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1. Introduction

This assignment will include the use of the Vivado design suite along with the Nexys
4 FPGA boards to design simulate then test a series of designs for a control process.
The first part of the assignment will look into research of a typical vhdl file, the task
will explain what a VHDL is and how it is contracted. The information has been
researched from creditable sources and cross checked against other sources for
accuracy, the research was accompanied by a number of images further explaining
text used to show a better understanding.

The next part looks at the Binary to BCD conversion, this part of the research again
used creditable sources which were cross referenced for accuracy to give an
explanation of the two different types of codes mentioned in the questions and why
they are converted. This part was accompanied by images again to further explain
points of research. The last part of the research looked at the IP block design used in
the assignment, the source of research was the direct company who creates this
technology so the research was creditable, the block design is explained along with

an illustration of the assignment block design.

The following tasks looked at using the software to build a variety of designs then
simulate and test these designs, the designs are then explained along with
explanations of what he code is doing in the designs and analysis of the simulations
and the practical results. The simulation results are explained along with screenshots
take from using the system and the testing is explained with the aid of photos take

on a 12mp camera to show the practical application of the designs.
to be

The assignment is finished with a conclusion explained what was learnt from the
assignment, if the assignment and tasks met the expected results and if any
problems were faced an explanation of this. The assignment includes a contents

page above, a table of figures, and a bibliography with all citations included.
Good, clear introduction given




2. Research

2.1 Structure of a typical VHDL file.

A VHDL file is an abbreviation for a ‘Very High Speed Integrated Circuit’, these
circuits were designed to and commissioned by primarily the United States
government to create these integrated circuits that were high speed due to no
systems such existing. After their development, these VHDL’s have become a
standard language in hardware descriptions along with other hardware’s such as
‘Verilog’ and 'ABEL’ A VHDL system has a number of different ways of abstracting
its information, the system will have a ‘Structural’ form which will contain a series of
component representation like logic gates and connection lines representing inputs

and outputs. The structural form is shown below in figure 1.

The next form of representation is the ‘Behavioural’ form which will consist of a
series of code to describe how the system will behave in terms of inputs and outputs
and any commands. The behavioural form is also shown in figure 1 below. The last
form of representation would be the ‘Physical’ representation, this would be the
application of the deigned system onto a physical device such as a Nexys4 FPGA
board as used in the assignment. This is also represented below in figure 1.
(Spiegel, 2001)
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Figure 1: Behavioural, Structural and Physical VHDL (Spiegel, 2001)




The structure of the VHDL file is set up around an ‘Entity’, this is the main body of
the system and can include additional entities called components of the main entity.
The entity is controlled or designed around a declaration of this entity along with a
body of the system call the ‘architecture’. The declaration of this entity is where the
input/output signals are defined and the ‘architecture’ will contain the system
components, processing signals, entities which are interconnected and the overall
description for the entity.

A VHDL file will consist of a series of ‘keywords’ which are reserved and can’t be
used to identify a value or as a name of a signal, these are case sensitive so care is
to be taken when entering. A comment line will start with two hyphens or in some
cases two forward slashes and do not affect the compiler, an extra space or breaks
in the lines also do not affect the compiler.

The declaration of the entity as briefly described above will designate the name of
the entity along with identifying the Output and inputs, when entered into the system
the entity will start with its key word which is ‘entity’, followed by the name given to
the entity and ended with the word ‘is’ and shown below in figure 2.

library IEEE;
2 use IEEE.STD LOGIC 1164.RLL;
entity Rssn 1 6DM tb is

end Assn_1_6DM_tb;
architecture Behavioral of Assn 1 6DM tl
component Asan 1 6DM -- Enter file to b

Figure 2: Entity example

Following on from the entity declarations comes the port instructions, these again
start with a key word which is ‘port’, as shown above in figure 2. The entity is then
finished off ended with the key word as shown above in figure 2 ‘end’, with the name
of the entity after again shown above. Some words used in the entity are described
as follows, the entity's name is up to the user or operator, an example is shown
above in figure 2 were it has been named for the assignment in hand. Other words
have a set meaning as follows, mode is used to represent the direction of the signal,
‘in’ is used as the input, ‘out’ is used for the output, 'buffer’ is an output that can be
detected and read in the architecture of the entity and ‘input’ is used as an input
and/or a output. (Spiegel, 2001)




Other key words used to define the entity code are as follows;

Time = a time indication

Real = values of real origin

Character = a character print

Boolean = a false or true value

Integer = integer inputs

Bit = value of 0 or 1

Bit_vector = vector from bit values

Std_logic = nine values indicating the signal strength and value.

The architecture of the system is where the operations such as the operating
variables and how they are implemented are defined, they can come in a structural
or behavioural format. Below in figure 3 shows the architecture of a file used in the
assignment and a behaviour model.

TeEpl <= NoT Templr

Figure 3: Architecture of system

The main heading of the model states the name of the architecture and also ties in
the entity, as shown above in figure 3. The architecture then begins with the word
begin giving a boolenan expression, the text in the architecture uses logic
expressions such as ‘and or nand' and. The architecture will finish with the key word
end followed by its model which as shown in figure 3 is a behavioural type. All VHDL
files must end with a semi colon (;). (Spiegel, 2001)




A VHDL file can also include additional building blocks, these include a package

part, a configuration part and a library part or section.

The package section is designed to gather all the parts of the file which can be
shared globally with multiple other designs. The package will contain 2 design units,
a body of the package and a declaration of the package. (Pak, 2000). (Pak, 2000)
states that “A package declaration declares all the names of items that will be seen
by the design units that use the package. A package body contains the
implementation details of the subprograms declared in the package declaration”.

A configuration part to the VHDL can give the user the ability to modify variations of
the package and select between different architectures. These configurations give
quick substitutions of the design. (Pak, 2000)

Very detailed research carried out




2.2 Binary to BCD conversion.

Binary systems or code is a basic form of programming data used as coding for
computer systems. The binary code is represented with either a one or a zero (1,0)
called bits. Coding from machines and coding from binary are often brought together
and create a raw code, this raw code is then used to work with hardware systems or
computers. A binary bit is the simplest form of data and also carries or is the lowest
value of data in a system, the ones and zeros combine to create strings which is
then read by the hardware as coding. (Techopedia, 2018).

An eight-bit binary system or string has the ability to represent a value of up to 256.
The binary system is a base 2 system and the bit on the far right is the lease
significant bit with the bit on the far left being to most significant bit. Below in figure 4
shows a 4-bit system and the decimal value for the binary representation up to the
value of 15. (Bluegrass , 2017)

Decimal  Binary
Number  Number

0000
0007]
oofllo
001

O 00 =R W -

Figure 4. 4 Bit Number to Binary Values

BCD or binary coded decimal is a type of code which is used to convert with number
systems very accurately in a decimal form to be understood and read by the user
more efficiently. A BCD system will create a four-digit string of binary code to
represent one digit from 0-9 for unit’s tens and hundreds. For example, a conversion
of 15 as an 8-bit binary would be = 00001111 but as BCD it would be = 0001 0101.

