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ABSTRACT

ISHFAN VAKIL. Design and testing of a communications educational embedded board
for teaching and research. (Under the direction of DR JAMES M. CONRAD)

A communications educational embedded system board has been desgjtested for

use in teaching and research. The motivation lies in the desiesign a board capable

of data communication using optical fiber, infrared, serial RS-232 &®l. The board

will be used for research and teaching purposes in the fidcthbédded systems. There

has been significant technological development in the field of dat@munications.

Many embedded systems which are integrated as a part ofhigimiechnology devices

and home appliances use the most recently developed and advancedomdates

communication for faster and reliable data transfer. Optical aoriwation using either

optical fiber or infrared have been widely used in industry and reied) into modern

devices for efficient and faster data communication. The embesig#dms engineer

needs to have the knowledge about the working of such data communication

technologies. The main aim of this project is to develop a commumchtard which

handles data communication using optical fiber and Infrared. The baarbecused in

class room teaching for learning embedded systems and atiie tame give the

embedded systems engineering student the hands on experience to haicdle opt

communication.
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CHAPTER 1: INTRODUCTION
1.1 Introduction to the Thesis

Data communication is one of the most important and fundamental parnyof
electronic or electric equipment in use today. Transfer of data in the foadiofwaves,
voltages and light signals is taking place all around us. Twe p&the same electrical
equipment controlling a given process send and receive control signéle form of
electrical data. Control systems that are embedded inside riaugtade high
technology equipment or as a part of many household electrical rggdiaequire data
communication either within the system, between the various compangaiged in
that system or outside the system. It would be safe to sagi@teacommunication forms
the backbone for any electronic system. Data may be carreedigtance of less than a
fraction of an inch on a printed circuit board to as far as a fewlrbdnmiles through
long wires. Different devices based on the requirements and plee ofy device use
different methods of data communication. The basic aim of eadcbedeapable of data
communications is to transmit and/or receive data at the higlsstble transmission
speed with the lowest possible transmission error, consume lowegil@gssver, and
cost the least amount of money possible.

Data is transmitted through communication channels, which are pathiwvaugh
which data flows from the transmitter to the receiver. Commtiaicghannels can vary
depending upon the type of application and the transmission requirementahhke
either wire line or wireless channels. The wire line commuioicathannels physically

connect the transmitter to the receiver with a wire which could be a tvated coaxial



cable or an optical fiber. The wireless communication channel esquio physical
connection between the transmitter and the receiver. Datansnitsed through air
where the transmitter having an antenna radiates signalsathéiecreceived by another
antenna at the receiving end.

The speed with which data can be transmitted between a trarsenil a
receiver is called data transfer speed or simply data lata digital communication
channel, the data is represented by individual bits which may béimednto form
multibit message units. A byte, which consists of eight bitanisxample of a message
unit that data rates are measured in megabytes per second ,(Mlgig)es per second
(Kbps) or simply bytes per second (bps). The data transéeoraimply data rate is also
termed as throughput. The throughput of a device would thus be definedhasniher of
data bits transferred per second.

Embedded system is one of the fields where data communicatids &olery
important place. Embedded communication devices are integrated intreulff
applications ranging from homeland security system to industignaation to simple
home appliances. With these significant technological advancemettis field of data
communication and the subsequent development of high technology equipment and
gadgets comes the need for teaching the latest technologyaicaamunication to the
upcoming engineering students. Embedded system engineers have knoabedte
computer architecture, microcontrollers and programming. The demaechkddded
engineers having knowledge about data communication is going to e Higwever
there are very few development tools available for classroarhiten so the engineering

students usually do not learn much about different data communication technologies.



1.2 Work done in the past

Before the start of this thesis, much time was spent in unddistathe basic
requirements and need of the students to work with communication moéeléisdione
being designed and tested. A lot of work has been done in the past to andlenst
learning curve of students working in embedded systems and hienedtiflab exercises
directly related to programming of the embedded microcontroll@rdo@long with
communication modules like infrared and optical fiber helps them tterbenderstand
the subject of embedded systems programming, embedded systemsarbardw
requirements and data communication.

Several papers related to the software and hardware toolseé&ohirig
communication and embedded systems concepts have been written byerequeri
faculties, who have been involved in teaching embedded systems and contiotunica
systems for several years.

One of the works worth mentioning is the research effort by aoand Howitt
on software and hardware tools for teaching communication conasgtstaoducing
students to low power wireless communication [12]. In this eftbd, experiences of
introducing board to board communication concepts and hardware to stualemtselen
covered. Communication concepts using optical fiber, infrared and lowr poinedess
communication was introduced to students and the effort of the studastassessed
based on the success of their assigned work.

Other major work done in the Department of Electrical and Computer

Engineering, University of North Carolina at Charlotte was tiieoduction of optical



communication in the embedded systems course [6]. The students ageetondo lab
exercises on optical fiber and infrared communication and results wereelbested on
the speed of data transfer and other communication related concepts.tidn 20
students were involved in various lab exercises which gave the dleseaa thorough
idea about the concept of introducing such labs into courses like embgdtEdsand
how these exercises help the students to further strengthenethbedded systems
programming , embedded systems hardware and communication theory concepts.

In one of the lab exercises performed by the students, througlgasurements
were done under different conditions. The requirement was to push thal diites
communication to its limit by using simple I/O interfacingcontrast to interfacing with
the UART of the microcontroller. Data was collected from thiedbht teams of students
and compared. Results showed that speeds higher than expected thrdigltdidd be
achieved using programmed /O pins however with a compromise of sirtgearror
rates.

Many related work in this field have shown that introducing expetiater lab
related concepts in a teaching course improves the way a skealerst about that subject
[11]. Communication theory and analytical models are often consideydayditudents,
leading to poor retention of the material. Understanding these conceptsngortant
part of understanding approaches required to solve real world problEmsefore, one
of the goals of this research is to develop hands-on learning mddut@Esmmunications
courses. There is a substantial body of work relating to the advantages aatheprfor
integrating course work with laboratory investigation [16-23] imleorto illustrate

concepts in communications. Of particular interest is the thuet-Bpproach [16-18]



where the student is introduced to 1) component level, 2) sub-systenateléhen 3)
system level experiments. It is anticipated this approadhbeiibdopted for courses that
use this communications hub board, and is one of the primary motivatiahsvioping
this board. The optical communication board will be the only microcontratiard and
the first of its kind having optical fiber, infrared, USB and RS282ne package that

will be available for students

1.3 Motivation

The primary motivation for this work was the lack of commdcevailable low
cost microcontroller boards that would have all the communication modules
components interfaced on it. Having a single board simplifiedelgyn and reduces the
need of using several different boards and components for perforngegree and
experiments. The board being further used as a platform for tgaelmid learning
embedded systems. Reducing the cost of the board as much as peasibiee of the
main design objectives. The target user groups for the communicatioth d@aithe
students and researchers in various universities and research labs.
The other design objectives were robustness, reliability and fundtyonélthe board.
Most of the early technological learners such as high school studektsxperience and
expert knowledge for interfacing a controller board with otlenmonents. To prevent
the learners from making errors, connectors on our board have beeromiadaof (the
user cannot damage the components of the board by plugging cables vimotige

sockets).



After reviewing the commercially available micro-controlleryards with respect
to their suitability as teaching tools, we concluded that none ofexiiging micro-
controller boards met our requirements. We then designed a new euritadrd based
on previous boards and added various communication modules to it.

The major uses of this embedded systems communication board can be
summarized as follows:

The board will be used as a teaching tool in embedded systems courses.
The embedded systems course will cover the basic microcentroll
programming and hardware details related to the board.

Laboratory exercises form an essential part of any dddgke system or
communication course. This board will serve as basic learning mantutbef
students performing programming, testing and other interfacingisegrio the
lab.

Research in the field of optical fiber and infrared communicatiam loa
performed on the basic level using this board. Measurement of theghiputs
and calculating the maximum throughputs at different speeds and enediff
conditions can be an excellent research issue to work upon.

Interfacing of different sensors on the board will allow the tsexccumulate
data from the sensor and transmit it through optical fiber @vay distances of
up to 2.7 Km.

The board will provide enough resources for the researchers and devdtoper

build applications on top of it by interfacing different technologies with it.



1.4 Organization of Thesis

The thesis has been organized into different sections for thekssading and
understanding. Care has been taken to follow a particular pattesmcina way that
things which are relevant at the beginning and are required to tarerthe later
chapters have been discussed in the first few chapters. A readag hary little
knowledge about the subject can easily follow the chapters and undetts¢adetails in
the subsequent chapters.

Chapter 2 of the thesis provides a detail into the understanding of the
specifications and functionalities that were required for the bo&wel efitire design rests
on the initial specifications set for the project. All throughout dbsign project these
specifications and required functionalities were followed and kept in mind.

Chapter 3 of the thesis provides the details of the hardware usétefboard
design. The hardware detail of each module of the communication boardebas
discussed in this chapter. The specifications of the microcomtrmll®wed by the
hardware details of the optical communication modules and in theéhendardware
details of the serial RS-232 and serial USB have been discussed in detail.

The Chapter 4 is the most important chapter of the thesistnreflébe maximum
amount of work done on the project. The design details of each circuitdimg the
schematic design, have been discussed in this chapter. The eniga désthe
communication board has been divided into a number of important circuitefease of
design and understanding. Each of these circuits has been disalesgdwith the
interfacing techniques used. The interfacing of each module k@tmtcro controller has

been discussed in detail.



Chapter 5 of the thesis provides the details about the testinge odlifferent
modules used in the communication board. Each of the board modules wasaegte
design correction and functionality. Testing forms a very impomart of the project.
The project can only go to the next stage of layout design and finally manufgafuhe
test results are correct and favor the design.
Chapter 6 provides a small introduction to the layout specificatiotiseoboard
and various footprints of some important modules of the board. This chapter discusses the
importance of proper layout design for manufacturing of flawless micnagtemtboards.
Chapter 7 of the thesis summarizes and concludes the work done pmojleist

and discusses the future work needed on this project.



CHAPTER 2: BOARD DESIGN
2.1 Board Specification
The Communication Educational Board is a small sized commuonicati

hub capable of handling different types of data communication. Ojfibea infrared,
RS-232 and USB are some of the modules which can handle data comionrooathe
board. Each of these modules is independent of each other and workerahtddaud
rates depending upon their specification. The board is powered thaoDgh voltage
supply between 9V to 15V. The board carries a voltage regulatohwhiogs down the
voltage to 5V. The board can also be alternatively powered throadhSB port, giving

the port additional functionality.

STATUS RUN TX RX  ERROR POWER

USB

% MICRO
i 4 PROCESSOR ———
«— ATmegal28L
R e .

JTAG
INTERFACE

®® g LCD SCREEN
o0 - m .
o's SWI SW2 SW3 SW4

Figure 2.1: Diagram of the Embedded Communication Board

All the components on the board have been chosen in order to fit theevoltag

requirements. To make the board work as a low power communication hupo\uwey
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consuming devices including the microcontroller have been chosen wihvesy less
compromise with the price.

The components have been chosen such that the size of the overall board does
not increase beyond 4 square inches. Surface mount resistorgpacitars of standard
size 0603(~1.6 mm) have been chosen. These components immenselyhecdwes all
complexity and the size of the board. The board has been equippeal @D screen,
giving it an additional user friendly look. Baud rates, bit error@nclirrent state of the
microcontroller are some of the things that can be displayed onGhe dcreen by
programming the board. The board comes along with a number of testraplé €odes
which can be downloaded on the board through the PC using a JTAG connecttastThe
codes will be able to test the functionality of each module on thel bd® user will be

able to alter and improve upon those test codes depending upon the requirement.

