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1. Introduction

This assignment involved the design of a VHDL file, which would be used to emulate a 6-bit binary-
to-BCD converter (specifically a 74185A). This VHDL file would then be adapted and amalgamated
with other VHDL files to eventually create a final VHDL file which could be used to output a range of
results from 0 to 255 to three seven-segment displays based on the input from an 8-bit range. This
final VHDL file could also be uploaded to a Nexys 4 DDR FPGA board in order to function as a physical
8-bit binary-to-BCD converter, which also allows testing to be carried out. This report covers the
process of design and adaptation for every aspect of the assighment and also contains independent
sections dedicated to research, analysis and conclusions.

Brief, concise introduction given...
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2. Research

Prior to carrying out the tasks of the assignment, research was carried out in order to gain an
understanding of what the assignment might entail — research into the structure of VHDL files,
binary to BCD conversion, and IP block design was carried out.

Structure of VHDL Files

According to Cohen, “VHDL is a hardware description language with a vocabulary rich enough to
span a very wide range of design descriptions” (1995, p. 22). A VHDL file is made up of two primary
bodies — the entity and the architecture. The entity is where components of the VHDL are declared
and is where it is determined whether they are inputs are outputs. The architecture can be
described as a description of the entity, where the components are assigned functions and where
those functions are assigned limitations and conditionals such as if statements and case statements.
The behaviour of the VHDL can be written and re-written using the architecture of files — outputs
and inputs can have their names changed, or only be inputs/outputs at instantaneous times based

on internal clocks. Not enough Detail

Binary to BCD Conversion

Binary to BCD conversion is a straight forward concept and simply requires understanding how each
notation functions. With binary, a number of “bits” are used to represent numbers, where each
additional bit is double the size of the bit before it —an example of this is where 111 = 442+1, but
1111 would equal 8+4+2+1. With BCD, 4-bit sequences are used to represent units, tens, hundreds
etc. and the sequence can just be scaled by further adding 4-bit sequences. A BCD value of 67 would
look like 01100111 where the four left-most bits represent the tens and the the four right-most bits
represent the units. BCD can be advantageous over basic binary because it is easily scalable and is
very easy to be deciphered by humans, although binary is typically easier for machines to work with,
as most are programmed with binary in mind.

. Not enough detail
IP Block Design

IP block design is a function of Vivado which aids with the design of intricate circuits by turning them
into much more comprehensible and concise circuits. They are developed using a number of IP
blocks which are VHDL files that have had their entities and architectures established and have then
been “packaged”, which essentially means they have been turned into templates to be used for IP
block design or other uses within Vivado. IP blocks typically come in the form of a simple block with
the entity’s inputs on the left side and the entity’s outputs on the right side, allowing a number of IP
blocks to be connected with ease - resulting in simple circuit design for what would be otherwise

quite complex.
An example would have been

useful at this point
Very little research carried out v%th only one citation

given.... very poor!
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3. Design of Assignment Requirements

Designing a fully functional 3*7-segment LED display which outputs a BCD value determined by
switch inputs involved combining a number of smaller components, such as:

- A 6-bit Binary-to-BCD Converter

- A 3*4-bit Mux_Demux (Multiplexer and Demultiplexer)

- A5KHz clock (based on the 100MHz clock provided by the Nexys 4 DDR FPGA)
BCD to 7-segment Converter

These components were all developed using Vivado software, which allows the development of

virtual circuits and devices down to an architectural level. These virtual circuits and devices can then
either be used for simulation or uploaded to FPGA boards to be used for practical applications; they
can also be saved and stored as templates to be used in any number of other designs within Vivado.

6-bit Binary-to-BCD Converter

The first component to be designed was the 6-bit binary-to-BCD converter. This served the purpose
of behaving as a test binary-to-BCD converter for developing an understanding of the operation of
the device and also to be stored as a template (known as packaging an IP) to be used in other VHDL
files, for example in the 8-hit binary-to-BCD converter. The first step in designing the 6-bit binary-to-
BCD converter was to create a project on the Vivado software, this project is used to contain the
data written by the user concerning file directory. The next step was to create a VHDL design source
— this file contains the entity and architecture of the 6-bit binary-to-BCD converter. The entity and
architecture of this particular file is shown below.

library IEEE:
use IEEE.STD LOGIC 1164.RALL;
3 entity Assignment_1_BCD is
4 | Port ( A,B,C,D,E : in STD_LOGIC;
5 ¥1,Y2,Y3,Y4,Y5,Y6 : out STD_LOGIC);
6 (7 end Rssignment_1_BCD:
i architecture Behavioral of Assignment 1 BCD is
g =signal Inp : stcl_loqlc_uector (4 downto 0);
8 | signal Q : std logic_wvector (5 downto 0);
10 : begin
11 | Inp(0) <= A:
12 . Inp{l) <= B:
13 ' Inp(2) <= C;
14 | Inp(3) <= D:
15 ' Inp(4) <= E;
16 proceas (Inp)
1 begin
18 case Inp is
1 . WHEN "00000" =>

/@ <= ("000000");
WHEN "00001" => -- 2/3
Q <= ("000001");
2 WHEN "00010" => -- </5
24 [ Q <= ("000010");
5 WHEN "00011" => -- &/7

Q<= ("0000117);
F - WHEN "00100" => -- 5/9
28 Q <= ("000100");
23 [JWHEN "00101" => —— 10/11

Q <= ("001000");

Figure 1 - 6-bit Binary-to-BCD Converter Design Source (Part 1/4)
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The first 30 lines of the code contain the entity and part of the architecture. The entity states the
inputs and outputs of the file, and in the case of the 6-bit binary-to-BCD converter, the entity has
five inputs (A, B, C, D, E) and six outputs (Y1, Y2, ¥3, Y4, Y5, ¥6). The architecture contains the code
that determines what the output is based on the input, this is achieved using case statements. A
specific example of this is line 19 & 20, where the output (or Q) is set to 000000 when the input is

00000.
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Good detail

"go110" => -
("001001") ;

"00111" => -~ 1

("001010") ;

"01000" => —- 1

("001011"});

"01001" => -~ 1

("001100") ;
"01010" => —-
("010000") ;

"01011" => —- 2

("010001");

"01100" => - 2

("010010") ;
"O1101" => —-
("010011") ;
"01110" => —-
("010100")
"O1111" => —-
("011000") ;

"10000" => —-

("011001") ;
"10001" => -
("011010") ;

"10010" =>» —- 36/

("011011");

"10011" =% -- 38/39

("011100") ;
"10100" => --
("100001") ;

4

iy
r

Figure 2 - 6-bit Binary-to-BCD Converter Design Source (Part 2/4)

The next 30 lines carry on with the architecture and the case statements, further determining what
the outputs are based on the inputs.




