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NA

CD

DOF
LER/LWR
RET

OAl

PSM

EDA
OPC
DFM
SB/SRAF
MEEF
ARC
AMC
DE/DP/SADP
ESD

NGL
EUVL
ML?2

NIL

DSA

Critical Dimension, CDU (CD Uniformity)
Depth of Focus

Line Edge Roughness/Line Width Roughness
Resolution Enhancement Techniques
Off-Axis Illumination

Phase Shifting Mask, cPSM (complementary PSM), APSM (Alternating PSM), EPSM
(Embedded PSM), Att. PSM (Attenuated PSM)

Electronic Design Automation

Optical Proximity Corrections, RB/MBOPC (Rule Base/Model Base OPC)
Design for Manufacturing/Design for Manufacturability

Scattering Bar/Sub Resolution Assist Feature™

Mask Error Enhancement Factor (=MEF)

Anti-Reflection Coating, BARC (Bottom ARC), TARC (Top ARC)
Airborne Molecular Contamination

Double Exposure/Double Patterning/Self Aligned DP

Electro Static Discharge

Next Generation Lithography

Extreme Ultraviolet Lithography

Maskless Lithography

Nanolmprint Lithography, UV-NIL (Ultraviolet NIL), SFIL (Step & Flash Imprint Lithography)
Directed Self Assembly

STRJ WS: March 6, 2009, WG5 Litho 3
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2008 Lithography Technology Requireme

ORTC

INDIEX
ITWG

INLDHE X

Table LITHZadeh  Lithography Technology Fe

DRAM

[ys

Year of Production o007 2008 2009 2000 201i 20i2 2015 2014 2015
DIRAM % pitah (nm) (eontacted) &8 59 52 45 44 Z& 32 28 25 |
DRAM % piteh () 68 59 52 45 440
CH control (5 sigma) (nm) BT 7.1 6.2 5.4 4.7 4.2 3.7 3.3
Cantact in vesist () T 50
Contact affer atoh (mm) | F LAS H > |
Chierlay fAT (3 sigma) (men) L3 9.0 3.0 i1 6.4
Flash % pitch () (un-contacted polp) 54 45 44 36 |
CH control (5 sigma) () BT 5.6 4.7 4.2 3.7 3.3
Cantact in resist (nm) 59 4%
Contact gffer etch [nm) | |
Charlay [AT (5 sigma) (men) L M P U .2 11.8 10.5 4.4 .3 7.4 6.6
PLUYASTC Metal 1 (W) ¥ pitch (mm) 68 59 52 45 40
TP gate R resist () 42 38 34 30 27
PUT gate i vesist (nm) 54 47 M 35 k| 23 |
MPU;:F;;JJ:'.::QI gate length (mm) * 25 23 20 18 16 14 13 1 10
NPT physical gate length () * 32 29 2T 24 |
Gate TN contrel (5 sipma)l (mm) [R] *+ 33 3.0 2.8 25
Contact in vesist (nm) 34 T3 G4 56
Contact gffer etch (nm) iT 67 53 51
Chieriqy [AF (3 sigmma) (ran)
Chip size fram )
Naximum exposure fleld height () 26 26 26 26 26 26 26 26 26
Tdazimum exposure fleld length ) ; 33 33 33 33 33 33 33 33 33
STRJ WS: March 6, 2009, WG5 Litho 5



2008 update
- MPU/ASIC -

MPU/ASIC

100%

80% ——- Gate in Resist 2008
—
_g' O Gate in Resist WAS
:\i 60% ——Physical Gate Length 2008
E 40% ¢ Physical Gate Length WAS
&, 20% £ -4 Overlay 3 sigma

M@M —+ Gate CD control 3 sigma

0%
2007 2010 2013 2016 2019 2022

ear ITRS2009
ITRSZO@QfX —— DRAM 8F2 =2 6F2 = 2

(/3 T 4F2 = Lithography
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Potential Solutions 2008 — 2009 D

2007 2010
| 2008 2009 | 2d 193 nm ImmerS|On W|th HZO

DRAM 1/2 Pitch 65nm 45nm ] 9 3 I | | | | | . 1nm

193 nm
65 193 nm immersion with water
| DRAM Half-pitch |
| Flaslh Half-pitch |
45 c
193 nm Immersion Double Pattern
, ] EUV (DRAM)
32 9 e 0 othe d
and le ateria AL D 1y~ nlfl 1
) j ViEZ ot it
22 ova e 19 e O ~
D O a e e O10(JQ EUV
193 nm Immersion Double Pattern
ML2, Imprint
16 : : € olog i Directed Self Assemb \\ |
EE Research Required I Development Underway Qualification/Pre-Production Continuous Improvement

