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Introduction

Complex and sophisticated clocking schemes and exceptions are currently used in low power and high-
reliability Microsemi FPGA devices. Increasing complexity results in the need for more timing analysis
capabilities that will be required for sign-off and validation. The SmartTime FPGA timing analysis tool,
available in the Microsemi Libero® Integrated Design Environment (IDE) software suite, allows you to do
the basic timing analysis for simple clocking schemes as well as the required analysis of complex
clocking schemes. This application note describes advanced timing analysis with detailed steps using
the Microsemi SmartTime FPGA timing analysis tool.

This document gives a quick overview of timing analysis using the SmartTime tool and then provides an
example of advanced timing analysis as listed below:

1. Timing analysis for a generated clock

Inter-clock domain analysis with two asynchronous clocks
Inter-clock domain analysis for generated clocks

Analyzing source synchronization

Analyzing a design with jitter/clock uncertainty in SmartTime
Analyzing a multicycle path with a single clock domain
Analyzing a multicycle path with inter-clock domain
Analyzing clock gating
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Overview of SmartTime Timing Analysis

SmartTime is the gate-level static timing analysis (STA) tool for SmartFusion® customizable system-on-
chip (cSoC), RTAX™-S/SL, Fusion®, IGLOO®, ProASIC®3, Axcelerator®, eX, and SXA families. The
SmartTime graphical user interface (GUI) provides the SmartTime Timing Analyzer for static timing
analysis and SmartTime Constraints Editor for applying SDC constraints in the design.

The SmartTime Timing Analyzer has two timing analysis views: Maximum Delay Analysis and
Minimum Delay Analysis . The maximum delay analysis view checks the setup timing and the
minimum delay analysis checks the hold timing. SmartTime constraints editor enables you to create,
view, and edit the timing constraints of the selected scenario for use with SmartTime timing analysis.

The setup check in SmartTime involves comparing the latest data arrival time (longest data path delay)
with the earliest required time (shortest clock path delay). The hold check in SmartTime involves
comparing the earliest data arrival time (shortest data path delay) with the latest required time (longest
clock path delay). Both setup and hold checks calculate the timing delay with respect to launched edge
and captured edge, as shown in Figure 1 and Figure 2 on page 3. This is the base for all timing analysis
and also used for all advanced timing analysis. Refer to the SmartTime Tutorial to understand basic
timing analysis using the SmartTime tool.
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e Arrival Time = Launched Edge (0) + Max. Clock to FF1 + Max. Data Path
® Required Time = Captured Edge (T) + Min. Clock to FF2 — Setup of FF2

Figure 1 « Setup Check Calculation
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Hold Check Calculation

e Arrival Time = Launched Edge (0) + Min. Clock to FF1 + Min. Data Path
® Required Time = Captured Edge (0) + Max. Clock to FF2 + Hold of FF2

Figure 2 « Hold Check Calculation

The following section describes various methods of advanced timing analysis.

Timing Analysis for Generated Clocks

Many designs have clocks that are generated internally via phase-locked loop (PLL), clock divider, or
other allowed methods. The SmartTime tool allows you to generate the clock constraints for the internally
generated clocks and verifies their timing behavior. You need to apply a clock constraint on the main
clock. For the clock generated via PLL, SmartTime creates the constraints for the generated clocks and
applies it automatically during timing analysis. For the clock generated via clock divider, you need to
manually apply the generated clock constraint.

Consider the design example shown in Figure 3. CLKA is the main clock, running at 50 MHz.
PLL_50_20_0/Core:GLA and DFN1_0:Q are generated via PLL and clock divider. The following section
describes the timing analysis for these two generated clocks.

Generated Clock 1: PLL_50_20_0/Core:CLKA

Count16_0
ACLR TCNT——
PLL_50_20
Count16
2 POWERDOWN GLA Clock  QU5:0——
Count16
lock Lock —
ACLR
INV_0
Count16_1
ACLR TCNT—o
Count16
bClock  Q[15:0]———
Count16
CLKA
Clock

Generated Clock 2 : DFN1_0:Q

Figure 3 « Design Example for Generated Clock
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Analyzing Generated Clock Domain Timing with SmartTime

1. Specify the reference clock frequency and other attributes. Refer to "Appendix A: Applying a
Clock Constraint" on page 35 for creating a clock constraint using the GUI.

© SmartTime [Top *] - [Constraints Editor]

:L:?File Edit Miew Actions Tools Window  Help
o e s e e e e e e N ™ 3 N P R e il v e e
File

Period Offset
[ns) [ng)

=) Constraints Syntax Waveform|

|- Requirements - -
¥ Clack Click here to add a constraint

¥ Generated Clock 1 ' CLEA CLKA 200000 50.000 50000 [riging | 0.000 010 GUI

Input Delay

Output Delay
=+ Exceptions

M aw Dielay

Min Dielay
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Falze Path

create clock -name { CLKA } -period 20.000 -waveform { 0.000 10.000 } { CLKA }
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Clock Name Frequency Dul}lcycle‘ First

(MHz) (%) | Edge

Figure 4 « Clock Constraints Using Constraints Editor and SDC

On applying the reference clock constraint, the generated clock constraint for the PLL will be
created by the SmartTime tool automatically. SmartTime reads the netlist that has the PLL divider
setting and then automatically populates the divider ratio. However, you still need to identify other
generated clocks and apply generated clock constraints.

© SmartTime [Top *] - [Constraints Editor]

:L:?File Edit Wiew Actions Tools Window Help
8l 5] Ble| zx| 2| xl @l= 2] P wnfslsal olaa|y] 2ol 2 2

= Constraints Syntax | Clock Name ] Clock Pin ] Reference Pin | Multiplies| Divider] ‘Waveform |
= Requirements | |Click here to add a constraint
¥ Clock 1 Y FLL_50_20_0/CoreGLA | PLL_B0_20_0/Core:GLA FLL_50_20_0/Core:CLEA g 20 |synchronized
Generated Clock
Input Delay
Output Delay
= Exceptions
Max Delay
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Multicycle
Falze Path
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Clock Source Latency
Dizable Timing
¥ Clack Uncertainty

Figure 5 « Automatically Generated PLL Clock Constraint in Constraints Editor
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2. Identify the generated clock and apply the generated clock constraint. Refer to "Appendix B:
Applying a Generated Clock Constraint" on page 37 for creating a generated clock constraint
using the GUL.

€ SmartTime [Top *] - [Constraints Editor]

E—;?File Edit Wiew Actions Tools ‘Window Help
Cd o | a H| Tn x T
® 2] x| 2] 2| @=] 2] D /o]l olale[y] a]nl 2 2
—|- Constraints Syntax | Clock Name | Clock Pin | Reference Pin | Multiplier | Divider] ‘Waveform |
= Requirements Click here to add a constraink
¥ Clack 1 v FLL_50_20 0/Core:GLA | PLL_50 20_0/Core:GLA FLL_50 20 0/Core:CLEA a8 20 | synchronized
A8 Gererated Clock 2 V DFM1_0:0 DFHI_00 DFM1_0:CLE 1 2 synchronized
Input Delay
Output Delay

create generated clock -name{PLL 50 20 0/Core:GLA}-divide by 20 -multiply by 8 -
source/{PLL 50 20 0/Core:CLKA}{PLL 50 20 0/Core:GLA}
create generated clock -name{DEN1l 0:Q}-divide by 2 -source{DFNl 0:CLK}{DEN1l 0:0}

Figure 6 « Generated Clock Constraint

The maximum delay analysis view displays the timing analysis for the reference clock, CLKA, and
the two generated clocks, PLL_50_20_0/Core:GLA and DFN1_0:CLK.

€ SmartTime [Top] - [Maximum Delay Analysis View]
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& Datasheet Temperature: COk
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External Setup DFN1_0:Q 8.497 117.689 40.000 26.000 A& M/ 15.248 4.040
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Input to Output | M A2 NAA

Figure 7 « Maximum Delay Analysis Showing All Clocks
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The timing analysis for the internally generated clocks is shown in Figure 8.

