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[IpencraBnena SKcneprMeHTaNbHAas YCTAaHOBKA JUISI HWCCIEAOBAHUS CTOMKOCTH IIOJMYIPOBOJHHMKOBBIX IPHOOPOB K
BO3CUCTBHIO AIIEKTPOCTATUYECKOrO paspsga METOIOM HMITylbca JIMHUM Iepenaud. JlaHHas yCTaHOBKA I103BOJSIET
U3MEpSTh HWMITYJIbCHBIC BOJBT-aMIIEPHBIC XapaKTEPHCTHKH ITOMYIIPOBOIHUKOBEIX HMPUOOPOB M 3aIMTHBIX JJIEMEHTOB, a
TaKKe MMPOBOJUTH UCCIEN0BAHNE CTOMKOCTH MUKPOAIEKTPOHHBIX YCTPOUCTB K 3JEKTPOCTaTHUECKOMY Pa3psily, B TOM YHUCIIE
n 0e3 WX paspymieHus. YCTaHOBKa OOECHEeYMBACT CO3JaHHE HCIIBITATENIFHBIX WMITYJIbCOB HANPSDKEHUS HPSMOYTOJIBHON
¢dopmer gimurensHOCTHIO 100 HE coracHo cranmapty IEC62615 n obecnieunBaeT aMILIUTYLy UMITyJIbCa TOKa paspsina 1o 10
A.

1. BBEJIEHUE

CrolikoCcTh K BO3ACHCTBHIO AeKTpocTarnueckoro paspsga (OCP) sBusercs BaxHOU
XapaKkTEPUCTUKOM  DIEKTPOHHBIX  KoMIoHeHToB [l, 2]. Jlng  ompeneneHuss  CTOMKOCTH
MOJTYIIPOBOJHUKOBBIX TMPUOOPOB M uHTerpanbHbix MukpocxeM (MUMC) k BosneiictBuio OCP
MPUMEHSETCST HECKOJIbKO Mojened BozaeictBuss OCP B 3aBUCMMOCTH OT HCTOYHHKA pa3psija.
Haunbonee ymorpeOuTensHBIMU SBIAIOTCA MoAenb Tena denoBeka (human body model, HBM) u
MOJIeNb 3apshkeHHOTo KoMrioHeHTa (charged device model, CDM), KoTOpble HMHTHUPYIOT CHUTYAIIHIO,

KOIZla HOCUTEJIEM 3apsa SIBISETCS YEJIOBEK WM HEMOCPEACTBEHHO AIEKTPOHHBIN KOMIIOHEHT [2, 3].
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[TpOMBIIITIEHHOCTh BBINTYCKAE€T YCTAHOBKU JUISI MCHBITAHUS 3JICKTPOHHBIX KOMIIOHEHTOB COIVIACHO
TaHHBIM MoZENsAM. Pe3ynbTaroM UCHBITAHUNA TNPU TOMOINM JAHHOTO OOOpYHOBaHHS SIBISETCS
3aKIIIOYEHUE O TOM, BBIAEPIKAJ JIM JIEKTPOHHBIN KOMIIOHEHT paspsi/ C 3aJlaHHBIM HanpspkeHuem. Jis
KOHCTPYHUPOBaHUS HOBOW 3amuThl 0T DCP win yiaydlleHus CyLECTBYIOIIEH 3a4acTy0 HEJOCTaTOUHO
naHHOM umHpopmauuu. TpebOyercs wHccienoBaTh — BOJBT-aMIepHble  XapakrepucTuku  (BAX)
MOJTYTIPOBOJHUKOBBIX MPUOOPOB MPH BO3ACUCTBUHM JOCTATOYHO MOIIHOTO HMMITyJbCa TOKAa MaJlon
IuTenbHOCTU. Takke momoOHble M3MepeHHs TPeOyroTCs ISl CXeMOTEXHHUYECKOTO MOICITUPOBAHUS
BozaeiictBus DCP na UMC [4].

[loBeneHne SIEKTPOHHOTO KOMIIOHEHTa NPU BO3IACHCTBUM UMIIyJbCa TOKa C OOJBINOWMA
aMIUTUTYIO0N (10 HECKOJBKUX aMIiep) U Majod IUTeNbHOCThIO (Topsaka 100 HC) HE MOXKET OBITh
MIPOMOJICIMPOBAHO, €CJIM HW3BECTHBI TOJbKO BAX, monyueHHble NpU TPAAULMOHHOM METOAMKE
M3MEPEHHI Ha MOCTOSTHHOM TOKe [5], mnbo skcTpanonsuueid BAX, n3mMepeHHbIX mpu MasioM Toke. [lox
BO3/ICHCTBHEM OOJBIIMX HMMITYJIbCHBIX TOKOB B TIOJYIPOBOAHUKOBBIX NPUOOPax MPOSBISIOTCS
pa3nuyHble HeTMHEeHHbIe 3G QeKThl. Takke B Mapa3uTHBIX OUMOJISPHBIX TPAH3UCTOPAX, 0OPa3YIOLIHXCS
MEXy 00NacTsIMu CTOKa, ucToka U kaHaga MOII-TpaH3uCTOPOB, MPOSBIAETCS TUPUCTOPHBIN APPEKT.
Ha nannom s>ddexre ocHoBana pabora 3ammtel Ha MOII-TpaH3ucTOopax ¢ 3a3eMJIEHHBIM 3aTBOPOM,
MPUMEHSEMON B CXeMOTEXHUKE COBPEMEHHBIX LU(POBBIX U aHanorossix MMC.

