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Introduction

The overall purpose for this assignment is to investigate, by researching and performing practical
experiments, the Nexys4 DDR FPGA board, the coding language VHDL, Vivado design suite, and how
they all link together. This will involve research into the subject that will cover key areas including:

e The VHDL language

* The method of converting binary values to BCD values
e \WhatanlPis

* How Vivado utilises IP’s for system design

This research will need to be well structured and coherent, as well as giving a good understanding
for all of the points raised.

The knowledge gained from this research will then need to be applied to a set of practical’s and
simulations using a Nexy4 DDR FPGA. This involves building the following programs:

e 6 bit binary to BCD converter

¢ Adapting the 6 bit converter to accommodate 8 bits (1 byte)
e 5KHzclock

*  Multiplexer/De-multiplexer

e BCDto 7-segment display

All of these programs will involve creating a VHDL file, as well as a test bench file that will be
simulated in Vivado prior to the files being downloaded to the FPGA.

Good introduction to the assignment which clearly shows
what is required to do to complete




1. Research

1.1 What is VHDL?
There are many variations of language when it comes to programming. One key language used to
program electronics, design systems and express different methods of connecting devices and how
they behave is VHDL. VHDL is an |EEE recognised and standardised language that is used across the
board in programming and on a broader scale in engineering as a whole. The reason for this is the
fact that the language is so powerful and versatile while also not being too heavily taxing on
software or hardware alike. Its bread and butter is basic combinations and sequential when
designing a simple digital circuit.

(James, 2002) (Stephen D. Brown, 2009)

James states that there are 3 different techniques when it comes to designing a file using VHDL:

1.

“Structural: Specifies how components such as gates are interconnected.”
2,

“Data flow: Specifies how data flows from input signals to output signals.”
3.

“Behavioural: Specifies in terms of a sequential algorithm how outputs are determined from
inputs”

(James, 2002)

VHDL takes Boolean functions and presents them as a single statement that can be recognised by
the FPGA. For example a Boolean statement of:

X=B+AC
And represent as the following:
X<=Bor(AandC)

VHDL code usually consists of large numbers of statements combined together and declared using
architecture. VHDL is not a case sensitive language and uses the standardised “;” expression to end
lines.

1.2 Structure of a Typical VHDL File
The basic foundations for a VHDL file are found at its very beginning. The first declarations in a VHDL
file are for the entity and the architecture. The entity is a list of methods in which the file can
establish connections with modules within the program by means of using interface signals. They
can also be used to establish connections with external signals by using a port statement. It can also
be the place where all the inputs and outputs for that VHDL file can be listed.

The architecture of the file sets the functions for the design. It specifies how the system will operate
and includes declarations for all of the signals, components, functions and procedures. This typically
includes a behavioural model that begins in the architecture and ends when the program does.
(James, 2002) (EuroElectronica, 2016) (Pedroni, 2008)

Good




1.3 Binary to BCD conversion
Binary to BCD conversion is the process of taking a binary value, usually an 8 bit byte, and converting
it into a binary converted decimal, or BCD. This BCD is a set of digits where each digit represents a
fixed number of bits between 1 and 8 per digit usually, although this can differ.

A Binary number is a number that is expressed in the base 2 numeral system. This is the system
where each number increment (bit) doubles in size to give the value of the next bit. Each bit is
symbolised as either a 1 or a 0 and it is standard to read a binary number from right to left (this in
some cases is not always the case though). Example of binary numbers can be seen below:

1=0001
2=0010
4=0100
5=0101
9=1001
20=00010100
84=01010100

A BCD number is a number where each digit is represented by its own set of 1 — 4 bits. Whereas
binary systems usually use a full byte (8bits) to symbolise a number, BCD systems take advantage of
the fact that 4 bits can display the numbers 0-9, and so a byte can in theory give information for two
individual digits if the two sets of 4 bits are recognised as separate entities. An example of BCD
numbers can be seen below:

6=00000110=(0000)-0,(0110)-6.
67=01100111=(0110)-6,(0111)-7.
333=001100110011=(0011)-3,(0011)-3,(0011)-3.

The algorithm typically used to convert binary values into BCD values is commonly referred to as the
“double dabble” algorithm. This algorithm takes the inputted binary value and stores it. It then takes
what number the binary value portrays, and breaks each digit into its own 4bits. Each set of 4 bits is
commonly referred to as (from the least significant figure up) units, tens, hundreds, thousands. The
beauty of this system is that the order of which the digit is displayed dictates whether it is a multiple
of 10, 100, 1000, 10,000, and so there is no need to store unnecessary data for the 0’s. An example
can be seen below:

Binary value of 142=10001110
16 bit BCD value 0f 142=0000000101000010
Sectioned out = (0 0 0 0) — thousands, (0 0 0 1) = hundreds, (01 0 0) —tens, (0 0 1 0) — units

As the number does not reach 1000, the first set of bits equal 0. The second 4 bit set represent the
hundreds, and as the number is in the region of 100, the 4bits will equal 1. The third set of 4bits
equal the tens, so to represent 40 the 4bits equal 4. The final set of bits represent the single units,
this time being 2, so the binary value for these 4 bits equals 2.

(lones, 1998) )
Very good detail shown




1.4 1P’s in Vivado Block Design
Vivado's methods of reusing older VHDL files come in the form of intellectual properties, or IP’s for
short. This is done using the Vivado IP integrator. This is the process of taking a design, and inserting
it onto a block design canvas. These designs are typically generated at interface level but can be
manipulated at port level.
The purpose of the IP is so that programs can be scaled down and code can be reused in different
programs with VHDL files being adapted for new incoming code. The interface used for this system is
the block design system. An example of this system can be seen below:

- microblaze_0 4
[ T
| soesusr i |
k||| DEBUG = e |
| .
—a . Micre3Blaze
| M_AXL_DCde
— M_AXI_IC 4
Mireslaze
mdm_1
[ ] blaze_0_local_memao
MEDEBUG_04= ||} B micra _0_local_ ry
rst_cl 1_100M
Debug SYS_Rst 2 Lolkowlz_L_
k i . L e (MO S e
MicroBlaze Debug Module (MDM)
i E;kr‘uN_;z ;I (ML m—ct_reset_n bus_struct_reset[0:0]
o Sl . =atnx_reset in peripheral_reset[0:0]
leokmp oot b_debug sys st interconnect_aresetr{ 0:0]
sl ks dam_lecked peripheral_sresetn[0:0]
Clocking Wizard Processor System Reset

(Digilent: A National Instruments Company)

Each VHDL has been packaged as an IP and imported into the system as a system module. The
modules are then interconnected to form a circuit. It is also capable to connect inputs and outputs
into the system that can be mapped to external ports on an FPGA, say for example a screen or
buttons. This is done by editing the constraints in the XDC file. A constraints file is a method of telling
the block design that there are physical inputs from the real world that will affect how the program
performs. These physical usually have effects that would be highs or lows in simulation. They can
also be displays such as a 7 segment display that is an output to the system.

