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Annomayus — B cratbe OnUcbIBaeTCsl MeTOAMKA
NMPOEeKTHPOBAHUS 0JIOKOB JUHAMHYECKOH M CcTaTH4yecKoil
3alMThI HHTErpajbHbIX cxem HCO) oT
3J1eKTPOCTATUYECKOT 0 pa3psiaa (ACP). Metoauxa
OCHOBBLIBA€TCI HAa  ABTOMATH3HPOBAHHOI  reHepanuu
0a30BbIX KOHCTPYKTHBOB W THpOBeJeHHH aHAIU3A HX
IeKTPHYECKHX TMapaMeTpoB ¢ YYeTOM pa3padoTaHHOIo
Ha0opa KpuTepHeB.

Knrouesvie cnosa — ICP, cxema TMHAMHUYECKOI 3alUTHI OT
CP, cxeMa CTATHYECKOI 3aIUTHI oT 3CP,
aBTOMATH3HPOBAaHHAsI TeHepanusi 6a30BbIX KOHCTPYKTHBOB,
MapuIpyT NMPOEKTHPOBAHUS, crnenuaJu3upoBaHHoe
NporpamMMHoe odecredeHne.

BBEJIEHUE

[MoBsImeHNe cKOPOCTH 00pabOTKH HU(POBBIX JAHHBIX
u creneHn wuHTerpanmu MOII  TexHonoruii nemarot
aKTyaNbHBIMH 3alau: pa3paboTKu HOBHIX OmOmmortek 10
g4eeK ¢ 3aeMeHTaMu 3auurTel oT OCP mo coBpeMeHHBIM
TONOJIOTHYECKAM  HOpMaM; COKpAalleHHE BPEMEHHBIX
3arpar Ha paspaborky 1O OHONHMOTEK; MOMICPIKKY,
pasButHe W murpanuo rotoBeix |O OHOIHOTEK MEXITY
HIMPOKMM CIIEKTPOM TOJYIPOBOJHUKOBBIX TEXHOJIOTHH.
[NocTosiHHASL IBOTIOLKS TTOTYIIPOBOJHUKOBBIX TEXHOJIOT Ui
CYIIIECTBEHHO YCJIOXKHSET mporece paspabotku 10
oubmmorek. I[lodTomMy HeoOXoammMo  pa3pabarbIBaTh
ABTOMATH3MPOBAHHbBIC CPEACTBA, MMO3BOJIIOIINE YCKOPSThH
OTAEJNbHbIE OTanbl Mapupyra mnpoektupoBanus 10
OMONMOTEK, a TaKKe CHIKATh BEPOSTHOCTb IOSIBICHUS
OLIMOOK MPH PYYHOM TIPOEKTUPOBAHHH.

Llenp paboThl: Uil COKpAILeHUs BPEMEHHBIX 3aTpaT U
TIOBBIIICHUS addexTruBHOCTH MPOEKTUPOBAHUS
KOMIIOHeHTOB 3amuTbl oT DCP mpemiaraercss MeTonuka

aBTOMATU3UPOBAHHOMI reHepanuu 6a30BBIX
KOHCTPYKTHBOB ~ C  TpeOyeMbIMH  3JIEKTPUYECKUMHU
napaMeTpamu u YAOBJIETBOPSIIOIIHUX 3a/1aHHBIM

OrpaHUYCHUSIM.

OBIIUE CBEJAEHNMS Ob DCP U IIPUHLIAITAX ITOCTPOEHUS
3ALINUTHI

OCP sBisieTcsi OJTHOW W3 OCHOBHBIX TMPUYHH OTKA30B
uaTerpanbHbiX cxeMm (MC) u MOXeT Mpou30HTH B OO0
MOMEHT BpeMeHH xu3Hu VIC: npu U3roTOBJICHHH, COOPKE,
XpaHCHUW WM WCHBITAaHUAX. [IprYrHa BO3HUKHOBCHHUS
3aKJIF0YAETCSI B PA3HOCTH MOTEHIMAIOB MEKIY BBIBOIAMU
CXEMBI, npu 3TOM cxeMma MOJIBEPraeTCs