CymectBeHHO Oosiee MH(DOPMATUBHBIA METOJ] MCCIIEIOBAHUS CTOMKOCTH TOJTYIPOBOIHUKOBBIX
npubopoB k BozneiictBuio DCP W mporekaromux Mpu 3ToM (PU3HYECKUX MPOLECCOB OCHOBAaH Ha
MCTIOJIb30BAaHUH TPSMOYTOJIBHOTO UMITyJIbCA JMHUHU Tnepenayd (transmission line pulse, TLP) [6, 7].
Metonuky ucnsitanuii TLP pernamenTtupyer mexayHaponassiii crangapt IEC 62615:2010. I[punnun
nercteusg TLP-ycTaHOBOK XOpOIIO M3BECTEH, HO MX KOHCTPYKTHBHBIE HCIIOJHEHHUs, KOTOpBIE B
3HAUUTENIFHOW Mepe OIpEeaesioT TOYHOCTh W3MEPEHUH, MPAKTHUECKU HE OMHCAHBI B OTKPBITHIX
UCTOUHHUKaX. 3apyOexkHass npombiieHHOCTh (pupmbr ThermoFisher 1 HPPI GmbH) Beimyckaer
YCTaHOBKM il u3Mepenus BAX nonynpoBogHMKOBBIX IpubopoB meronoMm TLP, mpenHazHaueHHbIE
IUId TIPUMEHEHUS] B MUKPOJIEKTPOHHOM IIpou3BoAcTBe. Ho oTeuecTBEeHHBIE ammaparHble peLIeHMS,
peanu3yonue JaHHbIe METO/bI, OTCYTCTBYIOT. YCTaHOBKA, IpEAJIOKEHHAs B pabore [8], ucmomnbiyer
HUMITYJIbChl MUKPOCEKYHJIHOTO JMana3oHa, YTO HEIOCTaTO4HO s omnpexneneHus croiikoctu MMC k
BozzeiictBuio  JCP.  CymecTBylomue 3apyOeXHble pEIIeHHS Takke TpeOyloT NpUMEHEHHUs
JOPOTOCTOSIILIETO JIOTIOTHUTEIBHOTO 00OPYIOBaHMs, TAaKOro KakK COIIacOBaHHbIE 50-OMHBIC JAaTUYUKU
TOKa M HampspkeHus a8 uudpoBoro ocimwuiorpaga. Ilpennmaraemas B gaHHOM — paboTe
SKCIIEPUMEHTAIbHASL YCTAaHOBKA ITO3BOJISICT MPOBOAMTH HCCIeI0BaHUE UMIYIbCHBIX BAX meromom
TLP, wucnomnb3yst CTaHIapTHOE H3MEpPHUTEIbHOE O000pydOBaHHE, KaK IPaBUJIO, HMEIoIIeecs B

HCCIIE/IOBATENIbCKUX JTa00paToOpusX W Ha MPUOOPOCTPOUTENBHBIX MPEANPUATHIX. Pe3yapraTsl TaHHBIX



Puc. 1

I/ISMGpGHI/Iﬁ MOTYT OBITh HUCIIOJIb30BaHbI JJIA KOMIIJICKCHOTI'O HUCCICOOBaHUA CTOMKOCTHU

MOJTYIIPOBOAHUKOBBIX ITprbopoB u UMC k Bo3aelictBurio DCP.

2. UBMEPEHUE UMITYJIbCHOU BAX METOZOM UMITYJIbCHOI'O PA3PSIJIA OT
JJIMHHOM JIMHUN

Turmmunas BAX snementa 3amutel or DCP, ocHOBaHHOTO Ha THpPUCTOpPHOM 3ddekte [9],
[0Ka3aHa Ha puc. 1.

[Ipy nOCTMKEHHWH TOPOTOBOTO HAMPSOKEHUS V; aKTHBHPYETCS THUPHUCTOPHBIA APQEKT, u
HAaIpSDKEHUE HA 3alllUTHOM JJIEMEHTE CKAauKoM yMEHbIIaeTcs A0 V. Eciu TOK udepe3 3aliuTHBIA
SNIEMEHT TPEBBIIIACT BEJIWYHMHY [, TO MPOUCXOAUT HEOOpATUMBINA TEIUIOBOW MpoOoifl. B pesynsrare
u3MepeHus umnynscHod BAX  TpeOyercs  ompedenuTh  JaHHBIE [ApaMeTphl, a  TaKxke
muddepeHnraIbHOe CONPOTUBICHUE Ry 3aIIUTHOTO 3JI€MEHTa:
Vo=V
It2 _Ih
Kpome Toro, merox TLP mnozBomsier uccienoBarb He Tonbko BAX monmynpoBOIHMKOBBIX

Ry = ()

npuOOpOB, HO U MU3MEHEHHUsI BONBT-(apagHbIX xapakTepucTuk (BDX) mom3arBOpHOro AMAIEKTPHUKA
noji BO3ZeWcTBUEM moOBTOpstommxcst uMiyinbcoB OCP. B pabore [10] ykazaHo, uTO uMeercs
cleqyomas 3aBUCUMOCTb YHUCJAa 3apsioBbIX JIOBYWIEK (Jy, TEHEPUPYEMBIX B IOA3aTBOPHOM

JURJIEKTPUKE, OT KOJIMYeCTBAa UMITYIbCOB Nesp DCP:

rae k, C — osMmmupuyeckue Oe3pasMepHble KodppuuueHTH. [eHepauus 3apsaoBBIX JIOBYLIEK B
MO3aTBOPHOM JH3JIEKTPUKE MOXKET NMPHUBOAUTH K mapamerpuueckoMmy otkazy UMC. Paspabortannas
YCTaHOBKA IO3BOJISIET MPOBOJAUTH NMOAOOHBIE UCCIIEAOBAHMSA, 3TUM OHA OTIMYACTCS OT MPOMBIIUICHHO
BblITyCKaeMbIX TLP-ycTaHOBOK.

