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WD 2008/ 048412PCT/ US2007/ 020594 ELECTROSTATI C

DI SCHARGE PROTECTI ON DEVI CES AND METHODS FOR

PROTECTI NG SEM CONDUCTOR DEVI CES AGAI NST ELECTROSTATI C
RGE EVENTS 5HELD OF THE | NVENTI ON [0001 he y

W&@E'_IA'!{;“FHVGHU on generally relates to seni @8&’&6@98‘1‘203“

devices, and nore particularly relates to

el ectrostatic discharge protection devices and net hods

for protecting an input of a sem conductor structure

froman electrostatic discharge event. 10 BACKGROUND

BE:diHE s T AMENTY (@ RCEGRATAST ISR DE e nas UShMETHROBFOR OYY TECTING

adv e REoMSYEREk FRACEYA RANs O PR SEAROLAGY ARBNATEers65

nm 45 nm 32 nm and even beyond, the electrostatic

di scharge (ESD) protection for input/output (1/0 pads

and supply clanps becones nore challenging. This is

especially true for sFEiLmoRT@mNvVESEICAt or (SO01)

[eobBChAed KRG Ynt ml@nuMe&hall %Ia@?ﬁ@ [=Tot FCTa fH Mo J@@co@ raﬁtf :ﬁ&r@ Eulg}f/%‘lates to
elm?ros!al%lc tsc%?rgcoplarc%gc\/mn cgzwﬁ S and meemodsp fch ?DCI:'(ETSCII%SP arnl u%:oa of als%lrg?]%?uétgr structure

enonmenon o

f’“‘Bf‘“"é"“E‘ﬁi"‘?ﬁ‘fﬁ”{%&‘?l“tlve or negative) for a short

duration during which a |arge anmount of current is
provided to a sem conduct or structure

[ 0003] Pr esent - day g&q{@{ IQJ VEGHIONS greseﬂt Sa01
nber of drawbacks, parti cu en used wit
0op S Sy S s ER Bt E%Y?"sr\f’ LIPY P W i s om0

ne 2 P'@aex%vgbéw% r"?cei‘i’t““’a‘ﬁ‘& diFhytge EEPALPEeHiPR fdr ieHopgut (PR) pads and
sup@y bienps ESDmBrmetedblicayingC Thic Wiedpteiallg e foragictldSBulatr (56 technology,
whmbmc@ts B%e pmaaab@m mktteck,g\a@r for tﬁ@alsagsac&woaa@ Nhn @ertﬁevem refers to a
phen cﬁn\’\ﬁon a(% a&%?chitdtecfgxrﬁ o? di rgrg%éﬁssnwe or Eegfhv?) fgr daushort g.rfhuon ﬁu”"g which a
""’g§ é‘l’“f““‘r?é%l’f"?’ﬁg‘ p“’\)(ﬁ?"dﬁ"’ semforgos S‘“'F‘tf)ﬂ"?\;er s the failure

[00Gir r EwtentedarBYD ESBigt tiregs prefe@Rdqike efoiahibmyd, partidularly @hen used with
softeskolc@dP| Bmbk s HoMdeciRNs ERL RO B Cdak@Oc 8N haigh BRbcitive loading.
Oth%b@l‘otte%ticanWullsg ﬁa‘&@gghom pré%strates, may exhibit lower leakage current and lower
capacitive loading, but require thin SO! films that limit the device’s ESD> capability due to high self-heating,
which, in turn, lowers the failure current under ESD stress.

[0004] Accordingly, it is desirable to provide an ESD protection device that exhibits low leakage and low
capacitive loading. It also is desirable to provide an ESD protection device that cnables a reduction in size of
the device. In addition, it is desirable to provide a method for protecting a semiconductor structure from an
ESD event using an improved ESD protection device. Furthermore, other desirable features and
characteristics of the present invention will become apparent from the subsequent detailed description of the
invention and the appended claims, taken in conjunction with the accompanying drawings and this

background of the invention,

BRIEF SUMMARY OF THE INVENTION

{0005] In accordance with an exemplary embodiment of the present invention, an electrostatic discharge
protection device is provided. The electrostatic discharge protection device comprises a silicon substrate, a

*-type anode region disposed within the silicon substrate, and an N-well device region disposed within the
silicon substrate in seties with the P+-type anode region. A P-well device region is disposed within the
silicon substrate in series with the N-wel! device region and an N*-type cathode region is disposed within the
silicon substrate. A gate electrode is disposed at teast substantially oveslying the N-well and P-well device
regions of the silicon substrate,
[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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capacitive loading. It also is desirable to provide an

E, SD protection device that enables a reduction in

size of 25 the device. In addition, it is desirable to

met hod for protecting a sen1conduct

“ngﬁ%ggﬁg from an ESD event using an |nprovﬂb”%§ﬂ”m”“°4

protection device. Furthernore, other desirable

features and characteristics of the present invention

wi |l becone apparent fromthe subsequent detailed

description of the invention and the appended cl ai ns,
memak:eﬁprlsﬁ URGRPsLA GrbVidifl dMirk BiolidRd ACLOIPBIRYKERYcoHI A B0 Sout, forward

Qhetfmt &o@@ﬁtktg{ Q&Q&jd&fe Jnhl Q’xol‘tirr]é/&mhk Bl duq:ég %r%@'sﬁgnd%m%%e event

