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Microlens and Arrays Fabrication by the Modified LIGA and Hot Embossing Process

J.A.Lee,H. S. Lee, S. K. Lee, S. S. Lee, and T. H. Kwon
Department of Mechanical Engineering, POSTECH

ABSTRACT

Mircolens and microlens arrays are realized using a novel fabrication technology based on the exposure of a resist,

usually PMMA, to deep X-rays and subsequent thermal treatment. Hot embossing process is also studied for mass production.

The fabrication technology is very simple and produces microlenses and microlens arrays with good surface roughness of

several nm. The molecular weight and glass transition temperature of PMMA s reduced when it is irradiated with deep X-

rays. The microlenses were produced through the effects of volume change, surface tension, and reflow during thermal

treatment of irradiated PMMA. A hot embossing machine is designed and manufactured with a servo motor transfer system.

The hot embossing process follows the steps of heating mold to the desired temperature, embossing a mold insert on substrate,

cooling mold to the de-embossing temperature, and de-embossing. Microlenses were produced with diameters ranging from

30 to 1500 pm. The surface X-ray mask is also fabricated to realize microlens arrays on PMMA sheet with a large area.
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Fig. 1 Microlens fabrication process used previously by
Ruther et al.? Fig. 3 Sequence of steps in the fabrication of the X-ray mask
for the microlerse
Deep X-ray
V vV oy oy o2 w3sl7] HElMe F FT5(Au absorber)E
Si (20 um) e XA wpaze] Aol Hesd), Fig 3 ©
{ %ﬁ SOI #lo|¥ 501 (Silicon On Insulator)& o] &3k X-4
7 Au (8 um) shazo] o A% FHE wel 2ok 4R A
X-ray mask 1 P é *\ PMMA whukZ 7] 20 um, %3F AskE $4 1 Hm"l 49l
(a) Deep X-ray exposure A folHE X-H wt2a9 ygog g SOl ¢
o AsteA | um FA Gse FYsu A
— ) 92 Jlge AZ4d § AEes AAESE 20 um
SR A g were duo F A A
(b) Thermal treatment 0B ATBCHANEE 27 ZAAT T AZ
Fig.m2 The proposed microlens fabrication process by 9260 oz Azl c{ Zoko] mEl g uwhECh wEol 7l
Lee A o]s9] ol X-H FHE FE 8 pum T
1997 o] Ruther = W& LIGA 4L olgat - el %17*3& AFA Lzl Al W7 wFeeh
il L s ALY =2 o
olam W=g AAsdn 1 54 £HE Fg 1 OJESC] FRHA FYAY Bdag =g
o HERISITHRL PMA B30 5 X 5 AHgs clgetel Argomy dst X4
R W= h
7] 0 A} =] o]zl o = o}k —/—\‘3—% O‘:-]_.“;_—_E]. D]-Olﬂ_?_ %159’] ;illﬂo %J_or_]_l‘:? U]—O]
=432 e WAl Wete 1T B L A2 -
o zme Azaa, o7l XAME 2 A gy T U HB AT GFE Ao} o] HAsied 30
Az E T = Ao -
F T, olabel @al) emold QAA e fx 7 100km Sl EAHAN AR,
AlA WA vlelmzz H=E e, e
17 '_TLooA] H_ &l s ey 22%M b
olst Z& slgol ol vlelam W= Az
AN FAI 2 2o XM wd FHol &= ]EE .
A% B40l 04 BEHTGE gaol duch g 2 XD SWE ER WA A& @eLsel LioA
= S0l #olH g o83ty nlojmaE W=z 1"3}.5.} Beflel A 2.5 Gev & o ﬁxl 120 ~ 170 mA 9| %
T dEE B Fa 3] & Mo XA =3 M2 AA S Fig. 4 37 LIGA kel mh
_ - Nzg Abkg we T gl
L3 Ao e s el dxz gAHo 0} <
o]AE W2 B vlo|2E AR ojglo 1;()]43}: A vtolag Wz HYe PMMA o =%
gas Aza T T B x4 S2%5 el sl o AR
fEe e T s }71 18to] x —-—-‘z} FANA L PMMA 7} W
5 5 FHle HEe EZ2E L4 ~ 776 klfem® ¢
e PR E=s s 0040111 *'agowc} vholzz Azl Z|go.A
2.1SOI YO|HE 0|23 X-M opATo| A= Ae3tE 2 mm F742 PMMA 3+ (Goodfellow Inc.)
— aal e 5 —_— bt —

