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SYNOPSIS

This Project “PORTABLE ADDRESS BOOK KIT WITH
DIALER AND VOICE RECORDER?” aims to implement some of the
features offered by the mobile phones, in our home phone.
The features, we have implemented here are
v' ADDRESS BOOK
v' DIALER
v" VOICE RECORDER

v PASSWORD PROTECTION.

The Three main utilities to achieve the features are PIC Microcontroller
(16£877), Memory chip (24c04A), Voice recorder (APR9600).The Whole
process is mastered and controlled by Microcontroller program.

The principle of operation of the dialer is, tripping off the relays,
respective to each numbers entered in sequence. The relays are connected to
the corresponding numbers in the keypad of the telephone. Thus dialing
effect is made same as that of the original one.

This project will make, the use of your phone a more comfortable
one, with Single touch dialing, retrieval of messages, which are received
and stored when unable to attend the call, grouping of Telephone numbers,
and password security to the usage of this kit.
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UNDERSTANDING TELEPHONES

Although telephones and telephone company practices may
vary dramatically from one locality to another, the basic principles
underlying the way they work remain unchanged.

Every telephone consists of three separate subassemblies, each
capable of independent operation. These assemblies are the speech network,
the dialing mechanism, and the ringer or bell.

Together, these parts - as well as any additional devices such as

modems, dialers, and answering machines - are attached to the phone line.

1.1 The Phone line

A telephone is usually connected to the telephone exchange by
about three miles (4.83 km) of a twisted pair of 0.5 mm copper wires,
known by your phone company as "the loop". Although copper is a good
conductor, it does have resistance. The resistance of wire is 16.46 Ohms per
thousand feet at 77 degrees F (25 degrees C). In the United States, wire
resistance is measured in Ohms per thousand feet; telephone companies
describe loop length in kilo feet (thousands
of feet). In other parts of the world, wire resistance is usually expressed as
Ohms per kilometer.

Because telephone apparatus is generally considered to be current
driven, all phone measurements refer to current consumption, not voltage.
The length of the wire connecting the subscriber to the telephone exchange
affects the total amount of current that can be drawn by anything attached at
the subscriber's end of the line. In the United States, the voltage applied to
the line to drive the telephone is 48 VDC; some countries use 50 VDC. Note
that telephones are peculiar in that the signal line is also the power supply

line. The voltage is supplied by lead acid cells, thus assuring a hum-free



supply and complete independence from the electric company, which may
be especially useful during power outages.

~ At the telephone exchange the DC voltage and audio signal are
separated by directing the audio signal through 2 uF capacitors and blocking
the audio from the power supply with a 5- Henry choke in each line. Usually
these two chokes are the coil windings of a relay that switches your phone
line at the exchange; in the United States, this relay is known as the "A"

relay. The resistance of each of these chokes is 200 Ohms.

