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OfiepKaHUe KOJIOHKH He OyIeT ompene-

JISITBCSL KaKUM-THO0 3apaHee HaMedeH-

HBIM IUTAaHOM, B Hell Oy/[yT OTCIIe)KIBATh-
51 HOBOCTH B TAKUX 00JIACTSIX CTPYKTYPHOTO Te-
CTHPOBAHUS IJIEKTPOHUKH, KaK TEXHOJIOTHS
rpanngHoro ckanuposanus (I'C), BHyTpucxeM-
noe tecrupoBanue (ICT) u TecTonpurogHoe
mpoekTupoBanue. TeMaTHka MaTepuanoB OyzeT,
pasyMeeTcsl, 3aBHCETh U OT HHTEPECOB YUTaTe-
JIelt, aKTUBHOCTH MX 0OPaTHOM CBSI3U C pefiak-
1ueit kypHaaa KuT 1 aBTopoM KOJIOHKH, Ha KO-
TOPYIO I OT BCEil IyIIIN HAfICI0Ch U 3apaHee BbI-
pakaro CBOIO IPHU3HATENIBHOCTH. [Tocie BhIXOa
B cBeT KypHaiaa KuT KoloHKa [OSBUTCS U Ha
Be6-caiite KypHaima www.kit-e.ru.

B oT0i1 KOJIOHKe 51 OyZly BBIpaKaTh CBOE MHe-
Hue (a Takke MHEHME MOMX KOJUIET U3 KOMIIa-
Huu StarTest) o 06CysKaeMbIM BOIIPOCAM.
TosbpKo 9TUM (2 OTHIONb HE HECKPOMHOCTDIO)
Oyzet 06ycioBieHo 6oJiee NN MeHee 9acToe
yrnotpebeHe MHOIO MECTOUMEHUS IEPBOTO
JIAIA eIUHCTBEHHOTO YHCIIa.

Koporxo o cebe. 5 umero 6oiee yem 30-met-
HUI onbIT (B YKpauHe u Mspamie) paspaboTox
B 06JIaCTH CTPATEruil TECTUPOBAHUS JJIEKTPOH-
HBIX cxeM. O61acTh MOMX HayYHBIX HHTEPECOB,
IIPEIIONaBaTeIbCKOM U HHKEHEPHOI IesITeIbHO-
CTH OXBAThIBAET METOMIOJIOTHU TeCTOIPHUTIOIHO-
ro npoextuposanust (DFT) u TexHoMOrNM rpa-
uuuHoro ckauuposanus JTAG (IEEE 1149.1,
1149.4, 1149.6, 1532, 1500, P1581 u 1. 11.). B Te-
YeHHe MHOTHX JIET 51 pab0Tai0 B IPOMBIIIIJICH-
HOCTH BBICOKHX TeXHOJIOTHI 3panist Kak cxem-
HBII aHAJIUTHK U pa3pabOTINK IIPOTPAMM Tec-
THPOBAaHUS Pa3HOOOPASHBIX IJTEKTPOHHBIX
Y3JI0B U CHCTEM U HAKOIIHMJI 3HAYHTETbHBII
OIIBIT IPAKTUYECKOM PAaOOTHI CO BCEMU U3BECT-
HBIMH cucTeMamu reHepanuu rectos I'C. Most
aKajleMUYecKast JIesiTeIbHOCTh CBSI3aHa C IIpe-
[IOfIaBaHHEM KYPCOB OCHOB TECTOIIPUTOJHOTO
MPOEKTUPOBAHMSI U TEXHOJIOTUI I'PAHUIHOTO
CKaHUPOBaHUs Ha (PaKyIbTeTe KOMIIBIOTEPHBIX
Hayk EBpeiickoro yHuBepcutera B Mepycanu-
Me U B KOJUIE/Ke BBICOKHX TeXHOJIOruit B [epir-
Jn. 51 aBTOp MHOTOYHCIEHHBIX CTaTeil B 001a-
CTH CTPYKTYPHOTO TECTUPOBAHHUS B 9JIEKTPOHU-
Ke, U3JaHHbIX B M3panne, Poccun u Ykpaune,
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U TecTonpumrogHoe npoekTnposaH"ue

