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ABSTRACT

This dissertation presents about characterizatfoDigital-to-Analog Converter
(DAC). 1t is included a theory, problem facing, plem solving, characterization
techniques, results and lastly conclusion. DAC chged here for characterization
process was ICM7363 Quad 12 bit from IC Microsysdi@mic). ICM7363 is a serial
digital input type of DAC. In order for the DAC tork properly, serial data input, clock
signal, chip select signal and clear signal aradeée8051 microcontroller board was
built for data generation and as well as all tlymai needed in order to activate the DAC.
In this project 8051 microcontroller circuit werensbined with DAC circuit and a set of
switches. There are 17 switches available. Onehefd switches used as a test
functionality switch. Function of this switch is itadicate whether the DAC is working or
not. Other 16 switches used as data input of DAG18nicrocontroller was programmed
to read the condition of all those switches andh thenerate signals to the DAC. DAC is
then producing an analog output that is proportiondh digital input value. The
program was written in assembly language. This qamogwas then compiled and burnt
into ROM. Program start running whenever supplgasnected. The output produced by
the DAC is then can be measured and characterfizedsuring tool used here is digital
mutimeter. From the output, DAC parameters suchesaslution, accuracy, offset error,
full-scale error, differential non-linearity, intead non-linearity, full scale range, settling
time, maximum conversion rate and signal-to-nog®rcan be characterize. Resolution
of the DAC is shown by plotting a histogram of thetput. Typical output value for
adjacent input is 0.01V. This is the DAC resolutibMNL and INL of DAC are shown by
plotting a graph of the output. From here, idealusaand measured value can be
compared. DNL and INL are approximately 1LSB faenmediate voltage that is around
2V and 3V. It is more than 1LSB when it comes tgger voltage. Actually there is no
certain quantitative value to describe this. Ottemameters result such as full scale range
is 4.68V, offset error is 0.010V and gain error98.6%. This measurement can be
performed by applying an appropriate data inpute Value can be shown quantitatively.
From measurement, we conclude that this DAC isrg kggh resolution and accuracy.

The project shows a good result and succeeds tewacits objective.



ABSTRAK

Laporan ini membentangkan berkenaan mempercipksiukar digital ke analog
(DAC). la termasuk teori, masalah yang dihadapia caenyelesaikan masalah, kaedah
pencirian dan keputusan pencirian dan akhir sekdélah kesimpulan. DAC yang
difokuskan disini adalah model ICM7363 kuad 12datipada IC Microsystem (ICmic).
ICM7363 adalah dari jenis yang menggunakan inpuitali secara siri. Untuk
mengaktifkan DAC ini, isyarat seperti data inpwisgisyarat jam, isyarat pemilihan cip,
dan isyarat jelas diperlukan. Dalam projek ingrimikropengawal 8051 dibina. Tujuan
pembinaan litar mikropengawal ini adalah untuk raeajisyarat data sesiri dan juga
isyarat lain yang diperlukan bagi mengaktifkan DA@ar yang dibina dalam projek ini
menggabungkan litar 8051 mikropengawal, litar DA&hduga litar suis. Terdapat 17
suis yang digunakan untuk masukan data dan isypast Keadaan ujian adalah dimana
suis ujian ‘ON’. Ini adalah bertujuan untuk menwijan DAC berfungsi atau tidak. 8051
mikropengawal diprogramkan untuk membaca statusddeea suis dan kemudian
menjana isyarat kepada DAC. Program ditulis danudtam dimasukkan ke ROM yang
terdapat di dalam 8051 mikropengawal. Program bkrnmaebaik sahaja sumber
disambung. Keluaran yang dihasilkan oleh DAC keraodya boleh diukur dan
dicirikan. Keluaran DAC diukur dengan menggunakanltimeter. Daripada nilai
keluaran ini, beberapa parameter DAC seperti regokejituan, ralat pengimbangan,
ralat skala penuh, perbezaan tak linear (DNL), kamiak linear (INL), julat skala
penuh, masa selesai, kadar penukaran maksima slaahnsyarat ke hangar (SNR) boleh
dicirikan. Resolusi DAC dapat ditunjukkan denganmpbt histogram bagi nilai
keluaran DAC. Nilai keluaran DAC bagi input berseban dapat ditunjukkan disini.
DNL dan INL bagi DAC ini dapat ditunjukkan dengaremmplot graf untuk isyarat
keluaran DAC. Dari graf, nilai yang diukur dan nilanggul dapat dibandingkan.
Resolusi, DNL, dan INL adalah nilai yang biasa dabehi dan ini dapat dilihat dari
histogram dan graf. Tiada nilai kuantitatif tertentntuk parameter ini. Parameter lain
seperti julat skala penuh, ralat pengimbangan ddat pekali dapat dperolehi dengan
data masukan sepatutnya. Nilai-nilai ini dapat mjitkkan secara kuantitatif. Daripada
pengukuran, didapati DAC ini beresolusi dan kejityang tinggi.Projek menunjukkan
keluaran yang memuaskan dan berjaya mencapai bjekt
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CHAPTER 1
INTRODUCTION

