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SiO, TDDB Data @ Eox = 8MV/cm and 125°C
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TDDB Degradation Correlateswith Enhanced L eakage
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Empirical Relationship:
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Empirical Time-To-Failure Eqg. for Hyper-Thin SI0O2

1.E-01 T 10 -
1 E-02 Eox=2 MV/cm || i 25°C
' l\ A Eox=4 MV/cm 9
& LE-03 M Eox=6 MV/cm ’é‘ i
= L\\ —Fit S |
(@) 1EO04 \\\ .\\ 8 1
\ |
$1'E'05 \\\\‘\\ S i
©1.E-06 ~ ~ g |
X1E-07 ~ [
S o TN 6 |
Iﬁ i |
1E'09 \— 5 llll: llllllll :llll
1.E-10 o el o 1 2 3 4 5 6 7
2.5 3 35 4
tox (NM) Eox (MV/cm)

Empirical L eakage: JLeakage [] EXP[W\XEOX,T) * tox]

Expansion: We,,.7) Uw,— mE_

Leakage Equation:  J, qy.pe = Jo(to) €XP( ME,t,,) = J,(t,) exp( mV;,)

Time-to-Failure Equation: TF O (J, gyaed U €XPEM'V,,) {l’




Molecular Description for Dielectric Degradation
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(field-enhanced thermal breakage)

Effective bond-breakage rate: K 4

Kyt = ki

K, K op[eXp( =k, t) — exp( =k, t)]
Koo eXp( =K 5,1) — Ko, exp( =k p,t)

+

It k,,>> Kk, but k,, <<k, . then

Conclusions

TF — In(]l;/fcrit) D In(llfcrit) D In(llfcrit) D
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exp(—-m'V,)

k 2a ‘J L eakage

O TDDB for hyper-thin SO, isdominated by enhanced DT |leakage current.
0 TF for the hyper-thin SO, dependson voltage, not field.
O Rdliability scaling limit will be dominated by leakage and by itsreliability impact.
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