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Abstract: T he barrier to the copper diffusion is one of the key technologies in copper metallization. A novel barrier

has been presented, which is a thin film of silicon oxynitride formed by implanting nitrogen into PECVD silicon

dioxide. The method proved highly effective to block the copper diffusion after high frequency €4 measurements

at different BTS ( Bias T hermal Stress) conditions and the XPS ( X-ray Photoelectron Spectroscopy) analysis. Fur—

thermore. this method has the advantage of simplifying the damascene process of copper metallization, which has

also been analyzed and discussed in detail.
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1 Introduction

As the devices are continuously reduced in
size, the RC delay of the ULSI interconnection
system becomes one of the crucial limitations on IC
performance. As a result, a more reliable metal-
lization scheme is badly in need. Copper intercon—
nect is a promising replacement for the convention-
al Al and its alloys'". However, owing to the im-
portance of the interconnection of copper with con-
tacting materials in multilevel metallization
schemes, it should be demonstrated before its be—
ing utilized in certain applications. T ypical dielec—
tric materials such as silicon dioxide (SiO2) are not

P Further—

effective barriers to copper diffusion
more, any movement of copper into the substrate

via drift or diffusion could degrade the leakage cur-
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rent of devices. Copper, a deep level dopant in sili-
con, can form several acceptor and donor levels
within the forbidden band gap, which act as gener-
ation-recombination centers and can induce the
leakage currents. So, the barriers to copper diffu-
sion is a key technology in copper interconnection
in ULSL.

[n recent researches, the barriers to copper
metallization can be divided into two categories,
electric barriers and dielectric barriers. Some re-
fractory metals and their nitrides as electric barri-
ers, including Ta, W, TaN and TiN, have been
extensively investigated ™. Among these, Ta,
having been reported to seed the growth of (111)
Cu, has proved to provide an enhanced electromi-
gration resistance as well as the improved adhesion
and diffusion barrier properties. In addition, Ta is

also found not easy to be removed by CMP (Chem-
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ical Mechanical Planarization). The overall IC-
technology can be simplified if sufficient dielectric
barriers are available!”. PECVD silicon nitride has
been reported to be an effective dielectric barrier to

' though it is not very useful due

copper diffusion
to the high dielectric constant.

By implanting nitrogen into silicon dioxide, a
thin film of silicon oxynitride is formed, which is
the novel dielectric barrier to copper metallization

we presented in this paper.

2 Experiment

Cu-gate MIS capacitors samples were fabricat—
ed on P-type silicon substrate ( 100) with P of 30
Q * cm, as was illustrated in Fig. 1. First, 50nm
Si02 was grown by PECVD at 280C to meet the
requirements of low-temperature process in ULSI
interconnections. Then, the samples were divided
into two groups: A and B. With low implant ener—
gy of 10 keV and dose level of 3X10"cm™?, nitro-
gen was implanted into the 50nm SiO: film of sam-
ples A. which had been annealed at 400°C in nitro—
gen for 30min to activate the implanted ions. For
the sake of contrast, no nitrogen implantation nor
thermal annealing were performed on samples B.
Finally, 50nm Cu-dots with diameter of lmm were
formed by DC sputtering Cu onto all the samples in
group A and B, with the DC sputtering power of
60W and at the Ar gas flow rate of 18. Iscem. At
last, the fabrication of Cu-gate MIS capacitors was

finished.

PECVD S0,(50nm ) with or Without
Nitrogen Implanted

Silicon Substrate

FIG. 1

Cross—Section of Samples

To investigate copper diffusion in PECVD

SiO2 with or without nitrogen implantation, the

samples were characterized by high frequency CV
measurements at different BTS ( Bias Thermal
Stress) conditions. Besides, XPS ( X-ray Photo-
electron Spectroscopy) was carried out to analyze
the thermal reliability of the dielectric barriers to

copper diffusion.

3 Results and Discussion

3.1 (C-V Measurements

The C-V measurements can quantify the di-
electric charges in MIS (M etaldnsulator-Semicon-
ductor) systems with high sensitivity. The dielec—
tric bulk and interface charges can affect the sur-
face inversion in the semiconductor substrate and
thus the C¥ characteristic is modified. Cu" drift
in PECVD Si0: film with and without the nitrogen
implanted will be evaluated by using BTS and CV
analysis, respectively.

