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®if (Introduction)

M0.25 K] 7 nmEE AR B, SRBEL T 250 nm4E/NEIZ)20 nm, £)12.5%. H

A% FH 3 K248 nm4i/N3I121134.7 nm KR %193 nmyeZ)) , AF|
50%.

From 0.25 um to 7 nm, the feature size has been shrinking by 12.5 times.

However, the imaging wavelength has only been shrunk from 248 nm to 134 nm
(193 nm water immersion), less than a factor of 2.

N TSP R BRI S, JeZ L2255 KW T REN AR %, I
BT AR . B, SR A E RS R AR KA

In order to accomplish this, many new technologies and methods have been
invented and put to effective use. Therefore, the methodology of
photolithography is constantly changing significantly.

o A, e TZP A ALE, RAR—EE— 2L,

But there are invariants, we will discuss them today.




SeZIKAKEERHAR—%  (Major Photolithographic Technologies at a Glance)

ICR

BE %% % Exposure Tools

EE{?JFBED% Imaging/lllumination
B i IR B Off-axis illumination
EHE AL, KIZ#Higher NA projection
optics, water immersion
B 8n] i IR B £ FE Continuous varying
illumination angle
LA 2B T3¢ On-board interferometer
for better lens aberration control
PR B Polarization imaging
1% £ AL IR Pixelated illumination (Flexray)
T8 B A 55 #24) llumination laser bandwidth
control

%ﬂ/ﬁ#ﬁ/ﬁ& Overlay/Alignment/Focus
B A v Off-axis wafer alignment/more
complex lens
FETATHP0THE, EZ, A £E Diffraction
based alignment, overlay, focus
TR SRR, AR
¥ More accurate leveling: AGILE, UV leveling
illumination

«  }& A% Gridmapping for better overlay

F‘ﬁz/ﬁﬁﬁ/ﬁ}ﬁ Productivity/Utilization/Precision
I 7 AR A AR S A B Z 4 M Smaller
feature/Less transparent mask/Reticle heating
correction
LA 6 /S 5 XS I ) 75 5K Twin
stage/Requirement for more time for sampling
process induced overlay
H 5 THE, FREF Tandem stage for
throughput improvement

G5 A W 7 HE AR 5 S RN A M
NTD/Brlght field mask/Lens heating correction
fik v VG 2 B 20 AR D R, SEAFI S ST
Wafer level linewidth mapping and tuning for
better CDU

WZ B /Pi 31 B Photoresist/Anti-

Reflection Coatings

o MERCKIEZIAE Chemically amplified
photoresist
R E R IE L EEE %I Low activation energy
deprotection resist
Y42 Anti-reflection coating
XMZEPL S Z Tri-layer imaging stack
R MU B R BRI B L/ g £ R
Accurate measurement of photoacid diffusion
length and its shrink roadmap
1352 Negative toned developing

Fe#H R Photomask

o AR AR EAGAME: Proximity
correction/fogging correction

V.43 # 4 B B Sub-resolution assist features,

serifs

MR Phase shifting mask

LR BT OMOG mask
TR =, LI B ARELE Thinner
chrome for better fidelity

FERR AR T 2 %M Mask process correction
(MPC)

FIE FEAS 20N %2 Pattern Coulomb effect
correction

BB E, AFMIEMMIEIE Image
Simulation, Optical Proximity
Correction (OPC)

o EWESHHER AR TR AL BNAS IE
Optical proximity correction (OPC) with
Hopkins formulation (TCC)

JRNR T2 BIH 5 2 857 Photoresist

process modeling (Developing, PEB)/Lumped

parameter model (LPM)

A BRI R BUEE Vector TCC

algorithm

Z vl ff B /41 AN AT B Eteh bias/loading

effect modeling

HERIR = 4E B0 1 B Mask 3D scattering

modeling

%?Jﬂs?:z&ﬁ/%ﬁﬁﬁ Resist 3D modeling
i 52 T 215 H Negative tone developing

(NTD) modeling

TR S0, A SRR TR

Source-mask co-optimization (SMO) for better

design rule support

i 55 HMAEASE B 5 A0S = 4EHUR 15 5L EUV mask

shadowing effect/3D scattering modeling

TERER-E 1% h
Process/Track/Etch

o WSIMPEECR K & Evolution of
developing/rinse methods
BT 45 /N 7 1 Pattern trim/shrink methods
O JE BB T, 62 4RI RS UL Post-
exposure bake tuning for OPE matching
2l 2% 58 35 5] It #7E il Etch CDU control
methods
% #H IR Multiple patterning methods

BN Design Rules

o PR BTN/ B4 LR Restricted
design rules/uni-directional design/forbidden
pitches
a4 ¥t Regularized design
Al HliE 1T Design for manufacturing (DFM)
it TZ W Fk1k Design-technology co-
optimization (DTCO)
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PRI T EMEBSHAT ABEHAY & LRSI ARSI ICR

