ANTENNA DIODES WITH ELECTRICAL OVERSTRESS (EOS)

PROTECTION FIELD OF THE INVENTION [0001] The present invention
relates generally to integrated circuits (ICs), and more particularly to antenna
diodes. BACKGROUND OF THE INVENTION [0002] During some
semiconductor manufacturing processes, electrical charge can be stored on
NRPENN AFOI GRFB VeI TH BB PEERECAL DY PRSIRESSNE 6S) FROBETIIION
an ion discharge chamber and accelerated by an electric field. These ions

collect on the wafer surfacBIRICDUDTUEIBINN,HBIT@®ample, circuit elements
on the substrate such as p-type and n-type doped well. The statically stored
[0001Fhargadrptbetelisceivnlidnaaiehe aisginacg entegiertiallycdamagi)gattibmore particularly
devices. Antenna diodes are used to dissipate the charge stored in the wells
to antdénavdiisieamaging the devices. The stored charge is dissipated to, for
example, the substrate. [0003] Figs. la-b show one implementation of a
conventional n-well amaeGRa@ENIOM FREH INY ENAIGON, a p-type
substrate 101 having an n-well 110 is shown. A first terminal 120 is coupled
[000210 th®uringlboisingeamireauilyidopadutaype tiffusiensesegidertidal ahaegotsh be stored on
terminal 125 is coupled to the substrate using a heavily doped p-type
the wafdfugionesegipie1 bridh pliissiaterching] isacouplenstora gigdrpedantial {englischarge
VDD) while the second terminal is coupled to a low potential (e.g., ground).
chambirdindactéRistedupled detwiedicitie Tistanothsecihad tarthinalgendthifilve, accumulating
anode being coupled to the second terminal and the cathode being coupled
in, fortexthapiestienuitinkinéhe diodle ddBtaansbehreapzegdyndar-axardptedfariinghe
a heavily doped p-type diffusion region 142 in the n-well and coupling it to
staticalihe ssecdndiegminahd 25s)1asshodimicFiglisbh 4060 ppatiplbddbetrgeentthedevices.
first and second terminals is an over-voltage protection circuit 130. The
Antenoyeiodel{age protectidnipreuihsehves tacauppnats &6 tsuchidsiatectiosthticlevices.
discharge (ESD)
The stored charge is dissipated to, for example, the substrate.

[0003] Figs. 1a-b show one implementation of a conventional n-well antenna diode 100.
Referring to Fig. 1a, a p-type substrate 101 having an n-well 110 is shown. A first terminal 120 is
coupled to the n-well using a heavily doped n-type diffusion region 115; a second terminal 125 is
coupled to the substrate using a heavily doped p-type diffusion region 105. The first terminal is
coupled to a high potential (e.g., Vpp) while the second terminal is coupled to a low potential (e.g.,
ground). A diode 140 is coupled between the first and second terminals, with the anode being
coupled to the second terminal and the cathode being coupled to the first terminal. The diode 140
can be realized by, for example, forming a heavily doped p-type diffusion region 142 in the n-well
and coupling it to the second terminal 125, as shown in Fig. 1b.

[0004] Coupled between the first and second terminals is an over-voltage protection circuit 130.

The over-voltage protection circuit serves to suppress EOS, such as electrostatic discharge (ESD)



1 from damaging the IC. Fig. Ic shows an ESD current path 151. In normal
operation, the second terminal is at a lower potential than the first terminal.
However, during an EOS event, a spike (e.g., overstress voltage) at the
second terminal causes it to have a higher potential than the first terminal.
This causes the ESD current to flow from the second terminal to the first

from defimiag tAeolghithe nvsioweliagespretaetianpeircst [AQkkhAEJpMantanthe second
relates to improved antenna diodes for dissipating statically stored charges

terminfll iC8t SIIMMPHRMQUF thiEARMENEHANI00Q6]vEhe: ieseptinPeIsieverelatesike (e.g.,
to antenna diodes for discharging static charges accumulated, for example,

overstEHsiNGIpIQORAS IYsctbeduesanilioyeniiantoaaacaan pliedpa cniy type dhelGrarterminal.
device. In one aspect of the invention, it relates to an IC. In another aspect of

This ctheduenieD, durfelatesiiovafiavitks tocyaiiasether aspectiad thenitvantiesudh the over-
relates to a circuit. The IC, semiconductor device or circuit comprises an
voltagapienaaidiogecgircuit path having first and second junctions, the first junction
is coupled to a circuit or device element and the second junction is coupled
[0005]0 a JuesiiatariviherRBstheidipas eratitpatiipaeyidasdasaphntgrsdigsipbiiigred charges
statically stored charges in the circuit or device element accumulated during
in ICsprocessing to the substrate. An antenna diode disposed in the diode circuit
path wherein the antenna diode is configured in reverse bias between the
circuit or device elemens aiMNARSYT @E. AT NS/ BMTECINdN circuit is disposed
in the diode circuit path in series with the antenna diode to reduce EOS
[0006 EurreTiidlpwiegtthratigioihel sy en natclioa diodesifop dibc QM kadnotheses
aspect of the invention, a method of designing a device is disclosed. The
accummlatbdde@ompipés puoivigimgdasaineVvifkegessgnt andiodcicanibpapplivalingny type of
first and second
IC or device. In one aspect of the invention, it relates to an IC. In another aspect of the invention, it

relates to a device. In yet another aspect of the invention, it relates to a circuit. The IC,
semiconductor device or circuit comprises an antenna diode circuit path having first and second
junctions, the first junction is coupled to a circuit or device element and the second junction is
coupled to a substrate, wherein the diode circuit path provides a path for dissipating statically stored
charges in the circuit or device element accumulated during processing to the substrate. An antenna
diode disposed in the diode circuit path wherein the antenna diode is configured in reverse bias
between the circuit or device element and substrate. A diode protection circuit is disposed in the
diode circuit path in series with the antenna diode to reduce EOS current flowing through the
antenna diode circuit path.

