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Outline

* Millisecond annealing
— Optical effects
— Heat transfer
— Stress induced by thermal gradients
— Stability of source/drain resistance
— Defect annealing for S/D and halo implants

* Layout-induced V; and L _ variations
— Threshold and L 4 shifts are driven by TED
— Non-trivial shape of diffusion mask
— Compact model for fast analysis
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Optical Generation Pattern @L=32nm
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Optical Generation vs Poly Pitch @32nm

Poly gates act as lenses, with the light pattern
determined by transistor placement
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Time Averaged Heat Generation @32nm

100 nm poly spacing 500 nm poly spacing

87% heat absorption 84% heat absorption
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Time Averaged Heat Generation @32nm

100 nm poly spacing 500 nm poly spacing

Quite
similar
integral

heat

87% heat absorption 84% heat absorption
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Heat Generation vs Poly Width

Same 500 nm poly spacing
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Heat Generation vs Poly Width

Same 500 nm poly spacing
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Detailed Poly Spacing Trends
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Heat Transfer Within the Wafer

« Heat transfer within the wafer is very fast,
advancing >100 um/ms

* Therefore, layout patterns <100 um get
uniform temperature, with AT <1 °C/um

 The issue can be large areas of layout
with significantly different heat absorption

* This can be resolved by using a heat
absorption layer or appropriate dummy fill
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Typical Temperature Distribution
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In ms-timeframe, feature scale T variations are < 1°C
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Stress Induced by Temperature Gradient

Hot top layer is
trying to expand

Most of the wafer
is cool -> shrank
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Compressive stress
is expected at the
top of Si wafer
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Stress Induced by T Gradient + Pattern

Si-dominant pattern

—

0.2 GPa compressive

Depending on local
layout, thermal

STIl-dominant pattern expansion stress

changes sign!

0.2 GPa compr. “W’R 0.5 GPa tensile
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Thermal Budget to Dissolve Damage
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