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Modern IC designs are exposed to a wide range of dynamic variations. Traditionally, a conservative
timing guardband is required to guarantee correct operations under the worst-case variation, thus leading to
performance degradation. To remove the guardband, resilient circuits are proposed. However, the short path
padding problem in resilient circuits is severer than conventional integrated circuit design. Therefore, the
invention provides an engineering change order (ECO) hold time fixing method for the short path padding
problem to enable the timing error detection and correction mechanism of resilient circuits. Unlike prior art,
the invention determines the padding values and locations with a global view. Moreover, the invention
proposes coarse-grained and fine-grained padding allocation methods to further achieve the derived padding
values at physical implementation. Experimental results show that method of the invention is promising to

validate timing error resilient circuits.



1493370

TW 1493370 B

HARRER HaH

B 44 g
%
[
netlist, DEF/SPEF fie, J_I
cell library, timirlg/cﬁ@in_ts_

34 $¢18 tk £ 4 Bi(Padding Value Determination) ___t

| JH F Bl £ % B (padding resource collection) | & /% frdc B & #(load/
+ buffer allocation)
B ot BB S Mk £ 4 2 (fanout # 1 74+ 1% R (spare cel
padding flexibility calculation/flexibility checking) selection) 4 B%
Y
#eBmgd
| 7% 8 3% T % B(padding value decision) I L?netal allﬁy " atfh() ;’gy
¥
8% F- 4 ¥ (timing analysis)

| 354 4.8 40 5 #5(pacdding value refnemen) |

. @
B 4




1493370

g nEA

K EREEERI 102107593

X S : HIPC S
102. 3.0 5 Geokf (Dpo (200601
(( (2006.01)
(LM () Yoy :
IREEZREFMEENA

ECO hold time fixing method

[Px]
RREERSD  FAEREZRTAREINEHEE
@ = Hit BEERHCEZESHAEN LEBFYNE
FRESKERERENTRNERE  BtHLELBENS
BEOIBE - AT HREFREYS  UAEGEATEER
Bl - Al TEEAER S OEEINEBBONERERN
B ASHATHATEREAERNERENEEELEY
BEFEA ARBESf - TIBEE>REBRBENE M
BAGKRREBHE ERTAETNRASHER 2
BEEATHBMERMCE - > ASHE—SEHE
EEEEMEANETEHB L BB AN EHBHA
A0 LB



1493370

€39

Modem IC designs are exposed to a wide range of dynamic variations.
Traditionally, a conservative timing guardband is required to guarantee correct
operations under the worst-case variation, thus leading to performance
degradation. To remove the guardband, resilient circuits are proposed.
However, the short path padding problem in resilient circuits is severer than
conventional integrated circuit design. Therefore, the invention provides an
engineering change order (ECO) hold time fixing method for the short path
padding problem to enable the timing error detection and correction
mechanism of resilient circuits. Unlike prior art, the invention determines the
padding values and locations with a global view. Moreover, the invention
proposes coarse-grained and fine-grained padding allocation methods to
further achieve the derived padding values at physical implementation.
Experimental results show that method of the invention is promising to

validate timing error resilient circuits.
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ECO hold time fixing method

[ BT HER ]
[0001] AEFEHAAGAHNBEBEBAKMEAE > LHE—&

IREFZRFEREBERZX -

[ 4% 31 £ 5 ]
(0002 B 35 fi 8 6 B 84 2 4% 5 0K W0 i » DUEE B B
BYEBTANNE N5 EEENENRHBERBLAS
MUER A EREREROTESEF - AOEERADE
BEMEROYE GRTIFEEONS(L NENSR -
BEREE c SR (softerror) AR EBERBHIRIL » T EBK
B FF b (0 % 3% (timing error) - EMGM BB RIS 2H @
&5 P B 315 0 55 5F (worst-case design) » BT EGHERF
{5 6 7% (timing guardband) » 3 {5 38 ] (£ 8 B B H &2 69 % £
T EBRSEEFENEEANSREE - A7 > BREAZ
B B {56 %5 (timing guardband)Y B 5 1 90 B E T E B
5 K -
[0003] 7 T 348405 /5 £% 3 7% (timing guardband)¥
BBENEE  HESREERENAEENTERA S
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(resilient circuits)# 2 7 4 % - #1 40 D. Ernst et al.Z£ MICRO,
pp. 7-18, 2003 Ff & % #I % 3¢ " Razor: a low-power pipeline
based on circuit-level timing speculation ; & » 2 f{ Razor
IE K2 %8 (Razor flip-flop) R AL E A SE ROV E R - 1 %3
M Razor ERBZEARBEE HEHEIINREETHER
2 $4 2% (shadow latch)110 RV AE S E S 120 Y& & - I &
X 10K AEBARAR clk_dly FriZEfH B EER
25 130 B2 f& & 2 #H 8 (shadow latch) IO MG H & A — H J7
KB (XNOR)140 fif b - WRIEHERSHFHER - &
ERHENIERNAR  CEERERERENESER
SFERMERELE -

[0004] 287 & o7 18 J& X & B (resilient circuits) i & °
FFEM(holdtime)REIFEEERE - FIWLE 1 (VTR
BT 0 R T E B S 5 5 B8 & (short path)ifl # 2
BHRRKFAERNZIING  FEREBEIRNAR  RTEER
SERHAEANE L AR (shortpath) VEEE /D EEBIEER
{& 301 %5 #& (error detection window)w » i 21 — A& B Bk clk F1 %
B clk_dly WL Z- —$$RENEEVvEHEAFRER
¥ B (hold time margin) E£ BN EX EEBELEFER
HE AR E A6 o) & ] X E B (resilient circuits)§ - [
B B {R FE 05 R #8 1 (hold time margin) BV ERSN B K i A &
B X B B (resilient circuits)Fr i & 89 5 ¥ R IH # (short path
padding)Fi A FE IO AV & -

[0005] % 1A JiE ¥ 3E % (delay padding)fJ R & - B R &K



1493370

flof2 B T ¥ 59 B8 & (short path)ZE A 4 & 83 (buffer) 3K 58 0 K
EBH A -

[0006] T ff - HEE HH #H (delay padding) & Bl i
A& 4= ¥ HE 12 (clock skew scheduling)y T A —EEEBH S
X (logic resynthesis) BB AR ERBARAH HEEEZ R
SE 5 % B% 1% (path) &Y i 78 & & (padding delay)ifn IF & 7 W fi
B 8 A & & (insert delay) °