0005] I n accordance wth an exenpl a
present invention, an electrostatic
W"W] i 5 ¢ IafegadapteotiBicr B aepiPly frbogimesy ptithel presEhfeinvention, a method for
progftiog tarsesit@titcer dingohatge ap rbtu@aitic Ofkciday icet GOfPLded € Tha method

conﬁ)hiek 6O RlepSdd p:%tuﬂlﬁ\é EfirstRiold iI:rM Q%ecﬁme 5&@&'0%]::9 losap %ﬁd The first diode
ubstr a nd
and\% Jgéoﬂd %Qﬁ% a§e in éﬁocgnca commuﬁzca %w{% T“ overlﬁfmé lﬁ%es t %fq%cu?shanc discharge

regl on di spos
‘*""%‘éﬁ”‘F"é%’ it W"t’*ﬁ'e* Ryt ShBUs diog B e scppnpdipgs iy invgadi ce

region is disposed within the silicon substrate in

series wwth the N-well device region and an Wtype

cat hode reglon |§Rﬂ? ASEHT t %con

& rate. ate ectrode |spose at | east
oo i r"“ Serer VIR Ehee RERRY ™ SERUPEETI e draving
ﬁg“fﬁég‘ihﬂfﬁg"'fﬁf““‘t‘%@s depdtq '86?1&'3%659@1' #teeein: [ 0006] | n accor dance
(00681 t hF@N o isherosexand akey oe el ﬂe:ainmocievtehﬁ ARb@&BNWith an exemplary
chOmMﬁngf‘llﬁrﬂums@l 1m%tx1|89d for 4Opr otect ng an i npUt of a
[Uﬂl§| Scﬁl%?gggté%réfﬁﬁchtc:‘cgc%t Y. %e/raifa%to e ?ﬂ) ;?;L:%%EJ §1Eeaotf F?G ! used with an RC-
“%§@6§Tﬂ$§$T2PCT/USZOO7/020594 met hod conprises the
(00K} epElGo? isprsgyingicvgeud dfakmstof die G panrdica dgee OHIG.di :0eiewith a high
spec@@hinesp@pupl ed to an input, forward biasing the first
{{}{)ﬁk Odﬁoaﬁﬂ tsE}\%meﬁ@QQ&q dgthrq %f thQEgD §.'3:Q&1EA El:gafeoc%tﬂ(; heusefdl\atﬂﬁt local
cmm K GCUQr the secOnd diode in the event of an

@fé t¥'0stati c di scharge event. [0007]1n accordance
(004 t hFIG- § W sfheratip GEnptizaram Erpeaer arESP pofectioh geviss wedmith a cail-based
charipimg e@intion, a nmethod for 5 protecting a sem conduct or
100131 r uatUe 8s  reRB.Bdical el rosh a@silﬁprgtleﬁ&h advge me}/cgtnéan&e with another

exerp;ﬁdgyénggcgme I&%egggentqge&%mad Ses the st ep Of pr OVI dl ng a

nowL ¢ e and. a second 4i ode seri es- coupled to an

[ pu 7'[‘?1%“?5’[‘ P VB Y e T FHEP SRk gRA‘dicdde are in
electrlcal comruni cation with an overlying gate. An
el ectrostatic discharge event is sensed at the gate

and a devi ce r egirRResbEsBRPHONGE RiFAREeFol he second
{{}{llgf Odﬁxelfé!olmﬂ\g/%gtgil%g tlesgi'nC[:))ti(:n of the invention is merely exemplary in nature and is not

of an el c-[ras%nc d:fcﬁar%a eveﬁmt [

intended to limit the imvention or the application and uses of the invention. Furthermore, there is no intention
to be bound by any theory presented in the preceding background of the invention or the following detailed
description of the invention.

[0017] Referring to FIG. 1, an electrostatic discharge (ESD) protection device 100 in accordance with an
exemplary embodiment of the present invention comprises a dual-wel! field effect dicde (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 itlustrated) 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 typicaily has a thickness of about 20-100
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BRI EF DESCRI PTI ON OF THE DRAW NGS 100081The present
invention will hereinafter be described in conjunction
with the follow ng drawing figures, wherein |ike

uper al s_denote like el ements, and wherein: [0009]FlG
WO n§8“§‘8§1?oss-secti onal view of an ESD prot el iT’<!34|§2"1"”“2“Dng

device in accordance with an exenpl ary 15enbodi ment of
the present invention; [0010]FIG 2 is a schematic

circuit diagramof the ESD protection device of FIG |
used with an RC- triggered sensing circuit; [0011]FI G

narBmét@s @mBERANBYE dnheCirbu Winkttiofl bagliagRnhred, BR1 JrerlPioB 198 ARLEQNf tess
thaflE¥i € n@f FI G 1 used with a high speed input/out put
is a schematic_circuit diagram of

d; FIG 4
oofif Eﬁ‘béfgj BPREEPT Bt 01 BESGPTPPeS & T GRsetoitand 't san Nure
cathodeagionrids. &9tk ditroted in[tBOAIGT Y G 045 ThesP dyps edvdemasip! 16 pisiicintiayer 104
is sehhagd dom OF Narypichiddde agibn BSBy protacdelieegevine ﬁ]dld%&itl WivicBregion

1222 et w&aﬁﬁf g @}1@1@951‘@ g:c(}ég‘ogyfmt/mg LQ%%]CEJCQ%M:SO g?eatgr !har:]] the doping

evi ce

n I

confeh 5 2R -0 e KGuBleBin o P, OB RO et e
andml g§|éiﬁflce 'fﬁ/‘@ﬁ?‘i’yotﬁ dogﬁ &:t}[ 0@1@]e|ﬂp@1t tqa pagcegtration of about 5x10'7 to about
5x18Y o’ whitché Brigde avddeweiof ard tpIN® {D)I‘pc aftltod ESPoPH DL RGoped Rith a suitable
dop@k@ i aGBhcentration of about 107 to about 102 e, The P*-type anode region and the N*-type cathode
region and the P-well and N-well regicns can be fabricated in the standard manner, for example, by ion
wmplantation of arsenic or phosphorous for the N-type areas and boron for the P-type areas. The doping of
the wells determines the turn-on voltage of ESD protection device 100.

