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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) % Pitch (nm) 52 45 40 36 32 28 25
MPU Printed Gate Length (nm) 1 34 30 27 24 21 19 17
WAS |MPU Physical Gate Length (nm) [after etch] 20 18 16 14 13 11 10
IS |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 o)* P/T=.2 2.1 1.8 1.6 1.4 13 1.1 1.0
Gate (MPU Physical Gate Length)
Printed gate CD control (nm)
IS |Uniformity (variance) is 12% of CD
Allowed lithography variance = 3/4 total variance of physical gate length *
WAS |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
IS |wafer CD metrology tool uncertainty (nm) * 3c at P/T = 0.2 for isolated printed and physical lines [A] I 0.55 I 0.50 ‘l 0.46 I 0.42 I 0.38 0.35
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] ‘| | | ‘| | |
IS EOT (Extended planar bulk) for High Performance MPU/ASIC for 1.0 E20 doped Poly-Si [FEP Table 69]
WAS |EOT (FDSOI) High Performance MPU/ASIC for metal gate [FEP Table 69]
IS EQT (FDSOI) High Performance MPU/ASIC for metal gate [FEP Table 69]
WAS |EOT (multi-gate) High Performance MPU/ASIC for metal gate [FEP Table 69]
IS EOT (multi-gate) High Performance MPU/ASIC for metal gate [FEP Table 69]
WAS | Low operating power EOT (bulk) for 1.5E20 doped poly-Si [FEP Table 69]
IS Low operating power EOT (bulk) for 1.5E20 doped poly-Si [FEP Table 69]
WAS | Low operating power EOT (multi gate using metal-gate) FEP Table 69 0.9 0.9 0.9 0.8
IS Low operating power EOT (multi gate using metal-gate) FEP Table 69 0.9 0.9 0.85
WAS | Low operating power EOT (FD-SOI) (metal gate) [FEP Table 69] 0.9 0.9 0.8 0.8
IS JLow operating power EOT (FD-SOI) (metal gate) [FEP Table 69] 0.9
m— —
Table MET6 Requirements
Measurement of deposited barrier layer at thickness (nm) 2.4 21 L&
Process range (+ 37
Precision o's (nm) for P/T=0.1 [B] 0.024 0.021 0.019
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. 3.2 28 25
Detection of killer pore in ILD at (nm) size B2 2.8 25
12-1 ITRS 2008 update
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(P/T Precision to Tolerance) 0.1
CDx 0.12x (3/4)"2x 0.1
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) ) void
coloring
8. ERD/ERM ( ) LEEM(Low Energy Electron
Microscope) ERM Atom Probe
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tamination
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siate density, charges

I: sta[:king-i"aults, contamination, -
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12-10

Area of Interest Measurement Sensitivity Measurement Sample
Method Stress Strain Area Thickness
Transistor Level
-CBED 20 MPa 0.02% 10-20nm <100nm Destructive
siGe .. -NBD 100 MPa 0.1% ~10nm <300nm Destructive
-TERS 50 MPa 0.05% <50nm Destruct_ive
Non-Destructive
Micro-Area Level .. i Raman 20 MPa 0.05%  ~150nm Non-Destructive
- - XRD 10 MPa 0.01% 100um
- Photoreflectance
Spectroscopy Handling Area of ITRS
Die - Die level flathess )
- Laser Interferometry Non-Destructive
- Coherent Gradient Sensing
Wafer - Laser 10 MPa  0.001%  wafer Non-Destructive
—_————
- Coherent TERS (Tip Enhanced R Scattering)
- - | nhance aman scatterin
Gradient Sensmg CBED (Cznvergent Beam Electron Diﬁg'action)
NBD (Nano Beam Electron Diffraction)
* Stress — Strain relation : need to be clarified XRD (X-ray Diffraction)
12-11 1TRS2007 Metrology  Figure MET3
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12-17 Process Compact Model Synopsis
12-5-2 Excursion
excursion
(excursion) ( 12-13 )
excursion
FDC(Fault Detection and Classification)
FDC
fault
12-18[2] FDC FDC
fault alarm FDC YMS(Yield Management System)
MES(Manufacturing Execution System) fault
FDC

Typical system ﬁi’i_l R{ﬂ"ég’ YA-FDC™ centric system
data e — -
YMS’ H = Data r-]'
MES I I e ng
data Pre-alighed n;‘ X3
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» Distributed system  Centric system
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FDC 12-19 [2]
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12-5-3 Virtual metrology
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-Missing data
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Measured Via Rc [a.u.]

