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2010 ITRS update (STRJ

2010 2013 2016 2019
Flash 1/2 pitch (nm) 32 22 16 11
DRAM %2 Pitch (nm) 45 32 22 16
MPU Printed Gate Length (nm) 41 28 20 14.0
MPU Physical Gate Length (nm) 27 20 15.0 12.0
Wafer Overlay Control (nm) - 20% DRAM 9.0 6.0 5.0 3.0
Wafer Overlay Control Double Patterning (nm) 6 4 2 1
Lithography Metrology
Physical CD Control (nm) - ~
Q Allowed Litho Variance = 3/4 Total Variance ' '
© .
(9 |Wafer CD metrology tool uncertainty (3¢, nm) at P/T = 0.2 0.55 0.42
Etched Gate Line Width Roughness (nm) <8% of CD 2.1 1.6
Printed CD Control (nm) 3.3 T
& ¢ |Allowed Litho Variance = 3/4 Total Variance ' '
< c
o =
0O — lwafer CD metrology tool uncertainty (3s, nm) at P/T = 0.2 0.7 0.5
Double Patterning Overlay Metrology
Double Exposure and Etch - Process Range (nm) 6.4 5.1
Double Exposure and Etch - Uncertainty (nm) 1.3 1.0
Spacer PEE process
First pass CD control (after etch) - Process Variation (nm) 3.0 2.4
First pass CD control (after etch) - Uncertainty (nm) 0.6 0.5
Front End Processes Metrology
High Performance Logic EOT
equivalent oxide thickness (EOT), nm 0.65 o2
Logic Dielectric EOT Precision 3o, nm 0.0026 0.002
Interconnect Metrology
Barrier layer thick (nm) 3.3 2.4
Void Size for 1% Voiding in Cu Lines 4.5 3.2
Detection of Killer Pores at (nm) size 4.5 3.2

P/T: Precision to Tolerance ratio
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OverlaysHfl?—7ZEICRTF 83K

New lines for 2009/2010 ITRS in table MET3, by Bunday, based on ISMI Member Company feedback

Year of Production 2010 2012 2014 2016 2018 2020 2022 2024
Flash % Pitch (nm) (un-contacted Poly)(f) 32 2_5 20 @ 12.6 10.0 8.0 6.3
DRAM % Pitch (nm) (contacted) 45 36 28 22.5 17.9 14.2 11.3 8.9
Target Pad Size for OCD/scatterometry or

Diffraction Overlay, or Target Size for Optical 40 34

overlay (max size for either, square pad, size

in microns)

In-die Micro-Targets for Overlay or OCD

(target pad size in microns). Dimension 10 10

includes all needed exclusion.

Move-Acquire-Measure Time for CD or

Overlay (MAM time, seconds per 1.0 1.0

measurement)

OCD: Optical Critical Dimension( &R =B/ iEH M )
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1. FRBBELGHERAHMORARERO—FTY TR
= BB (2%1) OSERFIICHATETY—IL., 6FFIZaY—IL AFRIIZBY—IL, 25
AICEEY—IL (BEE)INE
2. LithoFHBITIX. CDEHRIDIF R FMTEHEZER CRISMI)
2010/6 H~108 MfdllZsurvey=Eji ., 58 (32011 F bR (T /= Bk
3. OverlayitBIA—F <y 72 DUNTHEES
EHRAIA— b DY A XEFHRI R L TEI=HRER
4. ERD/ERM X-cutlZT. T ——XHAME XK

= NEE)
1. Lithography @ 5183 i S &E
2. MIERMT AR TA—RIZS N, FHROLH

CD: Critical Dimension(#&/V<F3&), ISMI: International SEMATECH Manufacturing Initiative
ERD: Emerging Research Device( ¥R KT /S€R), ERM: Emerging Research Material( §i#RR##l)
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OCD: Optical Critical Dimension (32 \7=M/vsTikEH )
CD-SAXS: Critical Dimension-Small Angle X-ray Scattering(/IMNEX$RRIEL)
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OverlayiS£RFOREatE I

Overlay Residual Source Decomposition
250.0
Overlay budget 15nm
— 2000
£
% » O 9%4 Sample Plan
2 150.0 " O Wafer level 3rd order
2 - O Wir level higher arder
g M Field level 3rd order
= 100.0 - " M Field Level Higher Order
-3 DESIred y B Random Residual
5 residual 8nm
m N I By IE BN BN I (S I BN B B I N BN N BB e B R
® 500 /—\ \/
00 i Whenever high order components became
' X ' v significant contributors, sample plan adds
additional measurement uncertainty on to
excursion or rework judgment.
Sample plan and in-die high /—\_/

