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1. T'evikég ITAnpo@opisg

To epyaoctipro HAektpovikng II, eivor pabnpo tov tetdprov e&ounvov kot
Jledyetonr 0TOV €PYOSTNPIOKO YMPO OMEVOVIL OO TNV YPOUHOTEID TG GYOANG,
dNiaodmn otov id1o xdpo mov de&ayoviay kot 1o epyactiplo g Hiektpovikng 1.

To epyaocmplo de€dyeton oe opdodeg tTwv dVO ATOP®YV, Kol kdBe opddo Oa
EKTIOVIOEL GUVOAIKA TTEVTE EpYyaoTnplaKés aoknoels. Kabe opdada Ba mpocépyeton yia
eknoévnon doknong, kdbe devtepn €fOOUASH GUUPOVO LE TO TPOYPOLLO TOV £XEL
avakowmdel. T To akadnuaikd €tog 2009-2010, ta gpyastipla Bo apyicovv amod
v Aevtépa 1" Maprtiov.

Etvol mpogavéc 0Tt Y100 vao GUUUETAGYEL KATO10G HE 0EIMOELS OTNV dleEaywyn
T0v gpyaotnpiov Hiektpovikng I, Oa mpémet vo £xel GOUUETAGYEL LE GYETIKN EMTVYIOL
oV deEaywyn tov gpyoaotnpiov Hiektpovikng I, dote va yvopiler tov tpdmo
oLVOEDNC TOV GTOLXELMV, AEITOVPYIN TOV YEVVITPLOV KOl TOV TOALOYPAPOV KOOMDG Kot
NV €V YEVEL AOYIKN TOL €PYOOTNPLOKOV eEOMAMGHOV. e Kdbe mepintmon O6molog dev
yvopilel Ta Tapondve, Bo Tpénet vo KoTaPAAEl CNUOVTIKO KOO, TPV TNV apYN TOV
EPYOOTNPIOV, MGTE VO SL0PACEL TO AVTIGTOLY EYXEPION YPNONG KO VO KATOTOMIGTEL
KatéAnAa. EwddAlmg Oev Oo elval €piktd Yoo owtOV va. SlEVEPYNOEL NG
EPYACTNPLOKES AOKNOELC.

2. Ilpogpyoacio Epyaotnprok®v AckKicemv

Ot poumtég mov Ba mTPoGEpyovial GTo £pyOoTNPLO Yoo TV degaywyn g
EPYOOTNPLOKNG AOKNOMG €ival LIOXPEMUEVOL Vo £XOVV HEAETNGEL TNV (GKNOTN 7O
pv. Oa TPEMEL Vo £Y0VV HEAETNOEL To KUKAGMOTA Tov Ba vAomomcovv. Enelon to
gpyaomplo HAektpovikng II, €xst vo kdver pe v ypnomn OAOKANPOUEVODV
KUKAOUATOV Ol POITNTEG TTPEMEL Amd TO OTiTL TOVG va. £xovv dafdoet To datasheets
TOV avVTIGTOY®V OAOKANPOUEVEOY TOL Ba ¥PNOHOTOMGOLV MOOTE Vo, EEPOLV  TL
Aertovpyleg avtd emtedel, OO TOSAPAKL TOL OAOKANPOUEVOD OVTIGTOLEL GE TOLOV
aKPOOEKTN TOL KUKADUATOG, Tt TPEMEL VO cuVOEDEl Tov Ko yloti, K.0.K. Xg avtifetn
mepintwon dgv Bo gtdoel o ypovog yia va PBpebel avt) 1 TAnpogopio Katd TNV
OLIPKELDL EKTOVNONG TOV EPYACTNPIOL Kol EMIONG VO QTIOYTOVV TO. KUKADUOTO TOV
nmpoPrémovion kot va, AneBoHv ot arapaitnTeg LETPNOELC.

Eniong Ba mpénel va €xete mpoeTolndost 10 Bempntikd KOpPATL TG ACKNOoNG,
010 omoio &v dvvauel Bo e£etaleote, CUUPOVA PE OVTA TTOL TEPLYPAPOVIOL GTO
eddoo 3. Katdémv mopatnpnoemv mTOAADV QOUTNTOV TOL GCULUUETEIYOV OTO
epyaotnpo HAextpovikng I (6t dev éxovv dwPdoer ta aviictoryo Osmpnrtikd
pobnuoata oto omoion PacileTor 1o €pyaocTNPlo, Kot yuo. avtd eV UTOPOVGHV VO
Katovonoovv TV ovtiotoyn Oewpntikn onuocio ™G), TPOCOOPIcANE  TO
EKTTALOEVTIKO VKO KO TNG TNYEG TOV DOTE VAL £PYECTE TPOETOYOUCUEVOL KATAAANAQ
ota gpyootplan (e6apo 3). To vAkd avtd mpoépyetor gite amd to PiAio TOL
poonuatog tov Pnewokedv Hiektpovikdv mov dwwdoketon oto I' e€dunvo 1 omd
ereyUéveg TYEG TOL O1001KTVOV. AVTO TO LAMKO Oa diveTon Kot Gov TopapTNUHO GTO
TEAOG 0VTOD TOL 00MYOV Yl OGOVG amd €0dG dev €xete cvvey] TPOGPOCT GTO
dradikTvo.



10 chyypappo Tov Bo Tpounbevteite 6To TEAOG KAOE EPYOSTNPLOUKNG AGKNOMG
vdpyovv to datasheets twv meplGoOTEPOV Amd TO. OAOKANpWUEVO TOL B
YPNOUYLOTOUCETE OTA TANIGLO TOV EPYOSTNPLOKADV OCGKNCEDV. YTAPYOLV OUMG Kol
dAAa Tov av kot Bo ypelaoteite dev vdpyovy péca o6To cvYypoupa. Avtd o tao
Bpeite moAD edkoAa kdvovtag o avaltnong oto dwadiktvo (. pécm google), ue
Opovg avalnTnong Tov THTO TOL OAOKANPOUEVOL KUKADUOTOS , 0KOAOVOOVUEVO OO
v AéEn datasheet. ILy. yio to ypovioth (timer) 555, mov OT®G OVAPEPETAL GTNV
EPYOOTNPLOKY AOKNON S, ¥pMoipomoteitor HéEcm tov oAokAnpouévor LMSSS, apkel
va ypdwyoovpe cav 6po avalnmmong to “LMS55 datasheet”. Aoyikd to datasheet mov
yayvetor Bo PBploketor ot TpOTES €MAOYEC. Xto. TAOiICIL TOL &V AOY® 001 YOV
«Merétng kar ekndvnong Epyaoctnpiov Hiektpovikng Il», Ba yiver mpoondBeia dote
010 TéAOG TOL VO vmdpyovv To. datasheets dAwv TV oAokAnpopévov mov Oa
YPELOCTEITE.

Eivon moAd XHMANTIKO, vo é£yete pelemoet 1o datasheet twv
OAOKANpOUEVOV KABE doKNONG T TPV, MOTE Vo EEPETE GE TL OVTIOTOLYEL O KAOE
OKPOJEKTNG TOL OAOKANPOUEVOL KOl VO WTOPEGETE VO PTIAEETE £0TM TO KUKADLOTOL
TOV gpyaotnplok®v acknoewv. Ta ev Adyw datasheet, dev elvar avdykn vo ta
dwpdalete 010 GUVOAO TOVG. ATAG Vo ToUpvETOL UOVO TNG OTOPOLTNTEG TANPOPOPIES
Y. 0VTA TTOL avaEEpOnKkay To WAV ®OCTE Vo umopeite va oviamokpileite otng
aVAYKEG TOL £pYACTNPIOL CVUP®VA e Ta (nTovueva o€ KABE doKn oM.

3. Awoaktiko Yiko Ilpogpyaciog ava Epyactnpraxi) Acknon

H gpyastnpokn daoxknon 1, mepiéyel kukAopota mov  mepthappdvovv
TeELeOTIKOVG evioyvtéc. OAeg g amapaitnteg mAnpoeopieg mov Ha ypelacteite 1660
Yo ToL TPOKTIKA 650 Yo To BepnTikd (NTHHOTO TOV EPYUCTNPIOL TOV APOPOVY TOVG
TELECTIKOVG EVIOYLTEG, Ba NG Ppeite ota axoiovBa dvo links:

http://en.wikipedia.org/wiki/Operational _amplifier
http://en.wikipedia.org/wiki/Operational amplifier_applications

Ye oavtd to links, &€nyovvtor gOvkoAo Kol KotavonTd OAM OGO  OTOTOVVTOL.
Teheotikovg evioyvtég €xete 0waybel kol oe pobnuota Tponyoduevev eSounvov
OmOTE  TPOPOVAOG OCOG KOADTTOLV KOl  TO  OVIIOTOU(O.  GLYYPAUUATO OV
ypnowonomoate ce ovtd to padnpota. Qo ypelaotel emiong vo peletnoate Ta
datasheets Tov olokinpopévov LF411 kot 741 mwov ypnoiponoodvtal 6To TACicLo

G GOKNOMG.


http://en.wikipedia.org/wiki/Operational_amplifier
http://en.wikipedia.org/wiki/Operational_amplifier_applications

H gpyaostnproxi doknon 2, mepiéyel KUKAGUOTO TOV TEPIAAUPAVOVY YNOLOKES
TOAEC, TalovTTéG dakTuAMOV (ring oscillators), mbAeg TTL, modec CMOS kot TOAEG
CMOS 1p1dv Kotaotdoemv. ATd dmoyn VAIKOL Tov TPENEL Vo, LEAETNOETE givarl 1
mAéov ekteViG. Avtd Ouwg o to Ppeite pUmpooTd COC POV KOl Ol VTOAOUTEG
EPYAOTNPLOKEG OOKNGES oTnpilovTal o€ aTég TG YVOoeELS. 'ETot edv kataldaPete g
Baocucéc évvoleg anTng TG Aoknong Ba &xete Eva TOAD KAAO £pAS10 Y10 TNV CUVEXELN
TOV £PYOTNPioL Kot AydTEPO SLAPAGHO GTNG EMOUEVEG EPYACTNPLOKEG CKNGELG.

Avtd mov Ba ypelootel va peletioete elval Ta avtiotolya €ddeia ard to PiAio
0V podnuatog tov Yneakov Hiektpovikdv tov I' eEapunvov. Ze oyéon pe to Pipiio
Tov K. Aovmn yw ta. Ynoewokd Hiektpovikd, Oa mpémel va peletnoete g oeiideg 23
g 38 kot 59 fwg 63. t0 ev AMdyw PipAio pmopel va Ppebel oty niextpovikn
dtevbuvon:

http://aiolos.cti.gr/gr/faculty/psifil/

Kol Ol GEMOEG TOV AVAPEPOVTOL TTO TAV® TPOG PEAETT) AVIIKOLV GTO KEPAAaLa 2 Ko 3
avtiotoya. [ToAAEG kol ypNOUES TANPOQOPIES GYETIKA Ue NG AOYIKEG TOAEC, TNG
TOAEG TPUOV KOTAGTACEMV K.0.K, TOVG TOAAVTMTEG OOKTLAIOL K.0. pmopeite vo Ppeite
KOl 0TNG OKOAOLOEG 16TOGEMDEG:

http://en.wikipedia.org/wiki/Logic_gate
http://en.wikipedia.org/wiki/Ring_oscillator

[Ipopavog pmopeite vo YPNGULOTOUGETE KOl GUYYPAULATO TOV EYXETE TAPEL OO TNV
OYOAY] Kol KOAOTTTOUV To mopoamdve Oepoatikd avtikeipeva. Oa ypelootel emiong va
ueretnoate to datasheets twv ohoxkinpopévov 74LS00, 74HCO00, ko CD4007 mov
YPNOLOTOLOVVTOL GTO TAAIGIO TG ACKNONG.

H gpyaotnproxi) doxknon 3, mepiéyel KUKAGUHOTO TOL TEPIAAUPAVOLY GTOLYEIN
amobrkevong onwg latches, flip-flop tomov D, T kot J-K. Avtd mov Ba ypelaotel va
dwpdoete Ko va EEpete ywo TV ekmdvnomn Tov gpyactnpiov, Ppiokovtar ong
aKolovOeg 16T0GEMOES

http://en.wikipedia.org/wiki/Latch_(electronics)
http://en.wikipedia.org/wiki/Flip-flop (electronics)

[Ipopavmg pmopeite vo YpMOLULOTOGETE KOl GUYYPAULOTO TOV EXETE TAPEL OO TNV
oYOA] Ko KoAVTTouV To Topomdve Bepatikd aviikeipeva. Oo ypelootel eniong va
ueketnoate to datasheets twv oloxAnpopéveov 74HCO00, 74HC74, 74LS112,
74HC175, xou 74HCO8 wov ypnoipomotodvtal ota TAAIGLO TG ACKNOTG.


http://aiolos.cti.gr/gr/faculty/psifil/
http://en.wikipedia.org/wiki/Logic_gate
http://en.wikipedia.org/wiki/Ring_oscillator
http://en.wikipedia.org/wiki/Latch_(electronics)
http://en.wikipedia.org/wiki/Flip-flop_(electronics)

H gpyoomnproxn doxknon 4, dwmpoaypatedetor v dacHvOoesn AOYIK®OV
TUA®V 1010V Kol OPOPETIKAOV OIKOYEVELDV T.Y. dlacvvdeon mulmv CMOS kol TTL.
Ye aut Vv Goknon &ival anapoitmto vo yvopilete avtd mov avaeépinkav oty
gpyaotnplokn doknon 2 yu g moieg TTL kou moeg CMOS onradn| amd to Biffiio
0V pobnuatog twv Ynelokov Hiektpovik®v tov K. Awodmn g oelideg 23 €wg 38
Kol 59 ém¢ 63. Tov avKovv oTa KEPAAaLa 2 Kot 3 avTioTotya.

To pévo véo woppdtt mov Bo mpémer vo HEAETNOETE €€l VO KAVEL e TO
avtioctoyo 4° kepdroio Tov idov Pifriov mov aPopd akpiPdc ™V SrocHvdeon
AOYIKOV TUADV SLOPOPETIKMY owkoyeveldv. 'Etol mpémel va dwofdoete g oerideg
91-95 amd to avtioTory o TETOPTO KEPAALO.

®a ypewotel emiong va peketioate to. datasheets towv olokAnpopévev
74LS00, 74HCO00, 74HCTO00, 74LS04, 74HCO04, CD4001B o1 CD400, mov
YPNOLOTOLOVVTOL GTO TGO TG AOKNONG.

H sgpyoomnpuokn doknoen 5, mepiéyel KukAopota 7mov  meptlopfdvouv
oKavooMoTéC Schmitt trigger Kot KLKAGUOTO ¥pOVIGT®V. [0 TOV GKOVOOAIGTY|
Schmitt trigger, umopeite va dwPdoete apketd mpdypo and g cerideg 69-70 tov
BpAiov tov k. Awovmn yia ta Ynoerokd HAiextpovikd xabod¢ emiong ko amd v
aKoAlovOn wotocEAdA:

http://en.wikipedia.org/wiki/Schmitt trigger

Ocov agopd tov ypoviotn 555, VAMKO TPOog HEAETN VLIAPYEL OTNG TAPOKAT®
1OTOGEAIOEC:

http://en.wikipedia.org/wiki/555_timer IC
http://www.doctronics.co.uk/555.htm

[Ipopavmg pmopeite vo ¥pNGILOTOMGETE KOl GLYYPALLLATO TOV EXETE TAPEL AT
TNV GYOA KOl KAAVTTTOLV TO Tapoamdve Bepatikd avtikeipeva. o ypelaotel emiong
va peretnoate ta datasheets Twv olokinpopévov 74HC14, LMSSS, 7400, 74LS00,
74AS00, 74ALS00, 74HCO00, 74AC00, 74LS04, CD4007, CD4001B ka1 CD4050B,
TOV YPNOLLOTOOVVTOL GTO, TAOIGLO TG AGKNOT|G.


http://en.wikipedia.org/wiki/Schmitt_trigger
http://en.wikipedia.org/wiki/555_timer_IC
http://www.doctronics.co.uk/555.htm

4. Exno1ogutiké Aoyiopiko E€opoimong Epyoctnprok®v Ackincemy

Y10 mAaiolo tov gpyactnpiov Ba 600oHV 00N yieg Yoo TNV ¥PNONG EKTOOEVTIKOD
AOYIOUIKOV Y10 TNV €E0UOIMON TOV EPYUCTNPIOKAOV OCKNGEMY GE LVTOAOYIGTN KOT
oikov. Avto Bo umopeite va o ypnolonoleite TO60 6To Omitt Yia e£A0KN 0T, KAODG
eMioNg Kot Yoo TV TEPITTO®ON OOV 6T TAAIGIO TOL €PYACTNPION KATOLOL OO €GOS
dgv TPOAGPouV vo EKTEAEGOVY OAEG TNG TEWPOUOATIKEG OLOTAEELG KO VO TTOPOVV OAEC
m¢ petpnoels. O tpdémog a&lomoinong avtg ™G TPokKTiKAg Bo avaeepbel oTo
gpyaotnplo aote vo eEacealiotel 0Tt dev Ba vTdpyel TepinT®on OTOV o opdoa Oa
TAPEL ATAL TO KUKADUOTO KoL THG LETPNOELS Omd KAmoto GAAN opddaL.

To eKmodeLTIKO AOYICUIKO 7OV GLVIGTATOL OV YPNOLUOTOUW|CETE Elvol TO
“PSpice 9.1 Student Version”, ywo 10 omoio o kdtw Oa avagepbel o cLYKEKPUEVO
otoyeio Oa mpémer vo ypnoyomoleiton Yoo kéBe €vo amd TO OAOKANPOUEVA
KUKAMLLOTO TTOV PNGLOTOLOVVTOL GTO TAAICLO TOV EPYAUCTNPLOKMV OCKGEMV.

To “PSpice 9.1 Student Version”, pumopeite va 10 Katefdoete amd kdmowo and
T 600 akdAovBa links:

http://www.electronics-lab.com/downloads/schematic/013/
http://www.electronics-lab.com/downloads/cnt/fclick.php?fid=513

['a v ypnon tov “PSpice 9.1 Student Version”, Ba Bpeite évav 1epdotio dyko
TAnpoeoptdv oto dadiktvo. Kotéomv avalnmong oto dwdiktvo, PBprikape OtTL
VILApyEL EEAPETIKO EAANVIKO EKTTOOEVTIKO VDAIKO SopOp®V GLVAOEAP®V Tov Bo cog
BonBnoovv va pdbete edkoha kol ypnyopo 1o €v AOY® epyoieio. Avtd 10
EKTOOEVTIKO DAIKO PBpiokeTon 6TNG akOA0VOES 10TOGEMOEG:

http://www.ellab.physics.upatras.gr/content/view/162/2/lang.ereek/
http://vergina.eng.auth.gr/kontoleon/Page-SPE.htm
http://vergina.eng.auth.gr/kontoleon/Page-SPD.htm

[MopdAinio 6TV TPOCOMIKY 16TOGEAA TOL dddokovta X. Miyyoni, vdpyet
OTTIKOOKOVOTIKO VAKO ( video-tutorials) yio Tov TpOTO ¥pONG TOL GLYKEKPLUEVOL
gpyareiov oe xukhopato visi. O tpdmog Aettovpyiag tov gpyaieiov eivar idrog ko
anmAd eoelg o Tpémetl va eMAEYETE TO KATAAANAQ EEAPTILLOTA Y10 TO KUKADLOTO GOGC.

http://www.vlsi.ece.upatras.gr/~michail/vlsi/vlsi2.htm

Emiong moAd katatomiotikd, eivol Kot To akoAovba dV0 160 YmYIKA KElpEVQ
otV xpnon tov “PSpice 9.1 Student Version”.

www.ee.sharif.ir/~zandi/PSpice Handbook.pdf
http://userweb.elec.gla.ac.uk/j/jdavies/orcad/spiceintro.pdf
http://denethor.wlu.ca/PSpice/pspice_tutorial. htmI#HI



http://www.electronics-lab.com/downloads/schematic/013/
http://www.electronics-lab.com/downloads/cnt/fclick.php?fid=513
http://www.ellab.physics.upatras.gr/content/view/162/2/lang,greek/
http://vergina.eng.auth.gr/kontoleon/Page-SPE.htm
http://vergina.eng.auth.gr/kontoleon/Page-SPD.htm
http://www.vlsi.ece.upatras.gr/%7Emichail/vlsi/vlsi2.htm
http://www.ee.sharif.ir/%7Ezandi/PSpice_Handbook.pdf
http://userweb.elec.gla.ac.uk/j/jdavies/orcad/spiceintro.pdf
http://denethor.wlu.ca/PSpice/pspice_tutorial.html#HI

EmumAéov exkmadentikd vikd yia v ypnon tov “PSpice 9.1 Student Version”,
umopeite va Bpeite kot otng akOAoLOeg 16T0GEAIdES, TG omoieg eAéyEape Kol TO
VILAPYOV VAIKO eivar TOAD vymAoy emmédoL:

http://www.ee.nmt.edu/~rison/ee321_fall02/Tutorial.html
http://cobweb.ecn.purdue.edu/~ee255/lecturesupp_files/PSpice-Tutorial.pdf
http://www.engr.colostate.edu/ECE562/Pspicetutorial.pdf
http://www.uta.edu/ec/hw/pspice/
http://ewh.ieee.org/soc/es/Nov1999/02/BEGIN.HTM

[Two xdtm Ba Ppeite g aviiotoryieg HeTaED TV oTOXEI®V KABE EPYUGTNPLOKNG
doknomng kol Tov avtictolyov otoyeiov mov Ba mpémer va ypnowonombel and ta
dwBéoya oto “PSpice 9.1 Student Version”, dcte vo pmopeite evkola Kot ypryopa
V0. VAOTIOLEIGTE TOL OOUTOVUEVO KUKADLOLTOL.

AXKHXH 1
OAOKAHPQMENO EPTAXTHPIOY | MONTEAO TOY SPICE
OPAMP LF411 LF411
OPAMP LM 741CN uA741
Poootdtng R var
AXKHXH 2
OAOKAHPQMENO EPTAXTHPIOY | MONTEAO TOY SPICE
SN74LS00 7400
SN74HC00 7400
D1N4148 D1N4148
CD4007 Xpnowonomoate to MOSFET
Tpoaviiotopg MbreakN3D ko
MbreakP3D ywo va opyovooete
oLVVOESHOAOYID TOV amarTEiTAL

AXKHXH 3
OAOKAHPQMENO EPTAXTHPIOY | MONTEAO TOY SPICE
SN74HC00 7400
SN74HC74 7474
SN74LS112 74111
SN74HCO08 7408
SN74HC175 74175



http://www.ee.nmt.edu/%7Erison/ee321_fall02/Tutorial.html
http://cobweb.ecn.purdue.edu/%7Eee255/lecturesupp_files/PSpice-Tutorial.pdf
http://www.engr.colostate.edu/ECE562/Pspicetutorial.pdf
http://www.uta.edu/ee/hw/pspice/
http://ewh.ieee.org/soc/es/Nov1999/02/BEGIN.HTM

AXKH2H 4

OAOKAHPQMENO EPTAXTHPIOY | MONTEAO TOY SPICE
SN74LS00 7400

SN74HC00 7400

D1N4148 D1N4148

SN74HCO08 7408

SN74LS04 7404

SN74HC04 7404

CD4050B 7433 1 7402

AXKHXH 5

OAOKAHPOQMENO EPTAXTHPIOY | MONTEAO TOY SPICE

SN74HC00 7400

SN74HC14 7414

Zener Diode DIN750 'H 1N4370A

LMS555 555D

SN74LS00 7400

SN74HC00 7400

CD4050B 7433 1 7402

CD4001B 7433 1 7402

CD4007 Xpnowonomoate to MOSFET
Tpaviiotopg MbreakN3D kot
MbreakP3D ywa vo opyovdoete
GULVOEGUOAOYIO TOV OTOLTEITOL

I

2mv nepintoon mov eicdyete Flip-Flop oto schematics yio va mpaypatorom0el n
eCopoimon Bécate TV apyIK| TOLS KOTAGTOCT MG AKOAOVOMG:

Analysis->Digital Setup ko emidéyete> Flip-Flop Initialization All 1 Default A/D
interface ->Level

Kotémy 6Awv avtdv mov £xovv avaeepbel mo mhveo Bempodpe 0Tt TAEOV €xeTe
OA0L TO. oapoUTNTO EPOJLN, OVEEAPTNTMOSC TOV LOONUATOV TPONYOOLUEVOV EEQUNVOV
mov €yete N Oev &xete dwPdoel, OOTE VO EKTEAEGETE COOTH TNG EPYUCTNPLOKES
00K OELS KOTOVODVTAG Kol TO avtioToryo Oempntikd vrdPabdpo.

YaG eVYOUOOTE KOAN EMLTUYI. . .

O1 AddokovTeg

Ap. XapdAapmog Miyoni
Ap. DdTI0g ['KtovAékoag
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Operational amplifier

From Wikipedia, the free encyclopedia

An operational amplifier, which is often called an
op-amp, is a DC-coupled high-gain electronic
voltage amp lifier with a differential input and,
usually, a single-ended output.[l] An op-amp
produces an output voltage that is typically millions
of times larger than the voltage difference between
its input terminals.

Typically the op-amp's very large gain is controlled o
by negative feedback, which largely determines the s 0 s 0] ,6,("3,',, 4k

magnitude of its output ("closed-loop") voltage gain Various op-amp ICs in eight-pin dual in-line packages
in amp lifier applications, or the transfer function ("DIPs")

required (in analog computers). Without negative

feedback, and perhaps with positive feedback for

regeneration, an op-amp essentially acts as a comparator. High input impedance at the input terminals (ideally
infinite) and low output impedance at the output terminal(s) (ideally zero) are important typical characteristics.

Op-amps are among the most widely used electronic devices today, being used in a vast array of consumer,
industrial, and scientific devices. M any standard IC op-amps cost only a few cents in moderate production
volume; however some integrated or hybrid operational amplifiers with special performance specifications may
cost over $100 US in small quantities. Op-amps sometimes come in the form of macroscopic components, (see
photo) or as integrated circuit cells; patterns that can be reprinted several times on one chip as part of a more
comp lex device.

The op-amp is one type of differential amplifier. Other types of differential amp lifier include the fully
differential amplifier (similar to the op-amp, but with two outputs), the instrumentation amp lifier (usually built
from three op-amps), the isolation amp lifier (similar to the instrumentation amp lifier, but which works fine with
common-mode voltages that would destroy an ordinary op-amp), and negative feedback amplifier (usually built
from one or more op-amps and a resistive feedback network).
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The circuit symbol for an op-amp is shown to the right, where:

» |/ : non-inverting input

® 1/ :inverting input

m |/ . output

m 5, : positive power supply
m |5 :negative power supply

The power supply pins (Vg and Vg ) can be labeled in different ways (See IC

Vout

Vs_

Circuit diagram symbol
for an op-amp

power supply pins). Despite different labeling, the function remains the same — to
provide additional power for amp lification of signal. Often these pins are left out of
the diagram for clarity, and the power configuration is described or assumed from the circuit.

Operation

The amplifier's differential inputs consist of a /,_ input and a |/ input, and ideally the op-amp amplifies only
the difference in voltage between the two, which is called the differential input voltage. The output voltage of the

op-amp is given by the equation,

1”:;ut, = (‘—1— - 1'—) Gopcn-loop

where V/,_ is the voltage at the non-inverting terminal, |/ is the voltage at the inverting terminal and

Gopen—loop is the open-loop gain of the amplifier. (The term open-loop refers to the absence of a feedback

loop from the output to the input.)

The magnitude of Gopen—loop is typically very large—seldom less

than a million—and therefore even a quite small difference between
V., and /' (a few microvolts or less) will result in amplifier
saturation, where the output voltage goes to either the extreme
maximum or minimum end of its range, which is set approximately
by the power supply voltages. Finley's law states that "When the
inverting and non-inverting inputs of an op-amp are not equal, its
output is in saturation." Additionally, the precise magnitude of

Gopen—loop is not well controlled by the manufacturing process,

and so it is impractical to use an operational amplifier as a
stand-alone differential amplifier. If linear operation is desired,
negative feedback must be used, usually achieved by applyinga
portion of the output voltage to the inverting input. The feedback
enables the output of the amplifier to keep the inputs at or near the
same voltage so that saturation does not occur. Another benefit is
that if much negative feedback is used, the circuit's overall gain and
other parameters become determined more by the feedback network
than by the op-amp itself. If the feedback network is made of
components with relatively constant, predictable, values such as
resistors, capacitors and inductors, the unpredictability and
inconstancy of the op-amp's parameters (typical of semiconductor
devices) do not seriously affect the circuit's performance.

Vin
0 + Vout

With no negative feedback, the
op-amp acts as a switch. The
inverting input is held at ground (0 V)
by the resistor, so if the Vj, applied to
the non-inverting input is positive,
the output will be maximum positive,
and if Vj, is negative, the output will
be maximum negative. Since there is
no feedback from the output to either
input, this is an open loop circuit.
The circuit's gain is just the Gypen-loop
of the op-amp.



If no negative feedback is used, the op-amp functions as a switch or
comparator.

Positive feedback may be used to introduce hysteresis or oscillation.

Returning to a consideration of linear (negative feedback) operation,
the high open-loop gain and low input leakage current of the op-amp
imply two "golden rules" that are highly useful in analysing linear
op-amp circuits.

Golden rules of op-amp negative feedback

If there is negative feedback and if the output is not saturated,

1. both inputs are at the same voltage;
2. no current flows in or out of either input.[2]

These rules are true of the ideal op-amp and for practical purposes
are true of real op-amps unless very high-speed or high-precision
performance is being contemplated (in which case account must be
taken of things such as input capacitance, input bias currents and
voltages, finite speed, and other op-amp imperfections, discussed in
a later section.)

Vin
Vout

Rt
£

Adding negative feedback via R¢
reduces the gain. Equilibrium will be
established when V is just sufficient
to reach around and pull the inverting
input to the same voltage as Vj,. As a
simple example, if V;; =1 Vand R¢=
Rg, Voyue will be 2V, the amount
required to keep V_at 1 V. Because of
the feedback provided by Ry, this is a
closed loop circuit. Its over-all gain
Vout / Vin 1s called the closed-loop
gain Gglosed-lo0p- Because the feedback
is negative, in this case Giosed-loop 18
less than the Gypen-1o0p Of the op-amp.

As a consequence of the first rule, the input impedance of the two inputs will be nearly infinite. That is, even if
the open-loop impedance between the two inputs is low, the closed-loop input impedance will be high because
the inputs will be held at nearly the same voltage. This impedance is considered as infinite for an ideal opamp

and is about one megohm in practice.

Real and Ideal op-amps

Shown on the right is an equivalent circuit model of an
operational amplifier. The main part in the amplifier is the
dependent voltage source that increases in relation to the

voltage across Rin, thus amplifying the voltage difference

between V and |/—.

Supply voltages Vg, and Vg _ are used internally to power
the dependent voltage source. The positive supply Vg, sets
an upper bound on the output, and the negative source Vg _
sets a lower bound on the output.

M ore sophisticated equivalent circuit models can also be
constructed which include things such as input capacitance
and input bias. On the other hand, one can imagine an even

simpler "ideal" op-amp by assuming Rip to be infinite and

Rout = 0.

Equivalent circuit of an operational amplifier.



An ideal op-amp is usually considered to have the following properties, and they are considered to hold for any
input voltages:

® Infinite open-loop gain (i.e., when doing theoretical analysis, limit should be taken as open loop gain

Gopen-loop goes to infinity)

Infinite bandwidth (i.e., the frequency magnitude response is flat everywhere with zero phase shift).
Infinite input impedance (so, in the diagram, ?;;, = 00, and zero current flows from V_ to 1/ )
Zero input current (i.e., there is no leakage or bias current into the device)

Zero input offset voltage (i.e., when the input terminals are shorted so that V. = 1/, the output is a

virtual ground).
® Infinite slew rate (i.e., the rate of change of the output voltage is unbounded) and power bandwidth (full
output voltage and current available at all frequencies).

m Zero output impedance (i.e., Rout = 0, and so output voltage does not vary with output current)

® Zero noise
® Infinite Common-mode rejection ratio (CM RR)
® Infinite Power supply rejection ratio for both power supply rails.

Because of these properties, an op-amp can be modeled as a nullor.
History

1941: First (vacuum tube) op-amp

An op-amp, defined as a general-purpose, DC-coupled, high
gain, inverting feedback amplifier, is first found in US Patent
2,401,779 "Summing Amplifier" filed by Karl D. Swartzel Jr. of ]
Bell labs in 1941. This design used three vacuum tubes to ]\rrl/
achieve a gain of 90dB and operated on voltage rails of £350V. It :
had a single inverting input rather than differential inverting and
non-inverting inputs, as are common in today's op-amps.
Throughout World War II, Swartzel's design proved its value by
being liberally used in the M9 artillery director designed at Bell
Labs. This artillery director worked with the SCR584 radar
system to achieve extraordinary hit rates (near 90%) that would
GAP/R's K2-W: a not have been possible otherwise.l’!

vacuum-tube

op-amp (1953). 1947: First op-amp with an explicit non-inverting
input

ADI's HOS-050: a
high speed hybrid
IC op-amp
(1979).

An op-amp in a
In 1947, the operational amp lifier was first formally defined and named in a paper by modern DIP.
Professor John R. Ragazzini of Columbia University. In this same paper a footnote
mentioned an op-amp design by a student that would turn out to be quite significant.
This op-amp, designed by Loebe Julie, was superior in a variety of ways. It had two major innovations. Its
input stage used a long-tailed triode pair with loads matched to reduce drift in the output and, far more
importantly, it was the first op-amp design to have two inputs (one inverting, the other non-inverting). The
differential input made a whole range of new functionality possible, but it would not be used for a long time due



to the rise of the chopper-stabilized amp lifier.!!
1949: First chopper-stabilized op-amp

In 1949, Edwin A. Goldberg designed a chopper-stabilized op -amp.[5 I This set-up uses a normal op-amp with
an additional AC amp lifier that goes alongside the op-amp. The chopper gets an AC signal from DC by
switching between the DC voltage and ground at a fast rate (60 Hz or 400 Hz). This signal is then amplified,
rectified, filtered and fed into the op-amp's non-inverting input. This vastly improved the gain of the op-amp
while significantly reducing the output drift and DC offset. Unfortunately, any design that used a chopper
couldn't use their non-inverting input for any other purpose. Nevertheless, the much improved characteristics of
the chopper-stabilized op-amp made it the dominant way to use op-amps. Techniques that used the
non-inverting input regularly would not be very popular until the 1960s when op-amp ICs started to show up
in the field.

In 1953, vacuum tube op-amps became commercially available with the release of the model K2-W from George
A. Philbrick Researches, Incorporated. The designation on the devices shown, GAP/R, is a contraction for the
complete company name. Two nine-pin 12AX7 vacuum tubes were mounted in an octal package and had a
model K2-P chopper add-on available that would effectively "use up" the non-inverting input. This op-amp was
based on a descendant of Loebe Julie's 1947 design and, along with its successors, would start the widespread
use of op-amps in industry.

1961: First discrete IC op-amps

With the birth of the transistor in 1947, and the silicon transistor in 1954, the concept of
ICs became a reality. The introduction of the planar process in 1959 made transistors
and ICs stable enough to be commercially useful. By 1961, solid-state, discrete op-amps
were being produced. These op-amps were effectively small circuit boards with
packages such as edge-connectors. They usually had hand-selected resistors in order to
improve things such as voltage offset and drift. The P45 (1961) had a gain of 94 dB and
ran on =15 V rails. It was intended to deal with signals in the range of +10 V.

GAP/R's model
P45: a solid-state,
discrete op-amp
(1961).

1962: First op-amps in potted modules

By 1962, several companies were producing modular potted

packages that could be plugged into printed circuit boards.[¢//¢/0n needed] Thege packages
were crucially important as they made the operational amplifier into a single black box
which could be easily treated as a component in a larger circuit.

1963: First monolithic IC op-amp

GAP/R's model
PP65: a solid-state
op-amp in a
potted module
(1962).

In 1963, the first monolithic IC op-amp, the pA702 designed by Bob Widlar at Fairchild
Semiconductor, was released. M onolithic ICs consist of a single chip as opposed to a
chip and discrete parts (a discrete IC) or multiple chips bonded and connected on a
circuit board (a hybrid IC). Almost all modern op-amps are monolithic ICs; however,
this first IC did not meet with much success. Issues such as an uneven supply voltage,
low gain and a small dynamic range held off the dominance of monolithic op-amps until

1965 when the uA7O9[6] (also designed by Bob Widlar) was released.



1968: Release of the pA741 — would be seen as a nearly ubiquitous chip

The popularity of monolithic op-amps was further improved upon the release of the LM 101 in 1967, which
solved a variety of issues, and the subsequent release of the pA741 in 1968. The pA741 was extremely similar
to the LM 101 except that Fairchild's facilities allowed them to include a 30 pF compensation capacitor inside
the chip instead of requiring external compensation. This simple difference has made the 741 the canonical
op-amp and many modern amps base their pinout on the 741s.The nA741 is still in production, and has become
ubiquitous in electronics—many manufacturers produce a version of this classic chip, recognizable by part
numbers containing 741.

1966: First varactor bridge op-amps

Since the 741, there have been many different directions taken in op-amp design. Varactor bridge op-amps
started to be produced in the late 1960s; they were designed to have extremely small input current and are still
amongst the best op-amps available in terms of common-mode rejection with the ability to correctly deal with
hundreds of volts at their inputs.

1970: First high-speed, low-input current FET design

In the 1970s high speed, low-input current designs started to be made by using FETs. These would be largely
replaced by op-amps made with MOSFETSs in the 1980s. During the 1970s single sided supply op-amps also
became available.

1972: Single sided supply op-amps being produced

A single sided supply op-amp is one where the input and output voltages can be as low as the negative power
supply voltage instead of needing to be at least two volts above it. The result is that it can operate in many
applications with the negative supply pin on the op-amp being connected to the signal ground, thus eliminating
the need for a separate negative power supply.

The LM 324 (released in 1972) was one such op-amp that came in a quad package (four separate op-amps in one
package) and became an industry standard. In addition to packaging multiple op-amps in a single package, the
1970s also saw the birth of op-amps in hybrid packages. These op-amps were generally improved versions of
existing monolithic op-amps. As the properties of monolithic op-amps improved, the more complex hybrid ICs
were quickly relegated to systems that are required to have extremely long service lives or other specialty
systems.

Recent trends
Recently supply voltages in analog circuits have decreased (as they have in digital logic) and low-voltage
opamps have been introduced reflecting this. Supplies of +5V and increasingly 5V are common. To maximize the

signal range modern op-amps commonly have rail-to-rail inputs (the input signals can range from the lowest
supply voltage to the highest) and sometimes rail-to-rail outputs.

Classification of Operational Amplifiers

Op-amps may be classified by their construction:



m discrete (built from individual transistors or tubes/valves)

m |C (fabricated in an Integrated circuit) - most common
® hybrid

IC op-amps may be classified in many ways, including:

® Military, Industrial, or Commercial grade (for example: the LM 301 is the commercial grade version of the
LM 101, the LM 201 is the industrial version). This may define operating temp erature ranges and other
environmental or quality factors.

m Classification by package type may also affect environmental hardiness, as well as manufacturing options;
DIP, and other through-hole packages are tending to be replaced by Surface-mount devices.

m (Classification by internal compensation: op-amps may suffer from high frequency instability in some
negative feedback circuits unless a small compensation capacitor modifies the phase- and frequency-
responses; op-amps with capacitor built in are termed compensated, or perhaps compensated for
closed-loop gains down to (say) 5, others: uncompensated.

m Single, dual and quad versions of many commercial op-amp IC are available, meaning 1, 2 or 4 operational
amp lifiers are included in the same package.

® Rail-to-rail input (and/or output) op-amps can work with input (and/or output) signals very close to the
power supply rails.

® CMOS op-amps (such as the CA3140E) provide extremely high input resistances, higher than
JFET-input op-amps, which are normally higher than bipolar-input op-amps.

m other varieties of op-amp include programmable op-amps (simply meaning the quiescent current, gain,
bandwidth and so on can be adjusted slightly by an external resistor).

® manufacturers often tabulate their op-amps according to purpose, such as low-noise pre-amp lifiers, wide
bandwidth amplifiers, and so on.

Applications

Main article: Operational amplifier applications

—le. W |
Offset N _IJ.'NI Op. Amp. J Not Connected (NC)

Use in electronics system design levertog

The use of op-amps as circuit blocks is much easier and clearer than P
specifying all their individual circuit elements (transistors, resistors,
etc.), whether the amplifiers used are integrated or discrete. In the first
approximation op-amps can be used as if they were ideal differential gain
blocks; at a later stage limits can be placed on the acceptable range of
parameters for each op-amp.

DIP pinout for 741-type
operational amplifier

Circuit design follows the same lines for all electronic circuits. A specification is drawn up governing what the
circuit is required to do, with allowable limits. For example, the gain may be required to be 100 times, with a
tolerance of 5% but drift of less than 1% in a specified temperature range; the input impedance not less than one
megohm; etc.

A basic circuit is designed, often with the help of circuit modeling (on a computer). Specific commercially
available op-amps and other components are then chosen that meet the design criteria within the specified
tolerances at acceptable cost. If not all criteria can be met, the specification may need to be modified.



A prototype is then built and tested; changes to meet or improve the specification, alter functionality, or reduce
the cost, may be made.

Positive feedback configurations

Another typical configuration of op-amps is the positive feedback, which takes a fraction of the output signal
back to the non-inverting input. An important application of it is the comparator with hysteresis (i.e., the
Schmitt trigger).

Basic single stage amplifiers
Non-inverting amplifier

The gain equation for the op-amp is:

r r r V Ot o
Vout = ( + = 1'/—) G0pen-100p - - — Vout

However, in this circuit V_ is a function of Voyt because of M JW
the negative feedback through the R1R2 network. R1 and = R, R,
R? form a voltage divider with reduction factor An op-amp connected in the non-inverting
amplifier configuration
F=_"0
Ri+ Ry

Since the V_ input is a high-impedance input, it does not load the voltage divider appreciably, so:
Vo =F - Vou

Substituting this into the gain equation, we obtain:
Vout = (Vin — F' - Vout) - Gopen-loop

Solving for Vout:

re——)
F + 1/G'opcn-loop

V:)ut = 1/:n .

If Gopen—loop is very large, this simplifies to

V(14 22y

"7 -, R]
= (= vin
/ R,

F R1+R2:

1'im.t -

Inverting amplifier



Because it does not require a differential input, this negative feedback connection was the most typical use of an

op-amp in the days of analog computers.[¢//¢/i0n needed] [t remaing very popular.lcifation needed]

This circuit is easily analysed with the help of the two
"golden rules". Ry

—MW—

Since the non-inverting input is grounded, rule 1 tells us that
the inverting input will also be at ground potential (0 Volts):

VaV, =0 + out

The current through Rjp is then:
L, = I;n/Rm An op-amp connected in the inverting
amplifier configuration
Rule 2 tells us that no current enters the inverting input.

Then, by Kirchoff's current law the current through Rf must be the same as the current through Rin. The

voltage drop across Rfis then given by Ohm's law:

. . R
Vee = Rg- Ii, = 1”inR—f

in
Since V- is zero volts, Vout is just — VR

. . R
1"Ilout. - _VinR_i:;

[7]

® Some Variations:

® A resistor is often inserted between the non-inverting input and ground (so both inputs "see"
similar resistances), reducing the input offset voltage due to different voltage drops due to bias
current, and may reduce distortion in some op-amps.

®m A DC-blocking capacitor may be inserted in series with the input resistor when a frequency
response down to DC is not needed and any DC voltage on the input is unwanted. That is, the
capacitive component of the input impedance inserts a DC zero and a low-frequency pole that gives
the circuit a bandpass or high-pass characteristic.

Other applications

audio- and video-frequency pre-amplifiers and buffers
voltage comparators

differential amp lifiers

differentiators and integrators

filters

precision rectifiers



precision peak detectors
voltage and current regulators
analog calculators
analog-to-digital converters
digital-to-analog converter
voltage clamps

oscillators and waveform generators

M ost single, dual and quad op-amps available have a standardized pin-out which permits one type to be
substituted for another without wiring changes. A specific op-amp may be chosen for its open loop gain,
bandwidth, noise performance, input impedance, power consumption, or a compromise between any of these
factors.

Limitations of real op-amps

Real op-amps differ from the ideal model in various respects.

IC op-amps as implemented in practice are moderately complex integrated circuits; see the internal circuitry for
the relatively simple 741 op-amp below, for example.

DC imperfections

Real operational amplifiers suffer from several non-ideal effects:

Finite gain
Open-loop gain is infinite in the ideal op erational amplifier but finite in real op erational amp lifiers.
Typical devices exhibit open-loop DC gain ranging from 100,000 to over 1 million. So long as the loop
gain (i.e., the product of open-loop and feedback gains) is very large, the circuit gain will be determined
entirely by the amount of negative feedback (i.e., it will be independent of open-loop gain). In cases where
closed-loop gain must be very high, the feedback gain will be very low, and the low feedback gain causes
low loop gain; in these cases, the operational amp lifier will cease to behave ideally.

Finite input impedance
The input impedance of the operational amplifier is defined as the impedance between its two inputs. It is
not the impedance from each input to ground. In the typical high-gain negative-feedback applications, the
feedback ensures that the two inputs sit at the same voltage, and so the impedance between them is made
artificially very high. Hence, this parameter is rarely an important design parameter. Because
MOSFET-input operational amp lifiers often have protection circuits that effectively short circuit any
input differences greater than a small threshold, the input impedance can appear to be very low in some
tests. However, as long as these operational amplifiers are used in a typical high-gain negative feedback
application, these protection circuits will be inactive and the negative feedback will render the input
impedance to be practically infinite. The input bias and leakage currents described below are a more
important design parameter for typical operational amplifier applications.

Non-zero output impedance
Low output impedance is important for low resistance loads; for these loads, the voltage drop across the
output impedance of the amplifier will be significant. Hence, the output impedance of the amp lifier
reflects the maximum power that can be provided. If the output voltage is fed back negatively, the output



impedance of the amplifier is effectively lowered; thus, in linear applications, op-amps usually exhibit a
very low output impedance indeed. Negative feedback can not, however, reduce the limitations that Rjgaq
in conjunction with Rqy¢ place on the maximum and minimum possible output voltages; it can only reduce
output errors within that range.

Low-impedance outputs typically require high quiescent (i.e., idle) current in the output stage and will dissipate
more power. So low-power designs may purposely sacrifice low-impedance outputs.

Input current
Due to biasing requirements or leakage, a small amount of current (typically ~10 nanoamperes for bipolar
op-amps, tens of picoamperes for JFET input stages, and only a few pA for MOSFET input stages)
flows into the inputs. When large resistors or sources with high output impedances are used in the circuit,
these small currents can produce large unmodeled voltage drops. If the input currents are matched and the
imp edance looking out of both inputs are matched, then the voltages produced at each input will be equal.
Because the operational amplifier operates on the difference between its inputs, these matched voltages
will have no effect (unless the operational amplifier has poor CM RR, which is described below). It is
more common for the input currents (or the impedances looking out of each input) to be slightly
mismatched, and so a small offset voltage can be produced. This offset voltage can create offsets or
drifting in the operational amplifier. It can often be nulled externally ; however, many operational
amp lifiers include offset null or balance pins and some procedure for using them to remove this offset.
Some operational amplifiers attempt to nullify this offset automatically.

Input offset voltage
This voltage, which is what is required across the op-amp's input terminals to drive the output voltage to

zero,[81nb 1]

is related to the mismatches in input bias current. In the perfect amplifier, there would be no
input offset voltage. However, it exists in actual op-amps because of imperfections in the differential
amp lifier that constitutes the input stage of the vast majority of these devices. Input offset voltage creates
two problems: First, due to the amplifier's high voltage gain, it virtually assures that the amp lifier output
will go into saturation if it is operated without negative feedback, even when the input terminals are wired
together. Second, in a closed loop, negative feedback configuration, the input offset voltage is amplified
along with the signal and this may pose a problem if high precision DC amplification is required or if the
input signal is very small.["° 2]
Common mode gain
A perfect operational amp lifier amplifies only the voltage difference between its two inputs, comp letely
rejecting all voltages that are common to both. However, the differential input stage of an operational
amp lifier is never perfect, leading to the amplification of these identical voltages to some degree. The
standard measure of this defect is called the common-mode rejection ratio (denoted CM RR).
M inimization of common mode gain is usually important in non-inverting amp lifiers (described below)
that operate at high amplification.
Temperature effects
All parameters change with temperature. Temperature drift of the input offset voltage is especially
important.
Power-supply rejection
The output of a perfect operational amp lifier will be completely independent from ripples that arrive on
its power supply inputs. Every real operational amplifier has a specified power supply rejection ratio
(PSRR) that reflects how well the op-amp can reject changes in its supply voltage. Copious use of bypass



capacitors can improve the PSRR of many devices, including the operational amplifier.

Drift
Real op-amp parameters are subject to slow change over time and with changes in temperature, input
conditions, etc.

AC imperfections

The op-amp gain calculated at DC does not apply at higher frequencies. To a first approximation, the gain of a
typical op-amp is inversely proportional to frequency. This means that an op-amp is characterized by its
gain-bandwidth product. For example, an op-amp with a gain bandwidth product of 1 MHz would have a gain
of 5 at 200 kHz, and a gain of 1 at 1 M Hz. This low-pass characteristic is introduced deliberately, because it
tends to stabilize the circuit by introducing a dominant pole. This is known as frequency compensation.

Typical low cost, general purpose op-amps exhibit a gain bandwidth product of a few megahertz. Specialty and
high speed op-amps can achieve gain bandwidth products of hundreds of megahertz. For very high-frequency
circuits, a comp letely different form of op-amp called the current-feedback operational amplifier is often used.

Other imperfections include:

® Finite bandwidth — all amplifiers have a finite bandwidth. This creates several problems for op amps.
First, associated with the bandwidth limitation is a phase difference between the input signal and the
amp lifier output that can lead to oscillation in some feedback circuits. The internal frequency
compensation used in some op amps to increase the gain or phase margin intentionally reduces the
bandwidth even further to maintain output stability when using a wide variety of feedback networks.
Second, reduced bandwidth results in lower amounts of feedback at higher frequencies, producing higher
distortion, noise, and output impedance and also reduced output phase linearity as the frequency
Increases.

® Input capacitance — most important for high frequency operation because it further reduces the open
loop bandwidth of the amplifier.

® Common mode gain — See DC imperfections, above.

Nonlinear imperfections

® Saturation — output voltage is limited to a minimum and maximum value close to the power supply

["b 3] Saturation occurs when the output of the amplifier reaches this value and is usually due to:

voltages.
® In the case of an op-amp using a bipolar power supply, a voltage gain that produces an output that
is more positive or more negative than that maximum or minimum; or
® |n the case of an op-amp using a single supply voltage, either a voltage gain that produces an output
that is more positive than that maximum, or a signal so close to ground that the amplifier's gain is

not sufficient to raise it above the lower threshold.[ 4]

m Slewing — the amplifier's output voltage reaches its maximum rate of change. M easured as the slew rate,
it is usually specified in volts per microsecond. When slewing occurs, further increases in the input signal
have no effect on the rate of change of the output. Slewing is usually caused by internal capacitances in
the amp lifier, especially those used to implement its frequency compensation.

® Non-linear transfer function — The output voltage may not be accurately proportional to the difference
between the input voltages. It is commonly called distortion when the input signal is a waveform. This



effect will be very small in a practical circuit if substantial negative feedback is used.

