENICIZN 0.2 MPa SRS I A L. KEIZED

WENE, ZNEVBREVLERDH .

RIFIC Lo THIEO IR ZREFF L T DRI T OBMPBHER I N, MEIC KD W

WHOFEBIZL, BROKRFEZ T TIE, RNESHORBIZLHFLET 5.

4.3.3 BEZI

X 4.8 1345 A X W T, TOMRES A ORERF (L 2 R$ . A Z 2 WHE O
EICEDRELANLVOETH D0, REZCTRERERNZRLTVWD I ERDND.

T, 170 CTORERICEBRT DL, 0.05s TORBAEOREITAZ VXL HEML TV D A
B S EGE R TR S, O O Lo B mEREB TIEEWVIREAZMEL TS, I
X, BIEORERERPMMEN LICEKNT 2 EEBbh, BHERAEIRZMERT L2 LT
TR [T 35~ D #t ilg 0 FE L MIEHE S LD FTREME SR IE S D . oo R T b [RRR Ao B 1) & R
Lz, Zhbid, AZ U NRE LY b @ik o v as is 23 S 2 — o i s S 45 ARk
WIEDRRED—D2LWVWZ 5.

0.35 s FF . Tld, RIEHILD > TWLERFR D5 . Zhid, BIERNEH TOBRREC
E2b0&, MMME~OFTHENHET Z & THARE A X 8 O S ILR L TR

82



B ‘cct

Fig. 4.7 Compression stress owing to adhesion effect and elastic recovery force.
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Fig. 4.8 Simulated temperature distribution at initial stamp temperature 7, 170, 175 and
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Fig. 4.9 Simulated temperature change of polymer melt at the position of symbol "O" in Fig.4.8.
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Fig. 4.10 Change of filling depth with time.
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(a)Higher stamp temperature (175 “C).

(b)Lower stamp temperature (170 “C).

Fig. 4.11 Estimated elastic recovery behavior under adhesion effect.
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Fig.4.12 Simulated filling behavior at initial stamp temperature 7,170, 175 and 180 C.
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Fig. 4.13 Filling behavior of molten polymer during compression (from 0.35 s to 0.65 s) and after

release of compression pressure (from 0.65 s to 1.00 s) at stamp temperature 7,175 “C.
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Coated Die lip

molten polymer /
I[N/

(a) With adhesion (b) Without adhesion

Fig. 4.14 Precision coating using adhesion between molten polymer and metal stamp.

Coated molten
/ polymer
v _— Metal stamp
L :; s —~ Metal mold

Coaling shrinkage of —
coated molten polymer

Adhesion between the coated Destruction of microstructure
polymer and the stamp

(a) With adhesion (b) Without adhesion

Fig. 4.15 Precision transcription using adhesion between coated molten polymer and metal stamp.
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Upper metal mold the molded product and
the upper metal mol)g
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Destruction of
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Fig. 4.16 Precision demolding using adhesion between coated molten polymer and upper metal mold.

(a) With adhesion (b) Without adhesion

Fig. 4.17 Comparison of fabricated microstructure on surface of molded product.
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Fig. 5.1  Schematic representation of an experimental setup.
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Fig.5.2  Schematic illustration of an experimental setup for the tensile adhesion test.
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Fig. 5.3  Schematic illustration of an experimental setup for the shear adhesion test.
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Fig. 5.4 Experimental procedure for the Fig. 5.5
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Motion control

Experimental procedure for the

tensile adhesion test. shear adhesion test.
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Fig.5.6  The change of the tensile adhesive strength with pressing force.
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Fig.5.7  Enlargement of the contact area owing to increase of the pressing force.
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Fig.5.8  The change of the tensile adhesive strength with pressing time.
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Fig.5.9  The comparison of time dependence of adhesion between the adhesive "A" having rough surface

and the adhesive "B" having smooth surface.
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Fig. 5.10  The change of the tensile adhesive strength with temperature.
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Fig.5.13  Experimental results of the shear adhesion test.
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Fig. 5.14  Assumed temperature distribution and flow behavior of molten polymer during coating.
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Fig. 5.15  Estimated velocity distribution of molten polymer during coating.
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cr:E-e:E-ATl:E-a-AT (5.4)

ZIT, EFMERoOftHEREZRT. S 610, MERARD T TRRAGSHORT Y vivid

0.5 ENTHEY, MMERELMMERGLEoEBIITRATREN B
E=2-(1+v)-G=3-G (5.5)

X3 EXGHEZXRGEHITRAT DL, WBEBOEALITHE S BUS HIFXG.)TERIND.
c=G — (5.6)

