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CHAPTER 1

GENERAL INTRODUCTION

[ Introduction

The Meliraw Hill Dictionary of Seentitio and Technical Terms defines an
equaiizer as "a B stwnrk designed lo compensale for an undesiresd ampiitude-froguency ot

phase-froquency 1esponst of a sysiem or component.” 1t also defines e:;;uai%zati&n as the

effect of all freguensy- _diepriminating means emplove . in transmitting, recording, of
other signal-handiing sysiems W obtain a desired oversl fregoeney respons * iy esSenne,

equatizers are used o shape the gain versus freguency Spectiunm of a given signal

An andio graphic cyualizer 15 au slectronic control cironit that compensates by
neans of cironitry, fbr e manalacly vor's alterations in frequendy characteristios on dises
wr tapes used i sound recordiog and reproduction systems, Y5 tone confrols serve e
peeful purpose of compensating for other [requeney-response deficiencies such as highly
sonnd-aheorpiive Hstening rooms ard also, of course o satisty personal pmfaremz:e:a For
example, the dypaimic spectrum egualizer boosts low frequencies at low eve 5t and the
iz range at high levelio ke typical bome listening more bk o congert hall

A familiar applivation of gain suuatizers ooours i the recording amd reproduction
of wusic on phonograph cecorda, 1t alleviates ihe problem of high frequemy backgronnd-

:

hiss nolse associated with the recording of sound by a method known as preemphess. s it

i g means whereby the amplitade of the bight frequency signal is inerensed. Another
problem associated with phonograph copording i that, for aprmal jevels of sound, the
tow froguencies requie smpractivally wide excirsions i the roeord grooves. These
excursions can be veduced by attesuating the low frequency D hand with an equaliver, In
the plavback system whiich consists of 2 turntable and equalizer, the high frequencies

st be éaem.pmsi;md and the low feguensics hoosted, After this equalization, | the

reprodused sound possesses the same frequency as that of the original souree generated




in the recording studio, To allow oy different rocording schemes, S0MC igh guality

phonograph amplifiers are eoueipped with variable shape az,uz.z%.ézfzz"s.

The frequency range for the andio graphic squalizer desipned hore, is belween

ihe awdible froquency range that Hes roughly

H0Fz o 185z, which falls well within
wetweon 20Hz 1o 20k Hz. 1t s thus os e o modify strictly the amphity yede-frequency

resporse characteristios of andio sigrmls ag be human ear i insensitive 1o phase

variations, 1t can be adjusted af various ‘l"re*mmu:v hands to give a “Hat” or Hpear fesponse

e alt frequencies reproduced equally), for speech waves t b are affected masdvertently

Eaid

deficiencies nr Hnitations, Parthermore, it will

compensats for the tendency of magnetic Bpe of dises, nsed in high fdelit v’ equipment,

uencies, by ek seironic modification of their

by slectyonic cirouit gxaz'ﬁ}r;fzzmc&:

s b more sensitive to one range of freqg

respective audio vutpul signals.

1.3 Ajmeand Objectives

> 2t

The main ain of this project i design and construct 2 fow cost, widshand audio
s sandio input and

graphic sgualizer, The systom is to function a8 8 5 and-alone uni with

cutput terminals respeotively.
o vealize this goal, the following shigciives have ted sy ihe basts of the sysiem

jesign and developraent:
The amplitude-frequency response ot the audio sigual at various frequency bands

metween H0Hz tolokiz, shoukd e capable of admstment, ie. 'ivem;mwmm*

%Y

preemphasis for high frequencies, as well as attenuation and boost for lov

freguencies; in order 10 achieve the desired sound effect.

avguired ared mprf.?éui;ﬁ::i sounds muet pogsess high ppeality ang ¢ fidebity.

Gy The
ble, and should reqw e punimun: mainienancs

(s 1s should be gasy 1o seLup, relia

(i frshould be relatively inexpensive.