HoBas konoHka, KoTopas BriepBble NOABAAETCS B 3TOM HOMepe XXypHana, 6y-
Aet nybnukKoBaTbCs eXXeMecsAUYHOo, NpeacTaBnas coboi kpatkue 063opbi OT-
AeNbHbIX aCNEKTOB CTPYKTYPHOrO TECTUPOBAHHUS U TECTONPUIrOAHOrO NPOoeK-
TUPOBAHUA INEKTPOHHbIX CXEM U Y3J10B.

a TaxoKe pAzia 3agBoK Ha natenTsl CIIA B ool
obacTH.

B o6LIeHNH ¢ YUTATEISIMI MOl KOJIOHKH 51
OyIy UCXOMUTH U3 NIPeIIOI0KEeH s, UTO OHY,
KaK MEHIMYM, 3HAKOMBI C IPE/IMETOM Ha YPOB-
He, yyKe H3JI0KeHHOM B OITyOJINKOBaHHBIX CTa-
ThAX IUKIa «OCHOBBI TEXHOJIOTUH I'PAHUIHOTO
CKaHMPOBAHHS 1 TECTOIIPUTOIHOTO IIPOEKTUPO-
BaHHA» B MOCKOBCKOM KypHase «[IpousBonct-
BO aseKTpoHuUKH» (I1D) u3marenpckoro goMa
«DNeKTPOHUKAY. DTO, B YaCTHOCTH, TIOTpa3yMe-
BaeT UCIIOJIb30BaHNe IIOHATHI 1 TePMIHOB, BBE-
IeHHBIX ¥ 00BICHEHHBIX B YKa3aHHOM IIHKIIE,
a TaKKe MHOTOYKCIIEHHBIX ab0peBuatyp 6e3 Ka-
KHUX-JINOO IOIOTHUTEIBHBIX OObSICHEHUIT BBI-
Iy OTPaHUYEHHON I1e4aTHOH IUIOIIAN KOJIOH-
KH B JKypHaJe.

[Tuxi crateit B [19, ny6nukanus KOToporo
HPOJIOJIKAETCS, 3aIyMaH KaK BBeleHUe B HAIIpaB-
JIeHHe COBPEMEHHOTO CTPYKTYPHOTO TeCTHPOBa-
HHA ¥ TeCTOIPUTOTHOTO IIPOEKTUPOBAHUS IIe-
YaTHBIX IUIAT 1 3JIEKTPOHHBIX MOJIyJIell, KOTOpoe
HOJTYYIJIO YPE3BBIYAHO ITIPOKOE PACIIPOCTPa-
HeHUe B MUpe 3JIEKTPOHHKH 3a TI0CIeTHIe Oe3
Majoro Ba gecsartka jet. K magary 2009 roga
yoKe OITyOJIMKOBAaHBI BT CTaTell 3TOr0 IIUKIIA
13 20 — o6Iero 3aITAHIPOBAHHOTO UX YUCIIA.
Bce 9T cTaThH 110 Mepe BBIXOJa CBOOOHO [0~
CTYIIHBI TaKoKe Ha caiite www.Start-Test.com
B paszene StarTest in Russia. B moeit xonoHKe 51
6yny ccputathest Ha Hux B hopmare [I10. Tom. Ne].

