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Abstract

Glass offers better anti-thermal, anti-environmental, corrosion resistance, and optical
properties than polymer materials. Therefore, glass can be used in demanding environments
such as high-energy laser systems or severe weather conditions. Precision glass molding
(PGM) technigues can be used in rapid fabrication-of highly accurate optical components.
However, key aspects of PGM techniques, such as the hard coating for mold protection and
the operating parameters, are kept confidential by manufacturers. Because various types of
optical glass have different characteristics, the initial testing period of the PGM process is
time consuming. Therefore, researchers are difficult to follow the optimal molding parameters
from previous studies. Consequently; this thesis-focuses on the analysis of glass materials and
the optimization of molding parameters.

In order to understand the molding mechanism for producing microstructures and
precision curves components, the open-type and close-type PGM approaches were studied in
this thesis. According to experimental results, the thermal absorptivity of glass in open-type
PGM processing is better than the close-type due to glass can be heated by thermal convection
of nitrogen in open-type PGM processing. Therefore, open-type PGM processing is suitable
for forming microstructures. However, it is difficult to align two surfaces of components in
this type of processing. To fabricate components with precision curves, closed-type PGM
processing is needed. This thesis studies open-type PGM processing of microstructure arrays
such as micro cylindrical lens arrays and one- or double-sided microlens arrays and close-type
PGM processing of planar-integrated micro-optical components and high-precision aspheric
lenses. Finally, a Fresnel lens, which combines microstructure and precision curve, was used

to verify the experimental results of above experiments.



Precision diamond grinding technique was usually used to fabricate the mold of PGM
processing on tungsten carbide (WC) material. But Precision diamond grinding technique was
not easily to generate the complex and tiny microstructure. Hence, this thesis used not only
diamond grinding technique but also wire electrical discharge machining technique on WC
and laser machining on silicon carbide and stainless steel to fabricate the mold of glass
molding. Besides, the electro polishing has been used to change the shape of micro structure
on mold. The processing methods using in this thesis offers the various ways to manufacture
molds.

This thesis obtains, the fracture of glass components can be avoid with increasing
molding temperature, decreasing molding force and decreasing cooling rate in the PGM
processing. Furthermore, decreasing molding temperature can reduce adhesive phenomenon.
Besides, the thermal absorptivity of mold and glass in nitrogen atmosphere are better than
vacuum environment, the deformable level of glass can be increased. But molding in vacuum
environment can avoid bubbles product on glass. Therefore, increasing space of upper and
under mold, temperature holdingtime and molding-temperature are effective to form glass
components in vacuum environment. If size of component larger than 15 mm, temperature
holding time longer than 180.s is useful to uniform temperature and avoids fracture of glass.
Moreover, slower cooling rate reduces the variation of refractive index. For small lens, 18.5
°C/min in cooling rate obtains the stable quality.

In this thesis, the wire electrical. discharge machining process, which is suitable for
machining hard materials such as WC, was used to fabricate a microgroove array on a WC
mold in the open-type PGM approach. N-FK5 glass was used, and a micro cylindrical lens
array 20 mm in diameter and 5 mm thick was successfully obtained. Cylindrical lenses 234
pum in height and 3.42 mm in curvature were fabricated in the array. In addition, a laser
ablation approach, which offers the advantage of noncontact machining, was adopted to
generate a microstructure array on a silicon carbide mold, and a double-sided microlens array
20 mm in diameter and 1.2 mm thick was obtained on soda-lime glass. The microlens
components were 851 pum in curvature, 460 um in width, 52 um in height, and 700 um in
pitch. Furthermore, electro polishing was used to remove the recasting layer used in laser
ablation, and a stainless steel mold was used. A microlens array 58.1 um in curvature and
39.3 um in height on soda-lime glass and a micro cylindrical lens array 79.8 um in curvature
and 37 um in height were obtained. Both these components were 10 mm x 10 mm in size.

WC molds were successfully fabricated by a precise diamond grinding technique using

iv



in close-type PGM processing. The optimal molding temperature was 750 °C. N-BK7 glass
was used to obtain planar-integrated micro-optical components 53 mm in diameter and 6 mm
in height. K-VC79 glass was used to obtain a high-precision aspheric lens with a surface
accuracy (peak to valley) of less than 0.5 A (0.316 um) at an optimal molding temperature of
585 °C. With an optimal molding temperature of 560 °C, a Fresnel lens 15 mm in diameter

was fabricated from K-CSK120 glass, and a fill rate of 99% was achieved.

Keywords: Precision glass molding technique, Laser, Electro polishing, Cylindrical lens array,

Micro lens array, Fresnel lens, Aspheric lens
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]}ﬂg}%j#uﬁ‘_;ljj\% é‘c’l o~ i “i?l [5 7]

b.
I
. <.
lheatmg
LN N O |
: - n1S1ky 131E B2 MICROLN

Bl 1 £ /W iead 80 7)[3]

Lee % 4 > 2001 = 4| * #873] #c+c 1 B (bulk micromachining technology)[8] % i #c



BHEH] > P AMEEE L5 10555 um > B A 5 25475 um > B E 5 45479 pm > 4%

# 3 L B2 S AR 2 ¢

Boron rich layer  Si0;

w ‘ Bulk silicon
(110) p-type Si with p=10-20 Qcm ‘ ‘
(a)
Born rich layer ‘ ‘ ‘ ‘ ‘
. . - - -
(b) - - v - -
Si miciralans Jcanlllevar Plate
. e 6 See

(c)

Bl 2 883 pcte 1 P 7 A0S 4L 7 [8]

Cox % 4 & 2001 + i * e i (droplet)i% ] (£4ki5 4£[9,10] » # * % % (UV)F - %
AL BiE AR 3 iR iE R A S S Fokie F Bt ) 16,384 Sp A AL 0 #

SPACE . E /S 250 um 0 & F'(sag) 60 pym °

Micro-Optics Printing Technology

Piezo Transducer

Character Data
Driver j[d——

LT

Fluid at
Ambient

Pressure Heated Print Head
Orifice © a+—20-80um Droplets
o
_ N LD
&\\\\ N \\‘\ \\ RN \.\\} N D \\\ \% \N

—eeee
Substrate Motion Microlenses

B 3 i if 4 B e S 4[]



Lee % 4 #2002 # i¢ * LIGA el (Facd 4[11] > 1% k&% Hjwié PMMA 17

B2 S S B JE ] PMMA L © 7 2% 5 /2 30-1500 pm 2 ] £ 4

Deep X-ray

2 2

7 Si(20 wm)
7 ' . Au(8 um)
S == == o
i
s || |
X-ray mask ‘ | i A
! ! T PMMA
(a)
e e
(h)

) 4 LIGA $ieiil i+ e 45 [11]

Yao ¥ 4 1% rpk ik kW ieAE S 5] o Rers Xk L8 § 7 I k% A (Optical

density)chsk ¥ > 1% 2 e K@ R S A LEF T B oo 2 EITAE ST Ao B

5 - [12-14]

Input light

Coding gray-tone
mask
Light intensity
distribution

Relief

AR

NI Irmm

AN

B 5 Arssk ¥ i 4e[13]



