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Overview

= What is circuit simulation and why is it important?
« Complex designs, short design cycle
« Simultaneous system design and hardware design
» Design Entry Options
« Schematics
« HDL
= Types of Simulation
« Behavioral Simulation
« Timing Simulation (post place & route)
= Tool or Design Flow that we will use
« Create schematics using Xilinx Schematic Editor
* Run simulations using a Verilog Test Fixture in Modelsim Simulator
* |mplement and download to Nexys2

« TOP design to connect to I/O resources on Nexys2 board
* Adept tool to download
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Outline

* Introduction to Xilinx ISE Project Navigator

* |ntroduction to Xilinx ISE Schematics Entry Tool

= Simulation Using Verilog Test Fixture in ModelSim XE
» (Creating Hierarchical Designs

= Creating TOP Design to interface to Nexys2 board,
implementing the design using ISE,
and downloading the bit file using Adept
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Introduction to Xilinx ISE Project Navigator

= Project Navigator: an integrated environment
« create a project with many design files, etc.
« enter our design (schematics and Verilog)
« write test bench for the design
« launch ModelSim XE simulator to run simulations
« synthesize the design for FPGA board
« program the FPGA
« debug the FPGA-based design using ChipScope
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Setting up the Xilinx Tools

= Make sure you have installed and tested the latest versions of:

Refer to the installation and testing procedure documents posted on the
Blackboard.

« Xilinx ISE Webpack (version 10.1i in Aug. 2008)
* ModelSim Xilinx Edition (MXE) (version 6.3c in Aug. 2008)
« Xilinx ChipScope (version 10.1i in Aug. 2008)

= (Create a Xilinx Projects folder
« Create a new folder in C:\xilinx_projects for all your Xilinx Projects
« We will refer to this folder as the Projects folder
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Creating a New Project

Launch Xilinx Project Navigator 52

ailin: ISE 10.1

Click File —» New Project to start the new project wizard

Enter the name, location and top-level source type for the project
* Project Name: adder4bit
* Project Location: C:\xi1linx_projects\adder4bit
« Top-level Source Type: Schematics

[ES New Project Wizard - Create New Project o ] 24

—Enter a Mame and Location for the Project

Project Mame: Froject Location

adder4bid C:Milimg_Projectzhadderdbit |

—Select the Type of Top-Level Source for the Project

Top-Level Source Type:
Schematic j

= Click Next

= This creates a new sub-folder (adder4bit) where all your design
files related to this project (plus many auxiliary files that Xilinx
creates) are stored. The main project file necessary to open the

project again at a later point of time is also stored here with the
name adder4bit.ise.
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Expand the pull-down choices to get to know

== Mew Project Wizard - Device Properties

—Select the device and dezign flow for the project

Property Hame Yalue

Product Category Al -

Farmily Spartanak hd

Device [<C35500E =]

Package [F5a20 =~

Speed F--‘i ll

Top-Level Source Type I Schematic <] Schematic/HDL ]

Synthesziz T ool I #5T MHDLMYenlog) ;I

Simulator I Modelsim-+<E Yerlog ll

Freferred Language YWerlog ll

E nable Enhanced Deszign Summary F

Enable Meszage Filkering r

Digplay Incremental Meszsages r

b are nfo < Back et = I Cancel
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Choosing Device Properties

= |n “Device Properties” | Product Category All
dialog box select the

: Family Spartan3E
following values (see _
the previous slide) Device XC3S500E
Package FG320
| Speed -4
) CI!Ck Next Top-Level Source Type Schematic
= Click Next for the
Create New Source SyntheSiS Tool XST (VHDL/VerIIog)
dialogue box Simulator ModelsimXE Verilog
= Click Next for the Add .
Existing Source Preferred Language Verilog

dialogue box _
Explain what each of these values means
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New Project Wizard — Project Summary
x|

Project Mawvigator will create a new project with the following specifications:

Project: -
Project Name: adderdbit 4
Project Path: C:4wHilinx projects)adderdbit 4
Top Lewvel Source Type: Schematic

Device:
Device Familyd SpartaniE
Device: xo3s500e
Package: fogi20
Speed: -4

Synthezizs Tool: H3IT (VHDL/WVerilod)
SJimulator: Modelsim—XE Verilog
Preferred Language: Verilog

Enhanced Design Sumnary: enabled
Message Filtering: disabled
Dizplay Incremental Messages: disabled

K

< Back | Finizh Cancel |

Click Finish /
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Getting to Know the Project Navigator

1 Tool b ar E Xilinx - ISE - C:h\Xilink_Projectsh adder4hit’, adderdbit.ise
. Basic fil t tool File Edit Wiew Project Source Process Window  Hel
° asic 1lle management 1ools
* Process s ecifigtools for the selected process IDPET wléBEX m/ 1 M
P P 06 as] EElE &
]

