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1 INTRODUCTION

The overall goal of this report is show an understanding of how VHDL and FPGAs can be used to
effectively replicate existing electronic designs and adapt them for use in other designs. This
understanding will be found using Vivado, which is a coding application designed to program FPGAs
using either VHDL or Verilog. Through the development process of the code, testing will be carried
out and documented as well as discussed to explain the functionality of the VHDL code before
further implementation.

Very brief Introduction... What do the following terms
mean: VHDL; FPGA?




2 RESEARCH

2.1 STRUCTURE OF ATYPICAL VHDL FILE

Unlike nearly all other programming languages, VHDL is a ‘hardware based’ language. (Mealy, 2017)
The term 'hardware based’ does not mean referencing only Inputs and Outputs of a system, but
rather emulating hardware in its entirety, effectively building and implementing hardware through
software. The code written in this investigation, will mostly follow the ‘Behavioural architecture’
which relates to how the designed circuit will react to Inputs fed in. How the code really works is
defined in the ‘Process’ element of the code. The ‘Process’ is run sequentially with Inputs taken in,
and sequential statements carrying out processes on those Inputs such as logical or mathematical, to
provide a desired Output (Readler, 2014). The statements used for this task are commonly IF/ELSEIF
as well as CASE statements, which are also used in other languages. The actual method of
implementation of the code his handled during synthesis. In the style used above to code a
‘Behavioural architecture’ design, the following elements are featured:

Element Function/Characteristic

Code Not essential to operation, but important as it documents the intended function

Description of the code as well as modifications done to the code.

Libraries References to pre-defined IPs that can be implemented in the design.

Entity Defines the Inputs and Outputs of the VHDL design

Behavioural As well as containing the Process, declarations for any signals (variables) are

Architecture included at the head of this section.

Process Here, the signals and Inputs are taken in, processed using statements, and then
Outputted.

/0 are declared in

Figure 2.1: Clock Frequency Conversion Code




The other type of VHDL file used in conjunction with the designed VHDL file is a ‘Test Bench’ file,
which is usually named the same as the VHDL design file and indicated with a suffix at the end of the
file of *_tb’. The purpose of a Test Bench file is to apply Input signals to the design, to simulate the
actual Inputs when the VHDL file is synthesised and uploaded to a FPGA. The Architecture of the
code somewhat mirrors the design code, only instead of logic, code is written stating which Inputs
have a signal applied, in which sequence and for how long. The aim of this method of testing is to
simulate every combination of Input that can be applied to the design, and the Output can be
monitored to find out if the design performs to expectations.

library IEEE;
use IEEE.STD_LOGIC 1164.ALL;

-- Uncomment the following library declaration if instantiating
entity Hertz100_tb i=

-- Port { ):

end Hertzl100_thb:

architecture Behavicral of HertzlQ0_th is

Component Hertz100

Port ( CLK100MHZ : in 5TD_LOGIC;:
Rat : in STD _LOGICs
Hz100 : out STD_LOGIC

b
end Component:

--Inputs
signal CLK100MHZ : STD LOGIC := '0";
signal Rst : STD_LOGIC := 'l1':

--Qutputs
signal Hz100 : STD_LOGIC;

--Clock definitiona
constant CLK1QOMHZ_period : time := lOns:

Figure 2.2: Part 1 of Test Bench

begin
--Instantiate the UUT
UUT : Hertzl00

Port Map { CLK10OMHZ => CLK100MHZ,
Rat => Rat,
Hz100 => Hz100
ir

--Clock Process definitions
CLKLOOMHZ process :process

begin
CLK100MHZ <= "0':
wait for CLKLOOMHZ period/2:
CLK100MHZ <= "1';
wait for CLKLOOMHZ period/2:
end procesas:

--5timulus process definitions
stim proc: process

begin
wait for 1ms;
Rst <= '0';
wait for 40ms;
Rst <= '1';
waits

end process;

end Behavieoral:

Figure 2.3: Part 2 of Test Bench

Good detail given.




2.2 BINARYTO BCD CONVERSION

From the Datasheet for the DM74184/DM74185A BCD/Binary Converter (NationalSemiconductor,
2014), information about the functionality of the production chips, their Inputs and Outputs, and
their limitations, be it operating conditions or electrical characteristics. Also included are typical
configurations of the chip to cater to a specific design goal, and documentation detailing the
principles of operation for the chip, such as Function Tables which describe which voltage Outputs
are produced by the chip depending on voltage states on the Inputs.

amnmcuorn 1duies
Binary Inputs Outputs
Words Binary Select Enable
E D c B A G Y8 Y7 Y& Y5 Y4 Y3 Y2
1 L L L L L L H H L L L L L
3 L L L L H L H H L L L L L
5 L L L H L L H H L L L L H
7 L L L H H L H H L L L L H
a L L H L L L H H L L L H L
D 11 L L H L H L H H L L H L L
2 13 L L H H L L H H L L H L L
" 15 L L H H H L H H L L H L H
B 17 L H L L L L H H L L H L H
B 19 L H L L H L H H L L H H L
] 21 L H L H L L H H L H L L L
2 23 L H L H H L H H L H L L L
" 25 L H H L L L H H L H L L H
B 27 L H H L H L H H L H L L H
B 29 L H H H L L H H L H L H L
1] an L H H H H L H H L H H L L
e 33 H L L L L L H H L H H L L
i 35 H L L L H L H H L H H L H
B 37 H L L H L L H H L H H L H
B 39 H L L H H L H H L H H H L
1] 41 H L H L L L H H H L L L L
g 43 H L H L H L H H H L L L L
i 45 H L H H L L H H H L L L H
B 47 H L H H H L H H H L L L H
-] 49 H H L L L L H H H L L H L
D 51 H H L L H L H H H L H L L
g 53 H H L H L L H H H L H L L
" 55 H H L H H L H H H L H L H
B 57 H H H L L L H H H L H L H
B 59 H H H L H L H H H L H H L
b 61 H H H H L L H H H H L 1 L
g 63 H H H H H L H H H H L L L

Figure 2.4: Binary to BCD Function Table

In Figure 2.4, The Outputs according to Inputs are shown and from this, it can be interpreted how
the design would function. Where the Outputs are named Y1 to Y6, in the design Y1 to Y3 would
Output on the design as U1 to U3 to represent a Unit digit (an external U0 is used to represent
binary 1), Y4 to Y6 would Output on the design as TO to T3, to provide the maximum binary number
range, which is 0 to 63. To produce a Binary to BCD design that can count from 0 to 255, it is shown
in the Datasheet that it possible to build an 8-bit Binary to BCD converter from 3 of the 6-bit versions
as shown in Figure 2.5.
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B w— b

. Msp LSD
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Figure 2.5: 8-bit Binary to BCD connection

Very good detail.




