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PE®EPAT

[TosicauTenpHas 3amucka 87 ctp., 83 puc., 7 Tabm., 16 uct., 6 mpui.

NI MULTISIM 14.0, TABOPATOPHAS PABOTA, BBIIIPAMUTEIJID,
CTABMJIM3ATOP, TPAH3MUCTOPHBIM YCUJIWTEJb, TEHEPATOP,
AHAJIOI'OBBIE YCTPOMCTBA, UICTOYHUKU ITUTAHKS.

OO0BeKTOM pa3pabOTKU SIBISIIOTCSA JabOpaTOpHbIE padOTHI MO AUCIMILIMHAM
«OCHOBBI KOMIIBIOTEPHOTO MIPOEKTUPOBAHUS u MOJICTTUPOBAHUS
TEJICKOMMYHUKAIIMOHHBIX  cUCTeM»,  «MojenupoBaHue  MHUKPOBOJIHOBBIX
YCTPOMCTB» aJalTUPOBAHHBIE K HOBOW MPOrPAMMHOM CPELE.

[enb paboThl — pazpaboTKa IUKIIA Ja0OpaTOPHBIX padoT «MojaenupoBaHue
AHAJIOTOBBIX YCTPOMCTB» B mporpammHoii cpeae NI Multisim.,

BeinyckHast kBanuuKanuoHHas paboTa MpeacTaBiseT coOOM  4YacTb
pa3pabaThiBaEMOro Kypca J1a0OpaTOpHBIX pabOT. YKa3aHHBIH KypC COCTOUT U3
JIByX 4YacTeH, oJHa M3 KOTOphIX — «MojenupoBaHue aHAJIOTOBBIX YCTPOHCTBY,
IPEICTaBICHHAS B TAHHOW paboTe. YKa3aHHas 4acTh JJA0OPATOPHOTO MPAKTUKyMa
ABJIIETCSI  MOJEPHU3UPOBAHHOM  BEpCHEM  METOAMYECKOTO  TMOCOOMs K
naboparopHbiM pabotam «IIpoekTrpoBanue POC B makerax OrCAD u Microwave
Officey.

Ienbro maHHOM pa®OTHI ObLTA HE TOJBKO AJaIlTaIMs CTApOTO Kypca K HOBOM
MpOrpaMMHOM  cpelle, HO ¢ TMOJYy4YCHUs TIOJIE3HBIX HABBIKOB B 00JacTH
MOJICIUPOBAHUSI AHAJIOTOBBIX YCTPONCTB CTyJAEHTaMU (pakyibTeTa PaAMOTEXHUKU
u tenekommyHukanuid CII6I9TY «JIDTU».

B nanHoM Kypce paboT MOAEIMPOBAHUE BBIMOJIHSAETCS C TOMOUIBIO
nporpammuoro ooecrneuerus - NI Multisim 14.0. BKP coxepxuT pykoBOJCTBO 110
BBITIOJTHEHUIO TPEX JTA00pATOPHBIX paldOT, IS KaKI0M M3 HUX MOJAPOOHO ONHcaH
QITOPUTM JICUCTBUI  BBITIOJIHEHUS PaOOThl M TPUBEACHBI TEOPETHUUCCKHE
BBIKJIQJKU. Pe3ynpTaToM TpOJEIaHHOW pabOThl  SIBISIETCS 4YacTh HOBOTO

METOJIUYECKOT0 MOCOOUsSI IO MOJEIUPOBAHMIO aHAJIOTOBBIX ycTpoucTB B 110 NI

Multisim 14.0.



ABSTRACT

This paper is the part of a laboratory casebook and is devoted to the
modeling of analog devices. It is a modernized version of the casebook for
laboratory practices in the discipline "Basics of Computer Design and Modeling of
Telecommunication Systems".

As a result of the work, the manual was adapted to the new software
environment - NI Multisim 14.0. The use of modern software will allow us to
obtain new useful skills in modeling analog devices for students of the Faculty of

Radio Engineering and Telecommunications of ETU “LETI”
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OIIPEAEJIEHUSA, OBO3HAYEHUA U COKPALLIEHUSA

B Hacrosmen nosiCHUTENIbHON 3alMCKE IPUMEHSIOT CIEIYIOIINE TEPMUHBI C
COOTBETCTBYIOIIMMH OIIPEIEICHUSIMM:

NI — National Instruments

BKP — BeinyckHast kBanu@uKauoHHas padoTa

0D — o6mMit SMUTTEP

Ob — o0mias 6a3a

OK — oO1uit KoIeKTop

[1O — nporpamMmmHOE obecrieueHne

POC - pagnosnexkTpoHHBIE CPEACTBA



BBEJAEHUE

KomneroTrepHoe MoaenupoBaHuME CTajg0 BaXHOM COCTABHOM YacTbIO
MIPOEKTUPOBAHMS JJEKTPOHHBIX YCTPOMCTB. lIporpaMmbl CXEMOTEXHHUYECKOIO
aHallM3a PaJAMOdIEKTPOHHBIX CPEACTB MPEACTaBIAOT €000  BUpPTYyallbHbIC
7ab0opaTopuu, UMEIOUIUE B CBOEM COCTaBE OMOIMOTEKH CEPUNHBIX JIEKTPOHHBIX
KOMIOHEHTOB. OHH TMO3BOJSIOT HMHXEHEPY MPOBEPUTH, YIOBJIETBOPSET JIU
CIOPOEKTUPOBAHHOE WM YCTPOWCTBO TpEOOBAaHUSIM TEXHUYECKOIO 3aJaHusi, M
OTJaJUTh €ro Mepej] U3rOTOBJIEHUEM OIBITHOrO oOpa3ua. MHorue mporpaMmsl
JAI0T BO3MOYKHOCTh aBTOMAaTH3UPOBATh BCE CTAJIMU MPOECKTUPOBAHUS YCTPOUCTBA,
TaKMe Kak I[OATrOTOBKAa NPUHIMIHUAIBHBIX CXEM, MOJEIMPOBAHUE Pa3IUYHBIX
IPOLECCOB B AHAJIOTOBBIX M LUQPOBBIX LENAX, KOMIOHOBKY M TpPAaCCHUPOBKY
NEYaTHBIX IUIAT, PEIAKTUPOBAHUE U PACIIMPEHUE OMOIMOTEKH KOMIIOHEHTOB.

B Hacrosiiee Bpems 115 cTyeHTOB dakynbTeTa paguorexuuku CII6IDTY
«JIDTU» pa3paboTraH U YCHEIIHO BHEIPEH Kypc Ja00OpaTOpHbIX padoT
«IIpoextupoBanue POC B makerax OrCAD u Microwave Office», aBropom
KoToporo sBisiercs 'onoBkoB A.A.[1].

CymiectByeT OOJbIIOE KOJIMYECTBO MAKETOB CXEMOTEXHHUYECKOIO aHaau3a,
CXOXHUX C YyKa3aHHBIM BbIIIE TMakeToM, Hampumep, Micro-CAP ot Spectrum
Software, McCAD EDA Tools, NI Multisim, Protel DXP u np. [2]. B ¢Bsi3u ¢ aTuM
pa3nuyHble KOMITAHWM MCHOJIBb3YIOT KaKOW-TMOO KOHKPETHBIM MaKeT MporpaMm
WIM HECKOJIbKO. 3HAaHUE NMPUHIMIOB PadOThl U OMBIT pa3pabOTKU B HECKOJIBKUX
cpellax MOJEIMPOBAHUSl CTAHOBATCS OYEBUIHBIM IUIFOCOM JJIi COMCKATEJEeH,
KOTOpbIMU sIBISI0TCA BbIMYCKHUKH CIIOIDTY «JIDTU». Takxke BiageHue cpasy
HECKOJBKMMH CHEUUATU3UPOBAHHBIMA TAKETaMH IO3BOJISIET COKPATHTHh BpEMS
pa3pabOTKM M TMOBBICUTH KAadeCTBO CIPOCKTUPOBAHHOIO YCTPOMCTBA, IyTEM
no10opa 11l KOHKPETHOH 3a7auu ONTUMAIbHOTO HHCTPYMEHTA MOACIUPOBAHUS.

Takum oOpa3om, uis TOBBIILIEHUS IIEHHOCTH Ha pbBIHKE TpyJaa
BBINTYCKAIOIIUXCS  CIEUUATUCTOB W Pa3BUTHS NPO(PECCHOHATBHBIX HABBIKOB

CTYJ€HTOB BO3HHMKJA HEOOXOJMMOCTh aJalTalldyd CYLIECTBYIOLIEro Kypca



7a00paTOpHBIX paboOT MO CXEMOTEXHHYECKOMY MOJCIMPOBAHUIO K HOBOMY
IPOrpaMMHOMY UHCTPYMEHTY.

OgHuM M3  COBPEMEHHBIX TAaKETOB, IMO3BOJSIOMIUX  MOJEIUPOBAThH
ANIEKTPOHHBIE cXeMmbl, sBhsercss NI Multism. VYkazanselii Habop mnporpamm
o0najaeT MPOCTHIM HArJSAHBIM HHTEPPEHCOM, COAECPKUT MOIIHBIE CPEICTBa
aHaiM3a pe3ysbTaToB MoJAeIUpoBaHus. JlaHHBIA MPOIYKT pa3paboTaH W3BECTHBIM
IPOM3BOIUTENIEM H3MepuTeNbHOro obopynoanus National Instruments [3]. B Hem
collepKaTcsi MOJENM BHUPTYAIbHBIX HM3MEPHUTENbHBIX MPUOOPOB, KOMHPYIOUIUX
peasibHbIe aHaJOTH. TeCHOE COTPYIHUYECTBO C MPOU3BOAMTEISMU DIIEKTPOHHBIX
KOMITOHEHTOB TIO3BOJIJIO COOpaTh BHYIIMTENIbHYIO OnOnnoreky: 6osnee yem 2000
SPICE-mopneneit Analog Devices, Phillips, NXP u ap. Takum o6pazom, NI
Multisim ga€T BO3MOKHOCTH OOBEAMHUTH MPOLECCHl Pa3padOTKH 3JIEKTPOHHBIX
YCTPOMCTB M TECTUPOBAHHE HAa OCHOBE TEXHOJOTHMH BUPTYaJIbHBIX IMPUOOPOB AJis
y4€OHBIX U MPOU3BOIUTENbHBIX LIETCH.

Brimeckazannoe mo3BOWIO ciaenarh BbIOOpP B moib3y NI Multisim B
KayecTBE MHCTPYMEHTA JJIs1 BBIMOJIHEHUSI JaOOPaTOPHBIX padoT.

[lenbto paboOTHI SBISETCS — MOJEPHHU3AIUS METOJAMYECKOTO MOCOOUs K
nabopatopubiM pabotam «IIpoextupoanue POC B makerax OrCAD u Microwave
Office» ¢ momompto tporpammuoro odecneuenuss - NI Multisim 14.0. BKP
comepkut 3 yabopaTopHble pPabOThl C MOAPOOHO OMUCAHHBIM AJITOPUTMOM
JNEHCTBUIM M TEOpETUYECKUE BBIKIAIKU JUISI KaXJO0TO MPEICTaBICHHOIO 0OBEKTa
monenupoBanus. llepBas maGoparopHas paboTa TMOCBSIICHA MOJCIHPOBAHUIO
HMCTOYHUKOB MUTaHus. B manHOM paboTe HE0OXOIUMO MOAPOOHO 03HAKOMUTHCS C
TaKUMH YCTPOMCTBAMU KaK: BHIIIPSIMUTENbh U CTA0OMIN3aTOP HATIPSKCHUSI.

Bo Btopo#t mabopaTopHOi paboTe OMHUCHIBAIOTCS Pa3IUYHBIE METOJbI
MOJICTIUPOBAHUS TPAH3UCTOPHOTO YCHUJIUTENS C MOCIEAYIOIIUM TECTUPOBAHHUEM
pudoOpoB, MOBTOPSIIOIIUX peanbHbIe aHaJIoTH ocmmutorpada,
CIEKTpOaHAIM3aTOpa H  aHalW3aTopa aMIUIUTYIHBIX W ()a309acTOTHBIX

xapaktepuctk — Bode Plotter.
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JIaGopartopHnast pabota Ne 3 «MonenupoBaHue reHEpaTopoB» COACPKHUT 3
MOJIET TeHEepaTOpOB C pPa3M4HBIMU crocobamu  Bo30ykaeHus. JlanHas
nmabopatopHas padoTa CHOCOOCTBYET MJajbHEHIIEMY 3HAKOMCTBY CTYIEHTA C
BUPTYaJIbHBIMU H3MEPUTEILHBIMU MIPUOOPAMU M PA3IMIHBIMI METOJAMH aHAJIN3A.

B KkoHIIE KaXIOTO PYKOBOJCTBA K BBIMOJHEHUIO JIAOOPATOPHOH pabOThI
Tpe/ICTaBlIeH OTUYET MO BBITOIHEHUIO TaHHOHM paboThI, CoAepIKaIluil HEOOXOIUMBIE

rpaduku 1 TaOIULIBL.
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I''/TABA 1. OB30OP JIUTEPATYPBI.

Ha  ceromHsammuii  OeHb  CYIIECTBYET  MHOXECTBO  NPOrpamm
CXEMOTEXHUYECKOTO MPOCKTUPOBAHUS PAJAUOIIECKTPOHHBIX YCTPOMCTB, KOTOpPbHIE
TakKe O00JIaJaloT BO3MOXKHOCTBbIO MozenupoBanusa. lllupokoe mnpumeHeHHe B
cepe CXEMOTEXHHYECKOTO aHaju3a IMOJIydWIM MporpamMmbl, Takue kak Micro-
CAP ot Spectrum Software, McCAD EDATools, NI Multisim, Protel DXP u ap.

Paccmorpum Hekoropeie u3 HuX. MiCroOCAP — cucrema MojeMpoOBaHHS,
IpeHa3HaYeHHAas JUIsl aHaJInu3a aHAJIOTOBBIX, MU(GPOBBIX U CMEIIAHHBIX aHAJIOTo-
G poBeIX ycTpoicTB [4]. JlaHHas mporpamMma JIETKO ycBawBaemas, 3a CYET
ya00HOro u mpocTtoro uHrepdeiica. Tak ke OHa HE MPEIBSABISICT 3aBBINICHHBIX
TpebOBaHMI K TMporpamMmHo-anmapatHbiM cpeactBam [IK, uro u gemaer eé
BocTpeOoBanHOi. B ocHoBHOM Micro-CAP mosb3yercs crmpocoMm — cpeau
CTYACHTOB, Oylarojapss MpOCTOTE€ B  HCHOJb30BaHUM. boiee  cioxHOM
aBTOMATU3UPOBAHHOM CHCTEMOM, COCTOSIIEH, W3 HECKOJIbKUX aBTOHOMHBIX
nporpaMMHbIX ~ Moayieid  sBisercss cuctremMa OrCAD [5].  OcHoBHBIMH
KOMITOHEHTaMHU JaHHOM CHCTEeMbI SIBIISIOTCS: Tpaduueckuii pemakrop — Capture,
rpaduyecKuil perakTop MmevaTHeIX miaaT — Layout m mporpaMMa MOAenIupOBaHUS
3JIEKTPOHHBIX ycTpoiicTB — PSpice. Hanuuune rpaduueckoro pemakropa - Layout,
TOBOPHUT O BO3MOXKHOCTH TPACCHPOBKH MEYATHBIX IJIaT, KOTOPOH JUIIIEHA CUCTEMA
MicroCAP. Cucrema OrCAD MokeT POBOJIUTH HECKOJIBKO THIIOB aHAIHM3a CXEM,
TaKhe KaK aHaJU3 MEPEXOJHBIX MPOIEcCOoB, Pyphe aHAIM3, aHAIN3 BHYTPECHHHUX
IIYMOB, TMapaMETPUUYECKUN aHAIU3 W JIp. DTH K€ CaMble THUIBI aHAJIM3a MOYKHO
BcTpetuTh B mporpamme NI Multisim [6]. Ona B cBoto ouepenp 061agaeT BBICOKOM
GyHKIHOHATBHOCTRIO, B oTauune oT MICrOCAP, pa3paboTdynku KOTOPOW
CTPEMUJIMCHh K KOMIIPOMHUCCY MEXKIY (PYHKIIMOHATLHOCTHIO M TIPOCTOTOM, MOTYYHB
HeuTo cpenuee. [Iporpamma mmeer Ha cBoéM cuery Oosnee 2000 KOMITOHEHTOB
MHUPOBBIX Tpou3BoauTeneii, Takux kak Analog Devices, Phillips, NXP u np.
HNannas  mnatrgopma  OTIMYAeTCsl  OT  BBINICONHCAHHBIX  MPOTPaMM
CXEMOTEXHUYECKOTO aHallu3a TMPEAOCTaBICHUEM BO3MOXHOCTH IOJIb30BATEIIO

OOBEIUHUTH TMPOLIECCH Pa3pabOTKKU AIEKTPOHHBIX YCTPOWCTB M TECTUPOBAHHE Ha
12



OCHOBE TEXHOJIOTHH BUPTYaJbHBIX MpUO0poB. HeoOXoammMo Tak e BBIJCIHUTD, YTO
BCE IMEPEUYUCIICHHBIE MPOrPaMMBbl SIBISIIOTCS KOMMEPUYECKUMU U HMX JETraJibHbIC
BEPCUU HEJOCTYIHBI JJIsI MHOTHX YUpEXKICHUM BBUAY O0JbIIoi croumoct. Ho B
2018 rTomy y crynmentoB dakynpreta paauorexuuku CIIOIOTY  «JIDTU»
NOSIBUJIACh BO3MOXKHOCTh HM3ydeHus mporpammbl NI Multisim, 4ro BwI3BasO
HEOOXOJMMOCTh  aJanTallid K HOBOM CHCTEeME MOJECIMPOBAHUS  HBIHE
CYILIECTBYIOLIErO Kypca JadopatopHbix padot «IIpoexktrpoBanue POC B makerax
OrCAD u MicroWaveOffice», aBropom kotoporo siBisiercst ['omoBkoB A.A. [1].

B nacrosmee BpeMs uzydenueM mnporpammuoro odecriederns NI Multisim,
C Mmocienyroumen pa3padboTKoil METOAUYECKUX MOCOOUI K JIabopaToOpHBIM padoTam
B JaHHOU cpene, 3anuMainch b.JI. PesnukoB, B.H.Ilomom [7]. Metoanueckoe
nocobue conuepxkut 4 ynadbopaTopHble pabOTHI, MEPBasi U3 KOTOPBIX IMOCBSIICHA
U3YYCHHUIO CXEM Ha MOJYIPOBOJHUKOBBIX AMOJax. B maHHOUW paGoTe moapoOHO
paccMarpuBaeTcs KiIacCU(pUKAIMS TOJYIPOBOJHUKOBBIX JHOJOB, a TaK K€
OPUHUUN PpabOThl W METOABl MOJCIMPOBAHUST OCHOBHBIX THIIOB CXEM
BBINIPSIMUTENBHOTO ~ yCcTpoiicTBa. B mocnemnux  mabopatopHbix — paboTax
MIPUBOJIUTCS OMKMCAHUS MOJIEBBIX U OUMOJISIPHBIX TPAH3UCTOPOB, PA3JIMUHBIX CXEM
OTICPAITMOHHBIX YCHJIUTENIEH W 0a30BBIX jorudeckux sjaeMeHtoB TTJI jorukw.
PaccmarpuBaemoe metoaudeckoe mocoOue B OOJIbIIEH CTENEHW HAMpaBleHO Ha
M3Yy4YEHHE MIPUHIIUIIOB PaObOTHI UCCIIEIYEMOTO YCTPOUCTBA U €r0 MaTEMATUUECKOTO
onucaHusd. B MeHbIIEH CTENEeHW HAINpaBICHHO HAa HW3Y4YEHHE TUIIOB AaHAIN3 B
WCIIOJB3YeMOM TPOTPpaMMHOM cpelle M HUX MNPUMEHEHUS K HCCIeTyeMbIM
YCTPOMCTBAM.

PaccMmoTpenuio maHHOTO BOMpOca TakXke ObUI TOCBSIICH J1abOpaTOPHBIM
NPaKTUKyM, aBTopamu kotoporo sBisitorcsi A.JI. Mapuenko, C.B. Ocsanbn [8].
JlaHHBIN TIPAKTUKYM COCTOUT U3 4 1ab0paTOPHBIX KOMIUIEKCOB, coaeprkanux 37
7abopaTopHBIX paboT. B KHUTE MMEETCsl OMMCaHUE CXEM UCCIIENYEMbIX YCTPOUCTB,
MPUBEJICHBl KPATKHUE TEOPETHUYECKHE CBeJeHUE, CHOopMyIupoBaHBbI 3aJaHHE Ha
MPOBEJEHUE HKCIEPUMEHTOB U JIaHbl PEKOMEHIAINU K UX BbINOJHEHUIO. OIUH U3

pPas3aciioB y‘l€6HOFO rmocooust BBIACIICH JJIA M3YUYCHHUA aHAJIOI'OBLIX 3JICKTPOHHBIX
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npuOopoB u ycTpodcTB. Ho gaHHBI pasgen HE COAEPKUT HEKOTOPBIX
1abopaTopHbIX padboT, onrcaHHbiX B BKP.

Ananormydeie 3agaun peman B.b. Tepexun [9]. UM Obulo HamucaHo
MPaKTHYECKOE PYKOBOJACTBO K JabopaTopHbIM padoraM mo kypcy «llpukmamnas
SJIEKTPOHUKA» B cpene paspaborku Multisim. On cogepxur 7 1ab0paTOpPHBIX
paboT, MOJIHOCTHIO MOCBSLIEHHBIX HCCIEIOBAHUIO JIOTUYECKHX SJEMEHTOB, 3a
VCKIIFOUEHHEM MEpPBOT0O pasjiesia, B KOTOPOM MOJPOOHO ONHCAaH BUPTYaAJIbHBIN
ocuuiorpadg: Ha3HaYeHUE Ka)JI0ro KOMIIOHEHTa Mpubopa, ero BHEUIHUN BUI U
IpeIHa3HAYCHHE.

Taxke cymectByer Tpyn A.H. Illecrepkuna, conmepxamuii Marepuan
HEOOXOUMBIN /Il OCBOCHMSI KOMIIBIOTEPHOM CHCTEMbI MOJEIMPOBAHMS U aHAIN3a
cxem NI Multisim [10]. CnpaBounuk cocTouT u3 7 pasnenoB. B mepBoii riase
OINKCaHbl OCHOBHbBIE YCTAHOBKU IMPOrPaMMbl, KOTOPbIE HEOOXOAUMO OIPEICIUTh
nepes HayajaoM paboThl. [Iis MOJHOTO H3y4eHHs BO3MOXHOCTEH MpOrpammbl
HamucaHa Bropas r1maBa. OHa co3JaHa B OCHOBHOM JUIsl HAaYMHAIOIIMX
MoJIb30BaTeNe, e€ u3ydeHue nenaer padoty Oomnee sddextuBHoi. [loneznbimu
TaK XK€ SABISIIOTCA 4YeTBEpTAas W TMATasl IJIaBbl, B KOTOPBIX KPATKO ONMCAaHbI
BUPTYyaJIbHbIE W3MEPUTEIbHBIE MPUOOPHI W THUIIBI aHAIN3a PATUOIIEKTPOHHBIX

YCTPOMCTB.
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I'/TABA 2. JIABOPATOPHAS PABOTA Nel.
MOJAEJIUPOBAHUE NCTOYHUKOB IITMTAHUA

2.1 OcHOBHBIE TeopeTHYECKHE MOJOKEHUA

NCTOYHMKM SIEKTPUYECKOTO NUTAHUS SIBIAKOTCS TJIAaBHOM COCTABHOU
YacThIO JIIOOOT0 PaJMO3JIEKTPOHHOIO YCTPONCTBA, BeAb 0€3 MCTOYHHKA MUTAHUS
HE CTaHeT padoTaTh HU OJHa cxema. {151 mpeoOpa3oBaHus CETEBOTO HAMIPSHKEHUS B
HEOOXOUMBIN MOTPEOUTENIO0 TOCTOSIHHBINA MM TMEPEMEHHBIM TOK, HCIOIb3YIOTCS
CHelMaibHbIe YCTPOMCTBA, TAaKHE KaK CTaOMIM3aTOp MEPEMEHHOTO HaIpsiKEHUS,
CTJIRKUBAIOIIMKN QUIBTP, TpaHCHOPMATOP, BHIIPAMUTENB. PAcCCMOTpUM HEKOTOpHIE
13 HUX.

Beinpsimutens  —  CTaTHYECKOE€  yCTPOMCTBO,  HEOOXOAMMOE  JUIs
npeoOpa3oBaHusl BXOJHOTO IEPEMEHHOTO HAMPSIKEHUS B MIOCTOSHHOE HANPSKEHUE
[11]. JAuoapl ¥ THPUCTOPHI - IPUOOPHI C OJTHOCTOPOHHEH MPOBOIUMOCTBIO - JICIKAT
B OCHOBE BbIIpsAMUTENEH. VIMEHHO OHM MO3BOJSIIOT MPOTEKATH TOKY B
HAarpy304YHOM LENH TOJBKO B OJIHOM HAMNPaBJICHUHU, TO €CTh, BBINPSIMIAIOT €rO.
CxeMa BBIPSAMUTENST TaKKE COJCPKUT CHIIOBOM TpaHChOpMATOp U HArpysKy.
CuiioBoii TpaHcopMaTtop — YCTPOMCTBO, HEOOXOAMMOE JJisi TOBBIIICHUS WU
IOHW)KEHUS HaIpsOKeHUs nuTaromen cetd. [lo Tumy cxemsl BBIIpAMUTENIEH
pa3gesAlOT Ha OAHONOIYNEPUOAHBIE, JBYXIOJIYIIEPUOJHBIE CO CPEINHEN TOUYKOM,
MOCTOBBIE U CXEMBI C YMHOKEHUEM HaIPSHKEHUS.

PaccmoTtpum oaHO(a3HyI0 MOCTOBYIO CXEMY BBITIPSIMUTEIS, H300PKEHHYIO

Ha pucyHke 2.1

D1 D3
1 5 3 WBAS21 /KBAS21
i1
0.001Q T1
Vi 3 . 4 R2
G 1]220Vpk e 1kQ
50Hz
[a%
-l oo <
D2 D4
/NBAS21 \/BAS21 0
5
0

Pucynok 2.1 — Cxema evinpamumens
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IIpencraBienHas cxema COCTOUT W3 YETBIPEX IHOJOB, BKIIOYEHHBIX I10
MOCTOBOI cXeMe, UCTOUYHMKA CHHYCOUAAIBLHOTO HaIpshKeHUs, TpaHncdopmaropa u
BBIXOJIHOM Harpys3ke. XapaKTepHUCTHKH, HUCMOJb3yeMbIX IHOA0B Mapku BAS21,
IIPUBEJICHBI B NIPUJIOKEHUU A. B 0IHYy U3 IraroHanel MOCTa BKIIFOYEHA BBIXOAHAS
Harpy3ka, B JApPYryl0 — BTOpHUYHas oOMOTKa TpaHchopmaTtopa. OOmas Touka
katonoB 1uomoB D1, D2 mnpexacrtaBiaser co00M TOJIOKUTEIbHBIA IOIOC
BBITIPSIMUTEIS, @ 001Iass Touka aHoMOB Auo0B D3, D4 sBnsercs oTpUIaTeIbHBIM
MTOJTFOCOM.

Bo BropuuHOil O00MOTKE TpaHcpopMaTopa MOJSPHOCTh HANPSIKEHUS
MEHSIETCSI C YaCTOTOM MUTarolel ceTu. B naHHoOM cxeme quojsl paboTaroT napaMmu
oo4epE€nHo. B MOMEHT IPOXOXKIAEHUS  IOJOXKUTEIBHOIO  IOJIYyNEpUoaa
Hanpsokenuss U2 mpoBomsaT Tok auoasl D1 m D4, B oTpumarensHbIi — TOK
npoBogAT auoasl D2 m D3. Tok Harpy3kd HOpOXOIUT IOCTOSSHHO B OJHOM
HanpasiieHUM. T.K. Ha Harpy3ke BbIIEIACTCS JBa IOJyIEpUOAa CETEBOIO
HaIIPSKEHUS, CXEMa BBIIIPSMUTEIS - IBYXTaKTHAS.

Crabwin3arop HamnpsoKeHUsT —  YCTPOMCTBO, MpeAHa3Hau€HHOe Jis
aBTOMATUYECKON CTAaOUIIM3ALMK BBIXOJHOIO HAIPSKEHUS B Y3KUX Mpeaenax, npu
CYILLIECTBEHHOM MU3MEHEHUU BXOAHOT'O HAIIPSKECHHUS.

