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Abstract

Silicides have been used extensively in ULSI logic device fabrication as contact materials for the
active areas as well as the poly- Si gates. NiSi is a promising candidate for submicron device appli-
cation due to less volume expansion, low formation temperature, little silicon consumption, and
large stable processing temperature window. In this report, the microstructure of nickel silicides
fabricated with a thermal evaporator has been investigated. We observed systematic transformation
of Ni silicides of Ni.Si, NiSi, NiSi,, as annealing temperature increases. All the silicides have been
identified by a X-ray diffractometer (XRD). The cross-sectional microstructure of silicides was ex-
amined by a transmission electron microscope (TEM) equipped with a energy dispersive spectrome-
ter (EDS). The surface roughness of silicides was measured by scanning probe microscope (SPM).
Although we observed thin oxide layer existed at the Ni/NiSix interface, we fabricated successfully
550 A -thick planar Ni-monosilicide at the temperature range of 400~700°C.
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Fig. 1. XRD rocking curves of nickel silicides for
each heat treatment temperature.
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Table. 1 Rms values of surface at a given anneal-
iNng temperature.

Annealing temperature (‘C) | 300 | 450 | 850 | 900
rms roughness (A ) 98.11 107 | 229 | 229

Fig. 2. SPM topographies of surface at the anneal-
ing temperature of
(&) 3007 (b) 450°C (c) 850°C (d) 900°C
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Cross-sectional view and EDS spectra of
the specimen heat treated at 400°C
(a) TEM bright field image, (o) EDS spec-
trum from upper layer, (c) EDS spectrum
from lower layer.
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Fg. 4. Cross-sectional view and EDS spectra of
the specimen heat treated at 1000°C
(a) TEM bright field image, (b) EDS spec-
trum from upper layer, (c) EDS spectrum
from lower layer



EBFAP e Axd A Bk

Aglatol= o] mlAF2 AT 707

EDS A& BEAMZAiolt} Fig. 39 (a)olA BE
o] 400°ColA G T AHL I & 7HAE
& = AT, B 550A HTFFA L ANEAL
(c) ¢ EDS®EAA el ule} o] Nig} Si9f
oF 1:12 Z{3 NiSiZA ¥md Fdatda, 4
Hol AAE BHLE (b)ofiA vebd nle} 2ol A
gAtol =3} WhE& Bk 93 FFT Nid s &
sttt PFFA 50AE AAE NiSis ¢ 3
Bt AH B2Ug 2ok NiSiel 2R NiAjo]oj
oF 100AF79] Atglato] Exshy o= FFAF
A EE 4 4 ¥4E gt oz BdE
Ak 2y olald e Si07 EAFCE
B3l Nio] Sioz 34k o] 53lad 550 A F7 <]
NiSi7h BAA=HAES it ol A9¥ e

gasgt. Bed Nisie ERdsss A
Aol glol= kA NiSidere FAgAZ = 9l
FAA olA L 7R3 Yk

Fig. 494 XHZo] 1000CE EX 3 AW
© Nisi, 23 $3% 2% Nig M= AL 3
stdch metd Adgitol=3t FHF FF Ni
Aol o8] AAHHE particled D5 FREA
BA 87 Y3l T00°Col A FH o] AYHE
Aeel= dAje) £ Aolvt Basitn
ARG,

ont

[e]

o

P

2 du tu oo ¢

XRDEA ZHAZHE GFHANE 7|& 2HE
e AL S Wt FYEA 400~700C %=
ool NiSiE 4g A=
SPMENZEAZRE A7l doid o AjH9
FAXE7} F74EE € 5 AT gy FH
Zo) SPM& o] &3] W= Tiufo]x A 2T
A YAR=AZAlsAY & £HFFqME

g 2 =

NiSiAHHE dod)e R

0lo o
AT E

T g Aoz AT TEM# EDS #42
A2 RE 400C X 2=oA 550+ 120 A FA
2] shallow junctiono] 753k NiSivt dojd&
& 4= gldth E3) NiSix o 500 4 =9 ARy
H39] shallow junction transistordl] }-g-o] 7}

e & 5 Utk w8 oF 100AFA] Ad

T
Abstet 8i0.7F S el = &7t Nig] #ito]

Al
=
P 4R EAG ZE S5 NSIEE B8 F 3
= Ag BAEn
=
2Ate| 2

| (981-0802-014-2) ol
ool A=,

1. Y. Hy, S. P. Tay, J. Vac. Sci. Technol. A, 16
(3), (1998), 1820.

2. S. Wolf, Lattice Press, 154, (1990).

3. S. M. Sze, "VLSI Technology", John Wiley &
Sons, (1988), 380.

4. T. Ohguro, s. Nakamura, H. Iwai, IEEE T-ED’
94, (1994), 2305.

5. D. A. Tucker, D. K. Seo, Surface science 334,
{1995), 179.

6. V. Probst, H. Schaber, A. Nitwalsky, J. Appl.
Phys., 70 (2}, (1991), 708.

7. H. Jiang, C. M. Osburn, P. Smith, J. Electro-
chem. Soc., 139 (1), (1992), 196.

8. National Technology Roadmap for Semicon-
ductors, (1997), 80.

9. E. G. colgan, Thin solid films. 279, (1996),
193.



708 PR EAFTNY A2 A6S 1999

10. A. lauwers, Q. F. Wang, B. Dewerrdi, and K.
Maex, App. Surf. Sci. 91, 12, (1995), 1820.

11. K. Maex, Mater. Sci. and Eng., R11, (1993), 2.

12. F. Deng, R. A. Johnson, P. M. Asbeck, J. Appl.
Phys. 81(12), (1997), 8047.