2.3 |P BLOCK DESIGN IN VIVADO DESIGN SUITE

To create a larger Intellectual Property, the manner of linking the individual IPs together is done in
the Block Design view of Vivado. Here IPs can be imported and linked to other IPs to pass Output
signals to Inputs as required. Also, in design view it is possible to place Input and Output Ports which
refer to the I/O on the FPGA, that the re-packaged IP is to be uploaded to. To tie the Ports of the IP
to the 1/0 of the FPGA, a Constraints file is imported to the Design Project in Vivado to match the
Virtual Ports to the Physical Ports on the FPGA.

1D cust ip_amsetn( 0]

proc_sys_reset_0
— (— = _ a6 s synihesier LDW E—
ext_reset_in [Ty—|——=we et in b sz peset 00T s eal
—a e eishenl_ it e ILLTE oy = synthesizer spi_mosi_out
ST BILR PN B 55 il [————T|eyntnesser spi_men n
c_locked [y—|———=om_ocked Pl _aretr{ 0 0l ami_ack sk ok = symthesizer_spi_xk_out
T T ey an_ansein ool ——— % smthesioo_spi_o_out[7:0]
Processor System Reset e o
A Quad SP1 1B ot
A0_SEH_COMverter
SO
ax_interconnect 0 ALLTE o
o ek olie fww misa_in .
{oon e e = et
foe e comerter_spl_ss out(7]
0_ACLE
XAl Guasd SPL
AC1E
BB m_me s age
L ALK |;|§|:| MO A 1 sl
- EE s L o 5 epe i mesi_out
2K O e _spi ok Bliq
v o ——l-_|—(]ag¢ i_min in
= S an_avwetn 15 s{320 {5 age_spi_sck_out
i i 1 L3 o s oz
AL (R ——
X Quiad SP1
i
sLo]
QRILUTE  o0om 1 dac_spi_mesi_owt

i cte Bl ig = <Tdac_spi_miso_in

a8 _aew s op m—{ ) dac_spi_sck out

i aul_anewin = oftedle ] dac st aur[0:0]
okna_ml-
iwni_protoeal_checka_1 AN Quatt SP1
|
 siiaa [
— - 15 pc_amened?
_—
proc_face (D4 axi_protocsl_ghvecker_0 ot Protocol Checies
c_axl
25} B [ 2620
P 1o pe_amerted

40 Protocol Checker:

Figure 2.6: Typical Block Design in Vivado

This diagram may be typical but has no relevance to you showing
understanding of how IP blocks are used




3 DESIGN OF ASSIGNMENT REQUIREMENTS

3.1 6-BIT BINARY TO BCD CONVERTER

By looking back at the datasheet for the DM74184 and DM74185A chip and examining the function
table which defined the Output states for the binary Inputs, is was possible to build a VHDL version
of the chip. Very good

3.1.1 Main VHDLFile
The Inputs and Qutputs were defined at the head of the code in the entity of the VHDL file.

library IEEE;
use IEFE.STD_LOGIC_1164.ALL;

25 entity bed & bit is

Port ( A,8,C,D,E : in STD_LOGIC;
Yl,Y2,Y3,Y4,Y5, Y€ : out STD_LOGIC):

end bed & bit:

Figure 3.1: Binary to BCD 6-bit VHDL Part 1

The internal signals of the architecture were then defined with the Input signal (Inp) carrying 5 bits
(4 down to 0) and the Output signal (Q) carrying 6 bits (5 down to 0). At the beginning, the states of
Inputs A to E are applied to the 5 bits of the Input signal. Next the ‘Inp’ is sequentially checked using
a case statement, where if the condition of the current ‘Inp’ state is matched, then ‘Q’ is set
accordingly, so that if a binary value of “00100” is put through, then Q is set to “000100”.

Good

32 [J) architecture Behavioral of bcd 6 bit 1is
signal Inp : std_logic_wector (4 downto
signal Q : std_logic_vector (S downto 0);

begin

Inp(0)
Inp(l)
Inp(2) <
Inp(3) <
Inp({d) <

aA

MmO nwBD

("000000") ;
JHEN "00001" =>
("000001") ;
JHEN "00010" =>
("000010") ¢
N "00011" =>
("000011") ¢
iHEN *00100° =>
("000100") :
AHEN "00101" => 10/11
("001000") ¢
FHEN %00110° w> —- 12/13
("001001") ;
N *00111" => - 14,15
("001010") ;
{HEN *01000" => -- 16/1
("001011") ;
N "01001" => —- 15/18
("001100") ;
WHEN "01010" => —- 20/2

Figure 3.2: Binary to BCD 6-bit VHDL Part 2




Every entry in the function table from the datasheet is coded into the VHDL file.

€5 ) WHEN "01011" => —- 22,23
70 () Q@ <= ("010001");
71 -] WHEN "01100" =>
72 [ @ <= ("010010");
5 [ WHEN "01101" => -- 26/2
0] @ <= ("010011");
75 [ WHEN "01110" => -- 28/29
76 [£) @ <= ("010100");
77 ) WHEN "01111" => —- 30/31
2 ()@ <= ("011000");
78 [ WHEN "10000" => -- 32/33
0 () @ <= ("011001");
51 [ WHEN "10001" => —- 34/35
' 0] @ <= {"011010");
] WHEN "10010" => —- 36/37
24 (1) @ <= ("011011");
s () WHEN "10011" => —- 38/39
Q <= ("011100");
WHEN "10100" => —- £0/41
| @ €= ("100000");
55 [ WHEN "10101" => -- £2/43
90 (0] Q <= ("100001"):
a1 () WHEN "10110" => —- £4/45
52 (] @ <= ("100010");
¢ WHEN "10111" => -- £6/47
Q <= {("100011"):
WHEN "11000" => —- £8/49
Q@ <= ("100100");
7 WHEN "11001" => -- 50/51
Q <= ("101000");
WHEN "11010" =» —- 52/53
Q <= ("101001"):
11 () WEEN "11011" => -- 54/5
12 ) @ <= ("101010");

Figure 3.3: Binary to BCD 6-bit VHDL Part 3
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At the end of the case statement, the process is also ended and the signal Q, is applied to the
outgoing ports.

50 [] @ <= ("100001");
o1 [ WHEN "10110" => —— ¢4/45
0 <= ("100010");
a3 WHEN "10111" => -- £§/47
%4 (1) Q <= ("100011");
a5 WHEN "11000" => 48/48
Q <= ("100100");
a7 WHEN "11001" => 50/51
@8 [0 @ <= ("101000");
99 [) WHEN "11010" => -- 52/53
100 (£ @ <= {"101001");

101 WHEN "11011" => -- 54/55
102 Q <= ("101010");
WHEN "11100" => —- 56/5

104 Q <= ("101011"):

5 WHEN "11101" => —- 58/59
106 Q <= ("101100");:

WHEN "11110" => —- 60/61
108 Q <= ("110000"):

109 WHEN "11111" => -—- £2/63
( Q <= ("110001"):
111 WHEN others => --
Q <= ("000000");

4 end case;

115 end process;

117 Y1l <= Q(0):
118 Y2 <= Q(1):

9 Y3 <= Q(2):
120 Y4 <= Q(3):
2 Y5 <= Q(4);
122 Y& <= Q(5):

124 (-] end behavioral:

Figure 3.4: Binary to BCD 6-bit VHDL Part 4

Good explanation given.




