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Abstract The silicide layer used as a diffusion barrier in microelectronics is typically required to be below
50 nm-thick and, the same time, the silicides also need to have low contact resistance without agglomeration
at high processing temperatures. We fabricated Si(100)/15 nm-Ni/15 nm-Co samples with a thermal evaporator,
and annealed the samples for 40 seconds at temperatures ranging from 700°C to 1100°C using rapid thermal
annealing. We investigated microstructural and compositional changes during annealing using transmission
electron microscopy and auger electron spectroscopy. Sheet resistance of the annealed sample stack was
measured with a four point probe. The sheet resistance measurements for our proposed Co/Ni composite silicide
was below 8 Q/sq. even after annealing 1100°C, while conventional nickel-monosilicide showed abrupt phase
transformation at 700°C. Microstructure and auger depth profiling showed that the silicides in our sample
consisted of intermixed phases of CoNiSi, and NiSi. It was noticed that NiSi grew rapidly at the silicon
interface with increasing annealing temperature without transforming into NiSi;. Our results imply that
Co/Ni composite silicide should have excellent high temperature stability even in post-silicidation processes.
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Fig. 1. Schematic diagram of Co/Ni silicide from Si/15nm-Ni/
15nm-Co structure.
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Fig. 2. Plot of the sheet resistance with RTA temperature of
Co/Ni silicides.
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Fig. 3. TEM images of Co/Ni silicides at different silicidation temperatures of (a) 700°C, (b) 850°C, (¢) 900°C and (d) 1100°C.
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Fig. 5. Auger depth profiles of the the silicides with silicidation temperatures of (a) 700°C, (b) 850°C, (c)900°C and (d) 1100°C.
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Fig. 4. Plot of the silicide thickness with RTA temperature.

Fig. 49| Fig. 3¢] o|v]A & o|n| A Z2Igo
2 ALIAA HEopdyero] mE 7t Ao FA W
ol AR FAS vE T3 2 FAS Y
t}. A(CoNiSi,7H Hglese] & J3FS oF uhi= A

7 gy AINiSHE F43] 30nmolA 238y F71E
F AR, A1 AEAGL F Adrlelmey FAE
55 nmoA] 110 nm 7FA] ¥H3l" = Uik

CoNiSi, | NiSi ] si

oF
1 | ' | |
0 20 40 80 = o -
Thickness (nm)
(b)
CoNiSi, } s ‘ _
100
Si
80+
60+
3
R
40+
. Ni
z | .
ofF o
A . : ' | |
0 20 40 80 = i -
Thickness (nm)
(d)



Behdelrlol=e] dejrjol

70
-0 CoNiSi,
L |-M-NiSi
60 m
50 - /
= |
S 40l u
w
7] L
g
.’E 30
= +
a 20 O
O [ —
F \
o o
10
0 1 | 1 L |
700 800 900 1000 1100
RTA temperature(C)
Fig. 6. Plot of the silicide thicknesses with RTA temperature.

ol# &t AMZRE rheatd L, dU AA
o Agatel=E g fsiMe ARe &=
850°C o2 Zdsie NiSi®l = A3
Ha, 7 HA Bk Nio A7
Zo FAE A

Fig. 59l 7} o]d® 2&A &

el g Aol FA AL AA
Bl ZERolE A9 Ni, Co, Si7h 5%3te] 34
9] CoNiSi, AEAlel=7F A3tk AG3 1 9]
Z Co7t §A3] 3 Nis} Sizl &A= Ni
9} Si7}F NiSi, 2l 7 Aol YERYER Fig. 2
A FA4E AAFTS 7FIHEE NiSi FElE EAlsk= A
olg}al FE 3Iith 2 LY AFel= NiE 7|Ee=
T PEste 0] He A3E 24 A AARE 7

ml

i

FoE
o -
Foll=

gt Zt Ae] Aty A& vERd ukE 7ol ¥}
At AAPACR = opdE L7t AXAWH AFoR
NiSiZe| 777} AR ol= Fig. 39 wA=4 Zz¢}
A o ;z]g].o:h;]_

Fig. 69l< Fig. 59 7+ 49 FAE A¥HY
st} gtste] YehiRich Fig. 4] A} v]sto]
CoNiSi,("d )& RTA &= we}t & Wskglel 20 nm
AEE Hola, NISI()‘]”I) L7} £7}sho) waE) 45~
65nm FEZ Z7}8k7 ok,
olf e eAl= FIHAAENA Y FA ujg F7H

FEoxe] FA JEE Hol& RH, Auger T4 £
L ok 1 mm’Y 2 AAFC ARE BAd AL
b, 471 el et A

o ST iy |

AT B2
HIE

<

1

R 81

>.