[0007] In another aspect of the invention, a method of designing a device is disclosed. The
method comprises providing in a device design a diode circuit path having first and second

junctions. The first junction is coupled to a device element and the second junction is coupled to a



junctions. The first junction is coupled to a device element and the second

junction is coupled to a 2 region on a substrate, wherein the diode circuit path

provides a path for dissipating statically stored charges in the device element

accumulated during processing to form the device. An antenna diode

disposed in the diode circuit path is provided wherein the antenna diode is
regionCONHGURRH R RISt hirsdibatvecnithaweyicd Rlemenh e disi pegiRn@adiey stored

substrate. A diode protection circuit disposed in the diode circuit path is

chargddrpvileddnisetemuithéoenamesnadiagdeitocesduscaHOmane aanilewirg antenna diode
through the antenna diode circuit path during normal operation of the device.

dispod@iDRShindred anietharpagpacholiiedmentionha meiheddodeaductifipatatién reverse bias
discharge damage is disclosed. The method comprises providing a substrate

betwedvitth@ddvicttetareaiind thanégivicodiadesish stearved idiaddipgeciioditpailt disposed in
between the first and second junctions, wherein the first junction is coupled

the didadbaaifcpilieie pevid@idihersaceit jHoatiahit divdded ialtite BASStiaieoflowing
provide a path to discharge static charge accumulated on the circuit element

throughutis greaaestinig. Adclgaphdnéutiodroprategitpmioiaitis peoideled in the
diode circuit path in series with the antenna diode to reduce EOS current
[0008Tlowiing brangihdhespéedefatic wivpation (0P8I hDdefse @ddoilyaralejdbishalgndgamage is
with advantages and features of the present invention herein disclosed, will
disclobelrdihe apparébihpolsghpiefdaEnga tatbeatoloittingctdestrgdtinanand thentenna diode is
accompanying drawings. Furthermore, it is to be understood that the features
formedfithedvadiotisc e miaoidiraentsrddsdiie anldekeiond rematamy twabyeaxdiadive andtion is
can exist in various combinations and permutations. BRIEF DESCRIPTION
couplddfothtec DEA\AIENGS [nd16¢ kedbeddrawingsis|dw@ipéie tenbe altaractexsprovide a path to
generally refer to the same parts throughout the different views. Also, the
dischatgawtings chire geatacecedsardlpiatecalepgriphasisdns teao gensirally Adicagt one diode
protection circuit is provided in the diode circuit path in series with the antenna diode to reduce EOS
current flowing through the diode circuit path.
[0009] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations and
permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010] In the drawings, like reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis instead generally being

placed upon illustrating the principles of the invention. Various embodiments of the present

invention are described with reference to the following drawings, in which:



placed upon illustrating the principles of the invention. Various embodiments
of the present invention are described with reference to the following
drawings, in which: 3 [0011] Figs. la-c show a conventional antenna diode;
[0012] Figs. 2a-c show antenna diode circuits in accordance with different
embodiments of the invention; [0013] Figs. 3a-b show implementations of

[0011 pntemias diadeshisauitoiivateaigdantenvwitbivasious embodiments of the
invention; [0014] Figs. 4a-d show diode circuit path in accordance with

[0012VarioBig € Mhedinoanisehtaeli saeantaints[H0d&bRigacSaensdieferbioekibodiments of the
diagrams of antenna diode circuits in accordance with another embodiment
invent@ithe invention; [0016] Figs. 6a-b show implementations of antenna diode
circuits in accordance with various embodiments of the invention; and [0017]

[0013Figs FigslBahovhswplapientatiamsneofinteana diode cirauiis im accordiareawvitiarious
alternative embodiments of the invention. DETAILED DESCRIPTION OF
embodiEntNMENTIKIBL{RM1 8] The present invention relates to integrated circuits
(ICs). More particularly, the invention relates to antenna diodes for

[0014PisclEpging-staticw asge siaadu padiaie ae Jordaampie dhtitng enafediments of the
processing such as plasma etching. [0019] Fig. 2a shows a block diagram of
inventégdhantenna diode circuit 200 in accordance with one embodiment of the
invention. The antenna diode circuit can be used in any type of
[0015emiEgndtistoshdevidedhrdiGgfaarsexamiple) didedatgrndtdiodeccirdaitearithanother
incorporated into memory ICs,
embodiment of the invention;
[0016] Figs. 6a-b show implementations of antenna diode circuits in accordance with various
embodiments of the invention; and
[0017] Figs. 7a-b show implementations of antenna diode circuits in accordance with alternative
embodiments of the invention.
DETAILED DESCRIPTION OF THE INVENTION
[0018] The present invention relates to integrated circuits (ICs). More particularly, the
invention relates to antenna diodes for discharging static charges accumulated, for example, during
wafer processing such as plasma etching.
[0019] Fig. 2a shows a block diagram of an antenna diode circuit 200 in accordance with one
embodiment of the invention. The antenna diode circuit can be used in any type of semiconductor
device or IC. For example, the antenna diode circuit can be incorporated into memory ICs,
processors, analog ICs, mixed signal ICs, or microelectromechanical systems (MEMS). Other types

of semiconductor devices or ICs are also useful. The antenna diode circuit comprises first and

second junctions 252 and 253 forming a diode circuit path 228. One of the junctions is coupled to a



processors, analog ICs, mixed signal ICs, or microelectromechanical systems
(MEMS). Other types of semiconductor devices or ICs are also useful. The
antenna diode circuit comprises first and second junctions 252 and 253
forming a diode circuit path 228. One of the junctions is coupled to a 4 first
region 205 on a substrate 101 on which the IC is formed. The substrate, for

first re@XGMTUE BOMAHSEStcA 6EBUCHRRMAY RUDSthie-gUdhasbilicar, elapes comprises
of substrates are also useful. In one embodiment, the substrate comprises a

a semii@ntydopatsuhstiata withidopamshef & peconsupiatity afypgsdn@ng. In one
embodiment, the first region comprises a doped region on the lightly doped

embodidhsirate; sbeitr0f whighisee Ofi fhel pacped faokarity typa.dbhentdREn]sneidpiarity
coupled to a circuit element. In one embodiment, the circuit element

type. COBHY isaBIGapRdNealiral@divtheosisisatedopatliighicn oatii IRMMPAopEd Mibstrate,
formed. The doped well, in one embodiment, comprises dopants of a first

both opelarily atgps.throviding fatheit {)ipps. of lnirotlit ejeneaisisstitipi@d airguicuit element. In
components, is also useful. In an alternative embodiment, the first region on

one eriiv@diusirate: carwongiiset adirgirdbepadvyel ofcdl 2¢0andhelbkitiatyp@ which a circuit
disposed in a second doped well of a first polarity type, with the second

compdéirped fethabriing dpddnelaimples thebodauitne)emaptisthegpapscivetisstpolarity
example, are disposed on a substrate of a second polarity type, forming a

type. tHpleidiali odrdigypation c{RO20]1dinenfis styadlakityifyyiecompoecambiedikienieful. In an
comprises n-type and the second polarity type comprises p-type. For

alternakaneplbodimenteleciirsthe foanmedtie aulightlye dapedmpiypeasfibsitape dwalpef a second
well can be disposed within an n-well on a p-type substrate (e.g., triple well

polarigotyiguliapiosed iAldermatidelyptiexfiidtob al firity e anpyi sgse pwythaldopaois dogded well

the second polarity comprises n-type dopants. Other configurations of doped
serving/edl(§)randaphstiate{s)uarelalsenus@hd . dORR e fostendpeconditpstidns a

