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Abstract

This paper proposed a low-cost and high-throughput method to
fabricate lensed optical fibers. SU-8 Photoresist is used as the material for
fabricating the proposed lens structure and is directly applied on two
kinds of optical fiber tip, single mode glass fibers (O.D.=125 um) and
plastic graded-index plastic fiber (0.D.=500 um), utilizing surface
tension force to form a hemi-circular shape lens structure. The
hemi-circular shape SU-8 lens is then electrostatically pulled to form
non-spherical shape in an uniform electric field at a temperature higher
than the glass temperature (T,) of SU-8. Microlens with various radius of
curvature can be easily produced by tuning the applied electric fields
during the electrostatic pulling process. In addition, this study also
measures the UV-Vis-NIR spectrum SU-8 photoresist to confirm the
optical property of SU-8. Results indicate the SU-8 has high optical
transmittance from the wavelength range of 380-1600 nm. SEM
observation also indicates the fabricated SU-8 microlens has excellent
surface smoothness which is essential for optical applications. A
commercial optical simulation software of ZEMAX® is used to predict
the light path of the fabricated lensed fiber. The numerical results show
good agreement with the experimental test obtained by projecting laser
light into a diluted fluorescence solution.

Furthermore, a Fabry-Perot laser chip with the wavelength of 1310 nm
is used for light coupling test for the fabricated lensed fibers. Results
show the coupling efficiency is up to 78% at working distance of 90 um

while using the plastic lensed fiber (R =48 um), which is around 2 fold

X1



higher than that of a flat-end fiber. The coupling efficiency of glass
lensed fiber (R =23 pm) is up to 72% at working distance of 24 pum,
which is around 2.3 fold higher than that of a flat-end fiber. The proposed
method is feasible of producing high-quality lensed optical fiber in a high
throughput and low-cost way. The method proposed in the current study

may give substantial impacts on fabricating lensed fiber in the future.

Keywords : SU-8, electrostatic force, electric field, lensed fiber, coupling

efficiency.
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AR E- BEIFP AR BH RS Ll R R AR
oo @ kG A - B TRk 1S B B T8 Rz UV B
o g UV kRELEE Fi s 22 g 5 2 kRS 4 0 doEl
119 #7577 o B2 F 7 F 2 sr P2 B X £ 15°2 4 > 2k
gl TATRBEE T 0 A8 oonF o

2003 # »Kim % A [21]4 917 12800 4 o % hsh G BE L B 4554 4

B UV B @ kg A5 — I L IRk o R UV e iRk
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B 119w R Sl iF Y & k55 87 4 R[20]

Nano-syringe UV Lamp

SMF

B 1.20 reR vk gid 87 2 BI[21]
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Ak WUEPEE )L Y M R REMAE S HETE A
A4 od BB A A A e s S E R AT R L 0 T
WEY R R kel R ITH I kR BB R o 4 ik
AN R RSE RS VRS 9 0l GRS 1)
RSP ENERE R IR LIRS E RN R
RSN EE S WS (IR I R W VR R
7 TR RBEA L A - o T g AR S R R N e B e d
KRB EF A D F A I A BE L LR RN B EREE
Rk R E R o BER N RE - Mmoo R

strk e BRIt e B4E 5 F[23] td e A E g TR K E

HEHEWAE - J5d 2P THY O HFIRLRFALFTS BV o
A #-SU-SKILFIp &£ G 5E4 akREra F 25382 3 a KRipiF

i WA MR BT R AR > Rl
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eI LARRFIRDFTHRFHE ERIZE NF o7 RERE

2 Bp s kA BRE T BRIA B R F L B E

LS

rE B* A%
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Bk GGT R AP o TR 2 R R U R R P rdy
el A ART S BRERIFL - AT IR Ak
s gk = A8 (Light emission diode, LED) = & » H Sfd fj & & §
¥ w ’1\?%]4'14?3‘& s ¥ % a5 850nm 2. LED kR s @ i * A
£ FEdE il ?JL@%] kRl b - &%8 (Laser diode, LD) % 3 » H & sk
B# LED % i » fg_ﬁg?]ﬂzﬂv XRBRPEE L B UL
FRREE o ¥V ob o T R IIR R et 2 F 4B R 3 Bk ReD
B0 13 um 2 155 um 5 3 AFE Y ATER Y 20 F Bk S & Al el
W& 1310 nm 2. Fabry-Perot & #+= {&4%8 > H i 3 B & (Far-field
pattern)4c @] 2.1 #77 > 5 - ¥R £ F X dh> » 2 F4rk 5 0x=32°~

