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MEPINHWH

H rapouoa StmAwuartikn epyaoio ExeL w¢ oKomo tnv vAomoinon kot
UEAETN avadoylkwy eveEPywV QIATPWV €VOG A KalL TEPLOTOTEPWV
otadiwv.

APXLKA EYIVE TTPOOOUOIWON KATWITEPATWY QPIATOWV LE TO MPOYPUUUA
Advanced Design System 2008 Update 2 ue xprion tou default evioyutn
tou ADS.

2e 6eutepo otadio ta idla pidtpa oxedlaotnkav aAt oto ADS aAda
QUTN TN POPX OTIC TTAPAUETPOUC TOU EVIOXUTH,H0UNKAV Ol TIUEC TWV
TopauUETPWY ToU LM741.

To tpito okEAOC auTh¢ NG Epyaciac eivat n vAomoinon Twv KUKAwUATWY
ToU 6eUTEPOU OkEAOUG, o€ breadboard ue tn xprion tou TEAeoTIKOU
evioyutn) LM741 €toL wote va yiveL UEAETN KL OUYKPLON TWV
QTTOTEAECUATWV.

Te€Aoc €yive ouAdoyn Kal OUYKPLON TWV QITOTEAECUATWV TNC EKAOTOTE
npooouoiwong.

ABSTRACT

This thesis aims at the study and implementation of analog active filters
which consist of one or more stages.

Firstly we did simulate the low pass filters by using the program
Advanced Design System 2008 Update 2.As far as the amplifier is
concerned we made use of the default ready to use amplifier which can
be found in ADS.

As a second step, the same filters were designed in ADS again, but this
time, the parameters of the amplifier had the same values as the
parameters of the amplifier LM741.

The third part of the thesis, is the build of the actual circuits (of the
second part) in breadboard by using the operational amplifier LM741 in
order to study and compare the results.



Finally, all simulation results were gathered and compared.
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KEDAANAIO 1

1.1 Eicaywyn

H xprion tnc¢ acupuatnc uetaedoonc tooco SeSoUEVWVY 000 Kal
outAiac ota TNAETMIKOIVWVIAKA cUOTHUOTA EXEL yvwpioel paydaia eEEALEN
Ta teAeutaia ypovia. Tov akpoywviaio AvGo autrc tng eé€Aénc
amoTEAOUV T NAEKTPOVIKA QIATPO, XWPIC TNV Xpron Twv omoiwv da ntav
aduvarn n uetadoon kat n AnyYn dedbougvwv Aoyo tn¢ unapénc tou
nAektpouayvntikou GopuBovu.

H oxebioon @idtpwyv gival évac amo Touc EAAXLOTOUC TOUEIC TNG
NAEKTPOVIKNC yla TOUC 0TTOloUC UTTAPXEL Ula oOAokAnpwuévn Yewpia
oxebdiaang,n omoia Eektva ammo TG TPOSLAYPAPEC KOl PTAVEL WC TNV
vAomoinon Tou KUKAWUATOG.

Yriapyxouv SUo Baoika idn ¢piAtpwy, avaloya pe To €(60¢ Tou
OrUOTOG 0TOo omoio aneubuvovtal. JUYKEKPLUEVA T PIATpA E TOL OOl
enelepyalOpAoTE AVAAOYLKA O OTO KOAOUVTOL AVAAOYIKA, EVW T
avtiotowya mou edpappolovrtal otnv enetepyaocia Pndlakwv cnUATwy

PnodLaka.

2tnv napovoa StmAwuatikn epyacio o ECTIHOOUUE OTA XVOAOYLKA
QiAtpa.

1.2 Zkormo¢ tn¢ SumAwuatikng epyaciac

2KOTTOC TNG moapovoac SUTAWUATIKAC Epyaciac ival n uAomoinon kat
TTPOOOUOLWON AVAAOYIKWY EVEPYWV QIATPWV TOOO UE TN XPron ToU
npoypauuatoc Advanced Design System 2008 Update 2, 600 kat pe
xpnion Breadboard oto epyaotrpto (xpnoiuonolwvtac mnpoyuUatiko
TEAEOTIKO EVIOXUTH)) KOl N LEAETN KOl CUYKPLON TWV OITOTEAECUATWY TWV
TIPOOOUOLWOEWV.



KEDAAAIO 2

2.1 Elcaywyn ota avaAoyika @iAtpa

Qc¢ avaldoyiko ¢iltpo opilovpe €va SIKTUWHO TTAONTIKWV N
EVEPYWV KL TTOONTIKWV OTOLXELWV TIOU EVEPYEL ETUAEKTLKA KOl ETILTPETIEL
N eumodilel tn SLEAEUON EVOC ONUATOC OE LLOL OPLOUEVN CUXVOTNTA ] O€
LLLOL OPLOUEVN TIEPLOXI) CUXVOTATWV.

Ta avodoylka GIATpa XPNOLUOTIOLOUVTAL OTA NAEKTPOVLKA CUOTH AT
yla va Swoouv Eudacn o€ CHUATA O KATIOLEG TIEPLOXEG CUXVOTATWY Kall
va anoppiPpouv onpata o AAAEG TEPLOXEC CUXVOTATWV. H
ETUAEKTIKOTNTA KABOE PiATpou Goov adopd TNV cuxvoTNTA ElvaL lowg N
1o ouvnOng pEBodog katnyoplomoinong.Auto mou amolntoupe dnAadn
arno ta piAtpa ,glval va ‘mepvolV’ Ta OHUATA TTOU TO TO $AcHA
OUXVOTATWV Tou¢ Bploketal péoa og pLa emBupunth {wvn Kot va
QTOKOTITOUV CLOTA TIOU TO GACGHO CUXVOTATWY Tou¢ PplokeTal £€w armo
autni tn {wvn .Ztnv Waviky mepimtwon €va ¢idtpo Slabtel pia R
TEPLOOOTEPEG {WVECG GUXVOTHTWY OTIOU TO HETPO TNG LETAPOPAS elval
pnovada(lwvn dLEAeuong) Kat pLa 1 tePLoooTtePES {WVEC CUXVOTHTWY TIOU
TO METPO petadopdg eivat undév(lwvn dpayng).

Me BAaon TLG TEPLOXEG GUXVOTHTWY TIou BEAOULUE va
EVIOXVUOOUUE,UmopoU e va Slaxwpilooupe ta avaloykd ¢piltpa o
Sdtadopoug tumouc.OL o Stadedopévol TuToL piAtpwy eival Ta
BaBbunepatd(low-pass),uPunepata(high-pass),lwvonepatd(band-pass)
ko {wvodpaktd(band-stop).

2T CUVEXELQ TTAPABETW KATIOLEG EVOELKTIKES YPAPLKEC TTAPACTACELG YLa
KAOE Lo aTto TLG TOPATTAVW Ao TLG BACIKEG UTIOOUASES TIPOYLOTIKWV
diAtpwv nou avadEpOnkav.

(1) Low pass



Itnv napanavw eikova(l) daivetal Eva low pass pidtpo(adrvel Tig
XOUNAEG OCUXVOTNTEC VAL TIEPACOUV KOlL ATIOKOTITEL TLG PNAEQ)

(2) High pass

Itnv ewkova 2 daivetat €va high pass pidtpo(adrvel tic uPpnAég
OUXVOTNTEG VOl TIEPACOUV KL ATTOKOTITEL TLG XA UNAEG)

(3) Band pass
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Itnv ewkova 3 BAEnoupue €va dpidtpo StEAevong {wvng CUXVOTATWY , TTOU
TIEPVA OUXVOTNTEG €VOG OPLOPEVOU UPOUG Kal armoppimntel (e€aoOevel)
OUXVOTNTEG EKTOC QUTNC TNG TEPLOXNC.



(4) Stop band
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Itnv ewkova 4 BAEnoupe éva ¢pidtpo amokomr¢ {wvng(stop-band).oto
oxNUa daivetal OtL TePVAVE OAEC OL CUXVOTNTEG TTANV TN {wvng OTN
HEan. To CUYKEKPLUEVO PiATpo SNAAS ATTOKOTTEL pLa PTITAvTa
OUXVOTATWV KL TIEPVAEL OAEC TLC UTIOAOLTTEC.

2.2 AlapOopEG EVEPYWV Kol madNTIKwyV PiATpwv

Ta avadoyika dpitpa xwpilovtal o Evepyd kat Madntikd.Ta
gvepya diAtpa ,(active filters) eival pidtpa ou evioxUouv To SlepXOUEVO
onua, oe avtiBeon e To TAONTIKA TTIOU OXL LOvVOo Sev To evioxUouv, aAAd
TIOAAEC popEc To e€acBevouv.

H gtdomotdc Siapopa otic 2 mapanavw KaTnyopie Twv
avaAoylkwyv QIATpwV EYKELTOL OTA OTOLXELX TO OTTOIOl TO! CUVIETOUV.

Ta madntika @idtpa ,0nw¢ umodNAWVEL KAl TO OVOUA TOUC AIToTEAOUVTAL
arto nadnTika oToLYEla, OTTWG TTUKVWTEC, TNVIX KOl AVTIOTAOELC OE
avTileon UE T EVEPYQ , TO OTTOLO TTEPQA TWV AVTIOTACEWV KOl TTUKVWTWV
XPNOLUOTTOLOUV KOl TEAECTIKOUC EVICXUTEC OL OTIOLOL ATALTOUV €EWTEPLKNA
tpododooia kat divouv ota PiATpa EMUTAEOV XOPOAKTNPLOTIKA TIOU €ival
TLOAU Xproua yLo TIoOANEG NAEKTPOVIKEG EPAPHUOYEC.

Ao TN pepLA TouG Ta evepyd PpiAtpa Sev elcAyouV ATTWAELEG, HLAC KOL O
TEAEOTIKOC EVIOXUTAG TTAPEXEL KEPSOG, MpooapuolovTal EUKOAQ, HLag Kal
0 TEAEOTLKOG EVIOXUTHC TapouoLalel peyadAn avtiotaon €L00dou Kal
ukpn e€0dou.

TENOG, £va KOO TIAEOVEKTN O TWV EVEPYWV GIATPpWY EVAVTL TWV
nadntikwv GIATpwv elvat To XapUNAGTEPO KOOTOG yLa TNV TTapaywyn Toug
KoOw¢ TO KOOTOG yLaL TA TINVLO TTOU QTTALTOUVTAL OTa TToONTLKA lval
LEYAAO.



ITnVv napouoa SUTAWUATIKA epyacia eoTioca otnv UAomoinon Kot
HEAETN TWV eveEPYWV avaAoylkwVv ¢iAtpwy TUTIOU low pass.

2.3 lIbavika kat mpayuatika @iAtpa

2Tov kOouo tirmota Sev eival 1daviko,EToL Aortov kal ta piAtpa to ool
kataokevalovtal (mpayuatika @idtpa) tpooradouv va itpooeyyiocouvv
v davikn kataotoon.ldavikda @idtpa vrtapyouv uovo otnv Jewpia.

Eva tbaviko @idtpo nepiéxet 2 {wveg,tnv {wvn dtEAsuonc kat tnv {wvn
PPAYNC.2TNV MPAYUATIKOTNTA OUWC, AVAUETH OE AUTEC TIC 2 {WVEC
ueooAaBei n {wvn ueTtaaBaonc TNV omoia CUVOVTOUE OTA TIPOYUNTIKC
@iAtpa.la va yivel o avTiANmTo auto, mapadetw MoUPoKATW 2 YPOPLKEC
TTUPAOTATELC TOOO ATTO EVA LOAVIKO KATWITEPATO PIATPO,000 Kol arto Eva
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Etol AoLmov EYKELTaL TO EPWTNUA, TOU TTWCE UTTOPOULE VX TTPOCEYYI(OOUUE
™V 1dbavikn kataotoon.OL Tapanavw YpopELIKEG ATELKOVIOELC
avapepovtal o idtpa 1 otadiov.Avénon tou aptduol twv otadiwv
EVOC QIATPOU ouvendyeTal n anokplon tng {wvng StéAeuong va yivel o
emimedn kot n {wvn AMOKOMAG VA YIVEL TILO ATTOTON.



Ta anoteAéopata autd dpaivovtal KoL oTnv ELKOVO TTou aKoAOUBEL omou
€xel emAexBel éva diltpo Butterworth.
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Amplitude Responses of Butterworth Low-Pass Filters

210 keadato 3 Ja pavei koL otnv mpaén HECW TWV MELPOUATIKWY
SOKIUWV TTOU EyLvav OTOo MPOoypauua npoocouoiwaong ADS ,imw¢ n avénon
TwV otadiwV eVOC QIATPOU UOC PEPVEL TTLO KOVTA OTNV LOAVIKN
Kataotaon evog piAtpou.

2.4 MNpooeyyioesic wiAtpwv tunou low-pass

Jta nAaiola autrc TN SUTAWUATIKAC Epyaoiac, ta QiAtpa oxediaotnkov
UE TIC Tapakatw nmpooeyyioeig: Butterworth,Chebyshev kaut elliptic.



(1) Butterworth low pass: To @iAtpo Butterworth,sivat évac tumog

QIATPOU TTOU OXESLAOTNKE WOTE VO TTPEXEL OO0 TO SUVATOV TTLO
erntinedn andkpion ouyvotntag otn {wvn ditEAsuong

10
0
10 ¥
_ 1! ORDER H".,
D o Ly
E nd \
> 2"® ORDER \
< .30 TN \
D I!lll-II“ LI \ \
4™ ORDER {Hl—p A
-40 HHt—H i i
10" orRDER HiL»
50
B0 \ A
.01 0.1 1 10 100

NORMALIZED FREQUENCY fifc

Amplitude Responses of Butterworth Low-Pass Filters

Onwc¢ qaivetal koL amo T ypaeLkn napaotaon to @iAtpo Butterworth
o0oo avéavetat o Baduoc tou @iAtpou 1000 Lo artotoun yivetat n
UETABAON KOl TOOO TTLO KOVTA (PTAVOUUE OTnV LdavVIKh

QaITOKPLON. ETIUTAEOV TAPEYXEL LOVOTOVIKN AITOKPLON, TN UEYLOTN ETiMESN
amnokpton {wvnc StEAevonc.l’auto 1o AOYo UEPLKEC POPEC TO ATTOKAAOUV
kat flat-flat @iAtpo.Ta @idtpa Butterworth xpnotuomnotouvtal yio thv
efouaduvon o€ ePapPUOYEC UETATPOTTNG SESOUEVWY OTTOU ammaLTOUVTOL
akplBn enineda onuatog oe oAokAnpn tnv {wvn ditEAevonc.

