Triggered Silicon Controlled Rectifier for RF ESD Protection Background of the Invention Field of the
Invention This invention relates generally to electronic circuits, and in particular to silicon controlled
rectifier (SCR) structures for electrostatic discharge protection (ESD). More particularly this invention
relates to polycrystalline silicon (polysilicon) bounded SCR structures and to electronic protection circuits
employing polycrystalline silicon bounded SCR's. Description of Related Art In ESD protection circulits,

the series resistancriered \Silieore Conbid lledRéotifieed oF RFIEGD Progeetionstance at

the voltage levels of an ESD event may lead to a voltage drop across the active devices that may destroy

the device. Fig. 1 shows an ESD prot r i . In this example, shallow
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trenches are etched within the region t ecome t llled with an insulating material
to form the shallow trench isolation (STI) 15 are formed on the substrate. A semiconductor material that
is lightly doped W|th a p pe |mpur|ty is formed on the substrate to construct the P-well 5. Within the
P-well 5, a li§HRA RIJE® AYBBLIAR Uity is diffused into the P-well 5 to form the N-well 10. Between two of
the STI regions 15 a P-type material is diffused into the N-well until a heavily doped P+ region 20 is

formed. Similarly, befyegpdyasherRel qesions fandbiuprorieie) Bliissstuisime dsH uni e

heavily doped N+ region 25 is formed. An'insulative layer 40 is
controlled rectifier (SCR) structures for electrostatic discharge protection (ESD). More

particularly this invention relates to polycrystalline silicon (polysilicon) bounded SCR
structures and to electronic protection circuits employing polycrystalline silicon bounded

SCR’s.

Description of Related Art

In ESD protection circuits, the series resistance of the active devices affects the
performance of the devices. Higher resistance at the voltage levels of an ESD event
may lead to a voltage drop across the active devices that may destroy the device. Fig.

1 shows an ESD protection diode structure of the prior art. In this example, shallow
trenches are etched within the region that will become the N-well 10 and filled with an
insulating material to form the shallow trench isolation (STI) 15 are formed on the
substrate. A semiconductor material that is lightly doped with a p-type impurity is formed
on the substrate to construct the P-well 5. Within the P-well 5, a lightly doped n-type
impurity is diffused into the P-well 5 to form the N-well 10. Between two of the STI
regions 15 a P-type material is diffused into the N-well until a heavily doped P region
20 is formed. Similarly, between two other STl regions 15 an N-type material is diffused

into the N-well until a heavily doped N* region 25 is formed. An insulative layer 40 is
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1 formed on the surface of the substrate and opening 32 and 37 are created over the P+ region 20 and
the N+ region 25. Silicides 30 and 35 are respectively formed on the surfaces of the P+ region 20 and N+
region 25 to create the necessary contacts to external circuitry. In the case of the ESD protection diodes
shown, the contacts will be to the signal input/output interface connection pads and the power supply

voltage soufgmesiRRCHRNNRTRASCAEIBausdiSardismt ity 3D 4Ad \G7idmaBreitall obélineipde

series resistance is largely determined by the dimensions of the diode features, the resistivity of N-well

10 in which gigfieri 2 epigth ek disbRsUrSINtilRy M AMvel Abcarad peetidentfophise cHmiest path,

and by the resistance of contacts 30 and 35 to the p+ and n+ diffusions 20 and 25. Thus, a wider diode

with a lower gygthsisbivibe R shayieh 0Tand Ratbod 28ieided terhantbeestanis domadesadower diode
series resistance. In the case of the diode as shown, the depth of the current path is determined by the

depth of thesRiBrrRYIGIRGULRYy . FUTthRY dhée sTane FEheestdbas theivdetsHone Shé resieastd wilhpee

certain achievable minimums that cause the series resistance to be larger than desired. Voldman, et al. -
544 and "Sepigandigiar iRpessspndigtass ddandotisatisuelabhatevsduencupgiationagefined And
Polysilicon-Bound Source/Drain Diodes For ESD Networks," Voldman, et al., Proceedings Electrical
Overstress/EggttrstaithBisigraparisSymposium, October 1998, pp: 151-160 discusses
polysilicon-bounded diode. Refer to

According to U. S. Patent 5,629,544 (Voldman, et al. - 544), diode series
resistance is largely determined by the dimensions of the diode features, the resistivity
of N-well 10 in which diode is located, the distance current flows in N-well 10 and the
depth of the current path, and by the resistance of contacts 30 and 35 to the p+ and n+
diffusions 20 and 25. Thus, a wider diode with a lower well resistivity, a shorter current
path, and silicided films and contacts provide a lower diode series resistance. In the
case of the diode as shown, the depth of the current path is determined by the depth of
the STl regions 15. Further, it is known in the art that the width of the STl regions 15
have certain achievable minimums that cause the series resistance to be larger than

desired.

Voldman, et al. - 544 and “Semiconductor Process and Structural Optimization of
Shallow Trench Isolation-Defined And Polysilicon-Bound Source/Drain Diodes For ESD
Networks,” Voldman, et al., Proceedings Electrical Overstress/Electrostatic Discharge
Symposium, October 1998, pp: 151-160 discusses polysilicon-bounded diode. Refer to
Fig. 2 for more discussion of the structure of a polysilicon bounded diode. The structure

of the polysilicon bounded diode is constructed in a P-type well 5 that has been created



Fig. 2 for more discussion of the structure of a polysilicon bounded diode. The structure of the polysilicon
bounded diode is constructed in a P-type well 5 that has been created 2 with a substrate has been lightly
doped with a p-type impurity. Within the P-well 5 a lightly doped n-type impurity is diffused into the P-well
5 to form the N-well 10. An insulative layer 40 is formed on the surface of the substrate. A gate stack is

formed with \gGitgiaiesanistedry RS @ aadl iRyRalyalpen |axRrLp-tpRaaesufd aravatdethiorhggides of the

gate oxide layer 60 and the polysilicon layer 65. A P-type material is diffused into the N-well until a

heavily dopaty aejsus 7h tr@TmBtrap daii e it tneab sl rerbinoen hiwalgntisa heavily

doped N+ region 80 is formed on each side of the gate stack. Openings 77 and 82 are created over the

P+ region 73rufktiee Ndy 2 dions $6rmrdieisle sHROsan 85 e thiesnestierd fargee embeistoiaces fithe P+

region 75 and N+ region 80 to create the necessary contacts to external circuitry. As described above,

the contactsavlhfe dRidel 2j@na 0l aUtplidINGsfaRE 6PBBECEpadRRE T ot dNRinewes thiensiyesobnge

source connection pads. In the polysilicon bounded diode as shown, the gate stack maybe constructed

with smaller gig\garianadbanyidoee aremKkteddly SR eiPRE 60B5truptet iy ihet&ridl 16 @iffkded Infbhis

permits the series resistance of the diode to be lower to and thus improves the operation of the diode

during an ESkbeNamb|lUsfilh $ibeaicappeder regiibier 353} me E@RiRIoRCpR druiepaldts well known
in the art. Referring to Fig. 3, the P-well 100 is constructed of a semiconductor

diffused into the N-well until a heavily doped N* region 80 is formed on each side of the

gate stack. Openings 77 and 82 are created over the P* region 75 and the N* region

80. Silicides 90 and 95 are respectively formed on the surfaces of the P* region 75 and

N™ region 80 to create the necessary contacts to external circuitry. As described above,

the contacts will be to the signal input/output interface connection pads and the power

supply voltage source connection pads.

In the polysilicon bounded diode as shown, the gate stack maybe constructed
with smaller dimensions than those permitted in the diode constructed with the STl 15 of
Fig. 1. This permits the series resistance of the diode to be lower to and thus improves

the operation of the diode during an ESD event.

Use of silicon controlled rectifiers (SCR) as ESD protection devices are well
known in the art. Referring to Fig. 3, the P-well 100 is constructed of a semiconductor
material that is lightly doped with a p-type impurity is diffused into a substrate. Within
the P-well 100 a lightly doped n-type impurity is diffused into the P-well 100 to form the
N-well 105. Shallow trenches are then etched within the region of the N-well 105 and

filled with an insulating material to form the shallow trench isolation (STI) 110. Between



material that is lightly doped with a p-type impurity is diffused into a substrate. Within the P-well 100 a
lightly doped n-type impurity is diffused into the P-well 100 to form the N-well 105. Shallow trenches are
then etched within the region of the N-well 105 and filled with an insulating material to form the shallow
trench isolation (STI) 110. Between 3 two of the STI regions 110 a P-type material is diffused into the

N-well until aheayitnedSPREEGbRE0IA0S1R T BRI 3R ALE I EMRETIMiG e PEMELNINQAHBAUF T
regions 110 an N-type material is diffused into the N-well until the heavily doped N+ regions 120 and 130

are formed. ApgjagLretiyyiasrsldadorsmegrendhasdrianniginpesarisaiewanstienesmngedidngand 137
are created over the P+ regions 125 and 135 and openings 122 and 132 are created over the N+ regions

120 and 1301 fligiflestyae. mbfbrikdds anlidkline fasmeden iheIsHEares/MY tepad reoiegrohdaaod 135

and N+ regions 120 and 130 to create the necessary contacts to external circuitry. The contacts will be to

the signal ingnd/agpuaréteriaee. canneeifinaday@nd Hieipduraicl pRlyheoEagaRoufGRe CARIIRN pads.
The SCR is formed of the P+ regions 125, the N-well 105, the P-well 105 and the N+ regions 130. The

anode of thegh@ Bwingted7 areyiBE dbcasgtdironathpre N retpaiN$2538n A9 8B ugitregepingsitive

voltage of an ESD event applied to the anode will cause the SCR to be activated once the snapback
voltage is reagizeshdngenam@ciieatsoaercke Nltage)ivh sNREMisAUTSate Silai 56 1 48)d BTV B6 eadse

damage to connected integrated circuits. However, as the feature sizes of integrated circuits have
160 are formed on the surfaces of the P* regions 125 and 135 and N* regions 120 and
130 to create the necessary contacts to external circuitry. The contacts will be to the

signal input/output interface connection pads and the power supply voltage source

connection pads.

The SCR is formed of the P* regions 125, the N-well 105, the P-well 105 and the
N* regions 130. The anode of the SCR being the P* regions 125 and the cathode N*
regions 130. As structured, a positive voltage of an ESD event applied to the anode will
cause the SCR to be activated once the snapback voltage is reached. In general the
snapback voltage as shown is greater than 50V and may not cause damage to
connected integrated circuits. However, as the feature sizes of integrated circuits have
become smaller, the voltages at which damage may occur is becoming smaller and the
SCR needs to be triggered at lower voltages that are greater than the operating

voltages of the integrated circuits.

“Electrostatic Discharge (ESD) Protection in Silicon-On-Insulator (SOI) CMOS
Technology with Aluminum and Copper Interconnects in Advanced Microprocessor

Semiconductor Chips,” Voldman, et al., Proceedings Electrical Overstress/Electrostatic



become smaller, the voltages at which damage may occur is becoming smaller and the SCR needs to be
triggered at lower voltages that are greater than the operating voltages of the integrated circuits.
"Electrostatic Discharge (ESD) Protection in Silicon-On-Insulator (SOI) CMOS Technology with
Aluminum and Copper Interconnects in Advanced Microprocessor Semiconductor Chips," Voldman, et

al., Proceedingg Fieglisghideiciiessiolechiosias: HBifibaigs cayine @ssnod R9R, dBcARRIA 1BSD)

discusses the electrostatic discharge (ESD) robustness of silicon-on-insulator (SOI) high-pin-count

high-performapee risiconsiicta-cthinsulherESOITesyssiemsanstiatmthatfifisiess ESRitsaRaon

levels are achievable in SOI microprocessors using lateral ESD SOI polysilicon-bound gated diodes. "An

ESD ProtectiginschEmeeEfgDRespIsdeMisnettdd 4t iscHiisie B retadtidaigasigfatechnical Papers -
1995 Symposium on VLSI Technology, 1995. pp: 85-86, describes a scheme for on-chip protection of

sub-micron JkRikG#eii sre8aiNfiErdProdEe s iSiRING A s ES EBEt iage s GBuRa ¢ ated
zener-triggered thin gate oxide MOSFET. U. S. Patent 6,610,262 (Peng, et al.) describes an ESD

semiconducifipgegiection with reduced input capacitance. U. S. Patent 6,605,493 (Yu) teaches about an
SCR ESD protection device used with shallow trench isolation structures. The invention incorporates
polysilicon gates
“An ESD Protection Scheme for Deep Sub-Micron ULSI Circuits,” Sharma, et al.
Digest of Technical Papers - 1995 Symposium on VLSI Technology, 1995. pp: 85-86,
describes a scheme for on-chip protection of sub-micron ULSI circuits against ESD
stress using low voltage zener-triggered SCR, and a zener-triggered thin gate oxide

MOSFET.

U. S. Patent 6,610,262 (Peng, et al.) describes an ESD semiconductor protection

with reduced input capacitance.

U. S. Patent 6,605,493 (Yu) teaches about an SCR ESD protection device used
with shallow trench isolation structures. The invention incorporates polysilicon gates
bridging SCR diode junction elements and also bridging between SCR elements and
neighboring STI structures. The presence of the strategically located polysilicon gates
effectively counters the detrimental effects of non-planar STI "pull down" regions as well
as compensating for the interaction of silicide structures and the effective junction depth
of diode elements bounded by STl elements. Connecting the gates to appropriate
voltage sources such as the SCR anode input voltage and the SCR cathode voltage,

typically ground, reduces normal operation leakage of the ESD protection device.



bridging SCR diode junction elements and also bridging between SCR elements and neighboring STI
structures. The presence of the strategically located polysilicon gates effectively counters the detrimental
effects of non-planar STI "pull down" regions as well as compensating for the interaction of silicide
structures and the effective junction depth of diode elements bounded by STI elements. Connecting the

gates to appropriate) \Q!tergeerpes8 38 (83 g MGt areden HEDvSHEsetiantiRe PR prjpde

voltage, typically ground, reduces normal operation leakage of the ESD protection device. 5 U. S. Patent

6,580,184 (Sommrileshitache drctile PEalesiins . Cicenitay Kl ait 3§ ieonranEa Irstweeifiargrisusiire. A

switch circuit is connected between a ground voltage terminal and a well region that is a base of the PNP

transistor. Thegygtcteemad] iafaraae Pfadisal iHigde-aBarebMRSHIAPSIINESEP. thak aWiggesivaligge of
the SCR is determined by threshold voltages of the MOS transistors. U. S. Patent 6,534,834 (Ashton, et

al.) teaches ghferinRaviaek dRydecdhadl SdnNUDBIras sistiersican thister HtRiectionays vt tadsant
damage to integrated circuits resulting from events such as electrostatic discharge. The snapback device

includes a_piglsiisenifi by eHapioa tsiaghedee MOS Pateiibré53,384 (Chatterjee) describes a
silicon controlled rectifier structure that is provided for electrostatic discharge protection. A polysilicon

gate layer is formed over a gate insulator region and is electrically coupled to the input pad of an
integrated circuit. U. S. Patent 6,534,834 (Ashton, et al.) teaches about a snapback device that

functions as a semiconductor protection circuit to prevent damage to integrated circuits
resulting from events such as electrostatic discharge. The snapback device includes a

polysilicon film overlapping the active area.

U. S. Patent 5,453,384 (Chatterjee) describes a silicon controlled rectifier
structure that is provided for electrostatic discharge protection. A polysilicon gate layer
is formed over a gate insulator region and is electrically coupled to the input pad of an

integrated circuit.

U. S. Patent 5,159,518 (Roy) details an input protection circuit that protects MOS
semiconductor circuits from electrostatic discharge voltages and from developing circuit
latchup. The input protection circuit includes a low resistance input resistor, and two

complementary true gated diodes.

