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Abstract Overlap Errors and side-lobes have been simultaneously solved by the rule-based correction using the rules
extracted from test patterns. Lithography process parameters affecting attPSM lithography process have been determined
by the fitting method to the real process data. The correction using scattering bars has been compared to the Cr shield
method. The optimal insertion rule of the scattering bars has made it possible to suppress the side-lobes and to enhance
DOF at the same time. Therefore, in this paper, the solution to both side-lobe and overlap Error has been proposed
using rule-based correction. Compared to the existing Cr shield method, the proposed rule-based correction with
scattering bars can reduce the process complexity and time for mask production.

Key Words : Optical Proximity Correction, Scattering Bar, Side-lobe, Phase Shifted Mask, Overlap Error

1.M B ARgEEE 7P 2 RARE IR g X
pattern®] A EE side-lobed@ Fo] wlsh= Zojt},
WA £2te] vMske AEFS 4£%3), ABSE 7 Side-lobe 84S WRA|E] S Apvt Bol o|FR
APAT, 223 design ruleS TAAA 2HER AT 2 FAME 7P GA Aok WS side-lobe}
(proximity effect)?} overlay, 22 2Hmisalignment) 'ZAE $X|E v]8] o= Cr(chrome) 23 pattern
To= A3 overlap error® bridge S 72 EAE & AAdshs ZAolu1]. 2@y, o] WL side-lobe &
AT £ RIEA 2o} 1= Bols AARE HZOE engineer®] Ao Es o] of
(resolutiony A3tA1#H UlMI%t pattern 7EL o1HAl Foll B2 A7bo] g ) 7 ¥ o}yl mask A2 o
et olE A3l A ETEYVISRET,  UoAME Cr pattern AAS HAF Ao FrlE oo
resolution enhancement technology)©] A& % Ut} B2 mask AlE FAHL B35 jt}, Side-lobe &
RET 7% %9 3hQl attenuated phase shift mask 4 A& 913 = & ¥ partial coherenceE &
(attPSMy= HWHH S 23 line edge?) contrast® &  7MAA BAE #dss Aoy, o] We DOF/l ¥
olm g Bal5g I, process margine FUIE  ojxle @HE v 2)

T

F Url. o] 71&2 metal layer?} contact holesll F2 E£-3], overlap error= line-end shortening, corner

roundinf ¥’ B contacts} meral layer 7+9] overlay
s ek 7] EE A A8 TS 2 margin 5ol oJ3) AAYs1A ==, o] W& contact
Tel: 041-550-5360, Fax: 041-550-5386 #} metal layer®] overlap FLo} £01E9] contacts]

22



Overlap Margin 2 %! Side-lobe A& $13 Scattering Bar Optical Proximity Correction

A sizeE ZAAIZITE W2bA contacte] A do]
F7HAE FEEEE A 247 s,
A7EA, 2ot design ruleZ U DAY= overlay
A atPSME H-&shks AN ehhs side-
lobe E4E ZHHoE Azl e w7 UAAT
o] F 7 EAIE FA sldsEe AEE U
2 A7NA= metal layer?] attPSM lithography Z4

oA, overlay margin ¥-522 Q3] WAS= overlap-

error metal patterng HFHOZ HEL, metal
pattern®] 2 17 space margin F-E02 DA
side-lobe& Cr shield ]9l B]&] mask A2 FAo|
3l scattering barg -3-8-3t] FAlo slAs= W
HES A

2. AlEelold A BY

Zdesl, 1A sl we} BE uMEIx)s patternd
A FHI= AL proximity effect®] resolution
A5-& 7149} o]}, Proximity effect® 2 €13} corner
rounding} line-end shortening< overlap errorg A
AlZTh % design rule®] AR EESA overlap
margin HA] overlap error®] ¥<Ue] FT}. Overlap
errore 714 A& 8 =9 contact®] S H7}
A7 & AFHE 7HH9 3|29 F3 £25 A3,
Overlay A& #1231AA A9 resolution B4
8 metal layerdl] 283 aPSMS] 7F¢ & FAQl
side-lobe @& 3174587] Y13 methodologyS | A&}
#Hal g} o] AFE Mentor®] CalibreE ARESH
simulationS F3) o] FojH ).

I Side- lobe pattern extraction|

l |

I SBrule generation I lCr pattern generation]

IS8 pattern generatiol

3% 1. Overlay®} side-lobe B3-S AAS $1% correc-
tion.

