MOUSA AL-QAWASMI

BME 328 — DIGITAL SYSTEMS (FALL 2020)

LAB 5 TUTORIAL
VHDL FOR COMBINATORIAL CIRCUITS AND STORAGE ELEMENTS

OVERVIEW
H In this lab we will Use VHDL code to construct combinatorial circuits and circuits with basic
storage elements:
1. Mux2tol (2-to-1 Multiplexer).
. Decode (2-to-4 Decoder).
. Encod (Priority Encoder).

2

3

4. Johns (Johnson Counter).

5. muxModified (4-to-1 Multiplexer).
6

. decodModified (3-to-8 Decoder).
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PROCEDURE

1. Mux2tol (2-to-1 Multiplexer)

H Please follow the following instructions to implement the (2-to-1 Multiplexer):
1. Create a new folder “Lab5” in your “BME328” folder.
2. Create a new folder “Mux2to1” in your “Lab5” folder.

3. Open the Quartus Il software, and using the new project wizard, create a new project
“Mux2tol” in your “Mux2tol” folder.

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE
PROJECT WIZARD.

4. Create a new VHDL file in your “Mux2tol1” project (File > New > VHDL File).
5. Type the following in the Text Editor and save file as “Mux2tol.vhd”:

1 library ieee;

2 use ieee.std logic 1164.all;

3

4 enticty muxZtol is

5 port (wl, wl, s H in std_logic;
[ bl H out std_logic);
7

il end mux2tol;

9

10 architecture Behawvior of mux2tol is

11 begin

12 with s select

13 f <= w0 when '0',

14 wl when others;

15 end Behavior;
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H 6. Set “Mux2tol.vhd” as the top-level entity. You can do this by right-clicking on

‘MUX2tol.vhd” in the “Files” section of the project navigator (located at the right of
your Quartus Il window) and selecting “Set at Top-Level Entity”.

7. Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

8. Create a symbol for your “Mux2tol.vhd” file. You can do this by right clicking on
“‘Mux2tol.vhd” in the “Files” section of the project navigator (located at the left of
your Quartus |l window) and selecting “Create Symbol Files for Current File”.

9. Create a new University Program VWF (File > New > University Program VWF).

10. Simulate “Mux2tol.vhd” and make sure that your simulation results match the results
shown below.

11.Save the VWEF file as “Mux2tol.vwf” in your “Mux2tol” folder and take screenshots
of your code and your simulation results.

Pps Zﬂﬁl ns -Hlpns 50.0ns
Bl
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2. Decode (2-to-4 Decoder)

H Please follow the following instructions to implement the 2-to-4 Decoder:
1. Create a new folder “dec2to4” in your “Lab5” folder.

2. Open the Quartus Il software, and using the new project wizard, create a new project
“‘dec2to4” in your “dec2to4” folder.

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE
PROJECT WIZARD.

3. Create a new VHDL file in your “dec2to4” project (File > New > VHDL File).
4. Type the following in the Text Editor and save file as “dec2to4.vhd”:

1 library iecee;
2 use ieee.std logic 1le4.all;
3
4 entity decZ2tod 1is
5 port | W H in s=td logic _wector (1 downto 0);
[ En : in std_leogic;
T out std logic wector (0 to 3)):
8 end decZto4d; - -
a9
10 architecture Behavior of decZtod is
11 signal Enw : std logic wector (2 downto 0);
12  begin B N
13 Enw <= En & wW;
14 with Enw select
15 y <= "1000" when "1007,
16 "0100" when "101™,
17 Q010" when "1107,
18 "Qool"™ when "1117,
19 "0000"™ when others;
20 end Behawvior;
21
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5. Set “dec2to4.vhd” as the top-level entity. You can do this by right-clicking on

“‘dec2to4.vhd” in the “Files” section of the project navigator (located at the right of
your Quartus Il window) and selecting “Set at Top-Level Entity”.

6. Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

7. Create a symbol for your “dec2to4.vhd” file. You can do this by right clicking on
“dec2to4.vhd” in the “Files” section of the project navigator (located at the left of your
Quartus Il window) and selecting “Create Symbol Files for Current File”.

8. Create a new University Program VWF (File > New > University Program VWF).

9. Simulate “dec2to4.vhd” and make sure that your simulation results match the results
shown below.

10.Save the VWEF file as “dec2to4.vwf” in your “dec2to4” folder and take screenshots of
your code and your simulation results.

-H)DP ns BDﬂ]D ns 1.0us

01 b 10 1 b 73] h 01 10 X 1 00 b 01

0000 b 1000 )( 0100 0010 X 0001 1000 b 0000
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3. Encod (Priority Encoder)

H Please follow the following instructions to implement the Priority Encoder:
1. Create a new folder “encod” in your “Lab5” folder.

2. Open the Quartus Il software, and using the new project wizard, create a new project
“‘encod” in your “encod” folder.

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE
PROJECT WIZARD.