Y $h2 HErE 5 Oy=40° -

B] 2. 1 Fabry-Perot 3 #3377 %, B
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22 R T RABERS

2.2.1 3 27k & (Gaussian beam)

% 2rdodc i B £ L 2 4758 (Helmholtz equation)sn® # — @ fE » H
Soffc TR F R AR S BT T R WU R ATE R kR
WE ST A [24] o Ar B 22 A7 c BB AR L A Z B B B
oA AL T HRA L R BEER T BB LR Slcs Bkt heT
1. k% W, (Beam waist) : § 276 L 5 & 5| fw
2. BETE KB R W(z) ! FELEYE Z &z R BL X /| (Spot size) » F_& 4o

5 4258 (2-1) 555 o
3. A LE R(z) : BEHEE L Z g2 g b F L% (Wavefront radius of
curvature) > F_& 4o 4258 (2-2)#7 T o

4. kR FHcE 00 B AR AL B E > TLH oo AN Q3) T

S az Y
w(zf =w2|1 ]
(z) =W, +(7ch) 2-1)
a7\
R(z)=2|1 ]
(z) J{?fWozj (2-2)
A
@=tan"'| —— ]
- (HWJ 3



Bl 2.2 Bk L7T R H

2.2.2 # 3 ™ fe(Mode matching)

Bk ERIT A K SLY o SRR T Rk R g £ ok > 4 B Bl sk
SBEGEEFOHOE T B T RO P A Ak &k Bk KR
3t Hol ek 2-1

% 2- 1 Fabry-Perot T &2 & g 386 B4 jg 2 v i

Ao L e -5k

\J&a\

Fabry-Perot & & | X /2% Rx >Ry 2 &= et

e g IR T g 4 (R=00) R

d 223 S5 5 RIS S 6 o @ B ey 5 {12 k52
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Foo T S WEHCE B K TR T SRR o

M= S KA § bR kg2 B ehig £ 9T [26] 0 Aol 2.3 4T
TR FHELETEY FAGERS d o LA P AT R E
Ry» % RSB w F R B4 (5 PAsd o 55 Rz o g%
DTG ok w0 gt sk GE AR5 2 K HEHOAL B ok G 2Rk R -

RoZPZ 2T n F AT HREME > PIE Ry kT T Sk
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S

223 BE&F LT
AAE R s kRS2 Lok pE T % kB B h ABCD
%_E(ABCD law) % §5 it #* % 5 {7 5[20,27] 4o ] 2.4 #77 0 Bk A %

¥+ % o (Reference plane) & 4k 5 45 178 Bk B 2 L & Refsk 4B 7 4

T 7; MLD 2 Mlensed ’ '&‘?(2'4)}“ (2-5)’7\: ’—’LI"/:I' :

1 L]
M, = (2-4)
0 1]
1 0 1 0
ot = | LN bk N, (2-5)
ense RL L 0 1 N_L

B L F SRR T KRS S B EdE o Ry S S e F LT
AN, R Np PIA B4 7 B2 LR endtif s o d F bk iR S8 A

B0 8L e kP R R My RS

‘4 B 1 L]|. 1 0lry [t o
MT= = I—NL N 1 0 &
|C D] [0 1]| & o 1 N,

1 L
_ N, (2-6)
1_]VL NF (I_NF)LI +NL
L RL NL RL ]

kRed e r kR e nBEFLT QDN EA T H P
x % xll/»\ A TERATHERAFIZTEZHER D x, & x; B A e

2T ERMEE N BRI ZEE £ R o

X X
{ f}M{ i} (2-7)
X, X,



0, =tan™ (x]) (2-8)

LGRS TR sk L & R B RHAe(2-8) T 0 Tk b 0 F kR
VFERCER G 00X REO<O RV R 2BEE N REFIOP
L 3T EPOEATEARY 0 D BRI TR TGSy
e E AR A o B R EHCE SLanRL 1T 0 T g A e Sk R R R o

Blcd B REFRA A KSR e

Reference plane

L
LD . Optical fiber
NL NF
L]

