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disclosure relates to tinmer circuits, and, nore particularly, to
resi stive-capacitive (RC) timer circuits. 2. Back round Informtion.
Advancenrggysgise, silicon processing technol ogi es enpl oyed to manufacture
integrated circuits (1Cs) 10 may include, for exanple, TC&GRHEBAZI n
circuit elenent sizes. Such reduction in circuit elenent sizes is one way
t he performance of such ICs nay be inproved and may be referred to as
"scaling." Those of skill in thercanersoutde be aware that current silicon
processing technol ogi es have circuit el enment dinensions, such as
transi stom&gmﬁmi ch are smaller than 200 nano-neters (nn). Such
processes are typrcally referred to as "sub-mcron" processes. 15 Such
scal i n%, ty¥¢al |y, has not had any significant adverse effects on the
per f or mance of ThiE@SHosurE felath fimd S%LiBNSd, mbrd Blicl lLGul L desi gns,
hi stori calys have typically required |i tfcg§r{r¥btg|}c¥'si%gcaﬁa a?)’ﬁvclﬁgaﬁ’ﬁfrnt ain
functionality fromone process generation to the next other than scaling
such ci rc%lig@égﬁﬁﬂéﬂ%ﬁﬁ'éspondi ng manner with such process advancenents:
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by those Of "SI PTIR°IEHa [ mey beiimpravei aad ayibe wletred oy Sscdies. JBicnediliasthaion-
i deal , or*tiaitld feasirethet bt siliwaprociviag b ioRigieStaiceHeud Eleddhl ithdcss, §RPRMI ed in such
an | C: Slﬂ:ﬁrhislioﬂtz&s!, WidhGreGRMEAGE SoinshIneSrs (nmﬁySu&%m%idsa%t Jicgigy re an@' e, ‘
capaci t angg i feslstance and | eakage currents. wever ATt e process
generations, these Tactors may result in such circuits no | onger working as
! intedded by meRicshingdaicibidesmaichad 1oy fignificant aglhesrefetts oni e pafoMRARET m@OT I €spondi ng
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such ci r eddibaiyBYm SJ —_ E SCRI PT1 ON,OF THE \ The subj ect
matter regar detgﬁ s t ﬁe&?gn%rgﬁtt’?n?ﬁhﬁ%m%g?% csﬁ%l_"égrsl"ﬁf' BB 29S8 d di stinctly
cl ai med "AMTRE ‘"&W%Eﬁ”ﬁ&mﬁﬁ% #HeWTYer o fopthre sdyasesnicfts anemaidoin the EFkwef iubivent i on,
however , mistr proasssest the offeagpenfisugtestaitnsuetrosl paPastid3 ot c@uinpBGhaP R840 BronduR@EL NET Wi th
f eat 20 eSPaaEitesAE AN AGRINAOELERy BV i . er.st 0o reference to the
fol | owi ng,,dgtai ,Jsg; mgﬁ?égj; Lion when rsj‘b'ga_h‘ﬁup‘tgH‘q'?%é’“"é‘éc‘“&%g%wdﬁg“°a? awi ngs in
which: FIG | 1S a schematr e af sgrsfrPrctesrhe hgSuah ietimskcatrecerrisndi nent of a
power s UPBIrSrrEtcafiis anplecgapagitatios, resisnashasr ixtkiags coteaigr omeied, Inigdrd @écks8g a cur r ent
enbodi nmqrtc‘racicins_,amccﬁ;toagey et arsaon Eircﬂawﬁngspmg.,yé 2Eh@IR-by mercly scaling the

circuit efements in a manner corresponding with that process’ advancements. Therefore alternative
25  embodiments of such circuits may be desired. '
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BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and distinctly claimed in the
concluding portion of the specification. The invention, however, both as to orgenization and method of
30  operation, togethe; w:th features and advantages thereof, may best be understood by reference to the -
following dglailek’i description when read with the accompanying drawings in which:
FIG. 'l is 2 schematic diagram illustrating a curverit embodiment of a power supply clamp.
FIG.2isa sn_:hamatic diagram illnsu_'gting a current embodiment of a voltage-tolerant power supply
clamp. '
35 FIG.3isa schematic diagram illustrating embodiments of an RC~timer circuit in accordance with
the invention and a power supply cria:np in ac‘cdrdénce with the invention.
. FIG. 4 isa graph illustrating electric curtent versus time relationships for the power supply clamp
embodiments illustrated in FIGs. 1 & 3. |