are coupled to the substrate via, for example, first and second substrate
substriggofralecd0d poldriz By dolinsingLibsirdtewtelimindlgsradapled to the circuit
[0020] The first polarity type, in one embodiment, comprises n-type and the second polarity type
comprises p-type. For example, an n-well can be formed in a lightly doped p-type substrate or a p-
well can be disposed within an n-well on a p-type substrate (e.g., triple well configuration).
Alternatively, the first polarity comprises p-type dopants and the second polarity comprises n-type
dopants. Other configurations of doped well(s) and substrate(s) are also useful.
[0021] The first and second junctions are coupled to the substrate via, for example, first and
second substrate terminals 207 and 208. The first substrate terminal is coupled to the circuit
element. In one embodiment, the first substrate terminal is coupled to the doped well by a heavily

doped region 215 of the first polarity type and the second substrate terminal is coupled to the

substrate by a heavily doped region 205 of the second polarity type. During wafer processing, the



element. In one embodiment, the first substrate terminal is coupled to the

doped well by a heavily doped region 215 of the first polarity type and the

second substrate terminal is coupled to the substrate by a heavily doped

region 205 of the second polarity type. During wafer processing, the 5

substrate is coupled to ground. Static charge stored in the circuit element
substrffe’ pHapRSSIDGANDESdissigated thsaipin the diedr elsathpathipibessing can be

substrate, avoiding potential damage to the IC. [0022] First and second
dissipgiauiirtareninaleidde anchiihdre pieidetald)avush i pdttigrninahise to the IC.

coupled to the circuit element and the second circuit terminal 225 is coupled
[0022]0 therstdbati@techar caxsamplenthadizgtcincuintenneipad videauatre fiesthercilictdminal is

element via the first substrate terminal and the second circuit terminal is
couplebuplesdeciie selpstredavibdbecsa¢endstisinaial te2sinabuphel fissthebigbitrate. For

terminal can be coupled to a first potential and the second terminal can be

examploupletiio dragcanthipataniialipronetenbedingatdheViishpoigotiabstrate terminal and
comprises a higher potential than the second potential. The first potential
the se@afil kécior exaimples adiisiepowgicraibsuate as Holbcaondtbebseconapuigntibhe first
can be a second power rail such as ground (VGND). Alternatively, the first
circuitpeteritial caameooupiizbta ddiverfootatitibhidahdbecsad anthpeieniiobe Doisptanto a
be useful for applications in which the first polarity comprises p-type and the
secondeoandigolaribneempoitias:ntiyipefiksopexaniyleontbe decsi tepindnabisaauplad the
to a p-well 210 while the second terminal is coupled to an n-type substrate
second pate@iiher Thafigurpbiens dftirsbarfdrsecondderfiinap®are aldcwseisVIQOAR] the
An over-voltage protection circuit 230 is coupled to the first and second circuit
secondgrondnéitd.can boe sxabhabponeat riilesoste ry/gitagd pyeigotionl circatitv2B0) tilse first potential
coupled to the first junction and the first supply terminal via a third junction
can codipghjJomiorngeapfinshautthbipdit 2238nd hetavweértvdlibageampbetesttohfoirapjilications in
comprises, for example, an electrostatic discharge (ESD) clamp circuit.
whichVWarificss podavigntongtli £S5 P-glpenmd iouitscoad d anggaomipei sasar-ygitadéor example,
protection circuit shunts EOS/ESD
the first terminal is coupled to a p-well 210 while the second terminal is coupled to an n-type

substrate 101. Other configurations of first and second terminals are also useful.

[0023] An over-voltage protection circuit 230 is coupled to the first and second circuit terminals.
In one embodiment, the over-voltage protection circuit 230 is coupled to the first junction and the
first supply terminal via a third junction 254, forming a first circuit path 223. The over-voltage
protection circuit comprises, for example, an electrostatic discharge (ESD) clamp circuit. Various
conventional ESD clamp circuits can be used. The over-voltage protection circuit shunts EOS/ESD
current during an EOS/ESD event to prevent current from flowing through other elements that are
connected between terminals 220 and 225 which can include, for example, diode circuit path 228 or

well 210.



current during an EOS/ESD event to prevent current from flowing through
other elements that are connected between terminals 220 and 225 which
can include, for example, diode circuit path 228 or well 210. 6 [0024] In one
embodiment, an antenna diode 240 is provided in the diode circuit path 228
between the first and second junctions. The antenna diode 240 having first

[0024pNnd seepB@alinsdEniaiminalsteddadib el an s diade tHedexd@epiaiit path 228
comprises a PNjunction. Other types of diodes are also useful. The antenna

betweehadle figontigittendijuemasas bias shehithaidbhe Tiodaaiiguitpaiidisecond diode
non-conductive (e.g., isolating the well from the substrate) during normal IC

termir@Re2ation. Howaremnddibd: PIacessiidesucmpisspias MR riighiog. Wik iSpes of diodes
performed at elevated temperatures, the antenna diode is conductive. This

are aldorovefiels aaihibetiwearléhe svali anddslbsivate: foiadissipatingsiadiicddlyircuit path is
stored charge accumulated in the well to the substrate. [0025] For

non-c@plitaiéarsziNivdtcin ghiefiwail phlatithéSsabytprcddihg seeondQelpeitisn. However,
p-type, the first circuit terminal is coupled to a higher voltage potential than

duringpeosecong stichuit {gngiinadtdhione hichbogirfenteihet filst siedutingeninatis the antenna
coupled to a more or the most positive potential and the second circuit

diode tewuidakisveoupischiojdes agpah dé¢nocenhthealaatinagsiive pateniglatnar statically
example, the first circuit terminal is coupled to VDD and the second circuit

storedteliniad dsucoulpted i WEMD-tOthe s wanfigeirations of first and second circuit
terminals are also useful. The antenna diode is configured such that the

[0025Fathdte dppiitnabis cowdlrd thdifieswved miaytherfitgp¢unctitr sswtdealaodeis p-type, the
terminal is coupled to the substrate via the second junction, as shown in Fig.

first ci2tuife2binAltsroaiplety/tdra thighease aae neothetfitshpokhritye o pdtyppevandrthal. In one
second polarity is n- type, the first circuit terminal is coupled to a lower

embodialtagetipofastialk thandme sdderdugiteditote mmwnabr theanesepiBadimpottittid and the
first circuit terminal is coupled to ground or a more or the most negative

second circuit terminal is coupled to ground or a more or the most negative potential. For example,

the first circuit terminal is coupled to Vpp and the second circuit terminal is coupled to Vgnp.

Other configurations of first and second circuit terminals are also useful. The antenna diode is
configured such that the cathode terminal is coupled to the well via the first junction and the anode
terminal is coupled to the substrate via the second junction, as shown in Fig. 2b.

