ESD Parasitic Bipolar Transistors Wth Hi gh
Resistivity Regions In The Coll ector Background of

*Invention 1) Field of the Invention This invention

rel ates generally to fabrication of sem conductor

. devipspPaanstic KBLIS: 'Pﬁ:rngxhtg?sg\g’gtk %R%@Fgg%%&% &ge %]:)lle_ctor

an Electro Static D sc

~particularly an Electro Static D scharge (ESD) device

using a silicide procaggk I ption of the Prior

Art The n-type MOS transigsrtg%l;%guggé‘h wi del y enpl oyed

as_the primary conponent for an ESD protection

bi Field, of theyingentiosonduct or | C devices. It is well known

that silicidation of the drain and LDD junctions

reduce ESD g_e_rtor mance significantly. Mst salicided

process haveé M4 ipveriog atlateygenamiyh ifzbHedtib WSS Aduk ot 888 es ana
NMOS

1?51%35 éq B’ , resistors) to be forned.

ransi ST BP0 Siedetristiion ot an lewweiaic CishdrgESD) 8 LAVhGE
SARHEE 5@ g}rﬁtect_i on for mxed voltage 1/0 in both
sHI T ClO84— & Ecitiscgaen(FHeR devidcashpabibgiegocdivever
this kind of. device has hi gh snapback voltage. Al so,

Z)hﬁsdﬁg;ghnﬁmg?%}gé\ﬁ?l tage of the stacked NMOS

degrades its 2 is the second breakdown trigger
current)) since the power dissipation is great. The
I T2 is the current at or before the MOS gets into
secondary breakdown (thermal /pernmanent danages) The
hi gher the It2, the nore robust  the NMOS and the

hi gher the The n-type MOS transistor has been widely employed as the primary
component for an ESD protection 'ci_rcuit in semiconductor IC devices. It is well known that
silicidation of the drain and LDD Junctions reduce ESD performance significantly. Most |

salici i i
icided process have a removal option which-allows unsalicided areas (e.g., resistors) to be

formed.

NMOS transistors stacked in a cascade configuration provide robust ESD
protection for mixed voltage /O in both silicided and silicide-blocked technologies. However

this kind of device has high snapback voltage. Also, the high snapback voltage of the stacked

‘NMOS degrades its IT2 (IT2 is the second breakdown trigger current)) since the power

 dissipation is great. The IT?2 is the current at or before the MOS gets into secondary breakdown

{thermali /perme_ment damages) The higher the it2, the more robust the NMOS and the higher the

i




ESD t hreshol d. For the process technol ogy where the
silicide block and abrupt junction steps were are not
avai |l abl e, a biasing network was necessary to ensure
urﬁn%{]ormtriggeri ng of all fingers. So, the need for

: thyeshaldgéor tholpedcasd techddBes wiRMAKE I G PNRL | es, ESD
protection. FIG 5A shows a single poly @Wéreu\‘/)“gécm“ steps
tVRAS arF gotirg@liblern tidvengPkivakk R ne@Ssy R 8V 80N
%ruct%e@and snap back nechani smagpgggeslgl?%{%}et&g%eé‘f’%%a”
HEers Hyes-npal fr high MBSO aGE1/D'S se5 Mo RS -
section and layout in Fig. 5A FIG S%ch}h%l\l/?/s egéé?aﬁmf)ef%oﬁ'
view. FIG 5C shows the IV curve and snap back curve

for the ESD device. Vsp is the snapback hol di ng

vol tage. FI G 5D shows the electrical schematic of the
device in FI @A Wen .a short-duration (100 to 110

ns) constant curtBRYS piirEepres NAIBE idevicerthat isheeddn alierprior art as an

wWisbHyel; and gate tied to the substrate
(su bst ‘P‘?F@é’%{ﬁ%ﬁ‘ﬁe e“g)s‘%‘p:bﬁ%‘ BEPF L & deskieber hetewt He singlo-poly N-

OGY GRS Bbi G jn Fig 5C . At normal operation, '-
the devi céeﬁ%’\g&glfcb &3 Seec?%%nsaé‘d?aﬁ'gutd’h{:‘& 145 FEY 8B sl 2 topfndam view. FIG

BORhEHsahd D¢, volta BVdss i s reached,

current st aru?? i%g(g}ﬁ%) 8%%acgwg?q’ék§éd3§) dpicy. n{3Aétthe snapback holding
véltueZ akTIGoID G weite of - _biased drai.n_junction. At
current 1tl. And @\718 i/“gagg&?/%“f‘t}" Q?ﬁ@ d8eA e E{q pigYdiemsa shattaluration

6108 PPk bGant b current Ltl and voltage is
rel at ed ES )oc t heént c%rgnﬂé{lselmear?ﬁﬁ% 19 g dpleih thegsugcet dad eate hel to the

bubkig8efsubsR@k Bloutdl Lt |- i ot e same as _BVdss.
BVdss, usual Pyui S J(’Jlte id%vé%f)sg%ﬁqﬁ e&b‘gﬂ'ﬁj‘z’ﬂﬂﬁ@ﬁ“@fl‘? shown in Fig. 5C.

AVRIrARGHE ; e at a specified drain
curr enth@ dré‘?i“?t%é @#ﬁ?ﬁ’%ﬁ‘éﬂr‘ %ﬁﬁmﬁt‘ greunders Whanitke drain breakdown

- Waggd BEdh; j.ust before snapback. The
s na%bac k rjgg’ig(glﬁd’ \g?&%nﬁ%g?é-to @0‘3 Vi ?/Es‘iﬁ%c’f"ﬁ‘??&b'ﬁmyatlﬂﬂ Akdig reverse-

bingdd diahgheties € resente .a snapback
- vol tagteths belg;\n%lt chXIt?[ ? ’earrngrgl?lfagf %lrg@i%g‘f'%ﬁ{i@eﬁéﬁp srppack. The

ipgp loacda ' ] t he |inear
T:)B(ﬁ apol ;f?grﬁa‘gfﬁagt\!ﬁg eig%g Slﬁ%%; E%gne??engtp ancJ I!i\l?t?ss Note that the trigger

_point (Vtl, _Itl,) is not the same as BVdss. BVdss, usually is defined as the drain junction
avalanche breakdown voltage at a specified drain current density. The trigger point is the point
that has the highest voltage just before snapback. The snapback region of the I- V curve is
roughly linear and, therefore, may be represented by a snapback voltage Vsb and a differential
resistance Rsb. The snapb?.ck voltage Vsb is defined as the linear cxtrapolation of the snapback
region back to zero current. Care must be taken to avoid defining Vb and Rb by extfapoiati.ng

from low current values near the point where the I-V curve changes slope from negative to

.posrtn{e. Therefore, the values of Vsb and Rsb were obtained from measurements made at high
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regi on back to zero current. Care nust be taken to
avoid defining Vb and Rb by extrapolating fromlow
“current val ues near the point where the IN curve
changes slope fromnegative to positive. Therefore,

- bR eR: bt nqqhqr?ﬁ%gte\éfr G ?e%ﬁ%ébn&ﬁaet%hf%gent values are relevant

measur enent s nade at

BT HesS v tekd B8 sPlS ?atﬁe?’& 0j;d ow-fugree(étg% ugﬁ,\gﬁe[nsdem%ng for

hi gh-current val ues are re

pereidnQgMse Ekbe Wl{h%hﬁﬁfenﬁmglb EJP{%ﬂt M GHES & Qﬁ ;H)&S{ region, the

when designing for protectron agal hs?

Savick kr@ggeﬂaﬁﬂwséabmr@auamﬂtwé&%m£Lé&}%ﬂﬂ%&‘ Jé}g(k A WQ)back

region, the device triggers into seco

chefespoadiag S)&E@ﬂﬁggdnh[f; %ﬁrsn@%dﬁtmté Mic8nd Hrladio0 r% cEOh ‘aﬁccl?)% is the

"to the triggering from snapback into second reakd

Set owd frpeakdoiihr Hevidch & indiSfidthy! %?%ef&EheHQaWnaQ%a 'd%[.n« ot
devices to indicate the regime of thermal runa an
ostelilgpt - instability. The inportance of overconing the
vari ous deficiencies noted above is evidenced by the
ext ensi ve technol ogi cal devel opnent directed to the
subj ect, as docunented by the rel evant patent and
technical literature. The cl osest and apparently nore
rel evant technical developnents in the patent
literature can be gl eaned by considering: US

5, 898, 205(Lee), US 5,519, 242(Avery), Us 5,969, 923 .