Fig 1. The Phone Line

A RELAY
200 Ohms Telephone . Subscribex
——————— BExchange
------- TIFP +
~~~~~~~~~~~~~~~ Gmm e e = O
5 H
+ -
- - No 22 AWG wire
--- 48V DC - up to 10 Miles Long
- A RELAY
- 200 Ohms
——————— RING -
———————————————————————— O O
5 H
Audio 2uF 2uF
coupling 250V --- 250V - -~
Capacltors - - -
G \w—-—-w-l

We can find out how well a phone line is operating by using Ohm's
law and an ammeter. The DC resistance of any device attached to the phone
line is often quoted in telephone company specifications as 200 Ohms; this
will vary in practice from between 150 to 1,000 Ohms. You can measure the
DC resistance of your phone with an Ohmmeter. Note this is DC resistance,
not impedance.

Using these figures you can estimate the distance between your
telephone and the telephone exchange. In the United States, the telephone
company guarantees you no lower current than 20 mA - or what is known to

your phone company as a "long loop." A "short loop" will draw 50 to 70



mA, and an average loop, about 35 mA. Some countries will consider their
maximum loop as low as 12 mA. In practice, United States telephones are
usually capable of working at currents as low as 14 mA. Some exchanges
will consider your phone in use and feed dial tone down the line with
currents as low as 8 mA, even though the telephone may not be able to
operate.

Although the telephone company has supplied plenty of nice clean
DC direct to your home, don't assume you have a free battery for your own
circuits. The telephone company wants the DC resistance of your line to be
about 10 mega Ohms when there's no apparatus in use you can draw no
more than Smicroamperes while the phone is in that state. When the phone
is in use, or "off hook," you can draw current, but you will need that current
to power your phone, any current you might draw for other purposes would
tend to lower the signal level.

The phone line has impedance composed of distributed resistance,
capacitance, and inductance. The impedance will vary according to the
length of the loop, the type of insulation of the wire, and whether the wire is
aerial cable, buried cable, or bare parallel wires strung on telephone poles.
For calculation and specification purposes, the impedance is normally
assumed to be 600 to 900 Ohms. If the instrument attached to the phone line
should be of the wrong impedance, you would get a mismatch, or what
telephone company personnel refer to as "return loss." (Radio Amateurs
will recognize return loss as SWR.) A mismatch on telephone lines results
in echo and whistling, which the phone company calls "singing" and owners
of very cheap telephones may have come to expect. A mismatched device
can, by the way, be matched to the phone line by placing resistors in parallel
or series with the line to bring the impedance of the device to within the
desired limits. This will cause some signal loss, of course, but will make the
device usable.

A phone line is balanced feed, with each side equally balanced to

ground. Any imbalance will introduce hum and noise to the phone line and
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increase susceptibility to RFL. The balance of the phone line is known to
your telephone company as "longitudinal balance." If both impedance match
and balance to ground are kept in mind, any device attached to the phone
line will perform well, just as the correct matching of transmission lines and
devices will ensure good performance in radio practice.

Most installations have another pair of wires, yellow and black. These
wires can be used for many different purposes, if they are used at all. If you
have two separate phone lines (not extensions) in your home, you will find
the yellow and black pair carrying a second telephone line. In this case,
black is "Tip" and yellow is "Ring." The above description applies to a
standard line with a DC connection between your end of the line and the
telephone exchange. Most phone lines in the world are of this type, known
as a "metallic line." In a metallic line, there may or may not be inductance
devices placed in the line to alter the frequency response of the line; the
devices used to do this are called "loading coils." Other types of lines are
party lines, which may be metallic lines but require special telephones to
allow the telephone company to differentiate between subscribers. Very
long lines may have amplifiers, sometimes called "loop extenders" on them.
Some telephone companies use a system called "subscriber carrier," which
is basically an RF system in which your telephone signal is heterodyned up

to around 100 Khz and then sent along another subscriber's "twisted pair."

1.2 The Speech Network

The speech network - also known as the "hybrid" or the "two
wire/four wire network" - takes the incoming signal and feeds it to the
earpiece and takes the microphone output and feeds it down the line. The
standard network used all over the world is an LC device with a carbon
microphone; some newer phones use discrete transistors or ICs.

One of the advantages of an LC network is that it has no

semiconductors, is not voltage sensitive, and will work continuously as the

voltage across the line is reduced. Many transistorized phones stop working
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as the voltage approaches 3 to 4 Volts. when a telephone is taken off the
hook, the line voltage drops from 48 Volts to between 9 and 3 Volts,
depending on the length of the loop. If another telephone in parallel is taken
off the hook, the current consumption of the line will remain the same and
the voltage across the terminals of both telephones will drop.

While low levels of audio may be difficult to hear, overly loud audio
can be painful. Consequently, a well designed telephone will automatically
adjust its transmit and receive levels to allow for the attenuation - or lack of
it - caused by the length of the loop. This adjustment is called "loop
compensation." In the United States, telephone manufacturers achieve this
compensation with silicon carbide varistors that consume any excess current
from a short loop.

Although some telephones using ICs have built-in loop
compensation, many do not; the latter have been designed to provide
adequate volume on the average loop, which means that they provide low
volume on long loops, and are too loud on short loops. Various countries
have different specifications for transmit and receive levels; some European
countries require a higher transmit level than is standard in the United States
so a domestically-manufactured telephone may suffer from low transmit
level if used on European lines without modification. Because a telephone is
a duplex device, both transmitting and receiving on the same pair of wires,
the speech network must ensure that not too much of the caller's voice is fed
back into his or her receiver. This function, called "sidetone," is achieved by
phasing the signal so that some cancellation occurs in the speech network
before the signal is fed to the receiver. Callers faced with no sidetone at all
will consider the phone "dead."

1.3 The Dial

There are two types of dials in use around the world. The most
common one is called pulse, loop disconnect, or rotary; the oldest form of
dialing, it's been with us since the 1920's. The other dialing method, more

modern and much loved by Radio Amateurs is called Touch-tone, Dual



Tone Multi-Frequency (DTMF) or Multi-Frequency (MF) in Europe. In the
U.S. MF means single tones used for system control.

Pulse dialing is traditionally accomplished with a rotary dial, which is
a speed governed wheel with a cam that opens and closes a switch in series
with your phone and the line. It works by actually disconnecting or
"hanging up" the telephone at specific intervals. In practice, the make/break
ratio does not seem to affect the performance of the dial when attached to a
normal loop. Bear in mind that each pulse is a switch connect and
disconnect across complex impedance, so the switching transient often
reaches 300 Volts. Try not to have your fingers across the line when dialing.

Most pulse dialing phones produced today use a CMOS IC and a
keyboard. Instead of pushing your finger round in circles, then removing
your finger and waiting for the dial to return before dialing the next digit,
you punch the button as fast as you want.The IC stores the number and
pulses it out at the correct rate with the correct make/break ratio and the
switching is done with a high-voltage switching transistor. Because the IC
has already stored the dialed number in order to pulse it out at the correct
rate, it's a simple matter for telephone designers to keep the memory "alive"
and allow the telephone to store, recall, and redial the Last Number Dialed
(LND). This feature enables you to redial by picking up the handset and
pushing just one button.

Because pulse dialing entails rapid connection and disconnection of
the phone line, you can "dial" a telephone that has lost its dial, by hitting the
hook-switch rapidly. It requires some practice to do this with consistent
success, but it can be done. A more sophisticated approach is to place a
Morse key in series with the line, wire it as normally closed and send strings
of dots corresponding to the digits you wish to dial. Touch tone, the most
modern form of dialing, is fast and less prone to error than pulse dialing.
Compared to pulse, its major advantage is that its audio band signals can
travel down phone lines further than pulse, which can travel only as far as

your local exchange. Touch-tone can therefore send signals around the



world via the telephone lines, and can be used to control phone answering
machines and computers.

Most Radio Amateurs are familiar with DTMF for controlling
repeaters and for accessing remote and auto phone patches. Bell Labs
developed DTMF in order to have a dialing system that could travel across
microwave links and work rapidly with computer controlled exchanges.
Each transmitted digit consists of two separate audio tones that are mixed
together. The four vertical columns on the keypad are known as the high
group and the four horizontal rows as the low group; the digit 8 is composed
of 1336 Hz and 852 Hz. The level of each tone is within 3 dB of the other,
(the telephone company calls this "Twist").

Standard IYINE pad and Freguenclies
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A complete touch-tone pad has 16 digits, as opposed to ten on a
pulse dial. Besides the numerals 0 to 9, a DTMF "dial" has *, #, A, B, C,
and D. Although the letters are not normally found on consumer telephones,
the IC in the phone is capable of generating them. The * sign is usually
called "star" or "asterisk." The # sign, often referred to as the "pound sign."
is actually called an octothorpe. Although many phone users have never
used these digits - they are not, after all, ordinarily used in dialing phone
numbers. The one use of the octothorpe that may be familiar occurs in

dialing international calls from phones in the United States. After dialing the
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complete number, dialing the octothorpe lets the exchange know you've
finished dialing. It can now begin routing your call; without the octothorpe,
it would wait and "time out" before switching your call. When DTMF dials
first came out they had complicated cams and switches for selecting the
digits and used a transistor oscillator with an LC tuning network to generate
the tones. Standard DTMF dials will produce a tone as long as a key is
depressed. No matter how long you press, the tone will be decoded as the
appropriate digit. The shortest duration in which a digit can be sent and
decoded is about 100 milliseconds (ms).

It's pretty difficult to dial by hand at such a speed, but automatic
dialers can do it. A twelve-digit long distance number can be dialed by an
automatic dialer in a little more than a second - about as long as it takes a
pulse dial to send a single 0 digit.

The output level of DTMF tones from your telephone should be
between 0 and -12 dBm. In telephones, 0 dB is 1 miliwatt over 600 Ohms.
So 0 dB is 0.775 Volts. Because your telephone is considered a 600 Ohm
load, placing a voltmeter across the line will enable you to measure the level
of your tones.

1.4 The Ringer

Simply speaking this is a device that alerts you to an incoming
call. It may be a bell, light, or warbling tone. The telephone company sends
a ringing signal which is an AC waveform. Although the common
frequency used in the United States is 20 HZ, it can be any frequency
between 15 and 68 Hz. Most of the world uses frequencies between 20 and
40 Hz. The voltage at the subscribers end depends upon loop length and
number of ringers attached to the line; it could be between 40 and 150 Volts.
Note that ringing voltage can be hazardous; when you're working on a
phone line, be sure at least one telephone on the line is off the
hook (in use); if any are not, take high voltage precautions. The telephone
company may or may not remove the 48 VDC during ringing; Don't take

chances.



The ringing cadence - the timing of ringing to pause - varies from

company to company. In the United States the cadence is normally 2

. o
NI T

countries, the ringing will "time out" if the call is not answered. The most o
common ringing device is the gong ringer, a solenoid coil with a clapper

that strikes either a single or double bell. A gong ringer is the loudest
signaling device that is solely phone-line powered.

Modern telephones tend to use warbling ringers, which are usually
ICs powered by the rectified ringing signal. The audio transducer is either a
piezoceramic disk or a small loudspeaker via a transformer.

Ringers are isolated from the DC of the phone line by a capacitor.
Gong ringers in the United States use a 0.47 uF capacitor. Warbling ringers
in the United States generally use a 1.0 uF capacitor. Telephone companies
in other parts of the world use capacitors between 0.2 and 2.0 uF. The paper
capacitors of the past have been replaced almost exclusively with capacitors
made of Mylar film. Their voltage rating is always 250 Volts.

Warbling ringers tend to draw less current than gong ringers, so
changing from gong ringers to warbling ringers may help you spread the
sound better. Frequency response is the second criterion by which a ringer is