[0026] Alternatively, in the case where the first polarity is p-type and the second polarity is n-
type, the first circuit terminal is coupled to a lower voltage potential than the second circuit terminal.
In one embodiment, the first circuit terminal is coupled to ground or a more or the most negative
potential and the second circuit terminal is coupled to a more or the most positive potential. For
example, the first circuit terminal is coupled to Vgnp and the second circuit terminal is coupled to

Vpp. The antenna diode is configured such that the anode terminal is coupled to a p-well 215 via



potential and the second circuit terminal is coupled to a more or the most
positive potential. For example, the first circuit terminal is coupled to VGND
and the second circuit terminal is coupled to VDD. The antenna diode is
configured such that the anode terminal is coupled to a p-well 215 via 7 the
first junction and the cathode terminal is coupled to an n-substrate 101 via

the firdpguaecondjunkéionthctfe $HOWRAINFigued Q027 h EPhteatere0l, Jar exarudied function,
negative ESD zap, flows from a high to low potential. In the case of the

as sho@ppiicBiionshown in Fig. 2b, ESD current flows from the second circuit
terminal to the first circuit terminal. Alternatively, ESD current would flow

[0027 from s fuistrta o seconsl €ircuip Aevelrsid faip hoapalicatio Righaw v i fdgential. In the
2c. However, we have discovered that a secondary ESD current path exists

case ofhteugplicetdiodrosiicitfab@Sampda: bws filvenatie syairbe piotestional to the
circuit fails to switch on fast enough. Since the diode is typically small, it can

first cieasilydp@idastrayechifii ety B Dauiient passiPorrtrughtis silicicmiysdangd, circuit
resulting in a short between the terminals which would render the IC

termirdefective afplizafitn siecordancg \1ith Hoeevehoimend diktoedradmion sadondary ESD
least one EOS blocking or protection circuit (diode protection circuit) 260 is

currenpfvidedsn geteghwit dnelaoieningpaibdie theptiodéairdidiopatholiagedipotection
protection circuit 260 comprises, for example, at least one EOS blocking or

circuitpizoie abiowiettroe fidsiosn@dihcirinoe inhecking theyiovuldf &£628, (@ gun ESDY be destroyed if
current through the diode circuit path. Providing a diode protection circuit

the ESMttuarg@iupaktyngf tkoGeprictadtinicelenaegi srisdlsoglinafyhd?r etevalely tliheéerminals
protection element or elements reduce or block the flow of EOS current

whichtivauld hetinde dibel € itefgittpath, for example, during IC operation while allowing
charge accumulated in the well to discharge to the substrate during

[0028 procés st riameerétinbadkndnidiinen @ Bipioteation, aldmmsntme &i@pridecking or
resistors, inductors, diodes or a combination thereof. Other types

protection circuit (diode protection circuit) 260 is provided in series with the antenna diode in the

diode circuit path. The diode protection circuit 260 comprises, for example, at least one EOS
blocking or protection element for reducing or blocking the flow of EOS (e.g., ESD) current through
the diode circuit path. Providing a diode protection circuit with a plurality of EOS protection
elements is also useful. Preferably, the protection element or elements reduce or block the flow of
EOS current through the diode circuit path, for example, during IC operation while allowing charge
accumulated in the well to discharge to the substrate during processing. In one embodiment, the
EOS protection elements comprise resistors, inductors, diodes or a combination thereof. Other types
of EOS protection elements for reducing or blocking EOS current flow are also useful. Preferably,
the diode protection circuit comprises at least a diode as an EOS protection element. The use of
different or combinations of EOS protection elements increases flexibility to allow designers to

optimize the diode protection circuit for different operating frequencies. The diode protection



of EOS protection elements for reducing or blocking EOS current flow are
also useful. Preferably, the diode protection circuit comprises at least a diode
as an EOS protection element. The use of different or combinations of EOS
protection elements increases flexibility to allow designers to optimize the
diode protection circuit for different operating frequencies. The diode

circuiff@testiesuBledreitiicean e teupirdeitherntaliRechist diogettermiapbrsrRtRNDther series
diode terminal or both. Other series configurations are also useful. Providing

configat€iast aneatiodecpiptagtioniGircaildasseredvilh phre anigrnadiaf e diesiieas the
potential damage caused by EOS. [0029] In one embodiment, the impedance

antennd afdhierdindespotanianisiapi (eugedtbiaE@ppedance of all the EOS
protection elements) is selected by the following equation: Vclamptriggered <
[0029K[(IEBdiieZdmbVaintdinded inipedandéciasiphiigigaestsideggecivaliagedo doin
on the over-voltage protection circuit k = real number constant IESD = EOS
impedatceent Al oD Bpodatcs atthendipiadcotedtigniairtalivwiaptediote =
forward voltage of antenna diode The value for "k" is greater than or equal to
1, preferably greater tham, 2, With tRik €oRsiderption,,;Jsiselected based on
known or defined values for Vciamptriggered, IESD and Vant-diode [0030]
whereFigs. 3a-b show implementations of the antenna diode circuit in accordance
with different embodiments of the invention. Referring to Fig. 3a, the antenna

divde, 240.is: ferniggkbyo jnagy iding1a dohe d cantadtagegiestdotihe dapad well.
The doped contact region 343 comprises dopants of the second polarity
tyipe, regposiibeiccthatanit the doped well. The doped contact region is
Iesp = EOS current
Z = total impedance of the diode protection circuit
Vant.diode = forward voltage of antenna diode
The value for “k” is greater than or equal to 1, preferably greater than 2. With this consideration, Z
is selected based on known or defined values for Vjamp-tigeereds Iesp and Vanediode-
[0030] Figs. 3a-b show implementations of the antenna diode circuit in accordance with
different embodiments of the invention. Referring to Fig. 3a, the antenna diode 240 is formed by
providing a doped contact region in the doped well. The doped contact region 343 comprises
dopants of the second polarity type, opposite to that of the doped well. The doped contact region is
coupled to the second circuit terminal. A diode protection circuit 360 is disposed between the doped
contact region and the second circuit terminal. In one embodiment, the diode protection circuit 360

comprises at least one EOS protection element which is coupled between junction 253 and the

doped contact region.



coupled to the second circuit terminal. A diode protection circuit 360 is
disposed between the doped contact region and the second circuit terminal.
In one embodiment, the diode protection circuit 360 comprises at least one
EOS protection element which is coupled between junction 253 and the
doped contact region. 9 [0031] Alternatively, as shown in Fig. 3b, a doped
[0031 Fontagiéagion-BA3JSiFavide i Bie asldpstiaishtddiedanesicontaeviaeiom the
comprises dopants of the first polarity type. The doped contact region is
substreRUPIed doibe dustact ealitde pinglisAs dioke Rrotert itseipolitido js diERO8eped contact
between the first circuit terminal and the doped contact region. At least one

regionEOS RE aicht eianariul eenpied heiweempioietion Zpdiarsboie dopedtd between the
contact region in accordance with one embodiment of the invention. Other

first creoufigafationsf tiodepedaidhiaatheinchdindeprotastioDTiami{sbardaisat is coupled
useful. [0032] Figs. 4a-b show diode circuit paths 228 in accordance with

betwedliffareibaerpiDdin endslopdt @ oinvenigionliheciotiaticcwitipatie nabudkman of the
antenna diode 240 and a diode protection circuit 260. The EOS protection

inventéd@meriafdheidiade prodé dicde ciicuit parhpridelalp pptectiam diocld coupteslso useful.
in series with the antenna diode. In one embodiment, a first terminal of the

