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ABSTRACT

This report describes the application of the biomedical theory and

communication theory. 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 signalto their childrenor neighbours via wireless

communication. The scope of study for this project is narrowed down to the people

with the abnormal heartbeats (arrhythmia). Abnormal heartbeats occur when the

heart has an irregular heart rhythm, beats too fast (tachycardia), 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 emitterwith the wavelength of approximately

940nm is use to measure the pulsatile blood volume changes. The pulsatile signal

that is receivedby a phototransistor is then amplified by an Op-ampand the counter

will be the analyzer to differentiate between the normal heartbeat and abnormal

heartbeat. The last part is the transmitter and the receiver circuit. These two circuits

are able to send and receive the alarm signalusing radio frequency (RF) modulation.

The alarm receiver part is the part where all the alert 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 ofthe most important organs in human body. The heart serves as

a pump to move blood through vessels called arteries 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 riarmful 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[l].

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 ofpeople were left 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 to6 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[l]. 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 symptomatic until their heart rate drops to less than 50

beats/minutes[l]. A person with a tachycardia may feel that their

heart is racing. If the heart beats too fast it can also fail to pump
i

enough blood.•



CHAPTER 2

LITERATURE REVIEW AND/OR THEORY

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 transmittance method.

Plioloiesis'or

I ra^xJ

5 ® <siwr
Lamjj /

Photoresistor LSTi

(a) (l)S

Figure 1: Arrangement of photoresistor and lamp(infrared) in a finger probe

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 ofblood 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 ihe 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 proportionto the volumechanges ofthe bloodvessels.

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 andsofttissue, nonexpansive tissue such as

bone, as well reflectance loss.



The varying component reflects the modification of the effective path length

dueto the expansion of the tissues subject to the varying bloodpressure.

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]:

Light
source

Light
intensity

ln-

I -

&7Z>timvxmm

II Medium f#

tmmm
m>

/(.vj-/yc -H>-UU-u>

a + d

Photo-

detector

Figure 2: Graphical Representation of Beer-Lambert Law[3]

where s(X) is the extinction coefficient of absorptivity at a specific wavelength X, c is

concentration of the substance absorbing the light andd is theoptical pathlength.



The intensity of light transmitted across the fingertip is varies as shown in

Figure 3. A pulsatile 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%ofthe d.c. level [5].

<a)

(b)

(c)

MS £38,2

Z
O
to

z

t
Arterial Blood

Venous Blood

Tissues

TIME

1«MK

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

(c) show typical pulsatile signals detected in the intensity of detected light when

light is shone through a finger[5j.

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 variationin the shapeof the signalsbetweenpeople.



CHAPTER 3

METHODOLOGY/PROJECT WORK

3.1 Conceptual of Heart Failure Detector

Thereare four important parts in this project that shouldbe designed in order

for it successfully achieves the project objective. Those fourpartsare:

1) Sensor Circuit

2) Trigger Circuit

3) Alarm Transmitter Circuit

4) Alarm Receiver Circuit

Theblockdiagram in Figure4 shows the four important parts:

:<3 io

SENSOR

CIRCUIT

ALARM

TRANSMITTER
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 warninglevel when a mild heart

attack happens. For example, when the heartbeat is abnormal (<60bpm) the circuit

will start to trigger. The triggering signalwill be send to the alarm transmittercircuit

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:

Start

Research/Study
(Type of heartbeat

sensor)

Find the sensor

available in

market

Study the sensor
(Refer to the
datasheet)

Purchase the

sensor

Figure 5(a): Project flow diagram



Fail

Study the
operation of the

circuit

.Success

Assemble the

circuit on

breadboard

Check the circuit

connection

Success

Find &study the
suitable

transmitter &

receiver

Figure 5(b): Project flow diagram



Fail

Study the
operation of the

circuit

Success

Combined the

transmitter

circuit with

sensor circuit

Test it on

breadboard

Check the circuit

connection

Fail /rest the^\
circuit

Success

Transfer to real

PCB board

Figure 5(c): Project flow diagram
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Fail

Etching/drilling
process

Soldering &
check the

connection

Success

Casing design

Install the circuit

into the casing

Success

End

Fail

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 andECGelectrodes. Themainconcern is that the sensor mustbe easyto

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 suitablecircuit 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 pre-amplifier and comparator. The circuit is shown below:

VCC

5V -d= Vcc

I Vcc

©Ql4

Vi J PHOTO
TRANSISTOR

\
Phototransistor

Assumption

R2

10k

C1 -

470n"

47k

U2A

HA17358 „

U1A

HA 17358 i

R1 S 1k

R4

100k

R5

50k

-yfc-

P
4L

LED2

1N414B

R9 Q VCC

•*• 10k 90k

R8 R9 O

. R7

:a3o

Figure 6: Infra-red Sensor Interface Circuit

This circuit is supplied by 5 VDC voltage. The signal generator VI is

assumed to be the heart pulse wherebyit will generatesa sequence of pulse every 1

second. The Ql (NPN transistor) 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 Ql being in "ON" (short circuit) condition and the current flows from

Vcc, through R2 and Ql and straight to ground.

When the base of the Ql transistor senses a pulse, it will change from "ON"

condition to "OFF" condition. At this time, the current will flow from Vcc through

R2S CI, 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 bediscuss in 3.4.LI).

The output signal from the op-amp UlA 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 thanthe reference voltage, the op-amp U2Awillproduce a DC Highand Low

output indicated by LED1.

3.4.1.1 The importance of a capacitor, CI, operation

The schematic diagram of an op-amp HA17358 had to be studied first

inorder to understand thecapacitor CI operation. Asshown in Figure 7, theop-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 CI capacitor.

O Vout

777" 7TT 7TT 77T

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 is at its maximum width, and Ic

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

14



starts to "dissolve", allowing Ic to increase. Delaytime is required for the depletion

layer to dissolve to the point where 10% of the maximum value of Ic is allowed to

pass through the component.

The example of the square wave delay between the BJT 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].

00

The output is
a straight line

(b)

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 (U)= Time required for the transistor to come out ofcutoff.

> Rise time (tr) - Time requiredfor the BJT to make the transition from

cutoff to saturation.

> Storage time (t;) = Timerequiredfor the BJT come out from saturation.

> Fall time (tf) = 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 (U)zone as shown in Figure 8(b).

In order to solve this propagation delay problem, a series capacitorhad been

added to the input of the inverting op-amp UlA. This capacitor is called speed-up

capacitor[8].The purpose ofthe capacitor is:

1) Applying a high initial value of Ib

2) Usingthe minimum value of reversebias requiredto hold the BJT in cutoff.

3) By limiting Ib to a value lowerthan 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 Vjn makes its transition from 0 V to +5V. This spike generates a

high initial value of Ib. Then, as the capacitorcharges, the spike returns to OV level

and Ib decreases to some value slightly less than that required to fully saturates the

transistor. As a result, delay time is reduced while ensuring that Ib returns to a value

that is low enough to prevent saturation.

