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ABSTRACT

The logic analyzer and signal generator application is a system where user can input and
output through the parallel port. For the logic analyzer application, certain pins of parallel
port are “on” by user. There will be a output display on computer. For signal generator
application, the parallel port pins will be activated by pressing buttons on a user interface.
The parallel port will be connected to a logic analyzer hardware. The output will be

display on interface of logic analyzer.

There will be additional function of the application. Software based logic analyzer and
signal generator have security feature where every user that uses to the software have to
login before using the software. If the user login the wrong user identification and
password, then an error message will be displayed. User have to re-login again until the

correct user identification and password is typed.

The main advantage of the application is that it can be used to test FPGA or other

electronic circuits.
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CHAPTER 1: INTRODUCTION

1.1 PROJECT BACKGROUND

The title of this system is software based logic analyzer and signal generator. This
research is a preliminary research since there is only a few research doing on it. The
concept is quite new. This application is mainly how to transfer and acquire data from

or to Parallel Port.

The logic analyzer is a simple 4 channel PC parallel port logic analyzer with sample
rate 50 kHz. The software uses status ports as input, thus using SPP mode is enough.
Luckily most of PCs are equipped with such peripheral. The logic analyzer is built
using a switch, 2 buffers, a parallel port, an analog to digital converter (ADC) and a
computer. Data is input through parallel port by connecting the switch to the ADC pin.
The data will be transfer to an ADC. This is to convert the analog data into digital data.
One buffer is used as temporary storage of data that is connected between parallel port
and an ADC. Another buffer is to control the transmission of signal. The data will be
performed inside computer. There are 2 types of data performance, timing and binary

format,

The signal generator, on the other hand, is built using a testing device, parallel port and
a computer. Unlike logic analyzer, the data is input from internal computer. The signal
generator will be connected to a logic analyzer to display signal generated by signal
generator. There will be a user interface that let user to activate or deactivate the parallel

port pins. Due to the application is built using only 1 computer, the data that input from



internal of computer will only be tested using a logic analyzer, but not on another
computer interface. Each time the specific pin is activated through user interface, the

parallel port pin will shows high voltage of 5 volts. Otherwise, it will remains 0 volt.

The problems are how to write and read the data to or from parallel port in clock timing.
Normally, the topic include sampling rate and how the data acquisition system is

capable of accurately reproducing waveforms of the favorite frequency.

The sampling rate of the logic analyzer and signal generator is defined by the ratio of
the number of samples acquired to the duration of sampling. Acquiring 100 samples
over a duration of 1 second gives a sampling frequency of 100 Hz. Likewise, acquiring

10 samples over a duration of 100 ms is also a sampling frequency of 100 Hz.

1.1.1 LOGIC ANALYZER

Logic analyzer is a hardware or software that has the ability of analyze signal or
waveform. Normally this logic analyzer is connected to a signal generator or a source
which can generate signal. Logic analyzer generally have a number of channels and

limited timing resolution.

The logic analyzer can be configured as timing analyzer which give a waveform display
similar to that of an oscilloscope or as state analyzers which display signals in terms of

binary or hex numbers, or both at the same time.

o



There are 2 types of logic analyzer, software and hardware. The software logic analyzer
is a software that have ability of performing several types of waveform. A hardware
logic analyzer is a useful electronic circuit which is useful in development and
debugging, especially where fast logic circuits are involved with lots of signals whose

relations have to be verified or examined.

The data are stored in the memory, in the normal binary code; however, the display can
be formatted in various different ways. In most logic analyzers, the data displayed are

preceded by a line number (related to the trigger word) for the sake of convenience.

The possible display formats are [Simulink Reference, 1994]:

1. Timing format ( Timing analysis )

2. Binary or Hex format ( State analysis )

1.1.1.1 OPERATION

The operation of the logic analyzer is controlled by a clock signal (the clock together
with the data input is the data acquisition unit). A sample of the data present is taken

each time a clock pulse occurs, and transferred to the memory [Craig Maynard, 2000].

After the first clock pulse, one data word is stored in the first memory location. On
receipt of the next clock pulse this data word is shifted one place further, and the next
data word is transferred to the first memory location. Each subsequent clock pulse

causes the string of data words to be shifted one place further in this way.



1.1.1.2 ADVANTAGES

e A logic analyzer is useful in electronic development and debugging, especially
where fast logic circuits are involved with lots of signals whose relations have to
be verified or examined.

e The logic analyzer is used in order to make accurate timing measurements and

to investigate voltage vs time characteristics of signals.

1.1.2 SIGNAL GENERATOR

Signal generator, on the other hand, is reverse of logic analyzer. Unlike logic analyzer,
signal is generate by signal generator and is transmit out to a logic analyzer through
parallel port. The signal generator generate signal that may be used in testing, audio

analysis, or recording [Martin Clausen, 2002].

Generally, signal generator is divided into 2 types, hardware and software,

A software signal generator is a software that capable of sending a signal down a cable

so that it can be traced by a detector receiving signals on the same frequency.

