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Abstract

Automatic layout decomposition techniques have been developed for double patterning technology (DPT). As CMOS
manufacturing process scales down to 45nm and below, lithography resolution needs to be improved. DPT has been
proposed to enhance the limitation of conventional lithography, by decomposing the layout design into two masks to relax
the minimum spacing requirement. However, it is not always possible to decompose a layout into two masks. We have
developed new automatic stitching techniques to resolve this problem. Experimental results show that the suggested
techniques are promising in decomposing layouts for DPT.
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Fig. 2. DPT process.

(@) Results of the 1st lithography and etching
(b} Results of the 2nd lithography and etching

A Aol A4gs FrlstA Aot Stitchinge WA F
7F flo] conflict® AAS= Aol 7bassivh wala 7
Eo wxE PSMZ 93 daglFELS DPT 443
AR g =

Ol M= #olohs #e 7]s9 HukHel A
gttt MANAE conflict graphol] il A= 3t vV
AN 8 (decomposition)E E71s53H st B4
Aol E (odd cycle)s FAMstE 7o dis) A9
VAo A &= stitchingS ©]§3tH &5 Alo|&& AA3}
= Wi s Zledd VigeMe 43 284E B
ofFaL, VI A d8s 2=th

II. DPTE 28 do|ofR &2

I 32 Ak gaglEe HA —*EO]‘:} A A]
GDSII #ejelxe dHoz det folokx AAE
o] £, ZEIE Atol9 conflict #AE conflict 1
Hzz FAg Conflit Z#HZ GIVEAA AA
(vertex) #lo|o}- AAAA e EeE& gt} F
A Fste F F22o| DPTAA Fo4x HA A
g 87 #EY A7t 779 O E vtAARE Fe 5o
of & Aol F AA Alold] oA (edge)’t A YE
o}, oS AN A conflict 2 EQ dual LHEE A



126

Read layout design

'

Construct conflict graph

'

Construct dual graph

!

Are there any odd cycles?

No

‘ Yes

Remove odd cycles by stitching

AN Y Y Y

( Decompose polygons into two masks

(

J8 3. MH Lua|Ed SEX
Fig. 3. The overall algorithm flow.

Output layout design

JUUUUUL

| .
‘l_.

4%t} Dual graph AA3te olfre #ololx 8 &
B7lseHA et &4 Alo]E8 A& 3] 43
Aojth. Dual grapholl tisixle IVAA A3 A
ghot, wheF Zap Alo]Fo] gittH Holol2 F A8l
T ukAAE o] A F Q) whef T4 Alo]Eo] &
ASHE stitching2 2 o] & A|AZ} £ 3o &
G 39 Ay= GDSH 84)og2 AAg

II. Conflict 2= MM

Conflict ZZAAH HHL&
AHE ddste A= F
o wjz]Eojo} FHrte= A
A AL DPTE 9§ dololx &
2 B} 2ZEYZ EEE 3] Y3 7| E
ol

T4 4% conflict ZHZE A3 Aot} 1¥
Aa)¢] conflict AEE°] 19 4(b)9 conflict ZTHEZZE
F38E F vk 6709 EFETES A~FY HHPL=E
Z}-er FHE 7Y AR Eo] 7hto] ARG EEE

S YeERE BA Alold A s AT

Zgeg on

=
=

7L
=

DPTE #& X3 & 0|0t%

(452)

=

(b)

% 4. Conflict 2= MM ofH|
Fig. 4. Conflict graph construction example.

IV. Dual J2iZE 0|25t &4 AP|E EM

I+ conflict Lz e] %o 5 7N
9] mAAR9 #olol = B7Fssit ¥ b
A R wpe} o] A Alo]EE F JRY Nom ZHY
go] JbssA T £ Alo|FY B E7FsSH. o
AN e Aoz Adste ALS e rhadd S
o] Mjx|gE& ofn|gict

HW 22 E (planar graph) G| dual ZHEZ= G
A(face)S vjshe -7} Hol AH L = 47
& X2 FAEY Dual 229 “dual’olzte U

:c./‘“ A}o]ﬂo]

'T'

I

= AO| 23} &5 AIO|E
Fig. 5. An even cycle and an odd cycle.

gl 5,



20084 43 ®X;

ol-J

3L|

_"I

(bl

a2 6. Dual Je2f= MM o F|
Fig. ©. Dual graph construction example.

e G7F He dual 2@lZo|d He G| dual )
7} H= A& 53t} Dual graph® A S A
F EX % (time complexity)= conflict L Z 2] o X
7t nY @ O(n)el7] W&ol &5 Alo] &2 dual 1
23 8407 &S ¢ 9k

a3 6-% I8 4 (b)Y conflict LI EZZHE dual 2
2 gt Aotk 1€ 6 (a)& conflict T3
27 dual :13139}94 #AE EodFEth 19 6 (b)%f
dual ZH2ZE WE THZ Aol