BAOEMEE LT, MIEEFALLS XAV v 7OREE 280 C, A X NOEEZ 170 C
ET B W PC D280 CTO-AMIT925.3x10° m’/kg, 170 °C TIi& 866.1x10° m’/kg (W
FTHH 0.1 MPa D A —HENLHHE L TROME)THSH. £z, 170 CTD PC O FEHME
Fix, 3B OEEZSRT 5L 1.28MPa ThHD. 2 b a2K(G.6)ITUAL T 280 THH
170 CETHIEIRENE T T 22 L TALLIBIS A ZRD DH L 0.08 MPa & 72 5. Z LT
LT, il LR S5 iCim TR LEEAB RO )% 026 MPa TH D, IUHFE L & 5
LT oBIEZ AN THIRT 20k heilrcEs. ZofE, YV ALRICBITT
LFETIZBMINTBIEE A Z N EDMERTND Z L3R KEERMERD D A EEIZ
RMoTWH EHERIND.

SHIZ, EROLIICHANML LS LT BEEZREST 52 LIk o THREBIZR IR
FAELLZELTY, ERROAZ U NRELLTHONITBRZHIE L TV DM T2
My sLlbh, fRELT, YLV ALEAMOBIEIZEISDREBIZRD EHHFTES.

ER L0, WAL MG A SO S Z — WIS R U AR & LR L, RS 2 —
WX T DG O E 2 EMICEE - (BT 52 L TOREBELEGTOEBICRHL, MED
IARBEN 2 EEZ R LTI b0 EHBIENS.

nEB, BT /A4 TV U MNEBIRe =T F 247U v METIE, BIEEMS &R L
DEFEMIC L > TMEAINDZ ETHIET S, WEOBBETEMO M A& EKwm & MET
L EHNAGM~DEENRHREINTTEDLARAEL, EMOFERELHERIKOZ &K
LoD, TOBOYHBEHICBRENAELTC D, ZhiCx L, KEBIETIE, mNGFRIC
WHEL LD &T 2@BMINTBIEEZRE T TH oRDBE TR ST L5720, &AM S 7
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TEOmEMERITFREZRSEHFFSND.

544 BMGROBEHE

R i 2% 1~ O AT IR DR B PERE ICENL TV TS, T EEFICHRE M & L CHE
BCERITNVITRBIEE LTHRY LR, Z0kDcik, £79, BERRFICHIEN~ 27 a2l
BIXOIZ7 oI RELER LRWEEORIMAZM 5T 20ENH Y, PN THAT
HUENGH DL, 5T, A= RNET AT NIRRT E, AZ O
M NS REZERE L4 ERICEEIZS] ZHSLER DD, 2L, &LV
%, BIRAZ U APLRIEREZ IS E 256, MO CHRERIEXLERD. Lo T, K
i OREMM O DX, @MEHEBETHREMEZ ERICMHE S, HMERS EEIS
B 52 &t EE D,

THIZIE, BIRFTEICEBE T IRENOREKRFEEZFHTS. $hbb, #lEL L&
BLDOBICHBT DME N E, AN EOMICEIATIMENLV bREI LD LD
BT HZETERIAIND. SHIT, THETOMRRIG, ¥ENDPIKT LD 5 &Rk
TIIBIEORIELSME T LTS EBEZ LN, ZAED BIRWIRE CTRILT 5 HE /)
R AT L bfREto—2 L D

ERREY, KEEDIEIRE G ORBEENIC L RAEN R EEHERE LTS EHEIEND.

5.5 #%5
AKETIE, ZZUNELRMED =y FVEHMEOFEHER E PC & ORIZHIBLT 5 K& 7]
ZEML, 3ERBLV4ETHRRIERE NP RBATL500OMRE, 4 ETRINTZHMERIE
CH B> TRIIEZ 22 U RRETHRT 2720 DN NFRBLT 20O FE &R R BRGEZ AT
S, BT, BAICIDI2MMBRESUADO TRIZCBWTOME DA EERER 2 7
LTWHAREREMRIELT. ZofE, FHELKwmE L TTITRLEGL.
3 EOBRMERB L4 EOKMMT THNWEZRY I—Rx—h & XZ R ERMED
=y rVEHFHOBERK S OMIZIE, KEADNRERT L2 LBRERINT.
DME S M OREE T, EEARICEM T 2BEOBBEOREICL LT, SEEROIREN <
L ERENDIRAICELS 2D, DOWMEZBX L L5 R0 MO DM AR S vz,
NFEE AR A T AEBIRE LD IR OHEE T, e —7RENSWIZERE KA
MEBL L. ZhiE, K0 &EEOBIEZ S m BRI T 2 2 & TosflimfE o R,
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HENDORNE BT DD TH 5.