H amnokplon ocuyxvotntog mou akoAouBel mapakdtw, deixvel tn {wvn
uetaBaong (fc oto f1), 6mou n amokplon petatomniletal amno tn {wvng
S1Elevonc otn Lwvn armokormn¢. H {wvng SLEAEUONC TEAELWVEL OTO ONUElD
ue kEpdog Al mou Bploketal -3dB KATW Ao TNV ATOKPLON XAUNAAG
ouxvotntag AO.

H Zwvn amokomnng ELoEPXETAL OTOV N ATIOKPLON HLELWVETAL O€ KATIOLOL
nipokaBoplopévn TLUn kKEpdoug A2.
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(2) Chebyshev low-pass:

Ta pidtpa Chebyshev ,exouv moAU amotoun uetaBaon armo tn {wvn
OtéAeuanc otn {wvn ppaync.Ertionc mapexouv ueyado képbdoc otn {wvn
uetaBaonc o oxeon UE TG AAAEC TPOTEYYIOELS TOU
UeAetnOnkav(Butterworth,elliptic).
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Onwc¢ paivetal KoL armo TNV Mapanavw ypaeLkn napaoctacn , n {wvn
StéAevanc(pass-band) bev eivat povotovikn aAld meplExet
akuec(punec)otadepou nAatouc.lia eva dedouevo aptduo otadiwv evog
@iAtpou,000 mio Ynlec eivat ot akuec otnv {wvn StEAsvonc(ooo avéavel
0 aptBuoc twv otadiwv Tou PiAtpou tooo avéavel to ueyedoc Twv
PUTWV),T000 UeyaAutepo va givat to képdoc otn {wvn uetaBaonc. TEAog,
diAtpa pe Luyo aplbuo otadiwv mopdyouv KUPATIOUOUG TTPOC TA TTAVW,
evw ta ¢iAtpa pe povo aplBuod otadiwv dnuUlouvpyouv KUHATIOUOUC TTPOG
TO KATW.

(3)Elliptic low-pass:

Arto tn¢ 3 nmpooeyyioelc (butterworth,chebyshev,elliptic) ,to eAAettTika
@iAtpa xouv tnv rto antotoun puetaBaon amno t {wvn StEAevoncg



otn{wvn Qpayrg.

Eival eppavec kat amo tnv eLkOVa apanavw ,T000 arotoun ivat n
uetaBaon avaueoa otic 2 {wveg(dLEAeuanc kat ppayng) kat moco ULkpo
glvat to evpoc tn¢ {wvng uetaBaong (1.0 2€).Ta eAdewntika @idtpa
Eyouv tov iblo aptduo kvuatiouwv(pirnwv) otn {wvn SLEAEUTNG KalL ot
{wvn artoKortnc.

H oAU amotoun petaBaon aro tnv {wvn StEAsuonc otn {wvn @Paync
HAC PEPVEL TTLO KovTa otnv enmtduuntn tdavikn Asttovpyia twv @iAtpwv
ornou bev vpiotatal {wvn uetaBaonc ,0UwS To TIUNUA TTOU TTANPWVOUUE
glvat n un-ypauulkn cuuneptpopa otn {wvn dtEAsvong.



JUUQWVA UE TOV TTOPATIAVW TTIVOKA YIVETAL OAPEC TTWC TO KOOTOC YLol
ouaAn(ypauutkn) rmeptoxn pass-band,eivat n avénon tov eVpouc TNC
{wvnc uetaBaonc.2to kepadato 3 Ya pavei nio Eekadapa auto To
OUUTTEPACLA QTTO TO ATTOTEAECUATA TWV TELPOAUATIKWYV

TIPOOOUOLWOEWV.
Eupoc {wvnc uetaBaong(armo to lpauulkoTnTA OTNV ITEPLOXN PASS-
UEYAAUTEPO OTO ULKPOTEPO EUPOG) band(aro to Ayotepo ypauuiko-> oto
TTLO YPOUULKO)
Butterworth Elliptic
chebyshev Chebyshev
elliptic Butterworth

KEDAAAIO 3

O oxebLoopOC KOL N KATOOKEUN KUKAWHATWY HE SLOKPLTA NAEKTPOVLKA
g€aptnuarta, analtel cuvnBwWC apKeETEG DEWPNTIKES KL TIPAKTLKEG
YVWOELS NAEKTPOVIKWV. KUKAWHATA YEVIKAG KoL ELOIKAG XPNOLLOTNTOG
oTN XNULKA opyavoAoyia puimopolv va KataokeuaoBouv eUKOAO LE
TEAEOTIKOUG eVIOXUTEC (operational amplifiers, op amp’s, OA’s), oL omoiot
iPoodEPOVTAL OTO EUMOPLO WE GONVA OAOKANPWUEVO KUKAW-

pata (integrated circuits, ICs). H ovopaoio Twv TEAECTIKWY EVIOXUTWV
glval eVvOELKTIKA TNG LKOWVOTNTAC TOUG VA TIPAYHOTOTIOLOUV (UETA amod pa
KaTAAANAN ocuvdeopoloyia) HaONUATIKEG TEAECELS O€ onuaTa
avaAoylkol xapaKtnpo




3.1 Eiloaywyn otov TEAEOTIKO EVIOYUTN

Veet

e+

TeAEOTIKOG EVIOYUTHG Veer

O evIoXUTNG €lval pLa amo T onUavTikotepes Babuideg n Soutka
oTOLXELO TTOU XPNOLUOTIOLOUVTAL OTA AVAAOYLKA NAEKTPOVLKA.ZTNV TILO
anAni popdn Tou Onwc GalveTOL KAl OTO TAPATIAVW OXNUA,EXEL SUO
gl06douc,tnv Mn avaoctpédouoa sicodo(+) kat tnv Avaotpédouvoa
elo0d0(-) ota akpa TwV omoilwv epapuoleTal n TAon EL0OSOU Kal Lo
£€060 OMOU TTAPEXEL TO EVIOXUUEVO onpa tnS Stadopadg twy SUo
eL008wvV .EmutA£ov otn Statagn Tou TEAEOTIKOU EVIOYXUTH UTIAPXOUV Kall 2
akopa stcodol (Vee+ ,Vee-),olL onoleg elodyouv otov evioxutn SUo
OUMMETPLKEG TAOELS Ue BAon TIG omoleg Aettoupyel n evioxuon.

ATIO TO XOPOAKTNPLOTLIKA TOU evioxutn olaitepo evéladEpov
mapouoLalouyv To oAU peyalo kEpSog Taong avolxtol Bpoyxou, n oAU
LEYAAN avtiotaon elc0dou Kal n Kikpn avtiotaon eloodou.

H kOpLa Aettoupyia Tou TEAECTIKOU EVIOXUTN €lval va eVIOXUOEL TN
Stapopa duvapikou petafy twv SUo akpodektwv el06dou.Opiloupe
™V Stadopd SuvapKOU TwV akpodektwv eloocou w¢ Vin=(Ve+)-(Ve-)
w¢ Stadopikn Taon el06dou.YrmobEétwvtag ot To KEPSOG ToU TEAEDTLKOU
gvioxutn ewval Av (to KEpdoc Tou TEAEOTIKOU EVIOYXUTH Umopel var AdPel
TLOAU PEYAAEG TLUEG),TOTE N £€000G TOU TEAEOTIKOU EVIOXUTH LOOUTOL LIE
Vout=Av*Vin (1).

Ao ™ oxéon 1 Aoumdv mpokUMTeL nw¢ To kepdog¢ taonc Av=Vout/Vin.

Mépav OpWE Tou KEPSOUG TAONG, OTOUG TEAECTIKOUG EVIOXUTEG UTIAPYXOUV
KOLL KATTOLOL KOO BALCLKAL XOPALKTNPLOTLKA TTOU oG evoladEpouv.

e Y{YnAn ouvBetn avtiotaon l06dovu.
e XapunAn ouvOetn avtiotaon €d6dou.



e AuvoTOTNTA TOU OHUATOG TNG £€060L TOU EVIOXUTH VO
riapakoAouBetl T peTaBOAEG TOU onpatog eloodou.(slew rate)
e Anokplon cuxvotntog(eupog lwvng)

Oa éexwploovue 2 pueyaAec katnyopieg evioxutwv. TOUG MPAYUATIKOUG
EVIOYUTEC Kol TOUG LOQVIKOUC EVIOXUTEC.2TNV mapovoa SUMAwWUATIKNA
epyaoio o aoyoAnGoUuE UE TOUG MTPAYUATIKOUG EVIOXUTEC KOL TTLO
OUYKEKPLUEVQ, LE TOV LM741.

3.2 ZuvdeooAoyiec TEAEOTIKOU EVioXUTH

Avo armo ta Baolkotepa KUKAWUATA TEAEOTIKWV EVICYUTWV Eival n
aVOOTPEQPOUODA KAl N Un avaotpepouoa cuvdeouoloyia. Kot ot duo
OUVOECUOAOYIEC EXYOUV Eva KOLVO XAPOAKTNPLOTIKO: LA EEWTEPLKN
avtiotaon avadpaong ouvOedeuevn avausoa otnv €éodo kat tnv
avaotpepovoa €ioodo (-). To KOO TOUGC QUTO XOPOKTNPLOTIKO
KATATAOOEL Kol TIC OUO OUVOECUOAOYIEC OTO KUKAWUATO OpVNTLKAG
avadpaonc.To mAeovektiua TNC apvntikic avadpaonc eivat n
otadepormnoinon tou kEpdou¢ taonc o€ kadopt{ouevn tiun mou eéaptatol
Qo TIC TIUEC TWV QVTIOTACEWV TOU OLKTUOU avadpaong kadwc kat tnv
SlevupuVaOn ToU EUPOUC {WVNC CUXVOTATWV TOU EVIOXUTH.

JTIC TAPAKATW QAVAAUOELC EVIOXUTWV UE TEAEOTIKOUC,Ja Yewprioouue
TOUC TEAEOTIKOUG EVIOXUTEC LOAVIKOUG yla va ypiVEL TILO Katavontn n
avaAvon.

Ot bvo Baolkeg 1610TNTEC TOU 1OAVIKOU TEAECTIKOU EVIOYUTH Eival ol
katwdi:To kEpdo¢ taonc avolktoUu Bpoyyou eival amelpo. Amo auto
OUVETTAYETAL OTL YlO VO EXOUUE TIETIEPACUEVN Taon €000V MPEMEL N
Slaoptkn eicodoc va eivat undév. Asutepov: n avtiotaon e.codou tou
TeAeatikou evioxuth R;, eival anelpn Kt EToL To peUUA TTOU SLOPPEEL TOUC
SUO aKPOSEKTEG EL00SOU TOU TEAEOTIKOU €VIOXUTH Eivail UNSEVIKO.

Ot nopanavw OIOTNTEC TOU TEAEOTIKOU €vioxutn ovoualovtal
(POLVOUEVIKO BpayuUKUKAwuUA.To @atvoueViKO BpayuKkUKAwuUD, armoTeAE]
BpoxUKUKAwUQ Yyl TNV TAON, EMOUEVWE Kal ol duo Taoelc eicodou Ja



glval (0ec Kol avolxto KUKAWUO ylo TO pEUUQ, ETTOUEVWE OV Ja pEEL
peUUO LETAED TWV AKPOSEKTWYV ELOOSOU.

Avaotpépouaa cuvdeocuoioyia

To KUKAwUO QvaoTpEPOVTOC EVIOXUTH TOU QAIVETAL OTO TAPOKATW
oxnua,amoteAgital amd SUO AVTIOTAOELC KAl EVaV TEAECTIKO EVIOXUTH).
JUYKEKPLUEVD, N TAON €LOOOOU Vi, EQAPUOLETAL OTNV OVOOTPEPOUOTA
€l0obo TOU TEAEOTIKOU EVIOXUTH UEOW TNC avtiotaonc Ri evw n un
avaotpepouaa i0odo¢ ouvdEsTal ue tn yeiwon.

Mépoc¢ tn¢ taonc 060U EMIOTPEPEL OTNV avaotpepouoa gicodo dia
Uéoou tN¢ avriotaonc R, kal apatlpeital, Snuloupywvtac apvntikn
avadpaon. Etol otadepornoleital kot 0 0ALKO KEPOHOC TAONG, APOU
ormoladNmote UETABOAN TNG TAONG €ELOOOOU EXEL WG QMOTEAEOUD
UeyaAutepo onua €€06ou kat avaloyws UEYAAUTEPO onua agalpeital
arto tnv taon eLcodou.

iiin

Rz

e w,;:_ ) le

Vin d O

Vout

Erntetdn ot akpoOEKTEC €10060U TOU TEAEOTIKOU EVIOXUTH EU@avilouv
arnelpn avtiotaon, Sev Stappeovtal oo PEVUQA, ETTOUEVWE TO PEUUA TTOU
va dlappeet tnv avtiotaon R, Oa eivat ioo pe auto mou diappeet tnv Ry,
(00 uE i, Onwc¢ @aivetal oto oxnua. Ot moAtkotnteg mou Sdivovtal OTo
oxnua, avagépovtal otnv mepintwon UEeTkNG TaOonNG E€Loodou.
AVTIOTPOQEC Elval Kata TNV apvnTIKA TAon ELoOSOU.

