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Introduction to VHDL Exercises

Introduction to VHDL Lab Overview

Objective: Build a sequential 8 X 8 multiplier

The objective of the following exercises is to build an 8§ X 8 multiplier. The input to the multiplier consists
of two 8-bit multiplicands (a[7..0], b[7..0]) and the output from the multiplier is a 16-bit result
(result[15..0]). Additional outputs are a done bit (DONE_FLAG) and seven signals to drive a seven
segment display, (A, B, C, D, E, F, G).

There are several methods of implementing a multiplier; the method chosen for the VHDL labs is the
sequential multiplier method. This 8 X 8 multiplier requires four clock cycles to perform the full
multiplication. During each cycle, a pair of 4-bit portion of the multiplicands is multiplied in a 4 X 4
multiplier. The multiplication result of these 4 bit slices is then accumulated. At the end of the four cycles,
the fully composed 16-bit result can be read at the output.

The following equations illustrate the mathematical principles supporting this implementation:

result[15..0]

a[7..0] * b[7..0]

((a[7.4] %27 4) +a[3.0] ¥210)
* ((b[7.4]%2724) +Db[3.0] ¥240)

((a[7.4] *b[7.4])*278)
+((a[7.4]1*b[3..0]) ¥214)
+((a[3.0]*b[7.4]) *214)
+((a[3..0]*b[3..0]) ¥210)

Figure 1 in the following page illustrates the top-level block diagram of the 8 X 8 multiplier.

The labs are structured as a bottom-up design approach. In each of the first five exercises, you will use
targeted features of the VHDL language to build the individual components of the 8§ X 8 multiplier. Then,
in exercise 6 you will put everything together in a top-level design. You will then compile and simulate to

verify the completeness of your design.

Good luck and have fun going through the exercises!
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Figure 1 - 8 X 8 multiplier top level design block diagram
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Exercises Introduction to VHDL

Exercise 1

Objective: The 16-bit adder can be constructed using the + operator.

Figure 1-1.
Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow these steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in step1.

3. Type a name for the project in the project name box. For this lab, type adder.

4. Type adder as the name of the top-level design entity of the project in the top-level design entry box.

5. Click Next. The second page of the New Project Wizard appears.

6. At this point, there is no file to add because we will create the adder source file later.

7. Click Next. The EDA Tools Settings page appears. These exercises will use only Quartus II so the
Tool Name should be <NONE> for all the Tool Types.

8. Click Next. The Device Family page appears. Select Stratix II as the Device Family and select No, I
want to allow the Compiler to choose a device.

9. Click Next 2 times. The summary page appears. The summary page gives information about your
project.

’ /ANO TS RYAN
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Introduction to VHDL Exercises

10. Click Finish. You have just finished the project creation. You should see the top-level entity (adder) in
the Compilation Hierarchies tab of the Project Navigator window.

11. From the File menu select new or click on O . The New file dialog box will appear; select VHDL

file. Click on OK

Mew I

Device Design Files | S oftware Files I Other Files I

AHDL File
Black Diagram/Schematic File
EDIF File

"v"erilcui HOL File

k. Cancel

Figure 1-2.
12. VHDL text editor will appear.
13. Before the beginning of your code (before the ENTITY), type the following:
LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;
14. Write your source code.

Remember to use the same input and output port names as shown in Figure 1-1.

15. Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera_trn\vhdI\lab1\adder.vhd.

Step 3 (Synthesize the design)
1. From the Processing menu choose Start-> Start Analysis and Synthesis
2. This will save and check for syntax and semantic errors for the file adder.vhd. It will then synthesize

the design. When you see the message “Analysis and synthesis was successful”, click OK.

I -_— 7
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Exercises

Step 4 (Do a functional simulation)

Introduction to VHDL

1. The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

2. Go to the Assignments menu and choose Simulator. In the Simulator mode section select Functional.

Settings - reg il
Cateqgarny:
- Files
- User Libraries Select options for zsimulations.
- Device
- Timing Requirements & Ophionz . . -
. Sirnulah e
- EDA Tool Settings imulation made: IFunchonaI j
- Compilation Process Simulation input: I |
[+ Analysiz & Synthezis Settings
[#- Fitter Settings — Simulation period
- Timing Analyzer % Run simulation until ll vector stimuli are used
- Design Assistant
- SignalT ap Il Logic Analyzer " End simulation at I his ¥
- SignalProbe Settings
- Simulator — Simulation options
- Soflware Build .Settlr'ugs v Automatically add pins to simulation output waveforms
- Stratiu G Registration '
- HardCopy Settings Check outputs
I~ Setup and bolditime violation detection
™ Glitch detection: I1 A0 ns ¥
Iv' Simulation coverage reporting
[~ Ovenwrite simulation input file with simulation results
uPCare Tranzaction fMade! File Mame: |
Foweer Estimation,.. |
Ok Cancel
A
Choose OK.

4. From the Processing menu select the Generate Functional Simulation Netlist, Click OK when done.

-

5. From the Processing menu select Start Simulation or click on | =™ |, When you see the message,

“Simulation was successful”, click OK.

6. Check to see if you get the same results shown in Figure 1-6.
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Introduction to VHDL Exercises

Simulation Waveforms

Mazter Time Bar: bl0ns 4| +| Painter: 4419 s Interal: i 319ns Start; | End: i
Vil ps 10.0 ns 20,0z 30.0ns 40.0ns 500 n4
Mame 5l ns 50rs
o

o a us ] I 3 10

o b U5

o UM ] 13 15

Figure 1-6.