2.2 Board Functionalities
Before the design of the board was started we had to decidethpalifferent

data communication modules that will be used on the communicationtiedat®oard.

The optical communication transceivers, which include both fiber opticirdrared

transceivers, form the main data communication ports on the boarcenfiteeboard has
been initially designed based upon these two data communicationethianlowever
apart from the optical communication, the board will be capable of ihgnsirial data
communication through the serial RS-232 port. In addition to the seriaa pd®B port
has also been provided. The USB port will be capable of handliagcdatmunication

and in addition provide an alternate power source to the board. The (JBkE Test
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Action Group) interface present on the board is used for downloadingroodehe PC
to program the microcontroller. The Board has been designedficgfcifor

educational and research purposes. The board functionalities can e degtbnstrate
data communication in embedded system or optical communication cl&ssgiseering
students working with the communication educational board will get hanelspanience
in programming of the microcontroller for handling data commuruonatising different
communication channels present on the board. The board in general walpdiele of
handling data communication between the different modules of the bmmvkgen the

PC and the board and between two PCs via the communication board.
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CHAPTER 3: HARDWARE

3.1 Microcontroller

The microcontroller chosen for this board is the ATMEL ATmegal28is a
high performance, low power, 8 bit AVR® microcontroller. It cométh\a 128Kbytes
of self programmable flash, 4Kbytes of EEPROM and 8Kbyteatefnal SRAM. The
microcontroller comes with a JTAG interface for programmiriche processor speed
ranges from O to 16 MHz in the voltage range of 4.5 to 5.5V. Asadathe data
communication is concerned, the ATmegal28L carries two programitdalbids. It is
capable of Master/ Slave SPI interface and byte orientee?serial interface. It comes
with two 8-bit and four 16-bit timers, four 8-bit PWM channels, 8-chadfdbit ADC
and 51 programmable I/O lines making it an ideal microcontradlethie communication

hub.

Figure 3.1: Quad flat pack 64 pin ATmegal28L [1]

Figure 3.1 shows the 64 pin quad flat package of the microcontroller which has been used
for the data communication board. The ATmegal28 is a low-power CMOS 8-bit
microcontroller based on the AVR enhanced RISC architecturexBguting powerful
instructions in a single clock cycle, the ATmegal28 achieves thpotig) approaching 1

MIPS per MHz allowing the system designer to optimize povegrsemption versus

processing speed.
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Figure 3.2: Block Diagram of ATmegal28L [1]

The AVR core combines a rich instruction set with 32 general purpose workiatpreg
All the 32 registers are directly connected to the Arithmiaetigic Unit (ALU), allowing
two independent registers to be accessed in one single instruaticutex in one clock
cycle. The resulting architecture is more code efficientandchieving throughputs up to

ten times faster than conventional CISC microcontrollers.
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The ATmegal28 provides the following features: 128K bytes of Ine8yst
Programmable Flash with Read-While-Write capabilities, 4k EEPROM, 4K bytes
SRAM, 53 general purpose I/O lines, 32 general purpose working regieal Time
Counter (RTC), four flexible Timer/Counters with compare modes awMpP 2
USARTS, a byte oriented Two-wire Serial Interface, an 8-cHardfiebit ADC with
optional differential input stage with programmable gain, prograbden Watchdog
Timer with Internal Oscillator, an SPI serial port, IEE&. €t149.1 compliant JTAG test
interface, also used for accessing the on-chip debug system fpamming and six
software selectable power saving modes. The idle mode stothewhile allowing
SRAM, Timer/Counters, SPI port, and interrupt system to continueidamngg. The
power down mode saves the register contents but freezes theasdlikabling all other
chip functions until the next interrupt or hardware reset. In power-gaode, the
asynchronous timer continues to run, allowing the user to maintaimealiase while the
rest of the device is sleeping. The ADC noise reduction mode ttegSPU and all I/O
modules except asynchronous timer and ADC, to minimize switchirsg miiring ADC
conversions. In standby mode, the crystal/resonator oscillator is rwvhileggthe rest of
the device is sleeping. This allows very fast start-up combivgd low power
consumption. In extended standby mode, both the main oscillator andytitobrasious
timer continue to run. The device is manufactured using Atmeltsdemsity nonvolatile
memory technology. The on-chip ISP flash allows the program merntwrpe
reprogrammed in-system through an SPI serial interface, dpneentional nonvolatile
memory programmer, or by an on-chip boot program running on the AVR® Toee.

boot program can use any interface to download the application progratme in
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application flash memory. Software in the boot flash sectionawititinue to run while
the application flash section is updated, providing true Read-WhileeWRWW)
operation. By combining an 8-bit RISC CPU with In-System SelgRrmmable Flash
on a monolithic chip, the Atmel ATmegal28 is a powerful microcontrtiet provides
a highly flexible and cost effective solution to many embedded aampplications. The
ATmegal28 AVR® is supported with a full suite of program and systemelopment
tools including: C compilers, macro assemblers, program debuggedsinsulin-circuit
emulators, and evaluation kits. The microcontroller is programmed ASRgStudio®4.
The AVR Studio® 4 is the professional Integrated Development Environftizgia) for
writing and debugging AVR® applications in Windows® 9x/NT/2000/XP environment
AVR Studio 4 includes an assembler and a simulator. A JTAGIKIE connector [13]
is connected between the PC and the board to download code to the ATmegal28L
microcontroller through the JTAG connector. The AVR JTAGICHIm&mbined with
AVR Studio® can program all AVR 8-bit RISC microcontrollers with a JTAG interfa
The AVR® JTAGICE mkll from Atmel® is a powerful development tdot on-chip
Debugging of all AVR 8-bit RISC microcontrollers with IEEE 1149.1 coaml JTAG
interface or debugWIRE Interface. DebugWIRE enables on-chip delhudVR
microcontrollers in small pin count packages, using only a single fer the debug
interface. The JTAGICE mkll and the AVR Studio® user intexfagve the user
complete control of the internal resources of the microcontrolielpirly to reduce
development time by making debugging easier. The JTAGICE nekfbpns real time
emulation of the microcontroller while it is running in a targgstem. The JTAGICE

mkll provides emulation capability at a fraction of the codradiitional emulators. The
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JTAGICE mKkKll allows access to all the powerful featureshef AVR microcontroller.
All AVR resources can be monitored namely, flash memory, EEPR@Kkhory, SRAM
memory, register file, program counter, fuse and lock bits, antiGalmodules. The
JTAGICE mkll also offers extensive on-chip debug support for breaditions,
including break on change of program memory flow, program memoak lpaints on
single address or address ranges and data memory break goisisgle address or

address range.

Figure 3.3: AVR® JTAGICE mkll [14]

The Universal Synchronous and Asynchronous serial Receiver andmnilitans
(USART) is a highly flexible serial interface device prdase the microcontroller. It
supports full duplex operation (independent serial receive and tramgisiters), master
or slave clocked synchronous operation and high resolution baud ratetgenelta

supports serial frames with 5,6,7,8 or 9 data bits and 1 or 2 stop bitis.aN\this serial
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data communication support and more, it made the choice of the micmlewrfor the
communication board easy and un-debatable. Figure 3.4 shows the pin dodgteen

ATMEL ATmegal28L microcontroller.
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Figure 3.4: Pin Diagram of ATmegal28L [1]
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3.2 Optical Fiber Transmitter and Receiver
The optical fiber communication module used for the embedded systems

communication board uses separate transmitter and receiversciiidugt module used is
the Agilent technologies HFBR-1412 as the transmitter whiatapsable of speeds in
excess of 10 Mbps (Mega bits per second) and HFBR-2412 as #¢eerdbat is capable
of speeds up to 5Mbps. The Agilent optical fiber transmitter andvegcare low solution
for optical fiber data communication for up to distances of 2.7 km. RBR0400 series
transmitters and receivers are housed in a low-cost, dual-inlikagedthat is made of
high strength, heat resistant, chemically resistant, and UL94Wa@e retardant
ULTEM® plastic. The transmitters are easily identified by tight grey color connector
port. The receivers are easily identified by the dark gregrambnnector port, (black
color for conductive port). The package is designed for auto-insertiowarel soldering

so it is ideal for high volume production applications.

)

Figure 3.5: HFBR-14xx and HFBR-24xx package [7]

The HFBR-14xx fiber optic transmitter contains an 820 nm AlGaAgtem
capable of efficiently launching optical power into four different agdtifiber sizes:

50/125 m, 62.5/125 m, 100/140m, and 200 m HCS®. This allows the designer
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flexibility in choosing the fiber size. The HFBR-14xx is desigtedperate with the
Agilent HFBR-24xx fiber optic receivers. The HFBR-14xx trartganis high coupling
efficiency allows the emitter to be driven at low current llevesulting in low power
consumption and increased reliability of the transmitter. The HEB& high power
transmitter is optimized for small size fiber and typicaan launch -15.8 dBm optical
power at 60 mA into 50/125m fiber and -12 dBm into 62.5/125n fiber. The HFBR-
14x2 standard transmitter typically can launch -12 dBm of opticakpetv60 mA into

100/140 m fiber cable.

' PIN | FUNCTION
anopE 287 1 NC
« 2 ANODE
CATHODE E ¥ 3t | CATHODE
q NC
51 NC
6 ANODE
— ?f ANODE
" Jodos [ B 8' |Nc
0306 NOTES:
| 0207 1. PINS 1,4, 5AND 8
| o1e8 || = ARE ELECTICALLY

CONNECTED.

BOTTOM VIEW ™ 5 » 1 INDICATOR 2. PINS 2, 6 AND 7 ARE
ELECTRICALLY CONNECTED
T0 THE HEADER.

Figure 3.6: HFBR 14x 2 Transmitters [7]

It is ideal for large size fiber such as 100/140. The high launched optical power level
is useful for systems where star couplers, taps, or inline conseutate large fixed
losses. Consistent coupling efficiency is assured by the double-lens epsiah. Power

coupled into any of the three fiber types varies less than SodB gart to part at a given
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drive current and temperature. Consistent coupling efficiency redaceser dynamic
range requirements which allows for longer link lengths.
The HFBR-24x2 fiber optic receiver is designed to operate withAtigent
HFBR-14xx fiber optic transmitter and 50/12f&, 62.5/125 m, 100/ 140m, and 200
m HCS® fiber optic cable. Consistent coupling into the receivesssrad by the lensed

optical system. Response does not vary with fiber siz€00 m. The HFBR-24x 2
receivers incorporates an integrated photo IC containing a photo detector amaliiera
driving an open collector schottky output transistor. The HFBR-24x2 igraes for
direct interfacing to popular logic families. The absence oingernal pull-up resistor
allows the open collector output to be used with logic families ssicBMOS requiring
voltage excursions much higher than VCC.
NOTES:
1. PINS 1,4, 5AND 8

ARE ELECTICALLY

CONNECTED.

2. PINS 2, 6 AND 7 ARE
ELECTRICALLY CONNECTED

TO THE HEADER.