(Avery), US 59, 352 ue et
5. 043, 782( A\"{ge?l ogﬁrge 8@3@0@%%1@1@(@15 d@ﬁme@plq uotgi above is

e%m%y %& e;n!gﬁa’sweq %noioglcal development directed to the subject, as documented by
the relevant patent and technical literature. The closest and apparently more relevant technical
developments in the patent literature can be gleaned by considering: US 5,898 ,205(Lee), US

5,519,242( Avery), Us 5 969 .923(Avery), US 5,559,352(Hsue et al.), US 5,043 782(Avery) and

US 5,689,113(Li et al.).



It i's an object of the present invention to provide a
structure and a nethod for fabricating an Electro
Static Discharge (ESD) device using a NMOS transi stor
structure there the collector of the parasitic
bi-pol ar Transi stor has high resistivity regions that
increase the resistivity of the collector. To
acconpl i sh the above objectives, the present invention
provides a structure and a nethod for an ESD devi ce.
The invention is an ESD device (e.g., parasitic
bi polar transistor) that has the structure of a N-MOS
transi stor and a P+ stibemnatef tiedavagibn The source and
drain of the MOS transistor formthe collector and
base of the ESD s parasitic bipolar transistor. The
deV| ce pref &S Jeﬁa%m?l Hf?séﬁt@é’eﬁtéﬁlt@ws)\fld@/eﬂwme ald p @dthod for
gl ons. I% E ' a parasitic bipolar NPN
fgh I"Fﬁ f$ﬁ (EHD} yice tiing ¢ YPMOSgiapngonsradin there the
arasitic NPN (e.g., drain of

t
- Jc’ﬂg"t?fl‘:"ﬁgh%%?%“ﬁ IHP/‘@fﬁ‘e‘i YRS BT iggipRsghat inceshesrthe d

h resistivity regions: 1) isolation
&Mgﬁﬁ%OF%ﬂcgh %bxi de shal | ow trench isol ation (STI1))
and 2) high resi stance (e.g., lightly doped regions

r -undoped, - (e.g., channel regions)). The channe
regi ons can have gates thereover and the gates can be

charged. Also, optionally a n well (n mnus well) can

be formed umdedcompiesher db@@d@f&cﬁ\fe@'tﬁh pr@@x@c ifVetba provides a structure
reS|St|V|ty regl ons i ncrease the | ector

ands inthiod ittr yn EBPrdeviye. I TR iRV id i EﬁgrdfeQE c
ESD devi ce. The invention's Electro Stafﬁ%%D?mg nc Omr

t(aﬁﬁﬁw’r) tavhas eheptredngt ahl W-NMOSRIdsBRS andh P4 §u§§tra§%@1¢tgct 'Jﬁle source
regi on and a second doped region in a substrate; e

ad dsitn cfniek MO S Gamthior AIMARE doBEHANRd DAY Br 1fle £415'S parasitic bipolar
conductivity type dopant;

transistor. The device preferably has silicide regions over the doped regions. The ESD device is
a parasttic bipolar NPN Tx. The invention has high resistivity regions within the collector of the
parasitic NPN (e.g., drain of the FET). The invention has two embodiments (preferred types) of
high resistivity regions: 1) isolation regions (e.g., oxide shallow trench isolation (STI)) and 2)
high resistance (e.g., lightly doped regions or undoped, (e.g., channel regions)). The channel
regions can have gates thereover and the gates can be charged. Also, optionaify an well (n
minus well) can be formed under the collector/drain. The high resistivity regions increase the

collector resistivity thereby improving the performance of the ESD device.



at least a high resistivity region at |least partially
surrounded at the substrate surface, by the first
doped region; a first gate over a first channe
region; the first channel region between the first

. and th : . regions:. a third d. regi
opar ated 1ot RACE RO aRHE D iR By PasTRbicompises

region; the third doped region has a second

conduct i Vit ¥ iy E@peﬁ?%ﬁta_nd ég&'oH @c@gc!! Ie itgh %encat 3 RS?I’:;‘}.%; the, first and

advant ages of the invention w S or

stesiirdopéd 9glodshabe f Bkl MR ARy t wll be obvious
fromthe descri peti on, or trlrag/;q%ﬁeerqoggn?’ned by practice

of the inveatkfba hifhRsgli€Gt e
i nvention nmay be rgalized@aﬁ%Mﬁg%?ggﬁgghgggﬁggﬁé&gpSmmuae
sunsta; byrénfict ddpe@segnd conbi nations particularly
poi nted out in the append clains. 5 Brief Description
of the Drawi ngs The features and advantages of a
sem conduct &firdeut cer adicoridnmg rdgont the firspihesRMNegion between the
%nvention and further details of a process of

t5tnnd dhistspeegd dered regiossmmi conduct or device in  accordance
with the present invention will be nore clearly

“understood fromthe faollow ng description taken in :
conj unct i on*HoPHdesiorwrpang fiom tersessindideped regishbg i isolation

Lke referenc nuneral s designate simlar or

%glrglﬁeté,eptglﬁ%gﬁégéqg‘é’ﬁ@?ﬂasﬁ“?“é@?‘&ﬂ%%“v&ﬁ &pederanons and i n
which: Figure 1A is a cross sectional view for
illustrating a first enbodi nent of the

Additional objects and advantages of the invention will be set forth in the
description that follows, and in part will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the invention may be realized and

obtained by means of instrumentalities and combinations particularly pointed out in the append

claims.



ESD devi ce according to the present invention. Figure
IBis a top down view for illustrating a first

“enbodi nent of the ESD device according to the present
invention. Figure 2Ais a cross sectional view for

- illustrating a first enbodi nrent of the -ESD device
with an optional n-well 12 according to the present
Invention. Figure 2B-is a top domm vieM/for
ilTustrating a firsBrigMbQelineR g{ D device
with an optional n-well 12 accor ng t he present
invention. Figure 3Ais a cross sectional view for

i Il ustrati nglta fecondd edandgddeni seaficontiltor BRRAEMEEE: to the
according to the present invention. Figure 3Bis atop
BT Iy PR st fuithdr detbilsatfa preess se@BRA @60 Eﬁ{ﬂon&fcto*r B&ice in
ESD device according to the present invention.
BY g Uiercevihithe presentdnenimoill ba alorewdle@ity futersidol ﬂ@&l&@é fofkGving

n option for the second enbodi ment of the ESD deV|ce

EYiIOp frakeyy by canjupgtion wih Heat@thpanythgaisivingah Wiick Hes ©fnce

accordlng to the present invention. Figure 4B is a
PYPerad drviapete wintiler or cotrerpendingictegents, rogitrisand fertiors BRI in which:
second enbodlnent of the ESD device where the gates
are connect ﬂ&o ptionally charged according to the
present i nverfy on® SEcessscidialigevalos illvgrating o Fiyst edatiddent of the

geMics.d Jg&rdmg tol{ﬁe?greslegtntwréﬁt.o%” or art as an

Figure 1B is a top down view for illustrating a first embodiment of the ESD

device according to the present invention.

Figure 2A is a cross sectional view for illustrating a first embodiment of the

ESD device with an optional n-well 12 according to the present invention.

Figure 2B isatop down view for illustrating a first embodiment of the ESD

device with an optional n-well 12 according to the present invention.

Figure 3A is a cross sectional view for illustrating a second embodiment of

the ESD device according to the present invention,

Figure 3B is a top down" view for illustrating a second embodiment of the

ESD device according to the present invention.



