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ABSTRACT

The sensitivity of surface acoustic wave (SAW sensors has been
enhanced by increasing the active surface area of these devices.
Electrodepositions of Ni, Pd, and Pt in a mass-transport-limited mode with
trace foreign metals yield highly dendritic crystal structures of uniform
macroscopic thickness. The concentration of metal ions, supporting
electrolyte, agitation, and additives greatly impact the crystal morphology
of the deposit. This methodology can be used simply and economically to
provide high-area films in selective regions

INTRODUCTION

Becausesurfaceacousticwave (SAW)devicesrespondin proportionto changein
mass per nominal unit arezq it is possible to enhance sensitivity and limits of detection by
surface modifications using high-are% thin-film coating materials. By so doing, a greater
mass of analyte is adsorbed at a given ambient concentration. We present the concept
and methods, using a mass-transport-limited mode of current distribution, for high-area
electrodeposition. Knowledge of the general theory, formulations, and processes for
electroplating have been known for years but fabrication of high-area electroplated
sensing films for SAWS is recent. [1-4]

EXPERIMENTAL DETAILS

.

Seed layer: On all electroplated SAW devices we initially deposited a seed layer.
This layer consisted of 15 nm of Cr as an adhesion layer followed by 15 run of Au that
was physically vapor deposited (PVD) on the area between the interdigitated transducers.
The devices where then annealed in a N2 flow at 150 Co for one hour. The temperature
ramp rates were 1 degreehnin for both up and down ramps.
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Electroplating: All devices were plated by immersing them in the solution under
fixed-potential control using a Hewlett-Packard 6205C dual DC power supply. After
plating, the fixture andplated SAW devices were rinsed inrunning DI water for3 -5
minutes.

Post-plating: After thorough rinsing, the SAWdevices were eitiertiedina~
(<lppm HzO)Nzchmber fortiee days oroventied in Nzatl250Covetight. The
insertion loss of each device was measured and recorded. SAW devices with insertion
losses greater than 35 dB were recycled. All electrodeposited films were further
characterized using scanning electron microscopy (SEM), BET surface area analyses, and
surface profilometer measurement.

RESULTS AND DISCUSSION

Electrodeposited coatings can be strongly influenced by the crystallographic
orientation of the seed layer. For deposits of several microns thickness, the
microstructure becomes independent of any substrate crystallographic orientation. Each
SAW device has a 30 nrn thin evaporated seed layer of gold-on-chrome. Consequently,
for submicron deposits, the co-deposition of foreign species is necessary to diminish the

influenceof the underlyingcrystal structure. For this reason,we used trace amountsof
lead acetate in the precious metal solutions and zinc sulfate in the Ni solution. By driving
the cell under mass-transport-limiting conditions, the crystal growth is characterized by
numerous screw dislocations, yielding dendritic-like growth that spirals normal to the
surface. [6]

Factors influencing Microstructure: Electroplated coatings in Figures lb, 2b, and
3b appear deep, flat black in color. Although all coatings were plated onto the same PVD
substrates, characterized by an Au (111) crystal structure, it is obvious from the
rnicrographs that each electroplating process yields different microtextures. Figures 1a
and lb show the microstructure of electroplated Ni as a fimction of variations in the
agitation and the Ni ion concentration. As expected, the lower density films tend to have
less acoustic attenuation than the high-density coatings for a given thickness.
Unfortunately, in the mass-transport-limited mode (Figure lb), the crystal structure
formed (ea. 150 – 500 nrn feature size) fi-om a non-agitated, low Ni concentration
solution had acoustic attenuation that was too large for SAW applications. Both Ni
solutions used to produce the films in Figure la and 2b were plated from *baths using
similar chemical makeup at room temperature, with high supporting electrolyte
concentration. The solution used to produce the coating in Figure 1a was operated under
mild agitation at 10 times the Ni ion concentrationof that in lb. Deposits fi-omthis
solution were uniform, semi-bright, but with minimal surface-area enhancement. We
tried co-depositing trace additives of lead, zinc, and barium to influence the size of the
crystal growth. Although these additives contribute to high-area plating, the crystal
structures were too large for SAW applications.