Pa3zpaGoranHast ycTaHOBKa peanu3yeT uaMepeHue ummyinbcHbIx BAX meromom TLP [6-8].
JIaHHBIN METOJ OCHOBAH Ha TOM, YTO KOAKCHAIIbHBIN KaOelb, 3apsHKeHHBIN OT UCTOYHUKA ITOCTOSIHHOTO
TOKa J0 HEKOTOPOT'O HAIpPSKEHUS, 3aT€M pa3pspKAeTCs B COIIACOBAHHYIO LIEIb, B KOTOPYIO BKIIFOUEH
UCCIIeTyeMbIil TTONyNPOBOAHUKOBEIN KoMmoHeHT (device under test, DUT). Ilpu paspsige AIMHHOM
JUHUM B COIVIACOBAHHYIO HAarpys3Ky, COIPOTHBIIEHHE KOTOPOH paBHO BOJHOBOMY COIIPOTHUBIIEHHIO
JTUHUM, (OopMa MMITyJIbca TOKa paspsiaa OyaeT ONM3KOW K MpSMOYToibHOM. J[MUTeNbHOCTh MMITyIbCa
3aBHUCHUT OT JUIMHBI Ka0ellsl, a aMIUIUTY/Ia TOKA pa3psaaa—0T HAPSHKEHUS BBICOKOBOJIBTHOTO UCTOYHHKA.

JIMUTEeNbHOCTh UMITYJIbCA T ONPEIEISETCS U3 CIEAYIOIIETro BeIpaxeHus [7]:

— 3)
CKshort
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Puc. 2

rae L — nnuHa kabenis, ¢ — CKOPOCTh PaclpOCTPAHEHUs AIIEKTPOMAarHUTHBIX BOJH B BaKyyMe, a Kishort—
kodpdunment ykopodeHus: kabems. Jlns kabeneil co CIUIONIHOW TMOJNMATHIICHOBOW H3OJISAIUCH,
moxo6HbBIX RG-58, Kshort=0.66.

bnok-cxema ycTaHOBKM IOKa3aHa Ha puc. 2.

OTpe3ok koakcuanpHOro Kabemns TL 3apspkaeTcss OT MCTOYHHUKA MOCTOSHHOTO HAmNpshKeHUs Vo
gyepe3 3apsIHbIA Pe3UcTop Ri M0 HAMpPSDKEHUS, ONpPENesieMOro 3THM HMCTOYHUKOM. JlnmHa kabens
ycTaHoBieHa paBHOM L=10 M, 4YTO, COIIacHO BBIpAXEHUIO (2), COOTBETCTBYET MJIUTEIHLHOCTU
umnynsca 100 He. Takas IMTEIBLHOCTh UMITYJIbCA peKoMeHn0BaHa ctanaapToM IEC 62615:2010. ITpu
HEOOXOIMMOCTH MOKHO TOJKIIOUUTH OTPE30K Kabens APYroil UIMHBI U TMOJYYHTH JUINTEIBHOCTH
umnynsca B npeaenax or 50 He 1o 500 He. [Tpu 3TOM HMKHSASI TpaHULIA ONPEAEIAETCS Mapa3UTHBIMU
napaMeTrpamMu (MHAYKTUBHOCTBIO M €MKOCTBIO) N€YaTHOW IJIaThl M KOHTAKTHPYIOIIETO YCTPOMICTBa,
KOTOpbIE HAYMHAIOT BHOCUTH CYIIECTBEHHBIC HCKaXEHUS B (GOpMy HMIylIbca. BepxHsas rpaHuma
JUTNTEIFHOCTH HMIIYJIbCA OTpaHWYeHa rabapUTHBIMU IIOKa3aTesIMU KaTYIIKM KaOems, KoTopas
MOAKIIOYAeTCs K YCTaHOBKEe, W 3aTyxaHuemM B KkaOeme. [l WMMITyJIbCOB MHUKPOCEKYHIIHON
JUTUTENTFHOCTU  11eJIeCO00pa3HO HCIOJIb30BaTh T'E€HEPaToOphl, MOJOOHBIC PEIICHUIO, OMMCAaHHOMY B
pabote [8], xak Oonee xoMmmakTHble. B maHHON ycraHoBKe ucmnonb3yercs 50-OMHBIN KOaKCHATbHBIHN
kabenb RG-58 nmu6o RG-316. Ilpu 3ambikaHnuu KOHTAakTOB pene Ki mpoucxoaut paspsa kabems.
@unbrp HIWKHUX yacToT (PHY) dhopmupyer ¢ppoHT mmmynbca Toka paspsiia. B cocraBe ycTaHOBKH
ucnonbyercs [1-o6pa3ubiii LC-¢unbTp Ha KOMIOHEHTAX JJIs1 HOBEPXHOCTHOTO MOHTaXa ¢ BXOIHBIM U
BbIXOAHBIM umnenancoM 50 Om. Yacrora cpeza @HY 100 MI'1 cooTBETCTBYET BpEMEHM HapacTaHUS
umnyneca Toka paspsaa 10 He. ITocne ¢unbrpa BriaroueH arreHtoatop (ATT) c 3aryxanuem 10 nb u
umnenaicom 50 OM. ATTeHI0ATOp MO3BOJISIET COIIAcCOBaTh BOJHOBOE CONPOTHBICHHE Kabens u
UCCIIETyeMOT0 MONynpoBoaHuKoBoro mpubopa DUT, KOTOpBIN MOAKITIOYAETCS MEXKIY BBIXOIOM
aTTeHroaropa u 3emieil. Mcnonb3oBaHue MpOCTON CXEMBbl C HArpy3Koi JIMHMM Ha conpoTusieHue 50
OM B aHHOM cily4yae HE PEKOMEHAYeTCs K MPUMEHEHHUIO, TaK KaK TeCTUPYEMbI KOMIIOHEHT OyaeT
BKJIIOUYEH MapajlieIbHO Harpy3ke, M TakuM oOpa3oM Harpy3ka JUIMHHOW JUHMM OyIeT CHIBHO
ommmyatbest oT 50 OM, YTO TMpUBEAET K HMCKAXEHUIO (OPMBI MMITylbca. B TaHHON KOHCTPYKLUHU
YCTaHOBKM O0BEKTOM HcHbITaHuil sBisorcs MMC B kepaMHYecKHX KOpIycax ¢ IUIaHApHBIM
pacrnoI0KEHUEM BBIBOJIOB, YCTAHOBIIEHHBIE B CIIELIMAJIBHOM KOHTAaKTUPYIOLIEM yCTpolcTBe. JlaTdankom
TOKa CITY>KUT O€3bIHAYKIIMOHHBIN pe3ucTop conpoTtusieHreM | OM, BKIIOYaeMblil B pa3pbIB IIEH TOKA
paspanga. JlaTdyMkoM HampspKeHUsl CIOyXHUT aenutenb HanpsbkeHus (JIH) Ha Oe3bIHIyKIIMOHHBIX
pesucropax ¢ koddduimeHTom nenenus 1:40 u cormacoBaHHBIM BBIXOAHBIM compoTtuBieHreM 50 Owm.
K BbIxomamM HM3MepeHHMs TOKa M HANpsDKEHHs TMOIAKIouaeTcss HudpoBoil ocummiorpad B pexume
OHOKpAaTHOW pa3BepTKH, KOTOpBIH (ukcupyer (opMy HUMIYIbCOB TOKa U HANpSOKEHUS Ha

