METHOD FOR FORM NG ESD PROTECTION CIRCU T Field of the Invention [0001]
This invention relates generally to electronic circuits, and in particul ar
to silicon controlled rectifier (SCR) structures for electrostatic

di scharge protection (ESD). Mre particularly this invention relates to
pol ycrystalline silicon (polysilicon) bounded SCR structures and to

el ectronic protection circuits enpl oying polycrystalline silicon bounded
SCR s. Descri (MEITHGD ROR E@RM!NGOES]QD IFREOIAECTIONICHRCAIkcui ts, the
series resistance of the active devices affects the performance of the
devi ces. Higher resistance at the voltage |l evels of an ESD event may |ead
to a voltage drop across the active devices that may destroy the device.
Fi g. | Fididws tleeninveSiopr ot ecti on di ode structure of the prior art. In this

exanpl e, sh Q renches are etched ithin the region that will_ becone
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material that is lightly doped with a p-type inpurity is fornmed on t
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n-type jnpurity .is diffused into the P-well .5 to, formthe Nwell 10.
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N-wel | ggmt*k] a heavily doped P' region 20 is forned. Simlarly, between two
other STl regions 15 an N-type material is diffused into the NNwell until
a heavily doped N+ region 25 is forned. An insulative layer 40 is forned
on theDsurf.a&e olf. tlggﬁqs&btstrate and opening 32 and 37 are created over the
P+ regi OB AN {{ﬁe region 25. Silicides 30 and 35 are respectively
fornmed on t eooR1TH BSES phiftedtibd dicuitgghoser? rasidadt ofehe aotidbdévicsraffes t he
necessary contacts to external circuitry. In the case of the ESD protection
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[0003] A2gRa el b e RONRIacRUPRN s MBYURUCIRANS O EONEPTE RIS,
seri es EStegiosdcann @idde stractged of e papmmedh thys txaenpdid, vbaibivo nsnddies tireestcliedde
features, the resistivity,of N well | N j di.ode.is. | ocated, .the
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1 us, a wder diode wth a lower well resistivity, a shorter current
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resist at}?ec S—'welllns.t %th(fr? ﬁl% Ip-]:zveh %?a(iliigﬁgff\ dggeds Q?y\gg 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
STI 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 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 source connection pads.
[0003] 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
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the depth of the current path is determ ned 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 mninmuns that cause the series resistance to be

| arger than desired, 100041 Vol dman, et al. - 544 and " Sem conduct or
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doped N region 80 is forned on each side of the gate stack. Openings 77
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p-type Inpurity’is used into a substrate. in the P- we
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material 'is diffused into the NNwell until a heavily doped P+ regions 125
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mat er i allrllpuit/%utput interface connection pads and the power supply voltage source connection pads.
[0005] In the polysilicon bounded diode as shown, the gate stack maybe constructed
with smaller dimensions than those permitted in the diode constructed with the STT 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.
[0006] 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 (STT) 110. Between two of the STI




diffused into the N-well until the heavily doped N+ regions 120 and 130 are
formed. An insulative layer 140 is fornmed on the surface of the substrate
and openings 127 and 137 are created over the P+ regions 125 and 135 and
openings 122 and 132 are created over the N+ regions 120 and 130.
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Discharge Symposium, 1999, pp: 105-115, discusses the electrostatic discharge (ESD)

robustness of silicon-on-insulator (SOI) high-pin-count high-performance semiconductor
chips. The ESD results demonstrate that sufficient ESD protection levels are achievable in
SOI microprocessors using lateral ESD SOI polysilicon-bound gated diodes.

[0009] “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.

[0010] U. S. Patent 6,610,262 (Peng, et al.) describes an ESD semiconductor
protection with reduced input capacitance.

[0011] 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




nei ghboring STl structures. The presence of the strategically |ocated
polysilicon gates effectively counters the detrinental effects of
non- pl anar STI "pull down" regions as well as conpensating for the
interaction of silicide structures and the effective junction depth of
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switch circui.t.isS . far f al i < C ) r .50 t hat
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formed over a gate nsulator region and is electrically coupi[edatto the input pad of an
integrated circuit.

[0015] 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.

[0016] 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 circuit is formed of plural
diode-coupled MOS transistors, so that a trigger voltage of the SCR is determined by
threshold voltages of the MOS transistors.




beconmes activated at a voltage sufficient to protect integrated circuits
connected to the protection circuit. F [0018] Another object of this
invention is to provide an ESD protection circuit with a 1 polysilicon
bounded SCR that conducts of applied energy resulting froman ESD event to

an input/output interface corQ@fhhS oAl Intdd@ib]l Still another object of
this invention is to provide a bias triggering circuit for an SCR that

causes the $EH7I dnt gbjsctont dhisainvewion wold atpyidenanrkfd? nrotegidordgotuit Hhatener gy

of an ,ESD event . [0020] further ject aof.this invention is to provide a
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bi as the polysjlicgon bounded to turn on nore rapidly during the ESD
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substrate and connected to the power supply Connection and a second wel |
r egi on afiddSideelent.t hin the first well region and lightly doped with

inpurities cond conductivity type. A first diffusion.regi.on is
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connected to the signal input/output interface contact. A second diffusion

regi onapESibevaatl within the first well region at a second distance from
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is formed at the surface of the substrate and placed . . .
circuit from damage caused by an ESD event. The ESD protection circuit has a polysilicon
bounded SCR and a biasing circuit. The polysilicon bounded SCR is connected between a
signal input/output interface contact of the integrated circuit and a power supply connection
of the integrated circuit. The biasing circuit is connected to the polysilicon bounded SCR to
bias the polysilicon bounded SCR fo turn on more rapidly during the ESD event.

[0023] 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.




between the first and second diffusion regions and astride a junction of
the first well region and the second well region to forma boundi ng
conponent to prevent silicide formation at junctions of the first
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and the second well region forms the polysilicon bounded diode.

[0027] 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 resistance
formed material of the second well from the first gate to the first diffusion region.