Step 6 (Check operator overloading)

1. In adder.vhd, comment (--) out the LIBRARY and USE clauses in the beginning of the file.
-- LIBRARY ieee;

-- USE ieee.std_logic_1164.all;
-- USE ieee.std_logic_unsigned.all;

Save and check adder.vhd. L

3. You should get the following error messages as shown in Figure 1-7.

[ ﬁ{,) Info: Running Quartus 1l Analysiz & Synthesis
&,) Info; Command: quartus_map -impart_setings_fles=on -export_settings_files=off adder -c adder —-analyze_project
0 Error WHDL ernor at adder.vhd(E): object std_logic_wector iz uzed but not declared
0 Errar WHOL ermor at adder.vhd(7); object std_logic_wectar is used but not declared
0 Error: [gnored construct adder at adder.vhd(9] because of previous ermars
0 Errar: WHOL enar at adder vhd[11]: entity adder is used but nat declared
0 Error WHDL enor at adder.vhd(14]: object sum is uzed but not declared
Q Error: WHDL ermor at adder.vhd[11]: entity adder must be in current project’s wark, library

'¢,) Info; Found 0 design units and 0 entities in source file c:h\documents and seftings\mmendozahdesktopiwhdhintroduction_to_vhdl_quartusii_verfsolutionshabladder. vhd
[ 0 Error: Quartus Il Analysiz & Synthesis was unsuccessful. 6 enors, 4 warnings
“A} Info: Writing repart Fle adder map ot

Figure 1-7.

This is due to operator overloading. The VHDL compiler does not understand the arithmetic operation for
std_logic_vector data types. The std_logic_unsigned package contains the function that describes this

arithmetic operation. Therefore, the library that contains this package and the package itself needs to be
referenced in the design file.
-_— 9
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Exercises Introduction to VHDL

5. Change adder.vhd to re-include the declarations then save.

Step 7 (Close the project)

1. From the File menu select Close project option.

END OF EXERCISE 1
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Exercises Introduction to VHDL

Exercise 2

Objective: Build a four input 2:1 multiplexer using IF-THEN statement.

The input to the multiplexer consists of two 4-bit data buses ( a[3..0] and b[3..0] ). The output ( y[3..0] ) is
a[3..0] if the select control (sel) is low (0). The output is b[3..0] if sel is high (1).

The four input 2:1 multiplexer will be used in the top level design for selecting the 4-bit slices a[7..4],
a[3..0], b[7..4], and b[3..0] as inputs to the 4 X 4 multiplier.

Figure 2-1.

The inputs a and b, and the output y are declared as STD_LOGIC_VECTOR(3 DOWNTO 0).
The input sel is declared as a STD_LOGIC.

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab
Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in step1.

3. Type a name for the project in the project name box. For this lab, type mux4.
Type mux4 as the name of the top-level design entity of the project in the top-level design entry box.
Click Next. The second page of the New Project Wizard appears.

At this point, there is no file to add because we will create the mux4 source file later.

N o ok

Click Next. The EDA Tools Settings page appears. These exercises will use only Quartus II so the
Tool Name should be <NONE> for all the Tool Types.

Copyright © 2003 Altera Corporation ®
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Introduction to VHDL

Exercises

8. Click Next. The Device Family page appears. Select Stratix II as the Device Family and select No, I

want to allow the Compiler to choose a device.

9. Click Next 2 times. The summary page appears. The summary page gives information about your

project.

10. Click Finish. You have just finished the project creation. You should see the top-level entity (mux4) in

the Compilation Hierarchies tab of the Project Navigator window.

11. From the File menu select new or click on O . New file dialog box will appear and select VHDL

file. Click OK.

Mew

Dresign Files | Other Filesl Project Filesl Other Du:u:umentsl

]|

AHDL File
Block Diagram/Schematic File
EDIF File

"v"erilcui HOL File

Ok

Cancel

Figure 2-2.

1. VHDL text editor will appear.

2. Before the beginning of your code (before the ENTITY), type the following:

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;

3. Write your source code.

Remember to use the same input and output port names as shown in Figure 2-1.

4. Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera_trn\vhdI\lab2\mux4.vhd.

/AVOTS RYAN,
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Exercises

Step 3 (Synthesize the design)

1. From the Processing menu choose Start-> Start Analysis and Synthesis

Introduction to VHDL

2. This will save and check for syntax and semantic errors for the file mux4.vhd. It will then synthesize

the design. When you see the message “Analysis and synthesis was successful”, click OK.

Step 4 (Do a functional simulation)

3.

The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

Go to the Assignments menu and choose Simulator. In the Simulator mode section select

Functional.

Settings - reg

Categaony:

- [eneral

- Files

- Jzer Libraries

- Device

- Timing Flequirements & Options
[#- EDA Tool Settings

- Compilation Process

- Analyziz & Synthesiz Settings
- Fitter Settings

- Timing Analyzer

- Design Azziztant

- SignalTap Il Logic Analyzer
- SignalProbe Settings

- Simulabar

- Software Build Settings

- Strativ G Registration

- HardCopy Settings

frn i ]
il ol

(]
s}

Select options far zimulations.