HCCIIETyEMOM IOYIIPOBOJHHUKOBOM IpHOOpE.
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Puc. 3

Puc. 4

Puc. 5

YcTaHOBKA BBINIOJHEHA B BHJAEC MOIYJS Ha II€YaTHOM IUIaTE, HA KOTOPOM CMOHTHUPOBAHBI
KOHTakTupymomee ycrpoucrso, ®HY, pene, ympasisieMoe KHOIKOW, AarTeHIATOP M JCJIUTENIN
HanpspKeHus. BHEImHuil BUA yCTaHOBKM MMoKa3aH Ha puc. 3. Ocumimtorpad M MCTOYHHUK BBICOKOTO
HanpspkeHus: Ha (oTo He moka3zaHbl. COBMECTHO C YCTAHOBKOM MOXKET OBITh HCIIONIB30BaH JIIOOON
MCTOYHUK BBICOKOTO HANpsDKEHUs, HampuMmep, IpHBEACHHbIM B pabore [8]. Pexomennmyercs
UCIONB30BaTh IUQPPOBOI ociuiorpad ¢ momocoi mpomyckanus He MeHee 200 MI'm u dacToToif
auckperusanuu He MeHee 1 I'sye/c. IloakimoueHue kabens OCYHIECTBIAETCS IpPU  MOMOIIU
KoakcHanbHBIX pazbemoB Turia BNC. [logkmouenue ocimuiorpada ocymecTBisercs KopoTkumu (200
MM) oTrpe3kamu kabens RG-316 yepe3 koakcuanbHble coeMHUTENN SMA, yCTaHOBJIEHHBIE Ha IUIaTe.

N3mepenne BAX HauMHAIOTCS ¢ TOTO, YTO HA UCTOYHUKE BBICOKOTO HAIPSDKEHUS BBICTABIISAETCS
MUHUMAaJIbHOE HalpsDKEHHE. 3aTeM HHHULMHUPYETCS pa3psal M CHUMAIOTCS OCLWIIOIPaMMBbI TOKa U
HaNpsDKEHUS Ha UcciaelyeMoM o0bekTe. OnpenensroTcsl 3Ha4eHUsl TOKa M HanpsbkeHus B okHe 70-90
HC JUIS TIPSMOYTOJIBHOTO MMITynbca anutenbHocThio 100 He (puc. 4). Takum o0pazoM ModydaroTcs
3HA4YE€HUs, COOTBETCTBYIOINE OHON Touke Ha BAX. 3aTtem HanpsKeHHe BICOKOBOJIBTHOIO HCTOYHHMKA
MOBBIIIACTCS MOCTENOBaTeNbHO cTyneHsmu mo 10-25 B mo Tex mop, moka HE MPOU30HAET MpoOoid
HCCIIETyeMOTO0 KOMIIOHEHTa HJIM He OyJeT JOCTHTHYTO NpeieibHOE HANpsKeHUE MCTOUHUKA. Takum
obpazom mnomyuyaercs BAX wuccieqyeMoro »IeKTPOHHOTO KOMIIOHEHTa. [Ipu 3ToM  (HUKCHPYIOT
IIpeJIebHOE 3HAYEHUE TOKA /2, IPOTEKAIOIIETO YEPE3 3alUTHBIA 2J1EMEHT. /[aHHOE 3HAUEHUE MOXKET
OBITh MEPECUUTAHO B HAINPSDKEHHE OTKa3a MPU TECTUPOBAHUU 1O METOIHMKE MOIETH Tejla YeloBeKa
HBM c ucnons3oBanuem criocoda, mpeacrabieHHoro B padore [11].