Summary for path
From: Count16_1/DFN1C1_NU_D:CLE
To: Countl6_1/DFN1ET1CT_NU_12/U1:D

Data Required Time [ns)| Data Arrival Time [ns)| Slack [ns

Path details
Pin Name | Type | Het Hame | Cell Hame | Op| Delay [ns)] Total [ns)] Fanout| Edgel

Data amival time calculation

CFN1_0:0 0.000 0.000
DFMT_0:0 Clack source + 0.000 0.000 r
[Tk qeneraton ] + 1963 1.969
DFM1_0 AMIKE 254 riet DFM1_0. 0 + 0,759 273 r
DFMT1_0_RMNIKE25Y cell ADLIB:CLEINT |+ 0.558 3280 17 r
Count16_1/DFN1CT_NU_O.CLK riet DFN1_0 0 + 0502 3TE? T
Count16_1/DFN1CT_NU_O:Q cel ADLIB:DFMICT + 0434 4.218 4
CountlE_1/0_&ND3_0_1 24 ret Countl6_1/DFNICT_NU_0 " 7742 5 350 ;
CountlB_1/0_ANDZ 0_1_2v el ADLIB:ANDI [+ 0392 5750 Hl
Count1B_1/0_U_ANDZ 0_to_ 84 ret Count1B_1/MU_0_1_2 + 2743 54593 T
Count16_1/0_U_aND3 0 _to &Y cel ADLIB:AMDI  + 0332 8.891 ar
CountlB_1/DFNIETCT_NU 12005 ket Count1B 1/MU_0 ta 8 + 2441 11.332 r
Count1B_1/DFMTETCT_HU_1200%  |eel ADLIB: 2 + 0.278 11.610 1
Count16_1/DFMIETCT_NU_12/01:0  |net Count16_1/DFMIETCT_NU_124 + 0.241 11.851 f
data amival time 11.851

Data required time calculation

DFMT_0:0 Clock Conzstraint 40.000 40.000
DFNT_0:0 Clack source + 0.000 40,000 r
Clock generation + 1.963 41.963
DFMH1_0_RMIKE 254 net DFM1_0_G@_i + 0759 42722 r
DFMH1_0 RAWIKE25Y cell ADLIB:CLEINT |+ 0.558 43,280 17
Count16_1/DFNT1ETCT_WU_12/J71.CLK | net DFN1_0.0 + 0.602 43782 r
Count16_1/DFMTETCT_WU_12/07:00 | Library setup time ADLIB:DFMICT |- 0.428 43,354
| data required time 43.354

Figure 8 « Setup Check for the Generated Clock

Note: SmartTime automatically calculates the clock generation delay. Figure 9 on page 7 shows the
calculation of the delay from the CLKA port to the output pin of the clock divider.
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CLkA 0,000 0,000
CLKEA Clock source + 0.000 0.000 r
CLKA_pad/UD/U0:PAD | net CLEA, + 0.000 0.000 r
CLkA pad/J0U0Y  cel ADLIBIOPAD_IM |+ 0,758 1,758 1|r
CLKA_pad/U0/UTA net CLKA_pad/U0/MET + 0.000 0.758 r
CLKA_pad/U0/UTY cell ADLIB:CLKIO + 0.260 1.018 20
DFMT_OCLE et CLkd o + 0511 r
DFW1_0:0 cel ADLIB.DFN1 + 0.434
—D _"Q I
”””””” > CLK
CLKA_pad/U0/U1
CLKA_pad/U0/U0 _pa DFN1
CLKA PAD Y A I Y
IOPAD_IN CLKIO o oooeeeemeeees™
0.758 | 0.26 | 0.511 | 0.434 | = 1.963

Figure 9 « Delay Calculation for Clock Generation

Inter-Clock Domain Analysis with Two Asynchronous Clocks

SmartTime enables inter-clock domain timing checks for designs containing functional paths that exist
across two clock domains (the register launching the data and the register capturing the data are clocked
by two asynchronous clock sources). Accurate specifications of both clocks are required to allow a valid
inter-clock domain timing check.

Note: The default SmartTime setting does not show inter-clock domain analysis. You need to change the
setting (see "Appendix C: Enabling Inter-Clock Domains Analysis" on page 40) to enable the inter-
clock domain analysis. Depending on the design, some of the inter-clock domain paths are valid
timing paths and some are false paths. It is the designer’s responsibility to identify these paths and
apply the timing exception as needed.

For an inter-clock domain path, SmartTime analyzes the relationship between all the active clock edges
over a common period equal to the least common multiple of the two clock periods. For a setup check,
the tightest relation of launch to capture is considered to ensure that the data arrives before the capture
edge.
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The hold check verifies that a setup relationship is not overwritten by a following data launch. The clock
edge used for setup and hold analysis is shown in Figure 10.

FF1 FF2

>
ckil____ P> >
CLK2 >

CLK1

est)

Figure 10 « Clock Relationship for Inter-Domain Clocks

Consider the inter-domain design example shown in Figure 11. Note the path from the CLK1 domain to
the CLK2 domain, which is a valid inter-clock domain path. Assume that CLK1 is 100 MHz and CLK2 is
75 MHz and both have zero offset. The "Analyzing Inter-Clock Domain Timing with SmartTime" section
on page 9 shows how to analyze this cross-clock domain path.
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Figure 11 « Inter-Clock Domain Example
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Analyzing Inter-Clock Domain Timing with SmartTime

1. Specify the clock frequency and other attributes for both reference clocks. Refer to "Appendix A:
Applying a Clock Constraint" on page 35 for creating a generated clock constraint using the GUI.

Penod| Frequency| Dutycycle| First | DFfset

= Foni::;r:ifements | | Syntax | Clock Hame| Clock Source (ns) (MHz) iz Edge| [ns) ‘Wave[mm File|
¥ Clock J
Generated Clack u b CLEA CLKA 10,0000 100000 A0.000  nzing | 0.000 (05 GUI
Input Delay g b CLkZ CLkZ 13333 75000 50,000  nizing | 0.000 |0 6.68EES | GUI
Output Delay

create clock —-name{CLKl}-period 10.000-waveform{0.000 5.000} {CLK1}
create clock —-name{CLK2}-period 13.333-waveform{0.000 6.667}{CLK2}

Figure 12 « Clock Constraint Using Constraints Editor and SDC
2. Enable inter-clock domain analysis. Refer to "Appendix C: Enabling Inter-Clock Domains
Analysis" on page 40.

The maximum delay analysis view displays the timing analysis for CLK1 to CLK2 under CLK2 domain
analysis, as shown in Figure 13.

=1 5 Summary
= Ssjé:;atcalf::a Source Pin Sink Pin Der::y Slack Amival | Required
¥ Register to Register 1 K]
Extenal Setup 2| qbeCLE qeD 1.412)  1.483] 2315 4404 0425
Clock to Output
Fegister ta Asynchran... Details for path
External Recovery 5'0“12 CISIELK
; o ge:
v @.;ngEI;ronous toFlegi.. Pin MName | Type | Het Name | Cell Mame | Op] Delay [ng]| Total [nz]| Fanout| Edge
¥ Register to Register
External Setup data required time 4.404
Cloc:.k o Dutput data arrival time 3272
R eqgister to Asynchran... Slack 115
Estemnal Recoverny
Agynohranous to Regi.. Data amival time calculation
v CLK1taCLKZ CLKT 0000 0000
—-2=0 Pl ta Pin CLE1 Clack source + 0.000 0.000 T
Input to Output CLE1_pad/U0/U0PAD | net CLE1 + 0.000 0.000 T
i User Sets CLK1_pad/J0/UDY el ADLIB:IOPAD_IM |+ 0.747 0.747 10
CLE1_pad/U0AIT:A | net CLK1_pad/U0O/MNET + 0.000 0747 T
CLK1_pad/J0/U1Y el ADLIB:CLEIO + 0.280 1.007 20
gaCLk net CLE1 ¢ + 0,496 1.503 r
gald cell ADLIB:DFMN1 + 0.550 2053 21
qc_1:B het qa + 0.241 2294 f
gqe 1Y cell ADLIB<OR2 + 0737 3031 101
qo: et qo_1 + 0.241 3272 f
data arrival time 3272
D ata required time calculation
CLE2 Clock Constraint 3333 3333
CLE2 Clock source + 0.000 3.333 T
CLEZ pad/U0/U0PAD | net CLE2 + 0.000 3.333 r
CLKZ pad/U0/UDY | cel ADLIB:IOPAD_IM |+ 0.747 4.080 10
Fl | | b CLKZ pad/U0/UT:4  net CLKZ_pad/U0/MET + 0.000 4.080 T
CLKEZ_pad/U0/AUTY el ADLIB:CLEIO + 0.260 4.340 20
145 qoCLE et CLEZ o + 0452 4832 T
w qcD Library sehup time ADLIB:DFH - 0428 4.404
g 1 m m data required time 4. 404

Figure 13 « Inter-Clock Domain Timing Analysis in SmartTime Maximum Delay Analysis View
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The clock edges and data path (longest data path is from qa to qc register) used in the setup calculation
are shown in Figure 14.

13.33 ns

A
Y

10 ns

wo N W [N/ N/ N/
we ) NI~ N/ N\ [

3.33 ns
DIN_pad Qae==reenennennranna- ,
o[>0 - >0 s
INBUF K b L____1.-..->
> CLK| | qc_
CLK1_pad | D Q A Y qc

CLK1 B o b Q our DOUT pad
b CLK D o> {X}FAR{ Spout

CLKBUF DFN1
K2_pad DFN1 L LK OUTBUF
CLK2 Dﬂg Y !

DFN1
CLKB

Figure 14 « Clock Edges and Data Path Used in Intra-Clock Domain Setup Calculation

Similarly, the minimum delay analysis view displays the hold analysis from CLK1 to CLK2.

10
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The hold check from the CLK1 to CLK2 domain is shown in Figure 15.

