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Development and Applications of UV Proximity
Printing for Micro-Optical Elements
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This paper describes the UV proximity printing method to fabricate micro-optical elements, such as
microlens array, micro-waveguides and high numerical aperture microlens. The micro-optical
structures were made by applying a printing gap in UV exposure, which utilizes the UV light
wavelength diffraction to deflect away from the aperture edges and produces a certain exposure on
the photoresist material outside the aperture edges. Several microlens materials can be fabricated
from various photoresist properties. The experimental results showed that the optical components
could be formed automatically when a particular printing gap existing. The UV proximity printing
method is an innovative method for fabricating micro-optical components. Thus, the further micro-
optical production using this technology is anticipated.

B2 BRI EESERNGE
%Pﬂuui TE%EEﬁfﬁkiﬁ%%“F%ﬁﬁﬁﬁ

AT 2% A OB IT 1R E i B o O B2 T i BN E RGN S - SRR S
(micro-optical components) HUf » FEL2 KR MM R E N LELZ DRER R - 158
%%)“EZ%&%@W%&@% (miniaturization) EEfELH L NRA - ERAREERM/INEETTH: - LB

ﬂ: {5

BRI Z B R R — P AT B A AT 2 FRBHSENMER T - H RABOCE R B B iR R

SO RTRUME » BREA  TEDEITH - SR O - LR

%’UE%&%%%KQ%&?KEE AR BEE - BE an ~ HOEOLH  SUHRBOP G NIED LR - H

56 BERE_+/155 =4 96.12



FIT I 25 A PR A B Pk 228 e B R IR 52 15 26 I AR A 5
Z B - SEE EREES TR R ERIERIE N - L
HAR Ryl T B A RS AR - SRR B Al
S5 RFEREREER - EaE S A ERDEER
MRS o Tt mEE R I AR AN AT Bk 2 RsT A
o 38 (micro-optical waveguide) @ FEE T
HERAIE R - ROEIREEIRERE D EAR RO LR
ZHELER R -
FEAMOCER T BEIZ FEAEE - iR ESR
#f (micro-electro-mechanical systems, MEMS) 2 %
fli—HInEZEEERNAE - DIMELEEEER - &
FEEE S B SRR i 2 W BN L - ot%IE

#2f55& (in German: Lithographie, Galvanoformung,

Abformung, LIGA) F il DS (B N 155 = $8 5,
fir - LEAOEAEEES RS S TEEER L
s ~ BB RS ER Rm i IReE S
2 APREEBIERE L (high aspect ratio) BINE
R ST - PRI A AR B Rl Y0 Bl oy
PSS e N 7 v v == A AT 1 G £ =
R ER S =M TR o Mol
R SR T B S R L DA (= i i T
R HEAEMREE - #2882t - IR E
B e AR E i B BRI TR Rz ot BT R
{E » EEEDEEANEZEEMAZ B -
HeETfoE sy S E G ERa R - RE
R ELSHHMIECESAM E - TR FElE R =&
BRTRE o Sefl S S EfE SR Y 5 = B
152 (reflow) ~ JKPESEEE (grayscale mask) S5z »
MEEW FEWEHGEES T OB R
=Y (FIB milling) B2AHZIY (etch)  #CTEERBERE
= R DIENBRECET IR - AT REEENCE
Ht o MAEEAE PDMS 86 87 /7 =0T IR £
ffif (soft lithography process)” » & LAEZ L EIEH]
oE R > FASH PDMS SEHUE SR - Pk
PDMS #ffifigiZ PDMS f&{-_FEFTENL - Witk
] AR B R EE AR 41 PDMS 0B 8% - 22 DUBE+
FALENFE SR (FIB-CVD) SEHBRVIE S
@ [FIEHIFEE PDMS S#Afifeid - /£ PMMA #1E
E[EME > fRBEE C PDMS f#0ESE - PDMS (0%
Al EREE B R S A BB g n]

