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This project aillls at the design and constn letion of an 

ultrasonic motion detection system to be used as a sensor in a 

security alarm system. The construction was done using basic 

anC1logue and integrated digital components and circuit principles. 

The heart of the detector is based on the principle of propagation 

of sound (ultrasonic sound) in a medium. The design of the 

ultrasonic motion detection sensor is made up of a complete 40-kHz 

ultrasonic crystal controlled transmitter and a supersensitive 

receiver. 

The motion detector detects motion from 4 to 7-meters away 

at a "bird eye" angle of 60 angular degrees. Once motion is 

detected, a red LED lights and with the additional circuitry being 

constructed by my partner attached to the output sounds an alarm 

and call the police. The resultant effect is that, the presence of an 

intruder would be made known to the p('ople around and the 

appropriate security outfit. 



INTRODUCTION 

A Motion detecting sensor can be used in dif ferent applications including 

security systems and door control. It could be uscd to display (l message when 

an individu(ll approaches. 

In the casc of an ultrasonic motion detecting sensor, it monitors a specifi( 

arC'rt, its sight of view, without the need of placing sensors whose input needs 

to he broken before it det ects mol ion 01 disturbinp, the objer t it self. 

The sensor detects movement by ('mitting (In ultrasonic signal from its 

trrtnsmitter into the ambient area being monitorcd continuously and picking up 

of the reflection from different objects in the area. The reflected signal 

an ives at the receiver of the detector in constant phase if none of the objects 

is movinr,. If something moves, the received signal is shifted in phase i.e. a 

ch;\Ilge in frequency modifying the summed received sigl)(ll level. Thus the 

motion is detected and the al(lrm circuit trigger ('(I. 

1 . 1 OBJECTIVE . 

. ,'y This project is aimed at designing and constructing all ultrasonic motion 

det ('cting sensor, which will detect movement when all individual comes 

within the range of detection of the sensor which is between 4· 7 meters and 

to make it trigger the alnrm circliit being designed by my partner, Suberu 



Isrnaila. When placed in a museum, supermzlI ket, car garage or even on a 

pOlch, i.e. il place wllple rnovelll('nt is Ilot exp('( ted, {\!ld il prowler or burglar 

approaches the area being monitored, all illarll1 is triggered and the 

appropriate security outfit notified about the intrusion. 

1.2 JUSTIFICATION. 

A motion sensor will be a very llseful device not only for the security 

system but can be used to sound a greeting Of message when someone 

approaches. 

Using ultrasonic sound, which call not be heard or s('cn, will make the 

sensor ftinvisible" to unsuspecting intruders. Byp.lssing such il system will be 

rather difficult if Ilot impossihle. 

Ultrasonic motion detecting sensors are characterized by small power 

consumption, low cost and high sensitivity. Thus -the construction of such a 

system is justified. 

Chapter one contains general information about the project and the 

re(l<;.gn behind the constlLictioll of the project. 

Chapter two contains the literature review and principles behind the 

operation of the project work. 
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Chapter three contains a detailed description of oreration of the 

srpilrate compollf'nts and blocks that Illilke up tl)(' Illotion dr"pc.ting sensor. 

Chapter four contains a description of the construct ion, testing and 

discussion of results. 

Chapter five contains recommendations, t lJe conclusion and suggestions 

for future lIsers. 

Appendix, glossary of terms used and refer pnces are also included. 
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REVIEW ----

2.0 LITERATURE REVIEW . 
. _- - --~--------------

Sensors have long been in use hy humans. In the prehistoric ages, 

sensors in form of wires tied to a bell to be tripped on were used by 

individuals hunting for food. When a straying animal trip on the wire, a sound 

by the bell is made and the presence of the animal is made known to those 

around. This worked well for unsuspecting individuals but this type of sensor 

when used as security system was discovered to be full of flaws because an 

individual can easily bypass the device if the presC'nce of the ocvice is known. 

A bet~er way of detecting unsuspccting individual was'sort after over the 

years and many ideas were developed. Examples include t he passive infrared 

mot ion detecting sensor, photoelectric motion detecting sensor and pressure 

switches. 

The passive infrared motion detecting sensor detects motion by 

detecting heat energy given off by an individual. If movement of the energy 

source above a certain velocity is detected, a switch is activatcd. The problem 
,";-

with this type of motion detecting sensor is that, it can be easily deceived into 

bel ieving that an individual is not in the position being monitored by reducing 
" 

his I her body heat by wearing clothes that docs not absorb heat but rather 

reflect it like silk. 



The photoelectric motion detecting sensor consists of two parts; a 

trtlllsmitter thtlt emits tI beam of light, find i1 rpc-piver that receives the beam 

of light. When t he beam of light is interrupted or broken by motion, a switch is 

trip'gered. The problem with this type of sensor is that it can only be used to 

monitor an ent I (lnce not an area. Placing several sensors in . an area to be 

monitored might solve this problem, but it is rather cumbersome. 

The pressure switch could be a thin floor mat, that when stepped on, it 

triggers on a switch. 

It was discovered that measurement of electrical or thermal 

chmacteristic of an undisturbed medium could be monitored so that any 

cllnnge in these characteristic would mean an introduction of a foreign object 

into the medillm. 

Measurements of thermal and electrical ClI ri'mtities are made by devices . , 

called sensors and transducers. The sensor is responsive to changes in the 

qlli1ntity to be measured, for eX(lmple, tempp.r ature, pOSition, or chemical 

concentration. 

The transducer converts sllch measurements into electrical signals, 

which can be fed to instruments for the readout, recording, or control of the 

measured quantities in this case, a phase comparator circliit. Sensors and 

transducers can operate at locations remote fro~ the observer and in 

environments unsuitable or impractical for human beings, thus the idea of the 

ultras,onic motion detecting sensor was born. 

For the ultrasonic motion sensor, an ultr,lsonic transdllcer converts the 

electrical signals in~o to ultrasonic pulse signal. 



2.0.1 ULTRASOUND AND ITS APPLICATION- A BRIEF HISTORY. 

Ultrasonic pulse is a high-frcquellcy sound wave, usu('lily in the range 

above 20, 000 Hertz, which is f('lr above the rangr of sound frrquency audible 

to human which is about 15-20 Hertz and 15,000-20,000 Hertz. The science of 

ultl (lsonics has many applications. In the field of technology, it has long been 

used for detection and communicatiol1 devices called sonar. Applications of 

ultrflsonics in physics include determination of such properties of matter as 

compressibility, elasticity. Ultrasonks is employed in medkine as a diagnostiC 

tool such as the acoustic mkroscope and it is also used to destroy diseased 

tissue, and to repair damaged tissue 

The roots of ultrasonic technology can be traced back to research on the 

piezoelectric effect conducted by Piene Curie around 1880. He .found that 

asymmetrical crystals such as quartz ilnd Rochrlle salt (potassium sodium 
\ 

tar lrate) generated an electric signal when mcch('lllical pressure is ~pplied. 

COllvers,ely, mechanical vibr(ltions arc obt aillf'd by applying electrical 

oscillation to the same crystal. 

Until about 1910, ultrasonic waves were little more than a scientific 

curiosity. Following the successful development of the piela-electric 

transducer (a devke that generates an electric voltage in response to a 

mechanical pressure), they were used ill an early form of sonar to detect the 

presence' of sub-merged submarines. 

Following the development of radar in World War 2, ultrasonic 

techniques were used in such wide ranging fields (IS: the study of molecular 

properties of materials, detection of flaws in metals, ultrasonic cleaning, 



industrial and dental drills, measuring the thicknesc; of the he(lrt walls in man 

and oetermining the presence of fluid in the sac arOlll1d the he(ll t. 

Over the last two decades, ultrasound has been put to use in various 

ways. One of which is the use of ultrasound to monitor movement. 

Other uses of ultrasonic waves known as ultrasound include: 

1. Medicine: Sound waves are used when performing ultrasound 

tests. Ultrasound tests (scanning) are used 011 pregnant women to detect 

many structural and functional abnormalities in a fetus. Ultrasound may 

also aid in the detection of heart disease, t UITIors, gallstones, and other 

disordels. 

Z. Industry: Manufactllrers us~ ultmsOlll1d to measure the wall 

thickness of metal or plastic pipes and to test the concentration of 

particles in inks and paints. Sonar devices locate schools of fish, enemy 

ships, and underwater obstacles through the use of ultrasound. 

GeophYSicists can use sound in exploring for minerals and petroleum and 

,also locate possible mineral or oil bearing rock formations. One way to 

,use sOLind in industry is through music. Music is based on sound waves, 

which are used in instruments <md amplificr s. 

·3. Science: Scientists have invented whi\t les and other devices that 

produce ultrasound. An ultrasonic transdw pr converts electric energy 

into ultrasonic waves. These waves can ahf) be converted into electric 

energy by transducers. One way to use the sound wave in science is a 

7 



,sonar wave. A sonar wave uses a sound WC1ve to see how far or deep 

60methillg is. This is mainly used for undcrwC1ter research. 
I 

i 

pne of the first applications for ultrasollics WC1S sonar ((Ill acronym for 
I 

Sound' Navigatioll Ranging). It was employed on a lC11 gc scale hy the U. S. Navy 
; 

during the World War \I to detect enemy submarines. 