[0007] MH&EZX T BS—EEFRNEME R E & EREA
# #5 A JE i (insert delay)s N. V. Shenoy et al.f£ ICCAD, pp. @
156-161, 1993 F7 & F M3 3 " Minimum padding to satisfy
short path constraints , 2t THBHBRUER BB AFTE -
HRGUEESNTERELEER INABEBSHAN AR
o HHRUBRBFETFBERANR KBRS > —BARIK
MRETEZHRSEAEFEEZ HP—EBE8Z2NHAERHY
RARKBIL B (setup slack)y W BB RMIEMSE BHIEZERT
X EH EE & R K EE(longest path delay) - 5 —E&EH
77 2% B 3 8 B % R 5 2 #2885 (hold violating paths)&% i
MEEBRKMERN > BV AT B/ % Hf & & (total
padding delay)

[0008] E 2% —BHNRKEFERTERAER
(timing error resilient circuits)® & E — Bt~ Ki2ME - &
N % B FIR#E T (timing guardband) - ERRFHFH
# (conservative clock period)fJ BB AR N FE S 1% » H
fE 0 7 #8 A (target clock period)fIFFii SR B A& E w Al
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GHESE - Su R HaRBREEBFEANNETEF ARG
e R ERCTESBEES B AN Y HFIRNE
K % (flip-flop) & # 51 8 B X & B F LA - IE K & (flip-flop)
BT ERREEMAN  RHCRFAR > L - BFD
5% ) TE [ 58 (flip-flop) & i 43 2 A — B 48 41 40 (7 15 65 R 36 f
(hold time margin)ll 7 & % 3% 5% & 31 25 IE (error detection
window)w « £ IE 7 28 (flip-flop) o R X BB AL 1% - %4
7 5 /5 B2 48 4 (placement & routing) » B 1 B 5 49 % 1 5 1
¥ FE (hold time margin) % {3 5% 3 33 (hold violations) & £E {5 R %
ER—EHERESENRHT Bt BARTEARR
A -

[0009) MRBAEMBEHARENBSR I % RAZS
{7 40 ¥ FF 7 %8 B % (short path) « [ 3A E [ 3D (%8 X &
HRAME Y REE - BIABKRZBEM g v g 0 B4
{7 # 12 # (hold violations) - MER B BB AR T B
(setup slack)¥ BEMA M HBREH HBE S REENEE
(hold violating paths)4E i & ¥ #8 [ % i S8 - @ 8 51 3B
M 3C AR - (11E 3B RE 3C TS EEEM g, 05
£ 38 38 (hold violations)J i R 3 - {8 £ 40 5 LU [ 3D #9 L #
72+ 25 LU A BT A #9 £ 15 3 48 (hold violations) « [ i
T LLEE T - 40 AE W A9 05 (R R A 5% LE 018 & (local
view) TG ERAEBNEE - Af > DERAT —@
K $ ) 4 # 77 % (padding solution) » B3 % % 8 S8 A5 1R (1 00 IE
R A 052 T AE @ 7F B A8 & B (physical
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implementation)Bf K By - B4 - HEHE B g 0 0.2
BUNEE WEREBDRAERME 0IS BUNEERMN 0.25 8
IR > MAGEBERAK BAUHEEANZAFREE
BZHWENDAEXENER -

CLIL D
[0010) ASHZEMNIBHEREE—TESE
RESEEESE UL REERHERSE  SEHEE

¥E 1 # (coarse-grained delay padding)®d {5 A #§ B JT {4 (spare

cell) fij 4 ‘& %E ¥ 1 %8 (fine-grained delay padding)® {f f IB
# & B (dummy metal)» WA R EE—CHERBHR
S b9 R RS I -

[0011] mEAMRZEWN ARHERL - BIEEFT
REREEENE RGN -CHREREQBHBEHEA
/D E 5 (capacitance) RIE B R ZEMB R ERHHDO
4 B % (short path) » %7k B & — B E R 25 B
(Padding Value Determination)t —E & /B EHEC B 2 B
(load/buffer allocation)- ZIEFBHELAESL BHFEWZEHS
RG @A o kI — 7T B (cell library) ~ — B R &1
(timing constraints)} — B% f¥ 43 #7 3§ & (timing analysis
report): A E LM HZEHBRBERT 25— EMHFE
L (padding) W BB E - RAR/EHEES BKE —
# FAl 5T 1 (spare cells)& 3 » — M B /6 % 3 (dummy metal
information) - RECHERBEBRH S —EHFARIED
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(padding) VR EBMN B » UIEHHEZTZECHERERFKTH
%0 #& X (short path)

(B =X i e ]

[0012])

B | %4 BH Razor ER B EHTEHE -

B2t —HAREFSERTERERESE Rt
REH -

B SAZE DG EAEMEMEBRIREH -
B4t AR —BIEEERESMEE T ANRE
B SA R (8 SB 4 7 5% 59 5 /i1 4 B £% (short path)#y IE ¥
REBE -

B 6ARE 6B JHHE —CHERESRTATHER
BEZTEH -

B 7 %A %% —H R & T (bounding box)F K ¥ FE & F
THEZREHE - -

B 8 A HHUBEHMERESMEBIENRB TR
EHE -

B O GASHBEFHANGERATHEZRER -

B 10 hASHEARH/ESEERENRESMER Y
REBE -

B 1 G ASHEXEBR/ESIEHSBOTER -
B 12 A% BARERGRARBEE T E2 ~EH -

5]
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B 13 hASBEEEGHNERZAEH -
B 14ARE 4BAABHN F 2R T AR MO EBEE
LEgZREE -

B 15 A SHN AR TARMNANBETIRER S
# f& Ff B 5t (negative setup slack/negative hold slack)ttb
B TREHE -

[EHHR]

[0013] B4 4A S - BEIRET X EEBKEERS
EOREE R IREECRESHBEENEAGE —Bf
FRERBHFEHEAR DN E S (capacitance) K H i 52
% © 4 5 B 4 48 3% 51 96 B8 & (short path) o

[0014] 7 & BA A7 5 A &9 7T 4 0% F¥ B &Y (cell timing
model)& ff # Synopsys /A T] #J liberty library - ff ZE ¥E (gate
delay) A & 3= (lookup table)#Y 5 R 5 F » DL A i & (input
slew) 1 8 i} & % (output capacitance) B & 5| % & R B 7 &
%l [ iE 38 (gate delay) ° 45 ik $8 45 (net)HY 7 4 1L 38 (wire delay)
& fn7E  FE & 58 B B (driving gate) b - B &9 & 11 & %5 (output
capacitance)fl & & 4 & & (wire loading) * & & B (fanout
gate)#J & A B 2 (input capacitance)fl & i # M | & (output
pin capacitance) - G. D. Hachtel and F. Somenzi 7 & 2006

