Fa A Pt (Static Timing Analysis) ZEAH KM
OBRIELH

LV I}

B 5

l

LEFIREBE AR IR CK AR 2 5, O F (10) Wit mE A L RG R 5OR (S0C)
Wt AR . b B W A AR 1C Fis o A H BT Wtk Mk SANS AN s
ZHEKE ., AR (Static Timing Analysis fajFR STA) £ B 583150 M1 77 =X
FIWr TC 2 A7 BEfS 7E A1 F 28 (P P BREE T 1B 5 TAE, MR 1C s U, #at—A
R TT 5. SR, X TFZ 1C Wil &5, STA B ERRGRAI N a4 . A
OB 7 3R DATRT BAUR A BB B 147 2, 6 STA IR SE RS & M HLAE 1C Bevh i fe 1Y
FMOEIR A4

14 J2 STA?
STA A B8 XA R : B EMN PR (Timing Model) , 41X & W& Hr

HEBE R & HHE S ERNFRSE (Tining Constraint) . UM RX 2y, A4
Ay Path—-Based & Block—Based Pi#i,

=y o2~
3. L LT _ RI=10
} i _
1 =~ 2" Y
M T
B [ g’ » 1 ) P2
B —

Sk EE Path-Based XF 0 #T =0 WEl—HR, B9 M A S LB SN, &l
4 AR R S RIA T Y . EHA Timing Model FronfE @5 W b, XfF
Bt A5 % N iy 21 Far B o #0 m0 DL B 20 AR R [ ZE AR I TR) . T A R 48 2 1 Timing

Constraint Aj:
1. =5 A F)IA B R N\ R ISR 0k 2 (AT=2, AT 4 Arrival Time) .
2. &5 B BTk H A N um TR 5508 5 (AT=5) .

3. AR AIAER )L 10 Z B 2K 3 Y (RT=10, RT 24 Required Time) .



IUAEBATTEN X PL K P2 P45 4% (Path) KA #T. P1 LA SN A, f5 5 2IA R
B AN 2, L5 1 ANEHN 2 G, HT A 2 BALRREIR ], B DAE 5 21K 0L i
By TR SR 4 (242) o AKBESRHE, 554 H PL BRI Y BUBHE] S0 7 (2+2+3) .
FEF ARS8 =T Timing Constraint tEXf 2 J5, FRATTA] LIS AN P1 X/ MR S, I
FP (Timing) Jeiii a2 I 2EK 1) 6

AR 7 T LS BIME S 2 thi e B B M Y IR a) 5 11 (5+1+3+2)
FEFEFN IR SE =T Timing Constraint bEXf, FATTA] DA AIX) P2 XANMA21M 5, Timing
FEANT AT LK 11

ST —Idmn s, BT 6 ME 5 8ie. X TR Path-Based 434777 201 STA
BAfkut, EaiiX 6 ME S EAEE — T, REdR TR, IC Wil
I BT S 10 7 AR T BT s v ) FL S R B & 45 %€ 1) Timing Constraint. o #%
R S AT B UEAZ P] (STA Signoff) [ EDA #Af PrimeTime™ X H
Path-Based [1)73#1 7730, B LAASCH LA Path-Based ()70 #1 77 48 .

T HKFEHFH Block—Based #7720, B {5 E (Timing Information) Ffifff
ANFSE LU A A AT, T2 LLHLER Y A (Node) R Hif7. H Timing Constraint FA11X
HEAFAEN A 55 /U1 AT 24 2, B 50K AT 2y 5 UL Y 452U RT 24 10. Block-Based [1)4)-#1
7 AR AT A AT A1 RT, K5 HEXTIX AN EUE . 24 RT ME KT AT IR R 55
Et Timing Constrain "SR (K I RIS 5L 2152, W) Timing 262 1K), 2 AL .

AT=2 AT=7
A RT= p 2 ET=7 AT=11
e
AT=6
1
/ T H{T\: / 2 Y
Al 3
B ; > 1
AT=3 AT=9
RT=4 RT=8
B~
STA FRHES

FEARL STA 22 01, FRATTA 2000 HHE £ TAEA 7801 T fi# - STA P s I B Rk an & = B,
PLURFAT1 0 T « Forb Design Data i#43, H1F Block Model Al STA 24 AH M K =i,
TATALERE I LU IE, 15 HES 8 STA AR Al FH 0t



Back-annotated Parasitic

]
]
1
1
1
Inrerconnecr Dara i
]
1
[}
1
1

Estimated VWire Load Models

SR S — R S S S N S S

|
|y Descriptions of Cbclr.sl
|
]

Timing Consrainis

!
Boundary Conditions |

3:-1 aryv Dega

Operating Conditions

e

Library Data:

STA Fr #2517 Timing Model BRAFMAEMRUELL /) E (Cell Library) Hi. X4 pil
(RN PP A5 B2 LA Timing Arc ()07 R BEARHEAL L E T . Timing Arc jE€ SCE 4R Wl AT
N S 2 BB P R, HPpZEE Combinational Timing Arc. Setup Timing Arc.
Hold Timing Arc. Edge Timing Arc. Preset and Clear Timing Arc. Recovery Timing
Arc. Removal Timing Arc. Three State Enable & Disable Timing Arc. Width Timing

Arc. JLHEE 1. 4. 5. 8 TisE X FPIEIR, e &I g S PP A o

T e o
AT 2 A8 T>0—2

noninverting inverting nonunate

S

Combinational Timing Arc f&fFEAN Timing Arc. Timing Arc WIHRAER R E 5
I, B2 E T WU Fs, e X7 MR e A RIR et (A 2] Z2) IR
[5f1H]. Combinational Timing Arc ff] Sense & =, 2 %l/2 inverting (B negative
unate) , non-inverting (BY positive unate) PLJ non-unate. 24 Timing Arc #H2%
it (B 2) A5 52207 AR e A (B A A5 52207 A Clndg
oA 1, MitA 14 0) , MW Timing Arc & inverting sense. X<, HiHHIA(E



AR T )2 )iE, WL Timing Arc A non—inverting sense. 44F %Ik
FrEfm N E i, I Timing Arc b non—unate.



