s

i AT 4T (Static Timing
Analysis) FEAal5 N




Bl S

FEHIRRE N IR AR ST, di e (10D BEUH IR s AR S R iy

(SOC) BeilJy st o sb—EaF e T af £/ 1C &S 4 H BT et Al A
ARG Z TR &N T (Static Timing Analysis fiffR STA)
S SE RN A3 AT T PIWT TC S 75 e 70 A 285 (K I RS I A, R £
IC A T VR, S — AR ROT % BRI, X TVF2 1C Bl # M &, STA
TN WE SR H PRI 4410 o AR SORE I 3R DR A R0a K = 1 W 1) 75 2, 5% STA

(I SERIAGE 2 A SLAE 1C Bevh-Ja s v i B AR SRR A4



252 STA?

STA F B A F . BRI E N FPARL (Timing Model) , BFXJ4esE H
e o M HR I R BT 4 8 P R ) (Timing Constraint) o BAAMHTI¥I S
XX 43, w434 Path-Based K Block—Based FiFi

JeKFEF Path-Based X341 7720 il —FiR, W5 M A 2% B AN,
Zo 4 BRI R BT Y 2. B Timing Model AR/RfE #- @ 4
e O i N i 38 L S T LAk AR R AR S A N T o 7 A5 P 4 5 )
Timing Constraint A:

Lo W5 A SIIK R g A\ A ) 0 2 (AT=2, AT iy Arrival Time) .
2. W5 B Bk HLER A S (I R £k 5 (AT=5)
3. S AAZIAE R[] £1 10 2 FT Rk f o Y (RT=10, RT & Required Time) o

BAETRATET XS PL K P2 442 (Path) SRASZMHT. PLFRIERLA Ak A, S
FIEWTE) S 20 58 L AMBARWZ 5, W e 2 A7 R EIR I TR, LA
P B R PR IA] A0 4 (242) o RIRRHE, TS 2R PL BRI Y 1)
IR R 7 (2+2+43) o FEA FIR%E =T Timing Constraint EEXZ )5, FkATAT
DIAFA PLIXAN R 5, P (Timing) J&ish A2 Al FH 3 2R 11

2 R AR 0 77 T DU B S & 42 B SRl Y MRS 11

(5+1+3+2) , MEFERI E3RSE =0 Timing Constraint Lbxt, FRATAIAAF50%} P2
RXAMBRARIN S, Timing AN AL AE 2 2R

ME— s, BIE 6 M5 e, X TKH Path-Based 43#7 75 :{
(¥ STA BRAAKYL, ELXiX 6 MG HAREZR 10T, REidsk PR, 1C
BT A FH AT 2 BT e 1 7 2R AT BT e v 1) FL B A A A 45 32 ) Timing
Constraint. M- #H HIERMGH I 0 M uEZnl (STA Signoff) ) EDA



& PrimeTime?>RH] Path-Based 173 #r 773, PrLAASCR LA Path-Based #1404
JARANE R

FFok%E & Block-Based (W23 H7 7730, BLIF ISP #EH (Timing Information)
(Rl A7 AS T 0 USSR o0 07, T2 DLALER 15 2 (Node) R PAL. fi Timing
Constraint FRAIMLEEAFAN A 9 5K AT y 2, B 95 AT 2 5 LUK Y 19 5/ RT
Ay 10. Block—Based ()73 # J7 s #k tH AR KUK AT A1 RT, AR5 B PS4
o 24 RT BIMEAT AT BRIR IS EL Timing Constrain H B () i H] B 211k,
W) Timing JEW ALY, S AN AL -

AT=2
& BT=4 .
[ o= 2

b

— L
|
L,

e
B L s

ET=4

A

STA B

TEA STA Z 01, AT A0 FEHES TAEH 78501 T Al o STA JIT s (198 k) 4]
=FiR, PUREA1 . Hd Design Data %54, Hi-F- Block Model 1 STA
BARARSCER @, BATALEL I AU, 1 HAES 4 STA BRARMAEH T

Back-annotated Parasgitic

|
i
1
i
. 1
Mrercamect Dala i
1
1
|
1
1

Gate-level Netlist

T e e e e

Descriptions of C hclﬁ !
Timing Cors i ainig 1
‘Boundary Conditions | |

I

i

Libroy Dea i
e Sy
I

I

I

Operating Conditions

Timing Exce piiunsJ ]

-------------------



Library Datas:

STA P A5 4EM¥) Timing Model MRAFAERRHETLAFE (Cell Library) o IX
SENEIN P BE U A Timing Are 7 R IAEARHETCAT S o Timing Arc &
SCEHR AL I A Z I PP oS &R, AR 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. HHZE 1. 4. 5. 8 Tiw MINPAER, HAh
T2 7 U A

A iy e 4250 Ll
;El 2 R z A . .f&_— z
B=1 B=0 B=1

noninverting inverting nonunate

Y

Combinational Timing Arc &AM Timing Arc. Timing Arc W1 AEF
S I, B T Y R, g T R ER NS E s (A
Bl 2O REIR I A] Combinational Timing Arc [¥] Sense 5 —Ff, /05l /& inverting
(8% negative unate) , non—inverting (&} positive unate) DA non-unate.
4 Timing Arc AHCZ Rt (MY 2) w5485 Ak e A CEIY A I
ST AR Candi N R 0 48 1, i el 148 00, WL Timing Arc 24 inverting
sense. X, Mt AW S AR TT 0 BUW G, WL Timing Arc A
non-inverting sense. 4HFEH T IR E ML PGER, B Timing Arc