Japan played an important role in the field of ultrason1cs from an early 

date. Soon after the end of the war, researchers there begall to explore the 

medical diagnostic capabilities of ultrasound. Japan was also the first country 

to apply Doppler ultrasound, which detects inter nal moving objects such as 

blood flowing through the hearth, OlliS the idf'1l of monitoring motion by 

ultrasonic pulsf's. 

Ultrasonic waves can be generated using ll1f'chanical, electromagnetic 

and thermal energy sources. They can be produ(f'd in gasses (including air), 

liquids and solids. 

Magnetostrictive transducers use the inverse magnetostrictive effect to 

convert magnetic energy into ultrasonic energy. This is accomplished by 
,~~ 

applying strong alternating magnetic field to certain metals, alloys and 

ferrites. 

Piezoelectric transducers employ the inverse piezoelectric effect using 

natural or synthetic single crystals (such as quartz) or ceramics (such as barium 

titanate) which have strong piezoelectric behC1vior. Ceramics have the 

advantage crystals in that it is easy to shape them by casting, pressing or 

extruding and detection is by the use of piezoelectric receiver or an ultrasonic 

transducer. For this project, ceramic piezoelectric ultrasonic tnmsducer would 

be IIsed. 



'j • 

1 Motion detecting scnsors call be cfltegorizf'd into two {~, oups or type. 

1. The active motion detecting sensor. 

2. Thc passive motion detecting sensors. 

\ For the passive motion detection sensor, a line of contact, mostly 

infri'lred is broken, but for the active motion detecting ~0IlS0r, the actual 

movement is detected. 

The ultrasonic motion detecting sensor can be grouperl under the active 

motion det~cting sensor. 

I) 



2.1 PRINCIPLE OF OPERATION . ... _._----

The ultrasonit mot.ion df'tectillg sensor senses motion by sending 

ultrasonic pulses into the ambient area being monitored from the transmitting 

ultrasonic transducer. These waves are reflecting from various objects and are 

reaching receiving ultrasonic transducer. There is a constant. interference ' 

figure if no moving objects a(e in the placement, when an objf'ct moves; the 

movement causes a change in the lC'vel and phase of the reflected signal i.e. 

the frequency of the received pulse is changed by a moving object - a 

frequency change. This frequency change modifies the summed I f'ceived signal 

level at the receiving transduu'f. The level of the received ".ignal is then 

compared with thot of the transmitted signal ('Ind if a challW~ is noticed, 

motion it, elf'! P( 1 ('(\. 

This philS(' shift is GlllSed by all effert Kilown ilS thf' Doppler Effect. 

When ,111 objcct moves durillg f hp PCI iod of i) sound wave, t he effective 

wavelength experienced by the nhjPct is short('lled, giving a higher pitch.

higher fl f'qUf'llCy since the velar it y of the wove is unchanged. rhus the pulse 

reflected will he of a differellt frequcncy from the one incident on the object. 

'., Thi<; phClse change would then be detected by the phase comparator in 

the receiving section of the ultrasonic motion detecting sensor. 

''i 

The ultrasonic Illotiondetccting sensor is Illode up of th' ('f? distinct but 

interwoVf'n parts. 
" 

1. The Transmitter Section (With the Ultrasonic Transmitting 

Transducer). 

10 



2. The Receiver and Triggering Section (With the Ultrasonic 

Receiving Transducer). 

3. The Power Supp!y Sectioll (9 volts (llld 5 volts). 

The block diagram (FIG. 2.1) showing the relationship bet~('en the three 

stages is shown below: 

1 Ii - , 

Transm itter 

"!IIIt' n" Ie 
I I~ • c., .... ". , t. n.1t II e _, 

R e c Ie v e r 

~- I ~. 

Dual DC Power Supply Unit r"\l, 
(9 volt,; & 5 volts) I 

FI(~.2.1 

B~qCK DIAGRAM OF THE lJIREE MAJOR SECTION OF THE.P~TECTOR 

The transmitter section of the ultrasonic motion detect ing sensor is 

basically a crystal-controlled relaxation oscillator built around a 4049 Hex 

inverter 1(, a 40-kHz crystal and a 40-kHz ultrasonic transmitting transducer 

and il is powered by a 9 volts power source. Ttl" 4049 Hex Inverter acts as a 

linear buffer that drives the ultrasonic transmitting transducer (lnd thus emits 

a 40-kHz ultrasonic signal into the ar ca h(~ing monilor ed. 

The receiver section of the motion detecting. sensor is huilt around a 

LM324 internally frequency compensated operational amplifier, a receiving 

ultrasonic -transduce'r and a PNP transistor used for switching. It has an' input 

11 



voltage of 5 volts that is modulated by the reflected signal received by the 40-

kHz receiving ultrasonic transducer and then fed into operational amplifier, 

where it is amplified and fed int.o a phase comparator circuit designed to 

detect if there is a change in the summed received signal from th0 level of the 

signal transmitted, . i.e. reflected by an object and received by t he receiving 

, ultrasonic transducer. 

The phase comparator is designed as a sLimmed fr cquenc v comparator 

realized by using a negative peak detector cir(lllt and a window detector 

circuit using diodes and differential amplifier circuits, this circuit is designed .. 
to operate normally at 40-kHz and a change in til(' frequency causps the circuit 

to trigger itself. 

The triggering section is huilt (Hound a mono-stable flip-flop. This 

converts signals received from the phase comparator section into pulse 

substantial enough to turn on tlH' transistor th<lt in turn trigger the alarm 

circuit connected to it via a relay which in turn lights up a LED. 

The power section that powers the motion detecting sCI1c;or has two 

parts; one giving out S volts and the other giving out 9 volts. This is realized by 
,Jj '_ 

using a 9 volts battery and a 78LOS volt<lge reguli1tor Ie to generate the 5 volts \ 

needed. 

Below (FIG. 2.2) is a block di!1gram of how the ultrasonic motion 

detecting sensor works: 
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BLOCK DIAGRAM OF THE ULTRASONIC MOTION SENSOR FIC;.2.2 

And below (FIG. 1.3) is the cilTllit schematic of the three sections 

(Transmitter, Receiv~r and Power section) of the ultrasonic motion detecting 

sensor. IC1 (a-b) are the four section of the LM 324 operational (lmplifier, lez 

(a-f) are the six section of the 4049 



Hex inverting buffer, IC3 is the voltage regulator used, BZ1 is the receiving 

ultrasonic tronsdurer, BIZ is the transmitting lIlt'osonic t.ransdtl( pr, and XTAL1 

is the Crystal. 
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THEORY AND DESIGN 

3.0 THEORY.' 

The basic knowledge 'of the pi ill( iples that govern the way some of the 

cornponent~ used for this project work i-; discussed in this chaptrr, for example 

the transistor as a switch, mono-sl r:}bk flip-flops, operationi11 amplifiers as 

compari1tOls and detectors, Hex InvritcIs as drivers etc. 

3.0.1 DESCRIPTION or THE CIRCUIT SCIILMATICS. 
-- ~ -.----. - ----- ----•• ---~~.- •• -¥ ---.~.- • 

The schematic for the ultr;v;Olllc Illotion detecting sensor is shown FIG. 

2.3. A 9 volts battery, B1, directly provides power for some sections of the 
~~jt 

circuit. The battery is also connect f'd to il 78L05 regulator, IC3, which provides 

a S:volt DC power source for other sectiolls of the circuit. 

The transmitter section of the sensor is basically a crystal controlled 

relaxation oscillator built around a 4049 hex inverter, IC2. One of the 4049 

sectionsIC1.-c, along with resistor R21 and R22, and the capacitors (11 and 

C 12, "pings" the 40-kHz into a sustained oscillation. The remaining 4049 

section acts as linear buffer 10 drive a 40- kHz ultrasonic transmftting 

transducer, BZ2. 

The receiver section of the circuit is made up of four AC-c:oupled stages, 

each built around one of four section of an LM 324 Op Amp, IC1. 



In the first stage, the input vol t age developed across R 1 and R2 is 

modulated by a 40-kHz ult.rasonic Icceivillg trilnsducer, BZ1, and is then fed to 

IC 1-a, where it is cunplificd. The r ('cciving tl ilnsducer detects any reflected 

sound produced by the transmitting trclllsducer nZ2. If there is no movement, 

the resulting envelope si~nal is jllSt a straight line: diode D1 illlt! resistor R8 

operate as a negative peak detector to recover the envelope fRna:b.fo~Jedy 

the output of the second stage is a OC level that represents the "trength of the 

envelope. If there no is movement, the envelope will reflect it in form of a 

positiv~ or negi'ltive signal. 

At the input to the third ·;tage a differential amplifier built 

around 1(1-c there are two diodes, 02 illld 03. They detect both positive and 

negative pulses. When there is no movc'rnent, the voltage at pin 7 of IC1-b is 

hCllf the supply voltage Clnd neithcr D2 Ilor D3 GlIl conduct. TI)(' voltage at pin 

8 of';IC1-c is then low. If the sigllill ri',l'S abovc +0.7 volts (Cl t;ilicon diode's 

breakdown voltage), 03 conducts causim~ the output on pin 8 to go high. If the 

signal falls below -0.7 volt, D2 conducts, which also causes the output to go 

high. Thus we have a windows detector. If detects voltages thClt move both 

below and above a given range. 

