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 AFDI GRFB VeI TH PE PEERECAL DY PRSIRESSNE 6§%) FROBECIION
an ion discharge chamber and accelerated by an electric field. These ions

collect on the wafer surfacBIRICDUDTUERIBIINY FENER@NIPlE, 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 antdénavditsieamaging the devices. The stored charge is dissipated to, for
example, the substrate. [0003]Figs. la-b show one implementation of a
conventional n-well aBaTKRGROIEN DO REfERNGUBRIION, 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] isoivplathiae highmnaeieiiah @gdischarge
VDD) while the second terminal is coupled to a low potential (e.g., ground). A

chamtdiogie] WdCeisraaudpschbetaeen flekifirSheved @acasitbte tmithals;afdthyib@@nadaimulating
being coupled to the second terminal and the cathode being coupled to the

in, forfsitgriainatulthdetiods bdGheanliderieadizaddabp-fopexaimpteptatopedweell. The
heavily doped p-type diffusion region 142 in the n-well and coupling it to the

statica$gcaoctderimigalid 2bc asldhominilnfkigelfpdischarge, potentially damaging the devices.

Antenna diodes are used to dissipate the charge stored in the wells to avoid damaging the devices.
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)



[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

from ERIKEI(E: GheATRI LSS WRBAGRh A SNEcEECANFA@IMTNAlcadseslibiRAGYA, ahe second
higher potential than the first terminal. This causes the ESD current to flow

termirfiDM 4he Isece P tarminakiombaifisii@iminalHbieueh, theiayeirdisgeent, a spike (e.g.,
protection circuit. [0005]The invention relates to improved antenna diodes for

oversteissaating siaticalbestorashahalgasdes iC sk RWYMARYr@btehidE thiENTHRN erminal.

[0006]The present invention relates to antenna diodes for discharging static
This cab@ges ESD current to flow from the second terminal to the first terminal through the over-
voltage protection circuit.
[0005] The invention relates to improved antenna diodes for dissipating statically stored charges
in ICs.

SUMMARY OF THE INVENTION

[0006] The present invention relates to antenna diodes for discharging static charges
accumulated, for example, during processing. The present invention can be applied to any type of
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



accumulated, for example, during processing. The present invention can be
applied to any type of 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
region @AGtianstithe, fitskjenctivniis @ocipiad o pieulardariceelEngitiapdtirally stored
second junction is coupled to a substrate, wherein the diode circuit path
chargriviede pathldatedissipatinglatically giredsthargesrin the diteedt utlgmMiGea diode
element accumulated during processing to the substrate. An antenna diode
disposeispogrdiiodbeitiod e aiidyippatdedhaietsithacanienna diedteiiscoafifigid@thireverse bias
reverse bias between the circuit or device element and substrate. A diode
betwepiiatRcloncei teih éadispose ekl dhetl ibd sutisauit pathiivdeeptesewtith thiecuit disposed in
antenna diode to reduce EOS current flowing through the antenna diode
the di@dectitcpatpafl@0pidridedinseaspectomhthanterendonicadieted BOdasighintglawing
device is disclosed. The method comprises providing in a device design a
throu gt Gleteapiteniih jpadbcnawing finsh dodgeconaajuieiansen dhendidlsaction is
coupled to a device element and the second junction is coupled to a 2 region
[0008Pn aBupstratehwhepein thehdiade wieuih patthpddvices s patbtioc dissipaiiodamage is
statically stored charges in the device element accumulated during
disclogrécadsing: thob tonipa sde pieei Aingatabsaadiodehdispasectlaniatdidadennicauit diode is
path is provided wherein the antenna diode is configured in reverse bias
formebétwetodheidev pathlbeneatatic thetragicecndhenstibat;atdefeiadidatefirst junction is
protection circuit disposed in the diode circuit path is provided in series with
coupldteoahterinailididentatrei de k€& dy menidioiw v pihed tig khtheibiitererta piodiele a path to
circuit path during normal operation of the device. [0008]In yet another aspect
dischapgdhsentnveintign aacmetiiaddonredudingi sthinaisdhangedarsage isAdiselasad: diode
The method comprises providing a substrate with a circuit element. An
protecéintecinardiode osiftrinedho ddlodeaiicpittpailsdratweeh the dirshaadisdeondeduce EOS
junctions, wherein the first junction is coupled to the circuit element and the
currensékbondguhoiigeh ihedupleditouhgabbstrate to provide a path to discharge
static charge accumulated on the circuit element during processing. At least
[0009bne dibeke pndtettivmlgiectsit aboppovidkeddvatiiecdiodel drguitpatithn peest witlention
the antenna diode to reduce EOS current flowing through the diode circuit
hereinphshl GO0 9]iTheswmedyothenobjeatgh atkdagwitheadivantbyes adestemtuvesund the
the present invention
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:



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

[0011Prawmgs, like sefevenas chiaiasieemeang@miiaefer to the same parts
throughout the different views. Also, the drawings are not necessarily to

[0012BcalgigmnphasifinsiaashgeardyiReingiplacedddpenvilustidtbrgni@nbodiments of the
principles of the invention. Various embodiments of the present invention are
invent@tggcribed with reference to the following drawings, in which: [0011]Figs. la-c
show a conventional antenna diode; [0012]Figs. 2a-c show antenna diode

[0013Fircuktgin Bcbatdancapldindiffeiant @mibedimdrigcafitbei inyvanitdrdance with various

[0013]Figs. 3a-b show implementations of antenna diode circuitry in
embodiaeandaicreViliteMatOUS
[0014] Figs. 4a-d show diode circuit path in accordance with various embodiments of the
invention;
[0015] Figs. 5a-c show block diagrams of antenna diode circuits in accordance with another
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



embodiments of the invention; [0014]Figs. 4a-d show diode circuit path in
accordance with various embodiments of the invention; [0015]Figs. 5a-c
show block diagrams of antenna diode circuits in accordance with another
embodiment of the invention; [0016]Figs. 6a-b show implementations of
antenna diode circuits in accordance with various embodiments of the

first rd BANRMENORAG[OQFAY-103. ofwih RifOwei APiS faeRtationBeafudbiR) dddiegdenple, comprises
circuits in accordance with alternative embodiments of the invention.
a semiconductor substrate such as silicon. Other types of substrates are also useful. In one
embodiment, the substrate comprises a lightly doped substrate with dopants of a second polarity
type. In one embodiment, the first region comprises a doped region on the lightly doped substrate,
both of which are of the second polarity type. The other junction is coupled to a circuit element. In
one embodiment, the circuit element comprises a doped well 210 in the substrate on which a circuit
component is formed. The doped well, in one embodiment, comprises dopants of a first polarity
type. Providing other types of circuit elements, such as circuit components, is also useful. In an
alternative embodiment, the first region on the substrate can comprise a first doped well of a second
polarity type disposed in a second doped well of a first polarity type, with the second doped well
serving as, for example, the circuit element. The doped wells, for example, are disposed on a
substrate of a second polarity type, forming a triple well configuration.
[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



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
substr@eeseivpsIdime Rt afithe Smentiencd beratanme dingde: elkghiéneadMEpLSRAsiAg can be
any type of semiconductor device or IC. For example, the antenna diode
dissipgi¢auiiroaphb@dniodeQiated pata mHeReaNblEsic) INCRESQrFoRNAINT G cBixesk IC.
signal ICs, or microelectromechanical systems (MEMS). Other types of
[0022Femicanduatbsedenites it GenaiiekIsoousei 2 T he prtend. dindereicelifcuit terminal is
comprises first and second junctions 252 and 253 forming a diode circuit path
coupletl®. mneielitheldunciiond ihcoidoiat dedaitfishiiegiar? 2050nmesubstiateBfdte. For
on which the IC is formed. The substrate, for example, comprises a
exampgentedhduciaaubsitaig suchipksilicor. Qdier dkpesnol Buibstratesarale@erminal and
useful. In one embodiment, the substrate comprises a lightly doped substrate
the sewwitld dopaintsrafinasecone rad asitidypbsiateveehebedine sibte drairneigin The first
comprises a doped region on the lightly doped substrate, both of which are of
circuitlgraaeo rdrpisdaibiyplypeo Tz soihaejuattion iscceupheddmarcii cuit Blervepicdiio a
one embodiment, the circuit element comprises a doped well 210 in the
secondpbeiiatd. om wikahnciliouth cahepine pbisnitaheechpriesdopigtenpliantianehan the
embodiment, comprises dopants of a first polarity type. Providing other types
secondpoteaitiilel@hnefitst porehtad circbd, coneramihtsa ifral gowsefdll Sacdms Vpp and the
alternative embodiment, the first region on the substrate can comprise a first
secondl ppeed tvik taof e seconddosdartyriyie cisposediid evsgepnddapadwhbl] tkdirst potential
first polarity type, with the second doped well serving as, for example, the
can cotinetist el éomentpdibetidbped welisctolgxaopld, i dispdsed oinladfeulygitateiofs in
a second polarity type, forming a triple well configuration. [0020]The first
whichpbéafiiityt typeriin cmepeisdqattyyenindahepiisesdptipatanditipei ssaonybpoBesitgxample,
type comprises p-type. For example, an n-well can be formed in a lightly
the firsiapedipatypesyibsiraia prvecp-didlIvehitebbedisposbe@mithih aroupledl @ma n-type
p-type substrate (e.g., triple well configuration). Alternatively, the first polarity
substrgeniffiséXhptypeidopaints eoidiitse secarndpblantynabnaprisies nseéfpe dopants.
Other configurations of doped well(s) and substrate(s) 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.



