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Abstract — In this study, the lifetime variations in Al-1%Si thin film metallizations due to the
local current crowding effects, with various metallizations line lengths, and the electric field effects
in double-layer metallizations were investigated. To investigate the current crowding effects on
the lifetime of thin film metallizations, the wide and narrow links and the saw type metallization
structures were fabricated. To study the line length dependence of the lifetime, 100, 400, 800,
1200, and 1600 um thin film metallizations with 3 ym line width were also fabricated. The current
densities stressed in Al-1%Si thin film metallizations were in the range of 3.5~4.5X10f A/cm®
To study the electric field effects on the lifetime in double-layer metallizations, the electric fields
of 0, £30, 60V, were applied between the two metal lines, and the upper thin film metallization
is stressed with 1.75X10% A/cm? current density. The mean time-to failure(MTF), standard deviation
(¢r), and 90% confidence limits were measured. Optical microscope and scanning electron microscope
SEM) were used to analyze the failures in thin film metallizations. The main results are as follows.
The current crowding effects result in the decrease of the lifetime in thin film metallizatrions.
Also the lifetime decreases rapidly with the increase of the until saturation. The electric field
effects accelerate the decrease of the lifetime in the double-layer metallizations.
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Fig. 1. Photographs of the test lines before electromi-
gration test. (a) Wide & narrow links structure,
(b) Saw type line, (c) Straight line, (d) Double-
layer metallizations.
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Fig. 3. Failures in wide & narrow links structure after
electromigration test. (a) Voids, (b) Hillocks.
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Fig. 4. Failures in saw type line after electromigration
test. (a) Voids, (b) Hillocks.

F=2-2e3]A), A 3H A 135, 1994

6ume] AEE 2t whErgdu Ao A 9] grde)
e g vjebstch. Electromigration @A 1z}
2] whatel] &gk EAelF o)tk B A9
2}alol 4= Wide Line® Narrow Lineo] <14
A A EAo) 5 2] Wale} HAE 2]l
T2 FA% WIE Qi AL whilo] wHAslA
#h YxpAl4o] Wide Lineol 4 Narrow Lineo &
o|F% w= Hillockss o] W34 i, Nar-
row Linesl ] Wide Lineo.2 o}%3& wl& Voidsol
21t Agto] whA¥stAl Hct. wb Saw Type Lineo]
e HAE 2hgle] Az REA EAe)EA
29| wste} el Fxo FAF Wi Ay A%
Hhike] WEAEHAl slw] PR al RE-o) o} F ) upg
Zol| 2] A& wbal Aol A} oyl WAl =
e S e S k| AAMOR, Fol M=
Voidsell 2]gk Zgte] z2)5 o} 3ol 4+ Hillo-
cksel] 213k Agho] wAYSIA "o}

o rfe

T Y

1
}

i

HH O
TR

3.2. stapgSuiMo| Zojw ol wE Electromig-
ration $H

Fig. 50l A g A 7ko)] ol §} upub-32u) 2l 2] 7o)
S vepll L gleh Ae)7t 400 um7hR] F7htel
w2t o]l F43] 7tasieirt 800 um o) Aol A=

HtahgSuiAd o] Aolel] thah d3e wkz) e Ao g

2
15
® .
£
e
2
a
1k
od
H
B
e
L]
o
-
os F .
s
-
r -
l L]
o L NN N i
8 400 800 1200 1800

Test Line Length [ microns |

Fig. 5. Time-to-failure vs. test line length.
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Fig. 6. Failures in straight line after electromigration
test. (a) Voids, (b) Hillocks.
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Fig. 8. Failures in the double-layer metallizations
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