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MPU M1 contacted

160 nm

) 120 nm 90 nm 65 nm 45 nm 32 nm
% pitch
k ; Range [A] 0.48-0.52 0.47-0.53 0.40-0.43 0.31-0.40 0.28-0.31 0.18-0.28
. Allow OPC and PSM, . . .
Design rules SRAFE Litho friendly design rules

Restrictions
(cumulative)

Pitch and orientation

Contact locations,
library cells checked
for OPC compatibility
and printability

Features on grid

Restricted feature set

Double exposure
compatible design

Masks
(Optical proximity
correction)

Model-based OPC
(MBOPC) on critical
layers, SRAF on gate
layer

Model-based OPC w /SRAF on critical layers,

verification of entire corrected layout with

simulation

Model-based OPC
with vector simulation,
SRAF, polarization
corrections

Model-based OPC
with vector simulation,
SRAF, polarization
corrections, variation
of OPC intensity by
location in circuit?

Model-based OPC
with vector simulation,
SRAF, polarization
corrections, variation
of OPC intensity by
location in circuit?,
magnification
increase?

(Gate and M1 layer
mask type)

cPSM and EPSM

APSM, EPSM and hiT
EPSM

APSM, hiT EPSM,

APSM, hiT EPSM, doul

dual dipole

larger pitch

ble exposure with 2x

(Contacts/vias layers

APSM, hiT EPSM,

EPSM APSM, EPSM, HIiT PSM double exposure with
mask type) 2x larger pitch
Resist
Thickness <400 nm <350 nm <280 nm <225 nm I <160 nm <120 nm
ARC, hard masks, top
Substrate ARC, hard masks ARC, hard masks, top coats coats, contrast
enhancing layers
Etch Post development resist width reduction
Tool Selection bas;:/gir;;t;e;a:tr:gls, automated Aberration monitoring Abz:zt:é}umsfggz:mg
(Illumination) Off-axis illumination Quadrupole Custom illumination Custom illumination, polarization optimization

(Dose control)

Cross wafer dose
adjustments

Dose adjustment across the wafer and along scan

Dose adjustment
across wafer, across
slit, and along scan

(Process control

(CD and overlay)

Automated process control with downloaded offsets

Automated process control with downloaded offsets, metrology
integrated in lithography cell

MBOPC—mnodel based optical proximity correction
EPSM—embedded PSM

DE/DP—double exposure/processing

X2 7-1 e

HiT—high transmission

cPSM—complementary PSM
ARC—antireflection coating

APSM—alternating PSM

SRAF—sub-resolution assist features

) V7T 7 4 2 T CD il & BRSO D BOR AR 2 25 DA FEHAfT
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Difficult Challenges > 32 nm*

Summary of Issues

Optical masks with features for resolution
enhancement and post-optical mask
fabrication

Registration, CD, and defect control for masks

Equipment infrastructure (writers, inspection, metrology, cleaning, repair) for fabricating masks with
sub-resolution assist features

Understanding polarization effects at the mask and effects of mask topography on imaging and
optimizing mask structures to compensate for these effects

Eliminating formation of progressive defects and haze during exposure

Determining optimal mask magnification ratio for <32 nm half pitch patterning with 193 nm
radiation and developing methods, such as stitching, to compensate for the potential use of
smaller exposure fields

Development of defect free 1x templates

Cost control and return on investment

Achieving constant/improved ratio of exposure related tool cost to throughput over time

Cost-effective resolution enhanced optical masks and post-optical masks, and reducing data volume

Sufficient lifetime for exposure tool technologies

Resources for developing multiple technologies at the same time

ROI for small volume products

Stages, overlay systems and resist coating equipment development for wafers with 450 mm diameter

Process control

Processes to control gate CDs to < 1.3 nm 3¢

New and improved alignment and overlay control methods independent of technology option to
<5.7 nm 30 overlay error

Controlling LER, CD changes induced by metrology, and defects < 10 nm in size

Greater accuracy of resist simulation models

Accuracy of OPC and OPC verification, especially in presence of polarization effects

Control of and correction for flare in exposure tool, especially for EUV lithography

Lithography friendly design and design for manufacturing (DFM)

Immersion lithography

Control of defects caused in immersion environment, including bubbles and staining

Resist chemistry compatibility with fluid or topcoat and development of topcoats

Resists with index of refraction > 1.8

Fluid with refractive index > 1.65 meeting viscosity, absorption, and fluid recycling requirements

Lens materials with refractive index >1.65 meeting absorption and birefringence requirements for
lens designs

EUV lithography

Low defect mask blanks, including defect inspection with < 30 nm sensitivity and blank repair

Source power > 180 W at intermediate focus, acceptable utility requirements through increased
conversion efficiency and sufficient lifetime of collector optics and source components

Resist with < 3 nm 36 LWR, < 10 mJ/cm?2 sensitivity and < 40 nm %% pitch resolution

Fabrication of optics with < 0.10 nm rms figure error and < 10% intrinsic flare

Controlling optics contamination to achieve > five-year lifetime

Protection of masks from defects without pellicles

Double patterning

Overlay of multiple exposures including mask image placement, mask-to-mask matching, and CD
control for edges defined by two separate exposures

Availability of software to split the pattern, apply OPC, and verify the quality of the split while
preserving critical features and maintaining no more than two exposures for arbitrary designs

Availability of high productivity scanner, track, and process to maintain low cost-of-ownership

Photoresists with independent exposure of multiple passes

Fab logistics and process control to enable low cycle time impact that include on-time availability of
additional reticles and efficient scheduling of multiple exposure passes

*Lithography challenges >32nm versus the convention of the 2007 ITRS for challenges of >22nm will be reviewed in the 2008 Update.

X5 7-2a V757 ¢ O PR
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Difficult Challenges < 32 nm*

Summary of Issues

Mask fabrication

Defect-free masks, especially for 1x masks for imprint and EUVL mask blanks free of printable defects

Timeliness and capability of equipment infrastructure (writers, inspection, metrology, cleaning, repair),
especially for 1x masks

Mask process control methods and yield enhancement

Protection of EUV masks and imprint templates from defects without pellicles

Phase shifting masks for EUV

Metrology and defect inspection

Resolution and precision for critical dimension measurement down to 6 nm, including line width roughness
metrology for 0.8 nm 3¢

Metrology for achieving < 2.8 nm 3¢ overlay error

Defect inspection on patterned wafers for defects < 30 nm, especially for maskless lithography

Die-to-database inspection of wafer patterns written with maskless lithography

Cost control and return on
investment

Achieving constant/improved ratio of exposure-related tool cost to throughput

Development of cost-effective optical and post-optical masks

Achieving ROI for industry with sufficient lifetimes for exposure tool technologies and ROI for small volume
products

Gate CD control improvements and
process control

Development of processes to control gate CD < 0.9 nm 3¢ with < 1.2 nm 3¢ line width roughness

Development of new and improved alignment and overlay control methods independent of technology option to
achieve < 2.8 nm 3¢ overlay error, especially for imprint lithography

Process control and design for low k1 optical lithography

Resist materials

Resist and antireflection coating materials composed of alternatives to PFAS compounds

Limits of chemically amplified resist sensitivity for < 32 nm half pitch due to acid diffusion length

Materials with improved dimensional and LWR control

*Lithography challenges <32nm versus the convention of the 2007 ITRS for challenges of <22nm will be reviewed in the 2008 Update.

X5 7-2b V7T 7 ¢ DR Pk




I moain—r<yTErEES T 10 FERE

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM and Flash
DRAM % pitch (nm) 65 57 36 32 28 25
Flash Y pitch (nm) (un-contacted poly) 54 45 28 25 23 20
Contact in resist (nm) 72 62 39 35 31 28
Contact after etch (nm) 65 57 36 32 28 25
Overlay [A] (3 sigma) (nm) 13 11.3 7.1 6.4 5.7 5.1
CD control (3 sigma) (nm) [B] 5.6 4.7 2.9 2.6 2.3 2.1
WU I I A
MPU/ASIC Metal 1 (M1) %: pitch (nm) 68 59 36 32 28 25
MPU gate in resist (nm) 42 24 21 19 17
MPU physical gate length (nm) * 25
Contact in resist (nm) 84 44 39 35 31
Contact after etch (nm) 7 40 36 32 28
Gate CD control (3 sigma) (nm) [B] ** 2.6 1.5 1.3 1.2 1
Chip size (mm?)
Maximum exposure field height (mm) 26 26 26 26 26 26 26 26 26
Maximum exposure field length (mm) 33 33 33 33 33 33 33 33 33
Maximum field area printed by exposure tool (mm ?) 858 858 858 858 858 858 858 858 858
Wafer site flatness at exposure step (nm) [C] 63 54 50 45 40 32 29 22 17
Number of mask levels MPU 33 35 35 35 35 35 35 37 37
Number of mask levels DRAM 24 24 24 26 26 26 26 26 26
Wafer size (diameter, mm) 300 300 300 300
NA required for Flash (single exposure) 1.01 1.2 1.35 | 1.52
NA required for logic (single exposure) 091 | 104 1.2 1.38 | 1.54
NA required for double exposure (Flash) 0.72 | 0.86 | 096 | 1.08 | 1.22 | 1.36 1.72 1.93
NA required for double exposure (logic) 062 | 0.72 | 082 | 095 | 1.06 | 1.19 | 1.34 1.68
X% 7-3a UV 7Z 7 4 ~D%R—Near-term Years
Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM and Flash

DRAM % pitch (nm)

Flash % pitch (nm) (un-contacted poly)

Contact in resist (nm)

Contact after etch (nm)

Overlay [A] (3 sigma) (nm)

CD control (3 sigma) (nm) [B]

MPU

MPU/ASIC Metal 1 (M1) % pitch (nm)

MPU gate in resist (nm)

MPU physical gate length (nm) *

Contact in resist (nm)

Contact after etch (nm)

Gate CD control (3 sigma) (nm) [B] **

Chip size (mm ?)

