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Microstructure Characterization for Nano—thick Nickel Cobalt Composite
Silicides from 10 nm-NiosCoos Alloy Films
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Abstract

We fabricated thermally-evaporated 10 nm—Ni/(poly)Si and 10 nm-NipsCoos/(poly)Si structures to
investigate the microstructure of nickel silicides at the elevated temperatures required for annealing.
Silicides underwent rapid annealing at the temperatures of 600~1100 C for 40 seconds. Silicides
suitable for the salicide process formed on top of both the single crystal silicon actives and the
polycrystalline silicon gates. A four-point tester was used to investigate the sheet resistances. A
transmission electron microscope and an Auger depth profilescope were employed for the determination
of vertical microstructure and thickness. Nickel silicides with cobalt on single crystal silicon actives
and polycrystalline silicon gates showed low resistance up to 1100 C and 900 T, respectively, while
the conventional nickle monosilicide showed low resistance below 700 C. Through TEM analysis, we
confirmed that a uniform, 10~15 nm-thick silicide layer formed on the single-crystal silicon substrate
for the Co-alloyed case while a non-uniform, agglomerated layer was observed for the conventional
nickel silicide. On the polycrystalline silicon substrate, we confirmed that the conventional nickel
silicide showed a unique silicon-silicide mixing at the high silicidation temperature of 1000 C. Auger
depth profile analysis also supports the presence of this mixed microstructure. Our result implies that
our newly proposed NiCo-alloy composite silicide process may widen the thermal process window for
the salicide process and be suitable for nano-thick silicides.
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Mlustration of the experimental procedure.
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(a) Ni/Single-Si, 700 C

(b) NiosCoos/Single-Si, 700 C

a8 3. 700 T €48 AfAlel= AlHe TEM
olm A (a) 10 mm—Ni/Single-Si and (b)
10 nm-NigsCoos/Single-Si.

TEM images of the silicide layer from
(a) 10 nmm-Ni/Single-Si and (b) 10 mm-
NiosCous/Single-Si structure annealed at
700 C.

Fig. 3.
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Fig. 4. TEM images of the silicide layer from
(a) 10 mm-Ni/Single-Si and (b) 10 mm
—NiosCo05/Single-Si  structure annealed
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TEM images of the silicide layer from
(a) 10 mm-Ni/Poly-Si and (b) 10 nm-
NiosCoos/Poly—-Si  structure annealed at
700 TC.
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(a) Ni/Poly-Si, 1000

(b) NiosCoos/Poly-Si, 1000 T

a3 6. 1000 T X Hgalel= AJHAe TEM
o[vA] (a) 10 nm-Ni/Poly-Si and (b) 10
mm-NiosCoos/Poly-Si.

TEM images of the silicide layer from
(a) 10 nm-Ni/poly-Si and (b) 10 nm-
NiosCous/poly-Si  structure annealed at
1000 C.

Fig. 6.
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