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1

Design Flow i Libero™ IDE v2.3

This chapter describes the basic design flow for creating designs using the Libero IDE software.

Step 1 - Design Craation

Your first step is to plan your design and enter it as either HDL (VHDL or Verilog), structural
schematic, or mixed-mode (schematic and RTL).

Step 2 - Design Verifiaition
After you have defined your design, you must verify that it functions the way you intended. After

creating a test bench using WaveFormer Lite use the ModelSim for Actel VHDL or Verilog
simulator to perform functional simulation on your schematic or HDL design.

Step 3 - Design Synithesis/ EDIF Gevenition

A design must be synthesized if the design was created using VHDL or Verilog. Use Synplify or
Synplify Lite from Synplicity to generate your EDIF netlist. You can re-verify your design "post-
synthesis" using the VHDL or Verilog ModelSim for Actel simulator used in step 2. While all RTL
code must be synthesized, pure schematic designs are automatically "netlisted" out via the Libero
IDE tools to create a structural VHDL or structural Verilog netlist.

Step 4 - Design hnplenaiation
After you have functionally verified that your design works, the next step is to implement the design

using the Actel Designer software. The Designer software automatically places and routes the
design and returns timing information. Use the tools that come with Designer to further optimize

your design. Use Timer to perform static timing analysis on your design, ChipEdit to customize
your I/O macro placement, PinEdit for I/O customization, SmartPower for power analysis, and
Netlist Viewer to view your netlist.

Step 5 - Timing Sinwdation
After you are done with design Implementation, you can verify that your design meets timing

specifications. After creating a test bench using WaveFormer Lite, use the ModelSim for Actel
VHDL or Verilog simulator to perform timing simulation.

Step 6 - Device Progranming

Once you have completed your design, and you are satisfied with the timing simulation, create your

programming file. Depending upon your device family, you need to generate a Fuse, Bitstream, or
STAPL programming file.
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2

Schaatic Flow i Libero™ IDE v23

Example 1 demonstrates a structural schematic design flow in Libero IDE. You should review each
of the steps to become familiar with the schematic design flows and also work through them.

Example 1
A two input multiplexor in Figure 1 has been implemented in the Libero IDE schematic entry tool
using symbols from the Actel “eX” symbol library. Using Actel's Libero IDE tool suite, you will
complete the following:

e Create a Libero IDE project

e Use Libero's schematic editor to enter the two input mux schematic

e Functionally simulate in the ModelSim for Actel HDL simulator

e Implement the design with Actel's Designer software

¢ Timing simulation with back annotated timing in the ModelSim for Actel HDL simulator
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Figure 1 Libero IDE Schematic (o input mux)
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Step 1— Creating A Libero IDE Projact
1. Start Libero by double-clicking on the Actel Libero IDE icon.

2. From the File menu click New. The New Project dialog box appears, as shown in Figure 2. Enter
the following in the New Project dialog box:

Mew Project |

Project Hame:

Ie:-cample'l
Froject Location:

IE: WActelprhexample Browse |

Eamily: HOL Tope:

I e j " erilog

G

0k, I Cancel

I
L
s

Figure 2. Liberos New Project dicilog box
e Family: Select eX from the Family drop-down list box
e HDL: Select VHDL or Verilog as the HDL

Location: Specify a location in the Location field, or select a location by clicking Browse
and browsing the project directory

Project Name: Enter examplel in the Project Name field

3. Click OK. The project “example 1” is created and opened in Libero.

Step 2 - Design Creation - Entering a Schematic
Using Libero IDE, create the two input mux schematic.
10 crevite the o it mux schenitic:

1. From the File menu, click Naw again or double-click on ViewDraw in the process window. The
New File dialog box is displayed Figure 3).

New
e
ACTgen macro Cancel |
WHOIL Ertity
WHOL Package File Help |
Shirmulus

Stirulus HOL File

Marne:

Iexample'l

Figure 3. Liberos New File dlialcg box

Select Schematic in the New dialog box and specify the name. Click OK. ViewDraw opens in a
separate window.
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2. From ViewDraw, choose Add from the Component menu. The Add Component dialog box
appears as in Figure 4.