A hardware signal generator is connect to some DAC (Digital Analog Converter). The
number of DAC that is intend to be connected is depends on the number of bits
supported by the signal generator. The DAC have the ability to convert digital data into

analog data.

There are 2 types of signal that can be generated by signal generator, digital and analog,

Digital signal is data in its original format, it is binary. However signal generator can



convert the binary format into hexadecimal as well. Analog signal capable to be

generated using the DAC device.

1.1.2.1 OPERATION

Signal generator generate data through 2 process, digital frequency generation and

analog processing of signal [Mautin, 2001].

Digital Frequency Generation

The digital part of the frequency generator consists of a shift register, an adder, a
latch and a 1M bit EPROM. The shift register reduces the need of port pins at
the MCU from 33 to 3. It also synchronizes the data input from the MCU with
the operation of the adder.

The adder output is feedback to itself via the latch. Therefore the value at the
output of the latch is increased by the value in the shift register at every clock
cycle. This value is also taken as an address for the EPROM. This EPROM
contains a table, which allows to convert the value from the latch into the
amplitude of the output signal. In principle any waveform can be stored and
generated.

The frequency and amplitude modulation is based on a DDS software in the
micro controller. Since the sinus is read from a 16K byte lookup table (LSB

first) starting at &HO01000, we can replace it by any other waveform.

Analog Processing of Signal



The final output signal is formed through DAC, filter, multiplier and an
amplifier. The digital output of the EPROM is converted to a analog signal by a
high speed, high precision DAC. Its current output is converted to a voltage by a
operational amplifier.

The MCU shifts the amplitude value into the DAC. The output of the DAC is
feed into the multiplier and allows the adjustment of the amplitude. The offset is
adjusted by another DAC. Its output is converted to a bipolar output by a dual

OP. In the final step the signal is amplified by a strong operational amplifier.

1.1.2.2 ADVANTAGES

e Used to generate multiple types of signals.

e The concept of signal generator can be used in Smart home. Smart home is a
new technology that is currently being accepted and adopted in the society
today. The similar concept between smart home and signal generator is the
automation of lights. This include turning on and off lights and appliances based

on the lifestyles of the homeowner.
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12 PROJECT OBJECTIVES
o Isused to test FPGA.
e Provide user to input data from external of parallel port into computer.
e Provide user to input data from computer and output to parallel port.

e Verify the input and output of parallel port.



1.3 PROJECT SCOPE

There are 2 parts that will be developed, there are logic analyzer and signal generator

[Mautin, 2001].

Logic analyzer
e data acquisition
logic analyzer must has the capability of reading data from parallel port pins.
e output display
logic analyzer can displays 2 types of outputs, there are timing and binary.
Timing output is square waveform.
Signal generator
e output data
signal generator must has the capability of output data from parallel port pins.
The data output into parallel port can be test using a logic analyzer.
e Input feature
Signal generator has the feature of input data. Generally, a user interface will be

created to let user activates the parallel port pins.



1.4 PROJECT CONSTRAINT

There are a few constraints that need to be considered when implementing the system.

There are as below [Jan Axelson, 1999]:

Parallel port type

Parallel port consists of many types. The available types are SPP, PS/2 type
(simple bi-directional), EPP, ECP and multi-mode ports. The most suitable
mode for the application is SPP. The reason SPP port is chosen is because SPP
has 5 status inputs and 4 bi-directional control port. In newer ports, there are 8

data ports that can be used as inputs.

Parallel port pin
Every parallel port has three types of pins, data, status and control. The parallel
port pin that is selected to read is status pin and data pin is used to write. The

data pin consists of 8 status pins, D0-D7 and 4 status pins, S3, S4, S5 and S7.

Parallel port speed

The speed of parallel port is 200-400 kHz.



e Input for logic analyzer
The input for logic analyzer must consists voltage of 0-5 volt. This is because
the parallel port pin can not support power more than 5 volt. Otherwise, the

parallel port will break.

e Sampling rate
The sampling rate of logic analyzer and signal generator is 50-100 kHz. The
bigger the frequency, the more accurate the logic analyzer and signal generator

become.

e Output of logic analyzer and signal generator
Logic analyzer can display data in square waveform, bus and binary format.

Signal generator can generate square waveform.



1.5 REPORT LAYOUT

The purpose of this layout is to give an overview of the major phases involved during

development of the project. Below is the report layout:

Chapter 1: Introduction

This chapter gives an overview of the major phases of the project that includes the
objective, project overview, project scope, project development methodology and

project schedule.

Chapter 2: Literature Review

This chapter give brief explanation on topics researched and studies that are relevant to
this project. It is the combination between literature search and literature review.
Among the discuss topics are operating system and Web development technology.

Besides that, this chapter also makes a study on logic analyzer and signal generator.

Chapter 3: System Analysis
This chapter emphasizes on the analysis of the project’s requirements, functional
requirements, non-functional requirements and the methodology of system. It explains

how the requirements for this project were acquired and the results of the analysis.



Chapter 4: System Design
This chapter explains the conceptual and technical design of the system. It covers the

Structure chart, content design, block diagram, data flow diagram and user interface

design.