[0032pntemigs dadesisovodjpled dvca fipathiedr8rial et theaptetadtiodi e dmios#ments of the
embodiment, the first terminals are of the same type, for example,

inventisio dEkOdartrda ronicpthb deciodeathoalec or dxdePle, s ahtwde ivrdtigtida,circuit 260.
the diode circuit comprises an anode terminal coupled to the second circuit

The E@$mioalcilirectatinde fterendnad oprine antetiraid adeps ses uplasidaiarcdibddeoupled in
terminal of the protection diode. Alternatively, an anode terminal of the

series antkninaatiedea sliodapbdoie: @maodidecteymiinat efrthieprofdetiontchoddj@k is coupled to
shown in Fig. 4b. Furthermore, it should be understood that the diode circuit

a first pathicahoindie geoadditiodalde OB @rotentiodilamentdjisuchamabsistoss the same type,
inductors or a combination thereof. The additional EOS protection elements

for examplbealoekted anmydehve reaihdiie tdioalh @irc uHop attaipi e xastplenhetiigesathibe diode

circuit comprises an anode terminal coupled to the second circuit terminal. The cathode terminal of
the antenna diode is coupled to a cathode terminal of the protection diode. Alternatively, an anode
terminal of the antenna diode is coupled to an anode terminal of the protection diode, as shown in
Fig. 4b. Furthermore, it should be understood that the diode circuit path can include additional EOS
protection elements, such as resistors, inductors or a combination thereof. The additional EOS
protection elements can be located anywhere in the diode circuit path, for example, between the
diodes, on either side of the diode pair, or a combination thereof. Other configurations of EOS
protection elements are also useful.

[0033] Fig. 4c shows yet another embodiment of the invention, whereby the diode protection
circuit comprises an EOS protection element which is a resistor coupled in series with the antenna

diode 240. While Fig. 4c shows a resistor, it should be understood that the EOS protection element
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diodes, on either side of the diode pair, or a combination thereof. Other
configurations of EOS protection elements are also useful. [0033] Fig. 4c
shows yet another embodiment of the invention, whereby the diode
protection circuit comprises an EOS protection element which is a resistor
coupled in series with the antenna diode 240. While Fig. 4c shows a resistor,

can bdtaghauidbe vodessioadrhatuhedd RiricetiBOSIproRotichkianehs aha combination
inductor, as shown in Fig. 4d. Other types of EOS protection elements or a

of EOSQ@nhirdatariahb@Sipretactiosriglements are also useful. [0034] Figs. 5a-c
show a block diagram of an antenna diode circuit 500 in accordance with

[0034 pnotiresseBibodiiment Bibthrediaventi o .ah hatanierieddiogentisnotiisourieettowith
a substrate 101. The substrate, for example, comprises a semiconductor

anoth&uhsbiatBrcbfadsilicent bh omacmbodinkode the substmigiabroprisestaate 101. The
substrate lightly doped with dopants of a second polarity. Other types of

substrabstraiesngie alsmpisefub Aefiisbmkit ot Qubspravided ik Hikeubdiiaige embodiment,
comprising a first polarity type. A second well 570 of the second polarity type

the suistpaevidathidthin sobstitat Weltlindoped embadipasntotheséitshP@laltiiity. Other types of
comprises n-type dopants while the second polarity comprises p-type

substratepard s qoraskfvingraflightiy it s pe ds piype slibsthatei havingcampriyipg kst polarity
with a p-type isolation well therein. Alternatively, the first polarity comprises

type. PrigeermdopantS7and the seoodgdatisityy peomnpriseded-tyige doeaiis. wiheln one
configurations of doped wells and substrates are also useful. [0035] In one

embodimbadihtefitst el arte nomplicderciypdtdopaipsisds] ittt seoadcpaladthisdmprises p-type
junctions 552 and 553a-b, forming first and second diode circuit paths

dopanb2 gevtiudimgnadiehlbyathipee; tipe findtistdiedeacinguihpathps didposedalpety@einolation

the first and second junctions and the second diode circuit path is disposed
well thixetive eAlthen fist Bnchthfic jpotirdyscohyer st prtypddogentiranit isecauplebipidarity

the substrate by first, second, and third substrate terminals 526 and 527a-b
compnisasheaxply dhpped .rédfiersconfigurations of doped wells and substrates are also useful.
[0035] In one embodiment, the antenna diode circuit comprises first, second and third junctions
552 and 553a-b, forming first and second diode circuit paths 528a-b. In one embodiment, the first
diode circuit path is disposed between the first and second junctions and the second diode circuit
path is disposed between the first and third junctions. The antenna diode circuit is coupled to the
substrate by first, second, and third substrate terminals 526 and 527a-b via heavily doped regions.
For example, the first substrate terminal is coupled to the first doped well by a heavily doped region
515 of the first polarity type; the second and third substrate terminals are respectively coupled to the
second doped well and substrate by, for example, heavily doped regions 525a-b of the second
polarity type. In one embodiment, the first substrate terminal is coupled to the first junction, the

second substrate terminal is coupled to the second junction and the third substrate terminal is

coupled to the third junction.
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For example, the first substrate terminal is coupled to the first doped well by a
heavily doped region 515 of the first polarity type; the second and third
substrate terminals are respectively coupled to the second doped well and
substrate by, for example, heavily doped regions 525a-b of the second
polarity type. In one embodiment, the first substrate terminal is coupled to the

[0036first jpisti@Bedhie asachird substalederRisabiscosplied odhesecandTHBELen second
and the third substrate terminal is coupled to the third junction. 11 [0036]

and thirtdSirse¢@sehands thisd @ipevilvieiminated20 hpdib2 ledaianieitesibsiate terminals

first, second and third circuit terminals are respectively coupled to the first,
at jun@eaaEhanddisisd sbbgthateitaimisaltnalsjurctinns<aad poed3appiied Nt ineuit
terminals are coupled to power supplies. In one embodiment, the first circuit

embodatiinahisfasuipieditacion exdmnpiepealidgedpamplesupplyapegioasr MPPly such as
while the second and third power supplies are coupled to grounds, such as

Vpp WA DieancodGMA 2hiQ fher acnipglicatioa s affemingtamas eatidns arg\aismd Vonp:.
useful. [0037] A first over-voltage protection circuit 530a is disposed in a first

