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Study on the Formation Mechanism of Electroless Plating Seeds on Polymer by Laser
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The LDS(Laser Direct Structuring) is one of the new direct writing methods to fabricate
conductive patterns by energy beam. It uses thermoplastic polymers with an additive compound
that serves as plating seed after the activation by laser. The advantages of LDS include the
miniaturization of electrical components, design flexibility, and a reduced number of production
steps. The purpose of this study is to investigate the fundamental mechanism for LDS and the
characteristics of conductive patterns by laser parameters. These results were studied by SEM,
EDX, and XPS analysis. We have used a 20W pulse-modulated fiber laser and copper
electroless plating to fabricate conductive patterns on polymer. The result showed that electroless
copper plating seed caused the laser cracking of additive compound. In particular, the additive
compound contained in copper metal oxides atoms will be changed to copper metal elements.
Also, the characteristics of conductive patterns were dependent on laser parameter, especially
laser fluence.

Key Words: Laser Direct Structuring (30| X A& 4&H), Laser (2| 0[X), Conductive Pattern (X =4 I§El), Electroless
Copper Plating (27X 3l 12| =2), Pulsed Fiber Laser (22 3}0[tH{ &[0|X)
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Fig. 1 Schematic comparison between traditional PCB
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Fig. 3 Principle of laser direct structuring mechanism’
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Table 1 Composition of electroless copper formulations

Reagents Contents
CuSO, 15 g/L
EDTA 35g/L
HCHO 10 g/L
NaOH pH 12.6

2.2dipyridyl 10 mg/L
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Fig. 6 The formation of conductive pattern according to
laser fluence and irradiance; (a) no conductive
pattern formation, (b) conductive pattern formation
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Fig. 7 The dispersion of metal element (Cr; blue-green,

Fe; red, Cu; green) according to laser fluence; (a)
0.255 J/em?, (b) 2.546 J/em?
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Fig. 9 Conductive pattern formation according to the

plating time; (a) plating time= 2min, (b) plating
time= 5min

477l Mg & Xeray source = 7} VG
Scientific ESCA Lab. 2000 & °]&3}3tt. &4
Table 2 9} o] AL AWE FAT & 2l K,
(fluence threshold)E 7|0 2 3 7}X] 7Fgx71o =
dol A A S S,

B AT Fig. 10(a)9F 2ol 3 714 #olA 7+

271 B dd 389 228 vHlov =5
A= g8 = TFE(Cu 2p) D (925~ 965eV)2)]

[¢)

vRely ol U X (binding energy) XPS 4] Z3} Fig.
10(b)2k ol ol A 7FEx7 0255 Jem*(AlH 2)
7} 2.546 Jem* (A3 3)°ll A peak 7} A& ATt

Peak #2132 98]l AX I ¥ (curve fitting)S 2
Al AT Fig. 11 & AH I¥ A3E vehd A
©& A 2 [Fig. 10(a)]o1 A= 952.7 eV (CuO 2P1/2)
9} 933.8 eV (CuO 2P3/2)2] peak ¥} A|¥H 3 [Fig.
10(b)] oI A= 953.8 eV (CuO 2P1/2) £} 933.0 eV (Cu
2P3/2) peak ©] AZH AT}

olg g Aie v Ho| x3E AF, A
T8 Al FHEAFEES wolA ouxet u
o] 4H3tE A F5om MAEE ¢
o] F FEldate F5aEEe g
A Cu & WA ®g A== 7%
QA7 @o] A fluence 7k LA ©lF 4
27F ke AA Hol o HeEa a9
5ok A Ag Aot EAEtE AskE JHE
ZYv A 9ol EAlg

Table 2 Processing conditions of XPS analysis specimen

No Processing conditions
Specimen 1 -
Specimen 2 0.255 J/em?
Specimen 3 2.546 J/cm®
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Fig. 10 Changes in the content of elements according to
the laser fluence; (a) all elements, (b) Cr, Fe and
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Fig. 11 Curve fitting of XPS Cu pattern analysis; (a)
specimen 2, (b) specimen 3
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