2. Sources Window
« Shows the design hierarchy with all source files
» Different views available (see 3)

Sources for; I Synthesiz/ mplementation

b =) adderdhbit

L £ e 3eE00e-4Fg320 @

B Sources Llfﬂ Shapshots |E Libraries

3. Sources View (in the Sources Window)

Sources for: | [mplementation

Irnplermentation
| Behaviaral Sirnulation
Pozt-Tranzslate Simulation
Poszt-kap Simulation
Foszt-Route Sirmulation

Procezzes for; #c2z30-5kg1 44
] Add Existing Source

= m Create New Source

ﬁ' Design Utilities

4. Processes Window

« Show available processes for the selected source [ 9 Processes l
5. Transcript window: =
« Space where warnings and error messages are
reported

6. Workspace: the playing field!

Consale ﬂ Ermars | 1 Wamings _@ Tl Shel

9/1/2008 Xilinx™ Schematic Entry Tutorial 10



Create a New Source File

= Double click Create New Source in the Processes window

* |nthe New Source Wizard dialogue box

« select the type of source file: Schematics

 enter the file name: adderlbit
I [l 1

E:] IP [Caregen & Architecture \Wizard)
Ir

= Click Next

5 Crate Diagram

| Test Bench WwaveForm

=| Uszer Document

Y | Werilog Module File name:

M Wernilog Test Fisture -

] VHDL Madule Iadder'l bt i_
WHDL Library Location:

P |WHDL Pack,

B YHDL T::t Eazzch IC:'\XiIin:-:_F'miects"\adderfihit |

v Add to project z

< Back | Mest » Cancel

More Info |

= Then click Finish
i n th e S u mma r‘y Wi n d OW Froject Mavigator will create a new skeleton source with the following specifications:

Add to Project: Yes

Saource Directary: C:h=iling_prajectshadderdbit
Source Type: Schematic

Source Mame; adderlbit.zch
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Enhanced Design Summary

Enhanced Design
Summary appears

1

Close the Design

Summary tab K
=181

All® B mE

& 2

JJ AR Iaddress

E FPGA Dezign Summary adderdbit Project Status =
- Design Dverview Project adderdhbit ize Current State: flew
- [Z] Summary File:
| @ adder] bit.zch i, Desinn Somonarn I D 0B Properties Module adderbit + Errors:
—_ ' Close =[] Module Level Utilization Hame:
[ Timing Constraints Target e 3sh00e-4ig320 « Warnings:
Close Others - [ Pinout Repaort Device:
[ Float -+ [ Clock Report Product ISE 10.1.02 - + Routing
[=J- Errarz and ‘warmings b Yersion: WwebPACEK, Results:
- [ Synthesis Messages Design Balanced + Timing
- [ Translation Meszages Goal: Constraints:
- [ Map Messages Design ilires Dafault + Final Timing
D Flace and Route Meszages Strategy: [unlocked] Score:
= [ Timing Messages _I
e [ 3 Bibcon biesoacac adderdbit Partition Summary | ]
Project Properties Mo partition information was found. —
Enable Enhanced Dezign Summany
. - [ Enable Message Filtering
" Switch to the - [ Display Incremental Messages Detailed Reports |
add e rl b i t SCh tab Enhanced Design Summary Contents Report Statuz | Generated |Emors | Warnings | Infc
- - [ Show Partition Data Mame
to bring the a blank L1 Show Errars Syrithesis
. - [ Show Warnings Repart
SChemat|C Sheet to - [ Shaw Failing Constraints T amslation
-~ [ Show Clock Bepart Mot hl
the foreground « [ B
[¢] adderlbitsch | Z Design Summary |
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Getting to Know the Xilinx Schematic Editor

Toolbar
* new buttons for schematic entry

Symbols Tab

Categories
Symbols
« Symbol Name Filter
* Orientation

« Symbol Info (links to Xilinx Libraries
Guide to show component’s data sheet)

Options Tab
= Shows options related to the selected
task

Schematic Editor Workspace

You can detach the Schematic from the Project
Navigator by right-clicking at the schematic file
name tab (adderlbit.sch) and selecting
Float

Close

Close Cthers

] @ adder e

E Xilinx - ISE - C:\ Xilin®_Projects' adder4bit' adder4bit.ise - [adder1bit.sch]

File Edit “iew Project Source Process Add Tools Window Help

IDFEF | L] _/X e 12 J):():(JEJ
& Z @ #@:@:(1 Th | dae =28
/
Categories
<-4l Syrbolz--> ﬂ
Arithrmetic
Buffer ;I
Symbalz /
acclh 2 = @
Py | -
Symbol Hame Filter
I
Crientation
I Ratate 0 j
Symbol [nfo | S |Ze
B Sources| pe Snapshot: IE Libraries| 2= Spmbols Size
E=17x211in =]
.5 f=114861n 4

"w'hen pou click on a branch

* Select the entire branch

™ Select the line zegment

= Y
| Select Options
/

3

4

C=22%171in

D=34u22in

ol

ﬁ Proceszes | e Options I

[B] adderibit.sch |
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Outline

* |ntroduction to Xilinx ISE Project Navigator

* Introduction to Xilinx ISE Schematics Entry Tool

=  Simulation Using Verilog Test Fixture in ModelSim XE
= (Creating Hierarchical Designs