Other cisafligipativSacchaingenihectitsisane decasetgircuit terminals (e.g.,
between junctions 554 and 553a). Similarly, a second over-voltage

[0037 proteationtcivewit SB&E isroispisedittua S8oandditauitpath Fzdkibaiweeath $i3a
first and third circuit terminals (e.g., between junctions 554 and 553b). [0038]
betwedntienfisstindes ddacibcaietpraimdBd éptheediede ginctibpaiiis..Ad 56GenSimilarly, a
diode, for example, comprises a PN junction. Other types of antenna diodes
secon@e alsoltsef phdtdrsioandrsecd30bdiodieperdinaissebadcaraip revide2B tobdhveeen the
antenna diode. In one embodiment, the first diode terminals are coupled to
first atldeHirdtgiroit oer wvinidés tieeos deowd et pde term iadaade §8bipled to respective
second and third junctions. In one embodiment, for example in the case
[0038ivheraAntemiixsti pddaidOcbrprisesidety petandithe secoingpbiariy eatepiisésde, for
p-type, the first terminal of the diode circuit
example, comprises a PN junction. Other types of antenna diodes are also useful. First and second
diode terminals 541a-b are provided for the antenna diode. In one embodiment, the first diode
terminals are coupled to the first junction while the second diode terminals are coupled to respective
second and third junctions. In one embodiment, for example in the case where the first polarity
comprises n-type and the second polarity comprises p-type, the first terminal of the diode circuit
comprises a cathode terminal and the second terminal comprises an anode terminal, as shown in Fig.
5b. Alternatively, the first terminal comprises the anode terminal and the second terminal comprises
the cathode terminal, as shown in Fig. 5c. In such case, the first polarity comprises p-type and the
second polarity comprises n-type. For example, an n-type doped well 570 is disposed within a p-

type doped well 510 formed in an n-type substrate 101. Other configurations of antenna diodes are

also useful.
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comprises a cathode terminal and the second terminal comprises an anode
terminal, as shown in Fig. 5b. Alternatively, the first terminal comprises the
anode terminal and the second terminal comprises the cathode terminal, as
shown in Fig. 5c¢. In such case, the first polarity comprises p-type and the
second polarity comprises n-type. For example, an n-type doped well 570 is

[0039 ispasedisihinc ity pecdanesimathbdPiferneshivanantéipeoss Reb@iebadstion circuit
Other configurations of antenna diodes are also useful. 12 [0039] In

560 isaEeoIaantGeswily anth enebedimentiofitne inyendtyciatdrasiionerdigelably, at least one
protection circuit 560 is provided in series with the antenna diode in the

diode piote whicvitqaths pRyratRibhkeatioashahe atliede gioteananadiretithisdiode circuit path.
provided in series with the antenna diode in each of the diode circuit path.

The dibde gliodetpiotectioncoirptitegmprsamer exaaplmat @sipieneibP8ement for
protection element for reducing or blocking the flow of EOS (e.g., ESD)

reducifdroe bl dbkonothéHeodi od € Cisc(ten S My cinge fo thexam e dasdEQ R wventh during, for
Providing a diode protection circuit with a plurality of EOS protection

exampemeABI: &0 UBefutiPyefdiatdyprikedaOiScproiesticngitirant of Besrisction
reduce or block the flow of EOS current through the diode circuit path during,
elemef®s BXAsOpIesfabrnradkECabpe nditdOSletalinnisigabarge desiemigi@ddrotitdock the
well during, for example, processing to discharge to the substrate. In one
flow ofROSdment: dne ke® thpritektidrcelepaenttidop poisexespdto rmyrinauiTasseration while
diodes or a combination thereof. Other types of EOS protection elements for
allowiradtlcing acdhlockingdEDGe svstiahirflayy fare edapiis givic B3safe tahlis clive gdiosl ehe
protection circuit comprises at least a diode as an EOS protection element.
substrdthe bhiode aratediiomcirbeEOsnpbetoiopl etk toceithemte fir st wikade, teiactoad, diodes or
second diode terminal or both. Other series configurations are also useful.
a comPirefévabhertoé nbteaypesafdi K mangeine nisnr il diffedecihgnrtebloaldigdeOS
circuit paths are the same. However, it is understood that the diode
currenpfbdectienisioouit firaPogpdenaniy jnhth di ddégrent diodeictduitqpaphisaseedeast a diode as an
EOS protection element. The diode protection circuit can be coupled to either the first diode
terminal, second diode terminal or both. Other series configurations are also useful. Preferably, the
protection circuit arrangements in the different antenna diode circuit paths are the same. However,
it is understood that the diode protection circuit arrangement in the different diode circuit paths need
not be the same. As described, the antenna diode circuit comprises first and second diode circuit
paths. Providing antenna diode circuits with other number of diode circuit paths are also useful.
[0040] Figs. 6a-b show implementations of antenna diode circuits in accordance with different
embodiments of the invention. The antenna diode circuit includes first and second over-voltage
protection circuits 530a-b, as described in Figs. 5a-c. The first and second diode paths include first

and second antenna diodes 540a-b. Referring to Fig. 6a, the first antenna diode 540a is formed by,

for example, a heavily doped region 627a on the second well. The heavily doped region comprises
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not be the same. As described, the antenna diode circuit comprises first and
second diode circuit paths. Providing antenna diode circuits with other
number of diode circuit paths are also useful. [0040] Figs. 6a-b show
implementations of antenna diode circuits in accordance with different
embodiments of the invention. The antenna diode circuit includes first and

the firs€s61adtO\@pvalipaRs Fataniion RNGuilsta0aih afe drsciépeehil Edgpldiasijunction
The first and second diode paths include first and second antenna diodes

552. BdOark. Redersiong:tadrigikaithedlist aprRareiede thd Pasisdiotmedhhaland junction
example, a heavily doped region 627a on the second well. The heavily doped