Al non—unate.

cK o A — o —aBlah g
b b o 9Q Q CK L i J
] l 'y it
D ¥ CK —-‘E> QB o QB D h 4 CK _|‘"> QB o QB
H S

K T LAY
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CLR
- " |
4 D —D Ly CLR
CK ¥ D —2&p ClRole ¢
QB
q8 3 CK OB QB J >
8 o i — —
s CK B QBlg— QB
&7 8
CLR L CLR
cmf I | CLR F
o —&pn CLR nla o i} _..DCLEQ_._Q
i
CK | | / CK /
- CK —.> onfz— QB i CK """."> QBlg— 08
K9 10

D —2fp CLR 4o g

+— £ i
HABK) Timing Arc SR o

e Setup Timing Arc: & X ¥ off (Sequential Cell, U1 Flip-Flop.
Latch %) i 7517 Setup Time, k45 Clock B FER4 R 2 28 ()

o Hold Timing Arc: EXJFHJCAFHTT I Hold Time, f&#% Clock bFhuk
TR 23 (BN .

e FEdge Timing Arc: € XJ¥ it Clock Active Edge 3% EHar i 2E iR
If1E], HKHE Clock BTFERTFRE A 2 28 (BB

e Preset and Clear Timing Arc: & 7R JGHERR S (Preset B Clear)
R, BERBOERRIEE, KIE RIS BTN B A2 Preset B4
Clear 704 4 2K (V) o XA Timing Arc MW S #BUHE, KBS
I8 RS B AR AR [T, XN STA T 5 A2 AN SR VRN

o« Recovery Timing Arc: & XJFJGff Clock Active Edge Z i, JERRIM
SAHER BT TE], MK Clock EFFER R4 2 28 (L)
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e Removal Timing Arc: & J¥ et Clock Active Edge Z J&, EFRIAS
AUEFA BN ], Ak HE Clock EFFER RIS A 228 (B .
e« Three State Enable & Disable Timing Arc: 5 X Tri-State JCfELfE
W5 (Enable) F¥th (USEIRIS ), K# Enable B Disable 7320 2 2K,
(1)
o Width Timing Arc: & X5 FHAERFRGE BRI ), HCHE IR T 4EFFLE O
o 1R b 2 2. (D
ESCHNH T RRAE O A I PRSI (R IR E R A TR B B A T LA
o BTk, AR B B IX LN 7 58 Rl SR 2 an ] e SCAERRHETT T
R 6

LA Combinational Timing Arc 4, RS WA S H IR AL 3R B R) ) LA
i AN (G N ) (Transition Time) FU%tH i A2 A4S0 s B, ik
(#1757 AT LU e 72, W F =R W] BLEIX 2 AR ECU R br, dor
I A% (Timing Table) , ik STA BCUART LA R 1) GEIR N ] o XA AR
AR 175 304 b IR MR (10 77 sCHAERAZF 22 5 DR BAS T 1T B K340 R A v
TUA PR B R 77 A ) e 1) 7 AOR S Timing Model

4 T, : cell pin to pin intrinsic delay

(delay without any loading)
A_ : drive impedance

Cell Delay = To + Ac * Cicad

- 1033
I'o

delay time (ns)

-
output capacitance load (pf)

K =

FATIZEAN T A5 R BE T STA BRAA U (] IR 3> AT 5 H e SE AR I Th)
CE P9
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Output Input Transition
Capacitance

| |
! |
0 0.5 1 :
: 0.1 0.123 0234 0456 |
|

i 0.2 0222 0432 0801 |

o JUPHIEIRITH) (Ddelay) : fyNILE 4 1 A7ifE 50%3 4 k2 45 1 ALAE 50%
FRTER ] o

o JUfEEHIA] (Dtransition) « Hi ki@ 45 1 £k 20% (80%) | 80% (20%)
[T E ] o
> Dog{{ T) = S Doununand {1, C ) — S(0.50.2, — 0432
D et D) — G DiraddD. C )

MR TR R 0.5, SN 0. 2 1, nl B F DU R I Rk A A
Juft 12 MSEIRI TRy 0. 4320 1ff 1T RAK BN IR, X T ek HiR R i &
TR PIREIR R Cany NS4t A) 0. 25, ik 0. 15) , STA HAkS A4
P A e AN ) 7 S AEIR I A

T HARM Timing Arc, ANVE RN FPIERBN PR A,  FOAHR Y (# I Fr 4L
BV EA R 57 SO — AR

e NRPAMTUL AR EE (Operating Condition) XfFJFIIFEMT . HAEH
Bife i HIRE (Process) « HLJE (Voltage)  JiJ¥ (Temperature) —If[X ¥,
X = IRDR Ol SRR PVT, I R s a] F O 7 etk Jr R ORI
' nom process. nom voltage & nom temperature 43 X AEAMETCIFEET,
FRAEESLIN P I (R RV E A5

D e = D+ A K1+ A K )1+ AL K)
A p = Process — xowe_ process

Ay =Voltage — nowe _valtage

Ay =Temperature — nows _lamperatun
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Interconnect Data:

15 THE a2 STAL Beigfl-y-rb, S 7T 73], JAr T BT 42 4 vl Fg
) [R) R LR SEIR (Interconnect Delay) HIEFEMN . F3L b, 4% DSM 1C ¥
T2 B RIS HIEL IR T, HLREEEARRA 2.

