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Laser Processing System Design of Ultrafast/High Precision/large Area
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Current electronic products are dominated by the laser processing and the application will be
extended this time. Especially, demands for high precision laser processing with a large area has
been increasing for a number of applications such as in solar cell battery, display parts, electronic
component and automobile industry. In this paper we designed an on-the-fly system for
ultrafast/high precision/large area laser processing. In addition, we have developed the path
algorithm for large area. Expansion of the area in which laser processing is an important factor to
handle the ultrafast/wide area processing, it will require a processing path. Processing path is
path of 2- axis stage and stage of change in velocity can be smooth as possible. We proposed a
path of the user concept using NURBS(Non-Uniform Rational B-Spline)method. Through our
experiment with the chopper, was to prove the continuity of edge parts. Through basic shape

experiments, we proved that large area can be processed using laser. We developed a simulation
tool using Visual C++.
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Fig. 1 On-the-fly system configuration
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Fig. 2 System block diagram of the on-the-fly method
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32 7I13EZ2E 9% NURBS 349 EH

=9 FAe Fdske A WHL

2 7HE Y= g A= Bl A

(nonparametric equation)®] FE|o]il, A= w/H
2] (parametric equation)] & Elj o] o},

vl 7] WA S H @A s o] Asithe

hyA

[
=

L.

AAe AW, AEAS F543 Y 4A E
@9l ofel e, 3 A9 T A9 AP SO 2
sto Fel EdE 2 AH§EA gtth v
MeAe olsh ge BARES AAY  glon,
7 BHoE AT & vl WE

2
ol
&
N
2
L

A9l Alojell wel H-gHrt.
A2y Aol W@ 1ffH7Ht'V““«1 Tl
ZAzbe] H& B vigiRa oo tid Hom &
=M, u = [0,1] APOM ‘ﬂ4°1—e— 7HAE Qe
Folth wbA A R & HA B3E7] 9
A= Wb v & AT wE S7HA 7L
HoSA R ol ZARE A ATHE
de & Stk A FAe) =
5 agstA| @gomw SEe]
woll A Ao ea7 s 4 9

4

Mm r_t r
2

£ (curvature) =
=

Rpa 2

e O 1

R(u) = [x(u),y(u),z(u), u € [0,1] @

7 % NURBS =4& H3tsh 3¢ Aort k4
da Ae dolHz ue uid @ael mao
Ve, wiZiwige] Wl wEl i ohekdh
o]l ¥#o] 7}esltt. NURBS & Non-Uniform
Rational B-Spline & <AL= Jf&Ho]x] ¢+
o4 B-Spline =Aloleh Stolvh. H4d& 2
Fru FolAr UEknontte] 7o) BitHA
oz Ao RN 7 Ao M (control point)o] Al
of JgS wXE HWAE AAsa, 7 oMol



=P USSIA M 29 ¢ 6= pp. 640-647

June 2012 / 643

FoAE 7HEsAE HdEA FomN Z; Ao
Ao wAE ¢S 2T 5 Ak a1
% 2.3 B-Spline 2 *}5~(order)oll W} A4 ==
Aol AolHEe] A7t A HEE A A
9] A A (continuity)o] R GETE ol
A7 fE= AFEAREE AHS wff

NI
o ©

0,
|

ZHEE JE€s @A gt ol AEA) H2E
A7l Ygtoln, A AdEF M= A A
2 AR olH¥el ¢ Wtk 2 (3)91A4 NURBS

= |

12

2]

r= -9

4 |

o

o2

dor
wn
Iy

9] dukAolt}t, y = NURBS 3419 wj7fd<
A, i "AY Ao,y = Alolde b
FA, Nix(w) & 1 WA 714 34 (basic function)©]
.,k & 71459 ZF<(order)©] T}

R(u) = Yizo DiQiNjx(u)

3
Lo hiNix(u) ®)
1if( <u <t
N: = 1 i
(W {0 otherwise @)
u—t tisk —U
N; () = —— N (u) + ———N; (u
l,k( ) tion1 + T 1,k( ) tirk — tin 1,k( )
T= [t() st e o by btk s '"rtm}
(5)
tO = e :tk—l = a
tm7k+1 — s — tm = b
m=n+k
NURBS 54& o]F= 714 &&= 43)% &
ook 7F 1 Q1 Afel UE ¥ Aol & F1tolA
o1 & zb7] o] NURBS A =4z =
He) Wgol s % k A AClHE wel
SAo] dFe vAL Aol
UED 452 UE B T 2 o2&, £ =
ZollA AFEE= NURBS HA& WhEA] Al2pA 2
FnAe ARon Agsler gox UE Wy

T o A& EolA 2 (order) 7RG ®HE WHE T
ofof gttt AeA UE ®WE T 7} a 9 b o #o
=2 A NG v

34 2HO[X| B2/5x 20 HA

o] FellM= vidA e xuL/xde oA
A 913 2EoAe] AR 8 £ ZRahdd
thato] dw g

wn
[

of

wn
w

NS 2T I
AEOT Y2 45 B

1
TN

le—

(92
(92

| M Ao SE RNF Y

wn
(o))

| 3 ARO[

l€<— b [€<—
[l
rE
o
oM
B
B>
o

0=
ol
pl=}
=
50
L
2
=

(ol

1|
wn
0]

R

| A3 X AHOA HOE 8

Fig. 4 Flowchart for the path and velocity of the stage
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Fig. 7 Experimental equipment for on-the-fly
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Fig. 9 Experiment results according to changes in
processing velocity using mechanical chopper

