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B A F 2 #7-Static Timing Analysis (STA)
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B A F 2 #7-Static Timing Analysis (STA)
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B A F 2 #7-Static Timing Analysis (STA)
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7 37 [{R KRB 8] (Setup/Hold time)

@7t E (Setup time) tSU
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#2537 R KRB 8] (Setup/Hold Time)

AN R EESLIORFFIS TRV, il 2% vl e > 22 P WAG A

DATA W

CLK
tsy —w  —
0T N— 7
--------------- R
- tco "'E"' fmeT —"*

tSU - ZE 71 (Setup time) , tH - fR+5FH[A] (Hold time)
tCO — Wi 2%yt i i) (Clock-to-Output time)
tMET — & 37)[i] (Setting time)  CGIEARSRIFRASNIN R, S84 L2459

AN42-Metastability in Altera Devices



i+ 21 K (Timing Constraints)

PR, ZIREEHSEE . A RAm&af SN e iy, AEgRE T A,
i FiAige (P&R) T HEGEHAI 0t (STA) T H P HRELE 5 I/
JAIHE. Gt IRESE LA R4, EDAT HARS B MR 4k TAE.

& ELE T HAIREN ARG, HARS L85 2 i ) F i a2 i

2K
& (AR A TR AP SRE AR, B RRo A Ry A 2 1) 5 SR a2 i
AP TP

& SN THRA SRR LA, BRERIE 2R Rt s
e A EOR .



i 7 11 & (Timing Closure)
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J<g %42 (Critical Path)
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5t B 4% (Timing Paths)
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it 44 3 2 37 (Clock-to-Setup Path)

Clock-to-Setup Path
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it 44 3 2 37 (Clock-to-Setup Path)

Clock-to-Setup Path
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i 44 3] % 37 (Clock-to-Setup Path)
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it 44 3 2 37 (Clock-to-Setup Path)
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5+ 4 2% il (Clock-to-Pad Path)

Clock-to-Pad Path
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5+ 4 2% il (Clock-to-Pad Path)

Clock-to-Pad Path
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2R T B 8h 5| (Paths Ending at Clock Pin of Filp-Flops)
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B3 7. 3 i (Setup to Clock at the Pad)

Setup to Clock at the Pad
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k4o 42 R 1) % 4 2 B (Clock Pad to Output Pad)

Clock Pad to Output Pad
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& 3 B (Pad to Pad)

Pad to Pad
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& 3 B (Pad to Pad)

Pad to Pad Path
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7] 75 i+ {#—Clock-to-Setup Path
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) 5 i+ B —Clock-to-Pad Path

Clock-to-Pad Path
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5] B i 18— % i ¥F (Feedback Loops)

Feedback Loops
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Ia] @ i e —i i % (Clock Skew)

FF 1

Clock Skew
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F 4hit 3E (Off-Chip Delay)

Off-Chip Delay
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i A 4L 77 :—Retiming

Clock Period = 10 ns

Retiming




i AR 4L 7 #:—Pipelining

Pipelining
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Bp A P T H—Timing Analyzer

Timing Analyzer

v Delay Matrix
Setup/Hold Matrizx

BEegistered FPerformance

Altera’/x F]MAX+plus Il 377 RSN o TR, nf BAdiT:

& PRI E 7 #r (Delay Matrix)
& 25T /ORFEN R 43 A (Setup/Hold) **
& [[:52HEMERE (Registered Performance)



B AN P28t T A—Timing Analyzer En%a

Timing Analyzer — 437 5245

................................................................................... :AND2

INPUT. :
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g input  ——>—Veeh ' —0 moo—+t > output

INPUT.
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Bp A P T H—Timing Analyzer

Timing Analyzer — Delay Matrix
A8 Timing Analyrer

BARIAE I3 AT Delay Matrix
m‘ﬁ\*ﬁ % /l\y:lgiﬂj % /I\ E Drestination
Frét i (node) ZJH]I outpLt 4.0 5.0
B AR I AL a 72ms
clk B.4ns 10.8n=
u c4CLE 7.Bh=
rI: 4.0 b.0Ohs
e :B.CLEK 3.2ns
A0 1.Bns
A )
i 50 100

Start I Slop

List Paths




B AN P28t T A—Timing Analyzer En%a

Timing Analyzer — Setup/Hold

SaTiming hnalyrer

R R 5T Setup/Hold Time Analysis —
i+ﬁ§@]\ é' l Hil] ?U DFF El@ Clocks S
s WP e flge ok
B N i 1) B /N B SR 40
'f% EI%‘: Hﬂ‘ I\ETJ | IFpLt B.9ns/0.0ns

oD

t* 3 E.9ns/0.0ns

]
| B
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s —— |
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B AN P28t T A—Timing Analyzer En%a

