CROSS- DOVAI N ESD PROTECTI ON SCHEME TECHNI CAL FI ELD [0001] The present

di sclosure relates to cross-domain circuits. The present disclosure is
particularly applicable to cross-domain interface circuits in 28 nanoneter
(nm technol ogy nodes and beyond. BACKGROUND 100021Ceneral |y, integrated
circuits will include nultiple power domains. A device may, for instance,

i nclude an input/output (1/0) circuit along with a cafe circuit, each of

whi ch nmay be associated with a different power domain (e.g., the 1/0
circuit may be associated with a high voltage power donain, the core
circuit may be associated with a | ow voltage power domain, etc.). Thus,
signals may travel Froma high voltage power domain to a | ow voltage power
domai n. Typically, frofRESSEPRUATSESREROTIGCHANSSEIEMISD) prot ecti on desi gn
poi nt-of -view, one of the nost critical issues of cross-domain interface
circuits is gate oxi de breakdown of | ow voltage netal -oxi de-sem conduct or
field-effefé ﬁﬁﬁiki s (MOSFETs). In addition, the overall gate oxide
breakdomn'vé%rageiééggP'is decreasing i n advanci ng technol ogy. As such, any
mar gi n, f oi000I}st affbe prd3eitwdistipsie f(ettay. to trpdsgigeminy dkduage) Thef pESBt gr ounded
gate n-typ g | and Vi of MOSFET gate. oxide,js practically
nonexi st ent.. (strﬁg% %% % ag@ﬁ%%{%ﬁ %%ﬁsidgmﬂnluﬁtgl'?arcgf lé%mtémc%ér%aﬁll rflgf’rhat i ncl udes
a traditi dinal techoégy nddesandbdySid. pr ot ecti on schene. As shown, the circuit in

FIG | includes an 110 input term nal 101 connected to transistors 103 and
105, the drains of which are connected to the gates of transistors 107 and
109. Moreover, the circuit includes design paths 1 1 la (e.g., front power

rail 113 tBAGKGROWNIX®|i | 115 through clanp 117, ground rail 119, and di ode
121) and 111h (e.%f, frompower rail 113 to power rail 123 through clanp
117, grourl@042j | ©eoerally, dfesrated cirgpity (il inddide mylgple rover dpyagiasi ¥i ¢ di ode of

cl amp_125) el e FAAThEndERR: 6 ah ipu bl B0) it MBI I Leor ERMVODL Lo VSS2
and VOWto VDD2. Nonethel ess, sorme ESD current may al so travel along path

127 t hr ougtach efavkirls mey bg @Sosigedinith galifftient gaver doriaine(car, tha WAsiratior 109
(e.g., Unqﬁz%loymséo bid \RRe 2 BRbh 28RRE Nhiwer dFhaf! %&gc&@-tc?kg%ig%g&gﬁeo‘wh

C a
t ransi st or 3 to danage the gate oxide of transistor f under VDDI
to VDD2 ESBrogigfsgiwith)a low voltage power domain, etc.). Thus, signals may travel from a

high voltage power domain to a low voltage power domain. Typically, from an
electrostatic discharge (ESD) protection design point-of-view, one of the most critical
issues of cross-domain interface circuits is gate oxide breakdown of low-voltage
metal-oxide-—semiconductor field-effect transistors (MOSFETs). In addition, the
overall gate oxide breakdown voltage (Vgp) is decreasing in advancing technology.
As such, any margin, for instance, between Vt; (e.g., trigger voltage) of ESD grounded
gate n-type MOS (ggNMOS) and Vpp of MOSFET gate oxide is practically non-

existent.

[6003] FIG. 1 schematically illustrates a circuit that includes a traditional cross-
domain ESD protection scheme. As shown, the circuit in FIG. 1 includes an I/O input
terminal 101 connected to transistors 103 and 105, the drains of which are connected
to the gates of transistors 107 and 109. Moreover, the circuit includes design paths
111a (e.g., from power rail 113 to ground rail 115 through clamp 117, ground rail 119,
and diode 121) and 111b (e.g., from power rail 113 to power rail 123 through clamp
117, ground rail 119, diode 121, ground rail 115, and a parasitic diode of clamp 125)
to enable ESD current to travel, for instance, from VDDI1 to VSS2 and VDD1 to



[00941FI G 2 schematically illustrates a typical solution for the problens
of a nat crossdomain ES[) protection schene. As shown, the circuit in
FIG 2 includes conponents simlar the conmponents of the circuit in FIG I,
such as transistors 201, 203, 205, and 207, power rails 209 and 211 (e.g.,
VDD | and VDD2), ground rails 213 and 215 (e.g., VSS | and VSS2), clanps
217 and 219, and di odes 221. To overcone sone of the issues associated with
the traditional cross-domain ESE) protection scheme, the circuit in FIG 2
further includes resistor 223, diode 225, and transistor 227 (e.g.,

gr ounded g{;tte transistor). Resistor 223 reduces the vol tage drop between
the respecYPe giensthglsss. sos deDosurieph gy Hisgr&avologlong,gatb d27 tekseasi ng t he

I'i kel i hoodftisgpi® Basl8sIBEBAE okife bf @RSi®E PIB (20 AndR /B0 10a8sS I esul t of
an ESD event (e.g., ESD zapp}:\an D ode 225 protects transistor_ 205 (e.g.,

PMOS t r ansi 2 sopingh apd 7l it ARUBwHERRnsislgr AW EsEmags B eair PYAs pover r ai |
209 10 POWRinsitdt 107382, under VIDPo VODYRED Jipfhgappi ng) . Transi stor 227
protects transistor 07 (e.g., NMOS transistor) fromgate oxide breakdown
during an [p6da)evertG.f1 meRawaly iRkkated0PybRatohiHad fbratht ploblenfseorg , VDDL to
VSS2 ESD zappi ng). 100051Nonet hel ess, al though the FS[) profection schene
of FIG 2 FifionHcresagampiatbRobetinn stheeri o 1M attrcd tiethiél ogi es, the
schenme stijhéudidcompeh! sidlae Atk Tomp&ien®XANRE Qircdd inhPlegh, 1seg &f or 223
reduces the vol t;ﬂe drop between the r,esBectlve gate and source of the

transi st or&nsigigrs LRl 2987205 #d 204 crayest &ils 399 pidsa 1d g YRR md M2 1 cui t
negat i vel Yorbiufda&ils2 19 bz 15ReedvEd Darippd 929, atdnPe 2171 shd@ddidnll aidded 222k age nay
occur through diode 225 during nornal operations (e.g., .| eakage may occur
when VDD 119 evesowmisroBedif thefssies agiopisted alﬁbmeﬁ@emaﬁ <ragpfeman E3her - on

sequence gpedRnistiRhRNMBLRELIL @ FIG! 2 gather IneRB&GEsisteUh, do&012st btn hi nder s
flexibility associated with the circuit._ Furthernore, e the addition of

whi
transi st orlf8%ongA7 (580 EEundad gafsctranpisier)o RRpsiptphpd3 1§94CES B%iVakAeE 8% down i n

mat ur e t eoRRRIH Jhe fespcetivdgAd alPd RRARCH WinkistoRt02050defof7e addrassing Mheadvanced
t echnol ogi es, since any_ mar or. instance, between W of transistor 227