The inefllciently of the process was another problem encountered with Ni
deposition. Traditional “recipes” for black Ni require relatively high current densities
and result in deposits greater than a micron in thickness, but are very difficult to control
for subrnicron thicknesses. [7]



Figures 2a and b illustrate the microstructure of electroplated Pd as a function of
agitation, Pd ionic concentration, and driving potential. Using a similar Pd chemistry at
room temperature, and similar lead acetate concentration, the crystal structures in Figures
2a and b prove to be exceptionally sensitive to minor operating condition variations. The
coating in Figure 2a was plated using 0.03M PdC13under low agitation, and low potential
(1.6V) across the electrodes. Most notable are the large, ca. 0.5- lpm, clusters of Pd
crystals that appear to be oriented normal to the surface. The smaller neighboring
clusters are shielded from higher current and replenishing Pd ions, and as a result, have
grown at different radial rates. [5] When providing a higher concentration of metal ions
with improved transport, only the highly selective zones dominate. To control submicron

film growthand decreasethe platingrate, the metal ion concentrationwas decreasedone
order of magnitude. To increase the efficiencies of this low-ionic-strength bath, the
conductivity was increased with hydrochloric acid (pH approx. 1). This allowed us to
drive the potential higher, pushing the cell into the mass-transport limit. We thus
achieved a highly uniform dendritic crystal structure at a lower, more controllable plating
rate.

Figures 3a and b show the microstructure of Pt as a function of bath additives.
For both the films, the textures are more uniformity distributed across the surface,
although some singular Pt clusters do exist. Figure 3a illustrates the ordered planar
crystalline growth. Upon trace additions of lead (Figure 3b), small crystallite on the
order of 15-30 nm formed, creating the observed scale-like structures. This coating was
plated using chloroplatinic acid and lead acetate, at room temperature with no agitation.
Although for SAW applications, this material provides many advantages for chemical
binding sites, this element also has a very high density. We believe this is the reason
acoustic attenuation is higher for Pt films comp~ed to similarly thick films of Ni or Pd.
Since deposition from this bath is fast, thickness control for relativity thin deposits is
possible using short plating times. In an attempt to control the deposition rate, we tried
lowering the metal ion concentration and increasing the conductivity of the bath. This
resulted in large-grain deposits and poor adhesion. Using the original recipe, current
densities were lowered. At very low average current densities (6.7 - 10mA/cm2), the
deposits were bright. At 100-300 mA/cm2, the deposits were varying shades of gray.
Finally, at 1.3 A/cm2 the deposits were highly non-reflective flat black, but the plating
rate was still relatively fast (-200nrn/min).

CONCLUSIONS

Use of electrodeposition under mass-transport-limiting conditions provides an
inexpensive and powerful technique for enhancing the sensitivity and selectivity of SAW
sensors. The performance of coated devices is greatly influenced by the material and
thickness of the film. [8] Thus, by producing films in the mass-transport-limited regime,
we have demonstrated that lower acoustic attenuation is possible, making high-surface-
area sensors derived from this class of films a viable approach to chemical sensing using
SAW technology. The co-deposition of a foreign material is required to prepare
submicron-thick coatings with nanocrystallite structures that are uniformly distributed
across the films.
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Figure la. SEM micrographof electroplatedNi froma sulfatesolutionwithlowagitation
and 0.26MNiS04.6Hz0. The scalebar is 300nm.

Figure 1b. SEM micrograph of electroplated Ni from a sulfate solution with no agitation
and 0.026 M NiS04.6H20. The scale bar is 500 nm.
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Figure 2a. SEM micrograph of electroplated Pd from a chloride solution with low
agitation, 0.03 M PdC13,and an average applied potential (1.6V). The scale bar is 1.5
~m.

Figure 2b. SEM micrograph of electroplated Pd from 0.003 M PdC13with no agitation,
and over twice the average applied potential (4.OV) as used in Figure 2a. The scale
bar is 300nm.
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F;gure 3a. SEM micrograph of electroplated-Pt from 0.068 M chloroplatinic acid and no
1

- lead acetate with no-ag;tation. The ~cale bar is 300 nm.
Figure 3b. SEM micrograph of electroplated Pt from 0.068 M chloroplatinic acid and

0.30 mM lead acetate with no agitation. The scale bar is 300 nm.
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