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Abstract

In the study, template of micro-coil patterns created by the excimer laser and activated by reactants for electroless
copper plating is described. The generated micro-coil patterns are transformed into copper patterns on the substrate
and formed copper microstructures. This method simplifies the manufacturing process of making circuits on boards
comparing with the conventional lithography process of forming copper patterns on the substrate. Micro-patterns
generated by the excimer laser result in the change of surface electric properties and activation selectively. A chemical
reaction through the selective activated area may deposit metal, such as copper. The krypton—fluoride excimer laser
(KrF, 248 nm in wavelength) not only provides simple and fast machining patterns, but also uses its high energy density
to drill holes and circuits directly. Palladium ions are added as mediators in the electroless plating solution to enable a
continuous electroless copper deposition. According to the experiment of excimer laser assisted electroless copper
plating, the procedures of pretreatment and post cleaning are key factors resulted in excellent selective plating. The
samples were pretreated by sodium dodecyl sulfate (SDS) and post cleaned by acetone and diluted nitric acid resulting
in distinct micro-patterns. The deposition area is confined in the excimer laser ablated portion resulting in well selective
plating.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction fundamental role to compose these related prod-
ucts. Although the manufacturing technology of

The electronic industry has fast progressed in- PCB is mature and skillful, its sophisticated pro-
cluding IC industry, information transportation, cess consists of a metal film formed onto the ins-
personal computers, and their accessories. The ulative polymer substrate, drilling and plating of
printed circuit board (PCB) industry provides a buried or blind microvias, lithography process

(resist coating, UV exposure, development, and
resist stripping) as well as etching. Direct writing

" Tel.: +886-7-5252000x4239; fax: +886-7-5254299. of patterns eliminates the need for employing
E-mail address: panct@mail.nsysu.edu.tw (C.T. Pan). photolithographic process [1]. A simplified process
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to produce micro-patterns precisely and formation
of metal selectively on polymer substrates is
interesting.

Copper has been proposed as an interconnect
metal for submicron integrated circuit technology.
A simple reason is that copper is a better con-
ductor than aluminum, copper will reduce the in-
terconnect RC delay time [2]. Electroless plating
has a low capital investment and operating costs
and the relatively high throughput associated with
it. It seems appropriate to explore the feasibility of
using the process for forming conductors and fill-
ing via holes in microelectronic structures [3]. The
essential advantages of electroless plating include
low tool cost and low processing temperature as
well as high quality deposits and good via-trench
filling capability [4].

The electroless deposition of copper is one of
the major process steps involved in the manufac-
ture of electronic packages for the computer in-
dustry. The fabrication of high-performance
multilayer boards via plated through-hole inter-
connections is based on electroless copper plating.
Cu(EDTA)/formaldehyde-based systems have
been used [5]. The activation or seeding of sub-
strate is necessary to initiate copper deposition in
the electroless process. Laser-assisted electroless
deposition and laser-induced prenucleation have
been used to create selective seeds [6]. The interface
may exhibit little or no adhesion unless the poly-
mer is pretreated prior to metal deposition [7]. The
conventional methods for polymer pretreatment
rely on plasma, wet-chemical or mechanical
methods to produce either chemical or morpho-
logical changes in the surface, which strengthen
the metal/polymer interfacial bond. The ablated
surface of polyimide (PI) films can be modified by
imagewise metallization [8,9] by excimer laser.

Surface potential of polyimide films was posi-
tively changed after XeCl laser irradiation. Cou-
lombic attraction between ablated films and the
changed colloid was essential for the surface acti-
vation process. The selective-area plating on a
polymer film by laser ablation could become a
fascinating process, because the electroless plating
on polymer films is an indispensable process for
high-density multichip interconnect substrates of
copper conductors in particular use. Since PI and

other high-performance polymer films are known
to have hydrophobic surfaces with the result of
poor wettability and poor polymer/polymer and
polymer/substrate adhesion, surface modification
of Kapton and other PI films is made by UV light
and excimer laser exposure [10]. Post-treatment of
the removal debris was washed away or partially
dissolved in water, indicating that this debris was
of fairly hydrophilic nature [11]. Under UV irra-
diation of polymers in air, the polymer surfaces
undergo a chemical modification such as photo-
oxidation, photo-induced hydrolysis, photo-de-
grading, and photo-induced cross-linking. In
Kapton, poly phenyl quinoxaline (PPQ) and poly
phthalazinone ether sulfone (PPES), either photo-
induced hydrolysis or oxidation predominates in
UV-exposure in air, resulting in reduced contact
angle in both modes and great enhancement of the
hydrophilicity of the polymer surfaces.

