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A Method to Achieve Timing Closure During Synthesis and
Physical Design Stage of Digital Integrated Circuit
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(National Key Labotayory of Science and Technology on Multi-spectral Information Processing,
School of Automation, Huazhong University of Science and Technology, Wuhan 437704, China)
Abstract: In this paper,a method to achieve timing closure during synthesis and physical design stage
of digita IC is discussed. Timing closure is one of the most important task in digital integrated circuit
design. As integrated circuit develops into the deep sub-micron period, the size of chip and the
complexity of design has increased significantly. As a consequence of this, it becomes more and more
difficult to achieve timing closure. This paper has discussed the method to achieve timing closure in
synthesis and physical design based on low-level image processing SoC design. This paper firstly
introduces the way that Design Compiler and IC Compiler use to perform timing analysis, followed by
a discussion of how to use the tool to set reasonable constraints on the design, and finally introduces
the solutions to timing violations in various stages. This SoC has finally got timing closure by using
this method..
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M. OCV 70 #fr. CTS LW, I Bl X 28 AT L L SRR s P M 5 Uik o AELESEAE 45
B AN ESR, HE S B DU A B AT S PR AL, e A R G PR
S

1 N thEREE

LG PFRASIS 7 0 AR BN BT T O — 25 2k % A%, AR HLR & AN | £ 208
PUF DUAR S A NS 1 30 i 2 A0 v« MMl 2 I B Ak R S8 5 oty o Ak R 2 B
b i 1 s R AN B s 1 D,

BejE, THX R —KBEHTIRE. BPREMNREIRE, Hrb i 1) A H
(setup time) FI{&FFE ] (hold time)ki &Y. 4N 1 Az, EESLH ()& 4B AL I 4P E a2k 2
AT, B AR RS E B ) CREERS LR FRTER B A ROR 2k 2 5, R LR R R E 11
B[R] o AR SC 3 BT XX P IS 73 FE e

DATA

CLK

Setup Hold

P 1 S STIORFR IR A E
Fig. 1 Concept of Setup Time and Hold Time

2 BHrBHINFFLIR

EDA T HXF I I 23 S R Al 22 EH 2D SRR IREN I, ORI, B S k4T
W FPAIHR. LRI T MR, NARYE Bt i BB 0L, BT VR RSB itk
Gb, FERCF B BT BN B ROZ BN AL, DUA BB IRCR . R SO P
2R3 AT 2 {4 Design Compiler 56 i (12 31 77 SAIAE A 1IC Complier #7811 )
2977 & = AT R
21 WFPLRKEART N

I 3 240 SR B SE A 1) P A I B 0B A i ) 2B I 240 SRR 05 i ARy 2 o
BBl 20 SRR AN P A R I IR e 2 —, B RS BT A RS 1 B AR B T AT
SERE IR 20 R N FE 1 (period) « ZEIR (latency). #5#kis ] Ctransition) FUAHE P
Cuncertainty) M. FHIRIN G BIEA RIS, EIR I EYELER (source latency) HII 4
K& 4EIR (network latency) . i1, source latency RJVAS #2124 BTt A mlRSEER (6 I ek b
RUAEIR, nerwork latency A2 B BAR T s B A (il R 83 8038 72 B oo g ) (UREIR . #%
eIt AL 85 S S R g . A e RGN Bifm 22 (skew) I BRI LS (jitter)
g (margin) =ANEB ;o Herpr skew 2 [R]— I 313 12 I v 8 A AS [R50 8] PR i 22
jitter 2 I S R 13 i [A] 5 B AR TR IS (8] 2 18] (1) w22, margin s BT 3G N & Siid Bt
A I &

SERKT I BRI 200, B AT 2050 IR DR SR A A2 AR R 5 R, RO PYERER 12, HIXT T4 il
(T i R BRI P AT R, 53 A =R AR S PR PR AN SRR, DRI FR 0 R e N AE B
(input delay) F4th ZERS Coutput delay) 23R IXF 70 BIRAE N M AT G T, N
PR % AR E I ZEIR o
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5, TS AT N . EDA T B iH ARV B T A I 2 3 T4 N\ s 4
A Cinput transition) A% 61 %% (output load) . [RIIH F5 % 5 Fr A% N i 11 4 B OIS, %5y
80  Hium I E fE.
22 ZERIARGT
B R 2 403 SoC K F Design Compiler #HT2 43R4 & . Bt AL & TUAN R 4 A

B IS U B DL =AM i eE (R D
® 1 BB RZ AL SoC I B st ]