Fe @A HEES (pneumatic actuator)” °

(% B YN B AR R B RERY T 2R TH %
BRI - BUNERIR AR EERE » EF AR EEAHE
FERH S H o R E G LR 5 i AT B AR
O R BIE T 28 _FRES IR R E A R SR ]
(o

OB TT RIS A 73 R i = (buried) 1S
TIECE ~ B (ridge) B EIIESEE (diffusion)
WE - mEHEP IS - KSEHE R S T
B o R S R E R R AR R
HAVRRE - AT AR LAVEYE - W H AT$2
FICHHIRER (yield) ; s EL B =R 5 -
TEELER BT B R Ry 5] - B R
B (IR ERIEESIER A S - sEID S BN
S EEERS RV T o SRS Se BT R DU
i RN - R FLER AR E R E
BT B2 B2 DARE BRER LI N & Hsz =LAk 2RI
AR o RLFTA G ER T M RE S DA f (R Y 5
EEEHEEFISE - K 2R KSR EE#

B o

=)

N EEBAZEe

SR 2 SR =2 v (e M =l Pi=tantia-q)
g — M EDEEESEEE T XA = - 5k
P =CEEE] (contact printing) ~ JTHZVEEEIFI#R 52
HHEN (projection printing) 5% » (M52 LA
RIEZERNIH S mA R IC BEERMA - EiE
TP Ry i P08 P il B PN AR P = SRk
TEamlEl EEEEDEAE R - BEEPIRORE
M EREDEIHAEITIROY - TR AT » SR B
CF e DU B S Bl L (B Y o TRl =UiEE R
> R R DU B i SR N E R K -
MREMERS S AT < BEEIRUR - (B BDEIH
L ARG - TSR E Y ERIREE - AN SRR
JEE {5 15 L R SR AT AN 5 B o P o RS B AR 2 - T
ERMEE R ~ /I R BE - i ]
fre T = e e AR FTRE - (BRI R SR BERH
o3 PRI R G5 ] S AT R S
& IRAEEGES & B85S - RIS s =]

MEHME 155 =1 96.12 57



Gap

ooy
= —
Aol

,,,,, -— _
——

Incident Mask  Resist Substrate Light Intensity
Plane Aperture at Resist Surface
Wave

(@)

Mask Amplitude Amplitude Intensity

at Mask at Resist at Resist

(b)

B 1R & o (a) B —FURBOER > bz
K& LA o (b) A8 AR vy FUAE AL BR L BF 8 58
JE T o

SR PR (T FE R B SO A e el =V EN ) 4
WHEERTE > Rl BB R ER A T -
A O ED > 5K
Fresnel 81 T » Hes (B2 DY E B HE Y S el
FDEFH L - RIBAEEIERDE R A R - KA
FEE B Z R IRIBTISRER B 2 - R RIS
& umEsL e i EAEFLSERINES
THERERL o MEAR AR AT DUF] R R R
REHMRRRERELERE > (HETEEE EREAATRE
TR RZE - KEOUHA EREAZREEN P -
1 BUR T & G E A LI R e R SR IR

58 BMEHHME_TNEE=H 96.12

SREETIAR » ERR TP R AT A 2 T e T 4 R ]
L&A RO HE RO - SR T S5 H
TEEERIP B T —(E i H@ 4% - FFA OB R R
M SRR —E R BB - F DL
Pt T IERRR AR PP R - EDERH R[]
AIREIbR AR I - IR IR - LR
AT E RSB S R - bR
{EFLAIRROE T - JEBERsi B o A1 i [ B 1S 3 e
HAHAEoR g 1S LLaRss - A e (E SR 8 2L B
AIFLISIR IR - I L ISOE R Y B AR RO B A (o
S - i HAE S S R A MR R RN - [T AY#S
fEth & G LU o R RS2 LIS ORI PE
SITESERH B T —E AR 3D SEsRE A © B
TRIATEIS AR (T BT A1 T AR FH IO R s Z R T
SRR AT > TS EIFr R CE T -