[0019] A layer of gate insulator 110 is disposed on a surface 112 of silicon layer 104. The gate insulator
may be thermally grown silicon dioxide formed by heating the silicon substrate in an oxidizing ambient, or
may be a deposited insulator such as a silicon oxide, silicon nitride, a high dielectric constant inswlator such
as HESIO, or the like. Deposited insulators can be deposited, for example, in known manner by chemical
vapor deposition (CVD), low pressure chemical vapor deposition (LPCVD), semi-atmospheric chemical
vapor deposition (SACVD), or plasma enhanced chemical vapor deposition (PECYD). The gate insulator
material ig typically 1-10 nm in thickness. In accordance with one embodiment of the invention, a gate
electrode 114 formed of gate electrode-forming material, preferably polycrystalline silicon, is deposited onto
the layer of gate insutator. Other electrically conductive gate electrode-forming materials, such as metals and
metal silicides, may also be deposited. The gate electrode-forming material hereinafter will be referred o as
polycrystalline silicon although those of skill in the art will recopnize that other materials can also be
employed. If the gate electrode-forming material is polycrystaltine silicon, that material is typically
deposited to a thickness of about 50-200 nm and preferably to a thickness of about 100 nm by LPCVD by the
hydrogen reduction of silane. The layer of polycrystaitine silicon is preferably deposited as undoped
polycrystalline silicon and is subsequently impurity doped by ion implantation. The ESD protection device
100 further comprises sidewall spacers 124, which are used to define regions 116 and ! 18. Sidewall spacers
124 may be formed of any suitable dielectric material that has an eich characteristic different from that of the
gate clectrode-forming material of gate electrode 114 when exposed to the same etch chemistry, For
example, sidewall spacers 124 may be formed of silicon nitride, silicon oxide, or silicon oxynitride.

[o020] As evident from FIG. 1. ESD protection device 100 has two P-N junctions in series within silicon
layer 104, thus forming two forward-biased diodes 130 and 132 in series. The gate electrode 114 can be
biased by an external circuit, tied to an external supply Vpp or Vg, or left floating. If the gate electrode is
grounded or biased slightly negative or slightly positive with respect to ground, only a depletion of a channel
115 under the gate electrode will occur. Accordingly, in non-ESD operation, device 100 will behave as two
forward-biased diodes in series having a turn-on voltage of about 1.4 volts (0.7 volts for each of the diodes).
The turn-on voltage of device 100 is thus higher than the expected normal operating voltage of the core
circuit that is being protected so device 100 effectively appears as an open circuit that is invisible to the core
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DETAI | FD DESCRI PTI ON OF THE | NVENTI ON 30[ 0016] The
follow ng detail ed description of the invention is
nerely exenplary in nature and is not intended to

imt Lhe invention or the application and uses of the
MOZ%"# 7(”62 Furthernore, there is no intenti Bnl"bepitjd20s04

bound by any theory presented in the preceding

background of the invention or the follow ng detail ed

description of the invention. [0017]Referring to FIG

I, an electrostatic discharge (ESD) protection device
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=S e P B0 e P 9 P RO ST PR AE. B enas,
whegyfo EgPgemt scusyat Pivd Sp e ESR svefitdrs v sitriypianc arda@s thamdvation signal
at ndgo 1 @npdeat astah@gich-0t bpdese af BASow Epensel OPd dThe &L lidd@. WR thRrters invert
the @g@ﬁlaé mld’éﬁﬁ it »hﬁchtxyfpgreg% MQ zttea%éy deﬁéq OQr QL Q&Erfbgd’]above when the

vo!taggyt ggtge Qrode [ Qgﬂ'}?%[ﬁ%rote% i(éde\r*ce %l zf }é%l'hﬁtivge éq,() tf'fflf.es asi-ﬁ émg]e diode
beca ﬁtug BPR &H ‘E\‘teﬁ the Pt faqming a chappe} ‘?Fﬁ‘falhy""ggﬁ‘ﬁmccsfd1“8‘bd’r? on-voltage of
de“‘é}l 16K is datuded padeidy idyy O effattivelg appes Sialshaitc @ LbStshaing tielESBRvent 1o
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invention, a gate electrode 114 forned of gate
electrode-forning naterial,4preferably pol ycrystal line
silicon, is deposited onto the |ayer of gate
insulator. O her electrically conductive gate

el ectrode-form ng nmaterials, such as netals and netal
silicides, may al so be deposited. The gate

el ectrode-formng material hereinafter will be
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30124 may be formed of any suitable dielectric
material that has an etch characteristic different
fromthat of the gate el ectrode-form ng rraterial of

trode 114 when exposed to the sane
@@?ﬁ"'*k‘% For exanple, sidewall spacers 12hLFFH§/'"B7é"2”““

formed of silicon nitride, silicon oxide, or silicon
oxynitride. [0020)As evident fromFIG 1, ESD
protection device 100 has two P-N junctions in series
within silicon [ayer 104, thus form ng two
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252 Ql!)l%t \ﬁ{f‘ltal SQ%lydc? ??ec%upllmg ca(l)oraciltor g% exrcmt % X 1etrsgetﬁs rc%ra gtrcilira that may

C"“‘%fﬁ‘a f‘t" ’ffg“’iedw% H%i‘r‘?é &asiyars g3y aad agaﬂwa‘glé&“ts’hCOM@ hPres wiel supply
voltage Va7 id &Ohd B3 SMBRpueseesiver, defi¢eG70 RprpskliLigiur Gt@sy @npled to /O pad
252.RC-triggered sensing circuit 1SO electrically coupled

[(N)ﬂllo t‘bﬁen g@&sﬁw?iiﬁyévgt{? g&urgfn 1/6%91 BE onleﬁe?sg 'bggt]:d 9 ocyc dcmcea&or:zgﬁars as an

