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10pm-wide Pattern Engraving using Metal Specimens coated with a
heterogeneous metal for Printed Electronics
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Abstract

In printed electronics, printing rolls are used to transfer electronic ink onto a flexible substrate. Generally printing

rolls are patterned in microscale by the indirect laser method. Since based on the wet etch process, the indirect

method is neither environment-friendly nor suitable for making a printing roll with patterns narrower than 20pm. In

this paper, we have directly engraved micro-patterns into a Zn-coated metal specimens using a picosecond laser in

order both to engrave 10um-wide patterns and to improve the pattern profile. Experiments showed that it is possible

to engrave 10pum-wide patterns with an a rectangular-shaped profile which is necessary for the dimensionally

accurate printing.

Keywords: Printed electronics(212]Z12}), heterogenous metal coating(©|Z

picosecond laser(¥ % o] A])
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Fig. 1 Schematic of the direct laser engraving of (a) pure
metal and (b) metal coated with a heterogeneous
metal.
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Table 1 Specifications of the picosecond laser used in
experiments

Parameters Values
Wavelength (nm) 345
Max. ave. power (W) 15
Max. pulse energy (uJ) 375
Max. rep rate (kHz) 400
Pulse duration (ps) <10
M’ <13

Fig. 2 The expenmental setup.

Table 2 Experimental conditions

Parameters Values
Average power (W) 0.4
Repetition rate (kHz) 400
Scan speed (m/sec) 0.8, 1.0

Number of scanning (time) 1-30
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Fig. 3 Relationship between the number of scanning and
the pattern depth (scan speed 0.8my/sec).
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Fig. 4 Relationship between the number of scanning
and the pattern depth (scan speed lm/sec).

Fig 5794 7}Es AJHe] o
S QubEel ol 7]—L°1W %
dele) we WA 7m glouk

Aol Azt Weje) T Aake Fp

@

[‘%‘, o2t 1o
Lo o

S0l XIS atE| x| M173 M4%, 20144 128



< A9 Zn 39 U=vt Ao W2 HA v
25 Ao ket Fig 7(b)olA] 7F2E Zn =
FHof| 88E3} F2e]7](debris)
7F e AE B 4 el oA 3HHseE
4 ek
Fig. 804 7}g¥ Zn FHH A
Usto] PgH o A} =7t Z|H(substrate)ol] AR A3 AES UERigIcE IRE Zn SO
oz AAE] A Yeh A o= AE = o A
t}. o)A FYH ZnZo] EA(matrix)=r} A S
AX(critical fluence)7} WobA]l ZnZoll RAME=
golA A7t mAHE 7S 4 ql7] wiiol
. & olF AAE FHIE H9E o AR
7ET

ol Aelg %

)
tlo
t
g
w2
i

FAE 2EGo2N HE
At

Fig. 5 Optical images of the specimens patterned at 0.8nvsec:
(a) pure Zn and (b) Zn-coated.

Electron Image 1

Fig. 6 Optical image of cross section of the patterns in 2 4 & & 1 12 14 15 18

Zn-coated specimen. ull Scale 7121 cts Cursor: 0000 ket
Fig. 8 EDS analysis result of the patterned Zn-coated

specimen.
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