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




Potential Solutions
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Potential Solutions

ArF Immersion Single Exposure

ArF Extension: Pitch Splitting(DPT), Spacer
EUVL

ML?2

NIL

DSA & Others

STRJ WS: March 6, 2009, WG5 Litho 9



STRI

Optical lithography extension

74

R=k,

NA

193nm/ArF Single Exposure®BR5* NA=1.35 - hp 38~39nm (L&S)

Year of Production 2007]2008]|2009]12010]12011}2012|2013]12014]2015]2016|2017}2018]2019]2020
DRAM % pitch (nm) 68 | 59 | 52 | 45 | 40 | 36 | 32 | 28 | 25 | 225 20 |179]159]14.2
Flash % pitch (nm) (un-contacted poly) | 54 | 45 | 40 | 36 32 28 25 22 20 1179]|159|14.2)1126]11.3
Flash ASML presentation 45 32 22 16 11

NA k1l
ArF Dry 0.75

0.85

0.93
ArF Water Immersion 1.2

1.3

0.21

DRAM | 1.35 4 |oos] 022 02 018 012 0.11
Flash| .35 [0:87 0.3 [0.28 0.18 0.15 0.14 0.1 0.09
ArF High Index Immersion 145049043 6.35 ]
x 155 046 | 0.4 [0.36

17 05 |044| 04 [0.38 N

EUVL 0.25 1.05]093[0.83[0.74 066059 [052[047]042[037[033]029]0.26
0.32 085[0.75[0.67] 0.6 [053[048]0.42]038]0.34
0.45 0.94|084[075[067] 06 [053]0.47

STRJ WS: March 6, 2009, WG5 Litho 10



OPC evolution

<1995 ~2000 2006+
No-OPC Pixelated mask

Mask

R—— -

Wafer P A ———

Figure 1. OPC evolution.

“Fabrication of defect-free full-field pixelated phase mask”
Wen-Hao Cheng*, Jeff Farnsworth, Wai Kwok, Andrew Jamieson, Nathan Wilcox, Matt Vernon*, Karmen Yung,
Yi-Ping Liu, Jun Kim, Eric Frendberg, Scott, Proc. of SPIE Vol. 6924, 69241G, (2008)

STRJ WS: March 6, 2009, WG5 Litho 11



k1<0.25 TR

Pitch Splitting = Mask Splitting

m Sﬁacer iSeIf Aliﬂned DP iSADPii
Single Exposure RET _. __._::':_j
e

- Current DP -
Alt.PSM + Trim
DDL_x + DDL_y
Tip to Tip
Cross Point

- Post Process -
Resist slimming

Triple ?

Triple ? >| Quadrupke ?
Double Space>

Contact shrink T DP: LELE, LFLE (Resist freeze)

e e DE: Double Exposure
- Mask - Magic_material (ex. Ultra_CEL)

Inverse Litho. e
CL, Pixelated Phase Mask Spacer = SADP (Self Aligned DP)

e STRJ WS: March 6, 2009, WG5 Litho 12



DPT Technical Issues

Overlay, CDU, CD MTT

Process Complexity

Cycle time/TAT

RDR, Area Penalty, Pitch walking

Mask Spec. & Design
— Data Splitting/Cutting/Coloring, OPC+SRAF
— CDU, Image Placement, Overlay

New Equipments/Materials
Metrology Tool & Methodology
Yield

Co0O, Cost

STRJ WS: March 6, 2009, WG5 Litho 13
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Position of the line edges

edge 1=0OL_1-line 1/2 edge 1=0OL - resist/2
edge 2=0OL_1 +line_1/2 edge 2=0L + resist/2
edge 3=P/2+ OL_2-line 2/2 edge 3=0L + resist/2 + depo
edge 4=P/2+ OL_2 +line_2/2 edge 4=P + OL - resist/2 - depo
edge 5=P +OL_1-line_1/2 edge 5=P + OL —resist/2
1 | cD populations
‘ ot CD populations

0.6 0.6
N
i, / \ )

o
\ 4
B
8
wr\
o —
s
8
8
A
o
A

Pitch splitting Spacer
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2008 Lithography Technology Requireme@ﬂ?