8] en c:rcun ggf a g Fer at eS on] relm S< 1
P nt ﬁ‘é‘{}% gé”‘r“’ o - P'F 58" RPiHE, VOREH Y 5 cledmdcch!f il spom pppdiode
132 P%""‘(’:‘ﬁ?u‘ﬁp &y inyesting iheesRanay! agpss (ip Pwalh é22s UpprrginsDRfI 62 beadh F1G. 4,
ESDoorrpicnged:c 400 bRGvds i Qe fobedd-figedmide ol 1@ pbs@st BlrDivent B4hunted to
groufd) @ MagRaed ﬁyozfrroxlﬁﬁw s S @XEITRMWEY M l?aH’Q&%JTBm ;ﬂfznotngﬁn can be
représmégglst%lg, RC trigger 158 has an RC tinme constant of
1to about 0.2 us, which is slow in conparison

to tie= e%ﬁﬂt—‘l“t*tlgﬂ""f“l se tinme of an ESD event. For

exanpl e, in accordance wit h5 an exenpl ary enbodi ment of

the invention, the resistor 154 has a resistance in

t he range of about 50K to 100K ohns and the capacitor

156 has a capacitance in the range of
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20 about | pF to about 10pF. Sensing circuit 150
further conprises a first inverter 160, a second
inverter 162, and a third inverter 164 coupled to RC
trigger 158 as shown. Each inverter is forned of a
Wﬁ-%ﬂ%‘iﬁ%‘é? transi stor (PMOS) and an N-channePCT/US2007/020594
transistor (NMOS). [0022] During normal operation, in
t he absence of an ESD event, an activation signal at a
node 166 appears as a logical | and the inverters
invert the signal to a logical O that is applied to
whtB @ is06d @rak wkakh Eﬁﬁpr&ﬁ&&e@éﬁc@ 'ibOdeV 19 @lc %vao[t;rg@ev lﬁo(,? Is @R turn-on

vo!%ﬁg& %Drﬂf&ectlto \Ag);cg: (}:_Jé%d §u ra‘fo 151 e senes r sxstance of%glg prb)téﬁign %w:ce When a

ion device
R 8P BB 0B e 372 {i BRI RSP grossion fevsp SR bebavs 3 anopen
cirgujt prgh djotle deyige 269 behsvasis a shph eipuinand BESBSR ydvetis so@etifogroadd. VDD
(00252, Thh@e ES@wﬁtﬁfttmrhﬂﬁcea!OU B Yo Wndpink kS, tshdABs @m;;& RSt 250,

ovéréa@.e@s%e, Mﬁ&é eiaue%geg%h u@tusmdp%orla@: prapc@? ase%'me%;é%ftemn m%% 7, an

ex P F %SD ? onse t1me

‘?ﬁ°°ZHV%k erspPﬁﬁgP “Fﬁ@“§ﬁ§ﬁ§ﬁ“?6‘ﬁmﬁﬁﬂwﬁéﬁmT“ﬂﬁ pmw“m“
inclades 31596 P19 PHE-bgt do ik AESFinptailele G000 Asindleste idberd! field
effghxtinde | 00OWhigi: 1 luge arB8e ropdnt 1ag end atte NJAtpe cailo@Ct ficddes dkd dpfed by only
oneEﬁ[DW(ﬂ;)&QJ- dn@&‘lyﬂgﬁﬁk ga% cieQQ)dé Sl4h'1“g:h€ b&i?}ﬁl Icl%d}g%rrpe%taﬁ}{ees%me low-

o infr b e dhel e il BRE I o'
Hogtiies HROUY) TRV subdistoale-reibievise {08 g 2 st daserbaldmpiae 1@9“ 300,
Raigpaped chinpied ooyl anls sase ag losdh oribpind dirouin 25¢ extdpudarSied df Rgng dual-
well BED Ebletidy @fvice 1100 ghupetnshuandy e et et groﬁﬂaea GRiLwell device 400 is

cougﬂecf &zw.'etn [/({ Qag%% :ﬁg 9%&? su9£i¥ {/D[,eZGb %ﬁ ?q %\fe (igﬁ\gve?t cccqusl at 'O pad

i on device
e BP0 {BRMe R s Ueep ) e PO RGmFHeS oo Spnopipgien ot
ESRy gt ot pt Uogpd Efrzo@'e%&ﬂpiéﬁmdwwb‘eﬂl@aw thieuah she ahrigjatt BSThitegie 400 to
Vos peatkn lir@glp el suppiRebey 6d dagudiing EdpfGitands 254 o 26RO, rael AERed by arrows
304Nt is Rphe£ A8 mmaéer o t&@@d'ﬁ@%mﬁ’cfanttym%m‘?rﬂ@:?‘ @l@tl tﬂygc@&rg @ Bumping

urctnY\BO 'v:vﬁ aBgs‘i-'Hag %6 gvent gcc&r&%?he padl %“hns vc?tﬁge ca b%geexie%gt Fgrm/s

spee al ohg w

202 twﬁtd€h§UF€€+ it tret §atves of devices 212 and 214
whitral/ig hey o drene EZ 4800V hecige prddrelfas@ i s&SDhewent. volblgeor ESD 400,
Raiold lisalsel ser@s @iiftitd dr EBD 4@0ufl, ednd Qppﬁﬁ&]%ttﬁﬁﬁﬁboltyggl AhPRE,, is the supply

@H&ms YL-.SMQQ 2{@401@&(1/ G Qm&%ﬁﬁ th@%rrNSn% Qg tragsrlsgigtlyo 0“ gnvcr circuit

ranS|stors 208 an
26, ﬁ%ﬁﬁ%8$ﬁ¥8Figmﬁ§EWmm%ﬂ%ct|on devi ces 212 and 214 are
“’"ﬁ’bm Fie 6] ityigten B £8Y gu e T AQUS2 GO /D 208G ahcd jwith cinattfef @pdmplary
embgiipehe of, thegursdnt @genthnalSDpeddctidnSBVi@riot 86idian. Haypraeididvief100 as
EStdréctidn deide 386 colRplidedd He@iGlds@fe BEMINGES caabea bubk SRMALEG @ formed
of a\(QPm?eQ %t’ s‘%n:gn l(Llchpiﬁlqn%lthngéa§§rcl8g] gzolgl%jnup { ol eCt lllc%\non(Ensullator or SO}