Power considerations

® Limited output current — the output current must obviously be finite. In practice, most op-amps are
designed to limit the output current so as not to exceed a specified level — around 25 mA for atype 741
IC op-amp — thus protecting the op-amp and associated circuitry from damage. M odern designs are
electronically more rugged than earlier implementations and some can sustain direct short circuits on their
outputs without damage.

® Limited dissipated power — an op-amp is a linear amplifier. It therefore dissipates some power as heat,
proportional to the output current, and to the difference between the output voltage and the supply
voltage. If the op-amp dissipates too much power, then its temperature will increase above some safe
limit. The op-amp may enter thermal shutdown, or it may be destroyed.

M odern integrated FET or MOSFET op-amps approximate more closely the ideal op-amp than bipolar ICs
when it comes to input impedance and input bias and offset currents. Bipolars are generally better when it
comes to input voltage offset, and often have lower noise. Generally, at room temperature, with a fairly large
signal, and limited bandwidth, FET and M OSFET op-amps now offer better performance.

Internal circuitry of 741 type op-amp

Though designs vary between products and manufacturers, all op-amps have basically the same internal
structure, which consists of three stages:

1. Differential amp lifier —

provides low noise
amp lification, high

input impedance, Non-inverting
. . input
usually a differential

output.

2. Voltage amplifier —
provides high voltage
gain, a single-pole

frequency roll-off, =) -
usually single-ended ) ! Q15 _-,,_{ff‘:'j,: -]
A ] ki

output. ba/| '|’H Q18| i

3. Output amplifier — D :
provides high current ! > m% >0 n§ : .
driving capability, low e S Ry
output impedance, A component level diagram of the common 741 op-amp. Dotted lines outline:
current limiting and current mirrors (red); differential amplifier (blue); class A gain stage (magenta);
short circuit voltage level shifter (green); output stage (cyan).

protection circuitry.

Input stage



Constant-current stabilization system

The input stage DC conditions are stabilized by a high-gain negative feedback system whose main parts are the
two current mirrors on the left of the figure, outlined in red. The main purpose of this negative feedback
system—to supply the differential input stage with a stable constant current—is realized as follows.

The current through the 39 kQ resistor acts as a current reference for the other bias currents used in the chip.
The voltage across the resistor is equal to the voltage across the supply rails (Vs — Vs ) minus two

transistor diode drops (i.e., from Q11 and Q12), and so the current has value
Leg = (Voy — Vs —2Vj,) / (39 k€2). The Widlar current mirror built by Q10, Q11, and the 5 kQ

resistor produces a very small fraction of Irefat the Q10 collector. This small constant current through Q10's

collector supplies the base currents for Q3 and Q4 as well as the Q9 collector current. The Q8/Q9 current mirror
tries to make Q9's collector current the same as the Q3 and Q4 collector currents. Thus Q3 and Q4's combined
base currents (which are of the same order as the overall chip's input currents) will be a small fraction of the
already small Q10 current.

So, if the input stage current increases for any reason, the Q8/Q9 current mirror will draw current away from the
bases of Q3 and Q4, which reduces the input stage current, and vice versa. The feedback loop also isolates the

rest of the circuit from common-mode signals by making the base voltage of Q3/Q4 follow tightly 2V e below
the higher of the two input voltages.

Differential amplifier

The blue outlined section is a differential amplifier. Q1 and Q2 are input emitter followers and together with the
common base pair Q3 and Q4 form the differential input stage. In addition, Q3 and Q4 also act as level shifters
and provide voltage gain to drive the class A amplifier. They also help to increase the reverse Vpe rating on the
input transistors (the emitter-base junctions of the NPN transistors Q1 and Q2 break down at around 7 V but

the PNP transistors Q3 and Q4 have breakdown voltages around 50 \/)[9].

The differential amplifier formed by Q1-Q4 drives a current mirror active load formed by transistors Q5-Q7
(actually, Q6 is the very active load). Q7 increases the accuracy of the current mirror by decreasing the amount
of signal current required from Q3 to drive the bases of Q5 and Q6. This configuration provides differential to
single ended conversion as follows:

The signal current of Q3 is the input to the current mirror while the output of the mirror (the collector of Q6) is
connected to the collector of Q4. Here, the signal currents of Q3 and Q4 are summed. For differential input
signals, the signal currents of Q3 and Q4 are equal and opposite. Thus, the sum is twice the individual signal
currents. This completes the differential to single ended conversion.

The open circuit signal voltage appearing at this point is given by the product of the summed signal currents and
the paralleled collector resistances of Q4 and Q6. Since the collectors of Q4 and Q6 appear as high resistances to
the signal current, the open circuit voltage gain of this stage is very high.

It should be noted that the base current at the inputs is not zero and the effective (differential) input impedance
of a 741 is about 2 M Q. The "offset null" pins may be used to place external resistors in parallel with the two 1
kQ resistors (typically in the form of the two ends of a potentiometer) to adjust the balancing of the Q5/Q6
current mirror and thus indirectly control the output of the op-amp when zero signal is applied between the
inputs.



Class A gain stage

The section outlined in magenta is the class A gain stage. The top-right current mirror Q12/Q13 supplies this
stage by a constant current load, via the collector of Q13, that is largely independent of the output voltage. The
stage consists of two NPN transistors in a Darlington configuration and uses the output side of a current mirror
as its collector load to achieve high gain. The 30 pF capacitor provides frequency selective negative feedback
around the class A gain stage as a means of frequency compensation to stabilise the amplifier in feedback
configurations. This technique is called Miller comp ensation and functions in a similar manner to an op-amp
integrator circuit. It is also known as 'dominant pole compensation' because it introduces a dominant pole (one
which masks the effects of other poles) into the open loop frequency response. This pole can be as low as 10
Hz in a 741 amplifier and it introduces a —3 dB loss into the open loop response at this frequency. This internal
compensation is provided to achieve unconditional stability of the amplifier in negative feedback configurations
where the feedback network is non-reactive and the closed loop gain is unity or higher. Hence, the use of the
operational amp lifier is simplified because no external compensation is required for unity gain stability;

amp lifiers without this internal compensation may require external compensation or closed loop gains
significantly higher than unity.

QOutput bias circuitry

The green outlined section (based around Q16) is a voltage level shifter or rubber diode (i.e., a VBE multiplier); a

type of voltage source. In the circuit as shown, Q16 provides a constant voltage drop between its collector and
emitter regardless of the current through the circuit. If the base current to the transistor is assumed to be zero,
and the voltage between base and emitter (and across the 7.5 kQ resistor) is 0.625 V (a typical value for a BJT in
the active region), then the current through the 4.5 kQ resistor will be the same as that through the 7.5 kQ, and
will produce a voltage of 0.375 V across it. This keeps the voltage across the transistor, and the two resistors at
0.625 + 0.375 =1 V. This serves to bias the two output transistors slightly into conduction reducing crossover
distortion. In some discrete component amplifiers this function is achieved with (usually two) silicon diodes.

Output stage

The output stage (outlined in cyan) is a Class AB push-pull emitter follower (Q14, Q20) amplifier with the bias
set by the Vpe multiplier voltage source Q16 and its base resistors. This stage is effectively driven by the

collectors of Q13 and Q19. Variations in the bias with temperature, or between parts with the same type
number, are common so crossover distortion and quiescent current may be subject to significant variation. The

output range of the amplifier is about one volt less than the supply voltage, owing in part to Vpe of the output
transistors Q14 and Q20.

The 25 Q resistor in the output stage acts as a current sense to provide the output current-limiting function
which limits the current in the emitter follower Q14 to about 25 mA for the 741. Current limiting for the
negative output is done by sensing the voltage across Q19's emitter resistor and using this to reduce the drive
into Q15's base. Later versions of this amplifier schematic may show a slightly different method of output
current limiting, The output resistance is not zero, as it would be in an ideal op-amp, but with negative feedback
it approaches zero at low frequencies.

Note: while the 741 was historically used in audio and other sensitive equipment, such use is now rare because of
the improved noise performance of more modern op-amps. Apart from generating noticeable hiss, 741s and
other older op-amps may have poor common-mode rejection ratios and so will often introduce cable-borne
mains hum and other common-mode interference, such as switch 'clicks’, into sensitive equipment.



The "741" has come to often mean a generic op-amp IC (such as uA741, LM 301, 558, LM 324, TBA221 -ora
more modern replacement such as the TLO71). The description of the 741 output stage is qualitatively similar
for many other designs (that may have quite different input stages), except:

® Some devices (uA748, LM 301, LM 308) are not internally compensated (require an external capacitor
from output to some point within the operational amplifier, if used in low closed-loop gain applications).
® Some modern devices have rail-to-rail output capability (output can be taken to positive or negative
power supply rail within a few millivolts).
See also
® QOperational amp lifier applications
m Differential amp lifier
® [nstrumentation amp lifier
m Active filter
m Current-feedback operational amp lifier
® Operational transconductance amp lifier
® George A. Philbrick
® Analog computer
® Negative feedback amp lifier
Notes

1. ~ This definition hews to the convention of measuring op-amp parameters with respect to the zero voltage
point in the circuit, which is usually half the total voltage between the amplifier's positive and negative power
rails.

2. ™ Many older designs of operational amplifiers have offset null inputs to allow the offset to be manually
adjusted away. Modern precision op-amps can have internal circuits that automatically cancel this offset using
choppers or other circuits that measure the offset voltage periodically and subtract it from the input voltage.

3. ~ That the output cannot reach the power supply voltages is usually the result of limitations of the amplifier's
output stage transistors. See "Output stage," below.

4. " The output of older op-amps can reach to within one or two volts of the supply rails. The output of newer
so-called "rail to rail" op-amps can reach to within millivolts of the supply rails when providing low output
currents.
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/DFL/AdditionalM aterial/Op Amps/M OS Op Amp Tutorial.pdf)
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Operational amplifier applications

From Wikipedia, the free encyclopedia

This article illustrates some typical applications of operational amplifiers. A simplified schematic notation is
used, and the reader is reminded that many details such as device selection and power supply connections are
not shown.
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Practical circuits

It is important to note that the equations shown below, pertaining to each type of circuit, assume that an ideal
op amp is used. Those interested in construction of any of these circuits for practical use should consult a more
detailed reference. See the External links and Further reading sections.

Resistors used in practical solid-state op-amp circuits are typically in the kQ range. Resistors much greater than
1 MQ cause excessive thermal noise and make the circuit operation susceptible to significant errors due to bias
or leakage currents.

Practical operational amp lifiers draw a small current from each of their inputs due to bias requirements and
leakage. These currents flow through the resistances connected to the inputs and produce small voltage drops
across those resistances. In AC signal applications this seldom matters. If high-precision DC operation is
required, however, these voltage drops need to be considered. The design technique is to try to ensure that these
voltage drops are equal for both inputs, and therefore cancel. If these voltage drops are equal and the
common-mode rejection ratio of the operational amp lifier is good, there will be considerable cancellation and
improvement in DC accuracy.

If the input currents into the operational amplifier are equal, to reduce offset voltage the designer must ensure
that the DC resistance looking out of each input is also matched. In general input currents differ, the difference
being called the input offset current, 1,5. M atched external input resistances Rj, will still produce an input
voltage error of Rin-los. Most manufacturers provide a method for tuning the operational amplifier to balance
the input currents (e.g., "offset null" or "balance" pins that can interact with an external voltage source attached
to a potentiometer). Otherwise, a tunable external voltage can be added to one of the inputs in order to balance
out the offset effect. In cases where a design calls for one input to be short-circuited to ground, that short circuit
can be replaced with a variable resistance that can be tuned to mitigate the offset problem.

Note that many operational amplifiers that have M OSFET -based input stages have input leakage currents that
will truly be negligible to most designs.

Power supply effects

Although the power supplies are not shown in the operational amplifier designs below, they can be critical in
operational amp lifier design.

Power supply imperfections (e.g., power signal ripple, non-zero source impedance) may lead to noticeable
deviations from ideal operational amplifier behavior. For example, op erational amplifiers have a specified power
supply rejection ratio that indicates how well the output can reject signals that appear on the power supply
inputs. Power supply inputs are often noisy in large designs because the power supply is used by nearly every
component in the design, and inductance effects prevent current from being instantaneously delivered to every
component at once. As a consequence, when a component requires large injections of current (e.g., a digital
component that is frequently switching from one state to another), nearby components can experience sagging at
their connection to the power supply. This problem can be mitigated with copious use of bypass capacitors
placed connected across each power supply pin and ground. When bursts of current are required by a
component, the component can bypass the power supply by receiving the current directly from the nearby
capacitor (which is then slowly charged by the power supply).

Additionally, current drawn into the operational amplifier from the power supply can be used as inputs to



external circuitry that augment the capabilities of the operational amp lifier. For example, an operational amplifier
may not be fit for a particular high-gain application because its output would be required to generate signals
outside of the safe range generated by the amplifier. In this case, an external push—pull amplifier can be
controlled by the current into and out of the operational amplifier. Thus, the operational amplifier may itself
operate within its factory specified bounds while still allowing the negative feedback path to include a large

output signal well outside of those bounds.!!
Linear circuit applications

Comparator

Main article: Comparator

vi—1
Compares two voltages and switches its output to indicate which voltage is Vi . Vout
larger. -
; ; ) Comparator
.l — Varu Vi >V,
T\ Ve Vi < Vh

(where Vy is the supply voltage and the opamp is powered by + Vg and — V)

Inverting amplifier

An inverting amp lifier uses negative feedback to invert and

amplify a voltage. The Ryresistor allows some of the output

signal to be returned to the input. Since the output is 180°

out of phase, this amount is effectively subtracted from the R

R¢
input, thereby reducing the input into the operational in
>~

amp lifier. This reduces the overall gain of the amplifier and Vin © NV\

—O0

is dubbed negative feedback.’! out
Vot = 22y L
‘out — T ‘in —
Rin

Inverting amplifier
® Zin = Rin (because V' — is a virtual ground)
m A third resistor, of value Rf“ R;, - R¢R;, / ( Ry + Rin)’ added between the non-inverting input and
ground, while not necessary, minimizes errors due to input bias currents.

(3]

The gain of the amplifier is determined by the ratio of Rrto Rj,. That is:

The presence of the negative sign is a convention indicating that the output is inverted. For example, if Rris
10,000 Q and Rjy is 1,000 Q, then the gain would be -10000©/1000Q, which is -10. ]



Non-inverting amplifier

Amplifies a voltage (multiplies by a constant greater than 1)

P 5, I Yin N —° Vout
1"out. - Lin 1 == — >
Ry

YW ———AW

— R1 R,

® Input impedance Z;,, &~ 00
® The input impedance is at least the impedance
between non-inverting ( +) and inverting ( —) Non-inverting amplifier
inputs, which is typically 1 MQ to 10 TQ,
plus the impedance of the path from the inverting ( — ) input to ground (i.e., R] in parallel with

R)).

® Because negative feedback ensures that the non-inverting and inverting inputs match, the input
impedance is actually much higher.

m Although this circuit has a large input impedance, it suffers from error of input bias current.
® The non-inverting ( + ) and inverting ( — ) inputs draw small leakage currents into the operational

amp lifier.
® These input currents generate voltages that act like unmodeled input offsets. These unmodeled
effects can lead to noise on the output (e.g., offsets or drift).
®m Assuming that the two leaking currents are matched, their effect can be mitigated by ensuring the
DC impedance looking out of each input is the same.
® The voltage produced by each bias current is equal to the product of the bias current with the
equivalent DC impedance looking out of each input. M aking those impedances equal makes
the offset voltage at each input equal, and so the non-zero bias currents will have no impact
on the difference between the two inputs.
® A resistor of value

1 1)‘1_ Ry R,

RR, 2 (L4 L) = Ml
IR> (Rl =) =l

which is the equivalent resistance of R in parallel with R2, between the Vin source and the

non-inverting ( + ) input will ensure the impedances looking out of each input will be

matched.

® The matched bias currents will then generate matched offset voltages, and their effect will be
hidden to the operational amplifier (which acts on the difference between its inputs) so long
as the CMRR is good.

® Very often, the input currents are nof matched.
® Most operational amplifiers provide some method of balancing the two input currents (e.g.,
by way of an external potentiometer).
® Alternatively, an external offset can be added to the operational amp lifier input to nullify the
effect.



m Another solution is to insert a variable resistor between the Vjn source and the non-inverting

(t) input. The resistance can be tuned until the offset voltages at each input are matched.

m Operational amplifiers with M OSFET-based input stages have input currents that are so

small that they often can be neglected.

Differential amplifier

Main article: Differential amplifier

The circuit shown is used for finding the difference of two
voltages each multiplied by some constant (determined by
the resistors).

The name "differential amplifier" should not be confused
with the "differentiator”, also shown on this page.

(Re+ Rl)Rg , Ry,
= Vo— =W
Ry

T
/

1"ou -
‘ (Rg + RZ) Rl

m Differential Zjn (between the two input pins) =

R1 + R (Note: this is approximate)

n —0
t
v, >—‘ ou
g

Differential amplifier

For common-mode rejection, anything done to one input must be done to the other. The addition of a
compensation capacitor in parallel with Rf, for instance, must be balanced by an equivalent capacitor in parallel

with Rg.

The "instrumentation amplifier", which is also shown on this page, is another form of differential amplifier that

also provides high input impedance.
Amplified difference

Whenever Ry = Rpand Ry = Ry,

Ri

Vour = A(Vo —V}) and A 2 R_l

Difference amplifier
When Ry = Ryand Ry = Ry:
Voue = Vo =V,

Voltage follower



Used as a buffer amplifier to eliminate loading effects (e.g., connecting a

device with a high source impedance to a device with a low input vV
: in® + V.
imp edance). _ —o Vout
1"I:)ut = 1:n
Z;iy, = 00 (realistically, the differential input impedance of the
op-amp itself, 1 MQto 1 TQ) Voltage follower

Due to the strong (i.e., unity gain) feedback and certain non-ideal

characteristics of real operational amp lifiers, this feedback system is prone to have poor stability margins.
Consequently, the system may be unstable when connected to sufficiently capacitive loads. In these cases, a lag
compensation network (e.g., connecting the load to the voltage follower through a resistor) can be used to restore
stability. The manufacturer data sheet for the operational amplifier may provide guidance for the selection of
components in external compensation networks. Alternatively, another operational amplifier can be chosen that
has more appropriate internal compensation.

Summing amplifier

A summing amp lifer sums several (weighted) voltages:

i W Va V. o— A\ —
Viue = —R n
t f<R1+R2+ +Rn>

]
T

m When Ry = Ry = --- = R,,,and Rf

independent v, ANNA— AAN

Ry ,

Vot =——WVi+Vo+---4+V,
S AURSCASEE A0 WS> L,

« When Ry = Ry = --- = R, = R;

Vour = (Vi + Vo + -+ Va)

Summing amplifier
® Qutput is inverted

® Input impedance of the nth input is Z;; = Ry, (V —is a virtual ground)

Integrator



Integrates the (inverted) signal over time

v, I
, ",in 7
Vout = — / dt + Vinitial R
Jo RC
Vin° M = —o
. . . S o out

(where Vin and Vout are functions of time, Vinitial is the
output voltage of the integrator at time = 0.) 4

® Note that this can also be viewed as a low-pass Integrating amplifier

electronic filter. It is a filter with a single pole at DC
(i.e., where ® = 0) and gain.
m There are several potential problems with this circuit.
m [t is usually assumed that the input Vjp has zero DC component (i.e., has a zero average value).

Otherwise, unless the capacitor is periodically discharged, the output will drift outside of the
operational amp lifier's op erating range.

= Even when Vin has no offset, the leakage or bias currents into the operational amplifier inputs can
add an unexpected offset voltage to Vip that causes the output to drift. Balancing input currents

and replacing the non-inverting ( + ) short-circuit to ground with a resistor with resistance R can

reduce the severity of this problem.
® Because this circuit provides no DC feedback (i.e., the capacitor appears like an open circuit to

signals with ® = 0), the offset of the output may not agree with expectations (i.e., Vinitial may be

out of the designer's control with the present circuit).

Many of these problems can be made less severe by adding a large resistor RF in parallel with the

feedback capacitor. At significantly high frequencies, this resistor will have negligible effect. However, at
low frequencies where there are drift and offset problems, the resistor provides the necessary feedback to
hold the output steady at the correct value. In effect, this resistor reduces the DC gain of the

"integrator" — it goes from infinite to some finite value RF / R.

Differentiator

Differentiates the (inverted) signal over time.

The name "differentiator” should not be confused with _NV\_
the "differential amplifier," which is also shown on C

this page. The former takes a derivative and the latter Vmo—l I — | oV
takes a difference (i.e., does subtraction). This is a + out
circuit that could be used in an analog computer, but

in practice these circuits are difficult to keep stable —
and noise-free, so often the problem can be rearranged Differentiating amplifier
to use an integrator instead.



dVin

Vi = —RC
¢ dt

where Vi, and V,,; are functions of time.

m Note that this can also be viewed as a high-pass electronic filter. It is a filter with a single zero at DC (i.e.,

where ® = 0) and gain.

Instrumentation amplifier

Main article: Instrumentation amplifier

Combines very high input impedance, high common-mode
rejection, low DC offset, and other properties used in
making very accurate, low-noise measurements

® [s made by adding a non-inverting buffer to each input
of the differential amplifier to increase the input
impedance.

Instrumentation amplifier

Schmitt trigger

Main article: Schmitt trigger
A bistable multivibrator imp lemented as a comparator with hysteresis.

In this configuration, the hysteresis curve is non-inverting
(i.e., very negative inputs correspond to a negative output

and very positive inputs correspond to a positive output), —M—
and the switching thresholds are 4 1 Viat Where Vgat is

R Vine—WW + .

the greatest output magnitude of the operational amp lifier. — out

Schmitt trigger with non-inverting hysteretic
switching characteristic



Alternatively, the input and the ground may be swapped. In
this configuration, the hysteresis curve is inverting (i.e.,

very negative inputs correspond to a positive output and —M/\_
vice versa), and the switching thresholds are R1

R .
S L. Vat- Such a configuration is used in the M +
Ry + Ry

relaxation oscillator shown below. — V

—0 Vout

Schmitt trigger with inverting hysteretic
switching characteristic

Relaxation oscillator

Main article: Relaxation oscillator

By using an RC network to add slow negative feedback to
the inverting Schmitt trigger, a relaxation oscillator is
formed. The feedback through the RC network causes the
Schmitt trigger output to oscillate in an endless symmetric
square wave (i.e., the Schmitt trigger in this configuration is
an astable multivibrator).

O

-0 Vout

R
N
YW\ ’VV\:—R

= R

Relaxation oscillator implemented with
inverting Schmitt trigger and RC network

Inductance gyrator



Main article: Gyrator

Simulates an inductor (i.e., provides inductance without the
use of a possibly costly inductor).

Zero level detector

Voltage divider reference

m Zener sets reference voltage

Negative impedance converter (NIC)

Main article: Negative impedance converter

Creates a resistor having a negative value for any signal
generator

® |n this case, the ratio between the input voltage and
the input current (thus the input resistance) is given
by:

R,
Rin= Ry
3R2

In general, the components R1, R2, and R3 need not be

resistors; they can be any component that can be described
with an impedance.

Wien bridge oscillator

Zo
Ol >_
_l +
¢ %R
R,

° WA
Z.
. E L=R,RC

Inductance gyrator

R,
VWA
Ry ' 12
VW = |
+
= VWA
ISA R4
)%

Negative impedance converter



Main article: Wien bridge oscillator

Produces a pure sine wave.

Wien bridge oscillator

Non-linear configurations

Precision rectifier

Main article: Precision rectifier

C e . .. ‘/in o—+
Although there are some limitations, this super diode circuit B
behaves like an ideal diode for the load RJ.
——0

out

Precision rectifier

Logarithmic output
See also: Log amplifier

® The relationship between the input voltage Vin and D

the output voltage Vout is given by: DI
R

- V. hAAﬁ =
Vout = —Vr In ( Il"}?) m >—"_° out
S ’

where S is the saturation current and VT is the
Logarithmic configuration
thermal voltage.



m [f the operational amplifier is considered ideal, the negative pin is virtually grounded, so the current
flowing into the resistor from the source (and thus through the diode to the output, since the op-amp
inputs draw no current) is:

Uin . .
f - IR - ID

where ID is the current through the diode. As known, the relationship between the current and the voltage

for a diode 1s:

W
ID:IS(GVITI—I).

This, when the voltage is greater than zero, can be approximated by:

Vp
ID ~ ISGW.

Putting these two formulae together and considering that the output voltage is the negative of the voltage

across the diode (Vout = — VD), the relationship is proven.
Note that this implementation does not consider temperature stability and other non-ideal effects.

Exponential output

® The relationship between the input voltage Vin and

the output voltage Vout is given by:
D

R
WA
Usut — —RISGTE}L Vin°_D| >__° out

where /S is the saturation current and VT is the thermal

voltage. —
Exponential configuration
m Considering the op erational amp lifier ideal, then the

negative pin is virtually grounded, so the current
through the diode is given by:

W
Iy = Is (e# _ 1)

when the voltage is greater than zero, it can be approximated by:

VD
ID >~ ]SGW.

The output voltage is given by:



Other applications

® audio and video ® voltage regulator and current ® Schmitt trigger
pre-amplifiers and buffers regulator m Gyrator
m voltage comparators ® analog-to-digital converter = Comparator
m differential amp lifiers m digital-to-analog converter ® Active filter
m differentiators and integrators ® voltage clamps ® Analog computer
m filters m oscillators and waveform m Capacitance multip lier
® precision rectifiers generators
See also
® Operational amp lifier
m Current-feedback operational amp lifier
® Operational transconductance amp lifier
® Frequency compensation
m George A. Philbrick
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Logic gate
From Wikipedia, the free encyclopedia

A logic gate performs a logical operation on one or more logic inputs and produces a single logic output. The
logic normally performed is Boolean logic and is most commonly found in digital circuits. Logic gates are
primarily implemented electronically using diodes or transistors, but can also be constructed using
electromagnetic relays, fluidics, optics, molecules, or even mechanical elements.

In electronic logic, a logic level is represented by a voltage or current, (which depends on the type of electronic
logic in use). Each logic gate requires power so that it can source and sink currents to achieve the correct output
voltage. In logic circuit diagrams the power is not shown, but in a full electronic schematic, power connections
are required.
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Truth table

Main article: Truth table

A truth table is a table that describes the behaviour of a logic gate. It lists the value of the output for every
possible combination of the inputs and can be used to simplify the number of logic gates and level of nesting in
an electronic circuit. In general the truth table does not lead to an efficient implementation; a minimization
procedure, using Karnaugh maps, the Quine-M cCluskey algorithm or an heuristic algorithm is required for
reducing the circuit comp lexity .

Background



Main article: Logic family

The simplest form of electronic logic is diode logic. This allows AND and OR gates to be built, but not
inverters, and so is an incomp lete form of logic. Further, without some kind of amplification it is not possible to
have such basic logic operations cascaded as required for more complex logic functions. To build a functionally
comp lete logic system, relays, valves (vacuum tubes), or transistors can be used. The simplest family of logic
gates using bipolar transistors is called resistor-transistor logic (RTL). Unlike diode logic gates, RTL gates can be
cascaded indefinitely to produce more complex logic functions. These gates were used in early integrated
circuits. For higher speed, the resistors used in RTL were replaced by diodes, leading to diode-transistor logic
(DTL). It was then discovered that one transistor could do the job of two diodes in the space of one diode even
better, by more quickly switching off the following stage, so transistor-transistor logic, or TTL, was created. In
virtually every type of contemporary chip implementation of digital systems, the bipolar transistors have been
replaced by complementary field-effect transistors (M OSFETSs) to reduce size and power consumption still
further, thereby resulting in comp lementary metal-oxide—semiconductor (CM OS) logic.

For small-scale logic, designers now use prefabricated logic gates from families of devices such as the TTL 7400
series by Texas Instruments and the CM OS 4000 series by RCA, and their more recent descendants.
Increasingly, these fixed-function logic gates are being replaced by programmable logic devices, which allow
designers to pack a large number of mixed logic gates into a single integrated circuit. The field-programmable
nature of programmable logic devices such as FPGAs has removed the 'hard' property of hardware; it is now
possible to change the logic design of a hardware system by reprogramming some of its components, thus
allowing the features or function of a hardware imp lementation of a logic system to be changed.

Electronic logic gates differ significantly from their relay-and-switch equivalents. They are much faster, consume
much less power, and are much smaller (all by a factor of a million or more in most cases). Also, there is a
fundamental structural difference. The switch circuit creates a continuous metallic path for current to flow (in
either direction) between its input and its output. The semiconductor logic gate, on the other hand, acts as a
high-gain voltage amp lifier, which sinks a tiny current at its input and produces a low-impedance voltage at its
output. It is not possible for current to flow between the output and the input of a semiconductor logic gate.

Another important advantage of standardised integrated circuit logic families, such as the 7400 and 4000
families, is that they can be cascaded. This means that the output of one gate can be wired to the inputs of one
or several other gates, and so on. Systems with varying degrees of complexity can be built without great concern
of the designer for the internal workings of the gates, provided the limitations of each integrated circuit are
considered.

The output of one gate can only drive a finite number of inputs to other gates, a number called the 'fanout limit'.
Also, there is always a delay, called the 'propagation delay', from a change in input of a gate to the
corresponding change in its output. When gates are cascaded, the total propagation delay is approximately the
sum of the individual delays, an effect which can become a problem in high-speed circuits. Additional delay can
be caused when a large number of inputs are connected to an output, due to the distributed capacitance of all the
inputs and wiring and the finite amount of current that each output can provide.

Logic gates



All other types of Boolean logic gates (i.e., AND, OR, NOT, XOR,
XNOR) can be created from a suitable network of NAND gates.
Similarly all gates can be created from a network of NOR gates.
Historically, NAND gates were easier to construct from MOS
technology and thus NAND gates served as the first pillar of Boolean
logic in electronic computation.

For an input of 2 variables, there are 16 possible boolean algebraic
functions. These 16 functions are enumerated below, together with their
outputs for each combination of inputs variables.

A
INPUT Meaning

Whatever 4 and B, the output
is false. Contradiction.

A AND ololol Output is true if and only if
B (iff) both 4 and B are true.
A doesn't imply B. True iff 4
A4~AB | 0 010
7L) but not B.
A 0O 0|1 1 |Truewhenever A4 is true.

A is not implied by B. True iff

not A4 but B.
B O 10 1  Truewhenever B is true.
A XOR
B 0 1|1 0 Trueiff A isnot equal to B.
ourPUT ; § :
AORB 0 1 1 1 True iff A4 is true, or B is true,
or both.
A R
I\};O 1 00| 0 ||Trueiff neither 4 nor B.
A
XNOR |1 0 0| I  TrueiffAisequaltoB.
B

NOTB 1 0 1 0 | TrueiffBis false.

A is implied by B. False if not
A but B, otherwise true.

NOTA | 1| 1] 0/ 0| Trueiff 4 is false.

A implies B. False if 4 but not
B, otherwise true.
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14 NOR gate can be constructed From
this combination of 4 NAND gates

14 NAND gate can be constructed from
this combination of 4 NOR gates
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Venn Diagrams for Logic Gates



A
NAND | 1/ 1 1| 0 ||A4and B are not both true.
B

Whatever 4 and B, the output

TRUE 1|1 1 .
is true. Tautology .

The four functions denoted by arrows are the logical implication functions. These functions are generally less
common, and are usually not implemented directly as logic gates, but rather built out of gates like AND and OR.

Symbols

There are two sets of symbols in common use, both now defined by
ANSI/IEEE Std 91-1984 and its supplement ANSI/IEEE Std 91a-1991.

The "distinctive shape" set, based on traditional schematics, is used for crid_Jer.o

simple drawings and is quicker to draw by hand. It is sometimes UP—J‘:T" Tereopil =5
unofficially described as "military", reflecting its origin if not its modern ,X).,,,N_*’C,’, S
usage. The "rectangular shape" set, based on IEC 60617-12, has o o
rectangular outlines for all types of gate, and allows representation of a e fhﬂ £ o
much wider range of devices than is possible with the traditional ;:‘m :‘j @) 2;;
symbols. The IEC's system has been adopted by other standards, such s ) —Qc

*)
D e 8] ——— Op

as EN 60617-12:1999 in Europe and BS EN 60617-12:1999 in the

United Kingdom. A synchronous 4-bit up/down

decade counter symbol (74LS192)
in accordance with ANSI/IEEE Std.
91-1984 and IEC Publication
60617-12.

The goal of IEEE Std 91-1984 was to provide a uniform method of
describing the complex logic functions of digital circuits with schematic
symbols. These functions were more comp lex than simple AND and OR
gates. They could be medium scale circuits such as a 4-bit counter to a
large scale circuits such as a microprocessor. The 1984 version did not
include the "distinctive shape" symbols.[1] (http:/focus.ti.com/lit/ml/sdyz001a/sdyz001a.pdf) These were
added to the 1991 supplement with this note: "The distinctive-shape symbol is, according to IEC Publication
617, Part 12, not preferred, but is not considered to be in contradiction to that standard."

In the 1980s, schematics were the predominant method to design both circuit boards and custom ICs known as
gate arrays. Today custom ICs and the field-programmable gate array are typically designed with Hardware
Description Languages (HDL) such as Verilog or VHDL. The need for complex logic symbols has diminished

and distinctive shape symbols are still the predominant sty le, [¢@tion needed]

Boolean algebra
between A & B

I INPUT OUTPUT
AND —D— — B A-B A B AANDB

Type | Distinctive shape Rectangular shape Truth table




INPUT OUTPUT
A B AORB

. 00 0
OR :D— 21| (4+B
= ol1] 1
1{o] 1
11| 1

INPUT OUTPUT

o T L A | NOTA
D ‘ 0 1

1 0

|

In electronics a NOT gate is more commonly called an inverter. The circle on the symbol is called a bubble,
and is generally used in circuit diagrams to indicate an inverted (active-low) input or output.[l]

INPUT OUTPUT
A B ANANDB

. . 0 0 1
NAND Do— & N 1.8
= m 0 1 1

1 0 1
1 1 0

INPUT OUTPUT
=1 b 1+ B A B ANORB
0 0 1

||

NOR jDo—




INPUT OUTPUT
A B AXORB

S 0 0 0
XOR =1 Ae B
. 0 1 1
1 0 1
1|1 0
INPUT OUTPUT
A B A XNORB
—=1 _ 0 0 1
XNOR el A® B
. 0 1 0
1 0 0
11 1

In practice, the cheapest gate to manufacture is usually the NAND gate. Additionally, Charles Sanders Peirce
(1880) showed that NAND gates alone (as well as NOR gates alone) can be used to reproduce the functions of
all the other logic gates, but his work on it was unpublished until 1935. The first published proof was by Henry
M. Sheffer in 1913.



Two more gates are the exclusive-OR or XOR function and its inverse,

5V
exclusive-NOR or XNOR. The two input Exclusive-OR is true only when the " "z‘ f LLI T [ ) ) ;
two input values are different, false if they are equal, regardless of the value. If s l : - ‘ :
there are more than two inputs, the gate generates a true at its output if the
number of trues at its input is odd ([2] (http://www-inst.eecs.berkeley.edu .- \ — ] 2
/~cs61c/resources/dg-BOOL-handout.pdf) ). In practice, these gates are built U o 17
from combinations of simpler logic gates. 7400 =

De Morgan equivalent symbols

By use of De Morgan's theorem, an AND gate can be turned into an OR gate by
inverting the sense of the logic at its inputs and outputs. This leads to a

separate set of symbols with inverted inputs and the opposite core symbol. The 7400 chip, containing

These symbols can make circuit diagrams for circuits using active low signals four NANDs. The two

much clearer and help to show accidental connection of an active high output additional pins supply power

to an active low input or vice-versa. (+5 V) and connect the
ground.

Symbolically, a NAND gate can also be shown using the OR shape with

bubbles on its inputs, and a NOR gate can be shown as an AND gate with

bubbles on its inputs. The bubble signifies a logic inversion. This reflects the equivalency due to De M organs
law, but it also allows a diagram to be read more easily, or a circuit to be mapped onto available physical gates in
packages easily, since any circuit node that has bubbles at both ends can be replaced by a simple bubble-less
connection and a suitable change of gate. If the NAND is drawn as OR with input bubbles, and a NOR as AND
with input bubbles, this gate substitution occurs automatically in the diagram (effectively, bubbles "cancel").
This is commonly seen in real logic diagrams - thus the reader must not get into the habit of associating the
shapes exclusively as OR or AND shapes, but also take into account the bubbles at both inputs and outputs in
order to determine the "true" logic function indicated.

All logic relations can be realized by using NAND gates (this can also be done using NOR gates). De M organ's
theorem is most commonly used to transform all logic gates to NAND gates or NOR gates. This is done mainly
since it is easy to buy logic gates in bulk and because many electronics labs stock only NAND and NOR gates.

Storage of bits

Main article: sequential logic

Related to the concept of logic gates (and also built from them) is the idea of storing a bit of information. None
of the gates discussed up to here can store a value by itself: when the inputs change, the outputs immediately
react. It is possible to make a storage element either through a capacitor (which stores charge due to its physical
properties) or by feedback. Connecting the output of a gate to the input causes it to be put through the logic
again, and choosing the feedback correctly allows it to be preserved or modified through the use of other inputs.
A set of gates arranged in this fashion is known as a "latch", and more complicated designs that utilize clock
signals and change only on the rising edge are called edge-triggered "flip-flops". The combination of multiple
flip-tflops in parallel, to store a multiple-bit value, is known as a register. When using any of these gate setups
the overall system has memory; it is then called a sequential logic system since its output can be influenced by
its previous state(s).

These registers or capacitor-based circuits are known as computer memory. They vary in performance, based on
factors of speed, complexity, and reliability of storage, and many different types of designs are used based on



the application.

Three-state logic gates

Main article: Tri-state buffer

B
Three-state, or 3-state, logic gates are a type of logic A ]\} c 5
gates that have three states of the output: high (H), low [/
(L) and high-impedance (Z). The high-impedance state
plays no role in the logic, which remains strictly binary.
These devices are used on buses also known as the Data
Buses of the CPU to allow multiple chips to send data.
A group of three-states driving a line with a suitable
control circuit is basically equivalent to a multip lexer, which may be physically distributed over separate devices
or plug-in cards.

A tristate buffer can be thought of as a switch. If B
is on, the switch is closed. If B is off, the switch is
open.

In electronics, a high output would mean the output is sourcing current from the positive power terminal
(positive voltage). A low output would mean the output is sinking current to the negative power terminal (zero
voltage). High impedance would mean that the output is effectively disconnected from the circuit.

"Tri-state', a widely-used synonym of 'three-state', is a trademark of the National Semiconductor Corp oration.

Miscellaneous

Logic circuits include such devices as multiplexers, registers, arithmetic logic units (ALUs), and computer
memory, all the way up through complete microprocessors, which may contain more than 100 million gates. In
practice, the gates are made from field-effect transistors (FETs), particularly MOSFETs.

Compound logic gates AND-OR-Invert (AOI) and OR-AND-Invert (OAI) are often employed in circuit design
because their construction using MOSFET's is simp ler and more efficient than the sum of the individual gates.[z]

In reversible logic, Toffoli gates are used.

History and development

The earliest logic gates were made mechanically. Charles Babbage, around 1837, devised the Analytical Engine.
His logic gates relied on mechanical gearing to perform operations. Electromagnetic relays were later used for
logic gates. In 1891, Almon Strowger patented a device containing a logic gate switch circuit (U.S. Patent
0,447,918 (http://www.google.com/patents?vid=447918) ). Strowger's patent was not in widespread use until
the 1920s. Starting in 1898, Nikola Tesla filed for patents of devices containing logic gate circuits (see List of
Tesla patents). Eventually, vacuum tubes replaced relays for logic operations. Lee De Forest's modification, in
1907, of the Fleming valve can be used as AND logic gate. Ludwig Wittgenstein introduced a version of the
16-row truth table, which is shown above, as proposition 5.101 of Tractatus Logico-Philosophicus (1921).
Claude E. Shannon introduced the use of Boolean algebra in the analysis and design of switching circuits in 1937.
Walther Bothe, inventor of the coincidence circuit, got part of the 1954 Nobel Prize in physics, for the first
modern electronic AND gate in 1924. Active research is taking place in molecular logic gates.

Implementations



As of 2008, most logic gates are made of CM OS transistors. Often millions of logic gates are packaged in a single
integrated circuit.

There are several logic families with different characteristics ( power consumption, speed, cost, size) such as:
RDL (resistor-diode logic), RTL (resistor-transistor logic), DTL (diode-transistor logic), TTL (transistor-
transistor logic) and CM OS (complementary metal oxide semiconductor).

Many early electromechanical digital computers, such as the Harvard M ark I, were built from relay logic gates,
using electro-mechanical relays.

It is also possible to make logic gates out of pneumatic devices, such as the Sorteberg relay or mechanical logic

gates, including on a molecular scale.’] Logic gates have been made out of DNA (see DNA nanotechnology)[4]
and used to create a computer called MAYA (see MAYA II).

Additionally, logic gates can be made from quantum mechanical effects (though quantum computing usually
diverges from boolean design).

It is also possible to make photonic logic gates using non-linear optical effects. [¢//a/ion needed]

See also

And-inverter graph
Boolean algebra topics
Boolean function
Digital circuit
Espresso heuristic logic minimizer
Fanout

Flip-flop (electronics)
Karnaugh map

Logic family

Logical graph

NMOS logic
Propositional calculus
Race hazard
Reversible computing
Truth table
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Ring oscillator

From Wikipedia, the free encyclopedia

A ring oscillator is a device composed of an
odd number of NOT gates whose output
oscillates between two voltage levels,
representing rue and false. The NOT gates, or
inverters, are attached in a chain; the output of
the last inverter is fed back into the first.

Applications

The voltage-controlled oscillator in most phase

locked loops is built from a ring oscillator.[!]

Ring oscillators fabricated on silicon using p-type MOSFETs.

A ring oscillator is often used to demonstrate a
new hardware technology, analogous to the

way a hello world program is often used to demonstrate a new software technology.[z][3 ]

M any wafers include a ring oscillator as part of the scribe line test structures. They are used during wafer testing
to measure the effects of manufacturing process variations.!]

Ring oscillators can also be used to measure the effects of voltage and temperature on a chip [

Details

Because a single inverter computes the logical NOT of its
input, it can be shown that the last output of a chain of an Q
odd number of inverters is the logical NOT of the first s
input. This final output is asserted a finite amount of time
after the first input is asserted; the feedback of this last

output to the input causes oscillation. A schematic of a simple 3-inverter ring
oscillator whose output frequency is
A circular chain composed of an even number of inverters 1/(6xinverter delay).

cannot be used as a ring oscillator; the last output in this
case is the same as the input. However, this configuration of inverter feedback can be used as a storage element;
it is the basic building block of static random access memory, or SRAM.

A real ring oscillator only requires power to operate; above a certain threshold voltage, oscillations begin
spontaneously. To increase the frequency of oscillation, two methods may be used. Firstly, the applied voltage
may be increased; this increases both the frequency of the oscillation and the power consumed, which is
dissipated as heat. The heat dissipated limits the speed of a given oscillator. Secondly, a smaller ring oscillator
may be fabricated; this results in a higher frequency of oscillation given a certain power consumption.

To understand the operation of a ring oscillator, one must first understand gate delay. In a physical device, no



gate can switch instantaneously; in a device fabricated with MOSFETsSs, for example, the gate capacitance must
be charged before current can flow between the source and the drain. Thus, the output of every inverter of a ring
oscillator changes a finite amount of time after the input has changed. From here, it can be easily seen that adding
more inverters to the chain increases the total gate delay, reducing the frequency of oscillation.

The ring oscillator is a member of
the class of time delay oscillators. A .
time delay oscillator consists of an T
inverting amp lifier with a delay

element between the amp lifier I: 960n/240n 960n/240n l: 960ry240n
output and its input. The amp lifier 1K 1K 1K

must have a gain of greater than 1.0 1 “—‘/\/‘—l—‘i
at the intended oscillation frequency. ': 480n/240n 1P ason/240n LIP ': 480n/240n 1P
Consider the initial case where the
amp lifier input and output voltages
are momentarily balanced at a stable
point. A small amount of noise can
cause the amplifier output to rise
slightly. After passing through the
time delay element, this small
output voltage change will be presented to the amp lifier input. The amplifier has a negative gain of greater than
1, so the output will change in the direction opposite to this input voltage. It will change by an amount larger
than the input value, for a gain of greater than 1. This amplified, reversed signal propagates from the output
through the time delay and back to the input, where it is amplified and inverted again. The result of this
sequential loop is a square wave signal at the amplifier output with the period of each half of the square wave
equal to the time delay. The square wave will grow until the amplifier output voltage reaches its limits, where it
will stabilize. A more exact analysis will show that the wave that grows from the initial noise may not be square
as it grows, but it will become square as the amplifier reaches its output limits.

A transistor level schematic of a three stage ring oscillator with delay in
a .25u CMOS process.

The ring oscillator is a distributed version of the delay oscillator. The ring oscillator uses an odd number of
inverters to give the effect of a single inverting amp lifier with a gain of greater than one. Rather than havinga
single delay element, each inverter contributes to the delay of the signal around the ring of inverters, hence the
name ring oscillator. Adding pairs of inverters to the ring increases the total delay and thereby decreases the
oscillator frequency. Changing the supply voltage changes the delay through each inverter, with higher voltages
typically decreasing the delay and increasing the oscillator frequency.
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Latch (electronics)

From Wikipedia, the free encyclopedia

In electronics, a latch is a kind of bistable multivibrator, an electronic circuit which has two stable states and
thereby can store one bit of information. Today the word is mainly used for simple transparent storage
elements, while slightly more advanced non-transparent (or clocked) devices are described as flip-flops.
Informally, as this distinction is quite new, the two words are sometimes used interchangeably .

A circuit incorporating latches has state; its output may depend not only on its current input, but also on its
previous inputs. Such a circuit is described as sequential logic.
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Simple set-reset latches



When using static gates as building blocks, the most fundamental latch is the
simple SR latch, where S and R stand for sef and reset. It can be constructed R )
from a pair of cross-coupled NOR (Not OR) logic gates. The stored bit is

present on the output marked Q.

Normally, in storage mode, the S and R inputs are both low, and feedback ’
maintains the Q and Q outputs in a constant state, with Q the complement S

of Q. If S (Sex) is pulsed high while R (Reser) is held low, then the Q output
is forced high, and stays high when S returns to low; similarly, if R is
pulsed high while S is held low, then the Q output is forced low, and

stays low when R returns to low.

SR latch operation
S R Action —S QF ><

00 Keep state

Ol

SR latch

Ol

—R Qo
01 Q=0 S
10 Q=1 The symbol for INlustration of SR latch operation.

an SR latch. Red and black mean logical '1' and
'0", respectively.

1|1 Restricted combination

The R =S =1 combination is called a restricted combination or a forbidden state because, as both NOR gates
then output zeros, it breaks the logical equation Q = not Q. The combination is also inappropriate in circuits
where both inputs may go low simultaneously (i.e. a transition from restricted to keep). The output would lock
at either 1 or 0 depending on the propagation time relations between the gates (a race condition). In certain

imp lementations, it could also lead to longer ringings (damped oscillations) before the output settles, and
thereby result in undetermined values (errors) in high-frequency digital circuits. This condition is therefore
usually avoided.

To overcome the restricted combination, one can add gates to the inputs that would convert (S,R) = (1,1)
to one of the non-restricted combinations. That can be:

® Q=1 (1,0)—referred to as an S-latch
® Q=0(0,1)—referred to as an R-latch
m Keep state (0,0) — referred to as an E-latch

Alternatively, the restricted combination can be made to foggle the output. The result is the JK latch.

Characteristic: Q+=R'Q + R'Sor Q+=R'Q + st

SR NAND latch



This is an alternate model of the simple SR latch built with NAND (not _

AND) logic gates. Set and reset now become active low signals, denoted S Se
and R respectively. Otherwise, operation is identical to that of the SR latch.
Historically, SR-latches have been predominant despite the notational

inconvenience of active-low inputs. This is because NAND gates are

cheaper to produce than NOR gates in the diode-transistor logic (DTL) and
transistor-transistor logic (TTL) families, which were the basis of early Re
integrated circuits before the complementary metal-oxide semiconductor

(CMOS) family attained widespread use. Since the 1970s and still as of

2009, most integrated circuits are built using CM OS technology, where

NAND gates are also preferred.

Ol

§ latch

SR latch operation

S R Action T 9
0 |0 Restricted combination —R Q-
0/1 Q=1 Symbol for an
10Q=0 SR NAND
latch

1 1 Keep state

JK latch

The JK latch is much less used than the JK Flip-flop. The JK latch follows the following state table:

JK Latch truth table
J | K| Qpext| Comment
00 Qprev No change
0110 Reset
101 Set

11 aprev Toggle

Hence, the JK latch is identical to an SR latch that is made to toggle its output when passed the restricted
combination.

Gated latches and conditional transparency

Latches are designed to be transparent. That is, input signal changes cause immediate changes in ou‘[put.[rlb 1]
Alternatively, additional logic can be added to a simple transparent latch to make it non-transparent or opaque

when another input (e.g, an "enable" input) is not asserted. By following a transparent-high latch with a

transparent-low (or opaque-high) latch, a simple edge-triggered flip-flop can be implemented. [¢@tion needed]



Gated SR latch

A synchronous SR latch (sometimes clocked SR flip-flop)
can be made by adding a second level of NAND gates to the
inverted SR latch (or a second level of NOR gates to the
direct SR latch). The extra gates further invert the inputs so
the simple SR latch becomes a gated SR latch (and a simple
SR latch would transform into a gated SR latch with
inverted enable).

With E high (enable true), the signals can pass through the
input gates to the encapsulated latch; all signal combinations
except for (0,0) = hold then immediately reproduce on the
(Q,Q) output, i.e. the latch is transparent.

R o—

) Q
E o—se

) Q
S o—

A gated SR latch circuit diagram constructed
from NOR gates.

With E low (enable false) the latch is closed (opaque) and remains in the state it was left the last time E was

high.

The enable input is sometimes a clock signal, but more often a read or write strobe.

Gated SR latch operation
EC Action

0 No action (keep state)

1 The same as non-clocked SR latch

Gated D-latch

—s o] ==
—E
—R 6_

symbol for a
gated SR latch



This latch is closely related to the gated SR latch and can be
similarly constructed. It is also known as transparent latch,
data latch, or simply gated latch. 1t has a data input and an
enable signal (sometimes named clock, or control). The
word transparent comes from the fact that, when the enable
input is on, the signal propagates directly through the
circuit, from the input D to the output Q.

Transparent latches are typically used as I/O ports or in

asynchronous sy stems. [ 2] They are available as integrated
circuits, usually with multiple latches per circuit. For
example, 74HC75 is a quadruple transparent latch in the
ubiquitous 7400 series.

D-latch truth table
E/C Q 6 Comment

D
0 X QpreV aprev No Change — E 6 e
0 0 1 Reset

—AD Q-

Symbol for a
1 1 1 0 Set gated D latch

The truth table shows that when the enable/clock input is 0,

Ol

A >—

A D-type transparent latch

Input
Enable/clock
Output

RO = ©

Inverse of Q

>
) Q

E

A gated D latch based on SR (NOR) latch

the D input has no effect on the output. When E/C is high, the output equals D.

Gated T-Latch

This is another synchronous SR latch that toggles the previous output. If the toggle (T) input is high, the T latch
(well known as T flip-flop) changes state ("toggles") whenever the clock input is strobed. If the T input is low,
it holds the previous value. Characteristic equation is; Qpext = T @ Qpre, Where Qpext is the next state and Qprey

is the previous state.