Hirsch et al. [1] used a scanned, focused argon
ion laser to locally heat a thin polymer/palladium
film applied to a PI-coated substrate, thereby re-
ducing chemically bound palladium to palladium
metal. Laser heating modifies the film making the
irradiated film resistant to an etchant which strips
unirradiated film. Thus, the laser-patterned cata-
lytic film has been utilized to define electrolessly
plated copper links between copper conductors on
a PI substrate. The photo-induced deposition and
patterning of a thin activator on a substrate sur-
face followed the electroless metal deposition on
the activated surface [12,13]. Laser-drilled holes
were first subjected to a cleaning step, followed by
copper flash metallization. The cleaning steps
removed laser residue from the hole walls to en-
sure proper coverage and good adhesion of the
metallization [14].

Excimer laser irradiation induces the organo-
metallic compound photo-decomposition due to
the weak bond between the metal ion and the or-
ganic radicals of the compound. Simultaneously,
the UV-laser light may induce the cross-linking of
the polymer. The metal clusters formed in the
polymer matrix act as catalysts for subsequent
electroless metal deposition [15]. Using excimer
lamps to selectively decompose activation precur-
sors generally involve the deposition of metal salt
or organometallic coating [8,16]. The bath consists
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of a mixture of a copper ionic solution and a re-
ducing agent, formaldehyde (HCHO). Deposition
rate and resistivity of electroless Cu deposits in-
creased slightly with increasing concentration of
cupric sulfate and formaldehyde. Ethylene di-
aminetetra-acetic acid tetra sodium salt (EDTA)
concentration does not significantly influence the
deposition rate and resistivity. Temperature has
the strongest effect on the deposition rate and re-
sistivity. Deposition rate increases and resistivity
decreases with increasing the deposition solution
temperature [4]. The decomposition of palladium
acetate films at low UV intensities of the Xe, ex-
cimer laser source was achieved by Esrom et al.
[17,18]. The exposed substrate temperature lower
than 20 °C, they concluded that the decomposition
mechanism is mainly photolytical. The light acts
directly on the molecules to decomposition of
palladium acetate.

In this paper, the excimer laser to create lines/
patterns in the substrate surface and then activate
them with complex reactants is described. Patterns
generated by the excimer laser result in the change
of surface electric properties and activation selec-
tively. The KrF excimer laser not only provides
simple and fast machining patterns, but also uses
its high energy density to drill holes and circuits
directly. These advantages are beneficial for its
applications to the electronic industry.

2. Experimental methods

The excimer laser (Lambda Physik COMPex—
110 industrial type) with wavelength 248 nm,
maximum pulse energy 400 mJ, maximum repeti-
tion rate 100 Hz, and pulse duration 25 ns was
used to ablate specimens. The excimer laser ma-
chine mainly consists of mask stage with two axial
freedom (x and y direction) and workpiece stage
with four axial freedom (x,y,z and 0 direction).
The schematic drawing is illustrated in Fig. 1.
Mask projection method to transfer patterns onto
workpieces was applied in the study. The magni-
fication from mask to workpiece is four times.
Therefore, after excimer laser micromachining,
pattern of one fourth in dimension can be made on
substrate.
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Fig. 1. Schematic drawing of the excimer laser machine.

All test patterns were designed on the quartz
photomask. PI substrate with 100 pm in thickness
was used as the substrate. PI substrates were ab-
lated with the projection method using the excimer
laser workstation. The designed patterns on mask
were transferred on PI substrate.

Since PI film is an insulator, this experiment
attempts to investigate the feasibility of conductive
metal selectively onto PI substrate. These patterns
can be used for further metallic formation via the
procedures of the electroless copper plating. Var-
ious test patterns were designed and practiced in
this experiment. Fig. 2 illustrates schematically the
experimental procedures of electroless copper
forming microstructures assisted by the excimer
laser.

After PI samples were ablated by excimer laser,
they were then immersed in distilled water or
surfactant (SDS, 2 mM) for pretreatment. The
samples were immersed in an activator for 1 min
and cleaned with distilled water, nitric acid (3% in
volume) and acetone. Finally, the samples were
immersed in an electroless copper plating solution
for 10 min at 25 °C, the pH value was 12 and the
samples were cleaned with distilled water.

