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Structural Properties of Sputtered MgO Films: Dielectric Breakdown and Scratch Failure

Takashi EGAMI*', Fumiya MURASE*?, Misaki TABATA *°. Ryosuke KOSONE**,
Takeo NAKANO*’, and Shigeru BABA *°

ABSTRACT : Structural properties of magnesium oxide (MgO) thin films are discussed from the dielectric

breakdown measurement. Films of MgO of about 80 nm in thickness were prepared by rf-sputtering in an

argon atmosphere at pressures of 0.24, 1.32 and 2.85 Pa. The breakdown took place suddenly in a staircase

voltage-clevation measurement. Films sputtered at low pressures had a high breakdown strength. We

observed a slow breakdown by employing the current-limitation mode. and a characteristic behavior

appeared in the /-J” profiles. As the current increased. the voltage was apt to decrease in films sputtered at

0.24 Pa, but it increased in films prepared at high pressures. The difference also appeared in the surface

morphology of the breakdown points and the mechanical damage of the films in the scratch test. The

correlation suggests that the grain boundary structure of MgO films plays an important role on these fracture

properties.
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Fig.2 The effect of sputtering pressure on the
breakdown field of Mg0 films®.
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Table. 1 Separation of two Gaussian distributions
Gr and Gs of breakdown events

Sputtering Pressure 0.24 Pa 1.32 Pa 2.85Pa

ratio of (¢ a, 0.82 0.90 0.80
mean gp [GV/m] 0.68 0.36 0.53
std. dev. op [GV/m] 0.09 0.04 0.08
mean pg [GV/m] 0.89 0.67 0.77

std. dev. g [GV/m] 0.12 0.02 0.07
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Fig.3 Cumulative frequency of breakdown field in
MgO films sputtered at 0.24 Pa (a), at 1.32
Pa (b), and 2.85 Pa (c). Each distribution
could well be approximated by the sum of a
primary Gaussian and a secondary Gaussian
at high electric fields.
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Fig.4 Some observations on the current blow-up
before the breakdown takes place in 0.24 Pa
films.
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Fig.5 Critical current for the breakdown and the

observation frequency.
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Fig.6 Breakdown processes in constant current mode
observed in Mg0 films sputtered at 0.24 Pa
(a), at 1.32 Pa (b), and 2.85 Pa (¢). Films
sputtered at low pressures do not show
voltage elevation with the current increase.
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Fig.7 SEM micrographs of breakdown points in Mg0
films sputtered at 0.24 Pa (a), at 1.32 Pa
(b), and 2.85 Pa (c). The scale indicates
10 pm.
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Fig.8 Difference in the frictional response of Mg0
films sputtered at 0.24 Pa (a) and at 2.85

Pa (b) in the microscratch test. Films
prepared at 1.32 Pa showed the same response
as that of (a).
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Fig.9 SEM micrographs of the scratched channel of
MgO films sputtered at 0.24 Pa (a), and at
2.85 Pa (b). The scale indicates 50 um.
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