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ELECTROSTATI C DI SCHARGE PROTECTI ON DEVI CES AND METHODS
FOR PROTECTI NG SEM CONDUCTOR DEVI CES AGAI NST
wERESHRGEIATI C DI SCHARGE EVENTS FI ELDOFTHE | NVENTUSI07/020594
[ 0001] The present invention generally relates to
sem conduct or devices, and nore particularly rel ates
to electrostatic discharge protection devices and
nmet hods for protecting an input of a sem conductor
structure froman el ectrostatic di scharge event.
EBECKIGPENANIC OFS CHARGE\RRENHODION DEVIES ANDSMETIEODS HQR BROTECTING
t eC BEMICRIDIRAOGRSIBAICES KRINSHHE HTRASFA B DISEH RGO SVAGYS
towards 65 nm 45 nm 32 nm and even beyond, the
el ectrostatic discharge (ESD) protection for
i nput/output (1/0O pads and supply clanps becones nore
challenging. This is @mmmléwr
[000?’]I | I'f:h%g (f?gl]lt mve%yJ)ng ?é’ralésrq%tzs Ot%)/ ge:r:nh Q)g+ 0 {dev C ?r“ er?? pamctllﬁrl relates to
electrPéwprP%sbaé&esPr?fEfae% devices godmeodsfpr pretpctipg an ar"a o hé%??é%ﬁf structure
fromGh eledweaiticidiellargdies@har ge of a current (positive or
negative) for a short duration during which a | arge
anmount of current is provided to a sem conductor
structure. [0003] Present-day ESD protection circuits
present a nunber oBAGKSROVNOOF Tk INVENTIONY when used
(000§ t hAsSEhichRIGAGALBGNogy 2OARCeESRADANGE A hid3I0 néi Edhhbide§ towards 65 nm, 45
nm, ?i“:u]{a earnd eve&rpﬁ)mng E%JDS&F%’Q"Z'E ?#%l{]al%gf(l%ﬁ :%{ost’éc% t%ﬁ&g\ﬁ) %tﬂut ?1/0) pads and
s“PPHrF“’S@‘ RS TER ‘é‘é"e“ﬁﬁ% BRI BiPeciqlly g for ﬁb‘k’a@é "E?J?‘?’éﬁ?‘) technology,
which isGtxpeCtebto be pipfeableioveg bl gdinalggy fotithe fie®(Huiocesd nbdes. NAEESD event refers to a
phentnlnén@ﬁ of Qé:‘nclal' Jﬂcﬁaréeh(ﬁ aq:%}{'éng ?po§imgsp ngﬁamp kdr la ts“orﬁc‘l@at&n? during which a

turn owers the failure

'a'gecaﬂgl"“é ﬂ'[e CufgFy ésrp“’ég%’ '§,’ta|5"e"§,'§°"d'f°5’(')5ﬂj°m’,&ccor dingly, it is
(0003l s | Presoitaiay BSIp proteFtibes CaeEBEepragBbe iobdravevksceartichlafly when used with

SOI R¥rbidky. SomOBSD BrkeB M ctblfits budtet FAPREH 1bdk¥R chiatling glgh Hpacmve loading.
Othe?hgﬁ pJol%cl%F% rc,[uﬂp ls&a a? thQse%V kg? sug tratl;s?3 > ? F]x(t)n bgqgvbeg peaka é/ cl:ugrgnt and lower

tron in
capagiitfi 'e3dipe, bt feaiiie RSP B @attla"mecﬂffr"aees ESTHE@BRIY fisro high el heating.
whichrintuec lowerg the falerricaromdundér@sDstressict ur e from an ESD event

[000”]S| nﬂcc@rﬁmhlgp{ QHQQabFeSPpBK/iQE ﬁFés'DQJPotQﬁé!d delice IEQ fehhﬁfs rfmdrlgakage and low
capacmveqoadgx Sit also ] gesxraq)?e tu f r%vnde zg)qis?) ?.I‘ éac': 1t ez{elvnSt% e ﬁ%& sa re3ucnon in size of
B ESEAPE WIS PSR P PoB P&t eht™ ¢ 9th°t

econe
the dSUFPS éq er@mon db‘ﬁ aww emyide preded fof Prokeing a sepieandngtop pirgcture from an
ESDt &\entaiifpN e Gmirb i NESD tpedt2tion BeviceN] Hidthtdnidre, WitHeN dedit@ble features and

char&ﬁ»ﬁgmawe ;nae& ERM Y %mgoé&f%%ééql e Ngg%% %.b%égj%e(i description of the

I on.” BRI EF SUMVARY
invegioR G A APPSR, T AERDIR FYEIRD M . FOPREY sy Gaiigs and s

~ backgnayndiof theimvengipn.e| ectr ost ati ¢ di scharge protection

device is provided. The eI ect rost atic discharge

protection device i _}: GOR amﬁ ate, a

P+-type anode region |spose l% e sclt) icon
[0008), h sl jagpostancy péth ahewmlememam@éofrt@garﬁwtmvsrp@s @g elgfuoptptis discharge
protectic devitd i€ provigedd SIthe ale@rokthticSdischagye prdtdctiort de@icd dondpyisee a ailiaGl@ubstrate, a

P*. tyb@moeareglé, Eisaa@dlmﬂmecs%.cwgmmw Shd Qh ﬁmﬁ%@ww rta.gim,;pbéd within the
I'j con.su str%#gfln series With t devi c

SlllC(PleSglPSB'ﬁte érh Spries,w fﬁéype @P‘H’S d%glope g‘T Bﬁvell ge\a?esrﬁ%%rba dlsposed within the
silican stiltsirate intseries with the V- wellslsviceaegion add arali ety pe| cathodeqefsionj isdisposed within the

s.nca,i samas dA'cghte krafle SWRBSsBNitiiablsibs@MAINY WeAdnd e NNval¥edhd P-well device
reglons gf the svi%on sugs%'atle ce
[0006] In accordance with another exemplary embodiment of the present invention, a method for

protecting an input of a semiconductor structure from an electrostatic discharge event is provided. The
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regions of the silicon substrate. [0006] In accordance
W t h anot her exenpl ary enbodi nent of the present
wo Pogidsen, a nmethod for protecting an input opcEHUS2007/020594
sem conductor structure froman electrostatic
di scharge event is provided. Thenethod conprises the
steps of providing a first diode and a second di ode
series-coupled to an input, forward biasing the first
di ode and the second di ode, and shorting out the first
meti@i ochiprisgs tiehsepsd ponding ia dihe dibde dnll @ seevi@iitiode feridsicoupled to an input, forward

blasﬁé hE tﬂfspéigcﬁtah@thg kc%&laalfcﬂg af/ ﬁxmtmg LIQ %Hst hﬂd@&% gc%m:p(ﬁode in the event
her exenpl ary enbodi nent of the present