Table 1 Measurement data according to processing

velocity
. 100 200 350
Processing speed
mm/s mm/s mm/s
10 point
. 100.88 200.55 355.18
average distance
Average accuracy
0.55 0.88 5.18
(m)
Table 2 Measurement data according to size of square
100mm 200mm 350mm
Unit[mm] Unit[mm] Unit[mm]
@ 99.98238 199.97464 349.9719
©) 99.98589 199.98372 349.97747
©) 99.99600 199.98162 349.97521
Average 99.98809 | 199.979993 349.97486
Error | -11.91 um -20 pm -25.14 um
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Table 3 Measurement data according to size of the
equilateral triangle

100mm 200mm 300mm

Unit[mm] Unit[mm] Unit[mm]

L1 100.06704 200.1119 300.16525
L2 99.94538 199.89254 299.84076
L3 100.00391 | 200.01105 300.01027
\Average| 100.00544 | 200.00516 300.00543
Error | 5.44 pm 5.16 pm 542 pm

Table 4 Measured angle value according to size of the
equilateral triangle

100mm 200mm 300mm
Unit[mm] Unit[mm] Unit[mm]
al 59.9972° 59.9965° 59.9944°
a2 60.0624° 60.0593° 60.0600°
a3 60.0639° 60.0564° 60.0584°
Average 60.0412° 60.0374° 60.0376°
Error | 0.041° 0.037° 0.038°
I 5+ AE9 A717F 100, 200, 300mm o] U
oAz A 3 F 2 AAS S48tk 49
A7de AT A5 49 717 SUHEss oA
b EoiEs o o 300mm A0 A A
&= 2475 ym FHUEE FA32 & BHoF
t}.
Table 5 Measurement data according to the diameter of
the circle
100mm 200mm 300mm
measurement
diameter | 99.981214 |199.977315| 299.97525
unit[mm]
Error 18.79 um | 22.68 um 24.75 pum
5.d8
719 HolA 2AvuE Adg ol FA
Atk T FRHA A 29 & 2AY B
2 AgEo] fAm, 2AY AEgel i o

W Yol A AATA ol gv) Fiol ¥
Ae ARG B =RAAE 2ud/z

A HelA s %‘ T A AlaES A
kel

o2
18
=
x ng
(o]
rg
1py =
B0 & BUorfr ¥ 8 et

I 32
e
L
sl
g 2
R
2
L
i)
D)
o
ok 1
o oft
N
) SIF UO"
o o
1o o
w2
2
o

fu -

2 79 daz 7Ry 24 Austar, w
e 71dE = 4

% 7|
AT ANAEAN AddRTIENE A
Jl «xA /2% wolA hEAlsd denT]

Aoz FAAYLY .

1. Kyeong, D., Gunasekaran, M., Kim, K., and Yi, J.,
“Laser edge isolation for high-efficiency crystalline
silicon solar cells,” Journal of Korean Physical
Society, Vol. 55, No. 1, pp. 124-128, 2009.

2. Nikumb, S., Chen, Q., Li, C., Reshef, H., Zheng, H
Y., Qiu, H., and Low, D., “Precision glass machining,
drilling and profile cutting by short pulse lasers,”
Thin Solid Films, Vol. 477, No. 1-2, pp. 216-221,
2007.

3. Shin, D., Lee, J., Sohn, H., Noh, J., and Paik, B., “A
FPCB cutting process using a pico-second laser,” J.
of Laser Micro/Nanoengineering, Vol. 5, No. 1, pp.
48-52,2010.

4. Kim, T., Park, S., Oh, H., and Shin, Y., “Analysis of
the laser patterning inside light guide panel,” Optics
& Laser Technology, Vol. 39, No. 7, pp. 1437-1442,
2007.

5. Schmidt, M. and Eber, G., “The future of lasers in
electronics,” Proc. of ICALEO, pp. 112-113, 2003.

6. Suh, J., Lee, J. H., and Shin, D. S., “High speed laser
processing and key technology trends,” Machinery
and Materials, Vol. 21, No. 1, pp. 146-155, 2009.

. ESL http://www.esi.com/

8. LPKEF, http://www.lpkf.com/

AEROTECH, http://www.aerotech.com/



ror

H2

YUSES|X| M 29 H 65 pp. 640-647

June 2012 / 647

10.

11.

12.

13.

14.

15.

Nam, J. H., “Construction of NURBS Model for
Preliminary High-Speed Monohull Design Based on
Parametric Approach,” J. of Ocean Engineering and
Technology, Vol. 20, No. 3, pp. 82-87, 2006.

Kim, K. H., Lee, J. H., and Suh, J., “Laser scanner
stage on the fly technique for high precision/ultra-
fast/wide area fabrication,” Proc. of KSME Spring
Conf., pp. 31-32, 2010.

Yoon, K. H., Lee, J. H., Kim K. H., and Suh, J.,
“Scanner-Stage Synchronization Control Method for
Laser Fabrication of Large Aera,” Proc. of KSME
Spring Conf., pp. 287-288, 2010.

Kim, K. H., Lee, J. H., Suh, J., and Yoon, K. H., “The
scanner-stage on the fly technology for a ultra
precision/ultrafast/wide area fabrication,” Proc. of
KSLP Spring Conf., pp. 44-46, 2010.

Lee, J. H. and Kim, K. H., “Core technology for ultra
fast/ wide area laser processing,” Machinery and
Materials, Vol. 22, No. 1, pp. 36-42, 2010.

Kim, K. H., Lee, J. H., and Yoon, K. H., “Path
Generation Algorithm Development for
Ultrafast/Wide Area Laser Processing,” Journal of the
KSPE, Vol. 27, No. 10, pp. 34-39, 2010.



