Journal of the Korean Vacuum Society
Vol. 4, No. 2, June 1995, pp. 217-223

il
=
~

=0|M| MXAIAKE datifMo| 2EdX] 3 A2 SME 28t
Hoigsat 1}

gold - 2Ty
F st A2y 5 g8t
(19953 4¢ 17 A<

Dielectric Passivation Effects for the Prevention of the Failures
and for the Improvement of the Reliability in Microelectronic
Thin Film Interconnections

I. C. Yang and J. Y. Kim

Department of Electronic Materials Engineering, Kwangwoon University, Seoul 139-701, Korea
(Received April 17, 1995)

e Y—HArzuo] wE A%S erEuAe] Hit-Y(MTF, Mean-Time-to-Failure) ¥  elec-
tromigrationo} ti3} A &Al, & Galgo A (Q) W 58 &4 vjws). ehetul & 5()00A ‘””"r
A-glak 2 g9 p-Si(100) /]-,i}Hoﬂ TOO0A o] Al-1%SiS- Z23F 3 phomhthography A 2 og 8A *\]ﬁL}
Electromigration test 9]3F Wreba] A& 3 yme] #31 400 um, 1600 pm of T 714 ZolE 7}/(]11} ol s
v- g 3he orobr ] 913} -1 9lo] 3000A8) S Si0, PSG, SiN, 5 A%11 558 APCVD ¥ PECVDS
o| gafod ztz} ZaA| ). kb E A ES el olvfy AEY R 45>< 10° A/em®o}¢1 a1 180, 21() 240 C
Lol M de Q7L Fof At St Hd S 78 F Black WS ol fabe] &gl
2 2y ahoa vk Al-19%Si #habua) Alof A electromigration]] T3l 2H4] Shofl L] 4] 2H-8- 400 um Z o] ] A9 0. 44
cV(nonpassivated), .45 eV(Si:N, passivated), 0.50 eV(PSG passivated), ~12] 1L 0.66 LV(SIO passnvated):?—_ 4
7 Z 4 ¥ AT} 1600 um Zofe] Al-1%Si vhehu X Aol M & AR st gaprh 3 ). w ’\1
SiO., PSG, SiN% AoAn Fuhe Al-19%Si uhubull Aol 4 2] clectromigrationol] o gk #8218 tz0] Adh}x]
G3E Holy *”’p‘ akakalzlct. Si0,8] Aol R aute] A7) Al-1%Si el A2 electromigration®]] T
&l 714 7kak A %H", & Hol Fyf YR A VERE

—'>

Abstracts— Dielectric passivation effects on the Mean-Time-to-Failure (MTF) and the elec-
tromigration resistance, that is, activation energy for electromigration in Al-1%Si thin film in-
terconnections were investigated. Thin film intercnnections were fabricated by utilizing a pho-
tolithography process. Al-1%Si thin films were deposited onto the thermally grown S000A SiO. lay-
er on p-Si(100) with the dimensions of 7000 A thickness, 3 um line width, and 400 gm, and 1600
um lengths, respectively. In order to study dielectric passivation effects, SiO,, PSG, and Si;N, over-
layers with the thickness of 3000A were deposited on Al-1%$i thin film interconnections by using
APCVD and PECVD. The current density used in this study was 4.5x 10" A/cm’ for an accelerated
test condition. Temperatures of 180, 210 and 240 T were used for measuring the activation energies,
which were calculated by using the Black's equation from the measured MTF values. The calculated
activation energies for electromigration were 0.44, 0.45, 0.50, and 0.66 ¢V for the case of non-
passivated-, Si:N, passivated-, PSG passivated-, and SiO, passivated-Al-1%Si thin film in-
terconnections with 400 um line length, respectively. Similar results were also observed in Al-1%Si
thin film interconnections with 1600 um line length. Accordingly, SiO,, PSG, Si:N, dielectric pas-
sivations show the prevention effects on the electromigration induced failures and increase the life-
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time in Al-19%Si thin film interconnections. Al-1%Si thin film interconnections with the SiO, dielectric passivation
show the best characteristics of the lifetime(MTF) and electromigration resistance (activation energy).
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Fig. 1. A flow chart of the standard photolithography.
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Fig. 3. Time-to-Failure (TTF) vs. Cumulative failure percent (%) of Al-1%Si interconnections with various dielectric
passivation overlayer materials (400 pm) (a) nonpassivation, (b) SiO,, (c) PSG, (d) Si;N..
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Fig. 4. Time-to-Failure (TTF) vs. Cumulative failure percent (%) of Al-1%Si interconnections with various dielectric
passivation overlayer materials (1600 pm) (a) nonpassivation, (b) SiO,, (¢) PSG, (d) Si:N..
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Table 1. Mean-Time-to-Failure (MTF, t50), activation
energy of Al-1%Si interconnections with various dielec-

tric overlayers

Passivation Temp. MTF o Q
materials (T) (sec) (eV)
nonpassivation 180 60 0.42 0.44
210 26 0.45
240 16 0.54
Si0, 180 1753 0.29 0.66
210 902 1.16
240 241 0.78
PSG 180 497 1.04 0.50
210 286 0.53
240 111 0.63
Si;N, 180 337 0.40 0.45
210 170 0.73
240 0.33
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