T ol o5 PIN | FUNCTION
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0907 2 |V, (5V)

2108 _| 3¢ | cCOMMON
—t — 4" | NC
BOTTOM VIEW 551 0

; DATA

PIN 1 INDICATOR 2 | common

8' | nNC

Figure 3.7: HFBR 24x2Receiver [7]

Both the open-collector “data” output pin 6 and VCC pin 2 are referenced to “com” pin 3,
7. The “data” output allows busing, strobing and wired “OR” circaitfigurations. The

transmitter is designed to operate from a single +5 V supply.ei$sential that a bypass
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capacitor (0.1 mF ceramic) be connected from pin 2 (VCC) to pirr@ifccommon) of

the receiver.

3.3 Infrared Transceiver
Another optical communication module used in the data communication board is

the infrared transceiver module. The IR transceiver used in the hule iIEFDU4100
Serial Infrared Transceiver (SIR) from Vishay Semiconductdree TFDU4100 is an
infrared transceiver module compliant with the IrDA (InfraredteD#@ssociation)
standard for serial infrared (SIR) data communication, supportpeeds up to
115.2kbit/s. The transceiver module consists of a PIN photodiode, an inéagdr
(IRED), and a low-power analog control IC to provide a total fromt golution in a

single package.

Figure 3.8: TFDU4100 Infrared Transceiver package [8]

The TFDU4100 SIR transceiver comes in a small baby face gacKae transceiver is
capable of directly interfacing with a wide variety of roontrollers. The wide area of
applications that the SIR can be used in makes it an ideal dataucocation module to

be selected for the communication Hub for teaching purposes. Sorhe ekamples
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where the TFDU4100 SIR transceiver can be used are printers,aehin@es, copiers,

cellular phones, pagers, handhelds, medical and industrial data coliéeticgs, GPS

and more.
- VT
Voo
DCriver
\*EZ Amplifier Comparator 1 Rxd a1
I P
L)
AGC IRED Anode
5 Logic /ff
Txd L3 [\\‘ Y IRED Cathode
Cpen Collectar Driver L/
A
GND 14378

Figure 3.9: Functional Block Diagram of TFDU4100 [8]

The TFDU4100 is a very low power consumption (1.3mA supply current)
surface mount transceiver with a wide operating voltage rbatygeen 2.7 to 5.5 V. It
has an open collector receiver output with a 2@kternal pull up resistor. It has a built
in EMI (Electro Magnetic Interference) protection, such thagxternal EMI shielding is

required.
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TABLE 3.1 Pin description TFDU4100

Pin
Function Description 110 Active
Number
IRED IRED anode, should be externally connected to V@Eaugh a current
1 Anode .
control resistor.
IRED . . .
2 IRED cathode internally connected to driver tratasis
Cathode
3 Txd Transmit Data Input. HIGH
Received Data Output, open collector. No externdityp or pull-down
4 Rxd resistor is required (20 kresistor internal to device). Output data is (0] LOW
invalid during transmission.
5 NC No internal connection.
6 VCC1 Supply Voltage.
7 SC Sensitivity control. HIGH
8 GND Ground.

3.4 Serial RS-232

The RS-232 is a popular serial data communication protocol used to ctimmect
PC with various data acquisition devices or microcontroller boards.RBa232 device
can be directly connected to the computer through its communication (@) The
main aim of the RS-232 port to be put on the communication educationdl waarto
have an option of data communication between the PC and the board. Stuat&img w

on the communication board will be able to send and receive data imanthe PC and



24

process it inside the microcontroller. RS which stands for recowhedestandard was
developed in the 60's by a standards committee now known as theltEatdustries
Association to develop an interface to connect computer terminal®dems. RS-232
serial communication is a very simple data communication prototothwcan be
implemented using both software (if I/O pins of the microcontraler used) and with
hardware (if UART of the microcontroller is set). In the camioation board the RS-
232 port has been connected to the UART pins of the microcontroller. $FH23R
connector was originally developed to use 25 pins called the DB25 coniregtbich
provisions were made for a secondary serial RS-232 communichaonel. In practice,
only one serial communication channel with accompanying handshakprgsent. On

personal computers, the smaller DB9 version is more commonly used today.

— Diata carrier detect

Bo——— Data set ready

21— Receive data

T Oo———Reguest to zend
30—— Transmit data

g0—— Clear to =end

40— Data terminal ready

9 o——— Ring indicator

— Signal ground

Protective ground

Figure 3.10: PIN configuration of a DB9 connector for RS-232 port

Figure 3.10 shows a DB9 connector pin out diagram used for RS-23@ seri
communication. The RS-232 standard is an asynchronous serial communicatioch

the information is sent one bit at a time. Being asynchronousftbrenation is not sent

in a predefined time slots and hence the data transfer can start atemtige. The RS-
232 standard describes a communication protocol where the informataataois sent

bit by bit on a physical channel. The information is broken up in datdsyThe length

of a data word may vary between 5 and 8 bits typically. groper transfer additional
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bits are added for synchronization and error checking or detection psirpbosis
important that the same number of bits be used by the transwitte the receiver
otherwise the data word may be misinterpreted, or not recogniz#id &ach data word
is starts with an attention bit, also known as the startiitectly following the start bit,
the data bits are sent. For error detecting purposes, an exgatited to the data word
automatically, called the parity bit. The transmitter cakeslathe value of the bit
depending on the information sent. The receiver performs the salbglation and
checks if the actual parity bit value corresponds to the caldwatee. All the data bits
and parity bit are contained in a frame of start and stop s pé&riod of time between
the start and stop bit is a constant defined by the baud ratetarhéis always has a
space value (logic 0) and the stop bit always has a marking (logic 1). If the receiver
detects a value other than marking when the stop bit should be presért lomef it
knows that there is a synchronization failure. This causes anfyaenror (frames not
received correctly) condition in the receiving UART. The devibent tries to
resynchronize on new incoming bits. The signal level of the R§RB2can have two
states. A high bit, or marking state is identified by a negatoltage and a low bit or
space state uses a positive value. The voltage limits are shown below.

TABLE 3.2 Voltage limits of RS-232

LEVEL Transmitter capable(V) | Receiver capable(V)

Space State(0) +5.....+15 +3....+25

Mark State(1) -5.....-15 -3....-25

Undefined - -3....+3
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The RS-232 serial port is interfaced with the microcontroller tjinaihe RS-232 serial
transceiver. In this board MAX202 is used as the transceiver daiver The MAX202
transceiver IC is designed for RS-232 communication interface &imugoltage levels

less than 12V. The IC is used to level shift the board 5V to +10Vreehtor RS-232
output levels. It allows data rates in excess of 120kbps in stawcdaditions. It
consumes around 8mA of current. The MAX202 comes in a 16 pin surface mount
package. The output of the transceiver IC is interfaced througdARE 1 pins of the

microcontroller.

01pf
+5Y I:IPUT i

eIk
OIpF
= |15
o Ve v 2 o

i
Iy $5YT0 10V '
"WET M o volTAGE DOUBLER
- I OV TO-10V 6 -10v
on [1]*® ERE: OwEa o ., vounGEmERIER [ Loy
+
N S oo T 16y
maxim i

o- (3] “ppaxzoz |4 Trou y 400% )

cor [4] i3] A T L ba Dot %,

> L] [ o Y 400+ o

DUTPUTS

v- [e] [11] i _10f Tam @c Toourf 7
T20u1 [7] 10] Tew

Rew [ 8] 9] Rzour 12| Riour el RlM[13 1

laN
TTLICMOS
DIP/SO/WIDE SO DUTPUTS { * NPoTs
R L or
9] Rlour @ = IN| &
%Sk
oo L

Figure3.11: The MAX202 Pin Configuration and Typical Operating Circuit [12]
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The MAX202 consists of three sections; charge-pump voltage convelrigers
(transmitters) and receivers. The dual charge-pump voltage rtenperforms the +5V
to £10V conversion. This section of the IC consists of two voltage canseifthe first
converter uses capacitor C1 (shown in figure 3.12) to double +5V to s1@hg +10V
on the V+ output filter capacitor, C3. The second charge pump voltage ernvses
capacitor C to invert the +10V to -10V, storing the -10V on the V- odiipert capacitor,
C4. Figure 3.12 shows the details of the dual charge pump inside the202AX

transceiver IC.

51 C1+ 52 55
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1
200kHz | |
M : .

Figure3.12: Dual Charge pump inside the MAX202 transceiver.[12]

With VCC= 5V the typical driver (transmitter) output voltagersgvis + 8V when loaded
with a normal 5k RS-232 receiver. The output of drivers is inverted. The input
thresholds are both CMOS and TTL compatible. The inputs of the unusers dravebe
left unconnected. When in Low-power shut down mode, the driver outputs raee wff

and their leakage current is less thaA1The receivers convert RS-232 signal to CMOS

logic output levels. Receiver outputs are inverting, maintaining cobigstiwith the

driver outputs.
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3.4 Serial USB

A Universal Serial Bus or simply USB is one of the most popardreasy to use
data communication ports in use these days. They are availabldPi@saand most of
the data acquisition devices, which makes them a good choice to be puiron
communication educational board. USB ports are incredibly easier tsusmnpared to
other connecting devices to the computer like serial RS-232 orgdgraits. The USB
gives us the flexibility and ease to connect up to 127 devices tdCthelRe USB gives
us a maximum data rate of 480Mbits per second. The USB cablstsaoisiwo power
lines, ground and +5V and a twisted pair which carries data. kothenunication board
the USB port has been interfaced with the microcontroller thregtJART pins. The
connection between the PC and the microcontroller UART via the ta&&s place
through a FT232BM USB UART IC, used for Asynchronous Serial Dedaster. The
chip supports 7 or 8 data bits, 1 or 2 stop bits and a parity bit. The chip uses an external 6
MHz crystal oscillator. The FT232BM IC has an integratedllesaverter to provide an
output voltage of 3.3V. The USB port gives an additional power supply to the
communication board. It provides a regulated 5V supply in addition to the ma
regulated power supply from the board’s main power circuit.

The Figure 3.13 shows the functional block diagram of the FT232TBi.3.3V
LDO Regulator generates the 3.3 volt reference voltage for drikim@SB transceiver
cell output buffers. It requires an external decoupling capacittretattached to the
3V3O0UT regulator output pin. It also provides 3.3v power to the RSTOUT# p&a. T
main function of this block is to power the USB Transceiver andetbet generator cells

rather than to power external logic. However, external ciscugruiring 3.3v nominal at
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a current of not greater than 5mA could also draw its power fron3WBOUT pin if
required.

The USB transceiver cell provides the USB 1.1 / USB 2.0 full-spegsiqgath
interface to the USB cable. The output drivers provide 3.3 volt level slee control
signaling, whilst a differential receiver and two single endsxivers provide USB data

in, SEO and USB reset condition detection.
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Figure3.13: Functional block diagram of FT232BM USB to serial IC [9]

The USB DPLL cell locks on to the incoming NRZI USB data and prevebparate
recovered clock and data signals to the SIE block. The 6MHH}atscicell generates a
6MHz reference clock input to the x8 clock multiplier from areexal 6MHz crystal or

ceramic resonatoihe x8 clock multiplier takes the 6MHz input from the oscillatdr ce
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and generates a 12MHz reference clock for the SIE, USB protogphe and UART
FIFO controller blocks. It also generates a 48MHz referermek dor the USB DPPL
and the baud rate generator blocks. The Serial Interface Endif)eb(8ck performs the
parallel to serial and serial to parallel conversion of the d&. In accordance to the
USB 1.1 specification, it performs bit stuffing / un-stuffing a@&RC5 / CRC16
generation / checking on the USB data stream. Data from 3 data out endpoint is
stored in the dual port TX buffer and removed from the buffer to tARTUtransmit
register under control of the UART FIFO controller. Data frtm UART receive
register is stored in the dual port RX buffer prior to being rembwyeithe SIE on a USB
request for data from the device data in endpoint. The UART Edf@oller handles the
transfer of data between the dual port RX and TX buffers antJ&RT transmit and
receive registers.