United States Patent Application 2003/0016479 (Song) describes an ESD
protection circuit having silicon-controlled rectifier structure that includes a PNP
transistor and an NPN transistor. A switch circuit is connected between a ground

voltage terminal and a well region that is a base of the PNP transistor. The switch



U. S. Patent 5,159,518 (Roy) details an input protection circuit that protects MOS semiconductor circuits
from electrostatic discharge voltages and from developing circuit latchup. The input protection circuit
includes a low resistance input resistor, and two complementary true gated diodes. United States Patent
Application 2003/0016479 (Song) describes an ESD protection circuit having silicon-controlled rectifier

structure thagjigglyoe forndFofi NS BIbaetaN YN IHAEIAGTY/IEH SiEtUiTgeRINRMEGDsMREN a

ground voltage terminal and a well region that is a base of the PNP transistor. The switch 6 circuit is

formed of plgerliedr-ranRiRsiN P thiERRSRIVGI 2§ ?F Asiagesveiagr e SCR is determined by
threshold voltages of the MOS transistors. Summary of the Invention An object of this invention is to

provide an ESD protection circuit that becomes activated at a voltage sufficient to protect integrated

circuits connected to the protection circyjt. Another object of this invention is to provide an ESD
protection circuit with a polysilicon boungéﬂ RIBAKYPEhe lWanHPRd energy resulting from an ESD
event to an input/output interface connection pad. Still another object of this invention is to provide a bias

triggering circuit for an SCR that causes the SCR to turn on ower voltage.in qrder to conduct the
energy of an ESD é\'?e‘ﬁ Jeﬁ ot}%ls mvenhon is to provide anallz'gﬂ) protectlorgJ cwcwmhat %ecomes

activated at a voltage sufficient to protect integrated circuits connected to the protection

circuit.

Another object of this invention is to provide an ESD protection circuit with a
polysilicon bounded SCR that conducts of applied energy resulting from an ESD event

to an input/output interface connection pad.

Still another object of this invention is to provide a bias triggering circuit for an
SCR that causes the SCR to turn on at a lower voltage in order to conduct the energy of

an ESD event.

A further object of this invention is to provide a diode bias triggering circuit for an
SCR that causes the SCR to turn on at a lower voltage in order to conduct the energy of

an ESD event.

One more object of this invention is to provide a resistor/capacitor triggering
circuit for an SCR that causes the SCR to turn on at a lower voltage to conduct the

energy of an ESD event.

To accomplish at least one of these objects, an ESD protection circuit is formed

at the input/output interface contact of an integrated circuit to protect the integrated
7



A further object of this invention is to provide a diode bias triggering circuit for an SCR that causes the
SCR to turn on at a lower voltage in order to conduct the energy of an ESD event. One more object of
this invention is to provide a resistor/capacitor triggering circuit for an SCR that causes the SCR to turn
on at a lower voltage to conduct the energy of an ESD event. To accomplish at least one of these

objects, an ERELRMABIQARHGHIEELKEMBY ahths MBYEANIDTH eS¢ GeBiRs efradiiggrated circuit to
protect the integrated 7 circuit from damage caused by an ESD event. The ESD protection circuit has a

polysilicon bgyRydar S aRdey BTTNE i ebiabiiRRAMESIICaMEPEIFEHCBR Bdgneernscrddetween a

signal input/output interface contact of the integrated circuit and a power supply connection of the

integrated ciggitihebiedtirRginectirauigh SIanpacisetiothitcpalsibepfaeouneeslite b ddaas e pakysilicon
bounded SCR to turn on more rapidly during the ESD event. The polysilicon bounded SCR includes a

first well regissWighsisinped nyvitittiorrof ties iafeyfuss senduativitidyiadpigeecan iecwhstiale ente

connected to the power supply connection and a second well region formed within the first well region

and lightly dppggiiédnmbounties SIGRSREBRE CRBBINili dyPBo dnlisd Shsitieaion iaolerrgsbtyithin the

second well by heavily doping the region with the impurities of the first conductivity type. The first
diffusion regiiritschrRNESBeigeite signal input/output
The polysilicon bounded SCR includes a first well region lightly doped with

impurities of a first conductivity type formed on the substrate and connected to the
power supply connection and a second well region formed within the first well region
and lightly doped with impurities of a second conductivity type. A first diffusion region is
formed within the second well by heavily doping the region with the impurities of the first
conductivity type. The first diffusion region is connected to the signal input/output
interface contact. A second diffusion region is formed within the first well region at a
second distance from the first diffusion region by heavily doping the region with
impurities of the second conductivity type. The second diffusion region is connected to
the power supply connection. A first heavily doped polycrystalline layer is formed at the
surface of the substrate and placed between the first and second diffusion regions and
astride a junction of the first well region and the second well region to form a bounding
component to prevent silicide formation at junctions of the first diffusion region and the
second well region, the first well region and the second region and the second diffusion

region and the first well region during fabrication of the SCR.



interface contact. A second diffusion region is formed within the first well region at a second distance
from the first diffusion region by heavily doping the region with impurities of the second conductivity type.
The second diffusion region is connected to the power supply connection. A first heavily doped
polycrystalline layer is formed at the surface of the substrate and placed between the first and second

diffusion regions anth&goweseiHgahe@hdhe T Bwed fiegieneib R aRIPBANVRIEresiIhEPvieIm a

bounding component to prevent silicide formation at junctions of the first diffusion region and the second

well region, Hagittist thel|ireiih adHEesgcaAJesHPR ansll theyrarOnRthditiusiaRctRAIT ardfthe st well
region during fabrication of the SCR. 8 The SCR being the junctions of the first diffusion region and the

second well reggipnaiitetienstienrf irdgisiarg Recomdaveidegientha st iReswnstipst afdnedinvell

region and the second diffusion region. The anode of the SCR is the first well region and the cathode of

the SCR is thesegenawidiusiontrROBDORTBaKuasH G eliffusi 6o meefopf. at least one polysilicon bounded
diode formed on the substrate and connected between the signal input/output interface contact and an

anode connection of the polysilicon bounded SCR to increase a holding voltage for the polysilicon

bounded SCR wherraeopedisdlispounoeiend &dt & 1uE3ed 08 pbhesinebsiieandsy aisibdindeds taymed
from the first diffusion region and the second well region and has a second heavily doped polysilicon
layer formectjaé \eo strstaceref toesedrsidaie st nlasedighiacaptitothpdirsidifhsiororagisinaacastride a

anode connection of the polysilicon bounded SCR to increase a holding voltage for the

polysilicon bounded SCR when the polysilicon bounded SCR is turned on.

The polysilicon bounded diode is formed from the first diffusion region and the
second well region and has a second heavily doped polysilicon layer formed at the
surface of the substrate and placed adjacent to the first diffusion region and astride a
junction of the second well region and first diffusion region to form a bounding
component to prevent silicide formation at the junction of the first diffusion region and
the second well region during fabrication of the polysilicon bounded diode. The junction
of the first diffusion region and the second well region forms the polysilicon bounded

diode.

The biasing circuit has a first resistance formed by material from the second well
from a first gate of the polysilicon bounded SCR to a third diffusion region formed within
the second well, heavily doped with the impurities of the second conductivity type, and
connected to the power supply connection to provide a low resistance path to the

second well from the power supply connection. The biasing circuit further has a second



junction of the second well region and first diffusion region to form a bounding component to prevent
silicide formation at the junction of the first diffusion region and the second well region during fabrication
of the polysilicon bounded diode. The junction of the first diffusion region and the second well region
forms the polysilicon bounded diode. The biasing circuit has a first resistance formed by material from the

second well rigigtantiestcrie @ hibecpalysiitenseedRearci &arirtAdhiret ¢Histontieging armes@mvithin the
second well, heavily doped with the impurities of the second conductivity type, and connected to the

power supplyegpiection to provide a low resistance path to the second well from the power supply
connection. The biasing circuit further has a second 9 resistance formed material of the second well from
the first gate to the first diffusion region. A second embodiment of the biasing circuit includes a first

resistor connected Aregréirl Sl dipeip ot BiasRee GrRURML I HFrapie Héitedapistieen

bounded SCR and a first capacitor connected from the first gate of the polysilicon bounded SCR to the

power supplitéenrreyRmalhgntaufpEbiReericeceditaét tentiafrstiihie srPRCiBIeAMRCIRIIIIEE gate
of the polysilicon bounded SCR is a virtual ground and the polysilicon bounded SCR is activated. A third

embodiments thefdpging cigpiding adHHeRBOateeTi fhenpettesk wiegrsydiheol slolindedSHR
plurality of serially connected diodes is connected to the
to the power supply connection. When an ESD event occurs, a top plate of the
capacitor connected to the gate of the polysilicon bounded SCR is a virtual ground and

the polysilicon bounded SCR is activated.

A third embodiment of the biasing circuit has a plurality of serially connected
diodes. The first diode of the plurality of serially connected diodes is connected to the
signal input/output interface contact and the last diode of the plurality of the serially
connected diodes is connected to a second gate of the polysilicon bounded SCR. The
biasing circuit further has a second resistor connected from the second gate and the
last diode of the plurality of serially connected diodes to the power supply connection.
When an ESD event occurs, a current flows through the plurality of serially connected

diodes and the second resistor, which triggers the polysilicon bounded SCR to turn on.

A fourth embodiment of the biasing circuit: includes a resistor/capacitor biasing
circuit connected from the first gate of the polysilicon bounded SCR and a diode
triggering biasing circuit connected from the second gate of the polysilicon bounded
SCR. The resistor/capacitor biasing circuit has a first resistor connected from the signal
input/output interface to the first gate of the polysilicon bounded SCR and a first
capacitor connected from the first gate of the polysilicon bounded SCR to the power

10



signal input/output interface contact and the last diode of the plurality of the serially connected diodes is
connected to a second gate of the polysilicon bounded SCR. The biasing circuit further has a second
resistor connected from the second gate and the last diode of the plurality of serially connected diodes to
the power supply connection. When an ESD event occurs, a current flows through the plurality of serially

connected diggpry e eeiRacohersist tdue iiosa PalisHasn bayRMIBACFSBEIIM on. A

fourth embodiment of the biasing circuit: includes a resistor/capacitor biasing circuit connected from the

first gate of thenprRiyrtcaidAesINdRR BfsRAGEAH IPREP [NIGLieyIBE SASINGBFHELesn arsded fsom the

second gate of the polysilicon bounded SCR. The resistor/capacitor biasing circuit has a first resistor

connected fregm e teignaliHerigestm inieutace i dhr dest artecobie thelysdichodwontrdsheRignd a

first capacitor connected from the first gate of the polysilicon bounded SCR to the power 10 supply

connection. dheedian doaaediaikirsaies rireoimaaanbirbidcohsegally of ene peigdiktendse Uhgetrst

diode of the plurality of serially connected diodes is connected to the signal input/output interface contact

and the last digfe dftibeiRpidelilygs e diisograeisd thedesdecaanesisw ieanrrensd wain Bighe

polysilicon bounded SCR. The diode triggering biasing circuit has a second resistor connected from the

second gatesweditidegass divtiehef it olorlibt Hepliatyigosnesied\disierisheipaiEstetippower

connection. When an ESD event occurs, the top plate of the capacitor connected to the gate
supply connection.
When an ESD event occurs, the top plate of the capacitor connected to the gate
of the polysilicon bounded SCR is a virtual ground and the polysilicon bounded SCR is
activated. Simultaneously, a current flows through the plurality of serially connected

diodes and the second resistor to trigger the polysilicon bounded SCR to turn on.

The heavily doped polycrystalline layer of the polysilicon bounded SCR and the
polysilicon bounded diode permits a series resistance of the polysilicon bounded SCR
and the polysilicon bound diode to be smaller for a more efficient operation. The heavily
doped polycrystalline layer is connected to bias the heavily doped polysilicon layer such
that salicide shorting is prevented the first and second diffusion regions and preventing

of accidental formation of an inversion region heavily doped polycrystalline layer.

Brief Description of the Drawings

Fig. 1 is a cross sectional view of a substrate illustrating an ESD

protection diode structure of the prior art.
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of the polysilicon bounded SCR is a virtual ground and the polysilicon bounded SCR is activated.
Simultaneously, a current flows through the plurality of serially connected diodes and the second resistor
to trigger the polysilicon bounded SCR to turn on. The heavily doped polycrystalline layer of the
polysilicon bounded SCR and the polysilicon bounded diode permits a series resistance of the polysilicon

bounded SCR and the pofygilieas pewvesdiegadadbeiswalies S maecirifsioni gaasalianictie heavily

doped polycrystalline layer is connected to bias the heavily doped polysilicon layer such that salicide

shorting is prRyaiied HsitstaaetReraddifisiiireaione prdpseventing of accidental formation of an
inversion region heavily doped polycrystalline layer. Brief Description of the Drawings Fig. 1 is a cross

sectional view of a substrate illustrating an ESD protection diode structure of the prior art. 11 Fig. 2 is a

cross sectional view of a sEigsBatedlkieisatinaadperlysisopbitpynBsH s Mudeieriparfegp structure of the
prior art. Fig. 3 is a cross sectional view of a substrate illustrating an ESD protection SCR structure of the

prior art. FigpActde ot SR etiiatey/ et pristgtrate illustrating an ESD protection polysilicon bounded
SCR structure of this invention. Fig. 4b is a top plan view of a substrate illustrating an ESD protection

polysilicon bounded SCR structure of this invention.
Fig. 4a is a cross sectional view of a substrate illustrating an ESD

protection polysilicon bounded SCR structure of this invention.

Fig. 4b is a top plan view of a substrate illustrating an ESD protection

polysilicon bounded SCR structure of this invention.

Fig. 4c is a plot of current through an ESD protection polysilicon bounded
SCR structure of this invention versus the voltage across the ESD protection polysilicon

bounded SCR structure of this invention.

Fig. 5 is a schematic of a diode triggered ESD protection circuit of this

invention incorporating ESD protection polysilicon bounded SCR structure.

Fig. 6 is a schematic of a resistor/capacitor triggered ESD protection

circuit of this invention incorporating ESD protection polysilicon bounded SCR structure.

Fig. 7 is a schematic of a second diode triggered ESD protection circuit of

this invention incorporating ESD protection polysilicon bounded SCR structure.
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Fig. 4c is a plot of current through an ESD protection polysilicon bounded SCR structure of this invention
versus the voltage across the ESD protection polysilicon bounded SCR structure of this invention. Fig. 5
is a schematic of a diode triggered ESD protection circuit of this invention incorporating ESD protection

polysilicon bounded SCR structure. Fig. 6 is a schematic of a resistor/capacitor triggered ESD protection

circuit of this invention incefgoging SchErhEvie eHareoke lieap Rawided REeE BREHIRIIBgddred

schematic of a second diode triggered ESD protection circuit of this invention incorporating ESD

protection pEGTieRst Bt effceit Bishicinenlid iigeSrforatrREEBD PR GBS 06GaNREIHD Sligdred

and diode triggered ESD protection circuit of this |nvent|on incorporating ESD protection polysilicon
bounded SR ERsietEr&ig. 9 is a schematic of a third diode triggered ESD protection circuit of this
invention incorporating an ESD protection polysilicon bounded SCR structure. Fig. 10 is a schematic of a
fourth diode triggered ESD protection circuit of this invention incorporating an ESD protection polysilicon

bounded SCR structure. il Resaigiiefiebihetiveaise thg e DD pryeeadssHawf 8is

invention as shown in Figs. 4a and 4b includes a P-well 200 lightly doped with p-type impurities formed

&n thﬁ substfaie innEnBeANREEREJaathR) RIVES BUpicetibRgsHigsi Rshtbeateths ER siffusige 225. An
-we

Fig. 10 is a schematic of a fourth diode triggered ESD protection circuit of

this invention incorporating an ESD protection polysilicon bounded SCR structure.

