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Electrostatics. Methods for simulation of electrostatic effects. Model of mechanical device electrostatic discharge

Nara BBegeHus — 2014-03-01
1 O6bnactb NnpMMeHeHus

Hacroawwii crtaHgapt onucbiBaeT OpPMbl MMNYMbLCOB TOKa paspsga, WCNoSb3yemble AnA
MOAENUPOBaHNUA anekTpocTaTudeckux paspsgos (3CP) no mogenu mexaHuyeckoro ycrtponctsa (MM) u
COAEePXXUT OCHOBHbIE TpeOOBaHUA K 000PYAOBAHMIO ANS UX BOCNPOM3BEAEHUSA U USMEPEHUS.

CraHpgapT yctraHasnueaeTr MM ansi ucnonb3oBaHus B MeTOAax WCMbITAHWUIA YCTPOUCTB, Marepuaros,
3NEKTPOHHbLIX KOMMOHEHTOB B LUENsX OnpeAeneHus ux ycrondymsoctm K 3CP M AnA uenen OUEHKU
apchekTMBHOCTU 3awnThl. Cnyyain npumeHeHnss MM ans ucnbITaHuiA NONynpoOBOAHUKOBBLIX NPUBOpOB, He
HaxXoALLMXCA NOA HanpsXeHWeM, paccmoTpeH B MOK 60749-27 [1].

YCTaHOBMEHHbIE B HACTOALEM CTaHAapTe OpMbl UMMYNbLCOB HE crneayeT UCnonb3oBaTh nNpu
UCMbITaHUAX pPaboTalOLWMX SMEKTPOHHbIX CUCTEM HAa 9SMEeKTPOMAarHUTHYI0 COBMECTUMOCTb 3TOT criyvau
paccmoTpeH B FOCT 30804.4.2.

2 HopmMaTtuBHbIe CCbISIKM

B racmosuwem cmaHOapme ucnone3oeaHa HopMamueHas ceblfika Ha criedyrowuli cmanoapm:

FOCT 30804.4.2 - 2013 (M3K 61000-4-2:2008) Cosmecmumocmb mexHu4eckux cpedcme
anekmpomagHumHas. Yocmoliiqusocmb K anekmpocmamu4deckum paspsadam. TpebosaHus u memoldbi
ucnbimarull. (M3K 61000-4-2:2008 «3nekmpomaeHumHasa coemecmumocms (OMC). Yacme 4-2. MemoOdbi
ucrbimarull u usmepeHull. YicribimaHue Ha He8oCrIpUUMYUBOCMb K 3NIeKmpomazHUMHomMy pa3pady», MOD)

MpumedyaHue— lpy NONb3OBAHUM HACTOALMM CTaHAAPTOM Uenecoobpa3Ho NpoBepuUTb AeicTBue
CCLINTOYHLIX CTaHAapTOB B MHPOPMALMOHHOW cucTemMe obLLero nonb3oBaHUA — Ha odulnansHom cante degepanbHoOro
areHTcTBa No TexXHUYeCcKoMy perynupoBaHUO U MeTponorun no craHgaptusauun s cetu MHTepHeT wnu No exerogHo
u3jaBaeMoOMy MHOPMaLMOHHOMY ykasaTeno «HauuoHanbHble CTaHAapThbi», KOTOPLIA oNyGNMKoBaH NO COCTOSIHWIO HA
1 AHBaps TeKyLlero roga, v No BbIMycKam eXeMeCAYHOro MHPOPMaLMOHHOro yKkasaTens «HauuoHanbHble cTaHzapThi»
3a TeKyLmii rog. Ecrnv 3amMeHeH cecbiNoYHbI cTaHAapT, Ha KOTopbli flaHa HeaaTUpoBaHHaA CCbika, TO peKoMeHAyeTca
NCNonb3oBaTh AeVICTBerLLlyPO BEPCUIO STOro CTaHdapTa € y4eTOM BCe€X BHECEHHbIX B AaHHYI0 BE€PCUIO n3meHeHuid. Ecnu
3aMeHEH CCbINTOYHbIN CTaH4apT, Ha KOToprVI AaHa JaTupoBaHHasaA CChbllKa, TO peKoMeHAyeTCcA Ucnonb3oBaTb BEPCUIO
3TOr0 CTaHfjapTa C YKasaHHbIM Bbllle TOAOM YTBepXAeHua (NpuHATUS). Ecnn nocre yTBepXAeHWA HacToALero
CTaHhapTa B CChINOYHbIN CTaHAapT, Ha KOTOprI7I AaHa JaTupoBaHHaA CCblfiKa, BHECEHO U3MeHeHWe, 3aTparuBatrollee
nonoxeHue, Ha KOTopoe daHa CCblfiIka, TO 3TO NoJIoXKeHUe pekoMeHAyeTCA NPUMEHATb Oes y4yeTa 4aHHOro UaMeHeHUA,
Ecnn ccbinovHbli CTaHAapT OTMeHeH Bes 3aMeHbl, TO NMONoOXeHWe, B KOTOPOM AaHa CChblflka Ha Hero, pekoMeHAyeTcA
NPUMEHATL B YacTu, He 3anarV|Ba|ou.|,el7| STY CChIJIKY.