"resistivity regions C ek

ESD device. FIG 5B shows a top plan view of the single

~poly N-MOS device shown in FIG SA according to the

prior art. FIG 5C shows the IV curve and snhap back
curve for the ESD device according to the prior art.
FI'G 5D showsFigine 4aliect:biseadions RNEL ifusia evicSend
EI@?@(?A according to the prior art. 7 [S)ettg'lglqga&onfonhesecond
inpatiobthe ESDtdeeich Wit eme et FbQahdRALS: A -
I nvention's ESD device w t% hi gh resi stL?dv?aptngnaé%Icﬁlaé%etdgf’cordmg
Thi&e prgseshinivamion.s a structure for a ESD device that has
the structure of a N MOS transistor and a P+
substrate contact. The device preferably has silicide
regi ons overFig4ie4B dopier dpeyivienstor MheraESRadeNdC®r 1hS sond
Qr%éacii tic {F}i Eol ar NPN Tx. The invention has high
S&Tpen; of the egidstiee Wietrthnstitsarcohicort ard dpliodall® charged according

" p%atlhasi tic. NPN. The invention has two preferred types
0

hPGIF Y BEPEP T vi ty regions: 1) isolation regions
(e.g., oxide shallow trench isolation (STlI)) and 2)
undoped regi (e.9., .channel regions). O her high :

B3 ashio ‘%é‘ﬁ"ce st s ggpddothe driorart as an

BRRAQsiiiel y conductivity regions or other
sem conductors or insulators that have a higher
resistivity: he n+ regi.on Qr substrate or well.
In the secoﬁg@g}?eséoéﬁfsragap %lﬁ‘g‘é‘a‘i" e singleprly NHAAR device shown in FIG
5@9&@%&@&etﬁg&eﬁgat es thereover and the gates can be

charged or biased. Al so,

FIG 5C shows the TV curve and snap back curve for the ESD device

according to the prior art.

FIG 5D shows the electri;al schematic of the device in FIG 5A according to

the prior art.



optionally a Nwell (n mnus well) can be forned under
‘the collector. The high resistivity regions increase
the collector resistivity thereby inproving the
performance of the ESD device. Resistance at drain

- side provide additional balasting resistor (e.g., Rdw)
which can help the uniformty and prevent pre-nature
triggering. A key point of the invention is the use of
the high: resist@i&en ) QNS Lnerease the
resistance at t hlgldr a‘igsﬁxg @&l%&l& élrﬁﬁ’grecg:ﬂ}br"gg‘legts\m th
use of salicide blocks and n-well resistance. It is an
i nportant point that the invention can be inplenented
with gt i clnventionstESIESRvide withichigh redisti cid?
remove the silicide for ESD devices. 8 The arrows 75
in FIG 1B il Mustavatien isheuGetik @Ha Pab Beidd tlliahﬁasftljxezs?rhcture ofa N-

e.g.,

doped region 22. The high resistivity regions

3BOSgrapsisiomped e Pt ebstate E@itdcr. ThOWeyRE Href R HUCE s Eih&d&fegﬁﬁ' over the
sectional area of doped region 22, thus increasin the

r &pid eainoe Thahigh BSReden heitkdhoke NURSIS! | B8R % ion has hih
follows. As shown in FIGIA a first n+ region 55 and

a3 ELER ErervRs welyn dr chBecar ef ihe paastsiN. aftR ikRntiohSs two preferred
substrate 10 preferably is p- doped. The substrate fb '
CRIPFSIO iRk treintvity regadner 1) Geolasiomeiond (8.28 o\aE & HovHirglah isolation (STD)
resistivity regions (e.g., 36, 38 (FIGS IA 2A ) 60,
6 2Iryrdgperaeiana) e 3., chanel aichgathephiph fesibtlvity Sdgion®MAIE dsed such
on at |east one side by the first n+ region 22. That
i zg’ oV H@efll Pb‘fPPO%“é]sfiCQ’@duvfil\tlsv regiqyis ongtheraetnicendtdiers 6F i@SSators that have a
' ﬁgq}iona[_area of the first n+ region 22 thereby
i Te e RS PHEY tibthe pg ggetoniop pubgtrass ortvied. i the becond referedmBadiment.

Iﬂ?c [ q reSistivity_regions do not have to extend al

th g ¢l regions can have gates thereover and the gates can be charged or biased. Also,

| - optionally a N "well (n minus well) can be formed under the collector. The high resistivity
regions increase the coIIecto_r resistivity thereby improving the performance of the ESD device.
Resistance at drain side provide additional balasting resistor (e.g., Rdw) which can help the
uniformity and prevent pre-mature triggering. A key point of the invention is the use of the high
resistance regions to increase the resistance at the drain region. This contrasts with use of

salicide blocks and n-well resistance. It is an important point that the invention can be

implemented with silicide on the ESD device. It is common to remove the silicide for ESD

devices. -




thru the high resistivity regions. Al so, the high
_resistivity regions do not have to be totally
surrounded by the first n+ region 22. For exanple the
high resistivity region can be adjacent (e.qg.,

border) to i steatben?7s QFIONS imAudi St St e hSaQVer L
a first channel region 19. The fir1st %r%gﬁpnate W%‘@?r&rﬁe"ﬂ@imglm

bét-verhightiesiftivits teganel(eteh 86 S€§ RRddhe L 18,
first p+ region (substrate cg%{ﬂgct,ebagétq%?"%lgrr%dg?ettﬁ%mss

biSsBemat arerwftdapedyredieh 125 thus BPRERLARkE L6 QML he second n+

region 18 by an isolation region. A drain contact 52

is preferabl yrhsgaced fromthe first gate by at |east a
)

first isol ath’®RSPegiiorea88e aScribthes BN ABORLMALH FRZ1A, a first ot
cont a%s the first n+ region 24. The parasitic bipolar

t BB P& P2 seeomy nt TegiamrhSrarsie s sutatraiol 0. 6T QlibsRae 1@@%@1@%19 is p-
(%Oégit,@%t etlfor well), emtter 18. The p+ region 14 is

t yas &/ 8UHEE 18 64 Terspenic e waflr dmu vautlda & ivate;. t he dopi ng
types of the doped regions can be reversed. That is

the N regi opg,can .b(% %—Iépe and the P regions can be
n-type. For exanple, ™ KEC8 B, Pat38 (UGS e2Ad6ned (FIGS 3A, 44) )

tHPHB eat i n+ regi gns and second region are p
dopedeaa%”tal%%%??%c{ed 8& at?‘%ijﬁ ¥ sidg bythe §peticesiv® 2B. That isSthe high

a8 RDons redide 1189100 . 36 38 increase the resistance
of the irst nclf ﬂ{eecgés%%eC%%al area of the first o+ region 22 thereby increasing the

resistivity of the first o+ region 22. The high resistivity regions do not have to extend all the way
thru the high resistivity regions. Also, the high resistivity regions do not have to be tatally

surroundgd bj the first n+ regionl 22. For example the high resistivity region can be adjacent

(e.g., border) to isolation regions.

A first gate 42 is over a first channel region 19, The first channel ‘region 19

between the first and the second n+ regions 24 18.

A first p+ region (substrate contact, base of parasitic bipolar contact) 14 is

separated from the second n+ region 18 by an isolation region.

A drain contact 52 is preferably spaced from the first pate by at least a first

isolation region 38 36. The drain contact 52 contacts the first n+ region 24.

The parasitic bipolar transistor (tx) 71 comprises: a collector 22, base 10

(substrate or well), emitter 18. The pt region 14 is the base/substrate contact.

G




In a first enbodi nent of the invention, as shown in
FIGI A the high resistivity regions are conprised
“of spaced isolation regions 36 38. The spaced

i solation regions 36 38 is in the first n+ region 22,

- The spaced It sdakih)] AOdIPRRIANRS oﬁﬁe &Del REHEARR bl hﬁersed That is the
resistance of the first n+ region 22. In FIG 1 Rd

Niregido @arl iRgi-§pdtdened rdofds SHndeR- tﬁ'ﬂ%al?ortei?&nﬂl@%@@&ﬁsﬁﬂe ®an be
spaced isolation regions increase. The isolation

dapegjinapye, fhoficent hgioatundaaiond gl a@HAPE A8 the ficke b+ rosfu $s n-
increasing the resistance. FIGIA shows the electrica

dapethermat i c of the ESD parasitic bipolar Tx. Cis the
collector. Bis the base. Eis the emtter. The spaced
i sol ation regions can be any type of isolation region,
such as field oxide regions, LOCOS, shallow trench
isolation (STI) etc. and can be forned of any
insulating material, e.g., oxide, silicon oxynitride,
nitride, etc. or high resistivity material. As shown
n FIG 2A, the high resistivity regions conprise
spaced isolation regions 36. Spaced isolation regions
36 38 are surrounded at |east on the sides the first
n+ region 22 whereby the spaced isolation regions 36
38 increase the resistance of the first n+ region 22.
As shown in FIG 2A, an optional. n-weil (n mnus well
- e.g., lightly doped well) 12 is under the first
n+, region 22, the spaced isolation regions 36 38 and
under a portion of the second n+ regi-on 18. FI G 2A
shows the electrical schematic of the ESD parasitic
bipolar I I Tx. The Rdw is the resistance of the
collector of the Tx: The isolation regions 36 38
I ncrease the