85 Tab. 1 Clock Definition of Low-level Image Processing SoC
I 44 AZ/MHz i
rpad_clk 100 Uy ae KA
rpad_clk_ADC_10 10 ADC SKFEIT g
rpad_clk_33_image 50 HhTA) 285 SR AN [F) 25 1
TAP_TCK 10 JTAG I
clk_fpa_10 10 fpa BEHLN; 4, Fy 32 I 43T o
clk_o_10 10 MRl e N I E U R e e TS
rpad_EMIF_clk 100 Kb HCHE A B sdram Uy ] B b
rpad_clk_o_led 10 8 % 77 1t i HH 2 2 i ol
rpad_clk_o_fpa 10 fpa iy tH 2 i b

T 25 B B 5 A0 Je A 2R B IR PP S Sl 22 S AR K, TR e 1 4345 Bl 7k >R B Lb A R 1)
AW, DUAR)S fEk TR R . 126, LOamrBhiy, B it i e N R e s
(1) 120%. HT4iG 0 DCiHHE AT 5 RT 95K T latency 18, FTAELR G — AT AIA %
H latency, FRAECE0ASEI 074 ASE I source latency, - HEATZ BIAG R FFER . o
90 AR EAAFEIT network latency, AAESFHETEAT, (H A R ABAT] 2 B P EE K,
Transition (¥ E 5 L ZMIE, AEHRA 0.18um T2, RIELI(H BN 0.3ns. uncertainty
Al LI BN PLL jitter. 5116 skew. margin =4y, 5 P& AR IR 456 15 9 i Bl
JE I 5%. BRIbZAb, ARt i TR B, R B I e RO B AR R 2%, DLRH
1E T EXSH AT DRC K B FHE X 3E AT 18 o o 527 55 HL TR K B HE 9 6% [ i b A 2
95  XFFER LA RAE R Bl BT B AR L . KT e, O T RIE S 2 A
DU e H HHs R [R5, AN BN R AT T SR 08 S o AR TE R AU 732 e e SO IR
BINZE A B ) — A BT, AR 0T I 4 H i PR S R S5 B E
Ba Gt si A UL B 45 (CTS) IFRIACE, T LLSEBLEGF i RE . sedh, ABEih s
B, NAE T H BRI 20 R IR B I Ak Y 0842, SRR E Wit R g 25 A b
100  ZIJAlffx &, 4RJEIE1 set_clock_groups -asynchronous K41 i e Al 12 1] 2 [\ Bk & 7 4
H, A N o T, R EERBURIE 258 {5 1H il B & & 4N datasheet P& 45 &
(77 otk AT . R IE AR R E MR AW, W R AL RN IER, ¥TEFNT 55
T i B 60%~70%, SRIG4E &AM (R Ry —H sdram Fl—3 flash) [ /524
BT R . WP 4R B sE 45 SR AP (E L s 42 B B ER 0 N ], AT DAIE 24 5e 207K, 1tk
105 b, REIFHIEAEE L S A SRS E S, RPEATETE R A R TR . XX
55 A LA N tH AE I 200, T PAR A K FL i B Dy false path,  DIZEIETH 2
I3 HTH
G, LIRS, X NAZ AT SR -G I nRRE S AR IR BN 67 ki T pad R
i3 o Xl pad ITHZ AT SR G0, NARSER GO, S56EmHITH%E, WA—MEE.
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BEAh, ABHERH T DCT WRERAT 43 F . RGNS G BRI EE R, il
SRR RTINS P73 . DCT ke i 2D S A 45 R AT Al R A e JFnk i —
MUEAREERSE (def) , Fiik DC ZETMOCHHHMTER G . BRI REAWIEA LLL
B F A I 1% DL 5 A0 o A e ) — Bk F T BL B8, &G a 4 RaA i 1 I
FPiiess, JF BAR R — MR ROt )5 22 AR Re sy k4T

2.3 PEBHR 2R T

FEXF T2 0 B, MBI B 2 A S A S B IR AT R LR Bk
ST SRS . MBS KET 4 AR R AR CTS. AR A DU AN Bl g IR
JZ40 3 SoC i 1C Compiler HEATHIEEBETH, HE| T &M BERH Z 3752081 OCV 4317+
CTS B BB L R IR S A 2 Bl % . 2B B2 18 SR S Uik