(The Introduction and Application of Major Process Parameters by Logic Technology Nodes

fE£% 23 Traditional Parameters

HE G e B W AR BETER IR Exposure Latitude/Depth of focus

HeZ Pz hae 11/ 5 IR FE ) ) PE Photoresist etch resistance/thickness/thickness uniformity
J6Z B I T T3 Photoresist cross sectional profile

O Y Rl R v el 6 o 3 S0 Across chip/across wafer linewidth variation

KB J7 f A2 T A Pattern corner rounding

Bin2% Added Parameters

£ 5 b6 5 1484k CD through pitch (~1999, 180 nm AR5 & technology node)

2% 1] Forbidden pitch (2002, 110 nm £AR 75 15 technology node)

PR AR % 2 K7 Mask error factor (2002, 110 nm AR5 £ technology node)

LR TERRE R, ZRICFREE Linewidth roughness, line edge roughness (~2003, 90 nm £ A £
technology node)

HZIARUT RN AE IEVLES OPC matching (~2005, 65 nm £ AR5 55 technology node)

2R im-2k i PR S Tip to tip separation (2007, 45 nm F: AR5 4 technology node)

[EFE Circularity (~2007, 45 nm ;K74 & technology node)

BRI T 26 Immersion defectivity (2007, 45 nm $ R ¥ & technology node)

J A E Corner rounding (2011, 28 nm A4 £ technology node)

G155 2 A R8N B O 2A R A B FEE NTD optical proximity deviation from optical model
(2015, 14 nm £AR 75 & technology node)
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FEZH T ZERT KK B B MR R Z R T K

(Image Contrast and Mask Error Factor for Major Logic Technology Nodes)

ICR

Logic Tech Node (nm)

BEBEATR

BAERA. PHE, R

Transistor Type: Planar, FinFET

Gate Layer HHRZE

Metal 1 Layer € 1| B

16% AHIFE
JC

Mask: Binary/6%
PSM/OMOG
s

HERSLAL -

Photoresist Thickness

HZIREE  (om)

Linewidth £k% (nm)

Pitch i3 (nm)

/Polarization
P (m) /MwiR

Wavelength (nm)

Photoacid Diffusion Length

(nm)

FEYHACE  (nm)

lllumination Condition

TR i ik B8 MR FEE

Exposure Latitude (EL)

Mask Error Factor (MEF)
HERLRR R A T

Trench/Line
Bl S

16% FHEL

7t

Mask: Binary/6%
PSM/OMOG
Lt

HERAL:

Photoresist Thickness

HZIEE  (nm)

Linewidth Z&% (nm)
Pitch Jil (nm)

/Polarization
P (m) /MwiR

Wavelength (nm)

Photoacid Diffusion Length

(nm)

FEYHACE  (nm)

lllumination Condition

MG Bt BE A L

Exposure Latitude (EL)

HERRRZH T

Mask Error Factor (MEF)

Planar
“F [

Binary
]

0.55NA/Conventional
RS

Line

Binary
=t

0.55NA/Conventional
165

Planar
Rl

6% PSM
6% HilEs

248

0.65NA/Annular 7

Line
4%

6% PSM
6% Hifs

0.60NA/Annular
I

Planar
Vil

6% PSM
6% HilEs

248

0.70NA/ANnular 7%

Trench
(Copper) ¥t
GHZFIN)

6% PSM
6% #iEs

0.70NA/Annular
W

Planar
]

6% PSM
6% HilEs

193

0.70NA/Annular 577

Trench
W

6% PSM
6% HE

0.70NA/Annular

H

Planar
Rl

6% PSM
6% HilEs

193

0.85NA/Annular 7%

Trench
kil

6% PSM
6% Hifs

0.75NA/Annular
W

Planar
Fill

6% PSM
6% HilEs

193 immersion
IXY pol
HBIXY ik

L.INA/Annular 37

Trench

i

6% PSM
6% Hifs

193 immersion
IXY pol
EBIXY ik

1.INA/Annular
W

Planar
i

6% PSM
6% HilEE

193 immersion
IXY pol
BHRIXY (i

1.25NA\Weak DP 55
st

Trench
kil

6% PSM
6% HiE

193 immersion
IXY pol
BHRIXY (i

1.25NAICQ
2E YR

Planar
Vil

6% PSM
6% HilEs

193 immersion
IXY pol
BBXY (AR

1.35NA/Weak DP 55
1

Trench

ol

6% PSM
6% HiE

193 immersion
IXY pol
HBIXY ik

1.35NAICQ
X Pt

Planar
P
IFinFET
R

6% PSM
6% HilEs

193 immersion
IXY pol
BBUXY R

1.35NAWeak
DP/SMO 55— Hi/t:
W-HEBL & e

Trench

Wl

193 immersion
IXY pol
BBIXY ik

1.35NAWeak
DP/SMO 55—t/ -
HERE A AL

8.9
(with PDB %
PDB: 12.7)