[Ipumep ocumiorpaMmsl TOKa M HANpsDKEHHUsS HAa MCCIEAYEMOM 3JIEKTPOHHOM KOMIIOHEHTE
[IOKa3aH Ha puc. 5. AMIUIMTYJa HMMIIYJIbCa TOKAa OTrpaHMYE€HAa MAaKCHUMAJIbHBIM HaIIpsSDKEHHUEM Ha
BBICOKOBOJIBTHOM MCTOYHHMKE, OHa cocrtaBisger 6 A ana Hanpspkenuss 1000 B mpu paspsine B

KOPOTKO3aMKHYTYIO Harpys3Ky.

3. TIPUMEP U3MEPEHM S UIMITYJIbCHOM BAX ITPU [TOMOIIN YCTAHOBKH

B kauectBe 00beKkTOB wHccienoBaHUs Obut  BeIOpaHbl mudpoBsie  KMOII HMMC B
METAJUIOKEPAMUYECKHX KOpIlycax C IUIaHApHBIM PACHOJIOKEHHUEM BBIBOJOB, MMEIOIIUE HAIPSKCHHUE
nutanuss 5 B, BeIMonHEHHBIE comiacHO TexmporneccaM 3 MKM M 0.6 MKM, BBIIyCKaeMble
oTedecTBeHHbIMU npeanpusaTusamu. Jlanusie UMC uMmeroT 3aluTy Ha OCHOBE IOJIEBBIX TPAH3UCTOPOB
c 3a3emiieHHbIM 3arBopoM [12]. IlpuHuum neicTBUS AaHHOM 3alUThl OCHOBaH Ha THPUCTOPHOM
abdekre. Jlng mnpaBuibHONW pPabOTHl 3aIIMTHOTO KOMIIOHEHTa TpeOyeTcsi, YTOOBl HAmpsHKCHHE
BKJIIOUEHUS V71 (cM. puc. 1) He MpeBBIIano HanpsHKeHue Mpooosk MOA3aTBOPHOrO AuMIeKTpuka [13], Ho

ObLIO OOJIBIIIC HAaIIPsAKCHUS BBICOKOI'O JIOTUYCCKOI'O YPOBHA C HCKOTOPBIM 3aI1aCcoM, YTOOBI UCKIIIOYUTD
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camMonpoun3BoibHOE cpabarbiBanue 3amuThl oT DCP mpu HopmansHOM (yHKIHOHUpoBanuun MMC.
3ammra or DCP Ha ocHoBe MOII-TpaH3UCTOPOB C 3a3€MJICHHBIM 3aTBOPOM OOBIYHO HMEET
HanpspkeHue BimoueHuss He MeHee 5 B mna MMC ¢ nanpsxenuem nutanus 3.3 B. Taxxke
muddepeHnranbHOe CONMPOTUBICHUE 3AIIUTHOTO JIEMEHTa BO BKIIOYEHHOM COCTOSIHUM JOJDKHO OBITH

MHUHHUMAaJIbHO BO3MOXKXHBIM.

P c7 N3mepenHble ¢ HCTOIB30BAHUEM ONMUCAHHOM ycTaHOBKHU uMitylibcHble BAX st nanubix UMC ¢
uc. 6,

3JIEMEHTaMU 3alUTHI TI0Ka3aHbl Ha puc. 6 u 7. MicnbplTaHus MIPOBOAUINCH UMITYJIBCOM IOJIOKHUTEIBHOU
MOJIIPHOCTH, KOTOPBIM NMPUKIAABIBAJICS MEXIY BBIBOAAMH BXOJAa M MHHYCOBBIM BBIBOJIOM MHUTAHUS
NMC (3emist Vss). [lpy 3TOM UMIYJIBbCHBIN TOK MPOTEKAET YEpe3 3alUTHBIA IEMEHT HaIPSIMYIO Ha
MUHYCOBYIO IIMHY NMUTaHUs, 4TO 103BoJIsieT uccnenoars BAX 3amuter ot OCP.

W3 nomyuyennbix BAX MOXHO onpeaenuTh HanpspKeHHEe BKIoueHue Vi u auddepeHnuanbioe
COMPOTUBJICHUE 3aIIUTHOrO aneMeHTa. Hampspkenuwe BkitoueHuss cocrtaBwio 18 B mnas MMC,
M3TOTOBJIEHHBIX MO TexHoyoruu 3 Mkm, U 8.5 B mana UMC, nonydennsix no texmponeccy 0.6 MKM.
JuddepenunanbHOe CONPOTUBICHUE 3AIIUTHOTO JIEMEHTa BO BKIIOUEHHOM coctossHuu it UMC no
TEXHOJIOTHH 3 MKM COCTaBIIsI0 0koiao 4 Om, a migt UMC o texnonoruu 0.6 MKM HMeJI0 3HaYeHHE 1
Owm.

