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Effects of Cobalt Ohmic Layer on Contact Resistance

HME 24
(Cheong-Hwee Cheong and Oh-Sung Song)

Abstract

As the design rule of device continued to shrink, the contact resistance in small contact size became
important. Although the conventional TiN/Ti structure as a ohmic layer has been widely used, we
propose a new TiN/Co film structure. We characterized a contact resistance by using a chain pattern
and a KELVIN pattern, and a leakage current determined by current-voltage measurements. Moreover,
the microstructure of TiN/ Ti/ silicide/n+ contact was investigated by a cross-sectional transmission
electron microscope (TEM). The contact resistance by the Co ohmic layer showed the decrease of 26
% compared to that of a Ti ohmic layer in the chain resistance, and 50 % in KELVIN resistance,
respectively. A Co ohmic layer shows enough ohmic bhehaviors comparable to the Ti ohmic layer,
while higher leakage currents in wide area pattern than Ti ohmic layer. We confirmed that an
uniform silicide thickness and a good interface roughness were able to be achieved in a CoSi» process
formed on a n+ silicon junction from TEM images.
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Fig. 2. The pattern of the vertical cross section

for measuring the contact chain
resistance hetween the metal and the
junction.
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Fig. 3. The pattern for measuring the KELVIN
resistance between the metal and the
junction.
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Fig. 4. Resistance behaviors by ohmic lavers of
Ti and Co from chain patterns.
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Fig. 7. The leakage currents of the junction by
Ti and Co ohmic layers.

CoSiz 42 BAat4gol Aujd Ao a8
B A4 AgolA CoSie Aol AN o2 oF
AR EAE FAs] 5t Co 292 7|&9

o2& g n+ H{elAMe AL ST
HAEm A& ol &8l AFslgen, o HAAs
oy 8ol vieRddch AV H BA4e 2 H@Y
o] o] HENA CoSiz F4E A3 F 19
Bla)ell thebRld, 29 8 vEld A g
o] CoSipe 600 A AX2 FAE pgon, 2Ag
Alo} e -r]°ﬂ F3g TIN/Ti 2933 CoSiz Alo)
of &= 0] izﬂa}ﬂ %ol Belyen Fo
&€ HAsE 3e g9 & g =% F
A<l 500 A9 Co Tvﬁ of vla} FAHH CoSip T4



7t g8 AL Cof % YU(step coverage) B4 9]
veng Ax 29 uigds Co?t $HA 3%
HA7l wEeltt. =¥, HE Agge AUx
F 50 A AR AFNE B ¥3¢ AHE B
ot o el HEAez TSl g449:
78 19 8(b)ol Jelhidsd, deitels F
A o 300 Aolia n+ A E HIAAY Aws
A A FAHAL ety g9 Hyg B
Ao HAHE F 2d9 Ayro=e v4TFz
HoZ AW Alole v FIFEHA T EA]
498 A FA4HUSE Hdss

ad 8. TE9 3§ A9 (@Tig (b)Co 2545
o 2% silicide &4

Fig. 8. The silicide profiles at contact bottoms
formed by the deposition of (a) Co and
(b) Ti film as the ohmic layer.

A7) AR} R 8 =8 A, Vol. 16, No. 5, May 2003,

4. 8 B

AZ¥A 2Ael HE2AYL NN 96k
71&2] Ti 2933 Co 93& Z7 484
W FE&% JEe 4714 EHE d48&5A8 A
WA, dF-Ad B4, 489 435 2Hq
A e A e dEatels Pue F
Ay AAEnAH L o] g9