described. In the United States most gong ringers are electromechanically
resonant. They are usually resonant at 20 and 30 Hz (+&- 3 Hz). The FCC
refers to this as A so a normal gong ringer is described as REN 1.0A. The
other common frequency response is known as type B. Type B ringers will
respond to signals between 15.3 and 68.0 Hz. Warbling ringers are all type
B and some United States gong ringers are type B. Outside the United
States, gong ringers appear to be non-frequency selective, or type B.

Because a ringer is supposed to respond to AC waveforms, it will
tend to respond to transients (such as switching transients) when the phone
is hung up, or when the rotary dial is used on an extension phone. This is

called "bell tap" in the United States; in other countries, it's often called
10



"bell tinkle." While European and Asian phones tend to bell tap, or tinkle,
United States ringers that bell tap are considered defective. The bell tap is
designed out of gong ringers and fine tuned with bias springs. Warbling
ringers for use in the United States are designed not to respond to short
transients; this is usually accomplished by rectifying the AC and filtering it
before it powers the IC, then not switching on the output stage unless the

voltage lasts long enough to charge a second capacitor.
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INTRODUCTION

2.1 BLOCK DIAGRAM
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2.2 ADDRESS BOOK

This is an Extended Memory part for our Phone. It stores the Name
and Number of the individuals into its memory. It gets stored in the I’C
memory and Microcontroller has a strong hand on it. Entries are stored in
the 24c04A memory chip, which is an EEPROM (Electrically Erasable
Programmable Read Only Memory) type memory. This type of storage
facilitates us by retaining the data even after the power cutoff. So, same data
can be accessed, when power supply is given. Only way of erasing the data
in the chip is by supplying electrical pulses to the pins.

Entries are made through 4 button keyboard intended for this purpose.
The purpose of the buttons can also be toggled to switch between the
Names. The display is given in the 16*2 display, i.e. it displays two lines of
text for name and number respectively each with 16 characters of length.
The display is interfaced with microcontroller and controls the display and

saves them in the memory chip.

2.3 KEYBOARD

The Keyboard consists of four buttons

1. Increment — it is used to increase the displaying value and to switch
between names

2. Decrement- it is used to decrease the displaying value

3. Dial — it is used to make a call and to shift the cursors between the
lines

4. Shift — it is used to shift the cursors in the same line

In addition to this Toggle switch is present, which is used to
changeover the purpose of the switch.

At first, cursor is placed in the right position using shift button, then
entries are made using increment/decrement button. When cursor is placed
in the NAME field and increment is pressed the display changes from
‘A’CB’CD i ’Z’. At the required letter it can be stopped and

shift button is used to move cursor to the next position. Then again
; 14



increment is used to make the next entry. After entering the data, the cursor
is switched over between lines to save the entry. Thus by this way required
name can be entered into the memory.

When cursor is placed in the NUMBER field and increment is pressed
the display changes from 0,1,2,3,.......... 9. The required number can be
typed in. and shift button is used to move cursor to the next position. Then
again increment is used to make the next entry. After entering the number

dial button is used to send the data into the memory.

2.4 DIALER

After storing the data into the memory, it is permanently stored in
the chip, i.e. retaining it even when supply is switched off. Now the data
can be viewed by switching between the names using increment button. To
make a call, display is stopped in the required number and then dial button
is pressed, now relays respective to the number entered in the sequence will
trip and send signal to dialer section of the telephone. The relays are
connected to the corresponding numbers in the keypad of the telephone.

Thus it produces same effect as that of original dialing.

2.5 VOICE RECORDING

This feature enables the user to receive messages and store them
even when he is out of house. It comprises of APR9600 chip for voice
recording purpose. Microcontroller will divert the control to the voice
recorder after certain number of ringing, which is programmed now to be
10. Initially the Rec/Play toggle switch is placed in the Rec position then to
hear the message it is kept in the Play position. When the telephone rings it
will sense the ringing as a single pulse using Monostable circuit and Ringer
detector circuit will sense these pulses and microcontroller program will
increments the counter. After the counter reaches 10, it will trip off the
CRADLE relay and it will also trigger voice recorder circuit to ready to

store the messages leaved by the caller.
15



2.6 PASSWORD PROTECTION

This feature provides security to our auxiliary kit which is
going to be connected to our telephone. It requests for a fixed password
whenever the kit is made ON. It serves as protection from others to view our
stored numbers. Also it protects from others to manipulate the numbers. It
serves as a security for our kit.
At first, the kit will ask for the password to get an access into the memory.
Now, increment button is pressed to change the display from
0,1,2,...... 9.Then shift button is used to move cursor to next position, again

increment button is used to enter the password.
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3.1 Power supply:

The power supply circuit consists of:

Dy +12v unregulsied
o Pog
5 7805 F FEVISO0MA
& regulated
n
208 AC B0 W:: pusrase
o.1uf
© GND

1. Transformer:

The transformer is used to step-down the voltage from 230vac to

12vac and it is designed to give a supply current of 500mA.

2. Bridge rectifier:

The bridge rectifier is used to convert the 12vac to 12vde supply. The full
wave bridge rectifier is used to convert the ac supply into pulsating dc
supply.

3. Smoothing circuit:

The output from the bridge rectifier is of pulsating ac voltage which is
smoothed by the smoothing circuit. The smoothing circuit consists of

capacitors to remove ripples from the dc supply line.

4. FILTER:

The filter circuit used here is the capacitor filter circuit where a
capacitor is connected at the rectifier output, and a DC is obtained across it.
The filtered waveform is essentially a DC voltage with negligible ripples,

which is ultimately fed to the load.



5. Regulator:
Fixed Positive Voltage Regulators:

From

Transformer -
secondry —ll- \ T

GND

The series 78 regulators provide fixed regulated voltages from 5 to 24
V. An unregulated input voltage Viis filtered by capacitor C1 and
connected to the IC’s IN terminal. The IC’s OUT terminal provides a
regulated + 12V which is filtered by capacitor C2 (mostly for any high-
frequency noise). The third IC terminal is connected to ground (GND).
While the input voltage may vary over some permissible voltage range, and
the output load may vary over some acceptable range, the output voltage
remains constant within specified voltage variation limits. These limitations
are spelled out in the manufacturer’s specification sheets. A table of positive

voltage regulated ICs is provided in table.

The regulator is a 3 terminal solid device. The 12vdc input is given to
the regulator and the regulator output is fixed to 5v which will not exceed
even tough there is change in the input supply voltage. The o/p of the

regulator is given to the circuits.
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TABLE Positive Voltage Regulators in 7800 series

IC Part | Output Voltage | Minimum Vi
M M
7805 +5 7.3
7806 +6 8.3
+8
7808 10.5
+10
7810 12.5
+12
7812 14.6
+15
7815 17.7
+18 21.0
7818
+24 27.1
7824

20



3.2 OPTO COUPLER

The proper isolation between input and output becomes very
important in several of the digital and analog applications. The traditional
methods isolation involves the use of such devices as capacitor, relays,
transformers and opto couplers of these the Optocoupler provide an ideal
combination of speed, OC response, high common mode nose for both
analog and digital applications in industrial, medical and military products.
Examples are logic isolations, line receivers, sensing circuits, power supply
feed back, high voltage current monitoring, telephone, lines patient
monitoring equipments, adaptive control, audio and video amplifiers,

triggering of thyristors, and so on.

Optocoupler consists of an LED emitter and a photo sensor of
transistor or diode type. The one that utilizes a phototransistor is limited in
its improves the speed upto a hundred times that of a phototransistor coupler
by reducing the base-collector capacitance. A high speed Optocoupler

employs this as principle of operation.

INPUT ‘ NC
1 6
GROUND VC
2 IC 5 ¢
MCT2E
OUTPUT
NE 3 4
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3.3 RINGING PULSE DETECTOR
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For the operation of the voice recorder, the
microcontroller should trigger the cradle relay after specified number of
rings. So, it should aware of ringing of the telephone, This circuit gives the
output as a single pulse to the microcontroller for every ring of the
telephone. Microcontroller will be programmed enough to sense these
pulses and increment the counter, after counter reaches specified number it
will trip off the cradle relay.

It consists of a Half wave rectifier at the input side. It consists of
Zener diode of 5.1v to supply a constant voltage, Now the rectified and
stable DC signal is send to the optocoupler. It is used for isolation purpose
as a matter of safety. Then the output of the optocoupler is send to the

Microcontroller with the current limiting resistor in series
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3.4 RELAYS
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Early digital logic circuits employ relays to perform all of the
required functions. A relay is constructed from three very basic components:
an electromagnet, a switch, and a spring. But where most switches are
activated by pushing a button or throwing a lever, the switch (or switches)
in a relay change state when voltage is applied to the coil of the
electromagnet. The voltage causes the iron core to become magnetized,
which then pulls the metal switch contacts into position.

And when the voltage is removed, the spring takes over and pulls the
contacts back. Most relays contain at least two switches, though some have
as many as four or more, offering a wide range of possible circuit
combinations.

Since drawing a realistic picture of an electronic component is not always
the most efficient way to convey a circuit, electronic engineers instead use a
schematic diagram. Most schematic representations are really pretty close to
what an equivalent picture might look like, and a relay is shown both ways
for you to compare. Figure shows the schematic for a single-pole (one
switch) double-throw relay. The term double-throw means that one element
-- called the common -- will be connected to either of two possible contacts:
normally open, or normally closed. That is, when the relay is at rest with no
voltage applied to its coil, the common contact is connected to the normally
closed contact. And when the relay is activated, the common will be

connected to the normally open one instead.
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RELAY DRIVING CIRCUIT

+12V
-
330
o AN +12¥
P
1 MCT?E |5
1K Yom
ﬁ 104007
*@ g | 4
2 4 K
AN E:BC 547
— 10K %

An Optocoupler is placed in the initial stage of the
circuit. It is used for isolation purpose as a matter of safety, as it supplies
only the induced voltage, then the output is given to the transistor through
the voltage divider bias. Whenever the signal arrives, it will ground the
transistor thus closing the circuit, thus the relay will trip to Normally close
position and the signal is sent to the telephone. It also consists of a
Freewheeling diode for conduction of the reverse flow of current. In our
project, there are thirteen such relays have been used. These relays will trip

off and are used to send signals to the Microcontroller.
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3.5 APR9600 SOUND RECORDER
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APR9600 is a low-cost high performance sound
record/replay IC incorporating flash analogue storage technique. Recorded
sound is retained even after power supply is removed from the module. The
replayed sound exhibits high quality with a low noise level. Sampling rate
for a 60 second recording period is 4.2 kHz that gives a sound record/replay
bandwidth of 20Hz to 2.1 kHz.

The IC can operate in one of two modes: serial mode and parallel

mode. The APR9600 has a 28 pin DIP package. Supply voltage is between
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4.5V to 6.5V. During recording and replaying, current consumption is 25
mA. In idle mode, the current drops to 1 mA The oscillation resistor is
chosen so that the total recording period is 60 seconds with a sampling rate
of 4.2 kHz. The board measures 80mm by 55mm.

An 8-16 Ohm speaker is to be used with the module.

SAMPLING RATES
The sampling rate is determined by the value of the OSC

resistor (R8 in the circuit diagram). It can be adjusted by users to suit their
specific requirements. The relationships amongst the resistance, sampling

rate, bandwidth and recording period are shown in Table

Table OSC resistances
OSCR resistance | Sampling rate Bandwidth | Recording time
[kOhm] [kHz] [kHz] [Secand]
44 4.2 2.1 60
38 6.4 32 40
24 8.0 4.0 32
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3.6 Circuit Description
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This is the main circuit diagram of our project,
microcontroller that we had used in our project (16877) consists of five
ports, we had used four of it our project. As shown in the diagram, pin 1 &
32 is given to V. i.e. 5v supply. Pin 32 is grounded. Crystal oscillator of 20