(Churiwala, 2016) (Digilent: A National Instruments Company)
Good detail




2. Design of Assignment Requirements

2.1 6 Bit Binary to BCD Converter
The first practical part of this assignment was to design and simulate a VHDL file using the Xilinx
Vivado design suite. The file would be a 6 bit binary to BCD converter that would take an inputted
binary value and convert it to a BCD value. When setting up the file the Artix-7 family was selected
and the part named “xc7a100tcsg324” is the on-board FPGA for the Nexys 4 DDR board, so that was
chosen in the setup wizard. The language was also changed from Verilog to VHDL as a VHDL file was
being created. The file was also placed in a suitable directory. Good

Project Summary
Settings  Edit
Project name: Bin_BCD
Project location: H/HMNDNIrual Instrumentation and Control Systems/Vivado/Assignment 1/8in_BECD
Praducl family: Artix-T
Project part XCTa100icsg324-1
Top module name: Mot defined
Targetlanguage: VHDL
Simulator language: Mixed
Synthesis
Status: Mot started
Massages: Mo arrors or warnings
Part ¥e7a100tcs9324-1
strategy: Vivado Synthesis Defaults
DRC Violations:
Run Implementation to see DRC resulis
Utilization
Run Synthesis fo see utilization results

Figure 1 - Project Summary

Once the project had been created the program was then written. There were two programs, the
VHDL file and the test bench file. The VHDL file is for the main program while the test bench file is
for simulation purposes on the software prior to it being loaded onto an external device. An
explanation of each piece of code from each file can be seen below.




2.1.1 VHDL File

o

library IEEE;
use IEEE.STD LOGIC 1164.ALL;

i [ entity Bin BCD is

Port { A,B,C,D,E : in STD_LOGIC;
¥1,Y2,Y3,Y4,Y5,Y6 : out STD_LOGIC):

-] end Bin_ BCD;

|-} architecture Behavioral of Bin_BCD is
signal Inp : std logic wvector (4 downto 0):
signal Q: std logic wector (5 downto 0);
begin
Inp{0) <= A;
Inp(1)
Inp{2) <= C:
Inp(3) <= D:

Inp{4) <= E:
|-l process (Inp)
begin
-] case Inp is
| WHEN "Q0000" => 0/1
[-1Q <= ("000000"):
| WHHEN "00001" =» -- 2/3
| Q <= ("000001"):

|-) WHEN

= Q <=
|-] WHEN

PR R R R MR R PR
1 ! R

oo

o W

Q<=
|-l WHEN
Q<=
|| WHEN
~1Q <=
(-] WHEN
HQ <=
-] WHEN

5 0Q <=

I-] WHEN
E1Q <=
|-] WHEN
[£1Q <=
|-] WHEN
Q<=
=] WHEN
Q<=
| WHEN
£Q <=

"Q0010" => —- 4/5
("000010") ;

"00011" => —- £/7
{("000011") ;

"Q0100" => -- £/9
("000100"}) ;

"Q0101" => —- 10/11
("001000"}) ;

"Q0110" => —- 12/13
("001001") ;

"Q0111" => —- 14/15
("001010") ;

"01000" => -- 16/17
("001010"}) ;

"01001" => -- 18/13
("001100"}) ;

"01010" => - 20/21
{"010000") ;

"01011" => —- 22/23
("010001");

"01100" => -- 24/25
("010010");

Figure 2 - VHDL File Code 1

The image to the left here shows
each line of code from the VHDL file.
The first five lines Set the entity
diagram for the file and outline all
ports that will be used, the inputs
being A to E, and the Outputs being
Y1 to Y6.

The next step is to determine the
architecture for the file. This is done
from line 8 onwards where all the
inputs from 0/1 to 63/64 are
inputted into the system. This is set
so that the input signal is set from 4
—0and Qis set from 5 -0 with Q5
being the most significant figure of
Y6 and QO being the least significant
figure of Y1. Each set of numbers is
paired as the least significant figure
can determine which number of that
pair it can be, by changing the least
significant figure to either a 1 or 0.
Good detail
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l'I\‘I'LEH 01101 => -- 25/27

£ Q <= ("010011"):

) WHEN "01110" => -- 25/29
1@ <= ("010100");
") WHEN "01111" =»> —- 30/31
| Q <= ("011000");
*) WHEN "10000" => -- 33/33
|Q <= ("011001");

) WHEN "10001" => -- 3£/35
-1 Q <= ("011010");

| WHEN "10010" => -- 3£/37
Q<= ("011011");

| WHEN "10011" => -- 35/39
5 Q <= ("011100") ;

| WHEN "10100" => -- £0,/41
@ <= ("100000");
O WHEN "10101" =3 —- £2/43

)@ <= ("100001");

Y WHEN "10110" => —- £4/45
| Q <= ("100010");

) WHEN "10111" => —- 46/47
| Q <= ("100011");

J WHEN "11000" =» —- £5/43
- Q <= ("100100");
| WHEN "11001" =» -- 50/51

Q<= ("101000");

| WHEN "11010" => -- 52

@ <= ("101001");

| WHEN "11011" => -- 54

1 Q <= ("101010");

:'WHEH "11100" => -- &

oh
o

1Q <= ("101011"):

:'WHEH "11101" =» -- B8/59
] Q <= ("101100"):
:!WHEH "11110" =» - £0/61

| Q <= {"110000");
J WHEN "11111" => -- 62/63
0 Q <= ("110001"):
| WHEN OTHERS =>
‘@ <= ("000000");
| END CASE:
") END PROCESS:

il
[

¥3

'
.
" Y6

<= Q(0):
<= Q(1):
<= Q(2):
<= Q(3):
<= Q(4):
<= Q(5):

96 [*) end Behavioral;

Figure 3 - VHDL File Code 2

The code to the left demonstrated the
continuation of all pairs of binary inputted
numbers up until 63. Line 84 shows that when
anything else is inputted other than a binary
value displayed above, the program will display
the binary value of “Q = 0” shown in line 85.

The code for QO = the least significant figure
and Q5 = the most significant figure can be
seen on lines 89 — 94, The behavioural is then
ended.

Ag

ai

n,

go

od

de

tail




2.1.2 VHDL Testbench (Simulation) File

library IEEE;

2 use IEEE.STD LOGIC_1164.ALL;
3 ' enticy Bin BCD tb is

4 | — Poxrt ():

S . end Bin_BCD_tb;

& | architecture Behavioral of Bin_BCD_tb is

8 . COMPONENT Bin BCD

% | Port ( A,B,C,D,E : in std logic;
10 : Y1,Y2,Y3,¥4,Y5,Y6 : out std_logic
1 )¢

12 END COMPONENT;

14 | --Inputs

15 signal A : std logic := "0';

1 3ignal B : std _logic := '0';
17 + aignal C : std logic := "0';
18 | signal D : std logic := "0';
19 + 3ignal E : std logic := "0';

21 . signal Y1 : std logic;

22 . a3ignal Y2 : std logic:
23 | signal Y3 : std logic;
24 . signal Y4 : std logic:
25 | a3ignal Y5 : std logic:
26 . signal Yé : std logic:

28 | constant A period : time := 1 us;
29 constant B_peried : time := 2 us;
30 | constant C period : time := 4 us;

| constant D period : time := § us;
constant E_period : time := 16 us;
BEGIN

Instantiate the Uni nder Test

ut: Bin BCD PORT MAF (

L

3
(= W M

w
"

F L
N W L R
" I
- (%]
I [
A" b
- v
= ra

r
[
o
]}

v
e
o

Figure 4 - Testbench File Code 1

The test bench file begins in
similar fashion to the VHDL,
setting up the entity diagram
and architecture as well as all
the same input and output
ports.

Lines 14 to 19 are where the
simulated input binary values
were inputted in order to test
that the file converts the
binary values to BCD values.
Signal A would be the least
significant and signal E would
be the most.

Lines 27 to 32 display the clock
time periods for each signal. A
being the least significant
figure would have 1
microsecond, and E would
have 16 microseconds.