kpaTtkoBpeMeHHbIM, 0T 0,1 He 1o 100 He, UMIynbCaM TOKa
¢ ammuuTyno# ot 1 A 1o 30 A, KOTOpBIE MOTYT IPUBECTH
K TIOBPSKICHUIO 3aTBOPOB AKTHUBHBIX NPUOOPOB U
MO3aTBOPHOTO OKHMcia. Kak mpaBmiio, paccMaTpuBaroT
TpY OCHOBHBIE MOJIENI TECTOBBIX BO3ACHCTBUI:

— wogmens Tema denoBeka (Human Body Model —

HBM);
— wMammHHy0 Mozaens (Machine Model — MM);
— Mojenb 3apsbkeHHOTo yctpoiictBa (Charge Device

Model — CDM).
Kanczlaa MO/JECIIb OTJINYACTCA BUIOM CHUIrHala,
MNPpOAOJLKUTCIBHOCTBIO HUMITyJIbCa u IITMKOBBIMH

HarpspKeHHeM 1 TokoM. O0mmit Bua rpadukoB U3MEHEHUS
TOKa OT BpeMeHH IoKa3aH Ha puc. 1.
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Puc. 1. O0umii BUI 3aBUCHMOCTH aMILIMTYABI TOKA OT
BpeMeHH [JIsl pa3HbIX Mojeeii Bo3aeiicrBus ICP
VDD
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Puc. 2. O6mas cxema nocrpoenus 3amutbl UC ot ICP

IIpoBenem ananus o6mel cxembl 3ammuthl C ot OCP,
HOpeAcTaBlIeHHOM Ha puc. 2. JlaHHas apXUTEKTypa
MPUMEHSETCS IJISI 3allUThl OT moBpexaernii HBM/MM-
BO3ACUCTBUAMU CiyuyaiiHOM mapsl noproB MC, mexny
KOTOPBIMH MOXeT BO3HHKHYTh DCP. [lns 3amuTsl mapsl
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MOPTOB JAHHBIX TIPEIyCMOTPEH OJJIEMEHT CTaTHYECKOU
cxembl 3anmrel — ESD Clamp, xoTopblii nmoaxiitodaeTcs
MEXIy MOPTOM JAaHHBIX M IWMHOW mutaHus VDD wumm
muHoM 3eMin VSS. JIns 3ammThl mapel «IOPT JAaHHBIX-
OPT INWHBI MHUTAHWI/3eMIM» TpeJHA3HaueHa CXeMa
JuHaMudeckor 3ammtel — Power-Rail ESD Clamp. Ona
JOJDKHA OBITH pa3MelleHa MEeXIy IIMHAMU MUTAHUS U
3emiu VIC.

B paccmaTtpuBaeMoli apXUTEKTYpE CTATUYECKHE CXEMBbI
3alUTBl  BXOAAT B COCTaB s4eeK BBOJAA-BBIBOJA,
OUHAMHUYECKHE CXEeMBl 3aIlUTBl BXOAAT B  COCTaB
anemeHToB Clamp. DJEeMEHTBI CTATUYECKOW 3aIlUTHI
OOBIYHO TIPOEKTHPYIOTCS HAa OCHOBE IHOJHOW TMaphl.
JuHamuueckast cxeMa 3aIllUThl IPOEKTUPYETCsl Ha OCHOBE

TpaH3HCTOpa (mmm MaccHuBa pacIpeneneHHbIX
TpPaH3UCTOpOB) ¢ odnemeHTamun RC-nemu U cxeMmoi
ympaBneHua.  [lnomans, 3aHMMaeMas  3JIEMEHTaMHU

CTAaTHYECKON M JUHAMHMYECKOM 3aIlMTHI 10 OTHOIIEHUIO K
IUIOMIAAN, XapaKTepHOW Ui BBIOPAHHOM TEXHOJOTHU
sTYCHKU BBOJIa-BBIBOIA, JOCTATOYHO BEIHKA.