th
°fa'}ﬂ"&75?ffal"6 sc ¥eH®fNod for protecting a seniconductor
(0003} r Ukt ageasdabeeoniting ferther exepglent ¢rgbogfimeut hed rtbre presgetninvention, a method for

protqRbifp/ h G&fliconlilitor NeErhdigel fRaTR iel‘é@ﬁstﬁthﬁdn&ﬁmﬁ@e efen rsOpr\d&eag Phe method
com%r%s%sﬁt{xe .g (i!%lfo%ﬁgq? 4 IIS?gIgE]C angI Ode ds 1? ocieesg leg-gou gJeg 9) an 1npup The first diode

secon
and ghe gecopq digde ‘l’f%l‘i‘rﬁﬁ‘ﬁ"&%lt‘P‘Bﬁ“Waf‘PP ahh eﬂ/ewr'ypm &y a’c\% .e'esmsmlc discharge
eventls edbdd@6th@gatetandlh g3 ltaregion efbdfirstidiods enaecoad dibdeas igatiad.
and a device region of the first diode or the second
diode is inverted. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0008] The present invention will hereinafter be
descri bed i n conjRRIEE PESCRIPTION GRETHIDDROWINGS dr awi ng

[000&] gufﬁspresm eﬁ'\@ﬂltﬁn Iwilk ﬁerﬂh’dﬁe{ @ &sgﬁmﬁ\%ol\jh&ﬁorﬁkmgtf(ﬁlsowmg drawing
ﬁgure wherel E%numel% noJellEe ements and %hgg Qss-sectl onal view
of an & T7on device I'n accordance with an

loo%kenﬁpaﬂ ¥ *effb%ﬂ?cnﬁﬁt vigif of #eESR erstertion idpNjesrie inesprdarco @ity pn exemplary
embédirzent & thepraters Bl@uigt; i ¢ circuit di agram of the ESD
[0016] ot ﬁ%t b. Qn s‘éﬁ‘eVrIaG(,eanm E Lgam ;IJf e ggD\M'Ottégthﬁrheﬁg Jflﬁ elr\ﬁgi with an RC-

sensing circuit; [0 IS a schematic circu
rigegied Pt YFU% he ESD pr ot ect | on device of FIG 1 used '
[0013) t hFIE. Biisghschquaticlcirenip diagram top the BSBbrot¢cdol ddvicé-bIFIG4 1 juged awith a high
smxgmpamabmgmgircuit diagran1of the ESD protection device
[0012{ Gth 45 aascsc a}’*é L cIu@dlél ?n& of ?;l %IQE d)rcgecﬁo [ eWcé o lilgolls%,d with a local
clampiggycigmist ect | on deV|ce used with a rall-based cl anpi ng
(0018) r CEIGt 5 is[a0CHkhtiddirGhit agrBn 6f ayiriof &t BSIL pro@étiah device\0sedfwitAn rail-based
clampmciRiuet ection device in accordance with another

Iar enbodi nent of the present invention; and

“""?ﬁo T 613 oSO} gew. St FIR AT AEe 30 pYePgpncy ith another

xenipREy gmphodisentiobthe pfesgitdnventdolsBA¢ LED DESCRI PTI ON OF THE
[oollsj\IVEN?c'l hla LQQL6dtioddn Gied 6f 4 iok HoESTESrakdisildedReCr i ption of

the invention is nerely exenplary in nature and i s not

intended to limt the invention or the application and

uses of the invention. Furthernore, there is no

intention to beDEBDAREDBESERIPTION OF FTHEARNYENTION i n t he

[0018Y eCﬂQ' ﬂ%v@@CMIWﬂ@crfﬁfloﬂ mthé W@rﬁﬁ)ﬁ @sanEly tek@npia@ [nO¥tuROand is not
ISt S5 8350k LA R
ini imit the u{ve tlﬁx %‘ e appllcatlon and ses o rmore LEﬁj)S no intention

an elrectrost at'"vém'& schar g
to bepl?oe{adel@tt qnb Hleﬁéwege@teq_ gno.hq ﬂeca@eg)?admgu@d @f the,inxghtion or the following detailed

description of the invention.

[06017) Referring to FIG. 1, an electrostatic discharge (ESD) protection device 100 in accordance with an
exemplary embodiment of the present invention comprises a dual-well field effect diode (DW-FED) used for
the protection of a core semiconductor circuit (not shown) against an ESD event. ESD protection device 100
comprises a silicon substrate, which may be a bulk silicon wafer (not illustrated) or, preferably, may be a thin
layer of silicon 104 on an insulating layer 106 (commonly know as silicon-on-insulator or SOI) that, in turn,

is supported by a carrier wafer 108. Thin silicon layer 104 typically has a thickness of about 20-100
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exenpl ary enbodi nent of the present invention
conprises a dual-well field effect diode (DWFED) used
wo odoslolg1prot ecti on of a core sem conduct or cipCBUt2007/020594
(not shown) agai nst an ESD event. ESD protection
devi ce 100 conprises a silicon substrate, which may be
a bulk silicon wafer (not illustrated) or, preferably,
may be a thin layer of silicon 104 on an insul ating
| ayer 106 (commonly know as silicon-on-insulator or
nanoB@es (inajepending ¢nurhegirchisfusatippigidgédipliayienged Cad piefrablydhed thickness of less
than 3008t sob. n silicon layer 104 typi cally has a thickness

0 20- 100nanonet er s endln on the
o0t RSP AR EEn IR 130 B HERVEDS PR B BRRBINS pidm N'pe
cathogle regjop |t He bagh difpoped msthe filzpan lakro 4§4. SBe H’rﬁypﬂ[ ©0de83ziohid6 efS[Dicon layer 104

is sepHrAAdaRm (RINTNE &QO&Q&IcfnUﬂg Bbed’n N-QBIPAdvize fegidn P20 dni 99—well device region
122, a?'f egle' dr g IOéS), gd ilylpe ret%}?ns are reglé)résn aIQm§ aadtoa_ngagon%.%gatﬁg g{ef/tﬁl" than the doping
conCeRigRD °rf§1§|1’o‘ﬁe"131'6 N)yellsrlegnprﬁoﬁx ngrempplary gmpagimespef thg isyention, the P-well
and RiveIndéviee régiont yide becdvpliDdlier & seirbeiiopahBrolaycomd@ntitivvedflabout 5x10'7 to about
SXI(ﬂiFCYA BC@hliqué p'ntleezaQO&r}gguﬂi EP d %N —tgp@\&tﬁ@de T aa]b%%bpe-ghﬁth a suitable

