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Synopsis

Temperature controllers are widely used in most of the industries today, starting
from plastic setting to foundries, high precision controlled environments like annealing
chambers. The control of these heaters has been initially by discrete electronic
components for P/PI/PID control scheme, followed by non — linear era of the micro—
processors and controllers. But in-the modern era of total automation, there is a need to
integrate all these temperature controllers in a-nut shell to make it easier for the

integration.

In this process-tﬁe previou-s step.was to establish an iﬁteﬁigent'component capable

of 1nteract1ng with.a network master. Hog a_e\rif hi's proved to be tédious having multiple

lines runmng to' the server, loadlng 1t a lot in multrplexmg and performing the task of data

vau181t10n and control. o

The#_prfinciple aim of the pro;ect is, t@ propose a stan f 1d of commumcatron that

would- suit_the industfia n\nronment also to’ establlsh a drstrlbuted network with

1nd1v1dual mtelhgent com nts for each process These I :

gent dev1ces would help

in 1nteract1ng ‘with the ne ork and would be connected in

ymmon bus‘like structure

ti"oﬂship, a technique to
drive the system mto self sustained network of controllers were_given-a trial. A proposed
plan to establish a command verb that would make the system’s non — linear response
into a programmable one was glven a test run:-But due to the noise restrictions of the
transmission and memory restriction of the controller used, the idea has not been

implemented, but added to the future expansion possibilities.

The features of the system includes data logging (one at a time basis), visual
reading of data, power s'aying:f"s(chemes of operationsand network ‘expansion up to 255

devices per control branch.
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1. Introduction
1.1 Modern Industries

In a period just a decade ago the industries were mechanically controlled with
only motors as the electrical components. After this for a short span of period there were
discrete circuits of electronic & -electrical component-working together with little ease.
Now in the present day the industries are moving towards automation in faster pace.

People started preferring small compact less. power consuming yet the most flexible and

reliable systems to work for them

This trend calls for new devwes ,d equ1pments that are smart enough to

understand and* operate dependlng upon the programmer and/or operator needs Every

device needs to be-interlinked with the ma1n~ network compu

for easy-data processing

and maintainiﬂg the -tim hedule of’ operatlons Such requirements have also been

arising in industries that u umaces and other means of heat vi,{@ntrol

More. reports and i
has been written to pages; p: ’
vidual \pers'onal“ computer

implementation was the

Now it is the high time to decide on two facts and aim at the two targets in same

shot, namely,

1. ‘Network that would not require individual computers

2. Intelligent controllers and communicator that is rugged in construction to suit

the industrial environment.

1.2 The Project

The project aims in building a system that would satisfy the primary goals. The
other objectives of the project are to establish a protocol that would be very suitable for
the industries to implement with error free and maintenance free operation. The principle
disadvantage of the electronic controls lie in the disturbances created by the noise by

various coupling means like capacitive (in the circuit itself), Electro Magnetic



Interference (noise factors in the industrial environment), and power injected noises (due

to high speed switching of power circuits and current fluctuation in large scale).

But the project aims to establish a flexible system, that would not suffer any of
these draw backs and would maintain its accuracy to the proposed level in any of the

worst said situations.

1.3 The Intelligent Techlg,otlo'vgy

The project utlhzes one the recent and “Fast’ ,technology namely the micro —
5 .

controllers to workl__w”’ith. :\Mrcro controlles c ‘s a single chtp micro computer with all

the requirements of small programmers-bu :1ns1de the chip. The main features inside

them 1ine¢lude:

v A core iicro processor that includes™ 4
Arrthmetlc and‘Loglc Unit (ALU
/ emory Addressmg Unit’ (MAU

Spee1a1 Access .Con-trol unitsi(S /

V -Control Umt

o Interrupt Managers

t}-Program memor ; (usually R.M

unters

v~ Analog to Digital Converters (ADC)

v Timers /

v _Special features like
o Watch Dog Tlmers
o ‘Sleep mode
o Serial Port (USART)
’ Parallel Ports

v ‘Expansron sift compromlse “with ports
o External memory

o Input/ output devices like keyboard and display

o



1.4 The Interface

There exist communication interfaces that are pre — defined and widely used in the
industries. The project utilizes two of them namely RS232 (to interface with a personal
computer) and the RS485 (to interface within the network of controllers). There are also
converters used in the project that would convert the signals of RS232 to RS485 and vice
versa. Care is taken to select a converter that would not compromise the speed but that

would work with only one power supply and with least other restrictions.

1.5 The Program

Much care has been taken in writing the program with spéciéi utilities that would

case the operator to visualize the conditions of the system easily. The features include the

collecting the samples of data and logging 1tt0 a file, visualizing graph«bar chart or line

would be more ﬂex1b1e bu

1.6 The Minimum Requirements
The minimum requirements of the implémeiitation would be:

1. A personal computer that would support Windows 9X/ME/2000 or NT
2. A serial port which is not used by mouse or any other device like modem

The RS485 da1sy cham cahle and its- termmators w1th number of nodes as one

(o)

greater than the number of control cards in the system

(09



2. Literature Survey

2.1 About Industrial Controller

Controllers are intelligent devices that are meant for directing the industrial

components to behave in certain way so that-the operator gets the output in his planned

way. They may be discrete e’lectronio‘circuits micro processors micro controllers, PLC’s

,,,,,,

5

; hnear Contr;oller

JEF S P Controller

' IController

‘_;' DController
- PI,(;;ontrollor

C.

1. stand by Controller

" 1. networked Controllér

fuzzy Controller |

d. bhysical variable controlled devices

2. Non: électronic Controller . ..

a
b.

C.

a

o

Pneufnatic ‘Controller

Hydraulic Controller

CAM operated Controller

Lever and spring chains Controller

Physical variable controlled devices



Of these electronics controllers are regarded as the most reliable and flexible as
they can be programmed to work in any style or pattern required. This demands a little

skill and experience, yet they are easily attainable.

In certain places like high load operations, mechanical controls are most preferred.
Certain devices like thermostat work both. in mechanical and electronics basis. The
primary objective of controllers is to, dttain the output ‘what is desired irrespective of the

adverse or unexpected input modifications:

2.1.2 Electronic _C/o n'tl?@lflie‘rs“

There are Vanetles of controllers ilectromcs category The controllers are

1mp1emented i Var10us apphcat1ons Wthh ciemand the characterlstlcs of the particular

type. The brief explanathp z‘;bgqt&_ﬁeach of’ them is-as follows:

1. P'controllers:

And both a, and b, are unrestricted. The apphcatlon of this type includes the

clipping, clamping and amphﬁer contmls

2. I controllers:

This is an analog controller whose output is defined as Integral of input
signal(s) with respect to time. The output is defined as the function of input with

the previous hlStOI‘Y’ and’is gwen by the- equatlon

I(y) = a; [x. dt+ b;
Where a; = amplification

b; = origin shift value

And both a; and b; are unrestricted. The application of this control is in filter

design and ramp output generation.



|}

D controllers:
This is an analog controller whose output is defined as Differential of input
signal(s) with respect to time. The output is defined as the function of input with

the changes and is given by the equation

D(y)=aqdx./dt+by
Where aq = amplification

b = origin shift value

And both a4 and bd@re unrestrlcted The apphcatlen of this control is in spikes

output gener:atlon

PI controllers

“Phis is 3, combmatlo al analog contr“oﬂer,; 0se output is' defined as

function of Prop and al .values of i 1gna1(s) w1th respect to

time.The output is de | as \ of inpt with the hlstory and is

ons ?\cllejpcnding upon the

requlremems

PD controllers:

This is a combmauégnal analogﬁ contr@]JLer Whose output is defined as
function of Proportzonal and szferenr I 'values of input signal(s) with respect to
time. The output is defined-as the function of input-along the changes in it and is

gi_vén by the equation
E(y) =£ (09, D))

The relation may be linear or other type of functions depending upon the

requirements.

PID controllers:

This is a combinational analog controller whose output is defined as

function of Proportional, Integral and Differential values of input signal(s) with



respect to time. The output is defined as the function of input, its history and the

changes in it and is given by the equation

F(y) = £ (P(x), I(x), D(x))

The relation may be linear or other type of functions depending upon the

requirements.

Non — linear-v-controllers: e

o
Ly

number_ o'ﬁ?_ equ_atlons, thclr congltttq : ontlnulty, ete: and they are most non-

,s,tandalr‘d\‘%form of cbntrol"ljgmr;s;,f" ThlS proves to. be_their ﬂ§x1b111ty as. customized

tion woﬁld be like:

( " for x?iO
10x+2, . for x<]

othermse .

Th‘%’sea are

1mp1ement the soft wired schemes hke in PLC’s. Also the use of computers is

very easy.and interface is fast and does ‘not contaln any sampling and quantizing

Crrors.

They can act individually. Yet for the flexibility and data communication
the controllers can be made to work in a network that would share data and certain

common functlons featuras and other resources

L

There are pre-dé’"ﬁned »»protocolsv that-specify the communication rules, data
format, error correction features, type of wires to use, the maximum data rate,
cable length, type and topology of network to be established, the mode of data
transfer, the sequence of data, parity and other handshaking signals, type of

connectors to use, the connectors in transmission and reception style, etc.



2.2 About Heaters

Heaters are nowadays considered to be the most widely seen application of
electricity. They can be seen any where starting from kitchen toaster to water heaters,
industrial heaters ranging from oil heaters to boilers, etc. The users of this device
constitute about 30 — 40% of power users..And the place where they lose the power is
wastage of energy in reheating the hot énbstance and certain times heating beyond the

requirement without noticing. It 1is.wise if wi ';gain-thi_s/ by just turning OFF and ON the

device whenever required but with least concern about.it..

current generated in-any core of the inductor due to induction. The core is simply a huge

short circuited condilcter with negligible resistance. Hence a small induced voltage would

crucible heaters and more appropriate- apphcat1on is in heat treatment process where the

core is replaced by the component to be hardened. After -~heat1ng the component is cooled

gradually or abruptly based on the hardening tequirement.

2.2.2 Coil Heaters .

w Ll

These are the most cgmm)onlgjf’Seen"ﬁ:"n‘;e%ters‘tn%mo_st -of the domestic and small
heating equipments. It contains a NiChrome coil aeting as the heating element. NiChrome
is an alloy of nickel and Chromium. Similar alloys have been finding enough application
based on their features. The advantage of this heater is that they are voltage or current
controlled. These two parameters are easy to control rather than the frequency which

needs a good synchronized control and more devices.



2.3 About Temperature sensors

Most electronic sensors used in engineering fall into one of the two classes:
resistive or thermoelectric type. Resistive devices may be either metallic or
semiconductor, and require some form of bridge circuit for signal conditioning since they
are modulating transducers, Thermo eléctric sensors or thermo couples are self
generating, but their very low output means that an amplifier is always needed in practiee.
The thermal expansron of solids can also ‘be used as.a temperature transducer, for

example to control therm : tat opening in water cooled I, engmes

2.3.1 Metallic RTD’S

These tr‘aﬁgducer‘s" are similar.in appedrance to wire wotmd resiStbrs and often take
the form of a:nen- 1nduct1vely weund coﬂ Qf a“suitable metalhc wire such as platinum,

‘temperature T for most

lly manufactured in the
00 or more metal oxides. If
oxides of cobalt copper iron, magnesium, manganese, nickel, tin, t1tan1um vanadium or
zinc are used, the resultlng semtg:@nductor 1s said to have a negative temperature co-
efficient (NTC) of re51stance That is the resrstance falls with the rise in temperature.
Thermistors are markedly nonlinear (unlike metallic-RTDs). The resistance temperature

relation is.usually in the form:

R =R, e P79 where R, is the nominal resistance.at the temperature Ty and f

is a constant which is charatterisfi¢of thermistor material (in the order of 4000).

2.3.2 Thermocouples

Thermocouple is a self generating transducer comprising of two or more junction
between dissimilar metals. It is necessary to maintain one of the junction at refernce
temperature i.e. 0°C, melting ice temperature, the other end in the temperature to be

measured (hot junction). But this is not practically possible for any measurement hence



the other way of using is to put a compensation network that would take care of the

temperature shift. The thermocouple works on the Peltier’s effect, which states the flow

of emf from the hot junction to cold junction of dissimilar metals. The major advantage is

the new junctions at any point but at the same temperature would not disturb the normal

operation and a general condition of T20 =T T s+ T s 2 0 for output milli volts

and for any unit of T within the measurable range of the thermo couples.

2.3.2.1 Types of Thermocouples

Type | Names of Materials".. 7 Range (°C)
B | Plainum3 O%Rh dium (+) Vs. P 6% Rhodiuni(-) . 0 to 1500
E ' " -200 to 850
J +-200 to 850
K -200 to 1100
N *_ 270101300
R 0-t0 1500
S | Platinum 10% 0 to 1500
T | Copper(+) Vs C 2250 to 400
0100 | | . 57
B 1100 — 1550 ‘ i Best life expectancy at high temperatures
E 0-400 3 i:g{esis‘tant to oxidizing atmospheres
J 0-300 3 ”L I
300 — 850 1 ow cost general purpose
K 0-400 3 General purpose, good in oxidizing
400 - 1100 7 1 environment
0—1100 |[. 1
R,S | 1100 1400| 5. \I(-:Ilgh temperature .
1400 — 1500 A 0. §10n§;;951stant
T 0-100 1 Hich . .
100 — 400 1% 1gh resistance to corrosion by water

10




2.4 About Instrumentation Amplifier

Instrumentation amplifier is a common type of application of opamp. It is a
dedicated differential amplifier with extremely high input impedance. Its gain can be
precisely set by a single external resistor. The high common mode rejection makes the
amplifier very useful in recovering small.signals buried in large common mode offsets

and noises. The major advant"age of ‘this type of amplifier is as follows:

1. The common mode signals are totally rejectedx vl

%

The 1nput re51stance ‘for ‘common mode 51gnals is 1nﬁn1te

The dlfferentlax nputs need not be /ded (as requ1red by the thermocouple)

Boww

The gain'can ‘be tuned to any valtie as desired.

2.4.1 Input stage

‘p"s. These opamp’s are
on ampﬁﬁcrs very high

input 1mpedance

R, is given by
Vrg=V2— V| =Irc R
Ira=(V2-V1)/Rg ' :

This cur‘r‘ent.,r)nust flow through all
the resistors. as opamp ’n&ever accepts any

current in input termihal(s’%ﬁ;So, the output voltage mustbe,
Vo =Irc 2R + Rg)
Vo=(V2-V1)(2R +Rg)/Rg
Vo=(V2-V)(2R/Rg+ 1),

which shows that Increase in R; would reduce the gain and vice versa.

11



2.4.2 Output stage

The output stage is simply a
differential feedback amplifier. The
output is difference of inputs multiplied
by the ratio of resistance in each of the |

respective strings.

2.4.3 Final Circuit

The total output of the circuit is the difference between the inplﬁs amplified by the
fact of (2R/Rg +1). The input side:never gets loaded, i.ez the input circuit need not supply

any current or the demand will be very low \5Thls makes the instrumentation amplifier the

best suited for the thermocouple application.

Any common noise pickup by the thermocouple wires will be taken care off by
the differential amphf er whose CMRR (common mode reJeouon ratio)’1s theoretically

infinite and practlcally of the order of 1()8
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2.5 About RS232
2.5.1 Introduction

All IBM PC and compatible computers are typically equipped with two serial
ports and one parallel port. Although these two types of ports are used for communicating

with external devices, they work in different:"ways.

A parallel port sends and. recéiv'esxdafﬁ”‘eigiht' bits at a time over 8 separate wires.

This allows data to be transf rred.yery qu1ck nygvé’r‘,it}%e c¢able required is more bulky

because of the number of ’1nd1v1dual eres\ ain ,A,Parallel ports are typically
used to connect a PC to a prmter and )2 sed for much else A serial"port sends
and receives data one bitat a txme overgone -ere thle it takes. elght t1mes as long to

transfer.each: byte of data thlS way, konly aiew ‘wires.ate. requlred In fact two-way (full

es - one to send, one to

ing that it-can send and

t uses separate-lines for

su port only one-way

communications and there the transmlt line and the

signal ground.

2.5.3 Communicating by Bits

Once. the start bit has been sent, the transmitter sends the actual data bits. There
may either be 5, 6, 7, or 8 data bits, depending on the number selected. Both receiver and
the transmitter must agree on the number of data bits, as well-as the baud rate:. Almost all

devices transmit data e;lvl;singgei}ther 7 or 8 data bits.

Notice that when only 7 data bits are employed> ASCII values greater than 127
cannot be sent. Likewise, using 5 bits lirnits the highest possible value to 31. After the
data has been transmitted, a stop bit is sent. A stop bit has a value of 1 - or a mark state -
and it can be detected correctly even if the previous data bit also had a value of 1. This is

accomplished by the stop bit's duration. Stop bits can be 1, 1.5, or 2 bit periods in length.



The RS-232C standard describes a communication method where information is
sent bit by bit on a physical channel. The information must be broken up in data words.
The length of a data word is variable. On l’C's a length between 5 and 8 bits can be
selected. This length is the net to information length of each word. For proper transfer
additional bits are added for synchronisation and error checking purposes. It is important,
that the transmitter and receiver use the same-number of bits. Otherwise, the data word

may be misinterpreted, or not recogni\zedwatt all.

With synchronous cornmumcatron a clock or tr;rgger srgnal must be present which

indicates the beglnnmgl of each transfer." :he absence of a clock srgnal makes an

asynchronous comrrrunrcatron channel er‘; o operate: Fewer lines are necessary in

the cable. A drsadvantage is that the rec ive can start at.the wrong moment receiving the

information. Resynchronrzatron; 18 then neededx»vwhrch costs time.-All data recerved in the
| | ra bits are needed in the
X These e}gt-ra bits take up
bandwidth.....

Dat b

are sent ate. Both@the transmitter

and receiver, must be pr cy. Afterithe first bit is

received, the receiver cal

bitsjwill be received. It

will check the liné Voltag

The line voltage level can have two states. The on state is also known as marking,

the off state as spacmg No other llne states, are &possrlﬂ‘e When the lrne is idle, it is kept

in the marking state.

Start bit — RS-232C defines an asynchronous type of cornmunicati_on. This means, that
sending of a data word can start on each moment. If starting. at’each moment is possible,

this can pose some problems for,}the recerver to know that 1 1s ‘the” first bit to receive. To

overcome this problem, each datéé\i/‘ord s started: »swrth«an attentron bit. This attention bit,

R

also known as the start bit, is always-identified by the space line level. Because the line is

in marking state when idle, the start bit is easily recognized by the receiver.

Data bits — Directly following the start bit, the data bits are sent. A bit value 1 causes the

line to go in marking state; the bit value 0 is represented by a space. The least significant

bit is always the first bit sent.
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Parity bit — For error detecting purposes, it is possible to add an extra bit to the data word
automatically. The transmitter calculates the value of the bit depending on the
information sent. The receiver performs the same calculation and checks if the actual

parity bit value corresponds to the calculated value.

Stop bits — Suppose that the receiver has missed the start bit because of noise on the

transmission line. It started on the first following data bit with a space value. This causes

\Eo

nism, must be present to resynchronize the

garbled date to reach the receiver. Ame

communication, To do_this éluced Framing means, that all the data bits

Taming is intro

and parity bit are contamed 1n a frame of start and stop blts The period of time lying

between the start and stop bitisa consta i ﬁned'by the baud rate and number of data

and parity bits. The start bit has always spacegvalue the stop bit always ‘marking value. If

the receiver detects a value other,than markmg wheti the. stop. brt should be present on the

line, it knows that there is a synchronization farlgr,e., This causes frarnrng error condition

in the receiving UART. levice then tries%id‘vresynehrdnlz  on new incoming bits.

For re-synchronizing, the recerver scans the mcomrn data for vahd start and stop

bit pairs. This works, as 'as there is enough variation in the bit patterns of the data

words. If data value zero ent repeatedly, resynchronlzatro

ot possible for example.

hai;e different lengths.
] | e must be idle (marking
state) at the end of each word. On PC's this perrod can have three lengths: the time equal
to 1, 1.5 or 2 bits. 1. S b1ts is only used wrth data words of 5 bits length and 2 only for
longer words. A stop brt length of I blt is possrble for all data word sizes.

2.5.4 The Parity Bit

Besides the synchronization provided by the use "of start and -stop bits, an

additional bit called-a parltyblt may_optionally. be g;rﬁans’mittédﬁlong with the data. A

parity bit affords a small «amdunt of ‘err’()r(’?ch‘ecking, to help-detect data corruption that
might occur during transmission. The choices for are: even parity, odd parity, mark
parity, space parity or none at all. When even or odd parity is being used, the number of
marks (logical ‘1’ bits) in each data byte are counted, and a single bit is transmitted

following the data bits to indicate whether the number of 1 bits just sent is even or odd.
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For example, when even parity is chosen, the parity bit is transmitted with a value
of 0 if the number of preceding marks is an even number. For the binary value of 0110
0011 the parity bit would be 0. If even parity was in effect and the binary number 1101
0110 was sent, then the parity bit would be 1. Odd parity is just the opposite, and the
parity bit is 0 when the number of mark bits in the preceding word is an odd number.
Parity error checking is very rudimentary. While it will tell if there is a single bit error in
the character, it doesn't show which bit was received in error. Also, if an even number of

bits is in error then the parity bit would not‘-fre%ﬂec‘ét any error at all.

Mark parity mean, “,,t}‘ia; the pa'rity‘ bit is always s"ge"[ato‘-: the mark signal condition

and likewise space parlty always sends 1heu« @bltm the spaee,sigz%al condition. Since

these two parity optlons serve no-useful purpo_sefwhat’soever, they are-almost never used.

2.5.5 RS-232C

RS—2(3”2V stands fo Cis the latest revision

f the RS~232C standard.

commend Standard number 232

of the standard The serial ports on rnost computers use a:subs

The full RS-232C stand ec1ﬁes a25- p1n P connector f which 22 pins are used.

ions, and indeed; most new

PCs are equipped with male D) type conrectors Having Qn}y}9 pgns

2.5.6 DCE and: ITE l

DTE stands for Data Terminal ' Equlpment and “DCE  stands for Data
Communications Equipment. These terms are used,; to indicate the' pin-out for the
connectors on a device and the direction of the 51gnals on the pins. Your computer is a

DTE device,.while most other devices-are usually DCE devices.

The RS-232 standard states that DTE devices use a 25-pin male connector, and
DCE devices use a 25-p1n female connector. DTE device toa DCE using a straight pin-
for-pin connection can: be tsed: ‘Howeéver, to connect two 11ke dev1ces instead a null
modem cable must be used. Null-modem cables interchange the connections between

transmit and receive lines in the cable, and are discussed later in this chapter.

2.5.7 Pin connections

The listing below shows the connections and signal directions for both 25 and 9-

pin connectors:
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25 Pin Connector on a DTE device (PC connection)

Male DR OEREZEeBO®E
DB BEHOERDOOOBES
Pin # Direction of signal:
1 Protective- Grourgd
2 Transmltted Bata (ITD) Outgolng Data (from a DTE to a DCE)
3 Recelvcd Data (RD) Incq)m;;gg l,;atfg;(-f_rom a DCE toa DTE)
4 Request To Send (RTS) Outgomgﬂow control signal controlled by DTE
5 pleér To Send (CTS)((Incorﬁ:iég;ﬂow control signalcontrolled.by DCE
6 4’1D"ata Set Ré'» y (DSR) Incommg handshakmgm al controlled:by DCE
8
20
22
Male
RS232
DB9 :
Pin # Dlrectlon of sigﬁal:
1 Carrier Detect (CD) (from DCE) Incoming signal from a modem
2 Received Data (RD) Incoming Data from a DCE
3 Transmltted Data (TD) Outgoing Data to a DCE
4 Data Termmal Ready (DTR) Outgomg ha ndshaklng 51gna1
5 Signal Ground Corﬁmoﬁ referenee voltage
6 Data Set Ready (DSR) Incoming handshaking signal
7 Request To Send (RTS) Outgoing flow control signal
8 Clear To Send (CTS) Incoming flow control signal
9 Ring Indicator (RI) (from DCE) Incoming signal from a modem
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The TD (transmit data) wire is the one through which data from a DTE device is
transmitted to a DCE device. This name can be deceiving, because this wire is used by a
DCE device to receive its data. The TD line is kept in a mark condition by the DTE

device when it is idle.

The RD (receive data) wire is the one on which data is received by a DTE device.

and the DCE device keeps this line in a mark condi,tion when idle.

RTS stands for Request To Send. Th_ls hne nd, the CTS line are used when
"hardware flow controlﬁ_ le enabled in both the. DTE and : 'CE devices. The DTE device

puts this line in a mark condltlon to te he. emo.te device that 1t is ready and able to

receive data. If:.rithe DTE device is not able to receive data (typically: because its receive

buffer is almqfst fdll), it will pr Igslme 1n space .ggndition as a signal to the DCE to
stop sending'data. When

been remoyed‘from-it’s r k in the mark condition.

The%eemplement 0! TS wire is 'S, which' tan or‘Clea;ll‘ To Send. The
DCE device puts this line in“a, ma 2 evice that it is ready to
the [ ve data; it:will place this

hat is called RTS/CTS or

receive the dataa Likewi
line in the spac'i; |
"hardware" ﬂo‘\h)v;:_cdntrol ﬂow control, as well
as Xon/XOff or-' ftware" flow /control. Software flow cor trol uses..special control
characters transmitted from one deylce to another to tell the other device to stop or start

sending data. With software flow edhtrol"the RTS and @%‘S lines are not used.

