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ABOUT THE FPGA BOARD

The developed platform is an easy to use Low cost FPGA Development board featuring Xilinx
Spartan-6 FPGA. It is specially designed for experimenting and learning system design with FPGAs.
The board offers a rich set of features that make it suitable for use in a laboratory environment for
university and college graduate courses, for a variety of design projects, as well as for the
development of sophisticated digital systems. By default the board is powered from a +5V supply
from USB cable.

Built around a Xilinx Spartan-6 FPGA the board provides complete, ready-to-use hardware suitable
for hosting circuits ranging from basic logic devices to complex controllers. A large collection of on-
board I/0 devices/interfaces and all required FPGA support circuits are included, so countless
designs can be created without the need for any other components. The design can be controlled
and configured through PC using high speed USB interface provided on the board. The board is
designed to work with the free ISE Web Pack software from Xilinx

RS232 VGA 7-segement
Transciver || connector Display

i i %

BANK 3
(26-Pins) Expansion
data connector
Micro s USB-SPI [+ > (GPIOs)
USB Bridge _ And
. BANK 0 Debug
[ CLC FBANK 2 P
s FPGA
Y
SPI >
Configuration |« LEDs
Flash 8
BANK 1
5.0v (24-Pins)

A A A
L.::?’.sv - - 4 -
L2y Clock DIP Push

25 MHz Switches | | Buttons

The diagram depicts the complete interface from FPGA banks to on board I/O devices and
expansion connectors. The board includes oscillator that produces a reference frequency of 25MHz
available for FPGA design. Multiple high frequency and low frequency clocks can be generated as
per the design requirement.

The On board peripheral provided on the board are listed as follows:

16 digital inputs via switches and Push buttons.
8 digital outputs via LEDs.

4 digit seven segment display.

VGA interface for image/video output

oW
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5. UART interface for serial communication
6. High density expansion connectors for external digital I/0 interface.

Board Power

The FPGA board is typically powered from a USB cable, but a battery connector/dc power supply
connector is also provided so that external supplies can be used. To use USB power, simply attach
the USB cable. Voltages higher than 5V on either power connector may cause permanent damage.

Input power is routed through the power switch (SW15) to the 30-pin expansion connectors, to
800mA low dropout positive voltage regulator LD1117/12 voltage regulator and 1.0A Low dropout
positive voltage regulator NCP1117/33. The NCP1117/33 produces the main 3.3V supply for the
board. The LD1117/12 produces 1.2V supply voltage required by the FPGA. Total board current is
dependent on FPGA configuration, clock frequency, and external connections. Required current will
increase if larger circuits are configured in the FPGA, or if peripheral boards are attached.

Configuration

The FPGA board has an on-board USB to SPI controller which facilitates easy reprogramming of on-
board SPI flash and FPGA through USB interface. The controller receives bit stream from the
host application PC and program itin to the SPI Flash and lets the FPGA boot from the flash.

The USB 2.0 interface provides fast and easy configuration download to the on-board SPI flash.
Here we don’t need a programmer or special downloader cable to download the bit stream to the
board. The FPGA can be configured in master or slave select modes. The device can also be
configured and debugged using JTAG programmer. JTAG connector provides access to FPGA's JTAG
pins. A XILINX platform cable can be used for JTAG programming. Figure shown below depicts the
configuration interface connections.

——CSH#—>]
CLK Flash
. (Code data)
USB _— Data in—»
A |
SP' Port CLK MISO
Bridge Datain —
CLK L—m»
| FPGA
[——Controls—

After power-on, the FPGA on the development board must be configured before it can perform any
useful functions. During configuration, a “bit” file is transferred into memory cells within the FPGA
to define the logical functions and circuit interconnects. The free I[SE/WebPack CAD software from
Xilinx can be used to create bit files from VHDL, Verilog, or schematic-based source files.
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CDAC’s PC-based program called CLR13.0 can be used to configure the FPGA with any suitable bit
file stored on the computer. CLR13.0 uses the USB cable to transfer a selected bit file from the PC to
the FPGA. CLR13.0 can also program a bit file into an on-board non-volatile ROM called “SPI Flash”.
Once programmed, the SPI Flash can automatically transfer a stored bit file to the FPGA at a
subsequent power-on or reset event. The FPGA will remain configured until it is reset by a power-
cycle event. The SPI Flash ROM will retain a bit file until it is reprogrammed, regardless of power-
cycle events.

The following are the switch configuration for the FPGA board for configuring the FPGA chip:

SW1.: 11- FPGA programming through PC
01- FPGA configuration through Flash

SwW2: 00- FPGA programming through PC
10- FPGA configuration through Flash

To program the development board, attach the USB cable to the board. Start the FPGA programmer
and use the load file function to associate the desired bitstream file with the FPGA, or with the SPI
Flash. Select the “Program” function for configuring the FPGA directly from the PC. Tick “Flash”
function check box if you want to store data to the SPI Flash. The configuration file will be sent to
the FPGA or SPI Flash, and the software will indicate whether programming was successful. The
“Status LED” LED (D17) will glow after the FPGA has been successfully configured.

Oscillator

The development board includes a primary Silicon Labs 501JAA25M0000BAG CMEMS oscillator that
produces 25Mhz.

User1/0

Four pushbuttons and twelve slide switches are provided for circuit inputs. Pushbutton inputs are
normally low and driven high only when the pushbutton is pressed. Slide switches generate
constant high or low inputs depending on position. Pushbuttons and slide switches all have series
resistors for protection against short circuits (a short circuit would occur if an FPGA pin assigned to
a pushbutton or slide switch was inadvertently defined as an output).

Eight LEDs and a four-digit seven-segment LED display are provided for circuit outputs. LED
anodes are driven from the FPGA via current-limiting resistors, so they will illuminate when logic
'1" is written to the corresponding FPGA pin.

The development board uses 10 FPGA signals to create a VGA port with 8-bit color and the two
standard sync signals (HS - Horizontal Sync, and VS - Vertical Sync). A video controller circuit must
be created in the FPGA to drive the sync and color signals with the correct timing in order to
produce a working display system.

The FPGA board has two serial communication pins - the receiver, RX for receiving the data and the
transmitter, TX for sending the data. The RX pin of the FPGA board should be connected to the TX of
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the other device with which one wants to communicate. Similarly, the TX pin of the FPGA board will
be connected to the RX of the other device for the serial communication.

The development board provides 30-pin peripheral module ports. It provides 5V, 3.3V and two
signals. Several module boards/devices can be interfaced to the board through these pins. For
example A/D converters, speaker amplifiers, microphones, sensors etc.
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EXPERIMENT: 1
Objective: To design and implement two input OR gate on the FPGA Board.
Software: Xilinx ISE Design Suite14.5
Target Hardware: FPGA Board

Theory: The OR gate is a digital logic gate. It behaves according to the truth table given below:

Table 1.1: Truth Table OR Gate

A B Y
0 0 0
0 1 1
1 0 1
1 1 1

Boolean Equation for the OR Gate is Y=A+B.

A HIGH output (1) results if one or both the inputs to the gate are HIGH (1). If neither input is high,
a LOW output (0) results.

Procedure:

1. To start the Xilinx ISE design Suite 14.5, double-click on the Project Navigator icon on
your desktop, or select Start => All Programs => Xilinx ISE Design Suite => Xilinx ISE Design
Suite 14.5 => ISE =>Design Tools => Project Navigator.

2. The ISE Project navigator interface will be opened (Fig. 1.1). In Project Navigator, select
File => New Project.

EEEEIF IS

.
[8 corecte | @ Eres [ £ Warws [l FrdinFiesRenate
Crosta s new project

Fig 1.1: ISE Project navigator interface
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The New Project Wizard window will be displayed. In the Name field type OR_Logic (i.e.

name of the project) and in the Location field, choose the directory in which you have to
store the project. For the current project it is C:\Project\OR_Logic (Fig. 1.2)

Electronic System Design and Training

Create New Project

Specify project location and type.
Enter a name, locations, and comment for the project
Name: OR _Logic
Location: VC:Project\OR_Log'c
Working Directory: |C:\Project\OR_Logic
Description:

Select the type of top-evel source for the project

Top-level source type:
HDL

Fig 1.2: New Project Wizard window

Also, select HDL as the Top-Level Source type. You can also add project description if you
need.

Click Next. New Project Wizard—Project Settings page will be displayed.

Project Settings

Specify device and project properties.
Select the device and design flow for the project

Property Name Value =
Evaluation Development Board None Specified -
Product Category All -

Fam Spartan6 -
Device XC6SLX4 -
Package TQG144 -
Speed -3 -
Top-Level Source Type HDL -
Synthesis Tool XST (VHDL/Verilog) -
Simulator ISim (VHDL/Verilog) -
Preferred Lanqguage Verilog -
Property Specification in Project File &w -
Manual Compile Order
VHDL Source Analysis Standard T I |

Fig 1.3: Project setting page
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Select the following properties in the Project Settings to specify project and device
properties:

* Product Category: All

¢ Family: Spartan6é

» Device: XC6SLX4

* Package: TQG144

e Speed: -3

« Synthesis Tool: XST (VHDL/Verilog)

¢ Simulator: ISim (VHDL/Verilog)

¢ Preferred Language: VHDL or Verilog depending on the preference. For the current
project choose Verilog. This will determine the default language for all the processes that
generate HDL files.

Other properties can be left at their default values. Click Next.

5. The New Project Wizard—Project Summary page appears.

Project Summary

Project Navigator will create a new project with the following specifications.

>

Project:
Project Name: OR_Logic
Project Path: C:\Project\OR_Logic
Working Directory: C:\Project\OR Logic
Description:
Top Level Source Type: HDL

Device:
Device Family: Spartané =|
Device: Xc631x4
Package: tgglséd
Speed: -3

Top-Level Source Type: HDL
Synthesis Tool: XST (VHDL/Verilog)
Simulator: ISim (VHDL/Verilog)
Preferred Language: Verilog ]
Property Specification in Project File: Store all values
Manual Compile Order: false

VHDL Source Analysis Standard: VHDL-93 o

(e J [ come

Fig 1.4: Project Summary page

Verify the Project Summary and click Finish.

6. The ISE Project Navigator interface will be as shown in Fig.1.5.



Electronic System Design and Training

File Edit View Project Source Process Tools Window Layout Help

n wO6X

Hierarchy

) OR Logic
5 () sefebd-3tgidd

Empty View

| The view currently contains no fles.
| You can add fes to the project
1 wsing the toobar at left, conmands
1 from the Project meny, and by
| usng the Design, Fies, and
| Lbranes panels.

s 2k |is B |F

|
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Fig 1.5: ISE Project Navigator

7. To create new source file, select Project => New Source. The New Source Wizard window
will open in which you have to specify the type of source you want to create. Select Verilog
Module as the Source Type and enter a name “OR_gate” for the new source in the File

Name field. Click Next.

Select Source Type

Select source type, file name and its location.

[©] Schematic
User Document

[p] VHDL Package
g VHDL Test Bench
g Embedded Processor

[ IP (CORE Generator & Architecture Wizard)

File name:

IOR _gate|

Location:

|c:\Project\OR_Logic

[¥] Add to project

[ next

) [ concel |

Fig 1.6: Select Source Type
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8. In the Define Module page, enter the port information for the “OR_gate” as follows (Fig
1.7):
a. In the first three Port Name field, enter ‘y’, ‘a’ and ‘b’.
b. Setthe Direction field to output for ‘y’ and to input for ‘a’ and ‘b’
Leave the Bus check boxes as it is.

Click Next.

Define Module

Spedify ports for module.

Module name |OR_gate

Port Name Direction Bus MSB LSB

y output ~| [

3 input v

b input x| [
input v [
input v [
input v
input v [
input v [
input [
input v
input [

Fig 1.7: Define Module window

9. Summary window of the source file will be displayed (Fig 1.8). Check the source summary
and click on Finish.

Summary

_ Project Navigator will create a new skeleton source with the following specifications.
Add to Project: Yes

Source Drectory: C:\Project'OR_Logc

Source Type: Veriog Module

Source Name: OR_gate.v

Module name: OR_gate
Port Definitions:

Yy

]

b

output
nput
nput

IF3

|tk | [ coes ]
Fig 1.8: Summary Window
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10. In the Xilinx ISE interface you can see that the new source file “OR_gate.v” has been added to

the project.

[ ISE Project Navigator (P.5Bf) - C\ProjectiOR LogiaDRILS

i

[2) File Edit View Project Source Process Tools Window La‘ynul Help
DAHP S| & Xoo| 2288 2RI RED| LRI PLL]
Design 208X & 1 [tinescale ins / ips
View: @ {6 Irplementation ) Bff Smulstion 5= 2 [T
& | Hierarchy | 5
2l | [ s
(gl | 7'7] OR_Logic e 5
& (0 xchehd-3tqqldd ‘ 6 16:1 2
1 m;n OR_gate (OR_gate.v) 7
o 2 g OR_
] &
a | A 10
y || 22
J o] a2
= | 2] 13
‘ 4 14 Dependencies:
1 | 15
¥ 16
P | T2 NoProcesses Running 32
] | Processes: OR_gate ‘ P ‘z
9| - f  Design Summary/Reports i
20
= Design Utilities 21
A | @ UserConstraints 25
- | @ 8 Synthesize- XST 23
| @ 8 Implement Design 24
| &) Generate Programming File % ;
| @ @  Configure Target Device 26
@ Analyze Design Using ChipScope 2
28 endmodule
[ | e i
# Stat| 55 vesn |() Fes | ) thveres|| B OR_gate.v ol Design Summary
Errors
‘ i
5] "console | @ erors | ) wamings | T Consoe | 1pg Find nFies Resuts

Fig 1.9: OR gate Structure in the workspace

11. In the ISE Text Editor, a template of the Verilog source file, based on the information you
provided while creating the new source, is already generated by Xilinx ISE Design Suite (Fig
1.9). Now you need to complete the source code for the OR logic gate. For the current
experiment, data flow modeling style is used. You can also write the desired logic by using

gate level or behavioral modeling style.

1
2
3
e
s
6 // Create Date: 16:13:42 03/02/2016
=z // Design Name:
8 Name : OR_gate
8 // Project Name:
10 // Target Devices:
11 // Tool versions:
iz // Description:
i3 4
14 // Dependencies:
is
ie
17
is
is
20 SIS LIS IS SIS SIS SIS
21 module OR_gate(
22 ocutput v,
23 input a,
24 input b
25 )z
26
27 assign v= alb;|
28 endmodule

Fig1.10: Complete Verilog code Structure

10
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12. After entering the verilog code , save the file. The source file containing the Verilog code
displays in the Workspace, and the complete “OR_gate” displays in the Source tab (Fig 1.11).

D3EHP % & oo| i APRR LS
hsign «08 X g
view: © {8 implementation ) [l smulaton 3= |
J Hierarchy [
) ] OR Logic |

| & €3 xchshd-3tqgldd
[#)% OR_gate (OR gatew)

b | 82 NoProcesses Ruming A |

Processes: OR_gate

L Design Summary/Reports 20
3%  Design Utilties R
3 g User Constraints
3 80 Synthesize - XST
7 0)  Implement Design

1) Generate Programming File
o 1%  Configure Target Device

€4 Analyze Design Using ChipScope

R

28 endmodule

¢ [

|7 Strt| 88 Desgn | L] Fes [@Wubr;; E OR_gate.v <1k Design Summary

frors <08 X

q Conso!ew 0 Errors | J) Warnings I@ Td Console | ® Find in Files Results

Fig 1.11: Source Tab with complete Verilog code

13. After completing the code next step is to check its syntax and functionality. For this, select
Simulation Button in the Hierarchy window on the left pane as shown in the Fig 1.12.

3 File Edit View Project Source Process

OD2Ea| db X |o o
Design «+ 08 X
[ | view: © {8} Implementation @ [&& Simulation
& |Behavioral E]
5‘51 Hierarchy

=] OR_Logic
- £ xcbshd-3tqgldd
?_J OR_gate (OR_gate.v)
[

Fig 1.12: Hierarchy window
14. Now in Simulation window select the source file “OR_gate.v” and click on Behavioral

Check Syntax in the ISim Simulator in the Processes window to check for syntax errors.
If syntax errors are present, then they will be displayed in the Error window at the bottom.

11
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If the design contains no errors, then a green check will appear near the Behavioral Check
Syntax.

| File Edit View Project Source Process Tools Window Layout Help - |8x
¢ [ g [y [ ™
DAEP| %] & X|®a| »ipp R'SH[Z‘] ARO[ AR PEL)Y
fsion “08x & 2 I 4|
view: © 16 imlementation @ [ smuaton 5=| 3
1 [Behavioral o ¢
2 5
1| | Hierarchy o 6
A (ﬂOR_Loglc 7
0| 2 (3 xcshd-3tqgldd 8
i [¥) OR_gate (OR_gate.) 9 ]
| 10
i A 1
K ! 12
u Mo
& Al 1
%| 15
16 I3
Q| n
r £) NoProcesses Running Ol 1
[, | Processes: OR gate 19 . - N
20 LI
HER I5im Simulator 21 module OR gate(
b= ¥ Behavioral Check Syntax 2 i
i 8 Simulate Behavioral Model £ sl
et 23 input a,
1) 24 input b
25 ):
26
27 assign y= a|b;
28 endmodule
29 -
‘ i )
lp Start | 513 Desn | L) Fles | () Lorares| | [2 OR_gate.v [<1E Design Summary 3]

Fig 1.13: Simulation window

Now in order to check the functionality of the design, we have to apply test vectors and
simulate the circuit. In order to apply test vectors, a test bench file is written. Through test
bench, all the possible inputs are applied to the module and the output is verified. For the
two inputs “OR_gate” the test bench can be created by one of the following methods. Either
right click on the design (OR_gate.v) and select New Source or, click on New Source from
the Project menu. A New Source Wizard window will be opened. In the New Source
Wizard window select Verilog Test Fixture as shown in the Fig 1.14.

Select Source Type

Select source type, file name and its location.
BMM File

&= ChipScope Definition and Connection File
Eg Implementation Constraints File

% IP (CORE Generator & Architecture Wizard)

[©] Schematic [ S
=] User Document
V] Verilog Module OR_gate_test]

W] Verilog Test Fixture

) VHDL Module Socmon

) VHDL Library C:\Project\OR_Logic
[¢] VHDL Package

] VHDL Test Bench

s Embedded Processor

| [¥] Add to project

(e ]
Fig 1.14: Verilog Test bench

12
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16. Write the test bench name in the File name field. Here the test bench name is “OR_gate_test”.
Click Next.

17. In the Associate Source window, select the source file with which you want to associate the
test bench (Fig 1.15). Click Next.

Associate Source

Select a source with which to assodate the new source.

=== i) (comes |

Fig 1.15: Associate Source

18. Now in the Summary window verify the test bench summary and click Finish (Fig 1.16).

Summary

__Project Navigator wil create a new skeleton source with the following specifications.
Add to Project: Yes
| Source Directory: C:\Project\OR_Logic

Source Type: Verilog Test Fixture

Source Name: OR_gate_test.v

| Association: OR_cate

Fig 1.16: Summary window

19. The ISE project navigator will generate template for the test bench as shown in the Fig
1.17.

13
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I_J“VEIU\ - D) AN®F =] v’" Ll ﬁ:"- [ ) == a1 & N¢ Vl_z'KV \./7
Design 08X € 22 //
] View: () Il\:lilmplementaﬁon © [ simulation 5= 23 SIIIIILTETEELTETEEL LR EET LA EEE LA
;E] Behavioral z| — 24
25 module OR gate_test;
[fz] | Hierarchy © 26 // Inputs
& OR_Logic 27 reg a;
= €3 xcbsbd-3tqgldd 28 reg b;
=} OR_gate_test (OR_gate_test.v) 29 // Outputs
uut - OR_gate (OR_gate.v) e 30 wire y
A 31 // Instantiate the Unit Under Test (UUT)
% 32 OR_gate uut (
" 33 v(v),
Al 34 .a(a),
» 35 .b(b)
e 36 ):
LS4 37 initial begin
» T2 No Processes Running ®| 3s // Initialize Inputs
1 | No single design module is selected. o 23 Z j g;
9| =% Design Utilities 5 p "
= €2  Update All Schematic Files 4
70| @ ®) Compile HDL Simulation Libr.. =
= Regenerate All Cores 4
= % CheckAll Core Versions a5
46 end
47
48 endmodule
49

< [ m

& Start ‘ BI§ Design ‘N‘j Files I[E Libraries‘ = Design Summary xJIE] OR_gate_|

Fig 1.17: Test bench template
The ISE design tool detects the inputs and outputs in the source file and creates a template
instantiating the original source module and provides initial values.

20. Give different input values for ‘a’ and ‘b’ after 100 units of time delay. After writing all the
input combinations for ‘a’ and ‘b’ save the code (Fig 1.18).

