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1. Introduction
The aims and objectives of this assignment will be to design and test the following
VHDL files using the Xilinx Vivado Design Suite:

6 bit Binary to BCD converter.
» Extend the design to become an 8 bit Binary to BCD converter.
» Qutput and test on the specified FPGA using the IP Block Design in Vivado.

» Adapt the design to indicate the BCD value on 3 * 7 segment LED displays on the
Nexys 4 DDR FPGA. This will involve the design of the following additional VHDL
files: A 3*4 bit Mux_DeMux. 5 KHz clock from the internal 100MHz clock on the
Nexys 4 DDR FPGA and BCD to 7 segment converter

« Output and test both designs on the specified FPGA using the IP Block Design in
Vivado.

Very clear introduction




2. Research

Structure of a typical VHDL file.

The initial version of VHDL was designed to IEEE standard IEEE 1076-1987 (this is
used to call upon any standard within this and use it in the VHDL as explained
below), included a wide range of data types, including numerical (integer and real),
logical (bit and Boolean), character and time, plus arrays of bit called bit_vector and
of character called string.

The key advantage of VHDL, when used for systems design, is that it allows the
behaviour of the required system to be described (modelled) and verified (simulated)

before synthesis tools translate the design into real hardware (gates and wires).
VHDL is now the recognised standard language along with VVerilog and ABEL.

According to (3-basic-structure-of-a-vhdl-file/) “A digital system in VHDL consists of a
design entity that can contain other entities that are then considered components of

the top-level entity.”

Once the entities are set up, each entity consists of a declaration and architecture
body. The entity declaration contains the inputs and outputs while the architecture
contains the description of what the entity is doing, for example in this assignment
converting a 100 MHz inbuilt clock to a 5 KHz clock will be contained in the

architecture of the entity.

1 ' library IEEE;

use IEEE.STD LOGIC 1164.RLL;
use IEEE.NUMERIC STD.ALL:

use IEEE.std logic unsigned.all;
» -l entity FiveKHz Clock is

- Go

& | Port ( CLK10OMHZ : in STD LOGIC: od

7 . Rat : in std logic; det
' FiveKHz : out STD_LOGIC ail

3 . )z

10 |: end FiveKHz_ Clock;

Figure 1 - Example of Entity




Figure 1 shows an example of the entity setting out the inputs and outputs of the
FiveKHz clock.

11 [ architecture Behavioral of FiveKHz_Clock is
signal cntl : integer := 0;

signal templ : std logic := '0';
begin

15 |} process (CLK100MHZ, Rst)

& , begin

) if Rat = '1' then

' templ <= '0";

. entl <= 0;

. elsif rising edge (CLKLOOMHZ) then
21 if(cntl= 10000) then

22 ' templ <= not templ;

23 , ecntl <= 0

1

[ e S

[= T

else
cntl <= cntl +1 ;

[T

[=}]

end if;

1

-l end if;

end process;
FiveKHz <= templ;
end Behavioral;

(W T L% B % O 8 I S B N B %
o

Figure 2 — Example of Entity Architecture Behavioural

Figure 2 shows the architecture behavioural of the entity for the FiveKHz clock which
is describing what will happen within the program process. This starts by declaring
architecture behavioural of (insert specific program name) and ends by declaring end
behavioural.

VVHDL also uses pre-programed keywords to execute commands in the program
code, these can come from pre-designated programs stored in the library and can be
called upon by entering the correct IEEE keywords. Good

Alternatively keywords can be shorter and used to execute specific commands such
as if, else, end and then etc. these can be seen in the example in figure 2.




The VHDL file can also use logic operators within its system and there is an example
of this in task 7 of this assignment with the Boolean expression being formed for the

7 segment display. The program will simplify any known Karnaugh map and produce
a Boolean expression which will use logic operators such as; and, or, nand, nor, xor,
xnor and not to then produce the correct operation for the code introduced.

These can then be represented in physical form on a Nexys 4 FPGA board as in the

assignment below (when referenced as just board).

Good detail given but lack of citations




Binary to BCD conversion.

Binary BCD Decimal

0000 |0000 0000 0
0001 |0000 0001 1
0010 0000 0010 2
0011 |0000 0011 3
0100 |0000 0100 4
0101 |0000 0101 5
0110 00000110 6
0111 |00000111 7
1000 0000 1000 8
1001 |0000 1001 9
1010 |0001 0000 10
1011 |0001 0001 11
1100 00010010 12
1101 |0001 0011 13
1110 |0001 0100 14
1111 |0001 0101 15

Figure 3 - Binary to BCD Table

Figure 3 shows the binary to BCD conversion table with its decimal. The decimal
value of the binary and BCD number is shown on the right hand side of the table, in
binary the value is shown as a summation of all the bits with the right bit being least
significant. Taking 13 as an example 1101 will be 8 + 4 + 1 = 13 whereas with BCD
the bits are split into tens and units values. So using the example for 13 the units
value in BCD is 0011 which uses the same principal as binary which is 2 + 1 = 3, this
is then placed as the unitary value alongside the tens value which in binary is 0001
which is 1 so 1 (tens) and 3 (units) is 13 in BCD. (author.asp?doc_id=1320492)




IP Block Design in Vivado Design Suite.

According to (XILINX, 2013) “As FPGAs become larger and more complex, and as
design schedules become shorter, use of third party IP and design reuse is
becoming mandatory. Xilinx recognizes the challenges designers face, and have
created a powerful new feature within the Vivado™ Design Suite to assist you with
these challenges.”

This feature is called the Vivado IP integrator which allows the user to enter the
Vivado design suite and combine different IP blocks already created to create a final
simpler design. Designs are typically constructed at the interface level but may also
be manipulated at the port level. An interface is a grouping of signals that share a
common function.

Next, the graphical representation of this connection will be simple - a single

connection (which can be seen in the assignment as the final design and simplified
BIN to BCD 8 bit IP block designs). Finally, checks are done so that the program is
aware of the specific interface that can be run to assure that all the required signals

are connected properly.

According to (XILINX, 2013) “An advantage of the IP block is that the IP integrator
implements dynamic, runtime DRCs to ensure, for example, that connections
between the IP in an IP integrator design are compatible and that the IP themselves
are properly configured.”

This all enables the program to be simplified and easier to assemble for the user and

program.
Good detail
(XILINX, 2013)




3. Design of Assignment Requirements
The following screenshots are of the initial design requirements to complete the first
part of the assignment and to gain the relevant results. These designs will be
explained below.

All of these screenshots will be written in VHDL and not Verilog. Unfortunately, the

screenshots for the BIN to BCD 6 bit were overwritten when the 8 bit was made.

Binary to BCD 8 bit
Design Sources

librazry IEEE;

use IEEE.STD LOGIC 1164.RLL;
library UNISIM;

use UNISIM.VCOMPONENIS.ALL;
entivy BIN_BCD_8_BIT wrapper is

b H
end BIN_BCD_8_BIT_wrapper:

architecture SIRUCIURE of BIN BCD_& BIT wrapper is
component BIN_BCD_8_BIT is
port |
B3 : in STD_LOGIC:

This is NOT the 6/8 bit
Binary to BCD design
file!

end component BIN_BCD_g_BIT:

Figure 4 - BIN to BCD Design Source
10




The figure above shows the standard logic inputs as follows:
B0, B1, B2, B3, B4, B5, B6 and B7 (binary inputs)

SW15 (switch 15 on the board)

The standard logic outputs are as follows:

Un0, Un1, Un2, Un3 (units)

T0, T1, T2, T3 (tens)

HO, H1 (hundreds)

These are all for the BCD part of the logic.