[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
[0024the shibsikaéenby@anaavily slapeehéoiend03s0irihe RAGaNE NIyt path 228
During wafer processing, the substrate is coupled to ground. Static charge
betweshotedfin thedcieeuii®|anenhioThpretassingcrMbe issipaied ihmugbilidiode
diode circuit path to the substrate, avoiding potential damage to the IC.
terminf1023]Rirst Ahd seeand disaw]tieERimaite? 20naieth 2D BNG piaviske D thBetipsk of diodes
circuit terminal is coupled to the circuit element and the second circuit
are aldeuxundl 20 isneaimladhte tbe ifhsiradanfrevexabiplsuthaliistheidioddeiroinapath is
is coupled to the circuit element via the first substrate terminal and the
non-c&aNNid €kepi iehningl dsccoelp koniaibetishate téuviagheraetdabpehsicateHowever,
terminal. The first circuit terminal can be coupled to a first potential and the
duringsperaskiegmichlsgndomsetplied tohackecpot@aiedtiatlén nae enmpaainied)the antenna
the first potential comprises a higher potential than the second potential. The
diode fysbpatetitial Garisheoiodaxapaficheaviirsh fawetlraihdvabsasty D dsuipthing statically
second potential can be a second power rail such as ground (VGND).
storedAliergativalynihectirat peteriiadoche adwpiise a lower potential than the
second potential. This can be useful for applications in which the first polarity
[0025Fomiisepplitypneand thie detentrgglaliiyt¢amptigesandyipesdeoné yahagpte,ithetype, the
first terminal is coupled to a p-well 210 while the second terminal is coupled
first ci@@ntartyipal Ssibstrplial 10 4. Rther ek yratiotisl o firshanctsed oirdui terinélsl. In one
are also useful. [0023]An over-voltage protection circuit 230 is coupled to the
embodiratan thsdoond cuauitrierminalsoupletheeniiodioneht, itlwtquaitisaliagential and the
protection circuit 230 is coupled to the first junction and the first supply
seconderimunakaimiathisc jupbtibro 2bdyfdrmmingharéinst hiconiispatig@Rz. pchential. For example,
over-voltage protection circuit comprises, for example, an electrostatic
the firglisaltarge&shl)iclamplaircuV py andusecanved vocal tES Biokd iy oingleds € dsnn.
be used. The over-voltage protection circuit shunts EOS/ESD current during
Other apnE@HAESID ef/&nittandrevvent] curcenttéronmilibvuieglfirasgfinlothibe eteeneatdiode is
that are connected between terminals 220 and 225 which can include, for
configaxahspldy diadbecigbitdeatmiia@los welpRHGo 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



[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 and second diode terminals 241a-b. The antenna diode, for
example, comprises a PN junction. Other types of diodes are also useful. The
antenna diode is configured in reverse bias such that the diode circuit path is

the firfiganeeiddusiivéde ghogeRtinghtheswellpfiamdhe subsbiaie) rivig nerseabid junction,
operation. However, during processing such as plasma etching which is

as shoperiarmecat elevated temperatures, the antenna diode is conductive. This
provides a path between the well and substrate for dissipating statically

[0027 ptoreBSthatgeac Conan latgtkin they el She shlassraierd@02b]ERko low potential. In the
applications in which the first polarity is n-type and the second polarity is

case opthespphieafitst giesuit e Frin2b | Eeoupleaio ffolhighemnyoltage priental ttaminal to the
the second circuit terminal. In one embodiment, the first circuit terminal is

first cieouipkechithal meleantivel MESIPosiiive: paieldtidd arflihaltetmndoaiieicond circuit
terminal is coupled to ground or a more or the most negative potential. For

termir@k&on e , dibyelitinsioai ktisitvietmingl 2s .colopvedeio Wi andi shey secomhdt Girgdibndary ESD
terminal is coupled to VGND. Other configurations of first and second circuit

currentgsntinal s areuasghubeftiodheeoiepat, dieds ampts) fighue chsushthvalttipe protection
cathode terminal is coupled to the well via the first junction and the anode

circuitéitsinakisicbuplddste ta gubSinatevialibéese copidalinestienl, &scshewsilyrbEidestroyed if
2b. [0026]Alternatively, in the case where the first polarity is p-type and the

the ESie candmelawiiyigshrotighes thetfitkinciycuitote nrevaking tow phedl tee emesuahe terminals
voltage potential than the second circuit terminal. In one embodiment, the

whichfirstudireeritite nndrial defeotipted to ground or a more or the most negative
potential and the second circuit terminal is coupled to a more or the most