214 is cou round “of
“‘a‘ggbﬁ‘n’i B3PS Cb YRSPHE W“&bgqﬁa’E“F 5P Pfﬁfeitﬁ'édeaﬁ%@ﬁé@h%for@ﬁ*elssb type
anoge\Fegipe 1INEDE? DOBPaaltpdesesion | eeth dispossiti bhsiGo by liels Thie -type
anodgaesd® 1of of RS 126081 (@ ndse RS fBhQnd 10-t@pel abody @elgtoﬁigﬁ, by a first N-well
devitdredidang2, Rakshp RMBvitd .@;,n&l 384, Qfse%ou{a'i: \Sé?l Jeﬂ?eyfegﬁfn 3?6‘3 Edd\é%;X d P-well

£V r Olte CI 10Ns are re, Vi ain o3
- U B S A
e (5B PR 6‘65&312‘2‘6 Natfl gl Fpresimatst b ontrgmelatfndedod of the
invegyfon { theeP-pligpné Bitvieth devite veziomsgna® b depediwidil dsuisdblel dojrasee a eontringiion of
abodt @x10Y GMbO Bilﬂ'@ em’, Bagans P - Qndte kdz@dg Bndathe Nrdifhe RakbaLRBlon may be

dop&!’%ﬁ Qﬁsbler doﬁa‘ﬁt t@@@%@enym ngébut \(68\{3 &@m%aﬁcd 5 EEB gro{ealon device 350

il B °°“’%’c§““ afh“ %f“" Bégfi’ea’ﬁ%&fq“g’ 5 dﬁ’é“\?feéisg 3'”221?2“ *éfﬁd’ v gevipgresion 354
and bme &2 ey ing sered Nivisl §‘é’r°F ggion $fapd Exdnil Biwell femipe region 358. A
| eakage, and the circuit apgears as an open circuit
that is transparent to the tore circuit. In addition,
because the devices behave as two diodes in series,
they collectively exhibit | ow capacitance. (00251ln
contrast, when a positive ESD event occurs at |/O pad
200, which typically occurs when the device is not
operating and VDD 204 is essentially at ground or
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[0026] Referring back to FIG 3, when a negative ESD
event occurs at 110 pad 200, which again typically
occurs when the device is not operating and VDD 204 is
§ 3&?4 IIy at ground or floating, NMOS 206 is

H&'4ates of PMOS 208 and PMOS 210 are F?HH?WH@”W”4
The gate 218 of device 214 is capacitively coupled to
its anode 222, which is coupled to the voltage of 110
pad 200, and voltage at the gate 218 appears | ow..
Referring again briefly to FIG 1, a |ow voltage on

firsg@tednsalhtecion adier sdcbdd gaie lilsul86ra64 sepiddte GieOTHO add3132 @bm ke @spektive well

regidys. Iﬂl;)}\{giesbatclbrﬂ d:d heqighan EU%L{ tRECdi cg§§ls fohﬁrst'\ka%ls(l) anll%gcond spacers 382 are
ro n gevice
dlsﬁgcgg k ﬂmg s)ﬁtwa{r:l@ pf SQ(,on gale §69 s ewdent frorai’g(ﬁ E%I? Op&ote Vtg)n Egﬁe 350

turn-on vol
cg"@ﬁ%ﬁfhrqe§ NHERLPT gy P’d{}fﬁ‘af”“%( PoBscHbs'é? @'Fd 37¢ gith two gates,
Therivgy bress 360 anth 3@@may b Hizsggdndehardemly. nodishadsitiepehat bome oEBRates inverts
the [PLval @€didnORhd & Qe Qﬁe TR ig@ he @03 Jub@xmu afet £ rgat'e Oﬁ)ﬁlen both gatcs are

pos&nh%ks@rﬂ thenlr:: ugb ]y onL lu'néf%af’]{n%eeéwg ?&all‘m)ca aln% hlgt% %mve gate

a ance  wt
B Lo D s v on
voltgye\pilewe gkagpiienesed PsESRrppotdctive opfadsubply dpnpisa of hidbiveichgs supplies.
WhEFIGC® i 2G8te CRMESDrcdectbd abvicd@hding ffbue el REibR Gpa@iind QIR 18 Wklde region
and @R hE%QinE Qetgﬁﬁtd an b@'ﬁ:}{.‘e&ﬁealﬂpm ut&ﬁg n-.prger%f G:Qz[‘éé? ms agcpngg suitable

num%er Ogoverl [{*F:4 P may%e 118 (?t C. [eV Iece { ~0fl V Ito se deVI ce

oupied 1o AN cféfi??geé“g]d‘&aﬁﬁthasupply
W“%‘I' anﬁ“ﬁfd %cﬁﬁﬁwﬂhfgd*ifaap?adﬁrqtqsvonzsnce o medipds f@Pgptecting the input of
semjchddygérrFtuits vegr @ ettrogutictdisyhatgh atoen®y do@RPAeSRen frédided. The ESD
pm:e@eamﬂwee cotnp@eINIMERt b ﬁl%’r(ﬁ&a@{dﬁ!m&é&lsﬁﬂ&h 12 80es0bud a OB PMLnt, one
of tﬁjer #oM@Fd &a@éﬁptl &jgs g?hoﬁ@i itk tt?an@n?t ting &{PEW sn nal Foa eav hi e6zi7f least one

q F‘ A An F recel ver | ce

cxe iy BRTHPE it FETPEUT U stths-ate syt 5 o i shoui e
app'[cﬂﬂ?%ﬂhm Mash it eff \reEatiESRxEY dnthowd eliy $e apprdcfa@d pad 2 SRemplary
embp@mMen Se-<infRgdentboOd@1stRY bioe e26810 ANE &k S Bteddd D AP scope,
appl%glﬁtylot‘ conRBkB68 bNG nﬁ\glﬂfop mtagy E.LyG- Ra?her Ay %rJ@blgp{wdcpﬂ&Il JE&CYI% fn will

