ESD PROTECTI ON DEVI CE FOR CI RCU TS W TH MJULTI PLE POAER DOVAI NS TECHNI CAL
FI ELD 100011The present disclosure relates to electrostatic discharge (ESD)
protection devices for circuits with multiple power domains. The present

di sclosure is particularly applicable to ESD protection devices for
circuits utilizing advanced technol ogy (e.g., sem conductor manufacturing
processes of 28 nanoneters (urn) and bel ow). BACKGROUND 100021Cenerallvy,
integrated circuits will include nultiple power domains. A device nmay, for
i nstance, include an input/output (110) circuit along with a core circuit,
each of which may be associated with a different power domain (e.g., the
110 circuit nay be associated with a high voltage power domain; the core
circuit muESPPREBUCTIONGIEWIGEHFCR CRE WIStV HohaTPldoP@WER ROMAJNS Thus,
signals may travel froma high voltage power donain to a | ow vol tage power
domain. From an ESD protection design point-of-view, one of the nost
critical issues of cross-domain inter-lke circuits is gate oxide breakdown
of | ow v@ﬁ@ﬁ@%ﬁ@%xi de-sem conductor field-effect transistors
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illustrates a circuit that includes a traditional cross-donai n ESD

pr ot ect i BRESSSRbghnaneRetersiRRIAM bEIRWEl G | i ncl udes an 110 input terninal
101 connected to transistors 103 and 105, the drains of which are connected
to the gates of transistors 107 and 109. Mreover, the circuit includes

design p AE la (e.g., frompower rail 113 to ground rail 115 through
clanp 11 ail 119, and di ode 121) and I 1 1b (e g., from power
rail 113 po round . rai .di ode 121,
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to VSS2 voltage power domain, the core circuit may be associated with a low voltage power domain,

etc.). Thus, signals may travel from a high voltage power domain to a low voltage power

domain. From an 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). Since the overall gate oxide breakdown voltage (Vgp) is

decreasing in advancing technology, the margin, for instance, between Vt; (e.g., a trigger

voltage) of an ESD grounded gate n-type MOS (ggNMOS) and Vpp of a MOSFET gate oxide is
rapidly diminishing.

[0003] 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 VDD1 to VSS2 and
VDD1 to VDD2, respectively. Nonetheless, some ESD current may also travel along path 127
through transistor 103 to damage the gate oxide of transistor 109 (e.g., under VDD1 to VSS2



ESD zappi ng), and along path 129 through transistor 103 to danage the gate
oxi de of transisto 107 (e.g., under VDDl to VDD2 ESD zappi ng). 100041FI G 2
schematically illustrates a comon solution for the problens of a
traditional cross-domain ESD protection schenme. As shown, the circuit in
FIG 2 includes conponents simlar to the conponents of the circuit in FIG
|, such as transistors 201, 203, 205, and 207, power rails 209 and 211
(e.g., VvDD1 and VDD2), ground rails 213 and 215 (e.g., VSSl1 and VSS2),
clanps 217 and 219, and diodes 221. To overcone sone of the issues
associated with the traditional cross-domain ESD protection schene, the
circui t ESDFRgRing, dndraldngpathnP tidesghrtessistornl0320 damagie dltkega®odkidearfdransisiorsi st or
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reduces the voltage drop between the respective gate and source of each of the transistors 205

and 207, the inclusion of resistor 223 in the circuit negatively impacts high-speed 1/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 current technologies, such an approach will not be effective in
further advanced technologies, since any margin, for instance, between Vt; of transistor 227 and

Vap of the gate oxide of transistor 207 will practically be non-existent.

[0006] FIG. 3 schematically illustrates another solution for the problems of a traditional
cross-domain ESD protection scheme. As shown, the circuit in FIG. 3 includes components

similar to the components of the circuit in FIG. 1, such as transistors 301, 303, 305, and 307,



power rails 309 and 311 (e.g., VDDl and VDD2), ground rails 313 and 315

(e.g., VSSI and VSS2), clanps 317 and 319, and di odes 321. To overcone sone

of the issues associated with the ESD protection schenmes of FIGs. 1 and 2,

the circuit in FIG 3 includes resistors 323, 325, and 327, transistors 329

and : 331, and source punp resistors 333 and 335. The addition of source

punp resistors 333 and 335, for instance, further reduces the potenti al

di fference between the gate and source of each of the transistors 305 and

307, while the structure including resistor 327 and transistor 329

elimnates the need for a power-on sequence. 100071However, the FSD
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an ESD pro evice ockln arge curreht between power
donmi ns. source pump resistors 333 and 335 further reduces the speed of high-speed I/O applications and
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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/0 applications with minimal impact on device size, and enabling

methodology.

SUMMARY

[0009] An aspect of the present disclosure is a circuit implementing an ESD protection

device for blocking ESD discharge current between power domains.

[0010] Another aspect of the present disclosure is a method for implementing an ESD

protection device for blocking ESD discharge current between power domains.

[0011] Additional aspects and other features of the present disclosure will be set forth in the
description which follows and in part will be apparent to those having ordinary skill in the art

upon examination of the following or may be learned from the practice of the present disclosure.



