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Micromachining Modelling and Simulation for Microlens Using Excimer Laser

Kyung-Hyun Choi*, Chang-Hyun Bae®

-

j] Abstract

This paper addresses the method for figuring out the hole diameter on the mask containing the information about machining
depth. With this mask the micro machining is carried out with a simple 2D movement of the mask. Based on the suggested
method excimer laser ablation processes are modeled and determination of the optimal laser ablation conditions such as
hole diameter, step size, mask movement velocity, etc. is completed. The excimer laser ablation simulation for creating
3D micro lens 1s carried out by employing determined ablation conditions to prove verification of the method. The results
from simulation illustrated the average error of 140nm and the relative error of 2%.
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2. Hole Area Modulation HHHE
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Fig. 1 Ablated surface with mask having different sized
holes
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A9 AEAHE 7Hol Hrhy, Fig. 1(2)¢ Zol npA=
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7ty ZolE ZEE it toFdt AREo] L E o oy
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A ojfo] T WHeZE o]$AE|(distance of
movement), °]4 £ (velocity of movement) 9 A®] 3
7\(step size)o|t}. ojFAH e BA WY 7tF Holge B
oA ol 23t T HAA M hEF FE| A
F= HPEA, o1FAYY 2W S5 AAA ALY 7+
Zol7t AZI. ol$& R HolA o A wE&T} 3
A 745 Zojeol 4L vjAt olF H=I FEFE #o
A do o3f wEEE 7H AlZto] dojAA 7H Hole
Az A7 A7)(step size)= HAWE 7H5 HO A
7Y D7y Fojof AFE 2ot 28 AV)7 oy 2He s
£ 0z WY 59 AQ7 = 4 A A 7ty 2
ole} ZtgERe AR)7| w2 Yk 7HF Holete] FAE
aefate] A FHoloRdict WA 3 & Alol9] AgE
vetdid, 3d & dR3Ecd= 34 Ao Hojolaitt 1
x8] A7)% HAAHQ 71g exto L Fo, oW 2

258 H2 T L A

3.2 dAlH ol HAL 742 Ho|
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%k o] 7k A=) gt BAY 7kg ZQolE U] & o
Ae gojA w9} D=7t 5/ em?®, 10 J/em?, 15 ] em?,
20 J/em?, 25 Jlem?, 30 Jlom?Ql 7%-o) dig) A3 & 4
Fapglet FobA F4EL vholaz WRE M & gt
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Fig. 3 Etching depth corresponding to laser intensity
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2 e 7HRA Qi
HAMY oA 7138 359 7+ Aol 4 (1)
3 2ol Agste XHe upAz g9 WAL vl

hoch2 6

shra g0 A7 L A3Y 35 1T Zoldolel vz
BHG 4 9tk o) PYO B thad B AYES 2R
% o7t B2 A Atolg) Zo] ANFY v AFY 4+
ou Yst B 30|12 @S 4+t gonz, ¢
ste A Zolt dolA AuA U, ZANZ ¥ vhaa
0% 5 dolA 7% 2ATe 282 T 4 et of¢
o, Aol A5 2459 G¥E EFHE HAM A%
g =4stel 4] )%t 2ol ofugt A4 713 Rol
@) 943 vh2AY T HHS T & YES S

W(x,y) = kD(x,y)* )

A71A D(x, y)y= HE(x, y) A4 75300,
h(x, y)&= H3E(x, y) A4 oo]azd=e) Zojo|th.
As ke 71E0] He AHAAY 7t #olg vpaa
2o AAoRRE 7Y 271 Yot & =EAE 71E A
e e 7h dolE 7HE AR A% stiled, &