+5V

OV-

+5V

OV-

vytheoretical)

'Produces
high Initial
'a Minimum reverse

voltage

Produces high
.initial reverse
bias

-5V

(b)

+5V

-5V

Figure 9 : Waveform caused by a speed up capacitor
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When the input signal returns to 0 V, the charge on CI drives the output of the

RC circuit to -5 V. This is the high initial reverse bias neededto reducestoragetime.

Since the transistor was prevented from saturating by Ib, the capacitor has done all

that can be done to reduce storage time. Also, since Vb 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 Ib spike, ensures that delay time is held to a minimum. The

operation can be simplified in Figure 9.

3.4.1.2 Op-amp UlA operation

This op-amp UlA 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) Doesnot produce an 180° voltage phaseshift from inputto output.

Thus, the input and output signals are in phase.

Vin

+5V

U1A

o

HA17358 -±

R1 <1k

R2 R3

AW yxhr
100k 70k

Vout

Figure 10: Noninverting amplifier[8]

17



The complete analysis of the noninvertingamplifier as shown in Figure 10 is

shown as following:

The closed-loop voltage gain (Acl) of the circuit is found as

Aa=-^+l
=cvf^)+1 (31)

The peak to peak output voltage is

v

'out —̂ aVin (3**)

The resistor R3 is a variable resistor. It is use to adjust the gain (Acl) 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].

Comparator
input

Comparator
output

Vin

+v

R1 <90k

U1A

HA17358

R2 <,10k

(a)

(b)

o

Vout

Reference

Voltage (+V)

V. High

V.Low

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 Rl and R3 whereby the R3 is a variable resistor that

controlled the level of the reference voltage. Such circuit is shown in

Figure 11(a). The reference voltage would be

19



found using the standard voltage-divider formula as follows:

K,=+F *3 (3.3)

o When the pulse output from op-amp UlA is less than voltage reference,

the output from the comparator is low. The output from the comparator

remains low until the pulse exceeds the value of the reference voltage.

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

reference, the output from the comparator is high.

Thecircuit operation is illustrated by the voltage waveform shown in Figure

11(b). The analysisfor the comparator circuitas shownin Figure 11(a) is:

Whenthe noninverting input is at +V9 the inputofthe op-ampis foundas

V*=V*-V« (3-4)

and the op-amp output voltage is found as

Vmt~A0LVdiff (3.5)

Since thisoutput voltage is beyond the limitof the output, sothereal Vout is:

F^s+F-IF (3.6)

20



3.5 Heartbeat Counter

The function of the heartbeat counter is to count the heartbeat from the

output ofthe Op-Amp. This part consists of3 parts and those parts are:

• 4-bit binary counter

• Magnitude comparator

• Timer

3.5.1 4-bit Binary Counter

The 4-bit Binary Counter (74LS393) is CMOS type of Integrated Circuit

(IC) that contains of dual master-slave flip-flop and also additional gates to perform

the 4-bk binary counter. The details of the 74LS393 binary counter can be referred

to the Appendix II. The clock input of the 74LS393 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 triggerthe master-slave flip-flop.

The full structure of the 4-bit binary counter is shown in Figure 12(a)

and the connection ofthe flip-flop is shown in Figure 12(b).

OUIPUIS

2A CLEAR «1A 7C% ?QC 3Qd

1] '? |ll 11(1 U

(a)

clear ijf-wirs-

CLEAR

ET

CLE Ml

«c

CLEAR

(b)

<3. ") oUIPtJT

,"• t0» OJ1PUT

<*•"' ouipur
oc

1B-B1 OUTPiJT
0D

Figurel2 (a) & (b) shows the structure of the 4-bit binary counter (Taken from

74LS393, Fairchild Semiconductor Datasheet)
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When the 74LS393 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 nowacting as the clock input for flip-flop

B, so flip-flop B will toggle each timethe output A goesfrom 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 1 to 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

showsa binarycountingfrom 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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3.5.2 Magnitude Comparator

The 4-bit Magnitude Comparator (74LS85) 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 themagnitude comparator. The details of the 74LS85

magnitude comparator can be referredto the Appendix III.

DATA INPUTS

VCC A3 Bt A2 At B1 AO BO

lie 15 14 13 12 11 10 9

INPtfT CASCAOWG MPUTS OUTPUTS

(a)

Comparing Cascading Outputs

Inputs Inputs

A3. B3 A2.B2 A1,B1 AO, BO A>B 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 A1>B1 X X X X H L L

A3=B3 A2 = B2 A1<B1 X X X X L H L

A3 = B3 A2 = B2 A1-B1 AO>BO X X X H L L

A3=B3 A2 = B2 A1-B1 AO<BO X X X L H L

A3 = B3 A2 = B2 A1=B1. AO = BO H L L H L L

A3 = B3 A2 = B2 A1=B1 AO = BO L H L L H L

A3 = B3 A2 = B2 A1=B1. AO = BO L L H L L H

A3 = B3 A2 = B2 A1=B1 AO = BO X X H L L H

A3 = B3 A2 = B2 A1-B1; AO = BO H H L L L L

A3 = B3 A2 = B2 A1 = B1 AO = BO 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 DM74LS85, 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 AO which is called word A; and the other is B3 B2 Bl and

BO which is called word B. The term word is used to described the group ofbits 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 ofword A is less than word B [10].

3.5.3 Timer

There are two types oftimer used in this counter circuit to control the binary

counter and magnitude comparator. These two timer are:

• 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).

Vcc-

Output

GND

Astable Mode

7^7
2 7

3 6

4 S

O.QluF

R1

R2

(a) (b)

Figure 15: Astable Timer and the square wave generated by the timer [12]
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ti is the HIGHtime whilet2 is LOWtime. The total periodofthe signal is

the summation ofHIGH time and LOW time [9].

Where,

tl=0.693(RUR2)C\ (3.7)

And,

/2=0.693*2C1

Therefore period is,

T = 0.693(R\ + 2R2)C1

(3.8)

(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 ta. The output will goes HIGH and

remains HIGH. The Figure 16 shows the connection ofthe Delay-On timer.

0.01 uF

Figure 16: Delay-On Timer [12]

In order to find out the desired value of ta, the value of capacitor C

must be selected first. Then the calculation to find the value of R is shown in

formula below [12];

ta=\.X(R)
1000

(3.3)
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3.6 The Heartbeat Counter Operation

The pulse from Op-amp HA17358 output is connected directly to the

74LS393 4-bit Binary Counter clock input as shown in Figure 17.

