2 June 2006 ESD Parasitic Bipolar Transistors Wth H gh Resistivity
Regions In The Col | ect or Background of Invention 1) Field of the Invention
This invention relates generally to fabrication of sem conductor devices
and nore particularly to the fabrication of an Electro Static D scharge
(ESD) device and nore particularly an Electro Static D scharge (ESD)
device using a silicide process. 2) Description of the Prior Art The n-type
MOS transi stor has been wi dely enployed as the primary conponent for an
ESD protection circuit in sem conductor |IC devices. It is well ﬁgomqukgat
silicidation of the drain and LDD junctions reduce ESD perfor maAce®
significantly. Mdst salicided process have a renoval option which allows

unsal i ci ded S (e.09.,,resistors).to b orned. . NVOS transi stors stacked
in a cascad ggb?ﬁf f'sétﬂﬁ' g’tpi”]é'ﬁ %%?W?Ié ‘Blbﬁéﬁ‘ %@E‘“"ﬂ Begens Igdhefrolisttony vol t age
1/0 in both silicided and silicide-blocked technol ogi es. However, this

ki nd of device has high snapbagk voltage. Al so, the high snapback voltage
of the stacked NVOS degrades Ppdsropndoffavention he second breakdown tri gger
current) since the power dissipation is great. The IT2 is the current at
or before ﬁﬂ@ gets into secondary breakdown (thermal /permanent
damages) . eldioy s Inyeptions > the nore robust the NMOS and the higher the
ESD threshold. For the process technol ogy where the silicide block and
abrupt junction steps were not 2 June 2006

This invention relates generally to fabrication of semiconductor devices
and more particularly to the fabrication of an Electro Static Discharge (ESD) device and more

particularly an Electro Static Discharge (ESD) device using a silicide process.

2) Description of the Prior Art

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

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 I/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
18 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 ESD

threshold. For the process technology where the silicide block and abrupt junction steps were not



avai | abl e, a biasing network was necessary to ensure uniformtriggering of
all fingers. So, the need for high voltage tolerant 1/O s severely
conplicates ESD protection. FIG 5A shows a single poly N-MOS device that is
used in the prior art as an ESD device. The structure and snap back
mechani sm are descri bed bel ow The single-poly N MOS device is shown in
cross section and layout in Fig. 5A. FIG 5B shows a top plan view FIG 5C
shows the IV curve and snap back curve for the ESD device. Vsp is the
snapback hol di ng voltage. FI G 5D shows the el ectrical schematic, of E@
device in FIG 5A. Wen a short-duration (100 to 110 ns) consta%ﬁ"? ﬁ%nt
pulse is applied to the drain with the source and gate tied to the

substrate (s trate grounded t he device shoul d. have the.l-V

ohar st or 1-SE R R Blsin AR S pedeREniS Kt SR HielR draf Abiefe Sos e ot ¢
because the gate. |s roynded, ,\Wen the drain eakdown vol tage, BVdss is
r eached, dﬁ?‘f@ﬁﬁlglgﬁ’gl}ﬂgg t‘ﬁ?fa’?tﬁ/&\? %Fé’erﬁlty e cFa[tes@lr% PSSO oni zati on of die

reverse-biased drain junction. At current It 1, and voltage WtI, the
device triggers into snapback. The trigger current Itl and voltage is
related to the channel |l ength and BVdss. Note that the trigger point (Vtl,
It]) is not the same aBl(BYskowB\ingle pakyiMYS devgcatibstipagpdds therpsior ad s
junction aval anche breakdown voltage at a specified drain current density.
The tri ggem b devides Thhgrystiraand dmap binksmedhenibingheddscviaidtbalpsy. Ths singlefpmlye
snapback. The snapback region of the I- V curve is roughly |inear and,

t her ef or e, N-WPS Heviteip sheaninadoss gedion nad okt in \Fid. 5agBIG/SB shadks atogipldner ent i al
resi stance Rsb. The snapback voltage Vsb is defined as the |inear

ext rapol atién G Stheost ARACKIrEfdeRapBsk cufe6r e BIDI RRice. Y i€ tHRUSt  be

taken to avoid defining Vb and Ro by extrapolating fromlow current val ues

near the pRLHackHARR e BRade: M(F $D R0 B ERStrical schematic of the device in FIG 5A.

| When a short-duration (100 to 110 ns) constant cﬁmﬂ:nt 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
grounded. When the drain breakdown voltage, BVdss is reached, current starts to flow as a
result of impact 1onization of die reverse-biased drain junction. At current It1, and voltage
Vtl, the device triggers into snapback. The trigger current Itl and voltage is related to the channel
length and BVdss. Note that the trigger point (Vt1, It1) 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 snapback voltage Vsb is defined as the linear
extrapolation of the snapback region back to zero current. Care must be taken 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




sl ope fromnegative to positive. Therefore, the values of Vsb and Rsb were
obtained from2 2 June 2006 neasurenents nmade at high currents wth the
transm ssion-1line pul se techni que. Because the high-current values are