23

Overlay9} side-lobe &3 sl d3l7] s 29 15
2 SME JAYE s AEE Jysle) o
ARRIEA ] A3 NA, o, A 59 ZFHZAES A9
stojopstE® 2@ 29 o] A4 SEM Ho|E 9]
fittingst =224 374 webulelo] gt AAsiA. o)F
A QAW 34 SE gE F83tH olojx e
AlEFolAE a3 Y. WA, proximity effect}
overlay margin ¥-502 A3 overlap errorE &l
Z&t7] 913 overlay margin®] F53 44 3o} &
3 marging FE3lejok et 24 metal layerst
contact hole®| overlap®= 99& 2o} 1 7pgaE] 2
T8 overlaythE metal layerE oversizingdhe] Z2E-3h
overlay marging SHIGATHIH 3(a)]. 2} vl
gt layoutellA] oversizing® space marging Z+2AA1A
proximity effect®] @¥go] F7istAl o},

we}Ad
Hapedof
QAL ruledl] o7

oversizing® 2 H-%3)% space marging &
322 DRCE 53 pattern 7+9] spaceZ 3
Zol 2 g9 HFst

HY o
T=E

OB 2. Side-lobe VA4S 23 200nm pattern?)
photograph.

(a) Oversizing (b) Cutting

(c) Jog filtering

3% 3. Design rule checking & jog filtering.



=83 =FA A48 A1Z, 2003

QALY

£ polygon® A layowlr NOT g4be sl 28
3t marging FEITHIYH 3(b)]. 221} space margin
FRE 93 cutting® 2 jogEo] 2AEHT}. JogE S
mask AAF A] defecte 2 HEE H¥e] Ao 50 nmF:
Z#3= jogEL jog filteringS 58 AAHHZE
3()]-

Overlay #A1& 3| 23t7] $48F pattern correction®]
A5 metal layerel] atPSME 2£-3}99t}. o]u] AuPSM
o] ARgell 3lef 71 & EA7L HE side-lobe #Adol
BT Side-lobe V3 A7) A% 7P 718
Ql & Cr shield ¥2l¢]th. Cr shield 42 mask
linearity HJA= mask bias W4 RTF "ozt
focus latitude“""ﬂ’\‘l‘—“— B} Hojut}, ojAL the]
a8 45 B8 & = Atk Cr shield 32 F4317]
sl = AA side-lobe®] A QXE Yololslnz
aerial image simulations €3l side-lobe A A&
glatglt. 223l Calibre®] Printimage simulation®
23] side-lobette 39} &
3} & A719) Cr patterng

23} side-lobe pattern
G722 side-lobe FAY

S AAY 4 ALz 5] AT o] WS mask
AL A} mask F27F B dHS sk

ok, 18 694 Be A 7o) Cr shield Ha&
metal layerS maskol] A5 ©A 9] side-lobe A
£ 9% Cr pattern maskoll %717] 918 &) st
F7Hd 28 mask AF Tl HFsich zEx
mask®] 72 GA| BREIA L design® o 97T 2

0.35 I R A A
B 1.0 ym N
€ 03 [
3_ A
= — —
kel
g 025 —
3} . —
£
- —
F o//o/ 0.5 um
E 02 — A —
QO
015 A N N Y T SR
-1 0.5 0 0.5 1
Defocus (um)

—@—  :Conventional mask

—0O— :Crshield method(33mJ/cm?)

_A_
38 4. Cr shield 23 mask bias 2] 2] focus latitude
[31.

‘Mask Bias method(23mJ/cm?)

24

Orange : Cr
- Blue : metal
- Yellow : contact
- White : contour

3@ 5. Cr shield %28 2 23t9S o aerial image

simulation 23},

[ : metal
.58

H H ' i (
H i
| I | |
E'__ﬁ_!-‘“mmmp_-‘_-_-

<Cr shield method>
8 6. Cr shield %27} scattering bar2] mask ¥]32

<Scattering bar>

222 mask AZF H8E 1WA mask TF A T
=g £ e WiHel ¥asi ez BExd
mask AlZ FHE 7rdshA 894 DOF= A7)
scattering barg U3k WS AMGSV|R Sgith
o] W2l $-8317] Hs)X = scattering bar 4S9

3 uleS AASol sl A scattering bar®
AMS-7Fs 8t scattering bar®] 715 Asforditt. a8
22 widthel WE test patternd G} 2812
aerial image simulation& %3] A=A ¥ pattern
o] a7 AAsYTE. 28I side-lobe 7] ulE
scattering bar®] ¢ 7FE A she rled A3
t}. Feature®] =7, scattering bar®] width, feature$}
scattering bar®] 7V4, scattering barE7ve] 744 5L
vlau)g 2 ;}l—— 71&9] scattering bar rule -2}
Attt 2 F Printimage simulation

