SYNOPSYS

Using Timing Constraints in SiliconBlue Designs

This application note describes the recommended approach for specifying Synplify Pro®
timing constraints for designs that target SiliconBlue® technologies. See the following for
details:

¢ Introduction, on page 2

¢ Defining Clock Constraints, on page 2
¢ Defining Input Delays, on page 6

¢ Defining Output Delays, on page 8

* Defining Multicycle Paths, on page 9
* Defining False Paths, on page 10

¢ Defining Clock Delays, on page 12

* Using Collections, on page 12

¢ Forward-Annotation of Constraints on Merged Registers, on page 14
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Using Timing Constraints in SiliconBlue Designs

Introduction

The Synplify Pro synthesis tool reads input timing constraints in Synplicity® (.sdc) format
and forward-annotates the constraints in Synopsys® constraint format (.scf) to the
SiliconBlue place-and-route tool.

Note that for SiliconBlue technologies, the synthesis tool does not support all the
constraints and formats described in the documentation. This document briefly describes
the supported constraints that are forward-annotated for the SiliconBlue tool and how to
use them. For full descriptions of the constraints, see the tool documentation.

Defining Clock Constraints

You define a clock constraint with the define_clock command, which lets you define a specific
duty cycle and frequency or clock period goal. You can define clock constraints on top-level
input ports, nets, or output pins of instantiated cells. See the following examples:

¢ Example 1: Clock Defined on a Port, on page 3
¢ Example 2: Clock Defined on a Net, on page 4
¢ Example 3: Clock Defined on a Pin, on page 5

Do not apply clock constraints to instances. If you need to apply such a constraint, apply it
to the output pins or nets of the instances.
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Using Timing Constraints in SiliconBlue Designs

Example 1: Clock Defined on a Port

This example shows a clock defined on a port and the corresponding .sdc and forward-
annotated .scf constraints.
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E:/selvam/EPGA/SILICON _BLUE/constraint_usage examples/define_clock/test.sdc

2 Frequency | Period Rise At Fall At | Duby Cycle | Rouke | Wirtu:
DEnahled Clock Object : Clock Alias . .(I'-Hz) (ns) . Clock Group ‘ (nes) . (ns) . (%) (ns) - Cloch
h | v inck ekl 200 s default_clkgroup_0
iz-i [+ peinclkz piinclk2 100 10 default_ckgroup_0
E I | piinck3 princlk3 S0 20 default_clkgroup_0 | 10 15 25
I
Synplicity define_clock {inclk1l} -name {inclk1} -freq 200 -clockgroup default_clkgroup_O

Constraints  ¢efine_clock {p:inclk2} -name {p:inclk2} -freq 100 -clockgroup default_clkgroup_0

define_clock {p:inclk3} -name {p:inclk3} -period 20 -clockgroup default_clkgroup_0O
-rise 10 -fall 15

Forward- create_clock -period 5.000 -waveform {0.000 2.500} -name {inclk1} [get_ports {inclk1}]
gré:n':otated create_clock -period 10.000 -waveform {0.000 5.000} -name {inclk2}

[get_ports {inclk2}]

create_clock -period 20.000 -waveform {10.000 15.000} -name {inclk3} [get_ports
{inclk3}]

Constraints

If you put clocks in the same clock group, they are synchronous or related. To make the
clocks asynchronous, put them in different clock groups. The synthesis tool treats all paths
between clocks in different clock groups as false paths, and forward-annotates them
accordingly.
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Using Timing Constraints in SiliconBlue Designs

So if you want to set false paths between clocks, put them in different clock groups as
shown in the following example:

Synplicity define_clock {clkl} -freq 50 -clockgroup default_clkgroup_O
Constraints  gefine_clock {clk2} -freq 100 -clockgroup default_clkgroup_1

Forward- create_clock -period 20.000 -waveform {0.000 10.000} -name {clk1} [get_ports {clk1}]
gnCnFOtated create_clock -period 10.000 -waveform {0.000 5.000} -name {clk2} [get_ports {clk2}]
Constraints Set_false_path -from [get_clocks {clk2]}] -to [get_clocks {clk1}]

set_false_path -from [get_clocks {clk1}] -to [get_clocks {clk2}]]

If your design has multiple clocks and you have not set any clock constraints, the tool
automatically applies the default clock constraint and puts them in different clock groups.
It treats the paths between the clocks as false paths.