B nmannoii pabote ucnosb3yercs cradbuamsarop LM1084IS-ADJ/NOPB —
HU3KOBOJIBTHBIN PETYJISTOP MOCTOSSHHOTO HANPSKEHUs, CIOCOOHBINA PEryInpoBaTh
BBIXO/IHOE HAIPsDKEHHUA, JaXe €CIM OHO OJIM3KO IO 3HAYEHHUIO K HaIpPSHKEHUIO
nutanusa. I[logpoOHO ero XapakTepucTUKH ONHCaHbl B MpUJIOKEeHUH b.
CrabunuzaTtop umeeT nBa Bxoja. Bxox IN mpenHasHaueH i MOIKIIOYCHUS
HampspkeHus: nutanus, ADJ — perynupyemslid BXOJA, HCIOJNb3YETCS s
MOAKJIFOUEHUSI OIMOPHOTO HampsbKeHus, paBHoro 1.25 B, xoTopoe pa3BuBaercs
MEXIYy  BBIXOJOM M PETyJUPOBOYHBIM  INTU(TOM  CcTAOHIM3ATOpA.
PaccmaTpuBaeMblii  cTaOMINM3AaTOp SBJSETCS MOHIDKAIOIIMM: €r0  BBIXOJHOE
CTaOMJIM3UPOBAHHOE HANIPSHKEHUE BCEr/1a HUXKE BXOJIHOTO.

B pabGore Takke mpenyaraeTcsi MPOBECTH HM3MEPEHHSI XapaKTEPUCTHK

UCCJIENYEMBIX YCTPONUCTB € MOMOILBIO BUPTYaJIBHOTO prbopa — ociuuiorpada.
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2.2 OcHOBHBIE XapaKTEePUCTHKHN BUPTYAJbHOT0 ocuudaorpagda
- XSC1

Ocuumorpad — npudop, HeOOXOUMBIHN JJIs1 UCCIEAOBAHUS aMIUIUTYTHBIX U
BPEMEHHBIX XapaKTEPUCTHK IEKTPUYECKOrO0 CUTHaja, 0JAaBa€MOI0 Ha €ro BXO/I.
HabGop HMHCTpYMEHTOB HCIOIB3YEMOTO I[aKeTa COACPKUT JBYXKAaHAJIbHBIM U
yeThIpEXKaHAIBHBIN  ocmwuiorpadel. B manHOM  ;mabGoparopHoit  pabote
NPUMEHSETCA JABYXKaHAIbHBIN oOCIuIIorpad, UMErommii kanaan A u kaHan B
(Channel A, Channel B) ¢ pa3aenbHBIMH PEryJHPOBKaMH YYBCTBHTEIBLHOCTH B
nuana3one ot 10MkB/nen mo 5 kB/nen u cmemenus mo Beprukanm (Y Position).
YyBCTBUTEIBHOCTh KaHAJIOB U MOJIOKEHHSI N300pa’KEHUI CUTHAJIOB PETYJIUPYIOTCS
C MOMOIIbIO KHOTIOK «YBEJIUYHUTH» U «YMEHBIIUTHY, MOSBISAIOLIMECS TPU LIETUKE
N0 TOJII0, T/I€ OTOOpPa)KalOTCS 3HAYECHHUS] YYBCTBUTEIBHOCTH M CMEILIEHUS.
WupopmanimoHHble BXOABI JUIsl KaKJOTOo KaHajga OO0O3HAYeHbl CHUMBOJIOM «+»,
CHUMBOJIOM «—» 0003HAUY€HbI OOIINE BXObI — «3EMJIS».

Ha ycnoBHoM o0Oo03HaueHuu ocuuiorpada OTMEYeHbI HECKOJBKO THUIIOB
pa3séptku Y/T, Add, B/A, A/B. B ocHoBHOM ucnonb3yercs pexxuM Y/T — pexum,
IIPU KOTOPOM MO BEPTUKAIHM 0TOOpakaeTcsl HanpspDKEHUE CUrHaja, 0 TOPU30HTaIN
c Bpemsi. Pexxum Add HeoOxoaum A1 BOCTIpOM3BEICHNUS CyMMBI kKaHaioB A u B. B
pexxume B/A Bocnpon3BoauTCs CUTHAN KaHalla B 1o BepTuKaiiu, MO TOpU30HTAIN
— curHan kaHana A. B ciydae ucnosb3oBaHusi pexuma A/B cOOTBETCTBEHHO
Hao00OPOT.

B oxnoymem pexume (Trigger) 3amyck pa3Béprku (Edge) Moxer
OCYHIECTBJISTBCA 1O (QPOHTY WIM Cpe3y 3alyCKalollero CuUrHaiza mpH
peryaupyemMoM ypoBHe Level 3amycka, B pexxume Auto (ot kanama A win B), oT
KaHasa A, ot kaHana B vnu ot BHemHero uctounuka (Exit).

Ocmumnorpad cuadxén asymst Buszupamu (T1, T2), HEoOXOomUMBIMU s
npoBefeHUsT u3MepeHuil. MX monokeHne OIu@poOBBIBACTCS — TMOJ SKpPaHOM
ocumiiorpadga s KaXJI0ro BU3Mpa OTOOpa)XaroTCs 3HAYEHUs HANpPsHKEHUS U
BpeMeHH 1 KaHaitoB A 1 B. B ctpouke T1-T2 BbIYMCIISIIOTCS 3HAU€HHE pa3HOCTH

BpPEMEH M HAIPSIKECHUU JJI1 MOMEHTOB BPEMEHU, ONPEICIEHHBIX BU3UpaMu. Jlist
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YHpaBJIICHUSA BUBUPAMU MOKHO BOCIIOJIB30BATHCSA KOMaHAAMHW KOHTCKCTHOT'O MCHIO,

KOTOPOC BbI3bIBACTCA IICITYKOM I10 npaBoﬁ KHOIIKC MBbIIIH.

2.3 MopaequpoBaHue BbINPAMUTEJSA

1 3Bamyctuts nporpammy NI Multisim 14.0.

2  Hcnonwsys nadbop o6udmmorek mporpammsl NI Multisim 14.0,
MIOCTPOUTH CXEMY, MOKa3aHHYIO Ha pucyHke 2.1. [{is1 aToro Heo6xoaumMo
o0paTuThCs K OMOIMOTEKAM:

= Sources, cemerictBo SIGNAL VOLTAGE SOURCES u BbiOpaTh
KOMIOHEHT AC_VOLTAGE — ucTo4yHUK NEPEMEHHOTO
cunycouganbHoro HanpsbkeHus. B cemeiictee POEWR _SOURCES
BbIOpaTh KoMnoHeHT GROUND;

= Basic, cemeiictBo RESISTOR u BeIOpaTh pe3ucTopbl HEOOXOIUMBIX
HomuHanoB. B cemeiictBe TRANSFORMER Bb10paTh KOMIIOHEHT
COUPLED_INDUCTORS;

* Diodes, cemeiictBo SWITCHING DIODE BoiGpath 4 KOMIIOHEHTA
monemu BAS21.

3  CoxpaHuTts ¢aiii, MPUCBOUB MY MOIXOASIIEE UMS C TIOMOIIBIO
komaHel File — Save as.

4 YcTaHOBHUTH MHIWKATOPHI HAMIPSKCHUSI HAa BXOJ] M BBIXOJ] YCTPOHCTBA.

S5  lng nonydeHus rpadUKoOB BXOJHOTO HANPSKEHUS U HAIMIPSDKEHUS Ha
Harpyske BEIOpaTh B CTpoKe MeHto ommuto Simulate — Analyses and Simulate, u
yCcTaHOBUTH TUN aHayu3a Transient. B mone Initial Conditions (HauanbHbIE
yCJIOBHS) U3 pacKphbiBaroiierocs crrcka Beiopats User-defined (HauanbHbie
yCJIOBHS, OTIpeIeICHHbIC TIob3oBaresieM). B moe TSTART(Start time)
YCTaHOBHUTH BpeMs Haudasa aHanuza — 0 c. Bpems 3aBepmenus ananuza TSTOP —
60Mc. 3nech ke BhIOpaTh BKIIAJIKY output U 3a7aTh HEOOXOIUMbIE TIEPEMEHHBIC
PRI, PR2. [locne ycraHOBKM mapameTpoB HaxaTh KHONIKY Run. ITpu oTcyrcTBun
OLIMOOK Ha KpaHE MOSIBUTCS rpapuK BPEMEHHON 3aBUCUMOCTH BXOJIHOTO U

BBIXOJHOI'O HAITPSXKCHUA.
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6  C momomrsio komauabl Cursor — Show cursors, yCTaHOBHUTH Kypcop 1
Ha MAaKCUMYM BXOJHOTO HAMPSDKEHUS, Kypcop 2 YCTaHOBUTH HA MAaKCUMYM
BBIXOJTHOTO HampspKeHUs. [{71s1 TOUHOM yCTaHOBKHM KYpCOPOB MOYKHO
BOCITOJIB30BATHCSI KOMaHIaMA KOHTEKCTHOTO MEHIO, ITyTéM Ha)KaTHs MTPaBOi
KHOIIKHM MBIIIY Ha KypCcOp U BBIMOIHUTH KoMaHay «Go to next YMAX».
3adukcupoBath pe3ynbTarbl. CKOMUPOBATH T'PpapUK MOKHO C TTOMOIIBI0O KOMaH bl
Edit — Copy graph.

7 OmnpenenuTts NpeaeabHOE 3HAaUeHHE BXOAHOTO CUTHAJA ISl JAHHOTO
THUIIA JUOJIOB, YBEIIMUMBAs €T0O 3HAYCHUE.

8  Omnpenenuts BIUSHUE HA pPaOOTY BBITIPSIMUTEIS 3HAUYCHUS
koadduirenTa Tpanchopmaiuu, myTéM U3MEHEHUS! UHAYKTUBHOCTH OOMOTOK
TpaHcdopmaropa.

9  TlocnenoBaTenbHO C HATPY3KOW BKJIFOYUTH MHIYKTUBHOCTD. |1t 3TOTO
HEe00X0aUMO OTKpBITH OubmmoTeky Basic, cemeiictBo INDUCTOR, BriOpaTh
MHAYKTUBHOCTH L = 1000MI H.

10 [ns uiccnemoBaHus BXOJHOTO U BBIXOJTHOTO HANPsDKCHHS Ha
ocrmurorpage HeoOX0UMO TTOAKITIOYUTE €T0 K cXxeme. J[J1s 3TOro BBIMOTHUM
KoMaHy simulation — instruments — oscilloscope. UnpopManinoHHbIi BX0/1
KaHaja A TOJKIIOYNTH K BXOJHOM 1enu, nH()OpPMallMOHHBIN BXO/] KaHayia B
MOJKJIIOYNTH K BBIXOJHOW. BX04 ¢ CHUMBOJIOM « - » MOJKIIOUHATH K 3€MJIE.

[Moaxmtouenue ocumiorpada K cxeme, H300pakeHo Ha pUcyHKe 2.2.

D1 D3
3 ZBAS21 7 BAS21

R1 z

0.0010
Ll
4 L = 1220¥pk
30Hz

ul

[1F 04
-BAS21 /BAS21 0
3

Pucynok.2.2 — Cxema svinpsamumens ¢ usmepumenbHulM Npudopom
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11 3Bamyctuth koMaHTy Simulation — analyses and simulation u BeIOpaTh
tun aHanu3a Interactive analyses. 3akpbITh OKHO Ha)KaTHEM KHOITKH Save.

12  JIBaxkamwl JIeBOI KHOMKOM MBIIIN HAXKaTh Ha MOJKIIOUCHHBIN K CXeMe
ocumsuiorpad XSC1. B npaBoMm HIkHEM yriay B cekuuu Timebase BbIOpaTh pexxum
pa3Béptku — Y/T - pexxuM, B KOTOPOM 110 BEPTUKAIH OTOOpa)KaeTCsl HAIIPSHKEHHE
CHTHAJIa, 10 TOPU3OHTAIH — BpeMsi. B Toii xe cekuuu BeIOpaTh Scale — 10ms/Div.
YyBcTBUTEIBHOCTH (Scale) u cmemenue no Beptukam (Y Position) mis o6onx
KaHaJIOB MMOICTPANBAIOTCS TaK, 4TOOBI rpaduku OBUTO YI00HO HCCIIeT0BaTh Ha
akpane. Pekomenayercs 3amate Chanal A Scale -100ms/Del. Chanal B Sscale —
100ms/Del. B cexuu Trigger BeiOpath Single. BeiOpats 1t kanaioB A u B Tumn
pa3Béptku — DC. Tlocne BhINMOMHEHUS HACTPOEK OcHIIorpada HaxaTh KHOMKY
Run.

13 BrimonanuTh n3Mepenus it kanaia A. [[j1s 9Toro ycTaHOBUTH THIT
pa3BEépTKH KaHana B -/ Y | YcTaHOBUTH Kypcop Ha MAaKCHMYM BXOJTHOT'O
HAIPSHKSHUS, IS TOTO HAKATh MPABOM KHOMKOW MBITITM Ha KypCOP U BBHITTOJTHHUTH
koMaHy « GO to next Y MAX ». 3adukcupoBath pe3yibTaThl.

14 BeimonaHUTh U3MepeHus s kaHana B. 3adukcupoBarh pe3yabTaThl.

CpaBHHTHh TIOJIYYCHHBIC pE3yJbTaThl TPH  MOJCIHUPOBAHUU  CXEMBI
BBITIPSIMUTENST C HMCTOJB30BAaHMEM THUIIA aHaiu3a — Transient ¥ BUPTYaJIbHOTO

ocruiuiorpada.
2.4 MoaeaupoBaHue cTadMIAM3aTOPAa HANIPSKEHU S

1 3anmyctuts nporpammy NI Multisim 14.0.

Ul
LM10841S-ADJ/NOPB

VREG _
IN ouT 2,4 Q PRl
4

L Vi 5
10V

- R1

+ V2 []1KQ

| 1.262v

Pucynox 2.3 — Cxema cmabunuzamopa Hanpsicenus
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2  Iloctpouts cxemy, MoKa3zaHHYIO Ha pucyHke 2.3. J{ms aToro
UCIOJIb30BaTh OUOIMOTEKH:
= Sources, cemeiictBo POWER_SOURCES u BeiOpath JiBa KOMIIOHEHTA
DC_POWER — uctounuk nmocTossHHOTo HarpsbkeHus. B cemelicTBe
POEWR_SOURCES Bri6pats koMnoneHT GROUND;
» Basic, cemeiictBo RESISTOR, BEIOpaTh pe3ucTop HEOOX0IUMOTO
HOMUHAJA;
= Power, cemeiictBo VOLTAGE _REGULATOR BrIOpaTh KOMIOHEHT
LM10841S-ADJ/NOPB.
3  Ycranosuth 3HaueHue Hanpsoxerus V1 = 10B, V2 = 1.26B.
VY cTaHOBUTH MHAUKATOP HANpsDKEHUS nepes] Harpyskoi R1.

4 Ycranouth Tum aHaimza DC Sweep. Jlns satoro Bo Bkiaaake Analysis
parameters moctaBuTh Tajiouky B moje Use source 2. 3aiath JTUHEHHOE U3MEHEHNE
ucrounuka Hanpspkenus V1 B npenenax ot 0B o 29B ¢ marom 0,1B. Taxxe
3a/1aTh JUHEHHOE H3MEHEHNE NCTOYHHMKA TTOCTOSTHHOTO HaIpshkeHus V2 B
npeaenax ot 1,1B no 1,3B ¢ marom 0,1B. Haxxats kHOTIKY RUN.

5  MHccnenoBarh Harpy304HYyIO XapaKTepUCTUKY cTabuiau3aropa. Jljis
ATOT0 HEOOXOIMMO MCTIOJIb30BaTh THUIT aHalu3a — Parameter Sweep. OTKpbITh
Bkiaaky Analysis parameters. B pa3aene Sweep parameters yka3aTh B 1oJie
Device Type (tun snementa) Resistor; name — R1; parameter — resistance. B
pazzene Point to sweep(3akoH u3MeHEeHHs TapaMeTpa) BEIOpaTh CIIoco0
U3MeHeHHs napameTpa — Linear(smueiinsiil). Mi3MeHeHune napameTpa Mpou3BeCTH B
npeaenax ot 1000m 1o 1kOwm ¢ marom 1800M. B paznene More options
(TOTIOJTHUTETTFHBIE BO3MOYKHOCTH ) M3 Pa3BEPTHIBAIOIIETOCS CIIMCKA BHIOpAThH
PEXUM HccieoBanus 1o nmocrostuaomMy Toky — DC Operating Point. I[ToctaButs
ranouky B mosie Group all traces on one plot. I[ToctaBuTh ramouky B mosie Display
resultson a graph.

6  BwmomaauTs MoxenupoBanue. [Ipyu OTCYyTCTBHM ONTMOOK HA SKpaHE

MOSIBUTCSI CEMENUCTBO rpauKOB CTAOMIM3UPOBAHHOTO HAMPSKEHHUS.
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2.5 OTuéT mo naboparopHoii padore Nel

/N3BATO COTIIACHO 3asABICHUIO/
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I'JTABA 3. MOJAEJINPOBAHUE TPAH3UCTOPHOI'O YCUJIMTEJIAL.
JIABOPATOPHAS PABOTA Ne2

3.1 OcHOBHBIE TeOpeTHYECKHE MOJTOKEHUSA

TpaH3UCTOPHBIA YCUJIUTENIb — YCUJIWUTENIb, OCHOBAaHHBIM HA MPUMEHEHUU
TPAH3UCTOPOB B KAUeCTBE YCHJIMTEIbHBIX 3JieMeHTOB [12]. Tpau3uctopHbie
YCWINTENU KIACCUDUIMPYIOT IO (POpME INEKTPUUECKUX CUTHAIOB KakK:

"  YCWJIUTEIN NOCTOSIHHOTO TOKA — YCUJIUTEIN HEMPEPHIBHBIX CUTHAJIOB;

"  YCHJIUTEIN MEPEeMEHHOrO0 TOKa - YCWJIMTEIW CUTHAJIOB C HECYLIUM
rapMOHUYECKUM IpoleccoM. M3 HUX BBIAENSIIOT Y3KOMOJOCHBIE WM
n30upaTenbHble, YCHIMBAIOIIME TOJBKO OJHY T'apMOHUYECKYIO
COCTABJISIIONLYIO U3 Psifia TApMOHUK NIEPUOINYECKOTO TOKA;

" WUMIYJbCHBIE  YCHJIUTEIM  —  LIMPOKOIIOJIOCHBIE  YCHUJIMTENN
UMITYJIbCHBIX CUTHAJIOB,;

"  YCHJIUTEIM CPEAHETO 3HAYCHHS TOKAa — YCHJIMTEINH, NMpeodpasyroiiue
W3MEHEHHE AaMIUTUTyAbl Wi (Pa3bl TapMOHMYECKOTO CHUTHAlla B
3aBUCUMOCTH OT U3MEHEHUS 3HaYEHUs U 3HAKa MTOCTOSIHHOTO TOKa

CXeMOTEeXHHMKY YCWJIMTENEeH Ha TPaH3UCTOpPAX MOXKHO pa3JeiduTh Ha TpU
OCHOBHBIE CXEMbI, UMEHHO OHHU Jie)KaT B OCHOBE O00Jee CJIOXKHBIX CXEM
TPaAH3UCTOPHOTO YCUITUTEIIS:

" yCWJIHUTENb ¢ 00muM smMuTTepom (O3);

" ycuaMTeNb ¢ obmei 6a3oit (OB);

" ycunuTenb ¢ oommmM KosuekropoM (OK).

OCHOBHOM YCHJIUTENIbHBIA 3JIEMEHT — TPAH3UCTOP COJECPIKUT TPH BBIBOJIA,
MO3TOMY OJIMH W3 €r0 BBIBOJIOB HEOOXOIMMO HCIIOJIH30BAaTh OJHOBPEMEHHO [IJIS
MOAKIIIOUCHUSI UICTOUYHHUKA CUTHAJIA U MOJKJIIOYEHUS Harpy3ku. Toraa moixydaercs,
YTO CXE€Ma C OOIIMM AMUTTEPOM SIBIISICTCS YCUITUTENEM, TJI€ IMUTTEP TPAH3UCTOPA
WCITIOJIB3YETCsI KaK ISl TIOJIKJIFOUCHHSI BXOJTHOTO CUTHANA, TaK W ISl TTOAKITFOYCHUS
Harpy3KH.

PaccMoTpuM cxemy TpaH3MCTOPHOTO YCHIJIMTENSI C OOIIMM SMHUTTEPOM,

MpeCTaBICHHYIO Ha pUCcyHKe 3.1
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Pucynok 3.1 — Cxema mpanzucmopnozo ycurumens

['maBHBIM 53JIEMEHTOM CXeMbl SIBJIIE€TCS TpaH3ucTtop. B nanHoi pabote
UCIIOJIB3YETCsl OUTIOJISIPHBIN TpaH3uCTOp Mapku 2N2222A — kpemuueBbii NPN
TPaH3UCTOP C METAUIMYECKUM KOPITYCOM, €ro XapaKTepUCTUKH MOAPOOHO
omnucaHbl B npuiioxkeHnd B. OH paccuuTaH Ha BBICOKYIO CKOPOCTh MEPEKIIOUCHUS
npu Toke kosuiekTopa a0 SO0MA. Konmencatop C; BbIOMparOT Takum oOpaszom,
yToOBl ~ (QUIBTP  BBICOKMX  YacTOT, OOpa30BaHHBIA  MOCIEI0BATEIbHBIM
COEIMHEHUEM STOTO KOHAEHCATOpa C Pe3UCTOpaMu CMeEIIeHUsi 0a3bl, MPOMyCKal
BCE HYXHBIE 4acTOThl. lHaue roBops, AeNUTENh HANpsHKEHUs, 0Opa30oBaHHbBIN 3a
cuér pesuctopoB R1 m R2 wucmonp3yercs s cMellleHUs TpPaH3UCTOpa, T.€.
HaMpsHKeHUE, mpoxosiiee yepe3 R2, Oyaer HanpsokeHueM Ha 0aze TpaH3UCTOpa,
KOTOpOE€ CMEIAeT CBOE COoeANMHEHHE O0a3bl-dMUTTEpa. B cxeme TpaH3uCTOPHOTO
YCWINTENSI TPHUCYTCTBYET TakKe KOJeOATeNbHbI KOHTYpP, MPEACTaBISIOMNN
co00ii Kose0aTenbHbINA KOHTYD.

B pabote npennaraercst npoBeCTH U3MEPEHUS XapAKTEPUCTUK UCCIIEAYEMbIX
YCTPONCTB C TIOMOIILI0 BUPTYAIbHBIX MPUOOPOB, TAKUX KaK aHATU3aTOpP CIEKTPa,

OCI_II/IJIJIOI‘pa(i), AHAJIN3aTOp aMINNINTYAHBIX U q)aBOqaCTOTHBIX XapaKTCPHUCTHK.
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3.2 Ucnoab3oBaHue B padoTe aHAJAM3ATOPA CIeKTPa CUTHAJIOB
CrnextpoaHanu3aTtop — mpuOOp, MNpeIHa3HAYCHHBIA ISl W3MEPECHUS WU
OTOOpa)KEHHsI CIEKTpa HCCIEIyeMOr0 CHrHajlla — 3aBUCHMOCTb AaMILIUTY.
TapMOHHYECKHX COCTaBsonmx OT dacToThl. [1313]. VcmoBHoe o0Oo3HadYcHHE

npuOopa Moka3zaHo Ha pUcyHKke 3.2.

- XSAl

I -
I -
I:II:I

m.mhm W
I

Pucynox 3.2 — Ycnosnoe oboznauenue cnekmpoanaiuzamopa

Jlist MIPOBEICHUSA HUCCIeI0BaHUU HEO0O0XO0IUMO MO IKJIIOYHUTH
nHpopMarmoHHbI BXo mpudopa (IN)k MCTOYHMKY CHUTHAJa U 3a]1aTh HACTPOUKHU

yIOOHBIE ISl €T0 Hccea0Banus. BHenHmii Bu mpubopa mokasaH Ha pucyHke 3.3.

Spectrum analyzer-XSA2 X
Span control
Set span Zero span Full span
Frequency Ampltude
¢ o8 @8m | Lin
Span: | 100 ] Wz Range:| 2 l V/Oiv
Start: | 1 kHz |  Ref:
Center: | 51 kHz Resobbon freq: )
End: | 101 iz || |2 [tz
Start | Stop | Reverse 3 Set...
. > Input Trigger

Pucynox 3.3 — Bhewnuti 6u0 cnekmpoanaiuzamopa
JIisi  TIOJTydeHUsl CIEeKTPOrpaMMbl  UCCIIEIYEMOTO CHUTHaja HEOOXOIUMO
BBITIOJIHUTH HAaCTPOUKM B nosie Frequency:
" yKa3aTh KOHTPOJBHYIO YaCTOTy Span;
» 3amath HavanbHoe (RUN) u xoneuynoe (ENd) 3mavenue yacToT, mocie
ATOr0 CTAHOBUTCS aKTHMBHA KHOMKa «ENter», mpu HaxaTuu KOTOPO
ABTOMATHUYECKA yCTAHABIMBAETCA CPEAHEE 3HAYEHHE YaCTOTHI

(Center).
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Jlnia ynoOHOTro BOCHpUATHSA Pe3yibTaTOB HMcclenoBaHus B moyne Amplituda
nooupaeTcs:

" MacmTad, moJydYeHHOro u3oopakenus no amiuiuryae (Range);

" crmoco0 TpPECTaBICHUS aMIUIMTYJ TapMOHWUK — JimHeHHbIA (Lin) B
BOJIbTaX WU Jorapumuueckmii B gernubenax. Ilpu BeIOOpe
JorapuMHUECKOTO Crmocoda TPEJICTaBICHUS €CTh BO3MOXKHOCTH
3agath auHuio otcuéra (Ref);

» pasperienne npudopa mo vacrore (ResolutionFreq). MunumanbHOe
3HaYEHUE pa3pelieHUus] M0 YMOJIYAaHUI0O COCTaBIsieT KOHEYHYIO
JacToTy, AejaeHHyto Ha 1024 — FFT Points.

MOXHO H3MEHUTh YMCIIO TOYEK, Ha)KaB KHOMKY Set, BhIOpaB OJHO U3
3HAQYEHUM PACKpBIBAIOLIETOCS CHUCKAa. B 3TOM K€ [IHAJIOrOBOM  OKHE
OTIpeEIsAeTCs:

" JCTOYHUK CHHXPOHU3MPYIOIMUX curHaioB BHemHui (External) wim
BHyTpeHHUH (Internal);

" crmocod CHHXpOHM3amMH — Triggermode — HeNpepbIBHBIM MK
onuHo4HBIM curHaioM (Continuous — Single);

» [lopor cunxponusupytromero curaaina (Threshold)

B mose ympaBieHus auana3’oHOM HccieayeMbix dactoT (Spancontrol) mpu

BBIOOpE:
= Zero Span (LlenTpasibHasi 4acTOTa) MOJIH30BATEh MOKET YCTAHOBUTD
TOJIBKO cpeAHtoro yacToty (Center);
= Full Spen (ITonHbli AMAana30H 4acTOT) TAPMOHUKH OIPEICIISIOTCS B
nuarazone ot 0 'y o 4 MI';
= Set Span - Bce HEOOXOAMMBbIE HACTPOMKMU 3aIalOTCS TOCPEICTBOM
BBIOOpA TIOJI30BATEIS.

3amyckaeTcsi aHaIM3aTOp KHOMKOM «Starty Ha nuiieBoi nanenu npudopa. C

MIOMOIIIBIO BU3UPA, PACIIOIIOKEHHOTO B JIEBOM BEPXHEM YTy, MOKHO OIM(POBATH

SHAYCHUC aMIUIUTYAbl U YaCTOTHI.
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3.3 MoaeaupoBaHue TPAH3MCTOPHOIO YCUJIHUTEJISI B YACTOTHOM
obnacTu

1 3Bamyctuts nporpammy NI Multisim 14.0.

2 Iloctpouts cxemy, moka3zaHHYIO Ha pucyHke 3.1. J{ns pa3menieHus Ha
paboueM mosie rpaguueckoro oopaza HCTOUHUKOB HAMPsHKEHUST HE0OXO0IUMO B
OMOJIMOTEKe sources ceMencTBa power sources BeIOpaTh komnoneHT DC_Power —
UCTOYHHUK OCTOSTHHOTO TOKa M KoMroHeHT AC_Voltage — HICTOYHHUK TEpEMEHHOTO
HaIpsHKeHUs, MpUHAIeKaInii cemeicTBy signal voltage sources. Konnencarop
tuna C, pezuctop tuna R 1 uHIykTUBHOCT TUMa L HaxoasaTcs B OMbInoTeke
Basic. bunonsipuslit Tpansuctop tuna Q2N2222A — B 6ubimoteke Transistors,
3azemsicHue Turna GROUND — B 6ubmuoreke Sources. s ncrounnka V1 3amgaTth
aMIMTyay curaana 3 B m gacrory 2.2 MI'n.

3 CoxpaHHUTh CXeMy C ITOMOIIIbIO MMyHKTa MeHIo File — Save As.

4 CmozenupoBaTh CXEMY M0 MOCTOSIHHOMY TOKY B paboueil Touke.

5  Boiitu B pexum yrpaBieHHs] MOJACTUPOBAHNEM U BKIIOYUTH aHATIHN3
0 TIEPEMEHHOMY TOKY C ITOMOIIbI0 kKoManab1 Simulate— Analysis and Simulate
— AC Sweep u 3a/1aTh B €ro mapaMeTpax JUHEeHHOe N3MEeHEeHHe 4acToThl OT 10 I'1p
10 5 MI't. Ycranosuth naaukaTop Hanpspkerus (Voltage - V(PR1)) Ha Harpysky
yeunurtens (pesuctop R5).