0] at electr
prmm% U&)S(,QS%IHCJ] T%ﬁ aq a convetnu:nt roa Haé*\)/\/lfoha ?eglf:nua%i;n eggm;{l«ﬁyeembod:mem of

nver
the {BYRHY i€ poige “‘ﬂt‘t‘?ﬂdd?ahg‘r Qs chasges may By Mg dk the GrRioGandjaraegRent of
elemgnip tisaitedbin adexemelery 1O dveitanids:t ngartisd gl e scope of the invention as set
fort!f i@ ta@gpandBd @sethndlinatiez aRedvaiche positive FSD event is

shunted to ground, as illustrated by arrows 264. This
inturn will [ower the pad voltage. This phenonenon
can be represented as follows: 40vpa, = VES. 0100

| RESOI 00. WD 2008/ 048412PC / US2007/ 020594 where | is
the current through ESD protection device 100, Vpai

is the pad voltage, VESDI 00 is the turn-on voltage of
ESD protection device 100, and ResD/DO is the series
resi stance of ESD protection device. Wien a negative
ESD event occurs at |10 pad 252, the forward-bi ased
ESD protection device 100 behaves as an open circuit
and di ode devi ce 268 behaves as a short circuit and
the ESD pulse is shunted to ground. 5 [0029] The use
of ESD protection device 100 in a |ocal clanping
circuit, such as clanping circuit 250, overcones sone
of the challenges with the use of prior art protection
devices. Referring to FIG 7, an exanple of a prior
art ESD protection device that has been used in |oca
clanmping circuits for ESD protection includes a single
"N body" or "P-body" device 400. Single-well device
400 is simlar to dual-well field effect di ode 100 but
the P.-type anode region 116 and the N4-type cat hode
region 118 are separated by only 10one wel |l 402

di sposed underlying the gate el ectrode 114. The N body
or P-body is forned of the sane | ow dose inplant used
by standard PMOS or NMOS transistors, respectively, in
the technology. FIG 5 illustrates a prior art ESD
devi ce, such as single-well device 400, used in a



20circuit 250 when a positive ESD event occurs at the
pad. This voltage can be represented as foll ows: Vpad=
Vcicd, + 'Luc& + I RvDD + Vdanp aci anp, where | is the
current through ESD 400, Vimis the pad voltage,
\idiotic is the turn-on @gé@ﬁ%e of ESD 400, R died, is
the series resistance of 00, V,lanp is the supply
clanp turn-on voltage. and RG aM is the supply clanmp

eries r | f voltage ad i s higher than the
o i on SoPr gL ra o LBy Sha P icaR N SEhF G Fom an

cled®dfic d1§chﬁ%¥ U @R UL niethoR (,18[1 ﬁkﬁg\{\ﬁb Qfpstdransi stor  260.
[ 00301FI G [ustrates an rotection device 350

in a&wbhaamsécmnDmﬂantheubﬁmgnpmHnyugnboduwenhkmﬁﬂﬁhe

r.ot ection de
insBRRE el (UL S RS T b 874 B isST 1887 Ubd: ertheon
umd@uhﬁgwaagogpnprlses a silicon substrate 102, which
can be a silicon substrate or forned of a thin

| aydisPefings P. BoA angle tagign ahl 6) wdhiathie sdicbayayer 4108) and
SO1
cxt§ ﬁchﬁMtlh @81‘%&% ﬁl 1&1!: %gpfa?r%ldygt ¢I Ilhet,(r)lg P%f’ nﬁg egion

urn,

U16hme§Ebmﬂ@imeHmmudﬂwnwpmﬁSO further conprises a
yge anode reg |on 116 and an ?1-ty @g cat hode region
118dis otE Y ”s%b%ls‘@%l fevieqrsgion (| 2 nvithay de silpan lapge in series

with e/ petyg@ QiR @lﬁig Qul\cl}]ngtﬁat%fﬁ@ﬂ Bl § %111)1?}/3%1 11}%(jgbéb§/cen the P™-

separated from ype catho e region
typé insde tewmel(] [devd te (ragi-ovwll3bRice acdidon SQOPEOWﬁbhdd avirg@®N

jong G ffepin, PR G o 3Eie bl 30, SdCindo wedan

coxﬁaﬁﬂ’v\ﬁ’ﬂ[ﬁh@fn@ulﬁﬁ R ('P@él)' ng a doping concentration
greater than dopi ng concentration of the

P- WEBPOSHI MWWCUKQQICQ megioFOR22 pyéhipl the silinomatayer in series

odi nent of, the ) the P-well..and
it HRTR P o RO TED b Sl O SR vl o B8 it g
exteloRantnd 8 iRcaong Oifhrtad imolathy RPOUL0§X10' 7 to about

5x1018 cm 3, while the Pt-ty Fe anode reqlon and t he
Nt t §ipRosest i elype gitbodanisgiopé! o pedhimibersilicos dayeapich that a

B B ST T BN b P
N"-fipeshthgdt &3},3)‘51({1 o%)an lpyovide 4 sacsid I\N\ﬁ\@gdélzd%dcﬁglﬁbgwgﬂ eléll
evice r n an a secon
the gié%t & @CW@P‘% Qﬁb&%dhﬂswﬁ?Nanoa@IQ®dlw WEGRE
coug%ﬁ%‘ ¢heRn &9@\‘1&3&@0&%& 6)%8 43?’1?%11&1{1 e N Hfé)c cathode 108 Af)n