Example 2: Clock Defined on a Net

In this case, the clock constraint is applied on the pliclk net that connects the PLLOUTGLOBAL
PLL output pin. You can either select the net and drag and it into the Clock Object cell in the
SCOPE spreadsheet or you can type it into the SCOPE cell.

Sheet 1 of 1 - top level [of imodule test) (RTL View) ../rev_1/test.srs
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E:\selvam\FPGAVSILICON _BLUE\constraint_usage_examples\define_clock net_pin\pllpad.sdc
e Period RiseAt | Fal At | Duty Cyce | Route | virtusl -]
Enabled Clock Object Clock Allas 'f;,._"'z;“ i | Clock Group ) (o) E’%) (‘:1 ’; C'hds | Comment |
1 | niplick 50 20 defauk_clkgroup_0 i
2
3
: 5
Clocks | ClocktoClock | Collections | InputsfOutputs | Registers | Delay Paths | Attributes  If0Standards | Compile Points | Other -
Synplicity define_clock {n:pllclk} -freq 50 -clockgroup default_clkgroup_0
Constraint
Forward-annotated create_clock -period 20.000 -waveform {0.000 10.000} -name {pllclk}
SCF Constraint [get_pins {u_plicore/ PLLOUTGLOBAL}]
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Using Timing Constraints in SiliconBlue Designs

Example 3: Clock Defined on a Pin

To apply a clock constraint on a pin, select the pin, copy it using Ctrl+c, and paste it in the
SCOPE Clock Object field. Alternatively, drag and drop the pin into the SCOPE spreadsheet,
or type the pin name in the Clock Object field.
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. *requency| Perind Riseat | Falat | Dutycyce | Route | virtual -
‘ IE'“""f"’| Sad Oblect B M) | () l CockGow | "oy | ) | W | (o) ‘ Clock |  Comment j
]

1|« {t:u_plicore. PLLOUTGLOBAL} 100 10 defauk_ckgroup_0

Clocks | ClocktoClock | Collections | InputsfOutputs | Registers | Delay Paths | Abtributes | 1jOStandsrds | CompilePoints | Other

Synplicity define_clock {{t:u_pllcore. PLLOUTGLOBAL}} -freq 100 -clockgroup
Constraint default_clkgroup_O
Forward-annotated create_clock -period 10.000 -waveform {0.000 5.000} -name
SCF Constraint {u_pllcore. PLLOUTGLOBAL} [get_pins {u_pllcore/ PLLOUTGLOBAL}
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Using Timing Constraints in SiliconBlue Designs

Defining Input Delays
You can specify external input delays for the top-level ports in the design. See the following
examples:
¢ Example 1: Port Input Delay with -default Option, on page 6

¢ Example 2: Input delay on Individual Ports, on page 7

Example 1: Port Input Delay with -default Option

When the -default option is specified, as in the following example, the tool applies the default
input delay to all input ports except clock ports.

Sheet 1 o0f 1 - top level (of module test) (RTL View) ..frev_T/test.srs
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Erfselvam/EPGASSILICON . BLUE/constraint_usape_ examples/define_input_delby/test.sde

Bfnabbd| Port Type |a:-ck Eduel il e Comment |j|
|1 | v <inpat: def aulk > input_delay clier 1 0

2 || <ouputdefauk>  output delay 0

\3_| [ ja Ilm-t_ddw | I o

4 [LIS input_delay 0

’3-] i€ ll‘-o-.t_dd-w . _ _u . I:|
Synplicity define_clock {clk} -name {clk} -freq 200 -clockgroup default_clkgroup_O

Constraints define_input_delay -default 1.00 -improve 0.00 -route 0.00 -ref {clk:r}

Forward-annotated create_clock -period 5.000 -waveform {0.000 2.500} -name {clk} [get_ports {clk}]
SCF Constraints set_input_delay -max 1.000 -clock [get_clocks {clk}] -add_delay [get_ports {a}]
set_input_delay -max 1.000 -clock [get_clocks {clk}] -add_delay [get_ports {b}]
set_input_delay -max 1.000 -clock [get_clocks {clk}] -add_delay [get_ports {c}]

Note the following:

¢ If you specify the -route or -improve options, the tool only uses them for synthesis. They
are not forward-annotated.

