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Anayopevetal n avtypadn, anobrikeuon kat dtavour tng mapovoag epyaciag, €€
OAOKAPOU 1 TUNUATOG QUTAG, YO EUMOPLKO OKOMO. Emutpémetal n avatumwon,
amoBrikeuon Kal SLavoun YL OKOTIO N KEPOOOKOTIKO, EKTTALOEUTIKNG 1 EPEUVNTIKAG
duong, umd v polméBeon va avadépetal n nyn MpoéAeuong Kat va dlatnpeitat
TO TAPOV HAvVU A, Epwtrpata nou adopolv Tn Xpron tng Epyaciog yla KEpSOOoKOTIKO
OKOTIO TIPETEL VAL ateUBUVOVTAL TIPOG TOV CUYYpadEQ.

OL amoYELg KAl T CUUMEPACLOTO TIOU TIEPLEXOVTOL OE QUTO TO €yypacdo ekppalouv
Tov ouyypadEa Kal Sev TIPEMEL va epUNVEUBEL OTL AVILMTPOCWTEVOUV TIG EMIONUEC
B€oelg tou EBvikoU MetodBlou MoAuteyveiou.



MeptAndn

IKOTOG TNG Tapoloag epyaciag €lval 0 oXeSLOOUOG KOL KOTOOKEUN HLOG
OQUTOVOUNG YEVVATPLAG NULTOVOELSOoUG orpatog unAng otabepdtnTag, UE TNV XPNOoN
™¢ Apeong Ynorakng 20vBeong (Direct Digital Synthesis - DDS). H Sidtaén pmopetl
OTNV CUVEXELA va XpnotpomnolnBel emwdelwg pe atobntrpeg Fluxgate kat GMI, kaBwg
TOL XOPOAKTNPLOTIKA TWV €V AOyw alvouévwy e€aptwvtal o€ peyalo Babuod amod ta
XOPAKTNPLOTIKA (ouxvotnta, MAATog) tng odnyou tdong. Me tnv texvoloyia DDS,
OLUTEG OL TTOPAUETPOL Elval SuVATOV VO TIPOYPAUUATIOTOUV PndLakd Kol SUVOULKA LE

HEYAAN akpifeLa, emtpEmovTag TNV BEATLOTONMOLNON TNG QMOKPLONG TOU aoOntripa.

Y€ OUVEXELA TWV TECOAPWV MPWTWV ELOAYWYLKWV KePaAaiwv, mapouaotaletal
0 OXEOLAOMOG KAl KATAOKEUN TNG YEVVATPLAG UE TNV XPNon WikpogAeyktr Arduino.
Ixedlaletal evioxutng pe duvatotnta undeviopou tou offset, kaBw¢ kol KUKAwUA yLa

™V cuAAoyn Kal arnootoAr dedouévwy Tou alodnthpa.

Ev TéAel, mpayupatomolovvtal OSoklwéEG pe awoBntipa  Fluxgate, mou
eruBefatwvouy Tig eMSO0ELG Kal oTaBepdTNTA TNG YEVVATPLAG.
NEEeLg-KAELSLA: YeVVNTPLA ONUATOC, OUXVOTNTA, UoyvnTiKol aiodntipeg, DDS,

ULKPOEAEYKTNG






Abstract

The purpose of this thesis is the design of a highly stable sine signal
autonomous generator, utilizing the Direct Digital Synthesis (DDS) method. This
generator can be advantageously used for Fluxgate and GMI sensors, since these
phenomena characteristics depend largely on the parameters (frequency, amplitude)
of the high driving voltage. With the DDS technology, these parameters could be
digitally and dynamically programmed with high accuracy, so as to allow for an
optimization of the sensor response.

Following the first four introductory chapters, the design and construction of
this generator using an Arduino microprocessor is presented. An amplifier with offset
zeroing capability is designed, as well as a circuit for sensors’ data collection and

transmission.

In the end, the generator is tried out on a Fluxgate sensor, validating its
performances and stability.

Keywords: signal generator; frequency; magnetic sensors; DDS; microprocessor
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[TpoAoyoc — Euyaplotiec

Yta mAaiola ekmovnong Tng mapoloog SUMAWHATIKAG epyaciag, Ba nbela va
EUXAPLOTHOW TOV KaBNyNntH K. Eudyyelo Xplotoddpou, yla tnv avabeon tou BEpartog

Kal TNV BonBeld tou o InTrpata mou mpoékuayv e’ aUTAC.

Eniong, toug ouvadéAdouc kal SL6aKToplkoUg GOoLTNTEG TOu €pyaotnpiou
HAektpovikwv AloBntnpiwv, ImUpo AyyeAomoulo kot Xpovn [Mattako, yla TLg
TIOAUTLUEG CUMPBOUAEG KOl oUVELOPOPA TOUG, KaTd To SLACTNA TAPOUCLAC LOU OTO
EpyaoTnplo.

Tnv olkoyéveld Hou, yla tnv nBKAR Kot VAR uttootnplen, Omote autd

XPELAOTNKAV.

T€AoG, TOUG CUMGOLTNTEG E TOUC OTIOLOUC OUVEPYAOTNKA OTa TTAAioL auToU
TOU UETAMTUXLOKOU TIPOYPAULATOC, TOGO yla TV aAAnAolmootnplén, 600 KaL yLa TNV
Suvatdtnta moAUTAEUpN G oLTNTNONG KOL TTPOCEYYLONG TwV dladopwv (akadnuaikwy

Kall pn) Bepdtwy mou gpdaviotnkav Katd tn SLapKeELa AUTOU.
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1 AwoBntrpeg

1.1 Ewoaywyn

Ol payvntikot atobntripeg xpnotpomnotovvral edw Kat 2.000 xpovia Kal oL TIPWTES
epapuoyEC TOoug ATaV yLa TNV eVpeon KateuBuvong kat yla tn vavoumAoia (muéidec).
ZRuepa oL aloOnTtrpeg elvat Eéva amo ta kUpLa oToLXElo TwV cuoTnUATWY eMELdN elval
QUTEG oL SopEg oL omoieg BonBouv otnv AN Twv amoddcewv tous. Me tnv avamntuén
NG TeXVoAoylag oTeped KOTAOTAONG, avantuXOnke kot o KAASOG Twv aodnThpwv
KAVOVTAC TOUG ULKPOTEPOUG o pEyeBog Kol pe auénuévn gvalcbnoia. e auto To
kedalalo Ba aocyoAnBoupe pe T onuacia Twv awobntipwv ywa ta Siddopa

CUOTAMOTA KL T KUPLA XOPAKTNPLOTLKA TOUG.

Kata tnv xprion tTwv awodntripwv dev eivat InToUUEVN LOVO N AUECT LETPNOT TOU
avaloyou HeyEBoug, T.X. LETPpNON HayvnTikoU mediou, AAAQ KOl N LETPNON KATIOLOU
aA\ou peyéBoug Omweg n taxutnta TePLoTpodng, n Tapoucia €vog HOyVNTIKOU
HeAQVLOU, N avixveuon oxAUatog i o poodloplopdg tng evoeifewg pLag nuéidac k.a.
H pétpnon autwyv Twv peyebwv dev umopel va yivel apeoa, aAAd pmopouv va e€axOet
oo aAayég 1 Slatapoaxéc. Na mapadelypa, oTOUC UAyVNTIKOUG aloBntripeg n
HETPNON TOU HayvnTikoU mediou pmopel va mpaypatonolnBet ano to payvntiko nedio
Tou dnuLoupyeital amod To pevpa o€ €va KAAWSLO, YUpw OO VAV HOVLLO HoyvATh

TLG LETOBOAEG TOU payvnTikou Tediou TNG yng.

1.2 Tevika yla toug atobntrpec

H onuacia twv atobntipwv ywa tov avBpwro eival auvtovontn. OL mpwtol
aoBntnpeg epdavilovral pall pe ta EuPpua Kal anoteAolv ta aodnTHPLa Opyova

Touc. oAU apyotepa avamtuxOnke n avaykn ywo TNV dnuioupyia opydvwy yla va



AuBouv Sladopa kKaBnuepLva mpoAnUaTa, OTWG N LETPNON TOU UNKOUG, Tou Baboug
| TOu OyKOoU. XTNV OUVEXELA N emBupia Tou avBpwrou yla va yvwpioel tn ¢uon
Snuolpynoav TNV avaykn HETPNoNG MeEPLOCOTEPWVY GUOLKWY PeyeBwv. M’ autdv tov

Adyo avamtuxbnkav oL pnxavikoi alodntrpeg.

Q¢ awoBntipeg opifovtal oL Slatdfelg mou elval LKOVEG va HETATPEYOUV ULa
duoki mocotNTA-LLOTNTA OE €va PETPHOLUO HEYEDOC. OL aoBnTpEG elval AUTEG oL
Slatatelg ol omolieg eival kaveg va avtiAndBouv éva orjpa Ll06dou Kal va tapayouV
€va katdAAnlo onua g€6dou [1]. Zuvnbwg, n €€odo¢ evog aloBntApa eival éva
NAEKTPLKO Cra, WOTE VAL £LvaL TILO EUKOAN N TIEPALTEPW EKUETAAAEUGH TOU, HECW TNG

HETPNONG, ATELKOVLONG 1) LETATPOTIAG TOU.

OL awoBntpeg avaloya He TO €ido¢ TOU peyEBouC ToOu €lval kavol va
avtiAndBouv Slaxwpilovtal oToug KNXOVLKOUG, XNHLKOUG, LOyVNTIKOUG Kal BgpuLkoUg
aoBnTApPeg, kKabwg Kal Toug alodntipeg aktwvoPoAiag [2]. Ol punxavikot | duoikol
aoBnTApeg avtapPfavovtol PeyEBn OmMwe n Tieon, N HETATONLON, TO NAEKTPLKO
doptio, n pala n kat o xpovoc. Avtiotolya, oL Xnuikol atoOntripeg avtilappavovral
XNHULKA HEYEDN, OTWG €lval n vypaotia Kot n XNk cvotacn evog uypou f agpiou. OL
goyvntikol alobntripeg HETpoUV TO MayvnTikd Tedlo Kal pmopouv  va
xpnotgorowinBouv yla TOovV TPOCSLopLOPO TG KateuBuvong, Baocllopevol oOTo
poyvntiko medio tg yng. OL Bepuikol aloOntrpeg UETPOUV TIC OEPUOKPACLOKES
petafoAéc. Duolkd, TETOOL ALOONTAPEG OUVAVIWVTOL O £€va HEYAAO €UpPOC
OUOKEUWV, TOOO yLa KaBnuepLvn xprnon, 000 Kot yla eEELOLKEVEVEC KoL TIOAU akpLBEeig
HETPAOEL;. TEAOC, oL aloBbntripeg oktvoBoAlag pmopouv va QVLXVEUOOUV TNV
aktwvoBoAia mou ekméumnetal ano diadopeg mnyEG. OL OMTIKOL aLoBNTHPEG AVKOUV OE
autn TV Katnyopia, adol avtilapBdvovtal Tnv NAEKTPOUAYVNTIKH akTvoBoAia Tou

dWTOC KAL TN UETATPEMOUV OE NAEKTPLKO CHUAL.

Mia adAAn katnyoplomoinon Twv acntrpwv eivat autr n onoia Toug Staxwpilet
ovaloya ME TN XPAON Toug¢ yla Tnv omoia mpoopilovtal. Bdaon autng tng
katnyoplonoinong  Staxwpilovtat o€  awoBntipec Hetadopwv, EVEPYELAC,
nieplBarlovtog, acdaleiag, kabBwg kol o€ aALoCONTAPEG OLKLAKWY, PBLOUNXAVLIKWY,

LOTPLKWV KOlL OTPATIWTIKWV edapuoywy [3].



Avdloya pe Tt0 €idog TNG €MOUMNTAG METPNONG KAl TWV TEPLPAANOVTIKWV
ouVONKWV TIOU EMIKPATOUV, TIPETEL VAL YIVEL KaL N KATAAANAN €mAoyr) Tou UALKOU TOU
alobntipa. Ta UAKA OQUTA TIOWKIAOUV KOL OVAKOUV KUPLWG OTLG KOTNYOPLEG TwV
SINAEKTPIKWY, NULOYWYLHLWY, OYWYLLWY, UTTEPOAYWYLLWY, LOyVNTIKWY, padLlEVEPYWV
kat Broloylkwv UAWwv [4]. Ou mapdyovieg mou ennpedlouv TNV €mAoyr Tou
KatadAAnAou UALKOU eival n emBupuntn evaobnoia tou mapayopevou aodntnpa, n
KATAAANAOTNTA KL AVTOXH) TOU UALKOU OTLG ouvOnkeg mou Ba Ste€axBouv oL LETPAOELG

Kall GUGCLKA, TO KOOTOG KOLL O TPOTIOG KATOLOKEU NG TOU.

1.3 Xapaktnplotika atodnthpwv

Ta XapOKTNPLOTIKA TwV aloOntripwv eival autd ta omoia Bonbolv va eméABeL
Loopporia PeTafl TOU alobntripa KoL TOU UETPOUHEVOU peyEBouC. Ta Baoclkotepa
oo aUTA elval n mototTnTa, N akpifela, n emavaAnPLuotnTa, n AvomopaywyLLoTnTa,
TO €UPOC, TO CUOCTNUATIKO OAAUQ, N YPAUULKOTNTA, N evaloBnoia otn pHétpnon, n

UOTEPNON KOl 0 Xpovog amnokplong [5].

1.3.1 Mwototnta

H miototnta oXeTeTAL PUE TO KATA OGO TO AMOTEAECUA IOV Sivel 0 aloBnTApag
TMANGLAleL TNV GUOLKA TTPAYUATIKOTNTA, HECA O £va AOYLIKO €UPOC TIHWV. ZuvhBwC
Slvetal wg mooooTo Ml Tou eUPoUC AetToupyiag tou atodnthipa. Na napadsyua, av
€vag alontrpag o omolog PETPAEL NAEKTPIKO pela HE eploxn Asttoupyiag 0-10A

gxeL uototnta +1,0%, tote n péylotn aBefatdotnta tov alodntipa Ba eival 0,1A.



1.3.2 To eupog

To eUpog petpnocwv meplhapPBavel To dtaotnua PETAEL TNG EAAXLOTNG KOL TNG
HEYLOTNG TLUAG IOV €lval Suvatov va LeTPNnBOEel Le TOV CUYKEKPLUEVO aloBnThpa. Auto
1O HéyeBog ekdpalel o peyaho Babuod TNV KOVOTNTO TPOCAPLOYNG TOU alcbntripa
o€ SladopeTIKEG LETPNOELS. Evag 1Oavikog atobntripag mpémnel va AapBavel akpLBeig

HETPAOELG YL 000 TO SuVATOV HEYAAUTEPO EVPOC ONUATWV EL0OS0U.

1.3.3 Zuotnuatiko oparpa

Q¢ otatlotikd opaApa eival éva otabepo opaipa to onoio ouvnBwg pmopel va
unéeviotel péoo Babuovopnong. XapaKTnpLloTiko mapddelya autol Tou OPAAUATOC
eudaviletal ot olklakéC Tuyaplég, oL omoleg umopel va Seixvouv pn undevikn
€vbelfn, akopa kal xwpig ¢optio. Autq n un undevikn €véel€n amotelel To
OUOTNUATIKO odAAUA TO Omoilo MpEmel va adalpebel amd tn HETPNON WOTE va

TIPOKUWYEL N TIPOYLATIKE TLUA.

1.3.4 AkpiBela, emavaAnPpotnTa, avamapoywyLlpotnta

O 06po¢ akpiPfela ekppalel tov Babud eleubepiag tou awcOntripa amod tuyaia
oddaApata. Edv mapoupe peyaho aplBuod HETPAOEWV TOTE N HETAEL Toug dLaomopad Ba
elval pkpn. H akpifela cuvdéetal cuxva Pe TNV mototnta. And tnv GAAn MAeupa, N
HEYAAN akpiBela Sev onuaivel Kat’ avaykn Kot HeEyAAn mototnta. Kakng mototntag
HUETPAOELG amod évav akplBi aodntipa, onuaivel OTL OL LETPHOELG £XOUV ONUAVILKO

odAApa, yeyovog To omoio pnopet va d1opBwOel pe Babuovounon tou alodnthpa.



Me tov 0po TNG EMAVAANPLULOTNTAG KOL QVATIAPAYWYLULOTNTOG XapaKTnpileTal n
LKOVOTNTO TOU aloOntripa va avamnapdyet To idlo onfua e€660u Katd TI¢ emavalfPeLg
™G i6Lag pétpnong, umod Tig dLeg mepBaAlovTikéG cUVORKEG. OL ATOKALOELG OTLG TUUEG
€VOG aoOntipa npémnel va Bplokovtal evidg kamolwv oplwv kat Befaiwg va eivat 600

10 SuVATOV ULKPOTEPEG.

1.3.5 lpaputkr anokplon

Elval emBuuntd n andkplon evog aodbntpa va PETOPAAAETAL YPAUULIKA LE TO
HETpoUEVO HEyeBoG. ZTo ZxNua 1 amelkoviletal n oxéon peTall onuatog elc6dou
kat €€6dou evoc awoBntipa. H ypoapun petafl Twv oOnuelwv xapdooestal
epapudlovtag tv HEBOSO Twv eAaxioTwv TETpAywWVWV. H UN-ypOUULKOTNTA
ekppaletal wg n HEYLOTN QMOKALON METAEY TWV ONUELWV Kal TNG ypauuns. Apa n
YpOauUIKOTNTA €kdpalel TNV kavoTnTa Tou awoBntipa va Siatnpel otabepd ta
XOPOAKTNPLOTIKA TOU, TAPA TLG LETOPBOAEC TTOU UTIOPEL VO TOV eMnpedoouv. Metpdatal
WG TOCO00TO, AANA UIMOPEL KAl VA ATELKOVIOTEL WG KAUTUAN, yla oUyKpLon UE TNV

Savik KOUMUAN LETPAOEWV.

Ixnua 1: Xapoktnplotika e€66ou altcOntrpa.



1.3.6 EvawoBnoia

‘Evag alobntripag Asttoupyel HEoa 0€ VOl CUYKEKPLUEVO EUPOC XOPAKTNPLOTIKWV
KOl TIAPOUETPWY. AUTEG OL TapApETpoL kaBopilovtal amod Toug KATAOKEVOOTEG. Edv
HUETAPBAAOUUE KATIOLEG TIAPOUETPOUG KOL XOPAKTNPLOTIKA TIPETEL va SOUUE KoL TNV
avtiotolyn petaBoAn otnv €€o0do tou awcBntpa. H eAdyiotn petaBoAn n omoia
umnopet va epappootel otov acOntrpa kal pnopet va pEpel petafoln otnv €060 Tou
ovopdaletal evawobnoia. e évav awoBntpa petafarlovtal cuvhBwg Svo

XOPAKTNPLOTIKA, Ta omola ival n oAlcBnon sevatoBnoiag kat oAicBnon tou undevac.

H oAloBnon evatobnoioag opiletal w¢ To mMood PeTaBoAnG TnG evaloBnaoiag evog
awdntipa Adyw petafoAng twv meplBarloviikwv cuvOnkwv. To péyebog tng
oAloBnong ava povada petaBoAng TG MAPAUETPOU TIOU TNV TPOKAAECE ekdpaleTal

arnod Tov ouvteAeotr oAioBnong evaloOnoiag.

H oAioBnon tou undevog eival to pun pndeviko onpa e€66ou tou atobntripa otav To
onua €l06dou eivat pndeviko, Aoyw HeTtofoAng twv ouvOnkwv. Edv €xoupe
TIAPOTIAVW OO pia emnpedlouoa MAPAUETPO TOTE 0 aloOntRpag xapaktnpiletal and
avtiotolyeg oAloBnoelg Tou undevog. Ito mopakatw oxnua mapouvotaloupe tig dvo

mapandvw oAloBAoELS KaL TNV cuvOUACUEVN EMSPACT AUTWV.

Ty

©)

Ixnua 2: (a) OAloBnon undevag, (b) OAlobnon sevaloBnaoiag, (c) Zuvduaouévn
enidpaon.



1.3.7 Yotépnon

Mapouolo péEyebog e TN YPAUULIKOTNTA Elval Kal n votépnon. Evag atobntipag
TPEMEL VA TIPOCaPUOleTal ot Sladopes petafolég mou ocupPaivouv Adyw TOUu
TePLBAANOVTOC KOl TOU €UPOUC TWV HETPNOEWV, OAAA KOl va €lvol LKavog va
Kataypa el mopOUOLEG LETPNOELS, TTapA TIG SladopomoL oL OoTnV KATteVBuvon Twv
HETpAOoEWV. H ouvnBn¢ mapouoioon tng voTéPnong ylvetal PECw TOu AgyOpEVOU
Bpdxou uvoTtépnong, amo Tov omoilo pmopouVv va e€axbouv MOAANG CUUMEPACUATA YLa

™ $UOoN Kal TV TOLOTNTA EVOC aLoOntrpa.

Kopsian B: ®hivoy
cipgra elodon

Kapmian A: Aviavoprve

Miniery voripnoy
tiesov eMpa neoser

‘—.—'_* Ménern varipyey
fevson

Nexpo svpog

2 i N
b v

Ixnua 3: Bpoxog uotépnong alodntnpa.



1.3.8 Xpovoc amokplong Ko VEKPO eUPOC

T€AOG, 0 XpOVOG amOKpLONG lval 0 Xpovog o omoiog xpelaletal o alobntipag ya
va epdaviosl tnv €060 amo Tnv oty Tng StEyepon . To vekpo eVPOG Elval TO EVPOC

TO OTIOLO QVTLOTOLXEL OTO XPOVO ATIOKPLONG.

|<_-__

IxAua 4: Xapoktnplotiky e€660uU e VEKPO XpOVO.



2 Mayvntikol aloBntrpec

2.1 Ewocaywyn

OL payvntkol aoBntipeg elval autd Ta TEXVOAOYLKA HECO TOL OTIOLAL ETULTPETIOUV
NV HETPNOoN Twv payvntikwy nediwv. OL apxég otig onoieg Baaoilovtal oL payvntikol
aLoBNTAPEC yla var AELTOUPYNOOUV €lval N OTEVH OXEON UETALYU TWV HAYVNTIKWY KOl
TWV NAEKTPLKWV GALVOUEVWY. Z€ AUTAV TNV evotnta Ba meplypaPoupe tnv Asttoupyia

TWV HayvNTIKWV atodnTipwy Kat Kupiwg Twv aodntripwv Fluxgate.

Avaloya pe TNV TEXVOAOyLOL TNV OTOLla XPNOLUOTIOLOUV KAl TNV TTOAUTTAOKOTNTA
KOQTOLOKEUNG TOUG, OL aloBNTAPEG XpnoLpomoLlouvTal yla TTOAAEG EPOPLOYEG OL OTIOLEC
€XOUV OLaDOPETIKEG ATIALTHOELG OE OXEON UE TNV €ualobnoia Toug. 2To MAPAKATW
oXNUA TOPOUCLA{OUE TOUC TILO ONHOVTIKOUC HAyVNTIKOUG oloBnTApeg Kal tnv
avtiotolyn svawoBnoia toug [5]. Ektog amd tnv svawcBnoia umdpyouv Kot GAAoL
Tapdyovieg oL omoiol KaBlotouv KatdAAnAoug toug awoOntrpeg yia Slddopeg

epapuoyEC OWE N amoKpLon, N cuxvotnTa, n LoxLE Kal To HEyeBOC Toud.

Aviyveuopo MNedio (Gauss)

10710 1078 1070 10° 10°

Texvoloyia Mayvhtkwv AweBntipwv

1.Search-Coil Magnetometer

2.Flux-Gate Magnetometer

3.0ptically Pumped Magnetometel
4.Huclear-Procession Magnetometer

5.50UID Magnetometer
6.Hall-Effect Sensor

T.Magnetoresistive Magnetometer
8.Magnetodiode
9.Magnetotransistor

10.Fiber-Optic Magnetometer

11.Magneto-Optical Sensor

l

Ixnua 5: Z0ykpLon payvntikwy atedntipwv [5].
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2.2 AwoOntripec NUANc-Ponc (Fluxgate)

OL awoBntnpeg Fluxgate avamtuxBnkav apxikd tn Sekaetio Tou 1930 ywa T
HETPpNON TOu payvntikol medlou tng yng. Katd tn Sidpkela tou B’ Maykoouiou
MoA£pou xpnolponolidnkav yla avourofpuxlakd TTOAEUO Kal amo Ta uTtoBpuxLa yLa
TOV EVIOTIOUO TWV XAUnAd MTAUEVWY agpookadwyv. Apyotepa Xxpnolomnotionkav

Yl AITOOTOAEG OTO SLAOTNUAL.

Ta payvntopetpa Fluxgate pmopoUv va LETPICOUV TNV ardAUTn TLUA TNG Eviaong
pgoyvntikoU mediou kal tnv pétpnon tng Siadopdg petafy SUO onUElwv €VTOg
HayvnTikou mediou. MmopoUv va peTprjoouv nedio tng Taéng twv 10 éwg 10° nT [6]
Kal N SLaKPLTIK TOug KavotnTta prmopel va mAnoldoel ta 100pT [7]. To eUpog
Aettoupylog Toug Kat n SLOKPLTLKA TOUG LKAVOTNTO KOAUTITOUV TO KEVO AVAECSO OTOUG
$Onvouc alobntripeg Hall kot ota akpLBa payvntopetpa mou Baacilovral og KBAvVTIKA

dawopeva omwe ta SQUIDs.

ITIC MEPEC LG TTapATNPELTAL LEYAAN TIPOO0SOC 08 EVOAANAKTIKEG TEXVOAOYLIEC OUWCG
AOYW TWV XapOKTNPLOTIKWY TwV atodntripwv Fluxgate énwg n uPnAn ypapuikotnta,
n otaBepodtnta, n uPnAn evalodnoia Kol To KOOTOC TOUC, TOUG KAVEL KATAAANAOUG yLa
xpnon oe moAAéG edapuoyéC. OL olyxpoveg edapUoyEG Toug TepAaufavouv
VEWMOYVNTIKEG TAPATNPNOELS, ovalATtnon OPUKTWV, HUETPAOEL OTO €EWTEPO
Staotnua, avixveuon umoBpuxiwv, payvntikn npootacia mAoiwv KATL. Ol alobntripeg
Fluxgate SlaBétouv Suvatotnta UETPNONG TIEPLOCOTEPWV OMO HIOG CUVIOTWOWV
poyvntikoU mediou, kabwg kot edapUoyéC o UETOANOYPADIKEC OUOKEUECG TIPOC

avixveuon avwuaAlwy [ SOUKWY KEVWV 0€ HETAAAKA UALKA.

2.2.1 Baolkecg apxeg aoBntpwy Fluxgate

Mo tn HEtpnon Tou payvntkou mediouv umapyxouv duo tpodmoL: O MPpwTog TPOTOG
elval n apeon pETpnon Tou payvnTkol mediou. e autov Tov TPOMO oav (0060

€XOUUE TNV OMOAUTN TN TOU MayvnTikou mediou kot ocav €060 €Xoupe €va
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HETPpAOLHLO onua. Auti n péBodoc umeptepel Aoyw amAotntag, oAAd Oev eilval
KATAAANAN yla pétpnon acBevwyv poyvnTtikwv nediwv. MNa va kaAupOel autod to Kevo
avarntuxbnkav ot awoBntrpeg Fluxgate oL omoiol xpnolpomnolovv to deUTEPO TPOTIO,
6nAadn yla va petprioouv To payvntikd nmedio amattouv éva nedio avadopdg wote

va YIVEL N cUYKPLON KE TO TIpoG PETpnon nedio.

MNa va Asttoupynoet o awcOntrpog Fluxgate mpémnel va emtPAnBei, p€ow tou mnviou
Oléyepong otov mupnva tou, medio avadopd¢ to omoio ocuvnBw¢ eival éva
EVAANOGOOUEVO NULTOVOELSEC, TETPAYWVLKO N TPLYWVIKO orjua. ME auTtov Tov TpOTo o
nupnvag odnyeital oe Kopeouo. To petpoUpevo Tedio To AapBavoupue anod to nnvio
AnWwnc. Etol, to awoBntrplo tuRpa evog Fluxgate meplhapBavel cuvnBwg Evav mupnva
owdnpopayvnTtikol UALKOU UYPNANG HayvnTikAG Slamepatotntag Kol XapnAou
OUVEKTLKOU Tiediou, yUpw amod to omoio Tuliyovtal SUo TouAdxlotov mnvia, Omwg

daivetal oto Zxnua 6 [6].

ext

premagnetization winding

1 pick-up winding

holder

probe core

IxAua 6: 2tolxelwdeg oxédlo alobntripa Fluxgate.
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MNna va emniheyel évag Fluxgate yla cuykekpluévn edpapuoyn Baollopacte otnv
KaUtUAN payvAtiong n omoia ¢aivetal oto ZxApa 7 [6]. Ta xopakTnpLloTka Ta omnoia
TLAPOTNPOULE OTNV KOUTTUAN LAYVATLONG EVOC UALKOU, WOTE va KPLOel KatdAANnAog yLa

tov Fluxgate eivau :

e oxnua
® CUUMETPpLO
e ouuneplpopa undevikol onueiov

e ouumepldpopd KOPECUOU

a
Z — shape

_/

IxAUa 7: XapaKTtnpLloTKEG LopPEC KAUMUANG payvitiong [6]

MapatnpwvTog TNV KAUMUAN CUUEPOLVOULE OTL O TTUPAVAC O OTOLOG EXEL TNV Z-
KOUTIUAN GTAVEL TILO YPHYOPO OTOV KOPEOUO 000 aufdvetal To medio evw 0 mMupRvag
™G KOUTUANG F amattel mo peyalo medio. Apa avaioyo pe TNV epapuoyr Tou
emBupolpue va xpnolgonolnooupe 1o Fluxgate emAéyoupe kol tov avtiotolyo
nupnva. AKOPQ, TO €uBadov TNG KOUMUANG TIAPLOTAVEL TNV EVEPYELDL TIOU
KatavaAlwvetal, Adyw UoTEPNoNG, UTO TNV popdn Bepuotntag. Apa n Loxug P Twv

anwAewwv votépnong Slvetal amno tnv oxéon:

12



P =fVS 2.1

omou f n ouxvotnta NG KUKAWKNAG €VOAAQYNG TOU payvntikou mediou mou

ermuBaretal otov upnva, V o 0ykog Tou Kot S To euPfado tou Bpoxou uotEpnong.

2.2.2 Apxn Aettoupylag payvntopeTpwy Fluxgate

O awoOntpag Fluxgate amoteAeital and ta €€1¢ KUpLA LEPN:

®  LOYyVNTLKO TIUPNVA,
e Tinvio 8l€yepong Tou upnva,

e Tminvio pETpnong tou e€wteptkoL mediou

21N Aettoupyia Tou SlakpivovTal oL KATOOTACELG OTAV O HAYVNTIKOG tupnvag dev
Bploketal oe Kopeoud (IxAua 8a) Kol OTAV O HOyVNTIKOC Tupnvag Pploketal ot
KOPEOUO (ZxApa 8B). OL KATAOTACELS ETUTUYXAVOVTOL PE TNV EMLBOAN €VOC APUOVLIKA
petaBaAlopevou nAektplkol onpatog oto mnvio diéyepong. Katd tn Stdpkela tou
KOPEOUOU, TO €EWTEPLKO HayvNTIKO TESl0 SV ELOEPXETAL OTOV HAYVNTIKO TUPRHvVa
oAAa 6tav Sev Bploketal oe KOpeoUO Umopel va elo€NBeL o€ auTodv. Ooo To e€WTEPLKO
HOYVNTIKO TTESL0 ELCEPXETAL KOL EEEPXETAL OTOV POYVNTIKO TTUPNVA N payvnTikn por O
petaBarietal. H petafoAn autn n omoia gival avaAoyn tou e€WTEPIKOU HayvVNTIKOU

niediou yivetat aoBntA anod to mnvio HETpnong.
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() (B)

IxAua 8: : Kataotdoelg Tou payvntikoL mupnva otav (o) dev Bploketal oe KOPECUO
kat (B) Bploketal oe KOpeGUO

Ao TIg oxéoelg petafl poayvntikou mediou, €vtaong payvntikol mediou Kal
payvnTong E€pou e OtL:

M = yH 2.3

KOlL APOL TIPOKUTITEL OTL:

B = (popr)H 2.4

OTou :

w=1+y 2.5
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To e§wTtePLKO payvnTko medio pmopel va ypadtel wg:

1 2.6
H = Hexternal —DM = M_Bexternal — DM

0

omou w¢ D opiletal o mapayovrtag anopayvatong. Aappdvovtag unoyn tnv

e€lowon 2.2, kataAfiyoupe otnv eélowon:

Ho 2.7
B = B :
1 + D(ﬂr 1) external

H tdon ota dkpa tou mnviou METpnong eivat avaloyn tng METABOAAG NG

HOYVNTIKNAG pong Kat Sivetal amo tnv eflowon:

dB 2.8
= nd—
V=n i

OToU N 0 APLOPOG TWV OTELPWV TOU Tnviou pETpnong kat A n diatoun tou.

