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s o — A4 #27])el 4 RTNe 2]a] TiN/TiSi, bilayer &3l w21z, RTN &%, A7} subst-
rate doping 52} 388 <d73l¢dc}. 3 A= TiN/TiS, bilayere] 7=, A7]H AL x-ray diffrac-
tion(XRD), cross-sectional transmission electron microscopy(XTEM), Rutherford backscattering spe-
ctrometry(RBS), x-ray photoelectron spectroscopy(XPS)2} four point probe system S-& ©]-&-3}o]
BAstodck 84" TiN/TiSi, bilayer?] Fx& RTN AMglA)7tRch %o o]&ahe Asfo] )&
7ebeeh. Tig 400A 225k Al9e) 79, 600C -302 RTN #z) Fo Zeb4ke) C49 TiSi,7} &
A F)gley, 700C o)4ke) 2ol M kA% TiN/TiSi, bilayer7} 3 A =lg)ch. o) TiN/TiSi, bilayeri:
16~19 /14 W& HAMF-E vheblch TiN/TiSi, bilayere] #Adolli= BF," o] <jgke 719 ¢
2w, As= C49 Aol A C4 Ao o] Abde| g A sle A8 viebio) AI/TIN/TiSi/Si contact
T-2E 550C, 308744 dA ko] dF AU, 10% EAHGHol M= oF 60%, 1% EAlel| A=
1802717 #3tH o g et sgic)

Abstract — Dependency of a TiN/TiSi, bilayer formation by rapid thermal nitridation(RTN) of Ti
in pure N, on Ti deposition thickness, RTN temperature, time, and substrate doping was investiga-
ted. The structural and electrical properties of the resulting TiN/TiSi, bilayers were characterized
by x-ray diffraction(XRD), cross-sectional transmission electron microscopy(XTEM), Rutherford ba-
ckscattering spectrometry(RBS), x-ray photoelectron spectroscopy(XPS), and four point probe sys-
tem. It was found that the structure of resulting TiN/TiSi, bilayers was dependent on RTN tempera-
ture rather than on RTN time. For a Ti deposition thickness of 400 A, a metastable C49 TiSi,
phase was formed after an RTN at 600C for 30 sec. When a Ti film was nitrided at 700C or
higher temperatures, however, stable and stoichiometric TiN and C54 TiSi, phase were formed.
This bilayer had a low sheet resistance of 1.6~1.9 Q/[7. BF," had little influence on formafion
of TiN/TiSi, bilayer. But As had a retardation effect on the transformation from C49 phase to
C34 phase. The Al/TiN/TiSi,/Si contact structure was thermally stable up to 550C for 30 min
annealing in Ar ambients. Furthermore, the TiN/TiSi, bilayer had chemical stability in 10% HF
solution for 60 sec and in 1% HF solution for 180 sec.
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Fig. 1. XRD patterns of the TiN/TiSi, bilayer films as
a function of RTND temperature (Time: 30 sec,
Ti thickness: 400 A).
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Fig. 2. Sheet resistance of the TiN/TiSi, bilayer films

as a function of RTN temperature (Ti thick-
ness: 400 A).
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Fig. 3. Sheet resistance of the TiN/TiSi, bilayer films
as a function of RTN time (Ti thickness: 400 A).

oli7] #)5le] XPS ¥4-% stg ey 1 A}E Fig 4
o) YelAgich (a)= 600C, 30%7F RTN A elgt 4|
He] zolo] Mg 2] WEE Jehd 7oz Ti-
nitride, Ti-silicide 25 Ti-rich4teo) A =9 &8 o
T A3, 9} (o« 77 700T, 800C 30& RTN
Azlg Alge g F Alf X% TiN3} TiSi,e stoi-
chiometryell <33 g-& el Qo). Fig 5+ 3



RTNe 28] 84 TiN/TiSi, Bilayer?] 5 29
100 20 W
O Peak Area //
& o ~
2 CIC T
2 S
i = N in TiN Ti in TiSi,
& Si in [TiSi, ) _
3 - Ti in TiN
g o
S Mg
2 =
g £
< °
.. A
%— =3 {3000 30 00
Etch Time (Seconds)
(a) 1 i 1 b
Pt 300 100 500 600 700
100 = Channel
-~ 9o} Peak Area // " . o . .
® Fig. 5. RBS spectra of the TiN/TiSi, bilayer film after
5 °r 700, 30 sec RTN (Ti thickness: 400 A).
S vt
<
5 L
S 80
& so 10
]
=3
33 40 [c.3021c ) quoped
% , 9l- woouo BF,, doped (1E15/cm’
¢ 30y’ aasaa BF,' doped (SEI5/cpn’
£ ol — ol 06000 As doped ilElﬁ/cm!;
% O 8 *ws++ As doped {5E15/cm
o 0 1s o LD
L1 N 1T I T 1T 70000 © g N
Etch Time (Seconds) o O
L Y
(b) 5 6 LR Ti Thickness : 400 i
- RTN Time : 30 sec
w gl
=
100 n
L&
5 90F  Peak Area 2% 4+
: -
8 8 al
E £
= I2IP
V
o
2 — | | | |
£ 800 00 700 800 300 1000
]
-

§060 EL L [T T Y
Etch Time (Seconds)

(c)

Fig. 4. XPS depth profiles of undoped specimen samp-
les (a) 600C, 30sec RTN, (b) 700T, 30sec,
(c) 800, 30 sec (Ti thickness: 400 A).
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Fig. 7. XRD patterns for various dopants and implant
goses at 700T, 30 sec RTN (Ti thickness: 400
).
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Fig. 8. XPS depth profiles of (a) BF, doped (5X10%
/cm?®). (b) As doped (5X10"/cm?) samples (Ti
thickness: 400 A, RTN condition: 700T , 30 sec).
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Fig. 9. Cross-sectional TEM micrographs of (a) undo-
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T, 30sec RTN (Ti thickness: 400 A, implant
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Fig. 10. XRD patterns of AI/RTN TiN/TiSi,/Si samples
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Fig. 11. Normalized sheet resistance of the TiN/TiSi,
bilayer films as a function of etching time (Ti
thickness: 400 A, RTN condition: 800T, 30
sec).
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