CHK

CK
*
D L 4
-k
Y
CK
“
QB F
-k
CLR
Qe |
4 =

arf |

CK
L
>
CLR
Y
CK
S 1
E ]
S O
o % _.
-

CK

CK

CK

CK

CK

QB |g

>""'“i-

..IJ CLRQ

OB

CLR

K-t

D CLHQ

e q

N\

CLR

QB

L= E—

CLR

PN

elp CLR o

e o

%y

CLR

L= CLR
D'H Q

i

L= I—




HE MW Timing Arc BB F .

Setup Timing Arc: & XJ¥R4fE (Sequential Cell, U1 Flip—Flop.
Latch 28) FT#E00 Setup Time, K#G Clock TR FIED M 22K (KT &

Hold Timing Arc: 5& @RI Hold Time, K#& Clock FJhak FB&Es
H22 (BN .

Edge Timing Arc: & XJ¥RIZHAE Clock Active Edge 3Kk H 11 QB 1R B ],
WAl Clock EAB RN 228 (BB &

Preset and Clear Timing Arc: & XJF A5G ES (Preset Y Clear)
RATE, BIRPIEER I, KINGERE T ETFECR A& Preset B Clear 41
M4 () o XA Timing Arc Ml SHHER, B 'E S 8G9 R~
AR, X6 STA 1 5 /& A S .

Recovery Timing Arc: & X JFM 24} Clock Active Edge Z |, 1HERfE 54
HEJASIIIINTR], AKHE Clock ETFER R FE204 2 28 (BEITL) &

Removal Timing Arc: & ¥4 Clock Active Edge ZJa, TEMRE S
ANUEJSSHIIHA], KHEG Clock FIFELFEE R 2 28 (EH) &

Three State Enable & Disable Timing Arc: & X Tri-State HM-3fHe(5
5 (Enable) 2% SEIRISA], K4 Enable 8¢ Disable 404 2 35, (B+—)

Width Timing Arc: & XAf5 5 T 4Efria e Wi n ), KIS T4 E 0 5%
1 RSy 2 2%, (B+—2)

ESCHNH T RRAELLAEZE A I AR R R (E G R A PR e A A A
e 45 TR, BATTOKE B R IZLE I A5 S R S BB dn e e SCAE bR HELL T
JEEH 1 o

Pl Combinational Timing Arc i, 155 MFIA E% H K REIE i [R) m DL
R LU N S e 1) (Transition Time) A H &8 A AR KR %, iR
(17 AT LR 2R e 7 5, Wi =R, el DoKX 2 MR Y cdeEr, dior
I P 2t% (Timing Table) , ik STA B R] LA HH EAf (1 AR N [A] o XA AR
R AR 7 o b AR e PERR (1 7 SCHERG V22, DRI A T T B K38 0 I s v
YA PR B R F = A N PP e 1 5 SR 57. Timing Model .



4 T, : cell pin to pin intrinsic delay
(delay without any loading)
A_ : drive impedance

Cell Dela}r = To + Ac * Cioad

delay time (ns)

e

output capacitance load (pf)

K+ =

FATIHEA T B3R BE T STA BRAF U] IS 3> A v 5 AL A SR I )
CE-PY)

Output [ Input Transition

| |
| ! |
i Capacitance 0 05 1 |
I 0.1 0.123 0234 0456 |
]

' 0.2 0.222 0432 0.8M1 :

'th ansition{I2)

1Py

HAFZEIR IS A] (Dgeray) = FNIAIZEE 1 A7 50%3 47 H K& 55 1 A7 HE 50% K] IR o
A AR TA]) (Diansivion) : FHIEAZHE 1 A7UE 20% (80%) F 80% (20%) I [a],

= Do gld) = fiDopuufID.C) = f{0.50.2) =0.432
=2 Dot Z) = (D s {1).C

M N ] 0.5, Fr ol 0. 2 I, w) DU I e s i 1
A 12 PILERRTEA 0. 432, 1M1 T RS RNERR, 0T Ioik R i A
WR I LER A Chndg NEEHRIS R 0. 25, #rHi4n#k 0. 15) , STA #fbasF)H 2
PE N3G B A M 7 X e IR TR

(IERZRC F IR 11 0h7 o = i RO



BN R BA T EREFR S (Operating Condition) XM .. EAEIR
B e S HIFE (Process) « HUJE (Voltage) . ¥iJ¥ (Temperature) —Iil[A¥-,
X IR F IR S g RO PVT, I P s ma iy R 5 ge oy R Ok ik .
H.A nom process. nom voltage M nom temperature <€ X AEFRELA A FES,
FRER AT I P A% I [P I8

D e = D(1+A QK X1+ Ap K X1 + A, Ky)
A , = Procass — nowe_ pracess

A, =Voltage — nome _voltage

Ay =Tomperatum — nowe _lernparatine

Interconnect Data:

7E Tt STAL BUgmfl v, AT B Ui, JAT1- B 08 5 i f1i2
AW R ECHLZEIR (Interconnect Delay) FEHEW. HsZ b, 42 DSM IC &
T W PRI AE H A LAE IR = S 1), AR RAT 2

WALEIRAK A M 5564 (P&R) RIS A AR G . e R 55401, 4
PRAE S A RIS B R, it AR IR & — NI R T AEAT R Sk
Z )5, WRHLEIR NS AR PE SEPrEe 2 vt BRI o XA R 5 564 2 J I IRHLAEIR,
15 7= Wireload Model K¥iifli. Wireload Model #R4 05 b HIFR 1 TiiA K /N A
WAL A EH  (Fan—out) 1#) 22 Ry BRALIY FRBHAT 2848, STA AAF0
A X 28 v BH R B VTSR RN LR IR o fEAT SR 584k 2 e, nT LUK A BH FL 5 2%
U (RC Extraction) 3KA4-HF %82k B 3 4 e SE B 1 MO BH AL 25 FL B, AR 5 i [l

(Back—annotate) STA #AiH A BEHLLEIR .