My, is connected to pin 23 & 24.The memory chip 24c04A is connected to
pin 19 & 20. The four button keyboard intended specially for data entry in
this project is interfaced with microcontroller through pins 36-40. This is the
only port serving as an input in this project; all the others will act as a output
port. LCD Display is interfaced with the microcontroller through pins
16,17,18,23,24,25,26. Here the data is inputed to the display by the pins
16,17,18,23, which are connected to pins 11,12,13,14 of LCD Display.Then
pins 24, 25, 26 of microcontroller are connected to the pins 4, 5, 6 of LCD
Display. The pins 21, 22, 27, 28 of microcontroller are reserved to act as a

output port by connecting to the dialer section of the telephone.
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3.7 LCD Interface

LCD Data Write Waveform
—
R/_S :I[ }l'
R/_W ——_1: ,:r——_
S——
450 nsec—mi
Pins Description
1 1Ground |
2 Vce

3 |Contrast Voltage

4 "R/S" Instruction/Register Select

5 "R/W" Read/Write LCD Registers

6 "E" Clock

7-14 |Data /O Pins

The interface is a parallel bus, allowing simple and fast
reading/writing of data to and from the LCD. This waveform will write an
ASCII Byte out to the LCD's screen. The ASCII code to be displayed is
eight bits long and is sent to the LCD either four or eight bits at a time. If
four bit mode is used, two "nybbles" of data (Sent high four bits and then
low four bits with an "E" Clock pulse with each nybble) are sent to make up
a full eight bit transfer. The "E" Clock is used to initiate the data transfer
within the LCD. Sending parallel data as either four or eight bits are the two

primary modes of operation. While there are secondary considerations and
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modes, deciding how to send the data to the LCD is most critical decision to

be made for an LCD interface application. Here , in our project Data is sent

at four bits at a time . Four bit mode requires a minimum of six bits. To wire

a microcontroller to an LCD in four bit mode, just the top four bits (DB4-7)

are written to. The "R/S" bit is used to select whether data or an instruction

is being transferred between the microcontroller and the LCD. If the Bit is

set, then the byte at the current LCD "Cursor" Position can be read or

written. When the Bit is reset, either an instruction is being sent to the LCD

or the execution status of the last instruction is read back

The different instructions available are shown in the table below:

R/S

R/W[D7[D6D5[D4[D3[D2[D1[D0[ Instruction/Description
2[5 [ah3z[ir0]9 [8[7 pins i
00 [0o]o[o]o0][0[0][1 [ClearDisplay
1 | Return Cursor and LCD tolHome |
ol o lojololojojo|1]*
1 Position
0T o [olololo o1 ID|S SetCursor Move Direction
o0 [ololo]o/[1|D[C B [Enable Display/Cursor
o0 ToloT0[1 [SCRL[* [* [Move Cursor/Shift Display
0 [0 [ofo[tpL[N[F[*[* Set Interface Length
0! 0 J0!1|AJA A |A A |A Move Cursor into CGRAM
0l 0 [1|]AAJAJA AlA "A [Move Cursor to Displa};
0| 1 [BF|* |*|* |* * [ * [Poll the ';Busy Flag"
'» 1 Write a Character to the Display at
1|0 |piD|/D|D|D|D|D|D |
; the Current Cursor Position
| : |Read the Character on the Display
1|1 |p|p/D|D|D|D|D|D
» ' at the Current Cursor Position
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The bit descriptions for the different commands are:

wsv _Not Used/Ignored. This bit can be either "1" or "0"

Set Cursor Move Direction:
ID - Increment the Cursor After Each Byte Written to Display if Set
S - Shift Display when Byte Written to Display

Enable Display/Cursor
D - Turn Display On(1)/Off(0)
C - Turn Cursor On(1)/Off(0)
B - Cursor Blink On(1)/Off(0)

Move Cursor/Shift Display
SC - Display Shift On(1)/Off(0)
RL - Direction of Shift Right(1)/Left(0)

Set Interface Length
DL - Set Data Interface Length 8(1)/4(0)
N - Number of Display Lines 1(0)/2(1)
F - Character Font 5x10(1)/5x7(0)

Poll the "Busy Flag"
BF - This bit is set while the LCD is processing

Move Cursor to CGRAM/Display
A - Address

Read/Write ASCII to the Display
D - Data



For most applications, there really is no reason to read from the LCD. I
usually tie "R/W" to ground and just wait the maximum amount of time for
each instruction (4.1 msecs for clearing the display or moving the
cursor/display to the "home position", 160 usecs for all other commands).
As well as making my application software simpler, it also frees up a
microcontroller pin for other uses. Different LCDs execute instructions at
different rates and to avoid problems later on (such as if the LCD is changed

to a slower unit), I recommend just using the maximum delays given above.

In describing how the LCD should be initialized in four bit mode, I will
specify writing to the LCD in terms of nybbles. This is because initially, just
single nybbles are sent (and not two, which make up a byte and a full
instruction). As I mentioned above, when a byte is sent, the high nybble is
sent before the low nybble and the "E" pin is toggled each time four bits is

sent to the LCD. To initialize in four bit mode:

Wait more than 15 msecs after power is applied.

Write 0x03 to LCD and wait 5 msecs for the instruction to complete
Write 0x03 to LCD and wait 160 usecs for instruction to complete
Write 0x03 AGAIN to LCD and wait 160 usecs (or poll the Busy
Flag)

5. Set the Operating Characteristics of the LCD

AW b=

o  Write 0x02 to the LCD to Enable Four Bit Mode

Once the initialization is complete, the LCD can be written to with data or
instructions as required. Each character to display is written like the control

bytes, except that the "R/S" line is set
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PIC MICROCONTROLLER
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4.1 Introduction

The microcontroller is the core of the project. The microcontroller has
internal memory to store the code lock number. It reads the keyboard value
and compares the number stored in the memory; if both the keyboard input
and the memory of the microcontroller are equal the micro controller gives

the output signal.

Oscillator:

The oscillator is formed with a crystal and capacitors to generate the
resonant frequency. The microcontroller program counter increments for
each 12 clock cycles, because the c51 core set takes 12 clock cycles to

execute a command.

Keyboard:
The keyboard is input device to the microcontroller to enter the code
lock number. It consists of 10 push buttons. Le. push to on type. If the

switch is closed a +5V signal is given to the microcontroller.

IC Card:
The i2¢ card is used to feed the secret code lock number to the
microcontroller. it consists of an i2¢c EEPRO ic to store the values of the

code locks

Relay Driver:

The relay driver is used to drive the relay. It connected to the circuit.
The relay is used to switch the output load on/off. the relay consumes higher
current around 100mA, and the microcontroller gives an O/P of only 20mA
maximum. So a transistor driver is connected in between the microcontroller

and the relay to turn the relay on/off.
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Relay:
The relay is an electro mechanical device, which is used to isolate
control circuits and the power circuit and also to switch higher power loads

such as door control motors, solenoid coils etc.

Power supply:

The power supply circuit consists of:

1. Transformer:
The transformer is used to step-down the voltage from 230vac to

12vac and it is designed to give a supply current of 500mA.

2. Bridge rectifier:
The bridge rectifier is used to convert the 12vac to 12vdc supply. The

full wave bridge rectifier is used to convert the ac supply into pulsating dc

supply.

3. Smoothing circuit:
The output from the bridge rectifier is of pulsating ac voltage which is
smoothed by the smoothing circuit. The smoothing circuit consists of

capacitors to remove ripples from the dc supply line.

4. Regulator:

The regulator is a 3 terminal solid device. The 12vdc input is given to
the regulator and the regulator output is fixed to 5v which will not exceed
even tough there is change in the input supply voltage. The o/p of the

regulator is given to the circuits.
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PIC Microcontroller Core Features:
INTRODUCTION
« High-performance RISC CPU
« Only 35 single word instructions to learn
« All single cycle instructions except for program branches which are two
cycle
« Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle
« Up to 8K x 14 words of Flash Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM data memory
« Pin out compatible to the PIC16C73/74/76/77
« Interrupt capability (up to 14 internal/external
« Eight level deep hardware stack
« Direct, indirect, and relative addressing modes
 Power-on Reset (POR)
« Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)
« Watchdog Timer (WDT) with its own on-chip RC Oscillator for reliable
operation
« Programmable code-protection
s Power saving SLEEP mode
« Selectable oscillator options
« Low-power, high-speed CMOS EPROM/EEPROM technology
» Fully static design
« In-Circuit Serial Programming (ICSP) via two pins
« Only single 5V source needed for programming capability
« In-Circuit Debugging via two pins
« Processor read/write access to program memory
- Wide operating voltage range: 2.5V to 5.5V

« High Sink/Source Current: 25 mA
35



« Commercial and Industrial temperature ranges
« Low-power consumption:
<2 mA typical @ 5V, 4 MHz
20mA typical @ 3V, 32 kHz
< 1mA typical standby current
Peripheral Features:
» Timer0Q: 8-bit timer/counter with 8-bit prescaler
o Timerl: 16-bit timer/counter with prescaler, can be incremented during
sleep via external crystal/clock
o Timer2: 8-bit timer/counter with 8-bit period register, prescaler and
postscaler
» Two Capture, Compare, PWM modules
Capture is 16-bit, max resolution is 12.5 ns,
Compare is 16-bit, max resolution is 200 ns,
PWM max. resolution is 10-bit
« 10-bit multi-channel Analog-to-Digital converter
 Synchronous Serial Port (SSP) with SPI. (Master Mode) and I12C.
(Master/Slave)
e Universal Synchronous Asynchronous Receiver Transmitter
(USARTY/SCI) with 9-bit address detection.
+ Parallel Slave Port (PSP) 8-bits wide, with external RD, WR and CS
controls (40/44-pin only)

* Brown-out detection circuitry for Brown-out Reset (BOR)
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4.2 ARCHITECTURE OF PIC 16F877

Device Program Data Memory Data EEPROM
Flash
PiC16FET4 4K 182 Bytes 128 Byles
PHCIBFETT 8K 358 Bytes 256 Bytes
13 Dats Sus 8 PORTA
FLASH FProgram Counter = RADIAND
fat
Progaranms lL RA28H
Memory RAM RAZMANZ
£ Leve! Stack File b RA&FANBITET
13-t} Registers RASITOCK!
RAS/AN4SS
Prograrr 14
Bus RAM Acddy {1} PORTE REOMBT
ST
instrustion reg 22,.
Direct addr 7 indrect RESPGM
7 ~adr =i'a RE4
RES
RESHFGT
RBFIRGD
& RCOT1OSO/TICKE
4 RCUTIOSKWCCP2
RCHCCPY
Power-up ROWSCHISTL
Tiner RC4ISCHSDA
instruction Oscillater RCEE0O
Drecode & Start-up Timer ROSITHICK
Control POWET-0N FCTIRXTT
Resat
Tining Watchdog
Generaltion = Timer
OSIC1HCLIKE Brown-ouf
QSC2ACLKOUT Feset o] ROTIPSETROOPSPD
In-Cireuit
Cebugger
L ow-Voltage
Programming Paraile! Siave Port k5 PORTE
é é g REG/ANS/RD
_T__'> B retsansiwR
MCLR  Wdd, Ves [l REANTICS
Timerd Timer1 Timer2 10-hit AT
Dats EEPROM - Synchronous g
CCP1.2 Serial Port LESART
Note 1: Higher order bits are from the STATUS register.
PIC 8K 368 Bytes 256 Bytes
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16f877 PIC MICROCONTROLLER

PD

ACCRveeTHY —= [
RADEND -w—e []
RATENT =—s []

RAZIANZVAEF- w—= []

RAZANIVREF+ -— []

RALTOCK! m—a= []
RASANATSE -— []
RED/RDVANS -—a= [
RE1ANRANE = []
REXTTANT =+ []

VOO ——» []
WEE — e [
OSCHCLKIN —= [

QSC2/CLEOUT «—1[]-
RCOTICSOITICK! —-—= [ 1

RCITIOSICCPZ a—e []
RC2ICCPY a—e []
RCYSCKSCL =»—= []
RODIPSPD w— []
ROM/PSP] =—= []

% LAl B ek

b @ D ] KN LR
L

$.8/..849101d
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RET/FGD
RBEPGC
RES

FbB=2
RBIPGM
B2

RB1
EBLANT

ROTPSPT
RDE/FSPE
ROSPSPE
RO4/P504
RCTRADT
RCETHICK
RCE/SDO

RC4/501/504A

RD3PSP2

ROZ/FSP2
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PIN OUT DESCRIBTION

DIP | PLCC | QFP | VO/P Buffer

Pin Hame Pink | Pin# Pin¥ | Type Type Description
OSCHCLKIN 13 14 30 I | STICKMOSY |Oscillator crystat inpuifextemnal clock source input.
OSCHCLKOUT 14 15 3 O — Cseillator erystal output. Connects o crystal or resonator in

crystal osciliator mode. In RC mode, O8C2 pin outputs
CLKOUT which has 1/4 the frequency of O8C1, and
denoctes the instruction cycle rate.

WICTRVReTHY 1 2 18 P 57 Master clear {resst) input or programming voltage input or
high voliage test mode control. This pin is an active low
reset to the device.

PORTAis a bi-directional ¥0 port.

RADANT 2 3 19 H{ TTL RAD can also be analog inpul

RATANT 3 4 29 HO TTL RA1 can also be analog inputt

RAZANZVaer- 4 5 21 O TTL RAZ can also be analog inpui2 or negative analog ref-
erence vaoltage

RAJANS VrEr+ 5 B 22 HO TTL RAZ can also be anaiog input? of positive analog refer-
ence voltage

RA4TOCKI & 7 23 he ST RA4 can also be the dock input to the Timerl tmer!
counter. Gutput is open drain type.

RAL/SSIAN4 7 8 24 . TTL RAE can also be analog inputd or the slave select for

the synchronous serial port.

PORTB is a bi-directional ¥ port. PORTE can be software
programimed for internal weak puil-up on all inputs.

RBOANT 33 35 B ¥O | TTUSTW RBD can alsc be the externat interrupt pin.

RB1 34 37 G vo TiL

RrRB2 35 38 10 H e

RBIPGM 35 38 1 He] TTL RB3 can alsa be the low vottage programming input

RB4 37 4% t4 Ho TTL Interrupt on change pin.

RB5 38 42 15 O TTL Interrupt on change pin.

RBS/PGC 33 43 16 YO | TTLSTE Interrupt on change pin or In-Circuit Debugger pin.
Serial programming clock.

REB7/PGD 40 44 17 ¥O TTEETR Interrupt on change pin or In-Circuit Debugger pin.
Serial programming data.

Legend: I=input O =output I/O=input/output P = power

—=Notused TTL =TTL input ST = Schmitt Trigger input
Note
1. This buffer is a Schmitt Trigger input when configured as an external
interrupt 2. This buffer is a Schmitt Trigger input when used in
serial programming mode.
3. This buffer is a Schmitt Trigger input when configured as general purpose
I/O and a TTL input when used in the Parallel Slave Port mode (for
interfacing to a microprocessor bus).
4. This buffer is a Schmitt Trigger input when configured in RC oscillator