60 OQ <=
61 [) WHEN
¥ :EQ <=
| WHEN
54 :sQ <=
65 [ WHEN
66 F1Q <
67 () WHEN
68 | Q <=
69 [) WHEN
70 AQ <=
71 [ WHEN
72 . Q <=
73 ) WHEN
74 01Q <=
t [ WHEN
76 ::Q <=
77 E) WHEN
7% O Q <=
7¢ ) WHEN
B0 | Q <=
g1 [ WHEN
B2 21Q <=
3 ) When
| Q €=

("100001");

"10101" => -- €2/

("100001");

"10110" => -- £4/4

("100010") >

43

in

"10111" => -- £6/47

("100011");

"11000" => -- 48/

("100100") ;

"11001" => -- &0/

(*101000") ;

2]

"11010" => 52/83

("101001");

"11011" => -- B4£/E

("101010") >

"11100" => -- 56/

("101011") ;
"11101" => --
("101100") ;

"11110" =»> -- &0/

("110000");

13113 =» -- 52/

("110001"} ;
Othera =>
("000000") ;

Joseff Jones

s

“) END CASE:
") END PROCESS:

Figure 3 - 6-bit Binary-to-BCD Converter Design Source (Part 3/4)

The next 26 lines carry on with the case statements, but an important output that's included here is
that when the input is “others”, meaning anything that isn’t defined as input in the rest of the
program, the output will be 000000.

: Y1 <= Q(0):
; ¥2 <= Q(1);
90 . Y3 <= Q(2):
Y4 <= Q(3):

2 Y5 <= Q(4):
93 | Y6 <= Q(5):

w

| end Behavioral;
Figure 4 - 6-bit Binary-to-BCD Converter Design Source (Part 4/4)

The final part of the design source is stating the names of the outputs, where Q(0) is defined as Y1,
Q(1) is defined as Y2 etc.
Good detail
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The next part in the design process was to add a simulation source, or “test bench” file. This test
bench file serves the purpose of copying the information from the VHDL design source and
determining how it is simulated. Simulation is an important aspect of the design process as it helps
determine whether the VHDL program is behaving correctly. The test bench file is shown below.

library IEEE;

. use IEFE.STD LOGIC 1164.ALL:
entity Assignment 1 tb is

. end Rssignment_1_tb:

ture Behavioral of Assignment 1 tb ias

Comy nt Declaration for the Unit Under Tast (UUT
COMPONENT Assignment_ 1 BCD
PFort ( A,B,C,D,E : in std logic:

¥1,¥2,¥Y3,¥4,¥5,Y6 : out std logic

END COMPONENT:

std logic := "0';
std_logic := '0';
std_logic := '0';
std logic := '0';
std_logic := '0';
: std_logic;
3ignal Y2 : std_logic:
gignal Y3 : std logic;
aignal Y4 : stcl_logic:
signal Y5 : std logies
: std logie:

signal Y&

constant A period : time := 1 us;
constant B_period : time := 2 us;
constant C_period :

Figure 5 - 6-bit Binary-to-BCD Converter TB File (1/3)

Alike the design source file, the TB file contains an entity and an architecture, but the entity does not
play that much of a role as the inputs and outputs are copied from the VHDL file into the
architecture. Another part in the architecture of the TB file for the 6-bit binary-to-BCD is where
clocks are defined - clocks are defined in constant periods of 1 us, 2 us, 4 us etc. for the signals to
produce all possible outputs as they will not be overlapping all of the time.

Good Detail




constant C_period : time :
31 | constant D period : time :=
. constant E_peried : time := 16 us;
33 ' BEGIN

1]
SR
L=}
w
-

Tnstantiate the [nit nder Test

35 ' uut: Assignment 1 BCD PORT MAP (
=> A,

2
. B =>B,
38 ! C=>C,
D => D,
E=>E,

ir | 7= ¥,
42 Y2 => Y2,
43 | ¥3 => Y3,
44 Y4 => Y4,
45 ' ¥§5 => YS,
46 . Y6 => Y&

8 1 ):

A process :process
51+ begin

52 A <="0%;

53 . wait for A_period/2;
P R<="1;

. wait for A _period/2:
end process:

. B_process :process

Figure 6 - 6-bit Binary-to-BCD Converter TB File (2/3)

Joseff Jones

The next 27 lines of the TB file include instantiating the UUT and definitions of the clock process.

Instantiating the UUT is there to map the inputs and outputs for the simulation to display

information correctly to the reader and the clock process definitions are there to set the periods for

each input. What does UUT mean?

10
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58 begin

59 B «='0";

60 wait for B peried/2;
6 B<«<="1l";

wait for B period/2;
end process;
C_process :process

65 begin

66 C<="'0";

67 wait for C_peried/2;
ag C<="1";

. wait for C_peried/2;
' end process;
1 | D_process :process

72 begin

7 D<= "'0";

74 wait for D period/2:
75 D<="1";

o

wait for D_period/2;
end process;
E process :process
begin
E<="'0"';
wait for E period/2;
E<="1";
wait for E_period/2;
end process;

, END;

Fl

o o -]
Ly N W

[T

Figure 7 - 6-bit Binary-to-BCD Converter TB File (3/3)

The final part of the TB file for the 6-hit binary-to-BCD converter is a continuation of the clock

process definitions. Not explained fully

Once simulating has been completed, normally, the next step is to add a constraints file in
preparation for uploading the VHDL file to the FPGA board for practical testing. In the case of the 6-
bit binary-to-BCD file, the constraints file was not needed because the 6-bit binary-to-BCD program
wasn’t uploaded to the FPGA, as the 6-bit isn"t needed for the final design; instead, the 6-bit binary-
to-BCD file was turned into an IP block to be used for the 8-bit binary-to-BCD file, which was
uploaded to the board. Good

11
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8-bit Binary-to-BCD Converter

Creating the 8-bit binary-to-BCD converter involved taking three 6-bits and connecting them
together, the figure below shows how it was all connected.

Assignment 1 BCD 2 £ uno
] B
B0 ¥1 _ In;
81 D—l Assignment_1_BCD_0 ‘; ¥2 ment_1_BCD_1 — un3
az E}— - 1 e —————— A g ™
83 A a4 vz T2
- D s | — s =g
85 B ol ¥6 — & B HO
BS o - - w5 H1
¥s Assignment_1_BCD_wv1_0 E
BT &> E = —| Y6 =
PR e S | Assignment_1_BCD v1_0
| -
swis [
What about the setup
procedure?

Figure 8 - 8-bit Binary-to-BCD Schematic
SW15 was connected to ground the circuit in order for the board to show the correct values.

Because the 8-bit binary-to-BCD converter only involved connecting three IP blocks of the 6-bit
binary-to-BCD converters to buttons and outputs, there was no need to write anything into the
design source or the test bench file as it was already all there; there was however a constraints file
that needed to be developed in order to upload the VHDL file to the FPGA. The constraints file that
was developed is shown in the figure below.

