FARXANBEDEE

This dissertation for the degree of doctor of engineering deals with the formation
of preferentially oriented Cu[l11] layer on a thin Nb diffusion barrier on Si0, The
Cu[l111] ‘layer is applicable to Si-ULSI as a reliable interconnect material with good
resistance against electromigration failure. The dissertation is comprised of six
chapters. A brief overview of Cu interconnects centering the necessity of diffusion
barriers and electromigration phenomena has been delineated in Chapter 1. A literature
review of diffusion barriers for the Cu metallization scheme, concentrating on the
formation of the [111] preferentially oriented Cu layer has been composed briefly in
chapter 2. Chapters 3 and 4 contain experimental methods' and results obtained,
respectively. Discussions related to the obtained results belong to Chapter 5.
Conclusions and suggestions for future research scopes have been pointed out in Chapter
6.

A Cu layer of [111] preferred orientation has attracted much attention as a.seed
layer of Cu interconnects in Si-ULSI, because a high electromigration resistance is
anticipated. The most effective electromigration resistance is obtained when the
closely-packed (111) plane of Cu as a fcc metal is placed in the normal direction to
the current flow direction. Thus, an appropriate barrier layer, on which Cu{111] texture
will be grown, is required on a field insulating layer to prevent Cu diffusion into
the insulating layer on Si underneath. As a thin diffusion barrier, on which a Cu[111]
texture grows, I choose Nb for the candidate, because the [110],. plane has a good
epitaxial relationship matching well with the [111],..

Thus, in this dissertation, the preferentially oriented Cu[111] texture.deposited
on thin Nb layers in different thicknesses is characterized in thin—film stacked
structure of Cu/Nb/Si0,/Si as a challenge for preparation of a Cu[l111] seed layer of
interconnects on an extremely thin barrier required from the recent trend toward
minutuarization. For example, a 10 nm thick barrier is defined for 90 nm node technology
in the International Technology Roadmap for Semiconductors.

The Cu(2007300 nm)/Nb(107100 nm)/SiO,/Si system was prepared by a tetrode
dc-sputtering system. Crystallographic orientation between Cu and Nb layers were
studied by X-ray diffraction (XRD) and transmission electron microscopy (TEM). These
analyses indicate that the Nb barrier deposited on Si0, has a strong [110] texture, and
the Cu texture grown on Nb shows a [111] single orientation. Quality of Cul111] texture
evaluated by w—rocking curve measurements depends on the Nb barrier thickness. The
@~-F¥HM value of ‘3. 04° for a Cu[111] layer deposited on a 100 nm thick Nb barrier increases
to 4.36° and 6.10° for those on 20 and 10 nm thick Nb barriers, respectively. This
is attributed to the microstructure of the Nb barrier. TEM observation indicates that.
nanocrystalline grains no larger than ~10 nm in size with rather spread [110] orientation
around the substrate normal direction is characteristic for 10 nm thick Nb barrier on
Si0,, whereas, in the 100 nm thick barrier, the well oriented columnar structure of
Nb[110] with w-FWHM value of ~6° is obtained by ordering the orientation during the
thickness growth of Nb film by coalescence of the initially nucleated:nanocrystalline
grains. On the contrary, the pronounced columnar structure of the Cu layer consisting
of sufficiently larger grains is obtained on Nb layer. Cu(111) planes are almost parallel
to the-substrate surface, however, relatively large inclination of the lattice fringes
of Cu(111) from the substrate parallel is evident on the 10 nm thick Nb layer. A very
thin interlayer of 172 nm in thickness is seen at each interface of Cu/Nb and Nb/SiO,,
as examined by glancing incidence X-ray reflectivity measurements (GIXR). The Cu[111]
orientation slightly ameliorates upon annealing. As well, the present 10 nm thick Nb
barrier exhibits good barrier properties showing scarce change in morphology and texture
due to annealing at 500°C for 1 h, sufficient temperature for post—metallization
annealing.

The extremely thin Nb films are useful as a candidate of diffusion barrier, on which
a preferentially oriented Cu[111] layer is obtained. This result will contribute to
the development of Cu interconnect technology for downscaled technology nodes.
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