Fhgh fidedity, eomnondy ot e “hi-17, may be detin od w5 soond reproduction that tx faithfud to the

origiah conmd o Yo the mester rearding U toab corven 8% A PriTRErY SURHEL




This project will in no small way, enbance the sound quality, and thus, the

iistening pleasurs that people derive from thelr high (idelity stereo cquipment.

: 1.3 Methodology

The hasic network eraployved in the systematic desipn of an audio graphic
egualizer is an eleciric filter. Essentially, an electric filiey & a network thel transforms an
input gigoal iy some specified way inte a dedired outpud sigual. Although many
apphications exist where Hlter requircments are set iy lerma of tme domain
specifications, the majority of filters are designed to specy certain frequency-domain
criteria. Henee, 3 filter can be desertbed a5 2 network used 1o shape the frequency
spectrign of an electrical signal; of which the most common objective i 1o pasy certain

frequencies while rejecting nithers

A basts for classification of filters considersd here, is that of thely respective
compones. Passive filfers consist of cormbinations of resistors, capacitors, and
wductors, Passtve BLO aructores are capable of achieving relatively good fler
characteristios i apphivations ranging fom the audie Feguency range to the upper Himit
of the lumped parameter range. However, at the lower ead of the sudio fequency range,
the inductance valnes orease as the required fregquency deoreases, creating soverad
probiems First, ixductors are somewhat imperfect devices due i intornal bosses, but
these Insses increase narkedly fn the very large inductance range required 2t Jower
frequenscizs, These heavy losses degrade sipnificamly the guality factor (G for each coil.
and the associated filter respomses have large doviations from their desired hrms.
Second, the actual physical sizes of the large inductance values il thelr usefulness,
Third, the cost of such induciors are cortaindy not frivial comsiderations.

Active filiers consist of combinations of resisiors, capaciiors, and one o more
active devices such as operationad amphifiors {fm* low frequency applicalions), or
operations! ransconductance amplifiors (for high frequency spphications), with both

amplifier types emploving feedback. They are theoretically capable of achieving the sane

regponses as passive RLO Blters with the difficulties assoriated with them at low




frequoncies eliminated a8 ductors are wot reguired. Henco, active filer frequency
response chasacteristics £an he made o approach ideal foris very closely. The devices
wsed in active RO Glters cav atf be integrated, thus providing the follow ing advaninges:

i

{iy A reduction in sire and weighl,
(i} Vereased cirouit reliabilgy, hecanae all the processing steps ¢an e autonmted.

(i Inhpe guantities the cost of an integrated circuil can be pouch lower than #8
ERIvE font passtes count erpart

5 Dmprovemsent in performance wecause Tigh quality components can e e reatized
readily.

vy A peduciion iy the prrastics, necause of the smaller size.

Cither sivantages of active BC replirations thal are independent of the physical

inplementation arel

{1} Tie design process s simpler than that 101 passive fiters.

{ii} sctive Glters oan realize 8 wider class of functions.

i contrast, passive filt Hers often

Giy Active realiratinns can provids voliage gams
exlibit a significant voliage fs,
While active filers o re capable of sircumyenting most of the fow frequency

tpiiations of passive fHlers, they introducs & fow disadvantages of their owil
{14 Kigee they are aclive, power is required 1o make them operate property.

sensHiviy (=§§va-~z»ervzﬁz,aiionc;, ihus making active components generalty

:3\.'

iy The
ias rolinble than passive CHOUHS,

Active filters prploy Feedback and there is always & ;m» ity of insabibity.

The finite bandwidth of the artive devices places a it on 5 the bighest attaivable

pole froquency. This high frequeny Hmitation bars the us ao of active filters much

ahave 3k unlike passive v that can be psed up o approvdmately 5 DUndHz.