Timing Constraints:

Timing Constraint A& Fras e, FIALI vevh s i e (RdEN] . Forp
S TR (Clock) IR, X T — NP HERIT S, 2047 as Mgz
175 ZIA) (R BR AR T IR I [A] 2625/ T — > Clock FMl] (Period) , a2, %k
ITARIN T Clock BUks, Py Zefeaslal ERAEM Timing Constraint W4y HEN4 &
IE

 I—
network latency




L

Clock &ALV Latency M Uncertainty HIE L. JIEE X —4 Clock
H R M A 5 RS M N RS R TR /5. Latency € XM\ Clock SRS [n) 41
Clock By A\ im P EIR ][] . Uncertainty M5E X Clock 15 5 3 ¥ [ 2044 Clock %
N i P -5 21 B 2] (1) I ]

WIS TR SR AN EN T 2 0, 8T & s i e i ik
PRA LLRIE W INE S . fEET Ik, AU IE k#s (Flip-Flop) fE3i—
A Clock bFRZeif o = MR, HEIE S =4 Clock EFH&ikAihm)
Flip—Flop i, 25074141 Flip—Flop BE7 IEAHRHSUD A8 50 26 AN 56— A
Clock FFFZ 2R 5 C1 IS R] RN S8 — A B2 RIA Y A C2 B TR) S o R 1%
FEWFTE] 5524 0 [P, Clock {55 H1 S sk, &id—BtifH (source latency,
1 AN, A EL8 Fr AP Clock SEIRITH], ] dnbR 1~ b IS8k 7= A= M5 5 4k
IR FIA Y Clock Hr N s P, #e R k&t —Beit i) GES A Clock
GRAIE I S IR I TR]) 5 Clock {5570l #Jik CL AT C2 19 kil AR HLE L4
HEAT A R 5 482k, B N 5L P 31 C1 A1 C2 W5 5 LR i R) m] (y CAHL_F 9 25 A= L FH
HATHEA R, o7 ul, @i RIME 5t P AL E] C1 752 1 AN TR A7,
M P ALIG S C2 5 2 AR BAAL, W) Clock {55 55 —AN LTHZ3IiE C1 figs — 4k
T4 23k C2 [P TH] st i /N ST BB s, 4 ok TRl 2 F0 13 (AR
=T 1 ASERI AL source latency) o

1 - |
Ideal Clock 4 ! $ d '
- ! 0 |
OHrCe . [
SOUNCE - . I

:fﬁff’ﬂf:l' = source latengy + network latency

I i
Pl i ™ '
o PR k] —
c1/e2 ;”ﬂmfﬂ f I/iﬁ i
5 W ircertainly =
fafter P&R) \ ? L{F—"” . 12 '; _____ I
: N | I e
% O s -
o, [
e —
~ - ) |II "
faff : e |
Cliafter P&R) : p :
| :
C2(after P&R) 3 | | 18 :|
R

TEAT R B2 0, TRATTTCVEHERI %0 P 3 C1 A1 C2 (15 5 ZEiR I A], X fE
SN iAo BT network latency M b SCHER K Uncertainty il A& HISRA
IERP R ) o S B A A HEAh 58 35 (140 Jr) 5 L84 B v LLAE Clock iy A3 s
P 2P Flip—Flop B Clock Hy A (15 5 ZEIR I [H] — B —#F, ABAFRATHZL%0
TEIXAME 5 SE IR I (] 5 T LAA 2] Clock {5 5 2IiE C1 Al C2 [ [A] i3 T o IXAME 5
SEIR N R A] DURS s BRI CAn A AR K/, Flip—Flop #HAF) KA Tifl,



I AN TG AR A2 T 1E [ network latency. WXl o8 36 A AFALE 3G, B
Clock M EFFZ 0k C1 A C2 IR Sk v LA Latency (source latency +
network latency) 15 H K.

IRANER), I ERAIXR AR BAY, fEmRE5E4 ) Clock i A & P
2P Flip-Flop M Clock HA¥m M5 5 B I A A S B —E. it
Clock MIFEA ETFEAL RN FIA C1 A C2, PRI FRATTBER; 3R i P45 (1 i 2 15
1E, A Uncertainty Kb K E X Clock I A ARl Gevu el . 76+
75T, Uncertainty & 1 AMBFTRIFRAL, BrLL Clock 25— ETHZasfEmfTa] i 3 (B
M Latency A 3) ZcAq 1 B[R] ELA ¥ [l A A 2 I ] £ 2 21 TR] A 4) 2138 C1, .
A EFAGN SR A 512 2] 14 {135 N 2E C2,

kT Clock Ak, X e dar v i N v i S I BT 34 E% (Boundary
Condition) tEINLIHEIA. 7EiH] Boundary Condition X Ry, FRATIEX I
(Path) HHH—L0 7. 08K STA 22 d ik th BT i) Path $6 ik in
LT, 1H Path [F5E A4 e 2
Path HRAEAC S5 S S n] Loy A 4 Fie
1.  H Flip-Flop Clock A #| Flip-Flop #ifiHmA (E+-tA ) .

2. 3% N\ (Primary Input, fajfk PI) % Flip-Flop ¥ A\ (&
+thH )

3. i Flip—Flop Clock #i A\ %]+ Ei4 i (Primary Output, f&iFK PO) (1
+LAET) .