MEER BT 7 AEBIRE LD @R OEKTIE, Y2 —7RENMEVIZERERKETD
MR L. 2k, BIEMMARFOEMEEO RK/NSCEERELY b, e —7HEN
RWIZ ERBAED L7 L LTORENRT ET2 2 & T, BIES FREIZIRZHMER L TAY
PR A MR L EEBRER DI HET D2 I ERRBAT IME N O KRN E IR T
H72OTHD.

5)t AW 5 18 O KA ) O KA ML, SRR OIRE N < R D ERE DR 2 1T < R
L0, HDOHWMEEZHZ DL R0 MO LM AR S .

6) A R AT C e F8 S AL 7o SRR B R IS BRI AE C %5 0.2 MPa D 5l 9k ekt L, FEH
S AT TEE 7 A F8 KON AU U7 1A D KG E J) 1% 0.24 MPa~0.43 MPa T v, Riz& /) 23 #t g
ORI T B> THIAIEZ A7 U BEmICH R L, MBS RO EEICH 57
LT BRI,

NEAHORAG LM AT —EHEDOMICAELZ2EAW TR ORE DX, A4V v 7
DBEMENTEBEZEHREI LT D2HBLOY v 7 FTHIBEEZERSE 2 NI
HLHEHL O D, ZAXD, KENX, AZ R~ OBNE O B ORI AR E /Y72
TRl LTnD EHE s,

8)BAT S AL MG & M N — i & ORI U 2 AW 70 O xE & 1, BIRIRE 2B A6
REDIRENBIFIEFAZ U NIREE TR T T 22 L THELU L MAENHEZ 1L TE 2 MK
NERIASE, BIRZHMMASZ = IZEE - fLERD T D2 L TOMERSOFEIRITX
L TCAEMRERZRTLTnD L.

NHEE S MIZHBLT D& N OREKRFEZFAMA LT, BiFE &R E ORE T ZBE &
AL NEDRE LD bRELS KD EIICHMEIT 22 LT, lEMmE L& E S
T TORERMENEB I TWD LT,

10) ERL LY, BIEEL A Z U ANB LS & OXAE T ORI, KB IEDRILIZEHB W T
REM R EHEZ LT L TWDH O &S,
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6. AR IEDEREIREE

6.1 #&

KEIZEE nm 2258 E pm OMMIZIR PG S L2 BIERE &M &2 /G 2720 O -
REBIE L L CIEMB IR BRMRIELZRE L, MiEE T, WRBIEE X2 o " E i3
BlE ORI T DRGNS, WM A7 — I RE S BIE O TR E E, B2 —
~OREOREE B, BTG OBAROHME LI X 52 MEEGRE X OB A2 —mird
DRI 5 D REEBER O EEBL72 &, RETGIE DRSS ARE 2 &E 2 R 72 LT\ &l &
Nic. S6I, BEMIT ORI KNS, MENICTEL > TEIEZ R L TW 5 HIZEIAEHNESIC
BTSSR EMT 2BRPHER SN, KIREIST), BXEFEEORBRLE LN D WTREME
bR ST, WEBIEBAREEN N 0REZ BT 2 & iE, 2 EIRLEH
BINDMIBHERBLORELMEEZEZ TE L EMHEIND.

ZZTAETIE, WRBIEBMEIZIELZ AW THRIE L 7SI M2 58l L, O Ak
ik TIENEE 2R m T A7 MM EOKERS, QFHMRBIESET /7 U b
ETERERREE~O 5 - B -5, O HRIEETIEINEREARKE, @OWFR»S
KRR IE ) - B EREOREREE, BLXOINbDOMEMZET /A7) v MESR
— 7T A TV METEAAMRERS LYy PREBEN S O —fElRBIC L > THRIATE S

MDREFEZ AT 2 7.

6.2 FUMZIEREDIRELE

6.21 E7ANRY FLMHABEDES

KEFBIEIC RO N D b EANMEREE L THMEEDIETENEITOND. 22T
ARIETE, BEEMBIEATZET A V&AN—R), BICWHAZHEE 7 —), SAFICE
BINTTARNAEMREET Yy 7ERE Ty ORELERAALTL. T4 V& AN—ZAB LUYE
T—IlZOoWTIX, AZ UNIIML ST WMMIEIR &, £ 2T U 7 B dn Al oo 356/ 12 R
LOEBRREE AT o T2, WOl IR O B4 6 K O ERIE IR, FEEAR T o W E 2 I RE 7R
L — PR BI(VK-9500, (BH)F—= ) ZH L2, BFOREE, B6.1IC7-T LI
AL NN ENTERROES (B )T LHBIRICEST IR Oo & S (R S)
DIENPLHEMHENDEERL, BRBEOR R, L HE L.
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Molded product

Transcription ratio = % % 100 (%)
w

Fig. 6.1  The definition of the transcription ratio.
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(1) S42&RR—2X