Dual ZEZAM HH] 25 (degree)T conflict 1
o] Qe el & & AolEE FATE
A 9] +& on|gc} WA dual LT E4 A4
o] AH2 conflict A=A o] Z4 Ato]Eg 2fvizlk
o} 1% 69lA o, B, Y e 27 4, 3, 7ol we)
A B 6 AAH T EF Ato] o)t

o
1.
il 7

g

il

|

T

V. stitching €312|&

Dual ZE2 &F Ate]2& HAF Fo, DPTE
A3 &4 AlolZ e A Aol st} 2 Alo]lE L

==X H 45 #H SD H

(453)

A 4= 127

|

g 7. 1t 22 S 0!.:,.._ =

Fg. 7. Decomposntlon using spacing.

gl 8 Stitchingg ol&8t 22|
Fg. 8. Decomposition using stitching.
Zg & Atolo] F71AS F7HE BB AATY =
Qo) o] WhHe 1Y 7oA Hi ule} o] WA &
7 Ak a8z oy Y E2EE 23 ole AL
AM3E computation costE L3}

Double patterning +3AA FE QE"‘}

spacing®4t oyl stitchingC 2% E4 Afo|Zo
A 7Vs3te}. Stitchningo| & dhue] feature® o8] =

Zto 2 Ui, olES F WY litho-etch #HA& 530
AzsE Wielt. 18 82 17 49 #ololx AA
dAE stitchings ©]&3t 3 #ojotoltt 1

F 73 wastge W, 19 89 AFE stitchingWS
akgo] AR @d 27t A8 e & & 9

t}, 283 stitchinge Z@3te] Roolu} A7) B9
;(] OF 1=

of,
ok
lo

g o
—{N

O

L

0= Stm:hmge 33k T-9] conflict 28| = 2]
HodFErh 9 4 (b)ollH &5 AblE2 3719
D, E2 74 ¥t I3 8%} o] stitching®#
18 99} Zol Cl, C2& Y ozl o]lZH

Zo] AAEY. A C-EE 27 694 8, 6
| el & AbolE B, 62 AAEH.

ol

ifl

AR )

* O
“_Jr[r"

M ol o oX B
s "h’ d

i)
)

7



128

a8 9. Conflict J2f=0A stitching2 0l&¢tt &5 Al
of 22| MA

Fig. 9. Stitching removes odd cycles in the conflict
graph.

Min. spacing]

(a)

ZetDRC A £H
10. Correction of DRC error using stitching.

()

a2 10. StitchingE 0l
Fig.

a9 10 (a), (b), (o), (D& AT F Z 2 Alo]d
Al stitchingS A3t #Aeltk. 19 102 DPTE
o Ba® T A9 nAAgM 8FHE A AYE
Bt RAolrt o] Al ¢ Qe EFHE
= UE vkaAd sjx|Eojof gt 1F 109
o] F EIL 7|EHEY 7Hto] v | H o »,l
UE mpiAo) v SAY stitching-g 8he] oF 5._'}‘3}
3 Aoz BAlE FEE AN gFott
a9 10 (b 28 10 @9 28 993 A= &
== AND d4hE & ZFolt) o]+ stitching 99
T317] 93 seed’} ®©rh o] FE-E Design Rule
Check (DRC) dlz7l l=E A% B3AHS 33
Al A

I¥ 10 (o)« stitchingS & gYo] YHF o} H4
T (minimum width) 73S 193t ol & &-33}

L.
=

DPTE #I%t XI5 200k =c

(454)

a8 11, Stitching €7t 4%
Fig. 11. Unstitchable case.

DRC d&E AA3= FAoltd. 29 119 stitching
o] 7 Hlgoz YF gro} ofefE oz st
o} oluf A3 HEo] A ETY Hox EEH
ojA = <o "}

% 10 (d)= stitching 99S 2l
ol DRC error7t & 4-%9 Aotk 11 10 (o)l
A stitching 3t3 F& F&o| Fo43 A F4 @R
t} oFo} 19 10 (d)oll A stitching GG 33t o]
& Eﬂ%}ﬁv}

E conflicte$ stitching.2 312 7153 AL o}
L%E’r Y 118 of® dA Q] dRFo|x o] A
24 AlolF9 dREFolgA hed EHI=
stitching 3+l @vta 7Hd3kak A BE 44 7|€e=
7+e-d Z8]&9 stitching FY& 2ol FdtA EAIS}
Aot AsHA FAE FE9 IHF-L stitching HoA
ob €t a2y a9 11dME o F d9 AAL,
wpe}A stitching @ 4 itk o] Agde & &8
3} spacing 59 o2 WS AR&EoF g

o By
- T AT

o]

S
1.

VI. Al & A3t

glojole F AXEYYE Solaris 100 AAH
SUN Blade2500 HAlol A CAo2 FAEHUT. A8
GDSII #dojt} AZEY o= 479 8 FEoE
dEo} gla o] £ BEL conflict 1HE AFA7],
dual graphE o] &3t &4 AlolE &7, conflict 1
ZZ o]g3 ool £e]7], sitichings ©]-&3 &

AbelE AA 7)o H.



20084 4& MK

Okl

E 1. Stitching= o|Z¢t aojor2 2l 22t
Table 1. Results of layout decomposition using stitching.
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