(Rouse, 2017)
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Binary to BCD conversion is needed as stated above to give a simpler usability or
readability with the operator, with it giving this accurate representation it also has
some disadvantages. The system becomes a lot more complex when adding this
binary to BCD convertor as well as loosing storage space, BCD systems are getting
used less often in modern time but as shown in the assignment the convertor has
been used to display and easy readable representation of the LED's when using the

switched as a binary input.

The Binary to BCD convertor used in the assignment with a VHDL system will take a
binary input then from an interface and producer or convert into a BCD number of
the same value as its output. Using the method of a base 2 system the binary bits
which are inputted will shift one at a time with the base 2 system of doubling each
time until the convertor has received it binary input then calculated the BCD
equivalent for this number. The BCD digit can only have a maximum of the value 9
for each 4-bit indication, this means if we have a value higher than four, the base 2
system cannot be used so a value of 1 is added into the next BCD digit and then
changed to suit the correct number or value. Figure 5 below shows a binary to BCD
table. (Larson, 2017)

Current Value Next Value

Decimal Register Bits Decimal Register Bits

0 0000 0 0 000X
1 0001 2 0 001X
2 0010 4 0 010X
3 0011 6 0 011X
4 0100 8 0 100X
5 0101 10 1 000X
6 0110 12 1 001X
7 om 14 1 010X
8 1000 16 1 011X
8 1001 18 1 100X

Figure 5: Truth Table Binary - BCD (Larson, 2017)

Again very detailed research carried out
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2.3 IP Block Design in the Vivado Design Suite.

Due to the increasing complexity that programs are now facing it is vital that a new
method for designing and IP is used. The Vivado design IP block design system
gives the operator or builder the ability to create complicated and advanced
programs by connecting and instantiating the ip’s from the advance design suite.
These designs can then be created programmatically or interactive and are normally
built to an interface standard to give better usability of the programs. The interface
level is a combination of signals using the same functions.

This combination gives an advantage as if each signal was individual and not
combined the system would become increasingly complex and the graphical
indication would also be very complex. The combination of these signals and busses
then makes it possible for one IP integrator to make a connection along with a slave
and master connection and also a design rule check can be made to ensure the

interface is running properly and connected properly. (Xilinx, 2013)

The IP block design also gives the ability to combine a number of different programs
or VHDL files to work together and produce and output, for example to assignment
requires a number of different VHDL files to be creates then packaged to an IP,
these files were then saved as IP and opened in the block design mode were the
design was built and the blocks interconnected which were then programmed to the
nexys4 boards by generating bit streams and then opening the hardware manager to
auto connect to the boards to produce the assignment requirements. Figure 6 below
shows a block diagram used in the assignment for a binary to BCD 8-bit convertor.

[ D Un0
Assn_1
i | Asn_1.0 = um
=0
8 D—- I o a | = un2
B2 — *_!!HJ,] [ Js ::: T Un3
Ll — ~c
8B O -A ¥e =
B [ =B :i E S - ,aw”? > T
8 O e N 1° w= v SR
VA e A {
& [ m N ) 1a = o 12
87 [ - E W - > T3
W — 5 E"'
s p
T <& wl > Hi
\ J = Ho
swis [D— Assn_1_v1_0

Figure 6: IP Block Design Binary - BCD
Excellent detail
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3. Design of assignment requirements

Task 2 of the assignment requires a VHDL file to be created and simulated using a
74185A 6-bit binary to BCD convertor. The file was created using the techniques and
skills learnt from the lecturers prior to the assignment on building Vivado systems.

The project was initially created by opening the program and selecting the ‘Create
Program’ section from the pop up window that appears on opening the program.
Once this function is selected the program then displays a series of pop-up windows
asking for a location for the files to be saved to, this is important as the file name will
need to match the name entered into the program code in order for the system to
operate properly.

For the case of this task and assignment the name chosen was ‘Assn_1". With the
program named it is then selected to be operated as an ‘RTL project’. The next step
is to then select the board that the program is to connect with which in the case of
the Nexys 4 DDR board was the 'xc7a100tcsg324-1' option. Following this the
‘Finish’ button is selected which opens the program to the selected variables, the
target language is then changed from ‘Verilog' to ‘VHDL' and the program is ready to
be built.

The general procedure for creating, simulating and testing is in the following
methods;

e Create design

+ Create simulation test bench

« Simulate the design

* Create a constraints file

+ Synthesise the system

« Implement the system

« Bit steam to be generated

« Open the hardware manager

« Connect fpga and program

e Test the system on the board and record results

Good detail

For task 2 the assignment requires a 6-bit binary to BCD convertor to be created.
This system will use 8 switched on the FPGA board and binary inputs and ten LED’s
as BCD outputs for the range of 0-255 with the far right LED being the least
significant and the far left being the most significant. LED 0-3 will be the units, LED
4-7 will be the tens and LED 8 and 9 will be the hundreds.

The design of the VHDL system for the 6 bit was built for the assignment
requirements and is shown below in figure 7, the green light in the right top corner
shows the system works ok. The code will be explained as to what is being set and
built and listed after the screenshot in figure 7.
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Figure 7: 6bit Binary to bed design file

The above figure 7, shown a screenshot of the Vivado file created in the design
section as shown in the left column under design sources and is set as a behavioural
type, shown below figure 8.

el = - - w L
v = Daslgn Sourcas
«ds Assn_1(Behavioral) (Assnivhd)
b Conslraints
Simulalion Sources (2
v sim_1 (2
» @& Bin_BCD_th{Eehavioral) (4ss

@ Assn_1(Behavioral) (Assn1vha

Figure 8: Design Source

The first part of the design as shown below in figure 9 are as follows, the library is
set to ‘|IEEE’ this library stores all the information about the project such as its
procedures, signals and operations. The package ‘STD_LOGIC_1164’ is defined in
the library for ‘std_logic’ so to use this file the file has to begin with the stating the
library as ‘IEEE’ then telling it to ‘use’ ‘STD_LOGIC_1164’ as defined in the library,
followed by ‘ALL’ telling to use every bit of information about this operation the library
has. The code in the assignment is shown below in figure 9. (Spiegel, 2001)

Good detail

library IEEE;
uze ITEEE.STD LOGIC 1164.ALL;

I amntitir Meem 1 -+

Figure 9: Library Commands
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Following on from this comes the entity declaration, this is the stage were the name
of the system is given and the outputs and inputs are listed. Figure 10 below shows
the entity section.

