EXPERIMENT 5

Use of XOR/XNOR Gates to Generate
& Check Parity

Depatment of Electrical & Computer Engineering

I. OBJECTIVES:

e Demonstrate the use of XOR and XNOR gates to generate and check parity.

Il. MATERIALS:

e Xilinx Vivado software, student or professional edition VV2018.2 or higher.

e IBM or compatible computer with Pentium 111 or higher, 128 M-byte RAM or more, and 8
G-byte Or larger hard drive.

e BASYS 3 Board.

1. DISCUSSION:

A parity checker circuit is used to detect a 1-bit error, as could occur in data transmission. Such
an error can be caused by an electrical noise “hit”, or by a hardware failure such as a bit “stuck
at 0” or “stuck at 1”. Parity can be even or odd and requires that an extra bit (the parity bit) be
generated and “tacked onto” the data. The value of the parity bit is derived from the data. The
following examples illustrate even and odd parity.

1) Even parity
Determine the parity bit for the 4 bit data 1001 using even parity.

The number of 1 bit in 1001 is 2, an even number. To have even parity for this data, we must
keep the total number of 1s, including the parity bit, even. Hence, the parity bit should be a 0.
Note that, as a binary number, 1001 is odd (value is 9). But whether the value of 1001 is odd or
even is not important. Only the number of 1s is important.

Data: 1001 Parity bit: 0 Data with parity: 10010
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2) Odd Parity
Determine the parity bit for the 8 bit data 10110111.

The number of 1 bitin 10110111 is 6, an even number. To have even parity for this data, we must
make sure the total number of 1s, including the parity bit, is an odd number. Therefore, the parity
bit must be 1. Again, the numerical value of the data is not important, all that counts is the
number of 1s in the data.

Data: 10110111 Parity bit: 1 Data with parity: 101101111

V. PROCEDURE:

1. Open Xilinix Vivado and in the Xilinx-Project Navigator window, Quick start,
New Project.

2. Choose “RTL Project” and check the “Do not specify sources at this time” as we will
configure all the settings manually through the navigator from inside the project.

[

Project Type
Specify the type of praject to create. p

e RTL Project
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis,
implementation, design planning and analysis.

Do not specify sources at this time

Post-synthesis Project: You will be able to add sources, view device resources, run design analysis, planning and
implementation

1O Planning Project
Do not specify design sources. You will be able to view part/package resources

Imported Project
Create a Vivado project from a Synplify, XST or ISE Project File.

Example Project
Create a new Vivado project from a predefined template.
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3. Select New Source... and the New window appears. In the New window, choose
Schematic, type your file name (such as eparity) in the File Name editor box, click on
OK, and then click on the Next button.

#  Create Source File >

Create a new source file and add it to your
praoject. '

File type: @ VvHDL w

File name: eparitﬂ

File location: | » =Local to Project= e

If"_:'\l
2 oK Cancel

4. In the Xilinx - Project Navigator window, select the following
e Category: “General Purpose”

e Family: “Artix-7”
e Package: “cpg236”
e Speed: “-1”
e Choose “xc7a35tcpg236-1” that corresponds to the board we are using.
e Then Choose Finish.
Defaurt Part
Choose a default Xilinx part or board for your project. This can be changed later. o
Parts | Boards

Reset All Filters

Category: Seneral Purpose —~r Package: cpg236 ~ Temperature: I —~
Family: Artix-7 —~r Speed: -1L ~
Search xCcT7a3S5ticpg - {1 match)
Part VO Pin Count Ayvailable 10OBs LUT Elements FlipFlops Block RAMs Ultra RAMs DSPs GE
®CFa35ticpg2326-1L 236 106 20200 41800 50 o =le] 2
< >
= N
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5. The Define Module Window that will appear, we will choose the input and output
labels for the gates under investigation in this experiment. In this experiment, we have
a bit victor as an input data. Then Under “Port Name”, add “clk” as input and then add
“Data_Tx” and “Data_Rx” then check the “Bus” and make the “MSB” equal to 7 as
we are designing an 8-bit parity check. Then, add “Parity”, as infoutput as it will be
output from the transmitter stage then input to the Rx stage. Alsi, add “Error” as output
and select OK.

4 Define Module x

Define a module and specify 10 Ports to add to your source file.

For each port specified:
MSB and L3B values will be ignored unless its Bus column is checked. '
Ports with blank names will not be written.

