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ABSTRACT

This report describes the application of the biomedical theory and
commurication fheory. The project is proposed to help the problem that occurs to
elderly person especially to the person with heart problems. When heart attack
occurs during the absence of their children, the consequences might be death. Thus,
a Heart Failure Detector device will be very useful to the children who always leave
their old parents alone especially to heart problem parents. When the attack occurs,
it will automatically send an alarm signal to their children or neighbours via wireless
communication. The scope of study for this project is narrowed down to the people
with the abnormal heartbeats (arrhythnﬁé). Abnormal heartbeats occur when the
heart has an irregular heart rhythm, beats too fast (fachycardia), or beats too slow
(bradycardia). This may result in feeling light headed, tired or faint.

The circuit is design and simulate using the PSpice and Multisim simulation
software. The circuit is made small and compact enough in order to make it easy to
be taken anywhere. An infrared light emitter with the wavelength of approximately
940nm is use to measure the pulsatile blood volume changes. The pulsatile signal
that is received by a phototransistor is then amplified by an Op-amp and the counter
will be the analyzer to differentiate between :the normal heartbeat and abnormal
heartbeat. The last part is the trénsmitter and the receiver circuit. These two circuits
are able to send and receive the alarm sighal using radio frequency (RF) modulation.
The alarm receiver part is the part where all_lfthe al%:rt-routines are done such as

dialling the emergency number and activating the siren.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Heart is one of the most important organs in human body. The heart serves as
a pump to move blood through vessels called arferies and veins. Blood is carried

away from the heart in arteries and is brought back to the heart in veins.

Heart failure or heart attack happens when the heart failed to pump the
blood. This problem can be harmful to that particular person. This is due to the
artery bringing blood to the heart becomes partially or totally occlude (i.e. blocked
off). When this happen, the heart beat will become slower and the person most
probably will faint[1].

There are few devices which are used to detect heart problem. Those devices are:-
» Electrocardiographs (ECG)
» Pulse Oximeter
» Stethoscope
»  Wristwatch

1.2 Problem Statement

Heart attack can happen to any people especially to old people. Sometimes
these groups of people were léft alone in their house while their children go to work.
If the heart attack happens during the absence of their children , the consequences
might be death. This is because no device that can alert their children, neighbours or
hospital when the attack happens.



1.3 Objective and Scope of Study

1.3.1 Objective
The objective of this project is to design a gadget that can detect the
normal heart beat and mild heart beat. When the attack happens, this gadget would
be able to transmit an alarm signal to the person who should responding to the signal
(i.e their children, neighbours or hospital) automatically. The gadget must be small,
attachable and not dangerous to human body.

1.3.2 Scope of Study
The scope of the study will be narrowed down to the people with the
abnormal heart beat (arrhythmia). Abnormal heartbeats occur when the heart has an
irregular heart rhythm, beats tob fast (tachycardia), or beats too slow (bradycardia).
»  Tachycardia - It is an abnormal rapidity of heart action that usually
is defined as a heart rate more than 100 beats per minute (bpm) in
adults. The heart may not pump enough blood for the body's
needs[1]. This may result in feeling light headed, tired or faint,
»  Bradycardia - It can be defined as a sinus rhythm with a resting
heart rate of 60 beats/minute or less. However, few patients actually
become sympi:oméﬁc until their heart rate drops to less than 50
beats/minutcs[%l]. A person with a tachycardia may feel that their
heart is raciné. If the heart beats too fast it can also fail to pump
enough blood.



CHAPTER 2
LITERATURE REVIEW AND/OR THEQORY

2.1 Infra Red Sensor
There are several sensors that can detect the heart beat. The sensor that
applicable to this project is infra red sensor.

The most commonly used method to measure pulsatile blood volume
changes is by the photoelectric method. Two methods are common: Reflectance
method and fransmittance method.
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Figure 1: Arrangement of photoresistor and lamp(infrared) in a finger prebe

for pulse pick up: (a) Transmission method (b) Reflectance method [1].

In the transmittance method, a light-emitting diode (LED) and photoresistor
are mounted in an enclosure that fits over the tip of the patient's finger. Light is
transmitted through the finger tip of the subject's finger and the resistance of the
photoresistor is determined by the light reaching it. With each contraction of the
heart, blood is forced to the extremities and the amount of blood in the finger
increases. It alters the optical density with the result that the light transmission
through the finger reduces and the resistance of the photoresistor increases
accordingly. The photoresistor is connected as part of a voltage divider circuit and

produces a voltage that varies with the amount of blood in the finger

The arrangement used in the reflectance method of photoelectric

plethysmography is shown in Figure 1 (b). The photoresistor, in this case, is placed



adjacent to the exciter lamp. Part of the light rays emitted by the LED is reflected
and scattered from the skin and the tissues and falls on the photoresistor. The
quantity of light reflected is determined by the blood saturation of the capillaries,
Therefore, the voltage drop across the photoresistor, connected as a voltage divider,

will vary in proportion to the volume changes of the blood vessels.

2.2 Principle of Heart Beat Detection using Infra-Red

The theory of using infra-red as a sensor to detect heart beat is based on
principle that the signal is propagated through the tissue where it is submitted to
modifications due to reflection, refraction, scattering and absorption. The resulting
signal, after propagation through the tissue is grasped by one or multiples optical
sensors, which are located at distance of about 10 mm around the optical source.
Since variations of optical tissue characteristics are related to variations in the
subcutaneous blood flow, the received signal can be used for the estimation of the
heart rate [4].

When Infra Red light is transmitted through biological tissue, reflection and
refraction occur at the interfaces between the probe and the subject. Scattering is due
to the microscopic variations of the dielectric properties of the tissue. These
variations are due to the cell membranes and the subcellular components (e.g.

mitochondria and nuclei).

The absorption is mainly due to chromophores such as hemoglobin,
myoglobin, cytochrome, melanin, lipid, bilirubin and water [4]. The relative
importance depends on the wavelength considered and their distribution. in the
tissue. Under ideal steady-state condition, the received IR light signal contains both
a constant and a time varying component. The constant component is generally
ascribed to baseline absorption of blood and soft tissue, non expansive tissue such as

bone, as well reflectance loss.



The varying component reflects the modification of the effective path length
due to the expansion of the tissues subject to the varying blood pressure.

For the near IR wavelength, the light propagation into the tissue is governed
by scattering and absorption. The Beer-Lambert equation is generally used to
describe the phenomenon of light absorbtion in biological tissue [3]:
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Figure 2: Graphical Representation of Beer-Lambert Law|[3]

where g()) is the extinction coefficient of absorptivity at a specific wavelength A, ¢ is
concentration of the substance absorbing the light and d is the optical path length.



The intensity of light transmitted across the fingertip is varies as shown in
Figure 3. A puisaﬁle signal, which varies in time with the heart beat, is
superimposed on a DC level. The amplitude of this cardiac—synchronous pulsatile
signal is approximately 1% of the d.c. level 5].
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Figure 3: (a) Transmission of light through the finger when the attenuation of
light is caused by arterial blood (A), venous blood (V) and tissues (T). (b) and
(¢) show typical pulsatile signals detected in the intensity of detected light when
light is shone through a finger[5].

Figures 3(b) and 3(c) show typical cardiac synchronous pulsatile signals detected
when IR light is shone through a finger. It is clear from these graphs that there is

quite a wide variation in the shape of the signals between people.



CHAPTER 3

METHODOLOGY/PROJECT WORK

3.1 Conceptual of Heart Failure Detector

There are four important parts in this project that should be designed in order
for it successfully achieves the project objective. Those four parts are:

1) Sensor Circuit

2) Trigger Circuit

3) Alarm Transmitter Circuit

4) Alarm Receiver Circuit

The block diagram in Figure 4 shows the four important parts:

RECEVER F
CIRCUIT

SENSOR
CIRCUIT

TRIGGER
CIRCUIT

Figure 4: Project block diagram

The Infra Red light that is shone through the finger will be received by the
phototransistor. The phototransistor will receive a pulsatile Infra Red light from
finger due to pulsating arterial blood. The sensor circuit will amplified the pulse
signals so that it can be send to the trigger circuit.

The function of the trigger circuit is to set a warning level when a mild heart
attack happens. For example, when the heartbeat is abnormal (<60bpm) the circuit
will start to trigger. The triggering signal will be send to the alarm transmitter circuit
whereby it will send out an alarm signal to the alarm receiver via wireless

communication.



3.2 Planning
The methodology of the project can be divided to three main parts, which
including research, circuit design and hardware implementation. Below is the flow

chart showing the project flow for the project:

Research/Study
(Type of heartbeat
sensor)

Find the sensor

available in
market

l

Study the sensor
{Refer to the
datasheet)

l

- Purchase the
sensor

Figure 5(a): Project flow diagram



Study the

~———pi Operation of the
circuit

Circuit
simulation

Fail

Assemble the
circuit on
breadboard

'

Check the circuit
connection

Find & study the
suitable
transmitter &
receiver

Figure 5(b): Project flow diagram



|

Study the
—» operation of the
circuit

Circuit
simulation

Fail

Success

Combined the
transmitter
circuit with

sensor circuit

l

Testiton
breadboard

l

Check the circuit
connection

Transfer to real
PCB board

l

Figure 5(c): Project flow diagram
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Etching/drilling
process

l

Soldering &
e o check the .
connection

Test the
circuit

Success

Casing design |

l

Install the circuit
into the casing

Test the
device

Figure 5(d): Project flow diagram
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3.3 Research

During the first semester, sufficient research and relevant background study
were gathered. The project started with research on several heartbeats detection
sensors that were used by hospitals or medical centres. The research cover the Infra
Red Sensor and ECG electrodes. The main concern is that the sensor must be easy to

get in the market.