Ha puc. 3 mpuBeneH oOumii BUA TOIOJOTHH SYCHKU
BBONa-BROMA’. DurypHpIMH CKOOKaMH BBIJICJIEHA JTHUOIHAS
napa, 3aHumaromias ~35 % ot miomanau suehku.

Puc. 3. Tonosiorust siueiiku BBOAa-BbIBOIA

Ha puc. 4 mpuBeneH oOmmii BUA TOIOJOTHH CXEMBI

Clamp, B KkoTOpoil (UrypHBIMH CKOOKaMHU BBLICICH
Clamp-TpaH3ucTtop — OCHOBHOW M Hauboyiee BaXKHBII
aneMeHT cxeMbl. [lmomanp, 3anumaemas  Clamp-

TPAH3UCTOPOM, COCTaBIAET ~57% IUIOMAaU BCEH SUSHKH.
W3 mpoBeneHHOTo aHanmm3a CIEAyeT, YTO 3HAYMTENBHYIO
yacTh mIom@aayd 3amutel oT OCP 3aHmmaroT 0a30BbIe
KOHCTPYKTHBBI CTaTHYECKOW W JMHAMHYECKOH 3alllWThl,
COOTBETCTBEHHO, MaccuB nuonoB u Clamp-TpaH3ucrop.
Y4uThIBasi BO3MOXKHBIE BapHalll¥ OCHOBHBIX IapaMeTpOB
biv7 (i (V)] u TPaH3HCTOPOB, THUITIOHOMHHAJIOB,

1
l'lpumepm 1 mapaMeTphl 3JIEMEHTOB, IPUBE/ICHHBIC B CTAThE,

B3ATBl U3 OHMONMOTEKH SJIEMEHTOB BBOJA-BBIBOJA IO TEXHOIOTHH
Muxkpon KHHU 250 am

TEXHOJOTMYECKHX  OCOOCHHOCTEH  9JIEeMEHTOB, WX
KOJIMYECTBA, HEOOXOIMMOTO VISl JOCTIKEHUSI TpeOyeMoi
crofikocti k OCP, Bapmarmii mapamMeTpoB Iporecca u
yciaoBuid (QyHKIMOHMPOBAHUS, MPOECKTUPOBAHKE, aHAIU3
XapaKTepUCTUK ®  BBIOOp Hambonee 3(h(HeKTHBHBIX
pemieHnid  peanu3anuM  0a30BBIX  KOHCTPYKTHBOB
CYLLECTBEHHO 3aTPyIHCHBI.

Puc. 4. Tonosoruu siueiitku Clamp

Crnemyer OTMETHTh, 4YTO KOHCTPYKTHBHO CXeMa
3amuTel 0T DCP He CHUIBHO 3aBHCHT OT TEXHOJIOTHH,
OJTHAKO JICMEHTHI, HA OCHOBE KOTODPBIX OCYIIECTBISETCS
ee pa3pabOTKa, B 3HAYMTEIHHOW CTEHECHHU OIPEICISFOTCS
6azucom, KOTOPBIH TI03BOJISIET HCTIONIb30BaTh
nojyiep>kuBaemMass  Ttexuonorusi.  Ecmu pa3paboTymk
TOJJIEP)KUBAET OJHOBPEMEHHO HECKOJBKO TEXHOJIOTHH,
OTIMYAIOIIUXCST KAaK 110 TEXHOJOTMYEeCKMM HOpMaM —
250/180/90 HM u MeHee, TaK U [0 THITy CaMOW TEXHOJIOTUH
— KMOII/KHU, u oGecreunBaeT pa3paboTKy OHMOIHOTEK
S4YeeK BBOJA-BBIBOJA [UISl 3THX TEXHOJOTHWH, TO 3ajada
3¢ GEKTUBHON MHUIpalUy PEIICHUH MEXIy TEXHOJIOTHSIMHU
TaKKe KpaiiHe aKTyaJbHa.