552. EgicBcoam@idses shadhalfiass oo laityily aepdanapisn EaMingvangN filscheRrity. The first
with the first terminal coupled to junction 552. The first diode protection

termir@¥ €toDpRiste pupledbsivedRd deotieshdiedede viroual S6ijLaatned bo@vcEhehe
second diode is provided by a heavily doped region 627b having a first
juncti@olaidtyhelhiehiiisd téeniar! I8 caeptablddiswiclior 5o pbheidiedenpriaacii@ype and the
circuit 560 is coupled between the junction and the cathode terminal. In one
secon@pidadimesihpitie {ifstypelakty o prigestistyfedzndrihimatcesng polasdy terminals.
comprises p-type, resulting in the first diode terminals being cathode
Alterntgiminaler pigrasiiviebpl dacypatype-finst palatidypandliy;typeftecodioddelanityals comprise

the first diode terminals comprise anode terminals. [0041] In another
anodeesniadiment, as shown in Fig. 6b, the first antenna diode 540a can be formed
by a first heavily doped region 627a in the first well. The first heavily doped
[0041Tegioin aamixisastibéinsatondshotaiiy Higeado gantssfamring adiBde jpteticimdfe formed
the diode with the second diode terminal coupled to junction 553a. The first
by a fidsoteapibteopod eighuit @50 ia daufitetviadiwEre fing hecahdddipeterdgimioanprises the
and junction 553a. A second heavily doped region 627b on the substrate
secondhpulagtihe pselopadtpdianitynis aldS protidedinkbdifidst wiop ek welbtal fdicdethegminal
second antenna diode 540b. The doped region is coupled to junction 553b.
coupledl digdecprotéSian Theltiitsd dibik pooelebbeiveaarb60 is coupled between the second diode
terminal and junction 553a. A second heavily doped region 627b on the substrate having the
second polarity is also provided in the first doped well to form the second antenna diode 540b. The
doped region is coupled to junction 553b. A diode protection circuit 560 is coupled between
junction 553b and the second terminal at the heavily doped region 627b.
[0042] In one embodiment, the first polarity type comprises n-type and second polarity type
comprises p-type. The first terminal of the diode comprises a cathode terminal and the second
terminal comprises an anode terminal. Alternatively, where the first polarity comprises p-type and
the second polarity comprises n-type, the first diode terminal is an anode terminal and the second
terminal is a cathode terminal. For the case where a diode protection circuit comprises a protection

diode, like diode terminals of the antenna diode and protection diode are coupled together, as

described in Figs. 4a-b.
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junction 553b and the second terminal at the heavily doped region 627b.
[0042] In one embodiment, the first polarity type comprises n-type and
second polarity type comprises p-type. The first terminal of the diode
comprises a cathode terminal and the second terminal comprises an anode
terminal. Alternatively, where the first polarity comprises p-type and the
[0043Fecon i goldily GRmprigasncfitpesithoffis siedmienviediisaniraecedaiteinath
and the second terminal is a cathode terminal. For the case where a diode
alternfAfG¢QEHBHAGHGH T OB IMRBSSHE @I Otekam flivsialiiendipaa ipiminalthetdhkRscribed in
antenna diode and protection diode are coupled together, as described in
Figs. Gagse 4.4 (D043 higtkect@bsho THpemgiaicnsiahihe aNED®pdiedeon
circuit in accordance with alternative embodiments of the invention. The
elemeti3pléitantalions atreeaindae ppdleosenigisddied I dHigs) b@rbfextep! dap@tection
diode protection circuit 760 comprises a plurality of EOS protection elements
circuiwhiehHeclmesmblaasicone pra@ctpoutiooddiid gre toffard)t Bretesaby utaeul. As
protection circuits are the same. Providing protection circuits which are
showrdiffertint pamalsabepiseitih-Apeshawis theokispplalanity aapipasestyptypalastdatively,
the second polarity comprises p-type. Alternatively, the first polarity can be
the firp-pyperanddinbespeope gndlaiityeanbpdtatityealdbd 4l tReferring to Fig. 7a, the
protection diode 761a of the first diode protection circuit has its cathode
[0044FoupReddaithac®iaode, didpeotitstamtinda tivaefahth@rsirdidieguibyedopedircuit has its
region 627a. Similarly, the protection diode 761b of the second diode
cathoderotepliahtcitbelitdiasdi Edib dale aoepleddiodthe dattinsiehtenilindbpddhegion 627a.
second antenna diode at the second heavily doped region 627b. The other
Simildel@ Sherptecitanretioderits 1arefabe pledikedivee pibie @ivndertetintinaissanthode coupled to
junction 552. Alternatively, as shown in Fig. 7b, the cathode terminal of the
the cafirsdratadtidoflibdecébild dateonpliddéa|unetierobd Baawihyle dhedargaa 627b. The
terminal is coupled to an anode terminal of the first antenna diode
other EOS protection elements are coupled between the anode terminals and junction 552.

Alternatively, as shown in Fig. 7b, the cathode terminal of the first protection diode 761a is coupled
to junction 553a while the anode terminal is coupled to an anode terminal of the first antenna diode
with an EOS protection element 762a therebetween. The second protection circuit is similarly
coupled to the second antenna diode and junction 553b.

[0045] The above invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. The scope
of the invention is thus indicated by the appended claims, rather than by the foregoing description,
and all changes that come within the meaning and range of equivalency of the claims are intended to

be embraced therein.
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with an EOS protection element 762a therebetween. The second protection
circuit is similarly coupled to the second antenna diode and junction 553b.
[0045] The above invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. The foregoing
embodiments, therefore, are to be considered in all respects illustrative

What fathghib@nlimiting the invention described herein. The scope of the
invention is thus indicated by the appended claims, rather than by the
foregoing description, and all changep Ahgtsome within the meaning and
range of equivalency of the claims are intended to be embraced therein. 15

1.  Whatitglaisaedrisii ) Msngridwgpintegrated circuit (IC) comprising: an
antenna diode circuit path having first and second junctions, the first junction
isafeumpiada Wial€ehyiliefemhanivandiihe seCondidriationdsscgiist o fiostis coupled
region on a substrate, wherein the diode circuit path provides a path for

to a cieliafi pRiinehstalichltys storeld uhaigeiincthpeidavih glemegioactmulaiesie uitigein the
processing to the substrate; an antenna diode disposed in the diode circuit

diode pathivpereproidanigatafoiatisisatogfigaies]yn iaeardehiasniodbveenit@ement
circuit element and the substrate; and a diode protection circuit disposed in

accuniiiateiodlerigigqris@atinintsehiesubitiatbe antenna diode to reduce electrical
overstress (EOS) current flowing through the antenna diode circuit path. 2.
The dficohaldiodd disgberddantpridede ailicaitgchivienimaiconpled thddeis configured
circuit element, the first circuit terminal coupled to a first power rail having a

in revéirst inatertiaken the circuit element and the substrate; and

a diode protection circuit disposed in the diode circuit path in series with the antenna diode

to reduce electrical overstress (EOS) current flowing through the antenna diode circuit path.

2. The IC of claim 1 further comprises:

a first circuit terminal coupled to the circuit element, the first circuit terminal coupled to a
first power rail having a first potential;

a second circuit terminal coupled to the first region on the substrate, the second circuit
terminal coupled to a second power rail having a second potential; and

an over-voltage protection circuit disposed between the first and second circuit terminals.