mode and a CMOS input otherwise.
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. DIP | PLCC | QFP |HOP Buffer e
Pin Nama Ping | Pinf | Pin# |Type| Type |DSSTHPUON
PORTC is a bi-directionat /0 port.
RCOTIOSOMICKI | 15 16 32 ¥ ST RCO can alsc be the Timerl oscillator output or &
- Timer1 clock input.
RCUTIOSHCCP2 16 18 35 4O ST BC1 can also be the Timert oscillator input or
Capture2 input/Compare2 cutputPWh2 output.
RC2/CCPY 17 19 26 o ST RC2 can aiso be the Capture inputfCompare 1 oupul!
PW output.
RC3/SCKISCL 18 20 37 ] ST RC3 can alsc be the synchronous serial clock input!
output for both SPI and 1°C mades.
RC4/SDUSDA 23 28 42 #0 ST R4 can also be the SP} Data In {SP4 mode) or
data ¥O (1°C mode).
RC&/SDO 24 26 43 ¥O ST RCS can also be the SPi Data Out
(5P mode).
ROGTHCK 25 27 44 s ST RC6G can alss be the USART Asynchronous ransmit ar
Synchronous Clack.
RC7RXDT 26 29 1 Yo ST RC7 can also be the USART Asynchronous Receive or
Synchronowus Data.
PORTD is a bi-directional /O port or parallel siave port
when interfacing fo a microprocessor bus.
ROOPSPD 18 21 38 ¥ STATLS
RD1/PSP1 20 22 35 o STATLR
RD2/PSP2 2 23 40 ¥o STAFTLI
RD3IPSP3 22 24 41 i8] ST/TTL®
RDA/PSP4 27 3o 2 e STATLS
RD&PSPL 28 31 3 e STATLS
RD6/PSPE 29 32 4 ¥O STITTL
RD7/PSP7 30 33 5 e STATLR
. PORTE is a bi-directional ¥O port.
REDTTD/ANG 8 g 25 o STTTLS REQ can also be read control for the paralie! slave port,
or analog input5.
REV/TVR/ANS 9 10 26 Yo STTTLS RE1 can also be write conirol for the parallel slave port,
or analog inputh.
RE2ICTIANT 10 11 27 U STTTL® REZ2 can also be select control for the paraliel slave
port, or analog input? .
Vss 12,31 13,34 €29 P —_ Ground reference for logic and ¥0 pins.
Voo 11321 1235 7,28 P — Positive supply for logic and FO pins.
NC — [1,17.28, ] 12,13, — These pins are not internally conneciad. These pins should
A0 3334 be left unconnected.
Legend: I = input O = output I/O = input/output P = power
— =Not used TTL = TTL input ST = Schmitt Trigger input
Note

1. This buffer is a Schmitt Trigger input when configured as an external

interrupt.

2. This buffer is a Schmitt Trigger input when used in serial programming

mode.

3. This buffer is a Schmitt Trigger input when configured as general purpose

/O and a TTL input when used in the Paralle]l Slave Port mode (for

interfacing to a microprocessor bus).

4. This buffer is a Schmitt Trigger input when configured in RC oscillator

mode and a CMOS input otherwise.
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4.3 /O PORTS
Some pins for these I/O ports are multiplexed with an alternate
function for the peripheral features on the device. In general, when a
peripheral is enabled, that pin may not be used as a general purpose I/0 pin.
Additional Information on I/O ports may be found in the

ICmicro™ Mid-Range Reference Manual,

PORTA and the TRISA Register
PORTA is a 6-bit wide bi-directional port. The corresponding data
direction register is TRISA. Setting a TRISA bit (=1) will make the
corresponding PORTA pin an input, i.e., put the corresponding output driver
in a Hi-impedance mode. Clearing a TRISA bit (=0) will make the
corresponding PORTA pin an output, i.e., put the contents of the output
latch on the selected pin. Reading the PORTA register reads the status of the
pins whereas writing to it will write to the port latch. All write operations
are read-modify-write operations. Therefore a write to a port implies that the
port pins are read; this value is modified, and then written to the port data
latch. Pin RA4 is multiplexed with the Timer0 module clock input to
become the RA4/TOCKI pin. The RA4/TOCKI pin is a Schmitt Trigger
input and an open drain output. All other RA port pins have TTL input
levels and full CMOS output drivers. Other PORTA pins are multiplexed
with analog inputs and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the ADCONI register (A/D
Control Registerl).
The TRISA register controls the direction of the RA pins, even when
they are being used as analog inputs. The user must ensure the bits in the

TRISA register are maintained set when using them as analog inputs.
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PORT A Function

Name Bit# Buffer | Function
RADAND bitd TTL Input/output of analog input
RA1/8N1 bitt FTL Inputicuiput or analog input
RAZ/ANZ bit2 TTL inputioutput or analog input
RAJANIVREF | Dit3 TTL Inputioutput or analog input or VREF
RALTOCKI bit4 ST inputfoutput or external clock input for TimerQ
Output is open drain fype
RAS/SS/ANS bits TTL Input/output or slave select input for synchronhous serial port or analog input

Legend: TTL = TTL input, ST = Schmitt Trigger input

SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on: Value on all
Address | Name Bit7 |Bit6 |Bits Bit4 Bit3 Bit2 Bit 1 Bitg gg% other resets
05k PORIA | — 1 — RAL Rad RA3 RAZ RA1 RAD | --0x 0000 | --0u QOGO
85h TRISA | — | — PORTA Data Direction Register --11 1111 | --11 1111
9h |ADCONT | — | — | aDFM | — |Perea | PeFG2 | PCFGI | PCFGO | --0- 0000 | --0- 0800
Legend: x=unknown, u=unchanged, -=unimplemented
locations read as'0'. Shaded cells are not used by PORTA.

PORTB and the TRISB Register

PORTB is an 8-bit wide bi-directional port. The corresponding
data direction register is TRISB. Setting a TRISB bit (=1) will make the
corresponding PORTB pin an input, i.e., put the corresponding output driver
in a hi-impedance mode. Clearing a TRISB bit (=0) will make the
corresponding PORTB pin an output, i.e., put the contents of the output
latch on the selected pin. Three pins of PORTB are multiplexed with the
Low Voltage Programming function; RB3/PGM, RB6/PGC and RB7/PGD.
The alternate functions of these pins are described in the Special Features
Section. Each of the PORTB pins has a weak internal pull-up. A single
control bit can turn on all the pull-ups. This is performed by clearing bit
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RBPU (OPTION_REG<7>). The weak pull-up is automatically turned off
when the port pin is configured as an output. The pull-ups are disabled on a

Power-on Reset.

Four of PORTB’s pins, RB7:RB4, have an interrupt on change feature.
Only pins configured as inputs can cause this interrupt to occur (i.e. any
RB7:RB4 pin configured as an output is excluded from the interrupt on
change comparison). The input pins (of RB7:RB4) are compared with the
old value latched on the last read of PORTB. The “mismatch” outputs of
RB7:RB4 are OR’ed together to generate the RB Port Change Interrupt with
flag bit RBIF (INTCON<0>). This interrupt can wake the device from
SLEEP. The user, in the interrupt service routine, can clear the interrupt in
the following manner:

a) Any read or write of PORTB. This will end the mismatch
condition.

b) Clear flag bit RBIF. A mismatch condition will continue to
set flag bit RBIF. Reading PORTB will end the mismatch condition, and
allow flag bit RBIF to be cleared. The interrupt on change feature is
recommended for wake-up on key depression operation and operations
where PORTB is only used for the interrupt on change feature. Polling of
PORTB is not recommended while using the interrupt on change feature.
This interrupt on mismatch feature, together with software configurable
pull-ups on these four pins, allow easy interface to a keypad and make it

possible for wake-up on key depression
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PORT B FUNCTIONS

Name Bit# | Buffer Function

RBUANT bith TTUSTH Inputioutput pin or external interrupt input. Internal software
programmable weak pull-up.

RB1 bit1 7L Inputioutput pin. Internal software programmable weak puli-up.

RB2 bit2 L Inputfoutput pin. Internal software programmable weak puli-up.

RB3/PGM  |bit3 TIL Inputfoutput pin or programming pin in LVP mode. Internal software pro-
grammable weak pull-up.

RB4 bitd TIL Input/output pin {with interrupt on change). Internal software programmable
weak puli-up.

RBS bits TIL Inputoutput pin {with interrupt on change). Internal software programmable
weak pull-up.

RB&/PGC  |bite TTUST Inputioutput pin (with interrupt on change) or In-Circuit Debugger pin. inter-
nal software programmable weak pull-up. Serial programming clock.

RB7/PGD  |bit7 TTUSTR Inputioutput pin (with inferrupt on change) or In-Gircuit Debugger pin. Inter-
nal software programmable weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
Z This buffer is a Schmitt Trigger input when used in serial programming mode.

SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Valug on:
Address |Name |Bit7 |Bité |Bi5 |Bit4 |Bit3 |Bit2 |Bit1 |BRRO |POR, Value on all
BOR other resets
06h, 108h | PORTB | RET Rge HBS | RB4 | RB3 | RBZ | RBt | RBO | o000 sonot WO Uy
86h, 188h | TRISE PORTS Data Direction Register 1111 13113 1131 1131
81h, 181h | OPTION_| RBPU ’!msm!mcs‘msg!ml psz»}’%@ PSO | 1131 1131 | 1a13 2111

Legend: x = uninown, u= unchanged. Shaded cells are not used by PORTE.

PORTC and the TRISC Register

PORTC is an 8-bit wide bi-directional port. The corresponding data
direction register is TRISC. Setting a TRISC bit (=1) will make the

corresponding PORTC pin an input, i.e., put the corresponding output driver

in a hi-impedance mode. Clearing a TRISC bit (=0) will make the

corresponding PORTC pin an output, i.e., put the contents of the output
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latch on the selected pin. PORTC is multiplexed with several peripheral
functions
(Table-3.5). PORTC pins have Schmitt Trigger input buffers.

When the I2C module is enabled, the PORTC (3:4) pins can be
configured with normal I2C levels or with SMBUS levels by using the CKE
bit (SSPSTAT <6>).

When enabling peripheral functions, care should be taken in defining
TRIS bits for each PORTC pin. Some peripherals override the TRIS bit to
make a pin an output, while other peripherals override the TRIS bit to make
a pin an input. Since the TRIS bit override is in effect while the peripheral is
enabled, read-modify write instructions (BSF, BCF, XORWF) with TRISC
as destination should be avoided. The user should refer to the corresponding

peripheral section for the correct TRIS bit settings.

PORTC FUNCTIONS

Name Bit# |BufferType |Function

RCOMIOSOMICK! | pad |ST Inputoutput port pin or Timer1 osciliator outpub/Timert clock input

RCHTIOSYCCR2 ] ST inputfoutput port pin or Timert oscillator input or Capture2 input/
Compare2 output/PWiM2 output

RCZICCP1T b2 | ST Inputioutput port pin or Caplare1 input‘Compare 1 output/PWi1
autput

RC3/SCKISCL bit3 ST RC3 can also be the synchronous serial clock for both $P1and I°C
modes.

RC4/SDIFSDA btd | ST RC4 can also be the SPI Bata In (SPI mode) or data /O (12C mode).

RCS/SDO bis | BT inputioutput port pin or Synchronous Serfal Port data output

RCBTXICK pas ST inpubioutput port pin or USART Asynchronous Trarsmit or Synchro-
nous Clock

RC7IRX/DT pi7 | ST Inputioutput port pin or USART Asyachronous Recaive or Synchro-
nous Data

Legend: ST = Schmitt Trigger input

SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

. |Value on
Value on: all
Address |Name | Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 (POR,
other
BOR
resets

{Th PORTC | RC? RCE RC5 | RC4 | RC3 | RCz | RGt RCD | oo wooe | nuan wnm

87h TRISC PORTC Data Direction Register 111% 1111 | 1111 1113

Legend: x = unknown, u = unchanged.
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PORTD and TRISD Registers

This section is not applicable to the 28-pin devices. PORTD is an 8-

bit port with Schmitt Trigger input buffers. Each pin is individually

configurable as an input or output.

PORTD can be configured as an 8-bit wide microprocessor Port

(parallel slave port) by setting control bit PSPMODE (TRISE<4>). In this

mode, the input buffers are TTL.

PORTD FUNCTIONS

Name Bit# Buffer Type Function

ROU/PSPO bith ST/TTLY input/output port pin or paraliel stave port bitd
RD1/PSPY bit1 STTTLUY inputfoutput port pin or parallel siave port bitl
RD2/PSP2 b2 STTTLN Inputioutput port pin or paraliel siave port bit2
RO3PSPI i3 STATLY tnputioutput port pin or paraliel siave port bit3
RD4/PSP4 bitd STATLY tnput/output port pin or parallel siave port bitd
ROS/PSPS hith STITTLN inputfoutput port pin or parallel stave port bits
RD&/PSPE with STTILI tnput/output port pin or parallel siave port bitg
RO7/PSPT b7 STTTLY inputfoutput port pin or paralle! slave port bit?

Legend: ST = Schmitt Trigger input TTL =TTL input
Note 1- Input buffers are Schmitt Triggers when in /G miode and TTL buffer when in Parallel Slave Port Mode.

SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: | Valueonall
Address |Name |Bit7 | Bité [Bits| Bit4 |Bit3| Bit2 | Bit1 | Bit0 |POR, other
BOR resets
0sh |PORTD|RD7 |RDG|RD5| RD4 [RD3| R R ROO | xoom mooe | wat wan
88h TRISD _ PORTDMDM:R&QM 1341 2311 | 111 1
8h | TRISE | 1BF | OBF |IBOV|PSPMODE | — | PORTE DataDirectonBits | 0000 -111 | 0000 -1

Legend: x = unknown, u = unchanged, - = animpiemﬁied read s '0'. Shaded cells are not used by PORTD,

PORTE and TRISE Register
PORTE has three

pins REO/RD/ANS, RE1/WR/AN6 and
RE2/CS/AN7, which are individually configurable as inputs or outputs.

These pins have Schmitt Trigger input buffers.
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The PORTE pins become control inputs for the microprocessor port
when bit PSPMODE (TRISE<4>) is set. In this mode, the user must make

sure that the TRISE<2:0> bits are set (pins are configured as digital inputs).
Ensure ADCONI is configured for digital /O. In this mode the input
buffers are TTL.

PORTE pins are multiplexed with analog inputs. When selected as an

analog input, these pins will read as '0's. TRISE controls the direction of the

RE pins, even when they are being used as analog inputs. The user must

make sure to keep the pins configured as inputs when using them as analog

inputs.

PORTE FUNCTIONS

Name

Bit#

Buffer Type

Function

RED/RDVANS

bitD

st

Inputoutput port pin of read control input in parallei slave port mode or
analog inpul:

RD

1 = Not a read operation

0 = Read operation. Reads PORTD register {if chip selected)

RE1AWRIANG -

bift

sTTTLY

input/output port pin of write control inputin paralie! siave port mode or
analog input:

WR

1 =Not a write operation

{1 =Write operation. Writes PORTD register (if chip selected)

RE2/CS/ANT

bit2

sTATLY

Inputioutput port pin or chip select control input in paralie] slave porl