4e and N+-t are’ reqgi ons aV|

dOPaa‘d p % j‘c%)g?’ﬂ?é ﬂ{ qbgltt 18 ntogig%lé{(b rcnt h ghe htg)t:dbﬁe ﬁf@mn and the N*-type cathode
regnqpoan@ dhath-wel] and Nofvelt tegiom-cam (b fabrichtel-igudie| standrgd marmer, Fan egample, by ion
impIENAIBH b ni® Bbﬂ\dbﬂﬁ&ﬁﬁs £6Hf thd mypb Bx‘é@srﬂnh ®6¥on foR @ -t dhead Mhe doping of
the wggél\%L {mx es\{hqum I ons of Eg% pro ecnoB%evxce h a suitable

pan oncen ation’o x1 017 to about _
[0018},7 4 ES"‘(?ﬁﬁ%“; inghffiir &1 ihisposedioy p urtiprold@ of wliion fpverr Bt e sate insulator
may -theyiplly grawvin sitlen ddgide formalyby heatidlg phe dilivent dabstrats i énadald&ing ambient, or

may @99 %Bsntt@mﬁxl&&@%qg b Qtléog %xn@é smml'mmc]eo; héh Elglea:lbco&tnsta’]npgxaﬂator such

e anode regi on _and
s Hgan) HE & 'P‘sgPsws'ﬁ*ﬁd"St"ﬂ‘afs AR FePifes mfwéﬂ"rv'er @'g'?%ﬁ% mangigr by chemical
vapop deposition €XDa.dlowrpreshiee chemivalayadorndepesésion (ERGVIDX semprhospbsric chemical
vapok Qé'boénﬁﬂﬂ'(gﬂtﬁbj GﬂplﬁgmaQﬁfnﬁ&h Qhé?tflcap b@&p&g&‘ﬁ%ﬁ (f’@fvd)h &he gate insulator

mater; dal 1¥ H'glcﬁgyelaﬁ) 9 Puc ] ss accor ance w1>{1 one emgo%smenr i)fe the mverntlon a gate
et erm nes

thet VO
e T R PO, b 0 8 P rpen
the liyaSiflg@a¢ idsulalck 0 Othsr ethicSipDIs @6hd Qtivagate Mdcadie-forhehg Ofatesihlh, sl Bs metals and
mctah QNc%es %Qé‘ als &G‘de&%ké l'Iﬂec'%alteae‘ie‘;,)ﬂ'odg‘?éf'rnp'ﬁ Jahﬁﬁglm@ljeinyfteg (VQMQ referred to as

rosSF BUET Ao ST PL P P T P e matras can s
empldyed o sif ttked sith slgttepd e forming pagegal gis giolyerysallinsxsilten, itl imgal is typically
depokiteli kd AiRicknass Bf ButGDROEEH drd GrefeddbBLta A thidkSLbrAbSK 10U byAPCVD by the

hydrgge§ nQ’ucn%é otfP%mLI kﬁ\t |%ﬁlp Qtshotl)gzﬁ'stlanﬁ Llﬁéogrl§ B)reéer?llnp degoslned as undoped

eposi t exa own manner

P°‘YV2§‘&HF‘C &le2nd Isé\‘Pst%’Xﬂﬂy impugjty, dgpedody mneﬂmeham%arfh%/%%bwomnon device

100 fekro simpirign sievRONBIcers $2vhictt noeph@rdefineakpioms ¢ B any &30 1Sidewall spacers

124 g@nﬁ&&hh@& a()ysﬁm dleI&Enc ptla@ﬁ%aem %ﬂ&@ﬁoh&b&ms&@dﬁéﬁp%m that of the

s 1GBRRL oty sl ent e R a4 e Sl B e s o
exa"@ h‘é?PPCCCFf' 2¢ may erm' pigiiconnitgdg, silieon etifle. oridlicern exynitride.

[0020]101 naCkviabnt gﬂh&’-‘mﬂ ICESD prdection Bévice Joomat 6vd AN junﬁﬁ(ﬁﬁ ﬁrsa't}ls Within silicon
layerpﬁltytﬁl';swatnﬁllé t'wg %or%xldlbﬁ 'dldd?selqs 919(?‘ hifZeq 58Q£ oT{leh te e@é@(gde 114 can be

I nsul ctrica conduct

wise 53 PORIE P51 RSB PP o A LIRSS i B clecrode s
grounded er hikser slighaly nedative dp elightd{rosifiveowith rdspest pagrand, only a depletion of a channel

115 @d&Gh @Q@Teﬁtﬁfdmwﬂgocl’:mt ﬂwoﬂilngr}efn%bﬁlﬁgb %f:erzmoln lae & 100 wnll behave as two
forwar?fblaf(ed %rodes in eHe 1¥gc al\‘ anc’n:: oérlxl vlo‘ta (3 o tfl% avf’ﬁso‘ba lgsr}or ea8| o? the diodes).

r n|z

The pppr-@iy Yolipae of glpvice) g)g lso@uselng]e(e)ghgdghe |eRpPeEtp n(g@gleoperatmg voltage of the core
circu tfaCis baskCprotedted sh gevida t @ éffattively afp@hry 85 ayt Dbl dirtui@h iisl iinGsibile to the core

that material is typically deposited to a thickness of

about 50-200 nm and preferabBy to a thickness of about

100 nm by LPCVD by the hydrogen reduction of silane,

The | ayer of polycrystalline silicon is preferably

deposited as undoped polycrystalline silicon and is

subsequently |npur|ty doped by ion inplantation. The

P~ T~ .
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100 further conprises sidewall spacers 124, which are

used to define regions 116 and 118. Sidewall spacers
wd-2dbsiopiibe formed of any suitable dielectric p@t/gsiodlon2s94

that has an etch characteristic different fromthat of

the gate electrode-form ng material of gate el ectrode

114 when exposed to the sane etch chem stry. For

exanpl e, sidewall spacers 124 may be forned of silicon

nitride, silicon oxide, or silicon oxynitride. [0020]
circyitsto éog i pegsted.f 1 additiofs, bedauseHSD dipdext @€ sedin sheivs, te st chi@lination has a

capat:l‘QQwH'oMrJ th'eﬂlcltuh QR3] sin@le %?Jtécﬁ@n H\Q)Jeh | lp 3 ghde QQ@&&@Y@&ML@ 4 rhigh positive

and 1 in
voltage such as th?:hrgs%h %@o% rx 8%anv8 ggf) i\f&l (8r ‘ﬂ %gzlomng gléralg Bg}:h éﬁ event), the device
100 é‘?!‘f‘\'-?ﬁ ﬂ%ﬂ siggly @eﬂetbecavqee'er voliagg jon ¢heteete wal) inganyrhd shaii@Dingke Rywell beneath
the gate elcuddefit4. f1f Oﬁtgbta glectlofie #s lned @at}ﬁi;lheiemt/d’ Qﬂi@gei sBchQds %Uﬁiﬂﬂting from a
t -
negag(le é&ﬁé,@,q (ﬁé &egilgé dﬁ() ali§ P&Lvel[? e né% oogpg%cyusg 8?1 voléa%el on\fﬂie ate will invert

respect to groun
the ﬁﬂﬁ‘éfé f the & gei't @B PBRRHE) P BB frecorip 9giiRginyESD) qyent one of the
diodexof-dEGD 109 &rshdried nyt bgl @heicbannd @t isifdrimed) @leans-of SoltageDof device 100 will be

reduf:éartWOGt' (b‘y X, CLnQI HQQ:@SO@ ﬂ:rv%@ 55' aesimja @i}Iclup Qg SL(H{I “iRESD event to ground
of about 1.4 volts (0.7 volts for each of the