= {551 Summany
&1 Datasheet

—-¥ @b CLET
¥ Register to Reqgister
External Hold
Clock to Output

Source Pin Sink Pin

Register to &synchron... E::;:ﬁ:&fglh
External Remaval To: ge:D
v @QS}'HCWU”UUS to Regi.. Pin Name | Type | Het Hame | Cell Name | Op] Delay [ns]| Total [ns)| Fanout| Edge|
=] CLk2
¥ Register to Reqgister
External Hold data arrival ime 1.309
Clock to Output data required time 0.724
Register to Asynchron... slack. 0.585
External Remaval } A A
Agynchronous to Fegi.. Data arrival time calculation
v TR Ik o 00
: . ock source + . X r
= F;'r:‘pft ';'"Dutput CLK1_pad/U0AIGFAD net ] - 0000 0.000 r
S User Sets CLK1_pad/L0AU0:Y cell ADLIB:IOPAD_IN |+ 0313 0.313 1r
CLK1_pad/L0/UT:4 net CLK1_pad/LI0/METT + 0.000 0.319 r
CLK1_pad/L0AUTY cell ADLIB:CLKIO + 0123 0.442 20r
ghiCLE net CLK1_c + 0.266 0.708 r
gb:d cell ADLIB:DFNT + 0.206 0.914 1r
qo_1:4 net gqb + 0119 1.033 r
g 1 cell ADLIB:XOR2 + 0158 1.191 1f
qe:D et = + 0118 1.309 f
data arrival ime 1.309
D ata required time calculati
CLKZ2 Clock Corstraint 0.000 0.000
CLE2 Clock source + 0.000 0.000 T
CLKZ_pad/U0AU0:PAD hiet CLK2 + 0.000 0.000 r
CLKZ_pad/L0AUDY cell ADLIB:IOPAD_IN |+ 0319 0.319 1r
CLKZ_pad/L0AUT:4 net CLKZ2_pad/LOMETT + 0.000 0.319 r
CLKZ_pad/L0-U1Y cell ADLIB:CLKIO + 0123 0.442 2r
< | v =LK net TR v nzEz 072 :
qoD Library hold time ADLIB:DFM1 + 0.000 0.724
2 2]—” | data required time 0.724

Figure 15 « Inter-Clock Domain Timing Analysis in Minimum Delay Analysis View

The clock edges and data path (shortest data path is from gb to gc register) used in the hold calculation
are shown in Figure 16.

N / N _/ N _/J N/

CLK1 ——
CLK2 _A/—\—/—\—/—\—/_
DIN_pad
| qa
DIN | HFAD &-P - b Q
INBUF . ]
q C
CLK1_pad pCLK 5 Qr--gnq =y e
CLK1 . —) out DOUT_pad
CLK| XO0R2
SETT b CLK D Q DOUT
""""""""""""""""""""""""" DFNT L OUTBUF
CLK2_ pad CLK
CLK2 PAD Y DFN1
CLKBUF

Figure 16 « Data Path for Hold Check
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Inter-Clock Domain Analysis for Generated Clocks

Designs with internally generated clocks can also have a cross-clock domain path. SmartTime enables
you to specify the generated clock constraint for the internally generated clocks and then apply cross-
clock domain analysis. As mentioned in the previous section, it is the designer’s responsibility to identify
a path as valid or false and apply timing exceptions as required.

Consider the design example shown in Figure 17, where CLKA is a reference clock and DFN1_0:CLK is
generated via clock divider. There is a path where data is launched from CLKA to be captured in the
DFN1_0:CLK domain. The "Constraints Using GUI" section shows how to analyze the cross-clock
domain between the main clock and internally generated clock.

DFN1_1 DFN1_2 DFN1_3 DFN1_4
Din
D Q D Q D Q D ol—
DFN1 DFN1 DFN1 DFN1
> CLK > CLK —> CLK —> CLK
O
INV_0
DFN1_0
D Q O O
DFN1
CLKA
O > CLK

Generated Clock: DFN1_0:CLK

Figure 17 « Design Example for Inter-Clock Domain Analysis Using Generated Clocks

Constraints Using GUI

1. Specify the reference clock frequency and other attributes. Refer to "Appendix A: Applying a
Clock Constraint" on page 35 for creating a generated clock constraint using the GUI.

£ SmartTime [Top *] - [Constraints Editor]
3 File Edit wview Ackions Tools ‘window Help
8| &| e x| 2| sl o= 2| o R o N P N ol e s

Period|
[n=]

Frequency| Dutycycle| First | Offset

(MHz) (%] | Edge| (ns) e

=l Constraints Syntax | Clock Name| Clock Source |Wavefolm

=l Requirerments - -
- Click here to add a constraint

2 Generated Clock 1 w CLEA CLEA E.EETV 150,000 0000 [rising | 0U000 |0 333323 |GUI

Input Delay

Output Delay
=] Exceptionz

Max Delay

ki Drelay

Fulticycle

Falzz Path

create clock —-name{CLKA}-period 6.667 —-waveform{0.000 3.333}{CLKA}

Figure 18 « Clock Constraint Using Constraints Editor and SDC

12
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2. Identify the generated clock and then apply the generated clock constraint. Refer to "Appendix B:
Applying a Generated Clock Constraint" on page 37 for creating a generated clock constraint
using the GUL.

€ SmartTime [Top *] - [Constraints Editor]

:L?File Edit Wiew Actions Tools ‘Window Help
1 s | 3 r i T
8l 5| Ble| o] o] x&l ox @] I wlnoel olaly] 2ol v 2
- Constraints Spntax | Clock Name| Clock Pin | Reference Pin___ | Multiplier | Divider] ‘Waveform | File]
= Requirements Click here to add a constraint
T Clocl 1 L\ DFM1_0:0Q DFM1_0:0 DFMT_O:CLE, 1 2 synchronized GUI
Generated Clock
Input Delay
Output Delay

create generated clock -name{DFNl 0:Q}-divide by2 -source{DFN1l 0:CLK}
{DFN1 0:0}

Figure 19 » Generated Clock Constraint

3. Enable inter-clock domain analysis. Refer to "Appendix C: Enabling Inter-Clock Domains
Analysis" on page 40.
The maximum delay analysis view displays the timing analysis from CLKA to DFN1_0:Q under
DFN1_0:Q domain analysis, as shown in Figure 20 on page 14. SmartTime calculates clock generation
delays and clock constraints using clock edges between the clocks automatically.

13
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From * Ta |*
MAX
= {531 Summary
&1 Datashest - -
©.¥ G CLKA Source Pin Sink Pin Delay |Slack Amival | Required | Setup
=¥ DFNI_00
¥ Reqister to Reqgister _
External Setup DEla!k for Dal!‘l
Clock to Output ?‘;J_m[i F[);]N‘!f[Z).CLK
Register to Asprichron... Pin Hame | Type | Met Hame | CellMame | Op]| Delay [ns])| Total [ns]| Fanout| Edge|
External Recovery
Asynchronous ta Regi..
“_ ELKA to DFM1_0:0 data required time 9,786
= =R Fin to Fin data arrival time 3167
Input to Dutput zlack E.E19
i User Sets
Data arrival time calcul
CLEA 0.000 0.000
CLEA Clock source + 0.000 0.000 r
CLK&_pad/U0/U0:PAD net CLEA + 0.000 0.000 T
CLK&_pad/U0/UDY cell ADLIB:IOPAD_IN |+ 0.758 0.758 1r
CLK&_pad/U0/U1:4 net CLK&_pad/LIO/NETH + 0.000 0.758 T
CLK&_pad/U0/U1Y cell ADLIB:CLKIO + 0.260 108 3lr
DFN1_ZCLK net CLK& c + 0.508 1.524 T
DFN1_20 cell ADLIB:DFN1 + 0.550 2074 1]f
F Inter-D . DFN1_3D net DFM1_2 0 + 1.093 3167 f
rom Inter-Domain data arrival time 3167
Analysis
Data required time_calculation
DFNT 0.0 Clock Corstraint E.EE7 E.BEY
DFW1_0:0Q Clock source + 0.000 E.EE7 T
Del n Clock =
eGZ);grag:O(r)‘lc _ Llock generation + T 908 [N ek
DFN1_O_RMIKE25:4 et CEMT_0 O + 0.501 9124 T
DFN1_O_RMIKE25:Y cell ADLIB:CLKINT |+ 0.558 9682 3lr
DFN1_Z:CLK net DFM1_0 0 + 0.508 10.188 T
DFM1_3D Library setup time ADLIE:DFMA 0.402 9,786
data required time 9,786
DFN1_1 DFN1_2 DFN1_3 DFN1_4
Din JUUCTE EREEEEED b
D Q D .-a D Q D al—
DFN1 .~ DFN1 + DFN1 DFN1
> CLK > CLK — CLK —p> CLK
O e —— : i
H INV_0 h
. DFN1_0 h
e : o o
------------ - DFN1
CLKA
O > CLK

Figure 20 « Setup Check for Inter-Clock Domain Clock Using Generated Clock
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Analyzing Source Synchronization

This section describes the techniques for constraining and analyzing source-synchronization. Source-
synchronous clocking refers to the technique of sourcing a clock along with the data. The timing of
unidirectional data signals is referred to a clock sourced by the same device that generates the signals.
Constraining source-synchronous interfaces can be complex. In addition to using the reference clock
constraint, you need to constrain the source synchronous outputs by specifying the output delay relative
to the reference clock.

Refer to the Source-Synchronous Clock Designs: Timing Constraints and Analysis application note to
understand source-synchronous clock design timing constraints and analysis in detail.

Analyzing Design with Jitter/Clock Uncertainty in SmartTime

SmartTime uses the relationship between launched clock edge and captured clock edge during inter-
clock domain timing analysis. However, the non-idealities of the clock generation and clock distribution
system, also called jitter, manifest themselves as uncertainties of the clock edge arrivals. The clock-to-
clock uncertainty constraint in SmartTime enables you to specify these uncertainties between different
clocks. Clock-to-clock uncertainty defines the timing uncertainty between two clock waveforms or
maximum clock skew.