The fourth stage, built around IC1-d, is set lip as Cl lTlono-5tilble flip-flop. 

That stage converts any signal that gets thlough the filter into a
O 

pulse 

substantial enough to turn on transistor Q1. When Q1 conducts, LED1 turns on 

and an output signal is provided to drive a separate relay th'lt powers the 

alarm circuit. The time constant of the mono-stClble flip-flop is about half a 

second and is set by (8 and R18. Diode 04 is used to separate the charge and 

discharge time constants. It ° lets the circuit switch on imrnf'diately when 

movement is detected but allows about a half-second delay for r ('set. 



THE RECEIVER SECTION. 

3.1 TRANSISTORS AS A SWITCH. 

3.1.1 BBJEfDESCR!PIJ~.>tLOfJt~ITRAt-lSIS r OR. 

Electronic circuits inevitably involve reactive elements, in ~ome cases 

intcntio,nally but always at least as parasitic elements. A't hOUFh their 

inflllence on circuit performance mily be subordinate for pal' k lIlar circuit 

reactive elements always intloduce iln ultlmate limitation Oil frequency 

response/switching speed. Reactive elements introduce 'past hi<,tory' into the 

anillysis of a circuit. The voltage across a capacitor, for example, is 

propoHional to the capncitor charge, and the chinge is a cllmul.lt lve result of 

past 'current into and out of the GIPil( itor to change the voltilge across a 

capacitor the stored charge must change, i.e., there must be il current to 

transport charge into (increase voltage) or 011t of (reduce voltage) the 

capacitor. There is therefore inevitably il delay in changing capilcitor voltage 

since a finite current requires a finite timp to transport a finite charge. 

A similar historical dependency is associated with an inductance. Energy 

is stored magnetically by the current flowing in an inductor. A current change 

requires a change in stored energy, and for a finite power capability a finite 

time is required for an energy change. Here we shall examine switching delays 

associated with circuit inductance. There are related delays a5sociated with 

the internal device phenomena, generally significant only for very fast 

ch;mges. 

17 



THE RECEIVER SECTION. 

3. 1 TRANSISTORS AS A SWITCH. 

3. 1.1 !lli!E[ DE~~RIP3IQ!t9F IIJE r~t\t:lSISTOR. 

Electronic circuits inevitahly involve reactive elements, in some cases 

intentionally but always at lcast as parasitic elements. Although their 

influence on circuit performance may be subordinate for particular circuit 

reactive elements always introduce (tn ultimate limitation on frequency 

response /switching speed. Reactive elements introduce 'past history' into the 
~~ 

analysis of a circuit. The voltage (1UOSS il capacitor, for example, is 

plOporU~mal to the capi1citor chflrge, fllle! the chilrge is a cumulative result of 

Pi1st current into and out of the capi1citor to change the voltage across a 

capacitor the stored charge must change, i.e., there must be a current to 

transport charge into (increase Voltage) or out of (reduce voltage) the 

capacitor. There is therefore inevitably a delay in changing capacitor voltage 

since a finite current requires a finite time to transport a finite charge. 