Maximum exposure field height (mm) 26 26 26 26 26 26 26
Maximum exposure field length (mm) 33 33 33 33 33 33 33
Maximum field area printed by exposure tool (mm ?) 858 858 858 858 858 858 858
Wafer site flatness at exposure step (nm) [C]

Number of mask levels MPU 39 39 39 39 39 39 39
Number of mask levels DRAM 26 26 26 26 26 26 26
Wafer size (diameter, mm) 450 450 450 450 450 450 450

X5 7-3b VY777 ~D¥K—Long-term Years
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[ 7-3a, 3b:

[A] Overlay (nm)}—Overlay is a vector component (in X and Y directions) quantity defined at every point on the wafer. It is the difference, O, between the vector position,
P1I, of a substrate geometry, and the vector position of the corresponding point, P2, in an overlaying pattern, which may consist of resist. O=PI-P2. The difference, O, is
expressed in terms of vector components in the X and Y directions, and the value shown is three times the standard deviation of overlay values on the wafer.

[B] CD control (nm)—Control of critical dimensions compared to mean linewidth target at all pattern pitch values, including ervors from all lithographic sources (due to
masks, imperfect optical proximity correction, exposure tools, and resist) at all spatial length scales (e.g., includes ervors across exposure field, across wafer, between

wafers and between wafer lots)

[C] Wafer site flatness (nm)—Residual wafer topography (peak to valley) across the 26 <10 mm scanner exposure area as the wafer arrives at the scanner/track cluster

and dfter linear tilt correction by the scanner in both the cross-slit and cross-scan- length directions.

Year of Production 2007 2008 2009

2010

2011

2012

2013

2014 2015

MPU gate in resist length (nm) 42 38 34

30

27

24

21

19 17

Resist Characteristics *

Resist meets requirements for gate resolution and gate

CD control (nm, 3 sigma) **1 2.6 2.1 19
Resist thickness (nm, single layer) *** 105-190

PEB temperature sensitivity (nm/C) 1.75 15 15
Backside particle density (particles/cm ?) 0.28

1.7

15

15

15

13

1

12

90 160 RNl 60-115 55-100 | 50-90 | 45-80

1

Back surface particle diameter: lithography and
measurement tools (nm) 120
Defects in spin-coated resist films (#/cm?) 1 0.01
40

Minimum defect size in spin-coated resist films (nm)

Defects in patterned resist films, gates, contacts, etc.
(#/em?)

Minimum defect size in patterned resist (nm)

Low frequency line width roughness: (nm, 3 sigma)
<8% OfCD sk ok ok sk
Defects in spin-coated resist films for double

patterning (#/cm 2) . 0.005 0.005

Backside particle density for double patterning (#/cm 2

20

1.9

0.005

0.005

X5 7-4a LA b ~DER—Near-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
MPU gate in resist length (nm) 15 13 12 11 9 8 8
Resist Characteristics *

Resist meets requirements for gate resolution and gate
CD control (nm, 3 sigma) **1 0.9 0.8 0.7

Resist thickness (nm, single layer) *** 35-65 30-60 25-50

PEB temperature sensitivity (nm/C) 1 1 1
Backside particle density (particles/cm ? ) 0.28 0.28 0.28

0.7

25-45

11
0.28

0.28

0.28

0.28

Back surface particle diameter: lithography and
measurement tools (nm)

Defects in spin-coated resist films (#/cm?) 1
Minimum defect size in spin-coated resist films (nm)

Defects in patterned resist films, gates, contacts, etc.
(#/em?)

Minimum defect size in patterned resist (nm)

Low frequency line width roughness: (nm, 3 sigma) <8%
OfCD sk sk ok sk ook
Defects in spin-coated resist films for double patterning

(#lcm 2)

Backside particle density for double patterning (#/cm 2) 0.14 0.14 0.14

0.14

0.14

0.14

0.14

[X|Z 7-4b LU A h~DER—Long-term Years
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X 7-4a, 4b:

Exposure Dependent Requirements

* Resist sensitivity is treated separately in the second resist sensitivity table.

ok Indicates whether the resist has sufficient resolution, CD control, and profile to meet the resolution and gate CD control values.

wokok Resist thickness is determined by the aspect ratio range of 2.0:1 to 3.5:1, limited by pattern collapse.

Hkx Linked with resolution.

HkEK LWRLfis 3 ¢ deviation of spatial frequencies from 0.5 um-1 to 1/(2*MPU ¥: Pitch).

Note: Standard deviation is determined by biased estimate (corrected for SEM noise) of linewidth variation over a greater than or equal 2 um measured at less

than or equal 4 nm intervals.

7 Defects in coated films are those detectable as physical objects, such as pinholes, that may be distinguished from the resist film by optical detection methods.
Other requirements:

[A] Need for a positive tone resist and a negative tone resist will depend upon critical feature type and density.

[B] Feature wall profile should be 90 2 degrees.

{C] Thermal stability should be > 130 <C.

[D] Etching selectivity should be > that of poly hydroxystyrene (PHOST).

[E] Upon removal by stripping there should be no detectible residues.

[F] Sensitive to basic airborne compounds such as amines and amides. Clean handling space should have < 1000 pptM of these materials.

[G] Metal contaminants < 5 ppb.

[H] Organic material outgassing (molecules/cm2-sec) for two minutes (under the lens). Value for 193 nm lithography tool is < lel2. Value for EUV lithography tool is <
Sel3. Values for electron beam are being determined.

[1] Si containing material outgassing (molecules/cm2-sec) for two minutes (under the lens). Value for 193 nm lithography tool is < 1e8. Value for EUV lithography tool is
< Sel3. Values for electron beam are being determined.

Exposure Technology Sensitivity
248 nm 10-50 m J/ cm
193 nm 20-50 mJ/ cm
Extreme Ultraviolet at 13.5 nm 5-30 mJ/ cm?
High Voltage Electron Beam (50—100 kV) **** 5-30 uC/ cm 2
Low Voltage Electron Beam (1-2 kV) **** 0.2-30 uC/ cm 2

**** Linked with resolution

X% 7-4c¢ LA NEEE
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Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
MPU gate in resist (nm) 42 38

Gate CD control (3 sigma) (nm) [A] 2.6 2.3

Overlay (3 sigma) (nm) 13 11

Contact in resist (nm) 84 73

Mask magnification [B] 4 4

Mask nominal image size (nm) [C] 170 151

Mask minimum primary feature size [D] 119 106 75 67 59

Mask sub-resolution feature size (nm) opaque [E] 85 76 48 42

Image placement (nm, multipoint) [F] 7.8 6.8 4.8 4.3 3.8

CD uniformity allocation to mask (assumption) 0.4 0.4

MEEF isolated lines, binary or attenuated phase shift mask

[G] 1.6 1.8

CD uniformity (nm, 3 sigma) isolated lines (MPU gates),

binary or attenuated phase shift mask [H] * 2.6 2.1 . . 0.9

MEEF dense lines, binary or attenuated phase shift mask [G] 2.2 2.2 . . . . . 2.2

CD uniformity (nm, 3 sigma) dense lines (DRAM half pitch),

binary or attenuated phase shift mask [J] 4 3.4 . ’ . . 1.7

MEEF contacts [G] 35 4 4 4

CD uniformity (nm, 3 sigma), contact/vias [K] * 2.5 1.9 . 15 1.3 1.2 1 0.9
Linearity (nm) [L] 104 | 9.1

CD mean to target (nm) [M] 52 4.5 3.6 3.2 29 2.5 2.3

Defect size (nm) [N] * 52 45 36 32 29 25 23

Blank flatness (nm, peak-valley) [O] 250 218 192 173 154 137 122 109 97
Pellicle thickness uniformity [P] 5 4.6 4.2 3.8 3.5 3.3 3 2.8 2.6
Data volume (GB) [Q] 413 520 655 825 | 1040 | 1310 | 1651 | 2080 | 2621
Mask design grid (nm) [R] 2 2 2 1 1 1 1 1 1
Attenuated PSM transmission mean deviation from target (£

% of target) [S] 4 4 4 4 4 4 4 4 4
Attenuated PSM transmission uniformity (+% of target) [T] 4 4 4 4 4 4 4 4 4
Attenuated PSM phase mean deviation from 180° (+ degree)

U] 3 3 3 3 3 3 3 3 3
Alternating PSM phase mean deviation from nominal phase

angle target (£ degree) [T]

Alternating PSM phase uniformity (£ degree) [U]

Image placement (nm, multipoint) for double patterning of

independent layers [V]

Difference in CD Mean-to-target for two masks used as a

double patterning set (nm) [W]

Double exposure: image placement for each mask used for
exposing mutually dependent layers (nm) [X]

Double exposure: mask CD uniformity for each mask used
| for exposing mutually dependent layers (nm) [Y]

Double exposure: dual space, etch bias repeatability and
uniformity [Z]

Mask materials and substrates Absorber/attenuator on fused silica

Pellicle for optical masks for exposure w avelengths dow n to 193 nm,
including masks for 193 nmimmersion.