10



ETTE P

resi stance of the collector (or NNwell). 1. Method for
.the first enbodi ment The method for the Is enbodi nent

is described below. Referring to FIGS 1A and 1B, we
formfirst isolation regions 36 38 and standard
“isolation regions 32 in a substrate 10. The first

i solation regions 36 38 and standard i sol ati on regi ons

32 can be formed in the same steps or in separate

steps, The first isolation regions 36 38 formed in an

ar ea fher &5t pmbodiment S iregio? 36i3B linsulrsetieantisiunke of the
formed. Alternately, the first isolation regions can

be fornmed gk efed®28irst n+ regions are formed. The
first isolation regions can be shallow trench

i sol ation GSIﬁFtm@gkbnsnofmtﬁﬁﬁﬁomagﬂﬁn@jnﬁnﬁlAJheMgh
conventional products, the isolations regions are used

g gypagiensara domprst iof epaediadationtegi@a 86 3%t ThetspRed isolation regions
invention uses the isolation regions to provide

ex 154 Yie fisstint eemion BatThe opacetisvlgen capidns 86 3Ningeat e Mesistance of
?assage to increase the resistance. A key point. of

hedirst BV segi9n@R. 18 FiGh &Ai Riis Basesisoficer e sliesiramie: thd intdaBion’s spaced
dr?Ln side by using the first isolation regions. Next
RREHYT i ansfingrense. gae solgtiongegipnsdoré the turcinamme krobeirandel Qhus
in the %ubsirate 10. The first channel region 19 is
BETRRRHNE FreisteniesKIGadeshpeths eleesrich! sehemasigioftis ESD phfsitic bipolar Tx.

er s, can_he ormed on the gate. First n+ region 22
gﬁg 5c§59853‘ﬁ*wggﬁﬁgﬁt%%mﬁ?%-forned in a substrate

10. Isolation regions 36 38 are at |east partially
surrounded | +.regiqn 22. T oped . '
“regions areb%?é?%?%gpékF%?ﬁ%ag%gmgﬁyVW%&ﬁﬁ%“B?B@@§§WmaSﬁdd
EEJSS? Fg%“ﬁ?%?g?i%‘%ﬁvy &%}gh RoBERASHH 8. LI LT bR S C e Melating

material, e.g., oxide, silicon oxynitride, nitride, etc. or high resistivity material.

As shown in FIG 2A, the high-resistivity regions comprise spaced isolation
- regions 36. Spaced isola_@ion regions 3638 are surrounded at least on the sides the first n+

region 22 whereby the spaced isolation reglons 36 38 increase the resistance of the first n+

. Tegion 22,

As shown in FIG 24, an optional . n-wetl (n minus well - e.g., lightly doped
well) 12 is under the first t region 22, the spaced isolation regions 36 38 and under a portion

of the second n+ region 18. FIG 2A shows the electrical schematic of the ESD pafasitic bipolar

11




a standard isolation region 32. The standard isol ation
_regions can be forned in other areas of the chip at
the same time. The standard isol ation regions can be
formed using any isolation process 12 such as STI

| POTRSISHSH tHE*}@s K th nﬂﬁ oped regions
from bei nla forrlre (TE(?]ftt CDﬁeCt?{ H‘SI OFFEERS {0hA8 increase the

g&ts%ceAMhef(gﬂm&l (l)r|1\q:|wglcg regl ons 56 on the first p+
region 14, the fIrSt n+ region 22 and the second n+

region 18. The silicide regions can also be fornmed on
tlhe gbfetbsd foT ke fisdt kinbddik@ent pr ocess can be a conventi onal
silicide or salicide process. It is inportant to note

that the i nenicied fdors:® lmﬁib()oﬂlﬁﬁh’thf fes@i i '
mask/ etch step and that the silicide cgﬁﬂﬁéé& efae'rgwgthGS
d856¢ i B wirfornafict molaticnoegias 36 58 a;thstzfn@;!rHﬁGlaﬁ&H@é&s%Q in a substrate
framthe first gate by preferably at Ileast a
it &oihafirs Holpiai reg10:88 638 andendadaiolatiGOREBES 325 be formed in the same
contacting the first n+ region 24. A Vss contact 51 1s
FtSPSrPééP ¥erretReteps rige fiptisolatginoegidrd 3abe Ry ihhgakh {‘zvﬁére M’rst n+
%on 22. The substrate and the second n+ region

22 gall albwpgglmbp @armpcp ohlgarnateBDtHerfan SoRti6H regidnidal Qﬁeformed
l%lr st isolation regions increase the resistance of the
phisr dhe st of egiiang are Sorntph Thedtdh dlafi@r regibi® c@ipbd MRy t%nmisd)lanon
Egﬂ the first enbodinment - Nwell 12 As shown in FIGS
)arﬁ%or?d)r LRCRS fegions]ip convehiomaigioduds, tbdisoltionSrefibfEurd@ed to

?egrat%gh'sm ation (e.g., STlI) region(s) 36 38 are

6 e\/ﬁcﬁ:? eag o C\%@Fqﬁ the invepiEonseseild islaine regioyipiopadvide

&Qg ?mg, 0 the N and P _diffusions. The spaced

| SO | oﬁ"nrpea G 18T SHCAIEET ({igTption passage to increase the resistance. A key point

of the invention is the increase of resistance at the drain side by using the first isolation regions.

Next we form a first gate 42 over a first channel region 19 in the substrate 10.

The first channel region 19 is between the first and the second n+ regions 24 18. Spacers can be

formed on the gate.

| First n+ region 22 and a second n+ region 18 are formed in a substrate 10.
Isolation regions 36 38 are at least partially surrounded by the first n+ region 22. The doped
regions are preferably formed by an implant process.

-

The ﬁrs_t p+ region 14 is separated from the second n+ region 18 preferably by
“a standard isolation region 32. The standard isolation regions can be formed in other areas of the

- chip at the same time. The standard isolation regions can be formed using any isolation process,

12



subsequently be formed and in the area where a portion
.of the first n+ region 22 will be subsequently be
formed. 13 C. Second enbodi ment - high resistivity
regions are undoped or lightly doped regions As shown

" iswehiFs GBI @Aceans BB, gaienblbbehs RGANH 465 AT Rbm bg-ngfotl,inggﬁ the
resistivity regions conprise undoped or Ilghtﬁ dopea

ceaghelnegique ugder thie@eend channel regions 61 65). The
‘high resistivity regions can be of either type
conductivity (p or_n). The second channel regions 61
65 are surr oYR&EE sdicide eims 6fod the fist glemgiby 14, MR ffirith$ tegion 22
n+, regi on 22. Spaced second gates 60 64 are over the
grédc%ﬁ gecﬁli?dﬁr@m‘r Hyi Ion siligide gBlonggag iso bpfokreniadnl tis gates. The silicide
‘ ?&%@%lmﬁg is under the first n+ region 22, the spaced
FSorati of ragicahdakyionts or sdisignaroetsanihslimpegnun ot thatibe
a portion of the second n+ region 18. 1.
B da AR 0 B0 il e oen s e chns e dnotlc & sk
hﬁggﬁggond enmbodi nent is the simlar to the nmethod for
t e I'rst enbodi nent unl ess stated otherw se. As
shown in FIGS 3A and 3B, in the second enbodi nment,

the high resj gtivi r.egions conprise undoped or

i ght | 3 dope%&trafegcf)}g%% 5?%.%“}“@6@3%%%0%%@ gajedyyipetsably at
fd i ' I stivity regigns can be of either

t ység%%fé ﬁ%@?f{y&%gﬁé' o i oA oS tmidi A ot esgioo R

61 65 are at |east partially surrounded at |east on
the sides (& Usscomthct 51 is formed to the first p+region 14 whereby the first n+

region 22. The substrate and the second n+ region 18 comprise a parasitic bipolar ESD transistor

and the first isolation regions increase the resistance of the first n+ region.