6  YcranoButs uHIuKatop HanpspkeHus V(PR2) Ha BXox memn.
Beimonauts koManay Simulate — Analysis and Simulate — AC Sweep, oTKpbITh
BKJIAZKy Output u HaxkaTh kHOMKY Add expression. B mosBuBIIEMCS OKHE JUaiora
Analysis Expression B mosie EXpression 3agaTh OTHOIIEHHE BBIXOHOTO U
BXOJIHOTO HarpsikeHust. Haxats kHomky Run.

7 Ilpu oTCyTCTBUU OIMUOOK, TOSIBUTCS CEMEWCTBO YaCTOTHBIX
XapaKTEPUCTHK BXOJIHOTO, BEIXOJHOTO M UX OTHOIIEHUS. BBITIOIIHUTH KOMaHTy
Cursor — Show cursors. [TosiBsTcs 1Ba BU3HUpa, YCTAHOBHUTH OJIMH M3 HAX HA
MaKCHUMaJbHOE 3HaYCHHE aMITUTYbl OTHOIICHUS BXOIHOTO W BEIXOHOTO

HanpspkeHus. Pesynbrat 3auKCUpoBaTh.
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8  Haxas npaBoii kHonku MbIH Ha rpaduk OYX, ycTaHOBUTH BU3UP HA
(dbparMeHT KpuBOil COOTBETCTBYIOIIMM yactore 2.2MI 1. PesynbTar
3a()MKCUPOBATH.

9  U3yuuth pexkum MOAUQPHUKAIIIHN TAPAMETPOB dJIEeMEHTOB. [y 3TOTO
BBITNIOJIHUTH KoMaHy Simulate — analyses and simulate — Parameter
Sweep.Oxno auanora Parameter Sweep conepxuT Tpu pasaena. B pazaene Sweep
parameters B mosie Sweep parameters u3 pa3BépTHIBAIOMIETOCS CIIMCKA BEIOPATH
Device parameter. B mosne Device type — Resistor, Name — R5, Parameter —
resistance. B pasaeie Points to sweep 3aaarh JuHEHHOE U3MEHEHHUE TII00aTBHOTO
napameTpa RS B muamazone ot 50 Om 10 1 kOMm gepe3 200 Ow,

10 UMByuuTh pexxum aHalik3a MIyMOB. Y CTAHOBUTH MapKep HANPSHKEHUS
Ha KOJUIEKTOp TpaH3ucTopa. BemomauTh koManay Simulate — analyses and
simulate — Noise. B nepsoii Bkitagke Analysis Parameters 3agaTe B kauecTse
BbIXO1HOTO Hanpsikenus (Output Voltage) HanpspkeHue Ha KOJIGKTOPE
tpan3uctopa V(Q1:C), a B kauecTBe BHEIIHETO UCTOYHMKA - HCTOYHUK V1. [liis
storo B noste Input noise reference source Beiopats - V1, output node - V(PR2).
Bo Bknagke Frequency parameters 3aigath HaCTpOMKHY aHaM3a IEPEMEHHOTO TOKa
AC Sweep, m1s 3Toro Heooxoaumo Haxkath kKHonky Reset to main AC values. Bo
BKJIaZKe OUtput 3agaTh ONOISE /151 BCEX DIIEMEHTOB M HaXKaTh Run.

11 Jlnsa uccienoBaHus BKJaaa 3JIEMEHTOB CXEMbI B BBIXOJIHOM LITyM
yKa3aTh BO BKJIaJKe OUtpUt Ha HEOOXOIMMOCTh BbIBO/IA TPaUKOB CyMMapHOM
CIIEKTPAJbHON IJIOTHOCTH BBIXOIHOIO IifyMa ONOISe_SPectrum u crieKTpaabHOU
IUIOTHOCTH IITYMOB 3JICMEHTOB ONOIse_rrl, onoise rr2, onoise_rr3, onoise_rr4.

12 VYnaanuts rpaduk, COOTBETCTBYIOIINI JIEMEHTY, BHOCSIIIEMY
HAaWMEHBIIINH BKJIAJl B ITYMOBBIE XapaKTCPUCTUKH CXEMBI.

13 Bemonnuts komanay Simulate — analyses and simulate —
Interactive Simulation. 3akpsITh AMAIO0rOBOE OKHO Ha)KaTHEM KHOIKH Save.

14 W3yuuts npunen padboThl BUPTYAIIbHOTO aHAM3AaTOPa AMILUIUTYAHBIX
U Qa3oyacToTHBIX XapakTepuctuk — Bode Plotter. s pasmenienns npubopa Ha

pabodeMm Mosie BBIIOJHUTE KoMaHy Simulate — Instruments — BodePlotter.
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JleBble KJIEeMMBbI OJKIIOYUTD K BXOJIaM UCCIEAYEMOM 1eNH, IPaBble MOAKIIOUYNUTD
K BBIXOJ[aM.

15 HUsmeputs AUX ucciaegyemoro curnaia. HaxaTtnem KHOIIKH
Magnitude, Bocripor3BecTr Ha SKpaHe TPUOOpa aMIUTUTYTHYIO XapaKTEPUCTUKY
HCCIIEyEMOTO YCTPOUCTBA. Y CTAaHOBUTH AUANIA30H YAaCTOT B OKHE MapamMeTpoB
Horizontal. Ot nauaneHo# yactoTsl (Initial= 3 mMHZz) no koneunoii (Final =
3MHz). B noze Vertical ycranosuts MmuanMainbsHoe (1=0) n makcumanbaoe (F=5)
3HaueHue KoddduieHTa nepeaad. Y CTaHOBUTD 110 TOPU3OHTAIN U BEPTUKAIIN
nuHeHHBIH MacmTab — Lin. C moMomso BU3Upa U3MEPUTh 3HAYCHUE aAMILIHTYIbI
COOTBETCTBYIOIIEE YacToTe curHaia 2.2MI'i u 3adpukcupoBaTh €ro.

16 UMsmeputs ®UX uccnenyemoro curnana. Haxaruem kaonku Phase,
BOCITPOMU3BECTHU Ha 3KpaHe Npudopa (pa3zoByr0 XapaKTEPUCTUKY UCCIEAYEMOIO
yCTpOMCTBA. Y CTAaHOBUTH AMANa30H 4acTOT B OkHE apameTpoB Horizontal. Ot
HavyanbHOU yacToThl (Initial = 3 mHz) no xoneunoit (Final = 3 MHz). B none
Vertical yctanoButh MunuMaibHoe (I=-720°) u makcumansnoe (F=720°)
3HA4YCHHE. Y CTAHOBUTH 110 TOPU3OHTAIHM U BEPTUKAIIN JIMHEHHBIN MaciTad — Lin.
C nmomol11pio BU3HMpa YCTAHOBUTH MAaKCUMAJIbHOE 3HaueHue (ha3bl COOTBETCTBYIOIIE
yactote curHana 2.2MTI'i1 u 3aduxcupoBarts ero.

17 CpaBHUTH NOJYyYECHHBIE PE3YJIBTATHI C TOMOIIBI0 MOACIIUPOBAHUS
CXEMBbI TPAaH3UCTOPHOTO YCWIIUTES MPU MCTOIB30BaHUH TUIa aHamm3a — AC
Sweep u npu UCIoIb30BAaHUU BUPTYAJIbHOTO aHATIN3aTOPa AMIUTUTYIHBIX

da3zouacToTHBIX XapakTepucTuk — Bode Plotter.

3.4 MoaeaupoBaHue nepexoaHbIX MPOLECCOB

1  IlocTpouth cxemy, MOKa3aHHYIO Ha pucyHke 3.1.

2  CoxpaHuTh cXeMy ¢ IOMOIIbI0 yHKTa MeHIo File — Save As.

3  Boiitu B pexum ynpaBieHHUs MOJAECTUPOBAHUEM C IIOMOIIbIO KOMaH/IblI
Simulate — Analysis and Simulate, BKJIIOYHTh MOJCTUPOBAHKUE TIEPEXOTHBIX
npoiieccoB Transient v 3a7aTh B €r0 apaMeTpax Bpems moaenupoBanus Final

Time 3 MKc. YCTaHOBHTH WHAWKATOPLI HAITPSXKCHHA Ha BXO/ U BbIXOJA YCHIIUTCIIA.
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4 BpIIOJHATH MOAENHpPOBaHuEe KoMaH10il Run. [Ipu orcyTcTBUN
OIMOOK Ha DKpaHE MOSBUTCS BPEMEHHBIC 3aBUCUMOCTH BXOJTHOTO U BBIXOTHOTO
HanpspKkeHus1. M3MepuTh, moydeHHbIe TpadUuKH ¢ TOMOIIBI0 KypCOpPOB.
Pesynbratel 3adukcupoBaTh.

5  Bremonnutk koManay Simulate — Analysis and Simulate —
Transient, OTKpPBITh BKJIQJKY output 1 ¢ momoIsio KHonku Add 106aBUTh TOK
KOJUIEKTOpa. BX0/THOE M BBIXOAHOE HAIIPSHKEHUE YATUTh C TIOMOIIBIO KHOIIKH
Remove. 3akpbITh TUAIOTOBOE OKHO Ha)kaTueM KHOMKHU Run. [Ipoananmu3upoBaTh
MOJTyYEHHBIEC PE3yIbTAThl U ONPEACTUTH PEXKUM PabOTHI TPAH3UCTOPA.

6  BwmomaauTs peodpazoBanrue Oypbe 11 JTaHHBIX TPA(UKOB U
MOJIYYUTh UX CIIEKTPAJIbHOE MpecTaBiIeHUE. J[Ji 3TOr0 BRIMOIHUTH KOMaHTY
Simulate — Analysis andSimulate — Fourier. YcraHoBHUTE pa3pelieHue 1o
yacrore (Frequency resolution) 2.2MI 11, uuciio, BEIUKCIIEMbIX TOPMOHUK-20.
Bpewms, B TeueHre KOTOporo OyJeT MPOU3BOIUTHCS TUCKpeTU3aius — 2Mkc. B
noJie Display B packpbiBaromemcs criricke BeIOpath ommuro Chart and Graph.
Bri6parh mMaciiTad, HCTOb3yeMbIi TIPU BOCTIPOM3BEICHUH aMILTUTY 1A ((ha3bl)—
nuHeHHbIH. Bo BKitagke output ykaszare B moste Selected variables for analysis
BXOJIHOE HAIPsDKEHUE WM HHAMKATOp Hanpspkenus (PR1).

7 Tlpu oTcyTCcTBHM OIIMOOK HA SKPAHE MOSBUTCS CIIEKTPOrpaMma u
TabNIMIa aHATN3a TAPMOHHYECKHUX COCTABIISIONINX. DKCIIOPTUPOBATH TAOIIHILY,
BBIMOJIHKUB KoMaHay T00ls—Export to Excel. Coxpanuthb rpaduk, BHIITOTHHUB
komanay Edit — Copy Graph.

8  BeImogHUTH 11 .6, 1.7 71 BEIXOAHOTO HAMPSHKEHUS U JUTSI TOKA
KOJUIEKTOpA.

9  VnmanuTh MHAMKATOPHI HANIPSHKCHUM, M YCTAHOBUTH UHIMKATOP TOKA
Mexay KonaeHcaropoM C2 u uHaykTHBHOCTBIO L1. BeimonHuTh kOManay View —
Circuit Parameters. B npaBom HukHeM yrity B rojie Name 3a1ath ums
rmobanpHOTO Mapamerpa. HaxkaB qBak/ibl HA ICTOYHUK CUHYCOHMIATLHOTO
HaNpsOKEHUS B ToJie Voltage Taxoke yka3aTh HMsI III00aJIBHOTO TTapaMeTpa.

Breimonuuth komanay Simulate — analyses and simulate — Parameter Sweep. B
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pazzerne Sweep parameters B mosie Sweep parameters u3 pa3BépThIBAIONIETOCS
crircka BeIOpathb Circuit Parameter. Parameter — umst rmo6aiibHOM IEpeMEHHOM.
Tun ananuza — Transient, Bpems aHanuza — 2Mkc. Crioco0 n3MeHeHHs apaMeTpa
BbIOpaTh MuHEHHBINA. M3Mensats ot 0 10 3 ¢ marom 0.5.

10 Brimoasurts MOACIIMPOBAHHC. Ha OKPAHC IMOABUTCA CEMENCTBO
NMECPCXOIHBIX IIPOLCCCOB IIPU PA3HBIX AMINIUTYdaX BXOIHOI'O BOS,ZICI\/'ICTBI/UI.
3adukcupoBath pe3yabTarT.

11 I[JIH HCCJIICAOBAHNA BXOJHOT'O U BBIXOAHOTO HAIIPSKCHUA Ha
ociuiorpadge HeoOX0MMO MOAKIIOUYUTE €ro K cxeme. J{Jis 3TOro BIMOJHUM
komany Simulation — instruments — oscilloscope. MadpopmannoHHbI BX0OT
KaHaja A TOJKIIOYNTH K BXOJHOM 11ernu, HH()OPMallMOHHBIN BXO/] KaHaia B
HNOAKIIKOYUTH K BBIXOI[HOI)'I. BXOI[ C CUMBOJIOM « - » INOAKJIKOYUTH K 3EMIJIC.

[ToxakmroueHue ocrmiuiorpada K menu, n300pakeHo Ha pUCyHKe 3.4.

X5C1

% BI%

T 'sji [ R1 [ R3

]1|m

2

1nF L2
¢ a1 () 15¢
1 2N22228 3 -

L L 1nF
; 10pH

-

3

2
3
1]

i

=2
3

2.2MHz RZ R4
Hauun Dmun cd

—'nF

R5
1k0

Pucynoxk 3.4 — Cxema mpanzucmopnozo ycunumesi ¢ OCYUIIocpagphom
12  JIBaxkawl JIEBOM KHOIKOM MBIIIN HAXKATh HA IMOJKIIOUCHHEIN K CXEMe
ocumiorpag - XSC1. B nmpaBom HIKHEM yrity B cekii Timebase BbIOpaTh
pexxuM pa3BEPTKU — Y/T — peskuM, B KOTOPOM I10 BEPTHKATIH OTOOPaKaeTCs
HaIpsHKEHUE CUTHAJA, 0 TOPU30HTAIU — BpeMs. B Toii ke cexiuu BeIOpath Scale

500ns/Div. UyBcTBuTenbHOCTh (Scale) u cMmemenue o Beptukanu (Y Position)
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JUTs1 000X KaHAJIOB MOICTPANBAIOTCS TaK, YTOOBI rpaduku ObUIO YI00HO
UcclIeIoBaTh Ha SKpaHe. Pekomenayercs 3amats Chanal A Scale - 2V/Del. Chanal
B Scale — 2V/Del. B ceknuu Trigger BeiOpaTh Single. BbiOpath a1 kaHaJIOB A 1
B tum pa3séptku — DC. [Tocne BeIMoOTHEHUST HACTPOSK ocuiuiorpada HaKaTh
kHOMKY Run u Start Ha nuuieBoii nanenu npudopa.

13 BrimonanuTh n3Mepenus it kaHaia A. [[s 3Toro ycTaHOBUTh THIT
pa3Béprku KaHana B -/ P | YcTaHOBUTE KYpcOp Ha MAKCHMYM BXOJIHOTO
HaIpPsHKEHUS, 1J1s1 ’TOTO HAXKaTh MPABOM KHOMKOW MBIIIN Ha KypCOP U BBITTOJIHUTD
komaHay « Go to next Y MAX ». 3adukcupoBaTh pe3ynbTaThl.

14 BeimoaHUTh U3MEpeHus s kaHana B. 3adukcupoBarh pe3yabTaThl.

15 CpaBHUTH NOJTyYEHHBIE PE3YJIBTATHI C TOMOIIBI0 MOACIUPOBAHUS
CXEMBbI TPAaH3UCTOPHOTO YCHIIUTES MPHU MCIIOIh30BaHUK THIIA aHaIM3a — 1 ransient
U TIPU UCTIOIB30BAaHUM BUPTYAIBHOTO Oociiuiorpada.

16 s ucciienoBaHus CIIEKTpa BXOJAHOTO CUTHAJA UCTIOIb30BATh
BUPTYaJIbHBI U3MEPUTEIbHBIN MPUOOp — AHAIM3ATOp CHEKTpa. BBINOIHUTH
xomany simulation — instruments — Spectrumanalyzer. MadopmannoHHbii
BX0J IN ITOIKIIFOYNTE K BXOJHOM IEIH, BXO | MOJAKIIOYHATE K 3eMJIC.
[ToaxmroueHne aHaIM3aTOpa CIEKTPa K CXeMe, H300paxeHo Ha pucyHke 3.5.

17 BpInmoaHUTH HACTPONKH cTIEKTpoaHanu3aropa. s aToro 3amate Span
— 2MTI'u, nuana3on yactoT ot 2MI'1 no SMI'n, cpennsisa yacrora — 2.5MI 11,
Mmacitab nzobpaxenus no ammutyae — 0,5V/Del. Cnoco6 npencraBnenus
aMIUTUTYJ] TApMOHUK — JInHEWHbIN (Lin), pa3pelienue nmpudopa no yactore
(Resolution Freq) - 15,925k '11. C moMoIIIbi0 BU3Hpa H3MEPUTH aMIUIUTYTHOC
3HaYeHUE TAPMOHUYECKOMN cocTaBiisitoneil Ha yactote 2.2MI 1. Pe3ynpTatsl

3a(UKCUPOBATH.
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Pucynox 3.5 — Cxema mpanzucmopnoz2o ycuaumeinsi ¢ OCYULL02pagdhom u
CNEeKmpoaHaiu3amopom
18 [IloBTopuTh m.15, .16 17151 MCCIIeIOBaHUS BBIXOIHOTO CUTHAIA.
Pe3ynbraThl 3apUKCUPOBATH.
19 CpaBHUTB ONYYEHHBIC PE3YILTATHI C TOMOIIBIO MOJICTUPOBAHHUS
CXEMBbI TPAaH3UCTOPHOTO YCHIIUTEIS MPH MCIIOIH30BAHUH THITA aHaIM3a — Fourier u

IIPpHU UCIIOJIB30BaHUH BUPTYAJIBHOI'O aHAJIU3aTOpa CIICKTPA.

3.5 MoaeaupoBaHue BJUSAHUS pa30pocoB mapaMeTpoB

1  IlocTpouth cxemy, MOKa3aHHYIO Ha pucyHke 3.1.

2  CoxpaHuTh cxeMmy ¢ ToMOIIbIo MyHKTa MeHto File — Save As

3 YCTaHOBHUTH MHAMKATOP HANPSDKEHUS HA HATPY3KY TPAH3UCTOPHOTO
ycuiauTensl. BKIIOUNTh peKUM MOJIEIUPOBAHHUS IO IEPEMEHHOMY TOKY U
BBITIOJTHUTE ero B auara3zone ot 10I' 7o SMI'n, uncio Touek — 10000. Tum
pa3BEPTKH M BEPTUKAIBHBIA MaciTab BeIOpaTh JIMHEHHBIN. Bo Bkiagke output
BBIXOJ/IHAs IepeMeHHas 3aj1ana o ymonuanuio — V(PR1). [Tocne BoinonHeHus
HACTPOCK, HaKaTh KHONIKY Run.

4 YcTaHOBUTH JUISl BCEX PE3UCTOPOB IMpenes pa3dpoca CONMPOTUBICHUS

TOLERANCE paBubiM 10% Ha cxeme, IBaK/Ibl Ha)KaB Ha HEOOXOAUMBIH
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kommoneHT. C moMoribio koMan el Simulate — analyses and simulate Bxirountsb
pexxuM ctaTrcTraeckoro anamusa Monte-Carlo.Bo Bkiagke TOLERANCE ¢
nomoribio kaornku Add tolerance no6asuts B moJe tolerancelist moouepénno Bce
PE3UCTOPBI, UMEIONIHecs B cxeMe. 3aaath B moiie tolerance value — 10%, B mose
Description u3 packpsiBatomierocs cruucka Beiopats UNIFORM (paBHOMEpHOE
pacnpezenenue). Bo Bkmagke Analysis parameters ykasartb:
"  YHCJIO CTATUCTHUYCCKUX UcTbITaHui — 10;
» tum ananmu3a — AC. Jlanee cieBa Haxkath kHonky Edit analysis
B TIOSIBUBIIIEMCSI OKHE Ha)kaTh KHOMKY Reset to main AC
values, 3akpbITh OKHO HaskatueM KHomku OK;
" BBIXOJHYIO MIEPEMCHHYO — BbIX01HOE Hanpsbkenue — V(PR1).
5  BemonHute MoaenupoBanue. Ha skpane nosButcs rpauk cemeiicTpa
CTAaTUCTHYECKUX XapPAKTEPUCTHK BBIXOHOTO HAMPSOKCHUS W TaOIHIa
cTatucTideckoro aHanm3a. CoXpaHuTh rpadUKH U SKCIIOPTUPOBATH
pe3yasTupytoinyto Tabnuiy B Excel.
6  TloBropuTth .4, 1.5, U3MEHUB BUJI pacipeaesienus B mose Description
Ha Gaussian. BeimonHuTs MoziemupoBaHue. 3aUKCHPOBATh, MOJYYCHHBIC
PE3YNIBTATHI.
7/  BBINOIHUTD pacyeT ONCHKH HAUXy e KOMOMHAIINY 3HAYCHU
napameTpoB. JIJist 3TOTo B OKHE ITapaMeTPOB PeKUMa yKa3aTh:
* cnocob ananmmza — metoz Worst Case;
» tum aHanwu3a — AC, BEIXOIHAS TEPEMEHHAS — BBIXOTHOE
Hanpsbkenue — PR1;
" HaIpaBJicHHE OTKJIOHEHHUsS OT HoMuHaia — BBepx (High);
= pasbpoc napameTpoB conpotuBiecHui — 10%.
8  BremomHuTh MoaenmupoBanue. Ha sxpaHe MOSBATCS ABE YaCTOTHBIC
XapaKTEPUCTUKHU BBIXOIHOTO HAMPSHKCHHS — JJII HOMHHAJTBLHBIX 3HAYCHHN
napamMeTpoB U JUTsl HAUXYAIIeH KOMOWHAIIMY TTPH MaKCUMAaJIbHBIX, B Ipeenax

pa30bpoca, 3HauUeHHSIX BCeX apaMeTpoB. 3a(pUKCUPOBATh PE3yJIbTAThI.
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9  IloBTopuTs n.7, 1.8, UI3MEHUB HANIPABJICHUE OTKIOHEHUS OT HOMUHAJa
Low (BHU3). 3aduKcUpOBaTh PE3yIbTATHI.

3.6 OtuéT mo 1abopaTopHoii padore Ne2

/N3BATO COTIACHO 3asABICHUIO/
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I')TABA 4. MOJAEJIMPOBAHUE 'EHEPATOPOB.
JIABOPATOPHAS PABOTA Ne 3

4.1 OcHoBHbIE TeOpeTHYECKHE MOJOKEHUSA
['enepaTop — ycTpoiicTBO, KOTOpOE MpeodpazyeT MEXaHUUYECKYIO IHEPTHIO,
MOJIYYEHHYIO M3 BHEITHETO HCTOYHHKA, B JIEKTPUUECKYIO SHEPTHIO.
B nannoii nmabGopaTopHoit paboTe OyIyT pacCMOTPEHBI Takue reHepaTophl
KaK:
* MynbTUBHOpATOP
» ['eneparop Kosmwurma
= KBapuesblil reHEpaTOp HAa UHBEPTOPAX
Mynvmusubpamop — reHepaTop MpsIMOYTOJIbHBIX UMITYJIBCOB, paOOTAIOLIHI
B pexuMe aBToreHeparopa. (Cxema MyJbTUBHOpaTopa OCHOBaHa Ha JBYX
TPaH3UCTOPAX WJIM JIOTHYECKUX CXEMaX C JOMNOJHUTEIbHBIMH 3JIEMEHTAMHU.
MoxHO cKa3aTh, YTO MYJIbTHUBHOpPATOp MpPENCTaBISET COOOM JBYXKacCKaJTHBIN
YCWINTENb C UENbI0 MOJIOXKUTENbHOW OOpaTHOM cBA3U. biaromaps Haliuyuio
MOJIOKUTEIBHON OOPATHOM CBSI3M YCUIIUTEIb IPEBPALIACTCS B TEHEPATOP.
Cy1iecTByIOT CAMMETPUYHbBIE U HECUMMETPUYHbBIE MYJIbTUBUOPATOPHI.

PaccmoTpuM cUMMETpUYHBIA MYyJIBTUBUOPATOP, MOKA3aHHBIA HA PHUCYHKE

4.1
+V
R1 R2 | |[R3 R4
C1 c2
+ +
vT1 VT2
GND

Pucynox 4.1 — Cxema myromusubpamopa
HomuHamel 57€MEHTOB KaXJAo0ro M3 JABYX IUIeY CHUMMETPHYHOTO
myneTUBUOpaTopa coBmagaioT: R1=R4, R2=R3, C1=C2. Ha ocmwmiorpamme

BbBIXOJJHOI'O CHTI'HAaJIa CUMMCTPHYHOTO My.HI)TI/IBI/I6paTOpa MOJXXHO JICTKO 3aMCTUTD,
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YTO TPSMOYTOJBHBIE MMIYJbCHI W Tay3bl MEXKIy HUMH paBHbL. Ero pabota
OCHOBAHA Ha 3apsAHO-PA3PAIHBIX MPOLECCaX KOHIAEHCATOPOB, KOTOPHIE BMECTE C
pesucropamu 06pazyroT RC- nenmouku.

T'enepamop Koanumya unu LC-cemepamop — SIBASETCS OTHOM M3 CXEM
TeHepaToOPOB, HCIOJIb3YIOIIMX KOMOMHAIIMIO WHAYKTUBHOCTH WM EMKOCTH JIJISt
OTIPEJICICHHS YaCTOTHI.

Paccmotpum  renepatop Kosmmma coOpaHHBI Ha  ONEparmoOHHOM

yCHJINTENE, TTOKAa3aHHbIN Ha pUCYHKE 4.2

UlA

5
~\ D> e
74 \/ .| 3 3 6 R E3 7
v3 PER : P

1.535V R1 ) -2 [ ”@)

-1. 4 oy
" c2 2kQ - 5000 lm
- 0.005uF Vi - LM324N 0.05uF
0 I) 12V - - V2 I

R2

20kQ

L1

NN

5mH

Pucynoxk 4.2 — I'enepamop Konnumya

Ucnonp3oBanne B  pabore LC-reHepaTtopa TMO3BOJSET  TOJYYHTH
BBICOKOYACTOTHBIE CUHYCOWJANIbHbIE KosieOanusa. OHu Bo3HHKalT 3a cuér LC-
KOHTYpa, KOTOpPBIH HACTPOEH Ha OIPEICICHHYI0 4YacTOTy M MOJKIIYEH K
YCUJIUTEIBLHON cXeMe, 4YTOObl 00ecCreyuTh HEOO0XOJUMOE YCHICHHE Ha €ro
pe3oHaHcHOM vactoTre. [leTnst oOpaTHOM CBSI3M NMPUMEHSETCS IS MOJICPIKAHUS
KoJieOaHWl Ha pe30HAaHCHOW uacTtoTe KoJjiebaTtenbHOoro kontypa LC. B cxemy
BKJIIOYEH OMNepaluoHHbIN ycunurenb Mapku LM324N — yeThlpéx saepHbId
OTIEPAIMOHHBIN YCUIIUTENh, PAaOOTAIONINI TMPU HaAMpsHKEHUH TuTaHus 10 3B.
[ToapoOHO ero TeXHUYECKue XapaKTepUCTUKH ONTMCaHbI B MpuiioxkeHuu I

Ksapyeswiti  cenepamop — aBTOr€HEpATOp, NpPEIHA3HAYCHHBIA IS

nojlyuyeHus: KojeOaHui (UKCUPOBAaHHOW YacTOThl, B COCTaB KOTOPOW BXOAUT
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KBapLeBblii pe3oHatop. Ha pucynke 4.3 mnpencraBiaeHa cxema KBapLEBOIO

T'CHEPpATOPAa Ha HHBCPTOPAX.

