


























Hporpamma BbIJIACT BBIXOJHBIE PE3yJbTaThl, KyJlda BKIIKOYEHBI PE3YJILTATEI MOJACIIHPOBAHUA
W COOTBETCTBYIOIIME KPMBBIE, MOJPOOHBIA OTYET O HEMOJANKaX JUIS KaxJI0H MOJEIHPOBAHHOMN
KOMOHMHALMH, KapTa MPOXOKAEHHS TOKOB, C NMOMOILBIO KOTOPOI NMOJb30BaTENb CMOMKET HAWTH
BO3MOXKHBIC HEMONAAKH B METAUIHYECKHX MEKCOSIUHEHUAX M ONTHMHM3UPOBATh MX,
noApo6HBI OTYET O CONMPOTHBJIEHHMSX MyTeH paspAJAKH, KOTOPBIN IO3BOJHT MOJIb30BATEIIO
ONTHMH3UPOBATH COSAUHEHUS U1l HANPSDKEHUH NMUTAHUSA U JAPYTHX CHIHAJIOB.

Ilna Gonee HarnsmHou aeMoHcTpdimu npeumymects nporpammsl WholeChipESDSim
NPOU3BE/EHO TaAKKE CPABHEHUE €€ BO3MOXHOCTEH ¢ APYTMMH, CUMTAIOMMMHCA B HacTOsIEEe
BpEMS  HAWIYYIIHMM TPOAYKTAMM JaHHOro Kiacca. CpaBHEHHS TPOM3BEJCHBI HA
MUKPOKOHTpOJIIepe Mo 45 HM TexHONOruu. PesynsTars! cpaBHeHUS MPENCTABIEHE B Ta6M. 2.
Takum o6pa3zom, nporpamma WholeChipESDSim o6ecnieunBaer npumepHo 46% 5KOHOMHU BO
spemenu nipu 8,34% pocre oneparuBHOM namatH. Bce mepedHcneHHbIE KadecTBa JENAOT
MporpaMMy O4eHb NpHUBIEKaTeIbHOM s Moaemuposanus nesnoit MC ¢ touku 3penus DCP.

Tabmuna 2
CpaBHUTENBHBIE PE3yJIbTATHI, TIONYYEHHbIE C MOMOIIBIO MPorpaMMHBIX cpesict Keytek
Zapmaster 1 WholeChipESDSim

