HEART PULSE MONITORING SYSTEM
THROUGH TELEPHONE LINE

PROJECT REPORT [-''#*

Submitted by
YOKESH.B 2KEEE61
SREERAM.K 2KEEE43
PRABU.R 2KEEE28
SAMPATH RAJ.P 2KEEE38
Guided by

Mr. T.VIJAYAKUMAR , M.E.,
Lecturer, Dept. of EEE

In partial fulfillment of the requirements for the
Award of the degree of BACHELOR OF ENGINEERING in ELECTRICAL AND
'ELECTRONICS ENGINEERING Branch of BHARATHIAR UNIVERSITY, COIMBATORE

DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING %

v KUMARAGURU COLLEGE OF TECHNOLOGY
Estd-1084 COIMBATORE - 641 006 150 5001200

Certified

2003 - 2004



%oy KUMARAGURU COLLEGE OF TECHNOLOGY '“EN‘
| COIMBATORE - 641 006

DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING

Estd-1984 180 o
CERTIFICATE
This is to certify that the project report entitled
HEART PULSE MONITORING SYSTEM THROUGH
TELEPHONE LINE
Is the bonafide work done by
Mr. B. Yokesh
Mr. K. Sreeram
Mr. R. Prabu
Mr. P. Sampath Raj
in partial fulfillment of the requirements for the Award of the degree of
Bachelor of Engineering In Electrical and Electronics Engineering Branch of
Bharathiar University, Coimbatore

0

N O"\ . ——
a \T')(M " \0\6\ ey e

v,

Guide Professor and Head

Date:
Certified that the candidate with
University Register No. was examined in

Project work Viva-Voce Examination on __| l/ 3 ’I 2004k.

Internal Examiner

Extenal Examiner



ACKNOWLEDGEMENT



ACKNOWLEDGEMENT

We wish to express our deep sense of gratitude and indebtedness to our
project guide Mr. T. Vijayakumar M.E., Lecturer, Department of Electrical and
Electronics Engineefing, for his invaluable guidance and constructive
suggestions, the keen and constant inspiration and interest evinced by him at all

stages right from the inception to the completion.

We are highly grateful to Prof. T. M. Kameswaran B.E., M.Sc,. (Engg).,
Ph. D, MISTE, Sr. M. L.LE.E.E, FIE, Head of the Department, Electrical and
Electronics Engineering, for all his enthusiasm and encouragement that has been

instrumental in the success of the project.

We are greatly indebted to our principal Dr. K. K. Padmanabhan,
B.Sc.,(Engg), M. Tech., Ph. D., F.lL.E., for providing the necessary facilities for the
successful completion of the project.

We express our sincere thanks to all the staff members of electrical and
electronics Engineering department, who gave us valuable guidance and helped

us in overcoming the barriers and problems we faced in our project.

Finally we express our deep sense of gratitude to our parents and friends

for their valuable help and consideration towards us.



SYNOPSIS



SYNOPSIS

This project involves the design of a system to monitor the patients heart
beat and body temp in the absence of the doctor and to transmit these vital
signals to a remote monitoring station. This process requires a telephone

network for transmission of data.

The system is designed to transmit the signals at periodic intervals and in
case of abnormality in the heartbeat. The heartbeat is sensed through an infrared
sensor and is passed to a micro controller. The system is designed to operate a
Hook’s relay, which helps in establishing a connection between the patient’s
telephone and the monitoring station for the transmission of data. A DTMF

encoder is used to convert the BCD signals to their corresponding frequencies.

On the receiver side a ring sensor is used to detect the incoming data,
which activates the DTMF decoder to decode these frequencies into the
corresponding BCD codes. These signals are passed to a micro controller, which
is interfaced with a PC at the monitoring station. The signals are recorded and
displayed.

Further, an alarm is provided in the monitoring system so that the doctor

can be called at any time, as and when required by the patient.
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INTRODUCTION

e

Heart — the pumping station of the human body is responsible for the
circulation of blood. It receives impure blood from all parts of the body, purifies it
and circulates it back. The pumping action is achieved by periodic contraction
and relaxation of the cardiac muscles. This periodic motion forces the blood to

flow in the form of packets.

The rate at which the heart pumps blood is called as heart pulse. Under
normal conditions the rate is 72 per minute. If the heart pulse does not fall within
the specified range that is 65 to 80 beats per minute it indicates an abnormality in
the functioning of the heart. So in any heart monitoring system the heart pulse is

the most important parameter.

The system designed here monitors the heart pulse and the temperature,
which gives a broader perspective of the patient's health. This system is placed
next to the patient, which monitors these parameters continuously and transmits
these data to a remote monitoring station. Thereby eliminating the presence of
the doctor near the patient all the time.

FEATURES OF THE PROJECT

> No need for the doctor’s presence near the patient.

> Several patients can be monitored at the same time

> Since we make use of telephone lines this system is error free.

> Since telephone networks are well established this can be implemented
anywhere

A4

No cost is involved in case we make use of intercom.

> Any type of data can be transmitted.



TRANSMITTER SIDE.

SENSORS:

The heart pulse is detected using the photoelectric sensor, which is
basically an infrared sensor. It consists of a transmitter and receiver. The
transmitter emits infrared rays and the receiver is nothing but a LDR. When the
finger is placed inside the sensor the heart pulse is detected as the intensity of
the blood flow varies during the pumping action. Temperature is sensed using a
transducer. It converts the heat energy to electrical energy. An ADC converts this

analog signal to digital form after amplification.

MICROCONTROLLER:

It is main control unit of the system which is a 40 pin IC .It receives the

signals from the ADC and the heart beat sensor. It converts these signals to their
ASCII equivalent to operate the LCD. The BCD data from the sensors are fed to
the DTMF encoder along with the destination telephone number. It also controls
the hook’s relay, which is used to establish the connection.

DTMF ENCODER:

This is an integrated circuit eighteen-pin package, which needs only a few
components to make it work. It gets the sensor signals and the destination
telephone number in BCD form from the micro controller as input. The block is
given with the telephone lines the circuit encodes the bit BCD data into its
corresponding DTMF signal.

RINGER AND HOOK SWITCH RELAY:

The ringer module detects the presence of a ring in the local telephone to

which the application is connected. The ringer generates an interrupt a high

going signal i.e. from logical 0 to a logical 1. This interrupt is given to a micro



controller as a bit change interrupts. The micro controller on receiving the
interrupt suspends the present operation and gives an instruction to establish a
telephone connection with the called party by activating the hook’s switch relay.

This relay replaces the normal mechanical relay inside the telephone.
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RECEIVER SIDE:

DTMF DECODER:

This block is used to decode the key pressed by the operator from the

remote location. The block is given with the telephone line, the circuit picks up
the ac DTMF signal alone and it decodes it into a 4 bit binary data. This data is
given to the micro controller along with a strobe line to indicate the presence of

new data.

MICRO CONTROLLER:
Here, the BCD data from the DTMF decoder is converted into its ASCI|
equivalent and it is displayed on the LCD. Further, whenever the heart pulse

exceeds the range i.e. from 65 to 80, an alarm is activated. Also, when the
temperature goes beyond 100 F, again the alarm is activated indicating

abnormalities in the patient condition.