Digital-to-Analog Converter (DAC) is a device thabnverts a digital code
(usually binary code) to an analog signal (usuadiitage). In electronic, DAC is a link
between world of transducer that usually work wiéhalog value and digital data
collection. An analog to digital converter (ADC)rf@ms reverse operation (Hoeschele,
1994). Electrical signal from transducer which msamalog form and proportional to the
phenomena being measured is then converted taaldlgit ADC for computational or
decision making purposes. This computed digitabealk then converted back to an
analog form using DAC to perform action by driviag actuator or other equipment.
Digital circuits and digital techniques have becomwidely used nowadays in almost all
area of life such as computers, robots, entertamsnand others. With the growth of
digital systems, there is also an increase in Us@@C and DAC to perform the

conversion (Tocci, 2001).

1.1  DAC Application

There is various application of DAC such as iniaudsual system and also in
signal processing. In audio system, signal fromrophone or sound source is an analog
form. This signal is then converted to digital the purpose of storage or processing
where it is then converted back to an analog sifpraplayback. In personal computer,
this function usually done in a sound card and riaya there are external devices that
perform this function externally in order to impeothe sound quality. In visual system,
video signal stored in a computer is in digitalnfiorThis signal must be converted to an
analog form in order for it to be displayed on aalag computer. Generally the purpose
of analog and digital conversion is for signal @eging, computing and decision making
so that an action can be perform. An analog sitradlis convert to digital value for the
purpose of computing or processing so that it aaiopm action when convert back to
analog (Tocci, 2001).



1.2  Basic Digital-to Analog Converter Function

Digital-to-analog Converter (DAC) is a device toatverts data from digital
representation into analog representation as showigure 1.1. DAC convert a signal
from state one and zero into signal that have nuetbef states.

.
. j‘
Digital Input Binary DAC

-

Figure 1.1: Block diagram of Digital-to-Analog Converter
Generally, digital input value converts into anlagavalue using the following equation
(Plassche, 1994):

Vo = nZzBmzm Ry (1.1)
Where;
Voutis analog output value
Rt IS a reference value
Note that equation 1.1 represents an n-bit conveaBtg represents the Most Significant
Bit (MSB) of the converter andgs the Least Significant Bit (LSB). The factdf 2
indicates binary bit. Not all DAC devices produceo#tage as its output. There are DAC
available that produce current as its output arttigicase, above formula cannot be used

(Rudy Van Plassche, 1994).

1.3 Digital/Analog Representation and System
Digital representation is the quantity that isresgnted by symbols called digit.
Digital representations are discrete in nature thiede is no ambiguity when reading the

value of a digital quantity. Digital devices areevice that works with digital value such



as DAC. A digital system is a combination of desgiaesigned to manipulate logical
information or physical quantities that are repnéseé in digital form or quantities that
only can take discrete values. Analog represemtaisoa quantity represented by a
voltage, current, or meter movement that is propoal to the value of an item being
measured. Analog quantity can vary over continuange of values. An analog device is
a device that works with analog representation siscADC and DAC. An analog system
contains devices that manipulate quantities thatrapresented in an analog form. In
analog systems, the quantities can vary over aragois range of values (Tocci, 2001).



1.4  Objectives

There are varieties of DAC available in store toemegarious applications
requirement. Most system can be implemented usimg tgpe of DAC. However,
sometime certain systems need certain requirentenggiarantee its function and this
becomes a problem for the designers to choose vdaicitce suitable for it. The choice of
conversion device always not simple and therenseal to know the device performance.
Lack of knowledge of device performance can per&mnmability of the whole system to
work properly.