100111Addi ti onal aspects and other features of the present disclosure wll
be set forth in the description which follows and in part will be apparent
to those having ordinary skill in the art upon exam nation of the follow ng
or may be learned fromthe practice of the present disclosure. The

advant ages of the present disclosure may be alized and obtai ned as
particular] pointed out in the appended clainms, 100121Accordi ngpresent

di scl osure, sone technical effects may be achieved in part by a circuit
including: a first domain including a first power clanp coupled to a first
power rail and a fir st ground rail, and a first interface connection
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PMOS drain, and a core PMOS source coupled to a second power rail; and a core NMOS having

a core NMOS gate coupled to the core PMOS gate and a second interface connection, a core
NMOS drain coupled to the core PMOS drain, and a core NMOS source coupled to a second
ground rail, wherein a first NMOS and an inverter have a gate oxide breakdown voltage greater
than a gate oxide breakdown voltage of the core PMOS and the core NMOS, and wherein a first
power rail has a voltage greater than the second power rail. Additional aspects include a circuit,
wherein a first NMOS and an inverter have a gate oxide breakdown voltage of between 7 volts
and 8 volts, and a core PMOS and a core NMOS have a gate oxide breakdown voltage of

between 4 volts and 5 volts and between 3.5 volts and 4.5 volts, respectively, and wherein a first



power rail has a voltage of L65 volts to 2 volts and a second power rail
has a voltage of 0.8 volts to | volt. Further aspects include a circuit
having a first RC clanp coupled to a first power rail and a -first ground
rail; and a di ode having an anode coupled to the first ground rail and a
cat hode coupled to a second ground rail, wherein current froman ESD event
is discharged on a path fromthe first power rail to the second ground rai
via the first RC clanp and the diode. Some aspects include a circuit having
a second RC clanp coupled to a second power rail and a second ground rail,
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event is discharged on a path fromthe First power rail to the second



second power clanp coupled to a second power rail and a second ground rail;
a core interface connection for transmtting signals to the second domai n;
a first core PMOS having a first core PMOS gate, a first core PMOS drain,
and a first core PMOS source coupled to the second power rail; and a core
NMOS having a core NMOS gate coupled to the first core PMOS gate and the
core interface connection, a core NMOS drain coupled to the first core
P?v10S drain, and a core NMOS source coupled to the second ground rail; and
a blocking circuit configured to block current froman ESD event having an
i nput connection coupled to the U0 interface connection and an out put
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way of e imt
1nclud1ng a first power clamp coupled to a first power rail and a first ground rail, and an I/O

interface connection for sending signals from the first domain; a second domain including: a



in the figures of the acconmpanying drawing and in which Iike reference
nunerals refer to simlar elenments and in which: 100201FIG 1 schematically
illustratesitraditional cross-domain ESD protection schenme; 100211FIG 2
schematically illustrates a common solution for the problens of a
traditional cross-domain ES[) protection schenme; 100221FI G 3 schematically
illustrates another solution for the problens of a traditional cross-domain
ESD protection scheme; and [00231EEGs. 4A and 43 schematically illustrate
circuits inplenenting ESD protection schenmes for nultiple power domains, in

accordance wth an exenpl ary enbodi nent of the present disclosure. DETAI LED
DESCRI PTre@dd power clamp coupled to a second power rail and a second ground rail; a core interface

connection for transmitting signals to the second domain; a first core PMOS having a first core
PMOS gate, a first core PMOS drain, and a first core PMOS source coupled to the second power
rail; and a core NMOS having a core NMOS gate coupled to the first core PMOS gate and the
core interface connection, a core NMOS drain coupled to the first core PMOS drain, and a core
NMOS source coupled to the second ground rail; and a blocking circuit configured to block
current from an ESD event having an input connection coupled to the I/O interface connection
and an output connection coupled to the core interface connection, the blocking circuit including:
a first NMOS having a first NMOS gate, a first NMOS drain, and a first NMOS source coupled
to the first ground rail; a second NMOS having a second NMOS gate, a second NMOS drain,
and a second NMOS source coupled to the first ground rail, wherein the input connection is
coupled to the first NMOS gate, and to the second NMOS gate via an inverter, wherein the first
NMOS and the inverter have a gate oxide breakdown voltage greater than a gate oxide
breakdown voltage of the first core PMOS and the core NMOS; a second core PMOS having a
second core PMOS gate, a second core PMOS drain, and a second core PMOS source coupled to
the second power rail; and a third core PMOS having a third core PMOS gate, a third core
PMOS drain, and a third core PMOS source coupled to the second power rail, wherein the first
NMOS drain is coupled to the second core PMOS drain, and the third core PMOS gate, and
wherein the output connection is coupled to the third core PMOS drain, the second NMOS drain,

and the second core PMOS gate.