Add Component
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andba.l

KN *| | andsb.1 |
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Figuie 4. ViewDraw'’s Add Component diilog box
3. For basic cell, click on “actelcells.” A list of cells will appear in the middle column.

4. Begin creating the schematic shown in Figure 1 by placing the components onto your schematic.

The symbols you need for this project are AND2, INV, OR2, INBUF, OUTBUF and the
hierarchical connectors for the 1/O’s. The hierarchical connectors are located in the “built-in”
directory while the rest of the cells can be found in the “actelcells” directory. Select and drag
each component from the list or viewer screen, and drop it in place on the schematic sheet. For
more information, refer to the Viewdraw Online help.

Note: INBUF and OUTBUF are required in schematic designs to define 1/0. (Please refer
to the Actel Macro Guide for more information on other types of 1/0’s.) If you don’t wish to
place I/O’s in the schematic manually, Libero IDE can insert them automatically via the
“Optimize and Insert Pads” feature which invokes Synplicity. It is important to note that
Synplicity will not synthesize the ports correctly in the netlist unless you have added hierarchical
connectors to your design. Therefore, add the hierarchical connectors.

SIS I_:lefault Configuration

- | <o

Create Symbal

Optimize & Inzert Pads

Create Stimulus

Fiun Pre-Synthesis Simulation

Fiun Designer
Fun Silicon E =plarer
Fiun Silicon S culptor

Properties

Figure 5 huoking “Optimize and Insert Padls”
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5. Connect the components with Net and/or Bus. From the Add menu, click Net/Bus or use
toolbar. For more Net/Bus connection procedures, refer to Viewdraw Online help.

6. Add I/0 names to your design. Double click in net/bus of the schematic drawing to bring up
the Net Properties window (Figure 6).

In the drop-down edit field, type in the name you want to assign the 1/0. Click OK. The name
you enter will appear on the schematic. The following names should be assigned, as shown in the
schematic in Figure 1 on page 4.

e Inputs: AIN, BIN, SEL

¢ Outputs: MUXOUT

Net Properties x|

Mame |.&ttribules| Caolar, etc.

Met: $1W10

Label:

[BIN =
Scope

[~ lrwverted & Local Mext Latel |

IV isible " Global

QK I Cancel | Help

Figure 6. Viewdiaw'’s Net Properties dialog box.

7. From the File menu, click Sawe+Chack to save and to show any errors or warmings in your
schematic. Correct any errors that are indicated.

8. From the File menu, click Exit to exit the schematic capture. The schematic is saved as
examplel.

Note: If examplel does not appear in bold in the design hierarchy browser then right click
it and select Set As Root.

9. From the File Manager tab within the Libero IDE, you also have the option of performing some
additional checks to your schematic by right clicking the schematic and selecting Chack Schentic..

[EF- Schematic Files

=

Open Schematic

Check Schematic

Delete from Project

Delete from Disk and Project
Generate Edif

Run Dezigner

Figure 7 huoking “Check Schematic” fiom Libero
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Step 3 - Design Verifiaition - Functional Sinuidation

When you open ModelSim for Actel within the Libero IDE for the first time in the design flow, a
structural netlist is created that you can simulate. The ModelSim for Actel simulator uses pre-
compiled libraries that are installed from the Libero CD.

The steps to simulate the design are:
e Create a testbench using WaveFormer Lite or a text editor
e Simulate the design with the ModelSim for Actel simulator

Creating stimulus with WeweFormer Lite

Follow the steps below to create stimulus using WaveFormer Lite.

1. From the Libero IDE Design Hierarchy tab, double click the left mouse button on the
WaveFormer Lite Stimulus icon.

2. The Graphical Test Bench Generator will display the signals you assigned to your design in the
schematic (see Figure 8).