4. RS AR Ll (AT .
4 Clock #iASHE T2 )5, 25 1 F Path I FPRE] (Timing Constraint)
MASNMEE T . N T EEYE 3 Path I IR E], FAi12405% X Boundary

Condition,

oo binaticoal
Loaic
7

B+t



— ke it, FedilexE X R A Boundary Condition:

1. Driving Cell: & SCHwANimriHEsRES ) (B4 /0 .

2. Input Transition Time: & SN i R3] (B0
3. Output Capacitance Load: & X#nHif# (E-+/)V) .

4. Input Delay: % A s AHXT T34 Clock Ak 1) ZEIR B TR) . (B FL,
Delay.eq + @)

5. Output Delay: H %t i fiAESME AR T-HEA Clock SRS ¥ LE AR 5] [H]
(+jL7 C)

fEIX YL Boundary Condition & X2 J&, ik 4 Ff Path 5L F S n] B e 5
1 Ff Path (Flip-Flop #| Flip-Flop) . tat/&i, L Boundary Condition
Ji, HE Clock 455, Jrfi Path [ Timing Constraint i< HB4 . -

Driving Cell Spf
/

I

— Input Transition Time

T

Qutput Capactance Load

LIRRAN

- E———
= - M—
=1 L

— - - m b te I—- b tm
Input Block My Design Output Block
K+ Ju

H T4~ Path #847 Timing Constraint, LA ForrdlReg i, (H7E
FLCIEBUT , 2L Path (0 ] BB A 7= X, IR S A 20K X L Path (14347
IR LE Path 23 #T I 7 A —HE, RS ARTR B IX 2L Path ()40 # 07 20, R a2
W5E % Timing Exception, Ul False Path fll Multi—cycle Path ZFZEkAbBE
e — Mk T 234

STA FAE K #7572



STA AR an B =, T oA B 1 50 H a2 BAT TR S8 M 2 B ke
B Timing Arc, U1 Setup Time. Hold Time 2545, DA N FAVEXF Setup Time
K61 SEBRYE BB STA 1707 2o

e
Gate-level N utli_er—-\\

e

Cell Library

Operating Conditions
egiori ]

Descriptions of Clocks
Boundary Conditions

Timing Exceptions

Setup Time

Block Models [———-wll‘_x

Specify
design data

& libraries

Specify
interconnect

Specify
timing constraints

Check

| Back-annotated PEI’HS@
(/lﬁimated Wire Load M@

)

——

-~ . T
. d_Fe-fJ S -
Constraint Path
Violation Timing
Reports Reports

T

Timing

-

vt A PR, P ARAL (Timing Model) M FPPRH (Timing

Constraint) Wl F:

A
B—D ¢

R
c

|

Qi

=t

A 2 s A S T BT K P RE IR I IR] 24 3ns, 54 2ns.

PTAT I S e A 5 BTN S IR I 8] 2ns, A4 Ins.



FTE L (Net) fEKAIZEIRIT A4 2ns, #4824 1ns.

frf5 Flip—Flop Clock 2| Q FIZEIR IS E] 4 3ns.

4 Flip—Flop ¥ Setup Time A 1ns (T.) .

& Flip-Flop ) Hold Time 4 1ns (T,) .

Clock }%,ﬂﬂy\] 14ns (Dclkp) o

Clock source latency A 2ns (D...) o

Clock network latency 4 3ns (D..) o

Clock uncertainty & 1ns (D..) o

B & C /] input delay ¥4 1ns (D.. D,» D.) »

Y fJ output delay & 3ns (Dy) »

HRK, BALL Step-By-Step 15 2L W Fe 70 i) 75 2K

HEHHE T Timing Path, ARSI H HACELMER 3 4 Timing Path K
JnLLUE e o



Timing Path 1
Timing Path 2
Timing Path 3

K|+

2. AREEIANAGETH 048 1, tFHESE 1 4% Path & 4515 5 2B E] (Arrival
Time fajFK AT) o

AT =0 +2+3+2+3+2=12%

Iaunm— source clock (ideal)
0 1 14
' :, lcapture edge  target clock (ideal)
AT

h )

=

3. HEEMIANAESH 140, HES 1 4 Path 445 AT,

AT =D, +2+2+2+3+2=12x5



launch|edge i source clock (ideal]

0 @ 14
J—l—:l captureedge  target clock (ideal)

AT
¥ I"'.
M, r

A ———=

!' F
B - i n 4]
c

-y

4. TFESE 1 4 Path Z5 1075 K 6] (Required Time, fajfk RT)

BT =D ¥ D 4 Doy — Dy —T, = 144+ 2431 1= T

Iaunw source clock (ideal)

0 14

| | target clock (ideal)

| target clock (source)

1
I
|
! pture Edge |1 target clock (source+network)
|
|
i

farget 8 target clock (sourcetnetwork
. tuncertainty)
N

* setup time

17

3 o]

5. BEEIANAGESH 001, THHES 1 45 Path & &) Slack. Slack 25T RT
FAT R ZE4E, X Setup Time HiF KUt T RT — AT, *fF Hold Time %
WFSR 45T AT — RT. 7EUIt Setup Time Juffldr, Slack KiE, FnfE55Lkr

FI3A Path & s I TR] b 25 305K (O I T) A 5L, DRI Timing &3 2 1

Back = R - AT =171-"3=4ms



o)
R
E
-
i
=k

B = AN
6. IEHIAAGTH 140, oFHES 1 4 Path 245011 Slack. Slack N1F,
ML Timing A2 AL 1o
Sack =RT - AT =17-12=5x

ZEE 5 M6, 551 4% Path ) Timing &£F& MASH), H Slack 24 4ns (HUBZEAR
m .

