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The catalytic activity of palladium films sputtered
on a quartz resonator was studied using a nickel
bath in which a quartz crystal microbalance was
used to determine electroless plating processes. An
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Table 1

adhesive interface between the Pd layer and the =~ €ompound Concentration
quartz surface influenced activity. A chromium Nickel sulfate hexahydrate 20 g/ém
underlayer suppressed the catalytic activity of Pd ~ Lactic acid _ 3 crivdm?

film, but a gold underlayer did not. A palladium Sodium acetate trihydrate 5 g/&m
layer formed on Au a layer operated as a catalyst. ~ 1risodium citrate dihydrate 5 g/dm

The catalytic activity of Pd film on the Cr underlayer Sodium phosphinate monohydrate 10 gidm

was greatly enhanced by cathodic treatment in
dilute hydrochloric acid.

Quartz crystal microbalances (QCM) and electrochem
QCMs(EQCMS) are useful mass sensors for detectio
very small mass changes, such as adsorptiotercalatior?,
and continuous mass accumulation up to még(pm thick-
ness), as well as vacuum depositi@hectroless depositiérn
and electrodepositiéin situ.

Electroless metal deposition was monitoneditu opti-
cally”® or by photoacoustic spectrométty determine prod
uct quality and to collect information on plating bath cont
Optical measurements are sensitive to initial deposition
are not applied to monitoring of steady-state deposi
because they are based on light absorption by the depg
metal layer. Light absorption becomes too great to be
tected during early steady-state deposition. Photoaco
spectrometry is expensive. The QCM monitors electro
deposition from initial to steady-state sensitively and in
pensively.

The QCM used as an electroless plating monitor requ
a palladium catalyst on the electrode surface of a qu
resonator. A submonolayer of colloidal Pd was gener
formed as a catalyst using palladium(ll) chloride and tin
chloride solutions, or a mixture of them. In our experimé
such catalyst formation produced Pd nuclei and metal d
sition, not on a quartz resonator, but on the resonator hou
The sensor and housing caused successive lowering of
deposition rate in the small volume of the bath because
species consumption and the accumulation of reaction
ucts, such as protons and phosphite, occurred several t¢
times faster because of the larger surface area for n
deposition. Additional procedures were also required
dissolve metal deposited on the housing. It became nece
to form a Pd catalyst layer on the resonator using and
housing. A Pd catalyst layer was electrodeposited on
QCM electrode from a dilute palladium sulfate solutitint
this also left palladium nuclei on the sensor housing.

We used a sputtered Pd layer as a catalyst becaus

(pH adjusted to 5.0 with NaOH)

idytic activity of this sputtered Pd layer was tested for electro-
nless Ni plating.

BExpeimental Procedure

Quartz crystal resonators were 6 MHz At-cut, 25.4 mm in
diameter and 0.3 mm thick. As a resonator, chromium was
sputtered on the active side of a quartz crystal to serve as an
adhesive interface 50 nm thick, and palladium was succes-
otively sputtered on a Cr adhesive layer at about 200 nm thick.
diie surface area of the Pd electrode shaped as a keyhole with
tigrdiameter of 13 mm was 1.45%r@old was sputtered as a
SsRitrast resonator for frequency change instead of a Pd
@dectrode. The resonator was installed on a housing of Teflon
L&gein for connection to an oscillation circuit. The composition
gakthe electroless nickel plating bath is shown in Table 1.
egodium phosphinate was used as an electron donor.

Electroless nickel plating was done at°@in a 300-mL

ifegaker, containing 200 émf plating solution in a circulating
apater bath. Frequency change was measured using a fre-
afilency counter with a calculator and a Y-t recorder.

Il
S,—l%esulls &Discussion
ppatalic Aoy  of PdFim Sputiered  on Cr Underayer
siMinen the quartz resonator having gold film sputtered on a Cr
miategr with the housing was immersed from room atmosphere
baxhan electroless Ni bath at AT, resonator frequency
rotstantaneously decreased about one kHz, then gradually
srieofeased over time (curve a, Fig. 1). This frequency change
neesiulted from changes in density, viscosity and electrical
¢tonductivity of the mediurt;*> and a thermal transition of
sgagysensor with the housing and the oscillation circuit because
teld is inactive as a catalyst for electroless plating. Curve b
{lrég.1) was obtained when the same resonator immersed in
distilled water at 70C for 15 min was transferred to the
plating bath to reduce the frequency change by thermal
e ¢hange of the resonator. The resonator’'s frequency also

easily prepared on the resonator and used as received.

September 2000

CGhtereased about 0.5 kHz instantaneously, then decreased
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a8 I TR — Table 2
Efiect onindudion  Pefiod of Cathodic Poarization Conditions
Of Crundercoated ~ PdFIm Electrode
20
£ 0 Current Density & Polarization-----------
§ 1 mA/cm? 5 mA/cm? 10 mA/cre
g e Solution 1min 5min 10min  1min 5min 10min 1min 5min
i 1 M HCI — — X X 470 sec 165 sec X 60 sec
o=
5 4.0 2 M HCI X 265sec 195sec 115 sec 265 sec — —
E X : no electroless Ni plating within 30 min
) b —: no experiment
el M : mol/dn?
9 'IIT.I ZID an
Time, min gradually. A| plating bath without preheating. A long induction period of