3 TepMuHbI U onpeaeneHns

B HacTosiLeM cTaHAapTe NPMMEHEHbI CreayloLme TEPMUHbI C COOTBETCTBYOLLMMM OnpeaeneHnsMu;

3.1 obpasey (unit under test, UUT): Matepuan, npegmeT, yCTPOWCTBO W T. M., NoagBepraemoe
BosaencTeunto ACP no MM.

3.2 otka3 o6pasua (UUT failure): CobbiTue, npu kotopom obpasel He YAOBNETBOPSET OAHOMY WUSU
6onee napameTpaM B pe3ynbTaTe UCMbITaHWUN.

3.3 noporoBoe HanpsixeHue IACP (ESD withstand voltage): MakcumaneHoe npunoxeHHoe 3CP
HanpsKeHue, Npu KOTOPOM napameTpbl obpasua He NPEeBbIAT HU OAUH U3 YCTAHOBIIEHHbLIX NPEAenos,
MpW YCNOBWU, YTO UCMNbITAHWS MEHBLUMM HAMPSHXKEHUEM Takke OblnK YCNELLHO NPOiAEHbI.

M3paHue ocpuumnanbHoe
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4 O6opypoBaHue

4.1 l'eHepaTtop 3CP no MM

leHepatop 3CP no MM - o6opyaoBaHue, BOCMPOM3BOAsLLEE MMNYNbC TOKa paspsga, KOTOpbIi
mMogenvpyet pa3psg no MM. Cxembl reHepatopa MMMY/NbCOB U TeCcTepa onpefeseHns Harpysku rnokasaHbl
Ha pucyHke 1

4.2 O6opypoBaHue A/ NPOBEPKM UMMybCca

B HacTosiwem cTaHgapTe onpegensercsa o6opyfoBaHue, CNoCcOBHOE U3MEPUTb UMMY/bCbl ToKa. 3TO
obopyfoBaHue BKIYaeT B Ce6A CUCTEMY 3anucu UMMYAbCOB, PE3NCTOP BbICOKOTO HAaMpshKeHus,
npeobpasoBaTesib TOKa ¥ Apyrue ycTpoiicTea.

4.2.1 Cncrtema 3anmcu MmnysibCoB

Cuctema 3anucu UMNysbLCOB A0/HKHA UMETb MUHUMAaJIbHYIO LUMPUHY NO0ChI OAUHOYHOIO UMMyNbca
350 Mruy,.

4.2.2 OueHo4YHasa Harpyska

[na noBepkn hyHKLMOHANLHOCTU reHeparTopa MMMyAbCOB TPEeBYTCA 2 OLEHOUYHbIE Harpy3Ku:

a) Harpyska 1: 3akopaumBaloLnii NPoOBOL;

b) Harpyska 2: HU3KOMHAYKTMBHbIA pe3ncTtop 500 Om +1 %, npegHasHayeHHbIR Ans paboTsl C
HanpsXeHnsMu, KoTopble ByAyT NCMONb30BaTbCA AN MogennposaHusa ICP.

BblBOAbl OLEHOYHO HarpyskM (3aKkopauuBalollero npoBoja WM pe3ncTopa)  AOMKHbl  ObITb,
HACKONbKO BO3MOXHO, KOPOTKUMW U COEAUHATbCA C BbiBogamMu A 1 B Ha pucyHke 1 nocnepgoBaTeflbHO C
npeobpasoBaTeniem Toka.

4.2.3 MNpeobpasoBaTesib TOKa

Mpeob6pasoBaTesb TOKka AO/MKEH 06NaAaTh WMPUHOA NOAoCkl MUHUMYM 350 MIL.

