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Road Map for Optimizing CMP of ULK Dielectrics
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Diffusion of Solutions into ULK Films

While reducing k by increasing porosity, ULK films for Cu interconnects
have become more susceptible to diffusion during CMP resulting in
iIncreased K¢, delamination, cracking, etc.
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- [ Applied CMP shearload > molecular mobility under nanometer
: scale confinement is required,

ULK cracking  delamination : :

l = because it was found very different
CMF/Slur abrasiv from that in the bulk.
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Diffusion Controlling Factors

* Molecular weight, structure and polarity
* Pore size

« Porogen removal

* Temperature
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Lateral Diffusion Technique
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Diffusion of 0.1wt% surfactant solution

in MSSQ (d ~ 2.1 nm)
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Effects of Molecular Weight and Structure
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TSTANFORD

MATERIALS SCIEN CE T. Kim, K. Mackie, Q. Zhong, M. Peterson, T. Konno, and R. H. Dauskardt, Nano Letters, 9(6), 2427-2432, 2009.

AND ENGINEERING



Molecular Reptation under Nanoconfinement

D~ M™%  a=2 polymer reptation theory

— 11 0
(\Ilw 1 0 E T T T T LU I T T T T LI E .
c - X TR Experimentally,
N—" - - NE L
0 10"k . 3 _as-23 1
0 107 ; 2 D~M?
c C ] 2 -
QO - . £ :
&) 13 | _ g 10°
e 10 ¢ £ E
) - ] 2 ]
o - . . ] 3 10" :
o Dimeric < ;
c 10™E -1.85 3 s :
'% 2 T"‘ 3 g o Data for
S X ] olybutadiene ]
E -15 1 1 Lol -1 196 1 [ 10 F? 'y' el S Lol 1 =
e 10 5 3 10’ io* 10° 10°
10 10 : “
Relative molecular mass /g mol
, -1
Molecular Welght, M (g mol ) Jones, Soft Condensed Matter, p. 92, 2002
nanoporous film
T
- et g, el
~&.. ) S N | ‘el Jtiad aEN .
‘nﬂ%% e PN T N
/ P e iy j Fr—. diffusion ,.\— ............. e 3
surfactant .= ‘:“E r e el o
molecule TR
nanopore
Static tube by Dynamic tube by
Interconnected nanopores polymer entanglement
TSTANFQRD P Y d
MATERIALS SCTENCE T. Kim, K. Mackie, Q. Zhong, M. Peterson, T. Konno, and R. H. Dauskardt, Nano Letters, 9(6), 2427-2432, 2009.

AND ENGINEERING



Effect of Molecular Polarity
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Increasing molecular polarity M ~ 115 g/mol

- Decreasing D
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Effect of Pore Size
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Nanoconfinement Induced Viscosity Rise
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Effect of Porogen Removal
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Implications for CMP at Advanced Technology Nodes
* Current: Curing ULK - CMP polishing

TSTANFORD + Suggest: CMP polishing = Curing ULK to minimize diffusion of CMP slurries.

MATERIALS SCIENCE I
AND ENGINEERING T. Kim and R. H. Dauskardt, Nano Letters, 2010.



Effect of Temperature
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at least a factor of three.

The slope is increasing with T,
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Activation Energy for Diffusion

Arrhenius Plot E_ vs. Chain Length
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Activation Energy for Diffusion

Arrhenius Plot
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Free Volume vs. Chain Length
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Free Volume Theory of Diffusion
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Two ends of a linear chain molecule give rise to free volume into which segments of
adjacent molecules can move. Therefore f | with T | and M 1 resulting in E, 1 in the
bulk. However, E_ | under nanoscale confinement, possibly implying f 1 with M 1.
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Conclusions

Diffusion Controlling Factors

* Molecular weight, structure and polarity
D | with M 1, branch # 1, and polarity 1

 Pore size
D | withd |

Effects of Nanoconfinement
* Porogen removal

D | with porogen * Molecular reptation
« ntwithd |

* Temperature _
« E_ | with M1

D | with T |
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