62 | begin
' BIN_BCD 8 _BIT_i: component BIN_BCD 8 _BIT
port map (
B0 => BO,
Bl =» Bl,
B2 =» B2,
68 ! B3 => B3,
§9 | B4 => B4,
70 BS => BS,
7o Bé => B,
72 B7 => B7,
73 HO => HO,
74 H1 => HI1,
75 SW15 => SWLS,

D ooh e G

T0 => T0,

; T1 => T1,
78 | T2 = T2,
74 13 = 13,
20 ! Un0 => Un0,
81 . Unl => Unl,
22 Un2 => Unz,
3 . Un3 => Un3
84 )z
end STRUCTURE;

Figure 5 — BIN to BCD Design Source (2)

The figure above shows the values being assigned to their specific pOI“tS on the
board.

11




Constraints

| set _property -dict { PACKAGE PIN J15 IOSTANDARD LVCMOS33 |} [get ports

| set property -dict [ PACKAGE PIN L1& IOSTANDARD IVCMOS33 ] [get ports

| set_property -dict { PACKAGE_PIN M13  IOSTANDARD LVCMOS33 ] [get_ports

& | set _property —dict { PACKAGE PIN R15  IOSTANDARD LVCMOS33 } [get_ports

1 set property -dict [ PACKAGE PIN R17 ICSTANDARD LVCMOS33 ] [get_ports

| set_property -dict { PACKAGE_PIN Tle IOSTANDARD LVCMOS33 ] [get_ports

5 | set_property -dict { PACKAGE_PIN U12  IOSTANDARD LVCMOS33 } [get ports

10 set_property -dict { PACHAGE PIN R13 ICSTANDARD LVCMOS33 ] [get ports

11 | set _property -dict { PACKAGE_PIN I¢ IOSTANDARD LVCMOS1E | [get_ports
14 #§ LEDs

16 . set_property -dict { PACKRGE PIN H17 IOSTANDRRD LVCMOS33 ] [get_ports

17 | set property -dict { PACKAGE FIN K15  IOSTANDARD LVCMOS33 | [get_ports

| set_property —dict [ PACKRGE_PIN J13  IOSTANDARD LVCMOS33 | [get ports

19 . set property -dict { PACKRGE PIN N14 IOSTANDARD LVCMOS33 |} [get_ports

20 | set property -dict { PACKAGE PIN R18  IOSTANDARD LVCMOS33 ] [get_ports

21 set_property -dict { PACKAGE_PIN V17 IOSTANDARD LVCMOS33 ] [get_ports

22 ' set property -dict [ PACKAGE PIN U17 IOSTANDARD LVCMOS33 ] [get ports

23 | set property -diet [ PACKAGE_PIN Ul& IOSTANDARD LVCMOS33 ] [get ports

| set_property -dict { PACKAGE_PIN V16 IOSTANDARD LVCMOS33 ) [get ports

| set_property -dict { PACKAGE PIN T15 IOSTANDARD LVCMOS33 | [get ports

Figure 6 — BIN to BCD Constraints

The figure above shows the switches for the binary values being assigned and for
SW15 which will turn off the display board. The LEDs are assigned with the BCD
values for units, tens and hundreds which will convert the binary value which is input
and convert it into the BCD value displayed by the LEDs.

12




Simulation

1 ' library IEEE;

2 | use IEEE.STD LOGIC 1164.ALL;

3 entity BCD BIN & _tb is

4 Poxt ( ):

end BCD_BIN 8 tb:

! architecture Behavioral of BCD BIN 8 tb is
Component Declaration fo:
+ COMPONENT BIN BCD 8 _BIT_wrapper

Port ( BO,B1,B2,B3,B4,B5,B§,B7,3W15 : in std logic:
10 - Un0,Unl,Un2,0n3,10,T1,T2,T3,H0,H]1 : out std logic
i1 )

12 . END COMPONENT:

the Unit Under Test

14 . signal BO : std logic := "1";

15 ' signal Bl : std logic := '1':
16 . signal B2 : std logic := "0":
17 : signal B3 : std logic := '1';
12 | signal B4 : std logic := '17";
19 signal B5S : std logic := '0";
20 I gignal B6 : std logic := '0";
21 . signal B7 : std logic := '0";

- std_logic =T e

25 | signal Um0 : std logic;
26 . signal Unl : std logic;
27 signal Un2 : std logic;
22 . signal Un3 : std logic;
29 signal T0 : std logic:
30 | signal T1 : std logic;

. gignal T2 : std logic:
32 | signal T3 : std logic:
33 . signal HO : std logic;
34 | sgignal H1 : std logic:

3% | uut: BIN_BCD_&_BIT_wrapper
40 . PORT MAP (

Figure 7 - BIN to BCD Simulation (1st Test)

The figure above shows the test bench for the simulation with the same inputs and
outputs as the design source. The binary value for the first test is then set as 27
being 00011011 and the SW15 set to 0 (off). This then applies these values for the
simulation and allows them to be seen on the software which will be displayed and
explained in the next task.

13




41 BO => BO,
42 Bl => B1,
43 B2 => B2,
44 B3 => B3,
45 B4 => B4,
48 BS =» BS,
47 Bé => Be,

BT => BT,

43 S5W15 => 35W15,

50 Un0 =»> Uno,
Unl => Unl,
Un2 => Un2,

53 Un3 => Un3,

54 T0 => T0,

Tl =>» T1,

56 12 => T2,

57 I3 =>» T3,

B HO => HO,

g4 stim proc: process

8 r lms;
57 d test § 106
69
& wait for 1lms;
-— Third test @ 156

78 BO <= '0';
79 Bl <= '0%;
80 B2 <= '1';
8l B3 <= '1';
82 B4 <= '1';
83 BS <= '0';
84 B& <= '0';
85 B7 <= "1";
waic:

end process;
end Behavioral;

Figure 8 - BIN to BCD Simulation (2nd and 3rd Test)

The figure above shows the 2" and 3 test values of 106 (01101010) and 156
(10011100) being set for the simulation which will be displayed and explained below.

14
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Figure 9 - Block Design Created Using the Above Sources
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Good block diagram

By creating HDL wrappers of the designs above the block diagram has been created
which allows the BIN to BCD converter to be testing and the results to follow.

15




4. Analysis of Xilinx Vivado Simulated Results
By Simulating the BIN to BCD 6 bit and 8 bit converter the results below were
obtained, these are then further explained below.