CLK1 :
CLK2 S
>l e
i Slack i Clock
: ! T Uncertainty
' Network
Delay

Figure 21 « Clock-to-Clock Uncertainty

A design example with two external clocks, CLK1 and CLK2, is shown in Figure 22. Assume that these
two clocks have a tracking jitter of 2 ns. During timing analysis, this tracking jitter can be added as
clock_uncertainty.

DFN1_0 DFN1_1

% > o

—> CLK > CLK

CLK1

CLK2

Figure 22 « Example of Inter-Clock Uncertainty for Rise-Rise Setup Check
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Analyzing a Design with Clock Uncertainty

1. Specify the clock frequency and other attributes for both reference clocks. Refer to "Appendix A:
Applying a Clock Constraint" on page 35 for creating a generated clock constraint using the GUI.

& SmartTime [Top] - [Constraints Editor]

:‘-:?File Edit Wiew Actions Tools  window Help

o] 2| Ble| x| ]| ] @] 2] 2 bl ey ool8ls] 2]
=] Constraints Period| Frequency| Dutycycle| First | OFffset
= Requirements Syntax | Clock Name| Clock Source| (ns) (MHz) =] Edge| (ns) |Waveform|
w m Click here to add & constraint
Generated Clock 1 v CLE2 CLk2 10.000  100.000 50.000  |rising | 0.000 |05
Input Drelay 2 v CLK1 CLK1 10000 100.000 50.000 |rsing | 0000 |05
Cutput Delay
=] Exceptions
tdax Delay
Min Delay
Fulticycle
False Path

create clock —-name{CLK2}-period 10.000-waveform{0.000 5.000} {CLK2}
create clock —-name{CLKl}-period 10.000-waveform{0.000 5.000} {CLKL1}

Figure 23 « Clock Constraint Using Constraints Editor and SDC

2. Add the clock-to-clock uncertainty constraint by clicking the i| button on the toolbar and applying
2 ns of clock uncertainty between CLK1 and CLK2.

Set Clock-to-clock Uncertainty Constraint

From Clock: | CLK1 ﬂ

Edge ™ rising " faliing * both

ToClack: | cCLkz ~]

Edge ir rising " Faling (' bath
7 T 0 &
) s

Uncertainty: | 2] ns

Use uncertainty for:  © setup checks " hold checks " all checks

Comment:

Help [s]'4 | Cancel |

set clock uncertaintyl-from{CLKl}-to{CLK2}

Figure 24 « Applying Clock-to-Clock Uncertainty Constraint
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Analyzing Design with Jitter/Clock Uncertainty in SmartTime

3. Enable inter-clock domain analysis. Refer to "Appendix C: Enabling Inter-Clock Domains
Analysis" on page 40.

SmartTime timing analysis view uses the clock-to-clock uncertainty constraint for timing checks.
Figure 25 shows how the clock-to-clock uncertainty constraint is used in a setup check.

= 51 Surmmary
&1 Datasheet
- CLK1
Fiegister ta Register
External Setup
Clock to Output

Extermnal Recowery

- ¥ CLKZ
Register to Register
External Setup
Clock to Qutput

External Recovery

¥ CLK1toCLKZ
-2 a Pinto Pin
Input to Dutput
- User Sets

Sink Pin
DFN1_1:D

Source Pin

Delay |Slack

Fiegister ta Asynchron...

Detailz for path
From: DFN1_D:CLK

Azpnchronous to Regi..

Fiegister ta Asynchron...

Azpnchronous to Regi..

To: DFN1_1:D

Pin Hame | Type Met Hame | CellHame | Op] Delay [ng)| Total [ns)| Fanout| Edge|
data required time 9,700
data armival time 5.044
slack 4.656
Data arrival time calculati
CLK1 0.000 0.000
CLKA Clock source + 0.000 0.000 r
CLK1_pad/L0/U0:PAD net CLK1 + 0.000 0.000 T
CLK1_pad/L0/UDY cell ADLIE:IOPAD_IN |+ 1.001 1.001 10
CLK1_pad/U0/U1:YIN net CLK1_pad/LI0/METT + 0.000 1.001 T
CLK1_pad/L0/UA:Y cell ADLIEIOIM_IB |+ 0.043 1.044 10
DFM1_C:CLK net CLK1_c + 1.224 2.268 T
DFM1_0:0 cell ADLIE:DFMI + 0.654 2922 1f
BUFD_0:4 net DFW1_0.0Q + 0.308 3.230 f
BUFD_0:Y cell ADLIB:BUFF + 0.537 3767 1f
AND2_0:B net BUFD_0O % + 0.329 4.096 f
AND2_0:Y cell ADLIB:ANDZ + 0.631 4727 1t
DFN1_T1:D net AND2_0_Y + 0.317 5.044 f
data arrival time 5.044
D ata required time calculati
CLK2 Clock Constraint 10.000 10.000
CLi2 Clock source + 0,000 10000 L
clockatg-clock uncertainty - 2000 8.000 |
CLKZ2_pad/L0/U0:PAD net CLK2 + 0.000 8.000 T
CLKZ_pad/L0/UDY cell ADLIE:IOPAD_IN |+ 1.001 9.001 10
CLKZ_pad/U0/UTYIN net CLKZ_pad/LJ0/METT + 0.000 9.001 T
CLKZ_pad/L0/U1:Y cell ADLIE:IOIM_IB |+ 0.043 9.044 10
DFMT_T:CLK net CLKZ c + 1.369 10.413 T
DFM_1:D Library setup time ADLIB:DFM1 - 0713 9,700
data required time 9,700

Figure 25 « Setup and Hold Check

Note:

If you use a PLL in the design, SmartTime automatically adds the clock uncertainty between the

PLL reference clock and the PLL output clock. However, SmartTime will not add clock uncertainty
between the output clocks (the output clocks are generated from the same VCO clock). Figure 26
on page 18 shows a design example with data paths from the PLL reference clock and PLL output
clock and also on the PLL output clocks. When adding the reference clock constraint, the generated
clock and clock uncertainty constraint are added by the tool automatically.
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Generated Clock1: PLL_50_20_0/Core:CLKA
Generated Clock2: PLL_50_20_0/Core:CLKB

PLL_50_20

o
—|POWERDOWN GLA

GLB

Clock Lock —
CLK1

DFN1_0 DEN1_1
—jD Q D
I> Clock P> Clock
DFN1_0 DFN1_1
—D Q D Q
N——>>Clock P> Clock

create clock -name{CLKl}-period 25.000-waveform{0.000 12.500}{CLK1}

create generated clock -name{PLL 40 50 20 0/Core:GLA}-divide by40 -
multiply by20 -source{PLL 40 50 20 0/Core:CLKA}{PLL 40 50 20 0/Core:GLA}

create generated clock -name{PLL 40 50 20 0/Core:GLB}-divide byl6 -
multiply by20 -source{PLL 40 50 20 0/Core:CLKA}{PLL 40 50 20 0/Core:GLB}

Figure 26 » Design Example and Constraint for Clock-to-Clock Uncertainty Using a PLL Design

Analyzing a Multicycle Path with Single Clock Domain

Multicycle paths are data paths that may need more than one clock cycle to latch data at the captured
register. The multicycle path constraint enables you to move the captured clock edge forward or the
launched clock edge backward. When a multicycle constraint is applied to setup, it modifies the setup

relationship by moving the captured (destination) clock edge to the right.

18
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Analyzing a Multicycle Path with Single Clock Domain

Similarly, when a multicycle constraint is applied to hold, it modifies the hold relationship, changing the
launched (source) clock edge to the left. Applying the multicycle path constraint requires design
knowledge.

; ; ; ulticycle = 3

; i_Multicycle = 2 ;

; : Default ' New New

' ' Setup 1 Setup Setup

' 1Edge i Edge Edge
l

A

Default : ;
Hold New T e=2" New - B
'H ufticycle =21 4 Multicycle = 3

! Edge old
i 'Edge | Edge

Figure 27 « Setup and Hold Check on Multicycle Path

Figure 28 shows a design example where you assume that the path from DFN1_1 to DFN1 2 is a
multicycle path. The "Analyzing a Multicycle Path with SmartTime" section on page 20 shows how to
apply and analyze the multicycle constraint on this design.

DFN1_0 DFN1_2
DOUT2
DIN1 D Q D Q
DFN1 DFN1
CLK
> CLK > CLK
DFN1_1
DOUT1
DFN1
> CLK
MX2_0
1_aps
AND2_0 BUFD_0 BUFD_1 B .
A _ _ BUFD_2
Y ATNY APNNY ALY |
B L~ | 1 MX2
AND2 BUFD BUFD BUFD

Figure 28 « Design with Multicycle Path
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Analyzing a Multicycle Path with SmartTime

1. Specify the clock frequency and other attributes for the reference clock. Refer to "Appendix A:
Applying a Clock Constraint" on page 35 for creating a generated clock constraint using the GUI.