Desgn o008 X & 27
View: ﬁ&lwemenlanon ° Smuanon [ 28
y El 29 ts
glewod 000 | #
J; Hierarchy ) 31 / tiate the Unit Under Test (UUT)
= # OR_Logic 32 OR_gate uut (
10 | & £ xchshd-3tqgléd 33 YY),
= [¥) OR_gate_test (OR_gate_testy) . 34 .a(a),
- [¥) uut- OR _gate (OR_gate.) 35 -b(b)
a Al 36 ):
% 37 )n‘.:xa‘f begin
38 / Imit b
= % 39 a=0
4 40 b=0
41 W 18 fo loba ese t
- 42
P | 82 NoProcesses Running 43 // Rdd stimulus here
{| No single design module is selected. :: :-26 bl
|2 % Design Utilties % 3;4. b=0;
€)  Update All Schematic Files pos 5.35
A # @)  Compile HDL Simulation Libr.. 48 RE e
= & Regenerate All Cores 4; -
% Check All Core Versions 50 il
51
52 endmodule
53
54
«| i
# Strt| 3 Desgn [() Fies | ) Lireres| [ £ Design Summary B OR_gate._test|

Fig 1.18: Compiétér'lr"'estbench"

21. After editing the test bench, click Behavioral Check Syntax in the Processes window to check
for syntax errors in the test bench. If there is no error double click Simulate Behavioral
Model (Fig 1.19)

14
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Design — O & =
Vieww: {S5F Implementation @ (& Simulation

Behavioral [ =

Hierarchy
-Fj! OR_Logic
=} End xc6sh4d-3tgglad
= OR_gate_test (OR_gate_test.wv)
uut - OR_gate (OR_gate.w)

|6 8|

€2 ™o Processes Running

Processes: OR_gate_test
= ISirm Simulator
[ ™) Behawvioral Check Syntax

- Simulate Behaviora

1|85 8]V

= Start | =12 Design Y rFiles liﬁ Libraries |

Fig 1.19: Process Window

22. A new window showing the waveforms for the inputs and outputs of the design will open. The
simulated waveform for the “OR gate” is shown in the Fig 1.20. The simulation is successful
here as the output is verified for the OR gate.

O poke W

v

Fig 1.20: Simulation Result

23. Next we have to select Implementation button in the Hierarchy window on the left pan (Fig
1.21) for the hardware implementation of the design.

15
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Design «08 X |
[ View: © @Implementaﬁon ©) Simulation \

Fig 1.21: Hierarchy Window

24. Now we have to synthesize the design. The synthesis tool takes the HDL code and generates a
netlist for the Xilinx implementation tools. The synthesis tool performs the following steps to
create the netlist:

= Check Syntax: Checks the syntax of the source code.

= Compile: Translates and optimizes the HDL code into a set of components that the
synthesis tool can recognize.

= Map: Translates the components from the compile stage into the target technology’s
primitive components.

Right click on the Synthesize-XST and then select Run as shown in Fig 1.22. If the design is
successfully synthesized then green check will appear near the Synthesize-XST as shown in Fig
1.23 and "Process "Synthesize - XST" completed successfully” message is displayed in the
console window.

2 NoProcesses Running A @
J

ot » | F) NoProcesses Running

Processes: OR_gate

e i i ' | Processes: OR gate
#- %  Design Utilities .

#-X  User Constraints

L Design Summary/Reports

| &
o PR Y
Implement Design FrRn e W%  Design Utilities
v

Q
(@) Generate Programmipg File ReRun - % User Constraints
%  Configure Target Device w8 -',”-Q‘ Synthesize - XST

Rerun All

€+ Analyze Design Using ChipScq _ T
X, Stop < @)  Implement Design
Siee e feyot {2  Generate Programming File
St | B8 pesn | () Fles | () by eProcestptodite ) @@  Configure Target Device
, | Implement Top Module €4 Analyze Design Using ChipScope

Design Goals & Strategies... ||

‘ ?{ Process Properties...

I TE— # Strt | B3 Desgn | ) Fies | (D) braries

Console [ o Errt;rs ’J} Warnings |@ Td Console !xﬁ Find in Files Resy

Fig 1.22: Processes Window-Synthesis Fig 1.23: Synthesis successful

25. Synthesize tool can generate a schematic representation of the HDL code that you have entered.
A schematic view of the code gives the graphical connection between the various components.
Following are the two forms of schematic representation:

¢ RTL View: Pre-optimization of the HDL code.

* Technology View: Post-synthesis view of the HDL design mapped to the target technology.
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In order to view a schematic representation of the HDL code, in the Processes pane expand
Synthesize (click the + sign), and double-click View RTL Schematic or View Technology
Schematic. “Select RTL/Tech Viewer Startup Mode” window pops-up. It provides two
options for the startup mode, select the second option: “Start with a schematic of the top-
level block”. Click Ok.

OR_gate:1
OR_gate . - 3
4 A __ or2
i
N 4 :
A A
OR gate OR gate
Fig 1.24: RTL Schematic Fig 1.25: Internal View of RTL schematic

Fig 1.24 represents the RTL schematic view of “OR_gate.v” and to see a detailed view of the
RTL schematic double click on the Fig 1.24 you will get the internal gate level diagram as shown
in the Fig 1.25. Similarly, you can get the view for the Technology Schematic.

26. Next step is the design implementation. But before design implementation we need to assign the
pin usage for the chip. For this we have to write the User Constraints File (UCF).

The user constraints file (or implementation constraints file) is used to specify the actual pins
on the FPGA to which the ports in the top most entity are mapped. In practice, FPGAs in all
applications would have been mounted on a board with peripheral devices and thus specifying
pins as either inputs or outputs based on peripheral connections.Refer to Appendix B for
complete UCF of the FPGA board.

For UCF File either right click on the design (OR_gate.v) from Hierarchy section and select New
Source (Fig 1.26) or click New Source from the Project menu (Fig 1.27). From the New Source
Wizard window choose Implementation Constraints File.
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Project Source Process Tools

Iy X |© o | »

[Cesign

view: @ {&§f Implementation ) [ Simulation &

eoe x| | |

Hierarchy
=] OR_Logic

BRE

.. OR_{

e8|k

= £ xcbshd-3tqglad

)
5| Add Source...
[§2] Add Copy of Source...

Open
&i] Remove

€2 No Processes R

Processes: OR_gat
% Design
& Design
e User Co|
@ 02 Synthes
@ €2  Implem
€2  Generat
@ 9  Configy
&+ Analyze

HE[HA|v

Manual Compile Order
8 Set as Top Module
SmartGuide...

» Implement Top Module
File/Path Display >

Expand All
Collapse All

B4 Find... Ctrl+F

| = Start | 3 Design

Design Properties...
|4 Source Properties...

Fig 1.26: New Source (Method 1)

Source Proccess Tools Vvﬂ

<&| Add Source...
gﬁ] Add Copy of Source...

Bf New Source...

New VHDL Library...
Manual Compile Order

Import Custom Compile File List...

Disable Hierarchy Reparsing
Force Hierarchy Reparse

Cleanup Project Files...

Archive...
Generate Tcl Script...

Design Goals & Strategies...

2= Design Summary/Reports
Design Properties...

Fig 1.27: New Source (Method 2)

cDAC

27.In Implementation Constraints File enter the name of the UCF to be generated (Fig 1.28).

Select Source Type

Select source type, file name and its location.

[ BMMFile

€* ChipScope Definition and Connection File
{2 Implementation Constraints File
IP (CORE Generator & Architecture Wizard)
[%) MEM File

[9] Schematic

|=] User Document

Verilog Module

] Verilog Test Fixture

% VHDL Module

[ VHDL Library

[f] VHDL Package

g VHDL Test Bench

g Embedded Processor

File name:

OR1
Location:

C:\Project\OR _Logic ‘ [;]

Add to project

[ren J[ cmn ]

—

Fig 1.28: Implementation constraints file

Make sure that Add to Project option is selected to add the constraints file to the project folder.

Click Next.

28. Summary Window will be displayed (Fig 1.29).Select Finish.
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Add to Project: Yes
Source Directory: C:\Project\OR_Logic

Source Type: Implementation Constraints File
Source Name: OR Lucf

Association: OR_gate

Fig 1.29: Summary Window

29. A blank window will appear in a new tab having the design name with .ucf extension. Here the
tab “OR1.ucf” is generated as shown in the Fig 1.30.

%ﬁll Edit View Project Source Process Tools Window Layout Help =} ﬂ‘u
D2E@L[xnoxwel f228R 2B R0 SR P L9
Design w08 X | T

(5] |Vew: © 8 implenentaton ©) [ smuaton
Hiesarchy ‘ =

] OR Logic I=
& £ xchshd-3tagldd

& Iﬂi"., on_iaze (on_im.v)

EIEE LRI D

P | 82 NoProcesses Running

CO|¥¥ e > s

11, | Processes: ORL.ucf
2| @ Y User Constraints

L st |3 oesin | () Fles | Q) torees| 2] OR gatey ors Desig Summary oR ORLucf ]

prrors w08 X

El m\d grro:s [ Warngs [ @ T Conole [ 16 Fndi FlesRests |

Fig 1.30: Blank UCF

30. In the UCF, enter the constraints for each input and output.
The syntax to add a constraint manually is :
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NET "input/output/clock” LOC = pin number;
The UCF written for the “OR_gate” module is as follows:

NET "a" LOC = P93;
NET "b" LOC = P92;
NET "out" LOC = P105;

After adding the constraints save the UCF.

| ISE Project Navigator (P.58f) - C:\Project\OR_Logic\OR.

- File Edit View Project Source Process Tools Window Layout Help

D2EF| % % x|wa| ALER AR =S !elirvcLlQ
Design 08 X| & 1 NET "a" LOC=P93;

[F | View: @plementatjon‘ @Slmulamn = 2 NET "b" LOC=P92;

bt = 3 NET "y" LOC=P105;|

£&| | Hierarchy

& ] OR_Logic o

=1 £ xcbshxd-3tqgldd
=} uun OR_gate (OR_gate.v)

| e |

- [ ORL.ucf “
/‘
@ »
s %

' %
» | P2 NoProcesses Running - )
7{ | Processes: ORL.ucf T
| ® y User Constraints
({:

< 1

Fig 1.31: UCF for OR gate

31. After writing the UCF, we will proceed with the Implement Design step. Design

32.

implementation is the process of translating, mapping, placing, routing, and generating a bit file
for the design. For this right click on Implement Design and select Run as shown in Fig 1.32. If
the design is implemented successfully then green check will appear near the Translate, Map
and Place & Route process as shown in Fig1.33.

Now right click on the Generate Programming file and select Run as shown in Fig 1.34. This

will produce the bitstream file. The bitstream file is the configuration file to be downloaded to
the chip.

If the Generate Programming File process is successfully completed the “Process Generate
Programming File completed successfully” message is displayed in the console window.
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O] 17 // ey

) NoProcesses Running Ol 1 /7 1
|Processes: OR_gate = iz j ; 1

E Des?gn Su'rvrnary/Reports 21 moduld

] Design Utilities 22 o
# User Constraints :

. : 23 i
-0 Synthesize - XST o i
B2 ' Implement Design

f)  Generate Programming Fi m
] Configure Target Device ReRun
A YAy N
€4 Analyze Design Using Chig Rerun Al
Et Stop
= View Text Report
Jstart i Files
% vesn |0 [D Force Process Up-to-Date
» Implement Top Module
Design Goals & Strategies...
B4, Process Properties...

Fig 1.32: Implement Design

33. The Design Summary tab lists the summary of the design, including any errors or warnings.

(@2 -

) No Processes Running

Processes: OR_gate .

Design Utilities

User Constraints
fE) Synthesize - XST
=8 & Implement Design

F(C) Translate

QQ Map

#)() Place & Route
@) Generate Programming File
@ Configure Target Device
€4 Analyze Design Using ChipSc...

m

ID Libraries

Ufj Files

Start

B} Design

Fig 1.33: Implementation successful

Processes: OR_gate

Design Utilities
User Constraints
T2 Synthesize - XST
=8 Implement Design

E2E) Translate

= ) Map

&+ @AED Place & Route
. Generate Programming File
Configure Target Device
Analyze Design Using ChipSc.

n

ReRun

is £ 4

20 L7777 77

21 module CH

22 outpy

23 input

24 input

25 )z

26

2k assign vyI
All

Start | B3 Design |1 Fies | [ Lb

Rerun

E’t Stop

" |

Console

View Text Report
Force Process Up-to-Date

» Implement Top Module
Design Goals & Strategies...

S, Process Properties...

o Errors ’JB Warnings l

Fig 1.34: Generate Programming File

This can be accessed from Project -> Design Summary/Reports in the dropdown menu.

34. Now for programming the FPGA, connect the board to the computer through the USB cable

provided and switch on the power supply of the board.
35. Open CDAC FPGA Board programmer (Fig 1.35).
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File Name |

File Size(Bytes

)|
o ] ] N

|—Slalus

Progress

Fig 1.35: CDAC FPGA Programmer

36. Click Load File tab and navigate to the directory containing the desired folder in which your
project is stored. Select the ‘bit’ or ‘bin’ file.

File Name lor_gate.bit

File Size(Bytes) [340696

[ Status
File loaded successfully[ C:\Project\OR_Logichor_gate.bit ]

Progress

Fig 1.36: or_gate.bit

37. The size of the bit file will be displayed in “File Size” field. If file is loaded properly then in
status window message “File loaded successfully” will be displayed.

38. Now after loading the file, you have to program the board. Click “Program” to program the
FPGA.

22



Electronic System Design and Training CoNC

File Name |or_gate.bit

File Size(Bytes) 340696

|—Statu5

File Opened

INIT is High

Waiting for DOME to go High...
DOME goes High

! —
Progress HHNNERNNRRENERRENEEEENI

Fig 1.37: Programming the FPGA

39. When the FPGA is programmed successfully then a message “DONE goes High” will be
displayed in the Status console at the bottom of the window (Fig 1.37). Also a red LED on the
board will glow to indicate that the FPGA has been programmed successfully.

40. With the board having been programmed you can now verify your design. Remember, from the
User/Implementation constraints file, that the two switches are used as inputs (SW3 for “a”
and SW4 for “b”) and a LED (D9) is used for “y”. Provide various input combinations using the
switches and verify that the outputs are correct.

Verilog code for the OR gate

module and_gate(
outputy,
input a,
inputb
);
assign y=a|b;
endmodule

User Constraints File (UCF) For OR gate

NET “a” LOC = “P93”;
NET “b” LOC = “P92”;
NET “y” LOC = “P105”;
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EXPERIMENT: 2

Obiective: To Design and implement 4:1 Multiplexer on FPGA Board.
Software: Xilinx ISE Design Suite 14.5
Target Hardware: FPGA Board

Theory: A multiplexer is a device that selects one of several digital input signals and forwards
the selected input into a single line. A multiplexer of 2n inputs has n select lines, which are used to
select which input line will be passed to the output. Multiplexers are mainly used to increase the
amount of data that can be sent over the network within a certain amount of time and bandwidth. A
multiplexer is also called as a data selector. Multiplexers can also be used to implement Boolean
functions of multiple variables.

The block diagram and the truth table for 4:1 Multiplexer is shown in Fig 2.1.

iy oS 0 51 m Y-
0 0 DO
p1 1 4-1o-1
MUX O/p .y 0 1 D1
D2 - o Z
1 0 D2
L3 13 1 1 D3
S0 51
Fig 2.1: 2:1 MUX and its truth table
Procedure:

1. To start the Xilinx ISE design Suite 14.5, double-click on the Project Navigator icon on your
desktop, or select Start => All Programs => Xilinx ISE Design Suite => Xilinx ISE Design Suite
14.5 => ISE =>Design Tools => Project Navigator.

2. The ISE Project navigator interface will be opened. In Project Navigator, select File => New
Project.

3. The New Project Wizard window will be displayed. In the Name field, type “Multiplexer” and in
the Location field, browse to C:\Project or choose the directory in which you want to store the
project. Select HDL as the Top-Level Source Type and click Next (Fig 2.2).
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& New Project Wizard @ & New Project Wizard
Create New Project Project Settings
Spedify project location and type. Spedify device and project properties.
Select the device and design flow for the project
Enter a name, locations, and comment for the project
i F Evaluation Development Board None Specified >
e s Product Category All 2
Location: Ci\project Multiplexer () Family Spartanb I+l
Working Directory: |C:\Project\Multiplexer D Device XCBSLX4 é‘
Description: Package TQGL44 v/
dpton: The Desired Multilexer have Four Data Input Lines , Two Select Input Lines and One Output | s =
Line, peed 3 154
Top-Level Source Type HDL
Synthesis Tool XST (VHDL/Verilog) BE
Simulator ISim (VHDL/Verilog) v
Preferred Lanquage Verilog E
P 5 T : =
Seect the type of top-evel source fo the project roperty Specification in Project File S}cre allvalues |}
Il | Manual Compile Order i
Topdevel source type: VHDL Source Analysis Standard VHDL-93 [+
oL [+l
Enable Messaqe Filtering = I
[ More1nfo Next Cancel | ——— =
| (oo | | == | | Moerfo | Mot | [ cance ||
I = e
Fig 2.2: New Project Fig 2.3: Project Properties

4. Next in the New Project Wizard - Project Settings page, select the following to specify project
and device properties (Fig 2.3):
e Product Category: All
e Family: Spartan6
e Device: XC6SLX4
e Package: TQG144
e Speed: -3
« Synthesis Tool: XST (VHDL/Verilog)
e Simulator: ISim (VHDL/Verilog)
ePreferred Language: VHDL or Verilog depending on the preference. For our project we will
choose Verilog. This will determine the default language for all the processes that generate HDL
files.

Other properties can be left at their default values. Click Next.
5. Verify the Project Summary and click Finish (Fig 2.4).

6. Now in the ISE Project Navigator Environment, select Project -> New Source. Select Verilog
Module as the Source Type and enter a name “Mux” for the new source in the File Name field (Fig
2.5). Click Next.

7.1n the Define Module page, enter the port information for the “Mux” as follows (Fig 2.6):

a. In the first three Port Name fields, enter ‘T, ‘Sel’ and ‘Y’.

b. Set the Direction field to input for ‘', ‘Sel’ and output for ‘Y’.

c. Since the input ‘T’ is a 4-bit vector, tick the Bus checkbox and set its Bus range from 3(MSB)
to O(LSB). Similarly for the input ‘Sel’ set the Bus range from 1(MSB) to O(LSB) as it is a 2-bit
vector.

Click Next.
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Project Summary

Project Navigator will create a new project with the following specifications.

Project:
Project Name: Multiplexer
Project Path: C:\Project\Multiplexer
Working Directory: C:\Project\Multiplexer
Description: The Desired Multiplexer have Four Data Input Lines , Tw
Top Level Source Type: HDL

Device:
Device Family: Spartané
Device: xc6és1lx4
Package: tggl4d
Speed: -3

Top-Level Source Type: HDL
Synthesis Tool: XST (VHDL/Verilog)
Simulator: ISim (VHDL/Verilog)
Preferred Language: Verilog
Property Specification in Project File: Store all values
Manual Compile Order: false
VHDL Source Analysis Standard: VHDL-93
[0

| Finish

Fig 2.4: Project Summary

Select Source Type

Select source type, file name and its location.

t/ IP (CORE Generator & Architecture Wizard)
(0] Schematic

=] User Document

] Verilog Module

Ii#] Verilog Test Fixture

VHDL Module File name:
VHDL Library )
[P] VHDL Package lMux
VHDL Test Bench .
4 Embedded Processor Location:
,C:‘Proje:twdb'plexer ‘ @I

Add to project

[ et |[ cancel

Fig 2.5: New Source Wizard
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K3 NewSource Wizar
(€

Define Module Summary
Specify W“§ for modue. Project Navigator wil create a new skeleton source with the following specifications.
Module name | Mux Add to Project: Yes
= Source Directory: C:\Project Multiplexer
Port Name: Direction Bus MSB LB Source Type: Verlog Module
1 [ 3 0 Source Name: Mux.v
Sel 1 0 Module name: Mux
Y Port Definitions:
i Bus: 30 input
Sel Bus: 10 input
Y Pin output

=]
OooooDEoooE o E|E

=

Fig 2.6: Module Definition Fig 2.7: Module Summary

8. Next the summary of the module will be displayed (Fig 2.7). Check the source summary and click
Finish.

9. In the Hierarchy window you can see that the new source file “Mux.v” has been added to the
project “Multiplexer”.

E] File Edit View Project Source Process Tools Window Layout Help

DEEFLsnbx|ve] 223 ~ B =8 ac[Lseirc L
Pesign HI:IEX‘ < 2 SIS LIS PP PSPPI
Hi | view: @ {(:h}!molementaﬁon © 8 simulation  §= 3 // Company:

= = — 4 // Engineer:
E]| | Hierarchy s 7/
G E] Multiplexer - 6 // Create Date: 12:08:13 03/09/2016
—| & [#] xc6ﬂx4-3tqgl44 == 7 // Design Name:
G A% Mux (Muxy) 8 // Module Name: Mux
= v 9 // Project Name:
ﬂ = 10 // Target Devices:

A Y ;; gccl versions:

% 12 escription:

L 13 7/

_— » 14 // Dependencies:

- %% is /7

= 16 // Revision:
. @ 17 // Revision 0.01 - File Created

:‘ T2 NoProcesses Running 5 18 // Rdditional Comments:
174, | Processes: Mux —| 22 #

= , 20 SSIIIIILIIIIIIILIIL ISP ISP
B = Design Summary/Reports 21 module Mux(
= g Design Utilities o= input T4:05
F;E & User Co'nstralnts 23 input [1:0] Sel,

= €2  Synthesize - XST 5a cutput ¥

=< €2  Implement Design 25 3

(&) Generate Programming File 26 | ’
%  Configure Target Device 57
e Analyze Design Using ChipScope 28 endmodule
29
< | [0
= Start | =3 Design |1 Fies [ D) Libraries| ) Mux.v 8=
— —

Fig 2.8: Mux.v added to the project

10. In the ISE Text Editor, a template of the Verilog source file, based on the information you
provided while creating the new source, is already generated by Xilinx ISE (Fig 2.9). Now you
need to complete the source code for the multiplexer. For this example we have used
behavioral modeling (Fig 2.10).
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ols Window Layout Help T = = S e T =
T y T T = i B 2 30 M [ = B M ? h Y
(ALPBRABIR RET LR PELQ (2EREARM BATE AN ETLL ]
= e Z LI . 16 // Revision:

2 [T iiiiilnl 17 // Revision 0.01 - File Created

3 /Z’: : 18 // RAdditional Comments:

: i 19 //

g4 gz s 20 1117177177171 7170707077177707070107701777
s ” 12:08:23.03/09/2015 21 module Mux(
L 22 input [3:0] I,

Z /) e e 23 input [1:0] Sel,

10 // 24 output Y

1/ 25 ):

12 // 26 reg Y;

13 // 27 always@(Sel or I)

114 // 28 begin

15 // 29 if (Sel==2'b00)

16 // 30

a7 i/ 31 Y=I[0];

8 // n 32 else if(Sel==2'b01)

19 // S

20 /\"/v//r‘////I//v’/r‘/r/‘/ ’\I/’r//v’/r‘/l\l /,////,’//‘/.’ / ’\I//r//v’/r/// /’\//v’/r‘//‘/ /’\I//v’/r‘/r/‘/ ’\I/’\//v’/r‘ 34 Y=I [l];

21 module Mux( 35 else if(Sel==2'bl0)

22 input [3:0] I, 36

23 input [1:0] Sel, 37 Y=1[2];

24 output ¥ 38 else

25 ): 39

2 | 40 ¥=1(3];

21 41 end

28 endmodule 42 endmodule‘

29 43

Fig 2.9: Incomplete Mux module Fig 2.10: Complete Mux module

11. Save the module. After writing the code next step is to check the syntax and functionality of the
design. For this we have to select Simulation button in the Hierarchy window on the left
pane (Fig 2.11).