ITudposas rexnonorus I'C (wmu Boundary-
Scan), onpenensiemas crannaprom IEEE 1149.1,
y’Ke MHOTO JIeT UCIOJIb3YeTCs KaK He3aMeHHU-
MBIil HHCTPYMEHT IIPH TeCTHPOBAHUH YCTPOKCTB
C OrpaHWYEHHBIM JTOCTYIIOM K BBIBOZIAM HHTET-
panbHbIx MuKpocxeM (HC). TToBceMecTHOE Ipu-
MeHeHHe MHOTOCJIOMHBIX NedaTHbIX raT (ITIT)
¢ MC B xop1rycax, U3rOTOBJIEHHBIX 110 TeXHOJIO-
russm BGA, COB u QFP, mano HOBBIN MOIIHBIIMA
TOJIYOK PAa3BUTHIO ¥ IPHMEHEHHAM 9TOH TEXHO-
soruy. 'paHIYHOE CKAHUPOBAHHE HCIIONb3YeT-
Cs1 TAaKoKe KaK CPeICTBO TOCTYIIAa K pasHOOOpas-
HBIM BHYTpeHHUM perucrpam MC nys Habmio-
JIeHUs 33 X COCTOSHHUEM B IIpoliecce OTIaKU
[I1. MckmodnTensHO MUpoKo TexHomorust I'C
HPUMEHACTCS TAKKe U1 BHY TPHCXEMHOTO PO~

rpammuposanus FIC (In-System Programming,
ISP) 1 BHYTPUCHCTEMHOTO KOH(QHTYpPHPOBAHUS
(In-System Configuration, ISC) ycTaHOBIIeHHBIX
Ha [1I1 naTerpanpubix MuKkpocxem ITJIMC,
FPGA n mpyrux, a Takke «IIpOKUAT» CMOHTHPO-
BauHbIx Ha [1IT UC DCIII3Y u duam-namsti.

Texuonoruu I'C npepcTaBisioT co60i COBO-
KYIIHOCTb IPaBIUI IpoekTrpoBaHus IC, pesyin-
TaT IPUMEHEHHS KOTOPBIX IT03BOJISET IIPH IIOMO~
I CIIeIUAIBHBIX IPOrPaMM TeHEePAIuH TeCTOB
CYILIECTBEHHO YIPOCTUTH IPOBEPKY HPABIIILHO-
CTU MOHT’Ka (a HHOTZa U PYHKIIHOHUPOBAHUE)
CJIOKHBIX ITU(DPOBBIX, aHAJIOTOBBIX U THOPHIHBIX
I1I1, y3noB 1 cucreM. OCHOBHOE IIPEUMYIIIECTBO
CJIeJOBaHNS CTaHAAPTAM STHX TEXHOJIOTHIA (& IX
B HACTOsIIIIee BPeMsI CYIIeCTBYeT HeCKOJIbKO) 3a-
KJII0YAeTCsl IMEHHO B TOM, 4TO 3TH CTaHJAPThI
II03BOJLTIOT IPe06Pa3oBaTh CIIOXKHBIE (IOPOit —
O4YeHb CJIOXKHBIE) 3aJJadll TeCTUPOBAHUS COBPe-
MeHHbIX [TIT 1 MofyTeil B MeTONUIeCKH CTPYK-
TypPHPOBAaHHBIE 3a/[a4IL, JIETKO PelllaeMble IIPH 110~
MOIIIH IOCTYIIHOTO AIIIaPaTHOTO M IIPOrPaMMHO~
TO 06ecIIeYeHH L.