Finally, the study had been narrowed down to the type of Infra Red sensor
and its operation since infra red sensors are easy to get and cheap. The research
continued with theories and principles of heartbeat detection using Infra Red. Then,
the operation and configuration of Operational Amplifier (Op-amp) were reviewed.

The research also covers the method of transmitting the alarm signal to the
responding person, as far as possible. The full project Gantt chart is shown in
Appendix I

3.4 Circuit Design

A circuit needs to be design in order to amplify the produced signal and
interface it with the sensor. The suitable circuit for signal communication also needs
to be package well with the circuit sensor. The softwares that is used to draw and
simulate the circuit is PSpice and EAGLE.

12



3.4.1 Phototransistor Interface Circuit
The basic circuit for interfacing the phototransistor is constructed

using 2 op-amp as prc-aﬂlpliﬁer and comparator. The circuit is shown below:

3 1 P

:
A4
Vo
2 Yz
4 4 i
. HA 17358 |

av vee
o L R7
I vee 3 Via g g 330
—_ -
) Ve 1 2 o
R2 § 2 W -
10K - 4 LED2
______ ! HA 17368 L V4
F " 1N4148
L. R&
R4 § 1K

Vi PHOTQ
TRANSISTOR

R3 R 1K 90k Ra Ra Vee
a7k | A A Kj

= = = 10k 90k

Phototransistor
Assumption

Figure 6: Infra-red Sensor Interface Circuit

This circuit is supplied by 5 VDC voltage. The signal generator V1 is
assumed to be the heart pulse whereby it wiil generates a sequence of pulse every 1
second. The Q1 (NPN 1:ransist6r) is assumed to be the phototransistor as the Pspice
software did not have this part.

During the initial state, the output from op-amp U1A and U2A is 0V due to
the transistor Q1 being in “ON” (short circuit) condition and the current flows from
Vce, through R2 and Q1 and straight to ground.

When the base of the Q‘l transistor senses a pulse, it will change from “ON”
condition to “OFF” condition. At this time, the current will flow from Vce through
R2, C1, R3 and to ground.

13



The capacitor will generate a spike so that the noninverting input of the op-
amp UlA will be triggered from its steady state condition (the details for this
operation will be discuss in 3.4.1.1). |

The output signal from the op-amp U1A is indicated by the LED2 and
simultaneously the signal is send to the op-amp U2A comparator to be compared
with the noninverting input as the reference input. When the noninverting input is
higher than the reference voltage, the op-amp U2A will produce a DC High and Low
output indicated by LEDI1.

3.4.1.1 The importance of a capacitor, C1, operation
The schematic diagram of an op-amp HA17358 had to be studied first
in order to understand the capacitor C1 operation. As shown in Figure 7, the op-amp
consists of many complicated connection of transistor. However the main concern is
at the noninverting input’s bipolar junction transistor (Q4) whereby it is connected

to the C1 capacitor.

O,

(85 13

Vin(-) n

Ving+) & Vout

Figure 7: Schematic diagram of op-amp HA17358

In the normal operation of the BJT transistor, the square wave and pulse
input will not cause the output to change instantly. This is due to a delay between
each input transition and the start of the output transition. The output transition is
not vertical, implying that they require some measurable amount of time to occur.
The delay is due to the base-emitter depletion layer 1s at its maximum width, and I¢

is essentially at zero. When the input of the BJT goes positive, the depletion layer

14



starts to “dissolve”, allowing Ic to increase. Delay time is required for the depletion
layer to dissolve to the point where 10% of the maximum value of Ic is allowed to

pass throﬁgh the component.

The example of the square wave delay between the BIT input and output is
shown in Figure 8. The overall delay between the input and output transition (as
measured at the 50% points on the two waveform) is referred to as .propagation
delay[6].
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Figure 8(a) and (b): The effect of propagation delay to the square wave and

pulse input

There are actually four sources of BJT propagation delay, each measured
during one time period as shown in Figure 8(a). Those delay are:
»  Delay time (tg) = Time required for the transistor to come out of cutoff.
»  Rise time () = Time required for the BJT to make the transition from
cutoff to saturation.
»  Storage time (t;) = Time required for the BJT come out from saturation.
»  Fall time (tp) = Time required for the BJT to make transition saturation

to cutoff.

15



However if the input is a pulse, then there will be no output from the BJT.
This is because the pulse duration time is too short. It cannot come out from the

BJT cut off condition and still in the delay time (t4) zone as shown in Figure 8(b).

In order to solve this propagation delay problem, a series capacitor had been
added to the input of the inverting op-amp U1A. This capacitor is called speed-up
capacitor[8]. The purpose of the capacitor is:

1} Applying a high initial value of Ig

2) Using the minimum value of reverse bias required to hold the BJT in cutoff.

3) By limiting Ip to a value lower than that required to completely saturate the
BJT

4) Applying an initial reverse bias that is very large.

As indicated in Figure 9(a), a positive spike is coupled to the base of the
transistor when V;;, makes its transition from 0 V to +5V. This spike generates a
high initial value of Iz. Then, as the capacitor charges, the spike returns to 0V level
and I decreases to some value slightly less than that required to fully saturates the
transistor. As a result, delay time is reduced while ensuring that I returns to a value

that is low enough to prevent saturation.
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Figure 9 : Waveform caused by a speed up capacitor
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When the input signal returns to 0 V, the charge on C1 drives the output of the
RC circuit to -5 V. This is the high initial reverse bias needed to reduce storage time.
Since the transistor was prevented from saturating by Ip_ the capacitor has done all
that can be done to reduce storage time. Also, since Vg returns to 0 V at the end of
the negative spike, the final value of reverse bias is at a minimum. This, coupled
with the high initial Iy spike, ensures that delay time is held to a minimum. The

operation can be simplified in Figure 9.

3.4.1.2 Op-amp Ul A operation
This op-amp U1LA act as the amplifier, where it amplified the signal
from the output of capacitor C1.
This is a noninverting amplifier because the input signal is applied to the
noninverting terminal as shown in Figure 10. The amplifier characteristics are:
1) Higher input impedance
2) Does not produce an 180° voltage phase shift from input to output.
Thus, the input and output signals are in phase.

vin Vout

R2 R3
MW
100k - 70k

R1 §1k

L
I

Figure 10: Noninverting amplifier[8]
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The complete analysis of the noninverting amplifier as shown in Figure 10 is
shown as following:

The closed-loop voltage gain (Acy) of the circuit is found as
R
Ag ==L+1

- (RZ + RS) +1 | (3.1)

Vou
Ao = ?:
Vour = ACL Vin (3 ‘2)

The resistor R3 is a variable resistor. It is use to adjust the gain (Acy) of the
amplifier in the equation (3.1) and simultaneously it also will effect the output
voltage in equation (3.2).

18



3.4.1.3 Op-amp U2A operation
This op-amp is a comparator configuration. It is relatively a simple
circuit used to compare two voltages and .provide an output indicating the
relationship between those two voltages [8].

+VO

R1 S0k

Vin 3\4\

Reference

Comparator
input

Comparator
output

V. Low

(b)

Figure 11: Op-amp Comparator

In the heartbeat sensor circuit, it is use to detect the peak of the pulse. Here’s
how the circuit work:
o The inverting input of the comparator is connected to a voltage —
divider circuit R1 and R3 whereby the R3 is a variable resistor that
controlled the level of the reference vdltage. Such circuit is shown in

Figure 11(a). The reference voltage would be

19



found using the standard voltage-divider formula as follows:
R,

33
R +R, 3-3)

Vg =+V

When the pulse output from op-amp U1A is less than voltage reference,
the output from the comparator is Jow. The output from the comparator
remains Jow until the pulse exceeds the value of the reference voltage.

When the pulse output from op-amp UlA is exceeds the voltage

reference, the output from the comparator is high.

The circuit operation is illustrated by the voltage waveform shown in Figure

11(b). The analysis for the comparator circuit as shown in Figure 11(a) is:

When the noninverting input is at +V, the input of the op-amp is found as

Vig =V —V.os (3.4)

and the op-amp output voltage is found as

Ve = 401 Vd:ﬁ’ 3.5)

Since this output voltage is beyond the limit of the output, so the real ¥, , is:

V,=+V-1W (3.6)

20



3.5 Heartbeat Counter
The function of .the heartbeat counter is to count the heartbeat from the
output of the Op-Amp. This part consists of 3 parts and those parts are:
o 4-bit binary counter
» Magnitude comparator

o Timer

3.5.1 4-bit Binary Counter

The 4-bit Binary Counter (741.8393) is CMOS type of Integrated Circuit
(IC) that contains of dual master-siave flip-flop and also additional gates to perform
the 4-bit binary counter. The details of the 74L8393 binary counter can be referred
to the Appendix II. The clock input of the 74L.S393 counter will be connected
directly to the HA17358 Op-amp output which produced the square wave with the
width of 100ms. This pulse is able to trigger the master-slave flip-flop.