Aladopilovtag tnv e§iowon 2.7 KATAANYOULE:

nA(1 — D)% 2.9

V= 14+ D(Hr _ 1)2 Bexternal

H e€lowon 2.9 mapoucldlel Tn LETPOUMEVN TAON OTA AKPA TOU TNVIOU HETPNONG

n omoia eivat avaioyn tou e€wTepPLIKoL payvnTikou mediou.
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2.2.3 Alatacelc aobntripa Fluxgate

AvoAoywc pe tn Statagn ot alodntipeg Fluxgate katnyoplomolouvTal Ot:

e Fluxgate mapdAAnAou tumou

e Fluxgate opBoywviou tuTIOU
Qg fluxgates mapdAAnAou tumou opilovtal oL alebnTripeg eKElvol GTOUC OTIOLOUG
to rtedio SLéyepon  elval mapAAANAo LLE TNV TPOG LETPNON CUVLOTWOA TOU HayVNTIKOU
nedilou. e auTAV TNV Katnyopia avikouv ot awoBntripeg Siapnkoug muprva. H
amAovotepn Stataén atobntripa Fluxgate eivat o ateOntripag dtaprnkoug mupRva mou
daivetal oto ZxNua 6. Kabwg avéavetat to emBarAOpeVO payvnTIKO Ttedio o TupnAvag
¢dtavel oto onuelo KOopeopoU. ITo IxAUa 9 auto To onueio eival To onueio a. Itnv
ouvexela otav pndeviotel to e§wtepkd medio mou MPOKAAECE TNV HayvATIONn, N
payvnTikn emaywyn 6ev pndeviletal, alld Siatnpel Betikd mpoonuo. H TR avtn
elval to onueio b kat ovoupdletal mapapévouca payvAtion. Otav aAAalel n
TIOALKOTNTA TOU payvnTikou mediou, undeviletal n payvntion tou nupnva (onueio c).
Au€avovtog mepattépw tn OSléyepon, o mupnvag $ptavel otov kopo (onueio d).
Mewvovtag otn ouvéxela To medlo HEXPL va PNOevioTel, €XOUHE Kal TAAL
TAPOPEVOUCA HAYVATION OToV TwupAva He avtibetn koatevBuvon (onueio e).
Edapudlovtag maAl Oetikd medio CUUMANPWVETAL N KAELOTH KOUMUAN. Etol, n
KQUTTUAN HOYVATLONG OTNV MEPLTTWON auTr TOTOOETETAL CUUUETPLKA YUPW ATIO TO
onueio 0, kaL oL SUo akpaieg Ppaocelg (BeTIKA KAl OPVNTIK HAYVATION KOPEGUOU)

anéxouv akpLBwg pon nepiodo.

w

v/
i+

e

Ixnua 9: Bpoxog vuotépnonc.
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Av twpa 0 oldnpopayvntikdg mupnvag Ppebel evidog mediov pe dievbuvon
mapAdAAnAn pe tov afova Tou TUPRva, N MOPAAVW CUPUETpla SlatapdoosTal. Itn
Betikn (wg pog To e€wTtepLkd Tedio) nuumepPiodo Tou KUKAOU POyVNTLONG, O KOPECUOG
Ba udiotatal Alyo vwplitepa, kKaBw¢ autog e€aptdtal and To ouvoAlko medio, mou
otnv nepintwon auth ival n unépbeon tou nediou SlEyepong Kal Tou eEWTEPLKOU
nediou, mou elval opdppoma. ITNV aPVNTIKN NULTEPL0S0, 0 KOpEOUOC Ba udioTatal
Alyo apyotepa adol mAéov To cuvoAlkod medio eival n umépBeon Svo avtippomwy
HOYVNTIKWV Tedlwv. Zupnepaivoupe OTL 6tav o upnvag Bpebel otnv enidpaon Tou
efwteplkoL mediou mpokaAel pla xpovikn kabuotépnon petafy tng endaviong dvo
SL0dOXIKWYV KOTOOTACEWYV KOPECUOU avtiBetng moAwkdtntag. H Wbotnta auvtn

amoteAei Tn Baon yla t Asttoupyia tou Fluxgate Staprkoug mupnva.

Emeldn) otnv amAni Suatagén tou Fluxgate oto tUAypa ANPNG umdpxel Kat n
OUVLOTWOO TIOU QVTLOTOLXEL TNV ouxvotnta SdLEyepong, avamtuxdnke o Fluxgate mou

daivetal oto ZxAua 10 [7].

out

> X d >3 v v NN
LR ANKEKEKES
’ ¢ N 7 7 AN S

T X< XX N XN

Ixnua 10: Double-rod Fluxgate [7].

Ze autniv tnv dudtaén xpnowuomnotlovvtal duo idlot odnpopayvntikol TUPAVES oL
ormolol eival tormoBetTnuévol mapdAAnAa o€ Hikpr anootacn PeTafl touc. To mnvio

Andng tuliyetal yupw amd toug dU0 MUPRVEG evw To TNVio Sléyepong TUALyeTal UE
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avtibetn ¢opd, €tol wote ta medla Sléyepon¢ Twv oLdnpopayvNTWY va €XOUV
Stadopa paong 180°. Amouoia payvntikoL nediou, To Seutepevov mnvio divel mavta
uNnéevikn €€060 kKaBwg N CUVOALKN HayvnTLKA por) Slapéoou autou eival undevikr. Av
OpwG edappocBel medio mapaAAnAa pe Tov aéova Twv oLdNPOUAYVNTIKWY TTUPHVWY
TOTE €VIOXVUETAL N MOyVNTIKNA EMAYwWYH TPOC TN Uia katevBuvon Kal €Tl OTo Mmnvio
ANUNG emayetal UETPNOLUN TAON TOU €lval avaloyn mpog tnv évtacn H tou
efwteplkol mediou. MapaAlayn tng Sidtagng autnig amoteAel n uAomoinon tou
aoBntipa pe duo ev oelpd cuvdedepéva nnvia AqPng, éva yla kABes mupniva, Onwg
daivetal oto Ixnua 11 [6] e MAeoVEKTNUA TOV EUKOAO pUNdeviopo twv offsets twv

0pPYAVWV WE Kivnon Twv MUpAVWYV eVtog Twv SEUTEPEVOVTWY TtNViwy [8].

Ixnua 11: Fluxgate Staunkoug mupriva tumou Forster [7].

Mia emtiong onpavtikn katnyopia Fluxgate mapdAAnAou tumou ivatl ol dtatdgelg
SaktuAloeldol¢ mupnva. 2 autr tnv uAomoinon onwg ¢aivetat oto xNua 12 [7], to
ninvio SLEyepong TUAilyetal Topoeldwg yupw armd tov SaKTUALOELSH Tupriva 0 omoilog
€XEL TPOOAVATOALOUO TETOLO WOTE TO TPOG HETpnon medio va keital mapdAAnAa pe
pio Stapetpo tou SaktuAiou. Ze autnv TNV Stdtagn otov Plod SakTUALO To Ttedio Adyw
Tou pevpatog Steyepong elvat mapAdAANAo pe o e§wTtePLKO medio, kal otov Ao ULoo
avtutapdAAnAo. To mnvio AYPng eival éva amAd ocwAnvoeldeg pe agova mapaAinio

oTOo TMpPOG Hetpnon medio.
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Ixnua 12: Fluxgate AaktuAlogldolg muprva.

AkOpa pio katnyopia awobntipwv Fluxgate amoteAouv oL aloBbntripeg
eMewoeldboug mupnva (race-track sensors). Evag Tutiikdg aoBntipag tng popdng
autng ¢aivetatl oto Ixnua 13 [7]. Ze autég tig dtatagelg to nedio SiEyepong eivat

KABOETO WC POG TN HETPOULEVN CUVLOTWOA LayvNTLKOU Ttediou.

\Y

out
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Ixnua 13: Fluxgate eA\ewpoeldol¢ mupnva.

19



2.3 AwcBntnpec Mayvntoavtiotaong

To pawodpevo Mayvntoavtiotaong napatnpndnke and tov William Thomson.
JUpudwva pe To GALVOUEVO TNEG HOYVNTOAVTIOTACNG, AV €PAPHOCTEL Eva LOyVNTIKO
niedio o€ éva UALKO armd to omolo SLEpXETaL peU A, TOTE Mapatnpeital petaBoAr otnv
NAEKTPLKA avtioTaon autoU Tou UALKOU. To mooooto tn¢ aAlayng e€aptatal amno 1o
pHEyeBocg TNG payvAtiong Kal tn SlevBuvon Tou PEVUHATOC TO OTOL0 XPNOLUOTOLELTAL
yla tnv HEtpnon tng €8IKA¢ avtiotaong. Ta UALKA ou cuvhBw¢ xpnotpomolouvTal
elval kpapota VikeAlou koL owdnpou, oe popdr) AemTwV UPEVWY, ENMELSA
napouaotalouv tnv peyaAUtepn oAAayn otnv €81k avtiotaon (mepimou 5%). Ito
Ixnua 14 mapouaotdaletal ypadikd n petafoAn tng l8IKNG aviiotaong yla nedio to

omolo €xeL epappootel mapdAAnAa pog tnv pon Tou PEVUATOCG.

Ap/p

Apg/p | — —Saturation_

Field, H

Ixnua 14: ANayn €81kng avtiotaong ouvaptioet payvntikoL mediou.

Onwg ¢aivetal, n avtiotaon avfavetal Otav auiavetal to payvntikd nedio. H
NAEKTPLKA avTioTaon Tou UALKOU aufavetatl Adyw g HayvATong Twv SutdAwv Tou.
Otav ta payvntikad OtmoAa SiataxBouv kdabeta otn ¢dopd TOU PeELUATOC,

T(POKAAOUVTAL OKESACELG TWV NAEKTPOVIWY, LE CUVETELA TN MELWON TNG KLVNTLKOTNTAG
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TOUG KOl TEALKA, TNV auénon Tng avtiotaong Tou UALKOU. Z€ QUTEG TLG LOLOTNTEG

Baoiletal n Avicotporky Mayvntoavtiotaon (AMR) [9].

Ol alobntripeg payvntoavtiotaong ouvibBws EVOWUATWVOVTOL O NAEKTPOVLKA
KUKAwpoto w¢ Slatdagelg tecodpwv aobntpwv oe yébdupa Wheatstone omwg
daivetal oto ZxNnua 15. OL aVTLOTACELS £XOUV TOV (610 TPOCAVATOALOUO HE TNV PON
TOU pevupatoC. EToL oL avTLoTACELS oL oTtoleC Bpiokovtat o mapAAAnAeg B€oelg (B€oeLg
A kaL D) €xouv MPooavaTOALOUO OTNV por PeUPATOC TTou SlappEet katda 90° anod tov
TIPOCOVATOALOMO Twv AAwv duo avtlotdcewv (Béoelg B kat C). Auti n Sudtaén
ETUTUYXAVEL EVioxuon ¢ TAong €060V KATA TECOEPELS POPEC LEYOAUTEPN ATO TNV

Sataén nmou mephappavel pévo pia payvntoavtiotaon [5].

Nnr

Ixnua 15: Mayvntopetpo Mayvntoavtiotaong

Mapopolo tpomo Asttoupyiog pe tou¢ AMR, €xouv oL alwcBntrpe¢ GMR (Giant
MagnetoResistance). H &iadopd pe toug AMR eival n peyalutepn HeTaBoAn
NAEKTPLKAG avtiotaong mou mapoucotdlouy, tng Ta&ng tou 10 4 20%. . H avakdAuyn
Twv aoBnTpwv GMR 06rynoe otnv anovoun tou Bpapeiou Nobel otoug epeuvntég

Albert Fert kot Peter Griinberg 1o 2007 [10].
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2.4 MayvnTOUETPO MNViou aviyveuonc

Ta payvntopetpa mnviou avixveuong (search-coil magnetometers), ta omoia
Baacilovtal oToug emaywylkolC aloONTAPEG, elvat alobNTApPES oL omoiot PETpoUV TNV
HETABAANOUEVN HAYVNTLKN por XApn OTo VOUO Tou Lenz. Ta payvnTOUETpO Tnviou
avixveuon¢ amoteAolvial amd €vav emMaywylkd aiwobntripa, o omolog eival
ouvdebepévog Ue To KATAAANAO NAeKTPOVIKO KUKAwa. Mpoodépouv Tn Suvatotnta
HETPNONG AVW TOU €VOC SLAVUOUATWY TOUu payvntikol mediou kol €xouv €UpOg

HETpnong mediov amdé mHz éwg MHz [11].

Ixnua 16: Mayvntouetpo nnviou aviyveuong

H evalobnoia autwyv Twv payvnTopeTpwy e€aptdtal ano tn dlamepatdtnta Tou
TIUPNVA, TIG VEWUETPLKEG SLOOTACELS TOU TNViou Kal to puBud petafoAng tng

HOYVNTIKNAC pONG SLapéoou Tou mnviou.
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2.5 AwBntnpec LVDT

‘Evag awobntipag LVDT (Linear Variable Differential Transformer — pappikog
HETAPBANTOC SL0pOPLKOG UETOOXNUATLOTAG) UIMOPEL v HUETPACEL TN YPOMUULKN

HETATOTILON EVOG UALKOU aTtd LEPLKA EKATOOTA TNG LVTOOG LEXPL LEPLKEG (VTOEG.

1o IxAua 17 mapouoialoupe tnv doun tou LVDT. QG HETAOXNUATLOTAG, OTO
EOWTEPLKO TOU €XEL €va TPWTEVOV TUALYUA TO OTolo €lval TOmoBeTnUEVO OTO KEVTPO
TOU Kol glvat avapeoa oo duo TuAiypata (mpwtelov kat Seutepevov). Ta TUAlypata
elval tomoBetnpéva oe €vav kUAWVEpo, o omoiog eivat cuvABwg yudAwog. OAn n
TapaArndvw Soun TePIKAELETAL ATIO KATIOLO TIPOOTATEVUTIKO UALKO E LEYAAN LAYVNTIKN
Slamepatotnta Kol anoteAel o otabepd pHépog tou alwcOntrpa. To Kvntd HEPOC TOU
LVDT amoteAeital and Tov mupnva 0 omolog LETAKLVELTAL KATA UAKOG TOU afova Tou

ninviov [12].

Coil Assembly

(Af‘;ll-

Ixnua 17: AwoOntipag LVDT[12].

MNa va Aesttoupynoel o awobntipa¢ tpododotolpe TO TMPWTEVOV MNVIO UE

evaAAaooopevo pevpa KAtAAAnAou MAATOUC Kal ocuyvotntag. Emeldry to onua
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el06dou mepvael ano ta Suo Seutepevovia mnvia, n €6060¢ tou peTafAAAeTal
avaloya pe tnVv kivnon tou mupnva. Adyw Tou eVAAAOCOOUEVOU PEUUOTOC EL0OSOU
avamnrtuoostal ota Seutepelovia mnvia poyvnTikn porp Si1 kat Sy, H TR twv
HOYVNTIKWV powV e€aptatal amo tn 8€on Tou mupnva. Avaloya e TNV LayvnTLkg pon
€XOUUE KaL TNV avtiotolxn taon E; kat Ez. H £€€060¢ Tou atoBntrpa eivat avaioyn tng
Sladopadc twv duo tdoswv ota Sdeutepevovta mnvia, apa Ex-E1 i Ei1-Ez. OL tpelg

KATAOTAOELG OTLG omoleg pumopel va Bpebel o alobntripag paivovtal oto ZxHua 18.

m
-
m
m
m

NAX SHT
NULL MAX. RIGK

Ixnua 18: Kataotdoelg Asttoupyiag atcbntripa.

Mepikd amd ta mAeovektipata tou LVDT eivat n pndeviky teBn katd tn
Aettoupyia Tou, N wavomowntiky avaluon, n peyaAn Sldpkela pnxoavikng {wng, n

AUEeoN amokpLon, n avtoxn o€ MepBAAAOVIIKEG CUVONRKEC K.ql.

2.6 AloBntnpec SQUID

Ta mo svaicBnta opyava HETPNONG payvnTikou mediou eival oL alobntripeg
SQUID. Ou vumepevaiocBntot awoBntpeg SQUID (Superconducting Quantum
Interference Device) eival aloBNTAPEC LOyVNTIKNAC PONE TIOU UIOpOoUV va Slakpivouv

Sladopéc tng tdéng twv 10! tou payvntikoy mediou tNg ng. H pétpnon tou
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poyvntikoU medilou yilvetal OTaV CUYKEKPLUEVA UALKA (Uxovial KATw omo pia
UTIEpAYWYLUN peTafatikr) Bepuokpacia. Me autov Tov TPOMO Ta UALKA XAVOUV TNV

NAEKTPLKA TOUG AVTLOTOON KAl YivovTal UTtEpaywyol.

Avdloya pe tn Beppokpacia Asttoupyiog toug oL aloBnTApeg AUTAG TNG
Katnyoplag xwpilovral o SUo Katnyoples: otoug alobntripeg xaunAng Bepuokpaaciag
(LTS) kot otoug awoBntipeg uvdnAng Bepuokpaciag (HTS). Ou LTS awoBntrpeg
Aewtoupyouv oe Bepuokpaoieg -270°C kal kataokeualovtal anod ViopLlo 1 Kpauata
HOAuBSou kal xpuoou. MNa tn Aettoupyia Toug anatteital YPuén pe vypo NALo, KATL TTOU
Toug kaBlota mo Suoxpnotouc. AviiBétwg, ol HTS awoBntripeg umopolv va
Aewtoupynoouv oe Bepuokpaocieg €wg kat mepimou -130°C. Kataokeualovral amnod
YBCO (Yttrium Barium Copper Oxide) kat PUxovtal pe uypod alwto, To omolo eival mio

€UXPNOTO 0€ OXEON HE TO UYPO AALO KL EXEL XAUNAOTEPO KOOTOC.

H Aettoupyia toug ouvbualel To KBavtiko ¢awvopevo tng onpayyag Josephson,
ouudwva Pe To omoio éva pelpa Pmopel vo Slamepdoel €va UTIEPAETITO N
UTIEPAYWYLUO OTpwHA TIou PBploketal pHeTall evog {eUyoug UTEPOYWYLLWY UALKWV.
AOyw TNG HOyvNTIKAC Pong n omoia Snuoupyeital otav Puxovtal o€ KATAAANAn
Oepuokpaocia kat tou emPallopevou €EWTEPLKOU HOyvNTIKOU TEdlOU E£XOUUE
anwAela evépyelag. H amwAela evépyelag Onuioupyeital AOyw NG OTLypLaiog
oAAayng TNG LayvNTIKAG pong otav Bpebel péoa oto emtPBarlAopevo payvntiko nedio.

METPpWVTAC AUTNV TNV EVEPYELA, UTIOAOYLIETAL N TIUN TOU payvnTtikou rediov [13].

2.7 AwoBntnpagc Hall

Ot awoBntnpec Hall Bacilovtatl oto opwvupo davopevo. Otav Eva aywyluo N
NULOYWYLHO UALKO BpeBel péoa o€ Eva payvntikod medio, oTIC AVTLOLAUETPLIKEC TTAEUPEC
tou eudaviletal dtadopd nAektpikou Suvapikol. Katd ouvémela, ol $opeig
NAEKTPLKOU dpopTiou ektpgmovtal Adyw tng duvapng Lorentz mou aokeitol og autoug

a6 to medio. H ywvia ektpomnig e€aptatal and tnv éviacn tou £dapuolopevou
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nediov, kal tnv évtacn tou SlepXOUEVOU NAEKTPLKOU PEUUOTOC. ATOTEAECUA TNG
6paong tn¢g Suvaung Lorentz sival n cuykEVIPWON NAEKTPOVIWV OTO €va AKPO TOU
aywyou Kat onwv oto aAAo. KabBwg n cuykévipwaon dpopéwv ota SUo dkpa auiavetal,
Snuoupyeitat NAekTpLko edio mou oto oxpa cupBoAiletal pe Ex KoL KATA GUVETELD
elvat duvatn n pétpnon ¢ taong Hall n omola pnopet va dwoel €éva PETPO TNE TLUAG

tou edpappoldpevou nediov [14].

Zxnua 19: H Baowkn diatagn atcdntripa Hall.
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3 EdappoyEc payvnTikwy alobntrpwyv

3.1 Ewoaywyn

ITIG UEPEG MG, OL payvnTkol atoBntnpeg eival oe Béon va dwoouv AUon o€
TolkiAda Bépata, Omwg eival o evtomopog Béong o €Aeyxog otddung. Evag
HOYVNTIKOG aloOntpag UETATPEMEL TN METABOAR NG €viaong €vOg MAYVNTLKOU
niediov og NAeKTPLKO onpua. H petaBoAn tng évrtaong tou payvntikoL nediou petpatal
LLE TOUG TPOTOUG Ttou avadEpBnkav oe mponyol eva KedpAAala AUTAG TNE Epyaciag.
OL edapuoyEg Toug eival amelpeg kat apxilouv amod Tig o armAoikéG KoL YWWOTEG 0
O0Aoug Toug avBpwroug onmwg eival T.X. N payvntikn muéida, pEXPL TIG CUVOETEG
pneB6doug pétpnong petafoAwv Tou payvnTikou mediou TNG yng yla avixveuon

netpelaiou, apyxalotnTwy, vepou K.a. oTo Urédagdoc.

3.2 Edappoyec otnv mhonynon

H o dtadedopévn edappoyn Twv HayvnTIKwV alobntipwy €ivat n xprion Toug
otnv mAofynon otnv BdAacoa kat otov aépa. H avamntuén twv GPS édwoe wbnon otn
TEXVOAOYLOl TWV HAYVNTIKWY alodnNTApwy ylo va KATACKEUOAOTOUV OAOKANPWHEVOL
payvntikol awobntipeg oL omoiol pmopovcav va tomoBetnBolv oce autd. H
TOMOBETNON TWV HOYVNTOUETPWY HECO OTA CUCTHUATA TTAOYNONG £YLVE yLO TOV AOYO
Tou OTL taa GPS AettoupyoUv povo oe pépn Ta omola eival opatd amd Toug
Sopudopoug. e TEPLOXEG oL omoieg dev kaAumrtovial amd toug Sopuddpoug,
AeLToupyoUV TA HAYVNTOUETPO TWV CUOTNUATWY TAonynong. Authi n ebappoyn eivat
amopaitntn Kuplwg ota aepookddn Kal oToug UPAUAoUG oL omoiotl Sev pmopouv va

Aettoupynoouv xwplg tn ocuvexn ANPn CUVTETAYUEVWV.
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Akopa pa epappoyn otnv mAonynon eivatl auth ota untoBpuxta. H tAorynor toug
€€aPTATAL QATIOKAELOTIKA OO HAYVNTOUETPA UEYAANG akpiPelag. XTI UEPEG HOG
UTTOPOUV VO KATOOKEUAOTOUV NAEKTPOVIKEC TIUELSEC e akpifela 0,1° pe duvatotnta
QUTOMATNG OVTLOTABULONG avWHOALWY. AUTEC Ol OVWHOALEC Tipoépxovtal amd Ta
NAEKTPLKA pevpata Twv Sltadpopwv CUCTNUATWY KAl TWV HOyVNTIKWV TIESlwv Tou

T(POEPXOVTAL ATIO TNV KOTOOKEUH TWV MAOLWV KAl TwV aEPOoKadwV.

Muwa muéida tou tumou Fluxgate Poaoiletat otnv oapxi Aettoupylag &vog
HOYVNTOUETPOU TOU aVWTEPW TUTIOU. Xpnotlpomnolei U0 f meploodtepa LeVyn MNViwv.
1o IxAua 21 mapoucidletal to Slaypappa pag muéidag autol Tou TUMOU TOU
xpnotporolet tpia Zevyn mnviwv. Otav o mMpocavatoAlopog tng nuéidag aAldsel tote
TAPAYETAL Yla Taon otnv £€£060 mou eival avaloyn tng amodkAlong amno tov Boppad ot
poipeg. To mAeovéKTNUO QUTAG NG Tuéidag elvatl OTL oL evdeifelg Tng pmopouv va

uetadpepBolV Pnodlaka os onolodnimote onpeio [5].

Ixnua 20: Audtagn nuéidag tumou Fluxgate [5].
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3.3 Edappoyec aviyveuong oxnuUaTwy

Mia  aAMn  edpapupoyn) TwV  HayvnTIKwv  owodntipwv  elval  otnv
avtokwvntoflopnxavia. e autiv tnv edappoyn xpnowhomolouvtat ot AMR
aLoOnTPEG yLa TNV avixveuon oxnUATwy mou Bpiokovtal Kovtd otov alobntrpa i oto

cuoTnua Twv aodntipwv [5].

Me tnv évtaén Twv alctntrpwv otnv avtokvntoflopnxavia Pmopoupe MAEOV va
npoodlopioouvpe tnv taxutnta, tnv dlevBbuvon tng KukAodopiag, Kabwg Kal Tov
apLlOUS Kal ToV TUTIO TWV AUTOKIVNTWVY Ttou SLEpxovtal amnod kamolo dpodpo. Eneldn ta
ONUEPLWVA aUTOKIVNTO €XOUV QAPKETH ToooTNTa amd oidnpo, XAAuPa, VIKEALO Kol
KOBAATLO, oL payvntikol alodntipeg eivat oAU Kalot yia va xpnotponolnBouv otnv
OVIXVEUON TWV OXNUATWV. ZNUEPA, OL TEPLOCOTEPOL HAyVNTIKOL aoBntnpeg eival
OPKETA UIKPOL Kal AOyw TNG TEXVOAOYLAG OTEPEAC KATAOTACNG, N EVOWUATWO TOUG OE
Sladopa cuotnuata €xeL Yivel eukoAOTepN. EMeLdn ta meploootepa autokivnta dev
EKTIEUTIOUV LAYVNTIKO TIESLO, SEV UMOPOUUE VA XPNOLUOTIOL o0V UE TO patvopevo Hall,
TO omoilo mpoUmoBEétel TNV Umapén Hayvntikou mediou yla tnv Asttoupyia Twv

awodntipwv Hall.

Ma tov mopamdavw AOyo XPNOLUOTIOLELTOL TO HayvNTIKO Tedio TNG yng Kat ot
alobntnpeg «aoBevwv mediwvy. Autol oL aoBNTAPEG UMOpoOUV va avixveUuoouv
HETAPBOAEC TOU PayvNTLKOU TIeSiou TTou TPOKAAOUV Ta KOVTILVA oxfuata. To IxAuoa 22
Oeiyvel ypadikd TO TWG OL HOYVNTIKEG YPAUUEC eKTpEMovtal otav Slamepvouv

autokivnTo mou epAaUBAVEL PLOYVNTIKA UALKA.

29



7 | f !’I‘ j‘,
:!!fln’,@1’1UIZIE§IIIAI|HV’)q,";_‘

———

A

A7,
Y A
/[N 117 27/

IxAua 21: Atatapaxf Twv MayvnTikwy ypappwy tou yAwou riediou amd tnv mapouvacia

oxfporog [5].

KaBwg oL payvNnTIKEG YPOUUEG TTUKVWVOUV 1 ApOLWVOUV (OUCLACTLKA N aplBuntiki
TR tou yrRwou meblou petafaiAetal), €vag HAyvnTIKOG aloBnTApag Tou €xeL
tonoBetnOel ekel Ba udilotatal TG (Bleg HayVNTIKEG EMOPACELS TTIOU TO QUTOKIVNTO

Snuoupyet oto payvntiko medio NG yne.

AkOpa pia epappoyn Twv aodnTHPWV oTNV AuToKLVNToBLlopnxavia eivat autr Tng
xpnong awodntpwv Hall cav aloBntripec meplotpodnc. TomoBeTwvTAG HAYVATEC
MAVW OTov Afovo TOU OUTOKLVATOU, SnULloupyeltal n payvntiky pon n omoia

avixveUETaL amo Tov atctnthpa.

Ixnua 22: Alodntrpag taxvtntag tonofstnuévoc otov otpodaio.
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H Aettoupyieg oL omoieg pumopel va entteuxBouv and Twv moapanavw alocdntipa

elvat:

e Aviyveuon tayvutntag diokou

e EAeyxog taxutnrtag

e 'EAeyX0G XPOVIOMOU TOU KlvnTApQ
e Avixveuon undevikng TaxuTnTog

e Aviyveuon neplotpodikng B£ong

e Métpnon pong

AKOMQ, HayVNTIKOUC aLoBnTrpeg €XOUUE KaL OTn HETPNON YWVLOKNAG B€ong tng
netalovdag Tou ykallou. Xe QUTAV TNV £dapUoy XPNOLLOTOLOUVTOL aLoBNTAPEC

YPOUULKNG €€060U.

3.4 EPapUOYEC OTNV LOTELKN

Onwg €xoupe avadeEpel, ta Opyova TOU OVOPWIILVOU OCWHATOG EKTEUTIOUV
NAEKTPLKA CAUOTA KOL WG CUVETELX SNULOUPYOUV payvnTIKA media. Autd ta acBevn
poyvntika medla xpnolgomolouvtal otn SlayVWOTIKN LaTPLK HE XPAOoN Twv
HOYVNTIKWV  awobntipwyv. 2to IxNua 23 TOPOUCLAlETAL ML XOPOKTNPLOTIKN
QTTELKOVION TIOU CUOXETIEL TNV evawoBnoia Staddpwy TUMWV aodBNTApWY UE T
payvntika media twv avBpwrnivwv opyavwv. Ta opyava mou avadEpovtal oTo

QVWTEPW oXNUA ival
MCG = Mayvnto-kapdloypadnua,
MMG = payvnto-puoypdadnua,
MEG = payvnrto-eykedaloypadnua,
MOG = Mayvnto-odpBaipoypadnua [5].

Ta payvntikd edia mou mapayouv ta dtadopa dpyava €Xouv HayvNTIKY pon TNG

Ta€ewg twv 1013 ¢wg 10! Tesla, ta omoia sivat moAU pikpdtepa o€ évtaon and To
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HOYVNTIKO TESL0 TNG yNG, KOl EMOUEVWG AV YIVEL TIPOOTIABELA LETPAOEWS TOUG, AUTO
Sev Ba eival duvatov. MNa autov to AOyo oL UETPNOELG AUTEC yivovtal og €L8IKA
StapopdwpéVoug XWPOUC TIOU KaAUTTovtal amd oldnpopayvnTIKA UALKA Kol

oAoupivia.

Onwg daivetatl amod to IxAua 23 ta payvntopetpa Fluxgate eumopikol tUTIOU
OMWG €miong Kal T PoyvnNTOpeTpa tou (dou tumou tng NASA, dgv pmopouv va
XpnotwuomnownBouv ylo PETPAOELS TwV Blopayvntikwy mediwv. MNa autov tov Adyo

xpnotuormnotlouvtal ot toAuTAokoL aoBntrpe¢ SQUID.

1ge | ukvoTTa payvnukig porg (T)

_‘_
1 Mayvntiko nedio yng
:: \
E \\ B
3 > Oo6pufog [ : :
AN v TUXVOTNTA YOG
107 Tew- \ "~ epyaompiou :
4 HOWNTIKOG N\ | : '“g‘
1-86puPo N I BopuBoc appovikwy
o] B0PURoS X, N |
3 % B by Eumoptkn
3 N Fluxgate
(nT) 109 \ LR 8
E IR
3 o I
|
i AR
] nasa > Hias
7 Fluxgate ] i 06puBoc |
IR i, padloc |
[ g : H::“ cm)(von']tuuvl ! I
Blouavvntikd (pT) 1012 - “Ltu.luu\\ : : :|H
i f C
] il
_________ 10124 S i
MNedio Bopti Bou 3 \Wx;vﬁt_m_éq 86 ;;U—B_og sykedhou
T — 10* 4 Medio Bepuwot % SQuUID
loodvapo 1 BopuBou Swopeupdtwy HLayVNTOUETPO
9pVPou ewddou (fT) 1015 Induction-coil
3 LOyVNTOUETPO
""""""" A 1 Medio Bepukol BopUfou cwpatog ;
Ogpuwoq 11305 BN SRR e e Zuxvomra (Hz)
eopUBOq E T LLSL o L R L oy € L 7 . O PR L L |

102 D2 foF A% qor e A0 ded 408 108

Ixnua 23: EvaiwoBnoio Stadopwv UMWV aloBnTipwy Kal T poyvntika nedia mou

Umopouv va SnpLoupynoouv Ta 0pyava Tou avBpwrnivou cwpatog [5].
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3.5 Avixveuon petalwv

Mia AAAn edappoyni Twv HAyvVNTOUETPWV €lval n avixveuon HeTaAwv. H
epapuoyn oe autod to Topéa Sev meplopiletal povo oto va Bpebouv moAUuTHA
HETAAAQ aAAA Kal yLa TNV acpAaAela agpodpopiwy, KTtnplwv f KoL o€ Peyala yeyovota
OTWG €vag aBANTIKOC aywvag A pia cuvaulia. H xpnolndtnTtd Toug 0w ival peyain

KOLL OTLG OPXOLOAOYLKEG OvaOKADEC KAl TIG YEWAOYLKEG EPEUVEC [5].

‘Evag TUTILKOG aVLXVEUTAG LETAAA WY ammoTeAeiTaL oo :

e JtaBepormolntr), o omoiog xpnolpormnoleital ywa va datnpel otabepn
povada kata tnv Kivnon tne.

e Koutl eAéyxou, TTOU TEPLEXEL TO KUKAWUA, TO NXELO, pUmatapieg KoL Tov
HULKPOTIOUTTO.

e Afovag TOU OUVOEEL TO KOUTL €Aéyxou Kal TO Tnvio. Zuvnbwg
pooapUOleTaL WOTE va Elval TomoBetnuévo og KATAAANAO, yLa To U oG
TOU Xpnotn, eninedo.

e [nvio é¢pguvag i avalntnong: MpokKeLTaL yla To TUAKA TTou EVTOTiEL TO

HETAANO, YVWOTO €miong KL w¢ KepaAn avalitnong 1 kepaia.
OL QVIXVEUTEG LETAAAWVY XPNOLLOTIOLOUV Uiat ot TLG TPELG TEXVOAOYIEG:
e XaunAwv cuxvotitwv (VLF)

e [MaApkng emaywyng (PI)
e PubBukng ouxvotntag tadaviwong (BFO)

Ixnua 24: EvaiwoBnoio Stadopwv TUTIWY aLoBnTApwWY Kal T poyvnTika nedia mou

UITopoUV va SnHLoUpyncouV Ta Opyava Tou avBpwrivou cwpatog [5].
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4  KatooKeun YEVVATPLAC NULTOVOELOOUC CAUOTOC

4.1 MpoblaypadeG KATATKEUNG

IKOTOG TNG epyaoiag autAg elval n KOTAOKEUN HLOG YEVVATPLAG NKLTOVIKOU

ONUATOC, KUE EMBUUNTA XOAPOKTNPLOTIKA:

To eKTeTAUEVO €UPOG TOPAYOUEVWY CUXVOTATWY, KaBwg Kal n
kavomotntiky evaAlayr Hetafl autwyv, WOTE va ival duvatd va
aflormoinBel pe 0600 TO OuvaTOV TEPLOCOTEPOUG OO  TOUG

nipoavadepBEVTEC NAEKTPOUOYVNTIKOUG aloBnTApES,

H Sduvatotnta autovoung Asttoupyiag (e pmatapia), wote va eival

duvatn n xprnon yla eKTog EpyaotnpLlakol Xwpou epapUoyEg,

H Suvatdtnta Slapdpdwong moLOTIKWY XAPAKTNPLOTIKWY TOU NELTOVIKOU
onuartog (mAdartog, offset), pe okomo tnv KaAUTePn duvatn Asltoupyia Tou
awdntipa ava nepimtwon, oAAd Kal yla TNV KoAUTEPn Kataypadn

6e60UEVWV TIPOEPYOUEVWV OTTO AUTOV,

H eukoAia mpooBaong ota amaltoU eV yLa TNV KOTOOKEUN TIpoiovTa, Kal

TO XAUNAO KOOTOG OLUTWV.

4.2 ThBavol Tpomol uAomoinonc

Itn ouvéxela, mapouotalovral ot Slataelg mou e€etdotnKA, PE Afova TIG

600¢eioeg mpodlaypadec. H uébodoc pe DDS IC, n omoia kat eTUAEXONKE, avaAVETAL O

pHeyaAutepo Babud oto enduevo kedAAalo. TUVOTITIKA AoLmOv, €EETAOTNKAV KAl OL

napakdtw mbaveg dlatdfelg ulomoinong, ot omoieg teAka anoppidOnkav :
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4.2.1 ToAavtwtnc vepupac Wien

Evag amd Ttoug ouvnBéotepa  XPNOLUOTOLOUUEVOUC TOAQVIWTEG OKOUOTLKWY

CUXVOTNTWYV, AOYW TN oTaBePOTNTAG TOU Kal TNG AmAOTNTAG Tou, £lval 0 TAAAVIWTAG

védbupag Wien [15]. H &uwataén mou efetdaotnke elval autrh mou amewkoviletal oto

TIAPOKATW oXNUa (Le Xxprion TeAeoTIKOU evioXuth). Avtiotolxeg Slatdlelg pe tpaviiotop

amnoppidOnkav Aoyw Twv MOAAWV CTOLXELWV ToU XpeldlovTal yla tnv UAomoinor toug,

YEYovOocg ou avéBale onUAVTLIKA TO KOOTOG.