[Mpoxoe npumenerue Texuoxoruit I'C mpo-
GyarII0 HOBBLI U 3HAYUTENIBHBII HHTEPeC K Me-
TOJHMKAM TeCTONPUTOJHOTO IPOEKTHPOBAHI
(Design-for-Testability, DFT), HeckoIbKo yrac-
IV 32 TOIbI TOOEHOTO IIIECTBUS METOIOB BHY-
tpucxemuoro tecruposanus (In-Circuit Test,
ICT) B anexrponuke B 80—-90-e rofp! MpouuIo-
ro BeKa. DTOT HHTepec 00y CIOBJIEH MHOTOKpAT-
HO I0Ka3aHHOU HEBO3MOKHOCTBIO 9 (eKTUB-
HOII peanusanuu TexHosoruit I'C 6e3 npena-
PUTEIBHBIX YCIJIMIA ¥ 3aTPAT B paMKaX METOZIOB
TeCTONpHUTrogHOro npoexTuposanus (TIIIT).
CremyeT OTMETHTb, 9TO 6€3 ydeTa U PeaTbHOro
BOILIOIIEHNSI B CXeMOTeXHHKe METO/IOB U IIpa-
B TIITI, MHOTHe U3 KOTOPBIX SIBILSTIOTCS 9M-
IMUPUIECKIMH 110 CYTH, He TOJIBKO HeBO3MOJK-
HO IIOCTPOUTH paboTarommuii Tect I'C ¢ 3amer-
HBIM (111 3apaHee 00YCIOBICHHBIM) YPOBHEM
HOKPBITHUS IepeKTOB, HO 1 obecrednTsb addek-
THBHBII (B IIPHeMIIeMBIX BPeMEHHBIX PaMKax
U ¢ IpUeMJIeMbIM YPOBHEM 3aTpaT) IpPOIece
BHYTPUCXeMHOTO IIPOrpaMMHUpoBaHus (koHdu-
TYPUPOBAHNSI) U/IJIH «IIPOKUTA» IPOrPAMMU-
PyeMBIX KOMIIOHEHTOB. [3/IiIITHe TakKe rOBO-
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PHTB O TOM, 4TO Herectonpurogusie I1T1 BbI-

HY’)KIAIOT HeCTH 3HAYHTeJbHbIE (A 3a9acTyIO

IIPOCTO HellpHeMJIeMble) SKOHOMHIECKHE ITOTe-

PY IIPU UX IPOHU3BONCTBE, OTIIANKe, OOCITYKHU-

BAaHUH B QYHKIHOHAIBHOM PEXKUMe HIIH «TOpsI-

4eM pe3epBe».

Crextp TeM, KoTopble OyyT OXBadeHBI B MO~
eil e/KeMeCTIHON KOJIOHKE, B OCHOBHOM COBIIAJIET
¢ HabopOM TeM YIOMSHYTOTO IIUKJIA CTaTeil B [1O:
1. lucdposoit cranpapt I'C IEEE 1149.1.

2. SI3pik onmcanus crpykryp I'C (BSDL) u no-
CJIellOBaTe IbHBII BeKTOPHBI hopmat SVE.

3. Ilpunnuns! 1udposoit texxonoruu I'C, a-
TOPUTMBI U TECTBI.

4. TecronpuronHoe IPOEKTUPOBAHIE B TEXHO-
norusix I'C mrs T111, momyseit u cucrem.

5. Ananorossrit cragaapt I'C IEEE 1149.4 u yco-
BeprrencTBoBaHHBIN cTaHAApT ['C IEEE 1149.6
st nudepennnanpubix LVDS-niereit.

6. Buyrpucxemuoe kongurypuposanue (ISC)
B cranzapre IEEE 1532.

7. KoHTaKTHBIE METO/IBI ¥ CPEICTBA CTPYKTYP-
Horo tectuposanust (ICT, Flying probe).

8. CrcTeMbl pa3pabOTKH TeCT-IIPOIPAMM U IOJI-
nepsxku I'C BeqyIIux MHPOBBIX GHPM.

9. Tennennuu passutus rexuosnoruit I'C u Ho-
Bbl€ CTaH/IAPTHI.

Ha pucynxe 1a cxeMaTU9HO II0Ka3aHO B3PbI-
BOo6pasHoe passuTHe TexHouorui I'C 3a mo-
crneHAe 6e3 Mastoro 20 JreT. DJIeMeHTBI STUX CXeM
U CTaHyT IIPEMETOM PACCMOTPEHH s B HOBOI KO-
JIOHKe.