DTR stands for Data Terminal Ready. Its inténded function is very similar to the
RTS line. DSR (Data Set Ready) is the companion to DTR in the same way that CTS is to
RTS. Some serial devlees use DTR and DSR as signals to 51mply confirm that a device is

connected and is turned on,’ The Softwa <y Wedge sets »DTR to the mark state when the

serial port is opened and leaves it in that state until the port.is-closed. The DTR and DSR
lines were originally designed to provide an alternate method of hardware handshaking. It
would be pointless to use both RTS/CTS and DTR/DSR for flow contro] signals at the

same time. Because of this, DTR and DSR are rarely used for flow control.
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CD stands for Carrier Detect. Carrier Detect is used by a modem to signal that it

has a made a connection with another modem, or has detected a carrier tone.

The last remaining line is RI or Ring Indicator. A modem toggles the state of this

line when an incoming call rings your phone.

The Carrier Detect (CD)-and the Ring Indicator (RI) lines are only available in

connections to a modem. Because most modems transmit status information to a PC when

25.89to025 Pgin»%ib;ydapters

The following table shows the mcor}inec'tiﬁens;(in,s‘ide;a;sstanQard 9 pin to 25 pin adapter.

the French Telegraph Serv1ce He is- credlte_ W1th dewsmg the first uniform- -length 5-bit
code for characters of the alphabet in the late 19th century. What baud really refers to is
modulation rate or the number of times per’second that a line changes statev This is not
always the same as b1ts per second (BPS). If two serial deV1ces are connected together

using direct cables then baudganngPS are 1n fact: the same. Thus 1f line is at 19200 BPS,

then the line is also changmg states 19200 ‘times per second. But when considering

modems, this isn't the case.

Because modems transfer signals over a telephone line, the baud rate is actually
limited to a maximum of 2400 baud. This is a physical restriction of the lines provided by

the phone company. The increased data throughput achieved with 9600 or higher baud
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modems is accomplished by using sophisticated phase modulation, and data compression

techniques.

2.5.10 Cables, Null Modems, and Gender Changers

In a perfect world, all serial ports on every computer would be DTE devices with
25-pin male "D" connectors.. All other devices to would, be DCE devices with 25-pin

female connectors. This would allcw:nsing, a cable in which each pin on one end of the

cable is connected-to the same p1 nd. Unfortunately; we don't live in a

perfect world. Serial ports use both 9 and 25 pins '/many dev1ces can be configured as

’’’’’

either DTE .or-DCE, and " as-in. the oY many data collectlon devices - may use

completely non standard or proprletary p uts: Because of this 1ack -of standardization,

special cables called null modem cables gender changers and custom made cables are

often_.requ1red.

2.5.11 Cables Length:
The RS-232C sta

usually be ignored, since

’im‘lposes a cable length hmlt 0 feet. Thits‘ starndard can

Je can be ‘as. long as 10000 feet% aud ratesup to 19200 if

ahigh qualitij}gy;well shie ent ha's;a.large effect on
lengths. for. unshielded ¢ evenzﬁél‘;y short cables

nab?l*;;;,)‘)ggbidelines for 24

gauge wire under typica

Baud Rate | Shielded Cable Length | Unshielded Cable Length

110 - | 5000 ../ | 1000

300 4000 ~ 1 1000 ]
1200 3000 500-.

2400 2000 500

4800 500 250

9600 | 250 B | 100

Fog: Do 2

The cable length can be extend“édby u ing*‘additicnal-de’vices like optical isolators
and signal boosters. Optical isolators use LEDs and Photo Diodes to isolate each line in a
serial cable including the signal ground. Any electrical noise affects all lines in the
optically isolated cable equally - including the signal ground line. This causes the
voltages on the signal lines relative to the signal ground line to reflect the true ‘Voltage of

the signal and thus canceling out the effect of any noise signals.
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2.5.12 Null Modem Cables and Null Modem Adaptors

If two DTE devices (or two DCE devices) are connected using a straight RS232
cable, then the transmit line on each device will be connected to the transmit line on the
other device and the receive lines will likewise be connected to each other. A Null
Modem cable or Null Modem adapter simply inter connects receive and transmit lines so
that transmit on one end is’ connected to receive on the ‘other end and vice versa. In

addition to transmit and receive, DTR & 'SR?‘aS'Well.as RTS. & CTS are also crossed in

a Null modem connection. .

2.5.13 Synchroné%tjs‘i“an_d_ Asynchronou: ‘.,Gommun'i‘c;at_ions’

There’ afe. two -basic types-of serial communications,» synchronous and

asynchronous, Wlth Synchro ions, the two devices irﬁtially .synchronize

other'is.at any given time. That:is," & h ch er, that is sen is either actual data or an

idle’ character. Synchronous nunications - faster data trari:fs;“’ r rates than

Asynchront)lfé me "o synchr us does, not reqﬁire sending and
receiving idle characters However, the begmnmg and end of each byte of data must be
identified by start and stop bits. The start“bit indicate when the data byte is about to begin
and the stop bit signals when it ends, The requirement to send these additional two bits
cause asynchronous communications o be slightly slower than synchronous however it
has the adVantage that the processor does not have to deal with the additional idle
characters. An asynchronous line that is 1d1e is 1dentified w1th a value of 1, (also called a

mark state). By using this value 0 md s currently being sent, the devices

are able to distinguish between-an 1dle state and a dlsconnected line. When a character is
about to be transmitted, a start bit is sent. A start bit has a value of 0, (also called a space
state). Thus, when the line switches from a value of 1 to a value of 0, the receiver is

alerted that a data character is about to come down the line.
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2.5.14 DB9 to DB25 converter

The original pin layout for RS232 Lo
. ) ——O,}—C%:'l\'
was developed for a 25 pins sub D £ T2 o1s
& >< 03
. . 3 —IT— <16
connector. Since the IBM-AT, 9 pins a AP
05 :
connectors are commonly used. In mixed To5o" 8
mweadlt
applications, a 9 to 25 pins.converter.can kit I}
, . ~—oz1| ®
be used to connect connectors of different" T8 an
\ Ton 2
sizes. T
———0724
‘ : o1 e
oy ____013://
2.5. 15 RS232, Ioop back test plu —

The followmg connectors can be sed o?test a ser1a1 port on your computer. The

data and handshake lines-have. been hnked. rIn this way all data’ will be sent back

immediately. The PC cor_x Is its own handshakmg The ﬁrst one (upper two connectors)

can be used-to check the gtlon of the serial port wrth stan d termmal software The

second version (lower ha
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N
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2.5.16 RS232 null modem cables

The easiest way to connect two PC's is using a null modem cable. The only
problem is the large variety of null-modem cables available. For simple connections, a
three line cable connecting the signal ground and receive and transmit lines is sufficient.
Depending of the software used, some sort of handshaking may however be necessary.

For a Windows 95/98 Direct Cable ‘Connection the null modem cable with loop back

handshaking is a-good ch01ce Null/’?gt)odef dbles. Wlth handshakingcan be defined in

numerous ways, with loep back handshaklng to eaoﬁ PC or-complete handshaking

between the two systems The most ¢o cable types are shown here.

Simple nult modem mmmashamng "

ajeway 6 ga

DB 9 female
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] ss]
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=
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2.6 About RS485

2.6.1 Introduction

The interface popularly known as RS-485 is an electrical specification for
multipoint systems that use balanced lines. RS-485 is similar to RS-422, but RS-422
allows just one driver with multiple receivers whereas RS-485 supports multiple drivers
and receivers. The spec1ﬁcatlon document (TIA/ EIA-485-A) defines the electrical
characteristics of the 11ne and-1ts drrvers and recelvers There .are brief suggestions

relating to terminations and wiring, but there 5 1o dlsciésgr,on of connector pin outs or

software protocols (asithere’is for RS.-2;§2;),

An RS-485~**nerwork can have-up io t‘jloads, with-one umt load equivalent to

an input,i‘rnped‘agi'ce of 12k: By us ing high- pedance receivers, there can be 256 nodes.

RS-485 converter to an’ existing port Converters for RS 232 are widely available and
Inside Out Networks has developed a ‘USB—to—/_RS—4,8_5ﬁ_converter. On ml,crocontrollers,

an RS-485 transceiver can be connected to any asynchronous serial port.

Many network 01rcu1ts also require a port bit to control each transceiver’s driver-

!

enable input. Ports de51gned°’for‘ 15-232"con

not available, any spare output b1t will do. Most serial- eomimunications tools, including

vumeatlons can use the RTS output. If that’s

Visual Basic’s MSComm, support RS-485 communications with RTS controlled in

software. The COMM-DRY serial port drivers from WCSC have automatic

RTS control built-in. The main reason why RS-485 links can extend so far is their

use of balanced, or differential, signals. Two wires (usually a twisted pair) carry the
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signal voltage and its inverse. The receiver detects the difference between the two.
Because most noise that couples into the wires is common to both wires, it cancels out. In
contrast, interfaces like RS-232 use unbalanced, or single-ended, signals. The receiver

detects the voltage difference between a signal voltage and a common ground.

The ground wire tends to be noisy because it carries the return currents for all of
the signals in the interface, along with whatever-other noise has entered the wire from

other sources. And noise on the ground. wire can cause the receiver to misread transmitted

logic levels. The datasheefst»for ihterféce chip j ol}%inverted RS-485 line as line

A and the inverted line g:! l)ihei,’B.

An RS-485 re%eeiver.must see aex};i@ffﬁlvtage difference of just 200 mV between A and

B. If Ais at Ieast 200 mV- greater than B the recelver s output is logic high. If B is at

least 200 mV ,greater' than

, the outputisa Ioglc low Forzd fferences less than 200 mV,
the output i(s‘fiﬁdeﬁned. t *{ be at léast:1.5 V, so the

interface tolerates a fair ttenuation..

RS-485 is design ‘be wired 'vjn‘( a ,dz}fsﬁz,-Ehgin orib}; opology..Ahy stubs that

connect a node to the li éhould be .as ishort»ési_ }:)'Qésiblef M links,..use:”twisted pairs

because of theif}gbility to eancel magnetieally aﬁn,d’}électrom‘ag‘ri tically coupled noise.

2.6.2 General‘iéfpﬁi‘i;g

Each node hasa Texas Instruments SN75176B transceiver that‘interfaces between
RS-485 and TTL logic levels. The chip has a two-wife RS-485 interface, a TTL driver
input and receiver output, -and TTL enable inpﬁtgéfor--the driver and receiver. Similar chips
include Linear Technology’s LTC485, Maxim’s MAX*485, and National Semiconductor’s
DS3695. The circuit has two 120-W terminating resistors connected in parallel, at or just
beyond the final node gt each end of the link. One end of theﬂ link also has two 560-W

biasing resistors.

The terminations reduce voltage reflections that can cause the receiver to misread
logic levels. The receiver sees reflected voltages as output switches, and the line settles
from its initial current to its final current. The termination eliminates reflections by
making the initial and final currents equal. The initial current is a function of the liné’s

characteristic impedance, which is the input impedance of an infinite open line.



The value varies with the wires’ diameters, the spacing between them, and the
insulation type. For digital signals (which consist mainly of frequencies greater than 100
kHz), the characteristic impedance is mostly resistive; the inductive and capacitive

components are small.

L, A typical value for 24-
=T
e 1 ~1 AWG twisted pair is 120 W.
" TLATES ::?-Ee -
Date due-THE T ' EL e .The ﬁnal current is a function of
D Ir«—g——{:ﬁﬁl ] - i .
Tramsatt Enmb lnepiHoe e ® i'*-‘thp lme termination,  the
R = Dae = {4
I: ——— recelvers mput 1mpedance and
e = YEi1vem th 1
& il 46 LrEn.
Bats out—H TS 3:::;1;34:;& € 1ne S ,
P Crresnism & Py 5 4 . N
Data IR Te Eus ~typical RS+485 line without a
YromEsLy knab}.m-——mﬁm e | s renia ' h ,. o 1 '
TET lbe =AM LTS s.termindtion, the initial current 1s
rogs 2 Ax] R ES 1 ;
[eLIem ., L2 B .than the final current
{iata fffﬂ—“i’gg}‘,;’f 7 » L
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Temeaat Ereab femeys s“ o X i
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T ignA b
Hodn 4 g1 e rece combined  input
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R %’*"" R ice. On-a-line without a
Dato {ﬁ«-—i ._%Ff iz @ . g g
TedEnL Y Enab.ﬁemt—:‘%wﬁ ~
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reaches-the receiver. The receiver

The rest.reflects back to the driver. As the current reverses direction, its magnetic

field collapses and induces a"voltégé on the! 2. As a ,fesult,(the.receiver initially sees a

greater voltage than what was transmitted. When the reflected voltage reaches the driver,
which has lower impedance than the line; the driver absorbs some of the reflection and

bounces the rest back to the receiver.

This reﬂectxon is of opposlte polar1ty to the ﬁrst reﬂectlon and causes the receiver

to see a reduced voltage. The reﬂectlons bounce back and forth like this for a few rounds
before they die out and the line settles to its final current. If the line terminates with a
resistor equal to the line’s characteristic impedance, there are no reflections. When the
initial current reaches the termination, it sees exactly what it was expecting—a load equal
to the line’s characteristic impedance. The entire transmitted voltage drops across the

load. In a network with two parallel terminations, the drivers drive two lines with each
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ending at a termination. The biasing resistors hold the line in a known state when no

drivers are enabled.

Most RS-485 transceivers have internal biasing circuits, but adding a termination
defeats their ability to bias the line. A typical internal circuit is a 100-kW pull up from
line A to V+, and a 100-kW pull down from line B to ground. With no termination and
when no drivers are enabled,ﬁ the'biasiﬁg resistors: hold line: A more positive than line B.

When two 120-W terminations. are added, the. difference between A and B shrinks to a

few milli volts, much less«thanth xzrequire*d* 200" mYV. “The “solution is to add smaller

resistors in parallel Wlth the 1ntema1 blasmg.so that a greater proportlon of the series

voltage drops across: the termination.

e

The s1ze of the b1asmg re51stors is a tradeoff For a greater voltage difference and

ower power consumptlon
'ues When the receiver is
oesn ’t connect to a input
with an internal pull up, ode doesn’t see false start

bits when its’receiver is

hare a common ground
connection. This" ground may b solated% ? earth ground. The groﬁpd wire provides a
path for the current. that resu anced line. If the A and B

outputs balance exactly with equal- opposite currents, the two currents in the ground wire

In real life, components don’t’balance perfectly; one driver will be a little stronger
and one receiver will have slightly larger input impedance. Without @ common ground,
the circuit may work, but the energy from the imbalance has to go somewhere and may

dissipate as electromagnetic radiation.

The RS-485 specification recomniends connecting a-100-W resistor of at least 0.5
W in series between each node’s signal ground and the network’s ground wires. This
way, if the ground potentials of two nodes vary, the resistors limit the current in the

ground wire.
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2.6.3 Simplified Low-Power Link

Adding terminations increases a link’s power consumption. With two parallel
120-W terminations and a differential output of 1.5 V, the current through the combined
terminations is 25 mA (disregarding the effects of biasing, attenuation, etc.). Without
terminations, the load is the parallel combination of the receivers’ input impedances and

varies with the number of receivers.-The maximum 32-unit loads have a combined

line, the reflections die out long before the receiver is ready to read tﬁe»&gnal. A general

g

guideline is that a line isishort'if the rise timie of its signals-is.greater than. four times the

signals’ one-way delay: e needgdfﬂfor a signal to

travel from the driver to t

It’s.a function of the line s ph37510a1 length and Ath/’e\*»sp; of sign s 1n the line. In

copper wire, a-typical speed is t\io-,ﬁtliir'ﬂs,‘ the gi’)eed of lig ich worksrout to 8” per

nano second.-Cable manufacturers oftert specify a value for products likely to be used in

]
o o

network wiring.«“The rise

Maxim’s MAX3080, with

With cables of up to 1002, the rise time is greater than four times the one-way
e,

G

delay (4 x 150 ns),.so the line behaves as

biasing. Another advantage is that the internal biasing pulls-idle lines to nearly V+ and
ground, greater noise immunity is obtained. The downside to using this chip is that the

slow rise time means that it’s rated for use ohly at 115,200 bps orless.

2.6.4 Short-Circuit'Protection ... .

The previous circuits ensurcci thh/af the liﬁe was in-a pfedictable state when idle or
open. Instead of a single pair of biasing resistors for the entire line, the circuit has four
biasing resistors at each node. The circuit uses Texas Instruments 75ALS180B
transceivers, which have full-duplex RS-485 inputs and outputs. The separate transmit
and receive pairs enable the receiver to have its own series biasing resistors. The two RS-

485 lines connect just beyond the biasing circuits. If the signal lines short together, the
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1.8-kW series resistors in combination with the 36-kW biasing resistors hold input A

more positive than B.

The node can’t communicate with the network if the line is open or shorted, but at
least it remains in an idle state (with no false start bits) until the problem is fixed. Another
way to accomplish the same thing is to use’ transceivers with built-in fail-safe protection
for open and short circuits. C”hvips that have this feature take varying approaches. Linear

Technologies’ LTC1482 has a cattie -detec1

function-that brings the receiver’s output

high when the differentia!;;input‘V"oltagie is tyzé)o "'Smal'r-l*té’“’l:fi;@ifaﬁvaﬁlti‘d logic level.

Power Table
PART 55U |GHD

Wl 1 4 +5 U
L,
36 KkKQ
Ul
75AL5180
= s =) Up to 32
Data Out———.0 19 nodes total.
2 ¥ ie R3
Data In—t< Rl |tL 1,8 ke
q L___ My
Transmit Enable—ﬂt:zzﬁRE R4 ES
DE 1.8 ko lea @
AN
_ . ; R2
RS‘485 leFerentlal 36 kO
Driver-Receiver A A

Aadd R1, Rz, R3, R4, at each node.
Add RS anly at the two end nodes.

The chip has a catrier. deteet outﬁu’téi Haf! indicates-when the line is in an invalid

-

state. National Semiconductor’s DS36276 has internal circuits that bring the receiver’s
output high if the line is shorted or open. Max1m S MAX3080—89 seriés provide short
circuit biasing by redefining the threshold for logic 0. Instead of specifying ail differential
inputs of less than 200 mV as undefined, these chips define a- dlfferentlal voltage of —50

mV or greater as a loglc 0 ; s”gequal o»;or mor’e negatwe than —200 mV remain
defined as logic 1s. The only- undeﬁned reg1on is from =50 to —-200 mV. With these
definitions, a shorted line (which results in a differential input of 0 V) is a logic 0, which

results in a high output at the receiver.



2.6.5 Isolated Link

The entire RS-485 network has to share a ground, but the network can be
galvanically isolated from other circuits the network connects to as well as from earth
ground. All RS-485 components must be able to operate with common-mode voltages
between —7 V and +12 V. Some components have higher ratings. The common mode
voltage at the receiver equals half the sum of the two-signal voltages, referenced to the

receiver’s signal ground.

The voltage varies With the dlfferentlal 51gnal voltages the difference in ground

potentials between the drlver and receive

1d.-noise on the 11ne Where the ground

connection is long, 1solat1ng the ground ¢

sure that the components don’t exceed their

ratings. Isolation also protects-the c1rcu1ts the network connects to if the-network circuits

are damaged By high voltage: Complete 1solatlon, requlres isolating the.power supplies

and the network’s sign: The,;power suppl}es‘@ typicall : traneformer isolation,

whereas th

— To Additional HNodes

ESS RE-485 RS-485 »
NODE 4z Interface Interface 4= NODE
[ 1 [ ] [ ] 1
+54 GND +5L-GHND +5U-GND +54 GND
Grounded }"g Floating Floating E“E Grounded
Supply Supply Supply Supply
- I

Zy Transformer 0 Earth
¢ 9pto Isolation Isolation =  Groaund

A one-chip way to achieve isolation is to use Maxim’s MAX1480, which contains

its own transformer- 1solated supply and opto isolated s1gna1 path

2.6.6 Auto- SW|tch|ng Link

One of challenges in designing an RS-485 link is controlling the driver enable
lines. Because all of the nodes share a data path, only one driver can be enabled at a time.
Before transmitting, a driver must be sure that the previous driver has been disabled.
Many RS-485 networks use a command response protocol; one node sends commands

and the node being addressed returns a response. The UART in the node being addressed



detects the final stop bit in the middle of the bit width, or slightly sooner or later if the

sender’s clock doesn’t match exactly.

A very fast node may be ready to send a reply within a few microseconds after
detecting the stop bit. To prevent the need for a delay before responding, the sending

node’s driver should be disabled as soon as '»possible after the leading edge of its final stop

o

and remains enabled for the entlre t disabled as.soon as,possible after the

final stop bit. Iy the dela tween/transmlssi’iﬁns»*f blas: 3 holds the line in an idle state.

There are varxous ways th the transmlttmg;%gde can determme when a transmission has

finished and itis safe 10 dlsable the dm;er de may read back What it sent, or it may

use a hardwarefor,\goftware tlmc,;_rwto g:sumate athc;{t-lme,_ needed to transm1;;

+5U

Ll
751766

Rl
560 &

u]]
—W\r—l

Data Out

RZ RS5-485

Data In 126 & Line

R3
560 ¢

Transmit Enable

+5U%
R4

L2
L L 3.9 KR

AlF—Ar——HAA—

555 TIMER
E THR ouT 3 —-I [—
DIS
‘LCl [Ljr{lau ' )
2,91 WF
I T - CONTR
L TRIG ce
‘ I@.m aF

Data Out 1 [ L J I |
Transmit Enable J ALJ LJ L___

With this circuit, the program code doesn’t have to toggle a signal to enable and
disable the driver, and a transmitting driver doesn’t need to allow extra time to be sure

that the previous driver has been disabled. Unlike other methods of automatic control,



there are no jumpers to set for a particular bit rate. Instead of keeping the transmitter
enabled for the entire transmission, the circuit enables the driver on the leading edge of

the start bit or any logic low at the driver’s input.

It also disables the driver ~40 ps after the leading edge of the stop bit or any logic
high at the driver’s input. When the driver is disabled, biasing resistors ensure the
receiver’s output is logic high. The delay is generated by.a 555 timer configured as a

mono stable (one shot). Theenabl" 1;1" uts, of the dI'lVCI' and receiver are tied together SO

nts,

the receiver is disabled when'the driver transr

3S'enable inﬁ‘hts “A falling edge at Data

The timer’s. oﬁt%)ut controls th tran ef

Out mdlcates a start bit and. trlggers the i uner s-output goe&hlgh enabling the

driver and brmglng hne B more pOSl,thG than line A Dlode feedback to the Trigger input

When Data Out goes

line B, The same logic

ompggents continue to
transmitted data enable

the driver-and any rising

On the final stop.bit, the dtiver is disabled no later than 40 us after the stop bit’s
leading edge. At rates-of .9600 bps or less, the bit width is greater than 100 ps, which
means the driver is disabled.at ayguntl the middle of the bit-width. At faster bit rates, the
driver will still be disabled no more than- 40 us after the stop bit’s leading edge. For
networks needing very fast response time at faster bit rates; decrease R4 for a shorter

delay.

A downside is that the final Vgltage for logic zeros is the biasing voltage, which is
usually less than the differential voltage when the driver is enabled. But because the
biasing voltage needs to be great enough to prevent errors from noise on an idle line, it

should do the job for active logic states as well.



2.7 About Displays
2.7.1 Liquid crystal display (LCD)

LCD also are used as numerical indicators, especially in digital watches where
their much smaller current needs than LED displays (microamperes compared with milli

amperes) prolong battery life. Liquid crystals are organic (carbon) compounds, which

exhibit both solid and 11qu1d propertles

crystal.

There is“a pattern

- the Ondqctlné‘%lectrodes onea: seven—segment LCD decimal

display for producing the

bers O to 9: Onlyxthe hquld cry under those electrodes to

which the voltage'is appl

The. d15p1ay has réd b?ackgroﬁrf“ﬂ jwﬁich ;reﬂeéts k 1n01dent hght and it is

against thls%"é«contmuous ess when it ‘has to be

\1ble backgrou.' v {exeepf;; in"’f’d

illuminated) LED dlsplay is lit only

when required. [ CD re g speeaal c1rcu1try. They

are more expensive than

2.7.2 Filament d’is\play

«“33'“3‘

This was one-of the ﬁrst seven segm . dlsplays and i is commonly used in petrol

pumps. Like a domestic electric ﬁla_ment lamp, the segments consist of short-coiled
lengths of tungsten wire, which get white hot and emit light when curre‘nt passes through
them. However, by operating at lower temperatures (e.g.. 1500°C) their working life up to

100 000 hours. Each segment needs about 15mA at SV.

2.7.3 Gas discharge dlsplay Y(GDD)

Each segment of a GDD consists of a glass tube containing mainly neon gas at
low pressure, which produces a bright orange glow when a current is passed through it.
Although about 170V is required to start the display, the current taken by a segment may
only be about 200pA.

(OS]
(8]



2.7.4 Fluorescent vacuum display

Blue-green light is produced when electrons, emitted from an electrically heated
filament and controlled by the voltage on a wire mesh (the grid), strike a fluorescent

screen in an evacuated glass tube. This type of display is used for some calculators.

LED, filament, gas discharge and fluorescent display generate their own light, 1.e.,
are ‘active’ display and are rnost easily seen if the surrounding (ambient) light level is
low. LCD is ‘passive’ display; viewed best in btight light since they are seen by reflected
ambient light. : ) S 1

2.7.4 Light _.E‘mri;tt'if?ﬁg-- Didae!f(LE?”%")%

The cathode léad is nearer the ‘ﬂat’ at the base of the LED and some, but by no

means all; manufacturers %-ake 1t shorter than the anode lead

2.7.4.1 Working
LE Junctron dlode made frorn the i—condueting compound

Tt emlts hght When lrght -when

semiconductors, a temperature rise. In galhum arsenide phosphide some of the energy is
emitted as light, which gets out of the LED because the Junctlon is formed very close to

the surfaCe of the materlal._lAn LED does not light when reverse biased and if the bias is

5V or more it may be damaged.

