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Abstract; With the rapid development of integrated circuit technology ,the complexity of circuit design has been increasing, and tran-
sistor-level timing optimization has become an important means to improve circuit performance. To address the issue of excessive delay
on critical paths in complex circuits composed of standard cells,a transistor-level timing optimization algorithm based on circuit topol-
ogy has been proposed. This algorithm analyzes the topological characteristics of the circuit, accurately identifies the pull-up or pull-
down paths through which current flows,and combines various optimization strategies to finely adjust the transistor sizes, thereby ef-
fectively reducing the delay of critical paths. Experiments have demonstrated the remarkable timing optimization effectiveness of this
algorithm across various circuit scenarios. Specifically ,under a comprehensive optimization strategy targeting all cells on the path, the
pre-simulation test results of 200 test paths showed an average delay reduction of 20. 7% ; when the optimization focus was concentrat-
ed on delay-sensitive cells, these 200 paths still achieved an average delay reduction of 8. 1% in pre-simulation tests. Furthermore,,on a
selected 10 paths,by optimizing only the delay-sensitive cells and completing layout drawing ,post-simulation test results indicated an
average delay reduction of 6. 8% for these paths. These significant optimization achievements not only fully prove the effectiveness
and practicality of the algorithm but also provide new insights for future locally fully-customized circuit design targeting delay-sensitive
cells.
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BREUPR Y BTG RAAE RT SR I F
8k L R T S R R TR
BN IR source M} gate Tz drain, SR B2 mos_type
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1. while ( loop ! =0 ) |
2. cell_line = BALMENES cell_line_num 17;

3. cell_line AR wordl ,word2 ,word3 ,word4 ;

4, if (wordl == mos_type &kword2 == source && word3 == gate
&k wordd = drain ) |

5 nfin = cell_line TE i fin YRR ;gate_num + + ;|

6. else cell_line_num = cell_line_num +1;

7 if (cell_line == . ENDS) |{

8 loop = O;all_fin_num = gate_num * nfin;} |

ARG BTEAL B BT AR HE BT N R G , LA AT 1Y B8
TS MR E R X RS R AR R RARE MK
(source) M gate) I (drain) UL X k8287 (mos_type, B
N ZIER P &), SR o 4 R A R A f R IR R B
Bt gate_num FRARMR b5 W A BCE nfin, DL R EASTE
BRI BB all_fin_num. JAN LGN T — MR R cell_
line_num , FiF 18 B HERBUATT MR P 4TS, AR EB0R
REH 2. FH—7g it loop FERAGER R EE A%, 2 loop (H R 1 HY,
TR ARLEINAT ; 24 loop 164 O I, JEFRLA (.

e BRI A R TTI PR SR TT 2R A Hie
15 cell_line_num B —iZBAT NG cell _line. %A ZBUAAT
W cell _line J2:75 R0 & Y8 M IR LA B i AR 28 B3 4 A~
RHER JFH 5 IEEA R R ARG R BIH UT L. 27 550
B, 35— 20 AT P SR IR A AR AR I 5 4 R OB nfin,
HARELRI T — AT A, D30 R LR KM T 8E R
FBIC A AR S AR R gate_num. AR5 HR IR 5 AR A
TR & 88 1 BBt nfin, UL KT BB B Y R RS BT & AR 19
i gate_num , —FAHFRBIT] 15 ) A b G o i B R
all_fin_num.

2.5 BT R 5 E

Al A I T B B
BE 2. W s A
BN NS judge , N B8 FIMEL gate_change , M} &7 fin
FIECE nfin, K BB gate_num 5 source ,§} gate , I drain,
IR ST mos_type
Bt - S AE IS BT R R S
1. if (judge == 1) |
2. need_add_num = gate_change * nfin yadd_fin = need_add_num + nfin;
3.  while ( need_add_num ! == 0) |
4. cell_line = AL FEEE cell_line_num 175
5. cell_line MR wordl ,word2 ,word3 ,word4 ;

6. if ( wordl = mos_type && word2 == source &% word3 == gate &&
word4 == drain) |

7. if ( add_fin < = max_fin_num) |

8. cell_line ¥ F fin {4k = add_fin;need_add_num =0}

9. else | cell_line 11#E S fin JEER = max_fin_num;

