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Investigation of diffusion mechanism in supercritical fluid and application to
multi-scale mateial systems
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This study deals with Cu agglomeration and diffusion that occur in Cu thin films
during annealing in supercritical CO02 fluid. Cu was deposited by using direct current magnetron
sputtering on trench-patterned substrates. Annealing was performed in different atmospheres, namely, pure
C02, CO02 mixed with H2, C02 mixed with hexafluoroacetylacetone (Hhfac), and C02 mixed with H2 and Hhfac.
The consEicuous agglomeration of Cu films was observed after annealing in the H2-mixed supercritical C02
fluid. This is because Cu diffusion is accelerated by reduction and oxidation that proceed simultaneously
on the Cu surface. In addition, Cu agglomeration during supercritical C02 annealing can be prevented by
using a suitable interlayer between Cu films and glass substrate.
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Fig.1 Schematic diagram of the equipment
used for supercritical CO, annealing.
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(a) (b)
Fig.2 Cross—sectional SEM images of Cu
thin films deposited to a nanotrench (a)
before and (b) after annealing in scCO; +
H, + Hhfac environment.

(b)

Fig. 3 SEM images of surface of Cu films (a)
before and (b) after annealing in scCO, +
H, + Hhfac environment.
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(a) (b) (c)
Fig.4 Cross—sectional SEM images of Cu
films annealed in (a) (pure) scCO, (b)
scCO, + Hy,, and (¢) scCO, + Hhfac
environments.

(a) (b) (c)
Fig.5 Top-view SEM images of Cu films

annealed in (a) scC0, (b) scCO, + Hy, and
(c) scCOy + Hhfac environments.

(3) CuIEDOEEIZI T DL - ZL D&
£l
RBEGEFFRPIC I 1T D Cu MIEDOEEE A
= A LEHMET D20, HimAE M
(TEM) 72 & QNZ &A% E 1 B8
(STEM) Z FWN7= 34 Cu Rioo@i%%, STEM fF
JB DT RV — S ER X By edEE (EDX)
W2 X ARSI 21T > 7-. Fig.6 12, scC0,
F7 =— U L > THE SN Cu hid TEM
Wri {4 722 & QN STEM-EDX ~ v 7' &/~d. #A
SRR 7 = — i k- TR S b
K Cu ORI — Tl <, CukiziE o4t
JEzE W a Ly T A NEAT O, 2L
THEICIERW a2 > v T 2 &3 5N
BERSN., ZOmary T A MEBILCu & 0
TR S, K= b T A ML Cu THERK
ENDHZ & STEM-EDX Z#ric L v BA & 25
oot XBIT, FO 0 PEEEHEERIT,
Cu/FAEIZ bR STV, Tt
Cu HIEOSHE & 0IRADFFFGEZ Y, &5
(2 Cu KM F M L2 RN 0 228 S Ed
HBILEERLTWAHEEZLND.

Agglomerated Cu

Fig. 6 Cross—sectional (a) TEM bright-
field image and (b) STEM-EDX map of an
agglomerated Cu formed by annealing in
scC0O; + Hy environment.
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Fig. 7 SEM images of surface of Cu films
annealed in scCO; + Hy environment
(a) Cu/Ni/glass stacks. (b) Cu/Fe/glass

stacks.
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Table 1 Average adhesion strengths (mN) of
Cu/interlayer/glass stacks before
supercritical annealing

Cu/Ni/glass Cu/Fe/glass
>500 1.8
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