ORTC | | 2013 )
INDEX Table LITHZadh  Lithography Techmology Regquiremenfs—MNear-ferm Tears )
WG
INDEX | Meor of Production 2007 2008 g ilelt 20T 324" mlS(E_Jﬁ* 213 2014 205
DRAM' ¥ pitch (mm) (contactsd) &8 59 52 45 £ Z& 32 28 25 |
DRAM
DRAM % pitch (nm) 68 59 CDU 3.3 nm+? 36 32 25
CH control (5 sigma) (nm) BT T1 6.2 O L 38 6 4 n m ——AE 5 2.6
Cantact in vesist () 75 65 - 39 35 28
Contact affer atoh (mm) [ 59 52 45 40 — 32 25
Ovarlay [A7 (3 sigma) () 13.6 11.9 103 | %0 | 8o | 11 [T 64 [N 5.1
Flazh
Flash % pitch () (un-contacted polp) 54 45 44 36 32 28 CDU 2'-5 n m
O commrol (5 sigma) () (BT 5.6 47 4.2 3.7 [ 33 | &
Cantact in resist (nm) 59 4% 44 39 35 E b |
Comtact affer etch fum) 54 45 40 36 32 28 _JOL 35 2.3 nm
Charigy A7 (5 sigma) (o) | 111 g > i [ A ] hm
PUAASTC Meral 1 (1) % pitch (mm) PItCh Spllttlng .
WAS 3P gare o rer o) Process wafer vs. Single wafer
IS DU pate in vesist (nw) N ‘ 25 22
WAS  |MPU physical gate length frum) * Overlav Ch a"enqe | | 14 13 11 |
IS MPTT phyvsical pate length () * S — 18 7
IS Gate O contral (3 sipma) (mm) (B ﬁ?*—m\
Contact in vesist (nm) 34 T3
Contact gffer etch (nm) iT 67
Chieriqy [AF (3 sigmma) (ran)
Chip size fram )
Naximum exposure fleld height () 26 26 26 26 26 26 26 26 26
Tdazimum exposure fleld length ) ; 33 33 33 33 33 33 33 33 33
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2008 Update Mask Requirements
(DE/DP)

Optical Mask Requirements
[nm]

2007 | 2010 | 2013
65

Image Placement (Single Exposure)

8.2

1 node

Image Placement (Double Exposure) (Indef

Image Placement (DE) ( Lines Dependent)

Mean to Target (MTT)

5.8

4 nodes

Difference in CD MTT for DE

2 nodes

CD Uniformity (nm, 3 Sigma) Isolated Lines

CD Uniformity (nm, 3 Sigma) Dense Lines

DE - Dual Line Mask CD (hm, 3 Sigma)

2 nodes

Note these are issues with LELE, LFLE

Not the Spacer Technology

STRJ WS: March 6, 2009, WG5 Litho 16
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Splitting & Restricted Design
Rule & Area Penalt

Pitch Splitting

Spacer
STRJ WS ™March o, 2009, WG5 Litho 17




3D metrology

34nm 34nm  32nm 31nm
I.nI. lI .

.'I‘
f

@ APPLIED
MATERIALS =
think it. apply it”

“22nm Half-Pitch Patterning by CVD Spacer Self Alignment
Double Patterning (SADP)”, Christopher Bencher, Proc. of SPIE
Vol. 6924, 69244E, (2008)

“Robust Method for Promotion of Adhesion of Resist to Dielectric
ARC”, Martin Seamons, International Immersion Lithography
Symposium22-25 September, 2008

Source: “Meeting Double Patterning Challenges: from split to Poly on SIiO,
process control”, Vincent Wiaux, et. al. (IMEC), NGL2007

Workshop

IMeC

aspire invent achieve

1st paiterning
SION HM/ poly/SiO,

2nd patterning

STRJ WS: March 6, 2009, WG5 Litho
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|
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3.0

25

2.0

15

1.0

0.5

0.0

PO Y

Results — 32 nm (20,000 wafers/mask)

Sidewall most
expensive due to

deposition and etch
costs

N

Wl COther Col)

OEtch Col

EReticle CoD

OLitho (excl. Reficle) CoO
WDeposition Col

il

-.-.-.-.-.I.-.-.-_

45 nm SE 32 nm DE 32 nm 32 nm Line

(125 wph) (90 wph) Trench DP DP

(180 wph) (180 wph)