B 2.4 2473 2k REE2 488 757 LW

d 3T Sk Ry ek R EATE B g Ere H @ RS )
gk e B SrA ol o F] 0 F AR BT 55 g £ (Butt
coupling) » #4 i # * & B F AL L > 2 L4724 48 & (7 5 [28,29] ©

o) 2.5 97 0 BY Wyt A X 2 e R LT A F bk R ih
e i Ex, )7 LR

E(x,y)=E,(x)E,(y) (2-9)



E,x<x)=(%j4(%>‘i-exp —x—z—ik[z’; +«9,xxﬂ (2-10)

VVI‘CZ Ix
1 _
2 N 1 2 ) 2
Ely(y)=(;j 07, )2 -exp —%—zk[zyR +9,yyﬂ (2-11)
ly Iy

Be W2 Wy s §HELEX oY > p ek gl s SR 2 Ry R
A XArY Pl FLD o @ gl ST 4 (2-1) % (2-2)58 %
RAF o F oo kR Rk RA L - BREDFEEL L AXZ Y
G EVER R L Wyed 0% dRIA AT KRR LR RS E-

KRR Efx, )7 1B

E, (x,y)=E(x)E,(y) (2-12)

E, (x)= (%)4 Wf‘% - exp{— (’C;V—‘fx)z —~ ik[% +6, (x—d, )H (2-13)

Y

% 1 _d 2 _d 2
E,(y)= (%j W, exp{— <yW—) - ik[% +6,(v-d, )ﬂ (2-14)

S A
Ao W s R ERe kB TR U F e AT Y £

¥ 4% ~ (Overlap integration)eii= j2 » K2+ 5 J R ehfg & 225 po 4o

(2-15)3 #77

[ £ Eaaf
.Eo .Eo k- E,*dxdyji J-:o E, - E dxdy

n= (2-15)
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Laser
diode

Bl2.5U3 BRAIKLAAITT S Tz 484 (75 7 2 B

23 Ba¥RasEg

231 RATEETHERRE

% 1785 & » & & (Charles Coulomb)# 17 & # 1k 8LF /7 q(C)%
qQ(C)2 AR T (£ ik # % E[30] o A B Fcif 4o
1. 227 cnd BRFLPITER - % 4 i3 2 0 F 0 P R

B o e = 1 B S W U = 12 s S
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25 BELBTHER  HFLI Pt FN) #5808 T A

TEqQO)2 QO)enakfF = vt > B2 P2 [ apedt r(m)ehT > 2 K

L 2 g o
Lo’&E:'P.

2 (2-16)
LR 4% 8 HiE i k=899x10°(N-m*/C?) -
T ¥ (Electric field, B)snfe A %+ ¥ - B R 4§ T EB AL St

oo BLAATLniEd 4 > FTARIAIINT - LA 2L DT HT

EA T B F - BT E ik s sk B o Trq R

F=qEeit* » u* #ech3T {7 ! RHFHT I oriFans > 7 4%
GRMT R R KA MRAEEIES S FE om ik
RIREE - FIH o RHFHT ATITT Wi

W = UE,a o UE,b = q,Ed (2-18)
bR i QY aPlbeR LT L H A

V. -V, =Ed (2-19)
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Bl2.6 323 LHFEL T 7 L H

232 #R 4P

-nl\

% 1964 & > Taylor[31]#% ! - i * T AP kiR ¥
oo FL R e R— B ;P‘rﬁ,,’%,ﬁ.f BN 9T i EE

SR R RGP ] AT R AND TR i

STAZ G R DT R g - AR 2 S P
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(Taylor cone) > 4ol 2.7 #77% o @ d J* F kG S E D T H 8 R SR

=4

o
Ja
5
N
i

1#%:0 (2-20)

HY S ELZTHBRR r SR FLE T ERiFNimkS > C
% Bood (2-20)3NF Avo THR R IR F T K vl o
LR H5 RARS B RiFend FATRAR] o - BEIRRRF R

BB o RF AR X I RFRADEY o £ d R kL kiR
& % L3k & ;1 (Non-spherical shape)[32] @ & §_% % &5 RiBH PF -
FPAODREFIRARMDL G RS o F AL RF A IORS

— e W 5 3 0L B 5 (Electro-spinning) 3R % [31, 33] > 4e ] 2.8 #7

7‘F o

W27 T4 i A2 2 3 5a31]



B 2.8 LHBRES A2 2 T FHEIR%[31]