in, f
and VBD oflikeliwogaf BUOSTERIPES [odFBHEPH 205 07125 a gl pf @193 evgat
nonexi st ent.g, EOB0ARFHG: Ro&ChBPbeaathnsistdr RUS 14t BMO8NANGS) FOmut i on for

the problens of a traditional cross-domain ESD protection scheme. As shown,
the ci rcuid?ts 9xids eseakdoyp dpringedn BRIhsue Atos BOWAT I8t 20Dt PRYeE FbdHent s of the

circuit inekl ®pdi 1S VOM2ASSIH ZAKPHet ArssiBOr 223 BrdtecdOPansiide 280 (.o pover rails
309 and 311 (e.g.,. VDDl and V %r,éh%reound_ral s 313 and 315 (e.g., VSS |

and VSS2) ,NYErpgEngston) diom g oxidi breghidgwe slurse an B30 sye doRePRhEibf t he
i ssues assmgit%ﬁ,g@hd%ﬁng(@%j@bm,qtsggtﬂgmag}g mes of FIGs. 1 and 2, the
2

circuit in Fl 3 includes resistors 323, and 327, transistors 329 and

331, and g0eUste PNORetHcRSS, SltRduEh &3 ST rotedGon SThenAGHIG] Dihapinciawy ce punp
resistors 333 and 335, for instance,. urth%r reduces Hﬁﬁi Foée tial
di f f er enceiseRxiisdrOtegtion in BgE techuolpgies thingshapgsttbhasseerl davkadSst or s $05

alnd $07, ok E@rﬁﬂ]@,g&?édgﬁtrbﬁi@ori MG rbdicElOthe @6kt @gogglie?\?szﬂdhé fe@;sesﬁ&L or E§%9
Sr IO{TI e(r:]ta ;[ gfgatgecq%ggsggr&? ogb@aira%gi\é:\ﬁég%ﬁ 6?2‘8 gﬁ%’n giinci]'usion 0 rescl)s¥(¥e2\é§rit’1 tﬁe €

circuit negatively impacts high-speed I/O application. In addition, leakage may occur
through diode 225 during normal operations (e.g., leakage may occur when VDD is
powered on before VDD2 is powered on). While a power-on sequence may be
implemented to mitigate leakage, such a solution hinders flexibility associated with the
circuit. Furthermore, while the addition of transistor 227 may protect transistor 207
from gate oxide breakdown in mature technologies, such an approach will not be

effective in advanced technologies, since any margin, for instance, between Vt; of



dr awbacks. For exanpl e, as shown by indicator 337, transistor 331 may
suffer false-triggering as a result of a noisy 1/0 nmound rail 313 (e.g.,

si mul t aneous swit ching out put and sinultaneous switching noise (SSO SSN)),
resulting in distortion of the core output function. Moreover, the

i nclusion of source punp resistors 333 and $3.5 further reduces the speed
of high-speed 1/0 applications and increases the design conplexity of the
circuit, In addition, the increase in the nunber of resistors (e.g.,
resistors 323, 325, and $27, and source punp resistors 333 and 335) results
in nore chip area required to inplenment the design, increasing the size of

devi ces asiEHeisiat &4 #d Nem 0k He el grde ofiteamigien A0T 8dlY PraRigsally 8F @O®xi sts for

circuits wytdeppore effective FSD sol utions, for instance, that conpl enent
hi gh-speed 1/0 applications with mininmal inpact on device and enabling
met hodol oggeost UnMARY. 1 RRAIMNAIIRSDEEhtePindiHRe sPILESEr B pobRAEMIE 4 S a circuit

i npl ementing. a cross-, donmain ESD protection sche for .advanced

t echnol ogi B4R TP ARBRIAL A SPECHOLFCERE Bise W e SEPUET BG S a et hod

for pl enenhélings &ofpOfesits B0 Phe tcB@pdrRits SENBERIréu@ inaBGANG 8acht #&chnol ogi es.

100111Addi ti onal aspects and ot her feqtgres of the &r sena ?isglosure\MIl
i 612+ § 0D hd L2

be set forfSHASSAL WastHi Htdi 94 Rawee il 69 g’ 14N ‘be apparent

to those UndGailRra3 Bat 353Kk VSS Naddessay, telauipe B1 BB Dakil eid&f32the fol | ow ng

or may be ] earned from¢he practice of the present disclosure. The
advant ages! bVeRB® SPBS erihe Hpuse rsesipied Wﬁ@tf’s@%Pe%PW@a shiErs bt Ifed as

parti cul ari yhdmgtHetcatuiPMIFIGN3 iitRidaPeansed2s; 1325 ihd 327, transistors 329 and
331, and source pump resistors 333 and 335. The addition of source pump resistors
333 and 335, for instance, further reduces the potential difference between the
respective gate and source of the transistors 305 and 307, while the structure including

resistor 327 and transistor 329 eliminates the need for a power-on sequence.

[0007] However, the ESD protection scheme of FIG. 3 also has several
drawbacks. For example, as shown by indicator 337, transistor 331 may suffer false-
triggering as a result of a noisy I/O ground rail 313 (e.g., simultaneous switching
output and simultaneous switching noise (SSO/SSN)), resulting in distortion of the
core output function. Moreover, the inclusion of source pump resistors 333 and 335
further reduces the speed of high-speed 1/0 applications and increases the design
complexity of the circuit. In addition, the increase in the number of resistors (e.g.,
resistors 323, 325, and 327, and source pump resistors 333 and 335) results in more
chip area required to implement the design, increasing the size of devices associated

with such designs.

[0008] A need therefore exists for circuits with more effective ESD solutions, for
instance, that complement high-speed I/O applications with minimal impact on device

size, and enabling methodology.

SUMMARY

[0009] An aspect of the present disclosure is a circuit implementing a cross-



100121According to the present disclosure, sone technical effects may be
achieved in part by a circuit including: a first power clanp coupled to a
first power rail and a first ground rail; a first NMOS transistor having a
first source, a first drain, and a first gate, Werein the first source is
coupled to a second ground rail; and a first PMOS transistor having a
second source, a second drain, and a second gate, wherein the second source
is coupled to the first power rail, and the first power clanp provides a
signal to turn on the first NMOS transistor during an ESD event that occurs
at the first power rail. 100131Aspects include a circuit having the first
gat e coupl dunamESIp arofctien schemfclor advanesd teekoloagiséond drain coupl ed to the
first drain, wherein an ESD path fromthe first P trapsistor to the
second gr oAy ai IAWWPB‘E?Q?FtPEQ‘eer?%‘F FIGIOTE iy redog fory ‘g‘pgmﬁ(}ti“@é’d during the
ESD event -cre"éar&nﬁﬁlgﬁ&é@ioh Béhki€l @or ddanE@Uédhndladésng a second power clanp
coupled to a second power rail and the second ground rail, wherein an ESL)
]path frlom gﬂ]fi rsxtddlﬁwmatﬂeat@ﬁh@bmér f&gukhefmeplfwan ﬁi@&]ﬂiurdﬁilllbe’([jda{j ough thﬁ
irst Nvli transi stor, and.the seco power. ¢l anp i s provide uring the
ESD event . bo&im&a?rtpf%m%%sfﬁmssa rf8|PaHé’VIHQb8i%%BﬂFftt tﬁé‘?ﬂsﬁ M5 econd NMOS
transi st ororbiadyREillan tHeiaktthpS O ktaGhnatian bithé eblidwaigir may bbidathe@ &b, thand a body,
wherein the body_ i s coupled to tH, second groHnd rail. and the second NMOS
Lfticlonyet e pdyan

transi st orPRLice 9f HEPTS Beesrhl Ptk fSUSHENY Yhcl ude t he

third sourggihehnibeealaspartilirigomte@ndindicppendedidaitddi rd drai n bei ng
coupled to a second power rail, and a second PMOS transistor having fourth

source, a [oo12]t h dNcadrBing adtha fresdnitt bisgadues, sotver eétmidahefffaumidy source is
coupled to the f.i rsth)gr aund