& SmartTime [Top *] - [Constraints Editor]

E—:? File Edit “iew Actions Tools ‘Window Help
8| & ®le| x| 2| l olx| 2| D wlonlole) olalelsl slols ] D

= Constraints |Peril:ld Frequency Dulyc_vcle| First | OFfzet
= Requirements [ns) [MHz) [ ] Edge| [ns]
T Clock, Click here to add a constraint

waveform| File

Syntax | Clock Name| Clock Source

5.000

Generated Clock
Input Drelay
Output Delay

create clock —name {CLK}-period 5.000-waveform{0.000 2.500} {CLK}

Figure 29 « Clock Constraint Using Constraints Editor and SDC

2. Identify a through pin for Multicycle and apply a multicycle constraint. Refer to "Appendix D:
Applying a Multicycle Clock Constraint" on page 41 for creating a multicycle clock constraint using
the GUI.

& SmartTime [Top *] - [Constraints Editor]

E—:?File Edit Wiew Actions Tools Mindow Help

8l & el gx] 2l k] @= 2] | F /el ofa)s8] oSl 2] 2
= i Setu Hold Register -
E:an::::::i?ements Synlax| From | Through | To [:_vcl:s Cy(ﬁ Sen%ilivil E
¥ Clack | Click here to add a conztraint
Generated Clock 1| ¥ [get_pins { MXZ2_0 1] 2 source register | GUI
Input Drelay
Output Delay
= Exceptions
b aw Delay
Min Delay
k1 Llkicyucle
Falze Path

set multicycle path-setup2 -through [get pins{MX2 0:Y}]

Figure 30 « Multicycle Path Constraints in Constraint Editor
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Analyzing a Multicycle Path with Inter-Clock Domain

SmartTime timing analysis view uses the above multicycle constraint for a timing check. Figure 31 shows
how the multicycle constraint is used in a setup check.

Details for path
From: DFHN1_0O:CLEK
To: DEN1_1:D
Pin Mame Type | Met Mame | Cell Mame | Op | Delay [ns)] Total [ns)] Fanout] Edge

data arrival time - 7.304
slack 4.194
D ata arrival time calculation
CLE 0.000 0.000
CLE Clock gource + 0.000 0.000 r
CLE_pad/U0/U0:PAD net CLE + 0.000 0.000 ]
CLE_pad /U000y cell ADLIEIOPAD_IMN |+ 1.018 1.016 1r
CLE_pad/U0/A0T:4 net CLE_pad/U0/MNET + 0.000 1.016 ]
CLE_pad /U001y cell ADLIE:CLEID + 0.348 1.364 3
DFN1_0:CLE net CLK_c + 0.E78 2.042 ]
DFNT_0:Q cell ADLIB:DFMI + 0737 2.779 2f
ANDZ_0:4 net DFN1_0_0 + 0.308 3.087 f
AanD2 0y cell ADLIE:ANDZ + 0.386 3473 1/f
EUFD_O:4 net AMDZ2_0 Y + 0.308 3.781 f
EUFD_0:Y cell ADLIB:EUFF + 0.537 4.318 1/f
EUFD_1:4 net BUFD_0O_Y + 0.308 4 626 f
EUFD_1:Y cell ADLIB:EUFF + 0.537 5.163 1/f
EUFD_2:.4 net BUFD_1_Y + 0.308 5.471 f
ELUFD_2:Y cell ADLIB:ELUFF + 0537 £.008 18
W2 _0:B net BUFD_2_% + 0.323 £.331 f
b2 0 cell ADLIEORZA, + 0.E50 £.981 18
DFN1_1:D net M2 0 + 0.323 7.304 f
data arrival time 7.304
|Data reguired time calculation

_' CLE. Fulticyle Constraint 10.000 10.000 |
CLE Clock gource + 0.000 10.000 1
CLE_pad/U0/J0:PAD net CLE + 0.000 10.000 T
CLE_pad/U0/A00Y cell ADLIEIORAD_IMN [+ 1.018 11.016 1
CLE_pad/U0/A0T:4 net CLE_pad/UO0/MET + 0.000 11.016 T
CLE_pad/U0/A01Y cell ADLIE:CLEID + 0.348 11.364 3
DFM1_1:CLEK net CLK_c + 0673 12.037 T
DFHA_1:D Library setup time ADLIB:DFHA - 0.535 11.498

| data reguired time 11.438

Figure 31 « Setup for Multicycle Path

Analyzing a Multicycle Path with Inter-Clock Domain

The analysis of a multicycle path in a cross-clock domain is complex. If the captured clock is generated
from the launched (source) clock and also runs slower than the launched clock, then moving the
launched clock one cycle forward is not equal to moving the end clock one cycle backward. The different
options give totally different timing windows. So you need to be careful when applying multicycle setup
and multicycle hold for this condition.

A design example with a reference clock (CLK) and generated clock (DFN1_3:CLK) is shown in
Figure 32 on page 22. Assume that the path through the AND gate is a multicycle path and the designer
wants to apply a multicycle constraint for this path.
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DIN1

DFN1_0

DFN1

DIN2

CLK

> CLK

AND2_0

DFN1_1

DFN1

> CLK

AND2

INV_0

DFN1_3

DFN1
> CLK

BUFD_0
MX2_0
BUFD A al—
— g Mx2
—B
DFN1 2 DFN1_4
D D Q
DFN1 DFN1
> CLK > CLK

Generated Clock DFN1_3:Q

DOUT

Figure 32 « Design for Multicycle Path with Inter-Clock Domain
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Analyzing a Multicycle Path with Inter-Clock Domain

The setup and hold analysis under various conditions are shown in Figure 33. Due to the offset between
CLK and DFN1_3:Q, SmartTime by default uses setup check 1 (SC1) for the setup check. However, you
should use setup check 2 (SC2) for setup checks. For hold check, SmartTime uses hold check 2 (HC2)
by default. If you use the wrong edge, hold check 1 (HC1), you may see a timing violation.

Setup with Multicycle of 2

C2

CLK

a

SC1

HC1

DFN1_3:Q

Hold with Multicycle of 1

Figure 33 « Launched and Captured Edges During Multicycle Analysis

Analyzing a Multicycle Path on a Generated Clock with SmartTime

1. Specify the reference clock frequency and other attributes. Refer to "Appendix A: Applying a
Clock Constraint" on page 35 for creating a generated clock constraint using the GUI.

& SmartTime [Top *] - [Constraints Editor]

:'-:;File Edit  View Actions Tools wWindow Help

2l &l 2ol zlx]| 2l al sl=l 2| D Soltolinlse] Bl o] -
—Coni:::::ements Syntax | Clock Name| Clock Source| P?r::;d Fl?l?'ll‘ll-‘lazn]cy Dut_r;_iucle E::'I;te D[[:;Tl 'w"avefolm| F|Ie|
P Click here to add a constraint
Generated Clock 1| CLK. CLK 5714 175000 | 50.000 |rsing | 0.OO0 0285714 |GUI
Input Delay
Output Delay

create clock —-name{CLK}-period 5.71l4-waveform{0.000 2.857}{CLK}

Figure 34 « Clock Constraint Using Constraints Editor and SDC
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2. ldentify the generated clock constraint and apply the generated clock constraint. Refer to
"Appendix B: Applying a Generated Clock Constraint” on page 37 for creating a generated clock

constraint using the GUI.

& SmartTime [Top] - [Constraints Editor]
E—y File Edit WView Ackions Tools ‘Window Help

2| S| Bl x| x| alel o= 2] 22| || | | | || e[S | 0

= Constraints Syntax | Clock Hame| Clock Pin_| Reference Pin | Multiplier| Divider] Waweform | File|

= Requirements Click here to add a constraint
T Clock 1 w DFMT_2:0 DFM1_3:0 DFH1_3:CLE 1 2 synchronized Gul
hg Generated Clock
Input Drelay
Dutput Delay

create generated clock —name{DFN1l 3:Q}-divide by2 -—-source{DEFN1l 3:CLK}

{DFN1_3:Q}

Figure 35 « Generated Clock Constraint

3. Enable inter-clock domain analysis. Refer to "Appendix C: Enabling Inter-Clock Domains
Analysis" on page 40.

4. Identify a through pin for multicycle and apply a multicycle constraint. Refer to "Appendix D:
Applying a Multicycle Clock Constraint" on page 41 for creating a generated clock constraint
using the GUI. Ensure that the Setup Check only option is selected, since multicycle constraint
is applied to setup check only in this design example. For hold check, the default edge is used.

& SmartTime [Top *] - [Constraints Editor]

E—?File Edit View Actions Tools Window Help

8| & e x| 2l el @=| 2] | wlalwliel olaly] 2l8lel 2] 2
= i Setu Hold Register -
E:an::::::i?ements Synlax| From | Through | To l:_vclgs Cytﬁ Sen%ilivit E
¥ Clack Click hers to add a constraint
Generated Clock 1_ hd [get_pins § MX2_0: 1] 2 zource register | GUI
Input Delay
Output Delay
=] Eceptions
b ax Delay
Mir D elay
Falze Path

set multicycle path-setup2-through[get pins{MX2 0:Y}]

Figure 36 « Multicycle Path Constraints in Constraint Editor
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Analyzing a Multicycle Path with Inter-Clock Domain

SmartTime timing analysis view uses this multicycle path constraint for setup checks. Figure 37 shows a

setup check and a hold check.

