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Behavioral Modeling --- Continue

Conditional Statements

Syntax
if (expression)
then clause
else
else clause
Note:
e Else clause is optional

Conditional Operator
e Can be used in place of If...Then...Else
e Syntax: Condition ? True Expression : False Expression ;



e Case
— Syntax

e case (expression)

alternative 1 : statement(s) 1 ;
alternative 2 : statement(s) 2 ;

alternative n : statement(s) n ;
default : default statement(s) ;

endcase
— Default
* Implemented when none of the alternatives are true

— Variations

* Replace case with casex or casez for comparing don’t cares
or high impedance states



Operators

Operation Type

Symbol

Operation

Arithmetic *

Multiplication
Division
Addition
Subtraction
Modulus

Logical

Negation
AND
OR

Relational -

Greater Than

Less Than

Greater Than or Equal To
Less Than or Equal To

Equality =

Equality
Inequality

Case Equality
Case Inequality

Samur Palnitkar, Ferilog HDL A Guide to Digital Design and Synthesis,
Prentice Hall, Inc_, 4 Edition Table 6-1, pp. 92-93, 1996



Operators

Operation Type  Symbol Operation
Bitwise ~ Bitwise Negation
Operation Type & Bitwise AND
Bitwise OR
Bitwise XOR
- or ~  Bitwise XNOR
Reduction & Reduction AND
~& Reduction NAND
| Reduction OR
~| Reduction NOR
z Reduction XOR
-~ or Reduction XNOR
Shaft >> Right Shift
< Left Shuft
Concatenation { } Concatentation
f { } } Replication
Conditional 6 Conditional

Sanur Palmitkar, Ferilog HDL A Guide to Digital Design and Synthesis,
Prentice Hall. Inc.. 4 Edition Table 6-1. pp. 92-93. 1996



Operator Precedence

Operators Symbols Precedence
Unary +-1~ Highest
Multiply. Divide. Modulus */ %
Add. Subtract +
Shift -
Relational %
Equality !
Reduction &. ~&

=
Logical &&

I

Conditional 2 Lowest

Samur Palmtkar, Verilog HDL A Guide to Digital Design and Synthesis.
Prentice Hall Inc__ 4 Edition, Table 6-4. pp. 101-102. 1996



Numbers

— Syntax
e Sized

— Size’Format Number
— Size

» Number of digits
— Format

» h (Hexadecimal)

» d (Decimal)

» 0 (Octal)

» b (Binary)
— Number

» Number specified

e Unsized
— "Format Number

e Examples
— 4’h a729
— ‘d 62923
— 8b 1101zzzz
— 16’h x



Loops

While

— Syntax
while (condition)
begin
statement(s);
end

For

— Syntax
for (initial condition; termination condition; control variable change)
begin
statement(s);
end

Repeat

— Repeats a given number of times based on the number, variable, or
signal value given

— Syntax
repeat (hnumber, variable, or signal value)
begin
statement(s);
end



Loops

* Forever
— Statement executes forever
e Can be disabled by the keyword disable
— Syntax
e forever statement;

— Example
e forever #10 clk="clk;



Concatenation Operator
—{...,..}

— Allows several wires to be combined together into
a single multi-bit wire.



* In the next slides we will implement a full
example to program the fpga.

* Try to follow these step to create your first
project.



- Open the ISE project Navigator

&= ISE Project Navigator (M.81.d)
E0 Edit Wew Project

Source

Process  Tools

Window Layout  Help

Open P[oject...
Open Example. ..
Project Browser. ..
Copy Project,.,
Close Project

toopen

D e Chrl+h

¥ Open. Chrl+0
Close

H 3z Cirls
Save &5,

ﬁ Save all
Print Previsw, .,

B print. . Ctri+P

Create Constraint Audit File

Recent Files 3
Recent Projects 3
Exit

TSE eSO SOt Ao Ertes
Key Mew Feabures in Project Mavigator
Tuborials on khe Web

Design Resources

Spplication Motes

A LBBR AR

Console

0 TR
@ Consale o Errars "A Warnings "ﬁ Find in Filzs Results

Create a new project




- Type the project name

== New Project Wizard

Create New Project
Specify project location and tvpe,

Enter a name, locations, and comment for the project

MName: | u:irn:uit|

Location: |C:'|,D|:n:uments and Settingsh circuik

Working Directary: |C:'I,Dl:n:uments and Settingsicircuit

o]
Descripkion:

Select the bype of top-level source For the project

Top-lewel source bvpe:

|Schematic W |

Mext = H Cancel




== New Project Wizard

Project Settings

Specify device and project properties,

- Select these options then click next

Select the device and design Flow For the projeck

Property ame E'-.-'alue
Produck Category all W
Fammily Spartan3E A
Device XC35100E W
Package CP132 b
Speed -4 W
Top-Level Source Type Schematic
Synthesis Tool #3T (vHDL Mverilog) b
Sirulakar I5irn (WHDLMerilag) A
Preferred Language Werilog b
Property Specification in Project File Stare all values W
Manual Compile Order ]
YHOL Source Analysis Skandard |'-.-'HDL—93 b
Enable Message Filtering ]

< Back ] [ Mext = ] ’ Cancel




- click finish

= New Project Wizard

Project Summary

Project Mavigator will create a new project with the following specifications,

]

FProject:

Project Name: circuit

Froject Path: C:%Documents and 3ettingshcircuit
Working Directory: Ci:hDocuments and Jettingsicircuit

Dezcription:
Top Lewel Source Type: Schematic

Device:

Device Family: SpartandkE

Device: ¥e3=100e
Package: cpliz
Speed: -4

SGvnthesis Tool: ST (VHDL/WVerilog)
Sirmulator: ISim (VHDL/Veriloo)
Preferred Language: Verilog

Property Specification in Project File:

Manual Compile Order: false
VHDL Source Analysis Standard: VHDL-93

Message Filtering: disabled

Store all wvalues

< Back ] [ Einish

]’ Cance




- Select Project 2 new source

view: ) f})

£Z] Add Source...
@ Add Copy of Source...