[0028] A second embodiment of the biasing circuit includes a first resistor connected
from the signal input/output interface contact 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 supply connection. When an ESD event occurs, a top plate of the capacitor connected




SCR is activated. F [0029] A third enbodi nent 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

connect@he @tO6RGei 1 BI0EGbEMIdIBER $e6ondugat@ndfantdhike polyysichn bomdedunded
SCR. The biasing circuit further has a second resistor connected fromthe
second S&&ti8 aghiitiiddne | ast diode of the plurality of serially connected
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fourth errbodl ment t he bi asjng uit des a Si st acj tor
bi 251 A P RS OB RIS F10dE 2§ PORSEH TGRSl fi G B ded

SCR anqlo%e@isogﬁme&& @%rstd (%a@é bRheChdIGHiiborCORMAEA g@BRf r oM ﬁota%i@e&&ng gate
of the polysilicon bounded The resistor/capacitor biasing circuit has

afir stfuxtlms h&i osecond resttoe dofincotadtfiven Hiegreadnd gamq)md/ tbetasudiolde v B4k gbeality t he
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connect:,Qgh: AR tﬂﬂo‘agﬁ? tﬂerﬁlﬁkﬁﬁ‘ d}gmtmﬁwme&hd gielibs HASh@sdRbHE &dsistor, Rhich
serially connected diodes. e first diode of the plurality of serlally

connec trgkedi thd pslybidicen hmegieé §CRoott@ a&3i. gnal i nput / out put i nterface cont act

connected 1+ SVEOLEE AR AFBU P SR, kiFhE il U RIRERRCR iEP B

tri ggerbidﬂglgbélﬁféﬁt%nn&té& totn hsfidt g@tearfdthé gslstiRbn Houneel 8ORf4ein halesecond
gate and the |l ast diode of the plurality of serlally connected di odes to

the powegeesiapliasingorifaet swnecipd o tharsronherspf deprlysiedr Boundsd SCop pl ate
of the apa C I 0 e is a
virt ualﬁlgr 5%18{ ?fca Ci?tﬁg ‘gploﬁq)é (inltccll:lgnh oundffe}gt %%t&o ngllé:%clie\?a?r e(%?uﬂﬂg Qgé@R

Si mul t aneodaipyt 11ﬁer€zl¢értemlhe ﬁfs@\gﬁtetdﬂtbugbiytsirhmmpIbumaletitgclbfan& arfiral tapaciemnect ed

di odes and the second resistor to tr| ger g g | i con bounded @CR to
turn oronpasteg2frothdhdivli Bgtedshdle gl 39% Fpat ‘Plf“idﬁ @ﬁ}eﬁo &1° PREpSIPRY i con

bounded,, ﬁg&s ?ﬁ?gg% 'ag)de%l %%h% anr%%lquﬁ%ag' 3&1’ aH@rJFSEﬁalﬂr SHnk&Sd eﬁ}%gst ance

of the po ound t he pol on bourid di ode to be
smal | erThfeoﬁrsa dimiceo e piueiity aﬁereaiﬂ]lpmonﬁh&edwdwﬁest ys etomm;ttedpuﬁl fler sigal | i ne

Laver L, gonnert 9o bles Lhg Neavl y doped palySil epn Lot such Lhal
Bg?;gp;cg?%cfgd toae?géfgﬁcﬁ”gﬁﬂe Jrah8RbiyRMicofh bBndAVETR] Ahel B8AORIBANE blsidgped
circuit 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.

[0031] 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. Simultancously, a current flows through the plurality of serially connected diodes
and the second resistor to trigger the polysilicon bounded SCR to tum on.

[0032] 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 shotting 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 [0033] Fig. | is a cross sectional view
of a substrate illustrating an ESD protection diode structure of the prior
art. [0034] Fig. 2 is a cross sectional view of a substrate illustrating a
pol ysilicon bounded ESD protection diode structure of the prior art.
[0035] Fig. 3 is a cross sectional view of a substrate illustrating an ESD
protection SCR structure of the prior art. [0036] Fig. 4a is a cross
sectional view of a subst riBgief Pescpiptionof e BFAYESES prot ecti on  pol ysilicon

bounded SCR re: .0 LS.k ! 1o i Vi ew
of a substr é@éﬁ’rﬁ%& 1rSaEI |mtr{1)3é g%&l%%r%%\g{b gcag %’%ﬂtﬁé h%giaﬁ?% 8?\ Egscl)jijﬁgoetg&%%l?
st r uct dicle@fruithicofithgidriaon. [0038] Fig. 4c is a plot of current through an

ESD protection paolysilicon bounded, SCR structure of. this invention versus
the vol t age (DL s 2 s prdBEvigH 056?9"5“1&?66[5%5“&88% ﬁ&@&sgtéﬁni’wwur e of

this i @S@“Haf&@tioﬂ ?ﬁg?]«sttrﬁtgreogﬂﬂesprﬁzr%ﬁh?m“ c of a diode triggered ESD

prot ection circui invention incorporating ESD protection
pol ysi | i con [@3&hdegl 3SBR stossistativeal {io®40]a Fibgirate iilestratisg he kil praéctmn

resistqr/capacitor triggered ESD protection circuit of this invention

i ncor p%‘;{ft ?tﬁﬁt%%ﬂ%g’re(ﬂ‘ggf‘ﬁt‘on pol ysi licon bounded SCR structure. [0041] Fig.
7 is a schengiiet rof. A 896904 dL@dRl Vidwoses eshskale inﬁ@;a%%laﬁrﬁm hedbdiioal this
i nvention incorporating ESD protection polysilicon bounded SCR structure.

[ 0042] pplygilicen bsuraled Sdnhsiticturopf thiy ipwentonr / capacitor triggered and di ode

triggered E rotecgti.on circuit .of this_invention i.ncorperatin

protection E@Rﬂl 1§c lfbc?uﬁoé’ea WBARWs? ﬁc%uﬁ’lsté&e[}%%?]tmgi abrp(%g%lt gﬂge%i?h-h)ermti C
of a tholydilRkbRY6uldel SUB aelichPPopied @obdtn. circuit of this invention

i ncorporati ng an ESD protection polysilicon bounded SCR structur e.w} 0044]

Fig. 10 is d0&hdimtdccisof photfodpupreniaibseneht 31 §§Br mateeiam pplosidicer dauedadeui t
e il - . e eon
ot ruct ot BEERLPE IS BLRRNRE vBRuR By wE AeRRS A0 FRBL YRGB hAIRHRERS

boundedoSRRIFCR Birsctind\WE Fitis tiveMsorshown in Figs. 4a and 4b includes a

P-well 200 lightly doped with p-type jnpurities fornmed on the substrate and
8 connect ed [PH3H Heg-pdvierd §ﬁ’6ma§° n%@&rgz’oﬁigggﬁdt}ﬁ$%ﬁﬁt39%@’ pIcHf foéué‘lson

225. Arfn\ll\é'n%h &ncorporating ESD protection polysilicon bounded SCR structure.

[0040] Fig. 6 is a schematic of a resistor/capacitor triggered ESD protection circuit of
this invention incorporating ESD protection polysilicon bounded SCR structure.

[0041] Fig. 7 is a schematic of a second diode triggered ESD protection circuit of this
invention incorporating ESD protection polysilicon bounded SCR structure.

[0042] Fig. 8 is a schematic of a resistor/capacitor triggered and diode triggered ESD
protection circuit of this invention incorporating ESD protection polysilicon bounded SCR
structure.

[0043] Fig. 9 is a schematic of a third diode triggered ESD protection circuit of this
invention incorporating an ESD protection polysilicon bounded SCR structure.

[0044] 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
[0045] 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




region 205 is formed within the P-well 200 and lightly doped with N-type
inpurities and connected through the N+ diffusion region 220 to the power
supply connection 280. A P+ diffusion region 210 is forned within the
N-wel I 205 by heavily dopi ng the NNwell 205 with the P-type inpurities.