008/ 048412PCT/ US2007/ irst gate insulator
(11&ndxtandseio and isgatcentastsutiatheinsBebing éyar €td6);gat es 360 and

362 fromthe r ect i we] | ons, Fir acer
30074 ST oREs SR r60 T Rb e emRa s pviTied Tgdte Mo

welBad BRQUNERPAGESS (BAR @onfclh@m&&maga%% the s. dewal k
of second gate 362. evident from

pr otlecdti¢adi ca@m:ngemmueggqmd wagng piraet FSH) qouh@ Lallons
e[cc% géj gl;\% SFher Ché)l 1 tﬁcﬁi@ %1%56:% rcgm%g, %ﬁ’gu;t 8'58915 dL51g,119d 103831%8’6
an cIectmstatm discharge wcni applied to the input-output pad;
forward biasing the first PN junction diode and the second PN junction diode;
and
upon sensing the electrostatic discharge event, communicating a voltage from

the RC-triggered sensing circuit (150) to the gate electrode (116) to cause one of the

8



5 The two gates 360 and 362 may be bi ased

i ndependently. A high positive voltage on one of the

gates inverts the P-well region under that gate,

renmovi ng the di ode junction under that gate. Wen both
Sy L YshwnRiased, pther e is .o
i B B PRl (e T RER S IS S A 02 ot
to dhioghuptsioni: wéilgdirst Iwhmag@n dodeitid 0B sefonffPE. Juﬁlc,it(m dxodc,

Accordi ngly, ESD praotection device 350 provides f
B GERE BRal p AR B NGl B R rREi TSR DR et R cevice
chuﬁ,qqizj)qmtllg RvERly protection or for supply clanping of

h vol tage supplies. 10 Wile FIG6 illustrates an
ESD protectlon devi ce having four well regions
separ at i node reqi cat ho
‘ egfon, P et Béala%?ewffgfi e R 5\@?{9 Vagricatsean (120)
andnHebieyt PokeWeiicd BFiAN 1522@%90 ABMi8Miyt f@hkigy nunmber  of
overlying gates nay be used to achieve even hi gher
tt111-0r1 vol t ages. [0031]Accord|ngly, electrostatic
dl S§har gfllé)lg]gﬁslg:“ngt(gnd‘rgc;” 018 ﬁqg(a @SU'IUO‘E': ﬁ SCéiﬁ 151(()}[1%8& {1 nSg
an Iétemﬁff @ﬁltstahil thatdl SR8r Gen P 0% RetedoRe dael oFan BR¥QoNARN
ﬁrOVIded The ESD 15 protection device conprises at
disghargereveqlo f or war d- bi ased di odes di sposed in series.
During an ESD event, one of the forward-biased diodes
is shorted, thus transnitting the ESD signal to
gr ond. W thethad of daist 1 Oethexemmiraing tkrhags fenplifase
o ted in the foregoing detail ed description
Eu%gegﬁge?ﬁggﬁ??8%““&?“§Wéﬁ%ﬂgbe appreci ated that a vast
nunber of variations exist. It should also be
appreciated that the exenplary enmbodi ment or exenplary
embodi nektesmethed Q‘lmigan"ek,athﬁh@szonaomidingrtlﬁ: seg of roedihgch thiod

it th e,. 20 or. confi guratjon
PN ypldligm, dide LAY 8%1681905@@3 e kf-lﬁﬁt(ﬁiq) ang fgeops PGl
diodle3aR) #d td@schp@ti on wi Il provide those skilled in the
art with a convenient road map for inplenenting an
exenpl ary enbodi nent of the |nvent|on it being
unger st o h
f u%gt onﬁlgﬁ%ggédr 66/1%{[ r(r)tlé.5 % tO? eT an Vghe&ieelg@}(’erbléigj\‘ Vﬁﬁ
dwm{ e&md)m(l)zopmn’aﬂt IR -kl h@utx ﬁgmr(ll 2nard dspathe scope
| ny ventjon,as set rh ip the appended clai ns
CO“%‘NH a&*‘h‘é? aouif [ Ve g@ie %qnewg o a@um k/stypeAnmsﬁ@@n fog
the R @)‘;el% Lidde ?tn’ldnnﬂ%“ﬂo d @ a Sc%ﬂl&l‘?ﬂ%&&?z{bo%{ L(&ICEouz{b%u{ [@m
ectrostatic dis ar e even e et hod
tﬂiconpr|5|ng the steps of: provi ding a
silicon-on-insulator substrate conprising: a carrier
wafer, an insulating layer (106) overlying the carrier
vvaf7€r qu‘l@ n@etﬁdd (5[%53 oln@Y)?E[a(nJr@’Qo @Qv fcR&n Uﬁ§% alrl ng
di sposi ng pe ano reglon
fom(alieg bmltnﬁutlfrp fitseP¥ijkiation dhcageeamd ¢ 1c09¢pmaﬂa\l @xtcemddmge to

Lomg{]gets a'ggﬁf?nn i a bcla?, émcafaﬂﬁ‘ﬁ( %fé}fl ug&]t%)@g &Ll%¥ gvdtht(r%s%g L' to g,round
durihg) pod-£O Dt qpetatipad; di sposing a first Nwell
device region (120) within the silicon layer in series
with the P+-type anode region such that a first PN
j ugctio de re
ril 116) anl;\ da%ﬁ%%pﬁi%%&ﬁlﬁ%@%?m e\g/?]“(fgmr%%mmeqoﬁrﬂ 651 %gmstatic
disciproy edbat,ahd davede dabhprisingt | on di ode ( 130) vvher ein the
first NNwell device region (120) extends to and is in
contact with the insulating | ayer (106);
di sposing a first P-well device region (122) within
the silicon layer in series with the first Nwell
devi ce region, wherein the first P-well device region
(122) extends to and is in contact wth the insulating
| ayer (106); di sposi ng an Nf -type cat hode
region (118) within the silicon |layer such that a
second PN junction is fornmed between the first P-well



providing a gate el ectrode (114) at |east

substantially overlying the first Nwell and P-well

devi ce regions (120, 122) of the silicon layer (104);

electrically coupling an RC-triggered sensing circuit

(15Q)+t.Q. L e 1=y L (114)., .. Wh kn the o . .