: entity Assn 1 is

. Port ( A,B,C,D,E : in STD LOGIC;

+ ¥1,¥2,¥3,Y4,Y5,Y6 : out STD_LOGIC):
‘| end Assn_1:

Figure 10: Entity 6bit

The entity has been names as ‘Assn_1" as shown above. The data has to start with
the key word ‘entity’ and after the name finished with the key word ‘is’. The port
functions come next and they state the inputs which are, ‘A,B,C,D,E’ in standard
logic for the binary input, then comes the outputs which are, “Y1,Y2,Y3,Y4,Y5,Y6' for
the BCD outputs. The entity is finished with the key word end followed by the name
of the file as shown above in figure 10 and always finishes with a semi colon.

The architecture of the code comes next and is shown below in figure 11 and 12 of
two screenshots of the start and end of the architecture.

=4 WHEN "11000° =>
szchitecture Behavicrel of Asan_l is § <= ("100100");

signal Inp @ std logic vector (4 downto 0): THEN "L1001° => -- 50/5
signal  : std logic wvector (5 downto 0); 2 ("101000") ;

begin - - : "E‘:i; = = 13/8
- = ("101001");

Iep(0) <= &; WHEN "11011" => —- 54/56
1mp(l) <= B; 2 <= ("101010") ;

Inp(2) <= C: WHEN "11100" => —- 5t
Inp(3) <= D: Q 101011")

Inp(4) <= E: WHEN 11101 => —-
process (Inp) Q <= ("101200");

begin WHEN 111107 =» —- €0/61

Q <= ("110000");
WHEN "00000" => alsiing
¢ <= ("000000"); WHEN Others =»

WHEN *00001° => -- 2,3 2 <= ("000000") ;
@ <= ("0000017); = :
WEEN "00010" => 5
Q <= ("0000107):

case Inp is

WHEN "00011" => £ ‘::'. <= Er:fl];

Q <= ("000011%); ‘1.2 <« Q1);

e ) s ¥3 <= Qi2):
WHEN "00100" =»> -- £/3 S

Q <= ("000100"); Y5 <m Q{4);
WHEN "00101" => 10/11 Y6 <= QiS)7

Q <= ("0010007);

¢ end behavioral;

Figure 11: 6 Bit Architecture start
Figure 12: 6 Bit Architecture End

The architecture is started with the key word ‘Architecture’ then sets it to a
‘Behavioural’ system of the entity name which was ‘Assn_1". This is followed by the
‘is’ key word which states what declarations to be used and in this case, was two
signal declarations of input ‘std_logic_vector’ 4 down to 0 and the same for ‘Q’ or
output 5 down to 0.

The file is then set to start with the key word 'begin’ and the inputs for binary are
defined as above in figure 11. The <= symbol means the value on the right is equal
or set to the value on the left and vice versa. The ‘Process’ key word is the used
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which allows the program to use sequential statements as a description for the
system.

The next part comes the ‘case’ statements for the system which is the conversion
process, as seen in figure 11 and 12 the binary figure is set after the ‘when’
statement to followed by a comment to show its value and underneath the output of
‘Q’ showing the equivalent BCD value. This is continued for the decimal values up to
62/63 and then a final line stating that any other input will set the output to all 0’s. an
example is for the decimal value of 60/61 the binary input is “11110” and the BCD
output is “110000’, the system is finished with the statements ‘End case’ and ‘End
Process’ for the convertor. The last part shown in figure 11 is showing that the BCD
outputs which are Y1-Y6 are set to display when the ‘Q’ from the above code is
activated for the correct number. To end the whole system the command ‘end
behavioural' is set. Good detail

The test bench file is next to be created, this is a simulation file so that the Vivado
program can simulate the operation of the design before it is tested to ensure the
operation is successful. The test bench file is created using the add sources and
create simulation functions in the Vivado program setup, when naming the file, it has
to be the same as the design file but with an underscore tb (_tb) after it to indicate
and run it as a simulation file. The file is then created and the pop up boxes are
finished to display the file, all the original text in the test bench file is deleted and the
new code is entered. The code below in figure 12 and 13 was entered and will be
broken down and explained below. The code shown is from the word document and
the entity name was changed to ‘Assn_1_tb’.

liheary BEE; =0
e BEE STD_LOGIE T160M1; D=0,
E=F,
1=,
Cntity B BED thi 22,
~ rart(} VIS TE,
end Bin_pe_thy Vam W,
V5 ¥S,
architeue Belovion | of Bn_BID_this VB==Y6
~ Eommponcst Dredaation for the Unit Under Teeit (AT} k
COMPOMENT B BT — otk process definions.
Port | ABCOE < st o, A proces process
TLYLYATATETG 2 out st o begn
3 At
N COMPONENT; it for A period/Z;
Ae="15
walt for A_priod/2;
s o process,
sl & 4 b T e
gl 1 3t _logic = 0, BT
‘sl - st =0 wait for B_period/2.
gl 1 stel_logic -0 B"r"
sl €2 sicd g~ W, it for B periedy2;
end process;
Oulyjeets ©_prooess oo
- ) egin
‘sl Y1 - il o T 11,
‘sigorcal ¥2 = el e for
sl Y3 5_logi; nbriladal
sl Y4 st o
sl 5 - skl o R et for € periodf2;
g ¥ - sl g B
begin
ek s
comrdant A_pesiod : tine =1 i :ﬁ!\;bjﬂm
eomtt B_peviod : time te 2 s o
comtant €,_peviod : time 2= 4 5, - i o ) pestodf2:
‘cometant 1) period : time = By £ '““"*
eamtt £_period = me - 16 P ST
Ee='tr;
e wat for £_peniod/?;
[
~ Ittt the: Uinst Uinder Test (1T i
ks Bl BT PORT MAP { :“’EM
Ao h Process;
B8, Lo
Figure 13: 6bit to BCD TB 1 Figure 14: 6 Bitto BCD TE 2

Not very clear!
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Figure 15 below shows the first section of the code is the same as the VHDL file, the
library declares to use the ‘|IEEE STD_LOGIC_1164' and the entity is the same but
with the ‘_tb’ added behind the entity’s name. the architecture then moves on to state
the key word for the component under test which is ‘component’ followed by the
‘port’ statement and the binary inputs and BCD outputs which will be under test or
simulated. The 'End component’ statement is added which ends the declaration for
what is going to be tested.