HELAEIRAK AT R ek (PER) TS A A IFMH% &, R RS 540T, o
PELE S R R PRI 7 B WA 5, T AT ZR AR 2 — AN TN T AE AT R S ek
25, EGIEBE N R SEhRSe L o ORI . XA R S S BT L TR,
W EFH Wireload Model SKTifli. Wireload Model A4k i A THIFR I LA /s
BRSO (Fan—out) 20 SRR B EL K R AN AR, STA B4R
I K 26 i B A T S 2 A IR o FEAT R 564k 2 ), W LA FH H B 7 K
I (RC Extraction) HCUAKESEEL T8 5 i jli S B 1) FL BH LA P B, A% 5 UG ]
(Back—annotate) STA #AKTHELIEIR
Timing Constraints:

Timing Constraint KT Pras e, FHRKK Bk ri Bk I e g e . Hor
E L — TR (Clock) MR . Xt —ANFIPHETT, BEAr4aFE
1728 2 [A]¥ 542 S SR I 1) 25 /N T —AN Clock JH ] (Period) , i, 43k
TN T Clock #UA&, Frfa B A7 4 Al #4211 Timing Constraint 45 A 24 &
I

QHg S
D q_{’ Y 0
SD! rce ldtency —
¥ y ci 2{ Cn

| —* QN

L |2

[ o00
network latency

SR
Clock ML &L Latency M Uncertainty )€ Y. WIEE X— Clock [
JAIH RS BTG R BRI TR S . Latency € XM Clock RYEENF 1) ot
Clock i A¥ii I IER I [A] . Uncertainty JUl5E X Clock w5 2 [a) s Clock #i
N i R Rl 38 GG 3 7R ) o
U SR LT SC AR AR 2 (R, TR T A PR A (0 A ARV Sk
RA LLBEE MRS . AEE T T s, e IE R4 (Flip-Flop) fE28—
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AN Clock FFhgkit 4 ZH R, BRI 7EH A Clock EFF&ibATidm
Flip-Flop . Zor #4714 010 Flip-Flop A&7 IEATRILTE R 26 20050 18 5 — A
Clock bFFEFIIEY s C1 (RIS [A] ORI ER — A B THER BT 1L C2 MR R] 5. Bk
FEW TR AR 0 [P, Clock W5 H S sHIA, Zid—Bif i (source latency,
L AN TR, BBl A1) Clock ZEIR B[R], Ut 7 b 5e s =28 )il 5 4
IR EA L) Clock B N i P, #2 PR —B A (R Clock

REIGE NP S IEIB I [A]) , Clock W53l 23k C1L A1 C2 v 5. WM &
HATAR RS 5k, B N\ P &) C1 RN C2 [R5 SE IR I R) ] phade 2 b i 25 A8 v B
HATHE A K. e, Snb bR RIS i P ARG S C1 F52E 1 AN ) Bq
Hi P AL 3] €2 77 2 ANIFIRIEALT, ) Clock 555 — A B THEiE €1 figs — A 1
THE Bk C2 (R[] s 23 Wi/ R Or PSR, 43l s a] 2 T 13 (AR
b7 1A TSI source latency)

I.{.?lm,! Clock j ir $ 10 i
|

Sourece

|
datency |= source latency + network lgtency
— 3 :
i r— i
' / '—(i\ 4 \'- / [:'::1 14
o i " puncertainty = 1 b
|
(after P&R) \ 2 L_{\F-'F 12 Lo o
7 ,rf : fﬁ
\‘_H BT |
R |
o . l =
Clfafter P&R) :_ ;} |
C2(after P&R) 3 | (| 1B

ERWVA

A R S 54 2 i1, BATCEEAERTS 50 P 3] C1 F C2 [R5 LR I [A], L FE
FMAN TS o B+ T network latency M b 3CHERI Uncertainty /e FH R
SRR TIUAR 1) o S FAT AT SRl 56 56 (017 J) 5 SR R A T LLAE Clock i A\ i st
P %145 Flip-Flop (%) Clock % A (R TR 5 AR I [A] A5 —FF, A5 T T 40
TEIX AN THAS LEIR I (]33 0] LAAS 2] Clock A5 2k C1 A C2 IS ] A5 T o AN
GEIR IR [A) ] LS iy v R e Clnmiif ARy, Flip—Flop 5 HAF) SRARTAL,
T IXAS PRS2 T iE Y network latency. WX Fh 58 SE M BARAAAE g, T
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Clock My LTHZFIA C1 A1 C2 MR (IR LA/ Latency (source latency +
network latency) tHHHIK,

AR, AR ERAARXAERKEE, i RS54 )5 Clock i A i P
# i Flip-Flop (1 Clock % A 15 BB I A A4 84— R o A2 Ui
Clock A ETFHEAL N I35 C1 AT 2. PRIETRAT B NS b3k A G 2 e s
IE, I Uncertainty (&K X Clock BIH& A A shfnl fgukEl. 46K+
7NHY, Uncertainty 24 1 ANNFEIEAT, JrLh Clock 28— ETHZeasAEI 0] £( 3 (Bl
Ay Latency by 3)75A7 1 B [A] A0 [l P CHU e A f 0] 0 2 B IR] 2 4D 211k 1,
BA BTG AR TR 2112 21 14 (Y6 H A BX C2.