Simulation mode: IFunctionaI

Sirmulation input: I

=]
|

r— Simulation period

" End simulation at; I nz

& Run simulation until all vector stimuli are used

r— Simulation options

[ Check outputs

I~ | Glitch detection: ITU s

¥ Simulation coverage reporting

v Autornatically add pins to simulation output waveforms

™| Setup and hold time violation detection

[ Owvenwrite simulation input file with simulation results

uFCore Transacton Model File Wame:

Fawer Estimatian.. |

Ok, Cancel

Choose OK.

4. From the Processing menu select the Generate Functional Simulation Netlist.

5.

Copyright © 2003 Altera Corporation
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Introduction to VHDL Exercises

-

6. From the Processing menu select Start Simulation or click on | == . When you see the message,
“Simulation was successful”, click OK.

7. Check to see if you get the same results shown in Figure 2.6.

Simulation Waveforms

Master Time Bar: 25.0 ng ‘l 'l F'ointer:| 1774 ne Intewal:i 92.74 ns Start:| End:|
Yl ps 800ns 160,0ns 2400ns 3200ns 4000ns 4800ns 560,0ns B400ns 720,0ns B00,0ns 880,0ns 960,0 ns|
s 250 four
| sel ED 8 i O O T S g I 6 0 g A
[T a g
o b U7
o ¥ IEN SRS SIS SR D S S AED S S S S S DAL S S S A
Figure 2-6.

Step S (Close the project)

1. From the File menu select Close project option to close the project.

END OF EXERCISE 2

/AVOTS RYAN, ?
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Exercise 3

I — 17
Alm ® Copyright © 2003 Altera Corporation

A-MNL-IVHDL-09-v4.0



Exercises

Exercise 3

Introduction to VHDL

Objective: Build a 7-segment display using CASE statement.

The 7-segment display shall display 0, 1, 2, 3, and E.

INPUTS
IN2 IN1 INO A b
0 0 0 1 1
0 0 1 0 1
0 1 0 1 1
0 1 1 1 1
1 X X 1 0

OUTPUTS

c d E F g

1 1 1 1 0

1 0 0 0 0

0 1 1 0 1

1 1 0 0 1

0 1 1 1 1
: SEVEN
: A
: -
: o
'E—IHF‘UT[E..E] oD
; el
: -
o —
B

Figure 3-1.

DISPLAY

T W — O

The input input is declared as STD_LOGIC_VECTOR(2 DOWNTO 0).
The outputs a, b, ¢, d, e, f, g are declared as STD_LOGIC.

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please

follow the following steps:

Copyright © 2003 Altera Corporation
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Introduction to VHDL Exercises

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in step1.

3. Type a name for the project in the project name box. For this lab, type seven.
Type seven as the name of the top-level design entity of the project in the top-level design entry box.
Click Next. The second page of the New Project Wizard appears.

At this point, there is no file to add because we will create the seven source file later.

A

Click Next. The EDA Tools Settings page appears. These exercises will use only Quartus II so the
Tool Name should be <NONE> for all the Tool Types.

8. Click Next. The Device Family page appears. Select Stratix II as the Device Family and select No, I
want to allow the Compiler to choose a device.

9. Click Next 2 times. The summary page appears. The summary page gives information about your
project.

10. Click Finish. You have just finished the project creation. You should see the top-level entity (mux4) in

the Compilation Hierarchies tab of the Project Navigator window.

11. From the File menu select new or click on O New file dialog box will appear and select VHDL file.
Click OK.

Mew I
Diesign Files | Other Filesl Project Filesl Other Du:u:umentsl
AHDL File
Block Diagram/Schematic File
EDIF File

"v"erilcui HOL File

k. Cancel

Figure 3-2.
12. VHDL text editor will appear.

I — 19
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Exercises Introduction to VHDL

13. Before the beginning of your code (before the ENTITY), type the following:
LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;

14. Write your source code.

Remember to use the same input and output port names as shown in Figure 3-1.

15. Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera_trn\vhdI\lab3\seven.vhd.

Step 3 (Synthesize the design)
1. From the Processing menu choose Start-> Start Analysis and Synthesis
2. This will save and check for syntax and semantic errors for the file seven.vhd. It will then synthesize

the design. When you see the message “Analysis and synthesis was successful”, click OK.
Step 4 (Do a functional simulation)

1. The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

Copyright © 2003 Altera Corporation ®
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Exercises

2. Go to the Assignments menu and choose . In the Simulator mode section select

Functional.

Settings - reg

Cateqgarny:

- General

- Files

- Uzer Libranies
- Device

[+ ED Toal Settings

- Compilation Process

- Analysiz & Synthesiz Settings
- Fitter Settings

- Timing Analyzer

- Design Assistant

- SignalT ap Il Logic Analyzer
- SignalProbe Settings

- Simulator

- Software Build Settings

- Stratiu G Registration

- HardCopy Settings

][]
il o}

[l
sl

Select options for zsimulations.

- Timing Requirements & Ophionz

Simulation mode: IFunctionaI

Simulation input: I

B

— Simulation period

' End simulation at: I 1

-

% Run simulation until ll vector stimuli are used

— Simulation options

[T Check outputs

I~ Setup and bolditime violation detection

™ Glitch detection: |1-U ns

Iv' Simulation coverage reporting

v Automatically add pins to simulation output waveforms

[~ Ovenwrite simulation input file with simulation results

uPCare Tranzaction fMade! File Mame:

Foweer Estimation,.. |

Ok Cancel

3. Choose OK.

4. From the Processing menu select the Generate Functional Simulation Netlist, Click OK when done.

5. From the Processing menu select Start Simulation or click on | == . When you see the message,

“Simulation was successful”, click OK.