T  Qprev Qnext
0 0 0
0 1 1
1 0 1
1 1 0

Comment

Hold state

Toggle state

A T flip-flop can also be built using a JK flip-flop (i.e., with T implemented by connecting J & K pins together)
or D flip-flop (T input and Qprevious is connected to the D input through an XOR gate).



Notes

1. ~ Note that when several transparent latches follow each other, signals propagate through all of them.

2. ~ Transparent latches are also sometimes used in synchronous two-phase systems (for reduced transistor
count); however, in single-phase synchronous systems with direct feedback, master-slave devices (often
edge-triggered) must be used to avoid analog oscillations.
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Flip-flop (electronics)

From Wikipedia, the free encyclopedia

In digital circuits, a flip-flop is a term referring to an
electronic circuit (a bistable multivibrator) that has two
stable states and thereby is capable of serving as one bit of
memory. Today, the term flip-flop has come to mostly
denote non-transparent (clocked or edge-triggered) devices,
while the simpler transparent ones are often referred to as
latches; however, as this distinction is quite new, the two
words are sometimes used interchangeably (see history).

A flip-flop is usually controlled by one or two control
signals and/or a gate or clock signal. The output often
includes the complement as well as the normal output. As
flip-tflops are implemented electronically, they require
power and ground connections.
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Flip-flop schematics from the Eccles and Jordan
patent filed 1918, one drawn as a cascade of
amplifiers with a positive feedback path, and
the other as a symmetric cross-coupled pair

The first electronic flip-flop was invented in 1918 by William Eccles and F. W. J ordan."21 1t was initially
called the Eccles—Jordan trigger circuit and consisted of two active elements (electron tubes). The name



flip-flop was later derived from the sound produced on a speaker connected to one of the back-coupled

amplifiers outputs during the trigger process within the circuit.[#@0n needed] Thig original electronic
flip-flop—a simple two-input bistable circuit without any dedicated clock (or even gate) signal, was
transparent, and thus a device that would be labeled as a "latch" in many circles today.

The flip-flop types discussed below (D, RS, JK, T) were first discussed in a 1954 UCLA course on computer

[citation needed]

design by Montgomery Phister, and in his book Logical Design of Digital Computers. 31 The
author was at the time working at Hughes Aircraft under Dr. Eldred Nelson, who had coined the term JK for a

flip-flop which changed states when both inputs were on.[¢¢/01 needed] The other names were coined by
Phister. They differ slightly from some of the definitions given below.

The origin of the name for the JK flip-flop is detailed by P. L. Lindley, a JPL engineer, in a letter to EDN, an
electronics design magazine. The letter is dated June 13, 1968, and was published in the August edition of the
newsletter. In the letter, Mr. Lindley explains that he heard the story of the JK flip-flop from Dr. Eldred
Nelson, who is responsible for coining the term while working at Hughes Aircraft. Flip-flops in use at Hughes at
the time were all of the type that came to be known as J-K. In designing a logical system, Dr. Nelson assigned
letters to flip-flop inputs as follows: #1: A & B, #2: C & D, #3: E& F, #4: G & H, #5: J & K.

Implementation

Flip-flops can be either simple (transparent) or clocked. Simple flip-flops can be built around a pair of cross-
coupled inverting elements: vacuum tubes, bipolar transistors, field effect transistors, inverters, and inverting
logic gates have all been used in practical circuits—perhaps augmented by some gating mechanism (an
enable/disable input). The more advanced clocked (or non-transparent) devices are specially designed for
synchronous (time-discrete) systems; such devices therefore ignore its inputs except at the transition of a
dedicated clock signal (known as clocking, pulsing, or strobing). This causes the flip-flop to either change or
retain its output signal based upon the values of the input signals at the transition. Some flip-flops change
output on the rising edge of the clock, others on the falling edge.

Clocked flip-flops are typically implemented as master—slave devices!*! where two basic flip-flops (plus some
additional logic) collaborate to make it insensitive to spikes and noise between the short clock transitions; they
nevertheless also often include asynchronous clear or set inputs which may be used to change the current output
independent of the clock.

Flip-flops can be further divided into types that have found common applicability in both asynchronous and

clocked sequential systems: the SR ("set-reset"), D ("data" or "delay"[s]), T ("toggle"), and JK types are the
common ones; all of which may be synthesized from (most) other types by a few logic gates. The behavior of a
particular type can be described by what is termed the characteristic equation, which derives the "next" (i.e.,

after the next clock pulse) output, Opext, in terms of the input signal(s) and/or the current output, Q.

SR flip-flops



The fundamental latch is the simple SR flip-flop (also commonly known as RS flip-flop),
where S and R stand for set and reset, respectively. It can be constructed from a pair of
cross-coupled NAND or NOR logic gates. The stored bit is present on the output marked
Q.

Normally, in storage mode, the S and R inputs are both low, and feedback maintains the Q
and Q outputs in a constant state, with Q the complement of Q. If S is pulsed high while R
is held low, then the Q output is forced high, and stays high even after S returns low;
similarly, if R is pulsed high while S is held low, then the Q output is forced low, and stays
low even after R returns low.

The next-state equation of the SR flip-flop is
Qnezt — S + RQ

where Q is the current state .y ext becomes Q (the stored value) at clock edge.

SR Flip-Flop operation (BUILT WITH NOR GATES) [¢]

Characteristic table Excitation table
S R Action Q) Q(t+1) S R  Action
00 Keep state 0 0 0 X | No change
01 Q=0 1 0 01 reset
10 Q=1 0 1 1 0 set

1 | 1 Race Condition 1 1 X | 0 No Change

("X" denotes a Don't care condition; meaning the signal is irrelevant)

T flip-flops

—R 6_

The symbol for
an SR latch



If the T input is high, the T flip-flop changes state ("toggles") whenever the clock input is

strobed. If the T input is low, the flip-flop holds the previous value. This behavior is
described by the characteristic equation: 17 O
Qnext =1 Q= T@.}_ TQ expanding the XOR operator — QF
and can be described in a truth table: A el
symbol for a
T-type
T Flip-Flop operation [6] flip-flop, where
Characteristic table Excitation table _> e 910Ck
input, T is the
T Q Onext Comment Q Opext' T Comment toggle input
and Q is the
00 0  hold state (noclk) 0 0 0 No change stored data
01 1 | hold state (no clk) | 1 1 0 | No change output
10 1 toggle 0 1 1 | Complement
11 0 toggle 1 0 1 | Comp lement

When T is held high, the toggle flip-flop divides the clock frequency by two; that is, if clock frequency is

4 M Hz, the output frequency obtained from the flip-flop will be 2 MHz. This "divide by" feature has
application in various types of digital counters. A T flip-flop can also be built using a JK flip-flop (J & K pins
are connected together and act as T) or D flip-flop (T input and Qprevious is connected to the D input through an
XOR gate).

JK flip-flop

The JK flip-flop augments the behavior of the SR flip-flop (J=Set, K=Reset)

by interpreting the S= R = 1 condition as a "flip" or toggle command. Y I S I s s
Specifically, the combination J = 1, K = 0 is a command to set the flip-flop; K _I——Il—”—~[ —
the combination J = 0, K = 1 is a command to reset the flip-flop; and the 2—1 , T L
combination J = K = 1 is a command to toggle the flip-flop, i.e., change its . il
output to the logical complement of its current value. SettingJ = K = 0 does JK flip-flop timing diagram

NOT result in a D flip-flop, but rather, will hold the current state. To
synthesize a D flip-flop, simply set K equal to the complement of J. The JK flip-flop is therefore a universal
flip-tlop, because it can be configured to work as an SR flip-flop, a D flip-flop, or a T flip-flop.

NOTE: The flip-flop is positive-edge triggered (rising clock pulse) as seen in the timing diagram.



-
— K 6 -
A circuit

symbol for a
negative edge
triggered JK
flip-flop, where
> is the clock

input, J and K

The characteristic equation of the JK flip-flop is:

Qnert = J@ + FQ

and the corresponding truth table is:

JK Flip Flop operation [6]

Characteristic table
J K| Qnext Comment Q |Qpext J | K/ Comment
0/ 0 Qprev  hold state | 0

are data inputs, 01 0 reset 0
Q is the stored
data output, 10 1 e 1
and Q' is the 11 Qprev| toggle |1
inverse of Q
More to JK flip-flops
J e
. Q
f \ - a

(0 or 1) at the other input (stable) is present.
A full explanation of this circuit can be found in the article "Ideal pulse circuit without RC-combination and
non-clocked JK flip-flops (http:/www klaus-e-schulz.de/dokumente/flipflop en.pdf) ".
There you can find also a simple but very clear simulation of this circuit.

Excitation table

0 |0 X Nochange

I 11X
0 X1

Set

Reset

1 |X 0 Nochange

In literature and on the internet it is generally assumed that
JK flip-flops need a clock signal. This needs not to be so. A
non-clocked JK flip-flop circuit was developed by Klaus-
Eckart Schulz in the years 1980/1981. The circuit is pictured
on the left, based on NOR gates. This circuit implements the
typical characteristics of a JK flip-flop: a change from 0 to 1
at the J input sets the flip-flop (Q = 1), a change from 0 to 1
at the K input resets the flip-flop (Q = 0). If both inputs are
combined, with every change of 0 to 1 at the inputs, the
flip-flop output Q will be inverted. That is, the flip-flop
operates as a frequency divider.

M oreover,

this J
flip-flop

has some K
more

special Q
features.

When the

1

0
1

= O

o

|

T
| UL

B
-
s
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Puls diagram / Impulsdiagramm

signal changes from 0 -> 1 at the inputs J and K, ie when
setting and resetting of flip-flops, it is irrelevant what signal



G

The basis for the function of this JK flip-flop is the novel realization of a pulse
circuit (IIG).

The IIG has the following characteristics:

1. Only if input E changes its signal from 0 to 1, while the feedback Ry, is 0, the
output A will activated(0 -> 1)).

2. Immediately after receiving the feedback (R, = 1) the output A will deactivated

(0) again.

3. A signal change at Ry, from 0 -> 1, during input E has 1-signal, the output A does
not changes its state.
As result a puls with an optimal length was generated.

Ry, is a feedback signal. Normally it is 0. It will be 1 when a triggered event - as
result of the signal change from 0->1 at output A - has occurred.

D flip-flop

The D flip-flop is the most common flip-flop in use today. It is better known as delay |
flip-tlop

S

The Q output always takes on the state of the D input at the moment of a positive edge (or P Q
negative edge if the clock input is active low).m It is called the D flip-flop for this reason, -+ o] =
since the output takes the value of the D input or Data input, and Delays it by one clock R
count. The D flip-flop can be interpreted as a primitive memory cell, zero-order hold, or I
delay line. Whenever the clock pulses, the value of Qpext is D and Qprey otherwise. D flip-flop

symbol
Truth table:

Clock D Q Qprev
Risingedge 0 O X
Risingedge 1| 1 X
Non-Rising X | Qprev

('X" denotes a Don't care condition, meaning the signal is irrelevant)

These flip-flops are very useful, as they form the basis for shift registers,
which are an essential part of many electronic devices. The advantage of the D
flip-flop over the D-type latch is that it "captures" the signal at the moment Clock
the clock goes high, and subsequent changes of the data line do not influence Q
until the next rising clock edge. An exception is that some flip-flops have a
"reset" signal input, which will reset Q (to zero), and may be either
asynchronous or synchronous with the clock.

Data0

4-bit serial-in, serial-out
(SISO) shift register



The above circuit shifts the contents of the register to the right, one bit position on each active transition of the
clock. The input X is shifted into the leftmost bit position.

Master—slave (pulse-triggered) D flip-flop

A master—slave D flip-flop is created by connecting two gated D latches in series, and inverting the enable input
to one of them. It is called master—slave because the second latch in the series only changes in response to a
change in the first (master) latch.

The term pulse-triggered means that data is entered on the rising edge of the clock pulse, but the output does
not reflect the change until the falling edge of the clock pulse.

For a positive-edge triggered master—slave D flip-flop, when the clock signal is

low (logical 0) the "enable" seen by the first or "master" D latch (the inverted D—p @ D o—Q
clock signal) is high (logical 1). This allows the "master" latch to store the E O e O—03
input value when the clock signal transitions from low to high. As the clock >—r—(j>;—r Q

signal goes high (0 to 1) the inverted "enable" of the first latch goes low (1 to 0)
and the value seen at the input to the master latch is "locked". Nearly
simultaneously, the twice inverted "enable" of the second or "slave" D latch
transitions from low to high (0 to 1) with the clock signal. This allows the
signal captured at the rising edge of the clock by the now "locked" master latch
to pass through the "slave" latch. When the clock signal returns to low (1 to 0),
the output of the "slave" latch is "locked", and the value seen at the last rising edge of the clock is held while the
"master" latch begins to accept new values in preparation for the next rising clock edge.

A master—slave D flip-flop.
It responds on the negative
edge of the enable input
(usually a clock).

By removing the leftmost inverter in the above circuit, a D-type flip flop that
I rpa strobes on the falling edge of a clock signal can be obtained. This has a truth
g table like this:

An implementation of a
master—slave D flip-flop DQ > | Qupext
that is triggered on the

positive edge of the clock 0 X Fallng 0

1 X Falling 1

Most D-type flip-flops in ICs have the capability to be set and reset, much
like an SR flip-flop. Usually, the illegal S= R = 1 condition is resolved in
D-type flip-flops.

Inputs | Outputs >
SRD>Q Q'
01 XX 01
10X X 1|0
11X X 1 1

Ol

D

A positive-edge-triggered D
flip-flop



By setting S= R = 0, the flip-flop can be used as described above.

Edge-triggered D flip-flop

A more efficient way to make a D flip-flop is not so easy to
understand, but it works the same way. While the
master—slave D flip-flop is also triggered on the edge of a
clock, its components are each triggered by clock levels. The
"edge-triggered D flip-flop" does not have the master—slave
properties.

Edge Triggered D flip flops are often implemented in A CMOS IC Implementation of a True Single
integrated high speed operations using dynamic logic. This Phase Edge Triggered Flip Flop with Reset
means that the digital output is stored on parasitic device

capacitance while the device is not transitioning. This design of dynamic flip flops also enable simple resetting
since the reset operation can be performed by simply discharging one or more internal nodes. A common
dynamic flip flop variety is the True Single Phase Clock (TSPC) which performs the flip flop operation with
little power and at high speeds.

Uses

® A single flip-flop can be used to store one bit, or binary digit, of data. See preset.
® Any one of the flip-flop type can be used to build any of the others.
® Many logic synthesis tools will not use any other type than D flip-flop and D latch.
m [evel sensitive latches cause problems with Static Timing Analysis (STA) tools and Design For Test
(DFT). Therefore, their usage is often discouraged.
® Many FPGA devices contain only edge-triggered D flip-flops
® The data contained in several flip-flops may represent the state of a sequencer, the value of a counter, an
ASCII character in a computer's memory or any other piece of information.
® One use is to build finite state machines from electronic logic. The flip-flops remember the machine's
previous state, and digital logic uses that state to calculate the next state.
®m The T flip-flop is useful for constructing various types of counters. Repeated signals to the clock input
will cause the flip-flop to change state once per high-to-low transition of the clock input, if its T input is
"1". The output from one flip-flop can be fed to the clock input of a second and so on. The final output of
the circuit, considered as the array of outputs of all the individual flip-flops, is a count, in binary, of the
number of cycles of the first clock input, up to a maximum of 2”-1, where 7 is the number of flip-flops
used. See: Counters
® One of the problems with such a counter (called a ripple counter) is that the output is briefly invalid
as the changes ripple through the logic. There are two solutions to this problem. The first is to
samp le the output only when it is known to be valid. The second, more widely used, is to use a
different type of circuit called a synchronous counter. This uses more complex logic to ensure that
the outputs of the counter all change at the same, predictable time. See: Counters

® Frequency division: a chain of T flip-flops as described above will also function to divide an input in

frequency by 2", where n is the number of flip-flops used between the input and the output.

A flip-flop in combination with a Schmitt trigger can be used for the imp lementation of an arbiter in



asynchronous circuits.

Clocked flip-flops are prone to a problem called metastability, which happens when a data or control input is
changing at the instant of the clock pulse. The result is that the output may behave unpredictably, taking many
times longer than normal to settle to its correct state, or even oscillating several times before settling.
Theoretically it can take infinite time to settle down. In a computer system this can cause corruption of data or a
program crash.

The metastability in flip-flops can be avoided by ensuring that the data and

control inputs are held valid and constant for specified periods before and after C | Oc k ‘
the clock pulse, called the setup time (tg,) and the hold time (t})

respectively. These times are specified in the data sheet for the device, and are

typically between a few nanoseconds and a few hundred picoseconds for D a t a:X:X:
modern devices. it

Unfortunately, it is not always possible to meet the setup and hold criteria, L —
because the flip-flop may be connected to a real-time signal that could change O X

at any time, outside the control of the designer. In this case, the best the

designer can do is to reduce the probability of error to a certain level, Flip-flop setup, hold and
depending on the required reliability of the circuit. One technique for clock-to-output timing
suppressing metastability is to connect two or more flip-flops in a chain, so parameters

that the output of each one feeds the data input of the next, and all devices

share a common clock. With this method, the probability of a metastable event

can be reduced to a negligible value, but never to zero. The probability of metastability gets closer and closer to
zero as the number of flip-flops connected in series is increased.

So-called metastable-hardened flip-flops are available, which work by reducing the setup and hold times as much
as possible, but even these cannot eliminate the problem entirely. This is because metastability is more than
simply a matter of circuit design. When the transitions in the clock and the data are close together in time, the
flip-tlop is forced to decide which event happened first. However fast we make the device, there is always the
possibility that the input events will be so close together that it cannot detect which one happened first. It is
therefore logically impossible to build a perfectly metastable-proof flip-flop.

Another important timing value for a flip-tflop (F/F) is the clock-to-output delay (common symbol in data
sheets: tco) or propagation delay (tp), which is the time the flip-flop takes to change its output after the clock
edge. The time for a high-to-low transition (tpyr ) is sometimes different from the time for a low-to-high
transition (tpLy).

When cascading F/Fs which share the same clock (as in a shift register), it is important to ensure that the tco of
a preceding F/F is longer than the hold time (ty) of the following flip-flop, so data present at the input of the
succeeding F/F is properly "shifted in" following the active edge of the clock. This relationship between tco and
tp 1s normally guaranteed if the F/Fs are physically identical. Furthermore, for correct operation, it is easy to
verify that the clock period has to be greater than the sum tg, + tp.

Chaos

Balthasar van der Pol was one of the first people to show electronic circuits may exhibit chaos in 1927, with the
introduction of the Van der Pol oscillator. Then, Leon O. Chua showed circuits may exhibit chaos in 1983
through the introduction of Chua's circuit. Due to the qualitative nature of flip-flops, especially the Set/Reset

Flip-Flop, one may intuitively feel it can exhibit chaos. This has been suggested in the works of Danca et al.l8]



and of Hamill et al.,l”] which discusses the qualitative nature of circuits:

Voltages or currents may increase exponentially with time until limited, perhaps by power supply clipping,
when the circuit may latch up. This type of instability is put to good use in circuits such as Schmitt triggers

and flip-flops. 91
and

The waveforms may be noise like or chaotic, in which case they never repeat or latch up; as yet this type of

behavior has few applications and is the least well understood.!

More recently in Blackmore et al.[10]

chaos.

it is shown that discrete models of the Set/Reset Flip-Flop can exhibit

Generalizations

Flip-flops can be generalized in at least two ways: by making them 1-0f-N instead of 1-of-2, and by adapting
them to logic with more than two states. In the special cases of 1-0f-3 encoding, or multi-valued ternary logic,

these elements may be referred to as ﬂip—ﬂap-ﬂops.[1 1]

In a conventional flip-flop, exactly one of the two complementary outputs is high. This can be generalized to a
memory element with N outputs, exactly one of which is high (alternatively, where exactly one of N is low).
The output is therefore always a one-hot (respectively one-cold) representation. The construction is similar to a
conventional cross-coupled flip-flop; each output, when high, inhibits all the other outputs.m] Alternatively,
more or less conventional flip-flops can be used, one per output, with additional circuitry to make sure only one

at a time can be true.[!3]

Another generalization of the conventional flip-flop is a memory element for multi-valued logic. In this case the

[14]

memory element retains exactly one of the logic states until the control inputs induce a change.!” ™ In addition, a

multiple-valued clock can also be used, leading to new possible clock transitions.[!”]

Flip-flop integrated circuits

Integrated circuits (ICs) exist that provide one or more flip-flops. For example, the 7473 dual JK master—slave
flip-flop, or the 74374 octal D flip-flop, in the 7400 series.

See also

Astable

Deadlock

M onostable

Pulse transition detector

Notes

1. ~ William Henry Eccles and Frank Wilfred Jordan, (http://v3.espacenet.com/origdoc?’DB=EPODOC&
"Improvements in ionic relays IDX=GB148582&F=0&QPN=GB148582) "



10.

British patent number: GB 148582 (filed: 21 June
1918; published: 5 August 1920).

. ~W. H. Eccles and F. W. Jordan (19 September

1919) "A trigger relay utilizing three-electrode
thermionic vacuum tubes," The Electrician, vol.
83, page 298. Reprinted in: Radio Review, vol. 1,
no. 3, pages 143—-146 (December 1919).

. " Montgomery Phister (1958). Logical Design of

Digital Computers (http://books.google.com
/books?id=Ril IAAAAIAAJ&g=inauthor:phister+j-
k-flip-flop&dg=inauthor:phister+j-k-flip-
flop&lr=&as brr=0&as pt=ALLT YPES&
ei=8jfeSabSOZeSkASrmSnaDQ&pgis=1) . Wiley.
p. 128. http://books.google.com
/books?id=Ri1TAAAAIAAJ&g=inauthor:phister+j-
k-flip-flop&dg=inauthor:phister+j-k-flip-
flop&lr=&as_brr=0&as_pt=ALLTYPES&
ei=8jfeSabSOZeSkASrmS5naDQ&pgis=1.

~ Early master—slave devices actually remained
(half) open between the first and second edge of a
clocking pulse; today most flip-flops are designed
so they may be clocked by a single edge as this
gives large benefits regarding noise immunity,
without any significant downsides.

. ~PHY107 Delay Flip-Flop (http://www.shef.ac.uk

/physics/teaching/phy107/dff.html)

 nabe Mano, M. Morris; Kime, Charles R. (2004).

Logic and Computer Design Fundamentals, 3rd
Edition. Upper Saddle River, NJ, USA: Pearson
Education International. pp. pg283. ISBN
0-13-1911651.

. ~The D Flip-Flop (http://www.play-hookey.com

/digital/d nand flip-flop.html)

.~ Danca M-F. (2008). "Numerical approximation

of a class of switch dynamical systems". Chaos,
Solitons and Fractals 38: 184—191.
doi:10.1016/j.chaos.2006.11.003
(http://dx.doi.org
/10.1016%2Fj.chaos.2006.11.003) .

.~ Hamill D, Deane J, Jeffries D (1992). "Modeling

of chaotic DC/DC converters by iterated nonlinear
maps". I[EEE Trans Power Electronics 7: 25-36.
doi:10.1109/63.124574 (http://dx.doi.org
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Schmitt trigger

From Wikipedia, the free encyclopedia

In electronics, a S chmitt trigger is a comparator circuit that incorporates positive
feedback.

When the input is higher than a certain chosen threshold, the output is high; when
the input is below another (lower) chosen threshold, the output is low; when the
input is between the two, the output retains its value. The trigger is so named
because the output retains its value until the input changes sufficiently to trigger a
change. This dual threshold action is called Aysteresis, and implies that the Schmitt
trigger has some memory. In fact, the Schmitt trigger is a bistable multivibrator.

Schmitt trigger devices are typically used in open loop configurations for noise
immunity and closed loop positive feedback configurations to implement
multivibrators.
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Invention
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I
L)
The effect of using a
Schmitt trigger (B)
instead of a
comparator (A).

The Schmitt trigger was invented by US scientist Otto H. Schmitt in 1934 while he was still a graduate

student,[l] later described in his doctoral dissertation (1937) as a "thermionic trigger".[z] It was a direct result of

Schmitt's study of the neural impulse propagation in squid nerves.*!

Symbol



The symbol for Schmitt triggers in circuit diagrams is a triangle with an inverting or non-inverting hy steresis
symbol. The symbol depicts the corresponding ideal hysteresis curve.

Standard Schmitt trigger Inverting Schmitt trigger

Implementation

A Schmitt trigger can be implemented with a simple tunnel diode, a diode with an "N"-shaped current—voltage
characteristic in the first quadrant. An oscillating input will cause the diode to move from one rising leg of the
"N" to the other and back again as the input crosses the rising and falling switching thresholds. However, the
performance of this Schmitt trigger can be improved with transistor-based devices that make explicit use of
positive feedback to implement the switching,

Comparator implementation

Schmitt triggers are commonly implemented using a comp arator™ 1 connected to have positive feedback (i.e.,
instead of the usual negative feedback used in operational amp lifier circuits). For this circuit, the switching

occurs near ground, with the amount of hysteresis controlled by the resistances of R and Rj:

R
VWA

—— Yout

The comparator extracts the sign of the difference between its two inputs. When the non-inverting (+) input is
at a higher voltage than the inverting (-) input, the comparator output switches to +Vg, which is its high supply
voltage. When the non-inverting (+) input is at a lower voltage than the inverting (-) input, the comparator
output switches to -Vg, which is its low supply voltage. In this case, the inverting (-) input is grounded, and so
the comparator implements the sign function — its 2-state output (i.e., either high or low) always has the same
sign as the continuous input at its non-inverting (+) terminal.

Because of the resistor network connecting the Schmitt trigger input, the non-inverting (+) terminal of the
comparator, and the comparator output, the Schmitt trigger acts like a comparator that switches at a different
point depending on whether the output of the comparator is high or low. For very negative inputs, the output
will be low, and for very positive inputs, the output will be high, and so this is an implementation of a



"non-inverting" Schmitt trigger. However, for intermediate inputs, the state of the output depends on both the
input and the output. For instance, if the Schmitt trigger is currently in the high state, the output will be at the
positive power supply rail (+Vg). V4 is then a voltage divider between Vi, and +Vs. The comparator will
switch when V4=0 (ground). Current conservation shows that this requires

Vo _ Vs
Ry Ry
and so Vijn must drop below — JI.’; to get the output to switch. Once the comparator output has switched to
R 2
—Vs, the threshold becomes + R_l V to switch back to high.
2

So this circuit creates a switching band centered around zero, with out

Ry,
trigger levels 4 R—lv .. The input voltage must rise above the top of

2
the band, and then below the bottom of the band, for the output to M

switch on and then back off. If R} is zero or Ry is infinity (i.e., an
open circuit), the band collapses to zero width, and it behaves as a A
standard comparator. The output characteristic is shown in the

7\

. . Ry >
picture on the right. The value of the threshold 7 is given by = Vi -T T in

2
and the maximum value of the output M is the power supply rail. Y

—~
A practical Schmitt trigger configuration is shown below. -m| 7

Typical hysteresis curve (which
matches the curve shown on a Schmitt
trigger symbol)

The output characteristic has exactly the same shape of the previous basic configuration, and the threshold
values are the same as well. On the other hand, in the previous case, the output voltage was depending on the
power supply, while now it is defined by the Zener diodes (which could also be replaced with a single
double-anode Zener diode). In this configuration, the output levels can be modified by appropriate choice of
Zener diode, and these levels are resistant to power supply fluctuations (i.e., they increase the PSRR of the
comparator). The resistor R3 is there to limit the current through the diodes, and the resistor R4 minimizes the
input voltage offset caused by the comparator's input leakage currents (see Limitations of real op-amps).



Schmitt trigger with two transistors

In the positive-feedback configuration used in the implementation of a Schmitt trigger, most of the complexity of
the comparator's own imp lementation is unused. Hence, it can be replaced with two cross-coupled transistors
(i.e., the transistors that would otherwise implement the input stage of the comparator). An example of such a
2-transistor-based configuration is shown below. The chain Rgj Ry Rj sets the base voltage for transistor T2.
This divider, however, is affected by transistor T 1, providing higher voltage if T1 is open. Hence the threshold
voltage for switching between the states depends on the present state of the trigger.

V+
]
[
R
K2
R U
1 Vout
| l %)
—t— ) T2
Re | |Ry
V-
4]

For NPN transistors as shown, when the input voltage is well below the shared emitter voltage, T1 does not
conduct. The base voltage of transistor T2 is determined by the mentioned divider. Due to negative feedback, the
voltage at the shared emitters must be almost as high as that set by the divider so that T2 is conducting, and the
trigger output is in the low state. T1 will conduct when the input voltage (T 1 base voltage) rises slightly above
the voltage across resistor Rg (emitter voltage). When T 1 begins to conduct, T2 ceases to conduct, because the
voltage divider now provides lower T2 base voltage while the emitter voltage does not drop because T1 is now
drawing current across Rg. With T2 now not conducting the trigger has transitioned to the high state.

With the trigger now in the high state, if the input voltage lowers enough, the current through T1 reduces,
lowering the shared emitter voltage and raising the base voltage for T2. As T2 begins to conduct, the voltage
across R rises, further reducing the T1 base-emitter potential and T1 ceases to conduct.

In the high state, the output voltage is close to V+, but in the low state it is still well above V—. This may not be
low enough to be a "logical zero " for digital circuits. This may require additional amplifiers following the trigger
circuit.

The circuit can be simplified: R1 can be omitted, connecting the T2 base directly to the T1 collector, and the
connection of the T2 base to V- via R2 can be comp letely omitted. When T1 conducts, it connects the T2 base
to the T2 emitter so that T2 does not conduct. When T1 does not conduct, R pulls up the T2 base and T2
conducts.

Applications

Schmitt triggers are typically used in open loop configurations for noise immunity and closed loop positive
feedback configurations to implement multivibrators.



Noise immunity

One application of a Schmitt trigger is to increase the noise immunity in a circuit with only a single input
threshold. With only one input threshold, a noisy input signal near that threshold could cause the output to
switch rapidly back and forth from noise alone. A noisy Schmitt Trigger input signal near one threshold can
cause only one switch in output value, after which it would have to move beyond the other threshold in order to
cause another switch.

For example, in Fairchild Semiconductor's QSE15x family of infrared photosensors 3 ], an amp lified infrared
photodiode generates an electric signal that switches frequently between its absolute lowest value and its
absolute highest value. This signal is then low-pass filtered to form a smooth signal that rises and falls
corresponding to the relative amount of time the switching signal is on and off. That filtered output passes to
the input of a Schmitt trigger. The net effect is that the output of the Schmitt trigger only passes from low to
high after a received infrared signal excites the photodiode for longer than some known delay, and once the
Schmitt trigger is high, it only moves low after the infrared signal ceases to excite the photodiode for longer than
a similar known delay. Whereas the photodiode is prone to spurious switching due to noise from the
environment, the delay added by the filter and Schmitt trigger ensures that the output only switches when there
is certainly an input stimulating the device.

Devices that include a built-in Schmitt trigger

As discussed in the example above, the Fairchild Semiconductor QSE15x family of photosensors use a Schmitt
trigger internally for noise immunity. Schmitt triggers are common in many switching circuits for similar reasons
(e.g., for switch debouncing).

The following 7400 series devices include a Schmitt trigger on their input or on each of their inputs:

7413: Dual Schmitt trigger 4-input NAND Gate

7414: Hex Schmitt trigger Inverter

7419: Hex Schmitt trigger Inverter

74121: Monostable M ultivibrator with Schmitt Trigger Inputs

74132: Quad 2-input NAND Schmitt Trigger

74221: Dual M onostable Multivibrator with Schmitt Trigger Input

74232: Quad NOR Schmitt Trigger

74240: Octal Buffer with Schmitt Trigger Inputs and Three-State Inverted Outputs
74241: Octal Buffer with Schmitt Trigger Inputs and Three-State Noninverted Outputs
74244: Octal Buffer with Schmitt Trigger Inputs and Three-State Noninverted Outputs
74310: Octal Buffer with Schmitt Trigger Inputs

74540: Octal Buffer with Schmitt Trigger Inputs and Three-State Inverted Outputs
74541: Octal Buffer with Schmitt Trigger Inputs and Three-State Noninverted Outputs

A number of 4000 series devices include a Schmitt trigger on inputs, for example:

14093: Quad 2-Input NAND

40106: Hex Inverter

14538: Dual M onostable M ultivibrator
4020: 14-Stage Binary Ripple Counter
4024: 7-Stage Binary Ripple Counter



4040: 12-Stage Binary Ripple Counter

4017: Decade Counter with Decoded Outputs
4022: Octal Counter with Decoded Outputs
4093: Quad Dual Input NAND gate

Dual Schmitt input configurable single-gate CM OS logic, AND, OR, XOR, NAND, NOR, XNOR

m NC7SZ57 Fairchild
m NC7SZ58 Fairchild
m SN74LVC1G57 Texas Instruments
® SN74LVC1G58 Texas Instruments

Use as an oscillator

Main article: Relaxation oscillator

A Schmitt trigger is a bistable multivibrator, and it can be used to implement another type of multivibrator, the
relaxation oscillator. This is achieved by connecting a single resistor—capacitor network to an inverting Schmitt
trigger — the capacitor connects between the input and ground and the resistor connects between the output and
the input. The output will be a continuous square wave whose frequency depends on the values of R and C, and
the threshold points of the Schmitt trigger. Since multiple Schmitt trigger circuits can be provided by a single
integrated circuit (e.g. the 4000 series CM OS device type 40106 contains 6 of them), a spare section of the IC
can be quickly pressed into service as a simple and reliable oscillator with only two external components.

For example, the comparator-based imp lementation of a relaxation

oscillator is shown below. :
C R ¥
——w
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> o Vo Output and capacitor waveforms
- for comparator-based relaxation
oscillator.
ovss
V.,
4 R R

Here, a comparator-based Schmitt trigger is used in its inverting configuration. That is, the input and ground are
swapped from the Schmitt trigger shown above, and so very negative signals correspond to a positive output
and very positive signals correspond to a negative output. Additionally, slow negative feedback is added with an
RC network. The result, which is shown on the right, is that the output automatically oscillates from Vgg to
Vpp as the capacitor charges from one Schmitt trigger threshold to the other.



See also

m oscillator
m Bistable multivibrator

Notes

1. ~ Operational amplifiers sometimes may be used to implement comparators. However, many operational
amplifiers are designed to be used only in negative-feedback configurations that enforce a negligible difference
between the inverting and non-inverting inputs. Some operational amplifiers incorporate input-protection
circuitry that prevent the inverting and non-inverting inputs from operating far away from each other. For
example, clipper circuits made up of two general purpose diodes with opposite bias in parallel or two Zener

diodes with opposite bias in series (i.e., a double-anode Zener diode) are sometimes used internally across the
two inputs of the operational amplifier.[€//@//07 needed] 1 thege cases, the operational amplifiers will fail to
function well as comparators. Conversely, comparators are designed under the assumption that the input

voltages can differ significantly.
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555 timer IC

From Wikipedia, the free encyclopedia

The 555 Timer IC is an integrated circuit (chip) implementing a variety
of timer and multivibrator applications. The IC was designed by Hans R.
Camenzind in 1970 and brought to market in 1971 by Signetics (later
acquired by Philips). The original name was the SE555 (metal
can)/NES55 (plastic DIP) and the part was described as "The IC Time

M achine"[!]. Tt has been claimed that the 555 gets its name from the
three 5 kQ resistors used in typical early imp lementations,[z] but Hanz

Camenzind has stated that the number was arbitrary 3] The part is still

in wide use, thanks to its ease of use, low price and good stability. As of NE555 o Smasiios i

2003, it is estimated that 1 billion units are manufactured every year] dual-in-line package

Depending on the manufacturer, the standard 555 package includes over
20 transistors, 2 diodes and 15 resistors on a silicon chip installed in an
8-pin mini dual-in-line package (DIP-8).[4] Variants available include the
556 (a 14-pin DIP combining two 555s on one chip), and the 558 (a
16-pin DIP combining four slightly modified 555s with DIS & THR
connected internally, and TR falling edge sensitive instead of level
sensitive).

z DISCH

Ultra-low power versions of the 555 are also available, such as the 7555

and TLC555.51 The 7555 requires slightly different wiring using fewer
external components and less power.

Internal block diagram

The 555 has three operating modes:

® Monostable mode: in this mode, the 555 functions as a "one-shot". Applications include timers, missing
pulse detection, bouncefree switches, touch switches, frequency divider, capacitance measurement,
pulse-width modulation (PWM) etc

m Astable - free running mode: the 555 can operate as an oscillator. Uses include LED and lamp flashers,
pulse generation, logic clocks, tone generation, security alarms, pulse position modulation, etc.

® Bistable mode or Schmitt trigger: the 555 can operate as a flip-flop, if the DIS pin is not connected and no
capacitor is used. Uses include bouncefree latched switches, etc.
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Usage

The connection of the pins is as follows:

A short pulse high-to-low on the trigger starts the timer
During a timing interval, the output stays at +Vcc

A timing interval can be interrupted by applyinga reset

Control voltage allows access to the internal voltage

The threshold at which the interval ends (it ends if the

Connected to a capacitor whose discharge time will

The positive supply voltage which must be between 3

Nr.| Name
1 ' GND Ground, low level (0 V)
2 | TRIG
3 |OUT
4 | RESET
pulse to low (0 V)
5 |CTRL | ..
divider (2/3 V)
6 |THR
voltage at THR is at least 2/3 V)
7 |DIS
influence the timing interval
8 7,
Vee and 15V

Monostable mode

\_/
ono [l © Ve
TRIG | 2] DIS
ouT| 3] 555 (6| THR
RESET| 4] 5| CTRL

Schematic symbol



In the monostable mode, the 555

. V.o
timer acts as a “one-shot” pulse =
generator. The pulse begins when R i
J.“,.- the 555 timer receives a trigger ESET V.
. signal. The width of the pulse is N ors
' _/.,'/\_ determined by the time constant o —— | e outlP—o
of an RC network, which 2 Out
. . o——TRIG
S consists of a capacitor (C) and a Trigger | b cTRL
o resistor (R). The pulse ends 1 5|
when the charge on the C equals 10nF
The relationships of the trigger 2/3 of the supply voltage. The GNDo
signal, t.he V'oltage on C and the pulse width can be lengthened or Schematic of a 555 in monostable
pulse width in monostable mode shortened to the need of the

. . . . . mOde
specific application by adjusting

the values of R and C.°]

The pulse width of time ¢, which is the time it takes to charge C to 2/3 of the supply voltage, is given by
t = RC'In(3) ~ 1.LRC

where t is in seconds, R is in ohms and C is in farads. See RC circuit for an explanation of this effect.

Astable mode

In astable mode, the '555 timer' puts out a continuous stream of

rectangular pulses having a specified frequency. Resistor Ry is connected Vec® 1
between V¢ and the discharge pin (pin 7) and another resistor (Rp) is fs J o
connected be':tween‘the discharge pin (pin 7), and the trigger (pin 2) anq RESET V.
threshold (pin 6) pins that share a common node. Hence the capacitor is l Nois
charged ‘Fhrough Ry and Ry, and d}scharged only t'hrough Ry, since pin 7 ] - outhP—
has low impedance to ground during output low intervals of the cycle, Ra L] . Out
therefore discharging the capacitor. - GND CTRL
—r 1 SI

In the astable mode, the frequency of the pulse stream depends on the C oy _I_ 10nF
values of R1, Ry and C: GNDo

1 Standard 555 Astable Circuit

[7]

f= (In(2)-C - (Ry +2R5))

The high time from each pulse is given by
high =n(2)- (R + Ry) - C

and the low time from each pulse is given by
low=1In(2)-Ry-C

where R and R are the values of the resistors in ohms and C is the value of the capacitor in farads.



Specifications

These specifications apply to the NE555. Other 555 timers can have better specifications depending on the
grade (military, medical, etc).

Supply voltage (Vcc) 45t015V
Supply current (Vcc=+5V) 3to6mA
Supply current (Vcc=+15V) |10 to 15 mA

Output current (maximum) 200 mA

Power dissipation 600 mW
Operating temperature 0to 70 °C
Derivatives

M any pin-compatible variants, including CM OS versions, have been built by various companies. Bigger
packages also exist with two or four timers on the same chip. The 555 is also known under the following type
numbers:

Manufacturer Model Remark
a::;oﬁvaﬂziisi(:g; ;)lisonsolutions .com) CSS355/C8S555C IC];\/II)O<SSer;;n v
ECG Philips ECG955M
Exar XR-555
Fairchild Semiconductor NES55/KAS55
Harris HAS5S55
IK Semicon ILC555 CMOS from2 V
Intersil SE555/NES55/ICM 7555
Lithic Systems LCS555
M axim ICM 7555 CMOS from2 V
Motorola MC1455/M C1555

) . LM 1455/LM 555
National Semiconductor LM555C
National Semiconductor LMC555 CMOS from 1.5 V
NTE Sylvania NTE955M

Raytheon RMS555/RC555



RCA CAS55/CAS55C

STM icroelectronics NES555N/ K3T647
SN52555/SN72555;
T Inst ’ :
exas Instruments TLCSSS latter; CM OS from2 V
USSR K1006BA1
Zetex ZSCT 1555 downto 09V

Dual timer 556

The dual version is called 556. It features two complete 555s in a 14 pin DIL package.

Quad timer 558

The quad version is called 558 and has 16 pins. To fit four 555's into a 16 pin package the control voltage and
reset lines are shared by all four modules. Also for each module the discharge and threshold are internally wired
together and called fiming.

Example applications

Joystick interface circuit using quad timer 558

The original IBM personal computer used a quad timer 558 in monostable (or "one-shot") mode to interface up

to two joysticks to the host computer.[g] In the joystick interface circuit of the IBM PC, the capacitor (C) of
the RC network (see M onostable M ode above) was generally a 10 nF capacitor. The resistor (R) of the RC
network consisted of the potentiometer inside the joystick along with an external resistor of 2.2 kilohms. The
joystick potentiometer acted as a variable resistor. By moving the joystick, the resistance of the joystick
increased from a small value up to about 100 kilohms. The joystick operated at 5 v.HO]

Software running in the host computer started the process of determining the joystick position by writingto a

special address (ISA bus I/O address 201h).[1 2] This would result in a trigger signal to the quad timer, which
would cause the capacitor (C) of the RC network to begin charging and cause the quad timer to output a pulse.

The width of the pulse was determined by how long it took the C to charge up to 2/3 of 5 V (or about 3.33 V),

which was in turn determined by the joystick posi‘[ion.[13 J14]

Software running in the host computer measured the pulse width to determine the joystick position. A wide
pulse represented the full-right joystick position, for example, while a narrow pulse represented the full-left

joystick position.[lo]
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1. Pin connections
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555 timer pin connections

The 555 timer i is an extremely versatile integrated circuit which can be used to
build lots of different circuits. You can use the 555 effectively without understanding
the function of each pin in detail.

Frequently, the 555 is used in astable mode to generate a continuous series of
pulses, but you can also use the 555 to make a one-shot or monostable circuit. The
555 can source or sink 200 mA of output current, and is capable of driving wide range
of output devices.

2. Astable circuits

Astable circuits produce pulses. The circuit most people use to make a 555 astable
looks like this:

TIMING COMPONENTS DECOUPLIN
; : —$3-15V
- st 47
thl : : nF
: 4| 8 :
H 7 3 - pulse output
r2[] 555 aa :
- 5 Q :
s 6 H
: FEE . :
: 10 :
€T nF KN
N ov

Y 555 astable circuit

The ¥ button allows you to open a simulation of this circuit in Yenka©, the new
electronics simulation program from Crocodile Clips Limited. To use the program, you
need to download and install the Yenka®© plug-in.

At the moment, Yenka is available for free download to home users from
http://www.yenka.com/. This is a fantastic offer from the creators of Yenka©: don't
miss it!

As you can see, the frequency, or repetition rate, of the output pulses is determined
by the values of two resistors, R1 and R2 and by the timing capacitor, C.

The design formula for the frequency of the pulses is:

- 1.44
" (R1+2R2)xC

The period, t, of the pulses is given by:

t=

1
7= 0-69(R1+2R2) X C

The HIGH and LOW times of each pulse can be calculated from:



HIGH time = 0.69(R1 + R2) X C LOW time = 0.69(R2 X ()

The duty cycle of the waveform, usually expressed as a percentage, is given by:

HIGH time
pulse period time

duty cycle=

An alternative measurement of HIGH and LOW times is the mark space ratio:

HIGH time

mark space ratlo=m

Before calculating a frequency, you should know that it is usual to make R1=1 kQ
because this helps to give the output pulses a duty cycle close to 50%, that is, the
HIGH and LOW times of the pulses are approximately equal.

Remember that design formulae work in fundamental units. However, it is often more
convenient to work with other combinations of units:

resistance capacitance period frequency
Q F s Hz

MQ MF s Hz

kQ MF ms kHz

With R values in MQ and C values in uF, the frequency will be in Hz. Alternatively, with
R values in kQ and C values in pF, frequencies will be in kHz.

Suppose you want to design a circuit to produce a frequency of approximately 1 kHz
for an alarm application. What values of R1, R2 and C should you use?

R1 should be 1kQ, as already explained. This leaves you with the task of selecting
values for R2 and C. The best thing to do is to rearrange the design formula so that
the R values are on the right hand side:

R1+2R2 = 144
fxcC

Now substitute for R1 and f:

1.44

1+2R2=
1xC

You are using R values in kQ and fvalues in kHz, so C values will be in pF.

To make further progress, you must choose a value for C. At the same time, it is
important to remember that practical values for R2 are between 1 kQ and 1MQ.
Suppose you choose C =10 nF =0.01 pF:

14+ 2R2= 144 _ 144
T 0.01

That is:
2R2=144—-1 =143

and:



R2=715Kk0

This is within the range of practical values and you can choose values from the E12
range of 68 kQ or 82 kQ. (The E12 range tells you which values of resistor are
manufactured and easily available from suppliers.)

A test circuit can be set up on prototype board, as follows:

Buy from Rapid... 47 uF decoupling capacitor
ov +9V
35—t
: 0o
-
. HH ——— 1 k2 : brown, black, red
M
;E(E),ISBBEOA% 1 uF . 68 k2 : blue, grey, orange
' link wire
£298 680 02 : blue grey brown 2 = 1'0 ::l. .
Available from Rapid flat "da .~ —— 10n E OPﬂlona in
Online - Rapid s test circuits
Electronics Ltd. s
= i 43
Rapid .
digilpa‘iu““ v SE
@ ——— zoOom drag image to show area of interest

A=k Prototype board layout for 555 astable circuit

With the values of R1, R2 and C shown, the LED should flash at around 10 Hz. How
would you slow the rate of flashing to 1 Hz? Experiment to find a solution.

What happens if you replace R2 with an LDR or a thermistor? This gives an astable
which changes frequency in response to light intensity, or with temperature.

Clicking the ™ button under the diagram moves you on to the next prototype board
layout on this page. Clicking I8 opens the drawing in a new window which you can
maximise to fill the screen: there's no excuse for putting a wire link in the wrong
place! Clicking 9B opens a small window showing the pin layout for the 555, so that
you can remind yourself which pin is which. The pins window remains open and can
be brought to the front from the task bar at the bottom of the screen, unless you
choose to close it.

Astables turn up in all sorts of places, as you can see from the Halloween toy skull
with flashing red LED eyes.

Ads by Google In Circuit Programmer 555 Timer Voltage Control Automotiv e Circuit

an

3. Astable component selection

With a little practice, it is quite easy to choose appropriate values for a 555 timer
astable. To make things even easier, you might like to download the DOCTRONICS
555 timer component selection program.

The program works with all versions of Windows™ from Windows 95™ through to
Windows Vista™ and looks like this:



an

5 555 timer component selection E@léj

Astable I Monostable ]

R1 R2 C units ©

[0 < [0 ] |“°F | 0 =~
@ yF

[E12/E24 [E12/E24 L™

resistor values in kilohms

duty cucle F units pulse frequency
50.25 © He | 764
" kHz

To download the program (~210K), click on its image. You can save the program to
your own computer to use whenever you want.

4. More astables

4.1. Extended duty cycle astable

An extremely useful variation of the standard astable circuit involves adding a diode
in parallel with R2:

TIMING COMPONENTS DECOUPLIN

pulse output

el = %0 |
diode—" : 5 i i
added ]2 3 g

: : a . '

Y Extended duty cycle astable

This simple addition has a dramatic effect on the behaviour of the circuit. The timing
capacitor, C, is now filled only through R1 and emptied only through R2.

The design equation for the output pulse frequency is:

1.44

f=(R1+R2)xC

HIGH and LOW times are calculated from:

HIGH time = 0.69(R1 X C) LOW time = 0.69(R2 X C)

With this circuit, the duty cycle can be any value you want. If R1 > R2, the duty cycle
will be greater than 50% (equivalent to a mark space ratio of more than 1.0). On the
other hand, if R1 < R2, the duty cycle will be less than 50% (mark space ratio less
than 1.0).



This is the version of the 555 astable is used in the DOCTRONICS safety lights
project:

Buy using PayPal™
Buy Now
) vsa s, 2= e
price: £3.20 + P&P

DOCTRONICS safety lights construction kit

You can see the extended duty cycle astable in action by building it on prototype
board:

47 uF decoupling capacitor

o
L
4
0
<

|——10 k£ : brown, black, orange

22 uF 47 k2 : yellow, violet, orange

680 02 : blue grey brown ... £ diode in parallel with R2
flat ‘._m_;::m—:—f—— 10 nF : optional in test

.o circuits

@ ———— zoom drag image to show area of interest
¥ & 8 Extended duty cycle astable

The components used here are not the same as those in the test circuit for the
normal version of the astable. R1=10 kQ, R2=47 kQ, and the timing capacitor
C=22 pF.

With the diode in place, the HIGH time, when the LED is ON, should be around
0.69(0.01x22)=0.15 s (0.01 is 10 k@2 converted to MQ). The LOW time should be
visibly longer, 0.69(0.047x22)=0.71 s (0.047 is 47 kQ converted to MQ). What
happens if you temporarily remove the diode from the circuit?

Replace the diode and then replace R2 with a 100 kQ or a 1 MQ potentiometer as
indicated in the next prototype board layout:



ov

———=1 k1 : brown, black, red

soldered connections

SUAUD SREND BAEAE BENEE Hes

sosoe svevo

100 k& or 1 MO
linear potentiometer

@ ———— zoom drag image to show area of interest
¥ & 0O Adding a potentiometer

The 1 kQ in series with the potentiometer, used here as a variable resistor, prevents
you from adjusting R2 to zero. You need to solder single core wire to the
potentiometer terminals: twisting the wire round the terminal doesn't make an
effective connection.

As you adjust R2, the ON time of the LED remains constant, while the OFF time

varies. Unlike the normal version of the 555 astable, the ON time can be short
compared with the OFF time.

4.2 Minimum component astable

This is a cheap and cheerful astable using just one resistor and one capacitor as the
timing components:

TIMING COMPONENTS DECOUPLIN

E : f—$3-15V
: ! Tl 47

' ; : WuF

! : 1 8 :

' - 3 pulse output
R EREEE

: ' 5 2 -

H ' 6) H

i ' 2 |1 a :

' i 10 :

E C = | nF . \\\\

H ¢ + ov

Y Minimum component astable
Note that there is no connection to pin 7 and that R1 is linked to the output, pin 3.

The design equation for the circuit is:

_ 072
T R1XC

The HIGH and LOW times are supposed to be equal, giving a duty cycle of 50%
(equivalent to a mark space ratio of 1.0):



HIGH time=LOW time = 0.69(R1 X ()

However, if you build this circuit, it is probable that the HIGH time will be longer than
the LOW time. (This happens because the maximum voltage reached by the output
pulses is less than the power supply voltage.) Things will get worse if the output
current increases.

