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Room-temperature annealing effects in nanoscalpesop
metallization are the subject of considerable @gemand
investigation. We have previously reported reaktim
atomic force microscopy (AFM) observations of
spontaneous  morphology  changes (SMC) in
electrodeposited copper films that occurred suddenl
during room temperature aging after an incubatieriogl
typically in the range of 30 — 120 minutes. We dav
proposed that outdiffusion of excess vacancies causes a
volume contraction in the near-surface region legqdd

the development of the SMC. A systematic stdayf the
effects of annealing time and temperature on the
incubation period for SMC yielded an activation m®gye

of 0.48 eV for the incubation process. This valse
comparable to the (grain boundary) migration enesfly
excess vacancies in copper. Additional experimental
evidence supporting the SMC phenomenon in
electrodeposited copper films has been obtained fro
differential scanning calorimetry anih situ electrical
resistance measurements

In this paper, we report an extension of our sttmly
electrodeposits on single-crystal copper. Two typés
substrates were used: 1-mm thick <001> single-atyst
copper plate and cold-rolled copper annealed at@&dr

1 hour in hydrogen to give large-grained (20~40 pm)
<001>-textured sheets. The substrate surface was
electropolished prior to copper deposition. Coppas
galvanostatically electrodeposited at 15 mA“from a
stirred room-temperature bath of 0.25 mol HeusSQ
and 1 mol drif H,SO, AFM images were taken
repeatedly over the same area during room-temperatu

aging.

Fig. 1(a) is an AFM image a 30-nm thick film taken
between 1,835 and 2,255 seconds after the end of
electrodeposition. The surface topography clearly
indicates that the film has grown epitaxially oneth
substrate which has a well-defined pyramidal stmact
characteristic of the {001} surface. The crystaiea are
seen to be very smooth and featureless, excepoime
small round particles distributed uniformly overeth
surface. All AFM image taken from the end of depos

up to 1,835 s had a similar appearance.

An AFM image taken between 2,300 and 2,720 s is
shown in Fig. 1(b). It reveals a dramatic changehie
surface structure, closely-spaced fine lines having
appeared suddenly (within ~45 s) around each pyrami
the form of a contour. Similar results were albserved

for copper films grown on the surface of large-geai
<001>-textured copper substrates.

We will discuss a proposed mechanism for the agpear
of these periodic contour lines. As in the éasfeSMC in
polycrystalline copper films, the most plausible
mechanism is outdiffusion of excess vacancies &dpp

the deposit. The volume of freshly-deposited filiss
slightly expanded, because such films often coradirgh
(up to few atomic percett concentration of excess
vacancies. These excess vacancies are highly mabile
room temperature and thus they are rapidly annédlat
the film surface and grain boundaries. This cansea
preferential shrinkage inducing a gradient of tlensiress
in the near-surface region. Thus the contour lines
thought to represent periodic surface relief patién the
form of cracks/steps, which are formed to reliesastle
stress developed as a result of surface annihilabib
excess vacancies trapped in the film.

REFERENCES

1. D. N. Buckley and S. Ahmedlectrochemical &
Solid-Sate Letters 6, C33 (2003).

2. S. Nakahara, S. Ahmed, and D. N. Buckley,
Electrochem. Solid Sate Lett. 10, D17 (2007).

3. S. Ahmed, D. N. Buckley, S. Nakahara, T. T. Alm
and Y. Kuo,J. Electrochem. Soc. 154, D103 (2007)

4. S. Ahmed, D.N. Buckley, S. Nakahara, and Y. Kuo
Mat. Res. Symp. Proc. 863, 209 (2005).

5. S. Ahmed, T. Tanaka Ahmed, D. N. Buckley, G.
Gooberman, and S. NakahaE&S Trans. 2, 229 (2007).

6. Y. Fuijiki, J. Phys. Soc. Japan 14, 1308 (1959).

,2565 SEC.
00 SEC.

7 min.

Fig. 1. AFM images showing a spontaneous morphology
change (SMC) in a 30-nm copper film electrodepdsite
epitaxially on a {001} single-crystal copper sulbstr.
Both images show the same area. The image in (8) wa
taken at 1,835 - 2,255 s and the image in (b) 20Q@;
2,720 s after the end of electrodeposition.