D2EHP & [ X | o |

esign - 08 x| q
i View: () I_'l‘:g}lmplementaﬁon © f@ simulation 5

%l |Behavioral vl
1 | Hierarchy e
;— : fﬂ Multiplexer

| = B xcbshd-3tqgldd

- Mux (Mux.v) "‘
s A
B A
= -

Fig 2.11: Simulation

12. Now in Simulation window select the source file “Mux.v” and click on Behavioral Check
Syntax in the Processes window to check for syntax errors. If errors are present, they will be
displayed in the Error console at the bottom. If the design contains no errors a green check
will appear near the Behavioral Check Syntax.

28



Electronic System Design and Training

(@2 -

O R
Pesn .
ile Created
|
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7| Hierarchy o | 20 //1IIINITHLIEITEIEIEEIILEL LI LI
5|~ € Mutipee 21 module Mux(
50 | 5 €3 acsbd-3tagldd 2 input [3:0) I,
() Mo M) o 2 input [1:0) Sel,
| —| 2 output ¥
Al 25 ):
1 26 reg¥:
E ? 27 alvays@(Sel or I)
= A| 28 begin
%| 29 if(Selws2'b00)
30
) (] ¥=1(0);:
> | & Nofrocesesumig O 3 et se(ser=2noy)
71, | Processes: Mux 5
. Sim Simut 34 Y=I[1]; E
f(=d - 35 else if(Sel=2'b10)
I ¥ Behavioral Check Syntax %
ix @ Smulate Behavioral Model P, ¥=I1{2);
| 38 else
39
40 ¥=I[3);
4 end
42 endmodule
4 -
‘ m ‘ »
7 S| 5 desn | Fies | ) thrres| Moy [ Desen Sunmary X
Erors o088 X
‘ ! m ]
(1] cosoe| Q) £rus | L) weronws | @ Tcorsse | 4 FrdniesResits|

Fig 2.12: Behavioral Check Syntax

13. Now you have to write the test bench for checking the functionality of the design. Right click on
“Mux.v” and select New Source. In the New Source Wizard window select Verilog Test
Fixture (Fig 2.13). Write “Mux_test” in the File name field for the test bench. Click Next.

Select Source Type

Select source type, file name and its location.

BMM File
€* ChipScope Definition and Connection File
[] Implementation Constraints File

« IP (CORE Generator & Architecture Wizard)

[=] User Document
Verilog Module
Ii#] Verilog Test Fixture
%) VHDL Module
VHDL Library
[¢] VHDL Package
) VHDL Test Bench
g Embedded Processor

File name:

‘ Mux_test]

Location:

i C:\Project\Multiplexer

Add to project

Fig 2.13: Testbench
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14. In the next window, select the source file to which you want to associate the test bench (Fig
2.14). Click next, check the summary and click Finish (Fig 2.15).

Associate Source

Select a source with which to assodiate the new source,

Fig 2.14: Associe Source

Summary

Project Navigator wil ceate a new skeleton source with the folowing spedifications.
Add to Project: Yes

Source Directory: C:\Project Multiplexer

Source Type: Verilog Test Fixture

Source Name: Mux_test.v

Assodiation: Mux

(e ]
Fig 2.15: Testbench Summary

15. Template for the test bench is generated (Fig 2.16) with initial values instantiated.

[APPR A =8 Ripc L)@
24
25 module Mux_test;
26
27 // Inputs
28 reg [3:0] I:
29 reg [1:0] Sel:;
30
31 // Outputs
32 wire Y;
33
34 // Instantiate the Unit Under Test (UUT)
35 Mux uut
36 SI(I),
37 .S5el(Sel),
38 -Y(Y)
39 )
40
41 initial begin
42 // Initialize Inputs
43 I=20;
44 Sel = 0;
45
46 // Wait 100 ns for global reset to finish
47 #100;
48
49 // Bdd stimulus here
50
51 end
< i

Fig 2.16: Testbench for “Mux.v”

16. Initialize the input ‘I' and give different combinations of select (Sel) lines. After entering the

combinations save the code.
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25 module Mux test;

26 // Inputs

27 reg [3:0] I;

28 reg [1:0] Sel;

29 // Outputs

30 wire ¥;

31 // Instantiate the Unit Under Test (UUT)
32 Mux uut (

33 (D)

34 .Sel(Sel),

35 YY)

36 :

37

38

39

40

41 // Wai 0 ns for global reset to finish
42

43

44 // Add stimulus hereSel=2'b01;
45 Sel=2'b01;

46 #100

47 Sel =2'bl10;

48 #100

49 Sel=2'bll;

50 end

51

52 endmodule
i —T—

m

Fig 2.17: Complete Testbench

17. After editing the testbench, click on Behavioral Check Syntax in the Processes window to
check for syntax errors in the testbench.If no errors are present double click on Simulate
Behavioral Model (Fig 2.18).

Process Tof

ISim Simulator
T2@D Behavioral Check Syntax
: Simulate Behavicral Model

= 2

File Edit View Project Socurce
DD22EF| %X DD X<|w o
| Design O & x| =
view: ¢ ISF Implementation @ [58 Simulation ==
Behavioral | ==
Hierarchy I
=] Multiplexer
=} E.3 xc6sbx4-3tqgglad
= Mus_test (Mux_test.w) =
uut - Mux (Mux.w) —
P
e
P
e
- &2 MNo Processes Running =
=5 Processes: Mux_test

Fig 2.18: Behavioral Simulation

18. The simulated waveform for the “Mux” is shown in the Fig 2.19. The simulation is successful
here as the output is verified for the multiplexer.
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ESim (PBld) - [Dafmdtwcig)

[t ¥h
Fig 2.19: Simulation Waveform

19. For synthesis and implementation, select Implementation Button in the Hierarchy window on

the left pan (Fig 2.20).

| Design wUoX| ¢
] |View: @ @}Implementaﬁon © @Simulaﬁon ;

Fig 2.20: Implementation

20. For UCF File right click on the design (Mux.v) and select New Source. New Source Wizard

window will open.

21. Select source type as Implementation Constraints File and enter the file name as “Mux_UCF”
(Fig 2.21).

i

o New Source ‘Wiz;rd
—

Select Source Type

_ Select source type, file name and its location.
BMM File

€* ChipScope Definition and Connection File
‘ @ Implementation Constraints File

| & 1P (CORE Generator & Architecture Wizard)
MEM File

Schematic .

g User Document Fie pame:
Verilog Module
A Verilog Test Fixture 5
ﬁ VHDL Module Laeaion;
[y VHDL Library C:\ProjectiMultiplexer ==
[¢] VHDL Package
VHDL Test Bench

&% Embedded Processor

Mux_UCF|

[¥] Add to project

‘

Fig 2.21: UCF creation
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Make sure that Add to Project box is checked to add the constraints file to the project folder.

Click Next.

22. Check the summary. Click Finish (Fig 2.22).

Summary

Project Navigator will create a new skeleton source with the following specifications.

Add to Project: Yes

Source Directory: C:\Project\Multiplexer
Source Type: Implementation Constraints File

Source Name: Mux_UCF.ucf

Association: Mux

Fig 2.22: UCF summary

23. A blank window will appear in a new tab having the design’s name as “Mux_UCF.ucf”. Enter the
constraints for each input and output port (Fig2.23).

tiple:

pls

Window Layout Help

>

Arapm ~ R =B o=, £)EQ

a NET Sel[O0] LOC=P9S3:
2 NET Sel[l] LOC=P92:
= NET I[O0] LOC=PS88:
3 NET I[1] LOC=P87:
= NET I[2] LOC=PS85;
6 NET I[3] LOC=P84:;
X NET Y LOC=P105:
< T
Mux.v = ] 3. Design Summary (out ofdate) || ] Iéj Mux_te|

Fig 2.23: UCF Declaration
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24. Next we have to synthesize the design. For synthesis right click on the Synthesize-XST(Fig
2.24) and select Run. If the design is successfully syntheszied then green check will appear
near the Synthesize-XST (Fig 2.25).

| €] B
P | 82 Noproceses rming 0 71, | Processes: Mux
7 | Processes: Mu B L;J{: h' Design Summary/Reports
5{: L Design Summary/Reports ; o AR H
@ % Design Uiftes (- 4 Design Utilities
Eft [ % User Constraints l?t @ ,-,} User Constraints
MR Synthesize - XST N — - <
S E-8)  Implement Design =5 # l,;-'ﬁ SynthESIZC'XST
8 Genente Programming Fie ReRun #-fQ  Implement Design
2} % Configure Target Device Rerun Al v 3
@ Analze Design Using ChipScope | f)  Generate Programming File
(34! stop LE ; i
4 Sor # C& Configure Target Device
View Text Report = s Y v
€ Analyze Design Using ChipScope

” S'B”[EITz Design ’u Files [D Lbraries Force Process Up-to-Date

p Implement Top Module

Errors

Design Goals & Strategies.. ||

|
| E}t Process Properties...

# Start | B3 Design [I[) Fles | ) Libraries

Fig 2.24: Synthesize Fig 2.25: Synthesis Successful

25. Synthesize tool can generate two forms of schematic representation in the form of RTL View
and Technology View of the multiplexer HDL code. For schematic and technology view double
click on the RTL schematic and Technology Schematic.

Mux:1 L = ]
r 1
Mmux_Y1 B m =
Mimix_Y1
h 4
Mux L e J
Fig 2.26: RTL Schematic Fig 2.27: RTL schematic internal view

26. Next step is the implementation of the design.Right click Implement Design and click
Run.After successfull implementataion a green check will appear on all the three steps i.e.
translate, map and place & route (Fig 2.28).
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ATREA]Y

€2 No Processes Running

Processes: Mux
Design Utilities
User Constraints

m

; Generate Programming File
G- S Configure Target Device
€“  Analyze Design Using ChipSc...

Fig 2.28: Implement Design

27. Then we have to generate programming file. For that right click on the Generate Programming
file and click Run. This will generate the bit file which will be downloaded to the chip. If the
Generate Programming File process is successfully completed the “Process "Generate
Programming File completed successfully” message is displayed in the console window.

T

H |82 5|V

€2 No Processes Running

Processes: Mux

£} Design Utilities —
[ User Constraints
- @AC) Synthesize - XST

= #E) Implement Design
& 8QE) Translate
= 02
& 8@

" & Generate Programming File

-\
@u

Cenfigure Target Device
Analyze Design Using ChipSc...

m

Fig 2.29: Bitstream generation

28. Now for programming the FPGA, connect the board to the computer through the USB cable and
switch on the power supply of the board. A green LED near the power switch on the board will
turn on when the board is powered on.

29. Start CDAC FPGA Board programmer (Fig2.30).
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|

File Name |

File Size(Bytes) |

rSlalus

Progress

4
Fig 2.30: FPGA programmer interface

30. Click on the load file tab and go to the desired folder, select the “mux.bit” or “mux.bin” file.

File Name |mux.bit

File Size(Bytes) [340692

Status
File loaded successfully[ C:\Project\Multiplexer\mux.bit ]

Progress

Fig 2.31: Loading the bit file

31. After loading the bitstream file, program the board. For this, click Program. This will download
the bitstream file to the FPGA (Fig 2.32).

|

File Name |mux.bit

File Size(Bytes) [340692

Status

File loaded successfully[ C:\Project\Multiplexer\mux.bit ]

Progress INNNNNNNNNNRRNNNNNRNENI )

Fig 2.32: Program the FPGA

32. When the FPGA is programmed successfully then a message “DONE goes High” will be
displayed in the Status console on the bottom window. Also a red LED on the board glows to
indicate that the FPGA has been programmed successfully. Now the FPGA is configured as 4:1
Multiplexer.
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33. With the board having been programmed we can check the output on the board.
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|

File Name [mux.bit

File Size(Bytes) 340652

(Status

File Opened

INIT is High

Waiting for DONE to go High...
DONE goes High

Progress [IHNNNNERRNNNNNNENRRRREN 4

Fig 2.33: Programming successful

VERILOG CODE FOR THE 4:1 MULTIPLEXER

module Mux( input [3:0] I, input [1:0] Sel,output reg Y);

always@(Sel or I)

begin

if(Sel==2'b00)

Y=I[0];

else if(Sel==2'b01)

y=I[1];

else if(Sel==2'b10)

Y=I[2];
else
Y=I[3];

end

endmodule

User Constraints File (UCF) For 4:1 MULTIPLEXER

NET “Sel[0]” LOC="P93";
NET “Sel[1]” LOC="P92”;
NET “I1[0]”
NET “I[1]”
NET “I[2]"

NET “I[3]”

NET “Y”

LOC="P88”;
LOC="P87";
LOC="P85”;
LOC="P84";

LOC="P105";

37
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EXPERIMENT: 3

Objective: To design and implement full adder circuit on the FPGA Board.
Software: Xilinx ISE Design Suite 14.5
Target Hardware: - FPGA Board

Theory: In electronics, an adder is a digital circuit that performs addition of numbers. They can
be constructed for most of the numerical representations like Binary, Gray code, Excess - 3, Binary
Coded Decimal (BCD) etc. Binary addition is the most frequently performed task by most common
adders.

A one-bit half adder adds two 1-bit numbers and generates 2-bit output, referred to as carry and
sum. But it does not have the scope to add the carry bit from the previous position. This becomes
the limitation of half adder, especially in the real time applications where we need to work on
multiple bits.

A 1-bit full adder adds three 1-bit numbers, where two can be referred to as operands and one can
be referred to as bit carried in. Therefore, full adder overcomes the limitation of half adder by
taking in account the carry from the previous stage.

The truth table for the 1-bit full adder is shown in Table 3.1. A, B, and Cin are the three inputs
where, A and B are the operands, and Cin is a bit carried in from the previous less significant stage.

Table 3.1: Truth table Full Adder

Input Output
A B Cin Sum Carry
(o} (o} o) (o} (0]
(o} (e} 1 1 (0]
(0] i ] 0 1 (0]
(0] 1 1 o 1 |
1 o o 1 ()
1 0 1 0 1
1 1 o 0 1
1 1 1 1 1

Procedure:
1. Start the ISE 14.5 design suite; double-click the Project Navigator icon on your desktop.

2. From the toolbar, select File => New Project. In the New Project Wizard window type
“Fulladder” in the Name field and in the Location field, browse C:\Project or choose the
directory in which you want to store the project. Select HDL as the Top-Level Source Type and
click Next (Fig 3.1).
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@reate New Project
Specdify project location and type.

Enter a name, locations, and comment for the project

Name: Fulladder|

Location: | C:\Project\Fulladder

Working Directory: | C:\Project Pulladder

Description:

Select the type of top-level source for the project

Top-evel source type:

HDL

Fig 3.1: New Project

(@2 -

3. Next in the New Project Wizard - Project Settings page, select the following to specify project
and device properties (Fig 3.2):
¢ Product Category: All
e Family: Spartan6é
* Device: XC6SLX4
* Package: TQG144

e Speed: -3

* Synthesis Tool: XST (VHDL/Verilog)
¢ Simulator: ISim (VHDL/Verilog)
¢ Preferred Language: Verilog

Other properties can be left at their default values.

Click Next.

(€project Settings
Spedify device and project properties.

Select the device and design flow for the project

Property Name Value

Evaluation Development Board None Specified

Product Category All

Family Spartan6

Device XC6SLX4

Package TQG144

Speed =3

RAEARAR

Top-Level Source Type [HBL

Synthesis Tool XST (VHDL/Verilog)

Simulator 1Sim (VHDL/Verilog)

Preferred Lanquage Vgrilog

Property Specification in Project File  |Store all values

Manual Compile Order O

VHDL Source Analysis Standard |VHDL-93

[cliclclcl<]|

i More Info |

Fig 3.2: Project Properties
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(€project summary

Project Navigator will create a new project with the following specifications.

4. The New Project Wizard—Project Summary page appears as shown in Fig 3.3.

Project:

Project Name: Fulladder

Project Path: C:\Project\Fulladder
Working Directory: C:\Project\Fulladder
Description:

Top Level Source Type: HDL

Device:

Device Family: Spartané
Device: Xcéslx4
Package: tggléd
Speed: -3

Top-Level Source Type: HDL

Synthesis Tool: XST (VHDL/Verilog)
Simulator: ISim (VHDL/Verilog)
Preferred Language: Verilog

Property Specification in Project File:
Manual Compile Order: false

VHDL Source Analysis Standard: VHDL-93

Store all values

' More Info |

| swok [ mnen | cance

Fig 3.3: Project Summary

Check the Project Summary and click Finish.

@e‘lect Source Type

Select source type, file name and its location.

5. Now in the ISE Project Navigator Environment, select Project => New Source. Select Verilog
Module as the Source Type and enter a name “Fulladder” for the new source in the File Name

field (Fig 3.4). Click Next.

(9] Schematic

=] User Document
Verilog Module
W] Verilog Test Fixture
') VHDL Module

J |P (CORE Generator & Architecture Wizard)

VHDL Library File name:
[p] VHDL Package Fulladder|
(5] VHDL Test Bench 4
% Embedded Processor |-f‘3ﬁ°n=
|C:\Project Fullacder =

Add to project

| MoreInfo |

Fig 3.4: New Source

40

6. In the Define Module page, enter the port information for the “Fulladder” as follows (Fig 3.5):

a. In the first five Port Name fields, enter ‘a’, ‘b’, ’c’, ‘Sum’ and ‘Carry’.



Electronic System Design and Training CoNC

’

b. Set the Direction field to ‘output’ for ‘Sum’, ‘Carry’ and to ‘input’ for ‘a’, ‘b’ and ‘c’.
c. Leave the Bus designation boxes unchecked.

Module
Specify ports for module.

Module name iFuIadder

4

Port Name Direction

input

input

input
output

input

input

input

input

input

(4 Ed B4 E4 B4 E4 B4 4 B4 E4 RS

0|0|0|0|0|0|0|0|00o|0

input

g

Fig 3.5: Module Definition

7. Next the summary description of the module will be displayed (Fig 3.6). Check the source
summary and click Finish.

@ummary

Project Navigator will create a new skeleton source with the following specifications.

Add to Project: Yes

Source Directory: C:\Project\Fulladder
Source Type: Verilog Module

Source Name: Fulladder.v

Module name: Fulladder

Port Definitions:
a Pin input
b Pin input
[« Pin input
Sum Pin output
Carry Pin output

[ | [ | | [om

Fig 3.6: Source Summary
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8. In the Xilinx ISE interface you can see that the new source file “Fulladder.v” has been added to the
project (Hierarchy window). In the ISE Text Editor, the ports are already declared in the

Fulladder HDL file, and some of the basic file structure is already in place (Fig 3.7).

e T 5 ~
View: © {8 implementation ) [f] Simuaton & 4
| R B - S /
] [ Hierarchy 6 // e Date 11:39:20 04/13/2016
I & Fulladder o 7 // Design Name:
— | & £ xchsbed-3tqg144 8 // Module Name: Fulladder
o [Ad% Fulladder (Fulladdery) 9
o y 10
& 1
a Al 12
z o 13
) A
- 2 14
- A 15
Y, 3 16
=1 27
J| 18
P | 82 NoProcesses Running )| 10
21| Processes: Fulladder —| 20 //11111111111111 111111 11/ / ey
¢| | £ Design Summary/Reports 21 module Fulladder(
i & Design Utilities gg i:g:z :'
Al User Constraints 5 1:1;:u’ c'
+ nthesize - XST AR
urf ot 8 iynplementbesc n &3 OfETRG: S,
9 2z 26 ocutput Carry
€)  Generate Programming File 2 y:
# [%  Configure Target Device 38 %
€4 Analyze Design Using ChipScope 39
30 endmodule v
< >

& Strt | ©3 Desgn | () Fes | [ Lbeanes| | [2)

Fulladdery CIES Design Summary [

Errors

<

<08 X

[E] consdle @ Erors | 1) Wamings | @4 FindinFiles Results

Fig 3.7: Fulladder module structure

9. Next, you have to write the desired full adder logic. For this example dataflow modeling is used

(Fig 3.8).Save the file.