X% 7-5a 7 & b= AT ~DZRK—Near-term Years
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Year of Production

2016

2017 | 2018 | 2019 | 2020 | 2021 | 2022

MPU gate in resist (nm)

Gate CD control (3 sigma) (nm) [A]

Overlay (3 sigma) (nm)

Contact in resist (nm)

Mask magnification [B]

Mask nominal image size (nm) [C]

Mask minimum primary feature size [D]

Mask sub-resolution feature size (nm) opaque [E]

Image placement (nm, multipoint) [F]

CD uniformity allocation to mask (assumption)

MEEF isolated lines, binary or attenuated phase shift mask
[G]

CD uniformity (nm, 3 sigma) isolated lines (MPU gates),
binary or attenuated phase shift mask [H] *

MEEF dense lines, binary or attenuated phase shift mask [G]

CD uniformity (nm, 3 sigma) dense lines (DRAM half pitch),
binary or attenuated phase shift mask [J]

MEEF contacts [G]

CD uniformity (nm, 3 sigma), contact/vias [K] *

Linearity (nm) [L]

CD mean to target (nm) [M]

Defect size (nm) [N] *

Blank flatness (nm, peak-valley) [O]

Pellicle thickness uniformity [P]

Data volume (GB) [Q]

5242 6605 8321 10484 13209

Mask design grid (nm) [R]

Attenuated PSM transmission mean deviation from target (£
% of target) [S]

Attenuated PSM transmission uniformity (+% of target) [T]

Attenuated PSM phase mean deviation from 180° (+ degree)
[

Alternating PSM phase mean deviation from nominal phase
angle target (£ degree) [T]

Alternating PSM phase uniformity (£ degree) [U]

Image placement (nm, multipoint) for double patterning of
independent layers [V]

Difference in CD Mean-to-target for two masks used as a
double patterning set (nm) [W]

Double exposure: image placement for each mask used for
exposing mutually dependent layers (nm) [X]

Double exposure: mask CD uniformity for each mask used
| for exposing mutually dependent layers (nm) [Y]

Double exposure: dual space, etch bias repeatability and

uniformity [Z]

Mask materials and substrates

Absorber/attenuator on fused silica

Pellicle for optical masks for exposure w avelengths
down to 193 nm,
including masks for 193 nmimmersion.

[X|F 7-5b

[ 7-5a, 5b:

7 % hv AT ~DER—Long-term Years

[A] Wafer Minimum Line Size—Mininmum wafer line size imaged in resists. Line size as drawn or printed to zero bias (Most commonly applied to isolated lines. Drives CD

uniformity and linearity,)
[B] Magnification—Lithography tool reduction ratio.

[C] Mask Nominal Image Size—Equivalent to wafer minimum feature size in resist multiplied by the mask reduction ratio.

[D] Mask Minimum Primary Feature Size—Minimum printable feature after OPC application to be controlled on the mask for CD placement and defects.

[E] Mask Sub-Resolution Feature Size—The minimum width of non-printing features on the mask such as sub-resolution assist features.
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[F] Image Placement—The maximum component deviation (X or Y) of the array of the images centerline relative to a defined reference grid after removal of isotropic
magnification error. These values do not comprehend additional image placement ervor induced by pellicle mount and mask clamping in the exposure tool.

[G] The CD error on the wafer is directly proportional to the CD error on the mask where mask error enhancement factor (MEEF) is the constant of proportionality. An
MEEF value greater than unity therefore imposes a more stringent CD uniformity requirement on the mask to maintain the CD uniformity budget on the wafer.

[H] CD Uniformity—The three-sigma deviation of actual image sizes on a mask for a single size and tone critical feature. Applies to features in X and Y and isolated
features on a binary mask.

[1] CD Uniformity—The three-sigma deviation of actual image sizes on a mask for a single size and tone critical feature. Applies to features in X and Y and multiple pitch
features on a quartz shifter phase mask.

[J] CD Uniformity—The three-sigma deviation of actual image sizes on a mask for a single size and tone critical feature. Applies to features in X and Y and multiple pitch
features on a binary or attenuated phase shift mask.

[K] CD Uniformity—The three-sigma deviation of square root of contact area on a mask through multiple pitches.

[L] Linearity—Maximum deviation between mask “Mean to Target” for a range of features of the same tone and different design sizes. This includes features that are
equal to the smallest sub-resolution assist mask feature and up to three times the minimum wafer half pitch multiplied by the magnification.

[M] CD Mean to Target—The maximum difference between the average of the measured feature sizes and the agreed to feature size (design size). Applies to a single
Jeature size and tone. 2(Actual-Target)/Number of measurements.

[N] Defect Size—A mask defect is any unintended mask anomaly that prints or changes a printed image size by 10% or more. The mask defect size listed in the roadmap
are the square root of the area of the smallest opaque or clear “defect” that is expected to print for the stated generation. Printable 180-degree phase defects are 70%
smaller than the number shown.

[O] Blank Flatness—Flatness is nanometers, peak-to-valley across the central area image field on a 6-inch * 6-inch square mask blank with 5 mm edge exclusion.
Flatness is derived from wafer lithography DOF requirements for each printing the desired feature dimensions.

[P] Pellicle thickness uniformity—The three-sigma standard deviation measured in nm of pellicle thickness variation across the imaging field. Note that although pellicle
mean thickness may decrease for future half-pitch generations, the thickness uniformity requirement remains an absolute value measured in nm.

[QO] Data Volume—THhis is the expected maximum file size for uncompressed data for a single layer as presented to a pattern generator tool.
[R] Mask Design Grid—Wafer design grid multiplied by the mask magnification.
[S] Transmission—Ratio, expressed in percent, of the fraction of light passing through an attenuated PSM layer relative to the mask blank with no opaque films.

[T] Phase—Change in optical path length between two regions on the mask expressed in degrees. The mean value is determined by averaging phase measured for many
features on the mask.

[U] Alt PSM phase uniformity is a range specification equal to the maximum phase error deviation of any point from the mean value.

[V] Image placement for double patterning of independent layers is the measured image placement specification (see [F]) for each mask in an independent double
exposure or double patterning process.

[W]Difference in CD mean-to-target for two masks refers to the difference in mean mask CDs of each of the individual masks that comprises the matched set of masks used
to form a single circuit level in double patterning.

[X] Image placement for double patterning of dependent layers (see [F]) for each mask where the critical features are defined by the intersection of patterns from each
mask is the image placement specification for each mask used in the dependent double patterning process.

[Y] CD uniformity for each mask use in a dependent double patterning process is the measured CD uniformity (see [J]) for each mask.

[Z]Etch bias repeatability and uniformity is the total CD uniformity evror introduced by both etch steps used in a double patterning process or the single etch step used in a
double exposure process.
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Year of Production 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM/Flash CD control (3 sigma) (nm) 4.7 4.2 3.7 3.3 2.9 2.6 2.3 2.1
MPU gate in resist (nm) 38 34 30 27 24 21 19 17
Gate CD control (3 sigma) (nm) [A] 2.3 2.1 1.9 1.7 1.5 1.3 1.2 1
Overlay 11.3 10 9 8 7.1 6.4 5.7 5.1
Contact after etch (nm) 67 58 51 45 40 36 32 28
Generic Mask Requirements

Mask magnification [B]

Mask nominal image size (nm) [C]

Mask minimum primary feature size [D]

Image placement (nm, multipoint) [E]

CD uniformity (nm, 3 sigma) [F]

Isolated lines (MPU gates)

Dense lines DRAM (half pitch)

Contact/vias

Linearity (nm) [G]

CD mean to target (nm) [H]

Defect size (nm) [I]

Data volume (GB) [J] 413 520 655 825 | 1040 | 1310 | 1651 | 2080
Mask design grid (nm) [K] 2 2 2 2 2 2 2 2
EUVL-specific Mask Requirements

Substrate defect size (nm) [L] 38 36 35 33 31 30 28 27
Mean peak reflectivity 65% [ 66% | 66% [ 66% | 67% | 67% | 67% | 67%
Peak reflectivity uniformity (% 3 sigma absolute) 0.69% | 0.58% ] 0.47% [ 0.42%] 0.37% | 0.33% | 0.29% | 0.26%
Reflected centroid wavelength uniformity (nm 3 sigma) [M] 0.08 | 0.07 | 0.06 | 0.05 | 0.05 | 0.05 | 0.04 | 0.04
Absorber sidewall angle tolerance (+ degrees) [P] 1 1 0.69

Absorber LER (3 sigma nm) [N] 3.2 2.5 2.2

Mask substrate flatness (nm peak-to-valley) [O] 65

X% 7-5¢ EUVL v A7 ~D#:K—Near-term Years
Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM/Flash CD control (3 sigma) (nm) 1.9 1.7 1.5 1.3 1.2 1 0.9
MPU gate in resist (nm) 15 13 12 11 9 8 8
Gate CD control (3 sigma) (nm) [A] 0.9 0.8 0.7 0.7 0.6 0.5 0.5
Overlay 4.5 4 3.6 3.2 2.8 2.5 2.3
Contact after etch (nm) 25 23 20 18 16 14 13
Generic Mask Requirements
Mask magnification [B]

Mask nominal image size (nm) [C]

Mask minimum primary feature size [D]

Image placement (nm, multipoint) [E]

CD uniformity (nm, 3 sigma) [F]

Isolated lines (MPU gates)

Dense lines DRAM (half pitch)

Contact/vias

Linearity (nm) [G]

CD mean to target (nm) [H]

Defect size (nm) [T]

Data volume (GB) [J]

ZYGO 5241 6604 8321 10483

Mask design grid (nm) [K]

EUVL-specific Mask Requirements

Substrate defect size (nm) [L] 25 23 18

Mean peak reflectivity 67% | 67% | 67% | 67% | 67% | 67% | 67%

Peak reflectivity uniformity (% 3 sigma absolute) 0.23% | 0.21% ] 0.19% [ 0.17% | 0.15% | 0.13% | 0.12%
Reflected centroid wavelength uniformity (nm 3 sigma) [M] 0.04 | 0.03 | 0.03 | 0.03 | 0.02 | 0.02 | 0.02

Absorber sidewall angle tolerance (+ degrees) [P]

0.5 0.5 0.5 0.5

Absorber LER (3 sigma nm) [N]

1 0.9 0.8 0.7

Mask substrate flatness (nm peak-to-valley) [O]

20 18 16 14

[X|F 7-5d

EUVL v A7~ % K—Long-term Years
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K 7-5¢, 5d:

EUVL masks are patterned absorber layers on top of multilayers that ave deposited on low thermal expansion material substrates.

[A] Wafer Minimum Feature Size—Minimum wafer line size imaged in resists. Line size as drawn or printed to zero bias (Most commonly applied to isolated lines. Drives
CD uniformity and linearity.)

