


DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



LBL--26508
DE89 007497

SCANNING TUNNELING MICROSCOPY OF
COPPER ELECTRODEPOSITED IN THE
PRESENCE OF BENZOTRIAZOLE

Michael J. Armstrong and Rolf H. Muller

Department of Chemical Engineering
University of California
and
Materials and Chemical Sciences Division
Lawrence Berkeley Laboratory
1 Cyclotron Road
Berkeley, Ca 94720

This work was supported by the Director, Office of Energy Research, Office of
Basic Energy Sciences, Materials Sciences Division of the U.S. Department of
Energy under Contract no. DE-ACO03-76SF00098. *

MASTER ./

LISTRIBUTION OF THIS DOCUMENT 13 UNLIMITER



)

Applications of scanning ‘tunneling microscopy (STM) to electrochemical
metal deposition and oxidation have been reported by several researchers [1-
4). In the present work, the effects of benzotriazole (BTA) on the topography
of Cu deposited on a Pt <111> single crystal surface under potential control
was investigated with STM. The surfaces of the Cu deposits were continu-
ously scanned with the tunneling probe during deposition. In the presence of

BTA the initial monolayer of Cu was detected.

A Digital Instruments Inc. Nanoscope I STM with a 0.6 ym scanner was
used. Horizontal positioning of the STM probe was under computer control.

The data aquisition program produced a 320 by 200 point scan independent of

dz

area scanned. A grey scale image of ™

is used to present the data where z is

the probe distance from the surface and x is the distance in the probe raster

direction.

Platinum tunneling probes were coated with polyvinylidene fluoride to
reduce the electrochemically active area. The coating left a small area at the
probe tip uncovered from which a background current Qf 0.2 nA at 100 mV vs
Cu was measured in the electrolyte with a separation of tip and surface of
greater than 1 pm. During STM operation, itkis important to hold the probe
potential in a region where no Faradaic reaction occurs on the probe. The

probe potential was therefore restricted by the potentials of copper deposition




and platinum oxidation. In this experiment, the STM was operated in a con-
stant tunneling current mode ( 2 nA ) with a probe bias of 100 mV vs the

sample.

The electrochemical apparatus contained copper reference and counter
electrodes in addition to the platinum working electrode. The reference and
counter electrodes were contained in external cells connected to the working
cell by capillary tubing. An electrolyte volume of 0.05 ml was retained on
the Pt electrode with a polypropylene ring of 7mm inside diameter and 3mm
height. The Pt <111> substrate was mechanically polished with 0.05 um
alumina, etched in warm aqua regia, and annealed at 1000 C for 12 hours.
Copper was electrodeposited from an electrolyte of 10 mM Cu(ClO 4)2 and 0.5
M NaClO 48t 2 pH of 2 with and without 10 uM BTA. The Pt substrate was

held at a potential of 100 mV vs Cu prior to Cu deposition.

The deposit from BTA-free electrolyfe was initiated with a 30 sec pulse
to -500 mV vs Cu with the tip removed from the surface. Following the 30
sec pulse the potential was stepped to -25 mV vs Cu at which time continuous
scanning of the surface by the tunneling probe began. The deposit from
BTA-free electrolyte had long range order exceeding the width of the probe
scan, 0.6 pm (fig. 1). These deposits showed faceting with deposition

observed at the edges. Although rapid growth is observed in some areas of



the electrode little change occurs in others, this can be seen by comparing the
tbp and bottom portions of figures 1a and 1b. Short period roughness result-
ing from new nucleation is shown in the bottom right corner of figure 1b.
The deposit from BTA-containing electrolyte was initiated with a 0.5 sec
pulse to -500 mV vs Cu. The tip was at tunneling distance from the surface
during the initial pulse. Following the 0.5 sec pulse the potential was stepped
to -20 ﬁV vs Cu. Before Cu deposition the bare Pt surface showed a stepped
appearance with 20 A ledges and atomically flat planes in between (fig 2a).
Following the initial pulse, deposition on the Pt planes resulted in a wavy sur-
face with a period of approximately 200 A and an amplitude of 5 A (fig 2b).
This waviness is proposed to represent the island growth of the first mono-
layer of deposit. Following further deposition, the development of larger
oblong nuclei of approximately 20 A height occurs. The deposit from the
BTA-containing electrolyte did not show any faceting or long range order (fig.

2b,c) unlike the faceting shown for the BTA-free deposit (fig 1).

The propagation of edges and the long range order of the deposit from a
BTA-free electrolyte indicates growth in preferred crystallographic directions.
This preference is prevented by the action of BTA and raﬁdom growth occurs.
In the presence of BTA the Cu deposit develops from atomic height nuclei

which coalesce into larger entities.
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Figure 1.

Figure 2.
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” of electrochemically deposited Cu on Pt in

Gray scale image of

the absence of BTA. 10 mM Cuy(CIO 0.5 M NaClO,, pH = 2.
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(a) initial image at -25 mV vs Cu following 30 sec pulse to -500
mV (XBB 880-11213), (b) after additional 60 sec of deposition at

-25 mV vs Cu (XBB 880-11214). mV.
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Gray scale image of i

of electrochemically deposited Cu on Pt in

the presence of BTA. 10 mM Cu(CIO4)2, 0.5 M NaClO4, 10 uM
BTA, pH = 2. (a) initial bare Pt surface (XBB 880-11210), (b) ini-
tial image at 20 mV vs Cu following 0.5 sec pulse to -500 mV
(XBB 880-11211), (c) after additional 90 sec of deposition at -20

mV vs Cu (XBB 880-11212).
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