6. Check to see if you get the same results shown in Figure 3-6.

/AVOTS RYAN,
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Simulation Waveforms

Master Time Bar: 50.0 ns <| >| Pairter: | 16.71 ns Interyal: | -33.29ns Start: | Etd: |

el ps 2D.ID ns 4D.ID ns BD.ID ns BD-!J ns 1DDiD ns 12EIiD ns 'I-'-iDiU ns 1EDiD ns 'IBDiD ns 2DDiD ns |

Name | 6000 B0.0ns
B
[T input U1 0 Z i
fod a BO
Lo d b B1
.o C B1
Lo d BED
.o 2 B0
i f ED
Lo aq BO
4 |
Figure 3-6.

Step 5 (Close the project)

1. From the File menu select Close project option to close the project.

END OF EXERCISE 3

Copyright © 2003 Altera Corporation ®
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Exercise 4

Objective: Build an 8-bit to 16-bit shifter using a FOR LOOP statement

In this exercise, you will build an 8-bit to 16-bit shifter. This shifter will be capable of perform three types
of shifter operations: no shift, left shift by 4 bit positions, and left shift by 8 bit positions.

The input to the shifter consists of a single 8-bit data bus (in[7..0] ). The shift operation is controlled by
the control signal cnt[1..0].

When cnt = “00”, the no shift operation will be selected. The output ( result[15..0] ) shall be: result[15..8]
=0 and result [7..0] = in[7..0].

When cnt = “017, the left shift by 4 operation will be selected. The output ( result[15..0] ) shall be:
result[15..12] = 0, result [11..4] = in[7..0], and result[3..0] = 0.

When cnt = “10”, the left shift by 8 operation will be selected. The output ( result[15..0] ) shall be:
result[15..8] = in[7..0], and result[7..0] = 0.

When cnt =”117, the no shift operation will be selected. The output ( result[15..0] ) shall be: result[15..8] =
0 and result [7..0] = in[7..0].

This 8-bit to 16-bit shifter will be used to perform the * 2 A 0 (no shift), * 2 * 4 (left shift by 4 bit positions),
and * 2 /A 8 (left shift by 8 bit positions) operations of the following equation:

: SHIFTER
= fMFUTL7--©]1 RESULTLL1S. . @]

—CHTLL..@J

Figure 4-1.

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

: /ANO TS RYAN
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Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in stepl.

3. Type a name for the project in the project name box. For this lab, type shifter.
Type shifter as the name of the top-level design entity of the project in the top-level design entry box.
Click Next. The second page of the New Project Wizard appears.

At this point, there is no file to add because we will create the shifter source file later.

A L

Click Next. The EDA Tools Settings page appears. These exercises will use only Quartus II so the
Tool Name should be <NONE> for all the Tool Types.

8. Click Next. The Device Family page appears. Select Stratix II as the Device Family and select No, I
want to allow the Compiler to choose a device.

9. Click Next 2 times. The summary page appears. The summary page gives information about your
project.

10. Click Finish. You have just finished the project creation. You should see the top-level entity (mux4) in
the Compilation Hierarchies tab of the Project Navigator window.

11. From the File menu select new or click on O . New file dialog box will appear and select VHDL

file. Click OK.

® Copyright © 2003 Altera Corporation
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Mew I
Dresign Files | Other Filesl Project Filesl Other Du:u:umentsl
AHDL File
Block Diagram/Schematic File
EDIF File

"v"erilcui HOL File

k. Cancel

Figure 4-2.

12. VHDL text editor will appear.

13. Before the beginning of your code (before the ENTITY), type the following:
LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;

14. Write your source code.

Remember to use the same input and output port names as shown in Figure 4-1.

15. Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera_trn\vhdI\lab4\shifter.vhd.

Step 3 (Synthesize the design)
1. From the Processing menu choose Start-> Start Analysis and Synthesis
2. This will save and check for syntax and semantic errors for the file shifter.vhd. It will then synthesize

the design. When you see the message “Analysis and synthesis was successful”, click OK.

Step 4 (Do a functional simulation)
1. The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.
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2. Go to the Assignments menu and choose Simulator. In the Simulator mode section select

Functional.

Settings - reg

Cateqgarny:

- General

- Files

- Uzer Libranies
- Device

[+ ED Toal Settings

- Compilation Process

- Analysiz & Synthesiz Settings
- Fitter Settings

- Timing Analyzer

- Design Assistant

- SignalT ap Il Logic Analyzer
- SignalProbe Settings

- Simulator

- Software Build Settings

- Stratiu G Registration

- HardCopy Settings

][]
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Select options for zsimulations.

- Timing Requirements & Ophionz

Simulation mode: IFunctionaI

Simulation input: I

— Simulation period

' End simulation at: I 1

% Run simulation until ll vector stimuli are used

— Simulation options

[T Check outputs

™ Glitch detection: |1-U ns

Iv' Simulation coverage reporting

I~ Setup and bolditime violation detection

v Automatically add pins to simulation output waveforms

[~ Ovenwrite simulation input file with simulation results

uPCare Tranzaction fMade! File Mame:

Foweer Estimation,.. |

Ok Cancel

3. Choose OK.

4. From the Processing menu select the Generate Functional Simulation Netlist, Click OK when done.

5. From the Processing menu select Start Simulation or click on | == . When you see the message,

“Simulation was successful”, click OK.
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1. Check to see if you get the same results shown in Figure 4-6.

