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Introduction - Airgap

l What is Airgap?
– Replace solid low-k dielectrics between interconnects with air-filled or vacuum pockets
– Lower the inter-metal dielectric (IMD) permittivity ® lower line-to-line capacitance

Interconnect Inter-metal 
dielectric (IMD)

Airgap
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Introduction - Airgap

l Benefits of Airgap
– Reduced line-to-line capacitance
– Reduced interconnect delay, ~20% reduction

l Limitations of Airgap
– Manufacturing cost
    ® few airgap layers
– Requires layer reassignment

Airgap layer
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Introduction – Problem Formulation

l Objective: timing optimization
– Given: routed design
– Optimize: total negative slack (TNS)
– Constraints: legal airgap assignment and no hold time violations

l The shortened interconnect delay is beneficial to setup timing but harmful to 
hold timing.
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Slack Dependency Graph (SDG)

l Conventional circuit graph
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Slack Dependency Graph (SDG)

l Add a net node to represent a net
– Our optimization is performed on a wire belonging to a particular net
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Slack Dependency Graph (SDG)

l Final slack dependency graph
– Fast incremental update 𝑠! <  𝑠" < 𝑠# < 𝑠$ < 𝑠%
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Airgap-Wire Optimization

l Flow overview

SDGs
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Airgap-Wire Optimization

l Global Optimization – Net Selection
– Most critical segment first (always effective)
– Highest path usage first (contributes most to total negative slack)
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Airgap-Wire Optimization

l Local Optimization – Airgap Insertion (on the selected net)
– Check if the inserted airgap is legal and indeed reduces the delay
– Formulate Elmore delay
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Airgap-Wire Optimization

l Local Optimization – Airgap Insertion (on the selected net)
– LP formulation for each wire segment

The amount of airgap

Delay improvement

Setup time

Hold time
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Benchmark Statistics

l # Component: the number of wires of interest
l # Psetup: the number of setup paths
l # Phold: the number of hold paths
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Experimental Results

TNS: total negative slack
WNS: worst negative slack

[12] Y. Jung, D. Hyun, and Y. Shin, Integrated airgap insertion and layer reassignment for circuit timing optimization., ASP-DAC 2024. 32–37.
[19] B. Yu, D. Liu, S. Chowdhury, and D. Z. Pan, TILA: Timing-driven incremental layer assignment, ICCAD 2015, 110–117.

Slack dependency graph helps
- Identify the most critical nets
- Ensure effective optimization
- Perform very fast update



15

Conclusion

l Present a novel way of viewing slack relationship – slack dependency graph

l Allow flexible amount of airgap to be generated

l Achieve significant speed up and quality improvement
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Thank You!


