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Practical Implementation of Reliability
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T Reliability modeling is becoming a hot topic
O outside of the modeling community

Driven by industry needs (Aerospace,
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Automotive) to reduce cost




WHY DYNAMIC AGING ? KM
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o Reliability simulation tools exist on the market (eg, RelXpert, ...)

o These solution integrate stress over time (on a few circuit period)

o They are based on the extrapolation properties of mathematical ageing functions
They are not dynamic aging models !

o They rely on point and shoot / consider variable stress over a few periods but constant

stress over Iong term

o They do not account for (long term) interactions inside a circuit
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WHY DYNAMIC AGING ?
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Stress conditions can evolve over circuit life cycle
o with positive or negative feedback effect
o i.e. saturation of degradation,
o or exponential growth of degradation.
This can’t be accounted for by “(quasi-)static models”.

In the Example Circuit on the right
M1 is stressed, its VTH drifts during circuit life cycle:

o Ibias changes Ibias\l: l, IDS,,
o IDSy3 /014 change M3 I\jl4
o VDSy3 /4 change

The aging rates of each, M3 and M4, M1 |'—||f‘ M2

are impacted by the aging of M1. ==

o there is an aging feedback loop within the circuit !!

Dynamic Aging allows observing degradation effects “LIVE”
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One of the implementation solutions is VerilogA compact models
enhanced with reliability equation for Dynamic Aging modeling
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The principle is to modify a compact model so that some selected model parameters
become a function of external stress and time (not constant anymore)

A parameter P becomes P(t)

dP(t)
dt

= fstress(Temp,V,I)

: Equivalent circuit representation

| V=AP

I ot VerilogA
I=f ress(TEMP,V, 1) - C=1 code




ENHANCED EQUATIONS
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Problem :

The previous aging equation is too simple, it does not allow to implement
solutions of the form:

AP(t) < t"

Which is one of the most commonly observed mechanisms (more complex
forms with saturation may required too)

MOSAK 2018 dP(t)

= fstress(Temp,V, I, time)

Simple tutorial of such dt
enhanced solution

C. Mukherjee, TED 2017
Enhanced solution
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CONCLUSION XN
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Problems raised by Andries J. Scholten (MANY THANKS!):

(private discussion after BipAK 2017)

AP is an explicit function of time -> the model is not time invariant anymore

Mathematical issues (convergence)

o Diverging models
ex: AP(t) = f(stress).t%>

infinite degradation rate at t=0
no limiting behavior at t—>aoc

o Explicit time dependent models

ex: AP(t) = K1.t%°, K1=1e-3 under constant stress
10000s of stress starting at t=0 ->AP(t) =100e-3
10000s of stress starting at t=10000s

—>AP(t) =141e-3



ENHANCED SOLUTION XN
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o Solution 1: Intermediate “age” function
AP:g(Stre ; | e) - age = ffstress(TemprVrI) dt
AP(t) = g(age)

o Solution 2: implement directly the aging differential
equation (example here Reaction-diffusion model)
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ENHANCED SOLUTION
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o Validation of Solution 2:
o Solution implemented in VBIC

o Aging parameters extracted to fit aging degradation of base current over a
wide experimental set of data (1000 hours)

o Simulation under Pulsed VCB
o Simulation 1: VCB from 0 to 2.5V, pulse width 500 h, delay 1000000 s
o Simulation 2: VCB from 0 to 2.5V, pulse width 500 h, delay 1500000 s

o Final AIB simulation 1 = Final AIB simulation 2 = 1.436
The new model is time invariant
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