2.7.4.2 External resistor

Unless LED is of the ‘constant-current type (incorporating an integrated circuit
regulator use on a 2 to 18 V DC or AC supply), it must have an external resistor R

connected in series to limit the forward current which, typically, may be 10 mA (0.01 'A).



Taking the voltage drop (Vy) across a conducting LED to be about 1.7V, R can be
calculated approximately from R = (supply voltage — 1.7) / 0.01 A. For example,ona 5 V
supply, R = 3.3/0.01 =330 Q.

2.7.4.3 Uses

LED’s are used as indicator lamps, particularly in digital electronic circuits to

show whether the output is ‘high’ or ‘low’. One ‘way of using an LED is to test for a

‘high’ output (9V'in thisease) and- fof”a’ ‘low output (OV) In the first case the output acts

as the ‘source’ of the LED current and in the second it as' to, be able to accept or ‘sink’

of can be emplo;yed Here the output suﬁ ,_;;the_ small base current to the tran31stor,

which then drlves the LEDA

2.7.4.4 Decii‘ﬁ'al Displayf

,tfllfafdirs",z cloek , each reglsters

Many..electronic measurifig, instruments

have sei;enzeggment red reen LED dlfsplay§ as ”’numerlcalz ,

an LED and’depending
numbers 0 to. 9. Such disp

Each segment ne ’ it-limi tng-»~»resisfd "and“*all the cathodes (or
anodes) are Jomed togeth advantages of LED are

small size, rehablhty, long small current requlrement and hlgh operatmg speed.

2.7.4.5 Opto-switch (opto isolatorf)'f

This consists of an LED cornBtned with a lnhototransistor in the same package. It
allows the transfer of signalé (on-off digital or eentinuously varying analogue) from one
circuit to-another that cannot be connected electrically to the first because, for.example, it
works at a different vﬁlta e nght (or 1nfrared) from the LElfalls on the phototran31stor

which is shielded from out51

The ins ahon "between the two is typically 2kV.

Slotted opto-switches like the one-shown are used for the detection of liquid levels and as

event counters to indicate for instance, when the end of a tape has passed through the slot.



2.8 About SCR

2.8.1 Introduction

The Silicon Controlled Rectifier (SCR) is simply a conventional rectifier
controlled by a gate signal. The main circuit is a rectifier, however the application of a
forward voltage is not enough for conduction. A gate signal controls the rectifier

conduction. The schematic representation is:

.. BARE

CATHGOS

2.8.2 VI ,Cha"récteriét’

nce and a high
ce) to theon vstate (low
. Once 1tls turned on it
a mmlmum current, the

To tum “off an SCR the

] ldmg current Ih. The

characteristic curve'is a

y
e Forwand Conduciion Region
Forwgd
Manimune  Leakage .
Beverio Betiee Halding
Vollaps Tureln  Currcot Iy
NN
] ¥ = % v
Preverse Bevzyse Appeximate
Avalamidie — | lLeakage Forwand Drop During Forward
Pegion Current Comduction ¥ e Breakaver
Voltage
Fioms

‘%

V- characteristics of the SCR with
gata open.



The reverse characteristics are the same as the rectifier or diode, having a break
over voltage with its attending avalanche current; and a leakage current for voltages less
than the break over voltage. However, in the forward direction with open gate, the SCR
remains essentially in an off condition (notice though that there is a small forward
leakage) up until the forward break over voltage is reached. At that point the curve snaps
back to a typical forward rectifier characteristic. The application of a small forward gate
voltage switches the SCR onto its standard diode forward characteristic for voltages less

than the forward break var voltage. -

gy

controlled with a gate voltage. One. seriots IImltatlon of the SCRis the rate of rise of

voltage with respect to-time, dV/dt: A large.. rate of rise..of circuit voltage can trigger an

SCR into csnduction. _ a cxrcult deszgn concem Mo ' SC

power switching, phase c chopper, dn erter:circuit

283 Colajéfiderations

Major considerations whe ordering a. SCR are;

(a) Peak forwa‘(if&;and revés : breakdown VQltégre%s?

i

(b) Maximum forward curr

(¢) Gate trigger voltage and current.

i
L

(d) Minimum hdiding current,lh
(e) Power dissipation A
(f) Maximum dV/dt )’
2.9 About PCB

2.9.1 Introduction

A printed circuit is a wiring arrangement that is fabricated by means of foil runs
- on the circuit board. Printed circuits can be mass produced inexpensively and efficiently.

Printed circuits allow extreme miniaturization and high reliability. Most electronic



devices today are built using Printed —Circuit technology, although high power circuits

still use point to point wiring methods.

Printed circuits are fabricated by first drawing and etching pattern. This pattern is

then photograph and reproduced on clear plastic sheet. The plastic sheet is placed over a

copper coated glass epoxy or phenolic board and then the assembly under goes a

photochemical process. And the resulting copper codated board consists of the printed

tracks which 1nterconne.cts the componcnts as pcr the schematlc design.

29.2 Advantages of PCB

v

DT N N N

v

Size of the cn:cult is greatly reduced

Assembly of the- components is Very eas1er

Productlon time 1s greatly reduced

Trouble shooting i i Very easier’ and faster

51stance and 1nductors to

s with Lower Values can be

yduct;” it also increases the

aesthetlc appeapance of it.

PCB’s also serve-as supportfor other assembliesin rare cases.

2.9.3 Types of PCB

2.9.4 Do’s and Don’ts

1. Single side board
2. Double side-board
3. MultilayerBoar

+* The room should be well ventilated an exhaust fan should be installed in the room

L)

where a continuous work of PCB production goes on.

* Unnecessary contact with the solvents should be avoided.



< No operation should be carried out near open flames or in the presence of
excessive heat.

< Containers for resist, developer, dye, thinner and rinse should be of glass, stainless
steel of enamelware. Plastic should not be used while handling these chemicals.

% The containers and tanks should be kept covered when not in use.

*» Water should not come in contact with these chemicals before use.

% The room should .be lightéfifgdﬁ,with a 1\46‘W-wattage yellow colored lamp for

preparation of the gboard b@foreexposure and for developing after exposure.

cmegul*‘ in handli
3. Qulck-Set Etch

y

ually good and-they set
qulckly than the e

used. Very-pure
6. Dish: - Take enameled dish, flat at the bottom and wide enough to accept the

work piece. Av01d alumlmum steel etc smce warmmg on a heater may be

required, plastic is. out of questlon

2.10 About Visual Basic 6.0
2101 Int-roduction

Visual Basw as a Igyﬁguage 1sj"" i ‘Jred HIGI—I Level Almost all commands are

English. MIDDLE level languages Tike' C++ usmg sometlmes cryptic commands and
syntax, allow you to create very powerful and often faster Windows programs. There is a
workaround to this, see below. LOW level languages basically are Assembly. Some
severe masochists go beyond Assembly to write HEX and BINARY programs. Microsoft

Visual Basic 6.0 is the quickest and easiest way to create powerful applications for



Microsoft windows operating system. Visual Basic provides one with a complete set of

tools to simplify rapid application development.

The “VISUAL” part refers to the method use to create Graphical User Interface
(GUI). The Visual Basic programming system allows creating robust and useful
application that fully makes use of Graphical User Interface. Rather than writing
numerous lines of code to describe the appearance.and location of interface elements, one

can simply drag and drop rebuilt obje

"ts mge lace on the screen.

The “BASIC” Qart‘ zfers to the basi hpgqag ,allan age of more programmers

et

than any other language in the history fc asic evolved from original

basic Language-and now contains ‘sevi hfundred statements, functlon and keywords,

many of which rélate directly"'{e vthe win;dowGUI: ‘

C~o“ntro|s

2:10.2 Visual Basic"

Control Name

Pointer ° Eform/window
Text Box
Label #

Frame e ;

Command button

Check box

Option button : (

Timer To initiate a work after ﬁxed interval of time

Drive list . | To show the l'st of disk dxsk drxves ava1lable

Directory list st :

File list To show the hst of files ;
MSComm Microsoft-communication control to support port operauons
SSTab Tabbed dialog boxes to:reduce the form size

Slider To select a value within the maximum and minimum Values
Toolbar To display a tool bar containing custom buttons

Status bar 'To dlsplay the: Status’; bout any operatLOn ‘or action

Line To draw a hne between two XY co- -ordinates

Rich text box To display text in selective formatted
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3. Existing System Study

3.1 Assumptions

The study is aimed in analyzing the efficiency, effectiveness and the automation

level of the systems currently implemented in control of heaters and other thermally

active devices like annealing chambers. The study was based on the data gathered from

3. The;"'iti:rﬁnber of pe ed to be of moderate to

n, for solutlon attained.

ature conjgrol schemes, it

drawbaclg "':or hurdles in

- tail solution) is taken as

the just bei?’ore lo : i nsThrs would reduce

the time for an@l sis.

3.2 Limitations

Since the study has.certain aSSumptions as speciﬁed in the previous section, there
are chances of getting a wrong result partlally or totally The purpose of the study and the
project may be proved false or the results may become a ‘head on tail solution’. Also the

solution may be proved totally fatal and the 1mplementat10n ‘may become impossible due

certain non-technical™ reaso‘n ] ofr wrcing assumptrons may lead to false

opinions. The statistical datais- presented in this report for-the reader to analyse.

3.3 Statistical Data

The following tables show the preferences of various cadre of users. All the data

may not prove useful yet the idea is to present the entire status of the data collected.
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Designation => Manager Supervisor Fore man Lay man
Number of 15 75 60 50
respondents
Idea about the . Practically .

. Theoretically No idea about
i)erf:rrglrllé: proven record Oka{i’nr:gt all the present rend Not known
gt?;lustic(i:irsaition Most . leely most - Not likely No idea
g;;llftl %}eaztlli(t); Most* I@[dsf et ‘Likely most Likely Most
Time for next ™ W1 Win a year % }
change L ,
Experience \ '
(mean for all 15 5 12

respondents) =

Satisfaction
level of the.

LI B Good b t‘not

“»Not so much

“sb neat and tldy good
present syst@ga . :
Brand loyal ; No
About the ', Reduces need Not good, job
automation, for 1nspect10n ‘ .may be lost
A.ccu.racy' 5o 1;0% _ May be up to
criteria = 50-degrees
3.4 Support for ch

» The ma,nagei:;ge)tpect the change in the existing syster

costlier version..

» The supervisors. prefer the c%anges 0}1'1 %éﬁ it proves to be taklng less maintenance

and-requires only less 1ntervent10n for result ana1y31s

, but'do-not prefer the

»> Both the-supervisor and the lay men only worry about the flexibility, but oppose

the automation fearing the unemployment or under employment possibilities.

3.5 Existing Practices

3.5.1 Prevailing Syste'ms'&n.acﬂcura,c,y

Hot wire pyrometer: Accuracy lies in calibration and operators experience

Chart pyrometer: Accuracy largely depends on the operator

Thermistors: Accuracy depends upon calibration and impurities deposited on the device

Thermocouple: largely on the circuit implemented
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3.5.2 Data logging and analysis

Manual modes of data logging are done at most of the places. The sampling rate
and the results obtained are not much of importance and the people least worry about the

data collected and its accuracy and mostly hate the monotonous work.

The data analysis is done visually just noting the defects or abrupt changes in the

values. The need for graphs-and online analysis is almost nil at these industries.

Accuracy

Consé’il‘ueflees

Less investment ; Skill-needed is low
Ea’sy to 'work with ;. Ease of substltutlon

Le( S mve;tment kill-is not needed much

Cheaper labor

f Cheag source of. labor
Does not demand muc

accldents

ed OWwer consumption
cds more investment

Accurate results in plam;x d time intervals

+ Calibr td i
glibraied’devices Not readily available, but customized




;
4. Proposed System & Implementation

4.1 Introduction

The proposed system uses a network of micro controllers stringed by the RS485
network in daisy chain configuration. This helps in achieving the two main objectives of
the project namely, network establishment and-a controller that would suit industrial

environment. The planned features of th X,ystem include:

Modlﬁable power output cireuite -

Y VYV V.V
o2
T % a g %
) ot
’,V_»' G
o
(-
.
a
=
o
~J

0+ 5V DG, 1

v
kg
lo]
5
o
Q

> Outpuf Waves 4
o Mod Sine :
o Fractional Mod Sine
» Output Control Schemes
.o On/Off control
o . Firing Angle Control
> Communications Stqndard Lo
o Master to PC — RS 232 l
o Master to Slave — RS 485
Display — LCD 16 characters X 1 Row
Key Board — 6 Key — Custom Board
Thermo Couple = Chromel — Alumel (Type K)

V'V V V¥V

Cold Junction Compensation - by thermistor (10 K at 25°C)
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v 4.3 The Network and Topology

PC

Master
Board

Terminator

RS 485 daisy chain

\/

Terminator

Slave
Board

Slave
Board

120 chin |

( This is the correct dalsy cham as no termmal has more than 2 connections. This ensures

The dlagram shows how the network W111 be estabhshed n the 1ndustry The

Inte&gra
- (Slave)

. dntegra
2 (Slave)

<0 B A Gnd -

“>< -

Integra ..

(Slave)

120 ohm

that a "Daisy Chain or "straight line" conﬁguratlon is used.

A AN

The wrong ways are as illustrated in the following diagrams.
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N AN N

This is calledﬂﬂjch’e Tétub formand /is re,s:trfctéd ‘die “the reflection in the arm

connecting to it.

the entire loop.

4.4 Master Board

4.4.1 Block Diagram~ .

RS232 Interface
for PC LCD Display (Formatted)

uC A\
16F877 <] [>
V

RS485 interface for Enter Cancel
slave boards
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As shown in the figure master board consists of all the user interfaces necessary
either by direct means or by computer. This acts just as a linkage between the user and
various slaves that lack the user interface. No slave is connected with program keys or the
display to reduce the overall implementation cost and the software and hardware burden

of the slaves.

¥ 4.4.2 Components

The components in the master board are: B

1. PIC 16F877 ’f“inng as. Ihe rnastez CPU
16x1 LCD panel 0w :
MAX 2,32 -acting as RSZ32 1T °-Lf;and TTL to RS232 cenverter

MAX 485 /SN 75176 o actlng asvthe RS485 tov ‘TTL and TTL to RS485

converter

5. ':SIX key: keybol

Fow N

ith two expansionkeys).

v 443 Flioy;iChar,t

,,,,,, ANY L{EY

: CALL KB
PRESSE‘D? :

SUBROUTINE

CHECK SERIAL PORT

CALL SERIJAL
SUBROUTINE
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RS232 for PC
O =™
aa

4

RS485 For Slaves

+5
10uF

Master Board Circuit

+5V

: ? 16x1 LCD Panel

Reset e S
_Read/Write ; B

LEI@I‘L,,W, S I ‘ Data

20
21
22

e ————
28— - - ————

29
0L e

40 — ® o ——e
Cancel iy

39— @ — — T °
e _Right e

* “ Left - ;
37 — o o — e e — e
‘ Increase -~ 5
e — -

36
_Decrease - |

- —-e
UsAer 1

35 F g

- -
i User 2 ‘
o =0t &4 o

" gx 100K
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4.5 Slave Board

4.5.1 Block Diagram

RS 485 - Slave CPU

Communication > Communication

Converter < routine 16F876

. - 10 — bit

nstrumeptatlon » ADC Command

Amplifier i
execution and
decision

« Gate algorithm
-« Trigger
< Section

A 452 beﬁﬁonents

The components in the master board are: .

'PIC 16F876~ 4cting s the'slave CPU~ -

fon amplifier

o I S Al

MAX 485 / SN 75176 — acting as the R$485 to TTL and TTL to RS485
converter

5. Address select and mode select keys (wiit:ﬁtwo expansion keys).

\/4.5.3 Flow Chart

START

‘| GALL SCAN
ROUTINE

Is Start Is Address
Character? = Self
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Is Character
= STOP

EXECUTE
COMMAND

4

.~ 4.5.4 Notable Features

READ COMMAND,
DATA

Important features to be noted i the siaVéfbo'a;f?c‘lt‘vaSSembly»'-—inqlude:
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4.6 Power Supply Board
4.6.1 Introduction

Since all electronic circuits work only with low D.C. voltage, there is a need for
power supply unit to provide the appropriate voltage supply. This unit consists of

transformer, rectifier, filter and regulator. A. C. voltage typically 230V rms is connected

to a transformer which steps’ that AC voltage down to the level to the desired AC voltage.

changes." .

4.6.2 co.ﬁpone.nté"

- The., power supp ge to the entire project

parts and it conswts of

Ng 4.6.2.1 Tl;anéfo,rmer, ’

A transformer

in one- 01rcu1t 1s transfo me

corresponding decrease or mcrease finy current. It works with the principle of

mutual induction. In our prolect we are uslng step down transformer for
providing a necessary supply for the electronic circuits. In this project 15-0-

15 center tapped transformer is being used.

> 4.6.2.2 Rectifier | Ca B

The DC level obtained from a sinusoidal iﬁput can be improved 100%
using a process called full-wave rectification. It uses 4 diodes in a bridge
configuration. From the basic bridge configuration we see that two diodes

(say D2 & D3) are conducting while the other two diodes (D1 & D4) are in
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“off” state during the period t =0 to T/2. Accordingly for he negative of the

input the conducting diodes are D1 & D4. Thus the polarity across the load

is the same.

4.6.2.3 Filter

+

The filter circuit used here is the capacitor filter circuit where a

capacitor 1is connected at the rectlﬁeI; 0
The filtered Waveform is ;essen‘ually a*

wh1ch is ult1mately fed to the. load

4.6.2.4 Regulatof‘ ‘

utput and a DC is obtained across it.

D€ @Ltgge with negligible ripples,

The output Voltage from the capac1tor%1s more ﬁlterad%:sand ﬁnally regulated.

* The Voltage regulat
constant 1r1jespect1v_e

temperatuféra changes

46.3 Block Ilagra
\/ 230 Vac
Transformer

Diode
Bridge
Rectifier

is. a dev1ce wh1ch mamt

‘the Qutput voltage

Unregulated Filtered ripple
DC less DC
Filter » Regulator
Regulated ripple
tfree DC
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4.6.4 Circuit Diagram

o Power Supply Circ_uit

3
T P T 1 . T [— 777T } - T +5 V
o | ! T 7805 | I
; - . | ! : Lo
| 1 piA D4Y . 2! |
S i SR :
230VAC . . 10 uF 10 F
Single Phase || | | == -
Supply :‘ ‘; o = E | ‘
; N - |
o mY D3 1 |
| i -1 | | ‘ |
| | | ‘ ‘
! ‘ J‘ | j oV
230/6 V L

Transformer

4.7 Instrumentati

the acclﬁ'aéy of the total

on_compensation. Quad

4.7.2 The o:la?ér and

: ;;ievxce But due to the
imbalance creatqd m : 12 ;o much off the values
beyond the non-linee;; control limit. To compensate for this a dualﬁ supplx;was constructed
using the fourth opamp, Wwith floafing gro: Eci‘tots»;&satisfﬁir;;gl;hg‘dualx supply.?;need of the other

three amplifiers. Thus the newer vetsion constitutes four amplifiers in it.



4.7.3 The Three Amplifier Circuit

Instrumentation Amplifier
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4.7.4 The Four Amplifier Circuit
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4.8 Power Circuit Board

4.4.1 Components

The components in the power circuit are:

1. SCR
2. Opto-isolators MCT2E .~

4.4.2 Circuit..iagl‘;ajni’,:% |

Power Circuit
1 P input
|
ate | 330 3 | | U S ] B0 Gates
| . ] L _ \
| \ﬂ& 7 SR s o
e e S ]
\[ P output. + l‘N output
Gate2, 330 [ . - [ ‘ “ ‘7 - o "' 330 Gated
! " f | [ | ‘ |
ST L,,_T_, - # | b 2 e
Lo K

I N input

The woutputkmodvule can be modified if'required to get AC output.

4.9 The User Intefface
4.9.1 Introduction

The user of the system is allowed to interface the slaves with PC by a serial port. For
this purpose a PC interface section is given. The front end tool is VB which works with the

user and the system in the name of TMS (Temperature Monitoring System). Registry is used
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for storing the variables as the user modifies the settings. The system also uses a graphical

tool to display the output in graphical format.

4.9.2 Features

If required the values in.the system is logged in a‘file. The file can be viewed as
required. The time for scanmng and the colors of graph are modifiable, as per the demands.

The software is made httle hack proof by pass WQ,rd authentlcatlon The details of the

e Main screen whlch acts as a Multl Document‘lnterface form for-all other forms

;b,;;

¢ Also it'acts the route for serial port access

e Login form authentigates the 1 user to work in the TMS envrronment

) Graph\r"orm to set th aphlcal dlsplay optlons

¢ . Monitor-form to vi

the tgmperatur;chnlme as, graph«.-?
o Read.form to read a single-value - ‘

e Set form'to write a it value to‘th'cgdevicés

. Settingz'fbrm to adj u system setting -

e Log form fo wrlte ¢ data into-a-file - =
° The same comman ‘

The output can be seen in various umts like Celsius, Fahrenhelt and Kelvin

The values of address.can.be seen as’ hexademmal £0T as normal decrmal . values.

The program, output screens are given in the appendix.
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5. Observation & Inferences

5.1 Observation

The proposed system was given to most of the industries where the data collection

was done. The result of the im;';)l.'éméntatioﬁ is resulted below:

Total ranking of th%produgg

* Note: Only the super\asor cadre people were accessing the r0Ject and .the chances of

Property . Cood* -t Fair Bad
Compatibility with ex1st1ng**s§stem ; A . 10 .5 10
Reliable output | ”f\l 2 13 -
Satisfaction in Accuracy 10 5 10
Output Prqﬁsen{té};on | o 12 8
Noise level &other distu : 3
Cost (cheaper > good) 10 12
Cost Effect\i«v)éness v 5 17
Technical skill.requirement (: ore éfb‘azi)1 : 2y 5 17
Technology im@lememed ew:~> good) ” oL “ 10 : 13
Idea abobgﬁ‘t‘ pu1chase (good=>yes, may be3 fair, )b’aa?‘()N'o) 10 14
20 3

quantitative part bemg 'wrong is note worthy. Also the financial report about the product may

not be as good as a financial mar_;}ageii%s report. i

5.2 Inferences

The data inferred. were with the assumptions that the means used for the analysis will

give the best possible effectlve results. With this assumptlon the-things that were inferred

from the project and 1ts 1mplementat10n were:

1. The are willing to support a product only if it can replace the existing system with

a. Least modification

b. Reduced investment

c. Accuracy and quality of the product is improved
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d.
€.

f.

The system implementation does not effect the regular work
The installation and uninstalling process are very simpler

Continuous support is available for servicing

2. Also suggestions to improve the communication and PC interface were given.

They include:

a.
b. The dataldog

C.-

The-delay loop should be"optimized,

The're overy..of data must be faster,.-an . tt;,.,er manipulations ca be

1mp1emented

d F ilter cr1ter1a for the data ecovery. arid data access, must be written and

1mplemented L

in some DOS based program.

k. The spéed“of execution mdjst;«be:;égimprolﬁ%éd by-threading or other schemes.

(U3}

a.
b.

The inferences made aboutthe presentation were:

The report must be made more quantitative in the results ba51s

A manual that would guide installation, usage “of product by the technical
suppibx;t’jaérsgn must.be prepared and /dﬁstgibqt@dﬁ\iwithﬂtﬁe product.

The so.ftwe\lre”fnﬁs””f”’\ba,,mad‘t Thore secure by adding hardware lock or other
features to avoid hacking:

The password must be made non — available to others.
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6. Conclusion

The proposed system will prove to be useful only of the company is willing to
implement a solution that will be in a position to meet the standards like 1-5% accuracy, non-
linear controls, data logging, security and medium cost automation. The cost of the system at
present is high due to initial design faifures and init‘ial cost on design (PCB design, Code

development, etc.). These factors W1ll not be there m the mass or bulk -production and the

cost can be brought down to%about 60% .

'

The softwire ggnf*bewmaoe'»eljsro e or'a facility to Ehsfomize' cah be.added. Due

technical ;in-feasi,bi‘liiffy the \impl'erri’er{tatiOn;o *mferface through the:master board was not

possible. For this the master CPU must.be changed. Also for the 1mplementat10n to be

completely successful the 485 conﬂguratlon must be w1th

L

elds, terminators and with

galvanic 1sokaglon. This W1L and s‘pee'g};.achievement.

k't”, the 1dea0f iearning the
scheme and a}éVelop'i'ng the |
The- programs used

presented m*ﬁfull bare fofrri f(or%thg ader ;o';-enalyseland can be

used for optlmxzataon

2
iy
iy
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7. Future Enhancement

The system has a lot of scope for future improvements. These include:

>
>

>

> ,,,,,

The interf:
# wffaCllltleS

w1reless conimi

The CPU can be replaced forrfaster’ and good response.
Quantizing errors in the CPU can be reduced by implementation al6 — bit
processor or, by addmg 1 ﬂoatmwomt zglthmetlc unit-(FPU).

These may mcrease cost a little, but may bé rgnored for the facilities.

The system nterface can e "”edesngned to be. operated by any skilled or

unskrlled person

, Ihe securlty level and the access facﬂltles can be made with multi level

access

The software n be made to work in'a LAN ne Or remote servers.