Planar
Rl

6% PSM
6% HilEs

193 immersion
IXY pol
BLIXY

1.35NA/Weak
DP/SMO 55 112/
P-HEBUE & Al

Trench
il

6% PSM
6% Hifs

64 (LE2, SE
Pitch=90) — %I
Zl, B

=90

193 immersion
IXY pol
BLEIXY A

1.35NA/CQISMO %2
SCPY B R
etk

126
(Pitch/#=90)

32
(Pitchf1=90)

FinFET
L2

6% PSM
6% HiEs

193 immersion
IXY pol
BBIXY ik

1.35NAWeak
DP/SMO 35 Hi/:
W-HEBL & i

Trench

2]

64 (LE2, SE
Pitch=90) —E):4|
Sk, VLRI
=90

193 immersion
IXY pol
BBIXY ik

1.35NA/ICQISMO %2
DY BB HE R
At

126
(Pitchf& 1#1=90)

32
(Pitchf3#1=90)

FinFET
i

193 immersion
IXY pol
BEIXY R

1.35NA/Strong
DP/SMO 3t B/t
Y- HERUR A A

13.7/23.1

2.8/1.47

Line-NTD

% R

64 (LE2, SE
Pitch=90) —E:%|
Zlth, YO

193 immersion
IXY pol
BBIKY i

1.35NA/CQ/SMO 72
SRR FERI A

9.63 (with PDB
#PDB: 13.98)
CPitchf W]
=90)

(Pitch/1=00)

FinFET
BT

6% PSM6%
biik:2

66
(SADP+CUt+LE)
R+ B )+ 5.

"

193 immersion
IXY pol
XY (iR

1.35NA/Weak
DP/SMO §5 /1t
S e einia

16.2/24.3 (Pitch
JEWi=90/132)

3.1/1.1
(Pitch/ ]
=90/132)

Line-NTD
LR

44 (LESLE+Cut)
EIXHEAREY — 5t %)
Zl

193 immersion
IXY pol
XY (iR

1.35NA/Weak
DP/SMO §5 i/t -
HEAHR ARG

12.55
(Pitchyil =
88)

54 (SADP+CUL+LE)
U+ BY ]+
w

193 immersion
IXY pol
EHRIXY (i

1.35NA/Weak
DP/SMO 5§ i/t
VE-HERUB A A

19.9/25.4 (Pitch
JE¥1=90/108)

23122
(Pitch/ 5]
=90/108)

Trench
i

40 (LE2,SE
Pitch=80) —#t.%]
Zliah, RO 5

193 immersion
IXY pol
BHRIXY (i

1.35NA/Weak
DP/SMO 55— B/~
HERUR ARG

8.9

(with PDB 4

PDB: 12.7)

(Pitch/il W=
80)

3.5
(Pitch/i li=
80)




FEZE T ZHART S G AR RIRZ R TR/ ICR,

(Image Contrast and Mask Error Factor for Major Logic Technology Nodes)

Gate Layer #IRE Metal 1 Layer &8 1 B

TI16% MR
7t
(nm)

SR HKIE (am)
balTEw
I16% HIFS I

7t
(nm)
JeZEFHE (nm)
% (hm)
(nm) /fiifi
(nm)
SR A (m)

RAEFRY. FH, B2

PSM/OMOG
IPolarization
ek (m) MR
PSM/OMOG

Trench/Line

Logic Tech Node (nm)
BEERT K
Mask: Binary/6%
HEBERR R ZE R T
[Polarization

Pitch /A% (nm)
Wavelength (nm)
Mask: Binary/6%
Pitch ] (nm)

Wk

HZIIFRE (nm)

Transistor Type: Planar, FinFET

Photoresist Thickness
Linewidth 6% (nm)
lllumination Condition
Exposure Latitude (EL)
Photoresist Thickness
Wavelength (nm)
lllumination Condition
Exposure Latitude (EL)

Photoacid Diffusion Length
Linewidth

Mask Error Factor (MEF)
Photoacid Diffusion Length
Mask Error Factor (MEF)

HERU -
HERRI

Planar Binary 0.55NA/Conventional Line Binary 0.55NA/Conventional
Rl =0 |55 i @ i

etk
/, Planar 6% PSM Line 6% PSM 0.60NA/ANNUlar
/f:g é; /35 A ’ I} E | swAE o SshAAnmar FH) s 6% flEs R