Good
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4

A process :process
begin

| B =
'+ wait for A period/2;
B S L

walt for A _period/Z;
end process;

B _process :process
begin

B <= "0";

' walt for B_period/2:

B <="1";

+ wait for B_peried/2:

end proceas;
C_process :proceas
begin

. C €= "0";

wait for C_peried/2:

, IE =

wait for C_period/2;
end process;
D_process :process
begin

D <= "0";

wait for D peried/2;
D <= "1";

» wait for D _peried/2;

end process;

E process :process
begin

E <= '0";

wait for E peried/2;
E £= "1":

wait for E period/2;
end process;
END;

Figure 5 - Testbench File Code 2

Good understanding shown of how the test

bench file works

The remainder of the lines of code
in the test bench file are used for
the clock process definitions. This is
where a clock is created in the
program with a 50% duty cycle that
generates two values over a set

time period ]
Good detail

An example of this working can be
seen from lines 52 to 56. Line 52
sets A to 0, then line 53 tells the
program to wait for 0.5 us. Then
line 54 tells the program to switch A
to 1, then line 55 tells the program
to wait for another 0.5 us. This
equates to 1 us overall which is
what A_period was set to on line
28.

This means that as E_period is set
to 16 us, E process will have each
value of 0 and 1 displayed for 8 us
respectively.

Once this occurs for all processes A,
B, C, D & E the program ends.

11




The test bench file was then simulated with 3 different binary values in order to see if the file would
convert then from a binary value to a BCD value. The graphs accompanying the conversion show the
simulated conversion. It shows that a high = 1 and a low = 0. These are shown for each test.

The first test for the file was for 6/7. | can be seen from figure 6 below that the binary value for 6/7
is displayed from A to E and converted to the BCD value from Y1 to Y6 successfully.

Binary value of: 000110/1

BCDvalueof: 0000110/1

1
1
0
0
0
1
1
0

I

igure 6 - 6 Bit Sim Good analysis

The second test for the file was for 34/35. It can be seen in figure 7 that A — E displays the Binary
value, and Y1 - Y6 displays the converted BCD value correctly.

Binary value of: 100010/1

BCDvalueof:0110100/1

o
o
<
y
o
r
o
f

Name Value

I

[P S P - e = =]

| e I
BE==
—
==-=i
I
| —

Figure 7 - 6 Bit Sim 2 Good ana/ysjs
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The third test was for 56/57. Figure 8 shows the inputted Binary value from A — E, and the outputted
BCD value from Y1 to Y6 displaying 56/57 correctly.

Binary valueof: 111000/1

BCDvalueof: 1010110/1

[ |
-
-
-
[
I
o

Good detail shown
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2.3 Adapting Design for an 8 Bit Converter

Now that this VHDL file had been tested and worked successfully it needed to be adjusted to convert

8 bit binary values instead of 6. This meant adjusting the inputs and outputs in the code to

accommodate the new extended values. BO — B7 was now used for the 8 bit binary value, with SW15

being the switch that could be manually used to determine whether the least significant value is
either 1 or 0. The BCD outputs were also altered to give a better depiction of the BCD value in the

simulation screen. UnQ, Unl, Un2 & Un3 would be used to display the valuesof 1, 2,4, 8

respectively. TO, T1, T2 & T3 would be used to display the same singular values, but defined in their

multiples of 10 counterparts. HO & H1 would be used to display the values 1 and 2 but would be
used to define the hundreds values. The simulated values would be tested using lines 15 to 22

similar to the 6 bit test, but with the SW15 value being inputted on line 24 this time.

1 ¢ library IEEE;
use IEEE.STD LOGIC 1164.ALL:
! entity Bin BCD_Bbit_tb is

S XY

! -- Port ()
5 end Bin_BCD_gbit_tb;
g ! architecture Behavioral of Bin BCD 8bit tb is

B oo COMPONENT Bin BCD EBit_wrapper
9 | Port ( BO,Bl,B2,B3,B4,B5,B6,B7,5W15 : in std_logic;
0 Un0,Unl,0On2,0Un3,T0,T1,T2,T3,H0,HL : out std_ c
L )i

12 . END COMPONENT;

15 BO : 0°;
16 ! Bl : a3t iAF
17 B2 : o:
18 B3 : : -
19 . Bd : = '0v;
20 BS : "

BE : std logic := '"1";
B7 : std logic := '1l";

—— First test @ 2

signal 5W15 : std_logic := "0":

s e

gignal Un0 :
signal Unl
signal Un2
signal Un3 :
signal I0 : :
signal T1 :
signal T2 : std logic:
34 signal T3 : std logic;
I

Figure 9 - 8 Bit Cinverter Code

Where is the 8 bit IP block design? How was it
obtained from the 6 bit design?
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3. Analysis of Xilinx Vivado Simulated Results

The new test bench file was simulated and tested for 3 different 8bit binary values in order to see if
the file would correctly convert them into BCD values.

The first test was for the value of 232. Figure 10 shows the value being inputted into the test bench
file with B7 being the least significant figure and BO being the most. Figure 11 shows the successful
conversion of 232 going from the binary value to a BCD. HO — H1 display the value of 2 (200), TO-T3
display the value of 3 (30), and Un0Q — Un3 display the value of 2, showing collectively the value 232.

END COMPONENT; Good

signal

= "0';

signal ol

signal ol

signal = "1";

signal bl H-

210 signal '1':
21 gignal '1':
22 L AL

signal

signal

Figure 11 - 232 Binary to BCD Conversion
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The second test performed was for the value of 119. Figure 12 shows the value being inputted into
the test bench file. Figure 13 shows the successful conversion of the 119 binary value to a BCD value.
HO — H1 displayed 1 (100), TO — T3 displayed 1 (10) and Un0 — Un3 displayed 9, collectively displaying

the value of 119. )
Good detail

J | wait for lms;

J B0 <="'1";

2 Bl ¢<='1";
J B2 <= '"1";
2 | B3 <= '0";
D B4 <= '1":
O | BS <= '1";
J ' B6 <= "1";
J 'B7 <= '0":
J  wait for 1lms;

=
E
]

O i ok kD - -

T
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The third and final test was for the value of 43. Figure 14 shows the binary value inputted into the
test bench file. Figure 15 shows the correct conversion of the binary value to a BCD value. HO — H1
displays 0 as there is bi hundreds value for this binary input, TO — T3 displays the value of 4 (40), and
UnD — Un3 displays the value of 3, collectively displays the BCD converted value for 43.

B0 <= "1";

)
; D Bl <=1 Good anaysis given
B O B2 <="'0';
8 O B3 <= "1';
8 ) 'B4d <= '0';
8 ) .B5 <= "'1"';
: O :B§ <= '0';
) B7 «= '0';

& BO
kBl
kB2
% B2
% B4
kB5
ks B6
w B7
, SW15
& Un0
& Un1
b Un2
& Un3
k1O
e T1
kT2
& T3
& HO
1 H1
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4. Analysis of Nexys4 FPGA Practical Results
Now that the file had been simulated using the test bench file and proven to work, it was time to
download the VHDL file onto the Nexys4 FPGA board and test it practically. In order to do this the
program had to run an implementation as well as generate the bit stream. Once these two tasks had
been done the hardware manager could be opened and the file downloaded onto the FPGA board.
The board would display values running from UnO all the way to H1, with the least significant
character being on the farthest right LEDO, and the most significant character being the furthest left
LED9 being used in the system. The Binary value would then be inputted onto the switches SW0 —
SW7 and if the VHDL file performed as expected, the board’s LEDs would display the correct BCD
value.

The first test was to see if the board would once again display the value to 232.