35 FIG 3 is a schematic diagramillustrating enbodiments of an RG-{i{Et 20
circuit in accordance with the invention and a power supply clanp’in
accordance with the invention. FIG 4 is a graph illustrating electric
current | rre relationships for the power supply di nents
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schematic di agram i I | ustrating an enbodi nent of a voltage-tol erant power
supply clanp H@. Dapacsgfelqﬁiegnﬁ‘graw:ﬁ@tmt lh’em LD @Rdnt &8 voithde @lerdat JoSer upply aptp
illustrati ng ﬁl ectrlhc current versus tinme relationships for the enbodi nents
i |1 ustrat B PREIEEM RS F1G 7 is a block diagramillustrating an
enmbodi ment of Zc Glf?ﬂgé’g*r Hessingd epigrent O irnreREedivt e e TR t he i nvention.
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under standi ng o the T nvention wever, it be understood by those
skilled |‘1"1“ht"??é“"%ﬂ“9" that the present invention may be practiced w thout
these specific details. In other instances, well-known nethods,

procedur egsTAaQARReRPSIoRNd Circuits have not been described in detail so as

not to obscure Th esent  invention As ly jndicated, while
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squar ed ?Aﬁgﬁ Lﬁcgda r; T %e ni t order of which
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certain Wp&s',rs(afkd typically was not 2 major consideration in the design, simulation or manufacture of [Cs on

25  such processes. Future advanced semiconductor processes, however, may have intrinsic gate oxide leakage
on the order of several émpcre§ per centimeter squared (Alcmz).: Leakage of this magnitude may be on the
order of which can no fonger be ignored or merely tredted as a secondary consideration for certain types of
circuits embodied on such processes.

In this respect, circuits cmployiﬁg resistive-capacitive timers (RC-timers) may be adversely affected

30 by such leakage current and may, therefote, need design modifications beyond scaling in order to fun;tion as
desired. 'I'hcl.';:fo're, ns was previousty indicated, alternative embodiments for such circuits may be desirable,

FIG. 1 illustrates a current embodiment of a circuit employing such an RC-timer as might be
included on current semiconductor processes. The cireuit in FIG. 1 is an embodiment of a power supply
clamp circuit that is typically employed in ICs as one element of a circuit network to reduce the likelihood of

35  catastrophic damage that may occur due to an clectrostatlc dxscharge {ESD) event. Such events are well
known in the art and, at a high level, may result from an elcctncaily charged body being dlscharged into an

IC, for example. In this particular embodiment, the RC-timer comprises capacitor 190, resistor 195 and p-



circuits enbodied on such processes. In this respect, circuits wl gg’gngﬂm
resistive-capacitive tinmers (RC-tinmers) may be adversely affect by
such | eakage current and nay, therefore, need design nodifications beyond
scal i ng ride, to function as desired. Therefore, usly

i ndi cat eg)bﬁ tggr native enbodi nents for such circuits rrangzmgé@?%b
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Also, it is sometimes desirable to employ 1Cs manufactured with different semiconductor

—

30  manufacturing pfocesscé in conjunctioh with one another. In this situation, these ICs may employ different
power supply voltages. In this }cgard, while orie [C may be manufactured psing a current generation
process, another IC maj be manufactured using an oldcr proccés and employ 2 higher power supply voltage.
In this rcspect. one tcchmque that may be cmploycd insucha s:tuatlon is the use of what may be referred to
as voltagc-tolcrant clrcuits