Park % 4 % 1999 # {¢ # # ¢b sk & A500 2 4] (%jcid 4 [15] > BB #4440 % b £ FH
CRR N TS IS ALY 5 ¥ B AT IET VY B e i = 2 2T 81 pm

A &R A0 um 2 fciE s 4o B 6 o

A3293 30.0KY S@BH 88X + 938915
(a)

KA3294 3@.,8KU

Rl 6 ¥ ¢k 2572 g7 fkis 42[15]

mFEERY T A o SIONTIONB B-GRR £ et B A H FREHET
§F 7 RUPERASEE > N B MART T A S AU AE RS R T o

o FRd R R R RS T Rl - ke B AR R e R B R [16,17]



(a) I:I substrate cleaning

baking

resist coating
pre~baking

(b)

EB writing

{c) stage stepping

EB writing

{ repeat

A o 5N e e deve":pment

post-baking

Bl 7 2 &4 2 QPGS 8L 5 [17]

LA SR SRR F St 1 HE T QTR B F S 1 BT
FHERPT R LT HAL 2 i 4ean B L2 ig N 41 0 T Rk e T iE R S L4 )

’T}T

\\ -

7 BIFR Y 0 1997 & Wakaki-# A 44 * £ 5 106 pm 2 CO, § &[18] > &
4133 A4 (Corning7059) » $ B A& o B AL 2 B F4agci %355 2 7
33 ivgkg & (1160 °Cfor Comning 7059) > & B4R &+ % Bl % 38 > FI I it 74 4

%5k 4 T 0 B NI o e ¢ A A B o AL Y B I SRS
PR RPESER T o] FREREFTLIRH S skt R FEEL ST

COp & St PR St B ARE 7 9 3] ¢ 4 A% i 4L > 4ol 8 577

e T 72— AXIS
/TN
/3
R
/ \
J_IE]U' { 0 L 100 200
/ \ X—AXIS

\]. / 1 tu]l /‘
\\ _ H
\/ -3y ] \/

Bl 8 cis 4872 # £ 5 3D #4R[18]
6

@




st b 2010 # Nieto[19] % % 41* Nd:YVOA( 32 454~fcde )T &> H L £ 5 1064 nm »
TS AT RARB AR EF L VAR AT PR TSR T LD
10 pm % 0.8 um > E§E& 117.67+3.82 pm 2 126.33+3.64 pm i = 2582 = & 25 ejic

HALT] 0 4oB] 9 Hron e

B9 £ Limksmz@r = A5(b)= & 252 ficd 4L 7|[19]

TR L R R N R A E e kg i
e B S S 7] 0 bldod B RHE 90 R4E RS v T 1 S A HeS AL 12 &

B 60 Btz = PIF v & ALcE & 7] 0 4o 10 - [20]

Excimer laser
50

/\/ workpiece |
w0 :

\/ movement
2 ;/ /\ \
£y

B 10 T &35 302 4o 1 jiid 4[20]

EH Aol toroll)iz » 7 % kB AMGEE L] BB T EACE B i f
A UV - B UV KA 1 3] ot 7 i el T S 5 3 9 ol 1L

[21]


http://tw.wrs.yahoo.com/_ylt=A3TWBZVnRM5MXjsBjE5r1gt.;_ylu=X3oDMTByazlwcWxsBHNlYwNzcgRwb3MDMgRjb2xvA3RwMgR2dGlkAw--/SIG=12c8o3r0c/EXP=1288672743/**http%3a/tw.acesuppliers.com/company/information_6664.html

Cylinder roller
PDMS mold TS

UV polymer resin IS
Glass substrate B

UV light =)
transparent substrate =~

....i‘_..‘ —

i ||I|IILIII|I

B 11 5E % 255 4 7 [21]

Bp

Chen *+ 2010 & {1 * g H BAEF & H|Piis o B * P 7 FIRF i 4ol §H Flak g 3

AR A S S > ST DA R Z LG ke kR A %3002 um 2 5nm £

Pk G R A2 - B A HS SRR AT ACS BT M B e B ) 22 0.05 um -
4ol 12 - [22]

color
.....

UA3P/
i i R Status R.M.S =0.0392 (um) P-V =0.2933 (um)

W12 424 % 407 2 0 3Eie 1 B 42[22]

2Lt flipv i > P gl gy LB b lAes 2
AR BT HPNEMER WU THBARABERLS > PR {I* F s B

8



WS AH S AEF T B P 2O R g BN R o T UF SPAce 1 BN R G ol
BF o m GET BB BT A I R AR D G AR R A 2 $ 7 R B R A
PR e R A 0 Wi g Nl EA Y 2 M RS wdpd H RS BT

KAk E gy At > POl E Ty AFEFIHE AT -

%01 i gt 7 Azt ik [22]

7 %B fR
A ) o X X o o) O
B
HRER A O A @) o)
By R A 0 o) o) O
o A A o) o) O
R
) ) o) o)
R A A
RBHE X X X X X o) A O
241K X X X X X X A o)
of'@ A" x:I &

Iy Hid HEc % £.1974 £ 4 Eastman Kodak % B2 4](US patent 3833347)#
[23]: 242305 - FlE 5 RFREPNEL  EARIAXIEZTE  ALP RA
FET R o P AT Y R B AR R AR > P o e R S A enzbak g L5

PARM ) 2 WFSMAFE AL DRARG >+ FHETH LT ZEDREHEL 4 [1] -
2007# p 4 Takahashi% 4 [24]4] * g3 5% (GC, Glassy Carbon)i® i fiz 444 » | #*



e 1 R s AN EEN A R R R chbis e & 3 857 2 3D
o 1% Pyrexsh 3 & (7 8B o Takahashizh i JR:V 4% e 1 347 & = M1 2 LG MR
TAFENANER SR AAER T RN AR R TR IR 2R
itz BPAE 0 4eBl134757 o ¢t b Takahashizn s £ 8 9 HleeAds? £ A > ek F gt
B EGE EBERRDEY ~c PERTRRSE M HTUVERS T E REL > ST
WEBHH LR e R T RE MBS T 2 2 FHpR L

AR W W
(a)

(b)
W 13(a)GC =i 1 (D)& R 15 333 [24]

2005 Firestone22 Yi [25]4% 141 * i & % 25k K& FHR I 2 25008 822 e
F 7] o £ BKY7 ~ K-PG325#7 4t .33 (soda lime glass) @ #ici= 44 4L :E * s it 4% ~ 3167
G~ T15 E G £ S E W EESEE CHFEHELREFERE DS
oot RS C RERANLY BRI SRR SRR AR
EARE D BEXUPENB R AR o LF RGOS FE S S RHFRER A

%) 0 heBll4Hrn 0 H it E 25 3.4mm e
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-,,.. - l Force

Snarp Com&r Upper mold
B ®EE Glass
Radius Corner N \ ol FFFFFi
. LY y il AN 4

' - ——-I |--— Diameter

Ch-arnfere-d Cornﬂr

(a) (b)

Bl 14 e w L @7 b &2 BF (D)#d &L~ 2)[25]