. .rail, the fourth drain is coupled to the third
oot ot inant W h At e idinh B b HamEERisied p SERBORIAY Anot hor
aspect i ncdnd@dsstgrou®Rilpatiist NMDB tdneistoi hasingBMIS sburas) 2 ifisdt drairt, anddhe second
power rail _throu t he second NMOS transi stor being. prqvi ing the ESD
et . [OOTBE D BRSSO &Pt EoR S s YR
t ransi st orirddsivioN gavang b fskdond Quiiree,a @cdndf drhindaral 1 secandl gatef wharkinglt e, wherein
the fifth source is. cou&l&ad ho the fi rs{q s(gw%eg't and i t hi rddPI\/DS
transi st or AR SRy sGouRd ©df G5t Pevesirgt AGIg Tt PARE S RPHIGA e, wherei n
the sixth S@udr©uionaeURkamMOg tiahastaaiucing apPS® evenaihht octdire atghefilst drain i s

coupled to the fifth drain, and the sixth gate is coupled to the second
drain and A& ™'fth gate. Other aspects include a circuit having the first

power cla i cluglear.ei tor. c led to.the firs ower. rail: a capacitor
coupl ed t gﬁ{ﬂnﬂ re Sgetcgrm‘gﬂ% & ﬁléculgi Efe eoféfﬁtogﬁtea?qu?fegg%ﬁ%nﬁrlst V&t er havi ng
an i nput tcamp, niad sccmdphae ciupled he the 6Bt sitaid, whagtint dneESTapak fiborthe fisd an out put
termnal c ged to the first gate.. 100161 ddi ti aspect .of the
present di lg[\zﬁ STARSIIRY 1Y (tjhel Wemﬁ grﬁar:xd rail ghrou'%ﬂ S %lrst I&ﬂ@g Gt is

provided during the ESD event. Some aspects include a circuit having a second power

clamp coupled to a second power rail and the second ground rail, wherein an ESD path

from the first PMOS transistor to the second power rail through the first NMOS

transistor and the second power clamp is provided during the ESD event.

[0014] Additional aspects include a circuit having a second NMOS transistor
having a third source, a third drain, a third gate, and a body, wherein the body is
coupled to the second ground rail, and the second NMOS transistor is turned on during
the ESD event. Further aspects include the third source being coupled to the second
drain, the third drain being coupled to a second power rail, and a second PMOS
transistor having a fourth source, a fourth drain, and a fourth gate, wherein the fourth

source is coupled to the first ground rail, the fourth drain is coupled to the third gate,



coupling a first power clanp to a first power rail and a first ground rail;
providing a first NMOS transistor having a first source, a First drain, and

a first gate; coupling the first source to a second ground rail; providing
a first Ph/1CS transistor having a second source, a second drain, and a
second gate; coupling the second source to the first power rail; and

providing, via the first power clanp, a signal to turn on the first NMOS
transi stor during an ESD event that occurs at the first power rail.

[ 00171Some aspects include; coupling the first gate to the first power

cl anp; and coupling the second drain to the first drain, wherein an ESD
path fromaHdhg forlgg EPRISIEPBPIEY NP second proundails Aot FPestingIudss 0 ¢ hr ough t he
first NMOSEdm pheindhOhe it PO #i@bstiiol iROscbhifl fondt AV eRbugh@hdigkoRBPect s

i ncl ude: cou ng a second power cIanE to a second power rail and the
second gr d@ﬁlg&)srtwlstoméww%ﬁ dprsry BRERD£YSI t he first PMOS transistor to

t he second mer rail through the st NMOS transistor and the second power

clanp is pP8lAlded Fatier Agpetindickdpe srathaving 3 1B1ICEMK trangistepbavingianc| ude;

provi di ng @rrs@eRRda MEGrdd, aRé b Bl paltaWh&8inahd Btk Gous@Uis GBupldd tblihd d drain, a
third gate, and a body and coupling the bod¥ to the second mpund rai

wher ei n t HSCORERERIRINE P Emsisir daying ASrbToUEGy 7 sigtht FaInE28H %event |

Addi ti onal sjag gﬁstvaletdﬂdhblgl&m s@ﬁl‘d@lslcegylém tﬁdﬁeédﬁd%@ﬂé&%l ttlQ: dhedsecond drain;
coupling the third drain to a secon ail; providing a second PMOS

transi st oris ﬁ%HPil‘E‘kP heriytly drainsag thsesixty gF‘S d¥ ‘f"r\‘p’&?é‘i We seeqpd drappd il gat e;

coupl i ng tfeh LRSI [0Ihe QUp LR lh&udeh@ chréuitShaviMRURE fikRipoiweC AkkAp iimGudehe fourth
drain to the third gate and coupling the fourth gate to the second ground
g

rail. AnotTuHoropRled to the ﬁ[?H%‘g”eéFPﬂESBa&?é‘M PYRIFA tPH’é" resistas angRss Bl ansi stor to

t he second;p@aahil; ki lan tikVeRbOthvind &n SBGL REmMNYOR uple@ s the tredistdr@ind ghePr OVi ded
during the ES!) event, [00191Various aspects include: providing a third

NMOS tranéWEFBW'ﬁ&VWﬁﬂqﬁt?FWPﬂC@H&ﬁé%ﬂw§h$ﬁﬂFh drain, and a fifth gate;
coupling th ifth source to the first sour rOVIdI er PMOS
transi st orl ﬁﬁ@lngAﬁ %ﬁﬁpﬁa§ﬁﬂF&8ft%’ ?%FH%HFQ?Hg‘%ﬁdnﬁ‘gﬁ ﬂ%ie coupl i ng
the sixth ooepinge firdt lso%r smﬁl ﬂ@aﬂ?@éﬁﬁbw&r&hil an® O iRk g@nd RE; Bloxidihgdr ain to the
fifth draipn; .and cou xt ate to.the second drain and the fifth

gat e. Furtfﬂ’étrNM%é@fl st?r l!?&é lrﬁrsewedflrﬁjstélr%s%% Pt eBesPRRIE % he fir st
power rai lfirstib@¥d i Igcshd GRdUAE kdil) pro¢ ARl et sttFM OB Garis@dr hibafig #gdorddhe fir st

gound rail; and pro gang an i nverter having an input terning% coupled to
the T esi stBpeuspd {Fa@hq rsccogd #lgnC %fhetse?wﬁrfavrcs&me Sto the first
gate. power rail; and providing, via the first power clamp, a signal to turn on the first

NMOS transistor during an ESD event that occurs at the first power rail.