5 TpeboBaHMA K uMnNyabcy Toka no MM

5.1 O6wue TpeboBaHNA

[o vcnbiTaHMin 06pa3uoB atTecTauuss reHepatopa dCP umnynbcoB no MM gomkHa NoATBEPAUTb
chopmy MMMYNbCOB TOKa paspsfa kak 4vepe3 MpoBOj, 3amblkaHWs, Tak W 4Yepe3 akTUBHYK Harpysky.
TpeboBaHUA K MMMY/IbCY Yepe3 3akopayunBalolivii NPOBOJA yKasaHbl Ha PUCYHKE 2 AN MOMNOXKWTENbHbIX U
oTpuLATeNbHbIX HamnpshKeHWii, KoTopble onpefeneHsl B Tabnuue 1, a TpeboBaHWA K UMMynbCy 4epes
aKTUBHYIO Harpysky Ans HanpskeHus + 400 B npuBefeHbl Ha pucyHke 3 n B Tabnuue 1

5.2 MNMpoBepka cOOTBETCTBUA 060pYyAOBaHUA

MoBepka ob6opyfoBaHUSA [O/MKHA ObiTb NpoOBefeHa BO BPeMSA MEPBUYHBLIX MPUEMOUYHbLIX UCMbITAHWIA.
MoBTOpHas noBepka TpebyeTca B Cnydvasx, korga ob6opyfoBaHvWe MOABEPrasioCb PEMOHTY W MOXeT
BOCNPOU3BOAUTb UCKaXKEHHbI MMMYbC. Kpome Toro, MMMy/bCbl AOMKHbI NEPUOANYECKU NpoBepsATbCA. Ecnm
0N ucnbiTaHuii obpasua MCMoNb3yT WUCMbITaTeNbHY CO0PKY WAM naaty, TO Takas Xe ucnblTatenbHas
cbopka (nnara) Ao/mkHa OblTb MCMONb30OBaHa U A/1A NPOBEPKU 060pyAoBaHuA. B criyyae ecnm uMmnysnbc He
COOTBETCTBYET yka3aHHbIM B Tabsmue 1 1 Ha pucyHkax 2 n 3 napameTpam, BCE UCMbITAHWUSA, UMEBLLUME MECTO
nocne nocnegHeli ycnewHon npoBepkn UMnynbca, NPU3HaTCa HeJo0CTOBEPHLIMU.

2 6 6

9 9

1- reHepatop OCP umnynbcos no MM (HomuHanbHo 200 nNd); 2 - BbIBOA A; 3 - nepekoyaTenb;
4 - BbIBOZ B; 5- 06pasel; 6 - oueHOUYHan Harpyska; 7 - 3aKkopaudvBalownii NpoBos;
8 - conpoTuBneHue 500 Om; 9 - npeobpasoBaTesib TOKa

PucyHok 1- Cxema reHepartopa umnysibcos no MM
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[MosicHEHNA K pUCyHKY 1.

a) OUeHOYHble Harpyskn 7 n 8 onpegeneHol B 3.2.2;

b) npeobpa3oBaTenb Toka 9 onucaH B 3.2.3;

C) nepemeHa BbiBOAO0B A (2) 1 B (4) 1A CMeHbl NOMAPHOCTM He [0nycKaeTcs;

d) nepekntoyatenb 3 3akpbiBaetca Ha 10 - 100 Mc nocsie NPOXOXAEHUA KaxAoro umnysbca, YTobbl
yOOCTOBEPUTBCA B TOM, 4YTO obpasel, U Kakasa-nMbo 4acTb WuCnbiTaTeNbHOU COOPKM He OocTaHyTca B
3apAXKEHHOM COCTOAHWUW.

MpumeyvaHunel-Ha paboTy reHepatopa MMMNYNbCOB OKasbiBaeT CU/bHOE B/IUSIHWME MapasuTHas eMKOCTb W

VHAYKTUBHOCTb.
MpummeuyuaHue?2- T[pn NPOEKTMPOBAHUM TFeHepaTopa WMMY/bCOB HEO6X0AVMO NPUHSATL Mepbl

NPEefOCTOPOXHOCTM BO M36exaHue nepexofHbIX NPOLECCOB 3apsifa U ABOWMHbLIX UMMYLCOB.
MpumeuyaHune3 - lMocnefoBaTeslbHO COEAMHEHHOE C Mepek/ovaTesieM CONpoTUBNEHUe o6GecrneunBaeTt

HU3KYH0 CKOpOCTb paspsga obpasua.