mode or analog input:

13

1 = Device is not selected

0 = Device Is sefected

Legend: ST = Schmitt Trigger input TTL=TTL input

Note 1: Input buffers are Schmitt Triggers wheni in YO mode and

TTL buffers when in Parallel Slave Pori Mode.

SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Value on:
agarlname o7 lss|ens |Bra  |sts |mnz |mnt [mwo [por,  |aeo Al
pther resets
BOR
®h | PORTE | = | — | — | = | — | REZ | RET | RED | - cxmx | - -um
89 | TRISE | IBF | OBF | BOV P@PMOBE; w2’ | PORTE DataDisctionBits | o000 ~113 1 0000 ~111
OFh [ ADCONt | — | = |ADRM| — } PCFG3 | PCFG2 | PCFGH | PCFGO | --0- 0000 | --0- 0000

Legend: %= Unknown, u = unchanged, - = unimplemented read as 0. Shaded cells are not used by PORTE.
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MEMORY ORGANISATION

There are three memory blocks in each of the PIC16f877 MUCs. The
program memory and Data Memory have separate buses so that concurrent
access can occur.
4.4 PROGRAM MEMORY ORGANISATION

The PIC161f877 devices have a 13-bit program counter capable of
addressing 8K *14 words of FLASH program memory. Accessing a
location above the physically implemented address will cause a wraparound.

The RESET vector is at 0000h and the interrupt vector is at 0004h.

DATA MEMORY ORGANISQTION
The data memory is partitioned into multiple banks which contain the

General Purpose Registers and the special functions Registers. Bits RP1
(STATUS<6) and RP0O (STATYUS<5>) are the bank selected bits.

RP1:RPO Banks
00 0
01 1
10 2
11 3

Each bank extends up to 7Fh (1238 bytes). The lower locations of
each bank are reserved for the Special Function Registers. Above the
Special Function Registers are General Purpose Registers, implemented as
static RAM. All implemented banks contain special function registers.
Some frequently used special function registers from one bank may be
mirrored in another bank for code reduction and quicker access.

GENERAL PURPOSE REGISTER FILE
The register file can be accessed either directly or indirectly through

the File Selected Register (FSR).
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PIC16F877 REGISTER FILE MAP

File

Address
indirect addr.[ | gon indirect adar(?| eon | Indirect adar (V] 100n | ingirectadar®?| 1a0n
TMRD oth OPTICN_REG| 8th TMRO 101h OPTION_REG| 181p
PCL 02h PCL &2h PCL 1028 PCL 182h
STATUS | 03h STATUS | 8%h STATUS | 103n STATUS | 183h
FOR Odh FSR 84k FSR 1040 FER 184k
PORTA | 05k TRISA 85k ' : 10sh | 18¢8h
PORIB | D&k TRISS 86h PORTB 108n TRISS 18¢h
PORTC | O7h TRISC | &7h ] 107 1870
PORTL ™ | DBh TRISD™ | g8h S o0 108 188h
PORTE ™ | 08h TRISE™ | gon | 108n , 18%h
PCLATH | Dah PCLATH | 8an PCLATH | 10&h pCLATH | 1840
INTCON | 0Bh INTCCH | 8Bh INTCON | 108h INTCON | 18Bh
PiR1 ach PIE1 8Ch EEDATA | 10Ch EECONT | 18Ch
PIRY 0D PIE2 80k EEADR 0Dh EECON2 18Dh
TWMRIL | OEh PCON | 8En EEDATH | 10ER Reserved® | 18Eh
TMRIH | OFh S 8Fh EEADRH | 0Fh Ressrved® | 18Fn
TICON 10h | ooh 1100 1800
TMR2 11h SSPCON2 | 9th 1111 191h
T2CON 12h PR2 92h 1120 182h
SSPBUF | 13h SSPADD | &3h 113n 1834
SSPCON | 14h SSPSTAT | ®4h 114n 184h
CCPRAL | 15k T 95h 1158 188
CCPRIH | 16h ] geh cenoral 118h cenera 1%8h
P ] HEra ,
CCPICOM | 17Th A | o7h 117h 187h
RCSTA | 18h IXSTA | 98h Register | 118 Register | 198
|___TXREG | teh SPBRG | 99h 16Bytes | 1190 16Bptes | 1980
RCREG 1Ak o | %An 114h 1840
CCPR2L | 1Bh . 1gBh 118h 158h
CCPRZH | 1Ch L aCh 11Ch 18Ch
COP2cON | 1Dh i : o0h 100 18Dh
ADRESH 1Eh ADRESL SEh 11Eh 18Eh
ApDcong | 1Fh ADCONT oFh 11Fh 18Fn
20h Ah 20n 1400

Register Rema%er Ragister ﬁ@%
96 Bytes 80 Bytes Een 80 Bytes (65h s0Bytes | oo
2lLenees Foh acoasses 170n 1FOR

700-TFh 70h-TFn 700 - 77
7Fh FFh 17Fh 1FFL

Bank 0 Bank 1 Bank 2 Bank &

. plemented date memory lo
. m a Mw rogister. devices.
- i fetars ang m WW on %ﬁ“
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4.5 INSTRUCTION SET SUMMARY

Each PIC 16f877 instruction is a 14-bit word, divided into an
OPCODE which specifies the instruction type and one or more operand
which further specify the operation of the instruction. The PIC16F877
instruction set summary in table 12 lists byte-oriented, bit-oriented, and
literal and control operations. Tablell shows the opcode Field

descriptions.

For byte-oriented instructions, ‘f; represents a file register designator
and °d’ represents a destination designator. The file register designator
specirids which file register is to be used by the instruction. The destination
designator specified where the result of the operation is to be placed. If'd’ is
zero, the result is placed in the w register. If*d’ is one, the result is placed in

the file register specified in the instruction.
For bit-oriented instructions, ‘b’ represents a bit field designator
which selects the number of the bit affected by the operation, which ‘f’

represents the address of the file in which the bits is located.

For literal and control operations, ‘k’ represents an eight or eleven bit

constant or literal value.
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OPCODE FIELD DESCRIPTIONS

Field

Description

Register file address {(Bx0D to Ox7F)

Working register (accumulator)

Bit address within an B-bit file register

{ iteral field, constant data or label

wlw|o| =

Don't care location (=0 or 1}
The assembler will generate code with x = 0. ltis the
recommended form of use for compatibility with all
Microchip software tools.

Destination select: d = §: store resulf in W,
d = 1: store result in file register £
Defaultisd =1

Program Counter

Time-out bit

g dl| 8

Power-down bit

The instruction set is highly orthogonal and is grouped into three basic

categories:

* Byte-oriented operations

* Bit-oriented operations

* Literal and control operations

All instructions are executed within one single instruction cycle,

unless a conditional test is true or the program counter is changed as a result

of an instruction. In this case, the execution takes two instruction cycles

with the second cycle executed as a NOP. One instruction cycle consists of

four oscillator periods. Thus, for an oscillator frequency of 4 MHz, the

normal instruction execution time is 1 ms. If a conditional test is true or the

program counter is changed as a result of an instruction, the instruction

execution time is 2 ms.
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GENERAL FORMAT FOR INSTRUCTIONS

Byte-oriented file register operations
13 g8 7 &6

[0

OPCODE f{FILE #)

d = O for destination W
d = 14 fordestination {
f = 7-hit file register addness

Bit-criented file register operations
13 10 9 7 & 0

OPCODE Bl(BIT #) f(FILE#)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations

General
13 B 7 &

OPCODE K {literal}

k = B-bit immediate vaiue

CALL and GOTO instructions only
13 11 10 c

OPCODE k {literal}

k = 11-bit immediate value
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16F877 INSTRUCTION SET

Mnemonic, Description Lycles $4-Bit Cpcode Status | Notes
QOperands WSh [sh Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f,d |AddWandf 1 oo 0111 dfff ffff | CDBCZ 12
ANDWF £, d | ANDWwilh! 1 |oo o100 dfff fEEF|Z 12
CLRF f Clear f 1 a0 o001 Lfff £fff |2 2
CLRW - Clear W 4 o 0001 fhoox meox |2

COMF f,d | Complement f t |o0 100l Afff EEfE| 2 12
DECF f,d | Decrement { 1 |oo o011 AfFf FEFE |2 12
DECFSZ  f,d | Decrement? SkipifQ 42y | o0 1011 Aafff Efif 12,3
INCF f,d |increment | 1 ao 1010 3fff EfEf |2 12
MCFSZ f,d | Increment f, Skip 0 12y | e 1111 4fff  fEEf 1232
IORWFE f,d |inciugive ORW with 1 g0 0100 Afff ffff)Z 1.2
MOVF f,d |Movef § |00 1000 Afff EfEf |2 12
MOWF f  |MowWiof 1 loo opoo 1EEf EfEf

HOP - | Mo Operaticn 1 |60 o000 Cootd G000

RLF f,d | Rotete Left ffhrough Carry 1 o0 1101 dfff EEFE| C 1,2
RRF f,d | Rotate Right f through Carry 1 |00 1100 Qfff ffff|C 12
suU f,d | Subtract W fromf 1 |oo  oplo Afff fffE | CDCZ | 12
SWAPF f,d | Swepnibblesinf 1 o0 1110 4fff Efff 12
XORWF f,d | Exclusive ORWwith{ 1 o0 0110 Afff ffff | € 1.2
BI-ORIENTED FILE REGISTER OPERATIONS

BCF f,b | B Cearf 1 01 O0kb bEEE fEff 12
BSF f,b | BASetf i 01 Olbk hEEf EEEf 1.2
BTFSC f,b | BiTestf Skp i Clear $1{2) | 01 1okb bEff ffff 3
BTFSS f,b |BiTestf Skip if Set 13 | 01 11kb bEff ffEf 3
LITERAL AND CONTROL OPERATIONS

ADDIW &dd literal and W 4 11 111x kikk kkkk| CDCZ
ANDLW k AND Heral with W 1 11 1001 kkkk Xkkk| Z

CALL k Cal subrouting 2 10 Okkk ke kkkk

CLRWDT - | Clear Watchdog Timer 1 00 ©0o0 0110 oloo| TOFD
GOTO oo address 2 10 Ikkk Kkl kkkk

IORLW k Inclusive OR fteral with W 1 11 1000 Jekidk kkkk| 2

MOVIW  k  |MoesliterslioW 1 11 0o kkkk kkkk

RETFIE - Return from inferrupt 2 60 Oo00 0000 1001

RETLW k Feturn with fers inW 2 11 Olox kkkk Ekkk

RETURN - | Retum from Subroutine 2 00 G000 0000 1000

SLEEP - | Gointo standby moda 1 00 0000 €110 omli| TOPD
SUBLW i Sublract W from litersl 1 11 110x kkkk kkkk| CBCEZ
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk| Z

Note 4: When an 0 register is modified as a function of itsalf { e.g., MOVE DORTB, 1), the value used will be that value present on
the pins themsaives. For example, ff the data lateh is 1" for 8 pin configured as input and is driven low by an exteral
devics, the data will be written back witha 'l
2 this instruction is executed on the TMRD register (and, where applicabls, d = 1), the prescaler will be cleared if assigned
to the TimerD Module.
3: ¥ Program Counter {PC} is modified or & conditional test is true, the instruction requires two cycles. The second cycle &
executed as & NOF
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CONCLUSION

Thus our project “PORTABLE ADDRESS BOOK KIT WITH
DIALER AND VOICE RECORDER?” have been designed and implemented
successfully.

In this project, we had implemented the features using electronic
circuits, by understanding the concepts right. It can be made simpler using
the embedded techniques. In our project, we had used more number of
relays, making the circuit larger, which can be made simpler using the IC
91217, a serial input DTMF generator IC.

This project can be further enhanced with implementing auto
answering technique, which will make our home phone a more advantaged

than mobile phones.
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APPENDIX




APPENDIX —I
PROGRAM CODING

#include <pic.h>
#include <f87x.h>
#include <lcd_d.h>
#include <flash.h>

#include <stdio.h>

#define cradle RCO
#define key 0 RC2
#define key 1 RC3
#define key 2 RCl1
#define key 3 RC4
#define key 4 RC5
#define key 5 RC6
#define key 6 RC7
#define key 7 RBO
#define key 8 RB1
#define key 9 RB2
#define record REO

unsigned int delay;
unsigned char main_address_l, main_address_h, x, Ine, INDEX, ring;

bit put_name, display data, enter_ra0, data_dis;
bit leave, enter;
void hardware_setup( void);

void save_data( unsigned char data );

void get_address( void );



void display_message( void );
void dial out( void );
~ void password_startup( void );

void record delay( void );

main()
{
hardware_setup();
while(1)
{
if( RAO && enter_ra0 )
{
ring++;
enter_ra0 = 0;
sprintf( LCD_TABL, “Ringing... %01u”, ring );
display 2();
for( delay = 0; delay <= 65000; delay++);
3

if( '\RAO)

{

enter ra0 = 1;
}

if( ring >=10)
{

cradle=1;
record = 1;

record_delay();

record = 0;
cradle = 0;
ring = 0;

}
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if( RAL)

{

if( data_dis )

{
display_data=1;
INDEX = 1;
display _message();
line =1;

data dis =0;

}

if( RBIF )

{

if( put_name )

{

display data=1;
display_message();

LCD FLAG =0;

out( LCD_CAR =0Xc3);
LCD FLAG=1;
out(LCD_CAR =( ‘0’ + INDEX ) );
led put cursor( 1, 6);
put_name = 0;

X = 6;

if( line==1)

{

line =2;

LCD _TABL[x]=‘0’;

}

else

{



line =1;

LCD TABL[x]=‘A’;

¥

}

if( 'RB4)

{

if( 'RB7)

{

if( line==1)

{

if( (LCD_TABL[x] >= ‘A’) && (LCD_TABL[x] <= ‘N ||
((LCD_TABL[x] >=‘0") && (LCD_TABL[x] <= ‘9’)) || (LCD_TABLI[x]

=)

{

if( LCD_TABL[x]=="*"*)

{

LCD TABL[x]= ‘0’

3

else if( LCD_TABL[x] == ‘9*)
{

LCD TABL[x]= ‘A’

3

else ifl LCD_TABL[x]==°Z")
{

LCD TABL[x]=""%

}

else

{

LCD_TABL[x]++;
}
}
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else

{

LCD TABL[x]="‘"%

}

}

else

{

if( (LCD _TABL[x]>= ‘0" ) && (LCD_TABL[x] <=9 ))
{

iff LCD_TABL[x]=="°")
{

LCD TABL|x]=0";

}

else if( LCD_TABL[x]==9")
{

LCD TABL[x] = ‘0’

}

else

{

LCD _TABL[x}H+;

}

}

else

{

LCD TABL[x] = ‘0’;

}

}

if( line==1)

{
LCD FLAG = 0;
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out( LCD_CAR = 0x80+x );

LCD FLAG=1;

out(LCD CAR=LCD TABL[Xx] );
}

else

{

LCD FLAG=0;

out( LCD_CAR = 0Xc0+x );

LCD FLAG=1;

out( LCD_CAR=LCD _TABLI[x] );
}

lcd put cursor( Ine, x );

}

if( 'RB6)

{

if( x==15)

{

X =6;

}

else

{
xt++;
}

led_put_cursor( Ine, x );
}

if( 'RB5)

{

if( line==1)

{

get_address();

save data(l);
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display data=1;
display message();

line = 2;

for( x = 6; x <= 15; x++)
{

LCD TABL[x]=“*

3

X =0;

LCD TABL[x]= ‘0’

)

else

{

get address();

save data(2);

display data=1;
display message();
line=1;

for( x = 6; x <= 15; x++)
{

LCD TABLI[x]=“*

3

X = 6;

LCD _TABL[x] = ‘A’

}

lcd put_cursor( Ine, x );
¥

¥

else

{

put_name = 1;

led_cursor_off();



if( 'RB7)

{

if( INDEX < 10)
{

INDEX++;
display data=1;
}

}

if( '1RB6)

{

iflt INDEX >0)
{

INDEX--;
display data=1;
}

}
get_address();

display message();

if( IRB5)

{

dial_out();

3

}

for( delay = 0; delay <= 65000; delay++ );
for( delay = 0; delay <= 65000; delay++ );
RBIF =0;

}

}

else

{
if( !data_dis )
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{

sprintf( LCD_TABL, “Insert Card  *“);
display 1();

sprintf( LCD_TABL, “ “Y
display 2();

data dis=1;

}

put name = 1;

}

}

void hardware_setup( void )
{
led_init();
cradle=key 0=key 1 =key 2=key 3=key 4=key S=key 6=
key 7= key 8=key 9=0;
TRISE = 0x00;
TRISC = 0x00;
TRISB = 0X{0;
TRISA = 0x03;
ADCONI1 =0x07;
RBPU = 0;
password_startup();
line = 1;
display data=1;
put_name = 1;
INDEX =1;
get address();
display_message();
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/* for( main_address_h = 0x10; main_address_h <= 0x11;
main_address h++)

{
for( main_address_| = 0; main_address_1 <= 0Xff;

main_address_1++)

{
flash_write( main_address_h, main_address_1, 0, ‘R’ );
}
¥/
data dis=1;

void save data( unsigned char data )

{

unsigned char z, temp_main_address_I;

temp main_address | =main_address_I;

if data==1)

{

