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Programmable Logic Devices: Stage A

Acknowledgements: Developed by Bassam Matar, Faculty at Chandler-Gilbert Community College,
Chandler, Arizona.

Lab Summary: This lab will present design entry, simulation, and prototyping with tools that are provided by
Altera for this purpose. We will show how a complete simple design circuit of the half adder can be directly
entered into Quartus® II for synthesis, post synthesis simulation, timing analysis, and device programming. We
will show the implementation of more complex designs in future labs by running them through the design flow
illustrated in this lab.

Lab Goal: The goal of this lab is to determine a truth table of a half adder using Altera software.

Learning Objectives

Create a half adder project in Quartus® IT (web edition).

Use the Quartus® Block Editor to enter a graphical design in Quartus® II.
Compile and simulate the half adder design.

Program an Altera CPLD with the half adder design.

Test the design of half adder on a CPLD test board to determine its truth table.
Create, compile, and simulate a half adder symbol in Quartus® II (web edition).
Create, compile, and simulate an incrementer-4 symbol in QuartusIL.

Use the Incrementer—4 to find Two’s complement representations.
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Grading Criteria: Your grade will be determined by your instructor.

Time Required: 6 - 7 hours

Special Safety Requirements

Static electricity can damage the CPLD device used in this lab. Use appropriate ESD methods to protect the
devices. Be sure to wear a grounded wrist-strap at all times while handling the electronic components in this
circuit. The wrist strap need not be worn after the circuit construction is complete.

No serious hazards are involved in this laboratory experiment, but be careful to connect the components with
the proper polarity to avoid damage.
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Lab Preparation

Read the WRE PLD Narrative Module.

Read this document completely before you start on this experiment.
Acquire required test equipment.

Print out the laboratory experiment procedure that follows.

Equipment and Materials
Each team of students will need the test equipment, tools, and parts specified below. Students should work in
teams of two.

Test Equipment and Power Supplies Quantity
The following items from the UP2 Educational Kit: 1
e Altera UP-2 circuit board with ByteBlaster Download Cable
e Quartus® I Web Edition software
e AC adapter, minimum output: 7 VDC, 250 mA DC

ESD Anti-static Wrist Strap 1
#22 Solid-core wire As needed
Wire Strippers 1

Additional References:

1. Digital Design and Implementation with Field Programmable Devices textbook found with UP2 educational
kit.

2. UP2 educational kit data sheet found on Altera web site: www.altera.com

Introduction

This is the first of three stages of software/hardware work required for creating a microprocessor project.
Stages A and B are completed in this WRE module. Stage C will be completed in the WRE Micro and
Embedded Controllers Part 2. You will advance from knowing very little about digital design and the use of
Altera software to the point where you can build a microprocessor and understand some of its fundamental
principles.

In Stage A, you will combine simple Boolean gates to form larger, more useful circuits. Also, you will
systematically design some other elementary functions into circuits built from basic gates and devices. In Stage
B, you will combine the circuits built in stages A and the current stage to form an ALU that will handle all the
data manipulation operations in a microprocessor. In Stage C, you will add in memory and show how the
memory can be linked to an ALU to perform actions on stored data such as addition, subtraction, and some
logic operation. The data manipulations are controlled by the user (i.e. Brainless Microprocessor).
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In this stage, you will first load and license the Altera Quartus® II software. Then you will be given some small
circuits of limited functionality and shown how they can be used to construct bigger circuits of greater
functionality. This is one of the most important ideas of digital logic design.

Stage A

Basic Arithmetic Functions

The three basic logic gates (AND, OR, and NOT) that you studied in your class perform the basic functions of
Boolean logic. Computers need to do other operations as well. Now, we will provide you with circuits, built
using the basic Boolean gates that perform some commonly encountered operations. These circuits even have
names because they are used so frequently.

In this module, we will use the full adder, half adder, and increment circuits as the basis for arithmetic.

e The full adder has two numbers and a 1-bit carry as inputs, and a single number and 1-bit carry as
outputs. It adds the two input numbers and the carry to get the single sum result and carry out. Two
simpler circuits can be built that resemble a full adder with some missing input or output.

e The half adder adds two binary inputs but does not have a carry input.

e The increment is also similar to the full adder but is missing one of the two number inputs. As its name
implies, the increment is useful when you may want to add 1 to a number. To do this, you just set the
carry into a 1.

In this stage, we will build, test, and store some basic circuits for performing arithmetic. These circuits are the
smallest half adder and full adder. Circuits that are more complicated can be built using these two circuits as
building blocks. Therefore, we first need working copies of the simple circuits. Below are the circuits you
should enter into Altera Quartus® II and the truth table of the circuits. The circuit is shown on the next page.
We will write a (-1) after the names of each of these devices to indicate that these are the 1 bit (hence -1)
version of them. We will develop circuits in Stage B in order to control the flow of data throughout the system.

HALF ADDER-1:

INPUTS OUTPUTS

A B SUM | CRY HA-1

0 0 0 0

0 1 1 0 —A SUM—
1 0 1 0 —B CRY—
I I 0 I Half-Adder Box



lab activity : i

—
i T T e 5

Half-Adder Circuit
In the above circuit, we show a box with input and output pins. These boxes are the basis for our hierarchical
design approach. They allow us to suppress the detail of how the circuits work and just describe the function.
The box alone is a much simpler appearing object than the associated circuits of Boolean gates. Therefore, the
first thing that we need to do in this lab is to use Altera Quartus®™ II to build the Boolean gate circuits. The
second thing we will do is put these circuits into the appropriately labeled box. In other words, we want to
build each of the circuits above, test them according to their truth tables to see if they work, and then put the

circuit inside their box (picture). This becomes absolutely necessary if we want to keep track of what we are
doing in the larger circuit.

UP2 Development Board

A simulation model is a soft model of hardware that is being designed while a prototype is a hard model of the
hardware under design. A development board includes one or more devices used as prototypes and provides
easy programming and interfaces for utilization of such devices. Such a board provides basic I/O devices and
interfaces for the peripherals that may be used with the prototype devices.

A digital designer develops the design using simulators at various levels of abstraction, synthesis tools,
placement programs, and other related tools with a development board. When the design is complete, devices
on a development board are programmed and the actual peripherals are connected to the prototype device using
the interfaces provided on the board. This provides an exact hardware model of the design that can be tested for
actual physical conditions.

Because of the growth of programmable devices, development boards have become very popular, and are
available for various devices, various degrees of complexity, and many common interfaces. It is not unusual for
a company with a product that is being distributed to a limited number of customers to use a development board
in the product that is being shipped. This way, the system will be tested and examined on-site and the final
board will be generated after all design and board layout bugs are fixed.

Altera's UP2 development board is mainly designed for educational purposes. In a college setting, this board is
used for laboratories related to courses on digital system design, computer architecture, and peripheral. In spite
of its main educational target, UP2, with its popular MAX 7000S CPLD and FLEX 10K FPGA is a very useful
development board for industrial settings.
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Altera's "University Program UP2 Development Kit's datasheet is a document that describes details of this
board.

UP2 General Features

The features that we use in the development of our brainless microprocessor projects are described in this
section.

The UP2 development board, shown below, has an EPM7128SLC84-7 CPLD and an EPFIOK70RC240-4
FPGA. The board has an interface for ByteBlaster II device programming hardware that can be used to
program the on-board devices. The board provides power and clock for its CPLD and FPGA.
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CPLD: The EPM7128S device, a member of the MAX 7000S family, is based on erasable programmable read-
only memory (EEPROM) elements. The EPM7128S device features a socket-mounted 84-pin plastic j-lead
chip carrier (PLCC) package and has 128 macrocells. With a capacity of 2,500 gates and a simple architecture,
the EPM7128S device is ideal for introductory circuit designs as well as larger combinational and sequential
logic functions.

