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KEITHLEY

Mepbl NnpefocToOpoOXHOCTU

MpuBedeHHblE HWXE Mepbl GesonacHocTU Heobxoaumo cobntodaTb MPU MCMONb30BaHUU AAHHOTO U3OENust UMM Kakoro-nmbo
conyTcTBytLEro obopyaoBaHusi. HecMoTpsi Ha TO, YTO HEKOTopble MpUBOPLI U MPUHAANEXHOCTU NPU HOPMAIIbHBIX YCHOBUSX
3KCNIyaTUPYIOTCA C UCMONb30BAaHMEM HEOMaCHbIX HaMpPsiKEHWA, BO3MOXHbI CUTyaLuWu, B KOTOPbIX WX 3KCryatauust MoXeT
NpeacTaBnATb ONacHOCTb.

[aHHoe wu3genve npegHasHa4yeHoO ANA WUCMONb30BaHUsSI KBAanMUUMPOBAHHBLIMK CMELManucTamm, KOTopble OCBEAOMIIEHbI 06
OMacHOCTW MOMNyyYeHUs yaapa TOKOM M 0BydeHbl npaBunaM TexXHWKM 6e30macHOCTH, MO3BONsWMM n3bexaTtb NomyyeHus TpaBM.
Mepen HayanoMm WCMOMNb3OBaHWS W3AENWUS BHUMATENbHO W3y4nTe BCH WHGOPMaUMIO MO MHCTannsauuM, aKcniyatauum u
TEXHUYECKOMY OGCIYXXMBaHUIO W CreayiTe BCeM MPUBEAEHHbIM yKasaHWsM. TEXHUYECKME XapakTepuCTUKU U3Lenvsi B MOSIHOM
obbeMe npuBedeHbl B PyKOBOACTBE MOMb30BaTenNs.

Vicnonb3oBaHne w3gennst He MO Ha3Ha4YeHUK MOXEeT CcTaTb I'Ipl/l‘-II/IHOVI CHMXeHna KadyectBa 3alluUThl, rapaHTmpyeMOVl
npounssoauTenem.

Pasnuyatotca cnenywouwne rpynnbl nonb3oBaTenew n3genvs:

OTBeTCTBEHHOE NULO — 3TO MU0 WM rpynna v, OTBETCTBEHHbIX 3a MCMOMb3oBaHWe W obcnyxuBaHne obopynoBaHus,
obecreyeHne paboTbl 060pyLOBaHUA B paMKax €ro TEXHUYECKUX BO3MOXHOCTEW M cobriofeHne akeniyaTauMoHHbIX OrpaHUYEHWiA,
a TaKke obecneyeHne JOMKHOrO YPOBHS MOArOTOBKW ONepaTopos.

OnepaTtopbl — nuua, UCNoMb3yloLmMe AaHHOe U3Aenue Mo ero HasHadeHuto. OnepaTopbl AOMKHBI NPONTK 0ByyeHWe npasunam
3neKTpuYeckon GesonacHOCTU M aKchnyaTaumMu gaHHoro npubopa. Heobxoanmo obecrneuntb 3aliuTy ornepaTopoB OT MNOMyYeHust
YAApOB TOKOM W KOHTaKTa C LiensiMy Nof HanpsikeHneMm.

TexHUYeCKU nepcoHan BbINOSHSET pernameHTHble npoueaypbl Ans obecneyeHns OYHKLUMOHUPOBAHWS WU3AENUS Ha LOMKHOM
YPOBHE, HampuUMep, HaCTPOWKy CETEBOrO HarpshkeHWs UMW 3aMeHy pacxodHblx MaTtepuarnoB. [poueadypbl TEXHUYECKOrO
obcnyxvBaHWs npuBedeHbl B 3KCMMyaTaUMOHHOW [OOKyMeHTauun. B onucanum npouenyp sBHbIM 06pa3om  ykasbiBaeTcs,
[0MyCKaeTCs NN X BbINOSIHEHUE OnepaTopoM. B MPOTUBHOM Cry4ae OHW JOKHbI BbINOMHATLCS TOMBKO CUnamm 06CryXUBatoLLEro
nepcoHana.

O6cnyXuBaloWMIn NepcoHan MPOXOAUT MOATOTOBKY Ansi paboTbl C UEnsiMM MOA HampsbkeHUeM, BbINONHeHUsi 6esonacHbIX
NOAKIOYEHNE U PEMOHTA U3AENUIA. K BBIMOMHEHMIO NPOLEAyYp MO YCTaHOBKE U OBGCIYKMBaHMIO OMYCKaTCS TOSbKO CELManmcThl,
YCMELLUHO npoLueae Heo6XoaMMyto NOATOTOBKY.

WN3pgenns komnanum Keithley Instruments paspaboTaHbl ANS NCNOMb30BaHWS C 3NEKTPUHECKUMU CUrHanamm, Ucnonb3yeMbiMn Ans
U3MepeHusi, ynpaBrneHvs U BBOAA/BbIBOAA AaHHbIX, C HU3KUM YPOBHEM MEPEXOAHOro HanpspkeHusl, U He MOryT ObiTb Hanpsimyio
NOAKIMIOYEHbI K UCTOYHUKY CETEBOr0 HaNPSKEHUS UMN K UCTOYHUKAM HanpsiKeHUs! C BbICOKUMU NEPEXOAHbIMU NepeHanpsikeHnsaMU.
MopkntoyeHns kateropumn Il (kak ykasaHo B IEC 60664) TpebyoT Hanuums 3almTbl OT BbICOKMX MEPEXOAHBIX NepeHanpsiKeHun,
4acTo UMEIOLLMX MECTO NP NOAKMIOYEHUN K MECTHOM CETU NEePEMEHHOro NuTaHus. Hekotopble nameputenbHble npubopsl Keithley
[JonyckatoT nogknoveHne k cetu. [laHHble Npubopbl MeloT MapKMpPOBKY kaTeropuu |l 1 Boilwe.

MopkntoyeHne I'Ipl/IGOpOB K CeTu [OOonyCKaeTCA TOJIbKO MNpu YCIoBUWU, YTO TakKad BO3MOXHOCTb YKas3aHa ABHbIM 06pa30M B
CI'IeLlVICbI/IKaLl,I/IFlX, 3KCI'IJ'IyaTaL|,VIOHHOﬁ AOKyMeHTauunn n Ha MapKnpoBke npmﬁopa.

B cnyyae onacHOCTV nopaxeHusi aneKTpMYeckMm TOKOM HeobxoauMo cobnoaaTb YpesBblyaliHylo OCTOPOXHOCTb. Ha rHe3foBbIxX
pa3bemax kabenen unu ncnbiTaTenbHbIX NPUCMOCOGNEHNI BO3MOXHO NPUCYTCTBME OMACHOrO ANS XWU3HW HanpshkeHus. CormacHo
knaccudmkaumm AMeprKaHCKOro HaLMOHaNbHOro MHCTUTYTa CTaHAapPTOB ONacHOCTb MOPaXeHWs 3MNeKTPUYECKUM TOKOM CyLLeCTByeT
npu pabote c HanpspkeHusmu Bbilwe 30 B (cpegHekBapgpaTwuyHoe 3HauveHue), 42 B (nukosoe) unm 60 B nocTtosiHHOro ToKa.
PekomeHayeTcs cunTaTh, UTO ONacHoe HanpsXeHne NpucyTCTBYET B N0OOM HEM3BECTHOW CETU 0 BbINOMHEHNS U3MEPEHUS.

Heobxoammo obecneunTb NOCTOAHHYKO 3alnTy onepaTtopoB OT BO3MOXHOCTWU nNonyvYeHuAa yaapa O3SNeKTPU4eCKMM TOKOM.
OTBEeTCTBEHHblE NULa 00s3aHbl CneauTb 3a TeM, YTOObI onepaTtopbl He nmenn goctyna n/vnun Gbinun n30nnMpoBaHbl OT BCEX TOYEK
nogknoyeHms. B HEKOTOpbIX cny4yaax noAKNMKYeHUa OOSMKHbl HaxoguTbCA B NpAMOM AO0CTyne. I'Ipvl TakMx 06CTOsITENLCTBAX
Heobxoanmo 06y"II/ITb onepaTtopoB npasunamM 3alnTbl OT BO3MOXXHOIO nonydYeHua ygapa 3N1eKTpU4yeCKMM TOKOM. Ecnu B uenu
BO3MOXHO NPUCYTCTBUE HanpsaXeHua 1000 B vnu Bblwe, TO HUKaKne nposojdlimne 4actu nogoGHoM Lenu He MOryT HaxoguTbCA B
npaMom aocryne.

3anpelyaeTcs NOAKMIOYaTb KOMMYTAUMOHHbIE NnaTbl HEMOCPEACTBEHHO K LEensM, B KOTOPbIX MPUCYTCTBYET HeOorpaHnyeHHas
MoLHOCTb. OHU MpefHasHadeHbl Afsi UCMONb30BaHMS C UCTOYHMKaMWM C orpaHuyeHHbiM conpotusneHvemM. 3AMPELLAETCA
noaKntoyYaTb KOMMYTaLUMOHHbIE NaTel HEMOCPEACTBEHHO K CETU NEPEMEHHOro Toka. [oaktoYeHne UCTOYHMKOB K KOMMYTaLVOHHbBIM
nnatam HeobGXOAUMO MPOBOAWTL C YCTAHOBKOW 3alUMTHBIX YCTPOWCTB ANS OrpaHUYeHns noctynneHus Toka K3 v HanpspkeHus K
nnare.

Mepen Havanom paboTbl ¢ Npubopom ybeauTechb, YTO CETEBOW LUHYP MOAKIHOYEH K AOIMKHbIM 0Opa3oM 3a3eMIieHHOW po3eTke.
Mepen kaxkabiM ceaHcoM paboTbl ¢ Npubopom criegyeT NpPoOBOAWMTE OCMOTP COEAUHUTENbHbIX Kabenen, TECTOBbIX BbIBOAOB,
nepemMblyek Ha Hanuyme U3Hoca, TPELLMH UK Pa3pbiBOB.

B cryyae yctaHOBKM 0GOPYAOBaHUS C OrPpaHUYEHHbIM LOCTYMOM K LUHYPY CETEBOrO MUTaHWsI, Hanpumep, B CTOMKM, HEOBX0aUMo
obecneynTb Hanmume OTAENbHOTO YCTPOWCTBA ANA OTKIIOYEHUs NUTaHns B6Man o6opyaoBaHMst U B NETKOLOCTYNMHOM MecTe Afist
oneparopa.

[nsa obecneyeHns makcumMarnbHOrO ypoBHSA 6e30MacHOCTM 3anpeLlaeTcs npukacaTbCs K U3AENuio, TECTOBbIM Kabensam Unu MHbIM
KOMMOHEHTaM MpW HanuyMu NUTaloLEro HanpsxeHus B Tectupyemon uenv. BCEMJA cHumaiiTe HanpsbkeHue CO BCel TEeCTOBOM
CUCTEMbI W pa3pshkanTe KOHAeHCaTopbl nepes MOAKMIOYEHWEM UMM OTKMOYeHUeM kabenew unm nepemblyek, YCTaHOBKOW MM
CHATUEM KOMMYTALIMOHHBIX NMaT U BbINONTHEHWEM BHYTPEHHUX U3MEHEHWI, Hanpumep, YCTaHOBKOW UMW CHATVEM NepeMblyek.



He npukacawitech k kakum-nnmbo obbekTam, KOTopble COeAMHEHbI MO TOKY C 06LLEN CTOPOHON TECTUPYEMOIA LIENU UNU 3a3eMIIEHNEM
nuTarowen cetu. BbINOnHSANTE M3MEpPEHUst TOMbKO CYXVMU pyKaMu U Ha CyxOi, 3auM30nMpoBaHHON MOBEPXHOCTW, CrocobHoM
BblAepXaTb U3MepseMoe HanpshkeHue.

Mpu6op M NPUHAONEXHOCTM AOMKHbI MCMONb30BaTLCS TOMBbKO B COOTBETCTBUM C UX creumduKkaumsMu U KCnyaTauMoOHHbIMU
WHCTPYKUMSIMUW. B MPOTMBHOM Cry4ae BO3MOXHO CHIDKEHUE CTeneHn 6e30MacHOCTH aKenyaTaumm o6opyaoBaHus.

3anpelyaeTcs NpeBbIlLaTh MakcUMasibHble 3HaYEeHUS YPOBHS curHana, 4onycTMMble Ans AaHHbIX NPpUGOPOB 1 NpUHaANEXHOCTEN,
KaK ykasaHo B creumcukaumsix U pyKOBOACTBaX MO 3KCMiyaTauuu, a Takke OTMEYEHO MapKWPOBKOW Ha kopnyce npubopa wnum
TECTOBbIX MPUCMOCOGNEHNSIX UMM KOMMYTALMOHHBIX NnaTax.

ﬂpw Hann4umn npe,uoxpaHMTeneVl MX 3aMeHy cregyeTt OCYyLIeCTBIATbL Ha npeaoxpaHuTesin Toro Xe Tuna U HOMWHana, YTOOBI
n3bexaTb BO3MOXHOCTH BO3ropaHus.

MoakroyeHus K KOpnycy paspellaeTcsl UCMob30BaTbh TOMbKO B KAYECTBE 3KPAHWUPOBaHWS ANs M3MEPUTEMbHBLIX Lienel, a He B
KayecTBe 3a3eMIIeHNs.

Mpu MCnonb3oBaHWM UCTLITATENBHOrO CTEHAA HEeOOXOAMMO [epXKaTb KPbIWKY 3aKpbiTOM BO BpeEMsi Modayuy MOLLHOCTM Ha
TecTmpyemoe ycTpoiicTBo. [Ans obecneveHuss 6esonacHol skcnnyaTtauum Tpebyetcst ncnonb3oBaHne 6NOKMPOBOYHOIO YCTPOMCTBA.

Mpy HanMuuM BUHTa, 06GO3HAYEHHOTO 3HAaKOM @ , HEO6XOAMMO MOAKMIOYUTL Er0 K CUCTEME 3a3eMIIeHUs], Crneays pekoMeHaauuam
B 9KCMyaTaunoHHOW AOKYMEHTaLMN.

Cuwmeon & Ha npuGope ykasbiBaeT Ha HEOBGXOAMMOCTb BHUMATENIbHOTO OOpalleHUsi B CBSI3U C BO3MOXHOW OMacHOCTbIO.
Monb3oBatento cneayeT obpallaTbCs K IKCMNyaTaLMOHHON JOKYMEHTALMKU BO BCEX CIy4asix MCMOSb30BaHWS AaHHOMO CMMBOMa Ha
npubope.

Cuwmeon -ﬁﬁ Ha npubope ykasblBaeT Ha HEOGXOAMMOCTL BHUMATENBHOrO 06GpaLLeHNsl B CBSI3M C BO3MOXHOCTbLIO MOMyyYeHus yaapa
anekTpuyeckum Tokom. CobnioaaiiTe cTaHAapTHbIe Npasuna TeXHUKM 6e3onacHocTy, YTobbl n3bexaTb KOHTaKTa C ydacTkamu, rae
MPUCYTCTBYIOT JaHHbIE ONaCHbIE HAMPSHKEHNS.

CumBon & Ha npwﬁope yKa3blBa€T Ha BO3MOXXHOCTb MNOBbILLEHUA TemMnepaTypbl OTMEYEeHHOro y4dacTKka. He anKacaPlTer K
noaoGHbIM y4acTkam BO nsbexaHue 0XXoros.

CumBon o ncnonb3dyeTcad Anda MapkKMpoBKU KNneMMbl ANA NOAKNMKYEeHNA K Kopnycy 060py,D,OBaHVIF|.
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CumBon “— Ha uagenum o603HadaeT, 4TO NpU MPOW3BOACTBE 9KpaHa Wcrorb3oBanach pTyTb. O6paTUTe BHUMaHWE, 4T
yTunmsauus nofo6HbIX 3KPaHOB AOMKHA NPOBOAUTLCS B COOTBETCTBUM C heaeparibHbIMU, 06MacTHLIMU 1 MECTHBIMW HOPMamu.

Baronosok MPEAYMNPEXOEHUE B akcnnyaTauuMoHHOMW AOKYMeHTauuu npegsapsieT OnvMcaHue OrnacHOCTeW, KOTopble MOryT
NPUBECTU K TpaBMe Unu cmepTu. Becerga BHUMaTENbHO M3yyaiiTe Nogo6HY MHopMaLmMio Nepes BbINOMHEHUEM COOTBETCTBYIOLLEN
npowenypbl.

3aronosok OCTOPOXHO B akcnnyaTauvOHHON AOKyMeHTauuu npegsapsieT onvcaHue onacHOCTEN, KOTopble MOryT MpUBECTU K
nospexaeHunto npubopa. MNMogobHbIe NOBpexAeHUst MOTyT aHHYNMMPOBaTb rapaHTUiiHbIe 06si3aTenbLCTBa NPOM3BOANTENS.

3anpelyaeTcs nogknyaTh NPUGOPLI U NPUHAANEKHOCTY K YETOBEKY.

Mepen, BbINONHEHWEM NoObIX AEWCTBUIA NO TEXHUYECKOMY 0BCIYXMBaHUIO HEOBXOAMMO OTKIIOUUTEL CETEBOWA LLIHYP U BCE TECTOBbIE
Kabenu.

[na nogaepkaHust AOMKHOTO YPOBHS 3aLUMThl OT yaapa 3MeKTpUYeckuM TOKOM ¥ BO3ropaHust BCe 3aMEHsIEMble [eTanv B TOKOBbIX
Lensix, BKroYas TpaHcopmaTopbl MOLLHOCTW, TECTOBbIE BbIBOAbI W BXOAHbIE pa3beMbl, AOMKHbI NpuobpeTaTbcs B KOMMNaHWu
Keithley Instruments. CraHgapTHble nNpefoxpaHWTenu, OfoGpeHHble COOTBETCTBYIOLWMMU  HaUMOHamNbHbIMKM  OpraHamu
cepTuduKaummn, MoryT WUCMosib3oBaTbCA MPY YCIOBUM COBMafeHUst HOMMHana v tuna. OpyrMe KOMMOHEHTbI, HE BRMsiOLME Ha
KayecTBO 3alUuTbl, MOryT npuobpeTaTbcs y APYrMX MOCTaBLUMKOB MpW YCNOBWW, YTO OHWU 3SKBMBASIEHTHbIE OPUrMHANBHLIM
KOMMOHeHTaM (0bpaTuTe BHUMMaHWe, 4YTO HEeKOTOpble 3anyacTu pekomeHayeTcs npuobpeTaTb Tonbko B komnaHuu Keithley
Instruments gns nopgAepXaHusi TOMHOCTU U MPaBUIBbHOTO (PYHKUMOHUPOBaHUst npubopa). Ecnu Bbl HE yBEpEHbl B BO3MOXHOCTU
MCMONb30BaHNsi 3aMeHsieMol AeTanu, obpaTuTech 3a MHpopmaLmen B NpeacTaBUTensCcTBO komnaHum Keithley Instruments.

OuncTky npubopa crnepyeT NPOBOAUTL BNAKHOWM TKAHBIO UMK MSATKAM YACTSLLMM CPELCTBOM Ha OCHOBE BOAbl. OYMCTKY MPOBOANTL
TONMbKO Afs BHEWHMX YacTen npubopa. He HaHocuTe 4vucTslee CPEACTBO HEMOCPEACTBEHHO Ha NpuGop U He gonyckante
nonagaHus XuAKOCTU BHYTPb NpuBopa MNMU HaxoXAEeHWst XMOKOCTU Ha MoBepxHoCTWM npubopa. Wsgenusm, cocToswmMm w3
neyaTHoW NnaTbl M HEe MMEIOLLMM Kopryca (Hanpumep, nnaTta cbopa AaHHbIX ANS YCTAaHOBKM B KOMMbIOTEP), O4UCTKa He TpebyeTcs,
€CMN  OHW IKCMIyaTUPYKTC B COOTBETCTBUM C WHCTPYKUMsIMU. B cnyyae 3arpsisHeHWss nnatbl U yxyOweHus ee
NpOU3BOANTENBHOCTY NMaTy CreayeT BEPHYTb Ha 3aBOA-U3rOTOBUTENb Af15 NPOBEAEHUS HEO6X0AMMON O4UCTKU/0BCHYXMBaHUS.

Mepbl 6e30nacHOCTY yka3aHbl B peaakuum ot siHeapsi 2013r.




Paspen 1

BBeneHue

CopepxaHue pasgena:
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NMpuBeTcTBUE

KomnaHus Keithley Instruments 6narogaput Bac 3a Boelbop ee usgenusa. Mogens 2461 1 kW Pulse Mode
Interactive SourceMeter® — 3TO TOYHbIA NPUBOP C HU3KMM YPOBHEM LLIYMa, COBMeLLaloLLnin B cebe
CTabUNbHBIA NCTOYHUK MOCTOSIHHOIO TOKA, MCTOYHMK CUITBHOMO TOKa, SMEKTPOHHYI0 Harpy3Ky u
BbICOKOOMHbIN MYNbTUMETP C BO3MOXHOCTbIO (hOPMUPOBAHNS UMMYMNbCOB, NPOBEPKN KOHTaKTOB U
ouuncpoBku. Y npnbopa MHTYUTUBHO MOHATHAst HACTPOWKa M ynNpaBrieHWe, YryylleHHbIe Ka4ecTBO U
OManasoH CMrHanoB, a TakkKe Nyyline — YeM y JOCTYMHbIX Ha pblHKE MPUBOPOB — NoKa3aTenu yaernbHOro
N aKTMBHOrO COMPOTUBNEHNS.

Mogenb 2461 obecneudnBaeT BbiBog Toka A0 7 A (10 A B MMNynbCHOM pexunme) 1 no3sonsieT pabotatb
Ha npegenax 1 A, 4 A,5A, 7 An 10 A. MNMpwn ocHosHon norpetHocTn 0,012% Ha 6%%-pa3psgHomM
paspelueHn Mogernb 2461 aBnsaeTca npekpacHbIM peLlleHneM Ans TeCTUpoBaHus pasHoobpasHbixX
MaTepuanoB U YCTPOWCTB, TakUX Kak NosfynpoBOOHNKOBbIE YCTPONCTBA, COMTHEYHbIE SIEMEHTHI,
CBETOAMOoAbI C NOBLILEHHOW APKOCTbI0, MpeobpasoBaTeny MOLHOCTHN, 06opyaoBaHNne B
ANEKTPOXMMMYECKON 06NnacTn, akkyMynaTopbl 1 T.4.

BBeneHue B AaHHOe PYKOBOACTBO

B aTOM pykoBoAcTBe AaHbl NOAPOGHLIE UHCTPYKLIMK, KOTOPbIE MOMOrYT BaM B paboTe ¢ Moaenblo 2461
Keithley Instruments. Kpome Toro, pykoBOACTBO COAEPXUT OMMCaHNe OCHOBHbIX OPraHoB ynpaeneHus Ha
nepeaHei naHenu Ansa 3HakoOMCTBa ¢ NpMGopomM.

B pykoBoACTBE AEMOHCTPUPYHOTCS BapuaHTbl UCNOMb30BaHUsi npubopa ¢ 06LWmMmM onucaHeMm u
NoapPOGHBIMU MHCTPYKUUSIMU A1 BBINONTHEHUSI PaCCMaTpPMBaEMOro U3MePEHUsi C NMOMOLLLbIO OPraHoB
ynpaBrieHus Ha nepegHen naHenu, SCPI-koaa, TSP-koga unu MO Keithley KickStart Startup.

MoapobHoe onncaHne NCNonb3yeMbiX KOMaHZ COO4EPXKUTCS B CMPaBOYHOM pa3zgerne rno komaHgam SCPI n
TSP B gokymeHTe «Model 2461 Reference Manual». 3To pykoBOACTBO HAXOAUTCHA Ha KOMNAKT-AMCKe,
nocTaBnsieMoM BMecTe ¢ Npnbopom.

Pacwu PeHHaA rapaHTus

Ona mHorux uagenum komnaHus Keithley Instruments npegnaraeT npoaneHne rapaHTUNHONO cpoka. JTa
BO3MOXHOCTb NO3BONUT BaM n3bexaTb HENPeayCMOTPEHHbIX PAacXodoB Ha 0b6cnyXuBaHWe U NpoanuT
JencTBue rapaHTUHbIX 06513aTENbLCTB, NPU 3TOM CTOMMOCTbL NoA06HON ycnyru 6yaeT B pasbl MEHbLLE
CTOMMOCTW BO3MOXHOIO peMoHTa. [1poaneHune rapaHTUMHOIO Cpoka npeanaraeTcs Kak aAns HoBbIX, Tak U
yxe paboTtarouwmx n3genuin. 3a ononHUTenbHON nHopMaLmen obpallantecs B Gnmkanilee
npeacTaBMTeNbLCTBO koMnaHum Keithley Instruments.



Paspgen 1: Beepexve PykoBoacTtBo nonb3oBartens moaenu 2461 Interactive SourceMeter®

KoHTakTHas nHcgpopmauuma

Bbl MOXeTe Nony4mTb ONOMHUTENBHYIO MHOPMAaLMIO U OTBETHLI HA BOMPOCHI B Gnivkaniiem
npeacTaBuTenbCcTBe KOMMNaHum Keithley Instruments nnm B ronosHom ocmce Keithley Instruments no
TenedoHy 1-800-93505595 ans 3BoHkoB u3 CLUA n KaHagp! (6ecnnatHas NnUHUS) unm no tenedoHy +1-
440-248-0400 ansa 3BOHKOB M3 ApYrmMx cTpaH. KoHTakTHble TeneoHbl NpeacTaBUTENbCTB B APYrnX
CcTpaHax cM. Ha cante komnaHum Keithley Instruments (http://www.keithley.com).

Mo Bonpocam TexHU4eckoro obcnyxmBaHms u noeepkn B Poccunckon degepaumm obpaljantecs B
cepBucHbI LieHTp AKTU-MacTep (TenedoH +7-495-926-7185, cant www.actimaster.ru)

MHcpopmauma Ha KOMNakT-gucKax

B koMnnekT nocTtaBku Kagoro npmbopa mogenu 2461 BxoguT KOMMNAKT-AUCK C MHCpopMaLmen o
npoaykre Interactive SourceMeter® SMU Instruments (wndp komnoHeHTa Keithley Instruments 24GDI-
950-01)

Ha komnakT-gucke ¢ uHdopmaumen o npoaykte The Model 2461 Interactive SourceMeter SMU
Instrument Product Information cogepxuTcs:

e KpaTkoe pykoBoacTBO nonb3oBatensa (Quick Start Guide) cogepXuT ykasaHusi no
pacnakoBKe, ONUCbIBAET OCHOBHbIE COeAUHEHWNS, AaeT 0630p OCHOBHbIX OnepaLmii U COOePXUT
ykasaHus o 6bICTPOI NPOBEPKE, MO3BONAIOLWEN YAOCTOBEPUTLCS B paboTocnocobHocTu npnbopa.

e PykoBoactBO nonb3oBatens (User's Manual) cogepxut npumepbl paboTbl ¢ npubopom,
KOTOpble MOryT CTaTb OCHOBOWN AN CO34aHMs BallMX COOCTBEHHbIX BApMaHTOB NCMOMNb30BaHMUSA
npubopa.

e CnpaBo4Hoe pykoBoacTBo (Reference Manual) BkntoyaeT BONPOChI NPOABUHYTOMO
ncnonb3oBaHusl, MHopMauuo 06 obcnyxmnsaHmmn, cnocobbl pelleHns Npobrnem 1 nogpobHblie
onvcaHus KoMaHg ansi NporpaMmMUpPoBaHus.

e Kpatkoe pykoBoacTBo no 6bictpon yctaHoBke MO (KickStart Software Quick Start Guide)
COOEPXUT YKasaHusi, kak BbICTPO MPON3BECTU U3MEPEHUS 1 NONYYNUTb pe3ynbTaThl 6e3
nporpaMmMmnpoBaHns MPOBEPOYHOTO CLiEHAPWSI.

e WHdopmauua o npuHagnexHocTax (Accessories information): uHdpopmaums o
npegsaraemMblx ans mogenu 2461 npnHagnexHocTsX.

HoBewwwne gpansepbl 1 AononHUTENbHAA MHdOpMaLmMsa 0 NOAAEPXKKE HaxoaaTcs Ha BeG-cante Keithley
Instruments (http://www.keithley.com).

CTpyKkTypa pa3genoB pykoBoAcTBa

[laHHOe pyKoBOACTBO COAEPXMUT crieayloLme pasaens:

e Vcnonb3oBaHue nHTepdenca nepeaHern naHenu (cm. ctp. 2-1): onncaHne OCHOB
NCnonb3oBaHus MHTepdenca nepegHen naHenu.

e lcnonb3oBaHue nHTepdenca yganeHHoro ynpasneHus (cM. cTp. 3-1): onncaHne OCHOB
yAaneHHoro B3anMoaemncTams 1 Ncnonob3oBaHns Beb-nHTepdenca npnbopa.

e BapuaHTbl UCnonb3oBaHUs (CM. HUXKe): NoApobHbIe NPUMEPLI NPUMeHeHNUs Moaenu 2461 ana
peLLeHUsi HEKOTOPbIX TUMOBbLIX 3a4au.

B PDF-Bepcuun ecTb 3aknagkm ans Kaxkaoro pasgena. Kpome aToro, CnMcok pasgenos ecTb B
ornaBneHun, KOTopoe HaxXoaAUTCS B Havasne 4aHHOro pykoBoACTBa.

[lononHnTenbHble CBEAEHMS O 3aknaakax cM. B cnpaBke nporpamm Adobe® Acrobat® nnun Reader®.
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Paspen 1: Beegenve

NMpunmeHeHue

B naHHOM pykoBoACTBE AaHbl NPUMEPbLI UCMONb30BaHWS, AEMOHCTPUPYIOLLME NpoLieaypbl BbINOMHEHUS
NPOBEPOK C NMOMOLLIbIO OPraHOB YNpaBreHnst Ha NepeaHen NaHenm u B AUCTAHLUMOHHOM pexnme. 3Tu
npumMepbl NPUBOLATCA MOCSIe CBOAHbLIX AAHHbLIX O MoAesiv 2461 v BKNOYaloT criegylouime BapuaHThl
MCNOSb30BaHUS:

[MpoBeneHne OCHOBHbIX U3MEPEHUI C NepeaHer NaHenu (cm. cTp. 4-1): geMoHcTpauus
OCHOBHbIX M3MepEHUI, NPOBOANMBIX C UCMOMNb30BaHMeM Moaenu 2461 1 ABYXNONOCHOMO
npoBepseMOro yCTponcTBa.

N3mepeHune HU3KOOMHbIX YCTPOUCTB (CM. CTp. 5-1): onucaHue npoueaypbl HA3KOOMHbIX
namepeHuii Ha peauctope 20 mOm.

M3amepeHus akkymynsTopHow 6atapeu (cM. cTp.6-1): AeMoHCTpaums npouenypbl
aBTOMaTM3MPOBAHHOM NPOBEPKUN LKA 3apsifa-paspsiaa akkyMyrnsaTopHon 6atapen € MOMOLLbO
ofHoro 6noka mogenu 2461.

BonbTtamnepHas passepTka ans ceetoamoga ¢ nomouubio MO KickStart (cm. ctp. OwmnobkKa!l
3aknagka He onpefeneHa.): 4eMOHCTpPaLUUs MCNoNb3oBaHUs Mogenu 2461 ons TecTMpoBaHUS
cBeToanoao0B NoBbILLeHHON apkocTu ¢ nomoubto 10 Keithley KickStart Startup.

M3amepeHne BoNbTaMMNepHON XxapaKTepUCTMKN CONHeYHOM BaTapen (cM. cTp.8-1): AeMoHcTpauus
NCNONb30BaHUSA pa3BepPTKM HaNpsbkeHus 1 Toka (I-V) ans xapakrtepusauumn conHeudHon batapen
C NoMoLLb Mogenun 2461.

Mi3amepeHune Toka 1 HanpshKeHnst B UMMNYIbCHOM pexuMe (CM. cTp. 9-1): AeMoHcTpaums
ncnonb3oBaHus Mogenu 2461 ans rpaduyeckoro otobpaxeHus BAX ceeToanogos NoOBbILLEHHON
sapkocTn (HBLED) ¢ ncnone3oBaHMeM paclUMpeHHbIX BO3MOXHOCTEN npubopa B MMMyrnbCHOM
pexume.

3axBaTt MMNynbCOB BbICOKOW MOLLHOCTM (CTp. 10-1): AeMOHCTpaLms NCMONb30BaHMSA MOAENU
2461 ons dopMUPOBaHMS pacLUMPeEHHOro paboyero guanasoHa, UMMyfbCOB HaMNPsSHKEHUS
BblicOKoM MoLHocTK (o 10 A npu 100 B) u 3axBaTa doopM CUrHanoB Kak Toka, Tak U HanpsikeHusi
MUMMYNbCOB BbICOKOW MOLLHOCTMW.
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Paspen 2

icnonb3oBaHmne nHTtepdenca nepegHen naHenu

CopepxaHue pasgena:

OB30D NEPEAHEN MAHEIIM ....eeieeeee ettt e e ettt a e e e eibereeeea e e e eaaes 2-1
BknioveHme 1 BbIKITHOUEHME NMPUBOPA ....ooeeeeiiiiiiiiieeeieiiiieie e 2-3
BkntoyeHmne u BbIKItoYEHWE BbIBOAA CUrHaNa moaenbsto 2461 ............. 2-4
Mcnonb3oBaHne nHTepdenca CEHCOPHOTO 3KPAHA ........ccvvvveveeeeeeeeeennn 2-5
3anucb namepeHnin Ha USB (rel-HAKOMUTETb ..vvvveeeeeeieeiieeeeeeeeenens 2-10
3anncb CHMUMKOB 3KpaHa Ha USB hneLl-HaKOMUTENb..........uveeeeeeennns 2-10

O6G30p nepeagHen naHenu

MepenHasa naHenb mogenu 2461 nokasaHa Ha pUCYyHKe Huxe. [locne pucyHka NpuBogMTCA onncaHue
OpraHoB ynpaBfeHUs, HaXOOALWUNXCA Ha NepegHen naHenw.

PucyHok 1: NepeaHsasa naHenb moaenu 2461

LXT  ocwmpur  rmom
Lok

SERSELD  FORCE LOZE0Y
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Pasgen 2: NHTepdeiic nepegHen naHenm

PykoBoacTBo nonb3oBatensi Mmoaenu 2461 Interactive SourceMeter®

BoikntoyaTtens
POWER

BkntoyaeT nnu BeikntoyaeT npubop. Ans BknoveHnsa npubopa Haxmute Ha
BbIKMOYaTenb, YTo6bl OH NepeLuen B nonoxenwue (|). Ans BbiknoYeHUst
HaXXMWTe Ha BblKMoYaTenb, YTobbl OH nepeluen B nonoxeHve (O).

Knasnwa HOME

BosBpallaeT npuGop kK 0TOGpakeHUo AOMALLHEro aKkpaHa.

Knasnwa MENU

OTKprBaeT rmaBHoOe MeHI. HaxmuTe NMKTOrpamMmMmbl B OCHOBHOM MEHIO,
YTOObI OTKPbITb 3KpaHbl NCTOYHUKOB, M3MepeHI/IIZ, BMOOB, 3anycKkarwmnx
CurHanos, cueHapmeB U CUCTEMDI.

