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Table MET3 Lithography Metrology (Wafer) Technology Requirements
Year of Production 2009 2010 2011 2012 2013 2014 2015
Flash ¥ Pitch (nm) (un-contacted Poly)(f) 40 36 32 28 25 22 20
DRAM ¥: Pitch (nm) (contacted) 52 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) Y% Pitch (nm) 52 45 40 36 32 28 25
MPU Printed Gate Length (nm) 1 34 30 27 24 21 19 17
MPU Physical Gate Length (nm) [after etch] 20 18 16 14 13 11 10
MPU Physical Gate Length (nm) [after etch] 27 24 22 20 18 17 15
Wafer minimum Overlay control DRAM single litho tool (nm) 10.3 9.0 8.0 7.1 6.4 _
Wafer overlay output metrology uncertainty (nm, 3 ¢)* P/T=.2 2.1 1.8 1.6 1.4 1.3 1.1 1.0
Gate (MPU Physical Gate Length)
Printed gate CD control (nm)
Uniformity (variance) is 12% of CD
Allowed lithography variance = 3/4 total variance of physical gate length *
Wafer CD metrology tool uncertainty (nm) * 3¢ at P/T = 0.2 for isolated printed and physical lines [A] 0.42 0.37 0.33 0.29 0.27
Wafer CD metrology tool uncertainty (nm) * 3¢ at P/T = 0.2 for isolated printed and physical lines [A] 0.55 0.50 0.46 0.42 0.38 0.35 0.32
Table MET5a Front End Processes Metrology Technology Requirement

WAS |EOT (Extended planar bulk) for High Performance MPU/ASIC for 1.5E20 doped Poly-Si [FEP Table 69]
EOT (Extended planar bulk) for High Performance MPU/ASIC for 1.0 E20 doped Poly-Si [FEP Table 691| %
EOT (FDSOI) High Performance MPU/ASIC for metal gate [FEP Table 69] 0.7 0.6 0 0 0 0
EOT (FDSOI) High Performance MPU/ASIC for metal gate [FEP Table 69] 0 0.6 0
EOT (multi-gate) High Performance MPU/ASIC for metal gate [FEP Table 69] 0.8 0.7 0.6 0.6 0.6
EOT (multi-gate) High Performance MPU/ASIC for metal gate [FEP Table 69] 0.77
Low operating power EOT (bulk) for 1.5E20 doped poly-Si [FEP Table 69] 0 0.6 0 0
Low operating power EOT (bulk) for 1.5E20 doped poly-Si [FEP Table 69] 0 0 0.6 0
Low operating power EOT (multi gate using metal-gate) FEP Table 69 0.9 0.9 0.9 0.8 0.8
Low operating power EOT (multi gate using metal-gate) FEP Table 69 0.9 0.9 0.85
Low operating power EOT (FD-SOI) (metal gate) [FEP Table 69] 0.9 0.9 0.8 0.8 0.8
Low operating power EOT (FD-SOI) (metal gate) [FEP Table 69] 0.9 % 0.8

2008 Update

STRI

Table MET6

Interconnect Metrology Technology Requirements_

Measurement of deposited barrier layer at thickness (nm)

3.7

Process range (3 o)

10%

Precision os (nm) for P/T=0.1 [B]

Detection of post deposition and anneal process voids at or exceeding listed size (nm) when these voids
constitute 1% or more of total metal level conductor volume of copper lines and vias.

Detection of killer pore in ILD at (nm) size

0.037

0.024

3.2
3.2

0.021

2.8
2.8

2.4 2.1 1.9

0.019

25
25
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Process Compact Model% 5Tic LD
Feed Forward model
(based on TCAD)
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2-2 : Fault Detection and Classification

YA-FDC™ centric system

YMS/ g2 Data
MES
data | Pre- aI igned

. Dlstrlbuted system e Centric system

* ISSM 2008, H.Matsuhashi
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Kevy Indicators for FDC multivariat&»
modeling (e.g. Via case)

Continuous trace Indicator Redundancy removal

data variables -Missing data
(Via module -Few steps change data
Sensors) (~60K variables) -Correlated indicators (~ 2K variables)

Rc =f(FDC Indicators)
(~3-10 vars)
Physical model verification

3 .
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Measured Via Rc [a.u.]

e Multivariate model algorithm in YA-FDC™ identifies key indicators

« Verify key indicators by process expertise % ISSM 2008, H.Matsuhashi
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2-3 : Data mining for Virtual me+rologv®

~ Conventional | | Proposal

4 I 4 )
Low accuracy High accuracy process

L process control ) L control method utilizing huge data )

Valuable Information
— 3 High correlation between

Small \VAVY log data and inspection
quantity S data

InsBectlon \

ata y

* AECAPC Asia 2007, H.Shiral, et.al.
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Data mining methodology <
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* AECAPC Asia 2007, H.Shiral, et.al.
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Virtual metrology OB O simulation”
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* AECAPC Asia 2007, H.Shirai, et.al.
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2 —4_.:Yield trend prediction ifi™
the past

100% 4 Blhwm e gl = == = = = o = = = = - - = — — —
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= 80% E
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> 70% | :

] 'u
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A=+ Total Yield
40% | ,
D e &
Q- Y > oV o >

* John Kibarian, et al. ISSCC 2005"Yield Limiters by technology Node”
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2-4_, : Lith.- SimulationiC & & T2
1] KR—2ROKKFH

:> Simulation result applied
to active and gate layers

Conventional sampling for
OPC (e)and grid- base
simulation for hot spot
detection (o)
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2-4-. : ECP&CMP-Simulationic &3”
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1. Extract design clips

_/J’

2. Compare clips
against themseles

3. Create
DEG pareto

Dummy area Random B ﬂ
/ Blank area defect | pesign Based Grouping (DBG)

o Defect Criticality Index

DCl Ord er t"i"hf;'ﬁ DCI value :

top 100 z ee—

No Defect review g .
review (100 points) LowRisk
Defect size g
* SPIE 6622 (2008) Y.Sato, et.al. Defect Criticality Index (DCI)

STRJ WS: March 6, 2009, WG14 19



Defect of interests (DOl) Rate <
Improvement using DBG/DCI

100%
90% O Defect on Dummy
2 fgf B SEM-NV
2 e LB.CoMe e ,
5 £0% 8 L-particle ;
E A0 il:l S-.pamcle
© 30%, ;0 Micro-scratch :
- 0%, W Pattern defect (GC):
10% ‘W Pattern defect (AA):
0% . :

Fandom-100 Defect size top- D top-100
100

Sampling scheme

#DOI in sampled defects
#Total sampled defects

*
SPIE 6622 (2008) Y.Sato, et.al. DOl rate =

DOI rate was improved from 12% to 68%.
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