for( z=6; z<=15; z+t+)
{

if( (LCD_TABL[z] >= ‘A’) && (LCD_TABL[z] <= ‘Z")) ||
((LCD_TABL[z] >=‘0") && (LCD_TABL|[z] <= ‘9’)) )

{

flash_write( main_address_h, temp_main_address_I, 0,
LCD _TABL|[z] );

3

else

{
flash_write( main_address_h, temp_main_address_1, 0, * ©);
}

temp_main_address_l++;
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}

}

else if( data==2)

{

temp_main_address 1= main_address_1+ 10;

for(z=6; z<=15; z++)

{

if( (LCD_TABL[z] >= ‘0’) && (LCD_TABL[z] <= ‘9’))

{

flash_write( main_address_h, temp_main_address_1, 0,
LCD TABL[z] );

}

else

{

flash_write( main_address_h, temp_main_address 1,0, * * );

}

temp_main_address_l++;

}

3

void get_address( void )
{
switch( INDEX )

{

case 0:

{

main_address_h = 0x11;
main_address_l = 0x60;

break;
3
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case 1:

{

main_address _h = 0x10;
main_address 1 = 0x20;
break;

}

case 2:

{

main_address_h = 0x10;
main_address 1= 0x40;
break;

}

case 3:

{

main_address_h = 0x10;
main_address_| = 0x60;
break;

}

case 4:

{

main_address_h = 0x10;
main_address | = 0x80;
break;

}

case 5:

{

main_address_h = 0x10;
main_address 1= 0Xa0;
break;

}

case 6:



{

main_address_h = 0x10;
* main_address | =0Xc0;
break;

3

case 7:

{

main_address_h = 0x10;
main_address 1= 0XeO0;
break;

3

case 8:

{

main_address_h = 0x11;
main_address_1= 0x00;
break;

}

case 9:

{

main_address_h =0x11;
main_address 1= 0x20;
break;

j

case 10:

{

main_address_h =0x11;
main_address_1=0x40;
break;

)
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void display message( void )
{
unsigned char temp_main_l, a;
if( display_data )
{
get _address();
temp_main_| = main_address_l;
sprintf{LCD_TABL,”Name: “);
display _1();
sprintffLCD_TABL,”No. : “Y;
display 2();
display data = 0;
for(a=6;a<=15; at+)
{
LCD TABL[a]=*“"*
}
for(a=6;a<=15; at+)
{
LCD TABL[a] = flash_read( main_address_h, temp_main_l);
temp_ main_l++;
LCD FLAG=0;
out( LCD CAR=0x80+a);
LCD FLAG=1;
out( LCD_CAR=LCD_TABL[a] );
}
for(a=6;a<=15; att+)
{
LCD TABL[a]=""*;
}

temp_main_| = main_address 1+ 10;
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for(a=6;a<=15; att)

{

LCD TABL[a] = flash_read( main_address_h, temp _main [ );

temp_main_l++;

display 2();

}

LCD FLAG=0;

out( LCD_CAR =0Xc3 );

LCD FLAG=1;

out( LCD_CAR =( ‘0’ + INDEX) );
}

void dial out( void )

{

unsigned int dly;

unsigned char f, a, temp_main_address_l;
sprintf{ LCD_TABL, “Dialling... *);
display_2();

get _address();

temp_main_address_| = main_address_1 + 10;

cradle = 1;
for( f=6; f <=15; f++)
{

for( dly = 0; dly <= 65000; dly++);

for( dly = 0; dly <= 65000; dly++);

a = flash_read( main_address_h, temp_main_address_1);
temp_main_address_l++;

LCD_FLAG=0;

out( LCD_CAR = 0Xcf);

LCD_FLAG =1,
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out(LCD_CAR =a);

switch( a )

{

case ‘0’:

{

key 0=1;

for( dly = 0; dly <= 65000; dly++);
for( dly = 0; dly <= 65000; dly++);
key 0=0;

break;

}

case ‘1’:

{

key 1=1;

for( dly = 0; dly <= 65000; dly++ );
for( dly = 0; dly <= 65000; dly++ );
key 1=0;

break;

3

case ‘2’:

{

key 2=1;

for( dly = 0; dly <= 65000; dly++);
for( dly = 0; dly <= 65000; dly++ );
key 2 =0;

break;

3

case ‘37:

{

key 3=1;

for( dly = 0; dly <= 65000; dly++ );
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for( dly = 0; dly <= 65000; dly++ );
key 3 =0;

break;

3

case ‘4’:

{

key 4=1;

for( dly = 0; dly <= 65000; dly++);
for( dly = 0; dly <= 65000; dly++);
key 4 =0;

break;

}

case ‘5’:

{

key 5=1;

for( dly = 0; dly <= 65000; dly++);
for( dly = 0; dly <= 65000; dly++);
key 5=0;

break;

3

case ‘6’:

{

key 6=1;

for( dly = 0; dly <= 65000; dly++);
for( dly = 0; dly <= 65000; dly++);
key 6=0;

break;

}

case ‘7’:

{

key 7=1;
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for( dly = 0; dly <= 65000; dly++);
for( dly = 0; dly <= 65000; dly++);
key 7=0;

break;

}

case ‘8’:

{

key 8=1;

for( dly = 0; dly <= 65000; dly++ );
for( dly = 0; dly <= 65000; dly++ );
key 8=0;

break;

}

case ‘9’:

{

key 9=1;

for( dly = 0; dly <= 65000; dly++);
for( dly = 0; dly <= 65000; dly++);
key 9=0;

break;

}
default:

{
break;
}
)
}

cradle = 0;
sprintfl LCD_TABL, “Dialled.... “);
display_2();
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void password_startup( void )

{

unsigned char menu_value[3], menu, digit, incr, device;
unsigned int dly;

leave = 0;

enter = 0;

while( !leave )

{

LCD_FLAG = 0; out{ LCD_CAR = 0x0E );
if( digit==0)

{

LCD FLAG =0; out( LCD_CAR = 0x8A );
}

else if( digit==1)

{

LCD FLAG = 0; out{ LCD_CAR = 0x8B );
}

else if( digit==2)

{

LCD FLAG = 0; out( LCD_CAR = 0x8C );
}

//flag = 0; out( car = 0x08 );

if{ RBIF )

{

if( '1RB7)

{

if( incr 1=9)

{

incr++;

}
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else

{

incr = 0;

}

menu_value[digit] = incr;

3

if( 'RB6)

{

if( digit!=2)

{

digit++;

3

else

{

digit = 0;

}

)

if( 'RB5)

{

if( (menu_value[0] == 9 ) && (menu_value[l] == 0 ) && (
menu_value[2]==1))

{

leave = 1;

}

else

{

leave = 0;

}

3

for( dly = 0; dly <= 65000; dly++);

for( dly = 0; dly <= 65000; dly++);
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enter = 1;

RBIF =0;
)
if( enter )
{

sprintfl LCD_TABL, “P assword: %1u%1u%]lu

menu_value[l], menu_value[2] );

display 1();

enter = 0;
}
}

void record_delay( void )

{

unsigned int q, 49;
for(q=0;q<=7;q+t)

{

for( qq = 0; qq <= 65000; qq++);
b

“ menu_value[0],
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APPENDIX - II

DATA SHEETS

PHOTOTRANSISTOR OPTOCOUPLERS

WHITE PACKAGE (-M SUFFIX) BLACK PACKAGE {NO -M SUFFIX)

4

DESCRIPTION

The MCT2XXX seties optoisolators consist of a gallium arsenide infrared emitting diode driving a silicon phototransistor in a 6-pin
dual inding package.

FEATURES

+ UL recognized {File # EG0700)

+ VDE recognized (File # 94768
— Add option V for white package (e.g., MCT2V-M)
- Atd option 300 for black package {e.g., MCT2.300)

+ MCT2 and MCT2E are also available in white package by specifying -M suffix, eg. MCT2-M

APPLICATIONS
+ Power supply regulators
+ Dightal logic inputs
« Wicroprocessor inpuls

SCHEMATIC

NEQPEN

T Lt 4

PR 4 ACE
LLRHAE
B NICONECTION
A DMITER

& COARCTIOR
% BASE
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ELECTRICAL CHARACTERISTICS (T, = 25°C Unless otherwise specified.)

Individual Component Characteristics

Parameter Test Conditions | Symbol | Device | Min | Typ* | Max Unit
EMITTER

MCT2MM
MCT2EAM
MCT2T

MCT2200
MCT2201
MCT2202

(To= 0-70°C, lp= 40 mA) MCT210 123

(e =20 mA
Input Forward Voftage F ) Ve

MCT2/AM
MCT2E M

MCT271
Vrn=30V) | 0.001 10 A
Reverse Leakage Current Ve ’ R MCT2200 Y 0
MCT2201

MOT2202
(T, = 0-70°C, Vg = 6.0V) MCT210

DETECTOR o= 10mA, Ip=0 ALL
le Y= By, a0 | 100 v

Collector-Emitter BreakdownVoltage (Ty = 0-70°C) MCT210

MCT2/M
MCT2E/M

. MCT2T1

fe=10p8,lg=0}| BY 70 120 v
Collector-Base Breakdown Voltage l=100A T =01\ B¥cao | yoT200
MCT2201

MCT2202
(Ty = 0-70°C) MoTz10 | 30

MCT2iM
MCT2ELM
{lg =100 pA, lp=0) | BVeco r?gggge ! " '
MCT2201
MCT2202

{Ty = 0-70°C) MCT210 & 10

Emitter-Collector Braakdown Voltage

Collector-Emitter Dark Current

[chzli(}\ﬂ iF:Q) 1 50 nA
- lego ALL
{Veg =5V, Ty =0-70°C) 30 | A

Collector-Base Dark Current Vea=10V =01 lemo ALL 20 | nA

Capacitance V=0V f=1MHZ} | Ccp ALL 8 pF

** Typical values at Ty = 26°C
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TRANSFER CHARACTERISTICS (Cont)

AC Characteristic Test Conditions Symbol | Device | Min | Typ** | Max [ Unit
Saturated turn-on time ton 1.0
Satuwrated tumofi time | ¢ =16mA R = 19k Veg =5Y)
{Approximates a typical (Fig. 20) Lt 48
TTL interface)
" MCT271
Saturated furn-on time tan 1.0
Saturated um-ofitime | (I = 16 mA, R = 47kQ, Ve =5Y)
(Approximates a typical {Fig. 20) " 98
low powar TTL interface)
Saturated rise time (lp=16mA, BL = 530% Vep=5Y) t 1.0
Saturated fall time {Fig. 20, 21) % 11
Saturate§ propagation Too i MCT210 10
delay - high to low \ , '
- {lp =16 mA, R =2.7kQj (Fig. 20,21) Us
Saturated propagation Tor 50
delay - fow to high PO (LH)
Non-saturated T MCT2200 5 10
turn on time (o=2mAVoo=10VRL=1000 | o0 | pcen
Non-saturated (Fig. 20) MCT2202
turn off time Torr 2 10
Non-saturated rise time | (I, =2mA, VC{; = 5\;3 R, =1000) t MCT210 2
Non-saturated fall ime {Fig. 20) 4 2
Non-saturated t 5 7
turn-on time (lc =2 mA. Vg =5V, Ry = 1000) " wern
Non-saturated {Fig. 20) )
turn-off time Lo !
** Typical values at Ty = 25°C
ISOLATION CHARACTERISTICS
Characteristic Test Conditions | Symbol | Min | Typ* | Max | Units
Non “M', Black Package) {f = 60 Hz, t= 1 min 5300 Vao{rms
Input-Output Isolation Voltage { — al ) Viso ac{rmg}
(M, White Package) {f = 60 Hz, 1= 1 sec) 7500 Vacipk}
Isolation Resistance (Vio=500VDC)| Rgg | 107 0
Vig=& f=1MHz 0.5 F
Isolation Capacitance Vo - ) Cro d
(M White Package) 0.2 2 pF
Note

*Typical values at Ty = 25°C
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TYPICAL PERFORMANCE CURVES
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f

4K 5.0V I2C"" Serial EEPROM

f

FEATURES

+ Low pawer CMOS technology

Hardware write protect

» Two wire serial interface hus, PC™ compatible
6.0V only operation

Sel-timed write cycle (including auto-erase]
Page-write buffar

1 ms write cycle time for single byte
1,000,000 ErasefNVrite cycies guaranteed
Data retention »200 years

§-pin DIP/SOIC packages

Available for extended temperature ranges

- Commercial {C} 0C o +I10°C

- industrial (i) 47C 1o +8FC

- Automotive {E} 4G to +125°C

DESCRIPTION

The Microchip Technology Inc. 24C04A is a 4K bit
Electrically Erasable PROM. The device is organized
as with a standard two wire serial interface. Advanced
CMOS technology allows a significant reduction in
power over NMOS serial devices. A special feature
provides hardware write protection for the upper half of
the bicck. The 24C04A has a page write capability of
up to eight bytes, and up to four 24C04A devices may
be ronnected o the same iwo wire hus.

This device offers fast ¢ims} byte write and
extended (-40°C to 125°C) temperature operation.
it is recommended that all other applications use
Microchip's 24L.C64B,

»
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-
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24CO04A

10 ELECTRICAL CHARACTERISTICS TABLE 1-1: PN FUNCTION TABLE
14 Maximum Ratings” Name Function
. AD Ko Function - Must be connected to
LY 5 o SO DU SURUURUROIOY fF £ 4% o e
Adl inputs and outputs wrl VSS ... 0.6 g VeC + 1.0y Voo of Ves

Storage tempersture oo BE°C tn +1580°C AT AZ Chip Address inpuis
Anvbient temp. with powsr applied............. B85 Cc +125°C Vag Ground

Soldering temperatire of igads (10 seconds) ... +300°C . » s
ESD protection 00 &l pins ... .. 4K/ SDA  |Serial Address/Data O
B . I 5CL Serial Clock

Notice: Stressas above those Ested under "Mavimum ratings’ ) .

may cause permanent darmage to the devics. Thiz is 8 siress rat- WP Write Protect Input

ing ooy and funclional operation of the device &t those ar any Yoo +5Y Power Supoly

other condiions above those indicated in the operational listings
of ihis specification is not implied. Exposure to madmam rating
condifions for axtended pericds may affect davice reliability.

TABLE 1-2:  DC CHARACTERISTICS

Voo = +5V 10%) Commercial (CY. Tamb = 0°Cio+70°C
Industrial {t): Tamb = A0°C {o +85°C
Augtomotive {E). Tamb = -40°C to +125°C

Parameter Symbol Min. Max. Units Conditions
Yoo detector threshold Y¥TH 28 45 Y
SCL and SDA pins:
High level input voltage Wik Yoo 07| Yoo+ 1 W
Low level input voltage Wi 0.3 Voo x93 Y
Low leve! output volilage VoL 0.4 k4 loL = 3.2 m&A (SDA onlyd
A1 & A2 pins:
High leve! input voltage Vir Voo-05 (Voo + 05 Y
Low level input voltage Wi -0.3 05 ¥
Input leakage curmrent il — 10 pA Vi =0V o veo
Output leakage cumrent Lo — 10 ya | VourT=0¥ to Voo
Pin capacitance Cin, — 7.0 pF | vindour = 8V (MNote)
{all inputsioutpuls} Cout Tamb = +25'C =1 MH:z
Operating current oo — 35 mA | Fowr =100 kHz, program oycle ime = 1 ms,
Write vee=5V, Tambh = 6°C o +70°C
fcc — 425 ma | Fowk = 100 kHz, program cycle time = 1 mis,
Write Yoo = 8V, Tamb = {iyand (£
icc — 750 uA | Voo =58V Tamb= {C), (rand (&)
Read
Standby current lcos — 160 uA | SDA=SCE=Vce=5Y (no PROGRAM aclive)
WRTEST =Vseg, AL AT, A2 =Vss

Note: This parameter is periodically sampled and not 100% tested
FIGURE 1-1: BUSTIMING START/STOP

SCL !
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24C04A

ﬁ

TABLE 1-3:  AC CHARACTERISTICS

Parameter Symbol Min, Typ | Max. Units Remarks

Clock frequency FoLx — — 160 kHz

Clock high time TriicH 4000 — — fi3

Clock low time Toow 4700 — — 8

SDA and 5CL rise ime TR — — | 1008 s

SDA and 5CL fall ime 1= — — 300 ns

START condition hoid time TuoST1a | 4000 — — ns After this period the first
clock puise is generated

START condition setup fime TewS7a | 4700 — — n3 Only relevant for repeated
START condifion

Data input hold time TroDar a — — s

Data input setup ime Tsuler 250 — — ns

Data output delay time Tas 300 — i 3800 {Mote 13

STOP condition sefup ime TsuSto | 4708 — — 3

Bus free time Teur 4700 — — ns Time the bus must be fee
before a new transmission
can start

Input filter time constant T — — 100 ns

{SDA and 5CL pins)

Program cycle tine Twe — 4 1 ms Byte mode

AN K ms Page mode, N=# of hytes

Endurance — 1 — — cycles 25°C, Weo = 5OV, Block

Maode {Note 2)

Note 1° As fransmiitter the device must provide this internal minimum delay time 1o bridge the undefined region (min-
imum 300 ns) of the falling edge of SCL to avoid unintended generation of 8TART or STOP conditions.
2° This parameter is not tested but guaranteed by characterization. For endurance estimates in 2 specific appli-
cation, please consult the Total Endurance Model which can be ohtained on our websiia.

FIGURE 1-22 BUS TIMING DATA

THLORT
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10.0 PIN DESCRIPTION

AD e not used a5 a chip select bit and must be tied 1o
either Ves o7 voo. The levels on the remaining two
address inputs{At, AZ) are compared with the corre-
sponding bits in the slave address. The chip Is selected
i the compare is true, These inputs must be connected
{o sither Vas or Voo,

These two atdress inputs aliow up to four 24C04A°s
can be connected to the bus

This is a bidirectional pin used o transfer addresses
and data into and data out of the device, 1tis anopen
drain terminal, therefors the SDA bus requires a pull-up