Planar 6% PSM Trench

6% PSM 0.70NA/Annular
- 0.70NA/Annular 37| . | (Copper) 3 %
Convent|0na| il | R g | P i
Planar 6% PSM " Trench 6% PSM 0.70NA/Annular
T 6% it O-7ONAAmar T - ) e 6% i S
Planar 6% PSM . Trench 6% PSM 0.75NA/ANNUlar
/An nu I ar 6% His 0-8sNAlAnular 7 g : [ i

i 6% #Hf5

Planar | 6% Psm 198 immersion Trench 6% PSM 193 immersion

1.1NA/Annular
IXY pol 5 .| . . IXY pol .
E | ew e i LANAAmdar S vt i v i
E] *&/ — & Planar | 6% Psm 193 immersion 1.25NAWeak DP Trench 6% PSM 193 immersion

1.25NAICQ
IXY pol " IXY pol 2
i o fifs XY i M i o fiEs BV R S

Q u ad r u po I e Planar 6% PSM 193,;3"‘::‘“" 1.35NAWeak DP % Trench 6% PSM 193/;2":"5"’" 135NAICQ
i 6% flfs X .

SRV B il 6% HiEs ot eI
Planar

1 ¥ 193 immersion 135NAWeak 193 immersion 1.35NAWeak 89
/ D I p 0 I e P IXY pol bl . . Trench omoe

| § IXY pol IDP/SMO g5 — i/ ftii-|  (with PDB
IF;:;ET RV A G e e BRIXY R RRESREL | DB 12.7)

64 (LE2, SE
Planar 193 immersion L3SNAWeak Trench 6% PSM Pitch=00) )41
XY pol DPISMO /% g . . .
Vi XY B GA S 6% Hifs Ly CEERTLED

193 immersion 1.35NAICQISMO %
IXY pol LY B - R £
XY iR in1a

64 (LE2, SE >
FinFET lgﬁll;nvrv:;lsmn Dpl,;;gpf%x% Trench 6% PSM 193 immersion 1.35NA/CQ/SMO %
[0 5

Pitch=00) 4]
s Y IXY pol SRR A
BAIXY R AL it 6% fiEs i, VKRB | 5000 s b

e
‘% : 1 64 (LE2, SE 5,63 (with PDB
1 %\% /f P IXe I ated< FinFET 193/')2"‘:5‘“" 135NAStrong Line-NTD 6% PSM Pitch=00) g | 193 fmmersion L3SNACQISMO 7

. v &PDB: 13.98) 358
y ; DPISMO 3 /) | 13.7/23.1 2.8/1.47 ot B /XY pol SRR B |
R L XY AR L KRR 6% Hifs A, VLR . (PitchEN] | (Pitch/i]#1=90)

15 ~90 XY itk 19 =00)
(SMO) >

FInFET | 65 pswiow (SADPsQuiLE) | 193 immersion L3SNAWeak |16 5 piggn| 311 Line-NTD 44 (LESLE+Cut) | 193 immersion 1.35NAWeak 12.55

335
, - IXY pol DP/SMO 5 Bt/ » (Pitch/ ) ot BE FIRHESRE | /XY pol [DP/SMO 4§ —H/ti-|  (Pitchilii= | (Pitch/i =
2] g B VT st | 0D | gy, | AE SRR i BRIVl [

8.9
- 54 (SADP+Cut+LE) | 193 immersion 1L.35NAWeak 28122 40 (LE2SE | 193 immersion 1.35NAWeak | (with PDBZ

35
: weak 1 10.0/25.4 (pitch Pitch=80) %] e -
AR+ B Y+ /XY pol DP/SMO 5§~/ » (Pitch/i 1} " IXY pol DP/SMO 45 B/ Jeig-|  PDB: 12.7) (Pitchi =
6% fifs p RN st | P00 | o108 Ak, VIV o0 e WERARE | (Pichi= 80)
80)

HEH 26 A MAR GRIENTE RR B, B 8T R ROl . =ik 5 3& 4k (SMO) . The exposure
condition has been evolving from the conventional/annular gradually to quadrupoles, dipoles,
and pixelated (SMO)




Wk 2 TEEFEEEREART RN GEREHE

(Gate Layer Exposure Latitude from Major Logic Technology Nodes)

WH%Z Gate Layer

T 2R E 2 Mostly
connection gate lines

11l

w
o

N
(93]

N
o

#5 FE Exposure Latitude (%)
5 &

(52}

o

Contrast=10 EL/pi
=3.18 EL=57%

~60% B EEH AR T 15 Logic Technology Node

o YR ZHFRTT MR Z RO RE E AR B AE20% B FE s . The exposure latitudes

for the Gate Layer at most technology nodes are at 20% or higher.