3.1.2 Test Bench File

To ensure that the written VHDL works, a test bench file is written to simulate the Inputs to go
through every condition in the case statement of the 6-bit Binary to BCD VHDL. After the definition
of the entity, the Behavioural is established where the Unit Under Test is identified as well as the
Input and Output Ports to the VHDL file.

1 library IEEE;
2 use IEEE.STD LOGIC 1164.ALL;
3 [] entity bed_g_bit_tb is

5 end bed _6_bit_tb:
] architecture Behavicral of bed_6_bit_tb is

nE Pem imn far Fhe [Tnit 00

COMPONENT bed_6_bit
Porec ( A,B,C,D,E : in std_logic:
1 ¥1,¥2,Y3,Y4,Y5,Y6 : out std logic
11 ):
12 END COMPONENT:
Figure 3.5: 6-bit Binary to BCD Test Bench VHDL Part 1

Input and Output signals are established, with the Input signals initialised at ‘0’. Clock time periods

are also defined to trigger the inputs in a fashion that makes the output logically comprehendible. In

the PORT MAP, the Inputs and Outputs of the UUT and the TB are tied.

signal

A : std_logic := '0Q';
signal B : std logic := '0":
signal C : std logic := '0';
signal D : std logic := '0';
signal E : std logic := '0';
signal : std_logic;
signal Y2 : std logic;
signal Y3 : std logic;
signal Y4 : std logic;
signal Y5 : std logic:

: std logic;

gignal ¥é
constant A _period : time = 1 us;
constant B_period :
constant C_period :
constant D period :
constant E_period :
BEGIN

bed_¢_bit PORT MAP (

Y5 => Y5,

Figure 3.6: 6-bit Binary to BCD Test Bench VHDL Part 2
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The clock process is further defined so that to correctly trigger each input hit, alternating between 0
and 1 to produce the 64 binary values.

A<= 0"
] wait for A_period/2;
54 Ac<="1";
for A peried/2:

&0 wait for B_period/2;
6l : B "1

wait for B_peried/2:
end process;

Trocess

£ wait for C_period/2:
C &= "1
wait for C_peried/2:
end procesgs;
} :process

4 wait for D_period/2;
75 ! D<= '1';
walt for D_period/2:

g1 wait for E_peried/2;
E <m "1";
walt for E_period/2;
24 end process:
g5 END:

Figure 3.7: 6-bit Binary to BCD Test Bench VHDL Part 3

3.1.3 Project Sources
The Relationship between the files described in Section 3.1 are shown in Figure 3.8. With all files
written, and then tested, IP packaging is carried out for importing into other VHDL projects.

Sources e = o = i
Q|E|e|+ : bl
v Design Sources (2]
@& bod_6_bitiBehavioral) (bod_6-bitvhd
» IP-XACT (1
ol Constraints
constrs_1

~ = Simulation Sources (1
s sim_1(1
* &b bed_6_bit_th(Behavioral) (bed_6_bit_tbvhd) (1)

Hierarchy | Libraries  Compile Order

Figure 3.8: 6-bit Binary to BCD Sources
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3.2 8-BIT BINARY TO BCD CONVERTER
The 6-bit Binary to BCD Converter must now be converted to an 8-bit version to produce a binary
range of 0 to 255.

3.21 Main VHDL File

The 6-bit Binary to BCD Converter is imported through the IP Catalog where the directory location of
the relevant IP resources is identified. By going into the Block Diagram view by clicking ‘Generate
Block Diagram’, the 6-bit Converter IP was imported and configured as was shown in Figure 2.5, with
Virtual Ports established, and then Wrapped before an IP packaging was carried out.

Dugram ¢  design_1_wrappervhd

e 8 »n H @ Q + B C|er

Good

Figure 3.9: 8-bit Binary to BCD Block Diagram

The next three figures show the code which was generated by Vivado when linking 6-bit converter
IPs together along with Port placement.

10 ¢ library IEEE:

11 use IEEE.STD LOGIC 1164.ALL;
12 1 library UNISIM:

! use UNISIM.VCOMPONENTS.ALL;
v enticy desiqn_l_yrapper is

=
RS

port |
1 B0 : in STD_LOGIC:
1 Bl : in STD LOGIC:
1 B2 : in STD LOGIC;
B3 : in STD_LOGIC:
B4 : in STD_LOGIC;

& o

: in STD_LOGIC;

: in STD_LOGIC;

: in STD_LOGIC:

: out STD_LOGIC:
: out STD LOGIC;
: in STD_LOGIC;
: out STD_LOGIC:
: out STD_LOGIC;
: out STD_LOGIC;
: out STD_LOGIC;
3 ! Un0 : out STD_LOGIC:
32 . Unl : out STD_LOGIC:
33 . Un2 : out STD LOGIC;
Un3 : out STD_LOGIC

£y

momommw
|

HHHH Y
=
I

[T

35 ):
36 (1) end design_1_wrapper:

Figure 3.10: 8-bit Binary to BCD VHDL Part 1
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I} architecture STRUCTURE of design 1 wrapper is

component design 1 is

port (

SW1S : im STD_LOGIC;
BO : in STD_LOGIC;

: out STD_LOGIC;
: out STD_LOGIC:
: out STD_LOGIC:
i out STD_LOGIC;
: out STD LOGIC;
STD_LOGIC:
STD_LOGIC;
+ out STD_LOGIC:
: out STD_LOGIC;
; out 5TD_LOGIC;
: in STD_LDGIC:
in STD_LOGIC:

: in STD_LOGIC;

4 : in STD LOGIC;

in STD_LOGIC;

& : in STD LOGIC;

¥:

: in STD_LOGIC

end component design 1;

Figure 3.11: 8-bit Binary to BCD VHDL Part 2

€2 : begin

BO
Bl
B2
B3

71 BE
74 ! Hl

T0
T1
T2
T3

24 | i

B4 =
70 BS =

i i B7 =
73 E0 =

1 TUnl
2 ' Un2
83 Un3

) design_1_i:
port map

=>
=>
=

=5

SW15 => SW15,

=
=
=>
=

Un0 => Uno,
=> Unl,
=> Un2,
=> Un3

| end STRUCTURE;

component design_1

B0,
Bl,
B2,
B3,
B4,
a5,
BE,
a7,
HO,
H1,

TO,
11,
T2,
13,

Figure 3.12: 8-bit Binary to BCD VHDL Part 3
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3.2.2 Test Bench File
As before, the entity is defined along with the behavioural with the Ports used matching the
constraints file (shown in Section 3.2.3).

