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STRESS- FGLLOAER Cl RCUI T CONFI GURATI ON BACK mmum" The invention §%0CT 2002
rel atted to t Ransisirs, and nore particul ar ess f opdHuvereesmcuit
configuration to protect such transistors. Backgmwnd Information As is

P Lhis context refers to 1ot BT caribReRE wer T g, cpeti flea

safe range of an electrical device, and may result in device degradation.
This may occur, for ex e, when the transistor is enployed in the manner
using a signifi cﬁﬁ?ﬁ%R r@fper operating voltage than the native process
transistors are ablge to tolerate. Native process transistors are the basic
bui I di ng bl ocks of a semi conductor process. For exanple, a 0.25 nicron
seni conduct or fabri cal MORVPIREES §epkES (hAPESIFAELS e R SRSICEtegY viPtahstress-

specified operat mgw\éplc&@cgteéon@,g rjanoﬁtcg Brofec? SMQM,%ns.H%v@vef If a technique
or approach were devi sed whi hese transistors could tolerate these

hi gher operati ng__mglﬂgﬂsm_gﬁh.&ﬁm/\oul d al | ow devi ces and/ or systens
.operating at hi gher VRLRN?MWEP%&V%%E uss',u% ik El%&ﬁ@ﬂ%v%%{reésnsma

today's environnent typicall gacy evi Ces such
as those enpl oyi m@'qb\rmcmnbpmengramrs ho Per aquiﬁeawdn cﬁomtxegmabolvattlee smeiiedtsafe
(PCl 2, Accel erat ecrlx 90?% e?ectr ca e ?\ D{ v dd dA\ﬁCneS fslv%go y
(DRAML, for exanplé: “edpl®Sy Hi %V'ce mgag ¢ Lh(am set‘e? RO Y
transi stors fabr thaIrB’Gbr msamgena{hewewepufmsres ermPlAVBBRYHBreh éddey psingn a
accordance with nvention i rated ci

o bans e R TR ip i b0 Sl e o adt ol b &2} 2eBSipire Shabe

circuit of the ceanfdigareaNaome p@csauqaiar&d;r&z@ ade fratbQfc duUneingmiczgs at ed circuit.
The stress follower circuit conflguratlon is coupled so as to reduce t he

vol tage stress oRPTHEB"YPHY BPCLSt FUMLRLP 3 ”’t‘?’&’r‘ué?ré‘tCBPd%cﬁ%{ ROEEUPRat in

operation the traisksd May inBud h@@tna&#g.swkw.ﬂt 5ecAidd @pedaahd NPrageb baYEs to
approximately 1 .5 volts above its nom nal voltage. The transistor stack is
al so coupl ed to £hHevYid HoRRVER "HESCRIPTS PNPRICOINEY BRARN KBS MW hSUEEPP TUTE

SHEET (RULE 2b) (raRds@rCeoli2fitate 6042 B9AETL3RRE vEhideIIHDAGUR 2R culpect

matter regarded as the invention is particularly pointed out and distinctly
claned in the coARYAUFTIEPOHPRF BT D ’f'ﬁ’éeré’ﬁgé%‘sl t@eﬁel GRRTETHENG HUBHRSMBNO9Y

however, both as|i@deydaniEaihan t@@gall%&%‘&q dgt.c@p%a{ploaéhts.t&gs%mfs Wirdrhas
obj ects, features) and advantages there best be understood b

reference to theT'TOéPIem'W@%@t%W%”ﬁ&@rﬁ’%Phﬁﬁ' GprepPe el G E e EEhEC!
acconpanyi ng , dnawibgsed @ra\‘mlcgbortﬁhgp) ]or'Dﬁ/an?c' Fﬁ%‘&'oﬁw AL agt B drd W/ﬂ‘at' ng

an enbodi nent of a stress-follower circuit confi guration maccordance with
t he present invefarieyampe @(“DQJW hagngr ¢piteafisting sigranh GF a8 EWSOIF MERC2GE a
bi as vol tage soufga,tbate g;gge%@senpl oyed mthe enbodinment illustrated in
FIG 1, FIG 3 is a schematic diagramillustrating an enbodi ment of a
vértical dram metal -oxide transistor (VDMOS1, such as may be enpl oyed in

t he enbodi nent oty kieart - DETAI LED DESCRI PTI ON

Briefly, in accordance with one embodiment of the invention, an integrated
circuit includes: a stress-follower circuit configuration. The stress-follower circuit
of the configuration is coupled to a pad of the integrated circuit. The stress-
follower circuit configuration is coupled so as 1o reduce the voltage stress on the
gate of a transistor in a transistor stack so that in operation the transistor in the
stack tolerates an operat;ng voltage approximately 1.5 volts above its nominal

voltage. The transistor stack is also coupled to the pad.