233 FEEITIA

AFEG Ryp bR IR - BT A W SUR ko &
B iFk RSB fe R AT F B (AR R F A T (TR 2
BoogaosfgT ot » ¥ EEWRRETG oo FE R AT D
SU-8 sbpe » ptpsf|* ke p behi g sk4 > pk@drg + A4 - B
Lok e o RS HEA BT RS TR S A fERE A
- B3RS I L THTAL LA BV RETRRF O K
L % (Radius of curvature, R) » § 3 (TP 4 4o B 2.9 #777 » I 4 ¥ 5
T HRAEI R KR LI B F 2 2nke deidd ka0
UV RE kF XA o d 2> AF%E T LD fRF2 Fang $37
PR (T TR HR A E(Vim)Z 38 > BT ERMT 2L H A R

FengEdgAp sy > Tw £ o
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Optical fiber

Electric plate%

Lens—//>

Glass substrate

SU-8

- HV

B 2.9 M#ET 4 0 SU-8 K2 9 shik vl
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S ABAESELWT2 HEPER
3.1SU-8 &L refg 4

SU-SE ¥ f Ak v 8d = /61 & S04 HS 1L 45
Epoxy novolak resin ; 2. ;%3 #| : GBL (y-butyrolactone) ; 3. g & :
Triaryl sulfonium salt (HSbFg) - i3 #[ 2 & 7% % € xR L[eqLA > &
AT ke g 5 5 R [34] o SU-8 5 — f& 247 ek B L > H 754
7% #c & A % (hard-bake) 1S & £ 1.8[35] > @ R e A ]k (S o chpl 18

% 3% 8 7% (Glass transition temperature, T,) 5 55°C » & &5 UV E F it

N

2t Bl dagEn kAT N LERE A7 Ak
Gk BT R T B T USUBF TR E AR Ak L

¢ [36] 0 mRBBEPET 1o BEPES T LG BT AR 3

&k

SRR R SR I SL R VSR SR LR R
- dmm T A F F enE SHLE B 45 e b AL R (1310 nm 2

1550 nm) > #7020 AF T F BISU-8K e » A7 Lk T 3T vt LB

J

(350 nmZ 1600 nm)hk F 3% & o 2 9 L H-SU-8 5k Fo i *e 48 %
P HE GgCE 2 p kA g A ) 0 B R R AR
6 R B s BB R R S B F R T R P AR
P s R D A g B R R g R R R

CLER
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PP AP R A > %50 pmBE A 2 ke TR
%k re A 88 %L SU-8-50(MicroChem Corp., MA, USA) - #-% — P £ il i
®E_5 500 rpm » FFEA30F) 0 F = FREK TR 52000 rpm o #F
0 3045[37) o #8168 0 = & 20 SU-8/5.18204 48~ 90°C e 4 dk
P B R hft A R R A R Rred R RS AL

W T e R A E R A o b Rl auae T o kX AR

P

¢ 3] p ATy i (Self-Planarize) » 7 4 R WA AT A 4 g
GRARI G o HIMEHFOEARR (& > J1* UVEE 7104 4505k kL F i >
P 7 Ak ek 3 ik (HR4000, Ocean Optics, USA) » 171 % iF
Sz vh & Sk 2§ iR (DTS-1700, Polychromix, USA) T & B] » #1 % 2_ Kk » &_
Fl* ¥ Lk B & * % R(DT-Mini-2, Ocean Optics, USA) » 11 2 &%
%% % (Light Source, L-150W, Optima)2_ 3T %= ¢F &2 B -

B 3.1 5 SU-8-50 &v A RIiTo*tMPpE LT BT PR
o BT UVREY > 3Gk 53 pt 4537 3 SU-8 ke
11323 ehgg L H £ (Exposure dose) » F B3R I SHpend- B RIES - @
B 0 B gARn® o f BT SR ek TS Y A 95%
vk Fptd RS RET 0 SUBS0 v AR IT AR E 0 B
FAREBANTES ARG R E TR BRRME RO X2 g

* & % 1310 nm 2. Fabry-Perot & &+ &% 5 1T 5 £k -
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Transmittance (%)
N
—