The UART performs asynchronous 7 / 8 bit parallel to serialsendl to parallel
conversion of the data on the RS-232 (RS422 and RSA485) interface. Contréd signa
supported by the UART include RTS, CTS, DSR, DTR, DCD and RIl. TARTU
provides a transmitter enable control signal (TXDEN) to agsth interfacing to RS485
transceivers. The UART supports RTS/CTS, DSR/DTR and X-On/Xkh@ffdshaking
options. Handshaking, where required, is handled in hardware to ensuresfamtse
times. The UART also supports the RS-232 break setting and deteatiditians. The
baud rate generator provides a x16 clock input to the UART from8NtHz reference
clock and consists of a 14 bit pre-scalar and 3 register bithwhavide fine tuning of
the baud rate (used to divide by a number plus a fraction). This deterthe baud rate

of the UART which is programmable from 183 baud to 3 million baud. rEset
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generator cell provides a reliable power-on reset to the dexeraal circuitry on power
up. The figure below (figure 3.14) shows the PIN-OUT diagram oFfi#82BM IC and

its schematic symbol.
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Figure3.14: FT232BM pin out and schematic symbol [9]

An additional RESET# input and RSTOUT# output are provided to allow otheredevi
to reset the FT232BM or the FT232BM to reset other devices resggcuring reset,
RSTOUT# is high-impedance otherwise it drives out at the 3.3v providételynboard
regulator. It can also be used to reset other devices. RSTOUITgtayilhigh-impedance
for approximately 5ms after VCC has risen above 3.5v and the desaikator is

running. RESET# should be tied to VCC unless it is a requiremenset ttee device
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from external logic or an external reset generator IC. ThogFT232BM will work
without the optional EEPROM, an external 93C46 ( 93C56 or 93C66 ) EEPROMec
used to customize the USB VID, PID, serial number, product ddseriptrings and
power descriptor value of the FT232BM for OEM applications. The EB®ROalso
required for applications where multiple FT232BM’s are connectedsiogée PC as the
drivers rely on a unique serial number for each device to bind a uniqual \COM port
to each individual device. The EEPROM should be a 16 bit wide configarstich as a
MicroChip 93LC46B or equivalent capable of a 1Mb/s clock rate at WCEL4v to

5.25v.

Figure 3.15: Mini USB B connector

Figure 3.15 shows the Mini USB B connector used on the communication Ho&d
surface mount package having five connected surface mount pins on the back, fou
unconnected surface mount pins on the two sides of the package and two tioleugh

solder posts for mechanical strengflable 3.3 shows the pin functionality:
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TABLE 3.3: USB Mini B connector Pin functionality

Pin No. | Symbol | Functionality

1 Vcce +5V Vcce

2 D- Data pin negative

3 D+ Data pin positive

4 Vss/GND| Ground pin

5 NC Shield / not connected

3.5 Other Hardware

3.5.1 LCD module

The LCD module used for the board is the ACM0802C, from AZ, Displays, Inc.
It is an 8x2 LCD module (8 characters and 2 lines). The ACM0802Ckasen for the

communication board because of its simplicity of use.

Figure 3.16: ACMO0802 LCD Module
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Table 3.4 shows the pin assignment of the LCD module:

TABLE 3.4 ACMO0802 LCD Pin functionality

Pin No. Symbol FUNCTION
1 Vss Ground
2 vdd +5V
3 Vo LCD contrast adjust
4 RS Register select
5 R/W Read/Write
6 E Enable
7 DBO Data bit 0
8 DB1 Data bit 1
9 DB2 Data bit 2
10 DB3 Data bit 3
11 DB4 Data bhit 4
12 DB5 Data bhit 5
13 DB6 Data bit 6
14 DB7 Data bit 7
+/A BL+ Power supply for BL+
-/IK BL- Power supply for BL-

3.5.2 Switches and LEDs
Switches and LEDs are provided on the board of debugging purposes. Théoerar
switches and four LEDs present on the communication board. Trehewiised are the
small 4mm J hook surface mount switches having a maximum cuaterg of 100mA.

Figure 3.17 shows the drawing of the switch.

=
|

N | /
N

Figure 3.17: 4mm J hook surface mount switch

Apart from the four switches, there are four debugging LEDs preme the board.

These LEDs can be programmed and used along with differentérags modules to
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perform or indicate different states of the board. The LEDs usetié¢ board are small
635nm surface mount of the standard size 1206. Figure 3.18 shows the picur206f
surface mount LED. LEDs of different color are used on the boardveo igmore

functionality and better user interface. An additional LED used power LED is used

on the board to indicate the power ON/OFF condition of the board.

o J":’
g A

Figure 3.18: Surface mount 635nm LED
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CHAPTER 4: INTERFACING AND SCHEMATIC DESIGN

4.1 Overview of OrCAD Capture

The board schematic has been designed using cadence OrCADe@afuals.
OrCAD capture® is one of the software tools which forms a pa# lefrge family of
hardware design tools supported by OrCAD, namely OrCAD layowst, @uCAD AD
design, OrCAD circuit simulator etc. The OrCAD capture camidesl to design various
electrical circuits including analog and digital schematitduither provides built in
features for design verification and processing of the design for manefactur

The OrCAD capture provides a very simple Windows® user inteffiac¢he
designer. It allows the user to organize an entire project inotine &f separate design
sheets or windows. Each of these designs are a part of a gioget, however for the
ease of the designer and the clarity of the schematibigngroject can be split into any
number of pages while maintaining the overall continuity of the des®gparate
schematic pages within a schematic folder are electricatyected and form a part of
the whole design. Ofpage connectors are used to connect wirergegohéhe same
name in different schematic pages. This allows electrmahinectivity between
components which are connected electrically but are present in differentasichgages.
The OrCAD capture project manager forms an important part okemgmatic design.
Besides providing an organized view into the contents of the diffdesign files and
schematic pages, it also allows the user to view other relatédrs like the library
folder, the design cache and the output folder. The library folderinsrtee information

about component design libraries, the design cache contains an atle&eh unique
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part and symbol used in the design, while the output folder conta@ss génerated
through different auto generation tools namely the bill of materials or thstnetli

The netlist and bill of materials (BOMs) is created by MeECAD tool by
extracting information contained in the schematic database. dperfies of each part or
component can also be extracted in the form of a text file.

One important tool available with the OrCAD capture is the OB€sign rule
check). As the name suggests it detects errors present ichémaatic design. An error in
the design may be in the form of a duplicate part, an invalid dgsaghkaging,
unconnected or floating signals or wires, electrical designtioaketc. The DRC allows
a comprehensive verification of the design before the user movie final stage of
generating the netlist (*.mnl) file. The netlist file is d€e export the schematic design
into OrCAD layout for the board layout design.

OrCAD tools provide facilities to design a new part or modifyalready existing
part from the library. The library holds thousands of different dingarts which can be
easily dragged and dropped on to the schematic page. Any aheratihe parts can be
made by editing the part and its properties. The components caaslye moved,
dragged, rotated or mirrored individually or as a part of a group tseagnouse. The
right click of the mouse over any component or object providesastss to editing and
properties for that component. Figure 4.1 shows a typical OrCAD sticeoagpture

window.
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Figure 4.1: Capture design window

4.2 Microcontroller Circuit

The entire board design is divided into five parts for the ebeealesign. The

first part is the microcontroller schematic design.

This phthe schematic carries the

ATmegal28L microcontroller and the related components. Two I/O cmrsackets

each of length 16x2 have been provided on the board for easy I/O intesithcthe

board. Port A, B, and C are placed on the first I/O connector socket and ports IdE, F a

G have been placed on the second connector socket. A total of 51 1/O yenbeea

made available on the board for interfacing
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Figure 4.2: 1/0O connector sockets for future hardware interface

Two external crystal oscillators, 32.768 KHz and 8.0 MHz are coethetm the
microcontroller through selection jumpers. A 5x2 pin connector for JiA&face is

connected to the microcontroller for programming.

PFo VCC
PF0 (ADCO) —ol——pr -
PF1(ADC1) 22—
PF2 (ADCZ) 22——rs
PF2 (ADC=) —53—p-|:—5 . J1
PR4(TCKADCH) FE= |
PF5(ADCSTMS) 2B PEe 1, =2
PR&(ADCS/TDO) 5 R
PF7 (ADC7/TDI) 22 = -
51 PAD | S o _?u
Pao (aDo) PET é + o+
PA1 (ADA1) jﬂ_pr;.
PAZ (AD2) 12— ITAG
P.I':'|3 UI:'!DSI 3.&4 S
PA4 (AD4] 22 T
PAS (ADS) T :n;.,[:. ;
PaE (ADE) Fh= ¢ 4 ¢ -4
1

PAT (AD7) FHE— 20

) _ PCT

PCa (A14) L=

Figure 4.3: JTAG 10 pin connector schematic
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Programming of AVR parts via JTAG is performed via the four-pin JTAG port, TCK,
TMS, TDI, and TDO. The JTAG interface is accessed through these four AuR'sIn
JTAG terminology, these pins constitute the Test Access Port — TAP [26] , namely:
* TMS: Test mode select. This pin is used for navigating through the TAP-constalier
machine.
» TCK: Test clock. JTAG operation is synchronous to TCK.
» TDI: Test Data In. Serial input data to be shifted in to the Instruction RegisData
Register (Scan Chains).
* TDO: Test Data Out. Serial output data from Instruction Register orfigister.

These are the only pins that need to be controlled or observed to perform JTAG
programming (in addition to power pins). It is not required to apply 12V externally. The
JTAGEN fuse must be programmed and the JTD bit in the MCUCSR. Register must be

cleared to enable the JTAG Test Access Port [26].

4.2 Optical Communication Circuit.
Figure 4.4 is the recommended coupling circuit for the HFBR dgfiloar transmitter

and receiver used on the board.

HFBR-14xx HFBR-24x2

+6V  SELECTR, TO SETI, TRANSMITTER RECEIVER

Q@ [}
B _
1Ko - L T

N P
DATA IN 'r—fk ‘

Y 7545ﬂ = B
TRANSMISSION >
= DISTANCE = {

Figure 4.4: Typical Circuit configuration for HFBR 14xx and HFBR 24xx. [7]
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If resistor R1 in Figure 2 is 70.4 W, a forward current IF of 48 imApplied to the
HFBR-14x4 LED transmitters. With IF = 48 mA the HFBR-14x4/24x2 doljk is
guaranteed to work with 62.5/12%5n fiber optic cable over the entire range of 0 to 1750
meters at a data rate of up to 5 MBd (Mega baud = Mega bigepend), with arbitrary
data format and pulse width distortion typically less than 25%eBing R1=115 W, the
transmitter can be driven with IF = 30 mA, if it is desiredetmnomize on power or
achieve lower pulse distortion. It is essential that a bypgsscitar (0.01 F to 0.1 F
ceramic) be connected from pin 2 to pin 7 of the receiver. Totaldegth between both
ends of the capacitor and the pins should not exceed 20 mm.

The HFBR 1412 optical fiber transmitter is connected to the ATmegal28
microcontroller through the UARTO_tx pins (Port E 1 pin). In the pathe schematic
shown in Figure 4.5 below the PIN 2 of the driver chip DS7545 is cagthéatPort E 1

of the microcontroller.