BRIEF DESCRIPTION OF THE DRAWINGS
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In the foll owing detailed description) numerous specific details ar msg@; 00
-~ forth morder to provide a thorough understanding of the invention '7r

it wll be undevsbnesg by those skilled in the art that the presgiisssgosr?
invention may be practiced without these specific details. In other

i nstances, well-known net S , onents and ci rcwt have_ not
been described in detail rs]@%asswﬁer&%}eagte& X gﬁc%g SHEC BHEERT 1S pﬁ\?é%i{ard’rf’o'%gd
previ ously descr oixezhd casmcals cilamwelri thlm@mﬂudnb@ apsichtdnse ﬂﬁ@’cn&iﬁ&('bﬁr Theom

El ectrical Over I%tvress % p/n in this context ref eef'

application of vOI'TAGEs 88’8v%r B LI 9INFF U8R LAY MEIGR B O%eﬁa‘éq é?%”&:%
device, and nmay wesubiectd) fe@vicepattegiadtigeOtherddt alfiesO6€ Underd@bd ¥anpl e,
in a situation mvvhlch a transistor is enployed at a significantly higher
operating vol t agé ¢'RasF i%‘@eﬁa‘m%g ﬁ?@&"e%%estcf‘%%'i Whep §238r Kt H1%e2CeMPEMEPGL .
Typically, this gan®acHwMIEN the transistors are enployed in an interface
because this is a comon situation in which a particular operating voltage
may be enpl oyed. LikeWGsé,'s a$Fat diagrndipstkaisgmn Qm@da’ﬂﬁrl‘igoﬁﬁoﬁftt%gggi
circuits, particul@fid sbnrBbaabAleskSHdaREL b zn@\s?esleﬁteﬂvgﬁmﬁlm ng over the
Last few years. As a result, a situation has arisen in ich transistors
are bei ng manuf act ur etdGi g laawat:wvehapraotefs@ ehedirehesial Bgs aoktanmesousisethat i ng
vol tage than | egagy Johalif ace. IRPLALIDALN NI Q0] Rugs.for some transi stor
applications. For exanp IS 1S case msone situations for
interfaces that 2 SUBSTEI 13U§I'E SSFEEa'tlc(Rb,&.rErnZHi)stratmgwﬁ e@YoB I of @ veckcay dom
PCTI US99/ 09672 ¢ t he Per her ne

| mt er connect (PdQ}@PJé.\éx‘ME Inﬂnf?llts|P°(5r(1\9f5\f§1e®rgrg |%Jﬁkfsi?a avalerlnggyeg%p%% t"ﬁb“t?b‘i”‘ of
Speci al InterestFiG.dup, 2575 NE Kathryn St n 1 7, Hillsboro, OR 97 i 24,
Decenper 1 997, the Accelerated G aphics Port (APG Interface
Specification, version 1 , dated August 1 , 1990, or version 2.0, dated May
4) 1998, avail abDETArLGmDEmelrewampl e, the AGP | nplenentors Forumor Intel
Corp, or that corrply m Access Menory : . Which na
enploy in the range of etf% O8V! %ﬁ?tgﬁl ‘?Fsﬁrr‘n%‘ %aPPW&[ﬂ“éPpé‘?{?ég%‘ia%,areaﬁef ﬁ%ﬁ"gh
the intention isinngtied dorfrb@fe bRh&rEOfCUARrdthhEngal tHeGrediion] Hadlevon )it will be