The binary value of: 011101000 =232 was entered into the switches and it displayed the
correct BCD value onthe LEDSof: 1000110010

To break up and check: (10)=200(0011)=30(0010)=2 G

15m 14w 1
L < STRTY.
QD 2 & £ (RS  Cusd (TEx

Good pictorial evidence

Figure 16 - 232 BCD FPGA Value
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The second test was for the binary value of 119.

Once again the binary valueof: 01110111 =119 was entered onto the switches of the FPGA
board once more, and it displayed the correct BCD value onthe LEDsof: 0100011001

To break up and check: (01)=100(0001)=10(1001)=9 Go

vec1vo(O) ooce 7/ F

=]
&
|

Jiem 2umm s OveEm |
CNi4Y N B HD
uigs CRISY C(HI3 (L1& N

Figure 17 - 119 BCD FPGA Value
The third and Final test was for the binary value of 43.

Once again thevalue of: 0010101 1=43 was entered onto the switches of the FPGA board, and it
displayed the correct BCD Value on the LEDSof: 0001000011

To break up and check: (00)=0(0100)=40(0011)=3 Good

-y,

Ciso o i
S iR

- 2 -
N4 NP S

(R (M3 (Li&

Figure 18 - 43 BCD FPGA Value
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5. Adapting Design to Suit New Purposes
Now the original VHDL file needed to be adapted to output a result of 0 — 255 representing the 8 bit
binary range to 3 7 segment displays. This meant that not only would the 8 Bit Binary to BCD
converter VHDL would be used, but it would need to be packaged into an IP and combined with 2
other VHDL files packaged into IPs:

e Five KHz Clock Pulse (using the internal 100MHz clock on the FPGA board)
¢ 4 Bit Multiplexer
e BCDto 7 Segment display

These would all need to be combined in a test block design before they could be loaded onto the
Nexys4 FPGA board.

20




5.1 Five KHz Clock Design

The 5KHz clock was the first VHDL file to be created for this new adapted design. It used the same
Artix 7 family and part “xc7a100tcsg324”. The language was also changed from verilog to VHDL and
the project was saved in thr same directory as the Binary to BCD converter project.

5.1.1 Five KHz Clock VHDL File

© library IEEE;
. use IEEE.STD LOGIC 1164.ALL;
3 E use IEEE.NUMERIC STD.ALL;
! use IEEE.std_logic_mlsigned.all;

entity FiveKHz Clock i=

g Port ( CLK1OOMHZ : in STD_LOGIC;

9 | Rst : in std logic;
10 FiveHHz : out  STD_LOGIC
12 . )=

14 end FiveKHz Clock;
16 architecture Behavioral of FiveKHz Clock is
signal cntl i integer := 0;

signal templ i std_logic = '0';

begin

26 . | process (CLK100MHZ,Rst)
47 S begin
if Rst = '1" then
: templ <= '0';
1 cntl <= 0;
: elsif rising edge (CLK100MHZ) then
if(cntl= 10000} then
templ <= not templ;

(= T =

= L N

E entl <= 0;
359 i else
6 cntl <= cntl +1 ;
T end if;
38 O end if;

40 [ end process:
FiveKHz <= templ:

43 [;) end Behavioral:

Figure 19 - Five KHz Clock VHDL Code

Why 10000? Where is the maths?

The code begins by setting
the entity for the project
with port having two inputs
of the 100 MHz clock, and a
reset function, and an
output of the 5 KHz clock
pulse.

The architecture is then set
for file, setting the count to
an integer of 0, and the
signal temp to a standard
logic of 0.

The process determines
how the clock will work. The
process begins by looking to
see if reset has been set to
1. If so then both temp and
count are set to 0 as the
clock has been reset.
However if the program
detects a rising edge from
the 100 MHz clock, a new if
statement will be assessed.
This statement will see if the
count has reached 10,000,
As this is the limit of the
count, the count resets 0.
The else statement here
would be for when the clock
is at any number other than
10,000, and so would
instead increment the count
by 1.

21




5.1.2 Five KHz Clock Test Bench (Simulation) File

library IEEE;

use IEEE.STD LOGIC 1164.ALL;
use IEFE.NUMERIC STD.ALL;

use IEEE.std logic_unsigned.zll

reemmenE Ehe o711 i
vnocommen 1

o

L tne folloving 110X

entity FiveKHz Clock th is

|" J
end FiveKHz Clock tb;

architecture Behavioral of FiveKHz_Clock_tb is

Component FiveKHz_Clock

Port ( CLEK100MHZ = in
Rst
FiveKHz

STD_LOGIC;
: in STD_LOGIC:
: out S'I‘D_LDGIC

):
end Component;

inNpuLs

signal CLK100MHZ

: STD_LOGIC := '0';
signal Rst : 5TD_LOGIC := '1';
signal FiveKH:z : STD_LOGIC;
-—Clock definitions
constant CLK100MHZ period : time := 10nsa;
begin
UUT : FiveKHz_Clock
Port Map ( CLK100MHZ => CLK100MHZ,
Rst => Rat,
FiveKHz =» FiveKHz

CLK100MHZ process

begin

CLE100MHZ <= '0";

wait for CLK100MHZ period/2;

CLE1OQ0MHZ <= '17;

wait for CLK100MHZ period/2;
end process:

:process

Figure 20 - Five KHz Clock Testbench Code 1

The test bench file sets the entity and
architectures similar to the VHDL file
with the same number of inputs and
outputs.

The inputs on lines 21 — 23 are then
set to standard logic O for the 100
MHz clock and 1 for the reset.

The output on line 26 set the 5 KHz
clock to just standard logic.

The clock period is also set to 10
nanoseconds on line 31.

The clock process definitions are then
set on lines 44 to 51. Similar to the
processes on the Binary to BCD
converter, the clock gets set to 0 for
half the period, which in this case is
half of 10 nanoseconds equalling 5
nanoseconds. It is then set to 1 for the
other 5 nanoseconds. This process
repeats.

Q 0 o @
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begin
wait for 1ms;

Rst «= '0";
wait for 2ms;
Rst <= "1";

wait;
end process;

. end Behavioral;

Figure 21 - Five KHz Clock Testbench Code 2

The last few lines of the
testbench code for the five KHz
clock are uses to set the stimulus
process definitions. It begins
with the clock waiting for 1ms,
before setting reset to 0, then
waiting for 2ms before setting
reset to 1. The program then
waits again before ending the
process.

Good
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5.2

Multiplexer Design.

The purpose of the Multiplexer was to take the BCD converted values from the binary inputs and
carries them through a multiplexing system to the 7-segment display as a single line input. The VHDL
used the same Artix 7 family component and part “xc7a100tcsg324”. The language was once again
changed from Verilog to VHDL and the file was saved in a similar directory to the previous projects.