VGO
R4
AV ave
100
FMEéWIII YOG
Ja
iz . s
L Aq ¥ |2 i .’;
_FLAZ YZ_L 4 5
2
21p1  vCe
g I HFER 1412 TX
DS75451/50 e

Figure 4.5: Optical fiber transmitter HFBR 1412 schematic
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Figure 4.6 shows the coupling circuit for the HFBR 2412, optical fibeeiver. The
output of the receiver is connected to the UARTO receive pin at PDRITof the
ATmegal28L microcontroller. The output of the receiver is inverteansmverter chip
SN7404 is used between the microcontroller and the optical #oeiver. For complete
details of the optical fiber transmitter and receiver schencatiuits, see Appendix A at

the end.

=
I

— C1n

J4 U6
i a 1 5]
o 1A b
2 7 2 5
1 e gl
4 5
HFER_2412 AX SN7404

Figure 4.6: Optical fiber Receiver HFBR 2412 schematic

The second part of the optical communication circuit is the kdraransceiver.
The circuit shown in Figure 4.7 is the recommended schematic diocuitFDU4100.
The only required components for designing IR transceivers areemtlimiting resistor
to the IRED. However, depending on the entire system design and bgard, la
additional components may be required. It is recommended that thetoep&@1 and C2

are positioned as near as possible to the transceiver power supglyAptantalum
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capacitor should be used for C1, while a ceramic capacitor should é€fans€?2 to
suppress RF noise. Also, when connecting the described circuit powes supply, low

impedance wiring should be used.

Vece © H=
»
Voot (O————
r——— - _] IRED IRED
I [] | | Cathode Anode
Rxd o I : Fxd Txd
| I TFDx4x00
| }— Vce/SD SC
c1 _|ce
= =]
GND O——4 || anD NC |—
{ I W—
SC O
Txd O

Figure 4.7: Recommended circuit for TFDU4100 Transceiver [8]

R1 is used for controlling the current through the IR emitter. kareasing the output
power of the IRED, the value of the resistor should be reduced.a8imilo reduce the
output power of the IRED, the value of the resistor should be increage@1Rand C2
are optional and dependent on the quality of the supply voltage VCC1 aatkthpoise.
An unstable power supply with dropping voltage during transmission redyce

sensitivity (and transmission range) of the transceiver. Figureh®®s the part of the

schematic design for the infrared transceiver.
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TFOU4100

Gz

OAF |

o

Figure 4.8: TFDU4100 Infra red Transceiver Schematic

4.3 Serial RS-232 Circuit

The third part of the schematic design consists of the RS-23# pert design.
The DB9 connector used for serial RS-232 communication as discuskedearlier part
of the paper is interfaced with the microcontroller through the RIBXIC chip. The
MAX202 transceiver IC is designed for RS-232 communication interfaceaise in
voltage levels less than 12V. The IC is used to level shithdbed 5V to +10V required
for RS-232 output levels. It allows data rates in excess of 120kbpgandard
conditions. It consumes around 8mA of current. The MAX202 comes in a 16¢faces
mount package. The output of the transceiver IC is interfacedgtintbe UART1 pins

of the microcontroller.
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Figure 4.9: The DB9 connector and the serial driver IC MAX202 for seraffaae

The RS-232_TD and RS-232_RTS pins of the serial DB9 connector are
connected to the receiver input R1IN and R2IN. The other thie®ves inputs are
grounded. The driver outputs TLIOUT and T20UT are connected to the RBR23hd
RS-232_CTS pins of the serial DB9 connector. The TXD1 and CTS pin&eof t
microcontroller are connected to the driver inputs T1IN and T2Ibh@®fMAX202. The
RXD1 an RTS of the microcontroller are connected to the receivput pins R1OUT

and R20UT. For detailed schematic see APPENDIX A.

4.4 Serial USB Circuit

The serial USB interface is the last communication moduledec on the board.
The board used a USB mini B connector as discussed earlier olottusnent. The USB
mini B connector is interfaced with the ATmegal28L microcoldrothrough the
FT232BM driver IC. Figure 4.10 shows how the USB mini B connector is ctathén

the FT232BM IC.
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Figure 4.10: USB mini B connector interface with FT232BM driver IC
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The D+ and D- pins of the USB connector are connected to the RU$BDP) & and

PIN 8 (USBDM) of the UART USB to serial IC driver chip (B32BM) through 27 ohm

current limiting resistors. Figure 4.11 illustrates how the FT2328Msed with a 6MHz

crystal or 2-Pin ceramic resonator. In this case, these dedticaot have in-built loading

capacitors so these have to be added between XTIN, XTOUT and a&Nbown. A

value of 27pF is shown as the capacitor in the Figure 4.11 — this hasesbeermended

in the data sheet of the FT232BM as the standard value to be used.
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Figure 4.11: A two pin ceramic crystal configuration with the FT232BM driver IC

Figure 4.12 illustrates how to connect the FT232BM to the 93LC88B%6 or 93C66)

EEPROM. EECS (pin 32) is directly connected to the chip sele§) (En of the

EEPROM. EESK (pin 1) is directly connected to the clock (SK)qfithe EEPROM.

EEDATA (pin 2) is directly connected to the Data IN (DIN) pin of the EEPROM.

32

FT232BM

2

EECS

EESK

EEDATA

vcc

2k2

3

4

10k

SK

DIN

pout

EEPROM -93C46/ 56/ 68
1 8
L—— CS vce

NC p——o

NC p——

vcc

GND W

Figure 4.12 EEPROM 93C46 configuration with the FT232BM driver IC
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There is a potential condition whereby both the Data Output (DQGifTthe
EEPROM can drive out at the same time as the EEDATA pirh@fRT232BM. To
prevent potential data clash in this situation, the DOUT of the EXAPK connected to
EEDATA of the FT232BM via a 2.2K resistor. Following a power-on tresea USB
reset, the FT232BM will scan the EEPROM to find out if an EBM is attached to the
Device and if the data in the device is valid. If both of these conditare true, the
FT232BM will use the data in the EEPROM, otherwise it will tise built-in default
values. When a valid command is issued to the EEPROM from the FT232#&M
EEPROM will acknowledge the command by pulling the DOUT pin lawoidder to
check for this condition, it is necessary to pull DOUT high using ar&8istor. If the
command acknowledge doesn’t happen then EEDATA will be pulled higtindoyl Ok
resistor during this part of the cycle and the device will deteahvalid command or no

EEPROM present.

4.5 Power Circuit

The power circuit has been designed keeping in mind the voltaggsaind the
different voltage ranges within which all the components present obaddue work
reliably. The DC connector can be hooked to a voltage sourcengabgitween 9V to
15V DC. A power slide switch is provided on the board to allow manuaratooit
power. The power slide switch used on the board is a two waygslglinface mount six
pin package switch. The voltage coming into the board between 9Wt®CSeeds to

be brought down to an operating range of regulated 5V DC for the board to work.
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Figure 4.13: Schematic showing the DC jack and the sliding switch

A bridge rectifier circuit followed by a 5V DC regulator hagbeised for this
purpose. The bridge rectifier is a standard DF10S surface mouchipC with high
current and high surge current capabilities. The voltage regulagddr issa standard
78MO5A, positive regulator. It employs internal current limiting e shutdown and

safe area protection, making it essentially indestructible.

ICE DF105/SM
1C7 7805
— LoyiN - vouT -2
~ N s
=
o o — AT -
= “ 3
+ GG C17
R 1 [ ]
—_ c1a + Rz
10uF/16Y 100nF — =y
__1E'DI'IF 10uFeY 470

Figure 4.14 Schematic of the rectifier bridge and the 7805 voltage regulator.
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The 7805 fixed voltage regulators are designed with Thermal OdeRaatection [24]
that shuts down the circuit when subjected to an excessive poweoan/@dndition,
Internal Short-Circuit Protection that limits the maximum auirrine circuit will pass,
and Output Transistor Safe-Area Compensation that reduces the outptdirshidr as

the voltage across the pass transistor is increased.

INPUT SERIES OUTPUT
10 —y—— PASS {02
ELEMENT
CURRENT . S0a
GENERATOR PROTECTION
STARTING REFERENCE _ ERROR —
CIRCUIT VOLTAGE AMPLIFIER
1 THERMAL | | E]
PROTECTION
l GND
—4 — 03

5- 2564

Figure 4.15 Block diagram of the 7805 voltage regulator.[24]

4.6 Circuit for On Board LCD Screen

The LCD module used for the board is the ACM0802C, from AZ Displays, In
The LCD module is easy to interface with any microcontrollene LCD module has 8
data pins that are connected to the 1/O pins of Port A of the roitredier. Only four of
the 8 data pins are connected to the Port A and the rest fowrerected to the ground.
The Pin 3 of the LCD module is connected to a 10K potentiometer for providing the LCD
contrast. Pin 7, 8, 9 and 10 of the LCD module have been grounded as thechigure
4.16. These pins represent the lower 4 data bits. The upper 4 dathabé been

connected to the Port A of the microcontroller.



51

LD MODLULE

LA
L~ PAE CET 44 13 DE4d PAS-.-,
§< FA4 CES 4o 11_Ded PAZ <%
10 1*] 7

& 7
PAZ B ¢ 5 BW PA1 -
,’é PAD T a ve %
Voo 2 i Ve — ",,u'__C

ACMDADED

e Fia
N é 10K
CONTRAST
Fiz
(R F
— = —
10K ——
0.1 uF

% 10K

1

Figure 4.16 Schematic showing the LCD module.

4.7 Circuit for debugging LEDs and Switches

Switches and LEDs are provided on the board of debugging purposes. fEhere a
four switches and four LEDs present on the communication board. The switcheseused ar
the small 4mm J hook surface mount switches having a maximumncuating of
100mA. Each of the switches has been connected to a 10K pull uprsesiste LEDs
are connected through a current limiting resistor of 470 ohms.hAILEDs and the
Switches are connected to the port C of the microcontroller amdceacbe programmed

for a particular user defined function.
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Figure 4.17 Schematic showing LEDs and Switches.
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CHAPTER 5: TESTING
5.1 Programming of the Board
The communication board comes with a JTAG interface for

programming. The ATmegal28 AVR is supported with a full suite of progand
system development tools including: C compilers, macro assenbfgogram
debugger/simulators, in-circuit emulators, and evaluation kits. The rormdrodler is
programmed using AVR Studio4 and IAR Embedded workbench which also supports
most of the AVRs. The AVR Studio® 4 is the professional Intedr&tevelopment
Environment (IDE) for writing and debugging AVR® applications in Wind@w
9x/NT/2000/XP environments. AVR Studio 4 includes an assembler amdutatr. A
JTAGICE mkll connector is connected between the PC and the bododvtdoad code

to the ATmegal28L microcontroller through the JTAG connector.

2

Power Up 3

JTAG ICE Start

AVR Studic

Figure 5.1 The setup to program AVR microcontroller using JTAG ICE
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Since the testing of the various modules had to be done beforentineuaication
boards goes for manufacturing and further design processing, wio hesg different
evaluation boards readily available in the market for different meduletesting with
the ATmegal28 microcontroller. The subsequent sections will ddathé testing of the
various modules using different evaluation boards and circuits awatiahtlily in the
market. These evaluation boards or test boards have the samearictabmponents as
being used on the communication board. Testing the different modules thging
evaluation boards is easier and less time consuming. To duplicatéhthe schematic
circuits comprising of hundreds of small components on a bread bodrndtarfacing it
with the ATmegal28 microcontroller is not only difficult and time eonsg but also
highly susceptible to erroneous results because of possible impenfiectloose

connections and mistakes in arranging the small parts correctly.