The electroless copper bath includes PTH-
502A, 10% with H,O and PTH-501B, 10% with
H,0 purchased from Chaang Yuan Company in
Taiwan. The main composition of electroless
copper bath is as listed in Table 1. If the experi-
ment is successful, copper will deposit on the ab-
lated patterns.
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Fig. 2. Schematic process of excimer laser-induced electroless
copper plating experiment.

Table 1

Main composition of electroless copper bath
Contents
Copper sulfate 0.03 M
EDTA 0.06 M
Formaldehyde 0.045 M
Pyridine S ppm

Selective electroless plated copper on PI sub-
strate were analyzed by optical microscope (OM)
and with scanning electron microscope (SEM).
Also, the resistance of copper lines was measured.

3. Results and discussion
3.1. Experiments of micro-coil patterns

PI specimens with 2.5 x 2.5 cm?® in square area
were ablated by 248 nm KrF excimer laser. Pa-
rameters of excimer laser ablation including laser
fluence, shot number, and repetition rate were
tested. Fig. 3(a) shows the ablation rate (depth per
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Fig. 3. Experimental result of excimer laser ablating PI sub-
strate. (a) Fluence versus ablation rate (40 Hz, 50 shots). (b)
Shot number versus ablation depth (40 Hz, 0.445 J/cm?). (c)
Repetition rate versus ablation rate (0.445 J/cm?, 50 shots).

pulse, pm/pulse) versus fluence and Fig. 3(b) re-
veals that the ablation depth versus laser shot
number. It makes sense that higher laser energy
absorbed by PI material will result in higher ab-
lation rate and ablation depth at a constant level
of repetition rate. Fig. 3(c) shows the effect of laser
repetition rate. It is worth noticing that when
higher repetition rate is applied, constant ablation
rate is achieved. It is due to laser induced plasma
interrupting the incident laser beam onto the ma-
terial surface.

On the other hand, higher fluence will destroy
Cr film on the conventional quartz mask during
excimer laser projection ablation. Furthermore,
higher fluence, shot number and repetition rate
cause cumulative heat on PI substrate and degrade
the quality of adjacent PI significantly. The ex-
perimental result is shown in Fig. 4(a)—(c). It re-
veals that when higher fluence, shot number, and
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Fig. 4. Effect of excimer laser ablation parameters on PI substrate. (a) Repetition rate 40 Hz, 100 shots. (b) Fluence 0.54 J/cm?

repetition rate 40 Hz. (c) Fluence 0.265 J/cm?, 100 shots.
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repetition rate were applied, heat affected zone
around the ablated area will become more obvi-
ous. Besides, the laser scanning speed is propor-
tional to the repetition rate. The tape angle of the
PI is related to fluence and repetition rate. There-
fore, based on the experimental results, a proper
working parameter of the fluence, shot number
and the repetition rate are selected; fluence 150 ml/
cm?, shot number 150 shots and pulse repetition
rate 40 Hz, respectively. An experimental result of
ablated micro-coil pattern is shown in Fig. 5.
Various immersing time of activation were ap-
plied and cleaned by DI water, there was no dis-
tinctly selective electroless copper deposited after
immersed in the electroless copper bath for 10 min.
It could be attributed to strong attraction of col-
loidal SnPd on the substrate; the selected area
could not completely be cleaned. Later, it was
improved by using nitric acid (3% in volume) or

8884 10K 2mm

(b)

acetone to clean it. But the non-ablated area still
has deposited copper which means that the sample
was cleaned incompletely. The correcting strategy
then focused on the pretreatment of the sample
before the excimer laser ablation. Since PI surface
becomes positively charged after laser ablation,
immersing workpiece in aqueous solution with
negative charges turn them into neutral and non-
ablated area with negative charges. The particles
of colloidal SnPd are difficult to attach on work-
piece surface with negative charges. The experi-
mental results are listed in Table 2. The successful
samples were marked “Yes” in the column of se-
lective plating. Those samples marked ‘“Partial”
are incomplete selective plating. It can be found
that the workpiece using SDS to pretreatment has
a better result of selective electroless copper for-
mation. Fig. 6 shows the better result of the large
size workpiece for selective electroless copper

geel 1ekK SBum

Fig. 5. Experimental result of micro-coil pattern ablated by excimer laser (150 mJ/cm?, shot number 150 shots, pulse repetition rate 40
Hz). (a) Micro-coil patterns with 2.5 x 2.5 cm? in area. (b) Micro-coil patterns with 6 x 6 mm? in area.