Detailed Description of the Invention

The polysilicon bounded SCR of this invention as shown in Figs. 4a and 4b
includes a P-well 200 lightly doped with p-type impurities formed on the substrate and
connected to the power supply connection 280 through the P* diffusion 225. An N-well
region 205 is formed within the P-well 200 and lightly doped with N-type impurities and
connected through the N* diffusion region 220 to the power supply connection 280. A
P* diffusion region 210 is formed within the N-well 205 by heavily doping the N-well 205
with the P-type impurities. The P diffusion region 210 is connected to the signal
input/output interface contact 275. An N* diffusion region 215 is formed within the P-
well 200 at a second distance from the N* diffusion region 210 by heavily doping the P-
well 200 with N-type impurities. The N* diffusion 215 is also connected to the power

supply connection 280.

An insulative material such as a silicon dioxide is formed on the surface of the

substrate between the P* diffusion region 210 and the N diffusion region 215 and
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region 205 is formed within the P-well 200 and lightly doped with N-type impurities and connected
through the N+ diffusion region 220 to the power supply connection 280. A P+ diffusion region 210 is
formed within the N-well 205 by heavily doping the N-well 205 with the P-type impurities. The P+ diffusion
region 210 is connected to the signal input/output interface contact 275. An N+ diffusion region 215 is

formed withigdhriEaWy@N e af aneePone|dzgenes dipmatgal b diflei2i90. regiesl 2oy hgayily dasng the
P- well 200 with N-type impurities. The N+ diffusion 215 is also connected to the power supply

connection 28¢nAg Hﬁﬂh@“@[ﬁt@@f@d@'&@h&é@rﬁiﬁ@@a@@éﬁﬂﬁﬁ@ﬁ@lﬂlﬂd ThéNgase iéacr Riréne4p bstrate
between the P+ diffusion region 210 and the N+ diffusion region 215 and 13 astride a junction of the

P-well 200 tedafi® & BeieagesdpohdnlysieendaysiiidearirtmriRpuhaisateditios 28aitugwsm the

gate structure 240. The gate structure 240 forms a bounding component to prevent silicide formation at

junctions of tiegiBr 2if aied thedien 3l Pegfishtie el Peeinrpd0% iae i \Well 30 Gayisht2e Hangl tiegion
205 and the N+ diffusion region 215 and the P-well 200 during fabrication of the SCR. [0001] As is known

in the art, am\BERfisIGgEdRshas1d BNE tHiarrigien 2bocsunesed seandy vithaSERN transistor 02. Thus,
the collector of the PNP transistor 01 is the P-well 200, the base is the N-well 205, and the emitter is the

P+ diffusion region 210. The collector of the NPN transistor 02 is the N-well 205, the base is the P-well
200, and ther@potter is theAd-isiffigsieniiaai®a® e @8R is regarded as a PNP transistor Q1

connected serially with an NPN transistor Q2. Thus, the collector of the PNP
transistor Q1 is the P-well 200, the base is the N-well 205, and the emitter is the
P* diffusion region 210. The collector of the NPN transistor Q2 is the N-well 205,
the base is the P-well 200, and the emitter is the N* diffusion region 215. with
the junctions being the boundaries between the P diffusion region 210 and the
N-well region 205, the P-well 200 and the N-well region 205 and the N* diffusion

region 215 and the P-well 200.

A N* diffusion region 220 is formed within the N-well 205 by heavily doping the N-
well 205 with the N-type impurities and the P* diffusion region 225 is formed within the
P-well 200 by heavily doping the P-well 200 with the P-type impurities. An insulation
layer 270 is formed on the surface of the substrate to protect the surface. Openings
227,217, 212, and 222 are made in the insulation layer 270 to respectively provide
access to the P* diffusion region 225, N* diffusion region 215, P* diffusion region 210,
and N* diffusion region 220. A silicide contact 265, 255, 250, and 260 is formed

respectively on the surface of each of the P* diffusion region 225, N* diffusion region
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the junctions being the boundaries between the P+ diffusion region 210 and the N-well region 205, the
P-well 200 and the N-well region 205 and the N+ diffusion region 215 and the P-well 200. A N+ diffusion
region 220 is formed within the N-well 205 by heavily doping the N- well 205 with the N-type impurities
and the P+ diffusion region 225 is formed within the P-well 200 by heavily doping the P-well 200 with the

P-type impuntis.pAnifisidlaiaie giayep 20 Cdedamerk osidha syidaceofl trhsuhriiateconpiets @sbeapdrface.
Openings 227, 217, 212, and 222 are made in the insulation layer 270 to respectively provide access to

the P+ diffusig rmaioasinbid ofifbisieiensjan Paif3idiigiae saienrd @4@nd N+ diffusion region
220. A silicide contact 265, 255, 250, and 260 is formed respectively on the surface of each of the P+
diffusion region 225, N+ diffusion region 14 215, P+ diffusion region 210, and N+ diffusion region 220.

The silicide contactsizbgiang B Qo iesd istath@nisishest g e pmyalsoncgade Stvachne REONThe
diode Di is formed as the junction of the P+ diffusion region 210 and the N- well 205. The gate oxide 235

is formed bejyenezoandrsiig Hyeoygidarzab esHdr B Henvergiahd Klighil tbedNashftusiern waiancs20. A
polysilicon layer is formed on the gate oxide 235 to form the gate structure 245. The gate structure 245

provides boyading protaadcsiide wiftastih32gian260. A belpsiicdic ey pieiing dantmstisgates 240
and 245 permit the P+ diffusion region 210 and N+ diffusion region 215 to be placed relatively close by
avoiding thed)¢ge T3y forreriargrs ghrllew icaien248lativmr, daws structure 245 provides bounding for

the silicide contacts 250 and 260. The polysilicon bounding gate structures 240 and

245 permit the P™ diffusion region 210 and N* diffusion region 215 to be placed

relatively close by avoiding the necessity for a larger shallow trench isolation, thus

minimizing the serial resistance of the diode D1 and the SCR formed by the transistors

Q1 and Q2.

The gate structures 240 and 245 are connected to the power supply connection
280 to prevent salicide shorting between the silicide contacts 265 and 250 and silicide
contacts 250 and 260 and preventing of accidental formation of an inversion region
under said first and second diffusion regions.. The silicide contacts 265, 255, and 260
provide low resistivity connections for the P* diffusion region 225, N* diffusion region
215, and N* diffusion region 220 to the power supply connection 280. The silicide
contact provides a low resistivity connection for the P* diffusion region 210 to the signal

input/output interface pad 275.

Refer now additionally to Fig. 5 for a discussion of the circuit structure of the
polysilicon bounded SCR having a diode triggering of this invention. As described
above, the diode D, is formed as the junction of the P* diffusion region 210 and the N-
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minimizing the serial resistance of the diode Di and the SCR formed by the transistors Q1 and 02. The
gate structures 240 and 245 are connected to the power supply connection 280 to prevent salicide
shorting between the silicide contacts 265 and 250 and silicide contacts 250 and 260 and preventing of
accidental formation of an inversion region under said first and second diffusion regions.. The silicide

contacts 265ygih 208N T30 SRS oMb (RRISHVEC FPIREHAS (ptHBEPRYcliBeBohEeBianA 2038\ the

diffusion region 215, and N+ diffusion region 220 to the power supply connection 280. The silicide
contact provptegigUeiiesigidnte PONRRCHONEAr2DS, fHedHiuaipR20egigndiHe IR therRisioal rfioH itput

interface pad 275. Refer now additionally to Fig. 5 for a discussion of the circuit structure of the

polysilicon bpHadediSteRRa e Ssarbasiakiegrtiagcef shih eI idaperiPediaiaur. idgdtiode Diis
formed as the junction of the P+ diffusion region 210 and the N 15 well 205. The polysilicon bounded SCR

is formed of the P-vellrdeistorarblayeisAbe, haek Rtidinee o eeon-akd, 208 hrwell ROZiftdeibhwell 200,
and the N+ diffusion region 215. The resistor R1_SUB is the bulk resistance of the N-well 205 to the P+

diffusion regiegicH 220hA mesistordsikiobRsis b &bk bamsiasisaathefhweilweh 2o0® edifusion
region 220. And the resistor R3-SUB is the bulk resistance of the P-well 200 to the P+ diffusion region

225. Upon agplipsitaneyigie22dtage of an ESD event to the input/output interface pad

Upon application of the voltage of an ESD event to the input/output interface pad
275, the diode D4 begins to conduct. The current through the resistance Ra-sys
develops sufficient voltage to turn on the transistor Q1, which in turn provides a current
through the resistor Rs.sys. This develops a voltage sufficient to turn on the transistor

Q2, thus completely activating the SCR.

Referring to Fig. 4c, as the voltage applied between the anode (P* diffusion
region 210) and the cathode (N* diffusion region 215) of the Polysilicon bounded SCR
increases the current rises slowly 290 until the biasing of the diode D1 and the resistor
R..sug turns on the SCR at the snapback point 292. At the current and voltage level 294
the SCR fundamentally acts as a resistor, with the resistance determined by the internal
resistance of the SCR. The internal resistance is then determined by the dimensions of
the SCR and the proximity of the P* diffusion region 210 and the N* diffusion region
215. The polysilicon gate structures 240 and 245 allow current to flow laterally between
the P* diffusion region 210 and the N* diffusion region 215 more efficiently with a lower

resistance to prevent ohmic heating of the device.
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275, the diode Di begins to conduct. The current through the resistance R2-SUB develops sufficient
voltage to turn on the transistor 01, which in turn provides a current through the resistor R3-SUB. This
develops a voltage sufficient to turn on the transistor Q2, thus completely activating the SCR. Referring
to Fig. 4c, as the voltage applied between the anode (P+ diffusion region 210) and the cathode (N+

diffusion region 213 gbbyn & ebrititicmnOoused BCB pRefessss diewureanéisR® $Homly. 38 until the
biasing of the diode Di and the resistor R2-SUB turns on the SCR at the snapback point 292. At the

current and ¥eitage ey detiécih ene Ry fandsuesialy erie Aa cerpas BT sVEHY R IBs WA gRiermined

by the internal resistance of the SCR. The internal resistance is then determined by the dimensions of

the SCR anc: g acasimiPR8e AheiBacToR reaned?dd aastitell indHiysion sedian. 2ihe Bisieelysilicon

gate structures 240 and 245 allow current to flow laterally between the P+ diffusion region 210 and the

N+ diffusion Drging BLareaptRifiaieNbeyipladewrT serrsiante teBOR HaaWews heatyignel the device. 16
A second embodiment of the ESD protection circuit, as shown in Fig. 6 is connected between the signal

input/output intRIfeeeRAE Bardohe PPSVangupel B CRNMEESS diad@Sard bethRds iy mheddrsde
described in Figs 4a and 4b. The diodes D1 and D2 are optional diodes placed in series with the SCR

between the[|gstahéPidt/ autruidnterieescnne Aokangibrage Bt HieSTHiadesitd StutakdashasThe
diode D1 of the Fig. 4a and increase the holding voltage of the SCR when it is turned on. The
base of the transistor Q1 and the collector of the transistor Q2 is the N-well 205 of Fig.
4a and will be referred to as the first gate of the SCR. The base of the transistor Q2
and the collector of the transistor Q1 is the P-well 200 of Fig. 4a and is referred to as
the second gate of the SCR. The resistor Ry is connected between the signal
input/output interface pad 275 and the first gate. The capacitor C4 is connected from

the first gate to the power supply connection pad 280. In this example the power supply

connection pad 280 is the ground reference point for the integrated circuit.

The resistor Rp.weLL is the bulk resistance of the P-well 200 of Fig. 4a and is
connected from the second gate of the SCR and the power supply connection pad 280.
The resistor Ry is constructed using any known technique such as a highly doped
diffusion region. The capacitance is constructed using any known technique such as

employing a gate to bulk capacitance of a MOSFET as the capacitor Cs.

When an ESD event 285 occurs, the voltage at the signal input/output interface
pad 285 increases dramatically. The top plate of the capacitor C, at the first gate is at a

virtual ground, thus causing the transistor Q1 to turn on, which causes the current
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base of the transistor 01 and the collector of the transistor 02 is the N-well 205 of Fig. 4a and will be
referred to as the first gate of the SCR. The base of the transistor 02 and the collector of the transistor 01
is the P-well 200 of Fig. 4a and is referred to as the second gate of the SCR. The resistor R1 is
connected between the signal input/output interface pad 275 and the first gate. The capacitor C1 is

connected frgfibubR flistraaiste? ReRQVES RidrehsecameatiandrathddrarnBishey @EMphe the Rawen supply
connection pad 280 is the ground reference point for the integrated circuit. The resistor RP-WELL is the

bulk resistanggriféhe Hanate?§) @‘{ﬁg.pﬁ@n@@mpmﬁemigﬁrpgaqgggond gate of the SCR and the

power supply connection pad 280. The resistor R1 is constructed using any known technique such as a
highly doped diffusion region. The capacitance is constructed using any known technique such as

employing a gate tamik-aRsodERTENP LR IMEOBSEB hrstdbetreReiiRr 4slsN¥ReN IFigSPis \winedeeccurs,

the voltage at the signal input/output interface pad 285 increases dramatically. The top plate of the

capacitor Clpatiesfrii@algrialahpuyttiplLigletenthdb ya e R ENa eHEARNSIRR SO R/ oo BEc R gagauses
the current 17 through the resistor RP-WELL to increase and turn on the transistor 02. The SCR then

transfers theo@oergyé3ORAeSInseRRIY 6e80es8aNPRH2SA%. Anthitd embadiveabeafibeeSth@isdaestion
circuit, as shown in Fig. 7 is connected between the signal input/output interface pad 275 and the power

supply conne¢ting padsidés: Qhah€ thisdonamdrast teserdrasio Qe katad4be A0 6¢ Mg dabave, the
base

is referred to as the first gate of the SCR. The base of the transistor Q2 and the

collector of the transistor Q1 are the P-well 200 of Fig. 4a and is referred to as the

second gate of the SCR.

The diodes D4, D2, and D3 are serially connected from cathode to anode and are
structured as the diode D4 of the Fig. 4a. The anode of the first diode D¢ is connected
to the signal input/output interface pad 275 and the cathode of the last diode Dj is
connected to the second gate of the SCR. The resistor Rz is connected to the second
gate of the SCR and the cathode of the last diode D3. It should be noted that while this
embodiment is implemented with the three diodes D4, D2, and D3, there may be any
number of diodes connected serially. The number being determined by the operational

voltages of the integrated circuits connected to the signal input/output interface pad 275.

The resistor Rp.weLL is the bulk resistance of the P-well 200 of Fig. 4a and is
connected from the second gate of the SCR and the power supply connection pad 280.
The resistors Ry and R2 are constructed using any known technique such as a highly

doped diffusion region.
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of the transistor 01 and the collector of the transistor 02 is the N-well 205 of Fig. 4a and is referred to as
the first gate of the SCR. The base of the transistor 02 and the collector of the transistor 01 are the P-well
200 of Fig. 4a and is referred to as the second gate of the SCR. The diodes D1, D2, and D3 are serially
connected from cathode to anode and are structured as the diode D1 of the Fig. 4a. The anode of the

first diode D1 is conppeiednie 415 sigiml 288Ut ttinderéregyead théSsigbinanarmadsuefieiass diode

D3 is connected to the second gate of the SCR. The resistor R2 is connected to the second gate of the

SCR and thg gathegarr st ehaseiBaly! s ideesaedpbahmdn i, théyismeshagst ddnplemented

with the three diodes D1, D2, and D3, there may be any number of diodes connected serially. The

number beingoratRs iRy S Heel eResetanal réskesiesRE HivliRegaied s witmerioegadumtersignal
input/output interface pad 275. The resistor RP-WELL is the bulk resistance of the P-well 200 of Fig. 4a

and is connggtedrfsonnia sREABH TateURiTIRSCRAGER e PRYSHRHEBIMSRsIOpEiPadPessAB. The

resistors R1 and R2 are constructed using any known technique such as a highly doped diffusion region.