J

*3yE*s»

NE5SSN
C*l

i3! £
NES5SN

74LS393N

"Wwh

_rr_

<6

beats

fl^ff"

>100

beats

74LS85N

rbt

p^sr

Figure 17: The complete counter circuit

The normal way to count the heartbeat is 60 second or 1 minute. For normal

heartbeat is 60bpm, Tachycardia symptom is more than lOObpm and Bradycardia

symptom is 60bpm.

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 Bradycardia is less than 6 beats as shows in the Tablel.

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

Tachycardia Normal Heartbeat Bradycardia

Normal time to count

heartbeat (60 second)
More than 100 90to70 Less than 60

Count the heartbeat in

6 second

More than 10 9to7 Less than 6

The two Magnitude Comparator (74LS85) is connected parallel to the output

of 4-bit Binary Counter (74LS393). 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 whatevervalue of the pulse duringthat particulartime 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 magmtude 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 magmtude

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 will 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.

• 1

ASTABLE

MILTtVIBRATOR

OUTPUT

DELAY-ON I I I 1 I
OUTPUT | | | | |

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 summari2«d in the Table 2 below.

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

Astable Multivibrator Timer

Desired Output:

ASTABLE

MILTIVIBRATOR

OUTPUT

V

tl-6Sec

Assumed the capacitor is lOOuF

f, = 0.693^+A[)C

6 = 0.693(Aj +14.43AQ)(100wF)

R,=72.\5kQ

t2 = lSec

t2 =0.693^2Cj

l = 0.693tf2(100wF)

*2=14.43#Q

Delay-On Timer

Desired Output:

DELAY-ON

OUTPUT

V

ta = 6Sec

Assumed the capacitor is lOOuF

' C \
ta~\.\(Ra)

6-!.!(«.)

ioooj

1000 J
R =54.55*Q

J
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3.7 The PIC16F877A microcontroller operation

The receiver of the system is controlled by the PIC 16F877

microcontroller^]. This microcontroller can be programme in C language to do

various type of task. In this project, this particular microcontroller will be use to

connect to the output of the wireless transmitter forthepurpose of triggering. Then it

willbe programmed to activate the alarm/display, phone line and dialthe emergency

number via the normal DTMF telephone that is connected to the TELEKOM phone

line. The conceptual of the receiverpart is shownin Figure 19.

TELEKOM DTMF

TELEPHONE LINE

PIC16F877A

ALARM

SPEAKER/HORN

MICROCONTROLLER

SIGNAL

FROM

TRANSMITTER

MAIN

POWER

SUPPLY

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 working principles ofthis PIC microcontroller is that the PortA, RAO (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 TV) while the output

RA2 will be connected to siren, PortB will be connected to LCD display, RAl 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 microcontrolleris 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

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 will 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

microcontroller work can be summarize in Figure 20.

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

are shown in Appendix V.
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No

Start

Input stand by to
be trigger

Activate the

Alarm, Display
and Phone line

Dial the

emergency

number

Generate the

Ring Tone

Yes

Play the
recorded sound

Deactivate the

phone line

Finish

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

block diagram for the transmitter and receiver is shown in Figure 21(a) & (b)

below. The details of the transmitterand receivercan be refer to Appendix VI.

In

' '

XTAL XTAL

Oscillator

PLL

Synthesizer Power Amp

Out

t
i i

En

Figure 21(a): FM-RTFQ 868 Transmitter

In

Vcc Vcc

4
I r

Pre Amp
Filter

Mixer
10.7MHz

IF Filter
FM

Demodulator
Comparator

| A

1
GND

PLL

Synthesizer
1 +

GND GND

Figure 21(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 verystable to operate overa temperature range.

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

building and250 metres open ground. This distance willbe suitable forthepatient to

walk aroundin the buildingwithout loosingthe transmitting signal.

33



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 directlyto the data-in pin for the transmitterpart and

data-out to the input of the microcontroller.

\ /

HEARTBEAT SENSOR &

COUNTER CIRCUIT

EN ANT

£
iN & GND

GND Vcc

3.

(

3V

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

\/

3.3V

L

RRFQ1

12 3 7 11 131415

n

PIC16F877

MICROCONTROLLER

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, CI output, op-

amp UlA output and op-amp U2A output had been taps in order to see 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).

(1.0300,13 7. 6200!)

00
T5T ' I"T7 Mli JUIfr'. TBT

iX-%$r. ST&C-^"*^

(b)

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

of the phototransistor output
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4.13 Capacitor CI output analysis

The CI output is the op-ampUlA input.This signalwill 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.

(1.0300,5.30591!!)

(1 0553,-1.9653m)

(a)

r__ |'.„ UIWIHfr, M-ng

*VJi*V>*
f V

(b)

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

capacitor CI 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 BJT in the op-amp during the transition from OV to

+vepeakbecause of thebase-emitter depletion layer is at its maximum width.

4.1.4 The Op-amp UlA output analysis

(1.0300,1.1123)

/ (1.0&58,51.542IS1)

(a)

1.5s

Time

(b)

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

op-amp UlA output

It can be seen that the output ofthe op-amp UlA shows the comparable

waveform. Howeverthe peak-to-peak output voltage showsa differentvalue.

Theequation 3.1 andequation 3.2hadbeenusedto 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 Practical Result

Given,

Vin^%.ll\2mVpp [FromFigure 14(a)]

Given,

Vin = 0.045Fpp [From Figure 14(b)]

tf,=ttQ

#2=100AQ

R3 = 10k£l

Ac^+1
Kin

(*2+*3>+1

_ (100^: + 70A:)

1*

-171

Rx=\ka

tf2=100AQ

R3=-70kQ

(R2+Rl)+l

_ (100*+ 70*)
Ik

= 171

V
A _out*CL~ y

' in

F„„,=171(8.7712mK)

= 1.5F„

VA _Y outACL- y
in

^,=171(0.045)

-7.69^

Since the output voltage is beyond the

limit ofthe output, the equation 3.6 is

applied.

vm*+v-w

= 5-1

— *vpp

From the graph in Figure 15(a) the Vout

is 1.06VPP. Thedifference between the

calculation result and simulation result is

0.44VPP

From the graph in Figure 15(b) the Vout

is 2VPP, The difference betweenthe

calculation result and practical result is

2VPP
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4.1.5 The Op-amp U2A output analysis

OS 0.5s

n U(LED1:1)

(1.0300,4.3032)

(a)

1.5s

Tine

" n »• tit" iiivi-imi irffn tMti »H^» »»•- T -» ff

I

n n

tj

II j, I

L. Ji Jl j * ] 1J

****

0>)

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 Result

Given: Given:

+ V^5V + F-5F

V -1 }Wv in L-liy peak "in ~ t-Vpeak [From Figure 15(b)]