On protoytpe board, the circuit looks like this:

47 uF decoupling capacitor

330 ki —

orange, orange, yellow
luF————
680 0 : blue, grey, brown
flat

—10 nF : optional in
test circuits

etoee sevee

drag image to show area of interest

@ —————— zoom
¥ & B Minimum component astable

With the values shown, the frequency should be around 2.2 Hz.

If you need an astable circuit which can be adjusted to give an accurate frequency,
this circuit is not the one to choose.

4.3 Diminishing frequency astable

The excitement and realism of electronic games, including roulette, can be increased
using an astable circuit which is triggered to produce rapid pulses initially, but which
then slows down and eventually stops altogether.

It is easy to modify the basic 555 astable circuit to produce this result:

100 0
+3-15V
+| 47
' ' =
ae nF
47 + 470
=
uF k2 4 8
= 3 pulse output
470 Ij 555 680
k(2 5 Q0
| 6
2 1 a
10- 10
nF nF X
! KN ov

Y Diminishing frequency astable

When the 'go' button is pressed, the 47 pF capacitor in parallel with the timing
network, R1, R2 and C, charges up very quickly through the 100 Q resistor. When the
button is released, the astable continues to oscillate but the charge stored slowly
leaks away, with the result that it takes longer and longer to charge up the timing
capacitor. To trigger the next pulse, the voltage across C must increase to two thirds



of the power supply voltage. After a while, the voltage across the 47 pF drops below
this value and the pulses stop.

With the values shown, the initial frequency is about 100 Hz and the output pulses
coast to a stop after around 40 seconds:

47 uF decoupling capacitor
ov +9V

47 uF : coast time miniature tactile switch

470 k2

470 ka2

yellow, violet, yellow
——10 nF : optional in
test circuits

10 nF——

680 €2 : blue grey brown

flat———

® ——F—— zoom drag image to show area of interest
¥ & 0 Diminishing frequency astable

The initial frequency can be calculated from the design equation for the basic 555
astable. To give a realistic coasting time, you should use large values for the
resistors R1 and R2. The coasting time is determined by the 47 uF capacitor.
Experiment with different values until you get the effect you want.

=%R
5. RESET input
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If the RESET input, pin 4, is held HIGH, a 555 astable circuit functions as normal.
However, if the RESET input is held LOW, output pulses are stopped. You can
investigate this effect by connecting a switch/pull down resistor voltage divider to
pin 4:

TIMING COMPONENTS DECOUPLIN
' : F—— $3-15V
push to Rl[l] ' i 47
'go’ ' : [TL
I__!_l'l 8
; — 3 : pulse output
L R2 [] 5 555 680 ;
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Y Investigating the RESET input

Here is the circuit on prototype board:

47 uF decoupling capacitor
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¥ & 8 Investigating the RESET input
Use the design formula, or the DOCTRONICS component selector program to

calculate the frequency of pulses you would expect to obtain with this circuit. Monitor
the output pulses with an oscilloscope to check that your calculation is correct.

In an electronic die, provided the output pulses are fast enough, it is impossible to
‘cheat’ by holding down the button for a definite length of time. This is the circuit
used in the DOCTRONICS electronic die construction kit:

Think about how you could use this circuit together with a bistable as part of a
burglar alarm. Under normal conditions, the output of the bistable is LOW and the
astable is stopped. If the alarm is triggered, the output of the bistable goes HIGH
and the pulses start, sounding the alarm.




6. CONTROL VOLTAGE input

an

By applying a voltage to the CONTROL VOLTAGE input, pin 5, you can alter the timing
characteristics of the device. In the astable mode, the control voltage can be varied
from 1.7 V to the power supply voltage, producing an output frequency which can be
higher or lower than the frequency set by the R1, R2, C timing network.

The CONTROL VOLTAGE input can be used to build an astable with a frequency
modulated output. In the circuit below, one astable is used to control the frequency
of a second, giving a 'police siren' sound effect:

SLOW ASTABLE FAST ASTABLE DECOUPLING
: - — +3-15V
68 Ij 8.2 -—
ke ke
4 8
3
- 7 3 7
T, 68 10[‘] 8.2
ESZ kn[] 555 sk ki
6 6
2 1
10_% 10 100
pF nF nF
T T1 T v
control voltage loudspeaker
UK police siren sound effect
Here is the prototype board layout:
10 uF 47 uF decoupling capacitor
9V
—— 68 ki
68 ki
1N 4148
10 nF
—— 10 ko2
— 8.2 ki)
8.2 k2
soldered 100 wF
connections

drag image to show area of interest

® ———— zoom
¥ 4 8 UK police siren sound effect

In most applications, the CONTROL VOLTAGE input is not used. It is usual to connect
a 10 nF capacitor between pin 5 and 0 V to prevent interference. You don't need to

do this in building a test circuit, although it is shown in the prototype board layouts,
but this 'bypass' capacitor should be included in your final circuit.

Ads by Google Fuel Gauge Resistor Thick Film Resistor Electronic Control Unit Magny Cours Circuit

7. Monostable circuits

A monostable, or one-shot, circuit produces a single pulse when triggered. The two
questions about monostables you immediately need to ask are:

e How can the circuit be triggered to produce an output pulse?
e How is the duration, or period, of the output pulse determined?



The circuit used to make a 555 timer monostable is:

TIMING COMPONENTS DECOUPLIN
: : : 3315V
10 ka2 R1 |j - 4:1
pull up : H
resistor ) 8 :
. pulse output
7 3 .
555 680 :
5 Q s
6 H
I2 1 a :
trigger C - 10
switch nF Y
k
: ov

Y 555 monostable circuit

As you can see, the trigger input is held HIGH by the 10 kQ pull up resistor and is
pulsed LOW when the trigger switch is pressed. The circuit is triggered by a falling
edge, that is, by a sudden transition from HIGH to LOW.

The trigger pulse, produced by pressing the button, must be of shorter duration than
the intended output pulse.

The period, t, of the output pulse can be calculated from the design equation:

t=11RXC)

Remember again about compatible measurement units:

resistance capacitance period
Q F S

MQ MF S

kQ MF ms

With R1 =1 MQ and C =1 yF, the output pulse will last for 1.1 s.

You can build a test version of the 555 monostable as follows:

miniature tactile

10 pF decoupling capacitor
+9V

+———10 kQ pull up resistor

switch ——1MQ
680 @ 1yF
Aat — 1.0 nf optional in test
circuits

® ——— zoom drag image to show area of interest
¥ & B dE 555 monostable circuit

By clicking on the monostable tab, the 555 component selection program can be used



to investigate the effect of different R1 and C values:

# 555 timer component selection @E‘é

Astable Monostable I

R1 C units [
" nF

1.0 v

E12/E24

resistor value in kilohms

T units pulse period
©ms | [7700
C s

To download the program (~210K), click on its image.
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8. More about triggering

For a simple 555 monostable, the trigger pulse must be shorter than the output
pulse. Sometimes you want to trigger the monostable from a longer pulse:

TRIGGER NETWORK TIMING COMPONENTS DECOUPLIN
: i : —+3-15V
;Ijlo f]m zls;; le] +| a7
ke Llke P T wF
: i 4 8
1 i T - e pulse
: vl T 7 3 : H
i | 10ne P : 555 680 : | output
: ' : 5 @ : :
: 4 HE P06 : :
Vi | & X e ——y2 |1 5 : :
: i : 10 : H
T T TN E
' n T DV

Adding a trigger network

As you can see in the V/t graphs below, the voltage at X is normally held HIGH. A
positive-going 'spike' would be generated on the rising edge of the Vi, signal, but
this is suppressed by the diode. On the other hand, the trigger network detects the
falling edge at the end of each Vi, pulse, producing a short negative-going spike
which triggers the monostable:



VA [ i falling
v - edge
" V‘
oVv- 1 b

suppressed By diode
Y _h’/_ : A
: i /

voltage f
at X H . negative-going
ov- ' ! spike
+Vq |
: monostable output
Vo : -~ pulse
ov-

V/t graphs for monostable with trigger network
The period of the monostable pulse is shorter than the period of the Vi, pulses.

If you want to trigger the monostable from a rising edge, you need to add a
transistor NOT gate to the trigger circuit:

TRIGGER NETWORK TIMING COMPONENTS DECOUPLING
:. : Z +3-15V
f:llo 10 ot le] : i e 47
k@ Llka Pl : : WF
SN B ;
[ | pulse
[ ? 3 H .
- IOlnF i 555 680 | ! output
: . ; 5 Q0 : -
: L P8 E
—3—@ transistor —:—lz 110 a
v..té i C == nF ey :
: - Lo —O0V

Triggering from a rising edge

If you build these circuits, it is interesting to investigate the action of the trigger
network using an oscilloscope.
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9. Retriggerable monostable

Another version of the monostable circuit allows you to initiate a new monstable
pulse before any ongoing pulse has been completed:

_TIMING COMPONENTS _DECOUPLIN
: ; —— $3-15V
10 ; le] : byl a7 !
kQ E : L
: 4 8 ' :
i pulse output
: b7 a5 [F 680 ' :
: ' 5 o} ' :
BCS578 | — : :
! t L Iz 1 E E
trigger, C mm ' 10 X ,
switch : : nF N :
: : K : :
. T . ¢ N T oV



Retriggerable monostable

As you can see, a PNP transistor, BC557B, has been added to the trigger circuit. To
understand how the circuit works click 'play' in the animation:

trigger input

voltage across timing capacitor, C

output

click to play #

Waveforms for retriggerable monostable

The first trigger pulse results in @ normal ouput pulse with a period determined by
t=1.1RC. Note that the timing capacitor is fully discharged during the trigger pulse:
the timing period starts when the trigger input goes HIGH.

The second trigger pulse is followed by a third and then a fourth before the normal
output period has been completed. The additional trigger pulses discharge the timing
capacitor, giving an extended output pulse.

To see this circuit in action, the prototype board layout for the standard 555
monostable can be modified, as follows:

10 pF decoupling capacitor
ov +9V

——BC557B
10 kQ

] Ef 1 MO

:

g - ——4.7 yF
680 Q— i s o iR is o5 ’

BE H——100F

Ll Ll )
miniature tactile - - -
switch

LED—T e gassa gsole o0
oo 0s03e o0 BC557B transistor PNP
4 ose c
e Ll b
os e D
collector emitter
base
@ ———— zoOm drag image to show area of interest

A |8 dE Retriggerable monostable circuit

Operate the push switch. The normal output of the monostable should be around
5s. When the LED switches OFF, press the push switch again and then press is once
more after 2-3 s.

Provided you keep pressing the switch at intervals of less than 5 s, the output LED
remains ON.

If the input voltage divider is replaced by a source of pulses, this circuit can be used
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as a 'missing pulse' or 'low rate' detector. Any decrease in the frequency of the input
pulses below the design level, will allow the monostable to complete its cycle, driving
the output LOW.

10. 555 as a transducer driver

Ads by Google

A transducer is a subsytem which converts energy from one form into another, where
one of the forms is electrical. In an output transducer, for example, electrical energy
can be converted into light, sound, or movement.

The output of a 555 timer can source or sink up to 200 mA of current. This means
that output transducers including buzzers, filament lamps, loudspeakers and small
motors can be connected directly to the output of the 555, pin 3.

You can use the 555 as a transducer driver, that is, as an electronic switch which
turns the transducer ON or OFF:

output transduce DECOUPLING
' ] - +3-15V
+| 47
T F
4 8
7 3
555
S
F 5
Vie 2 1
10
nF
ov

555 as a transducer driver

This circuit has an inverting Schmitt trigger action. The 'inverting' part of this
description means that when Vi is LOW, the output is HIGH, and when Vi, is HIGH,
the output is LOW.

In a Schmitt trigger circuit there are two different switching thresholds. If Vi, is slowly
increased starting from 0 V, the output voltage snaps from HIGH to LOW when Vin
reaches a level equal to 2/3 of the power supply voltage. Once this level has been
exceeded, decreasing Vin does not affect the output until Vin drops below 1/3 of the
power supply voltage. (If an input change in one direction produces a different result
from a change in the opposite direction, the circuit is said to show hysteresis.)

If a filament lamp is connected between the positive power supply rail and the
output, as shown above, current flows through the lamp when the output voltage is
LOW. In other words, the lamp lights when the input voltage is HIGH.

If you connect the lamp between the output and 0 V, the circuit will still work, but the
lamp will light when the input voltage is LOW:

DECOUPLIN
i $3-15V
+| a7
=
pF
4 8
E 3
555
S
6
10
nF
oV

output transduce r_] feesassasanad :
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555 as a transducer driver

Note that, in both versions of the circuit pins 2 and 6 are joined together. The circuit
can be simplified by omitting the 10 nF bypass capacitor, and will continue to work
when the RESET input, pin 4 is left unconnected.

Some people are very fond of this circuit and use it whenever a transducer driver is
required. However, with a HIGH/LOW digital input signal the same result can be
achieved more obviously and at lower cost using a transistor switch circuit.

11. Inside the 555

You can use the 555 timer without knowing anything at all about its internal circuit.
On the other hand, you might /ike to know something about what is going on inside.

The diagram below shows the 555 timer in astable mode with the internal circuit
shown in block diagram form:

DECOUPLING

comparator

e SINBNOIWOD ONTWIL
]
N
T

555 Internal block diagram

Inside the 555 you can see three resistors, labelled R. These resistors are equal in
value and form a voltage divider, providing reference voltages at 1/3 and 2/3 of the
power supply voltage, Vcc.

The reference voltages are connected to one input of each of two comparators,
which in turn control the logic state of a bistable, or flip flop stage.

Pin 2 of the 555 is the trigger input. When the voltage connected to pin 2 is less than
1/3 of the power supply voltage, the output of the lower comparator forces the logic
state of the flip flop to LOW. The output stage has an inverting action. In other
words, when the output of the flip flop is LOW, the output of the 555 goes HIGH.

Now think about what happens when the power supply is first connected to the
astable circuit. Initially, timing capacitor Cis discharged. The voltage at pin 2is 0 V
and the output of the 555 is driven HIGH. C starts to charge through resistors R1 and
R2. Note that Cis also connected to pin 6, the threshold input of the 555.

When the voltage across C goes past 1/3 of the power supply voltage, the output of
the lower comparator snaps a new level. This doesn't change the logic state of the
flip flop: its output remains LOW.

The inputs to the second comparator are the voltage at pin 6, the threshold input,
and 2/3 Vcc from the internal voltage divider.

When the voltage across C goes past 2/3 of the power supply voltage, the output of
the second comparator snaps to a new level, the flip flop changes state, its output
becomes HIGH and the output of the 555 goes from HIGH to LOW.

Inside the 555, the flip flop is connected to an NPN transistor, the collector of which is
connected to pin 7, the discharge pin of the 555. When the output of the flip flop



goes HIGH, the transistor is switched ON, providing a low resistance path from the
discharge pin to 0 V. The timing capacitor, C, starts to empty through R2 and the
voltage across it decreases.

Note that the capacitor charges through R1 and R2, but discharges only through R2.
When the voltage across C decreases below 1/3 of the power supply voltage, the
lower comparator snaps to a new level, the flip flop changes state and the output of
the 555 goes HIGH once again.

The graph below shows how the voltage across the timing capacitor, V¢, changes
with the output voltage of the 555, Vour:

Veo r

23|

output voltage

1/3 |

0 1 1 1 1 1 1 1 1 1 1 1 J

0

click to play »

555 astable voltages

time

The initial ouptut pulse is longer than subsequent pulses because Cis completely
discharged when the power supply is first connected. Subsequent HIGH and low
times correspond to half-charge/discharge times, either from 1/3 to 2/3 of the power
supply voltage, or from 2/3 to 1/3 of the power supply voltage.

The HIGH time is given by:
HIGH time = 0.69(R1 + R2) X C

Remember, C charges through both R1 and R2.
The LOW time is given by:

LOW time = 0.69R2 X C

C discharges only through R2.

The period, t, of the 555 astable is given by:
t=0.69(R1+R2)X C+0.69R2X C = 0.69(R1+ 2R2)X C

The frequency, f, is given by:

1 1 1.44
t

f=:= 0.69(R1+2R2)XC (R1+2R2)XC

Try 1+0.69 on your calculator to confirm that it does equal 1.44.

The design formula for the 555 astable follows from the behaviour of RC networks
and from the two switching thresholds of the voltage divider inside the device.

In a 555 monostable, only the upper threshold is used to determine the period, so
the formula corresponds to a 2/3 charge time:



t=11RXC)

You can find further details about the internal circuit of the 555 in the data sheets
provided in the next section.
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12. Links

10. 1 Data sheets

A great little book

for just £4.99... The links below allow you to download documents in ™ Adobe Acrobat ©, PDF, format.
In the unlikely event that you don't already have Acrobat Reader, you can download
the latest version direct from Adobe:

X 555 data sheet (Phillips Semiconductors, 1994)

X 555 application note (Philips Semiconductors AN 170, 1988)

10. 2 Internet resources

» 555 Timer Tutorial (Tony van Roon, University of Guelph, Canada)

» 555 timer IC (from Wikipedia, the free encyclopaedia)
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National
Semiconductor

LF411

Low Offset, Low Drift JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, JFET input opera-
tional amplifiers with very low input offset voltage and guar-
anteed input offset voltage drift. They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF411 is pin compatible with the standard LM741 allowing
designers to immediately upgrade the overall performance of
existing designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage and drift, low input bias current, high input imped-
ance, high slew rate and wide bandwidth.

August 2000

Features

® [nternally trimmed offset voltage: 0.5 mV(max)
m |nput offset voltage drift: 10 pV/°C(max)
m Low input bias current: 50 pA
® Low input noise current: 0.01 pA~Hz
m Wide gain bandwidth: 3 MHz(min)
m High slew rate: 10V/ps(min)
m Low supply current: 1.8 mA
m High input impedance: 10"2Q
m Low total harmonic distortion: <0.02%
m Low 1/f noise corner: 50 Hz
m Fast settling time to 0.01%: 2 ps

Typical Connection

R¢
MV

Vee

00565501

Ordering Information
LF411XYZ
X indicates electrical grade
Y indicates temperature range
“M” for military
“C” for commercial
Z indicates package type
“H” or “N”

BI-FET II™ is a trademark of National Semiconductor Corporation.

Connection Diagrams
Metal Can Package

NON-INVERTING
INPUT

V-

00565505
Note: Pin 4 connected to case.
Top View
Order Number LF411ACH
or LF411MH/883 (Note 11)
See NS Package Number HO8A

Dual-In-Line Package
N\ s

1
BALANCE —

2
INPUT — —v*

3 6
INPUT — |— output

4 5
VT — = BALANCE

00565507
Top View
Order Number LF411ACN, LF411CN
See NS Package Number NOSE

© 2004 National Semiconductor Corporation

DS005655

www.nhational.com
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LF411

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

LF411A LF411
Supply Voltage +22V +18V
Differential Input Voltage +38V +30V
Input Voltage Range
(Note 2) +19V +15V
Output Short Circuit
Duration Continuous Continuous
H Package N Package
Power Dissipation
(Notes 3, 10) 670 mW 670 mW

DC Electrical Characteristics (Note 5)

Tmax
0.A

6,C

Operating Temp.

Range

Storage Temp.

Range

Lead Temp.

(Soldering,

10 sec

)

ESD Tolerance

H Package
150°C
162°C/W (Still Air)
65°C/W (400
LF/min
Air Flow)
20°C/W

(Note 4)

N Package
115°C
120°C/W

(Note 4)

-65°C<T,<150°C —65°C<T,<150°C

260°C

260°C

Rating to be determined.

Symbol Parameter Conditions LF411A LF411 Units
Min Typ | Max | Min Typ Max
Vos Input Offset Voltage Rs=10 kQ, To=25°C 0.3 0.5 0.8 2.0 mV
AVog/AT | Average TC of Input Rs=10 kQ (Note 6) 7 10 7 20 pv/eCc
Offset Voltage (Note 6)
los Input Offset Current Vg=+15V T=25°C 25 100 25 100 pA
(Notes 5, 7) T=70°C 2 2 nA
T=125°C 25 25 nA
Is Input Bias Current Vg=%+15V T=25°C 50 200 50 200 pA
(Notes 5, 7) T=70°C 4 4 nA
T=125°C 50 50 nA
Rin Input Resistance T;=25°C 102 102 Q
AvoL Large Signal Voltage Vg=%15V, Vo=%10V, 50 200 25 200 V/mV
Gain R.=2k, Tp=25"C
Over Temperature 25 200 15 200 VimV
Vo Output Voltage Swing Vg=%x15V, R =10k +12 | £13.5 +12 | +135 \Y
Vem Input Common-Mode +16 | +19.5 +11 | +14.5 \
Voltage Range -16.5 -11.5 Vv
CMRR Common-Mode Rs<10k 80 100 70 100 dB
Rejection Ratio
PSRR Supply Voltage (Note 8) 80 100 70 100 dB
Rejection Ratio
Is Supply Current 1.8 2.8 1.8 3.4 mA
AC Electrical Characteristic (ot 5)
Symbol Parameter Conditions LF411A LF411 Units
Min | Typ | Max | Min Typ | Max
SR Slew Rate Vg=%15V, T,=25°C 10 15 8 15 Vl/ps
GBW Gain-Bandwidth Product Vg=%15V, T,=25°C 3 4 2.7 4 MHz
e, Equivalent Input Noise Voltage ;I'_Tiz"c, Rs=1009, o5 o5 v/ PR
= z
in Equivalent Input Noise Current T,=25°C, f=1 kHz 0.01 0.01 oA/

www.national.com




AC Electrical Characteristic (Note 5) (Continued)

Symbol Parameter Conditions LF411A LF411 Units
Min Typ | Max | Min | Typ | Max
THD Total Harmonic Distortion Ay=+10, R =10k, <0.02 <0.02 Y%
Vo=20 Vp-p,
BW=20 Hz-20 kHz

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of ;A.

Note 4: These devices are available in both the commercial temperature range 0°C<TA<70°C and the military temperature range -55°C<Tp<125°C. The
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M”
indicates the military temperature range. The military temperature range is available in “H” package only.

Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for Vg=+20V for the LF411A and for Vg=%15V for the LF411. Vg,
Ig, and lpg are measured at Vgy=0.

Note 6: The LF411A is 100% tested to this specification. The LF411 is sample tested to insure at least 90% of the units meet this specification.

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj=Ta+6ja Pp where 6j4 is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice, from
+15V to =5V for the LF411 and from £20V to +5V for the LF411A.

Note 9: RETS 411X for LF411MH and LF411MJ military specifications.

Note 10: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits.

Typical Performance Characteristics

Input Bias Current Input Bias Current

100 10k
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INPUT BIAS CURRENT (pA)

0 1
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00565511 00565512
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LF411

Typical Performance Characteristics (continued)

SUPPLY CURRENT (mA)
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Typical Performance Characteristics (continueq)

Output Voltage Swing
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LF411

Typical Performance Characteristics (continued)

OPEN LOOP VOLTAGE

OPEN LOOP VOLTAGE
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RATIO (dB)

GAIN (V/V)

Open Loop Frequency

Response
160
140
120
N\
100 N
80 N
60 \\
40 ‘N\\\
20 AN
0 N
1 10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)
00565525
Power Supply
Rejection Ratio
140
Vs= 15V
120 Ta=25°C
\+SUPPLY
100 -
N
80 \\ \\
60 \ \\
RNEAN
40 — SUPPLY AN
20 \
0

10 100 1k 10k 100k 1M
FREQUENCY (Hz)

00565527

Open Loop Voltage Gain

AL
R =2k
—55°C=Ta=<125°C
T
Pl
100k ==
10k
5 10 15 20
SUPPLY VOLTAGE (tV)

00565529

Common-Mode Rejection

Ratio
160 Vs= £15V
140 R =2k
Ta=25°C
120 A

Vem
100 CMRR =20 LOG N +
" \ OPEN LOOP
I Vo\ VOLTAGE
60 | —\ GAIN

COMMON-MODE
REJECTION RATIO (dB)

10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)

00565526

Equivalent Input Noise

Voltage
70
60
w
<4
2~ 50
=<
2> 40
£
- w 30 \
z< N
=5
ze 20
= 10
0
10 100 1k 10k 100k
FREQUENCY (Hz)
00565528
Output Impedance
100 Vs= +15V
Ta=25°C
= 1
= Il /
W10 ===Av=100
EE 1
>4
g L Ay =10
= -~ / 74
> ! Av=135
3 —H
A
0.1

100 1k 10k 100k M
FREQUENCY (Hz)

00565530
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Typical Performance Characteristics (continueq)

Inverter Settling Time

10
i
© wmvlf /1 mv
z 5
=
w —~
w >
w =
< >
5= °
S8 \
2" N\
5 -5
3 10mv N\ 1 mv
\
0.1 1 10
SETTLING TIME (us)
00565531
Pulse Response R -2 ko, ¢ 10 pF Large Signal Inverting
Small Signal Inverting
g
=
g w
= o5
22 =8
83 S8
53 =
g 2
5L 3
£
3

TIME (2 s/DIV)

TIME (0.2 4s/DIV) 00565541

00565539 Large Signal Non-Inverting

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING
(5V/DIV)

OUTPUT VOLTAGE SWING
{50 mv/DIV)

TIME (2 us/DIV)

00565542

TIME (0.2 4s/DIV)

00565540
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LF411

Pulse Response R =2 ko, C 10 pF (Continued)

Current Limit (R_=100¢)

=
Q
<
>
pas

OUTPUT VOLTAGE SWING

TIME (5 us/DIV)

Application Hints

The LF411 series of internally trimmed JFET input op amps
( BI-FET 1™ ) provide very low input offset voltage and
guaranteed input offset voltage drift. These JFETs have
large reverse breakdown voltages from gate to source and
drain eliminating the need for clamps across the inputs.
Therefore, large differential input voltages can easily be
accommodated without a large increase in input current. The
maximum differential input voltage is independent of the
supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier may be
forced to a high state.

The amplifier will operate with a common-mode input voltage
equal to the positive supply; however, the gain bandwidth
and slew rate may be decreased in this condition. When the
negative common-mode voltage swings to within 3V of the
negative supply, an increase in input offset voltage may
occur.

The LF411 is biased by a zener reference which allows
normal circuit operation on +4.5V power supplies. Supply
voltages less than these may result in lower gain bandwidth
and slew rate.

00565543

The LF411 will drive a 2 kQ load resistance to =10V over the
full temperature range. If the amplifier is forced to drive
heavier load currents, however, an increase in input offset
voltage may occur on the negative voltage swing and finally
reach an active current limit on both positive and negative
swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
socket as an unlimited current surge through the resulting
forward diode within the IC could cause fusing of the internal
conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in order
to ensure stability. For example, resistors from the output to
an input should be placed with the body close to the input to
minimize “pick-up” and maximize the frequency of the feed-
back pole by minimizing the capacitance from the input to
ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capacitance
from the input of the device (usually the inverting input) to AC
ground set the frequency of the pole. In many instances the
frequency of this pole is much greater than the expected
3 dB frequency of the closed loop gain and consequently
there is negligible effect on stability margin. However, if the
feedback pole is less than approximately 6 times the ex-
pected 3 dB frequency, a lead capacitor should be placed
from the output to the input of the op amp. The value of the
added capacitor should be such that the RC time constant of
this capacitor and the resistance it parallels is greater than or
equal to the original feedback pole time constant.

www.national.com




Typical Applications

High Speed Current Booster

1k
4"¢f
15V
8.2
SOLID
[ 15 pF TANTALUM
w#
INPUT . 10k .
+
15 pF I
2
(.) OUTPUT
RL
50
8.2S0LID
15 pF TANTALUM
+
-15v
00565509
PNP=2N2905

NPN=2N2219 unless noted
TO-5 heat sinks for Q6-Q7

9 www.nhational.com
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LF411

Typical Applications (continued)

10-Bit Linear DAC with No Vog Adjust

?4?5 8 7?3?9 10f1 12?13 _T_ REEEDBACK

DAC1020

14
15V O—

15
+10V Ot

(SINGLE POINT GND) =

00565532

Vour = —V (A_1+E+E+‘..A1°)
out REF\2 "4 "8 1024

—10V < VRgf < 10V

102
0 <V < ——=V,
out 1024 REF

where An=1 if the Ay digital input is high
AnN=0 if the Ay digital input is low

Single Supply Analog Switch with Buffered Output

Ve 2k
1=SWITCH OFF O
0=SWITCH ON

Vo

10k

00565533
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Simplified Schematic

Vee O

INTERNALLY

INTERNALLY TRIMMED

TRIMMED

Vee O

Note 11: Available per JM38510/11904

Detailed Schematic

Vee O-

00565506

Vps
ADJUST

0S
ADJUST

Ve

00565534
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PhySiCﬁ' Dimensions inches (millimeters) unless otherwise noted

Molded Dual-In-Line Package (N)
Order Number LF411ACN or LF411CN
NS Package Number NOSE

0.350-0.370 | _
(8.890—9.398) | -
DIA L || 0315-0.33
0.165-0.185 l‘ “TT (8.001—8.509)
(4.191-4.699) DIA
+ 0.015—0.040
’ (0.381-1.016)
REFERENCE PLANE —‘{—>—‘ ﬁ—
A 0.040 ‘PT SEATING PLANE
0.500 " 77016
——  (1.016) 0.025
(12.70) MAX :
MIN (0.635)
MAX UNCONTROLLED
y A _0.016-0.019 1 gpp pja
(0.406 —0.483)
DIA TYP
0.225-0.235
(5.715—5.969)
DIA PC
[ 0.115-0.145
0.029-0.045 o (2.921-3.683)
(0.737—-1.143) A DIA
0.028 —0.034
0.711—-0. 864)V<
45° TYP
> HOBA (REV C)
Metal Can Package (H)
Order Number LF411MH/883 or LF411ACH
NS Package Number HO8A
0.373-0.400
(9.474—10.16)
0.090
™ 2.286)
0.002 m m m m 0.032 +0.005
zaan T B (0.813%0.127)
B NO. 1 DENT \@' \ 0.2500.005 RAD
: N (6.35£0.127) PIN NO. 1 IDENT
oPTIONT L®
0.280 mwiy
) 0.080
a1z "N ‘—M 1016 T"’—>| |<— OPTION 2
oy M (L08) 0.038 0.145-0.200
0.3000.320 2004 ] ] {0.991) (3.683—5.080)
(7.62—8.128) ¢ / : :
F‘{ - ¢ T A 0.130+0.005 A
o * U ] y  (3.302%0.127) ¢ v
o5 ]| 44 ‘T‘ IR
- 0425 0.065 _ Y (3.175-3.556) 0.020
0.009-0015 | = @y 0 90°+4° {0.508)
(0.229-0.381) - DIA TYP MIN
NOM 0.018+0.003
| b By T 0asTz0.076)
[0 oee +1.016) 0.100:£0.010
(82555 %88 —> (2540 £0.254)
0.045+0.015 -
{1.143%0.381) 0.060
0.050 (1.524)
i ‘

NOBE (REV F)
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Notes

LIFE SUPPORT POLICY

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2.

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification
(CSP-9-111S2) and contain no “Banned Substances” as defined in CSP-9-111S2.

National Semiconductor National Semiconductor
Americas Customer Europe Customer Support Center
Support Center Fax: +49 (0) 180-530 85 86
Email: new.feedback @nsc.com Email: europe.support@nsc.com
Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
www.national.com Francais Tel: +33 (0) 1 41 91 8790

National Semiconductor National Semiconductor

Asia Pacific Customer Japan Customer Support Center
Support Center Fax: 81-3-5639-7507

Email: ap.support@nsc.com Email: jpn.feedback@nsc.com

Tel: 81-3-5639-7560

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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National
Semiconductor

LM741

Operational Amplifier
General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

August 2000

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/LM741A except that
the LM741C has their performance guaranteed over a 0°C to
+70°C temperature range, instead of -55°C to +125°C.

Features

Connection Diagrams

Metal Can Package

00934102
Note 1: LM741H is available per JM38510/10101

Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH
See NS Package Number HO8C

Ceramic Flatpak

NC I:1 ° 10:I NC
+OFFSET NULL I:2 g:I NC
-INPUT I:j LM741W ::I V+
+INPUT C—] [ output
V- I:5 s:I -OFFSET NULL

00934106

Order Number LM741W/883
See NS Package Number W10A

Typical Application

Offset Nulling Circuit

LM741

Dual-In-Line or S.0. Package

-/

OFFSET NULL—]1 8—NC
INVERTING INPUT—] 2 7
NON=INVERTING — 3 6 |—OUTPUT

INPUT
v —4 5 f—OFFSET NULL

00934103

Order Number LM741J, LM741J/883, LM741CN
See NS Package Number JOBA, MOSA or NOSE

OUTPUT

00934107

© 2004 National Semiconductor Corporation

DS009341

www.nhational.com
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LM741

(Note 7)

Supply Voltage
Power Dissipation (Note 3)
Differential Input Voltage
Input Voltage (Note 4)
Output Short Circuit Duration
Operating Temperature Range
Storage Temperature Range
Junction Temperature
Soldering Information
N-Package (10 seconds)
J- or H-Package (10 seconds)
M-Package
Vapor Phase (60 seconds)
Infrared (15 seconds)
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of

Absolute Maximum Ratings (Note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

LM741A
+22V

500 mW
+30V
+15V

Continuou

S

-55°C to +125°C
-65°C to +150°C

150°C

260°C
300°C

215°C
215°C

LM741

500 mW

+22V

+30V
+15V

Continuous
-55°C to +125°C
-65°C to +150°C

150°C

260°C
300°C

215°C
215°C

LM741C
+18V
500 mW
+30V
+15V
Continuous
0°C to +70°C
-65°C to +150°C
100°C

260°C
300°C

215°C
215°C

soldering
surface mount devices.
ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics (Note 5)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Tpo=25C
Rs £ 10 kQ 1.0 | 5.0 20 | 6.0 mV
Rs < 50Q 0.8 3.0 mV
Tamin < Ta < Tamax
Rg < 50Q 4.0 mV
Rg <10 kQ 6.0 7.5 mV
Average Input Offset 15 pv/C
Voltage Drift
Input Offset Voltage Ta =25°C, Vg = £20V =10 +15 +15 mV
Adjustment Range
Input Offset Current Ta=25C 3.0 30 20 | 200 20 | 200 nA
Tamin < Ta < Tamax 70 85 | 500 300 nA
Average Input Offset 0.5 nA/°C
Current Drift
Input Bias Current Tp=25C 30 80 80 | 500 80 | 500 nA
Tamin £ Ta < Tamax 0.210 1.5 0.8 pA
Input Resistance Ta=25°C, Vg = 220V 1.0 | 6.0 0.3 | 2.0 03 | 2.0 MQ
Tamin £ Ta < Tamax 0.5 MQ
Vg = £20V
Input Voltage Range Ta=25C +12 | +13 \Y%
Tamin < Ta £ Tamax +12 | +13 Vv

www.national.com




Electrical Characteristics (Note 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain Ta=25C, R_.22kQ
Vg = £20V, Vg = +15V 50 V/mV
Vg = £15V, Vg = £10V 50 | 200 20 | 200 V/mV
TAMIN < TA < TAMAX!
R, =2 kQ,
Vg = £20V, Vg = £15V 32 V/mV
Vg = £15V, Vg = £10V 25 15 V/mV
Vg = 5V, Vg = 22V 10 V/mV
Output Voltage Swing Vg = £20V
R_ > 10 kQ 16 \Y
R. =2 kQ +15 Vv
Vg = 15V
R > 10 kQ 12 | =14 12 | =14 \Y
R. =2 kQ +10 | =13 +10 | £13 \Y
Output Short Circuit Tp=25C 10 25 35 25 25 mA
Current Tamin < Ta < Tamax 10 40 mA
Common-Mode Tamin < Ta < Tamax
Rejection Ratio Rg €10 kQ, Ve = =12V 70 | 90 70 | 90 dB
Rg £50Q, Vo = 212V 80 95 dB
Supply Voltage Rejection Tamin £ Ta £ Tapaxs
Ratio Vg = 220V to Vg = x5V
Rs < 50Q 86 96 dB
Rs <10 kQ 77 96 77 96 dB
Transient Response T = 25°C, Unity Gain
Rise Time 025( 0.8 0.3 0.3 ps
Overshoot 6.0 20 5 5 %
Bandwidth (Note 6) Tpo=25C 0.437| 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 V/ps
Supply Current Tp=25C 1.7 | 2.8 1.7 | 2.8 mA
Power Consumption Tp=25C
Vg = +20V 80 150 mw
Vg = +15V 50 | 85 50 | 85 mwW
LM741A Vg = £20V
Ta=Tauvin 165 mW
Ta = Tamax 135 mW
LM741 Vg = 15V
Ta=Tauvin 60 | 100 mwW
Ta = Tamax 45 | 75 mwW

Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

www.national.com
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LM741

Electrical Characteristics (Note 5) (Continued)

Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum
Ratings”). T] =Ta+ (GJA Pp).

Thermal Resistance Cerdip (J) | DIP (N) | HO8 (H) | SO-8 (M)
;s (Junction to Ambient) 100°C/W | 100°C/W | 170°C/W | 195°C/W
0jc (Junction to Case) N/A N/A 25°C/W N/A

Note 4: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.

Note 5: Unless otherwise specified, these specifications apply for Vg = 15V, -55°C < Tp < +125°C (LM741/LM741A). For the LM741C/LM741E, these
specifications are limited to 0°C < Tp < +70°C.

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(us).
Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 8: Human body model, 1.5 kQ in series with 100 pF.

Schematic Diagram

NON=INVERTING 3

INPUT

OFFSET NULL

Q

° ° vt
08 Q9 Q12 5013
Y e { Q14
2 INVERTING
at QZA:I_ INPUT R b
R7 Q15
45K
5 [ T 50 F'—I:
3 P R8 > R9
A NG 75K 2 5
—ANN\N—9¢
I b2 outPuUT
a7 Q15
l\A :: R10
< 50
Q17
\{ I/ Q6 Q10 \| l(
5 »—gn in/i |\°20
5 _OFFSET
NULL
RI SRS SR2 R4 S R12 RIT
1K < 50K 1K 5K < 50K 50
¢ v

00934101
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Physical Dimensions inches (millimeters)

unless otherwise noted

< 0:350-0.370
(3.890—9.398)
DIA 0315-0.335 |
(8.001—8.500)
MAX
0.025
0.165-0.185 | 063 E&C&Jmousn
(4.191-4.699) + |
REFERENCE PLANE /x — Yy SEATING PLANE
288 f AL 0.015—0.040
0.500 (0.889) . .

(0.381—-1.016)

(1270)  MAX
v L
| A
’H* 0.016-0.019 .0

(0.406 —0.483)

0.195-0.205 DIA
(4.953—5.207) P.C.

0.029-0.045 A
(0.737-1.143)

0.028-0.034 0.115-0.145

(2.921-3.683)
DIA

45° EQUALLY
SPACED —>»

Metal Can Package (H)
Order Number LM741H, LM741H/883, LM741AH/883, LM741AH-MIL or LM741CH
NS Package Number HO8C

HO8C (REV E)
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LM741

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

I

0.290
0.320

0.180

950 £ 50 TYp \71:

0.009-0.015

R0.010 TYP

e 0.400 MAX —

[ 1 [ E=1

/)
R0.025 TYP

P

0.220  0.310 MAX
0.291  GLASS
KRB E
0.045
™ " o.065""F

—> [«— 0.005
MIN

GLASS
/ SEALANT

/

0.200 T

=< 0.020

0.060

17
f ) 0.150
! 0.125  MIN

: 0.200

0440
| 900 40 TYP

{0.220—0.381)

0.310 | 0.055 MAX —>| |=—
0.410 BOTH ENDS i i
0.008 Tvp 0.018+0.003 TYP
0.012
— l«<— 0.100£0.010 TYP
Ceramic Dual-In-Line Package (J)
Order Number LM741J/883
NS Package Number JOSA
0.373—0.400
(9.474-10.16)
0.090
- {2.286)
0002 Bl (7] [6] [5] 0.032+0.005 [8 [7]
23 AT (0.813%0.127)
PIN NO. 1 IDENT k®/ ) T RAD
' N (6.35£0.127) PIN NO. 1 IDENT
OPTION 1 e
0.280 Lzl L1
0.280 0.040
7y N 0.030 1.016 TY"—>| |<— OPTION 2
0030, {1.06) 0.039
0.300—0.320 (0.762) —— 0.145-0.200
we-si [T | AET /<— (0.581) (3.683—5.080)
i ¢ o ' 0.130:+0.005 i
L TTIT (3.302£0.127) ¢ )
o5 s |44 e s}
B 0.065 (3.175—3.556)
0% s 0.020
@) 90° +4° (0.508)
DIA TP MIN
0.040 NOM 0.018+0.003
0325 F o >~ (0457 £0.076)
+1.016 0.100+0.010
(”55 —n.aa1) > " (2.54020.254)
0.045+0.015
1.143+0.381
( ) | 0.060
0os0 | {1.524)
(1.270) ' NOBE (REV F)

Dual-In-Line Package (N)
Order Number LM741CN
NS Package Number NOSE

JOBA (REV K)
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.080 _,., . < 0.270 MAX~>
0.055 0.050 £ 0.005 ——I |<— — |« 0.005 MIN TYP
0.035 | 1<l TYP
0.026 ol 6
TYP "M T
0.370
0.250
]
0.270 MAX 0.260 .
GLASS 0.238
1 L_ 0.012
e } 0.008
_/ DETAIL A
DETAIL A | 0.370 —_—
0.250
PIN #1
IDENT 1 = 5 W10A (REV E)
0.006 |l '
0.004
TYp 0.019 .o || | 0.045 MAX
0.015 TYP

10-Lead Ceramic Flatpak (W)
Order Number LM741W/883, LM741WG-MPR or LM741WG/883
NS Package Number W10A

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support
which, (a) are intended for surgical implant into the body, or device or system whose failure to perform can be reasonably
(b) support or sustain life, and whose failure to perform when expected to cause the failure of the life support device or
properly used in accordance with instructions for use system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products Stewardship
Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain no “Banned
Substances” as defined in CSP-9-111S2.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Americas Customer Europe Customer Support Center Asia Pacific Customer Japan Customer Support Center
Support Center Fax: +49 (0) 180-530 85 86 Support Center Fax: 81-3-5639-7507

Email: new.feedback @nsc.com Email: europe.support@nsc.com Email: ap.support@nsc.com Email: jpn.feedback@nsc.com
Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 69 9508 6208 Tel: 81-3-5639-7560

English Tel: +44 (0) 870 24 0 2171
www.national.com Francais Tel: +33 (0) 1 41 91 8790
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INTEGRATED CIRCUITS

DATA SHEET

For a complete data sheet, please also download:

e The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications
* The IC06 74HC/HCT/HCU/HCMOS Logic Package Information
e The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines

/AHC/HCTOO
Quad 2-input NAND gate

Product specification December 1990
File under Integrated Circuits, IC06

Philips PHILIPS
Semiconductors pH I L




Philips Semiconductors Product specification

Quad 2-input NAND gate 74HC/HCTOO

FEATURES

« Output capability: standard
* |cc category: SSI

GENERAL DESCRIPTION

The 74HC/HCTOO are high-speed Si-gate CMOS devices and are pin compatible with low power Schottky TTL (LSTTL).
They are specified in compliance with JEDEC standard no. 7A.

The 74HC/HCTOO provide the 2-input NAND function.

QUICK REFERENCE DATA
GND =0V, Taqmp=25°C;t,=t;=6ns

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpL/ tPLH propagation delay nA, nB to nY CL=15pF;Vec=5V |7 10 ns
C input capacitance 3.5 3.5 pF
Cep power dissipation capacitance per gate | notes 1 and 2 22 22 pF

Notes
1. Cppis used to determine the dynamic power dissipation (Pp in pW):
Pp = Cpp x Vec? x i+ 3 (Cp x Vec? x o) where:
fi = input frequency in MHz
fo = output frequency in MHz
C_ = output load capacitance in pF
Ve = supply voltage in V
3 (Cp x V2 x fp) = sum of outputs

For HC the condition is V| = GND to V¢
For HCT the condition is Vi = GND to Vec - 1.5V

N

ORDERING INFORMATION
See “74HC/HCT/HCU/HCMOS Logic Package Information”.
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Philips Semiconductors

Product specification

Quad 2-input NAND gate 74HC/HCTOO
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,4,9 12 1A to 4A data inputs
2,5,10, 13 1B to 4B data inputs
3,6,8,11 1Y to 4Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
—1ha wls — * k=
1A E U E Vee _ZED_ 2]
e 2] i3] 45 4]z S .
w3 12] 4a A;DOAG_ 5 =
2[4] o0 [y 8 f3a g
Y18 —_— &
2 5] 5] 8 Sl [ Jo 10| =
2v s 9] 3a _12]4a
ono [7] 8] av ‘_3£D°—ﬁ = '%;;," & N
T 72874001
72874011 7Z287488.2
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.
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unctional diagram.

FUNCTION TABLE

INPUTS OUTPUT
nA nB ny
L L H
L H H
H L H
H H L
A
v Note

1287487

L = LOW voltage level

Fig.5 Logic diagram (one gate).

December 1990
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Philips Semiconductors

Product specification

Quad 2-input NAND gate

74HC/HCTOO

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
Icc category: SSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t=tt=6ns; C_. =50 pF

Tamp (°C) TEST CONDITIONS
74HC
SYMBOL |PARAMETER UNIT | v
+25 -40t0 +85 | —-40to +125 (\i)c WAVEFORMS
min. | typ. [max. [min. |max. min. Mmax.
ropagation dela 25 90 115 135 2.0
tPHL/ tpLH P rF])AgnB to nY y 9 18 23 27 ns 4.5 FIgG
! 7 15 20 23 6.0
output transition 19 75 95 110 2.0
tru/ trip timg 7 |15 19 22 ns 45 |Fig.6
6 13 16 19 6.0

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCU/HCMQOS Logic Family Specifications”.
Output capability: standard

Icc category: SSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT
nA, nB 1.50

AC CHARACTERISTICS FOR 74HCT
GND =0V; t=t=6ns; C_=50pF

min. [typ. |max. min. [max. min. max.

Tamp (°C) TEST CONDITIONS
74HCT
SYMBOL |PARAMETER UNIT | v .
+25 -40t0 +85 | —40 to +125 WAVEFORMS

(V)

tpy/ tpLy | propagation delay 12 19 24 29 ns 45 |Fig.6
nA, nB to nY
trul/ ttun | output transition time 7 15 19 22 ns 45 |Fig.6

December 1990 4




Philips Semiconductors Product specification

Quad 2-input NAND gate 74HC/HCTOO
AC WAVEFORMS
nA, nB INPUT vyt
o tPHL tpLR
aY QUTPUT vyt
7296095 TTHL e -l TLH

HC :Vy =50%; V,=GND to Vcc
HCT:Vy=13V;V,=GNDto 3 V.

Fig.6 Waveforms showing the input (nA, nB) to output (nY) propagation delays and the output transition times.

PACKAGE OUTLINES
See “74HC/HCT/HCU/HCMOS Logic Package Outlines”.
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Philips Semiconductors Product specification
. _________________________________________________________________________________________________________________________|

DugI'D—type fllp.—ﬂop with set and reset; 74HCT74: TAHCT74
positive-edge trigger

FEATURES GENERAL DESCRIPTION

* Wide supply voltage range from 2.0 to 6.0 V The 74HC/HCT74 is a high-speed Si-gate CMOS device
and is pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

* Symmetrical output impedance
« High noise immunity

¢ Low power dissipation
P P The 74HC/HCT74 are dual positive-edge triggered, D-type

* Balanced propagation delays flip-flops with individual data (D) inputs, clock (CP) inputs,
e ESD protection: set (SD) and reset (RD) inputs; also complementary
HBM EIA/JESD22-A114-A exceeds 2000 V Q and Q outputs.

MM EIAJJESD22-A115-A exceeds 200 V. The set and reset are asynchronous active LOW inputs

and operate independently of the clock input. Information
on the data input is transferred to the Q output on the
LOW-to-HIGH transition of the clock pulse. The D inputs
must be stable one set-up time prior to the LOW-to-HIGH
clock transition for predictable operation.

Schmitt-trigger action in the clock input makes the circuit
highly tolerant to slower clock rise and fall times.

QUICK REFERENCE DATA
GND=0V; Tamp=25°C;t,=t;=6ns

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

tpHL/tPLH propagation delay CL=15pF;Vec=5V

nCP to nQ, nQ 14 15 ns

nSD to nQ, nQ 15 18 ns

nRD to nQ, nQ 16 18 ns
fnax maximum clock frequency 76 59 MHz
C input capacitance 3.5 3.5 pF
Cep power dissipation capacitance per flip-flop | notes 1 and 2 24 29 pF
Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in pW).
Pp = Cpp X Vec2 x fi x N + Z(C x V2 x o) where:

fi = input frequency in MHz;

fo = output frequency in MHz;

C. = output load capacitance in pF;

Ve = supply voltage in Volts;

N = total load switching outputs;

3(CL x V2 x f,) = sum of the outputs.

For 74HC74 the condition is V| = GND to Vcc.

For 74HCT74 the condition is V; = GND to Vgc - 1.5 V.

n
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Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset; 74HCT74: T4HCT74

positive-edge trigger

FUNCTION TABLES
Table 1 See note 1

INPUT OUTPUT
SD RD CP D Q Q
L H X X H L
H L X X L H
L L X X H H
Table 2 See note 1
INPUT OUTPUT
SD RD CP D On+1 Qn+1
H H 1 L L H
H H 1 H H L
Note
1. H=HIGH voltage level;
L = LOW voltage level;
X =don't care;
t = LOW-to-HIGH CP transition;
Qn+1 = state after the next LOW-to-HIGH CP transition.
ORDERING INFORMATION
PACKAGE
TYPE NUMBER
TEMPERATURE PINS PACKAGE MATERIAL CODE
RANGE
74HC74N -40 to +125 °C 14 DIP14 plastic SOT27-1
74HCT74N -40 to +125 °C 14 DIP14 plastic SOT27-1
74HC74D -40to +125 °C 14 S014 plastic SOT108-1
74HCT74D -40 to +125 °C 14 S0O14 plastic SOT108-1
74HC74DB -40to +125 °C 14 SSOP14 plastic SOT337-1
74HCT74DB -40 to +125 °C 14 SSOP14 plastic SOT337-1
74HC74PW -40to +125 °C 14 TSSOP14 plastic S0OT402-1
TAHCT74PW -40 to +125 °C 14 TSSOP14 plastic SOT402-1
74HC74BQ —40 to +125 °C 14 DHVQFN14 plastic SOT762-1
74HCT74BQ -40to +125 °C 14 DHVQFN14 plastic SOT762-1

2003 Jul 10




Philips Semiconductors

Product specification

Dual D-type flip-flop with set and reset;
positive-edge trigger

74HC74; T4HCT74

PINNING
PIN SYMBOL DESCRIPTION
1 1RD asynchronous reset-direct input (active LOW)
2 1D data input
3 1CP clock input (LOW-to-HIGH, edge-triggered)
4 1SD asynchronous set-direct input (active LOW)
5 1Q true flip-flop output
6 1Q complement flip-flop output
7 GND ground (0 V)
8 20 complement flip-flop output
9 20Q true flip-flop output
10 2SD asynchronous set-direct input (active LOW)
11 2CP clock input (LOW-to-HIGH, edge-triggered)
12 2D data input
13 2RD asynchronous reset-direct input (active LOW)
14 Vee positive supply voltage
1RD Vce
1| |4
1RD|[ 1 14 U U
|: O :|Vcc b|[2) (13| 2RD
|2 13| 2RD
1cpP 3] 12| 2D CAED (2] 2
15D [ 4] 74 11]2cp 1D [ 4 ) GND®) (11 2cp
0] 2sl
by o] 250 0 [ Q] 250
1Q[ 6] [9] 20
GND [ 7] 8] 20 10[6) (9] 20
aun
MNA417 —
Top view GND  2Q MNB038
(1) The die substrate is attached to this pad using conductive die
attach material. It can not be used as a supply pin or input.
Fig.1 Pin configuration DIP14, SO14 and
(T)SSOP14. Fig.2 Pin configuration DHVQFN14.