Layeut  Help

i A2 BB L BN

Hierarchy
B E
= £ weast
- [ U

The v
oo
-using
Fram

using
Librar

H &R e

Use:

Iew WHOL Library,.,
Manual Compile Order

Import Custom Compile File List...

Disable Higrarchy Reparsing
Foreg Hierarchy Reparse

Cleanup Project Files. .,

Archive...
Gaenerate Tol Script, ..

Design Goals & Strategies. ..

‘L Design Summary/Reparts
Diesign Properties. ..

82 to Processes Running.

A M98 v

.IE Skart | B Design m Files "]E [ib[ér_ies|

| Consale

=08 x|

Bl

[ —
[E console o Errars ||dh Warnings "ﬁ Find in Files Results

Add & new saurce to the project




== New Source Wizard

Select Source Type
Select source bvpe, File name and its location.

- Select Verilog module and write the file name, then click next

X

J IP {CORE Generator & Architecture Wizard)
Schematic

User Document

verilog Module
‘erilog Test Fixkure
WHOL Module

WHOL Library

WHOL Package

YHOL Test Bench
Ermbedded Processor

File name:

| circuit |

Location:

|C:'|,D-:u:uments and Setkingscircuit

add ko project

Mext = H Cancel




- click next

== New Source Wizard

Define Module
Specify ports For module.

Maodule name | circuik

Fort Mame Direction Bus M3E LSE
dinput ~|[]
input | []
input b |:|
input »|[]
inpuk b |:|
input »|[]
inpuk b |:|
input | []
inpuk b |:|
input »|[]
inpuk b |:|
input »|[]
[ < Back ] [ Mext = l ’ Cancel




- Click Finish

== New Source Wizard

Summary
Project Mavigator will create a new skeleton source with the Following specifications,

X

&dd ko Project; Yes

Source Directory: Ci\Documents and Setkings! circuit
Source Type: Yerilog Module

Saurce Marme: circuik, sy

Maodule name: circuit
Part Definitions:

< Back ] [ Einish

l ’ Canicel




- The file will be created and it will look like as below

E5 ISE Project Navigator. (M.B1d) - C:\Documents and Settings\circuit\circuit. xise - [circuit.v*]

File Edit Wew Project  Source  Process  Tools  Window  Laveut  Help = | X
D2HP =[x S ALPPR AR AIRET PR v
DEgn 1 ‘timescale 1ns / 1ps
DiView:@ImplementaUDnO SRR RN R A A R A A R A
i@ Hierarchy 2Ny /. Company:
go— = 4 Jf/ Engineer:
%l _ circuit i N
B| = i auaste-ienias = & // Create Date: 23:59:33 02/05/2011
et - [l e (cireit.) 7 // Design Mame:
- 2 8 // Module Name: e Ak
& 9. // Project Name:
A 10 // Target Devices:
% HHi /Y Tool wersions:
lel 1z // Description:
- A 13 g
i b 14 // Dependencies:
150 /S
16 // Revision:
17 // Bewiszion 0.01 - File Created
18 J/ Additional Comments:
13 S/
L R EEE R
21 module circuit|
ZZ 1
23
¥ | ) MoProcesses Running 24
25 endmodule
19{: Processes: circuit 26
lﬂﬁ B Design Summary Reports
o Design Likilities
Ei: Eg User Constraints
& 02 Synthesize- ¥ST
T | @ F)  Implement Design
P2 Generate Programming Fils
@@ Carfigure Target Device
L G Analyze Design Using ChipScope
< | »
|l=d start | 1§ Design |llf_'] Files ” [DY Libraries | | citcuit, ¥ B | = Deesign Summary £l

Lnz3 Col 1| Verilog




- Add your code shown

&= ISE Project Navigator. (M.81d) - C:\Documents and Settingsicircuit\circuit.xise - [circuit.v] E“Erg|
File Edit Wiew Project  Source  Process  Tools  Window  Layout  Help P,

ELT IR

pODXx|[wa| ALPBRLIBABEDZLRPELET

|Design | 4= 1 ‘timescale 1ns / 1ps
Di\fiew:@ImplementauonOSimulation = P IR EE RS R e RS eSS SRS RS S S eSS E SRS E SRS SRS eSS R PSSP
& Fiiaeh . 3 // Cowmpany:
- 4 // Engineer:
%l circuit i s/
= £ "‘35;'3'3.8'4['313.2 = & // Create Date: 23:59:33 02/05/2011
5 I:m circuit (eircuit, vy SN T s M
- I & 4/ Module Name: circuit
& 9 // Project Name:
A 10 // Target Dewvices:
2% 11, // Tool versions:
E 1z // Description:
= I
i % 14 // Dependencies:
15 /Y
i6 // Revision:
17 // Rewvision 0.01 - File Created
18 // Addirional Comments:
iz S
R SRR R R RN R R R T B R R
z1 wodule circuiti(switch, enakle, led):
22 input switch:
= g input enable:
> | P2 Mo Pracesses Running 24 BECRY led:
25 integer count:
‘?{: Processes: circuit 6 reg led;
E{: E Design Summary/Reports 27
2 Design Utilities 28 always @ (switch)
If, [+ g User Constraints 29 begin
# 02 Synthesize - X5T 30 if (enable==1]
m #- 02  Implement Design 31 begin
©PQ  Generate Programming File 32 led=switch;
[# @ Configure Target Device 33 end
e Analyze Design Using ChipScope 34 elze
35 hegin
36 led=0;
37 end
35 end
39
40  endmodule
41
S - Il | 3
=4 start | ©3 Design | U1 Fies | [ ubraries| | circuit.* gE Design Summary il

Ln36 ol 10 Verilog




- You can copy the code from here and paste it in your project

module circuit(switch, enable, led);
input switch;
input enable;
output led;
integer count;
reg led;

always @(switch)
begin
if (enable==1)
begin
led=switch;
end
else
begin
led=0;
end
end

endmodule



- To simulate the project

select new source

£ ISE Project Navigator (M.B1d) - C:\Documents and Settings\circuit\circuit.xise - [circuit.v*]

