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migrationell Wi A3} ouix] FHEL A 47 L=& 80T, 10T 28z 120C )9k H
59 2 AN Y B Bde Eobe s A 3000 A9} Si0, Al3bete sputtering AF
Z3715 AHgsted Al1%Si 34 9t AEA fol FRsidch 2 Q7 A= o-gF 2. Al
1%Si 4 vtu} A= A 9] electromigrationsl] o &+ B-Aj3} o x| gL 0.75 eVl 2 257} F7}3 el
w2} Al-1%Si9] 98 Zastdn AgA-e gA4EY Si0, B3t electromigrationel] ¥k
AL AAFoRN HFLIS FAAIFSH, electromigration failure: lognormal failure dis-
tributiong Zt= A& eldd.

ABSTRACT —Electromigration describes the transport of a metal ion in thin film metallizations
by an “electron wind” force under the influence of an applied electric field. This has been reported
to cause the serious failures in microelectronic circuits. Electromigration life tests were performed
on Al-1%Si thin film metallizations at a d.c. current density of 10 MA/cm? and in ambient tempera-
tures of 80T, 100C and 120C. In order to study the passivation effects, a silicon dioxide of
3000 A in thickness was deposited onto the conducting Al-1%Si thin films by using a sputtering
deposition. The main results of this study are as follows: (1) The activation energy for electro-
migration failures is 0.75 eV for the Al-1%Si thin film metallizations, (2) The life time of Al-1%Si
is decreased as the temperature is increased, but the reliability of Al-1%Si is improved, (3) The
Si0; overlayer improves both the resistance for the electromigration and the reliability of the
Al-1%Si thin film metallizations, (4) The electromigration failures show lognormal distribution.
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Wet station

Furnace (5000 A)
MC 3500D2 (1.4 um)

PR. Coating Low : 250 rpm, 3 sec
High : 4000 rpm, 25 sec

Hard Baking 120C 30 min

Backside .

Oxide etch 7 : 1 BHF, sheet off
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110 T, 2 min(hot plate oven)

Spary

90T, 1 min
Hot plate oven

Hmds removal
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PR. Coating

Soft baking

Exposure

Post exposure
Baking

Etching

37 2. E-beam lithography.

SAL 601-ER7 (5000 A)
5K rpm/min,

Hot plate 110T, 2 min

Dose 6 pC/cm?

110C, 1 min

MF320S developer, 3 min

RIE(Reactive ion etching)
Al+1%Si 1000 A
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7k p-type (1 0 0) $l°)5 & AHg3tom, 4-inch
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1 um,
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| Initiate stress test ]

|

[ T(TS) : Initial metallization stress temperature |
[ t; : Time-to-failure J
T, SD(T,) : mean stress temperature
and standarad deviation of test structures

|

tso, 6 . Median time-to-failure and sigma ]

90% confidence limits for ts; and sigma
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Plot the t; data
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% 4. (@) I0MA/cm?, 80C, EM test 9] test stripe
(X 500).

D1 4. (b) 10 MA/cm?, 100T, EM test $-2] test str pe
(X 500).
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a8 5. 10MA/cm?, 120, EM test %2 test stripe
SEM.

slch
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e}t 9lE TCR(temperature coefficient of resista-
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(TS)=T(TS) — ~o—or ®)
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F 2. Stripeo] Q17}1%|+& stress temperature2} & H

2}
Specimen 1 2 3
Tn 91 114 131
SD(T,») 3.04 4.36 1.16
TCR 0.00346 0.00248 0.00249

B 3. FdA17s BEER)

Specimen tso Conf (90%) c
1 4.71 1.38<t<16.90 1.50
2 148 042<t< 523 1.50
3 041 0.13<t< 1.31 0.99
4 6.86 2.03<t<23.24 0.90
= 30! 130°C it5°c s0°C
I3
g 0]
g 10
g
“r y. ! J
10’ 10° 10’
TIME (hours)
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a7 60 Jehiigr) oz Az FEI|7L At F
FA A3 W) WAzt en, oL HAA
A& Z715 Bole £4% dFulwovt dFuwE
Ao g e o gFEFHE oS A9, 10101t
w2} failure] M9l 3| 2] opene & ZAA 3}