12-19 FDC
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Conventional Proposal

Low accuracy High accuracy process
process control control method utilizing huge data

Valuable Information
High correlation between

Small log data and inspection

quantity
Inspection
Data

Sanf1p|ing
A or
bout metrolog
) { Huge data
Data mining Ex. Tool log datd

AECAPC Asia 2007, H.Shirai, et.al.

12-20 Virtual metrology
12-20 ( )
( Parameter size)
12-21 Parameter size
size
[3]

Parameters

g
0

—
Inspection
ata

0|00 |~ [ [ [ [ED [N =

Parameter size

Several hundred
pairs

Useful information :
Partial relations
with high R?2

AECAPC Asia 2007, H.Shirai, et.al.

12-21 Virtual Metrology
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12-22
( R?=0.998)
R*=0.263 12-22
APC(feed back )

Virtual metrology
Virtual metrology

Virtual Metrology
Virtual metrology

-4 -2 0
Metrology data (Arb. unit)

parameter

AECAPC Asia 2007, H.Shirai, et.al.

12-22 Virtual Metrology Simulation
12-5-4 Simulation Systematic error(defects hot spot)
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( )

-19 -



20

(OPC Optical proximity Correction)
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(GDS)
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OPC
OPC 12-23
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)
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DRC Design Rule Check( )
P&R Place and Router( )
RET Resolution Enhancement Technology( )

Simulation result applied
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: 0 TP
Conventional sampling for ' r i@ T
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12-25
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DRC Hot Spot 12-25 defocus
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(d )
DRC intra-chip  CD(Critical Dimension) Hot Spot
Hot Spot
DRC Hot Spot
12-24( )
Design for Manufacturing(DFM)
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(mean to target))

DRC ECP(Electrical Chemical
Plating) CMP(Chemical Mechanical Polishing)
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C ) ( )

ECP, CMP TEG
Hot Spot( erosion DRC )
ECP CMP
ECP 12-27 Cu
Cu
ECP
12-28 MIT [4] Dx D
) (W)
MIT Luo’s model[5] Refined Luo’s model[6]
° A
Cu

12-27 ECP

MIT Model

St=aW +DbS +cW +dW 2+ eW 3* S + Const,
H=a W+b,S+C,S?+d,S®+e,W*S +Const,

St

chip W ( )
12-28 ECP
CMP ECP
[6] CMP ECP
ECP, CMP Hot Spot
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CMP
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Erosion Dishing
Culine ~__ 7~ 7 = — E?/ ~_—[ Layout-
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Cu-height variation after polishing

Lithography
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12-29 CMP
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/ Calibration \ / Simulation \

e == |
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GDSlI-data
Experimental data —
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- v
| CallbIatlon | Input data
Model parameters f ECP S|mulat|on |
/ K\U CMP S|mulat|on |
i [
Analysis yes
v
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- or
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Tr (45 nmnode ) Tr
Tr
Tr ( ) SPICE parameter
( 12-31)
Tr
Empirical Model
Empirical Model
12-31 Tr Tr Tr
SPICE
( )
Tr
Tr ( Vth) (Conventional)

Tr (This work) Step

MOSFET model
& netlist

-

| Modulated :
. : Modulated :
g H}i @ ; Vd  [modification |  [MOSFET model|
____ _— e ! parameters & netlist !
P e e e i -V :
i Thls ‘Wor‘k i ! raw data !
i step | — i i Tdsrl, Tdsr2, Tdst, .. H
LS 07F o _ : : _ :
= * 1= filled: NMOS : ' Modeling: &Conven !
1 0.6F 1 = 06} 1 open:pMOS 1 ' step step 11 '
[ o) - ! ' - '
Tos M 1B ooiff.. 1 IR Wz : GDSII Model & Netlist :
i § 05 0.6 0.7 § 6 0. 7 E ' \ayoul parameters electric parameters model parameters !
' Vth (meas.) [V] Vth (step 1) [V] ' i SALSA2PLL..  Convert Vih0,Gmmax,lds0,.. Convert dVTHO, dETAO, dVSAT, ... i
E = E E \ 1 Relate & Understand E
= s T = T T T ! ! process, device of = m !
2 This work A/““ = Conventional /‘:-/P ! : lithography simulation physical parameters '
12 o ax i ! !
107 1 207 ’ 1i H Neh, L, W, mobility, ... H
S : E S : ! EDA tools: e L 2. mobiily :
; g ‘ : : |
= 506! » nggh@®e 1! ; GDSII Model & Netlist :
! = © g i ' layout parameters model parameters '
12 2 i i : SAIL,SA2 PLI by th Convend del dVTHO, dETAO, dVSAT :
' ° ! 1+ SALSALZPLL... bytheextracted model @ = dVTHO,dETAO, dVSAT, ... 1
‘205 2o 5| —o 1t i SALSALP PR ythe exracted model | dVTHO dETAO.4VSAT... | :
= T SEoe oS ! T.Tanaka, et al., "Analysis and characterization of device
> s " Vth(meas)[V] ' variations in an LSI chip using an integrated device matrix array",