18 When anBSBGVRIt 245 @erths, ttaadisttroaat TSR i v HRNbIRIE teeonerd 2B kesegpes

dramatically. The diodes D1, D2, and D3 begin to conduct and a voltage is developed across the

resistors R2 giné RPN EMent e itiansisine§atoonsenitcaiing stedeantt e ayn el sigpigsistor R1.
The voltage developed across the

interface pad 275 to the power supply connection pad 280.

A fourth embodiment of the ESD protection circuit, as shown in Fig. 8 is
connected between the signal input/output interface pad 275 and the power supply
connection pad 280. This embodiment incorporates the triggering bias circuits of the
second and third embodiments. Further, the optional diodes D1 and D, of the second
embodiment are included as the diodes D4 and Ds and placed in series with the SCR
between the signal input/output interface pad 275 and the SCR. These diodes are
structured as the diode D of the Fig. 4a and increase the holding voltage of the SCR

when it is turned on.

The SCR is formed as described in Figs 4a and 4b. The base of the transistor
Q1 and the collector of the transistor Q2 is the N-well 205 of Fig. 4a and will be referred
to as the first gate of the SCR. The base of the transistor Q2 and the collector of the
transistor Q1 are the P-well 200 of Fig. 4a and are referred to as the second gate of the

SCR.

The resistor/capacitor triggering circuit is formed by the resistor R1 and capacitor
C1. The resistor Ry is connected between the signal input/output interface pad 275 and
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resistor R1 turns on the transistor 02. The SCR is thus activated to conduct the energy of the ESD event
from the integrated circuits connected to the signal input/output interface pad 275 to the power supply
connection pad 280. A fourth embodiment of the ESD protection circuit, as shown in Fig. 8 is connected
between the signal input/output interface pad 275 and the power supply connection pad 280. This

embodimentcarggRiRSIhG tHoGRHagiinetirs With b B SRPNAEAFsHYEe BRALIRERNE- SupEer, the

optional diodes D1 and D2 of the second embodiment are included as the diodes D4 and D5 and placed

in series witl & SEBn Rekivego. the sanakinplouH bsufacppRLdRRabiNgad @80 Tivese diodes are

structured as the diode D1 of the Fig. 4a and increase the holding voltage of the SCR when it is turned

on. The SCRyis fipdnetersriiessibrddnthiomisypne4eirdhie. base of the transistor 01 and the collector of
the transistor 02 is the N-well 205 of Fig. 4a and will be referred to as the first gate of the SCR. The base

of the transistor 02 and the collector of the transistor 01 are the P-well 200 of Fig. 4a and are referred to

as the second gateAd ;&Y 4DEVESIRDFEABRNIRY 15 arERaGEeidhiPamERIRaderisidR1 and
capacitor C1. The resistor R1 is connected between the signal input/output interface pad 275 and 19 the

first gate ang o ednaeighi( ddpeannmatasniiegicne fMse Galsdeittrcpawes sspabicaisingtiaiypad 280.
In this example, the power supply connection pad 280 is the
known technique such as employing a gate to bulk capacitance of a MOSFET as the

capacitor C;.

The diode triggering circuit includes the serially connected diodes D4, D2, and D3
and the resistor Ro. The diodes D4, D2, and D3 are serially connected cathode to anode
and are structured as the diode D4 of the Fig. 4a. The anode of the first diode D1 is
connected to the signal input/output interface pad 275 and the cathode of the last diode
Ds is connected to the second gate of the SCR. The resistor Rz is connected to the
second gate of the SCR and the cathode of the last diode D3. As noted above, that
while this embodiment is implemented with the three diodes D4, D2, and D3, there may
be any number of diodes connected serially. The number is determined by the
operational voltages of the integrated circuits connected to the signal input/output

interface pad 275.

The resistor Rp.weLL is the bulk resistance of the P-well 200 of Fig. 4a and is
connected from the second gate of the SCR and the power supply connection pad 280.
The resistor Rz is constructed using any known technique such as a highly doped

diffusion region.
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ground reference point for the integrated circuit. As described above, the resistor R1 is constructed using
any known technique such as a highly doped diffusion region. The capacitance is constructed using any
known technique such as employing a gate to bulk capacitance of a MOSFET as the capacitor C1. The
diode triggering circuit includes the serially connected diodes D1, D2, and D3 and the resistor R2. The

diodes D1, D2, and/Pepra s &&iyecennogs o saifodnéoanage AnARpIRERb a1 of

the Fig. 4a. The anode of the first diode D1 is connected to the signal input/output interface pad 275 and

the cathode phéhedssheiedseParamansaredrieetiarsecand mieatins B&dt IhedraiRtOaRE 4

connected to the second gate of the SCR and the cathode of the last diode D3. As noted above, that

while this enyigpeligecistde visiplesaeaiessyithe hediztepsdmdasoiHe g, 2Mhe Jdhsitsn@R hegymumber

of diodes connected serially. The number is determined by the operational voltages of the integrated

circuits conngrirati v SignMidnBpiNutedr inteoasadnad €1 at The RIGeRE AU liktirathp dunl,

resistance of the P-well 200 of Fig. 4a and is connected from the second gate of the SCR and the power

supply connegliorpasintBthe Thmsstist@ R isueasirustedddsinatina ke SCRedBase Rup@s a highly
doped diffusion region. 20 When an ESD event 285 occurs, the voltage at the signal input/output

interface  transfers the energy to the power supply connection pad 280.

A fifth embodiment of the ESD protection circuit, as shown in Fig. 9 is connected
between the signal input/output interface pad 275 and the power supply connection pad
280. In this embodiment, the triggering bias circuit is a resistor R and capacitor C that
are formed of a first metal oxide semiconductor (MOS) transistor My biased to act as
the resistor R and a second MOS transistor Ms connected to form the capacitor C. The
MOS transistor M2 connected to bias the MOS transistor My to an on condition to act as
the resistor R. The junction connection between the resistor R and capacitor C is
connected to an input terminal of a first inverter Iy of a group of serially connected
inverters Iy, Io, and I5. In this embodiment the preferred implementation of the group of
serially connected inverters |y, Iz, and I3 is shown as three inverters however, the

number of inverters maybe adjusted according to the requirements of the design.

The SCR is formed as described in Figs 4a and 4b. The base of the transistor
Q1 and the collector of the transistor Q2 is the N-well 205 of Fig. 4a and will be referred
to as the first gate of the SCR. The base of the transistor Q2 and the collector of the
transistor Q1 are the P-well 200 of Fig. 4a and are referred to as the second gate of the

SCR.
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pad 285 increases dramatically. The diodes D1, D2, and D3 begin to conduct and a voltage is developed
across the resistors R1 and RP-WELL. The transistor 02 turns on. Simultaneously, the top plate of the
capacitor C1 at the first gate is at a virtual ground, thus causing the transistor 01 to turn on, thus
activating the SCR. The SCR then transfers the energy to the power supply connection pad 280. A fifth

embodiment of the Edh BTQK@@‘P@LfﬁréﬂgeﬁQIW@M\ﬁhEbFéG- ifvertaR KR CISh e RER FRro8iaBahown
t

input/output interface pad 275 and the power supply connection pad 280. In this embodiment, the

triggering biagrafieliiti®AdERISTPHER iAE ARG mbRbatfPMes el ditbrmtasenitly semiconductor
(MOS) transistor M1 biased to act as the resistor R and a second MOS transistor M5 connected to form

the capacitogénnidtted/|§iaitr angieint Withapenemierbie dirsstoe MO S HargirserdylihtoRMOB condition to
act as the resistor R. The junction connection between the resistor R and capacitor C is connected to an

input terminat i acisstinyanetHd kOB ok efsserinllyrennnmiedidaver s sid. irkitatdHSBinvethisy

embodiment the preferred implementation of the group of serially connected inverters 11, 12, and 13 is

shown as thige ThEHRIR BN EVE PO SWwaHRS6F IR SHE NI kste s ReadbRING the output
requirements of the design. The SCR is formed as described in Figs 4a and 4b. The base of the transistor

01 and the cellgesanoéths Iarpiriadleds tiale-Wel93rahbistof Mang ¥ohscreteicethdpandhe first gate
of the SCR. The base of the transistor 02 and the collector of the transistor 01 are the P-well 200 of Fig.
4a and are refgyppd doracthp aerandgminafithe s&GBe of the PMOS transistor Mz is connected to

the diode D».

The output of the inverter I3 that is in phase with the input of the group of serially
connected inverters Iy, I, and I3 is connected to the first gate of the SCR. The output of
the inverter I3 that is out of phase with the input of the group of serially connected

inverters |y, Iz, and I3 is connected to the second gate of the SCR.

When an ESD event 285 occurs, the voltage at the signal input/output interface
pad 285 increases dramatically. The top plate of the capacitor C, at the first gate is at a
virtual ground, thus activating the group of serially connected inverters 4, Iz, and Is.
This causes the transistors Q1 and Q2 to turn on, thus activating the SCR. The SCR
then transfers the energy to the power supply connection pad 280. The group of serially
connected inverters |y, l2, and I3 provide a sharp transition and a clearly defined window

when the SCR is turned on.

The diode D, is connected in series with the inverter |4 to provide protection
against accidental triggering of the ESD protection circuit during normal operation. The
diode D1 is placed in series with the SCR to increase the holding voltage of the ESD
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21 Each of the group of serially connected inverters 11, 12, and 13 is formed as shown for the inverter
11. The inverter 11 is formed of the PMOS transistor M3 serially connected drain to drain with the NMOS
transistor M4. The gates of the PMOS transistor M3 and the NMOS transistor M4 are connected to be
the input of the inverter 11. The drains of the PMOS transistor M3 and the NMOS transistor M4 being the

output of theigusstnldircline THE BRI, MAPSHfianRsiasdvi dsctBEsEhlg tishReKEr Sl

connection pad 280 and the source of the PMOS transistor M3 is connected to the diode D2. The output
of the invertgp bdjinsttiscemolmsg VoHagee input of the group of serially connected inverters 11, 12, and 13
is connected to the first gate of the SCR. The output of the inverter 13 that is out of phase with the input
of the group of serially connected inverters 11, 12, and 13 is connected to the second gate of the SCR.

When an ESD everg 28%hosgiisdihpbngeat 81 siefadtibpuwieuiipUaddedaseirrr 280 jigcreases

dramatically. The top plate of the capacitor C, at the first gate is at a virtual ground, thus activating the

group of serigdiyrspaeetvesariressidndidnpudditplihipteatazesphe ISR IR pAREr &GP on,
thus activating the SCR. The SCR then transfers the energy to the power supply connection pad 280.

The group otsgafialyioropas@ed. invarky ehbotfment iRenryiee agshiad divngiion ansiasiRangdefined
window when the SCR is turned on. The diode D2 is connected in series with the inverter 11 to provide
protection capacitor C are formed of a first metal oxide semiconductor (MOS) transistor My biased

to act as the resistor R and a second MOS transistor Ms connected to form the capacitor

C. The MOS transistor M> connected to bias the MOS transistor M4 to an on condition

to act as the resistor R.

The SCR is formed as described in Figs 4a and 4b. The base of the transistor
Q1 and the collector of the transistor Q2 is the N-well 205 of Fig. 4a and will be referred
to as the first gate of the SCR. The base of the transistor Q2 and the collector of the
transistor Q1 are the P-well 200 of Fig. 4a and are referred to as the second gate of the

SCR.

The junction connection between the resistor R and capacitor C is connected to
an input terminal of a first inverter |y and to the gates of the PMOS transistor M7 and the
NMOS transistor Mg within the inverter Is. The output of the inverter |1 is connected to

the gate of the NMOS transistor Ms.

The inverter I, is constructed of the PMOS transistor M3 and the NMOS transistor
M, having their drains connected together. The source of the NMOS transistor My is

connected to the power supply connection pad 280. The source of the PMOS
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against accidental triggering of the ESD protection circuit during normal operation. The diode Di is placed
in series with the SCR to increase the holding voltage of the ESD 22 protection circuit. The diode D1 may
optionally be a group of serially connected diodes to adjust the holding voltage. A sixth embodiment of the
ESD protection circuit, as shown in Fig. 10 is connected between the signal input/output interface pad

275 and the fpamgstond My isuBitEinadasitR8ibdbisfmberbae D, tedtigs edftbBiad L ditsoa igsistor
R and capacitor C are formed of a first metal oxide semiconductor (MOS) transistor M1 biased to act as

the resistor Baifbate8a8nHERP ManpisteuMBCGRRestetiadoTs tEneapagitaroGhENaRS tsansistor

M2 connected to bias the MOS transistor M1 to an on condition to act as the resistor R. The SCR is

formed as deserjbestionrig sHacramh s The PRESD friiesistesMpandlisa e solfaaks el g fsansistor 02

is the N-well 205 of Fig. 4a and will be referred to as the first gate of the SCR. The base of the transistor

02 and the cedratrted HetHemsistR e bRtedISTR WAl 209 gitkbiar 4ecaPMOS fiefesisoinRs the second

gate of the SCR. The junction connection between the resistor R and capacitor C is connected to an
input terminal of a first inverter 11 and to the gates of the PMOS transistor M7 and the NMOS transistor

mz within the inverteid ghildé ostritiishw Hutaiteed bisie8BAEIEACEN e ate RISt PMESdraNistor
| and M; and the NMOS transistor Mg. The junction connection between the resistor R
and the capacitor C is connected to the gates of the PMOS transistors M; and the
NMOS transistor Mg, The output of the third inverter I3 at the junction of the PMOS

transistors M; and the NMOS transistor Mg is connected to the second gate of the SCR

and provide a weak feedback to the gate of the PMOS transistor Ms.

When an ESD event 285 occurs, the voltage at the signal input/output interface
pad 275 increases dramatically. The top plate of the capacitor C, at the first gate is at a
virtual ground, thus activating the group of serially connected inverters 4, Iz, and Is.
This causes the transistors Q1 and Q2 to turn on, thus activating the SCR. The SCR
then transfers the energy to the power supply connection pad 280. The weak feedback
at the pullup of the PMOS transistor M3 provides a sharp transition and a clearly defined

window when the SCR is turned on.

The diode D, is connected in series with the inverter |y to provide protection
against accidental triggering of the ESD protection circuit during normal operation. The
diode D1 is placed in series with the SCR to increase the holding voltage of the ESD
protection circuit. The diode Dy may optionally be a group of serially connected diodes
to adjust the holding voltage.
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The inverter 12 is constructed of the PMOS transistor M3 and the NMOS transistor M4 having their
drains connected together. The source of the NMOS transistor M4 is connected to the power supply
connection pad 280. The source of the PMOS 23 transistors M3 is connected to the anode of the diode
D2 and the cathode of the diode is connected to the signal input/output interface pad 275. The output of

the inverter 12 at thpdupgivpfidetishaineai gieidMRAR Hasisoshehvans the NMeRBasiswsM4 is
connected to the first gate of the SCR and the gate of the PMOS transistor M6. The third inverter 13 is

constructed pfghs asKjally 69RNRGR HEMASISOSIBORYFVRRt7 Tne e )NMQB Balaiske MBRThe

junction connection between the resistor R and the capacitor C is connected to the gates of the PMOS

transistors My giél e MMOS dassistordte Eompatpdevidaniltrd lavestanterrid thesistagtien of the
PMOS transistors M7 and the NMOS transistor M8 is connected to the second gate of the SCR and

provide a waakiesdbaelc B 9T grafie sdhec PdiD SftiaRsiwienlEh, W &R @RrER Bhe Vi 23hieehnientse

voltage at the signal input/output interface pad 275 increases dramatically. The top plate of the capacitor

C, at the firshggieip/atasHitleal aronetl isblgiastbalingsd S R WS eheaiiaily FREcrgHnyerrys 11, 12,
and 13. This causes the transistors 01 and 02 to turn on, thus activating the SCR. The SCR then

transfers thedisgseyDp4Re DIVBEIFsY P ieRiEeDioD pathdds; dhEiycrkafre s B {iIB.polupgef the
PMOS transistor M3 provides a sharp transition and a clearly defined window when the SCR is turned
on. and Ds of Fig. 8 may be the shallow trench isolation bounded diodes as shown in Fig. 1.
As is known in the art, the shallow trench isolation does not allow the small feature size
achievable with the polysilicon bounded SCR or polysilicon bounded diodes. Further
the depth of the shallow trench isolation forces the currents to travel farther through the

bulk of the devices, thus increasing the series resistance of the devices and thereby the

heating during an ESD event.