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity Bin_BCD_tb is

— Port();

end Bin_BCD_tb;

architecture Behavioral of Bin_BCD_tb is

— Component Declaration for the Unit Under Test (UUT)

COMPOMENT Bin_BCD

Port( A,B,C,D,E sin std_logic;
Y1,Y2,Y3,Y4,Y5, Y6 : out std_logic
%
END COMPONENT:

Figure 15: Test Bench entity

The program then goes on to list the binary inputs as shown below in figure 16 with a
value given of ‘0’, the outputs are then listed for the BCD values for Y 1-Y6 for the 6
bits. A clock pulse is also entered to give a time period when simulating the model,
the clock times are listed below in figure 16 along with the constant from A-E which
will be used later on in the test bench to run the program when the program see'’s the
period.

libary IEEE;
use | EEESTD LOGIC_11B4ALL;

enityBin_B0D_this
- heat();
ond Bin 0D,

architacture Behavioral of Bin_B(D this

~ Component Deckarason for the Unit Under Test {UUT)
COMPONENT Bin 8D
For| A3CDE sin s logc;
YIYLYRISSYE  cowtsd g

k

END COMPONENT;

Figure 16: Inputs, Outputs and Clock 6bit
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The program is then set to start with the key word ‘Begin’ the line starting with ‘uut’ is
set which sets the unit under test for the simulation. The inputs for the binary and the
outputs for the BCD are listed and defined then the clock pulse definitions are listed.
The clock pulse beings by setting ‘A’ to '0" after then ‘A_period’ which is displayed
above, the system waits for this period then sets the rising edge at a ‘1’ to output on
the simulation. This is repeated for each input from A-E through all the clock periods
as it looks for the inputs and what the corresponding outputs are. At the end of the
simulation file it is finished with the command ‘end process’ and then ‘END’ to end

the whole file.

— Wt e thes it L ke Tesct JUUIT)
nsk: B, BCID PIMCT AP |

1=,

E=;
it for E_peniod/?;
Ee1t
it for £ peniod/?;
end process,

[t}

Figure 17 6bit Unit Under Test

Again, not very clear

The simulation results for this 6-bit binary to BCD convertor are shown in part 4 of
the assignment and the practical results are shown in part 5 of the assignment.
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The next part of the assignment which was task 3, asked for the design to be
adapted to become an 8-bit binary to BCD convertor. This was done by adapting the
IP block design on Vivado. The addition of two extra binary to BCD convertors was
needed in order to gain the 8 bits and output the correct BCD values. Below in figure
18 shows the new block design with the added Binary to BCD convertors.

L —

ry |7D Und

i - Asen_1.0 J = uni

o — ] O un2

& Assn_1_t n— D un3
=

B3 [ - A L7 ) — 7|
W2 —t - D Assn 1.2
= — e D — 1
= B 1° - L] w 2 n
B ¥ — Assn_1_vi_0 B =
o O 4= w1 fmb———— Dmn
_ ¥i
Assn_1_v1_0 _': g — D Hi
wk
L J {> HO
swis [ Asen_1_v1

Figure 18: 8-bit binary to BCD convertor Good design

A Wrapper was created for the 8-bit counter by taking the block diagram and adding
the additional binary to BCD convertors. Figure 19 below shows the new binary
inputs which are B0O-B7 which makes up 8 bits, switch 15 is then added which is the
switch 15 on the Nexys 4 board. The outputs are then listed as ‘out_std_logic’ and
represent the BCD values for units, tens and hundreds as shown on the code.

n STD_LOGIC;
n ST0_LOGIC;

STRUCTURE of Avsa_i_3 weeppsr iz
n_1% is

Figure 19: 8bit Wrapper File

The second part of the code is then added which is for the ‘architecture’ and includes
the values for the binary inputs and the BCD outputs being designated ports on the
Nexys 4 board. This ties up with the constraints file which lists were what each port
on the board is represented with on the vivado code files.
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The constraints file came next, this is where the components on the Nexys 4 board
are assigned values from the coding so that when downloaded to the FPGA the
board will work correctly with the desired inputs and outputs operating the correct
components on the board. Figure 20 below shows the constraints file with the
switches and LED's corresponding to the code to ensure correct operation of the
Nexys 4 board.

Swilches

Figure 20: 8bit Constraints

Good detail shown on .xdc file

The test bench files were créatéd for the 8-bit binary to BCD convertor and are
shown below in figure 21, the program starts off with telling the system to use the
library file for the ‘STD_LOGIC_1164", the entity is then set to work for the same as
the design file but with the tb added on as its saved as a test bench file. The binary
inputs are listed after the ‘port’ key word to indicate the switched on the board and
the outputs are also listed as ‘out std_logic’ for the BCD outputs of units, tens and
hundreds. For the test three values were chosen to be tested as per the assignment
task and they are shown below in figure 21, The first block of testing is for the value
of 232, this is shown in the binary form alongside the signals for BO — B7.
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of Asen_1 3_tb is

n std logicy
std_logic

signal Ual : std_logic;
signal Unl : std logic:
signal Un2 : std logic:
signal Un3 : std_logic;

signal I0 : std legic:
signal T1 : std legic:
<

Figure 21: 8bit Simulation, first test

The second and third test are shown below in figure 22 and test the values of 75 and
217. The code shows that the program is waiting for 1ms then the test at 75 is
carried out, the binary values are then set at the value for 75 and 217 as indicated in
binary 1's and 0’s below. The process is then ended with the ‘end process’ command
and the ‘end behavioural’ command.

Testbench shown and clearly understood

wait;
end process:
end Behavioral:

Figure 22: 8bit simulation, second and third test
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4. Analysis of Xilinx Vivado simulated results

For the 6-bit binary to BCD convertor the testing was carried out by synthesizing and
generating a bit stream for the 6-bit binary to BCD convertor. For the first simulation,
a value of 22/23 was picked to be tested. Below in figure 23 shows the simulation of
moving the cursor along the generated table until the value of 22/23 is found as a
binary input. The time scale was set to 16us.

Figure 23: 6bit 22/23 simulation

Figure 24 below then shows that the binary value for 22/23 as shown with A-E with A
being the least significant and E being the most at 01011 1/0 and the BCD value as
shown from Y1-Y6 with Y6 being the most significant and Y1 or YO being the least
significant. The BCD value is 010001 1/0 as shown in the code design and as shown
in binary to BCD conversion table.

Figure 24: 6bit 22/23 enhanced
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For the second simulation, a value of 30/31 was picked to be tested. Below in figure
25 shows the simulation of moving the cursor along the generated table until the
value of 30/31 is found as a binary input. The time scale was set to 16us.

Figure 25: 6 bit 30/31 Simulation

Figure 26 below then shows that the binary value for 30/31 as shown with A-E with A
being the least significant and E being the most at 01111 1/0 and the BCD value as
shown from Y 1-Y6 with Y6 being the most significant and Y1 or YO being the least
significant. The BCD value is 011000 1/0 as shown in the code design and as shown
in binary to BCD conversion table.

Name Value

Figure 26: 30/31 enhanced
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For the Third simulation, a value of 8/9 was picked to be tested. Below in figure 27
shows the simulation of moving the cursor along the generated table until the value
of 8/9 is found as a binary input. The time scale was set to 16us.