Nikon 2o 15 2008 Photomask Japan 2008

32 nm
LPLE

(180 wph)

FO28-128

32 nm
Sidewal DP
(180 wph)

32 nmH 32 nm EUV 32 nm EUV
Imm (50 wph) {100 wph)
(120 wph)

—

ELUV tool &
consumables
cost high

Accelerating the next technology revalution,

STRJ WS: March 6, 2009, WG5 Litho 19



SR

EUVL AU

kl1=HP *NA/A
DRAM Half-Pitch
A NA 2007 2010 2013 2016 2019
65nm 45nm 32/SE|32/DP 22 [ SE|(22 /DP|16 / SE|(16 / DP
0.92 0.31 0 5 I 0.10 | O 0.08 O
A A | 0.34 0 0 0.33 W 0 0.08 O
1931-w .07 0.36 5 RN 0.35 W 0.24 0.09 0.18
1.2 0.28 0.20 0.14 N¥¥@ 0.10 0.20
1.3 0.30 J g 0.30 o y
1.35 0.31 0 i 0.31 o 0
1.45 0.34 0. 12 0 0.33 o 0.2/
1, 0.35 A 0 0.34 o i
1.6 37 0.27 ONEN 0.36 Mo 0.27
1.7 0.2 RN 0.39 MOEVE 0.28
0.25 0.30
0.3 0.36
EUV 0.35
0.4

=NA-EUV, RETIZ&Y16nm-hpHREFIC !

STRJ WS: March 6, 2009, WG5 Litho 20



Electrical Inspection
SRAM Test Areas

99.9992% vyield
or 2 bits out of
256 kbits are

failing

v -
- -

A W W

— ey LI PR L IS ]

dred

26 Mbits

(each square
is 256 kbits)

“A Practical Approach to EUV Reticle Inspection”, Anna Tchikoulaeva, et. al.’;

2008 International Symposium on Extreme Ultraviolet Lithography

AMDZ

The future is fusion



DRAM cell pattern

D3x

Driving Circuit

Well-defined

|

Immersior*-

|

Tap Not-defined
Not-defined

EUVL shows superior patterning performance

= “Full-field Patterning Test with ADT for 30-nm node Device Application”, Doohoon Goo*, Insung Kim, Joo-On Park,
A | Jeonghoon Lee, Changmin Park, Jinhong Park, Jeong-Ho Yeo, Sungwoon Choi, Woosung Han;
- 2008 International Symposium on Extreme Ultraviolet Lithography




EUV Focus Areas 2003-2008 A »
2003 | 2004 | 2005 | 2006 | 2007 | 2008 _

. Source power 1. ﬁ'ﬂhllil!'ﬂf 1. Resist resolution, 1. Reliable high power 1. Reliable high 1. Long-term source
and lifetime defect free mask|  copsitivity & LER source & collector power source & operation with 100 W

L’:ﬂﬂg:ﬁr met module collector module at IF and 5M.J/day

optics lifetime simultaneously

2. Availability of . Lifetime of 2. Collector lifetime 2. Resist resolution, 2. Resist resolution, 2. Defect free masks
defect free mask oo sensitivity & LER sensitivity & LER through lifecycle &
components & met simultaneously met simultaneously lllpﬁ:llnnﬁ'm
collector optics infrastructure

- Reticle . Resist 3. Availability of 3. Availability of . Availability of . Resist resolution,
il resolution, defect free mask  defect free mask defect free mask sensitivity & LER
ﬂ""" Zh s sensitivity & met simultaneously

andling an

e LER met

simultaneously
4. Projection and [= Reticle 4. Source power 4. Reticle protection |4. Reticle protection |+ Reticle protection

illuminator protection during storage, during storage, during storage,

optics lifetime during storage, handling and use handling and use handling and use
handling and
use

. Resist LT el U S - Reticle protection 5. Projection and 5. Projection and » Projection /
resolution, during storage, illuminator optics illuminator optics illuminator optics
sensitivity and handling and use quality & lifetime quality & lifetime and mask lifetime
LER

. Optics quality Projection and |* Projection and
for 32-nm half- illuminator illuminator optics
pitch node optics lifetime quality & lifetime




STRI

EUVL Symposium 2008 (9/28-10/2)