Edit  ‘iew

el Source Process  Tools

Window  Layout  Help

J2EHS
———————————

;-E)esign EE' Add Source...

i | iews @ Imp!ggl Add Copy of Source. ..

frBB,E AlmETS

Felr )9

‘timescale 1ns ¢/ 1ps

FEPELETS PP 0P F A AP0 P i i i i i d i i i s dd i i i s diidiiiriiiiigg

/7 Conmpany:
/¢ Engineer:

// Create Date: 23:59:33) 020572011

E Hierarchy Mews WHOL Library. ..
Eﬂ @1 circuit Manual Compile Order

= £3 xc3s100e Import Custom Compile File List...
!EQ o ug:t cir

Disable Hierarchy Reparsing
Force Hierarchy Reparse

// Design Wame:

Cleanup Project Files. ..

Archive. ..

= IRl T

Generate Tcl Script, ..

Design Goals & Strategies. .,

|
| "5 Design Summary/Reparts
! £ Design Properties. ..

/¢ Module Name: circuit
2 // Project Name:
10 /f/ Target Devices:
11 // Tool wersions:
1z // Description:
Sl
14 // Dependencies:
SR
16 // Bewvision:
17 // Rewvision 0.01 - File Created
18 // bdditional Comments:

R R S S PR Py

21 mwodule circuit(switch, enable, led):
22 input switch;
23 input enable:
» | ) MNoProcesses Running 24 ?utput led;
i 25 integer count;
Ef{: Processes: circuit 26 reg led:
'i-‘{: B Design Summary|Reports 27
= Design Litilities 28 always B (switch)
2| @ g Lser Constrainks 29 begin
— | ®= T2 Synthesize - X5T 30 if [(enshle==1)
L m B Implement Design 31 bhegin
B2  Generate Programming File 32 led=switch;
e @ Configure Target Device 33 end
L G Analyze Design Using ChipScope 34 else
35 begin
36 led=0;
3 end
38 end
33
40  endmodule
41
| s ;] >
=4 start | B3 pesign | Files | D) Libraries| | circuit v BlE Design Summary ]

Add a new source to the projeck

Lm 15 Col 3 Verilog




- Select Verilog Test Fixture and write the file name then click next

2= New Source Wizard

Select Source Type
Select source bvpe, File name and its location.

X

BMM File

&2 ChipScope Definition and Connection File
Implementation Constraints File

[ IP {CORE Generator & Architecture Wizard)

MEM File

Schematic

User Document

‘erilog Module

‘erilog Tesk Fixture

YHDOL Module

WHOL Libraty

WHOL Package

s| WHOL Test Bench

| Embedded Processor

File name:

test1 |

Location:

|C:'|,D-:u:uments and Setkingscircuit | E]

add ko project

Mext = H Cancel




- Select the circuit module then click next

== New Source Wizard

Associate Source
Select a source with which to assaciake the new source,

< Back ][ Mext = ]’ Cancel




- click Finish to create the test file

== New Source Wizard

Summary
Project Mavigator will create a new skeleton source with the Following specifications,

X

&dd ko Project; Yes

Source Directory: Ci\Documents and Setkings! circuit
Source Type: Yerilog Tesk Fixture

Source Marme: kestl,w

Association: circuit

More Info < Back
J |

Einish

l ’ Canicel




- This is how it will look like

== ISE Project Mavigator (M. 81d) - C:\Documents and Settings\circuitlcircuit.xise - [test1.v]

File Edit Mew Project  Source  Process  Tools  Mindow  Layout  Help Sl=up <
NFEHP L EDEX o »}:Ibﬁ'.@;{'.fa Al EF T ziﬁﬁ?iiﬁizfr@
DEQ aimis X 'E 9 // Module Name: C:/Documents and Settings/ocircuit/testl.v ﬁ
] |Wiew: @ {8 Implementation O & simulation 10 // Project Name: circuit
;‘E Plearet 11 // Target Device:
g = 12 // Tool wersions:
= - it ) 13 // Description:
= £ xe3s100e-4cpl3z = S i
a o
r 5 'N' eircuit (circuit.y) ks // Verilog Test Fixture created by ISE for module: circuit
= i dign /S
& 17 // Dependencies:
A 18/
% 19 // BRevision:
Pi z0. // Rewision 0.01 - File Created
-_ % 21 // Additional Comwments:
g | 22 s
pal NSRS SRS eSS SRS SRS SRS ST
24
25 module testl:
26
22 £¢ Inputs
28 reg switch:
29 reg ensble;?
30
it /f cutputs |
| P2 MoProcesses Running gg wire led; =
T{ | Processes: dircuit 34 /{ Instantiate the Unit Under Test (UUT)
E‘t = Design Summary /Reports 35 circuit uut |
& Design Lkilities 36 Switchiswitch) ,
5 Er-g User Constraints a7 .enable(enable),
= -8 Syrthesize - ¥ST ag Llediled)
@ fd  Implement Design 349 ¥z
P2 Generate Programming File 40
Er-@ Configure Target Device 41 initial kegin
o E# Analyze Design Using ChipScope 42 £ Initdialize Inpits
43 awitch = 0;
44 enahle = 0;
45
45 /¢ Wait 100 ns for global reset to finish
477 #100;
45 =
49 Jf Add stimulus here
a0
i end %
|| < Il | >
b= start | Bd  Design |ll_4‘j Files | [ Libraries| | circuit x5 Design Summary x| | kestl.y & |

Ln 35 Col 17 verilog




- Add your simulation code to the test file

ISE Project Navigator (M.81d) -

\Documents and Settings\circuitcircuit:xise - [test1.v]