METOAUKA ABTOMATU3UPOBAHHOM TEHEPALIUU
BA30BBIX KOHCTPYKTUBOB JJISI IOCTPOEHUS CXEMBI

3ALIMTHI UC OT OCP
[IpuHumass BO BHHMaHHE OOJNBIIOE KOJUYECTBO
OTpaHWUYCHHUH, TEPEMEHHBIX  I1apaMeTpOB  0a30BBIX
JJIEMEHTOB, TApaMeTpoB  pa3pabaTblBaeMON  CXEMBI

3alIUTHl U TPeOOBaHWI K YCIOBHSAM (DyHKIIMOHHPOBAHHS
cxeMbl, 3((EKTHBHOCTE €€ pa3pabOTKH MOXKeT ObITh
CYLIECTBEHHO MOBBIIIEHA MyTEM aBTOMATU3alMU JAHHOTO
JTamna.

JUis pelleHus NOCTAaBIEHHOW 3ajaud Npeanaraercs
METOAWKA, OCHOBAaHHAas Ha COBMECTHOM HCIOJB30BaHUU
MaKera CHEIHATN3UPOBAHHOTO MIPOTrPaMMHOTO
o6ecnieuenus (I10) n mapipyTa NpoeKTUPOBAHMSI.

Onenka 53¢dekTHBHOCTH KaXIOTo KOHCTPYKTHBA
MPOBOJUTCS Ha OCHOBE CXEMOTEXHUYECKOTO
MoJeIupoBaHus. i 3amycka MOJIEITUPOBaHUS TPeOyeTCst
Habop (alijIoB OKpYXKEHHs: HEMOCPEACTBEHHO caM



HCCIIEAyeMbIii  KOHCTpYKTHB  (daitm B opmare
Spectre/Spice), (aiii TeCTOBBIX BO3JCHCTBHIA, KOMaHTHBII
(aid aHanM3a M BEIYUCIICHHS DJICKTPHUCCKHUX I1apaMeTpOB
CXeMbl TI0 pe3yibraram MonenupoBanus (.mdl daiin),
KOMaHIHBIN (aiinm  3amycka MOAETHPOBAHHS, MOIYNb
aHaIM3a IOJYYCHHBIX DPE3yJbTAaTOB C YYETOM 33/IaHHBIX
KpHUTepueB. BEITONHEHNE NEpeYHCICHHBIX 3a1ad MOXET
OBITh ITOJTHOCTBHIO aBTOMATH3HPOBAHO.

Pazpaborannoe IIO moO3BONMsSET  aBTOMATHYECKH
CO3/laBaTh M aHAJIM3UPOBATH 110 33/JIaHHOMY AaJITOPUTMY
NPaKTUYECKd HHYEM HE OrPAaHHYCHHOE KOJIUYECTBO
BapUAHTOB KOHCTPYKTHBOB M 0OOeclleuMBaeT MOUCK
Hambolee  TOYHO  COOTBETCTBYIOLIETO  33JaHHBIM
KPHUTEPHSM M TTapaMeTpaM BapHaHTa.

[Ipennaraemplii MaplIpyT Ha OCHOBE IPUMEHEHHUS
paspadorannoro [10 npuseneH Ha puc. 5.

Mouens DCP
Kpurepnu ananmsa u BeIOOpa
T'eoMeTpruecKie OrpaHUYEHUs] KOHCTPYKTHBA
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Puc. 5. MapupyT onpeaeieHust napaMeTpoB 0a30BbIX
KOHCTPYKTHBOB 3amuThl 0T JCP

Pesynmerarom padotsr [10 sBisieTcs 6a3za nanubix (BJ1)
0a30BBIX  KOHCTPYKTHBOB  JUII  CTaTHUYECKOW |
JIMHAMUYecKoil cxem 3amuThl. M3 mnomydennoit B/l B
aBTOMATHIECKOM  PEXKHME  OCYIIECTBISETCS  OTOOp
YIIOBIICTBOPSIFOIITIX 3aJJaHHBIM KPHUTEPUIM
KOHCTPYKTHBOB. TakuM o00pa3om, (GopMHpyeTcsi CIUCOK
B3aMMO3aMCHSCMBIX  BApHUAHTOB  KOHCTPYKTHBOB, U3
KOTOpPBIX pa3pabOT4MK BEIOMpaeT Hambojee MOIXOAsIIee
peuieHue.