“mﬁp%ﬂ@gﬁe“¥ﬁ8"?hrn on vol tage of device 100 is thus
[002] ghESD pretentiantdevies hfctap dbe werdrwith o prosing Firvgit vo bangglethe foltage of gate
electkda€ 1€04nA s kCthadge iR adateibSas BRENGh 13 ﬁk@ﬁ&&ﬁl a&@ncg Qf/ ACEsDLARNt. FIG. 2

nllust?zrttf,sea%t t%g ere%e n%%r %ucusf l?&ele&?cgl Cloruglu(i Jle a&e lec ode of ESD protection
t0 Be ected. “Th

orecirc
deviegipy |58H',"g B'é%‘ﬁdé‘é° RefkFS QP e‘a@sc"aﬁeéhaa eveﬁtsé'e\‘eu %gpid fipfetime.  Sensing
circutelisD @sscogeld amexitednl MaBgeasupaPNS] L52nBEcnpYiRs ak Rarrigghalss formed of a

resns%f' l§4 §h|d Qg;laatop 84, e[ﬁtah Qﬂggi\jlgﬁ@nboélrnergt Eg thd gliv@ntﬁh eé‘é E&Qé? 158S has an RC
1V

| h
time °8'§SITF&‘1? ﬁ‘a’“fé gf‘h g 8§|”f |"(}‘ e\‘? SRPPIgN 1§ Le F’&’F‘E‘e" rise time of an ESD
event. | Bratekampleg qucwgiawohthaln exampiary) embofiment @f the anvé@On pbh@sias 154 has a

resisfficedn Se m@lgﬁofcﬂb&d 8010 Qﬁﬁ)ﬂﬁ%hhhﬁ\d\fﬁbl Jaéh@ﬁ‘orqgﬁ H@ ex cOALiBnM ih the range of
aboult nﬁiﬁ% abo ?(T%Z%Qr{ggg cuﬁcuntlgkf furth r co rlse rst 1 vcrtcr 1 ta%ccHnd iHverter 162,

el ectro ectr 0 e I's tired
and ﬁé'@fé‘t‘i"\’ﬁé‘e’vtﬁ“tcab‘%ﬁdstﬂc!ﬁ: 5’§g°c' h‘é? ay ghownt iEagr s i formed of a P-channel
wansizey (MO abdSiD Newhemtel randigordsMOse 100 al so behaves as a

[0025] ngbﬁ'mg'nggﬁ] Q&%Hﬁ‘ Qn me‘xbéégc!etoqgﬁ Egguegthg agadt:tgvamnl Jlgnal at a node 166

n
apoeh EEAMEICH T WREES AR AIIE 0 F RGeS R U o iosme of ESD
protesfion; deice] § Q9 dde ipiicald\dogsenot iQert the surfaeet af dithem the Ny welher the P-well. Thus,
ESDGi@éuied ddvieatioo Sehdved 15000 diob® ih beifed) Br MRkt @G Qs @h opl@\Cir6ft. In contrast,

wherJ‘Q)QESW Jant Q&mrs qu {hg E§B Q%h Q\s Z v Wlh‘)ﬁ hseqrn]r% agt%éﬁctﬁe acp \{atlon signal

serves as Eof? CIrcult qF
ot nei 166 BRI “S IR BT R e éeawsec‘r"re&ﬁ RQjegpt) Thegpyetrs inver
the singitte otipginl Hewick & 4pDId g the (pate 0§ EBD viktide 180.s @i siesagbed above, when the

voltagt hiCadlelelde@ode A4 bOEST Hﬁte&@tl wage 106 1sgﬁéhed§'kc@qw Qéi{lgve;- ida smgle diode
chan at e
beca@s@q}xebga € wnﬁ nv rh %e 9 §[5I? ﬁ a chfr%%erﬁaaﬂ?% tfl‘ A{:cor ? tehe on-voltage of

ence O
devigrd0p fis rgYesdeand §@'|*f§ | '%efteic'r“euu appeRrs@s @ Phop tcirpuitathis sheripg the §SD event to

_ groubd)anulpenegmga:eebneewunde of ESD protection device 100.

[002SENS IB@&.,SQIOI« Gy l.,therl.ﬁ@ IQRE an,sgémg B¢ éiifprg{esm S&ideN8b gjlféB the existence
have si.ng clircult

of i TIPS P B ko= PP iR oDy 55 Vi e e VO pac.
Refegripgpie iIFE@ 3, am aqRerdance ovifh ran eX@npflay embpdipfientiofr e ipsesapr inkéion, two ESD

protééf?(dl deRARR N1 28 21D8e coupledd a@ﬁ%ﬁ @']Fbl:@f/(ﬁ pﬁfd@@ qio@\wth plﬁlasﬁr@%xrcun 202 that
ensurenga?J]%gaie’s oB&e::vx[():es ﬁg df%?%ave%slow hum on vo}tacgwuné%r ﬁ%%r Iegt r’{he biasing

circut ds qoppledate 3p giespp! Volage wpRbL Vst zoéﬁ"‘EBEJPW%mN clgpel transistor 206 and two
P-chgielnphsgstors 208z2and Q10jl anshewmi Thie e ESRAdcasnydeiads @l R @it 14Gfe dual-well
the invention, the resistor 154 has a resistance in :
t he range of about 50K to | O@&K ohns and the capacitor
156 has a capacitance in the range of about IpF to
about | QpF. Sensing circuit 150 further conprises a
first inverter 160, a second inverter 162, and a third
|nverter 164 coupl ed to RC tr| gger 158 as shown. Each