[0017] Some aspects include: coupling the first gate to the first power clamp; and
coupling the second drain to the first drain, wherein an ESD path from the first PMOS
transistor to the second ground rail through the first NMOS transistor is provided
during the ESD event. Other aspects include: coupling a second power clamp to a
second power rail and the second ground rail, wherein an ESD path from the first
PMOS transistor to the second power rail through the first NMOS transistor and the

second power clamp is provided during the ESD event.

[0018] Certain aspects include: providing a second NMOS transistor having a
third source, a third drain, a third gate, and a body; and coupling the body to the
second ground rail, wherein the second NMOS transistor is turned on during the ESD

event. Additional aspects include: coupling the third source to the second drain;



100201Anot her aspect of the present disclosure is a circuit including: a
first power clanp coupled to a first power rail and a first ground rail; a
first NMOS transistor having a first source, a first drain, and a first
gate; and a first PMOS transistor having a second source, a second drain,
and a second gate, wherein the first source is coupled to a second ground
rail, and the first gate is coupled to the first power clanp, the second
source is coupled to the -first power rail, and the second drain is coupled
to the first drain, and wherein the first power clanp provides a signal to
turn on the first NMOS transistor during a cross-domain ESD event that
occurs at $omBling the thisdgiigip t¢ apscondyppves raifs peqviding 3 sssard\PYIOS MY i r st PMOS

transi st or pd/eta BudLLARE, OfoRkNgraaind 4 BhL@YgHe; b 1hh BtiodMBulct @nsi stor is
provi ded duri n(tg the cross-donmain ESD event. [0021130one aspects include a

circuit halffie amg@i:raﬂdowmﬁhecmﬂbdre@mhéahl{dcga%f sopRling Pt | and the

second gr oghdiof ifié becoMdBloBhdrafl. SRR a#s&@ iRabdes bR (ESDtﬂlﬂl frbh She RMOS
transistor to the second power rail hrough the first MOQS transistor and

t he secondPMERerngstanis tlﬂ%se&?f’é\ﬂoa’éﬂrad &h‘rp'mjl the, gecarNMOSIFARPINOES v ent .
Certain aspgflis duﬁgég,qgsg &kgtcui t having: a second NMOS transistor having a
third source, a hird drain, a third gate, and a body, wherein the body is

coupl ed t oobig se%ﬂdusgfsﬁumdndl@el prohhﬁgtahmfcﬂNmm@sxbtsr K@Ul eff 0 the
second dral n, the third drain_is couple second g‘w\é\ﬁrﬁhrall and t he

second NMISUtF-ath &fil rdggin "é‘dt%ﬁméatﬁvnco&ﬁll“}gn@e Prge Lo SOESFE) event; and

a second Ribading aRiidIhOS fasistg havidgoalitth s&ﬁw g SxthaArdiQund Dsigkhahtd, and a
fourth gate, vvherel n the fourth squrce | é pled to the firs ftéﬂground rail,

the fourt hCoUPEThs §xth SoiPeq thegsepqnd PORFY ra ng heesifh drfTHO S ' s coupl ed

to the secqd; aidostiglingdink, s@n@atd tb Mhd %c&ﬁﬂirﬁﬂt dhdfthe mrth hatef | FigthePMOS
transistor to the second power rail through the second, NMOS fransistor is

provi ded dPiHgEitde: cHrB‘élgm@c?nﬁ‘ﬁtoESf")pl@v@nf ¢ figfopdyery by PIRYAIBRLA i ncl ude a

circuit hawpagor duplet 16l thl MisSr dndans fifst Ofouh@Wiilnand protiding Qurigwerted fifth
drain, andaflfthgtate V\/nerelnthefl th source I1s coupled to the first
all

source; antivEetdR PRIP/nENE! QRRFS (i erfﬁ‘%}?’tﬂrga’éi e CApACefy ARG 2N ULt h dr aj n,
and a si Xt{Bmdadl GoupMaas BieirdtBfteSi Xt h source is coupled to the second power
rail, the sixth drain is coupled to the fifth drain, and the sixth gate is

C|OUpI ed tf[ogm S ea@Beedhsptdl oerrth tpléb@erftldibﬁ@aﬁre is arxdrcuﬂnemmdmgt hefifsi r st power
carrp|ncues a resistor cC ed to. t rst 0 paCItOI’

coupl ed t P¥E Clagg; @ éé‘h& ft(‘)rﬁ‘gp?"i'qrsr?‘l Groanysh ﬁ‘ioﬁlfd gflﬂml H&gﬁa havi ng
an input temssoahaGeupl e irkhe ﬂr@Sdrslhoxandamcﬁrit@tegapa@ fier PMO® an out put

term nal coupled to the first gate. 9231Addi ti onal ect nd techni cal
effects of“ﬁ“g‘étob]i‘*’é(g’@rﬂse‘éqngéf"gg%taée%f‘ I @ SeF%‘%i’cﬁafeyw % St o those

skill ed i nsohie @édupfeaqmatéaamﬁcgrbmdnrm Aettid figd g@lesmdupteua@ tmhﬁrstel n

enmbodi nent s of the 1rl)r esent di scl os g{e descri bﬁ? a I% 5)

i |1 ust r at i Rebflappdhgeeend sgyee ’écﬁﬂ‘f edySLPGVELR 3?“ SE4p8 ﬁ’iag’sent

di scl osur & chpleditd the lHest AR, mzaa%eretnh@leﬁmgwér cmh@qirmges1gﬁalmabl e of other
and dlffer(glrr}g ?—;n‘oodlmants B its several F%ﬁalls are c aﬁﬁe

nodi fi cati it YYD ERSEIN AN & Eep@emain CthtH@GFC‘EGe% A% ¥y from the
present dig@lePRill hd AGGCOESID Pathront A€ fight RMOTIBandBdr BLBE kdcphd goudr € t o be

regarded as_illustrative in natu not. as restricti
g rail through theaf{rst NMOS transTistor 18 prOVIEe d during the cross-domain g&) event

[0021] Some aspects include a circuit having a second power clamp coupled to a
second power rail and the second ground rail, wherein a second ESD path from the
first PMOS transistor to the second power rail through the first NMOS transistor and
the second power clamp is provided during the cross-domain ESD event. Certain

aspects include a circuit having: a second NMOS transistor having a third source, a



BRI EF DESCRI PTI ON OF THE DRAW NGS 100241The present disclosure is
illustrated by way of exanple, and not by way of |imtation in the figures
of the acconpanying drawing and in which |ike reference nunerals refer to
simlar elenments and in which: [0025]FIG 1 schematically illustrates a
circuit that includes a traditional cross- domain ESD protection schene;
100261FI G 2 schematically illustrates a typical solution for the probl ens
of a traditional cross-donain [SD protection schenme; [0027]FIG 3
schematically illustrates another solution for the problens of a

tradi tional cross-domain ES[) protection schene; and 100281FI Gs. 4. A and
4. B schenethiré drajnya fhind gatey apdet hoply.cvlieredn thapedsne peupky ¢ the secondigireidn [ sD

protecti on,3ChemBRl Jobfce AMVANEAT0 HRCABRIOBEBS the ItMr AEERT i DG Red ot an
exenpl ary enbodi ment of the present disclosure. i
second power rail, and the second NMOS transistor is turned on during the cross-
domain ESD event; and a second PMOS transistor having a fourth source, a fourth
drain, and a fourth gate, wherein the fourth source is coupled to the first ground rail,
the fourth drain is coupled to the third gate, the fourth gate is coupled to the second
ground rail, and a third ESD path from the first PMOS transistor to the second power
rail through the second NMOS transistor is provided during the cross-domain ESD

event.