BIN to BCD 6 Bit Simulated Results

[=]

4 s
H
0 H
0 _
1
; i
1 ]
1
: i
1 -
: N
0 |
]

Numbers chosen = 17, 41 and 58

6017 o | 1 [ o ] oo loifo o 1 ]ol 1| 1o

Results shown above for 17 which are 01000 (EDCBA) and 001011 (Y6, Y5, Y4, Y3,
Y2, Y1)

16




10.268810 us

40/41] 1 | 0 | L | 0 | 0 o2 1[0 0o o] 0] 0 |01

LR e U LA T LA T LN | T L LA L LBl LA T Eray

Results shown above for 41 which are 10100 (EDCBA) and 100000 (Y86, Y5, Y4, Y3,
Y2,Y1)

14_754984 us

i 111 ol oili o ililolo ol

Results shown above for 58 which are 11101 (EDCBA) and 101100 (Y6, Y5, Y4, Y3,
Y2, Y1)

17




The results for the BIN to BCD 6 bit converter are shown above, as with the table
which is used as proof that the simulated results were a success and the binary

(BIN) and BCD results match the chosen values.
Good set of results analysed correctly

BIN to BCD 8 Bit Simulated Results

0.507645260

& BO
& B1
kB3
kBa
¥ B5
& BB
& B7
& SW15
& Uno
% Un1
B Un2
& Un3
& T0
& T
T2
kT3
& HO
& H1

1
1
o
1
1
0
0
0
0
1
1
1
0
0
1
0
0
0
0

Numbers chosen are 27, 106 and 156

signal B0 : std logic := "1";
signal Bl : std_logic := "1";
signal B2 : std_logic := "0";
signal B3 : std_logic := "1":
signal B4 : std_logic := "1";
signal BS : s3td_logic := "0";
signal B6 : std_logic := '0":

signal B7 : std_logic := "0";

Results above show the value of 27 using 8 bit BIN and BCD values.
BIN value is 00011011 which is 27.

BCD value is units 0111 (7), tens 0010 (2) and hundreds 00 (0) therefore 027 or 27.

Good analysis 18




¥ BO
% B1
& B3
1% B4
& BS
I B6
% B7
& sW15
& Uno
¢ Un1
& Un2
¢ Un3
s TO
& T1
T2
T3
1% HO
& H1

=
s
o
e}
S
T
(=]
)
e
o
=1

BO <= "0
Bl <= '1"
B2 <= 0
B3 <= '1'
B4 <= 0"
BS <= '1';
B6 <= '1'
B7 <= '0°

Results above show the value of 106 using 8 bit BIN and BCD values.
BIN value is 01101010 which is 1086.

BCD value is units 0110 (6), tens 0000 (0) and hundreds 01 (1) therefore 106.

Good analysis

19




BO
Bl

-
‘L

B3
B4
B5
B6
B7

<= '0";

<= '0";
<= '1l";
<= "1°;
<= "1";
<= '0";
<= "0";
<= "1";

- a0 =200 2 aaao=E

Z_E076452Z60

Results above show the value of 156 using 8 bit and bed values.

The top ‘B’ values are binary and therefore 10011100 is 156 in binary and matches

both the program and simulated value.

The BCD value is then 01/0101/0110 which is 6 for unit values, 5 for tens value and

1 for hundred values, therefore 156 which is correct.

Good analysis

20




5. Analysis of Nexys4 FPGA Practical Results
This part of the assignment will be to take the simulated results of the BIN to BCD 8
bit converter and compare them to practical results using the board.

o R N
a0 - P ‘e -

The figure above shows the BIN to BCD of value 27. The figure shows the switches
being 0000011011 which is binary for 27, while the LEDs are displaying units 0111
(7), tens 0010 (2) and hundreds 00 (0) which is 27 in BCD.

This is what is expected compared to the simulated result and is therefore a

successful test.
Good result analysed well

21
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The figure above shows the BIN to BCD of value 106. The figure shows the switches
being 0001101010 which is binary for 106, while the LEDs are displaying units 0110
(6), tens 0000 (0) and hundreds 01 (1) which is 106 in BCD.

This is what is expected compared to the simulated result and is therefore a
successful test.

Again, good result shown and analysed
correctly
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The figure above shows the BIN to BCD of value 156. The figure shows the switches
being 0010011100 which is binary for 156, while the LEDs are displaying units 0110
(6), tens 0101 (5) and hundreds 01 (1) which is 156 in BCD.

This is what is expected compared to the simulated result and is therefore a
successful test.

As all three tests of the practical results for BIN to BCD 8 bit converter were
successful it can be assumed that the design and download of the BIN to BCD
converter was a success and that it can now be built upon in the next part of the
assignment.

Good understanding shown through analysis of all
test results

23




6. Adapting Design to Suit New Purposes or Applications
This part of the assignment will build on the BIN to BCD converter which was

designed and tested above.

7 segment display

Design Sources

1 i library IEEE:

Z | use IEEE.STD_LDGIC_].IGQ.ALL:

3 [ entity BCD_7seg is

4 ' Port ( A,B,C,D : in std_logic:

@ I sa,sb, sc,ad,se,sf,ag : out std_logic
T
: [1) end BCD_Tseg;

architecture Behavioral of BCD 7seg is
10 : signal Q : std logic wvector (3 downto 0);
11 | signal seg : std_logic_vector (6 downtao 0);
12 | begin
13 ' Q(O) <= D;
14 . Q(1) <=C;
15+ Q{2) <= B;
16 | R(3) <= &;
1 process (Q)
18 |, begin
18 ) case Q is

Figure 10 - Design Source 7 Seg

The figure above shows that the input standard logic is ports A, B, C and D with the

output standard logic being sa, sb, sc, sd, se, sf and sg (which are the seven

segments needed for the 7 segment display).

The next part sets out the signal values for Q and seg. Q being set as a value of 3
down to 0 with 3 being A and 0 being D. The values for seg is 6 down to 0 with sa

being 6 and sg being 0.

24




20 [ WHEN "0000" =>
21 seg <= ("0000001"):
22 ) WHEN "0001" => —- !
23 [-) seg <= ("1001111"):
24 [ WHEN "0010" => 2
25 seg <= ("0010010");
26 () WHEN "0011" => -- 3
27 [ seg <= ("0000110");:
28 WHEN "0100" => -- £
25 seg <= ("1001100"); L .
. WHEN "0101" => -- § Where does this information come
seg ¢= ("0D100100"): from?
WHEN "0110" => -- &
seg <= ("0100000");
WHEN "0111" => -- 7
seg <= ("0001111");
36 [J WHEN "1000" => -- 3

j seg <= ("0000000");
WHEN "1001" =>
39 () seg <= ("0001100");
40 WHEN Others => -- 'blank'

i1 seg <= ("1111111");
42 () END CASE;
43 () END PROCESS:

o= W N O

Figure 11 - Giving Seg Values for Numbers

Figure 11 shows that when the binary number is inputed then the corrisponding
value is output to the 7 segment display, an example is that 0000 is binary value 0
and this is output with 7 segment display of O with segment g turned off (7 segment
display uses a reverse output to switch the segment on/off).

EAD)

Figure 12 - 7 Segment Display Example (wiki/Seven-segment_display)
Figure 12 shows that when seg sg is turned off the 7 segment display will show 0.

Figure 2 shows that when another value is entered then the screen will be blank and
this ends the case and process.