rel evant to ESD events, we need to use themrather than the | ow current

val ues when designing for protection against ESD. Wth sufficiently high
current It2, flowng in the snapback region, the device triggers into
second breakdown. We define a second trigger point (W2, 1t2)
corresponding to the triggering from snapback into second breakg?mn. Second
breakdown is the termused for power bipolar devices to indicat ??&Qm%gine
of thermal runaway and current-instability. The inportance of overcom ng

t he variou ciencies.noted agbove i evi denced t he extensive
t echnol ogi %%ﬁgs%lél\%/lg A thlgg‘ i %’?Seﬂnﬁgle?‘ﬁﬂsngffbﬁﬂg&e,pugé teﬂ@‘?ﬂﬂ‘r’e gEmseile ¢ he
rel evant pat.ent andltechnical IE%?Lature. Thﬁ cl osest and aggarently nor e
rel evant tSERATER! Valyes ow TS HEh P ESThevents Wicah fo ysr thepaptheidbanife kw-gieahed by
considering; US 5,898, 205(Lee), US 5,519, 242(Avery), US 5,969, 923( Avery),
US 5, 559, 3&deraden desteging forpeotestion aeaisp ERAD With suffigientlydigh @gentit3 flowingtin al . ) .
Summary of the Invention It is an object of the present invention to
provi de a ¢ fapbagk seginnethg dpageHpgigarvinto stedyd ibreakdavg. He defined seport teider point
Di scharge (ESD) device using a NMOS transi stor structure where the
col | ect or . (2, H@ecqsresponling to thi piganingframsiapbak imasechidiircakdswstIevandy regi ons
that” i ncrease the resistivity

breakdown is the term used for power bipolar devices to indicate the regime of thermal runaway

and current-instability.

The importance of overcoming t'he various deficiencies noted above is
evidenced by the extensive technological 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 S,043,782(Avery) and

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

Summary of the Invention

It is an object of the present invention to provide a structure and a method for
fabricating an Electro Static Discharge (ESD) device using a NMOS transistor structure where the
collector of the parasitic bipolar Transistor has high resistivity regions that increase the resistivity

of the collector.

To accomplish the above objectives, the present invention provides a structure




of the collector. To acconplish the above objectives, the present invention
provides a structure 3 2 June 2006 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 regions. The ESD device is a parasitic bipolar NPN Tx. The
invention has high resistivity regions within the collector of %ﬂ%ﬁ
parasitic NPN (e.g., drain of the FET). The invention has two dfent s

(preferred types) of high resistivity regions: i sol ation reglons (e.q.
oxi de shal | tion _(STl)). and h resistanc , Ilghtly
Gopeq T oqrBhbmehodfiianESD uch Thy BFSﬂr@gilgﬂ%se eI i ons

can have %ates thereover and the gates can be char ged. Also, optionally an
n wel | AR (et hey thegRugdere rbt NeMOS Aaetisteried edt Sé‘??ﬁlé‘ie/ca?té‘?tnTh"Fh‘E"h?lﬁih
reS|st|V|ty regi ons increase the collector resistivity thereby inproving
t he per f odrithefdheoMOSHungspy igay theeollepkns apghasp pf tbp ESDis| nagasitip bpplar fransfoschar ge
(ESD) device preferably conprises: a first doped region and a second doped
r egi on i nThe devietoreferably hhresilididesegiamscbvsetbe debed ogprahs Bgibbhsdevme és apafasitist
conductivity type dopant; at least a high resistivity region at |east
parti al | y bipatar SiERded Thadnvéntion Rasisgh ratistivits weghans evithinthé dleétor eftthampaiicr egi on;

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, optionally an n” 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 comprises:

a first doped region and a second doped region in a substrate; the first and
second doped regions héve a first conductivity type dopant;

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 channel region; the first channel region between the
first and the 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.



a first gate over a first channel region; the first channel region between
the first and the second doped regions; a third doped regi on separated
fromthe second doped region by an isolation region; the third doped
region has a second conductivity type dopant. 4 2 June 2006 Additi onal

obj ects and advantages of the invention will be set forth in the
description that follows, and in part will be obvious fromthe description,
or may be learned by practice of the invention. The objects and advant ages
of the invention may be realized and obtained by neans of
instrunmentalities and conbi nations particularly pointed out in gﬂ@“ﬁﬁ%@nded
clains. Brief Description of the Drawi ngs The features and advantages of a

sem conduct or device a ding . to the rese invention,and further
details of a process ogﬁ&éﬁ?ﬁl g@?&%ﬁnﬁsaggﬁt%e%@&%@ﬁﬁ'ﬂ% B’Fh E"eg\?f %’éti’i“h&e
accordance,with the present invention wll| be re clearly understood from
the foll ovﬁ‘eﬁ‘a@“alé@‘é? %%BW% Anq inypar Wllbmg%%QYP%‘ﬁ@PF’ngqﬁsﬁPt’PH:eoraﬁé’&ﬁﬁwyﬂ Ry
drawings in which |jke reference nunerals designate simlar or
cor r espondiTiice Pihe v entiop et ohiccty apd stypatagss of tp ghvierfioppmaybe realigesiaad | A i s a
cross sectional viewfor illustrating a first enbodi nent of the ESD device
accor di ng tMpineddy preaseftingimmentelitiv andgombinations fagicglatly poidwdnunin dwappanded
iIIustrati?g a first enbodi nent of the ESD

<ialms.

