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Improving Forbidden Pitch by
Whole Bar Attenuation Scattering Bar and Array
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Student: Lu Tin-Hsuan Advisor: Dr. Loong Wen-an

Institute of Applied Chemistry, National Chiao Tung University

Abstract

The usage of immersion, pelarized light source and off-axis illumination
(OAI) is the trend of future-lithography, however, forbidden pitch will be more
serious.

The most important key in this study is to discuss the results of simulation
about the increase of depth of focus and the improvement of forbidden pitch,
and choose the best combination of phase shifting angle and transmission rate
among the three known types of scattering bars.

Scattering bars are classified to three types, Whole Bar Opaque (WAO),
Whole Bar Attenuation and Array Attenuation (AA), and can correct the optical
proximity effect (OPE), improve resolution and DOF. The three types of
scattering bars (SB) have specific advantages and disadvantages.

Simulations showed that best combination is Quasar, immersion,
y-polarized, attenuated phase shifting mask for increasing DOF. The optimized
focal plane is about 0.66 to 0.77 of the resist thickness that is above the

half-height of the resist. The conclusion suited only for our study because this is



without DOE.

By using 40 degree of phase shifting angle and 0.3 of transmission of 60
nm width Whole Bar Attenuation was the better type. It is not only improve
DOF but also without printing. Besides, Array Attenuation Bar with 0.4 of
transmission of 120 nm also worked well. These two types of scattering bars
were the best functional effects under our simulation parameters settings in 65
nm technology node.

Further more, the numerical aperture equaled to 1.2042 means the refractive
angle in resist was 45 degrees and the angle between those two transverse
magnetic lights was 90 degrees. In this case, the aerial image contrast was
minimum and DOF was too low to accepted resulted from no interfere. The
numerical aperture effected transverse magnetic lights much more than

transverse electric lights.
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FEOE|H T | B | e
1904 |3EPZ A 2y Fleming Sx i
1906 |SE[VI= Ay 27 - o
1947 | EE Bell Lab
1951 |#R¥] Gallium Arsenide 1| | Siemens
1953 |BEAT PR Bell Lab BILE
1954 |58 Zener ~ iyl NS
1956 | % Silicon Controlled Rectifier | General Electric
1958 [Fi IC I3 Y TI
1961 [5%- ¥y~ 1 IC F] Fairchild ~ TI SE
1963 |38 TTL Logic IC Sylvania (10"

1963 |38 Linear IC Fairchild ~ TI

1964  [58% MOS IC General Microelectronics

1968 |3 CMOS IC RCA i
1969 |ROM _Ff Electronic Arrays M>I

1970 [FHETHE B IC Hj) T a0

1970  |F#]3E 1K DRAM Intel *F{—TL
1971 |3 %* EPROM Intel

1972  |B¥13% Microprocessor Intel

1973 |}#I5% EEPROM NCR R
1975 |F'4 385386 VLSI F MITI/NTT (10" -
1976 |38 64K DRAM -

1978 |BEEH A IC TI A
1980 ¢ Wk | e [ Lol

1980 |3E% DSPIC Bell Lab (10"

1981 |3%% 32 bit Microprocessor AT&T FE
1982 |3 IBM PC IBM

1982 |—=' 4 & 256K DRAM Bell Lab

1984  |#]58 VRAM TI .
1985 |IM DRAM B35t % IBM/AT&T VLS [
1986 |5CF A SRy Pl DOC ~ MITI

1986 |AM DRAM i 3% : (10

1987 |16M DRAM Fi 51 % NTT %
1989 (57— % 16M DRAM BfF&RY = | Hitachi/TI

1991 |64M DRAM ﬁﬁd’ A Fujitsu =~

1992 [16M Flash F¢ i NEC
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1993 [256M DRAM i 5% % Hitachi/NEC ULSI

(10°

1993 |1G DRAM i 5E NEC GLSI (10)

3L SSI(Small-Scale Integration)dp — #f #s > (Chip) z ~10 & T & #
MSI(Medium-Scale Integration)4p — #f & > (Chip) 7 ~10° 3 F & 48
LSI(Large-Scale Integration)4p — #f & > (Chip) 7 ~10% 13 3 & 48
VLSI(Very Large-Scale Integration)dq - #f & = (Chip) 7 ~10°® ¢

