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BBepeHue

ToyHoe cTaTucTuyeckoe MogenuposaHne KMOI nonynpoBoaHUKOBbIX NprbopoBs Asist
onpegesieHns BoNbT-aMNepPHbIX 1 BOSbT-dbapagHbix xapaktepuctuk (BAX, BOX), a Takxe
BY xapakTepuctuk, Tpebyet c6opa 3HaUYMTENBLHOIO KONMYECTBA Pe3ysibTaToB U3MEPeHUN
Ha Pas3NINYHbIX NACTUHAX NPU Pa3HbIX TemnepaTypax. Pa3paboTunku Mofenen nocTosH-
Horo Toka 1 BY Mopenei [omkHbl B3sTb Ha BOOPYXXEHWE TEXHONOMMW MOAENMPOBAHNS,
KOTOPbIE COAEPKAT CII0XHbIE aBTOMATU3UPOBaHHbIE U3MEPEHNUSI Y BO3MOXHOCTU

3¢ deKTUBHON 06pabOTKN AAHHbIX AJ18 BbINOAHEHMS PACLUMPEHHOMO CTAaTUCTUYECKOrO
aHanu3a v Mogenuposanus (puc. 1). NMporpaMmHoe o6ecrneyeHne aBTOMaTU3MPOBAHHbIX
MN3MEPEHU JOSIXKHO coYeTaTb B cebe cnocobHOCTb yNpaBnsATh 30HAOBLIMU CTAHLMAMM,
MaTpUYHBIMU KOMMYTaTOpPaMu U TEPMOKaMepaMu B COOTBETCTBUM C 3apaHee OnpefeseH-
HbIMM KapTaMu NI1acTWH, C BO3MOXHOCTbIO 3anycKa KoMmniekca nsmepenui BAX, BOX

1 BY xapaKTepucThK € MCnosb30BaHNEM PassiMyHbIX NPUBOPOB — OT NapaMeTpUYECcKuxX
TecTepoB [0 CNeLnann3npoBaHHbIX YCTPONCTB. KpoMe Toro, M3MepeHHble AaHHbIe
LOJXKHbI ObITb COOTBETCTBYHOLLMM 06pa3oM 06paboTaHbl Ansi pacyeTa OCHOBHbIX 3IEKTPU-
YecKuMx napameTpoB, Takux Kak Vth, ldmakc, unm fT
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McxopoHble cBepeHUsA

CoBpeMeHHOe nporpaMMHoe obecneyeHne 30HL0BbIX CTAHLMIM NO3BONAET 04eHb 3PPEKTUBHO yrpaB-
NIATb NO3ULMOHMPOBAHNEM, KOPPEKLUEN U KOMMEeHcalnen TeMnepaTypbl, HO EMY He XBaTaeT r’MBKOCTU
015 NOAAEPXKKM NOMNOJIHAEMbIX OUONNOTEK NOJSIb30BATENIbCKMUX U3MEPEHUI 1 KOMMJIEKCHOM NocTobpa-
6OTKM U aHaNn3a OaHHbIX.

Komnanusa Keysight Technologies npepnaraeT KOMNEKCHOE peLlleHMe A1s aBTOMaTU3K-
poBaHHOro namepeHus BAX, BOX n BY xapakTepucTuK, KOTOpoe NOMOraeT UHXXEeHepaM,
3aHMMalLWMMCS MOAENIMPOBaHMEM U Pa3paboTKo NoslyNnpPoOBOAHUKOBLIX MPUBOPOB, NMOBLICUTD

3 EKTUBHOCTb M3MEPEHU Ha MOJTyNPOBOAHUKOBOM MNAACTUHE NPU Pa3INYHbIX TEMNepaTypax.
PeweHue IC-CAP Wafer Professional (IC-CAP WaferPro) Ha 6a3e CAMP IC-CAP (Integrated Circuit
Characterization and Analysis Program) nossonsiet appeKTUBHO ynpaBasaTb xapakrepuorpadpamum,
aHanusaTopamu uenen, 30HA0BbIMU CTAHLMUAMU, MAaTPUYHBIMU KOMMYTaTOpaMu, TepMOKaMepamu,
a TaKXKe MOLHbIMW NapaMeTpuyeckmumm Tectepamm Keysight cepuin 407x n 408x.

