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As a feature size decreases to aboupf, 1t is
difficult to deposit a desirable Cu seed layerightaspect
ratio damascene feature. Therefore, plating of iGactly
onto a diffusion barrier will be the most prefermdcess
choice. However, seedless electroplating of lowstiegty
Cu film applicable to deep sub-micrometer damascene
feature has been known to be difficult. In thigdsti?d
activatiort was introduced to direct Cu electroplating on
high resistivity TiN barrier to get high quality Gilm.

The substrates used were CVD TiN (180 /
PVD Ti(150 A) / Si(p-type). Pd activation on the TiN
layer was performed in an activating solution cosgab
of PdC}, 35% HCI, and 50% HF. Cu electroplating onto
TiN layers both without and with Pd activation (d&d
as substrate T and P, respectively) was performduki
electrolyte composed of 1 M,HQ,, 0.05 M CuSQ
5H,0, and DI water. PEG (Mw 3400) was used as an
adhesion promoter of the plated Cu film. Anneakihg
400°C for 30 min in a Matmospherewas processed.

Fig. 1 exhibits the electrochemical impedance
analysis (EIS) of Cu electroplating on both sultsga
The surface charge transfer resistance for suberég
much smaller than that of substrate T that meansnPd
the substrate P serves as a bridge of electrosfénan
between TiN surface and electrolyte. For Cu ptatin
substrate T, clusters are observed after sevezahds of
incubation time (less than 5 sec.). Further plaisngken
place at the existing clusters by sticking to thessulting
in anisotropic growth (Fig. 2 (a)). On the contrahe
electroplating on the substrate P showed a contisfibm
with shiny surface (Fig. 2 (b)). Accordingly, sheet
resistance (B changes during the plating process showed
different aspects as exhibited in Fig. 3. dd R; are the
sheet resistances of the samples before and after C
electroplating. Rof substrate T is not changed with
plating time due to the isolated clusters showfiin 4
(a). However, Rof substrate P showed a sudden decrease
with the plating time on account of the continwfy
plated Cu film (Fig. 4 (b)), which also contributedthe
low resistivity (3.1uQ2 [cm after annealing). The poor

adhesion between the substrate P and plated Cu was
greatly promoted with the addition of PEG. Further
improvement of adhesion strength was observed 4ft@r
C annealing at Matmosphere. Attempt to fill the

0.13um damascene structure through Pd activation was

made and the result is shown in Fig. 4 (c). Dipdating
on patterned substrate P showed discontinuousgfilli
with voids at the middle of via. However, considerihat
this is the first attempt to fill deep sub-microeret
damascene structure through the direct platingigim h
resistivity barrier, and that this plating is perfed
without additives indispensable for void-free fitlj, this
results suggest a possibility of application oféetvation
to seedless filling of sub-0p2n damascene structure.
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Fig. 1. EIS of Cu electroplating on each substrate at -500
mV vs. SCE with superimposed 5 mV AC signal.
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Fig. 3. Sheet resistance changes of electroplated Cu on
both substrate T and P according to plating times.
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Fig. 4. FESEM images of electroplated Cu for 2 minutes
on (a) substrate T, (b) substrate P, and (c) substratdP wit
0.13um patterns (Aspect ratio of 3.5).