While this invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

scope of the invention.

The invention claimed is:
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The diode D2 is connected in series with the inverter 11 to provide protection against accidental
triggering of the ESD protection circuit during normal operation. The diode Di is placed in series with the
SCR to increase the holding voltage of the ESD protection circuit. The diode Di may optionally be a
group of serially connected diodes to adjust the holding voltage. 24 The ESD protection circuit of this

invention, as showL?f\icrf}éPie SiX embﬁ)di enL?ﬂﬂ isf referably a ﬁgelé/silicon bounded SCR of this invention.
The polysilichn bounFF SE RO FAHRCIAGENR é)%\%ééna?rﬁ LBIRFRPRESIRS with a lower internal

resistance. However, the ESD protection circuit of this invention, as shown in the four embodiments may

have a shallow trench isolatjon bounded SCR as shown in Fig. 3. Further the. diodes D1 and D2 of Fig. 6,
totes DI D2, and 03 of F15 WEIH SRIGBIE NSRS, W IR EAES10E 150 B BhitRy remh

isolation bounded diodes as hownd'n Fi\gﬁl.ﬂ\@g is known in the art, the shallow trench isolation does not
allow the small feature size QNBEHE R FO5ERSicon bounded SCR or polysilicon bounded diodes.
Further the depth of the shallow trench isolation forces the currents to travel farther through the bulk of

the devices, thus increasing the series resistancge of the devices and thereby the heating during an ESD
event Wi this inventiorPtSEBBE Mk (0K BRI HSRL D VA TR AR Srheeq
embodiments thereof, it will be ynderstagd b%gthose skilled in the ayt tthat various changes in form and

details may be made without Y alFﬂRtjer?ﬁ. @§&?|?ré &OhdUC%V'ty ype;

a first diffusion region formed within said second well and heavily doped

with the impurities of the first conductivity type;

a second diffusion region formed within said first well region at a second
distance from the first diffusion region and heavily doped with

impurities of the second conductivity type; and

a heavily doped polycrystalline layer formed at the surface of said
substrate and placed between the s and astride a junction of the first
well region and the second well region to form a bounding component
to prevent silicide formation at junctions of the first diffusion region and
the second well region, the first well region and the second region, and
the second diffusion region and the first well region during fabrication

of said silicon controlled rectifier.

2. The silicon controlled rectifier of claim 1 wherein said heavily doped
polycrystalline layer permits a series resistance of said silicon controlled rectifier

to be smaller for a more efficient operation.
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scope of the invention. The invention claimed is: 25 1 . A silicon controlled rectifier formed on a substrate
comprising: a first well region lightly doped with impurities of a first conductivity type formed on said
substrate; a second well region formed within said first well region and lightly doped with impurities of a
second conductivity type; a first diffusion region formed within said second well and heavily doped with
the impuritieg of the first conductivity type; a secogpf iffusjon region formed withjn said first well region at
2 sccond cance TP RN SCUMOLLEN FECTGR Sh6 RBINHGHER AT RAH K AEO0H B8 LedaFRIT
conductivity type; and a heavily doped polycrystalline layer formed at the surface, of said substrate and
placed between thd Y ShiF SOPRECAMIBRIAC A Ty IPRERoRCI M B LB IGRRI P form a

boundi tf vent silicide f ti juncti f the first diffusiol ion and th d
wel region. he Trsi L FAUGIGR SAEHAS 48RRI ThErad SR AR IL R QL R SRS <t el

region during fabrication of said silicon contrrolled rectif}er. The silicon cantrolled rectifier of ¢laim 1
wherein said heavil@r%ﬁg ng of accidental formation of an inversion region under said heavily

doped polycrystalline layer.

4, The silicon controlled rectifier of claim 3 wherein said heavily doped

polycrystalline silicon layer is connected to the second diffusion region.

5. The silicon controlled rectifier of claim 1 wherein the first diffusion region is linked
to a voltage source which provides a relatively large voltage which when said
relatively large voltage exceeds said snapback voltage, said silicon controlled

rectifier conducts.

6. The silicon controlled rectifier of claim 4 wherein the first well region, the second
well region, said highly doped polycrystalline silicon layer, and the second

diffusion are power supply connection.

7. The silicon controlled rectifier of claim 6 wherein a first parasitic resistance
formed within said first well region and a second parasitic resistance formed
within said second well region act to bias a first and second gate of said silicon

controlled rectifier to turn-on said silicon controlled rectifier.

8. An ESD protection circuit formed at an input/output of an integrated circuit to
protect said integrated circuit from damage caused by an ESD event, said ESD

protection circuit comprising:
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polycrystalline layer permits a series resistance of said silicon controlled rectifier to be smaller for a more
efficient operation. 26 3. The silicon controlled rectifier of claim 1 wherein the heavily doped
polycrystalline layer is connected to bias said heavily doped polycrystalline silicon layer such that
salicide shorting is prevented said first and second diffusion regions and preventing of accidental

formation of an inversion regigR¢HpdanisRicshrRavilbodered BT GHHEBR BBetweeh g Sigaan controlled
rectifier of claim 3 wherein said heavily doped polycrystalline silicon layer is connected to the second

diffusion region. 5. The siliconntseitpdirptbieicel slabmlimbgraiadhe digt shidugippwediondsliinked to a

voltage source which provides a relatively large voltage which when said relatively large voltage exceeds

said snapback voltage, said siisaieeaoH dteshiteiehiégrieadiaisitosdiagolerpstamtelgrcwetifier of claim
4 wherein the first well region, the second well region, said highly doped polycrystalline silicon layer, and
the second diffusion are powes sty SCREsHYising he silicon controlled rectifier of claim 6 wherein a
first parasitic resistance formed within said first well region and a second parasitic resistance formed
within said second well region act to bias a first and second gate of said silicon controlled rectifier to

turn-on said silicon controlledgegtfi@fell region lightly doped with impurities of a first conductivity
type formed on said substrate and connected to said power supply

connection,

a second well region formed within said first well region and lightly

doped with impurities of a second conductivity type,

a first diffusion region formed within said second well, heavily doped
with the impurities of the first conductivity type, and connected to

said signal input/output interface,

a second diffusion region formed within said first well region at a
second distance from the first diffusion region, heavily doped with
impurities of the second conductivity type, and connected to said

power supply connection, and

a first heavily doped polycrystalline layer formed at the surface of said
substrate and placed between the first and second diffusion regions
and astride a junction of the first well region and the second well
region to form a bounding component to prevent silicide formation
at junctions of the first diffusion region and the second well region,
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8. An ESD protection circuit formed at an input/output of an integrated circuit to protect said integrated
circuit from damage caused by an ESD event, said ESD protection circuit comprising: 27 a polycrystalline
silicon bounded SCR connected between a signal input/output interface of said integrated circuit and a
power supply connection of said integrated circuit, said polycrystalline silicon bounded SCR comprising:

a first well region lightly doped witheifivau iigsrefAraheaheussividdiagdarand festdsdairaisignd
connected to said power supply connection, a second well region formed within said first well region and

lightly doped with impurities of a pggieRcaeeNEcMbWEReegitiFst M Rb e thfefre’ wilidthsaid
second well, heavily doped with the impurities of the first conductivity type, and connected to said signal
input/output interface, a second ¢ifpsieEEaietifigragd within said first well region at a second distance
from the first diffusion region, heavily doped with impurities of the second conductivity type, and
connected to said power supply connection, and a first heavily doped polycrystalline layer formed at the

surface of said a biasing circuit connected to said polycrystalline silicon bounded SCR
to bias said polycrystalline silicon bounded SCR to turn on more

rapidly during said ESD event.

9. The ESD protection circuit of claim 8 further comprising at least one diode
formed on said substrate and connected between said signal input/output
interface and an anode connection of said polycrystalline silicon bounded SCR to
increase a holding voltage for said polycrystalline silicon bounded SCR when

said polycrystalline silicon bounded SCR is turned on.
10.  The ESD protection circuit of claim 8 wherein said biasing circuit: comprises:

a polycrystalline silicon bounded diode connected from the signal
input/output interface, said polycrystalline silicon bounded diode

comprising:
the first diffusion region,
the second well region, and

a second heavily doped polycrystalline layer formed at the
surface of said substrate and placed adjacent to the first
diffusion region and astride a junction of the second well
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substrate and placed between the first and second diffusion regions and astride a junction of the first well
region and the second well region to form a bounding component to prevent silicide formation at
junctions of the first diffusion region and the second well region, 28 the first well region and the second
region, and the second diffusion region and the first well region during fabrication of said silicon

controlled rectifier; and a biasing circuit eQibeeae tRsIiffosyaNHSEHIND THaARRMIKIRASCR to bias
said polycrystalline silicon bounded SCR to turn on more rapidly during said ESD event. 9. The ESD

protection circuit of claim 8 further compyisifisbableas! girs it ddideiermoaidn @ sulrljalecabd epnnected
between said signal input/output interface and an anode connection of said polycrystaﬂline silicon

bounded SCR to increase a holding voltagerifer et oty esyrdnllHiistieaeboradrsl $sdtowhrmirkaid
polycrystalline silicon bounded SCR is turned on. 10. The ESD protection circuit of claim 8 wherein said

biasing circuit: comprises: a polycrystalligpriitgion e daiegsliedpstannedpiddropbtitisgamdeput/output
interface, said polycrystalline silicon bounded diode comprising: the first diffusion region,

wherein said junction of the first diffusion region and the second

well region forms said polycrystalline bounded diode; and

a first resistance formed of material of the second well from a first gate of
said polycrystalline silicon bounded SCR to a third diffusion region
formed within said second well, heavily doped with the impurities of the
second conductivity type, and connected to said power supply
connection to provide a low resistance path to said second well from

said power supply connection.

11.  The ESD protection circuit of claim 10 wherein said biasing circuit: further

comprises:

a second resistance formed material of the second well from said first gate

to said first diffusion region.
12.  The ESD protection circuit of claim 8 wherein said biasing circuit: comprises:

a first resistor connected from the signal input/output interface to the

first gate of said polycrystalline silicon bounded SCR; and
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the second well region, and a second heavily doped polycrystalline layer formed at the surface of said
substrate and placed adjacent to the first diffusion region and astride a junction of the second well 29
region and first diffusion region to form a bounding component to prevent silicide formation at said
junction of the first diffusion region and the second well region during fabrication of said polycrystalline

silicon bounded diode; whereigaictiyhssios: ebieetitetdifiniaierrgipgaebihrspenyariliiegion forms
said polycrystalline bounded diode; and a first resistance formed of material of the second well from a first

gate of said polycrystalline silicogj|R@ineednaett STR Hyrekatifiveirs: raehpny trrENyHiIn said second

well, heavily doped with the impurities of the second conductivity type, and connected to said power
supply connection to provide a low resistance path to said second well from said power supply

connection. 11. The ESD protgrtiesigiipdh &fpPs b0svarreiepig iasing siicstp A¢itbec6aRyYisas: a
second resistance formed material of the second well from said first gate to said first diffusion region.
to said gate of the polycrystalline bounded SCR is a virtual ground

and said polycrystalline silicon bounded SCR is activated.
13.  The ESD protection circuit of claim 8 wherein said biasing circuit: comprises:

a plurality of serially connected diodes, where a first diode of said plurality
of serially connected diodes is connected to the signal input/output
interface and a last diode of said plurality of serially connected diodes
is connected to a second gate of said polycrystalline silicon bounded

SCR; and

a second resistor connected from the second gate and the last diode of
the plurality of serially connected diodes to the power supply

connection;

wherein an ESD event causes a current to flow through said plurality of
serially connected diodes and said second resistor to trigger the

polycrystalline silicon bounded SCR to turn on.
14.  The ESD protection circuit of claim 8 wherein said biasing circuit: comprises:

a resistor/capacitor biasing circuit comprising:
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12. The ESD protection circuit of claim 8 wherein said biasing circuit: comprises: a first resistor
connected from the signal input/output interface to the first gate of said polycrystalline silicon bounded
SCR; and 30 a first capacitor connected from the first gate of the polycrystalline silicon bounded SCR to
said power supply connection; wherein upon said ESD event, a top plate of said capacitor connected to

said gate of the polycrystalline boundefﬁs‘i?é%ia&‘d&hﬁé@ﬂé&lﬂ@n@lﬂﬁ’eﬁ%mimwtﬁlm sieprdounded
ias

SCR is activated. 13. The ESD protection circuit of claim 8 wherein said ing circuit: comprises: a

plurality of serially connected diodes, wheseipsfitsiteiofe 0856 ol sailin &Rt b sondestsd Riodes is
connected to the signal input/output interface and a last diode of said plurality of serially connected

diodes is connected to a second gate ofgaid polycrystalline silicon bounded SCR; and a second resistor
connected from the second gate and the last diode of the plurality of serially connected diodes to the
power supply connection; wherein an ESD event causes a current to flow through said plurality of

serially connected diodes and said sg¢psidceaségiesitedraaetdberanivssysislpasdeeebounded SCR to
turn on.
polycrystalline silicon bounded SCR to said power supply

connection,

wherein upon occurrence of said ESD event, a top plate of said
capacitor connected to said gate of the polycrystalline
bounded SCR virtually connected to said power supply
connection and said polycrystalline silicon bounded SCR is

activated;
a diode triggering biasing circuit comprising:

a plurality of serially connected diodes, where a first diode of said
plurality of serially connected diodes is connected to the signal
input/output interface and a last diode of said plurality of serially
connected diodes is connected to a second gate of said

polycrystalline silicon bounded SCR, and

a second resistor connected from the second gate and the last diode of
the plurality of serially connected diodes to the power supply

connection,
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14. The ESD protection circuit of claim 8 wherein said biasing circuit: comprises: a resistor/capacitor
biasing circuit comprising: 31 a first resistor connected from the signal input/output interface to the first
gate of said polycrystalline silicon bounded SCR, and a first capacitor connected from the first gate of the
polycrystalline silicon bounded SCR to said power supply connection, wherein upon occurrence of said