:h the- iyrlr»t‘érnet and other

G

an be rmade ,FO ‘work ,globa-l»-l

0. ehmmate the gl01se dlsturbance . then an-encoded form of

ication can be ﬂmplemented
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Appendix
Appendix A

A.1 78LM12

A.1.1 Introduction.. .- - ) e |

voltages avallable allow these regulators to be used in- loglc systems mstfrumentatlon HiFi,

and other solid “State electii ”’equlpment Aflthough aewgn q,egarlmarlly as fixed. voltage

ackagei%}{v/ ich will allow
nt llmftmg IS included to

or, the output transistor is

ipat;‘bn becomes too high

for the heat sinking{ rovi ef preventing the IC from

overheating. Cehsider:ébe effort was expanded to make the Ll\/f78XX series of regulators

easy to use and minimize the number of external compgtients.. It is not necessary to bypass
the output, although this does irripro've.;Uatfsi“eﬁtj,reSponseﬁ Input bypassiﬁg is needed only if
the regulator is located far from the filter capacitor of the power supply. For output voltage

other than 5V, 12V and 15V the LM117 series provides an output voltage range from 1.2V to
STV.

A.1.2 Features

e OQutput current in excessof 1A

e Internal thermal overload protection

¢ No external components required

e Output transistor safe area protection

e Internal short circuit current limit

e Available in the aluminum TO-3 package



A.1.3 Physical Dimensions (in mm)

_.10.240-0.260, _ 0.330-0.350
[6.10-6.60] | [8.38-8.89]
9.180-0.120 g 0.148-0.153
{2.54-3.05] [3.78"3.89]
4 |
\ T — = T T 0.090-0.110
15
0.400 © 0’008 . [2.29-2.79] 0.196-0.210
+0.38 h i = = - 4.83-5.33
[10.16 £33 1 | ] [ ]
/ 0.048-0.055 _T
/ 0.130-0.160 1y [1.22-1.40]
PIN #1 1D [3.30-4.06] TYP
1.005-1.035 0.027-0.037
[ttt stostssmsr————: e |
(25.53-26.29] (0.69-0.94]
TYP
| 1 /\ (0-323-0:555 0.015 T9ea; [0.38 70221
[$3.34~14.10]
\
0.175-0.185 T
[4.45-4.70] /
T o° s° }‘, .
¢.810 +8.25
0048 -(.052 — 0105 g01s (2.67 —o:»s]
[1-22-1.32] SEATING PLANE
TAPERED
SIDES 1° 1038 {REV L)

TO-220 Package (T)
Order Number LM7805CT, LM7812CT or LM7815CT
NS Package Number TO3B
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A.2 Max 232

A.2.1 General Description

The MAX232 device is a dual driver/receiver that includes a capacitive voltage
generator to supply EIA-232 veltage levels from a-single 5-V. supply. Each receiver converts

EIA-232 inputs to 5- V TTL/CMOS levels These ’recelvers have a typical threshold of 1.3 V

and a typical hystere51s of 05 V and can a cept%:.‘:30~V mputs Each driver converts
TTL/CMOS mput levels, 'nto EIA 232 le‘:' ls. The drwer Iecewer and: voltage-generator
ments Lin ASIC hbrary The MAX232 is
characterized for: Operatlon from 0°C-10 70°C'~The MAX232l"is. charactenzed for operation

from —40°C to 85@"}C.

functions-are avallable as cells.in the’ Tex

A22 Features of Max 232

. Operates With Single’s VPOWCTSUPPly '

Meets or Ex ’eds T

o Recommendatwn V 28
e Designed to be Interchangeable With

e Maxim MAX232 \ Wed

« ESD Protection Exceeds JESD 22 - 2000-V Hhman-Body Model (A114<A)

A.2.3 Applications

e TIA/EIA- 232-F

o Battery-Powered Systems
e Terminals
e Modems

e Computers
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A.2.4 Pin Details

From CMOS or TTL {

12
To CMOS or TTL
)

e ﬁ;\g;ﬁ o &&?/ e
5W
16
Voo @ 1°F
C1+ Vg4 LAY
C1- 5
con Vg ———r—b -85V
op + :]—: 1+F
11 > e 14 Ea232 Cutput
10 B P T E1A-232 Cutput
13
I |—e—— EIA-232 Input
oV g ——-4—8 EtA-232 Input
15
GND
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A.3 Max 485
A.3.1 General Description

The MAX481, MAX483, MAX485, MAX487-MAX491, and MAX1487 are low-
power transceivers for RS-485 and RS-422'communication. Each part contains one driver
and one receiver. The MAX483 MAX487 MAX488 ‘and MAX489 feature reduced slew-
rate drivers that minimize EMI and reduce reﬂectlons ‘caused-by- improperly terminated

cables, thus allowmg eITor free data trahsmlssmﬂj up to 250kbps The driver slew rates of the

transmit up to 2. SMbps These transcerve rawv between 120uA and 500uA of supply

current when unloaded or fully ‘Toaded /Wlth drsabled drivers. Addmonally, the MAX481,

MAX483, and MAX487 have a-low-current® shutdown mode m WhiCh they consume only

0.1pA. All parts operate f m a smgle 5VL supply Drlvers “a short-circuit. current limited

and are protected against : -cessrve pOwer. d1551pat10n by th al shutdown circuitry that

places ‘the driver outputs ‘a hrgh 1mpedance state: The iver mput has a fail-safe

circuit. The MAX487 and
\gylng up(ﬁt‘o 128 MAX487/

feature that guarantees al

MAX1487 feature quarter

. -hrgh output 1f the mput is op
. - oad}recerver mput Impedance
MAX1487 transcervers on the bus Full-duplex communic
MAX488-MA X497, whrle« e

designed for-half—dublexi’fappﬁeatron‘s.

)s are_obtained using the

AX487, and MAX1487 are

A.3.2 Features

e Smallest 8§-Pin- SO hein
e Slew-Rate Limited for Error-Freé Data Transmlssron (MAX483/487/488/489)
¢ 0.1luALow-Current Shutdown Mode (MAX481/483/487)
o Low Quiescent Current:
o 120pA (MAX483/487/488/489)
o 230puA (MAX1487)
o 300uA (MAXAB81/485/490/491)
e -7V to+12V Common- Modelnput Voltage Range
e Three-State Outputs
30ns Propagation Delays, Sns Skew (MAX481/485/490/491/1487)
Full-Duplex and Half-Duplex Versions Available
Operate from a Single 5V Supply
Allows up to 128 Transceivers on the Bus (MAX487/MAX1487)
e Current-Limiting and Thermal Shutdown for Driver Overload Protection
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A.3.3 Applications

Sl

Low-Power RS-485 Transceivers
Low-Power RS-422 Transceivers

Level Translators

Transceivers for EMI-Sensitive Applications

Industrial-Control Local Area Networks.

A.3.4 Pin Diagram

A.3.5 Application Notes

DE ¢ MAXIMN

£
4 |14 MAX489
Max4et
‘T‘
;'I LN N
Dl s D 10 M
7
) 124
RO
B
ng J.6.13
3| (6.7
FE GMD

Yeo RE
||
ﬁ'\\“ —r
{D —

GND  DE
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A.4 LM324

A.4.1 General Description

The LMI124 series consists of four-independent, high gain, internally frequency
compensated operational amplifiers which weredesigned specifically to operate from a
single power supply over a wide range of voltages Operat1on from spl1t power supplies is
also possible and the low power supply currenttdraln is }tndependent of the magnitude of the

1y
o

w can be more. easﬂy 1mplemented in single

power supply voltage Appl‘f‘@:a tion areas nclude transducer fiers, DC gain blocks and

all the conventlonal op amp circuits.whic

power supply systems For example the. Ll\/[ . 4..{ serles can be directly operated’ off of the

standard +5V power supply voltage yWthh.;,ﬁ,.

the required intexface electre

A.4.2 Uniqué Characterist

In the’ linear mode th
output voltage can al
power supply voltage
The umtygam crosd

The input bras eurr

in put common-m,ode Voltage rang

quericy is température comperisatec

used.in dlgxtal systems and will easily provide

+15V power supplies.

cludes gfoﬁndeand the

& swing o ground even though oﬁ%rated from only a single

A.4.3 Pin Details
QUTPUT 4 INPUT 4~ INPUT4* &ND INPUT 3 INPUT 3~ OUTPUT3
14 13 12 1 10 9 8
4 _3
+ +
s 3
1 2
1 2 3 l 4 5 6 7
OUTPUT 1 INPUT 1~ INPUT1* v* INPUT 2*  INPUT 2~ GUTPUT 2
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A.4.4 Advantages
> Eliminates need for dual supplies

Four internally compensated op amps in a single package
Allows directly sensing near GND and VOUT also goes to GND

Compatible with all forms of logic

YV V V VY

Power drain suitable for battery operation

A.4.5 Features
v’ Internally frequency COmpensated for umty gam

v' Large DC voltage gain-100.dB = -

v Wide bandW1dth (unity gam) 1 MHZ (temperature compensated)

v Wide' power supply range:-

v endent ot}étipply voltage
. =

v

v

v oltage

v’ Large outputvoltag swing | Py

A.4.6 Application N‘otes

The LM124 series are op ‘amps which operaté with- only a single power supply
voltage, have true-differential inputs, and remain in the linear mode with an input common-
mode voltage of 0 VDC. These amiplifiers operate over a wide range of power supply voltage
with little change in performanee characteristics. At 25°C amplifier operation-is possible

down to a minimum supply voltage of 2.3 VDC.

The pin outs of thepackage havebeendesrgned to simplify PC board layouts.
Inverting inputs are adjacent to‘outputs for-all of the amplrﬁers and the outputs have also
been placed at the corners of the package (pins 1, 7, 8, and 14). Precautions should be taken
to insure that the power supply for the integrated circuit never becomes reversed in polarity

or that the unit is not inadvertently installed backwards in a test socket as an unlimited
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current surge through the resulting forward diode within the IC could cause fusing of the

internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommodated and, as input
differential voltage protection diodes are not'needed, no large input currents result from large
differential input voltages. The difféi'e’ntial input voltage rnay be larger than V+ without
damaging the device. Protectlon should‘fbe prowdeé to prevent the input voltages from going
negative more than -O 3 VDC (at, 25°C) An 1nput clamp dlode w1th a resistor to the IC input

terminal can be used.

To reduce‘tn’é’power supply dra‘in)/,,»tn plifiers.have a class A output stage for small
signal levels: whlch converts to cla ‘ signal mode: T\h,is‘al(lows the amplifier to
both source and sinks larg | } PNP
boost transnstors can ‘be u xtel _
output voltage needs to ra ( ia‘p(pffo;'(i“fnatély 1 d('i'dde""drop abov ground tdj“bias the on-chip

vertical PNP transistor for o

amplifier, a resistor.should be @ ; from the, utput of the ampl er to ground to increase the

class A bias current and p ad, is'directly coupled, as

in dc applications; thete is:no crossover distortion.

Capacitive loads which are applied directly to the output of the amplifier reduce the
loop stability margin. Values of 50-pF can be accommodated using the worst-case non-
inverting unity-gain connection. Large closed loop,»gains or resistive isolation should be used

if larger load capacitance must be driven by the amplifier.

The bias network of the LM124 estabhshes a drain- current which'is independent of
the magnitude of the power supp1y voltage over- the range of from 3 VDC to 30 VDC. Output
short circuits either to ground or-to.the positive power supply should be of short time
duration. Units can be destroyed, not as a result of the short circuit current causing metal
fusing, but rather due to the large increase in IC chip dissipation which will cause eventual

failure due to excessive junction temperatures.
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Putting direct short-circuits on more than one amplifier at a time will increase the
total 1C power dissipation to destructive levels, if not properly protected with external
dissipation limiting resistors in series with the output leads of the amplifiers. The larger value
of output source current which is available at 25°C provides a larger output current capability

at elevated temperatures than a standard IC op amp.

The crrcurts presented in the sectron on typrcal applrcatrons emphasize operation on

only a single power supply.»

.

standard op amp circuit:sf Can ‘beused. Ing

tage If complementary power supphes are available, all of the

L

in odu,c,mg a pseudo-ground (a bias voltage

reference of V+/2) will allow operatron “ab and. below thls value i in smgle power supply

systems. Many appllcatron cireuits - are shown whlch take advantage of the wide input

common- mode Voltage range-which’ mcludes ground ‘Thmost.cases, input biasing is not

required and mpnt voltages wik 1ch range to ground oan easrly ‘be accommodated.

AA4.7 'In,ternlal“Architectu

Representative Circuit Diagram

{One~Fourth of Circuit Shown) Bias Circuitry
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A.5 PIC 16F877 and 16F876
A.5.1 Microcontroller Core Features:

e High-performance RISC CPU ’
e Only 35 single word instructions to learn
o All single cycle instructions except for program branches:which are two cycle

e Operating speed: DC 20 MHz clock m'rfl

e DC-200ns mstructloncycle L

e Upto368 x 8 bytes of Data Memory (RAM)
e Upto 256 X 8 bytes.of EEPR@M data memOry

 Piniout compatible

) Interl‘gpt capability

. Power-up Tlmer (P
e Oscillator Start-up
J Watchdog Tlmer;? WDT) with its own on-chip RC oscillator. for rellable operation

e Programmable code-protect1on

= 3

e Power saving SLEEP mode
e Selectable oscillator optlons

e Low-power, high-speed CMOS FLASH/EEPROM technology
e Fully static design

e In-Circuit Serial Pfégram

ingd (ICSP) via two pins
¢ Single 5V In- CerUIt Serial rogramm g capatilhty
e In-Circuit Debugging via two pins

e Processor read/write access to program memory

e Wide operating voltage range: 2.0V to 5.5V

e High Sink/Source Current: 25 mA



e Commercial and Industrial temperature ranges
e Low-power consumption:

o <2 mA typical @ 5V, 4 MHz

o 20 mA typical @ 3V, 32 kHz

o <1 maA typical standby current

A.5.2 Peripheral Features

e Timer0: 8-bit tlmer/ unter wnth 8-bit prescaler -

e Timerl: 16-bit tlmer/counter w1th pres

ri'can be mcremented during sleep via

external crystal/clock

o Timer2; 8 blt tlmer/counter with, 8 b1t perlod breglster prescaler and postscaler

e . Two Capture Comp ;PWM modules D
. Capture is 16- b1t %
. Compare is 16-bit, T
e« PWM max resolut1

e 10- bltﬁmultr channe

alog-to-Digital coriverter

) Synchroneus Serlali g SSP) With:?SPi (Ma;ter Mode)

I’c (M%é‘“ter/smve)
e Universal Synchron (USART/SCI) with 9-bit

address detection. ,
e Parallel Slave Port (PSP) 8-bits wide, with external (activei i:(:)w) RD, WR and CS

control (40/44-pin only).

¢ Brown-out detection circuhitr‘y for.Brov

A.5.3 Device Overview

The PIC16F876/873 devices come in 28—pin packages and the PICI16F877/874

implemented.
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A.5.4 Pin Diagram

MCLRNre/THY— L]° 1 - 28| ] < RB7/PGD
rRA0/ANO +— L1 2 27[] = RB6/PGC
RAUANT<—[] 3 - 26| ] = RBS5

RA2/AN2/VRes- <[] 4 ~ 25{] < RB4

RA3/AN3/VRer+ <+ 5 © 24[] = RB3/PGM

RA4TOCKI <[] 6 © 23[] <> RB2
RAS/AN4/SS<+—>L]| 7 P 22| | = RB1
vss—L] 8 © 21[] <= RBO/NT
OSCA/CLKIN—L] 9 O 20[] <+— Voo
osczclkouT<—Ljt0 7 19[] =—vVss
RCOT10SO/T1CKI <[] 11 18[] =— RC7/RX/DT
RCA/T10SICCP2<+—>[]12 17[7] < RCB/TX/CK
RC2/CCP1=—=[]13 16[ ] < RC5/SDO
RC3/SCK/SCL «+—[] 14 15( ] < RC4/SDI/SDA
MCLR/VPP/THY ——» [ 1 v 40 [ ] =—» RB7/PGD
RAO/ANO <— [ 2 39 [] =—» RB6IPGC
RAT/AN1 <«—[] 3 38 [] -— RB5
RA2/AN2/VREF- w— [ 4 37 ] «—» RB4
RA3/AN3/VREF+ < [] 5 36 [] ~— RB3/PGM
RA4/TOCK! w—m[] 6 35 [] -—= RB2
RAS5/AN4/SS -—[| 7 < 34 [] -—» RB1
REO/RD/AN5 -—[]8 I~ 33 [ ] --—» RBO/NT
RE1/WR/ANG -—= [ g ®© 32 ] ~——— VDD
RE2/CS/AN7 -w—[1 10 t 31 [] -.—— Vss
VDD ——» [ 11 $ 30 [] -—» RD7/PSP7
Vss — o [} 12 0 29 [ ] ~—» RD6/PSP6
OSCH/CLKIN — [ 13 (“)‘ 28 [] -——» RD5/PSP5
OSC2/CLKOUT «— [] 14 r 27 [] «—= RD4/PSP4
RCO/T10SOT1CKI a—a [] 15 26 [] -4—» RC7/RX/DT

RC1/T10S/CCP2 ~a—» [
RC2/CCP1 -a— []

RC3/SCK/SCL ~a—m [
RDO/PSPQ E

RD1/PSP1 -a— []

[ AN JEP L WL W §
OO 0N

25
24
23
22
21

] ~-—» RC6/TX/CK
] -+— RC5/SDO

] -——» RC4/SDI/SDA
] ~—» RD3/PSP3

] «—» RD2/PSP2
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A.5.5 16F876 — Internal Architecture

Device Program Data Memory Data
FLASH EEPROM
PIC16F873 4K 142 Byles 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 : Data Bus 8’ PCRTA
<= Progen Come| 7
FLASH l; 14 RADIAND
Program 4 RANANT
Memory RAM L1y » RAZ/AN2REF-
8 Level Stack File Y 4 RAYANINVREF+
{13-bit} Registers 4 RAATOCK:
4 RASIANASSS
Program
Bus PORTE
RBOANT
— RB1
Instructio
nstruction rey ] RE2
[ Direst Addr » RBI/PGM
A . RB4
¥ RB5
I RB&/PGC
RB7/PGD
8 PORTC
" RCGTICSOTICK
7 . RCUTICSICCP2
» RC2TCPA
Po;(er-up 4 RCYSCKACL
v fer : RC4/SDISDA
Instruction Oscillator 2 RC5/SDO
Decods & K= | Startup Timer 3 RCE/TXICK
Control Poweron RCTIRX:DT
Raset
Timing Watchd
@@ Seneration @ Timerog
OSCHCLKIN Beown-out
OSCZ‘/CLKOGT Rese[
In-Circuit
Debugger
Low-Voltage
Programming
MCLR VoD, Vss
Timerd Timert Timer2 18-bit AD
Data EEPRCM Synchronous
CCP12 Serial Fort USART
Note 1. Higher order bits are from the STATUS register.




A.5.6 16F877 — Internal Architecture

Device Program | Data Memory Data
FLASH EEPROM
PICIGF8T74 4K 192 Byles 128 Bytes
PIC16F8T77 8K 368 Byles 256 Bytes
13 - — DataBus  ° PCRTA
L aG rogram Lounter —
FLASH & 4 s RADIANOG
OO ATIANT
Ee ;‘,‘;’{;’: il ; ) 2.225/%&2;‘#{55-
. 8 Level Stack !;i; ‘ﬁ j RAJANI/REFH
{1301ty Registers T— ;:‘:’Tii%
» SIANAIG
Program
2s RAM Addr (1) FORTS ST
N
Instruction re ) RE1
wstruction reg " ] RE2
irpct Adds 7 indirect . 83 FGM
TL Diract Asid: ,‘.; Addr L :gz G
! RB5
4 RBEPGC
STATUS reg T R8T/PGD
¢ RCOITHOSOIT1CK
7 4] RC1TIOSUCCR2
3 - 4—+{X| RCCCR
Power-up 1 MUX RCH/SCKISCL
\Yi Timer ] j: RCA/SDISDA
Instruction Oscillator 4—X] RC5ED0
Decode & 1K= | Start-up Tirmer peed ..,,_ﬂ REBTXCK
Control ro—— ! ROTARXDT
Reset I 4% PORTD
Timing Watchdog o
BRK= generaton [ | Timer Wreg
OSCUCLKIN ot
08C2/ELKeUT Browr-o P RGP
U Resel — (m ROTHESFTROHESPE
in-Circuit
Debunger
Low-Yoltage
Programoming Paraliel Slave Port PORTE
% é T..m REVANSRD
ﬁﬁ l—+[X] REUANGAWR
TR S 5 —
MCLR VoD, Vss ’ *'"E REDIANTES
Time:0 Tirmer Thner? 15-bit AD
Data EEPROM s - Syrehronous : -
ceprz Setial Port USART
Note 1. Higher order bits are from the STATUS register.




A.5.7 16¥876/877 — Instructions

ADDLW Add Literal and W

Syntax: [label] ADDLW k

Operands: 0 <= k <=255

Operation: (W) +k = (W)

Status Affected: C, DC, Z )

Description: The content of the ‘W register

are added to the eight bit literal k and the .

result is placed in the W.register.-

ADDWF Add W and f ~ ¢ .
Syntax: {label] ADDWF’f ‘& i
Operands: 0 <=f <=127 &d [O 1]
Operation: (W) + (). 2>~ (destmatlon)
Status Affected: C DC Z . :
Description: - Add ‘the content of the: W
register with reglster fIfdi
stored in the W register. If
is stored back in reglster £

1”the(: result

ANDLW AN,D,,:theral W
Syntax: [label}] ANDLW
Operands: 0 <=k <=255 | S
Operation: (W)"AND (k) 9 W)

Status Affected: Z .

Description: The' content
AND-ed with" the gight
result ts placed in thMW reg

ANDWF AND W w:th T

Syntax: [label] ANDWF f, d ,
Operands: 0 <=f <=127 & d {0, 1]
Operation: (W) AND (f) > (destmatlon)
Status Affected: Z

Description:: AND the W registers with

register f. If d is 0, the result is stored in the".,

W register. If d is 1, the result is stored back
in register f.

BCF Bit Clear f

Syntax: [label] BCF f, b /
Operands: 0 <=f <=127 & 0 <=b <=7
Operation: 0 = (f<b>)

Status Affected: None

Description: Bit b in register f is cleared.

the result I
2TCY ll’lSt[‘UCtl

TN Status Affected i

BSF Bit Set f

Syntax: [label] BSF f, b

Operands: 0 <=f <=127 & 0 <=b <=7
Operation: 1 =2 (f<b>)

Status Affected: None

Description: Bit b in register f'is set.

- ~BTESS Bit Test f, Skip if Set
- USyntax: Jlabel] BTFSS £, b

=f <=]27 & 0 <=b <7

'Operatlon skip’if (f<b>) =1

tatus Affected: None

Descrlptlon If bit"bin register f is 0, the
“next instruction “is exechted. If bit b is 1,

then the next mstructlon is dlscarded and a
“'NOP is executed mstead _making this a

§%Skip if«c';;;léar
[FSC £, b~

BTFSC Bit Zl‘e’
Syntax [labe '
~ Operands: 0 <
. Operation:: sklp

CALL Call Subroutine

- Syntax: flabel] CALL k
'\\'Operands 0 <=k <=2047

Operation: (PC) +1>TOS, k 2PC<10:0>,
(PCLATH<4:3>) 2PC<12:11>

Status Affected: None

Description: Call~Subroutine. First, return
address (PC+1) is- pushed-onto the stack.
The-eleven: bit" immediate address is loaded

into PCbits*<10:0>. The upper bits of the
PC are lqaded from PCLATH. CALL is a

two cycle instruction.

CLRF Clear

Syntax: [label] CLRF f
Operands: 0 <=f <=127
Operation: 00h > (H & 1 > Z
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Status Affected: Z
Description: The contents of register f are
cleared and the Z bit is set.

CLRW Clear W

Syntax: [label] CLRW
Operands: None

Operation: 00h > (W) & 1 =, Z
Status Affected: Z

Description: W reglsfer is cleared Zero bltz

(Z) is set.

Syntax: [label] CLRWDT ‘
Operands: None "
Operation: 00h S"WDT

Status Affected: None

Description: The contents of register f are
decremented. If d is 0, the result is placed in
the W register. If d is 1, the result is placed
back in register f. If the result is'1, the next

_instruction is executed. If the result is 0, then

a'NOP is executed instead making it a 2TCY
instruction.

jijOT. Uncondltlonal Branch
~ Syntax: {label].GOTO k
b - ./ . Operands: 0 <~k <=2047
CLRWDT Clear Watchdog Tlmer -

jeration: k = PE<10:05

P LATH<4 3> >PC<12:11>
 “iStatus Affected: “None.>
' Description: ~

GOTO 1s/ an - uncondmonal

0 > WDT pre-scdler & 1 2.TQ

Status Affected: TO, PD
Description: CLRWDT in
Watchdog Timer. It also-r
of the WDT.Status bits T

COMF Complement f
Syntax: [label] COMF f;
Operands: 0 <—f<—127 d 0,1
Operation: (f) 2. (destmatlef

Status Affected: Z .

Description: The contenitsof register fare

complemented. If d is 0, the result is stored

in W. If d is 1, the result is stored back in
register f.

:;;

DECF Decrement f

Syntax: [label]-DECF f, d

Operands: 0 <=f <=]27 & d [0, 1]
Operation: (f) - 1 © (destination)

Status Affected: Z

Description: Decrement register f. If d is 0,

the result is stored in the W feglster If d 1S,

1, the result is stored back in reglster f.