Jlns cTaThdeckoi CXeMBbI 3allMThl OCOOBIH HMHTEpec
MIPEACTABISIET KOHCTPYKTUB JIMOAA, CIIOCOOHBIA NPOBECTH
3alaHHBI  TOK, COOTBETCTBYIOLUIMM TOMY WJIH HHOMY

3Hauennto OCP. Ha pwmc. 6 mpencraBieH rpaduk
3aBUCHMOCTH TaJCHUsI HANPSDKEHUS ISl KOHCTPYKTHBOB
Ha ocHoBe amoga dn (gwox dn — OAMH M3 DJIEMEHTOB
oubmiorekn KHUW 250aM «Mukpon»). IIpomyckHas
CHOCOOHOCT KaXIOTO KOHCTPYKTHBa paBHa ~2A (ot
OCP HBM). Kaxnoe mnukoBoe 3HaucHHWE Ha Tpaduke
oToOpaXkaeT KOHCTPYKTHB C IaHHOW  IPOIYCKHOU
CIOCOOHOCTBIO. Jdast TOBBIIIEHUS HaJIe)KHOCTH
MPEANOYTCHNE JODKHO OBITh OTHAaHO KOHCTPYKTHBaM,
obecrieynBalOIIUM HaWMEHbIIEe TNaJeHHe HaIpsHKeHUS,
OJTHAKO MPY 3TOM JAHHBIH KOHCTPYKTUB OyIET OTIMIATHCS
YBEJIMYEHHBIMU T€OMETPUUECKUMH pa3MepamH.
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Puc. 6. 3apucumocTh HanpsizKeHHs 0T NapaMeTPOB
KOHCTPYKTHBA Ha 6a3e quoaa dn auist mpormycKanusi Toka 2A

Ecin nna paspaboruuka Oonblliee 3HaYeHHE HMeEET
KPUTEpUH MHHUMH3AlMM 3aHUMaeMOH IUIOIIAIH, TO
HEOOXOMMO BBIOMPATh KOHCTPYKTHBBI, JOCTUTLINE Ooliee
BBICOKHMX 3HaYCHHI HANPSOKCHHUS.

Takoil ke anropuT™ NEHUCTBUM INPUMEHSETCS U AJIs
KOHCTPYKTHBA JUHAMUYECKOH CXEMBI 3aLUTHL.
OTnenbHBIA ~ WMHTEpPEC  MPEACTaBIIeT  HPOITyCKHas
CIOCOOHOCTh TPAH3UCTOPA TPH HOPMAIBHBIX YCIOBHAX
pabotel. Ha puc. 7 mpezacraBieH rpaduk 3aBHCHMOCTH
TOKa KOHCTPYKTHBA Ha TPaH3UCTOPE PMOS_a THIIA.
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Puc. 7. 3aBHCHUMOCTH BEJIMYHHBI TOKA, MPOIYCKAEMOr0
pmMOS_a TpaH3MCTOpPOM, OT NApaMeTPOB KOHCTPYKTHBA

Jast mpoBepky 3(PEKTUBHOCTH METOJMKH B KAueCTBE
HCXOJTHON CXeMbl ObLIM BBIOpaHBI SYEHKH BBOZA-BBIBOJA
13 OMOIMOTEeKH, CO3/IaHHON Ha 0Oa3e TeXHOJOrMH MHUKpOH



KHU 250 aM, KOTOpast B HACTOSIIEE BPEMsI UCTIOIb3YETCs
IpH pa3pabOTKe IPOEKTOB.