FPGA: The EPF10K70 device is based on SRAM technology. It is available in a 240-pin RQFP package and
has 3,744 logic elements (LEs) and nine embedded array blocks (EABs). With 70,000 typical gates, the
EPF10K70 device is ideal for intermediate to advanced digital design courses, including computer architecture,
communications, and DSP applications.
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ByteBlaster I1: Designs can be easily and quickly downloaded into the UP2 board using the ByteBlaster II
download cable, which is a hardware interface to a standard parallel port. This cable sends programming or
configuration data between the device programming software (programmer part of Quartus” II) and the UP2
Education Boards. Because design changes are downloaded directly to the devices on the board, prototyping is
easy and multiple design iterations can be accomplished in quick succession.

JTAG Input Header: The 10-pin female plug on the ByteBlaster II download cable connects with the
JTAG_IN 10-pin male header on the UP Education Board. The board provides power and ground to the
ByteBlaster II download cable. Data is shifted into the devices via the TDI pin and shifted out of the devices
via the TDO pin. In all of our configurations, we use the ByteBlaster II in the Joint Test Action Group (JTAG)
operating mode.

Jumpers: The UP Education Board has four three-pin jumpers (TDI, TDO, DEVICE, and BOARD) that set the
JTAG configuration. The JTAG chain can be set for a variety of configurations (i.e., to program only the
EPM7128S device, to configure only the FLEX 10K device, to configure and program both devices, or to
connect multiple UP Education Boards together). In all of our work with UP2, we only use one board and only
one of the programming devices.

Supply Power: The DC_IN power input accepts a 2.5-mm x 5.55-mm female connector. The acceptable DC
input is 7 to 9 V at a minimum of 350 mA. The RAW power input consists of two holes for connecting an
unregulated power source. After being regulated by the board hardware, proper DC voltage is applied to both
devices on the board.

Oscillator: The UP Education Board contains a 25.175-MHz crystal oscillator. The output of the oscillator
drives a global clock Input on the EPM7128S device (pin 83) and a global clock input on the FLEX 10K device
(pin 91).

EPM7128S CPLD Device: Resources for the UP2 CPLD device include prototyping headers, switches, push-
buttons, LEDs, and seven-segment displays. Female connectors surrounding this device give access to its pins
for connecting to on-board or external resources.

Prototyping Headers: The EPM7128S prototyping headers are female headers that surround the device and
provide access to the device's signal pins. The 21 pins on each side of the 84-pin PLCC package connect to one
of the 22-pin, dual-row 0.1-inch female headers. The pin numbers for the EPM7128S device are printed on the
UP2 Education Board (an "X" Indicates an unassigned pin).
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The table lists the pin numbers for the four female headers: PI, P2, P3, and P4. The power, ground, and JTAG
signal pins are not accessible through these headers.

P1 P2 P3 P4
Outside Inside Outside Inside Outside Inside Outside Inside
75 76 12 13 33 34 54 55
77 78 14 15 35 36 56 57
79 80 16 17 37 38 58 59
81 82 18 19 39 40 60 61
83 84 20 21 4 42 62 63
1 2 22 23 43 44 64 65
3 4 24 25 45 46 66 67
5 26 27 47 48 68 69
7 8 28 29 49 50 70 71
9 10 30 3 51 52 72 73
11 X 32 X 53 X 74 X

Push-buttons and Switches: Max PB1 and MAX PB2 are two push-buttons that provide active-low signals
and are pulled-up through 10k ohms resistors. Pins from the EPM7128S device are not pre-assigned to these
push-buttons. Connections to these signals are made by inserting one end of the hook-up wire into the push-
button female header. The other end of the hook-up wire should be inserted into the appropriate female header
assigned to the I/0 pin of the EPM7128S device.

MAX SWI1 and MAX SW2 each contain eight switches that provide logic-level signals. These switches are
pulled-up through 10k ohms resistors. Pins from the EPM7128S device are not pre-assigned to these switches.
Connections to these signals are made by inserting one end of the hook-up wire into the female header aligned
with the appropriate switch. The other end of the hook-up wire is inserted into the appropriate female header
assigned to the 1/0 pin of the EPM7128S device. The switch output is set to logic 1 when the switch is open
and set to logic 0 when thee switch is closed.

LEDs and Displays: The UP2 Education Board contains 16 LEDs (shown below) that are pulled-up with a
330-Q resistor. An LED is illuminated when a logic 0 is applied to the female header associated with the LED.
LEDs D1 through D8 are connected in the same sequence to the female headers (i.e., D1 is connected to
position 1, and D2 is connected to position 2, etc.). LEDs D9 through D16 are connected in the same sequence
to the female headers (i.e., D9 is connected to position 1, and D10 is connected to position 2, etc.).

Female Female

Header Header

Position LEDs Position LEDs
1 0 D10 1 0 D9
2 0 Ds O 2 0 OD13O
3 O D20 3 0O @)
4 O D6 O 4 © D14
5 0O D3O 5 0 D11 O
6 O 07O 6 O D15Q)
7 O D4Q 7 O D120
8 O LI @) 8 O DI @)
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MAX_ DIGIT is a dual-digit, seven-segment display connected directly to the EPM7128S device. Each LED
segment of the display can be illuminated by driving the connected EPM7128S device 1/0 pin with logic 0. The
figure below shows the display segments and their connections to EPM7128S pins.

Digit 1 Digit 2

Decimal Point

Display Segment Pin for Digit 1 Pin for Digit 2
a 58 69
b 60 70
C 61 73
d 63 74
e 64 76
f 65 75
g 67 77
Decimal point 68 79
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Programming: EPM7128S of the UP2 is_programmed by the ByteBlaster Il hardware connected to the JTAG
terminal of the board. Board jumpers must be set as shown below figure in order to program this device.

TDI TDO DEVICE BOARD
C1 C1 C1 C1
cz cz cz cz2
C3 C3 C3 C3
Desired Action TDI TDO DEVICE BOARD
Program EPM71285 device | C1 & C2 Cl1&cCz C1&C2 Cl1é&C2
only

EPF10K70 FPGA Device: Resources for the UP2 FPGA device include switches, push-buttons, seven-
segment displays, a VGA connector, and a keyboard/mouse interface connector. Pins from the EPFIOK70

device are pre-assigned to these resources. For connection to other peripherals, expansion pins on the sides of
the UP2 board should be used.

Push Buttons and Switches: FLEX PB 1 and FLEX PB2 are two push buttons that provide active-low
signals to two general-purpose I/O pins on the FLEX 10K device. FLEX PBI connects to pin 28, and

FLEX PB2 connects to pin 29. Each push button is pulled-up through a 10k ohms resistor.

FLEX SWI contains eight switches that provide logic-level signals to eight general-purpose I/O pins on the
FLEX 10K device. An input pin is set to logic 1 when the switch is open and set to logic 0 when the switch is
closed. The figure below shows FLEX pin connections to the FLEX switch set.