—

350 S00 650 800 950 1100 1250 1400 1550
Wavelength (nm)

B 3.1 BEA& 50 um 2. SU-8-50 sk fe &7 B3k % 37 iz ¢ S Besk

v

7 ¥

32 kSR

A AT 2 R L 4 E500 ums e B S S 120 pm2. §
Boibr s 47 5 5 & 4 (LGRO1AO12L, Asahi Glass, Japan) > # #4554 i
#+75 (Fluoropolymers) » 78+ (2 8c 3 1.5 FcE 4 /5 5 0.17 > & ﬁ%ﬁﬁ%ﬂ £
1.3 umZ2 1.55 pmeid £ » §2 i 5 PMMAH 5 5 i4[38] 25 % 5 5
PRI 125 pm ~ %0 9 um2. B 0k 8 (SM/125, POFC, Taiwan) » 37 &4 %
B s 1.467 -
1. ¥ LEER

AR e A2 R R S SRR Ao BI3.200 T o A AR

T Ao A0
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A. kg2 R
Fl# kg $rE > R P gt A S50 omz ARk gk > Tk g

g AT A o F A% #20002 F) A (TR G - X

L
2
S
N
E»

PR G 0 £ 1% #30002 F) MR T R S g B
BE S RERHEEE > FRARIE TP RT A& SRR
K e 2 A RS ERMRERT R LR LR Y £ T T
FEFE -
B. SU-8:k [e e it 2 §0%

kOB §pE 2 g3y A F 0 - % Y dE g i 1 (Spin coater) o
T -SU-8K Feif £ ejf A I AP B nogg@ggge g 58 4] 3
Bl avgdf > BkfEing B el A g 0 5 - PR T 5500
rpm 0 4 FE30F) 0 ¥ = FEEA]* 1000 rpm2 i & 3 w5 309 o
BRI EFE LG FA52100 pmBE B 2 SU-8K 12 » R {8 g1 A4 3
WA P EE Y u s 2 " EIEK N i A (Solvent) > #ivE i
290C » PFRF 2204 48 o
C. £ERALE SU-8iF%

kg E AR FEOETRE? Ao S4B SR T
&+ 41 CCD(DXC-190, Sony, Japan) (€ R & B~ if > -k G ep =4 & )

Ty kR M 1 PSU-SK R E Ak E 2 T A
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%};._F ’?J‘:%;;fﬁlf—l L@Tﬁ%ﬁvylé%%’%m |—,'=1SU82_\ ;}.%-ﬁa,?qu’,%
GG HSUSK g E 4 > i F L 5SUSAL LR EF » L BT
'

S b #SU-8F 4= » FISU-8f ¥ ch &

bk

‘ﬁ:
94
i)

5
- Bk RIF 0 R RRE T EARY R I B AR L&
% B (200W, 60°C )P 5t » 1 SU-8 L e B 4o 8t iRdr AT, BE11 b >
7. SU-8 & s 45 + A5 = B Ak 0 o
D. #8874 W

b EEge o MR AF E RS - BEITEF TR T
By B R T RERBMP3500, Major Science, Taiwan) » T &% &
4 35 (Ground) > tBFELI T B R ARFERF S - 53 T8
PEo RN f R AR B s R RATRG D R R A R
PRSI T I RRFEY T SRR RF N L T L ARF
P B P oo@ @ SU-BiR bR & L 2aka ko AFET 4 PV iR
B FHEY EEARESUSkKIL . A TIRER
BREIFRFZLTB KU T T HFRR > VRENLHET B o F
sk R 1% 47
E. i ST i

SU-8EILSE#H T+ W ARHZERMF > £ 1+ UVE

(350 nm~400 nm) P& 54154 45 > & kB GREp =8 2 SU-8:i&k jir 7] i+ =& ) o
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AT

N\
oy

&
énhn

- kM 2 o SU-8kE @iz P SUVRK{S » ke igR
38R Sk {2 -5 (Post exposure bake, PEB)iiz /> H B chi jrd # 8
fedeig o kSRR Al > | EE LB PIEERSGHE @ PEB 42 5
A ERRZSC kT b FiEfF o BERFFRETHRERT -

e 7] 2 PEB:h% B 82 » ¢ ¥l & A2 3 Ll 5 blde

BMPIIE S FT R BV SBAEE 2 AT R EY
RS o A AR o f kT sk {8 e (' o
-
Rotating Optical fiber - - -
Polisher ) - o> -
(A) Fiber cutting and end polishing M—L
\ HV
Glass substrate