Simulation Waveforms

Master Time Bar: 50.0 ns <| >| Pairter: | 58.06 ns Interyal: | 8.06 ns Start: | Etd: |
ps 200 nz 40.0 nz B0.0 nz 80.0 ns 100.0 n4
Value at . _ . I
Name | 50 50.0ns
B

T cnt U1
i input | B 11110000 11170000
) result | B 0000117 000000000 1110000 000071 11100000000

KN — jJ|

Figure 4-6.

Step 5 (Close the project)

1. From the File menu select Close project option to close the project.

END OF EXERCISE 4
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Exercise 5

Objective: Two-part exercise:
Part A -- Build a 16-bit register with synchronous operation
Part B —Build a 2 bit counter with asynchronous operation

Part A

Functionality of the 16-bit register:
If clr="1" AND clken="1’, then in_reg will be loaded into register at the rising edge of clock.
Otherwise, if clr="0", then the register is cleared at the rising edge of clock.
Note: This is a synchronous clear and clock enable register. Therefore, the IFF-THEN
that checks for clear and clock enable should be inside the IF-THEN statement that

that checks for the clock condition.

RELC
— CLK
E—an OUT_REGLLS. . O] fee
— CLKEM
— IN_REGL1S. . @]

Figure 5-1.

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.
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2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in stepl.

3. Type a name for the project in the project name box. For this lab, type reg.

A L

Click Next. The second page of the New Project Wizard appears.

Type reg as the name of the top-level design entity of the project in the top-level design entry box.

At this point, there is no file to add because we will create the reg source file later.

Click Next. The EDA Tools Settings page appears. These exercises will use only Quartus II so the
Tool Name should be <NONE> for all the Tool Types.

8. Click Next. The Device Family page appears. Select Stratix II as the Device Family and select No, I
want to allow the Compiler to choose a device.

9. Click Next 2 times. The summary page appears. The summary page gives information about your

project.

10. Click Finish. You have just finished the project creation. You should see the top-level entity (mux4) in
the Compilation Hierarchies tab of the Project Navigator window.

11. From the File menu select new or click on O . New file dialog box will appear and select VHDL

file.

Mew

Diezign Files | Other Filesl Project Filesl Other Du:u:umentsl

]

AHDL File
Block DiagramdSchematic File
EDIF Filz

‘»-’erilu:ui HOL File

Ok

Cancel

Figure 5-2.

12. VHDL text editor will appear.

13. Before the beginning of your code (before the ENTITY), type the following:
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LIBRARY ieee;

USE ieee.std_logic_1164.all;

USE ieee.std_logic_unsigned.all;

14. Write your source code.

Introduction to VHDL

Remember to use the same input and output port names as shown in Figure 5-1.

15. Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera_trn\vhdI\labSa\reg.vhd.

Step 3 (Synthesize the design)

1. From the Processing menu choose Start-> Start Analysis and Synthesis
2. This will save and check for syntax and semantic errors for the file reg.vhd. It will then synthesize the

design. When you see the message “Netlist Analysis and synthesis was successful”, click OK.

Step 4 (Do a functional simulation)
1. The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

2. Go to the Assignments menu and choose Simulator. In the Simulator mode section select Functional.

Cateqgarny:

][]
il o}

[l
sl

- General

- Files

- Uzer Libranies

- Device

- Timing Requirements & Ophionz
- EDA Tool Settings

- Compilation Process

- Analysiz & Synthesiz Settings
- Fitter Settings

- Timing Analyzer

- Design Assistant

- SignalT ap Il Logic Analyzer
- SignalProbe Settings

- Simulator

- Software Build Settings

- Stratiu G Registration

- HardCopy Settings

Select options for zsimulations.

Simulation mode: IFunctionaI

Simulation input: I

B

— Simulation period

% Run simulation until ll vector stimuli are used

' End simulation at: I 1 -

— Simulation options
v Automatically add pins to simulation output waveforms
[T Check outputs

I~ Setup and bolditime violation detection

™ Glitch detection: |1-U ns -

Iv' Simulation coverage reporting

[~ Ovenwrite simulation input file with simulation results

uPCare Tranzaction fMade! File Mame:

Foweer Estimation,.. |
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4. Choose OK.

5. From the Processing menu select the Generate Functional Simulation Netlist, Click OK when done.

6. From the Processing menu select Start Simulation or click on | == . When you see the message,

“Simulation was successful”, click OK.

7. Check to see if you get the same results shown in Figure 5-6.

Simulation Waveforms

Master Time Bar: 16.3ns 4| +| Pointer: 2222 ns Interval: 5.92 ns Start: End:
| Pps 40.0ns 80.0ns 120.0ns 160,0 ns 2000 n:i
Name i 163ns
]
[ clk i
- clr 3.
F clken .3...
E in_req 13 1111 1010 01
| @ outreg 1. 0000 IR
Figure 5-6.

Step S (Close the project)

1. From the File menu select Close project option to close the project.
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Part B

The 2-bit counter can be constructed using the +1 operation. It is used to help the state machine track the
cycles of the sequential multiplication.

Functionality of the 2-bit counter:

If clr="0’, the counter is cleared immediately.

Otherwise, if clr="0’, then the count increments by 1 at the rising edge of clock.

Note: This is an asynchronous clear.

: COUNTER
—|CLK SUHML[Ll.. O]

—cLR

Figure 5-7.

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in stepl.