I library IEEE;|
use IEEE.STD_LOGIC_1164.ALL:

-

o

| entity Bin BCD 8bit_tb is

2 [ end Bin BCD 8hkit_tk;

10 | architecture Behavioral of Bin BCD Sbit_tb is

COMECNENT design 1 wrapper
Port ( BO,Bl,BZ,B3,B4,B5,B6,B7,5W1S i in std logic:
Un0,Unl,Un2,Un3,T0,T1,T2,T3,H0,H1 : out std logic

17 |H
12 [ END COMPONENT;

Figure 3,13: 8-bit Binary to BCD Test Bench VHDL Part 1

This time, instead of using a clock to check through every permutation of the circuit, select values
are chosen for comparison to by selecting a value from between 0 and 255, then figuring out the
BCD value to be expected before carrying out the Analysis. Although an initial value of 170 was
chosen the value was then altered to 48.

signal BO : std logic := '0';
signal Bl : std logic := "1';
signal B2 : std logic := "0';
signal B3 : std logic := "l';
signal B4 : std_logic := '0':
signal BS : std logic := "l';
signal Bé : std logic := '0';
signal B7 =

std logic := '1l';

gignal 5W15 : std logic := '0";

signal Un0 : std logic:
signal Unl : std logie:
signal Un2 : std_logic;
signal Un3 = st.cl_logic:
signal TO : std_logic;
signal T1 : std logic;
signal T2 ; std_legic;
signal T3 : std legic:
signal HO : std_logic;
signal Hl1 : std logic;

Figure 3.14: 8-bit Binary to BCD Test Bench VHDL Part 2

The Test Bench values are applied to the Wrapped 8-bit Converter.
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50 begin
== Instantiate the Unit Under Test (UUT)
) uut: design 1 wrapper PORT MAP (
B0 => BO,
BL => Bl,
56 B2 => B2,
57 B3 =» B3,
58 B4 => B4,
59 BS => BS,
&0 Bé => B6,
&1 B7 =» BT,
¥ SW1S =»> SW15,
€3 Un0 => Uno,
G4 Unl => Unl,
65 Un2 => Un2,
1 Un3 => Un3,
€7 10 => 10,
€8 TL => T1,
69 T2 =» T2,
70 T3 =>» T3,
71 HO => HO,
72 HL =» Hl
13 & ):

Figure 3.15: 8-bit Binary to BCD Test Bench VHDL Part 3

The other pre-chosen values of 131 and 195 are then applied to the Wrapped 8-bit converter,
though were later changed to 84 and 129 to cover a better range.

75 | 1 ns
78 I stim proc: process
g begin

81 | wait for lma;

84 BlL <= *1':

85 B2 <= '0';

36 | B3 <= '0';

a1

93

494

85 |

o7 |

99

Loo |

hot

02 ! wait;

L0s ) end process:

hos

IL0S (-] end Behavioral;

Figure 3.16: 8-bit Binary to BCD Test Bench VHDL Part 4




3.2.3 Constraints File

It is this file that links Virtual Port Names, to Actual Port Names on the FPGA.

1t
25
3 set_property -dict [ PACKKGE FIN J15  IOSTANDARD LVCMOS33 ) [get_ports |
4| set_property -dict { PACKAGE PIN L16  IOSTANDARD LVCMOS33 )} [get_ports |
5 | set_proparty { LVCMOS33 ) [get_ports |
7 | set_property LVCHOS3I3 ) [get_poris |
set_property ) | I LVOM0S33 ) [get ports |
o) set_property -dietz { PACKAGE PIN T18  IOSTRNDARD LVCMOS3Z ) [get_ports |
set_property } [get_ports |
: set_property { o } [get_ports |
, set_property { PRCEAGE_PIN V10  IOSTANDARD LVCMOS33 )} [get ports |
| set_property { PACKAGE_PIN H17 IOSTRWDARD LVCMOS33 } [get_ports |
| set_property { PACKAGE_PIN K15  IOSTANDARD LVCMOS33 } [get_ports |
set_property { BRCHRGE _PIN J13  IOSTANDARD LVCMOS33 ) [get ports |
| set_property { PACHRGE_PIN Hl4 IOSTRNDARD LVCHOS33 | [get_ports |
set_property { PACHAGE_PIN R1Z  IOSTANDARD IVCMOS3Z )} [get_ports |
set_property PRCKAGE_PIN V17  IOSTANDARD LVCMOS33 } [get_ports |
set_property [ PACKRGE_PIN U17  IOSTANDARD LVCMOS33 ) [get ports |
set_property [ PRCEAGE_PIN Ulé  IOSTANDARD LVCMOS3Z | [get ports |
. set_property -dict { PACKAGE_PIN V16  IOSTANDARD IVCMOS32 } [get ports |
set_propaerty -dict | PACKAGE_PIN T1S  IOSTANDARD LVCMOS33 ] [get_ports |

Figure 3.17: 8-bit Binary to BCD Constraints File

Exccellent detail shown in the design and simulation
of the 8 bit device




4 ANALYSIS OF XILINX VIVADO SIMULATED RESULTS

Below the Tests for the 6-bit Binary to BCD Converter and the 8-bit Binary to BCD Converter are
shown and Analysed for performance.

4.1 6-BIT BINARY TO BCD CONVERTER RESULTS AND ANALYSIS

By comparing to the function table procured from the Datasheet (Figure 2.4), select values were
chosen and matched in the simulation. All three results showed correct behaviour for the design as
the high peaks or binary 1s corresponded to the H symbol from the table, with Os corresponding to
L. With the successful test, the design was final and packaged as an IP to be used in future designs.

SIMULATION - Behavioral Simulation - Funciional - sim_1 - bed_6_bit_tb

< Untitied 1°

Q b a Q I « 4 M = 2 o

Figure 4.1: Binary Value of 28/29 identified

SIMULATION - Behavioral Simulation - Functional - sim_1 - bed_6_bit_tb

Untitled 1*

3_789804 us

Figure 4.2: Binary Value of 14/15 identified
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SIMULATION - Behavioral Simulation - Functional - sim_1 - bed_6_bit_tb

Untitled 1*

3_7685804 us

Figure 4.3: Binary Value of 54/55 identified
Bit more detail on analysis please

4,2 8-BIT BINARY TO BCD CONVERTER RESULTS AND ANALYSIS
The values set to the Test Bench file were reflected in the simulated results for the circuit. This has

shown that the production of an IP by importing another IP has been successful. In theory this can

be carried further by using this packaged IP in an even larger IP project, however before this is done,
a practical test should be carried out.

< | Untitled 1

Q W @ Q I « KM +

HName

Figure 4.4: Binary Value of 48 identified

Use the simulated results to show your understanding of
how the device works! 18




Untitled 1

Uniisded 1

Figure 4.6: Binary Value of 129 identified
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5 ANALYSIS OF NEXYS 4 FPGA PRACTICAL RESULTS

By setting the switches on the board to 12, 42, and then 129, images were taken showing the

relevant LEDs lighting up, in the case of Figure 2.1 to show the number 12, LED K15 (U2) and LED R17

(T1) lit up. The other two tests showed similar corresponding results as recorded in Figure 5.2 and

Figure 5.3. Ideally, | should have used the same values in the simulation as well as the practical test,

however the results in the end were positive.