= Creating TOP Design to interface to Nexys2 board,
implementing the design using ISE,
and downloading the bit file using Adept
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Inserting Logic Gates

- =|
= Inthe Categories pane, scroll down and ...
select Logic. Logic gates from the Xilinx |- s .
Spartan 3 library appear in the Symbols ‘s = v/ By
pane. o 2
Sembol Mame Filker
* OR, leave AlIl Symbols selected inthe =
Categories pane and type xor3inthe [t 5
Symbol Name Filter Symbol o |
. g Source sl P Snapshot:l E Libraries) 2 Sembolz
» Select xor3 in the Symbol pane
= Move the mouse over the schematic sheet™ -
and left click to drop the gate = Al
LuT —
Map
= You can drop multiple copies of the gate  [i= j oy
(we don'’t need it here) Sk )
= Drop three and2 gates and one or3 gate, |3 = - 5o
aS Shown Symbial Mame Filter :,D—
IDDr[izntation D
= Change the orientation of the gate using '™ =

Sembol Info |

the Orrentation drop-down menu

Elr§ Source: sl o] Snapshot:l E Libraries| - Symbals
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Schematic Editing Toolbar

Select tool (default)

Add wire

Add Net Name

Rename Selected Bus

Add bus tap

Add Input/Output marker

Add Symbol

Add Instance Name

Check Schematic

Add drawing & text A ]

Push into a symbol

Pop to the next higher level

® | Zoom controls

Zoom back and forth

9/1/2008
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Adding Wires and Buses

To add a net (wire or bus)
* Click on the Add wire toolbar button 10

e Or, press Ctrl+w
To connect a net to a pin, bring the mouse pomter close to the pin
The four square boxes next to the pin gﬁmﬁ indicate that the
added net will snap to this pin i vt
Use “press-drag-release” to draw a net

To create branching, place the pointer’s centre on the net and press-

drag-release | Add iz Options
When connecting two nets, a solid blue dot at S —
. . . . F e e sutorauter o 5 Qe ar rmare
the intersection indicates that nets are connected || it iesiios
* .5 =connected; : = not connected € Use the Manual method ta add single
R :i_lne StzgmMentﬁ I:Ltw:;nd&:e pdl:ulijnts _I,lgl:luu
indicate

Add Wire Options appear under the Options tab .

bz

r Automatically add a bus tap between
the bus and the wire
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Complete Wiring of adderlbit

Complete the wiring as shown here

9/1/2008 Xilinx™ Schematic Entry Tutorial
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Naming Wires and Buses

* To name a net (wire or bus)
. click on the Add Net Name toolbar button &b
.

« or, press Ctrl+d

= Add Net Name Options appear in the Options
tab; Type the net name under Name

= Centre the pointer (crosshair) at the net to which
you want the name assigned and click. Net
name will appear on the net

= To view a net’s properties (including name):
» select the net

* right click and select Object Propertiesor
press Alt+Enter or click on (Object
Properties Button)

* net name appears in the Object Properties
dialogue box

(

| Add Net Mame Options

YWw'hen you click on a branch

" Name the branch

" Wame the branch's net

" Pick up a name by clicking on a branch

" Pick up hames of bus memberz by clicking on a bus
net

Selected Bus Mame

ame

|s ’ “ | 3 |
1zplay the name on the branch where you click even if

the branch's net name 1z aieady displayed somewhers
on the branch

After naming the branch or net

% Keep the name 4_
" Increase the name

" Decrease the name

" Clear the name

Useful in naming a
series of wires with
A0), A(1), A@2), ..

9/1/2008 Xilinx™ Schematic Entry Tutorial
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Complete the net naming of adderlbit

Name the nets as shown here

e ANDE. Lol

Note that deleting the label (text) from the schematics DOES NOT
delete the net name. Delete net name by selecting the net and going
to Object Properties
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Adding Input/Output Markers

= |/O marker is attached to a net to:

« Identify the net as having an input, output or bidirectional signal; that is,
establish net polarity (direction of signal flow)

« Show that the net is externally accessible.
= All primary inputs and outputs must be marked with I/O markers

= To add an I/O marker to a net:
« Click on the Add I/O Marker toolbar button =5
* Click on the end of a net

= |/O markers of named nets

automatically take the net's name e

E 1/0 Markers

= Xilinx Schematic Editor smartly | * R — |
. £ H IDutput LI .-’-‘n.d:: ﬂl
identifies polarity of nets. To |
check (and change) the polarity:

« Select the I/O marker
* Right click and select Object N o]
Properties; or, press Alt+Enter, or |[3)| ok | _ corea bory | Hep |

Walue Yisible | New

PortPolarity
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Adding 1I/0 markers to the adderlbit design

Add I/O markers as shown here
e N N ) NALLAL U F S P
3= Eha R R R LR EEL | FEES ) SAELEL EEE - %
Gt /

The schematics of the adderlbit design is now complete!