O UTOAOYLOMOC TNEG CUXVOTNTAG CUVTOVIOMOU TG dtataéng divetal amod tov TUmo:

EVW TIPETIEL VAL LOXVEL KOl OTL:

1

wfy = 21,/R1C1R5C;

R3 == 2R4

4.1

4.2

O TeAeOTIKOG eVIOXUTNC AELTOUPYEL 08 non-inverting mode, evw TIPEMEL va €XEL

evioxuon onuato¢ ion n HeyaAltepn tou 3, kKaBwg otnv cuxvotnta fr umdpxel

unéevikn oAiobnon dpaong, kat n £€€060¢ £xel MAATOC (0O LLE TO £€va TPiTo TNG ELl06S0U.

Wien-Bridge

Network \
&

Cr Rs
2
NS

R R4

N

\

/

+Vs

-Vs

o— Qutput

Ixnua 25: H diataén tahavtwtn yépupag Wien, pe xprion TEAECTIKOU eVIOXUTH



H Siataén pmopel va amodwoel MoAU KOANG TOLOTNTOG NULTOVIKO orua, Tou
OTIoloU TNV CUXVOTNTA WTMOPOUME VA SLOUOPPWOOUE UE AAAAYEG OTIC TIUEC TWV
TIUKVWTWV. Mg aAAQYEG OTLG TILEG TWV AVTLOTACEWV R1 Kal Ry pumopoupe emniong va
HETABAANOUE TO EUPOC TWV TOPAYOUEVWY amod tnv dtataén ouxvotntwy. Nap’ oAa
auta amnoppiddnke, Kuplwg AOYywW TOU HLKPOU €UPOUG TIOPAYOUEVWV CUXVOTHTWY
(ouvnBwg og evpog 20 Hz — 20 kHz, otnv ditataén nmou e€etdotnke péxpl 1 MHz, Adyw

TWV MEPLOPLOPWV TNG EVioxuong).

4.2.2 Awataén Colpitts

M emiong yvwoti Swataén talavtwthi, n omoia Sokipdotnke oe Suo

SLapopeTIKEG EKOOXES :

e Jtnv Paowkn ekdoxi tng Sudtafng, mou xpnotpormolel LC KUKAwpQ

ouvTOoVLopOoU (oxAua 26)

e Je mapaAAayn, 6mou o LC kKAAS0C¢ TOU KUKAWHOTOC GUVTOVIOHOU €XEL

avtikatootabel anod kpuotaldo quartz (oxAua 27)

. Q1
Cin

U‘u‘u‘ J
R

AL

- C2

I

Ixnua 26: H kAaowkn diatagn Colpitts
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Ztnv Baotkn ekdoxn, n datagn amoteAeitol amod To KUKAWUA GUVIOVIOUOU, TO
KUKAWMO evioxuong HE TNV xpron tpaviiotop, KAl TOuG MUKVWTEG dc amoleuéng
elo6dou kat €€66ou (Cin kot Cout) [16]. H ouxvotnTa TOU MAPAYOUEVOU ONUATOG
uroAoyiletal and tnv oxéon:

1

f= Py 4.3

omou L givat n TN tng emaywyns (mnviou) kat n xwpntwotnta C umoAoyiletat
amo tnv oxéon:

_ GG
TGy

4.4

Me tnv xpnon petaAntwyv nukvwtwv Ci kat C; elvat dSuvatr n pHetatponn Tng

Slatagng oe tohaviwtr HETABANTAG oUXVOTNTAG.

O +Vec

Ixnua 27: H mapadiayn tng Statagng Colpitts, pe xprion kpuotdAhou quartz

Ztnv mapalayuevn ekdoxn, elval epdaveg OtL To HOvo SLadopeTIKO OTOLXELD
¢ Sudtaéng elvalr n mpooBrikn kpuotdAou quartz, avti tou LC kAdadou tou
KUKAWMOTOG OUVTOVIOMOU. TO KUKAWMOTIKO LooSUVAUO Tou KpUuoTAAAOU, alAd Kal n

anokpLon Tou ¢paivovtal oto MapaKATW oXAUAT:
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L

R

o

IxAua 28: To KUKAWHATIKO LlooSUVaOo EVOC KpUOTAAAOU quartz

Ixnua 29: H KapumuAn amokpLong Tou KPUOTAAAOU

Onwc¢ dpaivetal amo tnv KAUmUAn anokpLong, o KPUOTAAAOC €XEL SUO CUXVOTNTEC
OUVTOVLOMOU, pta oelpdg (fos) 6tav n oluvBetn avtiotaor) tou eival oxedov undevikn,
Kat pa topdAAnAn (fop) 0tav n ovvBetn avtiotaon eival moAU peydin [16]. Ot Suo

ouxvOoTNTEC uTtoAoyilovtal amo TIG OXECELG :

fOs o f_LCS 4.5
KoL
Cc
fop = fos (1 +52) 4.6

MAgovektipata tng Statagng Colpitts sivat:
e n amodoon kal otaBepoTNTA TNEG 0 UPNAEG CUXVOTNTEG
® TO HEYAAO EUPOC CUXVOTATWV
® 1 TMOLOTNTA TOU TAPAYOUEVOU NULTOVIKOU OHUATOC
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Ytov avtinoda:

o ceAéyxetal n «avawoOnoia» g Satagng oe efwyevelc mapdayovteg /
poyvntika media (mou emnpedlouv TOCO TNV OUXVOTNTA, OCO KAl TO
TIAATOG TOU ONMOTOG), KATL TIOU armoBappuUVEL TNV XPron TNG OE €KTOG

epyaotnpiouv ebapuoyEg
e 0 0oXeOLaoUOG umopel va yivel mepimAokog

e 0NV MEPLMTWON XPNoNG HETABANTWY TUKVWTWV (yla Stdtagn taAdaviwtn
HeTaBANTAG ouxvoTnTaG), mapatnpeital SUoKoAla oTnNV MPOCOPUOYN TNG

avadpaong Tou KUKAWUATog, 6tav aAAAalouv oL TLUEG

e n Umnapén emaywyng (mnviou) pmopet va aveBdacel To KOOTOG TNG

KATAOKEUAG, aAAd Kal TIG SLAOTACELS TNG

H mapallaypévn Siatagn pe kpuotaAlo mapouotalel idta ocupnepidpopd pe Ta
napanavw. E¢etaotnke meplocdtepo anod akadnuaiki okomid, Kabwe ATav yvwoto
OTL Mmopel va AELTOUPYNOEL OE MO OUXVOTNTO, Kol €mMopévwg Oev  Ba
xpnotpomnotlovtayv. EmumAéov, akopa Kal ylo OplopEVn ouxvotnta Asttoupyiog (kat
epooov v UTIAPXEL ETOLUO EUTIOPLKO TIPOIOV), 0 TIEPALTEPW OXESLAOUOC SlaTaing yLa
Vv Aettoupyia og KATAAANAN cuxvotTnTa Unopel va yivel mepimAokocg. Map’ 6Aa auta,
bev mavel va glval pla ammd TIG TAEOV TIOLOTIKEG AUOCELS, €dooov n embBupntni

ouxvotnTa AsLtoupyiag elval K TWV MPOTEPWYV YVWOTH.
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5 Direct Digital Synthesis (DDS)

5.1 Ewoaywyn

H apeon Pnorakn ocuvBeon (DDS) elval (Lo TEXVIKI TTOU XPNOLUOTOLELTAL yLa TN
Snuoupyla evog avaloylkol oripatog (Omwe éva NULTOVOELSEG KUPA | €val KOO
TPLYWVOU) XpnoLomolwvtag PndLakeg TexVIKES. Ta avaAoylkd ornupata cuvtiBevral
oo TWUEG amoBOnkeUEVEG oTn HvAUn. Eva "mpotumo" mou mepLéXEL TIG TIUEC EUPOUG
TOU ONUATOG Yyl OAEC TIG GACELG TWV KUMOTOHOPPWVY amoBnKeVETAL OTN UVARN KO
XPNOLUOTIOLELTOL Yl TNV avadnuioupyia Tou onuatog. Me to DDS, ta oniupata
UIopouV va cuvteBouv ameuBeiag amnod to mpdtumo xwplc va amattouvtat ot fpdyxot
KAeLOwOTOC HACNG TTOU AMALTOUV AANEG EUETEC LEDOSOL. ALOPOPETIKEG CUXVOTNTEC
TapAyovtal e TNV alayn tng TaxutnTag enefepyaciag Twv TLHWV GAoNE KL UE TN
XPNoN TEXVIKWV ylo TNV T(PooBnKn, TMOAAQMAQCLOOMO KAl KALMAKWON OnUATwy,
puropouv va dnuoupynBolv Sladopes KupatopopdEC. Ta cuVOETIKA orpata ivat
eMavoAapuBovOopeEVO KAl OL oUXVOTNTEG akpLBelg. TeXVIKEG €mMIKOWwVIiAg OMwWE N
ouxvotnta efamAwong tou ¢aocpatog alomolovv to DDS, Adyw tng Sduvatotntog
ypryopng aAAayr¢ Twv CUXVOTATWV. XpNOLLOTIOLELTAL EMIONG YLOL YEVVATPLEG ONUATWY
KOl ETILTPETEL TN OAPWON CUXVOTNTOG.

5.2 Mé&Bobdog ouvBeonc onuatoc

To oxnUOTIKO SLaypappa Yo EVa QVTUTPOOWIEUTIKO cuotnua DDS mapouaoialetal
mapokatw [17]:
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Frequency information
(Phase increment)

AV

Waveform Digital to
Phase Low pass
accumulator map (ROM/ Analogue filter
PROM) Converter

ZAS

Clock signal

Zxnua 30: Baotko Block Diagram tng peBodou DDS [17]

‘Eva kUKAwpa DDS meplAapBAvel Eva cUGOWPEUTH PAONG, EVAV TTIVAKA QPACEWV-
eupouc (évag mivakag avalntnong, ouvnBwg otn ROM - to "mpodtumo") kat évav
Ynotako npo¢ avadoyiko uetatporéa (DAC). O cucowpeutn¢ daong ocuvbualel Tn
ouxvotnta avadopdg KoL TNV TLUH 0To UNTpwo AéEewv cuvtoviopou. H €€060¢ amo to

DAC edapuodletal cuvnBwe ota @idtpa yla va eEOHaAUVEL TNV KUHATOPopdR KoL va

QIMOKOKPUVEL oTtoladnmote e§wteptkn €€06o.

Ta BrAuata yla tn dnuloupyla evog ocripatog eivat:

1. To onua avadopds KoL O KATAXWPNTAC OCUVTOVIOMOU EVNUEPWVOUV TOV

ouoowPELTA dAoNg, TapExovTag pia Tl daong

2. To avtiotolo €UPoOC yla auth tn GAcn avacUpeTAL Ad TOV TIVAKO TTAATOUG

daong

3. To DAC UETATPETEL TIC AVAKTNUEVEC TLLEG EUPOUG O avaloyLkn £€0do

4. H €€oboc amootéAAeTal péow PpiAtpou e€opdAuvong

Ta PnoLakd KUKAWHOTO TO KAVOUV QUTO ypryopa HE TNV eAaxlotn kKabuotépnaon

KOTA TNV aAAayr TwV CUXVOTATWV.
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Inueiwon: Ou texvikég DDS eival yvwotég €dw Kal OPKETO Kapd, aAAd ot
ouxvotnteg mou Ba pmopouoav va mapacxebolv meploplotnkav anod tnv akpifela
tou DAC kat tou ¢idtpou (ocuvABwg diAtpo xapnAng SLEAELONG HE TIUKVWTH KoL
emaywyéa). Me v mpoéodo NG oAokAnpwpévng Ttexvoloyiag chip kat tng
KOTOLOKEUNG, To DDS pmnopet va mapéxXeL cUXVOTNTEG TTOU Elval XpOLUEG YLa Lo EVpEia
TOWKIAla. epapuoywv Kal eival SL0OECIUEC O OUOKEVEG Pe povadlkd Tout. Avo

SnuodAn povtéda sivat ta AD9833 kat AD9850/51 tng Analog Devices.

Ixnua 31: To AD9851 DDS Module, mou xpnotpomnotiBnke yLa TG avAayKeg TNG Epyaciog

e ¢va meplPBalov DDS, o 6pog ouxvotnta avagpopdac XpnolUoToLEiTal
SladopeTikd amo 0, TL o€ AANEG ePOPUOYEC LNXAVIKAG. H cuxvotnta avadopdg sival
€va PoAOL TTou eA€yXEL TOV PUBUO evNUEPWONG TOU CUOOWPEUTH ¢ACNC KaL, OTn
OUVEXELX, TOV pubuo ektéleong tng avalitnong. ZuvnBwg mapéxetal amd &vav
KPUOTAAALKO TOAQVTWTH TIou XPovilel Tov cuoowpeut GACNG, AV Kal OPLOUEVOL
oXeSLAOTEC XPNOLUOTIOLOUV TO POAOL CUCTAMATOC WG avadopd. H ouxvotnta
avadopdg emnpealel To mapayopuevo onpua - n £€€06o¢ eivat avaloyn. O SumAaclacpuog
NG ouxvotntog avadopdc Ba Suthaclaoel T ouxvotnta e€66ou (e Sedopévo mavta
otL Swatnpettal 6lo¢ o ocuocowpeutn¢ paong, oL TLWEG Tou mivaka Kal n Aé€n

OUVTOVLOMOU [18]).

H A€én ouvtoviouoU xpnolpomoleitat yla tnv aAlayr Twv cuxvotAtwy g£6dou
Katd tn Asttoupyla. H A£€En ocuvtoviopou eivatl pa Suadikr TLUn mou dlatnpeitol otov
KATaXwpNnT ouvioviopou. H Tt ¢ A€€ng ouvtoviopoU TmpootiBetal otov
OUOOWPEUTH ¢aong He kABe evnuépwon poAoylou. MNa mapadelypa, av n Aéén

OUVTOVIOMOU €XeL oplotel og 1, kABe Xpovikd SlaocTnua aUEAVEL TOV CUCOWPEUTNA
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daong kata 1. PuBuilovtag tn AéEn ouvtoviopol oto 2, kABs KUKAOG poAoylLou

auéAvel Tov cucowpeuTh paong katad 2.

Aebopévou OTL 0 cucoWPEUTNC PAoNG MAPEXEL TNV TN dAaong yia Ttnv avalntnon
gupoug daong, N AEEN CUVTOVIOMOU €AEYXEL TOV OPLOUO TWV TLUWV TTIOU OVOKTWVTAL
oo Tov Ttivaka eVpoug paong yLa Eva KUKAO. Me A£En cuvtoviopou 1, kaBe Tun otov
Tiivaka avaktatoal. Miwa A&En ouvtoviopoU 2 StaBalel kaBe AAAN TR Kol €miong
ovaykalel To CUOOWPEUTH va ¢tacel oto pndév Vo PopéC To yprHyopa, HE

amotéAeopa n ocuxvotnta e€66ou va €xel Sumhaotaotel [18].

OL TIHEG TOU TPOTUTIOU E€lval ONUOVTIKEG ota cuothiuata DDS. Ta mpdtuma
kataokevalovtal e  YPndlomoinon  ONUATWYV  XPNOLUOTIOLWVTOG  TEXVIKEC
SelypatoAniog Kal MOoOTIKOTOINoNG Kol KWwSIKOTOLOUVTAL OE Lo CUYKEKPLUEVN
popdn. To unoBabpo ya tnv Pndlomoinon kat tn SetypatoAnio onuatwy yLo va
UTTOPECOUE VO TA VoSN LOUPYNCOUUE EYKELTOL OTN Bewpla TWV EMKOWVWVLWY KoL
ooe¢ MAnpodopleg amattouvtal yla tnv enakplpn avadnuoupyia evog oripatog
(Nyquist). Onw¢ kat otnv Yndlakn eyypadn Kal avamapaywyr, n molotnta g
ovanapoywyng eEaptatal and TNV TOTOTNTA TOU EYYEYPAUUEVOU ULECOU KOL TWV
KUKAWMATWY avamapaywyns. Avedptnta amd TG Slootdoel tou e€omAlopou
QVaTIOPaAYWYNG, LA TIOLOTLKN Kataypadr dev avtiotabuiletal. Me tov i6Lo Tpomo, Eva
TPOTUTIO KUATOUOPGNG TToU Xpnotpomnoleital oto DDS mpémnet va €xel Yndlomoinbet

(6eypatoAnyia kat kataypadn) og Eva Koo onua cUAANYPNG xwplc otpePAWOELC.

5.3 TMAeovekTpata
Ta mAeovektrpata tou DDS sivat [17]:

e H OSuvatotnta va mopdyel oaubaipeteg ouxvotnteg He akpifela kot

otaBepotnta, meplopl{OPEVN LOVO ATtd TOV TOHAOVTWTH TTOU XPNOLUOTOLELTOL
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yL0L TOV XPOVLOUO TOU oUooWPEeUTH paong. OLYEVVNTPLEG AVAAOYLIKWY CNUATWV
UITOpOoUV va Iapdyouv akpifela koL otabepotTnTa LOVO HEPLKWY SEKATWYV TOU

€VOG TOLG EKATO EKTOG £AV XpnoLpomoLeital cuokeun uPnAnGg TexvoAoyiag.

OL ouxvotnteg mou mapexovtol and to DDS eivat emavolapBavopeves. H
dopTwon Tou Kataxwpnth AéEEwV CUVTOVIOMOU LLE TNV TLUA TIOU QVTLOTOLXEL
otn ouyxvotnta F1 moapdyetl éva onua otn ocuxvotnta F1. Av otn cuvéxela
dopTwOEel 0 KATAXWPNTAG CUVTOVIOUOU E TNV TN yla Tn ocuxvotnta F2, to
onua e€66ou petafarietal ypriyopa otn cuxvotnta F2. Otav o KataxwpnTtng
OUVTOVLOMOU emavadopTwOel pe TNV TN yia to F1, mapéxetal n akplpng idia
ouxvotnta F1 omwc Snuoupyndnke mponyouévwe. OL avaloyLKEG YEVVNTPLEG
Sev umopouv va eyyunBouv auth tnv akpifela.

H availuon uvPnAng ocuyxvotntag pmopel va emteuxBel pe tig Pndlakeg
TEXVIKEC TIOU XpnoLpomnolouvtat oto DDS. H avénon t¢ availuong eival toco
amA, 600 n TMpooBbnkn mepLocoTEpWY Sduadikwv Yndiwv oto Ayotepo
ONUAVTLKO TEAOG TOU KATAXWPNTH CUCCWPEUTWV GACNG KAl TOU KATAXWPNTH
pLBULONG. OL AVOAOYLKEG YEVVATPLEG KUHATOHOPdWY, OL Omoleg eEaptwvtal
oo PNXavika e€aptripata (motevolopeTpa, HETAPBANTOL MUKVWTEC) yla ToV
OUVTOVLOMO TOU TaAaviwtr, meplopilovtal otnv avaAucn ToU UIopouv va

TLAPEXOUV.

Autn n duvatdtnta ypriyopng aAllayng tTng ouxvotntag e€0dou pe akpifela
elval eniong amapaitntn oOTLG TEXVIKEG €MIKOWWVIAG, OMwG n petanndnon
ouxvotntag ¢pdaopatog, omou ta padloonuata petadidovral pe ypriyopn
evalhayn evog ¢opéa petaty moAAwv StavAwv cuyxvotntag. H duvatotnta
ovamapoywyng akplpwv cuxvoTATWY Kol mapddoong aAAoywv cuxVOTNTOG
anoteAel Tn BAon TG TEXVIKNAG SLapopdwong.
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6 Kataokeurn auTOVOLNG YEVVATPLOC OAUATOC

Kol BonBnTikwv dlatdéewv

6.1 Kataokeun yevwntpLac

H mpwtapxkn 6€a ya Tnv katackeun Atav n aflomoinon gvog DDS IC (ebw to
AD9851) kal 0 EAeyXOC TOU HEow £VOC ULkpoemeEepyaotn Arduino (emttAéxBnke to Nano,
yla TIEPLOPLOUO TWV SLOOTACEWV TNG KATAOKEUNG, OAAQ KOL UELWUEVN EVEPYELAKN
KATAVAAWGOnN), LE OKOTIO TNV MAPAywyH NULTOVIKOU OHUATOC LETABANTAC OUXVOTNTOG KO
TAATOUG.

Ta efoptiuata ToOU XPNOLUOTOLRONKAV ylo TNV KATOOKEUR TNG YEVVATPLAG
napatibevrol oTn cuvexeLa:

e Arduino Nano

To AD9851 DDS Module tn¢ Analog Devices

1 neplotpodpikocg kwdikomolntn¢ (rotary encoder)

1 086vn LCD, 16x2 xopaktipwv

210 MapaKATW oxNua daivetal kat n cuvdecpoloyia ou XpNoLUOTOLRONKE yLa

™V SLaoLVOEDN TWV MOPATIAVW EEAPTNUATWV:

47



Vi
5V —_—
©

: LCO >—
r—< Module >—
g —_< >—1
<
| _ =]
| B > S—
anm— ———a >——
pe— < 8 >
j/ > >
Z D=
b sl ) - §_ p o
Arduino 5
Nano b’ > S
(Rev 3.0) e’ > -

>
Wl

Jepoou3 Aiejoy

Ixnua 32: H cuvbeopoloyia mou xpnotwuomnonke yla tnv bAomoinon tng dtataéng

H emwkowwvia tng 08ovng pe to Arduino yivetal pe tn xprion mpwtokoAlou 12C
(umtapxet kat oxetikn PBBAoBNKN). Na tnv amAomoinon TNG KATACKEUNG, KAl TNV
gfolkovounon pins  yla  UETEMEITA  xpnon /Kot HEANOVTIKEG  €POpPUOVEG,
xpnotuornow)Bnke 066vn LCD pe evowpatwuévo e€aptnua 12C, to omolo neplopile tov

oplOuo Twv anapaitntwy pins o< 4.

H Staolvdeon twv €€apTnUATWY UMOPEL va Yivel OXeTIKA aubaipeta, pe povadiko
TIEPLOPLOUO TO OTL To pin CLK tou encoder Ba mPEMEL va. OVTIOTOLXLOTEL O€ €val €K TWV
D2,D3 pins tou Arduino, ta omoia €ival kot to povadlkd mou umootnpilouv tnv

Suvatoétnta edpappoyng eEwtepLkng Slakomnc.

O kwbLKag Tou Xpnotpomnolnke mapatiBetal oTo mapdpTnUa. ITO MPWTO UEPOG TOU,
yivetal oplopog petafAntwv pe Baon tnv dobeica mapamdvw cuvdeopoloyia. Xto
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UTTOAOLTTO KOUUATL TOU KWOLKA YIVETAL XPrioN LOVO TWV UETABANTWY, OUTWCE WOTE Va Elval
EUEALKTN N XPHON Kal TPOToTmnoinon tou, He SladopeTikéG ouvOeooAOYLeC Kal pe Baon
TIC OUYKEKPLUEVEC QmALTAOELS. ZUupmeplAndOnkav emiong oxoAla, yla KaAutepn

KaTavonon tou Kwdika.

To kuplwg LEPOG TOU KWALKA, €XEL VO KAVEL HE TNV aAAnAemtidpacon Tou Arduino Ue To
AD9851. Me afova to MapamAvw eMeEnynUATIKO KedpaAalo, kal Tto datasheet tou
AD9851, n Aoylkr Tou akoAouBnOnKe QMOTUTIWVETOL OTO TIOPAKATW CXN AL

LOW-PASS

tout * FILTER 1
N 470pF 3 100k 2000 20002
MICROPROCESSOR [paTA ggl‘r. EGR:IZIO-ESLE gAIAYLAbAn T 1 7THORDERELUPTICAL |
BUS ) L ook | = 70MHz LOW PASS =
MICROCONTROLLER — RESET, W_CLK AND FQ_UD 2000 IMPEDANCE
ouTe . -
AD9851 1002 | oL TAGE HERE = CENTER POINT 0TO 1V pp
» = OF SINE WAVE (0.5V TYPICALLY) SINE WAVE
180MHz OR 30MHz USING PASSIVE "AVERAGING" CIRCUIT
REFERENCE
CLOCK =% cMOS
OUTPUTS

eer QOUT  QOUTB

?

3.9k0

.||.@.»

Ixnuoa 33: Ixnuotkn avanapdotacn aAAnAenidpaong Arduino — AD9851 (oo to

oxeTkO datasheet tng Analog Devices)

Eywve Xprion Tou evowpatwpévou poloyol tou DDS IC. Onwe avadEépBnke kat
vwpitepa, n SOUAELA TOU ULKPOEAEKTH €lval n amootoAn tng 40umitng “Aé€ng”, otnv
omola nepléxetal n mAnpodopia yia tnv cuxvotnta Kot ¢pacn Tou enbupuntol orfuaTog,
kKaBwg kot TNV popdn tne. NepLéxetal emiong kat éva bit yia tnv duvatdtnta xpriong tou
EVOWUOTWUEVOU TTIOAAQTTAQCLOOTH) TOU pOAoyLOU (8w TO XPNOLUOTIOLOUUE).

TNV ouveExela meplhappavetal n poutiva Slakomng, n omoio XpnoleVEL OTO va
LEpapXELTOL WG LEYLOTNG onpaciag n orotadnmote aAlayr mou odpeiletal otov encoder
(6nAadn To “attnua” aAAayng ouxvotntag, rj aAAayng Tou Bnuatiopou).

Baoel tn¢ mpokaBoplopévng SLapopdwaong, N KATACKEUT EKKLVEL OTNV OCUXVOTNTA TWV
5 kHz kat pe Bnuatiopo to 1 Hz. Me neplotpodikn kivnon tou encoder, n cuxvotnta
auéopelwvetal Katd BouAnon. Me mATNUA TOU KOUUITLOU Tou encoder, gival duvatni n
oAAayn tou Bnuatiopou katd moAAamAdola tou 10, péxpt kot 1 MHz. Q¢ pikpotepn
TIAPAYOLEVN oUXVOTNTA £XOUV OpLoTeL Ta 25 Hz, evw wg péytotn ta 50 MHz (av kat, pe
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PEAALOTIKOUG OPOUG, N KATAOKEUN €XEL OpLo Asttoupyiag ta 20 pe 30 MHz, kabwg amnod

eKeL KAl TTAVW epdavilovial OXETIKES OPAUOPPWOELS OTO TIPOKUTITOV CHUQ).

ItV MapokAtw ¢wtoypadia daivetal KoL n MPWIN AMOMEPA UAOMOINoNG Tou
KOpHOU TG Slatagng:

IxAua 34: Npwtn dokwun vAomoinong o breadboard

Q¢ kat’ apxnv tpododooia xpnolponoiOnke n ovvéeon USB tou Arduino Nano pe
TOV UTtoAoyLoTh, N omoia mapéxeL taon 5V DC, pe pevpa évtaong 1A. ETol, elape Kal tnv
Suvatotnta va doulépoupe €€ apxng He ocuvbnkeg “autovoung” Asttoupylag, Katl va
npoAdPBoupe mBava mpoPAnuata e€attiag tnG. To amotéAeopa tng MPWING SOKLUAG
daivetal oTo mopaKkATW oXNUa:
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Ixnua 35: MapayOouevo oo YEVVATPLOG

To onpa mou mapaystal eival, EMoPEVWG, NULTovoeldEG, Le taon 1 Vpp, kat offset tng

taéng twv 0,5 V. Apeoa mpokumtouy Kal ta €€n¢ duo {ntrpata:

H eAdLoTn TLUA TTOU UTopEL va TtapeL n Kupatopopdn eivat ota 0V, Bploketal
6nhadn €€ olokArnpou oto Betikd PEPOG. AUTO eival avapevopevo, KaBwg
yilvetal avadnuioupyio NULTOVIKOU GAHOTOC OO Ttnyr} OUVEXOUG PEUUATOG,
Kol EMOPEVWG Ba UTIAPYXEL Kal onuavtikr dc cuviotwoa. Nap’ 6Aa autd, n
e€alewn tou umdpyovtog offset eilval peydAng onuaciag, wote va eivatl
duvatn n Asttoupyila TwV NAEKTPOUOYVNTIKWY OLOONTAPWY LE TNV YEVVATPLA.

Aebopévou oOtL To Arduino mapéxel taon 5 V oto AD9851, nmapatnpeital pia
TITWwon taong ¢ taéng tou 80% péExpL Ttnv €€odo (kat to 1 Vpp Tou oRpatog).
To mAATo¢ autd mapatnpeital Kot OTL MELWVETAL OXETIKA O HEYAAEG
ouxvotnteg (800 mVpp oe cuyvotnta 10 MHz). Kpivetat anapaitntn, dnAadn,
KOl N KATAOKEUN pLag dtataéng evioxuong tou acBbevoug onuatog, yla tnv

€UPWOTN cuvepyaoia e TOV EKAOTOTE alobntrpa.
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Me a€ova ta dU0 mopanavw onueia, TPOXWPAUE OTNV KATOOKEUN Twv Bondntikwv
Slatatewv, e okomod tnv embuunt Slopopdwaon Tou CAUATOC — TNV EVioXUon Tou

6nAadn, kat tnv anaiowdn tou offset.

6.2 Kataokeun mpwtng fondntiknc dtataéng

6.2.1 AokLlUEC evioyuong pe Tpaviiotop

210 TMpwto otAadlo SOKIUWV evioxuong tou onuatog, efetaotnkav SUO PBAOLKEG

Slatagels pe tpaviiotop:
® 0 EVLOXUTNC KOLWVOU ekTtoumtol (common emitter) pe SutoAkd tpaviiotop [19],
® 0 EVIOXUTAG KowNAG mnyn¢ (common source) pe tpaviiotop FET

Ot dlatdgelg mou xpnotomoltnkayv yla Tov EVIOXUTH KOowoU ekmoumnou ¢aivovrtal
ota dUo emopeva oxnuata. Ot SLadopEC OTIC TIUEG TWV AVILOTACEWV £YKELTal ota dU0
Stadpopetika tpaviiotop mou xpnotpomnoonkav, ta 2N3904 kat BC547:

56 kQ 6.8 kQ
1pF

5.6 kQ 680 Q

Ixnua 36: Aldtaén evioxutr Kowou ekmopnol pe 2N3904 [20]

52



H emiloyr Twv aVTIOTACEWV EYLVE UE TETOLO TPOTIO, OUTWE WOTE TO KEPSOG TAONC €W

va gival too pe 10:

_M—_&—_ﬂz_lo 6.1

ain = = =
9 Vin Re 680

Ixnuo 37: Aldtogn evioyuTh Kowou eKmopunou e BC547

Kat maL, to k€pdog tdong urtoAoyiletal pe Tov (6lo TPOTo, KAl TIPOKUTITEL (00 ME 5:

in = —Re_ _15_ _
gain = —2"=—7 5 6.2

Mo TG avAyKeG UAOTOLNONG TOU EVIOXUTH KOLWAG TNyNng, XPNOLLOToOnKe Tto
tpaviiotop J112. Adyw NG Mapapopdwong mou eudavilotav avd MEPUTTWOEL OTNV
€€060, xpnoomnoliOnke Kat évag mukvwTng apdakapdng (bypass) emumAéov tng Bactkng
Sdataéng, pe okomo tnv e€opdAuvon Tou oHUATOC.
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Ixnua 38: Alatagn evioxutn kowvng ninyng [19]

To k€pdog taong NG Statagng mpogkue:

gain = —-% = —g, R}, ~ —5,66 6.3

Vin

Mepikeg Steukpvioelg emi Twv SokLpwv givat oL €€AC:

ot dc taocelg tpododooiag twv SUo dlatafewv Kowou ekmounou ivatl 9V, evw
autn ¢ dtdtaéng kowng nyng ivat 12V,

TO oNua L0060V oploTnke WG NuLTovoeldEG MAdtoug 1 Vpp, ue offset 0,5V,

oL 6U0 TTUKVWTEC IOV XpnoLiomolouvtal otnv eicodo kal ££060 Twv Slatatewy
gvioxuong, Aéyovtal TUKVWTEG oUTEUENG, KOL N XPNOLLOTNTA TOUG EXEL VAL KAVEL

LE TNV amoKOoTtH dC CUVLOTWO WV TOU ONUATOG (KATLTToU eMSLWKApE €€ apxnq),

Ol OVTLOTACELG ETUAEXONKAV CUVELONTA OE WUIKPEG OXETIKA TALELG peyeBwWY,
TUPOKELUEVOU VA LNV UTIAPYOUV KOTA KOG TOUG UEYAAEG TITWOELG TAONC, KOl

EMOPEVWG va €XEL n Slataén KAAUTEPOUG XPOVOUC OTOKPLONG OE ATIOTOUEG
aAAayEg,
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e TO OPVNTIKA POCHO TTOU TIPOKUTITOUV 0€ KABe utoAoylopo képdoug taong,
unmodnAwvouv tnv dwadopa ¢aong 180° tng £€d6dou amd TNV eicodo.
MNpodavwe kat Sev emnpedlel ToV OKOMO HOG, aAAA n Xprnon EmMuTA£ov

Stataéng inverter kpivetal Sedopévn yla pLa bavr) TETola mepimTwon

Kat, kat’ avtiotolyia, KATOoLEG TOPATNPHOELG TTIOU TIPOEKU P OV OXETIKA LIE TLC ETILOOOELC

Twv Slataéewv:

e 10 KEPSOC TAONG IOV UToAoYLloTNKE yLa KABe pia dtataén emPeBatwdnke Kat
OTNV TPAYUATIKOTNTA, AAAQ YL TTIOAU ULIKPO €UPOC CUXVOTATWVY. To KEPSOG
Atav MPETAPANTO Kol MEWOUHMEVO, 000 aufAvape tnv ouxvotnta. Mo
OUYKEKPLUEVQ, N dlataén pe to BC547 tpaviiotop €6el€e Kal To peyaAuTtepo
€UPOG ATO TIG TPELG, OAAA Kot TAAL autd Atav Tng Tdéng tou 1,1 MHz —

VOUEPO TOAU TIEPLOPLOTLKO YLOL TOV OKOTIO LG,

e TmapatnpnOnke 1o pawvopevo “clipping” (va “koBovrtal”, SnAadn, TUAMATA TNG
TIAPOYOUEVNG Kupatopopdng), To omoio amoddbnke apxikd oe Adbog
UTTIOAOYLOMO TOU PEUMOTOC TMOAWONG. Z€ EMOPEVO OTASLO (KOl HETA amo
QVATIPOCAPUOYEC TWV TIUWV TWV OVTIIOTACEWV), OLEUKPLVIOTNKE OTL TO
dawvopevo mapatTnPEiTo KATA TIC eVOAAOYEC TWV CUXVOTHTWY, TOAPOTL OE

otaBepn Kal CUYKEKPLUEVN oUXVOTNTA OL SLATAEELC ATV AELTOUPYLKEG,

e 0tc UYPNAEG oUXVOTNTEG UTNPXE ATOKALON TNg ouxvotntag tn¢ €€06ou amo
auTn TNG €L0060U — yeyovog Tou amodobnke oto petafarAopevo KEPSOC

TAONG KaL TNV TTAPOUCLa OPUOVLKWY

Me Bdon ta mapamavw, Kpibnke oOtL £mpemne va acxoAnbolpe pe GAAou TUTIOU
Slataelg evioxuong yla KOAUTEPO OQTMOTEAECUA. TNV EMOPEVN UTomapaypado
avaAvetal n Slataén mou TEAKA XPNOoLUOTOoLOnKE, amOTEAOUHEVN ATO TEAEOTIKOUG

EVIOYUTEG.
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6.2.2 Alataén evioxuong Pe TEAECTIKOUG EVIOXUTEC

Yotepa amo SOKLUEG PE TOTIOAOYIEG TEAEOTIKWY EVIOXUTWY, 0AAAG Kal Stacuvbéoewy
HETAEL TOoUuC (o€ Slatdtelg evioxuong meploocotepwy otadiwv), KataAnEape o autr mou

daivetal oto enduevo oxnua :

Vout

+QV
5.6 kQ 5.6 kQ
W

M
! !