Performance specifications or parameters for diggt@nalog converter chips
included resolution, settling time, differential mimearity (DNL), integral nonlinearity
(INL), power dissipation and special features. Rggm measure the number of discrete
levels used to represent a signal and is usuafipetein bits. Settling time is the time
required for an output to reach a final value witttie limit of a defined error band. The
DNL error is the differences between the ideal galand measured output values. The
INL error is the amount that a measured transfection deviates from an ideal transfer
function. It is defined in a straight line drawrorin zero to full scale. Special features
such as on-chip electrostatic discharge (ESD) ptiote

This project will develop a way to characterizetaer parameters of DAC so that
designers have an idea which DAC to be use basddi®parameter. DAC chosen here
is ICM7363 which used serial digital input as itput code. So, certain parameters from
this DAC will be characterized. This project alemde used as an IC (Integrated Circuit)
tester to test other DAC which is in the same modhls project may also become a
pioneer for other type of chip.



15 Project Methodology

Project methodology is as shown in figure 1.2 below.

ICNV 7363 Dac
12 bit chosen

~-

Study about the chip

~-

Test with trainer boarc

~-

Build and test 8051 board

~-

Identify the criteria to be characterize

~-

Identify any suitable circuit

~-

Fabricate circuit

~-

Unit testing

~

Integration Testing

~-

Review correction and improvement of
project

Figure 1.2: Project Methodology



16 ThesisOrganization

Chapter one basically is about an introductionD&{C, its applications, basic
DAC function and elaborates a little bit on anatogl digital term. Common parameters
for DAC as well as its definition are discussedGhapter 2. After defining common
DAC parameters, Chapter 3 will explained about D#®sen to be characterized in this
project that is ICM7363. All about ICM7363 operatias well as its PCB layout will be
showed here. Chapter 4 will focused on 8051 miantrotler since it will be used to
interface with ICM7363 DAC. All the schematic anovhto build 8051 microcontroller
circuit will be discussed here. Finally Chapter l imterface 8051 microcontroller with
ICM 7363 DAC. All flowcharts on how to program tBAC and result of this interfacing
project will be discussed here. Chapter 6 will dode the project and there are

appendices at the end of the dissertation.



CHAPTER 2

DAC PARAMETERS

DAC has certain parameter that is needed to be krnmyvthe system designer
before it can be used. Lack of knowledge in the Dgdtameters will affect the whole

systems. This chapter will discussed common DAGupaters as well as its definition.

21 Resolution

Resolutions are normally given in bits. It indicatbe smallest increment in the
DAC output with correspond to 1 LSB (Least Sigrafit Bit) input change. For example,
12 bit DAC equal to #that is 4096 in decimal. In this case the resotut®1/4096 of

the output change.

2.2  Full Scale Range
Full Scale Range is a maximum output signal fer ErAC and can be in current
or voltage and this depend on type of the DAC wéethis a current output or voltage

output.

23  Offset Error
Offset Error is a difference between an ideal acttiad DAC output when zero

digital code applied to the input.

24  GainError
Gain Error indicates how closely the analog outplua DAC matches its ideal

value at full scale digital code applied to theunp

25 Voltage Reference Input Range
This indicates the minimum and maximum voltage thas used as the reference

voltage for DAC.



211 Differential Nonlinearity (DNL)

DNL is the difference between an actual or measargdut change and the ideal
output change for a digital input change of 1 L$®éschele, 1994). It is measured by
applying a ramp code to the input of DAC. The dtepveen every pair of the adjacent
codes should not exceed or below 1 LSB. In anotfeeds, DNL represents the error

from 1 LSB for every stegzigure 2.1 show an example of DNL for a three bit DAC.

analog output

e

dnl > 1lsb

dril

1lzhb digital input
- + : ! code
Qoo o010 011 100 101 110 11

Figure 2.1: Example of Differential Nonlinearity

212 Integral Nonlinearity (INL)

INL is the maximum deviation of the output from iaeal straight line between
zero and full scale points (Hoeschele, 1994). tvahhow the output deviates from an
ideal straight line. An example of INL for thred BIAC is as shown ifrigure 2.2. It is
measured in LSB.



analog output

iril

[ digital input

' : - ‘ code
Qoo om oo o1 o100 101 110 1nm

Figure 2.2: Example of Integral Nonlinearity

213 Settling Time

Settling time is a time required by output of thA®to reach and remain about
specified error band in its steady state or finalug. It is measured from an input
transition until the output was produced.

