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Fig.1 Layout model of patched traditional standard cells
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Fig.2 Model of optical interference between vertically patched
cells
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Fig.3 (a) Ideal model of patched standard cells; (b) Optical
proximity environment of modified standard cells
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Fig.4 (a) Model of standard cells with dummy cells; (b) Opti-
cal proximity environment of boundary cells
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R B L2 M2 0 & . RAM F1 FPGA LLAMY 7~
it P R B RO e T T 7 A ke, ek 7, 8 R T —
ol o 38 FL 149 1T B 5] FL B 45 44 (VPG AD L 32 F #it FPGA
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THEAT R H TG R BT R B O A PR B R AT R
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Table 1 Truth table of combinational logic realized by inverter
and MUX2

LR INO IN1 S F=S+INO+S . IN1
MUX2 A B S F=S:A+S-B
NAND2 1 B S F=SB
AND2 0 B S F=SB
NOR2 A 0 S F=S+A
OR2 A 1 S F=S+A
XOR2 A A S F=S+A+S-A
XNOR2 B B S F=S-B+S-B
SI L Sl L Sl J
0V 0 0
F = F
B/ 1 B— 1 1

D-Latch D-Register

Bl 5 T L B ik B i I R 2 S )
Fig. 5 Sequential logic based on MUX2
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A A3 i 22 b e i 4 F R SR, 1 i CMOS B, A%
Hi4E B (CPL) , XUA% % & %0 (DPL) , H #1 1% i 45 7Y
(LEAP) R i Wk 52 % i & 4 (SRPL) ™ . % fy 48 U iy
#% R nMOS 52 BT 1932 48 P fig . JF H. CPL Al
SRPL i 38 0] DL 22 4015 5. R i /T nMOS 7
L4617 18 i 2 BB % i DA A 2003 2o f S K
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Fig. 6 Circuit form of MUX2
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Fig. 7 Layout and optical simulation result of reduced standard
cell library used for OPC reuse
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JCEE LT (TG ¥t . X FE B4 It H & 2
A~ nMOS F1 2 4~ pMOS, [H 1 75 11 B 1+ 43 #2300 5 1 A
#E )R8 I . double_inv H.IG AJ DL S2 B S AH A1 2% vh i
(R T RE 0 SR 1 A 52 AR 8 A i A TN A L o 0 AR B S R
A LS BUUA 3K 21 BE ) 19 S AR 2 . T 22 I 32k 4 114 T A
AL EH X R A ST 4L A ok S B, H Al a2 R o A 0 5 i X
TR B BTG =2 () (1 T 3 St ST B

FATAR P SMIC 90nm () DFM & it B0, 7£ Ca-
dence (1) Virtuoso & i1 ¥ 35 b X P A~ 5 E B o 4T T

Jo 5 . FRATT ) Ao A e TR A S T
S I BT B LI AT, — J7 1 Al Ak 2> OPC
P 5 B s D3 — T A AT DAk R A S it AL A AR R
(phase-shifted mask, PSM) i it 30 AF 437 w2 (19 15 00 .
ASF T A 2z TR B BE RS DR R A ) . 55T S Y 4 kAL
WS R TEAH [ A K26 F . B 7 B3R AT RT3 19
T 7 BRI P R IE] B R TG 2 0 AR RO L 45 R (1
ZikEZMERE 1 )2 .

4 FRERTRESMERELILR

R T IR TR AT B bR o R T Y S R FRATTAR BE
SMIC 90nm () DFM & i1 #L 0], #% B Foundry % 4t b
YHE B TT 1 R B 5 R T T TR N B R A SR L FRATTE A
Hspice fj 5, # P9 Fh i 11 U B% T 48 W] 19 32 5 D) g B8 o0
AT THAMERE T, 45 R 8 T3k 2 FiEk 3 rp RS fT bR
YHE 5T R 1) B0 X A% 4 A o BT8R 1 B AT I —
1k.

Wk b, AT AT LLE B AE R T i Ry T .
NAND2Z, NOR2, AND2 #I OR2 #y 1t #r # K. 1
XOR2, XNOR2 W45 BH & iy 1 B 4. 7 2 38 AN T #€ 5
I » A NAND2 fil NOR2 {1 BE 1 4k HL#% ™ & X J2
KA A% e 25 A A S B S AR T TR AR T T B A — 5 AL 3,
M55 T 22 [ 306 56 4 10 45 H) 76 S B 3K 7 17 BR324 I5F AN
B AT A5 T A 52 I HL At 32 4 Dy i, 6 L2 [R] al i S ml R
HeT Z B IE B SS AT L

AT % B b HE B 5T FOKG 1] A5 1 B2 o0 b FH 31 3 4
ISCASS85 Ky benchmark Hi % I, 3 56 UE 7E 22 Fh b 1 5
JCREAFAERYIE DL N o A 187 A o 5 0 1 1 R0 . 5250
ZRY| TR 4.