Ixnua 39: Aldtagn pe TEAEOTIKOUG EVIOXUTEG

H Siataén eival epdaveg otL amoteAeital ano tpia otadia. Ol UTTOAOYIOUEVEG TUIEC
TWV aVTLoTAcEWV SLadopomoLlouvTaL OXETIKA Ao auTEG TTou eMAEXOnKayv, Tnyaivovtag
kKaBe dopad mo kovtd o Nén dlabéoiues. OL Tpelg umodlatatels (otadla) Tou evioxuth
QVAAUOVTOL EKTEVECTEPO OTNV CUVEXELQL:
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Ixnua 40: Zuvdeopoloyia tedeoTikoU evioyuth wg buffer

To mpwto otadiLo e TEAECTIKO VIOXUTH eTiLteAel Tov poAo tou anopovwth (buffer). H
Sdiataén mou aflomoleital elval auth Tou non-inverting op-amp, KoL To KEPSOG TACN G TOU

elvat ioo pe 1:

gain=1+:—'f=1+%=1 6.4

ZKomoG TG datagng ival n armaAlayr Tou cRUATog oo avermBUUNTeG EUNESHOELS
KOL XWPNTIKOTNTEG. TO KUKAWUA KANPOVOUEL TIC LOLOTNTEC TOU TEAEOTLIKOU EVIOYXUTH,
SlaBEtovtag peyain avtiotaon €06dou Kal Uikpn avtiotaon e€66ou, e€aodalilovtag
ApLOTN MPOCAPUOYH TAONG KOL ATIOLOVWVOVTOG OUCLAOTIKA TNV £lcodo amo tnv €€obo.

57



i 10 kQ 10 kQ
v

10 kQ

-9\.{ p—

Ixnua 41: Zuvdeopoloyia teAeoTkoU evioxuth yia analoidr) offset [21]

To onua €newta odnyeital oto deUtepo otadto Tou evioxutr. Edw aflomoleital pLa
ouvbeopoloyia TEAEOTIKOU, HE OKOTO TNV amaAoldr TnG dc cuvVIoTWOAG TOU CHOTOG
(offset) [21]. Auto emttuyxAveTal Pe TNV elcaywyn “SlopBwTtikAg” TAoNG 0 ULa Ao TLG
€L0060u¢ Tou TteAeoTikou. H cuvdeopoloyia €xeL ETIAEYEL LE TTPOOTITIKNA VA AMTOTEAECEL
eloodo evog inverting op-amp, dSnuovpyeitat SnAadn dtadopad paong 180° oe oxéon Ue
TO onua Llcodou, n omola Opwe Ba avalpebel oto enMdpeVO 0TASLO TOU EVIOXUTH.

To eUpo¢ dc taong mou eival Suvato va amokomnel, urtoAoyileTol mTapaAKATW:

range = 1V (M) =49 (%) =445V, 6.5

10 -

n dwatagn umopel dnAadn va amokoPel dc cuviotwoa €wg kat 4,5 V. Me v xpron
TOU TIOTEVOLOMETPOU OpLleETAL KOL CUYKEKPLUEVOA N aTtapaitntn taon npog amaAoldn.
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Ixnua 42: Juvdeopoloylo TEAEGTLKOU EVIOXUTN WG inverting op-amp [21]

1o Tpito OTASIO TOU evioyutr, €xoupe ev TéAel tnv Sladlkaocia evioxuong tou
onuartog. H tormoAoyia mou aflomoleital eivat auth Tou inverting op-amp [21]. To k€pdog
Taong tn¢ Statagng umoAoyiletol MapaAKATW:

, 7 R 47
gain=-2 = L = 2= _47, 6.6
Vin Rin 10

eV, Onw¢ npoavadépbnke, n teAkn €€06o¢ eival cuUPAOIKN) UE TO APXLKO GO
XpnowornowBnkav teAeotikol evioxutég UA741CP tng Texas Instruments, yia tnv

vAormoinon Kot Twv TPLWV otadiwyv Tou eVIoXUTH. ZTIG Tapakdtw wtoypadieg, paivetal
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n teAkn dtatagn tng evioxuong, KaBwWE KoL TO EVIOXUUEVO OAHO, OTIWG UETPRONKE amod
v £€€060 TNC:

YxAua 43: YAomoinon evioxutikng Statoéng
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IxAua 44: Huttovoeldég onpa, and tnv £€060 tng evioxuong

Mapatnpoupe otL to offset éxel amaAelpBel MANPwWC, EVw KAl TO MAATOG TOU OHUOTOC
€XEL evioxuBel og onuavtikd Babuo. And Soklpég otov maApoypdado, mapatnenonke
eniong kaAn amokpion tng Stataéng ouvollkd oe EadViKEC /Kol UEYAAEC OAAOYEG
ouxvotntag. H evioxuon tou oniuatog mapépelve otabepr] akopa Kal otig UPNAEG
ouxvoTtNnTeC, KAtTL ou amnodidetal oto peydlo bandwidth twv emileyuévwv teEAeoTIKWV
EVIOXUTWVY. EXOUME, €MOUEVWCE, TOUG OPOUC YLlA VA TIPOXWPHNOOUUE OE OOKIUEC ME
aLoBNTAPEC, TIPOKELUEVOU VA SLATILOTWOOUE TNV AELTOUPYLIKOTNTO TNG KATAOKEUNG €Tl
TOU TIPOKTEOU.

61



6.3 AokluEc dlataénc pe awodbntripa Fluxgate

Yotepa amd tnv oAOKANPWON TNG KOTOOKEUAG TN YEVWNTPLAG KOl TNG PondnTikng
evioxuong, mpayuatomowionkav Sokiuég pe awodntipa fluxgate tou epyaoctnpiou.
Mpokelpévou va pnv umapéouv InTrnuata pe tTnv Asttoupyia tou atcbntipa [22], éywvav
O€ PWTO OTASLO LETPNOELG TOCO TOU peVUpaToC £€660U TG dLatagng (uetpnOnke ota 250
mA) 000 KOl TNG CUVOALKAG avtiotaon¢ tou awcOntpa (uetpnbnke ota 12 Q). H

ouxvotnta Asttoupyiag tou alodnthpa eivat oto 1 kHz.

YxAua 45: H duataén os breadboard, cuvbebepévn pe tov ateOntrpa

O awoBntApag SOKLUAOTNKE MPWTA UE YEVVNTPLA onpatog kal dc tpododoaoia tou
gepyaotnpiou, wote va e€olkelwBOUUE Pe TNV AetToupyia Tou. M0 CUYKEKPLUEVA, VLA TLG

HUETPAOELG LOG XPNOLUOTIOLCAUE TL TTOPAKATW CUOKEVEG:
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e TlevvnAtpla orpatog Agilent 33220A
e DCtpododooia Extech Instruments

e [aApoypadog EZ DS-1530, 300MHz

Yotepa, KoL HETA amd To KaAwumpdplopa tou offset tng dkng pag didtagng,
Mpoxwpnoape otnv dtaclvdeor TNG Ue Tov alodnthpa. Etol emPeBatwoape TEAKA Kal
TNV apUOVLIKN cuvepyaoia petal Touc. Mapakdtw, mapatiBevral pwrtoypadieg amnod tnv
Aettoupyia tng Statagng pe tov aleOntrpa:

Ixnua 46: Mpwteg SOKLUEG e Tov aloBntrpa Fluxgate
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Ixnua 47:MetayeveoTtepeg SOKLUEC Le ToV alobntrpa

OL &Vo dwrtoypadieg xpnoLLomoloUVTAL Kal avVTUTapaBeTikA: Kal ot duo eival
eUPaVEC OTL 0 aloBnTApPaC Aettoupyel Pe tnv mpoodepopevn SiEyepaon. Nap’ 6Aa autd,
elval epdavng n enutAéov Kupdtwon mou epdaviletal otnv nmpwtn [22]. Metd ano
OoKIpEG, TpoékuPe OTL odellotav otnv un emapkn amalowdry tou offset, kabBwg
TIAPEUEVE HLa dC TOoOTNTA PLKPAG TAENC. EvOelkTiKa, yia TIpEG offset mépav tou 10,15
V, n £€€060¢ Tou alobntripa ATav NULITOVOELSAC.

Yotepa amno auto, anodpacioape va xpnoLonolnOel peyaAUTEPO TOTEVOLOUETPO OTO
SeUTtEPO OTASLO TNE EVIOYXUTIKAC Stataénc (auto g amaAoidng tou offset), mpokelpévou
va €XOUUE PEYAAUTEPN QVOAUTIKN Suvatdtnta, KoL Apo UKPOTEPO Suvato Bnuatiopo
otnv dadikaotia tng amaioldng.

EvoelkTikEG petpnoels EAafav emiong xwpa, yla tnv entpefaiwon tng Asttoupyiag tou
awodntApa. Autég eixav va kAavouv eite pe meplotpodr Tou awcOntripa yupw amnd tov
afova Asttoupylag tou, €lte Ue TNV ElOAywWYN UIKPWV payvntwy oto nedio Asttoupylag
TOU. TNV MPWTN Mepimtwon nmapatnpninke n avaotpodrn TnG MOAKOTNTOG TWV ALXUWV

64



™G Kupatopopdng, oe otpodn 180° yupw armo tov afova Aettoupyiag tou. Itnv Sevtepn,
€ylvav Kotopxag Sokpég yia va emiBefalwbel to epog Asttoupyiag Tou awcOntrpa. H
HEYaAUTEPN amootacn Asltoupyiag oplotnke mepimou oto éva peEtpo (1,2), wg n
HUEYQAUTEPN OMOOTACN OTNV Omola oL HETABOAEG oTo payvnTiko medio tou alwcdntrpa
ATV OVTIANTITEC KoL LECW TOU TAAPOYPAdOU. Me eVOEIKTIKEC UETPIOELG OTOV XWPO YUPW
ano Tov alontripa, KATaANEaUE OTO CUMMEPAOUA OTL N Taon €€660U Tou MEPTEL KATA

150 - 200 mV yla petakivnon katd 15 nepimou ekatootd, otov afova Aeltoupyiag Tou.

META Kol TO TEPAG TWV METPAOEWY, Kal TNV emiBePaiwon tng opOAG Asttoupylag Tng
Slatagng, emkevipwOnRKape otov OXeSLOOMO KoL KOTOOKeEUr Tou &eUTEPOU  Kall
tedevtaiou PBonBntikol KUKAWUATOG, TO OMolo TaPOUCLAlETAL OTnV EMOUEVN
urnonapaypado.

6.4 Kataokeun deutepnc Bonbntiknc dtataéng

Katd Tig SOKLUES TNG KATACKEUNC LE TOV aLoONTpa, £yLVaV KoL KATIOLEG TTOPATNPHOELG
Qo TILO EMOTITIKN oKoTiLA. H KuploTtepn €lxe va KAveL he TNV SuvatdTnTA TNG KATAOKEUNG
va “otnBel” kat va KOALUTIPOPLOTEL O€ EKTOG Epyactnpiou cuvOnkeg, 5eSouévng tng LEXPL
TOTE €lKOvag, omou (avefaptnta amnd tnv tpododocia) n xprion maipoypddou nrav
emuBeBAnuévn. MNa va emiteuxBel katL Té€tolo, Ba €mpemne va avamtuyxBel duvatdtnta
ETUKOLVWVLOG TNG KATOOKEUNG E NAEKTPOVIKO UTIOAOYLOTH, O OTIOLOG KOlL TNV amapaitntn
evelfia mapéxel, ald kat tnv duvatotnta Aeltoupyiog (E0Tw Kal OTOLXELWOWG) WG
naApoypadou. Mo tov okomd autod, anodaociotnke va aflomonBel n epapuoyni tou
Serial Plotter mou mapéxetal anod to Arduino IDE.

ZKomoG tNG datagng mpog Kataokeun elval va AapPdvel to onua €£66ou tou
aodnTApa Kat va Kavel KATAAANAn Stapopdwor) Tou, Wote va ivat Suvatd va 0dnynbetl

niilow oto Arduino, yla va yivel n kataypodr) KoL aneKovion Tou.
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6.4.1 Katdaotpwon KukAwpatoc Bonbntikng dtataéng

Yotepa and dokiur) oéiynong tng €66ou tou alodntipa ameuBeiag oto Arduino,
StamiotwOnke 6tL dev epdavilotav Kapia Kataypoadr CrUATOS KATA TG NUUTEPLOSOUG
Tou n €£080G EMALPVE APVNTIKEG TLMEG TAONG. ZKOTIOG, EMOMEVWG, TNG BondnTikAg
Sduataéng, eivat n mpooOnkn dc ouviotwoag (offset), T€tolog wote To orHaA va UETO-
Torotel “mpog ta mavw”, va Bploketal SnAadn oto Sidotnua and 0 €wg 5V, mou eival

Kall To eVPOG Aettoupyiag tou Serial Plotter.

H tomoAoyia ou xpnotuomnoltnke ¢paivetal oto emopevo oxnua. Eivat Statagn non-
inverting op-amp, ou Aeltoupyei w¢ abpolotn¢ taoswv(23]:

1kQ 100 kQ

100 kQ

100 kQ

Ixnua 48: Tuvdeopoloyla non-inverting op-amp aBpolotr taoswv [23]

H AoyLKr TOU KUKAWHOTOC EYKELTAL OTNV TIPOooOnkn SU0 TAcewv PeETAEL TOUG, KAl TNV
gloaywyn Tou¢ otnv non-inverting €lcobo tou teAeotikoU evioxuth. Etol, pe tnv
MPOoCoONKN TOU OAUATOC PE KATAAANAQ emileyuévn dc ouviotwoa, Oa TAPOUUE TO
emBLUUNTO onua, pog odrynon oto Arduino.
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6.4.2 YAomoinon KuKAwuatog Bondntiknc Statagng

Me tnv £€€odo tou aloBntripa va Kiveital ota 4,88 Vpp, n Stadikaoio amAomoleitat
OpPKETA: Oev XpelAleTal VO TIEPLOPLOOUUE TO €UPOC TNG €€660U, QMO TN OTLYUN TOU
Bploketal amod povo tou oto dtaotnua [0,5] V. Apkel emopévwe amAd n mpocoOnkn tou
offset, mou Ba 1o Ppépel evidg Tou emBuuntov daotruartog. To offset oplotnke ota 2,5
V, o0TWG WOTE N Kupatopopdn va “kevrtpaplotel” yUpw amnd autr tnv Tun. H Snuwoupyia
™¢ daivetal Kal oTto mapamavw oxnua, omou yla taon tpododociag 5 V (amd to
Arduino), xpnowiomol)Bnke €vag Slalp€Tng TAONG, ylo TOV UTOSUTAQCLOCUO TOU
Hey€Boug, pLv TV 06rynor tou oe aBpolon e To oripa Tou altetntrpa.

MNa tig avaykeg tng diataéng, xpnopomnotionke o TLC2272CN TeAEOTIKOC EVIOXUTAG, O
OTolog EMEAEYN LE KPLTHPLO TOV TTIOAU KOAO puBuo petafoAng (slew rate), katL mou peta
a6 SoKIUEG KpiBnke amapaltnTto, oUTWE wote va pmopet n dtdtagn va akoAouBel Tig
ouvexeigc aAAayEg TnG e€660U Tou aloOnTpa. Itnv emouevn pwrtoypadia, daivetal kot
TO MPOKUTITOV ONUa PETA amo Tnv mpooBnkn offset, omwg petpndnke pe tnv Bonbela
TaApoypadou:

[ - 500 us/diy 12xPis/ 120y R - 2460V Run
S00000s, MS/s Auto CH1 DC : Rising

Ixnua 49: Iipa €66ou tng Bondntiknc Statagng
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Ev TéAeL, odnyou e To onua niow oto Arduino, Ko o€ avaAoyLko pin. TpOTomoLlcapE
KATAAANAQ TOV UTTAPXOVTO KWK, LE OKOTIO TO CUYKEKPLUEVO pin va avayvwpilletal wg
eloobdog, kal va evepyoroleital n Astoupyia Serial Plotter tou Arduino IDE mpog
OXNUOTIK OVOIOpAcTAcn TOU OAMOTOC Omd ouTto. TNV mapakdtw d¢wrtoypadia
emPeBawwvetatl kat n opBnR Aswtoupyia autol, pe BAoON KoL TO TL QVOUEVOTAV WG

OTOTEAEC AL
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IxAua 50: Kataypadn tng e€66ou tou alodntripa, péow tou Serial Plotter

Onwg avapevotav, To oApo €lval Kevipaplopévo yupw amd ta 2,5 V, evw bdev
untepPaivel moté ta 5 V, oUte kal tpooeyyilel to 0. I avTioTOLXEC e VwpPLtEpA SOKLUEC
UE Tov awoBntnpa (meplotpodn tou atobntipa r} SokuEG e payvnteg), o Serial Plotter
€6¢e1e va kataypddel TG aAAaYEG KOTA TOV TIPOPAETIOMEVO TPOTIO, HE LA ULKPH XPOVLKNA
kaBuotépnon (katL mou Bewprnbnke ducoLoAoyiko, AOyw TNG OELPLOKNE CUVEEDONG TOU
Arduino pe tov umtoAoylotn).

MeTd Kol TO TEAOG TWV TELPAPATIKWY SLadIKkaoLwY, TIPOXWPNOAUE OTNV Evomoinon

OAwv Twv Tapandvw eni pépoug datdewv, Kal TNV KOANon Toug o€ otabepn

KOATAOKEUN.
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6.5 TeAKO KATAOKEUAOTLKO oTASL0

e mpwtn ¢aon, 0Aeg ol unodlatafelg koAANOnkav oe mAakéta. H Swataén tng
YEVVNTPLOG KAl QUTH TNG evioxuong koAARBnkav otnv idla mAakéta. Anuloupynonkav
payeg taong yta GND, 9 kat -9 V, omou katl cuvdEBnkav OAeC oL OXETIKEG TPOodoSOaTiEC.
Ma Ta KOUUATLO TNG KOTOOKEUNG TTou XpeLaotnke tpododoacia 5 V, xpnolponolOnke to
OXETLKO pin Tpododoaiag tou Arduino.

Yxnuo 51: H mAakéta tng Stdtagng

H taon -9 V xpewdletal ywa va tpodpodotnBoUv oL TEAECTIKOL EVIOXUTEC TwV
BonBntikwv dtatdfewv. MNa TNV Kataokeun (kat tnv uAomoinon, dnAadn, Twv TACEWV e

umatapieg) xpnolponoiOnkav Svo pnatapieg twv 9 V, cuvdedbepuéveg oe oelpd. Onwg
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daivetal KoL 0To EMOPEVO OXNUA, LE TNV KOAANON TN LETAEL Toug cuvdeong otn paya
GND, katadépape va €oupe U0 TAOELG AVTIBETNC TTOALKOTNTAG :

+9V -9V
® ®

Ixnua 52: Juvdeopoloyla pmataplwy, yo tTnv Snuoupyia apvnTikng Taong

H tpododotnon tng mAakétag eAéyxetal Ue tnv xpnon dpst dtakoémtn, otov omoio
ouvbEBNnkav oL U0 TACELG. Mo Tov SLAKOTTN KATOOKEVAOTNKE KAl EEXWPLOTH TIAAKETQ,

wote va elvat duvatd va otabepomotnBel 0To MAVW UEPOG TNG KATAOKEUNG.

&
o

Ixnua 53: O dpst SLAKOTTNG TNG KATACKEUNG
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Itnv TAQKETA avoixtnkav TPUTIEG KOL MIAKOV OTOOTATEC, TIPOKELUEVOU va
otaBeponolnBel evtog kAewotol KoutloU. H emikowwvia petafy tou Arduino, Ttou
AD9851 kal twv Svo Pondntikwv Slatdfewv yivetal péow KOAANUEVWV pins Kal
OQIMOOTIWHEVWY  KOAWSIwvV TUTou jumper, ylia va eivat duvatog (oe mepilmtwon

SuoAeltoupyiag) o EAeyxog TG pONG CATOC OTNV KOTOLOKEUN:

Ixnuo 54: NpooOnKn amooTtatwy oTNV MAAKETA

H Bonbntkn &iatagén mpoobrkng offset ulomowlbnke oe Eexwplotr, HKPOTEPN
mAaKETa. Ma olkovouia xwpou, tonoBetnBnke pe tnv BonBela amootdtn MAvwW anod tnv

Baoikr MAakETa:
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Yxnuo 55: Nakéta Bondntikig Sidtaéng offset

Ma TNV KOTOOKEUN ayopAOoTNKE MAACTIKO KOUTL, dlaotdoewv . MNpwta eAéyxOnke n
Suvatoétnta otabepomoinong Twv MAAKETWY EVTOC TOU KOUTLOU. ITN CUVEXELQ, UE TNV
xprion Dremmel avoixtnkav TpUMEG 0To KOUTL, yla Tnv otaBepomnoinon tng 06dvng, tou
encoder kat tou Swakomtn on/off. Avoilxtnkav emiong tpumeg yla to kKalwdio USB
EMIKOWVwViag Tou Arduino pe Tov umoAoylotr, Kal yla dUo avtamrtopeg tumou BNC,

€10060U/e€060V OAUATOG TNC KATAOKEVUNAC:
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IxAua 56: Kouti kotaokeung

Ixnua 57: Kouti kotaokeung — avw oyin
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Ixnuo 58: Kouti kataokeuric — ot BNC urtoSox£ég

TéAog, adotou otepewbnkav OAa Ta e€apTAUOTO KOL UTTHKOY pratapieg 9 V yia tnv
tpododooia, €ywvav KATOLEG TEAeUTAleG SOKLUEG OTO €PYAOTNPLO, TIPOKELUEVOU VO

emBeBalwbel 6TL 6Aa AettoupyoUV KOVOVLKA:

IxAUa 59: KouTl KATAOKEUNG - ECWTEPLKO
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Yxnuo 60: Kouti KATAoKEUNAC

Ixnuo 61: TeAeutaieg SOKLUEC KATAOKEUNG
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7 Zuunepaopato — MeANOVTIKEC EpyaOieC

7.1 uunepaopata —Avaluon anoTteAECUATWY

IKOTOG TNG €pyaciag autng ATOV N KATAOKEUN HLOG OUTOVOUNG YEVVATPLAG
nuLtovoeldol¢ OAUATOC, UEYAAOU €UPOUC ouXVOTATWY, ME Suvatdtnta pudulong
TIOLOTLKWV XOPAKTNPLOTIKWY TOU OHMOTOG KAl XapnAd kootog. 2’ autr Tnv katevBuvon,
e€etaotnkav pla ospda amo Swatdlelg (védupa Wien, Swataelg Colpitts), oL omoieg
anoppidpOnkav AOyw Twv INTOUHEVWVY ETUOUMNTWY XAPAKTNPLOTIKWY. Map’ OtL otnv
OUYKEKPLUEVN Tepimtwon 6ev aflomouibnkav, cuvictavtal oe kdbe mepimtwon yla
XPron o€ XaUNAEG (KoL €K TWV TIPOTEPWY OPLOPEVEG) CUXVOTNTEG, AOYW TOU TIOLOTLKOU

OUATOC TIOU UITOPOUV VA armodwoouv.

H nuéBodog mou emAéxBnke eivat autr tng dpeong Ynolakng cuvBeong (Direct Digital
Synthesis - DDS), AOyw GUYKEKPLUEVWVY XOAPOKTNPLOTIKWV:

. TV duvatotnTa mapaywyns LEyaAou eVPOUC CUXVOTHTWY,

. Vv duvatodtnta evaAlayng LETAEU CUXVOTATWY XWPLE AAAOLWOELG OTO CHUA,
. NV OXETIKNA “avalcbnoia” o ewyeveic mapayovteg mapeUPoAng,

. TO XOUNAO KOOTOG KTONG TWV EEAPTNUATWY

Mapd to OXETIKA amAo “otAowo” tN¢ aAAnAemidpaocng HeTafl TOU HULKPOEAEYKTN
Arduino kot tou AD9851, SiamiotwBnke OTL xpeldlovrat BondnTikeg SLatAgeLg yla tnv
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Katd to dokouv Slapopdwaon Tou oAPOTOC. Ta KUPLOTEPA TIPOBARLOTO TTIOU ETPETE VOl

QVTLUETWTTLOTOUV NTAV:

. H peydAn mtwon t@ong (tng ta&ng tou 80%) oto A9851
. H Umapén dc ocuviotwoag (offset), Adyw avamoapaywyng tou onuatog anod dc
nnyn

Kat ta 6Uo mpoPARuaTa QVTLUETWTOTNKAV HE TNV evowpdtwon Olatdfewv
TEAECTIKWYV EVIOXUTWVY, KABWG Sev KATEOTN SUVATO KATL TETOLO PE OVTLOTOLXEG SLATASELS
amoTeAOUEVEG amo Tpaviiotop. Mapd OUWG TNV KN oToOEP KAl TEPLOPLOUEVOU EVPOUC
anddoon Toug, Kpilvetal OTL e KAAUTEPN ETAOYH TpavVioTop, KATL TETOLO Ba RTav ePIKTO.
Kat ot 6U0 emhoyég TTou e€eTAOTNKAV TTAVTWG, ATAV AVTLOTOLXNG AMAGTNTOG WG TTPOG TOV
oxebloopo Kat uAomoinon toug.

ErumAéov, xpeldotnke AAAn pa BonBntikn dtatagn, mpokelpévou va eival duvatni n
enomntela kot kataypadn twv Sedopévwv tou awcOntipa. Aev umnpéav Wlaitepa
poPBARHaATa WG POG TNV LAomoinon Tn¢ ouvoAlkng dtataéng, evw 666nke éudoaon otnv
AIAOTNTA XELPLOMOU TNG, LEOW TOU OXETLKOU HEVOU Kal TnG UTapéng tng 000vng Kat Tou
encoder. Nap’ OAa autd, umnipée meploplopévn n Suvatdtnta afloAdynong Ing
OouVEPYAOLag TNG KATAOKEUNG UE TIEPLOCOTEPOUG aLlobnTipeg, kATl mou Ba emiBePfaiwve

Kol 0€ PEYAAUTEPO BaBUO TNV XpNOTIKA TNG o€l WE YEVVATPLA ONUATOG YEVIKOU OKOTIOU.

7.2 MEeANOVTIKEG epyaoiec

Zta mAaiola NG epyaciag, €€’ apxng Lepapxnbnke n amAotnta TO00 TNG UAOTIOINONG
000 KL TNG XPoNG TNG YevvNTPLAG. AUTO HETAdPPAOTNKE OF:
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emAoyn Alywv, amAwV Kal OLKOVOULKWY EAPTNUATWY,

ETIAOYN AMAWVY KOL KATOVONTWVY UTIOSLATASE WY,

ouyypadn kwdika amAol, eUKOAQ TPOTIOTOLACLUOU

T(POOTIABELN TIEPLOPLOUOU TWV SLOOTACEWVY KoL TOU BAPOUG TNG KATAOKEUNG

Map’ 6Aa autd, urtnpPEav APKETEG LOEEC yLa TILOAVEG BEATLWOELG KOLL TPOTIOTIOLNOELG TNG

napovoag epyaciac:

N MPWTN mapatipnon cadwg Kat eival n mepimTtwon oxedLaoUoU TTAAKETAG O
OXETLKO TIPOYPOUUA, ME OKOTO TNV €KTUTIWON TNG, KATL Tou Ba meploplle
OKOUO TIEPLOCOTEPO TLG SLOOTACELG, CUYKPLTLKA LLE QLUTI) TIOU KATAOKEUAOTNKE

OTO €pYAOTNPLO,

n duvatdtnTa Mopaywyng MEPLOCOTEPWY ELOWV KUpaTtopopdwy ival emiong
ML TTOAU OnpOVTLKA TtPooBnkn. ZTNV CUYKEKPLUEVN TEpUMTwon (yla xapn
amAdtnTag), kat Adyw tn¢ emdoyng tou Arduino Nano yla Hikpég SLoTAoELS Kot
katavaAlwon, v umnipxav apketd Slabéoiua pins yla KATL TEtolo (av Kal
€ywav oxXeTIkEG poomaBeleg “e§okovopnong”). H mpoomdBela Sdiaxeipiong
EKTEVEOTEPOU PEVOU PEOW HOVO evog encoder avéBale TNV MOAUTIAOKOTNTA
TOU KWaLKa eTtiong. Qoto00, £ylve cod£EC OTL KATL TETOLO ELvVaL EPLKTO UE XPNON
Arduino Uno, kal amnd kel kal mépa pia emthoyn avaueoa oe SUo encoders,
006vn LCD pe Koupmid, N KAmowo TNAEKOVIPOA umepULBpwv. YmApxeL n
Suvatotnta napaywyns dtadopwv eldwv Kupatopopdwyv ansubeiag anod to
Arduino, kal pe xprion KatdAAnAwv dtatdéewv — diAtpwy,

TipokpiveTal kat n duvatotnta mapaywyng cUXVOTATWY KAtw tou 1 Hz, n
omoia &ev ouumep\ndOnke €dw amAd ylati n TPOOMTKA XPHONG TNG
vevvntplog 6ev mepAdppave tEtolou peyéBoug ouxvotnteg. Qotooo, aKOua
KOl OTnV Tapouoa epyacia, KATL TETOLO €ival Suvato pe eAAXLOTEG aAANAYEG

OTOV KWOLKO.

78



8 BiBAloypadia

[1] J. Fraden, Handbook of Modern Sensors: Physics, Designs, and Applications, Springer,
2010

[2] D. Patranabi, Sensors and Tranducers. PHI Learning Pvt. Ltd., 2003.

[3] . Vetelino, Introduction to sensors. Boca Raton: CRC Press, 2011.

[4] P.T.Moseley and J. Crocker, Sensor Materials. CRC Press, 1996.

[5] Anuntpiog N. MaupokoukouAakng: Mtuxtakn Epyacia : Mayvntikol aloBnthipeg Kal
epappoyEg.

[6] W. Gopel, J. Hesse, J.N. Zemel: Sensors, A Comprehensive Survey, Volume 5:
Magnetic Sensors, VCH

[71 P.Ripka, A. Tipek: Master Book On Sensors, Part B/Modular Courses On Modern Sensors,
Leonardo Da Vinci Project CZ/PP — 134026/ BEN Technical Literature

[8] Mavaywtng A. Anuntpomoulog: Awdaktoptkni Alatpln: MikpoatoBntrpeg Fluxgate

[9] M. J. Caruso, “Applications of magnetic sensors for low cost compass systems,” in
Position Location and Navigation Symposium, IEEE 2000, 2000, pp. 177-184.

[10] “The Nobel Prize in Physics 2007.”

http://www.nobelprize.org/nobel prizes/physics/laureates/2007/.