= SAVE the file and close the Schematic Editor. Click on the Check
Schematic toolbar button v'| to make sure there are no errors. =101 x|

=&
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Project Cleanup

+. Filz Edit View | Project Source Process ‘Window

x|

JJ O * B & |5 MewSource...
Source files @@ RS  Addsouce.,
. g Add F5 "
= Schematic files SR ST 2o
. Sources for: | Behay Cleanup Project Files <@
= Symbol files
= Testbenches B cleanup P
- Verilog files Contifwing will result in the deletion of generated  Files that will be deleted:
files dizplaved in the izt shown, To zave the dder bt ot
- : cument state and files of the project, you may wisk | 39901 DILY _ =
UCF flle(S) bo take a shapshot of the project before 5dderbit_adder] I:||t_3|:h_tI:|.f|:||_
continuing. w::_urk
wzirn, wif
whiould you like to continue? adderdbit.vf
izt wbod
adderdhbit. Ifp

Tool generated (derived) files
* |mplementation files

top_adderdhbit. f
top_adderdbit. sty

1]

= Report files o

I Cancel |

= _bit file

It is a good idea to perform project cleanup periodically, especially
when things are not working the way you expect them to work!
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Copy and "Paste Special"

If you want to retain the net names and marker names
when you copy and paste, then choose Edit => Paste Special (after
copying the desired portion of the schematic.

k¥

Copy Chr|4-C

Paste ChrlY
e Special...

Delete

00

Select and Clear

CObject Properties  Alt+Enter

E eoste

How dio wou want to deal with net names?

{* Keep orginal name far all nets D —

{” Use new name for all nets
{” Keep arginal names for inputs

i~ Keep anginal names far uzer named nets

ak. I Cancel Help

9/1/2008
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"Rename the Branch's Net"
VS.
"Rename the Branch"

If you named some wire as S and then you later realize that it should
have been named S1.
If you select that piece of wire (called Branch in Xilinx terminology),
right-click, and select "Rename Net", then you have two choices:
Rename the Branch's Net
Rename the Branch

If you select, "Rename the Branch's Net" you are asking all wires in the
entire (multi-sheet) schematic, which were previously named as S to
be renamed as S1.

If that is not your intent, and if you just wanted to correct that single
piece (called Branch), then you should select, "Rename the Branch".
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"Rename the Branch's Net"
VS.
"Rename the Branch"

B e R R S R ST E S SRS SRS TR SRR SRR SRER R i FENaME Net

Cut S {+ Rename the Branch's Net  q——

Copy iZkrlHC
i~ RBename the Branch — ————

Paste CEr|4-y

Faste special.,. IS'I

Delet
FeE I™ Display the Met Mame an the Clicked Paint[f It s Mot

Z00m 3 dizplayed an the Branch]

Select and Clear 3
| aF. I Cancel Help
> Rename Selected Netk, .

iObjeck Properties Alk+Enker
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Outline

* |ntroduction to Xilinx ISE Project Navigator

* Introduction to Xilinx ISE Schematics Entry Tool

= Simulation Using Verilog Test Fixture in ModelSim XE
= (Creating Hierarchical Designs

= Creating TOP Design to interface to Nexys2 board,
implementing the design using ISE,
and downloading the bit file using Adept
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Simulating adderlbit

= We will simulate our schematic design using a Verilog Test Fixture
and the Modelsim Simulator
* Only nets with I/0O marker attached as “Input” can be driven
 ALL nets can be observed

* Project Navigator automatically creates a Test Fixture; we only need to add test
patterns to code

= To create a Verilog Test Fixture & simulate your design:
 |n the Processes window, double click Create New Source
« Select Source Type: Verilog Test Fixture; File name: adderlbit tb

e Click Next

« Associate adderlbit to this test fixture
Select a source with which to aszociate the new source.
. Click Next & then Finish 9kt asooe wih ich 0 asocie!

= A new Verilog Test Fixture source file appears in the workspace
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Auto-generated Verilog Test Fixture

= ‘timescale 1ns/ 1ps
« time unitis 1 nano second
* resolution is 1 pico second

= Module name

= |nput/Output declarations
» Test fixture code will drive inputs

= Instantiating UUT
* UUT = unit under test = adder1bit
« format .port_name(signal_name)

« port_name is the name of the i/o port of the
design under test

« signal_name is the name of the test fixture
signal connected to this port

= Delete lines 27-32

= Do NOT delete line 33: the “endmodule”
statement

= Replace lines 26-32 with test patterns
given next ...

AF VWerilog test fixture created from

“timescale lns ¢/ 1ps

module adderlbit adderlbit sch thi{);

/1 Tapues L0RULS tO

req Ci:

reg L; DUT

reg EB:
A4 Dutpun
wire 3;

wire Co;

/f Bidirs

adderlibhitc TUT |
o B o T
AR,
BB,
L33,
Lo (Co)

1!