B, AWIHRA T 2R 0 OCV 7itr. Kb A, 8 TR S A1
ZAENL, WL DR, R BRI U SO AR A . A, S ARG
Wl e R AL, 1C Compiler B IHGN N =AHEK, I PVT. Hed P NHIFE (process) ,
V NHJE (voltage) , T AR (temperature) o FEANE R R R TIER, &
Fr I P2 R AR AR o R ORIEAS F 72 % P O R 3236 /2 17, 1IC Complier #2477 MCMM 1]
WA, R EREE S E AR (scenario) , TR IR EATHEATARMAAL, PUH L&
W 2K A5l PVT. TARB RS ESHOU (TLUP) k. fEE Lk
B, BRTHBICLE =R, EHERAXPOZG SN P LR Csde) , H HAGFHRI
Pl 1 om0 EONEAE . AR T OCV 0. O F 1EH TAERT,
FIRE“—ab 2 ki, —Ab2ilgde”, R B IR EEA R IRAEE . O 7 SRS A AL S B AR 1O
B R RN 7R A2 I EARTE T 06 T B 2 IR AR, AL 5811 be_we 23T 7 SUTE U5 setup
it launch path Fll capture path ¥J4%# K8 (max) #E471H5L, BIEIRRIZN slew {8; #Eit
& ohold i, PiE R /AME (min) AT RS, BIAERRSARI slew fH. IXFE1) 74707 AR
capture path = 53 5K . A4t REL OCV (On Chip Variation) (757 AT 04, EH5H
setup I, launch path 4% max #4715, RI&4& 512 (1) slew {&; capture path 4% min #E471H5,
B A% me PR i) slew B . THE hold B UIAH & . AHEE be_we 773, @R FH 77 =5 ™ 4% . OCV
W5 MCMM 456 H . fERE s g, wT LK 477 U E 9 OCV, 48 5E max
A min %R RZ . £ 2@) U 7T O8N A T 2SR At AN SR 1), IR T E M
NARE MR SRR N Ry R 20) 2T FNEA L E MRS 11
T o RBTHEAN T E M T RA A FESCAE, it — P InsRey o, REC T 1CC $2 4L —Fh timing
derate ] /7 20U RAES 2(0)H (194 5, A0 7E set_timing_derate -min -early 0.95 £ 3 T i+5 setup
I, FFLE capture path SEFRALERT L) 0.95; 115 hold I, 72 7E launch path S B ) ZE
FARLL0.95, X TCEE R —FPAER FEAS AR . I 28, ABTHRYE SERRE I/ N 2(c) iy
M. BEELEAR. CTS AT AR Hous PUAN 7 5t I A I e ik As g AT A A AL, Jf
RSl 2 T T s B R K
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Fig. 2 Concept of OCV
F* 2MCMM 5 OCV 4l
Tab. 2 Concept of MCMM and OCV
(@) EMEFLZALI SoC Wik @

8775 &4 PVT L TLUP
func_worst_corner Worst function mode Max
func_best_corner Worst function mode Min
test_typical_corner Typical scan chain test mode Typical

JTAG_typical_corner Typical JTAG mode Typical
(b) HANEESCHE T2/ 5B 3R R R 5
Setup check Hold check
Launch path -max WORST -min WORST
Capture path -min WORST -max WORST
(€) ZANPESCAE L2 5B B PEXT 2K 2
Setup check Hold check
Launch path -max WORST -min WORST_ocv_min
Capture path -min WORST _ocv_min -max WORST