YcIerHo mpoospKaroIasics: pa3paboTka Bee
HOBBIX ¥ HOBBIX cTaHapToB I'C BpI3BaHa 1TOCTO-
SIHHO Y CJIOXKHSIOIIIMUCS IIPO6JIeMaMH TeCTU-
posanus MHOrocnoiHbIX 111 ¢ orpaHuYeHHBIM
IIOCTYTIOM, HeOOXOIIMOCTBIO 00eCIIedeH s IIPO-
TOKOJIa BHYTPUCXEMHOTO ITPOrPaMMUPOBAHUS
ITJIMC u FPGA, coBMecTHMOr0 C IIPOTOKOJIOM
TeCTUPOBAHUS, a TAKKe MHOTOYHMCIEHHBIMHI
npo6iaemamu tectuposanust CBMC tuma «cuc-
teMa-Ha-Kpuctauie» (CuK) u cBsI3u 9THX HPO-
6mem ¢ TectupoBanueM I1I1. (DTi IpUInHBI yKa-
3aHBI Ha puC. 16 B roay0ObIX paMKax.)

ITepBast u3 HHX, Han6oee PyHTAMEHTaIbHA,
nopopuia nudposoit craunapt I'C 1149.1, mpo-
eIl y)xe Tpu Mogudukanuu (8 1990, 1993
n 2001 rogax), OH IPUMEHSETCS B TECTHPOBA-
HHH 3JIEKTPOHUKHI BO BCEM MUPE, a TAKKe BeCh-
Ma IIOIIYJIIPHOE €T0 pacIuupeHue Ha quddepen-
nuanbable LVDS-mienin — 1149.6. AHasoroBoe
pacuupenue crangapra I'C (1149.4) moxa He
CHHCKAJIO 0000 IIOYJSIPHOCTH B CIUTY pszia
06CTOSITENIBCTB, OHAKO 51 YOEKIEH, 4TO €ro Ja-
CTUYHBIE YPe3aHHbIe BEPCUU OYeHb CKOPO yC-
IeIIHO BOH/JYT B apceHaJ CXeMOTEXHUKOB
1 TeCcT-HHKeHepoB. [Ipo6IIeMbl TeCTHPOBAHUS
3Y B Texnonoruu I'C ”HUIUIPOBAIA Pa3paboT-
Ky HoBoro cranziapta IEEE P1581, yreepxnenue
KoToporo oxkupaercs B 2009 roxy.

YroMsAHyTBIe YeThIpe CTAHIAPTA, a TAKKE CTaH~
mapt [EEE 1532, 06yciaBinBaoIInil BHyTPU-
CXeMHOe KOH(GUIypUpOBaHHe (IIPOrPaMMHUPO-
BaHMe U Iepenporpammuposanue) KC, obcry-
JKUBAIOT TeHepaIbHOe HallpaBJIeHNe IPUMEHeHHs
texnosoru# I'C, cBA3aHHOE C OTJIA/IKOM IIPOTO-
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cuctem npu cbopke
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Muorocnounblie MM
C OrpaHWUYEeHHbIM 4OCTYNOM

€]