2.14 Maximum DAC Conversion Rate
Maximum DAC conversion rate is a maximum input sigfrequency that the
DAC can handle (Hoeschele, 1994). Itis base aatan 2.1 below.

Maximum DAC conversion rate = 1ifag time (2.1)

215 Signal-to-Noise Ratio (SNR)
This is the ratio of the analog output of a DAC wtilee input code is at full scale
and the analog output of a DAC when the input dsdeet to zero. SNR is better when

the value is bigger.



CHAPTER 3
ICM7363DIGITAL TO ANALOG CONVERTER (DAC)

Digital-to-Analog Converter that will be charactd in this project is ICM7363
from IC Microsystems. Refekppendix A for the datasheet of the DAC. This DAC is 12
bit Monotonic DAC and use resistor string archieet It included a 1.25V reference
voltage output. There are 4 DAC contained in alsirdpip. Each of this DAC can be
driven individually by a different reference voleagnd there is a gain of two at the
output. The DAC used Serial Data Input for digdata input unlike other DAC normally
used parallel input. All the digital input is CMAOS/L compatible. RefeAppendix B
for differences between CMOS and TTL. In this pcbj@051 Microcontroller is used to
generate signal and serial data input for the DR&.this chapter we will be focusing on
DAC and 8051 Microcontroller will be discussed ietail in Chapter 4. ICM7363 has a

serial data output for easy daisy-chaining appboast

3.1 ICM7363 Package and Pin Description
ICM7363 Package is as shownHigure 3.1 below. It is a 16 pin chip.

ICM 7363

Figure 3.1: ICM7363 Package



Pin description of ICM7363 is as shownTiable 3.1 below.

Table 3.1: Pin Description of ICM 7363

Pin Notation Description

1 Vbp Supply Voltage (5V)

2 Vouta DAC A OUtpUt

3 RER Voltage Reference DAC A
4 Vouts DACB Output

5 RER Voltage Reference DAC B
6 REFOUT Output Voltage (1.25V)
7 CLR Clear Input / Reset DAC
8 SDI Serial Data Input

9 SCK Serial Clock Input

10 SDO Serial Data Output
11 cS Chip Select

12 RER: Voltage Reference DAC C
13 VouTc DAC C OUtpUt

14 RER Voltage Reference DAC [
15 VouTtp DAC D OUtpUt

16 GND Ground

3.2  Serial Interfaceand Logic

This section explained about on how the chip oper&igure 3.2 shows a serial

interface signal diagram which is needed in oraertiie chip to function properly. It

consist€S, SDI and SCK signaI.C_S is a chip select signal used to initiate and
terminate data transferring. SDI is a serial dapai signal and SCK is serial clock input

signal.

spr X ttbitmst)X 2bie X X~ X e X
sck || ] . B

Figure 3.2: Interface Signals




Data is loaded ICM7363 using 4 wire serial integgacOne that is not define in
Figure 3.2 is CLR (Clear Signal) used to reset DAC. Dataoiaded in 16 bit which
consists of 4 Most Significant Bit (MSB) addressds control bits followed by 12 bits of

data. FromFigure 3.2, cs pin should initially be HIGH (SDI and SCK are iged
while CS is HIGH), while SCK pin should initially be heldQW. To start data transfer,

CS s first brought LOW and this activate DAC seiraerface. WhileCS is LOW, data
is serially transferred to the DAC at each positedge of SCK. 16 clock pulses are
needed in order to transfer all the required 1&tmmand and data. First transferred bit

is MSB. After all 16 bit data has been transferr&@% needs to be brought back to

HIGH. Transitions ofCS from LOW to HIGH terminate data transferred aneeie
loaded command. Note that if there is more thabitLére transferred, only the last 16 bit
will be considered. If less than 16 bit are transi@, the remaining bits are taken from
previous communication sessiorable 3.2 shows the data format of ICM736Bable

3.3 list control commands of ICM7363 and its function.