BT Clock ZAb, %7 r ik HoAb S 4 Ao il S R4 IM3A45E. (Boundary
Condition) WE LA, fEULH] Boundary Condition Z W, AN EAE
(Path) LM T . F3CEH K STA S8 T TA Y Path 4%tk
PAAMHT, fH Path (58 SURAT AT ?

Path FRHEE 2 L ¢ fimT LAY by 4 Fif:
1. i Flip—Flop Clock f A% Flip-Flop #HmA (K-t ) .
2. MEEHMA (Primary Input, fiifKkPI) #| Flip-Flop %tkRlmA (K++t

HED .
3. H Flip-Flop Clock HiAF| ¥4t (Primary Output, faj#x P0) (/&
+LAET) .

4. HEE@MAZEEmE (BHEAT) .
Y Clock A HIE T2 )5, 25 1 Ff Path M)A (Timing Constraint) #tH
e T . T EHA 3 F Path IR FIRE], A% X Boundary

Condition,



T o DT g ( ) DT g
_ Lo _ = La
=~ o ¢ 1 ] a1} i
o Fij o -
Crotabun atenal im
[+ Ciom b mtiomal
- —— : —
] . Lo Logic
L J

—Bekeit, FeAilesE X R #11f) Boundary Condition:
1. Driving Cell: j& A simdfizhae )y (B0 .
2. Input Transition Time: x& N\ u s RE N (IO &
3. Output Capacitance Load: & HitHifak (B+/)0 .
4. Input Delay: iy A siAHXS T-HAN Clock St M KRN A] . (&1L,
Delayclk—Q + a)
5. Output Delay: F %t siATANE AR T HAS Clock SRR ZEIR IS [A] o (]
L ed
FEIX 2 Boundary Condition & X2 )5, & 4 F Path Fi52 E#n]FHRUEE 1
Ff Path (Flip—Flop #| Flip-Flop) . k2, b Boundary Condition J&,
H3E Clock 4552, T3 Path [ Timing Constraint #t<s A4S E -

Driving Cell “Thvo1 7
|

I — /Jl

_rlr*-put Transition Time

e

QOutput Capactance Load

Sl VAN
b e NP
Input Block My Design Output Block

B
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HF44~ Path #8545 Timing Constraint, FtRARF/rHTRREMEHEIT. HAE
FELEREDL N, A L2 Path (W08 Al BEBCAT R, PR /R AR B IX L2 Path (12347
WAL Path M A —#F, IRSARTE EXLE Path (0B 5 a. BEI AL

B E L% Timing Exception, I False Path fl Multi—-cycle Path ZEZ&kAb

AR L I 0T
STA ViFE K 43 M1 75 =

STA IRAE W = Frow, oA B Uk (1 50 H 5l B AT TH SCHE S 2 ik Ao
A Timing Arc, W1 Setup Time. Hold Time 2545, DA N FAT1E X4 Setup Time
Z& 1 SEFRYue Rt B STA 120 77 3.

Gate-level Netlist

Block Models

Specify
design data
& libraries

Cell Library

Operating Conditions

Specify
interconnect

Descriptions of Clocks

Specify

Timing Exceptions

timing constrainis

Check
Timing

Back-annotated PHI’I@

Estimated Wire Load Models

H

Constraint
Violation
Reports

Setup Time

-

Vet s & =t — s, IERE (Timing Model) JZIFRABE#H (Timing

Constraint) Wl F:
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0
-

=

Bt
AT I R4 S BT iR K R B I 18] 3ns,  #RLh 2ns.
o PrEAR WA IS TN A I REIR ISR A 2ns, dcRE0A 1ns.
o JrfiEZ (Net) HKIIEIRIIAY 2ns, KA Ins.
e JiH Flip-Flop Clock % Q I ZEIR ] 3ns.
« JT Flip—Flop I Setup Time 4 Ins (Ts) .

e J7f Flip-Flop #) Hold Time & 1ns (Th) .
o Clock Ji#°4 14ns (Delkp) -

e C(lock source latency & 2ns (Dclks) .

e C(Clock network latency 24 3ns (Dclkn) .

e Clock uncertainty & 1lns (Dclku) o

e B M CIinput delay ¥4 Ins (Da. Db, Dc) o

e Y[ output delay & 3ns (DY) .
PR K, FATILL Step-By—Step 5 AUt BHIS 155 23 B 1) 5 2K
L. ekt AT Timing Path, FATTAFIH BAKNER 3 45 Tining Path 2K
PLEH



Timing Path 1
Timing Path 2
Timing Path 3

13t S
2. BN AT /048 1, THELEE 1 4k Path & RS BA I B] (Arrival Time
fEIFK AT) &
AT =D +2434+243+2=1%e

launchledge | | source clock (ideal)

1

(]
1?14

]

0
| {capture edge target clock (ideal)
]
|AT
s 9
r— e ;
h AT=1 :
B—i0 *I | — o
b T
Y
c r

3 ARBAAN A WS 1480, THE 1 4 Path 45 AT,
AT =0,1+2+21+2+31+2=12xs


http://www.dzkf.cn/upimg/allimg/0703/1_23141425.gif
http://www.dzkf.cn/upimg/allimg/0703/1_23140549.gif

launchiedge i source clock (ideal)

0 12 14

J—|—i|capture edge  target clock (ideal)

L"*\i

r

K=
4. TFHESE 1 4% Path & 575 K] (Required Time, f&j#% RT) .