25




44 3a <=
45 sb <=
46 ac <=
47 ad «=
48 e <=
49 af «=
3g «=

oW
= o

o

seg(6);
seqg(S) s
seg(4);
geqg(3);
seg(2);
seg(l);
geqg(0) 7

2 [£) end Behavioral;

Figure 13 - sa to sg/6 down to 0

The Figure above shows the sa to sg being assigned their values from 6 down to 0.

Constraints

set_property
4 set_property
5 set_property
[ set_property
7 set_property
set_property
set_property
set_property
set_property
set_property
set_property
set_property

set_property
set_property
set_property
set_property
set_property
set_property
set_property

set_property
set_property
set_property
28 set_property
30 set property
set_property
set_property
set_property

Figure 14 - Constraints 7 Seg

PACHAGE_PIN J15
PACHAGE_PIN L16
PACHAGE_PIN M1i3
PACHAGE_PIN R1S
PACHAGE_PIN R17
PACHAGE_PIN Ti8
PACHAGE_PIN Ul8
PACHAGE_PIN R13
PACHAGE_PIN T&
PACHRGE_PIN U8
PACHAGE_PIN R1&
PACHAGE_PIN T13

PACHAGE_PIN T10
PACHAGE_PIN R10
PACEAGE_PIN K1&
BACEAGE_PIN K13
PACEAGE_PIN F15
PBACEAGE_PIN T1l
PACEAGE_PIN L18

BACERGE_PIN J17
BACERGE_PIN J18
PACERGE_PIN I3
PACEAGE_PIN J14
PACERGE_FIN Fl4
PACERGE_PIN T14
PACERGE_PIN K2
PACERGE_PIN UL3

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTRNDARD
IOSTRNDARD
IOSTRNDARD
IOSTRNDARD

IOSTRNDARD
IOSTRNDARD
ICSTANDARD
ICSTANDARD
ICSTANDARD
ICSTANDARD
ICSTANDARD

ICSTANDARD
ICSTANDARD
ICSTANDARD
ICSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS18
LVCMOS18
LVCMOS33
LVCMOS33

LVCMOS33
LVCMOS33
LVCMCS33
LVCMCS33
LVCMCS33
LVCMCS33
LVCMCS33

LVCHCS33
LVCMCS33
LVCMCS33
LVCMCS33
LVCHCS33
LVCMCS33
LVCMCS33
LVCMCS33

[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports

[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports

[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports

The figure above shows the design constraints for the 7 segment display and shows

how they're assigned. The ports Q are set from A to D and will correspond to the

values assigned in the design source, these are switches on the board and therefore

let the user set the binary values which needs to be displayed. There is also

switches 0 to 7 set for the BCD values later on.
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The 7 segment display is then assigned its values from sa to sg which is the 6 down

to 0 values explained above and AQ to A7 for the BCD values later on.

Simulation

a LIBRRARY ieee;
2 USE ieee.std logic 1164.RLL;

ent the following

=] o N o W

ENTITY BCD_7seg_tb IS
END BCD_7seg_tb;
CHITECTURE behavior OF BCD 7seg_tb I3

9 -- Component Declaration for the Unit Under Test (UUT)
10 CCMPONENT BCD 7seg
5 8 PORT(
12 L : IN std logic:
13 B : IN std_logic:
14 C : IN std logic;
15 D ¢ IN std logic:
16 sa : QUT std logic:
17 sk : OUT std logic:
18 3c : QUT std logic:
19 ad : QUT std logic:
20 e : QUT std logic:
21 sf : OUT std logic:
23 3g : OUT std logic
23 ):
24 END COMPONENT:
25 --Inputs
26 signal R : std logic := '0';
27 3ignal B : std logic := '0';
28 signal € : std logic := '0';
29 gignal D : std logic := '0';
30 Outputs
31 signal sa : std logic;
32 signal sb : std logic;
33 signal sc : std logic;
34 signal sd : std logic;
35 signal se : std logic;
36 signal sf : std logic;
37 signal sg : std logic;
38 [ N 1 't ort list. Replace <clock> below wvith
39 [ I
40 constant A period : time := 80 ns;
2% constant B period : time := 40 ns;
42 constant C period : time := 20 ns;
43 constant D _period : time := 10 ns;
44 BEGIN
45 —— Instantiate the Unit Under Test (UUT

Good test bench shown
Figure 15 - 7 Seg Simulation
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The Figure above shows the sources used to create the test bench and again setting

the inputs as A, B, C and D with the outputs being sa, sb, sc, sd, se, sfand sg.

It then tells the display the clock time periods for each value A through to D with A
being the longest at 80 ns and halving the value until it reached D at 10 ns.

oo

. begin

A => 3,

' B => B,
. C = C,

D => D,

sa => sa,
sb => sb,
sc => sc,
sd => sd,

' se => ge,
8 =» sf,
' 8g => 5Q

. Ark mrocess Asfs

:process

A<= 0";

. wait for A period/2:

A L= TETZ

» walt for A _period/2:
. end process;

. B_process :proceas

» begin

B <="0";

wait for B peried/2:
B = ")T2

wait for B periocd/2:
end process;

. C_process :process
" begin
v C 2= "0";

wait for C period/2;

' Cg=T"1";
, wait for C_period/2;

end process;

, D process :process

begin

' D<= '0";

wait for D period/2Z;
D <= "1";
wait for D period/2;

+ end process;
]

' end behavior;

, uut: BCD T7seg PORT MAP (

Figure 16 - 7 Seg Simulation (2)
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The figure above shows that the unit under test (UUT) is switching the values of A,
B, C and D from 0 to 1 and this clock is pulsing through and looking for any change
in value which in turn will change the value displayed on the 7 segment display. The
values of pulses must differ in order for the clock to change on a rising or falling

pulse and for the source to see this and differentiate between each signal.

Good detail
Mux Demux

Design Sources

library IEEE;

F use IEEE.STD_LOGIC 1164.ALL:

3 uge IEEE.NUMERIC STD.ALL;

1 use IEEE.std logic unsigned.all:
entity Mux Demux is

t { FiveKHz : in STD_LOGIC:

in STD_LOGIC:

out STD LOGIC;

in STD_LOGIC;
: out STD_LOGIC

14 end Mux_Demux:
15 architecture Behavioral of Mux Demux is
signal cnt ! std_logic_wector (1 downto 0);
signal @ : std logic vector (2 downto 0);
18 begin
19 process (FiveKHz, Rst)
20 begin
21, if Rst = '"1' then
cnt <= "11";
23 elsif rising edge (FiveKHz) then
24 cnt <= cnt + "01";
25 end if;
end proceas;
process (cat{l), cnt(Q))
z begin
29 if (cnt(l)='0" and cnt(0)='0") then Q <= "110";
30 elsif (cnt(l)='0" and cnt(0)="1") then Q <= "101":
31 elsif (ent({l)='1"' and cnt{0)="0") them Q <= "D11":
else Q <= "111";
end if;
end process;
BHO <= Q(0);
36+ BNL <= Q(1);
3 ANZ <= Q(2);
process (Un0,Unl,Un2,Un3,T0,T1,I2,T3,H0,HL,Q(0),Q(1),Q(2))
begin
if (Q{0) = '0" and Un0 = '0') then De¢='0':
£ {(Q{0) = "0" and Un0 = "1} then De="1';

