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Road Map for Optimizing CMP of ULK Dielectrics
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Diffusion of Solutions into ULK Films
Whil d i k b i i it ULK fil f C i t tWhile reducing k by increasing porosity, ULK films for Cu interconnects
have become more susceptible to diffusion during CMP resulting in
increased keff, delamination, cracking, etc.
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Diffusion Controlling Factors
PAD

from that in the bulk.

• Molecular weight, structure and polarity
• Pore size
• Porogen removaldiffusionf t t Porogen removal
• Temperature
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Lateral Diffusion Technique
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Effects of Molecular Weight and Structure
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Molecular Reptation under Nanoconfinement
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Effect of Molecular Polarity
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Effect of Pore Size
C #
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the continuum-based prediction.   D ↓ with d ↓



Nanoconfinement Induced Viscosity Rise
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Effect of Porogen Removal
C #
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• Current: Curing ULK CMP polishing

• Suggest: CMP polishing Curing ULK to minimize diffusion of CMP slurries.



Effect of Temperature

 

C #
6         8      10    12  14 16  

10-9

 (m
2 s-1

)

D ↓ with T ↓ and M ↑

Th diff i i i i MSSQ42°C

31°C  ffi
ci

en
t, 

D The diffusivities in MSSQ were
lower than those in the bulk by
at least a factor of three.

10
alkanes us

io
n 

C
oe

22°Cnn The slope is increasing with T,
which is opposite to the trend in

100 150 200 250

10-10
in MSSQ

D
iff

u

Molecular Weight M (g mol-1)

the bulk.

Molecular Weight, M (g mol )

T. Kim and R. H. Dauskardt, Nano Letters, 2010.



Activation Energy for Diffusion
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Activation Energy for Diffusion
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Free Volume Theory of Diffusion

Ea vs. Chain Length
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adjacent molecules can move. Therefore f ↓ with T ↓ and M ↑ resulting in Ea ↑ in the
bulk. However, Ea ↓ under nanoscale confinement, possibly implying f ↑ with M ↑.
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Conclusions

Diffusion Controlling Factors
• Molecular weight, structure and polarity

D ↓ with M ↑, branch # ↑, and polarity ↑

• Pore size
D ↓ with d ↓

Effects of Nanoconfinement• Porogen removal
D ↓ with porogen

Effects of Nanoconfinement
• Molecular reptation
• η ↑ with d ↓• Temperature

D ↓ with T ↓

• η ↑ with d ↓
• Ea ↓ with M ↑