BT =Dg + Dy + Dy — Dy —T, = M+ 2+3-1—-1=7ne

launchfeage | [ soure clock (ideal)

0 14

| target clock (ideal)

| target clock (source)

l

!

! | qpture edge |'[ target clock (source+network)
i 2118

:

|

target h8 target clock (source+network
. Tuncertainty)
-\\\

17 - setup time
I

5. B HIAN A WS H 048 1, TS 1 4 Path Z511 Slack. Slack %5 RT Al
AT WZEME, X T Setup Time BilERiE55T RT — AT, Xf T Hold Time H:iEKij
Z5F AT - RT. 70k Setup Time yufiH, Slack AIE, F/Nil'5SEprElik Path
2 RO R L 25 RIA (B T IE L, DRI Timing A3 2 11 .

Back = RT - AT =17-"3=4xs
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=S

[t aVAN
6. AN A S H 1450, A 1 4% Path & 0¥ Slack. Slack A1, Kk
Timing A2 /2 11
Sack =RT - AT =17-12="5»
Zrer b M6, 5 1 4% Path [ Timing 2fFA MU, HL Slack & 4ns CHUELZER

o) o

P AT= 1 5
= RT=1

B——D -x~‘ | I -

L

= 7
Y
C
K=+t

7. BRI Flip—Flop BWR5 H1 0 48 1, TF5H.ZE 2 4% Path Z& 511 AT,

AT =D g +Dp, +3+2 +3+2+34+2 =20m



|
| [ source clock (ideal)

0 5 14 19 20
| launch edg&—\—l—r source clock (source
s |
| +network)
i AT
L Iv{ }
Y

K =4\
8. % HiZk Flip—Flop IS H 1 48 0, #5452 45 Path & 51 AT,
AT=D_+D, +3+24+2+2+3+ =0

|
| source clock (ideal)

0 5 14 19
| launch edge source clock (source
-
i ATE netwark)
' 4 )
¥

9. VL 2 4% Path 245 [ RT



RT =Dy + Doy + Doy — Do —T, = 4+ 243—1-1=1Tas

' launch edge " source clock (source+

0 5 14 netwaork)

_—l—l— target clock (ideal)
_:J L 16 target clock (source)

[
capture edge 19 target clock (source+network)

|

- Ll s

! J —»1B target clock (source+network
|

:

|

RT [l tuncertainty)

17 setup time

K=t
10. fEEATZE Flip-Flop MRS 10 48 1, #5050 2 4 Path & 504 Slack. Slack
Jy A, R Timing AN A o

Slack =RT - AT =17-20=-3

=4
11. ¥ ATS% Flip-Flop [R5t 1 45 0, V1445 2 4 Path £ 451 Slack. Slack
Jy e, R Timing AN AE o

Sk = RT —AT=17-19=-2
ZE5 10 FIT 11, %5 2 4% Path [ Timing A2, H Slack A-3.

RT=1

K=+
12. (R ¥EHTY: Flip—Flop [R5 H 0 48 1, 118 3 4 Path 2 51 AT,
AT=D_ +D, +3+2+342 =15



| | I : source clock (ideal)

0 5 1415
i launch|edge : source clock (source
+network
! AT| ’1
L .K }
A 0o !
B—{p ¢ ] "
V)
- E
E 7 AT=15
Y
R
c
B =t

13. R ¥EHTY: Flip—Flop RS H 148 0, 11804 3 4 Path 2 51 AT,
AT=D + Do +3+2+2+1= ldwe

| source clock (ideal)

O S—
i launch|edge } source clock (source
:' +network)
: )
AT =14

K=+

14. 7B 3 4% Path 2511 RT,
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RT的意义：把两个Flip-Flop之间可能产生的延时都封装到一个黑盒中去，排除多时钟路径的情形，RT为该黑盒能产生的最大延时。


H:Dﬂ—ﬂr=l4—3=1m

lau nch|El:|ge source clock (source+
14

i
I
IE 5 11 network)

Ji—l : target clock (ideal)

[ EEe s

output delay 17 e

=
15. L BERTSE Flip—Flop MRS 1 0 48 1, $H4145 3 4% Path % 2] Slack. Slack
Jy e, R Timing AN AE o

Sack =RT - AT=1_-15=-4

HESPA
16. & BT FLip-Flop [R5 128 0, 545 3 4 Path 41 Slack. Slack
Jy e, R Timing AN A o

Slack = RT — AT =11-14=-3
Zitr 15 M1 16, %5 3 4% Path Timing AFF& K, H Slack Hh—-4.