SRR

set_property -dict { PACKAGE PIN J15 IOSTANDARD LVCMOS33 } [get ports
set_property -dict | PACKAGE_PIN L16 IOSTANDARD LVCMOS33 } [get_ports
5 + set property -dict { PACKAGE_PIN M13 IQSTANDARD LVCMOS33 |} [get_ports
6 set_property -dict { PACKAGE PIN R1S IOSTANDARD LWCMOS33 } [get ports
T set property -dict { PACKAGE PIN R17 IOSTANDARD LWCMOS33 } [get ports
set_property -dict | PACKAGE_PIN T18 IOSTANDRRD LVCMOS33 } [get_ports
9 | set_property -dict { PACKAGE_PIN Uls IOSTANDARD LVCMOS33 | [get_ports
10 set property -dict { PACKAGE PIN R13 IOSTANDARD LWCMOS33 } [get ports
set property -dict { PACKAGE PIN V10 IOSTANDARD LWCMOS33 } [get ports

set property -dict
set_property -dicc

PRCKRGE PIN H17 IOSTANDARD LWVCMOS33
PACKHAGE_PIN K15 IOSTANDARD LVCMCS33
set_property -dict PACKRGE PIN J13 IOSTANDARD LVCMCS33 [get_ports
set_property -dict PRCKAGE PIN N14 IOSTANDARD LWCMOS533 [get_ports

{ } [get_ports

{ }

{ }

{ }
set property -dict { PACKAGE PIN R18 IOSTANDARD LWCMOS33 } [get ports

{ )

{ }

{ }

{ }

{ )

[get_ports

set_property -dict PACKAGE_PIN V17 IOSTANDARD LVCMOS33 [get_ports
set_property -dict PACKAGE_PIN UL7 IOSTANDARD LVCMOS33 [get_ports
2 set property -dict PACKRGE PIN Ul6 IOSTANDARD LVCMOS533 [get ports
3 set property -dict PRCEKRGE PIN V16 IOSTANDARD LWVCMOS533 [get_ports
24 set_property -dict PACKRGE_PIN T15 IOSTANDARD LVCMOS533 [get_ports

Figure 9 - 8-bit Binary-to-BCD Converter Constraints

The constraints file is there to define the ports for the FPGA to understand the VHDL file’s coding for
the inputs and outputs. The inputs in this case are the buttons (there’s also a SW15 which is zero, to
ensure the board works correctly) and the outputs are the units, tens and hundreds which are
displayed on the FPGA as LEDs.

Very little explanation on how the IP blocks
were obtained

12
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4. Analysis of Xilinx Vivado Simulated Results

In order to ensure that the developed VHDL files actually worked, simulations were carried out from
within the Vivado software, which allowed analyses of the written code; those simulations are
shown below.

6-bit Binary-to-BCD Converter

The first simulation to be generated was of the 6-bit binary-to-BCD converter; this analysis involved
making use of a function table to determine the BCD output based on a binary input. The function
table that was used to determine the output is shown in the figure below.

Function Tables
Binary Inputs Qutputs
Words Binary Select Enable

E D Cc B A G Y8 Y7 Y6 Y5 Y4 Y3 Y2 ¥1
] 1 L L L L L L H H L L L L L L
2 3 L L L L H L H H L L L L L H
4 5 L L L H L L H H L L 5 L H L
6 7 L L = H H L H H L L L L H H
8 9 L L H L L L H H k = L H L L
10 11 L L H L H L H H L L H L L L
12 13 L L H H L L H H L L H L L H
14 15 L L H H H L H H L L H L H L
16 17 L H L L L L H H L L H L H H
18 19 Lk H L L H L H H L L H H L I
20 21 L H L H E L H H Lt H L L L L
22 23 L H L H H L H H L H L L L H
24 25 L H H L L L H H L H L L H L
26 27 L H H L H L H H & H L L H H
28 29 L H H H 5 5 H H L H L H L L
30 31 L H H H H L H H L H H L L L
32 33 H L L L L L H H 3 H H 5 L H
34 35 H L L L H L H H L H H L H L
36 a7 H L L H L L H H L H H L H H
38 39 H L L H H L H H L H H H L L
40 41 H L H L L L H H H L L L L L
42 43 H L H E H L H H H L L L L H
B 45 H & H H L L H H H L L L H L
46 47 H L H H H L H H H L L L H H
48 49 H H L L L L H H H L L H L L
50 51 H H L L H L H H H L H L L L
52 53 H H L H L L H H H L H L L H
54 55 H H L H H L H H H = H L H L
56 57 H H H L L L H H H L H L H H
58 59 H H H L H L H H H L H H L L
60 61 H H H H L L H H H H L L L L
62 63 H H H H H B H H H H B L L H
All X X X X X H H H H H H H H H

Figure 10 - Function Table
Where does this table come from?
To use the function table, the value of the binary needs to be determined by looking at the “binary

select” column for the binary value that has been input (where H represents a 1 and L represents a
0). The next step is to determine the expected BCD output by looking at the outputs column along
the same row as the binary input.
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When the 6-bit binary-to-BCD converter is simulated, a screen with a number of inputs (labelled A to
E) is compared to the outputs (labelled Y1 to Y6), which makes reading it very easy. An example of
this can be seen in the figure below, where the mouse was dragged to somewhere along the middle
of the spectrum.

E.7OLLTE ug

Figure 11 - Simulation of 6-bit Binary-to-BCD - 26/27 Good Analysis

Where the yellow marker is is where the inputs and outputs are being measured — the top five rows
indicate the inputs, and the bottom six indicate the outputs; where the row is green is where the
input/output is high i.e. 1, and where the row isn't is where the input/output is low i.e. 0. This is
made easier by looking at the box on the left, which shows the binary values and BCD values clearly
in 1s and Os (where A and Y1 are LSB and E and Y6 are MSB). The binary value measured on the
simulation is 01101, and the BCD value measured on the simulation is 010011. Using the function
table on the last page, it can be seen that the value 01101 in binary is converted to 010011 in BCD,
this represents a value of either 26/27, depending on whether the clock is rising or falling.

Another example of using the simulation to determine the BCD value is shown in the figure below.

Figure 12 - Simulation of 6-bit Binary-to-BCD 44/45

The above figure shows that a binary value of 10110 is being input and a BCD value of 100010 is
being output; looking at the function table on the last page, it can be seen that that is the exact
expected output based on the input, and represents a value of 44/45.

Good Analysis
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Another example of using the simulation to determine the output BCD value based on the input
binary value is shown in the figure below.

15 £55608 us|

Figure 13 - Simulation of 6-bit Binary-to-BCD 60/61

The above figure shows that a binary value of 11110 is being input and a BCD value of 110000 is
being output; looking at the function table, it can be seen that that is the exact expected output
based on the input, and represents a value of 60/61.

Good Analysis
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8-bit Binary-to-BCD Converter

Unlike the 6-bit binary-to-BCD converter, this converter’s analysis did not involve making use of a
function table to determine the BCD output based on a binary input. Determining the BCD output of
the 8-bit binary-to-BCD converter simply involved comparing the binary value (B7 as MSB, BO as LSB)
to the BCD value (H = hundreds, T = tens, Un = units). An example of this is shown in the figure
below, where the output was programmed to be 234.

