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Introduction to Channel Cracking

Cu/low k interconnect for 90nm

Channel cracks in organosilicate glass

Substrate

Deposition Temp to RT

Tensile stress



Analytical Analysis of Channel Cracking

represents the stress distribution on the crack 
plane before cracking.

represents displacement profile for a plane strain 
crack

When the crack length ao is much larger 
than the film thickness h, the stress field 
around the crack becomes invariant as 
the crack propagates. The volume in 
which the stress relaxes scales as azh2, 
so the total elastic energy change is 
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Effect of Elastic Mismatch on Z

T.M. Shaw, IBM

• Magnitude of Z a strong 
function of elastic mismatch 
between film and underlying 
substrate

• Plasticity in underlying 
substrate further increases Z

Elastic mismatch factor



Impacts of film properties and 
underlying layers on Z



J. He and G. Xu, Intel Inc



Effect of underlying buffer layer

Underlying layer
CDS

Si Substrate



Comparison between different 
technology nodes



Impact of Metal Pattern



Channel Cracking on top of 
Patterned Structure



Effect of Underlying Layer Thickness



Moisture-assisted Channel 
Cracking in Thin Film

Region I: Reaction Control

Region II: Diffusion Control

Region III: Approach fast 
fracture

Moisture causes sub-
critical crack growth 
even when k<kc



Summary and Reference
• Film mechanical properties and thickness are 

very important in determining the energy release 
rate of channel cracking

• Confinement of the thin film has huge effect on 
the crack driving force

• Moisture can induce subcritical crack growth in 
the film and degrade the fracture toughness
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