. - r
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transi stor (PMOS) and an N-cha pnel transistor (NMOS).
[ 0022] During normal operation, in the absence of an
waidseyani , an activation signal at a node 166p@PPEeANF020594
as a logical 1 and the inverters invert the signal to
a logical O that is applied to the gate of ESD
protection device 100. The | ogical 0 does not invert
the surface of either the NNwell or the P-well. Thus,
ESD protection device 100 behaves as two diodes in
field:ffeat @ivdes.cuchaks Hext-wel ESE pagctinn doyie@10C bf -G L. . Filst ESD protection device 212
is co@ﬂm fo %L ZMh@ ri/(ﬁﬁd B&d) fevﬁﬂtmﬁ%aécﬁo@&evypa 4]15 goupﬁej]ﬁ) IE)Q-’Bd 200 and
has a very short rise tinme and t
g'°“3aé‘f'l Vation signal at node 166 appears as a Iog| cal 0
10028 c by e oprnhepemtigwintisyherneseof tan IED ghent, NMEE2Q6r Wit e rurned on, which
coupTeb el gﬁllb!ﬁffg@f(ﬁ 108 \iRd mobewstb el vauegeau&rmgl b@ﬁ\lmos/\(mnghors on so they
ied. t ate .of

effecuvel a%ppear ho 1rcu1 s ccordm%¥ ga%{[; %g én ﬁs opgSD _erf iglop %E/%s 9 12 and 214

eCiro
will mwé@mpwmw.za%a@@m .rgsmnw andepehcas tie (OIS idicrpices 482 apd 214 will
haveSi higl t@n-dh Oclagd) Bradiscthd Wwitagat BO phd 200id6ds @bttrisé S vd v \Wedol, device 212 is
revelfsé)fnﬁge@gr i%roctheﬁw&li dgﬁ&eﬁl El rLJgge g@éeg Tﬁggégéfejﬁr&géuxn Sé\h:@s 212 and 214

behal: votag device 100 i s reduced Vi ce

2% 1°¥P [dipdesyn é%‘ﬁ% ey expubilowfegkage. gng digicirouit aRprars 2n 87 PReR g"“‘“ that is
transpirent ESfhe coprentircpi dyr gqmnd)namgalper tealeticay g)ehzhe ag oweediodes in series, they
colleGtively kHibit |[,QQ§§,3&,m§ecause of the inherently | ower
[002§]apS e(:%r?reagt. f B[l%r&) é:v%tllt %chl’ndsleax bée a(} 9 (vgilf'llﬁtgggal{yagcurs when the
deV'?fuavotm"r""EsB Yﬂﬂozt% &t%ﬁlaawu g arnﬂqﬂ@nsu S0P s a4 a3 the gates of
PMGSpZI8chnd PMIOSaZ] 0 .areRixfatdgs | Gige 216 dfld€vice3212ii flGutiog) nigadn6d is positive, and,

referWhé: &aﬁno ﬁt@ﬁphx@&é’ 1 2P odhaES bpthe chﬁm@ rf&ﬁmg&scrésg¥%il rggl)n 122, thus
caus‘g\l\ﬁ?v tht ection deV| ces 212 and are coupled to

g2y LPds o ' ahayhiow; ‘T’H‘°3 Vﬁlfaé%l ng circuit
(0026102 Bﬁtﬁmmgémgur’ EKG. B helten @ hegatiys £8P evrint etews @ &© pad 200awictizgalin typically

occultaM@n the Idemet.um offatii® thdag)% 2U41degseﬁmnﬁﬁl@rcﬁmﬁ&tﬂoatﬂgmos 206 is off
and the %‘?els OQ%BE gtgﬂ and ll’gio%%lllg arg QOz}un%a‘HN_eggx(tiﬁg[Sn oqldewce 25? g c%pacmvely coupled
t*‘2‘8‘8

conpri ses trans
toi 3 VHiG) IPCQURs Hethe YRR §001ed 20 3ndhylage Pothe g8 218 appears low.
Refeginggrin brieBy toWOG ESE 1g3v ailtegton @hte eleatioge Bl 4 24P shidft Quililolie ABEof FIG. 1 by
mvex%“?lhe cﬁ%ﬁlei :tchﬁi t(ﬂe ﬁfvteﬁ QEO dA&S’rﬁﬁgl %’br&&u&#&k.c@@lﬂ belE:SQ as one diode,

b agrotectloga gl ! D . First ESD protection

B VA o S ‘“‘% E:B‘Tgéd"etES \"75{5‘ 5 FXEHE EMEY pad 200.
[002Te ¢ oPrg2uBSPS it oghetuinom \hisage deringIngrmal openatioh.cR$ DX pyotkqtion pevite 100 can
also BOUsea 6l 1gcaOuRGlping. WG, @ illusfrit€24} jocdPlaimp@g ROEVINEDSO, in accordance with an

exen&;ﬂf{ @r@'o&”xall;t :}léag ntﬁlzgsl%\%ﬁu%% pg(gﬁ:g e%ap%g%ggu aedslm&%/%S tﬁ 6o§ally clamp
the P Er9pds DHIAS SPHoLP B & Pl E! fiaidsfiart dRpdp ek aspBkprotection device 100
or canbg g serg¢ntipmal dindes ESDipeyrecedf deeite 109lapd dipieaiaricesS8 sie@pdpled to an VO pad

252 QbifgCMlhtaSsupp‘M? Q%;dbﬂﬁl:dﬁplu@@ﬁ Sitof 261 a(ﬂ@unz i-§6 |ﬂ|§str§§[20re circuitry that may

com[gls% ecgan%gezg‘v 1\38% E?mstorésg ec%?%\d fJ an outﬁxa dnver ﬁouglfus F)ﬁm external supply
voltagp ¥iereSP PW‘B@VP% sAmingut &ﬁ‘?ﬂ‘@i“d*cw? 9 remvrés 'aP“h FigpMitry coupled to /O pad
252.turn-on vol tage. Because the voltage at I/0O pad 200

[0025’]0 eswﬂé?:t Jo§|§\% é Q:‘é&n y(,QQs Stqﬁ) paq %yi qg\'eg; glaéeﬁ d{og &L'%ee%s appears as an

bi ased or. zero bi ased evl ce IS reve
open i KT G55 TGS PG BT BTG 1 GEon 28 clefgpd 11 il shor out diode
132 pfcdeaige | @Pytigyertiag ddabannel agesstesh-welhB32. eAchardingly. [refevring back to FIG. 4,
ESDlpﬁﬁJ‘&ﬂgﬂev:wﬂO B&h@ve@ by tﬁs‘ngte f&nm%ragedaﬁ)d@ﬂd QARGBsitPle @U'etcnt is shunted to

groué)cj1 ag lllu&ra{eﬂ %ns s% tl'% in ?umcvov{llelov%rr d vollta qus géenon‘nenon can be

evices behave as two diodes I ser]
represepted azfollevstt i vel y exhi bit | ow capaci tance. [0025] In
contvastVessi@MRan@osi ti ve ESD event occurs at |/ O pad
200, which typically occurs when the device is not
operating and VDD 204 is essentially at ground or
floating, NMOS 206 is off and the gates of
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PMOS 208 and PMOS 210 are floating. Gate 216 of device