X Diagram - untitled1_btim*

Add Clack

o ——

260.0ns L |50I |1DD|nsI | |150|nsI |2DD|nsI | |25nsI |3lJIJInSI | |35@ns
Bl =
SEL
Al

«| |>l L »

Figure 8 - WaveFonmer Lite Diggumwinday

3. The WaveFormer Lite Diagram editor controls for zooming, adding signals and segment levels
are shown in Figure 9.

Toeom Contre]  Nex! segment high Next segment weak high

Next Next sepment
segment low weak 1ow

W aval ormei Lite
Fl= Eqport Ect Buz Librand

FUapa [aaaa

Diagram - untithedl. tim= [
fidd Signad | Add B Dty [ Ssbup [ Savml I,,,,';,, e
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wWindow  Help

Loom Contro

Next segment tristate Wext segment invalid
Next segment valid

Figure 9- WaveFonmer Lite Diagam editor contiols
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Draw awaglonm in the Timing Diagram Editor for a signal:

1.

Select the state of the signal you wish to draw by clicking on one of the state values in the
toolbar. To draw a '1" value for a signal, select the HIGH button. Place the mouse cursor inside
the diagram window in the same row as the signal name. Then, position the mouse cursor at the
time value you want the selected state to end. Left click the mouse to draw a waveform from the
end of the previously existing signal (if there is any) to the mouse cursor position.

Move the mouse to the right and left click again to draw another segment. Click on a state
button to activate it. The state buttons automatically toggle between the two most recently
activated states. This allows you to draw alternating High and Low values easily without having
to select the toolbar state each time. Using the steps above, create stimulus for AIN, BIN and
SEL as shown in Figure 10.

Ons ‘1DDns |2DDns |3DDns |4DDns |5DDns |BDDns |7DDns ‘EDDns |BDDns P Ous
FARF SRS W SN SN i SN ST W i b ST N [ SN ST SN i A SN AN st AT SN S et NS i s SN A i R WRT M

AlN

BIN

SEL

MUXOUT

Figure 10 - Timing diagram for examplel

After creating the all waveforms successfully, select Save As from the File menu to save the
waveforms. The Save As dialog box is displayed (Figure 11). Enter examplel.btim as the file
name and click Save.

Save in: Ia stimulus j = =% Ef-

File name: Ie:-:ample'l i | Save I
Save az lype: ITiming Diagram - Binary [*.btirm] j LCancel |

Figure 11 - Save As dlialog box

After saving the timing diagram file, click the Export in the Wave Former Lite menu. From the
Export menu, click Export Timing Diagam As. Save the stimulus file as either VHDL or Verilog
(according to the netlist format you exported from Designer).

For VHDL, select "VHDL Wait with Top Level Testbench" in files of type and enter
“examplel.vhd” for the file name (Figure 12). Click Save to generate the testbench. For Verilog,
select "Verilog with Top Level Testbench" in files of type and enter “examplel.v” for the file
name (Figure 13). Click Save to generate the testbench.
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Save in: Ia shimulus j ‘- r:j{ -

File narme: |e>cam|:||e'l whd Save I
Save as lype: IVHDL Wiait with Top Level TestBench [*.vhcj Cancel |

Figue 12 - Exportinga VHDL testberch

2| x|

Save i Ia shirmulus j - EF =

File name: Iewample'l R Save I
Save as type: I‘-p"erilag with Top Lewvel TestBench [*.v)s j Caneel |

Figure 13 - Exportinga Verileg testberidh

5. The testbench with a component declaration and instantiation inside can be viewed in the
WaveFormer Lite Report window.

6. Exit WaveFormer Lite (File > Exit).

7. The stimulus files are visible on the Libero IDE File Manager tab (Figure 14).

10
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"""" Block Symbaol Files

- 5 chematic Filas

------ HOL Filez

------- Vhdl Package Files

"""" ACTogen Macros

B Implementation Files
= Stirulus Files

- example1 btim

- E=D}|L examplel_tb.vhd

Dezigh Hierarchy File Manager

Fiqure 14 - Stimulus files in Libero IDE

Your design is ready to simulate with ModelSim for Actel.