7. 771372 us

Figure 27: 6 bit 8/9 Sim

Figure 28 below then shows that the binary value for 8/9 as shown with A-E with A
being the least significant and E being the most at 00100 1/0 and the BCD value as
shown from Y1-Y6 with Y6 being the most significant and Y1 or YO being the least
significant. The BCD value is 000100 1/0 as shown in the code design and as shown
in binary to BCD conversion table.

Figure 28: 8/9 enhanced

Three good set of results shown but are these
results correct? Not enough detail in analysis
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The next stage of testing was for the 8-bit binary to BCD convertor, this required the

same to be carried out with completing a synthesize and a generation of a bit stream
after running the implantation. The testing was required for three values which were

entered into the test bench file prior to running the bit stream as shown above in the

assignment.

The first simulation test was for the value of 232, as it is the first test in the test
bench file it is in the first-time frame column for 1us as the test bench file tests this at
1us as set in the program. The results are shown below in figure 29;

Figure 29: 8 bit 232 Sim

The binary value for 232 is 11101000, this is shown clearly below in figure 30 as
correctly indicating this value. The BCD value is “1000110010" which is
H1,H0,T3,T2,T1,T0,U3,U2,U1,UQ respectively, so we have a value of H1,T1,TO,U1,
which is H1 to indicate 200, TO+T1 to give 1+2 (tens) to = 3 or 30, and U1, to
indicate the value for 2 to give the number 2. So as shown above the table confirms
this to give 232.

0_EE6EE

Figure 30: 232 Table
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The second simulation test was for the value of 75, as it is the second test in the test
bench file it is in the second-time frame column for 1us as the test bench file tests
this at 1us as set in the program. The results are shown below in figure 31;

< Untited 1

Q W @ & X o MM = =+

Figure 31: 8 bit, 75 Sim

The binary value for 75 is ‘01001011, this is shown clearly below in figure 32 as
correctly indicating this value. The BCD value is ‘0001110101’ which is
H1,H0,T3,T2,T1,T0,U3,U2,U1,U0 respectively, so we have a value of
T2+T1+T0+U2+U0 which is, T2+T1+TO0 to give 1+2+4 (tens) to = 7 or 70, and
U2+U0, to indicate the value for 4+1 to give the number 5. So as shown above the
table confirms this to give 75.

Name Value

Figure 32: 75 Sim enhanced
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The third simulation test was for the value of 217, as it is the third test in the test
bench file it is in the third-time frame column for 1us as the test bench file tests this
at 1us as set in the program. The results are shown below in figure 33;

Figure 33: 8 bit, 217 Simulation

The binary value for 217 is '11011001’, this is shown clearly below in figure 34 as
correctly indicating this value. The BCD value is ‘1000010111’ which is
H1,H0,T3,T2,T1,T0,U3,U2,U1,U0 respectively, so we have a value of
H1+T0+U2+U1+U0 which is, H1 to indicate 2 or 200 in the hundreds column, then
TO to give 1 or 10 in the tens column, and U2+U1+UQ, to indicate the value for
4+2+1 to give the number 7. So as shown above the table confirms this to give 217.

Figure 34: 217 enhanced

Excellent set of results which have been
analysed well
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5. Analysis of Nexys4 FPGA practical results

Using the program designed and simulated above the next step to carry out the
practical test is to connect the Vivado programs to the Nexys 4 boards. The way this
is done is by selecting the ‘open hardware manager’ selection box on the Vivado
program and programming the Nexys 4 board from the Vivado program. This
requires a hard connection in the form of a cable from the USB port in the computer
used with the loaded program running. This then communicated to the Nexys 4
board and programmed. The Nexys 4 board is shown below in figure 35 with a
numbered diagram and key below.

e

[ cuton | componmimotoion | ot | oo |

1 P! SEEC AR N4 BRI eader 13 FPGAcof@uatan et butms
1 Shared UART) JTAG USB sont M O et St (e soft comm]
" Exterral configuration umper (50 / USK] " Ansing sgw #mad port [LADC)
L] Pt portis] 1% Pugeeeng oo e

5 Micrephane w Al (rrerTor

& Power npply test pointi) W WGA ponmermer

7 uDig 1 176A progremmng done LID

Ll Hide wizches m Exreey eE o lee

Ll Exiht gt 7 seg daplay . USH heet comecior

10 ITAG portfor [agtianall edernal caske 1 P24 crogrameeg sar flactaey ual
1 Five pushbutiors. n Power sastcn

B Tenperatun soser »  @eod detail

Figure 35: Nexys 4 board Labelled

With the Nexys 4 board plugged into the computer and the design programmed to
the board the practical testing could commence.
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Below in figure 36 shows the first test for the value of 232 as simulated in the above
part of the assignment. The binary inputs are as described before entered as the
switches from SW0 — SWY7 or as the simulated test shows, B0-B7. The binary input
should be 11101000’ on the switches which is shown and present below. The BCD
output should be 1000110010’ which from left to right on the board show a positive
result and shown the binary value of 232.

Correct

Figure 36: 8-bit test 232

Below in figure 37 shows the first test for the value of 75 as simulated in the above
part of the assignment. The binary inputs are as described before entered as the
switches from SWO0 — SW?7 or as the simulated test shows, B0-B7. The binary input
should be ‘01001011’ on the switches which is shown and present below. The BCD
output should be ‘0001110101’ which from left to right on the board show a positive
result and shown the binary value of 75.

Correct

Figure 37: 8-bit test 75
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Below in figure 38 shows the first test for the value of 217 as simulated in the above
part of the assignment. The binary inputs are as described before entered as the
switches from SW0 — SWY7 or as the simulated test shows, B0-B7. The binary input
should be 11011001’ on the switches which is shown and present below. The BCD
output should be 1000010111’ which from left to right on the board show a positive
result and shown the binary value of 217.

Figure 38: Test 8 bit 217

The testing provided appositive set of results and were as expected, this shows the
Vivado programs built and the Simulations all worked correctly to produce this
positive set of results for the simulations and practical testing.