AOyw TOU QALVOUEVIKOU BpayUKUKAWUATOC UE TN yn, N Tdon €L0060U
Looutal UE: Vi, = Ryiip

Kot n taon e€6dou Fa eivat: vyy: = -Ry-ii,

Alalpwvtag Kot UEAN TIC mapamavw OXECEL; Bpiokouue to kEPSHOC
TA0NC KAELOTOU Bpoyyou A, TOU QVAOTPEPOVTOC EVIOXUTH:



Ac = Vout/Vin =>Act = -Ryiin / Ryviin => Ac. =-R» / Ry

BAénouue, nwc to kEpbSog kAstotou Bpoyxou eéaptatal Lovo amo to Adyo
Twv U0 avtotaoewv R,kat R;mou onuaivel OTL UMTOPOUUE va
eniAééouue t0 KEPHOC KAeloTOU Bpoyyou 000 VEAOUUE, EeTIAEyovTac
KataAAnAa TI¢ TIUEC TWV QVTIOTACEWV TOU SIKTUWUATOC avadpaonc. To
npoonuo (-) Seixvel OTL 0 TEAEOTIKOC EVIOYUTHC OE OVOOTPEPOUOA
ouvbeouoloyia npokaAei kat avaotpo@n tou onuatog eEédou.

Mn Avaotpépouoa cuvOsoUOAoyia

To KUKAWUO TOU Un aVaOoTPEPOVTOC EVIOXUTH Eival OUOLO UE QUTO TOU
QVOOTPEPOVTOC EVIOXUTH, ME UOVN Olawopd OtL n Ttaon €eloodou
EQapUoleTal TNV Un avaotpépovta gicodo, evw n avtiotaon R, otnv
avaotpepouoa (0060 elval YELWUEVN OTO OPLOTEPO TNC AKPO, ONMWG
QPaIVETOL OTO TTOPAKATW CYXNUL:

H taon etoobou rou odnyei tn un avaotpepouvoa eicodo SNULOUPYEL UL
evioyuuevn €éodo iblag moAkotntac. Eva uépoc tng taong €€odou, to
oroio kavopiletal amd To SLAIPETN TAONG TMOU OXNUATI(ETOL oo TIC
QVTIOTAOELG R, Kol R, , ETIOTPEPEL TAAL OTOV QVOOTPEPOVTA AKPOSEKTN
£L0060U, OOV APAIPEITL TPOKXAWVTAC ApVNTIKA avadpaor).

Ertelén puetaév twv eL00dwvV TOU TEAEOTIKOU EVIOXUTH EXOUUE
QPALVOUEVIKO BpayukUKAwUa, N TAon EL0OSOU GTOV LN AVAOTPEPOVTA
evioxuth eupavifetal ota akpa tNSR1.Apa, UITOPOULE Vo

Voayouue: v, = Ryi;

ErtumAgov, apou Sev ELOEPYETAL PEULA OTOV TEAEOTIKO EVIOXUTH, TO (L0
pevU i; Oo MPEMEL va pEEL UEow TNG R, OTWCE QaivETAL OTO CXNUA.



BAgrouue ertiong, otL n taon e€6dou Sivetal armo tn oxeon:
Vout = (R1+ Ro) i3

Alalpwvtag Kata UEAN TG TPONYOULEVEG OXETELS, Bpiokouue To kEPSOC
TAONC TNC UN AVAOTPEPOUOAC cUVOETUoAoyIac:

AcL = Vour/ Vin =>Ac. = (R1 + R3)i1 / Ryi; =>Ac. = 1+ Ry/R;

BAEroupe ott ,to KEPSOC TAONC TNG UN AVAOTPEPOUTAC ouVOETLOAoyiaG
glvat Betiko, mou onuaivel otL to onua eéodou exetL tnv (Sl
moAwkotntaue to onua e.oodou. Eniong, kat o' avtn ™ ouvdeouodoyia
TOU TEAEOTIKOU evioxUuTr TO kKEPSOC TaoN¢ kaedopiletoal and to Adyo Twv
dUo avtiotaoewy. Etol, yla va EXOULE EVa OPLOUEVO KEPOOC TAONC, OPKEL
va emiAé€ovue kataAAnAa Tic TIUES TwV SUO aVTIOTHOEWV.

3.3.1 XapaKTNPLOTIKA TOU TIPAYHUOTIKOU EVIOXUTA

O MPAYHOTLKOG TEAEOTIKOC EVIOXUTAG £lval UTOG TTOU XPNOLUOTIOLELTAL
otnv npaén.Eivat cuvnBwg Eva OAOKANPWHEVO KUKAWUA,TO oTtolo
A€éyeTal LOVOALOLKO,eTteldn eival €€’ OAOKANPOU KATAOKEUACUEVO OE LA
Pndida mupttiov,otnv omoia dev eival Suvatog o SLaxwPLOUOS TWV
ETUMEPOUC OTOLXELWV.Z€ avTiBeon e Tov LOavIKO evioxuTn ,0
TIPAYHLOTLIKOG TEAECTIKOC EVIOXUTNAG EXEL TIETMEPACUEVEC TLUEG TOOO OTNV
aroAofn kEpdoug, 600 KoL oTa UTIOAOUTO OTOLXELD TOU OTTWE TNV
avtiotaon 10660u,to eVpoC {wvnc.

JTov MPWTO Tivaka anelkoviletal To Tt Ba BEAE Ao Eva TPAYUATLKO
gvioxutni(mpoaogéyylon tou Wbavikou),kat otov deUTEPO Mivaka
napaBETovtal oL armoAaBEC TOU EXOUE OO £VAV TIPAYUATLKO EVIOXUTH
o€ oX€0N HE auTta tou Ba BEAa e va TTAPOUUE.

TI A[TOZHTAME

Armelpn avtiotaon elcodou

Mndevikn avtiotaon e€6dou

Arnelpo kEpSog avolxtol Bpoyxou

Arnelpo Bandwidth

Tdon g€66ovu lon pe to 0 6tav n Stadopd Suvapikol
otnv €lcodo sivat pndev




TI NAIPNOYME OMQ3...

MoAU peydAn avtiotacn el0odou(tng TAENG TWV giga akopa Kal
tera)

avtiotaon e€660u MoAU Kovtd oto PNdEV(aKOpa Kol LEPLKA
ohm)

MoAU peyadAo kEpdog avolyxtou Bpoyxou

Bandwidth tn¢ taénc Twv peptkwv MHz

Taon e€6dou ,umapxet(pikpn),Aoyw tou otL n Stadopd
Suvapikou otnv elcodo(otoug akpodékteg eilcodou Tou
gvioxutn) bev elval undév.

Mépav OUwWS TWV TOPATTAVW XOUPAKTNPLOTIKWV, YL TNV EVOWUATWON TOU
TEAEOTIKOU EVIOXUTH O€ EVa KUKAWUQ EIVOL ONUAVTIKO Vo yVwpIiloUUE Kol
KATTOLO OKOUO TEXVLIKA YAPAKTNPLOTIKA T omtoia mapadetovtal
TTOPAKATW.

PeuuanoAwonceioodwyv(Input bias current):civatr to nuiadpotoua twv
PEVUATWVY TTOAWOCNG TwV SUO0 £L00SWV TOU TEAEOTIKOU.

Peuua anootaduiong etoédwv(input offset current): Opilstat w¢ n
SlLawopd Twv peUUATWY TOAWONC Twv SUO EL00SWV TOU TEAETTLKOU.

Taon arooctaduiong etoodou(input offset voltage V0):To uetpo tng
TAONG TTOU TIPETIEL VA EQAPUOOTEL UETAEU TWV ELOOSWV yLa va
undeviotei n taon eEédou

N\oyog anopping kotvou tpomou(common mode rejection
ratio):Metpatat amo tnv amoAaBn taon¢ mov ekdnAwvetat otav Eva
onua EQapuoletal THUTOxpova Kol oti¢ SU0 EL0OSOUC TOU
EVIOXUTH.BAETTOULE MPAKTLKA TTOOO QTTEXEL O EVIOXUTIC QITO TNV LOAVIKN
Kkataotaon kata tnv onoia n taon e€ddou(Vout) ivat ion ue undev otav
V+=V-



Puduoc uetaBoAn¢ tn¢ taonc eéodou(slew rate): Eivat o puBudc ue tov
ornolio uetaBardetal n taon eéodov.

3.3.2 Evioxutnc LM741

Mo TI¢ UETPHOEIC/TIPOOOUOLWOELC TWV KUKAWUATWY UE breadboard oto
gpyaatrpto xpnotuormotndnke o evioyutrc LM741. O evioyutric LM741
glvat “amoyovoc” tou UA741 Ko aVAKEL OTNV OLKOYEVELD TWV EVIOXUTWV
741 rou givat EVICYUTEC YEVIKOU OKOTTOU.

AkoAouUei uta pwtoypapia evoc npayuatikou evioxuti LM 741 kat otn
ouVéxela Vo mapadeow Kol ULa ELKOVA TTOU QaiVETaL N TormoAoyia Tou
KUKAWUATOC TOU €V AOYw evioxUTH).

LM741
offset null no connection
invering input v+
non-invering input output
V- offset null




Onw¢ paivetal Kal amo To oA TTAPATIAVW,0 EVIOXUTNC
EXEL 8 akpodEKTEC. TNV AetToupyia Twv omoilwv Ba e€nynooupe og auto
TO onuelo.

Akpodbéktng 1: (offset null) s auto Tov akpoSEKTN MOPEXOULE TAON

otav 9€Aouue va dnutoupynocouue dlawopd taong Uetaél Twv
akpodektwv 2,3 (eloodol Tou evioxuTn) WOTE, autr va €ival moAU Kovta
oto unbdev.Auto ouvernayetal otL n €£060¢ Tou evioxuth Ba givat undev.

Akpodéktng 2: (Inverting Input) >€ auto TOV KPOSEKTN MNYAiVEL TO

UETIKO UEPOC TOU onuUatog eLcodou mou JeAouuE va
EVIOYUOOUUE,EQPOTOV VEAOULE TO EVIOXUUEVO OO LUOC AVECTPAUEVO.AV
6ev UEAOULE TO EVIOYUUEVO ONUO QVTECTPAUEVO ,TOTE Balouue TO TETIKO
TUNMA TOU OHUATOC OTNV UNn avaotpepouoa eicodo(3) kat otov
akpOoSEKTN 2 CUVOEOUUE TO QPVNTIKO TUNUA TOU ONUATOC.

Akpodéktng 3: (Non-Inverting Input) >tnv nepintwon mov JéAouvue

otnv €£060 va EXOULE EVa EVICYUUEVO ONUX TO Oomoio va unv givait
QVTECTPAUEVO,TOTE OTOV akpobekTn 3 Ga ouvdETOULE TO BETIKO TUNUA
TOU onuatoc e.o0dou

Akpodbéktne 4: (V-) Na va Asttoupyrioet o LM741 xpetaletal ko UeTIKN

aAda kat apvntikn DC taon.MEéow Tou akpodEKTn 4 MapEXETAL OTOV
evioyutn n apvntikn DC taon mou xpetaletal.

Akpodbéktng 5: (offset null) >€ auto Tov akpodEKTN MAPEXOULE TAON

otav 9€éAouue va dnutoupyrioouvue dlawopd taonc UETaéD Twv
akpobdektwv 2,3 (eloodol Tou evioxuTr) WOTE, Ut va gival moAU Kovta
oto unbdev.Auto ouvernayetal otL n €£060¢ Tou evioxuth Ba eivat undev.

O akpobektnc 5 exetL tnv (bLa akptBwc Asttoupyia ue tov akpodektn 1.

AKpobEkTne 6: (Output) >e auto TOV AKPOSEKTN MAIPVOULE TO

EVIOYUUEVO onua rtou Byalvel oo tov eVioxuTh.



Akpodbéktng 7: (V+)MEéow autou tou akpodéktn mapexetal Jetikn DC
Taon.

Akpodbéktneg 8: (NC ) Autoc o akpodektnc Sev xpnotuormnoleital kot So

TIPETTEL VA UEVEL QVOLYTOG.

2€ avtiUeon Ue Toug LOAVIKOUG EVIOXUTEG, OTTWG aVaPEPUNKE Kol oTNV
evotnta 3.1 o LM741(rpayuatikog eVIOXUTIC) ,EXEL TTEMEPAOUEVO KEPOOG
avoLYToU Bpoyxou Kal MEMEPACUEVO EUPOC CUXVOTATWV

Moapakdtw QaiVETAL ULa YPOPLKN TTHPAOTHCN VLA EVAV EVIOXUTH YEVIKOU
oKomou 741.2tnv ypaikn mapaotaon Qaivetol To KEpSOC avolytoU
Bpoyyou ouvaptnon tn¢ ouxvoTNTAC.

Onwc¢ paivetal KoL amo T Yypa@LK) mopaotaon,otic oAU YauUnA&c
OUXVOTNTEC, UEXPL Ta 6 Hz epimou to k€pbdo¢ avorytou Bpdyxou eival
otadepo.Meta tn ouyvotnta twv 6Hz apyilel n ntwon UExpL to KEPSOC
avolytou Bpoyyou va yivel uovada.H cuyvotnta otnv omoia to kEPSOC
Looutal ue tn povada ovoudlstal cuxvotnta povadlaiov kEpSoug.



To eupoc(bandwidth) opiletatl w¢ to onueio(n tiun touv onueiov),oto
01t0(0 TO N KAUTTUAN ToU KEPSOUC KAELOTOU BpOyXOU TEUVEL TNV KAUTTUAN
ToU KEPSOUC avolytou Bpoyyou.

TNV mopaKkdtTw elkova paivovtat:open loop-gain, closed-loop gain kot
bandwidth.Eivat epu@avec mwc n KourtuAn tou kEpdouc kKAeLotoU
Bpoyxou TEUVEL TNV KOUTTUAN TOU KEPSOUC avolxtou Bpoyxou.

Bode Diagram
110 T T T T LR | T LB LY | T T T T T T

Open-Loop Gain (a)
Clozed-Loop Gain (2] ||

100

a0
B0 I Reduced LF gain
0=
G0 -

a0 -

mMagnitude (B8]

40 -

' Increased system bandwidth
20

10 F

10° 10° 10 10° 10" 100 10

Frequency (radfz)

ErtutAéov katt moAU onuavtiko mou aéilel va onuelwyvei yla tnv
TTOPATTAVW ELKOVA E(VAL OTL UTTOPOULE VO UTTOAOYICOUUE TNV apVNTLKA
avadpaon.H dtapopa tou kEpdouc avorytou Bpoyyou UE TO KEPSOC
kAetotou Bpoyxou uac divel to kEpdoc Bpoyxou mou pacg deiyvel tnv
apvntikn avadpaon.