Figure 5.2: 8-bit Binary to BCD Converter on FPGA outputting value of 42

20




£ XILINX.
DEIE\'}.I

Figure 5.3: 8-bit Binary to BCD Converter on FPGA outputting value of 129

Good use made of pictorial evidence.
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6 ADAPTING DESIGN TO SUIT NEW PURPOSES OR APPLICATIONS

While outputting a binary digit entered via switches to be represented on LEDs was successful, it
would be better to display a numeric digit on a screen instead, so other IPs were developed using
what has been learned about BCD. Elements that would be required include a 5KHz Clock, a
Mux/Demux and a BCD to Seven Segment Display.

6.1 5KHzCrock

To for a practical test to work, there needs to be a drop down in frequency for the clock. The reason
for this is that at 100MHz, which is the default Clock speed of the Nexys 4 board, the Seven Segment
Display too fast for a human to see, so in effect all a human would see on the display, is 8. To achieve
a slower, more reasonable Clock Frequency, a VHDL file is written.

6.1.1 Main VHDL File

In the entity, the Default 100MHz Clock speed is taken in as an input as well as the Rst, and the 5KHz
Clock to be outputted is set as an output. In the behavioural, a count is declared along with a
temporary count. The process has many if and else statements that use the count and temporary
count to loop 10000 times on the rising edge of the 100MHz clock signal, and once a count of 10000
is reached a pulse is put out through the FiveKHz output signal. There is also a Rst condition which
resets both the count and temporary count when the Rst is triggered.

L | library IEEE:|
2 ! use IEEE.STD LOGIC 1164.ALL:
3 use TEEF.NUMERIC_STD.ALL;
4 use IEEF.std logic_unsigned.all:
5 entity Clock_S5KHz is
< { CLELOOMHZ : in STD LOGIC;
n std_logic;
+ out STD LOGIC

):

end Clock_SKHz:

architecture Behavioral of Clock_SKHz is
gignal entl : integer := 0;

signal templ : std logic := "0';

begin

process (CLK100MHZ, Rat)
begin . .
1F Bat = 1% hen Design not explained well.
templ <= "0';
cntl <= 07
elsif rising edge (CLKLOOMHI) then
if(cncle 10000) then

22 terpl <= not templ:

23 entl <= 0;

4 else
cntl <= cntl +1 ;

end if;
2 end if:
28 end process;
29 FiveKHz <= templ:

end Behavioral:

Figure 6.1: 5kHz Clock VHDL file
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6.1.2 Test Bench File

The Test Bench is started in the same manner as usual by establishing the same Inputs and Outputs
as the Main VHDL file in the entity.

w o

T S

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

use IEEE.NUMERIC STD.RLL;

use IEEE.std logic unsigned.all;

entity Clock_SKHz_tb is

" end Clock_SKHz_tb;

architecture Behavioral of Clock 5KHz tb is
Component Clock SKHz
Fort ( CLK1OOMEZ : in STD_LOGIC:
Rst : in STD_LOGIC;
iz : out STD_LOGIC

):

end Component;

Then trigger or stimulus timing is established so that a viable reading can be procured when

simulating.

Figure 6.2: 5KHz Clock Test Bench File Part 1

signal CLH100MHZ : STD_LOGIC := '0';
signal Rst : STD _LOGIC := 'l";

22 signal FiveHHz : STD_LOGIC:

26 constant CLEKLOOMAZ period : time := lOms;

217 kegin
28 —-Iastantiate the UT

UUT : Clock SEHz
31 Port Map ( CLE100MHZ => CLELOQMHZ,
32 Rst => Rat,

FivelHz => FiveHHz

35 i

_Pprocess :process
bagin

3 CLELOOMHZ <= '0';

40 wailt for CLELOOMHZ periods2:

41 CLELOQMHZ <= "1°;

42 walt for CLELOOMHZ periods2:

43 end process:
46 Stim proc: pProcess
48 begin

49 wait for lma;

Bat <= '0';
52 wait for 2ms;
3 Ret <= '1";

What does this mean?

waits
£é end process;
end Behavioral:

Figure 6.3: 5KHz Clock Test Bench File Part 2
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6.2 Mux DEMUX

As there is no wish to use all eight displays on the board, save for the rightmost three displays, with

a Unit, a Ten, and a Hundred digit displayed on each, a Multiplexer/Demultiplexer is required.

6.2.1 Main VHDL File

The entity takes in the Input Ports which tie to the Switches on the Board and has the four control

bits for the Seven Segment Display and three bits to control the Anodes of the Displays set as Output

Ports.

The Architecture has two internal signals declared, with cnt used to count through loops, and Q to
produce an output (ANO to 2) resulting from the processes in the Behavioural architecture.

T

td_logic_vector {1 nto Q) ;
srd_logic vector (2 downto 0)7

s (FiveKHz, Rst)

"11%:
rising edge (FiveHHI) chen
eat + "0L";

end process;

=ss {cnt{l}, cat(0))

end iI;
end process:

pr
begin

Lf [ent{l)="0" aad cnT{0)="0") then O <= "1107:
elgil icat(l)="0" and cac( 'l G = "1o01"
elsif (cnt(l)='l" and cac(0)='0"] then = "011°

Figure 6.4: Mux Demux VHDL File Part 1
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The following if and elsif statements process the Switch inputs depending on which of the three
displays is to show a digit, and a binary 4-bit signal is produced to be outputted to the Seven
Segment Display.

2 [0 = "0" a2d Uad = "0") thac
= *0* and Onl
= "¢ and I0 =
*0" and TO = '1°] then
"0" and BD = '0°) T
*0" and B0 = '1%) <l

*0" and Hl =

gr

eladf (Q(1) =
elodf Q2] -

4 an;
end Behovioral:

Figure 6.5: Mux Demux VHDL File Part 2

6.2.2 Test Bench File
The entity as before mirrors the Main VHDL file with the same Inputs and Outputs.

library IEEE;
use IEEE.STD_LOGIC 1164.ALL;
entity Mux Demux tb is
end Mux_Demux_tb;
3 architecture Behavioral of Mux Demux tb is

( FiveKHz : in STD_LOGIC;
in STD_LOGIC;

' B out STD_LOGIC:

3 : in STD_LOGIC;
: in STD_LOGIC:

in STD_LOGIC:

,C,D : out STD_LOGIC

end componsnt;

Figure 6.6: Mux Demux Test Bench File Part 1
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The Input signals are initialised as 0, and the Output signals are established.

signal
signal
signal
signal
signal
signal
signal
signal
signal
29 signal

signal

signal
signal
signal
signal
40 signal
=ignel
signal

signal

Rat : std logic
Un0 : std logic

ANO : std logic:
ANl : std_logic:
ANZ : std_logic:
A : std_logic;
B : std_logic;
C i std logic;
D : std logic;

Figure 6.7: Mux Demux Test Bench File Part 2

A time constant is set to a period of 8ns to make simulation measurement easier without excessive

zooming.