2. The method for the optional N-well in the first embodiment - N-well (2
As shown in FIGS 2a and 2b, a n-well 12 is formed. As shown in FIGS 2a

and 2b isolation (e.g., STI) region(s) 36 38 are formed within a n-well 12. The n-wells are
typically formed before the N and P diffusions. The spaced isolation regions 36 38 will

subsequently be formed and in the area where a portion of the first nt+ regioﬁ 22 will be

subsequently be formed.

13



the substrate surface) by the first n+ region 22.

"Spaced second gates 60 64 are over the second channel
"regi ons 6165. The nethod for the second enbodinent is
descri bed below. As shown in FIGS 3A and 3B, we form

- standard isgl atio s, 32 in a substrate 10. The
subst?ate‘ssf%‘)%& ﬂi})cfae'?' F Bl 7 g'%ﬁ‘éﬂty regiofs Freupdgped or lightly

first gate, a first channel region 19 and form
second gat egj%d%&rgﬂ The second gates 60 64 are forned

in an area ere a first n+ region 22 wll
subsequent | SDSQO‘F’BF]rFégS %?‘@@%Wé‘i‘ﬁﬁéwﬂﬁ éigb@maelartbe high resistivity

he fi econd channel ions 61 65
y%g) é“%‘é‘%:oﬁe ‘62‘6@ dgeedefag% (§-8r %?F%Pdfc ngel regions 6§68 The

gl%? gf%gg%%tysfg 81% Iége o gfl‘% gsip%%?ﬂdﬂgg’it? bqsr:?i a@gaeégqji c-lh-lgliel regions 61

[ The.second chanpel regions
S 0 3 L R R Bl S

50 llsboha ehansliieg] gn 19 s betueen the first and

the second n+ re |ons 18. W forma first p+ region
14 separated.fromthe second n+ region 18 by a

standard | SQ‘U% bpnkIRYh 9'%6%%2 2is BerRte a%iox?gi NS

can be formed i n any order. ormsilicide regi {5rtgaced

B6latich fefiens 3633 seBohd cB8GHnQReckéhs 6t BE i +
and the second n+ region 1%0"?'he sf{nd ‘ﬁl er% Oﬁ%gﬁgﬁlce:ésﬁcondm

bgichagnmed on the gates. W forma dra| n cont act 52
separated fromthe first gate by at least a first

1. The method for the second embodiment

The method for the second embodiment is the similar to the method for the
first embodiment unless stated otherwise. As shown in FIGS 3A and 3B, in the second
embodiment, the high resistivity regions comprise undoped or lightly doped regions (e.g., second
channel regions 61 65). The high _resistivity regions can be of either type conductivity (p or n).
The second channel regions 61 65 are at least partially surrounded at least on the sides (e.g., at .

the substrate surface) by the first n+ region 22. Spaced second gates 60 64 are over the second

channel regions 61 65.

The method for the second embodiment is described below. As shown in
FIGS 3A and 3B, we form standard 1solation regions 32 in a substrate 10. The substrate 10 is

prefe;‘ably p- doped.
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i solation region 38 36. The drain contact 52 contacts
the first n+ region 24. W also forma Vss (50)

contact 51 to the first p+ region 14. The first n+
region 22, the substrate 10 and the second n+ region
- 18 conpri se ,ﬁ, ﬁar asitic bipolar ESD transistor and

the second ch&nH&? F¥EREHE o8Y adust chinpal sepiontlRend form second gates
8 gh St the first n+ region. 2. first option for
secon dﬂgﬁg%g‘.ﬁ FREFHO0 0% 40k faed dheteacdieresdicgm - optdncRatilly
auttedBhdy deoMepus: wel | ) 12.is under the first n+ _
. rggf%\ﬁ 32 %rﬂlgﬁ’. Elﬁs\gggﬂ%ﬁl S8 MEHRGE Hie SR s4ies- Bgondsdemmbdregions
Gmasln&ier{h@ggcgmga 884 and under a portion of the
second n+ region 18 ?'For exanple, see FIG3 A
“(n-well) 12 ). 15 3. second option for second :

enbodi nent  -wseeaRdirgat gl 2Ghd i &bl eatied o a
option for the second eerr%godi nent, as sﬂg\%za} f}gtlﬁfiélblﬁ?e 10. The

firrenhicglon 2¢ esinst foitiddin 1R GLORFolBhRLreGORTYI B 1R s §Ahannel
one second channel region(s) 61 65. The second

Emnnnel 6T @grtdest Siofifiedby the 88t nPRkibh 8 e B & -
the first n+ region 22. That is, %lhe sec%nlgl gﬂgﬁxﬁgﬁbns

peigRerihe frstauil theaeqod i fegioa 24 tse first n+ region,
Spaced second gates 60 64 are over the second channel
regions 61 65. The second gates are preferably

el ectri cal | YWeBnnedired+ 7@idnd4eqantdatiivgrthe FoGdSCTO 13 by a

%at es electrically connected 70 to each other and can
Bgisodian FegiondRa et arfttie: rediaus gathegaities iy Gftic€ an

create electric fields within the doped region 22 and

t her eby cha%ggft hel.r.ﬁsi stivity for the region 22. The

resistivity can D& 8f¢ [r&1ens Mctrebstaet Ryrregion 14, the first n+ region 22

and the second n+ region 18. The silicide regions can be formed on the gates,

We form a drain contact 52 separated from the first gate by at least a first

isolation region 38 36. The drain contact 52 contacts the first n+ region 24.

We also form a Vss (50) contact 51 to the first pt+ region 14. The first n+
region 22, the substrate 10 and the second nt region 18 comprise a parasitic bipolar ESD

- transistor and the second chanqel regions 62 65 increase the resistance of the first n+ region,

2. first option for second embodiment - n-well under coliéctor

Optionally, a n-well (n rr:inus well) 12 is under the first n+ region 22, the
spaced isolation regions 36 38, second channel regions 61 65, énd under a portion of the
secqnd 1+ region 18. (For example, see FIG 3A (n-well } 12). |
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decreased. Optionally, a n-well (n mnus well) 12 is
.under the first n+ region 22, the spaced isolation
regions 36 38, second channel regions 61 65, and under
a portion of the second n+ region 18. (For exanple,
"see FIG3A (n-well) 12 ). a) Method for the second
option for the second enbodi nent - Connected second
gates The nmethod for the option for the second
ebodparent optisn fbe sebid embreliiui - ASondARMAediicall) EandArgand
4B, we form standard isolation regions 32 in a
substrat e 10 ddpgon Buths secab@erlibdingenpas SoPeth F1&6 A e high
forma first gate 42 over a first channel region 19
JREFUVEY feigBTBIvcEogatiesit 1e60 ofdsecihl ehBed 0epebngat €85 6fhe@dond
- aﬁe formed in an area where a first n+ region 22 wll
SOHCEERMSI O et least prsiinlly Furraindestarimeirstme gegimmsz2aTiat s, the second
uFder the first gates, Second channel regions 61 65
SPEGTaRP IS & BEHAR Offht Bt BOre@an. Yeackbyonond ghies 61 64ute over the
rgg}gq}ZZ and a second n+ region 18 in a substrate 10.
TR phapagl regions 646%n 22 are not formed in the second
channel regions 61 65. The second channel regions 61
65 are prefeﬁﬁbl¥ gartialﬁy sgrrounded by the first n+
regi on 22. The 108 B fanpeieraolyglicsallygonngcisd 7 iseacht dtfesr.

first and the second n+ regions 24 18. W forma first

p+ regi on 14mRepakabas ddoMl,\8ns 8RN il SHL.OM 18 LY

o each otler and can be optionally

charged.. The charged gates 61 64 can create electric fields within the doped region 22 and

thereby change the resistivity for the region 22. The resistivity can be either increased or

decreased.