R1 p
— PR1

10kQ
1
U1lA 2 U2A 3 U3A
>} >} R
| | |
7404N 7404N 7404N
X1
||:||
V1 4 Il
G *lov 20v HC-49/U_7MHz
n R2 5
-1 0.5us 502us —
0 0.1kQ
PR2®” c1
-4 ——30pF
0

Pucynox 4.3 — Keapyeswiii cenepamop Ha uneepmopax

['1aBHBIM 3JIEMEHTOM CXEMBI SIBIISIETCS KBAapLUEBbIA pe3oHatop Mapku HC-
49U 7MHz. Ero ocHOBHBIE XapaKTEpUCTUKH OMHCaHbl B mpuioxeHuu [. On
npeaHa3HaueH I CTaOWIM3alMi W BBIACICHUS DJICKTPUYECKUX KOJIeOaHuM
onpenesieHHOW 4acTtoTbl. CTOUT OTMETHThb, YTO KBApPLEBBIM pPE30HATOP HMMEET
Jy4Il€ XapaKTePUCTUKH, YeM Jpyrue Npuoophbl s CTaOWIM3alUM YacTOTHI,
Takhe KakK CTaOWJIBHOCTh MO YacToTe W Temrieparype. Emé oaHuM BakKHBIM
AJIEMEHTOM CXEMbl SBJSIIOTCS HHBEPTOpbl Mapku 7404N, xapakTepUCTUKU
KOTOPBIX OMHMCaHbl B mpwioxeHuu E, npenHazHaueHHbIC M1 U3MEHEHHS (hasbl

BBIXOJHOrO curHajia Ha 180° OTHOCUTEIHLHO BXOJHOTO.

4.2 MoaeaupoBanue MyJbTUBHOpPaTOpa

1  3amycruts nporpammy NI Multisim 14.0.

2  Tloctpouth cxeMy, oKa3aHHyIO Ha pucyHke 4.4. J{ns storo
HE00X0IMMO, UCTIONB3YsI OnomoTekn Sources, Basic, Transistors pacmonoxuTh

anemeHThl Tuma — Pulse_Voltage — renepatop npsamMoyroisHbIX HMITYJTECOB
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HanpsokeHust; R —pesuctopsl ¢ HomuHaamu 1K, 100Kk,750; C — xoHmeHcaTOpHI ¢

HomuHaIamu 0.01UF; 2Q2222A — nBa OUIOISPHBIX TPAH3UCTOPA. DIEeMEHT ground

TaKkKe HaXOJIUTCS B OMOIMoTeke Source. YcranoButh uHAuKaTopbl PR1, PR2,

PR3.
@ PR1
R1 R2 R3 R4
H 1kQ H 100kQ H 100kQ U 1kQ
- 2
11 PR2 1 PR3
0.01uF @ 0.01pF @
Vi
G *lov 12v Q1 4 Q2
N _|5ms 6ms 2N2222A C% /|;>2N2222A
Y s
6 7
R5 R6

1

] 750Q

1

] 750Q

Pucynox 4.4 — Cxema mynomusubpamopa ¢ umnyibCHbIM UCOYHUKOM

3
4

CoxpaHHUTh CXeMy C TIOMOIIIbIO MyHKTa MeHIo File — Save As.

[TpoBepuTh Mpu KaKOH HECUMMETPHUH TOSBIISIIOTCS BO30YKICHUS,

yMEHbIIIas 3HaueHHe pe3rucropa RS5. st 3Toro BoCosib3yeMcest TUIIOM aHaIu3a —

TransientAnalysis. Bemmonauts komanay Simulate — analyses and simulate —

Transient. 13 packpbIBaroIierocs Crucka « HadyaJlbHbIC YCIOBHUS » BBIOPATh «

Calculate DC operating point » (HauanbHbIE YCIOBHS YCTaHABIMBAIOTCS HA OCHOBE

pacuéTa pabouero pexxuma 1o rnocTostHHOMY TOKY). Bpemst MmonenupoBanus — Smc.

Bo Bknanke output B oste Selected variables for analysis mo ymonuanuto
ycranosnensl naaukatops! V(PR1), V(PR2), V(PR3).

5

Boinonauts MoaenupoBanus. Ha skpane nosiBarcs rpadguk

BPCMCHHBIX 3aBUCUMOCTEH HaHp}DI(eHI/Iﬁ B TOYKaX YCTaHOBKU MHIHUKATOPOB

V(PR1), V(PR2), V(PR3).



6  VYmensmias 3HaueHue pe3ucropa RS, 1o6UTbCS MOSBICHUS
BO30ykAeHMid. Pe3ynbrarhl 3aduKkcupoBaTh.

7 Tlocne monbopa 3HaueHUs conpoTuBiieHUus RS, u3MepuTs aMImuTyay
YCTaHOBUBIIUXCA KOJeOaHU C MOMOIIBIO KypcopoB. Pe3ynbTarsl 3adukcupoBaTh.

8  Bemonuuts KoManay Simulate — analyses and simulate —
Interactive Simulation. 3akpbITh JUAIOroBO¢ OKHO Ha)kaTHeM KHOIIKH Save.

9  Toaxmounts ocuusuiorpad K cxeme. J{Jist 3TOro BhIMOIHUTH KOMaHIY
simulation — instruments — oscilloscope. Mudopmarmontblii Bxoa kaHana A
TIOJIKJTFOUUTH K TOUKe ycTaHoBKM nHauKaTopa V(PR1), nadopManmoHHbIii BXO
KaHaja B moakmounTh Kk Touke yctaHoBky uHaukaropa V(PR3). Bxox ¢
CUMBOJIOM « - » TIOJIKJIFOUUTD K 3€MJIE.

10 JIBaxkabl JIEBOM KHOIKOM MBIIIM HAXKAaTh HA MOJKIIOUEHHBIN K cCXeMe
ocimuniorpag -XSC1. B npaBom HHKHEM YTy B cekiuu Timebase BeiOpath
pexuM pa3BépTku Y/T - pekuM B KOTOPOM IO BEPTHKAIIN OTOOpaXkaeTcs
HaNpsHDKCHUE CHTHAJIA, IT0 TOPU30HTAIH — BpeMs. B Toii ke cexiuu BeiopaTh Scale
200us/Div.YyectButenabHOCTh (Scale) u cmemienne no Beprukaiu (Y Position) s
000MX KaHaJIOB MOACTPAaUBAIOTCS TaK, YTOObI 00a rpaduka ObUI0 y100HO
ucclieIoBaTh Ha 3kpane. Pekomenayercs 3agate Chanal A Scale - 5V/Del. Chanal
B Sscale — 5V/Del. B cekiuu Trigger Beiopats Single. BeiopaTh 11 kaHaioB A u
B tum pa3éptku — DC.I1ocnme BEIMOIHEHNS HACTPOCK ocHuIIorpada HaXxaTh
KHOIIKY Run.

11 Breimoanuths n3Mepenus Hamnpsxenus V(3). s 3Toro ycTaHOBUTH
THI pa3BEéPTKH KaHaya B - |2 . YcTaHOBUTH Kypcop Ha MakCHMAalIbHOE 3HAYCHHUE
aAMIUTUTY/IbI HAPSDKEHUS, ISl 9TOTO HAXaTh MPAaBO KHOIKOW MBIIIX HA Kypcop U
BBITIOTHUTH KoMaHy « GO to next Y MAX ». 3adukcupoBaTh pe3yiabTaThI.

12  Bemoaauts usmepenus Hanpsokenus V(5). 3adukcupoBaTh

PE3YyJIbTATHI.

4.3 MopeaupoBanue renepatopa Koanurua.

1 Bamyctuts nporpammy NI Multisim 14.0.
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2  Iloctpouts cxemy, MOKa3zaHHYIO Ha puUcyHKe 4.2. J[ns1 aToro
oOpaTuMcst K OMOIMOTEKaM:
= Sources, BeiOepeM UCTOYHUKHU MTOCTOsTHHOTO ToKa - DC_Power ¢
nomunanamu (V1=12V, V2=12V, V3=-1.535); GROUND;
» Analog, BeiOepem onepannoHHbii yeuauteas Opamp — LM324N;
= Basic, Beibepem pesucropsl Resistors (R1 = 2K, R2= 2k, R3=500),
konaeHcaropsl Capacitor (C1=0.05, C2=0.005) u karymky
uaaykruBaocT Inductor (L1=5mH).

3  Boiitu B pexum yrpaBieHus MOJACTUPOBAHUEM C TIOMOIIbIO KOMaH/IbI
Simulate — Analysis and Simulate, BkitounTh MOIETUPOBAHUE MTEPEXOTHBIX
nporieccoB Transient u 3amaTh B ero napamerpax Bpems MojenupoBanust End Time
800 MKc.Y cTaHOBUTH HHIMKATOPHI HanpsbkeHUs Voltage Ha ykazaHHBIC B CXeMe
TOYKH.

4 BrimonHuth MozenupoBaHue. [Ipu oTcyTcTBUM OIIMOOK HA SKpaHe
nosiBUTCs Tpaduk BpeMeHHOH 3aBucumoctr Hanpsbkenuil V(PR1), V(PR2).
PesynbTaThl 3ahUKCUPOBATD.

S5  VYBenuuuBas 3Hau€HUE HanpspKeHus uctouHuka V(3) B mpenenax oT -
1.535V no 1.535V, uccnenosats usmeHenue noseacaus kpussix V(PR1), V(PR2).

PesynbpTaThl 3ahUKCUPOBATD.

4.4 MopeaupoBaHue KBAPIEBOr0 reHepaTopa HAa MHBEPTOPax
1 3amyctuts nporpammy NI Multisim 14.0.
2  Iloctpouth cxemy, MoKa3zaHHYIO Ha pucyHke 4.3. J{ms 3Toro BeIOpaTh
cienyromue 6M0IMOTeKH U KOMIIOHEHTHI:
»  Mick, cemeiictBo CRYSTAL u BeiOpaTh koMIoneHT - HC-
49/U_TMHz;
= TTL, cemeiictBo 74STD, kommoneHt - 7404N;
= Source, cemeiictBo Signal_Voltage Sources, koMmoHeHT —
Pulse_Voltage;
= Basic, cemeiictBo Resistor, komnonentsl — R1 = 10k, R2 = 0.1k;

» Basic, cemeiicto CAPACITOR, komnonent -C1 = 30pF;
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= Sources, komnonent GROUND.

3  CoxpaHHTb CXeMy C ITOMOIIBIO ITyHKTa MeHIO File — Save As.

4 BoiiTu B peKUM YIIpaBJICHHS MOACIUPOBAHNEM C TIOMOIIBIO KOMAaH/IbI
Simulate — Analysis and Simulate, BkitounTh MOIEIUPOBAHUE MTEPEXOTHBIX
npoiieccoB Transient u 3agaTh B ero mapamerpax Bpems ananmsa End Time 2
MKC.Y CTaHOBHUTbh MHJIMKATOPHI HanpsbkeHus Voltage Ha cxeMy B COOTBETCTBHE C
pucynkom 4.3. Beimonuutes MoaenupoBanue. [Ipu oTcyTcTBUM OMIMOOK Ha dKpaHe
nosiBUTCS rpaduk BpeMeHHOM 3aBucuMocTr Hanpsbkenuid V(PR1), V(PR2).

5  C momorbto KypcopoB, U3MEPHUTH MEpUoIbl T, HAPSDKEHUH B TOUKAX
V(PR1), V(PR2). Pe3ynbTaThl 3apHIKCUPOBATH.

6 [l naHHBIX TpadUKOB BRIMOIHUTE IpeoOpazoBanue Gyphe U
MOJyYUTh UX CIEKTPAIbHOE MpeAcTaBieHue. /st 5TOro BHIMOJTHUTH KOMAaHTy
Simulate — Analysis and Simulate — Fourier. YcraHOBUTb pa3pelieHHe o
gactote (Frequency resolution) 100kI 1, urcio BeraucisieMbix TopMoHuk - 300.
Bpewmsi, B TeueHUN KOTOPOTO OYAET MPOU3BOIUTHCS AUCKpeTH3anus — 2Hc. B mone
Display B packpsiBaroriemMcsi crincke BeiOpath omiuio Graph. Beiopats maciirao,
UCIIOJIB3YEMbIN MPU BOCTIPOU3BEICHUH aMIUIUTyAa ((pa3bl)—nuHelHbIi. Bo
BKJajike Output ykasats B mosie Selected variables for analysis naaukarop
Hanpsbkenus (PR1).

7  Tlpm oTcyTCcTBHH OIIMOOK HA SKpaHE MOSBUTCS CIIEKTPOrpaMma
uHaukarop Hanpspkenus (PR1). 3MepuTh ¢ MOMOIIBIO0 KypCOPOB 4aCcTOTY
curnana F,. Coxpanuts rpaduk, BeimonauB komanay Edit — Copy Graph u
NOKa3aHue KypcopoB.

8  TloBTopuTth 1.6, 1.7 1151 MHaUKATOpa HanpsbkeHus (PR2).
3adukcupoBaTh Pe3yIbTATHI.

9  BuauMmarenbHO M3y4YUTH MTOKa3aHUE Kypcopos (1.5 u n.7). [IpoBeputh

1
BBITIOJTHACTCS JIK ycinoBue: Fy = T Tne F,,—yacrora curnana, T,,- nepuon
u

CHUIrHalia.
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4.5 OT4éT mo JadbopaTopHoOii pabdoTe

/N3BATO COTIIACHO 3asABICHUIO/
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I''TABA 5. BE3OITACHOCTD KU3HEJAEATEJIBHOCTHN

Tewmoit nannoit BKP sBisiercst «Pa3paboTka nukiia 1adbopatopHbIX padboT 1mo
MOJICIMPOBAHUE aAHAJIOTOBBIX YyCTpoWcTB». OHa moapa3dymeBaeT 1Moj coOoi
MPOCKTUPOBAHUE U MOJICIIUPOBAHUE CXEM HCCIIEYEMBIX YCTPOUCTB C MOMOIIBIO
nporpammbl NI Multisim. Pe3ynbraToM paGoThl SBISETCS YacTh METOIMYECKOTO
nocoOusi, B KOTOPOM TPEJCTABIEHO PYKOBOJCTBO IO BBIMOJHEHUIO TPEX
nabopaTopHbIX paboT. Bce mabopaTopHbie pabOTHI BHITIOJHSIOTCS C TIOMOIIBIO
MEPCOHAILHOTO KOMITbIOTEPA. BhINOIHEHNE KaXX0i U3 HUX, B JydIleM Ciyyae,
pacCyMTaHO Ha Tapy aKaJeMHYECKHX 4YacOB, B 3aBUCHMOCTU OT YCIIEBAEMOCTH
cTyneHTa. M3BecTHO, 4YTO MNpHU JUTEIBHOM KCIOJIb30BAHUM KOMIIbIOTEpPA, OH
CTAHOBUTCSI UCTOYHUKOM BPEIHOrO BO3JCHCTBUS Ha 3I0POBHE YEIOBEKA M, KAK
CJIEICTBHME, HCTOYHUKOM MpO(eCcCUOHANIbHBIX 3a0osieBaHUU. [[Ji1 TOro 4YTOOBI
YMEHBIIUTh NaryoOHOe BO3JCHCTBUE BPEAHBIX (PAKTOPOB, HEOOXOAUMO COOJIIOIATh
MEphI 3alllUThl, OTOBOPEHHBIE B pazaenax bXK/I.

be3onacHOCTh XKU3HENEATEILHOCTH — HayKa, MoApa3syMeBatouas noj coooi
BBITIOJIHEHUS PsAJia MPABUJI, HAMIPABJICHHBIX HA COXPAHEHUS 37J0POBbS M CO3JAAHUS
KOM(pOPTHOM paboueit Cpe/bl. [enbro U3YUYCHHUS 0e30MacHOCTU
KU3BHENICATEIILHOCTH SIBJIsieTC (POpMUPOBaHUS CBOJA MPABHII, HAMIPABICHHBIX Ha

CHIDKEHHE ITOTEPh 37I0POBbsI JIFOACH OT BHEITHUX (DaKTOPOB OKPYKAIOIIECH CPE/Ibl.

5.1 OnacHble ¥ BpeJHbIe POU3BOJACTBeHHbIe PaKTOPbI

JUJIsl IOMBITKM KCKIIFOUEHHS] BPEJOHOCHBIX (DaKTOPOB, HYKHO OIPEIECIHUTh
KaKWe U3 HUX BO3HUKAIOT, IPU JUTUTENbHON padboTe 3a komnbioTepoM. CTOUT cpazy
OTMETUTh Ticuxodusnueckue omnacHbie ¢aktopel [1414]. K HUM oOTHOCSTCS
bu3nyeckue W HEpPBHO-TICUXMUYECKHe neperpy3ku. OHM TpOSBIAIOTCS B BUJC
YMCTBEHHOT'O  HANpsDKEHHE, TMEpEHANpsHKEHUs 3pUTENbHBIX M CIIYXOBBIX
aHAJIM3aTOPOB, BOZHUKAIOT SMOLMOHAJIbHBIE NIeperpy3ku. [10sSBIEHUIO YTOMIIEHUS
CIIOCOOCTBYIOT MU3MEHEHUS B LIEHTPAIbHOW HEPBHOM CHUCTEME, BO3HUKAIOLIUE TIPU
pabore, 4TO CIOCOOCTBYET CHHIKEHHMIO NMPOU3BOAUTENBHOCTH Tpyaa. Kpome Toro

JOJITOC Hp€6I>IBaHI/IC B OJHOM HM TOM XK€ IIOJOXKCHHC BBI3BIBACT CTATHUYCCKOC
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HalpspKeHue. UYepe3 HEKOTOpoe BpeMs B KIETKaxX HANPSKEHHOW TI'PYIIIbI MBIIII
3aIlyCKaeTCsl NPOLECC TOPMOKEHHMS — KIETKHM IIPUBBIKAIOT W CTPEMSTCSA
HOJIIEPKUBATh TAKOE COCTOsIHME. B pe3ynbrare pa3BuBaroTcs O0JNE3HU Takue, Kak

OCTCOXOHAPO3, I'PbI’Ka MCIKITO3BOHOYHBIX TUCKOB, HCKPUBJIICHHUC IIO3BOHOYHHUKA.

Hannune BpenHbix (akTOpOB, YPOBHU KOTOPBIX MPEBBIMIAIOT MPHHATHIC
HOPMATUBHI IS JOMYCTUMBIX YCJIOBUH Tpyaa, coryiacHo mIokymeHTy [1515],
COOTBETCTBYIOIIIME TPETbEMY KJaccy BTOPOHl CTEMEHHM BPEIHOCTH, OKa3bIBAIOT

HeOJIaronpusiTHOE BO3JICHCTBUE HA 3I0POBKE MOIb30BATENS.

5.2 DProHOMHKA B3auMOJelicTBUS YeJOBEeK-CHCTeMaA.
IIpuHIMNBI OPraHU3al UM AUAJT0TA
B HacTosimiem craHmapTe OpraHu3aiuds JUaiora MHTEPIPETUPYyeTcs Kak
YCTAaHOBKA B3aMMOJICHCTBUSI MEXIY YEJTOBEKOM M HWHTEPAKTUBHOW CHCTEMOM,
mo/ipasyMeBasi BO3JEHCTBUS IIOJIH30BaTEsl HAa CHUCTEMY M TIOMYyYeHHUS OT Hee
OTBETHOW PEaKIMU ISl TOCTUKEHUSI YCTAHOBIICHHBIX I1EJIEH.
B cranmapre ycTaHOBIEHO CEMb OCHOBHBIX 3PTOHOMHYECKHX IPUHIIUIIOB
CO37aHMS MHTEPAKTUBHON CUCTEMBI:
" TIPUEMJIEMOCTh OpraHu3allMy Juajora JJis  BBIMOJTHEHUS
MIPOMU3BOICTBEHHOTO 3aJaHUS;
" WHPOPMATUBHOCTD;
" COOTBETCTBHE OXKHUIAHUSM TOJIb30BATENS,
" TIPUTOJHOCTH TSI OOyUYCHUS;
"  KOHTPOJIUPYEMOCTH;
"  YCTOMYMBOCTH K OLITUOKAM,

" aJanTaius K MHIUBUAYAJIbHBIM OCOOCHHOCTSM MOJIb30BaTEIIS.

5.2.1 Ilpuemnemocms opeanuzayuu ouanoea 0is 6blNOJIHEHUS
NPOU3B00CMEEHHO20 3A0AHUSL
HeoO6xoaumo,  4TOOBI ~ WHTEpaKTUBHAs  CHUCTEMa  COOTBETCTBOBAJA
MIPOM3BOJICTBEHHOMY 3aJlaHWI0. B KauecTBe MHTEPAKTUBHOW CHCTEMBI BBICTYIIAET

cucrema anamuza NI Multisim. B coorBerctBHe ¢  TpeOoBaHHSIMHU
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IPOM3BOACTBEHHOTO 33JaHHUA Ha BBIXOJE HEOOXOAWMO MOJIYYUTh TPEOyeMyIo
uHbOpMaIMio B BHUJE I'paUKOB U TAOIUIl, YTO YAOBIETBOPSET BO3MOXKHOCTSIM
JINAJIOTOBOM CUCTEMBI. DTO O3HA4YaeT, YTO B MPOLIECCE AUajora MOJIb30BaTEIb
nosiyqaetr wHpoOpManuio 00 YCHENTHOM 3aBepIICHUM 3ajaHus. B  maHHOMN
nporpaMme MpeaycMOTpeHa TIOMCKOBasi CHCTeMa, KoTopas OCBOOOXKIaeT
MOJIB30BATENsI OT M30BITOYHOW HMH(OpPMAIMU, TEM CaMbiM OTPAaHUYUBAS €ro OT
M3JIMIIHEH yMCTBEHHOM Harpy3ku. llomckoBasi cuctema crocoOHa ONpenessiTh
VMCKOMBIM KOMIIOHEHT CXEMBbI [0 HAa3BaHUIO, TUIY, MAapKH W.T.J. DTO 3KOHOMUT
BpeMs. @opMar BBOJA M BBIBOJA COOTBETCTBYET IPOU3BOJCTBEHHOMY 3aJaHUIO.
3Ha4YeHUE TUIOBBIX HACTPOEK B MPOIPAMME YCTAHABIMBAETCS IO YMOIYAHUIO, YTO
o0JyieryaeT BBIIIOJIHEHUS! MTPOU3BOJCTBEHHOrO 3a7aHus. VICIONb30BaHUE «TOPSUUX
KJIABUID» JAET JOIMOIHUTEIbHBIE BO3MOKHOCTH MOJIB30BATEIIO IPU BBITOJIHEHUN
HNOBTOPSAIOIIMXCS MIMHHBIX KoMaH[. CrcreMa npeycMaTpUBacT TakKe YCTaHOBKY
«ropsYMX  KJIaBUII» Ha JII0OyI0 KOMOMHALMIO KOMaHA  HEOoOXOJUMYIO

IMOJIB30BATCIIO AJIsI MUHUMH3AIWUU ITPOMEKYTOYHBIX 3TAIIOB.

5.2.2 Ungopmamusrnocmo

Ha mio6om srtame auanora uHdopMaius, MpeACTaBICHHAsS MOTb30BATEIIIO,
CIIOCOOCTBYET 3aBEPIICHUIO THANIOTa. DTOMY CBUACTEILCTBYET HATMUUEC KOMAHIbI
IOPUMEHUTBY, «OTMEHUTB», «COTJACHUTHCS» MPU  BBIIOJIHEHHH HACTPOCK.
[Mporpamma NI MultiSim coaepUT NyHKTBI MEHIO, KOTOPBIC OIKCHIBAIOT
XapaKTepPHbIC 3aJaHUs [OJIL30BATEINS, MMOMJICPKUBACMBIC MMAKETOM IPOTrPaMM.
3agaBast onpeAeaCHHBIN THIT aHATKU3a, PorpaMMa 0ToOpa)xkaeT Bce HEOOXOIUMbIC
9Tambl, BBIMOJHEHHE KOTOPBIX  CIIOCOOCTBYET  MOJYYCHUIO  PE3yJbTAaTOB
MOJICTUPOBaHUs. B makeTe MPUCYTCTBYIOT 3HAYKH, W300paKaloIHe armmapaTHOe
ymnpaenenue: «Runy, «Pause», «Stop», ¢ UX TOMOIIBIO OCYIIECTBISCTCS
yIOpaBlICHHE  TPOLECCOM  MoJeiupoBaHus.  [IporpaMMa  mpenocTaBiiseT
TI0JIb30BATEN0 MH()OPMAIIHIO O €AMHHUIAX M3MEPEHHUS, YTO MOKa3aHO HA PUCYHKE

5.1.
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PULSE_VOLTAGE ot
Label  Display Value  Fault  Ping

Inival value: ] b

Pulsed value: ‘ 12

|
|
Delay time: ‘ 0 ] M
Rige time: | 100n |
Pall time: | 100n |
Pulse width: | Sm |
Period: ‘ om
AC analysis magnitude: ‘ 5] v
AC analysis phase: o
Distortion frequency 1 magnitude! |o |
Distortion frequency 1 phase; ‘ 0 |
Digtortion frequency 2 magnitude! ‘ 0 i
Distortion frequency 2 phase| [o |
|

Tolerance! ‘ 0

Rueplace, .. l QK ] Cancel Help

PucyHOK 5.1 — OxHo ocHoséHbIx xapakmepucmukK UCmoO4YHUKA HanpAsICEeHUA

5.2.3 Coomeemcmeue 0dicudanusam noiv306amens

CoOTBETCTBHE OXXHJAEMOTO JHMAajora OIpPEeNsIeTcsl IOCPEICTBAM €ro
MPEACKa3yeMOCTH M COOTBETCTBUS ¢ NpuHUMaeMmbiM cornamenuem. [1O NI
Multisim wucmons3yer TEPMHHOJOTHIO NPOCKTHPOBINUKA, YTO YIOBIETBOPSET
TpeOOBaHWEM JIaHHOTO TMPHHIMIA. YCTAaHOBKa OOpaTHOH CBSI3U  MEXIY
MOJIb30BATEIEM W JMAJOTOBOM CHUCTEMOH  MPOSBISETCS B BHIEC PE3yJHTATOB
MoJienupoBanud. Ilaker comepKUT €BpONEUCKUMH M aMEPUKAHCKUU CTaHAapThI,
COOTBETCTBYIOIIUE  KYJbTYPHBIM W JIMHTBUCTHYECKHM  COTJIAIICHUSM.
[Tonp3oBaTenh MOXKET BBIOpAThH JTHOOON W3 NBYX. PacrosiokeHne KHOMOK KOMaHI
«Ok» u «OTMEHa» COOTBETCTBYIOT TPHUBBIYHBIM JIJISI TIOJB30BATENS MTO3UIUSM.
[Ipu pa3mernieHnH KOMIIOHEHTOB Ha pa0oueM TojJe © HUX MOoCIeayromiee
COCIMHEHUE MOYKHO MPEPBaTh HAXKaTHEM KHOMKU «ESC». B cityuae HeKoppeKkTHOTO
BBOJIa MH(pOpMAIIUK TSI cCOXpaHeHus (haiina, MosSBIIETCS COOOIIEHUE 00 ONnoOKe.
OTo o03HayaeTr, YTOo oOOpaTHas CBs3b, TPEIOCTaBIsieMas IOJIb30BATEIIO,

npcacraBjicHa B 00BEKTHUBHOM CTHIIE.

5.2.4 IIpucoonocms 0151 06yueHus
[Tporpamma comepkut pasaen «Help», uMeromuiics Bo BCeX IHATOTOBBIX
okHax. OH OMHCHIBAET, KaK HEOOXOIMMO BBHITIONHATH 33/IaHUs C TTIOMOIIBIO TTaKeTa

nporpaMmbl. 3TO TO3BOJISIET CO37aTh COOCTBEHHBIM 1Ia0JOH ©  Oojee
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a¢dekTuBHBIN ciocol uid 3anoMuHaHus nHpopmaruu. OOpaTHast CBsI3b TOMOTAaeT
NOJIB30BaTENI0 B (OPMUPOBAHMHM TIOHUMAaHHUS W3ydaeMod mporpammbl. OHa
MIOJICKA3bIBACT IOJIb30BATENI0O BCE JCWUCTBUS, TpeOyemble [UIsl TOJYYCHHUS
pesynbTaToB MojenupoBanusa. [10 NI Multisim gaét Bo3MOXKHOCTB ITOJTB30BATEITIO
UMHUTHPOBATh OJTambl JAWajgora 0e3 OTPHULATENbHBIX MOCIEACTBHHA. ITO
HOJATBEPKIACTCSl HaTU4MeM KHOMKH «OTMeHa», TO3BOJIAIONIEH OTMEHHTH
MIOCJICIOBATEIBHOCTD JICHCTBUM, BIUSIONINX HA PE3YIBTAThI MOJICIIUPOBAHUSI.
MoHO caienaTh BBIBOA, YTO MPOrpaMMa, pacCMOTPEHHAs BBIIIE MTOJTHOCTHIO

cootBeTcTBYeT TpeboBanuem ['OCT P MCO 9241-110-2016.

5.3 DproHoMmuKa B3aUMOJAelCTBHS YeJIOBEK-cUCTEeMA.
DjeMeHThI rpa)uuecKoro noJib30BaTejibCKOro uunrepdeiica

Heo6xoaumo ycTaHOBUTH B3aUMOCBSI3b METOJIOB BBOJIa W TpadUuecKux
AJIEMEHTOB UHTep(elica Moab30BaTeNsl.