Knasuwa QUICKSET

OTKpbIBAET MEeHI0 NpeaBapuTENbLHO HACTPOEHHBIX KOH(UIypaLmi, BKIoYas
BOMbTMETP, amnepMeTp, OMMETP U UCTOUHUKOB NUTaHusl. Takke no3sonsiet
BbIGMPATb PEXUMbI U3MEPEHUS U NOACTPaNBATL XapaKTepUCTUKY Ans
obecneyeHnst NMyyLIero paspeLLeHmsi UM CKOPOCTU.

Knaeuiwa HELP

OTkpbIBaeT crnpaBky 06 obnactu unu obbekTe, KOTopble BbiOpaHbl Ha
akpaHe. Ecnun npu HaxaTtum knasuwm HELP He 6binv BbiIOpaHbl obnacTte
unn obbekT, To BbIBOAUTCA 0630pHas MHdopmMaums o6 oToGpaxaemom
3KpaHe.

MopT USB

CeHcopHbIN 3kpaH

Bbl MoxeTe coxpaHuTb BydepHble AaHHble U CLeHapuu Ha dneLl-
Hakonutene USB. ®neLu-Hakonutens AOKeH BblTb 0ThopMaTMpOBaH B
FAT.

Mopenb 2461 nmeeT LBETHOW CEHCOPHbIV 3KpaH ¢ pa3vepom 5 AioMoB,
ncnonb3yeMbln Ans nepexofa K AONONHUTENbHLIM 3KpaHam 1 NO3uLmnam
MeHto. [Ina nepexoga K [AONOMHWTENbHLIM WHTEPaKTVBHBIM 3KpaHam
HaxXMuUTe Ha nepegHen naHenu knasuwm MENU, QUICKSET w
FUNCTIONS.

NoBOpOTHasA KHOMKa

MoBopoT: nepemMellaeT ykasaTenb BIIEBO UMM BrpaBo AJ18 BbiheneHus
3HayYeHVss B CMKUCKe UMW MyHKTa MEH0, koTopoe TpebyeTcs BbibpaThb.
Ecnu ykasaTenb HaxoguTcsa B Mofe BBOZA, TO MOBOPOT  KHOMKM
YBENMYMBAET UMM YMEHbLUAET BENUYMHY B Morne.
Haxatue: BblOMpaeT OTMEYEHHbI  MyHKT
pefaKTMpOBaHWI BbIGPAHHOIO MoIs.

mnn  nepexoaut K

Knasunwa ENTER

BblOUpaeT OTMEYEHHbI MyHKT WM MEPEXOAUT K pPesakTUpOBaHUIO
BbIGPaHHOrO Mossi.

KnaBuwa EXIT

BosBpallaeTt Ha npeablAyLWunin 3KpaH Unu 3akpblBaeT AnanoroBoe OKHO.
Hanpumep, ecnu otobpaxaeTcs rnaBHoe MeHi, To HaxaTve ENTER BepHeT
Ha AoMaluHMIM 3KkpaH. [py NpocMoTpe aKpaHa HUXXHEro YPOBHS (Hanpumep,
3KpaHa cobbITUIN) HaxxaTue knaBuwm EXIT BEpHET Ha 3KpaH rMaBHOIO MEHHO.

KnaBuiua
FUNCTIONS

OTobpakaeT PyHKLUM BOCNPOM3BEAEHUS! CUrHanNa v usmepenust. ns
BblGopa PyHKLMM KOCHUTECH €€ Ha3BaHWS HAa CEHCOPHOM 3KpaHe.

Knaeuwa TRIGGER

[ocTyn k HacTporikam 1 onepaumsm, OTHOCALLMMCS K 3anyCKaroLmMMm
curHanam. fencTeme knasuwm TRIGGER 3aBUCUT OT COCTOSIHUSA, B KOTOPOM
HaxoguTca npubop.

BbikntouaTtenos
OUTPUT ON/OFF

BkntoyaeTt nnu BbikNOYaeT BbiBOA curHana. Knaevwa nogceseyumBaeTcsi, ecnum
BbIBO CUIHara BKIMHOYeH.
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Pasgen 2: iHTepdelic nepeaHen naHenm

CBeToanoaHbIN REMOTE @ CeeTtuTcs, Korga npubop ynpaensieTcsi NOCpeacTBOM yaarneHHoro
nHgukatop REMOTE UHTepdeica.

CseToanoaHbin LAN @ CeeTtuTcs, kKorga npubop noaknoYeH k nokansHom cetn (LAN).
vHagukatop LAN

CBeToaMOaHbIN 1588 @ CeeTtuTcs, Korga npubop noakntoyeH k coemectumomy ¢ IEEE-1588
mHamkaTop 1588 YCTPOWCTBY.

Ob6paTtuTe BHMUMaHWe, YTO yHKLUMOHanNbHOCTb 1588 B HacTosiwee Bpems He
nopaepxueaeTcs. ta PYHKUMOHANBHOCTL CTAHET AOCTYMHa C OOHOBMNEHWeM
NpoLMBKK. [lononHUTENbHbIE CBEAEHUS CM. B NPYMEYaHNaX K Bepcumn
moaenu 2461 -- Model 2461 Release Notes Ha BebGcanTe Keithley Instruments
(http://www.keithley.com).

CBeToaMoaHbIN INTERLOCK @ CBeTuTCS NpY BKIKOYEHHOW GIOKMPOBKE.
nHaukaTop
INTERLOCK
Knemmbl SENSE = MogkntoyeHune k knemmam SENSE HI u SENSE LO ucnonb3syetcs ans
( N3MepeHns HanpsXXeHst Ha NPoBepsieMOM YCTpoucTBae. [pu
2100 ucrnonb3oBaHuy BbiBogoB SENSE nckniodaetcsa nsamepeHne nageHus
L HanPsHKEHMs Ha NUTaKOLLMX BbiBoAax. Tak obecneunsaeTcs 6ornee TOUHbIN

BbIBOJ, HANpsi>KEHUS U U3MEPEHNE NPOBEPSIEMOrO YCTPOWCTBA.

SENSELO
FORCE HI

Knemmbl FORCE Wcnonesynte knemmbl FORCE HI n FORCE LO gnsa nepegayu
] HanNpsHKEHUs UMK ToKa B PEXMME UCTOYHMKA UK NoTpebuTtens Ha

TECTUPYEMOE YCTPOWCTBO MM 0GpaTHO.

FORCE LO
MepekntoyaTtens F BkntoyaeT knemmbl Ha nepegHen unu 3agHen naHenu. Korga BKITHOYEHbI
FRONT/REAR TERMINALS KreMMbl Ha nepegHen naHenu, To BuaHa senexHas «F» cnesa ot
TERMINALS e nepeknioyaTens. Koraa BkMioyeHb! KNEMMbI Ha 3afHel NaHenu, To BUaHa
Xentas «R» cneea oT nepeknyarens.
MpunbopHasa Konoaka OpHonomncHoe rHe3fo Anst BUIKU C NPYXMHALLMMU BOKOBbIMU
(kopnyc) /]7 Haknagkamu («baHaH») Anst nogKYeHust K kopnycy npubopa.

BknroyeHue n BbIKIOYeHMe npmnodopa

Onsa nogknoyeHna moaenu 2461 Kk ceTy aNeKTPonNUTaHNs U BKNOYEHUS/BbIKNoYeHUs npubopa
BbINOMHUTE onepaLmu, onncaHHble Hwke. Moaens 2461 paboTaeT oT ceTu ¢ HanpsikeHnem ot 100 B po
240 B n vactotor 50 unu 60 Nu. Mpubop aBTOMATUYECKN NEPEKITIOYAETCS Ha NOgAaBaeMOe HanpshkeHne
W YacToTbl. YBeauTech, YTO HanpshXeHne B Ballen 3M1eKTpOCeTU NOAXOANT AN NMTaHus npubopa.

Heobxoanmo BkMounTb Mogenb 2461 n gaTb el NPorpeTbCs B TeYeHne, No KpaHern Mepe, 04HOro yaca,
4YTOObI NPUOOP BhILLIEN HA 3asBNIEHHYI0 TOYHOCTb.

Pabota c npubopom npu HeENpaBUIbHOM CETEBOM HaMNpPsHKEHNN MOXET NOBPeAUTb Npnbop, BO3MOXHO, C
noTepen rapaHTum.

ATPEJOCTEPEXEHUE

lMocmaensiembili ¢ Modenbio 2461 WHyp numaHusi umeem omaoesibHYH 3aujUMmHYH Xury Ons
3a3eMrieHuUst (3auUmHoe 3a3eMsieHue), UCMob3yeMyro 8 po3emkax ¢ 3asemneHuem. Ecnu
MOOK/THYEHUE 8bIMOIHEHO NPasUIIbHO, MO KOpIyc npubopa coeduHeH ¢ 3emnel cemu
371eKmMponuUMaHuUsi Yepes 3a3eMIISIIOLLYI0 XUy 8 WHype numaHus. Kpome moeo, npedycMompeHo
pe3epsHoe 3auuUmHoe 3a3eMrieHue Yepe3 8UHM Ha 3adHel naHesnu npubopa. Amy Knemmy
cnedyem nodkmo4Yams K 00CMOBEPHO UCMPasHOMY 3aujumHOMy 3a3emreHuro. lpeHebpexeHue
3aWUMHbIM 3a3eMIEHUEM U 3a3eMIIeHHOU PO3eMKOU MOXem 8 Crly4ae 803HUKHOBEHUSI
HeucrnpasHocmel HaHecmu 8ped 300P08bI0 UMU PU8eCMU K CMepmu om rMopaxeHusi
371EKMPUYECKUM MOKOM.
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Pasgen 2: NHTepdeiic nepegHen naHenm PykoBoacTBo nonb3oBatensi Mmoaenu 2461 Interactive SourceMeter®

He 3ameHsilime omcoeduHsieMble WHYpPbl 3eKmMponumaHusi Ha He0ocmamoyHo Ka4eCmeeHHbIe
WHYpbI. Micrionb3oeaHue WHYPO8 HU3KO20 Kadecmea Moxem HaHecmu 8ped 300p08bHo Usu
fpusecmu K CMepmu om ropaxeHUs 37IeKMPUYECKUM MOKOM.

Anst nodknroYyeHust wHypa numaHus:
1. Y6eputecn, uTo BbikntodaTens POWER Ha nepeaHel naHenm HaxoguTCs B BbIKIMOYEHHOM
nonoxexum (O).

2. TlogknounTe po3eTKy Ha NOCTaBNAEMOM LUHYpEe NMUTaHUSA K OTBETHOW PO3EeTOYHOM YacTu Ha 3agHen
naHenu.

3. [logkniounTe OpYroi KoHew WHypa NUTaHUS K 3a3eMIIeHHOI pOo3eTKe NepemMeHHOro ToKa.

PucyHok 2: 3agHsas naHenb mogenu 2461

Ans eknroveHus unu ebiktoYeHuUss moodesnu 2461:

1. Mepea BkNoYeHNeM NprMBopa OTKMHYNTE OT HEro BCe NPOBepsieMble YCTPOMCTBA.

2. [Ons BkntoyeHns npubopa Haxmute Bbikntovatens POWER Ha nepegHen naHenu Ansi ero nepesoja B
nonoxeHue (|). Mpnbop BO Bpems BKIHOUYEHMS OTOOpaXkaeT CTPOKY COCTOSAHUSA. 10 OKOHYaHUM
BKIMIOYEHWs1 oTOBpaxaeTcs JOMALLUHUIA 3KpaH.

3. [Onsa BbiknioveHus npubopa HaxmuTe BbikntovaTens POWER Ha nepeHel naHenu Ans ero nepesoga
B nonoxetHue (O).

BknroyeHue n BbiKNOYEeHMe BbiBOAA CUrHana mogensiko 2461

BkntoyeHune BbiBOga curHana ocyuiecTBndaeTca C nepe,u,He|7| naHenn nnn nocpencTtsoM OTrNpaBKK
yOaneHHbIX KoMaHA.

ATPEOOCTEPEXEHUE

BbikntodeHue ebigoda cueHana Ha modenu 2461 He nepesodum npubop 8 6e3ornacHoe cocmosiHUE
(05151 amoeo delicmeusi npedHa3Ha4yeHa b6I0KUPOBKa).

Ha ecex 8bIx00HbIX KrieMmax U Krnemmax 3awumsbi MOXXem rpucymcmeosams OracHoe
HanpskeHue. Ymobbi uzbexxamb ropakeHUs S/1eKMPUYECKUM IMOKOM, KOmMOopoe MoXXem HaHecmu
8ped 300p08bI0 UMU MpUseCMU K cMepmu, HUKoa0a He rnpou3eooume rnodKIHoYeHUs umu
OMKI/I0YeHUs ycmpoticme, ecnu Ha rnpubop nodaemcs numaHue. Omknodalime obopydosaHue ¢
rnepedHeli naHesnu unu omcoeduHsalme WHyp numaHusi Ha 3a0Hed naHenu modenu 2461 neped
pabomol ¢ nposodamu. Nepesod ob6opydosaHUsT 8 COCMOSIHUE C OMKITHOYEHHbIM 8bI8000M He
e2apaHmupyem, 4mo 8bIX00HbIe pa3beMbl byOym obecmoyeHsbi 8 criydae anmnapamHbIX uiu
rpozpamMMHbIX HeucrpasHocmed.
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Korga nctoyHuk npnbopa BLIKMOYEH, CYLLECTBYET BEPOSATHOCTb, YTO NpMBop He ByaeT NONHOCTBIO
M30MMpoBaH OT BHeLHeln ueny. MoXHO BOCNONb30BaTbCHA HAaCTpOVKaMuy BbIKIiOYEeHUs Beixoga (Output-
Off) gnsa Toro, 4Tob6bI NepeBecTn Mogenb 2461 B U3BECTHOE, HE MHTEPAKTUBHOE COCTOSIHME Ha BpeEMS
NpOCTOS, HanNpuMep, Npu CMEeHe NPOBEPSEMOro YCTPOoKCTBa. [lonb3oBaTens MOXeT BbiOpaTe OOUH U3
cnegyroLmnx pexXMMoB COCTOSIHUS OTKIMFOYEHHOro BbIBOAA: HOPMarbHbIN, BbICOKOOMHbLIN, HYNeBow 1
3aLUNTHBINA.

MogpobHee cMm. B pasgene «Pexumbl OTKMIOYEHHOTO BbiBoda» B « CripagoyHoM pykosodcmee K Modesnu
2461» (Model 2461 Reference Manual).

MCHOﬂb3yﬂ nepedmo;o naHersb:

HaxmunTte BbikntoyaTens OUTPUT ON/OFF. Mprbop BbIBOOUT MOLLHOCTb, KOrga nepeknoyartenb
noaceevmBaeTcs. [pnbop HaxoanTca B COCTOAHUN C OTKMOYEHHLIM BbIBOLOM, KOrga nepekrtoyaTens He
NoaCBEeYMBaETCS.

Ucnonb3ysi komaHObI SCPI:

[nsa BkNoYeHns BbIBOAA NOLUNUTE KOMaHAY:
:OUTPut:STATe ON

[nsa BbIKNOYEHMS BbIBOAA NOLLMNTE KOMaHAY:
:OUTPut:STATe OFF

Ucnonb3yst komaHObI TSP:

[nsa BkNoyeHns BbIBOAA NOLUNUTE KOMaHAY:
smu.source.output = smu.ON

[ns BbIKNIOYEHUA BbIBOAA NOLWIANTE KOMaHAay:

smu.source.output = smu.OFF

MUcnonb3oBaHne nHtepdenca CeHCOPHOro aKpaHa

CeHcopHbIN aKkpaH no3BonseT BbICTPO NepPenTn K HAaCTPONKaM BOCNPOU3BEAEHNS U U3MEPEHUS,
CUCTEMHbBIM HaCcTpoOVikaM, COCTOSIHUIO U3MepEeHUs 1 Tecta, MHdopmauumn o bydepe nokasaHum U opyrum
BbINOSTHAEMbIM Npnbopom yHkumaM. Mogenb 2461 Takke UMeeT 3KpaHbl, As1 A0CTyNa K KOTOpPbIM
HY>XHO NPOBECTU NanbLEeM Mo 3KpaHy npubopa. [NepenTn kK ONOMHUTENbHBIM MHTEPaKTMBHBIM 3KpaHam
MOXHO HaxaTnem Ha knasuwm MENU, QUICKSET n FUNCTION Ha nepegHen naHenw.

,-'ff;';\\
He kacaiiTecb akpaHa OCTpbIMU METANIMYECKUMY NPeaMETamMu, TaKUMI Kak NMUHLETLI U OTBEPTKU, UIK
OCTPOKOHEYHbIMU MpeaMEeTaMu, TaKUMU Kak Py4YKU Ui kapaHaawu. HactoaTensHo coBeTyem
MCMonb30BaTh 4SS yNpaBeHns NpMbopoM TombKo nanbubl. Mprubop nogaepkueaeTt ynpasneHne

CEHCOpPHbIM 3KPaHOM B nepyaTkax Ans YNCTbIX MOMELLEHNIA.

Bbi6op 06bEKTOB HAa CEHCOPHOM 3KpaHe
HAnsi ebibopa o6Bekma Ha omo6pakaeMoM 3KpaHe ebINosIHuUme 00HO u3 credyrouux delicmeul:
e KocHuTechb ero nanbuem

e [loBeEpHUTE NOBOPOTHYH KHOMKY, YTOObI BbIAENUTb HYXXHbI OOBEKT, @ 3aTEM HAXMUTE Ha
NMOBOPOTHYHO KHOMKY, YTOObI BbIOpaTh 3TOT OO BEKT.

B crnepytowwimx pasgenax cogepxurcsi bonee nogpobHoe onvucaHue mogenu 2461.
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JInHenKn NPOKPYTKU

HekoTopble MHTEPAKTUBHbIE 3KPaHbl MMEKT AOMOMHUTENbHbIE NO3ULINN, KOTOPbIE CTAHOBATCH BUAHbI
TONbKO MOCHE NPOKPYTKM 3KpaHa BHU3. Ha aTux akpaHax MMeeTcs MHAMKATOpP NPOKPYTKU,
pacnonoXeHHbIN No NpaBoMy Kpato. [1ns npocMoTpa AONONHUTENBHbLIX NO3ULNIA NPOKPYYNBaNnTe aKpaH
BBEPX UMW BHUS3.

Ha pucyHke HWXe nokasaH aKpaH C FIMHENKOW NPOKPYTKHU.

PucyHok 3: CeHCOpHbIN 3KpaH ¢ UHOUKATOPOM JIMHEWKU NPOKPYTKU

SYSTEM SETTINGS

NuHenka
-~

NPOKPYTKN

MHTepaKTVIBH ble AONONTHUTeNbHbLIE IKPaHbI

C nomoLubto CeHcopHoro gucnresa mogenun 2461 MOXHO nepe|7|T|/| K HECKOJIbKUM OONOJTHUTENIbHbIM
9KpaHaMm, eCIit MATKo NpoBeCTU NnarnbLemM no HWXKHEN NOnoBMHE 9KpaHa cneBa HanpaBo Ui cripaBa
HaneBo. Hmke onncaH KaxKabli U3 aTux OKpPaHOB.

3aronoBOK UHTEPAKTUBHOIO 3KpaHa

3aronoBoK MHTEPAKTUBHOIO SKpaHa COAEPXMT crieaytoLLme No3uLun.

PldcyHOK 4: MHTepaKTMBHbIe JKpaHbl B pa3BepHYTOM N CBEPHYTOM COCTOAHUAX
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Pasgen 2: iHTepdelic nepeaHen naHenm

Ne AneMeHT 3KpaHa OnucaHue
nos.
1 WugukaTtop cBopauuBaHus | Ons cBOpavymMBaHMs AOMOSTHUTENBHOIO 3KpaHa MOXHO NpOBECTU

nanbLuem BHUS3.

2 WHaukatop MHaukaTop SOMOMHUTESbHbBIX 9KPaHOB NOKa3bIBaEeT, Kakon U3
[OMNONHNUTENBHOTO 3KpaHa 3KpaHoB BbIOpaH. [Npn NponucTbiBaHMM BNPaBo UM BIIEBO
N3MEHSIETCS LIBET CreAyoLLEro Kpy»Kka, ykasbiBasi TEM CaMbIM,
Kakol aKpaH B NocrneAoBaTeNlbHOCTU OTOOpaXaeTcs B AaHHbIN
MOMeHT. [1ns nepexoaa K KOHKPETHOMY akpaHy 6e3 nponncTbiBaHUA
BblGEepUTE KOHKPETHbIN KPYXKOK.

3 Apnbik ana nepexoja K Bbi6op AaHHOro Apnbika NO3BOMSIET OTKPbITh MEHIO
BbIYNCNEHNAM CALCULATIONS SETTINGS.

4 Apnbik ana nepexoja K Bbi6op AaHHOro Apnbika NO3BOMSET OTKPbITb MEHIO HACTPOEK
HacTponkam namepeHns MEASURE SETTINGS gns Bbl6paHHON dyHKLNN.
B

5 WHavkaTop YKasblBaeT, YTO ABMXEHNEM BBEPX MOXHO 0TOOpasnTb
BOCCTaHOBMEHUSA OOMOMHUTENbHBLIV MHTEPAaKTUBHbLIA 3KPaH.

6 Apnbik ana nepexoja K Bbi6op gaHHOro spnbika No3BOnsieT OTKPbITh 3kpaH Graph.
rpacvkam

JononHutenbHbIN 3KpaH SOURCE

HononHutenbHbIn 3kpaH SOURCE cnyknt ansa oTobpaxxeHus TeKyLero 3Ha4eHns UCTOYHUKA 1
YCTaHOBIEHHbIX 3HAYEHU UCTOYHMKA, Npederna u orpaHnyYeHns BocnponssedeHmns curHana. B pexume
yrpaBrneHus ¢ NnepeaHen naHenu ycTaHoBMNEHHbIE 3HAYEHNS MOXHO U3MEHUTb C MOMOLLIbHO
COOTBETCTBYIOLLNX KHOMNOK Ha JaHHOM 3KpaHe.

PucyHok 5: [lononHuTenbHbIN 3kpaH SOURCE

NHamkaTopbl pexxuma BOCNpOV3BEAeHWs Mo NpaBoMy Kpato 3kpaHa 0603Ha4aoT HacTPOMKK, caenaHHble
AN oToGpaXkaemMomn BENMYMHbLI BOCNPOU3BOAMMOrO CUrHana.

e MEAS: BkntoyeHo axocumThiBaHME UCTOYHMKA, @ oTobpakaemas BenmyunHa siBnsieTcs
pesynbTatoMm U3MepeHns BOCNPON3BOAUMOro curHana.

¢ PROG: 3xocunTbiBaHNE NCTOYHMKA OTKITHOHMEHO, a 0T06pa>|<aema$| BeNMM4ynHa ABNAETCA
yCTaHOBﬂeHHOVI BESTMYNHON BOCMNpon3BoaAMMOro curHana. Ecnu BbIBOA curHana oTKMYEH, TO
BMEeCTO BeJIMYNHbl BOCNPON3BOAMMOIo curHana 0To6pa>|<aeTc;| OUtpUt Off.

MKoHKa B NpaBoM yriy 3arofioBka JOMOSIHUTENbLHOIO 3KpaHa siBNAEeTCA ApbIKOM Ans nepexoaa K
nonHomy meHto SOURCE SETTINGS.
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Pasgen 2: iHTepdelic nepegHen naHenmn PykoBoacTBo nonb3oBatensi Mmoaenu 2461 Interactive SourceMeter®

OononHutenbHbIU 3kpaH SETTINGS

OkpaH SETTINGS no3BonseT ¢ nepegHen naHenm NepenTn K HEKOTOPbLIM N3 HAacTpoek npmubopa. JkpaH
CNYXUT Ans oTobpaxkeHnst TEKYLLNX HACTPOeEK U obecnednBaeT BO3MOXHOCTb UX BbICTPOro U3MeHeHus,
paspeLueHns unu 3anpeLleHms.

PucyHok 6: flononHutenbHbIN 3kpaH SETTINGS

YT106bI 3aMpeTuTb UK paspeLlnTb Kakon-NnMbo napameTp, Bolbepute NpsiMOyronbHoe nose psiaoM ¢ 3TUM
napameTpoM, 4TO6bI OHO cogepxarno X (3anpeTuTb) UMK ranoyky (paspeLumnTb).

MkoHKv B NpaBom 4acTun 3aronoBKa AOMOSIHUTENbHOIO 3KpaHa ABNSATCA ApribikaMmu Ans 6bicTporo
nepexona k MeHtio CALCULATIONS SETTINGS unn MEASURE SETTINGS.

[na nony4yeHns nHdopmaumm o HacTporikax HeoBX0AMMO C NOMOLLIbIO Korleca ynpaBsrneHus BblopaTb
COOTBETCTBYIOLLLYIO KHOMKY, @ 3aTeM Haxatb knasuwy HELP.

OononHuTenbHbIN 3KkpaH STATISTICS

Ha akpaH STATISTICS BbIBOAATCS CBEAEHUSA O COCTOSAHUM akTUBHOro 6ydepa n nokasaHuii B Hem. Ecnn
BKITHOYEHA HacTpoWKa HENPEPBLIBHOTO 3amnofHeHnst bydepa ¢ nepes3anmcbio CTapbixX AaHHbIX, TO
ctaTucTuka bydpepa OyaeT BkMoYaTh AaHHbIE, KOTOPbIE ObiNy NepesanucaHbl. [Ans nony4yeHns 4aHHbIX, B
KoTopble He ByayT BXOAMTb Nepe3anncaHHble, He0OX0AMMO YyCTaHOBUTL BonbLuun pasmep bydepa,
KOTOPbI MO3BOMMUT 3anucaTb HY>KHOE YNCIO NokKa3aHui. s 04UCTKM akTMBHOIO Oydepa MOXHO
Bocnonb3oBaTtbes kHonkon Clear Active Buffer, Haxoadlencs Ha JaHHOM 3KpaHe.

PucyHok 7: JononHuUTenbHbIN 3KpaH STATISTICS mogenu 2461

+35.8088 pA -0.00003 pA
-14.8858 pA +0.00000 pA

5.79449 pA

1430 rdgs .lll '”“ I -- -

OononHuTenbHbIN 3KkpaH USER

Bbl MOXeTe 3anporpammMmMpoBaTh CBOW COBCTBEHHBINA TEKCT, KOTOPbLIN ByaeT oTobpaxaTbes Ha
pononHutensHoMm akpaHe USER. Hanprumep, MOXHO 3anporpaMmmMmMpoBaTh Mogenb 2461 Tak, 4Tobbl Ha
3KpaHe oTobpaxxanocb coobLlEHME O TOM, YTO B AaHHbLIA MOMEHT MAET BbINONHEHMe TecTa. CMm.
«Cnpagoy4Hoe pykosodcmeo Kk modenu 2461» (Model 2461 Reference Manual).

PucyHok 8: lononHuTtenbHbIN 3kpaH USER
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Pasgen 2: iHTepdelic nepeaHen naHenm

OononHutTenbHbIN 3kpaH GRAPH

Ha pononHutensHom akpaHe GRAPH nokasaHo rpacduyeckoe npefcraBreHne nokasaHum ns
BbIOpaHHOro B AaHHbIN MOMEHT Bydepa.

PucyHok 9: [lononHuTenbHbIN 3kpaH GRAPH

| |
30205 4300 46335 S0.6ds

[na pasBopaynBaHus rpadurka Ha NosHbIN 3KpaH U AN AoCTyna K HacTporkam rpadvka BelbepuTe
WKOHKY rpacpmyeckoro npeacraBneHunsi B MpaBoy YacTu 3arosfioBka AOMOJTHUTENBHOIO dkpaHa. Takke
MOXHO OTKPbITb MOMHOMYHKUNOHaNbHbIN 3kpaH Graph nocpeactsom HaxaTus knasuwiv MENU n Beibopa

nosuumm Graph B meHto Views. CMm. «CripagoyHoe pykoeodcmeo k modenu 2461» (Model 2461
Reference Manual).

O6G30p MeHIo

[ns pgoctyna K rmaBHOMY MeHI0 HaxxmuTe knasuwy MENU Ha nepegHen naHenu mogenu 2461. Ha
pUCYHKe HWXe rnokKasaHa CTPYKTypa rmaBHOro MeHHo.

PucyHok 10: FnaBHOe meHI0 mogenu 2461

Source Measure iews [ y System

B rmaBHOE MEHI0 BXOAAT NOAMEHI0, MOANNCaHHbIE 3eMeHbIM LPUMTOM B BEPXHEN YacTU 3KpaHa.
MpVIKOCHOBEHME K MUKTOTPaMMe KaXdoro nogMeHto NMo3BoSsieT OTKPbIBaTb COOTBETCTBYIOLLME
MHTEPaKTUBHbIE 3KpPaHbI.
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Pasgen 2: iHTepdelic nepegHen naHenmn PykoBoacTBo nonb3oBatensi Mmoaenu 2461 Interactive SourceMeter®

3anucb namepeHnn Ha USB chnew-HakonuTtenb

Ecnu B 6ycdbepe HaxoaaTca AaHHbIE U3MEPEHUS, TO UX MOXHO CKOnuMpoBaTtb ¢ Moaenn 2461 Ha USB
dnew-HakonuTenb. MHdopmauusa coxpaHaeTca B pannax gopmaTa - CSV.

Ymo6bi 3anucamb pe3ynbmambl U3MepPeHUs:

BctaBbTe dneww-Hakonutens B nopT USB Ha nepeaHen naHenu.
HaxmuTte knasmwy MENU.

B konoHke Measure Bbibepute Reading Buffers.

BbibepuTte Oydep, KOTOpbI Bbl XOTUTE COXPaHUTD.

Bbibepute Save to USB.

Beegute nma gns Hoeoro danna.

BbibepuTe kHomky OK Ha oTobpaxxaemon knaBmuaTtype.
Bbibepute Yes, 4tobObl nOATBEPAUTL COXpaHEHMe anna.
YTto6bl 3aKpbITb OKHO, HaxmuTe OK.

© N OOA DR

3anucb CHUMKOB 3KpaHa Ha USB dnew-HakonuTtersnb

Copepxnmoe akpaHa Ha nepefHen NaHenm MOXHO COXpaHuUTb B rpadudeckom camne. MNpnbop
COXpaHsieT aTu rpadmnyeckme dainbl, U3BECTHbIE TaKXKe Kak CHUMKU akpaHa, Ha USB dnelu-HakonuTernb
B hopmarte .png.

Ymob6bI 3anucamb CHUMOK JKpaHa:
1. BcrasbTe dnew-Hakonutens B nopt USB Ha nepegHen naHenu.
MepenguTe K aKpaHy, KOTOPbI Bbl XOTUTE COXPaHUTb.

2
3. Haxwmute knasmwm HOME n ENTER. Mpnbop oTtobpasnt «Saving screen capture».
4. OTnycTUTE HaxaTble KNaBuLW.
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Paspen 3

icnonb3oBaHue yoaneHHoro nHtepdgpenca

CopepxaHue pasgena:

UHTepdelicbl Ang yaaneHHOro B3aUMOAENCTBUS .........vvvveeeeaeeeeaeeeeees 3-1
MNoanepxuBaemble YAANEHHBIE UHTEPMEMCH ......oeuvereeaieeiieasieesieeneneas 3-1
CBSABb MO GPIB ...ttt 3-2
CBA3b MO JIBC ... 3-4
CBASb MO USB....ci ittt e 3-6
Mcnonb3oBaHME BEG-MHTEPMEMCA ....evveeeeeiceriiiiieeeeesceiiiieee e e e e e s 3-10
OnpepeneHne UCnosb3yemMoro HAbOPa KOMAHL, «.vvvvveeeerirvvrreereeenninnns 3-12

WHTepdencbl ana yaaneHHOro B3aMmMoaencTBus

Mopgenb 2461 nogaepxvsaeTt paboTy B yaaneHHOM peXxume C UCMOSb30BaHMEM OOHOT0 U3 AOCTYMHbIX
WHTEPdENCoB CBA3N.

B oauH MOMEHT BpeMeHu ynpaBnaTh MoAaenbto 2461 MOXHO TONbLKO No 0AHOMY MHTepdency cBasn. [NepBbin
UHTepdenc, No KOTOPOMY nony4eHo coobLeHne, BO3bMET ynpasneHue npubopom. Ecnn gpyron nHrepdenc
noceinaet coobLieHne, To emy MOXeT ObiTb NepefaHo ynpasneHue npubopom. B 3aBucnmocTu ot pexunma
JOCTyna ans cMeHbl UHTepdenca MoxeT NoHagobuTLCA BBOA Naponsi.

Mopenb 2461 aBToMaTuyecku onpeaensieT Tun nHtepdenca ceasm (LAN, GPIB unu USB) npu
NOAKITIOYEHUN K COOTBETCTBYHOLLEMY NOPTY Ha 3agHewn naHenu npmbopa. B 6onbwmnHCTBE cnyyaes
cneynanbHble HAacTPONKK Ha npubope He TpebytoTcs. Kpome Toro, Npu cMeHe Tuna nogknoyYaemMoro
uHTepdenca HeT HeobXxoaAMMOCTM NepesarpyxaTtb npnbop.

NMoanpepxnBaemble yaarneHHble UHTepdencol
Mogenb 2461 nogaepxvBaeT cneaylowmne yaaneHHble nHTepdencl:
e GPIB: nHTepdencHas wnHa obLiero HasHavyeHus cemenctea IEEE-488
e Ethernet: cBa3b no nokanebHom cetn Ethernet
e USB: nopt USB, Tun B

e TSP-Link: BbICOKOCKOPOCTHas LUMHA A4S CBA3M U CUHXPOHU3aLUK 3anycKatoLLmMX CUrHarnos, K
KOTOPOW NPOEKTUPOBLUNKN CUCTEM ASsi NPOBEAEHUS UCTIBITAHUIA MOTYT NMOAKI0YATb HECKOSBKO
npnbopoB B KOHUrypauumn BeayLnin/BeLoMbIN.

DononnHutenbHble cBefennst o TSP-Link HaxogaTcs B pasgene «MHTepdeiic paclumpeHnsi cuctTembl
TSP-Link» B «CnipasoyHom pykosodcmee Kk modeniu 2461» (Model 2461 Reference Manual).
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CBsa3b no GPIB

WHTepderic GPIB y mogenu 2461 cootseTcTByeT cTaHaapTy |IEEE 488.1 n nogaepxusaet obLine koMaHabl
W TOMOMOruio cTaTycHon moaenu ctaHgapTta IEEE 488.2.

K GPIB MoXHO nogkntodath 40 15 yCTpoOMCTB, BKIIoYasa KoHTponnep. MakcumanbHas gnvHa oyaer
MEHbLLEN U3 BEJTNYMH:

e KonunyectBo yCTPOMCTB, YMHOXEHHOE Ha 2 MeTpa

e 20 meTpoB

MFHOpMpOBaHMe YKa3aHHbIX OrpaHW—IeHMIZ MOXET NpnBECTU K HeyCTOﬁHMBOIZ pa60Te LUWHbBI.