W ok

.

i

e

J oo

5.2.1

Multiplexer VHDL File
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use IEEE.NUMERIC STD.ALL;
use IEEE.std logic_unsigned.all;
entity Mux Derux is

ort ( FiveKHz : in STD_LOGIC:
Rst : in STD_LOGIC:
ANO,AN1,EN2 : cut STD_LOGIC:
Un0,0Unl1,Un2,Un3 : in STD_LOGIC:
10,T1,T2,T3 : in STD_LOGIC:
HO,HL : in STD LOGIC:
2,B,C,D : out STD LOGIC

-] end Mux Demux;

archicecture Behavioral of Mux Demux is
gignal cnt : std logic vector (1 downtoc 0):
gignal Q : std logic wector (2 downto 0);
begin

process (FiveKHz, Rst)

begin

if Rst = "1' then

ent <= "11v;

elsizt rising_gdge {FiveKHz) then
cnt <= cnt + "01";

-] end if;

end process;

process (cnt(l), cnt{0))

begin

if {(cnt(l)="0" and cnt(0)="0") then Q <= "110";
(cnt(1l)="0" and cnt(0)="1") then Q <= "101";
(ent(1l)="1"' and ent(0)="0") then Q <= "011";

elsif
elaif

elae Q «= "111";
end if;
end process;

ENO <=
RNl <=
EN2 <=

Q{0):
Q(1):
Q(2):

Figure 22 - Multiplexer VHDL Code 1

The code begins by setting the
entity of the file. This VHDL file
has 12 inputs and 7 outputs.
The inputs are set for the Five
KHz in standard logic, the
Reset, Un0—Un3, TO-T3 and
HO - H1. The outputs were set
for ANO—AN2 and A—D.

The architecture is then set
from line 16 to line 18.

The reset is set similar to the
other files in lines 23 - 27
where it resets to 11, or
continues the increment in
steps of 1 in the else function.

The process for the units, tens
and hundreds is then set from
line 30, through to the end of
the file at line 82. This is a
series of processes where the
multiplexer takes the BCD
converted values from the 3
Binary to BCD converters that
would be in the block design
and converts them into one
single line of code to be
displayed by the 7-segment
display.

Not clearly understood
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[

process (Un0,Unl,Un2,Un3,T0,T1,T2,T3,H0,H1,Q(0),Q(1),Q(2))
begin

-l o

[Z] 1f (Q{0) = '0" and Un0 = '0') then Dk='0";
elsif (Q{0) = "0" and UnQ = "1") then IK="1";

w

50 elsif (Q{1) = "0" and TO = '0'") then Ik="0";
51 elsif (Q{1l) = "0'" and I0 = "1") then D<="1";
52 elsif (Q{2) = "0' and HO = '0") then D<="0";
53 elsif (Q{2) = "0'" and HO = "1") then D«="1";
55 (A end if;

57 ) if (Q(0) = '0" and Unl = "0") then C<='0";
58 elsif (Q{0) = "0' and Unl = '1') then C«="1";
59 elsif (Q{1) = '0" and T1 = "0'") then C<='0";
&0 elsif (Q{(1) = '0' and T1 = '1') then C«="1";
61 elsif {Q{2) = '0' and H1 = '0') then C<="0";
62 elsif (Q(2) = '0' and H1 = '1') then Ce="1";
64 () end if;

o

] 1if (Q(0) = '0" and Un2 = '0') then B<="0";
elsif (Q(0) = '0' and Un2 = "1") then B<="1";
elsif (Q{1) = '0" and T2 = '0") then B«="0";

Vo Oy o
-l o

o
Tl

elsif (Q{1) = '0" and T2 = '1") then B«="1";
70 elsif (Q{(2) = '0") then B<='0";
71
72 = end if;
74 [ZJ if (Q{0) = '0" and Un3 = '0") then A<="0";
75 elsif (Q{(0) = '0" and Un3 = "1") then A<="1':
76 elsif (Q{1) = '0" and T3 = '0") then A<="0";
77 elsif (Q{1) = '0' and T3 = "1') then A<="1";
78 elsif (Q{2) = '0") then A<='0";

-3

o

-] end if;
“] end process:
| end Behavioral;

o o o

I

Figure 23 - Multiplexer VHDL Code 2
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5.2.2 Multiplexer Test Bench (Simulation) File
1  library IEEE;
2 | uae IEEE.STD LOGIC 1164.ALL;
3 . entity Mux Demux tb is
4 ' -— Port ( }); No ned to add info here as this 1is
5 . end Mux Demux_tb;
L . architecture Behavicral of Mux Demux tb is
7 . compeonent Mux Demux -- : ]
' == Copy the E?:” 2
% | Port ( FiveHHz : in STD_LOGIC;
10 | Rst : in STD LOGIC;
11 | BAND,AN1,AN2 : out STD_LOGIC;
12 Un0,0Unl,Un2,0Un3 : in STD_LOGIC;
13 ' T0,T1,T2,T3 : in STD_LOGIC;
14 . EO0,Hl : in STD_LOGIC;
1s : A,B,C,D : out STD LOGIC
16 1:
P 1 end component;
19 z skd "
20 ogic :
21 | »signal Rst : std_logic := 'l';
22 signal Un0 : std logic := '1';
23 | =ignal Unl : std logic := '1';
24 ' signal Un2 : std logic := '0';
25 | signal Un3 : std logic := '0';
26 signal T0 : std logic := '1';
27 , signal Tl : std logic := '1";
28 | signal T2 : std_logic := '1';
29 | signal T3 : std_logic := '0':
30 | signal HO : std logic := '1";
31 | signal H1 : std legic := '0';
33 O —-
34 - o1 std logic := "0’
35 i B
36 | signal BNO : std logic:
37 | =signal BNl : std logic:
38 signal BN2 : std logic:
39 | signal A : std logic:
40 | signal B : std logic:
41 ' signal € : std logic:
signal D : std logic:

44

Figure 24 - Multiplexer Testbench Code 1

The test bench file for this program
would be used to simulate the
units, tens and hundreds of a value
being taken through the system
over the course of 3ms. For this the
BCD value of 173 was inputted on
lines 20 — 31. This would then be
simulated to run a test to see if the
value is displayed correctly at the
other end. This can be seen in the
simulation testing for the Binary to
BCD 7 segment display.

The output signals are all set to
standard logic.

Good
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constant FiveKHz_periEd : time := 200us:

begin

FiveKHz => FiveKHz,
Est R=st,

- R

H0,
Hi,
=> &,

clk_process
begin
FiveKlz <= '0';

wait for FiveKHz pericd/2; --for 5 n
FiveHlz <= '1';

wait for FiveKHz period/2; --for nex
end process;

:process

stim _proc: process
begin

wait for 1lms;
Rat <= '0';
wait for Sma;
R3C <= "]1";
waic:

end process;

. end Behavioral:

Figure 25 - Multiplexer Testbench Code 2

A constant time period is given to the 5
KHz time period of 200us, which is used
in the clock process same as before on
lines 76 to 82.

All the ports are mapped to the correct
locations on lines 54 to 72.

The stimulus process can then be found
on lines 86 to 94 before the end of the
test bench file.
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5.3  7-Segment Display Design

The 7 segment display is what will give a visual display on the FPGA board of the processed values
from the multiplexer. It can display any number between 0-9. For numbers greater than a single digit
multiple displays are used. The VHDL used the same Artix 7 family component and part
“xc7al00tcsg324”. The language was once again changed from Verilog to VHDL and the file was

saved in a similar directory to the previous projects.