The full structure of the 4-bit binary counter is shown in Figure 12(a)
and the connection of the flip-flop is shown in Figure 12(b).
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Figurel2 (a) & (b) shows the structure of the 4-bit binary counter (Taken from
7418393, Fairchild Semiconductor Datasheet)
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When the 7418393 counter clock input sense a pulse transition from
HIGH to LOW, then the flip-flop A will be toggled (change to its opposite state).
Note that all the flip-flop J and K is equal to 1.

The output of the flip-flop A is now acting as the clock input for flip-flop
B, so flip-flop B will toggle each time the output A goes from 1 to 0. Similarly, flip-
flop C will toggle when B goes from 1 to 0, and flip-flop D will toggle when C goes
from 1to0 0.

The flip-flop outputs D,C,B and A are representing the 4-bit binary
number with D as the most significant bit (MSB). The waveform in Figure 13
shows a binary counting from 0000 to 1111, which is 0 to 15 in decimal [10].

Once the sixteenth clock pulse has occurred, all the flip-flop will goes
from 1 to 0 which reset back the output to zero. However there are one more pins to
reset the counter which is Master Reset Pin that will reset all the flip-flop to zero

once the pins is put to 0 or Ground.
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Figure 13: The ABCD output of the 4-bit Binary Counter [10]
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352 Magnitude Comparator |
The 4-bit Magnitixde Comparator (741.S85) is a combinational logic circuit
that compares two input binary quantities and generates output to indicate which one
has the greater or less magnitude. The Figure 14(a) & (b) show the connection
diagram and function table of the magnitude comparator. The details of the 74LS85
magnitude comparator can be referred to the Appendix IH.

DATA INPAITS.
Yoo M3 B2 AR Al 81 AQ Bo
l'le 15 14 17 12 11 0 IG
| 1 2 3 4 [ ] 7 |a
D‘E‘L‘:rl‘ A<B A=B A:B _A:-B A.==B A<B  GHD
INRUT  CASCAIRNG INPUTS CQUTPUTS
(@
Compating Cascading Qutputs
hputs Inputs

A3,B3 | A2,B2 | A1,B1:| A0,B0C | A>BE A<B A=B | A»B A<B A=B
A3 >B3 X X X X X X H L L
A3 <B3 X X X X X X L H L
A3=B3 | A2>B2 X X X X X H L L
A3=B3 | A2<B2 X X X X X L H L
A3=B3 | A2=B2 | Al1>B1 X X X X H L L
A3=B3 [ A2=B2 | At<B1 X X X X L H L
A3=B3 | A2=B2 | A1=B1 | A0O>B0O X X X H L L
A3=B3 | A2=B2 | A1=B1 | AD<BO X X X L H L
A3=B3 | A2=B2 | At=B1 | AD=B0 H L L H L L
A3=B3 | A2=B2 | A1=B1 | AD=B0 L H L L H L
A3=B3 | A2=B2 | A1=81 | AD=B0 L L H L L H
Al=B3 | A2=B2 | A1=B1 | AG=B0 X X H L L H
Al=B3 | A2=B2 | A1=B1 | AD=B0 H H L L L L
A3=B3 | AZ2=B2 | A1=B1| AD=B0 L L L H H L

H = HIGH Level. L = LOW Level, X = Dont Care

(b)
Figure 14(a) & (b) The connection diagram and function table of the magnitude

comparator (Taken from PM74LS85, Fairchild Semiconductor Datasheet).
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This magnitude comparator compares the two 4-bit binary numbers. One of
them is A3 A2 Al and A0 which is called word A; and the other is B3 B2 Bl and
B0 which is called word B. The term word is used to described the group of bits that
used to specific type of information. It also has three active-HIGH outputs which is
output A>B, A=B and A<B [10]. |

Output A>B will be HIGH when the magnitude of word A is greater than the
magnitude of word B. Output A=B will be HIGH when the word A and B are equal.
Output A<B will be HIGH when the magnitude of word A is less than word B [10].

353 Timer
There are two types of timer used in this counter circuit to control the binary
counter and magnitude comparator. These two timer are:
e Astable Multivibrator
¢ Delay-On Timer

3.5.3.1 Astable Multivibrator
This astable multivibrator configuration is shown in Figure 15(a),

which produces a square wave type of waveform shown in Figure 15(b).

Astable Mode

Veo

|

GND

@) (b)
Figure 15: Astable Timer and the square wave generated by the timer [12]
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t; is the HIGH time while t; is LOW time. The total period of the signal is
the summation of HIGH time and LOW time [9].

Where,
t, =0.693(R1+ R2)C1 3.7
And,
t, =0.693R2C1 3.3
Therefore period is,
T =0.693(R1 +2R2)C1 3.9)
3.5.3.2 Delay-On Timer

Initially the delay-on timer will not be ON when the power is
supplied. It will only goes HIGH when it reach t, The output will goes HIGH and
remains HIGH. The Figure 16 shows the connection of the Delay-On timer.

1 5
A el e f—, 1,717
= 555 ol
R§ —31s outPUT il ——
n

aey iy T u_I\

Figure 16: Delay-On Timer [12]

In order to find out the desired value of t, the value of capacitor C
must be selected first. Then the calculation to find the value of R is shown in
formula below [12]; |

t, = 1.1(R)(1—0%) (3.3)
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3.6 The Heartbeat Counter Operation
The pulse from Op-amp HA17358 output is connected directly to the
7415393 4-bit Binary Counter clock input as shown in Figure 17.

Figure 17 The complete counter circuit
The normal way to cowjt the heartbeat is 60 second or 1 minute. For normal
heartbeat is 60bpm, Tachycardjia symptom is more than 100bpm and Bradycardia
symptom is 60bpm. j

However, due to the limitation of the Binary Counter that’s can only count
up to maximum 15 beats. So the counting time must be reduced to 6 second only
and the normal heart beat will be in the range of 7 to 9 beats, Tachycardia symptom
is more than 10 beats while Braéj)cardia is less than 6 beats as shows in the Tablel.

Table 1: Shows the counting time for heartheat in 60 and 6 second.

Tachycardia | Normal Heartbeat | Bradycardia
Normal time to count More than 100 90 to70 Less than 60
heartbeat (60 second)
Count the heartbeat in More than 10 9to7 Less than 6
6 second

The two Magnitude Comparator (741.885) is connected parallel to the output
of 4-bit Binary Counter (74L.8393). The first magnitude comparator is used to
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compare the lowest word (<6) while the second magnitude comparator is used to
compare the highest word (>10).

These two magnitude comparator will be switch ON at the sixth second to
compare whatever value of the pulse during that particular time which is counted by
binary counter.

After 6 seconds, the binary counter and the magnitude comparator will be
switch OFF for 1 second to reset the binary counter back to 0000 conditions. This is

needed for the binary counter to be counting for the next cycle.

When the input of the magnitude comparator detect a higher or lower word
than the reference word, the output will goes HIGH in order to activate the Opto-
Isolator (PC 827) which act as a switch. The function of this opto-isolator is to
isolate the wireless transmitter circuit so that it will not cause the two magnitude

comparator to sink so much current into the transmitter circuit.
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The two timers (NE555) are used to control the binary counter and also the

'magnitude comparator. The first 555 timer is “Astable Multivibrator” that controls

the second timer and also the binary counter. The first timer will provide the square
wave of 7 second ON and 1 second OFF.

The second 555 timer is Delay-On Timer that controls the two magnitude
comparator. The source of this timer is connected to the output of first 555 (Astable
Multivibrator) timer. This timer wil be ON at sixth second for 1 second to activate
the magnitude comparator. After that, it will goes OFF again due to the first 555
Astable Multivibrator timer output is OFF as shown in Figure 18.

ASTABLE
MILTIVIBRATOR
QUTPUT

DELAY-ON

|

l

|

|

I

I

I

I
CUTPUT |
' I

Figure 18: The Astable Multivibrator Timer output and Delay-On Timer
Output
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In order to make the Astable Multivibrator and Delay-On timer have the
proper time to operate, a few calculation had been carried out according to the
formula of those two timers to find out the value of resistor and capacitor. The

calculation was summarized in the Table 2 below.