0 us 1,500 us

Figure 14 - Simulation of 8-bit Binary-to-BCD - 234

At the point of the cursor, the binary input is shown to be 11101010, and the BCD output is shown to
be 1000110100. In binary, 11101010 works out to be the value 234 (128+64+32+8+2). In BCD, the
output is also worked out to be 234, as:

- The hundreds are 10, resulting in 2
- Thetensare 0011, resulting in 3 Very Good
- The units are 0100, resulting in 4

Another example of this is shown in the figure below, where the output was programmed to be 135.

Value

Figure 15 - Simulation of 8-bit Binary-to-BCD - 135
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At the point of the cursor, the binary input is shown to be 10000111, and the BCD output is shown to
be 0100110101. In binary, 10000111 works out to be the value 135 (128+4+2+1). In BCD, the output
is also worked out to be 135, as:

- The hundreds are 01, resulting in 1
- Thetens are 0011, resulting in 3 Again, Good analysis
- The units are 0101, resulting in 5

Another example of this is shown in the figure below, where the output was programmed to be 67.

Figure 16 - Simulation of 8-bit Binary-to-BCD - 67

At the point of the cursor, the binary input is shown to be 01000011, and the BCD output is shown to
be 0001100111. In binary, 01000011 works out to be the value 67 (64+2+1). In BCD, the output is
also worked out to be 67, as:

- The hundreds are 00, resulting in 0
- Thetens are 0110, resulting in 6
- The units are 0111, resulting in 7

8 bit analysis very good, 6 bit analysis could have
been more detailed
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5. Analysis of Nexys4 FPGA Practical Results

The process for uploading the 8-bit binary-to-BCD converter involves running the synthesis, running
the implementation, generating the bitstream, opening the hardware manager from within Vivado
and then connecting the device and programming. Once the 8-bit binary-to-BCD converter was
uploaded to the Nexys 4 DDR board, the testing could begin. Testing the program involved using the
eight switched to the bottom right of the board as binary to produce a BCD output on the LEDs,
three arbitrary values were chosen to be tested — 234, 135 and 67. The first value, 234, was tested
and an image of the test is in the figure below.

i T}

g
i e |

BTN dHiBY

T N . | ) 51 3
(Ti6)  culd) CH®  cuis) Wiz by s u;m‘ =

Figure 17 - 234 in Binary and BCD

The binary input 11101010 was input to acquire 234, and the BCD output was 1000110100, which
also results in 234; this means that the first value that was tested worked correctly.

18
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Figure 18 - 135 in Binary and BCD

The next value to be tested was 135 — the binary input was 10000111, and the LEDs produced the
right BCD output of 0100110101,

Figure 19 - 67 in Binary and BCD

The final value to be tested on the board was 67 —the binary input for this value was 01000011, and
that produced the correct BCD output of 0001100111.

Very good use made of pictorial evidence and correct
analysis shown
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6. Adapting Design to Suit New Purposes or Applications

3*4-bit Multiplexer and Demultiplexer

The next component to be designed was the 3*4 bit Mux_Demux, this device was used to send
multiple signals, one at a time; at a very rapid speed, giving the illusion that all signals are being sent
and received at the same time. The first step in designing the 3*4 bit mux_demux was to create a
project on the Vivado software, this project is used to contain the data written by the user
concerning file directory. The next step was to create a VHDL design source — this file contains the
entity and architecture of the 3*4 bit mux_demux. The entity and architecture of this particular file
is shown below.

1 ' library IEEE;
2 | use IEEE.STD LOGIC 1164.ALL;
3 ' use IEEE.NUMERIC STD.RLL;
i | use IEEE.std logic unsigned.all;
5 [ entity Assignmentl MD is
& . Port ( FiveHHz : in STD_LOGIC:
Rst : in STD LOGIC;
: ANO,AN1,EN2 : out STD_LOGIC;
9 | Un0 ,Un2,0n3 : in STD_LOGIC;
10 : T0,T1,T2,T3 : in STD_LOGIC;
11 | HO,H1 : in STD_ LOGIC;
12 i 2,B,C,D : out STD_LOGIC
Lo
14 [) end Assignmentl_MD;
15 architecture Behavioral of Assignmentl MD is
16 | signal ent : std logic vector (1 downto 0);
17 signal Q : std logic vector (2 downto 0);
18 | begin
19 ;'prt.-cess (FiveKHz, Rat)
2 ¢ begin
21 if Rst = '1l' then
22 ' emt <= "11%;
23 | elsif rising edge (FiveKHz) then
24 cnt <= cnt + "01";
2 ) end if;
26 end process;
27 ) process (cnt(l), cnt(0))
28 . begin
29 if (cnt{l)="0" and cnt(0)="0") then Q <= "110";
30 , elsif {cnt(1)='"0" and cnt{0)="1") then Q <= "101";

Figure 20 - Multiplexer and Demultiplexer Design Source (1/3)

The entity of the mux_demux has 12 inputs (5KHz, reset, Un0, Unl, Un2, Un3, TO, T1, T2, T3, HO, H1)
and 7 outputs (ANO, AN1, AN2, A, B, C, D). The architecture for the mux_demux states that the signal
counts from 1 down to 0, and the output Q goes from 2 down to 0. The process in the architecture
produces a count of “11” if the reset is on. Otherwise, once the program sees the rising edge of the
5KHz clock, the count increments by 1. The process for when the count is either 1 or O begins at line
27, and this sets the output to specific values e.g. when the cnt(1) and the cnt(0) are both 0, the
output is 110.

20




31 elsif (ent(l)="1" and cnt(0)="0") then Q <= "0117;

end if:

end process;
| ANO <= Q(0):
5 AN1 <= Q(1);
37 | AN2 <= Q(2):

3e process (Un0,Unl,Un2,Un3,TO0,T1,T12,T3,HO,HL,Q(0),Q(1),Q(2))

39 | begin

A0 i Qo) = "0" and Und =

41 ! elsif (Q(0) =
42 | elsif (QQ1) =
elsif (Q(1) =
elsif (Q(2) =
elsif (Q(2) =
48 end if:

47 D) if (Q(0) = '0
48 | elsif (QO) =
49 | elsif (Q(1) =
0 @ elsif (Q(1) =
51 | elsif (Q(2) =
elsif (Q(2) =
end if;

54 ) if (Q(0) = "0
elsif (Q(0) =
elsif (Q(1) =
elsif Q) =
. elsif (Q(2) =

n tn
WM

EATH

wn

Figure 21 - Multiplexer and Demultiplexer Design Source (2/3)

v

v

. else Q <= "111";

'0") then D<="0";

*0" and Un0 = '1') then D<="1';

*0' and I0 =
'0' and TO =
'0" and HO =
'0' and HO =

'0") then IX="0";
'1') then D<="1':
*0°) then IX="0";
'1') then Dk="1'":

and Unl = '0") then C<='0";
"0" and Unl = '1l') then Cg="1"';

'0' and T1 =
'0" and Tl =
'0' and H1 =
'0" and H1 =

'0') then C<="0"':
'1') then C<="1';
'0') then C¢="0';
'1') then C¢="1'";

and Un2 = '0") then Bg='0";

'0' and Un2 =

'0" and T2 =
'0" and I2 =

1"y then Be='1':
'Q') then B¢="0';
'1') then KK="1';

'0') then B<='0";

Joseff Jones

The process that begins in the figure above determines what output is being generated at the units,
tens and hundreds; there is also a section which sets the output names as ANO, AN1 and AN2.