Optionally, a n-well (n minus well) 12 is under the first n+ region 22, the
spgced isolation regions 36 38, second channel regions 61 65, and under a portion of the

second nt region 18. (For example, see _FIG 3A (n-well ) 12 )..

a)  Method for the second option for the second embodiment - Comected second

gates

The method for the option for the second embodiment is describe below. As

shown in FIGS 4A and 4B, we form standard isolation regions 32 in a substraie 10. The

substrate 10 is p- doped.
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standard isolation region 32. The p+ and n+ regions
.can be fornmed in any order. We formsilicide regions
56 on the first p+ region 14, the first n+ region 22
and the second n+ region 18. The silicide regions can

- be formed onyie @&n&?ﬁr@tsgate% o@&rabrpgﬁ g arn?% gesgfo%gg%gé form second gates

separated fromthe first gate

i68 @k at TIRRedg LR 3% . | ont act contacts the
first n+ ?egi Ign 24, 4\%\%%@21 %@%&aw sesaafirgﬁ’tgréﬁﬁm’l?&‘t”ﬂe

fsulssduefidy HeCfBin@A. Lt cﬂ-alﬂﬁelfrégﬁcﬁl‘é afdtind & glle%gsé %%t%sﬁgécilgg%chﬁnnel regions

substrate 10 and the second n+ region
panasietunder epodoat chS¥otauansi stor and the second
channel regions 62 65 increase the resistance of the
first n+ region. As shown in FIGS 4A and 4B, The
second gat esWe &nmiselirgting gegionc2 dny a sotmiaet€glon DYinRRLBARE 10 The
?etal conductive line 70 over the substrate. 17 The
T 8t rsgporiZ8 Are(nt fpemed)in gredond crandsl nednyé1tds. the seaeAshnel
Q%%io?hé- charged second gates) for the second
SR8 P hrenire Prferaphy pagtiadp siremnded b thoridst gatepncd amyesksd dannel
a third o?tion, t he second gate(s) can be charged. The
CTRAP e 1HIFPY T8 thydtres andsthe spsondvregions 26181 educe t he
resi stance of the doped region 12 22. That is
connecti on W&,ﬁgn be connected to a constant voltage

B HEm\ggRY P

source or to + Byl igenarnéed Jepmethe secomslloe: regien 18 by a
artially. or fully open is the way to change

t E eﬂa{clﬁg"rlmaﬁg’fl TR 34 gﬁ‘c‘: BY andd'ipgions gan by farmed s order.t he

total collector resistance. For exanple the gate can

be charged fWQfBrﬁq\!g;gldg 938[%9? I5IS IOI\I/ S‘le -ﬁ}‘/sq 9+ Pergion 14, the first n+ region 22

and the second n+ region 18. The silicide regions can be formed on the gates.

We form a drain contact separated from the first gate by at least a first

isolation region 38 36. The drain contact contacts the first nt region 24.

We also form a Vss contact to the first p+region 1‘4. The first n+ region 22,
the substrate 10 and the second w+ region 18 comprise a parasitic bipolar ESD transistor and the

second channel regions 62 65 increase the resistance of the first ot region.

As shown in FIGS 4A and 4B, The second gates can be electrically connected

_by poly or metal conductive line 70 over the substrate.
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20

any val ue in-between. 10 The -third option can be

~inplemented in conbination with the first option

Unl ess explicitly stated otherwise, in the
speci fication and cl ai ns, each nunerical value and

range shoul interpreted as being approximate as if
t he word abgﬂ{%eﬁé?t OPté%‘éP"a‘S?ﬁ%’EPEFyoW@éé‘d dhe 5eong aptige (ofharged

ey range, te that the ternms n+ and n-, p+
a%%npgkﬁgﬁﬁg?S%F%??n$ﬁ3m?6ncentrations of the 15
regions. Also opposite type inpurities can be used.

Hor ~exiaripBod hRcdhd dQREGatf€@1 ONS can be p doped
regions, etc. Wiile the invention has been

particul arl yIshainn opiish, GRSECEID 8l Ja{?b%m a{agegg%g chatrgoe on the gate

the preferred enbodi nents thereof, i

gardieersdse odketyte tHeosRtamtd diltRcobet &%@n 8 32 rhats c\ﬂ@:{ettﬁ)c}ﬁsio can be
changes in formand details my be made Wt hout

depraeied lag chustim tditegesypinke br ta @ \§RQPBidihg iH3@a % make the channel

invention. It is intended to cover varl ous

ReFdRi @ dalivomen ke veiynd tlangeahe GaGRMRELEN®esulting in a change in the

“procedures, and the scope of the appended clalns

f9td celfestoeregifiorded Fixeexanple tid @eke tirebelh@asesdm 28(d to positive +Vdd or
interpretation so as to enconpass all such
AtTaledarbétope. and sinilar arrangenents and

procedures. 19 CLAIMS 1. A electro static discharge

(ESD) device; conprising: :

The third option can be implemented in comibination with the first option
Unless explicitly stated otherwise, in the specification and claims, each

numerical value and range should be interpreted as being approximate as if the word about or

approximately preceded the value of the value or range.

Note that the terms n+ and n-, p+ and p- do not limit the concentrations of the

regions. Also opposite type impurities can be used. For example the n doped regions can be p

doped regions, etc.

While the 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. It is intended to cover various modifications and similar arrangements and

procedures, and the scope of the appended claims therefore should be accorded the broadest _
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.a) a first n+t region and a second n+ region in a

- substrate; said substrate has a surface; b) at |east
one high resistivity region at least partially
surrounded on the surface of the substrate by said
fiptespretaiien Fegfi tongcoapals 8l sih fotiBloat@al SadQME far Grednb s \%erﬁénts and
channel region; said first channel region between sa
fAreesfuresand sai d second n+ regions. 2. The electro
static discharge device of claiml which further
includes: a) a first p+ region separated from said
second n+ region by a standard isolation region. b) a
drain contact separated fromsaid first gate by at

| east a first isolation region; and c) said drain
contact contacting said first n+ region, and said
first n+ region and said second n+ region. 3. The

el ectro static discharge device of claim1 which
further includes silicide regions on said first p+
region. 4. The electro static di scharge device of
claim 1 which further includes silicide regions on
said first p# region and on said first n+ region and
said second n+ region. 5. The electro static discharge
~device of claim1l wherein said high resistivity

regi ons conprise spaced isolation regions; said
spaced isolation regions in said first n+ region

wher eby sai d spaced isolation regions increase the
resi stance of said first n+ region. The electro static
di scharge device of claim1 wherein said high
resistivity regions
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conpri se spaced isolation regions; spaced isolation
‘regions_surrounded on the surface of said 20 substrate
by said first n+ regi on whereby said spaced isol ation
regions increase the resistance of said first n+
-region; aii-well under said first n+ region, and
under portions of said spaced isolation regions. 7.
¥fectro static di scharge device of claiml wherein
said high resistivity regions conprise second channe
regi ons; second channel regions reduce the cross
dect i onadctranasc axﬁchafgambri)ld@ﬁée BdngdrRBLON: spaced second
gates over said second channel regiofis. 8. The electro

stati® disohargeideidagedhd £ ALk in MIBLSIED
reS|st|V|ty regi ons conprlse sgcoﬁh chénﬁéﬁ ugﬂmegﬁsawd&m

sai d Becadhitast haming resiagitp F@ldn&dléﬁis@ pirhﬁly%ﬁr?oﬁﬁdéieo%tﬂlleosuﬁice of the
area of said first n+ region; spaced Second gates

over salSab%fé’@(bmGalféﬁasnmetegnoe;gmdms a n-well under said
first n+ region, said spaced isolation regions, and

sai d QecdrfEtemsnmse firs ghaond regdn; saidlliver cBkmeltrEQobtedldes said first -
dlscharggfdeV|ce of claim 1l wherein said high

resisti 3P4 w6 W& regigfipri se second channel regi ons;
sai d Pnd channel regions reduce the cross sectiona
Ar ea “51°°EEY Fatyci disghargpidevisg Pinimgd pededusies ookldgat es

over said _second channel regions. 10. The el ectro

‘stati® dedERAF g@%évﬁﬂéﬂéeddfomsaai sevobd wh edgiiniby 3 3iafldafd @hation
resistivity regions conprise second channel regions;

sai d seE “channel regions reduce the cross sectiona

area .o %ald first n+ region;, spaced second gates

over §a| & “FE R CRRARH e fr%@lﬂcbﬁrst gatdly dt lseC ofigt igaitRE region; and

elecg5|c§ ég connected to each ot her.
4l drain contact contacting said first nt+ region, and said first n+ region and said

second n+ region.