35 FIG. 2 1Ilustrates 2 current embodiment of such a voltage-tolerant power supply clamp. For this
particular embodiment, the circuit is desi gncd to be “vo]tage-lolcrant by employing, for example, stacked
current sinking devices 2 iﬁ and 215. Similarly in this regard, th.c'RC-timcr for this embediment is “stacked”

or “staged.” The first “stagé“ of the RC timer comprfscs p-chennel transistor 245 and capacitor 250, while

3



current sinking device is turned off, usually a time in the duragt ijoBEGf 2004
several mcro-seconds. As those of skill in the art would appreciate,
during an ESD event, tripping the inverters and turning off the current

si nki ng or vvoul d al so be based, at least in part hi gher
vol t age Vg%g ?j§§ to terminal 110 associated with such an’ %ﬁgwp?%ﬁch a
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200 woul &P oynb? s&n& aipvweé's\'p W alsi3 rs}mm:lar sxtuat:on may rcsul?m the embodiment illustrated in FIG.

2 due, at least in-part, to such leakage current through capacitor 250, for example. Therefore, based on the
forepoing, ziternative embodiments of RC-timers may be desirable.

30 An embodiment of ari RC-timer, 300; in 2ccordance with the invention, which addresses at least
some of the foregoing concerns is itlustrated in FIG. 3, though the invention of course is not limited to this,
or any particular embodiment. This patticular-embodiment of an RC-timer comprises, in zddition to
transistor 302 and capacitor 304, inverter 303 and transistor. 301. In a similar manner as was previously

- described, transistor 302 would act as a resistor in the Mohm range for such a timer. However, transistor

35 301 would typically comprise e short channel transistor having a substantially lower resistance than
transistor 302. Therefore, once capacitor 304 charges to a voltage that is above the trip point of inverter 303,

that inverter would turn transistor 301 on, which would, in.turn, electrically couple the positive plate of

capacitor 304 to the power supply terminal via transistor 301. Since transistor 301, for this embodiment,
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Thereforeé”pase},c;is 5 wdabo &ﬁ%ﬁg al ternative enbodi nent RC-timers
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-t he i nverttd dpv cwtéﬂl%émceé@ééna{fﬁc[%hs{ncdQﬂm@tm it ¢dulg nftaffetsbd mgpatoncerns i s
i || ust r atepehtibioffichan 18, t hough the invention of course is not limted to
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RC-tiper conprises, .1n ad to trans capacitor 304,
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channel gr §| Etth haaV'anlﬁ‘ dubstan i.al é ower resistance t t ransi st or
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. Whi ¢ R5 WOtk elyredt Bmtiodimant oflp6Gdr subitpdidmy, vihRhSint 20 rdpRsthtt l'hé’ﬁmlfﬂh@ﬁr@su@ffor capaci t or

304 to t gnggmn o | ¥ si st i stor 301,
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‘ 30 (420) may produce desirable current versus time characteristics. in this regard, embodiments in accordance
with the invention may draw nearly one order of magnitude fess current than current embodiments, as is
desirable, '
FIG. 5 illustrates an embodiment of a voltage-tolerant power supply clamp in accordance with the
invention. Here, an embodiment of an R~C~limer' in accordance with the invention, such as 300, is employed
35  for the first stage RC-timer. This RC-timer comprises transistors 545 and 557, capacitor 550 and the inverter
comprising transistors 535 and 540 and would operate in a substantially similar manner as was described
with respect to the embodiments illustrated in FIG. 3. In this regard, compensating for gate oxide leakage in

accordance with the invention may reduce the cffects of linear mode operation and amplification, as were
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. Situation, current through inverter 303 may, therefore, be reducz(czljI %g,_q; gﬂw{
therefore, any anplification of drat current by circuitry coupl t