Switch FLEX 10K Pin
FLEX_SWITCH-1 41
FLEX_SWITCH-2 40
FLEX_SWITCH-3 39
FLEX_SWITCH-4 38
FLEX_SWITCH-5 36
FLEX_SWITCH-6 35
FLEX_SWITCH-7 34
FLEX_SWITCH-8 33
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FLEX_DIGIT Display: FLEX DIGIT is a dual-digit, seven-segment display connected directly to the FLEX
10K device. Each LED segment on the display can be illuminated by driving the connected FLEX 10K device
I/O pin with logic 0.

Display Segment Pin for Digit 1 Pin for Digit 2
a 6 17
b 7 18
c 8 19
d 9 20
e 11 21
f 12 23
g 13 24
Decimal point 14 25

Additional information on the configuration is available at the Altera web site at
http://www.altera.com/literature/univ/upds.pdf

Configure Devices

Quartus® 1 enables you to inspect the timing of your configured devices, see their floor plan, and in some cases,
change the way device cells are used. Three icons in the Standard tool bar are used to activate Timing Closure
Floor, Last Compilation Floor plan and Chip Editor Applications.

¥, Quartus Il - C:/PLDs/MATEC/STAGE A/Half_Adder - Half_Adder - [Chip: Half_Adder (Timing Closure]]
% File Edit View Project Assignments Processing Tools Window Help

hed & 2 G F e B &

duill ‘ Ia Chip M[Timing Cllosure Floorphag 4712851 C84-7)

Timing Closure Window

10
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The figure below shows the Timing Closure window that resulted from compilation of the half adder circuit
targeting the EPM7128SLC84-7 CPLD used in this lab.

Chip name: IHaII_AddEr [EPM71285LC84-7)

As shown, there are eight PLDs in this CPLD (Refer to your textbook for more information). These PLDs are
numbered A to H from the upper left to lower right CPLD.

For navigating in this floorplan, there is an associated tool bar that is shown below.

K& O #h|H KB

i ddi @80 o x4 208

This tool bar becomes active when a floorplan of the device is displayed. Zooming on the floorplan of the
above figure enables us to see the actual IO pins used for our design, macrocells that have been utilized, and
their timings.

11
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The figure below shows PLD "F" that is used for implementing a half adder circuit.

Dﬂ

Other features on the Timing Closure window include display of critical times, connection counts, delays in and
out of cells, node equations, user specified pin assignments, fitter pin assignments, and other parameters that
show how the compiler and the device programmer have implemented our design in our target device. This
information is displayed by selecting appropriate icons from the Floorplan Editor tool bar.

12



Lab Procedure: Installing and Licensing Altera Quartus

lab activity

®

Before we can build the circuit, we have to load and license the Altera Quartus® II software. The software will
not run without the license from Altera. NOTE: The Altera web site changes frequently. These instructions
are accurate as of May 2006. The section labels may change but you should be able to access the software
needed.

—

bl

d.

.

Start your internet browser and access Altera web site at Www.Altera.com.
Select Download the Free Quartus® 11 v6.0 Web Edition.

If there is no place to select the Download from the first page of the web site:
a.
b.
C.

Select University Program from the Education and Events section.

Select Design Software from the Education Materials section.

Select Quartus® 11 Software for Education from the paragraph titled Altera University Program
Design Software.

Select Quartus® Il Web Edition Software from Table 1.

Select Download the Free Quartus® I1 Software Web Edition Software.

4. Click on Licensing on the left hand side of below figure under Download & Licensing. When you request

a

license for an Altera software product from the Altera web site, the license file is sent via e-mail and

includes installation instructions.

SN

Click on Quartus®™ II Web Edition Software prec
Enter the appropriate information as shown below

7. Once you hit Submit Request, you will be asked to enter your network interface card (NIC) number as
shown below.

WMAAFFLUS MCUA SUPPOTL

L e Registration Information

View by Tool
View by Function B ——
Enter your network interface card [NIC}number:K 5
Download & Licensing e o =
Downioad Please indicate how this software will be used. Mote this information is for statistical purposes only.®

( standard: usage will be partially or entirely for commercialfindustrial purposes

(O Acadernic: will be used only for academic/education/hiobby purposes

[fyou have a preferred distributor, enter the name here

13
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8. You can obtain your NIC number by executing the Command prompt in your window.
a. Click on Start and select Run.
b. Type command in the box and click OK.
c. At the command prompt, type ipconfig/all. It will show you a list of the network settings for your
computer as shown below for my computer.

v C:\WINDOWS\system32\command.com -|3|>

oft <Ry Windaws DOS
(C)Cnpyl ight Microsoft Corp 1996-2081.

C:\DOCUME™1\BMATAR>ipconfigsall

Windows IP Configuration
Primary Dns Suffix’ 2 0 0 110 1
Mode Tuye . . . . -
IP Routing Enabled.

WINS Proxy Enabled. . . . . . . .
DHS Suffix Search List. . . . . .

[Ethernet adapter Local Area Connection:

nnnnn tion fic DNS Suffix .« diCp.asu.edu.
...... - . ¢ Broadcom NetXtreme 57xx Gigahit Cont

....... 8-AF-1F-DC-D1-ED

Primary WINS Server . . . . . . . @ L -
Secondary WINS Server . . . . . . & .9
Lease Obtained. . . . . . . . . . & June 14, 2865 ?:17:30 AW

Lease Expires . . . . . . . . . . & T]lul_‘(lay June 16. 2085 7:17:38 AN
IC : \DOCUME™1~BMATAR>

d. Write down the Physical Address of your computer. It is 16 digits number and it is unique to your
computer.
e. Type Exit at the command prompt to close the window.

9. Type your NIC number and select the option Academic, it will be used only for academic/education/hobby
purposes as shown below and click continue.

10. You will be prompt to take survey.

11. A license file will be mailed to you immediately to the email address you specify in the form of step 3. The
tile of the email should be “Your Altera Development Tools License”. The email includes the following
sections:

a. Extensive Learning Resources
b. License File Installation Instructions
c. Support Information
12. The following instruction should be included in your email:
a. PC Instructions:
1) Save your license file text to your computer's hard drive. Altera recommends saving the file into
your c:/quartus directory with a ".dat" file name extension.
b. In the Quartus® II software, choose License Setup (Tools Menu).

14
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c. Inthe License File box, type or browse to the full path and file name of the file you saved in step 1

Memony Edbor

‘el Ediion
e 20065
MICID

W defed

Licarsoad AMPF/Magalom hncione

Verdes | Progust | Version | Expranon | Cour [ Hasud vakse | Homs Tie

Metwork Intestace Cand (NIC)IC: D00 idodled
Peilodsl
ok bouret

[ oF | e

d. Once you click OK, the Quartus® II Web Edition software is now licensed.
e. Ifyou have problems, use AN 340 to troubleshoot your licensing setup.
13. Install the driver for Altera ByteBlaster by typing the following address in your browser:
http://www.altera.com/support/software/drivers/dri-index.htmi
14. Follow the instruction to install the driver for your appropriate window operating system.

Lab Procedure: Building the HALF ADDER-1

In this portion of the lab, you will use Altera Quartus® II to build the HALF ADDER-1 circuit. The steps

involved are design entry, compilation, simulation, and downloading.

NOTE: At the conclusion of the lab, you will be asked to comment on why certain steps are required. Be sure
to take notes on these questions as they appear in the lab procedure.

Design Entry Instructions
1. Open Quartus® II software
a. Select Start =»
b. All Programs =
c. Altera =>»
d. Quartus® Il Web Edition

2. From Quartus® Main Menu Select block diagram/schematic file from New option under File menu and

select OK.
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3. Save the file (Half Adder.bdf) and create a new project:
a. Select File
b. Select Save As from the main menu.