o] AbgH et
ToldR o] X-4 S PMMA Zt3alo] el

229



Electron beam
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Sample position : 15m from source point
Beam size : (H)180 X (V) 15mm?

Horizontal beam © 12mrad

Flux: 2E14 pte/s/A). 1%BW (@2.0GeV,300mA)

Fig. 4 Specifications of LIGA beamline (9C1) in the
PLS

(a) ¢ BOO pum microlenses  (b) ¢ 300 pm microleus

(c) ¢ 100 wm microlenses

Fig. 5 Fabricated microlens
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Microlenses
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Seed layer deposition

Ni electroplating

Mold insert
(a) )
Fig. 6 Fabrication of the microlens mold insert for the hot
embossing: (a) process and (b) photo of a electroplating
plate

(a) Microlens by modified LIGA (b) Mold insert

s

(c) Microlens by embossing process
Fig. 7 SEM iraage to compared the surface roughness

69 JEMAG. Z271= 72, A= Z472F 35,3.5¢em

o] F74= 3 mm o]t}

25 S AEN B

=
[

o] 2R W=
S ABHAE B
AZE
HE L} transfer Az FAHE

=72 E& 718ka (130
] % 14 A (deembossing, 80 C)L

LIGA 344 93] Azd nlojaz R
HE o JrAdE volaz =9
OIU‘ A& BHolFa At AFM (Atomic Force
AutoProbe M5, PSIA Co.)ol ol8} 544

A28

Ir

4%

Microscope ;



Fde g 359 228 47 05, 6.61, 224 nm
2 utEbyk
3.Surface X-4 OIA3E 0|88 ChHXY AHH
(stamper)2| H| =t

7|&9] vlolar AZE Ade uREo Wy
se g Ao slo]as W= ojzlolg Adal:
e olglgo] ok 53 &4F c]xZeol(LCD)Y
A, gl £9e) 271 % oste avl A ne
4ol Adxn A=E, AU AFE, TV 5 g
Fofoll A o] ¥ 1 Qlom H oo AW" o &

HE I e AA et ALY A v AF e oo A
o #& aEHHo= OI%%OEMH e oAz
ol& d7| e Flvt yx AR vlo]lm
2 A=e ydol dadid, was, & dFdMe
A3 E LIGA W& o] &3t dH A vlo]z

2 A= o]y olE AHEa gk AAE 3 A
A2 Agc
Fig. 8 & 7] &9 X*d ntaa g o|gste] st

A

2tk 2ol A, X4 vk
g A8

T, 2EEY A71% FAY FAR Asto] iy
ZHAE mh=Ae] Aol of¥Y, Fig 9 &

—x—ua E_OE] T—L—

Ao Hugdoz A& oy 1 FYE
7\ O
A&
PMMA Z#FAlglel A3 XA HEs
surface X-A vl2=2 Az AL Bo] F1 Qo
o] e g vtA2aE AH WE7] o4
EHL“‘OM el A2 AR oY el g AT 5

Fig. 10 © A A&d vl23E 2o Zo. FA7}
12 mm o} 7}z A &7F 22 145, 100 mm ¢!
PMMA #& Al&&toln mele 147510] 50 pm Q1 €
ol 100m AR EFASH wd=o 9l

Deep X-ray

Vol

[T T

Fig. 8 Schematic view of X-ray exposure
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Fig. 10 Images of Fabricated surface X-ray mask
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Fig. 9 Fabrication process of surface X-ray mask
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Fig. 11 Images of fabricated microlens
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Fig. 12 Photos (a)after Ni electroplating,and (b)fabricated
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