[0022] Other aspects include a circuit having: a third NMOS transistor having a
fifth source, a fifth drain, and a fifth gate, wherein the fifth source is coupled to the
first source; and a third PMOS transistor having a sixth source, a sixth drain, and a
sixth gate, wherein the sixth source is coupled to the second power rail, the sixth drain
is coupled to the fifth drain, and the sixth gate is coupled to the second drain and the
fifth gate, and wherein the first power clamp includes: a resistor coupled to the first
power rail; a capacitor coupled to the resistor and the first ground rail; and an inverter
having an input terminal coupled to the resistor and the capacitor, and an output

terminal coupled to the first gate.

[0023] Additional aspects and technical effects of the present disclosure will
become readily apparent to those skilled in the art from the following detailed
description wherein embodiments of the present disclosure are described simply by
way of illustration of the best mode contemplated to carry out the present disclosure.
As will be realized, the present disclosure is capable of other and different
embodiments, and its several details are capable of modifications in various obvious
respects, all without departing from the present disclosure. Accordingly, the drawings

and description are to be regarded as illustrative in nature, and not as restrictive.



DETAI LED DESCRI PTION - [0029]In the foll ow ng description, for the purposes
of expl anation, nunerous specific details are set forth in order to provide
a thorough understandi ng of exenplary enbodi nents. It shoul d be apparent,
however, that exenplary enbodi ments may be practiced wi thout these specific
details or wwth an equival ent arrangenent. In other instances, well-known
structures and devices are shown in block diagramformin order to avoid
unnecessarily obscuring exenplary enbodi nents. In addition, unless

ot herwi se indicated, an nunbers expressing quantities, ratios, and

nuneri cal e]gro erties of ingredients, reaction conditions, and so forth used
in the sp '%SW&MEM Spbe understood as being nodified in
al | instangesyby trhepl&niis@hartis iilul;tpd@e%q;ym? RELSHM ah S bpPSMy 6r addr esses
and sol ves problens of ESD zapping, for insfance, in a cross-domain

i nterface lEnitasigntin teh Szyeealte agtoswppdng daygrand desvhighdiksgripeacesuch

probl ens, fMerdl\SEARN SNl YlemeNs &id @lWheh: Provi ding, via an I/0 power clanp,
a signal to turn on the [SD transi stor when an EST.) event occurs at a

power railoe:yp! egid.0 §chEnatlcENPRNRFate laaiRuit IREMERNesRY @A@BhhiNGgosgat e oxi de

breakdown of vul nerable transistors (e.a., that are coupled to the [SD

t ransi st ordoma B proteeifoRREM s circuit, 100311E1Gs. 4A and 43 schenm ally
illustrate circuits inplenentjng cross- domain [SD protection schemes for
advanced t@&fhol 0§ites? S‘ihﬁm%m*,"cw g%\‘ﬁ%esv\ﬁ‘ pRic hsoé‘ﬁéﬂ'gi"g‘th?/ PEPSYi et of the

present dissahtREMICEss-EOhai@ KBDPrkAectibhischemécui t shown in FIG 4A (e.g.,

i ncluding transistors 401, 403, 405, and 407, and di odes 409, anong ot her
conponent S|POEM r angesl Fis¢hematicallp ibBirites paiithr RolutaPR BN pobleinsFfG 1)

i mpl ements_pat hs 411 and ._As sho path 411 (e.g., frompower rail 415
to ground Wﬁ?q_onafﬂ“’fi?{ﬁ?”&ﬁéﬁ PEYEHET §3[ﬁ“8p% aﬂé)l and 419, and path 413 (e.g.,

or ound rai P87 “ERer QP8 arfhemat PR Sl TR BhREE A The

fol | ow ng dxeipEsD \praeceinarstiemeaf@ quvaced edhnads2 bUrdedarce ogth- ehomai n VDD1

to VSS2 ES]) z i ng,. the purpos for instance, include preventing
gate OXi de%?ggﬁ%ﬂkﬁdlwnﬁﬁﬁéﬁ%sf’%rd%?mmri ng the [SD event, ESL) current

fromthe ESD event will flow through one or nore traditional design paths
(e.g., design path 11 la fromFI G 1). Mreover, path 411 will exist during
the ES]) i tor 419 is turned on due to the node between

| nverter 43fand i RsiRhke AALHIS! 48 thd AUBLATDr 2RRINGuAB0GN" (.0, as

a result of the node between resistor 431 and capacitor 433 being "low').
ConsequentSr§eifisdsniails gre setferth mryrdas iq prayide  Byerqueleusesiandipg af exgmplant | ow t o

ground raidpddifehR QUGB hpftdntl RWREY &BL e@ﬁ?ﬁﬂﬁerﬁ&d%tsgﬂéﬁbem(i de of
transi stor 407. [0033f Under cross domain VDDL to VDD2 [ SD zappi ng, the
pur pose neRfactipgsk without these specific details or with an equivalent arrangement. In o her

instances, well-known structures and devices are shown in block diagram form in
order to avoid unnecessarily obscuring exemplary embodiments. In addition, unless
otherwise indicated, all numbers expressing quantities, ratios, and numerical properties
of ingredients, reaction conditions, and so forth used in the specification and claims

are to be understood as being modified in all instances by the term “about.”

[0030] The present disclosure addresses and solves problems of ESD zapping, for
instance, in a cross-domain interface circuit. The present disclosure addresses and
solves such problems, for instance, by, inter alia, providing, via an I/O power clamp, a
signal to turn on the ESD transistor when an ESD event occurs at a power rail coupled
to the I/O power clamp, thereby preventing gate oxide breakdown of vulnerable

transistors (e.g., that are coupled to the ESD transistor) in a cross-domain circuit.



i nstance, include preventing gate oxi de breakdown or transistor 405. Like

t he above scenario, ES]) current fromthe ESD event wll flow through one
or nore traditional design paths (e.g., design path 111b fromFI G 1).
Because transistor 419 is turned on during the [SF) event (e.g., as a
result or the node between inverter 425 and transistor 427 being "high"),
path 413 will also be available as an [SD current path from power rail 415
to power rail 421. Thus, some of the [SD current will flow to power rail
421 through path 413 to prevent damage to the gate oxide of transistor 405,
[0034] The circuit shown in FI G 43 further includes the structure having

transi st orl@0¥5 (EIGs. 4ApprdsHB sehrsiaticady WPTRte fleculs, irRlemening SRSt o gr ound

rail 437 addhaint BSIHr@ekion RERFhet GorGddOsHEH fedhioldbiet) inddtbord@Re Wethtan, NMOS
transistor with its body (or bulk) coupled to ground rail 417), As such,

under cr oS HBAR SNOOBIBIENt of tmseeswfcloszlaepplf%gxamf Hheygicujt shows @ avai | abl e

as an ESD mgur 8Nk, gf’ﬂichldfr{gqmnﬂﬁtmmoll 3403, 4455 ah®@4PQVRA diodés! 40@2§monEhUS sone of
t he ESD current also flow to power rai | 421 t hr ough pat 441 further

i ti gat i ngReReCIHRIBRYS oA SIOPIag Py EQTECSRAMIINE afRIRROPES A65F Shdlpr event i ng

damage t o impRm@Ak Pa@X 4de aff 413 2RSisBIVAL, péﬁ&llk@%@rlahﬂp&&iﬁ“r&ﬂ 915 {00 protecting
the gate oxides of transistors 405 and 407, the ESD protection _schenes or

