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Abstract

A flowable oxide, supported by Dow
Corning Corporation (FOx-16), is one
kind of hydrogen silisequioxane (HSQ)
low dielectric constant material, which
can successfully suppress Cu diffusion
without barrier metal by using NH,
plasma treatment. After NH, plasma
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treatment, the hydrogen silisequioxane
film with lower leakage current and
bette- barrier ability was achieved. This
film almost keeps the same dielectric
constant after different plasma exposure
times. The decrease in leakage current
with more exposure time is due to a
higher density of HSQ film is achieved
after NH3 plasma treatment. The better
barrier ability is due to a thin nitride film
formed on the dielectric.
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Smaller feature size devices fabri-
cated on large dies, longer transmission
lines and more closely spaced intercon-
nects, result in longer resistance-
capacitance (RC) time delays which will
bring further challenge on the semicon-
ductor industry. Integration of materials
with lower dielectric constant and cop-
per fim with lower resistance into de-
vice is needed to reduce interconnection
delay and to improve device perform-
ance. Currently, the leading candidate
for the metal alternative is Cu, and per-
haps Lydrogen silisequioxane (HSQ) for
the dizlectric. However, the diffusivity

of Cu in HSQ is rather high. The degra-




dation and transport of copper is through
its oxidation and diffusion/migration of
ions. Cu interconnects need a barrier
layer around them to prevent the diffu-
sion to the interlayer dielectric. The Cu
diffusion will cause dielectric to failure
and lead to significantly increase in
leakage current. The improvement of
reducing Cu diffused into dielectric is
our goal in this study.

The H, annealing and H, plasma
treatment are used to improve the leak-
age current of low-k materials.[1] How-
ever, the barrier ability against Cu is still
unsatisfactory. An excellent barrier abil-
ity is achieved by formation of a thin
barrier layer of SiON on the surface of
SiOF film.[2] Numerous authors[2-3]
showed that the barrier metal free
structure especially reduced the resis-
tance in fine patterns. D.S. Gardnes et
al.[4] also showed that using a thin SiN
layer as a barrier layer could obtain a
lower RC delay time than using a re-
fractory metal.

Flowable oxide (FOx-16), a kind
of spin-on HSQ, is a low k material used
in this study. In this letter, a thin nitride
film on the surface of HSQ by NH,
plasma treatment is achieved. The re-
sults will show much greater improve-

ment than as-cured sample.
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Figures 1 (a) and (b) show the Fouri-
er transform infrared (FTIR) spectra of
cured FOx-16 after NH; and H, plasma

treatment in different exposure times,

respactively. This figure indicates that
the cage-like Si-O bond starts to convert
to network structure after NH; or H,
plasma treatment, i.e., HSQ film be-
comes densier after plasma treatment.

Figure 2(a) shows the leakage cur-
rent density of MOS capacitors. A de-
crease in leakage current after NH,
plasma treatment can be observed. This
result is similar to the samples after H,
plasma treatment in Fig. 2(b). After
more plasma treatment, the leakage cur-
rent decreased further with increasing
plasria exposure time. The passivated
dangling bonds in the SOG cause a de-
crease in leakage current with increasing
plasra exposure time. Hydrogen passi-
vatec. played a major role of decreased
leakage current, while the previous
work]1 found an increase in leakage cur-
rent after N, plasma treatment.

Figure 3 indicates that the electrical
breakdown field (Egp) distribution of the
samples after NH; and H, plasma treat-
ment HSQ shows a great improvement
of brzakdown voltage after NH, plasma
treatrient. From secondary ion mass
spect-ometer (SIMS) analysis (not
shown here), we found that the copper
diffused into HSQ at 400°C. On the oth-
er haad, after NH, plasma treatment for
10 min, the HSQ film almost keeps the
same profile as as-deposited sample. We
also measured the electric field of Al
gate. In this case, the as-cured HSQ
samp.e shows the same level of electric
field as NH, plasma-treated HSQ. When

the elzctrode was changed to Cu, the as-




cured sample demonstrated significant
degradation as shown in Fig. 3. There-
fore, we suggested that the Cu must be a
major cause of leakage current. The
formation of nitride film on the surface
of SOG causes a higher breakdown volt-
age and better barrier ability. SIMS
analysis shows that the thickness of ni-
tride film on the HSQ is 35 nm after
NH, plasma treatment for 10 min. Ni-
tride film is the best barrier material
against the impurity diffusion. From x-
ray photoelectron spectroscopy (XPS)
analysis, we found a strong peak of Ny
at 398 eV and a weak peak of N4 at
403.5 eV. We suggest that the mecha-
nism of our nitride should act as passive
diffusion barriers.[5]

Figure 4 shows that the dielectric
constant varies with different plasma
exposure times. It also shows that the
dielectric constant of HSQ increases at
beginning from the as-cured value of 2.7
and follows a slight decrease with more
exposure time. This implies that the thin
nitride film only formed on the surface
of SOG and the NH; plasma treatment
provides hydrogen to passivate the dan-
gling bonds in the SOG resulting the
reduction of dielectric constant.

The time to failure (TTF) stress can
be used as an indicator of barrier quality.
The effect of electric field on copper
transport when the temperature was
measured at 150°C. Initial decrease in
the leakage current is similar to the sam-
ples of Cu on oxide or nitride as shown

in Fig. 5.[6,7] This decrease in leakage

currznt is due to the injection of mobile
ions of Cu into the dielectric. The injec-
tion of ions leads to charge build-up in
the dielectric and to oppose further in-
jection. It results that the leakage current
reduces continuously until it matches
with the electron injection from backside
elecrode. In this figure, the TTF stress
of SOG was found that the sample after
NH, plasma treatment shows much
greater improvement than as-cured sam-
ple. Even applying two times electric
filed to the NH; plasma sample, it still
shows much longer TTF time than the
as-cured and H, plasma samples. Finally,
in the breakdown stage, the NH, plasma
treated sample shows an abrupt break-
down without gradual increase in leak-
age current which is similar to oxyni-
tride in the other reports.[4] The “self-
heal:ng” phenomena (the leakage cur-
rent spikes up and down) are sometimes
observed in TTF testing. These phe-
nomena are due to non-uniform diffu-
sion of copper.[6] Based on the above
data, the NH; plasma treatment is an
excellent method to improve the quality
of HSQ.
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Fig. 1 FTIR spectra of cured HSQ after
(a) NH, plasma treatment (b) H,
plasma treatment for different expo-

sure times.
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Fig. 2 The leakage current density of

In(-In(1-F))

HSQ after (a) NH, plasma treatment
(b) H, plasma treatment for different

exposure times.
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Fig. 3 Weibull plot of MOS structure’s
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electrical breakdown field (Egp) dis-
tribution after different plasma

treatment conditions.
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Fig. 4 The variation of dielectric constant

after different plasma treatment con-

ditions.
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Fig. 5 The RBS spectra of two annealed struc-
turss. (a) Cu/typical CVD-W/Si, (b) and
Cu’'WNx/W/Si multilayers.