[11] https://en.wikipedia.org/wiki/Search_coil

[12] Kprtowtdkng lwavvng : Ntuxtakn Epyaocia : AloBntripeg- Metatporeis. 2006.
[13] http://wiki.squid-cache.org/SquidFag/AboutSquid

[14] https://repository.kallipos.gr/bitstream/11419/3574/1/05 chapter 04.pdf

[15] http://www.learningaboutelectronics.com/Articles/Wien-bridge-oscillator-circuit-with-
an-LM741.php

[16] https://www.circuitstoday.com/colpitts-oscillator

[17] https://www.electronics-notes.com/articles/radio/frequency-synthesizer/dds-direct-
digital-synthesis-synthesizer-what-is-basics.php

[18] https://www.analog.com/en/analog-dialogue/articles/all-about-direct-digital-
synthesis.html#

[19] https://www.instructables.com/id/Voltage-Amplifier/

[20] https://www.instructables.com/id/How-to-Design-Common-Emitter-Amplifier/

[21]https://scienceprog.com/modeling-of-analog-part-for-dds3-signal-generator/

[22] X. Wang, T. Wang, W. Jiang, W. Zhao, Y. Shi, “A design of excitation system for Fluxgate

based on sine wave” in Fifth International Conference on Instrumentation and
Measurement, Computer, Communication and Control (IMCCC), 2015, pp 1090-1093

[23] https://www.electronics-tutorials.ws/opamp/opamp_4.html

79



9 Mapaptnua

ITNV OUVEXElD, TOPATIOETAL 0 KwAOKAG TIOU XPnOoLUomolBnke ywo  Ttov
TPOoypaAUUATIONd Tou Arduino, kaBw¢ kat Sduo datasheets, autda tou AD9851
e€aptipatog, aAAd kot tou TLC2272CN op-amp:

#include <LCD.h>
#include <EEPROM.h>
ttinclude <Wire.h>

#include <LiquidCrystal_I2C.h>

LiquidCrystal_I12C lcd(0x27, 2,1, 0, 4, 5, 6, 7, 3, POSITIVE); // Set the LCD 12C address,
if it's not working try 0x27.

const unsigned long max_frequency_step = 1000000; //Max Frequency step
const unsigned long max_frequency = 50000000; //Max Frequency

const int min_frequency=25; // Minimum Frequency

unsigned long last_frequency = 5000;

unsigned long frequency_step = 1;
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// Rotary encoder

const int EncoderPinCLK = 2;

const int EncoderPinDT = 3;

const int EncoderPinSW = 4;

byte dds_RESET = 5;

byte dds_DATA =6;

byte dds_LOAD =7,

byte dds_CLOCK = 8;

void setup_dds()

// DDS pins for data, clock and load

pinMode (dds_DATA, OUTPUT); // DDS pins as output

pinMode (dds_CLOCK, OUTPUT);
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pinMode (dds_LOAD, OUTPUT);

pinMode (dds_RESET, OUTPUT);

digitalWrite(dds_DATA, LOW); // internal pull-down

digitalWrite(dds_CLOCK, LOW);

digitalWrite(dds_LOAD, LOW);

digitalWrite(dds_RESET, LOW);

// Wait 2 seconds for the AD9851 during power up

delay (2000);

init_dds();

reset_dds();

void init_dds()

digitalWrite(dds_RESET, LOW);

digitalWrite(dds_CLOCK, LOW);
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digitalWrite(dds_LOAD, LOW);

digitalWrite(dds_DATA, LOW);

void reset_dds()

//reset sequence is:

// CLOCK & LOAD = LOW

// Pulse RESET high for a few uS (use 5 uS here)

// Pulse CLOCK high for a few uS (use 5 uS here)

// Set DATA to ZERO and pulse LOAD for a few uS (use 5 uS here)

// data sheet diagrams show only RESET and CLOCK being used to reset the device,
but | see no output unless | also

// toggle the LOAD line here.

digitalWrite(dds_CLOCK, LOW);

digitalWrite(dds_LOAD, LOW);
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digitalWrite(dds_RESET, LOW);

delay(5);

digitalWrite(dds_RESET, HIGH); //pulse RESET

delay(5);

digitalWrite(dds_RESET, LOW);

delay(5);

digitalWrite(dds_CLOCK, LOW);

delay(5);

digitalWrite(dds_CLOCK, HIGH); //pulse CLOCK

delay(5);

digitalWrite(dds_CLOCK, LOW);

delay(5);

digitalWrite(dds_DATA, LOW); //make sure DATA pin is LOW

digitalWrite(dds_LOAD, LOW);

delay(5);

digitalWrite(dds_LOAD, HIGH); //pulse LOAD
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delay(5);

digitalWrite(dds_LOAD, LOW);

// Chip is RESET now

void dds(unsigned long freq)

int last§;

unsigned long DDSLong;

unsigned long Bitmask32 = 1; // 32 bit bit mask '0000 0000 0000 0000 0000 0000
0000 0001

byte Bitmask8 = 1; // 8 bit bit mask '0000 0001

// we shift these bitmasks left 1 bit at a time and AND them bitwise
with a value to simply

// determine if an unknown individual bit within a data structure is a
lora0

byte FirstBit = 1;

float clock_frequency = 180000000; // this is the on-board clock frequency of my
AD9851 board
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float twoE32 = pow (2,32); // this is 2 to the power of 32 (which is quite a lot)

DDSLong = ((twoE32 * (freq))/ clock_frequency); // this calculates the first 32 bits of
the 40 bit DDS instruction

// now we itterate through the first 32 bits one at a time, determine if the individual
bits are 1 or 0 and write a HIGH or LOW as appropriate

for (Bitmask32 = 1; Bitmask32 > 0; Bitmask32 <<= 1)

{ // iterate through 32 bits of DDSLong

if (DDSLong & Bitmask32) // if bitwise AND resolves to true

digitalWrite(dds_DATA,HIGH);

else // if bitwise AND resolves to false

digitalWrite(dds_DATA,LOW);

// after every single bit we toggle the clock pin for the DDS to receive the data bit

digitalWrite(dds_CLOCK,HIGH); // Clock data in by setting clock pin high

then low

delayMicroseconds(1);
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digitalWrite(dds_CLOCK,LOW);

// now send the final 8 bits to complete the 40 bit instruction

// we need 1000 0000 because we want to use the clock multiplier

// so here we are going to look 8 times and send a 1 the first time round then 7 Os

for (Bitmask8 = 1; Bitmask8 > 0; Bitmask8 <<= 1)

{ // iterate through last 8 bits of 40 bit instruction to DDS

if (Bitmask8 & FirstBit) // 1st bit of remaining 8 needs to be 1 to enable
clock multiplier

digitalWrite(dds_DATA,HIGH);

else

digitalWrite(dds_DATA,LOW);

// after every single bit we toggle the clock pin for the DDS to receive the data bit
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digitalWrite(dds_CLOCK,HIGH); // Clock data in by setting clock pin high
then low

delayMicroseconds(1);

digitalWrite(dds_CLOCK,LOW);

// and once all 40 bits have been sent

// finally we toggle the load bit to say we are done

// and let the AD9851 do its stuff

digitalWrite (dds_LOAD, HIGH); // Pulse DDS update

delayMicroseconds(1);

digitalWrite (dds_LOAD, LOW); // to execute previous instruction set

return;

// ISR (Interrupt Service Routine)

unsigned volatile long frequency = 5000;

88



void isr () {

static unsigned long lastinterruptTime = 0;

unsigned long interruptTime = millis();

if (interruptTime - lastinterruptTime > 5) {

if (digitalRead(EncoderPinDT) == LOW)

frequency=frequency-frequency_step ; // Could be -5 or -10

else {

frequency=frequency+frequency_step ; // Could be +5 or +10

frequency = min(max_frequency, max(min_frequency, frequency));

lastinterruptTime = interruptTime;
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void show_frequency()

Icd.clear();

float display_frequency=frequency;

String frequency_string=String(frequency);

if (frequency<1000)

lcd.setCursor(0,0);

lcd.print("Frequency:");

lcd.setCursor(0,1);

lcd.print(frequency);

if (frequency>=1000)

lcd.setCursor(0,0);
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lcd.print("Frequency:");

lcd.setCursor(0,1);

lcd.print(display_frequency/1000,3);

void setup() {

Serial.begin(9600);

// Rotary pulses are INPUTs

pinMode(EncoderPinCLK, INPUT);

pinMode(EncoderPinDT, INPUT);

// Switch is floating so use the in-built PULLUP so we don't need a resistor

pinMode(EncoderPinSW, INPUT_PULLUP);

// Attach the routine to service the interrupts

attachinterrupt(digitalPinTolnterrupt(EncoderPinCLK), isr, LOW);
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lcd.begin(16,2);

Icd.backlight(); // Turn on the backligt (try Icd.noBaklight() to turn it off)

setup_dds();

lcd.setCursor (5,0);

lcd.print("Hello!");

delay(2000);

show_frequency();

dds(frequency);

//Serial.printin("Start");

void loop() {

// Is someone pressing the rotary switch?
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if ((!digitalRead(EncoderPinSW))) {

while (!digitalRead(EncoderPinSW))

delay(10);

Serial.printIn("Reset");

if (frequency_step==max_frequency_step)

frequency_step=1;

else

frequency_step=frequency_step*10;

Serial.print("multiplier:");

Serial.printIn(frequency_step);

Icd.clear();

lcd.setCursor(0,0);

lcd.print("Step:");
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lcd.setCursor(0,5);

lcd.print(frequency_step);

if (frequency != last_frequency) {
Serial.print(frequency > last_frequency ? "Up :": "Down:");
Serial.printin(frequency);
show_frequency();

dds(frequency);

last_frequency = frequency ;

int sensorValue = analogRead(A0);

float voltage = sensorValue*(5.0/1023.0);

Serial.printIn(voltage);
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ANALOG
DEVICES

CMOS 180 MHz
DDS/DAC Synthesizer

AD9851

FEATURES

180 MHz Clock Rate with Selectable 6 x Reference Clock
Multiplier

On-Chip High Performance 10-Bit DAC and High Speed
Comparator with Hysteresis

SFDR >43 dB @ 70 MHz Aoyt

32-Bit Frequency Tuning Word

Simplified Control Interface: Parallel or Serial
Asynchronous Loading Format

5-Bit Phase Modulation and Offset Capability

Comparator Jitter <80 ps p-p @ 20 MHz

2.7V to 5.25V Single-Supply Operation

Low Power: 555 mW @ 180 MHz

Power-Down Function,4 mW @ 2.7 V

Ultrasmall 28-Lead SSOP Packaging

APPLICATIONS

Frequency/Phase-Agile Sine Wave Synthesis

Clock Recovery and Locking Circuitry for Digital
Communications

Digitally Controlled ADC Encode Generator

Agile Local Oscillator Applications in Communications

Quadrature Oscillator

CW, AM, FM, FSK, MSK Mode Transmitter

GENERAL DESCRIPTION

The AD9851 is a highly integrated device that uses advanced
DDS technology, coupled with an internal high speed, high
performance D/A converter, and comparator, to form a digitally
programmable frequency synthesizer and clock generator func-
tion. When referenced to an accurate clock source, the AD9851
generates a stable frequency and phase-programmable digitized
analog output sine wave. This sine wave can be used directly as
a frequency source, or internally converted to a square wave for
agile-clock generator applications. The AD9851’s innovative
high speed DDS core accepts a 32-bit frequency tuning word,
which results in an output tuning resolution of approximately
0.04 Hz with a 180 MHz system clock. The AD9851 contains
a unique 6 X REFCLK Multiplier circuit that eliminates the
need for a high speed reference oscillator. The 6 X REFCLK
Multiplier has minimal impact on SFDR and phase noise char-
acteristics. The AD9851 provides five bits of programmable
phase modulation resolution to enable phase shifting of its
output in increments of 11.25°.
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The AD9851 contains an internal high speed comparator that
can be configured to accept the (externally) filtered output of the
DAC to generate a low jitter output pulse.

The frequency tuning, control, and phase modulation words are
asynchronously loaded into the AD9851 via a parallel or serial
loading format. The parallel load format consists of five iterative
loads of an 8-bit control word (byte). The first 8-bit byte controls
output phase, 6 X REFCLK Multiplier, power-down enable and
loading format; the remaining bytes comprise the 32-bit frequency
tuning word. Serial loading is accomplished via a 40-bit serial data
stream entering through one of the parallel input bus lines. The
AD9851 uses advanced CMOS technology to provide this break-
through level of functionality on just 555 mW of power dissipation
(5 V supply), at the maximum clock rate of 180 MHz.

The AD9851 is available in a space-saving 28-lead SSOP,
surface-mount package that is pin-for-pin compatible with the
popular AD9850 125 MHz DDS. It is specified to operate over
the extended industrial temperature range of —40°C to +85°C
at >3.0 V supply voltage. Below 3.0 V, the specifications apply
over the commercial temperature range of 0°C to 85°C.

One Technology Way, PO. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 www.analog.com
Fax: 781/326-8703 © 2004 Analog Devices, Inc. All rights reserved.



AD9831-SPECIFICATIONS

(V' =5V = 5%, Rger = 3.9 kQ, 6 x REFCLK Multiplier Disabled, External Reference

Clock = 180 MHz, except as noted.)

Test ADY851BRS
Parameter Temp Level Min Typ Max Unit
CLOCK INPUT CHARACTERISTICS
Frequency Range (6 X REFCLK Multiplier Disabled)
5.0 V Supply Full v 1 180 MHz
3.3 V Supply Full v 1 125 MHz
2.7 V Supply 0°C to 85°C v 1 100 MHz
Frequency Range (6 X REFCLK Multiplier Enabled)
5.0 V Supply Full v 5 30 MHz
3.3 V Supply Full v 5 20.83 MHz
2.7V Supply 0°C to 85°C v 5 16.66 MHz
Duty Cycle Full v 45 60 %
Duty Cycle (6 X REFCLK Multiplier Enabled) Full v 35 65 %
Input Resistance 25°C \Y% 1 MQ
Minimum Switching Thresholds?
Logic 1, 5.0 V Supply 25°C v 3.5 \%
Logic 1, 3.3 V Supply 25°C v 2.3 \%
Logic 0, 5.0 V Supply 25°C v 1.5 \%
Logic 0, 3.3 V Supply 25°C v \%
DAC OUTPUT CHARACTERISTICS
Full-Scale Output Current 25°C v 5 10 20 mA
Gain Error 25°C I -10 +10 % FS
Output Offset 25°C I 10 HA
Differential Nonlinearity 25°C I 0.75 LSB
Integral Nonlinearity 25°C I 1 LSB
Residual Phase Noise, 5.2 MHz, 1 kHz Offset
PLL On 25°C \Y% -125 dBc/Hz
PLL Off 25°C \Y% -132 dBc/Hz
Output Impedance 25°C \Y% 120 kQ
Voltage Compliance Range 25°C I -0.5 +1.5 A%
Wideband Spurious-Free Dynamic Range
1.1 MHz Analog Out (DC to 72 MHz) 25°C v 60 64 dBc
20.1 MHz Analog Out (DC to 72 MHz) 25°C v 51 53 dBc
40.1 MHz Analog Out (DC to 72 MHz) 25°C v 51 55 dBc
50.1 MHz Analog Out (DC to 72 MHz) 25°C v 46 53 dBc
70.1 MHz Analog Out (DC to 72 MHz) 25°C v 42 43 dBc
Narrowband Spurious-Free Dynamic Range
1.1 MHz (£50 kHz) 25°C \Y% 85 dBc
1.1 MHz (¥200 kHz) 25°C \Y% 80 dBc
40.1 MHz (+50 kHz) 25°C \Y% 85 dBc
40.1 MHz (£200 kHz) 25°C \Y% 80 dBc
70.1 MHz (50 kHz) 25°C \Y% 85 dBc
70.1 MHz (£200 kHz) 25°C \Y% 73 dBc
COMPARATOR INPUT CHARACTERISTICS
Input Capacitance 25°C A% 3 pF
Input Resistance 25°C v 500 kQ
Input Bias Current 25°C I 12 HA
Input Voltage Range 25°C v 0 5 \%
COMPARATOR OUTPUT CHARACTERISTICS
Logic 1 Voltage 5V Supply 25°C VI 4.8 \%
Logic 1 Voltage 3.3V Supply 25°C VI 3.1 \%
Logic 1 Voltage 2.7V Supply 25°C VI 2.3 \%
Logic 0 Voltage 25°C VI +0.4 v
Continuous Output Current 25°C v 20 mA
Hysteresis 25°C v 10 mV
Propagation Delay 25°C v 7 ns
Toggle Frequency (1V p-p Input Sine Wave) 25°C v 200 MHz
Rise/Fall Time, 15 pF Output Load 25°C v 7 ns
Output Jitter (p-p)° 25°C v 80 ps (p-p)
CLOCK OUTPUT CHARACTERISTICS
Output Jitter (Clock Generator Configuration,
40 MHz 1V p-p Input Sine Wave) 25°C A% 250 ps (p-p)
Clock Output Duty Cycle Full v 50 £ 10 %
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AD9851

Test ADY9851BRS
Parameter Temp Level Min Typ Max Unit
TIMING CHARACTERISTICS*
twis twr, (W_CLK Min Pulse Width High/Low) Full v 3.5 ns
tps, tpp (Data to W_CLK Setup and Hold Times) Full v 3.5 ns
tem, trr, (FQ_UD Min Pulse Width High/Low) Full v 7 ns
tep (REFCLK Delay After FQ_UD)? Full v 3.5 ns
tgp (FQ_UD Min Delay After W_CLK) Full v 7 ns
ter (Output Latency from FQ_UD)
Frequency Change Full v 18 SYSCLK
Cycles
Phase Change Full v 13 SYSCLK
Cycles
tra (CLKIN Delay After RESET Rising Edge) Full 1\Y 3.5 ns
trr, (RESET Falling Edge After CLKIN) Full v 3.5 ns
trr (Recovery from RESET) Full v 2 SYSCLK
Cycles
trs (Minimum RESET Width) Full v 5 SYSCLK
Cycles
tor, (RESET Output Latency) Full v 13 SYSCLK
Cycles
Wake-Up Time from Power-Down Mode® 25°C A% 5 us
CMOS LOGIC INPUTS
Logic 1 Voltage, 5V Supply 25°C I 3.5 A%
Logic 1 Voltage, 3.3V Supply 25°C v 2.4 \%
Logic 1 Voltage, 2.7V Supply 25°C v 2.0 \%
Logic 0 Voltage 25°C v 0.8 \%
Logic 1 Current 25°C I 12 HA
Logic 0 Current 25°C I 12 pA
Rise/Fall Time 25°C v 100 ns
Input Capacitance 25°C \% 3 pF
POWER SUPPLY
Vs® Current @:
62.5 MHz Clock, 2.7V Supply 25°C VI 30 35 mA
100 MHz Clock, 2.7V Supply 25°C VI 40 50 mA
62.5 MHz Clock, 3.3V Supply 25°C VI 35 45 mA
125 MHz Clock, 3.3V Supply 25°C VI 55 70 mA
62.5 MHz Clock, 5V Supply 25°C VI 50 65 mA
125 MHz Clock, 5V Supply 25°C VI 70 90 mA
180 MHz Clock, 5V Supply 25°C VI 110 130 mA
Power Dissipation @ :
62.5 MHz Clock, 5V Supply 25°C VI 250 325 mW
62.5 MHz Clock, 3.3V Supply 25°C VI 115 150 mW
62.5 MHz Clock, 2.7V Supply 25°C VI 85 95 mW
100 MHz Clock, 2.7V Supply 25°C VI 110 135 mW
125 MHz Clock, 5V Supply 25°C VI 365 450 mW
125 MHz Clock, 3.3V Supply 25°C VI 180 230 mW
180 MHz Clock, 5V Supply 25°C VI 555 650 mW
Ppiss Power-Down Mode @:
5V Supply 25°C VI 17 55 mW
2.7V Supply 25°C VI 20 mW
NOTES

14V collectively refers to the positive voltages applied to DVDD, PVCC, and AVDD. Voltages applied to these pins should be of the same potential.
’Indicates the minimum signal levels required to reliably clock the device at the indicated supply voltages. This specifies the p-p signal level and dc offset needed when the

clocking signal is not of CMOS/TTL origin, i.e., a sine wave with 0V dc offset.

3The comparator’s jitter contribution to any input signal. This is the minimum jitter on the outputs that can be expected from an ideal input. Considerably more output
jitter is seen when nonideal input signals are presented to the comparator inputs. Nonideal characteristics include the presence of extraneous, nonharmonic signals (spur’s,

noise), slower slew rate, and low comparator overdrive.

*Timing of input signals FQ_UD, WCLK, RESET are asynchronous to the reference clock; however, the presence of a reference clock is required to implement those
functions. In the absence of a reference clock, the AD9851 automatically enters power-down mode rendering the IC, including the comparator, inoperable until a refer-
ence clock is restored. Very high speed updates of frequency/phase word will require FQ_UD and WCLK to be externally synchronized with the external reference clock to

ensure proper timing.
°Not applicable when 6X REFCLK Multiplier is engaged.
Assumes no capacitive load on DACBP (Pin 17).
Specifications subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS*

Maximum Junction Temperature ................... 150°C
Storage Temperature . .................. -65°C to +150°C
T2 S 6V
Operating Temperature ................... —40°C to +85°C
Digital Inputs . ..................... -0.7Vto +Vg + 0.7V
Lead Temperature (10 sec) Soldering . ............... 300°C
Digital Output Current . . . ... ... 30 mA
SSOP 0;, Thermal Impedance ................... 82°C/W
DACOutput Current . ......ovviievnnee ... 30 mA

* Absolute maximum ratings are limiting values, to be applied individually, and beyond
which the serviceability of the circuit may be impaired. Functional operability under
any of these conditions is not necessarily implied. Exposure of absolute maximum
rating conditions for extended periods of time may affect device reliability.

EXPLANATION OF TEST LEVELS

Test Level

I —100% Production Tested.

III - Sample Tested Only.

IV — Parameter is guaranteed by design and characterization
testing.

V — Parameter is a typical value only.

VI - Devices are 100% production tested at 25°C and guaran-
teed by design and characterization testing for industrial
operating temperature range.

ORDERING GUIDE
Model Temperature Range Package Description Package Option
AD9851BRS -40°C to +85°C Shrink Small Outline (SSOP) RS-28
AD9851BRSRL -40°C to +85°C Shrink Small Outline (SSOP) RS-28
AD9851/CGPCB Evaluation Board Clock Generator
AD9851/FSPCB Evaluation Board Frequency Synthesizer
CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily accumulate on
the human body and test equipment and can discharge without detection. Although the AD9851 features

proprietary ESD protection circuitry, permanent damage may occur on devices subjected to high energy
electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid performance

degradation or loss of functionality.

Application Note: Users are cautioned not to apply digital input signals prior to power-up of this device.

Doing so may result in a latch-up condition.

WARNING!

i ESD SENSITIVE DEVICE
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PIN CONFIGURATION
—
p3[1]e (28] Da
D2[z] [27] D5
D1[3] [25] D6
LSB DO [4] [25] D7 MSB/SERIAL LOAD
PGND [ | [24] DGND

pvce[s] AD9851 [23] DVDD

W_CLK[7] topview [22] RESET
FQ_UD E (Not to Scale) E IoUT

REFCLOCK [ 9| [20] I0UTB
AGND[10] [19] AGND
AVDD [11] [18] AVDD

Rser [12] [17] bAcBP
VOUTN[13] [16] viNp
VOUTP[14 [15] VINN

PIN FUNCTION DESCRIPTIONS

Pin

No. Mnemonic Function

4-1, D0-D7 8-Bit Data Input. The data port for loading the 32-bit frequency and 8-bit phase/control words. D7 = MSB;

28-25 D0 = LSB. D7, Pin 25, also serves as the input pin for 40-bit serial data word.

5 PGND 6X REFCLK Multiplier Ground Connection.

6 PVCC 6X REFCLK Multiplier Positive Supply Voltage Pin.

7 W_CLK Word Load Clock. Rising edge loads the parallel or serial frequency/phase/control words asynchronously
into the 40-bit input register.

8 FQ _UD Frequency Update. A rising edge asynchronously transfers the contents of the 40-bit input register to be
acted upon by the DDS core. FQ_UD should be issued when the contents of the input register are known
to contain only valid, allowable data.

9 REFCLOCK | Reference Clock Input. CMOS/TTL-level pulse train, direct or via the 6 X REFCLK Multiplier. In direct
mode, this is also the SYSTEM CLOCK. If the 6X REFCLK Multiplier is engaged, then the output of the
multiplier is the SYSTEM CLOCK. The rising edge of the SYSTEM CLOCK initiates operations.

10,19 | AGND Analog Ground. The ground return for the analog circuitry (DAC and Comparator).

11,18 | AVDD Positive supply voltage for analog circuitry (DAC and Comparator, Pin 18) and bandgap voltage reference,
Pin 11.

12 Rsger The DAC’s external Rggt connection—nominally a 3.92 k() resistor to ground for 10 mA out. This sets
the DAC full-scale output current available from IOUT and IOUTB. Rggr = 39.93/I0UT.

13 VOUTN Voltage Output Negative. The comparator’s complementary CMOS logic level output.

14 VOUTP Voltage Output Positive. The comparator’s true CMOS logic level output.

15 VINN Voltage Input Negative. The comparator’s inverting input.

16 VINP Voltage Input Positive. The comparator’s noninverting input.

17 DACBP DAC Bypass Connection. This is the DAC voltage reference bypass connection normally NC (NO
CONNECT) for optimum SFDR performance.

20 I0UTB The complementary DAC output with same characteristics as IOUT except that IOUTB = (full-scale
outpur—IOUT). Output load should equal that of IOUT for best SFDR performance.

21 10UT The true output of the balanced DAC. Current is sourcing and requires current-to-voltage
conversion, usually a resistor or transformer referenced to GND. IOUT = (full-scale output—IOUTB).

22 RESET Master Reset pin; active high; clears DDS accumulator and phase offset register to achieve 0 Hz and 0°
output phase. Sets programming to parallel mode and disengages the 6 X REFCLK Multiplier. Reset does
not clear the 40-bit input register. On power-up, asserting RESET should be the first priority before pro-
gramming commences.

23 DVDD Positive supply voltage pin for digital circuitry.

24 DGND Digital Ground. The ground return pin for the digital circuitry.
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AD9851-Typical Performance Characteristics
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TPC 1. Wideband (dc to 72 MHz) output SFDR for
a 1.1 MHz fundamental output signal. System
clock = 180 MHz (6 X REFCLK multiplier engaged),
Vs = 5 V
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TPC 2. Wideband (dc to 72 MHz) output SFDR for
a 40.1 MHz fundamental output signal. System
clock = 180 MHz (6 X REFCLK multiplier engaged),
VS = 5 V
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TPC 3. Wideband (dc to 72 MHz) output SFDR for
a 70.1 MHz fundamental output signal. System
clock = 180 MHz (6 X REFCLK multiplier engaged),
Vs=5V.
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TPC 4. Narrowband (1.1 + 0.1 MHz) output SFDR
for a 1.1 MHz fundamental output signal. System
clock =180 MHz (6 X REFCLK multiplier engaged),
VS = 5 V
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TPC 5. Narrowband (40.1 = 0.1 MHz) output SFDR
for a 40.1 MHz fundamental output signal. System
clock = 180 MHz (6 X REFCLK multiplier engaged),
Vs = 5 V
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TPC 6. Narrowband (70.1 + 0.1 MHz) output SFDR
for a 70.1 MHz fundamental output signal. System
clock = 180 MHz (6 X REFCLK multiplier engaged),
Vs = 5 V
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TPC 7. Typical CMOS comparator p-p output jitter with
the AD9851 configured as a clock generator, DDS foyr =
10.1 MHz, Vs = 5V, system clock = 180 MHz, 70 MHz LPF.
Graph details the center portion of a rising edge with
scope in delayed trigger mode, 200 ps/div. Cursors show
208 ps p-p jitter.

TPC 9. Typical CMOS comparator p-p output
jitter with the AD9851 configured as a clock
generator, DDS foyr=70.1 MHz, Vs =5V, system
clock = 180 MHz, 70 MHz LPF. Graph details
the center portion of a rising edge with scope
in delayed trigger mode, 200 ps/div. Cursors

Tek Run 4.00GS/s  Sample show 280 ps p-p jitter.
L T L
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TPC 8. Typical CMOS comparator p-p output jitter with the
AD9851 configured as a clock generator, DDS foyr=40.1 MHz,
Vs =5V, system clock = 180 MHz, 70 MHz LPF. Graph details
the center portion of a rising edge with scope in delayed
trigger mode, 200 ps/div. Cursors show 204 ps p-p jitter.

TPC 10. Output Phase Noise (5.2 MHz Aout), 6X REFCLK
Multiplier Enabled, System Clock = 180 MHz, Reference
Clock = 30 MHz
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TPC 11. Output Residual Phase Noise (5.2 MHz Aoyt), 6X

REFCLK Multiplier Disabled, System Clock = 180 MHz, Ref-
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TPC 12. Spurious-free dynamic range (SFDR) is generally
a function of the DAC analog output frequency. Analog
output frequencies of 1/3 the system clock rate are consid-

ered worst case. Plotted below are typical worst case SFDR

numbers for various system clock rates.
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TPC 13. Comparator Rise Time, 15 pF Load
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TPC 15. Supply current variation with analog
output frequency at 180 MHz system clock (upper
trace) and 125 MHz system clock (lower trace)
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TPC 16. Supply current variation with system
clock frequency
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TPC 17 Effect of DAC maximum output current on
wideband (0 to 72 MHz) SFDR at three representa-
tive DAC output frequencies: 1.1 MHz, 40.1 MHz,
and 70.1 MHz. Vs = 5V, 180 MHz system clock (6X
REFCLK multiplier disabled). Currents are set using
appropriate values of Rser
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TPC 18. Minimum p-p input signal needed to tog-
gle the AD9851 comparator output. Comparator
input is a sine wave compared with a fixed volt-
age threshold. Use this data in addition to sin(x)/x
rolloff and any filter losses to determine whether
adequate signal is being presented to the AD9851
comparator.
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1 8
1/Q MIXER > >
Rx AND Aggg? DIGITAL Rx BASEBAND
RFIN LOW-PASS | Q 8 DEMODULATOR DIGITAL DATA OUT
( FLTER »| 8BITADC >
VCA yy
ADC CLOCK FREQUENCY AGC
LOCKED TO «_|
Tx CHIP/SYMBOL/PN RATE ADC ENCODE
180MHz
OR 30MHz
AD9851 32
CLOCK - ”
REFERENCE GENERATOR | CHIP/SYMBOL/PN
CLOCK RATE DATA

Figure 1. Chip Rate Clock Generator Application in a Spread Spectrum Receiver

o LOW-PASS o
tout ? FILTER
—N &.8i7 PARALLEL DATA 470pF 2100k 22000 2000
MICROPROCESSOR - , I
R DATA| OR 1-BIT x 40 SERIAL DATA, i L T O ey anae At L
MICROCONTROLLER RESET, W_CLK AND FQ_UD = 3100k 20092 IMPEDANCE
v I0UTB g
AD9851 31002 | yoLTAGE HERE = CENTER POINT 0TO 1V p-p
N = OF SINE WAVE (0.5V TYPICALLY) SN Wik
O O o Hz USING PASSIVE AVERAGING CIRCUIT
cLOCK — oMoS
OUTPUTS
Rser  QOUT  QOUTB
Figure 2. Basic Clock Generator Configuration
IOUT and IOUTB are equally loaded with 100 Q. Two 100 kQ) REFERENCE

resistors sample each output and average the two voltages. The
result is filtered with the 470 pF capacitor and applied to one
comparator input as a dc switching threshold. The filtered DAC
sine wave output is applied to the other comparator input. The FILTER
comparator will toggle with nearly 50% duty cycle as the sine

PHASE LOOP RF
COMPARATOR [™] FILTER »—» FREQUENCY

AD9851 REF CLKIN

G

DDS
wave alternately traverses the center point threshold. PROGRAMMABLE
DIVIDE-BY-N FUNCTION
RF TUNING (WHERE N = 232/TUNING WORD)
IF FREQUEN% FILTER SREQUENCY WORD
uT

Figure 5. Digitally Programmable Divide-by-N

FILTER Function in PLL

REFERENCE
cLOCK
@ »| AD9851 TUNING
DDS ::l WORD s-siT | AD9851/FSPCB
EZ-KITLITE | ADSP-2181  DATA EVALUATION
DSP BUS BUS BOARD
. . . DAC
Figure 3. Frequency/Phase-Agile Local Oscillator ADSP-2181 it\ Aﬁ?‘éE’T _¥r\ ADSE51 out
for Frequency Mixing/Multiplying bsp DECODE DDS @"’%TRPFUT
PROCESSOR | |4 5@ 1 Y
REFERENCE
CLoCK —Qzr ) Aptssr d,) s
AD9851 TUNING STEREO
O—>{ A0 ::lwono AUDIO INf “copEC

FILTER

Figure 6. High Quality, All Digital RF Frequency
Modulation

PHASE LOOP RF
COMPARATOR [™]| FILTER vco »zli{jl_ErQUENCY

v

High quality, all digital RF frequency modulation generation with
the ADSP-2181 DSP and the AD9851 DDS is well documented

in Analog Devices’ application note AN-543. It uses an image of

the DDS output as illustrated in Figure 8.

Figure 4. Frequency/Phase-Agile Reference for PLL
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W_CLK #1
W_CLK louT
—N
AD9851
W_CLK #1 — #
FQ_UD Fa_ub
FQ_UD = RESETA
MICROPROCESSOR D,,:',’:EQEECE
OR 8-BIT DATA BUS REF
MICROCONTROLLER CLOCK
RESET
RESET v
RESET  lOUT
W_CLK #2 FQ_UD
—N  AD9851 1 =
W_CLK #2 — #2
W_CLK

Figure 7. Application Showing Synchronization of
Two AD9851 DDSs to Form a Quadrature Oscillator

After a common RESET command is issued, separate W_CLKs
allow independent programming of each AD9851 40-bit input reg-
ister via the 8-bit data bus or serial input pin. A common FQ_UD
pulse is issued after programming is completed to simultaneously
engage both oscillators at their specified frequency and phase.

BANDPASS
AMPLIFIER
FILTER 240MHz
ADg9851 | loUT . x|, | @
=3 |
é; / _%509 _%son / L
30MHz AD9851 FINAL OUTPUT
CLOCK  SPECTRUM SPECTRUM
FUNDAMENTAL F F
w Fc-Fo Fc +Fo w c+Fo
S IMAGE IMAGE s IMAGE
= FoLk . BANDPASS
s s FILTER
< | <
60 120 180 240 240

FREQUENCY — MHz FREQUENCY - MHz

Figure 8. Deriving a High Frequency Output Signal
from the AD9851 by Using an Alias or Image Signal

The differential DAC output connection in Figure 9 enables
reduction of common-mode signals and allows highly reactive
filters to be driven without a filter input termination resistor (see
above single-ended example, Figure 8). A 6 dB power advantage
is obtained at the filter output as compared with the single-ended
example, since the filter need not be doubly terminated.

DIFFERENTIAL

TRANSFORMER COUPLED

21 OUTPUT
REFERENCE FILTER [—o S
CLOCK 1§40
@_ AD9851

DDS L =
20
500

1:1 TRANSFORMER
i.e., MINI-CIRCUITS T1-1T

Figure 9. Differential DAC Output Connection for
Reduction of Common-Mode Signals

The AD9851 Rggt input is driven by an external DAC (Figure 10)
to provide amplitude modulation or fixed, digital amplitude control
of the DAC output current. Full description of this application is
found as a Technical Note in the AD9851 data sheet under Related
Information. An Analog Devices' application note for the AD9850,
AN-423, describes another method of amplitude control using
an enhancement mode MOSFET that is equally applicable to
the AD9851.

NOTE: If the 6X REFCLK multiplier of the AD9851 is engaged,
the 125 MHz clocking source shown in Figure 10 can be reduced
by a factor of six.

+5V +5V +5V
| | DIFFERENTIAL
N 20mA TRANSFORMER COUPLED
AT 10-BIT DAC \ MAX 802 oy 21 OUTPUT
GENERATOR | 10 BITS AD9731 AN RsgT louT *
e.g., DG2020 [ | / 2000 w00
T AD9851
5V = DDS L =
- 9
00

5
1:1 TRANSFORMER

CONTROL
DATA

Figure 10. The AD9851 RSET Input Being Driven by an External DAC
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DDS CIRCUITRY
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Figure 11. Basic DDS Block Diagram and Signal Flow of AD9851
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\]
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Figure 12. Output Spectrum of a Sampled Sin(x)/x Signal

THEORY OF OPERATION AND APPLICATION

The AD9851 uses direct digital synthesis (DDS) technology,
in the form of a numerically controlled oscillator (INCO), to
generate a frequency/phase-agile sine wave. The digital sine
wave is converted to analog form via an internal 10-bit high
speed D/A converter. An on-board high speed comparator

is provided to translate the analog sine wave into a low-jitter
TTL/CMOS-compatible output square wave. DDS technol-
ogy is an innovative circuit architecture that allows fast and
precise manipulation of its output word, under full digital con-
trol. DDS also enables very high resolution in the incremental
selection of output frequency. The AD9851 allows an output
frequency resolution of approximately 0.04 Hz at an 180 MSPS
clock rate with the option of directly using the reference clock or
by engaging the 6 X REFCLK multiplier. The AD9851’s out-
put waveform is phase-continuous from one output frequency
change to another.

The basic functional block diagram and signal flow of the
AD9851 configured as a clock generator is shown in Figure 11.

The DDS circuitry is basically a digital frequency divider function
whose incremental resolution is determined by the frequency of
the system clock, and N (number of bits in the tuning word). The
phase accumulator is a variable-modulus counter that increments
the number stored in it each time it receives a clock pulse. When
the counter reaches full-scale it wraps around, making the phase
accumulator’s output phase-continuous. The frequency tuning
word sets the modulus of the counter, which effectively determines
the size of the increment (A Phase) that will be added to the value
in the phase accumulator on the next clock pulse. The larger

the added increment, the faster the accumulator wraps around,
which results in a higher output frequency.