B xoze skcmepuMeHTa € MOMOLIBIO NPEATIOKEHHOU
METOJMKH  YIAJIOCh  MEPEONpeleiInTh  IapamMeTpshl
HCXOIMHBIX 0a30BBIX KOHCTPYKTHBOB. TakuMm oOpa3oMm,
IUIOIA/b, 3aHUMaeMast TMOAHON Napoil, pacCUUTaHHOW 110
METOJVKE, YMEHBIIWJIACh B 5 pa3 B CpaBHCHHH C
UCXOMHBIM BapuantoMm, a Clamp-TpaH3ucTop yAAIOCH
YMEHBIINTE B ~4 pa3za. Bomee moapoOHBIE AaHHBIE MO
0a30BBIM KOHCTPYKTHBaM IpuBejieHbl B Tabnuue 1. Jlns
MOATBEP KICHUS IPABUIIBHOCTH METOANKH 3aIIAHIPOBAHO
NPOBEICHUE MCIBITAaHUN peatn30BaHHOM 3amuThl oT DCP
B KPEMHUH.

Tab6muma 1

ﬂaHHbl@ 00 u nocie npumeHeHus MemoouKu

Jo [Tocne
DjieMeHT dn, dp dn, dp
CraTtuueckas W (Mxm) 5,08 54,14
CXeMa 3alluThI N 850 24
S (MxM°) | 20515 3872
Dnement | hmos_h nmos_a
W(mrMm) 9,44 60,19
Ko |Gy 00 | ga
n 504 170
S (mxM%) | 23307 7698

B cBsA3M C BBICOKOI BapUaTUBHOCTBIO KOHCTPYKTHUBOB

M, Kak CJCOCTBHE, CYIICCTBCHHBIM  KOJIHYECTBOM
BAPUAHTOB  CTPYKTYp H  HX  DJICKTPOPHU3HUCCKHX
nmapamMeTpoB MOSIBUJIACh HE00XOIUMOCTh B

(hopMynHpOBaHUM KpPUTEPHEB COPTUPOBKM U BBIOOpa
Han0OoJiee MMOJIHO YAOBIETBOPSIONINX 3aJaHHBIM YCIIOBUSIM
KOHCTPYKTHBOB.

Jnst cxeM CTaTHMYEeCKOW 3allUTHl Kak Hauboiee
Ba)KHbIE, BBIOPAHBI KPUTEPHH IO TOKOBOW IPOIYCKHOM
CIIOCOOHOCTH, 3aHMMAaeMOW IUIOIAAN W MPWIOKEHHBIM
HanpspkeHusM.  JIast  cXeM  [IMHaMU4eCKOM  3alluThbl
BBIOpaHBl KPUTEPHM TIO 3aJEepP)KKE OTKIMKA CXEMBI,
MPOIOJIKUTENIFHOCTH PabOTHI BO BPeMs BCETO CTPECCOBOTO
BO3ACHCTBHS, TOKOBOW TIPOITYCKHOW CIIOCOOHOCTH U
3aHMMAaeMOM IJIOLIA/IH.

Wuterpammss  copMynMpoBaHHBIX  KPUTEPHEB B
pazpaborannoe I1O mo3BodMIa COKpaTHTh 00JaCTh
aHanu3a JJId JUHAMHUYECKHX cXeM 3amuTel ¢ ~60000
MmoJTydeHHBIX KoHpuryparwmii 10 ~800. J{ns nuHaMUgecKux
cxeM ofyacTh aHanM3a cokparwiack ¢ ~85000
MOJy4eHHBIX pe3ynbTaToB 10 450 koHpurypamuid, d9To
MO3BOJIIET Pa3pabOTYMKy IIPOBOAWTH OOJiee TOYHBIN
aHAIN3 TIEPCIIEKTUBHBIX KOHCTPYKTHUBOB. IIprMeHeHue
cranaaptHbix cpenctB CAIIP mns pemenus momoOHOM
3a71a4u He (P PEKTUBHO.