H hR 89 " Logic Synthesis and Verification Algorithms ;| — &

- R B E A E W £ (loading dominance phenomenon) >
JREN » & & & (output loading) ¥ & ZE 3 (gate delay)

7



1493370

NEEBEBANNRNEH ALE(inputslew) - HIt - KFEHFHE
FH 4% fi0 A B9 &5 1 & & (output capacitance)ZK 3§ O JE & - 7R E]
EXRFHG - By H0HY E B % 88 R TS (capacitance) °
et - R A9 & 8 & (output capacitance)f fE KX JT 4 E
(cell library)d fT € E#Y i K & # & & (maximum load
capacitance)

[0015] %G B% fX4H %3 (short path padding) ¥ H 4 &9 B %
T RMBEER - I B 9] 1E R =\ E B (resilient circuits)
NEEETERAEHREYE - BT €7 & Kz E K (resilient
circuits) WS REHANME EREBARENF  FEHRITNE
# 58 B% £ K i (short path padding )Ry 5 & - 4 B £ 3K 4 (short
path padding) W BETEH R ' G E —EBECHBH RERR:T
(placed and routed design) ~ 7 {4 & (cell library) « # FH T &
(spare cells)& G - [ #f & B & A (dummy metal
information) » B /7[R & (timing constraints) - K B FF 9 1 3t
% (timing analysis report)f® * A ZHFEHEARIPNES
(capacitance) - ZiH #§ 52 7 A #Y & 8% ¥ (short path)if H % &
¥ 7 R &l (timing constraints) e

[0016] HMERFTRENFEHREE » B F (timing) &
H %2 & R (physical information){3 F $9BH T - NI A FHE
1 ffi 5 B % (post-layout stage)¥ 1T 5 & € I #H (short path
padding) - B 5A K@ 5B {% 7 £ 89 ¥ /0 5 B8 ¥ (short path)
NEBZAEEH - OB SAFTR > AXBEHEHBBAEHS
2K 1% f0 59 B% 1€ (short path)WYFEE - MW SB Fin » A FEHFE
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E 0 $ %8 P 89 & 8% & 5 (load capacitance) » K3 f1 5 BE &
(short path)fJJEME - HIt - T (cel)REBERE HE A
A% h 4G B8 B (shortpath) WHEE - BX BERRXAGERE
(placement)P& E% 78 % 75 B 4 F 7t {4 (spare cell, redundant
cell) - [ # € /& (dummy metal)JR ] 8 O E B - R HE A $
B cf - [ # & B (dummy metal) ] L 1% % & & (capacitance)
MEENRBELERNTUHEHAE - Al > ERHEFER
(post-layout stage) ™ DL 3% £ %} % F 7T 4 (spare cell) 82 & #¥
& B (dummy meta )P EFE R R TRCE A - R Synopsys
/A E]#J Liberty library # & - #1558 £ (short path)F7 1% f &Y
I BT i R 1Y DAY & 8K &8 % (load capacitance)s @ B &
{8 28 (inset buffer) i E > AT UNEKHERMAFBE -

[0017) WE 4Fin AZH—BEIBBEZRFRE
EE A LA S —EHFHBERED R (Padding Value
Determination)}r — & & /42 & iC B & B2 (load/buffer
allocation) e

[0018) % iE # B( {1 E & B2 (Padding Value
Determination) B Z EMH /5 R B KR - kB—THE
(cell library) ~ B % PR &l (timing constraints) & — B F 43 #7 &
£ (timing analysis report) MR B WMH X EMBE K FE R
e E—EMAEEM(padding) N EUMTE - ZEHME
{& 32 & % BB (Padding Value Determination){% b\ 2 15 & 2%
(global view) K & 4 F7 B % (padding) W BEHM E -

[0019) ZEH/EGEEE N BKE —#H H T (spare
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cells)Z R » —E &5 € B & A (dummy metal information) ~ &
SO R RE GRS — (8RB (padding) 1V K
BESEAE D% DR S5 R5 09 5 B & (short
path) - 3% £ /48 [ ic B 5 5% 75 b 14 0 %8 51 9 & 9% B %5 (load
capacitance) B F B & F 25 (inset buffer)2 R EH - B 7 ZE K %
9 8% B E 4 BB B B 4E 69 209 B {8 (padding value) » % A&
/48 6 B B 4 BB 4 B M IE 3B M ¥ (coarse-grained delay
padding)&d 41 & i i HL ¥ (fine-grained delay padding)f &
B2 PR - 7540 H XE ¥ M % (coarse-grained delay padding)
o {55 B 5 P 7T # (spare cell) i 4 & JE 38 2 #8 (fine-grained
delay padding)ff F & #¥ © J& (dummy metal) o

[0020] —f% 53R » %5 &9 B %8 JE 3B (padding delay)ft
ZERTESNARANEBE - it > B HE LB
BT 75 #9 5 4 IE ¥ (padding delay) - A% S S EM/E &
(gate/wire)f £ ¥ iE ¥ (padding delay)il i iR & % /48 & 55
(load/buffers) - AT » It & EEEF AMEME > £ —EHEL
% 3% 42 UFF () 4 48 140 2K 4 ¥ XE 8 (padding delay) » %5 = (B P&
RREBEHZRC S RE QR P R 2 B I es R
(setup time) °

(0021) B EAEGNEBEER ORNSETEEHA
(primary inpu) @I BRI R WU W 0935 TUREHNRT S
F¥ R %1 (timing constraints) » {8 % ¥ #J £ #5 % {& (padding
value) 8l & Hf0 - 40 5 ¥ 8 % 4 B % (short paths)ff &8 B #)
gate IR UMM SE » TTDUMR & 2 30 A (6 FI WO M W8 (B
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(padding value) » {B 2 & 7] A& 32 KK B ¥ IR %l (timing
constraints) - ZEE 2A ¢ - WR KK 2. R g; 2KE K 0.3
BEUNEZEE S8 —XEAGEZRHFREH (timing
constraints) » {H#E £ B HE 0.6 (Y 14 % B {4 (padding value) -
MR e RKEMOSHEUNEE FSHELHM 2.8 o 9
ERAEBE(short path) WM - At AhTEEHIESEM
& R EH B E (padding value) BT BN FEIR LN AEHF £
1, 8 B (global view) o

[0022) % iE ¥ 8 & & £ & B2 (Padding Value
Determination)td & — H #§ & JR Ut 8 % B¥ (Padding resource
collection) —FHIEMEEUHB/EEFH R E S B (fanout
padding flexibility calculation/flexibility checking) - — 3 #§
H# & & B (padding value decision) - — ¥ B $ B - & —1iH
#8 {E B 4% % & B¥ (padding value refinement) o