3. Type a name for the project in the project name box. For this lab, type counter.
Type counter as the name of the top-level design entity of the project in the top-level design entry box.
Click Next. The second page of the New Project Wizard appears.

At this point, there is no file to add because we will create the counter source file later.

A A

Click Next. The EDA Tools Settings page appears. These exercises will use only Quartus II so the
Tool Name should be <NONE> for all the Tool Types.

8. Click Next. The Device Family page appears. Select Stratix II as the Device Family and select No, I
want to allow the Compiler to choose a device.

" /ANO TS RYAN
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9. Click Next 2 times. The summary page appears. The summary page gives information about your
project.

10. Click Finish. You have just finished the project creation. You should see the top-level entity (mux4) in

the Compilation Hierarchies tab of the Project Navigator window.

11. From the File menu select new or click on O . New file dialog box will appear and select VHDL

file.

Mew I
Dresign Files | Other Filesl Project Filesl Other Du:u:umentsl
AHDL File
Block Diagram/Schematic File
EDIF File

"v"erilcui HOL File

k. Cancel

Figure 5-8.
12. VHDL text editor will appear.
13. Before the beginning of your code (before the ENTITY), type the following:
LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;
14. Write your source code.

Remember to use the same input and output port names as shown in Figure 5-7.

15. Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera_trn\vhdI\labSb\counter.vhd.

Step 3 (Synthesize the design)
1. From the Processing menu choose Start-> Start Analysis and Synthesis
2. This will save and check for syntax and semantic errors for the file counter.vhd. It will then synthesize

the design. When you see the message “Analysis and synthesis was successful”, click OK.
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Step 4 (Do a functional simulation)

1.

Introduction to VHDL

The stimulus file has been created for you to verify the functionality of your design. If you are
interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

Go to the Assignments menu and choose choose Simulator. In the Simulator mode section select

“Simulation was successful”, click OK.

Check to see if you get the same results shown in Figure 5-12.

Copyright © 2003 Altera Corporation
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From the Processing menu select the Generate Functional Simulation Netlist, Click OK when done.

From the Processing menu select Start Simulation or click on | == . When you see the message,
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A-MNL-IVHDL-09-v4.0

Functional.
Settings - reg il
Cateqgarny:
- Files
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- Timing Analyzer % Run simulation until ll vector stimuli are used
- Design Assistant
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- Simulatar — Simulation options
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Simulation Waveforms
Master Time Bar: 50.0 hs <| >| Fointer: | 104.52 nz Intereal: | 5452 nz Start: | End: |

Val ps 4D.IU ns BU.IEI ng 12Ui|] ng 1EUiU ng 200.0 n4

L 5. E0.0 s
d
{1 ] clk, BO
1 clr B1
o sum HD
Figure 5-12.

Step 5 (Close the project)

1. From the File menu select Close project option to close the project.

END OF EXERCISE 5
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Exercise 6
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Exercise 6

Objective: Three-part exercise:
Part A — Examine the controlling state machine
Part B — Build a 4x4 multiplier using LPM_MULT

Part C — Putting it all together by declaring and instantiating the
lower-level components

Part A

You have now completed building all of the components necessary to build the 8x8 multiplier, except for
the controlling state machine and the 4x4 multiplier (Part B). Due to time, the controlling state machine has
been written for you and is located in <path>\altera_trn\vhdl\lab6a\control.v.

This state machine will manage all the operation that occurs within the 8 X 8 multiplier.

The state machine will perform the ( (a[3..0] * b[3..0] ) * 2 ~ 0 ) multiplication in the first cycle (LSB state)
after the input signal stzart becomes a ‘1’. This intermediate result is saved in an accumulator.

In the second clock cycle (MID state), the ( ( a[3..0] * b[7..4] ) * 2 A 4 ) multiplication is performed. The
multiplication result is added with the content of the accumulator and clocked back into the accumulator.

In the third clock cycle (MID state), the ( (a[7..4] * b[3..0] ) * 2~ 4 ) multiplication is performed. The
multiplication result is added with the content of the accumulator and clocked back into the accumulator.

In the fourth clock cycle (MSB state), the ( (a[7..4] * b[7..4] ) * 2~ 8 ) multiplication is performed. The
multiplication result is added with the content of the accumulator and clocked back into the accumulator.
This result is the final result:

result[15..0] = a[7..0] *b[7..0]

= ((a[7.4]%b[7.4])*218)
+((a[7.4]1*b[3..0]) ¥214)
+((a[3.0] *b[7.4]) 21 4)
+((a[3..0]*b[3..0]) ¥210)

NOTE: There are two inputs to the state machine start and count[1..0]. The start signal is a single cycle
high-true signal. When start becomes a ‘1’, it indicates that multiplication can begin at next clock cycle.
The start signal can only be asserted for one clock cycle. The start signal shall stay a ‘0’ until next 8 x 8
multiplication is to be performed. The count[1..0] signal is the output of a free running 2-bit counter. The
count[1..0] signal is synchronously initialized by the start signal. Count[1..0] is used by the state machine
to track the cycles of the multiplication.

Please also note that this is NOT the optimal design. The state machine design as you see it is intended for
exercising your VHDL skills and not the ability to perform optimum solution.

v /ANO TS RYAN
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CONTROL

IHN_SEL[L. . @]
—cLK SHIFTLL. . @]
—RsT STATE_OUTLZ. . @] =
—]|sTART DOME[—
—COUHTLL. . @] CLKEH—

REGCLR—

Figure 6-1.