4»90AQ j?!=90*a

R3=\okn R3=\0kn

v -+v R"
re/ Rl+R3

V - Iv R*

= 5
r io* >

[l0* +90*j = 5
r io* ]
[lO*+90*J

= 0.5K = 0.5F

*W —*in~ yref V -V -Vvdiff y in ¥ ref

= 1.11-0.5 = 1-0.5

= 0.61K -0.5K

vmt~w-w vmt~w-w

= 5-1 = 5-1

- ™ peak ~^y peak

From the graph in Figure 16(a) the Vout From the graph in Figure 16(b) the Vout

is 4.3Vpeak. Thedifference between the is 0.6Vpeak- Thedifference between the

calculation result and simulation result is calculationresult and practical result is

0.3Vpeak 1AV^

4.2 Summary of the result

The summary ofthe simulation and the practical result is shown in the Table

5 below:

Table 5 : The summary of the simulation result and the practical result

Output Simulation Result Practical Result

Phototransistor 117.62mVpeak 30mVpeak
Capacitor,Cl 8.7712mVDD 45mVpP
Op-amp UlA 1.06VPD lVDp
Op-amp U2A 4.30VMak 600mVpeak

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 Output

The main function of the heartbeat counter is to count the heartbeat whether it

is normal heartbeat or abnormal heartbeat which is Tachycardia and Bradycardia.

The Figure 26(a),(b) and (c) show the response of the magmtude comparator when

it sense a normal heartbeat and abnormal heartbeat.

When the counter count a normal heartbeat which is in the range of7 to 9 beats,

the magnitude comparator output will never goes HIGH. As shows in Figure 26(a)

below.

1 1 1 1 1

\ H
l

l

ASTABLE ' "

MILTMBRATOR
OUTPUT

DELAY-ON I | | | |
OUTPUT 1 1 1 1 1

l

I

I I

[ I

4-81T BINARY 1 I 1 1 1
COUNTER 1 1 1 1 1

MAGNITUDE llll!
COMPARATOR 1 1 1 I I

I I
I I

1 1 1 1 1

1 1 1 1 1 -1
MAGNITUDE j j j | \ /

COMPARATOR | | ( i |
miTPtrr j , , ( ( V

\ H•*• 4-j—Triggered
* I I

i ! i i i S — -f' i i
1 2345669 10

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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HEARTBEAT

<6 per 6 sec

ASTABLE

MILTIVFBRATOR
OUTPUT
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4-BIT BINARY

COUNTER

MAGNITUDE

COMPARATOR

MAGNITUDE
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/

j I i
L^- Triggered

\*-r
y

Figure 26(b): The heartbeat less than 6 beats in 6 second will trigger the

magnitude comparator
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COUNTER 1 1 1 1 1

MAGNITUDE 1 1 1 1 1
COMPARATOR 1 1 1 1 1

- — .

I I
I I

1 1 1 1 1

MAGNITUDE ( | j | 1 /
COMPARATOR | | j i , \

nilTPIIT | , , | , v

I I
s -L^-Trigjered

1 1 1 1 1
12 3 4 5 6

I I
8 9 10

Figure 26(c): The heartbeat more than 10 in 6 second will trigger the

magnitude comparator
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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.

Figure 27: Shows the counter PCB layout.

Once the layout was successfully transfered into the PCB as shown in Figure

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, thecircuit must beput inside a casing in order to protect it andcan

be carrying bythepatient. The picture ofthe casing is shown in Appendix VII.
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CHAPTERS

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 successfully 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 heartbQat(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.

45



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 automaticallymeasure 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 also should detect more

type ofheart failure such as Atrialfibrillation.
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APPENDIX II

PAIRCHI^
S EMICONDUCTOR TM

DM74LS393

Dual 4-Bit Binary Counter

General Description
Each of these monolithic circuits contains eight master-
slave flip-flops and additional gating to Implement two indi
vidual four-bit counters in a single package. The
DM74LS393 comprises two independent four-bit binary
counters each having a clear and a clock input N-bit binary
counters can be implemented with each package providing
the capabilityof divide-by-256.The DM74LS393has paral
lel outputs from each counter stage so that any submulttple
of the input count frequency Is available for system-timing
signals.

August 1986

Revised March 2000

Features

• Dual version of the popular DM74LS93

• DM74LS393 dual 4-bit binary counter with Individual
clocks

• Direct clear for each 4-blt counter

• Dual 4-bit versions can significantly Improve system
densities by reducing counter package count by 50%

• Typical maximum count frequency 35 MHz

• Buffered outputs reduce possibilityof collector commu
tation

Ordering Code:

Order Number Package Number Package Description

DM74LS393M M14A 14-Lead Small Outline Integrated Circuit(SOIC), JEDEC MS-120,0.150 Narrow

DM74LS373N N14A 14-Lead Plastic Dual-In-line Package (PD1P), JEDEC MS-001,0.300 Wide
Devices also available inTape and Reel. Specify by appending Hiesuffixletter "X* to the orderingcode.

Connection Diagram

VCC 2 A

13

CU AR

IS

2QA

|l1

2QS

|io

aoc

|9

aoo

I8
1 1 I 1

Oa
CLEAR

Ob

A

A

Qc Qo

f
I

CLEAR

Qa

A

Ob Oc Qo
| | |

1 2 3 [4 Is I6 [t

1

CLEAR
1GA 1Qb 10c 100

© 2000 Fairchikt Semiconductor Corporation DS006434

Function Table

Counter Sequence (Each Counter)

Count
Outputs

Qo Qc Qq Qa
0 L i. L L

1 L L L H

2 L L H L

3 L L H H

4 L H L L

5 L H L H

6 L H H L

7 L H H H

8 H L L L

g H L L H

10 H L H L

11 H L H H

12 H H L L

13 H H L H

14 H H H L

15 H H H H

H=HIGHLogtc Level
L=LOW Logic Level

111

www.fairchildseml.com
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Logic Diagram
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(1, 13)
INPUT A

CLEAR«• 12>l
INPUT

!2^i|>

<>

Qa

T

CLEAR

Ob

k$>T

CLEAR

3"

I 0C

T

CLEAR

GOI T

CLEAR

IV

J3,_11> OUTPUT
Oa

^JO) OUTPUT
Ob

J^S) OUTPUT
QC

(6. fl) OUTPUT

Qo



Absolute Maximum Ratings<N0ie i>

Supply Voltage 7V
Note 1: The 'Absolute MaximumRatings' are those values beyond which

Input Voltage «iB safety ofthedevice cannot beguaranteed. The device should notbe
Qigar tu operated et these limits. Theparametric values defined Inthe Electrical

Characteristics tables are not guaranteed at the absolute maximum ratings.
A 5.5V The"Recommended Operating Conditions" (ablewill define the condlHonB

OperalingFreeAtrTemperatureRange 0°Cto+706C *^«"^«p«*»-
Storage Temperature Range -65°C to +150°C

Recommended Operating Conditions
Symbol Parameter Mln Notn Max Units

Vcc Supply Voltage 4.75 5 5.25 V

V,H HIGH Level Input Voltage 2 V

V|t LOW Level Input Voltage 0.8 V

'OH HIGH level Output Current -0.4 mA

'OL LOW Level Output Current 8 mA

fCLK Clock Frequency {Note2) 0 25 MHz

fCLK Clock Frequency (Note 3} 0 20 MHz

tw Pulse Width(Note 5) A 20
ns

Clear HIGH 20

^EL Clear Release Time (Note 4KNote 5) 25i ns

TA Free AirOperating Temperature 0 70 °C

Note2: C,.= 15pF,Rl=2 Wl.TA=25°C andVcc=SV.