A
B AT=14
F RT=11 Py @
¥ = ol | |
F.--
. >/ aN

K=1-=t



o

o

ity LR pr s B, L HLER I P ANET & A%, JE Critical Path 4 Path3, Slack
A
B

B

ARICHERT STA (IRES S TR/ 4, 72 RARMISCE A, RS STA #E5Cks
IC Bl i i M 28— fI Bt ], 15 AU H B



Bt i B
BEVHEHI 4> 32bit x 32bit [f) Pipeline Sfeikdt, HIAMWIE— PR,
Pipeline JtJp 3 2, FHLIE 2 Hin i AN\ i B A7 85 £ e il 38 S UM

out[E3

L 4

k 4

> - ﬂl!‘.l.iﬂl
H II[N-‘;___G!
o P2[42:0]
oy | stage2
D—!*—J EMJ
! 4 s L
im1 (3304 stagel
P LEL]
#

e Cell-based WiF =0, HEUMIARRTE S Bt El— 2 Bk, T
KIAEHL RS, TS (Synthesis) NATRS%4k (P&R) o FFAESAENI %20
R G REATH SIS P34, B T RS S A0 AL o SEAE AR P FH 21 1 30k M i
TR T P

e &fl: Synopsys" Design Compiler
o i %e4k: Synopsys' Astro
o Wil%EIE: Artisan™ 0.18um Cell Library

TR TR, AW BIFR A I P 0 AT e SEAE R (R S i
S 7 A B B AN (R SEARCE R E I 20 T (1) 2 o
i FPR 4 (Timing Constraint)

BAEFRASI P8, BB N IR e v E A B BRI A Bk .

(> Jam e PRz SDC 54

1 KRR (Clock Specification)

1.1 #: 6ns Dcreate clock —name “MY CLOCK” —period 6 —waveform {0 3} [get ports
{clk}]

1.2 Source Latency: Ins = set clock latency —source 1 [get clocks {MY CLOCK}]
1.3 Network Latency: lns = set clock latency 1 [get clocks {MY CLOCK} ]
1.4 Skew: 0.5ns = set clock uncertainty 0.5 [get clocks {MY CLOCK} ]

2 JEiRIE (Boundary Condition)
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2.1 %y N % B ( Input Delay ) : 1.2ns = set allin except CLK
[remove from collection [all inputs] [get ports clk] ] set input delay $1 DELAY
—clock MY CLOCK $allin except CLK
2.2 HiH4EiR (Output Delay) : 1.2ns = set output delay $0 DELAY —clock
MY CLOCK [all outputs]
2. 3 it 13k (Output Loading) : 0. 5pF=> set load $0 LOAD 0.5 [all outputs]
3 AN (Timing Exception) : G
B AR B PR
Y Synopsys Design Compiler ¥ HLEE G SE G, AT T T4 LLE A
I i
report timing —path full —-delay max —max paths 10 —input pins \
—nets —transition time —capacitance > timing syn. txt
PR & S ABAAAE timing_syn. txt BERYZE . FERYRMIT kA AL, S50 ik
LR BT AT BEANTT 5 I P RS 1R 8 42 (Critical Path) o f540:
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
EIX/ M F 71, Critical Path s Flip—Flop &% 2 4> Pipeline Stage
WK B2 B AE8S 155 0 ™M ot, 205 Flip—Flop W% 3 4~ Pipeline Stage W)
P3 AR 47 Mot (=)
7F Critical Path #R¥5 1 F 744 Wire Load Model F%ETH,  Hya Bl FH 1)
J& UMC18_Conservative Modelo. XA Model £ AR 7 2 Tl 4 £k 1) 42 IR
ff[E] (Interconnect Delay) .

T
L D @
- Combinational .
ar @ w @
B2[0] P3[47]
Critical Path
K
WS RE FRORIE, RS Critical Path [EEAIIFYR. BIt:
Point Fanout Cap Trans Incr Path
clock MY CLOCK (rise edge) 0.00 0.00
clock networkdelay (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 DWO1 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 arrivaltime 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

SEMAESA R, F—AHAT Point Fran HEEAS T A, 15 mnT LU To R
N S, R DU o] R IELR (Net) o 25 AN HAT Fanout dron 15 i)
P TCAEANE 5 — AN HAT Cap bros T S fESh I 2. S8 DUASHAT Trans Fros
W FAE S A (Transition Time) o 2B BN HEAT Incr Fros T siis ik
(P REIR I 1] o B J5 — AN ELAT Path MU B AR 2 BB T 504 15 0 5GBSR ]
FORFATH _EAE TR Critical Path R %EH.
clock network delay (ideal) 2.00 2.00

HALF) 2ns [F) clock network delay & AL & IS 7 BRI T 450 0 R 17T
R A BRAT45 52 T 4% Ins ) source latency M network latency, M RKIA 2ns.
S2/B2 reg 0 /CK (DFFHQX4) 0. 00 0. 00 2.00 r

AT R~ Critical Path M 4 S2 Instance [f B2 reg 0 X4
instance [ CK ¥ o HHAM 2ns [ network delay, JTLANIKAE 5 2158 Y 4
(R Ta) 25 2ns (=) . %02 Ons f¥) Transition Time W2 [Rl 2341 1B A L8 I ik
FIAS b e CHHUE , & BRI &5 152 /& — Ons Transition Time [FEARSTE
RATIAN v E B AIXA Flip-Flop s IE4fiAk, FTALL r £on. WHE £ i
Sk o
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D™ o
B S2/n36 A Y
2x2) ©
— S2/U10
S2/B2_reqg O_
Other
Combinationa
Logic
D™ P
) A S3/N94 S
S3/add_106/SUM[47] w @
S3/add_106/U0_5 47 S3/P3 _reg 47
K=
S2/B2 reg 0 /Q (DFFHQX4) 0. 16 0. 30 2.30 r