YctaHoBka 1O gpauBepa GPIB

CBepbTech C JOKYMEHTaLmnen k BaleMy KoHTpornnepy GPIB kacaTensHo Toro, rae nony4vTs Apanseps.
Keithley Instruments Takke coBeTyeT Bam nNpoBepuTb Beb-cant koHTponnepa GPIB Ha Hanu4me HoBewnLwen
Bepcun gpaneepos nnm MO.

YcTaHOBKa ApanBepoB OOJKHA BbINOSHATLCS Nepef NoAKMYeHneM COOTBETCTBYHOLLNX YCTPOWCTB. ITO
no3BonuT nsbexaTb NOCTAHOBKN COOTBETCTBUSA MEXAY annapaTHbIMU CPeACTBaMU U HENPaBUIbHBIM
OpanBepoMm.

YctaHoBuTe Kaptbl GPIB B Baw KoMmnbroTeEp

CeeneHus o6 ycTaHoBKe KOHTpornepoB GPIB coaepxkaTcsi B JOKYMEHTaUMM NPOU3BOAUTENS KOHTpossiepa.

NMogkniounte kabenu GPIB k Bawemy npubopy

YTto6bl nogkntoumnTb Npubop k GPIB Bocnonb3ynteck kabenem co ctaHgapTHbIMK pazbeMamn GPIB, kak
NMOKa3aHo HUXe.

PucyHok 11: Pasbem GPIB
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Pasgen 3: YaaneHHbIn nHtepdenc

[nsa opraHM3aumm HECKONbKUX NapannesibHbIX COeIMHEHNUI pEKOMEHAYeTCA KpenuTb pa3beMbl APYr K Apyry.
Y kaxgoro pasbema ecTb [iBa BUHTA, rapaHTMPYIOLLMX HAAEeXHOCTb COeaAMHEHNsI. Ha pucyHKe Hibke
nokasaHa TUMMYHasi CXxema COefMHEHWI CUCTeMbI AJ151 TPOBEAEHUSI UCTIbITAHWUI C HECKONbKUMM NpUGopamu.

BHVMAHWE

Bo nsbexxaHne BO3MOXHbIX MEXaHUYECKNX MOBPEXAEHUN HE KpenuTe K OgHOMY npubopy 6onee Tpex
pasbemoB. [ns MMHMMM3auuy Bbi3biBAaEMbIX ANIEKTPOMArHUTHLIM U3Ny4YeHNeM MOMEX UCTOSb3yNTe TONbKO
aKkpaHupoBaHHble GPIB kabenu. [1na npnobpeTeHns skpaHUMpOBaHHbIX kabenen obpalanteck B Keithley
Instruments.

PucyHok 12: NMpumep nogknioveHust mogenu 2461 B cootBetcTBUM ¢ IEEE-488

Cepuna 2600A

Cepwua 2650A

YcTaHoBKa agpeca GPIB

Mo ymonuanuto agpec GPIB ycTtaHaBnuBaeTcst paBHbIM 18. Bbl MOXeTe yCTaHOBUTbL afpec paBHbIM Nl06oMy
3HayeHuto ot 1 go 30 npu ycrnoBmm, YTO OHO YHUKanbHO Ans cuctembl. Heobxoammo crieguTe, YTobbl He
BO3HMKaNo KOH(IMKTOB C agpecamu gpyrMx npubdopos unu koHtponnepa GPIB.

MOOCKA3KA

Appec koHTpornnepa GPIB 0bbi4HO ycTaHaBnmBatoT paBHbiM O unu 21. Ha Bcakui criyyan He npycBavBanTe
HuKakum npubopam agpec 21. MNpoueaypy cMeHbl agpeca koHTponnepa GPIB cMm. B COOTBETCTBYIOLLEN
OOKYMEHTaLNN.

MprGop 3anucbiBaeT CBOW aapec B 9HEProHe3aBUcHUMYto NamsTb. Mpy nonyyeHun komaHgsl Ha cbpoc munm
MpW BbIKIMIOYEHNUM 1 MOCTEAYIOWEM BKITIOYEHUM Nprbopa U3MeHeHre agpeca He NMpoNCXOoauT.
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Ymo61 ycmaHosums adpec GPIB ¢ nepedHeli naHenu:

HaxmuTte knasmwy MENU.

B meHto System Beibepute Communication. OtkpoeTcs okHo SYSTEM COMMUNICATIONS.
BbibepuTte Bknagky GPIB.

Bbibepute uncno psgom ¢ Address. OTobpasutcs guanorosoe okHo GPIB Address.

Beegute agpec.

Bbibepute OK.

o gk whN e

CBsa3b no JIBC

Bsaumopgernicteue ¢ npnbopom MOXET OCYLLECTBNATLCHA NOCPELACTBOM FIOKaITbHOW BbIYMCIIUTENIBHON CETU
(JIBC, LAN).

Mpu nogkntoveHnn Yepes JIBC MoxHO Yepes Bpaysep 3aiTn HA BHYTPEHHIOK BEG-CTpaHuLy npubopa u
N3MeHUTb HEKOTOpPLIE N3 HAacTpoek npubopa. MogpobHee cM. B pasgene «Vcnonb3oBaHve Be6-
uHtepdenca» (Ha ctpaHuue 3-103-10).

Mogenb 2461 — ato npubop, cooTBeTcTBYIOWMIA LXI Bepcun 1.4 Core 2011, koTopbii nogaepxvsaet TCP/IP
n oTBevaeT TpeboBaHuaM cTaHaapTa IEEE 802.3 (Ethernet LAN). MNpubop ocHalyeH ogHmum noptom JIBC
(pacnonoXeHHbIM Ha 3aHen naHenu npubopa), KOTopbI NOAAEPKMBAET BO3MOXHOCTbL COEANHEHUSI NO
cet 10 MouT nnun 100 MOuT. BbIGOp CKOPOCTH OCYLLECTBNSETCA aBTOMaTUYECKM.

Mogenb 2461 Takke nogaepxmaeT Multicast DNS (MDNS) n DNS Service Discovery (DNS-SD,
oBHapyxeHue crnyxbbl paspeLleHnsi UMeH), 4To nonesHo B JIBC 6e3 LeHTpanM3oBaHHOro
aAMWHUCTPUPOBAHMUSI.

MPVMEYAHWNE

Mepen ycTaHoBKow coeauHeHusi no JIBC npokoHCynbTUPYNTECH C BallMM CETEBbIM agMUHUCTPATOPOM,
4YTOObI y4ecTb cneundmnyHble Ans Bawen cetn TpeboBaHus.

Ecnu y Bac Bo3Huknv npobnembl npu Hactponke JIBC, cm. pasgen «CoBeTbl No pelleHunto npobnem c JIBC»
(Ha ctpaHuue 3-103-10).

HacTtponka cBsizu no JIBC Ha npubope

[laHHbIA pa3gen coaepXXnT onucaHue npoueaypbl HacTporiku ceasm no JIBC B aBTOMaTUYECKOM MU PYYHOM
pexume.

Hactpowka koHcurypauum JIBC B aBTOMaTU4ECKOM pexume

Mpw nogkntodeHum k JIBC ¢ DHCP-cepBepoM Mnv UCMonb3oBaHUK NPSIMOro CoeAUHEHUS Mexay NpuGopom
1 yNpaBnsoLmMM KOMMNbLIOTEPOM CrieflyeT BOCMNONb30BaThCA aBTOMaTMYeckuM Beibopom IP-agpeca.

B cny4yae Bbibopa Auto nprubop nonbiTaetca nony4uts IP-agpec y DHCP cepBepa. Ecnu 310 He yaactesa
caenatb, TO OH BepHeTcs K IP-agpecy n3 ananasoHa ot 169.254.1.0 no 169.254.254.255.

MPUMEYAHWNE

W ynpaBnstoLLmn koMnbloTep («XOCT»), N NpUbop JOMKHLI ObITb YCTAHOBMNEHLI B aBTOMAaTUYECKUIA PEXNM
KoHGurypupoBaHus JIBC. XoTa 1 BO3MOXHO YCTaHOBUTb OOMH U3 HUX B PYYHOWN PEXUM, 3TO CrOXHee B
HaCTPOWKe.

3-4 2461-900-01 Rev. A/ November 2015



PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Pasgen 3: YaaneHHbIn nHtepdenc

UYmo6bI ycmaHogums asmomamuyeckuli ebi6op IP-adpeca ¢ nepedHeli naHenu:

1. Haxmute knasmwy MENU.

B meHto System BbiGepute Communication.

Bbibepute Bknagky LAN.

Ina TCP/IP Mode BbiGepute Auto.

Beibepute Apply Settings, 4ToGbl COXpaHUTb BalLy HACTPONKN.

ok wbd

HacTtpownka koHdurypauum JIBC B py4yHOM pexume

Mpu HeobxoamumocTu |IP-agpec npMbopa MOXXHO HACTPOUTb BPYYHYIO.

Bhbl Takke MoXeTe paspelnTb UK 3anpeTuTb HacTpoiiku DNS, nnGo HasHauuTb MMS XOcTa Ansl cepBepa
DNS.

MPVMEYAHWNE

CBSXXUTECH C OTAENOM MH(POPMALMOHHbLIX TEXHOMOMMIA (oTAenN IT) B BaLle KOMnaHum, YToobl npu
NoAKItoYeHnn npubopa K KOpnopaTMBHOM CETU MONYYNTb NpaBuibHLIN IP-agpec ans npubopa.

IP-agpec npMbop MOXET coaepxaTtb Beaylime Hynu, a IP-agpec komnboTepa — HeT.

Ans Hacmpoliku |P-adpeca Ha npu6ope epy4HyIo:

HaxmuTte knasmwy MENU.

B meHto System BbiGepute Communication.

Beibepute Bknagky LAN.

B none TCP/IP Mode BbiGepute Manual.

B none IP Address Beegute IP-agpec JIBC. Bbl MOXeTe KacaTbCsl UNCEST, KOTOPbIE XOTUTE N3MEHUTb.
B none Gateway BBeguTe agpec Lwno3a.

B none Subnet BBegute macky nogcetm.

Bbibepute Apply Settings, 4Tobbl COXpaHUTL BalLW U3MEHEHUS.

© NG wDN R

HacTtpowuka cBsi3u no JIBC Ha koMnbloTepe

B aTtom pasgene onucaHa npouenypa HacTponku ceasu no JIBC Ha BallemM komnbroTepe.

MPUMEYAHWNE

He nameHsiite IP-agpec 6e3 cornacoBaHus ¢ CUCTEMHbIM aaMUHUCTpaTopoM. Beog HeBepHoro IP-aapeca
MOXET MPUBECTUN K TOMY, YTO KOMMbIOTEP HE CMOXET NMOAKIMIYMTLCA K Balleln KOopropaTUBHOM CETU UMK
BO3HWKHET KOHMNUKT C APYrMM KOMMbLIOTEPOM B CETHU.

3anuwinTe Bce ceTEBbIE HACTPONKM NEPEL TEM, KaK HaYHETE YTO-NTMOO MEHATL B CYLLIECTBYIOLLEN
KOHdhMrypauum, Ha KapTouke CeTeBOro nHTepdeica. MNocne o6HOBNEHMS CETEBLIX HACTPOEK NpeablayLime
HaCTPONKM NponagyT. ATO MOXET Bbi3BaTb NPOOMAEMbI C MOBTOPHBLIM MNOOKIMIOYEHMEM YNPABIIAOLLENO
KOoMNbloTepa K KopnopaTuBHOM ceTu, B YacTHOCTU, ecnn DHCP 3anpelyeH.

He 3abynbTe nepep NOBTOPHbLIM MOAKMHOYEHNEM YIPABIIAIOLLErO KOMMbOTEPA K KOPNIOPaTUBHOW CETU
BEPHYTb BCE HACTPOWKM K M3Ha4YanbHbIM. Bonee noapo6Hble MHCTPYKUMM BaM 4ACT Ball CUCTEMHbII
agMVHMCTPAaTOop.

Joxautecb, 4ToObI MHAMKaTOop LAN Ha nepeagHen naHesnm NOCTOAHHO ropern
3eNeHbIM

Hemuratowmn senexoit nHamkatop coctoaHus LAN (JIBC) noaresepxaaeT, 4to npubopy HasHayeH IP-agpec.
lMpuMnTE BO BHMMaHMe, YTO YCTAHOBKA CBS3M MeXAY KOMMbIOTEPOM U NPUBOPOM MOXET 3aHSATb HECKOMBKO
MUHYT.
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YcranHoBuTte MO LXI Discovery Browser Ha Bawl KOMNbIOTEp

LXI Discovery Browser no3sonsieT onpeaensatb IP-agpeca LXI-cepTudunumpoBaHHbix npubopos. Mocne
onpegenenus IP-agpeca Bbl MOXeTe ABaxabl WEeNKHYTb No Hemy B LXI Discovery Browser, 4Tobbl OTKpbITb
Beb-mHTepdhelic npmbopa.

MporpammHoe o6ecnedveHne Keithley LXI Discovery Browser 4oCcTynHo Ansi ckadymMBaHusi Ha Bebcante
Keithley Instruments (http://www.keithley.com).

3anyctute LXI Discovery Browser

Ymo6bi 3anycmums 10 LXI Discovery Browser:

1. W3 meHio «[lyck» Microsoft Windows Bbi6epute Keithley Instruments.
2. BbibepuTte LXI Discovery Browser.

3. LlWenkHute no LXI Discovery Browser. OTobpa3utcs okHo Keithley LXI Discovery Browser.
Bpay3sep LXI Discovery oTobpaxaeT npubopbl, KOTOPblE€ OH HAXOAMUT B CETU, N Ha3Ha4YeHHble um IP-
agpeca.

4. [Osaxnapbl wenkHute no IP-agpecy B gnanorosom okHe LXI Discovery Browser. OTkpoeTcs Beb-cTpaHumLa
Ans aToro npuodopa.

[ononHutenbHble cBeaeHUs 06 ncnonb3oBaHMN Be6-CTpaHUL, HaxoaaTcs B pasgene «Beb-nHrepdency B
«CnpasoyHom pykogodcmee k modesnu 2461» (Model 2461 Reference Manual).

CBA3b no USB

[ns ncnons3oBaHusa nopta USB Ha 3agHen naHenn Heobxoanmo, 4Tobbl Ha ynpasnsioLweM KOMMboTepe
6b1n ycTaHoBNeH ypoeeHb Virtual Instrument Software Architecture (VISA). MNMoapobHee cM. B pasgene
«YcTtaHoBka Keithley I/O Layer» B «CrpasoyHom pykogodcmee k modesnu 2461» (Model 2461 Reference
Manual).

VISA copepxuT gpansep USB-knacca gns npotokorna USB Test and Measurement Class (USBTMC),
KOTOpbI MOCIIE YCTaHOBKM NO3BONUT ONepaLMoHHol cucteme Microsoft® Windows® pacnosHaTs npu6op.

Mpn nogkntodeHun yctponctea USB, koTopoe 3anyckaeT npotokon USBTMC nnn USBTMC-USB488 Ha
KomnbloTep, apaviBep VISA aBTomMaTuyecku onpegenseT a1o ycTponcteo. ObpaTtnte BHUMaAHNE, YTO

apaneep VISA aBTomaTuyeckn pacnosHaeT Tosnbko ycTponictBa USBTMC unu USBTMC-USB488. OH He
pacno3HaeT gpyrue yCTponcTBa, Takme Kak MPUHTEPbl, CKAaHHEPbl U YCTPOWCTBA XpaHeHnst MHcpopmaumn.

B aTtom pasgene tepmuH «USB npubopbl» 0603Ha4YaeT yCTponcTBa, paboTtatowme no npotokony USBTMC
unn USBTMC-USB488.

MopaknioyeHne KoMnbrOTEpPa K Moaenu 2461 nocpeacteom USB

Onsa nogknoyeHna mogenu 2461 k komnbtoTepy nocpeactsoM USB-coeanHeHns Bocnonb3ynteck Keithley
Instruments Model USB-B-1 n3 komnnekta noctaeku npnbopa.

Ona kaxgon mogenu 2461 tpebyeTtca otaeneHbin USB-kabenb ANg NOAKMOYEHNS K KOMMbIOTEPY.
Umob6sI nodknrvyums npubop Kk Komnsromepy nocpedcmeom USB:

1. TlopgkniounTe KOHeL kabensi ¢ pasbeMoM Tuna A K KOMMbIOTEPY.
2. [lopgkntounTte koHeL, kabens ¢ pasbemMoM Tuna B k npubopy.

3. Bknwouute nutaHue Ha npubope. Korga komnbiotep o6Hapyxut HoBoe USB-coeanHeHue, 3anycTuTcs
MOMOLLHWK MO YCTaHOBKE HOBOro ob6opyaoBaHus.

4. Ecnu oTkpoeTca AnanoroBoe okHO ¢ npeanoxeHvem noucka MO Ha cante Windows Update, otBeTbTe
Het (No), 3atem wenkHuTe Oanee (Next).

5. B aunanoroBom okHe «USB Test and Measurement device» wenkHute Janee (Next), 3atem wenkHUTe
3aBepwuthb (Finish).
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O6meH nHcpopmaumen ¢ npubopom

YTto6bl npubop obmeHuBancs nHgopmauuen ¢ yctponctsom USB, Heob6xoaMMo MCnonb3oBaTh NI-VISA™.
[nsa nogknoyeHus k npasuneHoMy USB-npnbopy VISA HeobxoauM CTPOKOBBIM pecypc B cnegyowem
dopmare:

USBO: :0x05€e6: :0x2461::[serial number]::INSTR
lne:
e 0x05e6: ngeHtudgukatop npounssoantens Keithley
e 0x2461: Homep mogenun npubopa
e [serial number]: cepuiiHbIn HOMep Npubopa (CEPUHLIN HOMEP Takke eCTb Ha 3aHel NaHenn)
e INSTR: ykasaHue ncnone3oBatb npotokon USBTMC

[nsa onpeneneHus gaHHbIX NapameTpoB Bbl MoxeTe 3anyctutb Keithley Configuration Panel (naHenb
HacTpomku Keithley), koTopasa aBTomaTuyecku onpeaenseT Bce Npnbdopbl, NOAKMIOYEHHbIE K KOMNbIOTEPY.

Ecnu Bbl yctaHoBunu yposeHb Keithley I/O Layer, To naHenes Keithley Configuration Panel 6yaet goctynHa B
MeHo «[Tyck» Microsoft® Windows®.

Umo6si ucnonb3oeams Keithley Configuration Panel dnst onpedeneHusi cmpokoeozo pecypca VISA:

1. LUWenknute Myck > Bce nporpammbl > Keithley Instruments > Keithley Configuration Panel
(Start>All Programs > Keithley Instruments 2 Keithley Configuration Panel). Otobpasutcs
Ananorosoe okHo Select Operation.

PucyHok 13: AlnanoroBoe okHo Select Operation

Welcome to the Keithley Configuration Wizard. This wizard will
help manage your virtual instruments.

Select the Operation you want to perform,

Press Mext to continue.
Press Cancel to quit this operation.

Operations

& add
" Change
" Delete
" Test

[v Show this wizard on startup.

Cancel | Mext = |

2. Bbibepute Add.
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3. LWenkHute Next. OTobpasutcs guanoroBoe okHo Select Communication Bus.

PucyHok 14: AlnanoroBoe okHo Select Communication Bus

Select the Communication Bus connecting this computer to the
physical instrument.

Press Next to continue.
Press Cancel to quit this operation.

Communication Buses:

Serial
GPIE
Ethernet

4. Bblbepute USB.

= Back | Mext = I Finish

5. LWenkHuTte Next. OTobpasutcsa ananoroBoe okHO Select Instrument Driver.

PucyHok 15: lnanoroBoe okHO Select Instrument Driver

“Keithley Add Wi

Select the Instrument Driver - Model of the physical instrument.

Select Auto-detect Instrument Driver - Model to have this
Wizard choose an appropriate driver. You must connect and
power the physical instrument.

Press Mext to continue,
Press Cancel to quit this operation.

Instrument Driver - Model:

Auto-detect Instrument Driver - Model
KESCPI - ANY

KETSP - MODEL 2601

KETSP - MODEL 2602

KETSP - MODEL 2611

KETSP - MODEL 2612

KETSP - MODEL 2635

KETSP - MODEL 2636

KETSP - MODEL 2601A

Cancel | < Back | Mext = I Finish

6. Bblbepute Auto-detect Instrument Driver - Model.
7. LWenkHute Next. OTobpasuTtca ananoroBoe okHo Configure USB co CTPOKOBLIM pecypcom Anst

onpegeneHHoro VISA npubopa.

8. LlWenkHuTte Next. OTobpasntcsa ananorosoe okHo Name Virtual Instrument.

3-8
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PucyHok 16: AlnanoroBoe okHo Name Virtual Instrument

Enter a Virtual Instrument Name below. The wizard will replace
spaces with underscore () characters,

Press Finish to save your changes.
Press Mext to continue,
Press Cancel to quit this operation.

Virtual Instrument Mame:
[MyUSBInstrument

Configuration Summary:

Instrument Maodel MODEL 2601
Driver KETSP
Port UsE

< Back | Mext = | Einish

9. B none Virtual Instrument Name BBeauTe nMsi, KOTOPOE Bbl XOTUTE UCMOSbL30BaTh NpY 00paLleHnn K
npunbopy.

10. WenkHute Finish.

11. WenkHute Cancel, 4tobbl 3aKpbITb «noMoLLHMKa» (Wizard).

12. CoxpaHuTte koHurypaumto. [insa atoro Beibepute File > Save B Keithley Configuration Panel.

lMpoeepbme npubop 4Yepe3 Keithley Communicator:

1. LUWenkHute Myck > Bce nporpammbl > Keithley Instruments > Keithley Communicator
(Start>All Programs—>Keithley Instruments>Keithley Communicator).

2. Bbibepute File > Open Instrument anga Toro, 4Tobbl OTKPbITb NPMOOP, KOTOPOMY Bbl TONBKO YTO Aanu
ZIVER

PucyHok 17: OkHo Open an Instrument B Keithley Communicator

r T T

Keithley Communicator o | B %

File Edit Execution Command Teools Help

= @ plalalslelulal

Open an Instrument

Ingtrument:
kAl 5B ngtrument j

OFEM &M M5

ak. | Cancel ‘ Help |

Open an instrument. SCFI 12042013 10:48 Ak

3. LUWenkHute OK.
4. OtnpaBbTe Ha npubop koMaHay u ybeamTtechb, 4To Npubop oTBevaer.
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MPUMEYAHWNE

Ecnwn B Bawwen cucteme yctaHoBneHa nosiHas Bepcus NI-VISA, Bbl MoxeTe 3anyctutb NI-MAX nnu
nporpammy VISA Interactive Control. CBegeHust MOXXHO HaWTh B JokymMeHTauumn National Instruments.

Ecnu B Bawew cucteme yctaHosneHbl Agilent IO Libraries, Bbl MoxeTe 3anyctutb Agilent Connection Expert,
4yTo6bl NpoBepUTL Bawwm USB-npubopbl. CBEAEHUS MOXHO HanTW B AOKyMeHTauum Agilent.

MUcnonb3oBaHune BebO-nHTepchenca

Be6-nHTepdenc mogenn 2461 Nno3BONsET BbINOHATL HACTPONKN 1 YNPaBMATb NPUOOPOM C NOMOLLbIO BED-
CcTpaHuubl. Beb-cTpaHuua BkNoYaeT creayoLLyo MHpopMaLuuto:

o CocTosiHne npubopa.

e Mogenb npubopa, cepurHbIn HoMep, Bepcuto BcTpoeHHoro MO u nocnegHee coobuweHune LXI.
e KHonky ID, yTo6bl NOMOYbL BaM HanTun npmbdop.

e BupTyanbHyto NnepeHo NaHernb U KOMaHAHbIN MHTepdenc aAnga ynpasneHus npuodopom.

e [Joctyn Kk channy .csv, cogepxalleMy AaHHble Oydepa, B KOTOPbI COXPAHSIIOTCSA MOKa3aHus.
e BoaMoxHOCTM agMUHUCTpUpPOBaHUSA 1 Hopmauusi o LXI

Beb6-cTpaHuua npubopa pacnonaraetcsi Bo BCTpoeHHOoM 10 npubopa. VIsmeHeHus, BINONHAEMbIE Yepes
Beb-MHTEephelic, HeMeaneHHoO NPMMEHSITCS K Npubopy.

NMogknioveHune K Be6-nHTepcpency npmnbopa
Mocne ycTtaHoBKM cBA3N Mexay npubopom 1 JIBC Bbl MOXeTe OTKpbITb BEG-CTpaHMLy npubopa.
Ymo6bi nonydyums docmyn Kk eeb6-unmepdbelicy:

1. OrtTkpownTe Opaysep Ha ynpaBnsoLLEM KOMIMbIOTEPE.

2. Beeaute IP-agpec npubopa B agpecHyto cTpoky bpaysepa. Hanpumep, ecnu IP-agpec npubopa
192.168.1.101, To B agpecHon cTpoke Beeante 192.168.1.101.

3. HaxwmwuTte Enter Ha knaBmaType KoMmnbtoTepa, YToObl OTKPbITb BEG-CTpaHuLy npubopa.

4. Ecnwn 6yayT 3anpoLlleHbl UMsi Nonb3oBaTenst U Naposb, BBeauTe Mx. 3Ha4eHne no ymondaHuo ans
oboux admin.

CoBeTbl No peweHuto npodbnem c JiBC
Ecnu Bbl He MoxeTe NOAKIMKOYNTBCA K Be6-|/|HTepcbe|710y np|/|60pa, TO NpoBepbTe cnenykLline NyHKTbl:

e CeteBon é(aGenb noakntoyeH k nopty LAN Ha 3agHein naHenu npubopa, a He K 04HOMY M3 NOpTOB
TSP-Link™.

e CeTeBoW kabenb NOAKIMIOYEH K NpaBuUbHOMY NopTy komnbtoTepa. MNMopT JIBC Ha HoyTByke MoxeT
OTKNIOYATLCS, €CNY HOYTOYK NOAKIMIOYEH K AOK-CTaHLUW.

e Bo Bpems KoHduUrypaumm ncnonb3oBanacb HacTpoeyHas HopMaunsa ons npaBuUbHON CETEBOM
KapThbl.

e CeTeBas kapTa Ha KOMMbIOTEPE HE OTKNIOYEHA.
e |P-agpec npnbopa coBmectum ¢ IP-agpecom KomnbroTepa.

e Macka noaceTu Ha npubope Takas e, Kak Macka NoAceTn KoMmnbioTepa.
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Takke MmoxHO nonpoboBaTb Nepesarpy3uTb komnbroTep. [ns atoro:
BbikntounTe nutaHme npnbopa, 3aTtem BKIOYMTE.
Mopgoxante He meHee 60 cekyHA, YTOObLI HACTPOWKa CeTH 3aBepLUnIIach.

HaxmuTte knasuwy MENU.

B meHio System BbiGepute Communication.
Bbibepute Bknaaky LAN.

lMpoBepbTe HACTPONKMW.

S e o

Ecnu BbINONHEHME ONMCaHHBIX BbilLE peKOMEHAAUMA He pelumT npobremy, To obpaTuTech K BallemMy
CUCTEMHOMY aMUHUCTPaTOPY.

PucyHok 18: CTpaHuua Be6-uHTepcenca mogenm 2461

Model 2461

Home
R Source Measure Unit D
LXl Home

IP Config Instrument Model: || 2461

Log Manufacturer: Keithley Instruments
Virtual Front )
Panel Serial Number 04089993 ‘ E‘gﬂ‘i;‘iif 1.0.00
Send
Commands TCP Raw Socket: || 5025 [ Telnet Port: 23
Extract Data

Last LXI e Reading buffer defbufferl is 0% filled

Help Message: (history)

8 2007-2015 Keithley Instruments. All rights ressrved.

[JomalHsas ctpaHuua Be6-nHTepdenca npubopa cogepXuUT OCHOBHLIE CBEAEHUS O Npubope, BKItoYas:
e Mogenb npubopa, nHopmanmo 0 NponsBoaANTENE, CEPUNHBLIN HOMEP N BEPCUIO NMPOLLUNBKN.
e Homep TCP Raw Socket n Homep Telnet Port.

e T[locnegHee coobueHne LXI. [No cebinke Ha apxXnB COOBLLIEHNIT MOXXHO NEPENTM HA LOMALLHIO
cTpaHuyy LXI.

e KHonky ID ansa nomowm B ngeHtndmrkauum npudopa. Cm. pasgen «MaeHtudukaunsa npubopa» (Ha
cTp. 3-12).
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UaoeHTndmkauma npubopa

Mpu HanM4MM HECKOMbKMX NPMOOPOB Bbl MOXETE LLENKHYTb Mo KHomke ID, 4Tobbl onpeaenuTb, C KOTOPbIM U3
npnbopoB Bbl B3anmMogencTsyeTe B AaHHbIN MOMEHT.

HAnst udeHmudgpukayuu npubopa:
B cpegHen neBon Yactn goMallHen CTpaHuLbl LWenkHUTe
. ID
KHonka cTaHeT 3eneHomn , a igukartop coctosiHus J1IBC Ha npubope 3amuraer.

ID .
LenkHnTe No KHomnke elle pas, YTobbl BEPHYTb €€ UCXOAHBIV LIBET U BEPHYTb MHAUKATOP COCTOSIHUS
JIBC K NOCTOSIHHOMY CBEYEHUIO.

NMpocMoTp cobbITUN B XXypHane cobbiTn

B >xypHan cobbiTui 3anunceiBatoTca Bce cobbiTus LXI, koTopble npubop bopmupyeT u nonyyaet. KypHan
COAEPXUT crneaytoLwme CBeAeHNs:

e Crtonbey EventlD cogepxuT ngeHtundukaTop cobbiTms, KOTOpoe creHepupoBano cobbiTue.

e Crtonbey System Timestamp nokasbiBaeT BPEMS B CEKYHAAX M HAHOCEKYHAAX, korga cobbiTne
NpPOM30LLIIO.

e Cron6ey Data oToGpaxaeT TEKCT COOBLLEHMSA COObITUS.

KHonka Refresh yaoanseTt umetolnecs gaHHble U BbIBOOUT Ha 3KpaH npuGopa nocnenHon
nHcpopMaLMio, Nomny4YeHHYyo oT npubopa.

OnpepeneHne ucnosnb3lyemoro Habopa KomaHg

YnpaeneHue mogenbsto 2461 MoXeT OCyLLeCTBAATLCS C NOMOLLLI0 HABOPOB KOMaHA Ha 6a3e A3bIKoB
nporpammupoBaHua SCPI nnun Test Script Processor (TSP®). Bl moxeTe nsmeHutb Habop komaHg,
KOTOPbIN UCNONb3yeTcs ¢ MoAenbio 2461. B oocTynHble HAabopbl yaaneHHbIX KOMaHd BXOOAT:

e SCPI: cneumarnbHbIn A3bIK, MOCTPOEHHbIN NO cTaHaapTy SCPI.

e  TSP: A3blKk NPOrPaMMMPOBaHWs, KOTOPbIN MOXHO MCMONb30BaTh AN OTNPaBKU OTAESbHbIX KOMaHA,
U1 HOPMUPOBAHUS CLIeHapPUEB U3 HECKONbKMX KOMaHA.

CwmelwmBaHue HaGOpOB KOMaH He OonyCKaeTCA.

MPUMEYAHWNE

Mocne poctaBku 13 Keithley Instruments mogenb 2461 HacTpoeHa Ha paboTy ¢ Habopom komaHa Model
2461 SCPI.

Ucnonb3ys nepedHIoo naHesb:

1. Haxmute knasmwy MENU.

2. B meHio System BbibepuTte Settings.

3. Bbibepute kHonky psagom ¢ Command Set 1 BbibepuTe Habop kKoMaHA.

4. Ha akpaH npubopa byneT BbiBegeHo cooblieHme ¢ NpeanoXeHMeM nepesarpysntb npubop.
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lMepexod Ha Habop komaHO SCPI ¢ ydaseHHo20 uHMepghelica:

OtnpaBbTe KOMaH4y:
*LANG SCPI

Mepesarpyaute npubop.

lMepexod Ha Habop komaHO TSP ¢ ydaseHHO20 uHmMepghelica:

OTnpaBbTe KOMaHAy:

*LANG TSP

Mepesarpyaute npubop.

Ymob6bi npoeepums, kakoli Ha6op KOMaHO ebIbpaH:
OTtnpaBbTe KOMaHAy:

*LANG?

2461-900-01 Rev. A/ November 2015
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Paspen 4

[MpoBeaeHMEe OCHOBHbIX U3MEPEHUN C NEPESHEN NMAHENN

CopgepxaHue pasgena:

BBEAEBHUE ...t 4-1
HeoBXoanMoe 0B0PYOOBAHME ..........ueeiiieieiiiiiiiiee e e e 4-2
[TOAKMIOUEHNE YCTPOMCTB .cevieeeeiniiiiieeiaaaeeaaieteeeeaaeeesanbsbeeeeaaeeesannreeeees 4-2
lMpoBeaeHne N3MepPEHN C NEPEAHEN NMAHESM ......cvvvveeeeeeeieeeieeeeeeeeeeen 4-2

BBepeHue

Mogenb 2461 No3BonseT BbIBOAUTL HAMNPSHKEHWE UMM TOK U BbINOMHATL U3MEPEHUS C NOMOLLbI0 OpraHoB
yNpaBrieHUsi, PacroSIOKEHHbIX Ha NepeaHel naHenu.

MPVMEYAHWNE

Mepen BHECEHMEM U3MEHEHWUI B OpYrne HAacTporikn npubopa crnepyeT yoeantbes, YTo Obin BbIOpaH HY>KHbIN
pexuM. [JocTynHble BapuaHTbl HACTPOEK ByayT 3aBMCETb OT TUMNa PEXUMOB, KOTOPbIE aKTMBHbI HA MOMEHT
BHECEHUSI UBMEHEHUI. ECnn BHECTW N3MEHEHWNE, HECOBMECTUMOE C aKTUBHbIMU PEXMMaMU, TO MOXHO
nonyynTb HEOXUAAHHbIE pe3ynbTaTbl UMK NOMYyYUTb coobLleHne o cobbiTumn. Takke obpaTuTe BHUMaHUE,
YTO NMpu BbIOOPE ApYyroro pexuma, npubop ounaeTt bydep.

HacTtosiwee pykoBOACTBO COAEPXKUT OnMcaHve npoLeayp, criefoBaHe KOTOpbIM NMO3BONUT NOMYYUTb
Hauny4lime pesynbTarbl.

B npumepe ganee onvcbiBaeTcs npoueaypa usmepeHusi Ha peauctope 10 KOM ¢ BbIBOAOM HanpsikeHUs U
nsmepeHneM Toka. MNogobHble N3MepeHNst MOXHO NPOBECTM Ha J1loGOM ABYXMOMOCHOM TECTUPYEMOM
YCTPOMCTBE, ECNK UCMOoNb30BaTh NoAXoAsLIMe 3HAYEHNA UCTOYHKKA.

