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SEEDING OF SILICON BY COPPER ION IMPLANTATION FOR SELECTIVE
ELECTROLESS COPPER PLATING
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Microelectronic and Materials Technology Centre, Royal Melbourne Institute of Technology,
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We report on ihc successful use of coppcr(self) ion implantation into silicon to seed the electroless plating of
copper on silicon (100) surfaces. Copper ions have been implanted to doses of 5E14-6.4E16 ions/cm" using a
MEEVA ion implantcr at extraction voltage of 40kV. Dose was varied in fine steps to determine the threshold
dose of 2E15 Cu ions/cm~ for "seed" formation of copper films on silicon using a commercial electroless
plating solution. Plated films were studied with Rutherford Backscattering Spectrometry. Scanning electron
Microscopy. EDX and Profilometry. The adhesion of films was measured by "scotch tape test". The adhesion
was found to improve with increasing dose. However thicker films exhibited rather poor adhesion and high
internal stress. SEM results show that the films grow first as isolated islands which become larger and
eventually impinge into a continuos film as Ihe plating time is increased.

INTRODUCTION

In recent years there has been considerable and
rapidly growing interest in the use of copper as an
interconnect material for the microelectronics
industry. It is also of interest to researchers at
RMIT engaged in fabrication of micro-machines
One of the major problems faced by researchers
has been their ability in patterning copper.
Recently, ion implantation [ l | has been employed
to solve some of the difficulties associated with
patterning and selective clcctrolcss plating. Mosl
of the research has been carried out using SiO2 as
substrate and various elements as seed materials
[1.2], We report on successful selective clcctrolcss
plating on Si using Cu ions.

EXPERIMENTAL METHOD

<100> silicon wafers were used for experiments.
The wafers were cleaned, cut into strips and
partially masked along their length. They were
then implanted using the metal vapour vacuum arc
(MEVVA) ion implantcr The samples were
implanted by Cu ions. The flucncc of ions was
varied from 5EI4 ions/cirr to 6.4E16 ions/cm at
an extraction voltage of 40 kV. Implantation was
carried out at room temperature. For clcclroless
plating, the implanted samples were treated with
10% HF for 5 minutes to remove any SiO2 that
may have formed on the surface. They were next
immersed in a commercial elcctrolcss copper
plating solution. The solution was maintained at
46.5C using a constant temperature bath and the
plating time was varied from 4 to M) minutes. The

films were studied and characterised using a
profilometcr. Rutherford Backscattering
Spectroscopy. optical microscopy and Scanning
Electron Microscopy. The adhesion of the films
was qualitatively measured using the scotch tape
test.

RESULTS AND DISCUSSION

The sample was deemed to have plated when a
continuous layer of copper deposited on the
implanted region in 30 minutes. The threshold
dose for clectroless plating of copper on silicon
was found to be 2E15 Cu ions/cm . The rate of
growth of the film and its adhesion to the substrate
increased with increasing dose. The texture and
uniformity of the film also improved with
increasing dose. However adhesion of the film to
the substrate reduced with increasing thickness.

The process of film formation can be understood
by examining the SEM micrographs taken at
different plating times Fig 1 is the SEM
micrograph of a film which grew on the substrate
implanted with 3.2E16 Cu + ions/cm . The plating
time was 16 minutes. The bright granules are
grains of copper in the film deposited by
elcclrolcss plating. The grains of copper have an
average diameter of about 0.8u.. The dark region
is the silicon substrate. The deposition of the film
(bright granules) has taken place only in the
implanted region of the substrate and there is no
deposit on the unimplanted (dark) region. Absence
of copper on the unimplanted region was
confirmed with EDX and Rutherford

••; Department of Electrical Engineering. Royal Melbourne Institute of Technology. Melbourne.



132

Backscatlering Spectroscopy. The sharp interface
between the implanted/plated and
unimplanled/unplaled region shows ih.'il ion
implantation can be used for patterning and
selectively growing films chemically.