ESD event, a top plate of saidyi¢aRagi ESMeciatt asaicaniupiche oAb ysialige sarvpredl B

virtually connected to said power supply connection and said polycrystalline silicon bounded SCR is

activated; a diode triggering biasiutigitgwbanemegiancepldrlisaei setshy cesresied tiggestidere a
first diode of said plurality of serially connected diodes is connected to the signal input/output interface

and a last diode of said plurality elospiiglyalinensried diogesds STRastasicona.second gate of said
polycrystalline silicon bounded SCR, and a second resistor connected from the second gate and the last

diode of
15.  The ESD protection circuit of claim 8 wherein said biasing circuit comprises:

a resistor/capacitor biasing circuit comprising:

a second resistor connected from the signal input/output
interface, said second resistor including a first metal oxide
semiconductor transistor of a first conductivity type with a
source connected to the signal input/output interface and a
gate connected so as to have a voltage level approximately
equal the power supply connection of said integrated circuit,

and

a second capacitor connected between the second resistor and
said power supply connection, said second capacitor
including a second metal oxide semiconductor transistor with
a drain and source connected to a drain of said second
metal oxide semiconductor transistor and a gate connected

to said power supply connection; and

an SCR triggering circuit with an input connected to a junction of said
second resistor and said second capacitor, said SCR trigger circuit
comprising:
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the plurality of serially connected diodes to the power supply connection, 32 wherein an ESD event
causes a current to flow through said plurality of serially connected diodes and said second resistor to
trigger the polycrystalline silicon bounded SCR to turn on. 15. The ESD protection circuit of claim 8
wherein said biasing circuit comprises: a resistor/capacitor biasing circuit comprising: a second resistor

connected from the signal inpaitAnuta iBtesérrely sebthiresririnosisty dreluging a first metal oxide
semiconductor transistor of a first conductivity type with a source connected to the signal input/output

interface and a gate connected so as to have a voltage level approximately equal the power supply

connection of said integrated circuit,m@g@@pm@gg@gi%gme@mwgmgng seeeng resistor and
said power supply connection, said second capacitor including a second metal oxide semiconductor

transistor with a drain and source connggtffbtder hatstieh THEUFRCRNSb TReEREEXS eheeiMRIRAUSTOr
transistor and a gate connected to said power supply connection; and

said second resistor and said second capacitor,

wherein an in phase output that provides a signal that is in
phase with said input to said first inverter is connected to the

first gate of said polycrystalline silicon bounded SCR,

wherein an out-of-phase output that provides a signal that is out
of phase with said input to said first inverter is connected to

the second gate of said polycrystalline silicon bounded SCR;

wherein upon occurrence of said ESD event, a top plate of said second
capacitor is virtually connected to said power supply connection to
cause said plurality of serially connected inverters to activate with a
sharp transition and clearly defined windown to trigger the

polycrystalline silicon bounded SCR to turn on.
16.  The ESD protection circuit of claim 15 further comprising:

a diode connected between the polycrystalline silicon bounded SCR and
said signal input/output interface of said integrated circuit to increase a

holding voltage of said polycrystalline silicon bounded SCR.
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an SCR triggering circuit with an input connected to a junction of said second resistor and said second
capacitor, said SCR trigger circuit comprising: 33 a plurality of serially connected inverter circuits,
wherein an input to a first inverter of the plurality of serially connected inverter circuits is connected to the
junction of said second resistor and said second capacitor, wherein an in phase output that provides a

signal that is,ip phase %said input to said first 'nyer% is connected to the first gate of said
polycrystali siicat Baeidel SERORIIH 5h Ao BHaRE SR eHaRSIBN SRS R that is out of
phase with said input to said first inverter is connected to the second gate of said polycrystalline silicon
bounded SCR; Whé}%mmﬁ?r‘?occurrence of said ESD event, a top plate of said second capacitor is
virtually connected to said power supply connection to cause said plurality of serially connected inverters

to activate with a sharp transition and clearly defined windown to trigger the polycrystalline sjlicon
bounded SCR to turn on. FEOFHE BB IE RN ERBES! LISiTYSTGHREKLBMIHORE! SBIG connected
bet th I talli ili b d SCR
etween the polycrystafine Slclgﬂplecc%ggqr?veﬁers gﬂg said signal input/output interface of said
integrated circuit to avoid unintended triggering of said ESD protection

circuit.
18.  The ESD protection circuit of claim 8 wherein said biasing circuit comprises:
a resistor/capacitor biasing circuit comprising:

a third resistor connected from the signal input/output interface,
said third resistor including a second metal oxide
semiconductor transistor of the first conductivity type with a
source connected to the signal input/output interface and a
gate connected so as to have a voltage level approximately
equal the power supply connection of said integrated circuit,

and

a third capacitor connected between the third resistor and said
power supply connection, said third capacitor including a
fourth metal oxide semiconductor transistor with a drain and
source connected to a drain of said third metal oxide

semiconductor transistor; and
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said signal input/output interface of said integrated circuit to increase a holding voltage of said
polycrystalline silicon bounded SCR. 34 17. The ESD protection circuit of claim 15 wherein said biasing
circuit further comprises: a diode connected between said first inverter said plurality of serially connected
inverters and said signal input/output interface of said integrated circuit to avoid unintended triggering of

said ESD protection circuignl § CH@ig§EY REPERSUIMNEIT I ¢ SlAiBd SnabrRIgifb w{d iiasing Céirdithird
comprises: a resistor/capacitor biasing circuit comprising: a third resistor connected from the signal

input/output interface, said thigkisgipiandnsdidingrd 686a6ROMNROSUR SRIGEFIFGAOHANHeY: Of the
first conductivity type with a source connected to the signal input/output interface and a gate connected

SO as to have a voltage level approximately equal the power supply connection of said integrated circuit,
and a third capacitor connectgd hepasnitieutig: resistor and said power supply connection, said third
capacitor including a fourth metal oxide semiconductor transistor with a drain and

an input connected to the junction of said second resistor and

said second capacitor,

a weak feedback pull-up metal oxide semiconductor transistor to
provide a sharp transition and a clearly defined window

when said polycrystalline silicon bounded SCR is turned on,

an in phase output that provides a signal that is in phase with
said input to said inverter is connected to the first gate of

said polycrystalline silicon bounded SCR, and

an out-of-phase output that provides a signal that is out of
phase with said input to said inverter is connected to the

second gate of said polycrystalline silicon bounded SCR;

wherein upon occurrence of said ESD event, a top plate of said second
capacitor is virtually connected to said power supply connection to
cause said inverter to activate with the sharp transition and the
clearly defined window to trigger the polycrystalline silicon bounded

SCR to turn on.

19.  The ESD protection circuit of claim 15 further comprising:
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source connected to a drain of said third metal oxide semiconductor transistor; and 35 an SCR triggering
circuit with an input connected to a junction of said third resistor and said third capacitor, said SCR trigger
circuit comprising: an inverter including: an input connected to the junction of said second resistor and
said second capacitor, a weak feedback pull-up metal oxide semiconductor transistor to provide a sharp

transition and a clearly defingdJurdpwertBaneaibBalvceysEEIGsIHinAB BhdbAasbafdRiFIWRashan, an in
phase output that provides a signal that is in phase with said input to said inverter is connected to the first

gate of said polycrystalline si§gRndigndag e RipanthesrRidedf2ae sidAaineiAyidan & sirah that

is out of phase with said input to said inverter is connected to the second gate of said polycrystalline

silicon bounded SCR; whereipg|afit estsRN6Psai$poljpl rYatY. lisghiiaiehaksp8Crecond capacitor
is virtually connected to said power supply connection to cause said inverter to activate with the sharp

transition and the clearly defined window to trigger the polycrystalline silicon bounded
20. The ESD protection circuit of claim 15 wherein said biasing circuit further

comprises:

a diode connected between said inverter and said signal input/output
interface of said integrated circuit to avoid unintended triggering of said

ESD protection circuit.

21.  The ESD protection circuit of claim 8 wherein said heavily doped polycrystalline
layer of the polycrystalline silicon bounded SCR permits a series resistance of
said polycrystalline silicon bounded SCR to be smaller for a more efficient

operation.

22. The ESD protection circuit of claim 8 wherein the heavily doped polycrystalline
layer is connected to bias said heavily doped polycrystalline silicon layer such
that silicide shorting is prevented said first and second diffusion regions and
preventing of accidental formation of an inversion region under said heavily

doped polycrystalline layer.

23.  The ESD protection circuit of claim 22 wherein saidheavily doped polycrystalline

silicon layer is connected to the second diffusion region.
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SCR to turn on. 19. The ESD protection circuit of claim 15 further comprising: 36 a diode connected

between the polycrystalline silicon bounded SCR and said signal input/output interface of said integrated
circuit to increase a holding voltage of said polycrystalline silicon bounded SCR. 20. The ESD protection
circuit of claim 15 wherein said biasing circuit further comprises: a diode connected between said inverter

T e A N e,
pounded SR to bALHUTLRRS SHOR AR APaPAS 20 SO Ob TG BN R SR e s
Sicon layer such TARCIAE CIRNG R EraNEd GHRHBI ARG SoCoRS RSO c.
55, The ES prote i €A DA R - dBHE  ponerystaine

25. The ESD protection circuit of claim 23 wherein the first well region, the second
well region, said highly doped polycrystalline silicon layer, and the second

diffusion are power supply connection .

26. The ESD protection circuit of claim 25 wherein a first parasitic resistance formed
within said first well region and a second parasitic resistance formed within said
second well region act to bias a first and second gate of said silicon controlled

rectifier to turn-on said polycrystalline silicon bounded SCR.

27. A method for fabricating a silicon controlled rectifier on a substrate comprising

the steps of:

forming a first well region lightly doped with impurities of a first conductivity

type on a surface of said substrate;

forming a second well region within said first well region by lightly doping
said second well region with impurities of a second conductivity type,
said impurities of the second conductivity type having a polarity

opposite the impurities of the first conductivity type;
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silicon layer is connected to the second diffusion region. 37 24. The ESD protection circuit of claim 22
wherein the first diffusion region is linked to a voltage source which provides a relatively large voltage
during said ESD event which when said relatively large voltage exceeds said snapback voltage, said
polycrystalline silicon bounded SCR conducts. 25. The ESD protection circuit of claim 23 wherein the first

well region, the second wejlkaaipa.faaiciiiakiyslesge palienitaltnesbaarWay ey aedie Gesriy
diffusion are power supply connection . 26. The ESD protection circuit of claim 25 wherein a flrst parasitic

resistance formed within saidsfgtring!bigaigoransh egrRdHeaiRptiatiesistanesifetpeAduhipaid
second well region act to bias a first and second gate of said silicon controlled rectifier to turn-on said

polycrystalline silicon boundeg)§&:R. 27. A method for fabricating a silicon controlled rectifier on a
substrate comprising the steps of: forming a first well region lightly doped with impurities of a first
conductivity type on a surface of said substrate; forming a second well region within said first well region

by lightly doping said secegiehiigfld eaiesnditifinontegiehasetaraiconduivitydyiom Saidipprgties of
the second conductivity type having a polarity opposite the impurities of the first conductivity type;
distance from the first diffusion region by heavily doping said second

diffusion region with impurities of the second conductivity type; and

forming a heavily doped polycrystalline layer at the surface of said
substrate and between the first and second diffusion regions and
astride a junction of the first well region and the second well region to
form a bounding component to prevent silicide formation at junctions of
the first diffusion region and the second well region, the first well region
and the second region, and the second diffusion region and the first

well region during fabrication of said silicon controlled rectifier.

28. The method of claim 27 wherein said heavily doped polycrystalline layer permits
a series resistance of said silicon controlled rectifier to be smaller for a more

efficient operation.

29. The method of claim 27 further comprises the step of connecting the heavily
doped polycrystalline layer to bias said heavily doped polycrystalline silicon layer
such that silicide shorting is prevented said first and second diffusion regions and
preventing of accidental formation of an inversion region under said heavily

doped polycrystalline layer.
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38 forming a first diffusion region within said second well by heavily doping said first diffusion region with
the impurities of the first conductivity type; forming a second diffusion region within said first well region
at a second distance from the first diffusion region by heavily doping said second diffusion region with
impurities of the second conductivity type; and forming a heavily doped polycrystalline Iayer at the surface

of said substrate bet en the first second diff son ons and astr dea nction of the first
wellregion st the UaE CRAS S5 BTG &SPy K %&A@Rﬂﬂ%@éﬁ SR8 R5lbon ot
junctions of the first diffu |on nd t ese ond Welll"% ion, the first well re r lon and the second
region, and the sec ﬂaedffﬂfg Heaﬁ QRE YT R g%?f)a rifg YIRS Rrbf said silicon

controlled rectifier. 28. The method of claim 27 wherein said heavily doped polycrystalline layer permits a
series resist ceo aid silico roII ctifier to be smaller for a mo fficient gper n 29. The
method of ﬁﬁ@?mﬁaﬁ SEme L b%&ﬂﬂ@%ﬂaqﬁbmgﬁmﬁ&g ebﬁ,ﬁ%é@ﬂ Heitier to
bias said heavily d ed pol alllne silicon | such that silicide shortin event d first and
oo diftugion eI RE SRSR G SPRCK B IR SR eI EFGiSLgHin VAL, K meaviy

said relatively large voltage exceeds said snapback voltage, said silicon

controlled rectifier conducts.

32. The method of claim 30further comprising the step of linking the first well region,
the second well region, said highly doped polycrystalline silicon layer, and the

second diffusion to a return of the voltage source.

33. The method of claim 32 wherein a first parasitic resistance formed within said
first well region and a second parasitic resistance formed within said second well
region act to bias a first and second gate of said silicon controlled rectifier to turn-

on said silicon controlled rectifier.

34. A method for forming an ESD protection circuit formed at an input/output
interface of an integrated circuit formed on a substrate to protect said integrated
circuit from damage caused by an ESD event, said ESD protection circuit

comprising:

forming a polycrystalline silicon bounded SCR on a surface of said

substrate by the steps of :
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doped polycrystalline layer. 39 30. The method of claim 29further comprising the step of connecting said
heavily doped polycrystalline silicon layer to the second diffusion region. 31. The method of claim 27
further comprising the step of linking the first diffusion region to a voltage source which provides a
relatively large voltage which when said relatively large voltage exceeds said snapback voltage, said

silicon controlled rectifier congigting2: flfae Westhedeh dgindpeberiae Minsisitieshsr steipsef linking the
first well region, the second well region, said highly doped polycrystalline silicon layer, and the second

diffusion to a return of the voltagesedniedvidy tyihte sReshadiatelansAd wiieseime first parasitic resistance
formed within said first well region and a second parasitic resistance formed within said second well

region act to bias a first and second gate of said silicon controlled rectifier to turn- on said silicon

controlled rectifier. 34. A methgghipigferasas R rsHD et Glishi ¢ iseitt fiesies [eaivinpytiRiiyt interface

of an integrated circuit formed on a substrate to protect said integrated circuit from damage caused by an
ESD event, said ESD protection gtigitl cosmpestshdovaing gidre wary siadinfiesiera Bedsdgd SCR on a
surface of said substrate by the steps of :

conductivity type, said impurities of the second conductivity type

having a polarity opposite from the impurities of the first

conductivity type,

forming a first diffusion region within said second well by heavily
doping said first diffusion region with the impurities of the first

conductivity type,

forming a second diffusion region within said first well region at a
second distance from the first diffusion region by heavily doping
said second diffusion region with impurities of the second

conductivity type, and

forming a heavily doped polycrystalline layer at the surface of said
substrate and between the first and second diffusion regions and
astride a junction of the first well region and the second well region
to form a bounding component to prevent silicide formation at
junctions of the first diffusion region and the second well region, the

first well region and the second region, and the second diffusion
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40 forming a first well region lightly doped with impurities of a first conductivity type on a surface of said
substrate, forming a second well region within said first well region by lightly doping said second well
region with impurities of a second conductivity type, said impurities of the second conductivity type
having a polarity opposite from the impurities of the first conductivity type, forming a first diffusion region

within said second well by heavilye glopinggait firtaiignsiegisroirmMitRalhecanBHriesart rchist
conductivity type, forming a second diffusion region within said first well region at a second distance from
the first diffusion region by heaviyog®Ringd satdigeeond diffusion region with impurities of the second
conductivity type, and forming a heavily doped polycrystalline layer at the surface of said substrate and
between the first and second diffusion regions and astride a junction of the first well region and the

second well region to forrgahReBelS@ HEYBE/Y: HMiRECYRIBbAIlsde dednagrnsddirstiansgidhe first
diffusion region and the second well region, the first well region and the second region, and the second
diffusion input/output interface of said integrated circuit and a power supply

connection of said integrated circuit;
forming a biasing circuit; and

connecting said biasing circuit to said polycrystalline silicon bounded SCR
to bias said polycrystalline silicon bounded SCR to turn on more

rapidly during said ESD event.
35.  The method of claim 34 further comprising the steps of:
forming at least one diode on said substrate; and

connecting said diode between said signal input/output interface and an
anode connection of said polycrystalline silicon bounded SCR to
increase a holding voltage for said polycrystalline silicon bounded SCR

when said polycrystalline silicon bounded SCR is turned on.