Pacwwuperue 'C

Ha 06befUHsIOLYI0

CUCTEMHYIO niaty
(SITA

TectoBoe
[C-06cnyskusaH1e
cucTeM Ha obbexTe

PucyHok. Passutie TexHonoruu MC

tunoB [1IT u I'C-TectupoBaHneM KadecTBa MOH-
taska [1IT 1 c60pKH y3JI0B 1 CHCTeM. DTO HaIpaB-
JIeHHe TT0Ka3aHO Ha cxeMe (pHC. 16) meHTpaIbHOI
CTpEJIOi, ero IeJleBoe COOOIIECTBO — Pa3paboT-
4YHUKU cxeM U TecT-umkeHepsl I1I1. Y cnoxuenne
Y3JIOB 1 CHCTeM M HeOOXOIUMOCTb TectoBoro I'C-
OOCITy’>)KMBaHHS CUCTeM Ha 00beKTe BBI3BAJIO Pa3-
PabOTKY CUCTEMHOTO PACIIHPEHNS TeXHOIOT UK
I'C nyist TecTupoBanust coBokytHocTelt 11T, 065~
e/IMHAEMBIX CUCTEeMHOH IUIATOM. DTa MHUIAATU-
Ba, HasbiBaeMmasi SJTAG, 1oxa errie He opopmu-
JIaCh B 3aKOHYEHHBIH CTAH/IAPT, HO AKTUBHO Pa3-
PpabaThIBAETCSI MHOTUMU KOMITAHHSMU.
JpyruM 1eneBbIM COOOIIIECTBOM, Ha KOTOPOE
HampasJieHsl Texnosnorun I'C, ABIAI0TCA pa3pa-
6oranku cnokabix CBMC u CHK, nmmpoko npu-
MeHSIOLIIe MOayIbHOE poekTuposanue MC
C HCTI0JIb30BAHKEM 3aHMCTBOBAHHLIX Y3JI0B 1 IP
1 JKeNalolye COKOHOMHTD Ha Pa3paboTKax Te-
cros 111 CBMIC B 1esioM 3a cyet UCrosnbp30Ba-
HHA 9aCTHBIX T€CTOB 3aHMCTBYeMBIX Y3708 u IP.
3aTpathl Ha pa3paboTKy Takux TecToB 1yt FIC
CTOJIb BEJIUKM, YTO UX BTOPUYHOE IPUMEHEHHe
IJIA TeCTUPOBAHUA NIPABMIBHOCTH MOHTaXKa

CBUC na ITIT npencraBisiio Obl CyNiecTBEH-
HBIIT IIPOPBIB B HOBBIIIIEHNN 9D PEKTUBHOCTH
paspaboTku TecToB s coxubIX I1I1. OT0,
B CYIIIHOCTH, U SIBHJIOCH IPHYNHOI Pa3pabOTKI
craragapra IEEE 1500, pactipocrparusmiero I'C-
UJIE0JIOTHIO Ha BHYTpeHHIoI0 cTpykTypy CBHC.
Eme onwn HOBHBIN I'C-cTanmapt IEEE 1149.7,
OTIpefIeJISTIONIII TaK Ha3bIBaeMble KOMITAKTHBIE
I'C-crpyxrypsl, nHTEpdEIiC KOTOPBIX COAEPIKUT
TOJIBKO [IBa KOHTAKTA, OY/IeT TAKKe YTBEpIKIeH,
o-BUAUMOMY, B 2009 roxy.

B unTepecax 060UX yIIOMSHYTBIX COOOIIECTB
TeCT-MHXeHEePOB MHOTHeE KPYITHbIe KOMITAHUN
(Agilent, Cisco, LogicVision, Qualcomm u 1p.)
AKTHBHO pa3pabaThIBAIOT ellle OnuH HOBBII [ C-
craugapt — IEEE P1687, oberaommuit crath
IHIEPBBIM, B CYIIHOCTH, ctaHaaprom TTIIT (DFT).
Wpes cramapTa 3aK/I109aeTCs BO BCTPAaMBAHUN
B pagpabatsiBaembie CBVIC 1 CHK crerpaibHbIX
HHCTPYMEHTOB, B3aHMOJIEHICTBIE KOTOPBIX 1 C KO-
TOPBIMHU B TOU MJIU HHOI MOZH(DUKAIINK IPOTO-
xosa I'C obectieqnr Kak Tecrorpuropaocts CBHC
CaMHX II0 ce6e, TaK 1 TeCTHPOBAHKE IPABUIBHO-
CTU UX MOHTaKa Ha nmosepxHocru I1I1.
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