5.3.1 7-Segment Display VHDL File

1 ' library IEEE;
2 | use TEEE.STD_LOGIC_1164.ALL;
entity BCD 7seg is
4 Port ( A,B,C,D : in std legic;
5 sa, sb, sc, ad, se, sf,sg : out std logic
g )
end BCD_7seg:
B fiarchir.ectu:e Behavioral of BCD_T7seq is
9 | signal Q : std logic wecter (3 downte 0):
10 2ignal seg : std logic wector (& downto 0);
11 | begin
1 E Q{o) <=
13 ' Q1) <= C:
. Q(2) <= B:
C Q3 <= A;
16 | process (Q)
17 | begin
1s | case Q is
18 :i'ni'HEl-I "0ooo" => -- 0
| seg <= ("0000001");
21 [C) NHEN "0001" => 1
22 () seg <= ("1001111");
23 ) WHEN "0010" => -- 2
24 [) seg <= ("0010010"):
25 | WHEN "0011" => -- 3
& [ seg <= ("0000110");
.’h'HEI{ "0100" => 4
| seg <= ("1001100");
229 ) WHEN "0101" => 5
30 | s&g <= ("0100100");
31 [J WHEN "0110" => —- ¢
32 (-] seg <= ("0100000");
33 CJWHEN "0111" => - 7
| seg <= ("0001111");
35 [ WHEN "1000" => B
36 (1) seg <= ("0000000") ;
37 [CJ WHEN "1001" => -- §
38 [ seg <= ("0001100");
39 I WHEM Others =» -- 'blank’

(=)

;

N s

(SIS
1

3 M

40 () seg <= ("1111111");
41 () END CASE;

42 (2) END PROCESS:

43 3a <= seg(6);

. 8b <= zeg(5):
sc <= seqg(4);

46 | sd <= s3eg(3):
17 . 3e <= seg(2):
48 ' sf <= seg(l);
48 | ag <= seq(0);

50 () end Behavioral;

Figure 26 - 7-Segment Display VHDL Code

The first lines of code for this VHDL file once
again set the entity for the program and list all
the inputs and outputs. In this case the inputs
are A, B, C & D and the outputs are sa—sg.

The architecture is then setup. This here shows
that signal Q will be the incoming binary signal
for a value between 0 -9, with 3 down to 0
representing the 4 bits of 1, 2, 4 & 8. The signal
seg then determines which segments of the 7-
segment display will illuminate.

Lines 18 — 41 then convert each binary number
into the correct digit displayed by the 7
segments. A 1 represents a segment being off,
and a 0 represents a segment being on. There
is also a setting for when an unrecognised
value is sent to be processed and displayed.
This is shown on rails 39 =40 and in this
circumstance the display is set to straight 1's
meaning all the segments are off.

G

Q Q © O

ail
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An example of how the display uses this code to process and display each digit can be seen below.
Figure 27 shows a 7 segment display with each segment labelled a — g. If the number 3 was too be
displayed by the VHDL file, lines 25 — 26 in figure 26 of the code show an input binary value of 0011
and an output segment value of 0000 11 0. The 0’s will place segments a, b, ¢, d & g on, while the
1’s will keep segments e & f off. This can be seen in figure 27’s centre image. Another example can

be the segments displaying the

number 4. Lines 27-28 in figure 26 show a binary input value of

0100, and an outputted segment value of 100 1 1 0 0. This means that segments a, d & e are set
to 1 and therefore off, and segments b, c, f & g are set to 0 and therefore on, collectively displaying
the digit 4. This can also been seen in figure 27’s furthest right image.

-
B
£
) g
E—
d
e

Clear understanding shown

b b

-
I
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[

a
—
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—
o
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Figure 27 - 7-Segment Display Examples
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4
4

5.3.2 7-Segment Display Test bench (Simulation) File
' LIBRARY ieee;
| USE ieee.std logic_1164.ALL:

" -0 1e& X
ENTITY BCD_7seg_tb IS5
END BCD_7seg_tb;
ARCHITECTURE behavior OF BCD 7seg_tb IS

g P

~1a . ; Tnit Tndey Tack (T
eclaration for Che Unit Under Test (ODUT

COMFONENT BCD_7seg
PORT(
R : IN std logic:

: IN std logic:

: IN std_logic;

: IN std logic:
a2 : OUT std logic;
b : OUT std logic;
c : QUT std logic;
i =d : OUT std_logic;
se : OUT std logic;
. sf : OUT std logic:
2g : OUT std logic

=)

[ T = R T

. END COMPCNENT;

: Inputs

| gignal A : std logic := '0";
signal B : std logic := '0';
. signal C : std legic := '0";
gignal D : std logic := '0";

| signal sa

i std legic;
. signal sb : std logic:;
. signal sc : std logic;
, signal sd : std logic:
. signal se : std logic;
signal sf : std logic;

signal sg

std logic;

-- appropriate port
constant A_period :
constant B peried :
constant C_period :
conatant D_peried :
. BEGIN

, uut: BCD 7seg PORT MAP (

Figure 28 - 7-Segment Display Testbench Code 1

The test bench file is also
used to simulate the 7
segment display. It begins
by setting the files entity
and architecture. All of the
inputs and outputs are set
as standard logic for the
unit under test.

The clock processes far this
file are set as constants,
with A being the most
significant figure of 80ns,
and D being the least at

10ns.
Good
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46 | uut: BCD_7seg FORT MAP (
47 ' L => R,

42 | B=>B5, Lines 46 to 58 map all the ports to be put
: E '; E* under test by the simulation, these being
g ot ;a’ the inputs and outputs,
52 | sb => sb, > .
e e, Following this are the clock process
Coad => ad, definitions which work the same as
e i previous clock processes in the other test
+ 8f => sf, .
Bl :q = :g bench files. These are set for values A, B, C

E]; & D.

62 , A<= "0";

63 ' wait for A perind/f2:
A<= "1";

wait for A period/2:
end process;

67 . B process :proceas
begin

69 . B <= '0";

© wait for B period/2;
B<="1";

]
SR

i wait for B_period/2:
7 1 end proceas;
74 | C_process :process
75 begin
76  C <= "0";
77 ' wait for C _period/2:
784 |, ©C 4= "1";

79 wait for C_period/2;
80 | end process;

8l  D_process :process
g2 begin

3 . D<="0";

24 ' wait for D perind/2:
85 | D«='1';

6§ : wait for D_period/2;
7 | end process;

. end behavior;

Figure 29 - 7-Segment Display Testbench Code 2
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6. Analysis of Xilinx Vivado Simulated Results

Now that all the VHDL files for each part of the program had been created, their counterpart test
bench files needed to be simulated to make sure they could work properly.

The first file put under test was the 5 KHz clock file. The file was simulated over a period of 4ms.The
simulation gave the following graph in figure 30. The yellow and white markers demonstrate 1
period of the clock which should equate to 5 KHz.

1,304 1800564 us

The difference of 200us between the two points in the simulation equates to 1 period. The

1 _— 1 . .
frequency = p— which is ORI = 5000 Hz. Therefore the difference between the 2 points

equals 5 KHz. This can be seen in figure 31. Good

Name Value
&|CLK100MHZ
¥ Rst
G
& CLK100MHZ_period 10000 ps
1,304.180064 us

1l ,504.823151 us
1,000 wus 1,500 us

_]_\‘||'|||
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Simulation

6.2  Multiplex
The simulation for the multiplexer needed to take what would be considered a binary value that was
now in BCD form, and see if it could be processed by the file.

Lines 20 — 31 were used to set the test bench file to take 173 as a converted BCD value in binary

1 end

component;

FiveKHz : std logic :=

|r_'|;’.

signal

signal Rst : std logic := "1";

signal Un0 : std logic := '1";

signal Unl : std logic := '1";
24 signal Un2 : std logic := '0";
25 signal Un3 : std logic := '0";
2 signal T0 : std logic := '1'":
2 signal T1 : std logic := '1";
28 | signal T2 : std logic := "1";
23 ' sgignal T3 : std logic := '0";:
30 . signal HO std legic := '1";
31 HL : std logic := '0':

1 + signal

Multiplex

estbench Code &

C

simulation

form. The simulation was then ran over 3ms.
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H1-H2, TO-T3 & Un0-Un3 show the binary value being simulated. The A, B, C & D values show the

value being sent through in first units, then tens and then hundreds. This first screenshot in figure 33
shows D and C equalling 1, and B and A equalling 0 which displays the unit 3. This can be seen on the
graph where C & D line up with the digital highs of 1, and A & B line up with the digital lows of 0.