B pesynprare ucnblTaHuil ObUT TOCTUTHYT TOK OKOJO 1 A, MpOTEeKaromuil dyepe3 3alluTHBIHN
SNIEMEHT, 0e3 pa3pylIeHHs 3aIIUTHOTO SJIEMEHTa. DTO 3HAYCHHE COOTBETCTBYET HKBHUBAJICHTHOMY
UCIBITATEIbHOMY HaIpsbkeHuto okoino 1.3—1.5 kB npu paspsaae no monenn HBM, comnacHo meToauke
nepecyera pe3yJabTaToB UCHBITAaHUN, puBeaeHHON B padore [11]. Takum obpa3zom pesynsratsl TLP-
UCTIBITAHUNA MOXKHO HCIONIb30BaTh Uit oueHku croiikocty MMC x OCP mo monenu HBM 6e3
JONIOJHUTENBHOTO TpoBereHnss HBM-ucnbiTanuii Ha crieriuanbHOM 000pynoBaHuu. JlaHHOE 3HAYCHHE

COOTBETCTBYeT TpeOoBaHUAM MO cToiKocTH K DCP, mpenbsBiseMblM K COBPEMEHHBIM IH(PPOBBHIM

NMC.

4. BbIBO/IbI

PazpaGorana ycTaHoBKa Ui HCCJIEIOBAHUS CTOWKOCTH IIONYNPOBOIHUKOBBIX IMPHOOPOB K
BO3JIEMCTBHIO JEKTPOCTATHUECKOTO pa3psiia METOAOM MMITYJbCA JIMHUU MEepeaadd. YCTAaHOBKAa UMEET
KOMIAKTHBIE pa3Mepbl, He TpeOyeT MPUMEHEHHs! JOIOJTHUTEIBHOTO JOPOTOCTOSIIET0 U3MEPUTEIBHOTO
000pyI0BaHUsl, HO TO3BOJISICT MPOU3BOAUTH U3MEPEHUS C TOUHOCTBIO, TOCTATOUHOM JIJIsl OTIpeIeICHUs
CTOMKOCTH M3IENUH MHUKPOAIIEKTPOHHOM TeXHHKH K Bo3ueictBuio DCP. VYcraHoBka oOecrieunBaeT
UMITYJIBC TOKA MPSMOYTONIBHOM hopmbl ammuinTynoi 10 10 A u qnurensHocThio 100 HE, 4TO MO3BOJSET
IpoBOANTH M3MepeHus no Mmeroguke TLP cormacHo pexomenpanusm cra”papra [EC 62615:2010.

[TyreM KOMMyTalu OTPE3KOB Kaless pPa3TUYHOM UIMHBI MOXXHO YCTaHaBIMBAaTh JUINTEIBHOCTH


Людмила
Рис. 6, 7


ucneltaresnibHoro ummynsca or 50 Hc 1o 500 He. Ilpu 3TOM BO3MOXKHO THPOBEAECHUE Kak
HEepa3pylIaoero, Tak M paspylaiomero Ttecra. [IpoBeaeHa H3KcrepUMEHTaNIbHAS arnpodanus
YCTaHOBKM NpH uccienoBannu ctoiikoctd k DCP nudpossix KMOIT UMC B MeTamiokepaMUYeCcKUX
KOpITycax C IUITaHapHBIM PacIOJOXKEHUEM BBIBOJOB, U3TOTOBJIEHHBIX IO TEXIPOLECCAM C IIPOEKTHBIMU
HopMamu 3 MKM U 0.6 MkM. MI3MepeHbl UMITyJIbCHBIE BOJIBT-aMIIEPHBIE XapaKTEPUCTUKHU HUCIIBITYEMBIX

NMC, xapakTepu3yoLue BXOJHbIE 3alIUTHBIE LIETIH.
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CIIMCOK PUCYHKOB

Puc. 1.

Puc. 2.

Puc. 3.

Puc. 4.

Puc. 5.

Puc. 6.

Puc. 7.

Tunnunas BAX 3amuTHOrO 3/1eMEHTa THPUCTOPHOTO THIIA.

brok-cxema yCTaHOBKM Ui MCCIIEIOBAaHHUS CTOMKOCTH IIOJyPOBOIHUKOBBIX HMPUOOPOB K

BO3JIEHCTBUIO IEKTPOCTATUYECKOTO paspsaa meronom TLP.

VYcraHoBKa ISl MCCIIEOBaHUS CTOMKOCTH TOJYHPOBOJAHUKOBBIX MPHOOPOB K BO3JEHCTBHIO
aNeKTpocTarnueckoro paspsaa merogqom TLP: / — orpe3ok kabenst RG-316 pnunoit L=10 m, 2
— pa3beMbl Ul MOAKJIIOYEHUS MCTOUYHMKA BBICOKOTO HAIPSDKEHUS, 3 — KOHTaKTHPYHOLIee
ycTpoicTBo ¢ ycraHoBienHod MMC, 4 — monayns Ha meyaTHOM muiare, 5 — pa3beMbl s

MOJKITIOYEHUS ocIuiorpada.
dopma pa3psaaHOTrO UMITYIIbCA TOKA U OKHO IS U3MEPEHHUSL.

