20020033““-2-1- 71 5 I;EB 2002 ESD Parasitic Bipol r%?r %ﬁgg%%rzs 1W-t-h7Hi gh

Resistivity Regions In The Coll ector Background on 1) Field of

the Invention This invention relates generally to fabrication of
- sem conductor devices and nore particularly to the fabrication of an

Eleclro Stati.c gdpsp iﬂ@B{yﬁﬁPﬁ‘rﬂE%@o@Mﬂﬂl Iigﬁ’k‘é‘sistﬂﬁ& RegibtsAh mhe €QudetdrCL T O

Static Discharge (ESD) device using a Si I de process. 2) Description of
the Prior Art The n -type MOS transistor has been w dely enpl oyed as the
primary conponent for an ESD proBakkioafid 6f Indeiitioni N senm conductor |1C
devices. It-is well known that silicidation of the drain and LDD junctions
reduce ESD performance significantly.. Mst salicided process have a
renoval optilrFieldiothedhtention unsal i ci ded areas (e.g., resistors) to be
formed. NMOS transistors stacked in a cascade configuration provide robust
ESD protection for m xed voltage I/Oin both saicided and silicide-blocked
t echnol ogi es. However, Thipjnyention eelasss agrepaliydo fabricatipnydf sepigpidnetrr devicesage .

Al so, the high snapback vol tage of the stacked 'NMOS degrades its IT2 (1T2
i s the secorf@omsputiriuiio theifehgiestion of andfecp Sigtin Dischange (ESRARJevicgipndanasat j on i s

great. The |T2.if the_current at or before the MOS gets into secondary
br eakdoiwn®  Particularly an Electro Static Discharge (ESD) device using a silicide process. :

2) Descriptiqn of the Prior Art

The n-type MOS transistor has been widely employed as the primary
component for an ESD protection cireuit in semiconductor IC devices. Itis well known that
silicidation of the drain and LDD junctions reduce ESD performance significantly. Most

salicided process bave a removal option which allows unsalicided areas (e.g., resistors) to be

formed.

NMOS transistors stacked in a cascade configuration provide robust ESb
protection for mixed voltage I/O in both silicided and silicide-blocked tecﬁnologies. 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 IT2 is the current at or before the MOS gets into secondary breakdown

(thermal /permanent damages) The higher the It2, the more robust the NMOS and the higher the

1



~(thermal /pernmanent damages) The higher the 1t2, the nore robust the NMOS

voltage just be

and the higher the 1 ESD threshold. For the process technol ogy where the
silicide block and abrupt junction steps were are not available, a biasing

"network was necessary to ensure uniformtriggering of all fingers. So, the

need for hi ghEsphiraégedt Pérekeptbeess'tédhBols@Mmlied thie S0 bldeR bRBabRPDuRERh e6hs ON.
FI G 5A shows a single poly NNMOS device that is used in the prior art as an

ESD devi ce. Thereafenetivdiladled B Biasnput ek kwaiiebhsdty Soenslir€uiRaS trigg@hgloeilpw. The
single-poly NN MOS device is shown in cross section and |ayout in Fig. 5A

FI G 5B shows fingetsD So| theinest & highvQitagh o1& We'stsb@rel\omiplisates ESD psriegioack
curve for the ESD device. Vsp is the snapback holding voltage. FIG 5D
shows the electrical schematic of the device in FIG 5A. \Wen a
short-duration (100 to 110 ns) constant current pulse is applied to the

drain with the source and gate tied to the substrate (substrate grounded),
t he devi ce shoul d have the At nor mal

operation, the device is Féﬁ}s%gg‘g{é%‘g %é’?%ggéégggw&%hgég‘d ‘?5/3%5 RIS RE 287 n
mpact i oni 7 aESBHEFS ATE IR D oo PGB T (e R e APHERT T
TT1 and vol t aghOf SV esr et ingres SElm At AP oR At e mRIE Bharey e Rkttt e
def {med a6t neCaTHint sk Mo ik raR R BRGNS0 of% b wpPATkIgling | o
ol tage | ust  BEFRFeFIG 3 Bibrk TS e 3 naliorali oL B g AT WgFR oy !
(100 to 110 ns) constant current pulse is applied to the drain with the source and gate tied to the
substrate (substrate grounded), the device should have the I-V characteristic shown in Fig. 5C.
At normal operation, the device is off because the gate is groundfed. When the drain breakdown
" voltage, BVdss. is reached, cﬁrrent starts to flow as a result of impact ionization of die reverse-
biased drain junction. At current It1, and voltage Vt1, the device triggers into snapback., The
trigger current It1 and voltage is related to ;che channel length and BVdss. Note that the trigger
point (Vt1, It1,) is not the same as BVdss. BVdss, usually is déﬁned 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 snapback voltage Vsb is defined as the linear extrapolation of the snapback
region back to zero current. Care must be ta—ken to avoid defining Vb and Rb by extrapolating

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

positive. Therefore, the values of Vsb and Rsb were obtained from measurements made at high
2



roughly linear and, therefore, may be represented by a snapback voltage Vsb
and a differential resistance Rsh. The snapback vol tage Vsb is defined as
the linear extrapolation of the snapback region back to zero current. Care
nmust be taken to avoid defining Vb and Rb by extrapolating fromlow

current val uescuias with eheRRhdMissra e El@@te&hn}ﬁug UB&GusE bR %%%un%xﬁQﬁuésra@Fblevam
negative to positive. Therefore, ﬁe val ues of Vsb and Rsb were obtai ned

f rom nmeasur eneRESD®ERs, ate datdB use 164 Fat ahk n)wt-aﬁreﬁtr @ﬂ%ﬂ%'d@%&ldgﬁ@r pul Se
techni que. Because the high-current values are relevant to ESD events,

need to use t hpmwtecitiohgiindt BSD. Wit shidtetilyf Kigfiduréal RS RowiRER tﬁ’ees'ih;g)%kr}gglérp khe
protection agai nst ESD. Wth sufficiently high current 1t2, flowing in the

snapback regi ofvidehizgeténtd soid breedven. i Wé dbfﬁesed%dndlf@g“ekﬁ«QW‘(Vtz\/‘ﬁzﬂefl ne a
second trigger point (Vt2, It2) corresponding to the triggering from

snapback into swwmspradiog eakelviggerinS&omsdapbickdite osond tredkBevn. tRESHd BEREIOWA S the
power bi polar devices to indicate the reginme of thermal runaway and

current - i nst atsithiused forfiowver tipulartdavices twihdicatethe eaginib i ieemal akna@bisand @fidréat-enci es
not ed above is evidenced by the extensive technol ogi cal devel opnment
directed to _thiswbibjyect, as documented by the relevant patent and
technical literature. The closest and apparently nore rel evant technical -
devel opnents 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

5, 559, 352(Hsue et al.), US 5,043, 782(Avery) and US 5,689, 113(Li et al.).

