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1. Abstract:

With reduction in node size, a need exists for deselopment of direct deposition
methods, in which Cu is electrodeposited directiyodoarrier without use of a seed layer. This
may require the introduction of ruthenium, to bedisvith Ta-based materials. In consultation
with other PI, we have focused our efforts on ustderding the electrochemical oxidation of
ruthenium in phosphate-based electrolytes. Susttrelytes also show promise for Cu-ECMP.
The effect of benzotriazole (BTA) and ceric ammanmiteate (CAN) are show to have an impact
on the polarization behavior. In particular BTAcdosases Ru oxidation rates, similar to the
effect seen on Cu, which could be interesting lier aptimization of polishing techniques for Cu
and Ru. Results show a comparative analysis oéotibetween Ru/Cu in a potential range of -1
to 0.8 V, which maybe not directly relate to spiedy.

[I1. Technical Results:

To investigate Cu/Ru selectivity, electrochemiogderiments were conducted using a
square piece of ruthenium foil (6mm x 6mm) withh&ckness of 1 mm and a purity of 99.9%
and a Cu RDE. The area of Ru typically used dueiegtrochemical experiments was 0.06cm
while the RDE had an area of 0.196°cnEach sample was immersed in an electrolyte fueda
in a glass beaker with no flow present and the wmgrklectrode was stationary. A silver/silver
chloride (Ag/AgCl) reference electrode and a platin(Pt) wire counter electrode were also
present in the electrolyte. Removal rates wereutatied theoretically, assuming the validity of
Faraday's law, and assuming that four electronsbareg transferred in ruthenium’s case and
two for the case of copper.

Figure 1 illustrates the effect of potential oe ttemoval rate of ruthenium in different
electrolytes. Similar to the effect that BTA has appper, is can be seen that at low potentials
(<1 V), BTA slightly inhibits Ru removal. Therefar there is potential overlap between a
polishing process for both Cu and Ru. The addibbiCAN did not enhance removal rate of
ruthenium in pure phosphoric acid. When CAN wadeadto the electrolyte containing 1 M
potassium phosphate with a pH value of 2, a clikel4ediment formed with a whitish green
color. Therefore, due to the instability of thisntbination, further removal studies were not
performed with CAN at a pH value of 2.

Figure 2 shows the ratio of current of Ru compae€u using various electrolytes at
two different operating potentials, 0.5 and 0.8 Yhese results suggest that in a potassium
phosphate based electrolyte containing BTA coulddast preferential to Ru etching. This
corresponds to the fact that BTA is slightly intig the dissolution of Ru in that potential
region. This indicates that potassium phosphateedeelectrolytes should potentially be
considered for polishing Ru. Currently we are explg other potential pH values using a
potassium phosphate electrolyte, as well as otka&tizers to enhance removal rate such as
mono/dipersulfates (8s°) and persulfuric acid, due to the instability o&ITin this electrolyte.



Figure 1: Theoretical removal rates of Ru in fhirs(A) 1 M pH 2, (B) 1 M pH 2 + 0.001 M
BTA, (C) Phosphoric Acid, (D) Phosphoric Acid + 0.M CAN.
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Figure 2: Ratio of current between Ru/Cu at twpligp potentials in electrolytes composed of :
(A)I1MpH2,(B)1MpH2+0.001 MBTA, (C) Phdspric Acid, (D) Phosphoric Acid + 0.01
M CAN
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