// Create Dacte:

// Design Name:

// Module Name:

// Project Name:
// Target Devices:
// Tool wversions:
// Description:

11:39:20 04/13/2016

Fulladdex

// Dependencies:

// Rewvision:
// Rewvision 0.01 — File Created
// Additional Comments:

IO PP OO PO O IO PII PO PIIPOIOOeee

module Fulladdex (
input a,
input b,
input c,
output Sum,
output Carry
)z

assign Sum—a"b~c’
assign Carry—ablbclca
endmodule

Fig 3.8: Complete Fulladder Module
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10. After writing the code next step is to check the syntax and functionality of the design. For this,

select Simulation Button in the Hierarchy window on the left pane (Fig 3.9).

File Edit View Project Source Process

D:.?HH” db -L"-“X|nr’
Design +0F X
View: () !:EEEImplemenEﬁnn (W) ﬂ Simulation

Behavioral W

Hierarchy

Fulladder
= £F xchshd-3tqgldd
- [¥] Fulladder (Fulladder.]

|l | S [ B Bin =

Fig 3.9: Simulation

11. Now in Simulation window, select the source file “Fulladder.v” and click Behavioral Check
Syntax in the Processes window to check for syntax errors. If errors are present, they will be
displayed in the Error console at the bottom. If the design contains no errors a green check will
appear near the Behavioral Check Syntax.

File= Edit BT Ty FProject Soouarce Proces=s

Ca = = =¥ |

L= =]

| To (5 >< | =2 <=

I Ch==siar

e = —

b BRE

YE

i
L

Ecshawicral

e G ﬁ:i‘:-'!:E Implemernt=thory e e Simulaton

et

His=srarchos
ERRR Fulladder
=i EDH xoGsled-Stogog =<1l

Eae- Fulladder (Fulladderow)

Y

é@\#@;@

i
1

[l Mo Procosssaes FRuammirng

Processaes: Fulladda=r
=-- 'ﬁ' ISirm Sirmulator
R taa Echawioral Theck Syrmitasx
e Sirmulate BEsehawicral PMod=l

Fig 3.10: Behavioral Check Syntax

12. For checking the functionality of the design, you have to apply test vectors and simulate the
circuit. Right click on the design (Fulladder.v) and select New Source. In the New Source
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(@2 -

Wizard window, select Verilog Test Fixture (Fig 3.11). Write the “Fulladder_test” in the File

name field for the test bench. Click Next.

Select Source Type

Select source type, file name and its location.

BMM File
€* ChipScope Definition and Connection File
] Implementation Constraints File
P (CORE Generator & Architecture Wizard)
MEM File
Schematic

Verilog Test Fixture
VHDL Module
VHDL Library
VHDL Package
VHDL Test Bench

%% Embedded Processor

File name:

(Fulladder_Test

Location:

lc: \Project\Fulladder

Add to project

Fig 3.11: Testbench for Fulladder

13. Next, select the source file you want to associate with the testbench. Click Next. Check the

summary and click Finish.

14. The ISE project navigator will generate template for testbench as shown in Fig3.12.

// Instantiate the Unit Undexr Test

24

25 module Fulladder Test:
26

7 // Inmputs

28 reg a:s

29 reg b’

30 reg o

S ek

32 // OCutputs

33 wire Sum’

34 wire Carrxry’

35

36

37 Fulladdexr uut (
38 -.a(a),

39 -b(b),

40 -c(c),

4943 - Sum (Sum) ,

42 .Carxry (Carxry)
43 )z

44

45 initial begin
486 // Imitialize Inputs
47 X (e H

48 uis== z;

49 c = 02

S0

(UUT)

Fig 3.12: Testbench template

The ISE tool detects the inputs/outputs from the source file and

creates a template

instantiating the original source module and provides initial values.
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15. Give different values for ‘@’, ‘b’ and ‘c’ after 100 units of time delay (Fig 3.13). After specifying all
possible combinations save the code. Click on Behavioral Check Syntax in the Processes
window to check for syntax errors in the test bench. If no errors are present double click on
Simulate Behavioral Model.

Hierarchy - a5 initial begin
'«fﬂ Fulladder 46 // Initialize Inputs
B £ xcbsixd-3tqgldd 47 a = 0;
& Fulladder_Test (Fulladder_Test.v) < 48 b =0;
uut - Fulladder (Fulladder.v) — 49 c=0;
4 50
51 // Wait 100 ns for global reset to finish
A :
52 #100;
A 53 a:=-0yb:=_0rc:=:13
% 54 #100;
T 55 a:= 0;b:=:1;c.=.0;
56 #100;
¥ No Processes Running : 57 oo D e s oo e
Processes: Fulladder_Test T 98 #100;
N e 59 a=1;b=20;c=0;
=] y ISxm Slmuator 60 £100;
- 62 #100;
63 a=1;b=1;c = 0;
64 #100;
65 a:malahem 2o m s
66
67 // BAdd stimulus here
68

Fig 3.13: Fulladder testbench

16. A new window showing the waveforms for the inputs and outputs of the design will be
displayed.The simulated waveform for the full adder is shown in Fig 3.14.

. S 200 rm w0 s 00 e ~

Phemn T R ‘..‘1.......}_.‘.:1......F..A.x.u,.f”f’...l‘“.J

3 ' | | 1 I |
-

MYy k I f ~—-L[ |

| 1

)

R — |

| J | I F— |

Fig 3.14: Simulated waveforms

17. For the implementation of the design, select Implementation Button in the Hierarchy window
on the left pan (Fig 3.19).
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 Design «+08 X| §

[H ’\ﬁew: @ {@:&} Implementation () ,-’;":', Simulation 5

Fig 3.15: Design Implementation

18. For UCF File, right click on the design (Fulladder.v) and select New Source. New Source Wizard

will open. Select source type as Implementation Constraints File and enter the file name as
“FA” (Fig 3.16).

@elect Source Type
Select source type, file name and its location.

BMM File
€4 ChipScope Definition and Connection File
[ Implementation Constraints File

¢ |P (CORE Generator & Architecture Wizard)
[&) MEM File
|0 Schematic ; .
|=] User Document e e
Verilog Module FA|
] Verilog Test Fixture T
i) VHDL Module oS
n VHDL Library C:\Project\Fulladder

VHDL Package

i) VHDL Test Bench
%% Embedded Processor

Add to project

=

Fig 3.16: UCF creation

Make sure that Add to Project box is checked to add the constraints file to the project folder.
Click Next. Check Summary. Click Finish.

19. A blank window will appear in a new tab having the design’s name as “FA.ucf” . Add the
constraints for each input port and output port (Fig 3.22).

2

prpm ~RAIEIT=ES m =] 22|
a3 NET 2y Can LOC = P93
=2 NET LOC = PSZ2:
3 NET LOC =— P88
a NET * LOC =P10S::>
s IbTET - > ¥ ez ILOC=P1049;
s

Fig 3.17: UCF declaration
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20. Next we have to synthesize the design. For synthesis right click on the Synthesize-XST and
select Run. If the design is successfully syntheszied then a green check will appear near the
Synthesize-XST as shown in Fig 3.18 and “Process "Synthesize - XST" completed
successfully” is displayed in the console window.

= &2 No Processes Running

741 | Processes: Fulladder ~
= = Design Summary/Reports

———1 & Design Utilities

[f:/rt = User Constraints

— | = ®2CD Synthesize - XST

View RTL Schematic

View Techneclogy Schematic

Check Syntax

Generate Post-Synthesis Si...
Implement Design

2
2 Generate Programming File =
- Lol 8 Ceanfices Iaroet Deocce

- Start ENZ Design Y Files [E Libraries

AR

|

!
el

|

Fig 3.18: Synthesis

21. Synthesize tool can generate two forms of schematic representation, in the form of RTL View
(Fig 3.19)and Technology View (Fig 3.20) for the “Fulladder.v’. Double click on the RTL
schematic and Technology schematic for viewing the respective schematics.

Fulidae ! . Filadde .
r \ .
g 12 o R
W X
\ Y
Fuladdes . s 4
Fig 3.19: RTL View Fig 3.20: Technology View

22. Next step is the implementation of the design.Right click Implement Design and click Run(Fig
3.21).After successfull implementataion a green check will appear on all the three steps i.e.
translate, map and place & route(Fig 3.22).
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Processes: Fulladder
Design Utilities

# g User Constraints
i 0 Synthesize - XST
=2 Implement Design
wf)  Translate
@) Map

wf)  Place & Route

3

Q Generate Programming File
[ Configure Target Device
@“ Analyze Design Using ChipS

Start | Bt} Design “{j

by Category

Files | D

‘ p Implement Top Module ‘

20O 0 =

ReRun
Rerun Al
54, Stop
View Text Report
Force Process Up-to-Date

Design Goals & Strategies...

ances
& Fulladder

‘Gx Process Properties...
B gy FUNEUEr

Fig 3.21: Design Implementation

HWShH
cdAC

Processes: Fulladder

gl

ot | - Design Utilities
—| @ User Constraints
;}Pt - ) Synthesize - XST
| 2T Implement Design
) Translate

- €2 Map

i ) Place & Route

- Configure Target Device

)  Generate Programming File

€% Analyze Design Using ChipSc...

» Start | B Design | Fies | [ Libraries

Fig 3.22: Successful implementation

23. Then we have to generate the programming file. For that, right click Generate Programming
file and click Run. This will generate the bitstream file which will be downloaded to the chip

(Fig 3.23).

Processes: Fulladder

Design Utilities
User Constraints
Synthesize - XST
Implement Design

Configure Target Device
6-“ Analyze Design Using ChipSc...

Fig 3.23: Bitstream generation

24. Now for downloading the bitstream file on the FPGA board, follow the steps explained in the
previous experiments. After programming the board, you can verify the full adder circuit.
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VERILOG CODE FOR THE FULL ADDER

module Fulladder(
input a,
inputb,
inputc,
output Sum,
output Carry
);
assign Sum= a*b”c;
assign Carry=(a&b)|(b&c)|(c&a) ;

endmodule

User Constraints File (UCF) For FULL ADDER

NET “a” LOC="P93”;

NET “b” LOC="P92";

NET “c” LOC="P88”;

NET “Sum” LOC="P105";
NET “Carry” LOC="P104";
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EXPERIMENT: 4
Objective: To design and implement full subtractor circuit on FPGA Board.
Software: Xilinx ISE Design Suite 14.5
Target Hardware: FPGA Board

Theory: A logic circuit which is used for subtracting three 1- bit binary data is known as full
subtractor. The truth table of full subtractor is shown in Table 4.1.

Table 4.1: Truth table Full Subtractor

INPUT OUTPUT
a b c Difference | Borrow
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1

Procedure:

1. Start the ISE 14.5 design suite; double-click the Project Navigator icon on your desktop.

2. From the toolbar, select File => New Project. In the New Project Wizard window type
“FullSubtractor” in the Name field and in the Location field, browse C:\Project or choose the
directory in which you want to store the project. Select HDL as the Top-Level Source Type and
click Next (Fig 4.1).

(Etreate New Project
Spedify project location and type.

Enter a name, locations, and comment for the project
Name: FullSubtracter
Location: C:\Project\FullSubtracter

Working Directory: | C:\Project\FullSubtracter

Description:

Select the type of top-evel source for the project
Top-evel source type:
HDL v

More Info Next > Cancel

Fig 4.1: New Project
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3. Next in the New Project Wizard - Project Settings page, select the following to specify project
and device properties:
* Product Category: All
e Family: Spartan6é
» Device: XC6SLX4
* Package: TQG144
e Speed: -3
 Synthesis Tool: XST (VHDL/Verilog)
¢ Simulator: ISim (VHDL/Verilog)
* Preferred Language: Verilog

Other properties can be left at their default values. Click Next.

4. The New Project Wizard—Project Summary page appears. Check the Project Summary and
click Finish.

5. Now in the ISE Project Navigator Environment, select Project => New Source. Select Verilog
Module as the Source Type and enter a name “FullSubtractor” for the new source in the File
Name field (Fig 4.2). Click Next.

@elect Source Type
Select source type, file name and its location.

%/ IP (CORE Generator & Architecture Wizard)
[©] Schematic

=] User Document

Verilog Module

] Verilog Test Fixture

g VHDL Module
[y VHDL Library
[¢] VHDL Package FullSubtracter
s VHDL Test Bench

Embedded Processor

File name:

Location:

C:\Project\FullSubtracter

Add to project

More Info Cancel

Fig 4.2: New Source
6. In the Define Module page, enter the port information for the “FullSubtractor” as follows (Fig
4.3):

a. In the first five Port Name fields, enter ‘a’, ‘b’, ‘c’, ‘Difference’ and ‘Borrow’.

b. Set the Direction field to ‘output’ for ‘Difference’, ‘Borrow’ and to ‘input’ for ‘a’, ‘b’ and ‘c’.
c. Leave the Bus designation boxes unchecked.

Click Next.
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(€Define Module
Specify ports for module.
Module name | FullSubtracter B - B )
Port Name Direction Bus MSB LSB )
a input VO
b input 2 ||
c input vid
Difference output 4 ||
L
e oo [
input W O
input v
input vi[]
input vid
input (vid
input v v
More Info | <Back | [ Next> || cancel

Fig 4.3: Module Definition

7. Next the summary description of the module will be displayed (Fig 4.4). Check the source
summary and click Finish.

mmary
Project Navigator will create a new skeleton source with the following specifications.

Add to Project: Yes

Source Directory: C:\Project\FullSubtracter

Source Type: Verilog Module

Source Name: FullSubtracter.v

Module name: FullSubtracter

Port Definitions:
a Pin input
b Pin input
[ Pin input
Difference Pin output
Borrow Pin output

More Info | <Bak || Fnsh || Cancel

Fig 4.4: Source Summary

8. In the Xilinx ISE interface you can see that the new source file “FullSubtractor.v” has been added
to the project (Hierarchy window). In the ISE Text Editor, the ports are already declared in the
FullSubtractor HDL file, and some of the basic file structure is already in place (Fig 4.5).
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pesn #08X &

€ 4 // Engineer: A
(3] |Vew: © {8 inplementation O [ smation 5= | 5 //
Q Hierarch = 6 // Create Date: 12:25:14 04/13/2016
E| | Hierarchy
7 // Design Name:
E{‘:_J E FullSubtracter "y 8 // Module Name: FullSubtracter
| & €3 xchsbd-3tqg1dd - 9 // Project Name:
b [V)efy FullSubtracter (FullSubtracters) 10 // Target Devices:
g 9 11 // Tool versions:
Q; —| 12 // Description:
Al 13 //
% 14 // Dependencies:
@ A 15 //
- A| 16 // Revision:
- % | 17 // Revision 0.01 - File Created
S > —| 18 // Additional Comments:
. , O 19 /
! oS iy @ 20 A0
174, | Processes: FullSubtracter —| 21 module FullSubtracter(
L, s i t
P | L Design Summary/Reports 22 ey Bl
: 23 input b,
—| & Design Utilities :
B | o ; 24 input ¢,
t 4 User Constraints 5
58 Synthesie- XST 25 output Difference,
m " ;i 26 output Borrow
<& ) Implement Design
g 27 ):
f)  Generate Programming File 28
2] @ Configure Target Device 29
€ Analyze Design Using ChipScope 30 endnodule
31 v
< >
 Stat | B Desn [ Fies ‘[D Lbraries. B FulSubtracter.y (X} ’ T Design Summary &
Fonsole - w08 X
A
Started : "Launching ISE Text Editor to edit FullSubtracter.v".
Launching Design Summary/Report Viewer...
v
>
| comsoe | @ Erors | A\ Wamigs | [ FndinFesResuls

Fig 4.5: Fullsubtractor Module structure

9. Next, you have to write the desired full subtractor logic. For this example dataflow modeling is

used (Fig 4.7).Save the file.

20 J//ITTTEETTEETTETEEEdiiiiieiiiiiiiiiiiiiill
21 module FullSubtracter(

22 input a,

23 input b,

24 input c,

25 output Difference,
26 output Borrow

27 ):

28

29 assign Difference =a”b”c;

30 assign Borrow=((~a)é&b)| (b&c)| (c&(~a));
31 endmodule

32

Fig 4.6: Complete Full Subtractor Module
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10. After writing the code next step is to check the syntax and functionality of the design. For this,
select Simulation Button in the Hierarchy window on the left pane (Fig 4.8).

File Edit View Project Source Process

D2EHSP| & T X |w o

Desan =
D f\ﬁew: O E&} Implementation (@) Simulation
N

=] 'Behavioral

'C'ﬁ FullSubtracter
iz | = £l xcbshd-3tqgl44
FullSubtracter (FullSubtracter.v)

5'5_] Hierarchy

Fig 4.7: Simulation

11. Now in Simulation window, select the source file “FullSubtractor.v” and click Behavioral
Check Syntax in the Processes window to check for syntax errors. If errors are present, they
will be displayed in the Error console at the bottom. If the design contains no errors a green

check will appear near the Behavioral Check Syntax.

=] ]Behavioral

Hierarchy —
‘S] FullSubtracter
=} End xcbshd-3tgqgl44
FullSubtracter (FullSubtracter.w)

€2 MNo Processes Running

—
=4, | Processes: FullSubtracter

f— = g ISim Simulator
i . Behavwvioral Check Syntax

Simulate Behavicral Model

Fig 4.8: Behavioral Check Syntax

12. For checking the functionality of the design, you have to apply test vectors and simulate the
circuit. Right click on the design (FullSubtractor.v) and select New Source. In the New Source
Wizard window, select Verilog Test Fixture .Write the “Fullsubtractor_test” in the File name

field for the test bench (Fig 4.9). Click Next.
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i(-)elect Source Type
Select source type, file name and its location.

Mew Source Wizard

A

BMM File
&* Chip5cope Definition and Connection File
E Implementaticn Constraints File

IP (CORE Generator & Architecture Wizard)
MEM File
Schematic

User Document
Verilog Module
Verilog Test Fixture
VHDL Module
VHDL Library
VHDL Package

] VHDL Test Bench
2 Embedded Processor

File name:
Fullsubtractor_test]

Location:

Add to project

More Info

E:\Elearning\FullSubtractor

Cancel

Fig 4.9: FullSubtractor testbench
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13. Next, select the source file you want to associate with the testbench. Click Next. Check the
summary and click Finish.

14. The ISE project navigator will generate template for testbench. The ISE tool detects the
inputs/outputs from the source file and creates a template instantiating the original source
module and provides initial values (Fig 4.10). After editing the test bench, click on Behavioral
Check Syntax in the Processes window to check for syntax errors in the test bench. If no
errors are present double click on Simulate Behavioral Model. A new window showing the
waveforms for the inputs and outputs of the design will be displayed.You can verify the
outputs (Fig 4.11).

25
26
27
28
29
30
31
=2
33
34
35
=1
37
38
39
40
41
4z
43
449
45
k1
a7
48
a9
50
51
52
53
54
55
56
57
58
59
80
a1
a2
63

module Fullsubtractor_test:

Inputs

reg ar
reg br
reg of

/4 Cutputs
wire Difference:
wire Borrow:

FullSubtracter uut |

¥

Instantiate the Unit Under Test (UUT)
mala) .

Sk,

SelS) .

.Difference (Difference),

.Borrow (Borrow)

initial begin

ITnitialize Inputs

oo

P
]

won o

&)
=]

oo

N
=]

LAY

afnrrorrrennnronnl
MORRNMRPORYHOOY 00O

#OTOHOTH®ROTD RO
=]

N

Fig 4.10: Complete testbench
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1& Difference 0

1& Borrow 0

II\I|III\ I I I I

I
[

on the left pan (Fig 4.12).

Fig 4.11: Simulated waveform

15. For the implementation of the design, select Implementation Button in the Hierarchy window

Fig 4.12: Design Implementation

16. For UCF File, right click on the design (Fullsubtractor.v) and select New Source. New Source

Wizard will open. Select source type as Implementation Constraints File and enter the file

name as “FS” (Fig 4.13).

(gelect Source Type

Select source type, file name and its location.

[ BMM File

MEM File
|0] Schematic
|=] User Document
Verilog Module

%y VHDL Module
VHDL Library

(] VHDL Package

5] VHDL Test Bench

€ ChipScope Definition and Connection File
Eg Implementation Constraints File
¢ |P (CORE Generator & Architecture Wizard)

] Verilog Test Fixture

% Embedded Processor

File name:
Fs|
Location:

C:\Project\FullSubtracter

Add to project

==

Fig 4.13: New Source UCF
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Make sure that Add to Project box is checked to add the constraints file to the project folder.
Click Next. Check Summary. Click Finish.

17. A blank window will appear in a new tab having the design’s name as “FS.ucf’ . Add the
constraints for each input port and output port (Fig 4.14).

Window Layout Help

2 R X -gjl,f‘-;TT-

3 NET "a2" LOC = P93:

2 NET "b" LOC = PS2:

3 NET "c™ LOC =P88:;

4 NET "Difference”™ LOC= P105S:
5 NET "Borrow"™ LOC=P104:;

&

Fig 4.14: UCF declaration

18. Next we have to synthesize the design. For synthesis right click on the Synthesize-XST and
select Run. If the design is successfully syntheszied then a green check will appear near the
Synthesize-XST as shown in Fig 4.15 and “Process "Synthesize - XST" completed successfully” is
displayed in the console window.