=y TVEHRAZ CNOREITM L S MR O L —FEBE G 2K 6.2 [2R
T, @I S54um, EAIFFESum By FTIS um 256 37 pm O T A R ORI T
SnTWad., HrBiEixy7e4 17 0 4 U ~—(COP)(Zeonor 1060R, T,=100 C,
MFR=60 g/10min (ISO1133, 280 ‘C, 21.18N), HAE A (¥k))T, MAGHEE 250 C, &8
B 150 C, 7V AEIIX52MPa & L7z,

B 6.3 ICHEMEBEHRICETEINLEBRETRT. MHMEROBBSE Ty -7y VIR
BELTWDORbND. 5T, AX U XOMEIRE, TOWIMOIRE TS L 7RI M
KO MR O W E R E HIERE L, ERARBEEFM AT, FHEREZR 6.1 TR
T, BEBEINTRD T AT MEAEWBRIZE 16.5 pum, I 5129 yum TH Y, T A
7 N3N OFREEECE. BELEFT 4 %EB L, HVEBEERERINT.

(2) ES—

B 6.4 |[Z=v rVEHHAZ RTINS NTZMEALO L — PSR B 2 <7 . &
SR, B 20 um, BEIN S50 um T, T AT ME25OFBRTHD. KW RLIZTA
VEAN— AT, MMMERABIBICEVIADEETET SN, T —TIEMOL

IR L TEERMAADLKLERND L5720, BMENPREEE PRI S, £, BERRICIX
TAVEAR—=ADEIITR SO H DI o~ THOM TR o> 0 BE (I 15 1 ) o i £ 1 k3
LWHEB O LR P /NI N, BRCHENES S . AW BIEIXATRE© COP T, #f
FRIEE 250 C, @BURE 150 °C, 7'V RAJEJ)iE 5.2 MPa & L 7=.

B 6.5 ICAEMEEICET SNIZBIRO L —FBHMEIE %, X 6.6 |2 SEM M Z <7 .

B &N, ZRSCHEITRS, FET —IIMHBE Ty —7 oy VICERE I, R 6.2
X, AZ U ROMBIR E, & O &G L7z BRI O MR o Wi R 2 e U 7o s R
AT, BEINTZE T —OE I IEM 50 um, ERIFH 2l pm o7, T AT MR

22~24TH 5. IRERIFIFIFI7T%T, 52X I1TH 1 %I E-7-.

(3) RNAEMRBFvYY)
SHIZEWT AT MEOIBEWREELMRIET D720, 7T AT MR 5 TREFSNATZA

AIEDORRIE 1T > 7. BIRMEHZIZT 27 U L (PMMA)(PARAPET GH-1000S, T7,=100 °C,
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15 um in width 26 ym 37 ym

54 umiin heightaﬁ-?-“
L i

Fig. 6.2  The laser microscope image of the microstructure(Line & Spaces) engraved on stamp.

Fig. 6.3  The laser microscope image of the fine L&S fabricated on the molded product.
Polymer = COP(Zeonor 1060R, 7,=100 “C, MFR=60 g/10min)
Polymer temp. =250 ‘C / Mold temp. =150 C

Compression pressure = 5.2 MPa
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Table 6.1 The comparison of the dimensions of the microstructure between the stamp and the

molded product. (in case of “Lines & Spaces” )

Transcription .
) Aspect ratio
Ratio
%
Height
Stamp Molded product
Width Height Width Depth

um pm um pm
25.52 53.98 26.68 50.90 94.29 1.91
20.00 53.72 22.00 51.20 95.31 2.33
15.17 53.72 16.50 51.29 95.48 3.1

Variation 0.26 Variation 0.39

Fig. 6.4  The laser microscope image of the microstructure(Pillars) engraved on stamp.
Size = 25 pm in diameter x 50 pm in depth / Aspect ratio=2.5
Pitch = 35 um
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Fig. 6.5  The laser microscope image of the fine pillars fabricated on the molded product.
Polymer = COP(Zeonor 1060R, 7,=100 °C, MFR=60 g/10min)
Polymer temp. = 250 ‘C / Mold temp. = 150 C
Compression pressure = 5.2 MPa
Aspect ratio =2.2 - 2.4

500x 2070/ #ib: 10pGmrfl 118 2007,/08/05408:83: 22 S

Fig. 6.6  The SEM image of the fine pillars fabricated on the molded product.
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Table 6.2  The comparison of the dimensions of the microstructure between the stamp and the

molded product. (in case of “Pillers” )

126

O __ Diameter Diameter
B Y
QA
I - A /
] " [ ]
S IR
D et R Transcription A rati
St o= spect ratio
’\_:"_‘[ . V' Ratio P
Depth Height o -
Stamp Molded product
Diameter Depth Diameter Height
um um um pum
22.76 52.00 22.83 50.29 96.71 2.20
22.53 52.00 21.45 50.29 96.71 2.34
22.76 52.29 21.18 50.57 96.71 2.39
22.07 51.43 21.18 50.29 97.78 2.37
22.30 51.43 20.90 50.29 97.78 2.41
21.61 52.29 20.90 50.57 96.71 2.42
Variation 0.86 Variation 0.28




MFR=10 g/10min(ISO1133 230°C, 37.3N), 7 7 V(%)% H 7=, #HABIEE 260 °C, &4
BE 150 CBX O LV RAENITS5.5MPa & L.