2009+ Hsu [26]% % 4% dpz > W e T faggriz 2 Wirh T 5 VgL s) > &

& & ph3g g $ et FCD1(Hoya) 2 SF2(Ohara) st 5 + £ A1VE L 7] o 77 5 & % A7 &

A58 & B >t Tg2k(glass transition temperature) 85-55C p# 7 & i cs A54F & > L oh o 123
Bl RMBER R R TR L LA AR s 0 Ao B15 AT e

B 15 4445 + 2 3 kT 5 (a) + 4R (D) Rl 4R B [26]

yi@%g_‘ffg#:ﬁﬂ% TR A bt it b R sk G S 2ok a B4 0 Yan
FI* § AR A P et WA PR PRT] FEE T RKRICRS
4o@16 > i * e 344§ L-BAL42 o
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Bl 16 L33 i3 Hv S 252 4 2 [27]

Cha¥ 4 »t20114# 1% ptIfris friieS 252055 5 41[28,29] » H 4 % % 5 4243 Ra
L42nm> #IHAL R * Ohdras 7 chL-BSL7 » Hoic Mok 5 A 11 45 > #7254 ¥ 4o |17 -

71 KOPTI KOPTI KOPTI KOP

(b)

Bl 17 23k o % 4[29]
ER PR AR WIS A B AR T S SR BT RE L H®

ik BLIFHCIZ o doSaeki® 4 {2001 1%+ HE7 fin B HObr gL (TR 1 45 H0I=[30] » X A 5 7

B s chde 1 S % 0 4oF]18 o
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— Spherical wheel

V-shape wheel
Tilt angle 6
& ¢ Transfer of grinding point

Workpiece X Workpiéce

Cross grinding method Parallel grinding method

B 18 47 fim 4 1 H01=[30]

TIGET A TR R R L AR R Ak Bt ARk R
HET B B TE Rz b o R Y T B 2 AR BT de 2 i kLI 0 R e 2
T ET R B A R O R TP R AR AR el A o 4

MEAT 7 402011 & Shah & A 1 * v v F 5% » A 47507 22T 4e 1 2 TV 45 it 1 ST

B GHcH R F 2 2 5 R o F 5% % o 19[31] -

H

Design of experiments on tungsten carbide using WEDM

(a) ‘ Input parameters Output parameters * (b)

W,,: Wire feed velocity 4‘ ‘kPm: Pulse ON time

) 0,,: Open voltage
D), : Dielectric pressure n — ¥ 1. Mrr: Materal _ (w)
- Q; J-LLP-I. T * removal rate Time x Density
tt 2. Ky Kerf = Width of cut
) ‘ ‘ 5, : Servo voltage
LaN R . i 3. R, : Surface roughness
M, : Material thickness Pope - Pulse OFF time| = T

W, : Wire tension ( O

B 19 s +» Ed R el A3 Fopede 3 ORR T 44 [31]

EAicea 2 g o AV JIF F AT 0 bldoTrtica® £ 3+2001& ] * CO. 3

AIS1 31617 3 AISIM2% &4k » 3 ve e 4e 1 4513 [32] 0 # b S#cte 1 T en & 4o

Er]’lw
120 - 2007 4§ % %ikﬂ*%ﬂ B2 NGYVOAT S5 Sk HALie 74 1 > 333
H %8433 - T %A A SRR T A R B e 0 A B IR B R R

g
SOREZ B~ H[BEFEMEY R A 2 AR L RS AR FRE . b

Nd:YVO4F 47 2 ¥ 2 > 37 S/ Hrlic @ W 4o > 2 B4 DB XFR T2 H 4 o 2

BARF 2§ M R T F hT MR E A > L PR A G e LA
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B120 7 I 3 #f4e 1 S8cT i3 G 4 G [32]

ERSRLENE R R Rl - BRI Pl VR EE At S b S R E2 LAk i
fede 1982 # Faust[34]4p & L fE# LiEAR Y w1 A5 ¢ A 2 AR 0 & A 6w BRI
B o WL R R R ERARE R R 0 T IR ROMR R R AP R TR
STl R A A AT Gk b Hoskih o AR ROR N £ A R s 4 R o Hek 15 kg
R S TR E B35Y o

1966 = Hopenfeld[35]% * ¥ &% #EM » £ Hz 70 & > B R 4R2 B & Beng o
% B (current density) - £ F E'EF iR EH em F X o B DTRR E o BT RNk kA
P rEds kLo A2 RIS R TRRRER o LR RITY o R RENTRL 2§
Y e VRS TR TEIER D R TLBEET o

% 1996 # pF Raman[36]:& (7 7 ¢ & JHE& & & PR fEdek » FFPe LY ¢ 1T

2R AR CER 12 A GlekR - ERAE PLEFRF 2 T RIFRS S P

g
"

R @R RRE RS B BRI E T ek LR T - R R
Wl CHBREEEL TR s R 0 b SRR R R T T Y ek g

Bofim RANTRT 0 EHATRRER  TIABA RS 0 LT RRALA R E T RS

Boa F bk oo
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M RAET W BB S T e P U7 B R AT

FER SRR
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FHPRRBHFLE TR A et 0 S 2 R e 4 £
Y1E RS AR S ST AL .
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W 55 3 B AR B BT L O 2 R LA

PO P ES LR BT VS N S

=

- RS ST ~
Ao sl + q A B3 4 7
T AR (Soda lime glass)

B 21 %2 %
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I NREHRBHARERR

21 RGP
ke R AEHERE I FE T AL - 5 BRI R 220 - EAH
BT B 12 > M E O RATEEE 0 oB] 23 2 A% o S RA TR R
T AP FRTRIMRL BAFCIPRRE Y X ARE AN BT HE
ERG 1 ERR R AL SRR AR A AR A AR H R
PTG HCE FATT SRR S e enBlAE > o) 24[37] 0 TV PR 4 A LK ehg

HER L & 2 [38-40] - 4F AL BAHIE T R AT SR AL T

fi;i%%%‘;ﬁ °

AR\ e A% o
]:9[4% AP ]:{)[@m]

B 22 @riztako 4 WAe
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A B A1 2 * 4F7 2 ¥](Diamond Turning)
(Precision Machining) * 47 % & (Diamond Grinding)
o= R E » 3 33 #-:2 (Glass Molding)
(Mold Pressing) - 7 7 £ R (Glass Pressing)

A PeE . P#&(Lapping & Polishing)
(Lapping & Polishing) * T Mok i@ 47415 $2(CNC Lapping & Polishing)

B 23 i ~it4c1 2

B R K72 (Grinding & Polishing Process) T T T T
, (Glass Molding Process) u
[ 35 5k (Glass fusion) ]

( # & Glass fusion) ]
[ # 3 4#(Glass materials) ]

AL (Pre-forming )
i K (Annealing)
%— kA @B (Ist surface grinding)
=k k@B (2nd surface grinding)

& (Centering)

# % (Cleaning) ( i# k. (Cleaning) )
% — ki @M A(1st surface polishing) [ AP Coating) ]
# #(Cleaning)
$ = @it (2nd surface polishing)
##(Cleaning) . ?ﬁ;
e 5 *
= (Centering) o THEIKER Y bR @
( #% % (Cleaning) )
[ 28 (Coating) ]