Brief Description of the Drawings

The features and advantages of a semiconductor device according to the
present invention and further details of a process of fabricating such a semiconductor. device in
accordance with the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference

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

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

ESD device according to the present invention.

Figure IB 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.



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 according to the present invention. 5 2 June 2006 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 for illustrating a second enbodi nrent of the ESD
device according to the present invention. Figure 3Bis a top down view for
illustrating a second enbodi nent of the ESD device according to_,the present
invention. Figure 4A is a cross sectional view for illustrating 93%@ on
for the second enbodinent of the ESD device where the gates are connected
and optionally charged_accaordin o the present. inyention, Figure 4B is a
top down view for ill uE{%%ﬁf@agqp IO o5 “P‘ﬁ@“gé‘@é?‘i&mg%‘hﬁlﬁ‘&ﬁo 38 t he
ESD devi ce where the gates are connected and 'optionally charged according
to the prdgest withyeetiveH n-mld 25iscadipgie the Bicsrgl @VEBIo)- 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 NNMOS device shown in

Figure 3A is a cross sectional view for iHlustrating 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.

Figure 4A is a cross sectional view for illustrating an option for the second
embodiment of the ESD device where the gates are connected and optionally charged according

to the present invention.

Figure 4B is a top down view for illustrating an option for the second
embodiment of the ESD device where the gates are connected and optionally charged according

to the present invention.

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

ESD device.

FIG 5B shows a top plan view of the single poly N-MOS device shown in

FIG 5A according to the prior art.




FI G 5A according to the prior art. 6 2 June 2006 FI G 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. Detailed Description of the Preferred Enbodi ments A Invention's
ESD device with high resistivity collector The invention is a structure for
an ESD device that has the structure of a N MOS transistor and a P+
substrate contact. The device preferably has silicide regions over t he
doped regions. The ESD device is a parasitic bipolar NPN Tx. :ﬁ@hlon
has high resistivity regions within the collector of the paras

The invention has two preferred types of high resistivity reglons

isolation regions (e.g QW tre nch ol ati

undoped r egi ons (e.g ¢ (gnng‘fssﬁ?eegl oNns) fiwﬁli’ebl’a \ie)ol @E@ﬁgggb\ﬂ)ef‘ye r eg| ons
can be used Sye %_IOM/doped or opp05|te conduct|V|ty regi ons or ot her
seni conduct oy mﬁpjﬁﬁgﬂ?§¥%rs that have a higher resistivity than the n+

region, well, or the substrate. In the second preferred enbodi nent, the
channel regions can have gates thereover; the gates can be charged or

bi ased. Al so, optionally an N well (n mnus well) can be formed under the
coll ector. The high regfl‘%ﬁ)\?liw theedcgirgl schematisé theldevice inl Ale Shmccarding 61 i vi ty

t her eby inrOV|ng t he perfornmance of the ESD device. Resistance at drain
€ prior art. ;

Detailed Description of the Preferred Embodiments

A. Invention’s ESD device with high resistivity collector

The invention is a structure-for an ESD device that has the structure of a N-
MOS transistor and a P+ substrate contact. 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 coliector of the parasitic NPN. The invention has two preferred types of high
resistivity regions: 1) isolation regions (e.g., oxide shallow trench isolation (STI)) and 2) undoped
regions {e.g., channel regions). Other high resistivity regions can bl’:; used such as low doped or
opposite conductivity regions or other semiconductors or insulators that have a higher resistivitj
than the n+ region, well, or the substrate . In the second preferred embodiment, the channel
regions can have gates thereover; the gates can be charged or biased. Also, optionally an 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 provides an additional balasting resistor (e.g., Rdw) which can help the vniformity and

prevent pre-mature triggering. A key point of the invention is the use of the high resistance



side provides an additional balasting resistor (e.g., Rdw) which can help
the uniformty and prevent pre-nmature triggering. A key point of the
invention is the use of the high resistance 7 2 June 2006 regions to

i ncrease the resistance at the drain region. This contrasts with use of
salicide blocks and n-well resistance. It is an inportant point that the

i nvention can be inplenented with silicide on the ESD device. It is common
to renmove the silicide for ESD devices. The arrows 75 in FIGIB illustrate
the current path in the first doped region 22. The high reSiStgiitQQOOG
regions (e.g., 36 38) inpede the current flow and reduce the cros¥
sectional area of doped region 22, thus increasing the resistance. The ESD
devi ce can_be de