- 20 EF2i a3 100>

4. Select Next and verify that the New Project Wizard Directory menu reflects the correct directory and project
name as shown below and then select Finish.

New Project Wizard: Directory, Name, and Top-Level Entity [page 1 ... |

X]

What iz the working directory for this project? This directory will contain design files and
other related files associated with this project. f you type a directory name that does not
exist, Quartus |l can create it for you.

= o

What is the name of this project? I you wish, you can use the name of the project’s
topdevel entity.

[Fef_pdder _|

What iz the name of the topJevel entity in your project? Entity names are case sensitive,
so the capitalization must exactly match that of the name of the entity in the file.

[Fef_scier _|

fock [ Net | Fush | Cancel |

5. Enter the required logic symbols for the half adder circuit as shown in figure 1 from the primitives’
subdirectory.
6. Click on the symbol tool as shown below:

O rrrrrrra 0 € =< 00/ ¢

Symbol Tool

16
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7. Next Expand the C:/Quartus/librarires/, then expand the primitives subdirectory and select and2 and xor

from the logic sub-directory as shown below.

8. Enter the input (A,B) and output (Sum, CRY) pins from the primitives’ subdirectory as shown below:

Symbal

Libraries:

E & c/quatus/lbranes/
B megafunctions
T others
BN primitives

HED buffer
FIE3 logic
B other
B pin
LEY bidir

£ output
HE storage

Name:
T
¥ Repeatinsert mode

I~ Irsert k

™ Lauf

Megabwizard Plug4n Manager

i3 Cancel |

3

9. Connect the XOR and AND gates to their inputs and outputs pins. To connect components, click over one
end of the one component and drag a line to one end of a second component. When you drag the line, use
the horizontal and vertical grids to help you align connections properly. When this is completed, you should

have the circuit below:

Half_Adder - Half_Adder - [Half_Adder®]

FEO ARSI IDOO

Frocessry Toos Windew  reb

N s7ES T ren kRS

o
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Compilation Instructions:
10. Compile the half adder circuit.
a. From the tools menu, select the compiler tool and hit Start.
b. Or you click on the start compilation button on the Quartus® II toolbar as shown below:

FH G R0 R 2EF T (e

Start

4, Quartus Il - c:/plds/matec/stage a/Half_Adder - Half_Adder
File Edit View Project Assignments Processing Tools Window Help

[DEE | &b me v || 8T er n|r|e

Ertity 2 HallSAdder Compiler Tool ‘L‘lgllil h‘@”il
Compilation Hierarchy nalysis & Syrthes Fitter r—— Timing Analyzer ED Netlist Wiiter— =
eow HelAdde | TN | | oTE— w T— |
00:00:00 00:00:00 UU 00:00 00:00:00 00:00:00
il eslelal| | e | rslee]| | mselel | emee
00: 00: 00
...... P Start o stop & Repott :

:::XOR D
{ pin_name :

i VEG r_‘]D_mﬂElL:) pin_name3
e Lo ® | s SRR

...... L oLl Lol ARDE Ll
...... . D_ pminamsti

. inst

£

< I}

8

c. The compiler will take place and either signal the successful compilation or indicate errors. If there are
any errors, make the appropriate corrections to the circuit and recompile it again.

2 Half_Adder %, Compiler Tool | HEIHX| - [ofx]

Analysis & Synthesis - Fitter ! Assembler —— Timing Analyzer— — EDA Netlist Witer— <=
i R
00:00:04 000023 00:00:01 000000 000000
Jen | | @@ -
#Lee | Bmae nnae 8/
i ‘ 00:00:29 ‘
P Stant fore &b Report
- FEE bre . . . .
i pin_name ¥ 5
[ — CC L gy ]D_ML:) pin_name3
: b : 7
. i pin_name2 D_INB.L.JVCC st E 3 e . 2
Quartus Il
: AND2 5 1 ; 3 J
1 ) Full compilation was succassful D_DLEPJ.L:) pin_name4
|
& ¥
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11. Test the circuit.

lab activity

a. Rename input and output ports to names as listed in our truth table. Use A and B for inputs, Sum and

Cry for outputs.

b. To name a pin, double click it to open its Pin Properties window or right-click it and select properties

from the pull-down menu that shows up.

c. When this is completed, save your circuit and make sure it is named the same as your project, i.e.

Half_Adder. Also, make sure you run the compiler one more time from tools menu.

12. Device Configuration: For our half-adder, use the MAX7000s device family, and in this family of devices
we use the EPM7128SLC84-7 CPLD. We have selected this device because it is one of the two
programmable devices on Altera’s UP2 development board. The figure below shows the project definition

page in which the project is defined.

13. From Assignments menu, select Assign pins and then select the appropriate options as shown below:

Settings - Half_Adder

Category;
General
Files
User Libraries
Device
Timing Requirements & Dptions
+ EDA Tool Settings
Compilation Process
- Analysis & Syrthesis Settings
+ Fitter Settings
Tirning Analyzer
Design Assistant
SignalTap Il Logic Analyzer
SigralProbe Settings
Simulator
+- Software Build Settings
Stralix G Regishation

B

Select the family and devics you want to target for compilation

Famiy: | MAX70003 ~| Device & Pin Options

Target device
© Aute device selected by the Fitter fram the vaiiable devices' it

& Specific device selected in Hvallable devices' st
o Assian Pins...

Avalable devices,

EPM7OBASLCE4-10 ry Showin ‘byalable devices' list
EPM7OE4STCA45

EPMPIG4STCA4E Package:  [Any =
EPMPIG4STCAS-7

EPMPOG4STI447 Fincount  [any =
EPM70E45TCA4-10

EPMPIG4STCI005 Speed grade: [Anp -
EPMPOG4STCI006

EPM70545TC100-7 Core volage: 50
EPM70645TI100-7 ¥ Show Advanced Devices
EPM7OE4STCI00-10

EP

[ oo

Cancel
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14. Assign Pins to the inputs and outputs ports of our half adder circuit to the pins of the CPLD. To do this,

lab activity

select Assign Pins from Assignments menu. The corresponding window is shown below:

Assign Pins @
Select a device pin and the type of assignment you wish to make. Y'ou can also make pin assignments in the Assignment Editor and the
Floorplan Editor. Y'ou can reserve unused pins on a device-wide basis with the Unused Pins tab in the Device & Pin Dptions dialog box.
*Y'ou must perform a smart compilation on the design before routing SignalProbe signals.
Awailable Pinz & Existing Assignments:
Mu... | Mame: 1/0 Bark: ‘ 1/0 Standard: ‘ Type: | SignalProbe Source Narme Enabled | Status | Clack, | Hel: | A
51 M4 LYTTL 140 off
52 N LYTTL 10 off
54 & M LYTTL 140 off
55 M LYTTL 140 Off
56 B N LYTTL 10 off
57 M LYTTL 10 off
5 SUM M LYTTL 140 off
B0 CRY N2 LYTTL 140 off
E1 M LYTTL 140 off
R2 M I%WTTI 1 TrK [nl:3 b
™ Show 'no connect! ping r
Aszighment
Pin name: J J
5 r
™ Reserve pin (even if it does not exist in the design file]:
|As input ti-stated LJ |
Cancs)

a. Scroll down the device’s pin list and click on the pin that is being assigned to a circuit node.
b. Then in the assignment area, next to the Pin Name type the name of the node of your circuit.