Details for path
From: DFN1_1:CLK

To: DFEN1_2-D
Pin Hame Type | Net MName | Cell Name | Op | Delay (nz)] Total [ns)] Fanout| Edge]
data required time 23418
data arival time 11.894
slack 11.524
Data arnival time calculation
CLE 0.000 0.000
CLK Clock source + 0.000 0.000 T
CLK_pad/U0/J0:PAD net CLK + 0.000 0.000 r
CLK_pad/U0/J0:N cell ADLIB:IOPAD_IN |+ 1.560 1.560 10
CLk_pad/U0AT:A et CLK_pad/U0O/MET + 0.000 1.560 T
CLK_pad/U0/J1Y cell ADLIB:CLEIO + 1.016 2576 3
DFMT_T:CLE, et CLk_c + 0.7a4 3360 T
DFM1_1:3 cell ADLIB:DFM1 + 1.399 4789 10f
AMDZ2_0:B et DFN1_1.0 + 0.931 5.690 f
AMD2_0Y cell ADLIB:AMND2 + 1517 7.207 11
BUFD_0:A et ANDZ 0Y + 1.797 9.004 f
BUFD_0:Y cell ADLIB:BUFF + 1177 10181 101
hix2_ 04 et BUFD_0O_Y + 0.286 10,467 f
M2 0 cell ADLIB:MK2 + 1141 11.6028 1f
DFM1_2D net M2 0. + 0.286 11.894 f
data arival time 11.894
Data required time calculation
DFMT_20 Multicyle Constraint 17,142 17,142 |
DFNT_30 Clock souice T AT '
Clock generation + 4.300 21.442
DFM1_3_RMINE25:A net DFW1_3 Qi + 0.365 21.807 r
DFM1_3_RMINE25Y cell ADLIB:CLEINT |+ 1.982 23799 3
DFM1_ZCLE et CFN1_3 03 + 0974 24.763 T
DFWI_2D Librany setup time ADLIB:DFMT 1.345 23418
data required time 23418
Details for path
From: DFN1_D:CLK
To: DFMN1_2:D
Pin Name Type Net Name | Cell Mame | Op | Delay [ng) Total [ns]] Fanout| Edge
data arrival time F103
data required time 5076
slack 2027
Data amival time calculation
CLK 0.000 0.000
CLK Clock sounce + 0.000 0.000 r
CLK_pad/U0/J0:PAD et CLK + 0.000 0.000 r
CLK_pad/U0/J0N cel ADLIB:IORAD_IN |+ 1.039 1.039 10
CLK_pad/U0AJT:A het CLK_pad/U0/METT + 0.000 1.029 r
CLK_pad/U0AJTY cel ADLIE:CLEIO + 0.676 1.715 ar
DFMT_0:CLE et CLE_& + 0.556 2,271 r
DFNT_0:3 cel ADLIB:DFNT + 0.557 2968 10r
ANDZ_0:4 et DFW1_0 G + 0.245 3113 r
ANDZ_0Y cel ADLIB:AND2 + 0.504 3617 10
BUFD_0:4 net AND2_0_Y + 1.416 5.033 r
BUFD_0O:v cel ADLIBBUFF + 0.605 5.638 10
b2 A et BUFD_0_Y + 0.267 5.905 r
M2 Y cel ADLIB:Mx2 + 0.933 £.838 10
DFM1_2.D et M2 0 + 0.265 7103 r
data arrival time 7103
DFWT_30 Clock Constraint 0.000 0.000 |
DFNT_3:0 Clock source + 0.000 0.000 T
Clock generation + 2.868 2 863
DFN1_3 RNINE25.A net DFW1_3 0 + 0.253 3127 r
DFN1_3_RHNIMNE2EY cel ADLIBCLEINT [+ 1.258 4386 3
DFW_2CLK et DFW1_3 03 + 0.650 5.076 r
DFW1_2D Library hald time ADLIB:DFMA + 0.000 5.076
data required time 5076

Figure 37 » Setup and Hold Checks for Multicycle Path
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Figure 38 shows that if you use the wrong value for hold, it displays the incorrect hold violation.

Details For path
From: DFMN1_0:CLK

To: DFN1_2:D
Pin Hame | Type | Met Hame | Cell Hame | Op | Delay [ns)| Total [ns]] Fanout| Edge

data arrival time 7103

data required time - 10790

slack -3.687

Data arrival time calculation

CLE. 0.000 0.000

CLE. Clock zource + 0.000 0.000 r

CLFK,_pad/UJ0/U0PAD het CLE. + 0.000 0.000 r

CLE,_pad /000N cell ADLIB:IOPAD_IM | + 1.039 1.039 1r

CLFK,_pad/J0/U7:4 het CLK_pad/U0/MNETT + 0.000 1.023 r

CLK,_pad/J0/U1Y cell ADLIE:CLEID + 0.E7E 1.715 3

DFMWT_O:CLE, net CLk_c + 0.556 2.271 r

DFNT_0:0 cell ADLIE:DFNT + 0.597 2868 1

AMDZ_0:4 net DFMT_0 0 + 0.245 3113 r

AMDZ_0N cell ADLIE:AND 2 + 0.504 3BT 1

BUFD_0:4 net ANDZ_0_Y + 1.416 B.033 r

BUFD_0: cell ADLIB:BUFF + 0.E05 hE38 1

b2, net BUFD_0_Y + 0267 5,905 r

b2 0 cell ADLIB: M2 + 0933 E.838 1

DFM1_2D net Me2 0% + 0265 7103 r

data arrival time 7103

D ata required time calculation

DFM1_30 kulticyle Constraint 5714 b4

DFW1_20 Clock zource + 1.000 5714 r
Clock generation + 2 868 g.5a82

DFMT_3 RMINE25:4 het DEMT_3 0 _i + 0.259 g.841 r

DFMT_3 RMINEZ2EY cell ADLIB:CLEIMT |+ 1,259 10.100 3r

DFMT_ZCLE het DFEMT_3 1) + .60 10.730 r

DFENT1_2D Library hold time ADLIE:DFMNT + 0.000 10.730

data required time 10.750

Figure 38 « Wrong Clock Edge Used in Hold Check

Analyzing Clock Gating

The gated clock signal occurs when a clock path contains logic other than inverters or buffers. The
default setting in SmartTime timing analysis view enables setup and hold analysis for the reference
clock. However, it does not do timing analysis on the gating cells between the gating signal and clock. It
is possible for the gated signal to have transitions while clock pulses are passing through the gating cells
and this can lead to both clipped and spurious clock pulses. This section provides detailed information on
doing this timing analysis manually.

Figure 39 on page 27 shows the most generalized circuit for the gated clock and the timing waveform.
The GATED_CLK signal propagates through AND2_0 to the downstream flip-flops only when CLK_EN is
high. In order to be glitch free, the output from DFNO_O should arrive at input B of AND2_0 after the
falling edge of CLK arrives at input A of AND2_0 and before the next rising CLK arrives at input A of
AND2_0. The setup check analysis should use the following timing calculation:

* Launched edge: The data path starts at CLK, goes through DFNO_O (D->Q), and then ends at the
AND2_0:B pin. Both rising edge and falling edge timing must be calculated and the larger result
will be used.

« Captured edge: The clock path starts at CLK and ends at the AND2_0:A pin. The timing must be
checked for rising edge only.
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The hold check analysis should use the following timing:
¢ Launched edge: The data path starts at CLK, goes through DFNO_0 (D->Q), and ends at the
AND2_0:B pin. The timing must be for the falling edge of the clock to the DFN1_0 FF and then for
either rising or falling edge to the AND2_0 gate, whichever is shorter.
e Captured edge: The clock path starts at CLK and ends at the AND2_0:A pin. The timing must be
for delays of the negative edge of the clock.

DFN1_1 DFN1_2
——p Q D Qf——
DFN1 DFN1
> CLK > CLK

AND2_0

DFNO_0 DFN1

Gate GATED_CLK
-1 —-yp Q B

DFNO
CLK

— | >oax CLK_EN

Figure 39 « Gated Clock Example
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A

SETUP CHECK
Y

CLK

GATE
DFNO_0:CLK
AND2_0:B
AND2_0:A
AND2_0:Y

HOLD CHECK

A

CLK

GATE
DFNO_0:CLK
AND2_0:B
AND2_0:A
AND2_0:Y

Figure 40« Timing Waveform

28



& Microsemi

Analyzing Clock Gating

Analyzing a Gated Clock

1. Specify the reference clock frequency and other attributes. Refer to "Appendix A: Applying a
Clock Constraint" on page 35 for creating a generated clock constraint using the GUI.

& SmartTime [Top *] - [Constraints Editor]

:'-:J'File Edit  Wiew Actions Tools ‘Window Help

8| 2| mle| zx| 2= sl @= 2 T || el sal ol £rli3y
= E:Dnsﬂtr:::ifements Syntax | Clock Name| Clock Source PF':::]'d FITE’ILII-'IEZ"]CP D"'t-'["g-']"de E::I;te D[[:;']Et Waveform
Click here to add a constraint
Generated Clock 1| CLE CLK 10000 100000 | S0.000 |rising | 0.000 |05
Input Delay
Output Drelay

create clock —-name{CLK}-period 10.000-waveform{0.000 5.000} {CLK}

Figure 41 « Clock Constraint Using Constraints Editor and SDC

2. Identify AND2_0:A and AND2_0:B as generated clocks and apply the generated clock constraint.
Refer to "Appendix B: Applying a Generated Clock Constraint" on page 37 for creating a
generated clock constraint using the GUI.