FI Gs. 4A aferndgaifdl 7y sicludgyignsistoss ‘t%\;eéﬁi‘*b%agdeera%ﬁ@e(e(ge fgm paserd i s no

parasitic £19rWgblertiaRdie ]y REiBdsi ©nsiels\ e inki N9 SQbiaera®411, radTbet or 439 and
power rail 421 since the body (or bulk) . is tied to ground rail 417). There

is al so a S Eapflusiatye Rugmesﬁ ihSFP“iOW"tBie?‘E'EPI?@ SteRagosi TRVt t he ESD
protecti on henes f FI Gs. extra resistors . g.,

resi stors 9% 325In ATEPSE Wnalgéﬁ?r]%lemmnﬁﬁgiz@p&gst éggmaﬁdn@%% etc.) that
take up a igdtgat, flh&lﬁiétpr@mﬁfgtga@foxmhlb&aﬁdm dTt@ndidbr 408C ORERF me EsD t hese
schenes. Moreover, i ndi cat ed, these %[9 s conpl enent h-speed 1/ 0O

appl i cat i SNE(ESIY cumf”ﬁ o LB cugh Ml pg, og 8rr§‘°f§'3t§a 421335 t hat

reduce thaieﬁglegath@teéuaéalgaqmﬂ mtaltmsrm Furtﬂo(efeawfepaﬂbecauﬁleehﬁe gate of
transi stor 419 is_not coupl ed di.rect]

9y (rioun ralb %:C transi stor 419

wi Il not <lyipgthes BPRR event, SrtfaﬁﬂSt%Fnéll tSh‘iHE’ Rediedp he JPEcPIBHF 'schenes of

FIGS. 4A am:né&wdnh nﬁ@ﬁst&meﬁﬁsﬁmw divsp 229 banp afight’eg oy €reouit grut function
O pound rail 437, 1 The enbodi nents of the

as a result of no 0361

present diRehs g?t@’e%“a‘%ma‘%‘pé\?@d CWLORf3% el ? S Eersedratly. 599 ¢fdi ng gate
oxi de pr OtRCESIOBurdnt Fbn RS BED eveMOREENow frgishrteail 517 ftd@bh pared o\WWO
applications, design sinplicity, reduced device (or circuit) size, etc.

Enbodi mentPEeVERt dPWégeﬁPé@e‘i‘ﬁe %i@@fﬁ%’ﬁ?@réw oy utility in various industrial
applicati or exa [ smart phones b| | e phones,
cel lul ar ?{Q%&get S{'I é“ét"mﬁs% ol fbl gllybc[g?gégléé? ‘%nﬁlep?g%ﬂ%errgéy’ Ut onot i ve
navi gat i onnstddcé, Hhchids p@elﬁléntﬁ@rgatbl”&dicm lﬁreakﬂkﬁizrv\ﬂﬂﬁ@nﬁl@oﬁflﬁ _tlﬁkemerabmw prent ,

gam ng systens, Ita arrer or evice utilizin ogl ¢ .or

B Gh Vol St BTGy Fon sl Bk ARV 4 Sulious bR e Cnj oys

i ndustri aldeﬁgpbaﬂcsa(bgl u&sygnl pathanyb qi{)mvfa(}l DU Betanpetandiston it gphik yurhedtamgr at ed

sem conduct aqr (i!le g) i ncl udi ngql efllgﬁ hat use ESﬂ[])%}p gt ection devices to
pass ESD/ [4ERH! Eé (X F & Bs5piseyl 9T dbg fodh betprgengnvertef &y 3 FADNEY| g spl ay
(LCD) dri ver $eing yHigh,patus 3 vandrabasedsise msmaxr(eﬁi%m frofopeweki me
Programm r}gﬂ glgli(lz)))pbwg'oral E12 1%%9,%&?12%f ﬁ)lg %g Cct111§r<=,nt w1ﬁ flow to power rail 421

through path 413 to prevent damage to the gate oxide of transistor 405.

[0034] The circuit shown in FIG. 4B further includes the structure having
transistors 435 (e.g., PMOS transistor with its source coupled to ground rail 437 and
its gate coupled to ground rail 417) and 439 (e.g., NMOS transistor with its body (or
bulk) coupled to ground rail 417). As such, under cross domain VDD1 to VDD2 ESD



100371l n the preceding description, the present disclosure is described
with reference to specifically exenplary enbodi nents thereof. it will,
however, be evident that various nodifications and changes nmay be nade
thereto without departing fromthe broader spirit and scope of the present
di scl osure, as set forth in the. clains. The specification and draw ngs
are, accordingly, to be regarded as illustrative and not as restrictive, ft
i s understood that the present disclosure is capable of using various other
conbi nati ons and enbodi nents and i s capabl e or any changes or nodifications
within the scope of the inventive conce t as expressed herein. WHAT IS
CLAI MED | Sapping, Rathi 44d Uik talse svilablsi asgn BT pyreent pevdiome payyes reéibtbl ©d to a first

pover rail,aRd 8 1317 Sthl Qdof fk! ESRclridn® Wil M5 flolaBSioePtailngMi ng a first

source, a First drain, ahd a first gate, wherein the first source is
coupl ed t chrughepatind? iy festhet mrltegatmg thadmpact pf e ESRmrentgastrassiger H4vi ng a

second so nﬁ§wvﬂnﬁgggﬂg$Q6ﬁk@meggﬂcéﬂﬁﬁgg&ﬂ“ﬁate wherein the second source
is couple irst” power rail, and the first power clanp provides a

sigma’ to [pydsp onyf Qﬁiltfdnrétpr&ultl% tile’ SRS b:a4Q or Hahdifishs A0s Bl yoevient t hat
occurs at the first powe The circuit, according to clainthe first

gate is cdifi? @Gteﬁtéf’ntsﬁ@nfeﬁ PgEIGﬁcﬂﬁe?ndcﬂ%‘iﬁ?Ot FeRBITSSRRYSE OB PAPFICE €-Evoupl ed t 0

the first @&gidho &F!Qm@@or@ﬁd] diRBUBmlakiObdh&enlthd ShrdBlF Pihslstords9 &idor to the
second ground rail through the first NMOS transistor is provided during the
ESD event .power rail 421 since the body (or bulk) is tied to ground rail 417). There is also a

significant size reduction in circuits that implement the ESD protection schemes of
FIGs. 4A and 4B since extra resistors (e.g., resistors 323, 325, and 327, source pump
resistors 333 and 3335, etc.) that take up a significant amount of chip area are not
necessary for these schemes. Moreover, as indicated, these schemes complement
high-speed 1/O applications (e.g., there are no source pump resistors 333 and 335 that
reduce the speed of such applications). Furthermore, because the gate of transistor 419
is not coupled directly to ground rail 437, transistor 419 will not suffer false-triggering
and, thus, the ESD protection schemes of FIGs. 4A and 4B will not experience

distortion of the core output function as a result of a noisy I/O ground rail 437.