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed .to the subject; as documented by
the relevant patent and technical literature. Thé closest and apparently more relevant technical
developments in the patent literature can be gleaned by considering: US 5,898,205(Lee), US

3,519,242(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.).



.3+Summary of the Invention It is an object of the present invention to
provide a structure and a nethod for fabricating an Electro Static

Di scharge (ESD) device using a NMOS transi stor structure there the
col l ector of the parasitic bipolar Transistor has high resistivity regions
that increase the resistivity of the collector. To acconplish the above
obj ectives, the present invention provides a structure and a nethod for an
ESD device. The invention is an ESD device (e.g., parasitic bipolar
transistor) that has the structure of a NNMOS transistor and a P+ substrate
contact. The source and drain of the MOS transistor formthe collector and
base of the ESD s parasitic bipolar transistor. The device preferably has
silicide regions over the doped r SYymEsy ofthelnvesfiateyice is a parasitic

bi pol ar NPN Tx. The invention has high resistivity regions within the

I | ect f th L N ., drain.of the.FET). The i t h
coLect o O 1e P2t oSl Rl A BuS] 5 gl PR P oS
i sol ati i .(e. g, 0x%id | h isaol.atj STl 2 hi gh
S0 o0 Ty g B R SO TLhA
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the col | ect or/deain.ecqdhg bl resistivity regions increase the collector
resistivity tﬁeret§°?ﬂ%§%€#%g t he performance of the ESD device. 4

To accomplish the above objectives, the present invention provides a structure
and a method for an ESD device. The invention is an ESD de\}ice (e.g., parasitic bipola1"
transistor) that has the structure of a N-MOS transistor and a P+ substrate contact. The source
and drain of ’;he MOS transistor form the collector and base of the ESD's parasitic bipolar
transistor. The device preferably has silicide regions over the doped regions. The ESD device is
a parasitic 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 resist'ivity 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, optionalfy 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.



_ The invention's Electro Static Discharge (ESD) device preferably conprises:
a first doped region and a second doped region in a substrate; the first
and second doped regions have a first conductivity type dopant; at |least a

“high resistivity region at |east partially surrounded at the substrate

surface, by the first dOesdven8gi'oBlecteo $taticddisaharze (ESIDY devacefpreferably tramprigs:

region; the first channel region between the first and the second doped
regions; a third doped region separated fromthe second doped region by an
isolation region; the &fistdopgdisaion pedp werndepes regiendng substiaei sheifipstagd t ype -
dopant. Additional objects and advantages of the invention will be set
forth in thesecepdslopgdpegions haveatfirstepidooievity &xpg dpProHart will be obvious from

t he description, or may be | earned by practijice of the invention. The

obj ects and advant ages 8¥leashphightpaptvity fesipmpt last partiglly swapunded at g substialey by

means . of instryne taIiti@§§and_conbrnations particularly pointed out in the

append cl ai tHEfaces bysthe Sfst eped Fegion; on of the Drawi ngs The features and
advant ages of a sem conductor device according to the present invention
and further details of 3 ocesse gl d BN ALl SHERSRELEOUNGR AL devi ce

in accordance with the pre i nventl on nore C y under st ood
fromthe fol h%%xﬂqrxe second doped regions;

a third doped region separated from the second doped region by an isolation

region; the third doped region has a second conductivity type dopant.

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 ancli advantages of the invention may be realized and
obtained by means of instxrumentalities ar_1d combinations particularly pointed out in the append

claims.



_description taken in conjunction with the acconpanyi ng drawi ngs i n which

li ke reférence nunerals designate sinilar or corresponding el enents,
regions and portions and in which: Figure 1A is a cross sectional view for
“illustrating a first enbodi nent of the ESD device according to the present
invention. .Figure 1B is 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 nent of the ESD device
with an optional n-well 12 accoBuéfMgsdariptivhef the ®sawings nventi on. Figure 2B is
a top down view for illustrating a first enbodi nent of the ESD device with
an optional n-well 12 according to the present_ invention. Figure 3Ais a-
cross sectional view foriheigaiysesand adyantages elceormicandys@r Avice agprdingiethesp

devi ce according.to t_heﬁlgir esent invention. Figure 3Bis a top down view

for illustraPegh SVErROB ALY BT detaiser 2 gloceshef fatirispingsyshassemicopugondsvice 1t he

present inventiopn. 6 Figure 4A is.a c[oss sectional Vi for illustrating

an option fOtac"toﬁ(g"%"é’&‘Bng pr@%ﬂl‘f"ﬁ%‘?ﬁ‘tw‘hgefnﬁ’é’ H‘E\?TSEPBS%HEF@ f?‘#f’é”"b‘—’at es are
connected and optionally charged accordin to the present invention.

i gure 4B | S PBISGENEA I ACBRPG v SO TP R GBRG RO b kT HE 2% ond |

numerals designate similar or corresponding elements, regions and portions and in which:

Figure 1A is a cross sectional view for illustrating a first embodiment of the

ESD device according to the present invention.

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 is a top doyvri 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.

Figuré 3B is atop down" view for illustrating a second embodiment of the

ESD device according to the present invention.



_,enbodl ment of the ESD device where the gates are connected and optionally
char ged ac_cordl ng to the present invention. FIG 5A shows a single poly
N-MOS device that is used in the prior art as an ESD device. FIG 5B shows
~a’top plan view of the single poly N-MX device shown in FIG 5A according
to the prior art. FIG 5ighdd statreoss yecteneldevafed iliystegingacdptionfoy tepespnd he ESD
device according to the prior art. FIG 5D shows the el ectrical schematic
of the devi c&mpedimpntotihe B8R dpviserivhereshe gates amqomectac# wnd optignatinshareed msedingpt i on
of the Preferred Enbodi mrents A Invention's ESD device with high
resistivity &P BEESYIDYMECRnvention is a structure for a ESD device that
has the structure of a N MOS tranS| stor and a P+ substrate contact. The
device preferably has sil.ici .re ns over_.t Uwped re e ESD

device is a parasitic bip8a owprﬁée“ifﬁ{/ Hsttﬁa aﬂ;EB“ qjﬁrtfge?"&%“i stivity
th f tic N

protorred tyneRIfriRr iR EsBedhs VF?@'?‘F% RSl ol v B FhaspR b ng”

oxi de shal | oy %&gﬁhlﬁglat' on (STlI)) and 2) undoped regions (e.g.,

channel reg| onh) |gh reS| stivity regions can be used such

FIG 5A shows a single poly N-MOS device that is used in the prior art as an

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 snap back curve for the ESD device

according to the prior art.