MAX 232 & PC INTERFACE:

The micro controller is designed on the TTL logic. Similarly, the PC is

designed on the RS 232 logic. In order to interface these two logics, we go in for
MAX 232. The data from the MAX232 are transmitted serially to the computer
through the COMM port, to be displayed on the computer monitor.
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POWER SUPPLY

The power supply provides regulated output voltage of+5V, +12V and -
12V. The power supply consists of

¢ Transformer
¢ Bridge rectifier
o Filter

e Voltage regulator

TRANSFORMER:

The transformer is used to step down 230V A.C from the mains to 12V

A.C. the transformer is a center tapped type

BRIDGE RECTIFIER:
In the bridge circuit the sinusoidal input is converted into unidirectional

waveforms. It is a full wave rectifier the peak inverse voltage of each diode is
less.

FILTER:

Filters are used to remove A.C component from the dc output capacitive

filter is used, as capacitance value increases ripples decrease.

VOLTAGE REGULATOR:
A voltage regulator is a circuit that supplies a constant voltage regardless

of changes in the load currents. IC voltage regulators are versatile and
inexpensive. A 7805 IC &7812 IC are used to obtain positive 5 volts and 12 volts
respectively and a 7912 IC is used to obtain negative 12 volts.
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TEMPERATURE SENSOR

e

BASICS OF TEMPERATURE SENSING:

Temperature sensing is done by integrated circuit temperature sensor
LM35.The LM35 series are precision integrated-circuit temperature sensors,
whose output voltage is linearly proportional to the Celsius (Centigrade)
temperature. It outputs 10 mV/degree Celsius. The LM35 does not require any
external calibration or trimming to provide typical accuracies of £1/4 °C at room
temperature and +3/4°c over a full temperature range of —55 to +150°C. Low cost
is assured by trimming and calibration at the wafer level. The LM35’s low output
impedance, linear output, and precise inherent calibration make interfacing to
readout or control circuitry especially easy. It can be used with single power
supplies, or with pulse and minus supplies. As it draws only 60 pA from its
supply, it has very low self-heating, less than 0.1°c in still air. The LM35 is rated
to operate over a —55° to +150°C temperature range, while the LM35C is rated

for a —40° to 110°C range (-10° with improved accuracy).

BASIC CENTIGRADE TEMPERATURE SENSOR:

Wy
(4¢ TD 20¥)

DUTRUT
LM35 = ) v 100 eviot
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CIRCUIT DESCRIPTION:

The sensor IC is directly connected to the micro controller as shown. For a
temperature range of 0-150° the supply voitage of 5V is given to the sensor.
Thus it gives an output voltage of 10 mV/degree. This analog voltage is
converted to digital value of 10-bit resolution inside the micro controller. The
reference voltage is given as the system voltage itself that is the reference

voltage is given as +5V. When the input is 5V the temperature is then 150°.

TEMPERATURE SENSOR AND AMPLIFIER
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VOLTAGE AMPLIFIER:

The LM35 temperature sensor produces an output of 10mv, which is
not sufficient to drive the ADC0804. The analog to digital converter requires
20mv to produce a 1-bit change. In order to interface the LM35 and ADC0804 we
use inverting amplifier with a gain 2 and a second inverting amplifier with gain 1

is used to bring it back into phase. This analog output is fed to the ADC.

12



HEART BEAT SENSOR

Heart beat sensor is nothing but a photoelectric sensor .The
photoelectric sensor used here is an infrared sensor. The infrared sensor
consists of a pair of infrared transmitter and receiver. The infrared transmitter and

receiver are placed such that the finger can be placed in between them.

WORKING:

The rays from the transmitter are focused onto a receiver that is
placed at the opposite side. The receiver consists of an infrared detector that
switches a transistor depending on the received signal. The amplitude of the
output at the receiver end depends on the intensity of the Iight falling on the
detector. The amplitude increases with the increase in the intensity.

Every time the heart pumps, blood it flows in the form of packets.
Therefore maximum intensity of light is received in the interval between the
pumping action and it decreases when the infrared ray passes through the blood
packet. This decrease in the intensity of the received rays is due to the following
properties of light in a medium

Scattering
Absorption
Attenuation
Reflection

YV V.V V V

Refraction

These variations in the intensities are converted into pulses and
is fed into the micro controller which is programmed to convert these pulses to
heart beat.

13
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RINGER AND HOOK SWITCH RELAY

CIRCUIT DESCRIPTION.:

The circuit shows the ring detector module. In presence of a ring the ac

signal called jingle juices occurs, the neon lamp connected across the telephone
lines glows. This light falls on the Light-Detecting Resistor because of which the
resistance of Light Detecting Resistor decreases. This makes the voltage at input
of the timer to go below 2/3 Vcc and hence the 555 timer triggers and gives an
interrupt to the micro controller indicating that the phase line is ringing and the
connection to be established.

RINGER CIRCUIT
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HOOK SWITCH RELAY:

The hook switch relay is a substitute for the cradle switch in the telephone.

This relay is normally opened to receive a call, once a ring is detected the is
established by closing the contacts and it is ready to receive a call.
The output from the micro controller is not sufficient enough to drive the

12V relay, so it is given through a switching transistor BC547.

RELAY CIRCUIT

AN
N4 BC547
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DTMF ENCODER FOR TELEPHONE

BASICS OF THE DTMF:

A signaling scheme was developed utilizing voice frequency tones and

Implemented as a very reliable alternative to pulse dialing. This scheme is known
as DTMF (Dual Tone Multi-Frequency), Touch-Tone™ or simply, tone dialing. As
its acronym suggests, a valid DTMF signal is the sum of two tones, one from a
low group (697-941Hz) and one from a high group (1209-1633Hz) with each
group containing four individual tones. The tone frequencies were carefully
chosen such that they are not harmonically related and that their inter modulation
products result in minimal signaling impairment. This scheme allows for 16
unique combinations. Ten of these codes represent the numerals zero through
nine, the remaining six (*, #, A, B, C, D) being reserved for special signaling.
Most telephone keypads contain ten numeric push buttons, the asterisk (*) and
octothorp (#). The buttons are arranged in a matrix, each selecting its low group
tone from its respective row and its high group tone from its respective column.
i.e. pressing ‘1’ will send a tone made by adding 1209 Hz and 697 Hz to the other
end of the line.

18



HIGH GRGUP TOKES
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DTMF CODING:

The DTMF coding scheme ensures that each signal contains one and only

one component from each of the high and low groups. This significantly simplifies
decoding because the composite DTMF signal may be separated with band pass
filters, into its two single frequency components each of which may be handied
individually. As a result DTMF coding has proven to provide a flexible signaling
scheme of excellent reliability, hence motivating innovative and competitive
decoder design.

19



PIN CONFIGURATION
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8880 DTMF ENCODER INTERNAL BLOCK DIAGRAM
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DTMF GENERATOR:

The 8880 encoder is capable of generating all 16 standard DTMF tone
pairs with low distortion and high accuracy. All frequencies are derived from an
external 3.58 MHz crystal. The sinusoidal waveforms for the individual tones
are digitally synthesized using row and column programmable dividers and
switched capacitor digital-to-analog converters. The row and column tones are
mixed and filtered, providing a DTMF signal with low total harmonic distortion and
high accuracy. To specify a DTMF signal, data conforming to the encoding
format shown in Table must be written to the transmit data register. This is the
same as the receiver output code. The individual tones that are generated (fLow
and fuign) are referred to as low-group and high-group tones. Typically, the
high-group to low-group amplitude ratio (twist) is 2 dB to compensate or high-

group attenuation on long loops.