3. Create a new VHDL file in your “encod” project (File > New > VHDL File).

4. Type the following in the Text Editor and save file as “encod.vhd”:

1 likbrary ieece;

2 use ieee.std logic l1le4.all:;

3

4 entity encod is

5 port (W : in std_logic wector (3 downto 0);
6 v : out std logic vector (1 downto 0);:
7 z H out std logic):

8 end encod; -

9

10 architecture Behavior of encod is

11 begin

12 process (W)

13 begin

14 vy <= "00";

15 if wi(l) '1'" then ¥ <= "01"; end if:;

l& if w(2) = '1l'" then y <= "10"; end if;

17 if wi(3) '1' then ¥ <= "11"; end if:
15

19 z = '1"';

20

21 if w = "0000"™ then z<= '0'; end if;
22 end process;

23 end Behavior:

24

25

26

27
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H 5. Set “encod.vhd” as the top-level entity. You can do this by right-clicking on

‘encod.vhd” in the “Files” section of the project navigator (located at the right of your
Quartus Il window) and selecting “Set at Top-Level Entity”.

6. Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

7. Create a symbol for your “encod.vhd” file. You can do this by right clicking on
‘encod.vhd” in the “Files” section of the project navigator (located at the left of your
Quartus Il window) and selecting “Create Symbol Files for Current File”.

8. Create a new University Program VWF (File > New > University Program VWF).

9. Simulate “encod.vhd” and make sure that your simulation results match the results
shown below.

10.Save the VWEF file as “encod.vwf’ in your “encod” folder and take screenshots of
your code and your simulation results.

P ps -HII]D ns R[I]P ns 10us
28

j_ 0000 X 0001 X 0010 X 0011 X Q100 X 0101 0110 X 0111 X_ 1000 X 1001 A 1090 1011 X 1100 X 1901 X 1190 X 1811 X 0000 X 0001 A Q010 K 0011
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4. Johns (Johnson Counter)

H Please follow the following instructions to implement the Priority Encoder:

(SR R R

1. Create a new folder “johns” in your “Lab5” folder.
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2. Open the Quartus Il software, and using the new project wizard, create a new project
“‘johns” in your “johns” folder.

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE
PROJECT WIZARD.

3. Create a new VHDL file in your “johns” project (File > New > VHDL File).

4. Type the following in the Text Editor and save file as “johns”:

likbrary ieee;

use ieee.std logic llé4.all;

entity johns is
port (Clrn,
STUD!
Q
end johns;

E, Clkn :
ENT_ID

in std_lagic:

out std_logic vector(3 downto 0);
out std logic wector (0 to 2Z)):

architecture Behavior of johns is

signal Qreg :

std_logic vector (0 to Z):

begin
process (Clrn, Clkn)
begin
if (Clrn = '0') then

Qreg «= "00O";
elsif (Clkn 'event

if E

else

end
end if:

case Qre
when
when
when
when
when
when
when

and Clkn = '0'} then

not Qreg (2):
Qreg (0):
Qreg (1):

= '1l' then
Qreg (0) <=
Qreg (1) «=
Qreg (2) «=
Qreg <= Qreg:
if:;

g is

Tggon  =»
rigom  =>
Tiignm  =>
Tii1"  =>
mgliim  =>»
moglim  =>
others =>

end case;

end process;
Q <= Qreg:
End Behavior:

—-— the last & digits of
—— modify the next case
—— the last & digits of
—— corresponding states

STUDENT_ID <= "0l00"; --
STUDENT ID <= "0001l"; —-
STUDENT_ID <= "0l00"; --
STUDENT_ID <= "0l00"; --
STUDENT_ID <= "1000"; —-
STUDENT ID <= "0l11"; —-
STUDENT_ID <= "-—--"; —-

my student ID are 414487
statement sSo that it gives
your student ID based on the
of the johnson counter.

o ST S

1
H
H
]
H
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5. Set “johns.vhd” as the top-level entity. You can do this by right-clicking on “johns.vhd”

in the “Files” section of the project navigator (located at the right of your Quartus Il
window) and selecting “Set at Top-Level Entity”.

6. Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

7. Create a symbol for your “johns.vhd” file. You can do this by right clicking on
‘johns.vhd” in the “Files” section of the project navigator (located at the left of your
Quartus Il window) and selecting “Create Symbol Files for Current File”.

8. Create a new University Program VWF (File > New > University Program VWF).

9. Simulate “johns.vhd” and make sure that your simulation results match the results
shown below.

10. Save the VWF file as “johns.vwf” in your “johns” folder and take screenshots of your
code and your simulation results.

b ps G-HJP ns 1.0us
33

i

E

Clkn

STUDENT D

Q




MOUSA AL-QAWASMI
BME 328 — DIGITAL SYSTEMS (FALL 2020)

5. muxModified (4-to-1 Multiplexer)

H Please follow the following instructions to implement the 4-to-1 Multiplexer:
1. Create a new folder “muxModified” in your “Lab5” folder.