Processes: FullSubtracter A
= Design Summary/Reports

-4  Design Utilities

[ User Constraints

9888

5] View RTL Schematic
=] View Technology Schematic
®2  Check Syntax
®)  Generate Post-Synthesis Si...
# @2  Implement Design
®)  Generate Programming File

Fig 4.15: Synthesis

19. Synthesize tool can generate two forms of schematic representation, in the form of RTL View
(Fig 4.16)and Technology View (Fig 4.17) for the “Fulladder.v”. Double click on the RTL
schematic and Technology schematic for viewing the respective schematics.
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FulSubtracter Y
r b
r | o
L - :
]
L 4
bract A 4
F Uty i

Fig 4.16: RTL View

Fig 4.17: Technology View

20. Next step is the implementation of the design.Right click Implement Design and click Run(Fig
4.18).After successfull implementataion a green check will appear on all the three steps i.e.

translate, map and place & route(Fig 4.19).

Processes: FullSubtracter

]
£ Design Summary/Reports @
Design Utilities

User Constraints

f)  Generate Programming File
® Configure Target Device ReRun
€+ Analyze Design Using ChipSc Rerun Al
8. Stop

View Text Report

| Start | B3 Design ) Fles @ Li

Force Process Up-to-Date

v by Category
p Implement Top Module
—  Design Goals & Strategies...
stances “{[9
i!i FullSubtracter \Et Process Properties...

Fig 4.18: Design Implementation

EREJEC

Processes: FullSubtracter
L Design Summary/Reports
i Design Utilities
0 User Constraints
- PIE) Synthesize - XST
=8 @ Implement Design
# 0E) Translate
@ Q) Map
# 0)E) Place & Route
f)  Generate Programming File

o] % Configure Target Device
£a Anahe Decinn Lcina ChinGe

Fig 4.19: Successful implementation

21. Then we have to generate the programming file. For that, right click Generate
Programming file and click Run. This will generate the bitstream file which will be

22.

downloaded to the chip (Fig 4.20).

Now for downloading the bitstream file on the FPGA board, follow the steps explained in the
previous experiments. After programming the board, you can verify the full subtractor

circuit.
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¥ 2 MNo Processes Running

Processes: FullSubtracter £
E3 Design Utilities
& User Constraints
@ FAE) Synthesize - XST
= 82D Implement Design
& PQC) Translate
= Q) Map
@ PAE) Place & Route

|+ & & 8] T

e N~ 5

& Generate Programming File
G Y Configure Target Device
cu Analyze Design Using ChipSc...

Fig 4.20: Bitstream generation

VERILOG CODE FOR THE FULL SUBTRACTER

module FullSubtracter( input a, input b, input c, output Difference, output Borrow);

assign Difference =a”*b”c;
assign Borrow= ((~a)&b)|(b&c)|(c&(~a));

endmodule

User Constraints File (UCF) For FULL SUBTRACTER

NET “a” LOC="P93”;

NET “b” LOC="P92”;

NET “c” LOC="P88”;

NET “Difference” LOC="P105";
NET “Borrow” LOC="P104”;
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EXPERIMENT: 5

Objective: To Design and implement 3:8 decoder circuit on FPGA Board.
Software: Xilinx ISE Design Suite14.5
Target Hardware: FPGA Board

Theory: - In digital electronics, a binary decoder is a combinational logic circuit that converts a
binary integer value to an associated pattern of output bits. They are used in a wide variety of
applications, including data demultiplexing, seven segment displays, and memory address
decoding. There are several types of binary decoders, but in all cases a decoder is an electronic
circuit with multiple data inputs and multiple outputs that converts every unique combination of
data input states into a specific combination of output states. In addition to its data inputs, some
decoders also have one or more "enable" inputs. Depending on its function, a binary decoder will
convert binary information from n input signals to as many as 2n unique output signals. Some
decoders have less than 2n output lines; in such cases, at least one output pattern will be repeated
for different input values.

Procedure:
1. Start the ISE 14.5 design suite; double-click the Project Navigator icon on your desktop.

2. From the toolbar, select File => New Project. In the New Project Wizard window type
“Decoder” in the Name field and in the Location field, browse C:\Project or choose the directory
in which you want to store the project. Select HDL as the Top-Level Source Type and click Next.

- New Project Wizard
(€reate New Project
Spedify project location and type.
Enter a name, locations, and comment for the praject
MName: Decoder
Location: E:\Elearning\Decoder

Working Directory: | E:\Elearning\Decoder

Description:

Select the type of topevel source for the project

Top-evel source type:

HOL v

More Info Cancel

Fig 5.1: New Project Decoder
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3. Next in the New Project Wizard - Project Settings page, select the following to specify project
and device properties:
* Product Category: All
¢ Family: Spartan6
» Device: XC6SLX4
* Package: TQG144
e Speed: -3
 Synthesis Tool: XST (VHDL/Verilog)
e Simulator: ISim (VHDL/Verilog)
 Preferred Language: Verilog

Other properties can be left at their default values. Click Next.

4. The New Project Wizard—Project Summary page appears. Check the Project Summary and click
Finish.

5. Now in the ISE Project Navigator Environment, select Project => New Source. Select Verilog
Module as the Source Type and enter a name “Decoder” for the new source in the File Name
field. Click Next.

- MNew Source Wizard “

{:(-:)elect Source Type
Select source type, file name and its location.

EMM File
€2 ChipScope Definition and Connection File

E’J Implementation Constraints File

[ IP (CORE Generator & Architecture Wizard)
MEM File

Schematic

User Document

Verilog Module Decoder]|
Werilog Test Fixture
WHDL Madule
VHDL Library E:\Elearning \Decoder
WHDL Package
WHDL Test Bench
Embedded Processor

File name:

Location:

Add to project
Mare Info Cancel

Fig 5.2: New Source Decoder

6. In the Define Module page, enter the port information for the “Decoder” as follows:

a. In the first two Port Name fields, enter ‘I'and ‘Y’.

b. Set the Direction field to ‘output’ for ‘Y’ and to ‘input’ for T".

c. Set the MSB bus range for input ‘I’ as 2 as ‘I’ is a 3-bit vector and MSB range for ‘Y’ as 7 as ‘Y’ is
an 8-bit vector.

Click Next.
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A

P
I.S))eﬁne Module
Specify ports for module,

Module name | Decoder

MNew Source Wizard

Port Mame Direction MSB LSB R

&
e

input
output
input
input
input
input
input
input
input

input

OOooooOoodrdE

L4 K4 E4 K4 E4 E4 B4 E4 K4 K4 £

input

More Info

Fig 5.3: Module Definition
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7. Next the summary description of the module will be displayed. Check the source summary and

click Finish.

8. In the ISE Text Editor, the ports are already declared in the Decoder HDL file, and some of the
basic file structure is already in place. Now you have to write the desired 3:8 decoder logic. For
this example behavioral modeling is used (Fig 5.4). Save the file.

20
21
22
23
24
25
2a
27
28
239
30
31
32
33
34
35
36
37
38
=)
40
41
42

module Decodex |
input [2:0] I,
ountput [T:0] ¥
)=

alwayv=@a (1)
begin
case (L)

S3'"B20O00: ¥=8'"bOOO0OO0ODO01;
S'2001: ¥=8'"bOODOOD1O:
F3'"2010: ¥Y=8'"bOOO0OO0O100;
3'BR011: ¥=8'"'bLOOO0O1000;
S'E2100: ¥=8'"bOOO100D00;
3'"2101: ¥Y=8'"'bOO1O0O00D0O;
3'R110: ¥Y=8'"'bL0Ol1l00O0OO0O;
3'B2111: ¥=8'"'bBl100000D0O0;
endcase

end

endmodule

Fig 5.4: Complete Decoder Module
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9. After writing the code next step is to check the syntax and functionality of the design. For this,
select Simulation Button in the Hierarchy window on the left pane.

10. Now in Simulation window, select the source file “Decoder.v” and click Behavioral Check
Syntax in the Processes window to check for syntax errors. If errors are present, they will be
displayed in the Error console at the bottom. If the design contains no errors a green check will
appear near the Behavioral Check Syntax.

11. For checking the functionality of the design, you have to apply test vectors and simulate the
circuit. Right click on the design (Decoder.v) and select New Source. In the New Source Wizard
window, select Verilog Test Fixture .Write the “DecoderTest” in the File name field for the test
bench. Click Next.

In the next window, select the source file you want to associate with the test bench. Check the
summary and click Finish.

12. The ISE project navigator will generate template for testbench. The ISE tool detects the
inputs/outputs from the source file and creates a template instantiating the original source
module and provides initial values (Fig 5.5). After editing the test bench, click on Behavioral
Check Syntax in the Processes window to check for syntax errors in the test bench. If no
errors are present double click on Simulate Behavioral Model.

In o08X & 29
View: ) {i:b}lmp\ementannn ® @Smu\ahon = 30 Outputs
lBehavioral v —| % wire [7:0] ¥;
32
Hierarchy " 33 (UUT)
5] Decoder 34
£ £ xchshd-3tqg14 35 (),

£ |v] DecoderTest (DecoderTesty) 9 36 (Y)
uut - Decoder (Decodery) 3

[ W finis]
) 4 $100
{2 NoProcesses Running " = 31b001;
No single design module is selected. 46 #100
47
8 w Design Utilities e o
8 I=3'b010;
) Update All Schematic Files :9
@) Compile HOL Simulation Libr..
& 50 #100
& Regenerate All Cores N 12315011+
A 3 51 I=3'b011;
& Check All Core Versions 5
53 $100
54 1=3'p100;
55
56 $100
< >
Start | @ Design | ] Fies @ Libraries Decodery L Design Summary 3 DecoderTest.v* ‘
le 06|

INFO:HDLCompiler:1845 - Analyzing Verilog file "C:/Project/Decoder/DecoderTest.v" into library work
NFO:ProjectMgmt - Parsing design hierarchy completed successfully.

tarted : "Launching ISE Text Editor to edit DecoderTest.v".

Fig 5.5: 3:8 Decoder testbench

13. A new window showing the waveforms for the inputs and outputs of the design will be
displayed.You can verify the outputs (Fig 5.6).
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Fig 5.6: Simulated Waveform for Decoder

14. For the implementation of the design, select Implementation Button in the Hierarchy window
on the left pan (Fig 5.7).

Fig 5.7: Design Implementation

15. For UCF File, right click on the design (Decoder.v) and select New Source. New Source Wizard
will open. Select source type as Implementation Constraints File and enter the file name as
“decoder_1" (Fig 5.8).

@elect Source Type

Select source type, file name and its location.

BMM File

€* ChipScope Definition and Connection File
] Implementation Constraints File
J IP (CORE Generator & Architecture Wizard)

] Schematic

|=] User Document
Verilog Module
] Verilog Test Fixture
g VHDL Module

[ VHDL Library

[p] VHDL Package

[yl VHDL Test Bench

g% Embedded Processor

File name:
decoder_1
Location:

C:\Project\Decoder

Add to project

More Info

Cancel

Fig 5.8:

UCF creation
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Make sure that Add to Project box is checked to add the constraints file to the project folder.
Click Next. Check Summary. Click Finish.

16. A blank window will appear in a new tab having the design’s name as “decoder_1l.ucf” . Add the
constraints for each input port and output port (Fig 5.9).

B X = 0D O o i] | /= B M
i MET I[O] LOC=Po93;
= NET I[1] LOC=P92:
= NET I[Z2] LOC=P8S8:;
4 NET ¥[0O] LOC=P105;
& NWET ¥[1] LOC=P104:
& NET ¥[2] LOC=P10Z:
i MNET ¥[3] LOCoC=P101:;
= MNET ¥ [4] LCOC=Pl1L00;
@ NET ¥[5] LOC=Pa3a:

10 MNET ¥[6] LOC=Das:
11 NET ¥[7] LOC=DP97:

Fig 5.9: UCF declaration

17. Next we have to synthesize the design. For synthesis right click on the Synthesize-XST and
select Run. If the design is successfully syntheszied then a green check will appear near the
Synthesize-XST and “Process "Synthesize - XST" completed successfully” is displayed in the
console window.

18. Synthesize tool can generate two forms of schematic representation, in the form of RTL View
Jand Technology View for the “Decoder.v”. Double click on the RTL schematic and
Technology schematic for viewing the respective schematics.

19. Next step is the implementation of the design.Right click Implement Design and click
Run.After successfull implementataion a green check will appear on all the three steps i.e.
translate, map and place & route.

20. Then we have to generate the programming file. For that, right click Generate Programming
file and click Run. This will generate the bitstream file which will be downloaded to the chip
(Fig 5.10).

- @QED) Synthesize - XST
2C) Implement Design

Translate

Map

") Place & Route

- & Generate Prograrmnming File

pE S Ceonfigure Target Device

e Analyze Design Using ChipSc...

=

o> | @2 MNo Processes Running

At Processes: Mux -~
E—{t 3] Design Utilities

] [l User Constraints

- )

1]

{|

Fig 5.10: Bitstream generation
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21. Now for downloading the bitstream file on the FPGA board, follow the steps explained in the
previous experiments. After programming the board, you can verify the decoder circuit.

Verilog Code of the 3:8 Decoder
module Decoder(input [2:0] [, output reg [7:0] Y);
always@(I)

begin

case(I)

3'b000: Y=8'b00000001;

3'b001: Y=8'b00000010;

3'b010: Y=8'b00000100;

3'b011: Y=8'b00001000;

3'b100: Y=8'b00010000;

3'b101: Y=8'b00100000;

3'b110: Y=8'b01000000;

3'b111: Y=8'b10000000;

endcase
end
endmodule

User Constraints File (UCF) for the Decoder
NET “I[0]” LOC="P93";

NET “I[1]” LOC="P92”";

NET “I[2]” LOC="P88”;
NET “Y[0]” LOC="P105”;
NET “Y[1]” LOC="P104”;
NET “Y[2]” LOC="P102”;
3
NET “Y[4]” LOC="P100”;
5

6

[0]”
[1]
[2]”
Y[3]”
[4]
“Y[5]”
“Y[6]” LOC="P98";
[7]

NET “Y[7]” LOC="P97”;
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EXPERIMENT: 6

Objective: To design and implement 8:3 Encoder circuit on FPGA Board.
Software: Xilinx ISE Design Suite 14.5
Target Hardware: FPGA Board

Theory: An encoder is an electronic device used to convert an analogue signal to a digital signal
such as a BCD code. It has a number of input lines, but only one of the inputs is activated at a given
time and produces an N-bit output code that depends on the activated input. The encoder allows 2V

inputs and generates N-number of outputs. For example, in 4:2 encoder, if we give 4 inputs it
produces only 2 outputs.

The truth table of 4:2 Encoder is shown in Table 6.1:

Table 6.1: Truth table 4:2 Encoder

INPUT OUTPUT
13 12 I1 10 Y1 YO
0 0 0 1 0 0
0 0 1 0 0 1
0 1 0 0 1 0
1 0 0 0 1 1

Procedure:

1. Start the ISE 14.5 design suite; double-click the Project Navigator icon on your desktop.

2. From the toolbar, select File => New Project. In the New Project Wizard window type
“Encoder” in the Name field and in the Location field, browse C:\Project or choose the directory
in which you want to store the project. Select HDL as the Top-Level Source Type and click Next.

- New Project Wizard
(€Lreate New Project
Specify project location and type.
Enter a name, locations, and comment for the project
Name: Encoder|
Location: E:\Elearning\Encoder

\Working Directory: |E:\Elearning\Encoder

Description:

Select the type of top-Jevel source for the project
Top-evel source type:

HDL ~

Fig 6.1: New Project Encoder
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3. Next in the New Project Wizard Project Settings page, select the following to specify project
and device properties:
* Product Category: All
e Family: Spartan6é
» Device: XC6SLX4
* Package: TQG144
e Speed: -3
 Synthesis Tool: XST (VHDL/Verilog)
e Simulator: ISim (VHDL/Verilog)
* Preferred Language: Verilog

Other properties can be left at their default values. Click Next.

4. The New Project Wizard—Project Summary page appears. Check the Project Summary and click
Finish.

5. Now in the ISE Project Navigator Environment, select Project => New Source. Select Verilog
Module as the Source Type and enter a name “Encoder” for the new source in the File Name
field. Click Next.

6. In the Define Module page, enter the port information for the “Encoder” as follows (Fig 6.2):

a. In the first two Port Name fields, enter ‘I’ and ‘Y’.

b. Set the Direction field to ‘output’ for ‘Y’ and to ‘input’ for T".

c. Set the MSB bus range for input ‘I’ from 7 to 0 as ‘I’ is 8-bit vector and MSB range for ‘Y’ from 2
to 0 as Y’ is a 3-bit vector.

Click Next.

@)eﬁne Module

Spedify ports for module.

Module name | Encoder

Port Name Direction
input
output
input
input
input
input
input
input
input
input

OOoooo0000d0dMd M @

CH<H<H<U<H<U<HN<U<HP<UZ

input

More Info

Fig 6.2: Module Definition
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7. Next the summary description of the module will be displayed. Check the source summary and
click Finish.

8. In the Xilinx ISE interface you can see that the new source file “Encoder.v” has been added to the
project (Hierarchy window). In the ISE Text Editor, the ports are already declared in the
Encoder HDL file, and some of the basic file structure is already in place (Fig 6.3).

- smeemesChboe@omsepows - 50|

2 Fle Edt View Projet Sowce Process Took Window Layout Help -|B|%
"' Xoa » 2EBR2RIA Mo SR EL ‘

+w08X
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Higrarchy

ﬁ Encoder
B wohsted3iggdd
unu Encoder (Encoders)

gl
| 1 i

fifry 11

|
5

EEE

T

B B

Processes; Encoder

L Design Summary/Reports
Design tities
User Cansiraints

; % Synthesze - ¥5T
B0

i

@

EIEIEEILR

Implement Design

Generate Programming File:
= Configure Target Deice
€ Anatyze Design Using ChipScope

7 St B Dy (] e | ) s 2 Eradey plE DesenSumary

Gonoke “04x

Fig 6.3: Encoder module structure

9. Next, you have to write the desired encoder logic. For this example behavioral modeling is used.
Save the file.

10. After writing the code next step is to check the syntax and functionality of the design. For this,
select Simulation Button in the Hierarchy window.

11. Now in Simulation window, select the source file “Decoder.v” and click Behavioral Check
Syntax in the Processes window to check for syntax errors. If errors are present, they will be
displayed in the Error console at the bottom. If the design contains no errors a green check
will appear near the Behavioral Check Syntax.
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Fle Edt View Project Souce Process Toos Window Layout Help

DAEAL]¥abx[0a] -

trpRrRBIRETClARPEL]

n s08x
view: () {8 Implementation ®) B Simulston &

Behavioral v

14 // Dependencies:
15 //

16 // Revision:

17
o | 18
19 //
20
21 module Encoder(

22 input [7:0] I,
23 output regf2:0]
24 )
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1

Hierarchy
B Encoder
B £ xchsbd-3tag144
- [#] Encoder (Encodery)

FIEEEIEEEER

alvays@(I)
begin
case(I)
3'D00000001:
8'500000010:
8'000000100:
8'500001000:
8'500010000:
8'500100000:
8'501000000:
8'210000000:

T2 No Processes Running

|©@ |3 # & »|IF

Processes: Encoder
15im Simulator

=¥
@ Behavioral Check Syntax
G Simulate Behavioral Model

EIEIE IR

default : ¥=3'b111;
endcase

end

endmodule

// Revision 0.01 - File Created
/1 hdditional Comments:

HHHTTETTEEEEFFEEEELLELLT LT LTI LELTEEEEEEEER LTI LT TTTTEEEEERFE LA T

¥=3'0000;
¥=3'b001;
Y=3'b010;
¥=3'b011;
Y=3'b100;

¥=3'b111;

Y

Encoder.v

|+ Stt| 58 pesqn | ) Fies | ) Lbreres @

[x] \ T Desicn Summary

(1]

Console

Process "Behavioral Check Syntax" completed successfully

Analyzing Verilog file "C:/Xilinx/14.5/ISE_DS/ISE//verilog/src/glbl.v" into library isim temp

Fig 6.4: Behavioral Check Syntax

12. For checking the functionality of the design, you have to apply test vectors and simulate the
circuit. Right click on the design (Encoder.v) and select New Source. In the New Source Wizard
window, select Verilog Test Fixture .Write the “Encoder_Test” in the File name field for the

test bench. Click Next.

@elect Source Type
Select source type, file name and its location.

BMM File
&2 ChipScope Definition and Connection File
Implementation Constraints File
W IP (CORE Generator & Architecture Wizard)

Schematic
User Document
Verilog Module
Verilog Test Fixdure
VHDL Module
WHDL Library
WHDL Package

o] WHDL Test Bench

2 Embedded Processor

File name:

|Encoder_besﬂ

Location:

| C:\Project\Encoder

Add to project

=

Fig 6.5: Testbench Creation

13. Next, select the source file you want to associate with the testbench. Click Next. Check the

summary and click Finish.
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14. The ISE project navigator will generate template for testbench. The ISE tool detects the
inputs/outputs from the source file and creates a template instantiating the original source
module and provides initial values. You have to provide different combinations of data line I
(Fig 6.6). Save the test bench.

