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The Precision Glass Molding Technique Applied to
the Manufacturing of Micro-Optical Components
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The precision glass-molding technique (PGMT) can be applied to mass-production of high quality optical elements.
The PGMT has several key processes, such as fabrication of mold, generation of preform, optimum of molding
parameters and hard coating. This article presents all the processes of PGMT in planar integrated optical elements
of micro-projector system, micro-cylindrical lens array (u-CLA) of line generator and microfluidics of biochip,
respectively.
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Parameter Value
Laser power 8.8 W
Pulse width 8 us
Frequency 70 kHz
Speed 2000 mm/s
Machining path Crosshatch & bidirectional
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u-CLA (glass)

17. ARG RAZ =& -

R - ORI E S R B R R I R
MRS - BREGAN S B2 B AR S AR - At
TR YY) R T ot B S O R 5 ) 2 T R I 8

22

(3) FER G M

Ry 1 B R A\ Bt 5 L BB AR SR 5 A M
FIREEE » $13% 560 —600 °C RS 1R i E A i o
A& 18 A » fERGER Ry 600 °C I - (LR SR
Ry 234 um o AHEZHA 560 °C FEAY 80 um Ry
HATREFRBEEIRE - A BRI RS =
MRPERAGR - SLABOSE IR S - Rh CREEE - AR
HA T AR s B B = I IR 85 -
ISR RS - SER SRR SR R
/N TE 560 —600 °C HURSE I5 EEREE N2
TERAGR AR -

PR BT P i R B B AR R 2 8 T

R L R B R E LA - fE R IIE
240 = 10
O Height
200k /A Radius
-s
E 160k €
§ 100 £
= 46 o
=) 3
L 12} E
- 4
80 A
40 ] N ] N ] 9

560 580 600
Temperature ("C)

18. AR &M 1 K AT T AR Bl 4%

94  BHEHME=T%5=H99.12

iR o DRI A B B A R T BT R E A
2 @ 19 Bl IR RS FKS MR 3T 5 R 2RI
o HEIHF A - fE—ERRE T - BFRREER
Th - BRGE SIAZRTAORHT BT SRFE L - ZRE &
Ko BlanfEEEFR R 37.2 °C/min » I8 KR
0.0031 n,, (n, FFH 589.2 nm KR EHIT
BEER) » IR 14.5 °C/min > 75 R (E kD
0.0004 n,, = BLAh » EHAEGE IRy 560—600 °C &
- PrET R RS 0.00052  FEE AR R
RAREEUEZE 0.00122 » RS T H RPN
-

PSR AR » BT N EBEREE A - AL
PAREIR SRR = P R+ PRDR R R [ e -
Pagm i - R R - EhaE R
15 20 Frizs - BEJTE 0.5 kN B RS E R
148 um » HIZRHT R 4.56 mm o JAE 78 = i 1F LA
% » BRI ELRRR - (HIEET @K SR
PAEIR B2~ S 8% B RS T & 38 R M R SR
gg o

FEEES R T SR BEREZ
AR IR SR o1 B B Bl B E 22 8 - HEBRAG IR - 15
FC A (R I o R B S 2 R - BT I (R R
.2 WC BZANE 21(a) BdE 21(b) A FIAL
> TEEHE 21(c) BEE 21(d) Z kiR s

Velocity of Cooling (°C/min)

10 20 30 40
0.004 T T T T T

| | O Temperature
/\ Velocity

0.003 =

0.002 =

0.001 =

Refractive Index Variation (ny)

560 580 600
Temperature (°C)

19. 2% i & /%47 1R F AT 4T R A o



160
120} 40
T T €
3 { £
.:SJ 80 - 3
o 3
T i -8
40 |-
0 I | I | I | I I 4
0.1 0.2 0.3 0.4 0.5 0.6

Pressure (kN)
20. L ¥E R Jy 1 E AT IS IR Bl A% o

HI o AR By 532 nm &IN50 mW 2 #0OLE
HHELTERRE o FHIE 22 mIAIEE SRR AR 85
Wiz 1% - OB B L BT .2 3 S tn i i s
BYigIED - A ] DU B s 5 B8 E e n] &
7 Z POAEAR SR A -

I -~ #5ER

ACEET = R RS AR E ] - 4
BIFIFE S0 TAE SiC 1~ - SIERGRERS - fAfE
TRFE 620 °C RIPEEST 1 kN (T - BUEH 200
um R 185 um 2B FridoiE - DU A
KB IR R TS E WC B IR 750

°C KEF] 2.75 kKN ' » HEERHEFTIER 99% Z KHiTE
BELETTHE - REINERRYEE I TiEE WC
R R E R - R RE N E R B E
TS - FEHRERIEE - 1R 600 °C BRI IRE
F2 0.5 kKN BZREIRET - SERk Btk ez -
— S - PR E B 1 KT A B L e (R B
(4,)20—30 °C » {HEHASIGH » (#E R E ISR
T BRI REAERT 10 °C » A0 AT A BRI SR
GG S o Bhoh - SEEITHIME IR R R A
itk > AIRD A E SR S BT - FHTER
SPEER - RS RIFE 2 RRIRAP BRRE » TTAREE
BEZBEA - BLB - FEATITE L BR R T — B
& TR R AR E -

SENRK

1. R, SEERTT ARG S B, IR, #T7T: B et
Hls, 223 (2007).

2. Retrieved June 18, 2010, from http://www.toshiba-machine.
co.jp/english/product/high/contents/molding

3.Y. C. Tsai, C. Hung, and J. C. Hung, Journal of Materials
Processing Technology, 201, 751 (2008).