File

Edit

Wiew  Project  Source  Process  Tools  Window  Layout Help
= = | T2 , E
NPHP LB X|wa| 2R3N 2B ARETIFLRPEL:T
| Design +O0F x| 31 /7 outputs ~
B I\l'iew: ® Implementation ) B Simulation 32 wire led:
EE' Hoae Zz /4 Instantiate the Unit Under Test (UUT)
% a it [} 35 circuit uut |
= &3 xc35i;DDe-4cp132 = 36 .switch(switch),
mﬁm 3;,3 cireuit {circuit.y) 57 .enable (enable],
p= o 38 Jlediled)
= a9 1z
A 40
3 ﬂ 41 initial hegin
= 42 /¢ Initialize Inputs
T * 43 switch = 0O:
i % 44 enable = 0;
45
46 /¢ Wait 100 n= for global reset to finish
47 #100;
45 switch = 0:
49 enable = 1;
50
51 #100;
52 switch = 1;
5 enable = 1;
» | P2 Mo Processes Running 54
o #100;
'f Mo single design module is selected. 56 switch = 0;
S| @ 3 Design Utilties 57 enable = 1;
58
= 59 #100;
60 switch = 1; T
m 61 enable = 0;
62
63 #100;
64 switch = 0;
65 enable = 0;
66
67 #100;
a8 switch = 1;
69 enable = 1;
70 £f Add stimulus here
71 —
T2 end
73 &
ol flil | >
|E Start | (54 Design |mj Files || 0 Libraries | | clreuit, v X | | = Design Summary X | !E testly EJ

75 start

Ln &5 ol 12 Verilog




- Select the simulation option from Design tab

= ISE Project Navigator (M.81d) - C:\Documents and Settings\circuiticircuit.xise - [test1.v]

Fle Edit Mew Project Source Process  Tools  Window  Layout  Help = | &x
DAEP Db X v o2, PR PR A BETISRIPELQ
Design O &X E[ 51 £/ Outputs ~
D i\n'iew: O Implementation o) @ﬁmulation = 32 wire led:;
u‘cil Behaviaral W 33 ) )
34 // Instantiate the Unit Under Test [UUT)
% Hierarchy 5 35 circuit uut |
= 'E:j circuik 36 .suitchiswitch)
s | = EF %c3s100e-4cplaz 37 .enableienable] ,
g # testl (testl.v) = 35 Lled(led)
= 39 i
A 40
i % 41 initial begin
= & 1z /f Initialize Inputs
T 4 43 switch = 0O;
i 8 44 enakle = 0O;
45
45 f¢ Wait 100 n= for global reset to finish
47 #100;
43 switch = 0;
49 enshle = 1:
50
51 #100;
5z switch = 1;
5Es enable = 1;
T 54
@ | B2 Mo Processes Running - S
'i Mo single design module is selected, 56 switch = 0:
= @  Design Utilties 57 enable = 1;
58
= 53 #100:
60 switch = 1:;
| 61 enshle = 0;
62
63 #100;
64 switch = 0;
65 enshle = 0;
66
67 #100;
68 switch = 1:;
{al=] ensble = 1;
70 // Add stimulus here
71 =
T2 end
?3 - - - B
£ Jii | >
|E Stark | Erd  Design |HIIJ_‘I Files |I E Librariesi | circuit, v X | = Desigr Summary E !__ keskl.w EJ

Ln S5 Col 12 Merilog




- Select testl.v file and D-Click Simulate Behavioral Model to open ISIM
simulator

= ISE Project Navigator [M.81d) - C:\Documents and Settings\circuit\circuit. xise - [test1,v]

File Edit Wew Project Source  Process  Tools  Window  Layout  Help - &%
DAHG L[ 4DOX wa| A, BRPEABED
| Design O 8 X § 31 // Outputs £
D | view: ) Implementatjon (O} Simulation = 32 wire led:
= EBehaviaral b 4 ) )
34 A4 Instantiate the Unit Under Test (UUT)
Eﬁ Hierarchry o 35 circuitc uut |
= 'IE\"] circuik 36 .gwitch(switch) ,
co | B Ed xcIs100e-4cpl3z 37 .enable (enable),
= e2] testl {testl.v) L 38 Llediled)
= = b:
A 40
% 41 initial hegin
i S 42 f¢ Initialize Inputs
- A a3 switch = 0O;
“ 44 ensble = 0;
45
46 // Wait 100 ns for global reset to finish
47 #1i00;
48 switch = 0;
49 enable = 1;
50
51 #1i00;
52 switch = 1;
53 enable = 1;
¥ P2 MNoProcesses Running 54
1 55 #1i00;
'?t Processes: kestl 56 switch = 0;
a2 ﬁ‘ ISim Simulakor 57 enshle = 1;
~ P2 Behavioral Check Syntax 58
gt . : 59 #100;
a0 switch = 1;
- 561 enabhle = 0;
{4
83 #100;
G4 switch = 0;
a5 enable = 0;
1]
&7 #100;
(=] switch = 1;
a9 enable = 1;
70 /4 Add stimulus here
T —
s end
73 [
< el 3
B start | Eng  Design |l|-ﬂ'| Files !“E Libraries | ! circuit, v =l | i Design Summary &= | testl.v EJ

LnS5 ol 12 Yerilog




- ISIM application, use zoom in, out to view the results

BB 15im (M.B1d) - [Default.wcfg]

sel Elle  Edit Miew  Simulation  Window Layout  Help

-
i A = P S X® oo M X . rll EE P ] s @b pE[L00s v G
Source Files ~ [0 & X| Cbjects
-~ Simulation Objects for test1
= A T TURTA BT
circuit. v Hall el ﬁﬂ @) B 15| &
glbl.v -
[bestl.w Ohject Mame Walue
L led 1
L swicch 1
1% enable 1
& Instanc.. | [y Memory | [ source .|| ¢ ¥ Default.wcfg %
Console

08 X
15im M.51d (signature Oxcb73eet2)
| This is & Full wersion of ISim,
Time resolution is 1 ps
| Simulatar is deing circuit initialization process,
| Finished circuit initialization process,
ISim=