Fﬁ.—z AT=12 0 0
B—{0 —‘ | ke .
[*
[ ¥
Y
c a’_ﬂ-"f
K=+t

7. RBEFTZ Flip-Flop S5 048 1, 115 2 4 Path £ 5[# AT.

AT =D +D 0 +34+2+34+ 24342 -



| 13
| J i source clock (ideal)
—_— —_— I
launch|edge P source clock (source
e e — |

AT +network)

L AN

8. HiEETZ Flip-Flop [I{E5H 1 48 0, &L 2 4 Path &A1 AT,

AT =D +D +3+242+2-342=20n

I_
. source clock (ideal)

0 5 14 19
| launch edge source clock (source
i A T. +netwark)
l r b
n /
Y
A

S )

9. [ 2 4 Path & 51 RT,

BT =D +Dpy+ Doy — Dy —T, = 14424311 =Tme



| launch edge source clock (source+

s 5 14 netwaork)

_—l—l— target clock (ideal)
_lj LI target clock (source)
capture edge 19 farget clock (source+network)

|

|

| - by

l —»18 target clock (source+network
|

|

|

RT +uncertainty)
1 T setup time
=1

10. R ATZ Flip-Flop WH{E 5 H 048 1, 11558 2 4% Path 2 &) Slack.Slack
A, BRI Timing ANV AL .

Sack = RT - AT=17-20=-3

A AT=20
B—D o [
¥l
Y
5

=t

1. {BBERTZE Flip—Flop (K455 1 145 0, 5145 2 4 Path £ 4 (¥ Slack.Slack
A, BRI Timing ANAE o

Back = RT - AT =17-19=-2
10 F1 11, 55 2 4% Path [ Timing AN /2, 3L Slack k-3,

A AT=190
RT=1




K=+

12.  RRTZE Flip-Flop M55 M 048 1, 4 3 4% Path & /(1 AT,

AT =Dy +Dp +3+2+3+2=15s

]—‘ ————
source clock (ideal)

|
|
0 5 14h5
| launch|edge : source clock (source
E AT +network)
| E'{- >
A —L L3 ]
P T ®OAT=15
Y
R
G-
K=+=

13. H&RTZ Flip-Flop M55 H 148 0, 11845 3 4% Path 251 AT,

AT =D +Dp +3+2+2+2= l4ms

source clock (ideal)
launch 'edge source clock (source
+network)




CESRI

14.  #HHH 3 4 Path & &1 RT,

=D —y=1-3=1ls

launch|edge source clock (source+

0 5 11 14 network)
J ] VT target clock (ideal)
| = :'|'|:'.I

output delﬂ{_ﬁ,}

N | & J/r,
> T e RT=11(
c— | r ST

=1

15.  {B¥EHTZ FLip-Flop M55 1 0 48 1, H5748 3 4 Path 2 111 Slack.Slack
Jyf, R Timing AN AE o

Hack =R - AT =11-15=-4

=48

16. fR&HTZ Flip—Flop WHM{E 5 H1 148 0, 11 550 3 4% Path & &5 F) Slack.Slack
K, R Timing AN AL

Sack=RT - AT=11-14=-3

yEds 15 116, 55 3 4k Path Timing AGFSHIKE, H Slack -4,



b 7’1_ _FH|—F ~ n | :
! ) - B
ey - / QN
e [
K=+t

g LR dr s R, BRI I P AR S R, JL Critical Path J& Path3,
Slack Shj—4,

AR STA BIMES NS TR, A2 FARIISCER T, KX STA 7ESKE PR
IC Bt e i M 28—l B, 15 AU H B

F AN PO (Static Timing Analysis) EEEARNH CF)
O Bt

— .

Hil

il

FERIRERE R 2 )5, & (10 Wil m B A48 KRG A5
(S0C) &t 7 A p— @R AR 1C Biim A A H T deit Ak A
RAEANMIGZ BRI, #8208 (Static Timing Analysis fajfk STA)
28 th e A 7 SHIr 1C 2 A R Al 2 FR e N 7 R 1B % TR, TR
IC i 2 W, Rt — DA T % 78 [FER 4T (Static Timing
Analysis) Ml SN (B ] —3Crp 238 DU S aub A B we i it 7 =X,
STA R SERINE &l T R U B 2 Tk, Sk FRAT IS bl SE B i v a4k T i STA
FEBTHAR N H .

ey v B

BeH Y —A 32bit x 32bit () Pipeline ks, HZEHIWE—FiR.
Pipeline JLJ) 3 2%, FREKZ Hi th iy N\ iy B 47 D2 A7 S it 738 S 850 M



inl

D—!-I-—
-
> 20113,0]
>—22 1201

ind

K| —

]
0
> g5
S m2{2001 1)
o=l h

dAvpsgel L stage2

dmpye L
L stagel

stagel

A3[31:
B3[3:0

staged

out[E3

K4l Cell-based PeilH T, o LM IATE 50— Wik &1
RSAEBL L, BT (Synthesis) N R ygesk (P&R) o IFAESLAERI &
PR AT P o M, BIA I PR RS SR A AL o S S IRl T 8 (R A B i
TR R B

& %: Synopsys™ Design Compiler

fi [ 5 58%k: Synopsys™ Astro

WU E A : Artisan™ 0. 18um Cell Library

FEAL N RIS, ARG 2 A e M SR RE P N o R
S R B U T ARAEANR SO SR BN e M IR 22 57

N FFR#| (Timing Constraint)



LRSI P08, E G EA WP RRE . B E ) i e BRI Gk ikt
(> Ja WBUE IR Z SDC 54

1 K (Clock Specification)
1.1 JA#: 6ns >

create _clock -name "MY_CLOCK' -period 6 -waveform {0 3}
[get _ports {clk}]

1.2  Source Latency: lns =
set _clock latency -source 1 [get _clocks {MY_CLOCK}]

1.3 Network Latency: Ins =2
set clock _latency 1 [get clocks {MY_CLOCK}]

1.4 Skew: 0.bns 2>
set_clock_uncertainty 0.5 [get_clocks {MY_CLOCK}]

2 JAIRL (Boundary Condition)
2.1  HyANZEIR (Input Delay) : 1.2ns >
set allin_except CLK [remove from collection [all_inputs]

[get ports clk] ]
set_input_delay $I_DELAY -clock MY_CLOCK $allin_except_ CLK

2.2 HytH%EIR (Output Delay) : 1.2ns >
set_output_delay $0 DELAY -clock MY _CLOCK [all_outputs]

2.3 HHi4i# (Output Loading) : 0.5pF =
set_load $0_LOAD 0.5 [all_outputs]

3 WFHIAS (Timing Exception) : ¢

BN FRE
24 Synopsys™ Design Compiler ¥ HLE A SEEE G, $UT N IHTRA AL
AN AR

report_timing -path full -delay max -max_paths 10 -input_pins \
-nets -transition_time -capacitance > timing_syn.txt