59 () end if;
&0 if (Q(0) = '0" and Un3 = '0') then A<='0";
61 : elsif (Q{0) = '0" and Un3 = "1") then A<='1";
! elsif (Q(1) = '0" and T3 = '0') then A<="0"':
E elsif (Q(1) = '0" and I3 = '1') then A<="1";
. elsif (Q(2) = '0") then A<="0';
end if;

éé [ end procesa;

end Eehavinrald

Figure 22 - Multiplexer and Demultiplexer Design Source (3/3)

The final part of the design source is a continuation of what output is being generated at the units,

tens and hundreds. It finishes by ending the if, process and behavioural statements.

Good understanding shown on how the Mux/Demux

has been designed
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The next part in the design process was to add a simulation source, or “test bench” file. This test

bench file serves the purpose of copying the information from the VHDL design source and

determining how it is simulated. Simulation is an important aspect of the design process as it helps
determine whether the VHDL program is behaving correctly. The test bench file is shown below.

1 library IEEE;
2 use IEEE.STD LOGIC 1164.ALL;
3 entity Assignmentl MD_tb i

end Assignmentl MD tk;
L architecture Behavioral of Assignmentl MD tb i=s

component Assigmmentl MD -- Enter file to be tested

g ~ Dist St s m Ehe

9 Fort ( FiveKHz : in STD LOGIC:
in STD_LOGIC;

: ecut STD_LOGIC:
n3 : in STD_LOGIC;
3 : in STD_LOGIC:

: in STD_LOGIC;
2,B,C,D : out STD LOGIC
16 ):

end component;

FiveKHz : std_logic
signal Rst : std legic := '1';
22 signal OUnO std logic := '1';

23 signal Onl : std_legic := '0';
24 gignal Un2 : std logic := '0';
25 signal Un3 : std logic := '1°;
26 gignal I0 : std_logic := 'l';
27 gignal T1 : std logic := '0';
28 signal T2 : std logic := '0';
29 signal T3 : std logic = '1';
3 signal HO : std logic = 'l';

Figure 23 - Multiplexer and Demultiplexer Test Bench (1/3)

The entity for the TB file is ported from the VHDL file; the architecture also ports elements from the
VHDL file such as the inputs and outputs. The next part of the architecture defines the input signals

such as 5KHz, Rst, Un0 etc. and applies a logic value to them to be tested. The values that were
applied to the program should result in 199 (based on the hundreds, H, tens, T, and units, Un).
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31 E signal H1 : std legic :

199

= '0';

Joseff Jones

: std_logic;
: std logic:
: std logicy
- std_logic:
: std logic;
std logic;
std_logic;

signal
signal

constant EiveRHz_periEd : time := 200us;
begin

UUT : Assignmentl MD -- Enter file to be tested
Port Map

56 . Unl
! TUn2

=

50 : FiveKlz =>

Rst,
BNO,
AN1,
EN2,
Uno,
Unl,
Unz,

FiveKHz,

=JT]

Un3 => Un3,
T0 => TO,
T1 =» T1,

Figure 24 - Multiplexer and Demultiplexer Test Bench (2/3)

The next part of the test bench file takes the input value of 199 and then turns it into output signals
along A, B, C and D and also declares ANO, AN1 and AN2. The period for the mux_demux is also
defined in this section as 200us and the ports are all mapped for the simulation.

23




1 T2 = T2,
62 | T3 => T3,
63 | HO => HO,
f4 | HL => HI,
65 | R => B,
=> B,
=> G;
=D

=]
o0 w

T
|-
Y

clk_process :process
begin

73 FiveKHz <= '0';

4 wait for FiveKHz_period/2;
FiveKHz <= "1';

3 wait for FiveKHz_period/2; --fo
end process;

wait:
end proceas;
end Behavioral:

Figure 25 - Multiplexer and Demultiplexer Test Bench (3/3)

Joseff Jones

The last part of the TB file continues mapping the ports. There is also another section which defines

the clock process and a stimulus process.

No constraints file was made for the 3*4-bit multiplexer and demultiplexer as it did not need to be

uploaded to the FPGA.

Good understanding shown in how the TB file interacts
with the Design file to give a simulated result which can
be analysed to ensure correct operation.
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SKHz Clock

The next component to be designed was the 5Khz clock, which is based on the 100Khz clock already
implemented on the FPGA board. The purpose of the 5Khz clock is to produce the 5Khz frequency
required for the mux_demux. The first step in designing the 5Khz clock was to create a project on
the Vivado software, this project is used to contain the data written by the user concerning file
directory. The next step was to create a VHDL design source — this file contains the entity and
architecture of the 5Khz clock. The entity and architecture of this particular file is shown below.

i library IEEE;

use IEEE.STD_LOGIC_1164.ALL:

use IEEE.NUMERIC STD.ALL;

use IEEE.std logic unsigned.all;
entity Assignment 1 Skhz is

: in STD LOGIC;
in std_logic:

2 ¢ out STD_LOGIC

H
end Assignment_1_Skhz;
11 architecture Behavioral of Assigmment 1 5khz is

12 signal cntl : integer := 0;
13 signal templ : std logic := '0';
14 begin
process (CLK100MAZ, Rst)
begin
1 if Rat = '1' then
18 templ <= '0';
19 cntl <= 0:

20 elsif rising edge (CLK100MHZ) then

2 if(cntl= 10000) then
templ <= not templ;
catl <= 0;

24 else

25 cntl <= cntl +1 :

26 end if;

end if:

end process;

FivelHz <= templ;

end Behavioral;

Figure 26 - 5KHz Clock Design Source

The entity of the 5KHz clock has two inputs (100MHz clock, reset) and a single output (SKHz). The
architecture for the 5KHz clock begins when there is a count of zero; the process states that the
reset will return the temp to zero and the count to zero. If the reset is not on, then the temp
changes, but not the count.

Where is the maths involved? Why if cnt1 = 100007
Much more detail required!
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The next part in the design process was to add a simulation source, or “test bench” file. This test
bench file serves the purpose of copying the information from the VHDL design source and
determining how it is simulated. Simulation is an important aspect of the design process as it helps
determine whether the VHDL program is behaving correctly. The test bench file is shown below.

_log'ir_u:\sxc_mul.alt:

ntity Assignment_1 Skhz_th is

nd Rasignment_1_Skhz th:

Behavioral of Rasignment_l_Skhz_tb is
Assignment 1 &

| CLK100MHZ : in STD_LOGIC:

= STD_LOGIC:
Th_LOGIC

1 CLK100MHZ : STD_LOGIC := '0';
1 Rst : STD LOGIC :m '1°;

FivelMz : STD_LOGIC;

00MHZ_period : Time t= 10ns;

: hssignmenz 1 Skhz
Map [ CLE100MHE => CLK10CMHZ,
Rac => Rat,

FivelHz =+ FiveHHz

¥z

Figure 27 - 5KHz Clock Test Bench File (1/2)

The architecture for the TB file for the 5KHz clock imports the inputs and outputs from the VHDL file;
the inputs are given standard logic values — the 100MHz clock is given a standard logic of 0 and the
reset is given a standard logic of 1. The 100MHz period is declared as 10ns to keep the frequency
constant. The next lines of the TB file include instantiating the UUT; instantiating the UUT is there to
map the inputs and outputs for the simulation to display information correctly to the reader.