Fig. 1—Frequency traces of quartz resonatorsC
with sputtered Au electrode on Cr underlayer:
Curve a - resonator transferred from room atmo-CUrves a and &
sphere to electroless Ni-plating bath at 70; Showed that the
Curve b - resonator transferred from water at 70instantaneous

°C to plating bath at 70C. frequency de-
crease is mainly
a result of the
change of me-
dium, following
a large, gradua
frequency de-
crease becaus
ofathermal tran-
sition. It was dif-
ficult to distin-
guish the fre-
guency change
as a result of the
electroless plat-
ing from the

. Time, min large frequency
Fig. 2—Frequency traces of quartz resonatorschan e resulting
transferred from water at 76C to electroless Ni g 5
plating bath (instantaneous frequency decreasérom the thermal
excluded): Curve a—resonator with Pd electrodetransition when
sputtered on Cr underlayer; Curve b—resonatorthe resonatof
with Pd electrode sputtered on Au underlayer,yaq transferred
Curve ¢ - resonator with Pd layer formed cheml-from room atmo-

cally.
sphere to the
plating bath and
with the rapid electroless plating. This problem was redu
whenthe sensor was firstimmersed in distilled water &7 (
then transferred to the electroless plating bath.
Curvesin Fig. 2 show the frequency trace after the ing
taneous decrease caused by the change of medium. W

omparison of

2.5

-2.0

Freguency change, kHz
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a iz

10 min was a result of the lower catalytic activity of Pd film
rather than the nature of the electroless Ni plating bath,
because electroless Ni plating occurred almost immediately
when a Pd layer was chemically formed by two-step immer-
sion (curve c in Fig. 2). The electrode catalyst with long
induction was unsuitable for monitoring the early stage of
electroless plating.

Caayic  Acivty  of PdAim Sputtered on God Layer

The low activity of the Pd layer on the Cr underlayer was

thought to be a result of the nature of the sputtered Pd itself

eor the effect of the Cr layer. Sputtered gold film with strong
adhesion is formed on quartz crystal in place of a Cr layer, so
Pdwas sputtered on the Au layer and its catalytic activity was
evaluated. This is depicted as curve b in Fig. 2, where the Pd-
film electrode was sputtered two days earlier. Compared to
the activity of Pd film sputtered on the Cr layer, the induction
time of Pd film on the Au layer was very short, about one min.
It was concluded that a Pd layer sputtered on the gold
underlayer could be used as a QCM electrode to monitor
electroless plating.

The sputtering of Pd metal was the same whether the
underlayer was Cr or Au. The formation of Cr oxide by air
oxidation of Cr atoms diffused through the Pd layer caused
the suppression effect of the Cr underlayer. The Cr species on
the Pd surface was studied by XPS, but was not detected.
Another possibility is an interaction between Pd and Cr layers
that affected the catalytic nature of the surface Pd atoms. We
do not yet know the interaction mechanism, however.

cedThe activity of Pd film sputtered on Au film was main-
tained at least three months by storing in a desiccator without
desiccant.

tan-

héehaton  of PdAM on Cr Underayer

quartz resonator with a Pd layer sputtered on a Cr layer
days before was immersed (curve a), the frequency decr
gradually and, after about 10.5 min, the frequency sho

t@athodic treatment of a Pd electrode on a Cr layer brought
amulit enhancement of catalytic activity, although it was done
er a mistaken concept: removal of surface chromium

large constant decrease, indicating electroless Ni platiogide species by cathodic reduction. The experiment was
The time from the immersion to the start of the large decreasme using resonators having Pd electrodes that did not show
is referred to as the induction time. The frequency decreasguction within 30 min. Constant cathodic current was
during induction is a result of the thermal transition becguapplied to sputtered Pd films in several solutions. Results are
the frequency trace is similar to curve b in Fig. 1. Hoemasummarized in Table 2. No improvement in activity was
al. reported that no metal deposition occurred during induzbtained by polarization at 10 mA/&fer 10 min in 1 mol/
tion.® dm?® sodium hydroxide or sodium sulfate solution. Dramatic
The catalytic activity of the Pd film was not affected by|1&atalytic enhancement was observed by cathodic polariza-
min of immersion in 70C water, because identical inductigriion in dilute hydrochloric acid solution. The longer the
was obtained when the quartz resonator was immersed ingbkarization, the shorter the induction (Table 2). The activity
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of Pdfilm treated at 5 mA/ctfor 5 minin 1 mol/dmHClwas
the same as that of Pd film sputtered on a Au underlayef

The cathodic treatment of Pd film electrode in dilutg
sulfuric acid (0.5 mol/d®) did not improve activity becaus
of adsorption of sulfate ions on the Pd surface because,
cathodic-treated Pd film under optimum conditions (Tabl

O DS

in hydrochloric acid was immersed in sulfuric acid soluti
its activity was lost.

Fdngs

Catalytic activity, determined by induction, of sputtered

film for electroless plating was influenced by the metf

underlayer serving as an adhesive layer for the Pd layer.
poor influence of a Cr underlayer was remarkable and th
an Au layer less so or none. The Pd layer sputtered on
underlayer is usable as an active electrode for monitg
electroless plating. If a very thin Pd layer is sputtered o
Au layer, it may show the same activity as that of
chemically formed. The catalytic activity of the Pd lay
sputtered on a Cr underlayer was largely enhanced b
thodic treatment in dilute HCI solution.

y
Editor's note: Manuscript received, June 1999.
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