[B] Magnification—Lithography tool reduction ratio.
[C] Mask Nominal Image Size—Equivalent to wafer minimum feature size in resist multiplied by the mask reduction ratio.
[D] Mask Minimum Primary Feature Size—Minimum printable feature after OPC application to be controlled on the mask for CD, placement, and defects.

[E] Image Placement—The maximum component deviation (X or Y) of the array of the images centerline relative to a defined reference grid after removal of isotropic
magnification error.

[F] CD Uniformity—The three sigma deviation of actual image sizes on a mask for a single size and tone critical feature. Applies to features in X and Y and multiple
pitches from isolated to dense. Contacts: Measure and tolerance refer to the area of the mask feature. For table simplicity the roadmap numbers normalize back to one
dimension. sqrt (Area)—sqrt (Target Area).

[G] Linearity—Maximum deviation between mask “Mean to Target” for a range of features of the same tone and different design sizes. This includes features that are
greater than the mask minimum primary feature size and up to three times the minimum wafer half pitch multiplied by the magnification.

[H] CD Mean to Target—The maximum difference between the average of the measured feature sizes and the agreed-to feature size (design size). Applies to a single
feature size and tone. 2(Actual-Target)/Number of measurements.

[1] Defect Size—A mask defect is any unintended mask anomaly that prints or changes a printed image size by 10% or more. The mask defect size listed in the roadmap are
the square root of the area of the smallest opaque or clear “defect” that is expected to print for the stated generation.

[J] Data Volume—This is the expected maximum file size for uncompressed data for a single layer as presented to a pattern generator tool.
[K] Mask Design Grid—Wafer design grid multiplied by the mask magnification.

[L] Substrate Defect Size—the minimum diameter spherical defect (in polystyrene latex sphere equivalent dimensions) on the substrate beneath the multilayers that causes
an unacceptable linewidth change in the printed image. Substrate defects might cause phase errors in the printed image and are the smallest mask blank defects that would
unacceptably change the printed image.

[M] Includes variation in median wavelength over the mask area and mismatching of the average wavelength to the wavelength of the exposure tool opfics.
[N] Line edge roughness (LER)—is defined a roughness 3 sigma one-sided for spatial period <mask primary feature size.

[O] Mask Substrate Flatness—Residual flatness error (nm peak-to-valley) over the mask excluding a 5 mm edge region on all sides after removing wedge, which may be
compensated by the mask mounting and leveling method in the exposure tool. The flatness ervor is defined as the deviation of the surface from the plane that minimizes the
maximum deviation. This flatness requirement applies to each of the front and backsides individually.

[P] The sidewall angle tolerance applies to the mean absorber sidewall angle agreed upon between mask user and supplier.
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Year of Production 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM/Flash CD control (3 sigma) (nm) 4.7 4.2 3.7 3.3 2.9 2.6 2.3 2.1
MPU gate in resist (nm) 38 34 30 27 24 21 19 17
Overlay (3 sigma) (nm) 11.3 10 9 8 7.1 6.4 5.7 5.1
Gate CD control (3 sigma) (nm) [A] 2.3 2.1 1.9 1.7 1.5 1.3 1.2 1
Contact after etch (nm) 67 58 51 45 40 36 32 28
Generic Mask Requirements

Magnification [B]

Mask nominal image size (nm) [C]

Image placement (nm, multipoint) [D]

CD Uniformity (nm, 3 sigma) [E]

Isolated lines (MPU gates)

Dense lines DRAM/Flash (half pitch)

Contact/vias

Linearity (nm) [F]

CD mean to target (nm) [G]

Data volume (GB) [H]

295

469 591

Mask design grid (nm) [I]

0.5

0.25

UV-NIL-specific Mask Requirements

Defect size impacting CD (nm) x, y [J]

Defect size impacting CD (nm) z [K]

9

Mask substrate flatness (nm peak-to-valley) [L] 298 252 192 180 153 126 88
Trench depth, mean (nm) [M] 75-119|67-104| 60-90 | 53-81 | 47-72 | 42-64 | 37-57 | 33-51
Etch depth uniformity (nm) [N] 3.8-5.9|3.4-5.2|3.0-4.5| 2.7—4. O RS Jsiiv i Euc i B Ev R i By £ 05
Trench wall angle (degrees) [O] 87 [ 87.3 | 876 | 87.9
Trench width roughness (nm, 3 sigma) [P] 3.4 3 2.7 2.4 2.1 1.7

Corner radius, bottom of feature (nm) [Q] 6.3 5.6 3.2

Corner radius, top of feature (nm) [R] 1.1 0.6 0.6

Trench bottom surface roughness (nm, 3 sigma) [S] 7.6

Template absorption [T] <2%

Near surface defect (nm) [U]

51

Defect size, patterned template (nm) [V]

Defect density (#/cm?) [W]

Dual Damascene overlay: metal/via on template (nm, 3 sigma)
[X]

X F 7-5¢

- 14 -
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Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM/Flash CD control (3 sigma) (nm) 1.9 1.7 1.5 1.3 1.2 1 0.9
MPU gate in resist (nm) 15 13 12 11 9 8 8
Overlay (3 sigma) (nm) 4.5 4 3.6 3.2 2.8 2.5 2.3
Gate CD control (3 sigma) (nm) [A] 0.9 0.8 0.7 0.7 0.6 0.5 0.5
Contact after etch (nm) 25 23 20 18 16 14 13
Generic Mask Requirements

Magnification [B]

Mask nominal image size (nm) [C]

Image placement (nm, multipoint) [D]
CD Uniformity (nm, 3 sigma) [E]
Isolated lines (MPU gates)
Dense lines DRAM/Flash (half pitch)
Contact/vias

Linearity (nm) [F]

CD mean to target (nm) [G]

Data volume (GB) [H]

Mask design grid (nm) [I]
UV-NIL-specific Mask Requirements
Defect size impacting CD (nm) x, y [J] . 1.6 14 1.3 1.1 0.9
Defect size impacting CD (nm) z [K] . 3.2 2.8 25 2.3 2 1.8
Mask substrate flatness (nm peak-to-valley) [L] 45 36 29 24 21
Trench depth, mean (nm) [M] 26-41
Etch depth uniformity (nm) [N] 15-2313-201.2-1.81.1-1.6 0.9-1.4 0.9-1.3 0.8-1.1
Trench width roughness (nm, 3 sigma) [P] 1.3 1.2 1.1 1 0.8 0.8 0.7
Corner radius, bottom of feature (nm) [Q] 2.5 2.2 2 1.8 1.6 1.3 1.1
Corner radius, top of feature (nm) [R] 0.5 0.4 0.4 0.3 0.3 0.3 0.2
Trench bottom surface roughness (nm, 3 sigma) [S]
Template absorption [T]

Trench wall angle (degrees) [O]

Near surface defect (nm) [U] 18 16 14 ] 11

Defect size, patterned template (nm) [V] 10 10 10 10 10

Defect density (#/cm?) [W] 001 001 001 001 0.01
Dual Damascene overlay: metal/via on template (nm, 3 sigma)

[X] . 4 3.6 3.2 2.8 2.3

X|# 7-5f ATV NT T LA R ~DER—Long-term Years

I 7-5e, Sf

[A] Wafer Minimum Feature Size—Minimum wafer line size imaged in resists. Line size as drawn or printed to zero bias (Most commonly applied to isolated lines. Drives
CD uniformity and linearity.)

[B] Magnification—Lithography tool reduction ratio, N:1.
[C] Mask Nominal Image Size—Equivalent to wafer minimum feature size in resist multiplied by the mask reduction ratio.
[D] The maximum component deviation (X or Y) of the array of the images centerline relative to a defined reference grid afier removal of isotropic magnification error.

[E] CD Uniformity—The three sigma deviation of actual image sizes on a mask for a single size and tone critical feature. Applies to features in X and Y and multiple
pitches from isolated to dense. Contacts: Measure and tolerance refer to the area of the mask feature. For table simplicity the roadmap numbers normalize back to one
dimension. sqrt (Area)—sqrt (Target Area).

[F] Linearity—Maximum deviation between mask “Mean to Target” for a range of features of the same tone and different design sizes. This includes features that are
greater than the mask minimum primary feature size and up to three times the minimum wafer half pitch multiplied by the magnification.

[G] CD Mean to Target—The maximum difference between the average of the measured feature sizes and the agreed-to feature size (design size). Applies to a single
feature size and tone. S(Actual-Target)/Number of measurements.

[H] This is the expected maximum file size for uncompressed data for a single layer as presented to a raster write tool.
[1] Wafer design grid multiplied by the mask magnification.

[J] Defect Size (nm) x, y—A mask defect is any unintended mask anomaly that prints or changes a printed image size by 10% or more. The mask defect size listed in the
roadmap are the square root of the area of the smallest opaque or clear “defect” that is expected to print for the stated generation.

[K] Defect Size (nm) z—A mask defect is any unintended mask anomaly that prints or changes a printed image size by 10% or more. The mask defect size listed in the
roadmap are the square root of the area of the smallest opaque or clear “defect” that is expected to print for the stated generation.

[L] Flatess (nm peak-to-valley) across the 110 mm x 110 mm central area image field on a 6-inch x 6-inch square blank. Flamess is derived from empirical residual
layer uniformity (RLT) and magnification.
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[M] Trench depth mean—Aspect ratio of trench set to 2: 1. Low end determined by printed gate length, High end determined by MPU/ASIC half pitch
[N] Trench depth uniformity in nm—Set to 5% of trench depth.

[O] Trench wall angle in degrees—Mininmum wall angle necessary to keep the etch bias of the bilayer resist less than 5%. A selectivity of 10:1 between the etch barrier and
transfer layer is assumed. Transfer layer aspect ratio starts at 1.5:1, and finishes at 2:1.

[P] Trench width roughness (nm, 3 sigma)—equivalent to resist line width roughness.

[Q] Corner radius, bottom of feature—critical to S-FIL/R (positive tone imprinting) where it defines the depth that the blanket ROI etch must reveal into the imprint
material for good CD control (12.5% of CD). Non-critical for S-FIL (negative tone imprinting).