scrihb as foll . As shown.in FIG 1 A a.fi.rst,.n+ region
25" and o deaidt ASpEdf R 00 ireBR i et g B eliidh wbds of
preferably i -.doped,. The substrate 10.can.represent a wafer or.a well in
a wafer. ﬁ‘&‘ﬁl ’g&tf“gf?’\t/ista? TPRYIABRO dhay the “3?’@?“@8‘})&(‘ ET’ @Hi‘ﬂ?ﬂ\@%ﬂ ithggicideren £y gs
3A, 4A)) are at least partially surrounded on_at |east one side by the
first n+ rgidhdgice. Fisgommon tg raoye g5 silicwls fartiSH 49yicf%gi ons reduce the cross
sectional area of the first n+ region 22 thereby increasing the
resistivity of the first n+ region 22. The high resistivity regions do not
have to extend all the way thru the high resistivity regions. Al so, the
hi gh resistivity regi ofike dpwsdd ihBielB ibudteatettor @irtent paguin i frelatdpddregioe fir st
n+ region 22. For exanple the high resistivity region can be adjacent
(e.g., ba2d&hg hifloresistitigtregonsiegl ®38) impede the current flow and reduce the cross

sectional area of doped region 22, thus increasing the resistance.

The ESD device can be described as follows. As shown in FIG ]| A, a first n+
region 22 and a second n+ region 18 are in a substrate 10. The substrate 10 preferably is p-doped.

The substrate 10 can represent a wafer or a well in a wafer.

High resistivity regions (e.g., 36, 38 (FIGS 1A, 2A,) 60, 61 (FIGS 3A, 4A))
are at least partially surrounded on at least one side by the first nt+ region 22. That is, the high
resistivity regions reduclerthe cross sectional area of the first n+ region 22 thereby increasing the
resistivity of the first n+ 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 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 channel region 19 is

between the first and the second ntregions 22 18.




A first gate 42 is over a first channel region 19. The first channel region
19 is between the first and the second n+ regions 22 18. 8 2 June 2006 A
first p+ region (substrate contact, base of parasitic bipolar contact) 14
is separated fromthe second n+ region 18 by an isolation region. A drain
contact 52 is preferably spaced fromthe first gate by at least a first
isolation region 38 36. The drain contact 52 contacts the first n+ region
22. The parasitic bipolar transistor (tx) 71 conprises: a collector 22,
base 10 (substrate or well), and emtter 18. The p+ region 14 ig,the

base/ substrate contact. In addition, the doping types of the do%@ﬂ“?%ﬁ?ons
can be reversed. That is the N regions can be p-type and the P regions can
be n-type. For exanple, an .be .do n,.t . the first n+
regi ons and second n+ #e%%g)ﬁ s%l@?ﬁe{sgés (a)tpézant%cﬁ’cP ap %%dpﬁa?%lf ¥%$1mf ‘éoé’i?a&)l 1#ss
n-doped. B, Fir enbodi ment, - .ST]_ regi.ons. 36 38 increase the resistance of
t he First’ﬁ m?%%ﬁgﬁqgﬁwﬁﬁﬁéﬁ??$%qi%mﬁﬁﬂﬁﬂﬂﬁ?rﬁ?m%he i nvention, as shown in
FIGIA the high resistivity regions are conprised of spaced isolation
regions 36 38. The spaced isolation regions 36 38 is in the first n+
region 22. The spaced isolation regions 36 38 increase the resistance of
the first n+ region 22 dr3ipceiast Sl prederplaly sprecd Gamn defhstaaishbyahlsastia firsh t hat
the invention's spaced isolation regions increase. The isolation regions
force the sdptranegien3 . Thodmig contagiid epntadthibs firshot sgdnig. t he

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

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

In addition, the doping types of the doped regions can be reversed. That is the
N regions can be p-type and the P regions can be n-type. For example, the substrate can be doped |

n type, the first n+ regions and second n+ regions are p doped and the first p+ region is n-doped.

B, First embodiment - STI regions 36 38 increase the resistance of the first n+

region 22

In a first embodiment of the invention, as shown in FIG 1A, the high
resistivity regions are comprised of spaced isolation regions 36 38. The spaced isolation regions
36 38 is in the first nt+ region 22. The spaced isolation regions 36 38 increase the resistance of the
first n+ region 22. In FIG 1A, Rd is the resistance of the drain that the invention’s spaced isolation
regions increase. The isolation regions force the current to go around or under, thus increasing the

resistance. FIG 1A shows the electrical schematic of the ESD parasitic bipolar Tx. Cis the



resi stance. FIG 1A shows the electrical schematic of the ESD parasitic

bi polar Tx. Cis the 9 2 June 2006 collector. Bis the base. Eis the
emtter. The spaced isolation regions can be any type of isolation region,
such as field oxide regions, LOCOS, shallow trench isolation (STJ) etc.
and can be forned of any insulating nmaterial, e.g., oxide, silicon
oxynitride, nitride, etc. or high resistivity material. As shown in FIG 2A,
the high resistivity regions conprise spaced isolation regions 36. Spaced
i solation regions 36 38 are surrounded at |east on the sides of ih%ﬁ%h%St
n+ region 22 whereby the spaced isolation regions 36 38 increa% M

resi stance of the first n+ region 22. As shown in FI G 2A, an optional

n-well (n _mnus ld - e.g. . lightly doped well) 12 is under the first n+
regi on 22ngﬁgwg%§g%aE?%%%%FFSW&%%gions 36 38 and under a portion of the
second n+ region 18. FIG 2A shows the electrical schematic of the ESD
parasitic bipolar Tx. The Rdwis the resistance of the collector of the
Tx. The isolation regions 36 38 increase the resistance of the collector
(or N-well). 1. Met hodThoiPageddsolgtion feekanp 6¥ heeily typeef Heletharesion siehesiteld
enbodi ment is described below. Referring to FIGS 1A and IB, we formfirst
i sol ati on xédsiregiensgbOCOS athallayr tengh islapion(H) oo and gindrefopediof any iswiatingat e
10. The first isolation regions 36 38 and standard isol ation regi ons 32
can be f ormaeridlre.g. hxideasicon oxynitride, nitride, etc. or high resistivity material.