2tnv evotnta 3.3.1 mapouotdotnkay oL TPoodOKIEC TTOU EXOULE Ao éva

TIPOYUOTIKO EVIOXUTH KAL VT’ aUTOU TOLEC Elval ol armoAaBEc TeALKA.

Ocwpw OKOTLUO OE AUTO TO ONUEID VA KAVW ULY AVAPOPT OTIC TIUEC TWV

XOPOKTNPLOTIKWV(EVOEIKTIKEC TIUEC ) TOU LM741 o€ oxéon Ue ToV LOaVIKO

evioxut.

XAPAKTHPIZTIKA IAANIKOZ ENIZXYTHZ2 | LM741
Avtiotaon AlEIPH 6MQ
etgobou(Rin)

Avtiotaon 0 500
eéodou(Rout)

Képboc taonc(Gain) AlEIPO 50.000 ue 100.000
Eupoc(bandwidth) AlEIPO 1IMH:z
Alapopa duvapikou 0 ImV
akpodekTwV eLcodou

(Offset voltage)

Input Current 0 30 nanoVolts




KEDAANAIO 4

4.1 Mpooouolwoels KukAwuatwyv oto ADS ue tov default
Evioxutn

Onwc exeL avapepUei Kol OTIC TAPATIAVW EVOTNTEC OL TOMOAOYIEC TWV
low pass @iAtpwv mou npocouoltwdnkav givat ot €nc:

1. Butterworth
2. Chebyshev
3. Elliptic

Kataokevalovrac eva @iAtpo evog otadiou kat Eva SUo otadiwv
,urtopouue va ptiaéouue pidtpa ue ot aptduo oradiwv pag {ntnvei .

®iAtpo 1% orabiou ®iAtpo 2 otabiwv ®iAtpo v otabiwv
2 0 2
1 1 3
1 2 5
0 2 4
0 3 6
1 3 7

Mpaktikd kat povo ue eidtpa 1% otadiov umopoUue va
KATAOKEUAOOUUE QiATpa ooovdnmote otadiwv,aAAd n KATHOKEUN TOUG
VIVETQL TTLO OUOLAOTIKN KoL EUKOAN UE TN Xpron Kat QiAtpwv 2 n kat
moapanavw otadiwv.

Ta @idtpa mou kataokevdotnkay iyav 6Aa oav Bdon touc pidtpa 1°
kot 2 otadiwv.

Oa apyioouvue ue ta @iltpa Butterworth,kat rtiio cuykekplueva a
UEAETHOOUUE QIATPpa EVOC,6U0 Katl TEVTE oTadiwv.




Butterworth 1 otadiou

8 Jrc |

AC

AC1

Start= 0.0 KHz
Stop=1 MHz
Step= 10 kHz

c1
' C=1 nF

IL

L[

Maparnavw @aivetal To KUKAWUA Kol 0TN CUVEXELA rtapaTtidetal n
VPOQLKN TOU MOPpAoTaon. XapaKTnPLOTIKO TwV QiAtpwv Butterworth eivat
n ouaAn uetaBaon mou Exouv arto T EPLOXN TN EVEPYOUCS {wvn¢ atnv
Jwvn @payrg.

0
~ -10—
S _
@) i
b il
m _
O 20

-30 T | T | T | T | T

0.0 0.2 0.4 0.6 0.8 1.0
freq, MHz

Butterworth 1°° otadiou

O

AMP1

Gdin= 100 dB
CMR=

Rout= 100 Ohm
RDiff= 1 M Ohm
CDiff=0 F
RCom= 1 MOhm
CCom=0 F
SlewRale= 1e+ 6
105=0 A
VYOS o Vv
BW=1 MHz
Polel=

Zerol=
VEE=-15 V
VCC=15 V

WVoul



Butterworth 2 otabiwv

C=15nF

W out

S5 —Wy —W

SRC1 R R O o gy

Vac= polar{1,0) V R1 R2 AMP1

Freq= freq R= 1.87 kOhm R= 4.42 kOh Gaire= 100 dB
- CMR=
Rout= 100 Ohm
RD#F= 1 MOhm
CD#f=0 F

Com= 1 MOhm

C= 670 PR Come o F

] sewas e

AC vOosov
AC1 BW=1 MHz
Start= 0 kHz Pole1=
Stop= 1 MHz Zerol=
Step= 10 kHz VEE= 15V
VCC=15V

To napanavw ¢iktpo ival 2 otadiwv kat epocov armno tn Bewpla Twv
dATpwV yvwpiloupe oTL 000 PLeYOAWVEL N TAEN VO diATpou(aplOuog
TwV otadlwv Tou) T000 EPLO0OTEPO TO GIATPO TTANGLALEL TNV LOAVLIKN
KOTAOTOON, TIEPLUEVOULLE N TIEPLOXN METABAONG va glval TiLo amotopn
armo autn tou ¢iAtpou evog otadiou,to omoio kat paivetal oto
TIOPAKATW CXAMA.

o

dB(Vout)
N N = \
o [3,] o o

N
a

)
o

&
G

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

frea, MHz



Butterworth 5 otadiwv

la ™ dnutouvpyia @iitpou 5 otadiwv uropouv va xpnotuomnotndouv
mmoAdoi ouvdlaouoi @idtpwv twv onoiwv to adpotoua Twv Baduwv toug

va glval EVTE. STV MPOKELUEVN TIEPITTTWON ,TO PiATpo 5 otadiwv
dnutovpyndnke amno 2 @idtpa dvo otadiwv kat aro 1 piAtpo evoc

otadiou.

VW " E O ANA——

® OpAmp ®
L AMP1 R2
Vil 3.16 kOhn Gain= 100 B R= 1.87 kOhm

v Ae g
PR %,T.—‘; MOhm

@v:r potar(1.0) ¥ | coor o
Freq=freq SewRate= 1et 6

10S=0A
VoS0V
BW= 1 MHz
Pole1=
Zarol=
VEE= 45V
- vec=15 v

&
AC
Act
Start= 0.0 kHz
Siop= 1 MHz
Step= 10 kHz

8 n"

O gy
AMP2

Gan~ 100 dB
CMR=
Rout= 100 Ohm

RDif= 1 MOhm

c=sBWOF
RCome 1 MOhm

CCom D F

SewRale= 1et 6

10850 A

vos-o vV

BA= 1 MHz

Polel=

Zerot=

CpAmgp

EE:
veoc=15Vv

R4 AMP3
R= 1.47 KOhm R=5.53 KOl Gain= 100 dB
CMR=
Rout= 100 Ohm
RDIff= 1 MOhm
c4 CDIfEOF
€= 330 pfom= 1 MOhm
cCom=0 F
SewRate= 1et 6
105=0A
VoS0V
BW= 1 MHz
Pole1=
Zero1=
VEE= A5V
vec=15 v
w

H taon Vout beiyvet tnv taon eéodou tou @iAtpou 5 otadiwv,mavw oto
KUKAwua Exouv onuetwdei 2 akoua taoelg. H taeon Vout2 kot n taon
Voutl,onuatobotouv avtiotowya Ti¢ TAOELC EE660U TwV @idtpwy 3
otabiwv kat 1% otadiov.To kUkAwua tou ortoiou n taon e€6bou ival n
Vout2 armtoteAeitat arro 1 @idtpo evoc otadiou kot Eva @iAtpo 2 otadiwv
,EMoUévwce n Vout2 eivat ééodoc girtpou 3*Y otabdiwv.EmtunAéov n Voutl

elvat n taon e€66ou tou @idpou evoc otadiou.



2T0 eNOUEVO ypapnua @aivetal to kEpdoc yla ti¢ 3 eéodouc.
EmtouEVwW ¢ UTopoULE va TapaTNPHOOULE OTO (810 ypapnua Tic SLoQOPEC
otnv kupatouopn twv eidtpwv 1,3 kat 5 orabiwv.

dB(Vout)
dB(Voutl)
dB(Vout2)

B e e B Y I

Eivat epugavec ott 000 pueyaAwvetl o aptduoc twv otadiwv tou @iitpou
TO00 Lo anotoun yivetat n neptoxn uetaBaonc.To pidtpo 5 otadiwv
EXEL TNV TTLO ATIOTOUN UETABOON, OTN CUVEXELO OTTWG TIEPLUEVALLE,
akoAoudel o pidtpo 3 otadiwv kat TEAo¢ tnv o opadn uetabBoon
napouotdalel o @idtpo 1% otabiov. Emouévwe BAEMOULUE KOl TIPOKTIKA
OTL YLO VO TTPOCEYYI(OOULE TNV LOAVIK KATAOTAON APKEL val
UEYaAwOoUuUE ToV aptdud twv otadiwv Tou @iAtpou.

1.0



(2 JCHEBYSHEV
2Tn ouveéxela akoAoudouv ta @idtpa Chebyshev.Kat o€ autr thv
niepintwaon Eyouv npooouolwIei pidtpa evoc ,6u0 kot mevte otadiwv.

Oa apyioouue ue éva Chebyshev evog otadiov.

zy|
70
c
AN
Cr 88 pF
R2
R=5.99 kOhm

Vin —AAN - | Vout
R +
V_AC R1

SRC1 R=3.38 kOhm OpAmp
") Vac= polar{1,0) V AMP2
Freqg= freq Gain=100 dB

WA

%
;

m ACT = CCom=0 F
A
AC1
Start= 0 kHz
Stop=1 MHz
Step= 100 kHz

H npooouoiwaon tou kukAwpartoc eytve aro 0 kHz uéypt 10 kHz.2tn
OUVEXELX AKOAOUTEL n ypapLKn TOU mapaotaon.
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(@) o
IIII|IIII|IIII|IIII

1
a

0.2 0.4 0.6 0.8 1.0
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o
o

To nanaravw @iAtpo evoc otadiov Exel moAU o ouan ustabBaon os
oxéon ue ta pidtpa 2 kat 5 otadiwv mov Ja akoAouvdrioouv.



Chebyshev 2 otadiwv

SRl

Vout

<

AC L
AC1 |
Start= 0 kHz G
Stop=1 MHz c1
Step= 10 kHz C=888 pF
Vin —AAN —AAN/ + I/
R R O pAm
v AC R1 R2 AI\FI,IAP1 g
SRC1 R=1.26 kOhm R= 6 kOhm Gain= 100 dB
@ Vac= polar(1,0) V ¢ CMR=
Freg= freq c2 Rout=100 Ohm
~ c= gBDjf= 1 MOhm
B CDiff=0 F
RCom=1 MOhm
cCom=0 F
T SlewRate= 1e+ 6
L I0S=0 A
— VOS=0V
BW=1 MHz
Pole1=
Zerol=
VEE= 15 V
VCC=15V

To napanavw KUKAWUQ EXEL avaoTpEPouoa ouvdeouoAoyia kadwc To
onua e€odou yupvael éava otnv elcodo 2 Tou evioyuTr).
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dB(Vout)
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EmtutA€ov amo TNV mapanavw ypapikn noapaotacn uac SIvetat n
EUKalpia va mapatnpriooulE TNV ‘putn ’ mou Exouv ta @iAtpa



chebyshev.Aebouégvou ott o @iAtpo pacg eivat 2 otadiwv, TEPIUEVOULE N
pUTN TOU QIATPOU va gival mPog Ta mAVw,OmwE Kal eival.

TeAog, 6nuiovpynidnke kat eva @iAtpo 5 otadiwv to onoio amoteAeital
arto 1 @iAtpo duo otadiwv kat Eva @iAtpo evog otadiou.

Chebyshev 5 otabdiwv




To kUkAwuoa uéxpt tnv €060 TOU SEUTEPOU EVIOYUTH AITOTEAEITAL OTTO T
2 pidtpa 2 otabiowv kat otn ouvéxela akoAovIsi to @idtpo 1%
otadiov.2tnv €€0do Tou SEUTEPOU EVIOXUTH KAL TTPLV TNV AVTIOTAON TTOU
onuatobotei TNV apxn tou idtpou 1% otabiov Exouus BdAet TNV tdon
Vout2 n orola uac divel tnv taon €£660U TOU MPWTOU TUNRUATOC TOU
oAkoU @iAtpou.lo amAd ue tnv taon Vout2 umopouue vo SoUUE TV
£€060 gvoc pidtpou 4% otadiwv Kot vo TNV OCUYKPIVOUUE LE TNV TEALKN
géobo Vout mou eivar n é€éodoc tou @iltpou 5 otadiwv.

dB(Vout)
dB(Vout2)
5
|

-100 T [ T [ T [ T [ T

frea, MHz

Me urmAe ypwua givat n kaumuAn mou agopd to @iAtpo 5 otadiwv ,evw
UE KOKKLVO Elval n KoUITUAn rou agpopd to urtokUkAwua 4" otadiwv.

MropoUuE va TapatnPRooULE OTNV EVEPYO {wvn TNV PLUTN TPOC TA KATW
TTOU KAVEL To PiATpo 5 otadiwv o€ avtideon Ue tnv putr mPoO¢ To MAVW
mou kavel to @idtpo 4° otadiwv .EnumtAéov paivetatl n o anotoun
uetaBaon mou ExeL to @iAtpo 5 oradiwv.



(3)Elliptic

Tédoc akoAouvBouv ta eddeurtika @idtpa,omov edw dnutoupyndnkov

KukAwuata ,600,TplwV Kot eVTe otadiwv. Ta eAAetnTika Qidtpa

XpeLalovral UEYAAUTPO EUPOC CUXVOTHTWYV YLO VO UTTOPECOULUE VAl
UEAETHOOUUE TNV KUUATOUOPPN TOU kEpdouc Touc.lta auTto To Aoyo ot

TIPOOOUOLWOELC Yivave UEXPL TNV ouxvoTnTa Twv 3 MHz.

To npwto kKUKAwua ivat 2 otadiwv.