Timing Analyzer — Registered Performance
SaTining tnalyzer

AR AT Registered Performance
airTIEDE R, e R Clock: [k (1 paths) -
%U‘fﬁﬁ% Elg Hﬂ‘ﬂ\ H%/J\ Hﬂ‘ Source: (4.0

%[I]}% /ﬁﬁ . H‘%j{ﬁj‘%ﬂﬂ}jﬁ% . D estination: ;5.0

b L T AN E
FFA ST DRFEINTA]
AT

Clock period: 10.5ns
Frequency: 95.23kH:z

0 S0 100

Start I Siop List Paths




Bp A P T H—Timing Analyzer

Timing Analyzer — Registered Performance

10.6s =& EHFEF R ?
AR [F] 20 A ) I e A8, T = tCO + tDELAY + tSU

MAX7000A/E datasheet, EPM7256AEQC208-104%44,
tCOETF M NAH U TS EtRD, H/ME41.6ns;
tSUZE TN A S T2 80tSU, H/IME 42.9ns;

TEMCAL, IR ARFF A7 44 QN ZF (748 5:DZ [ 1) B8 42 0 S B R A%
JItDELAYAH X4 T-4:QF15: D2 [H [FJI 4E, #rDelay Matrix 7 #4541 ,
tDELAY 46.0ns.

T =tCO + tDELAY + tSU =1.6ns + 6.0ns + 2.9ns = 10.5ns
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FAE 48 T HE—PrimeTime

PrimeTime & Synopsy&Jif & I ot TH , A, e
KBTS %0

PrimeTime 241 FASIC# 1] isign-offib ik T H, Z#|frHEDATH
MIC K WISCHFS

FPGAZ B Ef A 7401, AXH B PrimeTime ) — /N5 DI EE -



A i P o AR o R TE

55 2IARE (Arrival Time)

RN b vt ST 015 = B IE AR L P O R 40X I TR) 5 15
o PR R AR K TIN5 5 e i 2k A L I AR el
i SIE I A

2R Bk A] (Required Arrival Time)
TR RAT KNSR A5 5 7018 15 L % ) 3 — 455 5 50K 1) 38138 st 1]

iIRZZ (Slack)

RONAEIZ R L O 08 A R BRI 7] 55 5 B 1K B[] 2 ]
122, SlackI{HR /N IZAF o RIA 2 A K IME B
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EMAX+plus I, {# I Timing Analyzer/y#— R 741625 5
TAESA. (AT HF741621 N BB s, R Ja #4704

Hbr2e4:%. EPF6024AQC240-3

74162

—| LDN

—1A

1B QAl—:

—1D QCH—

—1 ENT QDfF—
r ENP RCO [—

—g] CLRN

— CLK
1 COUNTER




WRFEZR ] 2

EMAX+plus 117, I Timing AnalyzerZ#T TMU B8R Z 45 P 5
IR i ) e K A AR 2 5 A K
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FAE 48 T HE—PrimeTime

PrimeTime 5 Xilinxi% i H1E

TRCE - Xilinx Sign-Off STA Tool

t s —time sim

pcf — physical constraint
format

Xilinx2primetim

Supporting = =
Scripts | PrimeTime

SIMPRIMS — Simulation Primitives

SIMPRIMS.db



AN T E—PrimeTime

Prograrmmmshle Tope Deagm

PrimeTime 5 Alterai% it i iE

Syntheas
Toel v
Syuthesis
ELIF or VOM stomn-nedast
T SR R T r— !
AL T (WiAltera. e e e
Xilinx) H) T H > #fPrimeTime. —— Foue Asalysis
Venlog or VADL SDF
atom-netist .ﬁ.l-t
Qo
Yy T
STAMP hilanes [ 2 ﬂﬂlﬁis
Fome Time




A9 L AE—PrimeTime

PrimeTime 5 Alterai% i1 it F2—Script L4
set search_path ". $QUARTUS ROOTDIR/eda/synopsys/primetime/lib"

set link_path {* alt_vtl.db apex20ke_asynch_mem_lib.db
apex20ke lvds_receiver_lib.db

apex20ke _cam_lib.db apex20ke lvds_transmitter_lib.db apex20ke_io_lib.db
apex20ke pll_lib.db

apex20ke_Icell_lib.db apex20ke_pterm_lib.db}

read_verilog
{ SQUARTUS ROOTDIR/eda/synopsys/primetime/lib/apex20ke_camslice_pt.v }

read_verilog
{ SQUARTUS_ROOTDIR/edal/synopsys/primetime/lib/apex20ke_ramslice_pt.v }

read_verilog snug_pt.vo
current_design snug
link_design snug

read_sdf snug_v.sdo



FAE 48 T HE—PrimeTime

PrimeTime 5 Alterai it i f2—Script 3£

create_clock “CLK” -period 4 —waveform {0 2}

check_timing
report_analysis_coverage

report_timing



FAE 48 T HE—PrimeTime

PrimeTimely 54y 5 Xilinx 2 ok %t B

FPGART T 43 H7H F 1
SDCH P21 3R UCF i #2131
SepfE ] create_clock PERIOD
i AE set_input_delay OFFSET IN
T 4E set_output_delay OFFSET OUT
KIT4E  set_max_delay MAXDELAY
This 42 set false path TIG