1) Type the name of the node in association of the highlighted pin number.

i1) Assign A, B, Sum and CRY to device pins 54, 56, 58, and 60 respectively. The reason for this
selection becomes clear after we discuss the UP2 board in the next section.

c. The circuit now shows the appropriate pins for inputs and outputs as shown below:

Option | Value

LocationlPin 84

Option | Value

Location|Pin_56

15. Compile your circuit one more time to make sure there are no errors.
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Half Adder Simulation Instructions

The simulation is often referred to as post-synthesis, because it simulates the actual gates and cells of the target
device (the device that will be programmed).

16. Before we start our simulation, we have to specify input values for the half adder (A and B).
a. To do this, from the file menu, select New and then Vector Waveform File in the Other Files folder to
open the waveform editor window as shown below and click OK.

Device Design Files] Software Files  Other Files l

AHDL Include File

Black Symbal File

Chain Description File
Hexadecimal [Intel-Format] File
tdemary Initidization File
SignalTap Il File

Tl Script File

Text Fi

Y E

aveform File

Cancel

b. The waveform file is initially blank and we need to enter our node names and their associated
waveforms. Save the waveform as Half Adder.vwf
17. Use the right mouse button and select the Insert Node or Bus. This brings up the Insert Node or Bus
window as shown below:

If_Adder - Half_Adder - [Half Adder.vwf]

sing Tools  Window Help
ey LA A
Master Time Bar. 164 ns +| ¥ Poirter. 11ns Intervak
Insert Node or Bus El
e | e | L
164 ns Mame: || oK |
Type: INFUT hd Cancel
Value type: | HLevel *|  NodeFinder... |
Fiadis [Birary -
Bus widt: |1
Assignment Editor  Cul4Shift+4 Stz
Zoom 3 ™ Display gray code court as binary count

18. Click on Node Finder and select Pins: Assigned and click List to view all the nodes that apply to our circuit
(A, B, SUM and CRY).

19. Next highlight all the nodes and click the >> symbol button to copy all nodes to the Selected Nodes list as
shown below.
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20. Click OK to accept all the nodes inputs and outputs.

Node Finder 3
Named: [* x| Fiter: [Pins: assigned =] Customize... List % 0k,

Look in: JFa_Adder | ¥ inciude subertiies
Nodes Found Selected Nodes

Name Assignments | T Name | Assignments [T

[T T PIN_54 I " |Half_Adder|A PIN_54 Ir

] PIN_56 I i |Half_adder |B PIN_56 Ir

4 CRY PIN_80 c 4 |Half_Adder [CRY PIN_50 o

£ sUM PIN_58 c € |Half_Adder|SUM PIN_58 o

=
¢ 5 < | >

21. Defining the waveforms for our inputs:
a. In order to define waveforms for our inputs, we can take advantage of the tools provided by the

Waveforms Editor tool bar shown below.

Waveform Editor

h A SE O M TLE S A E R N E B e e | B 4

b. Select the Waveform Editing Tool (the icon with crossing waveforms and a two-headed arrow inside it).
When this is selected, you can use your mouse to paint your waveform in the waveform area of below

figure to paint Os and 1s.
c. Alternatively, you can select the arrow in the Waveform Editor, and in your waveform area paint a
portion of the waveform. The painted area of the waveform will highlight. Then select one of the icons

to set a value in the highlighted as shown below:

Waveform Editor

N ABC @ M K-S EOEEEE B EEE B4

Simulation Waveforms \
aster Time Bar ntervak| 346ns  Star o En ns

This area was

AR — — highlighted in blue
S| o w17 —1— by dragging the
| | SUM B1 1 1|

arrow tool. The 1

[~
(3
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22. Run the timing simulation.

a. From the main menu Quartus® II screen menu, select Tools then Simulator Tool. The simulator tool
will appear as shown below.

b. On the Simulator Tool, select Timing in the Simulation mode selection box.
c. Click Start and upon completion, the simulation was successful prompt appears.

Sanduion mede: [Tereg -]

Simudation rgue.[CPLDRMATEC/S TAGE AHal_Addes vk |

Siendtion perid
% Furs simuation uril l et st e wined
© End sedsion & |

Erndanon optora
W Automaticaly add pen
T Chesh, gty

Sty s ok v

I filch dessctiorr [10
™ Overwrite simuision inpu fle wah simuation seauls

(LT

E, G i Cpen @ Fazon

B Legal Notice

gé Fh:?;\- Summary Master Time Bar: 15.0ns +| +| Painter: 2451 ng Interval: 951 ng Start: End:

&S Flow Settings 100ns 200ns 30.0ns 4D 0ns 500 ns |

- &H=3 simulator Name WValue at I 0 i ; h i
SHER simulator Summary 15.0ns - Jns
SHEE simulator Settngs J
é@-‘ Simulation Waveforms 1 A 80
&8 simulator INI Usage || B Bl | L 1
&5 i» Simulator Messages o CRY BO ] ]
Lo SUM E1
b

NOTE: When you run your timing simulation, you might see a delay from the inputs A, B to the outputs CRY
and SUM. This delay is due to the delays of logic cells of our CPLD and the delay of its IO cells. A successful
simulation run verifies the correctness of our design of the half adder as well as the timing of the input

waveforms. If we change the waveforms too fast, the outputs cannot catch up and we will end up with had-to-
justify output waveforms.

23. Programming the target PLD

a. The necessary files for this purpose are generated in Quartus® II after a design has been successfully
compiled. MAX 7000S devices use the pof (Programmer Object File) programming file format and the
FLEX 10K device use the sof (SRAM Object File).

b. The files that are generated by the compiler include all necessary configuration data for the appropriate
PLDs.

24. To start the device programming process, select the Programmer from the tool menu as shown below.
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25. This brings up the device configuration window, as shown below.

.....

UL BUNES DR
H §EFE ¥

26. Before you click start, make sure that the development board containing the target device has been properly
configured for programming.
a. For our half-Adder circuit, the ByteBlasterll has been selected and assigned to port LPT1 using JTAG
(Joint Test Action Group) mode.
b. If the Quartus® II environment is being used for the first time, setup the programmer hardware.
i) Click on Hardware Setup.
i1) In the Hardware Setup window that opens, add your hardware, select it, and close the window.
ii1) In our Half Adder circuit, we have specified ByteBlasterll that is connected to the LPf1 port of our
computer. ByteBlasterll is a device programmer by Altera for Altera devices, and connects to the
parallel printer port of your PC. The UP2 development board uses this hardware for programming
its devices.
iv) The selected Mode of programming is JTAG, which is the way ByteBlasterll connects to UP2.
Always check your development board data sheet prior to downloading.

NOTE: If your circuit file name (Half_Adder.cdf) is not displayed under file, then you are still in
evaluation mode license of the software. You need to go to the Altera web site and follow the instructions
to update your license.

27. After you have completed your setup in the configuration window, select Start to download. Program and
configure are terms synonymous with download.
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28. After the downloading is completed, as indicated in the progress bar by 100% on the blue bar graph, the
object design is ready for testing on the circuit board. Keep in mind that the relatively simple Half Adder
logic circuit used for illustration will use only a very small fraction of the total capacity of the target device.

Testing the Half-Adder Circuit in the ALTERA UP2 Development Board
Device Programming

The two figures under Device Programming show the Quartus® 11 programming window that is used to
program an EPM7128S device in JTAG programming mode. The device is connected to the LPTI port through
the ByteBlaster II programming cable.

In this section, we will show how the UP2 development board should be setup for its EPM7128S device to be
programmed with the Half Adder example of this lab.