Table 3.2: 16 bit Command and Data Format

Control Word Digital Data

Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit
15/14]13|12| 11 )10 9 |18 | 76|54 |3]2]1]O0

C3|C2|Cl1|{CO|D11|D10|D9 | D8 | D7 |D6|D5|D4|D3|D2|D1|DO0

Table3.3: ICM 7363 Control Commands

C3 Cc2 Ci1 Co Functions

0 0 1 0 Load Data into DAC A
0 1 0 1 Load Data into DAC B
1 0 0 0 Load Data into DAC C
1 0 1 1 Load Data into DAC D
1 1 1 0 Load Data into DAC A-D
1 1 1 1 No Operation




3.3 Referencelnput and Output

Each DAC has its own reference input pin which bandriven from ground to
Vpp— 1.5V. There is a gain of two in the output of DAGich means output of DAC is
multiply by two. Output voltage of DAC can be cdhlted using equation 3.1.

Vout =2x(V _ xD)/2" (3.1)
Where:
Vrern IS a voltage reference of DAC, D is a digital inmatde in decimal and n is a
number of bits which in this case is 12 for ICM 33&xample of calculation for digital
input code of 001111111111B which means it is 1023lecimal with 2.5V as its

reference voltage.

Vout = 2 x (2.5V x 1023)/%
=1.25V

34  Communication Interface Using 8051 Microcontroller

In this project, 8051 microcontroller is used toegmte signals for this DAC so
that the output produces from the DAC can be measdigure 3.3 shows a block
diagram of communication interface between 8051rticntroller and ICM7363.

8051 ICMI 7363 DAC
Fi3 | 7T _hl:lutput
P1.2 w o]
F1.0 LN
Fi1.1 ¥ AR

Figure 3.3: Communication Interface 8051 Microcontroller dGd17363



35 ICM7363 Circuit Design And Fabrication

In order to operate the DAC, supply voltage usethis project is +5V. ICM7363
consists of four DAC in a single chip which meahattit must have four test points in
order to measure the output voltage. All thesefiesits are connected using Header. In
this project, each DAC is driven by an externaérehce voltage. This voltage is actually
coming from supply but has been regulated to +2u8\hg voltage divider circuit as
shown inFigure 3.4. In the voltage divider, resistor value is caltethusing equation
3.2.

(3.2)

Vout = R Vin
R+R

R1
4.7K

+
v C) 25V
R2

4.7K

Figure 3.4: Voltage Divider

3.5.2 Layout of ICM7363 DAC Circuit

ICM7363 DAC board is built using PCB (Printed CitcBoard) fabrication. For this

purpose there is a need to build its layout. Birsthematic of circuit is designed by
referring toAppendix D for the full circuit. Circuit inAppendix D integrates between

DAC, switch, and 8051 microcontroller. However,iindual circuits need to be built in

order to test and check its functionality. All thgcuit will be combined later. Single
DAC circuit is as shown ifrigure 3.5 below. Layout of the circuit is then printed o th
board.



Vout B Vout A

N

Vout D

Vout C

l]o'_\[\)raklnm

SCK

oo\ch)mwaH
o

(%)
Q9

§R9

1K

R10
1k

Figure 3.5: ICM7363 Circuit

Component needed to build ICM7363 circuit boardlisted below inTable 3.4.
Table 3.4: List of ICM7363 Board Component

Component/Instrument Amount
ICM7363 DAC 1
Header 2 4
4.7k Resistor 2

ICM7363 DAC is then soldered on the PCB board dtagevoltage divider circuit and
header. Unit testing is performed on the circuihg$8051 trainer board to ensure it is

functioning properly.

3.6 Exampleof Application

Example of application using this DAC is on tengtere sensing application. It is
an alternative method without using an expensiveCABnalog to Digital Converter).
Block diagram of this application is as showrFigure 3.6. Temperature sensor produce
analog output and this output is comparing withl@gautput from DAC using

comparator.



Whenever analog output from temperature sensohrigamaximum or minimum value,

comparator will give signal to microcontroller acandition of temperature sensor can be
known.

Analog output

Input

.
L

Temperature Comparator
Sensor

¥

¥

Microcontroller
Analog

ICM 7363 |* Digital out

Figure 3.6: ICM 7363 Application



CHAPTER 4
8051 MICROCONTROLLER

Microcontrollers consists of fixed amount of RAMgndom Access Memory),
ROM (Read Only Memory), /O (Input/Output) portsdatimer all in a single chip
(Mazidi, 2000).Figure 4.1 shows components available inside 8051 Microcdletro
Microcontrollers are widely used in an embeddedesysto do one task and one task
only. An example of embedded system that use nuecrtoaller is a printer. The task and
only task of printer is to print. Microcontrollemside the printer used in order to control
getting the data and printing it. 8051 microcoré&ointroduced by Intel Corporation had

RAM, ROM, two timers, one serial port and four goatl on a single chip.