21



TONE ENCODING

Frow Fricn Digit D3 n2 D1 DO
g9y 1209 1 4] 0 0 1
897 1338 2 4] 4] 1 4]
897y 1477 K] D Q 1 1
770 1209 4 4] 1 ] 0
770 1336 5 0 1 0 1
Fr0 1477 &) 1 1 0
B52 1208 Fi (4] 1 1 1
BSZ 13386 1 0 [#] 0
852 | 1477 3 1 o a ;
Q41 13386 0 1 4] 1 0
8941 1209 . 1 a 1 1
941 1477 ¥ 1 1 0 0
B97 1633 B 1 1 0 1
770 1633 B 1 1 1 0
852 1633 [ 1 1 1 1
941 1633 D 0 4] 4] 0

0 = logle low, 1 = logle high
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DTMF DECODER FOR TELEPHONE

§

DECODING SEQUENCE:

An 8870 DTMF decoder receives the signal in its composite form, it is
then split into its individual high and low frequency components. DTMF decoder
separation of the low-group and high-group tones is achieved by applying the
dual-tone signal to the inputs of two 9™"-order switched capacitor band pass
filters. The bandwidths of these filters correspond to the band enclosing the low-
group and high-group tones. The filter section also incorporates notches at
350Hz and 440Hz, which provides excellent dial tone rejection. Each filter output
is followed by a single order switched capacitor section which smoothes the
signals prior to limiting. High-gain comparators perform signal limiting. These
comparators are provided with a hysteresis to prevent detection of unwanted low-
level signals and noise. The outputs of the comparators provide full-rail logic
swings at the frequencies of the incoming tones.

The 8870 decoder uses a digital counting technique to determine
the frequencies of the limited tones and to verify that these tones correspond to
standard DTMF frequencies. A complex averaging algorithm is used to protect
against tone simulation by extraneous signals (such as voice) while providing
tolerance to small frequency variations.

The circuit is used in differential mode. The decoded output in the binary
format is compatible with the voltage level of the micro controller to receive as a
binary data. So the output of the decoder may be given to the ports of the micro
controller. The data is given along with the strobe line to indicate a presence of a
new data.

24



OUTPUT TRUTH TABLE:

flow | fhisn KEY TOE |[Qs Q Qy @y
Ba7 1209 1 1 g|o|O0|1
Bo7 1336 2 1 plo|118
Ba7 1477 3 1 gl1o01111
770 1209 4 1 g|1]10|0
770 1336 ) 1 (11011
710 1477 B 1 Bj{1]11]0
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- - ANY 0 ZI1Z|2Z2|Z

APPLICATIONS:

The applications for DTMF signaling are tremendous and due to
innovative technological advances its use is increasingly widespread. DTMF
offers highly reliable, cost effective signaling solutions, which require no
development effort on the user's part. The advent of single chip receivers has
allowed many products that were previously not cost-effective to be
manufactured in production quantities. DTMF signaling was originally designed
for telephony signaling over voice quality telephone lines. This signaling
technique has been applied to a multitude of control and data communications
systems. All that is required is a voice quality communication channel with
appropriate interfacing. The applications are limited only by one’s imagination.

25
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MICROCONTROLLER

R

ATMEL 89C51 MICROCONTROLLER

INTRODUCTION

A Micro controller consists of a powerful CPU tightly coupled with memory
RAM, ROM or EPROM), various | / O features such as Serial ports, Parallel
Ports, Timer/Counters, Interrupt Controller, Data Acquisition interfaces-Analog to
Digital Converter (ADC), Digital to Analog Converter (ADC), everything integrated
onto a single Silicon Chip. The various devices can be used independently
depending on the need and area of application for which it is designed. A
microcomputer system requires memory to store a sequence of instructions
making up a program, parallel port or serial port for communicating with an
external system, timer / counter for control purposes like generating time delays,
Baud rate for the serial port, apart from the controlling unit called the Central
Processing Unit. .
The major Features of 8-bit Micro controller ATMEL 89C51:

> 8 Bit CPU optimized for control applications
Extensive Boolean processing (Single - bit Logic) Capabilities.
On - Chip Flash Program Memory
On - Chip Data RAM
Bi-directional and Individually Addressable 1/0O Lines
Multiple 16-Bit Timer/Counters
Full Duplex UART
Multiple Source / Vector / Priority Interrupt Structure
On - Chip Oscillator and Clock circuitry.
On - Chip EEPROM
SPI Serial Bus Interface
Watch Dog Timer

vV VV V V V V V V V V¥V
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POWER MODES:

To exploit the power savings available in CMOS circuitry, ATMEL’s Flash
micro controllers have two software-invited reduced power modes.
They are
1. Idle mode

2. Power down mode.

IDLE MODE:

The CPU is turned off while the RAM and other on — chip peripherals
continue operating. In this mode current drawn is reduced to about 15 percent of

the current drawn when the device is fully active.

POWER DOWN MODE:

All on-chip activities are suspended while the on — chip RAM continues to
hold its data. In this mode, the device typically draws less than 15 Micro Amps
and can be as low as 0.6 Micro Amps.

POWER ON RESET:

When power is turned on, the circuit holds the RST pin high for an amount
of time that depends on the capacitor value and the rate at which it charges. To
ensure a valid reset, the RST pin must be held high long enough to allow the
oscillator to start up plus two machine cycles. On power up, Vcc should rise
within approximately 10ms. The oscillator start-up time depends on the oscillator
frequency. For a 10 MHz crystal, the start-up time is typically 1ms.With the given
circuit, reducing Vcc quickly to O causes the RST pin voltage to momentarily fall

below 0V. However, this voltage is internally limited and will not harm the device.

28



MEMORY ORGANISATION

Logical separation of program and data memory

All ATMEL flash micro controllers have separate address spaces for
program and data memory. The logical separation of the program and data
memory allows the data memory to be accessed by 8 bit addresses, which is
quickly stored and manipulated by am 8 bit CPU nevertheless 16 bit data
memory addresses can also be generated through the DPTR register. Program
memory can only be read. There can be up to 64K bytes of directly addressable
program memory. The read strobe for external program memory is the Program
Store Enable Signal (PSEN) Data memory occupies a separate address space
from program memory. Up to 64K bytes of external memory can be directly
addressed in the external data memory space. The CPU generates read and
write signals, RD and WR, during external data memory accesses. External
program memory and external data memory can be combined by a applying the
RD and PSEN signal to the inputs of AND gate and using the output of the fate
as the read strobe to the external program/data memory.

PROGRAM MEMORY:

The figure shows the map of the lower part of the program memory, after
reset, the CPU begins execution from location 0000h. Each interrupt is assigned
a fixed location in program memory. The interrupt causes the CPU to jump to that
location, where it executes the service routine. External Interrupt 0 for example,
is assigned to location 0003h. If external Interrupt O is used, its service routine
must begin at location 0003h. If the Interrupt | is not used its service location is
available as general-purpose program memory. The interrupt service locations
are spaced at 8 byte intervals 0003h for External interrupt 0, 000Bh for Timer O,
0013h for External interrupt 1,001Bh for Timer1, and so on.