= A Q) ol mt2aY Hah HB(D nin)9 &l Yal

L BRI 7B QI ) 93 2ol Het

i min

k= D%m'n

3

Ha F AR ogt Ao Ho|A 7HF ol Ha
& A7, 32 (), 927 7H Hole), A% Z7(As)d
ol 7] q2of, £ =g o]HF 71T 2 23]
Aol Ho, AA 9 7} A2 7FFF(Removal rate)S
AAste Agrolth nfaa Y & FoA] HAh HFY & 2
A2 dws) Fesitt Ha &9 HHo| Hoy Hgy
£ 748 A0l b 7t BAT} Hol hgegol Hojd 2t
otdel 87381 32k AT eAE £Y 7t ot
a2, Ha FY AL B9 bgeke vled Aghs ¢
Suf utAz olg AF A7] Hub: Aok it
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glo|A 7k z3o] wiE wiuit} FojA 7h5 AHE sfof
317 g o a&Holx] K3ttt 4 )5 olgsfof Foiil
& & A 9 FolA 7y 24l a2 AH(, HY
7R dolg 7 7h An. vpAaA Y ofm|AZb 1/10 S4
&5 7ML 7k Ag 2H FlolA Yol 2AHH7] &
o, 929 A7), 28 27] H o]F Ax 75 AHH #9
AAE 1102 280,

vy D?.— 2 D
Wi =prex (3 DRz Emdd | Dis ) )
A7VA, n & A7 aelMY A fojtt. &, D/ds
olek.
Ve ool
A (BHE A )] dUstE A kE 4] (59 Lol 1+
47+ gk
2 —(2mds) ? D
f>< X( ﬁ mm )
PRt v V' s

2
Dmin

A (9)E ol&st] HLE Aol et TRt HlolA 7t
5 2245& westel 7 A5 k9 k0] Table 10f B

k9] grol AR wretA dold A3 24 43 T
k9 ol 48 ML S & e

= e 339 vpoa
AFE AZSEA FdolA 7hgo] A3 A AR AAE
e Fopulct.
HAR &9 g2 olgstel nhaze) 23
) 259 44 QAL A ©)02 Pt
ATNA, M i) (i) 0 B9 $4 A7l A
st dolA 7Hg 2ol

rlr oRL £ _I}m

e (4, )

-0

DX, j) = - hlic. jc) ©)

A

5. HAM 78t 2|X 3o|X] 7|12 =7

ot FAfolA 224 Hld R | 59 HAol H2
7| ggol 5YT mhAI ofF HRo Yste] FE Abo]9
BAANA olxshz EEl Agtof oA ko] FHLR
dotdtt. ZF 9A| YelAe &9 273 A% 7k ol
LAe A9 §7] W2l EF Aele] FAA A 7+ 3
ol9] eAF AR = B FeE AAEG

g olfY i ¥ T 4 2FA ofxste

(Z,7), G+1,7, G+, G+1,7+1)dEA2 o 7

of Atk HAEY Ao 5mel AL upAzY o] A 9 Z5 Aole] ZAA & AAHAA oA WY 2AF AR
A71% 3m, 2m, 1mE £ © 0.0481, 0.08, 03333 2 A (D Zo] F& 5 Atk A WA FE (4, HUA &
kS A3 FolA 7Hs dole 0.3um, 0.5m, 2.1me o o3t AAX AHAAY oA W FAF AZME U
dgom, i F 70 tste] oA 75 o7t 24 v, B AR e i+ 1, )HA Zo) A3 FojA W @
Table 1 K values corresponding to ablation conditions
Condition
€ AS f L P v Red. Rate D 7 min k
(um/pulse) | (sm) (Hz) (gm) (¢m) (t/sec) (gm)
0.1 3 2 50 50 6 10 5 03 0.0481
0.1 2 2 50 50 4 10 5 0.5 0.08
0.1 1 2 50 50 2 10 5 2.1 0.3333
0.1 3 2 50 50 6 10 10 0.8 0.0319
0.1 2 2 50 50 4 10 10 21 0.084
0.1 1 2 50 50 2 10 10 71 0.2857
0.1 3 2 50 50 6 10 50 214 0.0342
0.1 2 2 50 50 4 10 50 489 0.0781
0.1 1 2 50 50 2 10 50 194 0.3125
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g mlolaz d=olt}
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Fig. 5 Elliptical micro lens diagram

Table 2 Optimal laser ablation parameters

Ablation Parameter Value
Laser intensi
(on the workpiece tsyurface) 5 Yt
Optics reduction rate
Mask movement velocity 15 /s
Mask movement 3 ym/step
Frequency 5 Hz
Pitch 40 m
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Fig. 6 Designed Mask for ellipsoidal microlens
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