10. need_add_num = ( need_add_num - max_fin_num) + nfin;

11. add_fin = need_add _num + nfin; cell_line_num = cell _line _num +
L} i
12. else cell_line_num = cell_line_num +1;
13.if ( cell_line ==. ENDS ) {printf (" no place to add gate!");
break; | | |
14. if ( judge == 0 ) |
15. if ( gate_change > = gate_num ) | printf (" no place to minus
gate!" ) ;break; |
16. else |
17. while ( gate_change ! = 0) |
18. cell_line = L TR NS cell_line_num f7;
19. cell_line I wordl ,word2 ,word3 ,word4 ;
20. if (wordl == mos_type && word2 == source && word3 == gate &k
word4 == drain) |
21 BRI —T7;
22. gate_change = gate_change — 1}
23. else cell_line_num = cell_line_num + 1 ;
24 if ( cell_line == . ENDS ) {printf (" no place to minus gate!" ) ;
break;} |} |
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SPESINEEE Fr BEK T add_fin W) T YRR AR AR B 88
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I U] 2 78 7% ZE R A0 WA 9 B B oK SR B b f 9 gate
change (B89 AR BORE) | nfin (45 AR MR BT 35 89 88 1 %K
) \gate_num (G185 WM S0 | source (PR ) | gate
(WA ) \drain( it ) smos_type (R ZEAL, B N ik P A).
SR IR R AR R )5 ) AR BT R 2R S

X ANAERAE , s ST E M RTSATT T TE R R b
BT RLBEAR B, 4% B R T 1 0 B AR B it gate_change.
BT , iR45 gate_change FNEIRAAR T A K EE R B nfin, it
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Table 2 Delay of transistors on critical paths with
different number of gates added(ps)

BAcAR BB 2 I3 m4 s

Pathl 150.5 136.3 128.7 119.4 114.2 110.0
Path? 157.9 144.2 135.6 127.6 122.5 118.6
Path3 151.4  137.6 130.1 121.2 116.3 112.2
Path4 153.5 140.0 131.9 123.8 118.7 114.7
Paths 153.8  139.7 131.2 122.9 117.6 113.5
Path6 153.0 139.5 131.4 123.3 118.1 113.3
Path7 153.6  139.5 130.9 122.7 117.4 113.2
Path8 151.8 139.7 128.8 122.9 115.1 110.8
Path9 151.8 137.5 129.1 120.8 115.6 111.5
Path10 153.5 139.9 131.9 123.8 118.7 114.7
fifb E 41k 8.9% 14.4% 19.7% 23.3% 26.0%
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Fig.4 Histogram of delay results of a

path optimized in different ways
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Table 3 Results of pre-simulation and post-simulation experiments for 10 paths

e B IS SRR LAR AL SEMHEURHLCIRAL (S )

FRR BR RIOEER (ps) JRUTEERS (ps)  ROUNEERL (ps) REDSHRALE 40 He RUDHERS (ps) RUDUPRALT 52 HE JSORER (ps) JEDStRALTE 431
1 35 155.7 393.6 119.3 23.3% 140.0 10.0% 372.0 5.4%
2 35 153.5 392.5 117.2 23.6% 140.3 8.5% 374.4 4.6%
3 35 155.8 391.1 120.9 22.4% 142.1 8.7% 373.0 4.6%
4 3 157.4 397.1 119.3 24.2% 144.2 8.3% 375.0 5.5%
5 35 151.8 394.1 116.1 23.5% 139.2 8.3% 372.0 5.6%
6 18 134.7 270.1 105.1 21.9% 115.3 14.4% 251.7 6.8%
7 21 86.5 231.2 60.4 30.0% 74.6 13.6% 213.9 7.4%
8 17 134.2 262.2 105.9 21.0% 115.1 14.2% 234.6 10.5%
9 20 111.6 237.3 87.2 21.8% 96.3 13.7% 215.4 9.2%
10 24 117.5 284. 1 84.9 27.6% 101.0 14.0% 259.2 8.7%
¥ 27 23.9% 11.3% 6.8%
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Fig.6 Cell stacked histogram of all delay sensitive cells
and the usage frequency in the second path
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