54 FiveKHz => FiveKHz,

4 constant FiveKHz period : time := 200us;
5 begin

UUT : Mux Demux -- Enter file t
Port Map (

Rat => Rat,
RNO => ANO,
ANl => AN1,
hn2 => RN2,
Un0 => Un0,
Unl => Unl,
Un2 => Un2,
Un3 => Un3,
10 => T0,

71 T1 => T1,

12 => T2,
13 => T3,
HO => HO,
Hl => H1,
A => &,
B => B,

C=>C,

72 D=>D

)z

Figure 6.8: Mux Demux Test Bench File Part 3
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Clock pulses are established to with a 50% On and Off duration.

zoc: process

6.3 BCD To SEVEN SeaMEKY BIRPLAY

6.3.1 Main VHDL File
The 4-bit input from the Mux Demux, and the outgoing Seven Segment Elements are added to the
entity.

library IEEE;

use IEEE.STD LOGIC 1164.RLL;

entity BCD_T7seq is

Forc  ( A,B,C,D & in std logic:
sa,sb,3c,3d,sg,3f,379 : out std logic
)i

8 [-] end BCD_Tseq;
Figure 6.9: BCD to Seven Segment Display VHDL File Part 1

An internal signal of Q is used, which is set using the incoming signal from the Mux Demux, and the
corresponding configuration of the Seven Segment Display is established using the case statement.

At the end of the case, there is a 'blank' statement where a binary number of greater than 1001
turns the display off. 5op¢g

Once the case statement is run through, the segment binary value states are set to Output to the |
individual segments of the display.
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architecture Behavioral of BCD_T7seg is
signal Q: std logic wvector (3 downto O):
signal seg : std logic vector (6 downto 0);
begin
Q(0) <= D;
Q1) <= C;
Q(2) <= B:
Q(3) <= A;
.| process (Q)
| begin
case Q is
WHEN "0000" =>
(-] seg <= ("0000001");
- WHEN "0001" => —- 1
seg <= ("1001111"):
| WHEN "0010" =>
seg <= ("0010010"):
WHEN "0011" => -- 3
' seg <= ("0000110");
WHEN "0100" => 4
“| seg <= ("1001100");
WHEN "0101" => -- 5
"] seg <= ("0100100") ;
WHEN "0110" => -- &
seg <= ("0100000"):
WHEN "0111" =>
seg <= ("0001111");
- WHEN "1000" => — £
seg <= ("0000000");
58 (0] WHEN "1001" =>
38 seg <= ("0001100");
WHEN Others => -- 'blank’
seg <= ("1111111");
END CASE:
-] END PROCESS:
| sa <= seg(€);
sb <= seg(5);
sc <= seg(4);
+ 8d <= seg(3);
| se <m seg(2);
. Sf <= seg(l):
| 8g <= seg(0):
51 end Behavioral;

Figure 6.10: BCD to Seven Segment Display VHDL File Part 2
Good understanding shown in
6.3.2 Test Bench File design.

Inputs and outputs for the Test Bench match the Main VHDL design.

L | LIERARY ieee:
Z | USE isce.atd legic 1064.ALL;

Figure 6.11: BCD to Seven Segment Display Test Bench File Part 1

Signals are declared and initialised.
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signel A : std_logic := '0':
signal B : std_logic :
25 signal € : std logic =
signal D : std logic := 'Q';

signal sa : std logic;
signal sb : std logic;
signal sc : std logic;
35 signel 3d : std_logic:
36 signal ss : std logie;
signal af : std logie;
signal sy : std logic;

a2 constant B _periocd @ time = 40 ns;
43 | constant C period : time := 20 ns;
44 | constent D_pericd : time := 10 na:
BEG

B => B,
50 CwC,
D =D,
e & =» 38,
b => ab,

54 se =3 ¢,
5 sd => ad,
56 3 => ae,
57 af m> af,

#g => 2g
58 }:

Figure 6.12: BCD to Seven Segment Display Test Bench File Part 2

The clock process then runs though the binary permutations for the input to the Seven Segment
Display.

ol == Clock process definitions
€l -] A_process :process
begin
A<= '0';
64 wait for A_period/2;
5 A<=l

wait for A period/2;
end process:
-} B_process :process
begin
B <= '0';
wait for B_period/2:
Big= "z
wait for B_period/2;
end process;
:“J' CesS3 process
begin
Ccm '0";
wait for C_period/2;
70 C <= '1';
wailt for C_period/2;
end process;
D_process :process
23 begin
4 D &= "0
5 wait for D_period/2;
eL: D<= '1%;
7 wait for D_period/2;

8 end process;
28 end behavior:

Figure 6.13: BCD to Seven Segment Display Test Bench File Part 3

Good understanding shown on test bench
design.




6.3.3 Constraints File
The constraints file contains Board references only for the Switches and the Segmented Display as
only these elements are required for testing.

s=t_property -dict
sst_property -dict
set_property -dice
sst_property -dice
act_property -dict
set_property -dict
% | smt_property =dict
mat_property -dict

IOSTAMDARD LVCMOS3S |
IOSTANDARD LWCHOS3S }

ZOSTANDRRD LWCHOS3Z
TOSTAMDARD LVCMOS33 |

ANDRRD LVCMOG3Z
RHDARD LMCMOS3Y | ([get_ports

12 | set_property -dict
13 | set_property -dice
i aet_property =dict
sat_praperty -dict

} Iget _ports
} Iget_pores
1 lget_ports
1 lget_ports

15 | sst_property =dict {
set_property -dict
‘UL_P:‘QDO\‘LJ -dict

*  set_property -dice
sat_property -dice

i st _propevty -dict
25 | set_property -dict

b lget_ports
1 lget_ports
1 lgot_ports
} lget_ports
Izet_ports
b Iget_povts
} lget_ports

T set_property -dict
set_property -diee

2% | 38T _PROPETTY -9icT
sst_property -dict
ant._property =dict

: set_property -dice
set_property -dice ¥

4 aet_property -dict | EBACRAGE_PIN U13

TOSTANDARD LVCMOSSS | [get ports
TOSTANDRRD LWCMOS33 } [get_pores
IOSTAUDRRD LVGHOS33 | |GET_ports
TOSTAMDARD LWCMOS33 | [get_ports
lget_ports
[oet_ports
1 Iget_ports
IOSTAUDRRD LVCHOS33 } Ioet_ports

Figure 6.14: BCD to Seven Segment Display Constraints File

6.4 FINALBUILD
This final build incorporates the previous three designs with were packaged into IPs of their own,
and then imported into the Final Build Project.

6.4.1 Main VHDL File
All the necessary Ports for each IP are included for operation of the design as well as a switch (SW14)
which ensures that the unused Seven Segment Displays remain off during operation.