FIG 5D shows the electrical schematic of the device in FIG 5A according to

the prior art.



. as Iow doped or oppositely conductivity regions or other sem conductors or

insul ators that have a higher resistivity that the n+ region or substrate
or well. In the second preferred enbodi mrent. The channel regions can have

"gates thereover and the gates can be charged or biased. Also, optionally a

N - well (n mnus well) can be fornmed under the collector. The high
resistivity regions increase the collector resistivity thereby inproving
t he performance of the ESD device. Resistance at drain side provide
addi tional bal asting resi Shasiled@escriptica of theifrdérrabimbhedipesthe uniformty
and prevent pre-mature triggering. A key point of the invention is the use
of the high resistance regions to increase the resi stance at the drain
region. This contrasts with use of salici ocks .and n-wel | resistance..
It is an inportant*poi mvef'ﬂa‘?S%%’ dexien it '%’bf?%%"’"ﬁ?ﬁr”%?ﬁ@ﬁt ed with
silicide on the ESD device. It is common to renove the silicide for ESD
devices. 8 The arrows 75 Thpingengon g aiSFfP‘ﬁ@FfﬁtaeESD]@V@BFhﬂéﬁ*ﬂs theatrgptyrgofade f j r st
doped region 22. The hlngh resistivity regions & 36 38) inpede the

Yy

current flow MQP trassisiercand ja&+cpbstyate cansast. Tbmﬁvwap@ﬁpr e plieide regipampvarthe t hus
i ncreasing the resistance. The ESD device_can_be described as follows. As
shown i n Fi G flongd regions. The ESR devigerp 6&”@2‘%‘%1‘@%% dlhe-inveptindas high are in a
substrate 10. The substrate 10 preferably is p- _doped. The substrate 10 can
represent a wEBSEHVigTegionsithinthe collgeteraf the wrgwlqlé%h‘ sThevpyeptionds Boprefered. 36,
38 (FIGS I A 2A2 60, 61 (FIGS 3A,.  4A)
type of high resistivity regions: 1) isolation regions (e.g., ox1de shallow trench isolation (STI))
and 2) undoped regions (e.g., channel regions). Other high resistivity regions can be used such
as low doped or oppositely conductivity regions or other semiconductors or insulators that have a
higher resistivity that the n+ region or substrate or well. In the second preferred embodiment.
The channel 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 collector 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 pfé—mature triggering. A key point of the invention is the use of the high
resistance regions 1o 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. ~



are at least partially surrounded on at | east one side by the first n+
region 22. That is,-the high resistivity regions reduce the cross
sectional area of the first n+ region 22 thereby increasing the
- resistivity of the first _n+ region 22. The high resistivity rqgions_do not

have to extend all the whie arfoms s tnﬁéGHBgWSFf@gﬁ@wwwath &g fist doppdisgion e
high resistivity regions_do not have to be totally surrounded by the first
n+ region 22.22F¥f|h° Bigh FRS1SEY I RBLONS 8-+ 389 AmRede the cwgrnbiovk i Terce i Sosnt
(e.qg., border) to isolation regions. A first gate 42 is over a first
channel regi offctiegal a1aof doned fesioR 2 ils iRcEgsiphthe F5isB8eyeen the first and the
second n+ regions 24 18. A first p+ region (substrate contact, base of

B <ol ati on' regi on. A ariRR BRiesE Reraopl B oS SRR LT o

gate by at |east first isolati region e d . aj act 52
contacts the 8 ﬁqéarst%qngﬁgﬁeﬁ}on%&mﬁa? usblSt a?% 'iTpl)lgfugrStgatteﬁlia gi&gs)rn% ls(ptx) 71

conprises: a e ( ), emtter 18. The p+
region 14 is @ﬁ%&§§§§P?§§§E§§%Beé6ﬁWa§?Qé%&?ﬁ&%3%???%k, t he dopi ng types of

the doped- regions can be reversed. That is the N regions can be p -type
and the P-regions can be mizf %88ivith Ric8X@ER 138, 3sl(ssSiD s 8b & 1¢AGska, agoped n

type, ‘the first n+ regions and second region are p doped and the first p+

region i s n- @RREWast partially surrounded on at least one side by the first n+ region 22. That is, the high
resistivity regions reduce the cross sectional area of the first n+ region 22 thereby increasing th.e
resistivity of the first n+ region 22. The high resistivity regions do not have to ex‘tend all the way
thru the high resistivity regions. Also, the high resistivity regions do not have to be totally

surrounded by the first n+ region 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 channcl'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 gate 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 p+ region 14 is the base/substrate contact.

S



10-B. Fi.rst enbodinment - STl regions 36 38 increase the resistance of the
first n+t region 22 In a first enbodi rent of the invention, as shown in FIG
1 A the high resistivity regions are conprised of spaced isolation
reglons 36 38. The spaced ,i.solation regions 36 38 is in the first' n+
region 22. The spaced .El&rl%tfi?rbHlerdagl%wgese)éﬂ@éom%?gé% & deversed- dpatrivtee of
the first n+_region g I n %&%gA Rd is the resistance, of the draln t hat
the inventi NrEPLHHR Bp’tfl’poe(?fl “’%*85106?12“?}?/8? qEEamyfe ?%“8?‘?{‘3"6?1 ¢ egi ons
force the(ngrqpt totﬁ # cre§ﬁh%%t r.esi stance.