B 24 #F %R 33 o WAR

HRABPHRPWA LR W LI EF AR BV EREARMHARAET A 0
e ZHCCR R QIF NIRRT RRIHEF e R R G T A 2N
FHENAfFH RN T ARG SR At A i
Byl AlE ALY > 4oToshiba207 HVZ Hiiig 3k & > B 5 - #F RE =34 k3 7 2
BB AR S TR ER - F &

B AR LR -
WI255 ghad s WARI AR > 7 AL M A iC K A N 2 o
FEF ALK AR A E AR W A T R RS R RE
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FEOEA A VBB RH G EUARSLF o L WAEHY FHRTES R AR
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BRSOV A KB R S GRS ALOALBEE R 1R g b 1 7
FEEAH S BF T EFIS00 Cr 227 UHFERFEF L o SR AT
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TADPEM RS 5 F F RBR A AL TR SEEERFFC O TR B g R AR
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265 & Ky i 2 s 0 H L p A Toshibaz 207THV B B B s 48 > £ 2%
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(IR S5 EE N #HEE -
HIZIE A
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Bl 26 3 BB

%2 BEARTEPRLE

AR E AR ER 1500 C

de s 5\ LR

4 g s ML E F

PIZH G Bk AR 20 kN

so R A fhopds S N AC ®IR B & frif kT {5
SR 4 Phd 7 A 90 mm

Se R A Fhiv R R 1 um

G E € B AR 100mm(800°C), 60mm(15007C)
B pEn ¥, <10Pa

AR WL UARZREE S N 7 A ZERVEHPENS A woB2T5 7 0 B
AP AR PRI T R E F AT TR U Ft R Bk R
PR W28 i & R A A GlheE S B o fe B st g WAe D
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FacEHEAA B HREEAR A S e R T G N ARE S 0 WA e
BRI AT AT - RRERE T AR YRS CER -

Temperature sensor

B 27 s g4 S i S 2 A
Convection
Radiation from from N> gas

infrared lamp

|
88@8
?999
|

_

B ——————
B E—— <
_—

-
_——

——
_

-+
—_—m

—
—_—

B] 28 ﬁé‘n% bt .&ﬁ

P AT LBy R R R W4 2 RERE RS SR R
VERITR B U E R HEP 4o
B AR R RSB I TR TP EARR BB T ARMERE > R A A
WAzY B & hfdic WV WA B R(To) 2 % REER
(A)» ¥ RAF AL FH A RIGER ERT R AER
A R RER  RIFIFAME B L 20K AL R
AR e Ay o FEIR U ERP  BE KA A

¥
i
ek
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ﬁﬁ%ﬁtﬁ*ﬁ’%d&4§’%ﬁtjﬁ%@%ﬁﬁgiﬁﬁﬁ%
Wo&n 2+ P aRFPRRZIAF~E -

PR IR RN TER FIRBEUML - L5 WAL AW Tt R
BERIAREFRF LA - KPR BRBEURENERSS R
CRERABEE SR ARG o M- T TG RERR .

RN VA SR NRNEHPEN AT AL - BN BN D BT R

AEERSALEEHES EfR ot EREAHEFRE TR -
EERABR A BRI Rt g A2 SR R R F

B PR AT B R ORI RET PR CRERY

”_{’Zﬂ?ﬁlﬁﬁ - Wiz 2 i/%] FlHcid ﬁiﬁiﬂé’:mrﬁ /3_31 it m AifF

@
Y R E F ANE i i S A MR NG B T F 7

=
R

fd
|~
T

W3RN R AR G R 0 TR B2
B AR B3y 24 i A g 42

211, Hi=4
PP WARITR * s> PRI F & ABp R BRI LE R AL S

h gkt B o~ g 45 (WC) 2 33 st (glassy Carbon, GC) - #ﬁﬁfléﬁﬁW%@ﬁﬁ_
HoR ko FIE b 2 S & B R e g A 2 L ERR > Tl R EE R P IS0
Pl > 2 57 BT R R T R MBI R o s Y R A RS B T

RIS s e p o S =3 2

2111, i 4

mﬂﬁaﬁﬁﬁﬁ%@ﬂﬂ&#%%?ﬁﬁﬁ’ﬁ@*ﬁﬂﬁﬁlgﬁﬁ’f@ﬁ

ORI M  F oo A3 I AP TR EE L] T LT~
Zrk g e 2 RS sy LR BV R R o
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303 B4 4 R A [41-43]

% & (g/cc) 15.7
32 (°C) 2800-2870
# i E % (W/(m-K)) 63
%5 t7 1+ (MPa-m®®) 5.0
A B (Rockwell A) 90
1 = %k (GPa) 550

2112 it ¥

AP SICH R B B R RALFBEHERE 2 T - A
TEEFEHE L A F R HBERATR AL > AR RFIE WM SRR

304 B g T 1 4 [42,45)

Bk LT BT MR AR

¥ o B 1 B et B 5 2730 °C
§7) 0 245 B R L AL

i |
%A (glem’) 321
3 2 (°C) 2730
# & E 5 (W/(m-K)) 126
%5 &7 1 (MPa-m®®) 4.6
A & (Mohs) 9.15
1 = ¥k (GPa) 450
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http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Melting_point
http://en.wikipedia.org/wiki/Thermal_conductivity
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Melting_point
http://en.wikipedia.org/wiki/Thermal_conductivity

2.1.1.3. 7 44k

AR BT 2Bk 5 SUS 30475 21w 4B A A dE 4k 0 = 4 s 5 18~20 %esd

(Cr) ~ 8~10.5 %=44 (Ni)f-66~74 %:ui(Fe) - 7 &4’ 2% » fdl 4 5 W IEHCEHEPF
ﬂﬂéé%ﬁﬂ’&&%ﬂ%’ﬁ%ﬁ%¥@ﬁ’ﬂﬁéﬁﬁw?~+’%uﬁ?§%
fed BN RCELPACEH R EIT Ml A RMEE S A2 LB FINBET Rk
Vi RS R Rk o A5E 7t o
%5 7 G LA [4]]
% & (g/cc) 8.00
%8 (°C) 1400-1455
8 % (W/(m-K)) 21.5
%74 &7 1+ (MPa-m®®) 76.0 - 165
A R (Vickers) 129
% ¥ (GPa) 193-200

2.1.2. B
KF AR AT HHEE R Y ko s B Ra Ik A ST
SRS R T TR RS ICE R E SEE S S N DAV S IR
2L ABWEF AT HEBEL LR ATR ST LhE P BB RA - L
WAL A EIRYFFEAFER L BB E T REAZDF M T
ZRIAPARPFTAREIRLD X PR ULFE P A EFRE? L AERFHES

i & &RFE 0 »|4-Schott ~ Hoya ~ Ohara ~ Corning % -
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http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Melting_point
http://en.wikipedia.org/wiki/Thermal_conductivity
http://www.matweb.com/tools/unitconverter.aspx?fromID=110&fromValue=76.0
http://www.matweb.com/tools/unitconverter.aspx?fromID=110&fromValue=165

26 KEFBELE B ST HL[46]

Material Property Optical Glass
Refractive Index 1.5~1.9

Abbe Number 20~ above 65
Birefringence No
Transmittance coefficient 85~95
Spectra Range 370~above 1500 nm
Glass Transition Temperature 380~570C
Linear Expansion Index 70~130 x 107
Specific Weight 2.2~T71.3