Very good set of practical results which
have been well analysed
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6. Adapting design to suit new purposes or applications

The next part of the assignment was to adapt the original design built so that it could
output the 8-bit bit binary range of 0 — 255 on a seven-segment display on the Nexys
4 board. This would require the addition of a 3-4-bit Mux_Demux, a 5 Khz clock
taken from the 100Mhz clock which is incorporated to the Nexys 4 board, and a BCD
to seven segment displays. Good

The first stage in this adaption was the addition of the 5Khz clock, this uses the
100Mhz clock built in to the Nexys 4 board to become the 5Khz clock. The clock

works with a count signal, this is an integer is a whole number.
Incorrect

The VHDL file below in figure 39 shows the 56Khz clock, the first part of the code is
the inputs and outputs, as shown the ‘Rst’ is the input and the ‘FiveKHz' as the
output. The process sets the reset to ‘1’ so if the systems sees the 1 it is reset back
to the beginning. Each time period is measured in 10,000 counts after 10,000 counts
it will change from a "1’ to a ‘0’ and vice versa, this is set for the 100Mhz. anything
over 10000 and the system is reset. The frequency needs to be calculated to ensure
the clock is running at 5khz and the code is correct, this is done with the calculation
F=1/P, the calculation is to follow;

10,000x1/100Mhz
=10 x 10%® x 10 x 107°
= (100 x 107%) x2 =P =200x%x 107°

F=1/P = 1/200% 10~¢ = % = 5Khz Very good!

library IEEE:

use IEEE.STD_LOGIC 1164.ALL;

it IEEE.NUMERIC STD.ALL;

uze IEFE.std logic unsigned.all;
entity Asan_ 1 6 is

Fort ( CLK1OOMHZ : in STD_LOGIC:

and hssn_1_6:
h::':.itec:u:! Behavioral of Assn_ 1 & is

signal cnctl : integer = 0;
signal templ : std_logic := '0';
begin

process (CLK100MBZ, Rat)

begin

iz Rst = "1" then

templ <= *0°%;

cntl <= 07

elsif rising edge (CLE100MHZ) then
if(catl= 10000) then

Templ <= not cempl:

cntl <= 07

else

cntl <= cntl #1 ;

E <= cempl;
end Behavioral;

Figure 39: 5khz clock

Would have been nice to see a bit more detailed explanation
on how the VHDL file functions
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The test bench file was now to be added which set out the test with the calculated
frequency added. The inputs and output were added which were the same as the
VHDL file. The UUT (unit under test) then gets added which is the 100Mhz clock and
the five Khz clock, it then tests the clock while waiting for the period which is 200us

for one time period to see the pulse on the simulation file to show operating at 5Khz
Good detail

Figure 40: 5 kHz clock test bench

The simulation files will be added below in section 7 to shown the five 5Khz clock
working from the 100Mhz clock for a time period.
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The next part was the addition of the Mux — DeMux, this device allows the converted
BCD units or numbers to be taken from the binary values and then sends them
through to the seven segment display system as one input line. The multiplexer acts
like a switchboard where it will take multiple inputs and connect them together

internally then output them onto a single bus or line.

Mux and demux work differently in application, a mux can usually take a number of
inputs and output them to one line and a demux can take one input and output that

to multiple outputs.

Below is the VHDL file for the 3*4-Bit Mux_Demux.

in STD_LOGIC;

STD_LOGIC:
in STD_LOGIC;

ure Bshavioral of Assn 1 GDM is
nt : std logic vector (1 downtc 0);
: £a 0);

Q o= "110%:
and cnt{0)="1") Then Q <= "101";
nt (1)='1" and crt{l)='0") then Q@ <= "011%:

= '0') then De='0';

'
]
1
0

1

Figure 41: Mux Demux VHDL
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1)='0" and cnt(0)=
{ent{l)='0" and on
{cnt{l)='1" and caz(0
@ <= "111%;

Tn1,Tn2,0Un3,T0, T2, T2, T3, 80, H1,Q(0), G(1) ,212))

L I

[ -

and Bahaviswal:

<

Figure 42: MD VHDL 2

The code starts the same as the other code in that it defines the entity for the name
and then lists the inputs and outputs. This mux_Demux is taking 12 inputs as listed
above in figure 41 and then has 7 outputs as also shown in figure 41.

The process is then beginning with the fivebKhz clock as an ‘elsif’ statement looking
for the rising edge. The reset is set to reset to 11 or carry on in steps of 1 in the else
statement. The following part of the code takes the values for the hundreds, tens and
units from the convertors and multiplexes them to sort into four lines of code which
are send to the seven-segment display as the final output on the Nexys 4 board.

More detail required!
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The test bench files below in figure 43 and 44 show the test bench with the number
193 to be used as a test number to be simulated on the vivado simulation file. The
code starts with the inputs and outputs again being declared, the code then states
the BCD value for 193 in terms of hundreds, tens and units. This is shown below in

figure 43.

1 ' library IEEE;
? | use IEEE.STD_LOGIC 1164.ALL;
5 | entity Assn_1_6DM_tb is

i end Assn 1_6DM th;

i architecture Behavioral of Rssn_ 1 6DM tb is

| compenent Assn 1 6DM ter file to be test

 Port ( FiveKHz : in STD_LOGIC;
| Bst : in STD_LOGIC;

ANZ : out STD_LOGIC;
,Un2,Un3 : in STD_LOGIC:
2,T3 : in STD_LOGIC:

in §TD_LOGIC:

: out STD_LOGIC

R E
: end component;

signal FiveKHz : std logic := '0';

L | signal Rst : std_logic := 'l';
2 signal Un0 : std_logic := 'l';
'3 | signal Unl : std logic := '1';
4 signal Un2 : std logic := '0';
'5 | signal Un3 : std logic := "0';
‘6 . signal TO : std logic := "1':
7 signal T1 : std legic := '0';
2 . signal T2 : std logic := '0';
g aignal T3 : std legic := '1';

, signal HO : std logic := "1%;

signal Hl1 : std logic := '0";

[ ==1

. signal BNO : std logic;
: =ignal AN1 : std logic;
. =ignal AN2 : std logic;

[

-

. signal & std logic
% | signal B : std logic;

. signal C : std_legic

' D : std logic

' 3ignal D :

-- Ex od :
. conatant FiveKHz periecd : time := 200us;
\ heain

Bl o D

Figure 43: MD simulation file
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The below test bench file in figure 44 then shows were the BCD units are assigned

to and the process is set to work over the 5Khz then its ended.

1 constant FiveKHz_peried : time := 200us;

5 | begin
€ + -- Instantiate the
. UUT : Assn_ 1 6DM —- Enter file to be teste
Port Map (
0 . FiveKHz => FiveKHz,
1 ! Rat => Rat,
Z | RNO => RNO,
3 1 ANL => AN1,
4 | An2 => N2,
5 . Un0 => Un0,
€ ! Unl => Unl,
7 | Un2 => Un2,
£ ' Un3 => Un3,
. T0 => TO,
| TL => T1,
1 ' T2 => T2,
2 T3 => T3,
H0 => HO,
4 HL =>» H1,
5 A =5 A,
(3 B = B,
71 C=>C,
, D=>D
RN
1 . clk process :process
2 begin
 FiveKHz <= '0';
4 ' wait for FiveKHz period/2; --for 5 ns signal is '0'.
5 | FiveBKHz <= '1';
6 . wait for FiveKHz period/2; --for next 5§ ns signal is '1i'.
7 ' end process;
, begin
1 . wait for 1lms;
2 |, Rat <= '0";
. wait for 5ma;
4 | Rat <= "1";
5 0 wait; Good detail

€ end process;
. end Behavioral:

<
Figure 44: DM test bench 2

The file is simulated as shown in part 7 of the assignment below.
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The last part to be built is the BCD to 7 segment display. This part of the system will
take its inputs from the mux_demux and transmit them to the correct segment on the
three seven segments that are to be used in the assignment. The VHDL design code

is shown below in figure 45 and explained after.