The penncmic and periormances advantages of active RO e lizations far cubweigh

wd the modern ongineey ing trend 18 10 990 Fulive

the ahove-merntioned disadvantages &

filers i st VORE arud fata COMMLTLS ations systems which rogwesent @ farge

1o wnriniions in the eloreenis, cavsed by

: vmmww is the ma&»maai deviation of {he flier responss due

envionrmenial changes.




reentage of all Blter applications. Thus, in this profect design, active RO flers are

being used,

A elassification schome that applics to both passive and aotive flters iz in torme of
e arnplttude-response. Most Blers can be classified as fow-pass, Figh-pasy, band-puass

¥ hand-refection. In this project, band-pass active fliers are being emploved. The band-

pass amplitude vesponse 35 shoyw by Figuee 1-1 Band-pass filters pass feguencies with

very Hitle altenuation, while rejecting frequencies on either side of this band. Figure 122

o

§ - H
£
Figure -1 ideal ook foon of the amplitude response for band-pass

filterg

shows & typical band-pass reguirerment, The pass-hand from oy 1o on has o madmum
attemation 01 A, 48 the two stop-bands fom do 1o an and sy 10 o0 bave g mindmum
aitemuation nf Ay, 4B

Loss di

TN TN,

£33 $y a4 ¥y i34 %3

Figure 4-2  Typical band-pass requirements




A conunon pararneier vasd iy specifying filters ix the order of the filler, In
Laplace transform torminology, the torm order 18 svnonymons with the number of poles,
The order or number of poles will be the mumber of non redundant reactive elements
the cironit. Both inductors and capaciiors are reactive elements in the olroudt but singe
gettve fillers coniain no inductors: the order or number of poles will be the number of
aop-redundant copociiors. {This does sot include capacitors external to the filier
network, such as power supply bypass capacitors, op amp compensating capaciiors and
SO OTL

For a ghven filter type. the performance generally becomes closer 1o the weal
block characteristic as the number of poles increases. Thus, a bigher onder Blier will have
g fatter pass-band response and & lower stop-band response (more attoruation) ag
corapared with one of lower order. However, the ideal block characteristio can never be
attained.

The band-pass active filters that are bobmy wiilized i this project design are the
vwo-pole forms; and are signiBicantly superior {o passive forms for low frequency
applivaiions,

Fhe two-polr forms are mathematically equivalent to cortaln configurations
volving series or paraliel RLO resonant cirouits, Henoe, aotive RO cirouits can perform
operations equivalent {0 passive RLE circuits, Ry example, paralled resonance.
Resonance is important m olionits designed to emphasize one single frequency over all

pthers, And thiz is applicable in the aspect ofaudio signal equalization,

Basically, the specified frequency range for the soualizer considered here, being
S to 16kHz, s divided info four bande and therefore, four two-pole bandpass active
RO filters are used. Thew respective amplitude responses overlap, as the shape ol the gain
versus frequency spectrum of 2 typdeal gaty equalizer i3 not characterized by rojected
bands within iz froquency range. Honce, we have an equafization curve, where varous
bands within that range can have their gailn versus frequency shape modified.

In addition , cach of the four Biter netweorks in the equalizer chenitry has a foning
cirouit 2 the output, consisting of resistors and o potetiometer for gan

ephancement/adiustment. This enables manual adinstnent of the gain at various
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Figure 1.3 Egualization curves for phonograph recording and

playback

o~

fregqueney bands. boplving thet, the 0 of the circuit can be adjusted ndependent of the

¥

geomwiric center frogueney, § from the knowledpe of the sotive filler a8 g nogative

ympedance converiern

1.4 Lierature Heview

The carly forms of sound recording were considered mirsculously ifelike. This
was true fom the first successfud recording ~Thomas Bdison’s vecitation of Mary find o
Little Lok, inseribed on a tin ol ovlinder in 1877, In time, # becmrne clear that a mose
faithfd reproduction would increase the nsefislness and mpact of sound.