b s

(B) SU-8 spin-coat and soft-bake

(D) SU-8 pulling

E

AL -

(C) Fixation and SU-8 application ~ (E) SU-8 curing

Bl 3.2 k&acs s @ler 3§
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Ed T RAA 2D TH HSUSRFHFTA 20 2 Fi
o ¥ A kgkatg Ay - 2ok g oenficd g0 2 WA A Teh
ERET O THEEN SO Y F L L 62 um(E=2.25x10° V/m)Z % % i
BonFemh T e REEEY FM G B A e R iTH%h ¥ 25
558 B <32 225x10° Vim B » a4 F 4 £ chiE 4z 0 SU-8 cvih =4 ¢
F i RELR MWL G ViEW A RIFE DR LR EFE R
o AR R AR TS B TR P I R PR
2T

R TR BB E S R REE > S DY F LT Y
o EE s AT R T HELED L F LT ek RS A ST 5k
R A BEE T RN SF e A PRE - P R B
LT 5 62 nm(E=2.25%10° Vim)ehsk gig 4 0 £ U 4o F SR
B 3.2 ¢ (B)L (B)HF > (T% = Zchsbrifrts 20 > §s SU-8 ke
MF h- B R AR o LREAFTA LN Z UVEAL 5

d % - ST RBEE 0 B2 W

L
\

LjEv i 40 um

(E=2.375x10°V/m) o

ERLGT R AT bR B2 BRE L e d R

FE S o TR W ek &E%ﬁ@ﬁi&lﬁv@% BEEREVE . I A R
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DAEART R RNt R ot M PRA R R
W3 I RS BT o B RSB BRI AR L R N IR gR
Wk An b oo 4oB] 32 o o @d 3T kg end i (Surface
energy)#e g > #7144 SU-8 cvig F fhdiesg > 13 & SU-8 fghid kg ¥y

FARES R BT R P RO L THEA -

£
o
»
™

|

FZETARN A 2 BB REEE FI SB[ b F

Lz % 40 pm (E=3.5%10°V/m)> @ rd = L= % 40 um ek 415 46 1

oSk R W gl 0 B ko d LT 18 um

(E=3.95x10°V/m) -

3.3 BLR AR 4 47

Fl# T A PR R R TGRS g LR B E
Al S e AT 4 > FP s A PR R T E X
PEFFAFLFRP A FFs - o afph g™ v gD

AP Re & LT 2 Heid AR 0 R Rt Az WA o i (7 SU-8 kfEk
HEPE 0 R AfEk R a > AP RRIEEEL > BAERFA T,
BLru FiRTR Sk o d A F %Y AR CCD iTRlg Beije BEIR{S S &
Fh¥ AR T 0 Tt > T BER S 2 RIARRI R RIFERMA > E R

4ol 3.3 #ro7 -
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3.3 %RBRAHE T 7 LW
R SRS EN-EY T

’A\B\C—:_ﬁ{;. "!;. ‘:

B¢
Bl d SPGBV g 2R 28Vl - BRE F > T AER
PAB-Cz PRk KT 2]] AR 25N T

1
R =—I\h+r’ 3-1
: 2h( 7) (3-1)
h=o-" (3-2)
o
WAz + )
o= ! / ! (3_3)
T
(et —r°)
V= (3-4)
He RGAFL T haRiF AR v b RERL T o Ao sk
LT L 250 um A Fd Bz BE TV U RERFRR > FP TS
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W3-2) Ko PHEGCHIN T REFERFHA V- APRE
Bl kg2 B R SUE O HE 2 o RFMAY L 177107
c.C.o I A FIOREE A 3% 0 AT P ST T BRE S B DB

Eife ] wFrTRUEAFF T

Hh BRIE R~ R LS ek 2 B

341 REFRE2Z ERIEH
RFEFELRIND do G EFRRBE TR E LG R
Po X P U RELRFEEARENA oA PFEEXR- BERFF R
WRT MR BTk R RS HNL R A AT A S e
B F ek B G A L2k o B8 AT I R sk B0k LR
B BT 4w oo [B3. ATZE R 2. R R B R R kAL &Rl 0 BB A
SR TSP EART oon REREBPFH T E 8 e ik (Laser
collimator, ESO1T, ONSET, Optic Ltd., Taiwan) » ¥ = » &% % £k >
s PP B RR P 0 Bk CCDiE A 474> ;ﬁ—d 0 gy ek

REH2 B ApER TR WL REHERE TG L kGRS R

44
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