(3") order components are Sample plan and Grid high
priority to improve x-overlay (3") order components are
priority to improve y-overlay

EHEHEM  KLA-Tencor
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Imaging
optics

Uses optically magnified target image on image sensor.
Cross-correlation of corresponding edges gives overlay error.
Enables sub-pixel-size overlay error measurements.
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Computational lithography <

for Styles of DPT
@ Lmeend cuttmg DPT

fr—L—“— H. Haffner, 2008 Sematech Litho Forum

I I I I I I m M. Maenhoudt, 2008 Sematech Litho Forum

R I D —
Lithol Process Litho2 Etch

» Spacer DPT (sel_ffallgned DPT)

nE W (1.0

Inoue-san, 2008 Sematech Litho Forum

B&58 DPT: Double Patterning(2B/S%—= 2 ##i) st sl 2
BRI HE: Synopsys
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Computational lithography
(Pitch Split Strategy for DPT and Stitching)

Rigorous Simulation over

ﬁaa;z.':““**‘?—,-,,m_ﬁ d a .
Wafer Topography 2" Layer: Resist

sl 1+ Layer: Etched hard-mask

. Kamohara et al.
Result is order dependent J SPIE 2009

B&8E DPT: Double Patterning BEHHREM . Synopsys
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Metrology for Calibration of <
Computational Lithography

e FyTJEIHIZHIFAHDICD, FICD Contour Metrology

*ﬁnIEOD,Z\%li(1IE5E0)SampI|ngt0)J:|:$x7|’ﬁTt)
(5% ;2007FEESTRJI Workshop & £EHEE)

o YRYEHEIZEIT5SMask FICD Contour Metrology
RELDWHEE

e 3D Metrology for 3D calibration of Computatlonal
Lithography = GlI- SAXS (B5E 2009FEEE
STRJ Workshop, £FEHREE). SEME{%Profneb\
bODJMH’EE (5% ;2007EESTRJI Workshop &

FEHBRS

DICD: Development Inspection Critical Dimension(IR{R#E DRI\ 2—2FE)
FICD: Final Inspection Critical Dimension( TS ORBRIRBEREOR/INTik)

L
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Landing energy: 40 to 3000V

Probe current : 500pA to 10nA (Verification Mode), 10pA to 1nA (High Resolution Review Mode)
Pixel size : 2nm to 20nm

FOV per step : up to 200 um square (0.01% field linearity), 16000 by 16000 pixels

Sampling rate : 200 M pixel/sec

{24 NanoGeometry Research Inc.
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{24 NanoGeometry Research Inc.
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Pin-point measurement

Ex.) CD-SEM

B Pin-point
measurement

[LAREFSEMIRET 12 i
(RFEAROLLR)

Mass CD measurement

Ex.) NGR/OCD / CD-
SEM(ACD#SEE)

< 24um >
RALILANLNIR

Mass CD
Measurement

< 24um =2

STRI

Deference of measurement

Sigma

/
0

-

: value (1.08nm)

Average value
in the area

\ Pin-point CD data

Pin-point§till & & & Sampling Plan Ic&k>T, EDEHAMFIFESH S0 \EmedianfBEEDTEREH
0%, COFBEE S EICComputational Lithography®calibrationZ{T5risk A ETET 3.

B&EE ACD: Average Critical Dimension
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Contour Metrology
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= HIM SE Mode Resolution
£0.35nm
KL A)JL:0.21~0.39nm
= Beam Landing Enerqgy
10 to 35 keV
= Beam Current
0.1pA - 25pA
- —>10° A/(cm2sr)
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1.Everhart Thornley for

Secondary Electrons (SE)
imaging

2.MCP for Rutherford
Backscattered lon imaging
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3.RBS
= Sample Surface Neutrality

Maintained by low energy
electron

2
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<

o ”

s = Gas Injection System
HIM: Helium lon Microscope W. TEOS Gases for
SE: Secondary Electron(2:R®8F) it
MCP: Micro Chanel Plate Dep05|t|on
RBS: Rutherford Back Scattering XeF2 Gas for Etch
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S Ogawa et al, Jpn. J. Appl. Phys., 49 04DB12 (2010)

Image Shows Surface, Sidewall and Floor Detail with <1nm Resolution
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HIM Observation
Direction

v
Vias 30nm SiO2 cap

100nm Low k (k= 2.3)

Vias

M1 (Cu)

M1 (Cu)
Seen through 130 nm thick low k

S Ogawa et al, Jpn. J. Appl. Phys., 49 04DB12 (2010)
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