6.7 \ZHRTE S ICHEE SN - MR O L — VB m G 2 =T, 15 KO SAEICE R
RFBITHAEINT, vy =Ty VICEE IR TV D ONRFHER S . SHERNE O R R,
NAEOETHMOMEIX 9.9 um, & 31X 503720550 8um THY, 7TAXZ Ml 51D
R EZWHErRER Z & AR L.

EREY, ARBEETET A7 PHBMMBEOREIIH L TEWEEZ AT L5 Z &0
E SISy W
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Fig. 6.7

2279

16.138

TED

0.00 [um]

The laser microscope image of the hexagonal projections fabricated on the molded product.
Polymer = PMMA (PARAPET GH-1000S, 7,=100 ‘C, MFR=10 g/10min)
Polymer temp. = 260 ‘C / Mold temp. = 150 °C
Compression pressure = 5.5 MPa
Size of microstructure = 9.9 pm in width x 50.8 pum in height

Aspect ratio = 5.1
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6.2.2 KXEE~D—IE - 19— EEHHE

SHEEETITER Y BT  NIZE@MBE 2 REm T 5720, F—MileFy BT
A4 Kt & ODFNZENZNAL, IEWRBE~OE —REERELRD. —F, KlJBIET
X, FEBAIIIN A T®BAE OBHAE O W ENIUHE 2 K9 5 2 & TE®ANT S 72 IR o S HE 7%
MRS, 2o, TUVRMERMDORAZ R EOBIBITIZITEEDOIREBICRD LHEIN
L. ZINOORER, KEBIEEIKEH~O—F - -5 kRIcEND E PRILE. 22
TARIETIE, 2HEBEOREMZRE L, MHEDEIEL R AT,

(1) #®F

&R otk 150 mmx 150 mm O #iFH O UK, K 6.8 O A T 40 mmx40 mm O & & > /3
ik LT, BIEZBMLICRICTVAMEL TRELZ G, B5HEOFMIL, £A %
YR ENTZH 6.9 Dk F /38— TIToTo. /3% — 0%, fitH 57 pmx57 pm T
REND S4um BEOMAEROIERZAL, TN 100 um By FTHEATND.

I W o IR 1, SEICiR <7z COP & L, BHRRE 250 'C, @BRE 150 °C, 'L
AJET)E 5.2 MPa TRUE 21T - 7¢.

B 6.10 (XA fh DMl & gefill & D 4 T C, B S N7 R A B Lo R 2R
T, NADOERERRIZEITRLS, MITHLAMBETERICETSINTVWD Z LEAHREIN
oo E61C, Bel1l T MICETEINTETFOWmEBIRE, T DMEDZXF 3D
Wk 2z i S CTEHEREWZL O THSH. i L7z 9 HFTCTOEERIL 98.79 % b
99.71 % &L 720, AZ U ROFBRERELOREICDE > TRERWHEETIEE LTS Z &N
RS,

(2) ANARMBEBEEFY )

X 6.12 (2753 130 mmx130 mm O FF S EBIZ 12 AT OB TN RIET D2 A X "% H
WTCHRIEZIT > 72, B "% — 0%, 18 10 pm(FE T, N 30 pym DT A7 ~b 3
DARNMIEILT, ZHBANABRICIHEAL TS,

R IE, Jel2if 7= PMMA Z vy, BB SMEE, BRI E 260 °C, @MIEE 160 CH
FOTFVRAETIT4MPa & Lo, BEMIEHOKRKE S1E, 90 mmx90 mm Th 5.

=, O OHHEM TN mmx11 mm) TO —#F - % G2 R L7 K 6.13 12,

GRAEEZ TR L2 SEMEBE#®Z 7. KLEMEEOEE TN 3 mmx3 mm OFH L /R L
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40 mm

J

( memooo mEm ooo
i 0o b5 oo -
g Eew Gratmgs
000 msm \ r )
Direction of the coating IIDEDB\DDD
= Hmego0 | .
5 < mENgO0 | £
2 LICIC [ S
LI =
LIC/ ] &
@) 7w
/ Parallel Lines
Orthogonal Lines
150 mm Pillars on u-TAS Chip
Fig. 6.8  Configuration of stamps mounted on the metal mold.
57 ymH 57 ym
54 pm in depth :
e o ——— —
Fig. 6.9  The laser microscope image of the microstructure(Gratings) engraved on stamp.