A similar historical dependency is associated with an inductance. Energy 

is stored magnetically by the current flowing in an inductor. A current change 

requires a change in stored energy, and for a finite power capability a finite 

time is required for an energy change. Here we shall examine switching delays 

associated with circuit inductance. There are related delays associated with 

the internal device phenomena, genC'rally significant only for very fast 

changes. 
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3.1.2 TRANSISTOR SWITCHING. 
~~~ __ •••• ___ " ____ 0" " __ ._" ______ ••• ______ _ 

Switching is eXlIlllined here in the context of (I bipolar junction 

trllllsistor (BC 639) switching an inductive relay coil. 

The BC 639 transistor is an NPN bipolar jllnct ion transistor made from 

the same N-Type and P-Type semicom1uctor materials as diod('(, and employ 

the same principle. However the transistor has t.wo P-N jllnctions. It has an 

emitter made from N-type material and its base is a P-Typc material for the 

transistor to operate, the emitter must be connected to negative, the base to 
~"J; 

the positive and the collector to thf' positive. Current flow between the 

emitter ,and base controls the current flow between emitter and collector. By 

reglllating t.he current at the emitter hase jllll( t ion, the amOll1lt of current 

allowed to pass from the emitter to the collector can be controllf'd. 

The table below, Table 1.1, shows the ratings, electrical characteristics, 

typical characteristics graph and physical dimensions of the Be 639 NPN 

Transistor. 

IX 



Symbol 

I· 

1-

1;'TG 

:>t:'3~ Collect0r Current 

91se Curren' 

8Cli:l r, 

8Ci"·7 
BU)'." 

8(:1)37 
8Ctn~1 

8(1137 

---.~--.--- .. ---.----. -----
~ unct'on ten'I~'c:r3t',-'rc: 
Storag~ Te'llp~r.l~ljr~ 

Electrical Characteristics 1 ~=]:rc unle'5~ ct"I:mvlse n~tj)rl 

Wl 

Symbol Porameter Test Condition Min. lv 
------+-------------+----------4-----,1---

Collector -Enl'~ter BrIE'J~·1j0~'vn \'I)I\Jge 1,:.=I':n- A" IB=C 
BCI33~, 

BC6~7 

BC63? 

.1-~ 

60 
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I:.eo Erlitt~r Cut-off CU'Tef\~ \·E5=S ..... le='=' 
~---;--------------------_+-=~--~------_4------~-

nFE' [,:~ C-l:rref\~ Gain :,A,l1 
hFE: BCI33~, 

BCI) 3 7,'BCfi ?,'? 

\1;::=~\'.I::=5n'-\ 

1,·,:=<:\·.I::='5J'~1;\ 

hrE? 1\11 \ (::<"" 1;:=50}1]I\ 

,:0 
,:0 

25 
1---.-_4---.. -

\",:.:/~at) Collector -Enll:ter S:r1l'3ti0n \'(113g:- Ie ::;,COI'l4.. t;= rOil 4. 
---4----1----_. 

p, 

-

--

-

\"eE(On) 8ase-Eniter On \(olt3ge \'( = = 2\'. I:: =50~1'11!~ 
--~---1---------------------- ---~-_4----

f_ C urrl?n~ Gatn 8<lnd~~hth Product Ii c ;:=5'.. 1::=' DnA 1(' ,0 
f=tcr,Ft ------1------_._------ ____________ -1-__ -+-__ _ 

Max. 

0.1 
0.1 

150 
160 

0.5 
1 

TABLE 1.1: ELECTRICAL CHARACTERISTICS OF THE BC639 TRA.~SISTOR 

Units 

v 

v 
v 
V 

A 

A 

Units 

V 
V 
V 

ItA 
ItA 

V 

V 

MHz 
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PACKAGE DIMENSION OF THE 8C639 TRANSISTOR 

FIG. 3.0 

Because of the fundamental conflict between the physical laws 

associated with the inductive effc( t and the practical and economic 

constraints of monolithic construction, the phrase int~.R@ted_c:irs:uit inductor 

are important in a number of applications; low current mechanical relay 

switches are an example. 



t:. simplified transistor-actuated switch circuit is c;hown in FIG. 3.1. The 

dotted lE'ctC'lIlgle repr esents il swit ch having a windillg resist ;'lIlee RL and an 

inductance L. 

FIG. 3.1 

A SIMPLIFIED TRANSISTOR ACTUATED SWITCH 

When a pulse is applied to the base of the transistor, the transistor is 

temporarily from a cut off state to a conducting state. The coil of the relay 

stores energy in a current flow, in general turning off the power supply means 

turning off the current flow. A coil responds to a changing current by 

generating a voltage which attempts to mitigate the change; the faster the 

change the larger the generated voltage magnitude. Unfortunatply the result, 

particularly where care is not taken, quite often produces a destructive 

release of the stored energy. A sketch of a reprf'sentative pulse trajectory on 

the Ie V( r plane is drawn in FIG. 3.2. Initially the cutoff and t.he operating 

point is at Vce (0). When the base drive turns thr. transistor on. The operating 

point must lie on the trans~stor characteristics which correspond to the base 

current. On the other hand, the inductance of the relay coil prevents the 



collector current from changing immediately. To accommodate both 

requirements the collector voltflge drop<; immeC\iutely and moves to the 7ero

current intersection of the collector characteristic; the coll('rtor voltage 

chclllge is provided by the inductive reaction to an attempt to change the 

current. Note however that the current is in the' process of increasing. 

Operation moves up the saturation part of the collector characteristics and 

over until the load line is intersected. This corresponds to the steady-state 

operating point. In most instances the operating point will be selected to 

saturate the transistor so that the collector dissipation will be relfltively small. 
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GRAPH OF THE PULSE TRAJECTORY 
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FIG. 3.2 

The turn-on transient response is drawn below (FIG. 3.3) (input step 

star ts at 10 lIs). Note that the collector current remains zero init ially and then 

rises approximately exponentially (alollg the colleelor chara( lcristics) into 

steady state (with a small overshoot). Similarly the collector voltage initially 

drops rapidly towards zero (through saturation), flnd remain'; low as the 

current rises (along the satu~ation portion of the collector charflcteristics). As 

." 



the opemting point moves to the intersection of the load line and the collector 

char(lcteristic.s, the voltage and current increase to their steady-state values. 
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FIG. 3.3 

GRAPH OF TURN-ON TRANSIENT RESPONSE OF THE TRANSI?J.QB 

The energy stored in the relay coil can not simply disappear, i.e., the 

current through the inductor cannot immediately drop to zero. The faster the 

current attempt to decrease the higher the inductive voltage generated (E= 

L .. c!i ) and as noted before operation becomes err(ltic and more ()Hen than not 
ell 

destructive. The inductive increase in collector voltage at first tends to 

increase the collector current (because of the Farly effect). Unfortunately a 

fast current change causes a very large induced voltage, ordinarily increasing 

the reverse bias of the collector junction to a point where junction breakdown 

begins. This new current flow mecll;mism leads into unstable operation with 

the usual consequences being destruction of the tr (lnsistor. A modification of 

the circuit above would avoid the probl('m. The general nature of a solution is 

fairly straightforward; simply provide a current path to replace conduction 

through the transistor which enables the stored inductive energy to be 

dissipated harmlessly. This added current path should be activat~d only when 



the transistor is turned off since energy is supposed to be stored when the 

trallsi~tor is turned on. One method to (lccomplish til(' objectivf' illustrated in 

the circuit FIG. 3.4 is to add a resistor <1lld a diode (IS shown. When transistor 

is turned on the diode blocks current flow though the added brnnch and the 

turn-on operation is as described before. On turn-off however, the inductive 

voltage generated increases the collector voltage to the point whC're the diode 

is turned and the initial collector current flows through the resistor R. The 

figure (FIG. 3.5) following is a sketch illustrating the turn-off tl ansient; the 

turn-on transient also is shown to present a coordinate picture of events. On 

turn-off the collector drops immediately the base drive is removed. However 

the inductor current is diverted through the diode branch, which is turned on 

by the inductive voltage generated. 
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FIG. 3.4 

FIG. 3.5 
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3.1.3 TR~t!SI~rOR SWITCHIN~_&Jl?EQ Itt THEJ:ROJECT. 

FIG. 3.6 

The BC 639 transistor is used in the motion detecting sensor to trigger on 

a relay connected to it which in turn switches on the alarm cir,cuit connected 

to the sensor. Signals coming from the fourth stage of the LM 324 operational 

amplifier IC set as a mono-stable flip-flop drives the transistor. When the 

transistor conducts, the LED 1 turns on and an output signal is provided to 

drive a separate relay. The diode D5 is used to protect the transistor. It 

provides a current path to replace conduction through the transistor when it's 

off which enables the stored inductive energy of the coil to be dissipated 

harmlessly. This added current path is activated only when the transistor is 

turned off since energy is supposed to he stored when the transistor is turned 

on. When transistor is turned 011 tile diode blocks ClIrrent flow though the 

added brandl. On turnoff however, the inductive voltflge generflted increases 

the collector voltage to the point where the diode is turned and the initial 

collector current flows through the resistor R 20. On turn-off the collector 

drops immediately the base drive is removed. However the inductor current is 



• 

diverted through the diode branch, which is turned on by the inductive voltage 

generated, thus protecting the transistor. Below in FIG. 3.7 is the circuit 

diagram of the triggering section of the IIllrasonic motion detecting sensor. 
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CIRCUIT DIAGRAM OF THE SWITCHING SCETION OF THE DET~_CTOR 

FIG. 3.7 

The LED connected across the collector pin of the transistor Q1 and 

resistor R20 lights when motion is detected. It is connected through a series

current limiting resistor of v.alue based on the inrlllt voltage from the 9 volts 

battery. The resulting voltage drops across the resistor in series with the LED. 

This prevents the LED from burning out due to f'xcess current. Typical voltage 

across a green LED is about 1. 7V and it requires 7. 3mA to produce a S90d 

glow. 

Below in FIG. 3.8 is a diagram showing the LED in series connection. 



, I 

1K ohm 

LED l' 

I 
! 
I 

9 volts 
Ilsilll', (111m's law In dtTiw series rl'si',I:\Il~e as follows. 