3T RF BT PR R [4T]

355 © 0 o
T © © 5
it UV © A X
it #fE © X A
H R © o o
Bk © X X
el X © ©
§ X © ©

©:#% o:¥x® AL X:wmi

4o W1 20[48] #+ 7% » 14Schott 2 @ B H L 5 6] » LB B L & ¥ fo L #(Abbe
number, vd)¥ 375+ % (Refractive index, nd) k& 7 A S & 4e U Shsh o 1 B & 2 F L5
(Crown Glass)¥r v 7 .33 (Flint Glass) - % . .33 (nd<1.60 > vd>50)L F $i i< crdr o 5 &2
e bfie R R SRR R 0 V2RI (nd>1.60 0 vd<S0)E F $ B crdr it kil
PR ] o A FTe AR R S 0 2007 E 7P RUE TR RE 4 B AT w0 U L

25

Optical Polymer

1.3~1.7
25~55
Yes
Above 90
400~1100nm
70~130°C
More than glass 10 times
1.0~15
O @)
O O
X ©
A ©
o} A
o} A
@) @)
¢} A
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B oSchottena 5 8 412 & & BFKEHIY %% 5 N-FKS o 2 ¢ > 2 8 75— fagt sy R »

- R % o H %5 % 5 501564.2520] i £ 474+ 3 nd 3 1.501 ~ [@ P #vd 5 56.412 3 7t
B Rk 5252

&/ v«
95 90 85 8 75 70 s 60 55 5 4 40 30 25 2
A 205 205 &
Ny 200 n,
Abbe-Diagram n;-vy
Description of Symbols
1.95
@ N. or P-glass
® Lead-containing glass
196 @ N.glass and lead-containing glass 16A@
© Glass suitable for Precision Molding 3A@
- LASF
A CaF2and Fused Silica
1.85 @
e 0@
478943
1.80 |—ue =& L
1.75 13A@
1®
we®
. LAK —{*®
C "
%
2@
1.65 e 2@ /‘:
29 SSK
=2 BE i
8 < o i
11@ 4
1.60 SK
o ® £
PSK S & 1@ z
e “® | BALF 9
Y @KZIS2 P
1.55 2 BAK |s g
| 58— g
9 2@ 4 KF o £
PK e - . g E
i
1 S2A® i 2R 1.50 g
% * SCHOTT :
ek I de of id 3
FSA glass made ot ideas o 2
1.4 4
£ :
A
95 920 85 80 75 70 65 60 55 50 45 40 35 30 25 20

Bl 29 Schott = & .38 £ "+ 5-78 §1[48]

PIF2 KFEFIRPA M F A o chie LB g IR aJR AR R o ¢ glng ohis
FF A ERPRR VRS - PR T e - AR S AR S B
FPEDARR TS o e N(1) BB ARFEBREERE TN EEER N
FREFLFHABEVITHF AL PE L L FRY g FB0HTT 5 R
%Ay T L (L FriE ) AT S 2 B

~

3

\\\?{r

FArEFESTKN-

na(hy) = na(ho) +Mpq - log(i) (1)
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B ¥ ho i Rde g frid 5~ hy

% Hc o

Wi
¢

PO AL AT S Mg 5 & FEARE LI chdT a4 4T

w - -
iD_U 160 \ \L\ ?U 160 N-LAsF40 N- SF&
a N a N
120 \\ \‘\\ 120 e h,
™ § sreeA * ~
80 - AN €0 S B
\\\ SFE L - \
a0 S ‘-\Q 0 o = .
T K N- BT ""':}\
0 > N- F k51 o ™ <k
a ~
40 e § il N e e
\.,\ . \ B
N . -
20 - -0 N
- SK1G /\\\ . \
- = i
A me - 4120 - I
b2 D4 0BOB1 2 4 67810 20 40 &0 02 D4 0601 2 4 BTEID 0 40 60

anneaing rate [Kih] annealing rate [kfh]

130 /£ frid 5 87 b % 5 g3 45 45 2 B [49]

“~

BRBEEBEFRY B RCRF L PFIR ORI F O R £ RO RIBLE A R

B
g Iy R A IR R AR G EREOBE o P PR R R b S P AR k- T
HEFRRF ORI E T A1 ERAFR LSRR o - A

[ER

541 ¥ o I AR A F- 4] B TE gh(working point)£7 i - 2k (softening point)z. ¥ o
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Temperature (“F)

400 a0 1200 1600 2000 2400 2800 3200

18
. T 1T T 1T T 1"
10 [ Borosilicate
—  glass 96% silica  Fused —{ 1018
14 glass silica _ )
107 — Strain point
I N T
Mme———— A N ]
| 1 1012
10™ —
i —
@ — —{ 101 E;
E‘ 108 |— £
3 — Softening point — 108 é
~ 0t 1
—  Working range — 10°
10* — o
_____ A S, __Working paint_ |, s
19" Meting point
glting poin
______EI_F' __________________________ 102
1= Soda-lime glass
| | | | | | | 1

200 400 600 800 1000 1200 1400 1600 1800
Temperature (°C)

Bl 31 BLIYE A M A2 B %[50]
MU A TR Ol I AL 4R > & 3% Schott = 7 ¢ N-FK5 £ N-BK7

& Sumita 2 2 e K-VC79 &2 K-CSK120 - ¥ ¢k 7= i¢ * 4 333 (Soda lime glass) i & #i-:3

PR ke v o
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2.1.2.1. N-FK5

N-FK5 % Schott = # & 2 stz @ Aesr B 8 ek B8 > g g i 25(Tg) & 466
C AR PRI BRE AR ¥ 2 5 BHER 4 05805 B P HE