[ console | ® Breakpoints | (a4 Find in Files Results n Search Results

Sirn Time: 1,000,000 ps




- To implement the code on the fpga board go to implementation mode

2= ISE Project Navigator (M.B1d) - C:\Documents and Settings\circuit\circuit. xise - [test1,v] E@
File Edit Mew Project Source  Process  Tools  Window  Layout  Help =04
DAEP . DX ea > BR AR A ERP LT
|Desidn 31 £ Dutputs BT
[E | View: =) Implementatjon O ﬁ Simulation & 32 wire led;
3 Hietarchy 22 ) )
T 34 // Instantiate the Unit Under Test (UUT)
Eg i Eﬂ Ereit “ s circuit uut |
= = xc3500—4p12 36 .switchiswiteh),
£t ' but 37 .enable (ensble),
= e 38 Llediled)
= a9 B
4 40
% 41 initial begin
[l E 4z // Initialize Inputs
- A 43 switch = 0;
i G S 44 enable = 0;
45
46 // Wait 100 ns for global reset to finish
47 #100:
45 switch = 0O;
49 enshle = 1;
50
51 #100;
52 switch = 1;
ot enshle = 1;
P2 NoProcesses Running 594
55 #100;
Processes: circuik 56 switch = 0:
e Design Summary Reparts 57 enable = 1;
£ Design Utilities 1]
ol e User Constraints 53 #100;
— | @-Td  Synthesize-xsT 60 switch = 1;
L @ #2  Implement Design 61 enable = 0;
+®Q  Generate Programming File 62
-5 Configure Target Device 63 #100;
L@ pnalyze Design Using ChipScope 64 switch = 0;
65 enshle = 0O;
66
67 #100;
(1= switch = 1:
69 ensble = 1:
70 // Add stimulus here
A D |
TE end
% v
i . |& w___| >
|l srart | E§  Design |l|f_'] Files | [ Libraries| | circuik v ||| % Design Summary {out of date) || | [2) kestl.y 8 |

Ln53 Col 14 Werilog




- Select circuit.v file and select I/O planning (PlanAhead-Presynthesis ) to open
PlanAhead application to assign the fpga I/O ports to the code I/O

2 ise Project Navigator (M.81d) - C:\Documents and Settings\circuit\circuit. xise - [test1.v]

File  Edit Miew Project Source Process  TJools  Window  Lavout  Help =8
DPEFL i DX vwa =it 28R PRIAIRETI LR :PEL:Q
| Design 08 X | ot /4 outputs
D | View: @ Implementation O @Simulation b 32 wire led;
e Higtarchy = ) i
& o a4 // Instantiate the Unit Tnder Test [(UUT)
ég o ﬁ ercait “ 35 circuit uut |
= £ “35,,10“3"“"132 36 .switch(switch),
an [ creute (cirut.v) a7 .enzbleenable),
= a 38 L led(led)
= a9 i
4 40
P % 41 initial begin
(ae] I 42 // Initialize Inputs
- A 43 switch = O;
i 8 44 enshle = 0O:
45
46 ff Wait 100 n= for global reset to finish
47 #100;
45 switch = O;
49 enabhle = 1;
50
51 #100;
52 switch = 1:
53 ensble = 1;
i 54
» ; P2 NoProcesses Running oe i
‘?ﬁ Processes: circuit 56 switch = 0;
B = ] Design Surnmaty/Reports 57 enshle = 1;
e Design Utilities 55
3{: - User Conskraints 53 #100;
o H 'f‘ Create Timing Constraints 60 switch = 1:
1/ Pin Planning (Plandhead) - . 61 enable = 0;
€] LoPRn PIanninngIanAhead)—P... | 62
G Floorplan Ares/T{LC Pin Planning (Planihead) - Pre-Synthesis} #1002
Svnthesize - ¥3T 64 switch = O;
Implement Design 65 enabhle = 0;
Generate Programming File 66
Configure Target Device 67 #100;
Analyze Design Using ChipScope 68 switch = 1;
53 enable = 1;
70 /¢ Add stimulus here
71 |,
TE end
73 5
2|0 | >
Start | ENE  Design |ll_||_"| Files I: E Libraries | ! circuit, x| | X Design Summary (out of date) || | testl v mj

Ln54Cal 7 Yerilog




- Click yes to create UCF file and open Planahead application

Il ISE Project Navigator le

P This process requires that an Implementation Constraint File (UCF) be added to the
\._‘:‘/ project and associaked with the selected design module, Would you like Project Mavigator
ko automatically create a UCF and add it to the project at this time?

If wou select "fo" vou will need ko create or add an existing UCF ko the project before
running this process,

w [




Planahead Application after its opened

@l circuit - RTL Design - [C:\Documents and SettingsicircuitiplanAhead run_1\c pr] - PlanAhead 12.4
File Edit View Tools Window  Select  Layout  Help

BoaoaxX$HFer EIDQHE

RTL Design -

RTL Metlist - O a x

EA

=)

[Fe dreut

= Mets (4)

[ GMD_1 (RTL_GND)

i GMD_1_o_switch_MUE_1 (RTL ML

[5# RTL Netlist Physical Constra.. | O I,I'O Ports | &8 Clock Regions

sm 1f0 Bank. 0 (20
mn IO Bank 1 (25)
sm L0 Bank 2 (24)
s If0 Bank 3 (22)
| Barkless Pins (41)

il
I

E£ {
|
=

Properties - O o =
¢ 9 B

' [ Package
Package Fins = 0O a X
Q Mame Prohibit Park 10 5kd Dir Veoo Bank. Tvpe Diff Pair Claock, Voltage Min Trace Dly (ps) Max Trace Dly (ps) I0B Alias Sike Type .
e &= Al Pins (132)

