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Presentation Outline

Brief Introduction to Mass Measurement Technology.
— Metryx .
— What is Mass Metrology

« STI process Flow Outline.
— Challenges for STI at 65 nm and below.

- STl Process Improvements with Mass in High Vol. Manufacturing
(HVM).
— Process Stability:
« Mass Monitoring of the pad oxide/nitride deposition
— Process Improvement
* Identifying and prioritizing variability in STI etch
— Early identification of Process excursions:
STl cavity etch

— Process Monitoring
» Advanced STI trench fill process

Q&A
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About Metryx

« Metryx is a UK based innovative metrology company with an
installed base of ~30 systems in 200mm and 300mm memory and
logic fab installations in Europe, Asia and the USA

« Recognised through Queen’s Award for Enterprise 2007 and 2008
and Semiconductor International Best Product Award in 2007
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Mass Measurement
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Mass Metrology

Maszs Change FEoL 130nm Logic Process
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- Process Step
- All process steps create a wafer mass change
« This mass change reflects all aspects of process performance within a
wafer

Metryx Mass Metrology provides passive data collection on product
wafers to assess process performance
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Measurement Capability
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» 10 thickness repeatability for 200mm & 300mm wafers
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Presentation Outline
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- STI Process Improvements with Mass in High Vol. Manufacturing
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— Process Stability:
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— Process Improvement
* Identifying and prioritizing variability in STI etch
— Early identification of Process excursions:
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— Process Monitoring
» Advanced STI trench fill process

Q&A

Copyright © M etr VX



Mass Flow Diagram — STI Module
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Presentation Outline

STI Process Improvements with Mass in High Vol. Manufacturing
(HVM).
— Process Stability:
« Mass Monitoring of the pad oxide/nitride deposition
— Process Improvement
* Identifying and prioritizing variability in STI etch
— Early identification of Process excursions:
STl cavity etch
— Process Monitoring
» Advanced STI trench fill process
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Pad Oxide/Nitride Deposition

- Process Stability

PAD Oxide & Nitride Dep | STl Etch Liner Deposition Oxide CMP

Lithography Cavity / Corner Rounding | Oxide Fill Recess Etch

PAL Oxide & Nitride Etch |Photo resist Strip Oxide Densification 5iN Removal
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HVM Data Resolution

Nitride+ Oxide deposition + densification
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What process insight is the Mass Data providing ?
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STI Etch

14

* Process Improvement

PAD Oxide & Nitride Dep | 5TI Etch | iner Deposition Oxide CMP
Lithography Cavity / Corner Rounding | Oxide Fill Recess Etch
PAL Oxide & Nitride Etch |Photo resist Strip Oxide Densification 5iN Removal
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Process Improvement Phases
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* Process Improvement is achieved through first
understanding the sources of variability then focus on
the larger order of magnitude noise.
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Ranking Process Variability in HVM

 In order to successtully improve a process, the sources
of process variability must be identified and prioritized:
— Wafer to Wafter Variability
— Chamber Trends
— Lot to Lot Variability
— Chamber to Chamber matching — systematic offset.
— Qutlier Frequency
— In-coming material variability

« Mass Metrology has the resolution to resolve the
sources of Process Variability in HVM.
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STI Etch - Low Resolution View
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« Qutliers are easily distinguished at a low level view.



STI Etch - Medium Resolution View
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Lot to Lot Variability is apparent at the medium level view.
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Lot to Lot Variability Identified
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Lot to Lot Variability identified as a significant source of variability.
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STI Etch — High Resolution View
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With a high Resolution view we see that some lots exhibit a large
within lot variability.
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Within Lot Analysis

-48.5E+3 /\
-49.0E+3
/ o\
-49.5E+3 ! \
© @ | Polymer remaining
S ~90.0E+3 after resist strip
SJ
«» -50.5E+3 ®
2 \ ° o |
< -51.0E+3 -
N ® ¥
-51.5E+3 \/ ® ®
O e © ®
e ¢ © 0% o
-52.0E+3
'52.5E+3 T T ' :
0 5 10 15 20

Copyright ©

25

- Problem identified and associated with post chamber wet clean — process
window too small.
Mass Metrology for controlling and understanding processes ISSM Paper: PE-0-089
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STI Etch — Very High Resolution View
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Mass has the ability to resolve less than 0.5% difference in Chambers.
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Process Stability Optimization
(X 1000)
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STI Etch Phased Optimization

(X 1000)
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STI Cavity Etch (Rounding)

- Early Identification
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Cavity Etch Splits
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- The Cavity etch is optimized in phases.
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System to System Matching
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Cavity Etch Outliers
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« Outliers are due to SiN mask lifting post HF dip. Cause isolated to residual
HF present on wafer after rinse resulting attack of the mask.
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STI Oxide Fill

* Process Monitoring
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STI Oxide Fill Process
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STI Oxide Fill Deposition Process
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... rethink your Metrology

Metryx

Cost effective metrology

Process Health Check

My process is working within specification
My process is out of specification (digital change)
My process is drifting (analogue change)

> G| O
Metrology
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