Little progress was made in effons {o attain high fidelity in sound reproduction
until the introduction of elecivieal recording 1n 1925, Amplitioation of the glecivical

sigpad ai all stages was the key 1o a vast new expansion of recording, The electrical home




reproducer was infroduced o plavback the clectrically made recordings. and the now
soumd was revognized as the beginning of an era

sporadic mbvances was made fy the 193075 bt the general techuical lovel of the
reproduced sound was hold back by the Himitations of the phonograph and the sheltoc

Afler World War 1, sound reprodustion developed rapidly. The development of
high fhlelity home systems ealved muany forms, with three bazic sloments, These
wchude the sigoal sowee or inpud. e.u. revord plaver, tape deck, and radio; the
preamplifier sud power amiplifier. which provess the electrical sipnal and the
foudspeaker system, which converts the final electvical product ingo sotual sound waves,
Most weak input signals were bulll (o o standard level by the preamplifier bofore
enfargement by the power-amplifier. Frocessing and mixing of the sigoals took place in
ihe preampdifier stage. Specific chroullry was Incorporaied inle the preamplifier to
provide for flved eqradfizations compensating for the difering emphases on lower and
igher Breguencies provided by differsws program sowees. However, tone controds were
provided for farther adiustments.

The introduction of transistors and other solid-siate devices into sound equipmon
during the 19607z began a revolution affocting the design of all types of sound
reproduction equipsnent. And by the 1970, the audio graphic egualiver became an
wtopral part of the bome hi-1 systom.

Nevertheless, mindmurs standards have been drawn up for the construction and
performance of hi-fi eguipment, The imermationally agreed standard of performance for
dise vecording and roplay cqualization cheractovistios 15 the RIAA {Recond Tndustry
Association of America) standard. Tape eoualization standard are edther the CUIR
{rwernations! Radio Consuliative Committes siandard or that detenmined by the NARTB
{alse called NAB the National Association of Redio and Television Broadeasters in the
115} RIAA equalization increases the playing tinme of records and reduves the high
frequerney noise levels emanmting from them, Tape equalization also sorves 1o reduge

THIED,




1.5 Project Dutling

~,

The systematie design and < fevelopment for the equalizer is 1re sated in chapter two

The transfer fimction syrehesis, and froquency rEsponse s anatysis for each higuad’ of the

casvaded filter network, as well as other refated parameters s emploved inothe egualizer

design are alse treated in detail

21t cuneept splenent ation, LE. constroctiom

Chapter three deals with the

sest, and resulis,

ir chepter four, drawn up conc tsions, recommmendations for frther work, ag well

ag referenees are presented

- fo basic clrogit §~ mk that i cascadel o ren
synthesia of » farge class oof nottve filters

i §’q sl - fire 5 grnera ransfer function, used in the




Y

b
“.

0y, 15 the pole frequency and Oy, the pule quality §

Aoty

whers

in addition, the sfeady-state wrassfer function, Hiwh o { any two-pole band-pass fritor

can be expressed as

(1.5

where Mo i the maxiomm gain within she band, and £ s vatled the gaomeire conter
frequency. (In passive W1 cirouits, fo s callad the rosonant frequency) The

parameter {4, { known as the guality factor) I8 o measure of the selectivity or sharpress

i

of the flier

The amplitnde response, Mo can be determined as

11.63

deoibel response Man{o} can e oxpressed as

223

The relative

B plany = 20logy,

37

N £
L PRESE Rt R R - S ; 2

(1.7}

in specifications of the fiitering requirements, the conaept o { attesmpation is

ofien used. Assume that the i pass-hand arnplitude rosponse for o cortain

Ghier s Mo, and the amplitude response at SUTE arbitrary frequency @ is Mo the

relative attenuation, o) measured i decibela(dii) 5 defined as

o piory = 2log,, EM‘ niM {e:':._:s}}
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Noie that this attonuation i related w the maxinam level of iransmission in the pase-

bad,

Awmplitude respoase

-~ - z . o \,A‘
1'/ 1 ."\.
A : I
S FY
A AN
/o ‘ PN
H
/. LN
f . i . .
s ! i ; .
/ ¢ §
s f : § b
7 i ]
N i

i £ £
Figure 2-2  The dlustration of band-pass filler responss,

Lot £ and 4 represent Beguencies on low and high sides, Le. lower and uppey
freguencies respectively, a1 which the response fo 1/47 times the peak response
{-3.01 48 down) The bandwidih, 7 i defined as
B fy i (1.9)
The freguencies, frand f, have geometric symmetry aboud the conter Beguency
Fo Thus,
o= N (1.1

The parameter ¢ 5 related 1o the center frequency and bandwidih by

s

]

B LE
£ e

IR

The upper and lower fregueneios can be expressed as

PN
-
preey
P

N




o

SR E
where ¥, and € are the resistor and capaciior on the low pass side; Zrand O being

the resistor and capaciior on the bigh pass side respaotively.