CPU RAM ROM

/O Timer Serial COM Port

Figure 4.1: Component inside 8051 Microcontroller

4.1  Pin Description of the 8051 microcontroller

8051 microcontroller may come in different packagdther it is DIP (dual in
line package) or SMT (surface mount technologyhBad them have 40 pins for various
functions (Mazidi, 2000)Figure 4.2 below show 8051 pin diagram. Pin,cV GND,
XTAL1, XTAL2, RST, EA, and PSEN must be connectedorder for the system to

work.
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Figure4.2: 8051 Pin Diagram

Pin 40 (Vcc) used to provide supply voltage to ¢héo. Its value is +5V. Pin 20
(GND) act as ground pin. Pin 18 and 19 is XTAL1 aicAL2 pin. 8051 microcontroller
has an on chip oscillator but requires an extectadk to run it (Mazidi, 2000). So, the
quartz crystal oscillator is connected to XTAL1 aKd@AL2 pin together with two

capacitor of 33pF value as showrHigure 4.3.

32pF

Figure 4.3: XTAL connection to 8051



Size of crystal frequency attached to the 8051ddscthe speed at which 8051 timer run.
The frequency of the timer is always 1ih2 frequency of the crystal attached to the
8051. In this project, we will use XTAL frequency b1.0592 MHz Based on formula
below:

ClockFrequncy =1/12x Crystal Frequency (4.1)

T =1/ClockFrequncy (4.2)

The clock period for this project is 1.085 ps.

Pin 9 (RST) is the RESET pin. It is an active higut. Once applying a high
pulse to this pin, the microcontroller will resetdaterminate all activities. All values in
the register also will be logtigure 4.4 show how to connect RST pin. The programmed
will be restarted again once applying a high ptidséhe RST pin. In order for the RESET
input to be effective, it must have a minimum diorabf 2 machine cycles. In this
project 2 machine cycle equal to two times clockquethat is 2.17 ps. Push button used

as RESET switch in this project.

Switch

10uF

[ RST
g{ 4.7k

Figure4.4: RESET Circuit




Pin 31 or EA pin must be connected to either VcGND. EA stand for External
Access. The 8051 family member such as 8751, coiteonw chip ROM. In this case,
programmed code is stored in on chip ROM and EAtrhesonnected to ¥ For other
family members that have no on chip ROM, programiaate is stored in an external
ROM. So, in this case EA pin is connected to GNIhthcate programmed code was
stored externally. In this project, there is no R@Mhe microcontroller used, so EA pin

is connected to GND.

Pin 29 is a PSEN pin. PSEN stands for programnaé sinable and this is an
output pin. It is an output signal and must be emted to OE pin of an external ROM
contained program code. PSEN used by 8051 to sgndl $n order to fetch program
code from an external ROM. This only can be donemiBA is connected to GND. If

EA is connected to Vcc, PSEN cannot be activated.

Pin 30 is a ALE pin. ALE stands for Address LatalaBle and this is an output
pin. Port O provides both address and data. So wb#dr0 is being used as data path,
ALE pin is held LOW and when port O is being usedéddress path, ALE pin is held
HIGH. The ALE pin is used for demultiplexing prosdsetween address and data by
connect it to 74LS373 chip.



42 ROM (Read Only Memory)

ROM used here is UV-EPROM type that is UV erasgitegrammable ROM.
Once the programmed burnt inside a ROM, the progradhcan be erased using UV
radiation. All UV-EPROM chips have a window on tojit. When this window exposed
to UV radiation, the content in it will be erasda program the chip, its content must be

erased. Program code is loaded using programmer.

4.3  74LS373D Latch

74L.S373 used to extract the addresses from therB0smce this pins send both
data and address. Whenever 8051 microcontrollet weanse PO as address bus, it will
send HIGH to ALE pin. Else, if 8051 use PO as dhais, ALE pin is brought LOW.