Tabnuua 1- Cneuyundpmkaumsa nmnynbca

/PL /100
MWKOBIN TOK for TOK Yepes
OKBMBaNEHTHOE MUKOBbLIA TOK
yepes pes3uctop 500
YpoBeHb HanpsxeHue, o yepes pesuctop
3aKkopauuBatoLmii Om yepe3 100
B 500 Owm,
npoBo4, A HC
A (= 15 %) A (£15%)
1 100 1,7 - -
2 200 35 - -
3 400 7,0 < o * © 0,29
4 800 14,0 - -
|

My
to V2

P2 \Y

20 HC
PucyHok 2 - TunnyHbIi MMNYNbC TOKa Yepes 3akopayvvBaloLLnii NpoBoy,

[MosACHEHUA K PUCYHKY 2:

Mmnynbc Toka AO/MKEH YAOBAETBOPAThL CAeAyWNM TpeboBaHUAM:

/PL- MaKcuMasbHblli NMKOBLIVA TOK onpegesneH B Tabnuue 1;

/@—BTOpOIi MMKOBbLIA TOK AO/MKEH BbiTb Mexay 67 % 1 90 % abCoONTHOIO 3HAYEHMWS, NOYYEHHOIO

ANS /PLANS KAKAOT0 YPOBHS;
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fm -ANNTEeNbHOCTb OCHOBHOIO UMNYNbCA; AO/HKHA ObiTb Mexay 63 1 91 Hc.
M3mepeHus fomkHbl NpoBoAnTLCA Mexay U (MepBoit Toukol npoxofa yepes Hynb) U t3 (TpeTbeit

20 HC
PucyHok 3 - TunnyHbIA MMNybc Toka Yepes pesnctop 500 Om

MosACHEHNs K PUCYHKY 3:

MmMnynbc Toka Yepes pesnctop 500 OM gomkeH o06nagatb CnefyowmmMn XxapakTepucTukamu:
/IT - MakcUManbHbIA MUKOBLIA TOK AO/MKEH HAXOAUTLCA B yKa3aHHOM B Tabnuue 1 ananasoHe;
ftoo - TOk Yepe3 100 Hc, onpeaeneHHblin B Tabnuue 1.

6 OnpepeneHune yctoumBocTn obpasuya K Bosgencteuto ICP

6.1.06wWmre NoNoXeHns

K ycnoBusim ncnbiTaHus obpasua OTHOCATCA cefytowue napameTpbl:

- pasmep obpasua;

- KO/IMYEeCTBO MMMY/IbCOB;

- VHTepBa Mexay UmMmnysbcamu,

-YPOBHU BO3AENCTBYIOLLUX HaMPSXEHUIA;

-3HauYeHuUa Temnepartypbl N OTHOCUTENbHON BNAXHOCTY;

- npegenbl NnapameTpoB obpasua, onpegenswolme ero otkas

6.2,0ueHKa yCcTonuMBOCTM 06pa3LoB, MMEKOLLNX IN1EKTPUYECKNE BbIBOAbI

OueHka ycToluMBOCTN 06pas3LoB, UMEILLMX 3NEKTPUYECcKMe BbiBOAbl, YAaCTO TpebyeT knaccudukaumm
BbIBOJOB MO TUMNaM, HanpuMep BXof, BbIXOA, NMUTaHWe W 3a3emieHne.

Kaxablii BblBOA, He SABNSAWMIACA NWTaHWEeM, AO0/MKEH ObiTb OTAE/bHO WCMbITaH MO OTHOLUEHWUIO K
BbIBOAAM MUTAHUSA UKW 3a3EMJIEHNS.

Mpn oueHke yCTOWUYMBOCTU 06Pas3LOB, MMEKLLMX 3EKTPUYECKue BbIBOAbI, AO/MKHA ObITb onpegeneHa
camaa cnabas kombuHauus BbIBOLOB WM HalijeH nopor oTkasa gns MM. Takum o6pa3om, obpasupl, y
KOTOPbIX HeBGO/MbWOEe YUCNO 3NEKTPUYECKMX TepMUHanoB, OObIYHO wchbITbIBALOT No MM ana  Bcex
KOM6MHaumMin BbIBOAOB. Ecnn y o6pasua MHOFO 3/1eKTPUYECcKMX BbIBOAOB, [AOMyckaeTcs NpoOBOAUTb
ucnbiTaHWe KOMBMHALMIA Tpynn BbIBOAOB.

