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\ Void growth=Stress-induced Cu transportation \

‘ Relation between stress and void volume ‘
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Lifetime can be derived for a threshold of
void volume that causes the open failure.
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_E Critical point 1: gate dielectric thickness in early CMOS technology.
Pulsed direct current (PDC)
_Ei Javg > large EM Issue
. Jrms > large  JH Issue
' Critical point 2: Xeft = Xdrawn ~ Xgiobal = Piocal
—f: Pulsed alternate current (PAC)
Fan ouf| Javg > small
N=4 Jrms > large  JH Issue
_E 2 Global
S variation
vImprovement of EM o i
o ElCWoN GV vk @ dx
W, T, vEM under PDC/PAC with JH si better worse 0 0.05 0.1 ‘Misalignment
Power [W] =
S. Yokogawa, et al., 2009 IRPS @ dy;
electron o
M1 ﬁCuAlj S% Drift structure”: Local variation
N+ I~ Contact N+ .prift velocity of Cu <> dXien
o L1:0.20 m (W=120 nm)
RN L2: 045 pm “Incubation time q et q 2
o L3:070um | o untl void nucleation 0.008 1. Weibull distribution 9%
Iz L4: 09508 *) Kawasaki and Hu (1996) 0.007 :: w/o JH ¢ s 3 Mt
: Low JH =
o 0006 | g F(r)=1-exp|-| = X8 L,
2 0005 ’ n o 6§
2 O £ 5
2 ) 320
Emml 2. Clustering model for 5 3 MILE: rt
S 0.003 - r A n . & - 6
£ Error bar: lifetime distribution 2 D135 X100 L
£ 0.002 o © 10 a=0.245
Sijp 90% C.L. sy B p=2.1
- of estimates D(t E ’ r3
0.000 — : : F()=1-11+4=[ = 3 T0.627
Oﬁ 50000 100000 150000 200000 250000 a\n Data:S. Yokogawa, etal., - -4
) 1 IRPS 2011, Fig. 14 (14V)
JL [Alcm] -5
a—o : Weibull distribution 1 10 100 1000

D—1: Wu, et al., APL (2013) Lifetime [Arb. unit]

Copyright © Yokogawa Laboratory, All rights reserved.

Inin(1/(1-F))