Wik R LA EERTAT REBERREZR T

(Gate Layer Mask Error Factor from Major Logic Technology Nodes)

WA= Gate Layer B REMEEZR Mostly

connection gate lines

il

o AR ZHFARTT SR E R GRE Z R TELSLLN . The Mask Error Factor (MEF) for

for the Gate Layer at most technology nodes are within 1.5.

o
)
(&)
© 2.
L
S
5
4
wn
o 1.
S
H_,
e o,
oK
1
g
&

MEF <=1.5

LR AR 4 Logic Technology Node




&R 1 EL2HEFEZBEARTRANREREBE ICR
(Metal 1 Layer Exposure Latitude from Major Logic Technology Nodes )

% J& 1 )2 Metal 1 Layer

||||I|IIIIIIIII

Contrast=10 EL/pi
=3.18 EL =41%
~40% R K Logic Technology Node

o GARZHHEATANEELZEOLRE ML AEL3%EE FE K. The exposure latitudes

for Metal 1 Layer at most technology nodes are at 13% or higher.




€& 1 BLZEFEZEBEART RNRERRER T
(Metal 1 Layer Mask Error Factor from Major Logic Technology Nodes)

4 J& 1 JZ Metal 1 Layer

R = 4EHU (Mask 3D
Scattering)

Q O Q Q e}

MEF <=3.5

o
lld-
D
S
5
M'
(7))
(g0)
S
H,
.
pily
oK
=
i
&

% #5857 R £ Logic Technology Node
o ARZHFARTAMEE 1 EMERIEZERT7E3.5LL N . The Mask Error Factor (MEF)

for the Metal 1 Layer at most technology nodes are within 3.5.
o R =4ERU S EGRZE R T ETH210.5510.72. 8.  The mask 3D scattering causes an
extra 0.5 to 0.7 MEF increase.




ST BRI E X R HIRBR R EFERERRER (Definition of Contrast and Its Relation ICRD

with Exposure Latitude)

2[R SEFR 5 7 A

Aerial image intensity
28 % Linewidth + 10%
W't e B AR 2 ) 5 X
Definition of Exposure Latitude (EL) :
o T2k 58 % T +-10% 5 T, Bt E 7 — x
L AR T RO REE A EUAE %&u/%
The ratio between exposure energy | 4 hLifewidth

range (corresponding to the +/-10%
linewidth) and the exposure energy

2 %% Linewidth - 10%

A E(correspondng to+ 10% ]1’new1’a’t/)
E

U(X) (Umax mm)+(Umax—Umin)Co{2n’xJ

EL =

2 2

=U, (1 + contrastco{@n
P

p




S EC R ) B X R LRI e B R E IR  (Definition of Contrast and Its Relation ICRD

with Exposure Latitude)

ulx) = (Umx+2 Upin) N (Umax—2 Uin)

= Uo[l + contrast cos(2 . Xj
b

COS

2 [ SE RO 5 AT
Aerial image intensity

2 %% Linewidth + 10%

L)

\

/

A / \

AFE (correspona’ ing to = 10% /inewidth )
E

EL =

1 |dv(x)
U, | dx D

AL = contrast Z—ﬂsin(m—LJﬂL

p

o, &w/ o
2k mlinewidth

2 %% Linewidth - 10%

28 58 Linewidth=J& Blpi—F (1/2) K},
U(x) =0,

o

SHELE (contrast ) = ALLQ = — FL

FL = %TECJE (contrast)A—LL T o= % YTECE (contrast ),

L: Linewidth




BRSO E  (Contrast for B/W Patterns)

xif Lb
Contrast
=100%
xif LE
Contrast
=60%

——%f HLE=60%

et L 40% X EL

—— S HE E=100% Contrast
. =40%




T EEGENEE (Contrastin Color Pictures) ICR

SRR WA= IR ARZEK. (Min

(Reference Contrast Required for
contrast) =100%

s ERRIER  (Min ST
Contrast Required for

(Reference
Metal) : 40%

contrast) =5%

Gate) :60%

iB7]
(Bright
Field)

e
AL

HEREDF-
2ETMAHHL,
A JE, 18-
28mm %53k
Eigksd

10 A

I

\,,

|

(Dark
Field)

84141
H140 mm4s
SkiA %




FEEPETEHART SR ERE LR ICR
(CDU Requirement for the Gate Layer at Major Logic Technology Nodes)

£/ Year of Production

BETZHAT R Logic
Technology Node (nm)

W Logic Half Pitch
(ITRS2001)

B4R Logic Metal Half
Pitch (ITRS2005)

e )EFEEM Logic Metal Half

Pitch (ITRS2013)
BHEMA T AM-4)81)Z Foundry

Half Pitch-Metal 1 (nm)
AR T A BA-MA% Foundry Half

Pitch-Gate (nm)