[0023] HRABVENIEEBEZRFHEHEE T E
# H I 1E & i /5 BE Bt (post-layout stage) & & 5t 58 % o] L
ERETHEHE THRHYSHEMETHEHFENEREEZE
fiEkERRFZ—ERHBE L M4 (fanout net) I —F F
2 F (bounding box) K ¥ FE & I JT {4 (spare cells) & i & ¥
J@ﬁﬁiﬁ%ﬁéﬂ(dumm.\/ metal information) » M E X HMHE
JE U £ 45 B® (padding resource collection)™® - X2 &% # F 7T
F (spare cells)& 3R & &% & # € & & sl (dummy metal
information) MW EZEMBRERFAZ—HEHEHEB Y
48 %% (fanout net)#J — 7 5L & F (bounding box)d f ¥ FE & A

11
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JC {F (spare cells)& A K Y FE [E # & B & s (dummy metal
information)

[0024] EHEM g MWBEAEBES Coux(DVBBTHE
(cell library)PFrEBE R AWMU EFNE/NERKETHAZ
HMBER A ERBLZBAN—ETEZEHHAIZ KIEF
BAE Coax(DR 0 —BAINEEBR ¢ BEERN g 2B E
MIEREBES Cou(LDNATAIHNE KIEFBES Cna()E
B ATEHMR FRKEMBETST Cnax(i) K Crux(i,j) T LR -
B0 fr 8 875 4 (flexibilities) KEx EH BB EH -

[0025)] ZBRUEHEBEIUHTE/BEIERES R
(fanout padding flexibility calculation/flexibility checking)
STEZRECHB RGNtz — BB HIEMEES
(fanout padding flexibility)Pg(i) » B T 3 Ll £ 5 # B (global
viewW)RAZH@EREHENVE X HMEREESAEBN

| (hold violating gate)lJ & & $f (fanout cone)it EF HIEFH =

& ¥ (fanout padding flexibility)Pg(i)

[0026] ZFEHRRXANBEED BEEXRIIKEOHE
(directed graph)K = (GE) - ZBFEHE K = (GE)YARTHAH
KHHE GCRBEMER ZFEDE KNTHEEGE g e
CGRI—EEBME - WEHEL DR FE L E (gate
delay) e E—K B e(i,j)) e ERTHEZRWER - 1% g &9
i th U Z 32 1L B 2 B [ (setup arrival time) AR LT 52
R

12
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A(2) = max;{A(j)le(j,%) € E} + D(7),

BB g 9 8 H 0 2 38 37 % % 6% i (setup required time)R(i)
LT ¥4 KRR
R(i) = ming{R(%, k) |R(i, k) = R(k) — D(k),e(i, k) € E} .

B B g B9 8 L 05 B9 4R 5 0 32 6% 7 (hold arrival time)a(i)f% L
FHARRR :
a(i) = min;{a(j)le(s,?) € E} + D(7),

EiRh g V& i < (R B Z I [H (hold required time)r(i)fk P
BT 5 A KRR - ~
r(i) = maxg{r(i, k)|r(i, k) = r(k) — D(k),e(i,k) € E},
[0027] & e(i,j) e EHEIE 5B g ° LXK

B e(i,j)HVE 1L 8 & % 7 (setup edge slack)S(i,j) & U T F A
A RMA

5(4,5) = R(i,5) — A(7).
BiB: gi € G FraC %% 89 3 1L &1 & F2 5t (setup node slack)S(i)fk
LTI AKTR -

S(i) = min; {S(%, j)|e(z, j) € E} = R(2) — A(7).

Be(i,j) c ECHEIEE o fE 68 g 0 R 158 %3t (hold
edge slack)H(i,)) & L F7I A R &R

H(i,j) = a(2) = r(4,7).
B8 g e G AT 5T 8 19 7 1 8 B %8 3t (hold node slack)H(i) %
BUF 512 R &R
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H(i) = min;{H(2, j)le(z,7) € E} = a(1) —7(1),

DAE 3A BB F 55t B H(2,1)=0.1-0.4=-0.3-H(2,0)
=0.1-0.3=-0.2" H(2)=-0.3-
[0028) 45 {H i B g 49 % £ A #8 B {H (safe padding
value)P ()T A T I A X KT ¢
Pyas(i) = min{S(). | min{0, H (i)}, Pmax(%)] ,

Ho » Poax(I) R ET RIS E 8 F g 8V 5 KIE f £ E (maximum
padding delay) - % &% K1H #§ Z£ & (maximum padding delay)
Pmax(l){%mﬁkiﬁﬁg?g Cmax(l)%@fﬁjﬂé’lﬂ;—ﬁﬁ%ﬁz
g A B — F E & Y i KE # X 2 (maximum padding delay)
Pmax(i)k 0-

[0029] REBLU EHEE > B &K E(short path)FT B
FIETEE gl ¢t EB H t<SP, () MEBHERHEFNERLT
A& KEFRE (timing constraints) °

[0030] &% giec G AT &R HIEFE /S 4 (fanout
padding flexibility)Pr(i){R L THI AR

~_ | O, gi € PO or H(z) > 0;
Pr (’)‘{ min{0, ming; j)ee{H'(,j)}} — H(i), otherwise.
'zé? E[:! ) H,(Z7.7) = H(Z,j) -+ PF(]) + Psaf(j) °
S'(4) = min;{S(3,5) — (S'(3) — S(4)) — Psas(d)le(s, j) € E},
HOM SORTAERBEFHEMERATALTNEFEATHE
FrZz2EiMt P,V EBEEZFHEMMEN -
[0031] A ZAHNE - EHH s EEZRHEFETH

14
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(fanout padding flexibility)Pr(i) * R FR 1 H gi I E L 88
(fanout cone) Z P FIAF M HZ A EHEE - HRHRFEEW
] (hold satisfying gate)Z( & F FH & ! (primary output) HF
HEHEBEEE PF(O)NEGR - EREMEFEKRT 0
MEBEBRT @ HRERERESRM (hold violating
gate)g;* HEHEMBEE PF(VNEEEMN ¢ BRI RE
&1 B5 $2 3 (hold node slack)H(i)f1 & 4 & % (fanout edge) & /)
) B 1% 60 R 55 88 45 B 3t (hold edge slack)Z 2 & -