IEEE:
STD_LOGIC 1164.ALL;

entity BCD_Taeg is

: in std logic;
d,se,af,ag ¢ out std_logic

and BCD_Tasg:
rchitecture Behavioral of BCD Tseg is

sigmal § : std_logic_wector {3 downto 0);
signal seg : std_logic_wector (6 dewnto 0);

Legin

Q(0) <= D;
Q(l) <= C:
Q(2) <= B;

22 QU3) <= &;

proceas (@)

WHEN “0010% =i 2
aeg <= ("0010010%):
WHEN "0011" =>
geg <= ("00001107):
LE! "gLoet =-
= ("10011007):
37 WHEK "0101" =>
38 asg <= ("01001007):
WHEN “0110" =
aeg <= ("01000007%);
WHEN 01117 =>
zeg <= ("0001111%):
WHEN "1000" =>
asg <= ("00DO00O7);

WHEH 10017 =3
¢

Figure 45: 7 Segment display VHDL 1

The above VHDL code shown the inputs which are four inputs from the Mux_Demux,
and are from A-D, the outputs are the segments parts for the 7-segment display from
sa-sg. The following piece of code is for the 'Q’ values which are 0-1 and d-a

respectively. Good deial
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-4 L = - " o ¥
Qi1) <= C:
Q(2) <= B:

2 Q(3) <= A:

praceaa (Q)
. begin
caze Q 1is
WHEN "0000" => == 4
seg <= ("0000001");
29 C WHEN "0001" => — 1
30 seqg <= ("1001111");
WHEN "00L0" =>
seg <= ("0010010");
WHEN "O0L1" =>
seqg <= ("0000110"):
WHEN "0100" =>
seg <= ("1001100");
WHEN "0101" =>
38 seg <= ("0100100");
39 WHEN "0110" => == 8
seg <= ("0100000");
1 G WHEN "0111" => --
seg <= ("0001111");
WHEN "1000" => -— B
seg <= ("0000000");
WHEN "1001" =>
seg <= ("0001100");

AR R R RS R

WHEN Others =>
aeg <= ("1111111");
") END CASE;

51 () END PROCESS:

3a <= s=g(6);
ab <= 3eg(5);
3c <= 3eg(4);
sd <= s=g(3);
se <= seg(2);
af <= seg(l);
ag <= s=g(0);

1] = e&nd Behavioral;

The above figure 46 shows the bottom section of the VHDL code being assigned
binary numbers for the seven-segment value for each number, the top part after the
‘When' statement is the binary number and the statement under with the key word
‘seqg’ is the output to the segments with ‘0’ making a segment active and ‘1’ making a
segment off. The bottom part of figure 46 shows each segment value from ‘sa-sg’

being assigned a segment number from ‘6-0'.

38




The simulation file is shown below in figure 47, shows the simulation file with it
starting the same as other test bench files by declaring the entity name, then listing
the inputs to be used for A-D and the outputs for the 7 segments for ‘sa-sg’. The
code then assigns the segments to the constraints file to be added below to operate

the Nexys 4 board.

1 ! LIBRERY ieee:
| USE ieee.std logic 1164.ALL:

| ENTITY ECD_7seg_tb IS
END BCD_73eg_th;

ARCHITECTURE behavior OF BCD_7seg_tb IS

COMPONENT ECD_Tseg
BORT (

R : IN std _logic;
std logic;
i std logic:
i std_logic;
std logic:
std logic:
std_logic:
std logic:
std logic:
std_legic;
[ std logic

END COMPONENT:

signel A : std logic :

= o
signal B : std logic := 'Q';
signal C : std_logic := "0';
signel D : std logic := '0';

aignel sa : std legic:

: signal sb : std_logic:

41 ! signal sc : std logic:
42 | signal ad : std legie:
' signal se : std_logic:

44 gignal sf : std logic:
& . Z miomal st atd laaia:
Figure 46: 7 segment Simulation
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sa => sa,
sb => sb,
sc =5 se,
=d => =d,

e => ge,
sf =» sf,
ag => ag

wair far A peried/2:

for B paried/2:
= '1':
walt for B_period/2:
end process;

C_process :process

begin
90 C = '0":
91 wait for C_peried/2:;
92 Ce="1":

a3 wait for C_peried/2;
end process;

D_process :process

a7 begin

98 D<= "0";
93 wait for D_pericd/2:
0 D<= "1"

Wait for D_periodsa:

102 end process;

end behavior;

L

Figure 47: 7 Seg Sim 2

Figure 47 above then shows the Unit under test operations which switches A-D and
0-1. The clock pulse is then introduced which is monitoring for any value change to
output to the segment displays. This pulse and rising edge along with falling edge
causes the change in value that the code will see.

Not a good explanation!
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The constraints file is last, this is the file which tells the system what each statement
is set to on the board, an example is what switch number or segment number a
value on the code is assigned to. Below in figure 48 shows the constraints files used

with the assigned values for the inputs and outputs.

##" segnent display

set_prc

Very god detail

Figure 48: 7 Segment Constraints

With all the additional files built they were simulated in section 7 of this assignment
and then tested to the Nexys 4 board to carry out the practical test. The in order to
carry this test the files would all need to be brought together into one new program to
test them as a whole unit. This meant saving all the files as I/P’s as done earlier in
the assignment then built and connected using the Vivado block design function. The
program is shown below in figure 49.
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Figure 49: I/P block design for adaptation for 7 seg

The above figure 49 shows the block diagram, as shown earlier in the assignment
each part of the assignment was brought together and loaded into this block design
package from saving as an I/P, they are found by searching the library for the name
they were saved under. Once each part was loaded into the design they were
connected up as shown above with binary inputs, the 5Khz clock inputs and switch
14 and 15. This I/P block design mode makes it a lot simpler to connect up the
components and each VHDL and tb file is already pre-loaded into the designs. The
design was then tested for the three original values used in task 4 and shown in the
testing section 8 below.