[0028 positivenpaiehtiab ¥oh exarpleydheefirsifaiteuitviarininadtieguple &Q@S\HENONE or
and the second circuit terminal is coupled to VDD. The antenna diode is

protectonfigunad(duste fhat dboandaeite 26inhal psocddqol éal deriaspmitbl iR mdanthdifidstin the
junction and the cathode terminal is coupled to an n-substrate 101 via the

diode secongjtnciibn dasdshpouacimokigirdot PG BSHscy fantx ionExarmglastane EOS
negative ESD zap, flows from a high to low potential. In the

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



case of the application shown in Fig. 2b, ESD current flows from the second
circuit terminal to the first circuit terminal. Alternatively, ESD current would
flow from the first to the second circuit terminal for the application shown in
Fig. 2c. However, we have discovered that a secondary ESD current path
exists through the diode circuit path, for example, when the over-voltage
circuifgiastiospiceLiidaita darpiich dodas-eRealgkSiiceidae diosiads dypallyOther series
small, it can easily be destroyed if the ESD current passing through is
configauiticienily lakge segsl teninim shore e weehoitepeistialscyvbuehinvauies with the
render the IC defective. [0028]In accordance with one embodiment of the
antenrii\i@sdioredatisgaitene FRn e ckingdbpEOsction circuit (diode protection
circuit) 260 is provided in series with the antenna diode in the diode circuit
[0029ath Id beedinte dirataciitn GipedhrGOZLompeisasd o ensatidpleiratiie@st pnal
EOS blocking or protection element for reducing or blocking the flow of EOS
impedé@@: oESDhe HENpibreuh ¢lentkade sikelit pdtby BroYutlingiagdidetion:
protection circuit with a plurality of EOS protection elements is also useful.
Preferably, the protectidi glement angl&ments)reduce;qclblock the flow of
EOS current through the diode circuit path, for example, during IC operation
wherewhile allowing charge accumulated in the well to discharge to the substrate
during processing. In one embodiment, the EOS protection elements
copriseLesisivisgéndutttersidiodesnaha eambuolaiierptbexenin Ctbeit types of
EOS protection elements for reducing or blocking EOS current flow are also
ukefutaPrefateblyoribiardiode protection circuit comprises at least a diode as
an EOS protection element. The use of different or combinations of EOS
pigigetiBOLlaments increases flexibility to allow designers to optimize the
diode protection circuit for different operating frequencies. The diode
pibtetiiohingiraizih caofbeectingtgd @tbeorieifeaifirst diode terminal, second
diode terminal or both. Other series configurations are also useful. Providing
aMgast.orddiodel protegtionanitennitidisdeies with the antenna diode reduces
potential damage caused by EOS. [0029]In one embodiment, the impedance
The vawef fibve ‘Kiod e prote chionaiscuidl (& d., potritblyegtance thhall the HOSBIs consideration, Z
protection elements) is selected by the following equation: Vclamp-tnggered
is select&dROESD 01 Mlamtadho defindibyvelues for V iamp-triggered> 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.



Vclamp-higgered = trigger voltage to turn on the over-voltage protection
circuit k = real number constant 'Es]) = EOS current Z = total impedance of
the diode protection circuit Vant-chode = 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

[0031 )V clampeliiggessd akshbwanie ViantehodepddQ3Qgs BanBsBebrovided in the
implementations of the antenna diode circuit in accordance with different

substreibPREaepéd ebti-invetibniefassingpimksior 82 fihg polanyadiederddoised contact

formed by providing a doped contact region in the doped well. The doped

regionCRiaG1eagiotha4isscompiise sntiaprnis dib deg arearsh paladity3typR, dippisdetdween the
that of the doped well. The doped contact region is coupled to the second

first ceUitcigiminahddeialipqrotettiangiionit 36(isidiap oXas fetagmn tenstapedcoupled
contact region and the second circuit terminal. In one embodiment, the diode
betwepiigiection 2F2uilB{ dopydrisesaat tegrinonefcO@ ketiedtioorelembsdinbiarofxhe
coupled between junction 253 and the doped contact region.
invention. Other configurations of diode circuit path and diode protection circuit(s) are also useful.
[0032] Figs. 4a-b show diode circuit paths 228 in accordance with different embodiments of the
invention. The diode circuit path includes an antenna diode 240 and a diode protection circuit 260.
The EOS protection element of the diode protection circuit comprises a protection diode coupled in
series with the antenna diode. In one embodiment, a first terminal of the antenna diode is coupled to
a first terminal of the protection diode. In one embodiment, the first terminals are of the same type,
for example, anode-to-anode or cathode-to-cathode. For example, as shown in Fig. 4a, the 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

10



[0031]Alternatively, as shown in Fig. 3b, a doped contact region 343 is
provided in the substrate. The doped contact region comprises dopants of the
first polarity type. The doped contact region is coupled to the first circuit
terminal. A diode protection circuit 360 is disposed between the first circuit
terminal and the doped contact region. At least one EOS protection element
can bé € RledHatWREW UATigN4A5 rRE thped APEDSOFASE fiogieR ifeAGCad@baeination
with one embodiment of the invention. Other configurations of diode circuit
of EOpaifvebtdietienpiniectianeinsefi(s) are also useful. [0032]Figs. 4a-b show
diode circuit paths 228 in accordance with different embodiments of the
[0034]nverrigs. Skhestivda blskidpaifincfigesmenanieboadiode 2Diandcardiote with
protection circuit 260. The EOS protection element of the diode protection
anoth&@ieshBodomgrisEsz protadban tiedemcoupledds skues Witbdplediannbstinda.01. The
In one embodiment, a first terminal of the antenna diode is coupled to a first
substrig¢Moraxahipe eigaien diegschhangceribedinenichihs fingtderminals aibodiment,
the same type, for example, anode-to-anode or cathode-to-cathode. For
the substeaplengsiskonwuintkig. Wehtthe ehodeviiiclopammnprisescandamsaet ierminal types of
coupled to the second circuit terminal. The cathode terminal of the antenna
substraliedednBoupleitoAm tathoele Iemikpaboiddei prateaitsn siodempdicirediviely polarity
an anode terminal of the antenna diode is coupled to an anode terminal of
type. thedqeroiéeiidn5diodé tlasssbavwipvldrity. éhbe kupieidedre;tiishhulfidewell. In one
understood that the diode circuit path can include additional EOS protection
embodilaments; fivipalariesisions;isosuatgys dspammombiiatiensthendqfolhtiey comprises p-type
additional EOS protection elements can be located anywhere in the diode
dopantirpuéitdoaihg tohi gxdynjipe bptiypenuberdio tiesingmeithgpsidelbfthe dipdgpaiolation
or a combination thereof. Other configurations of EOS protection elements
well tlaneialsa lsefativi)OIBHH T sYeoshrityws grepasothay pendapdimsentdodhtheecond polarity
invention, whereby the diode protection circuit comprises an EOS protection
compridesnentpe/ldiginigsa (Rsistepotgptedons seriepaithcdibeaadtersa disdec2d8o useful.
While Fig. 4c shows a resistor, it should be understood that the EOS
[0035 protdatior eleelhnitctre bet@mandiodtorirasi showprisedig sy de@thkarty pesdfunctions
EOS protection elements or a combination of EOS protection elements are
552 aralso Bsbfubijfd8diFysnBaec ahbii@iblociudipgten 28aan dntemnendghodenent, the first
circuit 500 in accordance with
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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another embodiment of the invention. The antenna diode circuit is coupled to
a substrate 101. The substrate, for example, comprises a semiconductor
substrate such as silicon. In one embodiment, the substrate comprises a
substrate lightly doped with dopants of a second polarity. Other types of
substrates are also useful. A first well 510 is provided in the substrate
[0036FOMEisiNgeadifstapalaity tyaiAcseeend 596lhhd G Ditheasepanddealatifs tipe, second
is provided within the first well. In one embodiment, the first polarity
and thG@NoRESE SeintiResdepaiscuthitethegreonslthoarity LoBHINGRBIRHYREbstrate terminals
dopants, producing a lightly doped p-type substrate having an n-type well
at jundMidasaspAypa FIatoMmvelitoereinnlisinativwyplbe st petaiippiomansss
p-type dopants and the second polarity comprises n-type dopants. Other
embodigidiguiatinns ctdapesnwelisiacshplddsisates ek Aseftigd Yo3adtRi@py such as
embodiment, the antenna diode circuit comprises first, second and third
Vpp whiletinscbdbzdamd Gaabpowfersiipgliicsirandgaeons dindrlsisauit pathsp; and Venps.
528a-b. In one embodiment, the first diode circuit path is disposed between
Other i fipsirainshse€onthjunctions anshthessisondedinde circuit path is disposed
between the first and third junctions. The antenna diode circuit is coupled to
[00371he sulfstsate dyvivigigspeoedtiamditbiid Stoasis aliegevedinalsfbzbeandi6Zath-$23a
via heavily doped regions. For example, the first substrate terminal is coupled
betweta the fiirst dopedone|tyui reaiiyid dped begieorbjlboidineShrstpodEFiy) tyPanilarly, a
the second and third substrate terminals are respectively coupled to the
secondecendddnge et dandcsidnstEebhy, depesanplesdeeatityrdopedthetfldhdetween the
525a-b of the second polarity type. In one embodiment, the first substrate
first aterthinbtiscoupiedntosthedirbejuretignpthersetohahdUiistibate terminal is
coupled to the second junction and the third substrate terminal is coupled to
[00381he thirdejumctianle{GAGH]H st psecidrd mntldhireicicttsin tgyadinala b 2ttemndh diode, for
521a-b are provided. The first, second and third circuit terminals are
examplespectprelys cokiSlachttdhe tdtragpendfanc:thixdisdosuetalternsifals &irst and second
junctions 552 and 553a-b. The circuit terminals are coupled to power
diode strppliel. 34 lare aenpodideenitiie fast oirg dibtérnimahisccopledaa, fbe first diode
example, a voltage power supply such as VDD while the second and third
terminpbwee soppkdsatiecdovpledctoogratiidshssaivad AGN Rinsundl V BNDRpOtherrespective
configurations of terminal connections are also useful. [0037]A first
seconduad-tolthgmprotsctioroirenibbdecis. disposedpie & fibstcisewthpatith6ZBat polarity
between the first and second circuit terminals (e.g., between junctions 554
comprayed B5Ba) aginthiasssendpobard Yovempo lege yretabtidiriteuitib80H ibe diode circuit
disposed in a second circuit path 523b between the first and third circuit
comprigeminaith ¢d et rivstwbandjthectivos bs4naind] $581pri 00 38 photkerieendivdiess shown in Fig.
540a-b are provided in the diode circuit paths. An antenna diode, for
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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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
[0039first pelardyreaBerisasdidypeanthine seaa i ralasity £aBIRNisRs Rodwesdetion circuit
first terminal of the diode circuit comprises a cathode terminal and the second
560 istprovidal GaRplisasi nianadenermiegl iashshavde icikcigt pixthétereriively, dhast one
first terminal comprises the anode terminal and the second terminal
diode pesryetisas thaicaihnde dedninakiasveitiowe imiithaatiolr stehchagahth@ddstircuit path.
polarity comprises p-type and the second polarity comprises n-type. For
The di@¥apRiecabmectipe:dopgaliveelfbr Oxisnthit a5 ach WwithinEBOS-Prioe:clopedlswatht for
510 formed in an n-type substrate 101. Other configurations of antenna
reducidipdeblackiaismeisiefulo[B039k A anee withroueh ehehiiddv ent wit aeh during, for
invention, at least one diode protection circuit 560 is provided in series with
examphe anEphavdiadeiothkngiadkodeqiibpatios. Sraferahly a pliledstywTEdSGRotection
protection circuit is provided in series with the antenna diode in each of the
elemenliotleabiocunt fodth Piidier slibgl elerBestignteitbotit ctompnse sl éateaxaregles at block the
least one EOS protection element for reducing or blocking the flow of EOS
flow ofeBPSESI)rtuhiengthiaudibdbeidiodeaiiaiitipaticdesiampler exampl€, aperation while
EOS event. Providing a diode protection circuit with a plurality of EOS
allowippotletieetamehtsddatho wsHfalirPre feradtyntple pSepsote ctialisehamend dic
elements reduce or block the flow of EOS current through the diode circuit
substrp@thldwingnibodixamp et a6 ajper atonendite alpoiseng sidtargeanductors, diodes or
accumulated in the well during, for example, processing to discharge to the
a combitsivatthehaadhOembogienefit; Ok QS fvotelehicmBlémesniscoognpridecking EOS
resistors, inductors, diodes or a combination thereof. Other types of EOS
currenplittectierablemsefitt fBrafecibdingherdidaekpngde@® ciunentfopraxs atdeasseflibde as an
Preferably, the diode protection circuit comprises at least a diode as an EOS
EOS pratedtiorleteeneni hEhdwio geopratestimre it cait loandopleduplkacthto éktHestidéode
first diode terminal, second diode terminal or both. Other series
terminpbfigundtibndeatieralsal wsdth. Pisferatelyctlvergrotedtions circals amrsriige Resftsably, the
in the different antenna diode circuit paths are the same. However, it is
protectinderstoscuthagtmecdio de theatdGtiont cinteinadangement patheadiffbrerandiod®wever,
circuit paths need not be the same. As described, the antenna diode circuit
it is urctimpriskhfir shadid deponecdivde cnouitpages datovidiagisicrenndi ciedercuit paths need
circuits with other number of diode circuit paths are also useful. [0040]Figs.
not beghelz@howAmpteondethtibesniémmtdnmiz diodet cioouitssiy dcgomidpemmditiiode circuit
different embodiments of the invention. The antenna diode circuit includes
paths. fiPst eidehgeatethaviérdealicgyet protbotiber cincuiter 580ady eisaiéseatbedrinakigseseful.
5a-c. The first and second diode paths include first and second antenna
[0040Hiodds2546athsRefemplgneitigioda ofwn fam aditedne diotia b 4Qid darenedh different
by, for example, a heavily doped region 627a on the second well. The heavily
embodjopath dionicoenpased tisafitepolavity tyseitiopdndss fontning sefdunetiom]tage
with the first terminal coupled to junction 552. The first diode protection circuit
protecg§60 revitpiedbetwedestnibditsn ditde Yermibhe dmel pndctimeBbdiothgatheondude first
diode is provided by a heavily doped region 627b having a first polarity. The
and sefipstdt@nteinzl astos SRR, jRedtioms50 Fithé didueiprotadtion diredit BB is formed by,
coupled between the junction and the cathode terminal. In one embodiment,
for examepfirst potailydemerpriseenPRjsconrbretbreset oiedl pdlagibgachiploped fegypecomprises
resulting in the first diode terminals being cathode terminals. Alternatively, for
p-type first polarity and n-type second polarity, the first diode terminals
comprise anode terminals. [0041]In another embodiment, 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 region comprises the second
polarity type dopants, forming a PN junction of the diode with the second