A 4@ 320 AF %A1 N-FK5 83 det ks 74 o

Data Sheet SCH OTT

N-FK5 ng=1.48749 va=70.41 NE - e =0.006924
487704.245 ne=1.48914 ve=70.23 np- ne=0.006965
Refractive Indices Internal Transmittance i Relative Partial Dispersion
3 [nm] % [nm] 7 (10mm)| ©; {25mm) Pyt 0.3252
N335 4 2325.4 1.461810 | | 2500 0.68 0.38 Pcs 0.574
9701 1970.1 1.467280 | | 2325 0.82 0.63 Pgc 0.3097
Nycas | 15296 1473120 | [ 1970 0971 0.930 Ped 0.2383
Moo | 1060.0 1478550 | | 1530 0556 0.965 Por 0.529
mn 1014.0 1.479120 1060 0.999 0.998 Pin 0.731%
n, 852.1 1.481370 700 0.998 0.996
n, 706.5 1.484100 660 0.998 0.994 Py 0.3232
nc 656.3 1.485350 620 0.997 0.993 Pcs 0.6201
ng 643.8 1.485690 580 0.998 0.994 Plac 0.2584
Ngazg 632.8 1.486010 540 0.998 0.954 Ped 0.2374
ng 589.3 1.487420 500 0.997 0.9932 Pyr 0.4704
ny 587.6 1.487490 460 0.997 0.993 Pin 0.7276
n. 546.1 1.489140 416 0.997 0.993
ng 486.1 1.492270 420 0.997 0.993 Deviation of Relative
ng: 480.0 1.492660 405 0.998 0.994 Partial Dispersions AP
n, 4358 | 1495930 400 0.998 0.994 from the "Nermal Line"
ny, 404.7 1.498940 390 0.998 0.994 APcy 0.0202
n 365.0 1.504010 180 0.996 0.990 APc; 0.007
My 334.1 1.509290 370 0.997 0.992 AP 0.0001
Napae 3126 1.514280 365 0997 0.992 APgr 0.0036
Nzgs 7 296.7 1.518670 350 0.995 0.987 APiq 0.0322
Mooy 280.4 1.524150 134 0.989 0.972
Miaga s, 248.3 320 0.971 0.930 Other Properties
310 0.941 0.860 oagireec [10°6/K] 9.2
Constants of Dispersion 300 0.870 0.700 a 20/ 300°c [10°67K] 10.0
Formula 200 0.690 0.400 T[] 466
B, (.844305338 280 0.400 0110 Tigpt 20[%C] 469
B, 0.344147824 270 0.070 Tio7.s ['C] 672
B, 0.910790212 260 p [/tg-K))] 0.808
C, 0.00475111955 250 3 W (m k)] 0.925
C; 0.0149514849
Cy 97.8600293 p [g/cm?] 2.45
E [103 N/mmZ] 62
Constants of Dispersion Color Code u 0232
dn/dT Han g 30/27 K [10°6 mméN] 291
[N 724108 (*= Azo/hs) HKo.1/20 520
D, 1.58 108 HG 3
D, -9.51 1012 Remarks
E; 251107 suitable for precision molding B 1.00
3 4.61.10°1°
i [um] | 0.156 CR 2
FR 1
Temperature Coefficlents of Refractive Index SR 4
AN o AT [10°57K] AN L, /AT [10°5/K] AR 2
[°c] 1060.0 B g 1060.0 e g PR 23
40/ -20 -1.5 -1.2 -0.9 -3.5 -3.2 -2.9
+20/ +40 1.4 -1.0 0.6 2.6 -2.3 -2.0
+60/ +80 -1.2 -0.7 -0.3 -2.2 -1.8 -1.4
As of f09/03/2001, Subject to change 17 Ovarview

B 32 N-FK5 +1 4 3 2. [48]
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2.1.2.2. N-BK7

N-BK7 £4& 5 ¥ L chghag 8 > H i gh(Tg) & 557 C > Hl #1114 4o 33 #

F %A1 N-BK7 s T & RS <2 4 o

Data Sheet SCHOTT

N-BK7 ng=1.51680 va=64.17 nE- nc=0.008054
517642.251 ne=1.51872 ve=63.96 np-ne=0.008110
Refractive Indices Internal Transmittance 7 Relative Partial Dispersion
% [nm] ® [nm] Ty (10mm)| © (25mm) Pst 0.3098
Npags.s 23254 1.489210 | [ 2500 0.67 0.36 Pcs 0.5612
[ 1870.1 1494950 | [ 2325 0.79 0.56 Pyc 0.3076
Ny 5205 1529.6 1.500910 1970 0.913 0.840 [ 0.2386
Moo | 10600 1.506690 | [ 1530 0592 0.980 Por 0.5349
ny 1014.0 1.507210 1060 0.999 0.997 Py 0.7483
n, 852.1 1.505800 700 0.998 0.996
ny 706.5 1.512890 660 0.998 0.9594 Pt 0.3076
ne 656.3 1.5143220 620 0.998 0.994 [F 0.6062
ne 643.8 1.514720 580 0.998 0.995 Pyc 0.2566
Ngazg 632.8 1.515090 546 0.998 0.996 Ped 0.237
ng, 589.3 1.516730 500 0.998 0.994 Pyp 0.4754
ngy 587.6 1.516800 460 0.997 0.993 Pin 0.7432
ng 546.1 1.518720 416 0.997 0.952
ng 486.1 1.522380 420 0.997 0.993 Deviation of Relative
Mg 480.0 1.522820 405 0.997 0.993 Partial Dispersions AP
Ny 4358 | 1.526680 400 0.997 0.992 frem the "Nermal Line"
ny, 404.7 1.530240 390 0.996 0.989 APcr 0.0216
n 365.0 1.536270 380 0.993 0.983 APc . 0.0087
Maagy 3341 1.542720 70 0.991 0.977 APpe -0.0009
Najae 312.6 1.54B620 365 0.988 0.971 APgr -0.0009
Npos 7 296.7 350 0.967 0.920 APig 0.0035
[ 2804 334 0.905 0.780
Mizgns 248.3 3120 0.770 0.520 Other Properties
310 0.574 0.250 atanfzoec [10757K] 7.1
Constants of Dispersion 200 0.290 0.050 a420i+ 3000 [10°57K] 8.3
Formula 290 0.060 T [T] 557
B, 1.03961212 280 Tio120[%C] 557
B, 0231792344 270 Tio7.6 [*C] 719
B 1.01046945 260 p [1i(a-K)] 0.858
< 0.00800065867 250 W m-K)] 1.114
C, 0.0200179144
C, 102.560653 p [9/cm?] 2.51
E [103 N/mm2] &2
Constants of Dispersion Color Code u 0.206
dn/dT Jag (hg 3329 K[105mmdN] 277
Dy ].B6 - 106 (*= Jroiks) HKa1/20 610
D, 1.31.10-8 HG 3
D, -1.37 101 Remarks
E; 4.34 107 B 0.00
E, 6271010
i [um] | 0.170 CR 2
FR 0
Temperature Coefficients of Refractive Index SR !
AN o /AT [10°5K] AN gp, /AT [10%/K] AR E
[*C] 1060.0 a q 1060.0 a q PR 23
40/ -20 2.4 2.9 3.3 0.3 0.8 1.2
+20/ +40| 24 3.0 3.5 1.1 1.6 2.1
+60/ +80] 2.5 31 3.7 1.5 2.1 2.7
As of /09032001, Subject to change 11/ Overview

Bl 33 N-BK7 2 4 1+ [48]
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2.1.2.3. K-VC79

K-VC79 stsg i i- 38 R (Tg) = 516 C > #it#F & 4r® 34 - 2 F &% 11* K-VC79

2ad AR o

Optical Glass for Precision Molding K-VCT9
609578 nd 160970 | vd 578 |[nF-nC 001055
MFA
K-\VC79 ne 161221 | wve 574 |nF-nC’ 001067