As shown in FIG 2A, the high resistivity regions comprise spaced isolation
regions 36. Spaced isolation regions 36 38 are surrounded at least on the sides of 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 Tx.
The Rdw is the resistanc;,é of the collector of the Tx. The isolation regions 36 38 increase the

resistance of the collector (or N-well).
1. Method for the first embodiment

The method for the I* embodiment is described below. Referring to FIGS 1A
and IB, we form first isolation regions 36 38 and standard isolation regions 32 in a substrate 10.

The first 1solation regions 36 38 and standard 1solation regions 32 can be formed in the same

10




10 2 June 2006 steps or in separate steps. The first isolation regions 36
38 are forned in an area where a first nt region 22 will subsequently be
formed. Alternately, the first isolation regions can be formed after the
first n+t regions are forned. The first isolation regions can be shall ow
trench isolation (STlI) regions or LOCCS regions. In conventional products,
the isolation regions are used to separate the active areas. In contrast,
the invention uses the isolation regions to provide extensive current path
or charge carrier mgration passage to increase the resistance. A ke oi nt
of the invention is the increase of resistance at the drain siaéwﬁyg i ng
the first isolation regions. Next we forma first gate 42 over a first

bet ween the first Seécon ons

formed on the t First n+ reqiqn, 22 and econd.n+ region 18 are forned
in a subst%ﬁP%Q?ﬁﬁl“FE%P%FB&Ef&@aﬁoﬁéﬂﬁﬁgééﬁaﬁstﬁgmwgﬁ@smﬁawﬁﬁa%myﬂimhﬁ
surrounded b¥#th$ fi.rst n+ rgpiﬁn 22. The doped regions are preferab
formed by WRTISIBT ArEONs A5G fesacd: Fhe st isolatign rogians 6op heyshellow dsaghdislgionr (SRt he
second n+ region 18 preferably by a standard isolation region 32. The
st andar d i%$8Pa PokOrairemensc Brcoprentigratwepdupis.ghe isplations eegions aretysed thseparate t he
sane tinme. The standard isol ation regions can be fornmed using any isolation
process, stheRctiys agT. Ipeonimsts b invEhgongaeethe iHolatikn rdgenitapdvile dapetercagemns
frombeing formed in the channel regions under the gates.

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 22 18. Spacers 41 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 first pt region 14 is separated from the second n+ region 18 preferaﬁly
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, such as STI processes. The gates block the N and P doped regions from being formed in

the channel regions under the gates.
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11 2 June 2006 We formsilicide regions 56 on the first p+ region 14, the
first n+t region 22 and the second n+ region 18. The silicide regions can
al so be formed on the gates. The silicide process can be a conventi onal
silicide or salicide process. It is inportant to note that the invention
does not require a silicide mask/etch step and that the silicide can be a
bl anket deposition. A drain contact 52 is fornmed separated fromthe first
gate by preferably at least a first isolation region 38 36. The drain
contact 52 contacts the first n+ region 22. A Vss contact 51 is forqg%6
the first p+ region 14 whereby the first n+ region 22, ‘the sub&tP%t% ®and
t he second n+ region 18 conprise a parasitic bipolar ESD transi stor and

the first isolation re crease t tapce. of, .t first n+ eg|on
2. The nmethod for the g%t| jfici ﬁ%PPS mpﬁ EF%th4d£eﬁﬁ¥n region 22,

As shown in FIGS and .2b IS . [ |
and 2b is oﬂ“&tﬂi‘eosﬁc"-(“g g regiagr]8, %E%ﬂ ‘%ﬁf( f§¥‘°%“6°a§§ Saﬁ’g%f”c’S‘F‘?éélaSW?‘ﬁ? ﬁrﬁ%ﬂ 1G%vel |
12. The n-wells are typically formed before the N and P diffusjaons.
spaced is d?rawwbé@.celﬁ@tg@ahﬁshwq qr saligilsqerpgesntt s mpertang fanole Gdhs IHV%IW@H ar ea
where a portion of the first n+ region 22 will subsequently be fornmed. 12
2 June 200®egnotSuvisnd sidinide diagkdeteh steprying ihat dhisdicidgicanybe adgjerdmdenpstiarndoped or
lightly doped

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 contacts the first n+ region 22.