START=0
COUNT=X
in_sel[1..0]=X
shif[1..0]=x
done=0
clken=1
regclr=1

IDLE

START=0 state_out[2..0]=000
COUNT=3 START=1
_______________ COUNT=X
in_sel[1..0]=3 s
shif[1..0]=2 START=1 In_gel[1 ..0]=X
done=1 COUNT=x shif[1..0]=x
ckken=0 done=0
regclr=1 in_sel[1..0]=x clken=1
shif[1..0]=x regelr=0
others done=0
"""""""""" clken=1
in_sel[1..0]=x regclr=0
shif[1..0]=x
done=0
clken=1
regclr=1 others
ERR T
state_out[2..0]=100 in_sel[1..0]=x
shif[1..0]=x LSB
MSB done=0 state_out[2..0]=001
state_out[2..0]=011 others clken=1
_______________ regclr=1
in_sel[1..0]=x
shif[1..0]=x others
done=0 -
clken=1 in_sel[1..0]=x
regc|r=1 Shif[1 ..0]=X
done=0 START=0
clken=1 COUNT=0
START=0 regelr=t
COUNT=2

in_sel[1..0]=0
shif[1..0]=0

in_sel[1..0]=2

. done=0
shif[1..0]=1 clken=0
done=0 regclr=1

MID
state_out[2..0]=010

clken=0
regclr=1

START=0
COUNT=1
in_sel[1..0]=1
shif{1..0]=1
done=0
clken=0
regclr=1

X means a “don’t care” in this state diagram.
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Part B

The last component you will build is a 4x4 multiplier.

You will use the LPM_MULT supplied by Altera to build a multiplier with a 4-bit multiplicands and an
8-bit result output.

B rruftd xd .

cataal3..0
i result[7 oH
clatakl3..0 Unzigred

multiplication

inst
ul | Im

Figure 6-2.

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

Step 2 (Use the MegaWizard Plug-In Manager to Create the Multiplier)
To create a VHDL file which instantiates the LPM_MULT, please follow the following steps:

1. Choose Tools>MegaWizard Plug-In Manager. In the window that appears, select Create a new
custom megafunction variation. Click on Next.

2. In the window that appears, expand the arithmetic folder and select LPM_MULT. Choose VHDL
output. Name the output file <pathname>\lab6b\mult4x4. Click on Next.

3. Set the width of the dataa bus to be 4 bits and the width of the datab bus to be 4 bits. For the
remaining settings in this window, use the defaults that appear. Select Next.

4. For the next 2 windows that appear, simply use the default settings by selecting Next.
5. Select Finish in the final window that appears.

The multiplier is built. A VHDL file (mult4x4.vhd) has been created which instantiates LPM_MULT. To
view this file, go to the File menu, select Open and select mult4x4.vhd.

“ /ANO TS RYAN
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Step 3 (Create a Project for the Multiplier)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in stepl.

3. Type a name for the project in the project name box. For this lab, type mult4x4.

4. Type mult4x4 as the name of the top-level design entity of the project in the top-level design entry
box.

5. Click Next. The second page of the New Project Wizard appears.

6. Click Next. The EDA Tools Settings page appears. These exercises will use only Quartus II so the
Tool Name should be <NONE> for all the Tool Types.

7. Click Next. The Device Family page appears. Select Stratix II as the Device Family and select No, I
want to allow the Compiler to choose a device.

8. Click Next 2 times. The summary page appears. The summary page gives information about your
project.

9. Click Finish. You have just finished the project creation. You should see the top-level entity (mux4) in
the Compilation Hierarchies tab of the Project Navigator window.

Step 4 (Synthesize the design)
1. From the Processing menu choose Start-> Start Analysis and Synthesis
2. This will save and check for syntax and semantic errors for the file mult4x4.vhd. It will then synthesize

the design. When you see the message “Analysis and synthesis was successful”, click OK.

Step 5 (Do a functional simulation)
1. The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.
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2. Go to the Assignments menu and choose Simulator. In the Simulator mode section select

Functional.

Settings - reg
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- Device

[+ ED Toal Settings
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- Simulator
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- HardCopy Settings
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Select options for zsimulations.

- Timing Requirements & Ophionz

Simulation mode: IFunctionaI

Simulation input: I

— Simulation period
% Run simulation until ll vector stimuli are used

' End simulation at: I 1 -

— Simulation options
v Automatically add pins to simulation output waveforms
[T Check outputs

I~ Setup and bolditime violation detection

™ Glitch detection: |1-U ns -

Iv' Simulation coverage reporting

[~ Ovenwrite simulation input file with simulation results

uPCare Tranzaction fMade! File Mame:

Foweer Estimation,.. |

Ok Cancel

3. Choose OK.

4. From the Processing menu select the Generate Functional Simulation Netlist, Click OK when done.

5. From the Processing menu select Start Simulation or click on | =™ . When you see the message,

“Simulation was successful”, click OK.

6. Check to see if you get the same results shown in Figure 6-6.
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Figure 6-6.

Step 6 (Close the project)

1. From the File menu select Close project option to close the project.
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Part C

You have now completed building all of the components necessary to build the 8x8 multiplier.

Making use of the knowledge you have gained up to this point, you should instantiate each component in a
top-level design and connect all signals as shown in Figure 6-7. To save time, we have completed part of
this for you. Please finish this task by instantiating mult4x4 and shifter. You will also need to declare the
PRODUCT signals. You have successfully completed the Introduction to VHDL class once your top-level
design is compiled and simulated correctly.