(''\'>,'>lIl1ling 1,1,1 I n'sislall~e t(llll' 'h,t',ligihle). 

R = \,/1 c-:: (9 - 1.7)I7.JmA = 7.JI7.,:lmA = 1, ooon. 

R is r1l1lSl'\\ to be I KO or higher dl'pClldil1~! on thc available 
standard valucs of resistors. 

CIRCUIT DIAGRAM OF THE LED INDICATOR SECTION. FIG. 3.8 

3.2 OPERATIONAL AMPLIFIERS AS AMPLIFIERS, COMPARATORS "NO 

DETECTORS. 

3.2.1 ~Bl~f_~.~SCRIPTION OF OPERATIONAL AMPLIFIERS. 

An operational amplifier IC is a solid-state integrated circuit that 

external feedback to control its functions. It is one of the most versatile 

devices in all of electronics. 

Operational amplifiers are built for a wide range of purposes ranging 

from detecting the incredible weak signals from radio nstronomy telescopes or 

s(1tellite broadcasts to giants producing many horsepower of Otltputs to power 

the spe(lkers of a rock band. 

Operational amplifiers are high-gain, differenti(1l input Clmplifiers. The 

nClme operational amplifier, which is universally shortened to op amp, comes 

27 



from the fact that they can be used to perform mathematical operation such 

as Clddition, slIhtraction, intcgrCltion <1lld others. 

The very high gain op-amp ICs uses external feedback networks to 

control responses. The op-amp without any external devices is called 'open

loop' mode, referring actually to the so-called 'ideal' operational amplifier with 

infinite open-loop gain, input resistance, bandwidth and CI zero output 

resistance. 

However, in practice no op-amp can meet these ideal characteristics. 

The operational amplifier Ie used in this project is the LM 324. The LM 

324 consist of four independent, high-gain, internally frequency compensated 

operational amplifiers which were dc<;igned specifically to operate from a 

single power supply over a wide voltage range. Application incll/des transducer 

amplifier, DC gain blocks and all the conventional OP Amp circuits which now 

can be easily implemented in single power supply systf'llls. 

Below in FIG, 3,9 is the intemal block diagram, showing the pin 

configurations and the four independent stages and the schematic diagram 

(one section only) of the LM 324 operational amplifier. 
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Below in Table 3.1 is the characteristics table of values of 'he LM 324 

operatiollfll amplifier. 

Parameter Symbol 
_. -.-

Power supply voltage 

V1(DIFF) 
------ .. 

Input Voltage 

Differential input voltage 

Output short circuit to ground· . Continuous 

Power dissipation at 25"(' PI) 

Operating temperature range TOPR 
---'.-~' ---.---

Common mode rejection ratio CMRR 

ABSOLUTE MAXIMUM RATINGS TABLE 

'''' '-[I, I 

. 
·-n~ ] , 

f-.-J. 
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1310 mW 
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FIG. 3,11 

TYPICAL PERFORMANCE CHARACTERISTIC GRAPH 

(On the left is the graph of input voltage range versus supply voltage and on the left 

;s the graph of the Common mode rejection raUo) 
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3.2.2 BRI~F HI~IQRY OF OPERATIO~I\!-_"MPLIFIERS,-

The term 'op-amp' W(lS originally used to describe a (!lain of high 

performance dc amplifiers that was used as a basis for thc analog type 

computers of long ago. Let's go back in time a bit and see how this device was 

developed. 

The term "operational amplifier" goes all the way back to about 1943 

where this name was mentioned in a paper written by John R. Rf1gazzinni with 

the title "Analysis of Problems in Dynamics" and also discovered the work of 

technical aid George A. Philbrick. The p(lper, which was defined to the work of 

the U.S. National Defense Research COlillCil, was published by t lie IRE in May 

1947 and is considered a classic in electl onics. The very first sel irs of modular 

solid-state op-amps were introduced by l3urr-BlOwn Reseal ( h (or poration and 

G.A. Philbrick Researches Inc. in 1962. the op-;unp has been (I workhorse of 

linear systems ever since. 

The first op-amp offered to the publk in 1963 wns the jJA702 

m(lnuf~ctured by Fairchild Semiconductors but it had very weird supply 

voltages such as +12 (lnd -6volts and h;)(1 a tendellcy to burn out when it was 

temporarily shorted. Despite all these l iltle short comings this device was the 

best in its day. In 1965 the next major changf' was introduced in op-amp 

design with t.he jJA709 from Fairchild Semicondllctor. It had higher gain, a 

larger bandWidth, lower input current, (lnd a more user-friendly supply voltage 

requirement of approximately + 15 Volt DC. 

National Semiconductor decided to jump on the bandwagon with the 

release of a more versatile op-amp version in the form of the LM101 in 1967. It 

had an increased gain (up to 160K) and operation range. One of the nfcest 



features of the LM101 was 'short-circuit' protection, and simplifled frequency 

compensation. This was accomplished by placing illl external cilpacitor across 

selected connection pins. The first op-amp to pi ovide this inter !lally was the 

hybrid LH101. which was basically a LM101 with a capacitor in a single 

package. But Fairchild was not done yet. It introduced in May 1968 an 

internally compensated op-amp called the ~A741. However, th(' differences 

between their LM101 and the ~A741 were very slight. Frequency compensation 

is accomplished using an 'on-chip' capacitor. Offset null is accomplished by 

adjustment of currents in input stage emitters. On the LM101, Offset is 

achieved by adjusting current in input stilge collectors. 

In December 1968, an improved version of the LM101. the lM101A, was 

devised. This device pi ovided better illPllt control over th(' temperature and 

lower Offset currents. National Semiconductor illtroduced the LM107, which 

had the frequency compensation capacitor built into the silicon c~ip. The 

LM107 came out at the same time (IS the LM101A. In 1968, Fairchild 

Semicohductor issued the ~A748. The device had essentially the same 

performance characteristics as the ~A741. The difference was external 

frequency compensation. The first multiple op (lmp device was Raytheon 

Semiconductors RC4558 in 1974. Characteristics of this new device are similar 

to the ~A741 except that the latter uses NPN input transistors. Later in that 
''l 

same year, the LM324 quad op amp from National Semiconductor became 

public tQ the delight of manufacturing industry and hobbyist alike. It is similar 

in characteristics in comparison with the ~A741 in speed and input current. 

The LM324 is especially useful for low-power consumption. The beauty 

of this chip, according to some engineers. is its single-power-supply 

requirement. Now the snowball was rolling. The first FET input 0[1 amp wa~ the 



· CA3130 made by RCA with this addition to the op-amp family; f:'xlremely low 

input currents were achieved. Its power can be supplied by a 15 to + 15vdc 

single supply system. A beautiful piece of work this CA3130. 

In July 1975, National Semiconductor came out with the J-FET type 

LF355. This was the first device created using ion implantation in an op amp. 

Texas Instruments introduced the TL084 op amp in October 1976. It is a quad 

JFET input op amp; it also is an ion-implant JFET. Low bins currf'nt and high 

speed are two of its beautiful attribut.es. In dllted sequence, the op-amp 

developed like this: 1963-I.u\702, 1965-~A709, 1967 -LM101 /LH101, 1968-~A741, 

1974-RC4558/lM324, 1975-A3130/LF355, and in 1976 the TL084. Most of the 

mentioned op-amps have of course been replaced over time, keeping the same 

model number. with cleaner and low-noise types. Meaning, the sHicon cutting 

lasf'1 in the early 60's was not of t he same quality as the 70's or the 80's, etc. 

Other companies like RCA discontinued their semiconductor line at{ tQgether. 

Today, and since that month in 1976, the types of op amps hcwe increased 

almost daily. We now enjoy a variety of op amps that will provide the user 

essentially with anything s/he needs, sLlch as high common-mode rejection, 

low-input current frequency compensation, CMOS, and short-circuit 

protection. All a designer has to do is expressing his needs and is then supplied 

with the correct type. 

, Shown in FIG.3.13 at the right are op-amp symbols as used today. The 

one on the right is an older way of drawing it but still u'1ed in hooks like the 

ARRL (American Radio Relay League) and older schematics. It is common 

practice to omit the power supply cOIlllf'ctions as t hey are impli('d. 
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FIG. 3.13 

OP-AMP SYI\1BOL 

3.2.3 OPERATIONAL AMPLIFIERS AS POWER AMPLIFIERS. --------- ------- .------------. --- .-. 

Ideal operational amplifiers have infinite gain. If the volt<1ge at the 

positive terminal is larger than the voltage at the - terminal then the output 

voltage will increase until it reaches the positive power supply. Likewise, if 

the voltage at the positive terminal is smaller thi11l the voltage at the negative 

terminal then the output voltage will decrease until it reaches the negative 

power supply. If both terminals are equal, the output will no longer be driven 

by the op amp. These characteristics allow feedback to be used in order to 

drive the output of the op amp to a useful value. 

Operational amplifiers can be used as voltage/signal amplifiers. Non 

inverting amplifiers are very powerful because signals can be amplified 

without having a negative rail (depending on the op amp's specifications). 

With reference to FIG. 3.14, when a voltage is applied to Vln , VOUI begins to rise 

because of the finite amplification. This rising voltage is consequently applied 

across the voltage divider or R1 and R2 in such a way that the voltage at the 

negative terminat of the op amp begins to rise as well. Once the voltage at the 

negative terminal has reached the same value CIS the positive terminal, the 

J5 



amplification stops and Vout remains constant. If for some reason the output 

voltClge pushed further up, thr voltage at R1 will go lip causing the op amp to 

have a negative voltage across it and pull V0I1l back down again. 

The formula expressing the ideal VOU1 is: 

/
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CIIH 'lIlT DIA(;RAM OF AN OP-Al\lP AS A VOLA(a: AMPLIFIER 
"f 

The first two stages of the LM 324 operational amplifier is used as a , 

voltage amplifier with pin 3 and pin 6 being the input i.e. Vin and pin 1 and pin 

7 the output i.e. VOUl ' The output signal from pin 1 is the amplified versfon of 