Z_process :proceas

330 CLEL0OMEHZ <= '0°;
34 | wait for CLEL0OMHZ perioed/Z;
35 1 CLELDOMHZ <= '1':

5, wait for CLEL00MHZ pericd/Z;

. wait for ilms;

B3t <= '0':

. wait for Zms;
14 | R8T €= "1}

end process;

end Behaviozal;
Figure 28 - 5KHz Clock Test Bench File (2/2)

In the above figure, the clock process definitions are there to set the periods for each input.

No constraints file was made for the 5KHz clock as it did not need to be uploaded to the FPGA.

Good detail on the TB file
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BCD to 7-segment Converter

The next component to be designed was the BCD to 7-segment converter. The BCD to 7-segment
converter is in place to complete the final part of the assignment, which was to represent the binary
value input on a 7-segment display; it achieves this by converting the BCD value produced by the
binary-to-BCD converter into values which can be used by the on-board 7-segment. The first step in
designing the BCD to 7-segment converter was to create a project on the Vivado software, this
project is used to contain the data written by the user concerning file directory. The next step was to
create a VHDL design source — this file contains the entity and architecture of the BCD to 7-segment
converter. The entity and architecture of this particular file is shown below.

library IEEE;
2 | use IEEE.STD_LOGIC_1164.ALL;

: in std logics
, ad, ae, 35, 37 : out std logic

+ atd logic vect

: atd_logic_wector

Q ie
EE "0000" a3
eg <= ("0D00COL"):
WHEN "0001% =>
seg <= {"1001111");

Figure 29 - BCD to 7-Segment Converter Design Source (1/2)

The entity of the BCD to 7-segment converter design source contains four inputs (A, B, C and D) and
seven outputs (sa, sh, sc, sd, se, sf and sg). The architecture features two signals — Q, which varies
from 3 to O, as there are four inputs; and signal seg, which varies from 6 down to 0, as there are
seven outputs. The next part of the architecture assigns the inputs A, B, C and D to the signals Q(3),
Q(2), Q(1) and Q(0) respectively. The process for (Q) is to output a value of 0000001 when the input
is 0000, this is because zero is represented as such on a 7-segment display (where 0=onand 1=
off). This is then repeated for each value from 0-S.

Good understanding shown
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WHEN "0010" => H
33 seg <= ("00100107);
33 WEEN "0011" => 3
4 seg <= ("00001107);
5 WHEN "0100" => - &

6 seqg <= ("1001100%);
37 WEEN "0101" =3 5
g seg <= ("01001007);
38 WEEN "0110" w=> &
L] seg <= ("01000007);
11 WHEN "0111" =>» -
i seg <= ("0001111%);
WEEN "1000" w=> g
T seg <= ("00000007);
WEEN "1001" =>
seg <= ("00011007):

WHEN Others =» -- *"blank
geg <= ("11111117%):

=8 <= sag(f):
8b <= segi5);
3c <= zegié):
ad <= seg(3);
88 <= seg(2);
af <= aegil):
ag <= zegil);
end Behavioral;

Figure 30 - BCD to 7-Segment Converter Design Source (2/2)

A major part of the design source are lines 48 and 49, which turns all segments off when there is an
input greater than 9 or less than 0. The final part of the software assigns segments to sa through to
sg, from 6 to O respectively. Good

The next part in the design process was to add a simulation source, or “test bench” file. This test
bench file serves the purpose of copying the information from the VHDL design source and
determining how it is simulated. Simulation is an important aspect of the design process as it helps
determine whether the VHDL program is behaving correctly. The test bench file is shown below.

1 LIBRARY iece;
USE ieee.std logic_1164.ALL:

ENTITY BCD_7seg_tb IS
END BCD_Tseq_th;

RRCAITECTU

URE behavier OF BCD Taeg_tb IS

COMPONENT BCD_Tseg
ECRI(
A IN std logic
: IN std_logic;
€ : IN std logle:
std_legic;
akd_logic;
std_logic:
td_legic:
atd_logic;
std_logic:
std logic:
std_logic

END COMEONENIT:

Figure 31 - BCD to 7-Segment Converter Test Bench File (1/4)

Similarly to other test bench files covered, the architecture for the BCD to 7-segment converter test
bench file begins by stating the numerous inputs and outputs —in this case, there are four inputs and
seven outputs.
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BEGIN

: std_logic :
: std_logic
: std_legic :
: std_logic :

ant A_period : time :=
t B_period : time :=

ant C_peried : time := 20 na;
conscant D _period : time i=

uut: BCD_Tseg PORT MAP (
A =1,

B =»
C =

Figure 32 - BCD to 7-Segment Converter Test Bench File (2/4)

B,

c
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In the next part of the test bench file, the inputs and outputs are declared as signals following
standard logic, and the input signals are given periods that are defined in constant periods of 10 ns,
20 ns, 40 ns and 80ns for the signals to produce all possible outputs as they will not be overlapping
perpetually. Instantiating the UUT is there to map the inputs and outputs for the simulation to
display information correctly to the reader.

D => D,

L]
sb
sc
sd
se
of
2g

wait
i «=
Walit

=> 3a,
=> sb,
=» ac,
=> ad,
=» 3e,
=» af,
=» 87

iprocess

grs
for A _period/2:
Ill:

for A period/2;

end process;

begin
B <=
wait
B <=
walit

g
for B_period/2;
vy

for B period/2;

end process:

Figure 33 - BCD to 7-Segment Converter Test Bench File (3/4)

The clock process definitions for each process A and B are here to make the signal fluctuate from

high to low, 1 to 0.
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begin
C <=
wait
C <=
wait

begin
D «=
wait
D <=
wait

C_process :process

g
for C_pericd/2:
g

for C_periecds2;

end process;

:J:C:E!B iprocess

IO',‘
for D period/2:
1y
for D_period/2:

Joseff Jones

end process:

+ end behavior;

Figure 34 - BCD to 7-Segment Converter Test Bench File (4/4)

The clock process definitions for each process C and D are here to make the signal fluctuate from
high to low, 1to 0. Good detail shown

The constraints for the BCD to 7-Segment Converter are shown in the figure below.