[&&]

AC

AC|

R= 100 Ohm

D

AC1

Start= 0 kHz
Stop= 3 MHz
Shep= 50 kHz

WVout

1L

c3
~ C= 520 pF

© piurp
AMP1

Gain= 100 dB
CMR=

nF

RDiff= 1 M®hm
CDiff= 0 FR4

RCom= 1 N9 ¥YOhm
cCom=0F
SewRate= 1e+ 6

[ R 1I0S=0A

>R3  vos=ov
R=6 kiym 1 M Hz
Pole1=
Zerol=
VEE=-15 V
vee=15v

N

Kot otn ouveéxela akoAoudel n ypa@ikn mopaotaon tou KEpSOUG TOU EV

Aoyw piAtpou.
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210 @iAtpo 3 otadiwv nmou akoAouvVei paivetal KaAUTEpa n Asttoupyia
TWV EAAEMTIKWY QIATPWV KAl TO TOOO QITOTOUN EIVAL TIPAYUATIKA N
uetaBaon touc armo tnv evepyo {wvn( mou mepvave ot emSUUNTEC
OUXVOTNTEC TOU onuatoc¢ etcodou) atn {wvn @payncg .

AT
ACi
Start= 0 kHz
Stop= 3 MHz
Step= 50 kHz
Vi Ay Y. } .
® c |
Ri &3 \ =
4 vac R=683.2 Ohm C=1.275 oF TR="5\432 kOhm Vout
sRCA 1c ke A'A /
6_, Vao= polar(1,0) V c1 [
Freq— freq M c=334.6 pF R4 Ophmp
= R=131.2 Ohm AMP1
Gdin= 100 dB
CMR=
Rout=100 O
‘—W\f———mn!w-nﬂ:\fw——
R CDiff=0 F R
RCom=1 MO
R=10 kOhm CCom=0 F R=30 kOhm
A SewRate=1et 6
= 108=0 A
VOS=0 V
A1 BW=1 MHz
= Pole1 =
Zerol=
VEE= 15 V

VYCC=18 V
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ESw @aivovtal oAU kaGapd T YapaKTNPLOTIKA TwV EAAELTTIKWY
@iAtpwv.H moAU uikpn ko amotoun epLloxn UETaBaonc mou xouv aAda
Kol oL ‘puUtec’ TOOO OTNV EVEPYO MEPLOXN AAAA KoL TNV TTEPLOXN PPOYNC.

Kot téAdoc akoAouUei to @idtpo 5 otadiwv to omoio dnutovpyndnke armo
2 piAtpa,to npwrto givat 2 otadiwv kot to devutepo 3 otadiwv o
ouvoLaoUOC TwV ortoiov uag Sivel to emtBuunto eAAELTTIKO piATpo 5
otadiwv. Na va EYOUUE ULa TILO oapn ELKOVA YLa TOo KEPSOC TOU QiATpou
5otadiwv otnv ypapikn napaotaon imov akodovdei ,da napadcéoovue
Kol To kEpSOC ToU iAtpou 2 otadiwyv yla va gival 1o upavnc n
Slaopa.Eivol ELEAVEC TO TTOOO TILO AITOTOUN ELValL 1) TTEPLOXN
uetaBaonc oto @idtpo 5°° otabiouv oe oxéon ue auto twv 4“Y orabdiwv.



-t
C=470pF

Vout

AAA

AA

c
S C=470pF -

‘C4
> c=t.qnr

([

VOs=0'V

> R=6 kPhe 1 Mz

Polel =
Zerol =
VEE=-15V
VCC=15V

W

RS
R=50 Ohm

Voutz AL
voulg /T

cs
C=470pF .

C AAA—

e

c

R=100 Ohm

a
C=470 pF

L
>

R=200 Ohm
4

AC
AC1
Stat=0 kHz

<

Bre

R=200 Ohm

8
= C=4T0 pF

Vout¥

cio
= c=1.0pF

Rout=100 Ohm

RDiff =1 MOhm
CDiff=0 F
RCom =1 MOhm

"CCon =0 F

SlewRate=1e+6
105=0.4

R

Stop=3 MHz
Step=100 kHz

dB(Vout3)
dB(Vout)

frea, MHz

Me to umAe ypwuoa @aivetal to @iAtpo 5 otadiwv kot Ue TO KOKKLVO TO

@iAtpo 2 otadiwv.

VOs=0V
BW=1 MHz
Pokei =
Zérol =

Riz Zol
SR=10KOYFE=TIY

=15V



4.2 [1poooUOLWOELC KUKAWUATWY 0TO DSA UE TIC TIUEC
ToU evioyutn LM741

2TO KEQPAAQLO 3 KAl TTLO OUYKEKPLUEVA OTNV evOTNTa 3.3.2 EYLVE UlA
eloaywyn yLo tov evioxutn LM741.0 ev AOyw evioyutrc,eivat EVIOXUTHC
VEVIKOU OKOTTOU KOl OL TIUEC TOU TTPOoOEeyyilouv o€ peyado Baduo tic
TIEC Tou default evioyutn tou mpoypaupatoc ADS yla QpKETEC Ao TG
TTAPOUETPOUC TOUG.

Moapakatw rapadetw eva mivaka UE TIC SLAPOPETIKEG TIUEC TTOU
eLonxdnoav oTou¢ EVICYUTEC TWV KUKAWUATWVY KATA TNV TPOCOU0IWwaN
TOUC UE TIC TIUEC TOU evioxuth LM741.

MAPAMETPOI DEFAULT ENIZXYTHZ TOY | LM741
DSA

Common mode | --—--- 90dB

rejection ratio

Common mode IMOhm 2Mohm

input resistance

Slewrate le+6 5e+5

Input offset current | OA 20nA

Input offset voltage | OV ImVv

Bandwidth 1IMHz 1.5MHz

21N ouvexela Ba napadeow oAa Ta KUKAWUATH TTOU TTPOCOUOLWINKAYV
yLoe SeUTEPN POopd ,LUOVO TTOU QUTH) TN POP EYLVE XPHON TWV TIUWV TOU
evioyutr) Im741.0t Sitapopéc o moAAd aro ta KUKAwuata ,eivatl oAU
ULKPEC OO0V QPOPA TNV YPAPLKN TTAPAOTAON TOU KEPOOUC.

Oa éeKIvOOUUE OTTWCG KOl TAPATTAVW UE TNV TortoAoyia Butterworth




(1)Butterworth

To npwto KUKAwu ivatl Eva amAd @iAtpo evoc otadiou.

IL

cl
~C=1.0 oF

—

Apxika Ga napaGeow TN YpAPLKN TOHPAOTACN TOU KEPOOUC yLa TO
apanavw QIATpo kot otn ouvexela da akoAoudnoeL uLa cUyKpLoN TwWV
VPOPLKWVY TTHPACTATEWV YLa TO QPIATPO UE xprion Tou evioxutn Im741 kat
yLo to QiAtpo ue xprion tou default evioyutn tou ADS.

-10 —

-15 —

db(Vout/Vin)

-20 —

.25 |
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freq, MHz



H ypouun Ue KOKKIVO XPWUO QVTLOTOLXEL OTO KEPOOC TOU PIATPOU UE TOV
LM741 ,evw UE TIC LAUPEC KOUKIOEC paiveTal TO KEPOOG TOU QIATPOU UE
tov default evioyutn tou ADS.Onwc¢ aivetal Ko ato To ypa@nua ot
VPOPLKEC TTAPAOTAOELC TWV 2 KUKAWUATWV gival (OLec. YIiapxeL armoAutn
ETUKAAUYN OTIC KUUATOUOPPEC.

0
-5
~ -10—
5
(@]
> 15—
m
© 204
-25—
'30 [ | [ | [ | [ | [
0.0 0.2 0.4 0.6 038 1.0
freq, MHz

21N ouvexela akoAoudei o pidtpo 2 otadiwv,0mou QaiVETAL va UTTAPXEL
OLaWopda OTIC KUUATOUOPWEC UETaéU TOU QiATpou ue Tov default
EVIOXUTN KOl O€ QUTO UE Tov LM741.

ApxLKd TopoUoLAleTAL TO KUKAWUX KAl OTN OUVEXELA akoAoudouv ol
VPOPLKEG TTAPAOTAOELC.H SEUTEPN YpAPIKN TAPAOTAON AVTIOTOLXEL OTO
KUKAwa rtou xpnotuormnolei tov evioxut LM741.



Vout

1
c
c4
Cc=15nF
vin |; >
T AC A
RC1 h_RWv RNV o
Vac= polar(1,0} V R1 R2 AMP1
Freq= freq R= 1.87 kOhm R= 4.42 kO Gain= 100 dB
CMR= 90 dB

&8 jac)

AC
AC1

Start= 0 kHz
Stop= 1 MHz
Step= 10 kHz

T

>4
c3
C=

Rout= 100 Ohm
RDiff=1 MOhm
CDf=0F

RCom= 2 MOhm

570 PFocom=0 F

SowRale= Set+ 5
10S= 20 nA
VOS= 1 mvV
BW= 1.5 MHz
Polel=

Zerol=

VEE= 15V
vcC=15V

MapatnpoUue otnv ypapLkn mapaotoo!) mw¢ Ot CUXVOTNTA TWV

0.5MHz éxouue tnv eAayiotn tiun (-35) ko otn cuvexela To kKEPSOC

UEYOAWVEL UEXPL Th ouxvotnta tou 1% MHz érou kat mAnotadlet tnv Tun

-30.

dB(Vout)

-10—

-15—

-20—

0.0

0.1 0.2

0.7 0.8

03 04 05
freq, MHz

0.9

1.0



2TNV ypaQLKn ameLkovion tou akoAouvdel yia to pidtpo(2 otadiwv
ntaAt)oto omnoio ypnotuomnotnvnke o evioxutrc LM741, mapatnpoUue otl
NV EAayLoTn TN ToU KEPOOUC TNV CUVAVTAUE Aiyo mpLv TNV ouxvotnTad
twv 0.5 MHz kat rtio ouykekpiueva ota 0.450 MHz ,evw n twun otn
ouyvotnta tou 1°° MHz ésntepva tnv T -30.
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AUTO TTOU UTTOPOULE VO EPUNVEUCOULE OTTO TNV OUYKPLON TwV 2 QiAtpwv
2% otabiouv givatl, mw¢ oL OMOLEC SLAPOPEC MUPATNPOUUE OTLC YPOPLKEC
QTTELKOVIOELC Elval aTnV IEpLoXn @paync twv 2 iAtpwv.

[a va kAgioouue ue tn mpooéyylon Butterworth, Ba eéstaoouue kot tnv
niepintwon tou @iAtpou 5 otadiwv.Apxikd Ga mopadEcovuue To KUKAwUA
UE TIC TIUEC TOU LM 741 kat otn ouvexela da akoAoudnoeL TOoo n
VPAPLKN OITELKOVLON TOU QIATPOU 000 KAl ) CUYKPLON TNG KUUXTOUOPPAC
TOU UE auThn Tou QiAtpou mou ExeL tov default evioyutr) .



Opamp

AN E Y] ANA——
ey ¥

R4 AMP3
:1 Opi np :2 ol AMP2 R=1.47 KOhm R= 5.53 kO Gain= 100 dB
AMP1 y
Gain= 100 B CMR= 90 dB
ViRF 3.16 KOhm g:$ ;:nd: R=1.37 kOhm R=442K i R o
— Rout= 100 Ohm RDIT= 1 MOhm
= 100 Ohm cu RDiff= 1 MOhm CDiff=0 F
+f vae R 1 MOhm o 9B OF €= 330 PFom= 2 MOhm
RCA %oﬁ %F..on RCom= 2 MOhm CCom=0F
il ™ CCom=0 F SewRate= Set 5
Vac= polar(1,0) ¥V CCom= 0 F
Frege freg SewRate= Set 5 105= 20 nA
- :,";":;n:" s 105 20 nA VOSs=1 mV
VOS 1 mv BW= 1.5 MHz
VO 1 m¥ BW= 1.5 MHz FPole1=
BW= 1.5 MHz Polel= Zerol=
Pole1= Zero1= VEE= 15V
Zero1= EE=—rEy vee=15V
YEE- SV vee= 15 v
w vee=15V
{,& -
aAe
Act
Start= 0.0 kHz
Sop= 2 MHz
Step= 10 kHz
—~ -20—
=S d—) _
o) >0 3
> g g -40—
<
[
Dmm
© T -60
_100 T | T | T | T | T | T | T | T | T | T

00 02 04 06 08 10 12 14 16 18 20
freq, MHz

Me to unle ypwua ivat n kupatopopen yLa to @idtpo lotadiou,us to
KOKKLVO N Kupatopop@r yia eidtpo 3% otadiwv utac kat n uétpnon
vivetatl ueta tnv é€obo tou 2°° evioyutr kot TéAoc n pol KUUOTOUOPPN
avtiotolyei otnv teAikn €éodo tou piAtpou 5 otadiwv.



2TNV aplotepn UEPLE BAEMOUUE TNV KUUATOUOP TOU QIATpou To ormoio
EXEL OTIC TOPAUETPOUG TOU EVIOXUTN TIC TIUEC TTOU AVTLOTOLYOUV OTOV
LM741 kot otnv deéla uepta eivat n kupatopopen yLa to QIiATpo Ue Tov
TIC TIUEC TOU default evioyutr).

2TNV ypoQLKN OTTELKOVLON OTTOU EXEL YIVEL Xprion tou LM741 otn
ouyxvotnta twv 0.4MHz €xel TEAELWOEL N TEPLOXN UETABAONC KoL N TLUNA
ToU képbdouc eivat -87db.Meta ta 0.4 MHz mmopatnpoUlUE ULe TTOAU ULKpn
avodo otnv KaumuAn uéxpt tn cuyxvotnta tou 1.1 MHz kat UETA arto KEL
otadlakn peiwon ugxpt to 2MH:z.

Ooov apopa TNV KUUXTOUOPPI TOU PIATPOU OmouU EXEL YIVEL Xprion TOU
default evioyutn otn ouyvotnta twv 0.4MHz to képboc eivat sta -85db
koL mopauevel otadepo uexpt ta 0.9MHz,usta amro ta 0.9MHz apyilel va
TIEQPTEL OTAOLOKA UEXPL KOl TO TEAOC TWV ouxvoTHTWV ota 2MH:z.