/ Instantiaste the UUT

/¢ Initialize Inputs]

Instantiation
of DUT

“ifdef auto init
initial begin
Ci = 0;
A = 0;
B = 0;
‘endif

Stimulus
of DUT

4—delet

endmodule 4_ kee pe

9/1/2008 Xilinx™ Schematic Entry Tutorial
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Adding Test Patterns

= Code shown here adds 4 test patterns to the

test fixture

= Enter this code and complete it by adding the
remaining 4 test patterns (total 2**3 = 8)

=  #10 => wait for 10 time units => 10ns

= Once complete, SAVE the Verilog Test Fixture

26
a7
2
29
30
31
3a
33
34
35
3a
37
33
39
40
41
42
43
44
45
46
477
43
44
A0
51
52
53
54

A Initialize Inputs
initial
begin

el

endmodules

A4 add more
ff test patterns
Ff o here,

9/1/2008
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Simulating the Test Fixture

To simulate the test fixture, change the
Sources view

Sources for: | Implementation ;I
* Inthe Sources for selections box, (] addg Implementation
SW|tCh from SyntheS i S/ = E:EHES Post-Tranzlate Simulation
_ _ g Post-Map Simulation
Implementation to Behavioral Post-Route Simulation
Simulation
Sources VIeW WI” Change to ShOW the Saources fn:ur:lBehavinralSimulatinn ;I

- 5] adderdbit

=) £7F xc3s500e-4fg320

=] adder1bit_adderlbit_sch_th [adderlbit_th.+] |
- []UUT - addertbit [adder! bt sch)

test fixture

Procezses for: adderl bit_adder bit_zch_th

Select the Verilog test fixture e
adder1 blt_tb D Create Mew Source

El%‘ todelSim Simulator
Expand Modelsim Simulator —— | -

Simulate Behavioral kMaodel
In the Processes window. You see
“Simulate Behavioral Model”.
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Modelsim Properties

Category

= “do”files contain detailed
commands for Modelsim. We

5 imulation Properties:
b Digplay Properties

Expand Modelsim Simulator in the Processes window
» Rightclick M SmulateEehavioral Modsl and select Properties

]

A

allow Xilinx to automatically e tontmbe e
create a .do file for this design Q —
Custom Compile File List ™
Othr VS Corarand L Gptons
= Change Simulation Run e M o Lo Ot
Time from 1000ns to 100ns Ky ey i — :;_[
= Change Simulation T
Resolution from 1ps to 1ns T o
e BB [ b
= Click Apply and then OK 0K Concel | oo | Hep |
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Launching Modelsim Simulator

In the Processes window, double click on -M  Simulate Behavioral Model

] Modelsim XE I11/Starter 6.3c - Custom Xilinx Yersio =10 %]
Fil= Edit “iew Compile Simolake  Add  Wawe Tools Lavout  Window  Help ]

FHG L BBO2 AT %M|| e[ || SHAX ;

4 ==  EF| 100 nsﬂ?}@%%] Contains /N\“*%%” .......... Hgél—tﬂ_‘
J Layouk |Eimulate j J Cﬂ Q % Q B3 AM
Workspace e : H A ¥ | objects H A X M wave - default + 21
|T|In5tanl:e . |

BT adderlbit_adderibit_sch_th

i‘ LT

.J FIMITIAL#ZT
e

of #INITIALA30

.J FL55TGMAE40

of #ASSIENA4

of #ASSIGNA42
B #TNTTTAI #44

o -

o e

@sim £ Files | B Mematies | Als| gg| wave
Transcripk P H A
# .main_pane.mdi.interior.cs v, paneset. cli_0.wF, clip,cs.pe ok =
# .main_pane . workspace.interior.cs.nb.canvas. notebook. cs.pageZ . .cs
# .main_pane,signals.interiar,cs
WSIM 2= -
F l Transcripk I ﬂﬁl
|N|:|w: 100 ns Delka: 2 |sim:,I'au:lu:ler1I:uit_au:|-:|er1|:uit_su:h_t|:u |III ns ko 2907 ns p
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Modelsim Simulator

= Modelsim Simulator is launched (refer to the window on previous page):

= 1. Toolbar

= 2. Instances window
You can see hierarchy of the design.

= 3. Objects window

You can see signals associated with the selected item in the
hierarchy. You can add selected to signals to wave window.

= 4. \Waveform window
You can change radix of signals, make time
measurements, etc.

= 5. Transcript window
You can type in commands such as “run 100ns”
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Waveform

| | wave - default

-lofx]
File Edit “iew Add Format Tools  Window
SHE s 2B AT o
'f@m SR EEY 'l}FJJ‘
ECC S L
[ In mf 5 Br3e i 48
A

=5R Wel
Wi
Cursor 1 37 ns I
1 K 3 = =
| 0nsto 105 ns | Mow: 100 ns Delta: 2 P
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Reading the Waveform

= Carefully inspect the waveform. It is best to dock out the waveform window.
GSR stands for Global Set Reset control. € Ignore for the time.