DECFSZ Decrement f, Skip if 0

Syntax: [label] DECFSZ f,d

Operands: 0 <=f <=127 & d 0{0,1]
Operation: (f) - 1 = (destination); skip if
result =0

| GOTO'isatw

. INGF Increm

~“branch. “The-elgven bit 1m1;ned1ate value is
12 loaded. mto P

its <10:0>+ The upper bits
ed from PCLATH<4:3>.

,.,ithe result is placed in
is'1,.the result is placed
back in reglster £

. INCFSZ Increment f, Skip if 0
; "Syntax [label] INCFSZ f, d

Operands: 0 <=f <=127 & d [J [0, 1]
Operation:. (f) + 1> (destination), skip if
result =0

Status Affected: None

Description: The contents of register f are
incremented. Ifd is'0, the result is placed in

3';’the<*W% reglster 1f-dis 1, the result is placed
back in reglster f.If the result is 1, the next

instraction is executed. If the result is 0, a
NOP is executed instead making it a 2TCY
instruction.
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IORLW Inclusive OR Literal with W
Syntax: [label] IORLW k

Operands: 0 <=k <=255

Operation: (W) OR k=2 (W)

Status Affected: Z

Description: The contents of the W register.

are OR-ed with the eight bit literal k. The
result is placed in the W register.

IORWF Inclusive OR w wnth f \\\\\
Syntax: [label] IORWF f; d

Operands: 0 <=f<=127-&d [O 1]
Operation: (W) OR (t) —} (destmatlon)
Status Affected: Z«,

Description: Inclusw’e -OR “the W regls,,
with register f. If d'is 0 the result is placed in
the W register. If'd is 1 the.result 1s'plaeed
back in register'f.

MOVF Move 1

Syntax:.[label] MOVF f, d.
Operands: 0 <=f <=127 & d
Operation: (f)- > (destlnatli
Status A ffectéd:.Z .
Descrlptlon The contents:

status of d. If d
register. If d = ,
register fritself. d= L4is usefutto test a fil

register since status flag 7 is affected.

MOVLW Move Literal to W

Syntax: [label] MOVLW k

Operands: 0. <=k <=255

Operation: k >(W)

Status Affected: None

Description: The eight bit literal k is loaded
into W register. The_don’t cares will
assemble as 0s. i

' Operands 0 <—k‘<=255

regaster f are’

NOP No Operation
Syntax: [label}] NOP
Operands: None
Operation: No operation
Status Affected: None

Description: No operation.

RETFIE 4Return from Interrupt
Syntax [label] RETFIE ,

L pe
~Opération: TOS >.PC & 1 > GIE
‘ 'Status Affected None

yntax [label} RETLW k

e

URN M |

n’ from subroutine. The

W .‘p =
stack is POP ed-and the top of the stack

(TOS) is loaded into the program counter.

/.ThlS is 4 two cycle instruction.

RLF Rotate Left f through Carry

Syntax: [label] RLF f, d

“Operands: 0 <=f<=127 & d [0, 1]

Operation: See description below
Status Affected: C
Descrlptlon “The’ contents of register f are

i g fjro‘tated ‘one bit to. the left through the Carry

MOVWF Move W to f
Syntax: [label] MOVWF f
Operands: 0 <=f <=127
Operation: (W)-> (f)
Status Affected: None
Description: Move data from W register to
register f.

- “~Flag. If d is 0, the result is placed in the W

register: If d is 1, the result is stored back in
register f.

RRF Rotate Right f through Carry

Syntax: [label] RRF f, d
Operands: 0 <=f<=127 & d [0, 1]
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Operation: See description below

Status Affected: C

Description: The contents of register { are
rotated one bit to the right through the Carry
Flag. If d is 0, the result is placed in the W

register. If d is 1, the result is placed back in*

register f.

SLEEP , ;
Syntax: [label] SLEEP k 5% e
Operands: None &

Operation: 00h %WDXT,)\\-:«&Q?‘?;WDT :pre-;"v

scaler, 1 2TO, 0—)PD%~ e
Status Affected : TO PD o

is cleared. Tlme-out status b1t TO 1s set.

SWAPF Swap Nibbles in f

Syntax: [label] SWAPF f, d

Operands: 0 <=f <=127 & d [0, 1]
Operation: (f<3:0>) - (destination<7:4>),
(f<7:4>) > (destination <3:0>)

Status Affected: None

'Description “The upper and lower nibbles of

register f are exchanged. If d is 0, the result

; Ls placed in W register. If d is 1, the result is

'XORLW Excllfswe OR theral with W

yntax: [label] XORLW k

<

perands: O <=k <=255.

*Qpetatnon (W) XORk: -> W)

Status Affected: Z

Watchdog Tinter and
cleared. Tbe prgcessor ”1

: re-scaler are

C Reglster fC

SUBLW watract W from
Syntax: [label}SUBLW k
Operands: 0 €=k.<=255
Operation: k - (W) >(W)
Status Affected: €, DC, Z

Description: The, W registes
complement method) fr
literal K. The result 1S” p
register. . 4

SUBWTF Subtract W from.f

Syntax: [label] SUBWF f,d

Operands: 0.<=f <=127 & d {0,1]

Operation: (f) - (W) ->(destination)

Status Affected: C; DC, Z

Description:  Subtract -.(2s complement
method) W register from register f. If d is 0,
the result is stored-in the W rregister. If d is
1, the result is stored back in ¢ gt’ster 1

*Descrlptlon AN TS
- are: XOR-ed'wi

. Operands 0 (
" Opération: (W !
C Status Affecied)

~contents .of the W register
the eight bit literal k. The
the W regi’s"ter;

he. W reglster If d is 1,
 back in register f.
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A.6 TYN 612
A.6.1 Specification

TYN612

A.6.2 Pin Détails
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Appendix B

B.1 Thermocouple
B.1.1 Introduction

Thermocouples are temperature sensors sultable for use with any make of instrument

designed or programmed fo' use w1thwthe samme type Qf Ahermocouple Thermocouples are

based on the principle that when two dlSSlmllar metals are Jorned a predrctable voltage will

be generated that relates to the drfference i

r temperature between the measurmg junction and

the reference junetion (connection to the mea_surmg device

The seleaiori of the § used in-their construction)

is based on application te h-of service, accuracy and

cost. When a-replacement tmost importance that the

type of thermocouple type the meafi'l‘rmg instrument.

Different thermocouple ty curves. It is also required
that thermocouple or therm \ouple extensmnf ire; -of the: ) type, be used all the way

from the sensing: element t(;;ﬁi, »»e,measurmg element Large errors can deuelop if thrs practice

is not followed.

B.1.2 Considerations

Wire Size of Thermocouple: Seiééting-rthe wire size used ‘in the thermocouple sensor

depends upon the application. Geuerally', when’ 'longer life is required for the higher
temperatures, the larger size wirés should be chosen. Wheh sensitivity is the prime concern,

‘the smaller sizes should be used.

Length of Thermocouple ‘Pr

of conductron of\\heat from the hot end of
the thermocouple must be. minimized; ‘the thermocouple”’probe must have sufficient length.
Unless there is sufficient immersion, readings will be low. It is suggested the thermocouple
be immersed for a minimum distance equivalent to four times the outside diameter of a

protection tube or well.



Location of Thermocouple: Thermocouples should always be in a position to have a
definite temperature relationship to the work load. Usually, the thermocouple should be
located between the work load and the heat source and be located approximately 1/3 the

distance from the work load to the heat source,

B.1.3 Important Terms

Cold Junction or Reference Junctlon. The»qunctlon that is generally at the measuring

ive y;«constant temperature Sy

Me‘asure mbrent temperature at the conneetton of the
thermocouple Wujcj; to the measuring"de\‘/"i‘c‘e. Ihts, allows for accurate computation of the

temperature-at theshot junction by the'measuring-device: .

Dual Elemetgt - Two th

assembly.

Extension ere Wires

.same type as the

controller, recexver recorder etc Extensmn wrre must ‘be.

thermocouple.‘ ‘ s the tffiermocouple should

Grounded Junetion = The internal conductors of this thermocotple are welded directly to

the surrounding sheath material, forming a completely sealed integral junction.

Ungrounded Junction - Although the internal thermocouple conductors are welded together
they are electrically insulated from the external sheath material and are not connected to the
sheath in any way. ‘Ungrounded junction thermocouples are ideal for use in-conductive

solutions or wherever QII‘GUIt 1solat1on is required. Ungrounded Junctlons are required where

the measuring mstrumentatxon doeg promde channel t0 chaninekisolation,

Exposed Junction - The thermocouple junction or measuring point is exposed without any
protection assembly or tube. Exposed junction thermocouples due to their design, offer the

user the fastest response time.
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Hot Junction: - The measuring junction.

Immersion Length: - The portion of the thermocouple which is subject to the temperature

which is being measured.

Measuring Junction: - The junctionin a thermocouple which actually measures the

temperature of the object. (Often referred to as the ‘Hot Junction)

Protection Tube -

assembly in; whlch the thermocouple is installed in order to

protect the element from,aharsh environmen

RTD - Abbrevia"t’)ifc;’tiﬁfor ReSistgnce Temper, ture: \Detector. It is a"sens'drz« wh».,ich operates on

the principle that the resistance .increases: with van“i’ncreas'e 1

perature at a Spemﬁc rate.

They are commonly manu actured usmg a platmum re51stan

element characterlzed by

more costly emdvslow respo.

Thermocoul;le - A tempe that a VGltége is produced

when two d1551m11ar metal; ’roport‘i:'on ito the difference

in temperature befwee’n th

Thermo well - A threade

Thermopile — a group-of” homo/heterogeneeus thermocouple to produce accurate results in

output (more-than milli volts).
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Appendix C

C.1 Output Voltage of K — type Thermo couple

C.1.1 Celsius vs. Milli Volts

°c |0 1 2 9 °C

0 0.000 | 0:0391°0:679 | 0357 [0

10 0397 | 0437 0.758 | 10
20 | 0798 1.0.838 , 1.163 | 20
30 | 1203 | 1.244 [ 42 1571 |30

40 | 1612 | 1.653 | 1:982 | 40

50 | 2.023 |2.064 % 2.106 2395 | 50
60 | 2436 |2ayg | 2.519 2810 | 60
70 | 2851 [ 70

80 |.3.267° 80

90 | 3.682 90
100 | 4.096 100
10 | 4509 4 110
120 | 4.920. . 120
130 | 5.328" 130
140 | 5.735;. 140 |
150 150 |
160 160 |
170 170
180 . 180
190 190
200 200
210 210
220 220 |
230 230 |
240 240 |
250 250 |
260 260 |
270 270 |
280 280
290 290
300 300
310 310
320 320
330 330
340 340
350 350
360 360
370 370
380 380
390 390
400 400
410 410 |
420 420 |
430 430 |
OC OC [
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440 | 18091 | 18.134 18.388 | 18.431 | 18.473 | 440
450 | 18.516 | 18.558 18.813 | 18.856 | 18.898 | 450
460 | 18.941 | 18.983 19.239 [ 19.281 | 19.324 | 460
470 | 19.366 | 19.409 19.664 | 19.707 | 19.750 | 470
480 | 19.792 | 19.835 20.090 | 20.133 | 20.175 | 480
490 | 20.218 | 20.261 20.516 | 20.559 | 20.602 | 490
500 | 20.644 | 20.687 20.943 | 20.985 | 21.028 | 500
510 | 21.071 | 21.113 21.369 | 21.412 | 21.454 | 510
520 | 21.497 | 21.540 21.796 | 21.838 | 21.881 | 520
530 | 21.924 | 21.966 22.222 | 22.265 | 22.307 | 530
540 | 22.350 | 22.393~ | 22:649-1-22:691 | 22.734 | 540
550 | 22.776 | 22.819 30321 23.075 | 23.117 | 23.160 | 550
560 | 23.203 |.23.245.]" 458 128 501.| 23.544 | 23.586 | 560
570 | 23.629 | 23.671.4723 4..23927 |23.970 | 24.012 | 570
580 | 24.055 | 24.097 [«24.140 24:.35571,24.395 | 24,438 | 580
590 | 24.480 |'24.523: 24.565 24.778:4.24.820 | 24.863 | 590
600 | 24.905 | 24.948 | 24.990 1-25.203 | 25:245" 25.288 | 600
610 | 25.330 ['25:573 | 25.415 25670 | 25.712 | 610
620 | 25755 | 25.797 | 25:840 26.094 | 26136 | 620
630 | 26179 | 26221 | 26, 726,517}, 26560 |.630
640 502 ) 26.644 | 2 26.940 1/26.983 | 640
650 25| 27.067 | 1272 "["27.405 | 650
660 27:489 1 27:658 27700+ i D7.826 | 660
670 27.911 128037 | 28079 ["28: «1:28.247 1670
680 39" 28.332 (28458 ¢ 680
690 | 28752 {28877 690
700 4 29171 > 29:297 | 700
110 73.| 29,715 | 29757+ 710
720 1301182 | 304 {720
730 30:549 | 30.59¢ 730
740 740
750 750
760 31,669 760
770 32.082 | 32. 770
780 132495 |13 780
790 °32.906"]. 790
800 33.316 800
810 33.726 810
820 34.134 820
830 34.542 830
840 1.34.948 840 |
850 35354 850
860 35.758 |- 860
870 36.162 870
880 36.564,| 3G . . . 880
890 36.965-1 37 .00 Fs 61.37,126 | 374166 | 31.206| 37.246 | 37.286 | 890
900 37.366 2| 37.486 737,526 | 37566°] 37.606 | 37.646 | 37.686 | 900
910 37.765 37.925 | 37.965-] 38.005 | 38.044 | 38.084 | 910
920 38.164 17383231 38.363 | 38.402 | 38.442 | 38.482 | 920
930 38.561 38.720 | 38.760 | 38.799 | 38.839 | 38.878 | 930
940 38.958 39.116 | 39.155 | 39.195 | 39.235 | 39.274 | 940
950 39.353 39.511 | 39.550 { 39.590 { 39.629 { 39.669 | 950
960 39.747 39.905 | 39.944 [ 39.984 | 40.023 | 40.062 | 960
970 40.141 40.298 | 40.337 | 40.376 | 40.415 | 40.455 | 970
°C 1 5 6 7 8 9 °C_ |
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980 | 40494 | 40.533 | 40.572 | 40.611 40.768 | 40.807 | 40.846 | 980 |
990 | 40.885 | 40.924 | 40.963 | 41.002 41.159 | 41.198 | 41.237 | 990
1000 | 41.276 | 41.315 | 41.354 | 41.393 41.548 | 41.587 | 41.626 | 1000
1010 | 41.665 | 41.704 | 41.743 | 41.781 41.937 | 41.976 | 42.014 | 1010
1020 | 42.053 | 42.092 | 42.131 | 42.169 42324 | 42.363 | 42.402 | 1020
1030 | 42.440 | 42.479 | 42.518 | 42.556 42,711 | 42.749 | 42.788 | 1030
1040 | 42.826 | 42.865 | 42.903 | 42.942 ) 43.096 | 43.134 | 43.173 | 1040
1050 | 43.211 | 43.250 | 43.288{-43.327 | 4 ‘1 43.480 | 43.518 | 43.557 | 1050
1060 | 43.595 | 43.633 | 43.672 | 43.7107]:~ 787 43.863 | 43.901 | 43.940 | 1060
1070 | 43.978 | 44.016 | 44.054 | 44.092.°44:130| 44:16 44.245 | 44.283 | 44.321 | 1070
1080 | 44.359 | 44.397 {44,435 .|-44.473 *44.5 1:550: | - 44.6261~44:664 | 44.702 | 1080
1090 44@353;1‘; 891 1144.929. 144 45.005 | 45.043 | 45.081 | 1090
1100 . ) 145232 |.45.270|:45.308 | 4 45.383.| 45.421 | 45.459 | 1100
1110 | 45.497 | 45.534,4°45:572 | 45.:610 1-45.647 £.45.685 |.45.723 {45760 | 45.798 | 45.836 | 1110
1120 | 45.873 | 45.911 1445.948 | 45:986-|.46 6.061--46:009 | 46:13671:46.174 ["46.211 | 1120
1130 | 46.249 | '46.286: 463247 46361746 361464757 46.510{ 46,548 | 46.585 | 1130
1140 | 46.623 | 46660 | 46.697-1746.735-| 467721 46,809 46847 | 46,884 1, 46:921 - 46.958 | 1140
1150 47107 | AT144 [147.181 |- 47218 ! 0 | 1150
1160 47478147515 | 47.552.1.47.589 1160
1170 47.848 | 47.884 | 47.921 | 47.958" 1170
1180 ) 48,2167 48252 | 48:289, | 48:326, 1180
1190 AT 48,619 | 48.65G.] 48:692% 1190
1200 | 48.83¢ .[748.984 | 49:021¢| 491057 1200
1210, 00 11 °49.348 | 49384 | 491420 11210
1220 565 9.674 |749.710 | 49746 |2497782 11220
1230 « 0.034 1 50.070 | 50.106, | 50.142,, 1230
1240 | 50.28¢ ).393¢ | 50:429 § 50465, | 50,5017 1240
1250 .64 751, 50,787 | 50.822¢| 50858~ 1250
1260 000" 51107519142 { 54478 [+51.243 171260
1270 | 51. - |+51.497 | 51.582° |.51.567 1270
1280 | 51.708 1"51:744 51.849 | “51.920" 1280
1290 | 52.060.|752:095 - 1290
1300 | 52.410 {52445 , . 1300
1310 | 52759 | 52.794 | 3002 |°53.037 | 53.071 | 1310
1320 | 53.106 | 53.140 & 348 | 53.382 | 53.417 | 1320
1330 | 53.451 |:53.486"). 53.658 | 53.6927| 53.727 | 53.761 | 1330
1340 | 53.795 | 53.830 54001 | 541035 | 54.069 | 54.104 [ 1340
1350 | 54.138 | 54.172 27 ‘ 54.343"| 54:377-| 54.411 | 54.445 | 1350
1360 | 54.479 | 54.513 | 54.547 | 54.581°|v54.615.] 54:649"| 54.683 | 54.717 | 54.751 | 54.785 | 1360
1370 | 54.819 | 54.852 | 54.886 1370
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C.1.2 Fahrenheit vs. Milli Volts

°F 0 1 2 3 4 5 6 7 8 9 °F
450 | -6.456 | -6.456 | -6.457 | -6.457 | -6.458 -450
440 | -6.446 | -6.448 | -6.449 | -6.450 | -6.451 | -6.452 | -6.453 | -6.454 | -6.454 | -6.455 | -440
-430 |-6.431 | -6.433 | -6.435 | -6.436 | -6.438 | -6.440 | -6.441 | -6.443 | -6.444 | -6.445 | -430
420 | -6.409 | -6.411 | -6.414 | -6.416 | -6.419.] -6:421 | -6.423 | -6.425 | -6.427 | -6.429 | -420
-410 | -6.380 | -6.383 | -6.386 | -6.3891.-6.392 | -6.395..| -6:398 [-6.401 | -6.404 | -6.406 | -410
-400 | -6.344 | -6.348 | -6.352 .| -6.355 | -6.359 | -6.363 | -6.366 | -6.370 | -6.373 | -6.377 | -400
-390 | -6.301 | -6.306 | 5 6.3 -390
-380 | -6.251 | -6.257 -380
-370 | -6.195 | -6.201 -370
-360 | -6.133 | -6.139 -360
-350 | -6.064 | -6:071 -350
-340 | -5:989 | -5.997 | -340
-330 | -5.908 ‘ -330
-320 | -5.822 | ~5.831 320
-310 | -5.730 | -5.739 -310
-300 | -5.632 -300
290 }'-5.529 ['is: =290
-280" -280
-270 =270
-260 -260
-250 1.-250
-240 | =240
-230 -230
-220 -220
2210 -210
-200 -200
-190 -190
-180 -180
-170 -170
-160 -160
-150 -150
-140 -140
-130 -130
-120 -120
-110 -110
-100 -100
-90 90
-80 -80
=70 -70
260 60 |
-50 -50
-40 -40
30 30
-20 20|
-10 -10
0 0 B
0 0