OcunorpaMma UMIyNbca HAIPsKEHUST HA BBIXOJE M3MEPEHUS HallpsDKEeHUs (KaHal /) U Ha

BBIXOJI€ U3MEPEHUS TOKA (KaHAI 2).
BAX samurHoro snemenTa 11 UMC 1o TEXHOIOTHH 3 MKM.

BAX samuraoro snemenTa 111 UMC o texaonoruu 0.6 MKM.
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Abstract

An original transmission line pulse setup has been presented. This test setup allows to measure quasi-
static [-Vcurves of the semiconductor devices and electrostatic discharge protection and investigate
the electrostatic discharge robustness of the integrated circuits. The setup allows to perform both
destructive and nondestructive tests. The designed test setup allows to perform transmission line pulse
test using 100ns pulse with current peak value up to 10 A accordingto the IEC62615 international
standard.
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An original transmission line pulse setup has been presented. This test setup allows to measure quasi-static I–V curves of the semiconductor devices and electrostatic discharge protection and investigate the electrostatic discharge robustness of the integrated circuits.  The setup allows to perform both destructive and nondestructive tests. The designed test setup allows to perform transmission line pulse test using 100 ns pulse with current peak value up to 10 A according to the IEC62615 international standard. 







1. INTRODUCTION



The electrostatic discharge (ESD) robustness is one of the main parameters of the modern electronic components. [1,2]. Different ESD models are used to characterize the ESD rating of semiconductor devices and integrated circuits (ICs). These models are classified dependending on charge source. In the most of cases the human body model (HBM) or charged devices models (CDM) are used [2,3]. The models allows to simulate the case when the human or the device itslef is the source of the static discharge. There exists industrial test equipment implementing HBM and CDM models.  The HBM or CDM test result is represented as pass/fail conditions. This simple pass/fail condition may be not sufficient for the new ESD protection devices design. It is required to study the pulsed I-V curve of semiconductor device in the high current and high voltage regions. These I-V curve measurement are also required for the circuit simulation of the ESD stress event [4]. 

The behavior of the semiconductor device for low duration (100 ns range) high current pulse cannot be analysed if only DC IV-curves are available or by the means of low current IV-curve extrapolation [5]. The nonlinear effects may appear under the high pulsed current. Also snapback effect can appear in the parasitic bipolar transistor that is formed by drain, source and channel regions of the MOSFET. This snapback effect is used for grounded gate MOSFET (GGMOS) protection device operation.  

The transmission line pulse (TLP) [6,7] method gives much more information than HBM/CDM tests and DC I-V curve measurement. The TLP test method is described by the international standard IEC 62615:2010. The TLP setups operation basics are well described, but the design details determining the measurement parameters are not provided in the open access sources. The ThermoFisher and HPPI GmbH from the Western Europe companies are providing the industrial TLP setups for microelectronics. The difference of the proposed setup from industrial solutions is low cost and modular design.  The test setup described in [8] provides only microsecond range pulse duration which is not sufficient for ESD test of the semiconductor device. The existing industrial solution also require some expensive additional measurement equipment like matched 50-Ohm current sensors for digital oscilloscope. The TLP setup proposed in this research allows to perform pulsed IV-curve measurement using standard measurement equipment that is available at the industry or research centers. These IV-curve measurement results could be used for the ESD robustness estimation of the semiconductor devices and ICs. 



2. THE MEASUREMENT OF THE PULSED IV-CURVE USING THE TRANSMISSION LINE PULSE METHOD



The typical snapback IV-curve of GGMOS device [9] is shown in the  Fig. 1. 

After the voltage across the device exceeds Vt1 the device goes to snapback, and the voltage across the protection device drops to Vh. If the protection device current exceed the It2 value, the device goes to the thermal breakdown. This means the device destruction. The pulsed I-V curve measurement allows to determine the mentioned above parameters and ON state differential resistance Rdiff of the protection device:



.                                                               (1)

	The TLP method allow to study not only semiconductor devices IV-curves, but also the changes of the volt-farad (C-V) curves for the gate dielectric after the repeating ESD stress. There exists the following dependency [10] of the charge traps amount QN, on the applied ESD pulses amount NESD:



,                                                 (2)

where k, C – some coefficients. ESD induced charge traps generation in the gate dielectric may cause parametric failure of the IC. The proposed TLP setup allows to perform such measurements. This could be considered as the advantage comparing with industrial TLP setups. 

	The proposed TLP setup implements the pulsed IV-curves measurement [6–8]. The TLP method is based on the discharge of the long coaxial cable that charged from the high voltage (HV) DC source and then discharged into the matched load. The device under test (DUT) is connected to the matched load. If the impedance of the load with connected DUT and cable impedance are matched, the discharge current pulse  waveform will be rectangular. The pulse duration depends on the cable length, and the current peak value depends on precharge voltage. The pulse duration τ could be determined as the following [7]:



,                                                                (3)

whre  L is the cable length, c is the light speed, and coefficient Kshort. For the cables with solid polyethylene insulation like RG-58 the Кshort=0.66.

The TLP setup block diagram is shown in the Fig. 2. 