the ultrasonic signal received by the receiving ultrasonic transducer. ,It is 

ampUfied by 1000 ~imes (75dB from the Electrical characteristic table). The 

output signal from pin 1 is fed into a negative peak detector before it is fed 

into the second stage of the operational Clmplifier. The peak detector is used 

to recover the envelope signal. 

The output from the second stage of the LM 324 operational amplifier is 

a DC level and it either negative, positive depending 011 the difference in the 

]6 



voltage level at the inputs, i.e. if there is movement it will be o~cillating and 

if there is no movement it will be a straight line. 

The ampl ifier section of t.he receiver / triggering section of the ultrasonic. 

motion detecting sensor is shown in FIG. 1.15 

I i I 
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FIG. 3.15 

CIRCUIT DIAGRAM OF THE AMPLIFIER SECTION OF THE DETECTOR 

3.2.4 PEAK DETECTOR AND SENSITIVITY CONTROL. 

A peak detect'or allows the highest voltClge value that a signal produces 

over a period of time to be determined. The circuit in FIG. 3.16 is an example 

of a peak detector for slowly varying signals. Thf' diode located at the output 

of the op amp allows the op amp to add charge to the capacit.or C while not 

allowing it to discharge the capacitor. Because of this Vout will I ise until both 

the negative and positive terminal of the op amp are equal. The, if Vin drops, 

the op amp will no longer be pumping charge into the Car(lcitor, and the 
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resistor R will allow charge to slowly escape the and voltage a~ Vout to drop. 

Rand C are picked bilsed on how f(lst VoUl mllst drop after detecting a peak. 

FIG. 3.16 

A pC(lk detector is created ill hctwepn the Oil! put of the fir st stage of 

the lM32-1 operational <lrnplifier and the input of life secono stage of the 

LM324 operational amplifier. It is used to recover the input volt(lge of 5 volts 

modulated by the receiving ultrasonic transducer and amplified hy the first 

stage of the LM324 operational amplifier. 

The time constant of the signal entering the second stage of the LM 324 

operational amplifier is quite slow so that the envelope signal can be easily 

followed. 

FIG. 3.17 depicts the schematic of the peak detector ilS used in the 

receiver section of the ultrasollic Illotion detect ing sensor, with diode 01, 

resistor R8 and cap(lcitor (4 being IIsed to recover the envelope sl\<nal. 

The variable resistor placed at the input of the second stage of the LM 

324 serves as a sensitivity control. It functions by varying the voltage drop 



across the negative input which in turn varies the difference ill the level at 

which the positive input must be so (IS to m(lke the output pin 7 high. 
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CIRCUIT DIAGRAM OF THE PEAK QETECO~ 

3.2.5 OPERATIONAL AMPLIFIERS AS DIFFERE~TIAL AMPLIFIER WINQOW 

DETECTOR. 

FIG. 3.17 

Operational amplifiers can also be used as a difference amplifier, also 

known as the differential amplifier. 

The idea of the differential operational amplifier is not new. The first 

commercial operational amplifier, the K2-W, utilized two dual section tubes (4 

active circuit elements) to implement an op-amp with differential inputs and 

outputs. It requires a + ~()()I' DC power supply, dissipating 4.5 watts of power, 

had a corner frequency of 1 Hz, and a gain bandwidth product of 1 MHz. 



Fully differential output op-amps were abrmdoned in favor of single 

end('d Op-illllpS. Fully differentiill Op-illTlpS were hilt forgotten, ('VE'11 when IC 

technology was developed. The main reason appears to be the ~irnplicity of 

using single ended op-amps. The numbers of passive component.s required to 

support fully differentirtl circuit is approximately double that of single. ended 

circuit. The thinking may have been ffWhy double the number of passive 

components when there is nothing to be gained. Almost 50 yet1rs later, IC 

processing has matured to the point that fully-differential np-amps are 

possible that offer significant advantage over the sillgle ended (ousins. The 

advantages of differential logic have been exploited for 2 decades. More 

recently, advanced high speed AI D converters htlve adopted differentfal 

input~. Single ended op-amps require a problematic transformer to interface 

to these differential inputs AID converters. This is the applic(ltioll that spurred 

the development of fully differential op-amps. 

The easiest way to construct a fully differential circuit is to think of 

having inverting op-amp feedback topology. 

The feedback paths must be closed in order for the fully-differential op

amp to operate properly. 

Figure 3.18 shows an ideal difference amplifier. It is no mist<lke that the 

resistors in t.he two inputs have the same name; they must have the same 

value if the circuit is to work correctly. 
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FIG. 3.14 

,:f CIRCUIT DIAGRAM OF AN IDEAL DIFFERENCE AMPLtrIE~ 

,The output VOtit is given by: 

f' .. N, f' /' 
",,' (, I) 

HI 

The derivation of this result is (IS follows. The voltilgf' .It the non

inverting input is: 

1', __ /', ( R, ) 
RI 'R, 

Since the voltage at the inverting input is the s(lme Cl', the non

inverting input, applying KCL to the inverting input gives: 

/' . /' 
I till' 

NI N, 

Eliminating V. and rearranging gives Vout • 

For the circuit above to work well, the resistors need to be carefully 

matched. 

The third section of the LM 324 operational i1mplifipI is built as a 

differential amplifier with diodes 02 and 03 servillg as a window detector. 

The schematic of the differential amplifier as used in the ultrasonic 

motion detecting sensor amplifier is shown in FIG. 3.19 

41 



"" I 

I II,t,-,,1 ff' "II ~tllfJ"" 

. i 
I 

FIG. 3.19 

CIRCUIT DIAGRAM OF THE DIFFERENTIAL AMPLIFIER AS USED IN THE DETECTOR 

Diodes D2 and D3 detect both negative and positive pUlses. When the 

voltage the output from stage 2 is half the supply voltage neither 02 nor 03 

can conduct. The voltage at the output of the third stage of the LM 324 

operational amplifier is low. If the signal rises Clbove +0 •. 7 volts (a stUcon 
, 

diode's breakdown voltage), D3 conducts causing the output of t.he third stage 

of the LM 324 operational amplifier to go high. If tile signal falls below -0.7 

volts, 02 conducts, which also causes the output to go high. Thus a window 

detecting differential amplifier is realized. It detects voltages that move both 

below and above a given range. 

3.2.6 OPERATIONAL AMPLIFER AS A MONOSTABLE FLIP-FLOP. 

The mono-stable flip flop, sometimes cClUed a 'one shot' is used to 

produce a single pulse each time it is triggered. It can be used to debouche a 

mechanical switch so that only one rising and one falling edge occurs for each 

switch closure, or to produce a delay for timing applications and in this case, 

it is lIsed as a mechanical switch. 



The circuit in FIG. 3.Z0 is an eXillTlple of (I 1ll0r1o-st(lhle nip flop. It 

employs two logic inverters which ure connected hy the timing capacitor. 

When the switch is closed or the input goes negative. t he capacitor will charge 

through the I esistor gener ating an initi(ll high level (It I he input to the second 

inverter which produces a low output state. The low output state is connected 

back to~the input through a diode which m(lintains a low input after the switch 

has opened until the voltage falls below hulf the vallie of Vee at pin 3 at which 

time. the, output and input return to a high state. The capacitor then 

discharges through the resistor R and the circuit remains in a stable state until 

the next input arrives. The 10,000 ohm resistor in series with the inverter 

input (pin 3) reduces the discharge current through the input protection 

diodes. This resistor may not be needed wit.h smaller cClpacitor values. 
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FIG. 3.20 

CIRCUIT DIAGRAM OF A HEX SCHMIIT TRIGGER USED AS A MONO-STABLE FLIP-FLOP 



The circuit is not re-triggerable and the output duration will be shorter 

thall normal if the circuit is triggercd before the' timing capacitor discharges, 

which requires about the same amount of time (l'; t he output. 

The circuit in FIG. 3.21 ,shows how the fourth stage of the LM 324 
,.1; 

operational amplifier is set up as a monostablc flip flop. 
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FIG. 3.21 

CIRCUIT DIAGRAM OF THE SECTION-D OF THE LM324 AS A MONOSTA~LE FLIP-FLop 

The time constant of the circuit above is about half a second and it is 

set. by resistor R18 and capacitor C8. Diode D4 is used to separate the charge 

and discharge time constants. The circuit allows about half second delay for 

the reset. 
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THE TRANSMITIER SECTION 

3.3 THE 4049 HEX INVERTING IC AND QUARTZ CRYSTAL AS f!. R.ELAXATION 

OSCILLATOR AND LINEAR BUFFERS. 

3.3.1 BRtEF DESCRIPTION OF THE 4049J1EX INVERTING Jr:.'_ 
The 4049 Hex inverting IC are monolithic complementary metallic oxide 

semiconductors (CMOS) integrated circuit constructed with N- and p. channel 

enhancement mode transistor. It features logic level conversion lIsing only one 

supply voltage. It' is intended for use as hex buffers, CMOS to DTL/TIL 

converters, or as CMOS current dividers. 

The 4049 Hex inverting IC provides six invf'1 ting buffers wit h high current 

Olltput capability suitable for driving TT L or high capacitive loads. 

Below are diagrams showing the functional diagram, pin assignment 

diagram of the 4049 Hex inverting IC, schematic diagram and physical 

dimension. 
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A qual tz crystal resonator is simply a c il (Illar piece of quartz with 

electrodes plated on inside an evacuated encloslJre. Designing of resonators 

demands knowledge of mechcHlics, piezoelectricity and electronic circuit 

theory. Quartz is ideal for resonators because it is flexible, dimensionally 

stable, non-conducive, and most important, piezodectric. 

The piezoelectric effects link the mechanical and electric ill properties 

of the resonator. Electrical voltages causes in mechanical movements. 

~ Likewise, mechanical displacement generates an dectrodc potentfal. 

Therefore, a crystal mechanical resonance can be treated as if it were 

el~ctrical ill Ililtllre. 