10 10
20 20
30
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°F [0 °F
40 | 0.176 40
50 | 0.397 50
60 | 0.619 60
70 0.843 70
80 1.068 80
90 1.294 90
100 | 1.521 100
110 | 1.749 110
120 | 1.977 120
130 | 2.207 130
140 | 2.436 140
150 | 2.667 150
160 | 2.897 160
170 | 3.128 170
180 { 3.359 180
190 | 3.590 190
200 | 3.820 200
210 | 4.050~ 210
220 |.4.280; 220
2307 4509 1.3 230
240 | 4.738 4 240
250 |4.965 4 250
260 | 5192 |5 260
270 |:5.419 4 B 270
280 | 5.644 280
290 ] 5.869. 290
300 |6.094" |, 300
310 | 6.317 ) 6:3% 1 310
320 | 6.540 320
330 | 6.763 330
340 | 6.985 340
350 | 7.207-. 350
360 | 7.429 360
370 | 7.650 7.783 370
380 | 7.872 . 8.005. 380
390 | 8.094 8.183' .| 8297 ) 390
400 | 8316 | 8. 1-8.405" | 8450 400
410 | 8.539 | 8.561 3628 . 1.8.672 410
420 | 8.761 | 8.784 8.851. | 8.873" | 8.895-.) 420
430 | 8.985 19.007" 9.074 1.9.09 |9.119 430
440 |9.208. | 9.231 9298 |9.320 | 9343 440
450 | 9.432 1-9.455 ) 9.522 [9.545 |[9.567 : 450
460 | 9.657 | 9.680 5702 19725 | 9.747 19.770 | 9.792...{-9.815" 460
470 | 9.882 | 9.905 927 199504 159.973,1-9:995... | 10:018%] 10:04( ) 470
480 | 10.108 | 10.131 | 10.153 | 10:176:["10.199% 10:221.] 10.244 1710.267 | 10.289 | 10.312 | 480
490 | 10.334 | 10.357 | 10.380 |~10.402 | 10.425 | 10.448 | 10.471.} 10493 | 10.516 | 10.539 | 490
500 | 10.561 | 10.584 | 10.607 | 10.629 | 106527 "10:6757| 10.698 | 10.720 | 10.743 | 10.766 | 500
510 | 10.789 | 10.811 | 10.834 | 10.857 | 10.880 | 10.903 | 10.925 | 10.948 | 10.971 | 10.994 | 510
520 1 11.017 | 11.039 | 11.062 | 11.085 | 11.108 | 11.131 [ 11.154 [ 11.176 | 11.199 | 11.222 | 520
530 | 11.245 | 11.268 | 11.291 | 11.313 | 11.336 | 11.359 | 11.382 | 11.405 | 11.428 | 11.451 | 530
540 | 11474 | 11.497 | 11.519 | 11.542 | 11.565 | 11.588 | 11.611 | 11.634 | 11.657 | 11.680 | 540
550 | 11.703 | 11.726 | 11.749 | 11.772 | 11.795 | 11.818 | 11.841 | 11.864 | 11.887 | 11.910 | 550
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°F 0 1 2 3 4 5 6 7 8 9 °F
560 | 11.933 | 11.956 | 11.978 | 12.001 | 12.024 | 12.047 | 12.070 | 12.093 | 12.116 | 12.140 | 560
570 | 12.163 | 12.186 | 12.209 | 12.232 | 12.255 | 12.278 | 12.301 | 12.324 | 12.347 | 12.370 | 570
580 | 12.393 | 12.416 | 12.439 | 12.462 | 12.485 | 12.508 | 12.531 | 12.554 | 12.577 | 12.600 | 580
590 | 12.624 | 12.647 | 12.670 | 12.693 | 12.716 | 12.739 | 12.762 | 12.785 | 12.808 | 12.831 | 590
600 | 12.855 | 12.878 | 12.901 | 12.924 | 12.947 | 12.970 | 12.993 | 13.016 | 13.040 | 13.063 | 600
610 | 13.086 | 13.109 | 13.132 | 13.155 | 13.179 }'13.202 | 13.225 | 13.248 | 13.271 | 13.294 | 610
620 | 13318 | 13.341 | 13364 | 13:387 | 13.410 | 13.433 | 13.4577].13.480 | 13.503 | 13.526 | 620
630 | 13.549 | 13.573 | 13.596 713.619 | 13.642 | 13.66513.689 | 13.712 | 13.735 | 13.758 | 630
640 | 13.782 | 13.805 | 13.828 | 13.851.{-13:874 | 13.898%-13.921 | 13:944 | 13.967 | 13.991 | 640
650 | 14.014 | 14.037 1 14.060 | .14 4,107 ; 1771714.200 | 14.223 | 650
660 | 14.247 | 14.270 0 | 14.433 | 14.456 | 660
670 | 14.479 | 14.503 ) 1.14.666 | 14.689 | 670
680 | 14.713 | 14.736 2971.14'853.. 1 14.899 | 14.923 | 680
690 | 14.946 | 14.969 1,14 3115.086 | 15.133 | 15:156,| 690
700 | 15179 | 15208.] 1 6 1-15.320 151866, 15.390 | 700
710 | 15.413 | 15437, 15. 0-] 15:554 | 15.600 1"15.624 | 710
720 | 15.647 |/ 15:671 v 7641.15.788 115, 15:834 | 15.858 | 720
730 | 15.88%:| 15,905 | 95244597511 5998"116:022.] 16.045-|.16.069 _”%16:092 730
740 |16.116 [.16.139 | 16:209: 116256 | 16 16303 1116327 [ 740
750 16374 | 16:444, 1" 16.468: | 16.491 [ | 16.538.4,16.561 | 750
760 | 166791, 16.702' L 16.726 | '16.773.1,16.796 | 760
770 )37 |°16.961 ¢ 17.008=¢17.031 | 770
780 y L 17.196 | 17.243:417.267+| 780
790 - 17.431 4 17.478°1°17.502 { 790
800 [.17.667 |, 17:714.4,17.738 | 800
810~ 32, 45 79 1117.902. | 17.950%:,,17.973 | 810
820 “ 18,091 |+ +18.138 | . 18:209 |-820
830 3 (*18.327 [ 18351 |. 18.374 | 1 18:445 | 830
840 ) |+18.563 | ' 18.681 | 840
850 99, '18.917 | 850
860 19.154 | 860
870 | 4927 19.390 | 870
880 | 19461 19.626 | 880
890 19.697 19.863 | 890
900 19.934 X 20.100 | 900
910 1.20.171 28! 20.336 | 910
920 20.407. ) 20.573 | 920
930 20.644 1.20.739 | 20.763 | 20.786 | 20.810 | 930
940 20.881 20.976.) 21.000 | 21.023 ] 21.047 | 940
950 21.118 21.213 | 21.236 | 21.260 | 21.284 | 950
960 21.355 21.450 | 21.473°721.497 | 21.521 | 960
970 21.592°) 21.687 | 21.710 | 21.734 | 21758 | 970
980 21829 [21.85 21.924 | 2194 21.995 | 980
990 [22:066 ] 22 .08 | 22360°] 22, 22.232 | 990
1000 22.303 4. | 22397 1 22.468 | 1000
1010 22.540 22.634.}-22. ) 22.705 | 1010
1020 22.776 122.871 | 22.895 | 22.919 { 22.942 | 1020
1030 23.013 23.108 | 23.132 | 23.155 | 23.179 | 1030
1040 23.250 23.345 | 23.368 | 23.392 | 23.416 | 1040
1050 23.487 23.581 | 23.605 | 23.629 | 23.652 | 1050
1060 23.723 23.818 | 23.842 | 23.865 | 23.889 | 1060
1070 23.960 24.055 | 24.078 | 24.102 | 24.126 [ 1070
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°F |0 1 2 3 4 5 6 17 8 9 °F
1080 | 24.149 | 24.173 | 24.197 | 24.220 | 24.244 | 24.267 | 24.291 | 24.315 | 24.338 | 24.362 | 1080
1090 | 24.386 | 24.409 | 24.433 | 24.457 | 24.480 | 24.504 | 24.527 | 24.551 | 24.575 | 24.598 | 1090
1100 | 24.622 | 24.646 | 24.669 | 24.693 | 24.717 | 24.740 | 24.764 | 24.787 | 24.811 | 24.835 | 1100
1110 | 24.858 | 24.882 | 24.905 | 24.929 | 24.953 | 24.976 | 25.000 | 25.024 | 25.047 | 25.071 | 1110
1120 | 25.094 | 25.118 | 25.142 | 25.165 | 25.189 | 25.212 | 25.236 | 25.260 | 25.283 | 25.307 | 1120
1130 | 25.330 | 25.354 | 25.377 | 25.401 | 25.425 } 25.448 | 25.472 | 25.495 | 25.519 | 25.543 | 1130
1140 | 25.566 | 25.590 | 25.613 | 25.:637 | 25.660 | 25.684 | 25,7081, 25.731 | 25.755 | 25.778 | 1140
1150 | 25.802 | 25.825 | 25.849 {'25.873 | 25.896 | 25.920% 25.943 | 25.967 | 25.990 | 26.014 | 1150
1160 | 26.037 26.249 | 1160
1170 | 26.273 26.484 | 1170
1180 | 26.508 26.720 | 1180
1190 | 26.743 26.954 | 1190
1200 | 26.978 1.27.189 | 1200
1210 | 27.213 27424 | 1210
1220 | 27.447 .| 27.658 | 1220
1230 | 27.681 ~27.892 | 1230
1240 | 27.915 28.126 | 1240
1250 | 28.149+ 28:360.| 1250
1260 | 28.383 ) 1 28523 | 1260
1270 | 28.616 }.28. 3 '28.756 [ 1270
1280 | 28.849 {2 71 28.989 | 1280
1290 | 29.082"1"2 #29.229" ¢ 1290
1300 29.3<15,,L; 31 129455 | 1300
1310 | 29.548 | 29. 41296874 1310
1320 | 29.780 =2 1:29.919. |, 1320
1330 | 30.012 {30, " 30.151 | 1330
1340 | 30.243 359, [+30.382 |« 1340
1350 | 30:475 ) [.30.613 | 1350
1360 | 30.706 | 30.729 i 1360
1370 | 30.937 | 30.960:] 30. 1370
1380 | 31.167 | 31.190 }31. 1380
1390 | 31.398 [ 31.421 1390
1400 | 31.628 | 31651 1400
1410 | 31.857 | 31.880 1410
1420 | 32.087 | 32.110 1420
1430 | 32.316 | 32.339.]. 1430
1440 | 32.545 | 32.568 1440
1450 | 32.774 .32.796 1450
1460 | 33.002 | 33.025 1460
1470 | 33.230 | 33.253. 1470
1480 | 33.458 | 33.480 1480
1490 | 33.685 |33.708 1490
1500 | 33.912 | 33.935 1500
1510 | 34.139 | 34.161 1510
1520 | 34.365 | 34.388 1520
1530 | 34.591 | 34.614 1530
1540 | 34.817 | 34.840 1540
1550 | 35.043 | 35.065 1550
1560 | 35.268 | 35.291 1560
1570 | 35.493 | 35.516 1570
1580 | 35.718 | 35.740 . . ] ) . ) 1580
1590 | 35.942 | 35.964 | 35.987 | 36.009 | 36.032 | 36.054 | 36.076 | 36.099 | 36.121 | 36.144 | 1590
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OF OF
1600 1600
1610 1610
1620 1620
1630 1630
1640 1640
1650 1650
1660 1660
1670 1670
1680 1680
1690 1690
1700 1700
1710 ] 4 1710
1720 38,874+ 1720
1730 1.39.094 1730
1740 1740
1750 1750
1760 1760
1770 1770
1780 1780
1790 1790
1800 | 1800
1810 1810
1820 1820
1830 7 1830
| 1840 | 514 (41,535 1840
1850. 730.] 41751 | 41 1850
1860 41.9457| 41.967 |- 41.988 |43 1860
1870 J6F 142182 142204 1 42.2 1870
1880 ) . 2:376, [+42.397 | 42.419-| 42,440} 1880
1890 | 42.526 | 42.5484 ' 2 1890
1900 | 42.741 | 42,7627} 4; 1900
1910 | 42.955.| 42.976 | 42 1910
1920 | 43.169 | 43:190 * 1920
1930 | 43.382 | 43.403 1930
1940 | 43.595 | 43.616 1940
1950 | 43.808 | 43.829.].43.850 b 1950
1960 | 44.020 | 44.041 6.}-447147 | 44; ) ) 1960
1970 | 44232 44253 1.44.359 | 44.380 | 44.402 | 44.423 | 1970
1980 | 44.444 | 44.465 445711 44592 | 44.613-] 44.634 | 1980
1990 | 44.655 | 44.676 44,782 | 44.803 | 44.824 | 44.845 | 1990
| 2000 | 44.866 | 44.887 44.992 | 45.014 1 45.035 | 45.056 | 2000
2010 | 45.077 |-45.098 45.203 | 45. ' 2010
2020 | 45.287 | 45.308 2020
2030 | 45.497 | 45518 2030
2040 | 45.706 | 45.727 t 2040
2050 | 45.915 | 45.936 .957145.978 . 2050
2060 | 46.124 | 46.145 | 46.165 | 46.186 6228 ) ) ] ] 2060
2070 | 46.332 | 46.353 | 46.374 | 46.394 | 46.415 | 46.436 | 46.457 | 46.477 | 46.498 | 46.519 | 2070
2080 | 46.540 | 46.560 | 46.581 | 46.602 | 46.623 | 46.643 | 46.664 | 46.685 | 46.706 | 46.726 | 2080
2090 | 46.747 | 46.768 | 46.789 | 46.809 | 46.830 | 46.851 | 46.871 | 46.892 | 46.913 | 46.933 | 2090
2100 | 46.954 | 46.975 | 46.995 | 47.016 | 47.037 | 47.057 | 47.078 | 47.099 | 47.119 | 47.140 | 2100
2110 | 47.161 | 47.181 | 47.202 | 47.223 | 47.243 | 47.264 | 47.284 | 47.305 | 47.326 | 47.346 | 2110




°F 0 1 2 3 4 5 6 7 8 9 °F
2120 | 47.367 | 47.387 | 47.408 | 47.429 | 47.449 | 47.470 | 47.490 | 47.511 | 47.531 | 47.552 | 2120
2130 | 47.573 | 47.593 | 47.614 | 47.634 | 47.655 | 47.675 | 47.696 | 47.716 | 47.737 | 47.757 | 2130
2140 | 47.778 | 47.798 | 47.819 | 47.839 | 47.860 | 47.880 | 47.901 | 47.921 | 47.942 | 47.962 | 2140
2150 | 47.983 | 48.003 | 48.024 | 48.044 | 48.065 | 48.085 | 48.105 | 48.126 | 48.146 | 48.167 | 2150
2160 | 48.187 | 48.208 | 48.228 | 48.248 | 48.269 | 48.289 | 48.310 | 48.330 | 48.350 | 48.371 | 2160
2170 | 48.391 | 48.411 | 48.432 | 48.452 | 48.473 }'48.493 | 48.513 | 48.534 | 48.554 | 48.574 | 2170
2180 | 48.595 | 48.615 | 48.635 | 48.656 | 48,676 | 48.696 | 48.717°| 48.737 | 48.757 | 48.777 | 2180
2190 | 48.798 | 48.818 | 48.838 |748.859 | 48.879 | 48.8991'48.919 | 48.940 | 48.960 | 48.980 | 2190
2200 | 49.000 | 49.021 | 49.04F | 49.061.1-49:081 | 49.101}-49.122 | 49:142 | 49.162 | 49.182 | 2200
2210 | 49.202 | 49.223 149243 | 49263149283 | 49:30371:49.3; 3 3¢ 2210
2220 | 49.404 | 49.424 | 49.444 |:49,465 |49.485 | 49505 49 2220
2230 ) 1666 |-49.686. | 49,706 2230
2240 ¢ 4 49,906 2240
2250 0 2250
2260 2260
2270 0.50 2270
2280 50684 | 50.703 2280
2290 :862+450.8821-50:901" v 2290
2300 | 51.079+}.51.099 | 51419 | 2300
2316 7.| 51276.151.296: "51 316 [ 2310
2320 | 3] 514473-1, 51.493 | 51.512 | 2320
2330 50| 51:669:].51.689" |"51.708 2330
2340 ©|/51.865 | 51.885 |"51.904 { 2340
2350 ; ©52.060 | 52.080 | 52.0994 2350
2360 235 1%52,255 | 52294 {,52.294. |, 2360
2370 -1 52:449 | 52368 | 52.488 | 2370
2380 52.643" |+ 52.662. |+52.681 | 2380
2390 - 1152.836 | 52:855 | 52.875 | 2390
2400 #53.029 | 53,048:] 53,067} 2400
2410 53,260 2410
2420 2420
2430 2430
2440 2440
2450 54.005 | 54.024 2450
2460 54.195 | 54214 2460
2470 5 154384 | 54.403 . 2470
| 2480 54,5731 54.592 2480
2490 54.762 4 54.781 2490
2500 2500
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C.2.1 Celsius vs. Milli volts

C.2 Output Voltage Graph of K ~ type Thermo couple
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C.2.2 Fahrenheit vs. Milli volts
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Appendix D

D.1 Communication Standards
D.1.1 Introduction

Line drivers and receivers are commonly used to exchange data between two or
more points (nodes) on a network. Reliable data communications can be difficult in the

presence of induced noise, ground level d1fferences 1mpedance mismatches, failure to

effectively bias for idle- Irne condftmns and ot er’haz ssocrated with installation of a

network. The. connectlon between two ¢ X ments (drlvers and receivers) should be

considered a transmlssmn line if the rise’ :an fall time is less than half the time for the
signal to travel trom the transmltter to the recerver

'Standardzs have bee develeped to msure compatibilit b tween units provided by
/ n transferting data over

Assocratlon (EIA) has

different manufacturers (and to allow for reasonable succe

3 that ,deal with data
cal probierrls that might
iously marked with the
dards “ai'r_é now -generally
%iyle' the standards

pec1ﬁcally covered and

LAL

‘remain as "gray areas "for the user to discover (usually during 1nstallat10n) on his own.

D.1.1.1 Single Ended Data Transmission

Electronic data communications between elements will generally fall into two
broad categorles smgle ended and differential. RS232 (single-ended) was introduced in
1962, and despite rumors for its early demise, has remained Wrdely used through the
industry. The specrﬁcatlon allows for. data transmrssron from """ ohe transmitter to one
receiver at relatively slow data rates (up to 20K blts/second) and short distances (up to
50Ft. @ the maximum data rate).

Independent channels are established for two-way (full-duplex) communications.
The RS232 signals are represented by voltage levels with respect to a system common

(power / logic ground). The "idle" state (MARK) has the signal level negative with

respect to common, and the "active" state (SPACE) has the signal level positive with
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respect to common. RS232 has numerous handshaking lines (primarily used with
modems), and also specifies a communications protocol. In general if not connected to a
modem the handshaking lines can present a lot of problems, if not disabled in software or
accounted for in the hardware (loop-back or pulled-up). RTS (Request to send) does have
some utility in certain applications. RS423 is another single ended specification with

enhanced operation over RS232; however, it has not been widely used in the industry.

When commumcatmg at’ hlgh data rates, or over long distances in real world

environments; smgle—ended methods-are. -oﬂ@namadequate D1fferent1al data transmission

(balanced dlfferentral signal) _offers p or ~performance in- “most applications.

Differential s1gnals can help nullify the effects of ground shifts and 1nduced noise signals

that can appear as common mode” Voltages on a network

d hlgherBaud rates than
RS422 ("'f’j:”’i‘cl back again)

RS{}Z‘*‘Z"(differentl, 'as de31gned forz greater dlstance

RS232..In its simplest form, a pa1r of converters from R823

can be usedé;to form an " 32 extensron cord Data rates

and distances v:upto 4000, can be’ accommodated wrth RS RS422 s also specified

for multl—drop (party—lm r-is oonnectedv to, and
transmits on, a. "bus 0 ) "tﬁ{}éé"y application has
many desirable advantage 5, RS |
network. A true mult1 pomt network consists of multiple drive v;‘and receivers connected

on a single bus, where any node can transmit or receivedata.

"Quasi" multi-drop networks (4-wire) are often constructed using RS422 devices.
These networks are often used in a half-duplex r'nodeﬁ,r whiere a single r,naster.: in a system

sends a command to one of several "slave" devices on a network. Typically one device

Systems of this type (4 Wrre half duplex) are; often constructed to aV01d "data collision"
(bus contention) problems on a multi-drop network (more-about solving this problem on a

two-wire network in a moment).

RS485 meets the requirements for a truly multi-point communications network,
and the standard specifies up to 32 drivers and 32 receivers on a single (2-wire) bus. With

the introduction of "automatic” repeaters and high-impedance drivers / receivers this
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"limitation" can be extended to hundreds (or even thousands) of nodes on a network.
RS485 extends the common mode range for both drivers and receivers in the "tri-state™
mode and with power off. Also, RS485 drivers are able to withstand "data collisions" (bus

contention) problems and bus fault conditions.

To solve the "data collision" problem often present in multi-drop networks

hardware units (converters ‘repéaters; micro-processor controls) can be constructed to

remain in a receive mode until- they% are- read Y. 10 ‘transmlt data Single master systems

(many other commumcauong/schemes are avaﬂable) of traight forward and simple

means of avoiding "dataA olhslons" ina typtcal 2 w1re ha plex mu1t1 drop system.

The master 1n1t1ates aveommunlcatlons slave node" by addressmg that unit.

receive mode in about ps

and remote I/O boards).

in conjunction with netwi

n, 1nc1ud1ng any Baud

rate and/or any Cemmun Once»- =a ""slave" unit is

tions ispeciﬁciatiénj eg. 9600.N,

addressed it is able toues ﬁ%.ns“mjtter turn-off time of

the automatic-device.-It:is NOT necessary to introduce long delays in-a network to avoid

"data collisions." Because delays are NOT required, networks can be constructed that

will utilize the data- commun1cat10ns bandmd Wlth up o 100% through put.
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D.1.2 Comparison Chart

SPECIFICATIONS RS232 RS423 RS422 RS485
Mode of Operation Single-ended Single-ended | Differential Differential
Number c?f Drivers 1 driver | driver 1 driver 32 .drlver ( 9n|y one
and Receivers on . . . active at a time )

. 1 receiver 10.receiver. 10 receiver .
One Line T : 32 receiver
Maximum Cable L N 5 ’
Length SQ FT : \4@@Q,FT ’\ 4000 FT.

Maximum Data Ratéi,ﬁ,
(40ft. - 4000ft. for.,_
RS422/RS485) ..

+20kbs

| 10Mb/s-100Kbis

10Mb/s-100Kb/s

Maximum Drlver
Output Voltage

+/-25V

20,25V to+6V

IV-to+12V

Driver Outpiit‘Sﬁgnal
Level (Loaded Min:)

[ +41.5v

Driver Output-Signal
Level (Unloaded
Max) :

Driveér Load
Impedance (Ohms)

54

FHe6V

Max. Driver Currént’,

in High Z State = ©
(Power On)-.

+/-100uA

Max. Driver Current
in High Z State
(Power Off)

+-6mA @ +/-2v

+/-100uA

';mc

+/-100uA

+/-100uA

Slew Rate (Max.)

30V/uS

1 Adjustable”

N/A

N/A

Receiver Input
Voltage Range

+/-15V ¢

+-12V

10V to +10V

-7V to +12V

Receiver Input
Sensitivity

+-3V

+/-200mV

+/-200mV

+/~200mV

Receiver Input
Resistance (Ohms),
(1 Standard Load for
RS485)

3k to-7k

>=]12k
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D.1.3 RS485

D.1.3.1 General Description
(2-wire, half-duplex, differential, multi-drop (32 nodes), communications standard

for distances up to 4000ft.)

D.1.3.2 Standard specifications

The RS485 standard addresseso,the problern of data transmlssmn where a balanced

(differential) transrnlssmn line.is used ina muln drop (party hne) configuration (or point-

to-point if only two de f»s"are on. the Tk TUp 10 32-nodes (drlvers and receivers)

are allowed on one multl -drop; b1 dlrect; etwork ‘Data- ratest f hup to 10M bps are

except for lggdlng -[12K

wire standard, it does o

standardj onlyj speciﬁes

4-w1re RS485 network that
: 32) standardloads

make some‘sense to reft d extend the,number of

nodes ona'4-wire netwo

The RS485 standa s'of the driver and the

receiver; it does not spec fy or recommend any protocol. Because matte'rs of protocol are

left to the user; it is often dlfﬁcuLt (1f not 1mposs1ble) to connect RS485 devices from

The RS485 standard allows the user to configure inexpensive local networks and
multi — drop communications links using twisted pair wire. A typical RS485 network can
operate properly 1n the presence of reasonable ground dlffel;entlal voltages withstand

"}commumcanons in electrically noisy

driver contentious 31tuat1
environments (good common- mode rejectlon using twisted pair cable, shielding provides

additional protection), and support thirty-two or more (many IC manufacturers have 1/2,

1/4, 1/8 unit load devices) drivers and receivers on the line.

Twisted pair wire with a characteristic impedance of 120 ohms is recommended

with 120 ohm termination at each end of the communications line. The common-mode
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voltage range is -7V to +12V. A driver in the high impedance (off) state is able to remain
in this state over the common mode range, whether power is applied or not. The receiver
is able to respond to differential signal levels of 200mV over the common mode range.
The receiver load impedance is 12K ohms (or higher) and transmitter "leakage" current is
+100pA (or less) in either the powered or un—powered state. Unloaded driver output

differential voltage can be as high as +6V. Loaded driver voltage (32 nodes on the

D.1.4 RS422

D.1.4.1 General Descrtptton '

(4-wire, ful‘l duplex d1fferent1al
standard) :

nodes), communications

D.1.4.2 Standard specifications...~

While RS422 is A idirectiotial data traffic,

and is terrﬁhifﬁted only on ter. Oneftransmltter and

10 reéeivei;szgére allowed netwo,rk w1th a dista.nce hmlt 0

market pridfrﬂ'?o RS485; however, due to loading 11m1tat10ns, f the best uses of RS422

nt* commumcatffms sueh as. R
d\RSZBZ to- dlﬁferentlal RS422

2 extenswn cords. By

is probably ‘in_point-to

converting fromi-single-

from RS422 to RS232 a

then‘ convertmg back

1s€ immunity can be

greatly improved.

D.1.5 RS232

D.1.5.1 General Description

(3-wire, full-duplex, single-ended, 50ft cable limit)

D.1.5.2 Standard specifications

Communication ds deﬁnedm th"eR-232C standsird is an asynchronous serial
communication method. The word serial-means; that the information is sent one bit at a
time. Asynchronous tells us that the information is not sent in predefined time slots. Data
transfer can start at any given time and it is the task of the receiver to detect when a
message starts end ends. Asynchronous communication has some advantages and

disadvantages which are both discussed in the next paragraph.



RS232 was developed in the 1960s, and among other things, specified an
electrical standard, a protocol standard, handshaking, and connector pin-out. In general,
many current applications for RS232 use only the electrical standard (3-wires, TDX,
RXD, and Common) and connector pin-out. While handshaking is still with us, it is
usually best to disable it in software (if possible) and/or "loop-back” the pairs of signals
(RTS to CTS, DTR to DSR, etc ) While RS232 was rumored o be on the "way out" with
the advent of many of the new commumcatlons standards it is still alive and well today.

While the standard only" supports «lo;w dat rates and hort. line length (50ft.) it is still

widely used and, very: t eful in many appllcatlons ;With an external converters

(R8232<—>RS485) m"

of the hmltam : ! 232 can be 1mproved to take advantage

Th 3 R8232 st : method capable of

commumcan '-g -in differer

pact on the maximum

allowable voltages etc. o teehmcal pOSSlbllltleS of

that time Were taken int ceunt The mammum baud rate

ike “the 1‘655“0‘& UART, makim

fined for, example 1s 20

kbps. With current deV1 speeds ‘Qf; 1.5 Mbps are

allowed

D.1.5.4 Voltages

The signal 1‘&&1 of the RS232 pins can have two statee A high bit, or marking
state is identified by a negatxve voltage and- -adow bit or space. state uses a positive value.
This might be a bit confusmg, because 1n- uorrrral 01rcurnstances high logical values are
defined by high voltages also. The maximum yoltage swing the computer.can generate on
its port can have influence on the maximum cable length and communication speed that is

allowed. Also, if the voltage difference is small, data distortion will occur sooner.

For example, Tosh1ba%1a¢i3t0p mark's\foitage1s-93 V, compared to -11.5 V on
desktop computer. The laptop has difficulties to-communicate with Mitsubishi PLC's in
industrial environments with high noise levels where the desktop computer has no data
errors at all using the same cable. Thus, even far beyond the minimum voltage levels, 2

volts extra can make a huge difference in communication quality.
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D.1.5.5 Electrtcal Charactertsttcs

: Transmitter | Receiver
iLevel :

capable (V) |capable (V)
Logical 01,5 15 3. 425
space state
’Logical 1 i i
mark state 5. _,/15 3..-25
fUn‘de‘ﬁned_ - ’-3 w3

The followmg criteria ap l to'the eIectrrcal characterlsﬁcs @f

1) Thé/,ﬁ,l;algnitude ofz

2) The Mariver shail

damage to itself o

circuit. current shall not

héti the voltage is more

rlal hall be Considered

3) Signals shal,l be con
negative. than 3V
in the SPACE (logrc 0) state when the Voltage is more_positive that 3V with
respect to the Srgnal., Grour;d. The;.;ra;yr%e;; between -3V and 3V is defined as the

transition region, within which the »Si%:griétIV"state is not defined.

4) The load impedance shall have a DC resistance of less than 7000 ohms when
measured with an applied voltage of from 3V to 25V but more than 3000 ohms

when measured Wlth a'

- 5 3

5) When the terminator load resistanceﬂmeets the requirements of Rule 4 above, and
the terminator open circuit voltage is OV, the magnitude of the potential of that

circuit with respect to Signal Ground will be in the 5V to 15V range.

6) The driver shall assert a voltage between -5V and -15V relative to the signal

ground to represent a MARK signal condition. The driver shall assert a voltage
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between 5V and 15V relative to the Signal Ground to represent a SPACE signal
condition. Note that this rule in conjunction with Rule 3 above allows for 2V of

noise margin. Note also that in practice, -12V and 12V are typically used.

7) The driver shall change the output voltage at a rate not exceeding 30 volts per
microsecond, but the time required. for the signal to pass through the -3V to +3V

transition region shall not exceed 1 millisecond, or 4 percent of a bit time,

whichever is smaller.

9) The';iﬁ;pedance
thaﬁy;é@O»ohms. ’

D.1.5.6 Definition of th

; SIS Ground

1.CG - Ch

This c1rcmt;m (also insure-that the chassis

of the two devi\ceétng at dogk'to the operator.
Note that this circui"f‘..xsfgm‘)t used as the reference for any of the other voltages. This circuit

is optional. If it'is used; care should |

e taken to not set up ground loops.

2. TD — Transmit Data

This circuit is the path whereby serial data is sent from the DTEto the DCE. This

circuit must be present if data is to travel in that direction at any-time.

3.RD - Receive Data~ ¢ 4 .

This circuit is the péth Whereby. serial data is-sent from the DCE to the DTE. This

circuit must be present if data is to travel in that direction at any time.