2 Fle Edt View Piojet Souce Process Took Window Layout Help NEE
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)| Hierarchy =
—| i Encoder 0
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| E [ Encoder test (Encoder tests) ol 12
= uut - Encoder (Encodery) —| 4
a A 44
. % 5
= .| 46 I=
= Al a
%| 42 100
= 2
0 50

» | 1) NoProcessesRuming

74| Processes: uut - Encoder
%[5 § s Simulator
- ¥ Behavonsl

E B Simuiate Behaviorl Model

#100

=5

#100

(1]

Encadery T DesinSunmary El Ercoder testy [
Consoe CLEE:
log file "C:/;

# Sat |25 desm L) Fies | D) e

Mnalyzin

nx/14.5/1SE_DS/ISE//verilag/src/glbl.v" into library isim temp A

Frocass ioral Chack Syntax” complated succazsfully

Fig 6.6: Encoder Testbench

15. After editing the test bench, click on Behavioral Check Syntax in the Processes window to
check for syntax errors in the test bench. If no errors are present double click on Simulate
Behavioral Model. A new window showing the waveforms for the inputs and outputs of the
design will be displayed.You can verify the outputs.

L1 | - ‘ 1 | - L | I 1 ‘ L1 | - 1 | - L | L L1 1 L1 | -

p M2 m o Wy on i 1w 0l
b B0 10000000 OOOOOO00 ¢ OOOOOOOL_{ O0ooOolD ¥ oooooio0 3 ooouiodn ) oooloaony_coioo0

Fig 6.7: Simulated waveform

16. For the implementation of the design, select Implementation Button in the Hierarchy window
on the left pan (Fig 6.8).
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| Design <08 X

(1] | View: @ {i‘_:e} Implementation () F& Simulation

Fig 6.8: Design Implementation

17. For UCF File, right click on the design (Encoder.v) and select New Source. New Source Wizard
will open. Select source type as Implementation Constraints File and enter the file name as
“Encoder1”.

Make sure that Add to Project box is checked to add the constraints file to the project folder.
Click Next. Check Summary. Click Finish.

18. A blank window will appear in a new tab having the design’s name as “Encoderl.ucf’ . Add the
constraints for each input port and output port (Fig 6.9).Save.

- hNeip ) Etboee O - O

E File Edit View Project Source Process Tools Window Layout Help - &%
DAEFE 4 ‘\ﬂ-\'”}!E‘:'ﬂ“: =P 140 3 X Ji
Desgn +08% & WET I[0] LOC=P93;
15 | vie: ® {5} inplemenizton O G szt 5=
& | Hiearchy =
@ G
£ acsied-Stngl4d
£ [fldh Encoser Encodery)
] ENCODERTuc

"

G

1| & Ea | | Se
| & ¥ # > |15

W | T) MaProcesses Ruming -
+1,| Processes: Encoder
L Design Summary/Reports
Design Utilities
User Constraints

= %g Synthesize - ¥5T
& B Implement Design
0
@
&

1| 2% | Y

Generate Programming Fle
&%  Configure Trget Device
& Analyze Design Using ChigScope

Fig 6.9: UCF declaration

19. Next we have to synthesize the design. For synthesis right click on the Synthesize-XST and
select Run. If the design is successfully syntheszied then a green check will appear near the
Synthesize-XST and “Process "Synthesize - XST" completed successfully” is displayed in the
console window.

20. Synthesize tool can generate two forms of schematic representation, in the form of RTL View
and Technology View for the “Encoder.v”. Double click on the RTL schematic and Technology
schematic for viewing the respective schematics.

21. Next step is the implementation of the design.Right click Implement Design and click
Run.After successfull implementataion a green check will appear on all the three steps i.e.
translate, map and place & route.

22. Then we have to generate the programming file. For that, right click Generate Programming
file and click Run. This will generate the bitstream file which will be downloaded to the chip.
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23. Now for downloading the bitstream file on the FPGA board, follow the steps explained in the
previous experiments. After programming the board, you can verify the encoder circuit.

Verilog Code for the 8:3 Encoder
module Encoder( input [7:0] |, output reg [2:0] Y );
always@(I)

begin

case(])

8'b00000001: Y=3'b00O;

8'b00000010: Y=3'b001;

8'b00000100: Y=3'b010;

8'b00001000: Y=3'b011;

8'b00010000: Y=3'b100;

8'b00100000: Y=3'b101;

8'b01000000: Y=3'b110;

8'b10000000: Y=3'b111;

default: Y=3'b111;

endcase
end
endmodule

User Constraints File (UCF) for the 8:3 Encoder

NET I[0] LOC=P93;
NET I[1] LOC=P92;
NET I[2] LOC=P88;
NET I[3] LOC=P87;
NET I[4] LOC=P85;
NET I[5] LOC=P84;
NET I[6] LOC=P83;
NET I[7] LOC=P82;
NET Y[0] LOC=P105;
NET Y[1] LOC=P104;

NET Y[2] LOC=P102;
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EXPERIMENT: 7

Obiective: To design and implement 4 Bit Comparator circuit on the FPGA Board.
Software: Xilinx ISE Design Suite 14.5
Target Hardware: FPGA Board

Theory: Binary comparators, also called digital comparators or logic comparators are
combinational logic circuits that are used for testing whether the value represented by one binary
word is greater than, less than, or equal to the value represented by another binary word. The
following two basic types of comparator can be used.

¢ Equality comparators.

» Magnitude comparators.

IAD —o :}

D L
Al —e _/ i’/

CHES T L
T L [
MR s D =Py

e

Fig 7.1: Logic Diagram

Procedure:

1. Start the ISE 14.5 design suite; double-click the Project Navigator icon on your desktop.

2. From the menu bar, select File => New Project. In the New Project Wizard window type
“Comparator” in the Name field and in the Location field, browse C:\Project or choose the
directory in which you want to store the project. Select HDL as the Top-Level Source Type and
click Next.
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fz =
l.\(_-):reate HNew Project
Specify project location and type.

Enter a name, locations, and comment for the project

Mame: Comparator
Location: C:VProject\Comparator

Working Directory: |C:\Project\Comparator

Description:

Select the type of topdevel source for the project

Top-evel source type:
HOL

More Info

Fig 7.2: New Project

3. Next in the New Project Wizard - Project Settings page, select the following to specify project
and device properties:
¢ Product Category: All
e Family: Spartan6é
* Device: XC6SLX4
* Package: TQG144
s Speed: -3
« Synthesis Tool: XST (VHDL/Verilog)
¢ Simulator: ISim (VHDL/Verilog)
¢ Preferred Language: Verilog

Other properties can be left at their default values. Click Next.

4. The New Project Wizard—Project Summary page appears. Check the Project Summary and click
Finish.

5. Now in the ISE Project Navigator Environment, select Project => New Source. Select Verilog
Module as the Source Type and enter a name “Comparator” for the new source in the File
Name field. Click Next.

6. In the Define Module page, enter the port information for the “Comparator” as follows:

a. In the first three Port Name fields, enter ‘y’, ‘a’ and ‘b’

b. Set the Direction field to ‘output’ for ‘y’ and to ‘input’ for ‘a’, ‘b’.

c. Set the MSB bus range for input ‘a’, ‘b’ from 3 to 0 and MSB range for ‘y’ from 2 to 0.
Click Next.
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(€Define Module
Specify ports for module.
Module name |Comparator
Port Narme Direction Bus MSE LSB ~
¥ output v 2
input v 3
b input w
input v O
input [
input v []
input v O
input v [
input v []
input v|[]
input v [ v
More Info < Back Cancel

Fig 7.3: Module Definition

7. Next the summary description of the module will be displayed. Check the source summary and
click Finish.

8. In the Xilinx ISE interface you can see that the new source file “Comparator.v” has been added to
the project (Hierarchy window). In the ISE Text Editor, the ports are already declared in the
Comparator HDL file, and some of the basic file structure is already in place (Fig 7.4).

is //

16 // Revision:

17 // Revision 0.01 - File Created

18 // Additional Comments:

9 //

SO S [ L L E L EECEEEEEEE B G E LR
21 module Comparator|(

[© ©[¥

22 output [2:0] v,
23 input [3:0] a,
24 input [3:0] b
25 )z

26

27 |

28 endmodule

29

=S G

Fig 7.4: Comparator module structure

9. Next, you have to write the desired comparator logic. For this example dataflow modeling is used.
Save the file.
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16
17
i8
19
20
21
22
23
24
25
26
27
28
29
30
31

Q0| ¥

7
// Rewvision:

// Revision 0.01 - File Created
// BAdditional Comments:

I

7/

LTI rrrirrri77777777
module Comparator (
output [2:0] v,
input [3:0] a,
input [3:0] b
)
assign y[0] =a>b?1:0;
assign y[1] = a<b?1:0;
assign vy[2] = a==b?1:0;

endmodule

Fig 7.5: Complete Comparator Module

cDNC

10. After writing the code next step is to check the syntax and functionality of the design. For this,
select Simulation Button in the Hierarchy window.

11. Now in Simulation window, select the source file “Comparator.v” and click Behavioral Check
Syntax in the Processes window to check for syntax errors. If errors are present, they will be
displayed in the Error console at the bottom. If the design contains no errors a green check
will appear near the Behavioral Check Syntax.
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srre | =1 EnH xcGshed-3tggldd
= Comparator (Comparatonw) -
A
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f— .
— 9
>
— T2 Mo Processes Running =
=]
54 | Processes: Comparator .
=2 | = 2 1Sirm Simulator
— - . Behawvioral Check Syntax
= Simulate Behawicral Model
—

Fig 7.6: Behavioral Check Syntax

12. For checking the functionality of the design, you have to apply test vectors and simulate the
circuit. Right click on the design (Encoder.v) and select New Source. In the New Source Wizard
window, select Verilog Test Fixture .Write the “Comparator_Test” in the File name field for
the test bench (Fig 7.6). Click Next.
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@elect Source Type
Select source type, file name and its location.

BMM File
&2 Chip5cope Definition and Connectien File

@ Implementation Constraints File
[ IP (CORE Generator & Architecture Wizard)

MEM File

|&] Schematic File name:

|=] User Document '
Verilog Medule Comparator_test

8] Verilog Test Fixture
'y VHDL Module

[y VHDL Library C:\Project\Comparator
[¢] VHDL Package

% VHDL Test Bench
Embedded Processor

Location:

Add to project

Mare Info Cancel

Fig 7.7: Testbench Creation

13. Next, select the source file you want to associate with the testbench. Click Next. Check the
summary and click Finish.

14. The ISE project navigator will generate template for testbench. The ISE tool detects the
inputs/outputs from the source file and creates a template instantiating the original source
module and provides initial values. After editing the test bench, click on Behavioral Check
Syntax in the Processes window to check for syntax errors in the test bench. If no errors are
present double click on Simulate Behavioral Model.
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Fig 7.8: Complete testbench

15. A new window showing the waveforms for the inputs and outputs of the design will be
displayed.You can verify the outputs.
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Fig 7.9: Simulated Waveform

16. For the implementation of the design, select Implementation Button in the Hierarchy window
on the left pan (Fig 4.9).

|Design St
[ | View: © {{a} Implementation () Simulation

Fig 7.10: Design Implementation
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17. For UCF File, right click on the design (Comparator.v) and select New Source. New Source
Wizard will open. Select source type as Implementation Constraints File and enter the file
name as “comparatorl”.

Make sure that Add to Project box is checked to add the constraints file to the project folder.
Click Next. Check Summary. Click Finish.

- MNew Source Wizard H

I((}ele«:l: Source Type
Select source type, file name and its location.

BMM File

&* ChipScope Definition and Connection File
@ Irmplementation Constraints File

4 |P (CORE Generator & Architecture Wizard)
MEM File

|| Schematic

[=] User Document RS

Verilog Module Comparator 1

4] Verilog Test Fixture )

Pl VHDL Module Location:

|I—'- VHDL Library E:'Elearning\Comparator o

[F] WHDL Package
4] VHDL Test Bench
Embedded Processor

Add to project

More Info Cancel

Fig 7.11: UCF creation

18. A blank window will appear in a new tab having the design’s name as “Comparatorl.ucf’ . Add
the constraints for each input port and output port (Fig 7.12).
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P =- ﬁaﬁ Comparator (Comparatorw) 7 NET bB[2] TLOC=PT79:
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o o ] Generate Programming File
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----- L Analyze Design Using ChipScope
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Fig 7.12: UCF declaration
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19. Next we have to synthesize the design. For synthesis right click on the Synthesize-XST and
select Run. If the design is successfully syntheszied then a green check will appear near the
Synthesize-XST and “Process "Synthesize - XST" completed successfully” is displayed in the
console window.

20. Synthesize tool can generate two forms of schematic representation, in the form of RTL View
and Technology View for the “Fulladder.v’. Double click on the RTL schematic and
Technology schematic for viewing the respective schematics.

21. Next step is the implementation of the design.Right click Implement Design and click Run.
After successfull implementataion a green check will appear on all the three steps i.e. translate,
map and place & route.

22. Then we have to generate the programming file. For that, right click Generate Programming
file and click Run. This will generate the bitstream file which will be downloaded to the chip.

23. Now for downloading the bitstream file on the FPGA board, follow the steps explained in the
previous experiments. After programming the board, you can verify the full subtractor circuit.

VERILOG CODE FOR THE 4 BIT COMPARATOR

module Comparator( output [2:0] y, input [3:0] a, input [3:0] b);
assign y[0] = (a>b)?1:0;

assign y[1] = (a<b)?1:0;

assign y[2] = (a==b)?1:0;

endmodule
User Constraints File (UCF) for the 4 BIT COMPARATOR

NET a[0] LOC=P93;
NET a[1] LOC=P92;
NET a[2] LOC=P88;
NET a[3] LOC=P87;
NET b[0] LOC=P81;
NET b[1] LOC=P80;
NET b[2] LOC=P79;
NET b[3] LOC=P78;
NET y[0] LOC=P99;
NET y[1] LOC=P98;
NET Y[2] LOC=P97;
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EXPERIMENT: 8

Objective: To design and implement BCD to Seven Segment Decoder on FPGA Board.
Software: Xilinx ISE Design Suite 14.5
Target Hardware: FPGA Board

Theory: A decoder IC is a device which converts one digital format into another and the most
commonly used device for doing this is the Binary Coded Decimal (BCD) to 7-Segment Display
Decoder. BCD to Seven Segment Decoder is used to display the number from 0 to 9 or Hex
Character A to F on Seven segment display. Seven-segment displays are used to display the digits in
digital watches, calculators, clocks, measuring instruments and digital counters, etc. Normally LCD
and LED segments provide the display output of numerical numbers and characters. Seven-segment
displays, provide a very convenient way of displaying information or digital data in the form of
numbers, letters or even alpha-numerical characters and they consist of 7 individual LED's (the
segments), within one single display package.

—da
b3 Btt?;jD —b
b2—  Seven — C
b1—| Segment |—d
bo—| Decoder | e
— f
—49

Fig 8.1: Block Diagram

Procedure:
1. Start the ISE 14.5 design suite; double-click the Project Navigator icon on your desktop.

2. From the menu bar, select File => New Project. In the New Project Wizard window type
“BCDtoSevensegment” in the Name field and in the Location field, browse C:\Project or choose
the directory in which you want to store the project. Select HDL as the Top-Level Source Type
and click Next.
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- New Project Wizard
(€rreate New Project
Spedfy project location and type.
Enter a name, locations, and comment for the project
MName: BCDtoSevensegment
Location: E:\Elearning\BCDtoSevensegment

Warking Directory: | E:\Elearning\BCDtoSevensegment

Description:

Select the type of top-evel source for the project

TopHevel source type:

HDL v

Mare Info Cancel

Fig 8.2: New Project BCDtoSevensegment

3. Next in the New Project Wizard - Project Settings page, select the following to specify project
and device properties:
¢ Product Category: All
e Family: Spartan6é
¢ Device: XC6SLX4
* Package: TQG144
s Speed: -3
 Synthesis Tool: XST (VHDL/Verilog)
¢ Simulator: ISim (VHDL/Verilog)
* Preferred Language: Verilog

Other properties can be left at their default values. Click Next.

4. The New Project Wizard—Project Summary page appears. Check the Project Summary and click
Finish.

5. Now in the ISE Project Navigator Environment, select Project => New Source. Select Verilog
Module as the Source Type and enter a name “seven_seg” for the new source in the File Name
field. Click Next.

6. In the Define Module page, enter the port information for the “seven_seg” as follows:

a. In the first two Port Name fields, enter ‘bcd’ and ‘seg’.

b. Set the Direction field to ‘input’ for ‘bcd’ and to ‘output’ for ‘seg’.

c. Set the MSB bus range for input ‘bed’ from 9 to 0 and MSB range for ‘seg’ from 6 to 0.
Click Next.
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- MNew Source Wizard

l(‘Z}el@.’:t Source Type
Select source type, file name and its location.

{7 IP (CORE Generator & Architecture Wizard)
3| Schematic
=| User Document

Verilog Madule

Verilog Test Fidure
"] VHOL Module
[ VHDL Library
r| VHDL Package
s VHDL Test Bench
% Embedded Processor

File name:
seven_seg
Location:

E:\Elearning\BCOtoSevensegment _—

Add to project

More Info

Fig 8.3: Module seven_seg

- Mew Source Wizard

@}eﬁne Module

Specify ports for module.

Module name |seven_seg

Port Mame

seqg

Direction LSE 2

input

output
input
input
input
input
input
input
input
input

O0ooooo00drE @

4 B4 K4 B4 E4 K4 K4 K4 B4 B4 K

input

Mare Info

e e

Fig 8.4: Module Definition
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7. Next the summary description of the module will be displayed. Check the source summary and
click Finish.

8. In the Xilinx ISE interface you can see that the new source file “seven_seg.v” has been added to
the project (Hierarchy window). In the ISE Text Editor, the ports are already declared in the
seven_seg HDL file, and some of the basic file structure is already in place.

9. Next, you have to write the desired BCD to seven segment logic. For this example behavioral
modeling is used. Save the file.
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213 modnrl e Sewen Seo |
=22 Admpuat [2:0] bod,
2= oulmopmatT e [&:=-D] =eg
=Z3 y s
25
Z & alwayws@E (bhod)
27T Iregim
28 case (oad)
29
=e ) 4 "0 O00O0 seg = T "bLOOOODOD0O0 -
= 4 "ECO0001 s=eg = T "bL10O0313131313 -
=2 4 "EB20010 =eg = T"bO0O1O0010r
33 2 "EB200131 Seg = T "bOOoO0OO0O110r
=3 4 "0 00 seg = T"BIA1I0O011 00
35 4 "0l 031 s=eg = T "bLOLOO01 00
=65 4 "E20110 =eg = T"bOLO0000
= 4 "E201131 Seg = T"bLbO0O00131313-r
I8 4 "1 Qoo seg = T "bHOOOQOoOoOD >
39 4 "1 o001 B seg = T "bLOOOOL 00 -
= e defawul t=eg =7 "bBOOOOO0O1a s
L endocase
a2 ernd
b= =1
= 2-3 endmodnal e
a5

Fig 8.5: Complete module seven_seg

10. After writing the code next step is to check

the syntax and functionality of the design. For this,

select Simulation Button in the Hierarchy window.

11. Now in Simulation window, select the source file “seven_seg.v”’ and click Behavioral Check

Syntax in the Processes window to check

for syntax errors. If errors are present, they will be

displayed in the Error console at the bottom. If the design contains no errors a green check

will appear near the Behavioral Check Synt

ax.

12. Next, select the source file you want to associate with the testbench. Click Next. Check the

summary and click Finish.

'i:(-:)elect Source Type
Select source type, file name and its location.

- New Source Wizard

BMM File

€4 ChipScope Definition and Connection File
E Implementation Constraints File

4 IP (CORE Generator & Architecture Wizard)

[F] VHDL Package
% WVHDL Test Bench
Embedded Processor

File name:
seven_seg_test
Location:

E:\Elearning\BCDtoSevensegment -

Add to project

More Info

Cancel

Fig 8.6: Testbench Creation

13. The ISE project navigator will generate template for testbench. The ISE tool detects the
inputs/outputs from the source file and creates a template instantiating the original source

module and provides initial values. After

editing the test bench, click on Behavioral Check

85



HWShH

Electronic System Design and Training CONC

Syntax in the Processes window to check for syntax errors in the test bench. If no errors are
present double click on Simulate Behavioral Model.

25 module seven_ seg test:
28

27 // Inputs

28 reg [9:0] bed:

239

30 /S Outputs

Sl wire [6:0] seg;

32

25 ff Instantiate the Unit Under Test (UUT)
34 seven_seg uut |

35 .bcdibed) ,

36 .seg(seq)

a7 )

g8

39 initial begin

40 // Initialize Inputs
41 bed = 0;

42 #100;

43 bed = 7;

44 #100;

45 bed = 4;

48 #100;

47 bed = 5

8 #100;

49 end

50

51 endmodule

Fig 8.7: Complete testbench for seven_seg

14. A new window showing the waveforms for the inputs and outputs of the design will be
displayed.You can verify the outputs.

v b P b P b P [ Lo [y Lo iy Lo

» .a segl6:0] 0000100 0000001 0001111 1001100 0000100
» B bede:0] 0000001001 0000000000 0000000111 0000000100 0000001001

Fig 8.8: Simulated waveform

15. For the implementation of the design, select Implementation Button in the Hierarchy window
on the left pan.

16. For UCF File, right click on the design (seven_seg.v) and select New Source. New Source Wizard
will open. Select source type as Implementation Constraints File and enter the file name as
“sevenl”.

Make sure that Add to Project box is checked to add the constraints file to the project folder.
Click Next. Check Summary. Click Finish.