29



Lower part of the program memory
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If an Interrupt service routine is short enough (as is often the case in
control applications) it can reside entirely within that 8-byte interval. Longer
service routines can use a jump instruction to skip over subsequent interrupt
locations. If other interrupts are in use. The lowest addresses of program
memory can be either in the on-chip Flash or in an external memory. To make
this selection, strap the External Access (EA) pin to either Vcc or GND. For
example, in the AT89C51 with 4K bytes of on-chip Flash, if the EA pin is
strapped to Vcc, program fetches to addresses 0000h through OFFFh are
directed to internal Flash. Program fetches to addresses 1000h through FFFFh

are directed to external memory.
DATA MEMORY:

The Internal Data memory is dived into three blocks namely,
> The lower 128 Bytes of Internal RAM.
» The Upper 128 Bytes of Internal RAM.

> Special Function Register.

30



Internal Data memory Addresses are always 1 byte wide, which implies an
address space of only 256 bytes. However, the addressing modes for internal
RAM can in fact accommodate 384 bytes. Direct addresses higher than 7Fh
access one memory space and indirect addresses higher than 7Fh access a
different Memory Space. The lowest 32 bytes are grouped into 4 banks of 8
registers. Program instructions call out these registers as RO through R7. Two
bits in the Program Status Word (PSW) Select, which register bank, are in use.
This architecture allows more efficient use of code space, since register
instructions are shorter than instructions that use direct addressing.

The next 16-bytes of the above register banks form a block of bit
addressable memory space. The micro controller instruction set includes a wide
selection of single - bit instructions and this instruction can directly address the
128 bytes in this area. These bit addresses are 00h through 7Fh. either directs or
indirect addressing can access all of the bytes in lower 128 bytes. Indirect
addressing can only access the upper 128. The upper 128 bytes of RAM are only
in the devices with 256 bytes of RAM. The Special Function Register includes
Port latches, timers, peripheral controls etc., direct addressing can only access
these register.

In general, all ATMEL micro controllers have the same SFRs at the same
addresses in SFR space as the AT89C51 and other compatible micro controllers.
However, upgrades to the AT89C51 have additional SFRs. Sixteen addresses in
SFR space are both byte and bit Addressable. The bit Addressable SFRs are
those whose address ends in 000B. The bit addresses in this area are 80h
through FFh.

31



ADDRESSING MODES:

There are three types of addressing. They are
e Direct addressing-Nine variations.
¢ Indirect addressing- Nine variations.

e Indexed addressing- Nine variations.

DIRECT ADDRESSING:
In direct addressing, the operand is specified by an 8-bit address field in
the instruction. Only internal data RAM and SFR’s can be directly addressed.

INDIRECT ADDRESSING:

In Indirect addressing, the instruction specifies a register that contains the
address of the operand. Both internal and external RAM can indirectly address.
The address register for 8-bit addresses can be either the Stack Pointer or RO or

R1 of the selected register Bank. The address register for 16-bit addresses can
be only the 16-bit data pointer register, DPTR.

INDEXED ADDRESSING:

Program memory can only be accessed via indexed addressing this
addressing mode is intended for reading look-up tables in program memory. A 16
bit base register (Either DPTR or the Program Counter) points to the base of the
table, and the accumulator is set up with the table entry number. Adding the
accumulator data to the base pointer forms the address of the table entry in
program memory. Another type of Indexed addressing is used in the “case jump”
instructions. In this case the destination address of a jump instruction is

computed as the sum of the base pointer and the accumulator data.
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REGISTER INSTRUCTION:

The register banks, which contains registers RO through R7, can be
accessed by instructions whose op-codes carry a 3-bit register specification.
Instructions that access the registers this way make efficient use of code, since
this mode eliminates an address byte. When the instruction is executed, one of

four banks is selected at execution time by the row bank select bits in PSW.

REGISTER - SPECIFIC INSTRUCTION:

Some Instructions are specific to a certain register. For example some
instruction always operates on the Accumulator, so no address byte is needed to
point OT. In these cases, the opcode itself points to the correct register.
Instruction that rigger to Accumulator as A assemble as Accumulator - specific
Opcode.

IMMEDIATE CONSTANTS:

The value of a constant can follow the opcode in program memory For
~example. MOV A, #100 loads the Accumulator with the decimal number 100. The

same number could be specified in hex digit as 64h.

CPU TIMING:

A machine cycle consists of 6 states. Each stare is divided into a phase /
half, during which the phase 1 clock is active and phase 2 half. Arithmetic and
Logical operations take place during phase1 and internal register - to register

transfer take place during phase 2.
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PIN DIAGRAM OF ATMEL 89C51 MICROCONTROLLER

P1.0] 1 u4o:\fcc
Pii 2 39 O PO.O{ADDY
P12 3 28 [0 PO (ADY)Y
P1.3 ] 4 37 b P0.2 (AD2)
Pi4a] S 36 [0 P0.3 [AD3)
P150 6 35 O P04 (AD4)
Pie] 7 34 O POS (ADS)
P1.70] 8 94 [0 P06 (ADS)
RET ] 9 32 |1 PO.7 (ADT)
(RXD) P3.0 ] 10 31 [0 EarvPP
{TXD).P3.1 ] 11 30 O ALE/PROG
(INTO} P32 12 29 [ PSEN
(INT1) P3.3 0] 13 28 [0 P2.7 {A15)
(TOYP3.4 ] 14 27 [0 P36 (A14)
(T13.P35] 16 26 [0 P25 (A13)
(WRYP36L[] 18 250 P2.4 (a12)
{RD) P3.7 O 17 24 3 P2.3 (A11)
XTAL2 ] 18 23 0 P2.2 (A10)
XTAL1 O] 19 22 [0 P21 (A8)
GND O 20 21 [0 P2.0 (A8)

Pin Description:
VCC

Supply voltage.
GND

Ground.
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- Porto
1 Port 0 is an 8-bit open-drain bi-directional 1/O port. As an output port, each
pin can sink eight TTL inputs. When 1s are written to port O pins, the pins can be
used as high impedance inputs. Port 0 may also be configured to be the
multiplexed low order address/data bus during accesses to external program

and data memory. In this mode PO has internal pull-ups. Port 0 also receives the
code bytes during Flash programming, and outputs the code bytes during

program verification. External pull-ups are required during program verification.

Port 1
Port 1 is an 8-bit bi-directional 1/0O port with internal pull-ups. The Port 1

output buffers can sink/source four TTL inputs. When 1s are written to Port 1 pins
they are pulled high by the internal pull-ups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source current (lIL) because
of the internal pull-ups. Port 1 also receives the low-order address bytes during.
Flash programming and verification.