The AD9851 uses an innovative and proprietary angle rotation
algorithm that mathematically converts the 14-bit truncated

-12-

value of the 32-bit phase accumulator to the 10-bit quantized
amplitude that is passed to the DAC. This unique algorithm uses a
much-reduced ROM look-up table and DSP to perform this func-
tion. This contributes to the small size and low power dissipation of
the AD9851.

The relationship between the output frequency, system clock, and
tuning word of the AD9851 is determined by the expression:

Ffour = (A Phase X System Clock)/23*

where
APhase = decimal value of 32-bit frequency tuning word.

System Clock = direct input reference clock (in MHz) or 6X the
input clock (in MHz) if the 6X REFCLK multiplier is engaged.

four = frequency of the output signal in MHz.

The digital sine wave output of the DDS core drives the internal
high speed 10-bit D/A converter that will construct the sine wave
in analog form. This DAC has been optimized for dynamic per-
formance and low glitch energy, which results in the low spurious
and jitter performance of the AD9851. The DAC can be operated
in either the single-ended (Figures 2 and 8) or differential output
configuration (Figures 9 and 10). DAC output current and Rggr
values are determined using the following expressions:

IOUT = 3993/RSET
RSET = 3993/10(]]‘

Since the output of the AD9851 is a sampled signal, its output
spectrum follows the Nyquist sampling theorem. Specifically,

its output spectrum contains the fundamental plus aliased sig-
nals (images) that occur at integer multiples of the system clock
frequency * the selected output frequency. A graphical repre-
sentation of the sampled spectrum, with aliased images, is shown
in Figure 12. Normal usable bandwidth is considered to extend
from dc to 1/2 the system clock.
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In the example shown in Figure 12, the system clock is 100 MHz
and the output frequency is set to 20 MHz. As can be seen, the
aliased images are very prominent and of a relatively high energy
level as determined by the sin(x)/x rolloff of the quantized
D/A converter output. In fact, depending on the f/system clock
relationship, the first aliased image can equal the fundamental
amplitude (when foyt = 1/2 system clock). A low-pass filter is
generally placed between the output of the D/A converter and the
input of the comparator to suppress the jitter-producing effects
of nonharmonically related aliased images and other spurious
signals. Consideration must be given to the relationship of the
selected output frequency, the system clock frequency, and alias
frequencies to avoid unwanted output anomalies.

Images need not be thought of as useless by-products of a

DAC. In fact, with bandpass filtering around an image and
some amount of post-filter amplification, the image can become
the primary output signal (see Figure 8). Since images are not
harmonics, they retain a 1:1 Afrequency relationship to the fun-
damental output. That is, if the fundamental is shifted 1 kHz,
then the image is also shifted 1 kHz. This relationship accounts
for the frequency stability of an image, which is identical to that
of the fundamental. Users should recognize that the lower image
of an image pair surrounding an integer multiple of the system
clock will move in a direction opposite to that of the funda-
mental. Images of an image pair located above an integer multiple
of the system clock will move in the same direction as a fundamen-
tal movement.

The frequency band where images exist is much richer in spu-
rious signals and, therefore, more hostile in terms of SFDR.
Users of this technique should empirically determine what fre-
quencies are usable if their SFDR requirements are demanding.

A good rule-of-thumb for applying the AD9851 as a clock gen-
erator is to limit the fundamental output frequency to 40% of
reference clock frequency to avoid generating aliased signals that
are too close to the output band of interest (generally dc—
highest selected output frequency) to be filtered. This practice
will ease the complexity and cost of the external filter require-
ment for the clock generator application.

The reference clock input of the AD9851 has a minimum limi-
tation of 1 MHz without 6 X REFCLK multiplier engaged and

5 MHz with multiplier engaged. The device has internal circuitry
that senses when the clock rate has dropped below the minimum
and automatically places itself in the power-down mode. In this
mode, the on-chip comparator is also disabled. This is important
information for those who may wish to use the on-chip compara-
tor for purposes other than squaring the DDS sine wave output.
When the clock frequency returns above the minimum threshold,
the device resumes normal operation after 5 s (typically). This
shutdown mode prevents excessive current leakage in the dynamic
registers of the device.

The impact of reference clock phase noise in DDS systems is
actually reduced, since the DDS output is the result of a division
of the input frequency. The amount of apparent phase noise
reduction, expressed in dB, is found using 20 log four/fcrks
where foyT is the fundamental DDS output frequency and fcyk is
the system clock frequency. From this standpoint, using the high-
est system clock input frequency makes good sense in reducing the
effects of reference clock phase noise contribution to the output

REV. D

signals’ overall phase noise. As an example, an oscillator with
—100 dBc phase noise operating at 180 MHz would appear as a
—125 dB contribution to DDS overall phase noise for a 10 MHz
output. Engaging the 6X REFCLK multiplier has generally been
found to increase overall output phase noise. This increase is due
to the inherent 6X (15.5 dB) phase gain transfer function of the
6X REFCLK multiplier, as well as noise generated internally by
the clock multiplier circuit. By using a low phase noise reference
clock input to the AD9851, users can be assured of better than
—100 dBc/Hz phase noise performance for output frequencies
up to 50 MHz at offsets from 1 kHz to 100 kHz.

Programming the AD9851

The AD9851 contains a 40-bit register that stores the 32-bit
frequency control word, the 5-bit phase modulation word,

6X REFCLK multiplier, enable, and the power-down func-
tion. This register can be loaded in parallel or serial mode. A
logic high engages functions; for example, to power-down the
IC (sleep mode), a logic high must be programmed in that bit
location. Those users who are familiar with the AD9850 DDS
will find only a slight change in programming the AD9851,
specifically, data[0] of WO (parallel load) and W32 (serial load)
now contains a 6 X REFCLK multiplier enable bit that needs
to be set high to enable or low to disable the internal reference
clock multiplier.

Note: setting data[1] high in programming word WO (parallel
mode) or word W33 high in serial mode is not allowed (see
Tables I and III). This bit controls a factory test mode that will
cause abnormal operation in the AD9851 if set high. If erro-
neously entered (as evidenced by Pin 2 changing from an input
pin to an output signal), an exit is provided by asserting RESET.
Unintentional entry to the factory test mode can occur if an
FQ_UD pulse is sent after initial power-up and RESET of the
AD9851. Since RESET does not clear the 40-bit input register,
this will transfer the random power-up values of the input register
to the DDS core. The random values may invoke the factory test
mode or power-down mode. Never issue an FQ_UD command if
the 40-bit input register contents are unknown.

In the default parallel load mode, the 40-bit input register is loaded
using an 8-bit bus. W_CLK is used to load the register in five
iterations of eight bytes. The rising edge of FQ_UD transfers the
contents of the register into the device to be acted upon and resets
the word address pointer to WO0. Subsequent W_CLK rising edges
load 8-bit data, starting at W0 and then move the word pointer

to the next word. After WO through W4 are loaded, additional
W_CLK edges are ignored until either a RESET is asserted or an
FQ_UD rising edge resets the address pointer to WO in prepara-
tion for the next 8-bit load. See Figure 13.

In serial load mode, forty subsequent rising edges of W_CLK will
shift and load the 1-bit data on Pin 25 (D7) through the 40-bit
register in shift-register fashion. Any further W_CLK rising edges
after the register is full will shift data out causing data that is left in
the register to be out-of-sequence and corrupted. The serial mode
must be entered from the default parallel mode (see Figure 17).
Data is loaded beginning with W0 and ending with W39. One
note of caution: the 8-bit parallel word (W0)—sxxxxx011—that
invokes the serial mode should be overwritten with a valid 40-bit
serial word immediately after entering the serial mode to prevent
unintended engaging of the 6 X REFCLK multiplier or entry into
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the factory test mode. Exit from serial mode to parallel mode is
only possible using the RESET command.

The function assignments of the data and control words are shown
in Tables I and III; the detailed timing sequence for updating the
output frequency and/or phase, resetting the device, engaging the
6X REFCLK multiplier, and powering up/down, are shown in

the timing diagrams of Figures 13 through 20. As a programming
example for the following DDS characteristics:

1. Phase set to 11.25°
2. 6X REFCLK multiplier engaged
3. Powered-up mode selected

4. Output = 10 MHz (for 180 MHz system clock)

In parallel mode, user would program the 40-bit control word
(composed of five 8-bit loads) as follows:

WO = 00001001
W1 = 00001110
W2 = 00111000
W3 = 11100011
W4 = 10001110

If in serial mode, load the 40 bits starting from the LLSB location
of W4 in the above array, loading from right to left, and ending
with the MSB of W0.

Table I. 8-Bit Parallel-Load Data/Control Word Functional Assignment

Word | Data[7] Data[6] Data[5] Data[4] Data[3] Data|2] Data[1] Data[0]

Wo Phase-b4 (MSB) | Phase-b3 Phase-b2 | Phase-bl Phase-b0 (LSB) | Power-Down Logic 0* 6X REFCLK
Multiplier Enable

W1 Freq-b31 (MSB) | Freq-b30 Freq-b29 | Freq-b28 | Freq-b27 Freq-b26 Freq-b25 Freq-b24

w2 Freq-b23 Freq-b22 Freq-b21 Freq-b20 | Freq-bl19 Freq-b18 Freq-b17 Freq-b16

W3 Freq-b15 Freq-b14 | Freq-bl3 | Freq-bl2 | Freqg-bll Freq-b10 Freq-b9 Freq-b8

W4 Freq-b7 Freq-b6 Freq-b5 Freq-b4 Freq-b3 Freq-b2 Freq-bl Freq-b0 (LSB)

*This bit is always Logic 0 unless invoking the serial mode (see Figure 17). After serial mode is entered, this data bit must be set back to Logic 0 for proper operation.

SYSCLK | | | | | | | | | | | | | | | | | |

teple
DATA % wo*X w1 X w2 X w3 X wa
tDS_’I*I¢‘:)H L ﬁtmﬂr
W_CLK
—>| tep :ﬂ
FQ_UD ] | |
[t
Aout %VALID DATA

*OUTPUT UPDATE CAN OCCUR AFTER ANY WORD LOAD
AND IS ASYNCHRONOUS WITH REFERENCE CLOCK

Figure 13. Parallel Load Frequency/Phase Update Timing Sequence
Note: To update WO it is not necessary to load W1 through W4. Simply load W0 and assert FQ_UD. To update W1, reload W0 then W1—users do not have random access to

programming words.

Table II. Timing Specifications

Symbol Definition Min

tps Data Setup Time 3.5 ns

tpH Data Hold Time 3.5 ns

twh W_CLK High 3.5 ns

twL W_CLK Low 3.5 ns

tcp REFCLK Delay after FQ_UD 3.5 ns*

trH FQ_UD High 7.0 ns

(558 FQ_UD Low 7.0 ns

trD FQ_UD Delay after W_CLK 7.0 ns

tcr Output Latency from FQ_UD
Frequency Change 18 SYSCLK Cycles
Phase Change 13 SYSCLK Cycles

*Specification does not apply when the 6 X REFCLK multiplier is engaged.
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SYSCLK | | | | | | I | | | | | |
a_
o 1 it
RESET | I‘— trr —™
i= tas >
[« toL >
Aout A cos(@)
SYMBOL DEFINITION MIN SPEC
tan CLK DELAY AFTER RESET RISING EDGE | 3.5ns*
i RESET FALLING EDGE AFTER CLK 3.5ns*
thn RECOVERY FROM RESET 2 SYSCLK CYCLES
the MINIMUM RESET WIDTH 5 SYSCLK CYCLES
tor RESET OUTPUT LATENCY 13 SYSCLK CYCLES

*SPECIFICATIONS DO NOT APPLY WHEN THE REF CLOCK MULTIPLIER IS ENGAGED

Figure 14. Master Reset Timing Sequence

Note: The timing diagram above shows the minimal amount of reset time needed before writing to the device. However, the master reset does not have to be synchronous to

the SYSCLK if the minimal time is not required.

Results of Reset, Figure 14

— Phase accumulator zeroed such that the output = 0 Hz (dc)

— Phase offset register set to 0 such that DAC IOUT = full-scale
output and IOUTB = zero mA output

— Internal programming address pointer reset to W0

— Power-down bit reset to 0 (power-down disabled)

— 40-bit data input register is NOT cleared

— 6X reference clock multiplier is disabled

— Parallel programming mode selected by default

XXXXX10X

W_CLK I_l

FQ_UD m
SYSCLK
STROBE

INTERNAL CLOCKS
DISABLED

Figure 15. Parallel Load Power-Down Sequence/
Internal Operation

DATA (W0) W %

W_CLK

XXXXX00X

[ 1]

222222227,

[ 1

FQ_UD

SYSCLK

INTERNAL CLOCKS
ENABLED

Figure 16. Parallel Load Power-Up Sequence (to
Recover from Power-Down)/Internal Operation
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Entry to the serial mode, see Figure 17, is via the parallel mode,
which is selected by default after a RESET is asserted. One needs
only to program the first eight bits (word W0) with the sequence
xxxxx011 as shown in Figure 17 to change from parallel to serial
mode. The W0 programming word may be sent over the 8-bit
data bus or hardwired as shown in Figure 18. After serial mode

is achieved, the user must follow the programming sequence of

Figure 19.
DATA (WO) m XXXXX011 W /
W_CLK | |
FQ_UD l; |
ENABLE
SERIAL MODE

Figure 17. Serial Load Enable Sequence

Note: After serial mode is invoked, it is best to immediately write
a valid 40-bit serial word (see Figure 19), even if it is all zeros,
followed by a FQ_UD rising edge to flush the residual data left in
the DDS core. A valid 40-bit serial word is any word where W33
is Logic 0.

AD9851

Figure 18. Hardwired xxxxx011 Configuration for
Serial Load Enable Word WO in Figure 17
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AD9851
%WOXW1XW2XW3

2

DATA - w39

FQ_UD

-

AW CLKCYOLES

Figure 19. Serial Load Frequency/Phase Update Sequence

W_CLK

Table III. 40-Bit Serial Load Word Functional Assignment

Figure 20 shows a normal 40-bit serial word load sequence with
W33 always set to Logic 0 and W34 set to Logic 1 or Logic 0

to control the power-down function. The logic states of the
remaining 38 bits are unimportant and are marked with an X,
indicating “don’t care” status. To power down, set W34 = 1. To
power up from a powered down state, change W34 to Logic 0.
Wake-up from power-down mode requires approximately 5 ps.

Note: The 40-bit input register of the AD9851 is fully program-
mable while in the power-down mode.

WO Freq-b0 (LSB)
W1 Freqg-bl

W2 Freqg-b2

W3 Freq-b3

W4 Freq-b4

W5 Freq-b5

W6 Freq-b6

w7 Freq-b7

W8 Freqg-b8

W9 Freq-b9

W10 Freq-b10

W11 Freqg-bl1

W12 Freq-b12

W13 Freq-b13

W14 Freq-b14

W15 Freq-b15

W16 Freq-bl6

W17 Freq-b17

W18 Freq-b18

W19 Freq-b19

W20 Freq-b20

W21 Freq-b21

W22 Freq-b22

W23 Freq-b23

W24 Freq-b24

W25 Freq-b25

W26 Freq-b26

W27 Freq-b27

W28 Freq-b28

W29 Freq-b29

W30 Freq-b30

W31 Freq-b31 (MSB)
W32 6X REFCLK Multiplier Enable
W33 Logic 0%

W34 Power-Down
W35 Phase-b0 (LSB)
W36 Phase-bl

W37 Phase-b2

W38 Phase-b3

W39 Phase-b4 (MSB)

*This bit is always Logic 0.
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3 W34=1 %
DATA (7) - wo=X { w3z=0 “1Ywss=x] was=x)Ywag=x
\)‘) OR 0 ()(’ 2

FQ_UD

=
v JLILILILILL

40 W_CLK RISING EDGES—>|

Figure 20. Serial Load Power-Down\Power-Up Sequence

IoUT IoUTB
c. Comparator Input

VINP/
VINN

a. DAC Output

Voo
DIGITAL
ﬂ % oUuT DlGlTI?I'\]

b. Comparator Output

Vop

d. Digital Input

Figure 21. I/0O Equivalent Circuits
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PCB LAYOUT INFORMATION

The AD9851/CGPCB and AD9851/FSPCB evaluation boards
(Figures 22 through 25 and TPCs 1 and 2) represent typical
implementations of the AD9851 and exemplify the use of high
frequency/high resolution design and layout practices. The print-
ed circuit board that contains the AD9851 should be a multilayer
board that allows dedicated power and ground planes. The power
and ground planes should (as much as possible) be free of etched
traces that cause discontinuities in the planes. It is recommended
that the top layer of the board also contain an interspatial ground
plane that makes ground available without vias for the surface-
mount devices. If separate analog and digital system ground
planes exist, they should be connected together at the AD9851
evaluation board for optimum performance.

Avoid running digital lines under the device as these will couple
unnecessary noise onto the die. The power supply lines to the
AD9851 should use as large a trace as possible to provide a low-
impedance path and reduce the effects of switching currents on
the power supply line. Fast switching signals like clocks should
use microstrip, controlled impedance techniques where pos-
sible. Avoid crossover of digital and analog signal paths. Traces
on opposite sides of the board should run at right angles to each
other. This will reduce crosstalk between the lines.

Good power supply decoupling is also an important consid-
eration. The analog (AVDD) and digital (DVDD) supplies

to the AD9851 are independent and separately pinned out to
minimize coupling between analog and digital sections of the
device. All analog and digital supply pins should be decoupled
to AGND and DGND, respectively, with high quality ceramic
chip capacitors. To achieve best performance from the decou-
pling capacitors, they should be placed as close as possible to
the device. In systems where a common supply is used to drive
both the AVDD and DVDD supplies of the AD9851, it is rec-
ommended that the system’s AVDD supply be used.

Analog Devices applications engineering support is available to
answer additional questions on grounding and PCB layout. Call
1-800-ANALOGD.

EVALUATION BOARDS

Two versions of the AD9851 evaluation board are available. The
evaluation boards facilitate easy implementation of the device for
bench-top analysis and serve as a reference for PCB layout.

The AD9851/FSPCB is intended for applications where the
device will primarily be used as a frequency synthesizer. This
version is optimized for connection of the AD9851 internal D/A
converter output to a 50 () spectrum analyzer input. The internal
comparator of the AD9851 is made available for use via wire hole
access. The comparator inputs are externally pulled to opposing
voltages to prevent comparator chatter due to floating inputs. The
DDS DAC output is unfiltered and no reference oscillator is pro-
vided. This is done in recognition of the fact that many users may
find an oscillator to be a liability rather than an asset. See Figure 22
for an electrical schematic.

The AD9851/CGPCB is intended for applications using the
device as a CMOS output clock generator. It connects the
AD9851 DAC output to the internal comparator input via a
single-ended, 70 MHz low pass, 7th order, elliptic filter. To
minimize output jitter of the comparator, special attention has
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been given to the low-pass filter design. Primary considerations
were input and output impedances (200 (2) and a very steep roll-
off characteristic to attenuate unwanted, nearby alias signals. The
high impedance of the filter allows the DAC to develop 1 V p-p
(with 10 mA) across the two 200 () resistors at the input and
output of the filter. This voltage is entirely sufficient to opti-
mally drive the AD9851 comparator. This filter was designed
with the assumption that the AD9851 DDS is at full clock
speed (180 MHz). If this is not the case, filter specifications
may need to change to achieve proper attenuation of anticipated
alias signals. BNC connectors allow convenient observation

of the comparator CMOS output and input, as well as that of
the DAC. No reference oscillator is provided for reasons stated
above. This model allows easy evaluation of the AD9851 as

a frequency and phase-agile CMOS output clock source (see
Figure 24 for electrical schematic).

Jitter Reduction Note

The AD9851/CGPCB has a wideband DDS fundamental output,
dc to 70 MHz, and the on-chip comparator has even more band-
width. To optimize low jitter performance users should consider
bandpass filtering of the DAC output if only a narrow bandwidth
is required. This will reduce jitter caused by spurious, nonhar-
monic signals above and below the desired signal. Lowering

the applied Vpp helps in reducing comparator switching noise

by reducing AV/AT of the comparator outputs. For optimum
jitter performance, users should avoid the very busy digital envi-
ronment of the on-chip comparator and opt for an external, high
speed comparator.

Both versions of the AD9851 evaluation boards are designed
to interface to the parallel printer port of a PC. The operating
software (C++) runs under Microsoft® Windows® (Windows
3.1 and Windows 95); Windows N'T® not supported and pro-
vides a user-friendly and intuitive format for controlling the
functionality and observing the performance of the device.
The 3.5-in disk provided with the evaluation board contains
an executable file that displays the AD9851 function-selection
screen. The evaluation board may be operated with 3.0 V or
5 V supplies. Evaluation boards are configured at the factory
for an external clock input. If the optional on-board crystal
clock source is installed, resistor R2 (50 {)) must be removed.

EVALUATION BOARD INSTRUCTIONS

Required Hardware/Software

Personal computer operating in Windows 3.1 or 95 environment
(does not support Windows NT)

Printer port, 3.5-in floppy drive, mouse, and Centronics com-
patible printer cable, 3V to 5V voltage supply

Crystal clock oscillator or high frequency signal generator (sine
wave output) with dc offset capability

ADO9851 Evaluation Board Software disk and AD9851/FSPCB or
AD9851/CGPCB Evaluation Board

Setup

Copy the contents of the AD9851 disk onto the host PCs hard
drive. (There are two files, WIN9851.EXE version 1.x and
Bwcc.dll.) Connect the printer cable from the computer to the
evaluation board. Use a good quality cable as some cables do not
connect every wire that the printer port supports.

-17-
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Apply power to AD9851 evaluation board. The AD9851 is pow-
ered separately from the other active components on the board
via connector marked DUT +V. The connector marked 5V is
used to power the CMOS latches, optional crystal oscillator and
pull-up resistors. Both 5V and DUT +V may be tied together for
ease of operation without adverse affects. The AD9851 may be
powered with 2.7V t0 5.25V.

Connect an external 50 {) Z clock source or remove R2 and
install a suitable crystal clock oscillator with CMOS output levels
atY1. A sine wave signal generator may be used as a clock source
at frequencies >50 MHz by dc offsetting the output signal to

1/2 the supply voltage to the AD9851. This method requires a
minimum of 2V p-p signal and disabling of the 6 X REFCLK
Multiplier function.

Locate the file called WIN9851.EXE and execute that program.
The computer monitor should show a control panel that allows
operation of the AD9851 evaluation board by use of a mouse.

Operation

On the control panel locate the box labeled COMPUTER I/0.
Click the correct parallel printer port for the host computer
and then click the TEST box. A message will appear indicating
whether the selection of output port is correct. Choose other
ports as necessary to achieve a correct port setting.

Click the MASTER RESET button. This will reset the part to

0 Hz, 0° phase, parallel programming mode. The output from the
DAC IOUT should be a dc voltage equal to the full-scale output
of the AD9851 (1V for the AD9851/CGPCB and 0.5V for the
AD9851/FSPCB), while the DAC IOUTB should be 0V for both
evaluation boards. RESET should always be the first command to the
AD9851 following power-up.

Locate the CLOCK SECTION and place the cursor in the
FREQUENCY box. Enter the clock frequency (in MHz) that
will be applied to the reference clock input of the AD9851.
Click the PLL box in the CONTROL FUNCTION menu if the
6X reference clock multiplier is to be engaged—a check mark
will appear when engaged. When the reference clock multiplier
is engaged, software will multiply the value entered in the fre-
quency box by 6; otherwise, the value entered is the value used.
Click the LOAD button or press the enter key.

Move the cursor to the OUTPUT FREQUENCY box and type
in the desired frequency (in MHz). Click the LOAD button or
press the enter key. The BUS MONITOR section of the control
panel will show the 32-bit frequency word and 8-bit phase/
control word. Upon completion of this step, the AD9851 output
should be active at the programmed frequency/phase.

Changing the output phase is accomplished by clicking the down
arrow in the OUTPUT PHASE DELAY box to make a selection
and then clicking the LOAD button. Note: clicking the load but-
tons of the clock frequency box, the output frequency box, or the
phase box will automatically initiate a reloading of all three boxes
and issuance of a FQ_UD (frequency update) pulse. To bypass
this automatic reloading and frequency update sequence, refer to
the note below.

-18-

Other operational modes (Frequency Sweeping, Sleep, Serial
Input) are available. Frequency sweeping allows the user to
enter a start and stop frequency and to specify the frequency
step size. Sweeping begins at the start frequency, proceeds to
the stop frequency in a linear manner, reverses direction, and
sweeps back to the start frequency repeatedly.

Note: For those who may be operating multiple AD9851 eval-
uation boards from one computer, a MANUAL FREQUENCY
UPDATE option exists. By eliminating the automatic issuance
of an FQ_UD, the user can load the 40-bit input registers of
multiple AD9851s without transferring that data to the inter-

nal accumulators. When all input registers are loaded, a single
FREQUENCY UPDATE pulse can be issued to all AD9851s.

A block diagram of this technique is shown in the AD9851 data
sheet as a quadrature oscillator application. This single pulse
synchronizes all the units so that their particular phases and
frequencies take effect simultaneously. Proper synchronization
requires that each AD9851 be clocked by the same reference
clock source and that each oscillator be in an identical state while
being programmed. RESET command ensures identical states.
When manual frequency update is selected, a new box labeled
FREQUENCY UPDATE will appear just above the frequency
sweeping menu. Clicking the box initiates a single FQ_UD pulse.

Note: RESET can be used to synchronize multiple oscillators.
If several oscillators have already been programmed at various
phases or frequencies, issuance of a RESET pulse will set their
outputs to 0 Hz and 0 phase. By issuing a common FQ_UD, the
previously programmed information in the 40-bit input registers
will transfer once again to the DDS core and take effect in 18
clock cycles. This is due to the fact that RESET does not affect
the contents of the 40-bit input register in any way.

The AD9851/FSPCB provides access into and out of the on-chip
comparator via test point pairs (each pair has an active input and

a ground connection). The two active inputs are labeled TP1

and TP2. The unmarked hole next to each labeled test point is a
ground connection. The two active outputs are labeled TP5 and
TP6. Adjacent to those test points are unmarked ground connec-
tions. To prevent unwanted comparator chatter when not in use,
the two inputs are pulled either to ground or +V via 1 k() resistors.

The AD9851/CGPCB provides BNC inputs and outputs asso-
ciated with the on-chip comparator and an onboard, 7th order,
200 () input /output Z, elliptic 70 MHz low-pass filter. Jumper-
ing (soldering a wire) E1 to E2, E3 to E4, and E5 to E6 connects
the onboard filter and the midpoint switching voltage to the
comparator. Users may elect to insert their own filter and com-
parator threshold voltage by removing the jumpers and inserting
a filter between J7 and J6 and providing a comparator threshold
voltage at E1.

Use of the XTAL oscillator socket on the evaluation board to sup-
ply the clock to the AD9851 requires the removal R2 (a 50 () chip
resistor) unless the oscillator can drive a 50 () load. The crystal

oscillator should be either TTL or CMOS (preferably) compatible.

REV. D



AD98351

J1
C36CPRX U2
- 74HCTS74 AD9851/FSPCB
2 9 12 FREQUENCY
3 3|80  8Qgz- Do SYNTHESIZER
" =170 7|5 D1 EVALUATION BOARD
3 Sleo 5ol o V 2_
5 5|50 aolie po p3[1]p3 D4 [28] D4 v
TR J3
; : a3 % D5 D2 [2| D2 o1 D5 [27] D5 Bﬁm’éﬂg o— +5V
s > fg fg [ gs D1[3]|D1  ppggsq D6 [25] D6 4 enp
10 Do [4] Do D7 [25] D7
1 CK o
s IS GND [5|PGND DGND |24] GND
M3 | L +v[s|Pvece DVDD (23] +Vv
% FFQUD STROBE WCLK [7|W_CLK  RESET [22] RESET % our
115 m
e Faup [&|Fa_up 10UT |21} ) 10500
17 CLKIN [9| REFCLOCK 10UTB [20 500 =
e 55
He GND [10| AGND AGND [19| GND 3250 =
R1 +V [11] AvDD AVDD [18]+v =
toma  3-9kQ .
" RESET [ W—112| Rser DACBP [17] NC
= VOUTN
. TPs >—[13] VINP [16]—4———< TP1
9 12 TP6 >——1af vouTp VINN [15] TP2  cOMPARATOR
RRESET —{8D  8Q|-— RESET
1 TP7 >— GND GND — TP3 INPUTS
WWCLK —17D  7Q[—= WCLK NC = NO CONNECT
FFQUD — 6D 6Q == FQUD TP8 >— GND GND —< TP4
RRESET —{5D  5Q|— CHECK
5 16 R5
2 4D 4QF 1kQ
3D [ Ye] LIS CLKIN L A—— +V
320 2088 > 360 R7
31 2 Mo REMOVE WHEN
[z WWOLK 1= USING Y1 e GND
[33 = CK OE 5V
[34 1 71
135 | _i_ Vee
36 STROBE XTAL
= STROBE
osc| v1
(OPTIONAL)
GND
I
+V 5V

5V c2

+V | R lca 1
J_cs ler TO01ApF TO01pF TO1pF TO.1pF

’|:1O|1F Iqu

c5 cs lco Lcto
01pF T 01pF TO0.1pF

Al
7T

MOUNTING HOLES
5V

e tme dm e MM M he
2.2kQ 2.2kQ 2.2kQ 2.2kQ

STROBE  WWCLK FFQUD RRESET ] l l

Figure 22. FSPCB Electrical Schematic
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Figure 23. FSPCB Evaluation Board 4-Layer PCB Layout Patterns

AD9851/FSPCB Evaluation Board Parts List—GSO 0516(A)

Jd

Miscellaneous Hardware Ref. Des. Miscellaneous Hardware Ref. Des.
1 Amp 552742-1, 36-Pin Plastic, Right Angle, Decoupling Capacitors
PC Mount, Female n 7 Size 1206 Chip Capacitor, 0.1 uF C2-C5,
1 Banana Jack—Color Not Important ]2 C8-C10
1 Yellow Banana Jack 13 2 Tantalum Capacitors, 10 pF Co, C7
1 Black Banana Jack J4 Resistors
2 BNC Coax. Connector, PC Mount J5,]6 1 25 Q) Chip Resistor, Size 1206 R5
1 AD9851/FSPCB Evaluation Board 2 50 ) Chip Resistor, Size 1206 R2, R4
GSO 0516(A) None 1 3.9 k() Chip Resistor, Size 1206 R1
4 AMP 5-330808-6, Open-Ended Pin Socket None 4 2 kQ or 2.2 k() Chip Resistor, Size 1206 R3, R8,
2 #2-56 Hex Nut (to Fasten J1) None R9, R10
2 #2-56 X 3/8 Binder Head Machine Screw 2 1 k() Chip Resistor, Size 1206 R6, R7
(to Fasten J1) None Integrated Circuits
4 #4-40 Hex Nut (to Fasten Standoffs to Board) None 1 AD9851 Direct Digital Synthesizer, Surface-mount | Ul
4 #4 1-In Metal Stand-Off None 2 74HCT574AN HCMOS Octal Flip-Flop,
Through-Hole Mount U2,U3
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Figure 24. CGPCB Electrical Schematic
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CGPCB Evaluation Board Parts List—GSO 0515(B)

Miscellaneous Hardware Ref. Des.
1 Amp 552742-1, 36-Pin Plastic, Right Angle,
PC Mount, Female 1)
1 Banana Jack—Color Not Important ]2
1 Yellow Banana Jack 3
1 Black Banana Jack J4
5 BNC Coax. Connector, PC Mount 15,J6,]7,
18,19
1 AD9851/CGPCB Evaluation Board
GSO 0515(B) None
4 AMP 5-330808-6, Open-Ended Pin Socket None
2 #2-56 Hex Nut (to Fasten J1) None
2 #2-56 X 3/8 Binder Head Machine Screw
(to Fasten J1) None
4 #4-40 Hex Nut (to Fasten Stand-Offs to Board) | None
4 #4 1-In Metal Stand-Off None
Decoupling Capacitors
1 Size 1206 Chip Capacitor, 470 pF Cl
7 Size 1206 Chip Capacitor, 0.1 uF C2-C5,
C8-C10
2 Tantalum Capacitors, 10 uF Ce, C7
Resistors
1 3.9 k() Chip Resistor, Size 1206 R1
1 50 () Chip Resistor, Size 1206 R2
4 2 kO or 2.2 k() Chip Resistor, Size 1206 R3, RO,
R10, R11
2 100 kQ Chip Resistor, Size 1206 R4, R5
2 200 ) Chip Resistor, Size 1206 R6, R7
1 100 Q Chip Resistor, Size 1206 R8
1 Dummy Resistor (for Optional Installation) R12
Filter Capacitors (70 MHz 7-Pole Elliptic Filter)
3 22 pF Chip Capacitor, Size 1206 Cl11, C15,
C17
1 1pF Chip Capacitor, Size 1206 Cl12
1 33 pF Chip Capacitor, Size 1206 C13
1 5.6 pF Chip Capacitor, Size 1206 Cl4
1 4.7 pF Chip Capacitor, Size 1206 Cl16
Inductors (70 MHz 7-Pole Elliptic Filter)
1 470 nH Chip Inductor, Coil Craft 1008CS L1
2 390 nH Chip Inductor, Coil Craft 1008CS 12,13
Integrated Circuits
1 ADO9851 Direct Digital Synthesizer,
Surface-mount Ul
2 T74HCT574AN HCMOS Octal Flip-Flop,
Through-Hole Mount U2,U3
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OUTLINE DIMENSIONS

28-Lead Shrink Small Outline Package [SSOP]
(RS-28)

Dimensions shown in millimeters
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28 15
oo
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1 14 l
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—————— | oz
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COMPLIANT TO JEDEC STANDARDS MO-150AH
Revision History
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TLC227x, TLC227xA: Advanced LinCMOS Rail-to-Rail Operational Amplifiers

1 Features

* Output Swing Includes Both Supply Rails

+ Low Noise: 9 nV/\VHz Typical at f = 1 kHz

* Low-Input Bias Current: 1-pA Typical

* Fully-Specified for Both Single-Supply and Split-
Supply Operation

+ Common-Mode Input Voltage Range Includes
Negative Rail

* High-Gain Bandwidth: 2.2-MHz Typical

» High Slew Rate: 3.6-V/us Typical

* Low Input Offset Voltage: 950 yV Maximum at
Ta=25°C

* Macromodel Included

+ Performance Upgrades for the TLC272 and
TLC274

* Available in Q-Temp Automotive

2 Applications

*  White Goods (Refrigerators, Washing Machines)
* Hand-held Monitoring Systems

» Configuration Control and Print Support

» Transducer Interfaces

+ Battery-Powered Applications

3 Description

The TLC2272 and TLC2274 are dual and quadruple
operational amplifiers from Texas Instruments. Both
devices exhibit rail-to-rail output performance for
increased dynamic range in single- or split-supply
applications. The TLC227x family offers 2 MHz of
bandwidth and 3 V/us of slew rate for higher-speed
applications. These devices offer comparable AC
performance while having better noise, input offset
voltage, and power dissipation than existing CMOS
operational amplifiers. The TLC227x has a noise
voltage of 9 nV/VHz, two times lower than competitive
solutions.