17. A blank window will appear in a new tab having the design’s name as “sevenl.ucf’. Add the
constraints for each input port and output port.
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| ISE Project Navigator (P58 - E\Project\BCDIoS,
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els Window  Layout Help

P -F- a1 R
1 NET "bed[0]" LOC = "Po3"
2 HET "bed[1]" LOC = mpgam :
3 NET "bed[2]" LOC = "DP8g"
4 NET "bed[3]" LOC = wpgTw .
=i
6 NET "seg[0]" LOC = "P1Z&" ;
7 NET "seg[l]"™ LOC = "Pi27" ;
8 NET "seg[2]" LOC = "P131" ;
9 NET "seg[3]" LOC = "P133" ;
10 HET "=eg[4]"™ LOC = "pl134n -
11 HET "seg[5]1" LOC = Wp13Tw -
12 NET "=eg[&]"™ LOC = mpl4agn -

Fig 8.9: UCF declaration

18. Next we have to synthesize the design. For synthesis right click on the Synthesize-XST and
select Run. If the design is successfully syntheszied then a green check will appear near the
Synthesize-XST and “Process "Synthesize - XST" completed successfully” is displayed in the

console window

19. Synthesize tool can generate two forms of schematic representation, in the form of RTL View
and Technology View for the “seven_seg.v”. Double click on the RTL schematic and
Technology schematic for viewing the respective schematics.

nd

X1 GND

séven seg.

Mram geqf

i

Mram seqf

s6en 589

=l

Fig 8.10: RTL Schematic

Fig 8.11: Technology Schematic

20. Next step is the implementation of the design.Right click Implement Design and click
Run.After successfull implementataion a green check will appear on all the three steps i.e.

translate, map and place & route.
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21. Then we have to generate the programming file. For that, right click Generate Programming
file and click Run. This will generate the bitstream file which will be downloaded to the chip.

- o ) PO o] - 8L

E Fle Edit View Project Source Process Tools Window Layout Help

E-LJ

t

1|29 | 59 29 | W | ftm |

view: @ i Inplenentaton () [ Smuiation I -

Processes: seven seg

B %  Desgniities
% User Constraints

LI LR T EEEE I T T

-|#| %

«08X €[ 20 /77711

ferarchy

EI

23
] 8CDtoSevensegermt o | 22 ooty
- Stqg 4l 2 ¥
= [, seven se e segol =
[ seventnf ol xn alwayst (bed)

9
30 case[bed)

) MoProcesses Ruming

I Design Summary/Reports

| @& @|F ¥ & > |

E1E) Synthesize- 35T
View RTL Schematic

View Technology Schematic
£)  CheckSyntx
) Generste Post§ynthesis Sim...
E}@ Implement Design
& ) Tranclate
£ 030 Map 43 endcase

& T Place & Route 44 end

120 Generate Programming Fiz £
&% Configue Target Device 4 endnodule
€ Anafyse Design Using ChipScope &2 e
<
# St Bf Dy 0] Fles | ) tbrenss L Dest Summary (Programming Fe Generated) E seven_seq.v %] B sevenluc

Fig 8.12: Bitstream Generation

22. Now for downloading the bitstream file on the FPGA board, follow the steps explained in the
previous experiments. After programming the board, you can check the output on seven
segment display by providing input through the switches.

Verilog Code for BCD To Seven Segment Decoder

module s
always@(bcd)

begin
case(bcd)

4'b0000 :
4'b0001
4'b0010:
4'b0011
4'b0100:
4'b0101
4'b0110:
4'b0111
4'b1000:
4'b1001

even_seg( input [3:0] bcd, output reg[6:0] seg);

seg = 7'b0000001;

:seg=7'01001111;

seg =7'00010010;

:seg =7'b0000110;

seg =7'b1001100;

:seg =7'b0100100;

seg =7'b0100000;

:seg=7'b0001111;

seg = 7'b0000000;

:seg =7'b0000100;

default :seg =7'b0000001;

endcase
end

endmodule
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User Constraints File (UCF) For BCD To Seven Segment Decoder

NET "bcd[0]" LOC = "P93";
NET "bcd[1]" LOC = "P92";
NET "bcd[2]" LOC = "P88";
NET "bcd[3]" LOC = "P87";

NET "seg[0]" LOC = "P126";
NET "seg[1]" LOC = "P127";
NET "seg[2]" LOC = "P131";
NET "seg[3]" LOC = "P133";
NET "seg[4]" LOC = "P134";
NET "seg[5]" LOC = "P137";
NET "seg[6]" LOC = "P140";
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EXPERIMENT: 9
Obiective: To design and implement D flip flop circuit on FPGA Board.
Software: Xilinx ISE Design Suite 14.5
Target Hardware: FPGA Board

Theory: The D flip-flop is the Most widely used flip flop. It is also known as a "data" or "delay"
flip-flop. The D flip-flop captures the value of the D-input at a definite portion of the clock cycle
(such as the rising edge of the clock). That captured value becomes the Q output. At other times, the
output Q does not change. The D flip-flop can be viewed as a memory cell, a zero-order hold, or a

delay line.
Q
Clk ):
Fig 9.1: Logic diagram D Flip Flop
Table 9.1: Truth Table
Clock D Q
T 0 0
T 1 1
! X Q
Procedure:

1. Start the ISE 14.5 design suite; double-click the Project Navigator icon on your desktop.

2. From the menu bar, select File => New Project. In the New Project Wizard window type
“DFlipFlop” in the Name field and in the Location field, browse C:\Project or choose the
directory in which you want to store the project. Select HDL as the Top-Level Source Type and
click Next.
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fz -
'\(:):reate New Project
Specify project location and type.

Enter a name, locations, and comment for the project
Name: DFlipFlop
Location: C:\Project\DFlipFlop

Working Directory: | C:\Project\DFlipFlop

Description:

Select the type of top-evel source for the project

Top-evel source type:

HOL v

More Info Cancel
Fig 9.2: New Project

3. Next in the New Project Wizard - Project Settings page, select the following to specify project
and device properties:
¢ Product Category: All
e Family: Spartan6é
¢ Device: XC6SLX4
* Package: TQG144
e Speed: -3
 Synthesis Tool: XST (VHDL/Verilog)
¢ Simulator: ISim (VHDL/Verilog)
* Preferred Language: Verilog

Other properties can be left at their default values. Click Next.

4. The New Project Wizard—Project Summary page appears. Check the Project Summary and click
Finish.

5. Now in the ISE Project Navigator Environment, select Project => New Source. Select Verilog

Module as the Source Type and enter a name “DFF” for the new source in the File Name field.
Click Next.
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@)elect Source Type
Select source type, file name and its location.

[ IP (CORE Generator & Architecture Wizard)
Schernatic
User Document
Verilog Module
Verilog Test Fixture
VHDL Module
WVHDL Library File name:
VHDL Package

3| VHDL Test Bench oA

g Embedded Processor Location:

| c\project\pFiipFiop

Add to project

Fig 9.3: New Source
6. In the Define Module page, enter the port information for the “DFF” as follows:

a. In the first six Port Name fields, enter ‘q’, ‘q1’, ‘test’, ‘d’, ‘clk’ and ‘rst’.
b. Set the Direction field to ‘output’ for ‘q’, ‘ql’ and ‘test’. and to ‘output’ for ‘seg’.
c. Set the Direction field to ‘input’ for‘d’, ‘clk’ and ‘rst’.

Click Next.

(€Define Module

Specify ports for module.

Module name |DFF

Direction

w

output

output

output

input

input

{input

input

input

input

input

input

nO0o0ooooooodd e

K4 B4 E4 E4 £4 E4 K4 E4 B4 B4 K

innut

Fig 9.4: Module Definition

7. Next the summary description of the module will be displayed. Check the source summary and
click Finish.

8. In the Xilinx ISE interface you can see that the new source file “DFF.v” has been added to the
project (Hierarchy window). In the ISE Text Editor, the ports are already declared in the DFF
HDL file, and some of the basic file structure is already in place.

92



Electronic System Design and Training

13
20
21
22
23
24
25
26
27

o
(1]

29
30
31
32

module DFF
output q,
output ql,
output test,
input d,
input clock,
input rst
)

endmodule

Fig 9.5: D Flip Flop module structure
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9. Next, you have to write the desired D Flip Flop logic. For this example behavioral modeling is

used. Save the file.

- -

T

T Tayoor

2 B =

=T

SRR

-

module DFEFE (
output o,
output ol,
output test,
input d,
input clock,
input st

)i

reg g=1"bod;
reg gl=1'bil;
reg [26:0]count;

always @ (posedge clock or posedge
begin

if({xrst)

count<=0;

else

count<=count+l;

end

assign test = count[26]

always @ (posedge test)
begin

g<=d;

gl==~d;

end

endmodule

r=st)

Fig 9.6: Complete D Flip Flop Module

10. After writing the code next step is to check the syntax and functionality of the design. For this,
select Simulation Button in the Hierarchy window.

11. Now in Simulation window, select the source file “DFF.v” and click Behavioral Check Syntax
in the Processes window to check for syntax errors. If errors are present, they will be
displayed in the Error console at the bottom. If the design contains no errors a green check
will appear near the Behavioral Check Syntax.

12. For checking the functionality of the design, you have to apply test vectors and simulate the
circuit. Right click on the design (DFF.v) and select New Source. In the New Source Wizard
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window, select Verilog Test Fixture .Write the “DFFTest” in the File name field for the test
bench. Click Next.

@elect Source Type
Select source type, file name and its location.

BMM File
& ChipScope Definition and Connection File
Ea Implementation Constraints File

J P (CORE Generator & Architecture Wizard)
MEM File
| Schematic

|=] User Document File name:
Verilog Medule
4] Verilog Test Fixture DFFfTEST

g VHDL Module Location:
WHDL Librar

[¥] VHDL Packa;e C:\Project\DFlipFlop

[ VHDL Test Bench

P Embedded Processor

Add to project

More Info Cancel

Fig 9.7: D Flip Flop testbench

13. Next, select the source file you want to associate with the testbench. Click Next. Check the
summary and click Finish.

14. The ISE project navigator will generate template for testbench. The ISE tool detects the
inputs/outputs from the source file and creates a template instantiating the original source
module and provides initial values. After editing the test bench, click on Behavioral Check
Syntax in the Processes window to check for syntax errors in the test bench.

15. If no errors are present double click on Simulate Behavioral Model. A new window showing

the waveforms for the inputs and outputs of the design will be displayed.You can verify the
outputs.
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File Edit View Project Source Process Tools Window Layout Help
DPHP L4 obXxvwa| [ 2rear ~RIRA[mad=seirsLl9
Design ~08 x| < 35 wire test:
[ | View: O {8 mplementation @) [ Smulaton 5= 36
Behavioral = = 37 // Inscanciace the Unit Under Testc (UUT)
&l = 3s DFF uut |
Hierarchy = 39 Laia),
- - & DFlipFlop - 40 ~gligl),
s | = Eif xcBshed-3tqgl4d 41 .test(tesc),
“=| =[] DFFTEST (DFFTEST.x) o 42 .didy,
% uut - DFF (DFF) — 43 .clock(clock),
A 44 .Tst(rst)
o 23 1
@ b 486
= ) initial begin
I % 48 44 Initialize Inputs
— 49 d = 0;

¥ | T) Mo Processes Running @ 50 clu:]zc _0'
— (5] 51 st = 0;
54 | Processes: DFFTEST _ 52
2r | 5% ISim Simulator o end
= - 2@ Behavioral Check Syntax
% @ Simulate Behavioral Model 33 always
= 56 #10 clock=~clock;
m 57 |

58 initial

59 begin

60 rst=1'b0;

&1

62 #60

<

Fig 9.8: Complete Testbench D Flip Flop

16. For the implementation of the design, select Implementation Button in the Hierarchy window
on the left pan.

17. For UCF File, right click on the design (DFF.v) and select New Source. New Source Wizard will
open. Select source type as Implementation Constraints File and enter the file name as
“DFFTEST”.

@elect Source Type
Select source type, file name and its location.

BMM File
&* Chip5cope Definition and Connection File
[ Implementation Constraints File

[ IP (CORE Generator & Architecture Wizard)

File name:

|oFFTEST

Location:

| C:\Project\DFlipFlop

[¢] VHDL Package
[y VHDL Test Bench
2% Embedded Processor

Add to project

Fig 9.9: UCF creation
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Make sure that Add to Project box is checked to add the constraints file to the project folder.
Click Next. Check Summary. Click Finish.

18. A blank window will appear in a new tab having the design’s name as “DFFTEST.ucf”. Add the
constraints for each input port and output port.

el

File Edit View Project Source Process Tools Window Layout Help

LBHG | KEBX|0a| » /-'JFJ,@_K.'E”E E=Rul=tfr

lign HD5X|E

1 NET "d" LOC = P93;
View: ® $8} inplementation () ff Smuation j=| 2 NET "clock” LOC = P5L;
: =| 3 NET "g" LOC = P105;
H|erachy 4 NET "gl" LOC = P104;
(=] DFlipFlop @ 5 NET "test" LOC = P97;

&

H B £ xefished-tqg1dd -
& [¥)ef DFF (DFFy)
[ DFFTESTuct

NET "rst" LOC = Pl42;

5

0| ¥ ¥ ¥ » |

Fig 9.10: UCF declaration

19. Next we have to synthesize the design. For synthesis right click on the Synthesize-XST and
select Run. If the design is successfully syntheszied then a green check will appear near the
Synthesize-XST and “Process "Synthesize - XST" completed successfully” is displayed in the
console window.

20. Synthesize tool can generate two forms of schematic representation, in the form of RTL View
and Technology View for the “DFF.v”. Double click on the RTL schematic and Technology
schematic for viewing the respective schematics.
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Fig 9.11: RTL View

21. Next step is the implementation of the design.Right click Implement Design and click
Run.After successfull implementataion a green check will appear on all the three steps i.e.
translate, map and place & route.

22. Then we have to generate the programming file. For that, right click Generate Programming
file and click Run. This will generate the bitstream file which will be downloaded to the chip.

File Edit View Project Source Process Tools Window Layout Help

-] %

DPEAE[sabxealfr2pp B 2a00sn[r el
Desgn #08X & 15 // adivionsl Comence: 2
View: @) Ilii} Inplementation () S\mu\aﬁun Bl ow i
~ B N N e s
]| Hiearchy 21 module DFE(
el H DFipFlop 8 2 output q,
—|=d beﬂx“'“ﬂﬂw 7 output ql,
w| B W DFF (DFF) 24 output test,
= &g DFFTESTuct ol = inpat d,
i‘ —| 26 input clock,
a A ;; Ji?pat st
@ Mo
- » 30 reg q=1'b0;
o %| 31 reggl=l'bl;
—| 32 reg [26:0]count;
) @ 33
: ) R R O 34 always @(posedge clock or posedge rst)
51 | Processes DFF A|—| 38 begin
E’c , @ View Technology Schematic :fl ii\:\izlo;
—| ) Check Syntax 3 else
i 1) Generate Post-Synthess Si., o
= | & 0 Implement Design n . '
- gg% ;A'::‘S‘ati :; assign test = count[26];
1 Plcedi e 43 alvays @ (posedge test)
1)) Generate Programming File 4 begin
@ Configure Target Device: . q(zdr' "
@ Analyze Design Using ChipSc... v 7 D
Fig 9.12: Bitstream generation

23. Now for downloading the bitstream file on the FPGA board, follow the steps explained in the
previous experiments. After programming the board, you can verify the D Flip Flop circuit.
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Verilog Code D Flip Flop

module DFF( output g,output q1,output test,input d,input clock,input rst);

reg q=1'b0;
reg ql=1'b1;
reg [26:0]count;

always @(posedge clock or posedge rst)
begin

if(rst)

count<=0;

else

count<=count+1;

end

assign test = count[26];

always @(posedge test)
begin

q<=d;

ql<=~d;

end

endmodule

User Constraints File (UCF)

NET "d" LOC = “P93”;
NET "clock" LOC = “P51”;
NET "q" LOC = “P105”;
NET "q1" LOC = “P104”;
NET "test”" LOC = “P97”;
NET "rst" LOC = “P142";

98



Electronic System Design and Training CoNC
EXPERIMENT: 10

Objective: To design and implement counter which counts from 0000 to FFFF on FPGA Board.
Software: Xilinx ISE Design Suite 14.5
Target Hardware: FPGA Board

Theory: Counter is a sequential circuit. A digital circuit which is used for counting pulses is

known counter. Counter is the widest application of flip-flops. It is a group of flip-flops with a clock
signal applied.

Counters are of two types.

1. Synchronous counters.
2. Asynchronous or ripple counters.

Procedure:

1. Start the ISE 14.5 design suite; double-click the Project Navigator icon on your desktop.

2. From the menu bar, select File => New Project. In the New Project Wizard window type
“counter” in the Name field and in the Location field, browse C:\Project or choose the directory
in which you want to store the project. Select HDL as the Top-Level Source Type and click Next.

New Project Wi

Create New Project

Spedify project location and type.
Enter a name, locations, and comment for the project
MName: Counter
Location: C:\Userswelcome\Desktop\FPGAworkshop\ElearningCounter

Working Directory: | C:\Userswelcome\Desktop\FPGAworkshopElearningyCounter

Description:

Select the type of topevel source for the project

Top-evel source type:

Fig 10.1: New project Counter
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3. Next in the New Project Wizard - Project Settings page, select the following to specify project
and device properties:
* Product Category: All
¢ Family: Spartan6
» Device: XC6SLX4
* Package: TQG144
e Speed: -3
 Synthesis Tool: XST (VHDL/Verilog)
e Simulator: ISim (VHDL/Verilog)
 Preferred Language: Verilog

Other properties can be left at their default values. Click Next.

3. The New Project Wizard—Project Summary page appears. Check the Project Summary and
click Finish.

4. Now in the ISE Project Navigator Environment, select Project => New Source. Select Verilog
Module as the Source Type and enter a name “COUNTER_SEVEN” for the new source in the
File Name field. Click Next.

¥ 4 New Source Wizard H

-Z:;-_.:Select Source Type
Select source type, file name and its location.

BMM File

&% ChipScope Definition and Connection File
E Implementation Constraints File

J IP (CORE Generater & Architecture Wizard)
MEM File

& Schematic

2] User Document

Verilog Module COUNTER_SEVEN
Verilog Test Fixture
'y VHDL Module

[ VHDL Library E:\Elearning \Counter
[¢] VHDL Package

lks| VHDL Test Bench

% Embedded Processor

File name:

Location:

Add to project

More Info Cancel

Fig 10.2: New Source COUNTER_SEVEN
6. In the Define Module page, enter the port information for the “COUNTER_SEVEN” as follows:
a. In the first eleven Port Name fields, enter ‘clock’, ‘reset’, ‘a’, ‘b’, ’c’, ‘d’, ‘e’, ‘’f’, ‘g’ , ‘dp’ and ‘an’.
b. Set the Direction field to ‘output’ for ‘a’, ‘b’, ’c’, ‘d’, ‘¢’, f’, ‘g’, ‘dp’, ‘an’ and to ‘input’ for ‘clock’,
‘reset’.

c. Set the MSB bus range for output ‘an’ as 3 as ‘an’ is a 4-bit vector.
Click Next.
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- New Source Wizard “
-Z:;-::Deﬁne Module
Specify ports for module.
Module name | COUNTER_SEVEM
Port Name Direction Bus M5B LSB K
clock input v [
reset input v [
a output v
b output v [
c output v [
d output v [
e output v
f output v [
g output v [
dp output v [
an output v 3 {0 e
More Info < Back Cancel

Fig 10.3: Module Definition

7. Next the summary description of the module will be displayed. Check the source summary and
click Finish.

8. In the Xilinx ISE interface you can see that the new source file “COUNTER_SEVEN.v” has been
added to the project (Hierarchy window). In the ISE Text Editor, the ports are already declared
in the COUNTER_ SEVEN HDL file, and some of the basic file structure is already in place.

19 £

module COUNTER SEVEHN (
input clock,
input reset,
output a,
output b,
output o,
outpuat d,
output e,
outpuat £,
output o,

31 output dp,

32 outpuat [3:0] an

33 y:

o

[PV S I VI W Y T S W Y T K
(s T o R I Y T VI A I

36 endmodule

Fig 10.4: Module structure

9. Next, you have to write the desired counter logic. For this example behavioral modeling is used.
Save the file.

10. After writing the code next step is to check the syntax and functionality of the design. For this,
select Simulation Button in the Hierarchy window.

11. Now in Simulation window select the source file “COUNTER_SEVEN.v” and click on Behavioral
Check Syntax in the Processes window to check for syntax errors. If errors are present, they
will be displayed in the Error console at the bottom. If the design contains no errors a green
check will appear near the Behavioral Check Syntax.
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12. For functional verification the test bench is created and simulation is performed as explained
in the previous experiments.

13. For synthesis and implementation, select Implementation Button in the Hierarchy window
on the left pan.

14. For UCF File right click on the design (COUNTER SEVEN.v) and select New Source. New
Source Wizard window will open. Select source type as Implementation Constraints File and
enter the file name as “Counter1”.

- Mew Source Wizard “

'ii-:)elect Source Type
Select source type, file name and its location.

BMM File

€% ChipScope Definition and Connection File
E Implementation Constraints File

4 |P (CORE Generator & Architecture Wizard)
MEM File

E Schematic ] .
|=] User Document File name:
Verilog Module Countert

4] Verilog Test Fixture
' VHDL Module

I’ VHDL Library E:\Elearning\Counter
[F] VHDL Package

g VHDL Test Bench

¢ Embedded Processor

Location:

Add to project
More Info Cancel

Fig 10.5: UCF creation

Make sure that Add to Project box is checked to add the constraints file to the project folder.
Click Next.