& SmartTime [Top] - [Constraints Editor]

};?File Edit “iew Actions Tools ‘Window Help

2l & el mlx] 2le|| el @5 2] 2| el ola]ey] wlale] 3] 2
= Constraints Syntax | Clock Naﬂ Clock Pin | Reference Pin |MultiEIi8l|Divider| Waveform | File
—|- Requirements Click here to add a canstraint
T Clock 1 V ANDZ_0:A ANMDZ_0A CLEk 1 1 synchronized G
pY Generated Clock A ANDZ B |ANDZ_0:B |DFNO_C:CLK 1 1 |inverted GUI
Input Delay
Output Delay
= Furanbmne

create generated clock -name{AND2 0:A}-divide byl -source{CLK}{AND2 0:A}
create generated clock -name{AND2 0:B}-divide byl -invert -
source{DFNO_ 0:CLK} {ANDZ 0:B}

Figure 42 » Generated Clock Constraint

3. Enable inter-clock domain analysis. Refer to "Appendix C: Enabling Inter-Clock Domains
Analysis" on page 40.

29



& Microsemi

Advanced Static Timing Analysis Using SmartTime

SmartTime maximum delay analysis view shows the reference clock and AND2_0:A to AND2_0:B clock
domain. You need to get the delay values from the expanded data path and do setup and hold calculation
on the gated cell. Figure 43 shows one of the expanded paths and the setup and hold calculation on the
gated cell.

=31 Summary
& Datashest -
=¥ @ CLE Source Pin Hequ;:"?d
¥ Register to Register DFMN1 1:0LE
External Setup -
Clock to Output Details for path
Register to Asynchron... From: DFMN1_1:CLK
Extemal Recovery To: DFN1_2:D
Asynchronous to Fiegi. Pin Name | Type | Net Mame| Cell Name | Dp | Delay [ns]] Total [ns)] Fanout] Edge]
¥ ANDZ 04 to CLK
Lo @3 &NDD;_D%B to LLK data required time i
v o . data arrival ime - 4.834
Register to Register k. S
External Setup
Clock to Dutput Data arival time
Riegister to Asynchion... ANDZ_OE 0.000 n.ooo
Extemal Recavery AND2 (B Clock source + [0.000 0,000 [
Azpnchronous to Fegi.. 1 Llock generation + e} 20 |
¥ CLK to ANDZ_0:A ANDZ_ Y cel ADLIE:ANDZ [+ 10551 31491 201
¥ ANDZ 0:B to ANDZ DFMT_T:CLE het ANDZ 0 Y + 0.334 3.525 r
v @ AND2_ 0B DFNT_1:0 cel ADLIB:DFN |+ 0,654 3179 1
v Register to Register DFN_ZD net OFNT_1_0 - 0655  daad f
Extemal Setup data arival time 4834
Clock to Output Data ired fime
E;ge';::{ ;e’:?:f '::m”'“ ANg2_g§ E:oc:: Cansant gggg gggg
ock souree + L
vAsychEran;;sDt; Fu‘jag"” _rﬁVl Clack generation + Fl D?._Z 7 DS_Z | |
v AND;D'At TAND2 ANDZ_ Y cell ADLIB:ANDZ [+ 1. 488 7520 20
. Jo tAto | DFMT_ZCLK het ANDZ 0 Y + 0.363 0.483 r
=1 Pin to Pin DFN1_2D Library setup time ADLIB:DFMY |- 0.712 7770
_ Input to Dutput | [data required time 7770

Figure 43 « Inter-Clock Domain AND2_0:A to AND2_0:B Path

Setup check = Capture edge - launch edge = (10 + 2.032) - (5 + 2.6) = 4.432 ns.
Hold check = Capture edge - launch edge = (5 + 2.6) - (5 + 2.032) = 0.56 ns.

Note: You need to do similar calculations using the delay numbers under the minimum delay analysis
view.

Four Corner Analysis

The delay of a path or gate depends on factors such as voltage, temperature, process, and loading.
Figure 44 on page 31 shows timing delay under various conditions. In SmartTime, the default maximum
delay analysis checks the setup timing under worst case scenario and the minimum delay analysis
checks the hold timing under best case scenario. However, for some designs these scenarios do not
always cover all the corner case scenarios.
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Four Corner Analysis

Case Analysis:

B, T, W
A
Includes Process, Voltage, and Temperature
Worst |- oo O_O
Ywm! Gwm
L/ oO—O0 i
d d i Variation at a given PVT due to SW
Tm ™ Lo modeling, side input assumptions,
coupling capacitance, etc.
Bestf--ccooooooo- O—O
d8m  dam

TZ)eIay Variation

Figure 44 « Timing Delay under Various Conditions

The combination of temperature, voltage and process allow timing variation across various corners. This
is why designers want to qualify their design across many conditions. Although multiple corner cases
exist where a design can be analyzed, a designer normally uses the following four corners for timing
analysis: Min-BEST, Min-WORST, Max-BEST, and Max-WORST. The most extreme timing numbers are
found at these corners.

SmartTime performs analysis for Max-WORST and Min-BEST scenarios by default. In general, this is
correct for most of the designs. However, if you have very tight slack, the analysis for the other two cases
should be done by changing the SmartTime default setting. The "Timing Analysis for Min-WORST or
Max-BEST Scenario" section on page 32 shows how to perform analysis for all four corner cases using
SmartTime.
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Timing Analysis for Min-WORST or Max-BEST Scenario

1. Open the SmartTime Options dialog box (Figure 45) by selecting Tools > Options from the
SmartTime menu bar. You can see that the maximum delay analysis is based on BEST and the

minimum delay analysis is based on WORST condition.

- Select a category:
General
Analysis Wigw
Advanced

Cperating Condikions

Perform maximum delay analysis based on WORST | cCase
Perform minirmurm delay analysis based on BEST | case

Clock Domains
[ Include inker-clack domains in calculations For timing anaksis.

[v Enable recovery and removal checks,

Restore Defaults |

SmartTime Options f'>_<|

Figure 45 « SmartTime Options Dialog Box
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2. Under Operating Conditions, change Perform maximum delay analysis based on to BEST and
Perform minimum delay analysis based on to WORST.

SmartTime Options

Option ot o
- Select a cakegory:
General o S
Analysis View perating Conditions
Ardvanced Perform maximum delay analysis based on BEST =l &=z

Perform minimumn delay analysis based on

Clock, Domains

[ Include inter-clock domains in calculations For Eming analysis.

[ Enable recovery and remaoval checks,

Restore Defaults |

el o |

Cancel |

Figure 46 « SmartTime Options Dialog Box for Max-BEST and Min-WORST Analysis

With this setup, maximum delay analysis view shows setup check under Min-WORST condition and
minimum delay analysis view shows hold check for Max-BEST condition.

Consider the design example shown in Figure 47. The clock network has some buffers which add skew
on the clock network.

D_pad BUFD_0
D > PADZHp>Y DF1_1 ANCY
D Q 1
INBUF BUFD
LKBUF > CLK
PAD CLKBOF 0 DF1 0 Q_pad
CLKIN DF1_0_RNO D Q DD—]X}EAD—DQ
BUFD_2  BUFD_1 N
CLKBUF Y ANY A Y S CLK OUTBUF
|7
BUFD BUFD CLKINT DF1

Figure 47 « Design Example for Min-BEST and Min-WORST Analysis
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The default minimum delay analysis view shows a slack of —1.32 ns for the register-to-register path.
However, changing the minimum delay analysis view to WORST shows slack of —1.877 ns. You can see
that the Min-BEST condition does not always have the worst case scenario for hold check.

& SmartTime [top *] - [Minimum Delay Analysis View]
;éz File Edit Wwiew Actions Tools Sindow Help

8| S| o] x| || ekl @l= 2] 3| bl olxlay] 8lel 2l 3
From |* Ta |=o=
mln
=1 {51 Summary
Datash - -
¥ Ly e Sink Pin Dolay TSlack, | Awval [ Requited [ Hold | Skow
o Fiegister i F IR S DFI_OD 0884 1321 2563 2884 0000 2208
¥ Clock to Output

Figure 48 « Register-to-Register Path for Min-BEST Condition

© SmartTime [top *] - [Minimum Delay Analysis View]

ﬁEFile Edit Wiew Actions Tools Window Help
8| & Bl zlx] 2= &l @l 2] B bnlielolsel 2le]iln) a2 2
Fram |°'c To |’k
I‘I"III‘I
= 531 Summary
Datasheet - -
I @om Sourcs Pin Sink Pin P | [T | R | B B
- caster to Register J e [T R T DFI_0D 1362] 1.677]  3.99 5875 0000 -3.239
¥ Ewternal Hold
i 7“ Clock to Output

Figure 49 « Register-to-Register Path for Min-WORST Condition

In summary, the SmartTime timing analyzer default setting only checks for Max-WORST and Min-BEST
conditions. You need to change the settings to check for Min-WORST or Max-BEST condition if you have
tight margin in your design.
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Appendix A: Applying a Clock Constraint

1. Open the SmartTime constraints editor by clicking the Constraints Editor button in the Designer
GUI. The clock constraint is displayed in the SmartTime Constraints Editor, as shown in
Figure 50.