R Hae B fran B DRl o ekl MEEEE T
Refractive Indices Partial Dispersions and Relative Partial Dispersions Internal Transmittance
mt | 101401 1.58777 nG-nt nC—nA' nd-nC ne-nGC Anm | 10mm | 25mm

nA'| TE8.2 1.60280 0.00872 0.00369 0.00321 000572 270| 002 2

nr| TO06.5 1.60465 [iX 83 gocA gdc BelC 280 0104

nG| 656.3 1.60645 0.827 0.350 0.304 0.542 280| 026 5| 003,

nC'| 6439 1.60698 ng-nd ng-nF nh—-ng ni-ng 300 037 | 008z

nD| 5883 1.60960 0.01307 0.00573 0.00477 001288 310| 066 5| 0.36 5

nd| 5876 1.60970 Gegd GgF Bhe Big 320 079 5| 057,

ne | 546.1 1.61221 1.239 0.543 0.452 1.221 330 089 4| 0.79,

nF | 486.1 1.61704 nG'-nt ne—-nC’ nF'-ne ni-nF’ 3401 083 5| 085,

nF'| 4800 1.61765 0.00921 0.00523 0.00544 001800 350 096 ,| 0.91,

ng | 4358 1.62277 6C't Gel 6'Fe aiF 360 0874 0.94 5

nG'| 4341 0863 0.4%0 0.510 1.687 370 058 ;| 0455,

nh | 404.7 1.62754 380 058 5| 0.96 ,

Mechanical Properties lhermal Properties 400| 098 5| 0.96 ,
- R—THEE Hk I Te (0
SEEOERE Knoop Hardness 599 ()| Transformation Paint 518 420| 098 5| 0.96 ,
Constans of Ewuh—2EX  Hv LA At (°C) 440| 098 5| 0.97
Dispersion Formula Vickors Hardness 609 Yislding Paint 553
AD 2.5493930 BEEERE Ha @BIRES o x 107 460| 089 45| 0.97 5
_ 2 . -

Al 10966263 = 10 Abrasion 120] Thermal LK?a"ISID"I 480| 099 ,| 097,

A2| 14872612 x 10 *| | ¥4g EQ0N/mY) | (100-300°C) 93

Ad 30043762 =10 Young's Modulus 1008| & Remark s 500| 099 :| 0.98 2

Ad| -5.0553419 = 10 5| | MU G (10°N/mY) 550| 008 .| 0.98 5

AD 6.7268873 =10 7 Modulus of Rigidity 401

Poisson Ratio 0.256 Other Properties 650| 099 ;| 0.99 ,

AR feFwtE | me
Devistion of Relative Chemical Properties Bubbles 700| 0895 0.8,
Partial Dispersions i AR (R AR RW wWREEC 800| 099 5| 0.89 5

ABCE 0.0107 Water Resistance 1| Color Degree 34/29

AGoA 0.0038 MBI AR RA | HE Sg 1060| 0.98 5| 0.85,

AGed -0.0079 Acid Resistance 4| Specific Gravity 3.09 1500| 099 ;| 0.99 ,

ABgF ~0.0076 fiffE (R EiE) OW fiE s

ABig -0.0214 Weather Resistance 2| Strize 2000| 087 5| 094,

SUMITA OPTICAL GLASS, INC.

Bl 34 K-VC79 + 4 4 12 [51]
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2.1.2.4. K-CSK120

K-CSK120 7% i it 2L B (Tg) 5 489 C » HAl4F 12 4 4o F 355 x ¥ %4

ED

K-CSK120 #a % 32 B 5 484451 -

Optical Glass for Precision Molding K-CSK120
587536 nd 158700 | wvd 596 |nF-nC  0.00985
K-CSK120 ne 158935 | wve 594 |nF-nC’  0.00993

B #r e B i an B U Eh o 4 AlEE mEEEFE o
Refractive Indices Partial Dispersions and Relative Partial Dispersions Internal Transmittance
nt [ 1014.0) 1.57575 nG-nt nG-nA’ nd-nC ne-nGC Anm | 10mm [ 25mm

nA'l TERZ|  1.58048 0.00823 0.00350 0.00302 000537 270

nr| T06.5| 1.58224 BCt GCA adc GelC 280

nC| 6563 1.5839%8 0836 0.355 0.307 0.545 250

nC'| 6439 1.58446 ng-nd ng-nF nh—ng ni=ng 300

nD| 5893 1.586% 001217 0.00534 0.00444 001198 30| 0074

nd| 5876 1.58700 Bgd BegF Bhe Big 320| 038 5| 0.09 ;

ne | 5461 1.58935 1.238 0.542 0.451 1.216 330 067 o 0.38

nF | 486.1 1.58383 nG'-nt ne-nC’ nF'-ne ni—nF’ 340| 084 ;| 065,

nF'| 4800 1.59439 0.00871 0.00489 0.00504 001676 350| 052 5] 0.81 4

ng | 4358 158317 60t 8elC 6'F.e aiF 360 08963 0.91 2

nG'| 4341 0.877 0.492 0.508 1.688 370| 087 ;) 0.93,;

nh | 4047 1.60361 380| 058 | 0.96 5

mi | 3650 161115 S R B AT 390| 09894 0.97 5
Mechanical Properties Ihermal Properties 400| 099 5[ 0.99 ¢
- R—THEE Hk S Te (0
SENOER Knoop Hardness 582 (6)| Transformation Point 489 420| 099 5| 0.89 5
Constans of Ewh—AEE  Hy Bikm A °C) 440| 099 5| 098 5
Dispersion Formula Vickers Hardness 572 Yielding Point 525

AD 24738310 BEEERE Ha EERIES o x 1077 460| 055 5| 0.9% 5

All -7.4195677 =10 3 Abrazion 110| Thermal Expansion 480| 059 ;| 0.9% 5

A2 18102711 =10 2 LA E E0N/mY [100-300°C) 55

A3| -1.0186185 x 10 3| | Youngs Modulus 930| = Remark s 500| 0899 008

Ad 1.6280277 =10 | | MIt%EE G 0N/ mY 550| 089 ,| D.98,

A5| -7.6589188 = 10 9 Modulus of Rigidity 72

Poisson Ratio 0.250 Other Properties 650| 099 5| 0.99 5

AR feemE |88
Dewviation of Relative Chemical Properties Bubbles 700) 05895 0.99,4
Partial Dispersions kO R RW BEEC BOD| 088 5] 0.9% 4

ABCt 00113 Water Resistance 1| Colar Degres a5/

AGCA | 00073 | [FlftEAE RA | HLE Se 1060] 099, 0.8 5

Afgd -0.0077 Acid Resistance 4| Specific Gravity 3.00 1500| 088 ;| 0.87,

AdgF —0.0059 ffE i R &) DW R S

AGig -0.0120 Weather Resistance 2| Striae 2000 D86 5| 0.91 5

SUMITA OPTICAL GLASS, INC.