Now 2010 2010 2012 2012 2012 2013 2013
Maker Nikon ASML Nikon ASML Nikon ASML Canon ASML
Tool EUV1 PPT EUV2 HVM1 EUV3 HVM2 HVM HVM3
NA 0.25 0.25 0.25 0.3 >0.3 0'32. >0.3 0.4
(offaxis)
Flare 10% 7% 9% 9%
Overlay 10nm 4nm onm 3nm <3nm (<83'\;|1(r)n)
LS <25nm,
Resolution 32nm 27nm 22nm 22nm 16nm 16nm IL 17nm, 11nm
CH <28nm
Throughput
wph 5-10 wph >60wph 20 wph 150 wph 100 wph 150 wph 55 wph 150 wph
power (10W IF, (100W IF, (50W IF, (200WIF, | (115WIF, | (200WIF, | (100WIF, | (400W IF,
resist 5mJd/cm2) | 10mJ/cm2)|10mJ/cm2)| 10mJ/cm2)| 5mJd/cm2 |10mJ/cm2)|{10mJ/cm2)|15mJ/cm2)
shots/w 76 shots 76 shots 180W IF,
10mJ/cm2)
76 shots
Field Size 26x33mm2
Magnification x1/4

Pilot line 2010~2012

HVM 2012/2013~

STRJ WS: March 6, 2009, WG5 Litho 24




STRI

Preferred Technology by Year

2008 SEMATECH Litho Forum survey results

2008 Combined Surveys
45nm HP 32nm HP 22nm HP I

u 60% =193 dry SE

° 193i SE

8 40% 193/193i1 DP

g_ 193 HIL#

i = EUVL+

X 20% =NIL

ML2
Dﬂfﬂ e
2008 2010 2012 2014 2016

# Includes Double Patterning + Includes EUVL extension in 2016

STRJ WS: March 6, 2009, WG5 Litho 25



Looking at 16nm Half Pitch <

Alternative Lithography Technologies ss‘umc‘ﬁ

2008 SEMATECH Litho Forum survey results

Technologies that should be pursued more aggressively
to achieve ITRS goals

(lon Beam)Percentage of Total Responses
(AFM/STM)

Directed Self Assembly
3D Integration

Interference

Nanoimprint

Maskless

| ~ - .
0% 10% 20% 30%

STRJ WS: March 6, 2009, WG5 Litho 26



ML2 (Mask Less Lithography)

Electron Source L

Magnetic Prism 1

APS O————71 lon Source —
programmable Ten . =
Aperture Plate System = —= .- Condenser Optics 4 = = ]
== £ ,

w e N Apertt.,lre Plate i | . e - e & Demagn I"I‘:!lﬂ'-:"ly
—/ | 'u'll'lrl A ~——— Blanking Plate ik 8l . .- L'. I:'Jphl:s

M Deflecting Electrodes
== =_._|
200x reduction = == T~1stLens

particle beam

projection optics Stopping Plate at

m== mmm+«— | Beam Cross-Over

== =" 2ndLens

(:ZI_ “~T~ Substrate / Stage
a) L — — — —/—m/m/mamm— 1

Figure 1: Principles of Projection Mask-Less Patterning (PMLP) and PMLP Proof-of-Concept Tool.
realized as part of the European integrated project CHARPAN (Charged Particle Nanotech).

PML2 PMLP/IMS Nanofabrication
Multibeam Systems

ZPAL/LumArray

21 ELA-Tencor reflected e-beam
lithography (FREBL) system.

REBL/KLA-Tencor

OML/Micronic, ASML
DIVA MAPPER

Marching of the microlithography horses: Electron, ion, and photon: Past, present, and future
Burn J. LinProc. of SPIE Vol. 6520 652002-1

STRJ WS: March 6, 2009, WG5 Litho 27



STRI

E-beam ML2 Throughput

Coulomb effect / Shot size

Design + Data preparation (VSB, CP) Resist heating Stage Max. G
Wafer handling
Resist sensitivity Alignment

DAC_AMP
TPT (wph) = Shots/Wafer X [Resist Sensitivity/Current_density + Settling time] + OH

L

Parallel

A
| 3 o

Massive parallel Multi column

Single gun & array (blanking, scan & focus) Multiple gun & EOS
Gaussian / Raster engine, TDI VSB, CP

~
Cluster

STRJ WS: March 6, 2009, WG5 Litho 28



STRI

ML?2

Multibeam | Multi- -EBDW, Y RVHE -BEFERIZELN3rd Order Imaging). {ER A2, Ro4—

Systems | Column, | .>15wph (Via EBDW) ->1000A/cm2, 50nA, Plasma®')—=>%"