12 (Q(L) = '0" and I0 = 'Q') then D<='0";
elsif (Q(1) = '0' and T0O = '1') then D<='1";
4 els {Q(2) = '"0" and HO = '0') then D¢='0";
4 elsif {Q(2) = "0' and HO = '1') then D¢="1";
4 end if;
4 if (Q(0) = '0" and Unl = '0') then C<="0";
i elsif (Q(0) = '0' and Unl = '1") then C<m'l';
H elsif (Q(1) = '0' and T1 = '0') then C<='0';
50 elsif (Q(1) = '0' and T1 = '1') then C<='1";
51 1 {Q{2) = "0" and H1 = '0") then C<='0";
= '0" and H1 = '1") then C<="1";

52 . elsif (Q(2)
E end if;

Figure 17 - Mux Demux Design Sources
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The figure above shows the inputs for the mux demux design source as follows:
Rst (reset)

Un0, Un1, Un2, Un3 (units)

T0, T1, T2, T3 (tens)

HO, H1 (Hundreds)

And the outputs as follows:

ANO, AN1, AN2

A /B, C,D

The architecture of behavioural of the Mux_Demux is as follows:
Signal of the cnt (count) 1 down to 0.

Signal Q from 2 down to 0.

The process then begins calling on the fiveKHz timer (called from the explanation
below) and the reset.

If reset is 1 then count is less than or equal to 11, if not then count will increment by

1 every time the fiveKHz clock is on a rising edge.

This process is ended and a new one for count (0) and count (1) begins as follows:
If count (1) = 0 and count (0) = 0 then Q is less than or equal to 110 otherwise;

If count (1) = 1 and count (0) = 0 then Q is less than or equal to 101 otherwise;

If count (1) = 0 and count (0) = 1 then Q is less than or equal to 011. If there is any
other outcome other than the ones stated above (for example 1 and 1) then Q = 111.

ANO is then assigned to Q0, AN1 to Q1 and AN2 to Q2. The process for this is
looking to see what needs to be outputted to the board to display the value. Its
looking for a value of Q 2 down to 0 and a value for each units, tens and hundreds,

this is explained below.
Good detail
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54 if (Q{0) = '0°
55 elsif (Q(0) =
6 elsif (Q(1) =
elsif (Q(1) =
elsif (Q(2) =
g end if;

if (Q(0) = 0"
1 elsif (Q(0) =
62 elsif (Q(1) =
63 elsif (Q(L)
64 elsif (Q(2) =
65 end if;

66 end process;

;oo

o

and Un2 = '0') then B<='0";

0" and Un2 = '1') then B<="1";

'0" and T2 = '0") then B<='0";
0" and T2 = '1") then B<="1";
'0') then B¢='0";

and Un3 = '0') then R«="0";

0" and Un3 = "1') then A<="1";

'0" and I3 = '0") then A<='0";

= '0" and T3 = '1l") then A<="1";

'0') then A='0";

67 end Behavioral;

Figure 18 - Mux Demux Process (Design Source)

The figure above shows the same format as in figure 17, it multiplexes through each

value of Q and its corresponding value for units, tens and hundreds. This is then
output as a value for A, B, C and D with D being the least significant. It means that
when outputting to the board the multiplexer will all share a value for D, C, B and A

and for all except hundreds for B and A. This means a value for units will be

displayed first which could be for example 0010 which would be 2 for units and then

the same for tens and hundreds.

Not fully explained
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Simulation

1 : library IEEE;

2 | use IEEE.STD_LOGIC_1164.ALL;

3 entity Mux Demux tb is

4 , -- Poxt ( ); No ned to add info here as this 1is
S . end Mux_Demux_tb;

e E architecture Behavioral of Mux Demux_tb 1s

e tested

component Mux_Demux Enter file to ]
g Copy the 1 f ,
9 | Port ( FiveKHz : in STD LOGIC;
10 : Rst : in STD LOGIC;

11 | ANO,RN1,AN2 : out 5TD LOGIC;
12 , Un0,Unl,Un2,Un3 : in STD LOGIC:
13 , T10,T1,7I2,TI3 : in STD LOGIC:

Port 1r

14 ., HO,HL : in STD LOGIC:

5 ! A,B,CD : cut STD LOGIC

ARk A

17 + end component;

8 |.I| -- 1pput signals

19 (A -- Example signal A : std :

20 | signal FiveKHz : std logic :
21 . szignal Rst : std logic := '1';
22 signal Un0 : std logic := '1';
23 | signal Unl : std logic := '0';
24 i gignal Un2 : std logic := '0';
25 | signal Un3 : std logic := '0';
' signal T0 : std logic := '1";
signal T1 : std logic := '0';
E . signal T2 : std logic := '1';
29 signal T3 : std logic := '0°;
30 , signal HO : 1= '0";
31  =ignal H1 : 1= 117

32 g - o ut

33 I.I——~Jampl g = 10

34 : signal BNO : std logic;

35 . signal ANl : std logic:

36 signal AN2 : std logic;

37 | signal A : std_logic;

38 gignal B : std logic:

3% | signal € : std logic;

40 . signal D : std logic;

41 [ -- clock peri

42 [F] -- Example snt A period : time i= 81
43 constant FiveKHz period : time := 200us;
44 | begin

¥ b Instantiate the UUT

6 . UUT : Mux Demux -- En

47 . Port Map (

Figure 19 - Mux Demux Simulation
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The figure above shows the test bench for the mux demux where a simulated value

of 251 is input using the binary values for units, tens and hundreds.

This then multiplexes through using the fiveKHz clock (200ms as explained below)

and displays the resultant 251 value on the board.

T

M LN ds

FiveKHz => FiveKHz,
Rst =»> Rst,
RNO => BNO,
EN1 => BNI1,
En2 =» BNZ,
Un0 => Uno,
Unl => OUnl,
Un2 => Un2,
Un3 => Un3,

0 => TO,

VI =T,

T2 = TZ,
T3 => I3,
HO => HO,
H1 => H1,
A => A,
B => B,
C => C,
D=>D

clk process :proceas
begin

FiveKHz <= '0';

wait for FiveKHz period/2; --for 5§ ns signal is '0'
FiveKHz <= "1";

wait for FiveKHz period/2; —-for

. end process:

wait for lms;
Bst <= '0';
wait for Sms;
Rst <= '1";
wait;

. end process:
end Behavioral;

Figure 20 - mux demux simulation (2)
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The figure above shows the clock process for the mux demux process, the clock

pulses every 5ns and every 10 ns is a complete cycle, therefore every 10ns the clock

increments by 1 count.
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Five KHz clock
Design Sources

1 library IEEE;
2 use IEEE.STD LOGIC 1164.ALL;
3 use IEEE.NUMERIC STD.ALL;
4 use IEEE.std logic unsigned.all;
=] entity FiveKHz Clock is
Port ( CLK100MHZ : in STD_LOGIC:
Rst : in std logic;
FiveKHz : out STD_LOGIC
9 ) i
10 end FiveKHz Clock;
11 [Z) architecture Behavioral of FiveKHz Clock is
12 signal cntl : integer := 0;
13 signal templ : std logic := '0';
14 begin
15 | process (CLK100MHZ, Rst)
16 begin
17 if Rst = "1" then
templ <= '0";
19 cntl <= 0;
20 elaif rising edge (CLK100OMHZ) then
21 if(entl= 10000) then
templ <= not templ:
cntl <= 0?
24 else
25 cntl <= cntl +1 ;
26 (- end if:
2 ) end if:
28 [-) end process;
29 FiveKHz <= templ:
30 end Behavioral;

Figure 21 - FiveKHz Clock Design Source

The figure above shows that the FiveKHz clock uses the standard input from the
100MHz clock as its input port. It also has a reset (Rst) as another input. The output
will be the FiveKHz clock.