)i =)
Tdl Consale - O a %
|  INFO: [HD-UCFReader 0] Parsing UCF File : .%circuit.uct -
INFO: [HD-UCFReader 1] Finished Parsing UCF File : .%circuit.ucf
INFO: [HD-LIE 0] Reading timing library C:/Xilinx/12.4/I3E DS/Plandhead/parts/xilind/spartanie/spartanie/spartanie-4, lib
EINFD: [HD-LIE 1] Done reading timing library C:/Xilin</12.4/I5E D3/Plandhead/parta/xilin</spartanie/spartande/spartanie-4.1ib .
v |
| 2

B Tcl Console | & Elaboration Messages | ) Reports

I5E Inteqration Flow




-Select I/O ports, drag and drop each of them to Pin in the Package figure, refer
to http://www.digilentinc.com/Data/Products/BASYS2/Basys2 rm.pdf to find
the pin definition

@ circuit - RTL Design - [C:\Documents and SettingsicircuitiplanAhead run_1\circuit.ppr] - PlanAhead 12.4
File Edit  View Tools ‘Window Select  Layout  Help

B xy LN 09OE

RTL Design - =
140 Ports —Og % Al
A e (B e [FE |
o= s EHE &
Marne Dir MNegDiff Pair | Ste | Ba L
2 8ll parks (30 Ié
= Scalar ports (3) -
D- enable Input =
4 led Qutput H
EET I . 1
(15 J = 3
52 RTL Metlist | [ Physical Constra,, - - 1/0 Ports | 53 Clock Regions ::1
I/ Port Properties - O a ¥ L
s o [ESTIR P
@ P |f w [a im | et |
B sl ] _ -1 L)
General | Configure [if Package x 4 B |9 Device x 4 b B
Package Pins — 0O g =
a, . Mame Prohibit Part: I/ Sed Dir Weeo Bank Type Diff Pair Clack Yalkage Min Trace Dly (ps) Mas Trace Dly (ps) I0E Alias Sike Tve
|2 Al Pins (132) -
o IO Bank 2 (24)
I 10 Bank 3 (22)
=I-[= Bankless Pins (41 |
L. 0% Aq mmFim LalaFa il -] Y'
|= | b=
Tl Consale =0 o X
.‘V__:' : INFO: [HD-UCFReader 0] Parsing UCF File : .‘circuit.ucf ‘\_:
: INFO: [HD-UCFReader 1] Finished Parsing UCF File : .hcircuit.ucf
7 1
| {INFO: [HD-LIE 0] Reading timing library C:/ilinx/12.4/I8E_D35/Planbhead/parts/xilinx/spartan3e/spartanie/spartanie-4.lib .
'ﬁ {INFO: [HD-LIE 1] Done reading timing library C:/Milinw/12.4/I3E D3/Planbhead/parts/xilinx/spartanie/spartanie/spartanje-4. lib .
=

: a . 5

D Tl Console | £ Elaboration Messages | ) Reparts

M4 (PADTL) GCLE I/ Bank 2 I5E Integration Flow




- After pin assignment

File Edit Wiew Tools window Select  Layout  Help

BooaxXdhFes | EBEDOE

1} Ports — O 3 X
A I S &
Marme Dir MeqDffPair | Ste  Ed .
2 Al porks (3 E
= Scalar ports (73) i
‘[ enable Input P11 =
G
ol led Output H
_-- ]
K
I_;_* RTL Natlist H Phrysical Constra Cr1/0Ports | @ Clack Reglons L
11 Port Properties - O O =
- P '9_‘_, [ T3
[ switch | £ > Q j‘ > @'
General | Configure | [ Package = 4 F B @ Device 4 b B
Packane Pins = Elial
Q, | Mame Prohibit Fort 140 Skd Dir Woco EBiank Tvpe Diff Pair Clock ‘Voltage Min Trace Dly (ps) Max Trace Dy (ps) 108 Alias Site TvE

= Al Pins (132)

s IO Bank 0 (200

= IO Bank 1 (25)

s If0 Bank 2 (24) 2.5
s 10 Bank 3 (22) 2.5

| I?ankless Pins (41) 3
Al aeFin {21 T Tl - |
- O g ¥
: INFD: [HD-UCFReader 0] Parsing UCF File : .%cirecuit.uct W] |
INFO: [HD-UCFReader 1] Finished Parsing UCF File @ .‘circouit.ucf
EINFD: [HD-LIE 0] Reading timing library C:/Xilimx/1Z.4/I3E_D3/Plandhead/parts/xilin«/spartanies/spartanie/spartanie-4.lib
EINFD: [HD-LIE 1] Done reading timing library C:/Xilimx/12,4/I8E DE3/Plandhead/parts/«ilind/spartanie/spartande/spartanie-4.1ib .
startgroup |
zet_property loc IPADED [get ports enable] =
zet_property is_fixed true [get ports enable]
endgroup |
< _ 2

= Tl Console | &% Elaboration Messages | 2 Reparts
ISE Integration Flow




- Click save design and exit

File | Edit “iew Tools window  Select  Layout  Help

B Save Design

N\ (I90®

Save Project...

%1 Import 10 Parts,.,
& Import Timing. ..

T

&1 Import Placement. ..

m

®  Export I/O Ports... Cir Meg Diff Pair Site B3

= Print...

mom 2N

Exit

T T Inpuk P11
] led Output

o

H
_-- ]
K
I_;_* RTL Natlist H Phrysical Constra Cr1/0Ports | @ Clack Reglons L
11 Port Properties - O O =
- P '9_‘_, [x
[ switch < > Q B > @
General | Configure | B Package x 4 b B @ Device 4 b
Packane Pins = Elial
Q, | Mame Prohibit Fort 140 Skd Dir Woco EBiank Tvpe Diff Pair Clock ‘Voltage Min Trace Dly (ps) Max Trace Dy (ps) 108 Alias Site TvE

= Al Pins {1352 ol
o 10 Bank 0 (20) =)
= IO Bank 1 (25)

s If0 Bank 2 (24) 2.5

s 10 Bank 3 (22) 2.5

Bankless Pins (41}

A ~erFin [l atal ]