Inc. [MBI]/ | S0kV - 2009 [T T EMTE R 20114, 10AHS L. 0.2wph

K+ TEL :20134F 8805, 10wph | -VSBMASICR- TR, RAVFE—LDTRIBLBRE

KLA- Massive- | *EBDW, Y RJHEHEH -RFBEFIRICGIMEZEIL)

Tencor Parallel, | .2~40wph (Bl=&k3) -BlEERT—

(REBL) /% | SO0kV +20134E(Z B # -DARPA ($100M+$100MDTYF 4 I77UR) '124EProj.58 T

Mapper Massive- | *EBDW RAVFE—LA

Lithograp | Parallel, | .10wph -POL(1104K) T40nmFAE (A LL)({ELlumTZ1r—ILE,

hy 5kV 13KAE —L 0.2nA/Beam({£#k1nA))

(Mapper)/ 20104 |- o # 20094, TSMC. LETIIZF Rk #(POL)

[P -ECOFPTMD 12N FA% 5L (MAGIC)IZEN(2008~2010)

IMS Nano- | Massive- | "EBDW (¥ AX%(Zlon) RAVE—L

fabrication | Parallel, | .10wph 2FAE— L THEERYI(BLL). 16nm g

(PML2)/#8 | S0kV >10MAE—L -ECOFP7TD 12D F A4S L(MAGIC)IZ5 11(2008~2010)
20104 1C o B¢

FE/F | Multi- Y AHEE . EBDW -VSB/CPE—L

Ak Column, | .>5wph (EBDW, 165454 | -700CP7/S—F¥

mccya | 2okv . 20Gshot/wafer) - ASET Mask D2I Project TR R 24 E F4H5 LPOCHEEAH b

-2010£E(1Z B (?) %
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STRIZ

Nanoimprint

High resolution quartz template, coated with n + S-FIL fluid dispenser
release layer Template ~J S N
< Low viscosity fluid (Si-containing)

Step 1: Dispense drops

Step 2: Lower template and |.| ol Tenmp'nate ol ,J very low pressure < 1/20 atmosphere at room te(hp

fill pattern
Sa|l=

Step 3: Polqurize S-FIL fluid ; ; E ; E % %

with UV exposure

Step 4. Separate template

Template |

http://imww.molecularimprints.com/NewsEvents/techarticles.html

STRJ WS: March 6, 2009, WG5 Litho 30



Imprinted Structures in Resist <&
Main Pattern = B 4 |

| Corner features are well defined

EREEE L 1 | FEUEREEEERUERERE T T B
Examples from transition regions

R A T
1 S| .-

l l : 7I I
|

5 !
i |

Feature fidelity
IS maintained in
the transition
regions

10 1

1
Ji
1l

S e~ T TS ke sttt

DT

MIMPRINTS  SEI 40KV X35000 100nm WD 7.6mm M IMPRINTS SEI 40KV X50000 100nm WD 7.6mm

“Full field imprinting of sub-40 nm patterns”, Jeongho Yeo, Hoyeon Kim, Ben Eynon, Samsung Electronics Co., Ltd,

Proc. of SPIE Vol. 6921, 692107, (2008)
STRJ WS: March 6, 2009, WG5 Litho 31



STRI

DSA (Directed Self Assembly)

qm-m
unmmﬂlrﬂ

ek mn= ... 31€22€11>12>13....
(PS)m — (PMMA)n

STRJ WS: March 6, 2009, WG5 Litho 32



3 University of Wisconsin-Madison D
CNTech Center for NanoTechnology

Pattern Rectification Density Multiplication Pattern Rectification Density Multiplication
L.=39nm; L _=39nm L.=78nm; L =39nm L, -Z?nm L, —2?nm L.=54nm; L =27nm
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Fig. 2. (A to D) SEM images of developed e-beam resist with Ls = 39, 78, 27, and 54 nm, respectively. (E to H) SEM images of the
block copolymer film on top of the prepattern defined by the corresponding e-beam pattern above. The lattice pitch on the block
copolymer samples is Lp = 39, 39, 27, and 27 nm, respectively. (I to L) Dot size distribution of e-beam (dark teal) and guided block
copolymer patterns (light green).

D. S. Kercher, T. R. Albrecht, J. J. de Pablo, P. F. Nealey, Science 936 vol. 321 (2008)
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