Port 2
Port 2 is an 8-bit bi-directional I/O port with internal pull-ups. The Port 2
output buffers can sink/source four TTL inputs. When 1s are written to Port 2 pins

they are pulled high by the internal pull-ups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source current (lIL) because
of the internal pull-ups. Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to external data memory
that use 16-bit addresses (MOVX @ DPTR). In this application, it uses strong
internal pull-ups when emitting 1s. During accesses to external data memory

that use 8-bit addresses (MOVX @ RI), Port 2 emits the contents of the P2
Special Function Register. Port 2 also receives the high-order address bits and

some control signals during Flash programming and verification.
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Port 3
Port 3 is an 8-bit bi-directional /O port with internal pull-ups. The Port 3

output buffers can sink/source four TTL inputs. When 1s are written to Port 3 pins

they are pulled high by the internal pull-ups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulied low will source current (lIL) because
of the pull-ups. Port 3 also serves the functions of various special features

of the AT89C51 as listed below:

Part Rin Alternate Functiona

P3.0 RAXD (ganial input port)

F3.1 TXD {sarial output port]

P3.2 TNTO (extarral interrupt O

P39 THTT (extarral intarrupt 1)

P24 T0 fimer 0 extarmal input)

P35 T1 timer 1 extarnal input)

P3.6 WH {axternal dats memory write stroba)
P3.7 D (external data memory read etroba)

Port 3 also receives some control signals for Flash programming and

verification.
RST

Reset input. A high on this pin for two machine cycles while the oscillator

is running resets the device.
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ALE/PROG

Address Latch Enable output pulse for latching the low byte of the address
during accesses to external memory. This pin is also the program pulse input
(PROG) during Flash programming. In normal operation ALE is emitted at a
constant rate of 1/6 the oscillator frequency, and may be used for external timing
or clocking purposes. Note, however, that one ALE pulse is skipped during each
access to external Data Memory. If desired, ALE operation can be disabled by
setting bit 0 of SFR location 8EH. With the bit set, ALE is active only during a
MOVX or OVC instruction. Otherwise, the pin is weakly pulled high. Setting the

ALE-disabIe bit has no effect if the micro controller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external program memory.
When the AT89C51 is executing code from external program memory, PSEN is
activated twice each machine cycle, except that two PSEN activations are

skipped during each access to external data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in order to enable
the device to fetch code from external program memory locations starting at
0000H up to FFFFH. Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset. EA should be strapped to VCC for internal program
executions. This pin also receives the 12-volt programming enable voltage (VPP)
during Flash programming, for parts that require 12-volt VPP.
XTAL1

Input to the inverting oscillator amplifier and input to the internal clock
operating circuit.
XTAL2

Output from the inverting oscillator ampiifier.
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RS-232C SERIAL DATA STANDARD

In the 1960s as the use of time-share computer terminals became more
widespread; modems were developed so that terminals could use phone lines to
communicate with distant computers. As we stated earlier, modems and other
devices used to send serial data are often referred to as data communication
equipment or DCE. The terminals or computers that are sending or receiving the
data are referred to as data terminal equipment or DTE. In response to the need
for signal and handshake standards between DTE and DCE, the Electronic
Industries Association (EIA) developed EIA standard RS-232C. This standard
describes the functions of 25 signal and handshake pins for serial data transfer. It
also describes the voltage levels. Impedance levels, rise and fall times, maximum
bit rate, and maximum capacitance for these signal lines. Before we work our
way through the 25 pin functions, we will take a brief look at some of the other
hardware aspects of RS-232C.

RS-232C specifies 25 signal pins and it specifies that the DTE connector
should be a male, and the DCE connector should be a female. A specific
connector is not given, but the most commonly used connectors are the DB-25P
male and the DB-25S female shown in figure, when you are wiring up these
connectors. It is important to note the order in which the pins are numbered. The
voltage levels for all RS-232C signals are as follows. A logic high, or mark, is a
voltage between —3V and —15 V under load (-25 V no load). A logic low or space
is a voltage between +3 V and +15 under load (+25 V no load). Voltage such as
12 V is commonly used. The output signal level usually swings between +12V
and -12V. The "dead area" between +3v and -3v is designed to absorb line noise.
In the various RS-232-like definitions this dead area may vary. For instance, the
definition for V.10 has a dead area from +0.3v to -0.3v. Many receivers designed

for RS-232 are sensitive to differentials of 1v or less.
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DP9 PIN CONNECTOR

RS232 Pin Assignments

Pin 1 Received Line Signal Detector

(Data Carrier Detect)
Pin 2 Received Data
Pin 3 Transmit Data
Pin 4 Data Terminal Ready
Pin 5 Signal Ground
Pin 6 Data Set Ready
Pin 7 Request To Send
Pin 8 Clear To Send
Pin 9 Ring Indicator

PIN DESCRIPTION:

_DTR (Data terminal ready):

When the terminal is turned on, after going through a self-test, it sends out

signal DTR to indicate that it is ready for communication.
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DSR (Data set ready):
When DCE is turned on and has gone through the self-test, it asserts DSR to

indicate that it is ready to communicate.

RTS (Request to send):

When the DTE device (such as a pc) has a byte to transmit, it asserts RTS to
signal the modem that it has a byte of data to transmit.

CTS (clear to send):

In response to RTS when the modem has room for storing the data it is to

receive, it sends out signal CTS to the DTE (PC) to indicate that it can receive
the data now.

DCD (data carrier detect):

The modem assert signal DCD to inform the DTE (PC) that a valid carrier has
been detected and that contact between it and the other modem is
established.

RI (ring indicator):

An output from the modem (DCE) and an input to a PC (DTE) indicates that
the telephone is ringing. It goes on and off in synchronization with the ringing
sound. While signals DTR and DSR are used by the pc and modem
respectively, to indicate that they are alive and well, it is RTS and CTS that
actually control the flow of data. RTS and CTS are also referred to as
hardware control flow signals. This concludes the description of the 9 most
important pins of the RS232 handshake signals plus TxD, RxD, and ground.

ground is also referred to as SG (signal ground).
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CIRCUIT DIAGRAM
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RECEIVER SECTION:
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SOFTWARE




SOURCE CODE

M S AN e e

PC INTERFACING PROGRAM:

#include <bios.h>

#include <conio.h>
#include <stdio.h>
#include <dos.h>
#include <time.h>
#include<string.h>

#include<ctype.h>

#include<stdlib.h>

#include<process.h>

#define COMO 1
#define COM1 O //1I1HTHITIIT

#define SETTINGSO ( COM_9600] _COM_CHR8 | _COM_STOP1 |
_COM_NOPARITY)

#define SETTINGS1 ( COM_9600] COM_CHRS8 | _COM_STOP1 |
_COM_NOPARITY)

#define TRANSO 0x2f8
#define TRANS1 Ox3F8 //2f8

unsigned char t1[8l,i;

unsigned int ack,temp,t;
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void main()

{

// initialize serial port
_bios_serialcom(_COM_INIT,COMO0,SETTINGSO0);
_bios_serialcom(_COM_INIT,COM1,SETTINGS1);
clrscr();
textcolor(BLACK);
textbackground(CYAN);

while(1)
{
ack=inportb(TRANS1);
if(ack==0xaa)
{
t1[1]=ack;
while(t1[1]==ack)
{
t1[1]=inportb(TRANS1);
}
}
else if(ack==0xab)
{
t1[2]=ack;
while(t1[2]==ack)
{
t1[2]=inportb(TRANS1);
}
}
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else if(ack==0xac)
{
t1[3]=ack;
while(t1[3]==ack)
{
t1[3]=inportb(TRANS1);
}
}
else if(ack==0xad)
{
t1[4]=ack;
while(t1[4]==ack)
{
t1{4]=inportb(TRANS1);
}
}
else if(ack==0xae)
{
t1[5]=ack;
while(t1[5]==ack)
{
t1[5]=inportb(TRANS1);
}

}
/*

t1[2]=ack=t1[1];
while(t1[2]==ack)
{



t1[2]=inportb(TRANS1);
}
t1[3]=ack=t1[2];
while(t1[3]==ack)
{
t1[3]=inportb(TRANS1);
}
t1[4]=ack=t1[3];
while(t1[4]==ack)
{
t1[4]=inportb(TRANS1);
}
t1[5]=ack=t1[4];
while(t1[5]==ack)
{
t1[5]=inportb(TRANS1);

}
} *

temp=t1[4]<<4;

temp=temp|t1[5];

gotoxy(20,10);

printf("TEMPERATURE = %d C ".temp);

gotoxy(20,15);
printf("HEART BEAT = %d" "%d" "%d " t1[1],t1[2],11[3]);
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CONCLUSION

This system is designed for remote monitoring of a patients health. It
detects the heart pulse and temperature. These signals are transmitted
continuously to a remote monitoring station through a telephone line. Since the
transmission of data is done through a telephone line the chances of error are
minimal. Further as telephone networks are well established it can be
implemented anywhere. Incase we make use of intercom’s for transmission there
are no call charges involved and hence the system turns out to be cost effective.
This system was tested for all type of conditions and found reliable.

