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Abstract The in-situ scanning electron microscopy observation of real-time hillock evolution in pure Al thin
films on glass substrate during isothermal annealing was analyzed quantitatively to understand the
compressive stress relaxation mechanism by focusing on the effect of Mo interlayer between Al film and glass
substrate. There is a good correlation between the hillock-induced stress relaxation by in-situ scanning electron
microscopy observation and the measured stress relaxation by wafer curvature method. It is also clearly shown
that the existence of Mo interlayer plays an important role in hillock formation probably due to the large

difference in interfacial diffusivity of Al films.
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in-situ SEM, hillock, stress relaxation, Al thin film, Mo underlayer.
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Fig. 1. In-situ SEM images of the sequent hillock evolution of glass/Mo/Al film (a) at room temperature, (b) after 2 min., (c)
after 18 min., and (c) after 3 h during isothermal annealing at 194°C.
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Fig. 2. In-situ SEM images of (a) representative hillock and (b)
whisker of glass/Mo/Al film during isothermal annealing at 194°C.
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Fig. 3. (a) Hillock density, (b) hillock area of glass\Mo\Al and glass\Al films as a function of annealing time at 194°C, and (c)
hillock density and (d) hillock area of glass\Mo\Al and glass\Al films as a function of annealing time at 300°C.
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Fig. 4. Relaxed stress of glass\Mo\Al and glass\Al films as a
function of annealing time at (a) 194°C and (b) 300°C due to
hillock evolution assuming hemispherical hillock shape. The
black line is a fit by one exponent function.
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Table 1. Summary of relaxed stress and relaxation time constant of glass\Mo\Al and glass\Al films measured by in-situ hillock

observation.

Glass\50 nm Mo™~\400 nm Al

Glass™\400 nm Al

Temperature (°C) 194
Ac(MPa) 17
7(min) 416

300 194 300
55 30 95
24.5 23.1 223
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Fig. 6. Effect of annealing temperature on hillock forming temperatures: (a) annealing temperature vs. time diagram, (b) schematic
of hillocking forming driving forces, (c) in-situ SEM image during anneaing at 350°C.
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