W BELE % Gate Physical CD (nm)
ITRS 2001

HWHEFLE S Gate Physical CD (nm)
ITRS 2005

M4 % Gate Physical CD (nm)
ITRS 2013

i) 5 CDU  (3sigma, nm) ITRS
2001

LKeEH S CDU - (3sigma, nm) ITRS

2005

LK SIME CDU (3sigma, nm) ITRS

2013

LR TE I S/ AR BELE TE CDU/Gate

Physical CD (%)

LR TR I/ MR EIH - CDU/Gate

Half Pitch (%)




FEEETZEART R E LB S PEER ICR
(CDU Requirement for the Gate Layer at Major Logic Technology Nodes)

42, Year of Production

BETZHEARTR Logic

Technology Node (nm)

iAW Logic Half Pitch
(ITRS2001)

W4 B Logic Metal Half

Pitch (ITRS2005)

W4 @Y Logic Metal Half

Pitch (ITRS2013)

BT FM-4J81Z Foundry

Half Pitch-Metal 1 (nm)

AR T A H-M% Foundry Half

Pitch-Gate (nm)

W FE 2% Gate Physical CD (nm)
ITRS 2001

WHE 2 % Gate Physical CD (nm)
ITRS 2005

W4 %% Gate Physical CD (nm)
ITRS 2013

2% )5 CDU  (3sigma, nm) ITRS

2001

2557 CDU  (3sigma, nm) ITRS

2005

Zwe )P CDU  (3sigma, nm) ITRS

2013

2R T S/ AR B2 %% CDU/Gate

Physical CD (%)

LR TR 51/ W B CDU/Gate

Half Pitch (%)

o 2RI SIVESR A EORAE RS TR B D BT L B LU S L P AN, 414/-10%. The gate linewidth

control tolerance relative to its physical linewidth is nearly constant, about +/-10%.

24 98 5 S VAR A B SRR X TR 2 )~ 5 A LE 22 7 BRI I +1- 3% I N F+/- 4%, $1] 1

Ja 3 n#]+/-5%. The gate linewidth control tolerance relative to gate half pitch increases as the
diffraction limit is approached from +/- 3% to +/- 4%, and to +/-5% as

are used.




FEZETEEART KRR LT SR

ICR

(CDU Requirement for the Gate Layer at Major Logic Technology Nodes)

Sl AR R 2% 5 2 )P ER (CDU requirement for photomasks)

A4 Year of Production

BRI ZHEARAT A Logic
Technology Node (nm)

FERR AR 2R e 45511 CDU for Photomask
Making (3sigma, nm) ITRS 2001
(Binary) (4X)

FEARIR LR 9i 517 CDU for Photomask
Making (3sigma, nm) ITRS 2005
(4X)

FER AR 2R e 5 511 CDU for Photomask
Making (3sigma, nm) ITRS 2013
(4X)

FEAR AR 28 96 £ 511 CDU for Photomask
Making (3sigma, nm) ITRS 2001
(Binary) (1X)

WEBRZ& 7 2)PE CDU for Photomask
Making (3sigma, nm) ITRS 2005
(1X)

HEAR AR 28 56 H 511 CDU for Photomask
Making (3sigma, nm) ITRS 2013
(1X)

25 CDU  (3sigma, nm) ITRS
2001

%5 DU (3sigma, nm) ITRS
2005

25451 CDU - (3sigma, nm) ITRS
2013

1.4 1.3 1.1

FEAR PR 2k 55 5 5T P+ MEF / 4= BB 2k 55 2 511
Photomask Making CDU*MEF/Total
CDU, ITRS 2001

FEAR PR 2% 5 451 50 T MEF / 4= 358 2 55 £ 50 1
Photomask Making CDU*MEF/Total
CDU, ITRS 2005

R L 55 35) S MERMEF / 4= BB 28 v ¥ 511
Photomask Making CDU*MEF/Total
CDU, ITRS 2013

o FEBIRRIME 3211 S I TRS I @ WA S B FE - IR E LY BE 77 The mask making CDU references
ITRS numbers and real world mask writer capabilities.




FEZBTZHART AR ELE S HEER ICRD
(CDU Requirement for the Gate Layer at Major Logic Technology Nodes)

ST IR £ B 3 A PE R 2SR (CDU requirement for photomasks)

iy T R
\'/‘_w: T 17k

A% 132 nm

-t Gate MEF Due to
&% J& Metal MEF double
-1 Gate mask CDU/4= 6 Total CDU patterning,
-o- % JB i Metal mask CDU/ 46 Total CDU pitch relaxed

— o - to 132 nm

MR 2 A0 < Jes S A P 2k T S ST TG (B hRdEAwZE ) Pir o5 4= BB 4k 96 34 S 1 () 40%-50%.  The 3-
sigma gate and metal layer mask CDU budget is about 40-50% of that of the total CDU.