B¥ Constraints Editor

=1 Constraints

=I-- Requirements
Clock.
Generated Clock
Input Delay
Output Delay

=l Exceptions
Max Delay
Multicycle
Falze Path

= Advanced
Clock. Source Latency

Syntax | Clock Name| Clock Source| Period [ns)| Frequency [MHz)| Dutycycle [%]| First Edge| Offset [ns)| Waveform| File| Comments|

Click. here to add a constraint

Figure 50 « SmartTime Constraints Editor

2. Add a clock constraint by clicking the new clock constraint button in the SmartTime toolbar, or by
selecting Actions > Constraint > Clock from the SmartTime Menu bar. The Create Clock
Constraint dialog box is displayed.

Create Clock Constraint

Clock souces: | | -

Clock Mame: |

T(zerao)

bl
=

|4—Periu:u:|: n54>|or Frequency: MHz
&

0,000

Coamment:

[—— Cffset: 4>|4— Dby cycle: —P‘

ns

] 50.0000 =,

|
Help

Ok | Cancel

Figure 51 « Create Clock Constraint Dialog Box

3. Select the clock source pin from the Clock Sources drop-down list or by clicking the browse
button. Select the pin CLK as the clock source. Click OK to close the Clock Source Pin dialog

box.
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4. Enter 150 as the Frequency in the Create Clock Constraint box and accept all other default
values. Click OK to create the clock constraint.

Create Clock Constraint

Clock Sources: ]CLK _vJ

Clock Mame: ]

Tizero)

|4— Periu:ud:1 6,667 n54>|cur Frequency: | 150 MHz
&

i
2]

M— st 4P|4— Dby cydes; —P|

0,000 ns j 50,0000 o

Camment:

Help (0]4 | Cancel

Figure 52 « Entering a Clock Constraint in the Create Clock Constraint Dialog Box

The clock constraint is visible in the SmartTime Constraints Editor.

B¥ Constraints Editor

[=}+ Constraints Syntax | Clock Name| Clock Source| Period [ns)| Freq p [MHz])| Dutycycle [%)| First Edge| Dffset [ns)| Waveform| File| Comm
= Aequirements o0a t

B.BE7 150,000 50.000  |rising 0000 [03.33333 (GUI
- Generated Clock = T & =
< Input Delay
< Output Delay

[=1- Exceptions

- Max Delay
- Multicycle
- False Path

=1 Advanced

< Clock Source Latency

Figure 53 « SmartTime Constraints Editor with Clock Constraint
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Appendix B: Applying a Generated Clock Constraint

1. Open the SmartTime constraints editor by clicking the Constraints Editor button in the Designer
GUI. The clock constraint is visible in the SmartTime Constraints Editor, as shown in Figure 54.

B¥ Constraints Editor

[=] Constraints Syntax | Clock HName| Clock Source| Peniod [ns)| Frequency (MHz)| Dutycycle [%)| First Edge| Offset [ns)| Waveform| File| Comments
= Requirements Click hete to add & constraint
Clock

Generated Clock
Input Delay
Output Delay
=1 Exceptions
Max Delay
Multicycle
Falze Path
=l Advanced
Clock Source Latency

Figure 54 « SmartTime Constraints Editor

2. Right-click Generated Clock in the Constraints Editor window. The Create Generated Clock
Constraint dialog box is displayed.

Create Generated Clock Constraint

Clock, Pin: |- - J

Clock Reference:

Clack
Canditioning
Zircuitiy

TEI-:-Dk Fart FPGA

Generated Clock Name |

The generated Frequency is such as

Ficlock) = F{reference) x |1 ! |1

The generated waveform is the same as |  the reference waveform

Comrnent:

Help | QK Cancel

Figure 55 » Generated Clock in the Constraint Window
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3. Browse to select a Clock Pin. The Select Generated Clock Source dialog box displays with the
list of available generated clock source pins, as shown in Figure 56.

Select Generated Clock Source

Select 3 pin:

DFNL_0:Q)

Filter awailable objects:
Type: Explicit clocks j

Filter:

E Filter
Help | [al'4 | Zancel |

Figure 56 « Select Generated Clock Source Dialog Box

4. Select the DFN1_0:Q pin and click OK to save the clock constraint details. In some cases, the
generated clock pins are not defined as Explicit clocks. You need to change the filter type and add
the generated clock source pin.
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5. Browse to select a Reference Pin. The Select Generated Clock Reference dialog box displays the
list of available clock reference pins, as shown in Figure 57.

Select Generated Clock Reference

Select a pin:

)

DFM1_D:CLK
DFN1_D:

Type:

Filter:

Filter available objects:

Pins on clock netwark, j

| *

Help

Filter
| Ok |

Cancel |

Figure 57 » Select Generated Clock Reference Dialog Box

6.

DFN1_0:CLK is actually CLKA.

waveform.

Select the DFN1_0:CLK pin and click OK to save the clock constraint details. Note that

Enter the division factor of 2, since DFN1_0:Q is a "divided by 2" clock of DFN1_0: CLK.
Enter the first edge of the generated waveform as "the same as" with respect to the reference

Click OK. The new constraint appears in the Constraints List.

& SmartTime [Top *] - [Constraints Editor]

E—:?File Edit View Actions Tools Window Help

o | « r i T
8l 2] Ble| o] 2] el 8= 2| 2| /ol olalo]y] xlolal 2 2
= Constraints Syntax | Clock Name ] Clock Pin ] Reference Pin | Multiplier | Divider] Waveform |
= Requirements Click here to add a constraint
¥ Clock 1 Y PLL_50_20_0/Core:GLA | PLL_50_20_0/Core:GLA PLL_B0_20 0/Core: CLEA g 20 |synchronized
kg Generated 2 |¥ DFN1_00 DFN1_0:3 DFN1_TCLE 1 2 |swnchronized
Input Delay
Output Delay

Figure 58  Constraints List
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Appendix C: Enabling Inter-Clock Domains Analysis

1. Select Tools > Options from the SmartTime menu bar.

2. Select the Include Inter-clock domains in calculations for timing analysis check box in the
SmartTime Options dialog box to select inter-clock domain analysis, as shown in Figure 59. Click

OK.

SmartTime Options

-
=l Select a category:
General 2 e
Analysis View Operating Conditions
Advanced

Clock Domains

Ify Include inter-clock domains in calculations For timing analvsis.l

Iv Enable recovery and removal checks.

Perfarm maximum delay analysis based on ]WOF‘.ST - case
Perform minimumn delay analysis based an ]BEST v] case

Restore Defaults

(<]

Help O I Cancel

Figure 59 « Enabling Inter-Clock Domain Analysis
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Appendix D: Applying a Multicycle Clock Constraint

1. Right-click Multicycle under exception in the SmartTime constraints editor. The Set Multicycle
Constraint dialog box is displayed.

Set Multicycle Constraint

Specify mulkiplisr(s) for: {* Setup Chedk only " Setup and Hold Checks

Setup Path Mulkiplier: ||
T ] Defaulk setup \\& Mew setup

. ! edge ' edge
j | t j | t j “ t
Hold edge

Fran:

Throughs

T

Comment:

Help oK | Cancel

Figure 60 « Set Multicycle Constraint Dialog Box

2. Select the Setup Check only radio button as the multicycle constraint. It is applied to setup only
for this design. For hold check, the default edge is used.

3. Enter Setup Path Multiplier (2, for example).
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4. Click the browse button at the Through text box. The Select Through Pins for Multicycle
Constraint dialog box is displayed with the list of available pins in the design, as shown in
Figure 61.

Select Through Pins for Multicycle Constraint

Specify pins * by explicit lisk " by keyword and wildeard

fyvailable Pins: Assigned Pins:

AMDZ_0:4
ANDZ_0:E
ANDZ_0:Y
BUFD_0:4
BUFD_0:¥
BUFD_1:4
BUFD_1:Y
BUFD_Z:4
BUFD_2:%
Binl_padfU0/ud:PaD
Binl_padfU0/uo:y
Binl_pad oLy
Binl_pad 01 I
CLE pad/J0fU0:PAD

[

Y

add All =

&

Filker available pins:

Pin Type: &ll Pins ﬂ

| * Filker

Help Ik | Cancel

Figure 61 »« Adding Through Pins for Multicycle Path

5. Select a through pin (MX2_0:Y, for example) and then click OK to save this dialog box setting. On
applying the multicycle path constraint, it will be shown in the constraint Editor.

€ SmartTime [Top *] - [Constraints Editor]

:L:?File Edit Wiew Actions Tools ‘Window Help
8l 2| Ble| glx| o] € el=| ]| D wnl|o/sal oalmy) xlalsl 2] 2
= Constraints Syntax

Setup | Hold Reagister q
=) Requirements From | Through | To Cycles | Cycles| Sensitivity E
2

% Clack Click here to add a conzstraint

Generated Clack A [get_pinz § Mx2_077 1]
Input Delay
Output Delay
—|- Exceptions
Max Delay
bdin Drelay
¥

zource register | GLUI

False Path

Figure 62 « Multicycle Path Constraints in Constraint Editor
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