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Objectives

• Formal verification techniques to im-
prove analysis accuracy for circuit
electric verification (ERC)

• Transistor-level semantics of circuits
– encode circuits into formulas
– check SATisfiability of errors
– previous version introduced in [1]
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Voltage Aware Local Semantics
Abstraction of Transistors Behavior
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PMOS Abstraction (VS = 5V )
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NMOS Abstraction (VS = 0V )

PMOS and NMOS characteristic curves Id = f(VGS) and abstractions.

Transistor Behavior as Logical Clauses

∀Mx ∈ DNMOS, On(Mx) ≜ V (MxGATE) > V (MxSOURCE) ∨ V (MxGATE) > V (MxDRAIN)

∀Mx ∈ DPMOS, On(Mx) ≜ V (MxGATE) < V (MxSOURCE) ∨ V (MxGATE) < V (MxDRAIN)
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Voltage Assignment through Disjoint Clauses

CurrentFlows(n) ≜ ∃i, j ∈ neighbours(n),On(Mxi) ∧ On(Mxj) ∧
[
V (i) < V (n) < V (j)

]
NoCurrentFlows(n) ≜ ∀p ∈ neighbours(n),On(Mxp) ⇒ V (n) = V (p)
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Encoding a Level Shifter

A
Z

vddh(3.5V )

gnd

M6

M5

M4

M3

M2

M1

l r

int

vddl(1.5V )

gnd

inverter (X1)

A An

M1

M2

Encoding the Behavior

On(M5) ⇔
(
V (A) < V (l) ∨ V (A) < V (int)

)
∧ On(M4) ⇔

(
V (A) > V (gnd) ∨ V (A) > V (int)

)(
On(M5) ∧ ¬On(M4) =⇒ V (int) = V (l)

∧ ¬On(M5) ∧ On(M4) =⇒ V (int) = V (gnd)
)

∨ On(M5) ∧ On(M4) ∧ V (gnd) < V (int) < V (l)

Enumerating the Solutions

V(A) V(int) V(Z)
0.0 3.5 0.0

[1.5, 3.5] 0.0 3.5

↪→ no leakage
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Case Study: Missing Level-Shifter
State of the Art [2]:

Symbolic verification [1]:

Verification Process

Results (Industrial Usecase)

True errors False alarms
55 (15%) 314 (85%)

Error refinement on 369 warnings
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Analysis performances on full-adders
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