HaCTDOIZKa Mogenun 2461 ona npoBeneHus n3aMepeHunsi C NOMOLLbK OpraHoB ynpasneHnda Ha nepe,u,He|7|
naHenn ocyLecTBndeTCcA C ucnonb3oBaHMeM crnegyroumx metoaoB:

e WUcnonb3oBaHue ObICTPLIX HacTpoek. HaxmuTe knaBuwy QUICKSET (6biCTpble HACTPOWKK),
YTOObI OTKPbITb MEHIO NPEeABapPUTENBHO HACTPOEHHBLIX KOHAUIYpaLUniA, BKIoYas BONbTMETP,
amnepmeTp, OMMETP U HAaCTPOMKN UCTOYHMKA NUTaHKSA. Takke AaHHas KnaBuLla no3sonseT
BblGMpaTb PYHKUUM TECTUPOBAHUS U BbINOSHATL NOACTPOWKY A5 MOMYYEHUs Ny4yLlero paspeLleHms
unu 6onee BbICOKOW CKOPOCTMU.

o BbI6op pexuma BocnpousBeneHusi u uamepenus. Haxmute knasuwy FUNCTION, 4ytobbl
BbIOpaThb 13 CMMUCKa HYXHbIN PEXUM BOCNPOU3BEAEHUSA N N3MEPEHMS.

¢ Wcnonb3oBaHuWe BapUaHTOB U3 MeHI0. HaxxmuTe knasuwy MENU, 4ToGbl OTKPbITE MEHIO C
BapuaHTamu.

Mocne BbIbopa HY>KHOro pexxnuma BOCNPOM3BEAEHNSI U UBMEPEHNST BbiDEpUTE COOTBETCTBYHOLLME KHOMKM Ha
JOoMallHEM 3KpaHe Moaenn 2461 1 4oNoNHUTENbHOM 3KpaHe Settings (HacTponkn), YTOOblI M3MEHUTL
HaCTPOWKM.

Ons nposeaeHnAa naMmepeHnad, onncbiBaemMoro B npuMepe garnee, n0Tpe6yeTc;| BbIMOJIHUTb HaCTpOVIKVI C
NCnonb3oBaHNMEM KOMOUHaLUK YKa3aHHbIX METOOO0B.



Pasgen 4: OcHOBHble U3MepeHus PykoBoacTteo nonb3oBatens mofenu 2461 Interactive SourceMeter®

Heo6xoanmoe o6opyanoBaHue

OGopynoBaHue, HeobxoauMoe AN BbIMNONHEHUS U3MEPEHUS:

®

e [pubop Interactive SourceMeter™ mogenu 2461

e [1Ba M30MMpPOBaHHbIX Kabens ¢ pasbeMoM «GaHaH»; MOXHO BOCMONb30BaTLCA HAabopoM,
nocTaBrsieMbIM B KOMMNEKTe ¢ Mogernbto 2461 — Keithley Instruments Model 8608 High-Performance
Clip Lead Set.

e OpauH pesunctop Ha 10 kKOM B kadecTBe 00bEKTA TECTMPOBAHMS.

NMoaknoyeHue yCcTpoucTB

MPUMEYAHWNE

Mepen noaknoYeHnem K mogenu 2461 Heo6xoaMMO OTKIOYUTL NUTaHMe Npubopa.

MogkntounTte moaesns 2461 K pe3ancTopy nNo ABYXNPOBOAHOM cxeMe. B aTon cxeme yCcTponcTBO
nogkrtoyaetca mexay knemmamm FORCE HI n FORCE LO.

dursnyeckne coeMHeEHNs C pasbemMaMu Ha NepegHen naHesny nokasaHbl Ha PUCYHKE HUXKeE.

PucyHok 19: MNMopgknroyeHune K pasbemaM Ha nepeaHen naHenu moaenu 2461
no ABYXNpPOBOAHOW cxeme

Moaenk 2461 FORCE HI

|=:E|TH|:'." 2481 ScurceMeter™ ea., DO ot
{ ]
1 }
';" "IJ. Scllillllz?)r 1
-~

)
i

BE;
soMIE LD
] .

Pesuctop

sy

NMpoBeneHne namepeHnn c nepeaHen naHenm

Bo Bpemsi AaHHOro namepeHust OyayT BbINOMHATLCA Crieayowme onepaumm;
e BhbIOop pexnma BOCNpOM3BEAEHNS U U3MEPEHUS
e Bbibop guanasoHa UCTOYHMKA
e YcTaHoBKa BENMNYMHBI UCTOYHMKA
e YcTaHOBKa npefena UcTovHuKa
e Bbibop gnanasoHa namepeHus
e BknoyeHue BbiBOga curHana
o HabniogeHue 3a nokazaHUAMU Ha dKpaHe

e BblkntoyeHune BbiIBOAaA curHana
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Pasgen 4 : OcHOBHble nsmepeHusi

Mpouenypa usmepeHus c nepeaHen naHenu

Ymo6l npoeecmu usmepeHusi ¢ nepedHell naHenu:

1.

>

© ® N u

11.
12.
13.

14.

HaxmuTte Bbikntoyatens POWER Ha nepegHen naHenu, 4tobbl BKIIOYUTL MPUOOP MK BbIKMOUNTD U
BKIMIOYUTb €ro CHOBA, €CNU OH Bbin BKIHOYEH.

lMpoBepbTe, UTO BbIOPaH peXxrMM BOCNpPOU3BeaeHUs U n3aMepeHus. Ha nepegHer naHenm HaxmnTe
knasuwy FUNCTION.

B meHto Source Voltage and Measure Bbibepute Current.

Bbibepute ananasoH nctovHuka. Ha gomaiHem akpaHe B MeHto SOURCE V BbiGepuTe KHOMNKY psaom ¢
Range.

Bbibepute 20 V.

BbibepuTe HanpsbkeHme uctodHuka. NMog SOURCE V BbIbGepuTe KHOMKY psagomM ¢ Source.
Beeante 10 V u Bbibepute OK.

YcraHoBuTe npegensl ans uctodHuka. NMog SOURCE V BbibepuTe KHOMKY psagoM ¢ Limit.
Beeante 10 mA u Bbibepute OK.

. BbibepuTe gnanasoH namepeHus. B obnactu Measure Ha JoMallHeM 3kpaHe BbiGepuTe KHOMKY psgoM C

Range.

Bbibepute Auto.

BkntounTe BbIBOA HaxkaTmeM Bblkntovatens OUTPUT ON/OFF. MHankatop OUTPUT 3aroputcs.
CuunTante nokasaHus ¢ akpaHa. [ns peauctopa 10 kKOM TUNUYHBIMKU 3HaYEeHUsIMK ByayT:

1.00000 mA
+9.99700 V

lMocne 3aBepLUeHns N3MepPEHUIA BbIKMOYMTE BbIBOA, HaxaTnem Bbikntodatens OUTPUT ON/OFF.
WHankaTop OUTPUT noracHeT.
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Paspen 5

3amepeHne HU3KOOMHbIX YCTPOUCTB

CopepxaHue pasgena:

BBEIAEHUE ...vveieieeeeiee ettt e e e aees 5-1
HeoBXoanMoe 0B0PYAOBAHME ..........ueeiiieieiiiiiiiee e e et a e 5-1
HacTtporika yaaneHHOro B3aMMOAEMCTBUS .....uvvereeeeeeiiiiiieeeaaaeeeannnenes 5-1
[TOOKIMHOUEHNE YCTPOMCTB ..oeeeveeeeeeeeeeeeeeeieeeeeeeeeeeeeeeaeeeeeeeaeteaeaeaeaeaeaaaeaeees 5-2
HN3KOOMHBIE NBMEPEHUSI .....ceeeeeeeeeeeieeeieeeeeeeeee et e e e e e e ee e e e e e e e aeaeaeaeees 5-5

BBepgeHue

B gaHHOM mpumepe AeMOHCTpUpyeTcs ucnornb3oBaHne Mogenu 2461 ong namepeHms HU3KOOMHbIX
YCTPOWUCTB.

MpoBeneHne HU3KOOMHbIX n3mepeHuii (< 10 OM) MOXeT NoHaaobuTbCs B psige criydaeB. TUNMYHbBIE Cyyam
BKMOYaloT B cebs NpoBepKkM OTCYTCTBUS pa3pbliBOB kKabenen un pazbeMoB, BAX nognoxek n pe3aucTopos.
OB6bIYHO Takue nsamepeHnsi NPOBOASATCS NOCPEACTBOM MPOMNYCKaHUA TOKa U U3MepEHUsT pe3ynbTUPYIOLLLErO
nageHunst HanpsbxkeHus. Mogens 2461 aBTomaTUYeCKU BblYUCTISIET conpoTuBreHue. iamepsiemble
HanpsbkeHns 06bIMHO HaXoaATCA B MUMNNUBOMNBLTOBOM 06NacTn nnn Huxe. BCTpoeHHble BO3MOXHOCTHU
mMozenu 2461, Takme Kak BO3MOXHOCTb MOAKMOYEHNS MO YeTbIPeXNPOBOAHOM CXeME U KOMNeHcauuns
CMeLLIeHMs1, MO3BOMSAIT ONTUMU3MPOBATL M3MEPEHNE HN3KOOMHbIX YCTPOMCTB.

Heo6xoanmoe ob6opyaoBaHue
e  OpgwH npubop Interactive SourceMeter® mogenu 2461.

e [1ns noAknoyeHus K nepegHen naHeny BOCNonb3ynTech YeTbipbMsi Kabenammu «b6aHaH», TakuMmu Kak
Keithley Instruments Model 8608 High-Performance Clip Lead Set (oavH KOMNEKT NOCTaBnseTcs ¢
Mozenbio 2461, BTOpon NpnobpeTaeTcs OTAENBHO).

e [1ns nogknioveHns K 3agHern naHenu ucnonb3ynte 1 komnnekt pasbemoB Model 2460-KIT Screw-
Terminal Connector Kit (BxoguT B KOMNMEKT NOCTaBku moaenu 2461) unu komnnekt Model 2460-
BAN Banana Test Leads/Adapter Cables (c cooTBETCTBYIOLWMMMN YCTPONCTBAMU AN NOAKMIOYEHNS K

npuéopy).

e OAHO HM3KOOMHOE YCTPONCTBO AN MPOBEPKU; B ONUCLIBAEMOM NPUMeEpe UCMOoMnb3yeTcs Pe3NCTOpP C
conpoTusnexHnem 20 mOm.

HacTtpouka yaaneHHoOro BaammonemMcTBuA

BbinonHeHne JaHHOrO NpuMepa BO3MOXHO C NMOMOLLIbIO OPraHOB YNpaBneHUs Ha nepeaHen naHenu, nméo
noboro 13 nogaepxmBaembix Npnbopom Tunoe nHTepgenca ceasm (GPIB, USB vnu Ethernet).

Ha cregytouiem pucyHke NokasaHO pacrnorfioXeHue Ha 3agHeln naHenu pasbeMoB AN NOOKMIYEHNS
yOaneHHbIX UHTepdencoB cBA3n. [JononHuUTeNbHbIE CBEAEHUSA O HACTPOMKE U yaaneHHOMY
B3aMMOJENCTBUIO HAXOAATCA B pasfaene «/HTepdeinchl Ang yaaneHHoro B3aumMoaencTeusay (Ha ctp. 3-1).




Paspen 5: lamepeHusi HU3KOOMHbIX YCTPOWCTB PykoBoacTtBo nonb3oBartens mogenu 2461 Interactive SourceMeter®

PucyHok 20: Cxema noakntoueHnsa mogenu 2461 k nHtepdencam yaaneHHOM CBA3U
3agHas naHens Moaenn 2461

LAB uUsB GPIB

MoaknounTe KOMNBIOTEP
K O4HOMY U3 UHTepcheicoB
YOANEeHHOro ynpaenexHus

NMoaknoyeHue yCcTpoucTB

[ns nony4yeHnst MakCMMarbHON TOYHOCTU U3MEPEHUS] UCMONb3YINTe B JaHHOM Cly4Yae 4eTblpexXnpoBOAHYIO
cxemy namepeHus (metog KenbBuHa). 3TOT METOA YCTPaHSIET BNUSIHWE COMPOTUBIIEHNS MOABOASALLMX
3M1EMEHTOB Ha TOYHOCTb U3MepeHusi. OH SBNAETCS NPeanoyTUTENbHbIM A4S U3MEePEHUs HU3KMX

COMpPOTUBMNEHUN.
HAnsi mo2o ymob6bI npumeHUMb YembIPexnPo8oOHOLli Memood:

e T[logkntoumTe ognH Habop n3mepuTenbHbix kKabenen k knemmam FORCE HI n FORCE LO; aTa
KOHGUrypaLms npornyckaeT TOK Yepes NpoBepsemMoe yCTPONCTBO.

e [logknio4unTte BTOpPOM HAabop UamMepuTenbHbIX kabenen k knemmam SENSE HI n SENSE LO, Ha
KOTOpbIX OYAET U3MePATLCA NafeHNe HaNpsPKeHUst HA NPOBEPSIEMOM YCTPONCTBE.
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Paspen 5: lamepeHns HU3KOOMHbIX YCTPOWCTB

ATIPEOOCTEPEXEHUE

Ha acex 8bIX00HbIX KnemMmax U Knemmax 3awumsl MOXem fpucymecmeosams OracHoe HarnpsikeHue.
Umobb! uzbexxamb nopaxxeHusi 371eKmMpUYEeCKUM MOKOM, KOIMOPOoe MoXem HaHecmu eped 300p08kH0
urnu npusecmu K cMepmu, Hukoe20a He coeOuHslme U He paspbigalime c8s3u ¢ Modesbio 2461 npu
BK/THOYEHHOM 8bI800E CUeHarsa.

Umobbi uzbexxamb ropakeHUs 371eKMPUYECKUM MOKOM, CoOeQUHeHUST ycmpoticme 05151 MposedeHust
mecma 00/mKHbI 6bImMb CrIPOeKMuUPOo8aHbl makumM 06pa3om, Ymobb! UCKIOHYUMb 803MOXKHOCMb
COMPUKOCHOBEHUS M0J1b308amerisi C MOKOB8EYLWUMU XUslaMu Uu C rnposepsieMbiM yCmpolicmeom,
Komopoe Haxodumcs 8 KOHMaKme ¢ mokogedywumu xunamu. HacmosimenbHo pekomeHAyemcsi
omkriro4ame om fpubopa nposepsiemoe ycmpolcmeo rneped mem, Kak ekrro4Yums npubop. Lns
obecrneyeHuss 6e3onacHocmu aKcrsyamayuu ycmaHo8Kku nompebytomces aKkpaHbl, 6apbepsi U
3a3emrieHue, Ymobbl UCKITHYUMb 803MOXHOCMb KOHMakKma ¢ moKogeldywumu Xunamu.

Mexxdy 3awumHbivM 3a3emneHuem u Kinemmot LO modenu 2461 Hem 8HympeHHe20 COeOUHEHUS.
lMoamomy, Ha knemme LO mMo2ym rosienisimscsi ornacHble HanpsixeHusi (6osnee 30 Biys). 9mo Moxem
npoucxodume rpu pabome npubopa 6 nobom pexume. Ymobki npedomepamume rosiereHue
onacHbIx HanpskeHull Ha knemme LO, coeduHume knemmy LO ¢ 3awumHbiM 3a3eMneHuem, ecriu 3mo
B803MOXXHO 8 paMKax pewaemol 3adayqu. TakxXe 803MOXKHO roOKYeHuUe Knemmbl LO K krnemme
KoprycHoU 3emiu Ha nepedHeld naHeau unu K UHMOoBoU KrneMmMme 3a3eMIIeHUS] Ha Maccy Ha 3adHel
naHenu. Obpamume 8HUMaHUe, Ymo KreMMbl Ha rnepedHel naHesau U3osupoeaHbl Om KnemMm Ha
3adHel naHenu. [Toamomy rpu ucrnob308aHUU KNeMM Ha nepedHel naHesnu 3asemreHue criedyem
8bINoIHSIMb Ha Kremmy LO nepedHeli naHesnu. [pu ucronb308aHUU Knemm Ha 3adHel naHesu,
3asemsuimeck Ha Kinemmy LO 3adHel naHenu.

Ha PUCyHKE HMXE NoKa3aHa CcXxema And paccMaTtpuBaemMoro npmumMmepa.

PldcyHOK 21: BbiBOog TOKa n n3mMmepeHune conpoTuBIrieHnsa ¢ NoOMoLWbio ‘-IeTblpeXHPOBO,qHOﬁ CXeMbl

MpuGop
SourceMeter® Force HI
Sense HI

T § Peanctop

Sense LO_
Force LO
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Paspen 5: lamepeHusi HU3KOOMHbIX YCTPOWCTB PykoBoacTtBo nonb3oBartens mogenu 2461 Interactive SourceMeter®

[lns BbINONTHEHWUSI AAHHOM 3a4a4M MOXHO MCMOSb30BaTh KNeMMbI TGO Ha nepeaHern naHenun, nnbo Ha
3agHen naHenu. Ha cnegyowmnx pucyHkax nokasaHbl ou3nyeckne coeguHeHuns anga nepegHen n 3agHem
naHenen. ObpaTnTe BHUMaHNE, YTO Bbl MOXXETE MCMOSIb30BaTb KreMmbl NMnbo Ha nepenHen, NMbo Ha 3agHen
naHernu, Ho cMeLlBaTb COeANHEHNS HENb3S.

Mpn Nnogxn4eHM NPOBOAOB K MPOBEPSIEMOMY YCTPOMCTBY 00paTuTe BHMMaHue, 4to FORCE LO n SENSE
LO nogkntovaoTcsa K 0gHOMY M3 BbIBOAOB NpoBepsiemoro yctponctea. Noaknounte FORCE HI n SENSE HI
K apyromy BbiBoay. MNoakntounte BbiBoAbl SENSE HacTonbko 6NM3K0 K NpoBepseMoMY pe3ncTopy,
HACKOMNbKO 9TO BO3MOXHO. BO3MOXHOCTb NOAKIMHOYEHMS NO YETLIPEXNPOBOAHON CXeMe No3BoNsAeT
UCKIMIOYUTL M3 NOMY4YEHHOro pesyrnbTaTta ConpoTUBNEHNE U3MEPUTESTIbHBIX NPOBOLOB.

Ha PpUCyHKe HMXe NnoKa3aHbl COeaANHEeHUdA C nepep,He|7| naHenblo. Bbl MoxeTe caenaTtb 3T coeanHeHnsa C
MOMOLLIbIO YeThIpeX M30NMPOBaHHbIX kabenen ¢ pasbeMoMm Tuna «baHaHy, paccunTaHHbIX Ha paboTy ¢
MakcumManbHbIM TokoM (10 A), Hanpumep, ¢ noMoLblo AByX Habopos Keithley Instruments Model 8608 High-
Performance Clip Lead Set.

PucyHok 22: MopgknioyeHUs K nepegHen naHenun moaenu 2461 gns HU3KOOMHbIX U3MepeHUn

Force HI

Sense HI
Peauctop

Sense LO

Force LO

Ha pucyHke Hke nokasaHbl COEAVHEHUsI C pa3bemamm Ha 3agHel naHenu. CoeauHeHUs BbINOSHSIOTCS C
NMomolLLIbo KomnnekTa pasbemoB Model 2460-KIT Screw-Terminal Connector Kit (BXxoauT B KOMMMEKT
nocTtasku mogenu 2461) nnun komnnekta Model 2460-BAN Banana Test Leads/Adapter Cables (c
COOTBETCTBYHOLUMWN YCTPOUCTBAMU Afsi NOAKMYEHUS K NpruGopy).

PucyHok 23: NMoaknroyeHus K 3agHen naHenu mopenu 2461 aAns HA3KOOMHbIX U3MepPeHUn

Force LO Sense HI

Pesuctop
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Hn3KooMHblIe Nn3mMepeHus

B maHHOM npumepe paccmaTtpuBaeTca UCNOoNb3oBaHNe mogenu 2461 onst UsMepeHnst HU3KOOMHbIX
YCTPOWCTB. MI3mepeHne MOoXXHO NpoBOAUTL C NepeaHern naHenn nnun no yaaneHHoMmy uHTepdency c
nomouusto koga SCPI unn kopga TSP.

Bo Bpemsi faHHOro namepeHust 6yayT BbINOMHATLCS CreayroLlwme onepaumu:
e CO6poc npnbopa.
e BbIbop pexrmMa BOCNPOU3BEAEHNSA TOKA U U3MEPEHNS COMPOTUBIIEHMS.
e YcTaHOBKa BENMMYMHBI UCTOYHMKA TOKA.

. Bbl60p YeTbIPEXNPOBOAHOIO peXmnMma, 4To NoO3BOJIUT UCKIIOYNTb BITUAHWNE CONPOTUBIEHNA
noaBoaALlKMX SfieMeHTOB Ha TOYHOCTb MOJ1y4YEeHHbIX pe3yribTaToB.

e  BkroyeHne yHKUMM KOMNEHCALMN CMELLEHUS], YTO NO3BOMAET YMEHbLUUTbL CMELLEHNE,
BbI3blBaeMoe TepMo-34c. CBeeHNst 0 KOMMNEHCALMM CMELLLEHUS] HAaX0AATCA B pasgerne «4To Takoe
KoMMeHcauus cmelleHns?» B « CripagoyHom pykosodcmee K modenu 2461» (Model 2461 Reference
Manual).

e BknioveHuve BbIBOAA cuMrHana u 3anyck U3mepeHus.
e CuuTbiBaHME NOKa3aHUI C NepeaHen NaHenu unm no yaaneHHoMy nHTepdency.

. BbIkntoyeHue BbiBOAa curHana.

HacTpouka napameTpoB namepeHus ¢ nepeaHen naHenm

Anss mozo ymob6bI Hacmpoums NapamMemphbl U3MepeHusi ¢ nepedHel NaHenu:
1. CoeguHnte moaens 2461 u npoBepsiemMoe YCTPONCTBO, Kak onncaHo B pasgerne «CoeanHeHne
yCTpONCTB» (Ha cTp. 5-25-2).

2. TpousseagunTte cbpoc npmnbopa:
a. Haxxmute knasmwy MENU.
b. Mop System Beibepute Info/Manage.
c. Boibepute System Reset.
d. Beibepute OK.

Haxxmute knasmwy FUNCTION.

Moa Source Current and Measure Bbibepute Resistance.

Haxmute knasuwy HOME.

B obnactn SOURCE | BbiGepuTe KHOMKY psiaoM Source. BoibepuTte BENMUYNMHY UCTOYHMKA.
Haxmute knasuwy MENU. MNMog Measure BbibepuTe Settings.

Psixom ¢ Sense Bbibepute 4-Wire Sense.

. Papom c Offset Compensation Bbibepute On.

10. HaxmuTte knasmwy HOME.

11. HaxmuTte Boikntovatens OUTPUT ON/OFF, yToGbl paspelunTb BbIBOG U HA4YaTb N3MEPEHMS.

12. HaxmuTte Boikntodatenns OUTPUT ON/OFF, 4ToGbl OTKITOUNTE BbIBOA M 3aBEPLUNTL M3MEPEHUS.
Mpnbop oTobpaxaeT pesynbTaT namepeHusi B obrnactm MEASURE VOLTAGE Ha gomalluHeM akpaHe.

© ® N O
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Pasgen 5: UamepeHnst HU3KOOMHbIX YCTPOWCTB PykoBoacTtBo nonb3oBartens mogenu 2461 Interactive SourceMeter®

NMpocMoTp pe3ynbTaToB U3MEPEHUN Ha NepeaHen naHenm Ha
gononHutenbHoM akpaHe GRAPH

PesynbTaTthl UsamepeHns COnpoTUBNEHNS MOXHO MPOCMOTPETL B BUAE PYHKLUUM OT BpEMEHU Ha nepeaHen
naHenu Ha gonosiHuTeneHoM akpaHe GRAPH. [lna goctyna k gononHuTtensHomy akpaHy TREND nposeaute
nanbLuem BNpaBo MO HWXKHEN YacTu JoMaluHero akpaHa. OTobpa3snTcs rpaduk, Kak Ha PUCYHKE HUXKE.

PucyHok 24: lononHuUTenbHbIN 3kpaH GRAPH mopgenu 2461

Local defbufferd No Script

0.02008 0

L]
20.0900,.

BA0m
. 780mQ
- 720mL
ER0mD

. G00ma . | | | | |
05045 05.58s 06.12s 06.66s 07.20s 07.75s 08.20s 08.83s 00.37s 09.91s

Y1066 NPOCMOTPETL rpadunK B MOSTHOIKPAHHOM peXUME, MPUKOCHUTECH K UKOHKE rpaduka Ha
uHTepakTuBHon naHenn GRAPH, nocne yero 6yget oTKpbIT 3kpaH Graph.

NMpocMmoTp cTatucTUKM 6ychepa Ha nepeaHeN NnaHenu

Mopenb 2461 no3sonsieT NPOCMOTPETb CTAaTUCTUKY U3MEPEHNS Ha AONONMHUTENBHOM 3kpaHe STATISTICS
Ha nepeaHen naHenwu, BKIOYas:

e BenuunHy nonHon amnnntyabl
e  MwvHumManeHOE, MakcMMarbHOe U cpedHee 3Ha4YeHne nokasaHui

o CpegHekBagpaTU4YHOE OTKIOHEHWE
PucyHok 25: lononHuTenbHbIn 3kpaH STATISTICS mogenu 2461

Local defbuffer1 [ 1 No Script CONT > A

002008 0

+28.8729 pQ +0.02006 Q
+20.0728 mQ +0.02009 O
5.37652 pQ

300 rdgs

HacTpoika napamMeTpoB HU3KOOMHOIO U3MEPEHUs C NOMOLLLIO KOMaHA,
SCPI

lMpuBeneHHas Hxe nocrnegoBaTensHOCTb KoMaHa SCPI no3songeT BbINONHUTL 100 HU3KOOMHBIX
nU3MepeHuin, NnoaBas TOK U u3mepss conpoTusneHune. B aTom npumepe abcontoTHas BenuunHa
noJaBaeMoro Toka v npefernbl HanpsHKeHUs yCTaHaBNMBAKOTCA aBToMaTnyecku. [ina cMeHbl SkpaHa Ha
nepegHen naHenun Ha SONONHUTENbLHbIN 3kpaH GRAPH mncnonb3yoTca KoMmaHabl yaaneHHoro nHTepdenca,
YTO NO3BONAET BUOETb YNCMEHHbIE 3HAYEHWSI B BEPXHEN YacTu aKpaHa, a rpadmnyeckoe npeacrasneHve B
HWXHEWN YacTu 3KpaHa.
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BoamoxHO, BaM NoTpebyeTcss BHECTU M3MEHEHWS! B yKa3aHHbIA Kod, YToObl OH MOT BbiTb BbINOMHEH B BalLeM
MPOrpaMMHOM OKPY>KEHWUN.

Omnpaebme c.nedyfouwe KOMaHObI 5151 8bINOSIHEeHUS Uu3mMepeHus:

Komanpa OnucaHue

*RST ) e Cobpoc mogenu 2461.

TRIGELOAD "SimpleLoop™, 100 e HacTpouTb Moaenb 3anyckatoLero curHana
SENS:FUNC "RES «MpocToi umnkn» Ha 100 cUnTLIBAHMIA.

SENS:RES:RANG:AUTO ON
SENS:RES:0COM ON
SENS:RES:RSEN ON

. YcTaHoBKa Ha uamepeHne ConpoTUBEHNS.
. Bkntountb aBTO-AManasoH.

DISP-SCR SWIPE GRAPh e Pa3spelwmnTtb KOMNEHCALUMIO CMELLEHUS.
OUTP ON - e  BKMIOYMTL YETLIPEXMPOBOAHOW PEXMM.
INIT e [lokaszaTb gononHUTenbHbIN akpaH GRAPH.
*WAI ¢  BkniounTb BbIBOA.
TRAC:DATA? 1, 100, "defbufferl', READ, REL . 3anycTuTb U3amepeHue.
OUTP OFF o XpaTb OKOHYaHMS.
e  CuuTaTb 3HaYeHUs COMPOTUBIEHMS N BPEMEHN U3
defbufferl.

. BblkntounTh BbIBOA.

HacTponka napameTpoB HU3KOOMHOI0O U3MepeHuUs
Cc nomoLwbo KomaHg TSP

MPVMEYAHWNE

Crepywowmi kog TSP cnpoekTupoBaH Ans 3anycka ¢ nomollpto Keithley Instruments Test Script Builder
(TSB, cpeacTBO NOCTPOEHUS CLiEHApMEB TECTUPOBaHUS). TSB — 3To NporpaMMHoe obecneyeHne, AOCTYNHOe
Ons ckaymBaHus ¢ Be6-canta Keithley Instruments. TSB no3BonsieT co3gaBatb KOA U pa3pabaTtbiBaTbh
cueHapum onsi npubopos, nogaepxmeatoLLmx paboty ¢ TSP. MNogpobHee 06 ucnonb3oBaHun TSB cM. B
OHNnaviH-cnpaeke k TSB u B pasgene «BeeneHune B paboty ¢ TSP» «CrnpasoyHoeo pykogodcmea K Mooesiu
2461».

[nsa ncnonb3oBaHWsA B APYrUX MPOrpaMMHbIX OKPY>XEHUAX MOXKET NOHaA06UTLCA BHECTM U3MEHEHNUA B TSP
Kof 3TOro npuMepa.

Mo ymonyaHuio mogens 2461 HacTpoeHa Ha Ucnonb3oBaHusA Habopa komaHg SCPI. Mepea otnpaskon
komaHz TSP Ha npubop Heobxoaumo BeibpaTb Habop komaHa TSP B kayecTBe UCNONb3yeMOoro.

Umo6bI paspewums KOMaHObI TSP:

1. Haxmute knasmwy MENU.

2. Tlog System BbibepuTe Settings.

3. B none Command Set Bbibepute TSP.

4. Bawm Gyget npeanoxeHo nepesarpysntbcs. Boibepute Yes.

OT1a nocnegoBatenbHOCTb koMaHg TSP npoBoanT 100 HU3KOOMHbBIX M3MEPEHUIA, BKITHOHAOLLMX NOAavy Toka
N U3MepeHMEe conpoTuBeHns. B aTom npumepe abcontoTHas BeENMYMHA NogaBaeMoro Toka 1 npeaensl
HanpsKeHUs yCTaHaBMNMBalOTCsl aBTOMaTUYECKU. [INs CMeHbI 3KpaHa Ha nepeaHel NnaHenu Ha
AononHuTenbHbl akpaH TREND vcnonb3yoTcs KoMaHabl yaaneHHoro nHtepdeica. 3T1o no3BonseT BUAETb
YMCNEHHbIe 3HaYEHN B BEPXHEN YaCTW 3KpaHa, a rpadmyeckoe NpeacTaBeHne B HKHEN YacTy aKkpaHa.
Mocne BbINONHEHUS Koga AaHHble OyayT oTobpaxaTtbes B Instrument Console (koHconb npubopa) B Test
Script Builder.
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Omnpaebme cnedyroujue KOMaHObI OJisl 8bINOJIHeHUs1 OaHHOL 3adayu:

—-—-Cbpoc npmbopa Ha YCTaHOBKM IO yMOJIUAHUIO
reset()
——-HacTpouTh MOIeJib 3allyckamomero curHaja «lpocToy umuki» Ha 100 cumMTHBaHMIA.
trigger._model . load(**'SimpleLoop™, 100)
—-—CMEHUTL BUJI Ha [epeIHelV [aHellM Ha NONoJHuUTesbHb skpan GRAPH.
display.changescreen(display.SCREEN_GRAPH_SWIPE)
——HaCTpOI/ITb Ha M3MepeHUMe COIPOTUBIIEHVA, MCIIOJIbB30BATH L_IeTpreXHpOBO,HHOIZ MeTOon
——}V KOMIIEHCalMK CMelleHWSA -
smu.measure.func = smu.FUNC_RESISTANCE
smu.measure.sense = smu.SENSE_4WIRE
smu.measure.offsetcompensation = smu.ON
——BKJIIOUUTE BEIBOI
smu.source.output = smu.ON
——SaHyCTVITb MOZIeJIb 3allyCcKamero CHurHalla M XIOaThb 3aBepleHNA.
trigger.model . initiate()
waitcomplete()
——BBIKJIIOUMTE BEIBOI
smu.source.output = smu.OFF
—--CuMTaTh BEeJMUMHH comnpoTubiieHus u epemenu usz defbufferl.
print("'Resistance:\tTime:"")
for 1 = 1, 100 do
print(string.format(""%f\t%f", defbufferl[i], defbufferl.relativetimestamps[i]))
end
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Paspnen 6

N3mepeHune 3apsana-paspsana akkymynsatopHon 6atapeu

CopgepxaHue pasgena:

BBEAEBHUE ...t 6-1
HeoBXoanMoe 0B0PYOOBAHME ..........ueeiiieieiiiiiiiiee e e e 6-3
[TOAKMIOUEHNE YCTPOMCTB .cevieeeeiniiiiieeiaaaeeaaieteeeeaaeeesanbsbeeeeaaeeesannreeeees 6-4

ABTOMaTM3NpPOBaHHas NPOBEPKa LMKIa 3apsaa-paspsga 6arapem ....6-6

BBepeHue

B naHHOM pasgene 4eMOHCTpUpYeTCs UCMonb3oBaHue ogHoro 6rnoka modenuv 2461 aAns BbINOMHEHUS
aBTOMAaTU3MPOBAHHOIO LMKINa paspsaa v 3apana akkyMmynsaTopHoi 6aTtapen.

ATIPEOOCTEPEXXEHUE

Bo usbexaHue HaHeceHusi epeda 300p08bto Unu rnospexoeHusi modernu 2461 3anpewaemcs
3apsikampb He3apsikaemble bamapeu. Hekomopbie u3 murnog 6amapel, KOmopble MOXHO 3apsikamp C
rnomouwibto Modesnu 2461: Hukenb-kaomuesasie (Ni-Cd), Hukenb-memarnaudpudHsie (Ni-MH), numueso-
UOHHbIe (Li-ion), nepe3apsikaemble Weno4HbIe U CBUHUO0B8O-KUCIOmMHbIe. Ecnu ebl pabomaeme ¢
muriom 6amapeu, OmUYHbIM OM yKa3aHHbIX 8bIUe, MO C8sXKUMEChH C MECMHbLIM
npedcmasumersniscmeom Keithley, mopzaossim napmHepom usu ducmpubsbromopom, 1ubo no3eoHUMe
HaweMy mexHu4eckoMmy crieyuanucmy 051 KOHCy/ibmauyuu.

Bcezada cnedytime pekomeHOauusm rpouszsodumesis bamapeu 0 3apsda unu paspsida ¢ noMouwbo
molenu 2461. HenpasunbHbil 3apsd unu paspsid bamapeu Moxem fpusecmu K momy, 4mo oHa
rnome4yem usu 83op8emcs, HaHecs 8ped 300po8bto Uu rnopyy umywecmsy. Credyem obecrniequms
3awumy om npesbIWEHUSs HarnpsXKeHUs U MoKa 8 uenu 3apsda, HeWHel o OMHOWEHUI K rnpubopy,
koeOa 3apshkaromcesi 6amapeu 6e3 ecmpoeHHOU 3awumei.

He 3apsixxatime u He pa3psikatime 6amapeu, npesbiwarouue 100 B ipu 1.0 A, 20 Bnipu 4.0 A, 10 B
rpu 5.0 A unu 7 B npu 7 A.
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W onsa umkna 3apsaga, u gnga uukna paspsga mogens 2461 HacTpavBaeTcs Ha BOCNpou3BeaeHmne
HanpsPKEHUs 1 N3MepeHne Toka. Ha pucyHkax Ha crieaytoLen CTpaHuLe nokasaHbl YNPOLLEHHbIE CXeMbl Anst
LMKIOB 3apsga u paspsiaa.