A Vss contact 51 is formed to the first p+ region 14 whereby the first ot
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 nt+ region.
2. The method for the optional N-well in the first embodiment - N-well 12

As s.hown' in FIGS 2a and 2b, an n-well 12 is formed. As shown in FIGS 2a
and 2b isolation (e.g., STI) region(s) 36 38 are formed within an n-well 12. The n-wellsare
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 n+ region 22 will subsequently

be formed:
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regions As shown in FIGS 3A and 3B, in the 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

ei ther type conductivity (p or n). The second channel regions 61 65 are
surrounded at |east on the sides by the first n+ region 22. Spaced second
gates 60 64 are over the second channel regions 61 65. Also, optionally,
an 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 ?eCQﬂﬂ n+
10 region 18. 1. The method for the second embodi ment The met hod ¥ Wfe
second enbodinent is simlar to the nethod for the first enbodi ment unl ess

stated ot herw ge. i n. and 3 in the second, embodi ment , the
i ah rest otivi Gy r ogeand DudenionfS i M i e SR, £ PR Fabey
second channel rengg§m61 65). The high resistivity regions can be of

ei ther type conductiﬁ%?y (p or n). The second channel regions 61 65 are at
| east partially surrounded at | east 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. 13 2 June 2006 The nethod for the second
enbodi nent i s descri befts BN FIGS 3430 3Brin 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 7
are surrounded at least on the sides by the first o+ region 22. Spaced second gates 60 64 are over

the second channel regions 61 65,

Also, optionally, an n-wel] 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+ 10

region 18.
1. The method for the second embodiment

The method for the second embodiment is 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..
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FIGS 3A and 3B, we form standard isolation regions 32 40 in a substrate 10.
The substrate 10 is preferably p- doped. W forma first gate 42 over a
first channel region 19 and form second gates 60 64. The second gates 60
64 are formed in an area where a first n+ region 22 will subsequently be
formed. First channel regions are under the first gates. Second channel
regions 61 65 are under the second gates 60 64. W forma first n+ region
22 and a second n+ region 18 in a substrate 10. The first n+ regions 22
are not formed in the second channel regions 61 65. The second E?ang&&
regions 61 65 are at |east surrounded by the first n+ regi on 22° " Prst
channel region 19 is between the first and the second n+ regions 22 18. W

forma first p+ region_l4 s rated fromthe second, n+.reqgi on 18 a.
standard i sol ati on regT%%“ﬁgggfﬂé&Bf“ﬁﬁgkﬁgmpﬂﬁPbﬁgkﬁgﬂwgiegﬁ?#ﬁdg¥ﬁndﬂy
order. We formsilicide regions 56 on the first p+ region 14, the first n+
regi on 22 HHY 3nmd 38 i dorstansgidgselaten regianssi? 404 geubsigiedis Themrbsiets Hised
on the gates. We form a drain contact 52 separated fromthe first gate by
at | east ar¢ferably prdexiedti on regi on 38 36. The drain contact 52 contacts the
first n+t region 22. 14 2 June 2006 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 conprise a parasitic bipolar ESD
We form a first gate 42 over a first channel region 19 and form second gates

60 64. The second gates 60 64 are formed in an area where a first nt region 22 will subsequently
be formed. First channel regions are under the first gates. Second channel regions 61 65 are under

the second gates 60 64.

We form a first n+ region 22 and a second n+ region 18 in a substrate 10. The
first n+ regions 22 are not formed in the second channel regions 61 65. The second channel
regions 61 65 are at least swrrounded by the first n+ region 22. The first channel region 19 is

between the first and the second n+ regions 22 18.

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

standard isolation region 32. The p+ and n+t 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 52 separated from the first gate by at least a first

isolation region 38 36. The drain contact 52 contacts the first n+ region 22.
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transi stor and the second channel regions 62 65 increase the resistance of
the first n+t region. 2. First option for second enbodi nrent - n-well under
collector Optionally, an 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 FIG
3A (n-well) 12). 3. Second option for second enbodi nent - second gates

el ectrically connected In an option for the second enbodi nment, as shown in
FI G 4A, the high resistivity regions also conprise at |east one_seco
channel region(s) 61 65. The second channel regions 61 65 are aﬁuw
partially surrounded by the first n+ region 22. That is, the second

channel regions are in ord i on.,0f e first n+ ion. d.second
gates 60 64 are over t %ﬁ%ﬁ%%%% gﬂghﬁ? %%ﬁﬂ%ﬂ&f%§%65%¥%§§€§§%8ﬁﬁwbates
are preferabl l.ectrical nnected 70.to each other. The second gates
are el ect rﬁe%‘é{ffﬁg’t eoﬁ’i‘hg@%e{?y&?g ec?"“é’&&ﬁJrG‘fgﬁ‘g‘rlsaFt‘?ﬂlpE‘%f‘rf‘ Fl?éasﬁ’ﬁtbﬂ?ﬂi’éﬁisp char ged.
The charged gates 6& 64 can create electric fields within the doped region
22 15 2 JuFESisigntddheserondrbprebisainpecs Gansrerse deirgsisiapce of the fist iewiion 22. The
resistivity can be either increased or decreased. Optionally, an 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?. First option for second embodiment - n-well under collector .