3AKJIIOYEHUE

OCHOBHBIM pPe3yJIbTaTOM MPOBEACHHOIO UCCIICIOBAHHUS
SBIISIeTCS pa3paboTaHHAs METOAWKA aBTOMATH3UPOBAHHOU
reHepanuu 0a30BBIX KOHCTPYKTUBOB 3ammthl oT DCP. Ha
OCHOBE TIPEIIOKECHHON METOIMKHU pa3paboTaHbI
cnenuanu3upoBanHoe [10 u MapmipyT ero mpUMCHEHWUSL.
Meromuka u ITO TEXHOJOIMYECKH HE3aBHUCHUMBI, YTO JAET
BO3MOYKHOCTD WX TNpPUMEHEHHS TpH pa3paboTke
OMONMMOTEK  BBOMA-BBIBOJA JUIA BCEX  TEXHOJIOTHHA
cemeiictea KMOII/KHM 250/180/90/65 uM u Hike.
[IpemmokeHHBI METOJ MOXeT OBITh HCHOJB30BaH MpH
pa3paboTKe HOBBIX STUYCCK BBOJA-BHIBOJA, KOPPEKIIUH YKE
CYIIECTBYIONINX PEIICHUH PH M3MEHEHIUSIX B TEXHOJIOTHA
WU CPEJICTBAX MPOCKTUPOBAHUS, HATIPUMEDP U3MCHCHUAX B
Spice-monensx wim PDK, mMurparin siaeek BBOJIa-BbIBOIA
MEXKy ONMIHUSAMH OJHOW TEXHOJOTHU WA MEXKIY Pa3HBIMU
TEXHOJOTHSIMH.

IIpennosxeHHas MeTonuKa anpoOHpoBaHa M IOKa3ajia
cBOIO 3((EKTUBHOCTH TIPH Ppa3pabOTKe M TEPBHYHBIX
OLIEHKAaX KOHCTPYKTHBOB 3amuThl oT DCP s 6ubmmorex

9JIEMEHTOB BBO/JIa-BBIBO/IA o OTEUECTBEHHBIM
texnonormsamM KHU 250/180 um.
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ABSTRACT

The article describes a methodology of designing
dynamic and static IC blocks for protection against
electrostatic discharge (ESD). The methodology is based
on the automated generation of schematic representations
and analyzing their electrical parameters based on the
selected criteria.

Improving of digital data processing speed and degree
of MOS integration technologies make urgent the
following tasks: development of new 10 cell libraries with
ESD protection elements for modern topological rules;
reducing time spent on the development of 10 libraries;
support, development and migration of completed 10
libraries across a wide range of semiconductor
technologies. The constant evolution of semiconductor
technologies significantly complicates the process of 10
libraries development.

It is therefore necessary to develop automated tools to
speed up separate stages of 10 library design route, as well
as reduce the likelihood of errors while manual design.

Objective: for reducing time and improving the
efficiency of ESD protection components, design
technique for automated generation of the basic constructs
with the desired electrical parameters and satisfying the
given constraints is proposed.

In the conventional VLSI ESD protection architecture,
static protection circuits are part of input-output cells,
dynamic protection circuit is included in the Clamp
elements. Dynamic protection circuit is a complex device
for detection of stress, activation element of high
conductivity and redistribution of peak current. Elements
of static protection are usually designed on the basis of the
diode pair. Dynamic protection circuit is designed based on
a transistor (or transistors distributed array) with RC-
circuit elements and control circuitry. The area occupied
by elements of static and dynamic protection with respect
to square characteristic of the selected 10 cell technology,
is rather big.

To reduce the time and improve the efficiency of
protection components design, the methodology of the
automated generation of the basic constructs with the
desired electrical parameters and satisfying the given

constraints is presented. Taking into account the large
number of constraints, variable basic elements, developed
protection circuit parameters and requirements for the
scheme functioning conditions, the effectiveness of its
development can be greatly improved by automatization of
this phase. The proposed methodology is based on the joint
use of specialized software package and the route of
design. The effectiveness evaluation of each structural
element is based on circuit simulation. The developed
software allows to automatically create and analyze a given
algorithm for the unlimited number of constructs variants,
and provides a search that most closely matches the
specified criteria and options parameters. The result of the
software work is a database (DB) of the basic constructs
for static and dynamic protection circuits. From the
resulting database in an automatic mode, the selection is
carried out satisfying the specified criteria constructs.