29. Connect the LPT1 side of ByteBlaster II to your computer and the JTAG end of it to the JTAG_IN of the
UP2 board to program the EPM7128S device of the UP2 board.
30. Set the jumpers on the UP2 according to Jumper Setup under (Programming) for programming the MAX

device.
TDI TDO DEVICE BOARD
C1 C1 C1 C1
c2 c2 c2 cz
C3 C3 C3 C3
Desired Action TDI TDO DEVICE BOARD
Program EPM7128S device | C1&C2 | C1&C2 | C1&C2 | C1&C2
only

31. Click on the Start Programming icon of the Programming tool bar to program the EPM7128S devices with
the Half Adder.pof file that corresponds to our Half Adder design circuit.
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Testing the Design

After performing the above steps, our Half Adder project implemented on the MAX 7000S device of the UP2
board is ready to be tested. As discussed before, push-buttons and LEDs are not pre-assigned to EPM7128S
pins. The figure below shows that input ports (A and B) of our example design are assigned to device pins 54

and 56, and the outputs (SUM and CRY) of our design are connected to pins 58 and 60

My | Neme: V0 Bk | L0 Standrd | Trpw | SgnaProbe Scuca Mo | Ensbied | Stahu | Gk [ e | A
il i LYTIL v or
=2 Hah, WL w of
oA Hah, WL w of
= Hah, WL w of
= 0 Wi LTI L 0¥
= WL LT u or
= s Wi LT u 0¥
R Wi LT u 0¥
8 Wi LT u 0¥
) i i un TrK o b
I Shess 'no comnect pns r
-
Fans | =l 5|
ﬁ r
I Piaserve g feven § & does nok et in the design ek
[ g it = |
Ak | | |
(] § |

32. Make the following connections as shown in the figure below.
a. Connect UP2 push- buttons and the D2 LED to pins 54 and 56.
b. Connect the UP2 D3 LED to pins 58 and 60 respectively.

i
I?B RA RIU \'t“

0000DDODOOOODN

DBODDODLC
0000
Hendvdasssza

ONIVERSITY FROGRAN ©

P 3 00k Nawe fOz-paT0
[rml A SEH"F‘EVN - "’

FLEX
(T oaQ
= -'_lnno e oooonoouunooooononnnnan

Pl e

(=]
o
o
o
a
{1
a
o
o
o
s

=]
(=]
]

TR
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33. With these connections, we are ready to test the EPM7128S implementation of our Half_Adder design.
Since the push-buttons are normally 1, the output CRY of our Half Adder design becomes 1 when the push-
buttons are not pressed. However, since an LED is illuminated when logic 0 is applied to it, the D2 and D3
LEDs are on when both push-buttons are pressed. By pressing one or both push-buttons, the output LEDs
will be illuminated or off (indicating the appropriate outputs for SUM and CRY).

Note: Input, Bit 0 = Push-Button is pressed. For either Max_PB1 or Max_PB2

INPUTS OUTPUTS

Push-Button A Push-Button B D1 LED D2 LED
SUM CRY

0 0 0 0

0 1 1 0

1 0 1 0

1 1 0 1

34. Notice that Segment b of MAX display digit 1 is also illuminated when a both push-buttons are not pressed.
This is because Pin 60 EPM7128S is pre-assigned to this display segment and it is our CRY output of the
Half Adder circuit.

Digit 1 Digit 2

Decimal Point

27



lab activity : i

Display Segment Pin for Digit 1 Pin for Digit 2
a 58 69
b 60 70
c 61 73
d 63 74
e 64 76
f 65 75
g 67 77
Decimal point 68 79

Putting the Half Adder into a Box

We want to be able to put the circuit into a “black box™ or icon and still be able to see the internal guts of it. We
want to represent our half-adder with a device so we can use it to design the Incrementer-4 circuit that is needed

for our Arithmetic Logic Unit (ALU) circuit.
The procedure for putting the circuit in a box is summarized below:

The first thing that is needed is to make your circuit an element of a larger circuit by developing a picture or

symbol of what it should look like.

The picture needs to identify your circuit well enough that you will not forget what it is. It also needs to be as
compact as possible, so it does not use too much valuable screen space. It also should adhere to some sort of
standard, so other people could look at the picture and know what kind of circuit it is. Finally, your picture
should also have line spacing compatible with Altera, so the pins that you have pictured coming out of the
device are able to connect smoothly with Altera software lines.
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Lab Procedure: Putting the Half Adder into a Box

1. Open the Half Adder schematic (Half adder.bdf)

2. Create the Half Adder device by selecting File->Create/Update and then select “Create Symbol File for
Current File” while the circuit for the half adder is still open.

Quartus Il - [Half_Adder]

8 Edit  Yiew Project Assignments Processing Tools  ‘Window  Help

D;New... ChrlM x? s & P o I N S | h A %5 @\ @& 47
= Cpen... Chrl+D T
Close Chrl+F4
- S e : e
i@; Mew Project Wizard. ., ] A :>—I{J.EJJI—,_' F‘“\)___uuu_: ]
& Open Project... Chrl+3 B [ UEIT gl iris’t_IFF/

Convert MAX+PLUS II Project. .,

Save As...

File Properties. ..

Create ol Files For Cutrent File
Convert Programming Files. .. Create AHDL Include Files For Current File

o Page Setup...
E‘ Prink Prewview

& pri.... P
Recent Files 4
Recent Projects 3 l(
Exit Alt+F4

3. You should get the following symbol:

Pty R

-

Y
|

=t

AL EA T AN R TN

o
i

s

4. Test the device and works according the truth table of Half Adder circuit. Remember, we will use the
half adder device instead of the circuit to create larger designs.
5. For any changes to the locations of pins, you can always select Edit=> Edit Symbol from the main menu.
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Another arithmetic operation is the INCREMENT operation, where we increase the input by 1. A
HALFADDER-1 (-1 means one bit) actually is an INCREMENTER by 1, with the carry input (B), serving as
a control input bit which tells the circuit whether or not to increment the number. There is a one bit output and
a carry output. Similarly, an INCREMENTER by 2 can be formed out of two HALFADDER-1's as follows:

Creating a 4-bit INCREMENTER

Half_Adder
A C o> A sum [EE—T VI
inst2
Half_Adder
L A0 Copee——a  sum 25 10
B CRY I [
CBUTEIT " EoUT
inst3
INCREMENT-2

In a similar fashion, we can use four half adders to form an INCREMENT-4. An INCREMENT—-4 should
have one four-bit binary number and a carry as input. It should also have one four-bit binary number and a
carry as output. If the input carry is low, the output number will be the same as the input number. If the input
carry is high, the output will be more than the input.

This is an excellent example of how we create and build a larger circuit from a smaller one.

Build an INCREMENT-4
6. From the main menu, select File, New and click on Block Diagram/Schematic File as shown below:

Hew |

Device Design Files | Software Files | Other Files |

Cancel

7. Save the new schematic as INC4.bdf (INC4=Incrementer 4).
8. Save the project as (INC4.gpf).
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9. From the Project pull-down menu, select Add/Remove Files in Project as shown below to add the
half adder sub circuit to the incrementer 4.

a.

10. Click on Symbol Tool and select the Half Adder as shown below:

Mﬂmgnmenm Frocessng Tools Vj

Add/Remove Fles in Project...

Revisions...

| Archive Project,
Restore Archived Project.

Generate Td File for Project...