Optionally, an 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 under a portion of the

second n+ region 18. (For example, see FIG 3A (n-well) 12).
3. Second option for second embodiment - second gates electrically connected
In an option for the second embodiment, as shown in FIG 4A, the high
resistivity regions also comprise at least one second channel region(s) 61 65. The second
channel regions 61 65 are at least partially surrounded by the first o+ region 22. That is, the

second channel regions are in a portion of the first n+ region. Spaced second gates 60 64 are over

the second channel regions 61 65.
The second gates are preferably electrically connected 70 to each other.

The second gates are 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
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n+ region 18. (For exanple, see FIG 3A (n-well) 12). a) Method for the
second option for the second enbodi nent - Connected second gates. The

nmet hod for the option for the second enbodi nent is described bel ow As
shown in FIGS 4A and 4B, we form standard isolation regions 32 40 in a-
substrate 10. The substrate 10 is p- doped. W forma first gate 42 over a
first channel region 19 and form second gates 60 64. The second gates 60
64 are formed in an area where a first n+ region 22 will subsequently be
formed. First channel regions are under the first gates. Second ShaQ$§l
regions 61 65 are under the second gates 60 64. W forma firsg Sion
22 and a second n+region 18 in a substrate 10. The first n+ region 22 is

not fornmed in the second ch nne e ns,.61, 65.. The annel regions
52 65 ar o b DEiePLATOECRF e AT o b Biaitio by HEMD it Btragronese “The
first chanpel gion 19 is betmeen the first and the second n+ regions 22
18. 16 2 J@WEE?SOG W forma first p+ region 14 separated fromthe second
n+ region 18 by a standard isolation region 32. The p+ and n+ regi ons can
be formed 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 -
regi ons can be formed Ontedlly.gamexell (wanifesrwell 18 psainderdbnfisgonr rogpnfattedl from
the first gate by at least a first

spaced isolation regions 36 38, second channel regions 61 65, and under a portion of the second

n+ region 18. (For example, see FIG 3A (n-well) 12).
a)  Method for the second option for the second embodiment - Connected second gates.

The method for the option for the second embodiment is described below. As
shown in FIGS 4A and 4B, we form standard isolation regions 32 40 in a substrate 10. The

substrate 10 is p- doped.

We form a first gate 42 over a first channel region 19 and form second gates
60 64. The second gates 60 64 are formed in an area where a first n+ region 22 will subsequently
be formed. First channel regions are under the first gates. Second channel regions 61 65 are under

the second gates 60 64.

We form a first n+ region 22 and a second n+region 18 in a substrate 10. The
first n+ region 22 1s not formed in the second channel regions 61 65. The second channel regions
61 65 are preferably partially surrounded by the first n+ region 22. The first channel region 19 is

. between the first and the second n+ regions 22 18.
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isolation region 38 36. The drain contact contacts the first n+ region 22.
W also forma Vss contact to the first p+ region 14. The first n+ region
22, the substrate 10 and the second n+ region 18 conprise a parasitic
bi pol ar ESD transi stor and the second channel regions 61 65 increase the
resi stance of the first n+ region. As shown in FIGS 4A and 4B, the second
gates can be electrically connected by polysilicon or nmetal conductive |ine
70 over the substrate. The first option (n-well) can be conbined with the
second option (-charged second gates) for the second enbodinent, 4. Third
option - second gates charged In a third option, the second gat@@%ﬁe A be
charged. The charge on the 17 2 June 2006 gate can increase or reduce the
resi stance of the dopeg,reqi- 2,22, at i onpection 70 can_be
connected to a const anl‘:évevfgl\q%l ggres %gj(r)ﬂe lcoél-lig rsel%a{)a%?%%m\l/pgﬁécoﬁ? ggf%Wqﬁ g’yé‘at e to
make the channel. -partiall r fully open is th . to change the channel
resi stanc es’,tanlr'agrgldsfoth%ﬁﬁ TqE nf)ic léerbereanfl)r‘/ertr%éonstcB‘% il %%V\?%Iy"@ @f%?rg?resi stance. For
exanpl e the gate can be charged from-Vdd to positive +vdd or any val ue
i n-between. The third option can be inplenented in conbination with the
first option. Unless explicitly stated otherwi se, in the specification and
claims, each nunerica EVEW%ﬁh@ﬂﬁmg@h§85@ﬁ@ﬁﬁﬁtbbﬁghméﬁpheggdﬂasgbeﬁag
approximate as if the word about or

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 22.
We aiso 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 61 65 increase the resistance of the first n+ region.

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

by polysilicon or metal conductive line 70 over the substrate.