[0036] The embodiments of the present disclosure can achieve several technical
effects, including gate oxide protection of vulnerable MOSFET transistors, high-speed
I/O applications, design simplicity, reduced device (or circuit) size, etc. Embodiments
of the present disclosure enjoy utility in various industrial applications as, for example,
microprocessors, smart phones, mobile phones, cellular handsets, set-top boxes, DVD
recorders and players, automotive navigation, printers and peripherals, networking and
telecom equipment, gaming systems, digital cameras, or any device utilizing logic or
high-voltage technology nodes. The present disclosure therefore enjoys industrial
applicability in any of various types of highly integrated semiconductor devices,
including devices that use ESD protection devices to pass ESD/Latch-up standards
specifications (e.g., liquid crystal display (LCD) drivers, synchronous random access
memories (SRAM), One Time Programming (OTP), power management products,

etc.).
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3. The circuit according to claii I, fu her conprising: a second power
clanp coupled to a second power rail and the second ground rail, wherein an
ES]] path fromthe first PMOS transistor to the second power rail through
the first NMOS transistor and the second power clanp is provided during the

ESL) event. 4. The circuit according to claiml, thriller conprising: a
second Nfvl OGS transistor having a third source, a third drain, a third
gate, and a body, emn the body is coupled to the second ground rail, and

the second NMOS transistor is turned on during the ESD event. 5. The

circuit according to claim4, wherch hird source is coupled to the second
drain, ar80%7he t Fi the preeading @ese,rmypn,e@etmesants@marepm@ﬁmbaﬁl IWitht he circuit

thriller %ﬁ%&%@ﬁecﬂﬂ:aﬁf&&ﬂﬂla%oﬁfn%ﬁ%‘tﬁéréUf h'cwln Nwavd:om dvfiesour ce, a
fourth drain, and a fourth gate, wherein. the foutth source is coupled to

the first thptoanensimedifications andghankesimay be mgd%tbermoe@thoet depertipgiiel gate, and
the fourt h[hgﬁxtoﬁdek §p1ﬁpéhq| E6bel d? tﬁetlﬁ'es%ﬁlc(ﬁ&%sgﬂ’eoéé%gt forthlin the clafins. TR Circuit

according to claimb, wherein an D path fromthe first PMOS transistor to
the secondpgifation and drewinguee, QCﬁ@d%]doWoPquraénB‘isﬁﬁw 4nd ngf vi ded during

the ESD evigffictive. It is understood that the present disclosure is capable of using various other
combinations and embodiments and is capable of any changes or modifications within

the scope of the inventive concept as expressed herein.
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7. The circuit according to claiml, firther conprising: a third NMOS
transistor haying a fillh source, a fifth drain, and a fifth gate, wherein
the fifth source is coupled to the first source; and a third PMOS

transi stor having a sixth source. a sixth dnun, and a sixth gate, sixth
source is coupled to the second power rail, the sixth drain is coupled to
the fifth drain, and the sixth gate is coupled to the second drain and the
fifth gate. 8. The circuit according to claiml, Wlefeill the first power
clanp includes: oupled to the first power rail; a capacitor coupled to the
resistor arid the first ground ml; and erter having an input term nal
coupl ed to“ﬂﬂﬁFF¥Q#4ﬂN§H)§hd t he capacitor, and an termnal coupled to the
first gate 9. A nethod conprising: coupling a first power clanp to a first

power rail and a first ground ail; providing a first NMOS transistor
havi ng a filt stcignitcaepristngf i rst drain, and a first gate; coupling the first
source to a second ground rail; providing a first PMOS transi stor having a

second souradist pawsietatcodplad w,a fasichorvesieit amth tougbindgait; he second source to
the first power rail; and
a first NMOS transistor having a first source, a first drain, and a first gate, wherein the first
source is coupled to a second ground rail; and
a first PMOS transistor having a second source, a second drain, and a second gate, wherein
the second source is coupled to the first power rail, and the first power clamp provides a

signal to turn on the first NMOS transistor during an ESD event that occurs at the first

power rail.

2. The circuit according to claim 1, wherein the first gate is coupled to the first power clamp,
the second drain is coupled to the first drain, and an ESD path from the first PMOS transistor to

the second ground rail through the first NMOS transistor is provided during the ESD event.

3. The circuit according to claim 1, further comprising:
a second power clamp coupled to a second power rail and the second ground rail, wherein an
ESD path from the first PMOS transistor to the second power rail through the first

NMOS transistor and the second power clamp is provided during the ESD event.

4. The circuit according to claim 1, further comprising:
a second NMOS transistor having a third source, a third drain, a third gate, and a body,
wherein the body is coupled to the second ground rail, and the second NMOS transistor is

turned on during the ESD event.
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providing, via the first power clanp, a signal to turn on the first NMOS
transistor during an [SD event that occurs at the first power rail. 10. The
nmet hod according to claim9, further conprising: coupling the first gate to
the first power clanp; and coupling the second drain to the first drain,
wherein art ESD path fromthe first PMOS transistor to the second ground
rail through the first NMOS transistor is provided during the [SD event 11.
The net hod according to claim9, further conprising: coupling a second
power clanp to a second power rail and the second ground rail, wherein an
ESD path fromthe first PMOS transistor tqQ the second power rail through
the first RmI8ecrarsicerdipe dhelaipydh vdersrbe Pddepures ispunle B iksseersd JEifbi ng t he
[ SD event. 12. The method according to claim9, further conprising:

provi di ngdthsbid dainkespleddng pesprst POt gha cirgt fythebempEising: ¢ njrd drain, a
third gate, and a body; and coupling the body to the second ground rail,
wher ei n t hé Se¥8g HMQ&%&%‘%"F hpdngsa fuith sourgsy A ARy slrainy anth g fousth BBSDVESFEIRL .

13. The method according to claim 12, further conpri sing: )
the fourth sourceis coupled to the first ground rail, the fourth drain 1S coupled to the third

gate, and the fourth gate is coupled to the second ground rail.

6. The circuit according to claim 5, wherein an ESD path from the first PMOS transistor to

the second power rail through the second NMOS transistor is provided during the ESD event.

7. The circuit according to claim 1, further comprising:

a third NMOS transistor having a fifth source, a fifth drain, and a fifth gate, wherein the fifth
source is coupled to the first source; and

a third PMOS transistor having a sixth source, a sixth drain, and a sixth gate, wherein the
sixth source is coupled to the second power rail, the sixth drain is coupled to the fifth

drain, and the sixth gate is coupled to the second drain and the fifth gate.

8. The circuit according to claim 1, wherein the first power clamp includes:

a resistor coupled to the first power rail;

a capacitor coupled to the resistor and the first ground rail; and

an inverter having an input terminal coupled to the resistor and the capacitor, and an output

terminal coupled to the first gate.