Table 2: Shows the calculation for Astable Multivibrator and Delay-On Timer

Astable Multivibrator Timer

- Destred Output:

ASTABLE
MILTIVIBRATOR
OuUTPUT

——— — e

t1 =6 Sec t2=1 Sec
Assumed the capacitor is 100uF
t, =0.693(R, + R,)C t, =0.693R,C,
6 = 0.693(R, +14.43kQ)(100uF") 1=0.693R,(100uF")
R, =T72.15kQ R, =14.43kQ
Delay-On Timer
Desired Qutput:
i 1 T B I 1 I |
! 1 | I ..1 | |
" DELAY-ON | I b | | |
QUTPUT | ] | I ! | |
i 1 1 T I
e /
YT
t, = 6 Sec

Assumed the capacitor is 100uF

C
t, =1LIR)| ——
1R o)
6=11(R,) 100ur

1000

R, =54.55kQ

e
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3.7 The PIC16F877A microcontroller operation

The receiver of the system is controlled by the PIC 16F877
microcontroller[13]. This microcontroller can be programme in C language to do
varioué type of task. In this project, this particular microcontroiler will be use to
connect to the output of the wireless transmitter for the purpose of triggering. Then it
will be programmed to activate the alarm/display, phone line and dial the emergency
number via the normal DTMF telephone that is connected to the TELEKOM phone
line. The conceptual of the receiver part is shown in Figure 19.

TELEKOM DTMF

' ALARM
TELEPHONE LINE SPEAKER/HORN I:[

MAIN
e POWER
PIC16F877A SUPPLY
MICROCONTROLLER -
SIGNAL
FROM
TRANSMITTER .

Figure 19: The conceptual of the receiver part.

All of these components will be embedded into one single casing in order to

make it more tidy and good looking,

The woi'king principles of this PIC microcontroller is that the PortA, RAQ (Pin2)
input will be connected to the output of the wireless transmitter (the details of the
PIC microcontroller pin diagram can be refer to Appendix IV) while the output
RA2 will be connected to siren, PortB will be connected to LCD display, RA1 will
be connected to telephone for line activation/deactivation, while RA3 is connected
to the voice player/recorder and finally the PortC and PortD will be connected to
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each number of the telephone for dialling routines, the connection of the phone

number and output of the microcontroller is shows in Table 3 below

Table 3: Shows the connection between the number on the phone to the output

of microcontroller. -
No. on the
phone 1 2 3
PIC output RD4 RC7 RC6
No. on the
phone 4 5 6
PIC output RC5 RC4 RD3
No. on the f
phone 7 . 8 9
PIC output RD2 : RD1 RDO
No. on the %* :
phone 0 #
PIC output RC3 RC2 RC1

This microcontroller will remains in stand by mode until the input has been
triggered by the transmitter. Once the input is trigger, the output PortB of the
microcontroller wiil be goes from Low to High which will activate the alarm,
display and also the phone line. After that, the emergency number was dialed
according to the programmed output bit.

The voice recorder will activate to tell the person on the phone about the alarm
had been activated. Finally, when the recipient received the phone and acknowledge
about the alarm, the phone line will be deactivated. The sequences of how the

microcontrolier work can be summarize in Figure 20,

The compiete C programming code that used to run the sequences in Figure 20

are shown in Appendix V.
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input stand by to
be trigger

¥

Input had been
- triggered .

¥

Activate the
Alarm, Display
‘and Phone line

A

Dial the
* emergency -
number -

A 4

 Generate the
Ring Tone

_No__~Hang up the™

phone

Yes

Iél_av-the '
recorded sound

v

Deactivate the
phone line

Figure 20: Shows the flow chart of PIC working sequence
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3.8 Wireless Transmitter & Receiver
The transmitter and the .receiver part for this project will be using the FM
Transmitter & Receiver Hybrid Module (FM-RTFQ series & FM-RRFQ series). The
biock diagram for the transmitter and receiver is shown in Figure 21(z) & (b)

below. The details of the transmitter and receiver can be refer to Appendix V1.

'“ 1

XTAL PLL
A — )
XTAL Osclilator Synthesizer

A A

=t Power Amp =i
Out

En

Figuare 21(a): FM-RTFQ 868 Transmitter

Vee Vee
In _ A A
| Pre Amp . 10.7MHz i
) Filter Mixer =1 & Fitter [ Dermoduiaicr [~ Comparator ==
; Qut
A
' PLL '
GND Synthasizer| GND GND

Figure Zi(b): FM-RRFQ 868 Receiver

This two transmitter and receiver provide a cost effective high performance
Radio data link and operates at 868Mhz. The trimmed Thick Film ceramic Hybrid
Technology makes the modules very stable to operate over a temperature range.

The transmitter in able to send a signal at a distance up to 75 meters in

building and 250 metres open ground. This distance will be suitable for the patient to
walk around in the building without loosing the transmitting signal.
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The wiring depends on the application of this transmitter and receiver. For
this project, the connection was shown in Figure 22(a) & (b) the output of the
heartbeat counter is connected directly to the data-in pin for the transmitter part and
data-out to the input of the microcontroiler.

- HEARTBEAT SENSOR & :
. COUNTER CIRCUIT - 3V

:GND : - Vee ———-——]

RTFQ1

Figure 22(a): The connection of the transmitter part

"V

—— o L PIC16F877
JRREQE " MICROCONTROLLER

r I

3.3V DATA OUT

=

Figure 22 (b): The connection of the receiver part
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CHAPTER 4
RESULTS AND DISCUSSION

4,1 Phototransistor Interface Circuit Analysis

The Pspice circuit simulation had been used to simulate the phototransistor
circuit. A few points on the circuit such as the phototransistor output, C1 output, op-
amp UlA output and op-amp U2A output had been taps in order to sce the‘
waveform as shown in Figure 6(Chapter 2'). Those same points also will be taps on

the real circuit to check the differences.

4.1.2 Phototransistor output analysis
The phototransistor will detect the pulsating infra red which is shone
through the finger and the output waveform will be first can be seen here as shown
in the Figure 23(a) and (b).

120my

(1,022&11?,626&1]
"

tioml-

|

i J
11200 | | \f

1 I

t

4.55 1.5 $.55 2.0s 2.58s

Time

(b)

Figure 23: The comparison between the simulation result and practical result

of the phototransistor cutput
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4.1.3 Capacitor C1 output analysis
The C1 output is the op-amp U1A input. This signal will be amplified so
that it can be compared at the U2A comparator op-amp. The simulation and also the

real result are shown is Figure 24,

8 &Ry -

{1,0300, 5. 5053m)

4 B~

{1 0E53,-1.9653m)
-

s .55 1.8 1.55 2.8 2.55
& WE1:T)

Time

Figure 24: The comparison between the simulation and practical result of the

capacitor C1 output

The Figure 24(a) and Figure 24(b) shows the comparable waveform
between the simulation and oscilloscope output. However the output voltage is
difference from each other.

The input pulses are changing from a single positive peak as shown in
Figure 23 to the positive and negative peak as shown in Figure 24. This is due to
the charging and discharging of the speed up capacitor. The capacitor is use to
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eliminate the delay time of the BIT in the op-amp during the transition from OV to

+ve peak because of the base-emitter depletion layer is at its maximum width.

4.1.4 The Op-amp UL A output analysis

1.2

™
(1.0300,1.1123)

&.80-

8.5 p

| (1.0658,51.542m) (’

[

au T t T T T
s B8.55 1.85 1.55 2.85 2.55
o Y(LEDZ:1)

Time

Figure 25: The comparison between the simulation and practical result of the
op-amp Ul A output

It can be seen that the output of the op-amp Ul A shows the comparable

waveform. However the peak-to-peak output voltage shows a different value.

The equation 3.1 and equation 3.2 had been used to calculate the output of
the op-amp UlA.
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The calculation between the simulation result and the practical result is as

shown in Table 3:

Table 3;: The comparison between the simulation result and the practical result.

Simulation Result

Pracﬁcal Result

Given,
Vin=8.7712mV ,, [From Figure 14(a)]

Given,

Vin = 0.045V , [From Figure 14(b)}

R =1iQ R =1kQ
R, =100kQ R, =100kQ
R, =70k R, =70k
R R
Ag =—L+1 Ag =—L+1
in Rin
Rtk _ & +Rs)+1
R, R,
_ (100k +70k) _ (100K +70k)
1k 1k
=171 =171
Vo |4
Ay = v, Ay =?':*
V.. =1718.7712mV) V... =171(0.045)
=1.57,, =7.697,,

Since the output voltage is beyond the
limit of the output, the equation 3.6 is
applied.
V,,=+V -1

=5-1

=4V,

From the graph in Figure 15(a) the Vout
is 1.06Vy,. The difference between the
calculation result and simulation result is
0.44V

From the graph in Figure 15(b) the Vout
is 2Vp,, The difference between the
calculation result and practical result is
2Vpp
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4.1.5 The Op-amp U2A output analysis

4.0Y

2.80

o
(1Y

(1.0300,4, 3062)
e

s
r G(LEDT:T)

Figure 25: The comparison between the simulation and practical result of the

op-amp U2A output

The output from the op-amp U2A also shows a comparable waveform

between the simulation result and the practical result. However there are different in

output voltage as can be seen from the graph in Figure 25.

A calculation by using the equation 3.3, 3.4, 3.5 and 3.6 had been carried out

to see the output voltage differences as shown in Table 4.
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Table 4: The comparison between the simulation result and the practical result.