The P+ girfctdi @Nnthe §@WeR sé |c%nﬁ&ﬂ6ﬁ@83dhidﬂigh hie P giigtlisibMRAS/ 0Alh PHwell
interface contact 275. An dlffu5|on region 215 is formed wthin the

P- wel | rgmion 305 as fayaednditinghamcecl 28Mnand dightly diOPthé‘il@nNrtéEﬁ SRAPYIEFS pd
heavi | N i ff usiron 215
e o BRI T R AR 2 TR A B AT e, 22

mat er i alffisiahregiona 19iik faaeddiitin de N—SvefliOZOSBiﬁ}y nvilpeopingithe S -wéll 20% with

substrate between the P+ di,ffusion regign 210 and the gl+ di f fusion region
215 anaheagttmed@wrlt]e&néﬁheo% Gfupine rmt%ﬂﬂ(’m@owc\‘%ﬁﬁﬁ gienal geridantpdo. A

pol ysi lr\t&ngﬁ:o ot 295t he, Kordipdk; le&& mﬂsef eg%lﬁﬁg tﬁepf@amzw%tgate

structure e gate structure orns a un ing conponent
pr eventse@jnﬂlchstalﬁ:effmmmlta Nh dsffus;amrn@guon r2d 0ddy hdaeil Pdopinf ftiufstellrmjl \emh 2\1&0 and
the N well glon 205, th \Iﬁ 200 andsqﬁhe N- wel | re|0n2 grggthem
di f f usity¥ IF@(}:}P - o Nopdidtupina 285 jealio sanged On*BeP%’F‘i TR o‘i’?“B‘F“ iR

100471 As i 30@@% fn@ui'ép\?e AbferiaPRicPea kich e Rk ARs stmad Bifhd saRsE st afe QL

connect ed an NPN transi stor Q. Thus, the collector of the
PNP tr anlsst:stta)bet@en Ehetmedzﬁusmeﬂl kegi@0R10 wivbthiodd edufﬁwtoheeg\uoméllﬁ ap@Bstridad t he
emtter is the P+ dif | ONn. region | ect or
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e dustiopst ke PrdNEGLRTEobEe Sl 3tis 2307 £ B SBLOL v s, Rt o

en ttenpd gatb Bﬁldebi’soc{bff&%mng%a&@gt&mrahﬁo ink Rratc@rucing R4 @ RSN mntdh@
boundari es between the P+ diffusion region 210 and the N-well region 205,

t he P- wempo2d0 tcapmvcrn@llmldﬁefprmtwle@wm@smfdh@ Rediffusiogiregion 2 bhardkGedh 215

N | e By ey PR B N-UEN RBESS Tnf T AR GRIR b B, 2

t he P+ adil ffdsiwen 200Gueng 225 chisord GFtAEICRL thin the P-well 200 by heavily
dopi ng the P-well 200 vvlth the P-type inpurities. An insulation |ayer 270
is forned or094vd Asuisfkaewndn thayat, sﬁl} R &t wepged ape &ayP Ef%‘%‘?}'r@é@@nne%@ni ngs

227, Z%Zuaq%%ﬁh AP N s G @?dwsng}em% dagmf’%ﬁé pRp! t%ls%)g@ s he P-well

respective rovi de access usi on regi on ffusion
regi on 22% 5t;he Bﬁsdjﬂsftlﬁtusmﬁéll pefyiaad t2l@nittani the-Pd dffﬁmmnoﬂg,zon agb.o ﬁ“hé 20llector
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contacts SeaskRdtl 247, FREHR i RIBInG o8 “%%Q“WEE%I‘Z‘% i deien

st ruct uegoR200 afd 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.

[0048] 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 215, P* diffusion region 210, and N
diffusion region 220. The silicide contacts 255 and 250 are restricted or bounded by the

polysilicon gate structure 240.




[ 0049] The diode DI is fornmed as the junction of the P+ diffusion region
210 and the Nwell 205. The gate oxide 235 is fornmed between and slightly
overlaps the P+ diffusion region 210 and the N+ di ffusion region 220. A
polysilicon layer is formed on the gate oxide 235 to formthe gate

structure 26}6049Thele91%@ B sUetibéRathd jRidtivh A€ ShdPUMdigion frediod Deo shd el de
contacts 250 and 260. The polysilicon boundin ate structures, 240 and 245
perm t N-well205. dTlhe gafp @ﬁldee@%ﬁ tonpedy hetwigen @ng fsgghfbhowé&p& ghep i 5 diffisipa

pl aced rel ati I . i.di t he > i . | ar.ger ow

Fr ench T0f 210 Bh iRk Eh 280, Apoi PR ER S L Mg R A SRR
and t h@3SERfdrar e gafeystiubrd 24M1STisd gt stictae A48Dro\id8SHunding fgrathe sBicidect ur es
240 and 245 are connected to the power supfl connection 280 tao Frewent
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di ffusion region, 2 dj ffusi on .regqi 2 and N+ diffusion region 220
to _the_db(_lﬂﬁé?l agipe §E§Jﬁﬁ%€4?yo eﬁ@ﬁ?*_s"‘l’ e(ggf‘“il‘ilazd_e contact provides a |ow
resistivity (6esv)eee! QR dQtttde48 andi2uEUsd QntQsd RNthé ]st_tePs&pP%/ &ndB&lon

i nput/output Interface pad 275. 100511 Refer now additionally to Fig.

for a d88cwspicwentofalitide shortingi betweemchaisdicole cdngactp @by sindi Bdnaburidals SCR
having a diode tri ring of this invention.. descri.bed .above, the diode
oo OreBpiib e AT e R RirafoBi® ST ghaR e ahon MR wel
205. Theid mal ¥8l debsRNdibRLIBARELISER The fidieRBGofactk 285238 khd 280 proivhr 1bkvel |
205, the P+ diffusion region 210, the N-well 205, the P-well 200, and the