FI G 1A shows FHe” P&l “8 ‘S%‘?I‘Eﬁﬁ i‘ec?‘“%S‘f‘e%‘%“%%ﬁPpﬁ‘éF‘és T BT Tx.  C
is the collqﬁk . Bis the base. Eis the emtter. The spaced isolation
regi ons can 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 in FIG 2A, the high resistivity regions
conpri se spaced isolation regions 36. Spaced isolation regions 36.38 are
surrounded at | east on the sides the first n+ J 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-well (n mnus well - e.g.

| ightly doped

10
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well) 12 is under the first n+ region 22, the spaced isolation regions 36 3
8 and under.a portion of the second n+ region 18. FI G 2A shows the

el ectrical schematic of the ESD parasitic bipolar 11 Tx. The Rdw is the
‘resistance of the collector of the Tx. The isolation regions 36 38 increase
the resistance of the collector (or NNwell). 1. Method for the first

enbodi nent The nethod for the 1 enbodinent is described below. Referring to
FIGS 1A and IB, we formfirst isolation regions 36 38 and standard

i solati [ 2 1p . 0. Th [ i sol ation. ' 36 38
and ot andar o' sol A1 orf FAGTURIEIE,STigeoi f8 foThereRge lis BRfis®iye?y

separate steps. The fif i i,.gn regions 36 38 fornmed in an area where a
first. n+ region 22 Wé’%ygﬁ%%féhez%tly be formed. Alternately, the first

first | ol ation regrons. BHHBETERGEEAt (i GHEHCPSB PTG FIG BT el ons o -
LOCOS regions. .ln.conventional . pro ucta, he isol atign 'regi ns. are used to
Separ at o t he SURTE SHOBAES CPRPrisk s sated iplation frBGRIOCH. e SoeoleCen 5Pt
bagsage to | nid K BRI F Sttt The SendeRungafon FEomomt S M ERAERGREP & ¢ he
ey ense e B B et LR R Phati Pl RO ¢ e
substrate 10., J@e fi.rst. chanpel. region.19.is ggtmeen t he fhrstc@nglthe
second ns T eglBREOLSEI incRse! e spaibn sebionp Girfithc G Spp Bq apyd of unde thus
increasing the resistance. FIG 1A shows the electrical schematic of the ESD parasitic bipolar Tx.

C is the collector. B is the base. E is the emitter.

The spaced isolation regions can be any type of isolation region, such as field
oxide regions, LOCOS, shallow trench isolation (STI) etc. and can be formed of any insulating

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

As shown in FIG 24, the high resistivity regions comprise spaced isolation
- regions 36. Spaced isolation regions 36.38 are surrounded at least 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-well (n minus 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+ region 18. FIG 2A shows the electrical schematic of the ESD parasitic bipolar

11
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K rst n+ region 22 and a second n+ region 18 are fornmed in a substrate 10.

| sol ation regions 36 38 are at least partially surrounded by the first n+
region 22. The doped regions are preferably formed by an inplant process.
“The first p+ region 14 is separated fromthe second n+ region 18 preferably
by a standafld. Tiedds is e resasgnaof Bi.colldeer sf thaTialdie isslafi@tregons 3638 onsaseahe be
formed in other areas of the chip at the sane tine. The standard isolation
regi ons can beistapcanafdhecsilevepr foryN-ivel)l at i on process, 12 such as STl
processes. The gates block the N and P doped regions frombeing formed in

t he channel reg| ons under the ggt es. W formsilicide regions 56 on the
first p+ regilon 1Methofhforfhefisyt embodimgiiion 22 and the second n+ region 18.
The silicide regions can_al so be formed on the

can be a conventi onal sﬂ*f%?%‘é’dcf?”g"d bﬁ@“ﬁ?td%%ég‘ eq?eqh’g ?{}:réﬁ%‘f%ég?ﬁql(}g:)oﬁgfz
Si11 ci do can Tetd 1By S oEp B gt g8 A o n@%ﬁ&a@ﬁ%&%@ 3 raletite | '°

oo on 38 36, OrRE HrarTelege s Ba R SR ihen SR of o ?%r@ae% L
22 The substPHEe B ec iR RO ishotE SBGFRL & 5arheF e A Bt potar

Fﬁg ]E Ir ?gtSI ﬁg_ {eéxox?% wxllhsubsfeaures tly be o}n?etdl %rﬂ:emgtgll ,%'es ﬁrlstnlgorla i%tsl ?eggort}se carﬁ %S i"ormedﬂI ce of

after the first nt regions are formed. The first isolation regions can be shallow trench isolation
(STD) regions or LOCOS regions. In conventional products, the isolétions regions are used to
separate the active areas. In contrast, the invention uses the isolation regions to provide
extensive current path or charge carrier migration 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.
Isolatlon 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 first 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,
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2. The. nmethod for the optional N-well in the first enbodinent - N-well 12
As shown.in FIGS 2a and 2b, a n-well 12 is fornmed. 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 forned before the N apd di ffusions.. The. spaced
i sol ation refHcBALSHErIsassEH Ir"}l%e g@?&i@gﬁ@rﬁ? %‘g’pf eeY Tagbeng f?rﬁ@gé{‘rtg%t wher e
a portion of the first n+ region 22 will be subsequently be fornmed. 13 C
Second emodfmﬁ@r%‘%ﬁwe?%ggﬁsi vity regions are undoped or lightly doped
regions As shown in FIGS 3A and 3B, in the second enbodi nent, the high

resistivity regions cog?g J?E‘??*“?‘ﬁg%ﬁf‘gﬁ Mtg@ﬁgft%i g@&dmr BiE008: ,(eg,Bgz%f

second channel regions resistivi regi ons can

ei ther type 99{'1@&' Qécbx\{f rp-yrﬁéi&x %4 1'"1'1)3 Bx)l;&?ﬁreegff?)ﬁ@dag aﬁ&'wﬁﬁedroﬂgﬂe%l%s. Fhe sificrad ©

surrounded at |east on thé sides Irst n+ region 22.7 Spaced second

gates 60 64 QfrRessQble oI BFveRRGANGI SRR ILLidE FILAN S B Imfranthb Ae (hflhd ONal Iy, a
n-well 12 is under the first n+ region 22, the spaced isolation regions 36

38, second chaRhfdn doBtoPRGuikle HRideMUT/EBIRED AAd RAT the Slici® cah bea Bigkend n+
region 18. 1. The nethod for the second enbodi mrent The method for the
second enbodidgpcmﬁohs the simlar to the nethod for the :

A drain contact 52 is formed separated from the first gate by preferably at

least a first isolation region 38 36. The drain contact 52 contacting the first n+ region 24.