oo 18

ULSI(Ultra Large-Scale Integration):f;q - 3¢ & = (Chip) 2 ~10%® &

oo 18

GSI(Giga-Scale Integration)dn = #f &b = (Chip) 7 ~10° 1 T & ¥

AL KRR A RREF P ITIS -4 » 2000 £ 9 7

Z 1.1 X EMWPEE D

A=
i

il
a4
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Fear of Produciion 203 2004 21y 21 X7 2 2o
Teclnalogy Nede et i 3
DRAM
THRAM 5 Pitck fom) 100 a0 g0 T0 65
Comtact i resiss fnm) 130 110 100 20 B
Cortact aiter etch (o) 115 100 90 &0 Th
{hyerlay 35 32 28 25 23
€D coutrat (3 sigma) fom) 122 | 1o | os 8.6 g | 10 | 64
MR
MPUVASCT Medal T M1} pited frmi 120 107 95 85 T G7 60
MPUT % Pach fmn) funcontacied gote) 107 80 a1 T0 65 57 50
MEUT gate in vesist frm) L L 53 45 40 35 iz 28
MU gare gl afier escl fnmd 45 ir 32 28 25 22 20
Cartact i regiss fumy 130 122 100 80 B0 75 60
Contact aiter stch (o) 120 107 895 85 T 6T il
Goafe U0 conirad (3 sigma) frm) L = R 1.3 2.9 2.5 2.3 2.0 1.8
ASICALP
ASTC 4 Pircd fnm) funcontacred gate) 107 30 80 TO 65 57 50
ASICIP gae I vesist jum) a0 75 65 53 45 40 36
ARICYLE gave tength after eich fum) 65 53 45 ar 32 28 25
Cortact du rexiss () 130 122 100 a0 8 75 B0
Comtact after etell fumy 120 107 a5 a5 TG &7 60
0 contrad i3 slgma) (rm) 5.8 4.7 4.0 3.3 23 2.5 .2
Clip size |'.'J|.II.'-I.I
DRRAM, riroduciion 485 383 568 418 662 449 356
IHeAM. praducion 139 110 g2 122 a7 13 104
MPUL Mgl voduare af tetepdoedion 280 280 280 280 280 280 280
ML bigh voluire af production 140 140 140 140 140 140 140
MPLL Mgl performai 310 30 310 310 o o 310
ASIC T04 T4 T4 T T4 704 T04
Minimaem fefd areq T04 T4 T4 T4 T4 704 704
Wfer xize fdigaeter, mm) 300 300 300 300 300 300 300

,

% 1.22004 & ITRS 7 %% bl AR § &
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Year af Produciion ot A2 23 25 J01d 28

Techmalamy Node B 3 hpil hpl2

LHRLA N

DRAM % Fited frm)

Comiges e restsd o)

Candicy afier eich fm)

Cherlia)

O oomieal {3 slgma ) (o

Mreer

MPLYARCT Mesal & (M) 4G paich foag

MPL 4 Pitele femd funoaniacted gafe)

MPLT gaete dn vesiss faa)

MPL gaete fength afier ebclh (um)

Candnes i resisd D)

Candact aifer eich frm)

I oomieal (3 slgma ) (o)

ASICALP

AR ¥ Pieh (e gavcortacted gaie)

ASNCALP gerte iy rexiss famd

ASICALF gevte Tewgsh afier efel (rm)

Candact in rexisd (rml

Condaey aifer efck frm)

OO comieal (3 sigmal foag

i xize _rnn.'.'.u::
DRAM, nirodwciion 563 153 560 351 464 282
DRAM, poaduciion 83 104 &3 104 138 &7
MEPLL Mgl wolume ai introduction ZB0 280 280 280 280 280
MPL high volume af production 140 140 140 140 140 140
ML high penformanoce 30 30 310 3o a0 30
ASIC T04 T04 T4 To4 To4 T04

Minimun feld area 704 TO4 T4 T4 T4 TO4

fer size jdflamerer, mul 300 450 450 450 450 450
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Material Thickness n k T (%) 2]
Cu 20 nm 0.9669 | 1.4026 7.71 -1.23
HfO, 20 nm 2.3191 | 0.2123 61.01 49.21
LiF 20 nm 1.4435 | 1.4435 14.74 16.55
MgF, 20 nm 1.4279 | 1.4279 15.06 15.96
Mo 20 nm 0.7880 | 2.3474 0.76 -7.91
MoN 20 nm 1.5171 1.3653 10.45 19.29
MoO; 20 nm 1.6027 | 0.6849 36.65 22.48
Ni 20 nm 1.0091 1.4536 7.15 0.34
Nb 20 nm 1.0997 | 0.9215 21.82 3.72
NbN 20 nm 1.8916 | 1.7589 5.26 33.26
Nb,Os 20 nm 1.7687 | 1.1234 16.41 28.68
Pd 20 nm 0.7288 | 1.2798 7.87 -10.12
Pt 20 nm 1.4234 1.2882 11.88 15.80
Rh 20 nm 0:6980 “.1.7614 2.50 -11.27
Si3N, 20 nm 2:66301 | 10.2451 53.37 62.04
Si0, 20 nm 1.5631 1.5631 12.43 21.01
Ta 20 nm 1:5645 1 -1.7513 5.05 21.06
TaN 20 nm 2.0717 | 1.5300 7.99 39.98
Ta,Os 20 nm 2.0519"] 1.2408 13.20 39.24
TaSi, 20 nm 1.1060 | 1.4603 7.51 3.95
Ti 20 nm 1.0735 1.1247 14.57 2.74
TiN 20 nm 1.5812 | 1.3060 11.77 21.68
W 20 nm 1.0518 | 2.1550 1.64 1.93
WN 20 nm 1.6603 1.7675 5.01 24.63
WO; 20 nm 1.6525 | 0.7986 28.66 24.34
YF; 20 nm 1.6054 | 0.0741 85.77 22.58