| egacy interface volta | evel for i nput-out |/ O operation is about

3.3 volts, wheredd® ‘glr?f°g‘gﬁ|‘é‘%‘is§t5§"’8? i aé‘r'thaffréfn EEOrMERBPT E‘é’f’lbﬁri"a‘mced
processes the nawn%euz\/mleﬁag@echf&w&tauIsS 19 RHel ehs@sdRE, WEl-Anovdn WekHds, f or
exanpl e. O course, is not intended to limt the scope of the invention
to state-of-the- %’r“Fe‘F%{B?|°t9&"tpi°6ﬁm;5r36€é§§‘é§ have NRbGEE B%*CHE%“I s 3% 3% P
transistors coul ¢ §@scmdinkigeékeat in0bPphgyed in a nanner that allowed themto
operate at such legacy interface voltage levels with reliability and with
reduced risk of danagésﬂtf’é"‘{“é'vadeﬁ%t?fdoﬁ”‘?é?&t‘i"%‘éi"iPVYﬂ JrEPSERFRY sy e Trom
voltage. FIG 1 Egcauicsl O6idiredt A AMntdnUS khidbR@xani&ahodhdBipicdd af a
stressfollower circuit configuration in accordance with the present

i dvention This p¥Ptdsealehpvethesescified pafasrnae ofam e PEUFRtANGmBnissdr fent
includes the st r@&ﬁé@lﬂéé}%\ﬂnog' fﬁH'rﬁayeJUEQrd'fMarﬂdlé WS b AL &tbn ARNGhAHEI ti onal
conponents. This enbodinent is illustrated on an integrated circuit §I O
chi p. The i nvent I'8nsisigf iscaspiaved ata vignifiganyly thehel Areieeve B oe R YErMEi¥al ar
enbodi ment. Ther gfe&s A IQERAUrL YBie RTRALHIE N 5o LY, IHICE NG cONheR fhe

embodi nent of a stress-follower circuit in accordance wth the invention or
nore than just aH2BFEHEH HermriTved inen igerffos| Hesarse Wisrie @i OIS TUFESR in

al ternatives may,as0, Pﬁx.emppgae?& Mg friay HRARRISHLAOTL B e 821200 GueliC

or not enbodied on an I C at al T or exanp For the enbodi nent
illustrated i n Fk®wa peaattf\wcﬂt?mﬂost:mw@t a@‘k‘cv‘éfl\r Integseted CHeL s hewupted to
a voltage Vvad. | i t QRRRI se

P- channel netal - gi‘%‘@‘e@s@% té%nlg%tg{egjrempg 'ergsh%{‘gt% ﬁ‘;’ é{&gﬁécssgrg?llrgomaénd 130,
as illustrated ntrEhgstofs aremmgeﬁmtééctmhré ustaa@nvmmcs%@st wlgreies aupwet ack;
however, the inv t JIESHE I istor
exanple, alter natSP eﬁy, b?lh%ggpacE‘g%@?m%&éﬁ%ﬁ%@%ekﬁ%%% el ! t ra%tsrlsg{%gr“sangrsltd
may operate as aappliceudomFsteaskpienstiesdhe Ease hisemerrodionsifor intgripees ddd in
FIG 1, bias voltage clanps are applied to the gates of the transistors of
the stack. For exanple, an isolation bias 108 is 3 SUBSTI TUTE SHEET ( RULE
2fi) 01 0 C T 2002 WD 99/65130 PC TI US99109672 applied to the gate of
transistor 120 and a | evel shifter 140 is applied to the gate of transistor
130. A level shifter in this context conprises a circuit that changes a

| ogi cal signal at one voltage |evel to an appropriate voltage | evel for use
el sewhere. As only one exanpl SUBSTITHYE Srkje(RYERE to a 1 .8 vol tage
signals used in core logic to 1.5 to 3.3 voltage signal levels used in an
out put ci rcuit. Level Shl fters are wel I -knovvn CI rcwt bI ocks and need not

N Y o



in this respect. In one enbodi nent, VDMOS transistors may be forned

+ coupling.the dram node of a transistor to the channel of the transi sﬂd)rUCT 2002
through a |iglitdoysmoped wel | | ayer which passes underneath a #delshoaxide

i solation layer and couples vertically up into the transistor channel. This
reduces the hi ghegh@etntrG i6d @lachold, thdreeibhaianbgalpsnéditiflef @6Rectapd) al | ows