Simudating with the ModelSim for Actel simulator:

1.

Invoke the ModelSim for Actel simulator by double dicking the ModelSim for Actel

Simulation ‘M button in the Libero IDE Process window or by selecting examplel in the
Libero IDE Design Hierarchy tab then right clicking and selecting Run Pre-Synthesis Simudation
(Figure 15). Note: if you ran Optimize and nsert Padls to insert 10’s into your design, then you will
choose Run Post-Synthesis Simudation from the list of options.

= Default Configuration

=R X AMPIE] (oxannle] 1)

Open Schematic
Create Sumbal

Optirize & Inzert Padz

Create Stirmulus
Dpen Stimulus 3
Select a Stimuluz File

Fun Pre-Syuntheszsiz Simulation

Run Desigher
Run Siicon Explorer
Run Silicon Sculptor

Froperties

Figure 15 - huoking the ModelSim for Actel Simulator for exanmplel

Libero IDE will prompt you to associate a stimulus file. Select the testbench you just created
using Waveformer Lite and add it to the “Associated Files” column.

The ModelSim for Actel VHDL or Verilog Simulator will open and compile the source files
(Figure 10).

11
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ﬁ' ModelSim ACTEL 5.6b - Custom Actel Yerzion

File Edit “iew Compile Simulate Toolz “Window Help
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|an: 1us Delta: 0O ‘sim:ﬁestbench

3,

Figwe 16 - ModelSim for Actel main Windawafler compiling

4. When the compilation completes, the simulator will run for 1 us and a Wave window will open
to display the simulation results. (Figure 17).

5. Scroll in the wave window to verify the multiplexor works correctly. Use the zoom buttons to
zoom in and out as necessary (Figure 18).

6. Exit the simulator by selecting Quit from the File menu in the ModelSim for Actel main window.

Fil= Edit Wiew Inzert Fomat Tool:  Window

EHS R K XA IN D QSR EF LRI 3

1

N | [E—

0 ns to 1033 ns

Figure 17 - ModelSim for Actel Wawe Windaw for examplel design

12
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Find
Add Previous foom
Cursor Transition Mode Zoom Out

| | |
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Delete Find Hext foomin Foom
Cursor Transition Full

Figure 18 - ModelSim for Actel zoom controls

Step 4 - Design nplenaiation - Place anid Rouite

Implement the design using Actel's Desigrer sofuie.

1.

Run Designer. Select the Design Hierarchy tab in Libero IDE. Right-click on examplel and
select Run Designer. Actel’s Designer application will open and your design file will be read in.

Compile your design. From the Tools menu, click Compile. A series of menus will query you on
device type, device package, speed grade, voltage, and operating conditions. Select €X64 in the
Die window and 49CS in the Package window. Click on Next and Finish to complete the
remaining steps. Once you have finished the setup, Designer will compile your design and show
you the utilization of the selected device. Also note that the Compile box in Designer will turn
green indicating that compile has successfully completed.

(Optional) Designer User Tools. Once you have successfully compiled your design, you can
assign pins with PinEdit, view pre-layout static timing analysis with Timer, set timing constraints
in Timer, and use ChipEdit to assign modules. You can use each of these functions by left
clicking on the flow tree. For more information on these functions please refer to the Designer
User’s Guide and online help.

For this example, we will make no changes to the design in this step.

Lay Out your design. From Designer, click on Layout. In the Layout dialog box click OK to
accept standard layout. The Layout box in Designer will turn green indicating that layout has
successfully completed.

Back-Annotate your design. From Designer, click on Back-Annotate, or select Back-Anroiite
from the Tools menu. Choose SDF as CAE type and appropriate simulation language. Click OK.
Designer will export examplel_ba.sdf file in this case. Ensure that VHDL (or Verilog) and
Export Netlist are checked.

Click on Fuse in the Designer flow tree if you wish to create a programming file for your
design. This step can be performed later after you are satisfied with the back-annotated timing
simulation.