The coax line TL is charged from the DC source V0 that is connected using the charge resitance R1. The cable length is set to L=10 m that gives the 100 ns pulse (2). This pulse duration is recommended by IEC 62615:2010. It is possible to set the pulse duration in range from 50 ns to 500 ns using different cable length. The shortest pulse duration is limited by parasitic LC parameters of the printed circuit and plugs which will distort the pulse waveform. The longest pulse duration is limited by the cable bobbin size and cable loss. The more compact solutions like described by [8] are preferred for microsecond range pulses. The proposed TLP setup uses 50-Ohm RG-58 or RG-316 coaxial cable. The cable discharges after the switching of the relay K1 to the ON state. The low pass filter (LPF) form the rising edge of the discharge current pulse. The 50-Ohm Pi-type LC-filter using SMD devices is used in the proposed test setup. The  100 MHz cutoff frequency gives 10 ns rise time. The filter output is connected to the 50-Ohm 10 dB attenuator (ATT). Attenuator  allows to achieve the cable and DUT impedance matching. DUT is connected between the attenuator output and ground. The usage of simple 50-Ohm resistive load instead of attenuator is not recommended here. The DUT will be connected in parallels to load and the full impedance will differ from 50-Ohm that will cause the pulse waveform distortion and ringing. The ceramic packaged ICs are used as the DUT in the proposed TLP setup. The tested ICs are inserted in a special socket. The 1 Ohm SMD resistor serves as the current sensor. The discharge current flows through this resistor. The 1:40 resistive voltage divider with matched 50-Ohm output impedance serves as the voltage sensor. The digital oscilloscope in a single shot mode is connected to the current and voltage sensors output. 

The TLP setup (Fig. 3) consists of PCB where the LPF, IC socket, relay, controlling button, attenuator and voltage divider are mounted. Digital oscilloscope and regulated high voltage DC source are not shown in the figure. Any high voltage DC source (for example described by [8]) could be used with proposed test setup. It’s recommended to use the digital oscilloscope having at least 200 MHz bandwidth and at least 1GS/s sampling rate. The cable is connected using the BNC coaxial  PCB mounted connectors. The oscilloscope is connected using short (about 200 mm) RG-316 pigtails using the PCB mounted SMA connectors.

The IV-curve measurement starts from the setting of the minimal voltage on the HV DC source. Then the discharge is initiated and  waveforms are captured using the digital oscilloscope. The current and voltage values at the 70-90 ns window of the 100 ns pulse are measured (Fig. 4) to obtain one point of the IV-curve. The HV DC source voltage is increased by the 10-25V steps until the DUT breakdown or voltage limit will be achieved. After the performing a series of measurements we obtain the TLP IV-curve of the DUT. The It2 current limit could be obtained from this measurement. This value could be used to estimate the HBM rating of the DUT using the method described in [11]. 

The example of the current and voltage waveform across the DUT is shown in the Fig. 5. The current peak value is limited by the HV DC source voltage and may be up to 6 A for 1000 V and discharge in the short circuit load.



3. TLP I-V CURVE MEASUREMENT EXAMPLE USING THE SETUP

The ceramic packaged 5 V digital 3 um and 0.6 um CMOS ICs were selected as the DUT.   These ICs have the ESD protection based on GGMOS devices [12]. The operation if this device is based on snapback effect. The trigger voltage Vt1 (Fig. 1) cannot exceed the gate dielectric breakdown voltage for proper operation of the protection device [13], But the trigger voltage must be higher the logic high level to exclude the triggering of the ESD protection during the normal operation of the IC. Usually the trigger voltage is selected higher than 5 V for 3.3 V CMOS ICs. The ON state resistance of the protection devices should be as low as possible.

The measured TLP IV-curves of the ESD protection are shown in the Figures. 6 and 7. The positive discharge pulse was applied between the IC pin and ground supply pin (ground VSS). The discharge current flows through the ESD protection directly to the ground. This allows to obtain the IV-curve of the protection device.

It it possible to obtain the trigger voltage Vt1 and ON state resistance of the ESD protection device using the measured IV-curve. The trigger voltage is 18 V for the 3 um CMOS ICs and 8.5 V for 0.6 um CMOS ICs. The ON state resistance is 4 Ohm for 3 um technology and 1 Ohm for 0.6 um technology. 

The 1 A TLP current was achieved without the destruction of the DUT. This value could be converted to equivalent HBM failure voltage in range 1.3–1.5 кВ using the estimation method provided by [11]. This method makes possible to use the TLP test result for the HBM rating estimation without performing an additional HBM test. The achieved HBM rating satisfies the ESD robustness requirements for the modern digital CMOS ICs.



4. CONCLUSION

The test setup proposed in this work allows to determine the ESD robustness of the semiconductor devices using the transmission line pulse method. The test setup is compact and doesn’t require expensive supplementary devices, but allows to perform measurement with sufficient precision for microelectronic devices ESD robustness testing. Test setup allows to obtain 10 A current peak value for 100 ns pulse duration that allows to perform TLP test according the IEC 62615:2010 standard requirements. It it possible to set the pulse duration in range from 50 ns to 500 ns using the different cable length. The setup allows to perform both destructive and non-destructive tests. The proposed TLP test setup was tested to determine the ESD robustness of the ceramic packaged 3 um and 0.6 um technology CMOS ICs. The measured TLP I-V curves allows to characterize the ESD performance of the input protection circuitry.
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Transmission line pulse setup for electrostatic discharge robustness testing of the semiconductor devices



Abstract



An original transmission line pulse setup has been presented. This test setup allows to measure quasi-static I–Vcurves of the semiconductor devices and electrostatic discharge protection and investigate the electrostatic discharge robustness of the integrated circuits.  The setup allows to perform both destructive and nondestructive tests. The designed test setup allows to perform transmission line pulse test using 100ns pulse with current peak value up to 10 A accordingto the IEC62615 international standard. 
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