Diagram  x Final_Build_wrappes v » | Final_Buildvhd %

a a i x ¢|q -+ B C 9
swia [ > AM3
. AN4
Good IP block design. ANB
ANG
ANT

Clock_5KHz_0
CLKIOOMHZ [————— ooz =
Rst

uno D—|

uni D—| '——

un2 [O=— — U2 Fric #a ——— > sa
un3 [O» Un3 i i 1 s
To [ T z a *— D=
T m c & o —— 5d
T2 B T2 = & s > se
T3 B T > sf
Ho > Ho W ——iD s
H1 [ H1

L BCD Tsag w1 0
Mux_Demux_v1_0

Figure 6.15: Final Build VHDL Block Diagram View

The following VHDL code was generated after importing and linking the previously packaged IPs.
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library TEEE:
us0 [EEE.STD_LOGIC 1164.ALLY
iazzary UHISIH:

e DHISTH.VCOHICRERTS. A
encity Finel_Puild ia

te CORE_GEWERATION INFD @ string:

te CORY_GEWFRATION_INFD of Final_Bu
EW_EMNDOFF @ strieg:

g ®s EU_EANDOFF of Fimal Bwild @ es
wnd Fanal Bualds

13+ esticy s "Fissl Build,IF A Line com, 3_ipl

3 “Paral_Baila. mudel

3_ipismeaFisal Build,x_ipMersion

Figure 6.16: Final Build VHDL File Part 1

5 architecture STROCTURE of Fimal Build is
component Final Build Mux Demux 0_0 18
port

in STD_LOGIC;
© : in STD_LOGIC;
MO : our STD_LOGIC:

TO : in STD_LOGIC;
T1 : in STD_LOGIC:
T2 : in STD_LOGIC:
T3 : in STD_LOGIC;
H0 : in STD_LOGIC:
81 : in STD_LOGIC;

A : out STD_LOGIC:

B : put STD_LOGIC:

C : out STD_LOGIC;

D : out STD _LOGIC
12

end component Final Sulld Mux Dezux 0 0
componant Final Build Clock SEHz 0_0 is
78 port |

: in STD_LOGIC;
78 t : in STD_LOGIC;
k : out STD LOGIC

end component Final Build Clock SKHz_0_0;

Figure 6.17: : Final Build VHDL File Part 2

compenent Final Bulld BCD Tseg 0 0 is
pore |

& : in STD_LODGIC;
B : in STD_LOGIC:

¢ 1n STD_LOGIC:
8 D : in STD_LOGIC;
L sa : out STD_LOGIC:

sb : out STD_LOGIC:

: out STD_LOGIC;
ad : out STD_LOGIC:
se : out STD_LOGIC;
out STD_LOGIC:
out STD_LOGIC

end component Final Build BCD_7aeg_0_0:

Figure 6.18: : Final Build VHDL File Part 3
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57 signal BCD_7seg_0_sa : STD_LOGIC;

53 s:gnal BCD_Tseg 0_sb : STD_LOGIC:

s:ignal BCD_72eg 0 sc : STD_LOGIC:

signal BCD_7seg_0_sd : STD_LOGIC;

signal BC : STD_LOGIC;

signal

signal

2ignal ) |

2ignal Clock_SKEz_0_FiveHz : STD_LOGIC:

1 signal HO_1 : STD_LOGIC;

107 signal Bl 1 : STD_LOGIC;

signal Mux Demux 0 A ¢ STD_LOGIC:

] aignal Mux_Demux_0_ANO : STD_LOGIC:
aignal Mux Demux 0 _ANL : S5TD LOGIC;

signel Mux Demux 0_ANZ : 5TD_LOGIC:

signal Mue_Demux_0_B : STD_LOGTC:

#ignal Mux Demux 0 C : STD_LOGIC;

signel Mux Demux 0D : STD_LOGIC:

signal Rst_l : STO_LOGIC;

signal SWl4_1 : STD_LOGIC:

signal TO_1 : 5TD_LOGIC:

signal T1_1 : STD_LOGIC:
signal : STD_LOGIC;
signal + STD_LOGIC:
aignal : STD_LOGIC:
signal : STD_LOGIC;
signal * STD_LOGIC:
124 gignal U : STD LOGIC;

Figure 6.19: : Final Build VHDL File Part 4

A0 <= Hax_Demux_0_AHO:
127 BN <= Max_Demux_0_AH1:
12 ANZ <= Mux_Demux_0_AHZ:
B3 ¢e SHLI_L:

AN <= SWI4_1:
CLK100MHZ_1 cw CLELOOMHE:
HO_1 <= HO:

H1_1 <= H1;

Rat_] <= Rats
SW14_1 <= SWld:
T0_1 <= T0:

T1 1 <= T1;

T2_1 <= I2;

131 <= I3

Unf_1 <= Unly

TUal_l <= Unl:

Una_1 <= Unzs

Un3_l <= Und:

3a <= BOD_7aeq_0_sa;

C =5 Mux_Dewun_0_C,
D =» Mux Demux 0D,
22 => BLD_72eg_0_sa,

=> BCD_7aeg_0_se,
af =3 BCD_73eg_0_sf,
ag => BCD_T2eg_0_sp

167 )i

Figure 6.20: Final Build VHDL File Part 5

No explanation given!




<k_SHHz_0: componcat Final Build Clock_SKEz_U_0
port map |
CLELOOMHZ w> CLKLOOMEZ 1,
FivekHz => Clock SKEz 0 Fivediz,
Rat => Rat_l
b
_Demux 0: component Fimal Build Mux Demux_0_0
port map |
A => Hux Desux 0 A,
AND => Mux_Demux_0_AND,
ANL => Mux_Demux_0_AN1,
ANZ =b Mux_Demux_0_ANZ,
B => Mux_Desux_0_3,
€ = Mux_Demux_0_GC,
D => Mux_Demmux_0_D,
FiveRHz => Clock_SKEz_0_FivelHz,
HO => HO_L,
HL = EL L,
Rez => Re
T0 = TOL,
TL =TI,
T2 = 121,
T3 = T3,
Uno => Un_1,
Uzl =5 Unl 1,
Un2 => Un2_1,
Un3 =3 Un3_1
LB
56 : end STRDCTURE:

Figure 6.21: Final Build VHDL File Part 6

6.42 Constraints File
The constraints file has the required Port references that are needed by the three IPs brought into
the Final Build.

T #F Clock 2igna
2 | set_property -dict [ FACKRGE_PTH E3  ICSTANDARD IVCMOSII | [get ports | CLKIOOMHE }): /I
| create clock -add -name sys_clk_pin -pericd 10.00 -waveform [0 5} [get_ports {CLELOOMEZ}]:

¢ set_property -dict | PACKRGE_EPIN J15  IOSTANDRRD LVOMOS33 | [get_ports |
| set_proparty =dict | FACHAGE_PIN L16  IOSTANDARD LVTMOS33 | [get_ports |
| set_property -dict { PACKRGE_PIN M13  ICSTANDARD LWCMOS33 } [get ports |
| sat_proparey -dict | PACKRGE PIN RIS  IOSTANDARD LVCMOS31 | [get ports |
. set_property -dict [ PACKRGE_PIN RL7T  ICSTANDARD IVCMOS2) } [get ports | T
i set_property -dict | PACKAGE_PIN T18  ICSTANDARD LVTMOS33 | [get_ports |
set_property -dict [ PACKRGE PIN ULy  IOSTANDARD IVCHOSI3 } [get _ports |
set_property -dict | PACHRGE_PIH RIZ  IOSTAMDARD LVCHOS33 | [get ports |
sct_property -dict [ FACGHRGI_BIN T8 ICSTAMDARD IVCHOSLD 1 [get_ports |
set_property -dict | PACKAGE_PIF U8  IOSTANDARD LVCHOSIS | [get_ports |