N+ di f fresistomtyr enginestiops For thee Pr ekffietion repions 3RS N diffesipuiregion it andk &N of t he
N-wel | 5.to0 the dif f usi r egi esy: I - 4 S .the bul k
ot st ARTRHET D ROEHe St LebTR SR UL DTGBk S5 DR

resi st QesifRt9WBnh&ctioh Her YK diffadist eogin DI fohBe Brovnell thp@ Qe ittbEad@pad
di ffusion region 225. [0052] Upon application of the voltage of an ESD
event t%d3the input/output interface pad 275, the diode DI begins to

conduct. Th nr : | st - R2-sun i.elhant
ConcueL o ISR RUAILANS 051 SURPAR B AU ARV e Sl LLE U
t hr oughpotzéicon émusddar SER-tmuByg albicde deyeriapfahig dhtagen.s ufsf destrdnid dbove,urn on
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Dt and 2lhethedémsti@05RheSuwell 200, and the N' diffusion region 215. The resistor Ry.sup is
the bulk resistance of the N-well 205 to the P* diffusion region 210. The resistor Ry.syg is the
bulk resistance of the N-well 205 to the N* diffusion region 220. And the resistor Ri.syp is
the bulk resistance of the P-well 200 to the P* diffusion region 225.
[0052] Upon application of the voltage of an ESD event to the input/output interface
pad 275, the diode Dy begins to conduct. The cuirent through the resistance Rasyp develops
sufficient voltage to turn on the transistor Q1, which in turn provides a current through the
resistor Rasyg. This develops a voltage sufficient to turn on the transistor Q2, thus
completely activating the SCR.
[0053] Referring to Fig. 4c, as the voltage applied between the anode (P* diffusion
region 210) and the cathode (N' diffusion region 213) of the Polysilicon bounded SCR

increases the current rises slowly 290 until the biasing of the diode Dy and the resistor Ra.sus
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10 turns on the SCR at the snapback point 292. At the current and voltage
| evel 294 the SCR fundanentally acts as a resistor, wth the resistance

determ ned by the internal resistance of the SCR The internal resistance
is then determ ned by the di nensions of the SCR and the proximty of the

Pi di f tu8é 6 the TRt 20O sipbadkhgoiftt2al. f Augiciurc8ginvalidlge 1dee 2ppkissERcoN
gate structures 240 and 245 allow current to flow |aterally between the P*
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structured as the e Fig. 4a and increase t |ng vol t age
of t he h&ERpwehe d¢vices turned on. The base of the transistor QL and the

col | ector of t r ansi, st is the well 205 of Fi 4a and_wi II
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referred to as the second gate o CR The resis R, connect ed
bet weempad R80si Threab CRnip ot @Jdesmnb@r fnaEIgs ﬁadmém aﬂible tfliméle$ |l}nsand9131 ete The

capacito nnected. fra h irst eto r.s I
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RP-VELL is the bulk resistance of the P-well 200 of Fig. 4a and is

connecthellifg veltageeoisibe SHR gdica ibfis treedSoR g hase Oédh\%ﬁfaéﬁjﬁm Rcanshtbet i on
pad 280911%%% S'rszt]scisr,torF‘)Qz i3 theoﬂsv%p.ﬁfﬁsegf ! Ezgar?c{%aﬁ 88\9&6{1@ $ RNLAHE sgieh a;

C
a hi ghl usion™fegi on constructed using

known Tgﬁiéhfflﬂﬁwsc&u Cﬂheaﬁsee@mh@wmstar Qatad m dmtub&stm @mamahagtcemﬁs eheN?DSFET
as the capacitor When an ESD event 285 occurs, the vol tage at

the si gfal 29%9&?}&3&@@@ lslrﬁfeé"ﬁfiéﬁésﬁh‘ﬁ se®8d; 5t ehdesS @R ankis ©asoj Rmie t op
late I th

Causi ng PR aRRe B sfgpalfhotiuhi iRk Rd 275 aR o SALENE TR o P T he
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transfers the energy to .the r supply. c nectlon p 280. 0571 Athird
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connecti on
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 Cy.

[0056] When an ESD event 285 occurs, the voltage at the signal input/output
interface pad 285 increases dramatically. The top plate of the capacitor Cy at the first gate is
at a virtual ground, thus causing the transistor QI to turn on, which causes the current
through the resistor Rp.wgrs to increase and turn on the transistor Q2. The SCR then
transfers the energy to the power supply connection pad 280.

[0057] A third embodiment of the ESD protection circuit, as shown in Fig. 7 is
connected between the signal input/output interface pad 275 and the power supply connection

pad 280. The SCR is formed as described in Figs 4a and 4b. As described above, the base of
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pad 280. The SCR is fornmed as described in Figs 4a and 4b. As descri bed
above, the base of 11 the transistor QL and the collector of the
transistor 2 is the N-well 205 of Fig. 4a and is referred to as the first
gate of the SCR The base of the transistor @ and the collector of the
transi sfeofrarflst@ Q1R the ¥8lldeto? QY thE tikhgstoA@2aindhd Bi-well 205 ed Rig 4saddnie
second gate of the SCR [00581 The diodes D1, D2, and D3 are serially
connectderred snsche fisd aateo ! AifodeRardde baseolshe rarsistedQaant e enllseier pf ¢ he

Fig. 4 e Q f I
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be not & YREtUIghay Bedigds uafdhs Fishttai dhejappientd, hi§ CRRESEEddPodes
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nunber termn e operational voltages of the integrated
circui tilse mamtbgzttedf tle SCR. Q”hgmahstmm@uts/amunqmed uorthesefcané gped2I6SCROME91 The

resi stor RP- LL| the bul.k resistanc f theP Q of Fig. 4a.and is
connect¥d cphg t‘ﬁe eléﬁfngioaﬁtléﬁ tﬁ@u@c& 40 H@ (g@ﬁlpeﬁ'iﬂipd%BWﬂe’ét i on
pad 28 t S "H&'EQH S NGy abmier YMHib&EhNi que
such agmgfgﬂ%nﬁlae@lt(ﬁgggé %T(Ej{? fd?{?g?(?% ?jezglagﬁ ) V\}V‘mlen a?l{ ESD event1 285

occur s cotiretedobdriagje. atlheheunghaynlding rtmﬁtr;’nm:idpbr t ¢ mpsratigoel galiker8 St ther eases
dramati.cal | The. di ode 0 _CcOo t and a voltage is
devel Oﬁxétagrggepggguq%%mpg ?CEtiO&P%Slﬁgéﬂ@%ﬁﬁpﬂﬂgﬂe&a\cﬁga@?zﬁs| stor Q@ turns on
causing curngesv e £diaw RRGRUIR thdBulkasiish@le dRthe PhgelvDId ORI gdey ehdRed
across the reS|stor R, turns on the transistor 2. The SCR is thus

acti vatCedﬂftOtﬁdcf@mdljhﬂt sqched gile0§yho CRmadEBpPeyentupPhomnesion; iddgPatlds

pover ST Ko oAt risnCuRitoan Ploka AR i PhER 365 PR Rt S,

pr ot ectdlmgl&hregwnt as shown in Fig. 8 is connected between t he signal
i nput/output interface pad 275 and the power sug@pl y connecti on Pad 280.

Thi s enbodi r{ﬁ‘PﬁUhWb‘éﬂf F8r BPRscane 185 gears nhepralingei #ctier gepsl REVAERYNd and
third d
onbodi ARAEG TR 48 Gl Bl DLhORRULL 0ATBE oy PAEebR onklE BEGOTS, |

t he Smohegw\ieelevélh;&d&lcg’fsalthel megstbfsoR2 pud Reiwiter Taceapatbrags tandot beisBER.
These di odes are structured as thi di o e i ncrease

t n
the hol<ditRef 19 dloratieoush thiesigiorRindihei vp 4%?(@@65] aﬁossqbeeeﬂst@rﬂe e8] 9P
formed s 488684 2AThOSERIS 1R a8 htédPho RGUR ARG gyloTehd ESDRV &t FFom the

integrated circuits connected to the signal input/output interface pad 275 to the power supply
connection pad 280.