[0017] Some aspects include a circuit, wherein a first NMOS and an inverter have a gate
oxide breakdown voltage of between 7 volts and 8 volts, and a first core PMOS and a core
NMOS have a gate oxide breakdown voltage of between 4 volts and 5 volts and between 3.5
volts and 4.5 volts, respectively, and wherein a first power rail has a voltage of 1.65 volts to 2
volts and a second power rail has a voltage of 0.8 volts to 1 volt. Certain aspects include a diode
having an anode coupled to a first ground rail and a cathode coupled to a second ground rail,
wherein a first domain further includes a first RC clamp coupled to a first power rail and the first
ground rail, wherein a second domain further includes a second RC clamp coupled to a second
power rail and the second ground rail, wherein current from an ESD event is discharged on a
path from the first power rail to the second ground rail via the first RC clamp and the diode or on

a path from the first power rail to the second power rail via the first RC clamp, the diode, and the



[002411n the follow ng description, for the purposes of explanation,

numer ous specific details are set forth in order to provide a thorough
under st andi ng of exenplary enbodi nents. It should be apparent, however,

t hat exenplary enbodi nents may be practiced without these specific details
or with an equival ent arrangenment. |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, all nunbers expressing quantities, ratios, and
nunerical properties of ingredients, reaction conditions, and so forth used
in the spwoid REalaimpn Oflred agpieets inslude @ ciravitheharein ae bakegd carsenb&pmg fmpdpwéred i n
all inst . r Lesses
and soIv%gqg?3§¥nipﬁyg?%g%??§@g§lggéggﬁéﬁ%gﬁggé% g%&%agﬁﬁgﬁ fﬁﬁgpon ESD
zappi ng rail igénergided Sefnie the sagdrtdi gover pdwer donai ns i ncl udi ng cross-domain
interface circuits. The present discl osure addresses and sol ves such

probl ens [0 i Additipra aspeyfs andrieckinical affscts oF i iperiseny disclpsustwiligoems wedily f or
bl ocki ng nﬂo%ﬁ&@@lﬁﬁ cplﬂrt %frﬁ#tﬁé@ﬁ%v@ﬂé’\@talfé cHEtlon fe?rpéfnlmaﬁl‘(e%ﬁt I ng

gate oxi br eakdown nera e transistors are coupled to

t he ESD of &isprssant )dlsc}vsu’sre c%sbscalbeﬁmsmm reyuvay oummmf thaeA best gnesfs
schemat | eghdnpididd i fib pfrk 9k BRI SR B FedlidoaPHHE HREL: gﬁcl%ap@{;es -for
mul tiple po omal n In accordance with an exenplary e I ment of the
present edpgele o oiher. an#&vffeé%ﬁwb@lm@m% apd ftg sAverabdntai afercapabls; ofapodifcagons

i ncludin 411 and
413, pOV\glrJa?lg{;kS%b%&)%ES %sﬁeggs alflgﬁhouflgéyart%%q‘roﬁpt& 8@5&?8§016%%g r‘?&ﬁgﬁ el I%hse 219
and 421 {rewipgs and\xsﬂnpaﬂldmvss;z:)regmﬁgﬂbrswe tonpoh end kot agreptEeied simlar to
correspondi ng conponents of FIG 1) inplenents paths 423 and 425. As shown,
path 423 (e.g., frompower rail 415 to ground rail 421) includes RC clanp
411 and BRHHEBE@Q@PTHNQ(EHMHEHRQW@ng from power rail 415 to power rai

417) i | d 413 and di ades 409.. [0027jAd .
Fla an REE, hoR BB Ot g BE eh apls i T R BLP RO, | °

in the figures of the accompanying drawing and in which like reference numerals refer to similar

elements and in which:

[0020] FIG. 1 schematically illustrates a circuit that includes a traditional cross-domain ESD

protection scheme;

[0021] FIG. 2 schematically illustrates a common solution for the problems of a traditional

cross-domain ESD protection scheme;

[0022] FIG. 3 schematically illustrates another solution for the problems of a traditional

cross-domain ESD protection scheme; and

[0023] FIGs. 4A and 4B schematically illustrate circuits implementing ESD protection
schemes for multiple power domains, in accordance with an exemplary embodiment of the

present disclosure.

DETAILED DESCRIPTION
[0024] In the following description, for the purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of exemplary embodiments. It

should be apparent, however, that exemplary embodiments may be practiced without these



may, for instance, include preventing gate oxi de breakdown of transistor
407. During the ESE) event, blocking circuit 427 prevents ESD current from
the ESD event fromflow ng through one or nore traditional design paths
(e.g., design path 1 1 la fromHa 1). Simlarly, under cross domain VDDl to
VI DD2 ESD zappi ng, the purpose may, for instance, include preventing gate
oxi de breakdown of transistor 405. Blocking circuit 427 prevents ESD
current fromthe ESD event fromflow ng through another one or nore
traditional design paths (e.g., design path 127 or 129 fromFI G 1).
[00281The circuit shown in FIG 413 illustrates a circuit inplenenting a

bl ocki ngsescificdietailf grwitl anakiimgerESManpemetta Igetherinstannts, Welt-kmoom strovienes agimai ns.

coupl od 12aF abEPh P ol i 5% RSl YR BRI Ea 0%

power r aembegimentanld addiien, tueles@erwisn indinated, allommebetsieaprestBg quantitioupdtedd t o a

gate of 'ﬁ%? . . NV, 23 ecVha e.lnverter
437. Add%‘?fc?na ca?‘z;go%:?t%g n&gf‘?g{%ge%ﬁN%E%{@gQ TS %“guéf‘ (gg&)t cf)o\ﬁ%l1 8%°§i n of the
cor e PMOsped@Batioarmhd xlagas ereab tehmderstoed PVDEng) 8®difledin hkkinstaacesdyt theitterm
connectiag 44] is coupled to a drain of the core ()M3XS 4:35, a drain of the
NMOS 431, apd a gate of the core PMOS 433. 100291In addition to protecting
the gat e[mgldesTgé p‘i’és@tﬁsﬁi%l&{n% 488809240 Coivdsh robeR BF YafiGd© Qatéc&%es of
FIGs. 4A and 48 do 'not require a power-on sequence, since the“sources of
core PMOBreai@Rwaraitea®Bt ypan ESAlapping on piowds witi muldiplp. popge dempigs ancdusling
signific & 0N i i ! ction
cheres. of e A S M R R o S ST R (6%
325, andimg@ice, kourtereripuprpvidisgiadlaskisg 8BAlitdatbled®g il diychpdga curreak betwgrena
signific : ' re: S

Vor cover gy AR (el iR Rl BhodR R R EHOF raREREs i o

appl i cat romd(ethg ESDithasigon inea ¢rosssliompipeirpuitp resi stors 333 and 335 that
reduce the speed of such aBpI ications). Furthernore, ground bounce and

fal se trlQ93eri nflGer ¢Anand 4Bcwsheeatisalye dhgisate chevils oimpieaenigie NbMRpraRdioand 431

are COUpL&gm%sofog rxﬂlﬂf?}qe rp@izvkr é&rﬁainsﬂi‘ryﬁcqo}dﬁﬁcﬁ;&l QB%&%IE&%H%B%? of’ftheEI Gs.
4A and 48 w |l not experience distortion of the core output function as a
resul t oPresl diclonireriguvdamplp,| thegiccuit SBOBDITHE!. dftedi mshdmedfansisiers §Pbs ent
di scl osues g4 .a¢ ﬁbﬁ‘ﬁ%dé@!@ SETélﬁﬁ&rHlﬁ%d ﬁii%ﬁi%vép rall9§1546H149 7 928 evppide

protection’ of 'vul nerabl e MOS transistors, gh- speed U0 appfli cati ons,

desi gn sinfpVPPRL nd grayng gadly 49 agk 7o ee.g.avef lcindcVi$$2), aniong otliRpiserdpaneris,s of
the pres i SGk r i i1 L OUS i 1 Ijheatj.ons as,
for exanp efggdmﬁgl&l?érdoc?ggs?gﬁ%{?ygdnlg_ﬂro‘thé{m%gfnglg l?mlﬂﬁ? 1?‘2%%@”3%“3?‘& )
handset sshozat path 32} dsce s fromvipwee et 4y t srpendpiadyid s inclidesod clape hidvangat i on,
printersg; ri | e rKi T , i yst ens,
O g ol R S e s o R Y ooy
nodes. Thl 418 eawddiodeli 48] osure therefore enjoys industrial applicability in
any of various types of highly integated sem conductor devices, including

devi ces 09Tl usadesting tpFHi-cey Perder grovrdogpin YDPA saVESTESIA pammingpths perRessr ds
speci fi cabj aBSinfiendd; mclh&%%nﬁﬁ%%}t@!)xi&@ Siehi¥wh bEAnsAlok Y67, SDuﬁ?"'{ﬁ@ EgpoOus

random access mnmenori es e Time Programm ng %OTgﬁ1 _and power
managemefikenpPloekieg gicuit 4£peBYMNESR eurping BewithigEY2 svant e dawingHeropgheaient
di scl osugembi tHaiohdl %Qgﬁ"’bétﬁ% (e%fﬁfeﬁgﬁ: satﬁqua from FIG. 1). Similarly, under cross-

domain VDD1 to VDD2 ESD zapping, the purpose may, for instance, include preventing gate

oxide breakdown of transistor 405. Blocking circuit 427 prevents ESD current from the ESD
event from flowing through another one or more traditional design paths (e.g., design path 127 or
129 from FIG. 1).



specifically exenplary enbodi ments thereof. It will, however, be evident
that various nodifications and changes may be nmade thereto w t hout
departing fromthe broader spirit and scope of the present disclosure, as
set forth in the clainms. The specification and draw ngs are, accordingly,
to be regarded as illustrative and not as restrictive. It is understood
that the present disclosure is capable of using various other conbinations
and enbodi nents and i s capabl e of any changes or nodifications within the
scope of the inventive concept as expressed herein. WI T 1S CLAIMED I S:
. Acircuit conprising: a first domain conprising a first power chinp
coupl ed 28] fi Mt cipmitshowmainl FiGn4B dlukiratssta ¢reoitl inaplemdnting abtbcking cirait for

i nterface, conn i on,confiqu to transmt. signals fromthe firs mai n;
L econg B RAR FSDIARNEER LAl Blwhe AAAPITRS A0 Rl DR MR Be etk B 4700 ner
rail andimhslecEMDSH20wand 48 hivith sameks aogpdeian graund eailf 416 ecoecoPMOSt43Bandc 433 | gur ed

to receive,signals iinfo the s d domaj n; nd a bl ockin LLCcui t r

b oekt o WS ERE Byl & po i 3P E0N R BIR 1 £ R e iR RiT et 1wt
connect i apate ofifhk dMODH42% end torahateiofitheNMOS 48 Dganedih therimvarier 43M. Addifodally,
connecti on,_coup),e t .second.interf con i . 2, The ci.,rcuit

ot nd R P s W iSRBRA o BBl ABe ERPRES 2aft o 88 oEHER s
havi ng aPMOS#35NNIBhegate putputfdonisskctiddaS id capitd tandirdn bf the tcof\AMBOS dBS, e

coupl ed Eil%ir;[ 0 hefI{H(/[%)tS 4gﬁ,oalf|19 g garltgloi‘ éhe core PMOS 433.

[0029] In addition to protecting the gate oxides of transistors 405 and 407, the ESD
protection schemes of FIGs. 4A and 4B do not require a power-on sequence, since the sources of
core PMOS 433 and 435 are coupled to power 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 335, etc.) that take up a
significant amount of chip area are not necessary for these schemes. Moreover, as indicated,
these schemes complement high-speed I/O applications (e.g., there are no source pump resistors
333 and 335 that reduce the speed of such applications). Furthermore, ground bounce and false
triggering are not a concern because the sources of NMOS 429 and 431 are coupled to ground
rail 419. Thus, the ESD protection schemes of FIGs. 4A and 4B will not experience distortion of

the core output function as a result of noise on ground rail 419.

[0030] The embodiments of the present disclosure can achieve several technical effects,
including gate oxide protection of vulnerable MOSFET transistors, high-speed /O applications,
design simplicity, and reduced device (and circuit) size. 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), and power management products).

10



a second NMOS having a second NMOS gate, a second NMOS drain, and a second
NMOS source coupled to the -first ground rail; and an inverter having an

i nput coupled to the input connection and the first NMOS gate and havi ng an
out put coupled to the second NMOS gate. 3. The circuit according to claim
2, wherein the blocking circuit .further conp a first core PMOS having a
first core PMOS aate, a first core PMOS drain, and a first core PMOS source

coupled to the second power rail; and a second core PMOS having a second
core PMOS gate, a second core PMOS drain, and a second core PMOS source
coupled to the second power rail, wherein the first NMOS drain is coupled

to the fi0081] coirethél\medﬁngidnscaipﬁbrt, e presondisdonue BMESrihed avithamfirentreroei n t he
out put c l,on is.,cou copd r d ond
NMOS dr agﬁ)3 %Ccalc}' teﬁempflar?' s?mboq"ﬁe%ﬁ\/%re%? Rwiif }?“P%?O%e %‘%&f’lﬂ ﬂ]eiaag cor | ng to

cl ai m 2. malddications hink clmegs mihydenmade thcuetb heﬂloctodmmm@ﬁom tbobwadekSBrihandi ng a
ggggngwﬁ at of thcapre%gntglsc OSuTe dars%k}&nﬁ mn the cﬁua h gofg/?éﬁﬁ.ﬁc% o a £ ard éjrgwﬁg d(Ilr Ot Pﬁe
core Pl\/tﬁcogahngl)amdbet degard@lcas mlmhstratiwerahdmm ag ogstretivd. dhis uadmtomi thbrmbe plesantn

coupl ed to the core drai.n nd a core rc Ied

cecond. greiits & e RRE R A N ofnfRiEn R BA e SRER RIS,

oxi de br elzngawn modificatipes gitkiatlerscofean the igantveaxnaet dsre&prkﬂed/\meruml tage of the
core MOS and the core NMOS, and wherein the first power rail has a voltage
greater than the second power rail. 5. The circuit according to claim
4, wherein the first NMOS and the inverter have a gate oxi de breakdown

vol tage of between 7 volts and 8 volts, and the core PMOS and the core NMOS
have a gate oxi de breakdown voltage oen 4 volts and 5 volts and between 3.5
volts and 4.5 volts, respectively, and wheter rail has a voltage of 1.65
volts to 2 volts and
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the second power rail has a voltage of 0.8 volts to | volt. 6. The circuit
according to claiml1, further conprising: a first RC clanp coupled to the
first power rail and the first ground rail; and a diode having an anode
coupled to the first ground rail and a cathode coupled to the second ground
rail, wherein current froman ESD event is discharged on a path fromthe
first power rail to the second ground rail via the first RC clanp and the
di ode. 7. The circuit according to claim6 further conprising a second
RC clanmp coupled to the second power rail and the second ground rail,
wherein current froman ESD event is discharged on a path fromthe first
power rai | WMHAT BeClsldtiiidIower rail via the first RC clanp, the diode, and
t he second RC danp, 8. The circuit according to claiml. wherein no

| eakage current fromthe first power rail to the second power rail flows

t hr ough thq,biaﬁhhegmﬁﬁﬁﬂ@n t 11/ hen thet power rail is energized before the
second power rail. . A nmethod conprising: coupling a first power clanp

to a first Ppovwebomaal dom@ﬂﬂng?ta fikst pdwed CREPLolipAdd hialfiit pd@eGall phd NGrsBgro@@ond
power danp to a second power rail and a second ground rail of a second
domai n; rail, and a first interface connection configured to transmit signals from the first domain;
a second domain comprising a second power clamp coupled to a second power rail and a
second ground rail, and a second interface connection configured to receive signals into
the second domain; and
a blocking circuit for blocking current from an ESD event, the blocking circuit having an

input connection coupled to the first interface connection and an output connection

coupled to the second interface connection.

2. The circuit according to claim 1, wherein the blocking circuit comprises:

a first NMOS having a first NMOS gate, a first NMOS drain, and a first NMOS source
coupled to the first ground rail;

a second NMOS having a second NMOS gate, a second NMOS drain, and a second NMOS
source coupled to the first ground rail; and

an inverter having an input coupled to the input connection and the first NMOS gate, and

having an output coupled to the second NMOS gate.

3. The circuit according to claim 2, wherein the blocking circuit further comprises:
a first core PMOS having a first core PMOS gate, a first core PMOS drain, and a first core

PMOS source coupled to the second power rail; and

12



providing a blocking circuit for blocking current froman ESD event;
providing an I/Ointerface connection in the first domain for transmtting
signals fromthe first domain to the blocking circuit; providing a core
interface connection in the second domain for transmtting signals fromthe
bl ocking circuit to the second domai n; coupling an input connection of the
bl ocking circuit to the 1/0 interfacedi mand coupling an output connection
of the blocking circuit to a core interface connection 10. The net hod
according to claim9. further conprising: providing in the blocking circuit
a first NMOS transistorfirst NMOS source, a first NMOS drain, and a first
NMOS gat e; aceequdicngg RIMES fhiavigg a NhoBd sora PMEOSF gate,rpesebpndstoregP OR dirgimi dnd a

second core PMOS source coupled to the second power rail, wherein the first NMOS

drain is coupled to the first core PMOS drain and the second core PMOS gate, and

wherein the output connection is coupled to the second core PMOS drain, the second

NMOS drain, and the first core PMOS gate.

4. The circuit according to claim 2, wherein the second domain further comprises a core
PMOS having a core PMOS gate, a core PMOS drain, and a core PMOS source coupled to the
second power rail; and a core NMOS having a core NMOS gate coupled to the core PMOS gate
and the second interface connection, a core NMOS drain coupled to the core PMOS drain, and a
core NMOS source coupled to the second ground rail, wherein the first NMOS and the inverter
have a gate oxide breakdown voltage greater than a gate oxide breakdown voltage of the core
PMOS and the core NMOS, and wherein the first power rail has a voltage greater than the

second power rail.

5. The circuit according to claim 4, wherein the first NMOS and the inverter have a gate
oxide breakdown voltage of between 7 volts and 8 volts, and the core PMOS and the core NMOS
have a gate oxide breakdown voltage of between 4 volts and 5 volts and between 3.5 volts and
4.5 volts, respectively, and wherein the first power rail has a voltage of 1.65 volts to 2 volts and

the second power rail has a voltage of 0.8 volts to 1 volt.

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

a first RC clamp coupled to the first power rail and the first ground rail; and

13



providing in the blocking circuit a second NMOS transi stor having a second
NMOS source, a second NMOS drain, and a second NMOS gate; coupling the
second NMOS source to the first ground rail, providing an inverter in the
bl ocking circuit; coupling an output of the inverter to the second NMOS.;
and coupling an input of the inverter to the first NMOS gate and the input
connection. 11. The nethod according to claim 10, further conprising:
providing in the blocking circuit a first core PMOS transi stor having a
first core "MOS source, a first core PMOS drain, and a first core PMOS
gate; coupling the first core PMOS source to the second power rail;

provi di ng ianliddadathpakanede caupkeditd tha fise gomod mdragd PMIBdercangéedsto diie seeondng a
second core PMOS source, a second core PMOS drain, and a second core PMOS
gat e; coupl i rgoundaaiedenin coreat RhN1:ASHDd aveane ist dschivgeds e o path gowe the rfast| ;

power rail to the second ground rail via the first RC clamp and the diode.

7. The circuit according to claim 6, further comprising a second RC clamp coupled to the
second power rail and the second ground rail, wherein current from an ESD event is discharged
on a path from the first power rail to the second power rail via the first RC clamp, the diode, and

the second RC clamp.

8. The circuit according to claim 1, wherein no leakage current from the first power rail to
the second power rail flows through the blocking circuit when the first power rail is energized

before the second power rail.

9. A method comprising:

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

coupling a second power clamp to a second power rail and a second ground rail of a second
domain;

providing a blocking circuit for blocking current from an ESD event;

providing an I/O interface connection in the first domain for transmitting signals from the
first domain to the blocking circuit;

providing a core interface connection in the second domain for transmitting signals from the
blocking circuit to the second domain;

coupling an input connection of the blocking circuit to the I/O interface connection; and

coupling an output connection of the blocking circuit to a core interface connection.
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coupling, the first NNviOS drain to the first core MOS drain, and to the
second core PMOS gate; and coupling the second NMOS drain to the second
core PMOS drain, the first core PMOS gate, and to the out put connection.
12. The method according to claim 10, further conprising: providing in the
second domain a core PMOS transistor having a core PMOS source, a core PMOS
drain, and a core PMOS gate, the core PMOS transistor having a gate oxide
breakdown voltage | ess than a gate oxi de breakdown voltage of the first
Nl vl OS and of the inverter; coupling the core PliviOS source to the second
power rail; providing Mthe second domain a core NMOS transistor having a
core NMOS slOuiTbemethod axcerdig\td O&ind?,durther emmtbraingor e NMOS gate, the core NMOS
transi stor having a gate oxi de breakdown voltage | ess than the gate oxide
br eakdown \podvidigeinahe blhekidg cianitl a difst NMO$ maresistoe haviggal fitst NyIASseuee raefithiVOS
source to the second around rail;
NMOS drain, and a first NMOS gate;
coupling the first NMOS source to the first ground rail,;
providing in the blocking circuit a second NMOS transistor having a second NMOS source, a
second NMOS drain, and a second NMOS gate;

coupling the second NMOS source to the first ground rail;

providing an inverter in the blocking circuit;

coupling an output of the inverter to the second NMOS gate; and

coupling an input of the inverter to the first NMOS gate and the input connection.