The FiveKHz clock is made by having a count signal (cnt1) which is used as an
integer which means the count must be a whole number, this is initially set to 0.
Another signal is used temporarily (temp1) and this is initially set to 0 as well.

The process can now begin.

If reset is 1 (been pressed) then the temporary value and count value are set to 0

(reset).
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On arising edge of the 100 MHz clock and count is 10000 then temporary value is
set to not the temporary value and the count set to 0. This basically means that
every 10000 counts from the 100 MHz clock the counter resets.

If the number if anything but 10000 then the count will increment by 1. This then
ends the process.

To work out the maths behind the FiveKHz clock there must be two pulse signals to

complete a full cycle. Therefore 10000 counts must be completed twice at 100 MHz.
10000 x 1/f

10000 x 1/100 MHz = 10000 x 10x10-9 = 100 x10-6

This value is multiplied by two as explained above so (100x10-6) x 2 = 200x10-6 = p
Frequency = 1/p = 1/200x10-6 = 5000

This is where the 5 KHz clock is coming from.
Very good detail shown
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Simulation

o h

= L W W W W W
-1

=IO

W B B W s
LN = L R

o

o
-1

library IEEE;

use IEEE.STD_LOGIC 1164.ALL;

use IEEE.NUMERIC STD.ALL;

use IEEE.std logic unsigned.all;

e

entity FiveKHz_Clock_tb is
Port ( )

end FiveKHz_Clock_tb:

architecture Behavioral of FiveKHz Clock_tb is

Component FiveKHz Clock

Port ( CLK100MHZ : in STD LOGIC;

Rat : in STD LOGIC:

FiveEKHz : out STD LOGIC

)r

end Component:

--Inputs

signal CLK100MHZ : STD LOGIC := '0':

signal Rst : STD_LOGIC := 'l';

== puts
signal FiwveKHz : STD_UDGIC;
Clock definitions

constant CLEK100MHZ period : time := 1l0ns;
begin
--Instantiate the
U0T : FiveEHz Clock

Port Map ( CLK100MHZ => CLK100MHZ,
Rst => Rst,

FiveKHz => FiveKHz

pRaEoE

begin
CLK100MHZ <= '0';

wait for CLK100MHZ peried/2;
CLK100MHZ <= "1';

wait for CLK100MHZ period/2;
end process;

--Stimulus process definition

0

stim_proc: process
begin

wait for 1lms;

Rst <= '0";

wait for 2ms;

Rst <= '1";

waic;

end process:;

end Behavioral:

Figure 22 - FiveKHz Clock Simulation
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The figure above shows that the simulation for the FiveKHz clock is using the time

period of 10ns (1/100 MHz) which is then used in the UUT when the process begins.

This starts with the CLK100MHz being 0 and then waits for this to happen two times
(period/2) and then changes to being a 1, this repeats again until it is back to 0 and
will repeat until the simulation is satisfied.

The next part of the simulation process waits for 1 ms and then sets reset to 0 then
waits for 2 ms and sets reset back to 1 which will reset the process and simulation.
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Final Design

Design sources

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

library UNISIM;

use ONISIM.VCOMPONENTS.ALL;

14 |7 entity Seven_seg_wrapper is

port (
ANO : out STD_LOGIC;
ANl : out STD_L.DGIC;
AN2 : out STD_LDGIC;
AN3 : out STD_L.OGIC;
AN4 : out STD_LDGIC;
BANS : out STD_LDGIC;

22 AN& : out S'[‘D_L.DGIC,'
23 AN7 : out STD_LDGIC,'
4 BO : in STD_LOGIC;
5 Bl : in S5TD_LOGIC;
6 B2 : in STD_LOGIC;
B3 : in STD_LOGIC;
g B4 : in STD_LOGIC;
g BS : in STD_LOGIC;
0 BE : in STD_LOGIC;
1 B7 : in STD_LOGIC;
2 CLK100MHZ : in STD_LOGIC;

Rst : in STD_LOGIC;
SWl4 : in STD_LOGIC;
SW15 : in STD_LOGIC;
sa : out STD_LOGIC;
sb : out STD_LOGIC:
sc : out STD_LOGIC;
sd : out STD_LOGIC:
se : out STD_LOGIC;
sf : out STD_LOGIC:
3g : out STD_LOGIC

):

44 [ end Seven_seg_wrapper:

W s L0 L L0 O O GO O L W o R R R R MR
~1 o N =

W M P O o m

s

Figure 23 - Final Design - Design Source

The figure above shows that the inputs are the binary values B0 to B7, the 100 MHz

clock (inbuilt), the reset and switches 14 and 15.

The outputs are the 7 segments display sa to sg and ANO to AN7.
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46 [C) architecture STRUCTURE of Seven_ seqg wrapper is
47 [ component Seven_seg is

48 | port (

49 CLK100MHZ : in STD_LOGIC:
50 RSt : in STD_LOGIC:

51 . 3W14 : in STD_LOGIC:

52 EN4 : out STD_LOGIC;

5 . AN3 : out STD_LOGIC:

54 AN7 : out STD LOGIC;

55 ! ANe : out STD_ LOGIC:

56 . ANS : out STD LOGIC:

ANO : oput STD LOGIC:
AN1 : put STD LOGIC:
RN2 : out STD LOGIC:

3a : out S3TD_LOGIC:
61 gb : out STD_LOGIC:
- sc : out STD_LOGIC;

sd : out STD_LOGIC;

a4 ae out S'I'D_LDGIC;
85 . s3f : out S'['D_LDGIC;
#g : out STD_LOGIC;
67 | B0 : in STD_LOGIC;
68 1 Bl : in STD_LOGIC;
€9 | B2 : in STD_LOGIC;
70 B3 : in STD_LOGIC;
7 B4 : in STD_LOGIC;
72 . BS : in STD_LOGIC;
3 B6 : in STD_LOGIC;

74 B7 : in STD_LOGIC;
SW15 : in STD_LOGIC

: ):
77 ) end component Seven seg;

Figure 24 - Final Design - Design Source (2)

The figure above shows the architecture behind the 7 segment wrapper, this is the
same as figure 20 and therefore needs no further explanation.