5.2 Testing for Microcontroller
The evaluation board used for testing the microcontroller ATa28y&s the STK
500 and the STK 501 daughter board. Figure 5.2 shows the detailed bldatidgvam
of the STK board. The board comes with the 8 yellow LEDs and 8 pusintavtitches.
The LEDs and switches are connected to debug headers thaparatess from the rest
of the board. They can be connected to the AVR devices withugipdiesd 10-wire cable
to the pin header of the AVR /O ports. The STK500 includes two RS-232 ports. One RS-
232 port is used for communicating with AVR Studio. The other RS-232easda for
communicating between the target AVR microcontroller in the sogkdta PC serial

port connected to the RS-232.
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The daughter board STK501 which sits on the STK500 gives the board the

support needed for testing most AVR microcontrollers, including éJai28. The main
aim of testing the microcontroller was to test a sample cami® to see if the
microcontroller can be programmed using a JTAG connector throughGrend further

make use of the debugging LEDs and switches to confirm our reShk#scombination

of the STK500 and the STK501 was used to test and program the ATmegal2s.

correctly programmed using the PC and tested using the debuggidg Wwe could

further proceed to interface various communication modules with the microcantrolle

Onc

Header for
E;??-‘doersons Sockets for Expansion Boards
' Target AVR Options Setting Target Reset
Jumpers Push Butt
Switches o Vi / P / Ls Suffon )
- Y —F / wer Switch
Header for 0 : @ l: Power Connector
Switches | -
g : | €— Power LED
s | | Parallel Programming
I fos|| || E= »
RS-232 Intertace |2 O :E:E:::] . g [ Headers
Header | :: |:E: / RS-232 Port
e |: :: o) : oD |:| ® ¢ for Programming
|Bjjjgananananasany Y }/Master MCU
0,8 o el = P__Status LED
DataFlash Interface | :: i [ Re.952 Port
Header | | ! - or
, :::E:::j E::L ! E| O ~.\ ¢ for Communication
: . :| ::E|
I I
[ ! | Socket for
| | 1]
Header for LEDs E - :E:::::IE: @ Crystal
| _____________
| /&l = [ Program Button
LEDs / / 10-pin ISP Header
Header for Target ISP Headers (for External Target Only)
Expansion Boards g &-pin ISP Header

Figure 5.2 The components of the STK500 board [14]
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Figure 5.3 The STK500 board with default settings [14]

The STK501 board is a top module designed to add ATmegal03 (L) and ATmegal28 (L

support to the STK500 development board from Atmel Corporation.

Figure 5.4 The STK501 board with the socket to hold the ATmegal28 [15]
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With this board the STK500 is extended to support all current AVR deuica
single development environment. The STK501 includes connectors, jurapers
hardware allowing full utilization of the new features of thEenfegal28. The socket
shown above in the Figure 5.4 holds the ATmegal28 microcontroller. Then IFRG
connector on the top edge of the board is used for connecting the FBidgsthe MKII
connector to program the microcontroller using the PC.

A very simple C program was written to test the microcontroller bingette 1/0
pins of the microcontroller to high or low and the output was conneati tdebugging
LEDs present on the STK500 board. The LEDs were made to glow alternabelypogss
of the switches. Once the program was downloaded through the JTAG and confirmed that
the microcontroller was getting programmed properly usingJi®G connection, the
second step was to hardware interface other communication modulegsanitheir

working with the microcontroller.

5.3 Testing for Optical Fiber Transceiver

The testing of the optical fiber communication module was done tstngFBR
0x400 series of optical fiber transmitter and receiver modulesifaectured by Agilent
technologies. The HFBR-0400 Series of components is designed to prastle c
effective, high performance fiber optic communication links for infaiomasystems and
industrial applications with link distances of up to 2.7 kilometersh\ifie HFBR-24x6,
the 125 MHz analog receiver, data rates of up to 160 mega baud airelxét.
Transmitters and receivers are directly compatible with poplhatustry-standard”

connectors: ST®, SMA, SC and FC.
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These modules are readily available in the market in the &ren testing Kkit,
which comprises of a HFBR 2412 receiver, a HFBR 1412 transmittta@m long ST

optical fiber cable.

Figure5.5: The Agilent HFBR 04x series Optical Fiber evaluation kit.

The pin diagram and hardware details of the optical fiber transmitter ankerece
have already been discussed in Chapter 3 of this document. The testing of the optical
fiber communication module was done by interfacing the appropriate pins with the
microcontroller UART pins. Two small PCBs were designed to hold the transaritie
receiver along with the associated coupling circuit on it. Breadboandgesds not used

to avoid lose connections and lose of signal and noise. Well soldered connections were
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used on the PCB to obtain near perfect testing conditions to duplicate the exawb scena
that would be present in the final optical communication board.

The interfacing part was followed by testing our hardwarat$oworking along
with the microcontroller. This was done by programming the marwoller UART. A
simple C program was written, which would send bytes regulanyits UART
transmitter pin and the UART receiver pin was programmed teivechese bytes
correctly and make a check if the received byte is redgiveperly without any error.
Due to very less available resources only one microcontrollemicwas used and the

optical fiber was made to echo the bytes back to the microcontroller.

HFBR Transmitte

/ Ontical Fibe

UART Tx

A 4

STK 500- A

Microcontroller
Board

UART RXx

A

HFBR Receive

Figure 5.6 Block diagram showing testing of optical fiber module

The main aim of this testing was to identify any anomaliesiimcircuit design. Our test
results showed that the bytes transmitted through the UART titdismere able to be
received without any errors at the other end of the optical fibethe UART receiver

pin.
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5.4 Testing for Serial USB

The Serial USB communication module was tested to work with three§jg128
by using a readily available evaluation kit. The USB2SER25] js a USB to Serial
converter kit manufactured by Parallax. The circuit on the USB2S&#Rd is the same
as used in our USB module for the communication board. This provides usaen ex
platform to test our USB circuit without having to create thieis®n a breadboard.
Using evaluation boards for testing helps in avoiding any possiluesend variation in
results that could come into picture because of lose connections rged $&ze of
components used on the breadboard. The USB2SER board provides a very etsy way

connect the PC to the microcontroller.

Figure 5.7: USB to serial converter used for testing the USB circuit.[25]

The USB2SER board bridges the PC’s USB port to the logic levan@Xxx signals that
can connect directly to a microcontroller’'s /0O pins. To the P@pfiears as a virtual
COM port and to the microcontroller it appears as a true 3.3V sésMl connection

consisting of Rx and Tx signals.
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The hardware setup for testing the USB circuit consists of cangegbie UART
Tx and UART Rx signals with the corresponding connectors of the USB2SER board. The
USB port of the converter is connected to the PC using a USB cable.

A simple UART program was written to test the USB cirdoit its working.
Characters where sent out on the UART transmit pin of the noichadler and received
on the PC using a hyper terminal. Similarly characters weené from the PC on the
USB to be received on the UART Rx pin of the microcontroller andfiee by
displaying on the LCD screen connected on the STK500 board.

This simple exercise of sending and receiving characters fromitnecontroller
to the PC and from the PC to the microcontroller gave us the pfaloé working of the
USB circuit with the ATmagal28 microcontroller. This test did measure the speed
and capabilities of the USB circuit involved in our communication board.eMexvit
only tested the working of the circuit on the hardware levelhabit could be approved

for second stage of the design, i.e. board layout design.
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CHAPTER 6: LAYOUT DESIGN
6.1 Overview
The layout design for the board was done using the ORCAD layout Beflsre
we start work on the board layout a netlist file is created using the ORI&ARIre tools.
The netlist (*.mnl) describes the interconnection of a schematigrdasing the names
of the nets, components and pins. A netlist contains the following:
Footprint names
Electrical packaging
Component names
Net names
The component pin for each net
Net, pin and component property information.
Following steps are taken to make the board layout using OrCAD layout tools:
1. Ensure that a netlist with all footprints and other necessaryniation
has been created.
2. Create a directory in which the schematic design, netlistbaadd will
coexist and put the schematic design and netlist in it. OrCAD gesva
directory (ORCADWIN\LAYOUT\DESIGN) for this purpose.
3. From the Layout session frame’s File menu, choose New. The Load
Template File dialog box will be displayed.
4. Select a technology template (.TCH), and then choose the Open button.

The Load Netlist Source dialog box will be displayed.
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5. Select a netlist file (for examplelesign_namennl), then choose the

Open button. The Save File As dialog box displays.

6. Specify a name for the new board (for example, COMM_BOARAX)

then chose the save button. The AutoECO process begins

7. If necessary, respond to the Link Footprint to Component dialog box.

Most of the components used in the communication board did not have footprints

in the ORCAD standard library. All the footprints were made ralypwsing the data
sheet drawings and dimensional details of each component and saved @RCAD

library before proceeding further with the LAYOUT design.

6.2 Design of New Footprints

Majority of the components used on the communication board are surface mount
and very small in size. Creating new footprints for these comp®begbmes even more
challenging and difficult. Care must be taken to be as prasig®ssible, because even a
fraction of an inch error in creating the footprint may cause pnablwhile soldering the
components on the board. Most of the footprints were designed usiagyajpeesent
footprints in the library and modifying them according to the requerésmand datasheet
values.

The newly created footprints where then saved in the librariethanthme of the
footprints updated in the schematic design under the property of eagorem Note
that the layout design will not be complete unless each component schienatic
capture design has a specific footprint present in the layoatryib€Care was taken to

accurately update the properties of each component with their pancéag footprint
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names in the layout library. When the netlist file (*.mnl) isated in the schematic , it
holds the information about the footprints and other properties of the contparel
when we link the netlist in the OrCAD layout, the tools autorafiyicpicks up the

corresponding footprint from the libraries to generate the initial boardtlagsign.

Figure 6.1 OrCAD Layout foot print: RS-232 Serial Port
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Figure 6.2 OrCAD Layout foot print: ATmegal28 microcontroller

Figure 6.3 OrCAD Layout foot print: USB to serial IC driver chip (FT232BM).



Figure 6.4 OrCAD Layout foot print: 2 Pin Crystal Oscillator

Figure 6.5 OrCAD Layout foot print: 4 Pin crystal oscillator.
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Figure 6.6 OrCAD Layout foot print: Serial UART transceiver IC (MAX202)

Figure 6.7 OrCAD Layout foot print: Surface mount Bridge rectifierX0%).
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Figure6.8 OrCAD Layout foot print: USB mini B port

Once all the footprints were created and saved in the librag, tihe schematic
design was updated with the footprint information for each componkistcn be done
by opening the properties window of each component and updating thefdieidrints”
with the name and path of the footprint created in OrCAD layowd.sBEcond step would
be to create a netlist file in the schematic capture. Thistfde is used as a resource to
create the layout design using the OrCAD tools. The netlist (*.firmlls used to export

the schematic design to OrCAD layout tool.
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CHAPTER 7: CONCLUSION AND FUTURE WORK

The main purpose of this thesis was to design and test a lowarostunication
board which is capable of handling different kinds of communication prottzalsrve
as a learning tool for students and researchers. Initial effertt into an extensive
research for finding similar communication boards used for educhtjmng@oses.
However the result of the research was that there were very few or nis kdach could
serve the purpose of including all types of communication moduleongdoard and
serve as platform for students and researchers to work on. The dedigesting of this
communication board has been done in order to manufacture a simple, lpanzalsin
size, easy to handle and versatile microcontroller board which hedd®us
communication modules capable of communicating with another sibmbnd or with a
PC or act as a link between two PCs. Students and researchédisdwhis board very
useful to learn basic embedded systems and communication theogesducting lab
exercises and other experiments.

