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Sputtering and Evaporating Ag Nanotwinned Films and their
Applications in 3D-1C and Power IC Products

Ag nanotwinned films have a (111) preferred orientation and diffusivity that is
2 to 5 orders of magnitude higher than those of (100) and (110) surfaces. For
applications in “wafer bonding” of 3D-IC front-end “Systems on Integrated Chips
(SolC)” stacking devices and back-end “Chip on Wafer on Substrate (CoWoS)”
advanced packages, and in “die attachment” of power IC modules, the processing
temperature can be effective reduced. Electroplating Cu nanotwinned film on Si wafer
and its low temperature direct wafer bonding have been reported previously in
literature. Our laboratory further successfully sputtered Ag nanotwinned films on Si,
Ge, GaAs, SiC and sapphire wafers. XRD and EBSD analyses evidenced more than
98% (111)-orientation and 64% CSL- > 3 twin boundaries. The Ag (111) nanotwins
have atomic spacing of about 0.24 nm and twin boundary pitch of 2 to 50 nm, as
shown in HR-TEM micrographs. Due to the high production efficiency and low cost
of the evaporating process in comparison with those of sputtering, we also cooperated
with Ag Materials Technology Co. (Amtc) at the Hsinchu Science Park to develop an
innovative evaporating method assisted by ion beam bombardment. With this method,
we produced high density Ag nanotwinned films on various semiconductor chips
using evaporating process for the first time ever. The applicability of our Ag
nanotwinned films has also been verified by the satisfactory direct wafer bonding
between Si/Si and die attachment between Si/DBC ceramic substrate at 100 °C.
Unlike the conventional electroplating process, our sputtering and evaporating
methods require no high speed stirring, is easy to control, and produces high quality
thin films without raising environmental concerns. Ag has the lowest stacking fault
energy of all the elements and easily forms twin structures. The diffusivity of Ag is 10
folds higher than that of Cu, which is beneficial for low temperature bonding. The
oxidation resistance and the electrical and thermal conductivity of Ag are also
superior to those of Cu, and the hardness is lower, leading to fewer voids at the
bonding interface. These advantages ensure the competitive supremacy of our low
temperature wafer bonding and die attachment techniques with sputtering and
evaporating Ag nanotwinned films in the semiconductor industry. (Provided by Prof.
Tung-Han Chuang)
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