44  74L S138 Decoder

74L.S138 decoder has 3 inputs and 8 outputs. Bloafraim of 74LS138 decoder is as

shown inFigure 4.5.

SR VIN Pig
S YN P
o6]¢ VAN BT
b— Gt Y4N P
B—=9 G2AN Y5N Pg—o
0—= G2BN Y6N P=—o

Y7N p—3

74138

Figure4.5: 74L.S138 Block Diagram
Each Y output is connected to CS of chip for allogvcontrol by 74L.S138. Programmed
address for ROM and 8255 were determined from herek atTable 4.1 below.

Table4.1: Range of Address for 8255 and ROM

ICchip |[C |B | A
15/14|13(12|11|{10(9|8|7|6|5{4|3(2|1]|0
8255(Min) |0 |0 (1 |O |0 | O0| 00|0|0O|0O|O|O|0O|0O]|O
Max))@ |0 |2 |1 (21 |1| 121f1j1{21|2(1]|1|1|1
ROM (Min) 0O(0|0|]0O0|O|O|O|O|O|0O]|O]|O
(Max) 1 (1 (1}11j1/1{2(1|1)1|1|1




In this project, 8255 is connected to Y1. Y1 means decimal. So, based drable
4.1, 001B equals to 1 in decimal. When 8255 conneittedl its range of address are
from 2000H-2FFFH. ROM is connected to YO. So, ttedaine address for ROM, 0
equal to 000B. From here we know that address rémg&OM are from 0000H-
OFFFH.

45 8255 Chip

8255 is a chip that can expand I/O port of 8051s # 40 pin chip and has three
ports. These three ports can be programmed tophg or outputFigure 4.6 shows pin
position of 8255.
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Figure 4.6: 8255 Chip



4.5.2 8255 Pin description

PAO-PA7, PB0O-PB7 and PCO-PC7 as indicateBligure 4.6 can be programmed as
all input or as all output. RD and WR pin connectedRD and WR pin 8051. The
purpose of this pin is to read and write data t6538200- D7 pin allow 8255 to send and
receive data from 8051. RESET pin connected ane dractivate, all ports of 8255 will
be initialized as high. CS is connected to 74LS188. connected to allow controlled by
74L.S138. A0 and Al is to select specific portss Ibased o able 4.2 below:

Table4.2;: 8255 Ports Selection

Al A0 Selection

0 0 Port A

0 1 Port B

1 0 Port C

1 1 Control Word
X X Not select

4.6 8051 Microcontroller Board

There is no on chip ROM in the 8051 microcontroiised in this project. So, the
programmed code is stored in an external ROM. dieoto connect this ROM, P2 and PO
will be used as address and data path. Theretweeorily 1/0O port left is P1. To expand
this I/O port, 8255 is usedrigure 4.7 shows a block diagram of 8051 microcontroller
board for better understanding. Port 0 and pog @ni address path from 8051 to ROM.
As we know earlier, port O can be a data path oadudress path. Therefore, 74LS373
latch used to extract from address from port @. i an address, it can go through and if
it is data, it is blocked from go through 74LS37%®ldhe data will go into data bus. 8051
communicate with ROM and 8255 through data bus.



< Data Bus >

Address

3051 —Iﬁ!ﬁ%f sl ﬂ|/ ROM /1—I\ 8255
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Figure4.7: Block Diagram of 8051 Microcontroller Board

4.7 Fabrication of 8051 Microcontroller Board

In this project, 8051 Microcontroller Board will beuilt using PCB (Printed
Circuit Board) fabrication. To fabricate PCB, thésea need to build its layout first. The
process is actually similar as to build ICM 7363aBb which has been explained in
CHAPTER 3. Before starting to build 8051 microcontroller bdbdayout, schematic of
8051 Microcontroller board is needed. ReferAjopendix C for the schematic of 8051
microcontroller board. Once the layout is completed then printed on PCB board and
parts can be soldered on it. Component for 805Xrddantroller Board are as shown in
Table4.3. This 8051 board is then combined with DAC boadnaAppendix D.

Table 4.3: List of 8051 Microcontroller Board

Component Amount Used
Header 2 1
Crystal 1

33pF Capacitor

8051 Microcontroller

4.7k Resistor

2
1
Reset Switch 1
1
1

10pF Capacitor

7414 Buffer 1

741.5138 Decoder 1
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