Simulation Result Practical Resuit
Given: Given:
+V =5V +V =5V
V, =11V, Vo =Wpeat  [From Figure 15(b)]
R, =90kQ R, =90kQ
R, =10kQ R, =10kQ
Vi =+V A, Vi =+V %,
R +R, R +R,
_ 5( 10k ] _ 5( 10k )
10k + 90k 10k +90k

=0.5V =0.5V
Va‘ijf =V, - Vref thﬁf =V, "Vref

=1.11-0.5 =1-0.5

=0.61V = (.5V
V., =+ -1 V., =+ -1

=5-1 =5-1

=4V 24V
From the graph in Figure 16(a) the Vout | From the graph in Figure 16(b) the Vout
i8 4.3V pea. The difference between the is 0.6V peax. The difference between the
calculation result and simulation result is | calculation resuit and practical result is
0.3V peak 3.4V peak

4.2 Summary of the result
The summary of the simulation and
5 below:

the practical result is shown in the Table

Table S : The summary of the simulation result and the practical result

Output Simulation Result Practical Resuit
Phototransistor 117.62mVpeu 30mVpeak
Capacitor,C1 8.7712mV,, 45mV,,
Op-amp UlA 1.06Vp, Vg
Op-amp U2A 4.30Vpeq 600mVcax

From Table 5, it seems that the voltages are difference from each other and
this is mainly due to the characteristic of the real components and simulation
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components. The noise such as light will also affect the output voltage from the

phototransistor.

4.3 The Heartbeat Counter Qutput

The main function of the heartbeat counter is to count the heartbeat whether it
is normal heartbeat or abnormai heartbeat which is Tachycardia and Bradycardia.
The Figure 26(a),(b) and (c) show the response of the magnitude comparator when
it sense a normal heartbeat and abnormal heartbeat.

When the counter count a normal heartbeat which is in the range of 7 to 9 beats,
the magnitude comparator output will never goes HIGH. As shows in Figure 26(a)
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Figure 26(a): The magnitude comparator will not triggered when the heartbeat

is normal

However if the Magnitude Comparator count a heartbeat which is less than 6
beats per 6 second, the output will goes HIGH to trigger the transmitter as shows in
Figure 26(b). This condition applied when the heartbeat sense a heartbeat which is

more than 10 beats per 6 second as shows in Figure 26(c).
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4.4 The Testing Result of the Counter Circuit
The circuit was converted to the PCB layout and those components are puts
as near as possible to make the circuit as compact as possible. The figure below

shows the layout of the counter circuit.

-
I

L
i

Af R

Figure 27: Shows the counter PCB layout,

Once the layout was successfully transfered into the PCB as shown in Figare
28, the circuit must is tested for the continuity for each track. After that, all the
components will be soldered on it. Next, checking for all the components polarity is
done. Finally the voltage is applied and checked to see if there any smoky or hot

components.

Figure 28(a): Shows the Top view of the Counter Circuit
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Figure 28(b): Shows the Bottom view of the Counter Circuit

This counter circuit passed all the checking criteria and it was tested
successful for functionality whereby the IR sensor can sense the heartbeat and the
counter can counts the heartbeat.

After that, the circuit must be put inside a casing in order to protect it and can

be carrying by the patient. The picture of the casing is shown in Appendix VII.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

A Heart Beat Failure Detector is believed can be a very useful device to help
the children who has a heart problem parents. They do not need to worry some more

when they leave their parents at home while they going to work.

In fulfilment of the project objective, a research on the sensor that needs to
detect the heart beat have Been carried out where the sensor is use the Infra Red
LED to transmit the infra red light at a wavelength of approximately 940nm to
measure the pulsatile blood volume changes. The pulsatile light signal that received
by phototransistor is then amplified by Op-amp. The Op-amp successfuily amplified
the signal and showed it in the pulse waveform which is proportional to the real
heartbeat.

The design on the counter circuit that need to counts the heart beat also have
been carried out where the Binary Counter is used to counts the heartbeat and the
Magnitude Comparator is to compare the measured heartbeat with the reference of
normal heartbeat, fast heartbeat(Bradycardia) and slow heartbeat(Tachycardia).
This counter circuit can successfully differentiate between the normal heartbeat and
abnormal heartbeat (Bradycardia & Tachycardia).

The type of transmitter and receiver that had been identified to use for this
project are FM-RRFQ 868 Receiver and FM-RRFQ 868 Receiver which is used the
FM modulation and can send the signal up to 75 metres or 250 metres at open
ground. The receiver was interface together with the microcontroller whereby this
microcontroller is used to activate the siren, perform the auto dialing via DTMF

phone line to inform the hospital or patient’s children.
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It is recommended that the heartbeat detector circuit be converted into the
SMT(Surface Mount Technology) so that the circuit will be more smaller and lighter
without changing its original circuit design. The sensitivity of the sensor part also
need to be improve so that it can be automatically measure the pulse after put it on
the finger without need to adjust the sensor position. The detector part also still can
be improved by putting in an LCD display unit, so that it can display the number of
heartbeat, blood pressure and also local time. The detector aiso should detect more
type of heart failure such as Atrial fibrillation.
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APPENDIX I

]
EAIRCHILED
R
SEMICONDLUCTOR ™M

DM74LS393
Dual 4-Bit Binary Counter

General Description

Each of these monalithic circuits contains eight master-
slave flip-flops and additional gating to implement two indi-
vidual four-bit counters in a single package. The
DM741.5393 comprises two independent four-bit binary

August 1986
Revisad March 2000

Features

W Dual version of the popular DM74L.593

W DM74L5393 dual 4-bit birary counter with Individual
clocks

W Direct clear for each 4-bit counter

counters each having a clear and a clock input. N-bit binary

counters can be impltamented with each package providing
the capability of divide-by-266. The DM74LS393 has paral-
lel outpuls from each counter siage so that any submultipie
of the input count frequency Is avallable for system-timing

W Bual 4-bit versions can significantly improve system
densittes by reducing counter package count by 50%

B Typical maximum count frequency 35 MHz

B Buffered outputs reduce peasibility of collector commu-

signals, tation
Ordering Code:
Order Numbaer | Package Number ] Package Description
DM74LS393M M14A 14-Lead Small Qutiine integrated Circult (SOIC), JEDEC MS-120, 0.150 Narrow
DM74LS373N N14A 14-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Devices also svailable In Tape and Reel. Specify by appending the suffix letter X to the ordering code.
Connection Diagram Function Table
UTPUTS Counter Sequence (Each Counter)
2
VCC  2a  CLEAR  20a 209 20 20p Count Outpuls
| 1. 12 | 27 n 10 o 8 S U Qs Qa
u n = = = 1] L L L L
m_;m . 1 L L L H
A 2 L L H L
T 3 L L H H
4 L H L L
5 L H L H
8 L H H L
cLEAR A 7 L H H H
1 I 2 3 4 s (6 lr 9 H L L H
1A 4 hirry 308 10¢ 1Qy [ ] 10 H L H L
CLEAR 11 H L H R
OUTRUTS 12 H H L L
13 H H L H
14 H H H L
15 H H H H
H =HIGH Logic Level
L= LOW Logic Levl
® 2000 Fairchild Semiconductor Corporation  DSO06434 www.fairchildseml.com
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DM74LS393

Logic Diagram

{1, 13)
INPUT A —'—'—'——'(PT

13, 14 oureut

0

CLEAR

Qa

| 4. 19 gurput
b Og
b T

CLEAR {2, 12),
INPUY D

—

CLEAR
—
O by QUTPYT
o¢
Loy T
CLEAR
 —
(5. 8} gurpuT
G0 ap
Lol 7
CLEAR

www.fairchlldsami.com




Absolute Maximum Ratingsvots 1)

Supply Voltage w
Input Voltage
Clear v
A 556V

Operating Frae Air Temperature Range 0°Clo+70°C
Starage Temperature Range -65°G to +150°C

Recommended Operating Conditions

Note 1: The “Absolute Maximum Retings® are thoas valuas beyond which
the safaty of the device cannot ba guaranteed. The device should not be
opetated at these Emits. The parametric veluss dafined in the Electrical
Cheracleristics tables are not guarantaed at the absslute maximum ratings.
The “Recommendad Operating Canditions” tabla will defing the conditiona
For actual dovice operation.