2. Open the Quartus Il software, and using the new project wizard, create a new project
“muxModified” in your “muxModified” folder.

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE
PROJECT WIZARD.

3. Open “mux2tol.vhd” that you created earlier. SAVE “‘mux2tol.vhd” AS
“‘mux2tol.vhd” IN YOUR “muxModified” FOLDER.

4. Set “mux2tol.vhd” as the top-level entity. You can do this by right-clicking on
“‘mux2tol.vhd” in the “Files” section of the project navigator (located at the right of
your Quartus Il window) and selecting “Set at Top-Level Entity”.

5. Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

6. Create a symbol for your “mux2tol.vhd” file. You can do this by right clicking on
“‘mux2tol.vhd” in the “Files” section of the project navigator (located at the left of
your Quartus Il window) and selecting “Create Symbol Files for Current File”.

7. Create a new Block Diagram File in your “muxModified” project (File > New > Block
Diagram/Schematic File).

8. Connect the components as follows:

10
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H 9. Set “muxModified.bdf” as the top-level entity. You can do this by right-clicking on
“‘muxModified.bdf” in the “Files” section of the project navigator (located at the right
of your Quartus Il window) and selecting “Set at Top-Level Entity”.
10.Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.
11.Create a symbol for your “muxModified.bdf” file. You can do this by right clicking on
“‘muxModified.bdf” in the “Files” section of the project navigator (located at the left of
your Quartus Il window) and selecting “Create Symbol Files for Current File”.
12.Create a new University Program VWF (File > New > University Program VWF).
13.Simulate “muxModified.bdf’” and make sure that your simulation results match the
results shown below.
14.Save the VWF file as “muxModified.vwf’ in your “muxModified” folder and take
screenshots of your code and your simulation results.
Pps B-tﬂlﬂns 1.0us
ﬁ o il
< [ [i] 0 e 1
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6. decodModified (3-to-8 Decoder)

H Please follow the following instructions to implement the 3-to-8 Decoder:

1.
2.

Create a new folder “decodModified” in your “Lab5” folder.

Open the Quartus Il software, and using the new project wizard, create a new project
“‘decodModified” in your “decodModified” folder.

MAKE SURE THAT YOU CHOOSE THE “EP2C35F672C6” DEVICE IN THE
PROJECT WIZARD.

Open “dec2to4.vhd” that you created earlier. SAVE “dec2to4.vhd” AS “dec2to4.vhd”
IN YOUR “decodModified” FOLDER.

Set “dec2to4.vhd” as the top-level entity. You can do this by right-clicking on
“‘dec2to4.vhd” in the “Files” section of the project navigator (located at the right of
your Quartus Il window) and selecting “Set at Top-Level Entity”.

Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.

Create a symbol for your “dec2to4.vhd” file. You can do this by right clicking on
“‘dec2to4.vhd” in the “Files” section of the project navigator (located at the left of your
Quartus Il window) and selecting “Create Symbol Files for Current File”.

Create a new VHDL file in your “decodModified” project (File > New > VHDL File).

Type the following in the Text Editor and save file as “decodModified”:

12
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1 likbrary ieece;
2 use ieee.std logic 1l64.all;
3
4 entity decodModified is
5 port (W : in std logic wector (2 downto 0);
g En H in std logic;
7 v H out std logic wector (0 to T)):
8 end decodModified:;
9
10 architecture Behavior of decodModified i=
11 component dec2tod
12 port (w : in std logic wector (1 downto 0);
13 En : in std_logic;
14 v H out std logic wector (3 downto 0));
15 end component;
16
17 begin
18 decO: decZtod port map (w(l downto 0}, not w(2) and En, v(0 to 3)):
15 decl: decZtod port map (w(l downto 0), En and w(2), v(42 to T}):
20
21 end Behavior:
22
H 9. Set “decodModified.vhd” as the top-level entity. You can do this by right-clicking on
“decodModified.vhd” in the “Files” section of the project navigator (located at the right
of your Quartus Il window) and selecting “Set at Top-Level Entity”.
10. Start the compiler. Fix any errors and re-compile. Once the compiler compiles
without any errors, move to the next step.
11.Create a symbol for your “decodModified.vhd” file. You can do this by right clicking
on “decodModified.vhd” in the “Files” section of the project navigator (located at the
left of your Quartus Il window) and selecting “Create Symbol Files for Current File”.
12.Create a new University Program VWF (File > New > University Program VWF).
13. Simulate “decodModified.vhd” and make sure that your simulation results match the
results shown below.
14.Save the VWF file as “decodModified.vwf” in your “decodModified” folder and take
screenshots of your code and your simulation results.
b ps Eﬂ.'l;l ns 1200 ns
En 1
w 000 001 010 b 011 ) S T R S T X 110 111 000 ] 001 b 010 X 011
¥ 10000000 01000000 00100000 3 OODI0000 4 00001000 % ODODDI0D % 00000010 00000001 10000000 % 00000000
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