A Vss contact 51 is formed to the first pt+ 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 12

As shown in FIGS 2a and 2b, a n-well 12 is formed. As shown in FIGS 2a
and 2b isolation (e.g., STT) region(s) 36 38'are formed within a n-well 12. The n-wells are
typically formed before tl;e N and P diffusions. The spaced isolation regions 36 38 will
subsequently be formed and in the area where a portion of the first n+ region 22 will be

subsequently be formed.
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fflrst enmbodi nent unl ess stated otherwi se. As shown in FIGS 3A and 3B, in

t he second .enbodi nent, the high resistivity regions conprise 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’ re@i onsS&®bn@enahadiment cltigh resistivigl legiansrare yndepedhor lightbt on
the sides (e.g., at the substrate surface) by the first n+ region 22.
Spaced second gat es 60dapedaegiomser t he second channel regions. 6165. The
met hod for the second enbodi nent is described below. As shown in FIGS 3A
and 3B, we form st andar dAk sewalid FIGST B4 kBB, idhd ftcdhd Shbsdimedt ahelkigh cEkigivity
substrate 10 is preferably p- doped. 14 W forma first gate 42 over a
first channelregiogicompd® vadped orliphsedpadregata(s.g., dofichanhhioegacondsydbes 60
64 are fornmed in an area where a first n+ region 22 will subsequently be
fornmed. Fi r sthighmsistity regpnoces baofeitiadpre cohdictivity{p ogmt B sec8ad dnanetteginned!
regions 61 65 under the second gates 60 64. We forma first n+ region 22
and a second $fiare sugioonrded 8t least en therdidss batthe f .+ Tépon 22§ rSpaced secordydaten 6064 aree
not fornmed in the second channel regions 61 65. The second channel regions
61 65 are .at ¢vsede sesond darmgbusibys Gl68. first n+ region 22. The first channel
region 19-is between the first and the second n+ regl ons 24 18. W forma

first p+ region 14 separated fromthe second n+ refgl on 18 bz\ﬁ
: Also, optionally, a n-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.

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 surfaée) 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 isolation regions 32 in a substrate 10. The substrate 10 is

preferably p- doped.
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_standard |solat|on region 32. The p+ and n+ regions can be forned in any
order. W 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 forned
-oh the gates. W forma drain contact 52 separated fromthe first gate by

at least a-first isol atW@ﬁrxﬂ@%‘s@Qatg’g’l &@rafm?chgﬁlﬁlr@ P Adlorddetonitaed s the
first n+ region 24. W also forma Vss (50) contact 51 to the first p+

region 14. Theed.i ' sétdnd dag8ic084 Zr%,forﬁlb@msaulafeam&reamta:nfkgtohezsfmcond n+
region 18 conprise a parasitic bipolar ESD transistor and the second
channel regi QitSeddentBDeifdife® SRt éfatnel RBiosé 48 GRicOihe FiREgatds! Setond than@€ ir€gions 2.
first option for second enbodi nent - n-well under collector Optionally, a
n-wel | (n m sus5wadet the ikondeatesdesd.t he first n+ region 22, the spaced

i sol ation regions 36 38, second channel regions 61 65, and under a portion
of the second-n+ region 18. (For exanple, see FIG 3A (n-well) 12 ). 15 3.
second option for secondWefﬁmmfﬁ’ém*fegl‘yé’é@n@iageat’@s“““ép%‘éﬂWl&aﬁqbfﬁf% ndde ed
In a option for the second enbodi ment, as shown in FIG 4A the high
resistivity rfEgingAgion23granghiormeddn the SF@&%?“%’%’@&W% Hansrepndcbyingn(s) 61
65. The second . channel regions 61 65 at |east partiall surrounded by.the
first n+ regi'8§iomsl oTpgat east sumeunded by g first Ak Fegion Z?J@PgﬁgC@P@l o 13t i on

of the first n+ re Spaced second gates 60 64 are over the. second
channel regi di¥ g/vegxig'ﬁgrst and the second n+ regions 24 18.

We form a first p+ regiori 14 separated from the second n+ region 18 by a

standard isolation region 32. The p+ and n+ regions can be formed in any order.

We form silicide regions 56 on the first p+ region 14, the first o+ 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 p+ region 14. The first n+
region 22, the substrate 10 and the second n+ region 18 comprise a parasitic bipolar ESD

transistor and the second channe! regions 62 65 increase the resistance of the first o+ region.

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

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
second n+ region 18. (For example, see FIG 3A (n-well ) 12).
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The second gates are preferably electrically connected 70 to each other.
The second gates electrically connected 70 to each other and can be
optionally charged.. The charged gates 61 64 can create electric fields

Wi thin 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 mnus well) 12 is under the first n+ region 22, the
spaced i sol at | on reg(%ans.%f 38, second channel re i@ns, 1 65, aCEd under a
portion of thd sec¥HNg ORionRGeenRd embodimgnt - sseqphpates elepfacatly coniected, el 1) 12
). a) Method for the secqnd option, for the, second enbodi - nnect ed
second gates The net hodolf‘ﬁr"ptg)%émcfb‘ﬁei‘j‘??dfeﬁ‘?’o ‘W‘é“t’saéélﬁ’r‘i‘ﬁ‘"éﬁgg%n@%‘g? s
descri be bel ov... shown.in FIGS 4A and 4B form st rd,isolation
og ons 321 nreistipuPadihsGommriiga uaR st oLl TR N orm
first gate 42 SEN’ . ' 64.
The second ¢ atcga\s{:lﬂ%ldg%éfls g ? gs ? tg%%b%h}aﬁ? gjﬁ‘%g?déegbmg rﬁ EaSQ gﬂ#egl‘rag tQ 2 ﬁl‘ gtﬁgé gt?éos ﬁcggi

wi Il subsequeptly o ' 520 el LISt
gat es. " Second o Sfer BT pori SRR AN Bl IRESD A BESUI v
forma first nih@oiah fgicaléh & second n+ region 18 in a substrate 10. The

The second gates are preferably electrically connected 70 to each other.

The second gates electrically connected 70 to each other 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
spaced isolation regions 36 38, second channel regions 61 65, and uader a portion of the

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

a)  Method for the second option for the secon& embodiment - Connected second
gates
The method for the option for the second embodiment is describe below. As
shown in FIGS 4A and ;iB, we form standard isolation regions 32 in a substrate 10. The

substrate 10 is p~ doped.
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e e T

first n+ region 22 are not forned in the second channel regions 61 65. The
second channel regions 61 65 are preferably partially surrounded by the
first n+t region 22. The first channel region 19 is between the first and
the second n+ regions 24 18. W forma first p+ region 14 separated from
t he second n+'regi on 18 Wy fam adirstigaia @l oves alfiest chamel egion 9 3&l forihecqnd gaed n+
regions can be forned in any order. We formsilicide regions 56 on the
first p+ regit064.14Thetsbmond gatest60r64 aredgimed i arearwdertchdirs @t osgebnia2 wilegi on 18.
The silicide regions can be forned on the gates. W form a drain contact
separ at ed fr crbsequently esformpdt Birdh ghaatel kegiomt ara.ufider s first gadsabacoml chegeloegi@s 36.
The drain contact contacts the first n+t region 24. W also forma Vss
contact to tHd SPjaresindestherseepng gatdsb0 6fhe first n+ region 22, the substrate
10 and the second n+ region 18 conprise a parasitic bipolar ESD transistor

d th d channel 62 65 i th i f the first
e rogion. As Shown | FIERIR S B THAS A RS THEReY Lo oW e AL a1

connected by, tal conductive |ine 70 over ubstrate. 17 The
Frret opti on Taatein ki FERRR e Sk RRpd-BBE s Y RO Ged
second gates)_{: e inent. .4, i RLI. ONy .- ~Second. es
charged In a T ’lgllr;sdﬁ't lg’gta?e %&Q‘?‘F%gg%g%@ﬁa’%g“é‘f’ ega(bg}ﬁ]ecfgir% Qég%%n}rzgg?]? ﬁr‘f%cgla%ﬁar ge on
the gate region 19 is between the first and the second n+ regions 24 18.