Although a lot of effort and time has gone into the design of thedkmal then
further testing of the hardware, the board is still in a stdgere future work needs to be
done. Major effort was made in the initial design of the board, inclutimgelection of
hardware and other design related components. The effort toward$hehkis can be
summarized as follows:

Initial research for communication boards available in the market.
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Research on various communication modules and their working( opbea) f

infrared, USB, serial UART)

Preparing lab exercises for the students to work on to ensurethbat

communication modules are helpful as a learning tool for embeddesinsyst

students

Initial research on available hardware for different communication modules.

Selection of the ideal microcontroller for the board.

Schematic design for the board.

Writing test code and driver software for different communication modules.

Testing of the hardware with different evaluation boards tokctiex correctness

of our design

Making design changes to the schematic based on the test results

Creating foot prints of the components for layout design.

The communication board design was completed and further testinglomas
using each communication module to ensure that the manufactured verglon of
board will be workable.

The future work in this thesis may include the manufacture of tlaedband
performing direct tests on the communication modules on the boardrddesaand
limit to which the data rate can be pushed for normal working of thel luzen be
done. Students taking up embedded systems and advanced embedded systems should
be strongly encouraged to take this up as a project to test thkengvonodel of the
embedded communication board. Sample lab exercises have been provilled i

Appendix D of this document. It will serve as a base for studentgotlk on the
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different data communication modules and test the data ratessesiagUART and
I/O pins. Measurement of error rates at different speeds can be carried out.

The communication board has attracted interest in a few ofeady
demonstrations, like the one at the annual optical communication conféredce
the University of North Carolina at Charlotte in November, 2005. Faculty members
different institutions have shown interest in including this board aardof the
course work in embedded systems and communication classes. THechoaerve
as a lab exercise and a practical learning tool for studesntisihg embedded systems

programming and embedded systems communication.
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APPENDIX A: SCHEMATIC

SCHEMATIC: MICROCONTROLLER, JTAG AND 1/O PORTS



SCHEMATIC: OPTICAL FIBER TRANSMITTER- RECIEVER AND

INFRARED TRANSCIEVER
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SCHEMATIC: POWER SUPPLY
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SCHEMATIC: RS-232 PORT AND LCD
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SCHEMATIC: USB CONNECTOR INTERFACE
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APPENDIX B: BILL OF MATERIALS (BOM)

Iltem Quantity Reference PCB footpri nt
1 1 X1 8Mhz SM/CRYSTAL_2PIN
2 1 CN1 CN-USB DINC/MINI_USB
3 11 Cl 100nF SM/C_0603
Cc2 100nF SM/C_0603
C3 100nF SM/C_0603
C4 100nF SM/C_0603
C5 100nF SM/C_0603
C8 100nF SM/C_0603
C9 100nF SM/C_0603
C12 100nF SM/C_0603
C17 100nF SM/C_0603
C18 100nF SM/C_0603
C28 100nF SM/C_0603
4 2 C7 22pF SM/C_0603
c6 22pF SM/C_0603
5 1 C10 100 nF SM/C_0603
6 3 Cl1 0.1uF SM/C_0603
C26 0.1uF SM/C_0603
Cc27 0.1uF SM/C_0603
7 1 C13 10uF/ 16 V SM/C_D55
8 1 Cl4 0.1 uF SM/C_0603
9 1 C15 10 nF SM/C_0603
10 2 C1l6 10uF/16V SM/C_D55
C19 10uF/16V SM/C_D55
11 1 D3 RX_LED SM/LED_1206
12 1 D4 TX_LED SM/LED_1206
13 5 D5 LED SM/LED_1206
D6 LED SM/LED_1206
D7 LED SM/LED_1206
D8 LED SM/LED_1206
D9 LED SM/LED_1206
14 1 IC1 ATmegal28L ATMEGA128L
15 1 IC2 MAX202/SO MAX202/CSE/SO
16 1 IC3 FT232BM FT232BM
17 1 IC4 93LC46B EEPROM_93LC46B
18 1 IC5 74HC14 74HC14
19 1 IC6 DF10S/SM DF10S
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20
21
22

23
24
25

26
27
28
29
30

31

32

33
34
35

© R Rk Rk

IC7
Jl
J2
J9
J10
Jii
J12
J14
J15
J3
J4
J17
J8
Ji3
LCD1
L1
P1
R1
R2
R3
R4
R5
R6
R22
R23
R24
R7
R8
R9
R13
R14
R18
R21
R38
R39
R10
R41
R11
R12
R15
R16

7805
JTAG
JUMPER
JUMPER
JUMPER
JUMPER
JUMPER
JUMPER
JUMPER

HFBR_1412_TX
HFBR_2412_RX
CONN SOCKET 16x2
CONN SOCKET 16x2

7805_D2PAK
BLKCON.100/JTAG
BLKCON.100/JUMPER
BLKCON.100/JUMPER
BLKCON.100/JUMPER
BLKCON.100/JUMPER
BLKCON.100/JJUMPER
BLKCON.100/JUMPER
BLKCON.100/JUMPER
HFBR_X412
HFBR_X412
BLKCON.100/CONN_32
BLKCON.100/CONN_32

DC_JACK_2_IMM DC_JACK
LCD MODULE BLKCON.100/LCD
100mH SM/L_0603
CONNECTOR DB9 DBY/RS-232
470 SM/R_0603
470 SM/R_0603
470 SM/R_0603
470 SM/R_0603
470 SM/R_0603
470 SM/R_0603
470 SM/R_0603
470 SM/R_0603
470 SM/R_0603
10K SM/R_0603
10K SM/R_0603
10K SM/R_0603
10K SM/R_0603
10K SM/R_0603
10K SM/R_0603
10K SM/R_0603
10K SM/R_0603
10K SM/R_0603
100 SM/R_0603
100 SM/R_0603
47K SM/R_0603
10K  BLKCON.100/POTENTIOMETERSM/R_0603
27R SM/R_0603
27R SM/R_0603

80



36
37
38
39
40
41
42
43
44

45

46
47
48
49
50

1 S N = T = = T = =

N = S

R17
R19
R20
R35
R36
R37
R40
R42
sw_1
SW_2
SW_3
SW_4
SW_6
SW 5
SW1
TR1
u13
u16
X3

Y1

4K7 SM/R_0603
1K5 SM/R_0603
2K2 SM/R_0603
14 SM/R_0603
47 SM/R_0603
47K SM/R_0603
1000 SM/R_0603
500 SM/R_0603
SW PUSHBUTTON-SPST-2/SM SMD_SW
SW PUSHBUTTON-SPST-2/SM SMD_SW
SW PUSHBUTTON-SPST-2/SM SMD_SW
SW PUSHBUTTON-SPST-2/SM SMD_SW
SW PUSHBUTTON-SPST-2/SM SMD_SW
SW SLIDE SLIDE_SW
SW SLIDE SLIDE_SW
TFDU4100 TFDU4100
DS75451/SO SOG.050/8/DS7545_DRIVER
SN7404 SOG.050/SN7404_INVT
6Mhz SM/CRYSTAL_2PIN
32,768 KHz SM/CRYSTAL_4PIN
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APPENDIX C: TEST CODE

LCD.h

/ * *% *% * * * * * * * *%
* Purpose: LCD Driver

I* Version: 1

/* Author: ISHFAN VAKIL

I* Date:

I* WWW:

/* email: ivakil@uncc.edu

I* Software:
{* Hardware:

AVR studio/ IAR
STK 500/STK 502

/ * *kkkkk * * *

#include <ioavr.h>
#include <intrinsics.h>

* * *kkkkk

#define LOW 0
#define HIGH 1
#define CLS 0x01
#define HOME 0x02
#define ENTRY 0x04
#define INCREMENT 0x02
#define DECREMENT 0x00
#define CONTROL 0x08
#define DISPLAY_ON 0x04
#define DISPLAY_OFF 0x00
#define CURSOR_ON 0x02
#define CURSOR_OFF 0x00
#define BLINK 0x01
#define NO_BLINK 0x00
#define SHIFT 0x10
#define SHI_LEFT 0x00
#define SHI_RIGHT 0x04
#define DIS_LEFT 0x08
#define DIS_RIGHT 0x0C
#define FUNCTION_SET 0x20
#define _8BIT 0x10
#define _4BIT 0x00
#define 2LINE 0x08
#define _1LINE 0x00
#define _10DOT 0x04
#define _7DOT 0x00
#define R_W 0x01
#define E 0x04

unsigned char RS;

void itoa(unsigned int value, unsigned char * s);
void wait(unsigned int duration);

void clrscr(void);

void home(void);

void second_row(void);
void first_row(void);

void Icd_init(unsigned char line, unsigned char dot
void Icd_out(char c);

void put_lcd(const unsigned char * s);

void put_lcd_ xy(unsigned short int x, unsigned shor
unsigned char * s);

*******/
*
*
*/
*
*
*/
*
*/

*******/

s);

tinty, const
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void itoa(unsigned int value, unsigned char * s)
unsigned int i;
for (i=4;i>0;i--)

s[i] = (value % 10) + 0x30;
value /= 10;

void wait(unsigned int time)

while (time > 0) time--;

void clrscr(void)

RS = LOW;
lcd_out(CLS);
wait(1600);
lcd_out(HOME);
wait(1600);

RS = HIGH,;

void home(void)

RS = LOW;
lcd_out(HOME);
wait(1600);
RS = HIGH,;

}

void second_row(void)

{
RS = LOW;
Icd_out(0x80 | 0x40);
wait(1600);
RS = HIGH,;

}

void first_row(void)

{
RS = LOW;
lcd_out(0x80 | 0x00);
wait(1600);
RS = HIGH;

}

void Icd_init(unsigned char line, unsigned char dot
wait(15000);

PORTA = 0x30;
PORTA = (0x30 | E);
PORTA = 0x30;
wait(1000);

PORTA = 0x30;
PORTA = (0x30 | E);
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PORTA = 0x30;
wait(1000);

PORTA = 0x30;
PORTA = (0x30 | E);
PORTA = 0x30;
wait(1000);

PORTA = 0x20;
PORTA = (0x20 | E);
PORTA = 0x20;
wait(1000);

RS = LOW,

lcd_out(FUNCTION_SET | _4BIT | line | dots);
Icd_out(CONTROL | DISPLAY_OFF);

Icd_out(CONTROL | DISPLAY_ON | CURSOR_OFF | NO_BLI
lcd_out(CLS);

wait(10000);

lcd_out(HOME);

wait(10000);

lcd_out(ENTRY | INCREMENT);

RS = HIGH,;

void lcd_out(char c)

{
PORTA = ((c & 0xF0) | RS);
wait(1600);
PORTA = ((c & OxFO0) | RS | E);
wait(1600);
PORTA = ((c & OxFO0) | RS);
wait(1600);
PORTA = (((c & OxOF) << 4) | RS);
wait(1600);
PORTA = (((c & Ox0F) << 4) | RS | E);
wait(1600);
PORTA = (((c & OxOF) << 4) | RS);
wait(1600);

void put_lcd(const unsigned char * s)
unsigned short int i;
i=0;
do

if (s[i] == "\0") break;
if (i == 16) second_row();

if (i == 32)

first_row();
i=0;

switch (}s[i])
{ case OxE4: Icd_out(OxEL);

