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Kinetic models?
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Kinetic models

» Voltage/E-field acceleration Conservative
_ E-model: tgp o e VEE Kim et. al., IRPS 2007 .
— Square Root E-model: tg;, « e VeVE Chen et. al., IRPS 2006
— Power Law Model: tpp, x E™" Wu et. al., IEDM 2005; Croes et.al., IRPS 20
_ Impact Damage (Lucky e): tpp % o(~VVE+E) Lloyd et. al., JAP 2005
_ 1/E-model: tz)p < e F Zhao et. al., APL 2011 v
— Progressive breakdown: Lee et al., IITC 2016
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Table I Process splits and TDDB results using

short-to-long term TDDB bias - (a) 108 i
Tech. Splits Lifetime Model i sTem sTeZ%
ELK1,ESL1, Better than 108 e el 107 k — SqrtE model
100M o stended UV cure, condition A Power law ~ | — 1E model 5 — Powerlawmodel
= .
ELK1,ESL1, Better than & 408 < 406 b
10nm extended UV cure, condition B Power law E F E
10nm ELK1,ESL1, Better than 10° | Tech. 10nm 105 | Tech. 10m )
no extend UV cure Sqrt-E F Split: Thinner barrier ?p"::ex:f"degog%' condition B
[ o est pattern: um
10nm ELK1,ESL1, thinner barrier E model 102 Test temperature:150°C . X 104 [_Test temperature: 150°
10nm ELK1. thinner ESL2 E model 25 30 35 40 45 50 55 60 2.0 5 30 3.5 4.0
’ Field (MV/cm) Field (MV/cm)
20nm ELK1, ESL2 1/E model
40nm ELK2, ESL1 SqrtE model Chang et al., IEDM 2015

 Or model is process dependent?



Poisson system

Non-Poisson
system

Statistical models?
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Compound Weibull
(Chen. et al, TED2011)

Fail Rate Integration
(Chen. et al, IRPS2014)

Clustering model
(Wu. et al, IRPS2014)




Qualification strategy for some difficult failure

CMOS with RMG (Gate Last)
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Gate-to-diffusion leakage and breakdown sources:
1) PC-to-TS; 2) PC-to-epitaxial layer with silicide

F. Chen IRPS 2014 Tutorial

How to qualify PC-epi TDDB?

modes?
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Inner spacer

Zhang et al., IEDM 2017
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How to qualify inner spacer TDDB?



Industry scaling trends?

 What is final TDDB limit for pitch scaling? (28nm, 20nm?)
 Does new metallization scheme help? (Co,Ru,...)

* Will k value continue to scale down? Or stay, or scale back
up?
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