MO IC-CAP WaferPro, unterpuposaHHoe B CAMP IC-CAP, o6nagaet npemMMyLLecTBamMu ee MOLLHON
n3MepuTenbHON 6a3bl U NPOrPaMMHON cpefbl. 3TO NO3BOJISIET UCMONb30BaTh 6MGANOTEKY 3addek-
TUBHbIX CTAaHAAPTHbIX NPOLEAYp U3MepeHus (Hanpumep, afanTUBHbIE afirOPUTMbl U3MEpPEeHUs),
MOMOTatoLLY0 3HAYUTENTbHO COKPATUTb 06LLee BpeMs n3MepeHuit. [1ocKonbKy cTaHOapTHbIe Npo-
Luenypbl u3amepeHunn pabotatot B cpepe IC-CAP, To MOXKeT ObITb BbIMOJIHEHA NPOCTas UK CNIOXKHas
nocto6paboTKa pesynbTaToB M3MepEHUit (HanpuMep, pacyeT Mo TOYKaM U3MEPEHUI UM NoKa3aTe-
nen KayecTBa, UCKNoYeHne BY KOMNOHEHTOB M NpsiMas aKCTpakumsa Mogenei). B gaHHOM foKyMeHTe
npvBeneH o6wmnin 0630p BO3MOXKHOCTEN, kKoTopble peann3osaHbl B CAMP IC-CAP 2014.04.
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Puc. 2. OkHo npoekTa WaferPro (onpefenerue KapTbl NnacTuHbl)
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3a4a4n N3MepeHnn ona MoaenmpoBaHus

MN3MepeHus, npoBoanMbIe AN MOLENIMPOBAHMA NOMYNPOBOAHUKOBLIX MPMBOPOB, KaK NpaBuio,
6osiee ToYHble, 6osiee NosHbie U, ClIef0BaTeNbHO, 3aHNMaKWwme 6onblue BpeMeHu, YeM 0bblYHbIe
NPON3BOACTBEHHbIE M3MEPEHUS. 15 MU3MEPEHUN, BbINOHAEMbIX MPU NPOU3BOLCTBEHHOM TECTU-
POBAHMU, [OCTATOYHO BbIS10 Obl OCYLLECTBNATL YNpaBieHne 30HA0BOW CTaHLMEN U NPOBOAMUTL MO
OOHOMY M3MepeHUIo B TOUKe. A ANs Toro, 4Tobbl 0XapaKTepU30BaTb BAWSIHUE TeMMNepaTypbl Ha
Mofesnb NonynpoBOAHUKOBOro npubopa, HE06xoANMO NPoOBEeAEHME KaK TOYEYHbIX, TaK U CBUNUPYIO-
LNX N3MEPEHUI, KOTOPbIE OO/IKHbI BbITb MOBTOPEHbI MPU HECKOIbKMX TeMnepaTypax (06bI4HO npu
Tpex). Ons Tunosoro MOMM Texnpouecca noslydeHne OaHHbIX 418 BCEN NapTMmM NAacTUH NMPU KaXKaomn
TeMnepaType TPebyeT HECKOJIbKUX FEOMETPUYECKUX U3MEPEHUI, @ TAKKE N3MEPEHUIN EMKOCTU U
napamMeTpoB p-N NEPEXOAOB, YTO MOXKET 3aHATb HECKOIbKO YacoB. [ToBTopHas CTMPOBKA Noaynpo-
BOAHWKOBOW NAACTVHbI U 30HA0BON CTaHLMM NOCNE U3MEHEHUSI TeMMepaTypbl SIBsSieTCS 0CO6EHHO
CIOXKHOM 3a4ayen 13-3a TenJI0BOro pacluMPEeHmns NiacTUHbI BO BCEX HanpasfieHmsax (B TOM yncne no
ocu z). Ans aBTOMaTM3MPOBAHHOMN KOCTMPOBKMN HEOBXO4MMbI C/IOXKHbIE aJirOPUTMbI C MUCMNOJTb30BaHM-
€M TeXHOJIOTMM ONTUYECKOro Pacrno3HaBaHWs, B MPOTUBHOM Cilyyae Npw BbIMOJTHEHUU HOCTUPOBKM ONS
Ka)kgomn TeMnepaTypbl NoTpebyTCcs pyYHble onepauunm.