Physical atomic displacement of an operating resonator is minuscule, 

generally only a few atomic diameters, but tremendous mechankal forces are 

in play. For eXilmple, the surface acceleration of il crystal exceeds five million 

grcwities. 

Resonator electric parameters are measured with crystal Impedance 

Bridge, a vector voltmeter, or a network analyzer. The impedance of a 

resonator varies sharply with frequency. 

Resollators are passive. Thf\)do !lot oscill('l\ c withollt ilddit ional circuitry 

and a source of energy. A resonator, plilced as (\ feedback element around an 

amplifier, makes an oscilliltor. The (l111plifier wplaces energy lost in the 

resonator. The resonator controls the f r cquency of oscillation. 
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, Two conditions must exist to start and sustain oscillations. First. there 

has to be' a phi1se shift. Second, the gain around the amplifipr !,,"st be equal 

or greater than one. 

Crystal oscillator eircuits traditiolli1lly are labeled i1S parnllel or series 

resonant, with the crystal specified accordingly. 

Crystal operates in the inductive region between series Clnd parallel 

resonance. 

li 3.3.3 THE 4049 HEX INVERTING IC AND THE CRYSTAL RESONATOfLA~" A 
1 

Oscillation is a very natural phenomenon and you ((111 see l1lilny different 

examples including physics, biology, chemistry, and electronics as well. 

Oscillators are used in many electronic devices (computers, radios, 

quartz watches, wireless deVices, etc). Their common purposes are to 

generate a periodic signal. Every oscillator has ell. least one ilCtive device 

acting as an amplifier. All rely on the same bel sic principle: pmploying an 

amplifier whose output is fed back to the input in phase. Thlls. the signal 

regpnerates itself. This is kno,wn as a positive feedback. 

" rclClxat iOIl oscillator is a circlIit I hat rcpcatcdly (lltCII1;l~('S between 

two states with a period that depends on the charging of a (Ilpacitor. The 
,J, 

capacitor voltage may change expollcntially when chnrgcd or discharged 

through' a resistor from a constant voltage, or linearly through a constant 

current sOllrce. 



For this project, the relilxiltion osrillator will be realiz('d II«;ing a 40 kHz 

crystal and a ~Otf9 Hex inver tin~ CMOS Ie. 

Crystals has two modes of resonance, the series and the parallel 

resonances. In the series mode, the crystal shows low impedance at the 

resonant frequency. This impedance is on the order of 100 ohms to a few kilo 

ohms. In the parallel mode, the crystal together with a specified capacitance 

in parallel, normally 30 pF, shows n high impedance at 'he resonant 

frequency. 

All crystals have resonances at the odd harmonics, 3, ~ ... , times the 

fUll<tilmental. At freqllencies above 25 Mllz, crystills arc often mrtdc to operate 

at one of the harmonks. In all cases the exter Ilal circuit mllst. be made to . 

suppress opcr aUon at the wrong hrumonics or fundamental. 

Normally crystals are specified for the parallel resonance mode. The 

circuit in FIG. 3.25 is designed for sllch configuration. The crystal and the 30pF 

parallel capacitor are here transformed into a pi filter network by dividing the 

30pF capacitor into two 60pF capacitor and grounding the middle node. When 

one end is driven with low.impedance, the network will hove i1 90 degrees 

phrtse shift at the frequency of maximum gain. 
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FIG. 3.25 

CIRCUIT DIAGRAM OF A CRYSTAL CONNECTED IN THE PARALLEL RESONANCE MODE 

With suitable driving impedance, the phase shift is brought dose to 180 

degrees, thus the 2.7 K ohm resistor. Other good reasons for it are that 

harmonics are damped by the resulting RC Filter, and that the invprter output 

is removed from the load of the crystal network. A rule of thumb for 

determining the value of the output to crystal resistor is that it should have 

the same impedance as the capacitor at the operating frequency. 

(' ", II' I ", ( .) 

For a ;10 kHz oscilli'ltor this resistor become''> 150 K ohm. 1 he gain and 

180 degrees phase shift of an inverter is now all 'hat is needed t.o make this 

circuit oscillate at the right frequency with IlO twiddling npccssary. The 

resistor between input and output is essential to put the gate in 'he range of 
,If 
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linear operation so the necessary gain to start oscit\(ltion will be thpre. Since a 

CMOS inverter h(ls very high input illlped(lllce, the villuc can be l(llge. It is· not 

critic(ll, but a low value will iIlUC(lSC power dissip<ll ion. rhe frequrncy is fihe 

tuned by trimming the capacitors. 

The circuit in FIG. 3.26 below shows the \1 ansmitter se( t ion of the 

ultrasonic motion detecting sensor. 

FIG. 3.26 

CIRCUIT DIAGRAM OF THE TRA~SMITJER SECllON OF THE DET~~JOR 

The uyst<ll is iHTi'lllgcd ill the pal()llcl reSOIl.lIlCC mode. One of the 4049 

sections, I(2-c, ()long with resistor R21 ()nd R22, (lIHI capacitors C 11 and C12, 

"pings" the crystal into sustained oscillat ion. The remaining -1049 sections act 

as line'~r buffers to drive the lit t rasonic tr(lIlsmittin~ tra~sducer, B77. 
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3.4 THE POWER SECTION. 

3.4.1 THE THREE TERMINAL VOLTAGE REGl)~ATOR. ----------- ----------_ .. -_.-----_ .. ----

The power section of the ultrasonic motion detecting sensor consist of a 

9-volt battery, which directly provides power for some sections of the circuit, 

a 78L05 voltage regulator which provides i1 5-volt [)C power source for other 

sections of the circuit. 

A block diagram of an active regulator is shown below. The capacitor 

stores charge from pulse to pulse. The control logic compares VOllt (or some 

fraction of it) to a reference voltage and adjusts the series pass element to 

keep VOllt COllst i11lt. Thus if VallI st art s to decreas~, tile series pass element is 

adjll~t.ed t.o compensilte for the decrease. This tYII(' of regulator gets its name 

from the fact that the series element is conlinui1lly adjusted; thus, active 

efforts are made to keep the output voltage at the preset value. 

The follOWing define the labels on the Ilext figure. 

SPE Series Pc;tSS Element. CL - Control Logic, Ref Heference 

, ~ I " -----. 
. IO()ur 

\lnllt 

1 f< ohl11 

I',' 

1 f<. ollll1 

FIG. 3.27 

SCHEMATIC OUTLINE OF A REGULATOR. 
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The LM78LXX series of three t crminal posit ive regulat.or <., is available 

with several fixed output voltages making them useful in a wide range of 

applications. When used as a zener diode' / resistor combination '('placement, 

the lM78lXX usually results in an effective output impedance imrrovement of 

two orders of magnitude, and lower quiescent current. These regulators can 

provide local on card regulation, eliminating tilt' distribution problems 

associated with single point regulation. 

The voltages available allow the LM78LXX to be used in logic systems, 

instrument.ution, Hi-Fi, and oth('r solid stat.e elect r onie equipment. 

With uciequate 11('ut sinking the regulator,' il11 deliver 100mA output 

curr('nt. Current limiting is included to limit the W"lk output current to a safe 

valliC'. Sufe arca protection ·for the Olltput trall';i';Iors is provided to limit 

intf'mal power diSSipation. If internal power dissipi1tion becomc~ too high for 

the heat sinklng provided, the thermal shutdown circuit takes ov' 'I preventing 

the Ie from overheating. 

Features of the 78L05 voltage regulator Ie used include: 

• ".output voltage toler allce's of 151.. over the I pmper'ature rarwp • 

• ,Output current of 100mA. 

• Internnl thermal overload protection. 

• Output transistor safe aren protection. 

• Internal short circuit current limit. 



• Output voltages of 5.0V, 6.2V, B.2V, 9.0V, 12V, 15V. 

The schematic equivalent of the 78LXX voltage rf'glllator using 

transistors, diodes and resistors is shown in FIG. 3.21. 
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FIG. 3.28 

EQUIVALENT n-L CIRCUIT REPRESEN"tATION OF "tHE LM78L05 REGULATOR 

The schematic of the power section as used in the ult! lsonic motion 

detecting sensor is shown in FIG. 3.29.The c(lpacitor acrnr;c; the output 

impwves the transient response. 
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FIG. 3.29 

CIRCUIT DIAGRAM OF THE POWER SECTION OF THE MOTION I?~TECTOR 

The I 9v output supplies power to the part of the circuit that requires 9 

volts power and the + 5v output givf's power to the part of t he circuit that 

I (xlt/ill's r; volts, 

3.5 1 HE ULTRASONIC TRANSDUCER. -_ ... -.-- -'- - ~--.-.-.-."- -' -". - --

Meflsurements of therJTwl illld <,!pctrical qll()lltities fire fllflde by devices 

cfllled sensors and transducers, The sensor is rl'sponsive to changes in the 

quantity to be measured, for example, temperature, position, or chemical 

concentratioll. 

An ultrasonic transducer converts electrical signals into ultrasonic pulse 

tlnd vise velsa. 

A 40-kHz transducer was used for this Plojcct. Thfs transducer separates 

into two kinds for the transmitter and the receiver. For the t I ansmitter, it 1s 

0025 -16 and for the receiver, it is RD25-16. 0 denoting output ilnd R denoting 

receive. 25 shows the resonant frequency of t/)(' ultrasonic (40 kHz). 16 shows 

the diameter of the sensor. 



Below in FIG. 3.30 is a cross-sectional view of the transducel. 

FIG. 3.30 

CROSS· SECTIONAL VIEW OF THE ULTRASONIC TRANSDUCER - .. - ---

3.6. HOW MO liON IS DETECl ED - - -

Motion is detected at the fourth st;lge of the LM324 Op ilmp. This circuit 

is the circuit which detects the ultrasoni( which returned from thr object. The 
#~;; 

operational amplifier amplifies and 0' Itputs the difference hptween the 

positIve input and the negative input. 

In this case the operational amplifier has no negative fpf'dback, at a 

little input voltage; the output becomes the saturation state. C,rnerally, the 

operational amptifip.r has tens of tholJscmds of times of mu factofs. So, when 

the positive input ~ecomes higher a little than the negative input, the 

difference is tens of thousands of t.imes i'llTlplified ;lIld the output hecomes the 

same as the power supply almost (It is thf' saturation state). Oppositely, when 

. the positive input becomes lower a I ittle than the negativp input, the 

difference is tens of thousands of times i"lmplified ilnd the output becomes 0 V 

almost (It is in the OFF condition). The output from the peak ilnd window 