Size = 50 pm x 50 pm x 50 pm depth*' / Aspect ratio=1*"
Pitch = 100 pm*'
*!. design specification
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Minimum height &=

Fig. 6.10

150 mm

Direction of the coating

C

150 mm

COP molded product with the size of 150 mmx150 mm.

Y Maximum height

The evaluated shape of the microstructure of the “Gratings” at the different regions of the

70 Ala1 Transcription ratio rs::;:J Product 70 D-1a5 Transcription ratio _a'slr'j:dproduct
e 99.36 % 99.45 % 99.59 % stl_m z 98.97 % 99.04 % '99.38 %
E 60 5434um  5429um  5430,m | 5 O0f 5533um  5524um  55.08 ym~Stamp
i 1 _‘ 1 \ "
£ 50t [s398um  [s399um  [54.08um 1 £ 50[ |54.76 ym 5471 ,m  [54.74 um
o f= 1
8 40+ Product | 8 401 “Product
£ 30f 1 2 30t |
2 =]
@
T 20f ] T 20f 1
10} : 10t 1
o ] o !
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Width (um) Width (um)
70 s Transcription ratio i‘:l'::d product 70 D615 Transcription ratio :?;;;:’C product
. 98.79 % 98.79 % s 99.01 % L . 99.65 % 99.71%  99.69% .Sta]‘np
E 60 5387,m 5378um  S3TTum | E 60F 5496 um  5491um  54.96 um
n =y n) it [ 1 1
g 501 [53.22 ym 53.13 um 53.24 ym 1 oy 50F |54.77 um 54.75 pm |r54.79 pm
g 40-: ‘P'?d:::-h g 40} \Prgduct
£ 30} 1 A am £ 30}
R= L =]
T 20} . £ 20}
10+ 1 10f
of ] 0
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Width (um) Width (um)
Fig. 6.11  The comparison of the measured dimensions between the square hollows of the metal mold

and the square projections of the COP molded product.
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Fig. 6.12  Configuration of the patterned areas (11x11 mm) of fine hexagonal hollows engraved on

the surface of the metal stamp.
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Fig. 6.13

SEM images of the transcribed hexagonal projections on the surface of an patterned area.
Polymer = PMMA (PARAPET GH-1000S, 7,=100 C, MFR=10 g/10min)
Polymer temp. = 260 ‘C / Mold temp. = 160 °C
Compression pressure = 4 MPa

Size of microstructure = 10 pm in width x 30 pm in height
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TWD. KEERPDL, IKWEHICOD > T -RESENMTbI, NZ—r OEBLREDN
MW ENER SN RIS, B R BRSO - BB T D 720 St A
&Rl LD 6 EHHTONS = ICIHEESNEEREBE L. MRE2K 6.14 TR T .
FRIZ S EIZ B W T, RELREBENRBE SN THWD ORHER S .

ERREY, ARBEPRKEE~O 5 - H—EHEL2H 52 ENEFES N,

6.2.3 BRI RE

K IEET, A& NICERBIEZEAT D2 HIERIEIE L TR, BMERE A
T 5T EHICEMBIAEZ BATT 2 FRERALCWD. 20w, §HAEE CIERIE
DR, MEEOEVWBIETH > THHEHNEEMORENRICR DL LEELLND.

ZIT, 742 EICHVWO NS @B EDT 7 U v #HEZ v T 102 mmx102 mm,
JE 7% 125 pm D RLIE G & il L, A R M BE & MRk L 72

HOWTBIEIE, Y= FMREREICHWON DR EDE WY 7 U L (PARAPET EH1000,
T,=100 C, MFR=1.3 g/10min (ISO1133, 230 ‘C, 37.3N), 7 7 L (k) TH 5. WL KM IX
BEARIREE 240 °C, AR 140 °C, 7'V AENJIE 5.2 MPa & L 7.