(2)Chebyshev

Itnv npooopoiwon tou diktpou butterworth 1°° otabiou
TIPONYOUMEVWG, 0L SLadopEG oTNV KUpaTopopdr Tou kKEpSOUG Tou
diAtpou mou xpnotuomnolovoe tov default evioxutn kat tou ¢pidtpou mou
xpnotuomnoionke o LM741 qtav moAU pikpEG.Ztnv toroAoyia Chebyshev
elval o Stakptég ot Stadopég otnv nepintwon tou dpiktpou 1°
otadiov.

AkoAoUBel To KUKAwHA Tou PIATPOU KAl 0T CUVEXELA N YPAdLIKA

mapAactacn Tou KEpdouc.

Vin

Y

I
C
SN,

CRrE8 pF
R2
R=5.99 kOhm

V_AC
SRC1

Freq= freq

o
@Vat:: polar(1,0) V

+— VWV
R

- | Vout
+

R1
R= 3.38 kOhm

Mapakdtw akoAouBel n cUYKPLON TWV YPADIKWVY TIAPUOTACEWY TWV
KEPOWV yLa TIG TEPUTTWOELG Tou LM741 kat tou default evioyxutn.

%3 [ac ‘l‘

AC

AC1

Start= 0 kHz
Stop=1 MHz
Step= 100 kHz

Opfump

AMP2
Gain=100 dB
CMR=90 dB
Rout=100 Ohm
RDif=1 MOhm
CDiFFOF
RCom=2 MOhm
CCom=0F
SlewRate=5e+5
105=20 nA
VOS=1 mV
BW=1.5 MHz
Pdlel1=

Zerol=
VEE=-15V
VCC=15V



dB(Vout)
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Ewkova 1pe xprion tou LM741

dB (Vout)
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freq, MHz

Ewkova 2 pe xprion tou default evioxuti
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H mpwtn ypa@ikn napaotacn avtloToLYEL 0TO QIATPO TToU EXEL TOV
evioxut) LM741 ko n 6eutepn oto @iAtpo ue tov default evioyutn.Ztnv
niepintwaon tn¢ toroAoyioc Chebyshev n dtapopd oTIC YpAPLKEC
TTHPAOTAOELC TOU KEPSOUC HEV Elval UOVO OTNV TTEPLOXN PPy TOU
@iAtpou onwc eiye napatnpnVei otnv tormoAoyia butterworth,aAAa
EeKIVaEL armo TIC YAUNAEG OUXVOTNTEG.

Méxpt tnv ouyvotnta twv 0.10MHz dev untapxet karmoia Stapopd.KEpdoc
0dB mapatnpouue otnv nepintwaon tov LM741 otn ouyvotnta twv
0.26MHz evw oto @iAtpo ue tov default evioyutr otn ocuxvotnta Twv
0.30 MHz. lNa va urmopoUUE va mopaTNPHOOUUE KAAUTEPX TN dLapopd
OTLC TIUEC TOU KEPOOUG YLa TIGC 2 MEPLTTWOELS VA TIC ELOAYW OE EVa
rivaka yla va givat o eUKoAn n cukpLon.

GAIN FREQZ2TON LM741 FREQ 2TON DEFAULT
-2 0.17MH:z 0.21 MHz

-4 0.46 MH:z 0.55 MHz

-6 0.58 MHz 0.68 MHz

-8 0.73 MHz 0.87 MHz

-9 0.83 MHz 1 MH:z

-10 oo |-

Moapatnpouue ott To PIATPo Ue Tov LM741 ExeL pLa ITLO aTTOTOUN
uetaBaon (o€ 0Aeg TIC TEPLOYEC TOU PIATPOU) O€ oxéon UE TO PiATpo
70U ExeL Tov default evioyutn.

AkoAouUei to @piAtpo 2 otadiwV UE TIC CUYKPIOELC TWV YPAPLKWY
TTOPAOTATEWV.




1

Ewova 3 pe xprion tou LM741

AC I
AC1 H |
Start=0 kHz C
Stop=1 MHz c1 -
Step= 10 kHz C=888 pF Vout
Vim
—AM —AMV e
R R O pAnmp
v _AC R1 R2 AMP
SRC1 R=1.26 kOhm R=6 KOhm Gain= 100 dB
@ Vac= polar(1,0} V . ¢ CMR=90 dB
Freq= freq c2 Rout= 100 Ohm
~" ¢= g8Df= 1 MO hm
B CDiff=0 F
RCom= 2 MOhm
CCom=0F
J_ SlewRate= 5e+ 5
- . 105=20 nA
- VOS=1 mV
BW= 1.5 MHz
Pole1=
Zerol=
VEE=-15 V
VCC=15 V
5 -
=
_5_:
g 10
o -
> 7
S 15
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dB(Vout)
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Ewkova 4 pe xprion tou default evioxuti

ATTO TIG 2 YPAPLKEC TAPAOTAOELC TOU QPiATpou chebyshev 2 otadiwv
QPaiVETOL OTL N KUUATOUOP®N TOU QiATpou UE ToV evioxutr LM741 eival
UETATOTILOUEVN TIPOC TO APLOTEPH OE OXEON UE aUTHV Tou default
gvioxun.

Tédog ,Oa napouotaoouue Kal TIC SLapopéEc yLa to piAtpo 5 otadiwv.



AkoAoutdoUv ol YpaPLKEC TOPAOTATELS VLo T QIATpa TOOO UE TOV
evioxut LM741 éoo kat ue tov default evioyutn tou ADS.
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GAIN LM741 DEFAULT
-20dB 0.3MHz 0.28MHz
-30dB 0.35MHz 0.32MHz
-50dB 0.5MHz 0.46MHz
-60dB 0.6MHz 0.55MH:z
-80dB 0.9MHz 0.81MHz

Evéeiktika emAééaue KamoLeg TIUEG TOU KEPSOUC TOU QIATpoU yla va
douue tn Slapopd mou Va EXEL TN CUXVOTNTA LUE TOV EKAOTOTE EVIOXUTH
ka9e popa(LM741/default).Onwc mpoavapépdnke kat atnv apxn tng
EVOTNTAC OL SLOPOPEC ITOU TTEPLUEVOULE va Soue Sev Ba eival UeyaAec
AOyw TOU OTL KOl OL 2 EVIOXUTEG EivaL YEVIKOU OKOTTOU.AV OUw¢ AnpOei
UrtoYnv To YEYovocC OTL ,0€ KATTOLEC TTPOUETPOUC TWV EVIOXUTWV EXOUUE
SLaWOPETIKEC TIUEC Ta NTav tepiepyo va SoOUUE amapdAAQYTEC TIC
VPOPLKEC ATTELKOVIOELC TOU KEPSOUC TOU QIATPOU.

H teAeutaia tormoAoyia @iAtpwv mou mpooouoLwBnNKE UE XPron Tou
ADS eivatl ta eAAetntika @idtpa.

(3)Elliptic

2NV Katnyoplia twv eAAeTIKWY QiATpwv npocouolwidnkay @iAtpa 2,3
kot 5 otadiwv.

I apxn Sa Eekiviooue ue to EAAeLTTIKO @iATtpo 2 otadiwv.
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ATTO TIC 2 YPOUPLKEC TTAPAOTHOELC PAIVETAL TTWC TOOO TO PIATPO TTOU EXEL
vAorotnUei ue tov evioxutn LM741 ooo kot to @iAtpo ue tov default
evioyutn toy ADS otnv evepyo rteptoxn €xouv tnv idia
kupatouopen.Meta ta 0.2MHz apyilouv va Stagopormrotouvtal ot
KUUQTOUOPQEC,KAL N YPOAPLKN TOPAOTHON TOU QiAtpou e tov default
EVIOXUTH QaiVETOL Vo EXEL TTLO ATTOTOUN KAlON. HKOTWTEPN TIUN TOU
képbdouc yla ta 2 @iAtpa ivat -16dB yia to @iAtpo ue tovIm741 kot -
16.5 yiax 1o @iltpo ue tov default evioyutn.H dtapopa otic
KUUOTOUOPQEC MAPATNPEITAL KL OTNV TTEPLOXN PPaAynC ,Kadwc yLo
képdoc -15 dB n ouxvotnteCc mou avtiotolyouv ota 2 @iAtpa eivat 2.1
MHz yia to @iAtpo ue tov evioyutr) Im741 kat 2.0 MHz yio to @iAtpo ue
tov default evioyutn.ZuvoAika Aotrov tapatnpeital pula kaduotépnon
OTLC QVTIOTOLYEC TIUEC KEPOOUG OO0V QPOPd TO EVEPYO PIATpOo rou
vdorotn9nke pe tov LM741.

To emouevo kUkAwua rrou Bo ueAstndei eivar to eeAuntiko @idtpo 3°

,
otadiwv.
f} n Al
& Jac| 3|
AC c c
act c2 —AAA =
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Jtnv nepintwon tou @idtpou 3“' otabdiwv ot SLAPOoPEC TWV YpapIKwy
TTHPACACEWV ELVAL TTLO EVTOVEC.
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H rmpwtn dtaopd mou nmapatnPoUUE ival oTnNV EVEPYO TTEPLOXN, KAL TTLO
OUYKEPKPLUEVA OTNV PLITH TTOU KAVEL TO EAAELITTIKO iATpo.To peak tn¢
PUTNC EXEL SLAPOPETIKEC TIUEC YLa Ta 2 PIATpa.2TO PIATPO moU ExEl
oxedlaotel pe tovIm741 n uéytotn tun tou kEpdouc BAEmou e otl
ayyilet ta 10 dB otn ouyvotnta twv 0.3MHz evw yla to avtiotolyo
eAMewntiko @iAtpo ue tov default evioyutn, n ueytotn tiun ivoat ta 8dB
ko mapatnpeital ot 0.2MHz.5tnv oUVEXELX OO0V aPOopPa TNV TTEPLOXH
uetaBaonc, to QiAtpo nouv £xetL oxedblaotei e tov default evioyutn Exet
TTOAU 1o andtoun kAion ko BAEmouue otL iaVEL TNV Xo(UNAOTEPN TLUN
képdouc otn ouyvotnta twv 0.8MHz,0€ avtideon ue To PIATPO ITOU EXEL
oxeblaotel pe tovIm741 oto onoio autn n tiun KEpSOUC CUVAVTATAL OTA
0.9MHz.2tnv neptoxn paync ot Stapopec eV ival ONUAVTIKEC.

To teAeutaio @iAtpo tn¢ TomoAoyiac Twv EAAEMTIKWY QIATPWYV Eivorl
aUTO TwV 5 otadiwv,to omnoio ExeL dnutoBpynvei amo 1o ocuvoLaOUO TWV
2 naparnavw eAAETTIKWY QIATPWYV .
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Katl otn ouvéxela akoAouBel n ypadikn amewkovion tng npoocopoiwonc.H
YPADLKN OTELKOVLON HE TO KOKKLVO XPWHO AVTLOTOLXEL 0TO PiATpO TO
ornotio vAomolnOnke pe tov LM741,evw n ypadLKr) amELKOVION LE TO UITAE
Xpwpa gival yia to ¢iAtpo pe tov default evioxutn.
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Onwcg Kal o€ OAEC TIC TPONYOUUEVEC OUYKPLOELC ,ETOL KOL OE QUTH TNV
Tepimtwon mapatnpoU Ue OTL N epLoxn MeTaBaong otnv SeUTepn KOV
apxilel vwpltepa ,kal n Kupotopopdn Tou v Adyo ¢piAtpou €xeL mio
amoTopn KAlon Ue anotéAeopa va TAvel otnv eploxn payng o
ULKpOTEPN ouxvotnta(1MHz) o oxéon pe tnv ouxvotnta dpayng
(1.2MHz) mou avtiotolxet oto ¢idtpo pe tov LM741.EmutAéov n
KoTwTatn T KEpSoug SladEpPeL 0TI 2 MEPUTTWOELG.ZTNV TIEPLTTTWON
Tou diAtpou pe tov LM741 otn ocuyvotnta twv 1.2 MHz n T tou
kEpSoug eival -45dB evw yla to Ppidtpo pe tov default evioxutn n
Kotwtatn T kEpdoug eivat -42dB kat cuvavtatal ota 1.1MHz.

4.3 [100COUOLWTELS KUKAWUATWVY UE XPHON TOU EVIOXUTH
LM741 oe breadboard o€ epyactnplako reptBaAiov.

Jta mAaiola NG MTUXLOKNC EPYAOIOC,TTEPA QTTO TLC TTPOTOUOLWOELC TWV
QIiATpwv UE xprion tou nipoypauuatoc ADS,EyLve kat Tpooouoiwon Twv
KUKAWUATWV 0TO Epyaatrplo nAektpovikr¢ tou lMavemniotnuiou
Oeooaliac. Ta aroteAéouata TG TPOooUoiwonNS Twv PIATpwv
KaTaypag@nkay o€ MaAUOYpAPO TOU MAVENLOTNUIOU arto Ormou
Kpatnvnkay ol TIUEG Kal pTLayTnKav dlaypaupata yia tnv €060 tou
QIATPOU O€ ouvapTNON UE TN CUXVOTNTA.ITI OUVEXELD EYIVE UEAETN TWV
QITOTEAECUATWY KOl CUYKPLON TOUC LE T QTTOTEAECUATY TWV
TIPOOOUOLWOEWV TTOU Eytvav oto ADS.2Tnv mpooouoiwaon mou EYLVE OTo
EPYAOTNPLO,XPNOLUOTTOLNTONKE NULTOVOELOEC onua eLoodou taonc 1V kat
UEOW TOU MTAAUOYPAPOU EIXOUE ATTEIKOVION TG KUUXTOUOPPHC TOOO YL
TO onua €.0060oU 000 Kal yla to onua e€660vV.2tn ouvexela oUAAEYSnkav
ol UETPNOELC KatL dnutoupyndnkav ta dtaypauuata yla tnv taon e€6dou
ue debougvo to onua et.oodou 1V.

To képboc¢ taonc onwc opiotnke kot oto 3° kepaldato Sivetatl ano thv
oxéon Av=Vout/Vin. 3tn oUVEXELX UTTOPOULE VA UTTOAOYIOOULE TO
képbdoc o€ decibel kat va eAéyéoupe kata mooov ival KOVTA Ol TUUEG TNG
TIPOOOUOIWONC AUTHC OE OXEON UE TNV TPOOOUOLWTN OTO TPOYPAUUO
ADS.