'We form a first p+ region 14 separated from the second n+ region 18 by a

standard isolation region 32. The p+ and n+ regions can be formed in any order.

We form silicide 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 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 n+ region 24.

We also form a Vss contact to the first p+ region 14. The first n+ region 22,
the substrate 10 and the second n+ region 18 comprise a parasitic bipolar ESD transistor and the

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

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

by poly or metal conductive line 70 over the substrate.
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5 can inerease or reduce the resistance of the doped region 12 22. That is
connection 70 can be connected to a constant voltage source or to the
Vpad. Biasing the gate to nake the channel partially or fully open is the
way to change the channel resistance, resulting in a change in the total
col I ector. resistance. FoThefiangition {dreell) aircbecambined witathg exlorfdraption (Vdidirged
positive +Vdd or any value in-between. 10. The third option can be

i npl enent ed i secowidaten)dtbr thersenprtdlentbhdimentr st option  Unl ess explicitly stated
otherwi se, in the specification and clains, each nunerical value and range
shoul d be interpreted as being approxinmate as if the word about or

appr oxi mat el y*pr ecBtrd PP seeopdgatesichamed val ue or range. Note that the terns
n+ and n-, p+ and p- do not Jimt the concentrations_ of the 15 regions.

Al so opposite type i npur it apiage thysesand gaig(s) saninsharetds dherhargp avithe &4F ons
can be p oped .regions, .et¢c. Wile the inventio been particul arly
chown and oot DAL, iSRS O e RBSSRa A hats SeRE 20 frePent
it wll be un hose skilled i e, apt .that various. changes in
form and det ai Ign%&g&;tgﬂgx l}?gaa{e)vo\?\tna%ehs(?lﬂftce %ret‘f)g?rtv:gﬁdg P‘raf‘)‘% @ﬁéatg{?lr?#‘f thﬁﬁ%‘"g%ope of
the 20 inventi 8 1 i ripus nmodifications and simlar
arr angennt o Sagaiidr S dobh SO S paRiHhe MR PR R st i i e

therefore s hOlé&fQ Cl CCﬁ)? ?egirstqg% %QF ex%@gg}%%atle g%‘n%el cg%geéig{r?ﬁqﬁém gOE%)SSI?IVGa '§V(§CPOI'

enconpass all such nodifTications an arr

any value in-between.

10. ~ 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
15 regions. Also opposite type impurities can be used. For examﬁle 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

20  invention. It isintended 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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pr.ocedures. -19 11111121121121121211112121111112 * CL MS CLAIMS 1. A
electro static discharge (ESD) device; conprising: a) a first n+ region and
a second n+ region in a substrate; said substrate has a surface; b) at

I east one high reS|st|V|t re |on éea St arti surrounded on the
surface of t HECPLGHCR F%\?Sé 5@7’0 B ﬂff"i" f“"% ‘CEB‘(?&"]B(S‘ si lﬁﬁar@)‘geg‘ef“ls P&t gate over
a first channel egion; said first channel region between said first and
sai d second ‘d? 2. The electro static discharge device of claim1
whi ch further incI udes a) a first p+ region separated fromsaid second n+
region by a standard isolation region. b) a drain contact separated from
said first gate by at least 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 electro static discharge device of claiml which
further includes silicide regions on said first p+ region.
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4 The electro static discharge device of claiml 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 dischafgé”déVFCé“ﬁf“CFéFWTl
wherein said high resistivity.regions conprise spac
sai d spaced isolation regions in said first n+ regio mﬁ E]t!!ﬂﬁﬂ[l aced
i sol ation req;ggﬁ i ncrease the resistance of said flrs
el ectro static discharge device of claim| wherein said hlgh reS|st|V|ty
regions conprise spaced isolation regions; spaced isolation regions
surrounded on the surface of said 20 I Illhllj 1112111 (i1 111112 11 1111
L Ms substriate Hyelediogtai¢ disgharge (BB ideviconpraprabipe'sai d spaced i sol ati on
regions increase the resistance of said first n+ region: a n-well under
said first n+ regfbn,?HRdupsien 2nd 3seiophEt 5808 il afubiyarerid SPE*HP%PFWU#%@ ons.
7. The electro static discharge device of c]Jaim 1l wherein sai
resistivity regio g ??ﬁﬂ“%é‘ggéeé‘éﬁﬁvdfyé?%‘?ﬁéieaﬁi Byl suran ‘Eﬁir?d‘ﬂ&etfaﬁ%élc’fthe
regi ons reduce the crogss al area OE said first n+ region; spaced
second gates over saf “?@’3ﬁ8‘ %ﬂ 8¢“W€8lons 8. The electro static

di schar ge device of ol gl WIS EHLSALAILO A BRI SLbatl Lol 68 ANSg GAIPT | 5

second. channel - regf ons secon regions re

sectional area of S@x'nddsmd'séc%}ldﬁregi% .on, spaced second gates over said
second channel regi ons; nder

2. The electro static discharge device of claim 1 which further includes:
. a)  afirst pt region separated from said second n+ region by a standard isolation
region. |
b)  adrain contact separated from sai_d first gate by at least a first isolation region; and
¢) said drain contact contacting said first n+ region, and said first n+ region and said

second n+ region,

3. The electro static discharge device of claim 1 which further includes silicide regions on
said first p+ region.
4. 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.

S. The electro static disc_harge device of claim 1 wherein said high resistivity regions
comprise spaced isolation regions; said spaced isolation regions .in said first n+ region
whereby said Spaced isolation regions increase the resistance of said first n+ region.