P55 B SR aa I 2 liAkis, X AT RN T Flip-Flop M CK
Ui i 2 Q i AT A $EIR A 0. 3ns, HAEMY A Transition Time 4% 0. 16ns.
Bt DM 5 B3A Y R i i E) 24 240. 3=2. 3ns (EIPY) o ISR r 24 Q i
RN 0 AR B 1 I BRI TR T 1 ARAE 2] O I ) REAR I ) E A, Gn SR AR 11
i, Bemidabion o LUEEME S Bl (Cell Library) M #3E (Timing
Table) £ HiK 1, HolH 17 XS T EHS RN 72087 (Static Timing Analysis)
SEmh N (D ]
S2/n36 (net) 1 0.03 0. 00 2.30
S2/U10/A (BUFX20) 0.16 0.00 2.30 r

IXPATFI_E—AT B AT ) Path A7 #—AF, X2 P& LS el & Rl —N
G PTUME S BRI (A —FF o AP B IX N vl B AN %E R, Flip—Flop [
Q %t i A5 0 Buffer MM Adm A A5 5 2 ik I (8] Nz A — AN % £k 18 iR

(Interconnect Delay) [WZ=ERNE? AL 2%, {HIAAy Design Compiler

XA E A I 2R IR I () 5 OF B TR AEIR (Cell Dealy) IR THET, B
A 5 th B A BIGEIR IR R 88 e i 2& i, 1R Point #42 net A1,
B K5 22K M Fanout F Cap #2447 B A .S2/1n36 1IX 4 net R G #Es—> Buffer,
M Fanout 2% 1. HENE Buffer BUHmA AL IELL i amn, A E%
0. 03pF.,


Administrator
Highlight


0 S2/n36 A Y

52/U10

Other
Combinationa
Logic

DY Q
) - s3/Not |
S3/add_106/SUM[47] | _
EIE/E!icL_l(NSIlJ(l_EL;47' ExalFxs_J1ﬁ;_f¥7L_
APy
S2/U10/Y
(BUFX20) 0.23 0.21 2.51 r

X AT 2 IR Buf fer M A i 240w (P I A B8, HAE A5 0. 21, FrbAME
5335 Buffer %y o (I (8] 4 2. 3+0. 21=2. 51ns (¥ 1)
2R RS MR oI e B, BATIRS L e IA TS, HRRE R S LA

st
S3/add_106/U0_5_47/A (XNOR2X2) 0.18 0. 00 7.74 f
S3/add_106/U0_5_47/Y (XNOR2X2) 0.12 0.22 7.96 f

XJEF| Critical Path £ Sar G — AN JotE, 155 2EFINH & 7. 96ns.
BT AR Bl AT A b s LA £ T, IXER 5 5 148 0 PR o e iR

IR A1

S3/add 106/SUM[47] (net) 1 0.01 0. 00 7.96 f

S3/add 106/SUM[47] (stage3 DWO1 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

X JUATHERAE A — AN s e gi i, HJE @4 )2 (Logic Hierarchy) A
Ao {5 5% 5 ik Critical Path & S A4y 7. 96ns (75D o PA J& Arrival
Time (AT) HIUIH, T KRFKATE Required Time (RT) KT



S2/U10
S2/B2 reg 0
Other
Combinationa

L\if/)

DY Q
) . S3/N94 -

S3/add_106/SUM[47] w @

S3/add_106/U0_5_47 S3/P3_reg 47_

S3/add_106/U0 5 47

KA



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 W k& N —+E4 2ns [F] network delay,
oAk 1 AN EKEI G (6ns) EHMUHZR A T 6+2=8ns JGHMHLZEL,
/e Required Time (RT) ZAZfAk 8nso {HPEZFRATHIN BKEAE A 0. 5ns A &
Pt (clock uncertainty) , PAIRIRICE &, BEKERF T 0.5ns 3], M RT A5 4
8-0.5=7.5ns . % & o XM Setup Time 0.28ns, RT a4 %
7.5-0.28=7. 22ns (F-E) .

j 6 target clock (ideal)
|
_i_ 7 target clock (source)
} J capture edge (8 target clock (source+network)
E J - —H .5 target clock (source+network
! RT LL(_ +uncertainty)
7.2 setup time
K-t
data required time 7.22
data arrival time -7.96
slack (VIOLATED) -0. 74

AT RT AIAT gin] AVHE slack, XA slack fEA S, 2ok
IS EIW FPRUAS o FRRNFRATT SR L LA U B STA, I P RS AT S E il . 5K
bR B, XA AN FRVFIT
i RsE e 2 B PR &

AT RS G s TR AL E O &b e, TofF ) [ Sk Je 0% 28 Gk iR
(Interconnect Delay) ik n] LIRS EFiql oK. SERHMSTHIIE L SR IR & He A
JR ) Wire Load Model ¥EAfIVFZ . DL Astro IX/Mp Ja 5 Gk AR UL, A Ry i)
L T N Virtual Route (VR) o VR 2B PN JGAF ) DL s R 10 T 4T 0 25
Rtk BALELE RIS TAAT ] PIs, PRI LA BT DR v] DLk il
Zetk, Astro ) VR 2 H BN EEX 3 o A7 Jaj J () PR 5 AT 1 i iR 2R AL,
A k7R Critical Path, AR5 S5 LI Y.
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

K K KX X



*  Delay Type : Max

*  Slack : —1.0682 (VIOLATED)

BALATLLE R, MR Critical Path FIG I I —FF . X 42 R A Le Lk s A
], 38 % 2k 1 2 S0 2 IR I [) (A THEA—FE, FRIN A R 5 Se 2k AR S0
WP, A F kg K. A1 KEEM NG Critical Path [FE %%
o

