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Reduction of Electromigration in Aluminum Films

by Copper Doping

Abstract: We have found that the lifetime of aluminum films subjected to high current densities at elevated temperatures can be
increased by the addition of copper. Previous studies have indicated that the failure mechanism is a combination of electromigration-
induced phenomena, including nucleation and growth of voids, which are gated primarily by material transport along grain boundaries.
On the basis of the present study, it appears that the presence of copper causes an appreciable retardation in the rate at which this
overall combination of processes takes place, thereby producing a considerable increase in lifetime.

Introduction

Electrical “opens” due to material depletion can occur
in thin aluminum films that have been subjected to
current flow for extended periods of time. Such a
mode of failure has received particular attention dur-
ing the past few years because of its relevance to thin-
aluminum-film conducting stripes, which are in wide-
spread use in planar semiconductor devices and
integrated circuits. Thus far, experimental studies! have
indicated that although the failure ultimately occurs as
a result of the catastrophic growth of voids, the initial
nucleation and growth stages of the voids are gated
primarily by grain-boundary electromigration. Related
electromigration effects in bulk aluminum have also
been reported.? Our observations indicate that the oc-
currence of such failure can be retarded appreciably
by means of copper doping.

Sample preparation

The films used in this study were prepared by vacuum
deposition onto thermally oxidized silicon wafers. The
deposition system contained a multiple-position rf-heated
source, so that both aluminum and copper layers could
be deposited within one pump-down cycle.® The sub-
strate temperature was maintained at 200°C during
film deposition; the ambient pressure was of the order
of 1077 Torr. Aluminum deposition, from BN-TiB,
crucibles of the type described by Ames et al.,* was
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carried out at a rate of about 20 A/sec. Copper doping
was achieved by depositing a 3000-A-thick aluminum
layer, followed by a layer of copper and a second
3000-A aluminum layer, and subsequently annealing
the composite film in N, for 20 minutes at 530°C.
Control films, the structural properties of which have
been described elsewhere,” were prepared similarly
except that no copper was used.

To facilitate studies at high current densities, the
films were photoprocessed into 0.3-mil X 10-mil stripe
patterns containing considerably enlarged terminal areas
for voltage- and current-lead attachments. The wafer
material containing the stripe patterns was diced into
75-mil X 75-mil chips, then bonded to modified TO-5
type headers by means of a conductive epoxy. Electrical
contact to the stripes was made through ultrasonically
bonded 1-mil-diameter Al wires. A typical stripe pre-
pared in this manner is shown in Fig. 1. Five wires
were bonded at each terminal, four for use as current
leads and the fifth as a voltage lead.

Accelerated life testing

The resistance of a stripe could thus be obtained under
conditions approaching the usual four-terminal manner
and the average temperature rise during testing at high
current-density levels could be estimated by using the
stripe as its own resistance thermometer. (Calculations
by Chhabra and Ainslie® had indicated that if the
temperature rise due to self-heating was small in com-
parison with the ambient temperature, the stripe could
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