2e auth TNV EVOTNTA G0 QVTIKATOOTI)OOUUE TIC UEXPL TWPA ELKOVEC TOU
kukAwuato¢( onwc auto eixe vAomoinPei oto ADS) ue pwtoypaisc amo
TA TPAYUATIKY KUKAwUATa Ta ortoia dnutoupyndnkov oto
epyaotnplo.ErmtmAéov Sa unapyouv yia kade @iAtpo 2 pwtoypapiec ue
TNV evoOeLén Tou MaAUOYPAPOU O XAUNAEG CUXVOTNTEC yLla va paivovTal
Kadapd ol KUUUATOUOPPEG..OL UTTOAOUITEC OCUXVOTNTEG TNG
npooouoiwonc Ga mapoucLaoTOUV TOOO O€ EVA TTIVAKA 000 KOl UETW
SLaypaUUATWY.S€ OAEC TIC UETPHOELC EXEL XPNOLUOTTOINTEL NULTOVOELOEC
onua etcobdou 1V.

Oa apyioouvue tnv ntapadeon Twv AMOTEAECUATWY UE TNV TomoAoyla
Chebysheuv.

Chebyshev evoc otadiouv

Me tn xpron twv akpoSEKTWYVY TOU MOAUOYPAPOU NTAIPVOUUE TIC TIUEC
TOOO yla To onua eLoodou(to omnoio ExeL otadepn TUn) 000 Kal yLa to
onua e€odou.2tn ouvexela akoAouBoUV oL 2 wWToypaPieC TOU
TTOXALOYPAQOU YLa TTPOCOUOIWON TOU PIATPOU OTIC CUXVOTNTEC TwV 25
KHz kot 50 KHz.



STyuLétuno npocopoiwong ota 25KHz

ITyuLétuno npocopoiwong ota 50KHz



FREQUENCY | Vout

0.080MHz 1.82V

0.100 MH:z 1.73V

0.150MH:z 1.50Vv

0.200 MHz 1.27V

0.300 MHz 952 mVv

0.400 MHz 748 mV

0.500 MHz 608 mV

0.600 MHz 532 mVv

0.700 MHz 464 mV

0.800 MHz 416 mV

0.900 MHz 376 mV

1.000 MHz 312mV

2TnV ypaeikn napaotaon yla tnv taon 060U oL TIUEG ival o€ V.



AkoAouUei to @idtpo 2 otadiwv.

Kat otn ouvéyela ot pwtoypaiec amo Tov maAUoypago.

Ma ouxvotnta ota 10KHz



Ma ouxvotnta ota 30KHz

FREQUENCY Vout
0.010MHz 1.02v
0.050MHz 1.10Vv
0.075MHz 1.21V
0.100 MHz 1.31V
0.150MHz 1.10V
0.175MHz 824mVv
0.200 MHz 628mV
0.250MHz 388 mV
0.300 MHz 260 mV
0.400 MHz 152mVv
0.500 MHz 108 mV
0.600 MHz 84 mVv
0.700 MHz 76mV
0.800 MHz 64 mV
0.900 MHz 68 mV
1 MHz 68 mV




TNV ypapikn napaotaon ,n teon ivat o V kat n ouyvotnta o MHz.

[ va kAgioouue ue tnv tornoAoyia twv @idtpwv Chebyshev ,uac
QITOUEVEL N MEPIMTWOon tou iAtpou 5 otadiwv.



Onwc¢ kat oTI¢ mPoNYoUEVEC TIEPUTTWOELS TWV QIATPpWV EVOC Kat SU0
otadiwv ET0L KAl O AUTHV, TAPATETW TA OTLYULOTUTTA TNG TTPOTOUOIWONG
yLo T ouyvotntec 10KHz ko 30KHz.

Ma cuxvotnta ota 10KHz

Ma ouxvotnta ota 30KHz



AkoAouUei o mivakag UE TIC CUYVOTNTEC KAl TIC TIUEC TNC TAon G eE060U
yLa to @iAtpo 5 otadiwv.

FREQUENCY Vout
0.050MHz 500mV
0.075MH:z 412mV
0.100 MHz 396 mV
0.150 MHz 392 mVv
0,175 MHz 284 mV
0.200 MHz 212 mV
0.250 MHz 100 mV
0.300 MHz 52mV
0.400 MHz 32mV
0.500 MHz 32mVv
0.600 MHz 32mv
0.700 MHz 32mVv
0.800 MHz 32mVv
0.900 MHz 32mVv
1 MHz 32mV

Kot otn ouvéxela n ypaikn rapaotoaon yla tnv taon e€éodouv o€
ouvaptnon ue t ouxvotnta.H taon eEédou givat oe V kat n cuxvotnta
og MHz.



2elpa Exouv ta QiAtpa tn¢ tormoAoyiac Butterworth.
Apxifouue ue to @iAtpo 1°° orabiou rou eivat Kat To Lo anAd arro to
@iAtpa autnc tn¢ tornoAoyiag.



Kat ontwc kavaue kat ponyouuevws Ba akoAouBriocouv ta oTLyuLoTUna
UE ELKOVEC QIO TOV TTAALOYPAPO.

MNa cuxvotnta ota 10KHz

Ma ouxvotnta ota 30KHz



Me bebouevo to onua etoodou tou 1V da mapadéoouue tov mivaka Ue
TIC UETPROEL yLa TIC SLAPOPEC TIUEC 060U O€ auvaptnon UE TNV avénaon
NG oUXVOTNTAC, Kal TEAOC Bt akoAoUTNOEL N YpaPLKY TTHPAOTACN UE TO
OTOLYELO TOU TTiVaKa.

FREQUENCY Vout
0.010MHz 987 mV
0.030MH:z 856 mVv
0.050MHz 716 mV
0.1MHz 468 mV
0.150MHz 340 mVv
0.200 MHz 268mV
0.300 MHz 188 mV
0.400 MHz 148 mVv
0.5 MHz 124 mVv
0.6 MHz 108 mV
0.7 MHz 96 mV
0.8 MHz 88 mVv
0.9 MHz 80mV

1 MHz 72 mV

210 Staypauuoa mou akoAovdei,otov kadeto aéova n taon e€odou kot
otov opt{ovtio n ouxvotnta.H taon exeL ueTpnUei o€ V kai n ocuxvotnta
og MHz.



Juveyilouue tnv toroAoyia butterworth pe to @iAtpo 2 otadiwv
Kol TP AIETOULUE QPYLKA TO KUKAWUA.

AkoAoutdouv ta oTIyULOTUTTA THC TTPOCOUOIWONC.

Ztiypotuno ota 10KHz



Itiypotumno ota 30KHz

FREQUENCY Vout
0.050MHz 884mV
0.100MHz 536mV
0.150MH:z 304mV
0.200 MHz 188 mv
0.300 MH:z 100 mv
0.400 MH:z 68 mVv
0.500 MHz 60 mV
0.600 MH:z 52mV
0.700 MHz 52mVv
0.800 MH:z 52mV
0.900 MHz 52 mV
1 MHz 60 mV




Kot téAog n ypapikn napaotaon twv napanavw SESG0UEVWY TOU TTivaka

Kot kAeivouue kat tn Seutepn tormoAoyia ue 1o piAtpo 5 otadiwv.



Onwc kat oto @iAtpo Chebyshev 5 otadiwv,Etot kat 6w
xpnotwuornotnOnkav 3 evioyutec Im741,0nwc giyxe yivel otnv
npooouoiwon twv @iAtpwv oto npdypauua ADS.

Ztypotuno ota 10KHz

Ztiypotuno ota 30KHz



Ot tiuéc mou oUuAAEyOnkav katd tnv nmpooouoiwon nopadeTovtal ooV
TP AKATW TTIVOKO KOIL OTN OUVEXELQ UE XPNON QUTWV TWV TIUWV YIVETAL N
Vpaikn amewkovion yla tnv taon éodou.

FREQUENCY Vout
0.010MHz 1v
0.050MHz 368 mV
0.100MHz 48 mV
0.150MHz 32mV
0.200 MHz 32mV
0.300 MHz 32mV
0.400 MHz 32mV
0.500 MHz 32mV
0.600 MHz 32mV
0.700 MHz 32mV
0.800 MHz 32mV
0.900 MHz 32mV
1 MHz 32mV




ELLIPTIC

H tpitn kat teAevtaia mpog ueAetn tonodoyia eivat avtn Twv
eMentikwy @idtpwv.

AkoAoutouUv ta oTLYULOTUTTA TNC TTPOCOUOIWONC YLO TIC CUXVOTNTEC TWV
10KHz apyika kot 30KHz otn ouveyeLa.



Kpatwvrac to onua etoodou otadepo oto 1V kat uetaBarlwvrac tn
oUXVOTNTA CUVEAEEQ TIC TIUEC TOU TTOPAKATW TTIVOKA YL TNV TAON

eéobovu.

FREQUENCY Vout
0.100MHz 1.06 vV
0.500MH:z 576 mV
0.750MH:z 416 mV
1 MHz 300 mV
1.5 MHz 260 mV
2 MHz 276 mV
2.250 MHz 360 mVv
2.500 MHz 328 mVv
2.750 MHz 496 mV
3 MH:z 460 mV




To emouevo @idtpo rmou npooopowwdnke sivar 3*' otadiwv.H snidoyn
ToU QiAtpou 3 otadiwv EYLVE UE OKOMO va Elval TTLO EUKOAO OTN CUVEXELA
va Katalokevaiotel oto breadboard to eAAstnttiko @iAtpo 5 otadiwv ue

Xpnon 2 uovo kot 0xt 3 EVIoXUTWV.



AkodouUei evbelktikn wTtoypapia yla ti¢c ouxvotntes twv 10 kat 30
kHz arto tnv mpooouoiwaon Onwc KoL oTa TPONYOUUEVA KUKAwUATA.

Ztypotuno ota 10KHz

Ztypotuno ota 30KHz

/Aoyo tou peyaiou supouc cuxvotntwv (OMHz- 2?3MHz) Exouue
KATAYPAWEL TTEPLOCOTEPEC TIUEC QUTH TN POPU.



FREQUENCY Vout
0.05 MH:z 1.14v
0.100 MH:z 1.19v
0.150 MHz 1.33v
0.200 MH:z 2.20V
0.250 MHz 1.60v
0.3 MHz 1.25Vv
0.4 MHz 724mV
0.5 MH:z 332mV
0.6 MHz 124 mVv
0.7 MHz 64 mV
0.8 MH:z 68 mV
0.9 MH:z 80 mV
1 MHz 84 mv
1.2 MHz 84 mV
1.4 MHz 72 mV
1.6 MHz 64 mV
1.8 MHz 60 mV
2 MHz 52mV
2.2 MHz 48 mV
2.4 MH:z 48 mV
2.6 MHz 56 mV
2.8 MHz 64 mV
3 MHz 72mV




Oa kAeilooupe TNV mopa¥eon TwWV KUKAWUATWY UE TO TEAEUTAIO QIATPO
¢ toroAoyiac twv eAuTTikwVY.To @iAtpo 5 otadiwv mouv Ja
TTPOUCLOOTEL MAPAKATW EIVOL ATTOTEAECUN TNC CUVIEDNC TWV EALTTIKWV
@iAtpwv 2 kat 3 otadiwv.



Mapanavw BAEmouue ta otyutotuna yia 10KHz aAldd kot yio 30KHz



FREQUENCY | Vout
0.1 MHz 1.02Vv
0.150 MHz 990 mV
0.2 MHz 950 mVv
0.3 MHz 826 mV
0.4 MHz 652mV
0.5MH:z 476 mV
0.6 MHz 364 mV
0.7MHz 296 mV
0.8 MHz 260 mV
0.9 MHz 236 mV
1 MHz 216 mV
1.2 MHz 196 mV
1.4 MHz 164 mVv
1.6 MHz 144 mv
2 MHz 116 mV
2.2 MHz 108 mV
2.8 MHz 92 mV
3 MH:z 84 mVv




2E QUTO TO ONUELO KAEIVOULE TNV N Tapouoiaon TwV KUKAWUATWVY Kol
TWV UETPNOEWV.OL TIUEC TWV TTATNTIKWV OTOLXEIWV TTOU
xpnotuomnotn9nkav otiC TPOCOUOLWOELC TOU EPyaaTnpiou eixov
ToPATTANOLEG OV OXL (OLEC TIUEC UE AUTEC TWV OTOLXEIWV OTLC
TTPOOOUOLWOELS 0To ads.llapakatw Ba mapadeow TIC EKACTOTE TIUEC
TwV TadNTIKWV OTOLXELWV yla KATE ULa ATTO TLG TIPOCOUOLWOELC TTOU
EyLvayv oto epyaoctrplo.