A

The fler desion specifications

Dhuring the design process, the given frequency range of 60z o 102 was
systenmtically divided into four approximately egusl aads, thus regoiring fow

s
-y
-
—
b
o
3
H

aseaded two-pole active band-pass

In order 1o ensure that there ars no relected bands within the freguency mnge,

i

the respective amplitude response from the band-pass flters vistually overlap at the
upper and lower onds of thelr respeciive pass-bands withio the spectrum,
the cascaded petwork is
fixed at 60z and the upper frequency of the fowth fiher is fined af 16kHz, thas
speeting the desired range.

Hence, appropriste resistor and capscifor values were used in oblainiog the
upper and Jower fregquencies for sach bigusd o the network. From Bguations 111 and

3 -
1R 24 we have

* bandepsss filter

1
- ¥
F T e 75T e - U }){}{{w
i _ Rl P
?ff{’f,é’, w?v}ef;d{, 3
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B v 40«
PINE L) S e e e e ; iz
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1 band g filter

Bpper ¢ g ey frogquens s for the o pERpEUtive fillers
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{yiven the uppet
wandwidih, B $he § ﬁfzzmwifie: center frquencys Jo and the « 'gmﬁm a0
theor BlRS pat be bt ained from Fguations 1.t itast o lorwa

1% filer

= 4095 - Hiy = A’%{}?}.ﬁ ir

pandwidih, 57 I
5y ~ 455,68 17

frequency. o = f (4095 % B

The seaetrin Tenie
3= fow By = 4*:}.‘3.&%54’%}35 o £3

T guaiity facant, £ n1e

7 filiex
5 = G080 - 39957 4085 Hz
£y = NBORD X sy = 568181 1
31

0 fo/B el S1A0RS =13




B 12005 - 798G = 4085 He
From N(I2065 1 TORY & 981217 Hy

5oy

(= fo e 9812V TA085 ~ 24D

= L0000 - 11,965 = 4035 Hy
fo= <s 6000 11965~ 13830, 18 Hz

O /B = 13836184035 « 343

Similarly, the actual transfer fancrion for each of the biguads can be realized from
oldsining the fanction Volsy Vids) from the nodal analysis, and substituting for the
capacitance and resistance component values,

Therelore,

For the first biguad,

' N
5 , 'g. 5 H §
LR LS
VRO R RRC,
i
_ GO0 107 B 307
tad 3 ! !
B . R S et K G o
LB 107 x 3301077 390 330X/ (Bx 10t 390 3301070 w1 1077
1250

From Eguations 1.3 & 1.4, the gain. il 250
And the pole frequeney, @, 2.7125 2 10" » 3116 radians

The pole Q, 0= ITIH/RI49 « {38




4" biguad

!
- . K
200 e
. :;/ % H \‘ i
¢ 4 :‘;i + i';'
Lty Balw! H £

o

630w 360w 1D T

I
[y
ey
-
-~

LA 0T x 22w T TR BT ) L axH o 17, IR Y T SR

- BT
A e 1IR3 Ry 4 T e 1

&

The gain, | K | = 297619
H .- L -,
And the pole frequency, gy = 70 R 17y R7VTE 4 radians

he pole 10, £, = 87178 47101293 9 =~ (.86
The large gain values obtained from the computations bear close
gorrespondence to the geperal sssurption that an ideal op amp possesses an infinie

gain.