Pabora monb3oBaTtens c¢ rpaduUyeCKMMH 3JIEMEHTaMH HHTepdeiica
OCYILECTBISIETCS C IOMOILBIO PA3JIMYHBIX CHOCOOOB BBOJAA, MCIOJIb3YIOMUX
CJIEIYIOLIHE ITPUEMBIL:

" BBOJ JIaHHBIX C KJIIABHATYPHI,

" yKa3aHWs C MOMOIIbI0 KOMITBIOTEPHOM MBIIIN, PYUKH, PACTIO3HABAHUS
’KECTOB, OTCJIC)KUBAHNE TIOJIOKEHUS TJIA3HOTO sI0JI0Ka;

" peueBOM BBOJ C  HCHOJB30BAHMEM  TOJIOCOBBIX  KOMAaH],

paciio3HaBaHHUA rojioca,

[Mporpamma NI Multisim nazgenena aByms criocobamu BBoAa MHPOPMALIUH,
TaKAMH KaK BBOJ JaHHBIX C KIIABHATYPHI U YKA3aHUS C MIOMOIIBI0 KOMIBIOTEPHOM
MbIIIH. [IporpaMMa MpemoCTaBIseT IOJIh30BATENI0 BO3MOKHOCTh HCIOJIB30BAThH
oba merona. Jlms TOro 4ToOBI MCMOJIB30BaTh B KAayeCTBE MHCTPYMEHTa BBOJA
uHGOpMaLK KIaBHATypy, TpeOyercss 4€TKas BHM3yalM3alus MecTa BBOJA, TIE

MPOUCXOJIUT B3aUMO/JICUCTBUE, YTO U NMOKA3aHO HA PUCYHKE 5.2.
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Select a Component a X

Database: Component: Symbol (IEC &0617)
Master Database W || |v. ose
Group: 0.5_AMP ~ -
earch...
. <All groups> w | |02BZ2.2
Family: 02074.7 Detail report
B <1 famites > A | |05AZ22 — View model
. 3D _VIRTUAL 1mF [T491E108MO04AT]
1mF [T431X108MO044

T 74AL3 m [T Tl

A 7445 1mF [T494E108MO04AT]

fe's

- 2 1mF [T494X108MO04AT]

- 1mF [T495E 108MO04ATED 3] Help
Jut 7AHC_2V

o LmF [T435E 108MODSATEDS0]

Hp 79HC_4 1mF [T495%108MO04ATED7D]

B 744 a1 S e Function:

Pucynoxk 5.2 — B6oo ungpopmayuu c nomowvbro Kiasuamypwl
[Ipu wucnonp30BaHMM Ccrmocoba yKa3aHUsT HEOOXOJUMO BHU3YaJbHOE
OTOOpa)K€HHE  yKazaTenss [Jisi  ONPEACNICHHs  BHPTYAJbHOTO  IOJIOXKEHHS

YCTPOMCTBA, YTO MPEJCTABICHO HA PUCYHKE 5.3.
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Pucynok 5.3 — B80o0 ungpopmayuu ¢ nomowbro KOMNbIOMePHOU MU
B nmporpamme BcTpeuarores rpaduyeckue 3JeMeHThl nHTepelica, Takue Kak
" rapMOIlIKa — COCAUHEHHE HECKOJIBKUX pPa3BEPTHIBAEMBIX CEKLHUM,
KaKJas W3 KOTOPBIX MPEACTABISIET COO0OM Tpymimy 3JIeMEHTOB
M0JIb30BATEILCKOT0 HHTEpeEiica;
» craigep — dJIeMEHT uHTepdeiica moyib30BaTesis, MO3BOJISIONIUN eMy
noI0MpaTh 3HaYCHUE U3 HETIPEPHIBHOTO JUANa30Ha;
" Kapycelb — Ha0Op DJJIEMEHTOB, OTOOpa)kaeMbIX B KpPYyrOBOM
pacmnoiokeHue, CrocoOCTBYIOIINE MEPEMEIICHUIO BIEPEN-HA3AL;
4yeK-O00KC — 3JIEMEHT, UCIIOJIb3YEMBIi JIsl BIOOpa BapHaHTa, KOTOPHIA

MOXKET HaAXOAUTbCA B ABYX COCTOSHHAX «IIOJIOKUTCIBHOC» WA
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«OTPHULATCIIBHOC» C IOAINMNCBIO W HWHAHUKATOPOM, YKa3bIBaOIIUM

BBIOpaH MmapamMeTp WM HeT.

HporpaMMa COACPKUT BCC BBIMICIICPCUNCICHHBIC KOMIIOHCHTBI ITOJIHOCTBIO

ynosnetBopsitomue tpedoBanuem ['OCT P MCO 9241-161-2016.

5.4 DpProHoMHMKa B3aMMO/JeHCTBHSA YeJOBEK-CHUCTEMaA.
PykoBoACTBO MO MHANBHUAYAJINU3ALUHU POrPAMMHOIO o0ecneYeHu

WuauBuayanus3anust  paccMaTpuUBaeTCs KaKk  W3MEHEHHE  IOBEJICHUS
WHTEPAaKTUBHOM CHUCTEMBI BO BpeMs €€ MCHOJb30BaHUS sl OOecrneyeHus
Haubosee MOAXOAAIIMX YCIOBUH SKCIUTyaTallMu Ui OTAEIBHOTO MOJIb30BaTEls.
Ona mnoapasyMeBaeT OpPraHU3alMi0 TAKUX HW3MEHEHWH, KOTOpble HE TpeOyroT
NEPENpPOrpaMMHUPOBAaHUsl IMAKETa B BHJY YK€ BCTPOEHHBIX BO3MOYKHOCTEN
VH/IMBU1yaJIU3aLHH.

[Tporpamma NI Multisim o0Onagaer HEKOTOPBIMH  BO3MOXXHOCTSMU
UHAMBUAyAIM3allUd  JUIsl  YJOBJIETBOPEHHUs  TpeOOBaHUI  MOJIb30BaTElIEH,
OTHOCAILIMXCS K pPa3IMYHbIM KaTteropusMm. Ilonb3oBarenb Ha CBOE yCMOTpEHUS
MOXET HM3MEHUTh CTaHAAPT CUMBOJA, BBIOpATh A3bIK BBOJA AHTIUNCKUA WIU
HEMEIKUM, pa3Mep wpudra, IBETOBYI0 TaMMmy. Takke OH MOXET pacrojaraTh
NaHeJdb WHCTPYMEHTOB Ha pabouyeM Tojie WIM CKpbiBaTh €€. PacnonoxeHue
KpPaTKUX XapaKTEPUCTUK KOMIOHEHTOB TaKXKe PEryJIUpYyIOTCSL.

Bce BblIIenepeynciIeHHbIE BO3MOXHOCTH IPOrPAMMBI  CBUIETEIBCTBYET
tomy, uto IO NI Multisim monHocThi0 ynoBierBopsier TpedboBanuem ['OCT P
NCO 9241-129-2014.

Jlns  Toro d4roObl caenath Mmporecc paboThl  CTyACHTOB  OoJiee
SPrOHOMHUYHBIM, B BBINYCKHOM KBaJM(UKAMOHHOW padboTe ObLIM ONKMCAHbBI
METO/Ibl YIIPOLIEHUs pabOTHI B HCcleayeMoil cpene pazpadoTku. OHM BKIIIOYAIH B
ce0sl 3aMEHy CIIOKHBIX KOMaHJ, ISl BBIIOJHEHHS OINpPEACNIEHHOTO JACNCTBUs, Ha
allbTEpHATUBHBIE  KOMAHJbl, peaju3alus KOTOPBIX MOXET 3HAYUTENIbHO

COKOHOMMHTBH BpEMAL.
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B nanHoM pasnene ObULTM paccMOTpeHbl IMcuxodusudeckue (HakTopsl,
OTPHUIIATEIIFHO BJIMSAIONIME HA 3JI0pOBbE TMOJB30BATENs W MPUYMHBI  HX
BO3HUKHOBeHHUs. Tak e Obuto ycTaHoBieHo monHOe coorBercTBUe 11O NI
Multisim ¢ TpeGoBaHHMSIMH, ONHMCAHHBIX BBINIC cTaHAapToB. [Iporpamma mmeer
WHTYUTUBHO TOHATHBIA HHTEPQEHC, MPUTOAHBIN ISl peaTn3aliy MOCTaBICHHON

3a/1auu.
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SAK/IIOYEHUE

Lenpto paboThl sBiSIACh pa3paboTKa LUKIA JTAOOPATOPHBIX PpaboT Mo
qucuurinHaM  «OCHOBBI  KOMITBIOTEPHOTO MPOEKTUPOBAHUS W MOJCIMPOBAHUS
TEICeKOMMYHUKALIMOHHBIX ~ cUCTeM»,  «MojenupoBaHue  MHUKPOBOJHOBBIX
yCTpOUCTB». DaKkTUYECKH HEOO0XOJUMO OBbLIO MOJEPHU3UPOBATH METOAMYECKOE
nocobue k inadboparopusiM padboram «lIpoektrpoBanue POC B makerax OrCAD u
Microwave Office» ¢ momonisto mporpammuoro obecnieuerust — NI Multisim 14.0.

B xozne BblnosiHEHUs! pabOThl OBLIM HW3YYEHBI MPUHIUIBI CO3/IaHUS CXEMBbI
ycrporictea B NI Multisim, paznuunbie THD aHaTM3a UCCIEAYEMBIX YCTPOWCTB:
aHallM3 MEPEeXOIHBIX mporeccoB, Dypbe aHANU3, aHATU3 MO0 TIEPEMEHHOMY TOKY,
CTAaTUCTUYECKOE MOJEIMpOBaHUE U Ap. Takke ObUIM PacCMOTPEHBI Pa3INYHbIC
rpynmbl 0a30BOM OMONMOTEKH 3JIEMEHTOB cxeM. i Kaxaol J1abopaTtopHOU
paboThl ObLIM pa3o0paHbl IPUMEPHl IPUMEHEHUSI BUPTYAJIbHBIX M3MEPUTENBHBIX
npuOOpPOB JIsl OJTYUYEHUS XapaKTEPUCTUK UCCIIEyEMbIX YCTPOICTB.

B pesynbrare nanucanuss BKP pazpaboran mnuki sabopaTtopHbiXx padoT
«MOJICTIMPOBAHUE AHAJOTOBBIX ycTpoiicTB». Iluknm comepxkut B cebe 3
1abopaTopHbIe paboOThI: «MonenupoBaHue HMCTOYHUKOB MIATAHUS,
«MopenupoBaHue TPaH3UCTOPHOTO YCUIUTEIN», «MoaeTupoBaHue TeHeEpaTOPOBY.
Jlist kol u3 paboT omucaH MOJAPOOHBIN aqTOPUTM JIEUCTBUM MO BBITIOJHEHUIO.
[IpuBenensl  BO3MOXHBIE  (POpMBI  OTUETOB,  COAEpXKAIIWE  Pe3yIbTaThl
MOJEIUpoBaHUs B Buae TrpadukoB u Tadbmuu. [lomydeHHble pe3ysbTaThl
MOJICTTUPOBAHUS TIOJHOCTHIO COOTBETCTBYIOT TEOPETHUECKUM CBEICHHEM. TakuMm

obpazom, e BKP gocTurnyThl, mocTaBiieHHas 3a/1aua BbIIIOJTHEHA.
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cpene NI Circuit Design Suite — Multisim 12.0. Yacts 1. / KoMmoHeHTHI 1
texHosoruu. 2014. Nel. c. 158 — 161.

53


https://www.mirea-/
https://mephi.ru/students/labs/chair8/MicroCAP.pdf

7 PesnukoB b.JI. JlJabopaTtopHbie paboTbl. ABTOMaTH3UPOBAHHAS Cpe/ia
Multisim: yue6. nocobue mist By308B / b.JI. Pesnukos, B.H. [Tomos. — M..:
MI'TY I'A, 2008. - 72 c.

8 JlaGopaTopHBI MPAKTUKYM IO SJIEKTPOTEXHUKE U JIEKTPOHUKE B CPEIC
Multisim [DnexktponHsiit pecypc] / Mapuenko A.JI., Ocanba C.B. - M. :
JAMK TIlpecc, 2010. -
http://www.studentlibrary.ru/book/ISBN9785940745938.html (zata
obpamenus - 26.04.18)

9 Tepéxun B.b. JJaboparopusie paboTsl B Multisim 1o kypcy «I[Ipukiagnas
AIIEKTPOHUKAY: MpakTuueckoe pykoBojicTBo/ B.b. Tepéxun. — Ceepck: 1U3n

—Bo CI'TA, 2009. — 87 c.

10 lectépkun A. H. Cucrema MOAETUPOBAHUS U UCCIEAOBAHUS
paanosneKTpoHHbBIX ycTpoiicTB Multisim 10. — M.: JIMK Ilpecc, 2015. —
360 c.

11 Cxemsbl BeIIpsIMHTENICH [DnekTpoHHbIN pecypc]: Caiit kommanuu Radio

prog. URL.: http://radioprog.ru/post/171 (mata oopamenue 20.05.18)

12 Tpan3ucTopHbIe ycunuTenu [AnekTponubiid pecypc]:Cait aekTprdueckue
npubops! 1 MarmmHbl. URL: http://www.elel.ru/tranzistori.html (nara
oOparmenus 20.05.18)

13 Paymrep K., Manccen ®., Munnxomsa P. OCHOBBI CIIEKTPAIBHOTO aHANN3A /
ITep. ¢ anrn. C. M. Cmonbckoro; ITox pexakuueit FO. A. I'peberko — 2-¢

u3a., uctp. — M.: I'opsiuas nunusa — Tenekom, 2014. — 226 c.: uin.

14 TOCT 12.0.003 —2015. Cucrema crannaptoB 6e3omacaoctu Tpyaa (CCBT).
OmnacHble 1 BpeIHBIC MPOU3BOICTBeHHBIE (hakTophl. Kitaccudukanus. M.

Cranpaptuadopm, 2015

54


http://www.studentlibrary.ru/book/ISBN9785940745938.html
http://radioprog.ru/post/171
http://www.elel.ru/tranzistori.html

15 P 2.2.2006-05. PykoBOICTBO 11O THTHEHUYECKOM OlleHKE (haKTOPOB paboueit
cpeabl U TpynoBoro npouecca. Kputepuu u kinaccudukanus ycioBun
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NXP Semiconductors Product data sheet

General purpose diodes BAS19; BAS20; BAS21
FEATURES PINNING
* Small plastic SMD package PIN DESCRIPTION
* Switching speed: max. 50 ns 1 anode
* General application 2 not connected
« Continuous reverse voltage: max. 100 V; 150 V: 200 V 3 cathode
* Repetitive peak reverse voltage: max. 120 V; 200 V,
250V

Repetitive peak forward current: max. 625 mA.

APPLICATIONS
* General purpose switching in e.g. surface mounted
circuits. 2 )
DESCRIPTION 2 1
nc.
The BAS19, BAS20 and BAS21 are general purpose
diodes fabricated in planar technology, and encapsulated - 3
ina small SOT23 plastic SMD package. _—
. ) MAA 185
MARKING
TYPE NUMBER MARKING CODE (")
BAS19 JP+
BAS20 JRe Fig.1 Simplified outline (SOT23) and symbol.
BAS21 JS+
Note

1. * =p:Made in Hong Kong.
* = {: Made in Malaysia.
* = W: Made in China.

2003 Mar 20 2
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General purpose diodes

BAS19; BAS20; BAS21

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vaam repetitive peak reverse voltage
BAS19 - 120 Y
BAS20 - 200 v
BAS21 - 250 v
Vr continuous reverse voltage
BAS19 - 100 v
BAS20 - 150 v
BAS21 - 200 \Y
I continuous forward current see Fig.2; note 1 - 200 mA
leam repetitive peak forward current - 625 mA
lpsm non-repetitive peak forward current | square wave; T, = 25 °C prior to
surge; see Fig.4
t=1us - 9 A
t=100 ps - 3 A
t=10ms - 1.7 A
Piot total power dissipation Tamb = 25 °C; note 1 - 250 mwW
Tsig storage temperature -65 +150 “C
T junction temperature - 150 °C
Note

1. Device mounted on an FR4 printed-circuit board.

2003 Mar 20
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General purpose diodes BAS19; BAS20; BAS21
ELECTRICAL CHARACTERISTICS
T; = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MAX. UNIT
V' forward voltage see Fig.3
Ir= 100 mA 1 Vv
Ir = 200 mA 1.25 Vv
la reverse cumrent see Fig.5
BAS19 Vp=100V 100 nA
V=100 V:T|=150°C 100 HA
BAS20 Ve=150 V 100 nA
Va=150 V: T = 150 °C 100 pnA
BAS21 Vr=200V 100 nA
Vp=200V; T =150°C 100 HA
Cq diode capacitance f =1 MHz; Vg = 0; see Fig.6 5 pF
ty reverse recovery time when switched from I = 30 mA to 50 ns
ln =30 mA; R = 100 Q: measured at
Ir = 3 mA; see Fig.8

THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE | UNIT
Rin |1p thermal resistance from junction to tie-point 330 KW
Rih ja thermal resistance from junction to ambient | note 1 500 K'W
Note

1. Device mounted on an FR4 printed-circuit board.

2003 Mar 20 4
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General purpose diodes BAS19; BAS20; BAS21
GRAPHICAL DATA
00 s 600 Moz
I ‘¥
(mA) (mA) L1/ i
200 400 1' . ﬁ . //@
N I
N HI
!
- K o i
\ /
\\ 7 /
0 0 =T
0 100 T,.0C 200 0 1 VEV) 2
Device mounted on an FR4 printed-circuit board. (1} T =150°C: typical valies.
(2} T =25°C;typical valuas.
(3} T;=25°C; maximum values.
Fig.2 Maximum permissible continuous forward
current as a function of ambient Fig.3 Forward current as a function of forward
temperature. voltage.
’oa MeGa
IFsm
(A}
10
B ————
1
107"
1 10 102 10% tp bs) 104
Based on square wave curmens.

T, =25°C prior to surge.

Fig.4 Maximum permissible non-repetitive peak forward current as a function of pulse duration.

2003 Mar 20 5
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General purpose diodes BAS19; BAS20; BAS21
102 - MBGS 1 1.0 MBG447
(uA) AT, (pF)
10 ES%/ 0.8
I" [”
/
1 WAL 08
= /
717
10" = —— 0.4
ll’
7
4
1072 0.2
0 100 T, %) 200 0 2 4 8 vaw ®
(1) Va = Vinae maxmum valyes.
{2) Vi = Vianae typical values. |.1m27’.5.c.
Fig.5 Reverse current as a function of junction Fig.6 Diode capacitance as a function of reverse
temperature. voitage; typical values.
MEG 45
300
VR
V)
200 (1
@) X
\
100 (3)
\
(1]
0 100 Tamb °c) 200
(1) Bas21,
{2) BAS20,
{3) BAS19.
Fig.7 Maximum permissible continuous reverse
voltage as a function of the ambient
temperature.
2003 Mar 20 6
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General purpose diodes BAS19; BAS20; BAS21

| 1 tp
l”‘] r [‘— P . .
EJ : X0 T
Rg =50 &1 "{ -_'"_.l i
Va Vﬂ¢ IFK ns
[ 90% ")
input signal output signal
1) lr=3mA,
Fig.8 Reverse recovery voltage test circuit and waveforms,
2003 Mar 20 7
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PACKAGE OUTLINE
Plastic surface mounted package; 3 leads SOT23
D {e] E {a]
 / \
\
\ l J—;I—\-I ‘\ } /'
- | R
- He 1 {=[v@iA]
|3
i !
i |- _-+-_-_. n o
| . s
| = 05 A1
T . L =
b e | @ l.._p’I
[e] detail X
it T
scale
DIMENSIONS (mm are the original dimenslons)
UNIT | A m:‘x bp | ¢ |0 | € | e [o |H|L|oO|v |[w
mm | o3 | 01 |03 | oo | 28 | 12 | *¢ |09 | 33 | 45 |08 | 02 | o
REFERENCES EUROPEAN
VERSION IEC JEDEC EIAJ PROJECTION | 'SSUEDATE
soTes 023648 ==ie) iy g
2003 Mar 20
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General purpose diodes

BAS19; BAS20; BAS21

DATA SHEET STATUS
DOCUMENT PRODUCT
STATUS!") STATUS®! DEFINTION
Objective data sheet Development | This document contains data from the objective specification for product
development.

Preliminary data sheet | Qualification | This document contains data from the preliminary specification.

Product data sheet Production This document contains the product specification.
Notes

1. Please consult the most recently issued document before initiating or completing a design.

2. The product status of device(s) described in this document may have changed since this document was published
and may differ in case of multiple devices. The fatest product status information is available on the Internet at

URL http://www.nxp.com.

DISCLAIMERS

General — Information in this document is believed to be
accurate and reliable. However, NXP Semiconductors
does not give any representations or warranties,
expressed or implied, as to the accuracy or completeness
of such information and shall have no liability for the
consequences of use of such information.

Right to make changes — NXP Semiconductors
reserves the right to make changes to information
published in this document, including without limitation
specifications and product descriptions, at any time and
without notice. This document supersedes and replaces all
information supplied prior to the publication hereof.

Suitability for use — NXP Semiconductors products are
not designed. authorized or warranted to be suitable for
use in medical, military, aircraft, space or life support
equipment, nor in applications where fallure or malfunction
of an NXP Semiconductors product can reasonably be
expected to result in personal injury, death or severe
property or environmental damage. NXP Semiconductors
accepts no liability for inclusion and/or use of NXP
Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at
the customer’s own risk.

Applications — Applications that are described herein for
any of these products are for lllustrative purposes only.
NXP Semiconductors makes no representation or
warranty that such applications will be suitable for the
specified use without further testing or modification.

Limiting values — Stress above one or more limiting
values (as defined in the Absolute Maximum Ratings
System of IEC 60134) may cause permanent damage to

2003 Mar 20

the device. Limiting values are stress ratings only and
operation of the device al these or any other conditions
above those given in the Characteristics sections of this
document is not implied. Exposure to limiting values for
extended periods may affect device reliability.

Terms and conditions of sale — NXP Semiconductors
products are sold subject to the general terms and
conditions of commercial sale, as published at
http/www.nxp.com/profile/terms, including those
pertaining to warranty, intellectual property rights
infringement and limitation of liability, unless explicitly
otherwise agreed to in writing by NXP Semiconductors. In
case of any inconsistency or conflict between information
in this document and such terms and conditions, the latter
will prevail.

No offer to sell or license — Nothing in this document
may be interpreted or construed as an offer to sell products
that is open for acceptance or the grant, conveyance or
implication of any license under any copyrights, patents or
other industrial or intellectual property rights.

Export control — This document as well as the item(s)
described herein may be subject to export control
regulations. Export might require a prior authorization from
national authorities.

Quick reference data — The Quick reference datais an
extract of the product data given in the Limiting values and
Characteristics sections of this document, and as such is
not complete, exhaustive or legally binding.
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Customer notification

This data sheet was changed to reflect the new company name NXP Semiconductors. No changes were
made to the content, except for the legal definitions and disclaimers.

Contact information

For additional information please visit: http:/ www.nxp.com
For sales offices addresses send e-mail to: salesaddresses@nxp.com

QNXP EBE.V. 2009

Al rights ama reserved. Reproduction m whole or in part is prohibded without the prioe written consent of the copynght owner.

The information presented in this document does not form part of any quotation or cortract, is beleved 10 be accurate and reliable ard may be changed
without notice. No Rabilty will be accepled by the publisher for any consequence of 2s use. Publication thereof does nat convey nor imply any icense
under patent- or other i ndustrial or imellectual property rights.

Printed in The Netharands 613634 04pp1 0 Date of relase: 2000 Mar 20 Document oder rumber: 8387 750 10961

founded by

PHILIPS

65



HPUJIOKEHUE b

Product  “\we Sampie & Tachnical @ Tools & Support &
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INSTRUMENTS LM1084
SNVECATG ~-SEPTEMEBE R 1500 ~REVISED JANUARY 2018
LM1084 5-A Low Dropout Positive Regulators
1 Features 3 Description

» Avallable in 3.3-V, 5.0-V, and Agjustable Versions
» Curment Limiting and Thermal Protection

« Output Cumrent 5 A

« Industrial Temperature Range -40°C to 125°C

+ Line Reguiation 0.015% (Typical)

+ Load Regulation 0.1% (Typical)

2 Applications

+ Post Regutator for Switching DC-DC Converter
= High-Efficiency Linear Regulators

« Battery Chargers

The LM1084 is a regulator with a maximum dropout
of 1.5V at 5 A of load current. The device has the
same pinout as Tl's industry standard LM317.

Two resistors are required to set the output voitage of
the adjustable output voitage version of the LM1084.
Fixed output voltage versions integrate the adjust
resistors.

The LM1084 circult includes a zener trimmed
bandgap reference, cument limiting, and thermal
shutcown,

Refer to LM1085 for the 3A version, and the LM1086
for the 1.5A version.

Device Information''

_PARTNUMBER |PACKAGE | BODY SIZE (NOM)
TO-283(3) | 1018 mm « 8.41 mm
LM10E4 .
TO-220 (3} | 14.986 mm « 10.16 mm

(1) For all svailabl packages, see Ihe ordevable addendum et
Iha end of the datasheet

Typical Application

our

1
Vour
R1
12140
hd BT
TS Taoislum
o—

*NEEDED IF DEVICE IS FAR FR0M FILTER CAPACITORS

R2
Pour = 1.25v (1 + 33)

An IMPORTANT NOTICE at the ond of this data sheol addresses avadlabllity, warranty. changes, use in salety ontcal appications,
inallectual property matisrs and other smportant dsclamers, PRODUCTION DATA,
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Table of Contents
1 Features =1, 73 Faature DascopOn..... .. ..owuiciiaiesic st aiimsimsins 9
2 Applications 1 74 Dewce Fur Modes o1
3 Description ... w3 8 Application and Implementation ... 13
4 Revision History. 2 8.1 Application Information...........
5 Pin Configuration and FUnctions ._.................. 3 8.2 Typical ApphCalors ...
6 Spoctﬂcniom 4 9 Power Supply Recommendations
Absolute Maximum REGS ..o 4 10 Layout
52 ESD Ratings 4 101 LAayoul GUidalings ............uiiimiscmsisimimssasinsis
83 Recommended O;maitq Conditions.........4 102 Layoul Example ...
64 Tharmal Information .. o 10.3 Thermal Consigerations... “
85 Electrical Chasncteristics... 8 11 Device and Documentation &lwoﬂ
B8 Typical CRALACASHCS .......c.ccce e cves et snsecsssmscns T 111 Tradernark
7 Detailed Description 9 1.2 Elechrostatic Discharge Caubon..................
71 Ovenview.. 9 113 Glossary
72 Functional BIOok DIBGIAM .......c.cccmiscssasissiiic 8 12 Mechanical, Packaging, and Orderable

Information

4 Revision History

Changes from Revision F (March 2013) to Revision G

Page

+ Added Pin Configuration and Functions section. ESD Ratings table, Feature Description section, Device Functional
Modes, Application and Implementation section, Power Supply Recommendations section, Layout section, Device
and Documentation Support section, and Mechanical, Packaging, and Orderable Information SBClon ........covevecucecens 1
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5 Pin Configuration and Functions

3-Pin
TO-220 Package
Top View
Nout [ 3 NPUT
O [~————>oureur
[ 3 ADJ/GND
3-Pin
T0O-263 Package
Top View
_JINPUT
TAB IS
Your 1 0uTPUT
13 apu/GRD
Pin Functions
PIN
1o DESCRIPTION
NAME . NO.
| ADWGND 1 R Adjus! pin lor the adjustable cutput voltage versicn. Ground pn for the fixed output voltage
| varsions.
;Q_u‘rPur | 2 o Output voliage pin for the reguialor
[INPUT 3 | Input vollage pin for the regulator.
Copynght © 1899-2015, Taxas Pabuments Incomorioed Submut Decumantation Feedback 3
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-alr tamperature range (unless otherwise noted)''?

I MAX | unir

Maximum Input to Cutput Votage Owlerential -

LM1084-ADJ 2 v

LM1084-3.3 27 v

LM1084-5.0 S v
Power Dissipation™ Internalby Limited
|Junction Temperatise (T 150 xS
Lead Temperature 260, to 10 gec ‘C
Storage temperalure, Ty —65 150 *‘C

(1] Absolus Maximum Ratings indicate dmits beyond which damage to medavloa may occur. Recommended Cpevaing Conaitians ndicate
mmwmmwumwwummmownmm Is not d. For ensured specications and the

et conditions, see the Electrical Characteristics.

(2] M Milnary'Aercspace spacilied devices are required, please the Texas | eots Sales Office/Diskibutors for availabdity and
specilicatons.

(3) Powar desipason i5 kep! in a safe range by current Imiting ci . Refar to Overload Rocovery.

4)  The maximum powear gssipation s a function of T, B.s, and T4, The maximum allowable power dssipation a1 any amblant
emperstune is Py « (T T A)8. AR numaw for padlaou soldared directly inte a PC board. Refer 1o Thermal
Considerations.