PR S S AEAE timing syn. txt WARYE Y . ERE T AAZAL, 257
R B AT BEANRF A I S i 42 (Critical Path) o f5l40:



Startpoint: S2/B2 _reg 0 _

(rising edge-triggered flip-flop clocked by MY_ CLOCK)

Endpoint: S3/P3_reg_47_

(rising edge-triggered flip-flop clocked by MY_CLOCK)
Path Group: MY_CLOCK
Path Type: max

FEIXAMI) -, Critical Path 2 s Flip—Flop &% 2 4> Pipeline Stage
WP B2 Z2A7 241/ 0 M, #55 Flip-Flop M4 3 4 Pipeline Stage WIF
P3 GEAE RIS AT N (D)

1F Critical Path #RE W N 72 H Wire Load Model W5 E., Hyu @A H 7
+&= UMC18 Conservative Model. IX™ Model 4= DAEE M) 77 2C Tifi ML ) 2B IR
1] (Interconnect Delay) .

WA FRRYZE, R FH Critical Path (VLN S B . Hlt:

Point Fanout Cap Trans
Incr Path

clock MY_CLOCK (rise edge) 0.00
0.00



clock network delay (ideal) 2.00
2.00

S2/B2_reg_0_/CK (DFFHQX4) 0.00
0.00 2.00r
S2/B2_reg 0 _/Q (DFFHQX4) 0.16 0.30
2.30r
S2/n36 (net) 1 0.03 0.00
2.30r
S2/U10/A (BUFX20) 0.16 0.00
2.30r
S2/U10/Y (BUFX20) 0.23 0.21
2.51r

S3/add_106/U0 5 47/A (XNOR2X2) 0.18
0.00 7.74F

S3/add_106/U0_5_47/Y (XNOR2X2) 0.12
0.22 7.96F

S3/add_106/SUM[47] (net) 1 0.01
0.00 7.96F

S3/add_106/SUM[47] (stage3 DWO1l add 54 0)
0.00 7.96F

S3/N94 (net) 0.01
0.00 7.96F
S3/P3_reg_47_/D (DFFTRXL) 0.12 0.00
7.96F

data arrival time
7.96

clock MY_CLOCK (rise edge) 6.00
6.00

clock network delay (ideal)
2.00 8.00



clock uncertainty
-0.50 7.50

S3/P3_reg_47_/CK (DFFTRXL)
0.00 7.50r

library setup time
-0.28 7.22

data required time
7.22

data required time
7.22

data arrival time
-7.96

slack (VIOLATED)
-0.74

SRS R, B— P HAT Point ks AL BT &3, 15 AT DO A
N a5, R PUSR AR P (Net) o 25 /N HEAT Fanout bronTi ks
LA E 5 = ANEAT Cap bros T S IR 138, S5 VU EAT Trans Fros
TS S S N TA] (Transition Time) o 5 FLANEAT Incr Froas B i ak,
IFEIR B 8] o B3 Ji — AN EAT Path N2 5 EE AR 5 21 21 61 508 15 10 S S IR i [A]

FARBATH 42 TR Critical Path [N RE R,

clock network delay (ideal)
2.00 2.00

BEARIP) 2ns [1) clock network delay J& FHIRATIZS i€ IFT I I ) o155 10 K 147
KA FRATIZE %€ T 4% 1ns ) source latency M network latency, I RILH 2ns.

S2/B2_reg_0_/CK (DFFHQX4) 0.00
0.00 2.00 r



[F==%=. Critical Path I8 S2 Instance I B2 reg 0 iX“™ instance

) CK ¥/ T4 2ns [F] network delay, BTRASIRAS 5 2135 ey A1 B 6] 4
2ns (=) . 7T Ons [f] Transition Time M2 K4 FA 1A LER AL 2
SCHHBME, SRS S Ons Transition Time [ERARYIE . feAqil
(1) r JEFAIXAS Flip-Flop s 1E& ik, FrCAUL v R WIS E £ i th il

S2/n36 L—p ¥

S52/U10

Other
Combinationa
Logic

DT P
) - S3/N94 |
S3/add_106/SUM47] | _ D
S3fadd_106/U0_5 47 S3/P3_reg 47
=
S2/B2_reg_0_/Q (DFFHQX4) 0.16

0.30 2.30 r

BT B SIS ) & SRi8, X — TR RIS ST Flip-Flop M CK
Uity fo 2] Q U i (R TR SEIR 24 0. 3ns, HAEMETT i) Transition Time 4 0. 16ns,
Bt LA 5 B3A Y S A G 2+0. 3=2. 3ns (VYD) « Al ms v 220k Q i
RN 0 AR 2] 1 B REIR B TRI bE 1 ARAE 2] 0 B () REIR B TR IE A, Gn SR OUAH J 1)
Ui, AU strs £ L EBUE 2 A% (Cell Library) HFR PR (Timing
Table) &tk (1, At B 77 205 S BT AN P97 (Static Timing Analysis)
Hah v (B ]

S2/n36 (net) 1 0.03
0.00 2.30 r
S2/U10/A (BUFX20) 0.16 0.00



2.30 r
SERAILE - T 0 Path TR R, RGP AN,

Bt DM 5 BRI [a]—FF o A7 s X g n] i A AN%E ], Flip-Flop ¥ Q %
Hi i A 1H Buf fer F% A i A5 5 BIIA R 8] WiZ A — NMEEHLZEIR (Interconnect
Delay) [WZERENE? ARVL FJE s, (HIAN Design Compiler XN alias i B
FEIR I (0] & R R4 EIR (Cell Dealy) HIBFIENTEE, FTUAMB RS E
ANBNGER B A )4E B WA, WR Point #2/& net MR, &7 HFE LKAN
Fanout fl Cap FEX BRI A .S2/n36 X net R H#Es)—> Buffer, H: Fanout 4 1.
B JE Buf fer P75 A S AN AL 57 28 1) 2 A, JLAECA 0. 03pF.