(MBI 88LS, SRR AR ALk LP D i v
(1enselang dleeatrico st mddi Siidvariger eMenon apphseditoaydie
Ud6$put-output pad; forward biasing the first PN

J'uncti on di ode and the second PN junction di ode; and

upopn §HREbLAGut A el ectrostatic discharge event,

conmuni cating ‘a voltage fromthe RC-triggered sensing

ci r g dli typel®oye tegionié @atispoetdwithiode: (ilidb)layo (t&)sedone

of .the first Nwell . devi region.(120) .and the first
ex @' apidh Bl Sbting Toupg el AL R i epibievtiie
(11bheciggeogfied band inpetotphtipdact i on di ode and the second

PN junction diode that includes the one of the first

N wet First devicd devisgyiegion((120) witlin thermlidoinrlater s soeiel widvthe B'-
wkeaglon.( that. kS, i ed. . .. The nethod of
ol SRR RERIL AR B POYBLR gttt Bs Pom erstye
regamd 1 t GleartlithstirsPNwedl] deléos regioh @R Mo prb2R)s adTi€t PN junction
,&%@gtﬁicaLLy‘flpating. _ 3. The net hod of gﬂaiml,
diogy Bl 38 viioran g it Nyl ledeviseneging (20 exterdsiagnd s irgontact

whﬁhﬁﬁn&ﬁ&ﬁ%ﬂﬁ%xkhﬂi-is | onger than an expected rise
time of am electrostatic discharge event. 4.

Thea ﬁE;lt Redelbdevadeaibgrod (1 2820 mti thér the aitjoon Biyagintsbgesswp ef
w35 B R, R Ol DPbTR S e
is 116 QR4 S ht hRuREP1aE: (@Dg)Yi ding a third PN junction

di ode (374) series-coupled to the first (370) and

sectind -Picjcatiods saiogi(dt® WiBNR Yheasmdbondasteh sudhripatta second PN
- 8:  The nmethod of .any one aof clains 3 5, ein the
jun@lion P Pl B2l et Lt detish et R tﬁ’éﬁ PYiel |
catlbeeirgLor EIBPM (13¥3de a 3¢@nd PPERINE AL SRNA ST, Kb FedD iR first

about 5x10117 to about 5x1018 cm 12 and the Pf-type
PN gHstien divge 6 taaad thescauneypbi unationodieds @GR bare aewesdmpeled to

the TRy entrat f gt 1021+t0 about, 1022 :
b B BB L REN PR 8 £ e
extesitiep @fd i ar vardi nghbhesbuigiidiaydi(nss); PN j unction di ode
and the seco | unction dj ode conprises applying a
o1 dstor EGGEt b Db Ut ety Gue TR by L tceeds
wel?&bvgcreqjégi@néjHrZU,nHZZQQf‘ﬂlgg’l:i)l 99?%@ Q%Qh‘ 8. A device
for profecting a sem conductor stricture from an
el eathGtiggerad sensing circuit (150), electrically coupled to the gate
electrode (114), and being designed to sense an electrostatic discharge event applied
to the input-output pad;
means for forward biasing the first PN junction diode and the second PN
junction diode; and
wherein the RC-triggered sensing circuit (150), upon sensing the electrostatic
discharge event, communicates a voltage to the gate electrode (116) to cause one of
the first N-well device region (120) and the first P-well device region (122) to be

inverted to short out the one of the first PN junction diode and the second PN junction



di scharge event, the device conprising: a
silicon-on-insulator substrate conprising: a carrier
waf er, an insulating |ayer (106) overlying the carrier
wafer; and a silicon |ayer (104) on the insul ating
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dcﬂmﬁugxmehﬂhngnuomamﬁﬂ n contact with the insulating
| ayer (106), the Pttype anode region (116) being
coupl ed to the input-output pad, a first Nwell
device region (120) within the silicon layer in series
with the p_ type anode region such that a first PN
junction is formed between the Pl-type anode region
(116) and the first N-well device region (120) to
provide a first PN junction diode (130), wherein the
first NNwell device region (120) extends to and is in
contact with the insulating | ayer (106); a first
P-wel | device region (122) within the silicon layer in
series wwth the first Nwell device region, wherein
the first P-well device region (122) extends to and is
in contact with the insulating |ayer (106); an
Nt type cathode region (118) within the silicon |ayer
such that a second PN junction is fornmed between the
first P-well device region (122) and the Nttype
cat hode region (118) to provide a second PN junction
di ode (132), wherein the first PN junction diode (130)
and the second PN junction diode (132) are
series-coupled to the input by the input-output pad,
and wherein the Nttype cathode region (118) extends to
and is in contact with the insulating |ayer (106);
a gate electrode (114) at |east substantially
overlying the first NNwell and P-well device regions
(120, 122) of the silicon |ayer (104); an
RC-triggered sensing circuit (150), electrically
coupled to the gate electrode (114), and being
designed to sense an el ectrostatic discharge event

applied to the input-output pad, means for
forward biasing the first PN junction diode and the
second PN junction diode; and wherein the

RC-triggered sensing circuit (150), upon sensing the
el ectrostatic di scharge event, communi cates a vol tage
to the gate el ectrode (116) to cause one of the first
N-wel | device region (120) and the first P-well device
region (122) to be inverted to short out the one of
the first PN junction diode and the second PN junction
di ode that includes the one of the first Nwell device
region (120) and the first P-well device region (122)
that is inverted.