[0061] 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 Dy and D of the second embodiment are included
as the diodes Dy and D5 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 Dy of the Fig. 4a and
increase the holding voltage of the SCR when it is turned on.

[0062] 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
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QL and the collector of the transistor @ is the NNwell 205 of Fig. 4a and
Wil be referred to 12 as the first gate of the SCR The base of the
transistor @ and the collector of the transistor Ql are the P-well 200 of
Fig. 4a and are referred to as the second gate of the SCR [00631 The

resistgg &féafn@tcgrét@bf {Hel TR ITRE bdd FULS trhSsidior QRGAnRYhd ORIERS 0f QY trdflsisaRd
capaci t or he resistor R is connected between the signal input/output

i nt er f earpds w51l ZQH@fﬂﬁe4ﬁﬂnémegaﬁeereétmaatheS@apfégat?@fﬂ@ GR. connect ed
fromthe fi L(ﬁ)%ggg\?xe ItGSOI tpga T r:f%gp p% d:ll‘gg gcf% ed B dth% J%Sistlon l&f“a%d

exanpl e, onnec OUI’] rererence pOI nt

for t heapaait@[gcat glc %sis%ﬂ R; is[c0ReticdAstelaschi b@dalabmmut;idﬂmtéﬁ@desgadrzm i's
constructed using any known technique such as a highly dgoped diffusion

regi on andrtfé: &r&ba@tmaaﬁé@e Fapagiborstr icewaceied Agmathy feplowic ta aemﬂ%ﬁﬁéugn}dh as
| b FET
enp Oyl 1eCtic Ohgd ?QO "Hl Ifh&aeg%*)fcaﬂfee elasgg@tcﬁen@&wkgﬁpcﬁﬁaﬁ'thg glngl odes

100651° ri'ggering cifcuit seri y connec

D1, D2 efanfice p3ntelthelintep@sddstinnit R2. The di odes D1, D2, and D3 are serially
connected cat hode to a[hoege and are structured as.the d| Ogc,n D, of the Fig.
4a. The anod@6d Astleserinedabaysdes Tssisias Rugh seetugied pingRay &gy techmque

i nput/ t f S
connect(:g g‘%p%{ %““ﬁ?gy Eglgégln ﬂglglt% éSrS g?heﬁ{-& &ﬁgaﬁe% %s?@%ét%hfigg%ggﬁwd to

t he setahdiggatwhafs etrtpéoy&ﬁfza gatado bhlk copitcitode dfa MPEFEASS thh ageciB CiAs not ed

above t hat this, enbodi ment is enmented with the i hree.di odes D1,
and 0s, 0HS) ndistsananginmmset TR ST S At ied Sl B B e

mmber b,Sardahe LB RGIRPY ThH i RBEDAL DONAl YPhlagRsiPEodnkeed REBIAG S Ehode

circuits connected to the signal input/output interface pad 275. [00661 The

r esi st and RR-sWBLlurddsastthediodt D110é diesiiadse Tdfe anhde ¢ the first 20Bled) iFicgunegtedand i s

f h d d.th
pad 200 Uil pEPor PR R DRy ACy BT BR Y cBRRNE L, s

a hi ghlwt@osee@hcﬂge&é WS HRNSCRYITHR refiOP R i¥\B@itheatdd ESBeadéestid 285 oPeaUsSR t he
voltage at the signal input/output interface pad 285 increases

dr amat iasdlthg Cafhﬁée dhfdheslaiﬂ) diogyp Dsand&SD@f%@bﬁV% dh%foWE%tthlérﬁ!n@dW}émtt Boe is
developed acr s on.
Si mul ¢ SESTEP "y T a5 Rl by 5 B i edre SR8, bE IR ity S 8t O

virt Ua|co@1id@tbﬂcber1hlﬂl3us"l"hé alumbﬁgmtdwer{rﬁ@dalslbﬁtlﬁrop@iatlbﬂaltud)ﬂtﬁg,@mf ﬂhh instegratedvat i ng
the SCR The SCR then transfers the energy to the power supply connection
pad 28@11”0‘[“@(}@82695?(*‘ioftb%“é%dw%@ﬁfpubmt?rf?éeEgbzﬁ otection circuit, as shown

inFig. 9 :Nzr A g’f’lﬁ%sqgopﬂ%\(\\EgLn;sttﬂgbﬁl'kgrgﬁgtaﬁ&%fttﬂé)f’tvpéﬂtZdﬂteiﬁlgga@@alﬁﬁg 275

and the po pl'y conne
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.

[0067] When an ESD event 285 occurs, the voltage at the signal input/output
interface pad 285 increases dramatically. The diodes Dy, D,, and D3 begin to conduct and a
voltage is developed across the resistors Ry and Rp.wgry. The transistor Q2 turns on.
Simultancously, the top plate of the capacitor Cy at the first gate is at a virtual ground, thus
causing the transistor Q1 to turn on, thus activating the SCR. The SCR then transfers the
energy to the power supply connection pad 280.

[0068] A fifth embodiment of the ESD protection circuit, as shown in Fig. 9 1s
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 M; biased to act as the
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pad 280. In this enbodinent, the triggering bias circuit is a resistor R
and capacitor Cthat are forned of a first netal oxide sem conductor (M)
transistor M biased to act as the 13 resistor R and a second MOS

transi stor Mb connected to formthe capacitor C. The MOS transistor M

connect&drR hihds $aendVDS tangist s Mont@ed b nCOBdapiddr 0 TEE MOST he
resistor R The junction connection between the resistor R and capacitor C

i s contreatigor Mo carndcipgue biasdhaivied trasistorfNIr &t al‘i eivemdiion) to agasgheyresisppr of
Ser I al fonnegt:’i[gg'g%olé]?l:/eﬂon e%ﬁ;'én the résw@&dR jaga .Cd %Cygtgnlﬁgg?%gleqqgtantlgﬁg 11

prefer d on o group seri a I nvert

12, a&ﬁimiq{“ai s aghovwivasrtihoee gtditpafﬂseﬁ&ll)hm\éaéd ifReteSURPBY aaf 1: Mvehier s
maybe gg%us_t ed accor di ng to the requirenments _of the design. [0069] The SCR
i s for selodimenbdernpae mpieg@nt@amaﬁﬁﬂwbgm%ef ﬁed@élwpm@%edtmaﬁ%fiféimlz,

and the, ¢ g*f ik SELD dr'; %soﬁréenﬁv%{{ ?t?ﬁd@év@f t}@ndr?bér%‘?ngfégﬁls_%%}% qusﬂ: ?Qc%ol%@mgnd

will beTreferre irst date t he base o
tran5| Sdmr'er@m&ﬁdmtshéﬂomdds@@tor of the transistor Q are the P-well 200 of

Fig. 4a and are referred to a e secand.gate of t CR. 070[ Each of
the group of&} TaeSEResngpsed q%?}g’refléflg:‘&sl a 4%%‘“’?@“?&%%&5
shown lf(gj] ?l{dht%e cHl‘f@c‘c(greJ etrﬂfb‘?stb end fle WJWélISZ[fS%m o aﬂdr@llimférfe@r@' stor

M3 ser connecte rain to ra| n wth transi stor M.
gates af titehféngmBof TRt dhe bBse ritle tlhmzsﬂmzeltamdrlba sillsctonsef sheetrmsrstmet ed

and  h NERR 0 D05 Tl TBarhyerH e B Kbk DR DR SHAGE ISR - The  sour ce

of the NMOS[§¢AP$ash %F tMgéo% Qﬁr&eﬁm}eeor{n@cﬁemnm1.,Sl1!ppiw 1GenRReidiar pad
280 and the source of Pf\)/m transistor M3 is connected to the di ode D2.