%22 2 193nm & T2 Rkl kE BT E

AT (%) 5.7 7 E(Si0y) A2 35 s &
Z(AO) -
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Simulation Parameters Used

Parameter
Value(s) Comment
Name
Wavelength 193 nm ArF
Numerical | o515.1.4748
Aperture
Line Width 65 nm Line
I1lumination Quasar Ovuter=0.8, Oinne,=0.5, Blade Angle=45°
Annular Ovuter=0.8, Oine=0.5
DiPOIG O-center:()-7a O-radius:0-3
Resist 195 ArF Clariant AX102 (n=1.703)
Thickness nm rF Clarian n=1.
BARC 45 nm Shipley AR2 (n=1.47)
Resist
Develonin Enhanced Mack Ra=333.73 nm/s, R,,;,,= 0.011 nm/s,
VeIOPIIE Model Rissis=46.25 nm/s, n=1.77, I= 5.63
Model
| :
mn.lerslon DI Water n=1.44 at 193 nm wavelength
Liquid
Line width Specification (+/-%): 10.0 The lareer
Sidewall Angle Specification (deg.): 80.0 the betté;r
Resist Loss Specification (%): 10.0
Process
Window

Exposure Latitude Specification for DOF(%): 6

423 MRk s i Sl
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Quadrupole Dipole
Conventional

Normal X-oriented

(A) ©) (E)

‘ Dipol
Quadrupole= Ipote

Annular Y-oriented

Cross

(B) (D) (F)
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Fe Al (n=1.70)>1% &L(n=1.50)>"K (n=1.44)> 3

Mask

Immersion

Fluid \
- Photoresist ~_

[ — |
TT—— wafer—

Immersion
Dry System
Y=y System

Bl 2.3 o3 Foik R SRR R AL

& ArF(193 nm)ic® & &
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Last Lens 1ank Fluid
Element Cover OQutlet

/ Wafer g iq / Mir

Fluid

Mirrar Infet

Vacuum ]

Pump N .
Fluid Filter Drain
Replenishing
Hole
(A) 2 i# 3" (Bath)
Waafer
Mozzle
Serva motor-
driven wafer
stage

Waler
puddie

Sauren: Blgma-C GasbH

(B)-k #&3" (Puddle)

=

(C) #i# 3% (Shower)

B 2.5 BRiE;VEEE R
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(2) Sk f=oA © ERRET (R Bl ) = Jore  FE o s k78 AR E(TE)
PRBLfRiP=oA o P (,?fm[?'r ) = IR AT s [ R R &
= S R R CRRTIM) o SRR R G
Heyenb El A
R ik B
F;&‘ ;Hp[tn EEPI&_P_ ________ |
[l g2 5LV NA=1.0%sin 15° NA=1.0*sin 45°
;’Q e =0.26 =0.707
:rm H 15\
W J IEI FIF ——————— 1 9k et E
'E IRy ONEEE S A (2P R B
. S > P opE| K £10-2445=90"
;F J‘%‘iﬂ%‘ J | 1o F70=150" P | w=90"
4651 AL _30

141287 i s Py S -1, +1728T 5 > 2P=
PR T BPEREF A NG, +1) 0 FONR E=E, 0 AT TE AR E eréféj g™
[=(E,+[E,cos0 '+ Esin0]  0=0"» [=(E+E)’=4], & CAERRIACC D
5 I1=1+1,+2 L1, foso | 0=90"> [=E+E,=[+1,=21, &7 # (fpE(%)
ﬁ%?—i At cos 150 °=cos(180°-30")=cos(-30") ; sin 150 =sin(180°-30") =sin30"
. e aa s “Ay  THRPEFRIE AR Flo
Fi—El ~ 77\ o4 7._: i ™ b4 .
O) MR35 F  woroneiiil, XY (180-90.56.6)-66.8
Sy 74 J@=90° . “ y=180-66.8=113.2°
L B= 5 - | A B=56.6"
, . = @E"J?T?T} n-—l 7 L) > I'Er};frﬂj/ s E?I?F

BN IR T = ¢ ;45 :
P neo 2 P T =g

e Fl10=49.2° + 0=130.8" *Ppppepric PHI1a=6=00"