13
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Save and Close Designer. From the File menu, click Exit. Select Yes to save the design before
closing Designer. Designer saves all of the design information in a *.adb file. The file
examplel.adb appears under the Implementation Files of the File Manager tab in Libero IDE
(Figure 19). You can re-open this file with by right clicking and selecting Open in Designer to
launch the Designer application.

"""" Block Symbal Files

- Schematic Files

"""" HOL Files

"""" Whdl Package Files

"""" ACTaen Macroz

- Implementation Files
@ ERAMPLET 2dn
o EXAMPLE . vhd

o B ExAMPLE adb
------ ExAMPLEY_ba. vhd
o EiMPLE1_ba. adf

- Stimulus Files

Dezigh Hierarchy File Manager

Figure 19 - Desigrer files in the Libero IDE File Mavger b

Step 5— Back Arotated Timing Sinudation with the ModelSim for Actel

HDL Sinutdaior

1o perform timing simulationwith back armolatad timing in the ModlSim for Actel HD L simuddator:
Invoke the ModelSim for Actel simulator by Double clicking the ModelSim for Actel Simulation

"M button in the Libero IDE Process window or by selecting examplel in the Libero IDE Design
Hierarchy tab then right clicking and selecting Rur Post-layaut Sinudation.

1.
2.

3.

The ModelSim for Actel VHDL (or Verilog) Simulator will open and compile the source files.
When the compilation completes, the simulator will run for 1 us and a Wave window will open
to display the simulation results.

Scroll in the wave window to verify the multiplexer works correctly. Use the cursor and zoom
buttons to zoom in and out and measure timing delays.

Exit the simulator by selecting Quit from the File menu in the ModelSim for Actel main window.
Close the Libero IDE by selecting File > Exit.

End of tutorial design

14



Actel® Libero™Integrated Design Environment v2.3 Structural Schematic Flow Design Tutorial

APPENDIX - Waveformer Lite Tutorial

Creating stimulus with WeaweForner Lite:

Follow the steps below to create stimulus for using WaveFormer Lite.

1.

From the Libero IDE Design Hierarchy tab, double click the left mouse button on the
WaveFormer Lite Stimulus icon.

The Graphical Test Bench Generator will display the signals you assigned to your design in the
schematic.

T piagram - untitled btin* _ ol x|
e e o v e ol e e R
96.00ns96.00n Dnsl. L SDTS L 1DDInSI L 150|nsI L 2DD|nS| | 250|nsI L SDDInSI L |350|ns
clk -
resetn -
load
enable
cnt_in[3:0] p
4 [ ][ «] | » A

Figuie A1 - WaweFomer Lite Diagramwindaw jor example2

10 dww awanglonm in the Timing Diagiam Editor for a Clock signal:

1.

Create a clock by right clicking CLK and then selecting Sigwil(s) <-> Clock(s) to convert CLK
from signal to clock (ie. periodic) format. (Figure A2).

Double-click CLK again to bring up the Signal Properties menu, and then select the Clak
Properties sub-menu.  Define the clock frequency.

Specify the Frequency or Period and a Duty Cycle to generate clock signals. Click OK to create

the clock waveform.
Edit Clock Parameters llil|
Marne:

Clock name
Reference Clk: INone ;I
et | 0 et Clock frequency
Period: 100, Gz ps

Period Formula: ex, 2*CLED. period
| 100,

Starking Offset: I—D I—D
Duby Cyle % I—SD I—ED
Rise Jitter {range): I—D I—D
Fall Jitker (rangel: I—D I—D

—Buffer Delay

MinL ta H: | o | 0
Max L ko H: I o | o
MinHtaL: | o | 0
MaxHtaL: | o | 0

Start S|g nal IOW —> I Invert (Skarts Low)

[o]4 | Cancel |

15



Actel® Libero™Integrated Design Environment v2.3 Structural Schematic Flow Design Tutorial

Figue A2 - Edit Clock Parameters window

16
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10 draw awawgonm in the Timing Diagiam Editor for a bus signcl

1.

Select the state (value) of the signal you wish to draw by clicking on one of the state values in the
toolbar. For example, to draw a valid bus value, select the VAL button. The selected state
button turns red (see Figure A3).