Keytek WholeChipESDSim (i Boiurpbiim
Zapmaster %
Bpemennble 3aTpaThl (4ac) 13,2

HaumeHoBanue
NporpamMmbi

OﬂepaTHBHaﬂ namMsiTb

OCHOBHBIE BBIBO/IBI IIO TUCCEPTAIIMOHHO! PABOTE

1. O6ocHoBaHa HEOOXONMMOCTH  pa3palOTKH  HOBBIX  MOJENEH JUIi  YCTPOMCTB,
UCIIONB3YEMBIX B HersiX 3auuTsl o DCP, 1 HOBbIX MeTos10B MozenupoBanus VIC ¢ Touku
3penust DCP. Mcnonb3oBamue 3THX METOHOB COKPATHT YHCIIO LMKIJIOB paspaborka-
NPOU3BOACTBO-pa3paboTka, a y4eT HOBHIX 3((eKToB B MOAENIX NPHHIMITHAILHO
TNOJIHUMET HA HOBBI ypoBeHb TouHOCTh MC MojenpoBanus ¢ Touku 3penus DCP.
PaszpaGoTaHsl HOBbIE MOZIEITM JUIS OCHOBHBIX YCTPOMCTB, HCIIONB3YEMBIX B LIETIAX 3AILUTHI
or OCP, B KOTOpBIX Y4YTGHBl BBICOKHE TOKOBBIE PEXHUMBI U HOBBIE SIBJICHUS,
BO3HMKAIOIIE B pe3ynbrare camoHarpeBanus [1, 7, 8]. PaspaGoranmbie Monenu
HO3BOJISIIOT OIUCHIBATE B MOJENSAX HOBbIC ABNCHUA. C IOMOIIBIO 9THX MOZENEH MOXHO
NPOM3BECTH JIOBOJBHO OBICTPOE MOACNMPOBAaHWE, O0ECHEYHBAsA IPH 3TOM BBICOKYIO
TOYHOCTb.
Pa3paboTana HOBasi MOJENb Ul METAUIMMECKUX MEXKCOEIUHEHUI C Y9eTOM M3MCHCHUA
CONPOTHBIIEHHS ¥ YPOBHS OJEKTPOMHUIpALMM B pe3yJbTare camoHarpeBanus [6].
Pa3paboTaHHas MOZENb MTO3BOJIET MOJHOCTHIO MOJENHPOBAThH IEPEHOCHBIE MPOLECCH B
METAUIMYECKUX MEXCOeAUHEHUIX B pesyinsrare DCP cobbiTus, obecrieduBas npu 3TOM
BBICOKYIO TOYHOCTb.
[IpeanoxkeHa HoBas CTPYKTypa, 3allWIamonias BXoAHble kackamel or DCP, koTopeie
CBS3aHBI C CHTHANaMH, HAXOAAIIMMUCA MEXIYy pa3HBIMH OCTPOBKAMM HAIpsHKEHHS
nutanus [3, 4] IlpenMymiecTBO npemIokeHHONH CTPYKTYphl B TOM, YTO HET HMKAKUX

orpaHndeHuii st paspaborku DCP crpykTyp a 3aHuMaemas Iuiom@aah nodrd Ha 60%
MEHBIIIE N0 CPABHEHHIO C OOBIYHBIMU CTPYKTYpPaMH.
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C eI JKOHOMMH BpeMeHH, 3aTpaunBaeMoro Ha Mmojenuposanue MC B HbIHEWHMX
Merojiax, pa3paboTaH HOBBIA aNrOPUTM JUIA nocrroronoruyeckoit sxerpakumn  MC,
[I03BONMIOMMIT B PE3yNBTUPYIOLIEM DKCTPAaKTHOM (aiiie OCTaBIATh TONBKO T€
ycTpoiicTBa, KOTOphie OyAyT aKTHBHBI C TOYKM 3pCHHA OCP [2, 5]. Dror meroa
M03BOMSET ~ CYMIECTBEHHO  YMEHBIIMTh  4HMCIO  YCTPOWCTB B Pe3yIbTHPYIOLICM
IKCTpaKTHOM (hail/ie W CYMIECTBEHHO COKPATHTH BPEMS ET0 MOJETHPOBAHHS.

Ha 6ase npeIOKEHHOrO @IrOpHIMa MJs  JKCTPAKIMH paszpaboran MeTox JUIs
moznenuposanus 1enoit C ¢ Touky 3penus DER-