NA=1.0#sin45°=0.707 NA=1.44 *sin 56.6°=1.202
0.707=1.7%sin24.6" » 2%24.6°=49.2 1.202=1.7%5in45" » 2%45 =90°
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T ErTA L R E A LR %

T VEE
(1) ##cik £ (Feature Biasing )

I I A W fE
Extnded  Serifs A ggression Hat Hamm erH ead Bs Jog

(2) ##ch 24 (Feature Assisting )

GRS Lt B R
R T e R A

AL S B0 SE 8
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T'%=30-60 T %=0 T %=
0°<A6<50°

B 2.10 >k MY

100

B 211 75 %2 B%
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‘Mag. ‘n 0ot = [SJ
p
‘Mag.‘/ S order = [SJ sin c(sj =
P p
‘Mag- ‘2 " orier = [ s ]szn c[zy]
p p

st Hp: BEE

2

—
sin(180 x s/ p)
T
sin (360 x s/ p)
p |

(a) Bk B Y 2 Yebgsk by

i ﬂ
s p
s s b b sin(180 x s/p)| [sin(180 x b/ p)

[ ond (G el ) o )] Lﬂjq
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DOF(micron)

NA=0.85 —— A4

0.4

0.35 C4

0.3
025
02
0.15
01
0.05

200 300 400 500 600 700 800 900
pitch(nm)

B 4.1 05 e L B (ABACY)

DOF(micron)

different NA ——NA=0.85
—8—NA=0.95
NA=1.05
NA=1.15

0.4
035

025
02
015

A A A A A A A A v":: —

0.05

200 300 400 500 600 700 800 900
pitch(nm)

B 4.2 B3 B RO § e R H R IR B2 (M)
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g

—— Original

—#—SB (30nm)

0.3

025 ilR

AAF (40nm, 6 =30,T=0.5)
GB (120nm, 6 =0,T=0.5)

pitch(nm)

g 0.2 \\
RS
£ 015 \-(
[ain
o
2 01 F
005 | W
0
300 400 500 600 700 800 900
pitch(nm)
B 4.3 Wb %\’E%E ﬂm& 78 (AD)
AAF with diff. sizes
—— 40nm
0.25 —=— 50nm
60nm
02
015 |
E
% ‘\ Al ry L L L
A 0.1 \.\A’W
0.05
0
300 400 500 600 700 800 900

Bl 4.4 >iE k2 = HERkt
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GB with diff. sizes

——00nm

—=— 100nm
> 110nm
0.25 t 120nm
o\
~ 02
g
§ 0.15 e
O
S W/ ' : ’\g
0.05
0
300 400 500 600 700 800 900
pitch(nm)
B 4.5 ol R R i
r | E: J l"n -'. ‘ | :
GB phase=0 ——T=0.4 100nm
—=—110nm
0.3 120nm
ﬁn T=0.5 100nm
0 \ —*—110nm
02 N —e— 120nm
g | ——T=0.6 100nm
E 0.15 —=—110nm
2 ——120nm
= 0.1
0.05
0

300 400 500 600 700 800

pitch(nm)

900

Bl 4.6 L7 k¥ Rt (B 5 R 0.4-0.6)
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GB phase=0 ——T=0.3 100nm
—#— 110nm
0.35 120nm
03 T=0.4 100nm
05 —*%—110nm
2 ' —o— 120nm
g 02 ——T=0.5 100nm
EC;*; 0.15 —=—110nm
0.1 —=—120nm
005 |- T=0.6 100nm
110nm
0 —— 120nm
300 400 500 600 700 800 900
pitch(nm)
B 4.7 55 kg 2 4R (a5 91 A 0. 30, 6)
P[Pt e
AAF phase=20 —— T=0.3 40nm
—#— 50nm
0.25 60nm
T=0.4 40nm
02 K —*%— 50nm
—o— 60nm
g 015 f —+—T=0.5 40nm
£ —=—50nm
% 0.1 + —=—60nm
A : A—A
kt;&(‘—o/ ——T=0.6 40nm
005 50nm
—4&— 60nm
0
300 400 500 600 700 800 900
pitch(nm)

Bl 4.8 20k g (P H &£ £ 20 B)
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AAF phase=30

——T=0.3 40nm
——
0.25 50nm
60nm
T=0.4 40nm
02
—%— 50nm
s —o—60nm
‘g B —+—T=0.5 40nm
§ ro—eo —— 50nm
QS 01 f ‘ - '7» o
. -Q_s"_\‘: Pk e 60nm
LA T=0.6 40nm
0.05 = 500
—4— 60nm
0
300 400 500 600 700 800 900
pitch(nm)
W 4.9 2 i R fias (G #s £ £ 30 &)
bl .:'F'
AAF phase=40 ——T=0.3 40nm
—— 50nm
0.25 60nm
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