This project can be extended to monitor several patients at the same time.
Further it could be designed to monitor various other parameters such as insulin
levels, blood pressure and other medical parameters by providing appropriate

sensors. Bi-directional data transmission can also be made possible.
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APPENDIX

L7800

5’: SERIES

POSITIVE VOLTAGE REGULATORS

s OUTPUT CURRENT UPTO1.5A

s OUTPUT VOLTAGESOF 5:5.2:6:8:8.5:9:
12:15: 18: 24V

» THERMAL OVERLOADPROTECTION

s SHORT GIRCUIT PROTECGTIGN

s OUTPUT TRANSITION SOAPRCTECTION

DESCRIPTION

The L7800 series of three-terminal positive
regulators is_available in TO-220 ISOVWATT220
T3-3 and DPANK packages and several fixed
output valtages. making it useful in a wide range
of applications. These regulators can pravide local
on-card regulation. eliminating the distribution
problems associated with single point regulation.
Each tvpe employs intermal current limiting.
thermal shut-down and safe area protection.
making it essentially indestructibie. If adequate
heat sinking is providedl. they can deliver over 1A
output current. Although designed primarily as
fixed voltage regulators. these deyices can be
used with external components to obtain
adjustable voltages and currents.
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ELECTRICAL CHARACTERISTICS FOR L7805 (refer to the test circuits, Tj =-5510 150 °c,
Vi =10V, I =500 mA, G;=0.33 UF. Cy = 0.1 uF unless ctharwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
V., |Outputvoltage Tj=25°% 4.8 5 5.2 v
Vo  |Outputvoltage lL=Smato1A P,<15W 4.65 5 5.35 v

Vi=8120V
AVs*  |Line Regquiation Vi=Tto25V T =25°C 3 50 mv
Vi=8tof2V Tj=25°C 1 25 mV
AV.*  |Load Reguation lo=5t01500mA  Tj=25°C 100 my
la=25010780mA Tj=25°C 25 my
i Quigscant Cument Tj=26°C 6 mA
Aly  [Quiescent Cument Change la =510 1000 mA 0.5 mA
Aly  |Quiescert Cument Change Vi=8io25V 0.8 mA
AV,  |CutputVoltage Drift lg=5mA 0.6 mvi°C
AT
oN OutputNoisa Voltage B =10Hzto 100KHz Tj=25°C 40 pvio
SVR |Supply Voltage Repclion Vi=8t18V f=120Hz 68 dB
V4 |Dropout Voltage la=1A Tj=256°C 2 2.6 v
Ra |OutputResistance f=1KHz 17 m&2
lee  |Short Circuit Curmnt V=35V  Tj=26%C 0.75 1.2 A
lscp |Short Circuit Peak Curmrent Tj=25°C 1.3 2.2 3.3 A

ELECTRICAL CHARACTERISTICS FOR L7812 (refer to the test circuits, Tj =-55 1o 150 °c,

Vi = 19V, lo = 500 mA, Ci =0.33 UF, Co = 0.1 |IF unless otherwise specified)

Eymbol Parameter Test Conditions Min. Typ. Max. Unit
¥, {Outputvoltage T;=26°C 11.8 12 12.5 v
V, [Outputwoltags lo=bmA1A PBF,215%W 11.4 12 1286 v

V,=155027V
AV,* |LineRegulation Vvi= 1460030V Tj=26°C 120 my
Vi=16t022 ¥ T;=26°C 60 m¥
AV,* |Load Reguation la=5to1500m& Tj=25°C 100 m¥y
lo=260t0780mA  T;=26"C 60 my
lq Quiescant Gumrant T =269 B mA
Aly  |Quiescort Cumert Ghange lo =610 1000 mA 0.5 mA
Aly  |Quiescont Cumert Ghange Vi = 16{630 ¥V 0.8 mA
AV,  |OutputVoltage Drift a =5 mA 1.5 mv°G
AT
sN  |OutputNoize Yoltage B =10Hzto100KHz T;=25°C 40 JTRTELT PN
SVR |Supply Voltage Rejeciion V,=15t026 ¥ f=120Hz 61 dB
¥y DropoLi Voltage la=1A Tj=25° 2 2.5 v
Rg OutputResistance f=1KHz 18 m£}
lsc  |Short Gircuit Gurment V=35V Tj=26°C 0.75 1.2 A
lsp  |Short Gincult Peak Cument T;=269C 13 2.2 3.3 A

* Load and line ragulation are apecified at conatant junction temperaure. Changen in Vo dua b heating effacts muat be takan inbo account
aeparatoly. Pulce beating with low duly cyde ia used.
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Nationsl
& Semiconductor
LM320L/LM7SLXXAC Series

General Description

The LAMI20LA M7BLICCAC dusl maried aaras of 3arminal
negative volisge mpu et festunes fiaed sutput voltages of
-&¥, -2V, ard —16¥ with output cument cepahilitiss in
axcesn of 100mA. Theen devices wer tesignad using tha
Iatest computer techniquas for optimizing the peckaged IC
therrmaVeectrioa! performance. Tha LMTBLXXAC maries,
svan whan combined with B minimum output compamestion
capacizr of 0.4 F, exhibite an sxallant iransisrt magnea,
& meximum lins mpuation of 0.0 VoV, ard & meximum
load mpulstion ef D.01% V/mk.

Tha LMAPDL/LM7OLXXAC amrema aien inchces, sa salf-
protaction circuitry: aafs cpemiing ere eicuitry for output
transEtor mawear diasipetion limiting, & tempamim indspen-
went shart circuit curmant limitfer paak autput eurmsnt limiting,
and & tharmal ehutdown circuit o prevent xcessive jurction
temmaratum. Atthsuph designad primarily ea fixed voltags
rapultrs, thasa devices may be combined with sirmpls
sxinmal circuitny for bonted endier edjustabls wiages and
cumants. The LM7BLXXAD saries is aveilable in the 3-l=ad

3-Terminal Negative Regulators

Baptmmbar 20013

TOHE2 peckaga, B-wed SOIC peckege, and the B-Bump
mierm SMO package. The LM3AL aares & aveilebis in tha
3-imnd TO-B2 packagn.