resistor to Voe (typical 10KEL).

For normat data iransfer, SDA ks aliowed to change only
during SCL LOW. Changes during SCL HIGH ame
reserved for indicating the START and STOF condl-
fions.

10.3 tial k

This input is used to synchronize the data transfer from
and to the device.

10.4 WP Write Protection

This pin must be connected to sither Voo or Vs, i tied
to Yoo, wiite operations to the upper memory biock wil
not be execited. Read operabions are possible,

if sied fo Vas, normal memory operation ks enabled
ireadiwrite the entire memaory}.

This feafure aliows the user 1o 2ssign the upper half of
the memory as ROM which can be protecied against
accidental programming. When weils i3 disabled, slave
address and word address will be acknowledged but
dats wil not be acknowlsdged.

Note 11 A”page’ is defined as the maximum num-
her of bytas that can be programmed in 8
single write cycle. The 24CD4A page is 8
Note 2: A 'Block” is defined as @ condinuous areg
of memory with distinct boundaries. The
‘address pointer can not cross the bound-
ary from one biock to another. it will how-
gver, wrap around from the end of a block
to the first location in the same block The
24C044 has two blocks, 2668 bytes each.

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS

A B: 5y PEal A
scL a — o |
SDA ——— ‘ |

AN ’ \ /
i
—— * s e —_—
SIART ADDRERS OR TATA STOP
SOMDITION ACKNOWLEDGE  ALLOWED CONDETION
YALID TO CHANGE
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L7900
SERIES

» OQUTPUTCURRENTUPTO15A

» QUTPUTVOLTAGESOF -5,-52,-6,-8; -§;
-12;-15;-18;-20, -22; -24V

« THERMAL OVERLOAD PROTECTION

« SHORT CIRCUIT PROTECTION

» OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7900 series of three-terminal negative
regulators is_available in T0-220, TO-Z20FF
TO-3 and D?PAK packages and several fixed
output voltages, making it useful in a wide range
of applications. These regulators can provide local
on-card regulation, eliminating the distribution
problems associated with single point regulation;
furthermore, having the same voltage option as
the L7800 positive standard series, they are
particularly suited for split power supplies. In
addition, the -5.2V is also available for ECL
system. If adequate heat sinking is provided,
they can deliver over 1.5A output cument
Although designed primarily as fixed voltage
regulators, these devices can be used with
external components fo obtain adjustable
voltages and currents.

SCHEMATIC DIAGRAM

TO-220FP

o

545
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L7900

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vi DC Input Voltage (for Vo = 510 18Y) =35 Y
(forvp = 20,24V) -40 v
o {Output Current internally fimited
Piw: | Power Dissipation Internally bimited
Toe | Operating Junction Temperaiure Range 0 to 150 e
Tsg | Storage Temperature Range - 65 {0 150 °C
THERMAL DATA
Symbo! Parameter D°PAK TO-220 TO-220FF TO-3 Unit
Rinj-case | Thermal Resistance Junclion-case Max 3 3 5 4 oW
Rinj-amt | Thermal Resistance Junclion-ambient  Max 62.5 50 &0 35 “CIW

CONNECTION DIAGRAM AND ORDERING NUMBERS {top view)

[T outeut hd
' == QUTPUT
@ S el INPUT u
AT e GHD ~ =1 GND
Tab conmected W pin 3 — PLitEIC
TO-220 & TO-220FP D°PAK TO-3
Type T0O-220 D?PAK (1) TO-220FP TO-3 Output Veltage
L7905C L7905CY L7805CD2T L7905CP L7905CT BV
L7952C L7952CV 17952C027 L7952CT -5.2V
L7906C L7906CY L7906CD2T L7906CP L7906CT 8Y
L7908C L75908CY L7908CD2T L7908CP L7908CT -8By
L7912C L7912Cv L7912CD2T L7912CP L7912CT 12
L7915C L79150V L7915CD27 L7915CP LTN5CT -15Y
L7918C L7918CY L7918CD2T L7918CP L7918CT -18Y
£7920C 179200V L7920CD2T L7920CP L7920CT 20V
L7922C L75220V L7922CD27 L7922CT 22V
L7924C L7924CY L 7924CD2T L7924CP L7924CT -24V
%7 AVAILABLE IN TAPE AND REEL WiTH TR’ SUFFIX

APPLICATION CIRCUIT

-:'élpf-‘ ! 1pF- c
i o

g . [0,
-V : L79XX 2 20y,

550364

87



L7900

ELECTRICAL CHARACTéRiSTICS FOR L7905C {referto the test circuils, Tj= 0 to 150 °C,
Vi = 10V, le = 500 mA, Ci = 2.2 uF, Co = 1 uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Ve  |Dutputvoliage Tj=25°C -4.8 -5 -5.2 v
Vo Qutput Vollage lk=-5mAte-1A Po<15W 4.75 -5 -5.235 W

V=810 20%
AV Line Reguation V,=-Ti0-25Y T;=28°C 100 my
v, =-8tc-12V T;=25°C 50 mv
AV.Y  jLoad Reguation L=5w1500ma  T,=25%C 100 i
I, =250t 750mA  T;=258°C a0 my
L Quiescent Cument T =25°C 3 ma
Alg Quiescent Cumrent Change lo =5 0 1000 mA 0.5 mA
Alg Quiescent Current Change Wo=-8l0-25Y 1.3 mA
AV, |Outputvolage Drift s =5 mA -0.4 myeC
AT
8y DOutput Noise Voltage B =10Hzto 100KHz T;=258°C 160 v
SVR  [Supply Voltage Rejection AVi=10Y = 120Hz 54 &0 B
Ve {Dropout Volttage lo=1A T=25°C 1.4 v
AV = 100 mv
| Short Circuit Current 2.1 &
L7900
ELECTRICAL CHARACTERISTICS FOR L7912C (refer to the test circuits, T;= 0 to 150 °c,
Vi =18V I = 500mA, Ci= 2.2 uF, Co = 1 uF unless otherwise specified)

Symbroi Parameter Test Conditions Min, Typ. Max. Linit
Ve, 1OutputVollage T,=25°C 415 | 12 ) -125 Y
Va Cutput Voltage b=-5mAlo-1A Pcgi15W -11.4 -2 -12.8 Y

V,=-1550-27V
AV.* ilLine Regultion Y, =-14510-30V T;=25%C 240 my
V;=-16t0-2V T,=25°C 120 my
AV,* iLoad Reguation ;=50 1500mA T;=25°C 240 my
,=25010780mA T;=25°C 120 my
s Quiescent Cument 1,=25°C 3 ma
Alg Quiescent Current Chame tx = 510 1000 mA 0.5 ma,
Alg  1Quiescent Cument Change V;=-1510-30V 1 ma
AV, |OutputVoltage Drift bo=5mA 08 mviee
AT
ey  Output Noise Vollage B =10Hz1io 100KHz Tj=257°C 200 v
SVR | Supply Voltage Rejection AV =10V f=120Hz 54 60 a8
Ve iDropout Vollage L=1A  T;=25°C 1.1 W
AVp =100 my
lee Shott Cirouit Current 1.5 A
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NESSS
GENERAL PURPOSE SINGLE BIPOLAR TIMERS

= LOWTURN OFF TIME

« MAXIMUM  OPERATING  FREQUENCY
GREATER THAN 5{0kHz

« TIMING FROM MICROSECONDS TO HOURS

= OPERATES IN BOTH ASTABLE AND
MONOSTABLE MODES

» HIGH OUTPUT CURRENT CAN SOURCE OR
SINK 200mA

= ADJUSTABLE DUTY CYCLE

= TTL COMPATIBLE

« TEMPERATURE STABILITY OF 0.005%

PER®C
N 8]
DESCRIPTION DiPg s08
The NES55 monolithic timing circuitis a highly stable {Plastic Package) {Plastic Micropackage)

controller capableof producingaccurate time delays
or oscillation. in the time delay mode of operation,
the time is precisely controlled by one external re-
sistorand capacitor. Forastableoperation asanos-
cillator, the free running frequency and the duty cy-
cle are both accurately controllied with two external ORDER CODES

resistors and one capacitor. The circuit may be trig- Part Temperature Package
gered and reset on falling waveforms, and the out- Number Range N )
put structure can source or sink up 1o 200mA. The NEESE o 70°0 ) "
NES55 is avaitable in plastic and ceramic minidip SAB5E , @05 w‘; o
packageand in a 8-Jead micropackage and in metal o o * '
can package version. SESSS 855G 15 . :
PIN CONNECTIONS (top view)
E 1 8 ___' 1 - GND
2 - Trigger
3 - Qutput
[: 2 7 j 4 - Reset
5 - Control voltage
& - Threshold
E 3 6 j 7 - Discharge
B -Veo
ug 5[]
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NES555/SA555/SES55

BLOCK

DIAGRAM

THREGADLD oo
LONTRGL VELTAGE -§--—

i
ol

L TR —

i

|
§
1
1

SCHEMATIC DIAGRAM

it
. = LUTT
Von' g 3 ¢ ;
é ij ? Ryl
] 1
: o + wfqu
% : ngﬁ r»:.v' {: r)’;l'i
% L K B % ;
:i :; TR i T .
| : “ = g M :
o of-fo ‘ I A = N
TRGHER g : : - 5@ se b
Sk NG
R : " o=
DICEARGE G- : | é}’ L
I bl i E
o sl {
SED W ra—. ¢ :
TRGGRE LIMFARAINE FLRELY
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value unit
Ve | Supply Vollage 18 V
T Operating Free Alr Temperature Range  for NESSS 070 °C
o for SAB5S 4010 105
for SESSS -850 125
T; | Junction Temperature 150 °C
Eiﬁ Storage Temperature Range -85 1o 150 °C
N
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OPERATING CONDITIONS

Symbol Paramster SESSh MNES55 - SABBS Unit
Vee Supply Voltage 451018 451018 v
Vi, Virig, Vo, Veecer | Maximum input Voliage Ver Vee 1

ELECTRICAL CHARACTERISTICS
Tamb = +25°C, Vo = +5V fo +15V (unless otherwise specified)

SE556 NE555 - SA585 )
Symboi Paramester — - Unit
Min. | Typ. | Max. | Min. | Typ. Max
lcc | Supply Current (Ry =) (- note 1) ma
Low State o = +5Y 3 5 3 )
Voo = +10V 10 12 14 15
HighStale Voo =38V 2 2
Timing Error {monostabie)
{Ra= 2K to 100k, C =D.1pF)
Inftial Accuracy - (note 2) 05 2 1 3 %
Diritt with Temperature 30 100 50 ppryC
Dnft with Supply Voltage 005 02 01 B4 %V
Timing Error {astable) '
{Ra, Rs = 1kQ fo 100kQ2, C = 0.1pF,
Voo = +15Y) ;
initial Accuracy - {note 2) 15 225 %%
Drift with Temperature 90 150 ppmi~C
Dnft with Supply Voltage 815 03 %N
Veu 1 Control Voitage level Y
Voo = +15V 96 10 104 g 10 !
Voo = +5V 29 333 38 28 333 4
Ve | Threshoid Voitage Y
Voo = +15V 94 10 0s B8 18 112
Weo = +0Y 27 333 4 2.4 333 42
by, Threshold Current - (nofe 3} 025 01 025 HA
Vg | Trigger Voltage v
Ve = +18V 4.8 5 52 45 5 56
Yoo = +5V 145 167 1.8 11 187 22
kig | Trigger Current (Vg = OV} 4] 08 05 20 uA
Veeset | Reset Voltage - (note 4} 04 07 1 0.4 a7 1 W
leset | Reset Current mA
Vieses = +0.4V 0.1 04 01 g4
Vieser = OV 04 1 04 1.5
Voo | Low Level Oulput Voltage W
Voo = +18Y, oy = 10MA 6.1 018 0.1 0.25
loysingy = S0MA 04 .5 04 075
losinky = 100mA 2 22 2 258
losing = 200mA 25 25
Voo = +8Y,  logiery = 8MA 0.1 025 0.3 04
ig{gmk} = 5mA 0.05 g0.2 328 .35
Vou | High Level Output Voltage 3
Voo = +15V,  Tnisourcey = 200MA 125 125
loisource; = 100MA 13 133 1275 | 133
Voo = +5V,  losorce; = 100MA 3 3.3 275 | 33

Notes: 1. Supply currentwhen output is high is typically 1mA less.
2. Tested at Vo = +5V and Voo = +18Y,

3. This will deformine the maximum valus of Ra + Fs for +15V operation the max tofal is R = 20ML) and for 5Y operation
the may tofal R = 38082
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NE555/SA555/SE555

ELECTRICAL CHARACTERISTICS (continued)

SES55 NES55 - SAS65 s
Symbol Parameter - - Unit
Min.  Typ. | Max.  Min.  Typ. | Max.
lisior | Discharge Pin Leakage Current 20 100 pat 100 n&
{output high} (Vg = 10V)
Vaisisay | Discharge pin Saturation Vollage my
{output low) - {note 5)
Voo = +15Y, lgs = 15MA 185 480 180 480
Ve = +5V, las = 4.5mA 80 200 80 200
& Qutput Rise Time 100 230 100 B ns
b Qutput Fall Time 100 208 160 300
ton Tum off Time - (note 6} {(Viesat = Voc} 05 g5 us
Notes: 5 No proteclion against excessive Pin 7 curent isnecessary, providing the package dissipation rating will not be excesded.

§. Time mesaured from a postive going input puise from 0o 0.8x Voo Into the threshold to the drop from high to low of the

output trigger is tied to treshoid.

Figure1: Minimum Pulse Width Required for

Tngering
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Figure 3: Delay Time versus Temperaiure
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BC547

NPN general purpose transistors BC546; BC547; BC548
FEATURES PINNING
+ Low current {max. 100 mA} PIN DESCRIPTION
« Low voltage {(max. 85 V). 1 emitter

i base

APPLICATIONS 3 coliector
« General purpose switching and amplification.
DESCRIPTION 1 3

L —
NPN transistor in a TO-82; SOT54 plastic package. i = 5
PNP complements; BC556, BC557 and BCS58. ' —

b
1

s

Fig.1 Simplified outline (TO-92; SOTH4)

and symbol.
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Veso coliector-base voltage open emitter
BC546 - 80 Y
BCh47 - 50 WV
BCH48 - 30 Y
Veeo collector-emitter voltage open base
BC546 - 65 ¥
BC547 - 45 yV
BCH48 - 30 ¥
lesa peak collector current - 200 mA
Pyt total power dissipation Tamp £25°C - 500 mw
heg DC current gain o= 2mA; Vee =5Y
BC546 10 450
BCS47 1o BOO
BC548 110 800
fr fransition frequency le =10 mA; Vee =5 V; f= 100 MHz 100 - MHz
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NPN general purpose transistors

BC546; BC547, BC48

LIMITING VALUES
In accordance with the Absolute Maximum Rating System {IEC 134},
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collecior-base voltage open emitter
BCH46 - 80 y
BCH47 - 50 Y
BC548 - 30 Y
Veso collector-emitter voltage open base
BCH46 - 65 v
BCH47 - 45 V
BC548 - a Y
Veso emitter-base voltage open collector
BCH46 - 8 V
BCH47 - 6 V
BCH48 - 5 V
Ic collector current (DT} - 100 mA
lem peak collector current - 200 mA
lone peak base current - 206 mA
Piot total power dissipation Tams £25°C; note 1 - 500 mW
Tstg storage temperature -85 +150 C
i junction temperature - 150 “C
Tamb operating ambient temperature -Bh +150 “C
Note
1. Transistor mounted on an FR4 printed-circuit board.
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rinia thermal resistance from junction to ambient | note 1 0.25 KimW

Note

1. Transistor mounted on an FR4 printed-circuit board.
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NPN general purpose transistors

BC546, BC547; BCH43

CHARACTERISTICS
T; = 25°C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
leso collector cut-off current =0 Vop=30V - - 18 nh
le=0;Veg=30V, T,=150°C - - 5 WA
leo emitter cut-off current =0 Vegg =5V - - 100 [nA
hee DC current gain b= 10UA Ve =5 Y,
BC546A: BCA47A: BChaga | SeeFigs2, 3and4 - |lw |-
BC5468; BCH4TE; BCH48B - 150 |-
BC547C; BCh48C - 20 |-
heg DC current gain lo=2mA; Ve =5V,
BCS546A; BC547A; BCs4sa  (seeFigs 2, dand 4 10 |180 220
BC546B; BC547B; BCH48B 200|200 (480
BC547C; BCH4BC 420|520 | 800
BC547, BCH48 110 |- 800
BC546 "o |- 450
Voesat coliector-emitter saturation voltage [[- = 10mA; lg =05 mA - 80 250 imv¥
le=100mA ls=5mA - 200 1800 |mVY
VREsat base-emitter saturation voltage |l = 10mA; lg =05 mA; note 1 - 700 |- my
o =100 mA; I3 =5 mA; note 1 - 8 |- my
Ve base-emitter voliage lo=2mA; Vee =5V, note 2 580 (680 700 |mV
fe=10mA Ve =5V - - 70 |my
Ce collector capacitance E=ike=0Veg= 10V f=1MHz |- 15 |- pF
Ce emitter capacitance =i, =0 Ve =05V, I=1MHz |- 11 - pF
fr transition frequency o= 10mA Ve =5V =100 MHZ | 100 |- - MHz
F noise figure =200 pA; Vop =5V, - 2 10 aB
Rg=2kQ, f=1kHz;B=200Hz
Notes

1. Vpesa decreases by about 1.7 mV/K with increasing temperature.

2. Ve decreases by about 2 mV/K with increasing temperature.

95




NPN general purpose transistors BC546; BC547, BC548

MERT2Z
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BCS46A; BUSATA; BLUS4EA.

Fig.2 DC current gain; typical values,
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BCE4SE; BCB4TE; BCA4RE.

Fig.3 DC current gain; typical values.

96




f
REFERENCES

f

97



REFERENCES

1. John Peatman, “Design with PIC Microcontroller”, Pearson
Education 2004

www.microchip.com

www.datasheetcatalog.com

Undocumented C — Yashwanth Kanithkar

{«,z’f"h UL

www.alldatasheets.com

o » A D

Data Communication- William Stallings

98