= 23

D o
S0 | s2/n36 D““::-
AL T e
S2/U10

S2/B2 reg 0

Other

Combinationa

Logic

S SNt
S3/add_106/SUMI47] | _ D
S3fadd_106/U0_5_47

S3/P3_reg 47_

Py

S2/U10/Y (BUFX20) 0.23
0.21 2.51r

ig%— R LA Buffer N N it 2t S ) B[R] B3R, HAE A 0. 21, FibE 5 3
ik Buffer iyt i (I [E] 4 2. 340. 21=2. 51ns (1) »

P RIS HESSUM AL IR A5 S, AT EA TS, H IR R i i
JUANAAE.



S3/add_106/U0_5 47/A (XNOR2X2) 0.18
0.00 7.74

S3/add_106/U0_5_47/Y (XNOR2X2) 0.12
0.22 7.96 F

IXAEF Critical Path £ iy s — AN 4E, (55 2E MR A& 7. 96ns.
FAr ] IR BB A LI R AR £ T, XRE G S H 148 0 RRIRILZH A e iR
N TR G

S3/add_106/SUM[47] (net) 1 0.01
0.00 7.96 F

S3/add_106/SUM[47] (stage3 DWO1l add 54 0)

0.00 7.96 f

S3/N94 (net) 0.01
0.00 7.96 f
S3/P3 reg_47 /D (DFFTRXL) 0.12 0.00
7.96 f
data arrival time
7.96

iﬁé‘}‘ Fiﬁﬂf&[ﬁj— f[ﬁ@ﬁ%ﬁﬁ@ﬁﬁﬁ‘»?}’% s HEWHEPYE (Logic Hierarchy) AN[A],

{5555 25 Critical Path ¢ SRR A 7. 96ns (7). P2 Arrival Time
(AT) WHEL, #: N kIATE Required Time (RT) M.



= 2.3

D QP
it

52/U10

Other

Combinationa
L\Eg\ic/)
D™
e
S3fadd 106/SUM[47] w @

S3fadd_106/U0_5 47 83/P3 req 47_




S3/add_106/SUM[47]

S3fadd_106/U0_5 47 83/P3 req 47_

el
clock MY_CLOCK (rise edge) 6.00

6.00

clock network delay (ideal) 2.00

8.00

clock uncertainty -0.50

7.50

S3/P3_reg_47_/CK (DFFTRXL) 0.00

7.50 r

library setup time -0.28

7.22

data required time

7.22

Critical Path &5 Flip—Flop HIAiEH AN —F:A 2ns i) network delay, AT
DIASK 1AM NG (6ns) ZEHRINTERAZ i T 6+2=8ns JE AR, Wit
/& Required Time (RT) ZBRY 8ns. {HE IATHIIERIASA 0. 5ns A &1

(clock uncertainty) , PAEgINIRICHERE, FUEREEE T 0.5ns 3|, W RT 45K
8-0.5=7.5ns » M JEAHFFE 2 X1 Setup Time 0.28ns, RT gLAZ A4
7.5-0.28=7. 22ns (F-E) .



_9 6 target clock (ideal)
|
_E_ 7 target clock (source)
| J captur?a edge |8 target clock (source+network)
|
J ~— -1:*-?'.5 target clock (source+network
[ RT \j +uncertainty)
[ !
: ; etup time
7.22 —
K-t
data required time
7.22
data arrival time
-7.96
slack (VIOLATED)
-0.74

0 RTATAT )51 slack » SR 1 19 slack [HRLFTAY » “oihles kg s

ISP RS o T AT R DL W STA, I Rk AFF S B IEPTI . S bRl
TG R, XZHREA TRV

A JR SE BRI R R

EAT R SE R, AN B b, AR ek A L LEIR
(Interconnect Delay) W at ] RS EFifl k. pEm A TH NI ZEIR & LE &
JEHT ) Wire Load Model #EAVFZ . LL Astro XM Ja) 5 G2 Ak i, A sy it
L T M Virtual Route (VR) o VR 2PN ALAF ) DL R 10 T AT R 25
L5, B EF RN [T ] P, ALPRRIAS WA A DX s n] DLkl
282k, Astro [P VR 2 H BB X LL X 3. A7 5y )5 [0 4R 45 F-G i IR R AR,
s ebnn it Critical Path, #RJG 'S S 1N 2 .

* Start point : S3.B3_reg_4 /CK
* ( Rising edge-triggered flipflop clocked by MY_CLOCK )
* End point : S4.out_reg 63 /D

* ( Rising edge-triggered flipflop clocked by MY_CLOCK at CK )



* Clock Group : MY_CLOCK

* Delay Type : Max

*  Slack - -1.0682 (VIOLATED)

FAATLLE R, MBI Critical Path FIE N AN —FF . X JE R SR T
AN, 3 B L A 8 S IR LSE R IR TR R A PN, FEIN AT JR) S SR R AT
SN PP A, At ai R BAVKREEA)R)G Critical Path (1

FefE B
Port/Pin

Cap Fanout Trans. Incr Arri Master/Net
Rising edge of clock MY_CLOCK 0.0000
Clock Source delay 1.0000
Clock Network delay 1.0000

S3.B3_reg 4 /CK

0.0000 0.0000 2.0000 r DFFTRX4
S3.B3_reg_4_/Q
0.1501 15 0.5663 0.5307 2.5307 r B3[4]

S4_mult_123.B3_reg_4 ASTipolnstl06/A

0.5839 0.0294 2.5602 r BUFX1

S4 _mult_123.B3 reg 4 ASTipolnstl106/Y

0.0231 5 0.3842 0.3252 2.8853 r
S4.mult_123.B3_4 ASThfnNet53

S4_add_133.U155/A
0.3328 0.0006 8.0590 T XNOR2X2

S4.add_133.U155/7Y

0.0030 1 0.0894 0.2341 8.2931 ¥ S4.N109

0.0000

1.0000

2.0000



S4.out_reg 63 /D

0.0895 0.0001 8.2932 ¥ DFFTRXL

Rising edge of clock MY_CLOCK 6.0000 6.0000

Clock Source delay 1.0000 7.0000

Clock Network delay 1.0000 8.0000

Clock Skew 0.5000 7.5000

Setup time 0.2749 7.2251

Required time 7.2251

Arrival time 8.2932

Slack -1.0682 (VIOLATED)