Generate Poyer Estimation File
Hardgopy Utiities ’
Locate 3

B setasTopLevel Entity  Ctrl+Shift+

Hierarch: L2

Click on ADD and browse for your half adder.bdf.
b. Click Open as shown below. The Project will be included in the new project.

. EDA Tom Somrgs
[

Prece
+ e L gt Seten

Pen e (Do Foms 8 et vl v i v ]

Libraries:

23 c/quartus/libranes

= & Project
@ Ha_Adder

f=11j (=3

|¥ Repeatinsert mode

| Inzert symbol az block
B

Megawizard Plug-ln Manager... |

-

——

Cancel |

Half_Adder

A SUK
B
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11. Click OK and insert 4 of the half adder symbols on the screen and connect them as shown below.

ﬁﬁle Edit View Project Assignments Processing Tools Window Help
=2 =] © h? | BB L N AP AR
[z .
Al
O R
Al SUM E— > V2
EI CRY [——
- : Cifi
T
1 : R e e SR
: A — A SUM [HEET e T
& B CRY [———
=]
@ inst1
B e T
e — A sUm [—EEE S i
O : Ll B CRY Ll
? . ins2
™~ Lo ‘Half_Adder
Ag [— A sum [—HEEA
B CRY——|--
B o= e eI
inst3

12. Insert inputs pins Ao, A1, A, and A; and Cy (carry-in), and outputs pins (Yo, Y1, Y2, Y3 and Coy (carry-

out) and connect them using the Orthogonal node tool as shown above.

13. Compile the incrementer 4 circuit using the same step illustrated in previous discussion. The compiler will
indicate if there is any problem with your design work.
14. The flow summary should show that the INC4 design uses 5 macrocells of a MAX 7000S device.

Test the INCREMENT-4 using Hexadecimal Numbers

Since 4-bit binary numbers run from 0 to 15 in decimal form, a convenient way to test 4-bit circuits is to use
base 16 or Hexadecimal arithmetic. A hexadecimal capability is included in Quartus II Altera software.

15. Using Hex arithmetic, verify that the INCREMENT—-4 works in the desired fashion. In your comment
section of the questions, explain why 32 tests are needed. Record 16 combinations of the 32 of your test

results and include them in your report.

a. Select New and then Vector Waveform File in the Other Files folder to open the waveform editor

window as shown below and click OK.

Device Design Fies | Softare Fies  Othes Fes |

[ | Carcal
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b. Use Node finder as illustrated in previous exercise list all inputs and outputs pins as shown below and
then click OK.

Node Finder

Named: [ =] Fiter: [Pins- =l =] Cusiomize.. List
Look in: [ITNCA | P include subertties  Sion > Cancel
Nodss Found Selected Nodes

Name Assignments | T Name Assignments | T

A0 Unassigned I B [INC4A0 Unassigned  Ir

A1 Unassigned I P [INC4IAL Unassigned  Ir

A2 Unassigned I P [INC4A2 Unassigned  Ir

A3 Unassigned I P [INC41A3 Unassigned  Ir

B CIN Unassigned I I [INC4ICIN Unassigned  Ir

L COUT Unassigned C L |INC4]COUT Unassigned O

L Y0 Unassigned C > L |INC4[YD Unassigned O

Y1 Unassigned  C - [INC4[Y1 Unassigned O

2 Unassigned € > | |&® |mcajy2 Unassigned O

Y3 U d C L [INC4[Y3 U d 0O

Inassigne . I I Inassignes
<«
< 2 < L3

Insert Node or Bus

Mame: I""Multiple Iterms™ oK I
Type: I“"Multiple Itemns™ ﬂ Cancel |
Value type: IS'I‘EVEI ﬂ MNade Finder... |

Radix:

Bus width:

Start index:

[ Display gray code count as hinary count

c. Group the 4 inputs (A0...A3) by highlighting all 4 inputs, click the right key mouse and select Group.

U Fie Bt Vew Project Assgaments Promessng Tods Widow Hel
DEW S B« W 2788 T > 2@ (hAXS

Msster Time B e o| o Pearten: W0 rerval
pos 100 2003
Neme | 32 36rs PET
A
[ d A HO
| a Ho
[ L Qa Crlsx
w u Copr Crisl
| o
=| coof
A
= 1| Oelete el
B Y T T
(€] 3| seectEntre Wavelor Interval
Value v
Insert Waveform Iriterval...
Assgnment Edeor Ctrisshift+a
Lacate in Ting Clasure Sioarplan

Locate in Last Complation Fowrplan
Locate in Chp Edor
Locate in Design Fie

Teem v

Proper bies
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d. Select a name for your group of inEuts.

Group name; |Inputs|

R adis: | Hexadecimal ﬂ

[ Dizplay gray code count as binary count

| OF. | Cancel |

e. Do the same for the outputs (YO0...3).

Group name: |Dutputs{

Radix: |He:-:au:|eu:imal j

[ Display gray code count as binany cout

1] | Cancel |

f.  For the Inputs, highlight the inputs to make it COUI,Ilt from 1-F (Hex. values).
g. Click the right clock mouse and select count values as shown below.

cut cre
Copy e
fekte o

et Ml B
Select Entire Wavsiom Inberval

) [ oSk, Ak

Unnbakeed () Crieaey
Locate b Forcng Urimown DX} Cirkesk
. L FEgloe i colestsn
FoeongHgh (L) Cieskel

High Impadanca (1) ChAsARD

T Wesh Uk W] Ol AW
R sk Lowil) el
TR el cbeate
Dot Cawe(DC)  DmeAR+D
st vt

CIFREH
Irvtrary Ve OB

o A Eiainds J Iefo Jy Wareg J, Cical]  Raeddon vk Erss i

Count Value 3

Counting ‘ Tiing |

Radix

Start walue: |0

Endvabe 3
Increment by: |1

Count ype
& Binay
 Gray code

Cancel
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i) For the C;,, make the input always high by highlighting the input and select Forcing High (1) under

value.
Name Value at 0 ps 100ns 20.0ns -
22.35ns s
E Inputs HO
> CIM —
S o o
| E Ou Py
Delete Del
Insert Node or Bus...
Select Entire Waveform Interval
Gronar sk CrlsAiteG
Insert Waveform Interval... o
Uninitialized (U) Ctrl+Alt+U
Assignment Editor Ctrl+shift+a Fordng Unknown (X) Ctrl-+AIE+X
Locate in Timing Closure Floorplan Forcing Low (0) Ctri+Alt+0
Locate in Last Compilation Floorplan
Locate in Chin Editor High Impedance (Z) Ctrl+Alt+2
Locate in Design File Weak Unknown (W)  Ctrl-+alt+w
Weak Low (L) Ctrl+Alt+L
Zoom » Weak High (H) Cirl-+Alt+H
. Don't Care {DC) Ctrl+Alt+D
Properties Tnvert Crl+Alt+1
Count Value... Cirl-+alt+v
Clock... Cirl+Alt+H
Arbitrary Value... Ctrl+Alt+8

h. Run the timing simulation by clicking on the start icon.
Note: Make sure you give the simulation file a name that is the same when you created the circuit.

'@ File Edit View Project Assignments Processing Tools Window Help

DEd & 0o K B P R @ KARE OH
taster Time Bar: 2238 ns 4| #| Pointer: 1015 nslnterval: 2.2 1

Mo Value at I ps 1D.|Dns ED.!}ns
22.35ns H%m

[y Inputs HO
[T CIM HO
|  CcouT HX Ratetitolteletstetstotet
o Outputs Hx
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Once your simulation is completed, you should be able to observe, the operation incrementer 4. Given

lab activity

each input a hexadecimal number and Ci,=1, we should get an increment of 1 for every input. Notice

the C,yc output when you add F+1 as shown below. Notice, the time delay is about 5 ns as was indicated
by the compiler.