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 1. 0000 2. 0000
S3.B3 reg 4 /CK 0. 0000  0.0000 2.0000r DFFTRX4
S3.B3 reg 4 /Q 0.1501 15 0.5663 0.5307 2.5307 r B3[4]
S4.mult 123.B3 reg 4 ASTipolnst106/A

0. 5839 0.0294 2.5602 r BUFX1
S4.mult 123.B3 reg 4 ASTipolnst106/Y
0.0231 5 0.3842 0.3252 2.8853r S4.mult 123.B3 4 ASThfnNet53

S4. add_133.U155/A 0. 3328 0. 0006 8.0590 f XNOR2X2

S4. add 133.U155/Y
0.0030 1 0. 0894 0.2341 8.2931 f S4.N109
S4. out_reg 63 /D 0. 0895 0.0001 8.2932 f 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 (P4 2 b s A 22 57 o & G HES 1 Point A4 LR AR
Port/Pin Ml Master/Net #:{7. FRAIM& L —FIIFER AR, Critical
Path [P 5 %y S3. B3 _reg 4 (1) CK I Ik A i 23, HLAT 5 2138 1R ] 8] 25 s kR
T4 A8 1K) 2ns (Source Latency + Network Latency) . % [ KA5 5 & 3
S3.B3_reg 4 (MR T Q, f£9% T 0.5307ns, WAELIELE 2. 5307ns W F)IA
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o om . 4k g 4 r k., % S 4 W% 4% 3
S4.mult_123.B3_reg 4 ASTipolnst106 Cill % 1XFh 4 2 M ok 2 Ji 5 Ge gk ik
TEAM I 5 S FE AL IS I ) G2 187 2% B AH 4% ) IX AN oA I AN o i A, fE 9k
0.0294ns, HELETE 2. 5602ns B FE M . XBGELHASS T— MR
R, BURPTIER Net Name, #47 n] AFEHR 5 fe A7 A A=A 2 i) 2 Net (R 8E IR
TEG BURARIHR A, BA Net (326 1B IR B IR AE TC A I ZEIR s I DLIKZE 2%
Fo MR E SRR 1, WIS B FEE 221 HIE LG AEIR
A5 1R 5 A A s AR s — A, A TRAINBEA . A slack HA, 7
iRz G, RS ARG PR G IH B s .
LGS Rk

TEGRE e G, AMETCHFIAL B D, I S R/ANBIR A L&
T o LIS PRI e 5 2 B SE B il B I e Pk o EBRAR RO T, MR
1) VR TiUAi N AZ AN SERR S8k — 2. (H A 10 0 B X R R, VR Hl T 7% & 3 8
LLAETEIN I, SERRSEEIN e R RS X BOE TR Z 582k, & FEAIEL N
IMEHEE VR RIS AR o BRI A ey 5 G2k IR AR 2 i IX L R S8 AT, 1T
IXLCLETEIRAT V%S, HIEL P& — &t VR LRI B AT 2 K Xk
FoAEZNIEL N, PG 2 IEL R, FEUN I BRI 2.
Tk, BAVECKE B BB 54 5 R P
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)
sk ok ok ok ok koo ko ok kol koo ok ok kol ok kool sk ok kol ook ok
sk okok

oK K X X X X

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
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Setup time 0.2513 7.7341

Required time 7.7341
Arrival time 8. 0062
Slack -0.2721  (VIOLATED)

BALTLLES], Critical Path X1, JE RIAIAR Jaj i R JELERRAL, — 258
RAGEA L RN PRI . IR (PR SR R S R R,
HANEE—E R ZET, SRS 2EM R AT, B K 98 T2 HH KR
FEAS R, XTI ERR B bR 10 A TSAEM R G, & B o

(Clock Tree) KIA BN BKHUAS . B2584 H 932 F I8 B KRR R IRA S 1)
2, P L Ge 2k I 1) B BC9E TH S RIS RIS 2 SCIRAA e/ 22 5, I 2 s I 21
P
PL_E TR F K5, Critical Path 5] Flip—Flop H Clock Network Delay

(Latency) A% %% 0.9998ns [/ F A& 5 KRS TP i) Ins. T2 51 Flip—Flop A
Clock Network Delay (Latency) MJZZ7% 0.9854ns, J&K 0.5ns ) Clock Skew
W FEA T . ik, SR slack 450, 27210 1BARSE, XARE
BE, I PR A ISR TCTE IR B
LLEEAT SR AN G624k a1 slack {H, A7 2 A TG =3 I AT INE el LU S8 28 Jim 1) )
PEOR I, X FNFRATAEA /N 58— B &5 10 0T A Bl o 385 X AN IS 10 R R
o L, MRS SRR Ryl S 4R S RN RN JR) S I R 2E R OROK, RAE
A Jey i) BB EAR 1) J SE S A G 08 o 5 AN LR U AR S8 2 I FRATT XA
TARZ B AEAL MBI E LSRR BIRF & I PRk, i AR ek bedse if . AN, XA
1AL T~ TG 2 FH A SR B8 2 A P st (1) e A A D) R SRl 1IN s RS o DA 20 1] 1) 2
A BCP R R RRIE S EE5 DR, Ha W H 4 R ok A 2.
5§

ASON) STA 7E5ERR 1C Witk rh N F 25— Yl ui B, Ay 38 & 7E BAT 5K
FrEs irve il 51 F, BEXT STA N HA IR — DI, (
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