For output voltege other than —&Y, —12¥ end 16V, tha
LM 370 merien provides en oulput voltage mnge fram 1.2V
o 47V

Features

B Prasst cutput voltsge eror is lees then 5% ovarioad,
line ard tsmpamtura

Bpmifisd &t an sutput cumant of 10maA

Easily cernpeneates with & amall 0.4F sutput
cepECior

|nterma! amrt-circuit, tharma| and safe opsrating ame.
protaction

Easily sdjustabia o highsr cutput volieges

Meximum line megulston laes than 0.07% VoV
Maximum losd mgulation l=ss then 0% Vo mmA
Eea AN-1112 for micro SMO conakderstone

Typical Applications
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Abmolute Meximum Ratings o= 1) Opamiing Temparsiune Rangs o' im +70'0

H MilwyAsmapmce spaiind devicss we rsquired, Maxirrum Junction Termperaturs +128'C

pl_—lnmhdlill_lind&-iunﬁdrall-w Blorege Tampameturs Rangs BT im 1O

Dislrinsdiars for sailbility aed spacificsiicen Leexd Tempratume

Input Veiiags (Balraring 10 =) =o'
Vo = -EY¥, 1Y 18V —35v

Internal Prowsr Dissipstion (Nets 2) Irermally Lirited

Elactrical Characteriatica (e 3
T, = 0'C fo +70°C unluas cherwisa notsd.

Thiput Vallage rT 1 T
Tngul Valings (unies aiharerss naisd} T ] I = Unila
Synbal| Narsnaier Gandiimna Win | Typ | Max | Min | Typ | Max | Min | Typ | M
Vo Output T.-25C Io~ 0OMA | &2 -8 4B (125 -1@ -116[-168 —16 -144
Veliags
1MA £ £ TEmA —E.26 475 | -128 -11.4 |-1E.75 —14.85
Vo £V SVonx Hm2V,s78 | towey, s-a8 | (ansV, <8 v
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YV S Vi £ Vs t—m 4’ ™ ‘—?.:] {—!? 4 —14.!} {ﬂ‘: 4™ S—'l?.?] v
T, = 2T, | = A0mA B0 a5 as | mv
_ Vo Vi ¥z (EDSVps-7) | CTsVus-148) | (MWW, s-178) | V
|
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s Teng 18 |Ig = 100MA m 48 [] A i
Stahiity
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LM35

General Description

The LM35 series ano procision integrated-cireuit tempeorsture
senEor=, whoss oulput voltage is linesrly proportional to the
Colsius (Contigrade) temperaturs. The LM3§ thus has an
advantage over linear temperature sersors calibrated in
- Kelvin, as the user is not required to subtract a lamge con-
stant voltage from its output to obtain convenient Centigrade
scaling. The LM35 does not require arny external calibration
or timming to provide typical accuracies of 134'C at room
tempersature and 134'C over a full -85 to +150°'C ternpera-
ture range. Lave cost is aEgunad by timming and calibration
at tho wafer level. The LM3s's low output impedance, linear
output, and pracize inherent calibration make interfacing to
readout or control circuitry ogpeacially sasy. It can be uzed
with single power supplies, or with plus and minus 2upplies.
As it draws only B0 pyA from = =upply, it has very low
gelf-haating, loss than 0.1°C in siill air. The LM35 is rated to
operate over a -85 to +150°C temperature rangs, whils the
LM3SC is rated for @ -40° to +110°C rangs {—10° with im-
proved accuracy). The LM3S seriss is availsble packaged in

&National Semiconductor

August 19695

Precision Centigrade Temperature Sensors

hermetic TO-4€ transistor packages, whils the LM3SC,
LM3IsCA, and LM3SD ars alzo available in the plastic TO-82
trangiztor package. The LM35D is alse available in sn B-lead
surface mount small outline paciage and a plastc TO-220
package.

Features

w Calibrated directly in * Celsius {Centigrade}
w Linear + 10.0 myfC scale factor

w 0.5°C accuracy guarantosable (at +25°C)
w Rated for full -55° to +150'C range

» Suitable for remote applicatiors

w Low oot due o waferlovel frimming

w Operates from 4 to 30 wolis

w Lozs than 60 pA cumont drain

w Low soif-heating, 0.08'C in still air

w Nonlinesrity only £44°C typical

w Low impedance output, 0.1 & for 1 mAload

Typical Applications

+W
0 V0 2}
ot
s am-+1Remi/°C
=
O8N 1G5

FAIGURE 1. Basic Cantigrats Toemperatura Sansor
+2°C to +150°C)

TRITATES & 0 mg: of Nelongl

Corperaion.

+%
|

4] Wut

L "™

-
a0+
Choosa R1 = Vgl pa
¥ QuT=+1500 IV & +160'C
= 4260 MV 5t +26°C
= 6B MV 5t -B5'C

FIGURE 2. Full-Ranga Conligrade Tamparalure Sensor
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M-8880 DTMF Transceiver

Advanced CMOS tachnalogy for low powear cansump-
tion end increaard noise immunity

Complete DTMF tranamitterfreceiver in B aingla chip
Standard 65006800 sariaa micropracaasar port
Cantrel office quality and perfermance

Adjustable guard time

Autematic tone hurst meds

Call progress moda

Singla +5 ¥alt power supply

20-pin DIP and SCIC peckegea

2 MHz miroprocessor part aperation

Inaxpanaive 3.58 MHz cryatal

No cantinuous 2 clock required, only atnabe
Applicatians includa: paging ayaternn, repeater ya-
tarmefmohbile mdio, interconnact dinlara, PBX syatama,
computer syatama, fax mechines, pay telephonaa,
cradit card varificatian

The M-85 iaacomplsts DTMFTenemitterAacaivertet fes-
tures edueiable guand tme, autemetic tone burst mode, aall
pregrass mods, Bnd e fully compeatibls 60000 micoprocee-
eorimariacs, The recaivar partianie based on thairdustry gan-
dard M-BE70 DTMF Aecsivar, while the tmnemiter usas a
switchad-cepacitar digitel-te-analeg convertar far
low-cimtortion, highly eccunsts DTMF sipraing . Tora bumsts can
ba traremitted with precies timing by making ues of the euto-
matic fana buret mede. Ta aralyze call progrees tones, B aall
progress filter mn ba eslected by an extersl miccprocasaor.

Figura1 Pin Diagram

Funclional Description

M-BEBOfurclione consiat of ehigh-pafonmanca DTMF meaivar
with anintermal gein eatiing empifinrand a OTMF genamsbortheat
ennteing & fone buet couttarfargansmting precies one buete
ard pausss. Tha cell pregrees made, when eelectsd, allowathe
datecticn of call pregress tonea. A @andand 65DVERDO saiiss
microprocassar inbarfecs diowe acoeas to an mamal etelue
regigter, two control mgistes, Bnd twa dels egetars.

Input Configumtion

The input enargsment cornitn o e difarential input opans-
tioral empiifierand bies eources {Yrer) forbiasing the amplfier
impute et Yoo/2. Prwvisicne e mede for the corrmactian of &
feeckack maider o the cp-amp output (GBS} for gain adjud-

i

!