Note3: C(.=50 pF,RL = 2 Ml,TA=25"Cand Vcc=5V.

Note4: The symbol(A) indicatesthatthe falling edge of the clear pulse Isused for reference.

Note5: TA=25°C,and Vcc =• SV.

Electrical Characteristics
over recommended ooeraHno. free air temperature rarae (unless otherwise noted)

Symbol Parameter Conditions Mln
(Note 6)

Max Units

V, Input Clamp Voltage Vcc = Min,l, =-18 mA -1.5 V

VOH i HIGH Level

Output Voltage

Vcc = Min.l0H= Max
VIL = Max.V|H= Mln

2.7 3.4 V

Vol LOW Level

Output Voltage
Vcc 3 Min< (ol = Max
V|L = Max.V,H = Mln

0.35 0.5
V

l(X=4mA,Vcc=Min 025 0.4

li Input Current @ Max

Input Voltage

Vcc = Max.V,= 7V Clear 0.1
mA

Vcc = Max,Vj= 5.6V A 02

•lH HIGH Level

Input Current

VTO = Max,V,= 2.7V Clear 20
MA

A 40

Ifl. LOW Level

Input Current

Vcc = Max,V,= 0.4V Clear -0.4
mA

A -1.6

>03 Short Circuit Output Current Vcc = Max{Note 7) -20 -100 mA

Ice Supply Currant Vcc = Max(Note8) 15 26 mA

Note 6: All ty

Note T: Not

Note Bslec'

pfcalsa

norelhs

i meaau

re at Vcc=8^^=25-0.

in one output should be short

red with all outputs open, boU

3d at a Urn

lCLEAR!

.andtheduratk)

jputs grounded ft

n should

)itowing rr

ot exceed

Kxnentary

on

»n

a second.

nectlonto4.5\1,0 nd all other Inputs gr rxind Bd.
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Switching Characteristics
atVcc = 5VandTA=25''C

Symbol

>PLH

tpHL

tpLH

tPHL

tpHL

Parameter

MaximumClock Frequency

PropagationDelayTime

LOW-to-HIGH Level Output

Propagation Delay Time

HIGH-to-LOW Level Output

Propagation Delay Tune

LOW-to-HIGH Level Output

Propagation Delay Tone

HIGH-to-LOW Level Output

Propagation Delay Time

HIGH-to-LOW Level Output

www.faircriildsemi.com

From (Input)

To (Output)

AtoQA

AtoQA

AtoQA

AtoQD

AtoQo

Clear to Any Q

VI

Rr.=2kn

Ct-MpF Cl =50pF Units

Mln Max Mbi Max

25 20 MHz

20 24

20 30

60 87

60 87

39



APPENDIX III

PAIRCHILD

SEMICONDUCTORTM

DM74LS85

4-Bit Magnitude Comparator

General Description
These 4-bit magnitude comparators perform comparison of
straight binary or BCD codes. Three fully-decoded deci
sions about two, 4-bit words (A, B) are made and are exter
nally available at three outputs. These devices are fully
expandable to any 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 handling less-signtftcant bits are connected
to the corresponding inputs of the next stage handling
more-significant bits. The stage handling the least-
significant bits must have a high-level voltage applied to
the A=B input. The cascading path is implemented with
only a two-gate-level delay to reduce overall comparison
times for long wonts.

August 1986

Revised March 2000

Features
• Typical power dissipation 52 mW

• Typicaldelay (4-bitwords) 24 ns

Ordering Code:

Order Number Package Number Package Description

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

DM74LS85N N16E 16-Lead Plastic Dual-ln-Une Package (PDIP), JEDEC MS-001,0.300 Wide
Devices alsoavailable InTapeandReel.Specify byappending toesuffix letter'X* to theordering code.

Connection Diagram

win- CAsewmewun

© 2000 FairchildSemiconductor Corporation DS006379 www.fairchildsemi.com
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Function Table

Comparing Cascading Outputs

inputs Inputs

A3.B3 A2.B2 A1.B1 AO.BO A>B 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 I

A3 = B3 A2 = B2 A1>B1 X X X X H L I

A3 = B3 A2 = B2 A1<B1 X X X X L H L

A3 = B3 A2 = B2 A1=B1 A0>B0 X X X H L L

A3 = B3 A2-B2 A1=B1 A0<B0 X X X L K L

A3 = B3 A2 = B2 A1 = B1 A0 = B0 H L L H L L

A3 = B3 A2 = B2 A1=B1 A0 = B0 L H L L H L

A3 = B3 A2 = B2 A1=B1 A0 = B0 L L H L L H

A3 = B3 A2 = B2 A1=B1 AO^BO X X H L L H

A3 = B3 A2 = B2 A1=B1 A0 = B0 H H L L L L

A3 = B3 A2 = B2 A1=B1 AO = BO L L L H H L

H = HIGH Level. L = LOW Level. X = Don! Care

Logic Diagram

o

°»Ti) ^^>1

;;£»
*^

;S>£>-•

S3-1

^S^
O—'

www.fairchiidsemi.com

Vlll



Absolute Maximum RatingsiNote 1)
Note 1: The 'Absolute Maximum Ratings" are those values beyond which

SupplyVoltage 7V thesafety ofthedevice cannot beguaranteed. The device should not be
in it \Mitana 7V operated at Biese limits. Theparametric values defined in IheElectrical
input VOIiage <v characteristics tables arenot guaranteed attheabsolute maximum ra&igs.
OperatingFree AirTemperatureRange 0°Cto +70°C The 'Recommended Operating Conditions- table wffl define theconditions
_ - „ »t-nm jirju.x foractual device operaBon.
Storage TemperatureRange -65°Cto+150°C

Recommended Operating Conditions

Symbol Parameter Mln Nom Max Units

Vcc Supply voltage 4.75 5 5.25 V

V-H HIGH Level Input Voltage 2 V

VIL LOW Level Input Voltage 0.8 V

•oh HIGH Level Output Current -04 mA

"ot LOW Level Output Current a mA

TA Free Air Operating Temperature 0 70 °C

Electrical Characteristics
over recommendedoperatingfree air temperature range (unless otherwisenoted)