[0032] MBLABEBAX  BHEBES K PF()E
% ¥ ZE & & (primary output)8i EF ¥ E & A (primary input_zt
HEZE - -plablE AN 7 MBEREBAXTUFHELUT
B1HE -
Pr(ol) = 0.0, PF(FF2) = 0.0 ;
P¢(1) = min{0, (-0.3+0.0+0.0)}-(-0.3) = 0.0 ;
H'(1) = -0.3, S'(1) = 0.4 ;
Pr(2) = min{0, (-0.2+0.0+0.0), (-0.3+0.0+0.3)}-(-0.3) = 0.1 ;
H'(2) = min{(-0.3+0.0+0.3), (-0.2+0.0+0.0)} = -0.2 ;
S$'(2) = min{(0.4-0.0-0.3), (0.3-0.0-0.0)} =0.1 :
Pr(3) = min{(-0.3+0.0+0.3), 0.0}-(-0.3) = 0.3 ;
H'(3) = min{(-0.3+0.0+0.3)} = 0.0 ;
S'(3) = min{(1.0-0.0-0.3)} = 0.7 -

(0033 MBULNHBAX AFHITHUTHRXF
% # & f5 & E %8 B 55 M (fanout padding flexibility)Pp(i) » 400
8 | min{0, H(¢)}| > Pr(i),9: € PI,P1 /% ¥ E & A (primary

15
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input) » % 7% 7 5 18 81 (hold violations)# i% i1 Bf i #8 R i 41
wxRmE - w2 S0 J) <|min{0, H(Z, j)},e(s,j) € E%
7R 5 18 4 (hold violations)# 5 i B 7 62 ¥ S A2 34 -
[0034] %4 45 {8 & & % B (padding value decision) & f% i
2 — {H [ 69 & 4 5 % B S 14 (fanout padding flexibility)Ps(i)
BB 2% — B W By — HURR L P(i)o £ 1 4L %5 7 4 990 1 B 0 4
% F B 3t 578 E1 5 t: 0 % B 35 #£ (fanout padding
flexibility)Pe(i) - 8 TR B 7T flt KA T H B BME - $ &5
18 7 % i 70 % 88 4 (hold violating gate)g; b6 B K /¥
(topological order)s 3t Bl th 5 4 ¥ B (6 - & 1 U6 8 % 14
(fanout padding flexibility)Pr(i)ERIBEHERE ¢ S L 28
(fanout cone) o Ff fu 3F 49 B A LM ML 6 - B it » MR 2
3548 18 ] (hold violating gate)g: F7 i #) 4 ¥ I} 58 B % [ 40 4
5 L 8 (fanout cone)fy I 28 2 % Fi I T R 15 5% 19 & 0 R 55
% 3 (negative hold slack)~ i 40 » %2 & 5 %% 8 {4 (safe padding
value)®l 55 i # %8 8 ;% 1 (fanout padding flexibility)Pg(i)Hy
ER RN HARHEBAREAE  %— @M g 0%
BB E G T AR ET

P(3) = max{Pyas (i) — Pr(i),0}.

[0035] P (i) RREZER g #9% AR (fanin gates)
KR Z R Y%L £ H ¥ B {E (safe padding value) - ERE
TEEESH aNEGBREZR  HINZEEGSHHEB W
[ (fanout gate)#y B & B & (arrival time) EREE - HIL -
FHEHAENEERF g VE HBS& Bt (fanout edge slack)F

16
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o BHE&FE M (fanout edge slack)EFH af LA T FI A K
R

S@i,7) = R(3,5) — A(i) — P(i),

H(i,j) = P(i) + a(@) — (3, 7).

[0036] HEMWMHIEBA g 09 H 8 & % 3t ((fanout
edge slack) i E # Z 1% » /& 4 B (fanout gates)#y & 17 & B &
2th (setup node slack) & {% £ & B % 9t (hold node slack)th &
REEHHE -

[0037] (@ 6A RE 6B 4 AL HY —CHERESR
HMTEBREZ REE - DUE 6A itk R E EH B E 6
F o BER Prnax(2) = 0.5, Prax(3) = 0.4, Pray(1) = 0.4 - REB R
Y4 $E % & E £ (fanout padding flexibility)Pr(i) » B LA 5 | LL
TEE :

P.r(2) = min{0.3, |-0.3], 0.5} = 0.3, P(2) = 0.3-0.1 =0.2 ;
$(2,1) = 1.1-0.7-0.2 = 0.2, H(2,1) = 0.2+0.1-0.4 = -0.1;
P..r(3) = min{0.3, |-0.3], 0.4} = 0.3, P(3) = 0.3;0.3 =0.0 ;

$(3,1) = 1.1-0.1-0.0 = 1.0, H(3,1) = 0.0+0.1-0.4 = -0.3;
S(1) = min{1.0, 0.2} = 0.2, H(1) = min{-0.3, -0.1} = -0.3 ;

Poar(1) = min{0.2, |-0.3|, 0.4} = 0.2, P(1) = 0.2-0.0 = 0.2 -
[0038] ERAEREMEBEZR H EE 6A TTUH

B XBEBEEF o FEBBE g FVE KK (short path)[H AR F

-0.1 B9 fr F 2 % (hold violations) » EREHN S E B L IEM

17
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2 T 1 (fanout padding flexibility)Pr(I)BI & & - B HE 5 #
TZRHYESB ST E/BE %K E S 5 (fanout padding
flexibility calculation/flexibility checking)SE Z € 1 E
4 B (padding value decision) » {15 E/ 8V H i B E M R 0
LR EIE 6BHE R - Fi A Mg & (short path)# 5 UL B2
R RHE  ZARUEMEEHIRE/EEERES B (fanout
padding flexibility calculation/flexibility checking)d 3% &
#H {H & & & B (padding value decision) W 2% B2 & it E® 89 51
BHFRFZR (hold violations)FE UM AR B REAFE
—SHEAL AEEZHELRG  HABZXEMBE R
BB ZE — B 95 & & (short path) Z & £ # K (hold
violation) & 5 C fi# & = £ i KK (violation) B & 7% F Ml &
(eliminated) " X & - I ECRHUERBEETEITBE/EEER
# 3 B¥ (fanout padding flexibility calculation/flexibility
checking) -

[0039] AHHEFEEHNFE-—SHRIVEEERL
B4 BRI R BE 0 R A SR Y AR Ok AR R 69 (R 5 12 # (hold
violations) » A & BA & (£ A i #8 £ 4% (padding wires)HH B &
A 3% ho HE & -

[0040] 7£ & & BH /Y 3E 4 B & € & B (padding value
decision)d - i # fI B (padding location) @ R B EEFLEH K
#1 £ B L (primary output, PO)RYM 5 » BERZR BN O X E
B& % (forked short paths) » L EFEBAERANEBRERL
M- WE AR RBARNGEMSINEREL
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FE 0.5 fYIH# & & (padding delay)  HHN B HE g« B 57
X 3% f® (forked paths): & L B 6B K H % ZE ¥ (padding delay)
AR AUE— S RIVEXFEANEHMFAHRER 0.4 -