hi gher drain voltages w thout substantial of the transistor gate. This
embodi nent i s i | PRESICAEEY YA EPGZ: 3 axptebieolngP itee BChSerca! intansar €roapne? 75 NE
formation that atdaws SUEHy LSt §715, VMeth%@ﬁﬁgéH gh@mcyé?ér%ég@aarh@@
native transistors. For exanple, ma nomnal 1 .8 volt fabrication process,
it woul d not be RATUSMHD nErfasaSheshemonsyeapontlo dt!tﬁflde‘?ﬂaﬁtiét dr EMRGeor veraensi x
volts. For the embodbiaBia) bl 588 AherhadiEhGor bxahifl a8 YRALAGRR as 105
is applied to the gate of transistor He stack. ustrated,
transi stor 120 |F5>fdmr¢!dtﬂleycemapr gtatt @rmrd Wit ynatres éarsdqrrr ansatsstMﬂmcitSO is
coupled to the pagk d|r stor Fur,t.h t.htee VDMOS
transi stors, 160‘ %:ﬁ ‘Téé EH% Odpﬁgﬂpfagig%%&% 5| \éctg)l{ aﬁ%gﬁ %ré'ém_aL%S in
this parti cuI ar ﬂwlaodm na;ﬂrtougiﬁmfne uammrphe; ndtri@rieidst etordk80 toieyphesiabetveen,

bi as 105 and pad l I EE ed 1o t he ga@g))of transin%)t or r:580h In
thi s enmbodi ment, eﬁéc‘biné%r VSI%M g 5E)IT%'(T"BB%BP SO §PEBHPR 5t B VoS

t hreshol d vol t ag\ehdem; at e Efa@eﬁbfathsQaldtr1@8\5&}9@1’f@hdnd’h@no\ﬂ@l’doagﬁasftﬁé nbde

i ntegrated circui tl int p g one threshold vg aLge for an |
N-channel transi §VG8e &6V E ‘\/”S@e ‘Ue' drB 8Os fergre)Ger HatqWee b o8t nent )
such as where a Rrethadnelimir@BsEsie08f the Ir&qml@y@dsta{eoaf 18xanpbticatodi f f er ent
bias voltage may be applied. Likew se, VDMOS transistors, 160 and 170
for this parti cuﬂ”&FeséﬁEob‘l WRme beﬁs‘qulﬁgt“?eal’é’éF'ﬁtﬂrslﬁoé‘xd be podified RikpPIRYEd

together with eagh &avfd-adad flodeditRsih 16 @PEraBUs UL AMegak) kRW £ voliB@SevdInO
transistors, 160 and | 70) to get her coupl e between pad 150 and isol ation

bi as 105 in t hi s"EBRBSHPHENENT Mthireducse sigk chdemeeR St RBBAT FRiitvely Mgher
illustrated in Rigaradng tdi@asi stor 175 al so conprises a VDMOS transistor,
al though) again, alternative enbodi ments are possible and, therefore, t he
invention is not restfBet 8 2ioceE B3eramilsirangessartodiment g\ Gusieys-
indicated, the cifigWel cfQMN dBHiEaLEOR I ccbldEncd Wi tRED eqmdn&é?maﬁdqtﬁe
voltage stress on the isolation Iayers or gates as the pad voltage 5
SUBSTi TUTi = SHEETRTTRURE 126y follqyier grgl configRraton gg s 130 PETOe T STOL09E7 2
overshoots or unﬁ&%@@pe&&wﬁbm«@& (fiRdaPedl Qﬁdta{i]ﬁngﬁarg%EorFeWEs exadpl e, when
the pad voltage is driven "lo estress- ower car cult in this
enbodi ment pul | semhedipght a'gkéusa)'fat@u ersanL % draee circdif kelhitee Themverienpad
vol tage over shoots, ¥ds nghﬁnﬁéJm%%o§9lJ @wegarswlgrtgnnbo%m he kg vol tage
hi gher. However, nomnally the bias) 10 ~S set he native vol tage
| evel . Specifi caﬁ'twﬂamy@ srobacmentgveayshoodsodb evemiiadimgnent & huegsald!loweei ves
an input vol tage.si gnalscc} RS 0 Bs:3n dBARMmdd PRt to
t he di ode confi gﬂr al.J?[I orlacgrﬁrzc)’?oyeﬁFt 'Ijn Qrﬁgmgci ins nodﬁfai‘ujvsc')t tnage upn,1 t her eby
reduci ng the, stressssdeliose tttne'tgat@th@xa deeroduvies aayi Agcore dmP@iieddrt &F Kat i vel y
if the pad vol tage, inders E%ha & 1P 85,41 o\éﬁl to%ga% fcSach '%‘?gxér{?&?r Fyi a
transistor 180, to agaln re uce the stress on the gate OXI t ransi st or
120. For transi stf@renliaﬁhmamttléwamttedﬂelw itatvgratrensmo't $tesk eriboteivd@s i s
ti ed via l eV€| 1%08{0 ;691 ageq/da ?ettrtj?}scé)arrltcliéj r—:\[roer th rrr? Otlggsevg%rﬁs?sggrs qg%flgé om
adramoperatlngv ch'¥'n 't T9cular e Vae m nus
a P-channel tran81csameltdmssdxnﬁedsem¢ctrﬂgam When) trﬁres:az@dstag:daa@f12@a@d113$oas
under shoots, the.internedi de5| nated 1 1 | s@
" pul | ed sonewhat \"(%SUategE h%t %t %e rfg S [ ?tgc hte fszﬁ(sig p(L)J]u UP%aﬁéi gé‘ﬁe\%lzoe
experiences |ittingeottone r@wemtad éssege id thinedeect. Fobeksnmdesigmedvaucthet hat
it does not drop_nore than the i Ve process v e
exanmple o i 6 SOPE SRS FIRe e R ER HE mrgrrif pEdebfebiasieek
this respect, pl ustade meﬂimnmebdumhmem;hmiaded/ml Rlage, b:d@vvmafge olamgs a)e eandiadt he
gate/ source interface of dey 0 experiences |tt e
overstrose. Thus Preodes Patis Grbeltad B SA0F (o F55opley & el dOP & ¢ ne
range of the native process, which in thi s case is 1.8 volts, although,
again, the invention is not limted in scope 3 this respect. This operation
al so allows the transistor stack to be enployed as an MOS clanp for the
pad. In this regard, see, for exanple, U S. Patent 5,546,016, titled "MOS
Term nation for Low Power Signaling, " by M Allen) issued July 3. 1995,
assigned to the assignee of the present invention. One advantage of this
enbodi ment is that it allows &UBSHHIUTECAIEET (RVghe®) operating vol t age
relative to native process voltage capability with acceptable EOCS and
reI i ab| I | ty r| sk V\her eas typ| cal appr oaches aI I ow about 1.4 ti nes

I I R o b= o



y adj usts to reduce the stress on the isolation layer of the transigfppet @([]2
course, the invention is not limted mscope to this particular enbodi nent
Wi | e certaiwofegtgges of the invention have been ill ustrat eG@sydesssi bed

herein, many nodi fications, substitutions, changes and equivalents will now
occur t o those gkilebad théf‘gzgtg%fafaﬁwsm!otr 128, ank QQE@JIQF\@vert1QOb§aHpnug§rt§tn@§’a that
t he appended clains are intended to cover such nodi fications and

changes as fal | oWirems'siot héD 14 (rvespiy ‘rliift*ﬂé'ﬁlStCh@teMV@nPf@ﬁ a GrcSUBSAY CHaTEe SSHEET
(RULE 2fi) 01 | Al cuit
conprising: a sitO (lacglsIgg%?%g&e@@@fér%d?\f&égﬁ?|abﬁpaﬁ18ﬁgp?%% gﬁggggfol | ower
circuit configuelaewberet s roemm'e dfaenpi, rtessy omrgn greoldabioh. 8l \aaytege erbnds
transistor; the st esso-( ) lctvve]r Ci rC. |t conflgyr l| on bein r1g co utp ed to a
pad of the integtat8d ct rel P st YUROePITORET™ EPFEL 1T LBRY C"L?r”atl on
bei ng coupl ed SOe\temamfuers a)pwalturmmracutcnamdcst and haecan@tttaecdfest:mb@nataesmonal
approximately 1.5 volts above itfs nomn vol t age a voltage of the pad
over shoots or uﬂﬁt@f'g’ﬁoeot =Yg ?éF'l'E‘éVPgPoi “‘iegtV@EPé":Vé ?ﬁ“rsgﬁfcfrv t he
transi stor stackpébsienbeirng: eiplediohdidriiRodiathg aZbIansnag@t@gr@taed alb neali- t
of claim1, wherein the isolation | ayer conprises a gate an

transistors in CRAVE/RHS &t apd Wby b@djrﬁ"ﬁ‘l"l‘%e@ "HeteRf dSB@f'd‘é E‘se‘ﬁ’i“(:B'f‘f’dEl Por

transistors. Theahdiy@@hakeittdd sdlirtestr thdstdeMrdiot dhRuit HHRYIALREhiSedC LHIG. has
an operating voltage wherein the nom nal voltage conprises approxi mately