detector rircuit is connected to til(' positive inp"t of tile differf'lltifll ~mplifier 

and tile IlcgCltive illPut. kept COIlSt.ClIII . 
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FIG. 3.31 

SIGNAL DETECTOR CIRCUIT WITH GRAPH 

So, when the rectified ultrasonic signal becomes more t";)n 4.5 V, the 

output of the signal detector becomes the H level (ApproximClI dy 4.73V) and 

the transistor switch is activated, 1 herf'hy activCltillg the relay 1 (I ·'Ctivate the 

alarm circuit. 



tJ,UAP7en ,oun 
CON~TRUCTION, TESTING, RESULTS AND DISCUSSION OF RESULL~ 

Construction of the device was done using a Vero boar d ctnc! the various 

components were raid out according to the circuit diagrctm of FIG. 2.3. 

4.1 CONSTRUCTION. 

The initial stage of construction, which WctS the design and simulation, 

WClS done lIsing an electronic computer aided design appl.ication known as 

MUL TISIM 2001 Power Professional Version developed by Interactive Image 

Technologies Ltd. U.S.A. 1992 - 1999 © 

The components where then placed on a bread board as illustrated in 

FIG. 2.3 to simulate ct real life prototype of the work. After this, the 

components where then moved and soldered to a Vera board. 

A Vero board is a board lined with parallel copper tracks. The circuit fs 

wired as shown in the circuit from FIG 2.3. The legs of each component are 

pushed through the holes on the top of the board and are soldered to the 

bottom of the board where the copper tracks are lined up. To join the 

components according to the circuit, strings of wire (jumpers) were soldered 

to the components or to the tracks corresponding to where Cl component was 

initially soldered. On the board, the approximate distance hetween the holes 

is 3.Bmm. 

tnteg~ated circuit sockets were soldered to t he board for the LM324 -

operational amplifier chip and the 4049 Hpx Inverting CMOS chip. The 



sockets are 14 pin and 16 pin sockets I cspectively. This enables (';lW changing 

of the chips ill the event of a f(llllt O((lillillg in any of them. 

The most fundamental skill to assemble any electronic project is 

soldering. The proces,s of joining electrical parts together to form nn electrical 

connection is called soldering. It involves using (1 mixture of molten lead and 

tin (solder) with a soldering iron (with a heating elpment inside of it:). 

A large range of soldering irons is available. The following are the 

characteristic that were watched out for when deciding on- : he type of 

soldering iron to bellsed. 

Voltage: Most irons run from the mains at 240 V. However,low voltage types 

(e.g. 12V or 24V) generally form part of a "soldering station" and Me designed 

to be used with a special controller made by the manufacturer. , 

Wattage: Typically, they may have a power rating of between 15-25 watts; a 

higher wattage means more power in reserve for coping with largE' joints. 

Temperature control: The simplest and cheapest types don't have any form 

of temperature regulation. Simply plug in and swil (" all. Unregulated irons 

form an ideal ge'neral pur pose iron for most work. 

There is another type of soldering iron that dops not run from the mains, 

they are called gas-powered soldering irons, rathe'l, they use butane. They 



have a catalytic element which, once warmed up, continues to gl.nw hot when 

gas passes over them. 
," 
Another type is the solder gun. It's (l pistol shaped iron, lY/llI,llly running 

at 100W ?r more, and is completely unsllitable for soldering modi''') electronic 

components. 

Soldering irons are best used along with i'I hcat-resi5tant bench-type 

holder, so that hot iron C()11 be safely parked in between lISC. 

A 240V 60W unregulated soldering iron Wi'lS used in the process of 

constructing the circuit. 

4.2.1 PRECAUTIONS. ---------

1. The tip of the soldering iron was cleaned oefore soldering and any rust 

on it was scraped off. 

ii. The legs of the components and any wires that were solder f'd were filed 

to remove any layer of oxidation cmd rust that could hinder the solder 

from solidifying firmly. 

iii. The soldering iron was allowed to heat up properly so thflt the solder 

could melt when it was touched t.o the tip of the iron. 

iv. The temperature of all the parts were raised to roughly the same level 

befm e i'lpplying solder, so tlli'lt the solder will flow much more readily 

over the joint 

V. When a soldered joint W()S i'lllowed to cool, it. was shi'lken 10 make sure 

the joint was finn. 

60 



4.3 TESTING. 

, Testing was dOIlE' in stages using a digital rWllli meter. 

4.3.1 POWER SUPPLY. 

The voltage source from the supply is switched on to supply power to 

the circuit. The current sOllrce is a 9V battery. 

The output voltage across the regulator output pin was measured using a 

digital multi-meter when the battery was connected. to the input voltage 

supply, with the ground being the ground pin of the voltage rC'Hulator. This 

voltage was found to be between 4.96v and 5.2v depending on how long the 

baUery has been conllected 

The LM 324 Operational Amplifier. 

The voltage difference between pin 2 and 1 of the LM 324 Op-Amp was 

found to be -0.21 v and the voltage at the output pill 1 being 4.14v. 

The voltage at pin 7 was found to be ;' .30v when there was no 

movemellt and 2.6v wilen there was movement. 

The vol tage a t pin 8 was fOllnd to he Ov WIWll t here is no movement and 

1. TJv when there was movement. 



The voltage at pin 14 was found to be 4.73v when there WitS movement 

and '().03v wlle'll ther (' W(\S 110 llloVCIlle'1l1 . 

THE OUTPUT INDICATOR. 

The voltage across the LED was found to be 1. 92v 

4.3.3 THE TRANSMITIER SECTION. ---.. -- - -"._-- ----.- - -------.-- ._-.--_ ... __ .. _--.-

This section is built around the 4049 Hex Inverting Ie. 

The voltage across the ultr(lsonic transducer was found to be 6.5 volts 

and voltage across the crystal resonotor was found to be oscillating, the 

minimum recorded voltoge wos 1.92 volts and the peak recorded voltage was 

3.16 volts. 



4.'1 RESULTS. 

lhe alarm circuit designcd by my p.lItner, Ismai\;1 Suberu, was 

conllected to the trigger output of the \ Iltrasonic motion detecting 

sensor and when motion was detected. 1. ('. ,l human standing in front of 

the motion detector moves, an alarm W(J', ',mlnded and the appropriate 

security department was dialed. 

4.5 DISCUSSION OF RESULT. ----- ... ~.--.. ------ -----.--- --._"-------

It was discovered that when the moving object woe; more than 4 

meters away from the motion detector, the detection W(l5 poor, though 

increasing the sensitivit y helr>pd; the motion detector was triggered 

even by air movement. 

It was also discovered that if the circuit was oftell triggered, its 

sensitivity reduced and the battery power also reduces. 
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CQNCLUSION AND RECOMMENDATION 

The design of the project is quite simple with r efldil y available 

components. The objective of the project was achieved quite sat isfactorily. 

5.1 RECOMMENDATION 

Firstly, the power section could be improv('d on by designing a separate 

power supply wit.h input. from the m(1ills instead of using the battery. 

Secondly, the ultrasonic transducer could be placed at places remote 

from the main circuit itself, places where it cannot be easily seen or 

discovered i.e. well hidden locations. 

Thirdly I a microcontroller could be incorporated into the circuit and 

many transducer sensor placed at different location could be connected to the 

controller and LED representing the different location would light up when 

motion is detec ted rtt the loert t ion. 

(d 



A.' Part List. 

SEMICONDUCTORS 

01-04 --

05 = 

1(1 -. 

1CZ = 
1(3 = 
LED1 = 

Q1 --

RESISTORS 

APP8NlJ3){ 

1 N4148 silicon diode. 

1 N400Z silicon rectifier diode. 

LM324 quad op-amp integrated circuit. 

4049 hex-inverter integrated circuit. 

78L05 5-volt regulator integrated circuit. 

Light-emitting diode, green. 

B(639 NPN transistor. 

(All fixed resistors are 1I4-watt, 5% units.) 

R1, R2, R15 = 100,000-ohm. 

R3, R7, R18, R21 = 10-Megohm. 

R4 -- 2200-ohm. 

R5 = 220,000-ohm. 

R6, R20 = 1000-ohm. 

R8-R10, R14 = 1-Megohm. 

R11, R12 -- 1.2-Megohrn. 

R13, R16. R19 10,OOO-ohm. 

R17 -- 47-ohm. 

R22 -. 150,000-011111. 

R23 -- 1-Megohm potentiomf't ('f. 
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CAPACITORS 

(1,(10 -::: O.I-mF, ceramic-disc. 

(2, (6, (7 -. O. 01-IllF ceramic-disc. 

(3, (4, (8 = 0.47 -mF ceramic-disc. 

(5 = 1 OO-pF, ceramic-disc. 

C9 _. 100-mF, 16-WVDC. electrolytic. 

(11, (12 = 33· pF, ceramic-elisc. 

ADDITIONAL PARTS AND MATERIALS 

XTAL1 

BZ1 

BZ2 

B1 

= 

40-kHz crystal. 
I 

40-kHz ultrasonic receiving ltransducer. 

40-kHz ultrasonic tr<lnsmitting tr ansducer. 

9-volt b<lttery. 

B. Design of the Casing 

The casing fabricated for the device is made of str<lW board and 

covered with card board. Its dimensions are given below including the 

cross-section of the casing. 



! 

tnsitiYil~' 
l 'onlrol 
1 , 
, I 

Ih·d 
LEn 

c. Plan and Side View of the casing 

The dimensions of the casing are given as: 

180MM 
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SIDEVIEW OF THE CASING 

Wire Gauze 

Vero Board with LED, senltttvtty 
control and Trlnsduclt 

solderina 

Vero Board with other 
components solder!n, 

Insulated Copper wires 

0: PHOTOGRAPH OF THE VERO BOARD WITH COMPONENTS SOLDERED ON 
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E: A 3D DESIGN OF THE CASING 

!\Iotion 
Indicntor 

Ultmsonic 
Trmtsducel' Pnil' 

Semitiyity 
Control 

( )utput ~o security 
I 

system 

F: PHOTOGRAPH OF THE PROJECT ON COMPLETION 
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GLOSSARY OF TERMS USED 

Gain: Increase in value. 

Inductance: The property of an electric circuit or componenl whereby 

an electromotive force is created by chcmge of current in it PI ;t circuit 

near it. 

LED: Light emitting diode. 

Magnetostrictive: Movement due to m(lgnetic field effect. 

Resistance: A property of an electrical circuit or component I hat shows 

its opposition to an electric current. 

Resonance: A state of oscillation that occurs at a very specific. 

frequency in an electrical circuit consisting of inductive and (1pacitive 

components. 

Piezoelectric: Electricity from crystals under stress. 

Trajectory: Curves intersecting at a constant angle. 

Voltage: Electric potential measured in volts. 
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