Ha ocHoBe Da3paOTAaHHBIX AITOPHTMOB M METOJA CO3JAHO  CHCHHMATH3MPOBAHHOC
nporpammuoe cpeacrBo WholeChipESDSim, nossosisromiee MOACIMPOBATH UC ¢ Toukmn
3penmst DCP. PaspaGoraHHas nporpamMma HAaeT BO3MOXHOCTH NpOU3BOANTE J1IO0KIC
MojuGHKaIy KOHGUTYpaumid Ul MOJCTHPOBAHI Pa3HBIX HUC. TporpamMma BhbIjiact
MOAPOGHBIE BEIXOAHBIE PE3YJBTATEL, HTO YNPOMIACT MPOUECC BRLCHCHWA TPHUHIL
Hernonanok. ITo CpaBHEHHMIO ¢ JIPYTHMU W3BECTHBIMHM NPOrpaMMamH, WholeChipESDSim
o6ecrieunBaeT dKoHOMHHA 46 % Bpemeny 3a cueT pocta 8,34 % onepaTHBHOM NamsATH.
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EjEjunpuununhly  (hgpwpunpdwt  (RUL) bkphnypp  hwinhuwbnud  k
punkgpuy  upbdwbbph  (PU) howuwjhmpjub bjuquut jupbnpugnyi
yuwndwnbkphg dbhp: Quuwjwd pwquuppy gwlpkphti pupdpugtbin bU-h
hniuuhnipjut wuwnh&ulip, wkjulininghugh owpnihwfulub
Uwuginwpunjnpnudp h hwyn b pipnud puquwphy tnp ubighpibp: bU-ulipnud
EUL wuwwnwhwpp hwdwj ngblgdmd b pupdp pupdwh b hnuwliph
wnwgwgudp:  Quuyws bpwb, np REUL-U mbh pun jupd wbngnipmb, dbs
hnuwliph nu puipnudp jupng kb wdpnneniyhtn ik PU-: RUL-h htiwnhwlipny
wnwowgnny hpdiwlwh fwthwindubphg kb jhuwhwnnpnsught p-n whgduh
swynudp, dkinwnulwb vhgdhugnudubph Juwuduspbpp, hulwbh swlnulp b
wjilc: Pugh wyu bpqwd punhwbinudibphg BUL wuwwnwhwpp Yupng b owgg
junhpubkp wewgwglt) PU-nwd, wplunnwbpughtt nkdhihg noipu phpkng
EEunpntught npnp wwpptp: Vkpughu bU-kph dnwn 40 winfnup puhwbndub
ywwndwn L hwinhuwinud EUL wuunwhwpp: Uhthwpn t, op bU-h hwidwp
npulh b hnuwhnipjut  wdbbwliwplnp  hwnfwubhpubphg EUL-hg
wupnyubjusnipinibp:

EUL wuwwwhwpbbph tjwududp juymb b dbd hnuwhmppuodp U
mukbwnt hundwp wihpwdbyn  dpwlt) RUL-hg wwonmwwn pjul wjiyhuh
onpwlikp, npntip Yupny kb wuwpnwwbik) PU-tpp wuupplp RUL yunwhwiplbtph
fhypnul:  Uwluyt BEUL-hg wwpunuwbnipjmb  bwpiwugsnulp pujuljmthh
ndjup fghp E, pulth np wuwpnywinipjub snpubkph Wulnuip hhdujws k
Yhuwhnpdbwlwb wpynibipikph Jpw, npntip wwhwgnid ki pujulmpl Ukd
sdwjuukp b dudwbwy:

Ujuyhup  dwfuubpp b dwdwbwlh Ynpniunp  hunwl phunpmud - ku
Unnbjunfnpnidibph - hhdwl  Jpm  RUL-hg wuwpnywinmpul  onpwkph
Upwljmt whhpwdbpnnipniip: Uwluyh wynguihup onpulikph Unpbjwdnpnudp
yuwhwbgnu! £ wyy pnputkpnud woljw EUL-hg wwonywhim pjut uwppliph
hudwyunuupiwt  dngbjubp, npnbp hwplh Juwobkh RUL wunwhwph
plpwgpnid mkinh nitikgnn pnjnp $hqhwlub kplnyphbpp:

Lupugdtwt  dwdwbwl wihpwdtipnm E hwpdh  wnlily EUL-hg
yupnyunipjub pnpugh Juppp PU-h tnpiuwy wwypdwibbph ghypou: Uy
wdblp juunwpimd b bwlwgddwb  jubnbubpp, ujubdunbuthjujut
nnyninghwjul jurmgyuspitph hwdbdwndwl, twhugsh vnniquwh b EUT,
hnuwiiph whgdwh htwpunjnp pninp Swwuywphitkph YEpnidnipymt hongny,
hyp gnpstmluinud sh jupnn wuyuwhndb) vnniquuh £Hnnipput wlthpwdton
dwljupnulp:

EUL-hg wupunyuinmpjub uwnmquwl  hwdwp wbhpwdbyn t hnwuwih
Utpnn, npp htwpwnpmipimb junw dngbugnpl; bU-u RUL wyuwnwhwph
wqnlignipjul wupdwbbkpnud: Uy dnghjuygnpdwb Ulipnnh kpint hhdtwub
jungpinmntbpt &4 Ungbjundnpynn  onpwyh Uksnipjniip b EUL-hg
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ulmzmulmhnLﬁ]mh uwppbph  pugwuwlub  phdwnpmpudp  wkqudwuh
uUnpbjubph pupnnipniup:

Uwnbktwinumpniip ilhpdus k Ejnpuununhly jhgpupwihnulhg (EUL)
yupnuwwnyg juenigyuspubph twpugsdwl dhongubph htwnwgnudwip b
wuonywinipjul  junnigusdpubph  twhwgsdwl  hwdwp  wihpudbon
wpynibunjiin dbpnnutph nu dhongukph unbnsdwbp: Uswlyk; tu tnp
uUnphijiip EUL-hg wwowwwbnipjub pnpwitpnud oguuqnpsyny hhutwluwi
wnwppbph hudwp (1, 7, 8]: Unwpwpljws unphjuipnd hwogh th wnlfws
pupdp hnuwbpughtt nkdhdukpp, huptwnwpugdwt hinbwbpn] wpwgwgnn
unp bEpbnypbbpp: Uyy Gployplbph hwplh wnlubjp ulqpniipnpl  wy
dwjupquh dpw Lt pwpdpugimd hunbkqpuy  upjubdwubph (PU) ERUL
wnbuwblnithg Unpijunpuwt &ogpuinipinitip: Upwllby ki twl tnp dnpljukp
dbnwnuijut  dhguhwgnudubph  hwdwp, npnigmd hwpdh o wnldws
huptwnwpugdul htnbwtpny nhiwnpmipjut wpdtph b biknpudhqpughugh
dwlupnulh thnthnjunipniitipn [6]: Unwgupljws dnpbijulipp poyp bl vnwghu
1hnyhtt Unphjudnpl) dbnunujut dhpdhugnufutpnud mbnh niilignn whgnnhly
gnpdpupwghtipp EUL wuwnwhwph wqpkgnmput wwy b pujuljuiht £pgphwn
nbknijmpmuikp i wwhu ppuitg hwuduwiwjuwt jpwhwidut  dwupb:
Unwowplyliy &b RUL-hg wwonuubmpul inp Jupmguspubp, npnip
twjwnbugwsd i yupnywikine ubdwb tpnt wuppkp §nqujubpnud qunlgng
wgnuipwbughtt  onpuyh  Ununpuwyhtt hwtgnuygubpp EUL  wunwhwphg:
Unwowplws Yunmgguspupp skt upuplhynid BEUL twjiwgddwb nplk
wwhiwbwhwlndtbph b qpuynud & npp  dwlbpbu’ dhwdwdwbul
wuonuyuibbing  vidwb  qupdwl anwppkp Ynquuijuipnd quitndng
wqpubpubghtt onpugh dnunpughtt hwbignygubpp EUL wuwwnwhwphg [3, 4]:
Uowljty £ PU-h hhnunnyninghwlwut punjusph wpinuwsdwt wignphpd, npp
poyl b wmwhu wpnwdjws Jipgtwljut punjuépnid pungplbp dhuyt wyl
wnupplipp, npnip jupnn kb wjnhjubw) EUL yupydwh ptpugpnud (2, 5]: Uju
Unnbgnuip  httwpujnpmpnit £ wwhu  bwybu  jpdunnk)  Jhpelwljut
punjudph sSujuyp. Yp&wnbin] gpu Unphjpudnpdwt dpu Swijeung
dudwtwlp: Uy wygnphpup hhdw Jpu dowlt) £ wdpnnpowljmi HU-u EUT,
wnbkuwllniihg dnpijunplne b vnwgjws wpnyniiptipp wpynibun]nnpku
Yhpnudknt Ukpnry:

