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Gravure Halftone Dots by Laser Direct Patterning

Jeong Suh*, You Hie Han*, and Lae Heuck Kang*

ABSTRACT

Laser direct patterning of the coated photoresist (PMER-NSG31B) layer was studied to make halftone dots
on gravure printing roll. The selective laser hardening of photoresist by Ar-ion laser(wavelength: 333.6~363.8
nm) was controlled by the A/O modulator. The coating thickness in the range of 5~11um could be obtained
by using the up-down directional moving device along the vertically located roll. The width, -thickness and
hardness of the hardened lines formed under the laser power of 200~260mW and irradiation time of 4.4~6.6
usec/point were investigated after developing. The hardened width increased as the coating thickness
increased.  Though the hardened thickness was changed due to the effect of the developing solution, the
hardened layer showed good resistance to the scratching of 2H pencil. Also, the hardened minimum line
widths of 10um could be obtained. The change of line width was also found after etching, and the minimum
line widths of 6um could be obtained. The hardened lines showed the good resistance to the etching solution.
Finally, the experimental data could be applied to make gravure halftone dots using the developed imaging

process, successfully.
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Fig. 1 Principle for engraving of gravure halftone
dots

3. AlE

D9_

Hitd 2 ZhX|

Ao AL FAE Zevie BEYAY 1
ghujo} QA E Aol ALEH = U7ERE X ER
A 2~E9] PMER N-SG 31Belt}. o] AaE Avjz
Y&, PCBE, B8 ¢ JAdEZ¥YLoZ A}
&5, 573 ST AF IR LERRE

i) AECR FEAPN A PE Ao A&}
k=5 7]zmﬂow £ XEYA2EHE oA #
Ass Qo WA E2Me §x3e o3ty
or], @4F 44 FQe] 7hsstel FAHRYo] 7}
st 2S¢ 4 AAH(FIL: Photo. 3~6)

IEYRA2E} EXEHE YAEEE 24 1

o} Q) E7 AEE= T 52H 242
ol syEdatos vE Tdddt. F&E

o REHA2EE =X¥87] 9 Z¥ 7] Photo.
13 2. =2 oA otz £, X2
Az =¥ £AE 389 =g o=
Ao)719) SR Aojrbssitt. Z®W7Ie 2
HE&Eo g TEHA2E BX FAE gotR
7] $isted, A7 129.1me] ol TREEE M
=Xd B FAE SAHEUTY. =
g thol e JadA Eista de
17] &84 & A&t TEH A 2H
F7A8E 98 288 #HolAE CoherentA}]
Innova 3281, A& 1w, ¥ A4 4 3
(beam waist)ol A ¢ 1.5 mm, % 2472 0.5 mrad
a8z 4L HE @ (multi-line) & £ 333.6nm~

&) z,
u} =S
— L
kil

L X

2y
—
5
A

Jzt:}:l}‘;l_}i



ik

- 3FE -2 LI FIA Ard ALE

363.8nmoll °] &t} °|F 351.1nm<}+ 363.8nm<] =7
o] 73, Mode master® 3% Z3} Beam
quality factor M27} 1.51¢]™, TEMS 228 7M1
o

o=}

hoto. 2%} #oH,

29 845 2

oA A3 e =
oA W ZAZFS H &4
3|dF dolA Hl " Fo 9t Aojdtt. =
o]z W #HxE A0 EEHCIEHZ Ao|sm,
Intra-ActionA} 2] 013l optical rising times A
of ssnsolth. #olA W & FH J&HHES
st o, 2HAY 25mme A=ZE ALL3FH ]

Photo. 1 Photoresist coating system

Photo. 2 Laser direct patterning system
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Fig. 2 Pattern for laser hardening of photoresist

Table 1 Laser exposing time/pulse at various
rotational velocities under 22,500
pulse/rotation

Laser exposing time/pulse
Rotational velocity [rpm]
[# sec]

400 6.6

500 5.3

600 4.4
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Table 2 Coating thickness under various coating

velocities
Coating velocity Coating thickness
0.09 cm/s S um
0.27 /s S um
0.42 cm/s S m
0.52 em/s 5 um
0.70 cm/s 7 um
0.83 cm/s 7 um
0.96 cm/s 7 um
1.04 cm/s 11 um
1.19 cm/s 11 m
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Photo. 3 Example of laser hardened pattern(x 50)

Table 3 Hardened Iline width under various
rotational velocities and laser powers at
the coating thickness of 11um.

[unit:zm]
laser| 200 mW 230 mW 260 mW
over
ower 1 2 1 2 1 2 I
spot | spots | spot | spots | spot | spots app
rotation line | line | line | line | line ! line | ing
velocity \| width | width | width | width | width | width
400 rpm | 29 51 32 49 37 55 [e]
500 rpm 29 51 32 47 33 53 o]
600 rpm 29 48 32 46 30 51 [e]

Table 4 Hardened line width under various
rotational velocities and laser powers at
the coating thickness of 7um.

[unit:zm]
laser| 200 mW 230 mW 260 mW
over
ower 1 2 1 2 1 2 la
spot | spots | spot | spots | spot | spots pp
rotation line | line | line | line | line | line | ing
velocity width | width | width | width | width | width
400 rpm 14 32 20 42 20 39 e}
500 rpm 14 31 18 35 17 38 e}
600 rpm 14 29 16 33 15 33 e}
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Table 5 Hardened line width under various rotational
velocities and laser powers
thickness of 5um.

at the coating

[unit: m)
laser| 200 mW | 230 mW | 260 mW
ower over
1 2 1 2 1 2 1
spot | spots | spot | spots | spot | spots | ‘@PP
rotathon| line | line | line | line | line | line | ing
velocity width | width } width | width | width | width
400 rpm 11 28 14 36 14 31 X
500 rpm 11 27 12 36 12 26 X
600 rpm 11 27 10 32 11 28 X
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Fig. 3 Relation between hardened line width under
various laser powers, rotational velocities

and coating thicknesses.
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Photo. 5 Halftone cell of 6 x 6 pixel (X 200)
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(a) after laser hardening

Photo. 6 Halftone cell of 10 x 10 pixel (x 200)
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