[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
the firSEsSIBd terypnabisaatraaestePNahdhon thabane Mbetamidiodeupleteetipnction
circuit comprises a protection diode, like diode terminals of the antenna diode
552. Bndptet@Ectiondiedtoareifoiied 10g6tpeid dstdessibed s figse darbinal and junction
[0043]Figs. 7a-b show implementations of the antenna diode circuit in
552. dteakdandelwib Bligoiadvesrbedimedisped teitiventi®RaiAg a first polarity. The first
implementations are similar to those described in Figs. 6a-b except that a
termirdiode quelkertiniuedtsit 550 ThnpiiseeopetialityiafuiG80Hkaleatied biewweAtthe
which includes at least one protection diode (e.g., 761a-b). Preferably, the
juncti@ieiettionceitedésaraithe Jame: Bidbdding proledivamitaditscvhiphsasen-type and the
different can also be useful. As shown, the first polarity comprises n-type and
second®BeitorRImptaktypcompisadtimtypahdliesnaiddlyerinen firsbpalatiiyhods f2éminals.
p-type and the second polarity can be n-type. [0044]Referring to Fig. 7a, the
Alternptdiggtioor giogs: Thdepofditie tirst dioge prodadtienacirguihdéissitdiodéneci@inals comprise
coupled to the cathode of the first antenna diode at the first heavily doped
anodenegiain27a. Similarly, the protection diode 761b of the second diode
protection circuit has its cathode coupled to the cathode terminal of the
[0041 becohdaanteamandiodienah the seeendhErvibp dbpdd stegienG2dibdd Beélathat be formed
EOS protection elements are coupled between the anode terminals and
by a figsnbtion155RpAdecpativelyada dheofirt iwdtlg. THe, filne bedhigde dpeahiegl @f theprises the
first protection diode 761a is coupled to junction 553a while the anode
secondgrohinay iy po dppad tto fanaingcePts rimicabofofthditsbdanteitin ehdisaenlithale terminal
EOS protection element 762a therebetween. The second protection circuit is
couplesirilarhy wou piekd. tol tiref seodind caprietaoidodi ottevantbfLisctirp s 8 et @04 Bjiesecond diode
above invention may be embodied in other specific forms without departing
termirfabandhenspion 66 &ssehtiat@nbhhastehsticsethergoh alitbfanafomdpstrate having the
embodiments, therefore, are to be considered in all respects illustrative rather
secondhanalimitinglshepinvelwion desiirivddpedraicll Thvsoape wttngd imtemtiodiisle 540b. The
thus indicated by the appended claims, rather than by the foregoing
dopeddegrnpticopald &bl johanges IRt dotedwiphitetitiomeamning @hd rangkedbetween
equivalency of the claims are intended to be embraced therein. What is
Jjunctighadithdaisd 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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CLAIMS 1. An integrated circuit (IC) comprising: an antenna diode circuit
path having first and second junctions, the first junction is coupled to a circuit
element and the second junction is coupled to a first region on a substrate,

wherein the diode circuit path provides a path for dissipating statically stored
charge in the circuit element accumulated during processing to the substrate;