Module Definition

Entity name: eparitﬂ

Architecture name: Behavioral

'O Port Definitions

+ = 1t

PortMame  Direction Bus WMSB LSB
clk in w

Data_Tx in WY 7 ]
Data_Rx in WY 7 ]
Parity inout %

Errar aut w

()
Y, Ok Cancel

6. In the “eparity.vhd” created file, type the gates equivalent VHDL code for the 8-Dbit
even parity transmitter/ receiver between the “begin” and “end Behavioral” as follows
and then save the file.
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—oop L parily
—-Farity <= temp

--end Behawvioral;
use IEEE.mmeric std.all;
entity eparity is

port |
clk : in 2td logic:
Data Tx : in =std logic wector(7 downto 0);
Data Bx : in  =2td logic wector(7 downto 0);
Parity : inout std logic:
Error : out std logic);

end eparity;
architecture rtl of eparity is

gignal temp data gtd logic wector(7 downto 0);

3ignal temp_rx : 2td logic vector(2 downtoc 0);
begin
p parity _check : process (clk)
variable vparity : std logic;
variable rxparity : std logicy
kegin
if rising edge{clk) then
-- I'x
temp_data <= Data_Tx;
vparity = '0";
rxparity := '0";
1l parity : for k in 0 to 7 loop
vparity := vparity xor temp data(k);

end loop 1_parity;

——————— Ry
parity <= vparity:
temp_rx <= Data Bx & Parity;
Bx parity : for k in 0 to & loop

CEpErity := CHparity xor temp rxik);
end loop Bx parity;
end if;

Error <= ri¥parity:
end process p_parity_check:
end rtl;
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1. Next, we need to add To add a constraint file with the”.xdc” extension, as following:
Go to “Flow Navigator” and from “Project Manager” select “Add Sources” then “Add
or create constraints”. Next, choose “Create File” and enter the file name “lab_2” then
“OK” followed by “Finish”.

Add Sources

fa ”
Vl\/IIL\zDJi,K_C,,) This guides you through the process of adding and creating sources for your project
® . Add or create constraints
Add or create design sources
Add or create simulation sources
-~
&2 XILINX
=

8. Then, we need to get a template xdc file that is going to be edited according to the
different experiments. Google “basys 3 xdc file” and choose the “xilinix” link that
appears (https://www.xilinx.com/support/documentation/university/Vivado-
Teaching/HDL-Design/2015x/Basys3/Supporting%20Material/Basys3 _Master.xdc).
Copy the whole file and paste it into the “port_assign.xdc” that you have just created
in the last step. Then uncomment and edit the input Switches and the output LEDs as
in the next step.
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https://www.xilinx.com/support/documentation/university/Vivado-Teaching/HDL-Design/2015x/Basys3/Supporting%20Material/Basys3_Master.xdc
https://www.xilinx.com/support/documentation/university/Vivado-Teaching/HDL-Design/2015x/Basys3/Supporting%20Material/Basys3_Master.xdc

set property PRCKRGE PIN WS [get ports clk]
set_property IOSTRNDARD LWCMOS33 [get ports clk]
create clock -add -name sy3_clk_pin -periocd 10.00 -waveform {0 5] [get ports clk]

set property PACKAGE FIN V17 [get ports [Data_Tx[0]}]

set property IOSTRNDRRD LVCMOS33 [get ports {Data_Tx[0]}]
set property PACKRGE PIN V1é [get ports {Data_Tx[1]}]

set_property IOSTRNDRRD LVCMOS33 [get_ports {Data Tx[1]}]
set property PACKRGE PIN Wlé [get ports {[Data_Tx[2]}]

set_property IOSTRNDRRD LVCMOS33 [get_ports {Data Tx[2]}]
set property PACKRGE PIN W17 [get ports {[Data_Tx[3]}]

set_property IOSTRNDARD LVCMOS33 [get ports [Data Tx[3]}]
set_property PRCERGE_PIN W15 [get ports [Data_Tx[4]}]

set_property IOSTRNDARD LWCMOS33 [get ports [Data Tx[4]}]
set_property PRCERGE_PIN V15 [get ports [Data_Tx[5]}]

set property IOSTANDARD LWVCMOS33 [get ports [Data Tx[5]}]
set_property PRCERGE_PIN W14 [get ports [Data_Tx[&]}]

set property IOSTANDARD LWVCMOS33 [get ports [Data Tx[6]}]
set preoperty PRCERGE_PIN W13 [get ports [Data_Tx[7]}]