3. The electro static discharge device of claim ! which further includes silicide regions on

said first p+ region.
The electro static discharge device of claim 1 which further includes silicide regions on
said first p+ region and on said first n+ region and said second n+ region.
The electro static discharge device of claim 1 wherein said high resistivity regions
- .comprise spaced isolation regions; .said spaced isolation regions in said first n+ region
~ whereby said si)aced isolation regions increase the resistance of said first n+ region
The eleciro static discharge device of claim 1 wherein said high resistivity regions

comprise spaced isolation regions; spaced 1solat10n regions surrounded on the surface of said
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11. The electro static discharge device of claiml
‘wherein said high resistivity regions conprise second
channel regions; said second channel regions reduce
the cross sectional area of said first n+ region;

SPRGaeS .over said second channel regions;
sai d séc@ﬁs ﬂq}ég?l ﬁégé eCHTTE 51T SPacgivelatipissiops iagetse the resistance

ot frehidaind ot he:Seso! ates.are charged. 12. The ]
el ectro sFaE%% a?@?%%?@%‘ﬁ%@ﬁgéﬂgﬁg PP adeppratias af said spaced

seiganebnGhasiel regions surrounded by said first n+
regi on; spaced second gates over said second channe
7.egi 0TS eleddro SO SBLROGL electri.cal]y connected.
to each other; aln-ﬁgllvgﬁgggmgbfﬁﬁ¥??§ J%&h%@@pﬁﬁpgom

s adothpsipaeeshdichahat-bodhs! €9 hanpel regi.ons,
and under a portiéﬁgg?’safdggggég%&%g“%wg ﬂ%ﬁ?“i ?O%ﬁﬁeaOf

el eiltfirg iStredion; sPicsC k@R AS YIS %@Iec&rldghmtn%x LR&Lel n
said first isolation regions have a ep I'ncr ease

$.he rThsielstirovdtdtly dathabiélde@nd offclHWi MGl Quah.sai:d: i rst
n+ region. 14. The electro static giscﬁhrg%ﬁgggﬁgémans

cleimpyite sabred ehanndl adgibns,ubed $eadrll chéing rdidds ?é?iﬂceStH@&B{% HSfonal area
with afg type doping. 15. The electro static discharge
§t

defi seid st ntlregion; Ispavhiscedsrd phRofer Easd sebohd RAANGiH: n-well under
second region are p doped and the first p+ region Is

n_salgpt:@ggt: nPeitg saif\sipl@libalios kegidns, 18 SENREDR ABM ¢&ions.
conprising: a) a first n+ region and a second n+

Y egi dhe plecty satibdisclatge desiai df SalStwiate dagl High EGRERY regions

comprise second channel regions; said second channel regions reduce the cross sectional area
of said first n+ region; spaced second gates over said second channel regions.

10. The electro static discharge device of claim 1 wherein said high resistivity feg_ions
comprise second channel regions; said second channel regions reduce the cross sectional area
of'said first n+ region; spaced second gates over said second channel régions; said second
gates electrically connected to each other. |

11. The electro static discharge device of claim 1 wherein said high resistivity regions
comprise second channel regions; said second channel regions reduce the cross sectional area
of said first n+ region; spaced second gates over said second‘ channel regions; said second
gates electrically connected to each otheE and the second gates are charged.

12.

The electro static discharge device of claim 1 wherein second channel regions

surrounded by said first nt region; spaced second gates over said second channel regions;
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b) high resistivity regions surrounded by said first
n+ region; said high resistivity regions conprise
spaced isol ation regions; said spaced isol ation

regi ons at Ieast partially surrounded on the

- su said first n+ region whereby said
sp ggg% %e@ feg&n?&@é CONECPHE rachother a-wellyinder seid dirnin+ region,

- sakgq .kt ion UCI ng. the cross-section

ar ea oﬂfa1 sallsloghﬁf) lll; fe%{"“%ie%%? Ef’%‘oﬁs 3 spdejapertioyefsaid second n+
fitsgfonchannel region; said f| rst channel region '
bet ween said first and said second n+ regions; a first

Rt T e QULSE r second n+ region by a
st andar d |Csoﬁgttgc?élosﬁgar$e (?ev'cﬁ %‘%’?‘m Il wig g ‘%’l?aé.‘?ﬁl gegions have a

di aghab \, C rther includes
silici dg&?ééagel %%ESI%LW& O§currefm6ﬂ°§\imgptgmf‘ akﬁlrﬁ“"tfg feg’H‘ie

ebectTio eskc@d & claim 16 wh
fUrthor ool ok SRR RS BhAAR 1 Jnsfo sl dpRieese ieon subsrac
r egitbmpaypd degingsai d first n+ region and said second n+
gﬁegl :Jfﬂ@ lleamTEefel ed(;tro Stl?ittt;ﬂg; di scharge devi ce of

ai G aficfdisch deid€
| east portions of saﬁl first nl? ls‘élgfegﬁ hIeﬁp‘"‘f':;gﬂe{&rg%rls"mdsemnd
s pigied ajepalopdd anth the €@t O SegicAGs n-dbjRd €l ectro static
di scharge device of claim 16 which further includes a
drain contact contacting said first n+ region. 23 21.
A electro static discharge device; conprising:
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a) afirst nt region and a second n+ region in a
substrate; said substrate is p- doped; b) high
resistivity regions at |least partially surrounded by

said first n+ region; said high resistivity regions

- canpri se second channel regions; said second channe
regions at least partially surrounded on the substrate
syrfac said first n+ region; c) spaced second

gat es %3@%“%%?5dgg@ﬁﬁdkﬁﬁﬁﬁW@Wﬂﬂggions; d) a first

gate Qyer ngL{§t.ch§pnel region, said first channe

regi on’ bef Weeh' SECH 19 § Stond 4 gesion i sdsioniel said-subggitang: doped;

e) a fhrsf. p+. reqion. separat fromsaid second n+
- regi onb byhlgﬁ)getS lgtﬁ\gtgrr%ﬁmfrg 8'1“5"(“?1%% by @i fishit maignssyid Aigh rezistivity

cont act hagkl i.d.fjrst- n+ region. 22. The
El ectro FSegat i C ﬁgecﬁgéregémlc?el% CBIOBF sS4 spreRdIsplajipg erions at least

further pngd i il G ions . on, said first p+ )
regi on, gai ng igrgit{nh%dﬁdgqgea{u ?ge%cs%ﬁ eﬁisaﬂ‘ieg‘isbrﬁs‘?g‘%‘_f"heﬁ‘%’é said

El ectro ShaliiGiddhs Lce of claim?2l wherein .
said dr a?ﬁ cont act Fe%%%%@%‘?%\é lthefr?sésrtﬁngea%]da'fl ?‘Fsé’t” aeR byyeducing

at | east tha clobs ktidn SR JF LN EEH Qfl. 24 The Electro
Static D scharge deviace aof cl airnél%r%[ wherei n said

second) gad &St @tartrd Gal dhynnell? i h, other and .
the second gates are charnagd%%gg%hgk&%@}ehrg%‘o?%?‘w%eﬁsa‘d first

el ect r o =sidatid eecdhbHREBRs, devi ce; conprising: a)
formng first isolation regions and standard isol ation

regi ods iafiat HUBGIET RbSated B said second n+ region by a standard isolation

region.

7. The electro static discharge device of claim 16 which further includes silicide regions on

said first p+ region.
18. The electro static discharge device of claim 16 which further includes silicide regions on

said first p+ region and on said first n+ region and said second n+ region.

19. The electro static discharge device of claim 16 which further includes a n-well under at

least portions of said first n+ region, and said spaced isolation regions.

20.  The electro static discharge device of claim 16 which further includes a drain contact

contacting said first o+ region,
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first isolation regions formed in an area where a
first n+ region will subsequently be forned; said
substrate is p- doped; b) formng a first gate over a
first channel region; said first channel region

t we id:fi.rst and.said second n+ regions; c)
szg'rm' %;bleg ?lﬂtrgté‘{élﬁciarﬁ%@?"éﬁ% QTG econd n+ region in a
subst&pte'lkﬁgjation regions are at |east partially

“surrounded on t e S RS At Egiod istdstrgt midybsaieds p- doped;

firstyn+ ragion; .d) formng a first p+ region

separ a)tnecFr1 r g%gisv i zdcgéoé‘ﬁ SH%F%W?“P%F%WUWCI by sidfvetar-degion; said

i sol ati oy £4iQ4; ereby said first n+ region, said
substr at eg an%ktg’g?’ée SEE 8?{%Prﬁgrsef°%‘@‘i°8??ﬂé[d?ﬁmss gaidgsecond channel

par asi t iggibisRe| D transistor and said first

i sol atiorcr esgi oegsrst P ﬁlﬁﬁl rSle‘rarg@df‘LB“ Phe Sibsismwisfaestoyt faid first o+ region;

firsten+ spegh QR thod of claim25 which
further isgcl udegndfggfersrgﬂeg Sgs{?fﬁc%rfda“ ANl gPEis: on sai d

firstdp+ aAr8@hQ@RverSH LSt n+ region and said second
n+ region. rZ%{.a The ?é?ﬁ{éégﬁéfregé TaTH e RHmeHes e hetresen said first

i ncl udesind b0 Wehd rSirkdiGisde regions on said first p+
region, said first n+ region and said second n+

regi on, faditdriph GegtbnGheFhdle SRR ated. fromsajd
first gate by at Inea%t a fi r%?se?oglgﬁgéﬁgg’ﬁbwd‘ia ‘f?,rd gofstipn

drai n caesgiagtndcontacti ng said. first n+ region; and
form ng a Vss contact to said first p+ region. 25
2 drain contact contacting said first n+ region.