Fig 2 is the micrograph of a sample implanted
with 2E15 Cu + ions/cm". The plating time for the
sample was 8 minutes. The circular white grains
are grains of copper as established by spot EDX.
The darker region under the grains is silicon. The
grains of copper for a film such a film have an
average diameter of l.4u. They show the
nuclcation stage of the film. The copper ions in
silicon act as sites for indication of copper grains.
As the grains of copper continue to grow (hey start
impinging on the adjoining grains and coalesce
into a film. Fig 2 also shows regions of
impingement of the film. As the dose is increased
a greater number of nuclcation sites arc available
for copper and the average grain size is reduced
(compare figs 1 & 2). This ensures that the surface
layer of copper is formed faster and hence the film
grows at a higher rate. Table 1 shows the thickness
of the films grown for different time on substrates
implanted with 3.2E16 Cu + ions/cm .

Fig 3 is a micrograph of a film grown on a
substrate implanted with 6.4E16 Cu ions/cnr
showing a peeled off and curled region From this
edge-on view a film thickness of =3u is measured
directly from the micrograph. Peel
off/delamination of the film is indicative of poor
adhesion while its curling indicates a high level of
internal stresses. Botli adhesion and delamination
of the film (for similar plating conditions) depends
largely on internal stresses [4|. The region on the
left (Fig 3) is a section of the film/substrate
interface that has curled up. The micrograph of
this region shows the texture of the film which
nucleated at the interface This is slightly different
from texture of the surface of the film (region on
the right in the micrograph). Also the film's
sectional view (region on the right) indicates two
distinct regions within the film. Both these
microstructural variations may be a result of
different grain growth conditions that exist
between the nuclcation stage and the final stage
[5]. As the copper grains nucleate, they grow
epitaxially to large grain sizes. As they grow
bigger, they impinge on adjacent grains and stop
growing. This results in nuclcalion of smaller
grains and a refinement of grain size towards the
surface.

Voids in the film also have a pronounced effect on
the microstructurc of the film|5|. Our results show
thai films deposited in a well aerated bath exhibit

poor adhesion to the substrate and delaminate.
while films deposited without aeration have a high
amount of blisters. Scotch tape test results showed
that films with greater thickness exhibited poor
adhesion due to greater internal stress. Table 1
also gi\es the results of Scotch Tape tests
performed on the samples.

CONCLUSION

Copper Ion implantation offers a viable alternative
for selective eleclroless plating of silicon for
thicknesses up to 2 microns. At higher thicknesses
adhesion of the film deteriorates as the stresses in
the film rise.

REFERENCES

[1] Qian. X.Y.. Kiang. M.H. et al.. Nucl. Instrum.
and Melh. in Phys. Res. B55 (1991) 893-897.

[2] Kiang. M R . Pico. C.A. et al. MRS Proc 223
(1991)377-383.

|3) Echigoya. J. Materials Forum 17 (1993) 15-
26.

|4| Raub. E. and Muller. K.. "Fundamentals of
Metal Deposition". Elsevicr. Amsterdam (1967)
150-164.

[5J Nakahara. S.. Mak. C. Y. and Okinaka. Y.. J.
Elcctrochem. Soc. 140 (1993)533-538.

ACKNOWLEDGMENTS

A part of this work was performed under the
management of the Micromachine Center as a part
of ISTF project of A1ST/M1T1 "Micromachine
Technology", by NEDO (New Energy and
Industrial Technology Development Organisation).
Ion implantation was made possible at ANSTO by
an AINSE grant. We thank J.W. Chu and P.j.
Evans for their kind assistance for implantation.

Table 1
Sample implanted with 3.2E16 Cu/cm
plated for times as shown.

and

Plating Time
4 Min
8 Min
16 Min
32 Min

Thickness
448 A
933 A
2627 A
5349 A

STT*
Passed
Passed
Failed
Failed

*STT: Scotch Tape Test
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Fig 1: SEM micrograph of the film, grown
on a substrate implanted with 3.2E16 Cu
ions/cm2 for 16 mins. Dark region is the
unimplanted substrate and the grains are of
elcctroless copper.
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Fig 2: SEM micrograph of the film, grown
on a substrate implanted with 2E15 Cu
ions/cm2 for 8 minutes. Dark region is the
unimplanled substrate and the white
"spheres" are grains of copper.

Fig 3: SEM micrograph of the film, grown
on a substrate implanted with 6.4E16 Cu
ions/cm2. Film peeled off and curled
because of high internal stress.