= MORSRTHREE

fErLE R > BREBOEEDERE AR
PCB (FRIEER&HR) F1Y PET CEIAE — HESES 2 )
MRIREUE « TEEBHZ i E SR MBS B E
T YA ER FEEETRVIBIZEAHIE 2 A © BETETL
CEK d F 80 um WPHLEE o FHERT T PERYREE 15
PEFI R ERERY - B R H B = A e
PET E[EREE [ - WEEIEREE > BTN

2. W AEME SRS AFEIE R XS] H 2K
BRTHAE (B4 0 pum) -



UV light

Mask

Slice

Photoresist (JSR)

Substrate (PC)

3.tEBCLBAETER -

UV light

Mask

| Photoresist (AZ4620)
substrate (Si)

(a)

.| Photoresist molding

iri.{ PDMS casting and
curing

PDMS microlens array

(d)

4. % 4 PDMS #iE 4 7] 2 AA2E © (a) AVLIE
KRB BRI AZ4620 » (b) FAF 14 & £
FHH P LMEEEL= 0 (c) 4F PDMS & A B
it > (d) IAL A £ PDMS #4518 7]

PHEESEEE 2 AR 17 - Bobf b oeiiifi— g iRy
HMDS ° B2 AEW i Bl EARIBAT RIS RIR a5
B A SR e — g 53 Ry 35 um [ERY
B¢ (JSR) ~ 15 um ERYIEFH(AZ4620) - figiH
2280k 500 rpm ~ 40 FO8E o {EEHR INEVERE LA
90 °C Tl 3 2 NEIRT - BRI DIERE
PESRTAIZ BRIV » T ELT R T b AN B [ A pE

N N R R

Mask
I ‘ I

L | Block
} t Z) I [ ..

- W 7 . m - W as|
t t /Z// 5/ : Photoresist
L]
{ } Substrate
I
[ Y Y O B B

—
[
=

(b)

(c)

S EHAE - () BAETER > (b) MM
HER 0 (c) BN EER (B42 0 um) °

K < LRI EREEENR L BHAFEEH UV
EHMERE (EVG620) SRIBSEEIBOLE I - B8 %
R R - R RO B n e > A
H R 350—450 nm #y NUV GITEIME) - HEEETh
FAE 200—500 W 2 [H] o fEEFHEL 2 [ A —
R P A R — (IR > 200 3 A > B
TEMMBCE S AIMBOESR - R RKIERE 16 #9F0 8
o ERERSH A B IREIR I 2 78 - AARH
FHEBEF/KERz 5% > Bl 3D il B s E S e
GRS T © WIHISE] PDMS B HRREY] -
R PDMS B ASERERE T » AJEFELL 75 °C 15
2 /NFF > 1S PDMS [EfL - % PDMS AJLAA 5
FIREEIH R - 155] PDMS fEEEY] - EE
FEAE 4 s o

MEHME 155 =1 96.12 59



6.

(a) R FE A M HS
240 um R %E 52 SEM
B o (b) REMEEMZ
] % & 360 um B B FELA%
W& SEB{=Z SEM R
)}l °

7.

(a) PAE T A7 f fa f 4t
A AF HE 89 um
BB FIHA= - (b) YA
T F T amsEEal
H 4% 89 um < PDMS %
A o

SR BOCECE 5 - RSB SR
HAEA - EEEA MRS DS Ao EE 2
il > BRI 2ROt - MOEE ERY
eI - Q0 5 AR o SR 2 B
HEFOL R -

M~ BEEiER

A BaAE R AT 1S - AT ESERDEH < FEk
Ry 240—720 um W T2 AT MIE S - Al6E 6
Bd 7 FiR o MHESE A LEEALER S 80
um Z[EEEEE 10 um 0] 2IRHESAEEEAE > Kk
AE B R 1% 7 AR HY W S TSR PDMS 6% 5 [
FI o 1 ol R B BRI B SRR ET AR (FA) Bl
ﬁﬁgzﬁkﬂ/ﬂfﬁﬁ (%) {FEER - fEfE ffﬁﬁbﬁ%h_fﬁ
' MR R A B m R Ry T BN R IR
%{J-“»&Z%EE PRILE 1628 85 e o RS T DARRCK