an RC-tinmer would al so be reduced. 5 An embodi nent of a power supply clanp,
307, in wowenskance with the invention is also illustrat eﬂc ’Hgﬂl I%(/% 3. This
power supply clanp enploys an RC-tinmer in accordance wt T (' éntlon,
such as 300. For this particular enbodinent, the RC-timer conprises

t r ansi st oPsviggpdisenged3 Jiese redapd effectomay 30 Qrp, atlovdeutrdresinkinp deeitds 610 BOTPLILS| NQ
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enbodi nemtrsntgan quitent arbdé@mentssas Walssirghtee for aiisdmpodithcsis, uis:Sebstanvia tdiffee@sipect to future
advanced rciﬁ&m&mkﬂlwﬂﬁnﬂﬁgﬁslaﬁt ;QGchJp?Q @!éﬁﬁ& OFIF;BE':@ Rhoh- \'Jlggc-%!c;laQL in this
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such ci reuits. ?r&o[@) rend i 410 with trend |ine 420 denonstrates
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Such /O cnrcmtry would typically be coupled to power supply clamp 720 via a power supply
terminal, such as 710. Though the invention is of course not limited in scope in this respect, in such an IC,
O circuitry 730 may then be further coupled to internal circuitry 740. Such internal circuitry, for example,
35  may comprise a microprocessor, an SRAM array, 2 micro-controller or any number of other circuit
embodiments that may exist. Such circuit embodiments are given by way of example and the invention is,

of course, not limited in scope to use with these, or any particular types of circuits.



_conprising transistors 535 and 540 and woul d operate in a substai!ntliBl‘-[:ylzmmt
simlar manner as was described wth respect to the enbodi nents
illustrated in FIG 3. In this regard, conpensating for gate oxide | eakage
in accopdpgssss;W th the invention may reduce the effesmf g& Ilnear node
operation and anpllflcatlon as were 5 2 1 DEC, 2-004 BYrENsE %2

PCT/ USOL/ 17262 previously di scussed. These reduced effects may, in turn,

al | ow current swirkéeAgn HawEsGESe invkQn lﬁmj)esrhllﬁstrﬁtgj Q@descﬁb&t‘liéré?ﬂ ﬁ)myl y turned Of f
such that r]:n ?‘Yah?rg s&%tut%nsfc %r%estar?fecqtré%{aqsa»gll 909: occur to t(gosF]sq\fllﬁcgfllh Fri L,nWhi ch such a

power  supp d<trates a
conpar i sorf °6’If°"’c i°rb?;'t'j‘id‘tr5“§f’ H‘El‘l "ESPHPFJ'HCdr"ég‘H P 3‘“’1"’6? to ’é’ﬁcr é'hﬁémqﬁf@mmr@fnda 5

vol t age- t chageamtialpomii the Sugspitinof Bd i@avegion.n accor dance with the invention versus
a curregnt enbodi nent of a voltage-tolerant power supply clanp. This graph
conprises | eakage current versus tinme data for these enbodi nents, which
are substantially simlar to those illustrated in FIG 5 and FIG_ 2,
respectively. The data was obtained assum ng gate oxide | eakage in both
enbodi ments on the order as was previously discussed with respect to
future advanced sem conductor manufacturing processes. Trend lint 610 in
this 10 graph represent the sinmulation results for the current enbodi nent
of a voltage-tol erant power supply clanp, while trend Iine 620 represents
the sinulation results for the enbodi nent of a voltage-tol erant power
supply clanp in accordance with the invention. As may be seen fromFI G 6,
gate oxi de | eakage characteristics of future sem conductor processes nay
adversely affect the perfornmance of such power supply clanmp circuits, such
as has been previously discussed. Conparing trend line 610 with trend l'ine
620 denonstrates that 15 current enbodi ments (610) may draw substantially
nore current than is desired, while enbodinents in accordance with the