With the help of your [T wave - default
dadderbit_adderlbit_zch tb/Ci |1

TA’ try Ch an g I n g ra d IX, dadder! bit_adder]bit_sch_thas,
ks }

adding cursers, making
time measurements,
efc.

Finq what_ is the differepce bgtween ( Alr’lg ’u(;} E){(gs’cgfd O{t?j ’r\;d
radix Decimal and radix Unsigned. 000 00
001 01
» |s the design functionally correct? 010 01
= Fill the table to the right to check 011 10
100 01
= Ask your TA how to produce the 101 10
listing using ModelSim. 110 10
View => List (to display the list window)
Add to List => Signals in Region il L
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delta—,

10
10
2l
30
30
30
40
40
40
a0
al
al
G0
70
70

+0
+2
+3
+0
+&
+0
+0
+&
+3
+0
+2
+3
+0
+&
+3
+0
+0
+&

Listing window

Jadderlbit adderlbit sch th/Ci—
Jadderlbit adderlbit sch th/i—,
Jadderlbit adderlbit sch th/B—,
Jadderlbit adderlbit sch th/3—,

fadderlbit adderlbit sch th/Co—

At
St
At
At
Atl
Atl
Atl
At
At
a2t
atl
atl
atl
At
At
At
At
atl

F—~HSRF~RPFMFHPFPFOoODOoODORFEFRFRFROODREODODOO
o e Y o e R s o e o Y N e L T R R |
F—~HH~FFFRFREFRPFERRRODODODODOoOODOOoOOoO

Atx
ATx
At
At
At
At
At
At
Atl
Atl
atl
At
At
At
Atl
Atl
Atl
Atl
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Outline

* |ntroduction to Xilinx ISE Project Navigator

* |ntroduction to Xilinx ISE Schematics Entry Tool

=  Simulation Using Verilog Test Fixture in ModelSim XE
= Creating Hierarchical Designs

= Creating TOP Design to interface to Nexys2 board,
implementing the design using ISE,
and downloading the bit file using Adept
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Creating a Symbol

= To create hierarchical design, basic building blocks have to be
encapsulated into user-defined symbols that can be instantiated at
the next higher (hierarchical) level

= To create a symbol for adder1bit:
* Open the schematic adderlbit.sch by double clicking it in the Sources window

* Click Tools — Symbol Wizard
 Onthe Symbol Wizard — Source Page, under the
Pin Name Source choose Using Schematics: adderlbit

* Leave shape set to Rectangle and click Next

—5Shape
f* [anat Uze Reference Symbaol

—PFin Name Saurce

f* Fectangle
™ Specify Manually © Square
F I_IEiI"IEI & chamabic adder1 bit i Use Reference Symbaol
. | |
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Creating a Symbol

* Onthe Symbol Wizard — Pin Page, check the order in which pins
appear, the polarity of the pins and the side of symbol where the pin will

appear. 5]
Symbol Mame
" CI'Ck NeXt |adderibit
Pin
Mame /| Palarity Side Order Leld Firy |
A Input Left 1
= = R FindS
= Onthe Symbol Wizard — Options Page |z = : [rerorspitivn|
Ci Input Leh 3 Inzert Spacer |
- Co Cutput Right 2
Set Symbo I Na.me Font S I Ze to 36 5 Output Right 1 Mave Spacer LUp |
I ove Spacer Down |
Symbol Hame Font Size -
Fin Mame Font Size I 24 j i (5]
Fin Length I B4 j Kepboard Usage Tips:
U ki iousd Il inside grid
Pin Space [ 64 ~| Use Spacs o acthe eding ol madegid
-Usze Tab to change focus among controlz
Pin Edge | 32 [
<Back || Mext» = Cancel
Syrbol Width 256 =
Symbol Origin I Left Botham j

= | eave the rest as default and click Next

» C(Click Finish at the Symbol Wizard — Preview Page

9/1/2008 Xilinx™ Schematic Entry Tutorial 40



Editing a Symbol

» adderlbit.symappears in the Schematic Editor workspace

T[T T[T I TTI T[T [TT 110

ioaddertbit o

* You can edit any symbol using the

rawin s ——
dra gtoo fwle@m ~F O /0A

TTT
|

_II|IIII|IIII|IIII

Joolo ol bl d

= We will not edit this symbol in this tutorial.
However, note that, the small red squares

representing the pins, and their labels are | - . adderdbit . .
the only significant items in the symbol. i S
The rest of the symbol is just a graphic E%{?ED}; R E]
and can be mended as you like. ——BE:0) - Cout —=

o Rectangle around & bus -
* (Close the Symbol and Schematic files. is also just a graphic.

= Next, we create a 4-bit adder (adder4bit) using four 1-bit adder
symbols (adderlbit)

9/1/2008 Xilinx™ Schematic Entry Tutorial 41



Creating adder4bit

» Create a new schematics file adder4bit using the Create New
Source in the Processes window.

v Addto project

= A new category of symbols appears in the Symbols window

Control the zize and order of the sheets in pour zchematic

Mame Size

1 A=114858in

=

<C:/x1linx_projects/adder4bit>, indicating the project
directory. All user-defined symbols are stored in their respective

project directories.