CHEBYSHEV 1 otadiou

R1=3.3 KOhm C=100pf
R2=6.8KOhm

CHEBYSHEV 2otabiwv
R1=1.5KOhm C1=1000pf
R2=6.8KOhm C2=100pf

CHEBYSHEV 50tadiwv
R1=1.5KOhm C1=1000pf
R2=6.8KOhm C2=100pf
R3=6.8KOhm C3=1000pf
R4=1.5KOhm C4=47pf
R5=6.8KOhm C5=1000pf
R6=6.8KOhm

BUTTERWORTH l1otabdiou
R1=3.3 KOhm Cl=Inf

BUTTERWORTH 2 otadiwv
R1=1.5 KOhm C1=1nf

R2=4.7KOhm C2=470 pf




BUTTERWORTH 5 otabiwv

R1=3.3KOhm Cl=1nf
R2=1.5KOhm C2=1nf
R3=4.7KOhm C3=1Inf
R4=1.5KOhm C4=470pf
R5=4.7KOhm C5=4.7nf

ELLIPTIC 2 otadiwv
R1=150 Ohm C1=100pf
R2=150 Ohm C2=100pf
R3=100 Ohm C3=470pf
R4=1 KOhm C4=1 nf
R5=6.8 KOhm

ELLIPTIC 3 otadiwv
R1=680 Ohm C1=470pf
R2=10 KOhm C2=100pf
R3=1 KOhm C3=1nf
R4=150 Ohm C4=1 pf
R5=10 KOhm
R6=30 KOhm
R7=4.7KOhm

ELLIPTIC 5 otadiwv
R1=220 Ohm C1=470pf
R2=220 Ohm C2=100pf
R3=100 Ohm C3=470pf
R4=1 KOhm C4=1 nf
R5=6.8 KOhm C5=1 nf
R6=47 Ohm C6=470pf
R7=220 Ohm C7=470pf
R8=220 Ohm C8=470pf
R9=100 Ohm C9=1pf
R10=1 KOhm
R11=10KOhm




5 Jvurepaocuata

ATTO TIC TTPOTOUOLWOELS TWV QIATPWV rtou Eytvaly ato ADS TO0o0 UE xprion
Tou default evioyutn 0oo kat e xprion tou LM741 ta anoteAéouata mou
npoekuav giyav moAuU ueyaAo BaBuUo ouoLOTNTAC KAL OL OTTOLEG
OLaOPEG uTTNPXAV NTAV TTOAU ULKPEG KOl OQPEIAOVTOL OE KATTOLEG
OLOPOPETIKES TIUEC TWV MOPAUETPWV TOU LM741.0uwc dbedbouevou ott
KoL OL 2 EVIOXUTEC E(ValL YEVIKOU OKOTTOU, MEPLUEVALE T HTOTEAECUATO
va givat oxedov ibta, Omwc Kot EYLVE.

Ooov apopa T AMOTEAECUATA TWV TTPOCOUOLWOEWY TOU ADS Kot Twv
UETPHNOEWV TOU EPyaoTnpiou,Ta armoteAeouata Sev iyav o€ OAEC TIC
TIEPUTTWOELC TNV (Ol opoLoTnTA.

OL ypapLKEC MAPACTACELG TTOU MAPOUCLAOTNKAY OTNV evOTNTA 4.3,U0C¢
6ivouv tnv taon eéodou yia to kade @iAtpo.la va Bpouue to kEpSOC
TAONG TOU QPIATPOU ,XpNOLUOTIOLOUUE TNV CXEDCN TIOU MOPOUCLACTNKE
otnv evotnta 3.1.To k€pbdo¢ Taonc yLo to QiAtpo Sivetal armo tn oxéon
Av=Vout/Vin.Aebouévou otL To oo e.0060U OTNV MEPINTWON UAC Elval
otadepou nAatouc kat (oo e 1V,TOTE MPAKTIKA QTTO THV TTAPATIAVW
oxeon eaivetoat ott Av=Vout.

[l vae UITOPECOULE VO EXOULE ULO CUYKPLON TWV QITOTEAECUATWV TTOU
oUuAeéaue katda TNV mpooouoiwaon oto Epyactrplo ,Ua MpEmel (te va
UETATPEYOULE TO KEPOOG TAONC OE KEPHOC TTOU UETPLETAL O€ decibel,eite
va kavouue eéaywyn Tou KEpSOOUC TAONG ato TOo ads.

Av O€Aouue va UETATPEYOULE TO KEPOOC TAONC OE KEPOOC TTOU UETPLETOL
o€ decibel, tote Qo ypnotuomnotjoouue tnv €€n¢ oxeon

GAIN(dB)=20%* log10(Vout/Vin) kat 6edouévou ot Vin=1,n ev Adyw
oxeon ypaetatl w¢ GAIN(dB)=20* log10(Vout).

2tnv napovoa paon Ba xpnolUOToLooULE Tov SEUTEPO TPOTTO
ETUAEYWVTAC EVOEIKTIKA KATTOLA KUKAWUATA YLA VO UTTOPECOULE VI
OUYKPIVOUUE KATA OO0 ATTEYOUV UETAEU TOUG OL TTPOTOUOLWOELS TOU ads
Kal Tou epyaotnpiou Ue xprion tou LM741.



Moapakdtw mapadeTeTal EVOEIKTIKA oUYPLON TWV KEPSWV TAONG YL TO
@iAtpo chebyshev 1 otadiou .la o v AOyw @IATPO oL 2 YpaPLKEC
TTHPAOTAOELC EXOUV TTAPATIANCLEC AV OXL (HLEC KUUATOUOPPEC KL N ortolal
dlaopa urapyel eival avenaiodntn kot iow¢ opeiAetal ev UEPN oTi
ULKPEC SLOPOPEC TWV TLUWV TWV MAUNTIKWV oTolyelwv. o va yiveL o
OOPEC TO KATA TTOOO Ol ULKPEG SLAPOPEC TWV TLUWV TWV TAGNTIKWV
oToLYElWV eMNPEAlOUV TNV OUYKPLON Ba UEAETIOOUUE OTN OUVEXELA TO
@iAtpo chebyshev 2 otadiwv.



2T ouvéxela Ba akoAoudrioouV oL YPAPIKEC ATTELKOVIOELC YLa TO QIATPO
chebyshev 2 otadiwv.
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JE QUTI TNV YPAPLKN TOPAOTAON Ol TIUEC TWV TAINTIKWV OTOLYEIWV TV
ot €€nc:R1=1.26KOhm,R2=6KOhm,C1=888pf kat C2=88pf.



H eupavnc dtapopa Bpioketal oto peak tou kEpdouc,To ormoio yla TNV
nepintwon tou ads eivat mepinou ota 0.150 MHz evw otnv

npooouoiwon tou epyaotnpiov eivat ota 0.100MHz.Adyo twv Stapopwv
OTIC TIUEC TWV MAINTIKWV OTOLYEIWV EVW EYOULE TNV (Lo
KULLOTOUOP®N, LEXPL TNV TIEPLOXN PPAYAC N YPAPLKN tapdotaon tou ADS
Qaivetal va gival UETATOTILOUEVN TTPOC Ta SELA O€ OYEDTN UE TNV
KUULOTOUOP®I TNG EPYAOTNPLAKNAC TTPOCOUOIWNONG.

Ac dokiuaoouue Aourtov va aAAaéoulE TIC TIUEC TWV MavNTIKWV
otolyeiwv oto ADS kat va SoUUE THV Kupuatouop®n mou Ba mpokUeEL.
AuTr T Qopd To PIATPO TPOCOUOLWTNKE UE TIC TTOPAUKATW TLUEC

R1=1.5KOhm

C1=1000pf

R2=6.8KOhm

C2=100pf
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Meta tnv aAdayn Twv TIUWV Ol YPAPLKEC TTHPAOTACELS TTAEOV potalouv
TTOAU MEPLOOOTEPO. ETTOUEVWC UTTOPOULE VO TTOULE OTL TO AITOTEAECLA
NG TPOOOUOLWONE TOU EpyaoTnpiou eival moAU Kovtd o€ aUTO TOoU ads.

Ot mpooouolwoel¢ TwV QIATpwV TtoroAoyiac butterworth kat chebyshev
glyav oAU pueyadn ouolotnta otnv kupatopopen tnc eéodouv ooov
QPOPA TNG TPOCOUOLWOELS Epyactnpiou kat ADS oti¢ omoieg
xpnotuomnotn9nke o evioxutnc LM741.Ma tnv tortoAoyia Butterworth
niepluévaue ot 6ev da vnapéel mpoBAnua otn cUykpLon Twv
amoteAeouatwy dedougvou ot Ta @idtpa butterworth €xouv tnv o
ouaAn uetaBoon armo TNV EVEPYO IEPLOX OTNV TTIEPLOXN @paync.Ta
@iAtpa chebyshev Eyouv o artdtoun UeTaaBaocn aro TNV EVEPYO
TIEPLOXN OTNV MEPLOXN PPAYNC ,0UwWS TNV TTAEoV anotoun uetaBaon tnv
Tapatnpouue ota EAAelnTikd @idtpa, ota ool oxedov eéaldeipetal n
nteptoxn petaBaonc.fa tnv teAeutaia torodoyia pidtpwv (eAAstttika
Qidtpa) ta amoteAéouata Twv taoewv eE060U yla ta @idtpa 2 kat 5
otadiwv eival OYETIKX KOVTO OE QUTH TTOU TIEPLUEVOUE VO SOULE.



Yriapyouv Sta@opéEc, oL omoiec ouwc Sev aAdoLwvouv T popen tne
efobdou og moAU ueyado Baduo kat evéexouévwe va oxetifovral UE TO
KOTA TTOOOV EUCTOXN NTAV N EMIAOYN TWV TIUWV YLO TO TTHONTIKA OTOLYE(Ol
aAda  kat pe Tic SLaPopPEC OTIC TIUEG TWV TATNTIKWY OTOLXE(WV TOU
KUKAWUOTOG OTLG 2 TPOOOUOLWOELG.

510 eAAeuntikd @idtpo 3% otadiwv ,0t 2 TPOCOUOLWOELS EYOUV LIEV TNV
oLa poppn aAda SLaEPOUV 000V dPOPA TIC YPAPLKEG ETTELKOVIOELG TNG
taonc eéodou, kadw¢ ta amoteAéouata tn¢ npooouoiwonc tov ADS
eu@avifovral Ue pLa ULtkpn) KAGUOTEPNTN OE OXEON UE TNV TPOOOUOIWaTN
ToU gpyaotnpiou.Eéetalovrac tnv kuuatouop@n yla to kepdoc (oe
decibel) tou @idtpou 3”' otaSiwv oto ads napatnpoUUs ot EXEL
TIPAYUATL TN Hop@n TTou Ba E(XE N ypAPLIKN ATTELKOVLON YLA EVAL
eAeLTTIKO iATpO, (pUITH) TOOO OTNV EVEPYO 000 KAl OTNV IeEpLoxn
paync),etoL Aotmov JewpoUUE TWCE TO YPAPLKO AOTEAEoUA TOU ads
elval onTika owaTo.

2T0 onUEio auTto mMapadeTw TNV YPpAPLKN ATTELKOVION EVOC EAAELTTIKOU
QIATPOU Kl OTN OUVEXELD TNV ypa@LKN amelkovion(ads) yia to
gAAeuttiko @idtpo 3*Y oradiwv.
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Mavw BpiokeTal pLa ypa@LKn EMELKOVION EVOC EAAELTTIKOU QIATPOU Kal
akptBw¢ amo katw n nepintwon tou @iAtpou 3*Y oradiwv mou
eéetafoue.

Ot kupaToUopPEC TwV 2 QIATpwV potalouv apketd. Emousévwe Gewpouue
OTL TO TO AMOTEAEOUN TG Mpooooiwang tou ADS gival cwoTo.

2TN OUVEXELA akOAoUT0oUV 1N ypaQLKN AITELKOVLON TNG Taon¢ e€0dou yLa
TO KUKAwUa oto ads,aAAd kot To ypa@nua UE Ti¢ TIUEC €060V Tou
OUAAEYTNKaV kata TNV MPOooUoiwan OTo EpyaoTHPLO.



mag(Vout)

Eivoal Eppavec otL oL 2 ypapLKEG TTAPAOTAOELG EYOUV TNV (Ola Loppn UE
UOvN Slawopd otL To peak Tou KEPOOUC EUPAVILETAL LUE ULO ULKPN
kaduotépnon tn¢ taénc twv 0.100 MHz atnv nepintwaon tng
npooouoiwonc tou idtpou oto ADS.To ibto cuuBaivel kal yla Tic
UTTOAOLITEC TIUEC, AUTH N SLAPOPT TTOU TTHPATNPEITAL OPEIAETAL KATA
KUPLO AOY0 OTIC ULKPEC SLAPOPEC TWV TIUWV UETAED TwV SUO
TIPOOOUOLWOEWVY ,000V QPOPA TTAYNTIKX OTOLXELQ TOU KUKAWUATOC.

Ertionc, moAU uikpd,iowc kat avenaiodnto poAo oti¢ SLapopes Twv 2
TIPOOOUOLWOEWVY , ETTOULEE KL TO YEYOVOC WG KATTOLEC (POPEC T
TTONTIKA OTOLXEIO(AVTIOTAOELS, TUKVWTEG) OEV EXYOUV TNV akpLBN TIUn TNV
omoia KATAYPAPOUV TTAVTA.

TEAOG KATAOKEUAOTNKE TO PiATpo 5 otadiwv UEe xprion Twv @iAtpwv 2 Kat
3*Y orabiwv kat n kupatouopen ou dnutoupynOnke ue Baon ti¢



UETPHOELC TTOU CUAAEYONKav eixe mapamAnota Lop@n Ue autAtou ads.

padikn anekovion taong £§660ou yla eAAetttiko ¢idtpo 5 otadiwv(epyaotrplo).
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Fpadikn anekovion tdong e§08ou yla eAAeLttikov ¢idtpo 5 otadiwv(ADS)

Yriapyouv S1a@opEC oTIC TIUEC TWV THOEWV 060U YL TIC
npooouolwoelg(ads,epyaaotnpto) tou @iitpou 5 otadiwv ,aAAa auto
o@eiAeTal Kot KUpLo AOyo oTo yeyovoc otL To piAtpo 5 otadiwv Exel
oav UrtokUKAwua tou,To @iAtpo 3 otadiwv aAda kal kata Eva ULkpo
JTOO0O0TO OTIC OLAPOPEC OTIC TIUEC TWV TAUNTIKWV OTOLXEIWV .

Erougvwce og avtifeon e TIC 2 mPWTEC TormoAoyiec pidtpwv
(butterworth,chebyshev) ,ta eAAeintika @idtpa uUe TNV mAEov andtoun
kot oxedov avumapktn meploxn uetaBaonc dev Exouv to (510 mMoo0OoTO
OLOLOTNTOC OTIC TIUEC TG TAoNC €060V UETOED TWV NMTPOTOUOLWTEWVY OTO
Epyaotrplo kot oto ads.Katt tétolo nrav avauevouevo ,6e5ouévou otLn
amoToUEC UeETABAOELC UETOEU EVEPYOU TTEPLOXNC KAL TTEPLOXNC PPaynG O€
va ntav tooo eUKoAo va LETPNTOUV KAl VA AITELKOVIOTOUV YPOaPLKY OE
OXEON UE TIC TTLO OUAAEC UETABAOELC TwV AAAWV 2 TOTTOAOYLWV.
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