i nvention (620) nmay produce desirable current versus tine characteristics.
In this regard, enbodinents in accordance with the invention may draw
nearly four orders of magnitude |less current than current enbodi nents, as
is desirable. For such enbodi nents, the substantial difference in relative
current characteristics for voltage-tol erant power supply clanps as opposed
to non-voltage-tol erant 20 power supply clanps may be due, at )cast in
part, to the larger device at the top of the stack (210 as conpared to
120). Also, the additional drive stages of such a voltage-tol erant power
supply clanp contribute to such current characteristics. Therefore,

enpl oyi ng enbodi nents in accordance with the invention nay be even nore
advantageous in this regard. FIG 7 illustrates an enbodi nent ofan IC in
accordance with the invention. For this particular 25 enbodi nent, though
the invention is not limted in scope in this respect, an ESD protection
circuit scheme may be enbodied on such an IC. This ESD protection circuit
schenme may conprise a power supply clanp,



720, including an RG-timer in accordance with the invention. Suc ‘@WKE§QBW*
protection circuit scheme may further conprise Input / Qutput (E/D)
circuitry, 730, specifically adapted to reduce the effects of such ESD
events. Such ESD protection circuits are well known in the art. Though the
invention is, of course, not 30 limted in scope in this respect, an
exanpl e of one such ESD protection circuit is schematically illustrated in
bl ock 760 of FIG 7, Such 110 circuitry would typically be coupled to power
supply clanp 720 via a power supply termnal, such as 710. Though the
invention is of course not limted #n scope in this respect, in such an IC,
/O cir %&%E m%g%_nay then be further coupled to internal circuitry 740.
Such internal circuitry, for exanple, 35 may conprise a m croprocessor, an
SRAM array, a mcro-controller or any nunber of other circuit enbodi nents
t hat maya encuStompBbiad) circuit enbodi ments are given by way of exanple and

the invention |S.. . N Lm i : ] t hese, or
any pariTeosge fheiRETRE wgfen R BraEBas TR, | N
cert ai garagiter (R%8%s2af t he i nvention have been illustrated and described

her ei na prEaEhel tAAREEtH (B@M bt inve Y303} kbving B%ip rolharyeisd Birdid &puimeal ents wi | |
now oc , il [ 4 1S : under st ood
hat ¢ Rhergh Sab R oBHiahaid oleBibdif ol sd copnor & DROES by R ™ and
change§2iéB-channe! tApsisiar s terned any Weereips3iq p-channe! Hansisipy sy nesten Y39 what i s

cl ai meghvéergsr if $aid fapatitoCihatgeSREPLitaRe Gt is gretilr6than sakbneaEadit poine ti mer
(RC-tirner), wherein said RC-tiner conprises a resistor (302) and a
capacitor (304), and a p-channel transistor (301) and an inverter (303)
havi ng2alhercirgitehsiain 1dwihel comprgnosasiampeiepit saupled withgidiGtineli d p- channel
transistor electrically couples said capacitor to a power supply term nal

L f S%dﬂn@'cf?&ﬂ?f‘&éimg,ﬂg%?%r?é gcgnfeia&pw k%R 2 YREFBEMinALE el nel

transistor Is turne by, I Aaverter 1f sald capacitor charges to a
vol t ag&ouPledtduring gyyelegirestatic fischatas;(S0) py vigrsel clefP 5" Mi nt 2. The Circuit O
Claim1 further conprising: a clanp circuit Coupled with said RCGtiner. |

The ci §otelir@ft ofdidih ) WherdEhcRiidh i BB p P B bifrch&fidkingabvi@nd a ground
termnal are electrically coupled, during an electrostatic discharge (ESD)

event, via said clanp circuit. 4. The circuit of claim3, wherein said

cl anp &ithe wirduit obaigim U swierein widrqueernt sigkinkdeavige demprises. a behafirgbtrayisisioui t of cl aim
4, wherein said current sinking device conprises a p-channel transistor. 6.
The circuit. of cl cui t

| ai wherein the RC-tj .and sai d '
conpr i B il afpd et e RCdmectna i bl baihare ARERRRER | cast 1 n

part, orstagas supplyitarmigel besedsatiledstirpari, pmpaid voltage on said terminal.