The TLC227x family of devices, exhibiting high input
impedance and low noise, is excellent for small-signal
conditioning for high-impedance sources such as
piezoelectric transducers. Because of the micropower
dissipation levels, these devices work well in hand-
held monitoring and remote-sensing applications. In
addition, the rail-to-rail output feature, with single- or
split-supplies, makes this family a great choice when
interfacing with analog-to-digital converters (ADCs).
For precision applications, the TLC227xA family is
available with a maximum input offset voltage of
950 yV. This family is fully characterized at 5 V and
5 V.

The TLC227x also make great upgrades to the
TLC27x in standard designs. They offer increased
output dynamic range, lower noise voltage, and lower
input offset voltage. This enhanced feature set allows
them to be used in a wider range of applications. For
applications that require higher output drive and wider
input voltage range, see the TLV2432 and TLV2442
devices.

If the design requires single amplifiers, see the
TLV2211, TLV2221 and TLV2231 family. These
devices are single rail-to-rail operational amplifiers in
the SOT-23 package. Their small size and low power
consumption make them ideal for high density,
battery-powered equipment.

Device Information!"

PART NUMBER PACKAGE BODY SIZE (NOM)
TSSOP (8) 4.40 mm % 3.00 mm
SOIC (8) 3.91 mm x 4.90 mm
TLC2272
SO (8) 5.30 mm x 6.20 mm
PDIP (8) 6.35 mm x 9.81 mm
TSSOP (14) 4.40 mm x 5.00 mm
SOIC (14) 3.91 mm x 8.65 mm
TLC2274 SO (14) 5.30 mm x 10.30
mm
PDIP (14) 6.35 mm x 19.30
mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Maximum Peak-to-Peak Output Voltage vs

Supply Voltage
14 //
12 /
lo = +50 pA//
10 ‘

lp =+500 pA
6 //
4
4 6 8 10 12 14 16
IVDD +| = Supply Voltage - V

16

T
Ta = 25°C

VO(PP) = Maximum Peak-to-Peak Output Voltage - V

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.



I} TEXAS
TLC2272, TLC2272A, TLC2272M, TLC2272AM INSTRUMENTS
TLC2274, TLC2274A, TLC2274M, TLC2274AM
SLOS190H —FEBRUARY 1997 —-REVISED MARCH 2016 www.ti.com
Table of Contents
1 Features..........cccooiiiiiiiiiii e 1 71 OVEIVIEW ... 24
2 Applications ..........ccccooeeveiiiieeee e 1 7.2 Functional Block Diagram...........c..ccccooevviiniininnnn. 24
3 DESCHPHON ..o 1 7.3 Feature Description..........cccoeiieiiniieieenee e 24
4 Revision History 2 7.4 Device Functional Modes............cccccccviiiiiiiiinnnne. 24
5  Pin Configuration and Functions ....................... 3 8 Application and Implementation ...................... 25
6 Specifications 5 8.1 Application Information...........ccccceevieiiiieeiieeeen. 25
6.1 Absolute Maximum RatNGS ..o 5 8.2 Typical Application e 26
6.2 ESD RatingS......ccooeoveiriieceeeneee e 5 9  Power Supply Recommendations.................. 28
6.3 Recommended Operating Conditions ...vveoeeil 5 10 Layout ............. e B ... 29
6.4 Thermal Information.............ccococovoeereeeeieeeeeen. 6 10.1  Layout Guidelines ... s 29
6.5 TLC2272 and TLC2272A Electrical Characteristics 10.2 Layout EXAMPIE .......oovvesserers e 29
VDD = 5V e 6 11 Device and Documentation Support................. 30
6.6 TLC2272 and TLC2272A Electrical Characteristics 11.1 Related LiNKS ......cooeeiiiiieiieeeeeeerecee e 30
VDDt = E5 Vo 8 11.2  COMMUNItY RESOUICES ..........eeeeeeeeereeeseeeseeeeereeees 30
6.7 TLC?274 and TLC2274A Electrical Characteristics 11.3 TrAAEMAIKS oo 30
VDD =5 Voo B — 9 114 Electrostatic Discharge Caution ... 30
6.8 TLC2274 and TLC2274A Electrical Characteristics
N 1 11.5 GlOSSANY ...eeeiiieiieiieee e 30
6.9 Typical Characteristics.........ccccceeroeeiieeiireiieieee 13 12 Mechanical, Packaging, and Orderable
7 Detailed DESCHPHON ..o o4 Information ... 30

4 Revision History

Changes from Revision G (May 2004) to Revision H Page
» Added Feature Description section, Device Functional Modes, Application and Implementation section, Power
Supply Recommendations section, Layout section, Device and Documentation Supportsection, and Mechanical,
Packaging, and Orderable INformation SECHON. ...........cciiuiiii et e et e e et e e s e eate e e e s e eate e e e s sensaeaesanareeaessnrneaeaannes 1
* Added ESD Rating table for the D and PW package dEVICES. .........coiciiiiiiiiiiee et e e e e e e e snae e e e s nnnaeeeeenes 5
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5 Pin Configuration and Functions

TLC2272
D, JG, P, or PW Package
8-Pin SOIC, CDIP, PDIP, or TSSOP

TLC2274
D, J, N, PW, or W Package

Top View 14-Pin SOIC, CDIP, PDIP, TSSOP, or CFP
Top View
U
10UT [] 1 8] Vbp+ U
1IN-[] 2 7[] 20UT 10UT[l 1 ~ 14[J 40UT
1IN+ [] 3 6] 2IN- J:EIE 2 13%2:3;
Vpp-/GND [] 4 5[ 2IN+ 312
Vpp+[] 4 1] Vpp-
2IN+[] 5 10[] 3IN+
TLC2272 2IN-[] & 9[] 3IN-
FK Package 20UT[] 7 8|l 30UT
20-Pin LCCC
Top View
5 A TLC2274
OO0 00 FK Package
zZ<z2>2 20-Pin LCCC
p g | S = — - | Top View
2 1 2019
NC :]43 18[]1 NC 5 5o
- Z O Z
1IN-[]5 17[] 2 ouT Z020Z
NC []6 16[] NC Y/ g e e
- 3 2 12019
el e e F T Pt an
9 10 11 12 13 NC []5 17[J NC
{1 U+U 1 VDD+ :]6 16 VDD—
2288228 NC [] 7 15[] NC
Q o 2IN+[] 8 3IN+
A [ 9 10 11 12 13
= e
I = Ok |
zZ2zZ2z
&L 9&
TLC2272
U Package
10-Pin CFP
Top View
NC ] 1 “ 10[] NC
10UT[] 2 9] Vpp+
1IN-[] 3 8[] 2 0UT
1IN+[] 4 7[] 2 IN-
Vpp-/GND [] 5 6] 2 IN+
Copyright © 1997-2016, Texas Instruments Incorporated Submit Documentation Feedback 3
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Pin Functions

PIN
NO.
NAME TLC2272 TLC2274 /o DESCRIPTION
Porpw | FK U ewerw | K

1IN+ 3 7 4 3 4 | Non-inverting input, Channel 1
1IN- 2 5 3 2 3 | Inverting input, Channel 1
10UT 1 2 2 1 2 (0] Output, Channel 1

2IN+ 5 12 6 5 8 | Non-inverting input, Channel 2
2IN- 6 15 7 6 9 | Inverting input, Channel 2
20UT 7 17 8 7 10 (6] Output, Channel 2

3IN+ — — — 10 14 | Non-inverting input, Channel 3
3IN- — — — 9 13 | Inverting input, Channel 3
30UT — — — 8 12 (6] Output, Channel 3

4IN+ — — — 12 18 | Non-inverting input, Channel 4
4IN- — — — 13 19 | Inverting input, Channel 4
40UT — — — 14 20 (6] Output, Channel 4

Vpp+ 8 20 9 4 6 — Positive (highest) supply

Vpo_ — — — 11 16 — Negative (lowest) supply
Vpp_/GND 4 10 5 — — — Negative (lowest) supply

NC — 91,'131’,41'36,'1%, 1,10 — LTI — | No Connection

16, 18, 19 ’

4 Submit Documentation Feedback Copyright © 1997-2016, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)"

MIN MAX UNIT

Supply voltage, Vpp+© 8 \Y,
Vpp-@ -8 \Y;
Differential input voltage, Vip®® +16 Y
Input voltage, V\(any input)(z) Vpp- - 0.3 Vpp+ \%
Input current, |, (any input) 5 mA
Output current, g +50 mA
Total current into Vpp+ +50 mA
Total current out of Vpp_ +50 mA
Duration of short-circuit current at (or below) 25°C“) Unlimited

C level parts 0 70
Operating free-air temperature range, Ta I, Q level parts —40 125 °C

M level parts -55 125
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D, N, P or PW package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds J or U package 300 °C
Storage temperature, Ty —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

@

4
rating is not exceeded.

6.2 ESD Ratings

) All voltage values, except differential voltages, are with respect to the midpoint between Vpp. and Vpp.
(3) Differential voltages are at IN+ with respect to IN-. Excessive current will flow if input is brought below Vpp_ — 0.3 V.
(4) The output may be shorted to either supply. Temperature or supply voltages must be limited to ensure that the maximum dissipation

VALUE UNIT
Human-body model (HBM), per AEC | Q-grade and M-grade devices in D and +2000
Lo Q100-002" PW packages -
V(esp) Electrostatic discharge - - - \%
Charged-device model (CDM), per Q-grade and M-grade devices in D and +1000
AEC Q100-011 PW packages -
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
MIN MAX UNIT
C LEVEL PARTS +2.2 +8
v Subpl it | LEVEL PARTS +2.2 +8 v
+ ul voltage
pos PRy votag Q LEVEL PARTS +22 18
M LEVEL PARTS +2.2 +8
C LEVEL PARTS Vpo- Vpp+ =1.5
| LEVEL PARTS Voo- Vpps —1.5
V| Input voltage \%
Q LEVEL PARTS Voo- Vpp+ =1.5
M LEVEL PARTS Vop- Vpps —1.5
C LEVEL PARTS Vop- Vpp+ =1.5
| LEVEL PARTS Vop- Vpp+ =1.5
Vic Common-mode input voltage \%
Q LEVEL PARTS Vop- Vpp+ =1.5
M LEVEL PARTS Vop- Vpp+ =1.5
Copyright © 1997-2016, Texas Instruments Incorporated Submit Documentation Feedback 5
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Recommended Operating Conditions (continued)

MIN MAX UNIT
C LEVEL PARTS 0 70
| LEVEL PARTS —40 125
Ta Operating free-air temperature °C
Q LEVEL PARTS —40 125
M LEVEL PARTS -55 125
6.4 Thermal Information
TLC2272 TLC2274
D P PW FK U D N PW FK J
)
ELIERMECNETRIC (SOIc) | (PDIP) | (TSSOP) | (Lcce) | (CFP) | (soic) | (PDIP) | (TssoP) | (Lcee) | (coip) | UNIT
8-PIN 8-PIN 8-PIN 20-PIN | 10-PIN | 14-PIN | 14-PIN 14-PIN 20-PIN | 14-PIN
Ram  jonciontogmplentthermal | 1156 | 585 | 1758 — — | 88 | — 1116 — — | ccw
R Junction-to-case (top) thermal 1 4 1 121 432 4 412 1 16.2 W
QCn) it 91O 61.8 8.3 58.8 8 3 3. 3 . 6 6.
Ross fe”s”igg’r:‘;eo'board thermal 559 | 356 | 1043 — — 38.4 — 54.7 — — | ccmw
Junction-to-top o
Wt characterization parameter 143 25.9 . - - 94 - 3.9 - - cw
Junction-to-board o
Wis characterization parameter 554 355 102.6 - - 38.1 - 53.9 - - crw
Junction-to-case (bottom) . - . o . - o . . o
Reuciood  thermal resistance 8.68 cw

report, SPRA953.

6.5 TLC2272 and TLC2272A Electrical Characteristics Vpp =5V

at specified free-air temperature, Vpp = 5 V; T, = 25°C, unless otherwise noted.

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

Maximum power dissipation is a function of Tmax), 8ja, and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (Tymax) = Ta) / 6,a. Operating at the absolute maximum T, of 150°C can affect reliability.
The package thermal impedance is calculated in accordance with JESD 51-7 (plastic) or MIL-STD-883 Method 1012 (ceramic).

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
TLC2272 300 2500
TLC2272A Taz25°C 300 950
Vic=0V, Vpp: =+2.5V
V, Input offset voltage Ic ' DDt ’ \%
© P 9 Vo=0V,Rs=500 TLC2272 3000| "
Full Range("
TLC2272A 1500
Temperature coefficient of o
ayio inputpoffset voltage Vic=0V, Vpp: =425V, V5=0V, Rs =50 Q 2 uv/eC
Input offset voltage long-term drift@ Vic=0V, Vpp:=225V,Vo=0V,Rs=50 Q 0.002 uV/mo
All level parts Ta=25°C 0.5 60
C level part Ta =0°C to 80°C 100
Vic=0V, Vpp: =+2.5V, _ o o
o Input offset current Vg=0V,Rg=50Q | level part Ta =-40°C to 85°C 150 pA
Q level part Tp =-40°C to 125°C 800
M level part Ta =-55°C to 125°C 800
All level parts Ta=25°C 1 60
C level part Ta=0°C to 80°C 100
. Vic=0V, Vpp, = +2.5V, — _ne .
s Input bias current V=0V, Rg=50Q | level part Ta =-40°C to 85°C 150 pA
Q level part Ta =—-40°C to 125°C 800
M level part Ta =-55°C to 125°C 800
v c de input volt Rs =50 Q; [Vio | £5mV Ta=25°C 03 25 oy
ommon-mode input voltage = ; <5m
1R P 9 S 0 Full Range!" 0 25 35

Ta =-55°C to 125°C.

Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to

6 Submit Documentation Feedback

Copyright © 1997-2016, Texas Instruments Incorporated

Product Folder Links: TLC2272 TLC2272A TLC2272M TLC2272AM TLC2274 TLC2274A TLC2274M TLC2274AM



13 TEXAS
INSTRUMENTS

www.ti.com

TLC2272, TLC2272A, TLC2272M, TLC2272AM
TLC2274, TLC2274A, TLC2274M, TLC2274AM

SLOS190H —FEBRUARY 1997—-REVISED MARCH 2016

TLC2272 and TLC2272A Electrical Characteristics Vpp = 5 V (continued)

at specified free-air temperature, Vpp = 5 V; T, = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
lon = =20 pA 4.99
Tp=25°C 4.85 4.93
lon = =200 pA
Vou High-level output voltage Full Range(" 4.85 \%
Tp=25°C 4.25 4.65
lon = =1 mA
Full Range(" 425
loL =50 pA 0.01
Ta=25°C 0.09 0.15
loL =500 pA y
VoL Low-level output voltage Vic=25V Full Range(" 0.15 \%
Ta=25°C 0.9 1.5
loL =5 mA
Full Range(" 15
Ta=25°C 15 35
C level part
Tp =0°C to 80°C 15
| level part Ta=25°C 15 35
evel pa
xm = 12\5; t\/,4 v P Ta =—40°C to 85°C 15
Large-signal differential 0= 04V, — oo
Ao voltage amplification RL=10kQ® Q level part Ta=25C 10 35 Vimv
Ta =-40°C to 125°C 10
Ta =25°C 10 35
M level part
Tp =-55°C to 125°C 10
Vic=25V,Vo=1Vto4V;R =1MQ® 175
Fig Differential input resistance 10'? Q
i Common-mode input resistance 10'2 Q
[ Common-mode input capacitance f =10 kHz, P package 8 pF
Z, Closed-loop output impedance f=1MHz, A, =10 140 Q
. . Vic=0Vto2.7V Ta=25°C 70 75
CMRR  Common-mode rejection ratio IC : dB
! Vo=25V,Rs=500Q Full Range(" 70
K Supply-voltage rejection ratio Vpp=44Vto16V, Ta=25°C 80 95 dB
SVR (AVpp / AVio) Vic = Vop / 2, no load Full Range(" 80
[ Suppl t Vo = 2.5V, no load Ta=25C 22 5 ma
u currren =25V, no loa m
PP PRl ° Full Range(" 3
B Vo=05Vt025V, Ta=25°C 23 36
SR Slew rate at unity gain O ’ Vius
e R =10 kQ®, C, =100 pF® Full Range(") 17 !
f=10 Hz 50
Vi, Equivalent input noise voltage nV/VHz
f=1kHz 9
Peak-to-peak equivalent f=01Hzto1Hz 1
Vner g ; pv
put noise voltage f=0.1 Hz to 10 Hz 1.4
In Equivalent input noise current 0.6 fANHZ
Ay =1 0.0013%
o ’ ) Vo=05Vto25YV, _ 9
THD+N Total harmonic distortion + noise f= 20 kHz, R_ = 10 kQ©® Ay =10 0.004%
Ay =100 0.03%
Gain-bandwidth product f=10 kHz, R_ = 10 kQ®, C_ = 100 pF® 2.18 MHz
Bom Maximum output-swing bandwidth Vopry =2V, Ay =1, R =10kQ®, ¢, =100 pF® 1 MHz
o Ay =-1, R =10 kQ®), To 0.1% 1.5
B Settling time Step = 0.5V t0 2.5V, C, = 100 pF® To 0.01% 26 Hs
Pm Phase margin at unity gain R, =10kQ®, C_ =100 pF® 50°
Gain margin R =10 kQ®, C__ =100 pF® 10 dB
(3) Referencedto 0 V.
Copyright © 1997-2016, Texas Instruments Incorporated Submit Documentation Feedback 7
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6.6 TLC2272 and TLC2272A Electrical Characteristics Vpp, = ¥5V

at specified free-air temperature, Vpp, = £5 V; T = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
TLC2272 300 2500
TLC2272A Ta=25°C 300 950
Vic=0V,Vog=0V
\Y Input offset voltage IC 70 ' \%
© P 9 Rs =50 0 TLC2272 3000| "
Full Range ("
TLC2272A 1500
Temperature coefficient of _ _ _ o
Qyio input offset voltage Vic=0V,Vo=0V,Rg=50Q 2 uv/ec
Input offset voltage long-term drift® | V,c=0V,Vo=0V,Rg=50Q 0.002 pV/mo
All level parts Ta=25°C 0.5 60
C level part Ta=0°C to 80°C 100
o Input offset current \|__\/’|C_=500V(,)Vo =0V, I level part Ta = —40°C to 85°C 150 | pA
o=
Q level part Ta =-40°C to 125°C 800
M level part Ta =-55°C to 125°C 800
All level parts Ta=25°C 1 60
C level part Ta=0°C to 80°C 100
Is Input bias current K'C_:govd\/o =0V, | level part Ta = —40°C to 85°C 150 | pA
o=
Q level part Tp =-40°C to 125°C 800
M level part Ta =-55°C to 125°C 800
v c de input volt Rs =50 Q; [Vio | <5 mV T=25°C =3 0 oy
ommon-mode input voltage = : <5m
1R P 9 N © Full Range(" -5 0 35
lo = —20 pA 4.99
- 200 A Tp=25°C 485 4.93
Vom+ (l;/lua;;ml\llgl“ggztlve peak ° . Full Range(" 4.85 \Y,
Ta=25°C 4.25 4.65
lo=-1mA
Full Range(" 425
Io = 50 A —4.99
| 500 UA Ta=25°C —4.85 —4.91
Maximum negative 0= H
Vou  peak output \f’o“age Vic=0V, Full Range(" -4.85 v
Ta=25°C -3.5 —4.1
lo=5mA
Full Range(" -35
Tp=25°C 25 50
C level part
Ta=0°C to 80°C 25
Tp=25°C 25 50
| level part
v AV:R =10 kO Ta =—40°C to 85°C 25
Large-signal differential o=# VIR = P,
Avo voltage amplification Q level part Ta=25°C 20 50 Vimv
Ta =—-40°C to 125°C 20
Ta=25°C 20 50
M level part
Ta =-55°C to 125°C 20
Vo=4V;R_=1MQ 300
N Differential input resistance 10" Q
T Common-mode input resistance 10'? Q
[ Common-mode input capacitance f =10 kHz, P package 8 pF
Z, Closed-loop output impedance f=1MHz, A, =10 130 Q
. . Vic=-5Vto27V Ta=25°C 75 80
CMRR  Common-mode rejection ratio IC ’ dB
| Vo=0V,Rs=50Q Full Range(" 75
K Supply-voltage rejection ratio Vpp+ =22V to 18V, Ta=25°C 80 95 dB
SVR (AVpp / AV|p) Vic =0V, no load Full Range(" 80
| Suppl t Vo =0V, no load Ta= 25°C 24 8 ma
upply currren =0V, no loa m
ee e © Full Range(" 3

(1) Ta=-55°Cto 125°C.
(2) Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to
Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLC2272 and TLC2272A Electrical Characteristics Vpp. = ¥5 V (continued)

at specified free-air temperature, Vpp, = £5 V; T = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
. . Vo =423V Ta=25°C 2.3 3.6
SR Slew rate at unity gain O ’ Vlius
v o RL=10kQ, C_ = 100 pF Full Range® 17 i
f=10 Hz 50
Vi Equivalent input noise voltage nV/VHz
f=1kHz 9
Peak-to-peak equivalent f=01Hzto1Hz 1
Viee input noise voltage v
f=0.1Hzto 10 Hz 1.4
In Equivalent input noise current 0.6 fAHZ
Ay =1 0.0011%
L . . VO =123, - 0
THD+N Total harmonic distortion + noise f= 20 kHz, R_= 10 kQ Ay =10 0.004%
Ay =100 0.03%
Gain-bandwidth product f=10 kHz, R_. = 10 kQ, C_ = 100 pF 2.25 MHz
Bom Maximum output-swing bandwidth Vopp) =46V, Ay =1, R =10 kQ, C_ =100 pF 0.54 MHz
o Ay =-1, R =10kQ, To 0.1% 1.5
E Settling time Step = -2.3 V t0 2.3V, C, = 100 pF To 0.01% 32 Hs
Om Phase margin at unity gain R =10kQ, C_ =100 pF 52°
Gain margin R =10 kQ, C_ = 100 pF 10 dB
6.7 TLC2274 and TLC2274A Electrical Characteristics Vop =5V
at specified free-air temperature, Vpp = 5 V; T, = 25°C, unless otherwise noted.
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
TLC2274 300 2500
TLC2274A Ta=25°C 300 950
Vic=0V, Vpp: =125V
\Y Input offset voltage Ic » bos ’ \%
© P 9 Vo=0V,Rs=500Q TLC2274 3000| "
Full Range ("
TLC2274A 1500
Temperature coefficient of _ _ _ _ o
avio input offset voltage Vic=0V, Vpp: =425V, Vo=0V, Rg =50 Q 2 pv/ec
Input offset voltage long-term drift® | Vic =0V, Vpp: =225V, Vg=0V, Rg =50 Q 0.002 uV/mo
All level parts | Ty = 25°C 0.5 60
C level part Ta=0°C to 80°C 100
Vic=0V, Vpp: = 2.5V, — _ne N
lo Input offset current V=0V, Rg=50Q | level part Ta =-40°C to 85°C 150 pA
Q level part Ta =-40°C to 125°C 800
M level part Ta =-55°C to 125°C 800
All level parts Ta=25°C 1 60
C level part Ta =0°C to 80°C 100
. Vic=0V, Vpp: =125V, _ o B
s Input bias current Vg=0V,Rg=50Q | level part Ta =—-40°C to 85°C 150 pA
Q level part Tp =—40°C to 125°C 800
M level part Ta =-55°C to 125°C 800
v c de input volt Rs =50 Q; [Vio | 5 mV Ta= 25°C 03 25 oy
ommon-mode input voltage = ; <5m
R P 9 S ©© Full Range( 0 25 35
loy = —20 pA 4.99
Ta=25°C 4.85 4.93
' lon = =200 pA
Vou High-level output voltage Full Range(" 4.85 v
Ta=25°C 4.25 4.65
loy = -1 mA
Full Range(" 4.25

(1) Ta=-55°Cto 125°C.
(2) Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to
Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLC2274 and TLC2274A Electrical Characteristics Vpp = 5 V (continued)

at specified free-air temperature, Vpp = 5 V; T, = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
loL = 50 pA 0.01
Tp=25°C 0.09 0.15
loL =500 pA
VoL Low-level output voltage Vic=25V Full Range(" 015| V
Tp=25°C 0.9 1.5
loL =5 mA
Full Range(" 15
Tp=25°C 15 35
C level part
Ta=0°C to 80°C 15
| level part Ta=25°C 15 35
evel pa
Xl§:/= 25V,Vo=1Vto P Ta = -40°C to 85°C 15
Large-signal differential ; — oro
A P = ®3) Ta=25°C 10 35 Vimv
Vb voltage amplification RL=10kQ Q level part A - -
Tp =—-40°C to 125°C 10
Ta = 25°C 10 35
M level part
Tp =-55°C to 125°C 10
Vic=25V,Vg=1Vto4V;R =1MQ® 175
lig Differential input resistance 102 Q
T Common-mode input resistance 10'2 Q
[ Common-mode input capacitance f =10 kHz, P package 8 pF
Z, Closed-loop output impedance f=1MHz, A, =10 140 Q
- . Vic=0V1t02.7V Ta=25°C 70 s
CMRR  Common-mode rejection ratio IC . dB
) Vo=25V,Rg=50Q Full Range(" 70
K Supply-voltage rejection ratio Vpp=4.4Vto16V, Ta=25°C 80 95 dB
SVR (AVpp / AVio) Vic = Vop / 2, no load Full Range(" 80
| Suppl t Vo = 2.5V, no load Ta=25°C 44 ol A
u currren =25V, no loa m.
eP PRl ° Full Range(" 6
N Vo=05Vt025V Ta=25°C 23 3.6
SR Slew rate at unity gain o ’ Vius
Y9 R, = 10 kQ®), C, = 100 pF® Full Range( 17 H
] ) ] f=10Hz 50
Vi, Equivalent input noise voltage nV/Hz
f=1kHz 9
Peak-to-peak equivalent f=01Hzto1Hz 1
Vnpp f ; uv
input noise voltage f=0.1 Hz to 10 Hz 1.4
In Equivalent input noise current 0.6 fANHz
Ay = 0.0013%
o ) Vo=05Vto25V, n o
THD+N Total harmonic distortion + noise f= 20 kHz, R, = 10 kQ® Ay =10 0.004%
Ay =100 0.03%
Gain-bandwidth product f=10 kHz, R_ = 10 kQ®), C_ = 100 pF® 2.18 MHz
Bom Maximum output-swing bandwidth Vopry =2V, Ay =1, R =10kQ®, ¢, =100 pF® 1 MHz
o Ay =-1, R_=10 kQ®), To 0.1% 1.5
E Settling time Step = 0.5V t0 2.5V, G, = 100 pF® To 0.01% 26 Hs
Pm Phase margin at unity gain R =10kQ®, C =100 pF® 50°
Gain margin R, =10 kQ®, C_ =100 pF® 10 dB

(3) Referencedto 0 V.
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6.8 TLC2274 and TLC2274A Electrical Characteristics Vpp, = ¥5V

at specified free-air temperature, Vpp, = £5 V; T = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
TLC2274 300 2500
TLC2274A Ta=25°C 300 950
Vic=0V,Vo=0V
\Y Input offset voltage IC 70 ' \%
0 P 9 Rs=500Q TLC2274 3000 "
Full Range ("
TLC2274A 1500
a Temperature coefficient of Vie=0V. Va=0V Re=500 2 V/°C
Vo input offset voltage Ic 1Yo 'S H
Input offset voltage long-term drift® | V,c=0V,Vo=0V,Rg=50Q 0.002 pV/mo
All level parts Ta=25°C 0.5 60
C level part Ta=0°C to 80°C 100
o Input offset current \|__\/’|C_=500V(,)Vo =0V, I level part Ta = —40°C to 85°C 150 | pA
s =
Q level part Ta =-40°C to 125°C 800
M level part Ta =-55°C to 125°C 800
All level parts Ta=25°C 1 60
C level part Ta=0°C to 80°C 100
Is Input bias current K'C_:govd\/o =0V, | level part Ta = —40°C to 85°C 150 | pA
s =
Q level part Tp =-40°C to 125°C 800
M level part Ta=-55°C to 125°C 800
v c de input volt Rs =50 Q; Vo | <5 mV T=25°C =3 0 oy
ommon-mode input voltage = : <5m
1R 9 N © Full Range(" -5 0 35
lo = —20 pA 4.99
L= 00 uA Tp=25°C 4.85 4.93
Maximum positive peak o0 =~200 1 o
Vowm+ output voltage Full Range 4.85 \%
Ta=25°C 4.25 4.65
lo=-1mA
Full Range(" 425
Io = 50 pA -4.99
| 500 UA Ta=25°C —4.85 —4.91
Maximum negative peak _ o= H )
Vowm- output voltage Vic=0V Full Range —4.85 \Y
Ta=25°C -35 —4.1
lo=5mA
Full Range(" -35
Tp=25°C 25 50
C level part
Ta=0°C to 80°C 25
Ta=25°C 25 50
| level part
v AV:R =10 kO Ta =-40°C to 85°C 25
. . ) =44 V:R, =
Avp Large-signal _dllffell'entlal o L Tp=25°C 20 50 V/imV
voltage amplification Q level part
Ta=-40°C to 125°C 20
Ta=25°C 20 50
M level part
Ta=-55°C to 125°C 20
Vo=#4V;R, =1MQ 300
N Differential input resistance 10" Q
T Common-mode input resistance 10'? Q
[ Common-mode input capacitance f =10 kHz, P package 8 pF
Z, Closed-loop output impedance f=1MHz, A, =10 130 Q
. . Vic=-5Vto27V Ta=25°C 75 80
CMRR  Common-mode rejection ratio IC ’ dB
| Vo=0V,Rs=50Q Full Range(" 75
K Supply-voltage rejection ratio Vpp+ =22V to 18V, Ta=25°C 80 95 dB
SVR (AVpp / AV|p) Vic =0V, no load Full Range(" 80
| Suppl t Vo =0V, no load Ta=25°C 8 o ma
u currren =0V, no loa m
ee e © Full Range(" 6

(1) Ta=-55°Cto 125°C.
(2) Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to
Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLC2274 and TLC2274A Electrical Characteristics Vpp. = ¥5 V (continued)

at specified free-air temperature, Vpp, = £5 V; T = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
. . Vo =423V Ta=25°C 2.3 3.6
SR Slew rate at unity gain O ’ Vius
Y9 R. = 10 kQ, C, = 100 pF Full Range(™ 17 H
f=10 Hz 50
Vi Equivalent input noise voltage nV/VHz
f=1kHz 9
Peak-to-peak equivalent f=01Hzto1Hz 1
Vier input noise voltage v
f=0.1 Hz to 10 Hz 1.4
In Equivalent input noise current 0.6 fAHZ
Ay =1 0.0011%
THD+N Total harmonic distortion + noise Vo= 123, Ay =10 0.004%
f=20 kHz, R_ = 10 kQ v i
Ay =100 0.03%
Gain-bandwidth product f=10 kHz, R_. = 10 kQ, C_ = 100 pF 2.25 MHz
Bom Maximum output-swing bandwidth Vopp) =46V, Ay =1, R =10 kQ, C_ =100 pF 0.54 MHz
o Ay =-1, R =10kQ, To 0.1% 1.5
E Settling time Step = -2.3 V t0 2.3V, C, = 100 pF To 0.01% 32 Hs
Om Phase margin at unity gain R =10kQ, C_ =100 pF 52°
Gain margin R =10 kQ, C_ = 100 pF 10 dB
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6.9 Typical Characteristics

Table 1. Table of Graphs

FIGURE")
Distribution 1,2,3,4
Vio Input offset voltage
vs Common-mode voltage 5,6
Qayio Input offset voltage temperature coefficient Distribution 7,8,9,10@
Is o Input bias and input offset current vs Free-air temperature 11
vs Supply voltage 12
\ Input voltage -
vs Free-air temperature 130
Vou High-level output voltage vs High-level output current 14@)
Vo Low-level output voltage vs Low-level output current 15, 162
Vowm+ Maximum positive peak output voltage vs Output current 172
Vowm- Maximum negative peak output voltage vs Output current 18@
Vorp) Maximum peak-to-peak output voltage vs Frequency 19
los Short-circuit output current v Supply. voltage 20
vs Free-air temperature 21@
Vo Output voltage vs Differential input voltage 22,23
Large-signal differential voltage amplification vs Load resistance 24
Avp Large-signal differential voltage amplification and phase margin vs Frequency 25, 26
Large-signal differential voltage amplification vs Free-air temperature 27@), 28
Zp Output impedance vs Frequency 29, 30
L . vs Frequency 31
CMRR Common-mode rejection ratio -
vs Free-air temperature 32
ksvr Supply-voltage rejection ratio vs Frequency %3, 34
vs Free-air temperature 350
oo Supply current vs Supply voltage 3602, 37
vs Free-air temperature 38(2), 39
vs Load Capacitance 40
SR Slew rate -
vs Free-air temperature 41@)
Inverting large-signal pulse response 42,43
Vo Voltage-follower large-signal pulse response 44,45
Inverting small-signal pulse response 46, 47
Voltage-follower small-signal pulse response 48, 49
Vi Equivalent input noise voltage vs Frequency 50, 51
Noise voltage over a 10-second period 52
Integrated noise voltage vs Frequency 53
THD+N Total harmonic distortion + noise vs Frequency 54
Gain-bandwidth product v Supply. voltage %
vs Free-air temperature 56(2)
®m Phase margin vs Load capacitance 57
Gain margin vs Load capacitance 58

(1) For all graphs where Vpp =5V, all loads are referenced to 2.5 V.
(2) Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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Figure 22. Output Voltage vs Differential Input Voltage
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Figure 28. Large-Signal Differential Voltage Amplification vs
Free-Air Temperature
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Figure 29. Output Impedance vs Frequency
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Figure 30. Output Impedance vs Frequency
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Figure 31. Common-Mode Rejection Ratio vs Frequency

100 — 90
o Ta =25°C o
1 Vpp =5V 1
'g 80 J ;9.- 86
e ‘ e
g [ TN F
:‘i’ 60 \\ ?—’- 82 e
& 3 ~—~——_ VDD=%5V
¢ X ——
é é Vic=-5Vto2.7V —~——
L 40 \\ e 78
£ £
4
£ E — Vpp=5V
: ) \ g 3 —~|__VoD
1

M \ x Vic=0Vto27V I
[ o
s =
o o

0 70

-75 -50 -25 0 25 50 75 100 125

Figure 32. Common-Mode Rejection Ratio vs
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Figure 33. Supply-Voltage Rejection Ratio vs Frequency
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Figure 35. Supply-Voltage Rejection Ratio vs
Free-Air Temperature
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Figure 36. TLC2272 Supply Current vs Supply Voltage
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Figure 37. TLC2274 Supply Current vs Supply Voltage
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Figure 38. TLC2272 Supply Current vs Free-Air Temperature
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Figure 39. TLC2274 Supply Current vs Free-Air Temperature
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Figure 41. Slew Rate vs Free-Air Temperature
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Figure 42. Inverting Large-Signal Pulse Response
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Figure 43. Inverting Large-Signal Pulse Response

Figure 44. Voltage-Follower Large-Signal Pulse Response
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Figure 45. Voltage-Follower Large-Signal Pulse Response Figure 46. Inverting Small-Signal Pulse Response
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Figure 47. Inverting Small-Signal Pulse Response

Figure 48. Voltage-Follower Small-Signal Pulse Response
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Figure 49. Voltage-Follower Small-Signal Pulse Response Figure 50. Equivalent Input Noise Voltage vs Frequency
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Figure 51. Equivalent Input Noise Voltage vs Frequency Figure 52. Noise Voltage Over a 10 Second Period
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Figure 53. Integrated Noise Voltage vs Frequency Figure 54. Total Harmonic Distortion + Noise vs Frequency
22 Submit Documentation Feedback Copyright © 1997-2016, Texas Instruments Incorporated

Product Folder Links: TLC2272 TLC2272A TLC2272M TLC2272AM TLC2274 TLC2274A TLC2274M TLC2274AM



13 TEXAS

INSTRUMENTS TLC2272, TLC2272A, TLC2272M, TLC2272AM
TLC2274,TLC2274A, TLC2274M, TLC2274AM
www.ti.com SLOS190H —FEBRUARY 1997—-REVISED MARCH 2016
25 T T 3 T T
f=10 kHz Vpp=5V
RL =10 kQ 28 f=10kHz |
N 4| CLZ100pF ’ RL =10 kQ
4" Ta=25°C N Cp =100 pF
= A z 26 \\
1 1
g / g 2.4 N
S 23 3~ N
& L~ & N
£ L~ £ 22 N
] 3 \
.E 2.2 .E 2 4
5 3
< S 1.8
8 21 ]
1.6 \\
2 1.4
0 1 2 3 4 5 6 7 8 -75 -50 -25 0 25 50 75 100 125
|VDD +| - Supply Voltage - V TA - Free-Air Temperature - °C
Figure 55. Gain-Bandwidth Product vs Supply Voltage Figure 56. Gain-Bandwidth Product vs Free-Air Temperature
75° 15 ——
wacze || T
Ta=25°C L Ay =1
. | Rnun=100Q | | | ] RL=10kQ
= rari L 12 Tp = 25°C
n HRPA ~~
c Rpull =50 Q < Y ™ N
2 N /| k- WS
s 45° > 4 1 9
= ‘ ‘ 1 c \
3 /| ) N
£ Rpun=2004 | | \\--—-/ // § \
l'?- 30° Ly ‘:— =3 .g 6 \\
s 1] N—"111 8 (|
10 kQ \\\ LA \\__
il m < 3
" > Rnull Rnull = 07\7‘\
TC| Roun=10Q 7| T
o - VbD- -
0 | 0
10 100 1000 10000 10 100 1000 10000
CL - Load Capacitance - pF CL - Load Capacitance - pF
Figure 57. Phase Margin vs Load Capacitance Figure 58. Gain Margin vs Load Capacitance
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7 Detailed Description

7.1 Overview

The TLC227x and TLC227xA families of devices are rail-to-rail output operational amplifiers. These devices
operate from 4.4-V to 16-V single supply and +2.2-V 18-V dual supply, are unity-gain stable, and are suitable for
a wide range of general-purpose applications.

