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Abstract

WCN diffusion barriers has been used for Cu through
silicon via (TSV) structure. Comparing with other diffu-
sion barriers, TaN, WN and TiN, Contact resistance of
Cu/WCN/Si TSV maintains initial value within 10% de-
viation at 700°C annealing since the WCN protects the Cu
diffusion. During chemo-mechanical polishing, the WCN
offers damage free process.

1. Introduction

Cu through-silicon vias (TSVs) have been studied for 3-di-
mensional (3-D) integration to provide shorter vertical paths
for connection and enable new system architectures. Among
challenging issues for Cu TSVSs, a continuous diffusion bar-
rier is also important to protect Cu metals from diffusing out
from the vias and to keep strong adhesion to withstand
chemo-mechanical polishing process [1]. So far, TiN, TaN,
WN and RuO, have been popularly used as a diffusion barrier
[2-4]. In this work, atomic layer deposited-WCN has been in-
troduced as an alternative diffusion barrier against the Cu dif-
fusion with strong adhesion.

2. Experimental

For the TSV, 150 nm diameter via holes were prepared with
high aspect ratio of 20:1 and deposited 20nm WCN thin films
with 200 cycles of atomic layer deposition (ALD). Reactant
gas system was WFe-CHs-NH3 and the ALD process was op-
erated at a pressure of 0.5 Torr, and 250°C without plasma
enhancement. The reason we didn’t use the plasma enhance-
ment system is that good step coverage cannot be expected
with the PE-ALD in high aspect ratio via. However, WFs is
known to generate encroachment and worm hole at the Si sur-
face and the interface of Si/SiO,. To prevent such defects, we
have pre-treated the Si and Si/SiO; interface with NH3 for 20
min, forming the very thin nitride layer. In order to compare
diffusion barrier performance, TiN, TaN and WN thin films
are also deposited on vias with the same thickness as the
WCN and 30-nm-thick Cu seed layers were deposited on
these diffusion barriers, preparing Cu/WCN/Si, Cu/TiN/Si,
Cu/TaN/Si and Cu/WN/Si cylindrical TSV structures. Con-
tact resistance was measured with these different TSVs. For
the 3-D interconnection, we have spin coated 700nm thick

methylsilsesquioxane (MSQ) film, as an interlayer dielectric
(ILD) material between multi-interconnection. MSQ thin film
contains direct Si-CH3 bonds and has been proved to have ex-
cellent crack resistance for the planarization. On these MSQ
ILD, diffusion barriers such as TaN, TiN, WN, and WCN are
also deposited and thermal stability is tested at higher anneal-
ing temperature. Number of damage was investigated with
chemo-mechanical polishing (CMP) process since the me-
chanical strength, surface energy and thermal stability of the
Cu/diffusion barrier/ILD/Si structure are closely related with
the damascene process of Cu TSVs [5].

3. Results and Discussions

Since the contact resistance usually changes with post an-
nealing process, we have investigated the high temperature
reliability of 4 different Cu TSV structures [6]. Cu/TiN/Si,
Cu/TaN/Si, Cu/WN/Si and Cu/WCN/Si contact vias are an-
nealed at the temperature of 700°C for 30 min to accelerate
the reliability of the Cu TSVs. Fig. 1 shows the distributions
of 100 samples vs the deviation percent of changed re-
sistance/initial one corresponding to 4 different Cu TSV
structures. This figure reveals that how many % of TVSs are
deviated from the initial resistance after the annealing process
at 700°C for 30 min. 100 % of the Cu/WCN/Si via changes
less than 8% deviation range from the initial resistance and
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Fig. 1 Distribution of contact resistance vs percent of deviated
resistance/initial resistance
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Fig. 2 Rutherford backscattering of Cu/WCN/MSQ/Si structure at
the annealing temperatures, 600 and 700 for 30 min

The 80% of the Cu/WN/Si contacts deviates from the initial
value by 9~15%. In contrast, 75-80 % of the Cu/TaN/Si and
the Cu/TiN/Si contacts swerve from the initial resistance by
about 20 %. Serious deviations in the contact resistances of
the Cu/TiN/Si and the Cu/TaN/Si vias are due to poor perfor-
mance of diffusion barriers. It is well known that cu atoms
move through grain boundaries more easily than the amor-
phous barrier films [7]. X ray diffraction and transmission
electron microscopy reveal that the TiN is easily formed co-
lumnar pillar structure at 5~600°C and the TaN is also
changed into large grains. However, WCN maintains amor-
phous state till 800°C. The diffusion also creates voids in Cu re-
gion and causes contamination in Si to degrade electrical contact. To
confirm excellent performance of the WCN diffusion barrier on in-
ter-layer dielectric (ILD), Cu/WCN thin films are deposited on
MSQ/Si structures and annealed at 600, 700°C for 30 min. This
contamination causes leakage current of Cu/WCN/ MSQ/Si

interconnects due to the Cu diffusion into the Si and ILD layer.

Fig. 2 shows Rutherford backscattering spectroscopy (RBS)
of the Cu/WCN/MSQ)/Si after the annealing processes. In this
figure, tail of the Cu peak is obviously separated with Si and
W peaks, which means that the WCN barrier successfully pre-
vent the Cu diffusion. However, the Cu/TiN/MSQ/Si and the
Cu/TaN/MSQ/Si (RBS data are not shown here) reveal that
the Cu peak is partially overlapped with the Ta and Ti peaks
and tail of Cu is extended into Si, indicating that the Cu atoms
diffuse into the Si region. For the damascene process of Cu
TSVs, CMP has been done with 4 different Cu TSVs using
slurry and polishing pad and counted the number of damage
on accumulative number of wafers [8] as shown in Fig. 3. In
this figure, probability number of damage is the biggest in the
case of Cu/TiN/Si vias, and second one is the Cu/TaN/Si vias.
But, there is nearly no CMP damage on the wafers that have
the Cu/WCN/Si vias due to the strong adhesion of WCN.
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Fig. 3 Number of defects vs accumulative number of wafers corre-
sponding to 4 different Cu TSVs with WN, TaN, TiN, and WCN
diffusion barriers

3. Conclusions

ALD-WCN diffusion barriers has been prepared to use
for Cu TSVs. Electrical properties of 4 different Cu TSVs,
Cu/TiN/Si, Cu/TaN/Si, Cu/WN/Si, and Cu/WCN/S1 vias in-
dicate that the WCN has excellent characteristics and main-
tained stable reliability after the annealing at 700°C for 30 min
because the WCN keeps amorphous state till 800°C. And, the Cu
CMP with the WCN barrier guarantees damage free process
through 85 accumulative wafers.
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