212 is floating, the anode is positive, and, referring
wWESRsH4du? FI G 1, diode 132 is shorted out by PEEUS2007/020594

channel forned across P-well| region 122, thus causing

device 212 to behave as one diode and to have a | ow

turn-on voltage. [0026] Referring back to HG 3, when

a negative ESD event occurs at 1/0 pad 200, which

again typically occurs when the device is not
whegpkis alte] quger thdougDBSP(Mot¢cgoredesisn ft 908 My isathe padovghake OYespioo is the turn-on
voltﬁée@?—tE'SﬁgarotMea%lOb San@fl,f,;;;.@%dhé RBesFatstucek E tegt% device. When a

neggwe E?]yeov%ntzo%cpurslairt 908 ﬁs d‘.p%gr wa{&%lag Ol%ﬁé% ?lOlilAge%\élﬁ b%haves as an open

'S capacltively ¢
circgipang Id@éF qeyice 38 behgves agaasheﬂt cigchicand sl ESDOpulseiis ghuptst toagfemtat
[00i9ne gBd @e I BSHpoRaicH dbisy. 1086 £ioal E]&n}ﬁ@atkd&unb fsicifab Viathfing circuit 250,

OVCIF J)rg:és g‘me ¢ J{ngg‘la\{lgllg%_f%qh %Q ugea‘; n%l %’? hlrogzgtﬁ Hce‘é" lJ[efegl?!g t(g FIG. 7, an

di ode dvert|
“"“"“BE'F pfapripyagt %%‘l"fc"i%‘“c%%‘a?soqeﬁ’g‘fsiﬁ "‘ ES@CBF‘B‘PE gifcuigyfor ESD protection
inclgley & ciogl2 1M-bbdyi av EB-baly” devire dD® dBipglitaell device\WOO i simibin to dual-well field

effeMtQhida@ e, buanﬂgP{tp% Jﬂ&ﬁagélaﬁq 1E§Q tﬁeVIe‘nKSIpé c§th§cnq'£htlcﬁlq 18 Gre separated by only

r d.. use on v
one R 5 B o oot 3 B St B B g some o
dosarwnbeseélé)mtamﬂrd PMOS] or AfMAP agpistors, @spaftivelsh i the echmplegy.  FIG. 5
illustraxead privk apsm gevﬁi:lef suth ds sihpIBwell Bevit@ @00, dd Giea Wit ibhse@Blamping circuit 300.

Rallet?g&ﬁman% n}{ gggw A B%aaﬂe@%‘oczﬂtalaln i% B ckaﬁ)tng %g% %hat instead of using dual-

[ Ot ect evi ce
P‘I°§?°‘Eﬂ"£fr1’)‘°et HO g9uRled: R URcPad 3508 BOCe SpB vet evice 400 is
couizjgl igtvateral/o el 252 fandeéxtbered fupply Vb 26te WaieiChinegativESBD event occurs at /O pad,

the @ﬁ]@ﬁlﬁ&tnsi sﬂﬁht&%f kr@@ndllggugg HIOG@J}VQ@Z@ a& QMRRY 553%'&1&&? Shen a positive

ESI% o\/ﬁnt loc‘écoltseag: dﬂ%% t.h A (‘F"%’éﬁ’“‘ LFeO(ﬁ\g w ttefar\]zglgﬁlrg\lcﬁg &E)Prlgli WD&ewce 400 to
VonoPéédhﬁyl tilrﬂ'@hclmamlx dlemp g/leca@pling |$hRaci@B@ 35t tugroyndt assliusionted by arrows
304C I 63l kelgdry, the\BltagBBY 16 QNS &, sighiBitanB) ﬁn@ﬂr Gl,an EWMCCMS in clamping

circhil ga%ala% t.zeS&Dangu %@9“ s}fme@%cboghg g Fepfid l%.%g gsdfo.mvs

an externa supp age
i nput’et BEepard Rt Rene +Veame i+ & '@sents i nput CI rcuitry
whegeOlUip the durtept thyo@EHERD AB2V,.{ i 02 phd Viilege, Huda0s iht turneorEGiDage of ESD 400,

Rd.og Vet se @G ¢ s@nc@lof té@mdc. Sidthe Lipplchfip b&rﬁgﬁ dollgécogﬁ Rejamp is the supply

clan%p seﬁ%%msTncet Eip veo?}lagﬁ p,ﬁ 158}11%heve Voﬁl tEugn;olé'ntvco)lrt]age o} transn %CQI%? Slaxgnver circuit
256it maygpsplt ingthenakdoyn of EHnEHe 2682 of devi ce 100 by
[0030RV e FIA. N ilusgates hanBSD @GIEDSES deVi@ B50MA lacchbediZnce with another exemplary

emtfé&:xﬁlgtrt Gf ﬂgglé%:mr ﬁ?JeﬁtEJnl E$H B&g&m{: fevic Fl: %0 é snmn]E’ p EBD (Bl: ?eg ijn%nwce 100 as

devi ce ehaves as _a sin i ased

ESThpiefeqiRdoyiss R0 comerisers O RPTVe 4 HPBHA G Prls lion agbstat orformes
of ajthih ipy¢rrof siicbnphP4 and avigsuRGa, layEhil@s (comrhanhynknaiv|as siligywen-itshiator or SOI)

that )@ €hr/ @l shpgRed b?hlc%gbﬁf% nrw;m: Es%ﬁpr&@curnewv@s me@x%ea&mpnses a P*-type
+
anorie rLélg)n 6 a%/ %dN*_ty H (‘;e f%%l% ﬁg% é\ gspo irb61e si on Iasye% h04 The P*-type

I'oh device
a"°<ffaragl%l 1628 é'"wv 'ESD!L‘UGS pegarptpbfremy the -5 ﬁYR‘F(ﬂaih%ﬂjé%‘?" B[y a first N-well
devipe Bpiew 3520nfirskey walbdedioOregiomsb4 RESEINDD-well delice 8161 156, and a second P-well

devnE%l%éﬁrt ﬁﬁc Q'hpf’ t?é@m@ Netﬁ;ehgﬁk agee%él&@ hampdtﬁmg %%Ldtrx&n greater than

e e e £ e G i R o omy. i freppfprpodiment o
inveas. @}F Buotell ded/Novell dedeeisesinay gy besdogedsigy 2 suitalledripant gajconcentration of
aboilt 5R10ESDaut $@0F Sm3 hunit ad P'-9/pg hriddé fhgioh QA2 HY Nﬂ’ﬁe blﬁﬂd@fegxon may be

dop&%@ﬁxmsgta@fitd aﬂt tg g%&n%%u;t%q fgg)oa lbﬁ Qoaibo&l 16"’? gE@ grﬁtgcnoh device 350

over COnes_SOITe

furtheh AMPEREY & iAo Feeye f"a?N Y B5vics Fegiop P4 49€ fiysprwell device region 354

and d eecpiepste 3R berlyingigrcdnd N-well deYice @pioe XWpdl gecofd Pawgr dedite region 358. A
art ESD protection device that has been used in | ocal
clanmping circuits for ESD prdiection
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i ncludes a single "N body" or "P-body" device 400.