_____________________________________________________ Int. Conf. on Microelec. Test Struct. (ICMTS) pp.223-227, 2008.

12-31 Tr Tr SPICE
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12-5-5
ITRS YE(Yield Enhancement
) R&D( )
Yield Ramp( ) Volume production( ) 300mm
( )
R&D
excursion( ) Excursion
ITRS 2007 ([71 YES6) 12-33
Table YE6
Year of Production 2000 | 2000 [ 2011 2012 2013

Patterned Wafer Inspection, PSL Spheres * at 90% Capture, Equivalent Sensitivity (hm) [A, B]
Process R&D at 300 cm?/hr

(0,4 “300 mm wafer”/hr)

Process R&D at 300 cm2/hr

with 50 % Capture rate [Q]

Yield ramp at 1200 cm?/hr

(1,7 “300 mm wafer”/hr)

Volume production at 3000 cm?/hr

(4,3 “300 mm wafer”/hr)
Speed [wafer/hrs]at volume production (1xDR) on Brigthfield
tools [R]

Tool matching (% variation tool to tool) [C]
Defect coordinate precision [um] note
Defect coordinate precision [um] note
Wafer edge exclusion (mm)

Cost of ownership ($/cm?)

E-beam inspection Inspection: Defects other than Residue, Equivalent Sensitivity in PSL Diameter (hm) at 90% Capture Rate *[D, E]

Backside Particle per Wafer pass (PWP) Budget (defects/m®) for
total defects

12-32 YE  Inspection

-28 -

2500

Sensitivity for voltage contrast application without speed

requirement (nm) 50 45 40 35 32
Sensitivity for physical defect detection (nm) 20 18 16 14 12.5
speed for voltage contrast applications 100 100 300

Speed for physical defect detection 50 50
CoO HARI ($/cm?) 0.388 0.388

Backside cleaniness for inspection tools

Critical Defect Size (um) for large defects 20

Backside Particle per Wafer pass (PWP) Budget (defects/m®) for

large defects <1 <1 <1

Critical Defect Size (nm) for total defects 175




45 nm 32 nm
32 nm
Inspection( ) review
Inspection
review Inspection
(or filtering) [8] 12-33 Inspection
Critical Area Analysis(CAA)
Review Critical Area random ()
P(r) (" ( ) Sca(r)
Sca(Critical Area)x Do( ) (
A) (A*e™* I x1) 0= x) ©)]
Pattern complexity( critical area)
Defect Criticality Index(DCI) review
Critical Area =S, = j Sca(r)* P(r)dr @)
= g+ :e_SCAXDO 3)
12-34 100 review review review
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1. Extract design clips

o e . : H 5w Il
A
[l 2. Comnpare clips
o against themselves
i T
o
T

3. Create
DBG pareto

Group 1

Group 2

Group 3

Group 4

Design Based Grouping (DBG)

a

Dummy area Random
/ Blank area defect
DCI order
top 100
No Defect review
review (100 points)

i
]
i

SPIE 6622 (2008) Y.Sato, et.al.

Defect Criticality Index

High |
=> High DCI value —|

Low Risk
=> Low DCI value

Risk =

— @)

Defect size

Defect Criticality Index (DCI)

12-33 review
100%
90% o Defect on Dummy
< ?ng B SEM-NY
n]
3 B0 / “\'*- :I_:! .C.?nf ................ .
5 50% m L-particle ;
n] .
E 40% O S-_pamcle
‘© 309 P O Micro-scratch .
a 20%, B Pattemn defect (GC):
10% _Em Pattern defect (AA):
0% : :

Random-100

100

Defect size top-

Sampling scheme

DCl tap-100

SPIE 6622 (2008) Y.Sato, et.al.

DOl rate =

#DOI in sampled defects

#Total sampled defects

DOl rate was improved from 12% to 68%.

12-34 review
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12-34
10% Top100 30% DClI
Top100 (Dol ) 70%
review
review

12-5-6

2008

(APC)
(
) FDC
Virtual metrology FDC
FDC
Virtual Metrology FDC FDC
Virtual metrology
FDC Virtual Metrology
C )
unknown
ECP, CMP, Stress (Strain)
Stress (Strain) (calibration)
review

C )

12-6
2009
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