2003 Jul 10 4




Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;

positive-edge trigger 74HC74; 74HCT74

4
4|0 NS 5
1SD |2SD 3 c1
2
2 1D SP 1Q 5 1o ~ 6
D Q SN R
12 2D 2Q 9
2o |
_ 10
FF 5 1Q 6 =XNs 9
2Q 8 LN Y
RD 12
—0 _ 1D 8
1RDT2RD EENN
1113 vnagis
MNA419
Fig.3 Logic symbol. Fig.4 IEC logic symbol.

a 1SD

SD
1D | 1Q

1CP
3

FF,lé

O
[}

RD

1RD

10 2SD

SD

]_ZZLD Q£9

2CP
11——CP

FF _|20

QO
©

RD

13 2RD MNA420

Fig.5 Functional diagram.
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Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;

positive-edge trigger 74HC74; 74HCT74

oo

¢ c
¢ c
C i)
C
D
Q
c c
RD4[>c
Sb |: MNA421
7Pyl
C

Fig.6 Logic diagram (one flip-flop).
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Philips Semiconductors

Product specification

Dual D-type flip-flop with set and reset;

positive-edge trigger

74HC74; T4HCT74

RECOMMENDED OPERATING CONDITIONS

T4HC74 T4HCT74
SYMBOL PARAMETER CONDITIONS UNIT
MIN. TYP. MAX. MIN. TYP. MAX.
Vee supply voltage 2.0 5.0 6.0 4.5 5.0 55 \Y
\/ input voltage 0 - Vee 0 - Vee \
Vo output voltage 0 - Vee 0 - Vee \%
Tamb operating ambient -40 +25 +125 |[-40 +25 +125 |[°C
temperature
tr, tf input rise and fall Vee=2.0V - - 1000 |- - 500 ns
times Vee =45V - 6.0 500 - 6.0 500 ns
Vee=6.0V - - 400 - - 500 ns

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134); voltages are referenced to GND (ground = 0 V).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vee supply voltage -0.5 +7.0 Y
lik input diode current Vi<-05VorV,>Vec+05YV, - +20 mA

note 1
lok output diode current Vo<-05VorVo>Vcc+05YV, |- +20 mA
note 1

lo output source or sink current -05V<Vg<Vcc+05V;notel |- +25 mA
lce, lend Vcc or GND current - +100 mA
Tstg storage temperature —65 +150 °C
Piot power dissipation Tamb = —40 to +125 °C; note 2 - 500 mw

Notes

1. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. For SO14 packages: above 70 °C derate linearly with 8 mW/K.
For SSOP14 and TSSOP14 packages: above 60 °C derate linearly with 5.5 mW/K.
For DHVQFN14 packages: above 60 °C derate linearly with 4.5 mW/K.
For DIP14 packages: above 70 °C derate linearly with 12 mW/K.

2003 Jul 10




Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;

positive-edge trigger 74HC74; 74HCT74

DC CHARACTERISTICS

Family 74HC
At recommended operating conditions; voltages are referenced to GND (ground =0 V).

TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
WAVEFORMS Vee (V)
Tamp = —40to +85 °C; note 1
ViH HIGH-level input 2.0 15 1.2 - \%
voltage 45 3.15 2.4 - Vv
6.0 4.2 3.2 - \
Vi LOW-level input voltage 2.0 - 0.8 0.5 Vv
4.5 - 21 1.35 \%
6.0 - 2.8 1.8 Y,
VoH HIGH-level output Vi=VgorV,
voltage lo =-4.0 mA 4.5 3.84 4.32 - Vv
lo=-5.2mA 6.0 5.34 5.81 - \%
VoL LOW-level output Vi=VorVy
voltage lo=4.0 mA 45 - 0.15 0.33 v
lo=5.2mA 6.0 - 0.16 0.33 Y,
I input leakage current V| =Vcc or GND 6.0 - - +1.0 HA
lcc quiescent supply V| = Vcc or GND; 6.0 - - 40 HA
current lo=0
Tamp = —40to +125 °C
Vi HIGH-level input 2.0 15 - - \%
voltage 45 3.15 - - Vv
6.0 4.2 - - \%
Vi LOW-level input voltage 2.0 - - 0.5 Y
4.5 - - 1.35 \%
6.0 - - 1.8 Vv
VoH HIGH-level output V,=ViorV,
voltage lo = —4.0 mA 4.5 3.7 - - v
lo=-5.2mA 6.0 5.2 - - \%
VoL LOW-level output Vi=VigorV,
voltage lo=4.0 mA 45 - - 0.4 v
lo=5.2mA 6.0 - - 0.4 Vv
I input leakage current V| = Ve or GND 6.0 - - +1.0 MA
lcc quiescent supply V| = Ve or GND; 6.0 - - 80 HA
current lo=0
Note

1. All typical values are measured at Tomp = 25 °C.
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Philips Semiconductors

Product specification

Dual D-type flip-flop with set and reset;
positive-edge trigger

74HC74; T4HCT74

Family 74HCT
At recommended operating conditions; voltages are referenced to GND (ground =0 V).

TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
WAVEFORMS Vee (V)
Tamb =—401to +85 °C; note 1
ViH HIGH-level input 45t05.5 |20 1.6 - \%
voltage
Vi LOW-level input voltage 45t055 |- 1.2 0.8 \%
VoH HIGH-level output V,=VigorVy; 4.5 3.84 4.32 - V
voltage lo =-4.0 mA
VoL LOW-level output V=V orVy; 4.5 0.33 0.15 - \%
voltage lo =4.0 mA
I input leakage current V| =Vcc or GND 5.5 - - +1.0 HA
lcc quiescent supply V| = Vcc or GND; 55 - - 40 HA
current lo=0
Alcc additional quiescent V| =Vcc —2.1 V other 45t05.5 |- 100 450 HA
supply current per input | inputs at Vcc or GND;
IO =0
Tamb = —40 to +125 °C
ViH HIGH-level input 45t05.5 (2.0 - - \%
voltage
Vi LOW-level input voltage 45t055 |- - 0.8 \%
Vou HIGH-level output V=V orVy; 4.5 3.7 - - \%
voltage lo =-4.0 mA
VoL LOW-level output V|=VyorVy; 45 - - 0.4 \Y
voltage lo=4.0 mA
I input leakage current V| = Ve or GND 5.5 - - +1.0 A
lcc quiescent supply V| =V¢c or GND; 55 - - 80 MA
current lo=0
Alcc additional quiescent V| =V —2.1 V other 451055 |- - 490 HA
supply current per input | inputs at Vcc or GND;
IO =0
Note

1. All typical values are measured at Tomp = 25 °C.

Remark to HCT types
The value of additional quiescent supply current (Alcc) for a unit load of 1 is given here. To determine Alcc per input,
multiply this value by the unit load coefficient shown in the table.

INPUT UNIT LOAD COEFFICIENT
nD 0.70
nRD 0.70
nSD 0.80
nCP 0.80

2003 Jul 10




Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;

positive-edge trigger 74HC74; 74HCT74

AC CHARACTERISTICS

Family 74HC
GND=0V; t,=t=6ns; C_=50pF.

TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
WAVEFORMS Vee (V)
Tamp = —40to +85 °C
tpHL/tPLH propagation delay see Fig.7 2.0 - 47 220 ns
nCP to nQ, nQ 45 - 17 44 ns
6.0 - 14 37 ns
propagation delay see Fig.8 2.0 - 50 250 ns
nSD to nQ, nQ 45 - 18 50 ns
6.0 - 14 43 ns
propagation delay see Fig.8 2.0 - 52 250 ns
nRD to nQ, nQ 45 - 19 50 ns
6.0 - 15 43 ns
trHU/tTLH output transition time see Fig.7 2.0 - 19 95 ns
4.5 - 7 19 ns
6.0 - 6 16 ns
tw clock pulse width see Fig.7 2.0 100 19 - ns
HIGH or LOW 45 20 7 _ ns
6.0 17 6 - ns
set or reset pulse width | see Fig.8 2.0 100 19 - ns
LOW 45 20 7 - ns
6.0 17 6 - ns
trem removal time set or see Fig.8 2.0 40 3 - ns
reset 4.5 8 1 - ns
6.0 7 1 - ns
tsu set-up time nD to nCP | see Fig.7 2.0 75 6 - ns
4.5 15 2 - ns
6.0 13 2 - ns
th hold time nCP to nD see Fig.7 2.0 3 -6 - ns
4.5 3 -2 - ns
6.0 3 -2 - ns
fmax maximum clock pulse | see Fig.7 2.0 4.8 23 - MHz
frequency 4.5 24 69 - MHz
6.0 28 82 - MHz
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Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;

positive-edge trigger 74HC74; 74HCT74

TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
WAVEFORMS Vee (V)
Tamp = —40to +125 °C
tpHL/tPLH propagation delay see Fig.7 2.0 - - 265 ns
nCP to nQ, n@ 45 _ _ 53 ns
6.0 - - 45 ns
propagation delay see Fig.8 2.0 - - 300 ns
nSD to nQ, nQ 45 - - 60 ns
6.0 - - 51 ns
propagation delay see Fig.8 2.0 - - 300 ns
nRD to nQ, nQ 45 - - 60 ns
6.0 - - 51 ns
tTHU/tTLH output transition time see Fig.7 2.0 - - 110 ns
4.5 - - 22 ns
6.0 - - 19 ns
tw clock pulse width HIGH | see Fig.7 2.0 120 - - ns
or LOW 4.5 24 - - ns
6.0 20 - - ns
tw set or reset pulse width | see Fig.8 2.0 120 - - ns
LOW 4.5 24 - - ns
6.0 20 - - ns
trem removal time set or see Fig.8 2.0 45 - - ns
reset 45 9 - - ns
6.0 8 - - ns
tsu set-up time nD to nCP | see Fig.7 2.0 90 - - ns
4.5 18 - - ns
6.0 15 - - ns
th hold time nCP to nD see Fig.7 2.0 3 - - ns
45 3 - - ns
6.0 3 - - ns
frnax maximum clock pulse | see Fig.7 2.0 4.0 - - MHz
frequency 4.5 20 - - MHz
6.0 24 - - MHz
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Philips Semiconductors

Product specification

Dual D-type flip-flop with set and reset;

positive-

edge trigger

74HC74; T4HCT74

Family 74HCT

GND=0V;t,=t=6ns; C_ =50 pF

TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
WAVEFORMS Vee (V)

Tamp = —40to +85 °C

tpHL/tPLH propagation B see Fig.7 4.5 - 18 44 ns
delay nCP to nQ, nQ
propagation B see Fig.8 4.5 - 23 50 ns
delay nSD to nQ, nQ
propagation B see Fig.8 4.5 - 24 50 ns
delay nRD to nQ, nQ

trHU/tTLH output transition time see Fig.7 4.5 - 7 19 ns

tw clock pulse width HIGH | see Fig.7 4.5 23 9 - ns
or LOW
set or reset pulse width | see Fig.8 4.5 20 9 - ns
LOW

trem removal time set or see Fig.8 45 8 1 - ns
reset

tsu set-up time nD to nCP | see Fig.7 4.5 15 5 - ns

th hold time nCP to nD see Fig.7 4.5 +3 -3 - ns

fmax maximum clock pulse | see Fig.7 4.5 22 54 - MHz
frequency

Tamb = —-40 to +125 °C

tprL/tpLH propagation ~ |seeFig.7 4.5 - - 53 ns
delay nCP to nQ, nQ
propagation B see Fig.8 4.5 - - 60 ns
delay nSD to nQ, nQ
propagation B see Fig.8 4.5 - - 60 ns
delay nRD to nQ, nQ

trHU/tTLH output transition time see Fig.7 4.5 - - 22 ns

tw clock pulse width HIGH | see Fig.7 4.5 27 - - ns
or LOW
set or reset pulse width | see Fig.8 4.5 24 - - ns
LOW

trem removal time set or see Fig.8 4.5 9 - - ns
reset

tsu set-up time nD to nCP | see Fig.7 4.5 18 - - ns

th hold time nCP to nD see Fig.7 4.5 3 - - ns

frnax maximum clock pulse | see Fig.7 45 18 - - MHz
frequency
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Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;

positive-edge trigger 74HC74; 74HCT74

AC WAVEFORMS

Vi
nD input %VM %
GND
—

tSU tsu

=
t
WTM

Vi
nCP input 7
GND

re— tyy —>

— ftPHL — «tPLH
VoH
nQ output VM
VoL
VoH
nQ output Vm
V
oL MNA422
tpLH— |-— tpHL— -—

The shaded areas indicate when the input is permitted to change for predictable output performance.
T4HCT74: Vy = 50%; V, = GND to Vee.
T4HCT74:Vy=13V;V,=GNDto 3 V.

Fig.7 The clock (nCP) to output (nQ, nQ) propagation delays, the clock pulse width, the nD to nCP set-up,
the nCP to nD hold times, the output transition times and the maximum clock pulse frequency.
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Philips Semiconductors

Product specification

Dual D-type flip-flop with set and reset;
positive-edge trigger

74HC74; T4HCT74

nCP input

VM

GND

Vi—,
nSD input

GND —

Vi

Vm

<—tw—>

> “ trem

ktwa

nRD input

GND

:

"/

‘*tPLH

— tPHL

VoH
nQ output

VoL —

VoH —

nQ output

j/w
W\VM

VoL

74HC74: Vy = 50%; V, = GND to Vcc.
74HCT74:Vy=1.3V;V,=GNDto 3 V.

‘*tPHL

Fig.8 The set (nSD) and reset (NRD) input to output (nQ, nQ) propagation delays, the set and reset pulse widths
and the nRD, nRD to nCP removal time.

MNA423

— *tPLH
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Philips Semiconductors

Product specification

Dual D-type flip-flop with set and reset;

74HC74; T4HCT74

positive-edge trigger

S —vee
v — open
cC R.= —OND
V| Vo 1kQ
PULSE =y D.UT ~
GENERATOR o

MNA183

Definitions for test circuit:

R, = Load resistor.

TEST S1
tpzH GND
tpzL Vee
tpHz GND
tpLz Vce

C_ = Load capacitance including jig and probe capacitance.
Rt = Termination resistance should be equal to the output impedance Z, of the pulse generator.

Fig.9 Load circuitry for switching times.

2003 Jul 10
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Philips Semiconductors

Product specification

Dual D-type flip-flop with set and reset;
positive-edge trigger

74HC74; T4HCT74

PACKAGE OUTLINES

DIP14: plastic dual in-line package; 14 leads (300 mil) SOT27-1
- D > Mg
[]
c
IS
o
D
£
IS
(]
n
P
E
| l
IS S W N [ M
1 7
0 5 10 mm
L I | I ]
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A A1 A2 1) ) z @
UNIT max. min. max. b by c D E e e L Mg My w max.
1.73 | 053 | 0.36 | 19.50 | 6.48 360 | 825 | 10.0
mm 42 1 051 1 32 | 193 | 038 | 023 | 1855 | 620 | 2% | 702 | 305 | 780 | 83 | 024 | 22
. 0.068 | 0.021 | 0.014 | 0.77 | 0.26 014 | 032 | 0.39
inches | 0.17 | 002 | 013 | 5544 | 0015 | 0009 | 073 | 024 | %1 | 93 | 015 | 031 | o33 | 00 | 0087
Note
1. Plastic or metal protrusions of 0.25 mm (0.01 inch) maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION ISSUE DATE
IEC JEDEC JEITA
99-12-27
SOT27-1 050G04 MO-001 SC-501-14 = @ 03.09.13
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Product specification

Philips Semiconductors

Dual D-type flip-flop with set and reset;
positive-edge trigger

74HC74; T4HCT74

S014: plastic small outline package; 14 leads; body width 3.9 mm SOT108-1
- D - -~ E——=p—A
—= X
Hﬁ/ \
I V’ 1
LS A\
cr‘ N k/
oY) He = @A
TZ -
mooBAAmE
‘ T
|
T o
A -
****7*7*#‘*7*7*** ZAl 1 (A3 A
pin 1 index ! i + ‘ * +
- f ¢
| LP
BEBHBBE, il
ops .y
p
0 25 5mm
L I | I
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT [ = | A1 | A2 | Az | by c | D@ | EM | e He L Lp Q v w y | z® | @
0.25 | 1.45 0.49 | 0.25 | 8.75 | 4.0 6.2 10 | 07 0.7
mm 13751 010 | 125 | 925 | 036 | 019 | 855 | 38 | 127 | 58 | 105 | 04 | 06 | 025|025 | 01 | g3 | oo
. 0.010 | 0.057 0.019 [0.0100| 0.35 | 0.16 0.244 0.039 | 0.028 0028| 0°
inches | 0.069 | 5 004 | 0.049 | %91 | 0.014 [0.0075| 0.34 | 0.15 | 90° | 0.228 | %041 | 0016 | 0.024 | 001 | 0-01 | 0.004 | 5575
Note
1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included.
REFERENCES
VERSION (CUROPEAN. | IsSUE DATE
IEC JEDEC JEITA
SOT108-1 076E06 MS-012 = @ PO
17
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Philips Semiconductors

Product specification

Dual D-type flip-flop with set and reset;

positive-edge trigger

74HC74; T4HCT74

SSOP14: plastic shrink small outline package; 14 leads; body width 5.3 mm SOT337-1
| E b— A
| | //\\
| | | /) \
‘ : : T |
LA v J N
Lo H | i §
~__
Ol - He ~~=[v@]A
- 7 -
14 8
[ |
|
\
|
|
|
_ - — [ | -
|
pmllndex
\
|
\
\
|
+ I
0 2.5 5mm
L T |
scale
DIMENSIONS (mm are the original dimensions)
A
UNIT | S| A | Az | Ag | by c | DO EM| e He L Lp Q v w y | z® | @
0.21 | 1.80 0.38 | 0.20 6.4 5.4 7.9 1.03 0.9 1.4 8°
mmo2 1005 | 165 | %% | 025 | 009 | 60 | 52 | %8| 76 | 1% | 063 | 07 | 02 | 013 | 01 | g9 | go
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
REFERENCES
VERSION PROJECTION | SSUE DATE
IEC JEDEC JEITA
SOT337-1 MO-150 g @ 03-02-19
2003 Jul 10 18




Philips Semiconductors

Product specification

Dual D-type flip-flop with set and reset;
positive-edge trigger

74HC74; T4HCT74

TSSOP14: plastic thin shrink small outline package; 14 leads; body width 4.4 mm

SOT402-1

-~ E———p—]A]
\ — N \}
N ! / \
1
C A ——
I * ‘/
Oly] e =V @lal
" - 7
14 8
|
\
| '
| b 0
[ Ay i (A3)
- ]
pin 1 index i A+1
e vy 1
| f be
! <—|_p4>
A _L o U - [ ——>
— - - w
5 b
0 2.5 5mm
\ L |
scale
DIMENSIONS (mm are the original dimensions)
A
UNIT | 20| A1 | Az | Ag bp c DD | E@ | e He L Lp Q v w y zW | o
0.15 | 0.95 0.30 0.2 5.1 4.5 6.6 0.75 0.4 0.72 8°
mmo| 11 1005 | 080 | %25 [ 019 | 01 | 49 | 43 | %% | 62 | 1 |os0| 03 | %2 | 013 ] Ol J o35 | qo
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
SOT402-1 MO-153 = @ ot
2003 Jul 10
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Philips Semiconductors

Product specification

Dual D-type flip-flop with set and reset;

positive-edge trigger

74HC74; T4HCT74

DHVQFN14: plastic dual in-line compatible thermal enhanced very thin quad flat package; no leads;

14 terminals; body 2.5 x 3 x 0.85 mm SOT762-1
<7D4TI [A]
|
\
| T
! A
| f *
- 1 ' c
terminal 1 ——_ !
index area ‘
Y
I
terminal 1
index area
- [e] = b v@[clalB [/]yic = (0]v]
i 2 ‘ 6 @lwMm|C
MURURURY
Yl |
D | =
c, PGS | [l -
| .
| ey , N
| / \
| [ \
AlARNNANA | |
\ /
13 ! 9 N /
<7Dh4> ~ _ -
2.5 5 mm
| J
scale
DIMENSIONS (mm are the original dimensions)
A @) @)
UNIT max. | A1 b c D Dy E Eh e eq L v w y Y1
0.05 | 0.30 3.1 | 1.65 26 | 1.15 0.5
mml 1 000 |o018| %2 | 20 |135| 24 |085| %5 | 2 | g3 | 01 |005]005) 01
Note
1. Plastic or metal protrusions of 0.075 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
-62-16-17
SOT762-1 MO-241 == @ G

2003 Jul 10

20



Philips Semiconductors

Product specification

Dual D-type flip-flop with set and reset;

positive-edge trigger

74HC74; T4HCT74

DATA SHEET STATUS
DATA SHEET | PRODUCT
LEVEL | “cratus® | STATUS®IO DEFINITION

Objective data

Development

This data sheet contains data from the objective specification for product
development. Philips Semiconductors reserves the right to change the
specification in any manner without notice.

Preliminary data

Qualification

This data sheet contains data from the preliminary specification.
Supplementary data will be published at a later date. Philips
Semiconductors reserves the right to change the specification without
notice, in order to improve the design and supply the best possible
product.

Product data

Production

This data sheet contains data from the product specification. Philips
Semiconductors reserves the right to make changes at any time in order
to improve the design, manufacturing and supply. Relevant changes will
be communicated via a Customer Product/Process Change Notification

(CPCN).

Notes

1. Please consult the most recently issued data sheet before initiating or completing a design.

2. The product status of the device(s) described in this data sheet may have changed since this data sheet was
published. The latest information is available on the Internet at URL http://www.semiconductors.philips.com.

3. For data sheets describing multiple type numbers, the highest-level product status determines the data sheet status.

DEFINITIONS

Short-form specification [0 The data in a short-form
specification is extracted from a full data sheet with the
same type number and title. For detailed information see
the relevant data sheet or data handbook.

Limiting values definition [ Limiting values given are in
accordance with the Absolute Maximum Rating System
(IEC 60134). Stress above one or more of the limiting
values may cause permanent damage to the device.
These are stress ratings only and operation of the device
at these or at any other conditions above those given in the
Characteristics sections of the specification is not implied.
Exposure to limiting values for extended periods may
affect device reliability.

Application information [0 Applications that are
described herein for any of these products are for
illustrative purposes only. Philips Semiconductors make
no representation or warranty that such applications will be
suitable for the specified use without further testing or
modification.

2003 Jul 10

DISCLAIMERS

Life support applications O These products are not
designed for use in life support appliances, devices, or
systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips
Semiconductors customers using or selling these products
for use in such applications do so at their own risk and
agree to fully indemnify Philips Semiconductors for any
damages resulting from such application.

Right to make changes [ Philips Semiconductors
reserves the right to make changes in the products -
including circuits, standard cells, and/or software -
described or contained herein in order to improve design
and/or performance. When the product is in full production
(status ‘Production’), relevant changes will be
communicated via a Customer Product/Process Change
Notification (CPCN). Philips Semiconductors assumes no
responsibility or liability for the use of any of these
products, conveys no licence or title under any patent,
copyright, or mask work right to these products, and
makes no representations or warranties that these
products are free from patent, copyright, or mask work
right infringement, unless otherwise specified.
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@ MOTOROLA

DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

The SN54/74LS112A dual JK flip-flop features individual J, K, clock, and
asynchronous set and clear inputs to each flip-flop. When the clock goes
HIGH, the inputs are enabled and data will be accepted. The logic level of the
J and K inputs may be allowed to change when the clock pulse is HIGH and
the bistable will perform according to the truth table as long as minimum set-up
and hold time are observed. Input data is transferred to the outputs on the
negative-going edge of the clock pulse.

LOGIC DIAGRAM (Each Flip-Flop)

>
Q o— j —o0 Q
5(9 6(7)
! 1 T><I[
CLEAR (Cp) o > 0 SET (Sp)

15(14) | [ | 1R 410
B FDO_ {1—0 ;
(11) 2(12)

0 113

CLOCK (CP)

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS
OPERATING MODE

Sp |[Cp | J K Q Q
Set L H X X H L
Reset (Clear) H L X X L H
*Undetermined L L X X H H
Toggle H H h h q q
Load “0” (Reset) H H | h L H
Load “1” (Set) H H h | H L
Hold H H | | q q

* Both outputs will be HIGH while both Sp and Cp are LOW, but the output states
are unpredictable if Sp and Cp go HIGH simultaneously.

H, h = HIGH Voltage Level

L, I = LOW Voltage Level

X =Don't Care

I, h (q) = Lower case letters indicate the state of the referenced input (or output)
one set-up time prior to the HIGH to LOW clock transition.

SN54/74LS112A

DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

16
1
N SUFFIX
\ PLASTIC
16 CASE 648-08
1
lﬁ(&
1

D SUFFIX
SOIC
CASE 751B-03

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

LOGIC SYMBOL

i 10
5y SDql—s5 11, SDgl o
1—qCP 13—qCP
2—K ¢p Op—6 K ¢, Op—7
Y T
15 14
Vcc=PIN 16
GND =PIN8

FAST AND LS TTL DATA
5-185




SN54/74LS112A

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Vce Supply Voltage 54 4.5 5.0 5.5 Y
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
loH Output Current — High 54, 74 -0.4 mA
loL Output Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Vin Input HIGH Voltage 20 v gltlj?r:gztged Input HIGH Voltage for
54 0.7 Guaranteed Input LOW Voltage for
VL Input LOW Voltage \Y Al Inout
74 0.8 nputs
VK Input Clamp Diode Voltage -0.65 | -15 \% Vce =MIN, [y =-18 mA
54 25 35 \ = = =
VOH Output HIGH Voltage VCVC M”\_ll_’ IOhHT b'\IAAX’ VIN =VIH
74 27 35 v or V| per Truth Table
54,74 0.25 0.4 \Y loL=4.0mA Vce =Vee MIN,
VoL Output LOW Voltage VIN = V]Lor VIH
74 0.35 0.5 \ loL =8.0mA per Truth Table
J,K 20
Set, Clear 60 HA Vce = MAX, VIN=2.T7V
Clock 80
IIH Input HIGH Current
J,K 0.1
Set, Clear 0.3 mA Vce = MAX, VIN=T7.0V
Clock 0.4
Input LOW Current | J, K -0.4 _ _
e Clear, Set, Clk —08 | MA [ VeCc=MAX ViN=04V
los Short Circuit Current (Note 1) -20 -100 mA Vce = MAX
Icc Power Supply Current 6.0 mA Vce = MAX

Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.

AC CHARACTERISTICS (Ta =25°C,Vcc =5.0V)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
fMAX Maximum Clock Frequency 30 45 MHz
tPLH Propagation Delay, Clock 15 20 ns Vchc:lg'gFV
tPHL Clear, Set to Output 15 20 ns
AC SETUP REQUIREMENTS (Tp = 25°C, Vcc =5.0V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tw Clock Pulse Width High 20 ns
tw Clear, Set Pulse Width 25 ns
- Vcc =50V
ts Setup Time 20 ns
th Hold Time 0 ns

FAST AND LS TTL DATA
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Case 751B-03 D Suffix
16-Pin Plastic
B . X SO-16
A

I O

B PH[0250010®] B® ]

8PL

Hj ILHHHH_H — e

Bl === ==1=1=i0 I fe—hy
D16PL—>”<— T { l;PLANE KM
[4]0250.010) @ [T BO[ A G|

Case 648-08 N Suffix

16-Pin Plastic
{-A-]
AR RN N N Nl o
16 9 A
D B
2 o
[FIPIUP I R
iy -
l .
SEATING
I PLANE
G =
D16PL
[4]0.25 (0.010) ® [T] A® |
Case 620-09 J Suffix
I [-A-] i 16-Pin Ceramic Dual In-Line
16 9
[-B-]
1 8
C— le— | —>
. /" \
e Y \
E— N— el
= G —»jl«— J16PL
D16 [4]0.25 0010 @ [T] BO® |

[$]025 0010 @ [T A® |

F—»/L:EJ

NOTES
. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSION A AND B DO NOT INCLUDE MOLD
PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.
5. 751B-011S OBSOLETE, NEW STANDARD
751B-03.
MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX
A 9.80 | 10.00 | 0.386 | 0.393
B 3.80 | 4.00 [ 0.150 | 0.157
[ 1.35 1.75 | 0.054 | 0.068
D 0.35 | 049 | 0.014 | 0.019
F 0.40 1.25 | 0.016 | 0.049
G 1.27 BSC 0.050 BSC
J 0.19 | 0.25 | 0.008 | 0.009
K 0.10 [ 0.25 | 0.004 | 0.009
M 0° 7 0° 7°
P 5.80 | 6.20 | 0.229 | 0.244
R 025 | 050 | 0.010 | 0.019
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.

3. DIMENSION “L” TO CENTER OF LEADS WHEN
FORMED PARALLEL.

4. DIMENSION “B” DOES NOT INCLUDE MOLD
FLASH.

5. ROUNDED CORNERS OPTIONAL.
6. 648-01 THRU -07 OBSOLETE, NEW STANDARD
648-08.
MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX

A | 18.80 | 19.55 | 0.740 | 0.770
B 6.35 | 6.85 | 0.250 | 0.270
c 3.69 | 444 | 0145 | 0175
D 039 | 053 | 0.015 | 0.021
F 1.02 1.77 | 0.040 | 0.070
G 2.54 BSC 0.100 BSC
H 1.27BSC 0.050 BSC
J 0.21 0.38 | 0.008 | 0.015
K 2.80 | 3.30 | 0.110 | 0.130
L 750 | 7.74 | 0.295 | 0.305
M 0° 10° 0° 10°
S 0.51 1.01 | 0.020 | 0.040

NOTES

. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
CONTROLLING DIMENSION: INCH.
DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.
DIM F MAY NARROW TO 0.76 (0.030) WHERE
THE LEAD ENTERS THE CERAMIC BODY.

@

>

5. 620-01 THRU -08 OBSOLETE, NEW STANDARD
620-09.

MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX
A | 19.05 | 1955 | 0.750 | 0.770
B 610 | 7.36 | 0.240 | 0.290
[ — | 419 — | 0.165
D 039 | 053 | 0.015 | 0.021
E 1.27 BSC 0.050 BSC
F 1.40 [ 1.77 | 0.055 [ 0.070
G 2.54 BSC 0.100 BSC
J 0.23 [ 0.27 | 0.009 | 0.011
K — | 5.08 — | 0200
L 7.62 BSC 0.300 BSC
1] 0° ] 15° 0° 15°
N 0.39 | 0.88 | 0.015 | 0.035

FAST AND LS TTL DATA

5-187



Motorolareserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. Motorola does
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For a complete data sheet, please also download:
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* The IC06 74HC/HCT/HCU/HCMOS Logic Package Information
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Philips Semiconductors

Product specification

Quad D-type flip-flop with reset; positive-edge trigger

74HC/HCT175

FEATURES

« Four edge-triggered D flip-flops
¢ Output capability: standard
¢ |cc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT175 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

QUICK REFERENCE DATA
GND=0V; Tamp=25°C;t,=t;=6ns

The 74HC/HCT175 have four edge-triggered, D-type
flip-flops with individual D inputs and both Q and Q
outputs.

The common clock (CP) and master reset (MR) inputs load
and reset (clear) all flip-flops simultaneously.

The state of each D input, one set-up time before the
LOW-to-HIGH clock transition, is transferred to the
corresponding output (Qy) of the flip-flop.

All Qy, outputs will be forced LOW independently of clock
or data inputs by a LOW voltage level on the MR input.

The device is useful for applications where both the true
and complement outputs are required and the clock and
master reset are common to all storage elements.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

tPHL propagation delay CL=15pF;Vec=5V

CP to Qn, Qn 17 16 ns

MR to Q,, 15 19 ns
tpLH propagation delay

CPto Qp, Qn 17 16 ns

MR to Q, 15 16 ns
fmax maximum clock frequency 83 54 MHz
C input capacitance 35 35 pF
Cpp power dissipation capacitance per flip-flop | notes 1 and 2 32 34 pF
Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in pW):

Pp = Cpp x Ve x fi+ 3 (CL x Vec? x fo) where:
fi = input frequency in MHz
fo = output frequency in MHz
Y (CL x V2 % fp) = sum of outputs
C. = output load capacitance in pF
Ve = supply voltage in V

For HC the condition is V|, = GND to V¢
For HCT the conditionis V|= GND to Vcc - 1.5V

n
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Philips Semiconductors

Product specification

Quad D-type flip-flop with reset; positive-edge trigger 74HC/HCT175
ORDERING INFORMATION
TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
74HCL175N; DIP16 plastic dual in-line package; 16 leads (300 mil); long body SOT38-1
74HCT175N
74HC175D; S016 plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
74HCT175D
74HC175DB; SSOP16 | plastic shrink small outline package; 16 leads; body width 5.3 mm SOT338-1
74HCT175DB
T4HC175PW, TSSOP16 | plastic thin shrink small outline package; 16 leads; body width 4.4 mm | SOT403-1
74HCT175PW
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1 MR master reset input (active LOW)
2,7,10, 15 Qo to Q3 flip-flop outputs
3,6,11, 14 Qo to Qs complementary flip-flop outputs
4,5,12,13 Do to D3 data inputs
8 GND ground (0 V)
9 CP clock input (LOW-to-HIGH, edge-triggered)
16 Vee positive supply voltage
— U * 8 ¢
MR| 1 [16] V=2 N
QO[Z ch; e—1o P agl—2 [4
_ - ¢ 83
OOE E Cz a,|—7 4 2
s—1 09 = —'° . 3
0o [4] 175 [13] 02 Gy}—s
e 7
01[5] 12] = 12— D5 g; _:? 5 | -
8, [¢] [11] = Q3—15 10
13—P3 Gab—1a 2| -
a 7] 10] = wa_° L
GNDE _T_] c> ?1 7293242 13 |15
72932414 ;1_‘

Fig.1 Pin configuration.

Fig.2 Logic symbol.

7293243

Fig.3 IEC logic symbol.

1998 Jul 08



Philips Semiconductors

Product specification

Quad D-type flip-flop with reset; positive-edge trigger

74HC/HCT175

4 5 12 13
Do 04 07 03
Lo of}— o at—— b ao}— Yo a
—fce FF —ee —ce ¥ o
ab ok af a
Rp Rp Rp Rp
slee] % T T
A _{WR |
Go| [ag Q) 0,4 Q| JQ2 Q3| |03
7293244 3] |2 NE 1l T 14] s

Fig.4 Functional diagram.

FUNCTION TABLE

INPUTS OUTPUTS
OPERATING MODES —— —
MR | CP Dn Qn Qn
reset (clear) L X X L H
load “1” H 1 h H L
load “0” H 1 I L
Note

1. H=HIGH voltage level
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition

L = LOW voltage level
I = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition

1 = LOW-to-HIGH CP transition

X =don't care

Do Dy

cp F ce T ce 7
a a ap
Ro | | Rp fo
3 5

2 9
— 95
[Thai.]

cP —Do—Dc
wR —Do—Dc
7293245

Fig.5 Logic diagram.
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Philips Semiconductors Product specification

Quad D-type flip-flop with reset; positive-edge trigger 74HC/HCT175

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V: t, =t = 6 ns; C_ = 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL |PARAMETER UNIT Vee WAVEFORMS
+25 -40to +85 | -40to +125 V)
min. | typ. [max. |min. max. min. Anax
tpuL/ tpLn | Propagation delay 55 175 220 265 ns 2.0 |Fig.6
CP 10 Qn, Qn 20 |35 44 53 4.5
16 30 37 45 6.0
tpHL/ trL | Propagation delay 50 150 190 225 ns 2.0 |Fig.8
MR to Qn, Qn 18 |30 38 45 4.5
14 26 33 38 6.0
trhl/ trun | output transition time 19 75 95 110 ns 2.0 |Fig.6
7 15 19 22 4.5
6 13 16 19 6.0
tw clock pulse width 80 22 100 120 ns 2.0 |Fig.6
HIGH or LOW 16 |8 20 24 45
14 6 17 20 6.0
tw master reset pulse width | 80 19 100 120 ns 2.0 |Fig.8
LOW 16 |7 20 24 45
14 6 17 20 6.0
trem removal time 5 -33 5 5 ns 2.0 |[Fig.8
MR to CP 5 -12 5 5 45
5 -10 5 5 6.0
tsu set-up time 80 3 100 120 ns 2.0 |Fig.7
Dnto CP 16 |1 20 24 4.5
14 |1 17 20 6.0
th hold time 25 2 30 40 ns 2.0 |Fig.7
CP to Dy 5 |0 6 8 45
4 0 5 7 6.0
frnax maximum clock pulse 6.0 |25 4.8 4.0 MHz | 2.0 |Fig.6
frequency 30 75 24 20 4.5
35 89 28 24 6.0

1998 Jul 08 5
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Quad D-type flip-flop with reset; positive-edge trigger 74HC/HCT175

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.
Output capability: standard

Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

INPUT [ UNIT LOAD COEFFICIENT

MR 1.00
CP 0.60
Dy, 0.40

AC CHARACTERISTICS FOR 74HCT
GND=0V;t=t=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL |PARAMETER UNIT | vy, | WAVEFORMS
+25 -40to +85 | -40to +125 W)
min. | typ. [max. |min. max. min. rmax.

tpuL/ tpLn | Propagation delay 19 33 41 50 ns 45 |Fig.6
CP t0 Qn, Qn

tPHL propagation delay 22 38 48 57 ns 45 |Fig.8
MR to Qp

tpLH propagation delay 19 35 44 53 ns 45 |Fig.8
MR to Qp

trul/ trun | Output transition time 7 15 19 22 ns 45 |Fig.6

tw clock pulse width 20 12 25 30 ns 45 |Fig.6
HIGH or LOW

tw master reset pulse width |20 11 25 30 ns 45 |Fig.8
LOW

trem removal time 5 -10 5 5 ns 45 |Fig.8
MR to CP

tsu set-up time 16 5 20 24 ns 45 |Fig.7
D, to CP

th hold time 5 0 5 5 ns 45 |Fig.7
CPto D,

frnax maximum clock pulse 25 49 20 17 MHz |4.5 |Fig.6
frequency

1998 Jul 08 6
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Quad D-type flip-flop with reset; positive-edge trigger

74HC/HCT175

AC WAVEFORMS

1/ max

b

CP INPUT i vy

_"'PHL I+ tPLH
Q, OUTPUT vp!h
et - letry
= 1PLH - ) e tPHL
G, ouTPuT ™M
7293246.1 ! ety >l la-tryy

(1) HC :Vy=50%;V,=GND to Vcc.
HCT:Vy=1.3V;V, =GNDto 3 V.

Fig.6 Waveforms showing the clock (CP) to
outputs (Qp, Qn) propagation delays, the
clock pulse width, output transition times
and the maximum clock pulse frequency.

CP INPUT

Dy INPUT

Q, ouTPUT /VM m \
vpit
Q, OuTPUT
7293247

The shaded areas indicate when the input is
permitted to change for predictable output
performance.

(1) HC :Vpu=50%;V,=GND to Vcc.
HCT:Vpm=13V;V|, =GNDto 3 V.

Fig.7 Waveforms showing the data set-up and
hold times for the data input (D).

MR INPUT i

CP INPUT m

|a— tpH —+

n
Q, OUTPUT vp'!

o tpLH —

@, ouTPUT vy

7283248

(1) HC :Vy=50%;V,=GND to Vcc.
HCT:Vy=13V;V, =GNDto 3 V.

Fig.8 Waveforms showing the master reset (MR)
pulse width, the master reset to outputs
(Qn, Qn) propagation delays and the master
reset to clock (CP) removal time.
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Philips Semiconductors Product specification

Quad D-type flip-flop with reset; positive-edge trigger 74HC/HCT175
PACKAGE OUTLINES
DIP16: plastic dual in-line package; 16 leads (300 mil); long body SOT38-1

‘« seating plane

D

1.

%ﬁﬁﬁﬁﬁﬁﬁT
D i I
T LI

0 5 10 mm
L Ll |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A A1 | Az ) ) z®
UNIT | max. | min. | max. b by ¢ o E € €1 L Me MH w max.
1.40 0.53 0.32 21.8 6.48 3.9 8.25 9.5
mm 4.7 0.51 3.7 1.14 0.38 0.23 214 6.20 2.54 7.62 3.4 7.80 8.3 0.254 2.2
; 0.055 | 0.021 | 0.013 0.86 0.26 0.15 0.32 0.37
inches 0.19 0.020 0.15 0.045 | 0.015 | 0.009 0.84 0.24 0.10 0.30 013 031 0.33 0.01 0.087
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION ISSUE DATE
IEC JEDEC EIAJ
92-16-62-
SOT38-1 050G09 MO-001AE = @ 950110
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Philips Semiconductors

Product specification

Quad D-type flip-flop with reset; positive-edge trigger 74HC/HCT175
S016: plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
- D - e——E——p—{A]
| — \\
\ f
LJ [\ \L\_, /
L g %
\\/
oly] | He ~ = @A)
7
PS 1ggaAam
|
|
, , I , , A
‘ i Ay (Aa)
pin 1 index ! *
/4 f %*\6
.0 B 008 i
o] e .
0 25 5 mm
L T |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | oy | A1 | Az | As bp c p® | EM | e He L Lp Q v w y zW | e
0.25 | 1.45 0.49 | 025 | 100 | 4.0 6.2 10 | 07 0.7
mm 13751 010 [ 125 | %25 | 036 | 019 | 98 | 38 | 1?7 | 58 | 20% | 04 | 06 | 025|025 01 g3 | oo
. 0.010 | 0.057 0.019 [0.0100| 0.39 | 0.16 0.244 0.039 | 0.028 0.028| ©0°
inches | 0.069 | o4 | 0.049 | 901 | 0.014 |0.0075| 0.38 | 0.15 | %9%0 | 0228 | ©04! | 0.016 | 0.020| 001 | 0-01 | 0.004 57,
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION EC JEDEC EIAJ PROJECTION
SOT109-1 076E07S MS-012AC E @ 9975:035i:2223
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Quad D-type flip-flop with reset; positive-edge trigger 74HC/HCT175
SSOP16: plastic shrink small outline package; 16 leads; body width 5.3 mm SOT338-1
D | E Q A
| | 1T~
\ F L0
f J
OIE . N
I ¢ r‘ ‘ \ S~ /‘/
O]y ] - He m<]=[vM[A]
- Z
”ﬁHHHH il
[ |
|
\
| y o« ]
A -
- - } - T f Aq boay
| i
pin 1 index —_—
o | 7
i -~ Ly -
i - | —>
b ! |
— —-— — Q} W@
. AEI0)
? 2I5 ? mm
scale
DIMENSIONS (mm are the original dimensions)
UNIT mgx. Ay | Ay | Az | by c | DD | ED| e | Hg L Lp | @ v w y | z® | o
0.21 | 1.80 038 | 020 | 64 | 54 7.9 1.03 | 0.9 1.00 | 8°
mm |20 | 505 | 165 | 925 | 025 | 009 | 60 | 52 | ©%° | 76 | 125 | ge3 | 07 | 02 | 013 | O1 | g5 | o
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION C JEDEG EIA PROJECTION ISSUE DATE
SOT338-1 MO-150AC E} @ 995:093:01 "
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Quad D-type flip-flop with reset; positive-edge trigger 74HC/HCT175
TSSOP16: plastic thin shrink small outline package; 16 leads; body width 4.4 mm SOT403-1
D ~— E——p—{A]
—— — ”\\
c*: ; i S /
4 ‘ \\/‘/
Oly] | He ~=[v@la]

‘

bbby

:
! Y
I | n L P,
o T

| % +\f 0
‘ <—|_p4>
; - ——
1 8
detail X
- e s
. ,
0 25 5mm
L L1 |
scale
DIMENSIONS (mm are the original dimensions)
A
UNIT | 2| AL | Az | Ag bp c DD | E@| e He L Lp Q v w y zM | o
0.15 | 0.95 0.30 0.2 5.1 4.5 6.6 0.75 0.4 0.40 8°
mm | 110 1 505 | 080 | %25 | 019 | 01 | 49 | 43 | 9% | 62 | 10 | o050 | 03 | %2 | 013 | O1 1 gp6 | qo
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION ISSUE DATE
IEC JEDEC EIAJ

SOT403-1 MO-153 = @ e
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Product specification

Quad D-type flip-flop with reset; positive-edge trigger

74HC/HCT175

SOLDERING
Introduction

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in
our “Data Handbook IC26; Integrated Circuit Packages”
(order code 9398 652 90011).

DIP
SOLDERING BY DIPPING OR BY WAVE

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed

5 seconds.

The device may be mounted up to the seating plane, but
the temperature of the plastic body must not exceed the
specified maximum storage temperature (Tsg may). If the
printed-circuit board has been pre-heated, forced cooling
may be necessary immediately after soldering to keep the
temperature within the permissible limit.

REPAIRING SOLDERED JOINTS

Apply a low voltage soldering iron (less than 24 V) to the
lead(s) of the package, below the seating plane or not
more than 2 mm above it. If the temperature of the
soldering iron bit is less than 300 °C it may remain in
contact for up to 10 seconds. If the bit temperature is

between 300 and 400 °C, contact may be up to 5 seconds.

SO, SSOP and TSSOP
REFLOW SOLDERING

Reflow soldering techniques are suitable for all SO, SSOP
and TSSOP packages.

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

1998 Jul 08

Several techniques exist for reflowing; for example,
thermal conduction by heated belt. Dwell times vary
between 50 and 300 seconds depending on heating
method.

Typical reflow temperatures range from 215 to 250 °C.
Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 minutes at
45 °C.

WAVE SOLDERING

Wave soldering can be used for all SO packages. Wave
soldering is not recommended for SSOP and TSSOP
packages, because of the likelihood of solder bridging due
to closely-spaced leads and the possibility of incomplete
solder penetration in multi-lead devices.

If wave soldering is used - and cannot be avoided for
SSOP and TSSOP packages - the following conditions
must be observed:

¢ A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave) soldering
technique should be used.

¢ The longitudinal axis of the package footprint must be
parallel to the solder flow and must incorporate solder
thieves at the downstream end.

Even with these conditions:

¢ Only consider wave soldering SSOP packages that
have a body width of 4.4 mm, that is
SSOP16 (SOT369-1) or SSOP20 (SOT266-1).

< Do not consider wave soldering TSSOP packages
with 48 leads or more, that is TSSOP48 (SOT362-1)
and TSSOP56 (SOT364-1).

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder is

10 seconds, if cooled to less than 150 °C within

6 seconds. Typical dwell time is 4 seconds at 250 °C.

A mildly-activated flux will eliminate the need for removal
of corrosive residues in most applications.
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Quad D-type flip-flop with reset; positive-edge trigger 74HC/HCT175

REPAIRING SOLDERED JOINTS

Fix the component by first soldering two diagonally- opposite end leads. Use only a low voltage soldering iron (less
than 24 V) applied to the flat part of the lead. Contact time must be limited to 10 seconds at up to 300 °C. When using a
dedicated tool, all other leads can be soldered in one operation within 2 to 5 seconds between 270 and 320 °C.

DEFINITIONS

Data sheet status

Obijective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.

1998 Jul 08 13
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Philips Semiconductors Product specification

Quad 2-input AND gate 74HC/HCTO8

FEATURES

« Output capability: standard
* |cc category: SSI

GENERAL DESCRIPTION

The 74HC/HCTO08 are high-speed Si-gate CMOS devices and are pin compatible with low power Schottky TTL (LSTTL).
They are specified in compliance with JEDEC standard no. 7A. The 74HC/HCTO08 provide the 2-input AND function.

QUICK REFERENCE DATA
GND =0V, Tamp=25°C;t,=t;=6ns

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tprL/ teLH propagation delay nA, nB to nY CL=15pF;Vec=5V |7 11 ns
C input capacitance 3.5 35 pF
Cep power dissipation capacitance per gate |notes 1 and 2 10 20 pF

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in pW):
Pp = Cpp x Vec? x fi+ 3 (Cp x Vec? % fo) where:
fi = input frequency in MHz
fo = output frequency in MHz
C_ = output load capacitance in pF
Ve = supply voltage in V
S (CL x Vee? x fp) = sum of outputs

For HC the condition is V; = GND to V¢
For HCT the condition is V= GND to Vcc -1.5V

n

ORDERING INFORMATION
See “74HC/HCT/HCU/HCMOS Logic Package Information”.

December 1990 2
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Quad 2-input AND gate 74HC/HCTO08

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,4,9 12 1A to 4A data inputs

2,5,10, 13 1B to 4B data inputs

3,6,8,11 1Y to 4Y data outputs

7 GND ground (0 V)

14 Vee positive supply voltage

1 &
h—— 3
1] U 14} Ve ._’_iD_,i 3 2|
2 |18 —
18[2] [13] 48 ] .
4 j2a e & | 68
s 72} 4a e 5
244 08 E 4y s l3a 0
= 3v| s — & 8
28(s 10] 38 ﬁéT_D_ 10 —
2v[e] ] 3a %j:: )___‘Y il 12
= — &
ano[7] E‘ 3v - | 1t
7293600 7293603
7293801.1
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.

FUNCTION TABLE

A INPUTS OUTPUT
—"L—-D"_Do— v nA nB ny
8 7ZR3634 L L |_
O L 1 L
-] Fig.5 HC logic diagram H L ]
4 12A
el (one gate). H H H
i = B8 Note
12 f4a ol 1 1. H=HIGH voltage level
13 lag — A L = LOW voltage level
7293603 Y

7293604

Fig.6 HCT logic diagram
Fig.4 Functional diagram. (one gate).

December 1990 3
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Quad 2-input AND gate 74HC/HCTO08

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
Icc category: SSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t=tt=6ns; C_. =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL |[PARAMETER UNIT | v
+25 -40to +85 | —40to +125 (\i)c WAVEFORMS
min. | typ. [max. [min. |max. min. Mmax.
ten/ teLH | propagation delay 25 90 115 135 2.0
nA, nB to nY 9 18 23 27 ns 45 |Fig.7
7 15 20 23 6.0
trul/ trun | output transition 19 75 95 110 2.0
time 7 15 19 22 ns 45 |Fig.7
6 13 16 19 6.0

December 1990 4
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Quad 2-input AND gate 74HC/HCTO08

DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
Icc category: SSI

Note to HCT types
The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT
nA, nB 0.6

AC CHARACTERISTICS FOR 74HCT
GND=0V;t=t=6ns; C_. =50 pF

Tamp (°C) TEST CONDITIONS
74HCT
SYMBOL |PARAMETER UNIT | v/
+25 -40to +85 | —40 to +125 (\‘;; WAVEFORMS
min. | typ. [max. [min. |max. min. Mmax.
ten/ teLH | propagation delay .
nA. nB to nY 14 24 30 36 ns 45 |Fig.7
trhu/ trn | Output transition 7 |15 19 22 |ns 45 |Fig.7
time
AC WAVEFORMS
nA, n8 INPUT vyt
PHL — tPLH
nY OUTPUT vp'!
7793602 truL> . - fTLm
(l) HC :Vu=50%;V,=GND to Vcc.
HCT: V=13 V;V,=GND to 3 V.
Fig.7 Waveforms showing the input (nA, nB) to output (nY) propagation delays and the output transition times.