6. The electro static discharge device of claim 1 wherein said high resistivity régions

comprise spaced isolation regions; spaced isolation regions surrounded on the surface of said
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said first n+ region, said spaced isolation regions, | d _second
channel” regions. 9. The electro static discharge deviﬁmﬂﬂ :HIIHLl Mlﬁrei n
said high resistivity regions conprise second channel’y " i"d¥econd
channel regions reduce the cross sectional area of said first n+ region;

spaced second -g@sRfte BY Qd i i r8BGOMEE ) AN GlacddQ 1B regibls indBRe Ble@ilstaqce
static discharge device of claim|l wherein said high resistivity regions

conpri se secongf ghiefsah £ae, QRSvelltAld sS8 RO+ CdpANAY uh@P beisnsioe ST Padeie
cross sectional area of said first n+ region; spaced second gates over

sai d second chagomibn feg@hons; said second gates electrically connected to
each other. 11. The electro static discharge device of claim1l wherein said

high resistivity regieltso st@iddptiasg deeicoOsttlairh d Whekeinrsaid high sesissdiydegi@s ond
channel regions reduce the cross sectional area of said first n+ region;
spaced second gamps§seGem@ind slantk! spoos)decofbchamdel regignsandice thaicdssedond aregaf es
el ectrically connected to each other and the second gates are charged. 12.
The el ectro st aaiddirding cégamg epadelsccamd ghtecdvar sridisewiné rlenmel ssgwond channel
regions surrounded by said first n+ region; spaced second gates over said
second channe$. r edihgplsctro sitic din¢hdras dedrrbl glainet whérein tseid digh|rgsistigbyrregionsd t o
each other; a n-well under said first n+ region, said spaced isolation
regi ons, secondBREsRTetond shinael segiomsidsaifrgeand ghagae! regions estucsahegresp pestirnalprea
region. 13. The electro static discharge device of claim1l wherein said
first isolationf wifi fsptartiegien; spaced second gates over said second channel regions; a n-well under
said first nt region, said spaced isolation regions, and said second channel regions.

9. . 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.

10.  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 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 other and the second gates are charged.

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

surrounded by said first n+ region; spaced second gates over said second channel regions;
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depth to.increase the resistivity of current flow ng through said first n+
region. 14. The electro static discharge device of claiml| wherein said
substrate is a silicon substrate wth a p type doping. 15. The electro
static discharge device of claiml wherein the first n+ regions and second
region are p dopgdlseatd dafeSelbdtiically Ponnédtdli to Bach Sther; @ 8M under bdid fitst AL Aegiba, 11111
L1222 10 et M22 tbeeerr rererr ot e e cL s o160 A

el ectro static giiésfasdddslatien regRns, SOUBR dhahntiegions, and ufidet a Portibrefisait sagvad a+
second n+ region in a substrate; said substrate is p- doped; b) high
resistivity regiéfsm surrounded by said first n+ region; said high
resistivity regions conprise spaced isolation regions; said spaced

i sol ation regilens The dlhdistatiPdischirgé Hevics Bf Elaimnicwiitramsaid Rrstdsolisivi fegRnsShavé ace
by said first n+ region whereby said spaced isolation regions increase the
resi stance of salegthtdinGtasathe titivty diyurteadfioiingthrduplesatirfost+segidn. on ar ea of
said first n+ region; c) a first gate over a first channel region; said
first channel ¥egi Ohe Hettrasrfic diathargt devide of alaidh Swhalein sadsulistrate is eglicnsybsdite a
first p+ region separated fromsaid second n+ region by a standard
isolation with a p type doping.

15.  The electro static discharge device of claim 1 wherein the first n+ regions and second

region are p doped and the first p+ region is n-doped.

* [ L M s *
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region. -17. The electro static discharge device of claim16 which further

i ncl ude's silicide regions on said first p+ region. 18. The electro static
di scharge device of claim 16 which further includes sititcide regions on~

sdid first p+ region and on said first n+ region and sajgmn Mmeagm ON.
19. The el ectro static discharge device of claim 16 V\:hiaH Iﬂm Ilnmuﬁmies
[ d

a n-well under at |east portions of said first n+ region, @nd sai dsspace
i sol ation regi®ns. AZ2Rctroldtatic @lsiRigededtsatompridingchar ge device of claim 16

whi ch further includes a drain contact contacting said first n+ region. 23
111111121121111111%) 114 fidd 4 7k3idbn 20d a séconli @€ teg@ndt atubstrat; sghsubgmtedep- dopsd,
conprising: Ms a) a first n+ region and a second n+ region in a
substrate; said sudst higheesisgvity-regiop satroubdediby ghid fiss iistepion;tsyid high resisvirt | east
partially surrounded by said first n+ region; said high resistivity
regi ons conprise secasstbns hempist spaeagiiwirtion egiods; sad spackddiviatineiegiopedfilensls at
| east partially surrounded on the substrate surface by said first n+
region; c) spaced sed®emidllyurresnded enthesbeiratesuepng by e fist ot @gppwBereby)said fir st
gate over a first channel region; said first channel re%i on between said
first and said secorBrcpdsplaifingpgions increase the resistance of said first n+ region by reducing
- the cross-section area of said first n+ region;
c) afirst gate over a first channel region; said first channel region between said first
and said second n+ regions;
d)  afirst pt+ region separated from said second nt region by a standard isolation

region.

17.  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 n+ region.
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e) a f| rst p+ region separated fromsaid second n+ region_ by a standard

isolation region; and f) a drain contact contacting said first n+ region.

22. The Electro Static Di scharge device of claim21 which
-silicide regions on said first p+ region, said first andl m mamﬁ ‘I y"

regi ons. 23.2The Eble@torscatlsﬁmhaﬂgeﬂb\ﬂwﬂadmsndgv| ce of claim 21 wherel m sai
drain contact separated fromsaid first gate by at least a first isolation
region . 24. The dl eaffitsd nSteglonandh ssetringGegiaMh 6 substrate; lsdd sabRilate/ds pr ddipsd;sai d
second gates electrically nnected to each other and the second gates are
charged. 24 C L M)S hith resistivief dagidnsfad teast pargdlp Gittaundddablyisaid diss chapige, sadvi ce;
conprising: a) formng first isolation regions and standard isolation
regions in a subst r dfghresisiviely refionssdompsise sadond than) tegioss; fsaid sednd chaswe! ar ea
where a first n+ region will subsequently be fornmed; said substrate is p-
doped; b) -form ng a régiomstat lgast pargallysumouhdedson thésubstate sudgre by ;said firstinf regon;
channel region between said first and said second n+ regions; c¢c) formng a
first n+ region afid aparedsenchdrpates expr oad sepond chanbeltregiine;; | sol ati on regi ons
are at |east partl al Ig/ surrounded on the surface of said substrate by said
first n+ region; rst gate over a first channel region; said first channel region between said first

and said second n+ regions;
e)  afirst p+ region separated from said second n+ region by a standard isolation
regioﬁ; and
f)  adrain 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 whgrein said second gates electrically