set property IOSTANDARD LVCMOS33 [get ports {Data Tx[7]}]
set_preoperty PRCERGE PIN V2 [get ports {Data Rx[0]}]

set property IOSTANDARD LVCMOS33 [get ports {Data Rx[0]}]
0 | set_property PRCERGE PIN T3 [get ports [Data Rx[1]]]
' set_property IOSTANDARD LVCMOS33 [get ports {Data Ru[l]}]
set_property PACERGE PIN T2 [get_ports {Data_Rx[2]}]

set property IOSTANDARD LVCMOS33 [get ports [Data Rx[2]]]
set property PACKAGE FIN R3 [get ports {Data_Rx[3]}]

set_property IOSTANDARD LVCMOS533 [get ports [Data_Rx[3]]]
set property PRCKAGE PIN W2 [get ports [Data Rx[4]}]

set_property IOSTANDARD LVCMOS33 [get_ports {Data_Rxu[4]}]
set property PRCKAGE PIN Ul [get perts [Data Rx[5]}]

set_property IOSTANDARD LVCMOS33 [get ports {Data Ru[5]}]
set_property PACERGE PIN T1 [get ports {Data_Rx[&]}]

set property IOSTANDARD LVCMOS33 [get ports [Data Rx[6]]]
set property PACKAGE FIN R2 [get ports {Data_Rx[7]}]

set_property IOSTANDARD LVCMOS33 [get ports {Data_Rx[TI]}]

set property PACKRGE PIN Ulé [get ports {Parity}]
set_property IOSTRNDARD LVCMOS33 [get_ports {Parityl]

set property PRCKRGE PIN E19 [get ports [Error]]

LVCMOS33 [get ports {Error}]

ledisd
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9. From the tool tab choose the play button > and then “Run Implementation”. Select
“Number of jobs” =1 and then press OK.

# Launch Runs >

Launch the selected synthesis or implementation runs.

Launch directory: & <=Default Launch Directory= e
Options
# Launch runs on local hostt  Wumber of jobs: | 1 e

Generate scripts only

Don't show this dialog again

10. The implementation errors window will appear if any or the successfully
completed window. From this window select “Generate Bitstream” and then OK.

This will make the software generate “.bin” file to be used in programing the
hardware BAYAS 3.

Implemnentation Completed X

o Implementation successfully completed.

Hext
Open Implemented Design
@ Generate Bitstream

View Reports

Dont show this dialog again

11. The next window will appear in which choose “Open Hardware Manger”, connect
the Hardware Kit to the USB port and then press OK.
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o Bitstream Generation successfully completed.
MNext

Open Implemented Diesign
View Reports
® Open Hardware Manager

Generate Memory Configuration File

Don't show this dialog again

LA

12. From the window appears, select the “.bin” file from the Project you

create by browsing for the generated “.bit file” under the “.runs” folder and program
the board then press OK.

¢ Specify Bitstream File
Look in: impl_1

il
15 eparity. bit

13. Check the Parity and the Error pattern on your board in the following
cases,
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Data_Tx | Parity Data_Rx Error Comments
“0001 0101” “0001 0101 | No change
“0001 0101” “0001 0100 | 1-bit change
“0001 0101” “0001 0110 | 2-bit change
“0001 0101” “1101 0100 | 3-bit change
“0001 0101” “1110 0100 | 4-bit change

14,

Checked by

List your comments from last step

Date
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V. Questions:

1. Draw the logic circuit for each of the following. For each gate, determine if it generates either
EVEN or ODD parity bit and finds the output for the given input data:
(Remember: A XOR generates EVEN parity bit. A XNOR generates Odd Parity bit, whatever how many
inputs they have.)

Data Inputs Which kind parity bit can it generate?

EVEN Parity Bit |  ODD Parity Bit

4-input XOR, input data=1001

5-input XOR, input data=1001 0

6-input XOR, input data=101001

7-input XNOR, input data = 1011011

2. We discussed how to construct an 8-bit even parity generator/checker using XOR gates, can you
use XNOR gates to perform the same function? Draw the schematic diagram.

3. Ifyou are asked to build an 8 bit odd parity generator/ checker with the output ERROR=1 when there
is a 1 bit error, which type of gates, XOR or XNOR is simpler to use? Explain.
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4. Why can’t a parity generator/checker detect even-bit errors? Given an example in your explanation.
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