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Abstract

Muliti-level thin films are very important in ULSI applications because of their high electromigration resistance.
This study presents the effects of titanium, titanium nitride and titanium tungsten underlayers of the stability of
multi-aluminum thin films during isothermal anncaling. High purity AI(99.999%)fiims have been electron-beam
evaporated on Ti, TIN, TiW films formed on Si0,/Si (P-type(100)}-wafer substrates by RF-sputtering in Ar gas
ambient. The hillock growth was increased with annealing temperatures. Growth of hillocks was observed during
isothermal annealing of the thin films by scanning electron microscopy. The hillock growth was believed to appear
due to the recrystallization process driven by stress relaxation during isothermal annealing. Thermomigration

damage was also presented in thin films by graim boundary

grooving processes, It is shown that underlayers of

AVTIN/SIO,, AVTIW/Si0, thin films are preferrable to Al/Si0, thin film metallization.
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Fig. 1. Surface roughness (a) Ti/Si0, (b) TiN/SiO,
(¢) TiW/Si0, (d}y AUTI/SiO, (e) AUTIN/SIO,

(fy A/TIW/SIO,
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Fig. 4. EDX pattern of matrix and hillocks of Al/Ti/
Si0, thin films
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Fig. 5. XPS spectrum of the thin films.
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Fig. 6. XPS spectrum of the AV/SiO, thin films
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Fig. 7. XPS spectrum of the Al/Si0, thin films
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Fig. 8. SEM of hillocks thin films of AL/TIN/SIiO,
(X5000) (a)as-deposited (b) 150¢C
(c) 2307 (d)350¢C (e} 450 ¢
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Fig.9. EDX pattern of matrix and hitlocks of AVTIN/
Si0, thin films
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Fig. 10. XPS spectrum of the AVTIN/SIO, thin films

Fig.11. SEM of hillocks in thin films of AV/TIW/Si0;
(X5000) (a) as-deposited (b) 150¢
(c) 250 {(dy350T (e) 450%¢
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Table. 2. Annealing temperature and hillock density
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Fig.12. EDX pattern of matrix and hillocks of AlTIW
/810, thin films

Table. 3. Property of multi-metallization

S gy Ry sA amd . A % .
2 "%‘EH!# Zan {A) (emp
AYSIO, | ¥ES 2,88 1000 %)8:? & A
- ! | ha
ATIN ¢ ; 450¢ -
o, @R 23,7012000 s | AN AL
AYTY ] 250¢ | TiSi, TiSi,
so, | &2 650 2000 FOE |
AYTIW | , . 450t | WAL, WAL, |
. o : : 12 5e
S0, | 8 5.6052000i 505 | TiAL |
{a) Ti
AR, g
PR |
v
470 , 450
(b} Oig
P
540 \ 520
(c} War
4F 5.2 4F7 2
N{E)
et
2 eV
i 1
40 30

Binding energy {eV)

Fig.13. XPS spectrum of the Al/TiW/SiO, thin films
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