248 C.T. Pan | Microelectronic Engineering 71 (2004) 242-251

Table 2
The experimental results of 2.5 x 2.5 cm? in square patterns used for selectively copper deposition
No. Pretreatment Activation After activation Selective plating Reproducible
1 No treatment 1 min No treatment No —*
2 No treatment 1 min DlI-stir for 5 min No —*
3 No treatment 1 min HNO; (3%)-stir for 5 min Partial Low
4 No treatment 1 min Acetone-cleaning No —*
5 DI-stir for 5 min 1 min No treatment No —*
6 DI-stir for 5 min 1 min DlI-stir for 5 min Partial Low
7 DI-stir for 5 min 1 min HNO3 (3%)-stir for 5 min Partial Low
8 DlI-stir for 5 min 1 min Acetone-cleaning Partial Low
9 SDS (2 mM)-stir for 5 min 1 min No treatment No —*
10 SDS (2 mM)-stir for 5 min 1 min DlI-stir for 5 min Partial Low
11 SDS (2 mM)-stir for 5 min 1 min HNO; (3%)-stir for 5 min Yes High
12 SDS (2 mM)-stir for 5 min 1 min Acetone-cleaning Yes High

*: No repeated experimental result.

Fig. 6. The surface morphology of the large workpiece for se-
lective electroless copper.

pattern. Left side of the figure is the ablated area
and right side is the joint portion of ablated area.
Since the laser diffraction resulted in low energy

density deposited on non-ablated area, there is
scattered copper deposited. However, pretreat-
ment by SDS has proved the good result of se-
lectively electroless copper formation in this
experiment.

After completing the experiment with large
workpieces for selective electroless plating copper,
the experimental objective is towards the forma-
tion of copper micro-coil patterns. The ablation
parameters of the excimer laser were same as those
mentioned above; fluence 150 mJ/cm?, shot num-
ber 150 shots and pulse repetition rate 40 Hz.
Pretreatment by SDS, same as in previous experi-
ment was applied; the experimental results are
listed in Table 3. It is proved that the pretreatment
by SDS showed better results. The pretreatment by
DI water rinse showed ambiguous edges as shown
in Fig. 7. But the samples rinsed by SDS before
activation and cleaned by acetone and nitride acid
(3% in volume) post-activation showed excellent

Table 3
The experimental results of micro-scale patterns for electroless copper plating
No. Pretreatment Activation After activation Selective plating Reproducible
13 No treatment 1 min DI-cleaning No —*
14 DI-stir for 5 min 1 min DI-cleaning No —*
15 SDS (2 mM)-stir for 5 min 1 min HNO;(3%)-stir for 5 min Yes High
16 SDS (2 mM)-stir for 5 min 1 min Acetone-cleaning Yes High

*: No repeated experimental result.
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Fig. 7. Anillustrated electroless copper pattern that is rinsed by
DI water showing incomplete cleaning edges, the dark portion
is the PI substrate.

Fig. 8. The electroless copper nucleation grown in pattern that
wetting by SDS before activation and acetone-cleaning after
activation.

results. As shown in Fig. 8, the tiny nucleation of
copper is grown in the ablated area. The sample
has distinct copper patterns; copper only deposited
on the ablated area as shown in Fig. 9.

3.2. Resistivity of the plated micro-coil

A Hewlett 4155A semiconductor parameter
analyzer and probe station were used to measure
the resistance of the micro-coil. The measurement
result is shown in Fig. 10. Various input voltages
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Fig. 9. The electroless copper pattern that wetting by SDS
before activation and acetone-cleaning after activation.
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Fig. 10. Measurement of electric property for micro-coil by
electroless copper plating.

were used to obtain output current. The resistance
of the plated micro-coil is 5.04+0.5 Q. The for-
mation of copper micro-coils assisted by excimer
laser ablation and electroless copper plating has
been done in this study, as shown in Fig. 11.
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Fig. 11. A successful case of the micro-coil (linewidth 25 pm) on PI substrate.

4. Conclusions

As found in the experiments of selectively cop-
per electroless plating in the PI substrate, the
cleaning steps before activation and cleaning post-
activation play an important role to establish good
results. Such using SDS rinsing before activation
and acetone-cleaning as well as diluted nitric acid
post-activation generated good micro-patterns are
proved by this study. DI water can change electric
charges on PI surface before activation; two so-
lutions selected here can enhance the surface
clearness and result in excellent selective copper
plating. Using SDS before activation can not only
modify surface electric charges, but also improve
the wettability of PI surface.