Categories
:E%Lﬁﬂ:lj;lrii:ctsfadderdbib 4— ﬂ
Arithretic
Buffer .
Earr_l,l_Lu:ugiu: j r sdder 1bit -
» Select adderlbit symbol Sk | — i
and drop four copies on the L
Symbaol Mame Filter ] =
workspace | +_
Orientatiorn s = | =
I Ratate 0 j — o
Symbal hfo | T
Eng Sources I[E_-a] Shapshats IELihraries JE Symbiols S A
IEI‘
! |
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Creating adder4bit

» Connect adderlbit symbols to create

Aadderthl: o

DY 1 s R I

A
A

a correct 4-bit adder ST SR e

B e e

+ ConnectCi of the first addertbitto ~~ — |
tr]EB ng1(j ES)/TT]t)()l. LJESEB tr]EB EE:F: ;;;f&i;;;;éEE”EE;:::_.._.._...”..”..g::::::::

et

-7 I T

> gnd Ei|'1 e

cansktant
= Name the A and B inputs of s
each adderlbitas A(0) through

A(3) and B(0)through B(3).

B e il

et

M ame
fa(0]

respectively LRI AE

f+ Increase the name

+ o name multiple nets with names suchas AC0), [

A(D), A(2),..., select Increase the name
from the After naming the branch or

net option in the Options window - :

= Complete schematics as shown

"'ZZCI;fLitZZZ :
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Adding Bus and Bus Taps

» To create signals A, Band S as

buses, add three dangling nets
(neither end connected to any
pin) and name them A(3:0),
B(3:0) and S(3:0). This
creates three buses

= These three nets will appear as

thicker lines than ordinary (1-bit)

wires as they are buses

= Then, connect I/O markers to

each of these buses and one to
Cout

= Completed schematics is shown
here

SRRy ERRRER
CoARDY T
RSN o [
BT

a'ﬂﬂﬂr"blt

U e

e b

Lout: D0 —— 200
L Eoutx o

9/1/2008 Xilinx™ Schematic Entry Tutorial

44



Adding Bus Taps

= |tis not necessary to physically
connect a bus to the various nets
forming a bus. The tool associates
the nets S(0), S(1), S(2) and S(3)
with the bus S(3:0) automatically.

» Let us add bus taps to S(3:0) bus.
b—

= Click on the Bus Tap tool
dAdd Bus Tap Ophions

Select Orientation

Top Top
i i

Left > 6 ¢ —< Right —p Left>- " {* ~< Right
i i

Bottom Battamn

et

D I

e L I

L e

SR <

9/1/2008 Xilinx™ Schematic Entry Tutorial 45



Labeling instances may be very beneficial =

= The four instances of the adder1bit in
the adder4bit design appear with
machine generated names as seen on
the side.

= Also, if you simulate the adder4bit
design in ModelSim, the four instances
of the adder1bit appear with machine
generated names as seen on the side.

= The hierarchical names of nodes
inside an instance in ModelSim
look like «p /adderdbit_adderdbit_sch_th/ULIT/XLxXI_2/Ca

Al

=8 PN . adderdbit [adderdbit sch)

@HLHI_'I - adder] bit [adder] bit. zch)
@HL}{I_E - adder bit [adderTbit. zch)
@HLHI_E - adder1bit [adder1bit. zch)
EﬂHL}{I_# - adder bit [adderTbit. zch)

adderdbit_adderdbit_sch_th adderdbit
.—1_| JuT adderdbit
el RLAI adder! bit
;-—.l HL_2 adder1 bit
+ KRS adder! bit
ALK adder bit
Instance = F&z2
. addertbit Type = adder Lk
sl Jimput 4 => A2
S Input : B => B(Z)
1B FAZ .- Co— Input @ i == KLEN_2
Sttt Oukput : Co == ¥LEN 3 |
A _Output:5=:=5{2} [

InstMame = Faz2

)% adderdbit [adderdbitsch) 0 L 1_| LUT
. . i | £+| FAD - adder bit [adder] bit. sch) T
= After labeling the instances as FAQO, ;...%Fm - adderibi jaddertbitschy | = Ei?
FA1, FA2, and FA3, the same looks ~ -[slf2-sderbi (adertbioct) | [+
lik ' []FAZ - adder! bt [adder!bit sch) + M FAZ
IKe w /adderdbit_adderdbit_sch_tb/UUT /FA1/Ca 1 ol Fa3
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Make Instance labels visible

(L2 Object Properties - Instance At

Instance and select E-lhstances  ¥iew and edit the attnbutes of the zelected instances
object properties. wFA0 | Mame Yalue Yisible |
Izt ame Fal F‘_
Spmbodiame adiderThif v
Drag and drop the
Instance label.
g AT
oo addertbtt: o caddertbit
R AL 8 A 8
el e me wl
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Hierarchical vs. Flat design

* For real designs, you often
require multiple sheets.
You may not be able to fit
everything in one sheet.