[R] Corner radius, top of feature—critical to S-FIL (negative tone imprinting) for good CD control, where it behaves as a resist “‘footing” in equivalent projection
lithography (3% of CD). Non~critical for S-FIL/R (positive tone imprinting).

[S] Roughness in the bottom of an etched trenching resulting from imperfections in the plasma etch process or micromasking from the hard mask.

[T] Percent of incident light intrinsically absorbed by the 6.3 mm thick substrate at 365 nm. This is to minimize heating and thermal distortion and maximize equipment
throughput.

[U] This is the maximum defect size for the quartz substrate from the surface level to a depth of 200 nm.
[V] Defect size, patterned template—Defect size in nm on finished patterned template.

[W] Number of defects per square cm on a finished template.

[X] This is the via to metal line overlay requirement on a 3D template for landed vias.

Year of Production 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM/Flash CD control (3 sigma) (nm) 4.7 4.2 3.7 3.3 2.9 2.6 2.3 2.1
MPU gate in resist (nm) 38 34 30 27 24 21 19 17
Gate CD control (3 sigma) (nm) 2.3 2.1 1.9 1.7 1.5 1.3 1.2 1
Overlay (3 sigma) (nm) 11.3 10 9 8 7.1 6.4 5.7 5.1
Contact after etch (nm) 67 58 51 45 40 36 32 28
Data Volume (GB) 260 328 413 520 655 826 | 1040 | 1311
Grid Size (nm) 0.5 0.5 0.5 025 | 0.25 | 0.25 | 0.25 | 0.25

X% 7-6a ~ A LV A ~DE K —Near-term Years
Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM/Flash CD control (3 sigma) (nm) 1.9 1.7 1.5 1.3 1.2 1 0.9
MPU gate in resist (nm) 15 13 12 11 9 8 8
Gate CD control (3 sigma) (nm) 0.9 0.8 0.7 0.7 0.6 0.5 0.5
Overlay (3 sigma) (nm) 4.5 4 3.6 3.2 2.8 2.5 2.3
Contact after etch (nm) 25 23 20 18 16 14 13
Data Volume (GB) 1651 | 2080 | 2621 | 3302 | 4161 [WyZyANNG(0]s)
Grid Size (nm) il 025 025 025 0125 0.125 0.125

X2 7-6b ~ AT L A~DER—Long-term Years

7-3-2 ITRS2007 iZ3\F BV V7T 7 A fRBSFFAE (Potential Solutions)

45 nm O fi# K 5 4 A . 193nm immersion with water 35 X OV 193nm immersion double
exposure/patterning (ZHVIAATZ, EUVL, mBHTRIEIAR - k12 WDl mE NA KR E 2010
REARUCIE, EmPERATE L THEILTERWEHETL | X 7-7a ZERKLTZ,

32 nm OFFRREEMIL, NBF%Z REL7-, EUVL OBIFREINEIEL TWODIRIA SCL T, 85 s
~NERL A E LT, 32 nm ORI, 193nm immersion Double Exposure/Double Patterning, EUVL,
193nm immersion with other fluid, ML2, Imprint DJIEC&H 25,

F72. 22 nm I THFFTZE L L TORWAS, 16 nm OFFER R FA#HIZ DSA( Directed Self Assembly)Z /12 72,
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2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11nm

193 nm
193 nm immersion with water

65

[ DRAM Half-pitch ]

Flash Half-pitch

193 nm immersion with water Narrow
Rl 193 nm immersion double patterning options

193 nm immersion double patterning
EUV
78 193 nm immersion with other fluids
and lens materials
ML2, Imprint

Narrow
options

EUV
pyAl Innovative 193 nm immersion
ML2, imprint, innovative technology

Narrow
options

[l Innovative technology Narrow
Innovative EUV, ML2, imprint, Directed Self Assembly options

EEE Research Required W Development Underway [——1 Qualification/Pre-Production ESSXY Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Notes: RET and lithography fiiendly design rules will be used with all optical lithography solutions, including with immersion;

therefore, they are not explicitly noted.

X 7-7a B2 G SRR Al

[X|5% 7-7b 12, 2003 FA> 2007 FiE ClZ siai S - i S et O 2584 7R LT, 193nm FECHRO4E
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2003 Edition || 2004 Update || 2005 Edition || 2006 Update || 2007 Edition
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7-4 VI TT7 AR
TR SFAGAR DB E A F LD D,
7-4-1 ArF JRIZ B EA

R B CHATX WRBISER O A Y 7 F 7 4 BRIl S 3 DR e 5l T o, Lo A&
B RE | 2B TRITERO KRERIRIRTHYD | MR IEREE RN MBS D IKIR P EE
TIE A A, Z7VEY . KDBESHNGITEY, ENENOIEHITHRIT, 1.515, 1.473, 1.333 LR&EL, fif
%71, EAIRE O VRN BEE Th D, KiL, FRZ, AREROREIOBIZRICB W TER:, HHVNTT
LT =Rt U THOWGIL, BUTE L TOD, IRIZE BN ORI, SO TEFE £V O
FEATIOIVTETZM, ArF IR FECHANIE, F2 (157 nm)@Z YCHARBAFE OERIEL | /K23, 193 nm (23T,
JEITER 1.44 2L QOB GRS Tl I EAS-72, 2002 AFEEEEDIASE R &, BEFEO S
EAW R L COHMEIEE NA 1 22 D5/ NEE I RO BRDIE IENED i, IRiZ R
B, LRy 2 —DRIBRICKZ FTES T OB AL T D, MG IERS IV QO iRIZ E A
DFEEIL, KKaCTdhoTz, AR BHITLEO, JAREDIAEI, T/ N—D T VP EINE =T 7 L7
AL, o, LURAMEREICY A ——~—7 EHIZE, LYANSOR NG Y 2 350 K
BalZ B HRREA RIS AL QU KBl LU ANEDOF I OBSKIEDOF A~y 7 2 —NMETIT, ¥
TN _RAYLEOTERLITAIZ T, ZEE R OPeE 2 E OXPREL T 2 L1280, deES Tz, 2006 4
(ZIE, LA TORS NA 1.07 DIFIREICEEE DS RS IL, DUV T BRI, L AEIT— %4l
HEDEDRHESTE T RETR A LI @ NA RIZEECIEENBIG LT A ADBSE, EEICHE LT,
2007 FETIE, KZEHWDIRIZBECIEE O E NA {EDORFEE X H15 NA 1.35 OFCAEED RS K
BENEINERA LI T AR AEFERARE LT, F7o, by a—MEEZLELEL2W L U ARD RIS
DHES, RBBIRBEhFB 5O, EALDBEEIZ ATz,

NA 1.35 O/KIRIR AT CTIE, k1 0.28 Z %L T hp 40 nm F2EEA R 70D, IROHACTIL,
SOITIHG I NN T BN S BN 722, WIREECHANOIEA , & NAEARES I T, HINA
BITIE, KO REARBITREEF SR | KRR, L AR LB TH D, Pl X ()RR -1
ARDETOSE TR Z ISR BITEEIT MBS LT, NA 13, ZRHOMEIOL 526 /&
TRIEPTRICE S TR ED, BT 1.64 12 DWRIZHR, JEHTE 1.64 DR (BLIF3)73, BEICIZFAFES LT
WD, EERRS LD NA LT 155 FEEEC, 32 nm hp (2L Cid, +07e e /1035531720, 32 nm hp (Z[7)
TR, NA 1.70 DL ERSEEREND, i OBHZE TId, BT 2.14 24695 LuAG BEHSN TS, =
DOFEFIZID NA 1.70 OFHEEBENFHCTED, UL, 2008 4E 3 A RS TIL, +07eB Ak, A X%
FFTURU, RIRBISE IR L TH D, 2010 FITECHEEARB T 52813, BUZREEL 2> TD, Fe,
ORI, DRy Tld, BEESNAEITER 1.8 ZERTAOMENES TR, BIE, b E
TRfERRIL, R HTE Nanoparticle %, I8 AL THEITHREZ ) ESELHTESI TS, Si02, HFO2
IRENMERICTHD, LV AMEIEHZBIL T, BT 1.8 LLEA RO BAL, [FIEEIZ, Nanoparticle & A 35
R0, F. S e E DIt HE % R TE AT S Polymer DBAFRE DM TodL T D, BREIEE TIL, MRIADE
FHEREN B 0D, RIEEN D FRDME /2D | KRR TG E TR A S R TR RS
HHTEeW, Vo N—FKA, REICRIZIREERFT 27 — VW IAT DAT —UPREEEZ DTS,
TR DL MR L | L 2,

7-4-2 EUV BItEHf

EUV #YEHARIE, 1R 13.5nm O X SaYEREL, HEE 1T, B22EE L7272, 0.7~1.0nm O R4 H
V% PXL(Proximity X-ray Lithography)DBHFEMEHT U714, fii/ MEFE B LA | X ARG OI K CHBL4
HIREG, WM A D58 b 4T, KeF, ArF @B SRe< 8T LT, F2(157nm) @& E k23 BRFE D
F&7po7z 2000 FUEND, ZIEEIT —HFRITKIAA T, BAFESIL TS, EUV B EHEAN O AKE /)
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7RBHFIE, 1997 4280, KE 0D EUVLLC TR HED DT, OB AN EASIL, AFFERHF O Hls
1., KEOESLOAFEHT TS LLNL, SNL, LBNL 23, LRI CFZE 9241k VNL CTéH-7=, EUVL i1,
SEMATECH DBRFET —~&720, BRFEDO LT, SEMATECH (2B &7, BIfEIL, SEMATECH %445
IMEC, INVENT, Selete 725D —3 T A TIAT U ANBIFOHLEZTR L, WIRA— I — ek
[EA—T)—  MBIA— T — 72 & L D256 2 X THIFEIZIOALA TV D,