MpumeHeHre umnynbca no MM agna onpefeneHns yCcToWYMBOCTM MOSYNPOBOAHMKOBLIX NPUBGOPOB K
OCP cm. B [1] .

4
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6.3 OueHka o6pa3LOoB, He UMEIOLWMX IFEKTPUUYECKUX BbIBOAOB
Ecnu obpasuyom sBnsieTcs martepuan unu npeaMmer, y KOTOPOro HeT 3MeKTpUY4eCKMX TepMMHanoB
(Hanpumep, ynakoBka), BO3MOXHO, OyaeT HeoOX0AUMO MPUIOXMTL UMMYIILC Ha obpasel Yepes 3NeKTpoabl
MU C NOMOLLbIO APYrUX NOAXOASILLUX CPEACTB.

7.NMpouenypa ucnbiTaHNn

Mpoueaypa ucnbITaHUIA AOMKHA COOTBETCTBOBATL YCIOBUSIM NMPUMEHEHUS 00pa3LioB.

MpumMmedaHue1-—TpumeHeHne umnynscoe no MM ansa onpegeneHus yCTORYMBOCTU NONYNPOBOAHNKOBBLIX
ycTpoucTs Kk OCP npusegeHo B [1].

HonyckaeTcsa npunaratb Nio6oil ypoBeHb HaNpPs»KeHUs B KayecTBe UCTbITaTeNnbHoro Bosgeictena. OAnH UMNYNbLC
o6enx nonApHOCTel [OMKeH npunaratbecs KO BCeM BbiBoAaM 06pasLoB WU KOMOMHAaLMIA anekTpoaoB W ypoBHeW
HanpsXeHns.

MpumevaHue?2—Y HeKOTOpbIX TUNOB 06pa3L{oB MOryT ObIThb “OKHa OTKa30B”, B KOTOPbIX BO3HUKAIOT OTKa3bl
He BO BCEM AMnanasoHe NPUNOXEHHBbIX CTPECCOBLIX YPOBHEN HanpsixeHus (HanpuMep, oTcyTcTBue oTkasa npu 100 B n
oTka3s npu 200 B, otcytcTBUe oTkasa npu 300 B n oTtka3 npu HanpsbkeHuu ot 400 B). PekomeHayeTcA He nponyckaTb
CTpeccoBble YPOBHU HanpshkeHUs, 4Tobbl onpeaennuTb Takue “okHa OTKa30B”.

HonyckaeTcsa UCnonb3oBaHue pasnuyHbiX 06pasLoB AN KaxaoW KOMOMHaALUK npeaernbHbIX 3Ha4YeHui
u (unun) nonapHocTu. [lonyckaercsa MCNonb30BaTb OA4HU U Te e 06pasubl AN UCMbITAHUI Ha 6onee BbICOKMX
YPOBHAX HANPSDKEHUSI MPU YCIIOBUKM, YTO BCe 06pasubl yCMELWHO NPOLUNM UCTbLITAHUA Ha Gonee HU3KMX
YPOBHSAX.

Ecnu pasnuuHble o00pasubl NOABEPraldTCA MUCNLITAHMAM HA HECKOSIbKUX  YPOBHAX W (Mnu)
NONAPHOCTAX, TO UCTILITAHUSI CHUTAIOTCA 3aBEPLUEHHBIMM MOCTE UCTILITAHUSA BCeX 06pa3LioB.

8 Kputepum otkasa

O6pasel cuyuTaeTca OTKasaBWWUM, €CAM OH He COOTBETCTBYET MPUMEHSIeMbIM napaMeTpam
cneundukauyum B pesynbtate SCP ncnbiTaHuii.

9 Knaccudmkaumsa obpasuoB no ctonkoctu k ACP

Mpy Heo6XxoAMMOCTKM yCTaHaBNMBaIOT Kraccudukaumio o6pasLoB no ycrondnsoctu k ACP.

MpumedyaHue— HanpsxeHne OCP obbluHO ABNAETCA nogxoAsilieil ocHOoBOW ANs knaccudpukaumum, Ho B
HeKoTOpbIX chy4asx MoryT ObiTb WCMONb30BaHbl ApyrMe noAxodbl. 3a4acTyld [OCTAaTOMHO CcocnaThCs  Ha
BblgepXuBaemoe HanpsxeHue 6e3 HeobxogMMOCTU AOMOMHUTENBHOMN Knaccuukaymm.

B [1] npuBeaeHa knaccucpukauus crokoct kK SCP no MM ans nonynpoBOAHMKOBLIX NPUOOPOB.
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