MNext segment high  Next segment weak high
Wext Next segment
segment low wealk low

Zoom Control

B WaveF ormet Lile
Fla Eqport Eci Bu: Librand

Fd@ha

ol
Hold IE-‘ ks

r]'vs v B0ns
i | ! Il

Next segment tristate Next segment invalid
Mext sepment valid

HIGH LW
—_— =

153.1ns | 121.3n3 |LIIIIIn|~3I |L€EI:EI

T

Figure A3 - WaveFonner Lite Diagram editor controls

Place the mouse cursor inside the diagram window in the same row as the bus name and position
the mouse cursor at the time value where you want the selected state to end. Left click the
mouse to draw a waveform from the end of the previously existing signal (if there is any) to the
mouse Cursor position.

Move the mouse to the right and click again to draw another segment. Click on a bus state
button (TRI, VAL or INVal) to activate it. The state buttons automatically toggle between the
two most recently activated states. The waveform to be drawn next will be determined by the
button that was selected (highlighted red). Double-click on a button to prevent it from toggling.

When you draw signals using the mouse, the signal edges are automatically aligned to the closest
edge grid time. To fine tune and make minor adjustments to signal transition times, position the
cursor over the transition until it changes to a bolded bi-directional arrow. Left click and drag
the transition edge either left or right in time.

10 drww awangonm in the Timing Diagram Editor for a regqular signal:

4.

Select the state of the signal you wish to draw by clicking on one of the state values in the
toolbar. To draw a '1" value for a signal, select the HIGH button. Place the mouse cursor inside
the diagram window in the same row as the signal name. Then, position the mouse cursor at the
time value where you want the selected state to end. Left click the mouse to draw a waveform
from the end of the previously existing signal (if there is any) to the mouse cursor position.

Move the mouse to the right and left click again to draw another segment. Click on a state
button to activate it. The state buttons automatically toggle between the two most recently
activated states. This allows you to draw alternating High and Low values easily without having
to select the toolbar state each time.

17
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Copying Waglonms

You can copy sections of waveforms and paste those sections either onto (overwrite) or into (insert)

any signal in the diagram. To copy and paste waveform sections:

1. Select the names of the signals that you want to copy. If no signals are selected, the Block Copy
command will select all the signals in the diagram.

2. Choose the Edit > Block Copy Waveforms menu option. This opens the Block Copy
Waveforms dialog box (Figure A4), with the selected signals displayed in the Change Waveform
Destination list box.

3. In the dialog, enter the values that define the copy and paste:

e Choose either Time or Clock cycle for the base units of the dialog. If you are copying just
signals (no clocks) then time is the default base unit of the dialog. If you are copying part of
a clock then it is best to choose a clock cycles base unit and choose the copied clock as the
reference clock. If you select time when copying clocks, the (end_time - start_time) must
equal an integral number of clock periods, and the place_at time must be at the same clock
period offset as the start_time.

e Start and End define the times of the block copy.

e Place At is the time that at which the block will be pasted.

e The Insert and Overwrite radio buttons determine whether the paste block will be inserted
into the existing waveforms or overwrite those waveforms.

e The list box at the bottom of the dialog determines which signal the copied waveforms will
be pasted into. To change this mapping:

i) Select a line in the list box. This places the destination signal into the drop-down list
box on top of the list box.

ii) Choose another signal from the drop-down list box. Each destination signal can be
used only once per copy.

iii) Click OK to complete the copy and paste operation.

Block Copy Waveforms AR

@ Time € Clock Cycles Controlling Vl

’—Choose the Start, End, Place At units

Start and end = | © Insert D —
times for coov - End:  [100 e - Ovenvs | I(g\slzrr\thr)itte
Place At time —————pp P st [1100  ns #ofcopes: [1
—Change \Waveform Destination
WADD WADD =] ——— Waveform
WADD WADD destination

0K I Cancel | Help |

Figure A4 - Block Copy Wewegfnns dicleg box
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