Symbol Parzmeter Min Nom Max Units
Veo Supply Voltage 475 5 525 v
Vi HIGH Lavel Input Voftage 2 v
Vi LOW Level input Voitage 08 v
lon HIGH Level Output Current Y mA
oL LOW Levet Output Gusvant B A
ok Clock Frequency {Note 2) 0 25 MHz
fork Clock Frequency (Note 3} 0 20 MHz
OV Pulse Width (Nofe 5) A 0

; CloarHIGH| 20 "
theL . Clear Ralease Time (Note 4){Note 5) 257 ns
Ty Fee Air Operaling Temperature ) 70 °C

Noka 7 Gy = 15 pF, R, = 2 KR, Tp = 25°G &md Vg =5V,
Note 3: G =50 pF, R =2 kQ, Tp = 25°C apd Vg = 5V,
Note 4: The symbol (L) ndicatea that the falling edge of the clear puisa s used for rsfetance.
Note 5: T, =25°C, and Vo= 5V.
Electrical Characteristics
gver recommended oparating free air temperature range (unless otharwise nated)
; Typ

Symbol Parameter Conditions Mir: Potet) Max Units
v, | Ingidt Clamp Vailage Vo = Min, | = 18 mA A5 v
Vor | HIGH Level Ve = Min, Igy = Max

o Ouiput Voliage Vi = Max, Viy =Min 27 34 v

Vo LCW Lavel Ve = Min, gy, =Max 035 o8
Output Voliage Vi, = Max, Vi =Min v
To =4 MA, Vg = Min °25 Y]
y Input Gurrent @ Max Voo = Max, V, = 7V Ciear o1 A
Input Voltage Voo = Max, V= 5.5V A 62
i FIGH Levet Voo = Mex, V= 2.7V Cioar 20
Input Current . A 40 WA
M LOW Level Voo =Max, V=04V Cloar 04 .
input Cumment A -1.6
Tos Shor Clrcutt OUtput Cument | Vg = Max (Note 7) 20 T A
Toc Supply Gument Ver = Max (Note 8) 15 7 A

Note 6: Al ly_pinals are at Vep = 5V, T, = 25°C.

Note 'l‘ Not mere nan one outpit should be shortad at a tme; and the duration shoud not exceed one sscond,

Note B: I Is measured with all outputs apen, both CLEAR inputs grounded f

lon to 4.5V, and all other inpute grounded.

L Y

wwwi.fairchlidsami.com
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DM74L8393

Switching Characteristics
ol Vog = 5V and T, =25°C
AT
Symbot Paramoter From (Input} Co= 18pF C-S0pF Units
To (Quiput) [T} Max i Max
T Warimum Clock Fremqaency ATy % ] Wiz
e Propagation Deiay Time Aoy 20 2 ns
LOW-o-HIGH Level Output
tor Propagation Delay Time
HIGH-1o-LOW Level Guiput AtoQa = % i
toe Fropagation Delay Trme Ay m o "
LOW-to-HIGH Leval Output
o Fropagation Delay Time
HiGH-10-LOW Leve! Quiput AQp & 87 e
b Propagation Detey Tima Clearto Ay @ 30 45 s
HIGH-toLOW Level Output

www.fairchildsemi.com




APPENDIX III

RN
FAIRCHILD
]
SEMICONDUCTOR ™

DM741.S85
4-Bit Magnitude Comparator

General Description

These 4-bit magnitude comparators parform comparison of
straight binary or BCD codes. Three fully-decoded deci-
slons about two, 4-bit words (A, B) are made and are exter-
naily avallable at three eutputs. These devices are fully
expandable to ahy number of bits without external gates.
Words of greater length may be compared by connecting
comparators in cascade, The A> B, A <B, and A =B out-
puts of a stage handiing less-significant bits are connected
to the corresponding inputs of the next stage handiing
more-gignificant bits. The stage handling the least-
significant bits must have a high-level voltage applied to
the A=8 input. The cascading path is implemented with
only a two-gate-level delay to reduce overall comparison
timas for long wonds.

August 1986
Reviged March 2000

Features
B Typical power dissipation 52 mW
W Typical delay (4-bit words) 24 ns

Ordering Code:

Qrdar Number | Package Number

Package Description

DM74LS85M M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow

DM74LS85N N16E 16-Lead Piastic Duat-in-Line Paciage (PDIP), JEDEC M5-001, 0.300 Wide

Devites also availsble in Tepe and Ree!. Spedify by appending the suffix letter “X* to the ordering code.

Connection Diagram.

DATA WFUTS

Yec M3 L -3 AR
18 15 14 13

At B1 A B

Il 2 E] 4

u3
DATA
WY

L] L] T a

A<B A=E ADB AR A=E A<A OND

QUTPUTS

@ 2000 Fairchild Semiconductor Corporation  DS006378

vii

www.fairchildsemi.com
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DM74LS85

Function Table

Comparing
inputs

Cascading
Inputs

Outputs

A3, B3

A2,B2

At, B1

B
g

A>B A<B A=B

A>B A<B A=B

A3>B3
A3 <B3
A3=R3
A3=RB3
A3=B3
A3=B83
A3=B3
A3 =B3
A3=03
A3=B3
A3=B3
A3=DB3
A3=B3
A3=B3

X

X
A2 >B2
A2 <B2
A2 =82
A2=B2
A2=82
A2=82
A2 =82
AZ2=82
A2=B2
AZ2=B2
AZ2=B2
AZ2=B2

X

X

X

X
At>B1
Al<B1
At=B1
A1=B1
At =B1
At=B1
Al=B1
At =B1
At=B1
At=81

aaa§aaga

AV O XM X MK

o Nk
EZEEBREER

X X X

I

[N L

XX Iox oM X MMM
FIOX T I XXX X XXX
Fr T T o o 3 x M X XX

Ir~-r~rrIrIrc~r:Tr-Ee~
TrrrIcCcIcCcIcXcC X
FrrIIrQrrcfrCreErhECrr

Logic Diagram

H=HIGH Level, L= LOW Leval, X = Dont Care

A8

ﬁ

A=

[iL]

o

A

¢

1

s

3

i

www.Talrchildsemi.com
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Absolute Maximum Ratingswote 1)

Naots 1: The “Absolute Maximum Ratings" are those values beyond which

Supply Voltage TV . the safety of the device canmiot be guaranteed. The device should not be
input Votage v ed s teoin, T praic e i 1 e Bt
. Operating Free Alr Temperature Range 0°Cto+70°C  The *Recommendsd Operating Conditions” table wil define the conditions
for actug) device operation.
Storage Temperature Range -65°C to +150°C
Recommended Operating Conditions
Symbol Parameter Min Nom Max Units
Vee Supply Voltage 475 5 5,25 v
Vi HIGH Level Input Voltage 2 v
Vi LOW Leve! Input Voltage 08 v
lon HIGH Level Quiput Current -04 mA
lou LOW Leve! Quiput Current 8 mA
Ta Free Air Operating Temperature 0 T0 °G
Electrical Characteristics
over recommended M ing free air 4 ture range (urless otherwise noted)
Typ
Symbol _ . Paramater conm Min poie 2 Max Units
v, Input Clamp Voltage Vg = M, =18 mA 1.5 v
Vor HIGH Level Ve = Min, gy = Max 97 a4 v
Qutput Voltaga Vi = Max, Vi =Min
VoL LGW Lavel V°:° = Min, g = Mex 035 05
Output Valtage Vi =Max, Vi = Min v
loo =4 mA, Vg = Min 0.26 04
1) Input Current @ Max Ve = Max A<B 0.1
Input Voliage V=7V A>B 01 mA
Othars 03
n HIGH Leval Voo - Max A<B 20
Input Cumrent V=27V A>B 20 pA
Others &0
I LOW Leve! Vg = Max A<B 0.4
Input Currant V=04V A>B 04 mA
Others -1.2
los Short Circuit Output Cument | Vipe = Ma {Note 3) -2 -100 )
lees Supply Current Vg = Max {Note 4) 10 20 mA

Nota 2: All typicals are at Vipp =5V, Ty =25°C.

Nota 3: Notmors than one output shoutd be shorted at a time, and the duration should not exceed one second.,
Note 4: I, is measured with all outputs OPEN, A = B groundsd and ail other inputs at 4.5V,

www.fairchildsemi.com
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DM74LS85

Switching Characteristics

8t Ve =5V and Ty =25°C

From To Number of R =2kQ
Symbol Paramster Input Quiput | Gate Levels C.=15pF C =50pF Units
Min Max Min Max
tory Propagation Datay Time AnyAorB A<B, a 36 4
LOW-to-HIGH Level Output Data tnput A>B ns
A=B 4 40 40
[y Propagation Detay Time Any AorB A<B, 3 30 0
HIGH-to-LOW Levet Quiput Data input A>B ns
A=B 4 30 40
[ Propagation Delay Time
A<BorA= A 1
LOW-tHIGH <BorA=B =B 22 26 ns
[ Propagation Delay Tims _
HIGH-o-LOW Level Output A<BorA=B| A>B 1 17 20 ns
te W Propagation Delay Time
A= =B
LOW-Eo-HIGH Level Output B A 2 n % e
tonL Propapation Delay Time
A=B A=B 7
HIGH-to-L OW Level Output z ! » it
=1 Prapagation Delay Time
Lo IGH Level Output A>BorA=8| A<B 1 22 26 ns
oL, Propagation Delay Time _
HG oW A>BorA=8] A<B t 17 26 ns
www.fairchitdsemni.com 4




APPENDIX IV

@

MIcCROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Mlcrocontrollers

Devices Included in this Data Sheet:

+ PIC16F873 » PIC16F876
* PIC16F874 * PIC16F877

Microcontroller Core Features:

-

-»