PucyHok 26: CxeMbl LIMKITOB 3apsifa-pa3psaga 6atapeun

Uukn 3apsiga Uwkn paspsiga
Mopenb 2461 Mopgenb 2461
Force HI Force HI
i \ i \
I .
— Vs —_ Ve
— Vs — Vs
T T
T I Force LO T I Force LO
(D (2)
1 Mogenb 2461 B pexume nctouHuka (Vs > Vg). MNpnbop padoTtaet

KaK UCTOYHUK NUTaHUS, TOK 3apsiaa (i) MOSIoXKMTENbHBIN.

2 Mogenb 2461 B pexxvume notpebutens (Vs > V). Mpubop pabotaet
Kak aneKkTpoHHas Harpyska, Tok paspsaa (i) oTpulaTenbHbIn.

3apsag

O6bI4HO BaTapeun 3apskalT NOCTOSAHHBIM TOKOM. [1Mns1 3TOro ucnonb3ynte moaens 2461 B kayecTse
WCTOYHMKA HaMNpPs>KeHUs, HAaCTPOEHHOIo Ha HOMMHAarbHOE HanpskeHue 6atapeu ¢ XenaemblM 3Ha4YEHNEM
3apsi4HOrO TOKa, 3a4aHHOro B KAa4eCcTBe NpedenbHOro Toka. B Havane npoBepku HanpsbkeHne baTapem
MeHbLLE, YEM HAaCTPOEHHOE BbIXOAHOE 3Ha4YeHne HanpshkeHus mogenu 2461. Takum o6pasomM, 3Ta pasHuua
HanpsHKeHUN co3faeT TOK, KOTOPbIN TYT e orpaHn4MBaeTca 40 3HayYeHus, 3afaHHoro nons3osarernem. B
pexvmMe npeaenbHOro Toka mogens 2461 paboTaeT kak MCTOYHUK NMOCTOSIHHOIO TOKa A0 TeX Nop, Noka OH He
OOCTUTHET 3anporpaMMmMpOBaHHOIO YPOBHS HanpshkeHus. 1o mepe Toro, kak 6aTtapes HabupaeT NONHbIN
3apsag, TOK YMEHbLUIAeTCH, Noka He AOCTUTHET HyneBoro unu 6nm3koro k Hemy. Bo nsbexaHue
TpaBMUPOBAHUA ornepaTopa unm NoBpexaeHns batapen BHUMATENbHO crneauTe 3a TeM, YToObl He
nepesapsguTtb 6atapeto.

Pa3psn

Mpwn paspsage 6atapen moaenb 2461 paboTaeT B Ka4ecTBe NoTpebuTens aHeprumn, Tak Kak oHa paccemBaeT
3HEprun BMECTO TOro, YToObl BbidaBaTb ee. ICTOUHUK HanpskeHnsa moaenu 2461 HacTpavMBaeTcs Ha
YpOBEHb, 6onee HMU3KUIA, YeM HanpshkeHne 6atapeun. MNpeaenbHbIN TOK 3agaeT CKOPOCTb paspsiga. Korga
BbIXOJ BKITHOUEH, TOK U3 6aTapen yxoaut B knemmy HI mogenu 2461. Taknm obpasom, 3Ha4eHnst Toka
oTpuuaTenbHble. TOK paspsida AOSHKEH OCcTaBaTbCs MOCTOSIHHBIM 0 TEX Mop, Noka HanpsikeHne Ha 6atapee
He MOHU3UTCA 0O YPOBHA UCTOYHMKA HarNpshkeHus moaenn 2461.
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AL
¥ . %

Mpwv ncnonb3oBaHUM UCTOYHMKA TOKa ANsA 3apsda Unu paspsaa 6atapeit cneayeT cobniogath cnegyoume
Mepbl MPeAoCTOPOXHOCTM. HecobniogeHne aTux Mep NpeaoCcTOPOXHOCTU MOXKET NPUBECTU K NMOBPEXAEHWNIO
npubopa, He NOKPbIBAEMOMY rapaHTUEN.

Y6eamTech, YTO BHELLHEE HaNpsKEeHUE He NPEBLILAET 3HAYEHUS Npeaena no HanpsXKEHMo AN UCTOYHMKA
Toka. ATO NpuBeAEeT k 0T6opy Ype3MepHO BOMbLLOIo TOKa OT BHELUHEN 6aTapeun unm MCTOYHMKA.

0O06s13aTeNbHO NEPEBOANTE UCTOYHUK TOKA B PEXKMM OTKITHOYEHHOTO BbIBOAA C BBICOKUM COMPOTUBIIEHNEM.
OTa HacTpolika OTKpbIBaeT BbIXOAHOE pere, Koraa BbiBog curHana BbikmtodeH. Mpu Bbibope 06bIYHOMO
pexyMa OTKIIOYEHHOO BbIBOAA, OTKIIOYEHME BbIBOAA YCTaHABNMBAET NpeaernbHOe HanpshkeHne paBHbiM 0
B, uTo NpuBeaeT k 0TOOPY YpE3MEPHOrO TOKa OT BHELLHEN BaTapen Unm UCTOYHMKA.

TwatensHO NPOBEPbLTE U HACTPONTE PEXUM OTKMIOYEHHOIO BbIBOAA, MCTOYHUK U NpeaeNbHble 3Ha4YeHUs
nepea TeMm, Kak nogknoyaTb Moaenb 2461 K yCTpONCTBY, NocTaBnsoLLeMy aHepruto. K noctasnsioLmm
3HepPruo yCTpoMCcTBaM OTHOCATCS UCTOMHMKU HanpsbkeHus, 6aTapeun, KoHAeHcaTopbl U COMNHEeYHble BaTapen.
HacTtporiky npubopa Heobxoaumo BbINONHATE Nepes NoaknioYeHneM K 3Tum yctponcteaM. NpeHebpexeHne
HaCTPOWMKOM pexmmMa OTKNKYEHHOrO BbiBOAA, UCTOYHMKA U NpeaenbHbIX 3HaYEeHUN MOXKET NPUBECTU K
noBpexaeHunio npubopa nnm NpoBepseEMOro yCTponcTaa.

Mpu Mcnonb3oBaHWM UCTOYHUKA TOKa B Ka4eCcTBE NOTPeOUTEns aHeprun Bceraa 3agaBante npegernbHoe
HanpsKeHWe 1 HacTpamBanTe 3aWwmTy OT YPE3MEPHOIO HAMPSHKEHNS Ha YPOBHM, MPEBbILIAOLLIME 3HAYEHUS
BHELLUHEro HanpshxeHus. HecobniogeHne aTo pekoMeHaaumMm MOXeT NPUBECTU K NMPOXOXKAEHNIO YpE3MEPHO
OonbLuoro Toka Yyepes mogernb 2461 (>100 MA) 1 HEBEPHBIM N3MEPEHUSM.

Heob6xoaumoe obopyaoBaHue
e  OawuH npubop moaenu 2461 High-Current Interactive SourceMeter®

e [1ns noaknoyeHus K nepegHen naHenyn BoCnonb3ynTech YeTbipbMsi M30SIMPOBaHHbIMK Kabensamu
TMna «baHaH», Taknmm kak Keithley Instruments Model 8608 High-Performance Clip Lead Set (oguH
KOMMIEKT NOCTaBNsAeTCA C Mogernbio 2461, BTOpon NpruobpeTaeTcs OTAENBHO).

e [1ns nogknioveHns K 3agHen naHenu ucnonb3ynte 1 komnnekt pasbemoB Model 2460-KIT Screw-
Terminal Connector Kit (BxoguT B KOMNMEKT NOCTaBku moaenu 2461) unu komnnekt Model 2460-
BAN Banana Test Leads/Adapter Cables (¢ cooTBeTCTBYOLWMMMN YCTPONCTBAMU ANA NOAKMOYEHNS K

npuoéopy).
e OpwvH kabenb GPIB, USB unu Ethernet ons nogknioveHus mogenu 2461 kK KOMMbIOTEPY

e OpHa akkymynsatopHas 6aTtapes B kadecTBe 00bEKTa NPOBEPKM
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NMoaknoyeHue yCcTpouCTB

[na npoBeaeHusa NpoBepku nogkniounTe Mogens 2461 k 6aTtapee Tak, kak NoKa3aHO Ha PUCYHKE HUXeE.
[MpounsBeanTe YeTbIpeXNPOBOAHOE MOAKMOYEHNE (C 0BpaTHON CBA3LIO MO HaNPs>KeHM0) Knemm npubopa K
Oatapee, YTOGbI UCKNIOYNTL BIUSIHUE COMPOTUBIEHMS TOKOBEOYLLUX NPOBOAOB. OTO MO3BONUT U3MEPSITb
HanpsbkeHne Ha 6aTtapee MakcMmMarnbHO 6IM3KO K Knemmam npubopa.

PucyHok 27: Cxema gnsi npoBepKM LMKNa 3apsaa-pa3psaa 6atapen ¢ nomMolbio mogenm 2461

Mogens 2461 1
l Force HI

Sense HI

Sense LO

T Force LO

ATPEOOCTEPEXEHUE

Umobek! usbexxamb rnopaxeHusi 371eKmMpPUYECKUM MOKOM, COeOUHEeHUs1 ycmpolicme 01151 Mpoe8edeHUst
mecma 0osmkHbI 6bImMb CrIPOEKMUPOBaHbI MakuM 06pa3om, Ymobbl UCKTIOYUMb 803MOXHOCMb
COMPUKOCHOBEHUSI MOJS1Ib308aMEJIsi C MOKOBEAYUWUMU XUIamMu Unu C MposepsieMbIM yCcmpolcmeom,
Komopoe HaxoOumcsi 8 KOHMaKMe C MoKo8edyuwUMU xunamu. HacmosimenbHo pekomeHAyemcsi
omkrrodame om npubopa nposepsemoe yecmpolicmeo neped nodayved numaHus Ha npubop. [nsa
obecrieyeHus 6e3onacHocmu 3Kcrayamayuu ycmaHo8KuU nompebyromcsi 3kpaHbl, 6apbepsb! U
3a3emreHue, Ymobbi UCKIOYUMb 803MOXHOCMbL KOHMaKmMa ¢ MoKO8edyUUMU XXuramu.

Mexxdy 3awumHbivM 3a3emieHuem u kinemmotl LO modenu 2461 Hem 8HympeHHe20 COeOUHEHUS.
lMoamomy, Ha knemme LO mMoeym nosieniimbCcsi ornacHble HanpsixxeHus (bosnee 30 Bims). 9mo moxem
npoucxodume rpu pabome npubopa 6 nobom pexume. Ymobbi npedomepamume rosiereHue
onacHbIx HanpskeHull Ha knemme LO, coeduHume knemmy LO ¢ 3awumHbiM 3a3eMneHuem, ecriu 3mo
B03MOXXHO 8 paMKax pewiaemol 3adayu. Takxe 803MOXHO MOOK/toYeHUe Krnemmbl LO K knemme
KoprycHoU 3emiu Ha nepedHel naHenu unu K UHMOoBoU KreMmMme 3a3eMIIeHUS] Ha Maccy Ha 3adHel
naHenu. Obpamume 8HUMaHUe, Ymo KrieMMbl Ha nepedHel naHeau Uu3onuposaHbl 0m KrneMm Ha
3adHel naHesnu. [Toamomy rpu ucrnob308aHUU KNeMM Ha nepedHed naHesnu 3asemreHue criedyem
8bIMoIHSIMb Ha Kremmy LO nepedHeli naHenu. [pu ucronb308aHUU Knemm Ha 3adHel naHesu,
3asemristimecs Ha kiemmy LO 3adHel naHenu.

Heobxodumo noMHUMBb, 4YMO OnacHbIe HanpPsKeHUs Mo2ym rpucymcmeosams Ha knemmax LO, daxe
ec/iu amu KreMMbl He UCrosnb3ytomcs 6 Hacmosuwut momeHm. Nepekntoyamesns TERMINALS
FRONT/REAR ro3eosiiem ebibupams, Kakue KremMmbl 6y0ym ucronb308aHbl 0715 U3MEPEHUS], HO OH
He omkriroyaem ux.

MakcumaribHoe 8xo0Hoe HanpsikxeHue mexdy FORCE/SENSE HI u FORCE/SENSE LO cocmasnsiem
105 B (nukosoe). lNpesbiwieHUe daHHO20 3Ha4YeHUsI MOXeMm MPUBECMU K MOPaXXeHUK 3/1EKMPUYECKUM
MOKOM.

MakcumarnsHoe cuHgbasHoe HanpsixeHue (HanpsbkeHue mexdy FORCE/SENSE LO u 3a3emneHueM Ha
kopryc) cocmasnsiem 250 B (nukoeoe). lNpesbiweHue daHHO20 3HaYeHUs1 MoXem npusecmu K rnpoboro
u30718YyuU, Ymo MoXxem cmamb PUYUHOU MOPaXeHUs 3/1eKMPUYECKUM MOKOM.

6-4 2461-900-01 Rev. A/ November 2015



PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Paspen 5: lamepeHns HU3KOOMHbIX YCTPOWCTB

MoagkntoyeHne K mogenu 2461 MOXHO BbIMOMHUTL C MOMOLLIbIO pa3beMOB KaK Ha nepe,u,He|7|, Tak U Ha 3agHen
naHenu.

Moakntounte BbixogHble knemmbl FORCE HI n SENSE HI mogenu 2461 kK NONOXUTENBHON (+) Knemme
batapeu. MNoakntouunte BbixogHble knemmbl SENSE LO n FORCE LO mogenu 2461 k oTpuuaTtenbHon (—)
knemme 6atapeu.

Y6eamTech, 4TO Npu OTKMOYEHUM BbiBOAA Moferb 2461 nepexodnT B PEXMM OTKIIOMEHHOTO BbIBOAA C
BbICOKMM conpoTuenennem (High-Z). Korga BelGpaH pexxum ¢ BbICOKMM CONPOTUBIIEHMEM, NMPU OTKITHOYEHNN
BblBOJA CMrHarna OTKpbiBaeTCs BbIXOAHOE pere, YTo NO3BOSSieT NPefoTBpaTUTL paspss 6atapen nocne
BbIKMOYEHMS BbIBOAA.

Ymo6nbi ycmaHoeUumb pPexXuM OMKI/TFoYeHuUs1 eblieoda C 8bICOKUM coripomusesieHUemMm:

1. Haxmute knasuwy MENU.

2. B cTonbue Source Bbibepute Settings.

3. Bbibepute kHonky psgom ¢ Output Off n Bbibepute High Impedance.
4. Haxmwute knasuwy HOME, 4Tobbl BEpHYTLCSA Ha AOMALLHWIA SKPaH.

Ha pucyHke HuxXe nokasaHbl COEANHEHUSI C pa3bemMamMmn Ha NepegHen naHenu. ATM coeaUHEHUS MOXHO
cAenaTb C NOMOLLbIO YeTbIpex kabenewn Tuna «baHaHy», paccymMTaHHbIX Ha paboTy ¢ MakCcuMarnbHbIM TOKOM
(10 A), Hanpumep, AByx Habopos Keithley Instruments Model 8608 High-Performance Clip Lead Set.

PucyHok 28: MogknioyeHne K pa3bemaM Ha nepeaHen naHenu moaenu 2461
AnA 3apsga-paspsiga 6atapen

. [T

b

b e Foi
Jiiy

= baTtapes

Ha pucyHke HuxKe nokasaHbl COeAUHEHUsI C pa3bemMaMu Ha 3aaHen naHenu. CoeanHeHUs BbINOHAKTCS C
nomolLLblo komnnekta pasbemoB Model 2460-KIT Screw-Terminal Connector Kit (BxoauT B KOMNNEKT
noctaskn mogenun 2461) unu komnnekta Model 2460-BAN Banana Test Leads/Adapter Cables (¢
COOTBETCTBYIOLLMMU YCTPONCTBAMU ANS NOAKNIOHEHMS K NpMBopYy).

PucyHok 29: MNoaknroyeHune K pa3bemMaM Ha 3agHel naHenu mogenu
2461 pna 3apspa-paspsaga 6arapen

Sense HI

Force HI

Ve Bartapes

Sense LO
Force LO
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ABTOMaTM3NpOBaHHasA NpoBepKa UuKna 3apsaga-paspsapa
OGaTapeu

Linknbl 3apsiga n paspsga 6atapen 4acTo OnsSTCs No HECKOMbKO YacoB, MO3TOMY BaXKHa aBToMaTu3auus
npoBepku. B npumepe HmxKe 4EMOHCTpMpPYETCs UCMNOoSb3oBaHne Mogenu 2461 ansa NnpoBepky paspsaga
OaTtapen ¢ nomoLlbto komaHg SCPI unu TSP B aBTOMaTUYECKOM pexume.

Bo Bpemsi JaHHOrO U3MePEHUS BbINOSHSTCA creayroLlme onepauum:
e Cbpoc npubopa.
e Hactpovika nsmepeHus Ha YeTbIPEXMPOBOLHYHO CXEMY.
e HacTtpoiika npubopa Ha BOCNpoM3BEAEHNE HAMNPSKEHNSI U USMEpEHne Toka.

e BbIbop pexnma OTKMHYEHHOrO BbIBOAA C BbICOKMM conpoTmrieHmeM (High-Z), koTopbii OTKpbiBaeT
BbIXOOHOE pene, koraa BbiBog OTKIoYeH. Bbibop aToro pexxmuma HeobxoamMmo caenath oo
nopaxnodeHns 6atapeu k Bbixody npmbopa. 3To npenoTBpallaeT paspsag 6atapeu, korga oHa
NOAKIoYeHa K NpUbopy C OTKIMOYEHHBIM BbIBOOOM.

e HacTtpovika npegensHOro Toka Ha 3HavyeHue, ucnonb3yemoe npu 3apsae/paspsae 6atapen, 4To Ans
[aHHOro TecTa SBMsIeTCs TOKOM Harpy3ku. XoTa mogernb 2461 BblgaeT HanpskeHne, oHa paboTaeT B
pexume NoCTOAHHOro TOKa, NOCKOMNbKY HAXOAUTCA B PEXMME OrpaHNYeHUs Toka 40 Tex nop, noka He
OOCTUTHET Xenaemoro HanpsiKeHus.

. BkritoueHme axoCcUmThIBaHUS C UICTOYHMKA, YTOObI NO3BONUTL Mogenu 2461 N3MepATb HanpaxeHne
6aTape|/|, NOKa OHa 3apdAXaeTCd Uinn paspaxaeTcA.

e CHATME NoKasaHUM TOoKa Harpy3ku, NoOKasaHUi AXOCUNTbIBAHUS UICTOYHUKA HANPSXXEHUS 1
OTHOCUTESTbHON BPEMEHHOW METKM.

e OrtcnexuBaHue HanpsaxxXeHna 0o 1ex nop, noka HanpsaxxeHne 6aTapeM HE OOCTUTHET yKa3aHHOro
YPOBHA, N OCTaHOBKa NMPOBEPKMU.

YUTto6bl 3apsanTb 6aTtapeto, HacTponTe Moaenb 2461 Ha BbIBOA HanpsXXeHUsi, pPaBHOr0 HOMUHaNbHOMY
HanpsikeHuto 6atapen. Hanpumep, 4TobLI 3apsaamTe Gartapeto Ha 10 B, HacTponTe moagenb 2461 Ha BbIBOA
10 B. MNpwu npubnmxeHuun 3apsaa 6atapeun K nonHoMy Tok ByaeT yMeHbLUIaTbCA 40 Tex nop, Noka He
OOCTUTHET HyneBoro unmn 6nmskoro K Hym 3HayeHus (batapes 3apsikeHa).

YUTto6bl pa3psaanTb 6aTtapeto, HacTponTe mogernb 2461 Ha BbIBOA, HANPSKEHUS1 MEHbLLEN BENUYMHBI, YeM
HoMuHan 6atapewu, 1 3agavite peXxuM OTKIMIOYEHHOTO BbIBOAA C BbICOKMM COMNpPOTUBIEHNEM. B aTolh cxeme
mMogenb 2461 6yaet paboTtaTe Kak noTpebuTens aHeprun 1 paspsxkaTtb 6atapeto. Tok n3 6atapeun TeyeT B
Mogenb 2461 yepes knemmy SENSE HI, 4To npuBoauT K oTpyyaTenbHbIM 3HAaYEHUSAM U3MEPEHHOIO TOKa.
Moka GaTapes pa3pskaeTcs, TOK OCTAeTCA NOCTOSIHHbIM.
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Paspen 5: lamepeHns HU3KOOMHbIX YCTPOWCTB

HacTpounka yaaneHHoro sB3ammonenucTBus

[aHHas npoueaypa BbINOMHSAETCS B UCTAHLMOHHOM PEXUME C MOMOLLLIO N0BOro 13 nogaepkmBaemMbix
npunbopom Tunoe nHtepdgenca ceasm (GPIB, USB nnu Ethernet).

Ha crnegytoulem pucyHke NokasaHO pacrnorfioXXeHue Ha 3agHen NaHenu pasbeMoB AN NOOKIIYEHNS
yOaneHHbIX UHTEPEENCOB CBA3N.

PucyHok 30: Cxema noakntoueHnsa mogenu 2461 k nHtepdencam yaaneHHOW CBA3MU

3apgHasa naHenb mogenu 2461

uUsSB GPIB

MogknounTe KoMneloTER
K ogHOMY W3 UHTepdeiicos
yAaneHHoro ynpasneHus

HacTtponka napameTpoB paboTbl ¢ 6aTapeen ¢ nomMoLwbio KoMmaHa SCPI

Koa SCPI, npuBegeHHbIN B JaHHOM raBe, COAepXXUT onepauum no paspsay NosHOCTbIO 3apsKeHHON
oatapen 1,2 B (2500 mA-4) oo 0,9 B. Mogenb 2461 HacTpanBaeTCs Ha BOCMPOM3BEAEHNE HanNpPshKeHNst 1
n3MepeHune Toka. A UMEHHO, BbIBOA, HaNpsiXkeHus ycTaHaBnueaeTcs Ha 0,9 B, a orpaHuyeHmne BbiBoga — Ha
2,5 A. TNpnbop Bo3BpaLLaeT 3HAYEHMS HANPsPKEHWUs], TOKA U COOTBETCTBYHOLLYIO BDEMEHHYIO METKY.
M3mepeHunsa npomnsBoaaTca 4o TeX nop, Noka HanpsXeHne He AOCTUrHeT 3a4aHHOro YpOBHS.

MPUMEYAHWNE

YPOBHU TOKa U HaMPSKEHWS MOTYT ObITb MHLIMU U YCTaHABMNMBAKOTCS B COOTBETCTBUM C NapaMeTpamu
TectTupyemow batapem.

Mpwv nsyyeHun criedytoLero npuMepa koga obpaTuTe BHUMaHME Ha YacTb, MOMEYEHHYIO KaK «MCEBOOKOA Y.
Kopa, vcnonb3yeMblli Ans 3aMeHbl NceBAokoaa, OyAeT 3aBUCETh OT BaLLEro NMporpaMMHOIO OKPYXKeHMSI.
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Pasgen 6: amepeHne akkymynstopHow 6atapen

PykoBoacTteo nonb3oBatenst mofgenu 2461 Interactive SourceMeter®

Omnpaebme cniedyroujue KoMaHObI Os1s1 8bINMOJSIHEHUSI 3MO20 npumMepa:

KomaHpa

KomaHpbi OnucaHue
SMU unu
ncesaokoa
KomaHpa OUTP:SMOD HIMP BKkntounTb pexmM BbIXOAA C BbICOKUM
SMU COMPOTUBMEHNEM.
SENS:CURR:RSEN ON HacTtpoutb Ha pexum 4-XnpoBOOHON CXEMBbI.
SOUR:-EUNC VOLT HacTpouTtb Ha BbIBOA HAMPsSKEHWSI.
SOUR:VOLT 0.9 HactpouTtk ncrounuk Ha 0.9 B.
ROUT:-TERM REAR Bbl60p pexumMma noaknuyeHusa K pasbemMmam
Ha 3afHein naHenu
SOUR:VOLT-READ - BACK ON BKnoUnNTb 9XOCUMTBIBAHNE UCTOYHMKA.
SOUR:VOLT-RANG 2 HacTpouTtb Ha gvana3oH BbiBoga 2 B.
SENS:FUNC "CURR YCTaHOBUTb NpeaernbHbIn TOK 4 A.
SENS:CURR:RANG 4 S T T
OUTP ON
MceBookog iteration = 1 Co3apaTh nepemeHHylo iteration u
voltLimit = 0.9001 VHMUManuanposarts ee 1.
current = [] Cospatb nepemeHHylo voltLimitwu
voltage = [] nHUUnanuanposaTb ee Ha 0.9001.
seconds = [] CoszgaTb MycTon MaccuB Ans
hours = [] U3MEPEHUI TOKa.
while true do:- CosgaTb I'I}/CTOVI maccvB ans
N3MEPEHUIA HaMpPSXKEHUS.
Co3pgaTtb nycTon MaccuB Ansi
3HaYEHNIN BPEMEHW.
Havatb uvkn while.
KomaHnza current[iteration] = READ? [o6aBuTb 3HaUeHe Toka B MaccuB
SMU "defbufferli” current.
voltage[iteration] = TRAC:DATA? [06aB1Tb 3HaYEHME HaMNPSHKEHNS B MACCUB
iteration, iteration, voltage.
"defbufferl", SOUR [o6aBuTb 3Ha4YeHNe BPEMEHN B MacCuB
seconds[iteration] = TRAC:DATA? seconds.
iteration, iteration,
"“defbufferl™, REL
Mcesaokon, hours[iteration] = PaccuuTaTh KONMYecTBo Yacos,
seconds[iteration]/3600 3aTpayeHHbIX Ha KaXayto ntepauuio.
print(voltage[iteration], Pacneyartatb n3amepeHHble 3Ha4YeHus.
current[iteration], CpaBHWTb NOKa3aHUs HANPSHKEHWS U3 3TOW
hours[iteration]) uTepaumm ¢ NpeaenbHbIM HarnpsKeHeM.
_ _ _ Ecnu namepeHHoe 3HaueHvne MeHbLUE Unu
if voltage[l_te_ratl on] <= paBHO NpeaenbHOMY, TO BbIATY U3 LK.
voltLimit then: KoHeL, onepatopa if.
break YBENUYNTb CUETHUK UTEpaLii Ha 1.
end if 3anepxka Ha 10 cekyHA,.
iteration = iteration + 1 3aBepwutsb ukn whi le.
delay(10)
end while
KomaHpa OUTP OFF BebIkntounTb BbIBOA.
SMU
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Paspen 5: lamepeHns HU3KOOMHbIX YCTPOWCTB

HacTponka napameTpoB paboTbl ¢ 6aTapeen ¢ noMoLbio KoMmaHg TSP

MPUMEYAHWNE

Cnepyowmm kog TSP cnpoekTupoBaH Ans 3anycka ¢ nomolsto Keithley Instruments Test Script Builder
(TSB, cpefcTBO MOCTPOEHUS CLIEHAPUEB TECTMPOBaHMS). TSB — 3T0 NporpammHoe obecneyeHne, JOCTYNHOe
ans ckavmBaHus ¢ Beb-cavta Keithley Instruments. TSB no3BonsieT cosgaBath KoA 1 pa3pabaTtbiBaTtb
clieHapuu ons npubopoB., nogaepxuBaoLLmx paboty ¢ TSP. MNMogpobHee 06 ncnonb3osaHun TSB cm. B
OHNnaviH-cnpaeke k TSB n B pasgene «BeegeHuve B paboty ¢ TSP» «CrnpagoyHo20 pykogodcmea K Modesiu
2461».

[ns ncnonb3oBaHuUs B APYrMX NPOrPaMMHbIX OKPY>KEHUSIX MOXET MOHaA00MTbCS BHECTN N3MeHeHns B TSP
KO 3TOro nmpumepa.

Mo ymonuaHuio mogenb 2461 HacTpoeHa Ha ucnosb3oBaHuA Habopa komaHg SCPI. MNepen otnpaBkon
komaHg TSP Ha npubop Heobxoaumo BbibpaTb Habop komaHg TSP B kayecTBe UCMONb3yeMOro.

Ymobbi paspewums komaHObI TSP:

1. Haxmute knasmwy MENU.

2. [lop System BbibepuTe Settings.

3. B none Command Set Bbibepute TSP.

4. Bawm Gyget npeanoxeHo nepesarpy3ntbes. Boibepute Yes.

Koa TSP B 3TOM npumMmepe No3BonsieT HacTpouTb Mogens 2461 Ha BOCNpOn3BeAEeHNE HaNPSXKEHUS 1
n3MepeHune Toka. [ina paspsiga NonHOCTLIO 3apskeHHoW 6aTapeun 1,2 B BbIBOA HanpsikeHus
ycTaHaBnmBaeTcsa Ha 0,9 B, a npeaenbHoe 3HavyeHue ANs BbIBOA4A YCTaHABNMBaETCs paBHbIM 2,5 MA.
Mpubop Bo3BpaLLaeT 3HAYEHNS HAMPSKEHUS, TOKA U COOTBETCTBYHOLLYIO BPEMEHHYIO METKY. MIamepeHusi
NpPoun3BoOaATCS A0 TeX Nop, Noka HanpsKeHne He AOCTUIHET 3a4aHHOro ypoBHS. Bo BpeMs npoBepku aTn
n3MepeHusi oTobpaxkaloTCcs Ha AOMONHUTENBbHOM 3KkpaHe USER BHM3Y akpaHa (CM. puCcyHOK nocne npymMepa
Koga).

MPVMEYAHWNE

YpOBHM TOKa W HaMNpsKEHUsI MOTYT OblTb UHLIMU U YCTaHABNMBAIOTCS B COOTBETCTBUM C MapamMeTpamMm
TecTupyemon 6atapeu.

Kog TSP, paccmaTpuBaemsbivi B JaHHOM NpuMepe, Takke npegycMaTpuBaeT CoOXpaHeHne BCex nokasaHum
TOKa, HanpsbkeHns 1 BpeMeHn Ha USB-drnelu-HakonuTernb, NOAKMYEHHbIN K COOTBETCTBYIOLLEMY pPasbemy
Ha nepepgHen naHenn moaenu 2461.

MPUMEYAHWNE

Mepen nogkntoyeHnem 6aTapen K BbIXOAHbIM KneMMaM BbINOMHUTE CriegyoLmne onepauum, YToobl
NOAroTOBUTb MoAesb 2461 K TECTUPOBAHWUIO.

BbinonHume cbpoc Hacmpoek npubopa:
1. Haxmwute knasuwy MENU.
2. B meHio System Bbibepute Info/Manage.
3. Bbibepute System Reset > OK.
YcmaHoeume pexxum omk/1l04eHHO20 8b1800a C 8bICOKUM UMITEGaHCOM:

1. Haxmwute knasuwy MENU.
2. B cTonbue Source Bbibepute Settings.

3. BbibepuTte kHonky psgom ¢ Output Off n BeibepuTte High Impedance. B aTom pexnme npubop
OTKpbIBAET BbIXOAHOE perle, Koraa BbIBOA OTKIOYEH, YTO NpefoTBpalLaeT paspsa 6atapen.
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Pasgen 6: amepeHne akkymynstopHow 6atapen

PykoBoacTteo nonb3oBatenst mofgenu 2461 Interactive SourceMeter®

Omnpaebme cnedyrouwue koMaHObI TSP 0151 8bINO/IHEHUSI 3M020 npuMepa:

——BLHIIOJIHEHVE INaHHOT'O KOJa I[I03BOJIAET paspaiurTh barapeion 250 mMAu 1,2 B mo 0,9 B c nomomsio

paszpsxaomero Toka 2,5 A (1C).

—-llepen MCHOJIb30OBaHMEM IAHHOTO KOIa BHIIOJHUTE COpoc npmubopa C MMOMOUBI OPTaHOB yIpPaBJIEHUSA

Ha HepenHeﬁ IIaHeJIM M YyCTaHOBUTE MOIEJIb 2461 = PEXVMM OTKIJIOUEHHOI'O BBIBOIa C BEICOKMM

mvmnenancom (High Z). Taxxe ycranosure USB-bdmem-nHaxommresns B cooTBercreyoumis USB-mopr na

HepenHeﬁ IIaHeJIM OJid COXPaHEHUA IOKa3aHUM.

--OunucTka bOydepa.

defbufferl.clear()

——HacTpOoMKM M3MEepEeHUS.
smu.measure.func = smu.FUNC_DC_CURRENT
smu.measure.range = 2.5
smu.measure.sense = smu.SENSE_4WIRE
—-HacTpoMKM MCTOUHMKA -

smu.source.func = smu.FUNC_DC_VOLTAGE
smu.source.offmode = smu.OFFMODE_HIGHZ
smu.source.level = 0.9

smu.terminals = smu.TERMINALS REAR
smu.source.range = 0.9
smu.source.readback = smu.ON
smu.source.ilimit.level = 2.5

——HaCTpOﬁKa IIPpeneJsibHOT'O HAallIPAXEHMA, Ha KOTOPOM 6aTapeH IIPEKPATUT 3apAXaTbCHA.

—--HacTpolka NEepeMeHHOM IJid 4Yucjla MTepalLui.
voltLimit = 0.9001

iteration = 1

——BKJIOUMTE BBEIBOI CUIHaJA .-

smu.source.output = smu.ON

--TlepeKJIOUNTE SKPaH Ha monoJHuTesbHell skpan USER.

display.changescreen(display.SCREEN_USER_SWIPE)

--Ilpomo/rkaThk CHMMATL nokasanua B umkiye While, noxa msmepennoe Hanpsaxenme

——HE€ CTaHEeT PaBHBIM IIPeNeJIbHOMY HAIIPAXEHMIO.
while true do

——CHATbL NOKasz3aHue u IIOJIYUMTb 3HAYEHMA TOKa, HallpAXEeHMA
—=—} OTHOCUTEJILHOM BpeMeHHOﬁ MEeTKN.

curr = smu.measure.read(defbufferl)

volt = defbufferl._sourcevalues[iteration]

time = defbufferl.relativetimestamps[iteration]

hours = time/3600

——CpaBHMTb VISMEPEHHOE HallpAXeHMe C IMPpeneJIbHEBEIM HallPpAXEeHMEM .

——BaBepmMTb LIVKJI, €CJIM OOCTUI'HYTO IIpeneJibHOE HallpAXEeHUEe.
if volt <= voltLimit then
break
end
——PacrneuaTaTb 4YMCJIIO SaBEPIEHHEIX ILIMKJIOB, HaAllpAXEeHME UM BpeMA IOJIA
—-—-3TOM MTepauur. OTOOPaA3UTL CBEINEHMS Ha [NepelHEeM INaHeJu.
print(*"Completed Cycles: ",iteration, "Voltage: ™

curr, hours))
-—-Increment the number of iterations and wait 10 seconds.
iteration = iteration + 1
delay(10)
end
——0OTKJIOUUTb BEIBOL CHMI'HaJla, €CJIM OOCTUI'HYTO IpeneJIbHOE HallpAXeHME.
smu.source.output = smu.OFF
-—COXPaHUTL pes3yJsibTaTh uaMepenrsa Ha USB-dmem-HaxonuTess.