Single-well device 400 is simlar to dual-well field
wEidogoissf ode 100 but the P+-type anode regi onpcal6s@20594

the N'type cathode region 118 are separated by only

one well 402 di sposed underlying the gate el ectrode

114. The N-body or P-body is fornmed of the sane

| owndose i nplant used by standard PMOS or NMOS

transi stors, respectively, in the technology. FIG 5
first gdt¢ ipolatext364 ad apejopd gate MsuEKD 36feseparae gatay GHO and 362 from the respective well
regxoik ngirﬁ 'sMﬁérl 3gbeaté G@pogeQQibodd Qﬁ(iuieaa]ﬁ off &isk gmmnﬁlsm £Pdcers 382 are

dnsposeJ gbout th ge aﬁa secon% &al&: ICJPg UB{ negngc It rfrC H1I 3?125%09 protecuon device 350

O cal cClanpin e Xcep
comqrﬁgsttbrataP O JUREHDT GLrestVERS 08 |u}'ee53|3’aﬁlr%@c‘t'?d6ﬁ 3evi%e é"dl?d @ with two gates.
The B@l@deelbobed ¥R @ny bé Khsphiddepbiderarnd Agiighl;bﬂsduve aolgigIGHl e bhe gates inverts
the l‘;I G/Wl 9&%10% quér Stha? 9' r@ﬂmk?r%t ne %Bdé Qé ) qm(?e? %ha?@ge e)WlfeE rl)%lh gates are

lve event

a
posiy h,zf’aﬂ’ e ‘E‘BD"]B et %gmﬁﬂfee(dm%”@? SRR wgwsh positive gate
voltadc oceiditide vi FIS. 26 Acgdidgy SChprdteaion device 50 pweides foln @venchigher turn-on

Qﬂdtléw%gleﬁég WHER Qded R QQrQD@t‘otéc(uQ dPfsA SuppK !cla;npﬁ §fl al'L)ltage supplies.
priLor ar

trave
T B L tel APl 8B B anode rsion
and ghe N{j é%'éﬁgﬁ) F"-IEWQ' lb\mlja»e japRygsiaged Zlgqaqygulglpl@ (#nmjber gEwell regions and any suitable
number blsbrlyaig@aedryiayae osd/o agﬂéve eldn highérSurh-8f)@dldgest he vol t age
[0039n tﬂ&o,ﬂfﬁ? é(&:ilr&&atic Id§c n%}(}ctécﬁ&ln&ekn\ée Qx'ldgﬁﬁ.ﬂ \M%I?g pr(;lgzgng the input of

occurs In
s"m'fﬂi'g'fcﬂr \?éc"ESD‘"égv‘éh"E'ecﬁﬂs&J‘F §'*%ﬂ‘“gf IREPIGGHURP. deTise §a%g cPF‘t"a'g%"‘%eﬁn The ESD
protegeonrdepireso@prisecht &east fval forag: bidspltiodes digppsed & séricks ROkritg@n ESD event, one

of ﬂk@rmd‘meed'dmdes |s|sR§ié@nhust€§‘n§mhg the ﬂsbeméﬁw‘t[) %Fguné ha@HO Bk teast one
exe %ry emQ)odn (IR as beéc’n telg Qn V%r 9 d talle(il' d]e 1 non o'? the Iiﬂln%ennon it should be
il WB0 B TE tHe"s

urn-on vo
apprecgated sthat e éaSbP“fESDOﬁOET 'a"‘?"ch"tiPrd‘ P@"\dh@ms'a?pmpyeceleﬁnwt the exemplary
embdditfidat O ext@iptagyembodii@nts iaffPorlS ekdiples,Ugp| aye Gdtaiiiendz@ltd Ginit the scope,
apphuﬁ,ﬁlgstoa%?gmm‘on ¥Pht ﬁga,t,ypa.dany w RIORE, dRR &ggg%&a%wdew.pnm will

t ransi st or dr1ver CII‘CUI
provHB gPorCHF i 5 P OHRBSTA™ 6T (T & SBIgPer B ey embordiment of

the ifte@ionBit jbkihg sidemtoadsthatvafl) clpmgds adyibe made in the @& ®niand arrangement of

elemBREREGBOLR A ekdinpRAOL IR bR BAMbR d¥pa iR A BN LcoRf of ihiEinvention as set
sent ent | ection device 350 is

R

forth mgefpge"dfé]é{ﬁgba"%%'efr%? i) d&Vi ce 100 as ESD protection
devi ce 350 conprises a S|I|con substrate 102, which
can be a bulk silicon substrate or fornmed of a thin
| ayer of silicon 104 and an insulating |ayer 106
(commonly know as silicon-on-insulator or SAO) that,
inturn, is supported by a carrier wafer 108. The ESD
protection device 350 further conprises a P+-type
anode region 116 and an N*-type cat hode region 118,
bot h di sposed in the silicon |ayer 104. The P+-type
anode region 116 of silicon layer 104 is separated
fromthe N+-tyre cathode region 118 by a first N well
device region 352, a first P-well device region 354, a
second N-wel | device region 356, and a second P-well
devi ce region 358. The P+-type and |I"-type regions are
regi ons having a doping concentration greater than the
dopi ng concentration of the P-well and N-well regions.
For exanple, in an exenplary enbodi nent of the
invention, the P-well and N-well device regions nmay be
doped with a suitable dopant to a concentration of
about 5x1 O 17 to about 5xI O 18 cm 3, while the P+-type
anode regi on and the N+-type cat hode regi on nay be
doped with a suitable dopant to a concentration of
about 102 1 to about 122 cn?3 . ESD protection device
350 further conprises a first gate 360 overlying first
N-wel | device region 352 and first P-well device
regi on 354
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and a second gate 362 overlying second N-well device
regi on 356 and second P-well|l device region 358. Afirst
w@aso8/0kas1l at or 364 and a second gate insul at opcB662007/020594
separate gates 360 and 362 fromthe respective well
regions. First spacers 380 are di sposed about the
sidewal I s of first gate 360 and second spacers 382 are
di sposed about the sidewalls of second gate 362. As
evident fromFI G 6, ESD protection device 350
conprises three P-N junctiomgagusuctures, or three
bi ased di odes, 370, 372, and 374 with two
WNJQ%Mﬁmgfhe two gates 360 and 362 may be biased
independently A high positive voltage on one of the
gat es i nveethad foh@otetimedn inguedfia Gemittndetor sth@iuredfihean electrostatic

d.scrarggpiehnmctnbnoﬁeongﬁs..iglii;tcstéppn under that gate. Wen both
gat es ar.e posi there is onl one

e

et FITE pleociaathan 1 BreOHESR LD SHrPURAIS o BPhe

hi ghforyesi tiasing thg &itsedivdy| andiesecmd diotld; e of FI G 1.