-

High performance RISC CPU

Only 35 single word instructions to leamn

All single cycle instructions except for program
branches which are two cycle

Operating speed: DC - 20 MHz clock input
DC- 200 ns instruction: cycle

Upto _BK 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
Pinou'g compatible to the PIC16C73B/T4B/76/7T7
Interrupt capability (up to 14 sources)
Eight ievel deep hardware stack
Direct; indirect and relative addressing modes
Power-on Reset (POR)
Power-up Timer {PWRT) and
Oscullator Start-up Timer (OST)
Watchﬁog Timer (WDT) with its own on-chip RC
oscillator for reliable operation
Programmable code protection
Power saving SLEEP mode
Selectable oscillator options
Low power, high speed CMOS FLASH/EEPROM
technology
Futly static design
In-Circuit Serial Programming™ (ICSP) via two
pins
Smgle' 5V In-Circuit Serial ngrammmg capability
in—Cqumt Debugging via two pins
Prooeésor reac/write access 1o program memory
Wide operating voltage range: 2.0V to 5.5V
High Sink/Source Current: 25 mA
Commiercial, Industrial and Extended temperature
ranges

ow-power consumption:
- < (.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram

PDIP
MCLRNer —=[] 1 / 40 [] = RBT/PGD
RAD/ANOD w—-] 2 29 [] —w RBOIPGC
RATANT w-—s-T] 3 38 [] =—»- RB5
RAZIANZIVREF- ] 4 37 [ = RB4
RAVANINVRES w4 [ 5 38 [} =—a RBYPGM
RAITOCHS w—e-[] 8 35 [} = RB2
RAS/ANASS «—[] 7 « ¥ [} =—e RB1
REO/RDIANS <—[] 8 33 [1~— RBOINT
RE1WR/ANS =—{] 3 D pJe—vw
REZGEANT w10 [ 210w vss
Voo —- 1 11 E 30 {1 w—w RD7PSP7
Vs [ 12 ©  29{]-=—> RDB/PSPE
OSCI/CLKIN —=-[] 13 G 28 [} =—» RDSPSPS
OSCACLKOUT «——[] 14 o ap— RD4/PSP4
RCAT10SOTICK] e[} 15 26 ] e RCTRXDOT
RCUT10SICCP2 -—e-[] 16 25 (] +—w RCBITX/CK
RCACCP1 w—e[] 17 24 [ - RC5S00
RCASCK/SCL w—e[] 18 23 {] - RCA/SDYSDA
RDIVPSPO a—a-[] 18 22 [] = RODIPSP3
RD1/PSP1 w—»-[] 20 2 [] +—» RD2PSP2

Peripheral Features:

» TimerD: 8-bit timer/counter with 8-bit prescaler

« Timer1: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/clock

» 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 rmax. resolution is 10-bit

+ 10-bit multi-channel Analog-to-Digital converter

+ Synchronous Serial Port (SSP) with SPI™ (Master
mode) and PC™ (Master/Slave)

* Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

+ Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and TS controls (40/44-pin only)

« Brown-out detection circuitry for
Brown-out Reset (BOR)

® 2001 Microchip Technology Inc.

D530202C-page 1
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APPENDIX V
D:\dialer_877a.c 08~-Dec-06 03:05 pm Page 1 of 4

Koon

finclude <16f877a.h>

$USE DELAY {CLOCK=4000000} /* Using & ¢ Mhz cloglk +/
#FUSES XT,NOWDT,NOPROTECT, NOPUT, NOBROWNOUT,NOLVP
finclude <stdio.h>

finclude <LCD.C>

g
{
#inclucde <string.h>

#define PHONE_NO 1 'PIN D4
#dafine PHONE_NO_Z PIN_C7
#define PHONE NO 3 PIN Cé
#define PHONE NO 4 PIN C5
fdefine PHONE NO 5 PIN C4
fdefine PHONE NO 6 PIN D3
ftdefine PHONE NO 7 PIN D2
fdcfine PHONE NO 8 PIN D1
fdefine PHONE_NO 9 PIN DO
#define PHONE _NO _* PIN C3
tdefine PHONE NO 0 PIN C2
fdefine PHONE_NO e FPIN Cl1 flagsign Tor b ooumber

s dimilipg nunber

fdefine PHONE LINE PIN Al
#:ef ne  SIREN PIN A2
#defi VOICE_REC PIN_A3
fdefine TX_TRIG PIN AQ
fdefine BEEP PIN E2

fdefine STAND BY  PIN C0

main(}

led gotoxy(1l,1);
led putc('\E£');
led putc("HEART");

led pute('\n'};
led putc ("FAILURE");
delay ms(1600);

lcd gotoxy(l,1);

led putc{'\f");

led putc{"DETECTOR"};
delay _ms{1000);
output_bit(STANDwBY,l);

I
while (1)
{
if {input(TX TRIG)) Slvvansmitiar ouitput is b
{

Jidn
ﬁ’/s

loopl:
output bit (STAND BY,O0);
lcd gotoxy(l,1);



D:\dialer_877a.c 08-Dec~06 03:05 pm Page 2 of 4

lcd putc(*\f'};
lcd putc ("WARNING!!"™):
delay ms{700};

output bit (SIREN,1); Jfsiven activated
Jidelay ms (10003,

lcd gotoxy(l,1):

lcd putc{*\£f');

led putc ("SIREN");

led pute('\n');

lcd putc ("ACTIVATE");

delay ms(700);

output bit (PHONE LINE,1); Ai¥hons lina activated
J/delay me{1000); -

led _gotoxyil,1);

led putc('\f");

led pute ("PHONE LI} ;

led pute('\n'};

led putc("NE ACTIV"});

delay ms (5000} ;

mE Ly

output bit (SIREN, D};
lcd_gotoxy(l,1):

Led putc(*\£');

led putc ("DIAL:019");
led pute(\n');

lcd pute(™ 9043268");
delay ms(1000);

[
s
i—

output_bit (PHONE_NO 0,1); Fi0ial
output_bit (BEEP,1):

delay ms (500);

output bit (BEEP,Q);
output_bit (PHONE NO 0,0);

delay ms(500);

output bit (PHONE NO 1,1): A/Dia) Ingd numbsr
output bit (BEEP,1);

delay ms {500} ;

output bit (BEEP,0};

output_bit (PHONE NO 1,0);

delay ms (500);

output_bit (PHONE NO 9,1); Ab1lal Zrd aumher
output bit (BEEP,1);

delay_ms (500) ;

output bit{BEEP,0);

output_bit {PHONE NO_9,0);

delay ms(500);

output bit (PHONE NO 9,1); FiDial 4vh nunkher
output bit (BEER,1};

delay_ms ({500} ;

output_bit (BEEP, D)

output_bit (PHONE NO _9,0);

delay ms(500);

output_bit (PHONE_NO 0,1); /D12l Bith numbor
cutput_bit (BEEP,1);

delay_ms (500);

output_bit (BEEP, 0} ;

cutput_blt (PHONE_NO 0,0);

delay ms(500);

Xiil



D:\dialer 877a.c 08-Dec-06 03:05 pm Page 3 of 4

output_bit (PHONE NO 4,1); S/ial vk punber
output bit (BEEF,1);

delay ms(500);

output_hit (BEEP,0);

ocutput. bit (PHONE NO 4,0);

delay ms(500);

ocutput_bit {PHONE NO 3,1): S/l
output bit {BEEP,1);

delay ms(500);

output bit{BEEP,();

output_bit (PHONE_NO_3,0};
delay ms (500} ;

output_bit (PHONE_NO 2,1}; S/Dial Bih onu
output _bit (REEP,1);

delay ms{500};

output_bit (BEEP,0);
output_bit (PHONE NO 2,0);

delay ms {500} ;

output _bit (PHONE NO 6,1); A70ial Suh nunber
output_bit(BEEP,1};

delay ms({500);

output bit (BEEP,0};

output _bit (PHONE NO 6,0);

delay ms(500);

output_bit (PHONE NO 8,1); JADlel lth nunbar
output_bit (BEEP,1);

delay ms (500);

output bit {BEEP,0);

output_bit (PHONE NO 8,0);

delay ms (500} ;

delay ms(500);
output bit (VOICE_REC,1); SVl
Jide

[

v oms {1007,

lecd gotoxy(1l,1);

lcd putc('\f'};

led pute{"VOICE ");
led pute{'\n'};

lcd _putc{"ACTIVATE");
/idelay ms (1000} ;

delay ms{10000);
output_bit (VOICE REC,0};

output_bit (SIREN,1);

output_bit (PEONE_LINE, Q) ; A/ Phone line deactivaltad
led gotoxy(1,1);

led pute("\f');

lcd _putc ("PHONE");

led pute{'\n');

lecd putc ("DEACTIVE");

delay ms(2000);

{

while{l)

{

led gotoxy{l,1): JiDieniay Wlinking MU i

lcd putc('\f*};
led putc ("WARNING!!™);

if {input{TX_TRIG))

Xiv
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goto loopl;
delay ms (1000};
led_gotoxy(1,1);
led pute ('\f'};
led pute{" "};

if {input {TX TRIG))
goto loopl;
delay ms(1000);

if {input(TX TRIG))
goto loopl;

}

}

I

}
;” /‘ }
else(!input (TX_TRIG)); Jitrans
{

lcd gotoxy(l,1); F/Dieplay Stand By mede
led pute("N\£7);
lcd putc ("STAND BY"};

led putce{'\n"):
lcd putc{" MODE...");
delay ms{(300};

XV
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’
%\ 4 FM TRANSMITTER & RECEIVER FM-RTFQ SERIES
9 HYBRID MODULES. FM-RRFQ SERIES

FM Radio Transmitter & Receivers
Available As 315 or 433 or 868MHz
Transmit Range Up To 250m
Miniature Packages

Data Rate upto 9.6Kbps

No Adjustable Components

Very Stable Operating Frequency
Operates from =20 to +85°C

Transmitter
& 3-12 Supply Voltage
® SIL or DIL Package

Receiver

¢ PLL XTAL Design
CMOS/TTL Ouiput

RSSI Qutput

Standby Mode {max 100nA)
5V Supply Voitage

RTFQ2

Applications

Wireless Security Systems
Car Alarms

Remote Gate Controls
Remote Sensing

Data Capflure

Sensor Reporting

RRFQ2

Description

These miniature RF moduies provide a cost effective high performance FM Radio data link, at either 315,
433.92 or 868MHz. Manufactured using laser trimmed Thick Film ceramic Hybrid the modules exhibits
extremely stable electronic characteristics over an Industrial Temperature range. The hybrid technology uses
no adjustable components and ensures very reliable operation.