[lns npouecca N3MepeHusi, 3aHMMAILLEro HECKOJIbKO YacoB UM Jaxe AHEN, BaxHa 3DEKTUBHOCTb
6e3 ywepba ans TouHoCcTU n3MepeHus. NporpaMMHoe obecnedyeHne, ynpaBnsioLee aBToMaTm-
31POBaHHLIMU U3MEPEHMAMU NPU Pa3IMYHbIX TEMNepaTypax, AOJIKHO paboTaTb COBMECTHO C
CO6CTBEHHbIM MPOrPaMMHbIM 06ecrneyeHneM 30HL0BON CTAHUMM U TAKXKE C KaXKAbIM UCMOJIb3yEMbIM
M3MepUTesibHbIM NprMbopoM. [1na OOCTUKEHUS MaKCUMabHON 3PGEKTUBHOCTU U S UCKITHYEHUS U3
npouecca M3MepeHus 6pakoBaHHbIX NPUBOPOB UM KPUCTaNO0B, NPOorpamMMHoe obecrneyeHmne Takxe
LONXHO OblTb B COCTOSIHUM KOHTPOIMPOBATb UCNPABHOCTb MOMYNPOBOAHUKOBOI0 Npubopa 1 LenocT-
HocTb KpucTannos UC, a 3aTeM Ha OCHOBE pe3ynbTaToB UCMbITAHUI PELLUTb, MPOAOXKATL N3Mepe-
HUS, 060MAA TEKYLWMIA NPUBOP UKW KPUCTANI, UM NOSTHOCTbIO MPeKpaTuTb n3MepeHus. Kpome Toro,
BaXXHO MMETb BO3MOXHOCTb OTCJIEXKMBATb pPe3y/bTaThl B X04e NpoLueaypbl TECTUPOBAHMWA A5 TOrO,
4YT0ObI 3adMKCUMpPOBaTh JIHOObIE YCIOBMS 0TKA3a, 0 KOTOPbIX Co0bLaeTcs.

TaK Kak 3T0T 06WMPHbIN HAaBop AaHHbIX 3aTEM aHaNU3UPYeTCs, YTOBbl CTAaTUCTMYECKM ONpeaennuTb
TUNoBoi Habop NpnbOpPOB, KOTopble ByAyT UCMONIb30BATLCA ANS IKCTPAKLMU MOAEeNU, He06X0AMMO
3bbEeKTUBHO yNpaBnaTb 60bLIMMY 06beMaMM faHHbIX U aHANIM3UPOBAThb UX.
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MNpenmywectea CAIP IC-CAP WaferPro

MporpammHoe obecneyeHme W8510 IC-CAP WaferPro npeactaBnset cobom pelieHue, oTBeyawLlee
aKTyanbHbIM TPEBOBAHNAM K M3MepeHUto xapakTepucTuk. OHo 6bino pa3paboTaHo COBMECTHO C rpyn-
nov MoAeNnpoBaHNs NONynpoBOAHUKOBLIX Npubopos komnaHuu ST Microelectronics. WaferPro pa6o-
TaeT Ha nnatdopme CATP IC-CAP B kauecTBe [ononHuTeNbHOro npunoxeHus. OkHo npoekTta WaferPro,
npuBefeHHOe Ha puC. 2, MO3BONSIET NOJIb30BATENSM HAacTPanMBaTh NiaH TECTUPOBAHUS, COAEPXKALLUMN
KapTy NiacTuH u nHbopmaumio o nonyrnposogHuMKkosoM npubope. N0 WaferPro BzaumogeincTeyet ¢
anpoM CATMP IC-CAP 1 ncnonb3yeT ero BCTPOEHHbIE U3MepUTeSibHbIe ApaiBepbl, @ TAKXe BO3MOXKHOCTMU
MOLeNIMPOBaHUS, NPOrPaMMUPOBAHUS U FPAaPUKM.