2.1.2  Yhe tuning circuit

The tuming cireait is commented to the coupling capacitor at the eutput of
the Gher network. 1t consiste of @ polentiometer of relatively high resistance in series
with ancther resistor of lower redistance. A Joad resistor connected acrnss the
potertiometer as shown in fgure 2-1 b The mamial movement downwards of the
shiding contact of the potentiornter invreases the resistance af the filier outpul, amd
thus reduces the output gain from the netw vk, Flowever, when the contact s
submequently moved upwands, the resistance 0 the network’s cutput is reduced, and
henee, an increase in the smplitude response i nbdabied.

The geinfamplitude response spans 2 1ange of 2008, Thus, each of the four

hands have their funers ealibiated from -0 o 4140,
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i electronic compononts for the audio graphic squalizer cirouitry in Beure 223

Hesistory 1 Capavitors

ﬁﬁ,i e f) %c,; . {Z" i a o:,{} g}t{

2 = 30 ohe

s 1260 ohuns

- 1O K putsotiomeier

= 400 chms

T3 ohns

120 phuns

iz;;::;,x

By = 10 K potentiometer

o= 7 K Ly = 360 pF
Ry 2.8K Oy 047 n¥
z%g = |20 ahmg

YRR

w

Eix\;h = H} K polepliometer

jroo]

76K

Rig=178 b

Has o 120 ohyns

13 K polentiometer

2.4 The nower supply unil

The op amps in the active filier network are fod with 12V DO from the
powesr supply unit, The untt consiats of 2 240 - 12V step dows transformer with the
optpat connected 1o a bridge rectifior 1o provide fdl wave rectificaticn. Paraliel
connected capacitors and resistors serve as smoothentng filters that reduce the npple
effect of the rectified output waveform. A pair of zener diodes are used to regolate the
voltage supply for both polantios

The resistor and capacitor valoes for the power supply clroult shown in figure 2-4 are
given below!

Ei{*@é%mm agms:m}z g

By o= 3% ohms

b $ ;
By = 19 ohma €;, P00 35V




CHAPTER 3

CONSTRUCTION, TESTS AND RESULTS

A1 CONSTRUCTION

in the abeence of computer simulation soflware, the design convepts were

ioplemented by practical construction of the egualizer systern with the discrete ireuitry

inserted on 1o g verohoard.

This method of disorele clroud wiring olherwise known as poisd-fr-poing or
harnesy wiving being employed reguires mintoum engineering offort and equipment. it
has advaniages over printed ciroult {PCY wiring in many applications, the following are
{1 Lavout and design {of printed clrouit wiring) are difficult,

(i Small quantity of printed circult boards (PCB8) are more expensive to produce.
(i Cioult design of PO7s 5 penally restricied 10 one plane,
{tvy  More Iabour costs are involved for PC changes and yepais.

(v  Suhconbracting of PORy i more difficult and costly,

The audio graphic equalizer cirenitry and that of the poser supply unit are
imseried on 2 58 X 144y veroboard, The verobuoard and the 240 12V step-down
tramsformer are subseguently moonted and sorewed on g 186 X 10T synthetic plastic
material providing adeguaie insulation support. Approprinte awlio input and outpid
ferminale are provided, as well a5 an extension cord to plug indo an a.n. power supply
spcket,

The two dugd fow-noise BT op-amp 1O (MU T438CP) constitute the “heart”
o the svstem to which the various componenis of the main clronlt, e.g. resisiors, and

capacitors, wore connected o

7







Y2 TESTS ANMD RESULYS

Tests on the power supply were carriesd o using o digial nnlimeter, Bach DU
autpnt voltage level tested vielded quile satisfaotory results, The twe DU levels obtainad
onformed fo acceptable tolerance lovels, Accordingly they worer #1234 7412V

