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EM/Stress Migration Background 
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EM/Stress Migration Background
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Physics-based modeling
(Korhonen et al., JAP 1993)
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EM/Stress Migration Background

4

Boundary Conditions
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EM/Stress Migration Analyses

• If tensile stress exceeds critical value  void is nucleated
(further electron wind leads to void growth, and eventual open circuit)

• Steady-state analysis
• Solution for t → (when transients have settled and driving forces reach equilibrium)

• Can take very long time to reach (much longer than the expected chip lifetime)

• Used to identify wires where critical stress is never attained ( immortal wires)

• Quite mature

• Transient analysis
• Stress evolution over time

• Identifies if potentially mortal wires from steady-state analysis are susceptible to EM 
( can attain critical stress) during chip lifetime
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Single-segment line: solution by reflections
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Single-segment line: solution by reflections
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𝝏𝝈

𝝏𝒙
= −𝜷𝒋 ≡ −𝑮



Single-segment line: solution by reflections

8

𝝏𝝈

𝝏𝒙
= −𝑮



Single-segment line: solution by reflections
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Single-segment line: solution by reflections
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Fundamental component

Reflection (1st order)

Reflection (2nd order)

Stress-Wave Analogy
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Single-segment line: solution by reflections
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Single-segment line: solution by reflections
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Single-segment line: solution by reflections
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Single-segment line: solution by reflections
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Single-segment line: solution by reflections
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Single-segment line: solution by reflections
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Single-segment line: solution by reflections
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Single-segment line: solution by reflections
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Single-segment line: solution by reflections
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Two-segment line: solution by reflections
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−𝑮𝟏 −𝑮𝟐𝑮𝟐 − 𝑮𝟏



Two-segment line: solution by reflections
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𝑮𝟐 − 𝑮𝟏



Two-segment line: solution by reflections
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𝑮𝟐 − 𝑮𝟏



Two-segment line: solution by reflections
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𝑮𝟐 − 𝑮𝟏



Two-segment line: solution by reflections
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Two-segment line: solution by reflections
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Multisegment line: solution by reflections
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Multisegment line: semi-analytical solution
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Multisegment line: semi-analytical solution
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ሶ𝛔(𝑡) = 𝐀𝛔(𝑡) + 𝐁𝐣

Current densities 
of line segments

Stress at discrete 
spatial points



Multisegment line: semi-analytical solution
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ሶ𝛔(𝑡) = 𝐀𝛔(𝑡) + 𝐁𝐣

𝐀 = 𝐕𝚲𝐕−𝟏
Eigendecomposition

For each eigenvalue 𝜆𝑗:



Multisegment line: semi-analytical solution
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𝐕−𝟏𝐫 ≡ 𝐕𝑇𝐫 ⇔ DCT−𝐼𝐼(𝐫)

𝐕 𝐫 ⇔ IDCT−𝐼𝐼(𝐫)
𝑂(𝑛 log𝑛)



Multisegment line: semi-analytical solution
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𝛔 𝑡 = 𝐕𝐋 𝑡 𝐕𝑇𝐁𝐣

DCT−𝐼𝐼

IDCT−𝐼𝐼

\\\𝜆𝑗 =
𝜅

Δ𝑥2
2 cos

𝑗 − 1 𝜋
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Interconnect tree: semi-analytical solution

32



Interconnect tree: semi-analytical solution
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𝛔 𝑡 = 𝑒𝐀𝑡 − 𝐈 𝐀−𝟏𝐁𝐣

Conservation of atomic flux 
over the entire tree relates 
stress at discretized points

Solve for any 𝜎𝑗 and substitute

sparse 
linear solve

matrix-exponential 
vector product

ሶ𝛔(𝑡) = 𝐀𝛔(𝑡) + 𝐁𝐣



Conclusion and Future Challenges
Recent EM/Stress solutions for multisegment structures

• Reflections and stress-wave analogy for multisegment lines
→ analytical calculation of stress via closed-form expression

• Semi-analytical solutions for multisegment lines and interconnect trees
→ discretize only space, able to calculate stress at any future time directly

Future challenges and perspectives

• Extend reflections framework and stress-wave analogy to interconnect trees

• Adapt analytical and semi-analytical solutions to growth phase

• Handling of time-varying (or frequency-specific) input current densities

• Design connections (lifetime-driven P&R, segment widths, P/G stripe spacing)

• Adoption of physics-based models and emerging solutions in industrial flows
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Thank you! 

Questions / Comments
nestevmo@uth.gr
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