HIR, £ CTS BrBeelt T, KA 1 EA07 UM S I e . CTS RIS iy £
&, BB TR REENRTZ —. £ CTS ZHl, RGAIEEREIR, A Bl 10K
R LA, RRRRAFAWE FERM . ik, &t & @ 5ER CTS
KA — e BRI B, ATAFEEAN N PP S e R R B D BB, I H AN B skew Al
insertion delay = 7fE— @ VaE N, LUARIRAMN FESK. LA, i REAZ
WRIZBER BOASF T 0 e 08 F ZARIAE I P A S 4 b, FREHMTUN A (D
EHTE I BB JE M () B ATA IR E N E R B, ik T RS network
latency: EIT PA b iy4 AT PATH 5 H SEBR 42 F R 8H 1 insertion delay, ST —#B4r BEFLEAZ,
WA F EAE R BT, I 7R EAE CTS [ A4 clock_opt 7in_F i Tii-update_clock_latency,
PATHEIX —# 43 1) insertion delay; (3D ¥ B4 I £11#) uncertainty i) skew &4 24, It
IS ) skew CRILAESE B 0TH L, VDR AL skew W13 3] TAEMAEE R (4
#E CTS Hbr, 45 target skew {E A1 min insertion delay T B 2> 7E¥ /& target skew F1% L~
T2 2 min insertion delay. X FME BEAWH 4R, 38 A e B4R AR S S 5%
RITFE, T EAEME BRI B S0 (5) XT RGN A, 78 CTS 22
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BRIAA exclude pin, IC Compiler A2 X H kAT skew HISFT. o PRIuE it 8 S e v )20
P, 7R AT SCOAR BRI A H AE IR S5 5 I Bl L, TE L T4 e e S 1524 stop pin,
DALk T B 2245 skew® . CTS 5gpG, Riikmfohpigg oe TE@ (s S & Tk, XA T
R SHEEARMAALTIR, IR ES BT Mg fme, FAsZ48EN RC
/DN, XA R T IRG E LT .
e, EBHIZEAEE SoC Bt 2M Bl % & 7 # Pt (Crosstalk) [RIFENA . H AL
P BE BRI 4 B4k, — 7 (aggressor) & AEBNEE I 2xdid 2 [A) R & FL T 4 — 7
Cvictim) F=2EREM . 4 victim &bF & RASRS, BRI BRI Y victim [FRHE7E R
BRI, DUH P T 19 38 B L 7 1 16 S [, LML i) R) 38 m slisi /s o i ARIX 25 RE I R GE I T
B 5 PHER B

Aggressor

™
-
™
-
Switchi
Static Victim Vi/l. ching
1ctim

K 3 d s
Fig. 3 Effection of Crosstalk

W6 G B L 3 20, R PR IR P 5 3 £ e Rl P B, FE 2R T R s
Frs i, AR SR AR Tok i R I 2R IS Ol T AR TR A 0.18um T2,
DNSE IS R P RE 1 T B ARE RS [, TR BT ER A T R A L R B R g,
XPHHEAT A . 1C Compiler X 8 4 (1) Ab 3 3= BEARILAE PR AN 7 T, BV A 26 1 T30 7 R0 AT 28 )5 AR
o FERRITRBAELES: (1) 7EAn)REid 52 set_congestion_options LA
area_recovery_critical_range I power_recovery_critical_range &£ o k4541 22 B e AL B L 4
%€ (congestion) ZE[AE, A AITHIN B DLRA AL KB AR . (2) A
set_max_transition 2 5 & K A F: #e 5] Cinput transition) . Crosstalk 25t [ /& — /> LA H,
I 2V R 2 45 (1Y) input transition REORZN5EAEE, 1] DLAAFERHRZm;  (3) fEREEERAE
A B e SRR, e IR 0 28 A 2 B SR FH PR OUR 6 BE XA TRI BE RN . (4) FEATZRid
FEHE i set_si_options 1B 1E crosstalk LI <. H— 51, E#irmdEmi, &
J6 T E ] fir 4 set_delay_calculation -arnoldi ¥ T B i 55 20 MR A4 A% S5 1) Elmore #5271 4 6
N RPN ) Amoldi B . SERUXANEAR R LTI T, HE 21T B AN X R
S5, IXAHULEH T AU TR . B S ED AT A4 route_opt -xtalk_reduction £ X E
HATIRAL
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3 RGN SR TR

31 HHrBoRERES
HI T L5 BT SR AT 28 T 28 2 AN RAR KRR I, 76 AN B35 2T 1 I 3 434 st
HARE, W 3 fir.

F 3BM BN Y E A
Tab. 3 Key Point of Timing Analysis in Different Stage

BB Setup Hold

= EERER T eSS
i E ALk (CTS #iD BB AR
i E ALk (CTS J&) Krdr HE R R#, ALABE
fi Atk (figk)a) i HAEE o HAE R

32 1BHEBFEA

I PR IAE S B BRI, BB B EA B R ERIEE . PO AL A .
CTS Wi G ARG 1B S il B 1) 7732, H DA DR (1) 5 458 3 I el P frg st
FPAE NI, R RFI R IR L A B 1 S5

B, ELREME, — AR MR e A e R, T — 7 RN vk, IR Rk
2R T R D T, ETE XL T R Re MR A2 B IRE), RARIMERE R
Bk T 5 )it Carchitecture) FlgwAadXUtg (coding style) o Rl 3= ZAE S 5 (1) 7
HERFE TG 535, WA = o el LR, A6 KA LM BRI 7 43 BT B 2%
A ERINZ, KERA N 77 ZEER FE IR T2 BINA W, A 2w mEriit, B
TR G S TAEMIF R XA B — N AWk AR 72