Unbtwpnumpniinud - wpwgwpljud  dipnnubpt  ppwlwiugll; Lh
wpnnouljutt PU-U RUL whuwblnithg dnphjunplint hwdwp twwnbudus
WholeChipESDSim spuqpuijhti Uhgngnud: Upwljgwé dpuqpuyhtt gnpdhpp poiy k
nuhu junupl] gubijugus jupqupkpnudibp’ dngbjudnpbint wupunbuuy
EUL wuwnwhwpubp: WholeChipESDSim spwuqpuyhtt dhongp hudbdungbng
EUL dnghjunpiwl npnpnid hwypnbh  wy Spugpuyht gnpdhph  htn’
wyywhnymd t dnphjunpdwt dpu dwpunn dudwbwlh 46% Ypdunnud,
punudkiip 8,34% dhpkuwjuljuls hhpnnnipjut wbjugdwt wuydwhbbpnud:

21



ARARAT NORIK KHACHATRYAN

RESEARCH AND DEVELOPMENT OF MEANS FOR DESIGNING
PROTECTION STRUCTURES FROM ELECTROSTATIC PHENOMENA

'SUMMARY

The electrostatic discharge (ESD) is one of the major reliability issues for today’s
integral circuits (IC). In spite of many efforts to improve the reliability level (from ESD
point of view) of ICs the technology scaling reveals many new problems. The ESD event
in ICs is often accompanied with high current and voltage levels. Despite the short
duration of ESD event, high current and voltage can completely disrupt ICs. The main
failures as a result of ESD event are: breakdown of p-n junctions, failure of metal
interconnects, breakdown of gate oxide, etc. In addition to these failures, the ESD event
can also cause other problems in ICs by disturbing the operationg modes of some devices
in [Cs. Today’s more than 40% of IC failures are the result of ESD event. Obviously, for

ICs one of the quality and reliability metrics is to have protections from ESD phenomena.

Thus, in order to have IC with high level of reliability which will stable with respect
to different types of ESD events, such protection structure need to be designed, which can
protect ICs from various ESD events. But the design of ESD protection circuits is quite
difficult since the development of protection circuits is based on semiempiric methods

which are very expensive and time consuming.

Such expenses and loss of time dictates the development of protection circuits based
on the simulation methods. But such methods require models of devices which are used
in ESD protection circuits. These models should be able to characterize all physical

phenomena that occur during ESD event.

In design process the characteristics of ESD protection circuits in normal operating
mode of ICs should also be considered. Today this can be done by verification of design
and ESD design rules, comparison of schematic and layout patterns, analyzing all

possible paths of discharge current. But in practice, these analyses unable to provide the

required accuracy level of checking.
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For ESD simulations of ICs, a new method which will allow to fully simulate the 1Cs
with regard to various types of ESD events is needed. In today’s methods, two main
obstacles exist. One of them is the size of chain which should be simulated and the

otherone is the existence of devices which operate in snapback mode during ESD event.

The dissertation is devoted to research of methods of developing protection structures
from electrostatic discharge (ESD) phenomena and to creation of effective methods for
designing such protection methods. New models have been developed for main devices
which are used in protection circuits [1, 7, 8]. The high current modes and new
phenomena which happen due to self-heating are taken into account in proposed models.
The accuracy of simulation results are raised principally in the new level due to
consideration of these effects. Also new models for metal interconnects have been
developed, where the changes of resistance and electromigration level of metals due to
self-heating effects have been considered [6]. The proposed models allow fully
characterizing processes during ESD event and giving accurate information about failure
probabilities. New structures to protect input stages of receivers have been proposed
which are connected to signal, located between two different power supply islands [3, 4].
In comparing with secondary protections used to protect such cascades, the main
advantages of the proposed structure are: easy designing capability, which is not required
to keep all rules for ESD protection design as weel as occupied small layout area. The
proposed structures effectively protect the input cascades of receivers which have such
connections. A new algorithm has been proposed which allows including only such
devices which can become active during ESD event in the final from layout extracted
netlist [2, 5]. This approach allows decreasing the number of devices in final extracted
netlist by decreasing the time of simulations. Using this algorithm, the method which
allows performing ESD simulations for the whole integral circuit (IC) and effectively

debuging the output results, has been developed.

In the dissertation the proposed methods are used in WholeChipESDSim program
tool which allows performing ESD simulations for the whole IC. The developed tool is
very flexible which allows configuring it to perform various ESD type simulations. In
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simulation time at the expense of increas