22.  The Electro Static Discharge device of claim 21 which further include silicide regions on

said first p+ region, said first and said second n+ regions,

23, The Electro Static Discharge device of claim 21 wherein said drain contact separated

from said first gate by at least a first isolation region .

24.  The Electro Static Discharge device of claim 21 wherein said second gates electrically

« :anected to each other and the second gates are charged.
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28. The nethod of claim 25 which further includes
“before step (a) fornming a n-well in the area where
said first n+ region, said spaced isolation regions
wi Il subsequently be forned and in the area where a
- portion of said second n+ region will be subsequently
be fornmed. 26 29. A nmethod for an electro static

di scharge devi ce; conprising:form ng standard

i 30| atA gBih i i Jhstrate; said substrate is
p- doped:; B§ﬁ?%fﬂ?ﬁEQ§ﬁ¥@%%%mﬁg?@kdwawﬂaﬂ$irst channe

regi ony aney kot tes, j.d formng second
gat es z)alre for ﬁeéﬁ%ﬁﬁgﬁgg 8%%6\1/?5?%&"? $Y13LoR reglon; B sabstrate; said

W 1 subsiegusRtiddten s S MAR0, fi.r8L channel  regions

under said first gates, ggggaﬁlc?reglélﬁrr?& T &G G Vithebpequently be
sai d sec@leqali@sibsede £QL ARG @ first n+ region and a
second n+ region in a substrdte; said first n+ region

not f &) mefbriningadicd sae6Rnd iENARNK) rbBH Q% $ad, second
channel regions are at |east par{elgg’ﬁ’lSgﬂzlasrtF%%ﬁ'ﬁ%éeémé}ﬁetwee“_

t he substaidfinet @dsdideodiyn+Salighsf | rst n+ region; said
.first channel. region is between said first and said

second n+orig e tisst ntljegfonand D@cendfniHiddiondd 2 S@UHRL isolation regions are
separated from said second n+ region by a st andar d :

i sol at i off [¢agigiegially whenmsisy os giedufics st sald Sulls8 &b Qf‘saicﬁiﬁjstqw region:
substrate and said second n+ region conprise a ’
par asfit i clOHPipsR frst ESRgion sepsiast] dlomaaid s6RbP-SREGA 4 standard
channel regions_increase the resistance of the first
n+ regi of22Hg regfee wherehodiddirst ol asgion2Qidbseitelad $a08%cond ot
i ncl udes: . . - ‘ '

Teglon comprise a parasitic bipolar ESD transistor and said first isolation regions

increase the resistance of the first o+ region.

A 26.  The method of claim 25 which further includes forming silicide regions on said first p+

regron, said first n+ region and said second n+ region.

27. The method of claim 25 which further includes:

forming silicide regions on said first pt region, said first n+ region and said

second n+ region,

forming a drain contact separated from said first gate by at least a first

isolation region; said drain contact contacting said first n+ region; and

forming & Vss contact to said first p+region.
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formng silicide regions on-said first p+ region, said
first n+ region and said second n+ region; fornmng a
drai n contact contacting said first n+ region;  and
formng a Vss contact to said first p+ region. 31. The

t ho ' ch.further includes before ste
Em;_) f 21?%%8&2‘5@%?% f“ﬁgﬁﬁ‘gefé‘i‘i%%%% stgpfagiforping & nryeell in the
reqi [: cond.channel regjons w Il subsequently
pe ared At B8N st SEigomviil rbrapbiee ormed and
I ng 1.ng el ectrical connections between said
o R O B g B dF sty de fermed
di scharge device conprising: a) form ng standard
isolation regions in a substrate; said substrate is p-
doped; b) forming a first gate over a first channe
region and form ng second gates; said form ng second
gates are fornmed in an area where a first n+ region
wi Il subsequently be formed; first channel regions
under said first gates, second channel regions under
sai d second gates; c) forming a first n+ region and a
second n+ region in a substrate; said first n+ region
not fornmed in said second channel regions; said second
channel regions are at |least partially surrounded on
the substrate surface by said first n+ region; said
first channel region is between said first and said
second n+ regions;
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- the resistance o

. . . i d
d) formng a first p+ region separated from sai
sécond n+gregion by a standard isolation region;
whereby said first n+ region, said substrate and said
second n+ region conprise a parasitic bipolar Fgg;e
. . . nc
" tpansi sk%ﬁ%@%&ﬁl%ﬁﬁgﬁ{r&g i&ﬂ%@{‘@%icgf?%}ngs?ﬁq&bfgmi%standard isolation
ilici j [ Lrst p+ regjon, said first
rs1|+I Irgbldgrg gg(%l gga;?ugggazegI?)ag%guqugrt%ee'gi"o‘[ﬁ’?gdﬁ) formng a
[ [ [ ' + region;
form g a QiR I st Sgeics and BopioR sccambsay; soid
orm .
' ' [ . id second
gat o5, a0 e RF R g hiens R Hepon wil sibsequently

incIudesbpgﬁﬁ&ﬁﬁﬁﬁgﬁ?é%%g%%gg%ﬁgwgggémelI in the area

wh dfirst n %ate BesARfethannel regions under
ere sai i

regi ons @&h&mggga guently be forned and in the area

where a portion ©Of said second n+ region will be

subseqgyentdiihe #:Q

rnm?%‘ionzagd a second nt region in a substrate; said first n+ region
not formed in said second channel regions; said second channel regions are at least
partially surrounded on the substrate surface by said first n+ region;
said first channe] region is betWeen said first and said secona ot regions;
d)  forming a first p+ region separated from said second n+ region by a standard
isolation region; whereby said first n+ region, said substrate and said second n+
region comprise a parasitic bipolar ESD transistor and said second channel regions
increase the resistance of the first nt region.
30.  The method of claim 29 which further includes:

forming silicide regions on said first p+ region, said first n+ region and said

second n+ region;

forming a drain contact contacting said first n+ region; and

forming a Vss contact to said first p+ region,

31.  The method of claim 29 which further includes before step (a) forming a n-well in the

area where said first n+ region, said second channel regions will subsequently be formed.

32. The method of claim 29 which further includes forming electrical connections between

said second gates.
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33, A method foran electro static discharge device comprising;
ra) forming standard isolation regions in a substrate; said substrate is p- doped,
b)  forming a first gate over a first channel region and forming second gates; said
forming second gates are formed in an area where a first n+ region wiﬂ subsequently

be formed; first channel regions under said first gates, second channel regions under

said second gates;

¢)  forming a first n+ region and a second n+ region in a substrate; said first n't region
not formed in said second channel regions; said second channel regions are at least
partially surrounded on the substrate surface by said first n+ regjon;
said first channel region is between said first and said second n+ regions;

' dy forminga ﬁrst pt region separated from said second n+ region by a standard
isolation region; whereby said first n+ region, said substrate and said second n+
region cormprise a parasitic bipolar ESD transistor and said second channel regions
increase the resistance of the first n+ region;

e) forming silicide regions on said first pt region, said first n+ region and said
second n+ region;

f) forminga drain contact contacting said first n+ region;

g)  forming a Vss contact to said first ptregion; and

k) forming electrical connections between said second gates.

34.  The method of claim 33 which furilter includes before step (a) forming a n-well in the
area where said first n+ region, said second channel regions will subsequently be formed and
in the area where a portion of said second n+ region will be subsequently be formed.
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