The C-V shifts can be quantified by changing
the flatband voltage, AVes. Uncompensated posi-
tive charge in the dielectric, Cu’ as an example,
makes Ve more negative because it induces a nega-
tive image charge in the Si surface. To remove this
image charge and restore the flathand condition,
negative charges must be added on the gate.
Hence, Vis becomes increasingly negative as more
positive charges are introduced into the dielectric.
The amount of Cu” charges drifted into the dielec—
tric can be estimated by measuring the flatband
voltage shifts, AVrs. Assuming that the Cu ions

have drifted to the Si02/Si interface. the Cu’ con-

centration per unit area, [Cu™]. is'"!
. Cox

[Cu" ] = - ﬁﬂ‘/]-‘n
q

where Co is the dielectric capacitance per unit area
and ¢ is the eletronic charge.

Table 1 shows a comparison of flatband shifts
between the samples under different BTS condi-
tions. It can be seen that under BTS of 10V,
200°C and S5min. AVrs of Cu/Si02/Si is much high—

er than the others, which demonstrates the pene-
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tration of Cu” ions into PECVD SiO2. When the
bias voltage is - 10V, AVes becomes - 0. 9V,
which is much smaller than - 5. 6V but higher
than the others. This indicates that less Cu” ions
are penetrated into PECVD SiO: due to the positve
When the PECVD SiO: film has

been implanted with nitrogen, AVrs becomes very

charge of Cu’.

low at BTS of £ 10V, 200C and 5min, which
demonstrates that almost no Cu” ions have drifted
The PECVD SiO:2

film with nitrogen implanted is very effective to

to the insulator/Si interface.

block the copper diffusion.

Table 1 AVys of Samples Under Different BTS Conditions
BTS ( Bias Thermal
10V, 200°C, Smin |- 10V, 200°C, Smin

Stress) Condition
Cu/Si02/Si AVrs - 5.6V - 0.9y
Cu/Si02 ( Nitrogen

- 0.4y -0.2v
Implanted) /Si AVrg

3.2 XPS Analysis Results

Special samples with 20nm copper film thicker
than 50nm copper—dots have been fabricated, for
the sake of convenience of XPS analysis. Figure 2
gives the results of XPS analysis on the samples
with and without nitrogen implanted, which have
been thermally stressed at 300C for 30 min. As
for the samples without nitrogen implanted, cop-
per ions can penetrate through the dielectric layer
and some of them arrive at the silicon substrate,
while no copper ions will drift to the insulator/Si
interface if the PECV D SiO: film is implanted with
nitrogen. The XPS analysis results are consistent

with the results of C4 measurements above.
3.3 Discussion

Damascene process'® is the conventional
method in copper metallization because it can not
only overcome the poor dry-etchability of Cu, but
also achieve the global planarization, in which, in-
terlevel dielectric is deposited; the trenches and
pads are patterned by Reactive Ton Etching(RIE);
and diffusion barriers (which are electric barriers

conventionally) and Cu are deposited sequentially.

A Novel Barrier to Copper Metallization by Implanting -+ 273
25— H H
i-q—r“ ] Layer -
® ; :
2}
1.5
EI.D - H
0.5 '
H ———— -
0.0 1 i 1 " " n " M
20 30 40 50 60 70 80 90

FIG.2 XPS Analysis Curves of Copper Concentration
Versus Depth After Stress of 300°C for 30min

Then the excess Cu and barrier layers in the filled
region are removed by CM P, as is no longer neces-
sary if we use the dielectric barriers instead of elec—
tric barriers. If the silicon nitride or silicon oxyni-
tride is deposited by PECVD to remove the excess
dielectric layer at the bottom of the via and the di-
electric layer of silicon oxynitride is formed by im-
planting nitrogen into SiO2, only one mask is need—
ed, so the process will be simplified greatly. The
layer of silicon oxynitride will be formed selectively
at the point where SiO2 deposites (shown in Fig.
3). No silicon oxynitride exists at the bottom of
the via, nor no more mask is needed, so the pro-

cess can be simplified.

FIG. 3 Silicon Oxynitride Formed Selectively

in Damascence Process

4 Conclusion

Copper interconnect is a promising replace—
ment for the conventional Al and its alloys with the
development of deep sub-micron integrated cir—

cuits. The fabrication of barrier to copper diffusion
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is one of the key technologies in copper intercon—  [?2]
nection. A novel barrier was presented in this pa- (3]
per by implanting nitrogen into PECVD silicon
dioxide and forming a thin film of silicon oxyni- [ 4]
tride. It has proved highly effective to block the
copper diffusion after high frequency C+ measure- [ 5]
ments at different BTS conditions and the XPS
analysis. If the novel barrier is adopted in the Lol
Damascene process, the process will be simplified (7]
by forming dielectric barrier layer selectively.

[8]
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