set_property -dict | PACKAGE_PIN J15  IOSTANDARD | [ges ports [
set_property | PACHAGE_| 16 IOSTANDARD } lget_ports |
set_property - i IOSTANTARD I [get _ports {
sct_property -dict | PACKAGE_PIN R15  IOSTANTARD b lget_ports {
act_property { PACKAGE_PIN T8 IOSTANDARD LVCHMOSIE | [get_ports
set_property - | PACHAGE_PIN U2 IOSTANDARD LVCMOS1E | [get pores [
set _property { PACKRGE_FIN R16 1OSTANDARD [get_ports [ =
set_property | PACHAG K T13  IOSTAKTARD [get_ports | &
set_property - { PRCHRGE_PIN E6  IOSTANDARD LVCMOS33 | [get_ports |
3ct_property - | PACKAGE_PIN U1z  IOSTANTARD LVCHO [get_ports [
set_property - { PACKRGE_PIN U1l  IOSTANDARD LVCMO: [get_ports [
set_property -di { PACKAGE_FIN V10 IOSTANDARD LVOMOS33 | [get_ports ([
set_property -di PACHAGE_PIN 710  IOSTANDARD } loet_ports

sat_property =
set_property -

set_property -

set_property PACKRGE_PIN K13  IOSTANDARD [get_ports
set_property ICSTANDARD [get_ports
24 | set_property IOSTANTARD [get_ports
S | set_property IOSTANTARD [get_ports
set_property - IGSTANDARD | [get_ports :
sat_property - TOSTAKDARD } lget_ports :
set_property TOSTARTARD } [get_ports :
- u IOSTANTARD I [get_ports ’
PACHAGE_PIN P14  ICSTANTARD I [get_ports H
2 PACKRGE_PIN 114  IOSTANDARD ) [get_ports ;
IH

Set_property

PACKNGE_PIN R10
PACKAGE_PIN K16

PACKAGE_PIN K2
PACKAGE_FIN UL3

Figure 35 - BCD to 7-Segment Converter Constraints

ISSTANDARD
IOSTANDARD

IOSTANDARD
IOSTAKDARD

[get_ports
[get_ports

[get_ports

§ [get _ports { ANT

The constraints file is there to define the ports for the FPGA to understand the VHDL file’s coding for
the inputs and outputs. The inputs in this case are the switches from 0-7 and the and the outputs are
the individual segments of the 7-segment display. Inputs D, C, B and A along with outputs ANO, AN1,

AN2, AN3, AN4, AN5, AN6 and AN7 are there in preparation for the final part of the assignment.

What about how this design file is converted
into an IP Block?
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The final design for the assignment was created by combining the former pieces together. The figure
below shows the finished design.
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Figure 36 - 8-bit Binary-to-BCD with 3¥7-Segment LED Display Design

In total, the final design featured a S5KHz clock, a mux_demux, a BCD to 7-segment converter, and
three 6-bit binary-to-BCD converters (which combined make an 8-bit binary-to-BCD converter). The
design works by multiplexing units when ANO is active, tens when AN1 is active, and hundreds when
ANZ2 is active. The final design didn’t have a design source or test bench file because the whole project
was made up of multiple other files which already had their design sources and test benches; there
was, however, a constraints file which was written for the final design, shown below. Good
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J# clock sig
set_property
create clock

FESVL

act_proporhy
zet.:propert;
set_property
set_property
set_property
set_propsrty
set_property
set_property
set_property
set_property
set_property

#§7 segment 4

set_propsrty
set_property
set_property
sct_property
get_property
set_proparty
set_property

=et_property
set_property
set_property
set_property
set_property
set_property
set_property
sat_property

-dict
—diot
=dict
-dizt
~dict
=dict
-t
-dict
-dict
-dist
=dict
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-2icT
-dict
-dict
-gict
-dict
-diet

~dict
=dict
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-dict
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~dier
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1
{
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~dict | BACKAGE_BIN E3 ¥
-add -name svs_clk_pin -pericd 10.00 -weveZorm 10 5) [uet ports [CLEIOQMHZ}I:

PACKAGE_PIN J15
PACKAGE FIN L1&
FRCHRGE_FIN M13
FACERGE_FIN RIS
BACEACE_PIN R17
PRCHAGE_PIN T18
FACERGE_FIN ULT
PACKRGE_FIN R13
PACKAGE_PIN D&
PACHRGE_PIN U1l
BACERGE_FIN V10

FRCHAGE_FIN T10
EACERGE_FIN RO
PACKRGE_PIN H1&
BACEAGE_PTN K1%
PACKRGE FIN F15
PACHAGE_PFIN T11
PACERGE_PIN L18

EACKRGE_PTH J17
EACHAGE FIN J18
BACERGI_FIN T2
EACHRGE_PIN J14
BACHAGE_PIN P14
PACHRAGE_PIN T14
BACHAGE_PIN K2
EACHRAGE_PTH 113

IOSTANDARD LVCMOS33 | [get_ports { CLELOCMHZ }]; #10 L1ZF T1 MRCC 35 Scheclk

TOSTARDARD LVCHOS33
IOSTANDARD LVCMOS33
IOSTANDARD LVCMO533
IOSTARDARD LVCMOS32
TOSTAKDARD LWVCMOS33
IOSTAKDARD LVCMOS33
IOSTARDARD LVCMOSIZ
TOSTAKDARD LVCMOS33
TOSTARDARD LVCMOS18
IQSTANDARD LWCMOS33
IOSTARDARD LVCHOS33

IOSTARDARD LVCMOS33
IOSTANDARD LVCMOSIZ
TOSTANDARD LVCMOS33
TOSTARDARD TWVCMOS33
IOSTANDARD LVCMOS33
IOSTARDARD LVCMOS33
IOSTARDARD LVCMOS33

IOSTANDARD LVCMDS33
IOSTANDRRD LVCMOS33
ICSTRANCRRD LVOMOSIZ
IOSTAKDRARD LVCMOS33
TOSTANDRRD LVCMOS33
IOSTANDRRD LVCMOS33
TOSTANDRRD LVCMOS33
IOSTANDARD LVCMOS33

[got_ports
[ger_:perts
[get_ports
[get_ports
[get_parts
[gst_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports

[get_ports
[get_ports
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[get_ports
[get_parts
[gat_ports
[get_ports

[get_porta
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Figure 37 - Final Design Constraints

The inputs for the constraint file for the final design are switches 0-7, which dictate the binary value
being calculated by the board. There is also a reset switch, which when enabled will stop the 7-

31




Joseff Jones

segment display from presenting anything. SW15 is included to be used as a ground, as the values
displayed would not display correctly without ground. The segments of the display are denoted by
sa, sh, s¢, sd, se, sf and sg in the constraints file.

Good design shown for full application and
explained well
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7. Analysis of Xilinx Vivado Simulated Results

3*4-bit Multiplexer and Demultiplexer

The way the 3*4-bit multiplexer and demultiplexer simulation works is by going through the units,
then the tens and then the hundreds. When making the test bench file for the mux_demux, a value
of 199 was coded in to be outputted, allowing the mux_demux to be tested; that code can be seen
in the figure below.

P P s PRI

Un0 : std_logic := "17;
Unl : std logic := '0';
24 Un2 : std_logic := "0":
2 Un3 : std logic := '1';
T0 : std logic := '17;
27 I1 : std logic := "0";
28 T2 : std logic := '0';
9 I3 : std_logic := "1%;
HO : std logic := "1";

Hl : std logic := '0";

Figure 38 - 3*4-bit Mux_Demux Output Code

In order to make sure that a correct output is being generated, ANO, AN1 and AN2 need to be
measured on the simulation (shown in the figures below) individually.