1.8 volts and tRe"o{HeratTRjiVolltalGies 8ipryLeamashP et netee?yry. \Pyet fnthisy,

The integrated ginhgHinten®fs I‘F\ls: LM & 1Bk &t 18 thE %ﬂ)%ila%‘h@rtﬁe QbiadRiddross the
stress-follower circuit conf |£rat| on conprise vertical drain netal -oxide

senmi conduct or f Ne¢hgnegifreetel-gx %ﬁ@?@ﬁ@c(ovmsﬁ MENSFSr o5 3dditiie 2 BPRYFat ed
circuit of clai E&Qmpl‘éh%%dbabilﬁc&& t%teCUmp"ftE\%%k ﬁ%’@k'tﬁ@%ol Rbdel

channel transistor stack and an n-channel transistor “stack e integrated
circuit of clai maz, Ofwhefr'eqtrbevh‘eftﬂr%m)sn@t\@pnshaektle@mms@bmaﬂqwhﬁran5| st or

stack; the stregg Lol Oﬁgrshgﬂ Ee%'?&n%ﬁé)cﬂﬁn'%?é‘e@t&e%l P& NI, r&%?é \%Jkatgg cfa‘?r%!%ce

t he voltage stress on 't gate o ansistors in the stac
met hod of reducuaragcctdwdaedvoltfneagecnsrwoe@sttmttudrseaqlegééawtonnahaguar agfoumts or

transistor COUplaglgls{s fo Q?d 9&%_?8 .?fog%(oggtaltse chI difs I tovgﬂﬁ{)cﬂglopgn{jggmots

transi stor conprising coupl ng e rsolation lTayer of
t he transistor ﬁr@nathacxbdvaagealbl catszhandcnﬂnulplthxng:aam@tahemopdmenofn accordance

with the inventon, 1t is desirable to reduce the stress due to volitage on the
1solation layers or gates of transistors 120 and 130 when these excursions occur.
In this embodiment, the 1solation layers comprise oxide gates, although the
invention is not hmited in scope in this respect.

Embodiment 100, as illustrated in FIG. 1, includes stress-follower circuit

S

110. As illustrated in this particular embodiment, when embodied on an IC, the
stress-follower circuit is coupled to a pad of the IC, here 150. As previously
suggested, the stress-follower circuit is coupled here so as to reduce the voitage
stress across the gate of the transistors in a two transistor stack ,so that in
operation the transistors in the stack tolerate an operating voltage exceeding their
nominal or native voltage. Likewise, the two transistor stack is also coupled to
pad 150 in this particular embodiment. In this particular embodiment, the stress-
follower circuit allows the transistors in the stack to tolerate an operating voltage
approximately 1.5 volts above their nominal voltage. For example, although the

invention 1s not imited 1n scope in this respect, transistors 120 and 130 have a

4
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the transistor to the pad; and coupling the voltage bias to the pad via one

or nore transistors, each of said one or nore transistors being st r u8ttdHdqli0
to tolerate a,d/@LGT:,me greater the native voltage of the fabrigati§9pr9cess

used to fabricate said one or nore transistors. 8. The nethod of claim7,

wherein the transbshl of Mt RS oMBIRb xiR% P 1 2701 GO NN FdaQ o thANSHHRILRY »
the isolation | ayer conprises a gate and the another port conprises one of

a drain and a so@F"@éd‘”‘?mWPeOWPé%IH@dVQHﬁ%ISa@PMW'mMé/ré13nV0éta| d one or nore
transistors conprise eaﬁmarstazegeou\ew .P&Jn e &!aﬂemﬁ&; PXird& S LODABEL QY

transistors. 10. A stress-follower circuit configuration for an integrated
circuit conprisiagmpasa veinsi siron ﬁmamkrdemamcsorfdgcvorsaddmeﬁgctttha‘\sxﬁmrts age

stress on the gat(t?eré)lr\ f"flert (O/r%r'\]/ﬁ]égflgrl ?t%rs (?lCOU Iﬂ\f%?gn (I)VT?CEII ll;]ﬂ(?I%%Sln (S)CODE