MO IC-CAP WaferPro no3BonisieT npoBOANTb MOSTHOCTbIO aBTOMATU3NPOBAHHbIE U3MEPEHMS C MOMOLL b0
NosyaBTOMaTUYECKMX U MOSTHOCTbIO aBTOMAaTU3UMPOBAHHbIX 30HA0BbIX CTAHUMIA U COLEPXUT ApaniBepbI
PasnIMYHbIX NONYASPHbIX YCTAHOBOK.

Kak ynoMunHanock paHee, Takue napameTpuyeckue tectepbl kak Keysight cepum 407x B coueTaHumm

C aBTOMATUYECKUM HOCTUPOBOYHBIM YCTPONCTBOM 30HL0BOW CTAHLIMM, KOTOPbIE NOAAEPKMBAIOTCS
OCHOBHbIMM NOCTaBLLMKaMN 30HA0BbLIX CTAHLMI, UMEIOT KIlo4eBOe 3HaYeHne Npu NpoBeaeHUmn
3bdeKTUBHbIX aBTOMATU3NPOBAHHbIX U3MEPeHNU Npu pas3nnyHbix Temnepatypax. M0 IC-CAP WaferPro
obecrneymBaeT MaKCUMasibHY MMBKOCTb, MOALEPKMBAS HEMNOCPEACTBEHHOE YpaB/ieHNe napame-
Tpuyeckumu Tectepamm Keysight, a Takxke ynpoLiaeT cxeMy U3MepeHusi BNaoTb A0 0AHONPUBOPHOro
pewenus (Hanpumep, B1500A + B2200A). B otiMume 0T Apyrux NpUIoXKeHUin, KOTopble MoryT 6biTb
OrpaHuyeHbl onpeaesieHHbIMU U3MepUTENbHbIMM NPUBOPaMM MU TUNAMK 30HA,0BbLIX CTAHLWI, MPK
O[HaXAbl CO30aHHOM NyaHe TecTupoBaHus unu panne npoekta, M0 IC-CAP WaferPro cMoxeT ynpaBnsTb
PasfMYHbIMU CUCTEMAMM TECTUPOBAHUS, UCMOb3YOLWMUMM Pa3findHbIe U3MEPUTESIbHBIE NPUBOpPLI. 3TO
Mo3BONSET UHXKEHEPAM ONTUMU3NPOBATL UCMOJIb30BaHWE NabopaTopHOro 060pyA0BaHUS.

IC-CAP WaferPro npenctaBnsieT cobon pelleHmne «nog, Kny», KOToOpoe BKJIOUYAET psj, BCTPOEHHbIX

B cpeny CAIP IC-CAP cTtaHgapTHbIx npouenyp nsmepeHus BAX, BOX n BY xapaktepuctuk. MowHas
OoTKpbITas nnatdopma npoektupoBaHus IC-CAP nossonsieT nerko o6aBnaTh cneumanbHble N0Sb30Ba-
TeNnbCKWe npouenypbl UV 3afaBaeMble Nosib30BaTeNIeM anropuMTMbl pacyeTa NoKasaTenen KavecTsa,
(Hanpumep, V,, &ns MOM MUC Ha nocTosiHHOM ToKe, Unn f, ansa BY N3MepeHunn).