XA RGO (4R 2 b s A 22 57 & UG H S 1 Point SF B UL R AR
Port/Pin Fl Master/Net “FEt. AT LIl —F iRtk s, Critical
Path [ £i24 S3. B3_reg 4 [1) CK A4 N difg 1, FLAT 5 B8 [ ] 8] A 302 A
TR 2ns (Source Latency + Network Latency) o 4 FRfE 5 &2
S3.B3_reg 4 (W dutr BT Q, 6% T 0.5307ns, WHLELE 2. 5307ns W FIA
BT REAETAE, B9 afhsedial
S4.mult_123.B3_reg 4 ASTipolnst106 Cill % iXFh 4 2 I ALAF A J S5 Ge g i f:
PEMUN P B A I I I 22 P38 B AR ) X AN PF 4 A\ v 5 A, 1E 2%
0.0294ns, HELELE 2. 5602ns I FEILTT f . IXBLSL M-S T D HHRM
HWKs e PTIE R Net Name, A7 0] LAZERR 5 e A i 17 B A i 1) Net 145 B .
FEA BRI A, T Net FIEEHLIEIRB% PIRAE AL IR, i LLRzE
Ko (e R S8 HA ARG T, WIS BOX PR 22 LI REIR

R R 2= AN I R — o, FRAT AN IS 3 « i T slack B0 17,
FEA R N PR AN 5 ARPIR B3 THAAT 222



LRERTERE Z R &

TSR SE U, AMEAFALE C2ME, sk R/ MEIRB R E A
B2 o BRIN IR P i 23 SE R S B o P (I e P AEBRARRRDL R, AR )i
[¥] VR Tl A AT S B GRk—Be (HERIE 5 BATIX A5, VR IFBAT % I 2I%E
LRIEIEN AL, SEPRGRERIN ] REAE I X HGE TR 2 INSEL, o T EUT LIP3
IMENTA VR AR B AR - N A Jo) 55 SR 2 P 2 i X LRI LSS TE A T, 1
IXLLGETE AT AN, LR B e b VR LRI AR 2 K. IX IR
HoAEZ ML, I CE 2 I UER, S EUN e ERR A 2. #&
ok, FATHOKRE B I IEHI S 5 N PR 15

* Start point : S2.A2 reg 9 /CK

* ( Rising edge-triggered flipflop clocked by MY _CLOCK )

* End point : S3.P3 reg 32 /D

* ( Rising edge-triggered flipflop clocked by MY _CLOCK at CK )
* Clock Group : MY_CLOCK

* Delay Type : Max

*  Slack : -0.2721 (VIOLATED)

R R R e R R R R e e R e R R R R R e e e e R B B e R e e R e R R e e e e e e
R R S e e e e T e S e

Port/Pin Cap Fanout Trans. Incr Arri
Master/Net

Rising edge of clock MY_CLOCK 0.0000 0.0000

Clock Source delay 1.0000 1.0000

Clock Network delay (propagated) 0.9998 1.9998
S2.A2 _reg_9 /CK 0.1451 0.0000 1.9998 r

DFFHQX4



S2.A2_reg 9 /Q 0.0278 1 0.1576  0.3282  2.3280 r
A2[9]

S3.P3 reg_32 /D 0.1001 0.0002 8.0062 f
DFFTRXL
Rising edge of clock MY_CLOCK 6.0000 6.0000
Clock Source delay 1.0000 7.0000
Clock Network delay (propagated) 0.9854 7.9854
Clock Skew 0.0000 7.9854
Setup time 0.2513 7.7341
Required time 7.7341
Arrival time 8.0062
Slack -0.2721
(VIOLATED)

FALTLLE S, Critical Path X4t 7, JRPRIANAG Jaj i (RO A 2RAL,  — 258
S A —E, RN PRI W I AR ORI Jad Ja R s —HF
HNAEAH —BRIZER, JULRRIE . EAT R AT, B AE B h s
IATRA, XU DI EERR H AR E . B TATSAEAT 5, A R
(Clock Tree) KIEBIMANEE . 584 170 2 FIKBIIAR PUAS I FRA R S 1)
3, P LG H SRR N (AR A R 2 AR RS E SO 26 VF 2257, IR 42 5 i 2
S PP HTIEE R

A BTk it, Critical Path A ) Flip—Flop H Clock Network
Delay(Latency)Z% 4 0. 9998ns 1A FF A& SR HAS P Ins. MZ A1) Flip—Flop
H: Clock Network Delay (Latency) WAE4 0. 9854ns, J52K 0. 5ns [ Clock Skew



M2 A Wi, PRI slack -0, 2721, BATE, XK E—A
R, B A AT IR TC 1208 o

PUE AT R AN SR L 1 s Lack fBL, #5437 23 A BUAT Jai I PR IS P 1k BE SE 2 i D IS
FPARFEDE R, AR IAEA /N 28— BURI G50 AT A T o 3 XA LG 1 i
DI . EOE, TR G ke SR IS TR R AT SR R I P 22 5 KK
SAEA Ja) IR BB ) 7 A S PR A A5 R B8 AN B R AE S e I BT
ST R 2 A B A LLSKRIE BUAF A I P A, BT DU R Pk B AN
XA AT TCVE P A SR e 2 AT N A (1 e AL D RESK K S I Fe U o i 2505 |1
BRI A CD B ERRIATE S B0, A R A AU D R B

JE‘\ %

ARIORE STA AESE B 1C BVHRAEH AN FHZS vl B, A BB e AT
BBt (a1 51 R, BEXS STA IR HIAT BEIR 2P HIA U (Bevh o5 41/ FRREE)