[0041] AHHFLEHEDHEBEHREFTMR - £
HMBERARRAENNE SR A RS W& K (short paths)ffy
RPN EER AL EFAHE T RBRHAEZCEHBERESR
ax 5t < & — {8 B 89 5 B8 & (short path) Z & £ & K (hold
violation)$g & B & 5 & & KX (violation)E & X 5 M R
(eliminated)B¥ » 3% £ %8 (4 F5 45 8% & B2 (padding value ®
refinement) L\ Z [ ¥ #% XX FF (reverse topological order)it &
ZEERERRSTZ— B R HH HIEFH(E (refined
padding value) ' UBEMRAZEMBE RERRT 2 —HEHEFADN
EFEE -

[0042] A B[HEBUTHEBRBEBLAOR  REKE
EEMBHRENBEN - — K HEHHE (reverse padding
value)Pre ()R U TH AXTTR - ®

Proy(i)= P(3), if g:; has only one hold violating fanin;
revAti ) 0, otherwise.

FZ 151 3K % {8 (reverse padding value)Pr,(i)R 7~ & B H #H 69 &
BE g AZVNEMBERHAZ R A (fanin) T EFEE - BT
BRI S (oined path)lVEHHEE r HEAFHR
st R A — & AR E M (fanin hold violation)Hy ¥ 1
KMEE -  IRBEEHN g A RFEGZ KM (hold edge slack)
NREMBER  RNEBRE g8 R E M (hold violation)
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MNEREE A —RETUHEBZIEMENNER K
H[E A 89 £R £ 12 # (hold violation) °

[0043) — %7 1% %¢ & 5 % B { (added safe padding

value)Pqa()VR A FH AKX TR -

P,44(t) = min{S (%), Pmax(?) — P(4)}.

57 1% 97 £ 15 % B {8 (added safe padding value)P,q(i) 2 % &

PR £ IR il (setup constraint)8d iz X i #f X B (maximum

padding delay) Pna(i) » St E 2 5 5 5 (€ & & B B £E %9 1% 1o
® %/ o ¥ B S % {E (refined padding value)P,.¢(i)14

LTFHAART -

Pres (i) = P(3) + min{ P,a4(i), min; { Pre, ()| H (i, 7) < P(3)} .

[0044] fRBL LI EH > UK @I KR (reverse
topological order) I L E L B HEEBRN B KRIEME
(refined padding value)P, (i) ' WG REHTE—$ B R
& WEH B - |

@ [0045] 40 BWEE §9 & 3L % i (setup slack) R BE R E &
K i i 8 & (maximum output capacitance)dJ [R ] - HE H &
BREMIEHE  DRAFEEEABANRRFEF (hold violation)
BIEE > A X GEF K&K (refinement) 2 % - BEBEFRE
4 L (padding on wires)ZK f# 7R R T &9 & £ 12 M (hold
violation) - JR Bl » ¥ I %8 {6 7 #% # 25 B¥ (padding value
refinement)E 1 & — 7& 48 & #& i (wire padding value)3 BX -

[0046] 3% i 4R $E # {H (wire padding value)S BE {431 &
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—FE R e(i,j)By —E LR EH M {E (wire padding value) » LLF il
BRZOCHBRERISF 2 —ER/EROVEFMEHE » HEFE
8 H (wire padding value)P(i,j) kA F 51 A R % 7

P(i,j) = min{S(s, j), | min{0, H(¢,5) }|} .

[0047) % 5= 43 ¥ ¥ {8 (wire padding value)P(i,j)& LA
¥ £% K I (topological order)2R iR E - R 2 KF f¥ & (timing
library) > Ex & A € & (8 & 8 B #Y K # B £ (padding delay)
G H R pE # & B (padding load) 3% H #§ 4 & 23 (padding
buffer) -

[0048] ZEaH/EEERESREBE—REEHEHTHE
3% % (finding spare cell candidates)s Bf - — 4 F 7T {4 1B I8
(spare cell selection)6 B2 + — B ¥ £ Bt & (dummy metal
allocation) B% -

[0049) R TERZEBBELAET RAEENIEAE
B {H (padding value) ZEH/ETHES RO KEAE EEIEH
¥ (coarse-grained delay padding)$d 41l & 7 & 15 &5 @
(fine-grained delay padding) S ER K EH -

[0050) % 7T f# [ (cell library)a] b 18 B 45 {8 7 £ (cell)
FTEE RN ES KFHERSBISHETEF(cel)TERMED
EE - BEHRZITH (cel )BEERBI M (% - 15 8 H JT & (spare
cell) T At # 7% 7% 2 /7 42 BT E BV L ¥ & #l (padding load)=g
L #8 4% & 23 (padding buffer) - Rt - HHEEEHK
(coarse-grained delay padding)d - {& i /5 FH T § (spare
cell) ] 4 & %t ¥ $E %8 (fine-grained delay padding){# f & #F
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4 /& (dummy metal) o

[0051) &% #% % % FA 7¢ {4 {% 3% & (finding spare cell
candidates)$ B HZ BB RARB I Y BELTHEN
1 /3 5 (gate/wire) & 4 f5 A 7T 1% % % % (spare cell
candidates) » H s W SEBEETABO MO L B
(fanout net)#] — % 5 & F (bounding box)t 3 1 FE 5 i 7 5
(spare cells)fl 81 % 76 T2 i 17 40 ¥ 9 A 46 340 05 FE A 2 O -
7 %A B —H AT (bounding box) 89 B FE A 7T 4
REE - ME T HR ERAEES SIS 0
f (spare cell)By s, » s, Bl s, » SEIR GRS IAT g, B
gs 2 [ & 4 40 I 7T £ (spare cel) B s, 3 T K B 3t & 400
{5 i 3 5 5 5T (4 (spare cell)SC A B /7 4R BV W8 - 8 A 7t
 (spare cells) 58 B %7 & & (rewiring) B R L AU - ERX B
o B #, 3% ¥ 45 {8 W 7 B 69 404 I 8 (padding delay) - 2 F
§ 42 ¥ 40 1 ¥ (padding delay) » % % % % B /¥ 3 #1 (timing
violation) °