Ac C Odh iRy enefatdlde B ot 166 laioBdland &Y ke Bnd3HRfde BN hVdvEIR Sf InQlectrostatic
dhdgrgthig er turn-on voltage and | ower | eakage when

GSedfMor 1/ 0 ESD protection or for supply clanping of

hi gh voltage supplies. Wile FIG 6 illustrates an ESD

pr otEct '8 mebvd &relabay,iwhereih @id step\Btl shorliGiuORS fuSEAkAE ABO)YEY second
diodd 6532) Rorft e s8F bPRLAND &l obf nfieiohpﬂ of iR Edloge! Ied bethvehted.

be appreciated that any suit abl e er o
regi ons and any suitabl e nunber of overlying gates may
be used The matbbd Fekinei.evherhin gieetep ¢fiprayidong avfiodt tliadre($30) and a second diode

(32] Ja.@e’il;l,upeawndimgdoywet @etpst at i c di scharge protection

devi (%c?vr &al;n?ypeano%er ion Plrgt ECt thesnhco?}g\{erglM)
sem con ctor clrcul S usi'ng an e ec ro

di scirredns afirs Nevall dencezrewdémh ¥iplin the eHcop lay¢r injecgies Withdhe P*-type
anodEfsBlofar ot ect i on devi ce conprises at | east two
for V@srpgs r@ aqﬁsqg v@hgg\ﬁé ?gko%?pza?\gi lflrp(hésglgcl i? l% er %}lggvnﬁgte first N-well
ESD, event, one of the war d-bi ased di odes 18
devigeegioneagd ¢t hys transmitting the ESD signal to ground.
\Mhi | dispesting]ae Héypo pethodx eeiph €1 8) withip ddisiietlayleas been
presented in the foregoing detail ed description of the

I nve‘p ti oﬁ’]lh met‘l'iodS (llol%{m 3, w%ereiﬁ B)re%tCI (?fi sﬁoqtu% o%!: onfé1 ofv Lﬁ‘es }u?t% d)gba 50) and the

of variations exis
secopdyglinde (132) capprish thy vcvéifrbaeai'&@ﬁ Pf ‘berﬁfé%ﬁﬁl d&r*ye 'éﬁb‘b@ PQrask the first P-
well gavige aegioy (1I@aopd weertediNd are not intended to limt the

scope, applicability, or configuration of the

I nvent a ther, the foregoing detail

des cgrq i B'F ofﬁa,‘é‘}a%wg? & CopRsiEiae OgitrR of 8‘% ﬁé“%?'?"iliilet(h“‘) at least
S“bsla""eltb)mrewlme firgg b wetbged Poyell devire eagiont (1 2Qy 122) othesitfsomlayer (104).

enbodi nent of the invention, it being understood t hat

vari & U%é’&]@lﬂ‘&%? cl 5 Rﬁhgge nsm &ie Sep ol‘r1 nl%(t:trllgi ¥T_pc1u5 in)% an RC-triggered

arrangenen cri an exe
sensiphpTGH H@Wt°%ﬁ?ﬂﬁﬁ¥"ﬂ%éﬁﬁting frontthe scope of the
invention as set forth in the appended cl ai ns and

t heir lrﬁé;lﬁém&%%%ﬁl & Qﬁe?eirqhﬂt&ﬁf Mcail)sco‘ﬁﬂvlﬁlh Q;eﬂcjtrfggergd sensing
r
circuit { IIIB) t? éa“f elec%'or?e (?&It) n es {.hg ts p of &ft):ctn?]all?( couplér{; é?#:e gztteheéectrode an

roman e I'SC

RC- “i'r%ﬁF‘l% Ef“ﬁ’éﬂfﬁici'"s'laﬁ'gg t"h%c §‘E“e‘f9§3“!ﬁ‘f "‘ab'is lpoged lhnganesqucwé tise time of an ESD
evendi ode (130) and a second diode (132) series-coupled to

an input; forward biasing the first diode and the

second_di ode;. and shorting out one diode of the first

di ode ZRemethrd oL LB MRS GRRTIRE He SR AL Flpctgallyfpupling the input to an
inputipuiputtrad@P@t i ¢ di scharge event. 2. The nethod of claim

1, wherein the step of shorting out the first diode

(130) or second

8



di ode (132) conprises the step of causing a device
region (120, 122) of the one diode to be inverted. 3.
wd besiopdsppd of claim 1, wherein the step of prewi/gsing7/620594
first diode ( 130) and a second diode ( 132) series
coupled to an input conprises the steps of: providing
a P+-type anode region ( 116) disposed within a
silicon | ayer (104); disposing a.first N-well device
region ( 120) within the silicon layer in series with
t he P+TheypehodpOdd@mrBef)ithn conthirSippaE Nep ceﬁdpr@tthd:gawelebmde 114t0 a
bm&ggﬁk&gxﬁeglon (122) within the silicon |layer in series
wth the first NNwell device region; and di sposing an
N+-type cathode region ( 1 18) within the silicon
| ayel0, THe méfirpd ofhddiind dfucier edneprismBthe wkpanf promiding @ thgd dipdegB74) series-
5 coupRl®thd 19l (S an@BRofdidab B7) kS utiigle (130) and the
second di ode ( 132) conprises the step of causing one
of the first Nwell device region (120) and the first
Pwel | device region (122) to be inverted. 5. The
nmet hod of claim 3, further conprising the step of
providing a gate el ectrode ( 114) at | east
substantially overlying the first NNwell and P-well
devi ce regions (120, 122) of the silicon |ayer (104).
6. The nethod of claimb5, further conprising the step
of electrically coupling an RC-triggered sensing
circuit (1SO to the gate electrode ( 1 14). 7. The
met hod of claim®6, wherein the step of electrically
coupling an RC-triggered sensing circuit (150) to the
gate el ectrode ( 114) conprises the step of
el ectrically coupling to the gate el ectrode an
RC-triggered sensing circuit having an RC tine
constant that is |longer than an expected rise tinme of
an ESD event. 8. The nethod of claims, further
conprising the step of electrically coupling the input
to an input/output pad (200).9. The nmethod of claim 8,
further conprising the step of coupling the gate
el ectrode 114 to a biasing circuit 202. 10. The method
of claim1, further conprising the step of providing a
third diode (374) seriescoupled to the first (370) and
second di ode (372) and to the input.