7.2 Functional Block Diagram

Vpp+

T

ouT

—

[ N r RS

! — L —

a1 Q4 R \ -+ \_"_[ i
Qi3 Qis Q17

L
1
Il
L

]
> D1

Q2 Q5 Q7 Qs Q10 Q11

Vpp-

Table 2. Device Component Count"

Component TLC2272 TLC2274
Transistors 38 76
Resistors 26 52
Diodes 9 18
Capacitors 3 6

(™)

7.3 Feature Description

Includes both amplifiers and all ESD, bias, and trim circuitry.

The TLC227x and TLC227xA family of devices feature 2-MHz bandwidth and voltage noise of 9 nV/YHz with
performance rated from 4.4 V to 16 V across an automotive temperature range (—40°C to 125°C). LinMOS suits
a wide range of audio, automotive, industrial, and instrumentation applications.

7.4 Device Functional Modes

The TLC227x and TLC227xA families of devices is powered on when the supply is connected. The devices may
operate with single or dual supply, depending on the application. The devices are in its full performance once the
supply is above the recommended value.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

8.1.1 Macromodel Information

Macromodel information provided was derived using MicroSim Parts™, the model generation software used with
MicroSim PSpice™. The Boyle macromodel (Y and subcircuit in Figure 59 were generated using the TLC227x
typical electrical and operating characteristics at To = 25°C. Using this information, output simulations of the
following key parameters can be generated to a tolerance of 20% (in most cases):

+ Maximum positive output voltage swing
+ Maximum negative output voltage swing
+ Slew rate

* Quiescent power dissipation

* Input bias current

* Open-loop voltage amplification

* Unity gain frequency

+ Common-mode rejection ratio

* Phase margin

+ DC output resistance

* AC output resistance

+ Short-circuit output current limit

Vcc+—o
RP
2
IN- —®
IN+ —®
1
Vee-
VE ouT
SUBCKT TLC227x 12345 RD1 60 112.653E3
C1 1 1214E-12 RD2 60 122.653E3
C2 6 760.00E-12 RO1 8 550
DC 5 53DX R02 7 9950
DE 54 5DX RP 3 44.310E3
DLP 90 91DX RSS 10 99925.9E3
DLN 92 90DX VAD 60 4-5
DP 4 3DX VB 9 0DC 0
EGND 99 OPOLY (2) (3,0) (4,)0 .5 .5 VC 353DC .78
FB 99 OPOLY (5) VB VC VE VLP VLN 0 VE 54 4DC .78
+984.9E3 -1E6 1E6 1E6 —1E6 VLIM 7 8DC 0
GA 6 011 12 377.0E-6 VLP 91 0DC 1.9
GCM 06 10 99 134E-9 VLN 0 92DC 9.4
ISS 3 10DC 216.0E-6 .MODEL DX D (IS=800.0E-18)
HLIM 90 OVLIM 1K .MODEL JX PJF (1S=1.500E-12BETA=1.316E-3
J1 1 210 JX +VTO=-.270)
J2 12 110 JX .ENDS
R2 6 9100.0E3

Figure 59. Boyle Macromodel and Subcircuit

(1) Macromodeling of Integrated Circuit Operational Amplifiers, IEEE Journal of Solid-State Circuits, SC-9, 353 (1974).
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8.2 Typical Application

8.2.1 High-Side Current Monitor

VBAT

|LOUD

Vour

47 kQ

Figure 60. Equivalent Schematic (Each Ampilifier)

8.2.1.1 Design Requirements
For this design example, use the parameters listed in Table 3 as the input parameters.

Table 3. Design Parameters

PARAMETER VALUE
VBaT Battery Voltage 12V
Rsense Sense Resistor 0.1Q
lLoaD Load Current 0Ato10A
Operational Amplifier Set in Differential configuration with Gain = 10

8.2.1.2 Detailed Design Procedure

This circuit is designed for measuring the high-side current in automotive body control modules with 12-V battery
or similar applications. The operational amplifier is set as differential with an external resistor network.

8.2.1.2.1 Differential Amplifier Equations

Equation 1 and Equation 2 are used to calculate V.

SRR g AR
2 V,+V. 2
VOUT = —g 9 X 1 2 + el (V1 —V2)
R R4 2 R4
1+ — 1+ —
R, R,
(1
R _Ry 1[R1+R]
R,| R, R 2|R, R
Vour =2 Q—ZXVBAT+ 2 xRg %l oaq
1+ — 1+
R, R,

2)
In an ideal case Ry = R and R, = Ry, and Vgyr can then be calculated using Equation 3:

Rg
Vour = R Rs Xl oad
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However, as the resistors have tolerances, they cannot be perfectly matched.

R1=R1AR1
R2=R2iAR2
R=Rz AR
Rg = Ry + ARy
Tolz%

4)

By developing the equations and neglecting the second order, the worst case is when the tolerances add up.
This is shown by Equation 5.

R, 2R | |Rq
Vout = (4 Tol) xVgat +| 122 Tol| 1+ —xRg %l oap
g R+R R

R+R +Ry
where
« Tol=0.01for 1%
«  Tol =0.001 for 0.1% (5)

If the resistors are perfectly matched, then Tol = 0 and Vgt is calculated using Equation 6.
g
Vour = & *Rs *loap

The highest error is from the Common mode, as shown in Equation 7.

4 (Tol) Rg v,
o X VBAT
R+Rg 7
Gain of 10, R;/ R =10, and Tol = 1%:
Common mode error = ((4 x 0.01)/ 1.1) x 12V = 0.436 V

Gain of 10 and Tol = 0.1%:
Common mode error = 43.6 mV

The resistors were chosen from 2% batches.
R;and R 12 kQ
Rz and Ry 120 kQ

Ideal Gain=120/12 =10

The measured value of the resistors:
R; =11.835 kQ
R =11.85kQ
R, =117.92 kQ
Rgy = 118.07 kQ
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8.2.1.3 Application Curves

1.2 12
1 10
2 os Z s
() (9]
jo2} (2]
£ £
S 0.6 S 6
2 2
g 0.4 g 4
0.2 2
—— Measured —— Measured
— lIdeal — lIdeal
0 0
0 0.2 0.4 0.6 0.8 1 1.2 0 2 4 6 8 10 12
Load Current (A) Load Current (A)
Figure 61. Output Voltage Measured vs Ideal Figure 62. Output Voltage Measured vs Ideal
(0to1A) (0to 10 A)

9 Power Supply Recommendations

Supply voltage for a single supply is from 4.4 V to 16 V, and from £2.2 V to 8 V for dual supply. In the high-side
sensing application, the supply is connected to a 12-V battery.

28 Submit Documentation Feedback Copyright © 1997-2016, Texas Instruments Incorporated
Product Folder Links: TLC2272 TLC2272A TLC2272M TLC2272AM TLC2274 TLC2274A TLC2274M TLC2274AM



i3 TEXAS
INSTRUMENTS

www.ti.com

TLC2272, TLC2272A, TLC2272M, TLC2272AM
TLC2274, TLC2274A, TLC2274M, TLC2274AM

SLOS190H —FEBRUARY 1997—-REVISED MARCH 2016

10 Layout

10.1 Layout Guidelines

The TLC227x and TLC227xA families of devices are wideband amplifiers. To realize the full operational
performance of the devices, good high-frequency printed-circuit-board (PCB) layout practices are required. Low-
loss 0.1-uF bypass capacitors must be connected between each supply pin and ground as close to the device as

possible. The bypass capacitor traces should be designed for minimum inductance.

10.2 Layout Example

RIN

[ —

cperation

VIN— *"\f — +
> JOuUT
_lf -
HF
M .’\
(Schematic Represemauon;-
Place components
Run the input fraces  close to device and o
as far away from each other o reduce .
the supply lines parasific emors RE | ,{E...

1

l NC |

[ I (S

| — I

: v+ : I (O GND
|

| | I,

- our | X

\
NC | Use low-ESR, ceramic
- bypass capacitor

Ground (GND) plane on another layer

Figure 63. Layout Example
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11 Device and Documentation Support

11.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 4. Related Links

PARTS PRODUCT FOLDER | SAMPLE & BUY EI(E)((::I:JNNIIEQ#S ;g?.llfvsv:RE ggm/?uﬂfv
TLC2272 Click here Click here Click here Click here Click here
TLC2272A Click here Click here Click here Click here Click here
TLC2272M Click here Click here Click here Click here Click here
TLC2272AM Click here Click here Click here Click here Click here
TLC2274 Click here Click here Click here Click here Click here
TLC2274A Click here Click here Click here Click here Click here
TLC2274M Click here Click here Click here Click here Click here
TLC2274AM Click here Click here Click here Click here Click here

11.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.3 Trademarks

E2E is a trademark of Texas Instruments.
MicroSim Parts, PSpice are trademarks of MicroSim.
All other trademarks are the property of their respective owners.

11.4 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘% '\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
(1) Drawing aty @) (6) @) (/5)
TLC2272ACD ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM 2272AC
& no Sb/Br) E
TLC2272ACDG4 ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM 2272AC -
& no Sb/Br) P
TLC2272ACDR ACTIVE SOIC D 8 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM 2272AC E
& no Sb/Br)
TLC2272ACDRG4 ACTIVE SOIC D 8 2500  Green (RoHS NIPDAU Level-1-260C-UNLIM 2272AC E
& no Sb/Br)
TLC2272ACP ACTIVE PDIP P 8 50 Green (RoHS NIPDAU N/ A for Pkg Type TLC2272AC E
& no Sb/Br)
TLC2272ACPW ACTIVE TSSOP PW 8 150 Green (RoHS NIPDAU Level-1-260C-UNLIM P2272A E
& no Sb/Br)
TLC2272ACPWR ACTIVE TSSOP PW 8 2000  Green (RoHS NIPDAU Level-1-260C-UNLIM P2272A E
& no Sb/Br)
TLC2272AID ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM 2272Al E
& no Sb/Br)
TLC2272AIDG4 ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM 2272Al E
& no Sb/Br)
TLC2272AIDR ACTIVE SOIC D 8 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM 2272Al E
& no Sb/Br)
TLC2272AIDRG4 ACTIVE SOIC D 8 2500  Green (RoHS NIPDAU Level-1-260C-UNLIM 2272Al i
& no Sb/Br) P
TLC2272AIP ACTIVE PDIP P 8 50 Green (RoHS NIPDAU N / A for Pkg Type TLC2272Al i
& no Sb/Br) P
TLC2272AMD ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -55to 125 2272AM -
& no Sb/Br) P
TLC2272AMDG4 ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM 2272AM E
& no Sb/Br)
TLC2272AMDR ACTIVE SOIC D 8 2500  Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -55to0 125 2272AM E
& no Sb/Br)
TLC2272AMDRG4 ACTIVE SOIC D 8 2500  Green (RoHS NIPDAU Level-1-260C-UNLIM 2272AM E
& no Sb/Br)
TLC2272AQD ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -40to 125 C2272A E
& no Sb/Br)
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
(1) Drawing Qty (@) (6) 3 (4/5)
TLC2272AQDG4 ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM C2272A E
& no Sb/Br)
TLC2272AQDR ACTIVE SOIC D 8 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -40to 125 C2272A E
& no Sb/Br)
TLC2272AQDRG4 ACTIVE SOIC D 8 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM C2272A E
& no Sb/Br)
TLC2272CD ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 2272C R
& no Sb/Br) P
TLC2272CDG4 ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 2272C E
& no Sb/Br)
TLC2272CDR ACTIVE SOIC D 8 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 2272C
& no Sb/Br) E
TLC2272CDRG4 ACTIVE SOIC D 8 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 2272C
& no Sb/Br) E
TLC2272CP ACTIVE PDIP P 8 50 Green (RoHS NIPDAU N / A for Pkg Type 0to 70 TLC2272CP
& no Sb/Br) E
TLC2272CPSR ACTIVE SO PS 8 2000  Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 p2272
TLC2272CPW ACTIVE TSSOP PW 8 150 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 p2272 e
& no Sb/Br) P
TLC2272CPWR ACTIVE TSSOP PW 8 2000 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 p2272 E
& no Sb/Br)
TLC2272ID ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM 2272| E
& no Sb/Br)
TLC2272IDR ACTIVE SOIC D 8 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM 2272| E
& no Sb/Br)
TLC2272IP ACTIVE PDIP P 8 50 Green (RoHS NIPDAU N / A for Pkg Type TLC2272IP e
& no Sb/Br) P
TLC2272IPW ACTIVE TSSOP PW 8 150 Green (RoHS NIPDAU Level-1-260C-UNLIM Y2272 E
& no Sb/Br)
TLC2272IPWR ACTIVE TSSOP PW 8 2000  Green (RoHS NIPDAU Level-1-260C-UNLIM Y2272 E
& no Sb/Br)
TLC2272IPWRG4 ACTIVE TSSOP PW 8 2000  Green (RoHS NIPDAU Level-1-260C-UNLIM Y2272 Rl
& no Sb/Br) P
TLC2272MD ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -55to0 125 2272M Samples
& no Sb/Br)
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
(1) Drawing Qty (@) (6) 3 (4/5)
TLC2272MDG4 ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM 2272M E
& no Sb/Br)
TLC2272MDR ACTIVE SOIC D 8 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -55to0 125 2272M E
& no Sb/Br)
TLC2272MDRG4 ACTIVE SOIC D 8 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM 2272M E
& no Sb/Br)
TLC2272QDG4 ACTIVE SOIC D 8 75 Green (RoHS NIPDAU Level-1-260C-UNLIM C2272Q Rl
& no Sb/Br) P
TLC2272QDR ACTIVE SOIC D 8 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -40to 125 C2272Q E
& no Sb/Br)
TLC2272QPWRG4 ACTIVE TSSOP PW 8 2000 Green (RoHS NIPDAU Level-1-260C-UNLIM T2272Q
& no Sb/Br) E
TLC2274ACD ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 2274AC
& no Sb/Br) E
TLC2274ACDG4 ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 2274AC
& no Sb/Br) E
TLC2274ACDR ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 2274AC Rl
& no Sb/Br) P
TLC2274ACDRG4 ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 2274AC E
& no Sb/Br)
TLC2274ACN ACTIVE PDIP N 14 25 Green (RoHS NIPDAU N / A for Pkg Type 0to 70 TLC2274ACN E
& no Sb/Br)
TLC2274ACPW ACTIVE TSSOP PW 14 90 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 P2274A E
& no Sb/Br)
TLC2274ACPWR ACTIVE TSSOP PW 14 2000 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 P2274A E
& no Sb/Br)
TLC2274ACPWRG4 ACTIVE TSSOP PW 14 2000  Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 P2274A E
& no Sb/Br)
TLC2274AID ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -40to 125 2274Al E
& no Sb/Br)
TLC2274AIDR ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -40to 125 2274Al E
& no Sb/Br)
TLC2274AIN ACTIVE PDIP N 14 25 Green (RoHS NIPDAU N / A for Pkg Type -40to0 125 TLC2274AIN i
& no Sb/Br) P
TLC2274AIPW ACTIVE TSSOP PW 14 90 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -40to 125 Y2274A Samples
& no Sb/Br)
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
(1) Drawing Qty (@) (6) 3 (4/5)
TLC2274AIPWR ACTIVE TSSOP PW 14 2000 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -40to 125 Y2274A E
& no Sb/Br)
TLC2274AIPWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -40to 125 Y2274A E
& no Sb/Br)
TLC2274AMD ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -55to0 125 2274AM E
& no Sb/Br)
TLC2274AMDG4 ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM 2274AM T
& no Sb/Br) P
TLC2274AMDRG4 ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM 2274AM E
& no Sb/Br)
TLC2274AQD ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -40to 125 TLC2274A
& no Sb/Br) E
TLC2274AQDG4 ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM PJ2274A
& no Sb/Br) E
TLC2274AQDR ACTIVE SOIC D 14 2500  Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -40to 125 TLC2274A
& no Sb/Br) E
TLC2274AQDRG4 ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM PJ2274A
TLC2274CD ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM TLC2274C e
& no Sb/Br) P
TLC2274CDG4 ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM TLC2274C E
& no Sb/Br)
TLC2274CDR ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM TLC2274C E
& no Sb/Br)
TLC2274CN ACTIVE PDIP N 14 25 Green (RoHS NIPDAU N / A for Pkg Type TLC2274CN E
& no Sb/Br)
TLC2274CNE4 ACTIVE PDIP N 14 25 Green (RoHS NIPDAU N / A for Pkg Type TLC2274CN e
& no Sb/Br) P
TLC2274CNSR ACTIVE SO NS 14 2000  Green (RoHS NIPDAU Level-1-260C-UNLIM TLC2274 E
& no Sb/Br)
TLC2274CPW ACTIVE TSSOP PW 14 90 Green (RoHS NIPDAU Level-1-260C-UNLIM P2274 E
& no Sb/Br)
TLC2274CPWR ACTIVE TSSOP PW 14 2000  Green (RoHS NIPDAU Level-1-260C-UNLIM P2274 i
& no Sb/Br) P
TLC2274I1D ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM TLC22741 Samples
& no Sb/Br)
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
(1) Drawing Qty (@) (6) 3 (4/5)
TLC2274IDG4 ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM TLC22741 E
& no Sb/Br)
TLC2274IDR ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM TLC22741 E
& no Sb/Br)
TLC2274IDRG4 ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM TLC22741 E
& no Sb/Br)
TLC2274IN ACTIVE PDIP N 14 25 Green (RoHS NIPDAU N / A for Pkg Type TLC2274IN E
& no Sb/Br)
TLC2274IPW ACTIVE TSSOP PW 14 90 Green (RoHS NIPDAU Level-1-260C-UNLIM Y2274 E
& no Sb/Br)
TLC2274IPWR ACTIVE TSSOP PW 14 2000  Green (RoHS NIPDAU Level-1-260C-UNLIM Y2274 RITT
& no Sb/Br) P
TLC2274IPWRG4 ACTIVE TSSOP PW 14 2000  Green (RoHS NIPDAU Level-1-260C-UNLIM Y2274
& no Sb/Br) E
TLC2274MD ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -55to0 125 TLC2274M E
& no Sb/Br)
TLC2274MDG4 ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM PJ2274M E
& no Sb/Br)
TLC2274MDR ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -55to0 125 TLC2274M E
& no Sb/Br)
TLC2274MDRG4 ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM PJ2274M E
& no Sb/Br)
TLC2274MN ACTIVE PDIP N 14 25 Pb-Free NIPDAU N / A for Pkg Type -5510 125 TLC2274MN E
(RoHS)
TLC2274QD ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM ~ -40to 125 TLC2274 E
& no Sb/Br)
TLC2274QDG4 ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM TLC2274 E
& no Sb/Br)
TLC2274QDRG4 ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM TLC2274 E
& no Sb/Br)

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.
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@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

®) Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TLC2272, TLC2272A, TLC2272AM, TLC2272M, TLC2274, TLC2274A, TLC2274AM, TLC2274M :
« Catalog: TLC2272A, TLC2272, TLC2274A, TLC2274

« Automotive: TLC2272-Q1, TLC2272A-Q1, TLC2272A-Q1, TLC2272-Q1, TLC2274-Q1, TLC2274A-Q1, TLC2274A-Q1, TLC2274-Q1
« Enhanced Product: TLC2272A-EP, TLC2272A-EP, TLC2274-EP, TLC2274A-EP, TLC2274A-EP, TLC2274-EP

« Military: TLC2272M, TLC2272AM, TLC2274M, TLC2274AM

NOTE: Qualified Version Definitions:

« Catalog - Tl's standard catalog product
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« Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
« Enhanced Product - Supports Defense, Aerospace and Medical Applications

« Military - QML certified for Military and Defense Applications
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A +‘ |<— KO |<—P1—>'
LR g R T
Bo W
'Reel o l
Diameter Cavity *l 20 l*
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O OO O OO O Oj——Sprocket Holes
| |
Q1 i Q2 Q1 i Q2 ﬁ
Q3 : Q4 Q3 : Q4 User Direction of Feed
== ==
Pocket\Qjﬂadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) [ (mm) | (mm) | (mm) [Quadrant
(mm) |W1 (mm)
TLC2272ACDR SOIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
TLC2272ACPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
TLC2272AIDR SOIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
TLC2272AMDR SOIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
TLC2272AMDRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLC2272AQDR SOIC D 8 2500 330.0 12.5 6.4 5.2 21 8.0 12.0 Qi
TLC2272CDR SOIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
TLC2272CPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
TLC2272IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLC2272IPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
TLC2272MDR SOIC D 8 2500 330.0 12.4 6.4 5.2 241 8.0 12.0 Q1
TLC2272QDR SOIC D 8 2500 330.0 125 6.4 5.2 2.1 8.0 12.0 Q1
TLC2272QPWRG4 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
TLC2274ACDR SOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1
TLC2274ACPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLC2274AIDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLC2274AIPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLC2274AQDR SOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1
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Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) [ (mm) | (mm) [ (mm) |Quadrant
(mm) |W1 (mm)

TLC2274CDR SOIC D 14 2500 330.0 16.4 6.5 9.0 241 8.0 | 16.0 Q1
TLC2274CNSR SO NS 14 2000 330.0 16.4 8.2 10.5 2.5 12.0 | 16.0 Q1
TLC2274CPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1

TLC2274IDR SOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 | 16.0 Q1
TLC2274IPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 | 12.0 Q1

TLC2274MDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1

TLC2274MDRG4 SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLC2274QDRG4 SOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 | 16.0 Q1

TAPE AND REEL BOX DIMENSIONS

\9// \/ -
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TLC2272ACDR SOIC D 8 2500 340.5 338.1 20.6
TLC2272ACPWR TSSOP PW 8 2000 367.0 367.0 35.0
TLC2272AIDR SOIC D 8 2500 340.5 338.1 20.6
TLC2272AMDR SOIC D 8 2500 350.0 350.0 43.0
TLC2272AMDRG4 SOIC D 8 2500 350.0 350.0 43.0
TLC2272AQDR SOIC D 8 2500 340.5 338.1 20.6
TLC2272CDR SOIC D 8 2500 340.5 338.1 20.6
TLC2272CPWR TSSOP PW 8 2000 367.0 367.0 35.0
TLC2272IDR SOIC D 8 2500 340.5 338.1 20.6
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TLC2272IPWR TSSOP PW 8 2000 367.0 367.0 35.0
TLC2272MDR SOIC D 8 2500 350.0 350.0 43.0
TLC2272QDR SOIC D 8 2500 340.5 338.1 20.6
TLC2272QPWRG4 TSSOP PW 8 2000 367.0 367.0 35.0
TLC2274ACDR SOIC D 14 2500 333.2 345.9 28.6
TLC2274ACPWR TSSOP PW 14 2000 367.0 367.0 35.0
TLC2274AIDR SOIC D 14 2500 333.2 345.9 28.6
TLC2274AIPWR TSSOP PW 14 2000 367.0 367.0 35.0
TLC2274AQDR SOIC D 14 2500 350.0 350.0 43.0
TLC2274CDR SOIC D 14 2500 333.2 345.9 28.6
TLC2274CNSR SO NS 14 2000 367.0 367.0 38.0
TLC2274CPWR TSSOP PW 14 2000 367.0 367.0 35.0
TLC2274IDR SOIC D 14 2500 333.2 345.9 28.6
TLC2274IPWR TSSOP PW 14 2000 367.0 367.0 35.0
TLC2274MDR SOIC D 14 2500 350.0 350.0 43.0
TLC2274MDRG4 SOIC D 14 2500 350.0 350.0 43.0
TLC2274QDRG4 SOIC D 14 2500 350.0 350.0 43.0
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MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

o I
HAHHHHHH i
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T 0,15 NOM
5,00 7,40
O l Gage Plane [ [ §
Joooooq
1 7
105
A 0,55
015
/ | |0 [ \
v \ | Seating Plane * J—\ / F\L\,
L— 2,00 MAX T 20,10
PINS #x
DI 14 16 20 24
A MAX 10,50 10,50 12,90 15,30
A MN 9,90 9,90 12,30 14,70

4040062/C 03/03

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.
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D (R—PDSO—G14)

PLASTIC SMALL OUTLINE
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NOTES:

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.
Reference JEDEC MS-012 variation AB.

B P

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO-G14)

PLASTIC SMALL OUTLINE

Exumpl(ENE?:rcé)Luyout Sten(ﬂlogp%rsings
12x1,27 14x0,55
r ! — 1227
(O L] O
OO 14";’50 OO r

5,40

REEEE EEITEEE

I/”
L
r\

~~—7

Example
Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

,/ | Example
! * / Solder Mask Opening
! ' (See Note E)
! —ll=—0.07 ]
\ Al Around /
\ /
. Ve
. -
~— - —
4211283-3/E 08/12
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC—-7351 is recommended for alternate designs.
D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC-7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

PW (R—PDS0O—-G14) PLASTIC SMALL OUTLINE

0,30
053] iz 6010 @)
14

TIEE ,

SELE L N T \\£f%9/

19 0,75
A ’
| \ / ; \éﬁ
v i Seating Plane ¢ J_\ ‘ /_L
N /
L 1,20 MAX 82)2 ] [B]0.10 —

4040064-3/G 02/

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0,15 each side.
A Body width does not include interlead flash. Interlead flash shall not exceed 0,25 each side.

E. Falls within JEDEC MO-153
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PACKAGE OUTLINE

DO00SA SOIC - 1.75 mm max height
SMALL OUTLINE INTEGRATED CIRCUIT
SEATING PLANE—_ |
le—————— 228-244 TYP
15.80-6.19) (=004 0.11]C]
PIN 1 ID AREA
6X|.050
. [1.27] — T
S = T %
] — %‘
g 2x .
189-.197 :
[4.81-5.00] 150 |
NOTE 3 [3.81] 1
| ] |
4X (0°-157) ‘
4 i —_— } [ ‘
N 7 5 T |
5 8X .012-.020 i
150-157 ——» [0.31-0.51] —=| .069 MAX
3.81-3.98 '
[NOTE4] |9 [.010[0.25/@ [c[A[B] [1.75]

/

[ i \ \1 005-010 TYP
: / [0.13:0.25]

Z~.\__/‘ 4% (0°-15°) ﬂ~/ - f

SEE DETAIL A

010
[0.25]

'
o urﬁ t .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(.041) = TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

-

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

(S0 wN
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EXAMPLE BOARD LAYOUT
DO00SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
1.55
[1.55] SYMM SEE
; DETAILS
e :
8X (.024) j
[0.6] SYMM
SR I S B ¢
w ! ~— (R.002 ) TYP
o [0.05]
=3 s
6X (.050 ) | |
[1.27]
-~ (213) —— >
[5.4]
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X
SOLDER MASK SOLDER MASK
METAL METAL UNDER
/OPEN'NG OPEN'NG\‘ SOLDER MASK
PR N \‘
I
| I
EXPOSED ‘ !
METAL EXPOSED/ ,,,,,,,,,,, .
4 METAL
.0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DO00SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) j

[0.6]

SYMM
¢

RS ==
| \ (R.002 ) TYP

= (T s e

6X (.050 )

| |
[1.27]
Li (:213) 4J

[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA
PS (R-PDSO-G8) PLASTIC SMALL-OUTLINE PACKAGE

0,51
»‘ — 7 [¢]0,25@
8 5

i ‘

T 0, 15 NOM

560 8.20

500 7,40

Goge Plane _L ~ /

035
0,55

”1

O|O

-

A ey (8

[=]o,10

— 2,00 MAX

4040063/C 03/03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.
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LAND PATTERN DATA

PS (R—PDSO—G8)

PLASTIC SMALL OUTLINE

Example Board Layout
(Note C)

Stencil Openings
(Note D)

»‘ ‘« 6x1,27

OO

—= —— 3x0,55
‘« ox1,27

#
5 EHHﬂ*

/7,40

o

/

A@@ﬁ@

j —

/ Example
Non Soldermask Defined Pad
I o Example
) Pad Geometry
(See Note C)

/T

Example
Non—Solder Mask Opening
(See Note E)

N
1,80
1

\\ —»H« 0,0/ ///’
\ Al Around /
\. P
AN s
~ - -

4212188/A 0911

NOTES: All linear dimensions are in millimeters.

A

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.
D

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC-7525 for other stencil recommendations
Customers should contact their board fabrication site for solder mask tolerances between and around signal pads
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MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN=LINE PACKAGE

0.400 (10,16)

0.015 (0,38)

0.015 (0,38)

[]0.010 (0,25) W]

0.355 (9,02)
8 5
M ™M ™A T
0.260 (6,60)
0.240 (6,10)
° '
p=pay=paygm gy
1 4
0.070 (1,78)
0.045 (1,14)
0.045 (114) o 0.325 (8,26)
0.030 (0,76) (OO?O (0,51) MIN 0.300 (7,62)
/\ T 0.200 (5,08) MAX
! ‘ L Seating Plane
o A
(. 0.125 (3,18) MIN
0.100 (2,54) L 0.430 (10,92) J
MAX
ol 0021 (053)

TGauqe Plane
(0,25) NOM

4040082/E 04/2010

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001 variation BA.
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—-LINE PACKAGE
16 PINS SHOWN
< A > oM NS ™1 44 16 18 20
16 9
- A WX | g'se) | (19:69) | (2557) | (2682
0.745 | 0745 | 0850 | 0.940
D) %Eg?g; ACMNG 1 18.92) | (18,92) | (21,59) | (23.88)
T CJCJC JC I I T o\ \/XFE;X%O(;N AA BB AC AD
w J L 8
0.070 (1,78)
0.045 (1.14)
0.045 (1,14) _
> rom(ms) A\ 0.020 (0,51) MIN %&%% —

| ] \\ 5 0.015 (0,38)
0.200 (5,08) MAX

q f Gauge Plane
o — i Seating Plane
? 0.125 (3,18) MIN 0.010 (0,25) NOM

J 0.430 (10,92) MAX L

(\

0.021 (0,53)
> 0.015 (0,38) 4 N

[]0.010 (0,25) W] / \

\ )

‘\ /’ 14/18 Pin Only

- 20 Pin vendor option @
4040049/E 12/2002
NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
& Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.

Q’ TExas
INSTRUMENTS

www.ti.com



PACKAGE OUTLINE
PWO00SA TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

6.6
%7 SEATING PLANE—_|
PIN 11D [ [oA[cH~{~
\ — 6x[0.65] 3
5| g
—— 31— o
—
]
= - — -
st
J 0.30 —
- o 41 2 MAXL
43 (4 [0.1@ [c[A® [BO | '
NOTE 4
/ [ )
e 0.15) TYP
\SEE DETAIL A (0.15)
GAGE PLANE
f
R o
0°-8 0.05
DETAIL A
TYPICAL

4221848/A 02/2015

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153, variation AA.

W N

[ S

i3 Texas
INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

PWO0008SA

T 8X (1.5) T
8X (0.45) SYMM
] ¢ (R0.05)

! (5.8) ‘

LAND PATTERN EXAMPLE
SCALE:10X

SOLDER MASK:

SOLDER MASK
METAL UNDER
OPENING \ /METAL SOLDER MASK‘\ i OPENING

([ N
1 1
| 1 |I
\ ===/
4% 0.05 MAX $ﬂ_7 0.05 MIN
ALL AROUND ALL AROUND

NON SOLDER MASK

SOLDER MASK
DEFINED

DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4221848/A 02/2015

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWO00SA TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(R0.05) TYP

(o]
X
5
&
.
&
o
o
wn
44&2
<
m

’«

6X (0.67)7 E ! %
T | ~ s

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:10X

4221848/A 02/2015

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated