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

providing in the blocking circuit a first core PMOS transistor having a first core PMOS
source, a first core PMOS drain, and a first core PMOS gate;

coupling the first core PMOS source to the second power rail;

providing in the blocking circuit a second core PMOS transistor having a second core PMOS
source, a second core PMOS drain, and a second core PMOS gate;

coupling the second core PMOS source to the second power rail;

coupling the first NMOS drain to the first core PMOS drain, and to the second core PMOS
gate; and

coupling the second NMOS drain to the second core PMOS drain, the first core PMOS gate,

and to the output connection.

12. The method according to claim 10, further comprising;:
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coupling the core NMOS gate, the core NMOS gate and the out put connecti on;
and coupling the core NMOS drain to the core NMOS drain, wherein the first
power n . as a voltage greater than the second power rail. 13, 'The
met hod according to claim: 12, wherein the first NMOS and the inverter have
a gate oxi de breakdown voltage of between 7 volts and 8 volts, and the core
PMOS and the core NMOS have a gate oxi de breakdown voltage of between 4
volts and 5 volts and between 3.5 volts and 4.5 volts, respectively, and
wherein the first power rail has a voltage of 1.65 volts to 2 volts and the
second pow has a voltage of 0.8 volts to 1 volt. 14. The nmethod accordi ng
t o cl ai m 9,préviditdiarthe sxprd doimagn a pore PMilSnigansistor hatingRCQord BMPSisnurtdy@ dofer st
dormai n for discharging current froman ESD event; coupling the first RC
clanp to the FPMOStdrgoward a abrk RMICS tehee, fher®te BMOSntlansaior hapn®aigdiengkide di ode
havi ng an anode and a cat hode connecti on;
breakdown voltage less than a gate oxide breakdown voltage of the first NMOS and of
the inverter;
coupling the core PMOS source to the second power rail;
providing in the second domain a core NMOS transistor having a core NMOS source, a core
NMOS drain, and a core NMOS gate, the core NMOS transistor having a gate oxide
breakdown voltage less than the gate oxide breakdown voltage of the first NMOS and of
the inverter;
coupling the core NMOS source to the second ground rail;
coupling the core NMOS gate, the core NMOS gate and the output connection; and
coupling the core NMOS drain to the core NMOS drain, wherein the first power rail has a

voltage greater than the second power rail.

13. The method according to claim 12, wherein the first NMOS and the inverter have a gate
oxide breakdown voltage of between 7 volts and 8 volts, and the core PMOS and the core NMOS
have a gate oxide breakdown voltage of between 4 volts and 5 volts and between 3.5 volts and
4.5 volts, respectively, and wherein the first power rail has a voltage of 1.65 volts to 2 volts and

the second power rail has a voltage of 0.8 volts to 1 volt.

14. The method according to claim 9, further comprising:
providing a first RC clamp in the first domain for discharging current from an ESD event;
coupling the first RC clamp to the first power rail and the first ground rail;

providing a diode having an anode and a cathode connection;
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coupling the anode connection to the first ground rail and coupling the

cat hode connection to the second ground rail, wherein current froman ESD
event is discharged on a path fromthe first power ail to the second ground
rail via the first RC clanp and the di ode, 15. The method accordto

claim 14, further conprising: providing a second RC clanp in the second
domain for discharging current froman ESD event; and coupling the second
RC clanp to the second power rail and the second ground rail, wherein
current froman ESD event is discharged on a path fromthe first power rail
to the second power rail via the first RC clanp, the diode, and the second
RC cl anp. couplih§ theBnederpotirotorato dlor fatstragound rail; aidm 9, wherei n no | eakage
current fromthe first power rail to the second power rail flows through

t he bl ocki rgumingche tatiwide monreetidni tosthe pevwmt groand rails wheremgiupred foeh b €SDhe
second power rail. 17. A circuit conprising: a first domain conprising
a first powerevehtaspiscogsted atmthafrém st firptopeever radith tlendcandfgrouwmt gl oatie rai |
and an I/O interface connection for sending signals fromthe first donain
a second donmafint RO ptpmp sndide diode.

15. The method according to claim 14, further comprising:

providing a second RC clamp in the second domain for discharging current from an ESD
event; and

coupling the second RC clamp to the second power rail and the second ground rail, wherein
current from an ESD event is discharged on a path from the first power rail to the second

power rail via the first RC clamp, the diode, and the second RC clamp.

16. The method according to claim 9, wherein no leakage current from the first power rail to
the second power rail flows through the blocking circuit when the first power rail is energized

before the second power rail.