Acknowledgements

The author thanks Dr. Tung-Chuan Wu and
Dr. Min-Chan Chou at MIRL of ITRI in Taiwan
for their guidance, Professor H. Yang for his as-
sistance in the experiment, and National Science
Council (NSC) for their financial supports to the
project (Grant Nos.: NSC92-2622-E110-009-CC3
and NSC92-2212-E110-029).

References

[11 TJ. Hirsch, R.F. Miracky, C. Lin, Selective-area
electroless copper plating on polyimide employing laser
patterning of a catalytic film, Appl. Phys. Lett. 57 (1990)
1357-1359.

[2] Y. Schacham-Diamand, 100 nm wide copper lines made by
selective electroless deposition, J. Micromech. Microeng. 1
(1991) 66-72.

[3] H. Esrom, J.-Y. Zhang, U. Kogelshatz, A.J. Pedraza, New
approach of a laser-induced forward transfer for deposi-
tion of patterned thin metal films, Appl. Surf. Sci. 86 (1995)
202-207.

[4] C.M. Harish, V. Kumar, A. Prabhakar, Direct writing of
copper film patterns by laser-induced decomposition of
copper acetate, J. Electrochem. Soc. 135 (1988) 2903-
2904.

[5] J.G. Gaudiello, G.L. Ballard, Mechanistic insights into
metal-mediated electroless copper plating employing hyp-
ophosphite as a reducing agent, IBM J. Res. Dev. 37 (1993)
107-115.

[6] Y.S. Liu, H.S. Cole, Laser surface modification for
copper deposition on polyimide, Chemtronics 4 (1989)
209-211.

[7] V.M. Dubin, Y. Shacham-Diamand, B. Zhao, P.K. Vasu-
dev, C.H. Ting, Selective and blanket electroless copper
deposition for ultralarge scale integration, J. Electrochem.
Soc. 144 (1997) 898-908.

[8] H. Esrom, J. Demny, U. Kogelschatz, VUV light-induced
deposition of palladium using an incoherent Xe, excimer
laser, Chemtronics 4 (1989) 202-208.

[9] R. Jagannathan, M. Krishnan, Electroless plating of
copper at a low pH level, IBM J. Res. Dev. 37 (1993)
117-123.

[10] H. Hiraoka, S. Lazare, Surface modifications of Kapton
and cured polymide films by ArK excimer laser: applica-
tions to imagewise wetting and metallization, Appl. Surf.
Sci. 46 (1990) 264-271.

[11] H. Kuper, M. Stuke, Appl. Phys. B 49 (1989) 211-216.

[12] S.Z. Chu, M. Sakairi, H. Takahashi, Copper electroless
plating at elected areas on aluminum with pulsed Nd-
YAG laser, J. Electrochem. Soc. 147 (4) (2000) 1423-
1434.

[13] M.E. Gross, Laser direct-write metallization in thin
metallo-organic films, Chemtronics 4 (1989) 197-201.

[14] A. Kestenbaum, J.F. D’Amico, B.J. Nlumenstock, M.A.
Deangelo, Laser drilling of microvias in epoxy-glass



C.T. Pan | Microelectronic Engineering 71 (2004) 242-251 251

printed circuit boards, Trans. Components Hybrids Man-
ufac. Technol. 13 (4) (1990) 1055-1062.

[15] K. Kolev, A. Jadin, S. Benbakoura, L.D. Laude, Excimer
laser-induced modification in PMMA/Ni-acetylacenate
films for selective metallization, Appl. Surf. Sci. 138-139
(1999) 434-438.

[16] D.J. Macauley, P.V. Kelly, K.F. Mongey, G.M. Crean,
Effects of plasma on excimer lamp based selective activa-

tion processes for electroless plating, Appl. Surf. Sci. 138—
139 (1999) 62-67.

[17] H. Esrom, G. Wahl, UV excimer laser-induced pre-
nucleation of surfaces followed by electroless metallization,
Chemtronics 4 (1989) 216-223.

[18] J.-Y. Zhang, H. Esrom, I.W. Boyd, Decomposition mech-
anisms of thin palladium acetate film with excimer UV
radiation, Appl. Surf. Sci. 96-98 (1996) 399-404.



	Selective electroless copper plating micro-coil assisted by 248 nm excimer laser
	Introduction
	Experimental methods
	Results and discussion
	Experiments of micro-coil patterns
	Resistivity of the plated micro-coil

	Conclusions
	Acknowledgements
	References