6.2 ESD Ratings

VALUE uNIT
Vieso Electroslatic discharge ] Human-body model (HBM), par ANSIESDAJEDEC JS-001'" +2000 v
{1} JEDEC document JEP155 states that 500-V HBM allows =afe manulacturing with a standasd ESD control process.
6.3 Recommended Operating Conditions

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

| wmm MAX | UNIT

Junction Temperature Ranga (T,)/@

Caontrol Section 40 125 ‘c

Qutput Saction —40 150 "C

[l

2

Absoluse Maximum Ratings indicase Imits beyond which damage to the davice may occur. Recommended Opevating Condtions indicate
conditions for which the devica is intanded 10 be functional, but speciic parormance I not ensured. For ensured speciications and tha
1est conditions, see the Elecirica! Characlensics.

The maximum power dssipason is a lunction al T B4, and T4, The maximum allowsble power dissipation al any ambient
temperature i Py ow (T 00 ~T A8 . Alnmhecsm for packages soldered direclly into a PC boasd. Reler %o Thermal
Considerations,

6.4 Thermal Information
LM1084

3PINS 3 PINS
Rain Juncson-to-amblent thermal ressstance 404 22.7
Rt Juncson-to-case (1op) Memmal resistanca 426 15.5 |
Hes Junceon-to-board thermal resistance 230 41 |
Wit Juncson-to-10p charactenzation parameter 9.8 21 |OW
L Juncsan-to-board characterization paramater 20 | 41 |
Recitoy gct?mm-lom (pottom) theemal resistance: Control Saction/Qutput 06527 L 0.65:2.7 J

M

For more information about radksonal ard new thermal mewics, see the IC Package Thermal Metics application report, SPRABS3,

Swtymt Documentation Feedback Copyright ©1999-2015. Taxas instrumants incorponted
Product Folder Links: LM1084
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6.5 Electrical Characteristics
Typicals and !lmapply for T, = 25°C unless specified otherwise.

PARAMETER TEST CONDITIONS MNO TYR® max® | umr
Vrer Relerence Yokage IM1084-ADJ, foyr = 10mA, Vyy = Vour =3V, 10 mA =
lour S i Loap.1-5 V 5 (Va-Vour) 525 VO oo A s
LM1084-ADJ, loyr = 10MA, Vg = Vour =3V, 10 mA = v
lour 5 kL 1oap1.5 V % (Viv=Vour) 525 VP, 40°C 3 1.225 1250 1270
T,5125°C
Vour Output Voltage™ mtazqsa\.’a. four <0 MA, Vay < 8Y, 0% loyr % lpu 3270 3400 33%
|ap 48V SV, 515V v
LM1084-3.3, loyr =0 mA Vo, « 8V, 05 logr S lppy.
LoD, 48V S Vi S15V, ~40°C 5 T, £ 126°C S&5: 3300 3308
LM1084-5.0, koyr = 0 mA, Vay =8V, 0% loyr 5 lpay
ronp, 85V 5 Vo £20 V 4,950 5000 5050 .
IMI084-5.0, lour =0 mA, Vo =8V, 05 loyt S I
Lo, 6.5V 5 Vi 320 V, 40°C 5 T, 3 125°C Al Sem  Ava
AVour Line Ragulatico™ | LM1084-ADJ, lyyr = 10 MA, 1.5V 5 (Vi — Vurt 515V 0.015% 0.2%
LM1084-ADJ, bsur = 10mA, 1.5V = (Vi = Vour 515
V,40°C 5 T, % 125°C oon  02%
LM1084-3.3, lgyr = OMA 48V 3V 515V 05 8
LM1084-3.3, lour = OMA, 48V 5 Vy, 515V, 40°C 2 10 6 mV
T, 3125C : ||
LM1084-5.0, lggr = O mA, 6.5V 5 Vy, 20V 05 10
LM1084-5.0, oy = O0mA, 6.5V 5 Vy, 20 V, 40°C S mV
T,%125°C " 2 b
AVour Load Reguiasion'®' | LMT084-ADJ, (Vi =V our) = 3 V. 10 mA 5 logr S s 01% 0.5%
LOAD | |
IA1084-ADJ, (Vipy =V cur) = 3V, 10 mA = lour = e
roup: —40°C % T, % 125° 2% 0.4%
LM1084-3.3, Vi =5 V. 0 = oyt 2 lruwe Lown 3 15
LM1084-3.3, Vin = 5V, 0 = Layr % lpure Lowa, <0°C 3 T, 4 20 mv
£125C
LM1084-5.0, Vip = B V. D £ boyr S Jaure Lown [ 20
LM1084-50, Vipy « BV. D 5 loyr 5 lpypy Lowo, <40°C 5 T, 10 %5 my
$125°C
Dropaid Voltage™' LM1034-ADJ, 3.3, 5, 12, AVper. BVoyr = 1%, logy = SA, 13 15l v
~40'C ST, s125'C !
Lwr Current Limit LM1084-ADJ, V= Vour = 5 V, <40°C £ T, 5 125C 55 B0 2
LAM1084-ADJ, V= Vour = 25 V, ~40°C s T, s 125°C 0.9 06
LM1084-3.3, Vpy = 8V, —40°C £ T, % 125°C 55 80 A
LM10B4-5.0, Vo = 10V, ~40°C = T, 5 125°C 5.5 8.0 A
M"'N"HBLNO LM 1084-ADJ, VN-VM-ZSV 5 100| mAa
Quipscant Current | LM1084-3.3, Vyy = 18 V 50 100| mA
LM1084-5.0, Vi = 20 V 50 100| mA
Thermal Reguation | T, « 25°C, 30 ms Pulsa 0.003 0015| %W

(1) Al limits are spacifiad by 1esting or statistical analysis,

(2] Typical Valses represent the most Skaly parametric norm.

(3] lyoao B defined in the current fimi curves. The lxy ) aap Curve defines the current §mil as a function of input-to-output valtage,
Note that 30W power disspation for the LM1084 is anly achiavable over a limied range of input-to-autput voltage,

(4) Load and line reguiation are measurod ot constant unclion tempeasure, and are ansured up 1o the maximum power dsspasion of 30W,
Powar disspaton 15 determined by the inputioutput diferential and the cutput current, ansured maximum power disspation will pot ba
avalable over he full inputioutput range.

(5] Dropout voltage @ specified over the full cutput current range of the device.

(B] The mnimum output current required 1o maintain regulasion.

Copynght © 1899-2015, Taxas Pabuments Incomoroed Subvmut Documantaton Feedback 5
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Electrical Characteristics (continued)
Typicals and limits apply for T, = 25*C unless specified otherwise.

 PARAMETER TEST CONDITIONS T NG @ maxt| unr
Fippls Rejecton | e = 120 He. « Cour = 25 i Tantahu, loyy = SA
LM1084-ADJ, Capy, = 25 pF. (Viy = Vo) = 3 V. <0°C G - dB
T,5125'C
LM1084-3.3, V= 83V, 40C s 7, 5125°C 80 72 dB
LM1084-50, Vyy = 8V, ~40°C s T, 5 125°C &0 68 dB
Adjust Pin Current LM1084 55
LM1084, 20°C 5 7,5125C 120 i
Adjust Pin Current 10 mA £ Loyt S lpee oAy 1.5V EVin=Vours25 Vv, 02 5| pA
Change ~40°C 5 7,5125C
Tomperature Stabilty | -40°C 57, £125°C 0.5%
Long Tarm m Ta =125'C, 1000 Hrs (3% 1.0%
g:‘gemm 10 Hz s 15 10 kHz 0.003%
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6.6 Typical Characteristics
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Figure 5. LM1084-ADJ Ripple Rejection vs Current Figure 6. Temperature Stability
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Typical Characteristics (continued)
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Figure 8. LM1084-ADJ LineTransient Response

Figure 10. Maximum Power Dissipation
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7 Detailed Description

7.1 Overview

A basic functional diagram for the LM1084-ADJ (excluding protection circuitry) s shown in Figure 11. The
topology is basically that of the LM317 except for the pass transistor, Instead of a Darlington NPN with its two
diode voitage drop, the LM 1084 uses a single NPN. This results in a lower dropout voltage. The structure of the
pass transistor Is also known as a quasi LDO. The advantage of a quasi LDO over a PNP LDO is its Inherently
lower quiescent current. The LM1084 is ensured to provide a minimum dropout voltage of 1.5-V over
temperature, at full load.

PO tp s

nivt O—9

,J7 1SEaroate)
Mint

Figure 11. Basic Functional Diagram for the LM1084, Excluding Protection Circuitry

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Ripple Rejection

Ripple rejecticn is a function of the open lcop gain within the teed-back loop (refer 1o Figure 11 and Figure 14).
The LM1084 exhibits 75dB of ripple rejection (typ.). When adjusted for voltages higher than Vger, the ripple
rejection decreases as a function of adjustment gain: (1+R1/R2) or Vo/Vaer. Therefore a 5-V adjustment
decreases ripple rejection by a factor of four (=12dB); Output ripple increases as adjustment voltage increases.
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Feature Description (continued)

However, the adjustable version allows this degradation of ripple rejection to be compensated. The adjust
terminal can be bypassed 10 ground with a capacitor (Capy). The impedance of the C,p, should be equal to or
less than R1 at the desired ripple frequency. This bypass capacitor prevents ripple from being amplified as the
output voltage is increased.

142 x fam'c‘wl =R, (1)

7.32 Load Regulation

The LM1084 regulates the voltage that appears between its output and ground pins, or between its output and
adjust pins. In some cases, line resistances can introduce emors to the voitage across the load. To obtain the
best load regulation, a few precautions are needed.

Figure 12 shows a typical application using a fixed output regulator. Rt1 and Rt2 are the line resistances. Vi cap
is less than the Vg, by the sum of the voltage drops along the line resistances. In this case, the load regulation
saen at the R aan would be degraded from the data sheet specification. To improve this, the load should be tied
directly to the output pin on the positive side and directly tied 1o the ground pin on the negative side.

RU1
v AAA —-
w1 Vi Vour Wy
GND p
Vour Yios0 3 Roso
-
yvy
= ft2

Viaan = Your — I (RUT+Rt2)

Figure 12. Typical Application Using Fixed Output Regulator

When the adjustable regulator is used (Figure 13), the best performance is obtained with the positive side of the
resistor R1 tied directly to the output pin of the regulator rather than near the load. This eliminates line drops
from appearing effectively in serles with the reference and degrading regulation. For example, a 5-V regulator
with 0.05Q resistance between the regulator and load will have a load regulation due to line resistance of 0.05Q
= . If R1 (= 125Q) Is connected near the load the effective line resistance will be 0.05Q (1 + R2/R1) or in this
case, it is 4 times worse. In addition, the ground side of the resistor R2 can be retumed near the ground of the
load to provide remote ground sensing and improve load regulation.

L8]
AAA

Yin = ¥ Vour |4 VW Your
AN

‘b
< *oan
<

||
b

Vau * Vi (Prap2)/RY |, Res

Figure 13. Best Load Regulation Using Adjustable Output Regulator
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Feature Description (continued)
7.3.3 Overload Recovery

Overload recovery refers to regulator's ability to recover from a short circuited output. A key factor in the recavery
process Is the current limiting used to protect the output from drawing too much power. The current limiting circuit
reduces the output current as the input to output differential increases. Refer to short circuit curve in the Typical
Characteristics section.

During normal start-up. the input to output differential is small because the output follows the input. But, il the
output is shorted, then the recovery involves a large input to output differential. Sometimes during this condition
the current limiting circult is slow in recovering. If the limited current is too low to develop a voltage at the output,
the voltage will stabilize at a lower level. Under these conditions it may be necessary to recycle the power of the
regulator in order to get the smaller differential voltage and thus adequate start up conditions. Refer to Typical
Characteristics saction for the short circult current vs. input differential voltage.

7.4 Device Functional Modes

7.41 Output Voltage

The LM1084 adjustable version develops a 1.25-V reference voltage, (Vagr). between the output and the adjust
pin. As shown in Figure 14, this voltage is applied across resistor R1 to generate a constant current |1. This
constant current then flows through R2. The resulting voltage drop across R2 adds to the reference vollage to
sets the desired output voltage.

The current |y, from the adjustment terminal introduces an output error. But because it is small (120 uA max), it
becomes negligible when R1 is in the 100 Q range.

For fixed voltage devices, R1 and R2 are Integrated Inside the devices.

itdsesh

Ve n “iin $— Ya-
any [ bi .l-
LT 4
<44
12 F L 13 E
44
a

ot - Ver(© ¢ :T::' * ha¥?
Figure 14. Basic Adjustable Regulator

[ A

7.4.2 Stability Consideration

Stability consideration primarily concems the phase response of the feedback loop. In order for stable operation,
the loop must maintain negative feedback. The LM1084 requires a cerfain amount series resistance with
capacitive loads, This series resistance introduces a zero within the loop to increase phase margin and thus
increase stability. The equivalent series resistance (ESR) of solid tantalum or aluminum electrolytic capacitors is
used o provide the approprate zero (approximately 500 kHz).

Aluminum electrolytics are less expensive than tantalums, but their ESR varies exponentially at cold
temperatures; therefore requiring close examination when choosing the desiked transient response over
temperature. Tantalums are a convenient choice because their ESR vanes less than 2:1 over temperaiure.

The recommended load/decoupling capacitance is a 10-uF tantalum or a 50-uF aluminum. These values wil
assure stability for tha majority of applications.

The adjustable versions aliow an additional capacitor to be used at the ADJ pin to increase ripple rejection. If this
s done the output capacitor should be increased 1o 22 uF for tantalum or to 150 uF for aluminum.

Capacitors other than tantalum or aluminum can be used at the adjust pin and the input pin. A 10-uF capacitor is
a reasonable value at the input. See Ripple Rejection section regarding the value for the adjust pin capacitor.
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Device Functional Modes (continued)

It is desirable to have large output capacitance for applications that entail large changes in load curent
(microprocessars for axample). The higher the capacitance. the larger the available charge per demand. It is also
desirable to provide low ESR to reduce the change in cutput voltage:

AV = Al x ESR {2)

It is common practice to use several tantalum and ceramic capacitors in parallel 1o reduce this change in the
output voltage by reducing the overall ESR.

Qutput capacitance can be Increased indefinitely to improve transient response and stabilty,

7.43 Protection Diodes

Under normal operation, the LM1084 regulator does not need any proteciion diode. With the adjusiable device,
the intemal resistance between the adjustment and output terminals limits the cument. No diode is needed to
divert the cumrent around the reguiator even with a capacitor on the adjusiment pin. The adjust pin can take a
transient signal of 25 V with respect to the output voltage without damaging the device.

When an output capacitor is connected to a regulator and the input is shorted, the output capacitor will discharge
into the cutput of the regulator. The discharge cumrent depends on the value of the capacitor, the output voitage
of the regulator, and rate of decrease of Vg, In the LM1084 regulator, the intemal diode between the output and
input pins can withstand microsecond surge currents of 10A to 20A. With an extremely large oulput capacitor (2
1000 pf), and with input instantaneously shorted to ground, the regulator could be damaged. In this case, an
external diode s recommended between the output and input pins to protect the regulator, shown in Figura 15.

N4OD2
|9ptional)

Viy @ Y Vor ! O Yout

321 |

S A Cot

:I: 150 uf

3 —
e Dl | 2 -
:I . 10 uf j.

=

Figure 15. Regulator with Protection Diode
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8 Application and Implementation

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

8.1 Application Information

The LM1084 is versatile in its applications, including uses in programmable output regulation and local on-card
regulation. Or, by connecting a fixed resistor between the ADJUST and OUTPUT terminals, the LM1084 can
function as a precision current regulator. An optional outpu! capacitor can be added to improve transient
response. The ADJUST terminal can be bypassed to achieve very high ripple-rejection ratios, which are ditficult
to achleve with standard three-terminal regulators, Please note, in the following applications, if ADJ is mentioned,
it makes use of the adjustable version of the part, however, if GND is mentioned, it is the fixed voltage version of
the par.

8.2 Typical Applications

8.21 1.2-V to 15-V Adjustable Regulator

This part can be used as a simple low drop out regulator to enable a variety of output voltages needed for
demanding applications, By using an adjustable R2 resistor a variety of output voliages can be made possible as
shown in Figure 16 based on the LM1084-ADJ.

Vi ——{m Vour'
¢y 20w
TS 10 uf TS Tanialum

& -

*NEEDED IF DEVICE IS FAR FROM FILTER CAPACITORS

R2
;ﬁ)

Figure 16. 1.2-V to 15-V Adjustable Regulator

Pyour = 1:25v(1 +

8.2.1.1 Design Requirements

The device component count is very minimal, employing two resistors as part of a voltage divider circuit and an
output capacitor for load regulation.

8.2.1.2 Detailed Design Procedure

The voltage divider for this part is set based on the equation shown in Figure 16, where R1 is the upper feedback
resistor and R2 is the lower feedback resistor.
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Typical Applications (continued)
8.2.1.3 Application Curve

2.0
1B T
1.6 T, = ~40°C TJ = 125°C |
1.4 \

1.2

08
06
4
0.2

Dropout Voltags (V)
L3

0 1.0 0 3.0 A 50
Output Current (&)
8.22 Adjustableat5V

The application shown in Figure 17 outlines a simple 5 V output application made possible by the LM1084-ADJ,
This application can provide 5 A at high efficiencies and very low drop-out.

VIN = 6.5V —g—m-yq N out S5V al 5A
A
+ + »
.l W, . —dee 10 QuF
o~ A0t “T™ TANTALUM
3650
1%
“REQUIRED FOR STABILITY
Figure 17. Adjustable @ 5V
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Typical Applications (continued)
8.23 5-V Regulator With Shutdown

A variation of the 5§ V output regulator application with shutdown control is shown in Figure 18 basad on the
LM1084-ADJ. It uses a simple NPN transistor on the ADJ pin 1o block or sink the current on the ADJ pin. If the
TTL logic is pulled high, the NPN transistor is activated and the part is disabled, outputting approximately 1.25 V.
If the TTL logic is pulled low, the NPN transistor is unbiased and the regulator functions normally.

Vi ——q N out 5V

Ve
71
@
®
E:

1650 T~ 00K

— 2
TTL 2N3904 1%

Figure 18. 5-V Regulator with Shutdown

8.24 Battery Charger

The LM1084-ADJ can be used as a battery charger to regulate the charging current required by the battery bank
as shown in Figure 19. In this application the LM1084 acts as a constant voltage, constant current part by
sensing the voltage potential across the battery and compensating it to the current voltage. To maintain this
voltage, the regulator delivers the maximum charging current required to charge the battery. As the battery
approaches the fully charged state. the potential drop across the sense resistor, Rg.reduces and the regulator
throttles back the current to maintain the float voltage of the battery.

Rs
OuT TR
W, e Your
D) .25V
R2
Vour = 1.25{1 +F)
E
-R‘)“ ’E-'-.)
diy %
Nowrr’ P2, =
our -RS( 1 +R—]
Figure 19. Battery Charger
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Typical Applications (continued)
8.25 Adjustable Fixed Regulator

A simple adjustable. fixed range output regulator can be made possible by placing a variable resistor on the
ground of the device as shown in Figure 20 based on the fixed output voltage LM1084-5.0. The GND pin has a
small quiescent current of 5 mA typical. Increasing the resistance on the GND pin increases the voltage potential
across the resistor. This potential is then mirrored on to the output to increase the total output voltage by the
potential drop across the GND resistor.

Vig > 12y IN our 5V to 10V
I GND I’

10;;!1 :_I;mopr

+
IO“F'I 1k

*OPTIONAL IMPROVES RIPPLE REJECTION
Figure 20. Adjustable Fixed Regulator

8.26 Regulator with Reference

A fixed output voltage version of the LM1084-5.0 can be employed to provide an output rail and a reference rail
at the same time as shown in Figure 21. This simple application makes use of a reference dicde, the LM136.5,
to regulate the GND voltage to a fixed 5 V based on the quiescent current generated by the GND pin. This
voltage is then added onto the output to generate a total of 10 V out.

vm>11.5v-I—|N omTuov
o GND *

10 uF1 :I._:loo uF

— 5V

LM1386-5

Figure 21. Regulator with Reference

16 Swiymt Documentaion Feedback Copyright © 13952015, Texas instrumants incoponmted
Product Folder Links: LM1084

81



g INSTRUMENTS
LM1084
www.ti.oom SNVYS037G ~-SEPTEMEER 1989 ~REVISED JANUARY 2015

Typical Applications (continued)
8.2.7 High Current Lamp Driver Protection

A simple constant current source with protection can be designed by controlling the impedance between the
lamp and ground. The LM1084-ADJ shown in Figure 22 makes use of an external TTL or CMOS input 1o drive
the NPN transistor. This pulls the output of the regulator to a few tenths of a volt and puts the part into current
Emit. Releasing the fogic will reduce the current flow across the lamp into the normal operating cumrent thereby

protecting the lamp during startup.
aur IN —( § )—15\'

TTL or ADJ 12v
CMOS SA

10k

Figure 22. High Current Lamp Driver Protection

8.28 Battery Backup Regulated Supply

A regulated battery backup supply can be generated by using two fixed output voltage versions of the part as
shown in Figure 23. The top regulator supplies the Line voltage during normal operation, however when the input
is not available, the second regulator derives power from the battery backup and reguiates it to 5 V based on the
LM1084-5.0. The diodes prevent the raiis from back feeding into the supply and batteries.

5.2V LINE
Vin IN OUT 9" 5y BATTERY
GND
50n
SELECT FOR =
CHARGE RATE
IN ouT
100 uf

1—

= 8.5

+
= 68.3V 10 uf
F E

GND '_J_
L

Figure 23. Battery Backup Regulated Supply
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Typical Applications (continued)
8.29 Ripple Rejection Enhancement

A very simple rippte rgjection circuit is shown in Figure 24 using the LM1084-ADJ. The capacitor C1 smooths out
the ripple on the output by cleaning up the feedback path and preventing excess noise from feeding back into the
regulator. Please remember Xg; should be approximately equal to R1 at the ripple frequency

le = 6.5Y IN ouT
| Al
: I

10 uf .
I — 150 uf

Your = 3V

"C1 IMPROVES RIPPLE RE.‘ECTION.-
Xo SHOULD BE == R1 AT RIPPLE FREQUENCY

Figure 24. Ripple Rejection Enhancement

8.2.10 Automatic Light Control

A common street light contred or automatic light control circuit is designed in Figure 25 based on the LM1084-
ADJ. The photo transistor conducts in the presence of light and grounds the ADJ pin preventing the lamp from
tuming on. However, in the absence of light, the LM1084 regulates the voltage to 1.25V between OUT and ADJ,
ensuring the lamp remains on.

Vi IN
-

L

Figure 25. Automatic Light Control
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Typical Applications (continued)
8.2.11 Generaling Negative Supply Voitage

A quick inverting output rail or negative cutput radl is shown In Figure 26 using the LM1084 fixed output part. By
tying the output to GND, the GND node Is at a relatively more negative petential than the output. This is then
interfaced to the negative application such as an operational amplifier or any other rail needing negative voltage.

[R—

v,,.% IN out
GND —

+ +

TIO.ODC “" ,LIOO ;.d'
Vgur = =12V

FLOATING INPUT
Figure 26. Generating Negative Supply Voltage

8.212 Remote Sensing

Remote sensing Is a method of compensating the output voltage to a very pracise degree by sensing the output
and feeding it back through the feedback. The circuit implementing this is shown in Figure 27 using the LM1084-
ADJ. The output of the regulator is fed into a voitage follower ta avoid any loading effects and the output of the
op-amp s injected into the top of the feedback resistor network. This has the effect of modutating the voltage to a
precise degree without additional loading on the output.

RD
{MAX DROP 300 mV)
Vi ——{ N ouT AN Your
5y
.
o1~ 10
RETURN
RETURN =@ —o-
Figure 27. Remote Sensing
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9 Power Supply Recommendations

The linear regulator input supply should be well regulated and kept at a voltage level such that the maximum
input to output voltage differential allowed by the device is not exceeded. The minimum dropout voltage (Vg —
Vour) should be met with extra headroom when possible in order 10 keep the output well reguiated. A 10 pF or
higher capacitor should be placed at the input to bypass noise.

10 Layout

10.1 Layout Guidelines

For the best overall performance, some layout guidelines should be followed. Place all circuit components on the
same side of the circuit board and as near as practical to the respective linear regulator pins. Traces should be
kept short and wide 1o reduce the amount of parasitic elements into the system. The actual width and thickness
of traces will depend cn the current carrying capability and heat dissipation required by the end system. An amay
of plated vias can be placed on the pad area underneath the TAB to conduct heat te any inner plane areas or 1o
a bottom-side copper plane.

10.2 Layout Example

OUTEUT INPUT
RAIL 1 TNDET RAIL

L2 A8 is = Cl1
OUTPUT OUTPUT : INPUT
GND —— GND

B IR
gl;f:[l))BACKEI [j Rz

Figure 28. Layout Example

10.3 Thermal Considerations

ICs heats up when in operation, and power consumption is one factor in how hot it gets. The other factor is how
well the heat is dissipated. Heat dissipation is predictable by knowing the thermal resistance between the IC and
ambient (8,,). Thermal resistance has units of temperature per power (C/W). The higher the thermal resistance.
the hotter the IC.

The LM1084 specifies the thermal resistance for each package as junction 1o case (8,c). In order to get the total
resistance to ambient (8,,), two other thermal resistance must be added, one for case to heat-sink (8 and one
for heatsink to ambient (8,,,). The junction temperature can be predicted as follows:

Tym Tas Po By« By« Ba) = Ty + Py B4 (3)

T, Is junction temperature, T, is ambient temperature, and Py is the power consumption of the device. Device
power consumption is calculated as follows:
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Thermal Considerations (continued)
lyg=h +lg (4}
Pp = (Vi Vour) I+ Vide (5)
Figure 29 shows the voltages and currents which are present in the circuit,

y— Yot

I T
| i | m

Je

Figure 29. Power Dissipation Diagram

Once the devices power is determined, the maximum allowable (8 4 jnay) IS calculated as:

B4 gmass = TrjmaeyPo = Tojano = TajmmPo (6)
The LM1084 has ditferent temperature specifications for two different sections of the IC: the control section and
the output section. The Thermal Information table shows the junction to case themrmal resistances for each of
these sections, while the maximum junction temperatures (T .. for each section Is listed in the Absolte
Maximum Ratings section of the datasheet. T .y is 125°C for the control section, while T ... Is 150°C for the
output section.

8.4 (maq Should be calculated separately for each section as follows:

8,4 {max, CONTROL SECTION) = (125°C - TaumualPo ]

8, (max, QUTPUT SECTION) = (150°C - TpmuihPp (@)
The required heat sink is determined by calculating its required thermal resistance (84 may)-

Biun imay ™ B1a sman = (Buz + By) {9)
{Byia (maq) Should alse be calculated twice as follows:

{Byea, o) = B4 (Mmax, CONTROL SECTION) - (8, (CONTROL SECTION) + 85,) (10}

(Bin (man) = Ba{max. OUTPUT SECTION) - (8, (OUTPUT SECTION) « 8. (11)

If thermal compound is used. 8¢ can be estimated at 0.2 C/W. If the case Is soldered to the heat sink, then a
B¢y can be estimated as 0 C/W.

After, Bya ymax) IS calculated for each section, choose the lower of the two Bys sy values to determine the
appropriate heat sink.

If PC board copper is going 1o be used as a heat sink, then Figure 30 can be used 1o determine the appropriate
area (size) of copper foil required.

2
o
.
. 0
i
<
= a0
g N

3
i i
= 70 -
s
% 0
s
=
5 0

) 2000 1000 6000

FCB Hant Sink Ares lnﬂ‘l

Figure 30. Heat Sink Thermal Resistance vs Area
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11 Device and Documentation Support

11.1 Trademarks

All trademarks are the property of their respective owners.
11.2 Electrostatic Discharge Caution

‘ These dovices have limitad built-in ESD protoction. The lnads shoukd be shored togemor or the dowice placed in conductive foam
‘l .\ Muring storape or handing 10 prevant electrostatc damage 1o the MOS gates

11.3 Glossary

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

12 Mechanical, Packaging, and Orderable Information
The following pages Include mechanical, packaging, and orderable information. This information is the most

current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.