¥
:INFD: [HD-UCFReader 0] Parsing UCF File : .%cirecuit.uct |
INFO: [HD-UCFReader 1] Finished Parsing UCF File @ .‘circouit.ucf
INFO: [HD-LIE 0] Reading timing library C:/Xilinx/12.4/I3E_D3/Plandhead /parts/xilinx/spartanie/spartanie/spartanie-4.lib
EINFD: [HD-LIE 1] Done reading timing library C:/Xilimx/12,4/I8E DE3/Plandhead/parts/«ilind/spartanie/spartande/spartanie-4.1ib .
startgroup |
zet_property loc IPADED [get ports enable] =

zet_property is_fixed true [get ports enable]
| endgroup v |

< | >

= Tl Console | &% Elaboration Messages | 2 Reparts

Save all floorplans and source files in the current project ISE Integration Flow




- To Prepare the .bit File to Program the FPGA,
- Set the FPGA Startup Clock to JTAG Clock, Right click on Generate
Programming File in the Processes Window, select Process Properties

&5 ISE Project Navigator (M.81d) - C:\Documents and Settings\circuit\circui - [test1.v]
File Edit Wew Project Source Process Tools  Window  Layout  Help Sl
OPHP . A00X we [ A-BRAR
|Design 4 il /f outputs A
D | Wiew: @ Implementatjon O b 32 wire led:;
E Hierarihy 93 i .
& v 34 // Instantiate the Unit Under Test (UUT)
Eg f @j eircait 0 35 circuit uut |
—| & Ei.'i xeds e deplie 36 .switchiswitch),
s b 3 .enableenable] ,
= a 35 Lled(led)
& 39 1
4 40
% 49 initial hegin
i = 4z // Initialize Inputs
- A 43 switch = 0;
e % 44 ensble = 0;
45
46 // Wait 100 ns for global reset to finish
47 #100;
48 switch = 0;
45 enshle = 1;
50
51 #100;
52 gwitch = 1;
53 enshle = 1;
P P Mo Processes Runining 54
I e #100;
‘?: Processes: circuit 56 switeh = 0;
-ET{: s B Design Summary/Reports 57 enahle = 1;
& Deesign Ltilities 58
2L Bg User Constraints =] #100;
= | Create Timing Constraints &0 switch = 1;
-4 1/ Pin Planning (FlanAhead) - P.. 61 enahle = 0;
112 Pin Planning (FlanAhead) - P.. 62
Floorplan Area/I0 Logic (Planah... 63 #100;
Synthesize - ¥5T 64 switch = 0;
Implement Des%l%rt Run '3 enable = 0O;
Generate Progl ., i ]
Configure Targ ) ' 7 #100;
Analyze Desigr Rerinl = awiteh = 1;
| =] enshle = 1;
s 1] £/ bdd stimulus here
Farce Process Up-to-Date 1 —
| end
@ Implement Top Module 3
Design Goals & Strategies... | | = | T B
:E Skatt | ENg  Design | I circuit.y 3| | L Design Summary (out of date) | ! 2] testl.w mj
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Change Startup Options to JTAG clock as shown, then press OK

8 - Process Properties - Startup Options

Cakegory

General Options
Configuration Opkions
Skartup Options
Readback Options

Switch Marme
-g StartUpilk:
-g DonePipe:
-g DOME_cyele:
-0 &T5_rycle:
-g IWE_cwcle:
-g LCE_cvwcle:

-g DriveDone:

Property Marme
FPiaf Start-Up Clock
Enable Internal Done Pipe

Done {Cukput Events)

Enable Qutputs {(Output Events) Defaulk (5)
Release Write Enable {Output Events) | Default (6)
Wit for DLL Lock {Oukpuk Events) Defaulk (Mo ait)

Drive Done Pin High

Yalue

Default (43

€0 €] £

O

Property display level; |Standard Display switch names Default

| o

|| cancel || ey || Hep |




Create the .bit file, Double click on Generate Programming File in the
Processes Window

= ISE Project Navigator (M.81d) - C:\Documents and Settings\circuit\circuit.xise - [test1.v]

File Edit Mew Project  Source  Process  Tools  Mindow  Layout  Help Sl=up <
DAEG L DEX(wa| i 22BR AR AL PEZLT
|Design w08 x| § sl /f Cutputs )
B | Yiew: &) Implementatjon =) imulation & 32 wire led;
S| Hierarchy ;i T . )
T nstantiate the Unit Under Test [(UUT)
G| - ] circui “ A circuit uut |
= il zctilestepl 32 36 .switchiswitch],
553 E3 m;, civcuit {ircuit. ) 37 Jenebile tenabiles,
= @ a5 Lled(led)
& 39 1
A 40
1 41 initial khegin
P & 4z // Initialize Inputs
— . 43 switch = 0;
e b S 44 enable = 0O;
45
46 /f Wait 100 ns for global reset to f£inish
A7 #100;
45 switch = 0;
49 enahle = 1;
50
5 #100;
52 switch = 1;
53 enable = 1:
P | ) Mo Processes Running 54
I 55 #100;
?ﬁ Processes: circuit 56 switeh = 0O;
-ET{: = Design Summary /Reports 57 enable = 1:
{E1 Design Lkilities 58
E‘t Bg User Constraints 59 #100;
= Create Timing Constrainks 60 switeh = 1;
=l 1} Pin Planning {Planahead) - B.. 61 enzlkile = 0;
10 Pin Planning (Plandhead) - P... 62
Floorplan AreafI0 Logic (Flanah. .. 63 #100;
Synthesize - X5T 64 switeh = 0;
Implement Design 65 enzlkile = 0;
66
t % Configure Target Device a7 #100;
o Analyze Design Using Chipscope (4= switeh = 1;
&9 ensble = 1;
70 4/ Add stimulus here
71 Al
72 end
73 o
T | >
b= start | E}  Design |luj Files | [1Y Libraries| | circuit.v x| | % Design Summary (out of date) || HE| kestl.y B8 |
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Make sure that every thing is compiling and building