W 13.5nm TlE, EFEREHER CEXLEIM NI, 2D % SR RIE, KHRT—T
RSN, 13.50m 13, ZBIES BB DAL IA N IR T, Z@8EA Mo & Si THERK
%o ZIEIEORERIX, B Tam 13 E THRAK 40 BRI 725, ~ AT, Rk etk O 2 EIER R A2 A 35
WERI~ 22 L7320 @i EOHEEE 2 — AL THWA, BUV SEORRBED I, WA ET
NG BT R B SURR T —(Z B TIE72<, Ru 228 D& @R IRNTHNN A FETORa ASTLCERH
BEESE2 ) HWBIEN, Z<1E, Mo/Si ZJEIE TS, BRI, 2 TEREHFEIT—T
RS A1, NA 0.25 DF%EHCIL, BILFRIZ 6O L EFERI T — TS IL, ~ A2 50T, BIKT
12 B D2 J@ S S T £ 725, Mo/Si 22 JEIED S R1%, BERRE CTH R & 70%58 T BLIROD 68%FR ML
DIT—"TIE, IS, IR, v A7 BENF RO AR TY = —IZEE T2 EUV LI, 1%
(ZHIMTZ72 0 (EEAE R TOZ N =BT 70D, T D %, BIERIREROIEF D NST2 B
BT, 37—~V AIOIEMRITIE, Ti R—T DA T TARKE G b T A 708 O EHLTEM)A HV B
Do

EUV BCHEE, ~ 27 LY R, v A7 T —Z R 0D BT iE A 4 55,

EUV #JtEEEIT, EUV G, 77U — VR 7R, BIDET R, v AV AT —U ENT
B Ve N—RAT = AT RN N\ RS e a—Ray 7, BZE5% AR Y— il
VAT DI ECRERE D, EUV TCHEEIL, TERD 248 nm &5\ M, 193 nm DOFEYEHEE Lo @itz
Z UL ARFETH, EUV TEERE A ORI L2>TD, ol 14 O/ MR THHSRRET
H%,

Y, DPP(Discharge Produced Plasma), LPP(Laser Produced Plasma)® — 5= G CuA,
EUV FJEIZE, Sn WA AMREMNE, Xe, Sn, Li 728Dk x 705 —77 o MABIO IR D Ha b
K&7¢ CE(Conversion Efficiency)D 155415 Sn 2SRRIV T, BIfEFAZE D DPP T, LPP T%, Sn
ZERHL TS, BREALEREE /7 100 wph(wafer per hour)DEER%IZ 1L, 200W@IF (Intermediate Focus: HfH]
FERALEICIITS BEUV S8 FREEDIRE D RO HIVHM, BURTIL, BHEME T 50~100W@IF 23# S
AVCTODREEE T, EEROIEHRIRAE T, 2 20~30%F2E, 7L 0%, 35W % 2 FVRRFE L2 R C& TV
720 L, IF IZBTDFHIEANO BRI, Fo, SRR D B E L Thois, FEEED
T —Z UL . FEEIT-> TORRICE > TOVARWNT — 28 S TS, 2008 NI
100W@IF(Average mode) DA HIE T B OGN EHSND, 77 VDOHELHD, Snd, TR~
WO T D72 KIRDRD B TND, JEFRMAITIE, Sn OFEHE, kO A K/ 57
»IZ, Droplet & Laser pre-pulse Z#HA G0 CTHWORETDHEA T, 20~30um ¢ @ Droplet 277X
~fbL., BELYAXZHIFIL , DVWT, RERT ALY —% AN—THLH NI —F—THEAL EUV
N HHMT OB THD, T 7V —/LRIE, TR, DI IF ~D Sn DHEAN-FFEE
BELIE 42 C. H AR TRLTZD ., BB CA AL BRI L0 A0 st s TV g, - 5L
Sn &\ U T AL OGS E TR ET D4 | BB ICH 5, LRI, DPP & LPP TZD
FRDE 2D, DPP Tid, VWA T EUV Jea AIREHE, RuZREORE CTRINESE L H A TENT D,
LPP TiE., L0AVA EECHiHE 95 Normal Incident ML Mirror % FVWNTEE 95,

NAE EARNZ, T A I AT T T 7 AL R DN TR LU BUER =T A(Ti R — 7 & A
AT AV e VD, Mo-Si ZJEE(Mo~3 nm, Si~4 nm, pitch ~7 nm, >40 layers), Capping(Si ~11 nm),
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Buffer(Ru ~1~3 nm), Absorber (Ta or TaOxide, TaBN, ...50~70 nm)&\ > 7-AERR DO BEAREEE TR L . SO
W~ 2742, BT, BAFEE LT, 72, KOIAFN TUTWRW,  AVBAFE DR RO, HER
Kol T b, ERIMLOMEIL, =855, £ 7T 7 AOER AL T, LB KAL)
RDOOEND, FHCHREEZRFENSHY  Eiud, ZRBIEOAARMaOEREECHD, MARKMGIL, 2D
BRIV TWDBEZETRAL ., 1.57°5 2 nm D BGE T T USRI RIZ RO Z T 5, BeA2n ERIE,
RBARRZ AR 7 AFAR O E O M T, 24 10 nm OPA X T 1.5 235 2 nm DELZET, 32 nm RO/ % —
> D 10%D CD =7 —% T, RIT, 7 \F— U RGOEEEIN DN KRERFRETH D, FriZ, BXRMEbRE
THEEIZBWT, ZEEONAREZ 5D TR RA R T oy F U 7 DHA L ELL T2 D,
7D FIB AEEHANCTIX, Ga MEARITITHIAE L, LA B S I ROK TR ENTLI
TWD, BHIOEDOFREIT, R CRIESNIZ~ A2, BEEE THO DB CHEER K THY, iin
B G — L DR DMARES A EANT OIS THH, BUV v AZ TIE, (ERDBZ 2 7D L3
7o, v AT RSO RGO A MEE /0D, iz, a5 —Ta b TER, BT,
BN S\ R RIS A Rl — R 7 E O BZE R O ARSI HEREL . ~ A2 D A FROIR F 243,

~AZ\ZIL, F7o, EUV @EHINEAA OFREN DD, IR Th DT | ~ A7~ AFTE S,
JeHE A TER, NA 025 OF%FHTIE, FHil 6 FEDO AR LD, ZHUTHEN, BSOS 5
— DTy UNE ZDOFANURFFL T, AFOCDO A FENR TR DT fGMERE LR BN BN B0 D, 3
bbb W= OEFERAELD, AFAI, BEIR(RY Y NN TR > TNDTD | BT —FRTIER
VY, T T ERHIALOEH B TR, BIEBRRE O o HETIE, 10%LL E W0 BEEHETIE. 6~7%
EENTRY, v AZ R —ALC THIET D0 E R B D,

EUV LU ARDBRHIHEA TU VR, BEIZIR 7 X512, BUV @IV T, SEIROFHZhHEIE
TWAZHE, 202 S mllem2 LW T2 @ERPEL ARSI TS, L, B fif% /)& LER/LWR
DSOSV, F72, Resist Blur EFFEHLS CAR OERIERUZ IR 7 2L, B LB g% oL
VAMGEDZENKEZN, UG I DB THY | Resist Blur DIJHAZHE THLEDD | EEDK T
LN CGECED RIBLITADIL QR F72, FFIZ, LER/LWR 13, EUVL [EA OFRE CIIiE<, ArF
7R E DTN T, BIBETHY., Shot Noise 728 FHGDOBMRL G, BBt BEORIRE O
PO LIV TS, LY ARHIROPIZIE, 55 F LV AROEF A DB 5, Wi, ArF L AR O
LER/LWR %7~ T L UAMIERLRIESN C& Tz, LU ARD T UM AL IEES LTS, BZE I THtK
LA AZ. EUV EMRENC LT R I AR — Ry RO T RIEA TR 452 e b T
WD, BEERIDORHNESNZ, TR ADIRNL P AR BRI T T D, EUV L AMAEIOBIR L,
TSRO BRBE AN i S CHBES L CUD, 2008 4EITIT, a2 L PARBISEIC A 5-L, R b~k
EOHIRESIND,

EUV S YEHRE, e R E e k1 O DEASIAHT=8, RET, OPC ML & OB D7D &
INTWD, L, AAIRIFOMIES, 7L T OREIINE LD, v A7 R AAHIET 572D Hifl
72—V ThoTh, YA DE/N\E— U ZAHIEALEET %, EUVL B¢ MDP(Mask Data Preparation)f
MOBARNBHL/2>TUND,

EUV @CEE OB, 77 NA 2Rl T, DGEODRN T T DRI ROBWETH D,
WTBERE R L 2 SO FUEDS I TH D, EUVA 23BZEL 72 EEM WIFBEHART T, RO RS Ema1T<, I
OFEAZIL, BEIZ 6 BT —HFREBAIE R T HHM R ES N TD, vAZ Tx—
DURFFORE CH D, FFET v/ O HZRHEE L TRFISIVTND, BRSIVD T, $7 10
nm CTHY, YAI/RE = DESOZEL, Vr— ETOMET LR, BRSO EREIEET 2,

EUV @HHEATE, 32 nm, 22 nm, 16 nm, E5(21F, 11 nm OHARIZINTH | AHRIEREN R TEH L
WS TS, NA 0.5 22 D50 SN TR, BRI E I S —F 2B el e L i o&
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Do

EUV @NHEATORKROBEIL, — 2B 25D, D&, R THD, R~ AT DR E
DIT, BIMITIISES N D LITE 2T, Fo, BEE THE T2/ 3 =T 47 VR EDBRELZHTD
EELEANOMEET, FHIEOBRR, 7 — X OER/2E | RN EFL S, M RITE N, —o
HiZ, 2A ORIETH D, HlF ST — BRIREN, 2L —F v O#iRIE 25, BIFE. 1 wph ITHIH7Z7220
o BEOMBREEI T, A%, UEESIL, T /A ARLE TSNS EPERE T, 120~150 wph 23EERLSIL
TWDHDEBZHIVD, EUV BOLEEEIL, £ Dt bh | SHRD RERIIRGE HE Mg, £
DA, HIROBHZE S THY , BHUHR, 17— D P ROIRSIZHD BRTEO R L S DR
LSS D, 2010 4F~2011 FRIZ1E, B AED FEEDFHLNTODH D EHIFES LTV,