T Z BRGIR B R FR B 52 AU B R

60 BEHHME_TNEE=H 96.12

132U 85

(b)

REERE AR BISERE P E AR - RN BE PR iR ET 2
R AEREEE RIS > W@ 8 Fix « Bl 1E
rhE T B PR R LR s B BRAR B
i - WCEEBAARGH - DUl UV Btk &
TRt MEE SRR 2 r] Ty » HERRSRC BiEE
S EASRT A (1) ~ EREERERAZ (2)

B (3) > SPHIETEHHEREE (Re) ~ fEEE (AR
%EE fRRBEITEHE () B 144 ESTEEY
PDMS FriS#I#9®) FIEEFLEE (numerical aperture,
NA) #% > PTLAZE IR e sy 0 - 72 E RI7L
RHEIEA > oESHEREEA T TN E - RERIP

RALRAEIE AR AR - MEUEFLIEE S R
RN S -

Fo THERUE SR A A & FOL B8 ot

H o DR TSR & HECE S - PDMS
OESEIESD 5 um R5 2 I E IR AR
JREFRT b o B S R i o A8 S R
2—3nm °



Aads " =
Lengh 150Kur  Degh cooh 22251 1102 %6
£

ekt Ened Y couds 477267 1162355

e e e e

28.36 28.40 2844 2848 2852 2856 28.60 2864 2868 2872 28.76

millimetres

an g
EZO =
10 2
T
j-10 2
E—zo i
fa0 E
I
£-50
[-60
RS0,
(b)

5 il !
QMLMMMMWWN&

1000 800 600

(©

200 [

B 9.4 4 ok T EHRER - (a) SEM B A >

(b) 3Dk v % Br &R

IZE b &

(c) B H 7 ) 2 4 4

i 8.
(a) HFHEEILZ
BB & 720 um B¥

7 \ P BR 25k 5 B %
] b, B H (x50) Fohf
‘ ..... Expected spherical curve ‘\\ ﬁ-} }‘f}% —‘Z 7‘16 Fﬂ i @
Actual data \ éé} E{F —;"-Ig /7',\ (b) 'f;%,i
i
Width (um) B =z kA v 4
Z LB -
2
h + %
Rc = !
= (M
R
fo ke &)
n—1
D
NA=— )
f
BOCHS TR AT R AT e

ERH 2 IRy 240 —720 um FAET B AT DAZE 4 —2
BTG > A0 9 Fr - AR R
IR S A A A BT S R - FEROLE R
WEBATISE R - n] DA BB G RS E R AT
HURHEERAR/ N (A 10) ©
DIRGESOEE 2Bt - I eEREL
BIPRS » TP R S UE LR 2 (OB SR B %71 2 B
o EEBRERLLDOEIHEE (reflow of
photoresist) EHFTRE 2 HOEHFLE - DIsiEiE
Wl B e R FE I ER > FEREA R -1
IENRE - DURZBIRERITZIER » (HSEHRmE
RSB R B/ o T BOR F BR 2 fH6E 820t
B o FLUMES LB — MBS - HEHDE
ERHEPH I S R > ML 8RR > A
SEIAT L S E LSRR SR B H 5] > EER]
Z NA Ry 0.348 (Z&E 11) > i@ LAIFESCERATEE]
BRI - RSB ST AT RERT Te R = B E
FLIEBESR -

MEHME 155 =1 96.12 61



(c) (d)

10. o7 TR 48 6 ok 3 LA o T 0l b SR
HBR o (a) AR b) F4aBETRESL
500 um > (c) 4 ok ERKEH 500 um ° (d)
BB -