M0 IC-CAP WaferPro no3BonsieT coxpaHsaTb pe3yfibTaTbl pacYeToB MU U3MEPEeHUI No ToukaM B dannax
dopmatos CSV Hapsaay ¢ uHdopmaLmein o nosynpoBoaHMKoBoM npubope (puc. 3). JaHHble n3MepeHnit,
noJly4yeHHble B pe3ysibTaTe CBUNMPOBaHUS, Takme Kak BAX, BOX unu kpmeblie S-napaMeTpoB, COXpaHs-
totcsa B dannax IC-CAP MDM. MO WaferPro Mo>xeT 6bITb MCMOSIb30BAHO AN KOHTPONS TEKYLUMX U3Me-
PeHWI, NpMYEeM aHaNM3 1 NPOBEPKA NOSYYEHHbIX HA AAHHbI MOMEHT Pe3y/iIbTaTOB OCYLLECTBIATCA
OLHOBPEMEHHO C NOCNEeAyOWNMU N3MEPEHUSIMU. Pe3ynbTaThl U3MEPEHWI MOXKHO 3arpy3unTb 06paTHoO B
cpeny WaferPro ons gansHeiwein 06paboTku (Hanpumep, ans KannbpoBKM eMKOCTM 1 T. M.).

T Example_MOS_DC_CV_advanced.xml - IC-CAP Wafer Professional (WaferPro) (=1l 10 WaferPro moxet pa 6oTaTb
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Puc. 3. UndopmaumoHHas Tabnuua nonynposogHukosoro npu6opa 8 WaferPro (npeactasnenue npo6 kapThi)
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Kak pabotaet IC-CAP WaferPro

M3mepuTenbHas cpefa cogepxut asa danna mogenen IC-CAP (Mpoueaypa u Opaiisep) v MeHegxep
nnaHuposanus Tectos WaferPro (puc. 4). B coctas mogenu Mpoueaypbl BxoanT 6ubnnoteka name-
PEeHUI; Kaxkpasa npoueaypa NpeacTaBneHa o4HUM UCCeflyeMbIM MPUBOPOM U1 ero N3MepuTENbHbIMU
cxemamu. @aiin Mopenu [ipanBepa coAepXUT ApaniBepbl NOAAEPHKUBAEMbIX 30HA0BbIX CTaHLU,
MaTpPUYHbIX KOMMYTaTOPOB U TEPMOKaMep.

)

I e e
o

File Edt Tools Measure ‘Windows Help iy

Nelf@oDheFE®

e © vetmoberven O vitpecven £ 1| @ [ | —

RelickTest

Puc. 4. N0 WaferPro umeet BcTpoeHHbIN nHTepdenc ans obmeHa gaHHoiMu ¢ CAMP IC-CAP

BTopou yacTbio pewenuns WaferPro sensaetcs okHo npoekta WaferPro. 3To okHo npefocTaBnseT gocTyn
K napameTpaMm KapTbl NnactuH (puc. 2), Tabnuuam npubopos (puc. 3), a TakKe K UCXOLHBIM U KOHTPOS1b-
HbIM J@HHbIM NJlaHa TecTupoBaHus (puc. 5).

B Hauase cocTaB/ieHMs NnaHa TECTMPOBAHMA ONUCLIBAKOT NAACTUHY, KpUCTaNMbI U NOANOXKKY. Ha
BTOPOM LUare CO3A4at0T CMUCOK «LieseBbIX NpUBopoB», BbiGMpas Npubopsl, U3MEPEHMS KOTOPLIX MOTYT
6bITb BbINOJSIHEHbI M0 0ANHAKOBOMY afiropuTMy (HanpuMep, yCTPOMCTBa NOCTOSAHHOMO TOKa, EMKOCTHbIE
CTPYKTYpPbI U T. A.)
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Puc. 5. CTpyKTypa BaHHbIX KapTbl NIacTUH 1 NnaHa TectupoBanus WaferPro
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Cnenytowmm atanom 6yAeT co3faHue «LLaroB U3MepeHus XapakTePUCTUK», CBA3bIBAOLMX NpoLeaypy
W yCNoBus U3MepeHui (Hanpumep, MHGOPMaLMS 0 CMELLeHWI, BPeMsl UHTEFPUPOBAHUSA U T. A4.) ANs
KaX[oro Cnucka uenesbix Npubopos. Ha nocnenHeM atane B niaHe TECTUPOBAHUSA onpeaensercs
nocnenoBaTeslbHOCTb LLIAr0B U3MEPEHMS XapaKTEPUCTUK NPUMEHUTENbHO K YKa3aHHbIM NacTUHaM,
CMWCKaM KpUCTasJIOB U TeMnepaType.