When designing an ESD protection circuit we meet the
following problems:

- High degree of variability of the main parameters of
the basic constructs;

- Large number of species of elements (diodes,
transistors) increasing with each new technology;

- Variety of circuit solutions and their combinations;

- Complexity of determining the most suitable
solutions to achieve the desired resistancevalue while the
impact of ESD in a reasonable time.

To solve the problems, it is proposed to use specialized
software that implements:

- Automatic generation of the test constructs, and
combinations thereof;

- Formation of test environment and generation of
input actions;

- Calculation of the constructs’ parameters based on
circuit simulation;

- Analysis of the results.

To test the effectiveness of the methodology, as a
starting point, input-output cells from the library, created
on the basis of Mikron SOI technology 250nm, were
selected.

For static protection circuit, a diode structure that can
hold the specified current (up to 15A), corresponding to a



particular value of ESR, is of interest. To improve
reliability, preference may be given to construct, at which
the lowest voltage value is reached, but it will incrase
geometric dimensions of protection elements.

The same requirements and algorithms apply to
transistors construct of dynamic protection circuit. In the
experiment, using the proposed methodology, we were
able to override parameters of the initial basic constructs.
The area occupied by one diode pair designed for ESR
current 2A, and defined by the methodology procedure,
decreased 5-fold compared to the original one, and the
Clamp-transistor calculated for 2A was reduced to about 4
times.

Due to the high variability of constructs and, as a
consequence, a significant number of options for the
structures and their electrical parameters, there is a need to
formulate criteria for sorting and selecting constructs, most
fully satisfying the specified conditions.

The first criteria for static protection schemes’ sorting
is the current capacity of the security element, or the
maximum current passed, withstand construct. Each ESD
type has its own stress current. Although bandwidth may
be the same, the constructs can significantly differ from
each other with respect to the occupied area and shape. The
second criterion is related to the geometric sorting. The
diode width should not exceed the width of the contact
area. This helps significantly to reduce the number of these
elements. Another important point is the ability to limit the
height of the resulting constructs. Thus, it becomes
possible to reduce the amount of suitable basic constructs
by another 30%. The third criterion is sorting by diode
voltage drop. This criterion is only available for constructs
diodes since their characteristics analysis. Reducing the
number of diodes does not occur, but the elements that
have the required bandwidth and have lower voltage drop,
are at the top of the database table, as the most suitable for
use.

The first criterion for dynamic protection schemes
sorting is the current response time; or rather switch on
delay dynamic protection circuit. This criterion helps to
find the fastest circuit and sort the results by ascending
delay. Besides activation rate, important parameter is the
duration of the CLAMP-cells throughout the stress
exposure. The second criteria is the selection for the front
rise time and current cutoff response in relation to the rise
time and input voltage cutoff. Despite the importance of
the dynamic protection schemes timing, footprint remains
of major significance.

So, for static protection circuit, the most important
criteria for selection are current throughput capacity,
footprint and voltage drop. For dynamic protection circuit,

the most important criteria for circuit selection are
response delay, time of work during stress, current
throughput capabilities and footprint.

Integration defined criteria in the developed software
has reduced the scope of analysis for static protection
circuits from 60 thousand of the obtained configurations to
~ 800. For dynamic protection, circuit analysis scope was
reduced from ~ 85 000 of the obtained results to 450
configurations; that allows developer to carry out more
detailed analysis.

The proposed methodology and software are
technologically independent, that enables their use in the
development of IC protection circuits against ESD and 10
libraries for all the family of technologies CMOS/SOI
250/180/90/65nm and below. They can be used for the
correction of existing solutions by changes in technology
or engineering tools, for example, such as changes in
Spice-models or PDK, through migration of 10 cells,
between the options of one technology or different
technologies.

The proposed methodology has been tested and shown
to be effective in the development and initial evaluation of
ESD protection constructs for the 10 element libraries on
domestic technology SOI 250/180 nm.
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