DAAHE T A, SE2I5E — RS f5 R — MBS 20, @il DC i s 5 EE 2 A
ERAB AN TE AT . B S RS I P2 R T2 A A DCT #7454, i report_gor.
report_timing & a4 H B B B FTA B AIE A O R, P il tepg it . Bk
A LR AR ARAD S50 . A IE S % 1845 . $8 52 designware {3 HII 7 PR BEBE 47 IR 00 L TR
K& 2R R TS . RRITSGEE SRR TR W8, WA T2 1443
Wrik LR A A T iR, AT LLEE A AR M . AN IEREL B T KREBREHE, &)
A — AN IAN 2R X BARRAISEI o Ja ks FLIR /0 B T K G4, 5 %
THRNZ AR, BE TRPER, Wk AQFTR. BF 0SS — 2R M
%%, Eid report_timing -capacitance 7] LA HX AR BB AE AL, AAFE R H, PR
IS AR 25 Bl 3 7 25 I set_max_fanout SN 210k, [ERE R DLA 2500 e It
o

Hk, 15 CTS BYEBHy, B F i) e TR REA o A R 2 BN i vt g T 2L
IRRTT, — AN A R AT DUA RGN 7 DI, IRDROP 55 22 J7 TR 1 RE 4T T R4 J: Ak
A P B I i ], A NP 5 T A )R, B PAD IR ORI BT R . PAD
PRAE FThRERE I AT 43 N HLJE PAD. $iN{5 5 PAD. fiiti{5'5 PAD Z:Fis. 12/ PAD KJJ5
Mz — R EHHIRRAFF PAD JRE—i, #lurraMANES PAD JE—i, rf
1G5 PAD UE—#S, # b RE, SEKEGRMESE, MR Y. ok,
B KR 2% FERFAS PAD L B, B S TN T SRR M 1 % 52 B 7« B8 72 Bt
R R AMAT R B KR BT, 2R PAD. iR THOMR AL, %2 %50, 595 T Soc
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230 PR E A, WERGEE B ITIERAN G, RS olEARE R ITIIET, HREL K,
MM PP o B85 BT — BRI, DubsdE s oo A RS 6, JF HLZE4S
B RS A AR L & PAD (A7 B o BRI E . A BETHHA74E 200 4~ PAD A1
59 M T, i K 4(b)Fro

235 K 4 FEEHRZ AL SoC B 241 R

Fig. 4 Final Placement of Low-level Image Processing SoC
=, f£ CTS SEpas MBLEG], FEME AT 3.3 HHRBIMHII AR, — L
WHE CTS WS4, DM SELF . PRI B 53— D7 58 v] BLF-3) 4 % buffer/inverter
RS, G R KRB R/, RKIZE S 51k EM R, I HAEA crosstalk 43T it 5 1R 5
240 HURYIRMEE: TOA/NEISRBEE AN, TR B8 XSS B Bk AE B R ANVE &R . AT
e HGsS B, BN S REIEERUE 4(Q)Fs.
W, SERURE G, A BLEG], A A A AR BT A T C e AR B
VIR eh buffer BORST, RALH PELA LA ECO Mtk DB/ Nidifhl, HLAb R AT a0t
Wik AR . inAREGIHR R ™ E, NFHEERMF R CTS EEMRME. SiEz, W
245  FATRATETPBURZE, ot iE T RS, @ BRI, R, Wi AR
BTl DI Smdr 4 R
R 4 FYBON IO JE 6 EE

Tab. 4 Comparison of Timing Before and After Optimization in Different Stage
() Zrerho ARSI HL I 2 F AL B R I P B

ZH L S XL 3
Slack -7.3ns 0.8ns
250 (b)  BRAAG )5 I H Ja Ar JRi et L
4 NN R S AT
Slack(func_worst_corner) -0.332ns Ons
Slack(func_best_corner) Ons Ons
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(c) CTS %Al Ja i e S £oxf L

ZH VAR EI
Max Skew 1.241ns 0.813ns
Max Insertion delay 4.731ns 4.269ns
(d) AL Ja LAl & PRI 5 IR X b
Y fLALHT Setup fALHT Hold A5 Setup A5 Hold
func_worst_corner -0.331ns -0.201ns Ons Ons
func_best_corner Ons -0.125ns ons ons

4 G

AL HARZ AL SoC Ml S SR B Rk 2%, i 73T hrrt oo
Py R BOHRE T, NEGEE I BT I P IO R A REABIHER] T
SIS, TR T AR AT Rk
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