4. RTS — Request To Send
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This circuit is the signal that indicates that the DTE wishes to send data to the
DCE (note that no such line is available for the opposite direction, hence the DTE must
always be ready to accept data). In normal operation, the RTS line will be OFF (logic 1/
MARK). Once the DTE has datato send and has determined that the channel is not
busy, it will set RTS to ON (logic 0 / SPACE), and await an ON condition on CTS from
the DCE, at which time it may then begin sending. ane the DTE is through sending,
it will reset RTS to OFF (logic 1 / MARK). On ‘-'a‘ full-duplex or simplex channel, this

signal may be set to ON once at ;,rntlaltzatuan a{hd‘"lz' that. st"cite. Note that some DCEs

must have an 1ncom1ng K~” n;order to: transm1t (althoug 1 is is not strictly according to
ithet be- brought across from-the DTE, or

1o a:l.l,y\at the DCE end of the cable.

the standard). In’ thlS fcase thls &gnah

provided by a wraparound (e.g. from DS

5. CTS = c1eamo Send ~.

s that the DCE
w111 be 1n ‘the
asserts RTS wthe DCE W?x do whatever ,;s necessary to»al

ady to aCCept data from
F state: When the DTE

data tol ¢ sent (e.g. a

modem would raise carrl" nd Walt untll 1t“stabtllzed) At't
CTS to the ‘N state whi ould then allow the DTE to se
the DTE returns to the QFF sstdte, the DCE-' reIeases the ch

ime, the L CE would set
ata. Wh‘en“‘the RTS from

el (e, g a modem would
drop catrier), and then sef ‘typlcal DTE must have
incoming CTS before itrcan transm . This signal must eithi e brqught over from the

DCE, or provided by a wraparound (e.g. frorn DTR) locally at the DTE end of the cable.

6. DSR — Data Set Ready‘

This circuit is the signal that informs the DTE that the DCE is alive and well. It is
normally set to the ON state by the DCE upon power-up and left there. Note that a typical

DTE must have-an 1ncoim1n DSR in order to funct1on normally Thxs line must either be

present, and may be wrapped back around (to DTR and/or RTS) to satisfy required

signals whose normal function is not required.

7. SG — Signal Ground
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This circuit is the ground to which all other voltages are relative. It must be

present in any RS-232 interface.

8. DCD — Data Carrier Detect

This circuit is the signal whereby the DCE informs the DTE that it has an

incoming carrier. It may be used by theDTE to determine if the channel is idle, so that

the DTE can request it W1th RTS Note that some DTES must have an incoming DCD

cable.

15. TC - Transrnll";'Clock .

isnof a synehronous DTE. It

¢k. This"¢ircuit must be

17.RC - Re§§iver Clock

f-a synchronous DTE. It
lock, Note that both TC

This ‘circuit provis fhe «.,o-lo,clg for- the igc’ei’ver« sectio
may of may notzx be runni '

and RC are sourced by th ', ynol;;ronous interfaces.

20. DTR - Data Tennl‘ﬁal Ready

This circuit .providesthev_signal tl;lagin#fonns th‘zeTDCE that the DTE is alive and
well. It is normally set to the ON state by the DTE at power-up and left there. Note that a
typical DCE must have an incoming DTR before it will function normally. This signal
must either (be brought over from the DTE, or provided by a wrapafolmd (e.g. from DSR)
Jocally at the DCE end of the cable. On the DTE side of the mterf,ace this s1gnal is almost
nd 10 other circuits (e.g. DSR, CTS and/or

DCD) to satisfy required hand-shaking 31gnals if their-normal function is not required.

always present, and may be wrapped back ars

In an asynchronous channel, both ends provide their own internal timing, which
(as long as they are within 5% of each other) is sufficient for them to agree when the bits
occur within a-single character. In this case, no timing information need be sent over the

interface between the two devices. In a synchronous channel, however, both ends must
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agree when the bits occur over possibly thousands of characters. In this case, both devices

must use the same clocks. The transmitter and receiver may be running at different rates.

BOTH clocks are provided by the DCE. When one has a synchronous terminal
tied into a synchronous port on a computer via two synchronous modems and the terminal
is transmitting, the terminal's modem supplies the Transmit Clock, which is brought
directly out to the terminal at its end; and encodes the clock. with the data, sends it to the

computer's modem,. Wthh recovers"the cloek fand  brings it out as the Receive Clock to the

computer. When the com ”""(er is 1ransm1tt1ng, “the s me thlng happens in the other

direction. Hence, whlchever modem 1is® tr"’ ) "mlttlng must supply the clock for that
es both clocks to the DTE device. All of

the above apphes to 1nterfacmg a DTE dev1ce toa DCE dev1ce

direction, but on each end the DCE devigs

cable, in Wthh the pair
Hence, the TD of one D

Thisis a dev1ce whlch Ls inserted etween e D and DCE. 41rstly; it'allows to monitor
the state of the various hand shaklng lines (hght on = 31gnal ON /logic 0), and watch the
serial data flicker on TD and/or. RD / ndl

; llows«%fo break the connection on one or
more of the lines (with dip- sw1tches) and make any kind -of cross-connections and/or

wraparounds (with jumper wires).

required and qulckly buﬂd a prototyye cab e that will: serve to 1nterface the two devices.

At this point, the break-out box can be remoVed Aand a real cable built that performs the

same function.

D.1.6 Converters

Converters in general can be used to change the electrical characteristic of one

communications standard into another, to take advantage of the best properties of the
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alternate standard selected. For example, an Automatic RS232<=>RS485 converter,
could be connected to a computer's RS232, full-duplex port, and transform it into an

RS485 half-duplex, multi-drop network at distances up to 40001t.

Converters in most instances, pass data through the interface without changing the
timing and/or protocol. While the conversion:is "transparent" the software must be able to

communicate with the expanded network features.

difficult to dealw1th in typical syvste"rns“f* envfull duplex is- converted into half-duplex

only one. dev1ce at a t1rne can transrmt datag Automatlc Converters take care of the timing

problems and-allow fast

ention. |

D.1.7 Blas (fallsafe)

When thereis no é
networks, other than po
susceptible to T
have built in h&ét’e{esis

that a receiver stay§ ip an esent, bias is generally

added to a network-at'one or more locations.

D.1.8 Multi port Repeaters e,

Once an RS485 network -exceeds about» 32 nodes on a network serious
consideration should be glven to using" galvanic isolation. Even though some IC

manufacturers offer hght loadmg devices that can accommodate 256 or even 400 nodes

on one RS485 netWor‘ m()ne reason. is, that large netwtarks’* accumulate distributed

electrical noise which can make commumca’aons unrehable In general it is very
important not to run communications wires in thé same trough or conduit or in parallel
with AC power cables. Maintain as much distance as possible and cross any power cable

at a right angle.
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While shielding is not specified for RS485 systems, it can help in many instances.
By "isolating" sections of a large network, the accumulated noise on one isolated leg is
not so likely to cause a data error that will propagate to another leg of the network.
Galvanic isolation will break a large problem into several small, but manageable ones.

Galvanic isolation can also help eliminate "ground loops."

Another potential problem with large networks without isolation is that severe
damage can occur to. your entire; system, - if a high voltage source is connected

(accidentally or: otherwrse) to your c0mmumcat10ns lmes iYour entire network could be

network, except.in“extréme cases of ‘e

example).

with c1rcu1at1ng currents

effective at keeping induced lightening noise away from the munications lines. In the

alternative, ér‘ound one ei f the shreldand conneet the other end to ground through a

bi-directional transrent protector. (from a few volts'to a few hundred volts:depending on

the 51tuatron)

In gene;ol%fRS485;

twisted pair cable with.a nominal characteristic impedance of. 120 ‘Ohms. This cable is

ration over a single

usually 24AWG. Category -5 cable will generally work well in most instances even
though its characteristic 1mpedance«1s 100 Ohms "Tap po_mts .or "T". connections should

be short to.eliminate reflections.

It-is possible-to connect several RS485 circuits in parallel”if the distances are
below about 200 feet per leg @ 9600bps At greater drstances and higher- data rates, the

cable 1mpedances add up and | vork..In addmon there isno good way to add

terminations resistors at the ends of a “stcr network Thecombination of the cable
impedances and/or termination resistors will load the network and can make

communications unreliable.
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D.1.8 Galvanic Isolation

Once an RS485 network exceeds about 32 nodes on a network, serious
consideration should be given to using galvanic isolation. Even though some IC
manufacturers offer light loading devices, that can accommodate 256 or even 400 nodes

on one RS485 network.

can make commumcatlons' unnehable In fgeneral it 18 very 1mportant not to run

i ;/y

While shleldmg is not spe01ﬁed for RS485 systems, it can help in many instances.

By "isolating"-sections of a large network,theaccumulated.noise on one isolated leg is

not so likely to cause ther leg-of the network.

Galvanic iS&Iﬁtipn will 1, but mahageable ones.

Galvanic iselation can-alsi ;p;el;irg_lir{lq;é;' ,gl;,pund loops
Another potential®problem with' large Tp‘etwoirks without i ion®is that severe

damage .canwogcur to ~jentire ‘system, -if* a high .voltage source is connected

i 5

(accidentally or, otherwisér ' you icati ines: : entiﬁfgé\@,network could be

damaged. With. galvamc i ed toronly one leg of the

network, except in “éxireme cases of very hlgh voltage (induced’ by l1ghten1ng for

example).

While it goes against conventional wisdom, and can potentially cause a problem
with circulating -currents by grounding a shielded cable at'both ends, this method is very
effective at keeping induced lightening noise away from the communications lines. In the
alternative, ground ope enc; of the shield and connect the other end to ground through a

bi-directional transient protec of /,(from aiew vo”lts to‘a;‘few hundred volts depending on

the situation).

In general RS485 is designed for multi-drop, "daisy-chain" operation over a single
twisted pair cable with a nominal characteristic impedance of 120 Ohms. This cable is

usually 24AWG. Category-5 cable will generally work well in most instances even
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though its characteristic impedance is 100 Ohms. "Tap points" or "T" connections should

be short to eliminate reflections.

It is possible to connect several RS485 circuits in parallel if the distances are
below about 200 feet per leg @ 9600bps. At greater distances and higher data rates, the
cable impedances add up and load the network. In addition there is no good way to add
terminations resistors at the ends of a "star" network. The combination of the cable
impedances and/or -termination ;{é«siz,storﬁg* w111wload -the network - and can make

communications unreliable. .
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Appendix E

e e e ———

E.1 LCD Display

E.1.1 Introduction

Liquid crystal displays (LCDs) have materials, which combine the properties of
both liquids and crystals. Rather“than having a melting point, they have a temperature

range within which the molecules are almost as moblle as they would be in a liquid, but

are grouped together in an o} 'ered form s1m1 ‘ o-a Crystal

An LCD”consi‘*s"”lts 'ol two "g’lass pa’n h_:-the llquld crystal ‘matérial ‘'sand witched

in between them The inner surface o ,,glass plates are coated with transparent

electrodes Wthh deﬁne the character) symbols or patterns to be dlsplayed polymeric

R

layers are present in betwes e. electrodes and the llqllld cr

tal, which thakes the liquid

crystal mole;cfilles to. main ”"deﬁned orlentatlon angle )

One=¢ach polar; '

would rotate the l1ght rv,
direction When the LCD'

angle in a particular
y the two polarlsers and
the liquid crystal, such tk the hght rays come out of the LC ) w1thout any orientation,

and hence the LCI% appe

When sufﬁclerll:f‘lloltage is applied to the electrodes, the liquid ¢érystal molecules
would be aligned in a specrﬁc dlrectlon The lrght rays passing through the LCD would be
rotated by the polarisers, which would result in activating /- highlighting the desired
characters. The LCD’s are “ltghtwe1ght with only a.few millimeters thickness. Since the
LCD’s consume less power, they are compatible with low power electronic circuits, and

can be powered for long durations.

The LCD’s does not generate light and so light is needed to read the display. By
using backlighting, reading is po,s‘,sible in the "dark.z The LCD’s have long life and a wide
operating temperature range. Changing the display size or the layout size is relatively

simple which makes the LCD’s more customers friendly.

The LCDs used exclusively in watches, calculators and measuring instruments are

the simple seven-segment displays, having a limited amount of numeric data. The recent



advances in technology have resulted in better legibility, more information displaying
capability and a wider temperature range. These have resulted in the LCDs being
extensively used in telecommunications and entertainment electronics. The LCDs have
even started replacing the cathode ray tubes (CRTs) used for the display of text and

graphics, and also in small TV applications.

E.1.2 Power Supply

f +5V w1thma ,1mum allowable transients of 10mv.

The power: supply should bev

oltage (VL) at pin 3 should be

adjusted properly.

A module should not be. ins‘erte%l)’ or rgmoved. from -a live.circuit. The ground
terminal of the power supply must be. 1solated Jproperly so that no Voltage is induced in it.
The module should be i :

ted’ from the o*ther Cll‘CLlltS S0

induced, wh1ch could cau:

ﬂ1cker1ng dlspla s

E.1.3 Hardware

Devglgp a uniqu decoded ‘B strobe pulse,. active high, to f'ﬁc\\l\vcfc::\ompany each

module trangéetion. Address or ;‘contrélflinéé; ¢an be, assigned to drive the RS and R/W

inputs.

extended timi

Utilize the Hosw hen transactmg with the

module. Use instructions, which prolong the Read and erte or other appropriate data

strobes, o as to realize the interfacg‘:,,timing‘,,,«requi\rements.

If a parallel port is used to drive the RS, R/W.and ‘E’ control lines, setting the ‘E
bit simultaneously with RS and R/W would violate the module’s set up time. A separate

instruction should be used to achieve proper interfacing timing requirements.

E.1.4 Mounting

e Cover the display surface with a transparent protective plate, to protect the

polarizer.

e Don’t touch the display surface with bare hands or any hard materials. This will

stain the display area and degrade the insulation between terminals.
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e Do not use organic solvents to clean the display panel as these may adversely
affect tape or with absorbant cotton and petroleum benzene.

e The processing or even a slight deformation of the claws of the metal frame will
have effect on the connection of the output signal and cause an abnormal display.

¢ Do not damage or modify the pattern wiring, or drill attachment holes in the PCB.
When assembling the module into equipment, the space between the module and
the fitting plate should have enough height, to avoid causing stress to the module

surface.

odule; to d1531pate the heat

e Make sure that; tﬁ}ereﬂ i enough spa e behmd t eg

: longer duratlons

e When an&«:et‘eCtrigally»povveredi”sc/;;: wd k,,/,erj’is used to install?the’f module, ground it
properly

e While cleaning b}

yacuum cleaner do not brmg

sucking mouth near the

module Static ele city of the electrically pewered er or the,;;(acuum cleaner

. may destroy the. m dule

E.1.5 Env1r0nmental Pr gutlons .

Operate the LCD du]e under the relatlve condmo

£ 40°C and 50% relative
humidity. Lower ktempera an’ cause retardatlon of the bl

while higher temperature

When the tétnperature gets to be Within the normal limits; “the' display will be
normal. Polarization degradatlon bubble. generatxon or polanzer peel off may occur with

high temperature and humidity.

Contact with water or oil over a long period of time may cause deformation or
colour fading of the display. Condensation on the terminals-can cause electro-chemical

reaction disrupting the;tefm;ir;gl;\gircuit.

E.1.6 Trouble Shooting

E.1.6.1 Introduction

When the power supply is given to the module, with the pin 3 (VL) connected to

ground, all the pixels of a character gets activated in the following manner:

v" All the characters of a single line display, as in CDM 16108.
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v The first eight characters of a single line display, operated in the two-line display
mode, as in CDM 16116.

v" The first line of characters of a two-line display as in CDM 16216 and 40216. The
first and third line of characters of a four-line display operated in the two-line

display mode, as in CDM 20416.

If the above mentioned does not occur;. the module should be initialized by
software. Make sure that the control; syfgna!’s “E’, R/W and RS are according to the

interface timing requirement/s(.é ‘

E.1.6.2 Improper Character Display

< When the characters to be d1splayed«are' missing between, the «data read/write is

too fast. A slower 1nterfac1ng frequencwaOuld rectrfy the problem

other than the specrﬁed

routme

oS, ’f’Wrth the data write
operation, the data may not be visible on the display.
¢ If a character not found in the font table is drsplayed ora character is missing, the

CG ROM is faulty, and the controller IG’ has to.be changed

¢ If particular pixels of the characters are missing, or not getting activated properly,

there could be an assembling problem in the module.
E.1.7 Crystalonics Display- -
E.1.7.1. Introduction ”

Crystalonics dot —matrix (alphanumeric) liquid crystal displays are available in
TN, STN types, with or without backlight. The use of C-MOS LCD controller and driver
ICs result in low power consumption. These modules can be interfaced with a 4-bit or 8-

bit microprocessor /Micro controller.
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The built-in controller IC has the following features:

Correspond to high speed MPU interface (2MHz)

80 x 8 bit display RAM (80 Characters max)

9,920-bit character generator ROM for a total of 240 character fonts. 208

YV V V VY

character fonts (5 x 8 dots) 32 character fonts (5 x 10 dots)

A\

64 x 8 bit character generator RAM 8 character generator RAM 8 character fonts
Programmable duty cycles %, |

1/8 — for one lifie.0f.5:x.8 dots W1th ursor

1/11 = for: onel“ne ofS x 10, dot wi ' 'Nso_rv .
1/16 — for: one hne of 5 X-8 dots

vV V V V V

Wide range of instruction ﬁmcnons’ 'dlsplay clear, cursor home; display on/off,

cursor 4on/off, dis

' haracter blmk cursor sh1ft dlsp y shift.

> Automatic reset circuit that 1n1t1ahzescthe controller/ deiverICs ai_ffer@power on.

E.L7.2 Functional Desctiption ;;f thelCongf@lIeiff/IC o

E.1.7.2.1 Reglsters

The controller IC has-two-8 bit «régigters,“‘ an instruction register-(IR)’and a data

rrha;élox;for display data

an be written, but

The DR temporally stores; data to be written t¢ /read from the DD RAM or CG
RAM. The data written to DR by: the MPU is _automatically written to the DD RAM or
CG RAM as an internal operation.

When an address-code is written to IR, the data is automatically transferred from

the DD RAM or CG RAM 'to the DR.

Data transfer between the MPU is then completed when the MPU reads the DR.
likewise, for the next MPU read of the DR, data in DD RAM or CG RAM at the address

is sent to the DR automatically.

Similarly, for the MPU write of the DR, the next DD RAM or CG RAM address is

selected for the write operation. The register selection table is as shown below:
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RS R/W Operation |
0 0 IR write as an internal operation
0 1 Read busy flag (DB7) and address counter (DB0 to DB6)
1 0 DR write as an internal operation (DR to DDRAM or CG RAM)
1 1 DR read as an internal operation (DD RAM or CG RAM to DR) ]

E.1.7.2.2 Busy flag

When the busy ﬂag 151 the controller is 1n the mternal operation mode, and the

R m’-O»and R/W = 1, the busy flag is output

next instruction will ‘no\ be accepted: -

to DB7. The ne’,xt,mstructlon must be Wi r"-ensurlng that the busy flag is 0.

E.1.7.2.3 Address Counter........

allocates the address for the D RAM”and CG RAM
e 1nst1:uct1on code for DD RAM dress or CG RAM address

ress code is transﬁerred from IR e address counter. After

writing/rea&ii;g the displ 1ta 10 M, the ’agldress counters
rre the ‘acfldre‘ss,; as. an interhal
BO‘to DB6 whi;e{, R/W= Irand

increments/decrements- 1 ration.- The data of the

address counter is output 0.

E.1.7.2:4 Display Data Ram DD]

The characters to be displayed are written into the dlsplay data RAM (DD RAM),
in the form of 8 bit character codes present m the character font table. The extended

capacity of the DD RAM is 80 x 8 bitsi.e. §0. characters

E.1.7.2.5 Character Generator Rom (CGROM)

The character generator ROM generates 5 x 8 dot 5 x 10 dot character patterns
form 8 bit character COdesIt generﬁates 208, 5 x-8 dot. charaet’er«'f»patterns and 32, 5 x 10

dot character patterns.

E.1.7.2.6 Character Generator Ram (CGRAM)

In the character generator RAM, the user can rewrite character patterns by

program. For 5 x 8 dots, eight character patterns can be written, and for 5 x 10 dots, four

character patterns can be written.
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E.1.8 Interfacing the Microprocessor / Controller:

The module, interfaced to the system, can be treated as RAM input/output,
expanded or parallel I/O. Since there is no conventional chip select signal, developing a
strobe signal for the enable signal (E) and applying appropriate signals to the register

select (RS) and read/write (R/W) signals are.important.

The module is selected by \ga'ting a decoded module — address with the host —

processor’s read/write strobe. ‘The. resultanf“ sigial pphed to the LCDs enable (E) input,

clocks in the data. The “E* I'must be a posmveégomg digital strobe, which is active

5

while data and controh information ar 9blfe».ap_dﬁtr_ue., The.{allugg edge of the enable

signal enables. the data / 1nstruct10n regi the controller. All*module timings are

‘J

referenced to specific edges of the ‘E sijgnal./\T.he ‘E*-signal is épplied only when a

specific module transactio st:desired'.

" obes of the host Wthh prov1d
: W Tine. An address b1t ‘which
RIW. When the host processor

The ;r'yead and write

be linked to) the modul

e’ 51gnals should not

S up earher in the host’s

machine cycle can be use‘éi o fast thaﬁ?the strobes are
t00 narrow to serve as th :

put

> Deoreasg t%il’

In spite of domg the above mentioned, if the problem continues, latch both the
data and control information an&”then actmate the B signal. When the controller is
performing an internal operation he' busy flag (BF) will set and will not:accept any
instruction. The user should cheek the busy ﬂag or- should provide ‘a delay of
approximately 2ms after each instruction. The module presents no difficulties while

interfacing svlowe,r MPUs.

The liquid crystal dihsp'lﬂa;i fnodule can be intetficed, cither to 4-bit or 8-bit MPUs.
For 4-bit data interface, the bus’ lines DB4 to DB7 are used for data transfer, while DBO to
DB3 lines are disabled. The data transfer is complete when the 4-bit data has been
transferred twice. The busy flag must be checked after the 4-bit data has been transferred
twice. Two more 4-bit operations then transfer the busy flag and address counter data. For

&-bit data interface, all eight-bus lines (DBO0 to DB7) are used.
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Appendix F

B e e e e ]

F.1 Questionnaire

Date :

Name

Company Name

Present Designation ‘(”:fiag{ér' () Supeﬁrv‘iso‘r' ()"?Foxﬁ;:fnagl () Layman

Experience ” )0-5yr ()5 O yr+ () more thanlOyrs

Technical Qualijﬂéét;ibn: ) Graduéte () raduate () Diploma (-) éthe'rs

Additional Qualification

Types of controllers kno 5,
[ ]-Electronic — Discrete

[k .E}%ctronic =
[ ]PLC based

[ 1. PC based
'] DAQ system

Systempresehtly sed

Reasons for selection:

Positive facts about it:

Drawback or shoﬂcomingé:

Flexibility Needed:

Accuracy Preferred:

Proposed usage: Hours per day:

Idea about maintenante: ,

Approximate hours per month-on maintenance: _

Planned time for next update:

Priority of cost: Brand: Quality:

Service:
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Appendix G

e e e e et

G.1 Visual Basic Coding
G.1.1 Main form - frmMain
Option Explicit

Private Sub MDIForm_ Load()
Me.WindowState =2
mnuCelcius.Checked = True '
mnuHexa.Checked = True. "
GBGC =12632256 .« .
GFGC = 1671 1680

thick =1

End Sub

Private Sub mnuCelmus (;l'ck()
mnuCelcius.€hecked = True -«
mnuFahren Checked ‘Fal

End Sub

Private SubsmnuDecima
mnuDecimal.Checked =
mnuHexa.Checked = Fa
EndSub ¢

Private Sub mnuEXit Cl
Dim reply <
reply = MsgBox("Are ypu Sure to Exit?", vbYesNo + vbQuestio:
If reply = vbNo Then-Exit Sub

SaveSetting "TMS", "Comm", "PortID", MSComm].CommPort
SaveSetting "TMS", "Comm" "Settmgs" ‘MSComm1.Settings
If MSComm1.PortOpen Then MSComin1 PortOpen False
End Sub

; "Confirmation")

Private Sub mnuFahren_Click()
mnuCelcius.Checked = False
mnuFahren.Checked = True
mnuKelvin.Checked =TFalse-: .. -
End Sub "

Private Sub mnuFileView_Click()
mnulog Click
End Sub

Private Sub mnuHexa Click()

mnuDecimal.Checked = False
mnuHexa.Checked = True
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End Sub

Private Sub mnulcons_Click()
mnulcons.Checked = Not mnulcons.Checked
Toolbar.Visible = mnulcons.Checked

End Sub

Private Sub mnuKelvin_Click()
mnuCelcius.Checked = False "
mnuFahren.Checked = False
mnuKelvin.Checked = True
End Sub

Private Sub mnuLog_Click() ™
Dim ss As frmLog. .~

Set ss = New frmLog"
ss.Show LN

End Sub

Private Sub mn;{uLogin_Cﬂ'f k() .
frmLogin.Show ' o
End Sub

Private Sub mnuMonitor ¢
Dim vv As{rmMonitor
Set vv = New frmMonit
vv.Show
End Sub

Private Sub mnuPlot_Clic
Dim v As frmMonitor .
Set v = New frmMonitor

v.Show

End Sub

Private Sub mnuSet_Click()

Dim kk As frmSet

Set kk = New frmSet

kk.Show

End Sub

Private Sub mnusettiﬁg:sl*_*(ﬁj'li@kg)ﬁ L
frmSetting.Scale 4
End Sub

Private Sub mnuView_Click()
Dim jj As frmRead

Set jj = New frmRead
j1-Show

End Sub
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Private Sub Toolbar ButtonClick(ByVal Button As MSComctlLib.Button)

Select Case Button

Case Is = "&Login"
mnuLogin_Click

Case Is = "E&xit"
mnuExit_Click

Case Is ="&ViewLog"
mnuFileView_ Click

Case Is ="&Log"
mnulog_Click

Case Is = "&Graph"
mnuPlot_Click

Case Is = "Settings" =+, 7
mnuSettings. Click: » “

Case I[s.="&Set"
mnuSet_Click

Case Is = "&View"
mnuView Click

Case.Is = "&Monitor"
-mnuMonitor Click

End Select/"

EndSub

Option Explicit
Dim 1 As Variant

Private Sub cmd;('ia;}cel_
Unload Me
End Sub

Private Sub cmdOk_Click()
If txtPassword = GetSetting("TMS", "Al&th@ntjgpatiorig;f!;ﬂ;«"Password", "monitor") Then
With frmMain ‘ '
.mnuLogin.Enabled =False
.mnul,og.Enabled = True
.mnuMonitor.Enabled = True
.mnuPlot.Enabled= True
.mnuSet.Enabled = True
.mnuView.Enabled = Tr
.mnuFileView.Enabled’= True -
.mnuSettings.Enabled = True
.mnuView.Enabled = True
MSComm1.CommPort = GetSetting("TMS", "Comm\PortID", "PortID", 1)
MSComml.Settings = GetSetting("TMS", "Comm\Settings", "Settings",
"9600,n,8,1")
MSComm1.PortOpen = True
With .Toolbar
.Buttons(1).Enabled = False
Fori=2To 13




.Buttons(i).Enabled = True
Next i
End With
End With
Unload Me
Else
MsgBox "Invalid Password, try again!”, , "Login
txtPassword.SetFocus
SendKeys "{Home}+{End}"
End If
End Sub

"

G.1.3 Read form - frmRead

Private Sub cdelear Chck()
txtTemp =""
udAddress.Value = 0.