9. A method comprising;:

coupling a first power clamp to a first power rail and a first ground rail;

13



coupling the third source to the second drain; coupling the third drain to
a second power rail; providing a second PMOS transistor having a fourth
source, a fourth drain, and a fourt coupling the fourth source to the first
ground rail; coupling the fourth drain to the third gate; and coupling the
fourth gate to the second ground rail. 14. The method according to claim
13, wherein an ESD path fromthe first PMOS transistor to the second power
ail through the second NMOS transistor is provided during the [SD event.
15. The method according to claim9, further conprising: providing a third
NMOS transistor having a fifth source, a fifth drain, and a fifth gate;
coupl i ng t Ineovidirferarir 8 tragsistordiaying & firss gnyregen fingirdsaincing g fizst g4¢sr d PMOS
transi stor haying a sixth source,sixth drain, and a sixth gate; coupling

t he sixth soipliagthedirg paresde opgopbsternddailipl i ng the sixth drain to the fifth

drain; and coupling the sixth gate to the second drain and the fifth gate.
providing a first PMOS transistor having a second source, a second drain, and a second gate;

coupling the second source to the first power rail; and
providing, via the first power clamp, a signal to turn on the first NMOS transistor during an

ESD event that occurs at the first power rail.

10. The method according to claim 9, further comprising:

coupling the first gate to the first power clamp; and

coupling the second drain to the first drain, wherein an ESD path from the first PMOS
transistor to the second ground rail through the first NMOS transistor is provided during

the ESD event.

11. The method according to claim 9, further comprising:
coupling a second power clamp to a second power rail and the second ground rail, wherein
an ESD path from the first PMOS transistor to the second power rail through the first

NMOS transistor and the second power clamp is provided during the ESD event.

12. The method according to claim 9, further comprising:

providing a second NMOS transistor having a third source, a third drain, a third gate, and a
body; and

coupling the body to the second ground rail, wherein the second NMOS transistor is turned

on during the ESD event.
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16. The method according to claim9, wherein the first power clanp is

provi ded by: providing a resistor coupled to the first power rail;

provi ding a capacitor coupled to the resistor and the first ground rail.
and providing an inverter having an input termnal coupled to the resistor
and the capacitor, and an output termnal coupled to the first gate. 17. A
circuit conprising: a first power clanp coupled to a first power rail and a
first ground rail; a first NMOS transistor having a firstfirst drain, and a
first gate; and a first PMOS transistor having a second source, a second
drain, and a second gate, wherein the first source is coupled to a second
wound rai | 13-akep metkodrqcpayding iy daimgl 2cypipgreampEsinghe First power cl anp, the
second source is coupled to the first power rail and the second drain is
coupl ed t ocpuping the ghirdgpycnto thgwgeond drain;

coupling the third drain to a second power rail;

providing a second PMOS transistor having a fourth source, a fourth drain, and a fourth gate;
coupling the fourth source to the first ground rail;

coupling the fourth drain to the third gate; and

coupling the fourth gate to the second ground rail.

14. The method according to claim 13, wherein an ESD path from the first PMOS transistor

to the second power rail through the second NMOS transistor is provided during the ESD event.

15. The method according to claim 9, further comprising:

providing a third NMOS transistor having a fifth source, a fifth drain, and a fifth gate;
coupling the fifth source to the first source;

providing a third PMOS transistor having a sixth source, a sixth drain, and a sixth gate;
coupling the sixth source to the second power rail;

coupling the sixth drain to the fifth drain; and

coupling the sixth gate to the second drain and the fifth gate.

16. The method according to claim 9, wherein the first power clamp is provided by:
providing a resistor coupled to the first power rail;
providing a capacitor coupled to the resistor and the first ground rail; and

providing an inverter having an input terminal coupled to the resistor and the capacitor, and

an output terminal coupled to the first gate.
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wherein the first power danp provide- a signal to turn on the first NMOS
transi stor during a cross-domain ES!) event that occurs at the first power
rail, and a first ESD path fromthe first PMOS transistor to the second
ground rail through the first NMOS transistor is provided during the
cross-domain ESD event. 8. The circuit according to claim 17, further
conprising: a second power danp coupled to a second power rail and the
second ground rail, wherein a second ESD path fromthe first PMOS
transistor to the second power rail through the first NlvlOS transistor and
the second power clanp is provided during the cross-domain ESD event. 19,
The ci rcui t17adcoedi ¢ognprisingl ai m 17, further conprising: a second NMOS
transi stor having a third source, a third drain, a third gate, and a body,
wher ei n t he fisddywérslappuoheldd toa firfi@owergaihahdy fstragoundirdil; the third source is
coupled to the second drain, the third drain is coupled to a second power
rail, and taHiest ddQNtarNpOBhavirgmiist sopree.2 firsirdradel apha Gt gatgy ardhe cr oss- domai n
ESD event; and a second PMOS transistor having a fourth source, a fourth
drai n, and adirdt BYfQtrayaisier haningraseepnt baureeh pachndsisgincd psecondigited to the first
ground rail, the fourth '"led to the third gate, the fourth gate is coupled
to the secovidregrtbafitt soaick is eonpledtotateeahd ESDNG eatilharfdr therinshgatef is eeyiplepiDbe
transistor to the second power rail through the second -NMOS transistor is
provi ded dur ifiigf ower clrog.sthel oerand sES8DE ieveuypled tpOhe ftsepayar ¢ail. anddesedinfg t o
claim17, further conprising: a third NMOS transistor having a fifth
source, a fi fdréin dreaipied tatleb stfdrfinlangat e, wherein the fifth source is
coupled to the first source; and a third PMOS transi stor having a sixth
source, a gihgtel the Bishpowendlamp provides gsigeal tanfver e the fitlseNBIOS: transigfor deing §

coupled to the second power rail, the sixth drain is coupled to the fifth
drain, and t heossidsmiin FaDecvers trd agsiuescht the firfi@owercraihdind p dirsh E§Rdpathifeont thet h
gate, and wherein p includes; a resistor coupled to the first power rail; a

capaci t or couphteRMOS ttahsistoet tit cecoamdravne rhil flsoughribeficst NVIPS tegngisternis
inverter having an input term nal coupled to the resistor and the
capaci tor, arovadeddutipgithe trossndonzein gguplead to the first gate.

18. The circuit according to claim 17, further comprising:

a second power clamp coupled to a second power rail and the second ground rail, wherein a
second ESD path from the first PMOS transistor to the second power rail through the first
NMOS transistor and the second power clamp is provided during the cross-domain ESD

event.

19. The circuit according to claim 17, further comprising:

a second NMOS transistor having a third source, a third drain, a third gate, and a body,
wherein the body is coupled to the second ground rail, the third source is coupled to the
second drain, the third drain is coupled to a second power rail, and the second NMOS

transistor is turned on during the cross-domain ESD event; and
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a second PMOS transistor having a fourth source, a fourth drain, and a fourth gate, wherein
the fourth source is coupled to the first ground rail, the fourth drain is coupled to the third
gate, the fourth gate is coupled to the second ground rail, and a third ESD path from the
first PMOS transistor to the second power rail through the second NMOS transistor is

provided during the cross-domain ESD event.

20. The circuit according to claim 17, further comprising:

a third NMOS transistor having a fifth source, a fifth drain, and a fifth gate, wherein the fifth
source is coupled to the first source; and

a third PMOS transistor having a sixth source, a sixth drain, and a sixth gate, wherein the
sixth source is coupled to the second power rail, the sixth drain is coupled to the fifth
drain, and the sixth gate is coupled to the second drain and the fifth gate, and

wherein the first power clamp includes: a resistor coupled to the first power rail; a capacitor
coupled to the resistor and the first ground rail; and an inverter having an input terminal

coupled to the resistor and the capacitor, and an output terminal coupled to the first gate.

17