PACKAGE OUTLINES
See “74HC/HCT/HCU/HCMOS Logic Package Outlines”.

December 1990 5
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SN5400, SN54LS00, SN54S00
SN7400, SN74LS00, SN74S00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDLS025B — DECEMBER 1983 — REVISED OCTOBER 2003

® Package Options Include Plastic
Small-Outline (D, NS, PS), Shrink

Small-Outline (DB), and Ceramic Flat (W)
Packages, Ceramic Chip Carriers (FK), and
Standard Plastic (N) and Ceramic (J) DIPs

SN5400 . . . J PACKAGE

SN54LS00, SN54S00 . .. J OR W PACKAGE
SN7400, SN74S00 . . . D, N, OR NS PACKAGE
SN74LS00 ... D, DB, N, OR NS PACKAGE

(TOP VIEW)
lA[l U14]VCC
1B ]2 13]] 4B
NMIE 12]] 4A
2A [l4 11[] ay
2B [Is 10]] 3B
2y s o] 3A

GND []7 sl 3y

SN5400 ... W PACKAGE

(TOP VIEW)
1A (]2 < 14]] a4y
1B ]2 13]] 4B
1y (I3 12]] 4A

Vcc[4 ll]GND
2y [Is 10]] 3B
2A (6 o] 3A
2B [|7 sl 3y

description/ordering information

® Also Available as Dual 2-Input
Positive-NAND Gate in Small-Outline (PS)
Package

SN74LS00, SN74S00 . . . PS PACKAGE
(TOP VIEW)

U

IS
] 2B
] 2A
] 2y

1A [}
1B ]
1v [}
GND [

A W N B
g o N

SN54LS00, SN54S00 . . . FK PACKAGE

(TOP VIEW)
Q
@)
£33z 99
/4 " | - - -

3 21 2019
lY:|4 181 4A
NC[]s 17[] NC
2a[]s 16[] 4Y
NC [] 7 15[] NC
B[] s 14[] 3B

9 10 11 12 13

rrir

>0 0> <

~N 5 Z m ™

NC - No internal connection

These devices contain four independent 2-input NAND gates. The devices perform the Boolean function

Y=AeBorY =A + B in positive logic.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. P pi g does not ily include
testing of all parameters.

Copyright © 2003, Texas Instruments Incorporated

i On products compliant to MIL-PRF-38535, all parameters are tested
’ Il unless otherwise noted. On all other products, production
l EXAS p ing does not ily include testing of all parameters.

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN5400, SN54L.500, SN54S00
SN7400, SN74LS00, SN74S00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDLS025B — DECEMBER 1983 — REVISED OCTOBER 2003

description/ordering information (continued)

ORDERING INFORMATION

" e | norawe
SN7400N SN7400N
PDIP - N Tube SN74LSO0ON SN74LSO00N
SN74S00N SN74S00N
Tube SN7400D
Tape and reel SN7400DR 7400
Tube SN74LS00D
soic-b Tape and reel SN74LS00DR LS00
0°Cto 70°C Tube SN74S00D
Tape and reel SN74S00DR S00
SN7400NSR SN7400
SOP - NS Tape and reel SN74LSO0ONSR 74L.S00
SN74S00NSR 74S00
SN74LSO0PSR LS00
SOP - PS Tape and reel SN74S00PSR S00
SSOP - DB Tape and reel SN74LSO0DBR LS00
SNJ5400J SNJ5400J
CDIP -J Tube SNJ54LS00J SNJ54L.S00J
SNJ54S00J SNJ54S00J
. . SNJ5400W SNJ5400W
TCIC W Tube SNJ54LS00W SNJ54LS00W
SNJ54S00W SNJ54S00W
SNJ54LS00FK SNJ54LS00FK
LCCC - FK Tube
SNJ54S00FK SNJ54S00FK

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines

are available at www.ti.com/sc/package.

FUNCTION TABLE
(each gate)

INPUTS OUTPUT
A B Y
H H L
L X H
X L H

logic diagram, each gate (positive logic)

A — |
Y
B — |

{'f TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




SN5400, SN54LS00, SN54S00
SN7400, SN74LS00, SN74S00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDLS025B — DECEMBER 1983 — REVISED OCTOBER 2003

schematic

GND
'LS00 'S00
Vee
120 Q
— Y
500 Q 250 Q
\1 % GND
GND

Resistor values shown are nominal.

*9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN5400, SN54L.500, SN54S00
SN7400, SN74LS00, SN74S00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDLS025B — DECEMBER 1983 — REVISED OCTOBER 2003

absolute maximum ratings over operating free-air temperature (unless otherwise noted) T

Supply voltage, Vo (SEBE NOLE 1) . ... e e 7V
Input voltage: '00, SO0 . ...ttt e 55V
LS00 .ottt 7V

Package thermal impedance, 63p (see Note 2): Dpackage .......... ... .. ... 86°C/W

DB package .......... ... 96°C/W

Npackage . ........ oo 80°C/W

NSpackage ............ccciiiiiiiiinnnnn. 76°C/IW

PSpackage ........... ... i 95°C/W

Storage temperature range, TSty e —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. Voltage values are with respect to network ground terminal.
2. The package termal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)

SN5400 SN7400

MIN  NOM MAX MIN  NOM  MAX UNIT
Vce Supply voltage 4.5 5 55| 4.75 5 5.25 \%
VIH High-level input voltage 2 2 \%
VL Low-level input voltage 0.8 0.8 \
loH High-level output current -0.4 -0.4 mA
loL Low-level output current 16 16 mA
TA Operating free-air temperature -55 125 0 70 °C

NOTE 3: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

SN5400 SN7400
PARAMETER TEST CONDITIONS* UNIT
MIN TYP8 MAX| MIN TYP8 MAX

ViK Ve = MIN, I =-12 mA -1.5 -15| Vv
VOH Vee = MIN, V|IL=0.8V, IOH = 0.4 mA 24 34 24 34 %
VoL Vce = MIN, VIH=2V, loL=16 mA 0.2 0.4 0.2 0.4 \%
Iy Ve = MAX, V=55V 1 1] mA
IIH Ve = MAX, V=24V 40 40 A
i Ve = MAX, V=04V -16 -16| mA
losT Ve = MAX -20 -55 | -18 =55 mA
IccH Vce = MAX, V=0V 4 8 4 8 mA
lccL Ve = MAX, V=45V 12 22 12 22 mA

¥ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
§ All typical values are at Voc = 5V, Ta = 25°C.
T Not more than one output should be shorted at a time.
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SN5400, SN54LS00, SN54S00
SN7400, SN74LS00, SN74S00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDLS025B — DECEMBER 1983 — REVISED OCTOBER 2003

switching characteristics, V. cc =5V, Ta = 25°C (see Figure 1)

SN5400
FROM TO SN7400
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS UNIT
MIN TYP MAX
tPLH 11 22
AorB Y R =400 Q, CL=15pF ns
tPHL 7 15
recommended operating conditions (see Note 4)
SN54LS00 SN74LS00
UNIT
MIN  NOM MAX MIN  NOM  MAX
Vce Supply voltage 4.5 5 55| 4.75 5 5.25 Vv
VIH High-level input voltage 2 2 Vv
VL Low-level input voltage 0.7 0.8 \
IoH High-level output current -0.4 -0.4 mA
loL Low-level output current 4 8 mA
TA Operating free-air temperature -55 125 0 70 °C

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

+ SN54LS00 SN74LS00
PARAMETER TEST NDITION UNIT
STCo ONS MIN TYPf MAX| MIN TYPE MAX
VIK Vee = MIN, I|=-18 mA -1.5 -15 v
VOH Vce = MIN, VL = MAX, loH = 0.4 mA 25 34 2.7 3.4 %
loL =4 mA 025 04 025 04
VoL Vcc = MIN, ViH=2V \Y
loL = 8mA 0.35 0.5
I Ve = MAX, V=7V 0.1 01| mA
H Vee = MAX, V) =27V 20 20 upA
L Vce = MAX, V=04V -0.4 -0.4 mA
los8 Ve = MAX -20 -100 | -20 -100 | mA
IlccH Vce = MAX, V=0V 0.8 1.6 0.8 1.6 mA
lccL Vce = MAX, V| =45V 24 44 24 44| mA
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical values are at Vcc =5V, Ta =25°C.
8§ Not more than one output should be shorted at a time.
switching characteristics, V. cc =5V, Ta = 25°C (see Figure 1)
SN54LS00
FROM TO SN74LS00
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS UNIT
MIN TYP MAX
tPLH 9 15
AorB Y RL =2kQ, CL=15pF ns
tPHL 10 15
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SN5400, SN54L.500, SN54S00
SN7400, SN74LS00, SN74S00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDLS025B — DECEMBER 1983 — REVISED OCTOBER 2003

recommended operating conditions (see Note 5)

SN54S00 SN74S00
MIN  NOM  MAX MIN  NOM  MAX UNIT
Vce Supply voltage 4.5 5 55| 4.75 5 5.25 \%
VIH High-level input voltage 2 2 \%
VL Low-level input voltage 0.8 0.8 \
loH High-level output current -1 -1 mA
loL Low-level output current 20 20 mA
TA Operating free-air temperature -55 125 0 70 °C

NOTE 5: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

SN54S00 SN74S00
PARAMETER TEST CONDITIONST UNIT
MIN TYPF MAX | MIN TYPT MAX
ViK Vce = MIN, Ij=-18 mA -1.2 -12| Vv
VOH Ve = MIN, V=08V, IoH = -1 mA 25 3.4 2.7 3.4 v
VoL Vce = MIN, VIH=2V, loL=20 mA 0.5 0.5 \%
I Vee = MAX, V=55V 1 1| mA
I Vce = MAX, V=27V 50 50 A
L Vce = MAX, V| =0.5V -2 -2 mA
los8 Vce = MAX -40 -100 | -40 -100 [ mA
IcCH Ve = MAX, V=0V 10 16 10 16| mA
lccL Vce = MAX, Vi=45V 20 36 20 36 mA
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical values are at Voc = 5V, Ta = 25°C.
8 Not more than one output should be shorted at a time.
switching characteristics, V. cc =5V, Ta = 25°C (see Figure 1)
SN54S00
FROM TO SN74500
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS UNIT
MIN TYP  MAX
tPLH 3 4.5
AorB Y R =280 Q, CL=15pF ns
tPHL 3 5
tPLH 4.5
AorB Y R =280 Q, CL =50 pF ns
tPHL S
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SN5400, SN54LS00, SN54S00
SN7400, SN74LS00, SN74S00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDLS025B — DECEMBER 1983 — REVISED OCTOBER 2003

PARAMETER MEASUREMENT INFORMATION
SERIES 54/74 DEVICES

Test
Point Vce

RL
From Output

Under Test (see Note B)

(see Note A)

LOAD CIRCUIT
FOR 2-STATE TOTEM-POLE OUTPUTS

High-Level
Pulse 15V 15V
\ \
[ tw —P
\ \
Low-Level 15V 15V
Pulse
VOLTAGE WAVEFORMS

PULSE DURATIONS

In-Phase
Output
(see Note D)

Out-of-Phase | \ VOH
Output 15V 15V
(see Note D) ——— VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cy includes probe and jig capacitance.
B. All diodes are 1N3064 or equivalent.

From Output
CL Under Test

CL
(see Note A) I gsz

LOAD CIRCUIT
FOR OPEN-COLLECTOR OUTPUTS

Vce
Test RL
S1
From Output
Vce Under Test (see Note B)
CL L
RL (see Note A) 7
Test
Point =

LOAD CIRCUIT
FOR 3-STATE OUTPUTS
Timing 3V
Input 15V
PR oV
4—”— th
tsy —4—b
Dat \ ———3V
ata 15V 15V
Input
ov
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES
Output
Control
(low-level
enabling) ‘

tPZL_" ‘4— —’( N_tPLZ

Waveform 1 ‘

‘ =15V
(see Notes C ‘ \
and D) ‘ | _—_—V—VOL+05V
\

'[PZH—H }4— —» H—tPHz

—— Vo
Waveform 2 | —_——— VOH 05V
(see Notes C 15V
and D) '

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

D. S1and S2 are closed for tp_H, tpHL, tpHZ, and tp|_z; S1is open and S2 is closed for tpzp; S1 is closed and S2 is open for tpz| .

E. Allinput pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zg = 50 Q; t; and tf < 7 ns for Series
54/74 devices and t; and tf < 2.5 ns for Series 54S/74S devices.

F. The outputs are measured one at a time with one input transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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i3 Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS

www.ti.com 12-Feb-2010

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
JM38510/00104BCA ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type
JM38510/00104BDA ACTIVE CFP W 14 1 TBD A42 N/ A for Pkg Type
JM38510/07001BCA ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type
JM38510/07001BDA ACTIVE CFP W 14 1 TBD A42 N / A for Pkg Type
JM38510/30001B2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
JM38510/30001BCA ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type
JM38510/30001BDA ACTIVE CFP w 14 1 TBD A42 N/ A for Pkg Type
JM38510/30001SCA ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type
JM38510/30001SDA ACTIVE CFP W 14 1 TBD A42 N / A for Pkg Type
SN5400J ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type
SN54LS00J ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type
SN54S00J ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type
SN7400D ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN7400DE4 ACTIVE SOIC D 14 50 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
SN7400DG4 ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
SN7400N ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
SN7400N3 OBSOLETE PDIP N 14 TBD Call Tl Call Tl
SN7400NE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
SN74LS00D ACTIVE SOIC D 14 50 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
SN74LSO0DBLE OBSOLETE SSOP DB 14 TBD Call Tl Call Tl
SN74LS00DBR ACTIVE SSOP DB 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LS00DBRE4 ACTIVE SSOP DB 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
SN74LSO0DBRG4 ACTIVE SSOP DB 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
SN74LSO0DE4 ACTIVE SOIC D 14 50 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LS00DG4 ACTIVE SOIC D 14 50 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LSO0DR ACTIVE SOIC D 14 2500 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LSO00DRE4 ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LSO00DRG4 ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LS00J OBSOLETE CDIP J 14 TBD Call Tl Call Tl
SN74LSO00N ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(ROHS)
SN74LSO0ONE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(ROHS)
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12-Feb-2010

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
SN74LSO0ONSR ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LSOONSRG4 ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LS00PSR ACTIVE SO PS 8 2000 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LSO00PSRE4 ACTIVE SO PS 8 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74LSO00PSRG4 ACTIVE SO PS 8 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
SN74S00D ACTIVE SolIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
SN74S00DE4 ACTIVE SOIC D 14 50 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
SN74S00DG4 ACTIVE SOIC D 14 50 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74S00DR ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74S00DRE4 ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74S00DRG4 ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74S00N ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(ROHS)
SN74SO00N3 OBSOLETE PDIP N 14 TBD Call Tl Call Tl
SN74S00NE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
SN74SO00NSR ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74SO0NSRE4 ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SN74SO0NSRG4 ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
SNJ5400J ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type
SNJ5400W ACTIVE CFP W 14 1 TBD A42 N/ A for Pkg Type
SNJ5400WA OBSOLETE CFP WA 14 TBD A42 N/ A for Pkg Type
SNJ54LS00FK ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
SNJ54L.S00J ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type
SNJ54LS00W ACTIVE CFP W 14 1 TBD A42 N/ A for Pkg Type
SNJ54S00FK ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
SNJ54S00J ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type
SNJ54S00W ACTIVE CFP W 14 1 TBD A42 N / A for Pkg Type

O 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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@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoOHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sbh) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI'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 TI 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 TI
to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
s |+ KO [¢—P1—
OO0 006 0O T
& © ’H Bo W
Reel X | — l
Diameter
Cavity +I A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 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 OO0 O OO0 O O?——Sprocket Holes
1
I
v ® e
4--9--A
Q3 1 Q4 User Direction of Feed
%
T
N
Pocket Quadrants
*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)
SN74LSO00DBR SSOP DB 14 2000 330.0 16.4 8.2 6.6 25 12.0 | 16.0 Q1
SN74LSO00DR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
SN74LSO0ONSR SO NS 14 2000 330.0 16.4 8.2 10.5 25 12.0 | 16.0 Q1
SN74LSO00PSR SO PS 8 2000 330.0 16.4 8.2 6.6 25 12.0 | 16.0 Q1
SN74S00DR SoIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
SN74S00NSR SO NS 14 2000 330.0 16.4 8.2 105 25 12.0 | 16.0 Q1
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www.ti.com 10-Feb-2010
TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\ /)i\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
SN74LS00DBR SSOP DB 14 2000 346.0 346.0 33.0
SN74LSO00DR SoIC D 14 2500 346.0 346.0 33.0
SN74LSOONSR SO NS 14 2000 346.0 346.0 33.0
SN74LSO00PSR SO PS 8 2000 346.0 346.0 33.0
SN74S00DR SOIC D 14 2500 346.0 346.0 33.0
SN74SO0NSR SO NS 14 2000 346.0 346.0 33.0
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MECHANICAL DATA

MSSO002E — JANUARY 1995 — REVISED DECEMBER 2001

DB (R-PDSO-G*¥)

28 PINS SHOWN

PLASTIC SMALL-OUTLINE

A

AEELLEELERIN

— 2,00 MAX

o
)
a

o

> — 5

©

Gage Plane

/ | (/\ Y
!;\ I_*_ Seating Plane * . J_\ }
~—

0,05 MIN
PINS **
14 16 20 24 28 30 38
DIM
A MAX 6,50 6,50 7,50 8,50 10,50 | 10,50 | 12,90
A MIN 5,90 5,90 6,90 7,90 9,90 9,90 | 12,30

4040065 /E 12/01

NOTES: A. Alllinear dimensions are in millimeters.

Cow

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-150
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MECHANICAL DATA

MLCCO006B — OCTOBER 1996

FK (S-CQCC-N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
NO. OF A B
z 18 17 16 15 14 13 12 TERMINALS
s o MIN MAX MIN MAX
4 N
19 1 20 0342 | 0358 | 0307 | 0.358
(8,69) | (9,09 | (7,80) | (9,09)
20 10 - 0.442 | 0458 | 0.406 0.458
) o (11,23) | (11,63) | (10,31) | (11,63)
B SQ " 0.640 | 0.660 | 0.495 | 0.560
22 8 (16,26) | (16,76) | (12,58) | (14,22)
A SQ
23 7 - 0739 | 0761 | 0.495 | 0.560
(18,78) | (19,32) | (12,58) | (14,22)
24 6 66 0938 | 0962 | 0850 | 0.858
- s (23,83) | (24,43) | (21.6) | (21.8)
\ / " 1.141 1.165 1.047 1.063
Y N e~ 28.99) | (2959) | (26,6) | (27.0)

26 27 28 1 2 3 4

0020 (051) _f o 0.080 (2,03)
0.010 (0,25) «— 0.064 (1,63)
£ 0020051 A
0.010 (0,25)
0.055 (1,40)
0.045 (1,14)
0.045 (1,14)
, 0.035 (0,89) _
L 2
0.028 (0,71) 4" L* | 0.045(1,14)
0.022 (0,54) 0.035 (0,89)

0.050 (1,27)

4040140/D 10/96

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. The terminals are gold plated.

E

Falls within JEDEC MS-004
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MECHANICAL DATA

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

ol I s
1A RAAAT

0,15 NOM

|
r

Gage Plane

O
NERELE

A

0,15

;LU_U_U_U_U_U_U_/;J%W Seating Plone & \_JJ |__)

— 2,00 MAX ©lo0.10

PINS
DIM

A MAX

A MIN

4040062,/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.




J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS *x

ol 14 16 18 20
B 0.300 0.300 0.300 0.300
762) | (762 | (7.62) | (7.62)

14 8 BSC BSC BSC BSC
aiaiaialaiala B MAX 0.785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)

D C B MIN — | — | — | —
l C A 0.300 | 0.300 | 0.310 | 0.300
VIVAVAVIVEVEY (7,62) | (7,62) | (7.87) | (7,62)
1J L 7 0.245 | 0.245 | 0220 | 0.245

0.065 (1,65) C MN : : : :
0015 (174 (6,22) | (6,22) | (559) | (6,22)

0.060 (1,52
—» |e— 0.005 (0,13) MIN Wﬁ% |<— —»‘

— 0.200 (5,08) MAX
— —Y ¢ Seating Plane

* 0.130 (3,30) MIN

J L7 026 (0,66)
0.014 (o 36) 015"
[0.100 (2,54)] 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

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

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.
D

E

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL DATA

PS (R-PDS0O-G8) PLASTIC SMALL-OUTLINE PACKAGE

] [ e

indd 1

T 0, 15 NOM
560 820
500 7,40

O|O

o [ e (B
_V—ZOOMAX 1 \/

4040063/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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MECHANICAL DATA

D (R*PDSO*GWH PLASTIC SMALL—OQUTLINE PACKAGE
0344 (8,75)
¢ 0.357 (8,55) ’
@

14 W 8
0.244 (6,20)
0.228 (5,80)

I N - - 1 0157 (4,00)

\ \ 0.150 (3,80) A

EEEEEE

Pin 1

0.020 (0,51)
Index Area b
0.050 (1,27) 0.012 (0.51)
[ ]0.010 (0,25) W]
: \ £ \
T
\ /
v - - - - - # J\ 7 /k
0.010 ( \ 7
— 0.069 (1,75) Max 0.004 (0,10)
0.010 (0,25) /
0.005 (0,15)1 )/
/ ‘ \
\ t \ //\ | []0.004 (0,10)
Gauge Plane - !
%D . x Seating Plane
0.010 (0,25) 0-8" N L7
~4
0.050 (1,27)
0.016 (0,40)
4040047-4/J 09/09
NOTES:  A. Al linear dimensions are in inches (millimeters).
B. 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 .006 (0,15) per end.
@ Body width does not include interlead flash. Interlead flash shall not exceed .017 (0,43) per side.
E. Reference JEDEC MS—-012 variation AB.
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MECHANICAL DATA

W (R—GDFP—F14)

CERAMIC DUAL FLATPACK

Base and Seating Plane
0.260 (6,60)
f 0.026 o 66)
! v
| I |
0.006 ( j
| 0.080 (2,03) 0.004 (0,10)
0.045 (1,14)
—— 0.280 (7,11) MAX ——»
0.019 (0,48)
1 14 0.015 (0,38)
\J
l l l l =
l l l l
0.050 (1,27)
l l l l
0.390 (9,91) l { l |
0.335 (8,51)
l l l l
l ] l 0.005 (0,13) MIN
4 Places
l l l l l
7 8
0.360 (9,14) 0.360 (9,14)
0.250 (6,35) 0.250 (6,35)
4040180-2/D 07/03
NOTES:  A. All linear dimensions are in inches (millimeters).

moow

This drawing is subject to change without notice.
This package can be hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification only.

Falls within MIL STD 1835 GDFP1-F14 and JEDEC MO-092AB
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AW | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 (18.92) | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

\ 5 0.015 (0,38)
—T 0.200 (5,08) MAX

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? Gauge Plane

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 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.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated
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HEX INVERTER

SN54/74LS04

HEX INVERTER

LOW POWER SCHOTTKY

.

F’ J SUFFIX
CERAMIC

—_1 1
A

CASE 632-08
GND 14
1
V N SUFFIX
]r PLASTIC
14 CASE 646-06
1
@ D SUFFIX
14\ SOIC
1 CASE 751A-02
ORDERING INFORMATION
SN54LSXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD SOIC
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vce Supply Voltage 54 4.5 5.0 5.5 \%
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
loH Output Current — High 54,74 -04 mA
loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA
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SN54/74L.S04

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
VIH Input HIGH Voltage 2.0 \Y Al Inputs
54 0.7 Guaranteed Input LOW Voltage for
VL Input LOW Voltage \ All Inout P g
74 0.8 nputs
ViK Input Clamp Diode Voltage -0.65| -15 \ Vce =MIN, |y =-18 mA
54 25 35 \ Ve = MIN, IgH = MAX, VN =V
CcC » IOH » VIN IH
VOH Output HIGH Voltage - 7 - y or V| per Truth Table
54,74 0.25 0.4 \Y loL =4.0mA Vece =Vee MIN,
VoL Output LOW Voltage VIN = VL or VIH
74 0.35 0.5 \Y loL =8.0mA per Truth Table
20 HA Vcec =MAX, VIN=2.7V
IIH Input HIGH Current
0.1 mA Vcec =MAX, VIN=T7.0V
L Input LOW Current -04 mA Vcc =MAX, VN =04V
los Short Circuit Current (Note 1) -20 -100 mA Vce = MAX
Power Supply Current
Icc Total, Output HIGH 2.4 mA Ve = MAX
Total, Output LOW 6.6
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp =25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 9.0 15 ns Vee=5.0V
tPHL Turn-On Delay, Input to Output 10 15 ns CL=15pF

FAST AND LS TTL DATA
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This datasheet has been download from:

www.datasheetcatalog.com

Datasheets for electronics components.


http://www.datasheetcatalog.com
http://www.datasheetcatalog.com
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SEMICONDUCTORTM

CD4001BC/CD4011BC

Quad 2-Input NOR Buffered B Series Gate
Quad 2-Input NAND Buffered B Series Gate

General Description Features
The CD4001BC and CD4011BC quad gates are monolithic m Low power TTL:
complementary MOS (CMOS) integrated circuits con- Fan out of 2 driving 74L compatibility: or 1 driving 74LS

structed with N- and P-channel enhancement mode tran-
sistors. They have equal source and sink current
capabilities and conform to standard B series output drive.
The devices also have buffered outputs which improve
transfer characteristics by providing very high gain.

All inputs are protected against static discharge with diodes
to Vpp and Vgg.

5V-10V-15V parametric ratings
Symmetrical output characteristics

Maximum input leakage 1 pA at 15V over full
temperature range

Ordering Code:

Order Number Package Number Package Description
CD4001BCM M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow
CD4001BCSJ M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
CD4001BCN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
CD4011BCM M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow
CD4011BCN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

Connection Diagrams

Pin Assignments for DIP, SOIC and SOP Pin Assignments for DIP and SOIC
CD4001BC CD4011BC
Vee Voo
|14 13 |12 11 |10 |9 8 l14 1 8

13 |12 I |m |9

N
o
@
~

|3 4 5 6 7 1 | 2 I 3 I 2
\7

Top Vi ® Yss

op View '

P Top View

ayeo salas g palayng ANVN Indul-z penQd « 91e9 salIds g palayng YON indul-g pend 049T1T0¥AD/09T00vAD
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CD4001BC/CD4011BC

Schematic Diagrams

Vpp
A
| -
L}
104 -
A%
o—e b
1(5,8,12) | —e
Al i als
J
3(4,10,11)
N
L
B
O
2(6,9,13) Vgg
Vpp
[ gl
A* J
1(5,8,12) 3(4,10,11)
N N
g* vss
O
2(6,9,13)

CD4001BC
Voo

Vss
Y, of device shown
J=A+B
Logical “1" = HIGH
Logical “0" = LOW
All inputs protected by standard
CMOS protection circuit.

CD4011BC
VoD

Y, of device shown

J=A"B

Logical “1" = HIGH

Logical “0" = LOW

All inputs protected by standard
CMOS protection circuit.

www.fairchildsemi.com




Absolute Maximum RatingsNote 1)

(Note 2)

Voltage at any Pin
Power Dissipation (Pp)
Dual-In-Line
Small Outline
Vpp Range

Storage Temperature (Tg)

Lead Temperature (T,)

(Soldering, 10 seconds)

-0.5V to Vpp

+0.5V

700 mW

500 mW

-0.5 Vpc to +18 Ve
-65°C to +150°C

260°C

DC Electrical Characteristics (note 2)

Recommended Operating
Conditions

Operating Range (Vpp)
Operating Temperature Range
CD4001BC, CD4011BC -40°C to +85°C

Note 1: “Absolute Maximum Ratings” are those values beyond which the
safety of the device cannot be guaranteed. Except for “Operating Tempera-
ture Range” they are not meant to imply that the devices should be oper-
ated at these limits. The Electrical Characteristics tables provide conditions
for actual device operation.

3 Vpe 10 15 Vpe

Note 2: All voltages measured with respect to Vgg unless otherwise speci-
fied.

. -40°C +25°C +85°C .
Symbol Parameter Conditions - - - Units
Min Max Min Typ Max Min Max
Iop Quiescent Device Vpp =5V, V| = Vpp Or Vgg 1 0.004 1 7.5 HA
Current Vpp =10V, V|y = Vpp Or Vgg 2 0.005 2 15 pA
Vpp =15V, V|y = Vpp or Vsg 4 0.006 4 30 HA
VoL LOW Level Vpp =5V 0.05 0 0.05 0.05 vV
Output Voltage Vpp =10V llol <1 pA 0.05 0 0.05 0.05 \%
Vpp =15V 0.05 0 0.05 0.05 \
Von HIGH Level Vpp =5V 4.95 4.95 5 4.95 vV
Output Voltage Vpp =10V llol <1 pA 9.95 9.95 10 9.95 \Y
Vpp =15V 14.95 14.95 15 14.95 \
ViU LOW Level Vpp =5V, Vg =4.5V 15 2 15 15 vV
Input Voltage Vpp = 10V, Vg = 9.0V 3.0 4 3.0 3.0 \Y
Vpp =15V, Vo =13.5V 4.0 6 4.0 4.0 \
Vin HIGH Level Vpp =5V, Vg =0.5V 35 3 35 v
Input Voltage Vpp =10V, Vg = 1.0V 7.0 6 7.0 \%
Vpp =15V, Vg = 1.5V 11.0 11.0 9 11.0 \
loL LOW Level Output | Vpp =5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA
Current Vpp =10V, Vo =0.5V 11 2.25 0.9 mA
(Note 3) Vpp =15V, Vg = 1.5V 3.0 8.8 24 mA
lon HIGH Level Output  [Vpp =5V, Vg = 4.6V -0.52 -0.44 | -0.88 -0.36 mA
Current Vpp =10V, Vg =9.5V -1.3 -1.1 -2.25 -0.9 mA
(Note 3) Vpp =15V, Vg =13.5V -3.6 -3.0 -8.8 -2.4 mA
Iin Input Current Vpp =15V, V) =0V -0.30 -107° -0.30 -1.0 HA
Vpp =15V, V| =15V 0.30 1075 0.30 1.0 HA
Note 3: Ig; and Iy are tested one output at a time.
AC Electrical Characteristics (Note 4)
CD4001BC: Ty =25°C, Input t,; t; = 20 ns. C_ =50 pF, R_ = 200k. Typical temperature coefficient is 0.3%/°C.
Symbol Parameter Conditions Typ Max Units
tpHL Propagation Delay Time, Vpp =5V 120 250 ns
HIGH-to-LOW Level Vpp =10V 50 100 ns
Vpp =15V 35 70 ns
tpLH Propagation Delay Time, Vpp =5V 110 250 ns
LOW-to-HIGH Level Vpp =10V 50 100 ns
Vpp =15V 35 70 ns
tryL trun | Transition Time Vpp =5V 90 200 ns
Vpp = 10V 50 100 ns
Vpp =15V 40 80 ns
Cin Average Input Capacitance Any Input 5 75 pF
Cpp Power Dissipation Capacity Any Gate 14 pF

Note 4: AC Parameters are guaranteed by DC correlated testing.

www.fairchildsemi.com
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CD4001BC/CD4011BC

AC Electrical Characteristics (Note 5)

CD4011BC: Tp= 25°C, Input t;; t = 20 ns. C| =50 pF, R_ = 200k. Typical Temperature Coefficient is 0.3%/°C.

Symbol Parameter Conditions Typ Max Units

tpHL Propagation Delay, Vpp =5V 120 250 ns
HIGH-to-LOW Level Vpp = 10V 50 100 ns

Vpp = 15V 35 70 ns

toLH Propagation Delay, Vpp =5V 85 250 ns
LOW-to-HIGH Level Vpp = 10V 40 100 ns

Vpp = 15V 30 70 ns

tryL tron | Transition Time Vpp =5V 90 200 ns
Vpp = 10V 50 100 ns

Vpp = 15V 40 80 ns

Cin Average Input Capacitance Any Input 5 7.5 pF
Cpp Power Dissipation Capacity Any Gate 14 pF

Note 5: AC Parameters are guaranteed by DC correlated testing.

Typical Performance Characteristics

Typical
Typical Transfer Characteristics
Transfer Characteristics
0 CD4011B
= O
20 Tp=25°C
CD4011B < Vpp = 15V \
Tp=25°C =15 ‘
= Vpp =15V 2
= 52 = Yo
I 2 Vpp = 10V 14
= Z10 7
2 _ > v 1
2 Vpp = 10V 4
- 10 > [7
5 =3 Vpp =5V Vs
B 1 5 by —
> ° =
= > =
= Vpp =5V
= |
0
0 5 10 15 20
0
0 5 10 15 20 ¥, = INPUT VOLTAGE (V)
BOTH INPUTS
¥, = INPUT VOLTAGE (V)
ONE INPUT ONLY
Typical
Transfer Characteristics
0 CD4001B
Ty =25°C
S Vpp = 15¥
= 15 }
]
=€
g _ Voo
S Vpp = 10V by |
> Y H
5
3 Vpp =5V i
1 5 DD ssé‘u
=3
> <
. |
0 5 10 15 20

V(= INPUT VOLTAGE (V)
ONE INPUT ONLY
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Typical Transfer Characteristics

2 CD4001B
T) =259
S Vpp =15V
= 15
(&)
3
Vpp= 10V
> DD
Z 10
>
o
=
>
(=]
1 5
=
<
. \
0 5 10 15 20
V)= INPUT VOLTAGE V)
BOTH INPUTS
. m T
5 040018
-] Tp=25°C
o =
= 300 CL =50 pF |
=
E= ‘
5
=
35 2w
T >
sz \
] \
g 1w tPHL & tpLH
=
E
H
0
0 5 10 15 20
Vpp — SUPPLY VOLTAGE (V)
= 400 T
H 040118
£ TA=25°C
3 €y =50 pF
3 300
S5
TE
S w
G =
SE 200
£z
A - tPHL
z
z
5 ‘PLH\
x
g |
0
0 5 10 15 20

Vpp — SUPPLY VOLTAGE (V)

tp = TYPICAL LOW=TO = HIGH LEVEL tpyL = TYPICAL HIGH = TO = LOW LEVEL

tpyL = TYPICAL HIGH = TO = LOW LEVEL

PROPAGATION DELAY TIME {ns)

PROPAGATION DELAY TIME (ns}

PROPAGATION DELAY TIME {ns)

20 rr0018
T,=25°C
150
Vop =5Vl
DD
100 I —
-
Vpp = 15V
) [
50 draamee=T
,9——‘
—1 Vpp = 10V
0
0 25 50 75 100
C_~ LOAD CAPACITANCE (pF)
200 ren0018
Ty=25°C
150
Vpp =5V
100 —
Vpp = 10V
)
=
Vpp =15V
0
0 25 50 75 100
€L~ LOAD CAPACITANCE (pF)
200 00118
T,=25°C
150
Voo =5V /
100 /
/v =1ov
50 P DD
/
—
Vpp =15V
0 |
0 25 50 75 100

C,~ LOAD CAPACITANCE (pF)
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CD4001BC/CD4011BC

200 N
g gofozg’% £ 190 [coa001B
5z A= Y g [SD40T1B
Sy 150 - = 150 A
=z Voo =5Y) g . )
t3 : 4
+ & 100 g 1o
Sz Zz %
25 Vpp = 10V S
< < DD [y & 70
£8 =0 e = rd
[l et =] Y 50 1
e
';m Vpp =15V 2 L=
2 0 | 2 10
0 25 50 75 100 F 0
0 25 50 75 100
€~ LOAD CAPACITANCE (pF)
€= LOAD CAPACITANCE (pF)
I~
< 20
£z t=t;=20ns _. 38|cp4oots
5 T,=25% E s |cpi0niB
= 15 = % Vpp =15V
g \ CD4001B g 2 e
g CD4011B 3 /
o 10 (See Application Note AN=90 = /
3 \ Propagation Delay) z 18 Vpp =10V
== VDD ~
w 2 14 ~
& N\ g r
L 05 \ E 10
B \ o8 =
- s, l/’-—VDD—‘SV
2 0 0 ]
4 0 2 4 6 8101214 16 18 20 0 2 4 6 8 1012 14 16 18 20
Vpp = POWER SUPPLY (V) Vour V)
—~ I
< 2
g | 7}
= 6 ch=5v"/r/
=
= /)
o 10 /
S i A
o v
[N ] -
e 18 Veg =10V ==
2 2
3 /
o 24 v4
=T
S 28 /
o //
= -
. 32 [ V=15V
)

20 1816 14 1210 8 6 4 2 0

Vee = Vour (V)
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Physical Dimensions inches (millimeters) unless otherwise noted

0.335-0.344
(8.509—8.738)

14 13 12 1 1

=

[T =

:

0.228—0.244
(5791-6.198) | -

{
|
>

,«’/'//
LEAD NO. 1 ,/’i

IDENT SIS
12 3 4 s
0.010 yax
{0.254)
0.150-0.157
{3.810-3.988)
0.053 - 0.069
0.010-0.020 .. o
{0.25a-0.508) <4 7| < (1.345—1.753)
B° MAX TYP v 0.004—0.010
ALL LEADS {0.102-0.250)
- \

SEATING

n'fﬁ - s, it {Ir 1 o .
? PLANE T ?
0.008—-0.010 ? 0.014 _
{0.203-0.254) 0.016 - 0.050 0.356) % - > ‘_(3333—-3253) P
TYP ALL LEADS 0.004 {0.406—1.270) TP 0.008
o0 TYP ALL LEADS i~ o203 TP
ALL LEAD TIPS 1ah (E 1)

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

14 8
0.295-0.319
(7.5-8.1)
0.205-0.213
O (5.2-5.4)
1 7 B
0.394-0.402 0.71 0.006-0.010
(10.0-10.2) ) Qs TP
/ g g e e e . \ 0.067-0.083
Y 7 (1.7-2.1) f
[=]0.006 (0.15)]  ——tF—tF—1T—t1—1 l
/ 0.049
SEATING PLANE L, 0.000-0.010 (EoS5 e |—
: (0-0.25)
0.014-0.020 70‘(016—0'0)31 TYP
plhdbin Stk 0.4-0.8
(0.35-0.50) TP —1 ~— M14D (REV B)

14-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
Package Number M14D

7 www.fairchildsemi.com
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CD4001BC/CD4011BC Quad 2-Input NOR Buffered B Series Gate * Quad 2-Input NAND Buffered B Series Gate

PhyS ical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740-0.770
“ {18.80—19.56) >
0.090
> (2.286)
[1a] [13] [12] [0] [v0] [&] [B] INDEX
AREA
0.250+0.010
@) 6.350 10 254)
PIN NO. 1 PIN NO. 1
IDENT 1 2] 3] 14] & 2] IDENT
0.092 0.030 MAX
2337) " {0.762) DEPTH
OPTION 1 OPTION 02
0.135+0.005 0.300-0.320
(3.429£0.127) {7.620-8.128]
0.145-0.200 e 0.060 1o <t TP (7620-8128)  pogs
{3.683—5.080) ‘ [ (1.524) /\ OPTIONAL (1.651)

A

L I || [\
\j—‘_ I *
A

0.008 -0.016

95° +5° _0.008-0.016
0.020 y ~ 90°+4° TYP w0
0.508
( MIN ) L5 -0.150 I ™1 omzoos
(3.175-3.810) - {1,905 £0.381) (_gf?g)_>
0.014-0.023 » (7.
03560584 ~ 0.100£0.010 MIN
. usui’ o 5020250
e 570 -0 254} +0.040
{1.270—0.254) 0325+ 00
+1.016
(8'255 »0.381) N14A (REV Fy

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
Package Number N14A

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and Fairchild reserves the right at any time without natice to change said circuitry and specifications.




This datasheet has been downloaded from:
www.DatasheetCatalog.com

Datasheets for electronic components.


http://www.datasheetcatalog.com

INTEGRATED CIRCUITS

DATA SHEET

For a complete data sheet, please also download:

e The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications
* The IC06 74HC/HCT/HCU/HCMOS Logic Package Information
e The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines

/AHC/HCT14
Hex inverting Schmitt trigger

Product specification September 1993
File under Integrated Circuits, IC06

Philips PHILIPS
Semiconductors pH I L




Philips Semiconductors Product specification

Hex inverting Schmitt trigger 74HC/HCT14

FEATURES

« Output capability: standard
* |cc category: SSI

GENERAL DESCRIPTION

The 74HC/HCT14 are high-speed Si-gate CMOS devices and are pin compatible with low power Schottky TTL (LSTTL).
They are specified in compliance with JEDEC standard no. 7A.

The 74HC/HCT14 provide six inverting buffers with Schmitt-trigger action. They are capable of transforming slowly
changing input signals into sharply defined, jitter-free output signals.

QUICK REFERENCE DATA
GND=0V; Tamp=25°C;t,=t;=6ns

TYPICAL
SYMBOL |PARAMETER CONDITIONS UNIT
HC HCT
teul/ teLH propagation delay nA to nY CL=15pF;Vcc=5V |12 17 ns
C input capacitance 35 35 pF
Cep power dissipation capacitance per gate notes 1 and 2 7 8 pF

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in pW):
Pp = Cpp x Vec? x i+ 3 (Cp x Vec? x o) where:
fi = input frequency in MHz
fo = output frequency in MHz
C_ = output load capacitance in pF
Ve = supply voltage in V
S (CL x Vce? x fg) = sum of outputs

For HC the condition is V|, = GND to V¢
For HCT the conditionis Vi=GND to Vcc - 1.5V

N

ORDERING INFORMATION
See “74HC/HCT/HCU/HCMOS Logic Package Information”.

September 1993 2



Philips Semiconductors

Product specification

Hex inverting Schmitt trigger 74HC/HCT14
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,3,5/9,11,13 1A to 6A data inputs
2,4,6,8,10, 12 1Y to 6Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
U : -
1a[1] [14] Vec ,da v, 3 7 L4
v [2 [13] 64 S 2A 2v,
A 3y
2y 4] 14 [71] 54 8 8 .
A U
3a[s [10] 5v ai@oﬂ 8 -
anp [7] 5] av 588 o,
7293843 1 ‘ 12

Fig.1 Pin configuration.

7293848

Fig.2 Logic symbol.

Fig.3 IEC logic symbol.

3— — 4

5. j3A avl o

o —joa -w_8
5A sY

Fig.4 Functional diagram.

AT

7293645

Fig.5 Logic diagram

(one Schmitt trigger).

FUNCTION TABLE

September 1993

INPUT OUTPUT
nA nY
L H
H L
Notes

1. H=HIGH voltage level
L = LOW voltage level

APPLICATIONS

« Wave and pulse shapers
 Astable multivibrators

* Monostable multivibrators




Philips Semiconductors Product specification

Hex inverting Schmitt trigger 74HC/HCT14

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”. Transfer characteristics are
given below.

Output capability: standard
Icc category: SSI

Transfer characteristics for 74HC
Voltages are referenced to GND (ground =0 V)

Tamp (°C) TEST CONDITIONS
74HC
SYMBOL |PARAMETER UNIT | v
+25 -40to +85 | —40to +125 W) WAVEFORMS
min. | typ. [max. [min. |max. min. Mmax.
Vr+ positive-going 0.7 |1.18 |15 0.7 |15 0.7 |15 V 20 |Figs6and?7
threshold 1.7 (238|315 (1.7 |3.15 |1.7 |3.15 4.5
21 |3.14 (42 21 (4.2 21 |42 6.0
V1= negative-going 0.3 |052 (090 (0.3 (090 |0.30 |0.90 |V 20 |Figs6and7
threshold 09 |[1.40 [2.00 |0.90 [2.00 |0.90 |2.00 4.5
12 (189 |260 ([1.20 (2.60 |1.2 |2.60 6.0
Vy hysteresis 0.2 |0.66 |1.0 02 |1.0 02 |1.0 \Y 2.0 |Figs6and7
(V1+ - V1) 04 |098 (1.4 04 |14 04 (14 4.5
06 |1.25 (1.6 06 |16 06 |16 6.0

AC CHARACTERISTICS FOR 74HC
GND=0V; tt=tt=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL |PARAMETER UNIT Vee
+25 -40to +85 | —40to +125 ) WAVEFORMS
min. | typ. [max. [min. |max. min. Mmax.
ten/ teLH | propagation delay 41 125 155 190 ns 2.0 |Fig.8
nAto nY 15 25 31 38 4.5
12 21 26 32 6.0
trul/ ttun | output transition 19 75 95 110 ns 2.0 |Fig.8
time 7 15 19 22 4.5
6 13 15 19 6.0

September 1993 4



Philips Semiconductors Product specification

Hex inverting Schmitt trigger 74HC/HCT14

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”. Transfer characteristics are
given below.

Output capability: standard
Icc category: SSI

Note to HCT types
The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT
nA 0.3

Transfer characteristics for 74HCT
Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL |PARAMETER UNIT | v
+25 -40to +85 | —40to +125 W) WAVEFORMS
min. | typ. [max. [min. |max. min. Mmax.
Vr+ positive-going 1.2 |1.41 (1.9 1.2 |19 1.2 |19 V 45 |Figs6and7
threshold 14 |159 |21 14 |21 14 |21 5.5
V= negative-going 05 |0.85 |12 05 |12 05 |12 \% 45 |Figs6and7
threshold 06 (099 |14 06 |14 06 |14 55
Vh hysteresis 04 |056 |- 04 |- 04 |- \% 45 |Figs6and7
(V1+ -V1-) 0.4 |0.60 |- 04 |- 04 |- 55

AC CHARACTERISTICS FOR 74HCT
GND=0V; t,=t=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
T4HCT
SYMBOL |PARAMETER UNIT Vee
+25 -40to+85 | -40to +125 ) WAVEFORMS
min. | typ. [max. [min. |max. min. Mmax.
tpyL/ tpLy | propagation delay 20 34 43 51 ns 45 |Fig.8
nA, to nY
trul/ ttun | output transition 7 15 19 22 ns 45 |Fig.8
time

September 1993 5




Philips Semiconductors

Product specification

Hex inverting Schmitt trigger 74HC/HCT14
TRANSFER CHARACTERISTIC WAVEFORMS
Yo Vr+ +
1 vi_ :

¢.VH -— Vl

V- V:
T- YT+ 7293338

Vo

7293339

Fig.8 Typical HC transfer characteristics; Vcc = 2 V.

Fig.9 Typical HC transfer characteristics; Vcc = 4.5 V.

Fig.7 Waveforms showing the definition of V1+,
V1— and Vy; where V+ and V- are
Fig.6 Transfer characteristic. between limits of 20% and 70%.
7222161 7222160
50 1.0
fcc 'ec
{uA) {mA)
40 0.8
30 \\ /l 0.6
f
20 0.4
A
Y /
10 0.2
/ ARN
0 “/ o
0 0.4 0.8 1.2 1.6 2.0 o 2 3 4 5
Vin (V) VIN (V)

0.6

0.4

0.2

7Z22169

N

y

N

1.2 2.4 3.

8 48 60
ViN (V)

Fig.10 Typical HC transfer characteristics; Vcc = 6 V.

1.5

lcc
{mA)
1.2

0.9

0.8

0.3

Fig.11 Typical HCT transfer characteristics; Vcc =4.5V.

7222182

ey
P—t

4 5
ViN (V)
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Philips Semiconductors Product specification

Hex inverting Schmitt trigger 74HC/HCT14

7222163

fec {
(mA)
15

09

98

P e

[ 1 2 3 4 5 6
Vin (V)

Fig.12 Typical HCT transfer characteristics; Vcc =5.5V.

AC WAVEFORMS

nA INPUT A7Vl
tPHL tPLH
nY OUTPUT vy
7293844 TTHL - -l LM

(1) HC :Vy=50%;V,=GND to Vcc.
HCT:Vy=1.3V;V,=GNDto 3 V.

Fig.13 Waveforms showing the input (nA) to
output (nY) propagation delays and
output transitions times.
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Philips Semiconductors Product specification

Hex inverting Schmitt trigger 74HC/HCT14

APPLICATION INFORMATION

The slow input rise and fall times cause additional power
dissipation, this can be calculated using the following
formula:

Pad = fi X (t X lcca + t % Icca) X Vcc-

Where:
Pad = additional power dissipation (UW)
fi = input frequency (MHz)
tr = input rise time (ps); 10% — 90%
t = input fall time (us); 10% - 90%
lcca = average additional supply current (PA)

Average lcc, differs with positive or negative input
transitions, as shown in Figs 14 and 15.

200 7222187 400 7222158
sverage average
(uA)
300 // 300 /
/ / pamv--goingrf
200 200 bt //
ponil.i;;wim / | /
// nqnﬁvo-ooing-y
100 100 e
| negative-going |
=1 7T
o l 0

] 2 4 Vee (V) 6 [+] 2 4 Vee (V) [}
Fig.14 Average Icc for HC Schmitt trigger devices; Fig.15 Average Icc for HCT Schmitt trigger devices;
linear change of V; between 0.1 V¢ to linear change of V; between 0.1 V¢ to
0.9 Vce 0.9 Vce.

HC/HCT14 used in a relaxation oscillator circuit, see

Fig.16.
Note to Application information
All values given are typical unless otherwise specified.
R
e f=lo_1 PACKAGE OUTLINES
""" T 08RC
- See “74HC/HCT/HCU/HCMOS Logic Package Outlines”.
1 1 c
HCT:f= 2=
T 067RC I 7222164
Fig.16 Relaxation oscillator using HC/HCT14.

September 1993 8
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National
Semiconductor

LM555
Timer
General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of
operation, the time is precisely controlled by one external
resistor and capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor. The
circuit may be triggered and reset on falling waveforms, and
the output circuit can source or sink up to 200mA or drive
TTL circuits.

July 2006

Features

m Direct replacement for SE555/NE555

® Timing from microseconds through hours

m Operates in both astable and monostable modes
m Adjustable duty cycle

m Qutput can source or sink 200 mA

m Output and supply TTL compatible

m Temperature stability better than 0.005% per °C
m Normally on and normally off output

m Available in 8-pin MSOP package

Applications

® Precision timing

m Pulse generation

m Sequential timing

® Time delay generation

m Pulse width modulation

m Pulse position modulation
m Linear ramp generator

Schematic Diagram

Vec © P © o

a5 Q6

RIS

OZZL 6.2k $

W

S R3
35

[
| o az
S A6 028

6
THRESHOLD a1 nz:\‘ ? 3
@2 L 3
5 R4 a2
CONTROL 3 (2/3 Vce) 5K
VOLTAGE 1
1 S R1 a17 R? 3
GND O————— 10k 15 Q16 '\1 a7k p—O oUTPUT
« AN [ Q24
2 8 09 A
TRIGGER O———————— a7 Q10 (‘} 020 =
cc) 219 w R10
120
18 ‘vv-ﬁ\uzs
RS <
A a12 13 5k RES R
RESET 025 100 933
7 *—o + & ¢
DISCHARGE O—r\
a4 |-
00785101
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LM555

Connection Diagram

Dual-In-Line, Small Outline
and Molded Mini Small Outline Packages

1
GND =

TRIGGER

3
OUTPUT s

) compan
ATOR

b +V/
7
p—— DISCHARGE

6
p—— THRESHOLD

5  cONTROL

VOLTAGE

Ordering Information

Top View

00785103

Package Part Number Package Marking Media Transport NSC Drawing
8-Pin SOIC LM555CM LM555CM Rails MOBA
LM555CMX LM555CM 2.5k Units Tape and Reel
8-Pin MSOP LM555CMM Z55 1k Units Tape and Reel
- MUAO8A
LM555CMMX Z55 3.5k Units Tape and Reel
8-Pin MDIP LM555CN LM555CN Rails NO8E

www.national.com




Absolute Maximum Ratings (Note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage

Power Dissipation (Note 3)
LM555CM, LM555CN
LM555CMM

Operating Temperature Ranges

LM555C
Storage Temperature Range

+18V

1180 mW
613 mW

0°C to +70°C
-65°C to +150°C

Electrical Characteristics (Notes 1, 2)
(Ta =25°C, Ve = +5V to +15V, unless othewise specified)

Soldering Information
Dual-In-Line Package
Soldering (10 Seconds)
Small Outline Packages
(SOIC and MSOP)

Vapor Phase (60 Seconds)

Infrared (15 Seconds)

260°C

215°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering

surface mount devices.