7t 34T die d4HEAYLL Co 2929
A% 030 mx030 mAl M 127 um’~146 ¥ m’el
A2 Ti 9% vl&) o 26 % AE 4"
A3E By}

v ANAEY EMdAE Co 292 HIg: 50
/i’ ~60 9/m’e} A2 Ti 2 Hla o 50 %
Az NAE Z2E 9o

o F5% HEY AF-H1Y BAAA Co 29
%9 A% Tigk 5484 29 849& Byt

Z, FEaAFAME Co 8% Tidl ¥3 100
<100 ums] GHel = A wkElg AT, 400
mx400 mme] FHolME AHes e ¥4 B
A Bk

uh, el 29 FEo A CoSixe o 600
A9l FAE Bol 300 A FA9 TiSk 2t FA
fert, CoSin+ HEel AW AEHE TiSiyn+
Ay A vty

e 2

of A7 WREE NEAYNGE SEdTE
Aegul Agel eatol ol Foln AU ol
WA =gy

#n 28

[1] A=, &£4%, 28<&, “294 RTP 4y
218 n+P AE Elely dEgalols BEFAR,
ANAAA 83 =84, 84, 63, p 737,
1995,

{21 J. A. Kittl and Q. Z. Hong, “Self-aligned Ti
and Co silicides for high performance
sub-0.18m CMOS technologies”, Thin Solid
Films, Vol. 320, No. 1, p. 110, 1998.

[31 A4, W4, “SADS(Silicide As Diffusion
Source) POoE HAYF HUE FAle=
AelEe C-V 54" A7HdAAadd=F



J. of KIEEME(in Korean), Vol. 16, No. 5, May 2003,

[4]

(5]

6]

(7

(8]

[9]

(10]

=], 134, 7&, p. 557, 2000.

HER, oA, o8, HAFA, oA4E, HAE
o olAE, ANAE, AHNFEH,  “‘n'-GaN/
AlGaN/GaN HFET #Az-g& $1% 294 %d
#g A7, ANAARA RG] =E7], 149, 2
%, p. 123, 2001.

Y. P. Chen, G. A. Dixit, J. P. Lu, W. Y,
Hsu, A. J. Konecni, J. D. Luttmer, and R.
H, Havemann, “Integrated barrier/plug fill
schemes for high aspect ratio GB DRAM
contact metallization”, Thin Solid Films,
Vol. 320, p. 73, 1998.

K. Maex, A. Lauwers, P. Besser, E,
Kondoh, M. Potter, and A. Steegen,
“Self-aligned CoSiz for 0.18um and below”,
IEEE Trans. Electron Devices, Vol. 46, No.
7, p. 1545, 1999.

M. H. Juang, S. C. Han, and M. C. Hy,
“Effects of Ni silicidation on the shallow
p+N junctions formed by BF:" implantation
into thin polycrystalline-Si films on Si
substrates”, Jpn. J. Appl. Phys.,, Vol 37,
No. 10, p. 5515, 1998.

H. Fang, M. C. Ozturk, E. G. Seebauer,
and D. E. Batchelor, “Effects of arsenic
doping on chemical vapor deposition of
titanium silicide”, ]. Electrochem. Soc.,, Vol.
146, No. 11 p. 4240, 1999.

C. M. Osburn and K. R. Bellur, “Low
parasitic resistance contacts for scaled
ULSI devices”, Thin Solid Films, Vol. 332,
p. 428, 1998.

K. Varahramyan and E. J. Verret, “A model
for specific contact resistance applicable for
titanium  silicide-silicon contacts”, Solid-
State Electronics, Vol. 39, No. 11, p. 1601,
1996.

[11] R. T. Tung, “Ultrathin silicide formation for

ULSI devices”, Applied Surface Science,
Vol. 117/118, p. 268, 1997,

[12] D. Mangelinck, J. Cardenas, F. M, d'Heurle,

B. G. Svensson, and P. Gas, “Solid
solubility of As in CoSiz and redistribution
at the CoSiy/Si interface”, J. Appl. Phys.,
Vol. 86, No. 9, p. 4908, 1999.

[13] A. Lauwers, Q. F. Wang, B. Deweerdt, and

K. Maex, “Ti/Co bilayers in salicide
technology: electrical evaluation”, Applied
Surface Science, Vol. 91, p. 12, 1995.