4. T. Mori, K. Hasegawa, T. Hatano, H. Kasa, K. Kintaka, and J.
Nishii, Japanese Journal of Applied Physics, 47, 4746 (2008).

5. A. Y. Yi and A. Jain, Journal of the American Ceramic Society,
88, 579 (2005).

6. P. M. van Midwoud, G. M. M. Groothuis, M. T. Merema, and E.
Verpoortel, Biotechnology and Bioengineering, 105, 184 (2010).

7.M. Askari, J. P. Alarie, M. M. Bondi, and T. V. Dinh,
Biotechnology progress, 17, 543 (2008).

& 21.
Bd= fr A R BE R 7] 0 (a)
WA—ERE 0 (b) Bk @
HKE 0 (c) ALK SR 7
FRE - (d) Bk
KR e

FHEFTASE =+ 2558 =§1 99.12 95



22. 8T A 2 B G B e

8. L. Xu, H. Yu, M. S. Akhras, S. J. Han, S. Osterfeld, R. L. White,
N. Pourmand, and S. X. Wanga, Biosensors and Bioelectronics,
24,99 (2008).

9.Y. Shimizu, A. Takashima, W. Satoh, F. Sassa, J. Fukuda, and
H. Suzuki, Sensors and Actuators B: Chemical, 140 (2), 649
(2009).

10. M. Shinoda, US patent, Publication number: US 2009/0308473
Al (2009).

11.D. J. Hwang, K. Hiromatsu, H. Hidai, and C. P. Grigoropoulos,
Applied Physics A: Materials Science & Processing, 94 (3), 555
(2008).

12. A. Marcinkevic€ius, S. Juodkazis, M. Watanabe, M. Miwa, S.
Matsuo, H. Misawa, and J. Nishii, Optics Letters, 26 (5), 277
(2001).

13.J. Zhang, K. Sugioka, and K. Midorikawa, Applied Physics A:
Materials Science & Processing, 67 (4), 499 (1998).

14.]J. Y. Cheng, M. H. Yen, C. W. Wei, Y. C. Chuang, and T. H.
Young, J. Micromech. Microeng., 15 (6), 1147 (2005)

15.]. Hsieh, C. J. Weng, H. L. Yin, H. H. Lin, and H. Y. Chou,
Microsystem Technologies 11, 11 (6), 429 (2005).

16.C. Y. Huang, J. R. Sze, K. C. Huang, C. H. Kuo, S. F. Tseng,
and C. P. Chou, The 7th International Conference on Optics-
photonics Design & Fabrication, (2010)

17.C. C. A. Chen, S. W. Chang, and C. J. Weng, Proc. SPIE, 7058,
705807 (2008).

18.L. W. Pan, L. Lin, and J. Ni, MEMS '99. Twelfth IEEE
International Conference, 217 (1999).

19.J. Hu, S. Wu, Y. Zhang, Y. Liang, and T. Dai, Proc. SPIE, 7158,
715803 (2008).

20.L. Jurgen, L. Norbert, and S. Johannes, Proceedings of SPIE,
6188, 618816.1 (2006).

21.C. Y. Huang, K. C. Huang, J. C. Chen, K. S. Chang, S. F.
Tseng, and C. P. Chou, Advances in Materials and Processing
Technologies Conference, (2009)

96  BHEMTME=T_%%5=H99.12

22. Schott, Tie-40 Optical Glass for Precision Molding, v3 (2006).
23. Schott, Tie-29 Refractive Index, v2 (2005).

HREFEHTRREBM IR
FreEt  HEBRRERALIREER
TRARFREARE  HHBEIRAE
REMMIBEZATLEARLE -

Chien-Yao Huang received his M.S. in

mechanical engineering from National Central University.
He is currently an associate researcher at Instrument
Technology Research Center, National Applied Research
Laboratories and a Ph.D. student in the Department of

Mechanical Engineering at National Chiao Tung University.

HEBELERBEREMM AT
Frig+  BEBRZE BRI A RERSH
TR LR B SR E K -

Kuo-Cheng Huang received his Ph.D.

in mechanical engineering from
National Taiwan University. He is currently a researcher at
Instrument Technology Research Center, National Applied

Research Laboratories.

FAEERERGIBEAREREE S
WA EL - BERXT R R Kk
BARBEHEFCHEFRE o

Chao-Hui Kuo received his M.S. in

ol »~ mechatronic engineering from National
Taipei University of Technology. He is currently an
assistant researcher at Instrument Technology Research

Center, National Applied Research Laboratories.

MEXEEARBREXNEIRE
+ HEBEZXF RO IR G& S5
REQBEFAE

Jyh-Rou Sze received his Ph.D. in

/.. electro-optical engineering from

W
National Chiao Tung University. He is currently an
associate researcher in Instrument Technology Research

Center, National Applied Research Laboratories.



YEBE&REEAYMEEAZHETR
B+ HEEXERIA &SR
HAEFCRAEE > HHBEIRER
SRR IBEEAM TR EAL -

Shih-Feng Tseng received his M.S.

in mechatronics engineering at National Changhua
University of Education. He is currently an associate
researcher at Instrument Technology Research Center,
National Applied Research Laboratories and a Ph.D.
student in the Department of Mechanical Engineering at

National Chiao Tung University.

B RS A % B HAT REME T
Bt HAEXBRERMAAR

Chang-Pin Chou received his Ph.D. in
materials science and engineering from
the University of Tennessee, USA. He
is currently a professor in the Department of Mechanical

Engineering at National Chiao Tung University.

FHEFTASE =+ 2558 =§1 99.12 97