22 Swtymt Documentation Feedback Copyright © 12952015, Texas instrumants incopomted
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meas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.t com E-Sep2014

TAPE AND REEL INFORMATION

REEL MMENSIONS TAPE DIMENSIONS
c E) P1——

4}-:{-@‘:»-9@:\ ‘
suw
Roul

Cavity A

AD | Dimanaion desgnad 10 dccommaaate o Componant wicen |
20 | Dvmansion desgnad o accommadste ths component lenglh
X0 | Dimension desgnad 10 Bcoommouste e Componen] Nickvss
W | Overall vwdih Of the carmer lape

! £1 | PIich DotWoen Successivg cavily coniers

x
L1 1 .
tReel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0 OO0 00000 Sprockat Haoles
] 1
Q1 Q2 Q11 Q2
Q31 Q4 Qi1 Q4 User Droction of Fesd
| v )
T ' L
T
Pocxal Quadrants
“Al dmengins are nominal
Device Package | Package| Pins smlm Reol | A0 | Bo | ko | Pt | W | Pim
Type |Drawing Diameter] Width | (mm) | (mm) | (mm) | (mm) [ (mm) |Quadrant
(mm) W1 (mm]
LMI0BSX-2ANOPB | DDPAK/| KTT 3 500 330.0 244 |10.75)1485 | 50 | 160 | 230 Q2
T0-263
LM10B4ISX-5QNOPB | DDPAXK/| KTT 3 500 330.0 244 107511485 | 50 160 | 240 Q2
TO-263
LMI0B4ISX-ADINOPE | DDPAK/| KTT 3 500 3300 244 1075148 | 50 160 | 240 o2
TO-263

Pack Malerials-Page 1
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Q Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS

www .t com BSep2014

TAPE AND REEL BOX DIMENSIONS

*
H
5
-~ -
N .
*All dmensions are nominal
Device Package Typa |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM 10641SX-3 3NOPB DOPAKTO-263 KTT 3 500 3570 367.0 45.0
LM1084I5X-5.0N0P8 | DDPAKTO-263 KTT 3 500 3670 367.0 45.0
LM1084ISX-ADUNOPS | DOPAK/TO-263 KTT 3 500 367.0 367.0 450
Pack Materials-Page 2
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MECHANICAL DATA
NDEO003B

0.240-0.260 0.330-0.35¢C

T116.10-6.50] [T (8.38-8.83]

0.100-0.320 0.148-0.153

[2.54-3.03]) /' 2 [1.78-3.89]
e —

9| o - - it

—— 0.090-0,110

0.400 ¢ 345 |2.28-2.78] 0.190-0.210

[10.16 2524 - f | | fusis.ss:

i
f 0.048-0.055 _ |
/ 0.130-0.160 4.0 [1.22-1.40]
PN 1D : [5.30-4.06) e

1.005-1.033 0.027-0.037
- g —y!
[25.53-26.29] [0.69~0.94|
TP
. 0007 «0.18
| & ([?fﬁ'?f?g,) —~°| | 0015 -ae01 10-38 003
0.175-0.785
|4.45-2.70)
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\“. — 0.105 ‘2010 12,67 2033
o 048-0.052 0.015 0.34
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MECHANICAL DATA
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IMPORTANT NOTICE

Texas Instruments Incarparated and its subeidiaries (T1) resarve the right 1o make h i L& and othes
mmmsummmmmwamwmuam andbdsoamnmwp:omdampu.ltisow latest
issue. Buyers should obtain the latest rok information bedare placing ordess and should verify that such inlormation is curtent and
complete. A somiconducior products (ak%o referred W herein as 'componoms'l arg sokd subject 1o TI's terms and conditions of sale
supplied &t the tme of ordes acknowledgment.

Ti warranis performance of its companants % the spocifications applicable at the time of sale, in dance with the y in TI's terms
and conditions of sale of semiconducior products. Testing and ather qualty contral techniquas are used 1o the axtent TI dwms necassary
%0 suppon this wasranty. Excapt where mandated by apphcabla kaw, testing of all paramaters of aach comp i not rily
pedormed.

Ti assumes no liabiMy tor appications assistance or the design of Buyars products. Buyers are responsbie for thair products and
apphcatiors using Tl components. To minimize the risks associated with Buyers' products end appications, Buyers should provide
adequate design and operaling saleguards.

Ti does not warrant or reprasent that any license, elthar express or imphad, I8 granied under any patent right, copynght, mask work rght, or
othar infellectual proparty right relasng 10 &ny combination, machine, or process in which TI companents ar senicas are used. Information
publishad by T1 regarding third-pany producls of sarvices does nol constitute & Icense 1 use Such products Of SEVCES Of B warranty of
endorsament thecacl. Use of such indormation may require a license from a third party urder the p ar other intellecaunl propedty ol the
#ird party, or a license from T1 under the pal or other intebectual property of TL

RAeproduction of significant portions of Tl information in TI dasa books or data shoets is parmissble only If reproduction is without alteration
and is accompanied by all associaled wamantes, conditions. bmitations, and notices. Tl s not rasponsble or ksble for such alterad
documentation, Information of third paries may be subject 10 additional restrictions.

Aesale of T compenents o servicas with stataments different from or bayond the paramaters ssated by T %or that companant or senvice
volde all axprass and any impbed warranties for the associatad TI companent or service and i an unfak and deceplive business practica,
T1 is not responsibée or liable for any such statemenis.

Buyar acknowladges and agrees that It ts salaly responsible far compliance with all legal, regulatory and safety-refated requeements
conceming fs products, and any use of T) components in Its appications, notwihstanging any applcations-ralated information or support
hat may ba provided by TL Buyer represeals and agrees that it has ail the necessary experise % craate and implemeni saleguards which
anscpate dangerous consaguences of tailures, monitar fadures and their consequances, lessen the ikelhood of lailures thal might cause
harm and take appropriate remedal actions. Buyer will fully indemnify T1 and ils represantatives against any damages arising oul of the use
of any Tl compenents n safety critical applcations,

In some cases, T| companants may be p d speciically lo faciliate safely-related applications. With such compeonents, Ti's geal & 10
help mwmiommmolhummw solutions that meet appicabie functional salety standards and
quitemants, Nanatheless, such companents are subject to these lerms.

Na T companents are sulhorized for use n FDA Class Il (ce smilar life-criical medical equipment) uniess autharized oficers of the parfies
have executed a spocial agr specilically governing such use.

GllymouﬂmmmMﬂMmﬂMWﬂummmou\mmmm e designed and imended for usa iIn
mikary'aerospace applications or nts. B dges and ag that any military or asrospace use of Tl componants
which have not bean so designaled is solaly &t the ‘s risk, and that Buyer is solely responsible jor compliance with ali lagal and
requialory requirements In connection with such usa.

T1 has specically desgnated certain comporents as meeting 1507516949 requeamants, mainly for automotive use. In any casa of use of
non-designated products, T1 will not be responsibie for any failure to meet ISOTS 16848,

Products Applications

Audio www.li.com/auda Autcmotive and Transportaion  www, S .com/aisomotve
Ampliiers amplifier.tycom Communications and Telecam  www. S.com/communications
Data Convorters dataconvester.5 com Computers and Perpheral www. B comicommputyes
DLP® Products www.dip.com Consumer Elecironics Www, 5 00mM Consumer-apes
DsP dsp.t.com Energy and Lighting www. 8 comvanargy

Clocks and Timers www.li, com/clocks Indussnal www. 8 com/industral
nteriace Inderface ti.com Medical www. S com/medical

Logie logic. b com Security Www, b com/sacurity

Power Mgmt power.ti.com Space, Avicnics and Dedense  www.S.com/space-avicaics-delense
Microconyobers miorocontroler.t.com Video and Imaging Www. B com video

ARAD www.ti-riid.com

OMAP Applications Processors www.ll.com/omap TI E2E Community c2e.8.00m

Wiraless Connectivity www.ll.com/wiralassconnectiviy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copynght @ 2016, Texas Instrumants Incomporated
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2N2222A

HPUJIOKEHUE B

Small Signal Switching

Transistor
NPN Silicon

Features
® MIL-PRF~ 19500255 Qualified

® Awvailable & JAN, JANTX, and JANTXV

MAXIMUM RATINGS (7, = 25'C unkess othermsa noted)

ON Semiconductor”

http://onsemi.com

COLLECTOR
3
2
BASE
1
EMTTER

Characteristic Symbol | Value Unit

Collecior - Emittar Voltage Veea 50 Vdc

Colleclor -Base Vollage Vepo 75 Vae

Emiter-Base Violtage VEBO 6.0 Voc

Coftecior Currant - Continuows k 800 mAdc

Total Davice Dissipation @ Ta = 25°C Py 500 mw

Total Davice Dissipation @ Tg = 25'C Py 1.0 w

Operating and Storage Junction TyTyg | 6510 R

Temperalure Range +200 TO-18

CASE 206AA

THERMAL CHARACTERISTICS STYLE 1
Characteristic Symbol Max Unit

Thermal Reststanca, Junction to Ambient Aua 325 ow

Therma! Resistance. Junction to Case Ruc 150 ‘oW ORDERING INFORMATION

Stressas exceeding those listed in he Maximum Ratings table may damage tha
davice. Il any of hese limils are exceeded, davica unctionality shoud not ba

assumed, damage may occur and relability may be atleded.

# Sencnduese Sompoesnms Indusives, LLC, 2013
November, 2013 - Aev. 2

95
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2N2222A

ELECTRICAL CHARACTERISTICS (T, « 25°C unless otharwise noted)
| Charactoristic | symbol | min [ max | une |
OFF CHARACTERISTICS

Collecior - Emitier Breakdawn Voltage [V r— 50 : Vde
(i = 10 mAdc)

Colectoe-Base Cutoff Currant lcoo
(Veg = 75 Voo - 0
(Vca = 60 Vich - 10

wAdc
nAde

Emtrer-Base Cutol Cusrant lemy
(Vip = 6.0 Vdc) - 10 pAdc
nAdc
nAdc

(VEp = 4.0 Vdc) - 10

Colecioe-Emitter Cutolf Curtent loes - S0
(Ves = 50 Vao)

ON CHARACTERISTICS (Note 1)

DC Curront Gain hee -
(i = 0.1 mAde, Ve = 10 Vae) 50 ~
(i = 1.0 mAde, Vee = 10 Vdc) 75 325
(i = 10 mAdc, Vg = 10 Vdc) 100 -
(ic = 150 mAdc, Ve = 10 V) 100 300
(ic = 500 mAdc, Vg = 10 Ve) 30 -

Collocior - Emittar Saturation Veltage VeEmm Vde
(i = 150 mAdc, Ig = 15 mAdo) - 03
(ig = 500 mAdc, I = 50 mAdC) - 1.0

8ase - Emttor Saturabon Voltage VBE=) Vde
fic = 150 mAdc, Ig = 15 mAdC) 06 12
{ic = 500 mAdc, Ig = 50 mAdc) - 20

SMALL-SIGNAL CHARACTERISTICS

Magritude of Smab-Signal Current Gain |hye! -
e = 20 mAge, Vg = 20 Vg, 1 = 100 MHZ) 25 =

Small-Sigral Cusrent Gain Hia =
(ic = 1.0 mAde, Vee = 10 Ve, = 1 kH2) 50 -

Input Capacitance
(Veg = 0.5 Vde, Lo = 0, 100 kHz <1< 1.0 MHz)

Cao
Capacitarca Covo pF
(Veg = 10 Vo, g = 0,100 kHz < 1< 1.0 MHz ) - 8.0
SWITCHING (SATURATED) CHARACTERISTICS
Tum-On Time Ln - ] ns
(Ardorence Figure in MIL-PRF-19500255)

Tum-Of Time oy - 00 ns
(Rederence Figure in MIL-PRF-195001255)

Product paramedic periormance Is indcated i the Electncal Charactenstics for the listed 1ast conditions, unless oferwise noted, Product
parformance may not be indicated by the Slactrical Charactaristics If oparated under different condbions.
1. Pulse Tost: Pulse Width = 300 us, Duty Cycle <2.0%.

hitp://onsemi.com
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2N2222A

400 I‘Ié‘syc 1.2
30 ~ S 10 2
g ) & ;' : _‘E_E_ LT L7
260 | E = o8 T )
& 550 33 % —
200 g N T
§ § 5 e 50 (‘4"?-
. _55C 4% o4 et
i 100 82 =T
¥ sz
sa 0.2
ol _Vee=10V 0 le=10
0.1 1 10 100 01 1 10 100
Ic. COLLECTOR CUARENT (mA| o, COLLECTOR CURRENT (mA)
Figure 1. DC Current Gain Figure 2. Base-Emitter Saturation Voltage
04 '(’;"5’-'1 T 1 i vlcel.v{ }1! m l
8 10 1L e »
E 5 08 mﬂ"_ »
& 5 03 > 08 AL ccl B #/
-yl
g 8 150°C E 07 I —
E > 02 “ = 08 i 1 -
I -
3 § 25C E; =05 —
8% —85C . Yo 04 s
et
=5 04 [ 1] a o3
g; £ 02
= >§ 01
0 0
0.1 1 10 100 0.1 1 10 100
I, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
Figure 3. Collector-Emitter Saturation Voltage Figure 4. Base-Emitter Voitage
10 = T e
i 3 T,525C
E 2 g Yegr « 10 hHz 3
20
= g G = 10 mA g \\
o N R 2
] = -
S§ N G 15 ]
5 Z0.10 L 1 £ R—
58 H S
R N 5
5P -
ik : g
> o
om o
(X 0.10 1 10 0 1 2 3 4
I BASE CURRENT (mA) Ve, BASE-EMITTER (V)
Figure 5. Collector Saturation Region Figure 6. Input Capacitance
hitp://onsemi.com
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Copo, INPUT CAPACITANCE (pF)

25

Y
N
S

20

15

10

=350
" T=25C ;
lrest=10kH2 7| =300 \
£ N
Ll ‘
2200
\\ 3
150
\ 3
gwo
@
g 50
F 0
0 2 4 B 8 10 12 14 16 18 2 100
Vac. BASE -COLLECTOR VOLTAGE (V) I, COLLECTOR CURRENT (mA)
Figure 7. Output Capacitance Figure 8. Current Gain Bandwidth Product
hitp://onsemi.com
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2N2222A

PACKAGE DIMENSIONS
TO-183
CASE 206AA
ISSUE A
p—{8l NOTES
ZA L DUEXSOMG 48D TOLEACHG PER ABME V1AW, 1984
-] 2 DMNVSON J VEASURED FROM DWMETTH A TO (DGT.

4 LEADTRUE POSIMON TO BE DETEMAMED AT THE GLNCE
PLANE DEFINED BY DIMERSION R

S DMENION F APPLES BETWEEN DIVENSION P AND L

6 DMERRON O APP UES DETWEEN DRMEMSION L AND K

T BOOY CONTOUR OFTIONAL WITHIN 2ONE DEFINED 1TV DIEN

k-]
i
i
i
l <
X O
S!—i
5

)
L)
u
_i_Li— SOMEA S DT,
L MAX L MR | MAT |
E $3t 1 68 | 0200 | §20 |
L ST T
wOTET
[T1} RTITMET.
i 3% (A0 WOTES486 DETAIL X = n: 2D |
[@]ow7 pisw [A[ BB c @] (M [ om | v |oooe | aees |
4.1 07 1 12210008 1 o0d |
LRI RELT R R
@N Lt lsnl —lom]| — |
H SORSC | 4nTRIC
:ﬁ? "~ | esm
(¥
x J ,..I [ IES._
- | A iy
LUEAD IDENTIFICATION m,.m >
ceTAL e
1 ma
1 COULECION
o ant () oo regess o Corp u.ccwu.m mmmmnmmﬁmum«m.
CopyTigres, mmnmmmty Afstrg of SCALCS
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LM324, LM324A, LM324E,
LM224, LM2902, LM2902E,

LM2902V, NCV2902

Single Supply Quad

Operational Amplifiers

The LM324 senes are low—cost, quad operational amplifiers with

ON Semiconductor”

www.onsemi.com

true differential inputs, They have several distinet advantages over

standard operational amplifier types in single supply applications. The

quad amplifier can operate at sopply voltages as low us 3.0 V or as PDIP-14
high as 32 V with quiescent cumrents about onc-fifth of those gf‘s’:::
associated with the MC 1741 (on a per umplifier basis). The common
mode input range includes the negative supply. thereby eliminating the
necessity for extemal biasing components i many applations, The
output voltage range also includes the negative power supply voltage. SOIC-14
14 D SUFAX
Features - CASE 751A
® Short Circuited Protected Outputs
® True Differential Input Stage
® Single Supply Operation: 30V 1032V TSSOP-14
® Low Input By Corrents: 100 nA Maximum (LM324A) m'z;g
® Four Amplifiers Per Package
® lntemally Compensated
® Common Mode Range Extends to Negative Supply
¢ Industry Stundurd Pinouts
¢ ESD Clamps on the Inputs Increase Ruggedness without Atfecting Pl - NS
Device Operation Rom 5 —
® NCV Prefix for Automotive and Other Applications Requiring Out 1 [T} I 1] uta
ni + S A ) anse Heme . - 2 ! n
Unique Site und Control Change Requirements; AEC-Q 100 s l[-' LA 1) } wodd
Quulified and PPAP Cupable (3} Hu)
. (Thcschcvicca are Ph~Free, Halogen Free/BFR Free and are RoHS Voo (1] 1] Vee, GND
‘ompliant =
wase{ I <) e
0 1]
027} - (7] 0w3
(Top Viow)
ORDERING INFORMATION

) Sencnduss Sompoosms Irdusives, LLC, 2016
October, 2016 ~ Rev. 29

See dutaded ondedng and shpg rg nomsson in the package
dimensiom secion on poge 10 of this daln shost

DEVICE MARKING INFORMATION
See geneal making wormaton In 1he devics marking
section on page 11 of (his dats sheel

1 Publication Order Number.
LM324D
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

MAXIMUM RATINGS (T4 = +25°C, urfass otharwsa nctad |

Rating Symbol Value Unit
Power Supply Voltiages Vdc
Single Supply Vee a2
Splt Supplies Voo, Vee +18
Input Differential Votage Range (Noke 1) Voa 32 Vdc
Input Commaon Mode Voiltage Rangs Vea -031w32 Vdc
Output Short Circuit Duration tsc Continuous
Junchon Temparature T 150 “C
Thermal Rosistance, Junchon-to-Air (Nate 2) Case 846 Raga 18 ow
Casa 751A 156
Casa 948G 130
Siworage Temperature Aange T._.l -850 +150 ‘C
Operating Ambiant Temparature Range Ta <
LM224 -2510 +88
LM324, LM324A, LMI24E 010470
LM2802, LM2302E A0 1o +106
LM2902V. NCV2902 (Note 3) 4010 4125

Stresses exceedng those ksted in the Maximum Ratings 1able may damage the dawvioa. ¥ any of hese limils &e exceaded, device funcionality
should not be assumed, damage may ocowr and reliability may be afiected,

1. Split Pawer Supples.

2. Al Bgza measwmoments made an avakiation board wih 1 oz. copper traces of minmiam pad sze. Al device oudputs weee actve,

3. NCV2902 is quatbed for auomitve use.

ESD RATINGS
Rating HBM MM Unit

ESD Protction at any Pin {Human Body Model - HEBM, Maching Modal - MM)
NCVZ902 (Nosa 3) 2000 200 v
LM324E, LM2902E 2000 200 v
LM324DG/OR2G, IM2602DG/DR2G 20 100 v
All Other Devices 2000 200 v

www.ongeml.com
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vcg = 5.0V, Ves = GND. Ty = 25°C, urlass otharwsa notad |

Ch

mzze

LM32A

LM32¢, LMIZAE

L2902, LM2902E

LM2902V/NCY 2002

Typ

Max

w

Typ

Mo | Typ | Max

Input et Votags
Vee =50V 3V
Vi =0V

Voo -17 V.

Vo= 14V, Re=00
Ta=25C

Th= Thags (Note 4)
Ta= Tiow (NctR 4)

20

50
70
70

20

3.0
50
5.0

20

70
a0
0

70

20 1o

Average Temparatum
Coaficent of Input
Offses \olape

Taw T* © Tow
(Notes 4 and &)

AViy/AT

10

70

0

urc

Input Ctser Cunort
Ta= Toga 0 Tow
(Note 4}

30

50

30
75

50

200

Average Tompanalinm
Couficient of Irput
Offset Curent

Ta= Tagh © Tew
(Noies 4 and €)

10

300

Input Bas Cument
Ta= Togn © Tow
(Note 4}

=150
~300

~100

8§

29

~260
-500

Input Comman Mode
Rsnge

Valtage
(Naw 5)
Vec =30V
Ta=135'C
Tas Togh 0 Tew
(Now 4}

Vier

283
28

(-]

283
kL)

283

283
28

Diflessntial irput
Vottage Rango

Voo

Voo

Voo

Large Sgral Open
Loop Vokage Gan
Ry =20k

Voo =15V,

or Lage Vg Swig
T = Trign 10 Tiow
(Note 4}

100

00

100 -

Vimy

Channel Sepaeston
1002 <1 = 20 Wz,
Input Felorenced

cs

~120

Common Mok
Ragcion,
Ag< 10k

CMA

70 -

Power Supply
Raejection

PSR

&5

100

100 -

& LM224: Ty, = -25°C. T,
LM324/LMI24ALMI24E
LIM2S02AM2I02E: Ty = ~40°C, Trigy = +105°C

=-485°C
ow = 0°C, Tm

= 470°C

LM2602V 8 NCV2S(2; Tigy = -'C, Trgy = +125°C
NCV2802 (s quaiied fov SUE0MOoNve Use.

5 Tnewpwcomonmodevolaoeaalho-vutswdmnagemuanotbeuowedloqoneoambymmno
Memmnmodevonaeranpesvcc 1.7 V, but eher or both inputs can go to +32 V without damage. i

of Voo

6 Guammod by design,

102
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vig = 5.0V, Ve = GND. Ty = 25°C, unlass otharwsa noted |

mzze

LM32A

LM32¢, LMIZAE

L2902, LM2902E

LM2902V/NCY 2002

Typ

Max

w

Min | Typ | Msx

Typ

Oupie Vatage -
High Ume
Ve =50V Ry =
2082, Ty« 25C
Veo =30V
AL« 20KQ
(Ta = Thign s Tiow!
(Nata 7)

Voo =20V
Ay = 10kQ
(Ta = Thign ks Tiow!
(Naie 7)

33

as

kR )

35

a3 | as -

a3

a5

33| 35 -

1 Eo -

Ounput \oitage -
Low Limit,

Ve =50V,

A = 10 k€2
Ta=Tragn 10 Tigw
(Now 7)

Vou

50

50

20

50

Ounput Source Cufreet
Vip=+10V,
Voo = 15V)
Ta=25C
Ta=Tagn 10 Tow
(Now 7)

40

0

838

40

Outpat Sirk Cunent
Vio =10V,
Vee=15Y)
Ta=25C
Ta Togn 10 Tiw
(Now 7)
Vo=-10V,
Vg = 200 N,
Ta=50

a0

2

a0

L

a0

2

80

so -

80

a0

50 | 80 -

Ourput Short Clrcut
to Graurd
(Now &)

40

Power Supply Current
(Ta = Togn 10 Ticat
(Now #

Voo =30V
Vo=0V.R ==
Vec =50V,
No=O0V. R e

ke

30

14

or

30

30

30

30

7. LM224: Tigw = -25°C. Thign

=« 485°C

LM3I24IMIALMIME T « 0°C. T"Q"‘ - s70°C
LM2002LM2902E: Ty = ~40°C, T
LI2202V & NCV29R: Tigy = ~40°C, Trigy = +125°C
NCV2902 is quaiifod for automoive use.
8. The imput common mode voltage or efthar input signal voltage should not ba aliowed to go negative by mom than 0.3 V. The upper end of
the common mode voltage range 1s Vg —1.7 V, but ether or both Inputs can go 1o +32 V without damage, ingapandent of the magnitude

ol Voo

= +105°C

Product parametic perlormance |8 mdcated m the Electical Charactestsiics for the listed tast conditions, unless ofherwise noted, Product
parformance may not be Indicated by the Slactncal Charactaristics if oparated urder different condtions.
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

+ 0

Blas Crculry
Common to Four
Oubit Ampittors
lj ous,)'
016 R Ry om
013
Q19 ok '
s.lopr Q12 ’
LAY 253:
a8 0
[an
[ [N,
-o——(on Q2! ’{: g
Sl PR
% T;}ld j“ P g 010
o oo s 1/' j

Figure 1. Representative Circult Diagram
(One—Fourth of Circuit Shown)

104



LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

CIRCUIT DESCRIPTION

The LM324 series is made using four internally
compensated, two-stage opertional amplifiers. The first
stage of each consists of differential input devices Q20 and
QI8 with input buffer transistors Q21 and Q17 and the
differentiol to single ended converter Q3 and Q4. The firs
stage performs not only the first stage gain function but also
performs the level shifting and transconductance redoction
functions. By redocing the transconductance, a smaller
compensation capacitor (caly 5.0 pF) can be employed, thus
saving chip area. The transconductinee reduction iy
accomplished by splitting the collectors of Q20 and QI8,
Another feature of this input stige is that the input common
mode runge can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single~ended converter. The
second stge consists of a standard cumrent source load
amplifier stage.

Voo 15 Ve
R - 2010
Ta=25C

FRTTIERENI AN

AARLRAARLRRNS SRR R R R R R AN
-

1444 ISTTR RITI

ibliieg

\

1444 (¥
e LAAS

s
/

/

10Vov

RIS TRITENY

e

50 psOV
Figure 2. Large Signal Voltage Follower Response

Each amplifier is biased from an internal-voltage
regulator which has a low temperature coefficient thus
giving each amphfier good temperature characteristics as
well as excelient power supply rejection.

30V 10 Vegiva Vee
—HF—=V,
o - ST i>—1° = 1svuy,
p 1 o ‘cl = COyvan)
o —tC
2 ' (=4
o 3 5 & 3 o L
& o ) = 15V
== =1
RO &
Single Supply = Ve=iGND Split Supplies
Figure 3.
L ]
" LTI,
‘\\ Phase Margin

gw > % ¥
g N z
; » 0 g
z g
g » Gain Margin 0 =

10 10

0 0

10 10 100 1000 10000
LOAD CAPACITANCE (pF)
Figure 4. Gain and Phase Margin
www.ongeml.com
13
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

2
ol " TTI T
=15V L1}
Z 2w ~ kﬁ:m
g - 3 N Ta=5C
v " T
g 12 AL § NN
10 ‘/// gb . N
g 89 L : %
= 77 bt %8 N
+ oy "
ml {/ E . N
20 - Tﬂ
-2
l'v: 20 40 60 BD 10 12 M 16 13 N 1.0 10 100 10k 10k 10k 10M
+ VipeVgr, POWER SUPPLY VOLTAGES (V) 1, FREQUENCY $42)
Figure 5. Input Voltage Range Figure 6. Open Loop Frequency
3] Lo .
z ¢ véc-mv isw ot
1 x" - -
Gain - -100 § ] oupm A
- \ Ry= 1040 400
g e0 I;Izpwouo 2 . < /
5 n Sl Hpea
g 40 N " S0 \/ Vec =30V
$ 2 o‘: G =509F
0 0 100 1000 0 10 20 30 40 K0 60 YO B0
£ FREQUENCY (\Hz) LTIME (i)
Figure 7. Large-Signal Frequency Response Figure 8. Small-Signal Voltage Follower
Pulse Response (Noninverting)
247 T 1.1
i L 0
b= 1.8 g —
g : N
> 12 o
L a9 Zw
o
g a8 g
@
. 03 -
8
% 50 1] 15 20 a2 % E Mo 20 40 60 80 10 12 % % 18 2
Vo, POWER SUPPLY VOLTAGE (V) Voo, POWER SUPPLY VOLTAGE (V)
Figure 9. Power Supply Current versus Figure 10. Input Bias Current versus
Power Supply Voitage Power Supply Voltage
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

E
B}
bhid S0k
Ly Vec
et = s " 1
o——=e Vg ) [=* Vo'
= b=2:p
V.,:;Vm . | Fi 1“?0»!
AP or. =1 )4
WS A 'g— R - 1642
Rt = C = 0:01 oF
Vo~ 28V (14 B i
Figure 11. Voltage Reference Figure 12. Wien Bridge Oscillator
R2
e Hysless
o
L1} !
Viat + Vo |
O i
Vo o—0 . Vo v |
n Ver |V
S | ol
Vs iy VoL~ Vi + Ve Ve
M= R',’{‘m [Vou = Viedl + Vot
i HeBl Von - Yo
2= C(tiasd)le;-o) ARz O
Figure 13. High Impedance Differential Amplifier Figure 14, Comparator with Hysteresis
R
AN 1
W o= 1 AC
It bt A1- OR ,
Vi ?r' .!u c R2s R Vout = 2 Veo
| o | o Wi “R‘ T
WA -u‘l tﬂk R3=Tyme
: o C1=10C
et v For g::domz
p Bandpass .
Vi G Output A3 . T =1
$xi l—~vw— Ty =1
2 1
i c1

O] @ Nk Ot R = 160182

o C =0D01pF
A1 <160
Vet Whee: Ty = Canler Frequency Gain f2 - 16MQ
T{.'a Passband Noteh Gain R3 -16MQ
Figure 15. Bi-Quad Filter
www.ongeml.com
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

Vs yVop T Waw

Vg &

Ri+Re RR1

R T O TL T

Figure 16. Function Generator

108

3L

Co
—{f—evo
Co-10C

R

Figure 17. Multiple Feedback Bandpass Filter

= 1
Ve = 3 Vo

Gion:  {, = conter hoguency

ALJ = gan st oonter Faquancy
Chocse value |, C

5 Q
Ther: R3- PN

3
A= Eh‘u
A1 RY

A2« (Rt - R

For less than 10% onor from cpensional amplifier, ‘;’: <01
where [, and BW are expressed in Hz

If souce mpadance varies, Ber may be greceded wih
valiage Sollower butler 10 sisbize filer paramelers.



LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

ORDERING INFORMATION

Device Operating Temperature Range Package Shipping'
LM2240G SOIC-14 {Pp-Frae| 55 Units'Rail
LM224DR2G SOIC-14 {Pb-Fres) 2500/Taps & Aeel
LM2240TBG ~25°C 1o +85°C TSSOP-14 {Pb-Free) 96 Unils Tuba
LM22407TBR2G TSS0P-14 (Pp-Free) 2500/Tepa & Real
LM224NG PDIP-14 (Pb-Free) 25 Unite/Rail
LM3240G SOIC-14 {Po-Free) 55 UnisRall
M324DR2G S0IC-14 {Pp-Froe) 2500/ Tapo & Real
LMAI24EDR2G SOIC-14 {Pb-Free) 2500/Tape & Reel
M324DTBG TSSOP-14 (Pb-Froe) 96 Units/Tube
LM324DTRR2G TSSOP-14 [Pb-Froe) 2500/Tape & Real
LM324NG 0rCto470C PDIP-14 {Pb-Free) 25 Units/Rail
IMIZ4ADG SOIC-14 |Pb-Frae) 56 Units/Rail
LMI24ADR2G SOIC-14 {Po-Free) 2500/ Tape & Reel
LM324ADTBG TSSOP-14 (Pb-Free) 96 Unis/Tube
LM324ADTBR2G TSSOP-14 {Po-Free) 2500/Tapa & Real
LM324ANG PDIP-14 (Pb-Free) 25 Units/Rail
LM29020G SOIC-14 (Po-Frae| 55 Units/Rall
UM29020R2G S0IC-14 {Po-Froo) 2500/Tapo & Aoel
LM290CEDR2G SOIC-14 {Pb-Fres) 2500/ Tape & Acel
29020786 eeyiy TSS0P-14 (Po-Frae) 96 Unds Tuba
LM2902DTBR2G TSSOP-14 (Pb-Free) 2500/Tape & Acel
LM2902NG PDIP-1¢ (Pb-Free) 25 Unite/Rail
LM2902VDG SOIC-14 {Po-Free) 55 Unte/Rail
LM2902VDR2G SOIC-14 {Pb-Free) 2500/Tape & Reel
LM2202VDTEG TSSOP-14 {Pp-Free) 96 Units/ Tube
LM2902VDTBR2G ~40°C 10 4155°C TSSOP-14 (Pb-Free) 2500/ Tape & Resl
LM2902VNG PDIP-14 (Pb-Free) 25 Unts/Rail
NCV28020R2G" S0IC-14 {Pb-Frae)

NCV2502DTBR2G" TSSOP-14 (Pb-Froe) st pidiox

tFor information on 1ape and reel spectfications, ncluding part onentation and 1ape sizes, pkase refer 1o our Tape and Reel Fackaging

Specifications Brochure, BRDB011/D.

*NCV Prelix for Automotive ard Other Applications Requiring Unique Site and Control Change Requirements; AEC -0100 Quasfied and PPAP

Capable.

10
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

MARKING DIAGRAMS

PDIP-14
N SUFFIX
CASE 646

14

LMx24N
O AWLYYWWG

LM3I24AN
O AWLYYWWG

1 1

14

LM2902N
O AWLYYWWG

SOIC-14
D SUFFIX
CASE 751A

14

AABAA
LMx240G
AVILYWW

1

LM324ADG
o AVLYWW

]

14
LM29020G
AWLYWW

&

LM2902VN
O AWLYYWWG

LM2302VDG
AWLYWW

HHEHH

LM24EG
o AWLYWW

WHEEHEE 1

14

WEHBEEE

14

LM2902EG
o AWLYWW

LRERRRR

TSSOP-14
DTB SUFFIX
CASE 946G

14 14
RAGEA fageq

14
BA0RR

R REERE]

x2s 324A

ALY We ALYWe
Q e O .

2002
ALYWe

[EELL [LLLL
1 1

o
LLELL
1

x = 20r3
A « Assemity Locasan

WL L
Yy, Y

= Waler Lot
= Yoar

WW, W = Work Weok

Gaor =

= Pb-Free Packege

(Note: Microdol may ba in either location)

*This marking diagram also applies 1o NCV2902.

n
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

PACKAGE DIMENSIONS

SOIC-14
CASE 751A-03
ISSUE K

puiaf g

A3
" ~—-—|—-— =
o U
__'ETH_TH_H_H a4
—-ll* "'
I xu—'l
SOLDERING FOOTPRINT*

6.50

—1 , 3
] 1

NOTES

1 DINENSIONNG AND TOLERANGNG FER
ASNE Y14 %M, 1904

2 CONTAOLLING DINENSICN. MLUINETERS

3 DINERSON b DOES NOT INGLUDE DAMBAR
FROTRUSION. ALLOWAELE FROTRUSION
SHALL BE 013 TOTAL DNMQG AT
NAXOM UM WATE AL CONDIT

4 umso DEDOPD! INCLUDE

0 PROTRUSIONS.

5 mnuwmmmwmumsm

1w
118

127
PITCH

—_ B —|
_

=i
] —

] =

OMENSONS MILUNETERS

“For additional nformation on our Ph-Free strategy and soldering
datails, please download the ON Semiconductor Sokdernng and

Mounting Technigues Rederence Manual, SOLDERRMD.

12
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

PACKAGE DIMENSIONS
TSSOP-14
CASE 948G
‘;Fo:mmq@]r]u@[v@ﬂsa By a—
Ehwasiie] il § GRS
i HHHHHHH o WRaLD FLAGH OR CATE BURRE SHALL NT
0.25 POy EXCEED 0.15 10.005) PER 5I0€
— -\ NOT EXCEED 0.28 (0.01(0) PER SOE.
N === —-@ ¥ PROTRIGION ALLOWABLE DAVBAR.
= [ B S
7 DETAL E [ W&MENEMM
HHHHHHH 7 gm&mmbﬂ”‘tloﬂl*
[eosposTIvE] L A o -—-1 l‘" :
=] L !
J J1
‘ SECTION N-N
\ EWd
Wﬁ J \—' &a/
OL— —-l DETAILE
SOLDERING FOOTPRINT
7.06
 S— —
— —
— ! —
=k —
— — _[ 065
PITCH
4  E— | | H$==3
o |: e =T
128 DMENSIONS: MLLIMETERS

13
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LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

PACKAGE DIMENSIONS
PDIP-14
CASE 646-06
ISSUE S
NOTES

DIMENSIONING AND TOLERANCING PER ABNE Y145M, ol

OCONTROLLING DINENSION: INCHES.

DMENGIONS A, Al AND L ARE NEASURED WITH THE PACK-

AGE SEATED IN JEDEC SEATING FLANE GAUGE GS-3

CIEASIONS O, D1 AND £ ooumncmeuaorum

CR PROTRUSIONS. MDLD OR PROTRUSIONS AR

NOT 1O EXCEED 0.10

DIMENSION €15 asmnnmummwmm

:xomzummumomsmmmn o
DATUM C

DMENSION eB € MEASURED AT THE LEAD TIPS WITH THE

INCONSTRANED,

ADS U ,
T DTN PLANE H 15 COMCIDENT WITH THE BOTTOM OF THE
LEADS, WHERE THE LEADS EXIT THE BODY
0. PACKAGE CONTOUR 15 OFTIONAL FROUNDED OF SCUMIE

= @ > we-

3

i

102w
15|01
0052

:Eﬁ*‘
4

e
i

'§

ool
-

<FRFERERRERER
|

15 1

and (D © LLE dhom ON Surmicondeion o 84 sutmichanas 71 the Livied Stwms ardor cther countves
o«s—m.m-umm-wwmwm socrom, and o irdebectun roperty. A S58ng of ON Semvcanductar y pradus) peient
&wﬁmnmumw mwmummnmnmm-mnmmnwmwm

o warty, o= s ;) The sussetaliy of £ products for sy ericsle pugose. me o ON Semeoucicn saute wry bkl
artang o of the appdcaten o use of any prodac] of it “mmm-ﬂdltn rrudng weoul Intanos spwcet, o
S rosponsitin bar By prodkete and usng ON prodacts, -] wih g and salety or
regaciess ol My SUPDOT o appACAtONS Infrmcn provided by OGN Typcal” which may te provded n ON Semiconductor dala Sheals onaar
oochcators can and 00 vary th dferent nd My vy ovor ime. Al 0perating paramenss, ndudng “Tyncals” must be vallkaaed 1or 000 cusiomen

apchoation by CusHME's NG ewens. ON SOMICONTUcIr does Nt COMAay By SO0NS UNdr its palen! rights ner e JgNis of athers. ON SeMconiuoitr prodecs e not
demignad, intondiod, o muMotzed for Loe a8 a bl componant 11 He Sup0on systons of any FDA CRass 3 mecicdl dewcns o modical dewoes with a4 same or simiar classleason
m-bm|mamam-nmmmuumnnwm Shoud Buyer puchisse or sse ON Semoontucioe sroduets by any sieh uartended o unsthenced

Burpar atwdl itk O S and e e, altans, wrd h—mun.-mnld—n Cinds, Sunigus, ad
mw—wﬂ-wmumuﬂm-mwd—udmm«w wam wvn | e
cimm abeges al ON Y e Gosign or mamusaciie of the part ON lnnlq-lf‘ " Acton I
umnmhumwlmwnmlum»n Wy maner

Mucmou ORDERING INFORMATION

oy

LITERATURE FULFELMENT n Anm- Techrical Gepport: 000.202.9655 of Fros  ON Wobahe

Uiterature Dissiution Centar a1 ON Semoorduchn

19521 E. 0ng Moy, Aprsen, Calonaso D01 USA wmummwm Cvdlar L "

Phone: 036757175 or B00-044- 3500 Tul Fres USACanets  Prose 421 33 750 7910

Fix. 036752170 01 800-344-3007 Tob Frsm USACumds  Japen Cusseaner Fotus Center For adhsonal niormnon, ploase contact your lecal
Emalt criderit@orommi cam Prere: £1-3-5817-1050 S¥0s Aepmsominteo

¢ LM324D
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HNPUJIOKEHUE /1

LJ ! AR '
ILSx A0 x 13 M

&

AB @in..usn\wls 11 Compliant

Moisture Sensitivity Level (MSL) - This product ix not Moisture Sensitive - MSL ~ |

FEATURES: APPLICATIONS:

* High precision svailability * CPU, Memory

* Resistance welded « Computer, prnter

+ Ideal for large pullability application * Data communication (IMHz)

* Wide frequency range * Data mput - output machine {IMHz)

rameters Minimum Tvpical Maximum Units Noles
Frequency Range
Fundamental 1.8432MHz - 24 000MH2z
3" Ovatone 24.01MHz - 66. 00MHz
Operation Mode
2 3" Ovatane 66.01MHz - 122.00MHz
7" Ovatone 122 01MHz — 160.00MH2
Opcrating Temperature 0 +70 °C See options
Storage Temperature -55 +125 °c
Frequency Tolerance @+25°C -50 +50 ppm See options
Frequency Stability over the
operating temperature ( ref to -100 +100 ppm See options
+25°C)
Equivalent series resistance (R1) Sce table 1 below Q2
Shunt capacitance (C0) 7 pF
Load capacitance (CL) 18 pF Sec options
Drive Level 100 1000 pW
Aging@25°C+3°C +5 ppin First year
Insulation Resistance 500 MQ @100Vde£15V
Change n frequency (Maximum - Mmimum) over
Drive level dependency (DLD), DLD range < =1 0ppn,
minimum 7 points tested: from Change in ESR (Maximum - Mimimum) over DLD
1W to S00uwW range < 25% of Max ESR value,
Maximum ESR over DLD range < Max ESR value
Table 1
FREQUENCY (MHz) Operation Mode ESR (1) max
1.8432-1.999 i 750
2.000-2399 { 550
2.400-2.999 ' 350
3.000-3.699 a 200
3.700-4.199 . 100
HC491! [ -
4.200-4.899 Fondioenial 7
4.900-5.999 | 30
6.000-7.999 , 40 _
8.000-9.999 I - S—
10.000-12.499 | 30
12.50-50.00 ' 28
24.00-66.00 HCSOU (3rd OT) | 40
66.01-122.00 HCAOU (SthoT) | 80
122.01-160.00 HC4OU (MhOT) | 120

REVISED 01052017
5108 Hidden Creek Lane Spicewoed TX 669 AHHACON 18

.
Phone $12-371-6159 | Pax: $12-351884% n

#-—A ABRACON. oo, somaizs

The Povwer o Lonbong Togwaier CERTIFIED

WWW Rk RCa 1L Lo
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TLS x50 x 13, M

AB | @‘R,.nm\u.ns 11 Compliant

(Left blank of gandard)

AB -

Miz-()-C 3-000-0-0-0-0—

I T- Trpe & Reol

Plesse specify the frequancy (For MJ option u‘ntvl

i xx xxxxMHz

ez 14318IMH: prans; M imiamom
v 2V Value
Pleme meciy C1 1 Tnsmlbstor Tab
(Mig s 10 pF) wm pF or v Vinyl Sleeve
5 for veres XX Trammed leails
See Table 2
vy LMW | Metal jacket i

Ro F Fund AT > 24MIz
o Specify s valie m Q B Pood BT>24MHz
(e.u. R40) A 0 oT-saz
v v
Freq  Stability
pticasfor AT- g
A: <10°C ~ +60° C 3 | 5 > NOTE
[A,' 10}‘( ,;b ‘.' L2310 pom | Citesdy * Frequency Stabilay 4100
. > ro T4 15 ppm { Uy = 10ppm ppm max t -10 to +60C only
C.-J0C~ +70° C 3 4+ 20 ppm | G+ 15 ppm for BT eut
N: -30°C - +85° C 3: 4 25 ppm X: £ 20 ppm ** <10 to +60C cmly
D: -A0°C — +88° O = = o0 Quality factor must be
- —— 4: 2+ 30 ppm Wi 25 ppm sccompanied by s k value
Y o+ M ppm
H. o« 35 ppm
Z: & 40 ppes
Table 2
CODES TRIMMED L m(item)
Q18 045 (11.43)
Mo | 040 (10.16)
P I S NOTE: Use appropnst ¢ code numbers for
Q3  OIS(R8Y) other trimms ed lengthe not hide d
Qio | 030 (762) {e.g. QU4 for 0.1¢ imch (3.55 mm})
Qs | 025 (635)
Q20 0,20 (£ 0B)
Ql1s 0.15 (3 81)
Qe | 010 (2.%4)
ous | 0.115 (2.92)

REVISED: 01.0¢ 1017
£101 Hidden Creek Lane Sprcowond TX 78669

” ABRACON 18
F—A Phnae. $15371.0155 | P 17291-6856 i
" For terms s conditsans of sale plemse vist

The Povwr of Linting Tageihor W b 0. Cn ST
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ILSx 40 x 13 M

@ RoHS/RoHS 11 Compliant

OUTLINE DRAWING:

For Option |

11

0.33

- - ey Vinyl Sleeve
— -— For Option V
|
' = VINYL SLEEVE
= ——
o ' \ |
— — =

Dimensions: inch (mm)

REVISED: 0l 05 2017

5101 Hudden Creek Lane Spewewoed TX 73669
Flione 5123716159 |Fax: $12.351.8858

Por terms md conditions of sale please visit
ww abiscon com

#—A ABRACON.

ABRACON 18
1509001 -2008
CERTIAED
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HC49/U CRYSTAL L«M

AB Pb RoHS/RoHS I1 Compliant

ILSx 80 x 13 b

Metal Jacket Formed Leads -
For Option MJ = '-—L:r
%
3 g o -
- 4] I
€ 5 y
™~
4 f 2
) 23202
49 Amax
e
0.1 S
- Dimensions: mm

TAPE & REEL:

T: 1,000 pesireel
Tape and reel packaging apphies only to MJ (metal jacket) option

m &~ AR

nH] % '
PSP oePoaDIID “;\ & o1 1 - san
17 g gt R 4% 100 e300
JTL JTL e = =
] i Fi !
8F — BN —B| } = — : e
A . s [ | .
1 i 8 2 7]
L |
4
”T- il '
. - |
=TT - LE_ ;; o b
r— -Li . |
Ii..l,,J' a1 =1 |
1.2 b
sy = ;
E E2 F Pr2 Do Po W

1.75:0,10 22,25 MIN, 15000 200,000 L5000 4.00.0.10 24000050 Dimensions: mm

ATTENTION: Absneon prodocts are COTS - Conttnersead-Off-The-She if prodhcts, snstable for Comsmercanl, Industrial mod, where deagnated. Ani: » Apph
Abraces s prodects mre aot spes dically designed for Mikty, Aviation, Asvuspace, Life-dependint Medical igplications or any spplicetion regeining hegh velinbdity where

coenpon ent fniliure condd remalt i luw of [de snd'or propesty. Fur spplications requineg hagh relability sudin presenticg s extrenie operating enviroument, Wy ten convent anid
mathoritation from Abtacon i reguared Pleme contnet Abencon for more informslion

P 7t REVISED: 11 152016
101 Taklem Creck Lae Spieewood TX Theet ABRACON I8
Phoae: $12-371-6159 | Fax: $12-841-8858
[S05601-2008
For terms mod conditions of wabe plesse vier
W S0 00, C e CERTIFIED
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SDLE029

SN5404, SN541504, SN54S04,
SN7404, SN74LS04, SN74504
HEX INVERTERS

DELEMEER 1883 - AEVINED MANCH Uyl

® Package Options Include Plastic “*Small
Outline”* Packages, Ceramic Chip Cartiers
and Flat Packages, and Plastic and Ceramic
DIPs

® Depencable Texas Instruments Quallty and
Refiabliity

description

Thesa devices contain six indepandant Inverters.

The SN5404, SNS4LS04, and SN5AS04 ars
characterized for operation aver the full military
temperatura range of —65°C 1o 1Z5°C. The
SN7404, SN74LS04, and SN74S04 are
churacterized for operstion from 0°C to 70°C

FUNCTION TABLE {osch lverter)

INPUTS l oUTPUT
A Y
]
H L
L I L
loglc symbolt

1Al T 2y
222 £ v
3A_.’§_1 jo) 3y
P @ .y
At (L
sat1al AL

1 Thix symbol iz in acooidance with ANSLIEEE Std. 91-1984 und

16C Putlication 617-12.
P rumbors shown we lor B J, snd N cockages.

logic disgram (pesitive logic)

w—{>o—a
“—So—ur
“— ot
P S

v A

SNS404 ., . . J PACKAGE
SN54L504, EN54304 J OR W PACKAGE
SNTA04 . . . N PACKAGL
SN74LS04. SN7AS04 . . . O UA N PACKAGE
(TOP VIEW)

PRODUCTION DATA desumence asntain ifurmstion
ronioen

cvereet ot of publicatien dute. Prodecey
apecifmticns por the terms of Tawrs l-v'n:

X5

L dune amt -rEXAS
ecessaily inalese testng 2f al) erarrser, INSTRUMENTS

POST ORPICE DIX 635311 & JALLAG “rxA]) J52es



SN5404, SN54LS04, SN54504,
SN7404, SN74LS04, SN74S504
HEX INVERTERS

schematics (each gate)

‘LS04
*— Voo
20623 B K0S 120 n§
)
\
weur I {e K
- ouTrLT
A ® :\ & 3 *— v
12\ 4 -
ry {
AT R Ix0
GND
*

Fesiater values shown are nomirad

absolute maximum ratings over cperating free-air temperature range (unless otherwise noted}

Supply veltage, Voo (see Note 1) "9 eRreld bhee e Ui ive e S e o s ara el 7V
INDUL VORBOE: "0, "BDA < as i vis i tieee e o 4 6 $i070 8 tioie 4o R Lopppeates - 1L "
s BT R R I < DAL QR PP T SR e AR R PR A AR T ey o

Operaring fres-air temperature range: SNB4' . . ... . ... ... L ..o -55°C t0 125°C
SN74', | .. R R R PR o e b e G°C to 70°C

Storage TEMparature 1ANGe .. ... PR R s I A R —-66°C 0 160°C

NOTE 1 Voitage waluss arw with respect 10 Netwark graund 1enmensd .

Texas ¥
INSTRUMENTS

POET DF2FS MOX GRA012 « OALLAL. “CXAN /a2en
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SN5404, SN7404

HEX INVERTERS
recommanded operating conditions
SNBa0s BN7308 e
MIN NOM  MAX | MIN  NOM  MAX

Vog Suppoy voltage a8 5 55 | 4735 s 335 v
Vise  Hipgndevt sipan volinge a 2 >
Vie  Lowilewr wopus wolinge os [+ v
gk Hah-ew Gutput currant - 04 04 mA
Iy Lewlew! owour cumany 15 '8 A
Ta Uperanng fresas nuresrsture -5 125 ] 70 'C

electrical characteristics over racommended operating free-air temperatura range {unless otherwise noted)

SARAMETER TESY condITIONS | L oA el UNIT
DM TYet  max | min tvet max
Ik Voo = MIN, = =12mA -15 -1
VoH Vee=MIN, VL =08V, IgH=-04AmA 24 34 24 24 v
VoL Voo = MIN,  Wig 2V, oL + 18 mA 92 04 0z 04 v
" Vee - MAX, V=55V 1 1] mwa
U Vee " MAX, Vy=24V 40 40 oA
" Voot MAX, V=04V -18 -18 ma
105 6§ Ve = MAX 2 -56 | 14 -85 | ma
lecH Ve = MAX, V=0V 8 12 6 12
cor Vog = MAX, W =435V 18 23 18 33| maA
I For conditione shawn 34 MIN or MAKX, uss The 52070011019 Vaiud sedell wd under (rcoremesded operatng conditiora
£ AN YYAIMI v arm At Voo = BV, T = 2672,
. NGOt more 1580 608 OUIBUL AhOuM Da SHotTed AT 4 Nme
switching characteristics, Voo = 8 V, TA = 267°C (see note 2|
PARAMETER | fnort, L TEST CONDITIONS MIN TYP MAX| uIT
LY A v =400, e 180F 2 22 ns
P 8 16 -

NOTE 2. Lodd circurts snd voltage wevercrms ard shawn in Section 1.

R

EXAS
INSTRUMENTS

POST GANCE BOW 495002 » OALLAS "RXAN T52d8
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SN54LSD4, SN74LS04

HEX INVERTERS
recommended operating conditions
SNBALS0a SN74L504 e
MIN NOM  MAX | MIN  NOM  MAX
Vcc Suwuely voltage 15 ] 86 | a7 &8 S2%
Vi Hgnlewd ll.‘Dt:l'WH'. B 2 2 v
Vi Lewleved nout voiinge oy 0.8
loy  Hah-swi outoor current -04 -04 mA
lor  Lowslewl ourpur currany 4 B mA
Ta  Ceetsting fesedr mmpearaue - 55 125 o 70 pi o

electrical charscteristics over recommended operating free-air

tempergture runge (unless otherwise noted )

PARAMRTER TEST CONDITIONS t e . uNIT
MIN TYPS  MAX | MIN TYPE MAX
Vie Vog *MIN, Iy =18ma - 1.5 -15 v
Vol Vag *MIN, Vi =MAX, gy »~04mA 25 4 27 A v
Vop = MIN, Vi =2V, IgL =4 ma 0.25 24 04
YoL v
Veg =M, Vil "2V, oL “Bwa o os
It Vee = MAX V=7V a1 Q.1 ma
Ut Veg sMax, V=27V 20 2 uA
W Vep - MAX, Y, -04 Y -04 -04 | ma
los¥ Vg = MAX - 20 —1C0| - 20 - 100 ma
leeu Voo *MAX,  w=ov 1.2 24 1.2 2.4 mA
oL Voo = MAX, V=48V ig L2 10 65 ma
| Far gond wons shown s MIK ar IEAK, sse UM aD0 001818 WILe Metit8d LRI ar ~2coM randet comating consltion
TAN YD velLEA BT Ve "BV T » infe
§ Not more than ome outowt should be shtrsed ot 8 G, 8nC 1Re BWrETion BF She KNG T-ONS UL SN0 JIE €05 saseed ONE IO
switching characteristics, Voo = BV, TA = 256°C (see note 2)
FROM TO ¥ T
PARAMETIR INPUT) DUTPUTY TEST CONDITIONS MIN TYF  MAX uNi
9 15 n
L A ¥ R =20 oL - 18 uf
PHL 10 (1] n

NOTE 2: Load cimuts and valtage wave'orms are shawn in Sacran 1

™

EXAS
INSTRUMENTS

FOST OF50F 3A% A4

12

T4 * CMLAE TENAL /h29s

1




SN54S04, SN74504

HEX INVERTERS

recommended operating conditions

SNGAS0S SN 74508 T
MIN NOM  MAX | MIN  NOM MaX

Vee Swelv wiiage 1.6 5 58 | a8 5 B25 v
Vi Highiaw! inpuc voltage 2 il _2. v
Vi Lomeve input woltage L] oR v
Ige  Migndewt mA_N cwrant : -1 1 ™A
QL. Aow-awd autaut current 20 20 e
Ta  Operating freeair Temparatsn = i; 13 Q 0 c

electrical characteristics over recommended operating free-ai

r tampersture range {unless otherwise noted)

PARAMETER TEST CONDITIONS } e SN7asos UNIT
MIN TYPFE MAX| MIN TYP§ MAX

Vix veg "MIN, || = - 18mA -12 -1, v
Vo Vee TMIN, VL 0BV, lgu® - ImA 26 )4 27 s
VaL Vep =MIN, Vg =2V, oL = 20 mA s 0s
I Ve *MAX, Wy e5§5V 1 1 ma
. Voo *MAX, Wy r27V 50 50 A
e Ver =MAX,  Vy=02v -2 ? mA
los ¢ Vage « MAX - a0 - 100 |- 40 - 190 ma
[ Voe = MAX,  Vp=0OV 15 PN w2 wa

» oL VoG =MAX, Vy=aby 0 84 o b2 mA

* For condisioms eaOwn ac MIN ar A K, Lues the sporopriste VAL S0 Ifisd UNOE: reoem Meroed oo ating condtione

T AN Tyoion veiamm st s Ve < BV, Ty - 38°C
‘ NOY MOre (W% U0 Gwtout shuuly DE Fsuries 45 & Lonw, 0 1 st ion OF YAe sAnNcs aireu 1 WaUis AaY exteed Nne wniona

switching characteristics, Voo =5V, Ta = 25°C (sen nota 2)

pagamnren | AUOM oL TEST CONDITIONS M Tve max| umit
" 3 45 rt
oL | Ay =280, CL 18 pF
a

L A c | ne
LW a5 rs

AL =260, CL 505k
[T l 1 ns

NOTE 2: Load cirsusts ardd voltacs wavedanms we shawn i Suctior |

Texas
INSTRUMENTS

POG™ 0F05 DOX 55010 » DALAS TERAG TH762
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IMPOHTANT NOTICE

Texas Irstruments [T1) reserves the nght o make changes 1o ils products of 1o discontinue any semeanduciar
praduct or s=evice withoul nolice, and advises s cuslomers B obbain he Slest version of rekavant imlarm ation
12 verdy. before phicing ondars, that the information baing reled on is curent.

Tlwarrans performance of its semiconduciar preducts and ralated software 1 the specificatons apoiicable a1
the tme of sake in accordance with TI's standard warranty. Testing and other qualty control sachniques ane
utilized % the exient Tl deems recessary o support this warmanty. Speciic sesting ol all paramaters of each
duvice i nol necessanly perfarmed, except thase mandaled by government requirementls.

Cartain applications using semsanductor products may Involve patental naks of daam. parsonal ingury. of
savere property of envirenmentzl damage {"Critcal Applcations”).

TISEMICONDUCTOR FRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORZED, OR WASRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPCRT APFLICATICNS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inchsion of Tl praducss in such applicatons is understood to be fully at the risk of the custamac Use of T1
praducts in such applcaliins raquiras the wrilten appraval of an appraprials Thofficar. Queslions concaming
potential risk apsicasons shauld be directad 12 71 through & lacs! SC sales office

In aeder to minimize riske associated with the customer's agplicatons, adegquate design and operating
sakeguards should bs provides by he cuslomas to minimzs inhaersni or procadural hazards,

T assumes no Kabidty ot spplications assistance, cuskmmer product design, software performance, or
infingement of patents or servicas described herein. Nos does T! warrant or repeesent that any license, either
express of impled, is granted urder any patent rghl, copyright, mask wark right, or other intelleciual property
right of Tl covesdng or relating 1o any combination, maching, or procass in which such samcanductor products
or gervices might be or are used.

Copyright & 1596, Texas instruman’s Incorcoraled

123



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right [o make changes to their products or to discontinue
any product or service without notice, and advise customers 10 obtain the iatest version of relevant information
to verity, before placing orders, that information being relied on is current and complete. All products are soid
subject to the terms and conditions of sale supplied at the time of order acknowledgement, inciuding those
pertaining to warranty, patent infringement, and limtation of liabifity.

Ti warrants performance of its semiconductor products to the speciications applicable at the time of sale In
accordance with TI's standard wamanty. Testing and other quality control techniques are utilized 1o the extent
Tl deems necessary 10 suppor this warranty, Specific testing of all parametess of each device is not necessarlly
performed, excepl those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY. OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPOAT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer's applications, adequate desgn and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no llability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
inteflectual property right of TI covering or relating 1o any combination, machine, or process in which such
semiconducior products or services might be or are used. TI's publication of information regarding any third
party's products or services doas not constitute Tl's approval, warranty or endorsement thereof,

Copyright © 1998, Texas Instruments Incorporated
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