
Towards Sound and Complete Analysis of Integrated Circuits at Transistor-Level
Oussama Oulkaid123, Matthieu Moy1, Pascal Raymond2, Bruno Ferres2, Mehdi Khosravian3

1Univ. Lyon, EnsL, UCBL, CNRS, Inria, LIP, F-69342, LYON Cedex 07, France 2Univ. Grenoble Alpes, CNRS, Grenoble INP, VERIMAG, 38000 Grenoble, France 3Aniah, 38000 Grenoble, France

Transistor-level error verification

Missing level-shifter detection
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Error analysis

Classical analysis techniques vs. SMT based analysis flow
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Z3 SMT solver [4]
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Device modeling
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Level 1 SPICE model

−1 −0.5 0 0.5 1 −1
0

1−5

0
5

·10−6

Vgs

Vgd

Isd

−1 −0.5 0 0.5 1 −1
0

1−5

0
5

·10−6

Vgs

Vgd

Isd

Switch-based semantics [1]
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Quantitative semantics
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Composing devices: Net modeling

Switch-based semantics

Either current flows in and out or no current flows at all
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Quantitative semantics

• Current Isd constrained based

on the operation region

• Kirchhoff’s current law applied

on each net

Circuit reliability analysis

Time-dependent dielectric breakdown
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RCIRC(t) =
∏

x∈devices
RMOS(vx, t)

time voltage applied on device x

(Circuit reliability)

RMOS(v, t) = exp

− tβ

α(v)


voltage applied Weibull factor

(Device reliability)

α(v) = A0 · exp
(

Eaa

K · T

)
· exp (−γ · v)

time-to-failure

scale factor

apparent activation energy

voltage acceleration

Boltzman constant

temperature

(JEDEC model [2])

Reliability analysis

circuit

circuit formula express reliability

reliability models

Piece-wise affine approximation
of device reliability at time t

νZ optimizing SMT solver [3]
Minimize circuit reliability while
satisfying the circuit formula

worst-case circuit state
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