B 35 K-CSK120 44 # 4 12 [51]
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2.1.2.5. Soda lime glass (4 #.33)

AR E R E A THEERTT GHRTT > A L Si0,73% - Nay013%
Ca010% ~MgO 3% 2 Al,Os 1% % 7 & &£ Bo5 > 5 & * * LCD &7 £[52] » #

P L dod 80 U HRT G B MBS 2 it F R

38 M kay b 2 [53]

PIZE R R, TG (°C) 564
#OY% % #ic(ppm/K), ~100-300°C 9.5
20°C #4745+ 5 (nD) 1.520
20°C p* ¢ 4%, 104x(nF-nC) 87.7

2.13. HIBIFA A

g e s F AWM B ER ARG B R LER
ek i RN AR T PRI B REET T 2 %gﬂ;&ﬁ[l]o%ﬁﬂ3%§“$ TF R
Sl TR 2 b o W RIER S B EA AR GRS S LT IR ARDTE A 0 BT
BT T ARG AR R o SR A RT AR o R A R
B 5 AT AR o FIt ARG MR W AT A TS A2 B R
PgFnd & o S SENMAOBH ALY EL M O REREBERT AL Z
LESE D R B R AT AT E T IR AR o i WA
AR IR AL T 0 4 R H AR 4 o BI36E Schotts 7 44t

Wizl (Ten sg o A3E 580 - 295 B FRAIE -
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36 7248 * 45[54]

% 9 FEAM B §°F 5 4 [48,51,55]

Recommend- .
Target product Advantages Disadvantages

able form

Gob »  Cost containment > Low weight accuracy
0
»  Short delivery time »  Limited choices
». . Precision weight »  Costliness
Sphere lens N _ .
» Possihility of edge molding »  Poor availability for a large
Preformed ball = \ ) )
». High effect for a small diameter diameter or various formed
product product
Gob »  Cost containment »  Low weight accuracy
» . Short delivery time »  Limited choices
» © Precision-weight »  Costliness
»  Possibility of edge molding »  Poor availability for a large
Preformed ball ] ) ] )
»  High effect for a small diameter diameter or various formed
Asphere lens product product
»  Possibility of self-procurement >  Poor availability for a small
if polishing machine provided diameter product
Sphere lens >  Precision weight
»  High effect for a big diameter
product
) ] ! » High effect to replicate »  Vacuum molding process
Micro structure  Disc Cylinder _ )
micro-pattern required
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2.2 T e FgiF
THEFREIL B I FERPTE -FIRATIEUEZILETRE R

2o RERT S R ESREeANF A L i 5N (Continue wave laser) £ 7% fiF ;¢ (Pulsed
laser) e F Sficde 1 ¢ B AN I X c BV HERTRYTT AL 2 P41 >
Fh AL L AHEM SN el 0 TR R ITE LSRR 2 BIFETY - R RH

FEH2 s EaiccnioaE*r 2 g oty X0 ?%ﬁd 7R EE R SSRGS
kR B E XA A BB A Wem?) ek pa(spotsize) iF L A e F ik o AoiT b S H] R~ k%) -

FERERY -

AT A HRES TR FIR BB L R R AR AETA
AR EREFE BT CBEY X i%ﬁ%ﬁ%é@f‘%‘% SR A L o TS BRI
Heie B BT 4 BER AFIEASFTIHRET AT SIS0 o 8 75 B H
GG A e 3 A 2 Bk 0B BT (Heat-affected zone, HAZ) > + ] 1

um e ¥ FR LN EPET A 0B AT e B b BT 3N  um Ak B AT
R Yo 0!
AR AL E 5 355nmz UV F 5% SLAVIA 355-14 (COHERENT Inc.) ot % se 8
= &4 e NAYVO4H B QB B F bt 113k i 3 “EE AN AUV SRR
ﬂé%*i%@*ﬁ%*%ﬁﬁﬁﬁ°@W§?H#ﬁﬁ%@’§%§@ﬁ%ﬁ%ﬁi
(BB r R S RS s MR e 2105 T B AR A
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Mirror UV Laser

Galvanometer Hexagon

Rectangle

B 37UV § 41 %4

%10 5k B 4

Items Values

Wavelength 355 nm
Pulse repetition rate range = 100 kHz
Average power @ 100 kHz > 10W
Pulse width @ 100 kHz = 40ns
Spatial mode TEMOO
Beam quality factor, M? <13

B WARK Lenddky §AHIREE AT Y ~ F IR R R - F MRS R
Frpy i Hp 4T o
TEHRATE AT S B RE T HE AT LI e A PR TR R B F 5t
B ATOTVREE AR S > EAPMIE AR R T M gL TR o
TR R T MR E RS T B ERIFR e A A G R R
oo B BE G R DT LRGS0 Flet e £ R

e 1R R I EAET AR R T BRI Mg R T 6
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kot € fp K F B0 i SR AR A .

Bl T MR g P AR R ’ﬁﬁfiﬁ%“$§# &4 % Ra s
EHRMRFIE AL LR F el I - TOREF(FIHE £ )
FIE R A RS fiﬁigif\f °

FHAFREIS AR TR Y 2 F b AT E R e AR RS 4 Y & Line~Cross
Bidirectional 12 2 Bidirectional + Cross > # 7 & Bl4-®BI38*77% » &R 7 I i

el AR Sl F e Z RKEREGE BRI -

K8
L&

Bl 38 & St 4w B i R B
(@) Line (b)Cross (c)Bidirectional (d) Bidirectional + Cross[2]

2.3 M EACT Ao 3 P
&7 33§ 4o 2 HoF(Wire Electrical Discharge Machining, WEDM) i * 4 s 6 s 7
ﬁ“ﬂ%@Wﬁﬂ’%lﬁ??ﬁ@ﬁ%—ﬁ@ﬁﬁvéi%ﬁﬁi,ﬂ%%ﬁk@ﬁ‘
AL AR R RS BRET S A RIEBRLT S P 8T 7
T M E TR TIEER L AT K F5R[56] -
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AR BT M BT Ao AR o P 014 A 2 3 i R 53] AuS00i 1 s
R AL A XU E AR OB R TR HR AR O A1 D
A7 BT A 1 FFE e I ARIUE R A TITAL K ) o Bldeid F 0.l mmende 1 A F e
1 19012 mmeEt o f & RFH B E T o BI395 AFT T TR F ity 3

’gi"\iﬁl?‘;{% o

Bl 39 4127 210D 40 1 g

2.4 HET 6 BT
AU BT B 1 ke I R A g WAT Y TR ePRDiE 2 A
RFRIE RSN R EFE R TP W S R GETRERE ke  i
R BT AR A, 0 I A S 1 S [5T] 0 IS HRT e B
B FA LA B A G AR HAE0Iume ABH 2 Y R G X R &P TR ¥ ih
iz o AR RYET BT LT

RE AR LAY T - K &S A Rkt R LY IR AR R
Gk Fochk o KEETARS LAV ML T FRA SPE T AL THEN DY
SRS U] A WA LI IEARANCE o4 50 A G B
HF g A A RN ¥ L n®EF Ni-P - Ni-W - TiN ~ CN ~ #7407
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5 (DLC) ~ Pt-Ir ~ B-N{vC-B-N % [57] » H # |t ddeo & [1977 - A7 B ® #7@ * a0k
% Pt-Ir -

£ 11 pog i HOE A R [57]

R Ni-P or TiN | DLC |a-C(&| Dia- | PtIr | B-Nor

T~ B [ NeW | o | o [ P | mond C-B-N st
Ml T~ CiN | a-C:H
Bt e
S O © © O © @] O FErEEmEEsEREE HER  BrE R EE
SFATER o
PN X © O PN © Jay © |pPrIrge#ATREENME EEEEE 2 m £ H
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Surface Height (um) Radius (um)
With Vacuum Upside surface 8 6919
(2-step) Underside surface 22 3130
With N, Upside surface 121 560
(2-step) Underside surface 130 523

Parameters:

Molding temperature 690 “C

Molding force P1 : 0.5 kN P2 : 0.5 kN
Cooling rate : 26.7 °C/min
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