Check the summary. Click Finish.

15. A blank window will appear in a new tab having the design’s name as “Counterl.ucf’. Enter the
constraints for each input and output port.
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NET
NET
NET
NET
HET
NET
NET
HET
NET
NET
NET
NET
NET

NET
1

woen =1 o Nk LA R

N
P T R Y

na::::u LOC = “P117":

1]

1[1]"™ LOC = "“P118~;
[2]™ LOC = "“P118";
[3]" LOC = “P120";
LOC = “P140”;
LOC = “P137";
"o LOC = “P134”;
"clock™ LOC = “P51~;
"d" LOC = “P133";
"dp" LOC = “P121~;
"e" LOC = “P131”;
mER LOC = “P127";
"g" LOC = “P126";
"reset" LOC = “P142~;

H
3

Fomop oW
=1

Fig 10.6: UCF Declaration
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16. Next we have to synthesize the design. For synthesis right click on the Synthesize-XST and
select Run. If the design is successfully syntheszied then green check will appear near the

Synthesize-XST.

17. Synthesize tool can generate two forms of schematic representation in the form of RTL View
and Technology View of the counter HDL code. For schematic and technology view double
click on the RTL schematic and Technology Schematic.

18. Next step is the implementation of the design.Right click Implement Design and click
Run.After successfull implementataion a green check will appear on all the three steps i.e.
translate, map and place & route (Fig 10.7).

-

E2R )

Processes: COUMTEFR_SEVEM
= Design Surmmary/Reports
Design Utilities
User Constraints
2 Synthesize - X5T
View RTL Schematic
View Technology Schematic
T2 Check Syntax
22

Generate Post-Synthesis Sim...

= F2E) Implernent Design
T2 Translate
ESR ] Map
Place 8 Route
2 Generate Prograrmming File
!T._“iﬁ- Configure Target Device
S Analyze Design Using ChipScope

Fig 10.7: Design Implementation

19. Then we have to generate the programming file. For that, right click Generate Programming
file and click Run. This will generate the bitstream file which will be downloaded to the chip.
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N

N

Processes: COUNTER_SEVEM

= Dresign Summary/Reports
Dresign Lhilities
User Constraints
[ ] Synthesize - X5T
View RTL Schematic
Wiew Technelogy Schematic
2 Check Syntax
2

Generate Post-Synthesis Sim..,
E}O Implement Design

[
o
EZE o | Translate
5 CaC) Map
EI | Place & Route

E}L\ Generate Programming File
=) Cenfigure Target Device
S Analyze Design Using ChipScope

Fig 10.8: Bitstream Generation
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20. Now for downloading the bitstream file on the FPGA board, follow the steps explained in the
previous experiments. After programming the board, you can verify the counter circuit.

Verilog Code for counter

module COUNTER_SEVEN( input clock, input reset, output a, output b, output c, output d,
output e, output f, output g, output dp, output [3:0] an);

reg
reg
reg
reg

3:0]first;
3:0]second;
3:0]third;
3:0]fourth;

—

reg [26:0] delay;
wire test;

always @ (posedge clock or posedge reset)

begin

if (reset)

delay <= 0;

else

delay <=delay + 1;
end

assign test = &delay;

always @ (posedge test or posedge reset)

begin
if (reset) begin
first <= 0;
second <= 0;
third<=0;
fourth<=0;
end
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else
if ({first==4'd15 && second==4'd15 && third ==4'd15 && fourth==4'd15})
begin
first<=4'd15;
second<=4'd15;
third<=4'd15;
fourth<=4'd15;

end

else

begin

if (first==4'd15) begin
first <= 0;

if (second ==4'd15)

begin
second <= 0;
if(third==4'd15)
begin
third<=0;
if(fourth==4'd15)
fourth<=0;
else
fourth<= fourth+1;
end
else
third<=third+1;
end
else
second <= second + 1;

end
else
first <= first + 1;

end

end

localparam N = 16;
reg [N-1:0]count;
always @ (posedge clock or posedge reset)
begin

if (reset)

count <= 0;

else

count <= count + 1;
end
reg [6:0]sseg;
reg [3:0]an_temp;
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always @ (*)
begin
case(count[N-1:N-2])
2'b00 :
begin
sseg = first;
an_temp =4'b1110;
end
2'b01:
begin
sseg = second;
an_temp =4'b1101;
end
2'b10:
begin
sseg = third;
an_temp =4'b1011;
end

2'b11:
begin
sseg = fourth;
an_temp =4'b0111;
end
endcase
end
assign an = an_temp;
reg [6:0] sseg_temp;
always @ (*)
begin
case(sseg)
4'd0 : sseg_temp = 7'b1000000; //0
4'd1:sseg temp =7'b1111001; //1
4'd2 : sseg_temp = 7'b0100100; //2
4'd3 : sseg_temp = 7'b0110000; //3
4'd4 : sseg_temp = 7'b0011001; //4
4'd5 : sseg_temp = 7'b0010010; //5
4'd6 : sseg_temp = 7'b0000010; //6
4'd7 : sseg_temp = 7'b1111000; //7
4'd8 : sseg_temp = 7'b0000000; //8
4'd9 : sseg_temp = 7'b0010000; //9
4'd10 : sseg_temp = 7'b0001000; //9
4'd11 : sseg_temp = 7'b0000000; //9
4'd12 : sseg_temp = 7'b1000110; //9
4'd13 : sseg_temp = 7'b1000000; //9
4'd14: sseg_temp = 7'b0000110; //9
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4'd15: sseg_temp = 7'b0001110; //9
default: sseg temp = 7'b0111111; //dash
endcase
end
assign {g, f, e, d, c, b, a} = sseg_temp;
assign dp = 1'b1;

endmodule

User Constraints File (UCF)
NET "an[0]" LOC = “P117";
NET "an[1]" LOC = “P118”;
NET "an[2]" LOC = “P119”;

NET "an[3]" LOC = “P120”;
NET "a" LOC = “P140”;
NET "b" LOC = “P137";
NET "c¢" LOC = “P134”;
NET "clock" LOC = “P51”;
NET "d" LOC = “P133";
NET "dp" LOC = “P121”;
NET "e" LOC = “P131”;
NET "' LOC = “P127”;
NET "g" LOC = “P126”;
NET "reset" LOC = “P142”;
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Appendix A

Objective: Installation steps for FPGA programmer.

Step 1: Right click on the application setup.

. 155etupPrerequisites 2/13/2017 11:20 AM  File folder
. program files 2/15/2017 11:20 AM  File folder
. Win 2 17 11:21 AM  File folder
4 | (0409 10/1/2014 10:41 AM  Configuration sett...
ﬁj FPGASetup 10/13/2016 11:42 ... Windows Installer ...
= setuy 10/13/2016 11:42 ... Application
4 | Setu Open 01611:42 ..  Configuration sett...
'{g' Run as administrator
Troubleshoot compatibility
Pin to Start
W] Quick Heal Total Security Scan
Send to r
Cut
Copy
Create shortcut
Delete
Rename
Properties
Fig A.1

Step 2: Click Open.

cDNC

Step 3: It might ask you to install Microsoft Visual C++, if it is not installed on your system. Select

Install.

begin installing these requirements.

FPGASetup - InstallShield Wizard

FPGASetup requires the following items to be installed on your computer. Click Install to
]

Status  Reguirement

Pending Microsoft Visual C++ 2012 Update 1 Redistributable Package (x86)
Pending Microsoft Visual C++ 2012 Redistributable Package (x88)

'&'Insmll

Cancel

Step 4: Click Next (Fig A.3).

Fig A.2
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iz FPGASetup - InstallShield Wizard E

Welcome to the InstallShield Wizard for
FPGASetup

The Instalshield(R) Wizard will install FPGASetup on your
computer. To continue, dick Mext.

WARNING: Thiz program is protected by copyright law and
international treaties.

< Back | Mext > | | Cancel

FigA.3
Step 5: Accept the license agreement (Fig A.4). Click Next.

i FPGASetup - InstallShield Wizard “

License Agreement

Flease read the following license agreement carefully.

To add your own license text to this dialog, spedfy your license agreement file in the Dialog
editor,

Navigate to the User Interface view.

Select the LicenseAgreement dialog.

Choose to edit the dialog layout.

Once in the Dialog editor, select the Memo ScrollableText control,
Set FileName to the name of your license agreement RTF file.

ki

After you build your release, your license text will be displayed in the License Agreement dialog.

(®)1 accept the terms in the license agreement

()1 do not accept the terms in the license agreement

InstallShield

| < Badk ” Mext > | | Cancel |

Fig A.4

Step 6: Fill you information i.e. Name and Organization Name (Fig A.5). Click Next.
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i, FPGASetup - InstallShield Wizard “

Customer Information

Please enter your information.

InstallShield

User Name:
|ac

Organization:
Jcoac

T e

Fig A.5

i FPGASetup - InstallShield Wizard “

Ready to Install the Program
The wizard is ready to begin installation.

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit the wizard.

Current Settings:

Setup Type:
Typical
Destination Folder:
C:\Program Files {x86)\CDAC-Moida\My Product Namel

User Information:
MName: ABC
Company: CDAC

InstallShield

< Back [y Install Cancel

Fig A.6

HISh
cDAC

Step 8: You might require to install the USB driver. Silicon Labs USB driver installer will install

the driver. Click Next.
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Silicon Labs USB Driver Installer

Labs USE device.

To continue, click Nex.

Welcome to the Silicon Labs USB
‘;‘ Driver Installer

3

This wizard will help you install the drivers for your Silicon

Cancel

Fig A.7

Step 9: Accept the license agreement and click Next.

Silicon Labs USBE Driver Installer

License Agreement

"

To continue, accept the following license agreement. To read the entire
agreement, use the scroll bar or press the Page Down key.

END-USER LICENSE AGREEMENT
IMPORTANT: READ CAREFULLY
BEFORE AGREEING TO TERMS

THIS PRODUCT CONTAINS CERTAIN COMPUTER PROGRAMS
AND OTHER THIRD PARTY PROFRIETARY MATERIAL
{"LICENSED PRODUCT"). THE USE OF WHICH |5 SUBJECT TO

THIS END-USER LICENSE AGREEMENT. INDICATING YOUR
@ | accept this agreement Save As Pririt
J | don't accept this agreement
= Back MNext =

W

Cancel

Step 10: Click Finish.

Fig A9
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Silicon Labs USB Driver Installer

Completing the Installation of the
& Silicon Labs USB Driver

3

The drivers were successfully installed on this computer.

You can now connect your device to this computer. f your device
came with instructions, please read them first.

Driver Name Status
“* Silicon Labs (WinlUSB) 5... Readyto use

< Back Cancel

Fig A.10

Step 11: A window showing InstallSheild Wizard Completed will appear. Click Finish.

il FPGASetup - InstallShield Wizard E

InstallShield Wizard Completed

The InstallShield Wizard has successfully installed FPGASetup.
Click Finish to exit the wizard.

= Back Finish Cance

Fig A.11

Step 12: Icon as shown in Fig A.12 will appear on your desktop after complete installation of the
programmer.
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Appendix B
Complete CDAC FPGA Board UCF

# clock pins

NET "clk" LOC = "P51"; # Bank = 0, Signal name = FPGA_clk_25
NET "clk" CLOCK_DEDICATED_ROUTE = FALSE;

# Pin assignment for seven segment

NET "seg<0>" LOC = "P140"; # Bank = 1, Signal name = CA
NET "seg<1>" LOC ="P137"; # Bank = 1, Signal name = CB
NET "seg<2>" LOC = "P134"; # Bank = 1, Signal name = CC
NET "seg<3>" LOC = "P133"; # Bank = 2, Signal name = CD
NET "seg<4>"LOC = "P131"; # Bank = 2, Signal name = CE
NET "seg<5>" LOC = "P127"; # Bank = 1, Signal name = CF
NET "seg<6>" LOC = "P126"; # Bank = 1, Signal name = CG
NET "dp" LOC = "P121"; # Bank = 1, Signal name = DP
NET "anode<0>" LOC = "P120"; # Bank = 1, Signal name = ANO
NET "anode<1>" LOC = "P119"; # Bank = 1, Signal name = AN1
NET "anode<2>" LOC = "P118"; # Bank = 1, Signal name = AN2
NET "anode<3>" LOC ="P117"; # Bank = 1, Signal name = AN3

# Pin assignment for LEDs

NET "led<7>" LOC ="P97" ; # Bank = 3, Signal name = LD7
NET "led<6>" LOC = "P98" ; # Bank = 2, Signal name = LD6
NET "led<5>" LOC = "P99" ; # Bank = 2, Signal name = LD5
NET "led<4>" LOC ="P100"; # Bank = 2, Signal name = LD4
NET "led<3>" LOC ="P101" ; # Bank = 2, Signal name = LD3
NET "led<2>" LOC = "P102" ; # Bank = 3, Signal name = LD2
NET "led<1>" LOC = "P104" ; # Bank = 2, Signal name = LD1
NET "led<0>" LOC = "P105"; # Bank = 2, Signal name = LLD0

# Pin assignment for SWs

NET "sw<14>" LOC = "P78"; # Bank = 2, Signal name = SW14
NET "sw<13>" LOC = "P79"; # Bank = 2, Signal name = SW13
NET "sw<12>" LOC = "P80"; # Bank = 2, Signal name = SW12
NET "sw<11>" LOC = "P81"; # Bank = 2, Signal name = SW11
NET "sw<10>" LOC = "P82"; # Bank = 2, Signal name = SW10
NET "sw<9>" LOC = "P83"; # Bank = 3, Signal name = SW9
NET "sw<8>" LOC = "P84"; # Bank = 3, Signal name = SW8
NET "sw<7>" LOC = "P85"; # Bank = 3, Signal name = SW7
NET "sw<6>" LOC = "P87"; # Bank = 3, Signal name = SW6
NET "sw<5>" LOC = "P88"; # Bank = 3, Signal name = SW5
NET "sw<4>" LOC = "P92"; # Bank = 3, Signal name = SW4
NET "sw<3>" LOC = "P93"; # Bank = 2, Signal name = SW3
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# Pin assignment for push buttons

NET "btn<0>" LOC = "P139"; # Bank = 1, Signal name = BTNO
NET "btn<1>" LOC = "P143"; # Bank = 0, Signal name = BTN1
NET "btn<2>" LOC = "P142"; # Bank = 2, Signal name = BTN2
NET "btn<3>" LOC = "P141"; # Bank = 0, Signal name = BTN3

# Pin assignment for VGA

NET "hsync" LOC ="P47" | DRIVE =2 | PULLUP ; # Bank = 1, Signal name = HSYNC
NET "vsync" LOC = "P46" | DRIVE =2 | PULLUP ; # Bank = 1, Signal name = VSYNC

NET "OutRed<2>" LOC ="P59" | DRIVE =2 | PULLUP ; # Bank = 1, Signal name = RED2
NET "OutRed<1>" LOC ="P61" | DRIVE =2 | PULLUP ; # Bank = 1, Signal name = RED1
NET "OutRed<0>" LOC ="P62" | DRIVE =2 | PULLUP ; # Bank = 1, Signal name = REDO
NET "OutGreen<2>" LOC="P56" | DRIVE =2 | PULLUP ; # Bank = 1, Signal name = GRN2
NET "OutGreen<1>" LOC="P57" | DRIVE =2 | PULLUP ; # Bank = 1, Signal name = GRN1
NET "OutGreen<0>" LOC = "P58" | DRIVE =2 | PULLUP; # Bank = 1, Signal name = GRNO
NET "OutBlue<2>" LOC = "P48" | DRIVE =2 | PULLUP ; # Bank = 1, Signal name = BLU1
NET "OutBlue<1>" LOC ="P50" | DRIVE =2 | PULLUP ; # Bank = 1, Signal name = BLUO
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Appendix C
Creating new project in ISE Design Suite

Objective: Get familiar with creating a new project in ISE design suite

1. To start the Xilinx ISE design Suite 14.5, double-click on the Project Navigator icon on your
desktop, or select Start => All Programs => Xilinx ISE Design Suite => Xilinx ISE Design Suite
14.5 => ISE =>Design Tools => Project Navigator.

Open
Troubleshoot compatibility

Open file location

Quick Heal Internet Security Scan
Edit

Print

Fig C.1

2. The ISE Project navigator interface will be opened (Fig C.2). From the menu bar, select File =>
New Project.
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3. The New Project Wizard window will be displayed. In the Name field type “example” (i.e. name
of the project) and in the Location field, choose the directory in which you have to store the
project. For the current project it is C:\Project\OR_Logic (Fig.C.3)

E‘- View: @ .
g [y Create New Project
& gvz Specfyroectocabonand e
n?‘ £ & @f Enter 3 neme, locsins, and cement e the proct
é Name: exanpe.
B o [c =
IFl i g
E Descrpton:
4L
51| Processes
qE¥
o Seect e type of topreel source fr the project
Topee source yoe:
o ]
=k =
Erors 08X
‘ m ] »
Ef crsie | @ 5rws | L Varnos | FrdnFiesResis|

Fig C.3

Also, select HDL as the Top-Level Source type. You can also add project description if you
need. Click Next.

4. Next in the New Project Wizard - Project Settings page, select the following to specify project

and device properties:

¢ Product Category: All

¢ Family: Spartan6é

* Device: XC6SLX4

* Package: TQG144

s Speed: -3

« Synthesis Tool: XST (VHDL/Verilog)

¢ Simulator: ISim (VHDL/Verilog)

¢ Preferred Language: VHDL or Verilog depending on the preference. For the current project
choose Verilog. This will determine the default language for all the processes that generate
HDL files.

Other properties can be left at their default values. Click Next.
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& B [ [ 5e |8REE Rl

Project Settings
O vadll  speafy cerice and projectpoperts,
&£ xd Select the device and design low fr the project

&
g Property Name Value
Evalustion Development Board ~ None Specfied i
Product Cateqery Al i
Family Spartant i
Deice XG5 i
Package Qo1 i
Speed E i
P 0 NoPr E
— Top-Leve Source Fype HDL ]
[ processes Synthesis Tool ST (VHDL Verilog) E
H|=¥ Simulator I5im (VHDL Verilog) i
e Prefered Languae Verlog i
- Prapety Specfcation n Project le  Storeal values =
G Manusl Compile Order
VHDL Source Analysis Standard  VHDL93 =]
Filterinn F

HWSH
cdAC

Fig C.4

5. The New Project Wizard—Project Summary page appears. Check the Project Summary and
click Finish.

[ .o - e B b v i

File Edit Vi
Design
m’ View: @ .
Project Summar

g@ Hierarchy ) y
i V9€ Project Navigator wil create a new project with the following specifications,
T £ xh Project: 3
&a) ) Project Name: example
g Project Path: C:\Users\welcome\Desktop\FPGAworkshop\Elearning'exampl
— Working Directory: C:\Users\welcome\Desktop\FPGAworkshop\Elearning\e
Description:
@ Top Level Source Type: HDL
jul Devige:

Device Family: 3partané 1

Device: xc63lxd 3
P T2 MoPr Package: tqgldd
o Speed: -3
%’t Processes: pee
E’t 7 Top-Level Source Type: HDL
Eyt Synthesis Tool: XST (VHDL/Verilog)
'I_ Simulator: ISim (VHDL/Verilog)
m Preferred Language: Verilog

Property Specification in Project File: 3tore all values

Manual Compile Order: false

VHDL Source Analysis Standard: VHDL-33

4 n J '

A =
Errors
< m

#08x

Consle | @ Errs | 1\ Wanings | Fidin FesResuls
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Fig C.5

6. The ISE Project Navigator interface will be as shown in Fig C.6.

R-Edrivml’n!jmhummmmLMHF . -
A-2BRARAIB 25T ERIPEL]Q

H|5 8|55k | Sk

No single design module i selected.
@ 3 Design Uities

L
%
Ll
ki

st | o v [13 Fes [0

Fig C.6

119



Electronic System Design and Training CONC

Appendix D

Objective: Adding New Source to the project

1. To create new source file, select Project => New Source.

Import Custom CompileFle List..

| DsbleHierrchy Regarsing
o ForceHiarchy Reparse

o Coeanup P il

NIRRT

ey Archive—
Generste TelScrig..

Design Gosl & Srtegies
T Design Summary/Repors
2 Desgn Properts.

) Mo Processes Running
Mo single design module s selected.
E 3 Design ites

EIEIEEIR

& St 53 Desgn | L) Fiss | [ brares
| Conscle 08X

« >

[ consde | @) Eros | ) Wamngs | Findin FesRess

Ald a new source tothe project

Fig D.1

2. The New Source Wizard window will open in which you have to specify the type of source you
want to create.
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¥ ISE Project Navigator (P.68d) - E\Eleaming\example\example.xise -d
Fle Edit View Project Source Process Tooks Window Layout Help
‘D3EFL[%BbEx|we| 2288 2 BES [ sR]rEL]R
[ Desion «08x
1 Ve @ 35 insemeniaion ) smton
ey 2
5}
@ Empty View
g ‘The view currently contains na fils.
“You 2 add fles t the project
3] e
s RS
Usex

New Source: To OestE 3

new source fie.

 Add Souree: To add an

‘exsting fie to the project.

Nosingle design module s selectzd.
B3 Design Utities

EIEIEEIR

o St 53 Desn |1 Fies | Y tibraries

Console

<
H Comoe @ fros | ) Wores | @ FrdnFsResds

FigD.2
For this, select the sources which you require are Verilog Module and Verilog Test Fixture.

3. You have to specify the name of the particular source file and the location where you want to save
the source file.
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