36. The method of claim 34 wherein forming said biasing circuit: comprises the steps

of:

forming a polycrystalline silicon bounded diode said polycrystalline silicon

bounded diode by the steps of:
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41 region and the first well region during fabrication of said silicon controlled rectifier; connecting said
polycrystalline silicon bounded SCR between a signal input/output interface of said integrated circuit and
a power supply connection of said integrated circuit; forming a biasing circuit; and connecting said
biasing circuit to said polycrystalline silicon bounded SCR to bias said polycrystalline silicon bounded

SCR to turn on more rapidly during gsidighevRet-o¥pudiba regtbad of claim 34 further comprising the
steps of: forming at least one diode on said substrate; and connecting said diode between said signal

input/output interface and an anode connection of said polycrystalline silicon bounded SCR to increase a

holding voltage for said polycrystallingrfilisgRHeoseelssbSten ragien saidpolycrystalline silicon bounded
SCR is turned on. 36. The method of claim 34 wherein forming said biasing circuit: comprises the steps

of: forming a polycrystalline silicon bounded diode said polycrystalline silicon bounded diode by the steps
of: 42 forming a second heavily doped polycrystalline layer at the

surface of said substrate and placed adjacent to the first
diffusion region and astride a junction of the second well
region and first diffusion region to form a bounding
component to prevent silicide formation at said junction of
the first diffusion region and the second well region during

fabrication of said polycrystalline silicon bounded diode;

wherein said junction of the first diffusion region and the second

well region forms said polycrystalline bounded diode; and

connecting said polycrystalline silicon bounded diode to the signal

input/output interface,

forming a third diffusion region within said second well by heavily doping

said third diffusion region with the impurities of the second conductivity

type,

forming a first resistance of material of the second well from a first gate of
said polycrystalline silicon bounded SCR to said third diffusion region,

and
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forming the first diffusion region, forming the second well region, and forming a second heavily doped
polycrystalline layer at the surface of said substrate and placed adjacent to the first diffusion region and
astride a junction of the second well region and first diffusion region to form a bounding component to
prevent silicide formation at said junction of the first diffusion region and the second well region during

fabrication of said polycrysiains:ilgealaamdediidieds nrseirosaistivesionsobiiy Besitusionregion

and the second well region forms said polycrystalline bounded diode; and connecting said polycrystalline

silicon bounded diode to the gignabinaUBALtBYisaiRsERBatAETY AR S HY6HATen gdreeln pilversaid
second well by heavily doping said third diffusion region with the impurities of the second conductivity

type, forming a first resistance @hpnateyirledtitie. second well from a first gate of said polycrystalline
silicon bounded SCR to said third diffusion region, and 43 connecting said third diffusion region to said
power supply connection to

37. The method of claim 36wherein forming said biasing circuit further comprises the

steps of:

forming a second resistance of the material of the second well from said

first gate to said first diffusion region.

38. The method of claim 34 wherein forming said biasing circuit: comprises the steps

of:

forming a first resistor from the signal input/output interface to the first

gate of said polycrystalline silicon bounded SCR; and

forming a first capacitor from the first gate of the polycrystalline silicon

bounded SCR to said power supply connection;

wherein upon said ESD event, a top plate of said capacitor connected
to said gate of the polycrystalline bounded SCR virtually connected
to said power supply connection and said polycrystalline silicon

bounded SCR is activated.
39. The method of claim 34 wherein said biasing circuit: comprises the steps of:
forming a plurality of serially connected diodes;
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provide a low resistance path to said second well from said power supply connection. 37. The method of
claim 36wherein forming said biasing circuit further comprises the steps of: forming a second resistance
of the material of the second well from said first gate to said first diffusion region. 38. The method of claim
34 wherein forming said biasing circuit: comprises the steps of: forming a first resistor from the signal

input/output interface to theofiisé @atg affFaicoRiecey Sainartirg P eendad Slrncard igivaieg @ tinst

capacitor from the first gate of the polycrystalline silicon bounded SCR to said power supply connection;
wherein upon said ESD event;grapimbaigcefsaidtapaesor connected to said gate of the polycrystalline
bounded SCR virtually connected to said power supply connection and said polycrystalline silicon

bounded SCR is activated. 39. The method of claim 34 wherein said biasing circuit: comprises the steps

of: forming a plurality of sggaHg&MEaqkes diedesahrPpPRRElfEc Sesialpesiicauniitakly of gerially

connected diodes to the signal input/output interface;
second gate of said polycrystalline silicon bounded SCR; and

forming a second resistor from the second gate and the last diode of the

plurality of serially connected diodes to the power supply connection;

wherein an ESD event causes a current to flow through said plurality of
serially connected diodes and said second resistor to trigger the

polycrystalline silicon bounded SCR to turn on.

40. The method of claim 34 wherein forming said biasing circuit: comprises the steps

of:
forming a resistor/capacitor biasing circuit by the steps of:

forming a first resistor from the signal input/output interface to
the first gate of said polycrystalline silicon bounded SCR,

and

forming a first capacitor from the first gate of the polycrystalline

silicon bounded SCR to said power supply connection,

wherein upon said ESD event, a top plate of said capacitor

connected to said gate of the polycrystalline bounded SCR
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connecting a last diode of said plurality of serially connected diodes to a second gate of said
polycrystalline silicon bounded SCR; and forming a second resistor from the second gate and the last
diode of the plurality of serially connected diodes to the power supply connection; wherein an ESD event
causes a current to flow through said plurality of serially connected diodes and said second resistor to

trigger the polycrystalline silicon boundgg$4IR deinety #sdibemetianphrlaohRédtibaraitfesming
said biasing circuit: comprises the steps of: forming a resistor/capacitor biasing circuit by the steps of:

forming a first resistor from the signal inggljertdlinieSaee toodipdest Sar o aati arldcrystalline silicon
bounded SCR, and forming a first capacitor from the first gate of the polycrystalline silicon bounded SCR

to said power supply connection, wherein upon said ESD event, a top plate of said capacitor connected to

said gate of the polycrystajffiRgundrdS tid gbrivigtuailisg aneciedarrnistass supply connection and
said polycrystalline silicon bounded SCR is activated. forming a diode triggering biasing circuit by the
steps of:

forming a plurality of serially connected diodes;

connecting a first diode of said plurality of serially connected diodes to

the signal input/output interface,

connecting a last diode of said plurality of serially connected diodes to

a second gate of said polycrystalline silicon bounded SCR, and

forming a second resistor from the second gate and the last diode of
the plurality of serially connected diodes to the power supply

connection,

wherein an ESD event causes a current to flow through said plurality of
serially connected diodes and said second resistor to trigger the

polycrystalline silicon bounded SCR to turn on.

41.  The method of forming the ESD protection circuit of claim 34 wherein forming

said biasing circuit comprises the steps of:
creating a resistor/capacitor biasing circuit by the steps of:

forming a third resistor by the steps of:
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forming a plurality of serially connected diodes; connecting a first diode of said plurality of serially
connected diodes to the signal input/output interface, connecting a last diode of said plurality of serially
connected diodes to a second gate of said polycrystalline silicon bounded SCR, and forming a second
resistor from the second gate and the last diode of the plurality of serially connected diodes to the power

supply connection, wherein an ESD evepifinipassasastiteridaflowdbrosicandueidiadianaefsgarsly
connected diodes and said second resistor to trigger the polycrystalline silicon bounded SCR to turn on.

41. The method of forming the ESD protectiga mgzldbﬁagaiwﬁwgprein forming said biasing circuit
comprises the steps of: creating a resistor/capacitor biasing circuit by the steps of: forming a third resistor
by the steps of: 46 creating a second metal oxide semiconductor transistor of the first conductivity type,

connecting a source of said second metsd deinseaenies @psdianssevidmibeasi@nakbinput/output
interface, and

semiconductor transistor to the signal input/output

interface, and

connecting a gate of said second metal oxide semiconductor
transistor so as to have a voltage level approximately
equal the power supply connection of said integrated

circuit, and
forming a third capacitor by the steps of;
creating a fourth metal oxide semiconductor transistor,

connecting a drain and a source of said fourth metal oxide
semiconductor transistor to a drain of said third metal

oxide semiconductor transistor and, and

connecting a gate of said fourth metal oxide semiconductor

to said power supply connection; and
forming an SCR triggering circuit by the steps of:

forming an inverter,
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connecting a gate of said second metal oxide semiconductor transistor so as to have a voltage level
approximately equal the power supply connection of said integrated circuit, and forming a third capacitor
by the steps of; creating a fourth metal oxide semiconductor transistor, connecting a drain and a source
of said fourth metal oxide semiconductor transistor to a drain of said third metal oxide semiconductor

transistor and, and connectingghgatifg saidripufter Sl fidedrR srImico NehEHn tor s RRWBhEUPPlY
connection; and forming an SCR triggering circuit by the steps of: forming an inverter, 47 connecting an

input of said inverter to the junctigsstspishsesaiackerpPcapddriel second capacitor, forming a weak
feedback pull-up metal oxide semiconductor transistor within said inverter to provide a sharp transition

and a clearly defined window when said polycrystalline silicon bounded SCR is turned on, connecting an
in phase output of said invertesigithg dikseaRtRe8Balk pull-up metal oxide semiconductor transistor

within said inverter to provide a sharp transition and a clearly
defined window when said polycrystalline silicon bounded SCR is

turned on,

connecting an in phase output of said inverter to the first gate of said
polycrystalline silicon bounded SCR, said in phase output providing

a signal that is in phase with said input to said inverter and

connecting an out-of-phase output of said inverter to the second gate
of said polycrystalline silicon bounded SCR, said inverter providing

a signal that is out of phase with said input to said inverter; and

connecting an input of the SCR triggering circuit to a junction of said third

resistor and said third capacitor,

wherein upon occurrence of said ESD event, a top plate of said second
capacitor is virtually connected to said power supply connection to
cause said inverter to activate with a sharp transition and clearly
defined windown to trigger the polycrystalline silicon bounded SCR to

turn on.
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polycrystalline silicon bounded SCR, said in phase output providing a signal that is in phase with said
input to said inverter and connecting an out-of-phase output of said inverter to the second gate of said
polycrystalline silicon bounded SCR, said inverter providing a signal that is out of phase with said input to
said inverter; and connecting an input of the SCR triggering circuit to a junction of said third resistor and

said third capacitor, \wherein ugon occurrence id ESD event, a top,plate of said second capacitor is
wntually contsted TISATPRARE IS Re i RSOGO SS AR A 1D SdtEoh A RSHalD
transition and clearlﬁ defined ¥vindown to trigger the polycrystalline silicon bounded SCR to turn on. 48

42. The method of § ﬁ'rﬁ}?d)tch :

ESD protection circuit of claim 41 further comprising the steps of :
connecting a diode between the polycrystalline silicon bounded SCR and said signal input/output

interface of said integrated circuit to increase a holding voltage of sajd polycrystalline iIic%&lE}oun ed
SCR. 45, The method of GRS D B R R HSE By PGS B RPN
circuit further comprises the steP of.: copnectin a diode between said invertf?r gmd said signal
input/output salid signal input/output intertace of said integrated circuit to increase a

holding voltage of said polycrystalline silicon bounded SCR.

43. The method of forming the ESD protection circuit of claim 41 wherein forming

said biasing circuit further comprises the step of :

connecting a diode between said inverter and said signal input/output
interface of said integrated circuit to avoid unintended triggering of said

ESD protection circuit.

44.  The method of forming the ESD protection circuit of claim 34 wherein forming

said biasing circuit comprises the steps of :
creating a resistor/capacitor biasing circuit by the steps of:
forming a third resistor by the steps of:

creating a second metal oxide semiconductor transistor of

the first conductivity type,

connecting a source of said second metal oxide
semiconductor transistor to the signal input/output

interface, and
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interface of said integrated circuit to avoid unintended triggering of said ESD protection circuit. 44. The
method of forming the ESD protection circuit of claim 34 wherein forming said biasing circuit comprises
the steps of : creating a resistor/capacitor biasing circuit by the steps of. forming a third resistor by the
steps of: creating a second metal oxide semiconductor transistor of the first conductivity type, connecting

a source of said second metal oxide seppisREEIIHEECA HansGIeata Hrsianal shRLBAHEPSE NEhacRI@nd 49
connecting a gate of said second metal oxide semiconductor transistor so as to have a voltage level

approximately equal the power supply contigai@ic siskirdassated Voreb RV faspHimbed, capacitor
by the steps of; creating a fourth metal oxide semiconductor transistor, connecting a drain and a source

of said fourth metal oxide semiconductor tragasiatehéopaWeriB sRidshiiddnetebxide rprayamaductor
transistor and, and

circuit, and
forming a third capacitor by the steps of;
creating a fourth metal oxide semiconductor transistor,

connecting a drain and a source of said fourth metal oxide
semiconductor transistor to a drain of said third metal

oxide semiconductor transistor and, and

connecting a gate of said fourth metal oxide semiconductor

to said power supply connection; and
forming an SCR triggering circuit said SCR trigger circuit comprising:
an inverter including:

an input connected to the junction of said second resistor and

said second capacitor,

a weak feedback pull-up metal oxide semiconductor transistor to
provide a sharp transition and a clearly defined window

when said polycrystalline silicon bounded SCR is turned on,
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connecting a gate of said fourth metal oxide semiconductor to said power supply connection; and forming
an SCR triggering circuit said SCR trigger circuit comprising: an inverter including: an input connected to
the junction of said second resistor and said second capacitor, a weak feedback pull-up metal oxide
semiconductor transistor to provide a sharp transition and a clearly defined window when said

polycrystalline silicon bounded SCRds turpaesobfhantitapprsaeERUE e RFRtdemappiagsaliipt is in
phase with said input to said inverter is connected to the first gate of said polycrystalline silicon bounded

SCR, and an out-of-phase output that psayiriepat 3t8aldhalésteriPERIRERItE Saédiryde id
inverter is connected to the second gate of said polycrystalline silicon bounded SCR; and connecting an

input of said SCR triggering circuit to a gaietissy@ryaielfinedsiRstsi Bondisais mdgrpacitor; wherein
upon occurrence of said ESD event, a top plate of said second capacitor is virtually connected to said
power supply connection to

an out-of-phase output that provides a signal that is out of
phase with said input to said inverter is connected to the
second gate of said polycrystalline silicon bounded SCR;

and

connecting an input of said SCR triggering circuit to a junction of said third

resistor and said third capacitor;

wherein upon occurrence of said ESD event, a top plate of said second
capacitor is virtually connected to said power supply connection to
cause said inverter to activate with a sharp transition and a clearly
defined window to trigger the polycrystalline silicon bounded SCR to

turn on.

45.  The method of forming the ESD protection circuit of claim 41 further comprising

the step of:

connecting a diode between the polycrystalline silicon bounded SCR and
said signal input/output interface of said integrated circuit to increase a

holding voltage of said polycrystalline silicon bounded SCR.
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cause said inverter to activate with a sharp transition and a clearly defined window to trigger the
polycrystalline silicon bounded SCR to turn on. 45. The method of forming the ESD protection circuit of
claim 41 further comprising the step of: connecting a diode between the polycrystalline silicon bounded
SCR and said signal input/output interface of said integrated circuit to increase a holding voltage of said

lycrystalling silicon bounded SCR. 51 46, The method of forming the, ESD pratection circuit of claim 41
herein formihg sat M duH B Eh AL EKAGH b RLLE FIEHSD SR TAHRERIY 4 hUBE BUAREN e

inverter and said signal in u.t/oué’e'ut .mtelﬁsce of said int((aﬁrated circuit to avoid unintended triggering of
said ESD protectio IRSIAY CHIRY LR SPARAPSa WReSR ggid heavily doped polycrystalline layer
of the polycrystalline silicon bounded SCR permits a series resistance of said polycrystalline silicon

the step of conneciing the BT T BUL Ry ERTHEALR LV B8 S AP SPIPLRA By taline
silicon layer such that silicide shorting is preyented said first and second diffusign regions.and .
preventing of accidental form%&%‘f%ﬂ%%@%%‘?%ﬁ%& It tsoam/ﬂlgagwtengec;t ggering of said

ESD protection circuit.