Vi 1§ T TMO533

| dsat prope

28t proper Alet -~ 1 I J [gec ports 1
sat_property -dict [  PTH ULl TOSTANDARD IVCMOS33 | [get ports [ SWLd ]]: 470
! set_property -dict { PACKRGE_PIN VL0  IOSTAMDARD LVCMOS33 } [get_ports | Rat }): #10 L2l

7 Good

set_property -dict [ BACERGE_PIN T10  IOSTANDARD INCHOS22 | [get_ports ( sa }1: #,
set_property -dict | FACHAGE_PIN R0  IOSTANDARD IVTHOS33 | [get_ports | sb }1; #
set_property -dict [ PACKRGE_PIN EL§  ICSTANDARD INVCHOSI3 } [get_ports ( ac }1: #
set_property -diot | PACKRGE_PIH K13  IOSTANDARD LVCHOS33 | [get ports | ad }]s #
set_property -dict [ PACHRGE_PIN PLS  IOSTAMDARD IVCMOS533 | [get_ports | se }]: 4
set_property -dict | PACKAGE_PIN TIL  IOSTANDARD INTMOS33 } [get_ports | sf }17 #
set_properky —dict [ DACHRGE PIN 112 IOSTANDARD IVCMOSII | [get ports | sg ]1: #

#0533 ) [get ports { D

sat_property —dict | PACHRGE_PIH J17  IOSTAMDARD IVCMOSI3 | [gen parts | ANOD }]:
set_property -dict [ PACERGE_PIN J13  IOSTANDARD LVCHOS33 } [get_ports | ANL }1:
set_property -dict | FACKAGE_PIN T9  IOSTANDARD LVTMOS33 | [get_ports | ANZ }]
set_property -dict [ PACKRGE_PIN Jlé  IOSTAMDARD LWCHOS33 } [get_ports | AN3 }1:
set_property —dict | FACHRGE_PIH P13 IOSTAMDARD LVCHO333 | [get ports | AN }];
set_property -dict [ PACHRGE_PIN Ti4  IOSTAMDARD IVCMOS32 | [get_ports | ANE 1]
| set_property -dict | PACKAGE_PIN K2  ICSTANDARD LVTHOS33 | [get_ports | ANE }]
43 set_preperty -diet [ FACHRGE_PIN UL3  IOSTANDARD IVCMOS33 } [get_ports { 37 }]:

Figure 6.22: Final Build VHDL Constraints File
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7 ANALYSIS OF XILINX VIVADO SIMULATED RESULTS

7.1 5KHz CLOCK RESULTS AND ANALYSIS
The result recorded, shows the 100MHz Clock reduced to a 5KHz Clock pulse with a cycle of
approximately 1000us measured.  Period of 5KHz clock is 200uS!

Figure 7.1: Measured at 4ms

The results here we favourable to continue development.

7.2 SEVEN SEGMENT DISPLAY RESULTS AND ANALYSIS
A result was recorded that showed the displaying of '0’ by turning only the 'g' element off.

SIMULATION - Eehavioral Simulation - Fundional - sim_1 - BCD_Tseg_Ib

Untitled &

Figure 7.2: Proof of ‘0" where sg is turned off/1
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A binary number of 1010 which is outside the tolerable range has resulted in all segments turning
off, rather than show an incorrect digit, as a result of an unexpected error. Good

SIMULATION - Behavioral Simulation - Functional - sim_1 - BCO_Fseg_ b

Untitled &

Q W @ a ;3 « MM +

Figure 7.3: Proof that Display turns off when Binary value greater than 1001 is sent

The desired results were achieved in this simulation, and development could proceed to the next
step towards the Final Build.

Where is the analysis of the Mux/Demux?
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8 ANALYSIS OF NEXYS 4 DDR FPGA PRACTICAL RESULTS

The below photos show the board set to show the numeric values of 12, 42, and 129 on the FPGA
board through the setting of switches. The switches were set using the Hundreds, Tens and Units

method of digit entry. As the correct values are shown, it can only be surmised that the test was a
success.

Figure 8.2: Nexys 4 FPGA displaying 42




RT i
Figure 8.3: Nexys 4 FPGA displaying 129

Good use made of pictorial evidence in showing
practical results.
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9 CONCLUSION

Through the development of initially the Binary to BCD converter VHDL file, and then further into the
BCD to 7 Segment Display VHDL file, the value of modular coding was shown. It was learnt that by
creating these individually programmed VHDL files and wrapping them together to create another
IP, that in turn can be linked to another IP, from a library of completed IPs to create a larger project,
that this method of coding has much in common with other common forms of programming where
projects can be built from previously made and tested code that is proven to work. By building a
project from previously tested code also provides the benefit of having an easier time of
troubleshooting the code due to trustworthiness of previous code. Evidence of testing should always
be retained to better facilitate the use of trustworthy code in clear documentation that also records
changes made to the code over its lifespan.

The way that the VHDL programming language executes lends to a certain level of confidence in the
language as the code will run one line at a time consecutively, which in some ways makes it easier to
understand than other programming languages and good basis to perhaps learn how to code.

Satisfactory general conclusion noted which does
show some reflection.
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Good understanding shown on Mux/Demux.
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PAGE 33
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PAGE 35
PAGE 36
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Text Comment. Satisfactory general conclusion noted which does show some reflection.
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RESEARCH-INFORMED LITERATURE
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y“ Very brief Introduction... What do the following 9
terms mean: VHDL; FPGA? Structure of a typical
VHDL file: Good detail shown. (3/5) Binary to BCD
conversion: Very good detail shown. (4/5) IP Block
Design in Vivado: This diagram may be typical but
has no relevance to you showing understanding of
how IP blocks are used (2/5) Total (9/15)

KNOWLEDGE AND UNDERSTANDING

( J

y‘ Design of 6/8 bit Binary to BCD Converter: Good 6 1 5
bit design shown in report. (3/5); Excellent detail
shown in the design and simulation of the 8 bit
device (4/5). Re-design to suit new applications:
5KHz clock design not explained well. (1/3); Good
understanding shown on Mux/Demux (2/3); 7
segment decoder design shows clear understanding
(2/3); Full block design for the adaptation
shown(3/6) Total (15/25)




ANALYSIS

(

y“ Analysis of Xilinx Vivado simulation results: 6 bit

design: bit more detail on analysis please (2/5); 8 bit
design: Use the simulated results to show your
understanding of how the device works! (2/5).
Analysis of adapted application results: Very poor
set of results obtained. 5KHz clock (1/5) incorrect
analysis; Mux/Demux (0/5) no result shown, and 7
segment decoder not explained well(2/5) Total
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and testing of new application results on the Nexys
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(2/5) Total (7/15)



	PSDE5029-Assignment_1-Emyr_Wyn_Dyer
	by Emyr Dyer

	PSDE5029-Assignment_1-Emyr_Wyn_Dyer
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor


	EMYR DYER50