Parameter Conditions Limits Units
LM555C
Min Typ Max
Supply Voltage 4.5 16 Vv
Supply Current Vec =5V, R = 3 6
Voo = 15V, R, = 10 15 mA
(Low State) (Note 4)
Timing Error, Monostable
Initial Accuracy 1 %
Drift with Temperature Ra = 1k to 100kQ, 50 ppm/°C
C = 0.1pF, (Note 5)
Accuracy over Temperature 1.5 %
Drift with Supply 0.1 %I\
Timing Error, Astable
Initial Accuracy 2.25 %
Drift with Temperature Ra, Rg = 1k to 100kQ, 150 ppm/°C
C = 0.1pF, (Note 5)
Accuracy over Temperature 3.0 %
Drift with Supply 0.30 %I\
Threshold Voltage 0.667 X Vee
Trigger Voltage Vee = 15V 5 \
Ve = 5V 1.67 v
Trigger Current 0.5 0.9 pA
Reset Voltage 0.4 0.5 1 \Y
Reset Current 0.1 0.4 mA
Threshold Current (Note 6) 0.1 0.25 pA
Control Voltage Level Vge = 15V 9 10 11 v
Vee =5V 2.6 3.33 4
Pin 7 Leakage Output High 1 100 nA
Pin 7 Sat (Note 7)
Output Low Vee =15V, |, = 15mA 180 mV
Output Low Vec =45V, |, =4.5mA 80 200 mV

www.nhational.com
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LM555

Electrical Characteristics (notes 1, 2) (Continued)
(Ta =25°C, Ve = +5V to +15V, unless othewise specified)

Parameter Conditions Limits Units
LM555C
Min Typ Max
Output Voltage Drop (Low) Vee = 15V
lsink = 1T0MA 0.1 0.25 \
lsink = 50mA 0.4 0.75 \
Isink = 100mA 2 25 %
Isink = 200mA 25 %
Vee =5V
Isink = 8MA Vv
Isink = BMA 0.25 0.35 \Y%
Output Voltage Drop (High) Isource = 200mA, Ve = 15V 12.5 Vv
Isource = 100mMA, Ve = 15V 12.75 13.3 \
Voo =5V 2.75 3.3 \
Rise Time of Output 100 ns
Fall Time of Output 100 ns

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which
guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit
is given, however, the typical value is a good indication of device performance.

Note 3: For operating at elevated temperatures the device must be derated above 25°C based on a +150°C maximum junction temperature and a thermal
resistance of 106°C/W (DIP), 170°C/W (S0-8), and 204°C/W (MSOP) junction to ambient.

Note 4: Supply current when output high typically 1 mA less at Vg = 5V.

Note 5: Tested at Vg = 5V and Vg = 15V.

Note 6: This will determine the maximum value of Rp + Rg for 15V operation. The maximum total (Rp + Rg) is 20MQ.

Note 7: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.
Note 8: Refer to RETS555X drawing of military LM555H and LM555J versions for specifications.

www.national.com 4



Typical Performance Characteristics

Minimuim Pulse Width
Required for Triggering

12 TTT17T I
1.1 [Vec =15V
:g 1.0
x 09 T =+125°C
= /
g 0.8 y ,
w 0.7 I
3 06 T =4257C
0.5 t
iy
= 03
s 02 le 1—5J5°T: 4
0.1 "4 T ] [
0 0.1 0.2 0.3 04

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Vcc)

00785104

High Output Voltage vs.
Output Source Current
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00785120

Low Output Voltage vs.
Output Sink Current
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00785122

Vour (V) SUPPLY CURRENT (mA)

Vour (V)

0.1

1.0

0.1

Supply Current vs.
Supply Voltage
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e
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5 10 15
SUPPLY VOLTAGE (V)
00785119
Low Output Voltage vs.
Output Sink Current
Vee =5VH
)
]
-55°C
i 5,258
+125°C ] 25°C
L 4
-55°C =5
B e
|
1.0 10 100
Isink (mA)
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Low Output Voltage vs.
Output Sink Current
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2570 27 I
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LM555

Typical Performance Characteristics (continued)

PROPAGATION DELAY (ns)

Output Propagation Delay vs.
Voltage Level of Trigger Pulse

1200

T T 17
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400 }
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200 r— :
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LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Vcc)

00785124

Discharge Transistor (Pin 7)
Voltage vs. Sink Current

1000 A
Vee = 15V
=
+125°C H
~
E "]o - l 1l
a +25°C
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< -55°C
2 10 Z
-
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PROPAGATION DELAY (ns)

Output Propagation Delay vs.
Voltage Level of Trigger Pulse
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Discharge Transistor (Pin 7)
Voltage vs. Sink Current
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Applications Information

MONOSTABLE OPERATION

In this mode of operation, the timer functions as a one-shot
(Figure 1). The external capacitor is initially held discharged
by a transistor inside the timer. Upon application of a nega-
tive trigger pulse of less than 1/3 Vo to pin 2, the flip-flop is
set which both releases the short circuit across the capacitor
and drives the output high.

+5V 70 +15V W
i RESET e
| T Ra

4 8
TRIGGER DISCHARGE
NORMALLY § . O—2 7
“ON" LOAD L
THRESHOLD
| LM555 6
| CONTROL
OUTPUT
¢ 3 5 | VOLTAGE I
NORMALLY § o 1 ]—
“OFF" LOAD L
| 0.014F
L

00785105

FIGURE 1. Monostable

The voltage across the capacitor then increases exponen-
tially for a period of t = 1.1 R4 C, at the end of which time the
voltage equals 2/3 Vsc. The comparator then resets the
flip-flop which in turn discharges the capacitor and drives the
output to its low state. Figure 2 shows the waveforms gen-
erated in this mode of operation. Since the charge and the
threshold level of the comparator are both directly propor-
tional to supply voltage, the timing interval is independent of

supply.

AT AT A1/
/1 /

00785106

Voo =5V Top Trace: Input 5V/Div.

TIME = 0.1 ms/DIV. Middle Trace: Output 5V/Div.

Ra = 9.1kQ Bottom Trace: Capacitor Voltage 2V/Div.
C =0.01pF

FIGURE 2. Monostable Waveforms

During the timing cycle when the output is high, the further
application of a trigger pulse will not effect the circuit so long
as the trigger input is returned high at least 10ps before the
end of the timing interval. However the circuit can be reset

during this time by the application of a negative pulse to the
reset terminal (pin 4). The output will then remain in the low
state until a trigger pulse is again applied.

When the reset function is not in use, it is recommended that
it be connected to V¢ to avoid any possibility of false
triggering.

Figure 3 is a nomograph for easy determination of R, C
values for various time delays.

NOTE: In monostable operation, the trigger should be driven
high before the end of timing cycle.

/
/)

0.1

C = CAPACITANCE (1F)

0.01

0.001
10 us100 us1ms10ms100ms 1s 10s 100s

tyq = TIME DELAY
00785107

FIGURE 3. Time Delay

ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 (pins 2 and 6
connected) it will trigger itself and free run as a multivibrator.
The external capacitor charges through R, + Rg and dis-
charges through Rg. Thus the duty cycle may be precisely
set by the ratio of these two resistors.

r r +Vee
| ,
=
' RA
|

q 8
g L,

~

|
I LM555 6
|

—1: 5

E

1 c
Tl

00785108

FIGURE 4. Astable

In this mode of operation, the capacitor charges and dis-
charges between 1/3 V¢ and 2/3 Vc. As in the triggered
mode, the charge and discharge times, and therefore the
frequency are independent of the supply voltage.

www.nhational.com
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Applications Information (continued)

Figure 5 shows the waveforms generated in this mode of
operation.

A/
Vv

00785109

Ve =5V Top Trace: Output 5V/Div.

TIME = 20ps/DIV. Bottom Trace: Capacitor Voltage 1V/Div.
Ra = 3.9kQ

Rp = 3kQ

C =0.01pF

FIGURE 5. Astable Waveforms

The charge time (output high) is given by:
t; =0.693 (Ry + Rg) C

And the discharge time (output low) by:

t, = 0.693 (Rg) C
Thus the total period is:

T=t; +t, =0.693 (Ry +2Rg) C

The frequency of oscillation is:

1 1.44

f=—— =
T (Ra + 2Rpg) C

Figure 6 may be used for quick determination of these RC
values.

The duty cycle is:

Re
D:—_
Ra + 2Rpg

SN

10 N N N N
= NN\
!
B AN N NN
z o,,\a, & \%\
S 2 N Yo \% \We
< 01 NN <
a.
<
- NN
& 001 N N NN

(Ra + 2Rg) \\\\

0.001 L N N N

0.1 1 10 100 1k 10k 100k
f — FREE-RUNNING FREQUENCY (Hz)
00785110

FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a fre-
quency divider by adjusting the length of the timing cycle.
Figure 7 shows the waveforms generated in a divide by three
circuit.

00785111

Vee =5V Top Trace: Input 4V/Div.

TIME = 20ps/DIV. Middle Trace: Output 2V/Div.
Ra = 9.1kQ Bottom Trace: Capacitor 2V/Div.
C = 0.01pF

FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode and
triggered with a continuous pulse train, the output pulse
width can be modulated by a signal applied to pin 5. Figure
8 shows the circuit, and in Figure 9 are some waveform

examples.
I T +Vee
R
) A

; DISCHARGE

TRIGGER O— 2

LM555 p THRESHOLD

MODULATION
INPUT
p—O D —— c

—

OUTPUT O—3

o

1

00785112

FIGURE 8. Pulse Width Modulator
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Applications Information (continued)
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00785113

Voo =5V Top Trace: Modulation 1V/Div.

TIME = 0.2 ms/DIV. Bottom Trace: Output Voltage 2V/Div.
Ra = 9.1kQ

C =0.01pF

FIGURE 9. Pulse Width Modulator

PULSE POSITION MODULATOR

This application uses the timer connected for astable opera-
tion, as in Figure 10, with a modulating signal again applied
to the control voltage terminal. The pulse position varies with
the modulating signal, since the threshold voltage and hence
the time delay is varied. Figure 11 shows the waveforms
generated for a triangle wave modulation signal.

L 4 +Vee
) 8
2 7
LM555 6
MODULATION
OUTPUT O—{ 3 5 c
1

T

1

00785114

FIGURE 10. Pulse Position Modulator

00785115

Vee =5V Top Trace: Modulation Input 1V/Div.
TIME = 0.1 ms/DIV. Bottom Trace: Output 2V/Div.
Ra = 3.9kQ
Rp = 3kQ
C =0.01pF

FIGURE 11. Pulse Position Modulator
LINEAR RAMP

When the pullup resistor, R,, in the monostable circuit is
replaced by a constant current source, a linear ramp is
generated. Figure 12 shows a circuit configuration that will
perform this function.

+Vece

TRIGGERO—— 2 7

2N4250
OR EQUIV

LM555 6

QUTPUT O— 3 5 e <
T

I 0.01.F

00785116

FIGURE 12.

Figure 13 shows waveforms generated by the linear ramp.
The time interval is given by:

_ 2/3VeoRe(Ry + Rp) C

"~ Ry Voc — Vee (R + Ry)
VBE = 0.6V

Vge = 0.6V

www.nhational.com
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LM555

Applications Information (continued)

/
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HHHHTH

///

00785117
Voo =5V Top Trace: Input 3V/Div.

TIME = 20us/DIV. Middle Trace: Output 5V/Div.
Rq = 47kQ

Ry = 100kQ
Re = 2.7 kQ
C =0.01 pF

Bottom Trace: Capacitor Voltage 1V/Div.

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors R, and Rg may be
connected as in Figure 14. The time period for the output
high is the same as previous, t; = 0.693 R, C. For the output
low itis t, =

Rg — ZRA]

+
(Ra RB)/(Ra RB)] C én [2RB “Ra

Thus the frequency of oscillation is

9
f =
ty + 1o

+Vee

Ra
51k

B

4 8 22k

2 7 A
LMS555 6| ————@
OUTPUT O— 3 5 e
. —1— 0.014F
0.01uF

00785118

FIGURE 14. 50% Duty Cycle Oscillator

Note that this circuit will not oscillate if Rg is greater than 1/2
Ra because the junction of R, and Rg cannot bring pin 2
down to 1/3 V¢ and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1pF in par-
allel with 1pF electrolytic.

Lower comparator storage time can be as long as 10us
when pin 2 is driven fully to ground for triggering. This limits
the monostable pulse width to 10pys minimum.

Delay time reset to output is 0.47ps typical. Minimum reset
pulse width must be 0.3ps, typical.

Pin 7 current switches within 30ns of the output (pin 3)
voltage.

www.national.com




Physical Dimensions

inches (millimeters) unless otherwise noted

0.189—0.197
"~ (4.800—5.004)

CIRAA A

0.228—0.244
{5.791—6.198)
0.010 pax
{0.259)
weono. 1/ 1 3 ;T
IDENT ggp
0.150~0.157
{3.810—3.988)
0.010-0.020 , 450 0.053—0.069
{0.254-0.508) & MAKTYP (1.346-1.753) 0.004—0.010
ALL LEADS v {0-102— 0254)
L/ \ j*— SEATING
oo A T [} PLANE
{0.102) i 0.014
0.008—0.010 0.050 uma 0.020
0.008-0.010  p;\ 'y pap TIPS _ 0050 | 0.014-0.020 ryp
{0.203—0.254) % 0.355) {127) (n 356 —0.508)
TYP ALL LEADS (0.406 -1.270) TP UUDBTvp
TYP ALL LEADS (0.203) MOBA (REV H)
Small Outline Package (M)
NS Package Number MO8A
(8} . 118%.004
30,11 R
8 5
— A
(.189 )
[4.8]
(8X 40 )
.193+.006 11 .004 tt.02)
[4.940.15] (3+0.1]
) _B]»[HH_H-_EJ_
i i
- | L (8X .016 )——Ivle.
PIN 1 IDENT—] i i 0.413 (6X gzgg])
ot UL
1 LAND PATTERN RECOMMENDATION
R.005 TYP
{0.13
043 MAX 0 RtOOS ]TVP
0.13 T
[1.091 [0 86]
 EHER SR\
+ 004
1002-.006 B 01200z (007,002 TYP .021%.005 SEATING PLANE
£0.06°0.15] [0.3::468 10.1820.05) fo 5340.12)
3 $].002 10.051@[BO[cO® (,0375  TYP)
[0.953]

CONTROLLING DIMENSION IS INCH
VALUES IN [ ] ARE MILLIMETERS

8-Lead (0.118” Wide) Molded Mini Small Outline Package

NS Package Number MUAOSA

AGE PLANE

0°-6°TYP

MUAOBA (Rev E)

www.nhational.com
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LM555 Timer

Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

— (%%Mm
95°+5° 4/
0.009—0015 [l
(0.229—0.381)
| ot
(bas5* 381

Molded Dual-In-Line Package (N)
NS Package Number NOSE

0.373 —0.400
(9.474—10.16)
0.090
> (2.286)
oo%2 o 8 [7] [6] [5] 0.032 +0.005 [8] [7]
(2.337) RNy (0.813%0.127)
N 0.250+0.005 RAD
PIN NO. 1 IDENT \ (6.35+0.127) PIN N0.1IDENT“.
OPTION 1
bl 2] [3]
< .040
0030 m,””-" |<— OPTION 2
(0.762) 2059 0.145-0.200
- ¢ 20° +1°—3| /<— (0.991) (3.683—5.080)
+ ¢ e ) A 0.130+0.005 A
y (330220127 Y
A oazs-0as0 f
0425 0.065 Yy (3.175-3.556) 0.020
. T —
@ary (50 90° +4° (0.508)
DIA TYP MIN
NOM . 0.018 +0.003
{0.457£0.076)
0.100+0.010
> (2.540%0.250)
0.045+0.015
(1.143£0.381) 0.060
0.050 (1.524)
(1.270) NOBE (REV F)

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, and whose failure to perform when

properly used

in accordance with

instructions for use

provided in the labeling, can be reasonably expected to result

in a significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor follows the provisions of the Product Stewardship Guide for Customers (CSP-9-111C2) and Banned Substances
and Materials of Interest Specification (CSP-9-111S2) for regulatory environmental compliance. Details may be found at:

www.national.com/quality/green.

Lead free products are RoHS compliant.

National Semiconductor
Americas Customer

Support Center

Email: new.feedback@nsc.com
Tel: 1-800-272-9959

&

www.national.com

National Semiconductor
Europe Customer Support Center
Fax: +49 (0) 180-530 85 86
Email:
Deutsch Tel:
English Tel:
Francais Tel:

+49 (0) 69 9508 6208
+44 (0) 870 24 0 2171
+33 (0) 1 41 91 8790

europe.support@nsc.com
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Asia Pacific Customer

Support Center

Email: ap.support@nsc.com

National Semiconductor

Japan Customer Support Center
Fax: 81-3-5639-7507

Email: jpn.feedback@nsc.com
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SN54ALS00A, SN54AS00, SN74ALS00A, SN74AS00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDAS187A — APRIL 1982 — REVISED DECEMBER 1994

° Package Options Include Plastic SN54ALS00A, SN54AS00 . ..J PACKAGE
Small-Outline (D) Packages, Ceramic Chip SN74ALS00A, SN74TAOSF??/"-E-V\-ID OR N PACKAGE
Carriers (FK), and Standard Plastic (N) and ( )

Ceramic (J) 300-mil DIPs U
V) 1A [ 1 14 ] Vce
description 1Bz 13fl4e
1y []s 12[] 4A
These devices contain four independent 2-input 2A [|4 u|] ay
positive-NAND gates. They perform the Boolean 2B []s 10]] 3B
functions Y = A« Bor Y = A + B in positive logic. 2Y [l 9(] 3A
The SNS4ALSO0A and SN54AS00 are GND [}7 8{l 3v
characterized for operation over the full military
temperature range of —55°C to 125°C. The SN54ALS00A, SN54AS00 . . . FK PACKAGE
SN74ALS00A and SN74AS00 are characterized (TOP VIEW)
for operation from 0°C to 70°C. %)
m<O Om
A - 2Z> <
FUNCTION TABLE /- I T0]
(each gate) 3 2 1 2019 A
NN 1y [ 4 18] 4A
OUTPUT nc s 17[] NC
A B Y
2All 6 16[] ay
H H L Nne [l 7 15| NC
L X H 2B |8 14[] 3B
X L H 9 10 11 12 13
rrir
X99% &
logic symbol T g <
1 NC — No internal connection
1A & 3
2 1y
1B
4
2A 6
5 2Y
2B
9
38— 8
10 ) 4
3B —
12
4A —— 1
13 S———————— 4y
48 —

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for the D, J, and N packages.

PRODUCTION DATA information is current as of publication date. Copyright [J 1994, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include
testing of all parameters. EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



SN54ALS00A, SN54AS00, SN74ALS00A, SN74AS00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDAS187A— APRIL 1982 — REVISED DECEMBER 1994

logic diagram (positive logic)

1
1A — 3

2 1Y
1B ——

4
2A —— 6

5 2Y
2B ——

9

3A —— 8
10 3Y
3B —mmm

12

A4A ———————] 11
13 4Y
4B ——

Pin numbers shown are for the D, J, and N packages.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPLY VORAGE, VoG oo 7V
INPUE VO AGE, V| oo e e e e e e e e e Vv
Operating free-air temperature range, Ta: SN54ALS00A ... ...t —55°C to 125°C

SN74ALSO0A . ... 0°C to 70°C
Storage temperature raNge . ... ...ttt e e e —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

SN54ALS00A SN74ALSO00A
MIN  NOM MAX MIN  NOM  MAX UNIT
Vce Supply voltage 4.5 5 5.5 4.5 5 5.5 \%
VIH High-level input voltage 2 2 \%
, o.8¥ 0.8
VL Low-level input voltage 075 \
loH High-level output current -0.4 -0.4 mA
loL Low-level output current 4 8 mA
TA Operating free-air temperature -55 125 0 70 °C

¥ Applies over temperature range —55°C to 70°C
§ Applies over temperature range 70°C to 125°C

Q‘ TEXAS
INSTRUMENTS
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SN54ALS00A, SN54AS00, SN74ALS00A, SN74AS00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDAS187A — APRIL 1982 — REVISED DECEMBER 1994

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

SN54ALS00A SN74ALS00A
PARAMETER TEST CONDITIONS UNIT
MIN TYPT  MAX [ MIN TYPT MAX
VK Vcc =45V, I|=-18 mA -1.2 -1.5 \%
VOH Vcc=45Vto55Y, loH =-0.4 mA Vce -2 Vce -2 \Y
loL=4mA 0.25 0.4 0.25 0.4
VoL Vcc =45V \
loL=8mA 0.35 0.5
I Vcec =55V, V=7V 0.1 0.1 mA
IIH Vcec=55Y, V=27V 20 20 HA
L Vcc =55V, V=04V -0.1 -0.1 mA
ot Vcec=55Y, Vpo=225V -20 -112 -30 -112 mA
lccH Vcc =55V, V=0 05 085 05 085 mA
lccL Vcec =55V, V=45V 1.5 3 15 3 mA

T All typical values are at Voc = 5 V, Ta = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ips.

switching characteristics (see Figure 1)

Vec=45V1055V,
CL =50 pF,
PARAMETER FROM ™ - MIN t MAX S UNIT
(INPUT) (OUTPUT) Ta = MIN to MAX
SN54ALS00A | SN74ALS00A
MIN  MAX | MIN  MAX
t 3 15 3 1
PLH AorB Y ns
tPHL 2 9 2 8

8 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

Q’ TeEXAS
INSTRUMENTS
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SN54ALS00A, SN54AS00, SN74ALS00A, SN74AS00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDAS187A— APRIL 1982 — REVISED DECEMBER 1994

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VORAGE, VOl oottt et ettt e e e e 7V
INPUE VORAGE, V| o 7V
Operating free-air temperature range, Ta: SN54AS00 ...t —55°C to 125°C

SN74AS00 . ... 0°Cto 70°C
Storage temPerature FaNgE . . ..ottt et e e e e e —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

SN54AS00 SN74AS00 UNIT
MIN  NOM  MAX MIN  NOM  MAX
Vce Supply voltage 45 5 55 4.5 5 55 \Y,
ViH High-level input voltage 2 2 \
VL Low-level input voltage 0.8 0.8 \%
IoH High-level output current -2 -2 mA
loL Low-level output current 20 20 mA
Ta Operating free-air temperature -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)
PARAMETER TEST CONDITIONS SN5AAS00 SN74AS00 UNIT
MIN TYPF MAX|[ MIN TYPT MAX
ViK Ve =45V, l|=-18 mA -1.2 -12| v
VOH Vcc=45Vto55Y, loH=-2mA Vce -2 Vce -2 \Y
VoL Vcc =45V, loL =20 mA 0.35 0.5 0.35 0.5 \%
I Vec =55V, V=7V 0.1 01| mA
IIH Vcc =55V, V=27V 20 20 HA
m Vec =55V, Vi=04V -0.5 -05| mA
o8 Ve =55V, Vo=225V -30 -112| -30 -112| mA
IcCH Vec =55V, Vi=0 2 32 2 32| mA
lccL Ve =55V, V=45V 108 174 108 174 mA

* All typical values are at Vcc =5V, Ta =25°C.
8 The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ips.

switching characteristics (see Figure 1)

Vcc=45Vto55Y,

C| =50 pF,
FROM TO RL =500Q,
PARAMETER (INPUT) (OUTPUT) Ta = MIN to MAX T UNIT

SN54AS00 SN74AS00

MIN  MAX MIN  MAX
t 1 5 1 4.5
PLH AorB Y ns
tPHL 1 5 1 4

11 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

Q‘ TEXAS
INSTRUMENTS
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SN54ALS00A, SN54AS00, SN74ALS00A, SN74AS00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDAS187A — APRIL 1982 — REVISED DECEMBER 1994

PARAMETER MEASUREMENT INFORMATION
SERIES 54ALS/74ALS AND 54AS/74AS DEVICES

7V
Vce R =R1=R2
| 1
RL
R1
From Output Test From Output Test From Output Test
Under Test l Point Under Test Point Under Test l Point
CL R c
L c L R2
see Note A L
( ) (see Note A) I (see Note A)
LOAD CIRCUIT FOR ) )
BI-STATE LOAD CIRCUIT LOAD CIRCUIT
TOTEM-POLE OUTPUTS FOR OPEN-COLLECTOR OUTPUTS FOR 3-STATE OUTPUTS
Timing 35V High-Level ——— 35V
Input 13v Pulse 13V 1.3V
T 0.3V 03V
“—Pp— th u— tw —J
tsu —“’"—M‘ | | |
— — — 35V 35V
Data Low-Level
Input 13V 13V Pulse 13V 13V
0.3V — —— 0.3V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
Output
Control
(low-level
enabling) | — _OTr |7 — — —— YoV  e—— 35V
Input 1.3V 1.3V
| | 0.3V
Waveform 1 tPLH ——b Q—M—‘ | tPHL
S1 Closed N
Note B In-Phase | VoH
(see Note B) output \ 13V | 13V
\ Vv
OL
| > tpLH
tpHL ——> \ ‘
Waveform 2 Out-of-Phase | VoH
S1 Open Output 1.3V 1.3V
(see Note B) (see Note C) —— VoL
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

PROPAGATION DELAY TIMES

NOTES: A. Cg includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. When measuring propagation delay items of 3-state outputs, switch S1 is open.
D. Allinput pulses have the following characteristics: PRR < 1 MHz, t; = tf = 2 ns, duty cycle = 50%.
E. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms

J@ TeEXAS
INSTRUMENTS
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Data sheet acquired from Harris Semiconductor
SCHSO018C — Revised September 2003

CMOS
Dual Complementary

Pair Plus Inverter
High-Voltage Types (20-Volt Rating)

m CD4007UB types are comprised of
three n-channel and three p-channel enhance-
ment-type MOS transistors. The transistor
elements are accessible through the package
terminals to provide a convenient means for
constructing the varicus typical circuits as
shown in Fig. 2,

More complex functions are possible using
multiple packages. Numbers shown in paren-
theses indicate terminals that are connected
together to form the various configurations
listed.

The CD4007UB types are supplied in 14-lead
hermetic dual-in-line ceramic packages
(F3A suffix), 14-lead dual-in-line plastic
packages (E suffix), 14-lead small-outline
packages (M, MT, M96, and NSR suffixes),
and 14-lead thin shrink small-outline
packages (PW and PWR suffixes).

Applications:

u Extremely high-input impedance amplifiers
= Shapers ' )
8 nverters

8 Threshold detector
& Linear amplifiers

= Crystal oscillators

TERMINAL DIAGRAM
Top View
' : ~ Yop,01802m0Q30M
Qzip oramt ] 1g 1 = Yoo,
Q2(P)90URCE— 2 13 [ B Soce PIORA
Q2 GATES —{3 12 |— 03N DRAM,Q3(P SOURCE
Q2N SoURCE —1 4 1l |— G3{P) DRAIN
Qzuionan —|5 10 [— 'Q3QATES
QIGATES —{6 o |— 03N souRcE
Vag ndazaciin —7 8 |— i tN) DRAN
B RINY -
PRCH- 24449

CD4007UB Types

Features:
8 Standardized symmetrical output characteristics

® Medium Speed Operation — tpy(, tppH = 30 ns (typ.}

at10Vv
= 100% tested for quiescent current at 20 V

B Meets all requirements of JEDEC Tentative
Standard No. 13B, “Standard Specifications
for Description of ‘B’ Series CMOS Devices”

® Maximum input current of 1 yAat 18 V
over full package-temperature range;

100 nA at 18 V and 25°C

RECOMMENDED OPERATING CONDITIONS

14

8] 13

Pd e
b

4

7

K;

Vgs =7
Ypp=14

1]

P

92C5- 25038

Terminal No.14 — V5
Terminal No. 7 — Vgg

FUNCTIONAL DIAGRAM

For maximum reliability, nominal operating conditions should be selected so that

operation is always within the following ranges:

CHARACTERISTIC LIMITS UNITS
MIN. MAX.
Supply-Voltage Range
{For Tp = Full Package :
Temperature Range) i 3 18 v
STATIC ELECTRICAL CHARACTERI§TICS
CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C}
CHARACTER- T
ISTIC - — T UNITS
Vo |VIN [VDD
v) vy l(v)| 55| —40 | +85 | +125 | Min. | Typ. Max.
Quiescent Dévice - 051 6 (025|025 | 75 | 75| - 0.01 | 0.25
_Current, 1 00| 10 | 05 { 05 15 15 | — 001 | 05 A
iDp Max. ~— 1018 18 | 1 1 30 0 | - Jooi| 1] "
- 02| 2] s 5 | 150 | 150 | - 002 | 5§
Output Low 04 | 05| 5 | 064|061 | 042 | 0.36 [ 0.51 1 =
{Sink} Current 05 |00 10186 ] 15 | 11 09 [13 | 26 -
foL Min. 15 |o015] 15| 42 | & | 28 | 24 |34 | 68 | -
Output High 46 | 05| 5 |-064]-061|-0421-036|-051| -1 ~ | mA
{Source} 25 | 05| 5 | -2 |-18|-13 |—115[-16 | -32 | —
C“"e";;“ 95 |010| 10 1-16[-15 ] 11 |-09]-13]-26] -
1oH Min. 135 |015| 15 |42 | -4 | —28 | 24 |34 | 68 | -
Output Voltage: - 05 5 0.08 - [4] 0.05
Low-Level, — 010]| 10 0.05 - 0 0.05
VoL Max. .
- 0,15] 15 0.05 - o _[oos]
Qutput Voltage: - 05 5 4.95 4.95 5 -
High-Level, - 0,10| 10 9.95 9.95 10 -
Vou Min. - Jo15[ 18 14.95 1495 15 -
Input Low 4.5 - 5 1 - - 1
Voltage, 9 _ 10 ) — — 2
VL Max. 138 — Iy 25 — - 25 v
Input High 0.5 - 5 4 4 - —
Voltage, 1 - 10 8 8 — -
VIH Min. 15 - | 15 125 125 — -
|n|p':: ni::.em 018] 18 [ 204 [200 | &1 | &1 | - [#1073 | 01| uA

Copyright © 2003, Texas Instruments Incorporated
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CD4007UB Types

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vpp)

Voltages referenced toVgg Terminal) ..............ooiiiiiiiiiiiiiiiiiinneenan. .. -0.5V to +20V
INPUT VOLTAGE RANGE, ALL INPUTS ... ... e ae s -0.5VtoVpp +0.5V
DCINPUT CURRENT, ANY ONE INPUT L. oo it e e e +10mA
POWER DISSIPATION PER PACKAGE (Pp)

FOrTA==559CH0 +100PC ...uuniintiinit ettt teit et ee e e e e ee e 500mwW

ForTaA=+1009C10+125%C......cooiiinieninnnninnnin., Derate Linearity at 12mW/9C to 200mW
DEVICE DISSIPATION PER OUTPUT TRANSBISTOR

FORTp =FULL PACKAG@-TEMPERAT’UHE RANGE (All Package Types) .........c...ouevenns. 100mwW
OPERATING-TEMPERATURE RANGE (TA). .. ..o cveie et it iieinee s ~559C to +1259C
STORAGE TEMPERATURE RANGE (Tgtg) .-« -+« <. eeveeneeannsoeeesiieniens e, -659C to +1500C
LEAD TEMPERATURE (DURING SOLDERING);

Atdistance 1/16 £ 1/32inch (1.58 £ 0.79mm) from case for 108 MAX .. ....ovuernrnrnennnnonss +285°C

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta =25°C; Input t, ty =20 ns,
CL =50 pF, RL =200 KQ

CONDITIONS LIMITS
CHARACTERISTIC Voo UNITS
: Volts Typ. | Max,
Propagation Delay Time: 5 55 110
tPHL. _ 10 30 60 ns
PLH 15 25 50
- ' 5 100 | 200
Transition Time HL. 10 50 100 ns
TLH 15 20 | 80
Input Capacitance CiIN Any Input 10 15 pF
a a
® @ o)
LZ
s s
|n2 D2 "*'B’;“
| - | Y
@ Rl o
&Ko o & B
L o
_ LL_ =3 e
*emos INPUT p——q.'4
PROTECTION NETWORK Py}
PARASITIC AND ®..
NETWORK COMPONENTS
o2 01Nt TO P WELL
Tttt A
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Fig. 1 — Detaited schematic diagram of CD4007UB showing input, ou tput, and parasitic diodes.
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CD4007UB Types
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Fig. 3 — Typical voltage-transfer characteristics
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Fig. 13 — Typical transition time vs. load
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Fig. 17 - Quiescent device current test circuit.
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DIMENSIONS AND PAD LAYOUT FOR CD4007UBH

Dimensions.in parentheses are in millimeters and are
derived from the besic inch dimensions as indicated,

Grid graduations sre in mils 110~ inch).
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R Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 28-Feb-2005

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
CD4007UBE ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU Level-NC-NC-NC
(RoHS)
CD4007UBF ACTIVE CDIP J 14 1 None Call TI Level-NC-NC-NC
CD4007UBF3A ACTIVE CDIP J 14 1 None Call Tl Level-NC-NC-NC
CD4007UBF3A116 OBSOLETE CDIP J 14 None Call Tl Call Tl
CD4007UBM ACTIVE SOIC D 14 50 Pb-Free CU NIPDAU  Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
CD4007UBM96 ACTIVE SOIC D 14 2500 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
CD4007UBMT ACTIVE SOIC D 14 250 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
CD4007UBNSR ACTIVE SO NS 14 2000 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
CD4007UBPW ACTIVE TSSOP PW 14 90 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(ROHS)
CD4007UBPWR ACTIVE TSSOP PW 14 2000 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(RoHS)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: TI 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.

@ Eco Plan - May not be currently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

©® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI'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 TI 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 TI part(s) at issue in this document sold by TI
to Customer on an annual basis.

Addendum-Page 1
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J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS *x

ol 14 16 18 20
B 0.300 0.300 0.300 0.300
762) | (762 | (7.62) | (7.62)

14 8 BSC BSC BSC BSC
aiaiaialaiala B MAX 0.785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)

D C B MIN — | — | — | —
l C A 0.300 | 0.300 | 0.310 | 0.300
VIVAVAVIVEVEY (7,62) | (7,62) | (7.87) | (7,62)
1J L 7 0.245 | 0.245 | 0220 | 0.245

0.065 (1,65) C MN : : : :
0015 (174 (6,22) | (6,22) | (559) | (6,22)

0.060 (1,52
—» |e— 0.005 (0,13) MIN Wﬁ% |<— —»‘

— 0.200 (5,08) MAX
— —Y ¢ Seating Plane

* 0.130 (3,30) MIN

J L7 026 (0,66)
0.014 (o 36) 015"
[0.100 (2,54)] 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

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

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.
D

E

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AW | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 (18.92) | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

\ 5 0.015 (0,38)
—T 0.200 (5,08) MAX

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? Gauge Plane

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 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.

b TExAS
INSTRUMENTS
www.ti.com



MECHANICAL DATA

D (R-PDSO-G14) PLASTIC SMALL—-OUTLINE PACKAGE

LR
e

025)@]

ininininininiiy D N\
Toowo

L 0.069 (1,75) Max 0.004 (

0.010 (o 25)
0.007 ( 1

t / [ ([0 0]
— Seating Plane

Gauge Plane J— -
#

0.010 (0,25)

4040047-3/F 07/2004

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
D

. Falls within JEDEC MS-012 variation AB.

b TExAS
INSTRUMENTS
www.ti.com



MECHANICAL DATA

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

ol I s
1A RAAAT

0,15 NOM

|
r

Gage Plane

O
NERELE

A

0,15

;LU_U_U_U_U_U_U_/;J%W Seating Plone & \_JJ |__)

— 2,00 MAX ©lo0.10

PINS
DIM

A MAX

A MIN

4040062,/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.




MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G**)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

14 8

HHAHAA] T

4, )
4,30 6,20

50 6,6

o

“«—— A —»

L

e

HlHHHHHHY_J

0,15 NOM

!
:

Gage Plane i

— 120 MAX o [=]010 |
0,05
PINS **
8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A.

OOw

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated
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t Semiconductor

CMOS Hex Buffer/Converters

The Harris CD4049UB and CD4050B are inverting and
non-inverting hex buffers, respectively, and feature logic-
level conversion using only one supply voltage (Vcc). The
input-signal high level (V|y) can exceed the Vcc supply
voltage when these devices are used for logic-level
conversions. These devices are intended for use as CMOS
to DTL/TTL converters and can drive directly two DTL/TTL
loads. (Vcc =5V, VoL 0.4V, and Ig 2 3.3mA.)

The CD4049UB and CD4050B are designated as
replacements for CD4009UB and CD4010B, respectively.
Because the CD4049UB and CD4050B require only one
power supply, they are preferred over the CD4009UB and
CD4010B and should be used in place of the CD4009UB
and CD4010B in all inverter, current driver, or logic-level
conversion applications. In these applications the
CD4049UB and CD4050B are pin compatible with the
CD4009UB and CD4010B respectively, and can be
substituted for these devices in existing as well as in new
designs. Terminal No. 16 is not connected internally on the
CD4049UB or CD4050B, therefore, connection to this
terminal is of no consequence to circuit operation. For
applications not requiring high sink-current or voltage
conversion, the CD4069UB Hex Inverter is recommended.

CD4049UB, CD4050B

August 1998

File Number 926.2

Features

e CD4049UB Inverting

* CD4050B Non-Inverting

¢ High Sink Current for Driving 2 TTL Loads
« High-To-Low Level Logic Conversion

* 100% Tested for Quiescent Current at 20V

¢ Maximum Input Current of 1yA at 18V Over Full Package
Temperature Range; 100nA at 18V and 25°C

« 5V, 10V and 15V Parametric Ratings

Applications
¢ CMOS to DTL/TTL Hex Converter
¢« CMOS Current “Sink” or “Source” Driver

* CMOS High-To-Low Logic Level Converter

Ordering Information

TEMP. PKG.

PART NUMBER | RANGE (°C) PACKAGE NO.
CD4049UBE -55t0 125 |16 Ld PDIP E16.3
CD4050BE -55t0 125 |16 Ld PDIP E16.3
CD4049UBF -55t0 125 |16 Ld CERDIP F16.3
CD4050BF -55t0 125 |16 Ld CERDIP F16.3
CD4050BM -55t0 125 |16 Ld SOIC M16.3

NOTE: Wafer and die for this part number is available which meets
all electrical specifications. Please contact your local sales office or
Harris customer service for ordering information.

Pinouts
CD4049UB (PDIP, CERDIP) CD4050B (PDIP, CERDIP, SOIC)
TOP VIEW TOP VIEW
Vee [ e 16] NC Vee [ e 16] NC
G=A[2] 15]L=F G=A[2] 5] L=F
A [E] 14] F A[E] ] F
H=B [4] 13] NC H=8 [4] 13] NC
B [5] 2] k=E B [5] 2]k=E
1=C [6] 11] 1=c [6] 11]
c[Z] 10]1=D c[Z] 10] 3=D
Vss [8] 9|Db Vss [&] 9] D
1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

Copyright © Harris Corporation 1998



CD4049UB, CD4050B

Functional Block Diagrams
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FIGURE 1A. SCHEMATIC DIAGRAM OF CD4049UB, 1 OF 6
IDENTICAL UNITS
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FIGURE 1B. SCHEMATIC DIAGRAM OF CD4050B, 1 OF 6
IDENTICAL UNITS




CD4049UB, CD4050B

Absolute Maximum Ratings

Supply Voltage (V+toV-). ...t -0.5V to 20V
DClInputVoltage ........................ -0.5V to Vpp +0.5V
DC Input Current, Any One lnput. . .. .................. +10mA

Operating Conditions
Temperature Range . . ........o.o.vvveeenenn... -55°C to 125°C

Thermal Information

Thermal Resistance (Typical, Note 1) 834 (°C/W) B3¢ (°CIw)

PDIP Package ................... 90 N/A

CERDIP Package. ................ 130 55

SOICPackage ................... 100 N/A
Maximum Junction Temperature (Plastic Package) ........ 150°C
Maximum Storage Temperature Range. . ........ -65°C to 150°C
Maximum Lead Temperature (Soldering 10s) .. ........... 265°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 835 is measured with the component mounted on an evaluation PC board in free air.

DC Electrical Specifications

LIMITS AT INDICATED TEMPERATURE (OC)
TEST CONDITIONS 25
Vo VIN
PARAMETER v) v) Vee (V) | -55 -40 85 125 MIN | TYP | MAX | UNITS
Quiescent Device Current - 0,5 5 1 1 30 30 - 0.02 1 pA
Ipp (Max)
- 0,10 10 2 2 60 60 - 0.02 2 HA
- 0,15 15 4 4 120 120 - 0.02 4 HA
- 0,20 20 20 20 600 600 - 0.04 20 HA
Output Low (Sink) Current 0.4 0,5 4.5 3.3 3.1 2.1 1.8 2.6 5.2 - mA
loL (Min)
0.4 0,5 5 4 3.8 2.9 2.4 3.2 6.4 - mA
0.5 0,10 10 10 9.6 6.6 5.6 8 16 - mA
15 0,15 15 26 25 20 18 24 48 - mA
Output High (Source) Current 4.6 0,5 5 -0.81 | -0.73 | -0.58 | -0.48 | -0.65 -1.2 - mA
lon (Min)
2.5 0,5 5 -2.6 -2.4 -1.9 -1.55 -2.1 -3.9 - mA
9.5 0,10 10 -2.0 -1.8 -1.35 | -1.18 | -1.65 -3.0 - mA
135 0,15 15 -5.2 -4.8 -3.5 -3.1 -4.3 -8.0 - mA
Out Voltage Low Level - 0,5 5 0.05 0.05 0.05 0.05 - 0 0.05 \Y
VoL (Max)
- 0,10 10 0.05 0.05 0.05 0.05 - 0 0.05 \%
- 0,15 5 0.05 0.05 0.05 0.05 - 0 0.05 \Y
Output Voltage High Level - 0,5 5 4,95 4,95 4,95 4.95 4.95 5 - \%
Von (Min)
- 0,10 10 9.95 9.95 9.95 9.95 9.95 10 - \%
- 0,15 15 1495 | 14.95 | 1495 | 14.95 | 14.95 15 - \%
Input Low Voltage, V,_ (Max) 4.5 - 5 1 1 1 1 - - 1 \%
CD4049UB
9 - 10 2 2 2 2 - - 2 \%
135 - 15 25 25 25 25 - - 25 \%
Input Low Voltage, V,_ (Max) 0.5 - 5 15 15 15 15 - - 15 Y
CD4050B
1 - 10 3 3 3 3 - - 3 \%
1.5 - 15 4 4 4 4 - - 4 \%
Input High Voltage, V|4 Min 0.5 - 5 4 4 4 4 4 - - \%
CD4049UB
1 - 10 8 8 8 8 8 - - \%
15 - 15 12.5 12.5 125 125 125 - - \%




CD4049UB, CD4050B

DC Electrical Specifications

(Continued)

LIMITS AT INDICATED TEMPERATURE (°C)
TEST CONDITIONS 25
Vo VIN
PARAMETER v) ) |Vec(v)| -55 -40 85 125 | MIN | TYP | MAX | UNITS
Input High Voltage, V|4 Min 4.5 - 5 35 35 3.5 3.5 3.5 - - Vv
CcD40508 9 - 10 7 7 7 7 7 - - \%
135 - 15 11 11 11 11 11 - - Vv
Input Current, I Max - 0,18 18 +0.1 +0.1 +1 +1 - +10° | 201 HA
AC Electrical Specifications Tp = 25°C, Input t;, t = 20ns, C| = 50pF, R|_ = 200kQ
TEST CONDITIONS LIMITS (ALL PACKAGES)
PARAMETER ViN Vee TYP MAX UNITS

Propagation Delay Time 5 5 60 120 ns
é%ﬁéi:&g; PLH 10 10 32 65 ns

10 5 45 90 ns

15 15 25 50 ns

15 5 45 90 ns
Propagation Delay Time 5 5 70 140 ns
Lo 10 19 tpLH 10 10 40 80 ns

10 5 45 90 ns

15 15 30 60 ns

15 5 40 80 ns
Propagation Delay Time 5 5 32 65 ns
ggzgzgfév »PHL 10 10 20 40 ns

10 5 15 30 ns

15 15 15 30 ns

15 5 10 20 ns
Propagation Delay Time 5 5 55 110 ns
EEZ(;;OL;W’ PHL 10 10 22 55 ns

10 5 50 100 ns

15 15 15 30 ns

15 5 50 100 ns
Transition Time, Low to High, t1 H 5 5 80 160 ns

10 10 40 80 ns

15 15 30 60 ns
Transition Time, High to Low, tTy 5 5 30 60 ns

10 10 20 40 ns

15 15 15 30 ns
Input Capacitance, Cjy - - 15 225 pF
CD4049UB
Input Capacitance, Cy - - 5 7.5 pF
CD4050B




CD4049UB, CD4050B

Typical Performance Curves

Ta =25°C | |
L SUPPLY VOLTAGE (V c¢) = 5V

s
w 5 4
2
5 4
o)
> MINIMUM MAXIMUM
z 3
j
2
° »
o
>
1
0 1 2 3 4

V|, INPUT VOLTAGE (V)

FIGURE 2. MINIMUM AND MAXIMUM VOLTAGE TRANSFER
CHARACTERISTICS FOR CD4049UB

T = 25°C
70

60 —— 15V 4 /

ol L[| o

40 /

30
GATE TO SOURCE VOLTAGE (Vgg) =5V

20

10 ///

loL, OUTPUT LOW (SINK) CURRENT (mA)

0 1 2 3 4 5 6 7 8
Vps, DRAIN TO SOURCE VOLTAGE (V)

FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT
CHARACTERISTICS

Vps, DRAIN TO SOURCE VOLTAGE (V)
8 7 6 5 -4 3 2 -1 0

Ta = 25°C

] ] _—— -5
| | 8
— GATE TO SOURCE VOLTAGE / / 10 ¢ F
Vgs = -5V T x5
GS / s 8 &
/ 25
/ 20 I é
A/ Rk
7 / x5
'_
AV ———T / £
// -30 8 g
2
(@]

-15V / -35

FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT
CHARACTERISTICS

Tp = 25°C |
SUPPLY VOLTAGE (V c¢) = 5V
> |
w 5 1
2
5o, MINIMUM MAXIMUM
Q
5
2 3
'_
2
° 2
2
1
0 1 2 3 4

V|, INPUT VOLTAGE (V)

FIGURE 3. MINIMUM AND MAXIMUM VOLTAGE TRANSFER
CHARACTERISTICS FOR CD4050B

T =25°C
70 15V 10V

50 /

30

20

GATE TO SOURCE VOLTAGE (Vgs) =5V
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loL, OUTPUT LOW (SINK) CURRENT (mA)

Va

0 1 2 3 4 5 6 7 8
Vps, DRAIN TO SOURCE VOLTAGE (V)

FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT DRAIN
CHARACTERISTICS

Vps, DRAIN TO SOURCE VOLTAGE (V)
8 -7 6 5 -4 3 -2 -1 0

Tp =25°C
1 1 g’ -5
GATE TO SOURCE VOLTAGE A
L 4// 10 W 'L:)
Ves = -5V /// S
D
| —— 'I 15 O W
-10V L 2 5
e
| ] 20 0 &
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-15V Tz
5 O
-25 2 E
5 w
30 o &
2
O

FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT
CHARACTERISTICS
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Typical Performance Curves  (Continued)

10 10
s 9 \ SUPPLY VOLTAGE s 9 - SUPPLY VOLTAGE
W |— 1259 1 -~ Ve = 10V § 8 125°C ~<p&—+ Vcc = 10V
< Al | | | E 7 ] ] ] ] ]
': 7 | | T T T 6‘ | | T T T
o _ o — £e0
Tp = -55°C > 6 e Ta=-55"C
c ® | vee=sv ” A 5 5 Vec =5V &
D 5 o
o
= : \ [
3 4 | -55°C 3 4 -
- 3 o 3 r - -55°C
9 125°C > | 125%
2 ~ak R
1 1
0 0
01 2 3 45 6 7 8 9 10 0 1 2 3 45 6 7 8 9 10
V), INPUT VOLTAGE (V) V), INPUT VOLTAGE (V)
FIGURE 8. TYPICAL VOLTAGE TRANSFER CHARACTERISTICS FIGURE 9. TYPICAL VOLTAGE TRANSFER CHARACTERISTICS
AS A FUNCTION OF TEMPERATURE FOR CD4049UB AS A FUNCTION OF TEMPERATURE FOR CD4050B
10° o Tt g o A
g TA=25C 1 .(oy 'l; 3 TA:25C NI
3 ' /,'\‘ Q " [ad 5 4 "
o w4 7 p 10 A A A
w < ,»0 ‘I' o . v
£ 104 2O 2 w v mully.d
i qO\f\ — A > 104 A T | [ FS 15V, IMHz
2 S 4+ A = Vil S5 —15V; 100kHz
= - \)Q? | & [ ~ ——H 77—+ 10V; 100kHz
i S 4/ a A= 15V: 10kHz
3 — 3 —1_| !
& 10 , - Z 10 Ei_;ff' 4 == 10V 10kHz
= 1 o —r—1 15V; 1kHz
o "4 4 = o V. y
= L / 4 / E
g 7 102
& T o 10° 21
B 102 . LOAD CAPACITANCE 7
7 = — C = 50pF 2 ; 7
a L7 [ (11pF FIXTURE + 39pF EXT) G 104 "’
o ¢
w - -I - CL = 15pF %
g 10 | (11pF FIXTURE + 4pF EXT) & [ SUPPLY VOLTAGE V ¢ = 5V FREQUENCY (f) = 10kHz
o
10 102 103 10 10° 10 102 108 10 10° 108 107 108
f, INPUT FREQUENCY (kHz) t;, t;, INPUT RISE AND FALL TIME (ns)
FIGURE 10. TYPICAL POWER DISSIPATION vs FREQUENCY FIGURE 11. TYPICAL POWER DISSIPATION vs INPUT RISE
CHARACTERISTICS AND FALL TIMES PER INVERTER FOR CD4049UB
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= Tp = 25°C
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FIGURE 12. TYPICAL POWER DISSIPATION vs INPUT RISE
AND FALL TIMES PER INVERTERFOR CD4050B
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Test Circuits

v Vee
o T Vee
INPUTS
NPUTS 4 OUTPUTS
o ViH 4— >
Vss « >+

o 4 > 6w
o - > -

viL “ > =

® b
Vss
NOTE: Test any one input with other inputs at V¢ or Vgs.
FIGURE 13. QUIESCENT DEVICE CURRENT TEST CIRCUIT FIGURE 14. INPUT VOLTAGE TEST CIRCUIT
CMOS 10V LEVEL TO DTL/TTL 5V LEVEL
Vee =5V
Vee ]
COS/MOS OUTPUT

INPUTS f OUTPUTS IN TO DTL/TTL

Vee « ——{ cp4049 |——»
T INPUTS

< 10V = VIH 5V = VOH
° bu JL Jup
Vss A 0=V Jr_ Vss 0=VoL
Vss In Terminal - 3,5, 7, 9, 11, or 14
Out Terminal - 2, 4, 6, 10, 12 or 15
NOTE: Measure inputs sequentially, to both Vcc and Vgg connect Vcc Terminal - 1
all unused inputs to either V¢ or Vss. Vgg Terminal - 8
FIGURE 15. INPUT CURRENT TEST CIRCUIT FIGURE 16. LOGIC LEVEL CONVERSION APPLICATION

Vbp
lﬁ
IO.IHF
500uF 7~ | —

1 16 }—

l 3 m 14

2

— —4 3 13—
10kHz, 5 2 12—

100kHz, 1MHz —s 5 11
7 10 }—

J I- 8 9

CL INCLUDES FIXTURE CAPACITANCE

FIGURE 17. DYNAMIC POWER DISSIPATION TEST CIRCUITS
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Dual-In-Line Plastic Packages (PDIP)

o ey g gy E16.3 (JEDEC MS-001-BB ISSUE D)
N 16 LEAD DUAL-IN-LINE PLASTIC PACKAGE
E1
IR‘RDIIEEZ( L o 3 N/2 INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX NOTES
5] A - 0.210 - 5.33 4
I.A.
l«<— D 4>| l— E —p] Al 0.015 - 0.39 - 4
BASE | A2 0115 | 0195 | 293 | 495 -
PLANE Apo A :
A
Yoy I B 0.014 | 0.022 | 0.356 | 0.558 -
SEATING I
PLANE | A L ¢ B1 0.045 0.070 1.15 1.77 8,10
D1 —>|D1<— a A [ 0.008 | 0.014 | 0.204 | 0.355 -
E e c D 0.735 0.775 | 18.66 19.68 5
. c
eg —» D1 0.005 - 0.13 - 5
0.010 0.25)@|c[a [e® |
E 0.300 0.325 7.62 8.25 6
NOTES: o ) ) ] E1l 0.240 | 0.280 | 6.10 7.11 5
1. Controlling Dimensions: INCH. In case of conflict between English and
Metric dimensions, the inch dimensions control. € 0.100 BSC 2.54 BSC }
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. ea 0.300 BSC 7.62 BSC 6
3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of eg - 0.430 - 10.92 7
Publication No. 95.
ublication No. 95 _ _ 0115 | 0150 | 293 | 381 4
4. Dimensions A, Al and L are measured with the package seated in JE-
DEC seating plane gauge GS-3. N 16 16 9

5. D, D1, and E1 dimensions do not include mold flash or protrusions. Rev. 0 12/93
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).