B 6.15 IZ M DAL E B & RE TG S - MMER O L — B ET Eg & or T
WIZL7eZ & TRIBMIZ a2 mE8EREE2 6T 2L ~0 R0, UM RGEREK 10 pm, &
SK S um OEEROMOEGE LRI THLZ R DLNL. Zhbhb, KEIEEITRE
HEOBRWEREDOBIEZ MWL AE TS, BAKRERATRETHL Z ENREIEINT.
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The laser microscope images of the transcribed hexagonal projections at the different

Fig. 6.14

regions of the PMMA molded product with the size of 90 mmx90 mm.
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Fig. 6.15

The micro-lens array product with the size of 125 pm in thickness.
Polymer = PMMA(PARAPET EH1000, 7,=100 ‘C, MFR=1.3 g/10min)
Polymer temp. = 240 ‘C / Mold temp. = 140 C

Compression pressure = 5.2 MPa

Size of microstructure = 10 pm in diameter X 5 pm in height

136



W\

6.3 M BEDKE

6.3.1 EEBLH

AKEBHETIE, BEBMOEBIZEY, BfMINTBEORRKIL, 7LV A TEZRETH
LBNHREMEFZERUEBRBIVEALAEZALTND. Lo T, BAALEBIOT L AN
JELRFOSEMANTORBAEORENITIZEAERAE LR, X T, BAFBIOT L 2N
JEO MR CIX, @MOBELHBENER TCELIREICHFELTVDIED, HILIBRED
BHIE O NESIS 3R 2 EMIFFCTXx 5. Lo TARRIBIETIE, FREIG 103/ S W EGTE dh
RO NDAREEN RIS, E I TAETIE, COC Z AW THIE L7z 102 mm=102 mm,
JE 250 um D RLIE S ORI ) Z M L 7o, BB SRIE, BHARIEE 280 °C, <4 MiE

180 C, YL AFEJ)5.5MPa & L7T-.

(1) =HEB&AFE

P B ) O FEAMC 13 B MK 4) BT (Thermo Mechanical Analysis : TMA) & flW 72, pRJE & @
BFHMICBITDERZ TMA THIET S Z L TERIGMEOF L2 HW L7z,

R AR Z L TICRT.

R A A O+ RRIEIE TR T .
QIE & EFRRUE G & 140°C IR B & CTEAN 7 MNIT 2 75 2E .
BT i B4 vt vz 4rarRy)v—
TOPAS 6013S-04, T,=138 C,
MVR=14 ¢m’/10min(ISO1133 260 °C, 2.16kg)

KU T T RAF v 7 AHE)

0 T P TMA/SS120(E A = —A > 2 )L (¥R))
e — K 7 4V KSEfHE— R

AR A A X M 4 mmx& & 10 mmx/E 7 250 pm

SRR 0.83 C/s

) 7 I i P 0 °C — 230 C

) E 7 B 49 mN

PSR 28 (Vi 0.83x10° m’/s)

137



& x OREBF OPRATHEN G, AT MU FEIT(MD), EAZ(TD)F KON 45 R D (45 °)F
Mo 3 5\ TTMA AHORBRRF 2890 H L=,

(2) FFE#HSR
B 6.16 (25t > TMA JIER R Z <7 . L SIEIC MD M, TD Jim, 45 °J5m ok
RTHD. MR E R, #Heah2mEeB A o Z R &QETT AR, A J7 2 HE ) B
KO A M T REMEM9 mN —E)&2RT. B, £7 770 L FIKEAOFHMITET
MT — ZINEFRRHE BN DA OEG L. fHRIT, BENOT I ABEBRE S
DETITRAIHY, ZhE2822 EMMENMMETL TCREICHMRLZEZEBZR L. WTh
DOFMEEEL L EREHE R LI EnDLRGHEITRVEHEEND.

B4 6.17 [ZAEM S DREFE R Z R T HIIZ L > THEEVNEZR D, B 6070 B 5 M 23 iR

=gl

SNTo. ML MD H AT, 77 ABBIEREIE CEMICIDIEMBRKEND Z &
WX DN FER Sz, M LTV TD FA TN IR SN2 o2, #&9
AT mEOFEN 28 2R L.

FREVENAPEBL TN ETHNELEREHCR TN ECD2DEFHLENTH D0,
I T Z N S e o2, &5, £ 6.3 1%, 20 T2 5 100 CO®PET, 4%
B OB IRR B Z RO TMETH D, M TIETTMICE > TEIZEND D2, B
TIEFMICEDETIFEALERL, 0.75x10* C'BREDEZ R L. COC D MRIEERIKIX
0.6x10°* C'(ISO1135N N TH H Z &b, HBEBHDEERGIEW D & NHERI .

INBH LY, REBETITHEANREHIZCB O THIREZIS N T, »oBREMED R VETE
mAEHLND Z ENFEIEI .

