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Abstract — Titanium nitride (TiN) films were prepared by reactive sputter deposition in mixed gas of
Ar +N,. The volume percentage of N, in the working gas was chosen so as to grow stoichiometric TiN
films and the substrate temperature during film growth was set from room temperature to 700°C.
Stoichiometric TiosNos films with (111) texture were grown at temperatures over 600°C, while films pre-
pared at temperatures below 600°C showed N-rich TiN. The composition x and y in the Ti,N, films det-
ermined by XPS and RBS varied within 5% with the substrate temperature. The sheet resistance of the
TiN films decreases as the substrate temperature increased. TiN film prepared at 600°C showed 14.5 €/
0, and it decreased to 8.9 Q/C after the sample was annealed at 700°C, 30 sec in Ar-gas ambient by
RTA. By far, high quality stoichiometric TiN films by reactive sputtering in the mixed gas ambient
could be prepared at substrate temperature over 600°C.
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Fig. 1. X-ray diffraction spectra obtained for the sample

prepared by deposition of TiN on Si(100) substrate as a
function of the substrate temperature from RT to 700°C.
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Fig. 2. In-situ annealed X-ray diffraction spectra ob-
tained for the formed TiN/Si(100) films in the RT fol-
lowed at from 100°C to 800°C.
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Fig. 3. X-ray diffraction spectra obtained for the sample
prepared by deposition of TiN on Si0,/Si(100) substrate
at RT and 600°C.
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Fig. 7. The HRTEM lattice image of the TiN/Si(100)
sample formed at 600°C.

EWol HolE 09 C= AE7F 37] B =E2H%
W Ao o] F4E oo YziErh XpS 4
T A matrix 35 uHsI=EE TN thije] 2
© NiTi=1.1:18 744 rUsHA FAslol e o
9lou], RBSE &
row scanol} Ht TiN %—qu AH 2ol 3k Ti-2p..9 Ti-
2p:-9] A=Az Aol 7 ‘ZF 3eVe 04eV AT
] chemical shiftS #&3 4 9] E d ol A& Ti-N 2
ol ogk o2 Azher).

Fig. 72 Si(100) 7134& 600°C2 fA3tH A EAlyl
TiN/Si(100) 32} HRTEM AL 0.8 Q1AL A=} o] v]e)
o) whake 7|5t Si [011] whakoirt. TiN/Si AR e
st 7|9k Sio] H sk AR e (002) Hol ™, (002)
W3 54°] 249 o]R WE TIN(I11) Hoz z43)
5 Qith. o} AjEo| tf3+ SAD el & Fig. 82} 7t} Fig.

ol Al vhER BT & 31932 713 Si (100)9] -
31913 ef (diffraction ring)] 3] 4 Fu]:

= TiN Akol)

o]J_

Fig. 8. SAD pattern of the sample in Fig. 7.

a7l 28t3) A, Ao, Al 3%, 1997

5i03

Si{100)

Fig. 9. The HRTEM lattice image of the TiN/SiO,/Si
(100) sample formed at 600°C.

ol (OI

g 34 olct. Sie] 3 A QA Mz} Hlgle] &
b Zoboll A 77ke 0 ZEE (002), (111} (2204
253} Hlon, #8oz LheEhd TiNg & WA
TiNo| (1112l th3h 38 Frjo] 1, 1 t}Se)
(200), (220)54 Gl the 3 FH 24
1 }. o)E &elol| tidt x| 4sl 3l A
73dtt o] SAD sl o2 RE FaE TN
Wé@ ez FA5]o] e &+ Ak

Fig. 9% Si04(110 A)/Si(100) $)o] TiN 8rEhe &4 A]
70 Alse] digk HRTEM Apzlelct. 7| 9o &4«
Si0, ¥ruko] Tl = ok 100 Ao.2 Yehd oo, TiN/SIO,
AHAA §H3-2 = Ao el TN whzhel A
LR AR g (111)“5P+ (2008 71 97k A
2= JCPDS ©|o|E| 9] d,;=2.44 A, dno=1.496 A & 2|5}
oil/} o]‘” 7:12].1:!:1 AL o] cqa H}-?S]:Oi isl—g )‘H;’HE
HA9 21 TiN 2hatol oh a3 ez FEo] &
Lhepict.

Fig. 102 Si(100)2x1 7)#& 42, 100°C, 200°c
300°C, 400°C, 500°C, 600°C, 18] 1 700°Ce} &%
Aeha A A28k TINGSI(100) 729] Al &9} 01—2—% Ar-

7hes 97104 T00°C, 302 E<F RTAR dAgjd 3
of 43 F HWARs)S Hhebd Zloirt, WAt
TiN #zA] 7|3 227} Zotgel wet gasdigle
o] A7} XRD| A2 v uatH TiNG HA g
Aol ol Edhs 20 JehdTh HolA FaHE A
w9l WA 386 Q/0 oo} A2 Foll= 285
Qoog 7t & 7% £27} 600°Ce}
T00°CA A AZe AR WAL 125Q09 117
Qoo ot A Fofle 25 89 /0 74469

e o WL

A

b

lo
R w

flo -111 b g rlo
i) m Flo

1z

o ﬂol 4

m:‘i



PVD H}Hol| 2]3 TiN barrier metal 843 T3 7% 261

40 ~— 700°C, 30sec, Arpurge
—O— as prepared

Sheet Resistance({¥L)

0 1 L 1 s L 1
RY 100 200 300 400 500 600 700

Substrate Temperature(°C)

Fig. 10. Dependence of sheet resistance for the sample pre-
pared by deposition of TiN on Si(100) substrate as a func-
tion of the substrate temperature from RT to 700°C and an-
nealed by RTA in an Ar ambient at 700°C for 30 sec.
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