¢ It is recommended that you use the -ref option with the clock name and the edge that
triggers the event. The tool forward-annotates this information accordingly.
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Using Timing Constraints in SiliconBlue Designs

Example 2: Input delay on Individual Ports

In this example the input delays are applied on individual input ports, with reference to
different clock edges.

Sheet 1.0f 1 = top level (pfimodule test) (RIL View)| .. /rev_i/test.srs

& @ Instances (3 =]
& @ Ports (5)
Bl [ Nets(7)
B B ClockTres EE=
b E—=
i_1
J

=] R E] 1)

l Enabled Port Type Clock Edge "(’r::; P‘("“n“;‘ Comment j]
[1 [ <oputdefaut>  input_delay ' o

\z__m <output default> lu.tpu.t_delay ' 0

b il |3 input_delay elksf 1 D

m 9 b nput_dsisy eter 2 o

5 |@ e input_delay char 3 o B
6 |C] ook output_deley ' it | "

i | | |
Clocks Clock to Clock | Collections Inpuks{Outputs. Reqisters Delay Paths Attributes IjO Standards Compile Poinks QOther

{4
Jad

Synplicity define_clock {clk} -name {clk} -freq 200 -clockgroup default_clkgroup_O

Constraints define_input_delay {a} 1.00 -improve 0.00 -route 0.00 -ref {clk:f}
define_input_delay {b} 2.00 -improve 0.00 -route 0.00 -ref {clk:r}
define_input_delay {c} 3.00 -improve 0.00 -route 0.00 -ref {clk:r}

Forward-annotated create_clock -period 5.000 -waveform {0.000 2.500} -name {clk} [get_ports {clk}]

SCF Constraints set_input_delay -max 1.000 -clock [get_clocks {clk}] -clock_fall -add_delay
[get_ports {a}]

set_input_delay -max 2.000 -clock [get_clocks {clk}] -add_delay [get_ports {b}|
set_input_delay -max 3.000 -clock [get_clocks {clk}] -add_delay [get_ports {c}]
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Using Timing Constraints in SiliconBlue Designs

Defining Output Delays

You can specify external output delays on the top-level ports of the design. Note the
following:

¢ The tool ignores I/O paths for timing unless they are constrained by having input or
output delays defined for them.

¢ The tool uses the define_reg_input_delay and define_reg_output_delay constraints for
synthesis only, and does not forward-annotate them.

Example: Output Delay on Output Ports

Sheet 11 of 1) - top level (of module test) (I View) | ../rev_17test srs

& @ Instances (4) =]
B Ports (5)
B ) Nets(7) W1
B [ Clock Tree ‘
|
(=]
0 2 2 | B 1)
value | Route -
Enabled Port Type | Clock Edge ‘ ) | {ns) Comment H
[ 1
1Ll <nputdefaut>  linput delay | 0
2. M | <output defauit> | output_delay o
3 M J a |input_delay 1]
4 (1 |b /input_delay o
S b ol output_delay dkir 1 o ¥
ls |9 o2 output_delay i 2 o H
Clocks | ClocktoClock | Collections | InputsfOutputs | Registers | DelayPaths | Attributes | I/0 Standsrds | Compile Points | Other

Synplicity define_clock {clk} -name {clk} -freq 100 -clockgroup default_clkgroup_0O
Constraints define_output_delay {01} 1.00 -improve 0.00 -route 0.00 -ref {clk:r}
define_output_delay {02} 2.00 -improve 0.00 -route 0.00 -ref {clk:f}

Forward- create_clock -period 10.000 -waveform {0.000 5.000} -name {clk} [get_ports {clk}]
gr(‘)r:](;tt?;?gtSSCF set_output_delay -max 1.000 -clock [get_clocks {clk}] -add_delay [get_ports {o1}]
set_output_delay -max 2.000 -clock [get_clocks {clk}] -clock_fall -add_delay [get_ports {02}]
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Using Timing Constraints in SiliconBlue Designs

Defining Multicycle Paths

You can define a path as a timing exception because it uses multiple clock cycles. You can
use the following constraints for multicycle paths:

¢ -from
Registers (i:) or top-level input or bi-directional ports (p:)

* -to
Registers (i}) or top-level output or bi-directional ports (p:)

¢ -through
Combinational nets (n:) or pins on instantiated cells (t::)

Note the following:
* Do not use clocks as from/to points. It is not recommended.
¢ The tool uses forward-annotated multicycle path constraints only for setup.
* Use the -through option only for combinational nets and pins of the instantiated cells.