[ 0071[ sidwen dot ﬂwtm@éﬁetrrie |Hvﬁerrtverrter| D isharmed of thep RAERS wiansistohd1i pgpisdlyof t he

i st gaensthn Pri e Hih LB Lty dor BAPs don: RAFOFRRLROLIA s

Wi th thgd NMOS thhesteF BURirotosRElcaltd Ve clonigat @Kitheliﬂik)r/e@tret &/, SThe drak,ofand 13
is connected to the second gate of the SCR [0072) Wen_an ESD event 285

occur s the R GotiransiseorXls anfbths NMQS tianpistor dla hsing the prut aclde pragrtonb. iThér eases
dramat ig Ca' £ Yr ESMRP Rl o {@HQ&Q@% h@pofrer ﬂgﬂp}w@mﬁlw% BB g 3L 2

virt uaI 1rvati rou connect'ed I nverters

I, |2,thea§t£ﬂlréb3)f thél'hMS{)Sﬁt@&iﬁ&&rt}\hﬂstcbﬂzﬁh&teﬂttoIth‘f: @hdabsl Q2 to turn on, thus
activating the SCR The SCR then transfers the en rgy to the power supply
connection p&¥712dae th}fdh?)“mm%feh Ry inghec el the st odtee group1et  ang

13 pr O\ééxqfﬁlﬁco‘?lng&gd LLERSL ) N AR, 1@ GhRRIYo ARS fiReshb PEewChefhd higpmCR 1S

turned o
of the inverter Iy that is out of phase with the input of the group of serially connected

inverters Iy, I, and I5 is connected to the second gate of the SCR.

[0072] 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 Iy, I, and T
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 Iy, I, and I3 provide a sharp transition and a clearly defined window when the SCR
is turned on.

[0073] The diode D; is connected in series with the inverter Iy to provide protection
against accidental triggering of the ESD protection circuit during normal operation. The

diode D is placed in series with the SCR to increase the holding voltage of the ESD
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[0073) The diode D2 is connected in series with the inverter |, to provide
protection against accidental triggering of the ESD protection circuit

during normal operation. The diode D, is placed in series with the SCRto
i ncrease the holding voltage of the ESD 14 protection circuit. The di ode

D, may paptdiendilyitbahe dsdup, afays@tioahilybe annegt edsdialidesnidtedadlpdisttot he
hol ding volta 100741 A sixth enbodi nent of the ESD protection circuit,

as shomuﬁtrfhﬁg‘@ldl%omﬂtége connect ed between the signal input/output interface
pad 275 andlgéd)ﬁ] RO, %MBBAIX]G%P%?%& E@R gl%gscﬁ% Cllc{?ltteliy %oﬁr}p?p?%pﬁe the a

triggering bras'circuit is a resistor capacitor C are

first owirktetbethecenehs dgimd uqizm/but@hfﬁ)erfabapsd ETSJaindl\the bbasedpply @ohcdi®nt he
resi stor R and a second MOS Eranm stor Mb.connected to_formthe capacitor

C. The P80 & &his emPosment ihe EasgTe bIS LAl &S MBITPER P CaPacPT fo2iEn on
condi t 'f&gnaehg)ﬁ" gqizf%ﬂﬁﬁlﬁﬂﬂbﬁafiéng%&{duaor vi9 Tahsidibe ﬁ%ab&l th %E%C{h@?esgﬁfrc ri bed

in Figs the transistor Q the collector of the
transi K ad §Redond MI@S Neangiktor ADScafmededto hamathe cxmalcitorbé rlgfegylOSdransistas t he

first te of t eSCR se of hetranS| tor the call ector of
the tr asFERETc @blésr’e‘e-ﬂ[hﬁsgaﬁfé?tpr %(5"3’? Of’—ﬁc&n E’%t gef%gf%?* d to as the
second gat e ef7s§ Nee SER is[BM& asﬂi@ch&’é@ﬁh'ﬁ?s SORNESS. 1 PRe bRk WEaR thRist@si st or

R and capaC|tor Cis connected to an inpuf termnal of a first inverter 1|,
and t o Qhendyéeesliafiort dfehevasisteadiis ﬂ@rNMEUa}ﬂﬁ Qﬂi?slg o8 willabrsiesarend thB

wthint nverte he, oyt f the . the
gate of® {&H" % %Eh‘?%%lg ﬁ-hﬁlﬁ) %)eoﬁffgi tr?ﬂsesmh raﬁl the_LEC)llleé}tOc%ﬁrs]}ertlijc SIS of t he
PMOS t N gie$heOp- Mno%m@e AN arel e RSH 3¢ QY thikeddald ich@ otflﬂﬁa $CHIr ai ns

connect ed to&ﬂt her. The source of the NMOS transi stor is connected to

the power su @T@snmw@ﬁnmw@@twepnéhemars&é Rpang ﬁ@apmectlrs apwlcstedr s VB

IS connected ] gg ﬁ f eis
connect@d" tng)u:t ?enmnai Ogglq%?tr{h‘ﬁ% pucfgal tﬁ% éﬁg@ggieal%a y‘}q {eorol\ﬁ Eflof t he
i nvert eyMb3 t@dnsishﬁ MyWﬁlaerﬂhe @zﬁveﬁbﬁl;; driai ;isp@fofttheinPbES K risﬁcftﬁﬂn%ctteat td\lﬁleand

the NMOS transistor M4 is connected to the first gate of the SCR and the
gat e ofgaterrd UppASIQY HARNEeOM4NMe 100781 The third inverter 13 is constructed

of the seri ﬁ})&h%}rﬁl‘e%@ﬁ‘ﬁ%r‘?é? 1 '\{E’%ohét?xfb‘f‘éc%gh?e pMO@GnllioA 1, %ﬁ'&ft

transi st or junction connection between the resistor he
capaci transisior M donirgched dtang dvangatem gothet. NEhd OB et afaihs NS1©@F yaMZstalnMe;t he

NMOS transi st MB, The output of the third jnverter ction of
the PMESCOEREH 40 drespavrer SUARlv:dansgies af Qﬁ& s%rsowe of t@%ﬁ@@‘? éraﬁ%l%mishe
second pjaf & Ngfle&éhem%@am@ RV B, Wedthe LEBabaEHe R dene caRae@to the PMOS

t ransi st O
signal input/output interface pad 275. The output of the inverter I; at the junction of the

drains of the PMOS transistor M3 and the NMOS transistor My is connected to the first gate
of the SCR and the gate of the PMOS transistor M.