&)@ Z AR R ZE R 77590 nmE AR 5 UG B8 hh . The MEF of the metal layer started to
increase significantly at 90 nm technology node.




BgE (Summary)

« AFE: Variables

FSR BT 62 T 2 /2 %k Parameters that are used for the photolithographic process evaluation

W6 Z) T 248 H K % T AR The technologies that are used by the photolithographic processes

HREH R DAL BB IR, BT R R ADUR . =M. B FE MW (SMO) The exposure condition has

been evolving from the conventional/annular gradually to quadrupoles, dipoles, and pixelated
(SMO)

o AEAEAEIAZEE Invariants/Nearly Invariants:

I BE 1 T A /5% L Exposure Latitude/Imaging Contrast

FERRR % 22K 7 Mask Error Factor (MEF)

AR T WA A B 5 ) 2 5 20 ) PE 5 1 2SR Percentage Linewidth Tolerance relative to Physical
Gate Length

FHXH T WA 2 24 JB 3 ) 28 5 5 20 M5 1 R Percentage Linewidth Tolerance relative to Gate Layer
Half Pitch

PSR 28 5 8 ST TE TG o AR 2R 5 B ST R BB . 40%-50% The mask CDU budget is about 40-
50% of that of the total CDU budget







2001 ITRS Roadmap

YEAR OF PRODUCTION 2003 | 2004 | 2005 | 2006 | 2007

IDRAM
DRAM ¥: Pitch (nm) 100 80 65
Contact in resist (nm) 130 80
Contact after etch (nm) 115 100 70
Overiay 35 32
CD control (3 sigma) (nm) . . 12.2

MPU
MPU ¥ Pitch (nm) 107
MPU gate in resist (nm) 65
MPU gate length after etch (nm) 45
Contact in resist (nm) 122
Contact after etch (nm) 107
Gate CD control (3 sigma) (nm)

ASIC/LP
ASIC/LP ¥ Pitch (nm)

ASIC/LP gate in resist (nm)
ASIC/LP gate length gfter etch (nm)

Contact in resist (nm)
Contact after etch (nm)
CD control (3 sigma) (nm) 7.3
Chip size (mn’)
DRAM, introduction 390
DRAM production 127 100
CD MPU, high volume at introduction 280 280
NILS =z contrast= EL 9D MPU, high volume at production 140 140
MPU, high performance 310 310
ASIC 800 800
Mintmum fleld area 800 800
Wafer size (diameter, mm) 300 300

White—Manyfacturable Solutions Exist, and Are Being Optimized
Yellow--Manufacturable Solutions are Known
Red-Manyfacturable Solutions are NOT Known




2005 ITRS Roadmap

Table 74 Various Techniques for Achieving Desired CD Control and
Overlay with Optical Projection Lithography

Table 76a Lithography Technology Requirements—Near-term Years

MBOPC—model beased optical proximity correction

EPSM—embedded PSM

Note for Table 74
[A] Assumes that optical and immersion optical projection lithography is used.