« nnected to each other and the second gates are charged.
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d) form ng a first p+ region separated fromsaid second n+ region by a
‘standard isol ation region; whereby said first n+ region, said substrate
and sai d second n+ region conprise a parasitic bipolar ESD transi stor and

-said first isolation regions increase the resistance

region. 26. The nethod of claim25 which further incl uamﬂm“m‘"ﬂt"“mm de
regions on said first p+ region, said first n+ region and°®aitd 8ecbnd n+
region. 27. The nmethod of claim 25 which further includes: formng
silicide.regi2ins @dnmehdd¥of ameddctrp staticadiicharge desice] cbmprssingn+ r egi on and sai d
second n+ region; formng a drain contact separated fromsaid first gate by
at least a first a)sofoamingfirst sglathom regaisdndistaidard ¢Gwhtiartegionsin astbismage; said d
first n+t region; and formng a Vss contact to said first p+ region. 25 28.
The nethod of cl ai m £t isblatidn régiors iemed imcinacte svhere f Girse ns region (al) subssawdntiy bey

n-well in the area where said first n+ region, said spaced isolation
regions will subsequénmkd; sijé sibstrateid padrped;i n t he area Wnere a porti on of
said second n+ region will be subsequently be forned. FTLTTTT

LEEEIEETEdl 11111 91 | Korming afigst gefe oyer pipsh efaniebregion; ldéﬁ%tﬁbﬁngﬁléﬁgioe ba'i“%fhar ge

devi ce; corrprl sing: form (t:; standard. i sol ation
sa.1d first and said second n+ regions;

c) formiﬁg a first nt+ regidn and a second n+ region in a substrate; isolation regions are
at least partially surrounded on the surface of said substrate by said first n+ region,
d) forming a first p+ region separated from said second n+ region by a standard
isolation region; whereby said first o+ region, said substrate and said second n+
region comprise a parasitic bipolar ESD transistor and said first isolation regions
increase the resistance of the first n+ region.
26.  The method of claim 25 which further includes forming silicide regions on said first p+
region, said first n+ region and said second n+ region.
27.  The method of claim 25 which further includes:
forming silicide regions on said first p+ 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 a Vss contact to said first p+ region.
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regions.in a substrate; said substrate is p- doped; b) forming a first gate
over a first channel region and form ng second gates; said formng second
gates are formed in an area where a first n+ region wll subsequently be
formed; first channel regions under said first gates, second channel

regi ons under28. sailbe metbahaf chat 25 which futherrimohgleabdfore sttp ayformigg @n-vah éh the second
n+ region in a substrate; said first n+ region not forned in said second
channel regi onsyeasdiend sai¢ dosia+aéponNsid spegt oRtiaT Rgidks Wikt astisequpralytbe &rinyd and
surrounded on the substrate surface by said first n+ region; said first
channel regi on inthebret whan agmitibnfof satd seol srareglos witirdutequeslyibeiamedl) f or m ng
a first p+ region separated fromsaid second n+ region by a standard

i sol ation region; whereby said first n+ region, said substrate and said
second n+ region conprise a parasitic bipolar ESD transistor and said
second channel regions increase the resistance of the first n+ region. 30.
The nmethod of claim29 which further includes: formng silicide regions on
said first p+ region, said first n+ region and said -second n+ region:—-

formng a drain contact contacting said first n+ region; l Vss
contact to said first p+ region.. 31. The nethod of cl a:“"ﬁﬁ Hm mmlimﬁkr
includes before step (a) formng a n-well in the e - M sl
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area where said first n+ region, said second channel regions wll
subsequently be fornmed. 32. The method of claim29 which further includes
form ng electrical connections between said second gates. 27
Trererrrrererrrrererrrrr 1111211 € LS 330 A nethod for an electro static
di scharge devidce conpethsd fofan lpctfostaiit igctaiga dehideslcangaikiag: fooming sgndands isblatien
substrate; said substrate is p- doped; b) formng a first gate over a first
channel region and f ilbhig asesand; Gatsattrats aipddofedr m ng second gates are
formed in an area where a first n+ region will subsequently be forned;

: I egippNSfokiie k fisshigle biek & firsHéHaffel refiof MGoGiIANREINd lp@@d; Og%d under
said second gates; c¢) forming a first n+ region and a second n+ region in a

substrate; said firskrhng/se@h®gatesied fofukiish dréh idteth FHQGORELIHNAN BblsequeglyoNs ;
sai d second channel regions are at |least partially surrounded on the
substrate surface by bsairéled, ififstthafinel fe@BhnOihdesSaiddirst ited, seebaivhinelréfidrBAinded
between said first and said second n+ regions; d) formng a first p+ region
separated from sai d' ssi¢ eieendeates,egi on by a standard isolation region;
whereby said first n+ region, said substrate and said second n+ region
conprise a parasitdc HrpilgarfirkSb régicinmit 8 k@ondtdegion il asetsame sail &in et regegi ons

first channel

30.

3L

32.

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 channel region is betWeen said first and said second n+ regions;

d) forming a first p+ region separated from said second n+ region by a standard
isolation region; whereby said first nt+ 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 n+ region.

The method of claim 29 which further includes:

-forn_ling silicide regions on said first p+ region, said first n+ region and said
second n+ reéion;

forming a drain contact contacting said first n+ region; and
forming a V'ss contact to said first p+ region.

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

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

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

said second gates.
27
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i ncrease. the resistance of the first n+ region; e) forming silicide regions
on said first p+ region, said first n+ region and said second n+ region;
f).formng a drain contact contacting said first n+ region; g) fornming a
Vss contact to said first p+ region; and h) form ng electrical connections
bet ween sai d 3&corfimghedBr a lectithuativdistarpedfvied caimprig®: whi ch furt her
includes before step (a) formng a n-well in the area where said first n+
region, said secorid chaminglstandagd dsolation tefiossibs euhsieate;Issid bubstiate wpddaped) i n t he
area where a portion of said second n+ region will be subsequently be
formed. 28 | ~~'~-b)| [ormingla fiystBate over a first channel region and forming second gates; said
forming second gates are formed in an area where a first nt+ region will 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+ 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 channel region is between said first and said second n+ 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 n+ region;
e)  forming silicide regions on said first p+ region, said first n+ region and said
second n+ region;
f)  forming a drain contact contacting said first n+ region;

g) forming a Vss contact to said first p+ region; and

h)  forming electrical connections between said second gates.

34.  The method of claim 33 which furthter 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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