This transmitter and receiver pair enables the simple implementation of a data link at distances upto 75 metres
in-building and 250 metres open ground.

These modules will suit one-to-one and muiti-node wireless links in applications including car and building
security, EPOS and inventory tracking, remote industrial process monitoring and computer networking.
Because of their small size and low power requirements, both modules are ideal for use in portable, battery-
powered applications such as hand-held terminals.

DS085-7 May 04 ©2004 Reg. No. 227 4001, Engiand Page 1 c €

FRTEIE

xvi



. |
:\1 FM TRANSMITTER & RECEIVER FM-RTFQ SERIES
%

R HYBRID MODULES. | FM-RRFQ SERIES
Transmitters
There are two versions of transmitter:
RTFQ1; A Dual in Line Package operating at 3.3V. This provides the most rugged mechanical fixing to

the host PCB. Power Down mode is also available.

RTFQ2; A Single in Line Package incorporating a voltage regulator for 3-12V operation. (Compatible
with many other RF transmitter modules available)

Transmitter Block Diagram
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Part Numbering
Part Number Description
FM-RTFQ1-315 DIL FM Transmitter Module 315 MHz
FM-RTEQ1-433 _ DIL FM Transmitter Module 433.92 MHz
FM-RTFQ1-868 B DiL £M Transmitter Module 868.35 MHz
FM-RTFQ2-433R SIL FM Transmitter Module 433,92 MHz 312V WP
FM-RTFQ2-888R SIL FM Transmitter Module 868.35 MHz 3-12V U/P
Receivers

There are two versions of receiver:

RRFGQ1; A Single in Line Package with sleep / Power down mode.
RRFQ2: A Single in Line Package, pin compatible with many other receivers

Receiver Block Diagram
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Part Numbering
Part Number Description
FM-RRFQ1-315 SIL FM Receiver Module 315 MHz
FM-RRFQ1-433 SIL FM Receiver Module 433.92 Mz
FM-RRF(Q1-868 Sl FM Receiver Module 868.35 MHz
FM-RRFQ2-433 SIL FM Receiver Module 433.92 MHz
FM-RRFQ2-868 Sli. FM Receiver Module 868.35 MHz

DS089-7 May 04 ©2004 Reg. No. 227 4001, England Page 2 y%';; c €

[

xXvii



‘:s‘\ ‘
A

h

o '

A

£l

FM TRANSMITTER & RECEIVER
HYBRID MODULES.

FM-RTFQ SERIES
FM-RRFQ SERIES

RTFQ1 Mechanical Dimensions

PCB Layout Requirements r%_l
1 1
. S duie
el & Top View Module Thickness 2mm
508mm| | X (Gomponents 1143mm  Pison"0.1 pigh
S, YRR o Undemeath) glg sﬂmen;h;réx
.25mm x 0.50mm
2.54mmy B------- &
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RTFQ2 Mechanical Dimensions
PCE Layout Requirements L 3048mm
. [ l_ -
Iw’s?"'" Modue Thickness 2mm
A e O-6-0 T Pin Dimanbions
254, LAAENM, | I I Htom 0.25mm x 0.50mm
254 spating 343
Pin Description
RTFQ1 RTFQ2 Name Description
1 N/A En Enable {active high)
2 5 N Data input —
3 1 GND Ground, Connect to RF earth return path
4 3 Vec Supply Voltage
5 4 GND Ground, Connect to RF earth retum path
i 2 EA Extemal Antenna
Technical Specifications
Electrical Characteristics MIN TYPICAL MAX DIMENSION
Supply Voitage RTFQ1 2.1 33 4.00 Vv
Supply W RTFQ2 25 12.00 v
| Supply Current 7 8 mA
Standby Current {IN = EN = Low) 100 nA
315.0
Frequency 433.92 MHz
£68.35
RF Quiput into 500 (Vec=3.3V) +5/+6/+1 dBm
Initial Fracquency Accuracy -35 [} +35 KHz
FM Deviation 25 30 35 KHz
Harmonic Spurious Emissions -50 dBe
Input High Voltage RTFQ 15 Voo v
Input High Voltage RTFQ2 . 1.5 5.5 Vv
Power up Time (En to full RF) 1 mS
Power up Time {Power on to full RF) 5 mS
Max Data Rate i 9.6 KHz
Operating Temperature -25 +80 °C
Q,
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RRFQ1 Mechanical Details

Component Side 18.3mm

7

13 1 15 4
0.25mm x0.50mm
2.64mm

RRFQ2 Mechanical Details
L A572mm, L
Component Side 18.5mm
12 14 18}
]rl[][]r f1mm Pin Dimensions :
2 S4rmm D.25mm x 0,50mm
Pin Description RSS! Output*
RRFQt | RRFQ2 Pin Description RF In {dBm) RESI (V}
1 18 [ +vee 120 1.20
2,711 215 GND -410 1.32
3 1 Data In (Antenna -100 1.50
12 NC -80 1.78
18 14 Recelved Signal Srength Output -80 2.08
N/A 17 AF Output -70 235
14 18 Data Out -60 2.62
15 NIA Pawer Down -50 2.72
0V = Standby -40 278
5V = Operating
RSS! Output

The RSSI provides a DC Voltage proportional to the peak value of the receive data signal. This output can be
used as an indicator for the received signal strength to use in wake-up circuits etc.

An RC circuit is normally used to provide the timing for the RSS! signal. The medules have a 10nF capacitor
internally connected to GND, therefore a pull down resistor (to GND) connected to the RSS! pin may be used
to generate a simple RC network time constant for the RSS! signal output.

Please note that the maximum output current is typically 950uA, the discharge current is lower than 2pA
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Technical Specifications

Electrical Characteristics Min Typical Max Dimension Notes
Supply Voitage (Vec) 4.5 5 55 v
Supply Current (Operating) 5.7 6.8 mA
Supply Current (Standby) 100 nA
315.00
Receiver Frequency 43392 MHz
868,35
R.F Sensitivity (100% AM)
315 ,433MHZ versions -t03 dBm
868MH> versions -100
3dB Bandwidth +-150 KHz
Data Rate 300 9 600 Hz
Tumon Time 5 mSecs 1
Turn on Time 8 mSecs 2
Level of Emitted Spectrum -70 dBm
Low Level Output Voltage 0.8 v = 200uA
High Level Qutput Voltage Vie-1 vV = 200uA
RSS! Qutput 0.5 mA
Operating Temperature Range -25 +80 °C
Notes

1. Time from PD pin geing high to stable data. (RRFQ* only}

2. Time from Power ON o stable dats.
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Typical Application

The following circuits show a remote control system with ‘self leamning feature’ for more information
please see Datasheet DS600
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Prototyping Hints: -

It is essential when building any Low Power Radio System that you have a ‘clean’ DC power source. Typically
the rippie voltage should be less than 10mV Peak to Peak. Normally a 470uF decoupling capacitor is sufficient
de-coupling for an AC derived DC power source,

Never place a Transmitter or Receiver directly into Vero-Board or any similar prototyping board. This will
severely restrict the range. Rather, use small lengths of wire from the prototyping board to the pins of the
Transmitter or Receiver.

A useful antenna, for testing purposes, for both the Transmitter and Receiver on 433MHz is to use a piece of
wire 17.3cm long {23.8¢cm at 315MHz) soldered directly to the antenna pin.

For more information or general enquiries, please contact;
RF Solutions Ltd.,
_ Unit 21, Cilffe Industrial Estate,
South Street, Lewes, E Sussox, BN8 8JL. England
Tel +44 (0)1273 898 000 Feox +44 (0)1273 480 661

Email sales@rfsofutions.co.uk http:/fwww.rfsolutions.co.uk

RF Solutions is a member of the Low Power Radio Assogiation
Al Trademarks acknowledged and remain the property of the respected owners
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APPENDIX VII

The Picture of the Project Casing/Prototype

The transmitter part

- The Receiver Part
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