40




S o Co

0
= WM

' begin
. Seven_seg_i: component Jeven_seg

port
ANO

ma

p
ANO,
AN1,
ANz,
AN3,
A4,
ANS,
ANa,
AN7T,

BO,

Bl,

B2,

B3,

B4,

BS,

BE,

B7 => BT,

CLK100MHZ => CLK100MHZ,

Rst => Rst,
SW14 => SWl4,
SW15 => SW15,

3a
sb
sc
ad
se
sf
3g

)z

sa,
sb,
sc,
sd,
se,
s£,

59

109 [0) end STRUCTURE;

Final design wrapper file shown
and analysed to a certain
extent

Figure 25 - Final Design - Design Source (3)

The figure above shows the components in the 7 segment wrapper.
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Constraints

1 * Clock sigmal

set proparty -diect |

4 | create_clock -add -name sys_clk_pin -peried 10.00 -waveform {0 5} [get ports (CLEK100MHZ)]:

5 . Switches
set_property -diet { PACKRGE PIN J1% ICSTANDARD LWCMOS33 | [get_ports |
set_property -dict [ PACKAGE PIN Ll1é IOSTANDARD LVCMOS33 } [get_ports {

10 : set _proparty -dict |
11 | set_property -dict [
12 . set_property -gict {
set_property -dict {
set_property -dict |
15 set_property -dict {

set_property -dict [
21 . set proparty -diez [

PACHRGE PFIN E3

PACKAGE_PIN M13
PACKAGE_FIN R1S
FACKAGE_FIN R17
PACKAGE_FIN T18
FACKRGE_FIN U1E
BACKRGE_PIN R13

PACEAGE_FIN UL2
PACKAGE PIN U11

IOSTANDARD LVCMOS33 |} [get ports [ CLK10OMEZ }]: #70 113

IOSTANDARD LVCMOS33 }
LOSTANDARD LVCMOS33 )
IOSTANDARD LVCHMOS33 }
TOSTANDARD LVCMOS33 }
IOSTANDARD LVCMOS33 }
IOSTANDARD LVCHMOS3S }

IOSTANDARD LVCHOS33 |}
ICOSTANDARD LWVCMOS33 |

Iget_ports |
|get_ports |
[get_ports
Iget_pores |
[get_ports {
[get_ports {

[get_ports |
[gat_ports {

set_property -dict | PACKAGE_PIN V10 LOSTANDARRD LVCHOS33 | [get_ports { S
24 7 segment display
26 . set_property -dict [ PACKAGE PIN T1d IOSTANDARD LVCMOS33 ]} [get_ports |
27 | set property -dict [ PACKRGE_FIN R10 IOSTANDARD LVCMOS33 } [get ports {

28 set_property -dict |
set_property -dict {
30 . set_property -dict {
31 set_property -dict |
32 | set_property -dict |

PACKAGE_PIN H1é
PACKAGE_PIN K13
PACKAGE_PIN P15
PACKAGE_FIN T11
PACKAGE FIN L18

TOSTANDARD LVCMOS33 }
IOSTANDARD LVCHOS33 }
IOSTANDARD LVCMOS33 }
LOSTANDARD LVCMOS33 }
IOSTANDARD LVCMOS33 |

[get_ports |
[get_ports |
lget_ports |
[get_ports |
|get_ports |

set_property -dict [ FARCERGE_FIN J17 IOSTANDARD LVCMOS33 |} [get_ports { ANC
3 sel_property -dict { PACKRGE PIN J18 ICSTANDARD LVCMOS33 } [get_ports { AN1
3 set_property -dict [ FACKRGE FIN T9 IOSTANDARD LVCMOS33 } [get ports { ANZ
3% [ set_property -dict { BACHAGE PIN J14 ICSTANDARD LVCMOS33 | [get_ports { ANI
40 | set_property -dict [ PACHRGE_PIN P14  IOSTANDARD LVCMOS33 } [get_ports { A4
{1 ; set_proparty -dict [ PACHAGE PIN T14 IOSTANDARD LVCMOS33 ] [geb_porks [ RNS
|2 | set property -dict | DACKACE PIN K2  IOSTANDARD LVCMOS33 | [get porks | ANE
43 | set property -dict [ PACKAGE PIN Ul3  IOSTANDARD LVCMOS33 | [get ports [ AN7

Constraints file for final
Figure 26 - Final Design Constraints 9€s/97 correct

The figure above shows the constraints used for the final design, these are as

follows:

Clock signal; this is using the internal 100 MHz clock to produce our FiveKHz clock

which we have already made into a wrapper.

Switches; these are used for the binary number selection on the board along with the
reset and SW14 and SW15 (ground).

7 segment display; this allows the binary values to be displayed on the 7 segment
display if selected.

ANQO to AN7; this allows the wrappers using ANO to AN7 to be used.
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Simulation

B W M = O

el el et ol el el e
1 o N b

\ library IEEE:
! use IEEE.STD LOGIC 1164.ALL;
+ library UNISIM:
' use UNISIM.VCOMPONENTIS.ALL;
[-] entity Seven_seg wrapper is

port (

4 ANO : out STD_LOGIC;
7o AN1 : out STD LOGIC;
B, ANZ : out STD_LOGIC;
g . N3 : out STD_LOGIC;

20 ¢ N4 : out STD_LOGIC;
21 ANS : out STD_LOGIC:
39 i N6 : out STD_LOGIC:
23 4 AN7 : out STD_LOGIC;
24 BO : in STD_LOGIC;
L Bl : in STD_LOGIC;
26 B2 : in STD_LOGIC:
29 B3 : in STD_LOGIC:
28 . B4 : in STD_LOGIC:
29 . BS : in STD_LOGIC:
30 | Bé : in STD_LOGIC:
31 B7 : in STD LOGIC:
32 CLK100MHZ : in STD LOGIC:
33 4 Rat : in STD LOGIC:
3 SW14 : in STD LOGIC:
35 | SW15 : in STD LOGIC:
36 sa : out STD LOGIC:
ag sb : out STD LOGIC:
3E sc : out STD LOGIC:
39: sd : out STD_LOGIC:
0 se : out STD_LOGIC;
i sf : out STD_LOGIC;
12 . gg : out STD_LOGIC
a3« )i

44 (-] end Seven_seg_wrapper;

Figure 27 - Final Design Simulation

The figure above shows the simulation wrapper for the final design, this is setting the

inputs and outputs which is the same as described in figure 20.
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Figure 28 - Final Design Block Diagram

The figure above shows the final design block diagram which will be tested and the
results shown below.

This block diagram is made by linking all the relevant wrappers as explained below
which will enable the binary code selected on the switches to be displayed on the
board.

Extra check for 7 segment display.

SC A8
N 00 ot jn |10
00 |0 | 0 {T)] o
@I e) | U_,J 0
[0 (B |
| O \ (0] \
Toah f)({é Lap O A T

Figure 29 - 7 Segment SC Check Karnaugh Map and Boolean Expression
Good extra detalil...
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Figure 29 shows the Karnaugh map for the seven segment display values for sc, this
is then grouped into 3 expressions which can then be simplified to the expression as
shown in the figure.

This is then compared to the values assigned for A, B, C and D which the program
refers to as 10, 11, 12 and 13. Which gives another expression which the program uses
to produce the value for sc on the 7 segment display.