FileNumber = file.open(*'/usbl/TestData.csv', file_MODE_WRITE)
file.write(FileNumber, " Current,Voltage,Seconds\n')
—--PacneuarTaTb pesyJbTaTH U3MepeHMsa B 4 crojdua.
print(*'nlteration:\tCurrent:\tVoltage:\tTime:\n"")

for 1 = 1, defbufferl.n do

, volt, "Time: ", time)
display.settext(display.TEXT1, string.format(**Voltage = %.4fV", volt))
display.settext(display.TEXT2, string.format('Current = %_2fA, Time

%.2FHrs",
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Paspen 5: lamepeHunsi HU3KOOMHBIX YCTPONCTB

print(i, defbufferl[i], defbufferl.sourcevalues[i],
defbufferl.relativetimestamps[i])

file.write(FileNumber, string.format("'%g,%g, %g\r\n",defbufferl.readings[i],
defbufferl.sourcevalues[i],defbufferl.relativetimestamps[i]))
end
——3akKpHTL Qann .CSV
file.close(FileNumber)

PucyHok 31: OTobpaxeHue pe3ynbTaToB NPOBEPKM Ha AONONHUTENbHOM 3KpaHe USER

defbuffer ] _AUTO_DEL f* IDLE == &

250184 A

1 VI3mMepeHHbI TOK Harpysku
2 M3amepeHHoe HanpshkeHue 6atapeu
3 3HayeHne UCTOYHUKA 1 NPOAOIKUTENBHOCTEL MPOBEPKU

PucyHok 30: Pe3ynbTaThbl NpoBepku paspsaga 6atapeu

Bartapes 2500 mA4 Tuna D
Paspsig Tokom 2500 MA (1 C)

1.4 -
1.35
13
1.25
1.2

115

11

Cell voltage (volts)

0.95

0.9
a 0.1 0.2 0.3 0.4 0.5 0.6 0.7 03 0.9 1
Time (haurs)
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Paspen 7

BonbTamnepHasa pa3BepTka Ans CBETOAMOO0B C
ncnonb3osaHuem NO KickStart

CopepxaHue pasgena:

BBEIEBHUE .......ccceiiice ettt 7-1
HeobX0oaNMOE OBOPYAOBAHME .........ceeeiiiiieeiiiieee it e et e et sbeeee e 7-1
HacTtpoiika yaaneHHOrOo B3aMMOAEMCTBUS ..ccceeeeuurriieeeaaaeaaairaireeeaaaaannans 7-2
[TOAKMIOUEHNE YCTPOMCTB ...ueeevieieeaeeeiaiiitieeeaaeeesaanbnteeeaaaeessnnbaneeeeaeeaaannes 7-2

BbiBOoz BonbTamnepHon passepTku ¢ ucnons3osaHnem 1O KickStart .7-4

BBepeHue

B naHHOM pasgene AeMOHCTpUpyeTcs npoleaypa BbiNONTHEHUSA BONbTaMMNEPHOW pa3BepTKU Ans
CBETOAMOA0B MOBbLILLEHHON APKOCTM C UCMNOMNb30BaHMEM nporpammMmHoro obecneveHus Keithley KickStart un
mogenu 2461. MO KickStart no3BonsieT BbINOMHATL HACTPOKKY Npnbopa n 3anyckaTb TECTUPOBaHNe 6e3
co3gaHusa cneumanbHoro koga. [laHHble, nonyyeHHble ¢ noMoubto KickStart, moryT GbITb MpeacTaBneHbl B
rpadouyeckom nnu TabnuyHom Buae. PesynbTatsbl uU3MepeHns MOXHO Takke COXpaHWUTb B dairne opmaTta
.CSV.

B paccmatpusaemom npumepe MO KickStart nicnonesyetcs 4nst HACTPONKM moaenu 2461 Ha
BOCMNpOM3BEAEHNE HaNPsXKeHNs1 U M3MepeHue pe3ynbTUPYIOLLLEro Toka Npu TeCTUpoBaHMKU cBeToanoaa
NnoBbILLEHHON ApKOCTU. [ocne aTtoro 6yaeT 3anyLeHo TeCTUpOBaHWE C NocrneayLmMm oTobpaxeHmem
pe3ynbTaTtoB B rpadouyeckom Buae.

Heo6xoanmoe ob6opyaoBaHue
e OgwuH npubop moaenu 2461 High-Current Interactive SourceMeter®

e [10 Keithley KickStart Startup Software Bepcumn 1.4 unu Bbille, yCTAHOBSIEHHOE HA UCMOJSIb3YEMOM
KoMnbloTepe; ykaszaHHoe MO gocTynHo onsi ckadmBaHus Ha Beb-cante Keithley Instruments B
pasgene Support (http://www.keithley.com/support)

e [Ing nogknoyeHns K nepefHen naHeny BoCnonb3ynTecb YeTblpbMs U30MPOBaHHBIMU Kabensamu
Tvna «b6aHaH», Taknumu kak Keithley Instruments Model 8608 High-Performance Clip Lead Set (oauH
KOMMIEKT NOCTaBNsAeTCHa ¢ Moaernbio 2461, BTOpow NpuobpeTaeTcs OTAENBHO).

e [1ns nogknioveHns K 3agHern naHenu ncnonb3ynte 1 komnnekt pasbemoB Model 2460-KIT Screw-
Terminal Connector Kit (BXogUT B KOMMNIIEKT NOCTaBKM Mogenu 2461) unu komnnekt Model 2460-
BAN Banana Test Leads/Adapter Cables (c COOTBETCTBYHOLLMMM YCTPONCTBAMW OS1S MOAKMOYEHNS K

npuoéopy).
e OpawvH kabenb GPIB, USB unu Ethernet ons nogknioveHns mogenn 2461 kK KOMMbIOTEPY

e OpauH cBeTOAMOA MOBLILLEHHON APKOCTHU



Paspen 7: BA pasBepTka Ans ceetoamonos ¢ nomoulbto KickStart PykoBogcteo nonb3osatens mogenu 2461 Interactive SourceMeter®

HacTtpouka yaaneHHOro BaammonemMcTBuA

[aHHas npouenypa BbINOMHAETCH B ANCTAHLUOHHOM peXmMme C NOMOLLbIO NMo6oro s noaaepxmBaemblix
npubopom TnnoB nHtepgenca ceasm (GPIB, USB unu Ethernet).

Ha cnegytoliem pucyHke NokasaHO pacrnorfioXXeHue Ha 3agHeln NaHenu pasbeMoB A9 MNOOKIIYEHNS
yOaneHHbIX UHTEPGENCOB CBA3N.

PucyHok 33: Cxema noakntoueHnsa mogenu 2461 k nHtepdencam yaaneHHOM CBA3MN
3apgHasA naHenb mogenu 2461

gL

uUsB GPIB

MoakniounTe KOMMbIOTEP
K ofHOMY U3 UHTepdeincoB
yAaneHHoro ynpasneHus

NMoakno4yeHue ycTpoucTs

[ns QOCTMXEHNA MakCMMarbHON TOYHOCTM pe3ynbTaTtoB N3MepPEeHNnA 1 NCKIKYEHNA BNNAHUA
conpoTunBneHna NnoaBoaALLNX 3NMEMEHTOB Ha TOYHOCTb U3MEepPEHUA NMpPU BbIBOAE CUIbHbLIX TOKOB NOAKIIOYUTE

Mozenb 2461 kK npoBepsieMOMy YCTPOMCTBY NO HYETbIPEXNPOBOLHON CXEME.
HAnst mo2o ymob6bI npumeHUMb YembIPexnpPo8odHOLli Memood:
e [lopgkntounte BoiBoabl FORCE HI n SENSE HI k aHogHOM Knemme cBeToanoaa.
e [logkntounte BbiBOoAbl FORCE LO n SENSE LO k kaToHOM KNemme cBeToanoa.

e  BbInonHuTe NoAKnioYeHne MakcumanbHO Gn3Ko K MPOBEPSIEMOMY YCTPOWCTBY, YTOOb! UCKITOYNTD
BMUsIHWE COMPOTUBIEHUS MNOABOASALLMNX SMIEMEHTOB Ha TOYHOCTb U3MEPEHUS.
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Paspgen 7: BA pa3sepTka ans ceetogmofos ¢ nomolubto KickStart

Ha puUCyHKe HMXXe NoKa3aHa cxema AA NpoBEepKn ceeToamnona NOBbILLEHHOM APKOCTU.

PucyHok 34: MoakntoyeHne pa3beMoOB Ha 3agHeun naHenu mogenu 2461
Mo YeTbIPeXnpPoOBOAHOM CXxemMe

Mopenb 2461
1 Force HI |
o} ' ]
Sense HI
CeeToguopf
Vs
Sense LO S .
Force LO |

Ha cnepgyowmx pycyHkax nokasaHbl (ousnyeckme coeanHeHnst Ans nepegHen u 3agHen naHenen. O6patute
BHMMaHWE, YTO Bbl MOXETEe UCNONb30BaTb KneMMbl NMnbo Ha nepeaHen, NMOoO Ha 3aaHel NaHenu, Ho
cMellnBaTb COeANHEHUS HEMb3S.

Ha pucyHke Huke nokasaHbl COEAMHEHUS C NepeaHen naHenblo. Bbl MoXxeTe caenatb 9TU CoeauHEHUs ¢
MOMOLLBIO YETbIPEX M3ONMPOBaHHbIX kKabenew ¢ pa3beMom Tuna «baHaH», paccunTaHHbIX Ha paboTy ¢
MakcuMarbHbIM TokoM (10 A), Hanpumep, ¢ NomoLLbto ABYX Habopor Keithley Instruments Model 8608 High-
Performance Clip Lead Set.

MPVMEYAHWNE

lMepen npucoegMHEHNEM NPOBEPSEMOro YCTPONCTBA K Modenu 2461 oTkounTe €€ NnuTaHume.

PucyHok 35: MNogkntoyeHne ceeToaMoaa K pa3bemam Ha nepegHer naHenu mogenu 2461
no 4eTbIPEXNPOBOAHON CXeMe

Force HI
Sense HI
CeeTtoauon
AW
Sense LO
Force LO
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Paspnen 7: BA passepTka ansa ceetogmonos ¢ nomolubto KickStart PykoBoacTBo nonb3oBatens mogenu 2461 Interactive SourceMeter®

Ha pucyHke He nokasaHbl COEAVHEHUsI C pa3bemamm Ha 3agHel naHenu. CoeanHeHUs BbINOMHSIOTCS C
NMoMOLLIbO KomnnekTa pasbemoB Model 2460-KIT Screw-Terminal Connector Kit (BXxoauT B KOMMMEKT
nocTtasku mogenu 2461) nnu komnnekta Model 2460-BAN Banana Test Leads/Adapter Cables (c
COOTBETCTBYHOLUMWN YCTPOUCTBAMN Afsi NOAKMOYEHUS K MprGopy).

PucyHok 36: MogkntoyeHne cBeToamoa K pasbemMam Ha 3agHew naHenu mogenm 2461
Nno YeTbIPexXnpoBOAHOMN CXxemMe

Force HI

Sense Hl

N

CeeToguoa

Sense LO

Force LO

BbiBOA4 BONbTaMnepHOM pa3BepPTKU C UCNONb30OBaHNEM
MO KickStart

OaHHbin npumep oeMoHCcTpupyeT ucnonb3oBaHue MO KickStart Startup ansa reHepavmm BonbTaMnepHomn
pasBepTKM Npu TECTUPOBAHWUM CBETOANOAA MOBbILLEHHON APKOCTU.

Bo BpeMsi JaHHOro namepeHust 6yayT BeIMOSHATLCSA crieaytoLime onepauum:

3anyck MO KickStart

CosgaHune HOBOro N3MepuTernbHOro NpoekTa
Bi6op npnbopa

Bbibop Tvna Tecta

HacTpolika napameTpoB TecTa

HacTpolika n npocMoTp rpadnyeckoro aKkpaHa
3anyck Tecta

MpOCMOTP 1 CoXpaHeHue pesynbLTaToB U3MepeHus:

HacTtpouka mogenu 2461 ana pa6otbl ¢ MO KickStart

Mogenb 2461 He06X0AMMO HAacTPOUTb Ha UCMNofb3oBaHMe komaHg Test Script Processor (TSP®) go Havana
pabotbl ¢ NO KickStart. Mo ymonuaHuio mogens 2461 ucnonb3yet Habop komaHg SCPI. MNMepea otnpaskon
komaHz TSP Ha npubop Heobxoaumo BeibpaTb Habop komaHa TSP B kayecTBe UCNONb3yeMOoro.

AKmueu3ayusi pexxuma ucrnosib3o8aHusi KomaHo TSP:

1
2
3.
4

HaxmuTte knasmwy MENU.
Moa System Beibepute Settings.
BbibepuTte kHonky psgom ¢ Command Set n Boibepute TSP.

Bam GygeTt npeanoxeHo nepesarpy3ntbcs. Beibepute Yes.

7-4
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Paspgen 7: BA pa3sepTka ans ceetogmofos ¢ nomolubto KickStart

3anyck N0 KickStart u HacTpouka napamMeTpoB TecTa

lMocne noacoeauHeHUst CUrHanbHOro kKaberns K KOMNbITEPY Y BKIKOYEHUS peXumMa UCnosib30BaHUSA KOMaHA
TSP npubop rotos k pabote c 10 KickStart.

lMpouyedypa co30aHusi HO8020 U3MePUMesIbHO20 NMPoeKma:

1. 3anyctute MO KickStart. Ha akpaHe oTobpaxkaeTcsa cTapToBas CTpaHuLa, kak MoKa3aHo Ha PUCYHKEe
HIXe.

Welcome to KickStart

To get started:

rour instrument, B tight chekts add incinament

3 Choose your test iype Rigni-chck tn add tral bype

details, click the questio oo in the r of the windaw to open the Kickst

2. Ha craptoBown cTpanuue wenkHute no New KickStart Test. Ha skpaHe oTobOpa3sunTcs guanorosoe
OKHO Save As.

3. TMepengute kK mecTy, koTopoe ByaeT NCNonb30BaTbCs Af1s1 COXPAHEHUS! U3MEPUTENbHbBIX NPOEKTOB
(HeobxoaMmocTu B co3aaHunm nanku HeT, 3To byaeT caenaHo nporpammon KickStart). Takke MOXHO
ncnonb3oBaTb MECTO, YCTaHaBMNMBaeMOe Mo YMON4YaHuto Ansi coxpaHeHus npoektoB KickStart:
C:\Users\My Documents\Keithley Instruments\KickStart.

4, BeepguTte HasBaHWe TecTa U LUeNkHWUTe No Save. TecT GyaeT coxpaHeH Kak chaiin ¢ pacluMpeHnem
kst B nanke ¢ HasBaHMEM U3MEPUTESIBHOIO NPOEeKTa.
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Paspen 7: BA pasBepTka Ans ceetoamonos ¢ nomoulbto KickStart PykoBogcteo nonb3osatens mogenu 2461 Interactive SourceMeter®

5. WenkHuTe no Select Instrument B HWXXHEM NEBOM yrny akpaHa. pu npaBunbHON HACTPOWKe
Mozenu 2461 nHdopmauums 0 Hel nosienisieTcs B okHe Instrument Configuration.

6. [paBow kHOMKOM MbIWK LWenkHuTe no Model 2461:1 u Beibepute Add Instrument. MHdopmauns o

noakmntoYeHHon moaenu 2461 aBToMaTmyeckn oTobpaxkaeTcs B HWKHEN YacTu okHa Instrument
Configuration.

PucyHok 38: BbiGop npubopa B okHe Instrument Configuration

MODEL 2461:1

SMU Simulator

DAQ Simulator

DMM Simulator

General
Address GPIBD:18=TNST

FirmwareYer 0.2.0§

Instrument MODEL 2461:1
InstrumentC 1 item
nstrumentl GPIB

Model MODEL 2461
Port N/A
SenalNumbe (04090172
IspNode 0
Misc

Selectable

7. B HmxHen yacTu akpaHa wenkHuTe no Select Test Types. B neBow yacTu akpaHa OTKpbIBaeTCH
OKHO Test Types, B KOTOPOM NEPEYNCNAIOTCA AOCTYMHbIE TUMbl TECTUPOBAHUS.

8. LUWenykom npaBor kHoMkon Mblwn WwenkHuTe no 1V Characterizer u Boibepute Add Test Type. Ha
3KpaH OyaeT BbiBeAEHO OKHO Source Measure Settings (HacTporiku BocnponseeneHus (Source
Settings) un namepexusi (Measure Settings).

9. Wcnonb3ys 3HavyeHusi 3 Tabnuy HUXKe, YKaXuTe napameTpbl BOCNPOU3BEAEHUS U U3MEPEHUS ANS
[aHHOro TecTa (3HayeHust MOryT BapbupOBaThCH B 3aBMCUMOCTU OT peLlaemMon 3agayn).

HaCTpOVIKM BoOcChnpoun3BegeHunsa curHana

MapameTp

BenunuunHa

Source Mode/ Pexwum BbiBoAa

Voltage Sweep / PassepTka HanpsxeHus

Sweep Type / Tun pa3BepTkn

Linear / JInHenHbIn

Start Voltage / HavanbHoe HanpshkeHue 2
Stop Voltage/ KoHevHoe HanpsxeHns 3.7
Step Voltage / CTtyneH4aToe HanpsikeHve 0.05

# Of Steps / Yncno waros

ABTOMaTMYECKM 3aMOMHAETCS C Y4ETOM HACTPOWKU
CTyMeH4YaToro HanpsbkeHns. [Ans gaHHoro npumepa
3Ta BenuyuHa coctaenset 35.

Current Limit / NpeaenbHbIA TOK

7

Delay Seconds / 3agepka B cekyHaax

0.01

HacTtpoiku namepeHus curHana

MapameTtp

BenunumHa

Current Measure / NlamepeHue Toka

Enabled, Auto Range/BkntoyeHo, aBTognanasoH

Voltage Measure / amepeHue HanpsixxeHus

Enabled, Programmed Value/ BkntoueHo,
nporpamMmmMmnpyemoe 3HayeHme
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PykoBoacTeo nonb3oBatens mofenu 2461 Interactive SourceMeter® Paspgen 7: BA pa3sepTka ans ceetogmofos ¢ nomolubto KickStart

10. B HwkHen yacTn konoHkn Measure Settings BbibepuTe kHornky psaomM ¢ Advanced
Configuration 1 yctaHoBUTE napamMeTpbl, NepeUYncrneHHble B Tabnumue Hmxe.

JononHuTenbHble HACTPOWKU

MapameTp HacTpoiika

Input Jacks / BxogHble pazbembl Rear / Ha 3agHein naHenu
Sensing Mode / Cxema 4-wire / YeTblpexnpoBogHas
Output OFF State /CocTosHue oTkntoyeHHoro BbiBoaal Normal / HopmansHoe

High Capacitance /Bbicokasi eMKOCTb Off / Bblkn.

Offset Compensation / KomneHcauusi cMeLleHnst Off / Bbikn.

11. [ns HacTpounkun napaMeTpoB oTobpaxeHusa nepenanTe K Bknagke Graph.
12. UWenkHuTe no KHorke psaom ¢ ocbio X (X-AXxis) n Beibepute Smul.v (BbIBOO HANpPsHKEHWS)

13. WenkHute no kHorke psaom ¢ ocbio Y (Y-AXis) n Beibepute Smul.l (u3amepeHune Toka)
Tenepb MOXHO 3anyckaTb BbINOMHEHME TeCTa.

3anyck Tecta u NPOCMOTp pe3ynbTaToB B rpacduyeckom popmare

[na 3anycka TecTa BbiGepute Start Test B HUKHeM NpaBoM yriy akpaHa. BonbTamnepHas passepTtka
BbINOMTHSIETCA aBTOMaTMYECKM, a pe3ynbTaTbl MU3MepeHns 0TOOpaXkaloTcsl B peXxume pearibHOro BpeMeHU Ha

rpacnyeckoM akpaHe. MacliTab npeacTaBneHust 4aHHbIX U3MEHSIETCS aBTOMATUYECKU C NPOABWKEHNEM
TecTUpoBaHus.

Ha PUCYHKE HWXe NoKa3aH pe3dyrnbTaT BbINOJTHEHUA AaHHOIo npumMepa.

PucyHok 39. Pe3ynbTaTbl BonbTaMNepHOM pa3BepTKU AN TeCTUPOBaHUsA cBeTogmMoaa ¢
NOBbILEHHOWN SIPKOCTbLIO

Displar Legend
Display Data Poerts -

m y B Fatl

o~

Start Test

Salect Instrumant

Salect Tost Type

[lna coxpaHeHnus rpaduka B popmaTte .png wenkHmuTte no Graph Image B obnactn Export Data/Graph B
BEpXHEN YacTu aKpaHa.
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Paspen 7: BA pasBepTka Ans ceetoamonos ¢ nomoulbto KickStart PykoBogcteo nonb3osatens mogenu 2461 Interactive SourceMeter®

NMpocMoTp U coxpaHeHue pe3ynbTaToB U3MEpPEeHUsi B TaGNMYHON
c¢opme.

Pe3yanaTb| M3MepeHna MOXXHO TakKke NpoCMOTpPETb B TabnnyHom Buae. [ns atoro Bbl6€pI/ITe BKnagky
Sheet. Ha PUCYHKE HMXe NOoKa3aHbl pe3ynbTaTbl NI3MEepeHus B TabnuyHom Buae.

PucyHok 40. Pe3ynbTaTthl uUsamepeHus B TabnuyHom Buae (BbibpaHa Bknagka Sheet)

LED Test

Source Measure Sheet Graph Notes Help

* Exponential Decirnal Decim E

Ttem Smul_Time{1) c _V{1)(1) Smul_I(1)(1)
0.000000E +000 2.000000E+000

6.731892E-002 2.100000E+000

3.665305E-001 2.200000E-+000 1.585415E-005

4.338162E-001 2.300000E+000 4.449267E-005

/.282491E-001 2A00000E+ 000 1.517063E-004

7.B43795E-001 2.500000E-+000 5.901547E-004

1.066076E+000 2.600000E+000 2334900€-003

1346832E+000 2.T00000E+000 9406731E-003

1401175E+000 2.800000E+000 3.566

[nsa skcnopTa AaHHbIX B BUAe haina .csv mnm . xIsx wenkHute no Excel Format unu CSV Format B
obnactu Export Data/Graph B BepxHel 4acTu akpaHa.
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Paspen 8

NamepeHne BonbTaMnepHOU XapakTEPUCTUKN
cofiHeyHown GaTapeu

CopepxaHue pasgena:

BBEIAEHUIE ..ovveeieeiieeetee ettt e e e e aees 8-1
HeobXoaNMOE OBOPYAOBAHME .........c.vveeeeiiiiee ettt 8-1
HacTtporika yaaneHHOro B3aMMOAEMCTBUS .....uvvereeeeeeaairiieeeaaaeesanneenes 8-2
[TOAKMIOUEHNE YCTPOMCTB .ceiieeeeiiiiiieeeaaaeeaaiiiteeeeaaeeesanrsbeeeaaaeeesannneeeees 8-2
CHATNE XapaKTEPUCTUK CONTHEYHOM BATAPEU.......vvveevirieeeeiiiieee s 8-4

BBepgeHue

B naHHOM pasgene oeMOHCTpupyeTcs ucnornb3oBaHue mogenu 2461 Interactive SourceMeter® ans
N3MepEHNA BONbTaMMNePHbIX XapakTepUCTUK CONHeYHon baTtapen.

Mo BonbTaMnepHbIM XapakTepucTukam, U3MepPEeHHbIM MoAeNbio 2461, MOXHO onpeaenuTb BaXHble
napameTpbl COrTHeYHOW B6aTapel, BKoyas:

ToK (Imax) M HanpsixkeHue (Viax), MPU KOTOPOM AOCTUraeTcss MakCumMarbHasi BbIXOAHAsA MOLHOCTb
MakcumanbHas BbIxogHast MOLWHOCTb (Pax)
HanpspkeHne xonoctoro xoaa (Vo)

Tok kopoTkoro 3amblkaHus (Isc)

Tak kak mogenb 2461 nogaepXXnBaeT pexnm YeTbipexKkBaapaHTHONo MICTOYHUKa TOKa, TO OHa MOXeT
I'IOTpGGJ'IFlTb 00 7 A Toka anemeHTa CONHEeYHoMn 6aTape|/| B 3aB/CMMOCTHU OT MNMpUKnagbiBaeMoro HanpaxeHua.

Heob6xoaumoe obopyaoBaHue

OauvH npubop mogenun 2461 Interactive SourceMeter®

[ns nogknoyeHns K nepegHen naHeny BoCNoNb3ynTech YeTbipbMsi M30IMPOBaHHbIMK Kabensamm
TMna «baHaH», Taknmm kak Keithley Instruments Model 8608 High-Performance Clip Lead Set (oguH
KOMMIEKT NOCTaBNsAeTCA C Mogernbio 2461, BTOpon NpruobpeTaeTcs OTAENBHO).

[na nogknoyeHns K 3agHen naHenu ncnonb3dynte 1 Komnnekt pasbemoB Model 2460-KIT Screw-
Terminal Connector Kit (BxoguT B KOMNMEKT NOCTaBku moaenu 2461) unu komnnekt Model 2460-
BAN Banana Test Leads/Adapter Cables (¢ cooTBeTCTBYOLWMMMN YCTPONCTBAMU AN NOOKMOYEHMS K

npunbopy).

OpaHa conHevyHas 6aTapesi



Pasgen 8: Nameperne BAX conHevHon 6aTapen PykoBoacTeo nonb3oBatens mogenu 2461 Interactive SourceMeter®

HacTtpouka yaaneHHOro BaammonemMcTBuA

BbinonHeHne fgaHHOro npMMmepa BO3MOXHO C NMOMOLLbIO OpPraHoB ynpaBrneHust Ha nepegHer naHenu, nubo
noboro 13 nogaepxmaembix npubopom Tnnos nHTepdenca ceasm (GPIB, USB unu Ethernet).

Ha crnegytouiem pucyHke NokasaHO pacrnorfioXeHue Ha 3agHeln NaHenu pasbeMoB AN NOOKIIYEHNS
yaaneHHbIx nHTepdencos cBa3un. NogpobHee 0 HACTpPOKMKe 1 yaaneHHOMY B3anMoLeNCTBUIO CM. B pasaene
«MHTepdenchbl Ansg yaaneHHoro B3anmoaenctams» (Ha ctp. 3-1).

PucyHok 41: Cxema noakntoueHnsa mogenu 2461 k nHtepdencam yaaneHHoOM CBA3MN

3apgHsasA naHenb mogenu 2461

DL e : i
e ]S — o

USB GPIB

MoakniounTe KoMMbloTep
K ofHOMY U3 UHTepdeincoB
yAaneHHoro ynpasneHus

NMoakno4yeHue ycTpoucTB

[na OOCTMXKEHNA MaKCMManbHOW TOYHOCTU Pe3ynbTaToB U3MePEHNS U YCTpaHEeHUS] HeraTUBHOMO
BO3EeCTBMS CONPOTUBINEHMS NOABOOSALLMX SNIEMEHTOB HA TOYHOCTb M3MEPEHUs NPV BbIBOAE CUTbHBIX
TOKOB MoAKMouMTe Moaenbs 2461 Kk conHevHol 6aTapee Mo YeTblpexnpoBOAHONM CXEME.

Anss mo2o ymobsI npumeHUMb YembIPexnpPo8odHol Memood:
e [logkntounte BbiBoabl FORCE LO 1 SENSE LO k kaTogHOM Knemme.
o [logkntounte BbiBOoabl FORCE HI 1 SENSE HI k aHogHOW kKnemme.

. BbInonHWTe nogknioveHmne MakcumMmarnbHO B6IIM3KO K COMMHEYHOM 6aTapee, YTOObI UCKMIOYUTD BIUSIHNE
conpoTuBneHna noaBoaALLnX aNeMmeHToB Ha TOYHOCTb U3MEpPEHUA.

[ns BbINONHEHMS paccmaTpmnBaemMoro namepeHmna MOXXHO UCMNOoJ1b30BaAThb KaK pa3beMbl Ha nepe/J,He|7| naHenu,
TaK 1 Ha 3agHen naHenu.

ATPEOOCTEPEXEHUE

Ha ecex 8bIx00HbIX KeMmMax U KemMmax 3awumsbi MOXem fpucymcmeogamb OMacHoe HarpsiKeHue.
Ymobbl usbexxamb nopaxxeHus 31eKMPUYECKUM MOKOM, KOMOPOe MoXXem HaHecmu eped 300p08b+0
urnu npusecmu K cMepmu, Hukoe20a He coeduHslme U He paspbigalime c8s3u ¢ Modesbio 2461 npu
BKITIOYEHHOM 8b1800€ cuzHarna.

Ymobhbl usbexxampb rnopaxkKeHusi 371eEKMPUYECKUM MOKOM, cOeQUHEeHUs1 ycmpolicme 01151 nposedeHusi
mecma 00/mKHbI 6bimMb CrIPOEeKMUPOo8aHbl makumM 06pa3om, Ymobb! UCKIOHYUMb 803MOXHOCMb
COMPUKOCHOBEHUS M0J1b308amerisi C MOKO8EyLWUMU XuUlaMu Uu C rnposepsieMbiM yCcmpolicmeom,
Komopoe Haxodumcsi 8 KOHMakme ¢ mokogedywumu xuaamu. HacmosimeibHO pekomeHOyemcs
omknoYams om ripubopa nposepsiemoe ycmpolicmeo neped nodavel numaHus Ha npubop. [nsa
obecrnieyeHuss besonacHocmu aKcrIyamayuu ycmaHo8Ku nompebyromcs aKpaHbl, bapbepsi U
3a3emrieHue, YmobbI UCKITHYUMb 803MOXHOCMb KOHMaKma ¢ moKo8edywumMu Xunamu.
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PykoBoacTeo nonb3oBatens mogenu 2461 Interactive SourceMeter Pasgen 8: Miamepenne BAX conHeyHol 6aTapeun

Ha pucyHke HUxe nokasaHa cxema NoAKnioYeHnst Ans BbINOSTHEHUS pacCMaTPUBAEMOro U3MepeHKs.

PucyHok 42: MopakntoyeHne moaenu 2461 K aneMeHTy COfiHeYHon b6aTtapeun

Mopenb 2461 l
l Force HI
Sense HI
ConHe4Has
-1 Sense LO GaTtapest
T Force LO

Ha pucyHkax Huke nokasaHbl hnsndeckne coeanHeHus ¢ pasbemMamu Ha nepegHen u sagHen naHenu. nga
BbINOMHEHNSI JaHHOW 3a4a4n MOXHO UCMOMb30BaTh KNeMMbl MbOo Ha nepegHen naHenu, nMbo Ha 3agHen
naHenu, HO CMeLLMBaTh COeANHEHUS HEMNb3sl.

Ha pucyHke Huxxe nokasaHbl COeAUHEHNs C nepeaHen naHenblo. Bbl MoXeTe BbINONHUTL 3TU COEANHEHUS C
NMOMOLLBIO YeTbIpeX M30NMPOBaHHbIX kabenen ¢ pagbeMom Tuna «baHaH», paccunTaHHbIX Ha paboTy ¢
MakcumManbeHbIM TokoM (10 A), Hanpumep, ¢ nomoLLbto AByx Habopos Keithley Instruments Model 8608 High-
Performance Clip Lead Set.

PucyHok 43: MoagknioyeHne K pa3bemMaM Ha nepegHen naHenu mogenu 2461
Nno 4eTbIPEXNPOBOAHON CXxemMe

oo e Force HI

Sense HI

Sense LOJ ConHeuxan
baTapen

Force LO

Ha pucyHke HMXe nokasaHbl COEANHEHUSI C pa3bemMamu Ha 3agHer naHenu. CoeanHeHUs BbINOHSIOTCS C
NMomolLLbo KomnnekTa pasbemoB Model 2460-KIT Screw-Terminal Connector Kit (BXxoauT B KOMMMEKT
nocTtasku mogenu 2461) nnu komnnekta Model 2460-BAN Banana Test Leads/Adapter Cables (c
COOTBETCTBYHOLNMWN YCTPOUCTBAMU Afsi NOAKMYEHUS K NpruGopy).

PucyHok 44: MopgknioyeHne K pa3bemaM Ha 3agHeln naHenu mogenu 2461
Nno YeTbIPeXnpPoOBOAHOMN CXxeme

Force HI

Sense HI

ConHeyHan
Gartapes

Sense LO

Force LO
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Pasgen 8: Nameperne BAX conHevHon 6aTapen PykoBoacTeo nonb3oBatens mogenu 2461 Interactive SourceMeter®

CHATUe XapaKTepMUCTUK CONTHeYHOM GaTapeun

B npumepax, paccmatpuBaeMbIxX HWXE, EMOHCTPUMPYETCH UCMONb3oBaHUeE Moaenu 2461 Ans cHATUA
XapaKTepUCTUK CONHeYHoM BaTapemn ¢ NOMOLLbIO OPraHoB YNpaBreHns Ha nepeaHen naHenu, no
yaaneHHoMmy uHTepdency ¢ ncnonb3osaHmem koga SCPI un TSP.

[Mpu npoBeaeHWM 4aHHOMO TeCTa BbINOMHSATCS cnegyoLme onepaumm:
e CO6poc npubopa.
e BbiGop pexuma BocnponsBeaeHUs HanpskeHNs U USMEPEHNs ToKa.
e YcTaHOBKa npeaernbHoro Toka.
e BbIGop 4eTbIPpEXNPOBOAHON CXEMBI.
e HacTpoiika n 3anyck pa3BepTK/ HanpsiKeHus.
e 3anyck Moaenu 3anyckarollero curHana Anis BKNoYeHUst BblIBOAa CUrHana.
e 3anuck pe3ynbTaToB U3MEpPEHUSI.
e  OTKMOYEHME BbIBOAA MOCIE 3aBEPLUEHUS Pa3BEPTKM HANPSHKEHWS.
e  CuunTbiBaHME pe3ynbTaToOB U3MEPEHUSI.

e [lpocMoTp gaHHbIX Ha rpadmke Ha nepeaHen NaHenu.

MPUMEYAHWNE

[ns BbINONHEHMSA OAHHOrO n3mMepeHua n0Tpe6yeTc;| ynpaerieHne UCTOYHMUKOM CBETa; NpoBEpKa 6yp,eT
CHa4ala BbINOJIHATLCA C BKITIOYEHHbIM UCTOYHUKOM CBE€Ta, a 3aTEM C BbIKITIOYEHHbIM.

HacTponka napameTpoB CHATUA BONIbTAMNEPHOW XapaKTePUCTUKU C
nepeagHen naHenu

[anee paccmaTprBaeTcs npouegypa CHATUSA BONIbTaMMNEPHOWN XapakTEPUCTUKKN, BO BPEMS BbIMOMHEHNS
KOoTOpou HanpsbkeHne meHsietcs oT 0 B o 20 B 3a 115 waroB n nsmepsietcs pesynbtupytowwmi Tok. lNocne
3TOro Nory4YeHHble AaHHblE MOXHO MPOCMOTPETL B BUAE rpaduka Ha nepeaHern naHenu.