Symbol Parameter Condition* Wn
Typ

(Note 2)
Max Unite

V. Input Clamp Voltage Vcc = Mrn,lJ=-18mA -1.5 V

VOH HIGH Level

Output Voltage

Vcc = Mm''oh - Max
V|L= Max,VB1 = Min

2.7 3.4 V

Vol LOW Level

Output Voltage

Vcc = Min, Iol = Max

V,L= Max,V,H^Mrrt
0.35 0.5

V

loL:=4mA1Vcc= Min 0.25 a*

li Input Current @ Max

Input Voltage

Vcc = Max

V,=7V

A<B 0.1

mAA>B 0.1

Others 0.3

l|H HIGH Level

Input Current

Vcc = Max

V,= 2.7V

A<B 20

uAA>B 20

Others 60

"|L LOW Level

Input Currant

Vcc=Max

V| = 0.4V

A<B -0.4

mAA>B -0.4

Others -1.2

los Short Circuit Output Current Vcc = Max(Note3) -20 -100 mA

Ice Supply Current Vcc = Max(Note4) 10 20 mA

Note 2: All typfcais are at Vcc=SV, TA=25°C.

Note 3: Notmore than one output should be shorted at a time, and Ihe duration should not exceed one second.

Note4: Ice is measuredwithalloutputsOPEN,A=B groundedand allother Inputsat 4.5V.

www.tairchildsemi.com
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Switching Characteristics
atVcc=5VandTA=25°C

Symbol parameter

From

Input

To

Output

Number of

Gate Level*

RL=2kH

UnitsCL=15pF CL=»pF

Mln Max Mki Max

tfLH Propagation Delay Time Any A or B A<8,
3 36 42

LOW-to-HIGH Level Output Data Input A>B ns

A=B 4 40 40

•pHL Propagation Delay Time Any A orB A<B,
3 30 40

HIGH-to-LOW Level Output Date Input A>B ns

A = B 4 30 40

tRX Propagation Delay Time

LOW-to-HIGH Level Output

Propagauon Delay Time
A>B 1 17 26

HIGH-toiOW Level Output

tpLH Propagation Delay Time

LOW-to-HIGH Level Output
A = B A = B 2 20 25 ns

tpHL Propagation Delay Time

HIGH-to-LOW Level Output
A-B A = B 2 17 26 ns

Propagation Delay Tune

LOW-to-HIGH Level Output

Propagation Delay Time

HIGH-to-LOW Level Output

www.teirchildsemi.com



APPENDIX IV

«
Microchip PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

PIC16F873

PIC16F874

PIC16F876

PIC16F877

Microcontroller Core Features:

• High performance RISC CPU
• Only 35 single word instructions to leam

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

• Operating speed: DC - 20 MHzclock input
DC - 200 ns instruction cycle

• Up to 8Kx 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

• Pinout compatible to the PIC16C73B/74B/76/77

• Interrupt capability (up to 14 sources)

• Eight level deep hardware stack

• Direct, indirect and relative addressing modes

• Power-on Reset (POR)
• Power-up Timer (PWRT) and

Oscillator Start-up Timer (OST)

• Watchdog Timer (WDT) with itsown 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

• Fully static design

• In-CircuitSerial Programming™ (ICSP) via two
pins

• Single 5V In-Circuit Serial Programming capability

- In-Circuit Debugging via two pins

• Processor read/write access to program memory

• Wide operating voltage range: 2.0V to 5.5V
• High Sink/Source Current: 25 mA

- Commercial, Industrial and Extended temperature
ranges

• Low-power consumption:

- <0.6mA typical @3V, 4 MHz
- 20 uA typical @3V, 32 kHz

- < 1 uA typical standby current

© 2001 MicrochipTechnology Inc.

Pin Diagram

PDIP

MCLrWPP

RA0/AM0

RA1/AN1

RA2/AN2A/REF-

RA3/AN3A/REF+

RA4/T0CKJ

RA5/AN4KS

RE0/RD/AN5

RE1AVFUAN6

RE2/CS/AN7

VDD

Vss

OSC1/CLKIN

OSC2/CLKOUT

RC0/T1OSO/T1CKI

RC1/T10SI/CCP2

RC2/CCP1

RC3/SCK/SCL

RDWPSP0

RD1/PSP1

Peripheral Features:

• TimerO:8-bit timer/counter with 8-bit prescaler

• Timer!: 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 max. resolution is 10-bit

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

• Synchronous Serial Port(SSP)with SPI™ (Master
mode) and l2C™ (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 CS controls (40/44-pin only)

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

DS30292C-page 1
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APPENDIX V

D:\dialer_877a.c 08-Dec-06 03:05 pm Page 1 of 4

/'/Ai.ithor :Chf; r. Se ';g Koon

ffinoiude <16f877a.h>

#USE DELAY {CLOCK=4000000) /* Using n 4 M"h l cl;x;x "/
#FUSES XT,N0WDT,N0PROTECT, NOPUT, NOBROWNOUT,NOLVP

#include <stdio.h>

#include <LCD.C>

irinclu.de <string.h>

ttdefine PHONE_NO_l PIN_D4 //Phono dialling lumber
If define PHONE_NO_2 PIN_C7
#de fine PHONE_NO_3 PIN_C6
#de f i rie PHONE_NO__4 PIN_C5
ff define PHONE_NO_5 PIN_C4
ffdefine PHONE_NO_6 PIN_D3
ffdefine PHONE_NO_7 PIN_D2
ffdefine PHONE_NO_8 PINJ31
ffdefine PHONE_NO_9 PIN_D0
#defin.e PH0NE_N0_* PIN__C3
ffdefine PHONE__NO_0 PIN_C2
ffdefine PHONE_NO_e PIN_C1 /b-ss^g.n lor it number

ffdefine PHONE_LINE PIN_A1
ffdefine SIREN P™_A2
ffdefine V0ICE_REC PIN_A3

If define TX_TRIG PIN_A0
ifdefine BEEP PIN_E2
[fdefine STAND_BY PIN_C0

main{)

{

lcd_init{);
//while (!)