[0052] 7 5 98 B — {0 I /7 42 4R 30 & 48 00 08 I 7T £ 1
# % (spare cell candidate) 7t i S48 9 P BB » 5 DA K 4 & 1
4 B8 (subset sum solution)%¢ g B - % 45 & 11l 4 A% (subset sum
solution) ] 1\ i i B #& 4 & (dynamic programming)3k & %I
Btk - {9 %8 81 (dynamic programming)B¥ & % i A /I
(step size) T M AR B B W R BB R HETEE - BIAE 7
G M g, 49U IE B (padding delay)R 0.25 > £ 3 {8
FH T (spare cells) &y s, > s, B s; - [B] 8 (A A& LU
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£ %6 3 &l (dynamic programming)f# X £ & Jil 4% fi# (subset
sum solution)Bf Y RI& Z R B H - It B R E #Y 25 F§ K/ (step
size)& 0.05 - ] DA & T & %5 IL 3B (padding delay)& 0.25
s @ s NEECERERER HHERE 8@ s 8H K g
#Y ff F JT fF 52 38 & (spare cell candidates) - [E] £ #9 DAt th =]
BUR 5B Wi K ¥ 7€ 4R (padding wire)RY f I JT {4 fi& 38 & (spare
cell candidates)

[0053] #ZRT0 - ¥ ¥ K [F &Y % Bl /& 48 (padding
gate/wire)dJ 2K 5 & fil 48 f# (subset sum solution) > B fE & 5%
F B8 H AT (spare cel )MYE T - B 9 A A EBHEFEH
BINFERAITHEZREE OB 9F T~ » g1 B g AL s3 K
MEHE  ATEREERBENEE  XEHYFEEWE
/7 4% (padding gate/wire)iL#HE A BEEB AT BEZA
9 % 41 K 5E & /il 48 % (subset sum solution) - Y& 8 By /R -
EH i B {H (padding value)@ 0.25 6 » MR EZEER
0.05 A {s,}Ed {s; s:}I9 G 8% Kt A JT 4 (& £ & (spare
cell candidates) - TR » XL HEHTEEFMHMH/ER
(padding gate/wire) 2R & € F BB & 6 F JT {4 (spare cell) 5K fif
HE -

[0054) 3% # F 7T { 3 $8 (spare cell selection) B H {4
KREEREETEANH/ ERBEERENRESINER
(subset sum solution) » EHHEZEMBA R EER5HHIH B
& (short path) - ¥ I % /& 4 (padding gate/wire)3 F F BF
6 6% B JTF (spare cel DRMBUA MR E > AR/ E R
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(gate/wire) B EERKPFNEE - Atk A FHYHEHGER/
7 48 (padding gate/wire)sC 2% T % 40 i F 7T {4 {& 3% & (spare
cell candidates) - F % & F§ JT {F 1% 2 (spare cell selection)f
B ALHBEREEFMRE/E LK (padding gate/wire) Fr B {F
FA B9 % Fi 7T 4§ (spare cell) - #i F JC {F 28 §# (spare cell
selection)ft] 7 °] % Ky &% & £ & [ BE (set packing problem) -
Z NP-hard BB - A EHRBTERRNEHE > REEHEIE
% /3£ @ (padding gate/wire)REZEREN RESIEF
(subset sum solution) - MR BFEFmEMNFIRL > FHBRE
5L B9 SE 7 [ /7 43 (padding gate/wire) 8 S #E2K - I H A H X
5 & H0 4% f## (subset sum solution)®y B B 2K it & /N B A &Y HE
FF-m&BULIEFF  2SEEM M/ E®R(padding gate/wire)
R RESNRXRE S 14 (subset sum solution) B 10 fr A
ZHEMR/EGEERENXREENERZIAEE - WH
10FTR e WEZHAHITH {sd) BB EZEFHHITH (s
s3} ~ Al gs BEE Z= 4 A JT 4 {55, S6} -

[0055) 7 7 Ai #J #H ‘& %t 3 4 % (coarse-grained delay
padding) » Z & B {§f &5 {8 3K #H [ (padding gate) E 2 H T 14
(spare cells) - MR FEF R K A JT (4 (spare cells) i A A
7 T K BV IH 1 & 8 (padding delay) » RIF T X 2 & E
(delay)&X i 5t 5 # &y & F (capacitance)» W HHE WA HE EIE
#f (fine-grained delay padding)l 6 R EHEBEE
(dummy metal insertion)?RZE MR - it * ZIERREBEKE
(dummy metal allocation): BBEF|F E # € B & & (dummy
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metal insertion) r HFE T X EMB KRR TN EREK
(short path) o

[0056) i % RF B AT AE (5 A 4V I 8 & /B & J8 (dummy
metal resource)fA FUA N H § tH 48 48 (fanout net) W F R & F
(bounding box)A 7k #& {f A #Y 4& 48 & J5 (routing resource)° 4
R F B /E & (gate/wire)BJ H 5 & F (bounding box)HF &
BHE  GRLECHEENIEREBERNAEE - B 11
% 24 5% B @ 28 SH 4 il /£ &% (padding gate/wire) Z [ Bt & /B
(dummy metaDFI;RE B - & B1ILH 7 & F (independent
bounding box) Y FE #F & /& T {F %8 1L i #¥ & /& (independent
virtual metal) » & Z % & 1H #k IE £t £ /B (dependent virtual
metal) s AL HELFEABUEREBRBEHE R EBE
B RBEIAE/GE R (gate/wire)ly5E » BUBRAMBE@LE
(maximum flow network) 5% » FTEEMHEMKEREE -

[0057] @ 12 A& BHAT A& KR E 4L (nmaximum
flow network) /22 ~"EEH - & K /i E f 4 (maximum flow
network)J5 A £ & JF &i & (source node) s J [E £ & B (sink
node)t- FEEHME/ERHEAVEE ¢ WETH i RARMEK
EREE -  HEME s BEER gi #Y18 & 5 S (edge capacity)
BEE g 09 P &k 7 #§ & & (remaining padding

capacitance) ¥ B BE d; B &7 B t AY B & BE /7 (edge capacity)

R G A di P fE 1R B #Y B & (capacitance) - MR i & g VA 7
Z T (bounding box)E EEFIG AL di WYE [ - Al #8261 B g
BLEN &S di BV 3B & HE /7 (edge capacity) RIEEFR K - M@ 11 FF
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= 4y BC 52 % 1L 8 € /B (independent virtual metal) > %% -
FEXBERE ) AF e MERWNABRBAEFE
% (unfixed padding capacitance) * 43 815 0.15: 0.2
0.1 fE 5% & B 09 E B & i (overlapping region)d] MU 2 ¢t 19 B
B AR 0.25 B 0.2 - $FEHY T & 4848 (flow network) 82 &
At B (maximum flow)XE 12 iR - IRBAEZHNRE -
UL ERAEABLEERSBEREAFTHEBES -
MR A E %k R A % B & (unfixed padding

capacitance) ARTAERAEFRERMEEMUETR - &
HREODFEAMBRERAES REFACHBEEE  BERG
BONBMAELEBIAMEAEATNEBHRE -

[0058] 13 {4 7 &% B9 & 3= 45 i (benchmark statistics)
NERZTREE - H - Circuit iIFII R ERR LB > #Gate
ENRECEBRHY #FFENEREERBNEE - #SFF §5
NEARFRENEKZHE E > Conservative clock period
(ns) FERYE S B K 7 {R &% (timing guardband)#y 8§ FF
B THS EMEREERFEBRNER S22 B A AW
1% 5 82 5 (total negative hold slack)- 5 {8 & % 2§ Synopsys
K Cadence YA EREAXTHEMRE 55-nm HERHE
Rfife BHER - FREUFEAEETITARBRIEREBRF -
AU B Sa=TS%H Hy=25%H R % » £ A AES S
BRIt EHANRE -