1 _157_£46789 us

1,500 ws

Figure 39 - 3*4-bit Mux_Demux Output - Units

In the above figure, ANO is representing a value of zero at the marker; ANO is used here to indicate
that the value of the units is being measured, and A, B, C and D are showing the binary value of the
units. In this case, a binary value of 1001 is being produced by the units which is 9, as expected.
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Figure 40 - 3*4-bit Mux_Demux Output — Tens

In the figure above, AN1 is 0, and so the tens are being measured. A binary value of 1001 is being
produced from the A, B, C and D outputs, which is the expected output of 9.

bE

kD

& FhvakiHe_pariod

Figure 41 - 3%4-bit Mux_Demux Output = Hundreds

In the figure above, AN2 is 0, and so the hundreds are being measured. A binary value of 0001 is
being produced from the A, B, C and D outputs, which is the expected output of 1.

Good example well analysed
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SKHz Clock

Simulating the 5KHz clock resulted in three results — the 100MHz clock, the reset and the 5KHz clock;
this can be seen on the figure below.

* CLK100MHZ_period

Figure 42 - 5KHz Clock Simulation

As can be seen from above, the 100MHz clock is always running, this is because it is unaffected by
the reset because it will be produced by the FPGA. The 5KHz clock however is effected by the reset,
as it can be seen that no value is being produced by the 5KHz clock when the reset is on. When the
reset is turned off, the 5KHz clock produces an intermittent value; the intermittency is called the
period, and could be observed by placing two markers between two rising-edges of the clock pulses,
shown clearly in the figure below.

1, 300025000 us
1l S504.823151 us

Figure 43 - 5KHz Clock Simulation - 200ms Difference

The difference between the two rising edges is 200ms, and so there is a period of 200ms. This value

can be proven mathematically by using the equation F = ﬁ

1 1078

F= Z00+10%~ 200 ~ >KH?

Again good example, well analysed
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BCD to 7-Segment Display

In order to test the BCD to 7-segment display, the simulation produced a number of either on or off
states represented as A, B, C and D; moving the cursor to create a binary value between 1-9 out of
those A, B, C, and D values would then turn on the corresponding sa-sg values to represent the
number of the A, B, C and D values in 7-segment format. The A value represents the MSB and the D
value represents the LSB. An example of this is shown in the figure below, where the number 6 is
generated.

& D_penod

Figure 44 - BCD to 7-Segment Simulation - 6

In the above figure, the A, B, C and D inputs create the binary output 0110, which in decimal is the
number 6. In this simulation, for sa-sg, a 0 would represent an on state and a 1 would represent an
off state. With that in mind, looking at the states on the left, it can be deduced that:

¢
0

N

y

] ;)
AN
c

Sa=0=o0n
Sb =1 = off f

Sc=0=on
Sd=0=on
Se=0=on
Sf=0=on
Sg=0=on

74

—

Figure 45 - 7-Segment for the value 6

Using a 7-segment display (shown in the above figure) for reference, the output of the circuit would
turn on every segment apart from b, which would produce a 6. This process could be replicated to
simulate what output would be produced on the 7-segment output board for any value between
0-9.
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In the figure below, the A, B, C and D inputs create the binary output 1001, which in decimal is the
number 9.

Figure 46 - BCD to 7-Segment Simulation - 9

In this simulation, for sa-sg, a 0 would represent an on state and a 1 would represent an off state.
With that in mind, looking at the states on the left, it can be deduced that:

a 2 4 a 3
Sa=0=on
Sb=0=on J b f b
Sc=0=on { g — ' g
Sd = 1= off A g k-
Se = 1 = off e ¢ c
Sf=0=on
Sg=0=on \L/

Figure 47 - 7-Segment for the value 9

Using a 7-segment display for reference, the output of the circuit would turn on every segment apart
from sd and se, which would produce the aspect of the value 9.

For inputs > 9, the output simply turns off all segments to show nothing; this can be seen in the
figure below, where the input is the binary value 1010, representing the decimal value 10, and none
of the outputs are on.

Figure 48 - BCD to 7-Segment Simulation - 10
Excellent analysis shown of 7 segment
decoder 37
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8. Analysis of Nexys 4 DDR FPGA Practical Results

The process for uploading the 8-bit binary-to-BCD converter on 3*7-segment display involves
running the synthesis, running the implementation, generating the bitstream, opening the hardware
manager from within Vivado and then connecting the device and programming. Once the 8-bit
binary-to-BCD converter on 3*7-segment display was uploaded to the Nexys 4 DDR board, the
testing could begin. Testing the program involved using the eight switched to the bottom right of the
board as binary to produce a BCD output which could be presented on the 7-segment displays to
present the value of the input binary value. The same three values from the last practical test were
chosen to be tested — 234, 135 and 67. The first value, 234, was tested and an image of the test is in
the figure below.

Figure 49 - 234 on 7-Segment

The binary input 11101010 was input to acquire 234, the three seven-segment displays showed the
expected value.
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Figure 50 - 135 on 7-S5egment

The next value to be tested was 135 - the binary input was 10000111, and the three seven-segment
displays produced the right output.
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Figure 51 - 67 on 7-5egment

Another value to be tested on the board was 67 — the binary input for this value was 01000011, and
that produced the correct three seven-segment values.

41 A 3y 2 - 10mm Qomm
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Figure 52 - 255 on 7-Segment

Finally, to ensure that all binary inputs would work, a value of 255 was input. All three tests passed,
and so did the additional test to determine that all inputs worked correctly.

Very good set of practical results shown which have been
analysed well
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9. Conclusions

In the few tasks involved in this assignment, VHDL has proven to be an efficient tool for developing
the necessary components and circuits that have been used to achieve a multitude of outcomes. |
have learnt that the applications of VHDL technology are vast, and that those applications can be
developed and expanded upon with minimal friction when VHDL is utilised properly. The Vivado
software, which was used to develop and simulate the VHDL files as well as communicate with the
Nexys 4 DDR FPGA, proved functional and intuitive throughout its many uses — an example of the
intuitiveness of the software is when an error occurred when the filename of a project featured too
many characters; the Vivado software provides a comprehensible log of any errors that occur from
within projects, and the error log specified exactly what the problem was as the error occurred,
helping to amend the error quickly and without having to look up error codes.

The assignment aims involved designing:

- A6 bit Binary to BCD converter (later extended to become an 8-bit Binary-to-BCD converter)
- A3*4 bit Mux_DeMux

- A5 KHz clock from the internal 100MHz clock on the Nexys 4 DDR FPGA

- ABCDto 7 segment converter

Each of these files would then need to be compounded to produce the final design, which would
have a binary input which would then produce a BCD value to be displayed on three 7-segment LED
displays. The assignment aims have all been met, and | feel sufficient evidence is present throughout
the report to reflect that. /agree!

Good overall conclusion given but little reflection
noted
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