NK);
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break;

case OxF6: lcd_out(OxEF);

break;
case OxFC: lcd_out(OxF5);
break;
default: lcd_out(s[i]);
break;
}
i++;
wait(1600);
while (s[i] '="\0";
void put_lcd_xy(unsigned short int x, unsigned shor tinty, const
unsigned char * s)
unsigned short int i,z,help;
i=0;
ifly<4)z=y;
else z = 0;
switch (z)
case 0: help = x;
break;
case 1: help = x + 0x40;
break;
case 2: help = x + 0x10;
break;
case 3: help = x + 0x50;
break;
default:
break;
}
RS = LOW;
lcd_out(0x80 | help);
wait(1600);
RS = HIGH,;
do
{

if (s[i] == "0") break;
if (X == 16) && (y == 0))
{ second_row();
x=0;
y=1

if ((x ::116) && (y == 3))



switch (s[i])
{
case OxE4: Icd_out(OxE1);

break;

case OxF6: lcd_out(OxEF);
break;

case OxFC: lcd_out(OxF5);

break;

default: Icd_out(s[i]);

break;

}

i++;

X++;

wait(1600);
}

while (s[i] '="\0";

int main( void )

unsigned int i;
unsigned char str[8];
i=0;

str[5] = 0;

DDRA = OxFF;

DDRB = OxFF;

PORTB = OxAA,
Icd_init(_2LINE,_7DOT);
clrscr();

home();

/lput_lcd_xy(0,0,"* ISHFAN*");
/llput_lcd_xy(0,1,"*VAKIL*");
Icd_out('l');

for (;;)

{

i++;

itoa(i,str);
put_lcd_xy(6,3,&str[1]);
if 1==9999)i=0;
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UART.C

/************************************************** ********/
* Purpose: UART Driver */

/* Version: 1 */

/* Author: ISHFAN VAKIL */

I* Date: */

/* WWW: */

I* email: ivakil@uncc.edu */

I* Software: AVR studio/ IAR */

/* Hardware: STK 500/STK 502 */
/************************************************** ********/
#include <ioavr.h>

#include <intrinsics.h>

#define F_CPU 8000000 /I 8 MHz

#define UART _BAUD RATE 4800 /I 4800 Baud

#define UART_BAUD_SELECT (F_CPU/(UART_BAUD_RATE*16| )-1)

void uart_init(void);
unsigned char USARTO_Receive( void );
void USARTO_Transmit( unsigned char data );

void uart_init(void)

{
Baudrate festlegen (HIGH-Byte)
SREG_I=0;

UBRROH = (unsigned char)(UART_BAUD_SELECT>>8);

UBRROL = (unsigned char)UART_BAUD_SELECT;

UCSROB= ( 1<<UCSROB_RXENO) | ( 1<< UCSROB_TXENO);
UCSROC= (1<<UCSROC_USBSO0) | ( 3<< UCSROC_UCSZ00);

UCSROB_TXENO=1,
UCSROB_RXENO=1,

SREG_I=1;

}

unsigned char USARTO_Receive( void )
{

[* Wait for incomming data */
while ((UCSROA & (1<<UCSROA_RXCO0)))

[* Retur’n the data */
return UDRO;

}

void USARTO_Transmit( unsigned char data )
{

[* Wait for empty transmit buffer */
/Iwhile ( /(UCSROA & (1<<UCSROA_UDRED)))

[* Start trémsmittion */
UDRO = data;
if( data =='B")

PORTB= 0x00;
}



void main(void)

DDRB=0xFF;
PORTB=0xAA,

Il SREG_I=1,;
UCSROB_TXENO=1,
UCSROB_RXENO=1,;

uart_init();
__enable_interrupt();
IIsei();

for(;;) I* Forever

USARTO_Transmit('A'");
PORTB=0xAA;
//[UDRO="C";

/l PORTE='CY;

}

*
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APPENDIX D: SAMPLE LAB EXERCISES

SAMPLE LAB EXERCISE 1:

Learning Objectives. This lab will introduce the students to use UART and interrupts

with optical fiber communication on the communications educational board, along with C

programming concepts to program the ATmegal28L.

Laboratory Assignment: In this lab the student will be program the board to transmit

data from one communication board to another using the optical fiber module present on

the board. UART will be used to send and receive data. Error counts will be measured a

different baud rates.

Steps:

1. Create a new project and name it lab_01.

N

w

N

. Create the main.c file and include appropriate header files.
. Program the board to meet the requirements ( see requirements).

. Compile and solve each requirement one at a time.

5. Continue to build and test the code until all the requirements are met.

[o2]

. Once all requirements are met, ensure everything is working cgrrectl

7. Collect the data necessary and write a complete lab report.

Requirements:

1.

2.

The code is written in C for the communication board.

The code is commented and easy to follow.

Use two communication boards to meet the requirements.

Connect the optical fiber (provided with the kit) between the optical fiber

transmitter of board 1 and optical fiber receiver of board 2.
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5. When Switch 1 is pressed on the board 1 start generating characters from ‘a’ to
‘Z’ and continue till Switch 1 is pressed again.

6. Send the characters to the optical fiber transmitter on board 1 by connecting the
UART to Optical fiber jumper on the board.

7. Use queues and interrupts to handle the UART serial communication.

8. On board 2 connect the jumper to connect the UART circuit with the optical fiber
receiver circuit.

9. Use interrupts on board 2 to detect the incoming characters from board 1.

10.0n board 2 confirm that the characters received are correct and calculat®the
count.

11.Change the baud rate in both the boards and recompile the program and take error
count measurements again.

12.0n the LCD display of board 1 display the character send and the baud rate used

13.0n the LCD display of board 2 display the character received and the error count.

14. Take measurements for at least 5 different baud rates and provide the results in a

tabulated form.
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SAMPLE LAB EXERCISE 2:
Learning Objectives This lab will introduce the students to use 1/O pins and interrupts
with optical fiber communication on the communications educational board, along with C
programming concepts to program the ATmegal28L.
Laboratory Assignment: In this lab the student will be program the board to transmit
data from one communication board to another using the optical fiber module present on
the board. I/0O pins will be used to send and receive data. Error counts will be metasured a
different speeds
Steps:

1. Create a new project and name it lab_02.

2. Create the main.c file and include appropriate header files.

3. Program the board to meet the requirements (see requirements).

4. Compile and solve each requirement one at a time.

5. Continue to build and test the code until all the requirements are met.

6. Once all requirements are met, ensure everything is working correctly.

7. Collect the data necessary and write a complete lab report.
Requirements:

1. The code is written in C for the communication board.

2. The code is commented and easy to follow.

3. Use two communication boards to meet the requirements.

4. Connect the optical fiber (provided with the kit) between the optical fiber

transmitter of board 1 and optical fiber receiver of board 2.
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5. When switch 1 is pressed on the board 1 start generating characters from ‘a’ t
‘Z’ and continue till switch 1 is pressed again.

6. Program the I/O pin available on the board for serial communication.

7. Program the timers to control the speed of communication.

8. Send the characters to the optical fiber transmitter on board 1 by connecting the
I/O pin from the programmed I/O pin connector to optical fiber jumper on the
board.

9. Receive the characters from the optical fiber receiver on board 2 by connecting
the programmed 1/O pin from the I/O pin connector to optical fiber jumper on the
board.

10.0n board 2 confirm that the characters received are correct and calcukt®the
count.

11.Change the speed by changing the timer interrupt settings and recompile the
program and take error count measurements again.

12.0n the LCD display of board 1 display the number of characters sent per second.

13.0n the LCD display of board 2 display the number of character received per
second and the error count.

14. Take measurements for at least 5 different speeds and provide the results in a
tabulated form.

15. Measure the highest rate possible at which the error count is 0.
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SAMPLE LAB EXERCISE 3:
Learning Objectives. This lab will introduce the students to use UART and interrupts
with infrared communication on the communications educational board, along with C
programming concepts to program the ATmegal28L.
Laboratory Assignment: In this lab the student will be program the board to transmit
data from one communication board to another using the wireless infrared module
present on the board. UART will be used to send and receive data. Error counts will be
measured at different baud rates and distances between the two boards.
Steps:
1. Create a new project and name it lab_03.
2. Create the main.c file and include appropriate header files.
3. Program the board to meet the requirements (see requirements).
4. Compile and solve each requirement one at a time.
5. Continue to build and test the code until all the requirements are met.
6. Once all requirements are met, ensure everything is working cprrectl
7. Collect the data necessary and write a complete lab report.
Requirements:
1. The code is written in C for the communication board.
2. The code is commented and easy to follow.
3. Use two communication boards to meet the requirements.
4. When switch 1 is pressed on the board 1 start generating characters from ‘a’ t

‘Z’ and continue till switch 1 is pressed again.
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5. Send the characters to the infrared transceiver on board 1 by connecting the
UART to infrared jumper on the board.

6. Use queues and interrupts to handle the UART serial communication.

7. On board 2 connect the jumper to connect the UART circuit with the infrared
transceiver circuit.

8. Use interrupts on board 2 to detect the incoming characters from board 1.

9. On board 2 confirm that the characters received are correct and calcuklat®the
count.

10. Change the baud rate in both the boards and recompile the program and take error
count measurements again.

11.0n the LCD display of board 1 display the baud rate used

12.0n the LCD display of board 2 display the character received and the error count.

13.Take measurements for at least 5 different baud rates and provide the results in a
tabulated form.

14.For each baud rate, measure the maximum distance between the two boards for

error free data communication.
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SAMPLE LAB EXERCISE 4:
Learning Objectives This lab will introduce the students to use 1/O pins and interrupts
with infrared communication on the communications educational board, along with C
programming concepts to program the ATmegal28L.
Laboratory Assignment: In this lab the student will be program the board to transmit
data from one communication board to another using the infrared module present on the
board. I/O pins will be used to send and receive data. Error counts will be measured at
different speeds and different distances between the two boards.
Steps:

1. Create a new project and name it lab_04.

2. Create the main.c file and include appropriate header files.

3. Program the board to meet the requirements (see requirements).

4. Compile and solve each requirement one at a time.

5. Continue to build and test the code until all the requirements are met.

6. Once all requirements are met, ensure everything is working correctly.

7. Collect the data necessary and write a complete lab report.
Requirements:

1. The code is written in C for the communication board.

2. The code is commented and easy to follow.

3. Use two communication boards to meet the requirements.

4. When switch 1 is pressed on the board 1 start generating characters from ‘a’ t

‘Z’ and continue till switch 1 is pressed again.

5. Program the 1/O pin available on the board for serial communication.
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6. Use timers to control the speed of communication.

7. Send the characters to the optical fiber transmitter on board 1 by connecting the
I/O pin from the programmed I/O pin connector to infrared jumper on the board.

8. Receive the characters from the infrared transceiver on board 2 by connecting the
programmed I/O pin from the 1/O pin connector to infrared jumper on the board.

9. On board 2 confirm that the characters received are correct and calcukt®the
count.

10.Change the speed by changing the timer interrupt settings and recompile the
program and take error count measurements again.

11.0n the LCD display of board 1 display the number of characters sent per second.

12.0n the LCD display of board 2 display the number of character received per
second and the error count.

13. Take measurements for at least 5 different speeds and provide the results in a
tabulated form.

14.Measure the highest rate possible at which the error count is 0.

15.For each speed, measure the maximum distance between the two boards for error

free data communication.