C4 - INC4 - [INC4 Simulation Report]

hts Processing Tools Window Help

K2 s

Simulation Waveforms

e w2 e

Bk S (AR # 40

Master Time Bar: 16.225 ns 4|+ Poirter: 284 ns Interval: | 1318 ns Start End:
Ve Pps 100ns 200ns 300ns 400ns 500ns 600ns 700ns 800ns 900ns 100.0ns 1100ns 120.0ns 1300ns 1400ns 1500ns 1600ns |
Name 19533 Tz
| B hpus Hi T i % 2 7 7 5 5 7 g g [y B T D £ F 0
| > | CIN B1
|2 | cout B0
o Outtputs HZ 1 2 3 4 5 [ 7 8 ] A B [ [1] E F 1] 1

F+1=0 with Cout =1

You can zoom to the right values by clicking the right hand mouse and select the appropriate range for
your zoom:

foom

Zoom in or aut ko display

" Sealeof:  |250.0ns

' Show range:

Start tirme: |EI | nz ﬂ
End time: |‘I odl | Fi ﬂ
| ] | Cancel |
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Making an INCREMENT—-4 Device/Symbol

16. Repeat the procedure used before to develop Half Adder Symbol.
a. Select from File = Create/Update from the main menu. Select Create Symbol for current file from the
new dialog box and create a box for the circuit.
b. Save the inc4 box to your project.

Edit Wiew Project Assignments Processing Tools ‘Window Help

>
I D‘;Mew... Chrl+h N 2B (A
= open... Chrl+0
[3 Close Chrl+F4
A T
& New Project Wizard... |
i STFT
D Ev? Open Project. .. Chrl+3 —— I UM =
O _ — B CRY
Convert MAX4+PLUS II Project..,
.—.| Save Project inst
- CosProject | e
I:=l Half_Adder .................
= I i . S
'—l B CRY
@‘ File Properties. .. inzt1
=
Create [ Update Create HOL Design File for Current: File
&4 nbol Files For Current File
Convert Programming Files. .. Create AHDL Include Files For Current File
] Page Setup...
@, Prink Preyiew
] & rint... Chrl+p
[ Recent Files 4
Recent Projects 4
Exit Alt+F4
£

F////////////l’///////////-"
7 {INCd g
“ =
Z Z
2o Rl g
ZE Az v2 [XZ
2o AN g
g — A0 VD [ g
Z Z
ZE—CIN CoUT %
2 :
Z Z

Z i
[FTn

Incrementer Symbol
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17. Test the incrementer symbol:

INC4
A Lot a3 ya B ¥
A2 I pjoion A2 yz R V2
oU
Al I wivion A1 Y1 L V1
o | e a0 yo (—EI V0
EC\N [ |r\\l}?:%r CINCOUT QUTPUT — couTt
inst
3 Fle Ed View Proet Asrmerts Processeg Todk Window el -8
F B |, B@Y| T »2w b RD
i [Master Time Bac 15225nm j_:JF‘m 217 lrtervat 6% St End
: T A0 B0 s B0 1000 s 1200 s 1800 rst 1600 rit
& Mame [Yahe o mmMP ! £ £
o |[2] @ reu: W A T O O T O F T O T CE O T B CF CF T
d CN 81
L cout BO | ! [ ! ! [ P
87 ([ @] @ owpss | w2 T T3 4 5 X & W T & ¥ 8 f kW B X C KO WE N F YO T

a.

In the test, the time delay is about 5 ns
i) To get rid of the timing delay, create “Generate Functional Simulation Netlist” from Processing
main menu as shown below.

&b File Edt View Project Assignments ® Tools window Help
0= =l
b A FZ) INCabd P Start Compilation el
Simulation Repart
K& SB Legal Notics Start 5
@ S Flow Summary Update Memory Initiglization File
SHER Flow Settings
3 45 | = S smustor & Compilation Report Curl4R.
g
SR summary
- -art Compilation & Simulation  Chr-Shift-+
S settings Skart Compilation & Sinulation  Cerl-Shife+K
&SATH Simulation Waveforn
+ &B1 Simulation Coverage P Start Simulation Chr+1
b=1oR T

Settings - INC4

Categon:

General
Files
User Libraries [Curent Project]
Device
Timing &nalysis Settings
Timing Analpzer Repoarting
EDA Tool Settings
Cornpilation Process Settings
Analysis & Synthesis Setings
Eitter

o)

Hing:

Simulator Settings

Select simulation options,

Simulation mode: |Fum:l|nna|

Simulation input:

Timing
Timing usitg Fast Tirning Mode!
Simulation perio

ii1) Here are the results with NO timing delay:

Simulation Waveforms

Simulation mode: Funcional

Master Tine Bar.| 1032Gns  ¢| »| Pointer 7373ns Interval 6281 ns Start End
0ps 200ns 400 ns 60.0ns 800ns mum%
Walue at I v I T
Name 10,93 s 10.925 ns
o

|| B Inpus H1 0 1 H 3 q 5 4 7 ] El
| on H1

l@| cour HD

|| E outputs H2 i 7 3 [} 5 £ 7 [ E] E)
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lab activity : i

The 1’s and 2’s complement of a binary number are important because they permit the representation of
negative numbers. The method of 2°s complement arithmetic is commonly used in computers to handle
negative numbers. The 1’s complement of a binary number is found by simply inverting all the binary numbers.
This is done by changing them from 1°s to 0’s or from 0’s to 1’s as shown in this example.

Using the INCREMENT—4 to find Two’s Complement Representations

Binary Number =010 1

o o
b LT 97

L] ] [ [

1's Complement=1010

The 2’s Complement of a binary number is simply found by adding 1 to the Least Significant Bit (LSB) of the
1’s complement.
2’s Complement = (1’s Complement + 1)
Example:
2’s Complement of the above binary number (0101) is:
1010 1’s Complement
+ 1
101 1 2’s Complement
The following circuit should do a two's complement of a binary number:

T —
el M4
i A5 W3
A2 W3
i
A1 R
it A N
e M LCIN COUT [
inst
T
inzt

Note that by connecting INC to VCC, INC is always a 1.

18. Build the circuit in Quartus® IT Altera and test whether it really performs a two's complement. It is up to
you to decide what a good test is but be sure to record the details of your tests. You will use a similar circuit
for two's complement toward the end of the lab.

39



lab activity : i

Questions:
1. Use the timing analysis of the half adder that you have created in the this lab to fill up the following truth
table:
INPUTS OUTPUTS
A B j|SUM | CRY
0 0
0 1
1 0
1 1

2. Switch the inputs on the trainer for the Half-Adder where input A is attached to pin 56 and the B input to pin

54. Verify the truth table of the Half-Adder.

3. Use the incrementer-4 device or circuit to find the One’s complement of the following Hexadecimal

numbers:
HEX: Binary

a. A 1010
b. F 1111
c. C 1100
d. 7 0111

4. Use the incrementer-4 device or circuit to find the two’s complement of the following Hexadecimal

numbers:
a. A

po o
<A
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lab activity @

Use the rest of the page for your observation of how the Half-Adder programmed using a PLD. Be sure to note
components that are used and answer the questions asked during the lab.
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