[0078] The third inverter I3 is constructed of the serially connected PMOS transistors
M and M7 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 My and the NMOS
transistor Mg, The output of the third inverter I 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 M.

[0079] When an ESD event 2835 occurs, the voltage at the signal input/output
interface pad 275 increases dramatically. The top plate of the capacitor Cy at the first gate is

at a virtual ground, thus activating the group of serially connected inverters Iy, I, and L.
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100791 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 |,, 12, and 13. 15 This causes the

transi ghar &ausds ®Bdraekistoss PUrdamdan?2 hua o tiualctingirehbe SCR. The SBERHdAenN
transfers the energy to the power supply connection ad 280. The weak

f eedbatiRngferstthe enpiglyl taphePoniie SENKGE cPpadesPR hef 98- pk s ek ferdbpgly pt the
transiti faan e 0080]
The di 8 f?upbgp ﬁg:a%%?%gr:% go? N/I gpov egqt 1&{1}%@? r?\r}e %@cle 113% Hé%ﬁ \9%1(10‘[\/

pr ot ecwmﬁtheag(al'{%mrandent al tri ggerl ng of the ESD prot ect| on circuit
during nor eratjon. The diode D jis placed in series with the SCR to
i ncrease t héﬂwﬁ) dibsglids Paseconnetehinessres WltIirtB% avtertghlictorregyie Pitectinode Di
may op I r I e t

ol i ngEAat dckidRpD @M Ir BETSTH plorEANSGIAN AL AL 3R T s
shown idivdichB; $¢ »lerthadi went svith the PCRf er abtejisaﬂm)hyklmg &ohmgaomihdedEmR of
this inventjon. The 1\%]ol .sé\el bcon bounde CR of t nven %(ﬁx gw des a
more cBHPELIOddRIEe bR FRivoBRN, Pe P LW § %eéla IhsRBveted digdes egp

pr ot eCTaHﬁQttﬁé%MHﬁ Ritabfi s invention, as shown in the four enbodi ments may
have a ‘shal | ow trench i'sol ati on bounded SCR as shown in Fig. 3. Further

t he di odes MOMNTHRESH proFicton Gircuwli ofdbls iD¥entiD2, as sheviDB Gf sk guborjmends]

di odes . DI

i sol at FO® B%éﬂﬁé‘éjo@?ﬁ&é’g%%% O%ST"IIE gt}ﬁq’ ljwe%/tm“As }?esp%?sﬂgaﬁl}]olnio?%uflﬁ (Pgﬁ{ f he

shal | oyt iRERoM BRNATh @@x&l@@@%m daditowith Reowemhlerd# adsitncs] ERwRGH gabl e
with the polysilicon bounded SCR or polysilicon bounded di odes. Furt her

the dept® @fotccﬁ@nsmultow thie ivntions gisathpwn ihothe deut pabedimeatst way dave avel
]; 2;;[ gféh%:igr O%jglll(ﬁlte xgelap 1 Boundet%@%n ev%hco%s mtlpl S ' %ﬁﬁg&%ggmdep@é%%ﬁ 5 30f

ces an ere I ng auriln

[ 0082[ Fhid, giddbi BI,IIDIZVQIEH DOBf Rigs7 bﬂﬁmimeu).,cm a4 m,sdmwrg #Rig. demay b@aﬁ wi th
reference to the preferred enbodl rrents thereof, it wll be understqod by
t hose Skallavedreneh fselatigntboupdad digdes susheHRHGER. iln Asrimkanun detths pd, gy be

made wi{ hol ug&&lgl IIIP&iééeg\%I p@o& E’IIJ Ihal ﬁ@gtuﬁecagga@g%am% m&g&ammm The

i nvention g;} OI’ mn tectli circult
f or med batindwd BORULY ulypilicon itvuadddadpded. a?urﬂhalt elgr desh @ﬁ theustallbwr madhon a
substr ?éoelatalto% f%gc%ts %g:f;[ cusrraeln% tlont;fa%el t%rtﬁel through the bulk of the devices, thus increasing
the series resistance of the devices and thereby the heating during an ESD event.
[0082] 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.
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circuit from damage caused by an ESD event, said ESD protection circuit
conprising: formng a polycrystalline silicon bounded SCR on a surface of
said substrate by the steps of: formng a first well region lightly doped
with inpurities of a first conductivity type on a surface of said
substrate, flaefivegtien sle@ddswel | region within said first well region by
lightly doping said second well region with inpurities of a second
conductivity type, said inpurities of the second conductivity type having
a polarity opposite fromthe inpurities of the first conductivity type,
formng a first diffusion region within said second well by heavily doping
said first idiffusimhodefyr dormving ant BeDi prpteciidn escuof fdrivedfat rast inpotwhaedti vi ty
type, formng _a second diffysi.on.region withip said first we regiqQn at a
second di st #HEEer it fRICEPTE tc*bﬁ“ftff?g B PediHRSURE a9 W&{)ﬂ?@%“& d

second di ffcgédlpf}oﬁlecghﬁ ¢ WidsBd b%ﬁ'@sb aénpfsala@fszﬁg%%qo&awwd ékgg ype,

and formng a heavil oped polycrystalline |layer at the surfac sai d
substrate and beﬁmmengahmb&hmsﬂhmmdhssthHMddSﬂﬁ@vmasné@woﬁémahdﬂmsﬁmlde a
junction of the firstbm?‘%{;3 g;on and the second well region to forma
boundi ng conponent to SHE Y i cide formation at junctions of the first

di ffusion reg'OnﬂﬁﬂﬂnéB%mﬁ@&ﬂﬂ@g%ﬁhk@ﬂ?ﬁb@&iwhﬂﬂmﬁmﬁﬁ%cM@thR%ﬁ&Rﬁvn§nd the
second region, and the second drffusion region and the first well region

during fabrication of tygiod asiurfecont wghsubsirited rectifi er connecting said
pol ycrystal line sili.con hounded, SCR bet. L tho t

ot orf ace of sai rmigegrardd h Se” SRS g B LRl e PR SR Honirgr s o
integrated circuit; fesifisegnd JdiBsIeiG @ith euplriticand alszcmimawn@tysgpa
biasing circuit to said polycrystalllne S|I|con bounded SCR to bias said

pol ycryst al | i ne silicendbungiégs SERMeosacant copdyebivey riape diaying a ety sai d
ESD event 1 2, The TR i L9y A0 e SR, 5 cPs o
bet ween sai d si gfi@imingp kst duffptidn iegicantidde saddeandandidey 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 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