17. A circuit comprising:
a first domain comprising a first power clamp coupled to a first power rail and a first ground
rail, and an I/O interface connection for sending signals from the first domain;
a second domain comprising:
a second power clamp coupled to a second power rail and a second ground rail;
a core interface connection for transmitting signals to the second domain;
a first core PMOS having a first core PMOS gate, a first core PMOS drain, and a first

core PMOS source coupled to the second power rail; and
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a second power clanp coupled to a second power m | and a second ground
tail; a core interface connection for transmtting signals to the second
dormain; a first core PMOS having a first core PMOS gate, a first core PMOS
drain, and a first core PMOS source coupled to the second power ra a core
NMOS having a core NMOS gate coupled to the first core PMOS gate and the
core interface connection, a core NMOS drain coupled to the first core PMOS
drain, and a core NMOS source coupled to the second ground rail; and a

bl ocking circuit configured to block current froman ESD event having an

i nput connection coupled to the 1,10 interface connection and an out put
connecti on couplreM®S hineng @ cerciNVOB fgatecooplad Bcthe dinst coteePNHVOD ghte ragd dhier cui t
conprising: a first NMOS having a first NMOS gate, a first NMOS drain, and
a first NMOS souwreét@tupt@dedtiontderd NMQS dgmiouwnobledaiol the Brsse@coRMONMEEn,havi ng
a second NMOS gate, a second NMOS drain, and a second NMS source coupled to
the first gr ounahdraaaoqumeSrseume‘cdupledmmhesercom@romndoml(amupl ed to the first
NMOS gate, and to the second NMOS gate via an inverter, wherein the first
NMOS and t hélachingcirarit doafigural tgdtaek omraﬂnefrtxmaalﬁaamemdnhh@m igpeabvmerctidnan a
gate oxi de breakdown voltage of the first core PMOS and the core NMOS; a
second cor e RMIBehavihnd/@ imatoadomecteonRividSngatm; cennseémonduged & BMSGredr ai n,
and a second core PMOS source coupled to the second power rail; and a third
core PMOS havintegfaa coiniectibng the dloPhifiEcigaiteompridifg:rd core PMOS drain, and a
third core PMOS source coupled to the second power rail, wherein the first
NMOS drai n i sa BeuNMES hapinghefirsteddOd gaey e fIRVDBIAS dram, asdhal fitsh&MOS saliraeor e
PMOS gate, and wherein the output connection is coupled to the third core
PMOS drai n, thecspkdndthtfilOSodudainil, and t he second core PMOS gate. 18.
The circuit according to claim17, wherein the first NMOS and the inverter
have a gat e oxsadendoNSEIIbavingyols¢cage NMOD etmwee recond NMQS a@ruin, &ind @l fesgndand t he
first core PMOS and the core NMOS have a gate oxi de breakdown voltage of
bet ween 4 vol t sSNMQBS Sowed tsipkddohbe fee nerdund rail, wherein the input connection is

coupled to the first NMOS gate, and to the second NMOS gate via an inverter,
wherein the first NMOS and the inverter have a gate oxide breakdown voltage greater
than a gate oxide breakdown voltage of the first core PMOS and the core NMOS;

a second core PMOS having a second core PMOS gate, a second core PMOS drain, and a
second core PMOS source coupled to the second power rail; and

a third core PMOS having a third core PMOS gate, a third core PMOS drain, and a third
core PMOS source coupled to the second power rail, wherein the first NMOS drain is
coupled to the second core PMOS drain, and the third core PMOS gate, and wherein
the output connection is coupled to the third core PMOS drain, the second NMOS

drain, and the second core PMOS gate.

18. The circuit according to claim 17, wherein the first NMOS and the inverter have a gate
oxide breakdown voltage of between 7 volts and 8 volts, and the first core PMOS and the core

NMOS have a gate oxide breakdown voltage of between 4 volts and 5 volts and between 3.5
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volts and 4.5 volts, respectively, and wherein the first power rail has a
vol tage of 1.65 volts to 2 volts and the second poweras a voltage of 0.8
volts to | volt. 19. The circuit according to claim 17, further
conprising a diode having an anode coupled to the first ground rail and a
cat hode coupled to the second ground rail, wherein the first domain further
conprises a first RC clanp coupled to the first power rail and the first
ground rail, wherein the second donmain further conprises a second RC cl anp
coupled to the second power rail and the second ground rail, wherein
current froman ES!') event is discharged on a path fromthe first power

rail to wols asddonadltamrepedively dndwhareinhibe first powdR@ithaa mpobags of héS dolsde 20r on a
path fromthe first power rail to the second power rail via the :first RC
cl anp, t ~eiscind the secandipovee rabimendolREe of @8poltsto 1 v@ll. The circuit according to
claim 17, wherein no | eakage current fromthe first power rail to the
second power rail flows through the 1/0 and core interface connections when

the first pomer rail is energized before the second power
19. The circuit according to Claim 17, further comprising a diode having an anode coupled to

the first ground rail and a cathode coupled to the second ground rail, wherein the first domain
further comprises a first RC clamp coupled to the first power rail and the first ground rail,
wherein the second domain further comprises a second RC clamp coupled to the second power
rail and the second ground rail, wherein current from an ESD event is discharged on a path from
the first power rail to the second ground rail via the first RC clamp and the diode or on a path
from the first power rail to the second power rail via the first RC clamp, the diode, and the

second RC clamp.

20. The circuit according to claim 17, wherein no leakage current from the first power rail to
the second power rail flows through the I/0 and core interface connections when the first power

rail is energized before the second power rail.
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