47.  The method of claim 34 wherein said heavily doped polycrystalline layer of the
polycrystalline silicon bounded SCR permits a series resistance of said

polycrystalline silicon bounded SCR to be smaller for a more efficient operation.

48. The method of claim 34 further comprising the step of connecting the heavily
doped polycrystalline layer to bias said heavily doped polycrystalline silicon layer
such that silicide shorting is prevented said first and second diffusion regions and
preventing of accidental formation of an inversion region under said heavily

doped polycrystalline layer.

49.  The method of claim 48 further comprising the step of connecting said heavily

doped polycrystalline silicon layer to the second diffusion region.

50. The method of claim 48 further comprising the step of linking the first diffusion
region to a voltage source which provides a relatively large voltage during said
ESD event which when said relatively large voltage exceeds said snapback

voltage, said polycrystalline silicon bounded SCR conducts.
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doped polycrystalline layer. 49. The method of claim 48 further comprising the step of connecting said
heavily doped polycrystalline silicon layer to the second diffusion region. 50. The method of claim 48
further comprising the step of linking the first diffusion region to a voltage source which provides a
relatively large voltage during said ESD event which when said relatively large voltage exceeds said

snapback Iage aid crystalline ounded SCR cqgnducts. 5 ethod clajm 49
futher compTiing (TESIBEHP AT SLER T EQTORT SIS JOEGHER I g e ) BBt

I talli ili dt ddi ft It 52. Th thod of
poersaline Sicop et A0 SIS N G A e L Yoot soce, O o
region and a second par resistance within said se ond well region act to bias a first and second
gate of said silicon %%E?r'?)algﬁﬁré%ﬁpetrota {GHI5P iihf ﬂ?@r?s?gh'irr‘rgsrlrcon bounded SCR. 53. An ESD

protection circuit formed at an input/output of an mtegrated crrcurt to protect said integrated circuit from
damage caused by_gn ESD evE t aid Ej[? rotection circuit Errs : a shallow trench isolation
bounded SCRtonn &ht Zagré I H\%lﬁociﬂmﬂrfﬁ @gf ntegrated circuit and a power
supply

forming a first parasitic resistance formed within said first well region and a

second parasitic resistance within said second well region act to bias a
first and second gate of said silicon controlled rectifier to turn-on said

polycrystalline silicon bounded SCR.

53.  An ESD protection circuit formed at an input/output of an integrated circuit to
protect said integrated circuit from damage caused by an ESD event, said ESD

protection circuit comprising:

a shallow trench isolation bounded SCR connected between a signal
input/output interface of said integrated circuit and a power supply

connection of said integrated circuit; and

a biasing circuit connected to said shallow trench isolation bounded
SCR to bias said shallow trench isolation bounded SCR to turn on

more rapidly during said ESD event.

54.  The ESD protection circuit of claim 53 further comprising at least one diode
formed on said substrate and connected between said signal input/output

interface and an anode connection of said shallow trench isolation bounded SCR
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connection of said integrated circuit; and a biasing circuit connected to said shallow trench isolation
bounded SCR to bias said shallow trench isolation bounded SCR to turn on more rapidly during said
ESD event. 54. The ESD protection circuit of claim 53 further comprising at least one diode formed on
said substrate and connected between said signal input/output interface and an anode connection of said

shallow trench isolagaRdrerseechafefh§ 3 ndae eassaAd e dinaw aéaan ieoRAigsbalinddeesdrisolation

bounded SCR when said shallow trench isolation bounded SCR is turned on. 55. The ESD protection

circuit of claim 53 witeseiis siali @ AsNG reiRew TseRMBHISSUr S BIOR {EeteRdacdation bounded diode
connected from the signal input/output interface; and a first resistance formed of material of the second

well from a first gate of said shallow trench isolation bounded SCR to a third diffusion region formed

within said sgsond e, FEBVoESiIRFh Wit iR BRIKIISS Ahbieisechnd ity ethviit hepmpiseeonnected
to said power supply connection to provide a low resistance path to said second well from said power
supply connection. 56. The ESD protection circuit of claim 55 wherein said biasing circuit: further

comprises: a shallow trench isolation bounded diode connected from the signal

input/output interface; and

a first resistance formed of material of the second well from a first gate of
said shallow trench isolation bounded SCR to a third diffusion region
formed within said second well, heavily doped with the impurities of the
second conductivity type, and connected to said power supply
connection to provide a low resistance path to said second well from

said power supply connection.

56. The ESD protection circuit of claim 55 wherein said biasing circuit: further

comprises:

a second resistance formed material of the second well from said first gate

to said first diffusion region.
57.  The ESD protection circuit of claim 53 wherein said biasing circuit: comprises:

a first resistor connected from the signal input/output interface to the

first gate of said shallow trench isolation bounded SCR; and
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a second resistance formed material of the second well from said first gate to said first diffusion region.
57. The ESD protection circuit of claim 53 wherein said biasing circuit: comprises: a first resistor
connected from the signal input/output interface to the first gate of said shallow trench isolation bounded
SCR; and 54 a first capacitor connected from the first gate of the shallow trench isolation bounded SCR to

said power supply connectiory YWieiipatist sakhESBEeRt tAdaRlgiRebraid chRBeiPfrepBRected to
said gate of the shallow trench isolation bounded virtually connected to said power supply connection

and said shallow trench isolationdepstisieeSfpdda @@imq@gaﬁﬁpamlﬁﬁgmy%gﬁﬁ@@mr@yit of claim 53

wherein said biasing circuit: comprises: a plurality of serially connected diodes, where a first diode of said
plurality of serially connected diodes is connected to the signal input/output interface and a last diode of

said plurality of serially connegiest&liodpdrisarnBESTesvnt seeppl grte 0 said shadiyr BensBdRdation
bounded SCR; and a second resistor connected from the second gate and the last diode of the plurality
of serially connected diodes to thg paidesePsitheadHIiPRench isolation bounded virtually

connected to said power supply connection and said shallow trench

isolation bounded SCR is activated.
58.  The ESD protection circuit of claim 53 wherein said biasing circuit: comprises:

a plurality of serially connected diodes, where a first diode of said plurality
of serially connected diodes is connected to the signal input/output
interface and a last diode of said plurality of serially connected diodes
is connected to a second gate of said shallow trench isolation bounded

SCR; and

a second resistor connected from the second gate and the last diode of
the plurality of serially connected diodes to the power supply

connection;

wherein an ESD event causes a current to flow through said plurality of
serially connected diodes and said second resistor to trigger the

shallow trench isolation bounded SCR to turn on.
59. The ESD protection circuit of claim 53 wherein said biasing circuit: comprises:

a resistor/capacitor biasing circuit comprising:
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wherein an ESD event causes a current to flow through said plurality of serially connected diodes and
said second resistor to trigger the shallow trench isolation bounded SCR to turn on. 59. The ESD
protection circuit of claim 53 wherein said biasing circuit: comprises: a resistor/capacitor biasing circuit
comprising: 55 a first resistor connected from the signal input/output interface to the first gate of said

shallow trench isolation bounded SGRyiran@&idtts canastiecponrctiedigorl thgdirsLgnieiaidhachailow

trench isolation bounded SCR to said power supply connection, wherein upon said ESD event, a top
plate of said capacitor connected to sag#teijahe shadivsansh ikttt oRaigIBEUANEABIDR,

connected to said power supply connection and said shallow trench isolation bounded SCR is activated;
a diode triggering biasing circuit comprigipg: a plurality of serially connected diodes, where a first diode of
said plurality of serially connected diodes is connected to the signal input/output interface and a last
diode of said plurality of serially

a first capacitor connected from the first gate of the shallow
trench isolation bounded SCR to said power supply

connection,

wherein upon said ESD event, a top plate of said capacitor
connected to said gate of the shallow trench isolation
bounded is virtually connected to said power supply
connection and said shallow trench isolation bounded SCR

is activated;
a diode triggering biasing circuit comprising:

a plurality of serially connected diodes, where a first diode of said
plurality of serially connected diodes is connected to the signal
input/output interface and a last diode of said plurality of serially
connected diodes is connected to a second gate of said shallow

trench isolation bounded SCR, and

a second resistor connected from the second gate and the last diode of
the plurality of serially connected diodes to the power supply

connection,
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connected diodes is connected to a second gate of said shallow trench isolation bounded SCR, and a
second resistor connected from the second gate and the last diode of the plurality of serially connected
diodes to the power supply connection, 56 wherein an ESD event causes a current to flow through said
plurality of serially connected diodes and said second resistor to trigger the shallow trench isolation

bounded SCR to turn on. 60. pHBRSETE ST BIRM ABESES RIXGEEAN tMei tars\Rshasaa B0k HUt

interface of an integrated circuit formed on a substrate to protect said integrated circuit from damage

caused by an ESD event, said EgEliagtester sisediccsRitringitrsetoad et enggdsakation
bounded SCR on a surface of said substrate; connecting said shallow trench isolation bounded SCR

between a signal input/output intgtfaeRvatsaith iRisiarabelisde ABTCRABWSHSYRPlY connection of said
integrated circuit; forming a biasing circuit; and connecting said biasing circuit to said shallow trench

isolation bounded SCR to bias said shallow trench isolation bounded SCR to turn on
60. A method for forming an ESD protection circuit formed at an input/output

interface of an integrated circuit formed on a substrate to protect said integrated
circuit from damage caused by an ESD event, said ESD protection circuit

comprising:

forming a shallow trench isolation bounded SCR on a surface of said

substrate;

connecting said shallow trench isolation bounded SCR between a signal
input/output interface of said integrated circuit and a power supply

connection of said integrated circuit;
forming a biasing circuit; and

connecting said biasing circuit to said shallow trench isolation bounded
SCR to bias said shallow trench isolation bounded SCR to turn on

more rapidly during said ESD event.
61.  The method of claim 60 further comprising the steps of:

forming at least one diode on said substrate; and
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more rapidly during said ESD event. 61. The method of claim 60 further comprising the steps of: forming
at least one diode on said substrate; and 57 connecting said diode between said signal input/output

interface and an anode connection of said shallow trench isolation bounded SCR to increase a holding
voltage for said shallow trench isolation bounded SCR when said shallow trench isolation bounded SCR

is turned on. 62. The methgshakelME Sl diIsERIHEITRIEE Said SGFN PR LIBaMAfach asteRs of:

forming a shallow trench isolation bounded diode said shallow trench isolation bounded diode; and

connecting said shallow trenchris@EEeRrEB1IRIEEf daikestRalisnsiEnNNBYIAIR WoltRIERC OFBtd he

method of claim 62 wherein forming said biasing circuit further comprises the steps of: forming a second

resistance of the material of thecregand Wellifve siedd dmr airl iehanislites ifiusisiatieaipbufdedhe
method of claim 60 wherein forming said biasing circuit: comprises the steps of: forming a first resistor

from the signal input/output ingerReghientRaitirshallow trench isolation bounded SCR is turned on.

62. The method of claim 60 wherein forming said biasing circuit: comprises the steps

of:

forming a shallow trench isolation bounded diode said shallow trench

isolation bounded diode; and

connecting said shallow trench isolation bounded diode to the signal

input/output interface,

63. The method of claim 62 wherein forming said biasing circuit further comprises the

steps of:

forming a second resistance of the material of the second well from said

first gate to said first diffusion region.

64. The method of claim 60 wherein forming said biasing circuit: comprises the steps

of:

forming a first resistor from the signal input/output interface to the first

gate of said shallow trench isolation bounded SCR; and
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gate of said shallow trench isolation bounded SCR; and 58 forming a first capacitor from the first gate of
the shallow trench isolation bounded SCR to said power supply connection; wherein upon said ESD
event, a top plate of said capacitor connected to said gate of the shallow trench isolation bounded
virtually connected to said power supply connection and said shallow trench isolation bounded SCR is

activated. 65. The method of fdaiineLavher eiperitdpiReIMOLSH ¢t garBRiiSAS KientRpreficforming a
plurality of serially connected diodes; connecting a first diode of said plurality of serially connected diodes

to the signal input/output interfaceof@ihiesidithadat dRde shrpisbler il seiribeaennected diodes to
a second gate of said shallow trench isolation bounded SCR; and forming a second resistor from the

second gate and the last diode of the plurality of serially connected diodes to the power supply
connection; wherein an ESD qRiteRaUBEH a4idIESDie VoY, thneipoblsRibPYidlitsphcrridbheeansasted

diodes and said second resistor to trigger the shallow trench isolation bounded SCR to turn on. 66. The
method of claim 60 wherein formiggarRigatasintheirsHElGRRiees sofPBAInded virtually
connected to said power supply connection and said shallow trench

isolation bounded SCR is activated.
65. The method of claim 60 wherein said biasing circuit: comprises the steps of:
forming a plurality of serially connected diodes;

connecting a first diode of said plurality of serially connected diodes to the

signal input/output interface;

connecting a last diode of said plurality of serially connected diodes to a

second gate of said shallow trench isolation bounded SCR; and

forming a second resistor from the second gate and the last diode of the

plurality of serially connected diodes to the power supply connection;

wherein an ESD event causes a current to flow through said plurality of
serially connected diodes and said second resistor to trigger the

shallow trench isolation bounded SCR to turn on.

66. The method of claim 60 wherein forming said biasing circuit: comprises the steps

of:
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59 forming a resistor/capacitor biasing circuit by the steps of: forming a first resistor from the signal
input/output interface to the first gate of said shallow trench isolation bounded SCR, and forming a first
capacitor from the first gate of the shallow trench isolation bounded SCR to said power supply
connection, wherein upon said ESD event, a top plate of said capacitor connected to said gate of the

shallow trench isolation bour}@ﬂ@l,mgw%@an@g@t@ﬁgigﬁﬁ@/@r@u@@y #RNBRPPHf:and said shallow
trench isolation bounded SCR is activated. forming a diode triggering biasing circuit by the steps of:

forming a plurality of serially connected diodes; connecting a first diode of said plurality of serially

connected diodes to the signal input{griitgiBtRFEAGEsEIONREHNEHR ISiSHAoAS @ saigup ity serially
connected diodes to a second gate of said shallow trench isolation bounded SCR, and forming a second

resistor from the second gate and the Iagiediipsiegaftetias ShitiadiaIRdsereibnceanamaheiatesdSthr power

supply connection, 60
and

forming a first capacitor from the first gate of the shallow trench

isolation bounded SCR to said power supply connection,

wherein upon said ESD event, a top plate of said capacitor
connected to said gate of the shallow trench isolation
bounded virtually connected to said power supply connection

and said shallow trench isolation bounded SCR is activated.
forming a diode triggering biasing circuit by the steps of:
forming a plurality of serially connected diodes;

connecting a first diode of said plurality of serially connected diodes to

the signal input/output interface,

connecting a last diode of said plurality of serially connected diodes to

a second gate of said shallow trench isolation bounded SCR, and

forming a second resistor from the second gate and the last diode of
the plurality of serially connected diodes to the power supply

connection,
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wherein an ESD event causes a current to flow through said plurality of serially connected diodes and
said second resistor to trigger the shallow trench isolation bounded SCR to turn on. 61

wherein an ESD event causes a current to flow through said plurality of
serially connected diodes and said second resistor to trigger the

shallow trench isolation bounded SCR to turn on.

61