-under shoot s power Al ted Cl rcult ress
reducti on neans b*etmgretsmqml énl ot\@emhedupvadt ofbnvbe tramtegfrahed tmel be‘bHd by t he
transi stor stack be| n Iggg o the ad of ted circu

rcul

h
The stress-fol | oerP a'%B%‘# %fu?rté? S51°o E‘F%ihlﬁ’]['](fggyaﬁ ’Faé\sﬁ‘?rﬁhm“gh a

transi stor st aCkli@fﬁxrvpdidp&e&vﬂhley@fwf&icfpbhslsehlpnaﬂdezﬁh RUidid daus isstadick 1ay1r2andThe

stress-follower circuit configuration of claim 10,_wherein th«?1 transi s%
stack conpri ses 50 lﬂ% ?raﬁg g.gn IPoSINS dfensisgpr channel. 'This reduces the high electnic field

CAY. Ay, AAY. Y. AstrryarBinAPad i@ e, 3dXdilows higher drain voltages without substantial of
A{ vqgl gb] X] ca] ca] ca] ca] ca] ca] cg]gca ca] cRa] ca] ca] ca] ca] cal ca] ca]ca] ca]ca]ca]c
na] ca] ca] c~a] ca] Héﬂ Eat}%s&]: C%ﬁte rtsaﬂ"&%f‘dti]‘?r)IBE'“&W'Ed (r)5 Bk and}eompnses a drain
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example, transistor 180 coupies between bias 105 and pad 150. A bias is applied
to the gate of transistor 180. In this embodiment, the bias voltage applied
comprises a semiconductor threshold voltage deviation from a source operating
voltage for the integrated circuit, in this embodiment one threshold voltage for an
| N-channel transistor above V. Of course, In an alternative embodiment, such as
where a P-channel transistor is employed, for example, a different bias voltage
may be applied. Likewise, two VDMOS transistors, 16Q and 170 for this
particular embodiment, as illustrated in FIG. 1, are coupled together with each
coupled in a diode configuration. Likewise, these two transistors, 160 and 170,
together couple between pad 150 and isolation bias 105 in this embodiment. Itis
noted that for the embodiment illustrated in FIG. 1, transistor 175 also comprises
a VDMOS transistor, although, again, alternative embodiments are possible and,
therefore, the invention 1s not restricted in scope in this respect.
As previously indicated, the circurt configuration of FiG. 1 is employed to

reduce voltage stress on the isolation layers or gates as the pad voltage
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/" 10% B&' () -I'N (p]ago)@'lt(a};e g Qr[vem@ow,“ the stress-follower circuit in this embodiment pulls the
voltage of bias 105 lower. Likewise, when the pad voitage overshoots V,, the
stress-follower circuit pulls the bias voltage higher. However, nomimally the bias,
105, 1s set to the native voltage level.

Specifically, on voltage overshoots above V,, when the pad receives an
input voltage signal, transistors 160 and 170, due at least in part 1o the diode
configuration employed, pull the bias node voltage up, thereby reducing the stress
across the gate oxide of transistor 120. Alternauvely, if the pad voltage
undershoots, the bias node voltage 1s pulled lower via transistor 180, to agamn
reduce the stress on the gate oxide of transistor 120, For transistor 130,
alternauvely, its gate in this embodiment is tied, via level stufter 140, to a
semiconductor threshold voltage down from a drain operatng voltage, which in
this particular embodiment 1s V,, minus a P-channel transistor threshold voltage.
When the voltage of pad 150 undershoots, the intermediate node, designated 115
in FIG. 1, is also pulled somewhat lower. Thus, the drain/gate interface of
transistor 120 experiences little or no overstressed. |f node 115 is designed such
that 1t does not drop more than the nauve process voltage, which in this example
Is 1.8 volts, although the invention i1s not limited n scope In this respect, plus one

p-channel threshold voltage, down from V,,, then the gate/source interface of

car
device 130 also experiences hittle or no overstress. Thus, the voitage stresses at
device 130 are maintained in the range of the natve process, which in this case 1s
1.8 volts, although, again, the invention 1s not imited in scope In this respect.

