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Abstract

We have investigated the properties of the titanium nitrite films widely used in VLSI devices as
diffusion barrier in Al-based metallization. TiN films were formed by reactive sputtering from Ti tar-
get in Ar-N, mixtures, varying deposition parameters such as N, partial pressure, substrate tempera-
ture, power, and total pressure. All the samples received the heat treatment at 450 °C for 30 min. The
resulting films are characterized by mechanical stylus(a -step), x-ray diffraction(XRD), scanning
electron microscopy(SEM), and four point probe method. The Tin film properties strongly depend on
the deposition condition. The stoichiometry and Ti deposition rate are critically affected by nitrogen
partial pressure, and the resistivity, in particular, is dependent on both the substrate temperature and
sputtering power.
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Table 1. Resistivitv and deposition rate with N2
partial pressure.

N2 partial pressure Resistivity Depgsition rate
(m Torr) (Q-cm) (A/sec)
0.8 357 50
14 623 17.9
2.1 533 15
2.8 421 13.5
3.5 396 13
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Fig. 1. The XRD pattern with Nz partal pressure.
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Fig. 2. Interplanar spacing and peak intensity of
XRD as a function of N2 partial pressure.
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Fig. 3. SEM micrographs on Nz partial pressure of
(a) 0.8 mTorr, (b) 2.8 mTorr.

2) 7)e el Wt

2 E e Fol el FARAE F7HA17A wputel 3
T8 U ABLE RG] Al 712 Gk el
A40THA 7| ML EF FAAAE A B A4 5}

3

-



d
LS

DC

[s]
4

2H e

7k7+ 18] 4(a), (b)oll vebi e}, o
2 7}z 2.8 mTorr, 3kW=z 34

AR vlelEasn = 7]i¥—9—
oof, ubebr wfetEabs

Hold 4H e Na Genstel 2A o EGeE
4 gleh Ea 23 Aol 2 HAR 7He

0

H]-x 0‘- “‘E‘
e

o
57

-

[}
o rr oN a8 w

LF‘—!*FU

7helel] whel wA o] AAFA zhAsta U, o
FALEst Fob 45 etoll 23lH BEgfol A
A gtslo] Btom '“’W‘/P#: Hatel ooz 2
Revd, ¥op & Pk % Frha AzbslejAld o
= F2 A gdel e 2 FHYUA 9 P4 3H3E
B F5 At ofste] AA=v, 227} F
7batell whebd 2 Aoz} AlFs webd o A4
A S PAget Tittmer®5g 713k2g F7lol whe}
TiNe| 157} 1-2um7h=] ?17‘ ghet, 12
A \:ilul-/} A 77L L_Q_oﬂ/q 7} 200°C o]
Aol = TiN

[s]
/;i-a—

rlr

—24]

T
Lzl
=S 77&'\:

40

&

35

(b)

Deposition Rate [A/sec}

3 &8 & § &
[wo-p1] umnsisay

(a N
= \s\\-

8

AT 200 200 400 -
Substrate Temperature [°C)

O 4 718250 wWE (a)

el W3}

Fig. 4. (a) Deposition rate,
(b) Resistivity vs. substrate temperature.

et 245 (b) WA

£ 2% 715} Fohael wet (111
o] TiN bulk 3t(d=2.44)3} v)==3}A
BolFe} ofefdt o] S
AApt £EZotel daton AAsE A
wpatg o

.

%{»oﬂx{ 1= /H ni
B AA A3
At7] wlifolm, weld] # e Aake
o S7be vtete] A4S Reg wale},

3) ok 2] Wiz}

otz 23 Aso oty g fiﬁ At o] 7 mTorr (A
Al#) oA 12 mTorr (BA1 ) & Z7}3lol| up& ubata =l
< 3 3ol wlaatelel, B/~l Heol v - g3 AAHe] A
2ef 2ufolat mck At o] 12 mTorrz Z7bshAls]
™, S5 N2 /Ar+Nzul7h 2edebs Naol gkajo] 2.

kAL 7] =

(663)

FzA g Ar" E4 HEH 5
E 2 7192 x M3l w2 XRDe =71 A
Table 2. Interplanar spacings with substrate
temperature,

Substrate temperature { C ] Interplanar spacing [ A]

R/T 2.47
200 2.456
300 2.45
400 2.44

E 3 QAL (Ar+Ne g1 ko] whE TiN e
E4
Table 3. TiN film properties on total pressure of 7
and 12 mTorr.

Total pressure N2 /N2+Ar Resistivity Depo. Rate Color

(mTorr) (%) (peQ-cm) (A/sec)
7 40 338 23.74 gold
12 40 884 14.5 red-brown
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Table 4. Resistivity and deposition rate when power
is 1.96kW |
N: partial pressure  Resistivity  Depogition rate
(m Torr) (0 -cm) (A/sec)
0.8 223 26.7
14 982 114
2.1 803 9.0
2.8 632 8.6
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Table 5. Resistivity and XRD peak-intensity on N2
partial pressure with the post-annealing
(450°C, 30 min)

N: partial pressure Resistivity XRD Peak-intensity
(m Torr) (pQd-em)
0.8 452
1.4 1950 115
21, 1910 117
2.8 1570 131
3.5 1090 133
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Fig. 5. Ratio of resistivity on post-annealed
samples to as-grown as a function of
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