//(

lcd_gotoxy(1,1);
lcdjputc(*\f');
lcd_jjutc( "HEART");

lcd_putc('\n');
lcd_putc("FAILURE");
delay_ms(1000);

lcd_gotoxy(1,1);
lcd_putc('\f) ;
lcd_putc("DETECTOR");
delay_ms(1000);
output_bit(STAND_BY,1};

//{

while(1)

{

if (input(TX_TRIG) ) //1:. ,-rmsniU.&i:
{

//do

//<;

loopl:

output_bit(STAND_BY,0);
led gotoxy(1,1);
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lcd_putc(f\f');
lcd_j>utc ("WARNING! ! ");
delay ms(700);

output_bit (SIREN, 1) ; //3i-.cn activated
//dclay__ms(10no» ;
lcd_crotoxy (1,1) ;
lcd_j>utc('\f');
lcd_j>utc( "SIREN");
lcd_putc(I\n');
lcd_putc("ACTIVATE"};
delay_ms(700);

output_bit(PHONE_LINE,l}; //Phone line achiv
//delay res (•000) ;
ledjjotoxy(1,1);
lcd_putc('\f');
lcd_putc("PHONE LI"};

lcdjoutcCXn*);
lcd_putc("NE ACTIV");
delay_ms(5000};

output_bit(SIREN,0);
lcd__gotoxy(1,1);
lcd_putc('\f*);
lcdj?utc("DIAL:019");

lcd_putc(*\n');
lcd_j?utc(" 9043268");
delay_ms(1000);

output_bit(PHONE_N0__0,l); //Oidl l^f. number
output_bit(BEEP,l);
delay_ms(500);
output_bit(BEEP,0);
output_bit(PHONE_NO_0,0);
delay_ms(500);

output_bit(PHONE__NO_l,l); //Dial ?nd nambar
output_bit(BEEP,1);
delay_ms(500);
output_bit(BEEP,0);
output_bit(PHONE_NO_l,0);
delay_ms(500);

Output_bit(PHONE_NO_9,l); //Dial. 3i.d nnmhev
output_bit(BEEP,1);
delay_ms(500) ;
output_bit(BEEP, 0) ;
output_bit{PHONE_NO_9, 0);
delay_ras(500);

output_bit(PHONE_NO_9,l); //Dial 4th ivan/ber
output_bit(BEEP,1);
delay_ms(500);
output_bit(BEEP,0);
output_bit(PHONE_NO_9,0);
delay_ms(500);

output_bit(PHONE_NO_0,l); //Dial c!,h number
output_bit(BEEP,l);
delayjns(500);
output_bit(BEEP,0};
output_bit(PHONE_NO_0,0);
delay ms(500);
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output_bit(PH0NE_N0_4,l); //Dial ulh number
output_bit(BEEP,1);

delay_ms(500);
outputjoit(BEEP,0);
output_bit(PH0NE_N0_4,0) ;
delay_ms(500);

output_bit(PH0NE_N0__3,l) ; //Dial 7i-.!. oembei.
output_bit{BEEP,1);
delay_ms(500);
output_bit(BEEP,0);
outputjDit(PH0NE_N0_3,0);
delayjns (500);

outputJbit(PH0NE__N0_2,l); //D;i.ai bin number
output_bit(BEEP,l);
delayjns (500);
output_bit(BEEP,0);
outputjoit(PHONE_NO_2, 0} ;
delay_ms(500);

outputj3it{PHONE_NO_6,l); //Dial 9ti> number
output_bit(BEEP,1};
delay_ms(500) ;
outputJoit(BEEP,0);
output_bit(PHONE_NO_6,0);
delayjns (500);

output_bit(PHONE_NO_8,l); //Dial 10Ui numbe;:
outputjbit(BEEP,1);
delay_ms(500);
output_bit(BEEP,0);
outputJoit(PHONE_NO_8, 0) ;
delayjns(500);

delay_ms(500);
outpUtJ>it(VOICE_REC,l); -'/Voice recorder activated
//delay iris (1 00) ;
lcd_gotoxy(1,1) ;
lcdjputc('\f);
lcd_putc("VOICE ");
lcdj?utc(' \n') ;
lcdj?utc{"ACTIVATE");
//delayjns(1000);
delay_ms(10000);

output_bit(VOICE_REC,0);

output_bit(SIREN,1);
outpUtjDit(PHONE_LINE,0); //Phone bine deactivated
lcd_gotoxy(1,1);

lcd_putc(*\f'};
lcdjputc("PHONE");
lcd__putc('\n');
lcd_j?utc("DEACTIVE") ;
delayjns(2000);
{

while(1)

{
lcd__gotoxy(1,1); //Diarlay blinking "V/AHM UiG! " v.-
lcd_putc('\f•) ,-
lcd_putc("WARNING! !") ;

if (input(TX TRIG})
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goto loopl;

delay__ms(1000) ;
lcd_gotoxy(1,1);

lcd_putc('\f,);
lcdJoutc(,, "};

if (input(TX_TRIG))
goto loopl;

delayjns(1000);

if (input(TXJTRIG)}
goto loopl;

}

)

/ /

11e (1!

}

else(! input(TXJTRIG) ); // lr.:
{

lcd_gotoxy(1,1); ,/ /D
lcd_putc('\f');
lcd_putc("STAND BY");

lcd_putc('\n');
lcd_yputc(" MODE. ..") ;
delay ms{300);

XV
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APPENDIX VI

& FM Transmitter & Receiver

Hybrid Modules.

• FM Radio Transmitter & Receivers

• Available As 315 or 433 or 868MHz

• Transmit Range UpTo 250m

• Miniature Packages

• Data Rate upto 9.6Kbps

• No Adjustable Components

• Very Stable Operating Frequency

• Operates from -20 to +85°C

Transmitter

• 3-12Supply Voltage

• SIL or DIL Package

Receiver

• PLLXTAL Design

• CMOS/TTLOutput

• RSSI Output

• Standby Mode (max 100nA)

• 5V Supply Voltage

Applications

• Wireless Security Systems

• Car Alarms

• Remote Gate Controls

• Remote Sensing

• Data Capture

• Sensor Reporting

FM-RTFQ Series
FM-RRFQ Series

RTFQ1

#i*V

TT~— yw"*r

RTFQ2

RRFQ2

Description
These miniature RF modules providea cost effective highperformance FM Radiodata link, at either 315,
433.92 or 868MHz. Manufactured using laser trimmed ThickFilm ceramic Hybrid the modules exhibits
extremely stable electronic characteristics overan Industrial Temperature range.The hybrid technology uses
no adjustable components and ensures very reliable operation.
Thistransmitter and receiverpairenables the simple implementation ofa data link at distances upto75 metres
in-building and 250 metres open ground.

These modules will suitone-to-one and multi-node wireless links inapplications including carand building
security, EPOS and inventory tracking, remote industrial processmonitoring and computer networking.
Because oftheir small size and low power requirements, both modules are ideal for use inportable, battery-
powered applications such as hand-held terminals.
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FM Transmitter & Receiver

Hybrid Modules.

FM-RTFQ Series
FM-RRFQ Series

Transmitters
There are two versions of transmitter:

RTFQ1; A Dualin LinePackage operatingat 3.3V. This providesthe most rugged mechanicalfixing to
the host PCB. Power Down mode is also available.

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

Transmitter Block Diagram

Part Numbering

PU.