Congratulations!

You have completed the implementation of the following 8x8 multiplier.

result[15..0] = a[7..0] *b[7..0]

((a[7.4] *b[7..4])*278)
+((a[7.4]1*b[3..0]) ¥214)
+((a[3.0]*b[7.4]) *214)
+((a[3..0] *b[3..0]1)*240)

* /ANO TS RYAN
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Figure 6-7.

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab
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Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

10.

11.
12.
13.

14.
15.

Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in stepl.

Type a name for the project in the project name box. For this lab, type mult8x8.

Type mult8x8 as the name of the top-level design entity of the project in the top-level design entry
box.

Click Next. The second page of the New Project Wizard appears.

Click Add All to add the partially completed mult8x8.vhd file.

Click Next. The EDA Tools Settings page appears. These exercises will use only Quartus II so the
Tool Name should be <NONE> for all the Tool Types.

Click Next. The Device Family page appears. Select Stratix II as the Device Family and select No, I
want to allow the Compiler to choose a device.

Click Next 2 times. The summary page appears. The summary page gives information about your
project.

Click Finish. You have just finished the project creation. You should see the top-level entity (mult8x8)
in the Compilation Hierarchies tab of the Project Navigator window.
From the File menu select Open. Open mult8x8.vhd.

The VHDL text editor will appear.
Complete the source code to instantiate mult4x4, shifter, and the PRODUCT signals.

Remember to use the same input and output port names as shown in Figure 6-7.

Go to File menu and Choose Save.
The lower-level components have been created in different directories than the current directory.
In order for Quartus II to find these lower-level components, it must have a search path.
Therefore, you must do the following:
» Go to Assignments menu and Choose Settings. From the Files & Directories category choose
User Libraries tab. Browse the file locations:

a) Choose the directory structure <path>\lab1. Click on open.

b) Choose the directory structure <path>\lab2. Click on open.

¢) Choose the directory structure <path>\lab3. Click on open.

d) Choose the directory structure <path>\lab4. Click on open.

e) Choose the directory structure <path>\lab5a. Click on open.

f) Choose the directory structure <path>\lab5b. Click on open.

* /ANO TS RYAN
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g) Choose the directory structure <path>\lab6a. Click on open.
h) Choose the directory structure <path>\lab6b. Click on open.
i) Click OK.

Step 3 (Synthesize the design)
1.  From the Processing menu choose Start-> Start Analysis and Synthesis
2. This will save and check for syntax and semantic errors for the file mult8x8.vhd. It will then synthesize

the design. When you see the message “Analysis and synthesis was successful”, click OK.

Step 5 (Do a functional simulation)
1. The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

2. Go to the Assignments menu and choose Simulator. In the Simulator mode section select

Functional.
Settings - reg
Cateqgarny:
- Files
- User Libraries Select options for zsimulations.
- Device
- Timing Requirements & Ophionz . . -
. Sirnulah e
- EDA Tool Settings imulation made: IFunchonaI j
- Compilation Process Simulation input: I |
[+ Analysiz & Synthezis Settings
[#- Fitter Settings — Simulation period
- Timing Analyzer % Run simulation until ll vector stimuli are used
- Design Assistant
- SignalT ap Il Logic Analyzer " End simulation at I his ¥
- SignalProbe Settings
- Simulatar — Simulation options

[l
sl

- Software Build Settings
- Stratiu G Registration
- HardCopy Settings

v Automatically add pins to simulation output waveforms
[T Check outputs

I~ Setup and bolditime violation detection

™ Glitch detection: |1-U ns -

Iv' Simulation coverage reporting

[~ Ovenwrite simulation input file with simulation results

Foweer Estimation,.. |

uPCare Tranzaction fMade! File Mame: |

Ok Cancel

3. Choose OK.

4. From the Processing menu select the Generate Functional Simulation Netlist, Click OK when done.
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6. From the Processing menu select Start Simulation or click on | ™= . When you see the message,
“Simulation was successful”, click OK.

7. Check to see if you get the same results shown in Figure 6-11.

M aster Time Bar: 125 ns 4| 'I Painter: | 141.38 ns Interval: | 128.88 ns Start: | End: |

aliat pz -'-1D.ID ns BD.ID nz 12DiD ns 1EDiD ns 2DDiD ng 2-’1DiD ng 2BDiD nz 32DiD nz 3BDiD nz 4DDiD ns 440iD ns |
MName | 425 ns 25
o clk; BD | | 1
(1] reset B1
> start B1 [
[ a H o i 5
> b H o i 8
) result H 000D o700 x E
Lo abcdefg H7E vE o I B ED MR
{0 done_flag BO [
po g controbu... |B code.... codsiidlE A codelsh T Code fid JEodefsh
i o

Figure 6-11.

Step 7 (Close the project)

1. From the File menu select Close project option to close the project.

END OF EXERCISE 6
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APPENDIX
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How to create a stimulus file:

3

1. Create a new waveform stimulus for simulation. Click on
2. Under Other Files tab: Choose Vector Waveform File
Mew x|

Device Design Filesl Software Files  Other Files |

AHDL Include File

Block, Symbal File

Chain Description File L})
Hewadecimal [Intel-Format) File

b emary Initialization File

SignalT ap Il File
Tl Script File
Test File

Wector W aveform File

0k, Cancel

Click OK.
Enter nodes into the waveform file. Edit menu -> Insert Node or Bus

Set the inputs to the appropriate values.

A

Save the file.
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