[0043pn antERpTdipdRdHisp@seshn i Aiadaldmirathivhereiuitie andefnace with
diode is configured in reverse bias between the circuit element and the

alterngiastiatddanents oftibadecpiRRCtiDReGHgEkspasad idRmtiade ehicidideatibed in
in series with the antenna diode to reduce electrical overstress (EOS) current

Figs. dlowingdpraugh thednieneaidiodecaitcrat pathpdsekheplGr g glainE O Sustbektion
comprises: a first circuit terminal coupled to the circuit element, the first
elemesgikouititerminad oataleditona firstdoaviediait tawng @ finsy. peiefatiad]y, thé@protection

second circuit terminal coupled to the first region on the substrate, the
circuitSeeeontk cuaid! Risnidal cotqmeddn asanonchiabwier daifdiamivgreaiecendseful. As

potential; and an over-voltage protection circuit disposed between the first
shownattiek Saeopol aiiiguibiepaiaals type and the second polarity comprises p-type. Alternatively,
the first polarity can be p-type and the second polarity can be n-type.
[0044] Referring to Fig. 7a, the protection diode 761a of the first diode protection circuit has its
cathode coupled to the cathode of the first antenna diode at the first heavily doped region 627a.
Similarly, the protection diode 761b of the second diode protection circuit has its cathode coupled to
the cathode terminal of the second antenna diode at the second heavily doped region 627b. The
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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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 the first region on the substrate
comprises a first doped well of the second polarity type disposed within the
What §iteldihlement comprising a second doped well of the first polarity type, the
doped wells are disposed on the substrate of the second polarity type. 4.
The IC of claim 3 wherein the first pglamymMyge comprises n-type and the
second polarity type comprises p-type. 5. The IC of claim 4 wherein the first

1. poleniskeosdpsisestaitipbanpataitial relative to the second potential. 6. The
IC of claim 4 wherein the first potential comprises VDD and the second

petentiaheotipdisesve Poh havimefifstahdladsoadyiereiniheditsispplactiyiyipeoupled
comprises p-type and the second polarity type comprises n-type. 8. The IC
to a ciefudlairmenhakinetbecfinslt jnateinkisk coneses afeweaspaiesitiakdlative, Wherein the
the second potential.
diode circuit path provides a path for dissipating statically stored charge in the circuit 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 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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9. The IC of claim 7 wherein the second potential comprises VDD and the
first potential comprises VGND. 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

terninat eauplecnteha Seconek ROWSFiEaY havingapeeaMbpeierRtiednd polarity type
wherein the antenna diode disposed in the diode circuit path is configured to

dispodee nitigversechiased hatveamipesaietifiereidiptel pveNoftigafianbltmity type, the
between the first and second terminals during normal operation. 11. The IC

dopedofeligimeldlspbeieintine buskpateotialcarpiispsiainglpe 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

4.  thete tle deteind Patesttial.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 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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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.
protection element. 16. The IC of claim 15 wherein the EOS protection
element can be selected from a group comprising resistor, inductor, diode or

10. apenbivatieatheraaheddonthests: of claim 16 wherein the EOS protection
element of the diode protection circuit comprises a protection diode. 18. The

|G gtstlairouliismheigicaigetetoihat Rt iine: Riatectivr tiodeiiswoupigd0cetpled to a
of the terminals of the antenna diode, wherein the terminals are of the same

first ptyjag.ralBhahieg € fafselaimentifurther comprises: a first circuit terminal coupled
to the circuit element, a second circuit terminal coupled to the first region on
thesstthstréteuit 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 circuit path is configured to be in reverse

biased between the circuit element to prevent current flow between the first and second terminals

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.

18



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
15. thEnfrRE pngatinn is caupled dedidavipelemoanind tenpesenst astione EOS
coupled to a region on a substrate, wherein the diode circuit path provides a
protecfiathefemdigsipating statically stored 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
16. sUbstrater andn 15 prhwtdingha HOS§roteteoiiaceiaiit sisposaecisdhisgdiadgoup
circuit path in series with the antenna diode to reduce EOS current flowing
compriieg edvither sint@rner digste: oirawb pdindisingsresmal operation of the device.

21.A method for reducing static discharge damage comprising: providing a
substrate with a circuit element;

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 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

substrae{ewnardin de: 0 6ad vae RS pramnd doxvbath thiodigh ghendiede insudt@atihcharge 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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