Call udAddress Change

End Sub ’

Private Sub«gdex1t Clie

Unload Me-
End Sub

Private Sub- cdeead Click()
With frmMain. MSComm
RTSEnable = True \
Input= Chr(96) + C txtAddress)) + "R" + Chr(255)
For delay = 1. TQ 1000000:-Next delay
RTSEnable = False '
For delay = 1 To 1000@“@
temp = .Output -
If Len(temp) < 4 Then Exit Sub
If Asc(Mid(temp, 2, 1)).<> Val(‘}ZZIAddress) Then Exit Sub
If frmMain.mmiHexa:Checked = True Then txtTemp = Asc(Mid(temp, 3, 1)) / 255 *
100
If frmMain.mnuDecimal.Checked = True Then txtTemp = Asc(Mid(temp, 3, 1)) / 255
*100
End With
End Sub

ay:

Private Sub udAddress Change()f’

If frmMain.mnuHexa.Checked = True Then txtAddress = Hex(udAddress Value)
If frmMain.mnuDecimal. Checked = True Then txtAddress = udAddress.Value
End Sub

G.1.4 Set form - frmSet

Private Sub cmdClear Click()
txtTemp.Text =""
txtAddress. Text =""
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udAddress.Value = 0
udTemp.Value =0
End Sub

Private Sub cmdExit Click()
Unload Me
End Sub

Private Sub cmdSend Click()
With frmMain.MSComm1
.RTSEnable = True ,
Input = Chr(96) + Chr(Val(txtAddress)) FuSh Chr(Val(txtTemp) * 255 / 1000) +
Chr(255)
For delay =1 To 10@@00@ Next delay o
RTSEnable = False R4
End With
End Sub

Private Sub Optionl - Click(Index-As Integer)
udAddress.Iherement = Val( <Opt10n1(Index) Captxon)
udTemp.Incrément = Val(Op ‘mnl(Index) Captlon)
EndSub

Prlvate Sub udAddress ;
If frmMam mnuHexa Che
If frmMain: mnuDec1mal 1€
End Sub

: » : {ex udTemp Value)

If frmMaln mnuDecn'nal Checked True Then txtTemp Text = udTemp Value

End If

If frmMain.mnuKelvin.Checked =True Then :

If frmMain.mnuHexa:Checked = True ThentxtTemp. Text = Hex(udTemp.Value + 273)
If frmMain.mnuDecimal.Checked = True Then txtTemp Text =udTemp.Value + 273
End If

If frmMain.mnuFahren. Checked True Then

If frmMain.mnuHexa:Checked = True Then txtTemp.Text = Hex(udTemp Value * 1.8 +
32)

If frmMain. mnuDecnnal Checked True Then txtTemp Text udTemp Value * 1.8 + 32
End If :

End Sub

G.1.5 Monitoring form - frmMonitor

Dim Values(20), recvd As Double
Dim i, j, Limit As Integer

Private Sub cmdExit Click()
Unload Me
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End Sub

Private Sub cmdGraph_Click()
frmGraph.Show
End Sub

Private Sub cmdMonitor_Click()

If cmdMonitor.Caption = "Monitor" Then cndMonitor.Caption = "Stop"
If cmdMonitor.Caption = "Stop" Then cmdMonitor.Caption = "Monitor"
Timerl.Enabled = Not Timer!.Enabled

End Sub ‘

Private Sub Form_Load()... "~ :
Limit =-1 29
recv = False

L3V =True

L4V = False

Call Initiate

End Sub

Private Sub. Shderl _Cli <
Timerl. Interval = 1000 **
Sliderl ToolT1pText =T
End Sub

derl Value :
rl Interval & "mllll seconds

Private Sub:Timer] Timer()
With frmMainMSComm
RTSEnable = True
Input = Chr(96) + Chu(
For delay =1 To LOOOO
.RTSEnable = F’alsey,
For delay = 1 To F000000: Next delay
temp = .Output
If Len(temp) < 4 Then Exit Sub
It Asc(Mid(temp, 2;-1)) <> Val(txtAddress) Then Ex1t Sub
recvd = Asc(Mid(temp, 3, 1)) / 255 * 100
End With
If Limit < 20 Then
Limit = Limit + 1
Values(Limit) = recvd
Else
Fori=0To 19
Values(i) = Values(i + 1)
Next 1
Values(20) = recvd
End If
Fori=0 To Limit - 1
'change y2 for line3
Line3(i).Visible = L3V
Line3(i1).Y2 =4 * Values(i)
'change yl & y2 for line4
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Line4(i).Y1 =4 * Values(i)
Line4(i).Y2 =4 * Values(i + 1)
Lined(i).Visible = L4V

Next i

Line3(Limit).Y2 =4 * Values(Limit)
Line3(Limit).Visible = L3V

Call Initiate

End Sub

Private Sub UpDownl_Change()
Textl.Text = UpDownl.Value
End Sub

Public Sub Initiate() .
Fori=0 To 20
Line3(1). BorderW1dth = thick .
Line4(i). BorderWidth = thick # T
Line3(i).BorderColor = GFGC
Line4(i).BorderColor =.GFGC
Next 1 B
Framel.BaekColor =G
End SubtxtTemp.Text =

G.1.6 Loging form - frm

Dim file As,Ihteger

Private Sub cmdLog Clic )
cmdStop. Enabled True®
cmdExit. Enabled ~False
cmdLog.Enabled = False
Timerl.Enabled = True
End Sub

Private Sub cmdSelect. Click()- .
If Right$(Filel.Path, 1) < "\" Then
txtFile. Text = Filel.Path + "\" + Filel. Llst(Fllel Listlndex)
Else
txtFile. Text = Filel.Path + Filel.List(Filel. LlstIndex)
End If
End Sub

Private Sub cmdStop_Click() =
cmdStop.Enabled = False
cmdExit.Enabled = True
cmdLog.Enabled = True
Timerl.Enabled = False

Close All

End Sub

Private Sub cmdView_Click()
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If Trim(txtFile) ="" Then GoTo Xit
file = FreeFile

rtb.LoadFile Trim(txtFile)
Open txtFile For Input As kk
SSTabl.Tab =1

'Dim ss As String

' While EOF(kk) = False

' Line Input #1, ss

" rth.Text = rtb.Text + ss

' Wend

'Close kk

Exit Sub

Xit:

MsgBox "Select File then' press v1ew button vbCrltlcal + vbOKOnly, "Error"

End Sub

Private Sub Ditl Change()
Filel.Path = Dirl.Path
End Sub

Private Sub-Drivel Chang )
Dirt.Path =Drivel.Driv
End Sub ’

Private Sub-Sliderl _Ch
Sliderl.TooldipText = S
Timerl.Interval = Slider].
End Sub *

1der1 Valiie /- 100()) & "Seconds ,\
n»alue *1000

Private Sub Timetl  Time;
Dim address, data, tq;mp
With frmMain. MSCormin1
.RTSEnable = True
Input = Chr(96) + Chr(Val(txtAddress)) + “R" + Chr(255)
For delay = 1 To 1000000: Next delay
.RTSEnable = False ,
For delay =1 To 1000000: Next delay
temp = .Output
If Len(temp) < 4 Then Exit Sub
address = Asc(Mid(temp, 2, 1))
data = Asc(Mid(temp, 3, l))
Print #file, address, data'*
End With
End Sub

Private Sub UpDownl Change()
txtAddress = UpDownl.Value
End Sub
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G.1.7 Graph Settings form - frmGraph

Option Explicit
Dim FGColor, BGColor As ColorConstants

Private Sub CancelButton_Click()
Unload Me
End Sub

Private Sub cmdDefault Click()
Optplot(0).Value = True

txtBG = 12632256

BGColor = 12632256 .+ . 0= *
Labell(1).ForeColor = 12632256
'GBGC = 12632256 ¢
txtFG = 16711,68() %
FGColor = 16711680 .-
Label1(0).ForeColor = 16711680
'GFGC = 16711680
Sliderl.Value= 1
'thick=1 ..~

End Sub. -

Private Sub €ommand]
cdlg.ShowCelor

txtFG = cdlg.Color
FGColor = cdlg.Color e
Label1(0). Fore(%l‘olor= cdlg.C
End Sub '

Private-Sub Commanﬁ2
cdlg.ShowColor’ g
txtBG = cdlg.Color
BGColor = cdlg:Color
Label1(1).ForeColor = cdlg.Color
End Sub

Private Sub OKButton Click()

GBGC =BGColor

GFGC = FGColor

thick = Slider1.Value:" *:

L3V = Optplot(0).Value

L4V = Optplot(1).Value D
If Optplot(2).Value Then L3V =14V = True
Unload Me

End Sub

Private Sub Slider] Change()
Slider1.ToolTipText = "Line Thickness =" & Sliderl.Value
End Sub
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Private Sub Sliderl Scroll()
Call Sliderl Change
End Sub

Private Sub txtBG_Change()
Label1(1).ForeColor = Val(txtBG)
End Sub ’

Private Sub txtFG_Change()
Label1(0).ForeColor = Val(txtFG)
End Sub

G.1.8 Settings form - frmSetting-s‘

Option Explicit.
Dim selport 'As Integer

Private Sub cmdDefault
Dim kk AsVariant ’
kk = MsgBox("Arée you suré to load default Values“?" +'v
password" + ybCrLf +"No to load other values only" vbY,
"Confirm"), - ' '
If kk = vbCancel Then E
If kk = vbYes Then

SaveSetting "TMS", "
SaveSetting "TMS" "Co
SaveSetting® "TMS" "Co
End Sub

"Press=Yes to replace
NoCancel-++ vbQuestion,

"now iz‘v(”

password" "morutor
\PortEDz!' "Portl@" de ol o s T
\Settings", "Settmgs" "9600,1,8 I'“,/,

entication",

Private Sub ¢cmdFile- @hck()
CommonDialog1.ShowOpen

MsgBox CommeonDialogl.FileName
End Sub

Private Sub ecmdGraph_Click()
Dim ss As frmGraph

Set ss = New frmGraph
ss.Show

End Sub

Private Sub cmdOk_Click()
frmMain.MSComm1.CommPort = selport -
SaveSetting "TMS", "Comm\portID", "PortID", frmMain.MSComm1.CommPort
If Text3 < Text2 And Textl <> GetSetting("TMS", "Authentication”, "Password",
"monitor") Then
MsgBox "Invalid attempt to change password", vbOKOnly + vbCritical
Exit Sub
Else
SaveSetting "TMS", "Authentication", "password", Text3



End If
End Sub

Private Sub OptPort_Click(Index As Integer)
selport = Index
End Sub

Public L3V As Boolean, L4V As Boolean

Public GFGC As ColorConstants, GBGC As ColorConstants ' global color constants for

graph
Public thick As Byte

Public Function ToKelvin(Celcius“As Double)
Dim kelvin As Double”

kelvin = Celcius + 273 .~

ToKelvin = kelvin, .

End Function ¢

Public Function‘ToFahte nheit(Celcitis As ‘Déuble) /

Dim Fahren As Double
Fahren = Celcius * 5/9 +
ToFahrenheit. = Fahren
End Function




G.2 Visual Basic Output Screens
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Appendix H

F.1 Master Program

#include <pic.h>
#include <conio.h>
#include <stdio.h>
#include <delay.c>

unsigned char tabl[] = {0X20, 0X20; 0X20 OXZO OX2O OX20 0X20, 0X20, 0X20,
0X20, 0X20, 0X20, OX2O OX20 OXZO OX20}

char tab_temp[]= {0 O’G 9} ( :
unsigned char start_byte, stop_byte, addr;sg«
temp temp va}'ue,aset value, temp set: -~ vale

cpu. serial, value, temp, value,

int delay;
bit flag, start ° blt addr bit,
put, get; '

stop;bit,'pata jfoéess;blt, cmd..read, cmd_get, cmd_data,

unsigned chax‘input;

void led_init();
void out (un,sxgned char)
void gren()z#

void nop(void)’; _

void putbyte(uns1gi¢d cha
void isr _putbyte(uns1g ed char byt
unsigned char isr getbyte(vmd)

main()
{
led_init();
start -byte = 0x60; stop_byte = OxFF; addr_byte = 0x00;
start bit = 1;
addr bit=0;
data process | b1t =0;
cmd read=1; |
cmd_get=1; Liwe gL gy e
cmd data= 0; B LV Ll
stop_bit = 0;
TRISB = 0x00;
TRISC = 0x80;
RB1 =0;
RCSTA=0x90;
TXSTA=0x26;
SPBRG=129;
INTCON = 0xC0;



SPEN=1;
TXEN=1;
RCIE=1;
TXIF=0;
temp _temp value = 255;
temp_set_value = 255;
gren();
while(1)
{
if ( set_value !=temp_set_value )
flag=0; ¢
out(car OXSO)
flag=1,
__out(car='D’);
o flag=1;
“out(car='e"),

S ‘out(car—tabl[l])
flag =1,
. out(car=tabl'%f2]);
flag = 1;
out(car="");
flag =1;
out(car='");
flag=1,
sprlntf (tabl "%044d",set_value);
- out(car—tabl[()])
flag=1;
out(car=tabl| 1 D;
flag=1,
out(car=tabl[2]);
flag=1;
out(car=tabl{3]);
temp_set value = set value;

}

if (temp_value !=temp_temp value )



flag = 0;
out(car=0x80);
flag = 1;
out(car="D'");
flag = 1;
out(car='e');
flag = 1;
out(car="v');
flag=1;
out(car=1"); .
“out(car='c");
if;ﬂag =1,
‘ out(car"e')
- flag=1;
cout(car=Y;
sprintf (tabl "%O3d",@ddr byte)

flag=1;
ouf(car="p");"
flag = 1;
out(car="");
flag =11}
out(car="");
flag = 1;
“out(car="");
“Hlag=1;
out(car="";
flag=1;
out(car="");
flag = 1;
out(car="");
flag =1;
out(car="");
flag = 1;
out(car="");



}

sprintf (tabl,"%04d" temp_value);

flag =1;
out(car=tabl[0]);
flag=1;
out(car=tabl[1]);
flag = 1;
out(car=tabl[2]);
flag = 1;

out(ca;r=tab1[3;]);
temp_temp_value = temp_value;

}

void interrupt isr( void)

{

data = getbyte();
if ( data == start_byte &&start bit)

{
~Ustart_bit
addr bit=" T
data_process. bit="0;"
stop_bit :
Yoo v

else if(*addr bit)
{ Sl .
..addr_byte:
start_bit
addr_bit
data proces
stop bit =
cmd-data=0;
) -
else if( data_process ‘bit )
{
if (cmd data)
{ ,
if ( put)
{

set_value = data;

temp value = data;
}
cmd_data = 0;
data_process_bit =0;
stop_bit = 1;
}
else if ( data =="'S' && cmd read )
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cmd_data=1;
data process bit=1;
stop _bit=1;

put=1;
}
else if (data=="T' && cmd_get )
{ ,
cmd_data=.1;
data. process_bit=1;
stop_bit =0;
put=0y
§ S ot
else if(-data.==
{ s /
. comd data=0;
_ start_bit =]
~....addr_bit= 4
%+ data process: bit =0;
. stop_bit =1 ;
b
} -
unsigned ch‘ég{_lgetbyte(vogé ! .
while(!RCIF)
{
return REREG; -
} ;
unsigned char isr_getbyte(void)
; e .
while('RCIF)
{
}
return RCREG;
} -
void putbyte(unsignedv char‘f;yte)
/ .
while (ITXIF)
{
}
TXREG=byte;
b
void isr_putbyte(unsigned char byte)
{

141



while (! TXIF)

{
}

TXREG=Dbyte;

}

void lcd_init()
{

while (delay<5000)

delay++;
delay=0;
out(car=0x30);

while(delay<1000)

delay++;
delay=0;

out(car=0X30); *. .
while (delay<100)

delay++;
delay=0;
out(car=0x30);
nop();
out(car=0x21); -
nop(); = ...
out(car=0x0C);
nop(); -
out(car=0x06);
nop();
out(car=0x01);.
nop();

}

void out (unsigned char)

{

PORTD=0;

TRISD=0XF1;

RD1=0;

RD2=1;

nop();

RD3=1;

nop();

while(RD7);

PORTD=0;

TRISD=0XO01;

temp=car&0x{0;

PORTD=temp;

if(flag)
RDI1=1;

nop();

RD3=1;

// out(car=0x02);
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nop();
RD3=0;
temp=car;
temp=temp<<4;
temp=temp&0x{0;
PORTD=temp;
if(flag)

RDI=1;
nop();
RD3=1;
nop();
RD3=0;
RD2=0;
flag=0;
return;

}

void gren()

{

MNTF=1;
tabl[0]="";"
tabl[1]='G’.
tabl[2]=R;. -
tabl[3]=E *
tabl[4]="N";” -
tabl[S}='T"; "
tabl[6]='E’;
tabi[7]='L";
/1tabl[8]="";
tabl[8]="";
tabl[9]="T";
tabl[10]="E";
tabl[11]='C";
tabl[12]="H";
tabl{13]="";
tabl[14]="";
tabl[15]="";
display();

b

void nop(void)

{

#asm
NOP
NOP
NOP
#endasm

return,

B
)
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void display(void)
{
flag=0;
out(car=0x80);
num=0;
while(num<8)
{
flag=1;
out (car=tabl[num]);
num-++;
}
flag=0;
out(car=0xC0);
while(num<16)
( .
flag=1;
out (car—tabl[num])
num-+;"
¥
flag=0;
return;

}

F.2'Slave Program

#include “<pic.h>
#include - <conio.h>
#include <stdio.h>
#include <dé}ay >

s,

unsigned char tabl[]= 10X20. “0%20, 0X20, 0X20, 0X20, 0X20,
0X20, 0X20, 0X20, 0%20, 0X20, 0X20, 0X20};

unsigned char car,temp,num,data;

char tab_temp[]={0,0;0,03}; !

unsigned char start byte,stop_byte, addr byte Cpu._; serlal

int delay,get_temp,set_temp,value;

bit flag, start_bit, addr_bit, stop_bit, data_process_bit, cmd read, cmd- get, cmd_data;
unsigned-char input;

void led_init(); .

void out (unsigned char)

void gren();

void nop(void);

void display(void);

unsigned char getbyte(void);

void putbyte(unsigned char byte);
void isr_putbyte(unsigned char byte);
unsigned char isr_getbyte(void);

int adc_read(unsigned char channel);
int isr_adc_read(unsigned char channel);
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main()

- TXIE=0;

}

{

led_init();
start_byte = 0x60; stop _byte = OxFF; addr_byte = 0x10;

start_bit = 1;

addr bit = 0;
data_process_bit = 0;
cmd read = 1; '
cmd_get=1;
cmd_data = 0;
stop_bit = 0;

TRISB = 0x005","..
RB1 =0;
RCSTA=0x90;
TXSTA=0%26;
SPBRG=129;
INTCON = 0xCO0;
SPEN=1; -
TXEN=1;
RCIE=1;

while(l)
U
Valuexadc_read( .
sprintf (tabl,"%4 a" < lie):
display();

void interrupt isr( 'Vojfél,,,) oo

data = getbyte();
isr_putbyte( data );
if ( data == start_byte && start_bit)
{
start_bit = 0;
addr bit=1;
data process_bit =0,
stop_bit = 0;




I/

/!

}

else if( data == addr_byte && addr _bit )

{

}

start_bit = 0;
addr bit=0;
data_process bit = 1;
stop_bit = 0;

else if( data process bit-)

{

if (cmd.-data )
cmd réad = 1;
cmd-get=1;
. ¢d_data=0;
¢ set_temp.= data; \
‘ sprlntf (tabtemp;"%4d " set temp)
ist- putbyte('S’);
isr puthyte(=);
itbyte(data); . . - (
‘putbyte(tab tem@[@]),
utbyte(tab temp{1]);” =
utbyte(tab temp[2]);
_putbyte{tab_temp[3]);*/
0l

*_get_temp = value;
sprintf (tab_temp,"%4d",value);
isr_putbyte("I'");
isr_putbyte(*=");
isr_putbyte(value);. :

/*isr_putbyte(tab _temp[0]);
isr_putbyte(tab_temp[1]);

- isr_putbyte(tab_temp[2]);

isr_putbyte(tab_temp([3]);*/

‘data _process_ bit = 0;

~stop: bxt =1
} T L
else if ( data =='S' && cmd_get )
{
cmd read =0,
cmd_get = 0;
cmd_data=1;
data process_bit = 1;
stop bit=0;
}
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}
else if( data == stop_byte && stop bit )

{
start bit = 1;
addr bit=0;
data process bit = 0;
stop_bit=0;
cmd _read = 1;
cmd. get=1;
cmd data=0;.
}
}
unsigned char get}@yfé(void) - o
while('RCIF)
L
returnRCREG;
) o
unsigned char isr_getbyté(vc ol
{ ,
while(*RCIF)
s ‘
} -
return RCREG,
) 2
void putbyte(unsignéd char byte)
/ ,
while (I TXIF)
{ ,
}
TXREG=byte;
}
void isr_putbyte(unsigned char byte)
{ : /
while (ITXIF)
{
}
TXREG=byte;
}
int adc_read(unsigned char channel)
{

unsigned char del;
int result;
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ADCONO=(channel<<3)+0x81;

for (del=100;del--;);

ADGO=1,

while (ADGO);

*(((unsigned char*)&result)+1)=ADRESH;
*(((unsigned char*)&result))=ADRESL;
return(result);

}

int isr_adc_read(unsigned char channel)
{ .
unsigned char del;

int result;

ADCONO= (channel<<3)+@x81
for (del=100;del--; )

ADGO=1, :

while (ADGO},

*(((unsigned ¢har*)&result)+1)= ADRESH
*(((unsigned char*)&result))‘*ADRESL
return(result);

}

void led: init()
{ ’
while (delay<5000)
delay++;
delay=0;
out(car=0x30);
while(delay<1 0099
delay++;
delay=0;
out(car=0X30);
while (delay<100)
delay++;
delay=0;
out(car=0x30);
nop();
out(car=0x21);
nop();
out(car=0x0C);
nop();
out(car=0x06);
nop();
out(car=0x01);
nop();
// out(car=0x02);
}

void out (unsigned char)

{
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PORTD=0;
TRISD=0XF1;
RD1=0;
RD2=1;

nop();

RD3=1;

nop();
while(RD7);
PORTD=0;
TRISD=0X01;
temp=car&0x10;.
PORTD=temp;
if(flag)

nop();

RD3=1;

nop();

RD3=0;

temp=car;

temp=temps<4;

temp=temp&0x10;

PORTD=temp;

if(flag)”
RDI1=1;

nop();

RD3=1;

nop(); -

RD3=0;

RD2=(;

flag=0;

return;

}

void gren()

{

//INTF=1;
tabl[0]="";
tabl[1]=/G';
tabl[2]="R’;
tabl[3]="E";
tabl[4]="N";
tabl[5]="T";
tabl[6]="E";
tabl[7]="L";
//tabl[8]="";
tabl[8]="";
tabl[9]="T";
tabl[10]="E";
tabl[11]='C";
tabl[12]='H";
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tabl[13]="";
tabl[14]="";
tabl[15]="";
display();

}

void nop(void)
{

#asm
NOP
NOP
NOP
#endasm
return;

}

void display(void) -- , R
{
flag=0;
out(car=0x80);
num=0;
while(num=<g)

{ .

flag=1; e

out (car=tabl{num}); -

nuMs;

}
flag=0;
out(car=0xC0);
while(num<16)
{
flag=1;
out (car=tabl[num]);
num-+-+;

}
flag=0;
return;

}

150