42




7. Analysis of Xilinx Vivado simulated results

The first simulation was for the 5khz clock, as explained in the above section the
clock is looking for 1 time period which has shown below was for a period of 200us.

ah

T 453 ETRIET o
ug
wriod

Figure 50: Simulation of Skhz clock

With the time found at 200us with the two cursors as shown above the formulae was
used as above in the assignment to work out the frequency of the clock, the formulae
were as follows;

Frequency = 1/P
= 1/200x 107¢ = 5000
= 5Khz

Good result

This proves the files have worked and the clock is now set for a 5khz clock to use
with the other parts of the program.
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Next came the simulation for the Mux_Demux files, this involved using the test bench
files for the number selected to test which was 193, the bit stream was generated
and the results were shown below in figure 51.

200000000 ps

Figure 51: Mux_demux Sim

Above shows the value for 193 displayed on the chart and represented by then unit’s
tens and hundreds column on the left-hand side. Then below shows the display
showing D, C which are least significant at D and most at A, so D represent 1 and C
represents 2, so the total value is displayed at 3 on the screen which represents the

units. Good detail

Name Value

Figure 52; Value of 3
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The second part was to simulate the file and move the cursor for the value of tens as
shown below in figure 53;

¥ FivekKHz
# Rst

# Uno

& Un1

% Un2

& Un3

B T0
uT1
b2
CRE]

¥ HO

B H1

% AND

3 AN1

& AN2

B A

kB

we

D

& FiveKHz_period

Figure 53: Mux_demux tens

Above shows the value for 193 displayed on the chart and represented by then unit's
tens and hundreds column on the left-hand side. Then below shows the display
showing D, A, which are least significant at D and most at A, so D represent 1 and A
represents 8, so the total value is displayed at 9 on the screen which represents the

tens. Good understanding shown

Hame WValue

kB
gD
= FivekHZ period
Figure 54: Table value for tens
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The third part was to simulate the file and move the cursor for the value of hundreds
as shown below in figure 55;

1l 564.220182 us

500 us 2,000 us 2,500 us

| J i -

& UnD
& Un1
&k Un2
& Un3
k1O
a1
&T2

w13

200000000 ps

Figure 55: Mux_Demux hundreds

Above shows the value for 193 displayed on the chart and represented by then unit’s
tens and hundreds column on the left-hand side. Then below shows the display
showing D, which are least significant at D and most at A, so D represent 1, so the
total value is displayed at 1 on the screen which represents the hundreds

Again good understanding
shown

= FiveKHz_period 200000000 ps

Figure 56: Hundreds mux_demux
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The final simulation was for the seven-segment display, this took the test bench file
with an A-B input from the mux_demux and outputted to 7 segments on the display,
the result is shown below in the screenshots. Three values were chosen to be
displayed on the simulation.

Figure 57: 7 Seg Sim value 1

Above in figure 57 shows the binary value for 1 which is represented as D,
Incorrect sa=1

The display shows sa=0, sh=0, sc=0, sd=1, se=1, sf=1, sg=1 with 1 not displaying
and 0 displaying on the display. This proves that the seven segments would display
the value of 1 if tested to the board.

& D_period

Figure 58: 7 seg value of 3

Above in figure 58 shows the binary value for 3.

The display shows (sa =0, sb =0, sc =0, sd =0, se =1, sf =1, sg =0) with 1 not
displaying and 0 displaying on the display. This proves that the seven segments
would display the value of 3 if tested to the board.

Good analysis
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Figure 59: 7 Seg Value of 5

Above in figure 59 shows the binary value for 5.

105. 000 ns

The display shows (sa =0, sb =1, sc =0, sd =0, se =1, sf =0, sg =0) with 1 not

displaying and 0 displaying on the display. This proves
would display the value of 5 if tested to the board.

All the simulations were as expected and no difficulties

that the seven segments

were encountered, this

means all the files are now ready to be practically tested to the Nexys 4 board as

shown in the next part 8 of the assignment.

Again good understanding shown
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8. Analysis of Nexys 4 DDR FPGA practical results

Following on to task 7 in the assignment the program created in the block diagram
mode with all the component inserted was now to be downloaded to the Nexys 4
DDR FPGA board. The same three values were used as used in the original
practical test for the binary to BCD convertor in part 5 of the assignment, the
practical results are as follows.

Figure 60: Practical 7 seg 232 Correct result... why is SW14 set to

logic 1?
Figure 60 above shows the seven-segment display working and producing the value
of 232, this was done with the binary switch inputs as below in figure 61 represents.
The switches should be “11101000° which as shown above are correct.

Name Value

Figure 61: 232 Value sim table
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Figure 62: Simulation for 075
g Good result

Figure 62 above shows the seven-segment display working and producing the value
of 075, this was done with the binary switch inputs as below in figure 63 represents.
The switches should be ‘01001011’ which as shown above are correct.

Figure 63: Table for 075 Sim
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Figure 64: 7 seg practical for 217 Good use made of pictorial

Figure 64 above shows the seven-segment display working and producing the value
of 217, this was done with the binary switch inputs as below in figure 65 represents.
The switches should be ‘11011001’ which as shown above are correct.

Figure 65: Simulation table for the value of 217

The simulations and practical were the same and proved that the vivado programs
built were built correctly and have met the assignment brief on what was expected to
be found. The results were as expected and no problems were encountered.

Good detail
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9. Conclusions

The assignment on a whole proved to be very helpful and a lot was learnt from
carrying out the research and completing the design, simulations and testing. All
results that were obtained were as expected and no difficulties or problems were
found.

The research gave a better understanding of how Vivado works and the structure of
a VHDL file, reading from sources other than that learn in the lecture and using the
program provided a broader understanding and was helpful for the tasks that
followed by providing more knowledge. This research was proved back by carrying
out the designs and simulations by seeing how the program worked compared to the
knowledge obtained, an example would be carrying out the construction of an 8bit
and 6bit binary to BCD convertor on Vivado and seeing how the program takes a
binary number and turns them into a BCD value. This was researched and proved
back to compare and back up the research.

Carrying out the construction of the 6Bit binary to BCD convertor and then adapting
that to become an 8-bit binary to BCD convertor gave me the skills and knowledge of
how it is done and why it is done. The results that were simulated then proved the
operation which meant the programs were correct and worked as expected, the
practical results also world as expected and the real word use of the system was
shown and understood.

By further adapting the programme to produce a 7-segment display was a valuable
hit of knowledge as this showed a small change to a LED board takes a lot of
programming and different components working together to achieve the desired
outcome. The systems all worked as expected and the simulation of each file proved
that they worked individually before they came together to give the final practical
outcome on the Nexys 4 board.

Overall the assignment was a success, a lot was learnt from the research and the
practical sessions carried out at college, with further adaptions the program could
have more uses and with the skills gained in this assignment different types of
programmes could be built for different real-world situations. | feel | have explained
the program to the best of my ability and with more practice and experience using
the system the terminology and deployment could be improved.

Good general conclusion which also contained some good
reflection
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