138



V&
VIRER: 10000 mm2

==Av. Expansicn (Mla L. mdZ) == 100
Csl el
19.9 - 99.9 7,475 —
-190
1.0
/ 80
0.51 N\ 70
£ 60
£ I S
< 00— 150 3
= S
= 40
-0.5 130
120
-1.0
| | | L L | | L n
0 20 40 60 80 100 120 140 160 180 200 220
Temperature °C
==Av. Expension (lats7 WIER, 1d)= 100
Cel Cel
19.9 - 100.0 7.
= -90
1.0 J
180
0.5- ./ 70
£ 60 £
£ L T /—>
B — 150§
= S
F 40
-0.5 30
-20
1.0
| | | | L | L n
0 20 40 60 80 100 120 140 160 180 200 220
Temperature °C
[==Av. Expension (Mlefv 7" WRiEm. T71)== 100
LSYBB S 1001 7 TDO;;% 5
<190
1.0 /
180
0.5r “\ 70
£ 60 %
E I ad
< 00r === 150 3T
= S
= 40
-0.5 130
4120
-1.0- "
45 <10
| | | | L | L n

0 20 40 60 80 100 120 140 160 180 200 220
Temperature °C

Fig. 6.16  Experimental results of thermal expansion of the molded product by TMA.
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Fig. 6.17  Experimental results of thermal expansion of the stretched sheet by TMA.
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Table 6.3  Experimental results of coefficients of thermal expansion of the molded product and the
stretched sheet by TMA.

Sample Direction Coefficient of thermal expansion (x10™* “C™)
20 C~100 C
MD 0.75
Molded product TD 0.74
45° 0.78
MD 0.52
Stretched sheet TD 0.79
45° 0.85
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(a)Molded product

(b)Stretched sheet

Fig. 6.18  Polarized optical photographs of COC molded product and COC stretched sheet.
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Table 6.4  Evaluation results of optical properties of the molded product.

Molded product
No. Nx Ny Nz ANxz ANyz ANxy ANp
1 1.533 1.533 1.533 0.000 0.000 0.000 0.000
2 1.533 1.533 1.533 0.000 0.000 0.000 0.000
3 1.533 1.533 1.533 0.000 0.000 0.000 0.000
Average 1.533 1.533 1.533 0.000 0.000 0.000 0.000

Table 6.5  Evaluation results of optical properties of the stretched sheet.

Stretched film

No. Nx Ny Nz ANxz ANyz ANxy ANp

1 1.536 1.531 1.531 0.006 0.001 0.005 0.003

2 1.537 1.532 1.531 0.006 0.001 0.005 0.003

3 1.537 1.531 1.531 0.006 0.001 0.005 0.003
Average 1.537 1.531 1.531 0.006 0.001 0.005 0.003
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LT b,

_ ANxz + ANyz

ANp 5 (6.1)
ANxz = Nx — Nz (6.2)
ANyz =Ny — Nz (6.3)
ANxy = Nx — Ny (6.4)

FRIE il TG AN & 2 BIT R OB TR S oo To. —J7, HEM G TR E Lk &
DHBAPATHROREITRPRE 2D, EHICK PR RBEGENELCTND Z &5
MBS, Zh &Y, RBMICEEFEMRRGEN TN EHETE 5. Lo T, AP
ETIHEARERICEBWTHHTMICE 2 FEOERD R, BRI FEREEEZ AT 2k
BmAiEbnsd &L,

6.3.3 ENXFFE . PCTOHHEEEGEEDLLE
KK ETHTZ 90 mmx90 mmx/E 1.6 mm @ PCHIE R DO LV X5 — g &, EHERLR

SHETE THRIZIZEFEZROKTE M 2 B & ik Lz, DUTICHIE MmO E 2 R,

DSIATO) %I e b kst S BB AR R 1R
YA X 90 mmx90 mmx/E 1.6 mm

R g O faf g i RE 280 C
D ATO) WIS SRR 1
YA R 80 mm»80 mmx/E 1.6 mm
BT I 0D 161 i i 340 °C
DRIATIE) TR VA SRR 5 2
H A X 80 mmx100 mmx/& 1.6 mm
(250mm X 250mm D B O R S EIH L)

% T R O #8t G 1R 340 °C

g1 4 CTH Y & —K % — K (PC) (TARFLON IV1900R, T,=145 °C, MVR=19 cm’/10min
(ISO1133, 300 °C, 11.77N), HiEBLEE(K)Z H W 7.
Bl 6.19 ICHREMORIER COBEKREZRT. FLMFTOO»HOX, K 6.20 TR
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@@

(a)Melt Transcription Molding
Size : 90 mmx90 mmx1.6 mm'/ Polymer Temp.=280 °C

(b)Conventional Injection Molding 1
Size : 80 mmx80 mmx1.6 mm'/ Polymer Temp.=340 C

(ﬁ) |10 mm

((F) ! 25 mm

(e 40 mm!

@—

®—

(c)Conventional Injection Molding 2

Size : 100 mmx80 mmx1.6 mm'/ Polymer Temp.=340 C

Fig. 6.19  Polarized optical photographs of PC molded product.
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Fig. 6.20  Evaluation results of optical retardation of PC molded products.
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Fig. 6.21 Size of the molded products and aspect ratio of microstructures fabricated by Melt

Transcription molding process.
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