S FESIAT) side-lobe b
=

scattermg bars

< £3) side-lobe Wt
o,

==

a =
2l side-lobe =71l wu}e}

et T} 3%



Overlap Margin 3. 4 Side-lobe 9| & & Scattering Bar Optical Proximity Correction

- Brown: SB

- Gray : contour
- Blue : metal

- Yellow : contact

3% 7. Scattering bar® 839 S W aerial image
simulation.

scattering barS A3} C}. Scattering bar®) 41714
it #HEA QA metal layerS aerial simulationS 53]
side-lobe?] A AFE AT A3 7Y 73 7o) &
A7t A=At

ae]al 1Y 84 K ZAXE Cr shield W28 AF
23151 R} scattering barg 283192 W DOF
g th A F7HAE background”t transmittanceS
7te A2 AEHeAS Iyt 28d At
219}z RH S background® clear® 31518 wol= ¢
o] WAl g H8e A=A Fotrr] A3l 4 back-
groundE clearZ 33 metal layerS attPSMO.Z 3}
< @ side-lobe @4o] YER}E RE aerial image
simulationS 53] 813t ol scattering barS 4+

she S AEste] EA7E A [AEAE B

- Qrange : Cr
- Blue metal
- Yel'ow : contact

(a) Cr shield "3
38 8. Cr shield #4134} scattering bar®] DOF Y],

(b) Scattering bar

-

<scattering bar 2] -8- >
38 9. Background clear®] 7% side-lobe &4},

<scattering bar A& 3>

- White : contour
Violet: SB
Blue : metal
Yeillow : contact

12 10. Background clear®] 7% contour simulation

Azt

t}. Simulation ¥4 gt Hxjol wjg} 283t}
Side-lobe”} 23 AR E &slojof SR back-
ground”} clear?] metal patterns A3t aerial image
simulationg &3l A#E I8ttt 2 H3 dellA
9h= WHNE metal pattern Holl A== Ao] ol
a8 99X B A3 7] metal pattern WOl side-
lobeZt A=A o] EAE Y H3H7] A= aerial
image simulation ¥, HOLES %H#-& AME-3}a] side-
lobedt F&stx, o]2A E2lald side-lobe patterns
EXTENTS 3th. Scattering bar 4912 9%t rule2
ol A9} whA7IR 2 side-lobe 7] WE} scattering
bar®] 27|19} A H4E AL nled AL 2
rule? %3 scattering barg ASYsHATE. 227 10914
BE A3} 7] aerial image simulations 8 A}

side-lobe #Ao] A EJTE.
3. €2 % g

ZHEIL overlayR 3N resolutiono] A &t= o] B
Mg v A 3|28 pEs| 7t oJH ok 284 pattern
& A3 scattering bar, attPSM 59] 7|€E& ]
g3le] BAE s dstaat Foh 2 A3 overlay margin
HEo 2 S A4S metal layer oversizingS
£33 ZE% marging Rz TAE 43N,
oversizing & H-&3%l space margin cutting® -3
F A3kl marging RS 282 cutting & EAY
e jogE2 mask AAL Ao EAIZF E 4 Ao jog
filteringS 53l AlA38I ). overlay margin §RE ¢
g 2R A48T F auPSME HE3AUE W aerial
image simulationg &3 €¢1g A3} WA side-lobe
£ AAs7] A3 AR F 7P &9 AT 5 e



2817 88 =2 A4 A3, 2003

Cr BZ ¥ & o] &3l side-lobe B4-E Al
e o] BHEe mask AlF FAPI TP Bxds)
& Ao e ?EE B 5 e WHOE scattering
barg AT} scattering bar= metal layers} 54
o AdstER Cr Bx dd W9 dior Had
g Utk 28 scattering bar A FHE ALl
side-lobe7t 2 & = PGl scattering barg 3
&3t side-lobe F4E NAZNAUTE. scattering bare:
background”} clear?] -9l A-83l] side-lobe &
+g JASIHEZ DOF= 3=t welr] overlay
A} FAlel atPSMe] AME-CE UERE side-lobe
TAE 2kt

26

#DEH

[1] Christoph Dolainsky et al., “Simulation based method
for sidelobe suppression”, Proc. SPIE Vol. 4000, pp.
1156-1162, 2000.

Zhijian, G. Lu et al., “Selection of Attenuated Phase
Shift Mask Compatible Contact Hole Resists for KrF
Optical Lithography”, SPIE Vol. 3678, pp. 923-934,
1999.

Haruo Iwasaki et al., “Attenvated phase shift masks
reducing sidelobe effect in DRAM peripheral circuit
region”, SPIE vol. 3236, pp. 544-550, 1998.

(2]

(3]



