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Coverage of Copper Thin Films Deposited on the Sidewall of Through-silicon Vias
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Supercritical fluids are high-pressure media possessing both high diffusivity and solvent capability. Metal thin films can be deposited in

supercritical fluids from an organometallic compound (precursor) through thermochemical reactions. In this study, copper thin films were
deposited in silicon microholes of 10 um diameter and 350 um depth to the fabricate through-silicon vias (TSVs) used in three-dimensional

silicon integrated circuits. The fabrication temperatures and pressures were varied respectively within 180 —280° C and 1 — 20 MPa, respec-

tively. The maximum coating depth decreased with deposition temperature, although a peak maximum of the depth was observed at around

10 MPa. The dependence of temperature and pressure on the coating depth was discussed using a Thiele model, which describes the balance

between diffusive transport and consumption of the precursor. The model results and experimental results showed good agreement. Diffu-

sion constants of the precursor in the silicon microholes were estimated from the observed maximum coating depths.
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Fig.1 Schematic diagram of deposition apparatus.
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Fig.2 Cross-sectional optical micrographs of specimens. Substrate thickness is 420 pm. Arrows indi-

cate coating thickness.
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Fig.3 Temperature dependence of coating thickness.
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Fig.4 Cross-sectional SEM images of a specimen processed at 10
MPa and 240°C.
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Fig.5 Comparison of cross-sectional SEM images of hole entrances for
specimens processed at 10 MPa. Arrow indicates abrasives.
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Fig.6  Pressure dependence of coating thickness.
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Fig.7 Temperature (a) and pressure (b) dependences of deposition
rate for blanket Cu films.

ZA
]

S

REFXAM

dx \ZILERCIRA T R ORI, HERE R D & L THAL
A EPA)
dc

- 7R*D—
dx

X

Thbo T TxFMFHOEMTAMNIY =0, CIIEF
DEFEIRETH %o Wi

2
dc dCt%
dx X

—7R’D== dc

=7R’D| —
[ dx

+

X

2

X+dx

THhho —HEIFERT L) ITEEEZIZREOHET,
he GO B L, BNEROEREICHERMT 2WHEE S1Z

-
—

S =27p,, RG(C)dx

Thbo T2 To FHERMWEOHRMENVEEZTH L, C%

BEUGRTLY, HAEROKEENVEEZ prua & LT, B/NE

Fdh72) DT 0 L &b L GEFIRE),
dc

RpﬂuidD dxz

DT Do Adx=0I12BT 2 EBIEREEZ C, KEix =
350um THRBERFMGOD ETCINZHOTHEENOE
FEr A & BB B B REE 2 R 7. SLEARELE,
Chapman-Enskog D 3% 70 & J5E T & % Cu(dibm), 2% CO, D
FEIHRT 2HEOMWEE MR L THY, BEpp 3FETTIC
BIF 5 CO, D% 7z,

— 2P G(C)=0

Intensity (arb. Units)

e @

=
n

10
Energy (keV)

4 Si

Intensity (arb. Units)

10
Energy (keV)

Fig.8 EDX analysis of a deposited film.
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Fig.10 Numerical estimation of diffusion coefficient as a func-
tion of pressure.
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