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47. EFT (F R P /1% ) —Experimental study of

Electro-elasto-capillarity: Electric field driven unwrapping of water
drop with elastic film

Elasto-capillarity has drawn much of scientists’ attention in the past
several years. By inducing electric field into the droplet, the
encapsulation and release procedure can be realized and we call it
electro-elasto-capillarity (EEC). EEC offers a novel method for
micro-scale actuation and self-assemble of moveable devices. It also
provides a good candidate for the drug delivery at micro- or nanoscale.

In the experiment, tiny salty droplet is placed on the surface of a
flexible thin (70 pm thick) polydimethylsiloxane (PDMS) film. The
elasto-capillary length, Lgc, of the system is calculated as

D (1)

where D, y and 6 are the bending stiffness of the film, surface tension of
the droplet and contact angle of film, respectively. For this system Lgc =
0.44 mm. Since the length of the film is larger than Lgc, the film wraps
the droplet spontaneously with its surface tension (Fig. 1).

In EEC, when applied with electric field, the PDMS film tends to
unwrap the drop because of the joint effect of Coulomb force, surface
tension and elastic force (Fig. 2). When the voltage reaches a critical
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value, about 650 V in this experiment, the film is pulled-in to the
substrate and release the droplet completely.

Theoretically, when the voltage reaches pull-in value, the energy of
system contains elastic strain energy, surface energy and electric field
energy. Due to the conservation of energy,

1D 1. L.
Loz t3C M =G, (2)

where L, D, C, y and R are the length of the film, stiffness of the film,
capacitance of system, surface tension of the liquid and the radius of the
drop, respectively. C,. is measured to be 13 pF experimentally, since the
irregular shape of the system complicates the theoretical solution.
Consequently, the pull-in voltage solved from the equation is about 311V,
which is in the same order of magnitude with the experimental value.

Fig. | PDMS film encapsulates the drop. Fig. 2 Electro-elasto-capillariy

48, ZTEE (FHK%) —Thermal fatigue behavior of Au
interconnect lines

With dramatic reduction of the size of microelectronic devices, the
characteristic width of interconnects in large-scale integrated circuits
has reached 45 nm. Such small interconnects will inevitably suffer
thermal fatigue damage because of temperature swings while working in
circuits. In this paper, thermal fatigue behavior of Au interconnect lines
with 20 m long, 35nm thick and 500nm-100nm wide was investigated
by using alternating current to generate cycling temperature and
strain/stress. Compared to the fatigue experiments, the fatigue mechanism

in the interconnect lines was also discussed.
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