6. E and eA are measured with the leads constrained to be perpendic-
ular to datum

7. egandec are measured at the lead tips with the leads unconstrained.
ec must be zero or greater.

8. B1 maximum dimensions do not include dambar protrusions. Dambar
protrusions shall not exceed 0.010 inch (0.25mm).

9. N is the maximum number of terminal positions.

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3,

E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).




CD4049UB, CD4050B

Ceramic Dual-In-Line Frit Seal Packages (CERDIP)

BASE P
PLANE Q
SEATING I!I!I'I'I!lﬂlw
PLANE A

cl LEAD FINISH

(e ©lc p-8 O[p B

*}QL all

[Plecc @lc p-e ©[pB)

BE=@ [ s Ol0

NOTES:

1.

Index area: A notch or a pin one identification mark shall be locat-
ed adjacent to pin one and shall be located within the shaded
area shown. The manufacturer’s identification shall not be used
as a pin one identification mark.

. The maximum limits of lead dimensions b and c or M shall be

measured at the centroid of the finished lead surfaces, when
solder dip or tin plate lead finish is applied.

. Dimensions b1 and c1 apply to lead base metal only. Dimension

M applies to lead plating and finish thickness.

. Corner leads (1, N, N/2, and N/2+1) may be configured with a

partial lead paddle. For this configuration dimension b3 replaces
dimension b2.

. This dimension allows for off-center lid, meniscus, and glass

overrun.

. Dimension Q shall be measured from the seating plane to the

base plane.

. Measure dimension S1 at all four corners.

. N is the maximum number of terminal positions.

. Dimensioning and tolerancing per ANSI Y14.5M - 1982.
10.

Controlling dimension: INCH.

F16.3 MIL-STD-1835 GDIP1-T16 (D-2, CONFIGURATION A)
16 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX NOTES
A - 0.200 - 5.08 -
b 0.014 0.026 0.36 0.66 2
bl 0.014 0.023 0.36 0.58 3
b2 0.045 0.065 1.14 1.65 -
b3 0.023 0.045 0.58 1.14 4
c 0.008 0.018 0.20 0.46 2
cl 0.008 0.015 0.20 0.38 3
D - 0.840 - 21.34 5
E 0.220 0.310 5.59 7.87 5
e 0.100 BSC 2.54 BSC -
eA 0.300 BSC 7.62 BSC -
eA/2 0.150 BSC 3.81BSC -
L 0.125 0.200 3.18 5.08 -
Q 0.015 0.060 0.38 1.52 6
S1 0.005 - 0.13 - 7
a 90° 105° 90° 105° -
aaa - 0.015 - 0.38 -
bbb - 0.030 - 0.76 -
cce - 0.010 - 0.25 -
M - 0.0015 - 0.038 2,3
N 16 16 8
Rev. 0 4/94
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Small Outline Plastic Packages (SOIC)

H Fp] 0.2500.010) @) [ B @) |

|<—hx45°

i Jgj:M

o
|Q| 0.10(0.004) |

f 0.250.010) @[ c [ A @ [ @ |

NOTES:

1.

©® N

10.

Symbols are defined in the “MO Series Symbol List” in Section 2.2 of
Publication Number 95.

. Dimensioning and tolerancing per ANSI Y14.5M-1982.
. Dimension “D” does not include mold flash, protrusions or gate burrs.

Mold flash, protrusion and gate burrs shall not exceed 0.15mm (0.006
inch) per side.

. Dimension “E” does not include interlead flash or protrusions. Interlead

flash and protrusions shall not exceed 0.25mm (0.010 inch) per side.

. The chamfer on the body is optional. If it is not present, a visual index

feature must be located within the crosshatched area.
“L” is the length of terminal for soldering to a substrate.
“N” is the number of terminal positions.

. Terminal numbers are shown for reference only.
. The lead width “B”, as measured 0.36mm (0.014 inch) or greater above

the seating plane, shall not exceed a maximum value of 0.61mm (0.024
inch)

Controlling dimension: MILLIMETER. Converted inch dimensions are
not necessarily exact.

M16.3 (JEDEC MS-013-AA ISSUE C)
16 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX NOTES
A 0.0926 | 0.1043 2.35 2.65 -
Al 0.0040 | 0.0118 0.10 0.30 -
B 0.013 0.0200 0.33 0.51 9
C 0.0091 | 0.0125 0.23 0.32 -
D 0.3977 | 0.4133 | 10.10 10.50 3
E 0.2914 | 0.2992 7.40 7.60 4
e 0.050 BSC 1.27 BSC -
H 0.394 0.419 10.00 10.65 -
h 0.010 0.029 0.25 0.75 5
L 0.016 0.050 0.40 1.27 6
N 16 16 7
a o° 80 0° 80 -
Rev. 0 12/93
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SEMICONDUCTORT™

74AC00 » 74ACTOO
Quad 2-Input NAND Gate

Features
m |c reduced by 50%

General Description
The AC/ACTO0O0 contains four 2-input NAND gates.

m Qutputs source/sink 24 mA
m ACTOO has TTL-compatible inputs

Ordering Code:

Order Number | Package Number Package Description

74AC00SC M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow Body
74AC00SJ M14D 14-Lead Small Outline Package (SOP), EIAJ Type Il, 5.3mm Wide

74ACOOMTC MTC14 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
74AC0O0PC N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
74ACTO0SC M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow Body
74ACT00SJ M14D 14-Lead Small Outline Package (SOP), EIAJ Type II, 5.3mm Wide

74ACTOOMTC MTC14 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
74ACTOOPC N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide

Device also available in Tape and Reel. Specify by appending suffix letter “X” to the ordering form. (PC not available in Tape and Reel.)

Logic Symbol Connection Diagram
IEEE/IEC
-/
T b o Ol e
0 B =
A= 5 20_3 LBAZ
8, —] P~ 04 ("] R " °2
At 0,
Ay — L5, 8= | 10,
B — 5,8 tTI_Q_B3
;3_ ¥63 GND—7'—|—' |_8_53
5 —
Pin Descriptions
Pin Names Description
An By Inputs
Bn Outputs

FACTUO is a trademark of Fairchild Semiconductor Corporation.

© 1999 Fairchild Semiconductor Corporation

DS009911

www.fairchildsemi.com

d1re9 ANVN 1nduj-Z pend 0010V¥. « 000VV.



74ACO00 « 74ACTOO

Absolute Maximum Ratingsote 1)

Supply Voltage (Vcc)

DC Input Diode Current (k)
V,=-0.5V
V| =V + 0.5V

DC Input Voltage (V)

DC Output Diode Current (Igk)

Vo =-0.5V

Vo =V + 0.5V
DC Output Voltage (Vo)
DC Output Source

or Sink Current (Ip)
DC V¢ or Ground Current

per Output Pin (Icc or Ignp)

Storage Temperature (Tgtg)
Junction Temperature (T ;)
PDIP

DC Electrical Characteristics for AC

-0.5V to +7.0V

-20 mA

+20 mA

-0.5V to V¢ + 0.5V
-20 mA

+20 mA

-0.5V to Ve + 0.5V

+50 mA

+50 mA
-65°C to +150°C

140°C

Recommended Operating

Conditions

Supply Voltage (Vcc)
AC
ACT
Input Voltage (V))
Output Voltage (Vo)
Operating Temperature (Tp)
Minimum Input Edge Rate (AV/At)
AC Devices
VN from 30% to 70% of Ve
Vce @ 3.3V, 4.5V, 5.5V
Minimum Input Edge Rate (AV/At)
ACT Devices
V)\ from 0.8V to 2.0V
Vee @ 4.5V, 5.5V

2.0V to 6.0V
4.5V to 5.5V
0V to Ve

0V to Ve
-40°C to +85°C

125 mV/ns

125 mV/ns

Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, with-
out exception, to ensure that the system design is reliable over its power
supply, temperature, and output/input loading variables. Fairchild does not
recommend operation of FACTL circuits outside databook specifications.

Vee Tp=+25°C | T = —-40°C to +85°C ] N
Symbol Parameter Units Conditions
) Typ Guaranteed Limits
Viy Minimum HIGH Level 3.0 15 2.1 2.1 Vout = 0.1V
Input Voltage 45 2.25 3.15 3.15 \ orVec - 0.1V
55 2.75 3.85 3.85
ViL Maximum LOW Level 3.0 15 0.9 0.9 Vout = 0.1V
Input Voltage 4.5 2.25 1.35 1.35 \ orVec - 0.1V
55 2.75 1.65 1.65
Von Minimum HIGH Level 3.0 2.99 2.9 2.9
Output Voltage 4.5 4.49 4.4 4.4 \ lout =-50 pA
55 5.49 5.4 5.4
VIN=ViLor Viy
3.0 2.56 2.46 lop=-12mA
4.5 3.86 3.76 \ loy = —24 mA
55 4.86 4.76 lon = —24 mA (Note 2)
VoL Maximum LOW Level 3.0 0.002 0.1 0.1
Output Voltage 4.5 0.001 0.1 0.1 \ lout =50 pA
55 0.001 0.1 0.1
ViN=ViLorViy
3.0 0.36 0.44 loL =12 mA
4.5 0.36 0.44 \ loL =24 mA
55 0.36 0.44 loL =24 mA (Note 2)
In Maximum Input
55 0.1 +1.0 PA |V, =V GND
(Note 3) |Leakage Current
loLp Minimum Dynamic 55 75 mA | Vop = 1.65V Max
Tono | Output Current (Note 4) 55 -75 mA | Vorp = 3.85V Min
lcc Maximum Quiescent Supply Current | 5.5 2.0 20.0 HA | VN =V or GND
(Note 3)

Note 2: All outputs loaded; thresholds on input associated with output under test.
Note 3: Iy and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vc.

Note 4: Maximum test duration 2.0 ms, one output loaded at a time.

www.fairchildsemi.com




DC Electrical Characteristics for ACT

Vee Ty = +25°C | T = —40°C to +85°C ] N
Symbol Parameter Units Conditions
) Typ Guaranteed Limits
Vin Minimum HIGH Level 4.5 15 2.0 2.0 v Vour = 0.1V
Input Voltage 55 15 2.0 2.0 or Vee - 0.1V
Vi Maximum LOW Level 45 15 0.8 0.8 v Vout =0.1V
Input Voltage 55 15 0.8 0.8 orVee - 0.1V
Vou Minimum HIGH Level 45 4.49 4.4 4.4
Output Voltage 55 5.49 5.4 5.4 V' [lour=-50uA
ViN=ViLorViy
45 3.86 3.76 v lon =24 mA
55 4.86 4.76 loy = —24 mA (Note 5)
VoL Maximum LOW Level 45 0.001 0.1 0.1
\Y loyt =50 pA
Output Voltage 5.5 0.001 0.1 0.1
Vin=ViLorViy
4.5 0.36 0.44 V  |lgL =24 mA
55 0.36 0.44 loL =24 mA (Note 5)
In Maximum Input
55 £0.1 £1.0 MA [V, =V¢e, GND
Leakage Current
leet Maximum lcc/Input 55 0.6 15 mA | V|=Vcc - 2.1V
loLp Minimum Dynamic 55 75 mA | Vg p = 1.65V Max
loHp Output Current (Note 6) 55 =75 mA | Vopp = 3.85V Min
lcc Maximum Quiescent s 20 200 uA Vin=Vee
Supply Current or GND
Note 5: All outputs loaded; thresholds on input associated with output under test.
Note 6: Maximum test duration 2.0 ms, one output loaded at a time.
AC Electrical Characteristics for AC
Vee T =+25°C Ta = —40°C to +85°C
Symbol Parameter V) C_=50pF C_=50pF Units
(Note 7) Min Typ Max Min Max
tpLn Propagation Delay 33 2.0 7.0 9.5 2.0 10.0
5.0 15 6.0 8.0 15 8.5 ne
tPHL Propagation Delay 33 15 55 8.0 1.0 85
5.0 15 4.5 6.5 1.0 7.0 ne
Note 7: Voltage Range 3.3 is 3.3V + 0.3V
Voltage Range 5.0 is 5.0V £ 0.5V
AC Electrical Characteristics for ACT
Vee Tp =+25°C Ta =—40°C to +85°C
Symbol Parameter wv) C_=50pF C_=50pF Units
(Note 8) Min Typ Max Min Max
tpLn Propagation Delay 5.0 15 55 9.0 1.0 9.5 ns
tpHL Propagation Delay 5.0 15 4.0 7.0 1.0 8.0 ns
Note 8: Voltage Range 5.0 is 5.0V +0.5V
Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 4.5 pF Vcc = Open
Cpp Power Dissipation Capacitance 30.0 pF Vee = 5.0V

www.fairchildsemi.com
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Physical Dimensions

inches (millimeters) unless otherwise noted

0.335-0.344
(8.509 —8.738)

74ACO00 « 74ACTOO

0.226—0.244
{5.791-6.198)

LEAD NO. 1 /i

IDENT
0.010 yay
{0.254)
0.150 —0.157
{3.810—23.988)
0.010-0.020 . 0.053 - 0.069
{8.25a-0.508) <*° (1.385-1.753)
8° MAX TYP 0.004 —0.010
ALL LEADS (0.102—0.254)
‘+— SEATING + =i b=t 4
T <T PLANE T * T
0.014
0.008-0.010 —— 0050 0.014-0.020
7D 203-0.258) _ 0.356) oo 0.014-0.020 yyp
oz aneoa T e o
0 406 —1. TP 0.008
0102 TYP ALL LEADS *\l« 10.203) TYP
ALL LEAD TIPS M14A (REV k)

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150" Narrow Body
Package Number M14A
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

10.2+0.1 it
1.1 TYP —w
14 | 8
L0
' | ™
i 5.3:0.1
Ll T
1
1
| ) (2.13+TYP)
|_| |_| ' SToz[Cle[A
h ] ALL LEAD TIPS

PIN #1 IDENT.

ALL LEAD TIPS

2.1 MAX.— @

— 1.8+0.1

[

((

\

i)
J 0.15+0.05
0.35-051

DIMENSIONS ARE IN MILLIMETERS

NOTES:

A. CONFORMS TO EIAJ EDR-7320 REGISTRATION,

ESTABLISHED IN DECEMBER, 1998.
B. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD

FLASH, AND TIE BAR EXTRUSIONS.

M14DRevB1

l

927 TYP

fl

o d o L

LAND PATTERN RECOMMENDATION

SEE DETAIL A
e

~,

0-8° TYP

0.60+0.15

\— SEATING PLANE

DETAIL A

14-Lead Small Outline Package (SOIC), EIAJ Type Il, 5.3mm Wide
Package Number M14D

www.fairchildsemi.com
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74ACO00 « 74ACTOO

Phys ical Dimensions inches (millimeters) unless otherwise noted (Continued)

JOORon0-,

043TYP -]

il

ﬁnnnﬂ

6.4
[:I . _ __ L 444041
5] f
p ) 178
—1 L— 0.42
K [ ]o2[c[B]A 065 —=t o=
' 7 ALLLEAD TIPS
PIN #1 IDENT. LAND PATTERN RECOMMENDATION
A _ ALLLEADTIPS 015 SEE DETAIL A
) 1 [&[o1]c] 1‘0-90 010 o
/
[Simlmlninininls) [ g N[ 000
—— Lo JREL'S Sna ~* aan = s = Le =y
kil f R 7 :{
L L L 0.10:005
0.19-0.30
12.00° TOP & BOTTOM
R0.09 MI
GAGE PLANE
NOTES:
A. CONFORMS TO JEDEC REGISTRATION MO-153, VARIATION AB, 0°8° L+ N
REF NOTE 6, DATE 7/93.
B. DIMENSIONS ARE IN MILLIMETERS.
C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD FLASH, AND L \
TIE BAR EXTRUSIONS. 0.6 +0.1 SEATING PLANE
D. DIMENSIONS AND TOLERANCES PER ANSI Y14.5M, 1982. 1.00 -\
R0.09 MIN

MTC14RevC3

DETAIL A

14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153,4.4mm Wide

Package Number MTC14

www.fairchildsemi.com




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740-0.770
“ (18.80—19.56)
0.090
> 288
[ [ () [ (0] (5] (6] ot
AREA
) /N 0.25040.010
O ./ (6.350 +0.254)
PIN NO. 1 PIN NO. 1
IDENT 3T (2] 2] 2] 5).6] L] IDENT
0.082 . 0.030 MAX
(2.337) (0.762) DEPTH
OPTION 1 0PTION 02
0.135+0.005 0.300 —0.320
- {3.429%0.127) o060 {7.620-8.128) 0.065
0.145-0.2 » TYP |l 4° TYP (1.651)
(3.683-5.080) (1.524) d OPTIONAL ’

A
Y

-

4 1 950!50 0.008-0.016 [,
0.020 R B 90°+£4° TYP < —» | {0,203 —0.406)
0.508
(MIN) 0.125-0.150 =T cwszoos

(3175-3.810) > = {.805%0.381) %
0.014-0.023 {7 112) =
03560566 SR B R F2 V1) M
oot 0L
0.05040.010 +0.040
> {1.270—0.254) 0.325 015
+1,ms)
3.2
< 554).381 N14A (REV F)

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

a1re9 ANVN induj-z pend 0010V¥. « 000VY.L

which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

www.fairchildsemi.com
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Philips Semiconductors
. _________________________________________________________________________________________________________________________|

Hex inverter

Product specification

74HCO04; 74HCTO04

FEATURES

¢ Complies with JEDEC standard no. 8-1A

» ESD protection:
HBM EIA/JESD22-A114-A exceeds 2000 V
MM EIA/JESD22-A115-A exceeds 200 V.

» Specified from —40 to +85 °C and —40 to +125 °C.

QUICK REFERENCE DATA
GND=0V; Tamp=25°C; t,=t:<6.0ns.

DESCRIPTION

The 74HC/HCTO04 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A. The 74HC/HCTO04 provide six inverting
buffers.

SYMBOL

PARAMETER

TYPICAL
HCO04 HCTO4

CONDITIONS

UNIT

tpHL/tpLH

propagation delay nA to nY

CL=15pF;Vcc =5V 7 8 ns

C

input capacitance

3.5 3.5 pF

Cpp

power dissipation capacitance per gate

notes 1 and 2 21 24 pF

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in pW).

Pp = Cpp % V2 x fi x N + Z(C x V2 x fy) where:

f; = input frequency in MHz;

fo = output frequency in MHz;

C. = output load capacitance in pF;

Ve = supply voltage in Volts;

N = total load switching outputs;

3(CL x V2 x f,) = sum of the outputs.

n

For 74HCO04: the condition is V|, = GND to Vcc.

For 74HCTO04: the condition is V, = GND to Vcc — 1.5 V.

FUNCTION TABLE

See note 1.

OUTPUT

nY

H

L

Note

1. H=HIGH voltage level;
L = LOW voltage level.

2003 Jul 23



Philips Semiconductors

Product specification

Hex inverter

74HCO04; 74HCTO04

ORDERING INFORMATION

PACKAGE
TYPE NUMBER
TEMPERATURE RANGE PINS PACKAGE MATERIAL CODE
74HCO4N -40to +125 °C 14 DIP14 plastic SOT27-1
74HCTO4N -40 to +125 °C 14 DIP14 plastic SOT27-1
74HC04D -40 to +125 °C 14 S014 plastic SOT108-1
74HCTO04D -40 to +125 °C 14 S0O14 plastic SOT108-1
74HC04DB -40 to +125 °C 14 SSOP14 plastic SOT337-1
74HCT04DB -40 to +125 °C 14 SSOP14 plastic SOT337-1
74HCO4PW -40 to +125 °C 14 TSSOP14 plastic SOT402-1
TAHCTO4PW -40to +125 °C 14 TSSOP14 plastic SOT402-1
74HC04BQ -40 to +125 °C 14 DHVQFN14 plastic SOT762-1
7TAHCT04BQ -40to +125 °C 14 DHVQFN14 plastic SOT762-1
PINNING
PIN SYMBOL DESCRIPTION
1 1A data input
2 1Y data output
3 2A data input w] O [14] vee
4 2Y data output 1v[2] 13| 6A
5 3A data input 2A[ 3] 12] 6y
6 3Y data output 2y [4] 04 11]5A
7 GND ground (0 V) 35 0l 5y
8 4y data output
9 4A data input av L] o4
10 5Y data output ono [7] [8]4v
11 5A data input MNAS40
12 6Y data output
13 6A data input Fig.1 Pin configuration DIP14, SO14 and
14 Vee supply voltage (T)SSOP14.

2003 Jul 23




Philips Semiconductors

Product specification

Hex inverter

74HCO04; 74HCTO04

1A Vcc
Uy
v | 2 13 [ 6A
[2) &z]
2A | 3 12 | 6Y
ED, 2]
2y [4) GNDO) (a1] sa
3 [5) o] sv
¥ [ o]
[ [:]

Top view GND 4y MBL760

(1) The die substrate is attached to this pad using conductive die
attach material. It can not be used as a supply pin or input.

Fig.2 Pin configuration DHVQFN14.

i
iN
>
)
=<
N

w
[\
>
N
<
I

©
N
>
i
<
[oe]

11

ol
>
;]
<

10

o))
<

13

o
>

YYYYYVY

12

MNA342

Fig.3 Logic symbol.

1
1 — > 2
1
3 —] ANy
1
5 — AN
1
9 —] RN
1
11 — > 10
1
13 — >~ 12

MNA343

Fig.4 IEC logic symbol.

oo e

MNA341

Fig.5 Logic diagram (one inverter).
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Philips Semiconductors

Product specification

Hex inverter

74HCO04; 74HCTO04

RECOMMENDED OPERATING CONDITIONS

74HCO04 74HCTO04
SYMBOL PARAMETER CONDITIONS UNIT
MIN. [ TYP. | MAX. | MIN. | TYP. | MAX.
Vee supply voltage 2.0 5.0 6.0 4.5 5.0 5.5 \%
\/ input voltage 0 - Vee 0 - Vee \
Vo output voltage 0 - Vce 0 - Vee \%
Tamb ambient temperature see DC and AC -40 +25 +125 | -40 +25 +125 |°C
characteristics per
device
tr, input rise and fall times Vec=2.0V - - 1000 |- - - ns
Vec =45V - 6.0 500 - 6.0 500 ns
VCC =6.0V - - 400 - - - ns

LIMITING VALUES

In accordance with the Absolute Maximum Rating System (IEC 60134); voltages are referenced to GND (ground = 0 V).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vee supply voltage -0.5 +7.0 \%
lik input diode current Vi<-05VorV,>Vec+05V - +20 mA
lok output diode current Vo<-05VorVg>Vec+05V - +20 mA
lo output source or sink -05V<Vp<Vcc+05V - 25 mA
current
lcc, leno | Vee or GND current - +50 mA
Tstg storage temperature -65 +150 °C
Piot power dissipation
DIP14 package Tamp = =40 to +125 °C; note 1 - 750 mw
other packages Tamb = —40 to +125 °C; note 2 - 500 mwW
Notes

1. For DIP14 packages: above 70 °C derate linearly with 12 mW/K.
2. For SO14 packages: above 70 °C derate linearly with 8 mW/K.

For SSOP14 and TSSOP14 packages: above 60 °C derate linearly with 5.5 mW/K.

For DHVQFN14 packages: above 60 °C derate linearly with 4.5 mW/K.

2003 Jul 23 5



Philips Semiconductors Product specification

Hex inverter 74HCO04; 74HCTO04

DC CHARACTERISTICS

Type 74HC04
At recommended operating conditions; voltages are referenced to GND (ground =0 V).

TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
OTHER Vee (V)
Tamp =25 °C
Vi HIGH-level input voltage 2.0 15 1.2 - \Y
4.5 3.15 2.4 - Y,
6.0 4.2 3.2 - \Y
Vi LOW-level input voltage 2.0 - 0.8 0.5 Y
45 - 2.1 1.35 Vv
6.0 - 2.8 1.8 Y
VoH HIGH-level output voltage |V, =V or V.
lo =-20 pA 2.0 1.9 2.0 - Y
lo =-20 pA 45 4.4 4.5 - Y
lo =-4.0 mA 45 3.98 4.32 - Y
lo =-20 pA 6.0 5.9 6.0 - Vv
lo=-5.2mA 6.0 5.48 5.81 - Y
VoL LOW-level output voltage |V, =V or Vi,
lo =20 pA 2.0 - 0 0.1 \Y,
lo =20 pA 4.5 - 0 0.1 Y
lo=4.0 mA 45 - 0.15 0.26 \Y
lo =20 pA 6.0 - 0 0.1 Y
lo=5.2mA 6.0 - 0.16 0.26 Y,
I input leakage current V| =Vcc or GND 6.0 - 0.1 +0.1 HA
loz 3-state output OFF current |V, = Vg or Vy; 6.0 - - +.0.5 A
Vo = Ve or GND
lcc quiescent supply current V| =Vccor GND; Io=0]6.0 - - 2 HA
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Philips Semiconductors Product specification

Hex inverter 74HCO04; 74HCTO04
TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
OTHER Vee (V)
Tamp = —40t0 +85 °C
ViH HIGH-level input voltage 2.0 15 - - Y
4.5 3.15 - - \%
6.0 4.2 - - Y,
Vi LOW-level input voltage 2.0 - - 0.5 \%
4.5 - - 1.35 \
6.0 - - 1.8 \%
VoH HIGH-level output voltage |V, =V orV,
lo =-20 pA 2.0 1.9 - - \
lo = -20 pA 4.5 4.4 - - Y,
lo =-4.0 mA 4.5 3.84 - - \
lo =20 pA 6.0 5.9 - - \%
lo =-5.2 mA 6.0 5.34 - - \Y
VoL LOW-level output voltage |V, =V 4 or V_
lo =20 pA 2.0 - - 0.1 Y,
lo = 20 pA 45 - - 0.1 v
lo = 4.0 mA 45 - - 0.33 \Y;
lo = 20 A 6.0 - - 0.1 v
lo =5.2 mA 6.0 - - 0.33 Vv
I input leakage current V| =Vcc or GND 6.0 - - +1.0 MA
loz 3-state output OFF current |V, = Vg or Vy; 6.0 - - +.5.0 HA
Vo = Ve or GND
lcc quiescent supply current Vi =Vccor GND; Ip=01]6.0 - - 20 A
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Philips Semiconductors Product specification

Hex inverter 74HCO04; 74HCTO04
TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
OTHER Vee (V)
Tamb = —40 to +125 °C
ViH HIGH-level input voltage 2.0 15 - - Y
4.5 3.15 - - \%
6.0 4.2 - - Y,
Vi LOW-level input voltage 2.0 - - 0.5 \%
4.5 - - 1.35 \
6.0 - - 1.8 \%
VoH HIGH-level output voltage |V, =V orV,
lo =-20 pA 2.0 1.9 - - \
lo = -20 pA 4.5 4.4 - - Y,
lo =-20 A 6.0 5.9 - - Y,
lo=-4.0 mA 4.5 3.7 - - \%
lo =-5.2 mA 6.0 5.2 - - \Y
VoL LOW-level output voltage |V, =V 4 or V_
lo =20 pA 2.0 - - 0.1 Y,
lo = 20 pA 45 - - 0.1 v
lo =20 A 6.0 - - 0.1 Vv
lo=4.0 mA 4.5 - - 0.4 \%
lo =5.2 mA 6.0 - - 0.4 Y
I input leakage current V| =Vcc or GND 6.0 - - +1.0 MA
loz 3-state output OFF current |V, = Vg or Vy; 6.0 - - +10.0 HA
Vo = Ve or GND
lcc quiescent supply current Vi =Vccor GND; Ip=01]6.0 - - 40 A
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Hex inverter

74HCO04; 74HCTO04

Type 74HCT04
At recommended operating conditions; voltages are referenced to GND (ground =0 V).

TEST CONDITIONS

SYMBOL PARAMETER MIN. TYP. | MAX. | UNIT
OTHER Vee (V)
Tamp =25 °C
ViH HIGH-level input voltage 45t05.5 (2.0 1.6 - \%
Vi LOW-level input voltage 451055 |- 1.2 0.8 \%
VoH HIGH-level output voltage Vi=VigorV,
lo =-20 pA 4.5 4.4 4.5 - \%
lo =-4.0 mA 4.5 3.84 4.32 - \%
VoL LOW-level output voltage Vi=VgorV,
lo =20 pA 45 - 0 0.1 \%
lo=4.0 mA 4.5 - 0.15 0.26 \%
I input leakage current Vi=VccorGND (5.5 - - 0.1 HA
loz 3-state output OFF current Vi=ViorVy; 55 - - +0.5 HA
Vo = Ve or GND;
lo=0
lcc quiescent supply current V|=Vccor GND; |55 - - 2 HA
lo=0
Alec additional supply current per input |V, =Vcc—-2.1V; |[45t05.5 |- 120 432 MA
lo=0
Tamp = —40to +85 °C
Vi HIGH-level input voltage 45t055 (2.0 - - \%
Vi LOW-level input voltage 451055 |- - 0.8 \%
VoH HIGH-level output voltage Vi=VigorV, -
lo =—-20 pA 4.5 4.4 - - \%
lo =-4.0 mA 4.5 3.84 - - \%
VoL LOW-level output voltage Vi=VigorV, -
lo =20 pA 45 - - 0.1 \%
lo=4.0 mA 4.5 - - 0.33 \%
I input leakage current V|=VccorGND |55 - - +1.0 MA
loz 3-state output OFF current Vi=ViorVy; 55 - - 5.0 A
Vo = Ve or GND;
lo=0
lcc quiescent supply current V| =Vccor GND; |[5.5 - - 20 MA
lo=0
Alcc additional supply current per input |V, =Vec—-2.1V; [45t055 |- - 540 MA
lo=0
2003 Jul 23 9




Philips Semiconductors Product specification

Hex inverter 74HCO04; 74HCTO04
TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. | MAX. | UNIT
OTHER Vee (V)
Tamb = —40 to +125 °C
ViH HIGH-level input voltage 45t05.5 (2.0 - - \%
Vi LOW-level input voltage 451055 |- - 0.8 \%
VoH HIGH-level output voltage Vi=VgorV,
lo =-20 pA 45 4.4 - - \%
lo =-4.0 mA 4.5 3.7 - - \%
VoL LOW-level output voltage V,=ViorV,
lo =20 pA 4.5 - - 0.1 \%
lo=4.0mA 45 - - 0.4 \%
I input leakage current Vi|=VccorGND |5.5 - - +1.0 HA
loz 3-state output OFF current Vi=ViorVy; 55 - - +10 HA
Vo = Ve or GND;
lo=0
lcc quiescent supply current V|=Vccor GND; |5.5 - - 40 HA
|o =0
Alcc additional supply current per input |V, =Vec—-2.1V; [45t055 |- - 590 A
|o =0
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Hex inverter

74HCO04; 74HCTO04

AC CHARACTERISTICS

Family 74HC04
GND =0V; t, =t < 6.0 ns; C_ = 50 pF.

TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
WAVEFORMS Vee (V)
Tamp =25 °C
tpHL/tPLH propagation delay see Figs 6 and 7 2.0 25 85 ns
nAtony 4.5 17 ns
6.0 14 ns
tTHU/tTLH output transition time see Figs 6 and 7 2.0 19 75 ns
4.5 7 15 ns
6.0 6 13 ns
Tamp = —401t0 +85 °C
tpHL/tPLH propagation delay see Figs 6 and 7 2.0 - 105 ns
nAtony 4.5 - 21 ns
6.0 - 18 ns
tTHUTLH output transition time see Figs 6 and 7 2.0 - 95 ns
4.5 - 19 ns
6.0 - 16 ns
Tamp = —40t0 +125 °C
tpHL/tPLH propagation delay see Figs 6 and 7 2.0 - 130 ns
nAtonY 4.5 - 26 ns
6.0 - 22 ns
tTHU/TLH output transition time see Figs 6 and 7 2.0 - 110 ns
4.5 - 22 ns
6.0 - 19 ns

2003 Jul 23
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Philips Semiconductors Product specification

Hex inverter 74HCO04; 74HCTO04

Family 74HCTO04
GND=0V;t=t<6.0ns; C_ =50 pk

TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
WAVEFORMS Vee (V)
Tamb =25 °C
tpHL/tPLH propagation delay see Figs 6 and 7 4,5 - 10 19 ns
nAto nY
tTHU/TLH output transition time see Figs 6 and 7 45 - 7 15 ns

Tamp = —40 to +85 °C

tpHL/tPLH propagation delay see Figs 6 and 7 45 - - 24 ns
nAto nY
tTHUtTLH output transition time see Figs 6 and 7 45 - - 19 ns

Tamp = —40 to +125 °C

tpHL/tPLH propagation delay see Figs 6 and 7 45 - - 29 ns
nAto nY
trHU/tTLH output transition time see Figs 6 and 7 4.5 - - 22 ns
AC WAVEFORMS
Vi
nA input Vm Vm
GND
> tPHL - [~ tpLH
VoH 3 90%
nY output Vm Vm
10%
VoL
tTHL TTLH mwazzz

For 74HCO04: Vi = 50%; V, = GND to Vcc.
For 74HCTO04: Vjy = 1.3 V; V, = GND t0 3.0 V.

Fig.6 Waveforms showing the data input (nA) to data output (nY) propagation delays and the output transition
times.
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Hex inverter 74HCO04; 74HCTO04

Vee

V| VO
PULSE ~ DUT ~

GENERATOR J_
Ry L c:Ll 50 pF

MGK565

Definitions for test circuit:
C, = Load capacitance including jig and probe capacitance.
Rt = Termination resistance should be equal to the output impedance Z, of the pulse generator.

Fig.7 Load circuitry for switching times.
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Hex inverter 74HCO04; 74HCTO04

PACKAGE OUTLINES

DIP14: plastic dual in-line package; 14 leads (300 mil) SOT27-1
- D
[]
c
©
o
D
£
IS
(]
n
P
»‘ .W
by ®
_ N =
| l
IS S W N [ M
1 7
0 5 10 mm
L I | I ]
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A A1 | Az ® @ z®
UNIT max. min. max. b by c D E e e L Mg My w max.
173 | 053 | 036 | 19.50 | 6.48 360 | 825 | 10.0
mm 42 1 051 1 32 | 193 | 038 | 023 | 1855 | 620 | 2% | 702 | 305 | 780 | 83 | 024 | 22
) 0.068 | 0.021 | 0.014 | 0.77 | 0.26 0.14 | 032 | 0.39
inches | 0.17 | 002 | 013 | 5544 | 0015 | 0009 | 073 | 024 | %1 | 93 | 015 | 031 | o33 | 00 | 0087
Note
1. Plastic or metal protrusions of 0.25 mm (0.01 inch) maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION ISSUE DATE
IEC JEDEC JEITA
99-12-27
SOT27-1 050G04 MO-001 SC-501-14 = @ 03.09.13
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74HCO04; 74HCTO4

Hex inverter

S014: plastic small outline package; 14 leads; body width 3.9 mm SOT108-1
- D - -~ E——=p—A
—= X
Hﬁ/ \
f T
\ v /
cr‘ N k/
oY) | He = @A
7 -
nppppQmE
[
|
T o
A -
———f—f—f{»f—f—fff ® AL I ) A
pin 1 index i# ‘ v +
- f ¢
| LP
BEBHBBE, il
ops .y
p
0 25 5mm
L I | |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT [ = | A1 | A2 | Az | by c | D@ | EM | e He L Lp Q v w y | z® | @
0.25 | 1.45 0.49 | 0.25 | 8.75 | 4.0 6.2 10 | 07 0.7
mm 13751 010 | 125 | 925 | 036 | 019 | 855 | 38 | 127 | 58 | 105 | 04 | 06 | 025|025 | 01 | g3 | oo
. 0.010 | 0.057 0.019 [0.0100| 0.35 | 0.16 0.244 0.039 | 0.028 0028| 0°
inches | 0.069 | 5 004 | 0.049 | %91 | 0.014 [0.0075| 0.34 | 0.15 | 90° | 0.228 | %041 | 0016 | 0.024 | 001 | 0-01 | 0.004 | 5575
Note
1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included.
REFERENCES
VERSION (CUROPEAN. | IsSUE DATE
IEC JEDEC JEITA
SOT108-1 076E06 MS-012 = @ PO
15
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74HCO04; 74HCTO04

SSOP14: plastic shrink small outline package; 14 leads; body width 5.3 mm SOT337-1
‘ D E b— A
| | //\\
| | | /) \
‘ : : T |
OUIIo o J T,
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DIMENSIONS (mm are the original dimensions)
A
UNIT | S| A | Az | Ag | by c | DO EM| e He L Lp Q v w y | z® | @
0.21 | 1.80 0.38 | 0.20 6.4 5.4 7.9 1.03 0.9 1.4 8°
mmo2 1005 | 165 | %% | 025 | 009 | 60 | 52 | %8| 76 | 1% | 063 | 07 | 02 | 013 | 01 | g9 | go
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
REFERENCES
VERSION PROJECTION | SSUE DATE
IEC JEDEC JEITA
SOT337-1 MO-150 g @ 03-02-19
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Philips Semiconductors Product specification

Hex inverter 74HCO04; 74HCTO04

TSSOP14: plastic thin shrink small outline package; 14 leads; body width 4.4 mm

SOT402-1
D «~ B oA
[
——1 ] — \}
i t /
minlnlnlnininln R T
I * ‘/
Oly] e =V @lal
" - 7
14 8
|
\
| '
| b 0
[ Ay i (A3)
- ]
pin 1 index i A+1
e vy 1
| f be
! <—|_p4>
A _L o U - [ ——>
— - - w
5 b
0 2.5 5mm
\ P |
scale
DIMENSIONS (mm are the original dimensions)
A
UNIT | 20| A1 | Az | Ag bp c DD | E@ | e He L Lp Q v w y zW | o
0.15 | 0.95 0.30 0.2 5.1 4.5 6.6 0.75 0.4 0.72 8°
mmo| 11 1005 | 080 | %25 [ 019 | 01 | 49 | 43 | %% | 62 | 1 |os0| 03 | %2 | 013 ] Ol J o35 | qo
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
SOT402-1 MO-153 = @ ot
2003 Jul 23
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Philips Semiconductors Product specification

Hex inverter 74HCO04; 74HCTO04

DHVQFN14: plastic dual in-line compatible thermal enhanced very thin quad flat package; no leads;

14 terminals; body 2.5 x 3 x 0.85 mm SOT762-1
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DIMENSIONS (mm are the original dimensions)
AW W W
UNIT max. | A1 b c D Dy E Eh e eq L v w y Y1
0.05 | 0.30 3.1 | 1.65 26 | 1.15 0.5
mm 1 1000|018 %2 | 209|135 | 24 | 085 | %5 | 2 | g3 | 01 |005]005) 01
Note
1. Plastic or metal protrusions of 0.075 mm maximum per side are not included.
REFERENCES
VERSION padnEmN | 1ssuE DATE
IEC JEDEC JEITA
-62-16-17
SOT762-1 MO-241 == @ G

2003 Jul 23
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Philips Semiconductors

Product specification

Hex inverter

74HCO04; 74HCTO04

DATA SHEET STATUS
DATA SHEET | PRODUCT
LEVEL | “cratus® | STATUS®IO DEFINITION

Objective data

Development

This data sheet contains data from the objective specification for product
development. Philips Semiconductors reserves the right to change the
specification in any manner without notice.

Preliminary data

Qualification

This data sheet contains data from the preliminary specification.
Supplementary data will be published at a later date. Philips
Semiconductors reserves the right to change the specification without
notice, in order to improve the design and supply the best possible
product.

Product data

Production

This data sheet contains data from the product specification. Philips
Semiconductors reserves the right to make changes at any time in order
to improve the design, manufacturing and supply. Relevant changes will
be communicated via a Customer Product/Process Change Notification

(CPCN).

Notes

1. Please consult the most recently issued data sheet before initiating or completing a design.

2. The product status of the device(s) described in this data sheet may have changed since this data sheet was
published. The latest information is available on the Internet at URL http://www.semiconductors.philips.com.

3. For data sheets describing multiple type numbers, the highest-level product status determines the data sheet status.

DEFINITIONS

Short-form specification [0 The data in a short-form
specification is extracted from a full data sheet with the
same type number and title. For detailed information see
the relevant data sheet or data handbook.

Limiting values definition [ Limiting values given are in
accordance with the Absolute Maximum Rating System
(IEC 60134). Stress above one or more of the limiting
values may cause permanent damage to the device.
These are stress ratings only and operation of the device
at these or at any other conditions above those given in the
Characteristics sections of the specification is not implied.
Exposure to limiting values for extended periods may
affect device reliability.

Application information [0 Applications that are
described herein for any of these products are for
illustrative purposes only. Philips Semiconductors make
no representation or warranty that such applications will be
suitable for the specified use without further testing or
modification.

2003 Jul 23

DISCLAIMERS

Life support applications O These products are not
designed for use in life support appliances, devices, or
systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips
Semiconductors customers using or selling these products
for use in such applications do so at their own risk and
agree to fully indemnify Philips Semiconductors for any
damages resulting from such application.

Right to make changes [ Philips Semiconductors
reserves the right to make changes in the products -
including circuits, standard cells, and/or software -
described or contained herein in order to improve design
and/or performance. When the product is in full production
(status ‘Production’), relevant changes will be
communicated via a Customer Product/Process Change
Notification (CPCN). Philips Semiconductors assumes no
responsibility or liability for the use of any of these
products, conveys no licence or title under any patent,
copyright, or mask work right to these products, and
makes no representations or warranties that these
products are free from patent, copyright, or mask work
right infringement, unless otherwise specified.
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@ MOTOROLA

DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

The SN54/74LS112A dual JK flip-flop features individual J, K, clock, and
asynchronous set and clear inputs to each flip-flop. When the clock goes
HIGH, the inputs are enabled and data will be accepted. The logic level of the
J and K inputs may be allowed to change when the clock pulse is HIGH and
the bistable will perform according to the truth table as long as minimum set-up
and hold time are observed. Input data is transferred to the outputs on the
negative-going edge of the clock pulse.

LOGIC DIAGRAM (Each Flip-Flop)

>
Q o— j —o0 Q
5(9 6(7)
! 1 T><I[
CLEAR (Cp) o > 0 SET (Sp)

15(14) | [ | 1R 410
B FDO_ {1—0 ;
(11) 2(12)

0 113

CLOCK (CP)

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS
OPERATING MODE

Sp |[Cp | J K Q Q
Set L H X X H L
Reset (Clear) H L X X L H
*Undetermined L L X X H H
Toggle H H h h q q
Load “0” (Reset) H H | h L H
Load “1” (Set) H H h | H L
Hold H H | | q q

* Both outputs will be HIGH while both Sp and Cp are LOW, but the output states
are unpredictable if Sp and Cp go HIGH simultaneously.

H, h = HIGH Voltage Level

L, I = LOW Voltage Level

X =Don't Care

I, h (q) = Lower case letters indicate the state of the referenced input (or output)
one set-up time prior to the HIGH to LOW clock transition.

SN54/74LS112A

DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

16
1
N SUFFIX
\ PLASTIC
16 CASE 648-08
1
lﬁ(&
1

D SUFFIX
SOIC
CASE 751B-03

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

LOGIC SYMBOL

i 10
5y SDql—s5 11, SDgl o
1—qCP 13—qCP
2—K ¢p Op—6 K ¢, Op—7
Y T
15 14
Vcc=PIN 16
GND =PIN8

FAST AND LS TTL DATA
5-185




SN54/74LS112A

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Vce Supply Voltage 54 4.5 5.0 5.5 Y
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
loH Output Current — High 54, 74 -0.4 mA
loL Output Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Vin Input HIGH Voltage 20 v gltlj?r:gztged Input HIGH Voltage for
54 0.7 Guaranteed Input LOW Voltage for
VL Input LOW Voltage \Y Al Inout
74 0.8 nputs
VK Input Clamp Diode Voltage -0.65 | -15 \% Vce =MIN, [y =-18 mA
54 25 35 \ = = =
VOH Output HIGH Voltage VCVC M”\_ll_’ IOhHT b'\IAAX’ VIN =VIH
74 27 35 v or V| per Truth Table
54,74 0.25 0.4 \Y loL=4.0mA Vce =Vee MIN,
VoL Output LOW Voltage VIN = V]Lor VIH
74 0.35 0.5 \ loL =8.0mA per Truth Table
J,K 20
Set, Clear 60 HA Vce = MAX, VIN=2.T7V
Clock 80
IIH Input HIGH Current
J,K 0.1
Set, Clear 0.3 mA Vce = MAX, VIN=T7.0V
Clock 0.4
Input LOW Current | J, K -0.4 _ _
e Clear, Set, Clk —08 | MA [ VeCc=MAX ViN=04V
los Short Circuit Current (Note 1) -20 -100 mA Vce = MAX
Icc Power Supply Current 6.0 mA Vce = MAX

Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.

AC CHARACTERISTICS (Ta =25°C,Vcc =5.0V)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
fMAX Maximum Clock Frequency 30 45 MHz
tPLH Propagation Delay, Clock 15 20 ns Vchc:lg'gFV
tPHL Clear, Set to Output 15 20 ns
AC SETUP REQUIREMENTS (Tp = 25°C, Vcc =5.0V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tw Clock Pulse Width High 20 ns
tw Clear, Set Pulse Width 25 ns
- Vcc =50V
ts Setup Time 20 ns
th Hold Time 0 ns

FAST AND LS TTL DATA
5-186



Case 751B-03 D Suffix
16-Pin Plastic
B . X SO-16
A

I O

B PH[0250010®] B® ]

8PL

Hj ILHHHH_H — e

Bl === ==1=1=i0 I fe—hy
D16PL—>”<— T { l;PLANE KM
[4]0250.010) @ [T BO[ A G|

Case 648-08 N Suffix

16-Pin Plastic
{-A-]
AR RN N N Nl o
16 9 A
D B
2 o
[FIPIUP I R
iy -
l .
SEATING
I PLANE
G =
D16PL
[4]0.25 (0.010) ® [T] A® |
Case 620-09 J Suffix
I [-A-] i 16-Pin Ceramic Dual In-Line
16 9
[-B-]
1 8
C— le— | —>
. /" \
e Y \
E— N— el
= G —»jl«— J16PL
D16 [4]0.25 0010 @ [T] BO® |

[$]025 0010 @ [T A® |

F—»/L:EJ

NOTES
. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSION A AND B DO NOT INCLUDE MOLD
PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.
5. 751B-011S OBSOLETE, NEW STANDARD
751B-03.
MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX
A 9.80 | 10.00 | 0.386 | 0.393
B 3.80 | 4.00 [ 0.150 | 0.157
[ 1.35 1.75 | 0.054 | 0.068
D 0.35 | 049 | 0.014 | 0.019
F 0.40 1.25 | 0.016 | 0.049
G 1.27 BSC 0.050 BSC
J 0.19 | 0.25 | 0.008 | 0.009
K 0.10 [ 0.25 | 0.004 | 0.009
M 0° 7 0° 7°
P 5.80 | 6.20 | 0.229 | 0.244
R 025 | 050 | 0.010 | 0.019
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.

3. DIMENSION “L” TO CENTER OF LEADS WHEN
FORMED PARALLEL.

4. DIMENSION “B” DOES NOT INCLUDE MOLD
FLASH.

5. ROUNDED CORNERS OPTIONAL.
6. 648-01 THRU -07 OBSOLETE, NEW STANDARD
648-08.
MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX

A | 18.80 | 19.55 | 0.740 | 0.770
B 6.35 | 6.85 | 0.250 | 0.270
c 3.69 | 444 | 0145 | 0175
D 039 | 053 | 0.015 | 0.021
F 1.02 1.77 | 0.040 | 0.070
G 2.54 BSC 0.100 BSC
H 1.27BSC 0.050 BSC
J 0.21 0.38 | 0.008 | 0.015
K 2.80 | 3.30 | 0.110 | 0.130
L 750 | 7.74 | 0.295 | 0.305
M 0° 10° 0° 10°
S 0.51 1.01 | 0.020 | 0.040

NOTES

. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
CONTROLLING DIMENSION: INCH.
DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.
DIM F MAY NARROW TO 0.76 (0.030) WHERE
THE LEAD ENTERS THE CERAMIC BODY.

@

>

5. 620-01 THRU -08 OBSOLETE, NEW STANDARD
620-09.

MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX
A | 19.05 | 1955 | 0.750 | 0.770
B 610 | 7.36 | 0.240 | 0.290
[ — | 419 — | 0.165
D 039 | 053 | 0.015 | 0.021
E 1.27 BSC 0.050 BSC
F 1.40 [ 1.77 | 0.055 [ 0.070
G 2.54 BSC 0.100 BSC
J 0.23 [ 0.27 | 0.009 | 0.011
K — | 5.08 — | 0200
L 7.62 BSC 0.300 BSC
1] 0° ] 15° 0° 15°
N 0.39 | 0.88 | 0.015 | 0.035

FAST AND LS TTL DATA
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Motorolareserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and ** are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

Literature Distribution Centers:

USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036.

EUROPE: Motorola Ltd.; European Literature Centre; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England.

JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanda, Shinagawa-ku, Tokyo 141, Japan.

ASIA PACIFIC: Motorola Semiconductors H.K. Ltd.; Silicon Harbour Center, No. 2 Dai King Street, Tai Po Industrial Estate, Tai Po, N.T., Hong Kong.
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