7. A method of timing electrical events comprising:

charging a resistive-capacitor timer (RC-timer);

sensing a voltage on a terminal, wherein said terminal is coupled to a positive plate included in
said RC-timer;

electrically coupling, via low resistance, said positive plate to a power supply terminal based, at
least in part, on said voltage on said terminal; and

triggering a clamping circuit in response to an electrostatic discharge.

8. The method of claim 7, further comprising:
shunting current resulting, at least in part, from said ESD event between a power supply terminal

and a ground terminal.

9. An integrated circuit (IC) comprising:
an electrostatic discharge (ESD) protection circuit, wherein said ESD protection circuit comprises:



7, A nethod of tining electrical events comprising: charging a3 1 DEC 2004
resistive-capacitor tinmer (RC-tinmer)-, sensing a voltage on a term nal,
wherein said termnal is Coupled to a positive plate included in said
RC-tinmer; electrically coupling, via |low resistance, said positive plate to
a power Supply term nal based, at least in part, on said voltage on said
termnal; and triggering a clanping circuit in response to an electrostatic
di scharge. 8. The method of claim7, further conprising: shunting current
resulting, at least in part, from sal d ESID event between a power supply
terminal and a ground termnal. 9.%An integrated circuit (1C) conprising:
an el ectrostatic discharge (ESI D) pr otection circuit, wherein said ESD
protection circuit conprises; power supply claqp including a

RC-t | m@Powakienli dempncdpe aiCriiser. d@ﬁﬁfﬂ.%@&ca“r?eéﬁ?f%&fﬁ?s HRYS'Y ad8paci t or,

wher ei Bapégitof] whaRRGhit @&paciinpsmSiess @padilE dndaeegatice glateiegdt | ve pl ate; and a
transi %ttrglqs’lstom ?e'inrgaﬁﬁla% {l(gr%gédle%tsgﬁ stﬂHQ%)ﬁt% ﬁ?dl@caPQ&b:ttb¥$0\pér§Ep?plﬂf sai d

capaci tor power to coqrﬂoensa eakage current through
sai d cé?p’&t“P?QﬁPtefo.[G 'ea'FW@CI”@rthh’%'P%F P24t t her conprising: internal
circuitry and input/output (1/0O circuitry, coupled such that said power

suppl y1gITﬂgrR3 (ﬂ@glm§‘ﬂrﬂerjt!09 Gdirlo CUI try have the capability to shunt current
resul ting | 'east m an ESD event nLasal d,internal
[

G T ou Prayia it ey ) Y. SYRBAGHET (Aol POvet HAsD:
M Cr opeatks sicnitry hdve tehmpak@itydb sicinbeumed resnttieg, ef Ieass nipdrt. fomen ESOEpery ¢l anp

conpri ges+ mcéérdr"q&;]a]%h&ﬁ,gng device coupled so as to electrically couple a
power supply termnal and a ground terminal during an ESD event. 13. The

| C of claim12, wherein said current sinking device conprises a p-channel
transi $t.Ghe ICMplaﬂfh‘eJ, wireih s@idl W qompBses aivesretiroves@i-d cl anpi ng devi ce conpri ses
a plurality of stacked p-channel transistors.

12, The IC of claim 9, wherein said power supply clamp comprises a current sinking device
coupled so as to electrically couple a power supply terminal and a ground terminal during an ESD

event.
13. The IC of claim 12, wherein said current sinking device comprises a p-channel transistor.

14. The IC of claim 13, wherein said clamping device comprises a plurality of stacked p-channel

transistors.