¢ When applying multicycle paths from or to the ports, make sure that I/O delay
constraints are applied to them.

Example: Multicycle Paths

E:fselvam/FPGA/SILICON_BLUEfconstraint_usage examples/define_multicycle path/test.sdc

l'_l End:uled| Delay Type From To Through |S'tart]'Em|_| Cycles | Max Delay(ns) [Cormaﬂk E
%i | el Mutticycle fzareg prol 2 |_-
Ez— o .Mutlcycle . .p:oE' . . .2 - .

!EB | .Mtﬁicycle . . .n:breg_Z &

%T i .MLQiC}'dE' .i:breg . . . .2 E
~Oocks: | Clock o Gock. |- Colections InputsjOutputs | Registers | Delay Paths | Attrbutes | If0Standards | Compile Points | Other -

Synplicity define_multicycle_path -from {{i:areg}} -to {{p:ol}} 2

Constraints define_multicycle_path -to {{p:02}} 2
define_multicycle_path -through {n:breg 2} 2
define_multicycle_path -from {{i:breg}} 2

Forward-annotated set_multicycle_path 2 -setup -from [get_cells {areg}] -to [get_ports {o1}]
SCF Constraints set_multicycle_path 2 -setup -to [get_ports {02}]
set_multicycle_path 2 -setup -through [get_pins {breg 2_keep_RNO/O}]
set_multicycle_path 2 -setup -from [get_cells {breg}]
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Defining False Paths

You can define paths to be ignored during timing analysis. You can define the following
constraints for false paths:

-from
Registers (i:) or top-level input or bi-directional ports (p:)

-to
Registers (i}) or top-level output or bi-directional ports (p:)

-through
Combinational nets (n:) or pins on instantiated cells (t::)

Note the following:

Do not use clocks as from/to points. It is not recommended.
Use the -through option only for combinational nets and pins of the instantiated cells.

For false path constraints on input or output ports, you must have I/O delays specified
for the path from input or to the output ports. The false path constraint is only valid
and forward-annotated when the delays are specified on the input and output ports as
described in Defining Input Delays, on page 6 and Defining Output Delays, on page 8.

Example 1: False Path from Register to Output Port

E\selvam\FPGAVSILICON_BLUE\constraint_usage_examples\define_false_path\est.sdc

[ Jented| bvelsympe | From T [ Theough [ stortfend | Cyces | Max Delay{ns) Comment <]
|_ =i Falze itbreg piol ‘ |
| | o .Fals:e .D:a .|:are|;

|? &l .Fdse iiareg i:breg . . }%
Clocks. || Clockto.Clodk. | Callections. | Ingats/Outouts. | Registers. | Delay Paths | Attrbutes | 1/0 Standards. | - Comple Pots. | Othex B

Synplicity Constraint define_false_path -from {{i:breg}} -to {{p:ol}}

Forward-annotated SCF  set_false_path -from [get_cells {breg}| -to [get_ports {o1}]
Constraint

Example 2: False Path from Input Port to Register

Synplicity Constraint define_false_path -from {{p:a}} -to {{i:areg}}

Forward-annotated SCF  set_false_path -from [get_ports {a}] -to [get_cells {areg}]
Constraint

Example 3: False Path from Register to Register

Synplicity define_false_path -from {{i:areg}} -to {{i:breg}}
Constraint

Forward-annotated set_false_path -from [get_cells {areg}] -to [get_cells {breg}]
SCF Constraint

Synopsys, Inc. Application Note
Copyright © 2010 Synopsys, Inc. All Rights Reserved. June 2010



Using Timing Constraints in SiliconBlue Designs

Defining Path Delays

You can define maximum delays between specific points in the design. You can specify the
following point-to-point delays:

¢ -from
Registers (i:) or top-level input or bi-directional ports (p:)

* -to
Registers (i}) or top-level output or bi-directional ports (p:)

¢ -through
Combinational nets (n:) or pins on instantiated cells (t::)

Do not use clocks as from/to points. It is not recommended.