# 2 PRUERICEH G EE TR L
Table 2 Combinational logic performance in two standard cell libraries

s 1 58 g 1 L0 G i bR fE B
BRI - - : :
TR FE R (INT) SR (IN2) ke T R FER (IND FE R (IN2) UikE
INV 1X 1X 1X 0.8333X 1X 1X
BUF 1X 1X 1X 1X 1X 1X
NAND2 1X 1X 1X 1X 2.5X 3.5997X 2.8266X 1.6384X
NOR2 1X 1X 1X 1X 2.5X 1.5031X 2.7934X 0.8801X
AND2 1X 1X 1X 1X 2.0833X 1.1540X 0.8741X 1.2268X
OR2 1X 1X 1X 1X 2.0833X 1.0718X 1.0047X 1.2480X
XOR2 1X 1X 1X 1X 0.73563X 0.9504X 0.9164X 1.0559X
XNORZ2 1X 1X 1X 1X 0.7353X 1.0011X 0.9708X 1.0172X
MUX2 1X 1X 1X 1X 0.9375X 0.9448X 0.9256X 0.9645X
3 ARAERLTTE R T B R LR
Table 3 Sequential logic performance in two standard cell libraries
15 GEAn e B T I i ) bR fE BT R
B ) fE: VA CLK-Q D-Q ) L CLK-Q )
i AR .- Bl - Iy ¥ HIEA 37 I 1] B 1l D-Q i il Iike
D-LATCH 1X 1X 1X 1X 1X 0.9375X 0.8181X 1.2652X 0.6438X 0.4615X
D-REG 1X 1X 1X 1X 0.9167X 2.0725X 0.9637X 0.0091X
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Table 4 Efficiency comparison of two standard cell libraries

1B G bt ST 4y 5 R b ol B TT 25 4
WA | LR | Zhik FEIR

i
g | T e T

s35932 | 25366 | 1X 1X 1X | 1.3152X | 1.5495X | 0.6481X

$38417 26078 | 1X 1X 1X | 0.8557X | 1.0046X | 0.8171X

s38584 | 24619 | 1X 1X 1X | 0.9090X | 1.0012X | 0.4875X

AL 7E b A 45 b v B 5 [R] B R B A7 T 19 1
R H AR B R S AE T RRRD T R A 45 O AR AR N
FEDRE DT R R T B RS X R T = A
T B PR A AR K A A, R T MUX2 /3 77
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ARV R UE T L B A5 AR B LU AL G b o BT R Y A AF
/NI 2 Rl BAE WAL SR 25 6 4 2 AN SRR R
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SR AE A T T BB - (1) — AN 408 T A s v BT Y
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OPC %5 Jme 5 22 o B 43 AN 07 B b 59K T A 1 BA T I 3%
e MRS OPC MUAS KRR A 4k 3% . & A 7] 8
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5kB, PR I i i B0 2 1) 6 75 B 29 O 66 ML, I HLaX A~ 4k
i g — EL 7= A N T BEAT AT B 3 AT ] A A7 A o BT
2 ) S 1) L S TS T DA P 5 A B T L E DA A i A K
e JE 1) 5 () 0 LAAS 25 B AR BT iR 1 ) OPC o 2 v, i 4
JSCHT I ] B 2 ) BsF ) A B OE AT B U R AT C i
HRTFEE T —A— T OPC W it 2 4 it
e — &34 Linux ¥ 4., Intel 2.4G Ab 3 4% f1
512M PN A7 1 LB [ 3B A7 BB 45 2R S 7 A i ke B 2 1
B[] 24 0. 015s . 2= A i) W G 2 B4 SC A K /N 27K B T
[ BEBRARE 1) 4250 B OPC 5 28 8 20000s [ B[] . i 7=
A= ) GDSIT SC{#E i 20MM . ] B, 77 A= ik Bk 28 A s (1)
K /N 2 B 7 L S5 R %) 398 o iy 4 2 444 4 1) . T AL 3

WTIELE GDST Sei:

OPC-Ready (ki

REei e OPC &5t

«—

FrifEst OPC-Ready
it i GDSTT seF
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Fig. 8 Block diagram of OPC reuse process
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OPC Reuse Based on a Reduced Standard Cell Library

Jiao Hailong, Chen Lan', Li Zhigang, Yang Qinghua, and Ye Tianchun

(Department of Common Technology , Institute of Microelectronics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: This paper presents a method for reusing the results of standard-cell-based OPCs. For this purpose,a reduced standard cell
library composed of an inverter and MUXZ is constructed to realize the core logic of a traditional standard cell library. This library is
manufacturing-friendly,and the reuse of its OPC results can improve the efficiency of chip manufacturing greatly and highly reduce
the need for large storage. The electrical simulation results of the library also show that its increase in area,delay,and power is minor

compared with traditional standard cell libraries.
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