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Abstract Uniform polycrystalline CoSi, layers have been grown in situ on a polycrystalline Si substrate at
temperature near 625°C by reactive chemical vapor deposition of cyclopentadienyl dicarbonyl cobalt, Co(r’-
CsH5)XCO).. The growth behavior and thermal stability of CoSis layer grown on polycrystalline Si substrates
were investigated. The plate-like CoSi; was initially formed with either (111), (220) or (311) interface on
polycrystalline Si substrate. As deposition time was increasing, a uniform epitaxial CoSi, layer was grown from
the discrete CoSi, plate, where the orientation of the CoSiy layer is same as the orientation of polycrystalline
Si grain. The interface between CoSi; layer and polycrystalline Si substrate was always (111) coherent. The
growth of the uniform CoSiy layer had a parabolic relationship with the deposition time. Therefore we
confirmed that the growth of CoSi; layer was controlled by diffusion of cobalt. The thermal stability of CoSi,
layer on small grain-sized polycrystalline Si substrate has been investigated using sheet resistance
measurement at temperature from 600°C to 900°C. The CoSi; layer was degraded at 900°C. Inserting a TiN
interlayer between polycrystalline Si and CoSi; layers improved the thermal stability of CoSi; layer up to 900°C

due to the suppression of the Co diffusion.
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Table 1. Substrates used in this study.
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Fig. 1. XRD pattern of the as-deposited sample at 650°C for
15 min from Co(77°-CsHs)(CO),.

Sample No. Sample structure
a 200 nm polycrystalline Si/oxide/n-Si
b 40 nm amorphous Si/200 nm polycrystalline Si/oxide/n-Si
c 40 nm amorphous Si/20 nm TiN/200 nm polycrystalline Si/oxide/n-Si

d 40 nm amorphous Si/20 am annealed TiN/200 nm polycrystalline Si/oxide/n-Si
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Fig. 3. HRTEM of the coherently nucleated CoSi, on poly-Si
at 650°C for 1 min 30s.
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Fig. 2. XTEM and SADP of the as-deposited sample at 650°C
for 1min 30s along (a) the <111> zone axis, (b) <112> zone Fig. 4. XTEM and SADP of the sample deposited at 650°C for

axis, (c) the <0l1> zone axis. 15 min along the <011> zone axis.
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Fig. 5. HRTEM image of the epitaxially grown CoSi, on poly-
Si at 650°C for 15 min by reactive chemical vapor deposition.
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Fig. 6. Thickness of CoSi, as a function of deposition time"?

(min'?) at temperature ranging from 600°C to 650°C.
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Fig. 7. Sheet resistance of CoSi, layer grown on different
structure substrate as a function of annealing temperature.
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structure substrate as a function of annealing times.

TiNS A 7139 0473 HEEs ke whgsitis
RAe st 2dFZ TiNG barrierSA4L 8H4A7]
7] fs EAelst sample doA ANAHH Fo) BL =2
I EE RACE Kol N,EX T2 barriers
TiNT2 S 2% (600°C R¥Hell M= barrier E430) &
BEE Aol BWol B3 HUoy £ L(900°C
AEylde 2 A a3E 2 5 gk

i
ox

.8 =
e SIS E o8kl Bl delE 9
MM CosinE AN W HPATY AHAANL @

D) 832 SIS ahgol o8| oA AgE 9o
Al CoSi,= FEA4 glo] AF =AY}, Z71d
CoSi,& ¥Wel Hmgdoz (119 o] = (220),
G1DAE wEx s 73 AEAAE 7K
I JTh

2) o= BE FYg FAE FF o1F CoSip=
1% HAA dYFEe] & AP PN E epitaxialdt
AZ 7FAZ UAAZ, 7183 (1Heg we Ade ¥
A&t et

3) CoSi¥] 53 At FAE TEA TAE M

1

ce.V  Spot Magn  Det WD b=——~—— 200 nin

V20 I(Y(YQQ()K o az

e
2
4
[

ogg & & U

4) CoSi®] E2Fg4e IA1717] sk v A
2] &3 TiIN 28 AFgslith
&3t 900°C 108 EA 29} o Ly
A& WE CoSipel WA F77F AY e 43
FHMAHAL S T £ gt

dAlel 2

2 At derasAg B3 7]297(R01-1999-00186)
Agoz FPHAFUTH

]
e

a =

1. E. G. Colgan, J. P. Gambino and Q. Z. Hong, Mater. Sci.
Eng., R16, 43 (1996).

2. K. Inoue, K. Mikagi, H. Abiko and T. Kikkawa, IEDM
Tech. Digest 1995, 445 (1995).

3. Q. Z. Hong, S. Q. Hong, F. M. D'Heurle and J. M. E.
Haper, Thin Solid Film, 253, 479 (1994).

4. J. P. Gambino, E. G. Colgan, A. G. Domenicucci and B.
Cunningham, J. Electrochem. Soc., 145, 1384 (1998).

5. W. Chen, J. Lin, S. Banerjee and J. Lee, Meter. Res. Soc.
Symp. Proc., 303, 81 (1999).

6. S. Nygren and S. Johansson, J. Appl. Phys., 68, pl050
(1990).

7. 1. B. Lasky, J. S. Nakos, O. J. Cain and D. J. Geiss, IEEE
Trans, Elect. Dev., ED-38, 262 (1991).

8. S. Vaidya, S. P. Murarka and T. T. Sheng, J. Appl. Phys.,
58, 971 (1985).

9. W. T. Sun, H. M. Lee, M. C. Liaw and C. C. H. Hsu, Jpn.
J. Appl. Phys., 37, 5854 (1998).

10. H. S. Rhee, T. W. Jang and B. T. Ahn, Appl. Phys. Lett.,
74, 1003 (1999).

11. H. S. Rhee and B. T. Ahn, Appl. Phys. Lett., 74, 3176
(1999).

12. H. S. Rhee and B. T. Ahn, J. Electrochem. Soc., 146, 2720
(1999).

13. Z. G. Xiao, G. A. Rozgonyi, C. A. Canovai and C. M.
Osburn, Mater. Res. Soc. Symp. Proc., 202, 101 (1991).

14. W. M. Chen, S. K. Banerjee and J. C. Lee, Appl. Phys.
Lett., 64(12), 1905 (1994).

15. G. A. Dixit, C. C. Wei and E T. Liou, Appl. Phys. Lett.,
62, 357 (1993).

AccV  Spot Magn
10.0 kv 100000x

Fig. 9. SEM images of (a) sample c. and (b) sample d. after 6 times of rapid thermal annealing at 900°C for 10 min,