Example 1: Maximum Delay from a Port Through a Net

E:\selvam\FPGA\SILICON | BLUE\constraint_usage_examples\define_path_delay\Mest.sdc

3

[Enatied | DelayType | From | To | Through |stertiend| cCyces | Max Delay(ns) | comment |
1 ! V Max Delay pic nibreg_2 3 |
2 | a4 .MaxDelay .p:a jzareg . [ .2

|

D

I3

Clocks | ClocktoClock | Colecions | Inputs/Outputs | Registers | DelsyPaths | Atbibutes | 1O Standards  Comple Ponks | Other

£l

Synplicity Constraint define_path_delay -from {{p:c}} -through {n:breg 2} -max 3

Forward-annotated set_max_delay 3.000 -from [get_ports {c}] -through [get_pins {breg 2 keep_RNO/O}]
SCF Constraint

Example 2: Maximum Delay from a Port to an Instance

Synplicity Constraint define_path_delay -from {{p:a}} -to {{i:areg}} -max 2

Forward-annotated set_max_delay 2.000 -from [get_ports {a}] -to [get_cells {areg}]|
SCF Constraint
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Defining Clock Delays

You can define delays between the clocks in the design. The synthesis tools do not currently
support collections for clock-to-clock delay constraints. Use the clock names as shown.

E:/selyam/ERPGA/SILICON_BlUE/constraint_usage _examples/define_clock delay/test.sdc

3

Delay False
(ns) | Path

‘ |+ clkl:r clk2:r 2 (| i

Enabled | From Clock Edge | To Clock Edge Comment

EER

KD

Clocks  ClocktoClock | Collections | ImputsfOutputs  Registers | Delay Paths | Attrbutes | 1jOStandards | Compile Poinks | Other

Example: Clock-to-Clock Delay

Synplicity Constraint define clock delay -rise {clk1} -rise {clk2} 2

Forward-annotated set_max_delay 2.000 -rise_from [get_clocks {clk1}] -rise_to [get_clocks {clk2}]
SCF Constraint

Using Collections

A collection is a group of objects. You can apply constraints to collections, thus making it
easier to apply constraints. Do not use collections to apply clock-to-clock delay constraints.

The following are some examples illustrating the use of collections. Refer to the tool

documentation for more detailed information.

Example 1: Input Port Collection

In this example, you first create a collection of input ports:

E:/selyam/EPGA/SILICON_BLUEfconstraint_usage_examples/collection_all_inputs/test.sdc

| Enabled | Callection Mame | Comnand l Command Arguments | Cormment l%

L [+ inports define_collection {p:dinl p:din2 p:din3} Collection of all the 3 input ports I

Clocks | ClocktoClock | Collections | InputsfOutputs | Registers | Delay Paths | Attributes | 1/0 Standards | Compile Pointd 4 | |

Synopsys, Inc. Application Note
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Using Timing Constraints in SiliconBlue Designs

You then apply an input delay constraint to the collection. This applies the constraint to all
the ports in the collection.

E:/selvam/FPGA/SILICON_BLUE/constraint_usage_examples/collection_all_inputs/test.sdc

Yalue Route e
Py T
Enabled 'ort ype Clock Edge (ns) (ns) Comment H
1
1 |+ $inports input_delay clier 222 |0 [
2 -

Clocks Clockto Clock | Collactions InputsfOutputs | Registers Delay Paths Attributes [JO Standards = Compile Poﬂ.{IIE]

Synplicity define_scope_collection -comment {Collection of all the 3 input ports} inports
Constraints {define_collection {p:dinl p:din2 p:din3}}

define_input_delay {$inports} 2.22 -improve 0.00 -route 0.00 -ref {clk:r}

Forward- set_input_delay -max 2.220 -clock [get_clocks {clk}] -add_delay [get_ports {din1}]
?Zr(\)?]?stt?g?géc': set_input_delay -max 2.220 -clock [get_clocks {clk}] -add_delay [get_ports {din2}]
set_input_delay -max 2.220 -clock [get_clocks {clk}] -add_delay [get_ports {din3}]