BbinonHeHue usMepeHusi ¢ nepedHel naHesnu:

1. TlpowusseguTe nogknoyeHne npubopa K NpoBepseMomMy YCTPOUCTBY TakK, Kak ONm1caHo B
n. «[logkntoyeHune ycTponcTe» (Ha cTp. 8-2).

2. Haxmute Bbikntovatens POWER Ha nepegHen naHenun, 4todbl BKIIOYMTL Npubop.

3. [lepesarpysute npubop:
a. Haxmute knasuwy MENU.
b. Mop System Beibepute Info/Manage.
c. Buibepute System Reset.
d. Beibepute OK.

4. Haxmute knasuwy HOME.
Haxmute knasmwy FUNCTION.
6. [llog Source Voltage and Measure Bbidepute Current.

o
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7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

28.

HaxmuTte knasmwy MENU.

Moa Measure BbiGepute Settings.

BbibepuTe kHOMKy psagom ¢ Sense u Bbibepute 4-Wire Sense.

HaxmuTte knasmwy MENU.

Moa Source BbIGepuTe Sweep.

BapawnTte Start level paBHbiM O V 1 BbiGepuTte OK.

Bapavite Stop level paBHbim 20 V 1 BbibepuTe OK.

BbibepuTe kHomky psgom ¢ Definition n yctaHosute uncno todek (Number of Points).
Bbibepute kHomky psagom ¢ Points, BBeaute 115 n Bbibepute OK/

MponucTtbiBante akpaH SWEEP SETTINGS go nosierneHus Source Limit.

BbibepuTe KHOMKy psgom ¢ Source Limit, BBegute 4 A mn Bbibepute OK.

BbibepuTe kHoMky psgom ¢ Source Delay n Bbibepute Specify Delay (yka3atb 3agepxky).
Beegute 50 ms un BbiGepute OK.

Beibepute Generate. 3Ta HacTpolika No3BonseT co3hatb MoAenb 3anycka AN pasBepTku.
Haxxmunte knasnwy MENU.

Mopn Measure BoibepuTte Reading Buffers.

Bbibepute defbufferl.

Bbibepute Clear, Bbibepute Yes u Bbibepute OK.

HaxxmuTe knasuwy MENU.

Moa View Bbibepute Graph.

Haxmunte knasuwy TRIGGER, 4tobbl 3anycTuTb Moaens 3anycka. [Npunbop BknovaeT BbIBOA cUrHana, u
B BEPXHEN YacTu aKpaHa oTobpakaetcs nHankatop RUN, noka BbINOMHAETCSA pa3BepTka.

YTto6bl NOBTOPUTL pa3BepTKy, HaxxmuTe knaemwy TRIGGER eue pas.

Ha pucyHke Huxxe nokasaH npvmep nsmepeHus BAX B Buae rpacduka Ha nepegHein naHenu. ObpaTtute
BHMMaHMe, YTO TOK Ha rpadumke oTpuLaTenbHbl, NOTOMY YTO MoAernb 2461 noTpebnsaeT Tok.

PucyHok 45: Npumep namepeHus xapaktepucTuK coriHeyHon 6aTtapeu B Buae rpacuka
Ha nepegHen naHenu moaenu 2461

Graph

-2.200A
-2.340A
-2 4804
-2.620A
-2.760A
-2.900A
-3.040A
-3.130A
-3.320A
-3.460A
-3.600A

+00.00V k +14.40V +19.20V
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Pasgen 8: Nameperne BAX conHeuHon 6aTapeun PykoBoacTeo nonb3oBatens mogenu 2461 Interactive SourceMeter®

HacTtpounka napameTtpoB cHATUA BAX conHe4yHou GaTtapen ¢ NOMOLLLIO
KomaHpg SCPI

lMpuBeaeHHas Hxe nocrnegoBaTensHOCTL KoMaHa SCPI nossongaeTt cHumate BAX conHeuHon 6aTapew.
BoamoxHo, Bam noTpebyeTcHa BHECTU B NpeanaraeMblii Ko n3MeHeHus1, YTOObl OH 3anycTUncs B Ballem
NPOrpaMmMHOM OKPYXXEHWMW.

B atom npumepe HanpskeHne MeHdaeTcsa oT 0 B go 20 B 3a 115 waroB 1 namepseTcs pesynbTUpYoLWnIA TOK
CcornHeyvHon H6aTtapeun. MIamepeHnst Toka 1 HanpsXKeHns: 3anucbiBatoTcst B 6ydep no ymonyanmio Ne1
(defbufferl).

Ans ebinonHeHus 0daHHO20 U3MepeHuUsi omripasbme cnedyfomue KOMaHObI:

Komanpa OnucaHue

*RST e Cbpoc mopenu 2461.

SENSEFUNC_ CURI? e HacTpouTb Ha n3mepeHue Toka.
SENS:CURRZRANG-AUTO ON e HactpouTb Ha n3mepeHue ¢ aBToaMana3oHoOM.

SENS:CURR:RSEN ON
SOUR:FUNC VOLT
SOUR:VOLT:RANG 20

. HaCTpOMTb Ha ncnornb3oBaHne 4-XI'IpOBOD,HOﬁ CXeMbil.
. HaCTpOMTb Ha BbIBO HanpaXeHus.

SOUR:-VOLT:ILIM 4 e 3agatb AnanasoH UCTOYHUKA paBHbiM 20 B.
SOUR:SWE:VOLT:LIN 0, 20, 115, 0.05 e 3apatb NpegenbHbIN TOK paBHbIM 4 A.

INIT e Hactpoutb Ha pa3BepTky HanpsixeHus ot 0 go 20 B
*WAI 3a 115 waros ¢ 3agepxkon 0,05 c.

TRAC:DATA? 1, 115, "defbufferl', SOUR, READ e 3anycTuTb pa3BepTKy.
e [loxagaTbCs 3aBEpPLUEHUS Pa3BEPTKM.
e CyuTaTb 3HAYEHUS UCTOYHMKA U TOKa 13
defbufferl.

Hactpouka napametpoB cHAaTuA BAX conHeyHown 6aTapeu
C noMoLb KomaHg TSP

MPVMEYAHWNE

Crepnyowmi kog TSP cnpoekTupoBaH Ans 3anycka ¢ nomollpbto Keithley Instruments Test Script Builder
(TSB, cpeacTBO NOCTPOEHUS CLiEHapMEB TECTUPOBaHUS). TSB — 3To NporpaMMHoe obecneyeHne, AOCTYNHOe
Ons ckaymBaHus ¢ Be6-canta Keithley Instruments. TSB no3BonsieT co3gaBaTb ko4 U pa3pabaTtbiBaTbh
cueHapum onsi npubopos, nogaepxmeatoLLmx paboty ¢ TSP. MNogpobHee 06 ucnonb3oBaHunm TSB cM. B
OHNnaviH-cnpaeke k TSB n B pasgene «BeeneHune B paboty ¢ TSP» «CrnpasoyHo2o pykogodcmea K Mooesiu
2461».

[N ncnonb3oBaHWs B APYrMX NPOrpaMMHbIX OKPYXKEHUAX MOXET NoHaA0bUTbCA BHECTU M3MeHeHNs B TSP
KoZ 3TOro npumepa.

Mo ymonyaHuio mogens 2461 HacTpoeHa Ha Ucnonb3oBaHusA Habopa komaHg SCPI. Mepen otnpaBkon
komaHz TSP Ha npubop Heobxoaumo BeibpaTb Habop komaHa TSP B kayecTBe UCNONb3yeMoro.

Umo6bbI pazpewums komaHObI TSP:

1. Haxmute knasmwy MENU.

2. Tlog System BbibepuTe Settings.

3. Bbibepute kHonky psagom ¢ Command Set u Bbibepute TSP.
4. Bawm Gyget npeanoxeHo nepesarpys3ntbcs. Boibepute Yes.

B aToM npumepe BbINOMNHAETCA NMHENHAs pa3BepTKa HanpskeHns ¢ BbIBOAOM HanpshkeHus ot 0 B oo 20 B
3a 115 waros. Npubop BO BpeMsi pa3BePTKN N3MEPSIET PE3YIbTUPYIOLLNIA TOK CONHEYHOW baTapeu.
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PykoBoacTeo nonb3oBatens mogenu 2461 Interactive SourceMeter Pasgen 8: Miamepenne BAX conHeyHol 6aTapeun

Ans ebinonHeHusi 0aHHO20 usmepeHusi omripasbme cnedyfomue KOMaHObI:

—--OnpemeynnTes 4YKMCJIO TOYEK IJId Pa3BEPTKM.
num = 115
——CbpocuTb NpubOP M OUUCTUTH Oydepsl.
reset()
——HacTpouTb pexyrM BOCIPOM3BENEHMA U M3MEPEeHUHd.
smu.measure.func = smu.FUNC_DC_CURRENT
smu.source.func = smu.FUNC_DC_VOLTAGE
——HacTpoVky M3MEPEeHUS -
smu.terminals = smu.TERMINALS FRONT
smu.measure.sense = smu.SENSE_4WIRE
smu.measure.autorange = smu.ON
smu.measure.nplc = 1
——HaCcTpOoMKM MCTOUHUKA .
smu.source.highc = smu.OFF
smu.source.range = 2
smu.source.readback = smu.ON
smu.source.highc = smu.OFF
smu.source.ilimit.level = 4
smu.source.sweeplinear(*'SolarPanel™, 0, 20, num, 0.05)
——SaHyCTI/ITb MOZIeJIb 3allyCcKawmero CurHalla M IOOXIaTbCA €€ 3aBeplieHUA.
trigger.model.initiate()
waitcomplete()
——OHpeI[eIH/ITb HadaJIbHBEIE 3HAUEeHMA.
voltage = defbufferl.sourcevalues
current = defbufferl
isc = current[1]
mincurr = current[1]
imax = current[1]
voc = voltage[1]
vmax = voltage[1]
pmax = voltage[1]*current[1]
—-—PaccumTaTh 3HaAYeHUA.
for i = 1, num do
print(voltage[i],current[i],voltage[i]*current[i])
ifT (voltage[i]*current[i] < pmax) then
pmax = voltage[i]*current[i]
imax = current[i]
vmax = voltage[i]
end
if math.abs(current[i]) < math.abs(mincurr) then
voc = voltage[i]
end
end
pmax = math.abs(pmax)
imax = math.abs(imax)
print(*'Pmax=",pmax, ", Imax=", imax,",Vmax="",vmax,", Isc=",isc,",Voc="",voc)
—-—OTobpaxeHre pe3yJibTaTOB M3MepeHusd Ha skpaHe momenu 2461.
display.changescreen(display.SCREEN_USER_SWIPE)
display.settext(display.-TEXT1, string.format(**Pmax = %.4FfW", pmax))

display.settext(display.TEXT2, string.-format(*'Isc = %.4FfA, Voc = %.2fV", isc, voc))
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Pasgen 8: MlamepeHune BAX conHeuHol 6aTapeun PykoBoacTeo nonb3oBatens mogenu 2461 Interactive SourceMeter®

B npumepe Bbiwe npubop 3anporpamMmmnpoBaH Ha 0TobpaxeHne Nonb30BaTENbCKOro TEKCTa Ha
pononHutensHoM akpaHe USER c nomouysio komaHa display -changescreen n display . settext.
lMocne 3aBepLUeHNsI TeECTa Ha 3KpaHe 0TOOPa3nTCA MakcMMarbHas BbIXogHast MOLHOCTb (Pay), TOK
KOPOTKOro 3amblkaHus (lsc), HanpshkeHne xonoctoro xoaa (Voc), Kak Moka3aHO Ha PUCYHKE HUXKE.

PucyHok 46: Pe3ynbTatbl cHATUA BAX anemMeHTa conHe4yHOM 6aTtapeu
Ha gononHuTenbHoMm 3kpaHe USER

GPIB defbuffert | NoScript

-1.54555 A

Mocne 3anycka koga B koHconu npubopa (Instrument Console) B Test Script Builder otobpaxaeTcs 5
3Ha4YeHWN, a Ha 3KpaHe Ha nepegHen naHenu moaenu 2461 otobpaXkaeTcs U3MepPEHHbIN TOK, HAaNPsHKeHWE 1
BblYMCITIEHHAsA MOLLHOCTL. Bbl MOXeTe ckonMpoBaTh faHHble, 0OToGpaXkaeMble Ha koHconu TSB Instrument
Console B anekTpoHHyto Tabnuiy, Hanpumep B Microsoft® Excel®, ans NOCTPOeHUs rpachmka u ganbHenLero
aHanusa. Ha pucyHke HmXe nokasaHbl pe3ynbTaTbl OTOOpaXeHUss AaHHbIX B 3NIEKTPOHHOM Tabnuue Excel.
O6paTtunTe BHMUMaHWeE, YTO NPOBEpKa CoNHeYHon baTtapeun Obina npoBeaeHa ¢ BKITFOYEHHBIM UCTOUYHUKOM
ceeTa (light ON) 1 ¢ BbIkMOYEHHBIM UCTOYHMKOM cBeTa (light OFF).

PucyHok 47: BAX anemeHTa conHe4Houn 6atapewu,
nony4YeHHble C BKIMHOYEHHbIM UCTOYHUKOM CBeTa U C BbIKITHOYEHHbIM UCTOYHUKOM CBeTa

1

05
Light OFF
18

0 2 4 6 8 10 12 14 16
Voltage {volts)

Current amps)

Light ON
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Paszpen 9

TecTnpoBaHne CBETOANOO0B MOBbILLEHHON APKOCTHU
B UMMYNbCHOM peXxnme

CopepxaHue pasgena:

BBEIAEHUIE ..ovveeieeiieeetee ettt e e e e aees 9-1
HeobXoaNMOE OBOPYAOBAHME .........c.vveeeeiiiiee ettt 9-1
HacTtporika yaaneHHOro B3aMMOAEMCTBUS .....uvvereeeeeeaiiniieeeaaaeesaneeenes 9-2
[TOAKMIOUEHNE YCTPOMCTB .ceiieeeeiiiiiieeeaaaeeaaiiiteeeeaaeeesanrsbeeeaaaeeesannneeeees 9-2

[Mogaya BbICOKOYACTOTHBIX BbICOKOMOLLHBIX MMMYMbCOB B
OVNCTAHLUMNOHHOM PEMKUME ....ceivirieiiiieeeeitiee ettt e e e etaseeeetiaeaeesan e aeennaeeenen 9-4

BBepgeHue

B naHHOM pasgene 4eMOHCTpUpyeTest ucnornb3oBaHne mogenu 2461 Interactive SourceMeter® gns
MOCTPOEHUS BONbTaMMNEPHbIX XapakTePUCTMK CBETOANOAOB MOBbILLIEHHOW APKOCTU C UCMONb30BaHUEM
BO3MOXHOCTU Npubopa hopmMmpoBaTb UMMNYNbChl B pacLUMPEHHOM AuanasoHe. VMamepeHns UMnynbCHOM
BAX mMoryT ObITb HEOGX0ANMBI AN TOro, YTOObI M3bexaTb SABNIEHUA caMoHarpeBa, NOBPEXAeHs
YCTPOMWCTBA MW HAabMN4eHUs OTKIMKa CBETOAMOAA NOBLILLEHHON SPKOCTU HA UMMYNbCHbLIA CUrHan.

Mopenb 3anycka ucnosnb3yeTcs A ynpaBneHns CUHXPOHU3aLUmMen B UMMNyNbCHOM pexume. MuHumansHas
LUMpUHa umnynbeca, gonyckaemasi npubopom, coctasnseT 150 MKC, HO ANSA BbICOKOBOMbTHOMO MU
CUMNBHOTOYHOIO UMMNYNbCca MOXeT NoTpeboBaTbCca GonbLuas LMPUHA MMMIyNbCa A58 JOCTMKEHUS
Tpebyemoro 3HayeHus. LinchpoBbie BO3MOXHOCTU Mogenu 2461 MoryT ncnonb3oBaThCs AN NPOBEPKM
TOYHOCTU CUHXPOHU3ALUM NMMYNBCOB HaNPsXKeHUs1 U ToKa.

Heo6xoanmoe ob6opyaoBaHue
e  OpuH npnbop mogenu 2461 1 kW Pulse Mode Interactive SourceMeter®

e 1N nogKMioYeHns K NnepeHer naHeny BOCNOMb3yWTeCh YeTbipbMS M30NMPOBaHHbIMKU Kabenamu
TMna «baHaH», Takumun kak Keithley Instruments Model 8608 High-Performance Clip Lead Set
(oAMH KOMNNEKT NocTaBNsAeTcs ¢ Mogenbto 2461, BTopow npuobpeTaeTcs OTAENbLHO).

e [1ns nogknioveHus K 3agHer naHenu ucnonb3ynte 1 komnnekt pasbemoB Model 2460-KIT Screw-
Terminal Connector Kit (BxoguT B KOMNMEKT NOCTaBku moaenu 2461) unu komnnekt Model 2460-
BAN Banana Test Leads/Adapter Cables (c COOTBETCTBYHOLLMMN YCTPONCTBAMU A1 NOAKIIOYEHUS
K npnbopy).

e OpgwvH kabenb GPIB, USB unu Ethernet gnst nogknioveHns mogenu 2461 K KOMMbIOTEPY



Paspen 9: TecTMpoBaHve CBETOAMOAOB B UMMYNbCHOM pexuMe PykoBoAcTBO nonb3oBaTens mogenu 2461 Interactive SourceMeter®

Hactpounka yaaneHHoro B3ammoaenucTBus
HaHHas npouenypa BbINOMHAETCA B ANCTAHLMOHHOM peXnMe C NOMOLLIbIO NoBoro u3 nogaepxunsaeMbix
npubopom TnnoB nHtepgenca ceasm (GPIB, USB unu Ethernet).
Ha cnegytouiem pmucyHke NokasaHO pacrnorfioXXeHue Ha 3agHen NaHenu pasbemMoB A9 NOOKMIYEHNS
yOaneHHbIX UHTEPGENCOB CBA3N.
PucyHok 48: Cxema nogkntoueHuss mogenu 2461 k nHtepdencam yaaneHHom CBA3MN
3aaHAaa naHenb Mogenu 2461

UsB GPIB

MoakniounTe KOMMNBIOTEP
K OQ4HOMY M3 MHTepdeiicoB
yAaneHHoro ynpaeneHus

NMoakno4yeHue ycTpoucTB

[ns AOCTMXEHNA MakCcMMarbHON TOYHOCTM pe3ynbTaTtoB U3MepPEHNA N BIINAHNA CONPOTUBNEHNA
NoABOASALLMX INIEMEHTOB HAa TOYHOCTb U3MEPEHUS NPU BbIBOAE CUITbHbLIX TOKOB NOAKIOUMTE Mogens 2461

K NpOBEPSEMOMY YCTPOWCTBY MO YETbIPEXNPOBOAHOMN CXEME.

HAnss mo2o ymob6bI npumeHUMb YembIPexnpPo8odHOLli Memodod:

Moakntounte BoiBoAbl FORCE HI 1 SENSE HI k ogHOMY BbIBOAY MPOBEPAEMOro yCTPOWCTBA.
Mogkntounte BoiBOABI FORCE LO 1 SENSE LO Kk apyromy BbIBO4Y NPOBEPSEMOrO YCTPOMCTBA.

BbINosnHUTE NoAkIoYeHe MakcuMarbHO 65IM3KO K MPOBEPSIEMOMY YCTPOMCTBY, YTOObI MCKIMIOYNTD
BMUSIHWE COMPOTUBIEHUS MNOABOASALLMNX SMTEMEHTOB Ha TOYHOCTb U3MEPEHUS.
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Ha pucyHke HWxe nokasaHa cxema BblBOa CUIIbHOTOYHBIX MMMYMbCOB Ha Pe3ncTop.

PucyHok 49: MNMoakntovyeHne moaenu 2461 K pe3mcrtopy

Mopens 2461 SourceMeter®

()
NI

I
I

w
4] m
s |3 |
8 Eg [} g
z |z o o
— 0 < O—

AAAY

Peauctop

Ha PUCYyHKaX HMXe NoKa3aHbl (bl/l3|/|‘-|eCKI/Ie coegnHeHunaA ¢ pa3bemMaMm Ha nepe,quVl W 3agHEN naHenu.
MoakntoyeHus K pa3bemMam Ha nepe/J,He|7| naHenn ocyLwecTBATCA C NOMOLLBbH 3alUNULEHHbBIX Pa3beMOB
TMna «b6aHaH»; NoAKITHYEHME K 3adHEN NaHenu — Ha KnemMmmy C BUHTOBbIM KpernsieHneM.

Ha pucyHke HmKe nokasaHbl COeIMHEHUs ¢ NepeaHen naHenblo. Bbl MoXxeTe coenaTb 9TU coeauHeHns ¢
MOMOLLIbIO YeTbIpex U30NMPOBaHHbIX kabenel ¢ pasbeMoM Tuna «6aHaHy, paccyMTaHHbIX Ha paboTy ¢

MakcuMarsbHbIM TokoM (10 A), Hanpumep, ¢ NomoLLblo ABYX Habopor Keithley Instruments Model 8608
High-Performance Clip Lead Set (ognH KoMNnekT noctaensieTcs ¢ npubopom).

PucyHok 50: MogknioyeHne K pasbemMam Ha nepegHen naHenu mogenu 2461
Mo YeTbIPEXNPOBOAHOMN CXemMe

Force HI
Sense HI
CeeTogmopq,
N
Sense LO
Force LO
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Paspen 9: TecTMpoBaHve CBETOAMOAOB B UMMYNbCHOM pexuMe PykoBoAcTBO nonb3oBaTens mogenu 2461 Interactive SourceMeter®

Ha pucyHke Hxe nokasaHbl COEAVHEHUsI C pa3bemamm Ha 3agHel naHenu. CoeanHeHUs BbINOMHSIOTCS C
NMoMOoLLIbO KomnnekTa pasbemoB Model 2460-KIT Screw-Terminal Connector Kit (BXxoauT B KOMMMEKT
nocTtasku mogenu 2461) nnu komnnekta Model 2460-BAN Banana Test Leads/Adapter Cables (c

COOTBETCTBYHOLLUMM YCTPONCTBAMM AN MOAKITOYEHMS K Npubopy).

PucyHok 51: NMoaknroyeHue K pa3beMaM Ha 3agHen naHenu mogenu 2461
Nno 4eTbIPEXNPOBOAHOW CXeme

Force HI

Sense Hl

™

CeeToauon,

Sense LO

Force LO

NMNopaa4vya BbICOKOYACTOTHbLIX BbICOKOMOLHbIX nMmnynbcoB B
ANCTaHUMOHHOM pexunme

B gaHHOM npumepe paccmaTtpuBaeTcs HacTponka moaenu 2461 B ANCTaHLMOHHOM peXnMe Ha
reHepupoBaHue rpymnnbl BbICOKOMOLLHbIX UMMYNbCOB C NOMOLLbLI0 komaHa Test Script Processor (TSP®).

Bo BpeMA KaxXgoro nMmnyrnbca CHUMMaeTCA NoKa3aHne ToKa.

[ns obecneveHnsa To4Horo ynpasreHua CI/IHXpOHI/I3aLI,I/IeI7I Heo6xoaMmo yKasaTtb napamMmeTpbl UMNyrbCca,
BbIMOJTHUTb HaCTp0I7IKI/I MCTOYHMKa HanpaXeHna n nsmepeHud Toka u onpenenntb Moaerb 3anycka ans
ynpasrieHusa CI/IHXpOHI/I3aLI,I/IeI7I MMnynbcoB U NU3AMEPEHNEM.
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PykoBoacTBo nonb3oBatens mopenu 2461 Interactive SourceMeter® Pasgen 9: TecTvpoBaH/ne CBETOAMOAOB B UMMYIIbCHOM pexunmMe

OnpepgeneHue napaMeTpPoB U3MEPEHUA pa3BepPTKM UMNYIIbLCOB

[nsa cozaaHus nepeyHs napaMmeTpoB KOHMrypaumMm 1 moaenu 3anycka, Tpebyemon ana aaHHbIX
MMNYSbCOB, B KOMaHAY BBOASATCS Crieaylolue napameTpbl M3MepeHnsi UMMynbCoB, onpeaensoLlme
aMMnUTYaY ¥ CUHXPOHM3ALMIO UMNyNbca. PakTUYeckne BeNMYMHbI JaHHbIX aHanM3npyeMblx napaMeTpoB
3aBUCAT OT KOHKPETHOrO criy4yasi.

MapameTp namepeHuns BenuuuHa OnpepneneHue

configListName myPulseSweep HacTtponka nmeHun nepeyvHs napameTpoB KOHurypauuu,
coiepallero BENUYMHbI MMMybca, Co34aHHOro
COOTBETCTBYHOLLEV KOMaHOOMN.

biaslevel ov HacTtpoika HanpsbkeHUst CMELLEHNA pa3BepTKN MMMYIbCOB.

start oV HacTpolika Ha4anbHOro 3Ha4YeHUst pa3BepTKN UMMYIbCOB

stop 4.14 V HacTpornka KOHeYHOro 3Ha4YeHNss pasBepTKN MMMYSbCOB

pulsewidth 0.8 ms YcTaHoBKa BpeMeHN Ha YpoBHE aMnnuTyabl ANst KaXaoro
umnynbca.

measureEnable smu.ON AKTVMBM3aLMS M3MEPEHUIA HA NWKE KaXaoro nMmnyrneca. B
cryyae OTKIMYeHUs AaHHoW dyHKLMKU npubop 6yaeT
dopMupoBaTb MMNYNbChl 6€3 U3MEPEHUS.

bufferName defbufferl OnpepneneHue Gydepa, B KOTOpbI ByayT coXpaHaTbCS
pe3ynbTaTbl U3MEepeHUS.

delay 0 ms YcTaHoBKa 3a4epXKu nepes KaxabiM UMMybCOM.

offTime 19 ms YcTaHoBKka BpeMeHW Ha YpOBHE CMELLIEHMS.

count 1 YcTaHoBKa 4mcna noBTOPEHUN pa3BepTKU.

XBiasLimit 1A YcTaHoBKa orpaHnyeHns Toka Mexagy MMmnynbcamu npu
BbIBOI€ YPOBHS CMELLEHUS HaNPSKEeHWS!.

XPulseLimit 10 A YcTaHoBKa OrpaHMYeH1s TOka BO BPEMST UMMyNbca npu
BbIBOAE YPOBHS MMMNYyNbCa HANpsi>KeHUS.

failAbort smu.OFF MpekpaleHe pa3sepTkM UMMNYNbCOB Npu
NpeBbILLIEHNM NPeaenbHOro 3Ha4YEHNsI CMeLLEeHNS
U Mnynbca.

Dual smu.OFF Mpu BKMNOYEHNM 3anyckaeT pa3BepTKy MMMYNbCOB

OGpaTHO K Ha4YanbHOMY 3Ha4Ye€HUI0.
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Ha pucyHke HWXe JeMOHCTPUPYIOTCA YKasaHHble NapaMeTpbl U3SMepPEeHUs.

PucyHok 52: [luarpamma pa3BepTku uMnynbca ansa mogenu 2461
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HacTponka pexumMoB BOCNpousBeAeHUs U U3MepeHus

[lns reHeppoBaHns BLICOKOCHACTOTHbBIX CUNBHOTOYHBLIX MMMNYMbCOB U M3MEPEHUST HaNPsKEHNA BO BpeEMS
KaXK4oro nMnyrnbca BaXXHO caenaTb npaBusiibHble HACTPOMKU PEXMMOB BOCNPOU3BEAEHNS N N3MEPEHUS.

[MPUMEYAHWNE

lMpnbop BbIBEAET CO0OBLLEHNE 006 OLLIMOKE B KOMaHAE HAaCTPOWMKM NapameTpoB MMMyrbca, eCIun
YCTaHOBJIEHHOE BPEMS U3MEPEHUS MPEBbLILIAET LUMPUHY UMMYTbCa.

[ns cokpalleHusi BpeMeHU U3MepeHuns:
e YcTaHOBWTE AManasoH U3MEPEHUS HAMPSKEHUS HA (DUKCUPOBAHHDINA.

e YCTaHOBMUTE CKOPOCTb MHTerpupoBaHus nsameperusi Ha 0.01 NPLC (166.67 Mkc npu 4acTtoTe ceTu
60 I'u).

e  Bknounte oyHKUUIO aBTOMATMYECKOrO OAHOKpaTHOro o6HyneHus (Autozero once) ans
BbINOSTHEHWUSI OOHOKPATHOIO aBTOMaTMYECKOro ObHYNeHnst nepes Havanom paboTbl MOAenu
3anycka.

[ns 6onee TOYHOro BpeMeHU BOCNPOM3BeAEeHUA CUrHana:

o  OTkntouute (*)yHKLI,I/II'O 3XOCHNTbIBAHNA UCTOYHUKA. I'Ip|/| Heo6Xx04MMOCTM MCMNONb30BaHNSA (byHKLI,I/II/I
3XOCUYUTBIBAHUSA NCTOYHUKA HEOBXOANMO BbIOENUTD BpemMA ana aByx M3MepeHMl7IZ n3mepeHune
HanpsaXeHna n namepeHne BocrnpounsseeHna Toka.

e YCTaHOBUTE NPOLOIMKUTENBHOCTb 3a4EPXKKNU BOCNPOM3BEAEHNS HA HOMb.

Mopenb 3anycka kKOMaHAbl MUMMNynbca

BcTpoeHHbIV 3kpaH HacTpoek MMnynbca 1 ANCTaHUMOHHbIE KOMaHAbl MMMyNbCca NO3BONSAT OnpeaenuTb
MOoZenb 3anycka, KoTopyto byaeT ncnonb3osatb Moaenb 2461 Ans hopMnpoBaHUSa NMMNYIbCOB.
BbinonHeHne komaHabl MMNynbca nnu opMmpoBaHue HaCTPOVKU UMNynbca C NepeaHen naHenm
no3BonsieT caenatb CHUMOK akTUBHbIX HACTPOEK BOCMNPOM3BEAEHNS U u3MepeHusa moaenu 2461. aHHble
HaCTPOWKM COXPAHSIIOTCS B NepeYHn napaMeTpoB KoHdpurypauuu. lNocne aktmsmnsaumm Mmoaenu 3anycka
Npvbop BbI3bIBAET HACTPOWKM, cCoaepKalluecs B NepeyHsIX napameTpoB KOHUrypaumm, 3anyckaet
hopMMpOoBaHUE MMMNyrbCca N U3MEPEHMUS C NCMONb30BaHMEM MOCTOSHHBIX 3aA€PXKEK U BbINOMHAET
LUKIMYecKme NoBTOpPeHUs A5 (hoOpMUPOBaHKS YKa3aHHOIo KOnmM4ecTBa onpeaesneHHbIX MMMYIbCOB.

Mogenb 3anycka Heobxogumo co3aaTb CHOBA B Criydae M3MEHEHUS HAaCTPOEK BOCNPOU3BEAEHUSA U
namepeHus (Hanpumep, NPCL nnun Autozero) n HeoOXoOUMOCTM NPUMEHEHNS AaHHbLIX HACTPOEK K
BbIOpaHHOM Mogenu 3anycka.
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3anycx BbiBOAA CUJIBHOTOYHbLIX UMNYJITbLCOB C nepep,Heﬁ naHemnun

[ns HacTponkn mogenu 2461 Ha bopMupoBaHUe MMMYSbLCOB C NepegHen Mogenn MOXHO UCMNOoSb30BaTh
akpaH Pulse Settings. Nepen BHeceHMeM M3MEHEHUI B HACTPOWKKN Ha akpaHe Pulse Settings Heobxoanmo
YyCTaHOBWTb Npeaen namMmepeHus npubopa Ha ypoBeHb, COOTBETCTBYIOLLMI amnnuTyae uMnynsca. Ecnm
aMnnuTyga MMnynbca BbIXOAWUT 3a Npefenbl AvanasoHa U3MepeHus, TO Nocne HaxaTus kKHonku Generate
npubop BbIBegeT coobuieHne o6 owmnbke. B paccmatpruBaeMom npumepe npubop HacTpanBaeTcs Ha
BbIBOZ TOKa 1 n3MepeHne HanpsikeHusl. Beilbop npegena Bocnpou3seneHns ycTaHaBnMBaeTCcs Ha
aBTOMaTUYECKUIN peXum, a npeaen nsamepeHns — Ha 10 A.

IOnsa nepexopa B 3KpaH HacTpoek nmnynbca (Pulse Settings):
1. Haxmute knasmwy MENU.

2. B meHto Source BbibepuTe nosnumio Pulse.

Ha skpaHe MeHI0 MOXXHO BbINONHUTL BCE CneumanbHble HAaCTPONKM MMMNYNbCOB, pacCcMaTpMBaeMble B
JaHHOM npuMepe, BKMoYas Tun uMnynbca (nocnegoBatenbHOCTb nMnynbcoB (Pulse Train), nuHerHas
pa3BepTka c waramu (Linear Sweep Steps), nuHeiHas pa3BepTka ¢ Todkamu (Linear Sweep Points) nnm
norapudgmmyeckast passeptka (Logarithmic Sweep)). B paccmatprBaemom npumepe hopMnpoBaHue
MMMyNbCOB MpoUCXoauT B pexnme Linear Sweep Points (nMMHeriHasa pa3BepTka C TOYKaMm).

BeBeguTe napameTpbl 13 Tabnuubl Ha cTp. 9-5. HacTpowiku nmnynbca He COXpaHSATCs OO TEX NOp, NOKa He
Oynet Haxarta kHornka Generate. Npu HaxxaTumn kHonkn Generate COXpaHAKTCA BCE HACTPOMKM
BOCMPOU3BEAEHNS, UIBMEPEHMS N UMMNYIbCA B NEpeYHe napaMeTpoB KOHUrypaumm n Mogenu 3anycka.

[nsa co3gaHusa 1 3anycka nepevyHen napameTpoB KOHdUrypauum uMmnynbca u Mogeren 3anycka:
1. B nepe4He TMNOB MMMynbca Bbibepute Linear Sweep Points.
2. BsepauTe Bce napameTpbl MMMyrbCa B COOTBETCTBYIOLLMX NOMSIX.
3. HaxmuTe kHOMKy Generate B BEpXHEW YacTu 3KpaHa ANsl COXpaHEHUS KOHUrypaumm.
4

Haxmute kHonky Trigger ang 3anycka npowecca hopM1MpoBaH1MS UMNYNbCOB.

KomaHpgbl SCPI| ansa BbiBoAa pa3BepTKU CUNTbHOTOYHbIX MMNYJILCOB

:SOURce:FUNC VOLTage
:SOURce:VOLTage:READ:BACK OFF

:SENSe:FUNC ""CURRent"

:SENSe:CURRent:RSENse ON
:SENSe:CURRent:RANGe 10
:SENSe:CURRent:NPLC .01
:SENSe:CURRent:AZERo OFF

:SOURce:PULSe:SWEep:VOLTage:LINear O, O, 4.15, 100, .0008, 1, "defbufferl™, O,
.019, 1, 1, 10, 0, O

INIT

*WAI
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Paspen 9: TecTMpoBaHve CBETOAMOAOB B UMMYNbCHOM pexuMe PykoBoAcTBO nonb3oBaTens mogenu 2461 Interactive SourceMeter®

BbiBOA rpynnbl CUNIbHOTOYHbLIX UMNYNLCOB
C nomMmoLubio KomaHpg TSP

[MPUMEYAHWNE

Cnepgytowmn kog TSP cnpoekTupoBaH Ans 3anycka ¢ nomolpsto Keithley Instruments Test Script Builder
(TSB, cpeacTBO NOCTPOEHUS CLEEHApPUEB TECTMPOBaHUSA). TSB — 310 nporpamMHoe obecneveHue,
[OCTYMHoe Ans ckaumBaHus ¢ Beb-canTa Keithley Instruments. TSB no3BonsieT co3gaBaTth KOA, 1
paspabaTtbiBaTb CLieHapuu Ans NpMbopoB, NoAAepkuBarLLmx paboty ¢ TSP. MNMogpobHee 06
ucnonb3oBaHuM TSB cM. B oHnanH-cnpaeke k TSB u B pasgene «BeepeHue B paboty ¢ TSP»
«Cnpago4yHo2o pykogodcmea Kk modesnu 2461».