7-4-3 BT NoRB—= /5T VBNEH

T OD 45 nm DRSO >, £, 32 nm ORI AEIIC A T NRE == S
TVENHEI AT L7, NA 1.35 OKIEIRELEAT I, f#7) 40 nm hp 23RS EEH, Single
Exposure T, hp 32 nm ~DIEAILHIRA\, F7, mRITRIZ S IHAN L, L ARSI AT
L. EUV BNHEEO SRR HIRfIX, 2011 FLIEESILCVD, ZOMRPUTHEE S fRRRGEAO RIEL
0, KETEAToTo, X TN —=2 7/ Z T )VEENHEANE, k1 0.25 OEEZFTHILD | fiffpitaes —
@D LHATEL T, hp 32 nm TH 0728 ) DOERM ATRETH D, NA 1.35 D/KIEIRFESCHATH
FRCIE, hp 45 nm OFELR S — 0 ORGEEROME INEETH D, hp 45 nm TH, X 7 /g —=
7 BT NVENEIRINEASNDEL, BGETLT,

BAETYH, <0 _RIOFEHMIIZ LS TOEDD DY —JEREFTHOHMN, EPFEICFEL T
Do R LRV AT T A7 T, = NEDAZ— U TR T 5728 O TRE T, AL
7o B — % RS % Trimming SIS FESEALER ) i 415, DDL(Double Dipole Lithography) T,
FERRD BRI N2 TR YERRIAZAT > T, x &y FRO/HE— 2% “ OO~ AZIZ3EILT, —
FIRID B DA% 1D 1] EICRH LU T BB A0 IR L T F — U AT, UL, 2RHOHETT
1%, k1 0.25 DR R HZ TR,

kl 025 OBERATHIEDE T NRE—=2 7 /T IVESNCHAMNIE, ZL<ORENRHY, Heftifkat- B
FHBED I TNWD(XFE 7-8a), H—DAT V=L, ZUT A DN RE— TR T D~ AT H b 7ed b
L BN DO T, B D7V —IL, B TR F— Al HONE FHIAE L
Ttk AR ETWNIRE R, By T 7 2L T, 37— ORIEE, 37005 Tl A %
L THWD, EDFH) 5, Spacer doubling &5V M Sidewall transfer EFEXILD, 55— D7V —0D1K
F2 )72 H2 417 121% . LELE(Litho-Etch-Litho-Etch) & LFLE(Litho-Freeze-Litho-Etch), 35 X (O}, DE(Double
Exposure)3& 5, LELE I%, % —DFE /TR LIZL VAN 2 — %~ 272 HM(Hard mask) & =5
L. DWW, B RIOBENEITH> LI AN —U %5, LELE (213, A_R—ZZ TR L TV
Dual trench &, 714> %% TV < Dual line 7385,

LFLE (%, LELE @ Dual line ® HM Z N1 195 TAZZH T 25 C, BANITEE T HL VAN 42—
VA, ZIal B OBAR - F s BUEAFRIZIN 2 A XD Freeze &1, Bi/-lo, LY ANEBAT L, #8t - BLGAL
HEATO LIRS = Z BRI, Ty T 7 TRRIE— B TS 25 (IXIFK 7-8b), Resist D Freeze 71k
ZIE, oD DR HD, UV Cure EFHINOH AL, 3G, EFHHOWITIAA B —252 HND
R AL R HIRE, TR E OMEEAMREII T,

DE (%, LY ANMZ “RIOFBHEHEL THE, —RIOBEE T/ 2 — %15, DE 1%, #3812 Magic
material EFRFRSIVDRFRIDRENEZ A T MBI 2 BT 5, TEROMENCIL, fG ) DR B T
720, RFRIIFEZEIC Ultra-CEL(Contrast Enhancement Layer), 2-Photon resist, Thermal reversible resist
WD, LInL, ZNHOMENOREETIL, Non-linear 728 ED LI, —HiLL EEWEEEBEZ VI,
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FMIESI2N LT DI DD | Eo MEBATEIZNEEAARD T D, LV AR Z— DT %
PR R BUGILEL, IRV P AR T P AND R R R OB L DIREL STV,

Double Exposure

Mask 1
H I N b

B N cxose
: : trenches

Mask 2

I I
(% % % F © R

trenches

Develop

[X]|F 7-8a

oA T7a—:

Double Patterning

Mask 1
H I NS b

I-

Substrate

Print
trenches
and etch
hardmask

Mask 2

Coat and

expose
second

resist

Etch
[ 9 M hardmask

and device
layer

Spacer double patterning

Top Hard Mask

Substrate

u
=AERERE

Mask 1

Top hardmask etch
Spacer formation

Oxide deposition
CMP

Spacer removal
Oxide removal
Bottom
hardmask etch

Double Exposure, Double Patterning, and Spacer Double Patterning

BT NG == BT IVBENEARE, BAEDVY 7T 7 4 Btz B L O b2 XA Heffr e L C
HOZDZENHED, LosL, BEEEITILFEL TV 5, LELE, LFLE Tl EAbEE N Single
Exposure @ 1/2 LT, 72, CDU & 12 DAL ELEHRIESNTND, Fio, SHED I, BHEN 0D, ¥
—E, ENTENDOTEN TR ESNDETA L BHDNNIAN—RE | ZOMAEDE TRESNAERAD
W DL LT DAR—AHHNITA L LTSI, FHUSEB 250 ERHDH, Tbb,
BRI, L&S Tl TAL-AR—ATA L AR RN | R HALIZ 725 (K3 7-8c, 8d), F
7o BB b B DTN H— T, o F U TN LIRS B D REN R AT D
ZEBRRESN TS, CIRTTHNCHEME R R — NI E TN R — = T BT VB E D
BalZid, N — U B R BIZ O~ AT HHANCERED D D, AR L&S L8720 D~
AP GrEIT HIeDIlE, B— DRI ESEIT 20 ER3 S5, £, W72 B ML T, M3FIEL e
WZEBEZIBND, FTo, lIEO G EIZIToTfEREL T, U — ETORY— U OB A RS
2%, ERGOETT—bIbY, KIFEORENSET D, EDL, ZUT 4 HVIRLE TOEIZRENT S
B AEINLEND, TIAA ST — SHEZT— 2y T 7R EOT v A TOERERERTD
BRAM AT R EAHEIRL T, 7 —Z DR EIZATOMEN DY, Ty OWGEHEERE DAL
DB I0 %708 | il T — 2 43 EIWLER721F Gl LELE, LFLE [ZX TR,
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Double patterning: Freezing

Mask 1

[Substrate

Expose 1 + Develop

hI

l l l l Resist Freeze Plasma/lon  Thermal Crosslink
R UvCure  Chemical Treatment
- e

- - - Mask 2
m pevelo
(X5 7-8b 7't A7 1 — : LFLE(Litho-Freeze-Litho-Etch) Double Patterning
Uncorrelated Correlated

Mask 1 Mask 1
H I I n

Mask 2 Mask 2

Space is critical feature

Line is critical feature

In double patterning, uncorrelated exposures (lefi) define critical features with each exposure being independent, correlated exposures (vight)
define critical features by the juxtaposition of two exposures

X5 7-8c BT NISE—= 2 ZI2H1T 5 CD #iliH
AR—=ADIEK, TA > DAL
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ox
—_— —

! reo

s, 11,
— i
W]_ I I Wl

! !

! !

! !

! !

! !

! !

! p !

———

The shapes w; and w: are defined by the two exposures with an overlay ervor of ox, resulting in spaces s; and s>. The device pitch is p.

X132 7-8d CHFEOLIZBITS CD

Spacer Doubling (%, Flash Memory ® L&S 77— FER~DiiE % H H5 L TR 10972 B3R IXH LT
V%, Flash Memory OFGHI{LIE, BEIZ 2008 FFEIf 1T\ 45 nm hp 238195, DRAM IZEE~TC, &1\
—  PHHIR 72O I L THeATL T 72 Flash Memory &, /37— DSHHITHH 23792, Spacer
Doubling $4fi75EH CT&, ZOBENTHAITTHEBZZ DI TS, LL, Spacer [EHA DFEEA L TV
Do TARBEDY)—MEIX, VAN = DB —PEIZH AR TEN T D ESNDDY, 7 AREO MICE RS
NDANR—=ADHEZG &L, TN —r O HEXLDEITNZ T, TAKEDIELSENHY, Hitk
J%, F7-. Spacer | L, H—DIE TLAZA TE/R, 2D U, Flash Memory (28> THES 1 THDH, 1T
BEOELTE T DB BHH/F — AT H TERD, O, NE— OfilfIN D5, LA
—  DERERZ Spacer DMERLSIDTED K= RO/ — BIERS IV, AMEE 2 RET 5 TR
DIV Z72 D, Area penalty L7210 T 7 A XDHERZHIL,

BT NG == BT NVENEMROIG@ORIEIL, 7T 0B ART T DR, §720b, 2 AD
R L, B TAT DR THD, 77— LB, <227, QC THE/RE T, AAMDINER 70D, FEtd
BEIZ1X, BERADOEERHREOUENRDOLNDIENT TR, EDOAN—T RO EHERIILTND,

bolb REZRFEIL, Logic ~DEMICHD,Z T IN_E—= 7 /2T VESCHIE, RIS
B GTHIZ LEEE T 5, BRGTEREED AR RIE UL CTlX, ¥ 7T NG —= 7 /2T VIR
HT OB NI TH D,