1A

2 A= @*éx—*.ii

CoNiSi, < 1100°C7HA¢] RTA £%o b A olm
NiSi7h =4l wet 543 4482 YA vetk
"H—L )v\ A —‘ %E] %\qt}‘

4.4 £

1. 71¥& CoSi,¢} NiSi9] Z4A8%E &3 15 nm-Co/

E_Q_I:

ekl wh

o W& WA} v Wt 393

15 nm-Ni/Si 7222 A28 CoNiSi, &§azjAlol=
7} 1100°C-40 sec?] -2 G| E oF 7Q/sq. FE
o] Ao AT F USE IS ole HE
AtOlE o] o] F2FAAME o|#d AjAtol=rt A
s AT F oA A e 9 dale|l=g
g4d 5 J&g ofrlsdt

2. Co/Ni/Si(100) 739 B33 CoNiSi,? NiSi¢l
2730 2 o]Foizl EAgrtol =g FA 3

3. NiSi¥s RTA £%9] Z7to] wel L3351 A
A UYL 1100°C7HA NiSh, 2 Ho)=A] FaL A
3] NiSiZz EA3159 0. ¥ CoNiSi, &= RTA 2%
of & FFE WA & HA s
o gk FA9 EAEAlel=E $I8iA
Ni¢} Cod] AuiFA =43 RTA
» ZHo] JHFsttt

4. BAE e

1
o

ZAtel

o] =L 20043 % MEAHUS Y &

oJsted ATHAEUD. o)) wAEGYh

!

my

A

o

| =]
[y

1. J. Y. Dai, Z. R. Guo, S. E Tee, C. L. Tay, Eddie Er and
S. Redkar, Appl. Phys. Lett., 78(20), 3091 (2001).

2. J. Prokop, C. E. Zybill and S. Veprek, Thin Solid Films,

359, 39 (2000).

C. Detavernier, R. L. Van Meirhaeghe, F. Cardon, K.

Maex, H. Bender and S. Zhu, J. Appl. Phys., 88(1), 133

(2000).

. The International Technology RoadMap For Semi-
conductor, Front End Process, p. 25, SIA, 2003 Edition
(2003).

S. L. Hsia, T. Y. Tan, P. Smith and G. E. Seebauer and D.

E. Batchelor, J. Electrochem. Soc., 146, 4240 (1999).

6. J. B. Lasky, J. S. Nakos, O. J. Cain and P. J. Geiss, IEEE
Trans. Electron Devices, 38(2), 262 (1991).

7. R. T. Tung, MRS Symp. Proc., 427, 481 (1996).

8. M. L. A. Dass, D. B. Fraser and C. S. Wei, Appl. Phys.
Lett., 58(12), 1308 (1991).

9. S. P. Murarka, J. Electrochem. Soc., 129, 293 (1982).

10. S. H. Cheong and O. S. Song, Korean J. Mater. Res.,
15(5), 279 (2003).

11. G. B. Kim and H. K. Baik, Appl. Phys. Lett., 69(23), 3498
(1996).

12. D. B. Williams and C. Barry Carter, Transmission electron

microscopy: a textbook for materials secience, p.155,

Plenum Press, New York, (1996)

A. Lauwers, A. Steegen, M. de-Potter, R. Lindsay, A.

Satta, H. Bender and K. Maex, J. Vac. Sci. Technol. B.,

19(6), 2026 (2001).

14. M. Y. Wang, C. W. Chang, C. M. Wy, C. T. Lin, C. H.

Hsieh, W. S. Shue, M. S. Liang, VLSI Technology Digest,
157, (2003).

M. Garcia-Mendez, M. H. Farias, D. H. Galvan-Martinez,

A. Posada-Amarillas and G. Beamson, Surface Science,

532-535, 952, (2003).

3.

5.

13.

15.