) This operation also allows the transistor stack to be employed as an MOS clamp
for the pad. In this regard, see, for example, U.S. Patent 5,546,016, utled "MOS
Termination for Low Power Signaling,” by M. Allen, 1ssued July 3, 1895, assigned
1o the assignee of the present invention.

One advantage of this embodiment is that 1t allows a significantly higher
operating voltage relative to native process voltage capability with acceptable EOS
and reliability nsk. Whereas typical approaches allow about 1.4 times operating
voltage over native voltage, this approach allows two umes operating voltage over
native voltage. Other advantages of this approach is neither extra pins nor power
supplies are employed to achieve its resuits. Therefore, by employing this

parucular embodiment, leading edge circurt products may be manufactured using
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$ 10% & ()-Lnl0% & ( AnFe(rmdl@¥h&31(Ji-a method of reducing the voltage stress on the isolation
layer of a transistor coupted to the pad of an integrated circuit in accordance with
the present invenuon s as follows. A voltage bias 1s applied to or coupled to the
isolation layer of the transistor, such as tllustrated in FIG. 1, for example.
Likewise, another port of the transistor, such as the drain or source, is coupled to
the pad. The voitage bias is also coupled to the pad via one or more
semiconductor devices capable of tolerating a voltage greater than the nominal
transistor operation voltage, such as, for example, as illustrated in FIG. 1, VDMOS
transistors. Therefore, as previously explamed, the pad bias “automatically”
adJLxsrs to reduce the stress on the isoiation layer of the transistor. Of course, the
invention 1s not limited 1n scope to this particular embodiment.

While certain features of the invention have been illustrated as described
heremn, many modifications, substitutions, changes and eguivalents will now occur
to those skilled in the art. It is, therefore, 10 be understood that the appended
claims are intended to cover all such modifications and changes as fall within the

true spirnt of the invention.
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1. An integrated circuit comprising:

a stress-follower circuit configuration, the stress-follower circuit configuration to reduce
the stress on an isolation layer of a transistor;

the stress-follower circuit configuration being coupled to a pad of the integrated circuit;

the stress-follower circuit configuration being coupled so that inoperation a transistor in a
stack tolerates approximately 1.5 volts above its nominal voltage as a voltage of the pad
overshoots or undershoots Power rails for the integrated circuit;

the transistor stack also being coupled to the pad.

2. The integrated circuit of claim 1, wherein the isolation layer comprises a gate and the

transistors in the transistor stack comprise metal-oxide semiconductor transistors.

3. The integrated circuit of claim 2, the integrated circuit has an operating voltage wherein
the nominal voltage comprises approximately 1.8 volts and the operating voltage comprises

approximately 3.3 volts.

4, The integrated circuit of claim 2, wherein the transistors of said stress-follower circuit
configuration comprise vertical drain metal-oxide semiconductor field effect transistors (VDMOS

transistors).

5. The integrated circuit of claim 2, wherein the transistor stack comprises one of a p-

channel transistor stack and an n-channel fransistor stack.

6. The integrated circuit of claim 2, wherein the transistor stack comprises a two transistor
stack;
the stress-follower circuit configuration being coupled to reduce the voltage stress on the

gate of both transistors in the stack.

7. A method of reducing the voltage stress on the isolation layer of a transistor coupled to

the pad of an integrated circuit including the transistor comprising:
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8. The method of claim 7, wherein the transistor comprises a metal-oxide semiconductor
transistor, the isolation layer comprises a gate and the another port comprises one of a drain and a

source.

9. The method of claim 8, wherein said one or more transistors comprise one or more

vertical drain metal-oxide semiconductor transistors.

10. A stress-follower circuit configuration for an integrated circuit comprising:

a transistor stack;

means for reducing the voltage stress on the gate of a transistor as a voltage of a pad
overshoots or undershoots power rails for the integrated circuit, the voltage stress reduction
means being coupled to the pad of the integrated circuit;

the transistor stack being coupled to the pad of the integrated circuit.

11. The stress-follower circuit configuration of claim 10, wherein the transistor stack

comprises one of a pull-up and a pull-down stack.

12. The stress-follower circuit configuration of claim 10, wherein the transistor stack

comprises a two transistor stack.
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