OvnHieslzsf
~ Pom Amp

Part Number Description

FM-RTFQt-315 DIL FM Transmitter Module 315 MHz

FM-RTFQ1-433 DIL FM Transmitter Module 433.92 MHz

FM-RTFQ1-888 DIL FM Transmitter Module 868.35 MHz

FM-RTFQ2-433R SIL FM Transmitter Module 433.92 MHz 3-12V l/P

FM-RTFQ2-868R SIL FM Transmitter Module 868.35 MHz 3-12V l/P

Receivers
There are two versions of receiver:

RRFQ1: 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

m

Part Numbering

Pre Pity
Rtef

I
Him

HI

10.7MHz

FF««

r^

Part Number Description

FM-RRFQ1-315 SIL FM Receiver Module 315 MHz

FM-RRFQ1-433 SIL FM Receiver Module 433.92 MHz

FM-RRFQ1-688 SIL FM Receiver Module 868.35 MHz

FM-RRFQ2-433 SIL FM Receiver Module 433.92 MHz

FM-RRFQ2-868 SIL FM Receiver Module 868.35 MHz
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« 1 FM Transmitter & Receiver

Hybrid Modules.

FM-RTFQ Series

FM-RRFQ Series

RTFQ1 Mechanical Dimensions

PCB LayoutRetirements

v-0 0-
5.08mm

«*™t^:::::::S:
20mm

RTFQ2 Mechanical Dimensions

20.32mm

1 I
Top View

(Components
2J| Underneath)

i
11.43mm

Module TNckness 2mm

Pins on "0.1 pilch
Pin Dimensions:
0.25mm x 0.50mm

PCB LayoutRequirements 30.48mm
* "

9 <u > i.. 20.32mm . i i i

KTF02

f Module THckness 2mm
10.67mm

j- Pins on"0.1 pitch

I
1 2

III
3 4 5

~~"41 PinDimensfons :
0.25mm x 0.50mm-*-i r *r i i

2.64 spacing

Pin Description

RTFQ1 RTFQ2 Name Description
1 N/A En Enable (active high)
2 5 IN Data input
3 1 GND Ground, Connect to RF earth return path
4 3 Vcc Supply Voltage
5 4 GND Ground, Connect to RF earth return path
6 2 EA External Antenna

Technical Specifications
Electrical Characteristics MN TYPICAL MAX DIMENSION
Supply VoHageRTFQI 2.1 3.3 4.00 V
Supply Voltage RTFQ2 2.5 12.00 V
Supply Current 7 8 mA

Standby Current {IN = EN = Low) 100 nA

Frequency
315.0

433.92
868.35

MHz

RF Output into 500, (Vcc=3.3V) +5/+5/+1 dBm

Initial Frequency Accuracy -35 0 +35 KHz
FM Deviation 25 30 35 KHz
Harmonic Spurious Emissions -50 dBc

Input High Voltage RTFQ1 1.5 Vcc V

Input High Voltage RTFQ2 1.5 5.5 V
Power up Time (En to fall RF) 1 mS
Power up Time (Power on to full RF) 5 mS
Max Data Rate ; 9.6 KHz

Operating Temperature -25 +80 °C
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FM Transmitter & Receiver

Hybrid Modules.

FM-RTFQ Series

FM-RRFQ Series

RRFQ1 Mechanical Details

RRFQ2 Mechanical Details

Pin Description
RRFQ1 RRFQ2 Pin Description

1 16 +Vcc

2.7,11 2,15 GND

3 1 Data In (Antenna)
12 NC

13 14 Received Sianal Strenoth Output
N/A 17 AF Output
14 18 Data Out
15 N/A Power Down

0V = Standby
5V = Operating

PinDimentlons:
0.25mm x 0.50mm

Pin Otaierwlons:
D.2Smm x 0,50mm

RSSI Output*
RFIn(dBm) Rssirvi

-120 1.20

-110 1.32

-100 1.50

-90 1.78

-80 2.06

-70 2.35

•60 2.62

-50 2.72

-40 2.75

RSSI Output
The RSSI provides a DCVoltage proportional to the peak valueofthe receivedata signal. Thisoutputcan be
used as an indicator for the received signal strength to use in wake-up circuits etc.
An RC circuit is normally used to providethe timing for the RSSI signal.The modules have a 10nF capacitor
internally connectedto GND, therefore a pull down resistor(toGND) connectedto the RSSI pin maybe used
to generate a simple RC networktime constant for the RSSI signal output
Please note that the maximum outputcurrent is typically 950uA,the discharge current is lowerthan 2uA
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« 1 FM Transmitter & Receiver

Hybrid Modules.

FM-RTFQ Series
FM-RRFQ Series

Technical Specifications
Electrical Characteristics Mn Tvoteal Max Dimension Notes

Supply Voltage (Vcc) 4.5 5 5.5 V

Supply Current (Operating) 5.7 6.8 mA

Supply Current (Standby) 100 nA

Receiver Frequency
315.00

433.92

868.35

MHz

R.F Sensitivity (100% AM)
315.433MHZ versions
868MHz versions

-103

-100
dBm

3dB Bandwidth +/-150 KHz

Data Rate 300 9,600 Hz
Turn on Time 5 mSecs 1

Turn on Time 8 mSecs 2

Level of Emitted Spectrum -70 dBm

Low Level Output Voltage 0.8 V i = 200uA

Hiflh Level Output Voltage VCC-1 V I = 200UA
RSSI Output 0.95 mA

Operating Temperature Range -25 +80 °C
Notes

1. Time from PD pin going high to stable data. (RRFQ1 only)
2. Time from Power ON to stable date.
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3d FM Transmitter & Receiver

Hybrid Modules.

FM-RTFQ Series

FM-RRFQ Series

Typical Application

The following circuits show a remote control system with 'self learning feature' for more information
please see Datasheet DS600

Transmitter Circuit

Receiver CkrcuR

V

-»"«P2

Prototyping Hints:
It is essential when building any LowPower Radio System that you have a 'clean' DC power source. Typically
the ripple voltage should be less than 10mV Peak to Peak. Normallya 470uF decoupling capacitor is sufficient
de-coupling for an AC derived DC power source.
Never place a Transmitter or Receiver directly intoVero-Board or any similarprototypingboard. 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 (23.8cm at 315MHz)soldered directlyto the antenna pin.

For more information or general enquiries, please contact;
RF Solutions Ltd.,

Unit 21, Cllffe Industrial Estate,
South Street, Lewes, E Sussex, BN8 6JL. England

Tel +44 (0)1273 898 000 Fax+44 (0)1273 480 661

Emailsales@rfsoluOons.co.uk httptf/www.rfsolutions.co.uk

RF Solutions is a member of the Low Power Radio Association
AllTrademarks acknowledged and remain the property of the respected owners

Informationcontained Inthis document is believed to be accurate, however no representation or warrantyis oMn and R.F. SolutionsLtd.assumes no Habffity withrespect to Ihe accuracy of such
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APPENDIX VII

The Picture of the Project Casing/Prototype

The transmitter part

The Receiver Part
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