= ISE Project Navigator (M. 81d) - C:\Documents and Settingshcircuit\circuit.xise - [test1.v]

File Edit Wiew Project Source  Process  Tools  Window  Layout  Help - X%
DAHP L dDOX v - 2LPBRAR AR @
1Sl A a1 /¢ Outputs ~
E |vigw: &) {8F Implemertation O BE simulation 5= 32 wire led;
s Hiet archy = " )
£ S 34 A/ Instantiate the Unit Under Tesc (UUT)
E| - €] cirui “ 35 circuit uut |
= £ Aatiescplo2 = 36 .switch{switch),
s:'»Z_'i:g (£ T circuit (oircuit.e) 4o .enahle(enable],
= - 38 Llediled)
£| 39 1
A 40
% 41 initial kbegin
4 4z f4 Initialize Inputs
- m’ 43 switch = 0:
b % 44 enahle = 0;
45
46 /4 Wait 100 ns for global reset to finish
47 #100;
45 switch = 0O:
49 enable = 1;
50
571 #100;
52 switch = 1;
53 enable = 1;
# B2 NoProcesses Running 54
i 55 #100;
T | Processes: circuit 55 et R e
& = Design Summary (Reports 57 enable = 1;
Design Lkilities 55
User Constraints 52 #100;
Create Timing Conskraints 60 switch = 1:
I/ Pin Planning (Plandhead) - P 61 enable = 0;
Ifr Pin Planning (Planahead) - F... 62
1 Floorplan AreafI0fLogic (Planah... 63 #100;
) synthesize - ¥5T 64 switch = 0;
Implement Design 65 enable = 0;
# PAC) Translate 66
w FAC) Map 67 #100;
- B Place & Route 68 switch = 1:
}@ Generate Programming File (=] enable = 1;
@ [ Configure Target Device 70 /4 Ldd stimulus here
L@ Analyze Design Using ChipScope 71 =
Ta end
T3 Fer,
I | "
|E Start | B Design |lh'l_"| Files !: |E Libraries | ! ircuit, v [ | % Design Summary (Programming File Generated) || | testl.v B8 |
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Connect Basys2 to your computer and make
sure its correctly configured

Found Mew Hardware Wizard
Please wait while the wizard searches.__. .

% Digilent USE Device

Cancel




Open Adept2.1 (Downloaded from Digilent’s Website)

http://www.digilentinc.com/Products/Detail.cfm?NavPath=
2,66,69&Prod=ADEPT

£\ Digilent Adept

T
BASYS E Conneck: |Bas';.f52 v|

Produck: BasysZ - 100

Config |Test Register I/O | File I}O | 1/0 Ex | Settings

FPGA

| W | Browse, .
PROM

| W | Browse, .

Initialize Chain

Board information loaded. ~
Found device ID; FS045093 T
Found device ID: 11010093
Initializakion Complete.

Device 1: ®C3S100E

Device 2: ACF025

||




Click on Browse (next to FPGA Option) an
select the bit file from the project Directory

Look in; | I circuit

&

by Recent
Documents

&l

Dezktop

2

ty Documents

-

by Computer

@

dy M etwork,

Pﬂ _ngo

[ _xmsgs
iChipoore_dir
IChiseconfig

ﬁi‘]isim
|iplanashead_run 1
Ihxinz_auto_0_xdb
lfi']xst

File name: ||:ir|:uit

Files of type: | FPGA Config Files [*.bit; . svi]

[] Open as read-only




£\ Digilent Adept

™
BASYS E Connect: | Basys2 w |

Produck:  Basysz - 100

Config |Test Register IO | File IO | 170 Ex | Settings

circuit. bit v [owse.] [progam

Initialize Chain

Board information loaded.

Found device ID: FS045093

Found device ID: 11010093

Initialization Complete,
Device 1: ¥C35100E
Device 2: XCFOZ25

[

<




Make sure the basys2 is on, click on the
program, and test your fpga

/A Digilent Adept L o)X

™
BASYS E Connect: | Basys2 w |

Produck:  Basysz - 100

Config |Test Register IO | File IO | 170 Ex | Settings

circuit. bit v (rowse.] [erogan

| mitialize Chain |

Device 2: RCFO25
Set Config File for WC3S100E: "Ci\Documents and Setkingshcircuithcircuit, bik"
Preparing to program XC35100E. ..
Programming...
Yerifving programming of device. ..
Programming Successful,

[

S




Another example

module blinking_led(clk, led, enable);

*The following circuit will blink input clk;
LED #0 when enabled output led;
*Period = 2 seconds 'r:';ulz(j_nable"
*Enable = Switch #0 integer'count;
*\When Switch #0 is off,
LED #0 is off always @(posedge clk)
begin
if (enable==0)
begin
count=0;
led=0;
end
Pin Assighnments else
begin
oClk if (count > 50000000)
begin
- B8
count=0;
*Enable (SWO0) led="led;
-P11 end
LED (LDO) count = count+1;
end
- M5 end

endmodule



Basys Board Resources

Basys board documentation and resources can be found at the Digilent Website.
Click on

http://www.digilentinc.com/Products/Detail.cfm ?NavPath=2,400,790&Prod=BAS
YS2 to go right to these resources.

Quick Links

Reference Manual
http://www.digilentinc.com/Data/Products/BASYS2/Basys2 rm.pdf
Schematics
http://www.digilentinc.com/Data/Products/BASYS2/Basys2 _sch.pdf

Adept Programming Suite

The Adept Programming Suite is required to the Basys2 board using the USB
cable. It can be downloaded by clicking
http://www.digilentinc.com/Products/Detail.cfm?NavPath=2,66,69&Prod=ADEPT




Required Software

e Xilinx ISE WebPack
* Project Navigator (Main workspace for verilog)
e |SIM (Simulator)
*PlanAhead (to assign Pins)

e iVerliog (Simulator)
e Diligent

e configuration and print the implementation of the fpga
board
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