Example 2: Register Collection Created with the find Command

In this example, you first define a collection of registers using the Tcl find command:

E:/selvam/EPGA/SILICON_BLUE/constraint_usage examples/collections_registers/test.sdc

| |enabled|  colectionname |  command |  CommandArguments | Cornment B

'—I_J |+ regs_group find her -seq ¥}
2 | |
: |

-
- 2

Clocks | Clockto Clock  Collections | Inputs/Outputs = Registers = Delay Paths | Attributes | [/ Standards = Compile Points | | 4 |'

You then apply a false path constraint to the collection:

E:fselvam/FPGA/SILICON_ BLUE/constraint_usage examples/collections_registers/test.sdc

I Enabled |  DelayType | From | To Through |startyEnd | cycles | max Delayns) |Cumnt|3
| Felse dregs_group L]
]L._.. " 4
i2

13 }_‘
— i | &

Clocks | Clockto Clock | Collections | InputsfOutputs  Registers  Delay Paths | Attributes | 1/0 Standards | Complie Points | Other

Synplicity Constraint define scope_collection regs_group {find -hier -seq {*}}

Forward-annotated set_false_path -from [get_cells {areg breg}]
SCF Constraint
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Forward-Annotation of Constraints on Merged Registers

The following examples describe forward-annotation details for constraints set on registers
that get merged into SiliconBlue IOBs or RAMs.

Example 1: Register Packed into the I0B

This example has the following sdc input constraints applied:
¢ False path constraint from the enFF instance
* Path_delay constraint from gFF instance

* Multicycle path constraint between the dFF and qFF flip-flop instances

qiggz_____'—>nm'nm —*———_f:ji::>—p————+—ﬁfﬂ=WW >

dFF qFF_2 qFF

L -
[en == D[0] Q]
enFF

The forward-annotation results vary, depending on whether register packing is enabled
(syn_useioff=1). See the following table:

Synplicity define_clock {clk} -name {clk} -freq 100 -clockgroup default_clkgroup_O
Constraints define_input_delay -default 0.00 -ref {clk:r}

define_output_delay -default 0.00 -ref {clk:r}

define false_path -from {{i:enFF}}

define_multicycle_path -from {{i:dFF}} -to {{i:qFF}} 2

define_path_delay -from {{i:qFF}} -max 8

Forward- create_clock -period 10.000 -waveform {0.000 5.000} -name {clk} [get_ports {clk}]
?r?(? (r)éatilsotgr set_multicycle_path 2 -setup -from [get_cells {dFF}] -to [get_cells {qFF}]
packingg) set_max_delay 8.000 -from [get_cells {qFF}]

set_false_path -from [get_cells {enFF}|
set_input_delay -max 0.000 -clock [get_clocks {clk}] -add_delay [get_ports {en}]
set_input_delay -max 0.000 -clock [get_clocks {clk}] -add_delay [get_ports {d}]

set_output_delay -max 0.000 -clock [get_clocks {clk}| -add_delay [get_ports {q}]

Forward- All constraints applied on registers that are merged into I/Os are lost. These

annotation (with constraints are not honored or forward-annotated. To retain the constraints,

register packing ) disable I/O packing on the registers where the constraints are applied. This
behavior is the same as in the general synthesis flow.

Synopsys, Inc. Application Note
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Example 2: Register Merged into a RAM

In this example, a multicycle -to constraint is applied on the i:RJAddrFF instance, which is
the registered read address of the RAM.

[T —= ram1
- DT Q[0 Yot RACDR7:0]
y plelt DATA[:0]
RAACIEFLEY L2t 1(2DDRI7 0] DOUTIT0] ety REaI0R 70—
[we = WE[D]
WrADGH7.0] . — CLK
WiteData[7:0]
ram1[7:0]
Synplicity define_clock {Clk} -name {Clk} -freq 150 -clockgroup default_clkgroup_0O
Constraints define_multicycle_path -to {{i:RAAddrFF[7:0]}} 2
Forward- The multicycle constraint is not forward-annotated because the read address
annotation registers are merged into the RAM. This behavior is the same as in our general

flow.
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