[0059] 14A K [E 14B A R SFBHAY 7 /A 88 J £ g
HEMBELERZTEER - B 14A KE 14B & Padding
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delay f5 #Y 2 & &0 P iR € #Y I % B {H (padding value){& §1 -
LP #5892 N. V. Shenoy et al.ff ICCAD, pp. 156-161, 1993
Ff % £ #J5% 3¢ " Minimum padding to satisfy short path
constraints ; & & €8 14 # & (linear programming) 75 ;% L IBM
/\ S #9 ILOG CPLEX Optimizer 5 - Greedy 1 {589 2 Y. Sun
et al.7f 25 B B 7 US Patent 7,278,126 M2 HE R BEH X
# I % 3t (setup slack)#Y B K f S 9 77 X - Greedy 2 569
EEXREERSRFIEBEKE (hold violations path) X i #y
BIKMOER - B 4ARE 4BFraa Ieassns O
ZERLHEY FUAREN T AEARAE —EERY
{& 7% Z # (hold violations) - R MR B(LP) F A E R B K&
B SRAMBEAMEMMEEE - Greedy 1 8 Greedy 2
B R AM R & ML % B AT A #9512 # (hold violations)iff
BEREFREREBENSG R FIULBTENLERSER -

[0060] M 15 ABHN F AR T OE MU AR
B oh B & /Y 1% 15 52 ¥ (negative setup slack/negative hold
slac)LE B Z REB LB TASHNAR/SEHEEL N. V.
Shenoy et al. FiAMIE R - MEATMATHRE] » EIEAE N. V.
Shenoy et a. BB TR EMNE R - HERRLE R4
(mapping)id % 19 28 T £ 7 {7 £ 12 #8 (hold violations) R A& fig
H o DUKEHE JE ¥ # (coarse-grained delay padding)82 4 5
it ¥ SH ¥ (fine-grained delay padding) ifE EE R BEH » X &
BE o] LA AR Oh ‘B A a% tE f8 B {H & E & B¥ (Padding Value
Determination) 7R € B # B {H - f A JT {F (spare cell)Ed
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FE % & B (dummy meta )lVAH SIRE T XL HBE MR E
A Bt & (capacitance allocation)r HR R EHREEN ™
FE (discrete buffer delay problem) » [ #% £ /& (dummy metal)
BEEATTRGFEAIRE -

[0061] eHATHMEREAEIM » A BENWERE

MU 2EBBHEBIHERRE  BAKWPIFNEERE
REEHEGLULERMEERE  HEARABREEEER
B P A E R FFE M (hold violations) - ij * XA &5t
F &8 Z#B F AR N # (fanout cone)FT AE IH 7 #Y 3 M &
 RERBRINGR  L2EBENFTAKRAEERE
BH -

(2) %8 I ¥ JE %5 (coarse-grained delay padding) 8 41 /E
7iE 3% 1K % (fine-grained delay padding) : B} 7T # & (cell
library) TEERENEEBRZBE N r EHEAEHELEMRE
JiE ¥ 1K fiH (coarse-grained delay padding)® - {f Fi f§ F oT %
(spare cell) » ] 4 & IiE ¥ #£ % (fine-grained delay padding)
£ F & 6t & B (dummy metal) - A& E & & B (dummy metal)
OUMRBERABKR /N -

(3) & #i /5 P& EX (post-layout stage)¥R 1T 50 B8 7 $H
(short path padding) : YRAKMERHEEBEEN » EEE
BENCHKBEAZHBARE HEIIRWTNREFES
(timing report)aJfE A — A EHE r AR IUUERANERHE
BEAHE REAXFHERN DI B (post-layout stage)
REEERTEEEMS -
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[0062] % EFRfufi - IRBU LB R ASHEEAE—
IH i 85 7+ & P B (Padding Value Determination)d & 3 5
VEBREYEAETHNE - BECAR/EEHERES B
(load/buffer allocation)fé&ﬁ:}ﬁﬂXﬁﬂiﬁﬁﬂ{g;}‘&i#}%i}%
EMEBEE  CHRRERESET > AHHU2HRE
2551 49 {8 3 8 B 09 /S 1 88 (fanout cone) AT AE L M 40 3B 14
wE YREACSHESRMNERBYE - EAR/EEHE
BESRT ATEREFAREAES B AN EBYRME
A B4R T 1E M E B 8 & B8 (coarse-grained delay ®
padding) } 4l B it ¥ 15 #§ % B¥ (fine-grained delay
padding) - R & JT {4 [ (cell library)gE $2 it /9 IE 3B & B & &9
8 - B DA K &8 7L 38 5 %8 (coarse-grained delay padding)d >
G5 FI % P JT {4 (spare cell) - FITHIE S > R E RSB
(dummy metal)E] DA BEE SN F IR A ST A & - B
LA - T 40 B8 IE ¥ A % (fine-grained delay padding){F F i #%
& B (dummy metal) o

[0063] LM EMHHEHET FERETEHHE » &
SHFIRZEAGEOEUNSSEMEERLERE - @
Ik £ IR 7 b it B i B

(F#HRA]

s [0064)
e 2 dHER 110 HEBEE120

FIEKE130
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[o3 11> .
2102107593 SRIBIEE

Uﬁ”};]zl %@@ﬂ
[ VRS )

BERFEEN [FHikEFEHE - B8 - SESIEFEC]

BN FEN [BHIRFFER - 148 - B - SBIEFET)

[FFIR] GFi R EETHE)

30



1493370

o3t LA BRE§O[ P 1 - 6

102107593 SRISIEH
B 55 B A #0 [B
. " BIRBF REBEEBEF L G -EME

REGRHBEHEARVNEAREBERCHERERS
HERT R AAE |
—HEBELAESE  BRACHERESDH K8
— TR — R FERER—EFESNEE 0 DORE 8L
EMBRESR 2B EARORERME U
—ER/BERESR  RE—BRATHEEN —EES
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