3. The IC of claim 2 wherein:
the first region on the substrate comprises the substrate, wherein the substrate comprises a
second polarity type and the circuit element comprises a doped well on the substrate, the doped well

comprises a first polarity type; or
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a second circuit terminal coupled to the first region on the substrate, the
second circuit terminal coupled to a second power rail having a second
potential; and an over-voltage protection circuit disposed between the first
and second circuit terminals. 3. The IC of claim 2 wherein: the first region on
the substrate comprises the substrate, wherein the substrate comprises a
seeontnelatly dypecandsiiacisuibalemeiiscdoprases] ol arecviald @olthRy type
substrate, the doped well comprises a first polarity type; or 16 the first region
disposed Wighs bstiarecomprisascanipsisdane sensiti afoihel seapvthe karitypbipgty type, the
disposed within the circuit element comprising a second doped well of the
dopedfitsiipalaritispyped iethdappstratells die dispaspdlaithepubstrate of the
second polarity type. 4. The IC of claim 3 wherein the first polarity type
comprises n-type and the second polarity type comprises p-type. 5. The IC
of claim 4 wherein the first potential comprises a higher potential relative to
4.  thEhesEcondlpoichiidle@inthe fEsopolaity 4ypheoaipribesfirstpotaatiak second polarity
comprises VDD and the second potential comprises VGND. 7. The IC of
type colaprisdsyhsigin the first polarity type comprises p-type and the second
polarity type comprises n-type. 8. The IC of claim 7 wherein the first potential
comprises a lower potential relative to the second potential. 9. The IC of
claim 7 wherein the second potential comprises VDD and the first potential
5. cOmpri&es AN D . wherein the first potential comprises a higher potential relative to the

second potential.

6. The IC of claim 4 wherein the first potential comprises Vpp and the second potential

comprises Vgnp.

7. The IC of claim 3 wherein the first polarity type comprises p-type and the second polarity

type comprises n-type.

8. The IC of claim 7 wherein the first potential comprises a lower potential relative to the

second potential.

0. The IC of claim 7 wherein the second potential comprises Vpp and the first potential

comprises Vgnp.
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17 10. The IC of claim 1 further comprises: a first circuit terminal coupled to
the circuit element, the first circuit terminal coupled to a first power rail
having a first potential; a second circuit terminal coupled to the first region on
the substrate, the second circuit terminal coupled to a second power rail
having a second potential; wherein the antenna diode disposed in the diode
10. cmeeitEaihcisiaonffgred dorheriseseverse biased between the circuit element
to prevent current flow between the first and second terminals during normal
openationcdil tekhendd @fugRiind hyiesgineaam st thetentialeampiisesai coupled to a
higher potential than the second potential. 12. The IC of claim 10 further
first p6@BHItHER AR ON EIrdgitagaiprotection circuit disposed between the first and
second circuit terminals. 13. The IC of claim 12 wherein the first potential
caryensasadiighenpeicotab b the feceadopaieivbubdudibehe etot@imirtuit
wherein the antenna diode comprises first and second diode terminals,
terminvhereplethe disciwdgiestiofallitelitng cocyad potomeadf the diode terminals in
series with the antenna diode in the diode circuit path. 18 15. The IC of claim
14/ néneireinethateliaddiptetebiponed iauticoivgyisesuit paasisaafdisd to be in reverse
protection element. 16. The IC of claim 15 wherein the EOS protection
biasedetemenh tandde seldetrchfromragioupreonipsisibgwesistae, fstaiorediadiet@ininals
a combination thereof.
during normal operation.

11. The IC of claim 10 wherein the first potential comprises a higher potential than the second
potential.
12. The IC of claim 10 further comprises an over-voltage protection circuit disposed between the

first and second circuit terminals.

13. The IC of claim 12 wherein the first potential comprises a higher potential than the second
potential.
14. The IC of claim 1 wherein the antenna diode comprises first and second diode terminals,

wherein the diode protection circuit is coupled to one of the diode terminals in series with the

antenna diode in the diode circuit path.
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17. The IC of claim 16 wherein the EOS protection element of the diode
protection circuit comprises a protection diode. 18. The IC of claim 17
wherein one terminal of the protection diode is coupled to one of the
terminals of the antenna diode, wherein the terminals are of the same type.
19. The IC of claim 1 further comprises: a first circuit terminal coupled to the

15. Ccitdit€lementna saanelcieuifiseeprataaiiniedin teniseegicaanibeEos
substrate, wherein the antenna diode disposed in the diode circuit path is

protecé@nfigerirado be in reverse biased between the circuit element and the first
region to prevent current flow between the first and second terminals during
normal operation. 20. A method of designing a device comprising: providing
in a device design a diode circuit path having first and second junctions,

16.  Whesd@ othadifst] finciiasi isicoBpIS piorer devicie miament e igcsekomch group
junction is coupled to a region on a 19 substrate, wherein the diode circuit

compifxitiy proyides alpatt, folodissinating isiaiical jhstesed charge in the device
element accumulated during processing to form the device; providing an
antenna diode disposed in the diode circuit path wherein the antenna diode is
configured in reverse bias between the device element and region on the

17. sUbstratef anthpiowdieg:a dedeOy pieativeistiiicdispOdediodd prdiectéon circuit
circuit path in series with the antenna diode to reduce EOS current flowing

compiitesughrdteetanteivie diode circuit path during normal operation of the device.
21. A method for reducing static discharge damage comprising: providing a
substrate with a circuit element;

18. The IC of claim 17 wherein one terminal of the protection diode is coupled to one of the

terminals of the antenna diode, wherein the terminals are of the same type.

19. The IC of claim 1 further comprises:

a first circuit terminal coupled to the circuit element,

a second circuit terminal coupled to the first region on the substrate,

wherein the antenna diode disposed in the diode circuit path is configured to be in reverse
biased between the circuit element and the first region to prevent current flow between the first and

second terminals during normal operation.

20. A method of designing a device comprising:

providing in a device design a diode circuit path having first and second junctions, wherein

the first junction is coupled to a device element and the second junction is coupled to a region on a
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forming an antenna diode in a diode circuit path between first and second
junctions, the first junction coupled to the circuit element and the second
junction coupled to the substrate to provide a path to discharge static charge
accumulated on the circuit element during processing; and providing at least
one diode protection circuit in the diode circuit path in series with the

substr?gzewnaraii@deet@mas yaednrQaepreend dioxvach thiodigh ghendiode @irsuétqaticharge in
the device element accumulated during processing to form the device;

providing an antenna diode disposed in the diode circuit path wherein the antenna diode is
configured in reverse bias between the device element and region on the substrate; and

providing a diode protection circuit disposed in the diode circuit path in series with the

antenna diode to reduce EOS current flowing through the antenna diode circuit path during normal

operation of the device.

21. A method for reducing static discharge damage comprising:

providing a substrate with a circuit element;

forming an antenna diode in a diode circuit path between first and second junctions, the first
junction coupled to the circuit element and the second junction coupled to the substrate to provide a
path to discharge static charge accumulated on the circuit element during processing; and

providing at least one diode protection circuit in the diode circuit path in series with the

antenna diode to reduce EOS current flowing through the diode circuit path.
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