There is also the clock period at the very top of the graph that shows the values lining up with one

clock period.

% FiveKHz
% Rst
¥ Un0
% Un1
% Un2
% Un3
& 1O
T
% T2
% T3
¥ HO
& H1

200000000 ps

1 i
0
1 |
)
: I
0 !
1 |
1 |
.
: |
‘ |
0
]
L |
(I
1 |
0
o I
1 I
) I
i
|
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This second screenshot in figure 34 shows D, C and B equalling 1 and A equalling 0, depicting the
tens value of 7 for 1 clock period.

% FiveKHz
Lk Rst

¥ Un0

1k Un1

1% Un2

% Un3

1k TO
kT
kT2
kT3

& HO

& H1

1 AND

Uk AN2

.'f' :\
kB
wC
BD
1= FiveKHz_period :

-
S
o
w
m
o

i
=

O - = O

0
1
1
1
0
1
0

- [ ] =k

B =

g

[}

00000000 ps
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The third screenshot in figure 35 shows D equalling 1 and C, B and A equalling 0, depicting the

hundreds value of 1.

1k FivekHz
I Rst
& uno
& Un1
I Un2
I un3
s TO
T
T2
kT3

Ik HO

1% H1

1l AND
AN |

1k AN2

(=]

1
1
1
0
1
0
1

.. .‘!‘.
B
& c
&D
& FiveKHz_period 00000000 ps

gure 35 - Multiplexer Simulation Values 3

Very good analysis of 3 sets of simulated tests

carried out

1,591.743119 w

36




6.3. BCD to 7-Segment Display Simulation
In order to test the 7 segment display under simulation, 3 binary values were inputted into the
system; 10, 8 and 2. The simulation was then ran to see if the graph would show the correct data

based off of the number inputted. In this case A = most sig fig while D = least sig fig.

Hame

40000 »¢
00 p

The first value enter was the binary value = 8 +2 = 10. This was to test if the display would recognise
a value that wasn’t in the region of 0-9 and therefore not illuminate any of the segments. Figure 37
shows A to D displaying the binary value of 10, and sa to sg showing all segment display values being
off as the segment can only display 0 — 9. This is also seen on the graph with digital highs matching
up with
the 1's,
meanin
gthe
segmen
ts
would
be off.

1

0
1
0
1
1
1
1
1
1

FFEFFFFFFFFFF

1

& A_period 80000 ps
B_period 40000 ps
C_period 20000 ps

e D_period 10000 ps

b
== ||
=
| T

T
=
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The second test performed was for a binary value of 8. This was to see if all segments of the display
would illuminate. Figure 38 shows A to D inputting a binary value of 8, and sa to sg all being set to 0
by the program, meaning that all these segments would in turn be on. This shows that the file has
once again
432_4z performed
correctly.

H

]
0
0
0
0
0
0
0
0
0
0

A_period 80000 ps
B_period 40000 ps
C_period 20000 ps
= D_period 10000 ps

Good analysis given

The third test was for a binary value of 2 displayed here in figure 39 by A to D. Sa, sb, sd, se & sg then

all display due to being set to 0, while sc & sf don’t display due to them being set to 1. This means

that segments c and f would not illuminate on the display, therefore the remaining segments would
display the

of 2.

.‘!‘_:|.-‘\
kB
Yo

%D
% sa
& sb

& sc 1
& sd 0
b se 0
¥ sf 1
® sg 0
& A_period 80000 ps
« B_period 40000 ps
1% C_period 20000 ps

Good set of test results analysed

correctly




7. Analysis of Nexys 4 DDR FPGA Practical Results

7.1. Building & Testing the First Block Design
Now that all the files had been tested and proven to work, they all needed to be combined together
to form the final program of a binary to BCD 7-segment display. This was done by opening up each
individual project and packaging them as an IP (Intellectual Property). Once this was done, a new
project was opened, once again choosing the Artix-7 family and the part named “xc7a100tcsg324”.
The language was also once again changed from Verilog to VHDL. Now a test block design was
opened up and all of the IP’s for each VHDL file were imported into this one program. They were
then connected together with suitable inputs and outputs. This can be seen in figure 40 below. The
initial testing here did not involve the binary to BCD converters as the system needed to be tested
just converting BCD values into the 7-segment display before the binary to BCD conversion could be
implemented.

swis [T T Ang
» [ ANd
[ ANS
7] AMG
L an?
. Fivekriz Clock 0 Mux_Demusx_0 —|D) :ﬁ
CLK10OMHZ = CLK100MHZ [ |
pis = FrrakHl m— FR-:KRI > Anz
uno >—| Unty
Un1 D—‘ ,—— Unt :ﬁ B{.:D—hen—o
un2 [O3— —= Un2 e s m—— sa
un3 &> und A A —{ ED
To B T & s = D=
T B> Ti & c ¥ —{ =d
2 B ” 5 I i s D=
T3 B T e ———
HO [ HO 8y — 5
H &> H1 R —
Good detail

Figure 40 - First Test Block Design

Constraints for the program were then assigned using a master XDC file. These were mapped for
each switch and each segment of the display so that the switches could be used to determine which
digits would display on the FPGA. The units, tens and hundreds values were assigned switches so
that a manual BCD value could be inputted, and that value could then be displayed on the segments.

set_proparty =dict [ PACKAGE_FIN E3 IOSTANDARD LVCMOS33 | (get _ports { CLKI0OMHZ }): #I0 L1ZF T1_MRCC 3§ Sch

create_clock -add -name sys_clk_pin -pericd 10.00 -waveform {0 5} [get_ports [CLELOOMHZ)]: N
Switchss

ack_proporty -di

sur_:pmpcn.,' -

set_proparty =
11 | set_property
12 | set _property
13 [ set preperty
14 . set property -
: ack_property -
16 | sat_property -di
1 set_proparty =

TOSTANDARD LVCMO333 } [get_ports {Unl 1]
I DARD LVCMOS33 | [get_ports {Unl }]
IOSTANDARD LVCMOS33 |} [get _ports {Un2 ]]
IOSTANDARD LVIMOS33 | [get_ports {Und ]
IOSTANDARD LVEMOS33 | [get_ports {T0 }]
IOSTANDARD LVCMOS33 } [get ports ([Tl
IOSTANDRRD LVCHOS33 |} [get ports {I2
IOSTANDARD LVCHMO33% | [get ports {T3
TOSTANDRRD LVEMOS1E | [get_ports [HO
I lget_ports (F

[get_p = ¢
1 lget_ports { SWLd

22 ’CE_DNNI’ Y -
> TOSTANDRRD LVEMOS33 | [get_ports [Rst }]:

set_property -di

27 © set_property —dict [ BACKRGE_PIN TI0 IOSTANDARD LVCMOS33 1 [get_ports { sa 11;
2t | set_property -dict { BACKAGE_PIN R10 IOSTANDARD LVEMOS33 } (get_ports { sb }]; 4IC

Figure 41 - Test Block Design Constraints
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The synthesis and implementation was then ran, before the bit stream was then generated. After
this the program was then downloaded to the Nexys4 FPGA using the hardware manager and 3 tests
were performed.

The first test was for a value of 257. This was done by entering the BCD value of 257 on the FPGA
board using the switches. It gave the resulting display seen in figure 42 which was correct.