= While hierarchical design can
reduce the number of sheets
needed at a particular level of
hierarchy, a judicious mix of
hierarchical and flat design
(using multiple sheets) is the
best choice.

* To add additional sheets to a
design, simply right-click on
the schematic => Object
Properties => New

E Schematic Properties

Category

M ame

Size

BE=17%11in

0k

Size

Sheet Mumbers oK.
2

Sheet Size Cancel
|C=22x17in =l

E=17x1inh =

B=17u11in P
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Outline

* |ntroduction to Xilinx ISE Project Navigator

* |ntroduction to Xilinx ISE Schematics Entry Tool

= Simulation Using Verilog Test Fixture in ModelSim XE
= Creating Hierarchical Designs

= Creating TOP Design to interface to Nexys2 board,
implementing the design using ISE,
and downloading the bit file using Adept v\

Very briefly!
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TOP design  top adder4bit.sch

» To interface the adder4bit o adderdbit -
design to the Nexys2 board, — AB0) . S(3:0) F—
it is best to create a symbol for I e
the adder4bit and interface it to & 1B@30) . Coutl—=
the 1/0 resources of the board. e S — —

= |tis best to use signal names
such as SW1, Ld1, etc. for 5.-"!3 5#‘.-‘2 5‘-.-".-‘1 SND@.MS Sw2,owl,owl -
connections to the resources x'a',;,r? SVWE S5, '5',#;4' '
on the board and use these (S S8 SHE Sy =2
signal names uniformly in the T A A AR
ucf files (user constraint files) [ T@ [ AT L0
of all our designs. L gy

= In the top schematic, we will OG

also disable unused resources,
particularly memories, and also B
the 7-segment displays S IR WY B

9/1/2008 Xilinx™ Schematic Entry Tutorial 50



top adder4bit.sch

N I+ . I el B W
F 0 /) m— i J .L:E,. ng IS5 )
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Pin Numbers Iin the UCF file

Pin number\
NET SE_I:E_]!:IELL' LoC = RE:; MNET Ld0 Lo =0 J14-
NET St_rp bar LOC = T5; HET Ldi  Loc = J15s
NET Mt ce bhar LOC = Rf: NET Ldz LOC = Ki5:
NET Mt 3t oe har LOC = Ta:; NET Ld3 LOC = El4:
NET Mt 3t we har LOC = N7Y; 4§ NET Ldd LOC = E17:
M : # NET LdS LoC = P15;
Emories # NET Ld& LOC = F4;
NET SwO LOC = G18: NET Ldv  LOC = Rd;
NET Swl LoOC = H1S:; LEDs
MNET Sws LoC = EKl13;
MNET Sw3s LoC = EKE17:;
NET Suwd4 LOC = Li4: NET AnO LicC F17:;
NET Anl LiocC H17:
NET Sw5S LOC = L13; NET in?z LOC = C18:
NET Sws LoC = N17; NET An3 LOC = F15;
NET Sw? Loz = ERE17:;
Switch Anodes for seven
WITtEhES seg. displays
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1/0 on the Nexys2 board used in this design

TS

EEESS |VED S et s

-3-slide-switches
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Download the .bit file (top adder4bit.bit) to Nexys2

— Connechion
= Setup jumpers on Nexys2
board for USB-powering |AuteD0nblsh b
arrangement. v auto-Detect USE | Corfigure I
— Configuration Fil
= Connect Nexys2 to the PC T
. tezt_newpsy werlog. bit
using USB cable. top_adderdhbit bit

TDI
= |nvoke Adept Exporter. | 1
= iFPGAL | top_adderdbit bi ~| [Browse..
= |nitialize Chain. Bypass the ALSa0E
flash memory chip. 2 “‘i"“ | R

= Add the top_adder4bit.bit file.

Initialize Chain I

= Program.

Program Chain I
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References

= [For help on ISE topics, -| e .
Help => Help topics i Help Topics [

';E' To help protect yvour security, Internet Explorer has restricted this webpage From running scripts or Ackivel conkrols that could access wour computer,

Allow blocked content.
Use Index search to I

&llaws Blocked Conkent. ..

get help. What's the Risk? Contents m search

More information

* For information on functional
elements available in the symbol

library such as counter ch8ce Changig rumber
deitng.
Help Topics dialog box

Help

h navigating
Software Manuals printing

CB1
Help => Software Manuals = > EJ Spartan-3 counter J]’ N

[}

Libraries Guide

libraries guide on the left panel => for Schematic Be

1 Binary, Ca Logile (<&
Designs Juhngﬂn{ﬂr ogle (C)

Spartan-3 Libraries Guide for Johnsen
Schematic Designs => Functional CBSCE |u[?:o] Modulo (Bit Size)

CEO Synchronous Resst (F) — |

I E Ag chronous Clear (&
Categories => Counter => CB8CE c | TC yn ©

B Loacdabla

Clock Enable

CLR

X4361 Directicnal
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CONGRATULATIONS ON YOUR
FINISH!

and, that
IS you
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