ARGV

4 fidelily tost for the audio output Frow the graphic pgualizer, with an audio Inpan
from a compact dise plaver, vielded acceptable results, The reproduced sound being
faithiul o the onginal sound was gcoompanied with reduced noise. In addition the
shiding contacls of tuners for cach of the froqueney bands (B0 Hz - 4 kHz 4 - B ki &
12 ke 12 - 15 ke were adiusied accordingly. The higher Beguency ranges, Lo, from
gt 16 ki, were observed o be andibly preemphasized and deemphasized when the
coptacts wors shided upwards and downwards respectively, Hence, the problem of high
frequency background noise bas been adeguately takien cure of, Purthermmore, # was
ohserved that on the manua! adinstment of the sliding contacts upwards and downwards
respeetreely, for the tower frequencies Lo, from 60 He do € ks the bass-like andio

owtput was avcordingly boosted and sitenuated iy a watishholory manper,

T
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CHAPTER 4

CONCLUSION AND RECOMMENDATIONS

CONCTEUSION

The officacy of active filter realizations in andio signal processing svstoms has
been remarkably proven in this project. The aspect of sudio signal eoualization freated
which is based on basic pringiples of the filler network and filter relotod systoms dealing

with Frequency response modification, 12 a clesr example of such applications.

The set out obiectives stated carlioy on were gohieved 1o a gregt extent. However,

in the provess of noise reduction, some attenuation, which is g fractions! loss o amlbio

signat ampiiude when o signal passes through 3 svslem, was observed. Where an
increased sound level is desired, the graphic equaliver can be wsed s conjunction with an

auidio power amplifior of minimal distortion.
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Figure 2«4 Cirouit disgram of the powsy supply unit
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RYRTEM DESIGN

The zystem design practically consists of ten main segments namely:

£}

(i}

4.}

The awdio graphiv coualizer circuitry,

and the power supply unit,

The audio granhic vqualizer svsteom design

The design process employs g cascaded srrangemend of the blowing ag

basic building blocks:

{1

g filter network, {ermed a biguad),

% £

Gy ard Ba respective tuning oirouit (af the outpet of the f

L
) L S
Ve )

Output

F A
i
e,
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Herd,

Figure 2-12  The filler network

Figure 2-1b

The tuning oireuit




2.1 The flter petwark

The band-pass filters are practivally the two-pole active RU Lype with the main

purpose of olating specific fregueney ranges for the modification of the amplitude-

freguency response characieristic,

A cormnon parameter emploved m the desipn of fillers and e related
networks io the velfage fransfer function, where the general form of a network

Function is given as

g s b & } i,
3{72{ & ’ T - v,,
;3 «.7 4 ;?, 3 T4 } f?ﬁ

where aue 0 b, =0 ( (1.1
arut all the coeflicients o and by are real

The basic filter network used 5 based on single-amphifier blguad wopologies.
The negative feedback topolopy emploved 15 50 called becanse the BU nefwork
associated with the op amp provides 2 feedback path to the negative input tenminal of
the op amp, thus bearing an inveriing ampliffer soracture,

Hence, the finction Volsl Vdsd {voltage gaind of the hguad from nodal

anelyais i given as

; 7 ' :
i 74 (‘fg . S’g ; : § % . H
i, ROORC D ORROK
H 3 3 i

{1.23

where the general form for the transfer function of a second order band-pass filler

given as

or )
Tizym K B — -
. £k, .
§53
A R S 1
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RECOMMENDATIONS

Further improvement on this aciive filter hased svsten can be niade i the area of

U
sHvisturication, Presently, thick and thin film techno Ingies for the mamfacige of
resistors and capacitors, where theae components are deposited on cormmic sy batrate with

the opeamygp 10 chip bonded 1 the subsirate are avaitable,

Unlike the disprete romponent based cirouits, these miniature active filter cirouits
are small, fight and relisble, aud the techonlogy is quite soonomicsd where large numbers
of these medhun quality filters in the arder of ap te FOG.000 per vear can be produced,

b addition, more tunable frequency bands can be incorporaied in the specified
freuency range of the systent to provide 8 more detailed mod ification of {he ampiitude -

frequency response o g desired level for Histening.

Finally, a fiquid crystal display (100 or 4 Hpht enitting diode { LED) based
indicator can be used (o give a graphical depiction of the amplitude - fregueney FESPHINSS

variation when adjustinent, is being varvied out for sny bamd within the apecreom,

26
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