Advancements For Sub 45nm
Fixed Abrasive STI CMP

John Gagliardi, Andrey Zagrebelny,
Bill Joseph, Larry Zazzera

3M Company

3M NCCAVS CMP Users Group at Semicon West Moscone Center, San Francisco, CA



Outline

e Background

— Timeline of developments leading to Advancements for
Sub 45 nm FA STI CMP

— The FA Process and Outstanding Planarization
e Current FA STI CMP Roadmap
— 65 nm, 45 nm and Sub 45 nm

 Advancements for 45 nm and sub 45 nm
— Chemistry
— Abrasive
— CMP process and performance

Summary and Conclusion

3M NCCAVS CMP Users Group at Semicon West Moscone Center, San Francisco, CA



Microreplicated Fixed Abrasive
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Development Timelines
Leading to advancements for sub 45 nm

2001 — Third Generation of FA Development was completed
» Close collaboration with tool builder and semiconductor fabs

2002 - AMAT’s Reflexion™ Web Ready

Numerous Technical

* FA production tool available to Industry papers published by
 2-Step process developed industry leaders:
« Selective Chemistry with FA gMC, '”f”l‘_leon’C:B_M’
A YPress, Ryundal,
« 3 Fabs take FA into production Europa, Hyundai, VIT
2004/2005 — Expanding Production and others

« IBM and UMC publish prominent technical papers
2006 — Sub 45nm FA STI CMP Development begins

* New abrasives, chemistry and subpads
» Low pressure surfactant process taken into production at 45nm
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Process Approach to attain superior

planarization
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Planari

zation Comparison

e Qutstanding Planarization
— Low trench oxide dishing/range; low nitride erosion/range
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NU and Process Stability

Exceptional WIWNU
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Electrical Field Oxide Thickness

Traditional Slurry vs Fixed Abrasive ST1 CMP

Ref: “Using Fixed Abrasives in a Production
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Additional Characteristics
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FA STI CMP Roadmap

65nmi 45nm and Sub 45nm

e

|  45nm Process Dev. |

| 45 nm Manufacturing |

| 32 nm Development | 32 nm Process Development
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Subpad Improvements |
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Advanced FEOL Applications

Pad

2006 2007 2008 2009 2010 2011 2012
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Advancements for

45nm and sub 45nm

« Chemistry
— Surfactant introduced to polishing chemistry

e Abrasive

— Current work with nano-ceria
» Size, Shape, Loading

— Fixed Abrasive Topography
* Shape, Density, Size

e Process Improvements
— Reduced Pressure Polishing
— Higher throughput
— Lower Increments
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Advancements for 45nm and sub 45nm
Chemistry
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Advancements for 45nm and sub 45nm

Abrasive
Current work with nano-ceria - Size, Shape, Loading
Fixed Abrasive Topography - Shape, Density, Size

¥

521 & 542 Ceria, 150 nm

Multiple samples show acceptable rate
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Advancements for 45nm and sub 45nm
Process

« CMP process and performance improvement
Surfactant Chemistry allows much lower downforce
- Lower downforce

reduces defects 50-80% — Yield
allows FA to run at lower increments — Cost
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Advancements for 45nm and sub 45nm
Low Pressure Reduces Defects

DN Haze vs. CMP recipes (SWR542)
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Advancements for 45nm and sub 45nm

Low Pressure Reduces Defects
Generally to levels equal to HSS slurry

12 months in production, HARP STI, 45 nm
Tested at 65 nm HDP STI and found
65% reduction in defects on product wafers
Reduction of Increment
Higher Rate (throughput)
C Tested at 45 nm HARP STI and found
80% reduction in defects on product wafers
Reduction of Increment
Higher Rate (throughput)
D Tested at 65 nm HDP STI and found
“significant” reduction in defects on product wafers
E Tested at 65 nm HDP STI and found
80% reduction in defects on product wafers

FAB
A
B
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Advancements for 45nm and sub 45nm
Process

« CMP process and performance improvement
Lower pressures reduce subpad deflection

- Some fabs experience a fast-band near wafer edge
known to be the result of the subpad deflection

Reference: Fixed Abrasive Direct STI CMP Allows Elimination of
the Conventional Subpad Compromise for WIW and WID Ranges, J. J.
Gagliardi, Abs. 915, 204th Elec. Chem. Soc., Oct. 12-17, 2003
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Advancements for 45nm and sub 45nm
Process

Edge Profiles vs. Process

Remaining Oxide (A)

—-— 3.5 psi - No Surfactant

—-— 1.5 psi + Surfactant

80 85 90 95 100
Wafer Edge - mm
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Advancements for 45nm and sub 45nm
Process Summary

Benefit Impact
Higher Rates Throughput
_ower Defects Yield
mproved Fastband Yield
_ower Increment CoC
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Summary and Conclusion

* Advances in Chemistry and Abrasive
have improved the performance of the FA
approach to STI CMP, enabling 45 nm.

* A path to achieve key performance needs
— lower defects — for sub-45 nm process
has been identified.
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Future Venues for 3M CMP Updates

 August 2007, Clarkson University CAMP CMP
Conference

1. "ADVANCEMENTS IN PAD CONDITIONING FOR TUNGSTEN
CHEMICAL MECHANICAL PLANARIZATION”

2. "RECENT ADVANCEMENTS IN FIXED ABRASIVE STl CMP”

« September 2007, Semicon Taiwan, Taipel, Taiwan

1. “Mineral, Chemistry and Process Advancements to take Fixed Abrasive
STI CMP to sub 45 nm”

« October 2007, ICPT Conference, Dresden, Germany

1. “Defectivity Improvement for Fixed Abrasive Based STI CMP in Advanced
Logic Technology ”

2. “Laser Scattering Technique for Characterizing Defects and Surface
Morphology in the Fixed Abrasive CMP ”

3M NCCAVS CMP Users Group at Semicon West Moscone Center, San Francisco, CA



Advancements For Sub 45nm
Fixed Abrasive STI CMP

John Gagliardi, Andrey Zagrebelny,
Bill Joseph, Larry Zazzera

3M Company

NCCAVS CMP Users Group at Semicon West Moscone Center, San Francisco, CA