[pw BbINONHEHUM NNaHa TecTUpoBaHus 3anyckaetcs BTopon npouecc CAIMP IC-CAP gns BbinonHeHUs
nfiaHa TeCTMpoBaHuWs B kKayecTee GOHOBOM 3aAauu. B no6oi MOMEHT B MpoLecce BbINOJIHEHUS NNaHa
nonb30BaTeslb MOXKET NOCMOTPETb BCEOOBLEMITIOLLMI XKYPHAS, B KOTOPOM OTPAXEHO TEKYLLEe COCTOsIHUE
BbIMOJIHEHUS MaHa TECTUPOBAHMSA U pe3ynbTaThl KaXKA0ro OTAESIbHO B3ATOr0 TecTa, BKo4as nobble
OTKa3bl MV NPeaynpeXKaeHns ¢ COOTBETCTBYIOWMUMMU KOMMeHTapuamu (puc. 6). [locTyneH TaKkxe
NPOCMOTP Pe3ynbTaTOB KOHKPETHOro TecTa NyTeM ero Bbi6opa M OTKPbITUS COOTBETCTBYHOLLEr0 OKHA C
rpadukamu.
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Puc. 6. CTpaHI/ILl,a BbIMOJIHEHUA NMJIaHa TeCTUPOBAHUA U codepXKaHue XXypHasjia C BO3MOXHOCTAMU gucnses. Ha

LUCNnel TakKe BbiBeleHa HGOPMaLMs 0 TECTUPYEMOM YCTPOMCTBE W BCEX Pe3ysibTaTax BblUMCIIEHWI (MK AaHHble
OTAESIbHbIX U3MEPEHMI), BKITKOYEHHAs B 3Ty Npoueaypy.

3aKkwyeHue

M0 IC-CAP WaferPro npepctaBnsieT coboi caMoe MOLLHOe CpeacTBO TECTUPOBAHUS, CreLmanbHo pa3pabo-
TaHHoe anst nsmepeHun BAX, BOX n BY namepeHuin npu MogennpoBaHum NoaynpoBOAHMKOBLIX NPUBOPOB.

370 roTOBOE K MPMMEHEHMI0 NPOorpaMMHoe obecrnedeHne paboTaeT ¢ pasaInYHbIMU UCMbITAaTENIbHBIMU KOM-
nieKcaMu, 30HAOBbIMU CTAHLMSIMU U U3MEPUTESIbHBIMU NPUBOPaMK, B TOM YUC/ie C apaMeTpUYeckumm
Tectepamu Keysight.

* B0 BX0OAMT psifi BCTPOEHHbIX U3MEPUTESIbHBIX MPOLLEAYpP M OHO SBNSETCS AOCTAaTOYHO F'MOKMUM, NO3BONAS
noJsib30BaTesIIM CO34aBaTh COOCTBEHHbIE NPOLIEAYPLI MU3MEPEHUI U pacyeToB Npy nocneaytoLLen obpa-
60TKe JaHHbIX.

10 coBMecTMMO ¢ MoaysieM 6a3 gaHHbIx IC-CAP Database, 4To o6ecneynBaeT 0CHOBY A5 PACLLUMPEHHOrO
CTaTUCTUYECKOrO aHaNIM3a M MOLESTMPOBAHUS.
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