UL, EUVL #li OB IGETIE, X TN R —=0 7 T VGBS TR S 5245700, Fi2,
EUVL EIRAAEHAESI T, EUVL RO UL DOBERIE D —DIE, X T NG —=0 7 TV
M CdD, k1<0.25 ZFBA DX T NG —=2 7 /BT VEBENHANTOMELD | LD IEAR D TR
STEDTERWFERITHIMORHMUTEE,

7-4-4 ML2, NIL, DSA

22 nm LAEDVY 757 ¢ BiffelEmiicid, ML2, NIL, DSA 23 BB Cuvs, ML2 1%, Mapper, IMS %
U TEFITBHIEDED DAL TVVDDY, FHEIDIEIEE, H Lo TWD, Fo, Ab—7 w MiiED BRI,
EERLCEDIRRBITIZIE , Z D%, KREAFEDY YT TT7 4 LU TLESITHI LR, Lol BF5E
BAYE. i A E COMIRHIREL, BRI~ A7 DElgZ ELEET 5T L CONLE ST ITZED
STUVR, EB TO ML2 BAFIE, I EB &EALE EB (25730 C&%, EB LA ClX, OML(Optical
Mask less Lithography)& FE 1% Micro Mirror Array 2 U5 7202, Ton Beam 2 WS 7 A0 TS 4L
TWDA, F2, JRERGED B2 P T TR LB 2 5D, NIL 13, il 7 —2 7% /- LER T
ORTE, Flo, TaT g = —rpE 0 3D Mgz, — i CIBCELHANEL THER ST, 111
DT> TV —h= R ORUWERR | T TA A MEEOBEP RS TN, TIAAMEE 20 nm Jr<D
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T ARSI, HERE A 2007 FEEIL, T A A~O5 A B IELIZ S H S, A D
7= bTeoTe, ZAN—T7" Y MOUEEBFREIIL TS, Kifaxk7e S 5% OEABIFREIIZER LT
A Eﬁ‘ié?)é if: DSA(Directed Self Assemble)l L, Fi#kAT 7~ % HIE T BT O 5, fArE
BOERERED FTREMEIMERSIND 72 L E A SIS, P RELE T me AT, FF B TETE
J\éi’béTﬁb @75\3?)@ . Pitch doubling 72 & &)/ & — ZHRIFIZELE L COSEIROBRFE 1T B 235
£%, ITRS DVY Dr—R<y7 T, 16 nm OFAfrEAlis U Oz iinAlz, 4% OEEOH T, 22 nm,
16 nm HARD T ASAZNPNUIEL T DV 757 15l RS | Jii e BRIz 2288 50T
BEAHEAT OB A > T,

7-5 JuATy NES)

ITRS2007 RO VBRI I8 T/ uA Ty NEBZAT ST, AHEORHEEL T, 7/ A AR =Y 7 O
il VT TT 4 ~OERFHD B LNET ZF 511D, KEZ2AUZ, Flash Memory O hp OUENEH
\Z—FERTEIL S, DRAM IZHART T AESATT DL -T2 45T, 2008 4L 45 nm hp &72>7-, MPU
? Gate @ Scaling (ZBAL T, BLIROD Table LOTEBEA A E 2 T, M BAATZ)S, #7272 Table DIEELIC
ILESTUVRV, 2007 FDRFAT, 25 nm(Physical gate length) DEUEIZITEZEL TR, S4EEED ITRS
KX STRY D7 v Ty N Ciliams IVIENARZ VAN v 745,

1. YE VYRR EVET L, AMC @ pptM FiL., Refractory Organic, VY7 3\—3H A(WECC),
Resource saving, Immersion UPW(TOC), CR {REE L, ~ AV {RAE A~/ (73—T 47 /V), EUVL
VTV ZHEHARY R E B igam L T,

2. ESH  HiMEHZBEL CikimlL iz, PFOS, PFAS I, 2L T, Nanoparticle DY AY % s
L7, Fibx FELL,

3. FI EUVL LT 2L | 12 wafers/lot Zifim L 7o, —HAN Y RO IRASHE T iET D,

4. ERM LT AMEEL 937 AT A, Imprint MEREAREHASER) . DSA(PS/PMMA/PEO-Osi),  #i=
FMEL BUV ART UM AL U AMZBIL Ty a Al NEBZ1 7572,

5. Modeling & Simulation ~ A7 3D 7K NA fEI O 22l —va Oiima 1), Mask
3D on CDU, =y MEFERDVLEMA ML, v A7 HEER TU/N—TELH10, EFRMNE
7pL LT, Pellicle R —VEIL, & NA CRIEEZ2DD3, @A~ 7L O CTREA TR T
DI T 7o BUEI LR L 72V Y, Footnote (22 A M L# 95, Modeling, Simulation DFFEJE
VBRI RN, A OIBORETH D,

6. Metrology DPT @ CD, Overlay ¥, Single exposure E[RIZED /27— FEREDLR
AEET DU DR AR LT, Mk 35, DPT (235175 Overlay FHEIOMEIL, BIFER
v,

7. PIDS/FEP/Des1gn T 73AAD Table T, Clock A, Multi-core 1. TT 7 NA AMERED S HEPR I LT
WHET DGR AL 7=, Gate D Scaling FLIELL, MPU Or—R <72 TII ARG
T5, 12%DIEHHXIAE], S MLV, CDU ¢ Budget Dl kw45,

8. oM VIAMNEEZKET, BUV &KUY EB OREAFEML7-(CHi721Z. Resist sensitivity
requirement for low acc. voltage EB), ¥ A2V 7 T 7 A7 & ifim LT, Birefringence (%,
<2nm/cm, Reticle Thickness Variation, Wafer Flatness SFQR(26mm*8mm)iL, 1/NA"2 ~—AT
Table (Z# 5,

PIROEEFEEL T, 2008 FRRIZANT TOEZET, DRAM, Flash, MPU C Table % 77EfE32,
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Flash DA LR DPT OERHIZ VY, CDU 72 & OELREE D — A5 AR AHEILIZ7Z22
AIHEMEDS Input SAL TS,

450 mm ~D7 = N—D K ALAUIZBIL T, FesiD A FIT7220,

DPT (2B T A7 LDigm i EBE /2> TD, 72, VY7 5740 WG Tl Inverse Lithography
Ea—Ry T OFCEIRERDHD, YA DAy 78RR im D 72D,

7-6 ITRS2007 DE/RANE

2007 FERRCCIE, A NA(<L.35)FE AN RSN A IO TR E455415 NA OBIf%% Table (2
FLTo,

F72, DP IZBT HRtd D FFEA X -T2, k1<0.25 2 HE53 DPT/DET O/ mEA7m—&  FLLV Y CDU,
Overlay 22K, Difficult Challenges |22V \C, #7=IZFdk L7, DP IZB87°% CD il iz X124 H
WCHBALTZ, DP IZBW L, B DB IEH OB T, RSN DA — 2 — L (BIER)E .
NHDER) GoTe oy P TIREDTA L 38— (FEEOLER) DO M-S D RHEMIZ LOHERLS 11 CD 4340035
DT BREDOEREEDRELEZTHTA L 32— FERSEER)D CD filfEEiL, A—A/ 42—
VRSN LR THIET DT e 2R LT,

Requirements Table ClZ, Coloring ® FLE. L% [X|->7=, Gate CD control DI, ITRS2007 hiX DA T
FEICSEHLCETU20 03, MPU Physical Gate Length OEUED FIEL2MRETSILTEY, & EfMAFHER-
TV %, Mask, Imprint Template, ML2 @ Table |%, RIELZX>7-,

ATy M50 ClE, ES&H & Nanoparticle Diama BRAAL , IEEZMEL CWDIEERL
77

7-6 FLDHLEHDHRE

2007 L, RIR BB CHANT 2 L7 S AZD I AMEED | AAEENHRIR BCEAT AR A~ZEAL T2
FLipolz, BEIZ. NA=1.30, NA=1.35 D ArF iR #E I ES HifT S, K2 WD ArF iRIR #CIEE D
i NA BRI L 72, NA=1.35 Cl, Bl 3% —2T% 40 nm hp FREDM#E ) ORRFEE 2 B,
32 nm hp PO T/ SA ZBEEIZ [ T BB OB G R RSN T0D, LinL, =R~y
DT =T NDAT—=V o TIZLNDHEINT, SROONDERIKT T HEANRERE L &< SRS RS PR
HIVTUD, ArF BT RIKIREZ I . EUV SR m 72> CuzAs, BRFEIZELEL | 32 nm
hp AR~ IR EEL 72> TND, k1<0.25 ZRERK T D5 7 NN/ F—=2 T HINTPEE O L7275,

725 — 2 THERLS AUD Flash Memory ~~0 Spacer Double Patterning 7o 1%, BEIZ, B3
A HONCETZ, 22 nm hp ~DIEML/RIBSN TS, L, OB 2 — TSN T D
Logic SRDT NARTIL, "\ — BB EVLEREANOBRFE . EHAKITINZ T, BREHF—A2#ll> T
THALORE T VA HRIOBFIC B E T AU D el | X7 o — = 7 il
T HIDIR S REFREN S LITREINTND, /T — 2 ORI SN T N — = T iR D
BEREBAFE, FHAMICRF LYY —AZEEL | Logic /7 7S ARLE~D Low-kl1(k1<0.25)% 7 /LR34 —="
T EAROBHIEAIT, LIZDL, BRONTZBIZEE AL DOLBE X HND, ZUT 41V B~ EHIRE A
DI=DIZIE, X TN == THATZID KT D22 ANDEIED, 7 A Db e LB ISR AR
LI2D, BT NG —=0 T EAROAANT, WS Th D, BPEICHIET 5 EUV SBEEE BT,
FTE DAV —T" N FO N FLFES AU, —RIOFESETrERTESD EUVL ~OHHR 2RI hAES
EE XD,

2008 £EEEDTEEIO T, ArF B T RIR R AN . EUV @ EATONE S 2 J BRI
HEEBIT, SHIZRO AT 7= D DFFET /2D — R~y 7 DR EIZAIT T, IEEIL CQOEZN,
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