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Abstract — As the line width of a thin film interconnection in microelectronic devices is scaled
down up to less than 0.5 pm by an ultra large scaled integration, the improvement of the electromig-
ration failures and the relatively poor conductivity, compared to noble metals, in Al or Al-alloy
which have been widely used for the present interconnection materials is necessary. Accordingly
a new interconnection material with both strong resistance to the electromigration and high electrical
conductivity is required In this study, the electromigration resistance charactistics of Ag, Cu, Au
and Al thin film interconnection materials with high conductivities have been investigated for mic-
roelectronic devices. Activation energies were calculated from the electromigration and lifetime
test under an applied d.c. and ambient temperatures in the Ag, Cu, Au, Al thin film interconnections
evaporated with the thickness of 0.05 um, the line width of 100 um, and the length of 5000 um.
All thin films were deposited on to the thermally grown 5000 & SiO. layer on p-Si(100). The current
densities used in this study were 2X10° A/cm® for Ag and Cu, and 6X10° A/cm® for Al and Cu,
respectively. A room temperature to 240C were used for measuring the activation energies for
electromigration. Activation energy of Cu is 1.33 eV, which is the largest value. And the activation
energies of Au, Al, Ag are 1.01eV, 0.71 eV, 0.30 eV, respectively. Cu and Au can be suggested
as a next thin film interconnection materials showing high activation energies, that is, strong resista-
nce to the electromigration for ULSL
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Fig. 1. (a) Time-to-Failure(TTF) vs. Cumulative Failure Percent(%) of Ag at R. T, 80T and 130C. (=2X10°

A/cm?)

(b) Time-to-Failure(TTF) vs. Cumulative Failure Percent(%) of Cu at 100C, 130C and 160C. (j=2X10¢

A/cm?)

(¢) Time-to-Failure(TTF) vs. Curnulative Failure Percent(%) of Au at 180T, 210C and 240C. (j=6X10°

A/em?)

() Time-to-Failure(TTF) vs. Comulative Failure Percent(%) of Al at 180C, 210C and 240C. (j=6X10°

A/cm?)
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Fig. 2. (a) Resistance Change Ratio(%) vs. Current Stressing Time(min.) of Ag at R. T, 80T and 130C. (j=2X10°
Alem?)
(b) Resistance Change Ratio(%) vs. Current Stressing Time (min.) of Cu at 100C, 130C and 160C. j=2X
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(¢) Resistance Change Ratio(%) vs. Current Stressing Time (min.) of Au at 180C, 210T and 240C. (j=6X
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(d) Resistance Change Ratio(%) vs. Current Stressing Time (min.) of Al at 180T, 210C and 240C . (j=6X

10° A/cm?)
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Table 1. Mean-Time-to-Failure(MTF, ts) of Ag, Cu, Au
and Al Thin Film Interconnections

Current
Materials Densities Temp.(C ) MTF(min.) o(min.)
(A/cm?)
R.T. 1366.8 84.84
Ag 2X 108 80 754.8 90.60
130 72.6 8.46
100 802.8 85.02
Cu 2x10° 130 28.8 3.58
160 2.6 0.19
180 132.6 30.54
Au 6X10° 210 133 3.06
240 6.4 2.82
180 348 21.06
Al 6X10° 210 7.8 7.08
240 42 1.82
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Fig. 3. (a) Activation Energy, Q, of Ag and Cu Calcula-
ted from MTF=Aj "exp(-Q/KT)
(b) Activation Energy, Q, of Au and Al Calcula-
ted from, MTF = Aj "exp(-Q/KT)

Table 2. Electrical Conductivities, Melting Temperatu-
res, and Activation Energies of Ag, Cu, Au,
and Al Thin Film Materials

Properties Electrical Melting Activation
Conductivity Temp. Energy
Materials (ohm-cm) ! (C) (eV)
Ag 6.21X10° 961 0.30
Cu 5.88X 10" 1083 1.33
Au 4.55%10° 1063 1.01
Al 3.65x10° 660 0.71
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