ESRN

B IS S RerL A [ PR PRSI B E i R
T8 > HIMIGCE SRR IR H PDMS
AT - BYEREERI SR SCECERT - AT A —
RIECGT AU R E R - NI
SERHZ Ry 240 —720 um » 38 LE5EELTT AR AT Ak
T o STREEN T iRRI B SR SE - R MIRE R - S
HEFIEBEE I R S ROLIGE - AR IEED
BEIPEEITTARIIGE - DIBVEEREHOE S
B NHEOEHRmR T EE RS - ISR
NA {EZFRAHIRS] - HLOEE R RE R 2 5
R R B - BII1SE]E NA [HAVBGES - e
NA MZEHFAEEE - fH - BEIBSENR > B
POESHIEYIMERIEE » FTiS 2t e NA [HGE
B o FHESE NA BYHEEREEET= NA EHARAP
i o HEmBUREVE S SIS /D HRGE - NA
{ElGS > AWTFE R iES s b - KSR
FEST T B SR BUESLE - RRERERLEES
AR SCERRE R LU B 22O
ERmR - IIEEERZAESH (SIL) ZiTH5E
B/ NEEROEES  WEURE NA WIGESERLON
ERRH T OA Y E IR

62 BERE_+/155 =4 96.12

Lab1 x1000 10pum +——

NanoFocus Messtechnik

— Profile

4.00 i
2.00 pm

0.0 925 185.0 2775 370.0 4625
[um]

FORHVALLE SETFIRST FONT. X=00un v =00 [0

1. AR &2 5T &40 (a) SEM B (b)
% $& 8] (NA 14 =0.348) °

ZENRK

1. Z. D. Popovic, R. A. Sprague, and G. A. N. Connell, App!.
Opt., 27,1281 (1988).

2. L. W. Cheng, Thesis of Department of Physics, National
Central University, 51 (2001).

3. Y. Fu and N. K. Annbryan, IEEE Tran. on Semiconductor
Manufacturing, 15 (2), 229 (2002).

4. M. B. Stern and T. R. Jay, Optical Engineering, 33 (11), 3547
(1994).

5. Y. Xia and G. M. Whitesides, Annu. Rev. Master. Sci., 28, 153
(1998).

6. R. Kometani, T. Morita, K. Watanabe, et al., J. Vac. Sci.
Technol., B22.,257 (2004)

7.J. Chen, W. Wang, J. Fang, and K. Varahramyan, J.
Micromechanics and Microengineering, 14, 675 (2004).

8. K. Hoshino and I. Shimoyama, The 14th IEEE Iaternational
olnference on Micro Electro Mechanical Systems, 321 (2001).

9. N. F. Borrelli, LCD 44th Electronic Components and
Technology Conf., 338 (1994).

10. C.-P. Lin, H. Yang, and C.-K. Chao, J. Micromechanics and



11.
12.
13.
14.

15.

Microengineering, 13 (5), 775 (2003).

Micromechanics and Microengineering, 14 (6), 1197 (2004).
G. wenger, et al., Journal Lightwave Technology (1994)

R.J. Deri, et al., Appl. Phys. Lett., 61, 952 (1992).

J. D. Plummer, Silicon VLSI Technology, Prentice Hall, 208
(2000).

TRAMHN, B8t TR U S E S B E LSS B
T2 A5, 25 11 JERR LI B HCRHE R & EE,
A3-3 (2007).

oM EEREEAB R ZABETRETREL
EB O P KRR TR AR -
HIREAERHZEANERREMRTREL > HE
Bl &8RS RS MM TR KRR -

H. Yang, C.-K. Chao, M.-K. Wei, and C.-P, Lin, J.

"MFHREEABLEERBEARERMITRF LB L

WEL -

* Hsiharng Yang received his Ph.D. from Louisiana Tech

University (LaTech), USA. He is currently a professor in
the Institute of Precision Engineering at National Chung

Hsing University.

* Ching-Kong Chao received his Ph.D. from Lehigh University,

USA. He is currently a professor in the Department of
Mechanical Engineering at National Taiwan University of

Science and technology.

* Tsung-Hung Lin is a Ph.D. candidate in the Department of

Mechanical Engineering at National Taiwan University of

Science and technology.

MEHME 155 =1 96.12 63