HiT—high transmission

ePSM—complemensary PSM
ARC—antireflection coating

APSM—alternating PSM

SRAF—sub-resolution ausist features

Interim solutions are known |#

Manfacturable solutions are NOT known _

-::?ﬁ;-;;ﬂ contacted 210 mm 100 em 120 nm S 65 wm 45 nm Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
_Lt o 1] 0.51-0.64 0.45-0.32 0.47-0.93 0.40-043 031040 0.26-0.31 DRAM ¥: pitch (nm) (contacted) 30 70 65 57 30 45 40 36 32
Design rules Minor restriction Ngs‘"mogg :Pd Litho friendly design rules DRAM and Flash
= Contadl DRAM % pitch (nm) 80 70 65 57 50
I'mis Flash ¥: pitch {nm) {un-contacted poly) 76 64 57 51 45
Restrictions Minimum pitch, spacing and Pitch and ! Features on grid?, Restricted . :
(cumulative) linewidth orientation mag;eg for feature sot? Contact in resist (nm) 94 79 70 63 56
compatibility Contact after etch (nm) 85 72 64 51
EREU[IEI, Overlay [A] (3 s
Modo based v [A] (3 sigma) (nm) 15 13 11
OPC with CD control (3 sigma) (nm) (B] 8.8 7.4 6.6
vector
Model-based S MPU
Rule-based Model-based OPC with SRAF, 7 3
Masks OPC, MBOPC | OPC (MBOPC) u':ioc:ﬂ:!z‘:srswvgﬁf?c;tviﬁ%fsnma vector . MPLVASIC Metal 1 (M1) 42 pitch (nm) 90 78 68
(Optical proximity for gate, custom on critical y " simulation, comections, MPU gate in resist (nm 54 48 42 a8 34
w;eﬂl.oﬁ) ty R Pe T layers, SAF | comected layout vith simulation SRAE o g (am)
memory cells on gate layer polarization OPC intensity MPU physical gate length {nm) * 32 28 25 23 20
i location
conections | - by locaonin Contact in resist (wm) 11 97 84 73 64
magnification
increase? Contact after etch (nm) 101 88 7
Gate and M1 I APSM,EPSM | APSM, T N . Gate CD control (3 sigmaj (nm) [B] ** 3.3 2.9
(Gate er , ) , N .
ik & CPSM and EPSM and hiT EPSM dE;w’? dual exposure with MPU/ASIC Metal 1 (M1) % pitch (nm) 90 78 68 59
' 2~ larger pitch_| pr—
Contacni Chip size (mm’)
ontacts/vias
layers mask type) EPSM APSM, EPSM, HIT PSM Meccimum exposure fleld height (mm) 26 26 26 26 26 26 26 26 26
Rasist Custom by layer type Mximum exposure fleld length (mm} 33 33 33 33 33 33 33 33 33
Thicknesa <500 nm «<400nm |  «<350nm |  «<280n0m |  «225nm | <160nm Y i red by tool
Substrate ARC ARC, hard masks | ARC, hard masks, top coats Mezcmon flld area prined by exposure 100l | ggq | ggg | gss | 858 | 868 | 8s8 | 858 | s | 888
Etch Post development resist width imnt)
Selection based on aberrations, J Number of mask levels MPU 33 33 33 35 36 36 36 35
Tool automated NA/sigma control Aberration monitoring ik
] Custom Custom Number of mask levels DRAM 24 24 24 24 24 26 26 26
S Conve ! Off-axis Custom illumination, illumination, - gy
(Illumination) m:rr;:_:g;n Wumination Quadrupole Wumination polarization polarization Wafer size (diameter, mm) 300 300 300 300 300 300 300 450
* MPU physical gate length numbers and colors are determined by several working groups and the ORIC.
Cross wafer ** Noted exceprion for RED in next three years: Solution NOT known, but does not prevent production manufacturing.
(Dose control) dose Dose adjustment across the wafer and along scan
adjustments
Automated process control with Mamyfacturable solutions exist, and are being optimized
control Offsets from acess contr downioaded ofisels | downdoa St . Mg op
(CD and overlay) previous lots SRl e iy . uod:ﬂsets : cell Manufucturable solutions are known




2013 ITRS Roadmap

Table LITHI _ Lithograpihy Technology Reguirements

Cherlay ¢35 4
&l (13w EUTT

Flash i: pitch (mmj fun-contaced pall
CD contrad (3 sigmal (wwi [B]
Contace CD giter etch (rom} [G]
Cherlay ¢F sigmal (oml 47

& (15 Jrmp EUTL

pitch (iow)
ek 12 pitch (on)

MPU High-Performance Piysical Gate Length i}

Gate CD control (3 sigma) i) (BT #%
inimm contact hole pi

Menimum exporire feld iength (mm) [E]

Mecimom ffeld area printed by exposure toal (mm ET

Wagfer site flatness at exposire step (mj [CT

N4 reguired for logic (singis exposirel
L dowbis exposire (Flash)
e (lagic)

LT ¢13.3rmm) NA [T

e hajf pitch (DRAM Fiash MPU metal, MPL /i) vrom)
minimion contact CD giter erch (DRAM MPU Fiash) irm)

m CD contre [{DRAM MPLU Figch) (3 sigma) () 18
mintnen reguired OL (DRAM Fiash MPUT 3 sigma (mm) 57

Manyfacturabie sl

ions are kown

selutions are kown

Manyfacturable solutions are NOT mewn _




2007 ITRS Product Technology Trends - [WAS]
Half-Pitch, Gate-Length

Before 1998
T1X/I3YR

After 1998 —— DRAM M1 1/2 Pitch

J1X2YR

MPU & DRAM M1
& Flash Poly O MPU M1 1/2 Pitch
J1XI3YR (2.5-year cycle)

-~ Flash Poly 1/2 Pitch

Flash Poly
J1XI2YR

—— MPU Gate Length -
Printed

=
-
=)
a
-l
E
]
(U]
p
£
o
=
]
X
-
7]
3
o
g
o

Gate Length
T1XIBYR —%- MPUGate Length -

‘ GLpriS = Physical
1.6818 x GLph

Nanotechnology (<100nm) Era Begins -1999 ‘

2000 2005 2010 2015 2020

Year of Production

N v
~

@ 2007 - 2022 ITRS Range 9

Work in Progress — Do Not Publish ITRS 2008 Update Preparation — July, San Francisco, USA