Zt 2%oA test structure2] FAIZHmedian
time-to-failure)® TFEMHz} 28] Z}zHe] 90%<)
AZTEHE & 3o e tod In(t)d] HEE
TEF o AE o] &3] A4kt

tso—€exp Y
Y : mean of the In(t)

sigma, ot &4
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0.1
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Cumulative failure (%)
(a) 90T 2] stress temperature
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?
o]
[=]
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&
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0.1
0.1 10 50 920 99.9
Cumulative failure (%)
(b) 115C 9] stress temperature
100

Life time(hours)
S

1 L
0.1 10 50 90
Cumulative failure (%)
(©) 130T 9} stress temperature
33 7. Time-to-failure vs. cumulative percent.
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"[1+ 1 ] [Z'}’:l (In t;—1In tf)z]

LT aN— N—1

£ ©]-23}9 N& sample o]tk t53 sigmaoil B3
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N-1 q© N-1 q=
e ——— d s ——
o ¥(095; N—1) ] an o (005, N—1) ]
7] A
t(0.95; N—1D)=N-—12] A-#4%& z= tEX 2] 959 A
percentile
(095 N—1)=N—19] AH5& zt&= 3% 9] 95
WA percentile
x%0.05; N—1)=N-12] AF2& z& *E29 5

WA percentile

Specimen 1, 2, 3¢ Si0, X578 zZtA] ok test
structure 524 Zb7k 90T, 115C, 130T 9 stripe
X0l A electromigration test& F33lgic). A=
stripe 27} F7igtel] wel FFpge sz
AZAE gasle Zeg vebyr) Specimen 4&
o} 3000 39 Si0, XS 7z test structure 524
150C 2] #$]7] *Eo)A electromigration testE
F3slsdc}. Si0, B3uhg 2|+ specimen 1, 2,
33 wlsdted FFFrgo] A Frlsia A1FA
FA] FAE) oY AFAERE Si0, B uto)
Al-1%Si F4 vt Ax A 9] electromigrationsl] o ¥}
AL A= Ao FAs )

a9 78 Fakd F<43Kmetallization)E A 71A)
LxoA] At e failure time, toll HE ¥
#-E(cumulative probabiity)2- “ebd Zeolt}. Cumu-
lative percent failurew 7}2&o] elulgl logs
¥ failure timed HZHo) JelNgic) dolel
#Ax 9 9A+= Hazen algorithme AF8-5}s] A A3}
At &, F)+ [i-051/Nold 3714 iE failures
7 903 N2 AA sample Folr}. dle]e}
HEke) v iAo Y Mgk BEP, In[—In{l
—F®)} 19 955 & X9 e doch ays}
ol RE HEL 0% AlFFlolA HdHges
vepdrl. ojela] electromigration failure= lognor-
mal distribution-& Zre=thil ¥ = glem o)ne
duby o 7 el electromigration failure distri-
bution[7]3} < A §hc}

U HFYEZ MR test structureol of
4 22 o5 i Ints)9) Arrhenius plotg
3tz Black[1]ell &) 4243189 t}-8-4]& o]-g-3}ef
48} ovlR|(activation energy)E Ts}e]c),

MTF=Aj™" exp(Q/kT)
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10
MTF = Aj™" exp(Q/kT)
Q=0.75 eV
j = 10 MA/cm2
"o .
3.
0.1
2 2.5 3

1/T [103/K]

a2 8. XY™ AFUEAA ZFA|ZFe]  arrhenius

plot.

o7]4 A¥x A8 A5{(material constant), Q¥ elec-
tromigration failureol] th&t &3 oz, j& AF
1x, ke B2 A9 233 Te ZdXxelth
Test structure X+ TCR(temperature coefficient
of resistance)& Ab&-8ted g on, AAiE Al-1%Si
upato] A5} oiix] e 0.75eV o]ty Median
time-to-failureoll ™ & Arrhenius plot& I3 89
vehi et

4.4 £

1. Al-1%Si ®}=He) electromigratione] T3k 433}
oA g 0.75eVE Yehgdr)

2. 23917] &£x7} 80T oA 120C B Z7}3t] uj=}
HFgegde Fastga AlsAde SatElgdh

3. Si0, X372 AL1%Si 4wt F43e] Ya4a
9 Al2)A-g A A1

=333 A, A1 A 35, 1992

4. Electromigration failure + d.c. AF-3lol|A] log-
normal distribution® 2 ve}ydc}.
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