When trying to replicate this, there was problems as the program does not simplify
the Karnaugh map down far enough as it uses a group of 2 where it could be
simplified and be a group of 4 (vertically down).

Therefore the program could be designed better and work more efficiently if this was
changed.
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7. Analysis of Xilinx Vivado Simulated Results
By Simulating the Mux Demux, 7 segment display and FiveKHz clock the results
below were obtained, these are then further explained below.

Mux to Demux Simulation

[
-
w
=
ezl
)
[
-
o
=
]
n

1% FiveKHz
1% Rst

% Uno

& un1

& Un2

1% Un3

s TO
&T1

& T2

o

O - D DO =

S 4 O 0

=
E
N
-
||
=
=
-

== _.

LTI
Qe

N = o

I

20 3ignal FiveKHz : std logic := '0';
21 'signal Rst : std legic := 'l1';
22 gignal Un0 : std logic := '1';
23 signal Unl : std logic := '0';
24 3ignal Un2 : std logic := '0';
25 'gignal Un3 : std logic := '0';
26 3ignal T0 : std logic := '1";
27 3ignal T1 : std logic := '0';
28 signal T2 : std logic := 'l";
29 signal T3 : std logic := '0";
30 signal HO : std logic := '0";

31 gignal H1 : std logic := '1";




This is 251

Units is 0001 (1), tens is 0101 (5) and hundreds is 10 (2) therefore 251 which
matches the number chosen to be simulated.

This is proven in the test simulation above which reads 251 as well. ~ Very good

This also works by ABCD, with D being least significant and left to right showing
units, tens and hundreds. In the simulation above units show 1 for D which is 1
(units)

Value

1% Rst
& Uno
¥ Un2
i Un3
% TO
T
T2
T3
& HO
1% H1
& AND
1k AN1
Ik AN2

- 0 A O O el .l O -

(=]

| T O O A

[ — T U _ e Y — I e Sy ]

I
-
-
-
-
B

The value above shows D and B which is 1 and 4 so 5 (tens)
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1 625.468165 us

% FiveKHz
1% Rst
1% Uno
% Un1
& Un2
¥ Un3
& TO
BT
& T2
BT3
s HO
HA
1% ANO

[=T =

= T = R - 1

[=]

1 ANZ

N o =0 o oNas =

FivekH...perio

I
B
I
N
I
=
—
-_=
T
T FR—

The simulation above shows 1 for C which is 2 (hundreds)
Putting all these together which is multiplexing totals 251,

Multiplexing sends through the unit's value, then the tens and then hundreds and

then puts them back together which makes the value. This can be seen through the

simulation above.

Good set of test results and analysed
well
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7 Segment Display Simulation

A_period
B_period
C_period
|& D_period

:
%

=
ks
=
i

7 segment display value of 2 as C is 1 (as explained above with D being least

significant and A the most). This also shows a binary code of 0100100 for GFEDCBA
(where 0 is on and 1 off) so C and F are off and therefore the 7 segment display will

show the value below.

a a
b L
C f b
i -
L2 Very good understanding shown
¢ l :
d
g -
7-Segment

LED Display
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7 segment display value of 6 as B and C are 1 so 2+4 = 6. This also shows a binary

code of 0000010 for GFEDCBA (where 0 is on and 1 off)

So b is the only one off displaying 6 as shown below.

Again, good analysis
e c
d

7-Segment
LED Display

(= T Iy I = N o B = -
e’
-
|@
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7 segment display of 11 (D, C and A being 1+2+8) which is over 10 and therefore not
displayed and all 7 segments are turned off with a binary code of 1111111.

Good detail...

—
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FiveKHz Clock Simulation
1 _400.035000 us
1,000 us

1§ CLK100MHZ
1% Rst

18 CLK10..eriod] 10000 ps

This shows the 200 us, which taken the reciprocal of this is 5 KHz clock pulse. This
is simulated over 4 ms. Frequency = 1/period

So 1/200 x10-6 = 5000
Good analysis
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8. Analysis of Nexys 4 DDR FPGA Practical Results
This part of the assignment will be to take the simulated results of the final design
block diagram and compare them to practical results using the board.

- ﬁ]rl;‘ "31?4; 9ute 8 7 i 140 5 32
s © D W& wWie) Wi  <wzy  tmie b
o 3 3 (R18)

CI13 K15

AR
CNL4)

Il T

The figure above shows the binary value entered for 27 being 00011011. This then
displayed as 027 on the 7 segment display which matches the simulated results for
the final design.

This is therefore a successfully test.

Good analysis of practical result
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The figure above shows the binary value entered for 106 being 01101010. This then
displayed as 106 on the 7 segment display which matches the simulated results for
the final design.

This is therefore a successfully test.

Again, good analysis shown

54




9 B2 7 14 s1F9 5 148 4143 314

CR18> CN14> CILD
/ .

= :
WD TS  WUie> U 17 i

1 i

The figure above shows the binary value entered for 156 being 10011100. This then
displayed as 156 on the 7 segment display which matches the simulated results for
the final design.

This is therefore a successfully test.

Good use made of pictorial evidence in the correct
anaysis of results obtained
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The figures above are showing before and after pressing the reset button (SW13)
with the binary value set to 0 for the test. Before the reset is switched the value 000
is displayed on the 7 segment display and once the reset is switched the display
goes blank, just like the code says it will.

This is therefore a successfully test.
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The figures above also show that when the SW15 is grounded and when switched
off (0) it makes sure the system runs correctly, when switched (1) the system is not

grounded and therefore does not work and adds 320 to any binary value set up.

This is an anomaly of the program and therefore is part of the test which does not
affect the results of the simulated program but is interesting to show.

Excellent additional analysis
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9. Conclusions
To conclude whether this assignment and program design has been a success, it will
be beneficial to see if the aims and objectives of the assignment have been met.

The aims and objectives of this assignment were to be able to design and test the
following VHDL files using the Xilinx Vivado Design Suite:

« 6 bit Binary to BCD converter.
This was successful as proved in the simulation of the 6 bit Binary to BCD converter
» Extend the design to become an 8 bit Binary to BCD converter.

This was successful as proved in the simulation and practical of the 8 bit Binary to
BCD converter.

» Output and test on the specified FPGA using the IP Block Design in Vivado.

This again was successful with proof from the pictures gained from the practical
using the FPGA board and the values used for the simulation and practical matched

the results expected.

» Adapt the design to indicate the BCD value on 3 * 7 segment LED displays on the
Nexys 4 DDR FPGA. This will involve the design of the following additional VHDL
files: A 3*4 bit Mux_DeMux. 5§ KHz clock from the internal 100MHz clock on the
Nexys 4 DDR FPGA and BCD to 7 segment converter.

This was successful as the simulation results for the Mux Demux, 7 segments
display and FiveKHz clock proved.

« Output and test both designs on the specified FPGA using the IP Block Design in
Vivado.

This again was successful with proof from the pictures gained from the practical
using the FPGA board and the values used for the simulation and practical matched
the results expected.

Overall the assignment can therefore be considered a success as all the aims and
objectives were successfully met.

Good general conclusion given which clearly stated all
assignment objectives were met 58
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