17




connection of said polycrystalline silicon bounded SCR to increase a

hol di ng voltage for said polycrystalline silicon bounded SCR when said

pol ycrystalline silicon bounded SCRis turned on. 3. The nmethod of claiml
wherein formng said biasing circuit: conprises the steps of: formng a
pol ycrystal |l i ne gihiecong hodbiehpdiode teaiid ppblcysrajitiealili¢oneb@intied S6R tbounded
di ode by the steps of; forming the first. di ffusign region, form n(% t he
second wel | region, aRiesaidmRalyrrastalieg sicpriomdsd ¢55e® Hot 9r ME sAe

| ayer at the surface %riﬁg‘%ﬁd psHpstrat e and placed adjacent to the first
di ffusion region and astrtfde a junction of the second well region and

first diffugion fAéginthddooffobaim bfurtheucapripigothpstepnef:t o prevent silicide

formati on at saig junction of t ge fi r.at di ffusi pn region and the second
wel | region duri AyPHBBAG EEY PBRdiogE 08 5310 SHEIEY 9‘§‘fal line silicon bounded

di ode; wherein Sébﬂa&ﬂ%gdi@ﬂid& Helfechishilsi gial fl%;b'ﬁi/@&pﬁteiﬁie?ﬂac@&ﬂl s gqcercond
well region fornms said polycrystalline bounded di ode; and connecting said

pol ycrystal l i ne sili connirsting et sdil qidycrystdihee siligerabouridag %GR te pasrease a
interface, formng a thjrd diffusion regi.on within.said seco |1, by
heavily doping said ﬁ“ﬂidr“lg HP’ft‘?gﬁs O(Snsalrdgg?léfﬁlyxahwetsﬁlécqng%(ﬂﬂn‘iéfe?%s e
second conducti vi ty Tsé[i@%obfc@fsfﬂllﬁh% Sahédnrb%ﬁmﬂ@sggmmg}eqfqnmt erial of the
second well froma first gate of said polycrystalline silicon bounded SCR

to said thiBd di fihasiehod efickin 1 afgreis fersring stif fyesing girewl: rgmpriseulicon
region to sajd pewer supply connection to provide a |ow resistance path to
sai d second SéﬁB? B{Df rom said power supply connection. 4. The nethod of claim
3 wherein form ngomahg abp@segaking Gilidonfibuhber dodepaidspsiycrytellisitegisconf .
form ng a second resistance of the material of the second well fromsaid
first bounded diode by the steps of:
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 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

18




gate to said first diffusion region. 5. The nethod of claiml| wherein said
biasing circuit: conprises the steps of formng a plurality of serially
connected di odes; connecting a first diode of said plurality of serially
connected diodes to the signal input/output interface; connecting a | ast
di ode of said pl usmlectiyg ehidstirdadiffysioonagiohed didgewet sugply seometiogabe of
said polycrystalline silicon bounded SCR; . and f_(?rn‘i ng a ,second resistor
fromthe second gate &AMY'¥ha PUsESEfBeerh Phg ﬁP‘iﬁ’ﬂlgl‘i"?@ SR By
connected di odes to tggp&fwnéﬁmply connection; wherein an ESD event
causes a current to flow through said plurality of serially connected

di odes and dgai d e amthadesi dtior 3 thetain fyeving $wed bjsing cirgait Alrthieneomptisason
bounded SCR to turn on. 6. The nethod of claiml| wherein said heavily doped
pol ycryst al It'?qﬂlséeﬂsé:{;er of the polycrystalline silicon bounded SCR pernits a

series resist anC%ma{ing_ais_ecml HGESdeadt] tho eradrlal 60 the ResOREI SO tAd Fest
smaller for a nore efficient operation. 7. The nethod of claiml further

conprising the step ofatednraddirsigiffseornisaipnl y doped pol ycrystal line |ayer
e ahg e In RS PRI USRI hld Wadhh LEQT: HA i YRtk

silicide shortin sal iITSt and® secon usi on“regi ons and

preventing of aggidesh dlurdlay FRbdroMy@bn@detddniiedssj on regi on under said
heavi |l y doped polycrystalline |ayer. 8 The nethod of claim?7 further

conpri sing the stepesing erifrsctiond ofapid Mawun 9f sasdsroparsyed Jiodsy 19 Ke

silicon layer to the nd . di I gion. 9. The nethod of claim?7
further conprising thg{eggl?lelgp%fgﬂﬁﬁk@%gf&t%he first diffusion region to a

vol t age source wWhbsikecph@\a Hes dde elfataids gluyalitarfesevially agenatind dgdsaia aESD
event which when said relatively |arge voltage exceeds i d snapback

vol tage, said pol ycry$e¥rfigae ofspidipoity Ih%F‘e*Hh@@%Oé‘Bg%g ;anflg 10, The

met hod of claim ELeHRIMEGSH StER@Taghd B e 1RE dfddesst wel |
region, the secoﬁr%lfnil/\{/{e] IQ‘ %eecgﬁon, 1sall g“’k?gh yéﬁgpegg pg{fdycryst al i r?e silicon

| ayer, and the second pllirklitysif ecridily cannated diodds to He pooter agely oumeetion; 11, A

reChod for or g0 ESDGREOLect Lon i CuLt, 0rPed BLLSR LoPLW YL
integrated circuit frQmfdRNResLAUSARHIBY A0 ERP RUAMRL restddnd 1SR RrOtRCE | ON
polycrystalline silicon bounded SCR to turn on.

6. The method of claim 1 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.

7. The method of claim 1 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.

8. The method of claim 7 further comprising the step of connecting said heavily
doped polycrystalline silicon layer to the second diffusion region.

9. The method of claim 7 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

stlicon bounded SCR conducts.

19




circuit conprising:formng a shallow trench isolation bounded SCR on a
surface of said substrate; F 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; formng
a bi asing cild.cui The eoninecof nigirs &l firtheasomgriong chk step of dmkohgsthal firswwell ench

i sol ati on bounded S to bias, said.shallow trench j.sol.ation unded .SCR to

turn offZfRiy&he Ste%ﬁﬂdd‘l"cgl Eﬁgfqr’r@a‘égi hdgped\pe C,rysfé’gﬂl?ﬁ ﬁgccﬁ]tlajfeéa%‘}(ﬁgﬁéec&’?gde on

said SHHﬁfsfo"ﬁgG'ar&GHl @H@@&Edg@goﬁég.d di ode between said signal input/output
e

interface and an ano connection of said shallow trench isolation bounded
SCR to incréhse & muthadi fig feohingge ESP maicdtighairtwiviarmed ot ansiopuattdudpt

t2)8unded SOR when,  Sald oAl o L ERe i Ok b QU ER (o 084 on-
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;
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;
forming at least one diode on said substrate; and
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.
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