1
I
|
I

T
F
I
1

z%L

Figure 2 Bleck Diagmm



Table 41 AC Chamciorislica

PARAMETER | SYMBCL MiN TYR™ MAX LINITE

Recahva signal zom Hens
vl input egyrml tevei .-} — +1 gBm

{mch tona of enmpostta signd; Notes 1, 2, 3, 5, B, B) i — HER e
Pexttive twist erapt (Noies 2, 3, B, B) - B dg
Negsitve et sccept phadkas 2, 3. B B) — E [115]
Feguancy deveton aceep (Noies 2, 3, B, B +1.6% +2H2 — — Mom.
Aequancy deveton miect ghokes 2, 3, B +3.5% — — Nom.
Thin! iDne tnemencs (Notes 2, 3, 4, B, B, 103 — -8 — o 2]
Noms tnersres (hekes 2,3, 4, E, 7.8, 10 — 12 = dB
Diel e nieranea (Nohas 2,3, 4, 5 8,8, 11) - +22 - o8
call grograss
Loasr iexuercy (10 -26 dom) enapt fLa — I — Hz
Lippar fegueney {1 -26 18m) exap Tha — B — Hx
Lowsrexjuency (i -26 dem) mjeck e — 200 — He
UpparEuency (8 -26 dam) mject L — 548 — He
Racahva timing
Tane presart deted ima tw B 11 14 iy |
Tans dment datert ims ton 0.5 4 a5 ™
Tone durstion ecoapt frat. Figum 12) tRec — — 4D ™
Tene curstion reject 7EL. Figum 12) thee @ — — L]
Intemtigit peu=e sccaet (e, Agure 12) tn — — D ™
Intarsigit pausa rmject fnet. Agure 12) o = — — 1]
Ouley S in b3 L) — 19 - p8
Deiey 5 tn RXp—FXa toem - ] — 8
TEnamitiming
Tane bunst fursion (DTMF rmexa) taat o] — ™
Tane EEuEs cution (OTME masks) trm ED — B2 il
Tane tunst turstion gestersiad, ol progress MxiE) tasre 100 — 104 ™
Tane pauss turslion (exharcien, cel prOEress MIXE) e 100 — 14 m™
Tena putput
High gmupﬂ.lhlltlml (R = 10 oG VHout B.1 — -2.1 d8m
Lo graup cutput iewal (R = 10 k1) ViouT .1 — 4.1 oB8m
Pr-amprees (R = 10 ) HBp D 2 k] 1]
Output sistniion ¢Ry, = 10 KL 3.4 ki-z BEnownctn) THD - 26 — [T
Frequancy deveten (f = 36786 MHz) 1o — +D.7 +18 %
Output kel eegtancs ) AT 1 — [ kil
MICIOprocassos irtartace
¢ 2cycia paim teve a5 -— —_ .
42 high s wiiih ten an - — s
42 |ow puss wkiin toL 180 — ns
42 rias 5 18l time tr, i — — 25 ne
Adrinas, RAV hord trna tan, tram 1D — — ns
Adrina, RAW setup fims et i2) tas, R — — ns
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General Description

Tha ADGOBO1, ADGCOBOZ, ADCOBO3, ADCOBO4 and
ADC0G05 ara CMOS B-bit succsesive approximation A/D
converbera that use = diffarentid  pobenbiormetns
tadder—eimiar to the 256R producta. Thase convertena sra
deaigned to sllow operstion with the NSCBOO and INSB0B0A
derivstive control bua with TRI-STATE® output labchas di-
rectly driving the data bua. Thase AlDa appear like memory
locations or VO porte to tha mieropmxasaecr and no inberfac-
ing logic ia neaded.

Differentid analog woltage inputa allow increseing the
commen-made rejaction and offastling the andog zam input
voltage vdlue. In addilion, the voltage neference input can be
axfusted to allow ancoding any smallar analog woltage epan
to the fuli 8 bite of reaclution.

&Nﬂtioanl Semiconducior

ADCO0801/ADC0802/ADC0803/ADC0804/ADC0OB05
8-Bit yP Compatible A/D Converters

Newember 1990

w Differantisl sndeg volbags inpute

w Logic inputa and outputs mest both MOS and TTL
volitage lewdl specifications

w Yorke with 2.5V {LM338) voliaga refarence

w On-chip dock genarator

w OV to 5Y amalog input voltaga range with aingle 5¥
aupply

w No zero adjust rquined

w 0.3 atsndard width 20-pin DIF packsge

w 20-pin mokded chip camiar or smali cutline psdeage

w Operstes ratiomstrically or with 5 ¥p,., 25 ¥, or
analog span adjueted voliage reference

Key Speclifications

T40% 3 roq irlernd Emeemark a1 kg Gop.

w Reaolution & bita
» Total emor +14 LSB, % LSHand +1 LSB
Features w» Converaion time 100 pa
w Compatible with B0B0 pP derivativea— na interfacing
logic neaded - Becess tima - 135 ne
w Essy interfacs b all micreprocasaore, oF operatse "stand
alona™
Connection Diagram
ADCDE0X
Duel-In-Line and Small Outline {$30) Packages
= Ve tOR Y}
B i
" 060 (1.35)
.11} B
W -
Vls] =
Vi~ 0B
1Y ] el
Fyerf2 -]
1] D&Y (W3B)
XL
Sea Ordering | nformation
Ordering Information
TEMP RANGE 0'CT0 70°C 0°C TO70C —40C 10 +85.C
VA Bit Adjusted ADCOBO1LCN
ERROR 4% it Unsdjuatad ADCOR02| CWM ADGOBOZLCN
+u4 Hit Adjueted ADGOBO3LCN
+1Bit Unadjusted ADCOBOILCYWM ADCOBO4LCN ADCOH05L CNAADGOAC4LC
PACKAGE OUTLINE M20B— Smdl N20A —Malded DIP
Oullina
TRESTATEA bs @ i Maborml Gap.

21683 Natiorml Bemicanducior Carparticn OS0DBETt

waw.natioret.com
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HD44780U (L.CD-11)

(Dot Matrix Liquid Crystal Display Controller/Driver)

HITACHI

Description

The HD44780U dot-rmatrix liquid crystal display controller and driver LSI displays alphanumerics,
Japaness kana characters, and syrmbols. It can be configured to drive a dot-rnatrix liquid crystal display
under the control of a 4- or 8-bit microprocessar. Since all the functions such as display RAM, character
generator, and liquid crystal driver, required for driving a dot-matrix liquid crystal display are internally
provided on one chip, a minimal systern can be interfaced with this controller/driver.

A single HDA4780U can display up to one 8-character line or two B-character lines.

The HD44780U has pin finction cornpatibility with the HD447808 which allows the user to easily
replace an LCD-IT with an HD44780U. The HD44780U character generator ROM is extended to generate
208 5 % 8 dot character fonts and 32 5 x 10 dot character fonts for a total 0f 240 different character fonts.

The low power supply (2.7V to 5.3V) of the HD44780U ig suitable for any pertable battery-driven
product requiring low power dissipation.

Features

* 5x8and 5x 18dot matrix pozsible

s Low power operation suppart:
— 2 7to 5.5V

s  Wide ranpe of liquid cry=tal display driver power
— 30t0 11¥

» Liquid crystal drive waveform
— A (One line frequency AC waveibrm)

s Comespond to high zpeed MPU bus interface
— 2 MHz {(when V¥, =5¥)

« 4-bit or B-bit MPU interface enabled

e 80 x 8-bit display RAM {80 characters max.)

» 9,920-bit character generator ROM fior a total of 240 character fonts
— 208 character fonts (5 X 8 dot)
— 32 character fonts (5 x 16 dot)
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