1Sm 14w 13
Locus..o Tt G e
SWB..00 DD <LH1>

Figure 42 - 257 Test How do | know the switches are set

to 2577
The second test was for a value of 125. This was once again entered on the FPGA switches and gave

the following results in figure 43, which is correct.

b Teum  13emm
LDOS. 0 Uiy O U
SIS0 Dy i aa -
.- L . R
I - -

Figure 43 - 125 test

The third and final test was for 39. This gave the final result shown in figure 44 which is correct.

L
DS a2
SKiG.0 U0 il

[ /

Figure 44 - 39 test
Results are correct but not clearly

explained
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7.2. Building & Testing the Second Block Design
Now that the BCD to 7-Segment display had had been proven to function correctly, the binary to
BCD converters needed to be added in so that an inputted binary value using the FPGA switches on
the Nexys4 DDR, could be taken all the way through and processed as a digit(s) on the 7-segment
display(s) at the end. For this a new test block design was created with the binary to BCD IP being
imported 3 times. Suitable inputs and outputs were then assigned to this design. The master XDC file
once again supplied the constraints for the switches and 7-segment displays. This meant that now a
binary value would be inputted using the switches rather than a BCD value. Switch 0 was set as being
the least significant figure, while switch 7 was set as being the most significant figure.

AN

swid [ -
AN

ANS

FrakHz_Chok_0 ANE

[ 1 ANT

:‘m“ Frrab |
= ANO
iinan TRz ok V1 0 L Mux Demuk 0 -
Ra [ Fhnkz
Bin_BED_1 1T
% fEa | F— | Ana BCD Taeg O
1] DJ Bin_BCD_0 |—: va o= ik ::; = B =
B2 [ w S n—| Bin_BCO_2 L " Fy s
B3 [ 0 B R — ™ B s = E
B [ o ! .| o c s 5 D s
85 [ < ; [T 5 o . [ s
86 [ o a ,—‘ Y I " D
BT [ E ,_' {7 SN Y = T =
L ': s Wi i
| J CO_Teea 1.0
w15 [B— B - g Wiz Demae_vi_0
Bin_BCD w1 D
Good design shown
Figure 45 - Second Block Design
1| ## Clock signa
| set property -dict { PRCKRGE_PIN E3  IOSTANDRRD LVCMOS33 } [get_ports { CLKIDOMSZ ]]; #I0 L12P TI MRCC 35 Sch=clkion

. create clock -add -name sys clk pin -pericd 10.00 -waveform {0 5} [get_ports [CLE100MHZI}]:

FF 5w

8 set property -dict

{ PACHAGE_PIN J15  TOSTANDARD LVCMOS33 B0
| set_proparty -dict { PACHAGE_PIN 116 TOSTANDARD LVCMOS33 iB1
| set_property -dict { PACKRSE_PIN M13  ICSTANDARD LVCMOSSS B2

11 | set_property -dict { PACKAGE PIN R15  IOSTANDARD LVCM0533 B3
2 | set_property -dict { PACKAGE PIN RL7  IOSTANDARD LVCMOS33 184
set_property -dict { PACKAGE_PIN Ti8  IOSTANDARD LVCM0S33 {85
14 | set_property -dict { PACKAGE PIN Ul  IOSTANDARD LVCM0S32 -1
5 | set property -dict [ PACKAGE PTH R13  TOSTANDARD LVCMOS33 s [B7
set_property -dict | PACKRGE EIN T& [HO
{

set_property -dict

{HL 1]:

21 | set property -dict { PACKAGE_PIN U12  TOSTANDARD LVCMOS33
22 | set_property -dict { PACKAGE_PIN Uil TOSTANDARD LVCMOS33
23 | set_property -dict { PACKAGE_PIN V10  IOSTANDARD LVCMOSS3

##7 segment display

set property -dict
set property -dict

PRCHAGE_FIN T10 IOSTANDRRD LWVCMOS33
FRCHAGE FIN R10 TOSTANDRRD LWVCMOS33

{ 1 [get_ports

{ ] [get ports
set_property -dict { PACKAGE_FIN K16 IOSTANDARD LVCMOS33 | [get_ports

i ]

0| set proparty -dict [ PACKAGE PIN K13  IOSTANDRRD LVCMOS33 | [get ports

Figure 46 - Second Constraints Good .xdc file shown
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The program was then downloaded again to the FPGA board and this time 4 tests were performed,
three of which used the same values from the initial Nexys4 practical results. The first test was to
make sure the board displayed a maximum value of 255. This was done by switching all the switches
on. This gave the following result in figure 47 which was correct. Go

Figure 47 - Test for 255

The second test was for the value of 232. This involved its binary value of 11101 00 0 being
entered onto the switches. This gave the following result in figure 49 which proved to be correct.

|
1 e e
LS. can o o
SIS0 O e

Figure 49 - Test for 232 Good analysis

The third test was for a value of 119. This involved a binary value of 011101 1 1 being inputted
into the switches. This gave the following result shown in figure 48, which was the correct display.

140 sl
R BTND (PLED

0 o B i 0 O e Y e Y e O o e
R 0 ey A A T A o N o e )

i T e Seem 12w
LXIS.0 CuIly D o

SIS0 DD G

Figure 48 - Test for 119 ;
Good analysis
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The fourth and final test was for the value of 43. This involved entering the binary value of
00101011 being entered onto the switches. This gave the result shown in figure 50 which was
the correct display for the board.

Figure 50 - Test for 43

Good analysis
Good use made of pictorial evidence
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7. Conclusions
Overall the aim of this assignment was to investigate, practically and through research, the Nexys4
DDR FPGA board, the coding language VHDL, and the Vivado design suite. For this research was
carried out into 3 key fields; VHDL code, the methods of converting binary to BCD, and how Vivado
adopts the IP design method. Each section was thoroughly research with quotes and references
throughout to reliable sources, both book and Internet based. The VHDL code was broke down to its
foundations, how it adapts Boolean expressions as its own, with the design also being well
explained. The method in which a binary value becomes a BCD value, and the algorithm known as
the “double dabble” algorithm was thoroughly explained giving clear broken down examples of how
a binary value becomes the new BCD value, including the uses of units, tens, hundreds and
thousands up. The final bit of research was into intellectual properties known as IP’s and how Vivado
adopts these to make a more flushed design for programming.

Once the research had been carried out, various VHDL files needed to be written, simulated and
then downloaded for further testing on a Nexys4 DDR FPGA board. The tests went as follows:

s 6 bit binary to BCD converter — this file was only simulated, and displayed the correct
conversion of 3 binary values to new BCD values.

e 8 hit binary to BCD converter — this file was adapted from the 6 bit file. 3 values were
simulated in the Vivado design suite before 3 more values were tested on the FPGA using
switches and LEDS. All of these tests gave the correct results.

e 5 KHz clock — the 5 KHz clock was simulated and gave the correct period length using the
Vivado design suite simulation.

e  Multiplexer — the multiplexer VHDL file was built and simulated in software and gave the
correct results.

e BCD to 7-segment display — this was initially built and simulated in software before being
loaded onto the FPGA in the first block test design with the 5 KHz clock to make sure that
BCD values converted to 7-segment digits correctly, which they did.

e The final test was combining all the VHDL files as IP’s and importing them into a block
design. This block design was then downloaded onto the FPGA for the final test. Three
binary values were inputted using the switches 0 = 7 on the FPGA board, and the correct 7-
segment digits were displayed for each one.

Good general conclusion shown but very
little reflection
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8. Appendices
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