SDC — Synopsys Design Constraints
UCF- Xilinx User Constraints File



FAE 48 T HE—PrimeTime

VALY vk

Maximamm Data Delay

Clock Delay 1 -

Reg 2

/,f-

Reg 1
Clodki Delay 2 'l

.

%

Comb 3

clock delay 1 + max data path - clock delay 2 + tsu < clock

period



FAE 48 T HE—PrimeTime

S L [A) for E— 5L 5]

clock delay 1

max data path

® X4 mifeh (Global Clock) ki, Clock delay mJik 4 20ns
® Max data path & H 27 £ 5% 1) tCORY a] N _E PN 25 A7 o8 2 8] 1 6 A2 B 4T
® tsu e il A AR 1) TN TR



FAE 48 T HE—PrimeTime

S L [A) oy E— 32 ]

« Clock Delay 1 =0ns

 Clock Delay 2 = 0Ons

 Max Data Path = tco of source reg + path between
reg = 1.449ns + .258ns = 1.707ns

« With 4ns clock period, the slack is 4ns-1.707ns =
2.293ns



FAE 48 T HE—PrimeTime

% 37 B} (8] for A —SE A5 PrimeTime ) Hrit 2

Startpoint: i _inst (rising edge-triggered flip-flop clocked by clk)
Endpoint: i1 _inetz (rising edge-triggered flip-flop clocked by clk)
Path Group: <lk

Path Tyvpe: max

Point Incr Path
clock clk (rise adgsa) Q.000 Q.000
clock network delay (ids=al) Q.000 Q.000

i inst/clk (apexZdke lcell) a.ooa a.000 r
i inst/regout (apexiike lcell) 1.449 1.449 1
i instz/datad (apexiike lcell) Q.258 1.707 T
data arrival time 1.707
clock clk (rise adga) 4,000 4,000
clock network delay (ids=al) Q.000 4,000

i instz/fclk (apexzike lcell) 4,000 T
library setup time Q.000 4,000
data required time 4,000
data required time RIS A g . 000
data arrival ;é:f"”” MET: 3L Az Inf i -1.707
S i i
slack (MET) VIOLATED: “ AN &

2.293



FAE 48 T HE—PrimeTime

ORFF B 18] for 22

Mimmmun Data Del ay

Clock Delay 1 '

...

Ber 1

/

: Reg 2
v

Cl-:n:k]:?aﬂ_‘ ‘ .> \ —

clock delay 1 + minimum data delay — clock delay 2 —th = 0



FAE 48 T HE—PrimeTime

ORFF i 18] A6 —SE

clock delay 1 |

min data path

® X4 mifeh (Global Clock) ki, Clock delay mJik 4 20ns
® Min data path /& 1 %7 17 %% /) tCORY [A] I _E PN 25 A7 28 18] 1 6 42 B 4T
® thi filk A% 1) 7N [A)



FAE 48 T HE—PrimeTime

ORFF B 1) oy E— 3L 1]

« Clock Delay 1 =0ns

 Clock Delay 2 = 0Ons

 Minimum Data Path = tco of source reg + path
between reg = 1.449ns + .258ns = 1.707ns

* Intrinsic hold time = 1.284ns

« Slack is 1.707ns-1.284ns = 0.493ns



FAE 48 T HE—PrimeTime

PR I TR R — 5K 1) PrimeTime /) #ri &

Startpoint: i _inst (rising edge-triggersed flip-flop clocked by clk)
Endpoint: 1 _inst2 (rising edge-triggered flip-flop clocked by clk)
Path Group: <lk

Path Type: min

Point Incr Path
clock clk (rise adga) Q.000 Q.00
clock network delay (ideal) Q.000 Q.00

i inst/clk (apexZdke lcall) Q. 0040 Q.000 T
i inst/ragout (apexiike lcell) 1.4439 1.449 r
i_instz/datad (apexioke_lcell) 0.258 1.707 T
data arriwval tims 1.707
clock clk (rise adga) Q.000 Q.00
clock network delay (ideal) Q.000 Q.00

i inst2/olk (apexzike lcell) 0.000 T
library hold tima 1.284 1.284
data requiresed time 1.2284
data required time S S 284
Adata arri‘ifaltkiV MET: Wﬁ/@@iﬁj‘lﬁj 1.707
D D _ R - S
slack (MET) VIOLATED: " AW 0.423