[ns ncnonb3oBaHuUs B APYrMX NPOrpaMMHbIX OKPY>KEHUSIX MOXET MOHaA00MTbCS BHECTU N3MEHEHNS B
TSP kof aToro npumepa.

Mo ymonuyaHutio mogenb 2461 HacTpoeHa Ha MCMonb3oBaHUsA Habopa komaHg SCPI. MNMepea oTnpaBkon
komaHg TSP Ha npubop Heobxoaumo BbibpaTb Habop komaHg TSP B kayecTBe UCMONb3yeMOro.

Umob6bbi paspewums komaHObI TSP:

1. Haxwmute knasnwy MENU.

2. Top System BbIGepuTe Settings.

3. BeblbepuTe kHoOMKy psagom ¢ Command Set n Boibepute TSP.
4. Bam bygeT npeanoxeHo nepesarpy3ntbcs. Boibepute Yes.

MpuBeaeHHbIN HWke Kod nossondeT nonyynTs 100 nmnynbcos ¢ amnnutygon ot 0 go 4,15 B u
anutenbHocTbo 0,8 Mc. B kayecTBe Harpysku BbICTynaeT 3eneHbln CBETOANOA NOBLILLEHHON APKOCTW.
Moka3aHust Toka coxpaHstoTcs B 6ydepe no ymonyaruto defbufferl.

Ansa ebinonHeHusi 0aHHO20 usamepeHusi omrnpasebme c.nedyfou4ue KOMaHObI:

Cbpoc npmubdopa ()
-- HacTpolka napaMeTpoOB MMIyJibCa (OIpenesiseTcs [OJIb30BaTeJIeM) .

configListName = "myPulseSweep™
bias_level = 0

start = 0

stop = 4.15

—— YcranoBuTe 100 TOouek B pas3BepTKe.
points = 100

pulse width = 0.8e-3

MeasureEnable = smu.ON

bufferName = defbufferl

delay = 0

offTime = 19e-3

—— BHIIOJIHUTH PasBepTKy OIOHOKPATHO.
count = 1

XBiasLimit = 1

XPulseLimit = 10

failAbort = smu.OFF

== PasBepTKa BEIIIOJIHAETCA OT HAaUYAJIbHOTO OO KOHEUWHOI'O 3HAUEeHMA, HO HE BEHIIOJIHAETCA IIOTOM B
OOpaTHO MNOpAIKE.

dual = 0

——YCTaHOBKa peXyuMma BOCIPOM3BENEHMA HaNpPAXEHMUA.
smu.source.func = smu.FUNC_DC_VOLTAGE
smu.source.readback = smu.OFF

--Set up the measure functions.
smu.measure.func = smu.FUNC_DC_CURRENT
smu.measure.sense = smu.SENSE_4WIRE
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smu.measure.range = 10
smu.measure.nplc = .01
smu.measure.autozero.enable = smu.OFF

——- OTnpaBka KOMaHIH PAa3BEPTKU MMIYyJbCa IJIS HACTPOMKM MOIEJNM BallyCcKa U IIepeudHen
napaMeTpoB KOHQUITypalLWN.

smu.source.pulsesweeplinear(configListName, bias_level, start, stop, points,
pulse_width, MeasureEnable, bufferName, delay, offTime, count, xBiasLimit,
XPulseLimit, failAbort, dual)

——-VHMIMaImu3aumusa MOIeJin 3allyCKa ¥ OXMIaHME 3aBEPUEHMA.
trigger._model . initate()
waitcomplete()

MpocmoTp pe3ynbLTAaTOB Ha NepeaHen naHenu

BcTpoeHHblie rpadmyeckue pyHKLMM NO3BONSIOT NpocMoTpeTb BAX anoaa Ha akpaHe Ha nepeaHen
naHenu npmbopa.

Ona npocmoTpa rpadmka:
1. Haxmute knasuwy MENU.
2. Mopg View Bbibepute Graph.

Mo ymonyaHuio no ocu x oTobpaxaeTcs Bpems, a Nno ocu y — pesynbTatbl uamepeHusi. Kpome atoro
npunbop No3BONSAET BbIBOAWTL rpadouk 3aBUCMMOCTM TOKA OT HanpsbkeHnsa ans nony4veHms BAX
yCTpOucCTBa.

Ons rpacdmyeckoro oto6paxeHUss 3aBUCUMOCTH TOKa OT HanNpsiXKeHUA:
1. Ha akpaHe rpaduka BbiGepuTe Bknagky Data, pacnonoxeHHy0 B BEPXHEN YacTh aKpaHa.
2. B pasgene Graph Type BbiGepute Scatter/IV.

3. [ns Bo3BpalleHus k rpadomky BeibepuTe Bknagky Graph B BepxHel YacTu akpaHa.

PucyHok 53: BonbTamnepHas KpuBas Ha 3KpaHe nepegHewn naHenm

Graph Scale
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2461-900-01 Rev. A/ November 2015 9-9
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PucyHok 54: Tabnuua ¢ pesynbTataMmu MU3mMepeHus

READING TABLE

Buffer Index Reading Source

91 09/21 2 +0 A +3

92 09/21 21:25:49.117451 +05.7231 A +3.814646 V

09/21 21:25:49.137808 +06.1938 A +3.856566 V
09/21 21:25:49.158199 +06.6713 A +3.898485 V
09/21 21:25:49.178564 +07.1670 A +3.940404 V
09/21 21:25:49.198923 +07.6773 A +3.982323 V
09/21 21:25:49.219305 +08.1977 A +4.024242 v
09/21 21:25:49.239677 +08.7292 A +4.066162 V
09/21 21:25:49.260041 +09.2686 A +4,108081 V
09/21 21:25:49.280414 +09.8130 A +4,150000 V
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Pazpgen 10

3axBaTt MMMNyJrbCcoB BbICOKOW MOLLIHOCTH

CopepxaHue pasgena:

BBEIAEGHUE ..ovvveiiieeiieeeee ettt 10-1
HeoBXoanMOoe OBOPYOOBAHUE .........ceeeieeeiaiiiiiieieae et ee e e 10-1
HacTtporika yaaneHHOro B3aUMOAENCTBUS «....uveeeeeeeeiaiiiieeeeaaeeeaneneeens 10-2
[TOOKIHOUEHNE YCTPOMCTB ..oeeveeeeeeeeeeieieeeeeeeeeeeeeeeeeeeaeaeaeaeaeaeaeaeeeaeaeaeaeees 10-2
Mogaya BbICOKOYACTOTHBIX MMMYMbCOB BOMbLIOW MOLLHOCTY B
LVCTAHLIMOHHOM PEMKUME ...eeiuutueeeeeeettttuiaeseestetstuta s eaeaeesestean s aeaateestasaaaeeaeeeassbanaaeaeeaeeesananseeeeeeessnannns 10-4
BBepeHue

Mommmo TpagnumoHHoro uHterpupytowero ALIM, mogens 2461 Interactive SourceMeter ocHalleHa
ObicTpogericTeytowmnm AL, NO3BONSAIOLLMM BINOSHATE U3MEPEHUST Ha BbICOKO CKOPOCTU C
PYHKLUNOHANBHLIMW BO3MOXXHOCTSAMMW, aHaNormyHbIMn BO3MOXHOCTSIM ocuuniorpada. bnarogaps stomy
nonb3oBaTernb MMeeT BO3MOXHOCTb OCYLLECTBNATL COOP AaHHbIX CO CKOPOCTbIO MUMNIIMOH BbIGOPOK B
CEKYHAY 1 XpaHUTb 40 5 MUMNNMOHOB NOKa3aHUN ¢ BpeMeHHbIMU MeTkaMu. [laHHasa yHKUMS No3BONSeT
OLlHOBPEMEHHO N3MepPATb TOK U HanpsbkeHne 6e3 NoAKMYeHNs AONONMHUTENbHbBIX YCTPONCTB, a bnaroaapsi
paspelueHuto B 18 61T obecnednBaeTcs BbiCOKad TOYHOCTb AaKe Ha BbICOKOM CKOpOCTU. Hanunune
oeicTpogencTaytowero ALIM no3sonsieT ucnonb3oBaTb Moaenb 2461 Ans pelleHns WMPOKOro Kpyra 3agau,
Takux, Kak NpoBepka TemnepaTypHOn HeCTabunbHOCTU Npu oTpuuaTensHoM cmelteHnn (NBTI) n
TeMnepaTypHbI aHann3 nepexofHbIX NPOLEeCcCcoB.

B paccmaTtpruBaemom ganee npuMmepe 4EMOHCTPUpPYETCS UCnonb3oBaHne mogenun 2461 Interactive
SourceMeter ans nony4yeHus paclumMpeHHoro paboyero gnanasoHa, hopmM1MpoBaHns UMMNYNbCOB
HanpsbkeHus Bbicokon MoLHocTK (o 10 A npu 100 B) u 3axBaTa oopM curHana Toka u HanpshkeHust
UMMYNbCOB BbICOKON MOLLHOCTU. [laHHbI cnocob noneseH A5is MPoOBEPKM M NMOMCKa Npobriem B NePEXOAHbIX
npoLieccax BbICOKOMOLLHbIX YCTPOWUCTB.

Heob6xoaumoe obopyaoBaHue
e OpuH npnbop mogenu 2461 1 kW Pulse Mode Interactive SourceMeter®

e [1ns nogknoyeHus K nepegHen naHenyu BoCnonb3ynTech YeTbipbMsi M30SIMPOBaHHbIMK Kabensamu
TMna «baHaH», Taknmm kak Keithley Instruments Model 8608 High-Performance Clip Lead Set (oguH
KOMMIEKT NOCTaBNsAeTCA C Mogernbio 2461, BTOpon NpuobpeTaeTcs OTAENBHO).

e [1ns nogknioveHns K 3agHeln naHenu ucnonb3ynte 1 komnnekt pasbemoB Model 2460-KIT Screw-
Terminal Connector Kit (BxoguT B KOMNMEKT NocTaBku moaenu 2461) unu komnnekt Model 2460-
BAN Banana Test Leads/Adapter Cables (c cooTBeTCTBYIOLWMMM YCTPONCTBAMM AN NOOKIIOYEHUS K

npuoéopy).
e OpawuH kabenb GPIB, USB unu Ethernet ans nogkntodeHus mogenu 2461 K KOMNbIOTEPY



Paspen 10: 3axBaT MMNynbCOB BbICOKOW MOLLHOCTH PykoBoacTBo nonb3oBartens mogenu 2461 Interactive SourceMeter®

Hactpounka yaaneHHoro B3ammoaenucTBus
[aHHas npouenypa BbINOMHAETCA B ANCTAHLMOHHOM peXnMe C NOMOLLbIO Noboro u3 nogaepxunsaeMbix
npubopom TnnoB nHtepgenca ceasm (GPIB, USB unu Ethernet).
Ha cnegytouiem pmucyHke NokasaHO pacrnorfioXXeHue Ha 3agHen NaHenu pasbemMoB A9 NOOKMIYEHNS
yOaneHHbIX UHTEPGENCOB CBA3N.
PucyHok 55: Cxema noakntoueHnsa mogenu 2461 k nHtepdencam yaaneHHOM CBA3MU
3agHAa naHenb mogenu 2461

a

USB GPIB

MoaknoYMTe KOMMNBIOTEP
K OQ4HOMY M3 MHTepdelicoB
yAaneHHoro ynpasneHns

NMoakno4yeHue ycTpoucTB

[ns AOCTMXEHNA MakCcMMarbHON TOYHOCTM pe3ynbTaTtoB U3MepPEHNA N BIINAHNA CONPOTUBNEHNA
noaBoaALLMX 3N1eMEeHTOB Ha TOYHOCTb U3MEpPEHUA Npu BbiIBOAE CUJTbHBIX TOKOB NOAKMIOYNTE MOAENb 2461 K

NnpoBepsieMOMy YCTPOWCTBY MO YETLIPEXNPOBOOHON CXEME.

HAnss mo2o ymob6bI npumeHUMb YembIPexnpPo8odHOLli Memodod:

Moakntounte BoiBoAbl FORCE HI 1 SENSE HI k ogHOMY BbIBOAY MPOBEPAEMOro yCTPOWCTBA.
Mogkntounte BoiBOABI FORCE LO 1 SENSE LO Kk apyromy BbIBO4Y NPOBEPSEMOro YCTPOMCTBA.

BbINosnHUTE NoAkIoYeHe MakcuMarbHO 65IM3KO K MPOBEPSIEMOMY YCTPOMCTBY, YTOObI MCKIMIOYNTD
BMUSIHWE COMPOTUBIEHUS MNOABOASALLMNX SMTEMEHTOB Ha TOYHOCTb U3MEPEHUS.
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Ha pucyHke HWxe nokasaHa cxema BblBOa CUIIbHOTOYHBIX MMMYMbCOB Ha Pe3ncTop.

PucyHok 56: MogkntoyeHne moaenu 2461 K pe3aMcTopy no YeTbIPpexnpoBOAHOM CxemMe

Mogene 2461 SourceMeter®
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Pesucrtop

Ha pucyHkax HuKe nokasaHbl hnsndeckne coegnuHeHns ¢ pasbemMamm Ha nepeaHen u sagHern naHenu.
MoaknoyeHns k pasbeMam Ha nepegHen naHenun oCyLeCcTBNSATCS C MOMOLLbIO 3aLLMLLEHHbIX pa3beMoB
TMnNa «b6aHaH»; NoAKMIYEHME K 3aHEN NaHenun — Ha KnemMmmy ¢ BUHTOBBIM KpenneHnem.

Ha pucyHke HuxXe nokasaHbl COeAUHEHUs ¢ nepeaHen naHenblo. Bel MoxeTe caenaTtb 3T coeaUHEHNS C
NMOMOLLBIO YeTbIpeX M30NMPOBaHHbIX kabenen ¢ pagbeMom Tuna «baHaH», paccunTaHHbIX Ha paboTy ¢
MakcuMarnbHbIM TOKOM He MeHee 10 A, HanpumMep, ¢ NoMoLLbio ABYX Habopos Keithley Instruments Model
8608 High-Performance Clip Lead Set (oanH koMnnekT nocTtaenseTcs ¢ Moaensto 2461).

PucyHok 57: NMopkntoyeHne K pasbemam Ha nepepHen naHenu moaenu 2461
Nno YeTbIPEXNMPOBOAHOMN CXeMe

Force HI

: . Sense HI

Sense LO
Force LO
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Ha pucyHke Hxe nokasaHbl COEAVHEHUsI C pa3bemamm Ha 3agHel naHenu. CoeanHeHUs BbINOMHSIOTCS C
NMoMOoLLIbO KomnnekTa pasbemoB Model 2460-KIT Screw-Terminal Connector Kit (BXxoauT B KOMMMEKT
nocTtasku mogenu 2461) nnu komnnekta Model 2460-BAN Banana Test Leads/Adapter Cables (c

COOTBETCTBYHOLLUMM YCTPONCTBAMM AN MOAKITOYEHMS K Npubopy).

PucyHok 58: MNMogknoyeHne K pa3bemaM Ha 3agHen naHenu mogenu 2461
Nno YeTbIPEeXNpPOBOAHOMN CXeme
Force HI

Sense HI

LED

Sense LO

Force LO

Noaayva BbICOKOYACTOTHbLIX MMNYNLCOB GONbLLUIOA MOLLHOCTU B
ONCTaHLMOHHOM pexume

B gaHHOM npumepe paccmaTtpuBaeTcs HacTponka moaenu 2461 B ANCTaHLMOHHOM peXxnme Ha
reHepMpoBaHue pa3BepTKM MMMYNbCOB BObLLIOK MOLHOCTM C NOMOLLbIO koMaHA Test Script Processor

(TSP®). Bo Bpems kaxgoro nMmnyrnbca CHUMaeTCs NokasaHue Toka.
[ns obecneyeHnst TOMHOTO yNpaBreHUsi CUHXPOHM3aLMeNn HeoBXxoauMO ykasaTb napaMeTpbl MMMyIbCa,
BbIMOSTHUTBL HACTPOWKM BOCMPOU3BEAEHUSI TOKA M UBMEPEHUST HANPSPKEHUS U ONPEeAenUTbL MOAENb 3anycka
ONS ynpaBrneHust CUHXPOHU3aune MMNYbCOB U NU3MEPEHNEM.
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OnpegeneHuve napameTpoB U3MEPEHUSA rPynnbl UMNYNbLCOB

[nsa cozaaHns nepeyHs napaMmeTpoB KOHUrypauum 1 mogenu 3anycka, Heo6xoanMoi Ans AaHHbIX
MMNYSbCOB, B KOMaHAY UMMyJibCa BBOAATCS Criedyolme napamMmeTpbl U3MepeHust UMMyribCoB,
onpeaensoLwme aMmniMTyay U CUHXPOHU3aLMIO PYNMbl MMMYNbCOB. dakTUYeckne BENMYMHBI AaHHbIX
aHanM3npyeMbIx NapaMeTpoB 3aBUCST OT KOHKPETHOTO Cryyast.

NapamMeTp naMepeHus BenuuuHa OnpepgeneHue

configListName myPulses HacTtpolika MMeHu nepeyHs napameTpoB
KOHMrypaumm, cogepallero BennyYmnHbl MMnynbea,
CO3[1aHHbIX COOTBETCTBYIOLLEN KOMaHAOMN.

bias_level 0 A HacTtpolika Toka cMmeLLeHns rpynnbl UMNynbCOB.

pulse_level 10 A HacTtpovika amMnnuTyabl TOKa Kaxgoro MMnynbca ot
HYNeBOro ypoBHSI (He OT YPOBHS CMELLEHUS).

pulse_width 1 ms YcTaHoBKa BpeMeHU Ha ypoBHE aMnnuTyabl Ans
KaXkgoro umnynbca.

measureEnable smu.ON AKTVBM3aLMS U3MEPEHNIA YCTPONCTBA OLMGPOBKN.

bufferName defbufferl OnpepgeneHue bydepa, B KOTopbIi ByayT
COXpaHATbCS pe3yrbTaTbl U3MEPEHHS.

delay 10 ms YcTaHoBKa 3afepku nepes kaxabiM UMNyIbCOM.

offTime 19 ms YcTaHoBKa BpeMeHU Ha ypoBHE CMELLLeHUS.

count 1 YcTaHoBKa Yvcna MMnynbCcoB B rpynne MMMynbCoB.

XBiasLimit 2V YcTaHOBKa orpaHNYyeHns HanpskeHns Mexay

nMmnynbCamMmu Npu BbiIBOAE YPOBHA CMELLEHNA TOKa.

xPulseLimit 21 vV YcTaHOBKa OrpaHUYeHNs HanpskKeHVst BO BpeMSt
UMNynbca Npu BbIBOAE YPOBHS UMMyJIbCa TOKa.

failAbort smu.OFF [MpekpalleHne BbiBoga rpynnbl UMNYMbLCOB
npy NpeBbILLEHNN NPEAENbHOMO 3HaYEeHUS
CMeLLEeHUst Unn NMMynbea.
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Ha pucyHke HWXe JeMOHCTPUPYIOTCSA yKasaHHble NapaMeTpbl U3MEpPeHUs.

PldcyHOK 59: D,Marpamma CUHXpPpOHU3auuun ans AaHHOro npunmMepa

YpoBeHb
W3amepexue u
yCTpoiicTBa \
oLMdpoBKK
c YactoTa
" u3mepenus,
n ycTaHoBMneHHan
a napaMeTpom
Sample Rate
CuelleHue
_____ - ¥ 1\ f A F vnamaman
| | I | |
BmMﬂ ' 'l 'l 'l L
i - l i - l i - l i< » I l
3apepwka ! LinpuHa ! BhiknioueHHoe ! 3apepwKa ! !
I I coctosmmne | | |
1€ ——r » [
t=0 | I g | I [

HMNyneCa

Mopgenb 3anycka KomaHAbl UMNyribca

BCTpoOeHHBbIN aKkpaH HAacTpoeK MMNynbca N AUCTaHUMOHHbIE KOMaHAbl MMMyrbCca NO3BOMSIOT onpeaennTb
MOZenb 3anycka, KoTopyt OyaeT ncnonb3oBatb MoAesnb 2461 Ans oOpMUPOBaAHUS NMMNYITLCOB.
BbinonHeHne komaHabl MMNynbca nnu opMmpoBaHue HaCTPOMKU UMNynbca ¢ NepeaHen naHenun no3songeT
caenatb CHMMOK aKTUBHbIX HACTPOEK BOCNpomnsseaeHUs 1 oundposkm moaenu 2461. [laHHble HaCTPOWKM
COXPaHSTCA B NepeyHn napaMeTpoB KoHdurypauun. lNocne aktuemnsaumm Mogenu 3anycka npubop
BbI3bIBAET HACTPOWNKU, COXPaHEHHbIE B NepeyvHsaX napaMmeTpoB KOHUrypaumm, 3anyckaeT hopMmpoBaHue
uMnynbca u npowecc LmdpoBoro npeobpaszoBaHNsa ¢ UCNONb3OBAHNEM MOCTOSHHbIX 3a4€PXKEK U BbINOMHAET
LIMKNU4eCckme NnoBTopeHns ansg opMmnpoBaHusa ykasaHHOro KonmMyecTsa onpeaeneHHbIX UMNynbCoB.

Mogaenb 3anycka HeobxoaMmo co3gaTtb CHOBA B Ciydae U3MEHEHWs1 HacTPOEK BOCNPOU3BEAEHUS UK
umdpoBoro npeobpasoBaHus (Hanpumep, napameTpoB Sample Rate n Source Readback) n HeobxogumocTu
NPUMEHEHNS AaHHbIX HACTPOEK K BbIGPaHHOM MOAENW 3anycka.
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3anycx BbliBOAA CUJIbBHOTOYHbLIX UMNYJIbLCOB C nepe.quﬁ naHemnun

Ona HacTponkn mogenun 2461 Ha hopMUpoBaHUE UMNYILCOB C NepPeaHeN NaHenM MOXHO UCMoMb30BaThb
akpaH Pulse Settings. lNepen BHeceHeM M3MEHEHUI B HACTPOWKKN Ha 3kpaHe Pulse Settings Heobxoanmo
YCTaHOBWTb AManasoH undpoBoro npeodpas3oBaHns Ha ypOBEHb, COOTBETCTBYIOLLMI amMNANTyae UMMNyNbCa.
B paccmaTtpuBaemom npumepe npubop HacTpanBaeTcsi Ha OPMUPOBAHME TOKA Y U3MEPEHME HANPSXKEHUS.
Mpenen bopmMmnpoBaHMs TOka yCTaHaBNMBAETCS HA aBTOMAaTMYECKUI PEXUM, a npegen nsMepeHns — Ha

20 B.

[Ons nepexopa B 3KkpaH HacTpoek nmnynbca (Pulse Settings):
1. Haxmute knasuwy MENU.
2. B meHto Source BbibepuTe nosmumio Pulse.

Ha skpaHe MeHI0 MOXXHO BbIMONHUTL BCE cneunanbHble HAaCTPONKM MMMYNbCOB, pacCcMaTpMBaEMbIX B
AaHHOM npuMepe, BKYas TN uMnynbca (rpynna umnynscos (Pulse Train), nMHeHasa pa3sepTka
waramu (Linear Sweep Steps), nuHeHasa pasBepTka ¢ Todykamu (Linear Sweep Points) nnm
norapudmmyeckas passeptka (Logarithmic Sweep)). B paccmatpmuBaemom npumepe dhopmmnpoBaHue
UMMNyNbCOB MpoucxoauTt B pexunme Pulse Train.

BeeguTe Bce napameTpbl n3 Tabnuubl Ha cTp. 10-5. HacTporikn nmnynbca He COXpaHATCA 4O TeX nop,
noka He 6yaeT HaxaTa kHonka Generate. [Npu HaxaTun KHOMNKM Generate COXPaHATCA BCE HACTPOMKU
BOCNpPOM3BEAEHMS, OLMAPOBKM U NapameTpoB MMMYbCca B NEPEYHE napaMeTpoB KOHUIypauum n MOLgenm
3anycka.

[Onsa co3paHua u 3anycka nepevyHen napamMeTpoB KOH(uUrypaumum nmnynbca u Mogenemn 3anycka:
1. B nepe4He TMNOB MMMynbca Bbibepute Pulse Train.
2. BsepauTe Bce napameTpbl MMMyrbCa B COOTBETCTBYIOLLMX NOMSIX.
3. HaxmuTe kHOMKy Generate B BEpXHEW YacTu aKpaHa ANs COXpaHEHUS KOHUrypaumm.
4

HaxmuTe kHonky Trigger ans 3anycka npowecca hopM1MpOoBaHMs MMMYbCOB.

KomaHabl SCPI gnsi BbiBoga CUNbHOTOYHbIX MMNYNLCOB

:SOURce:FUNC CURRent
:SOURce :CURRent:READ:BACK ON

:DIGitize:FUNC *VOLTage"
:DIGitize:VOLTage:RSENse ON
:DIGitize:VOLTage:RANGe 20
:DIGitize:VOLTage:SRATe 500000
:TRACe:POINTS 1000000, defbufferl
:ROUTe:TERMinals FRONT

:SOURce:PULSe:TRain:CURRent 0, 10, .001, 1, 1, "“defbufferi’, .001, .099, 2, 21, O

Init
*WAI
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BbiBOoA rpynnbl UMNYSIbCOB BbICOKOM MOLLHOCTH
Cc nomoLwbo KomaHg TSP

MPUMEYAHWNE

Cnepytowmn kog TSP cnpoekTupoBaH Ans 3anycka ¢ nomolpsto Keithley Instruments Test Script Builder
(TSB, cpefcTBO MOCTPOEHUS CLIEHAPUEB TECTMPOBAHMS). TSB — 3T0 NporpammHoe obecneyeHne, JOCTYNHOE
ans ckavmBaHus ¢ Beb-cavta Keithley Instruments. TSB no3sonsieT co3gaBath Koa 1 pa3pabaTtbiBaTtb
cLieHapum ns npubopoBs, nogaepxuBaoLLmx paboty ¢ TSP. MNMogpobHee 06 ncnonb3osaHun TSB cm. B
OHNnaviH-cnpaeke k TSB n B pasgene «BeeneHune B paboty ¢ TSP» «CrnpasoyHo2o pykogodcmea K Mooesiu
2461».

[ns ucnonb3oBaHWs B APYrMX MPOrPaMMHbIX OKPY>KEHUSIX MOXKET NOHaZo0UTLCH BHECTU M3MEHEHNs B TSP
KOZ 3TOro npumepa.

Mo ymonuaHuio mogenb 2461 HacTpoeHa Ha Mcnonb3oBaHUs Habopa komaHg SCPI. Mepea oTnpaBkon
komaHg TSP Ha npubop Heobxoaumo BbibpaTb Habop komaHg TSP B kayecTBe UCNONb3yeMOro.

Umo6bbi paspewums komaHObI TSP:

1. Haxwmute knasnwy MENU.

2. Topg System BbiBepuTe Settings.

3. BblbepuTe kHoOMky psgom ¢ Command Set n Bbibepute TSP.
4. Bam OypgeT npeanoxeHo nepesarpy3ntbcs. Boibepute Yes.

MpuBeAeHHbIN HKe KOA4 NO3BONAET Nony4nTs 1 nMmnynsc ¢ amnnutygon 10 A n anutensHocTbio 1 Mc. B
KayecTBe Harpysku, Npu KOTOPOW BbIBOAATCSA NpUBEAEHHbIE HUXKE AaHHble, BbicTynan pesucTtop 2 Om, 50 BT.
3axsaT popM curHana HanpsxeHus1 U Toka nonyyeHbl co ckopocThio 500 kKBbibopok/c, a nokaszaHus
coxpaHsitotcs B 6ydepe no ymonuanuio defbufferl.

Ansa ebinonHeHusi 0aHHO20 usamepeHusi omrnpasebme c.nedyfouwe KOMaHObI:

—-——C6bpoc npmubopa

reset()
—— HacTpolka napaMeTpoOB MMIyJbCa (OoNpelesigseTCs [IOJIb30BaTeJIEM) .
configListName = "myPulses™

bias_level = 0
pulse_level
pulse_width
count = 1
MeasureEnable = smu.ON

bufferName = defbufferl

delay = le-3

offTime = 99e-3

XBiasLimit = 2

XPulseLimit = 21

failAbort = smu.OFF

—— YCTaHOBKAa peXuMa BEBOIA TOKA.

smu.source.func = smu.FUNC_DC_CURRENT

smu.source.readback = smu.ON

-— HacTporka NnapaMeTPOB M3MEPEHUS -

smu.digitize.func = smu.FUNC_DIGITIZE_VOLTAGE

smu.digitize.sense = smu.SENSE_4WIRE

smu.digitize.range = 20

smu.digitize.samplerate = 500000

defbufferl.capacity = 1000000

—-0OTnpaBKa KOMAaHIEl I'PYNNHE MMIYJHBCOB IJIS YyCTAaHOBKM MOIEJIM 3allyCckKa U [IepedHel KOHQUITypaluu.
smu.source.pulsetrain(configListName, bias_level, pulse_level, pulse width, count,
MeasureEnable, bufferName, delay, offTime, xBiasLimit, xPulseLimit, failAbort)

——— VHuumammMszaumsa MOoLOesin 3allyCKa M OXMIaHMEe 3SaBepleHUA.

trigger.model . initiate()

waitcomplete()

10
le-3
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NMpocmoTp hopMbl U3MEpPSAAEeMOro CUrHarna Ha nepegHen naHenu

BcTpoeHHble rpadmyeckue yHkLMM NO3BONSOT npocMoTpeTb BAX anoaa Ha akpaHe Ha nepeaHern naHenu
npubopa.

Ona npocmoTpa rpadmka:
1. Haxmute knasuwy MENU.
2. Mopg View Bbibepute Graph.

Bug otobpaxkaemoro Ha akpaHe rpadmka 6yaeT 3aBuceTb OT TuNa BbibpaHHoro macutaba (Scaling). YTobbl
nony4nTb 0630p BCEX AaHHbIX, YCTAHOBUTE HACTPONKY MacluTabupoBaHus no ocu X Ha BapuaHT All.

Y106bI U3MEHUTb HAaCTPOMKY MacluTabupoBaHUA Ha BapuaHT All:
1. B BepxHeh yacTu sKkpaHa rpacmka BoidepuTe Bknaaky Scale.
2. B meHo X-axis Method BbibepuTe All.
3. B BepxHelt yacTu skpaHa BbibepuTe Bknagky Graph, 4utobbl BEpHYTHCS K 0TOBpaxkeHuto rpadumka.

Mocne Bbibopa HacTpowikn All Ha 3KkpaH BbIBOAMTCS rpadhuk, Kak nokasaHo Ha pucyHke Huxke. Nocne aToro
nyTemM cBefeHus 1 pasBefeHus nanbLeB MOXHO BblibpaTb U yBENUUUTE MHTEPECYIOLLME YacTu rpacdmka. Ha
crnegyowem pUCyHKe NokasaH yBENWYEHHbI BapMaHT NOy4EHHOW (DOPMbl BOSHbI.

PucyHok 60: OToGpaxeHue popMbl HaNPSXKEHUSs
nocne oundpPOBKN Ha IKPaHe NepegHeN NaHenu

Graph

+20.00V
+18.00V
+16.00V
+14.00V
+12.00V
+10.00V
+08.00V
+06.00V
+04.00V
+02.00V

+00.00V | + t
00.00ms 02.39ms 07.17ms

PucyHok 61: OTo6paxxeHue ¢popMbl HaNPSXKEHUs
nocne oundpPOBKU Ha IKpaHe NepeaHeN NaHeNnu B yBeNIM4eHHOM MacluTabe

Graph Scale

+20.82V
+18.50V
+16.19V
+13.88V
+11.56V
+09.25V
+06.94V
+04.62V

+02.31V

+00.00V
|
[T H 1.059ms 1.323ms 1.587ms 1.851ms 2.115ms 2.379ms
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OanHoBpeMeHHbIN NPOCMOTP CUrHANOB NPU BOCNPOM3BEAEHUN U
ouncpoBke

B naHHOM npuMepe Mbl BKMtoYaem yHKLMI0 3XOCHUTbIBAHUA UCTOYHMKA Ans 3axBata hopMbl curHana
MCTOYHMKA TOKa 1 hopMbl OLMPOBAHHOIO cUrHana HanpskeHusl. Mpubop nosBonseT HanoXxuTs obe
hOpMbI CUTHATIOB Ha OAMH rPadouK C LieNblo 0OHaPYKEeHUS BPEMEHHbIX 3aBUCUMOCTEN MeXay ABYMS
curHanamu. JaHHbIi cnoco6 no3BonsieT NoyyYnTe NogpobHyo uHopMaLuto 06 MMMNYIbCHOW
XapaKTepUCTMKe NCCreayemMoro ycTponcTea.

[na otobpaxeHus popmbl curHana BocnpomnsseaeHus Toka, xpaHswerca B defbufferl:
B BepxHel yacTu akpaHa rpaduka Bbibepute Bknagky Data.

Bbibepute Add Trace B npaBon YacTu 3KpaHa.

B cnucke 6ydepoB ¢ nokaszaHusimu Bblbepute defbufferl.

Beibepute Source B cnucke Buffer Elements.

o~ w N

B BepxHel yacTu akpaHa Bbibepute Bknagky Graph, utobbl BEpHYTECS K 0TOBpaxeHuto rpadmka.

MoapobHee 06 onepauumsx ¢ rpacdmkamm cMm. B «CnpaBo4YHOM pykOBOACTBE K Moaenu 2461». Ha rpacuke
oTobpaxaloTcsa Kak KpyBasi BOCNPOM3BEAEHUs, Tak U KpuBasi oLMdpoBku. [yTem ceBegeHns 1 passegeHust
nanbLeB Ha CEHCOPHOM 3KpaHe MOXHO YNpaBnsiTb OCbO Y akTUBHOM KPUBOM M oCbio X 06enx kpuBbIX. [ns
nepekrni4veHna Mmexay aktTuBHbIMU KPUBbIMU HAXXMUTE Ha KHOMKY C VI306pa)KeHVIeM KpVIBOI7I B HKHEWN neBon
YyacTu aKpaHa.

PucyHok 62: ®opmMbl ounchpoOBaHHOro curHana HanpsKeHust
M CUrHana MCTOYHMKA TOKA Ha 3KpaHe nepegHen naHenu

Graph Data Scale

|
0.808ms 1.192ms 1.576ms 1.960ms
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