The first option (n-well) can be combined with the second option

(-charged second gates) for the second embodiment.
4. Third option - second gates charged
In a third option, the second gate(s) can be charged. The charge on the
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approxi mately preceded the value of the value or range. Note that the terns
n+ and n-, p+ and p- do not limt the concentrations of the regions. Al so
opposite type inpurities can be used. For exanple the n doped regi ons can
be p doped regions, etc. Wiile the invention has been particularly shown
and described with reference to the preferred enbodi nents thereof it wll
be understood by those skilled in the art that various changes in form and
details may be made w thout departing fromthe spirit and scope of the
invention. It is intended to cover various nodifications and Si?}é§”2006
arrangenments and procedures, and the scope of the appended cla e
t herefore shoul d be accorded the broadest interpretation so as to

r

| 1 h di f.i i d.ginml t. d d
SRR gL A AR RO B B PR Sl BLORRM e,

conprising: a) formng first isolation regions.and standard jsol atjon
regions | ﬁorgwgtﬁ%@tar%%;m yaltage ppyreg or to %Néfiii-comasar@gt berde fogpaksdhy fﬁ%ﬂﬁl ar ea
where a first n+ region will subsequently be formed; said substrate is p-
doped; b) prgiaky orfuldy enepdy thewpwtorhangedhe ghagrel erigtape repdBRoE 2 chaneg i the st
channel region between said first n+ region and a second n+ region; c)
form ng a tdtilreotiecter resistinom Fanekamplodesogate gan be elypirgnd from &/ ddub pesitateetVdd e dnyf i r st
i sol ation regions

value in-between.

The third option can be implemented in combination with the first option.

Unless explicitly stated otherwise, in the specification and claims, ¢ach
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 oppostte type impurities can be used. For example the n doped regions can be p

doped regions, ete.

While the invention has been particularly shown and described with referenée
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 interpretation so as

to encompass all such modifications and similar arrangements and procedures.
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are at least partially surrounded on the surface of said substrate by said
first n+ region; d) formng a first p+ region separated fromsaid second n+
region by a standard isolation region; whereby said first n+ region, said
substrate and said second n+ region conprise a parasitic bipolar ESD
transistor and said first isolation regions increase the resistance of the
first n+ region; and e) formng silicide regions on said first p+ region,
said first n+ region, and said second n+ region. 2. The method of claiml
whi ch further includes: formng silicide regions on said first B+ rggt@n,
said first n+t region and said second n+ region; formng a drain dEHt
separated fromsaid first gate by at least a first isolation region; said
drain contact contacting said first E+.region; and formng a Vss contact to
said first p+ region. 19 2 June 2006°3"™fhe method of claim 2 which further

i ncl udes ,before step (a) formn n.n-well in the area where said first n+
regionﬁaﬁﬁmgﬁhﬁhgﬂﬁgg%mﬁggfg?ﬁﬁ%“%@ﬂ?'ﬁ§m9P$Wgsubsequently be formed and in
the area er a_p?rttogﬁof sai d second n+ region will subsequently be
formed. 4. ng’FH’cS‘ﬁ Fg psolafonregions gndstandird isglasiem Eaetpas mea subdrate; sifiissi ng:  a)

formng standard isolation regions in a substrate; said substrate is p-
doped: isolation regions formed 1n an area where a first n+ region will subsequently be formed;

said substrate is p- doped;

b) forming a first gate over a first channel region; said first channel region between said first

nt+region and a second n+ region;

c) forming a first n+ region and a second n+ region in a substrate; said first isolation regions

are at least partially surrounded on the surfac;e 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; and

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

region,

2. The method of claim 1 which further includes:
forming silicide regions on said first p+ region, said first n+ region and said second
nt 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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b) formng a first gate over a first channel region and form ng second
gates; said second gates are forned in an area where a first n+ region
wi |l subsequently be forned; said first channel regions under said first
gates, second channel regions under said second gates; c) formng a first
n+ region and a second n+ region in a substrate; said first n+ region is
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 sa%? S%ﬁﬁ d n+
regions; d) formng a first p+ region separated from said second”H¥ gion
by a standard isolation region; whereby said first n+ region, said
substrate and sai d seco n egi gn, c ri se arasitic, bipolar ESD
tr ansi £t ope BRaSdaf REERY el BrbRonteE BB B BA B AL R BP AR ebE (e
first n+ region; e) formng silicide regions on said first p+ region, said
first n+SHEHIHAT Eaonand spideacsids IOHF%‘PD%"EI?FS"S?‘HF‘PHY@ f%ﬁap%lrﬁg?ﬂrsfbt
contacting said first n+ region; and %) forning a Vss contact to said

et o o

first p+ iagrtiop of said)gagen gign withuibsrgnemdly beforaredi m 4 whi ch further
i ncludes before step (a) forming an n-well in the area where said first n+
regi on and said second channel regions wll subsequently be forned. 6. The

nmet hod of claim4 which further includes form ng el ectrical connections
bet weeh sandileddand clectro static discharge device; comprising: :

a) 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 second gates
are formed in an area where a first ot region will subsequently be formed; said first
channel regions under said first gates, secon(i channel regions under said second gates;

¢} forming a first n+ region and a second n+ region in a substrate; said first n+ region is 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 nt+ region;

-e) forming silicide regions on said first p+ region, satd first nt+ region and said second n+
region;

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

g) forming a Vss contact to said first p+ regton:
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gates. 7. A nethod for an electro static discharge device conprising: a)
formng standard isolation regions in a substrate; said substrate is p-
doped; b) formng a first gate over ‘a first channel region and form ng
second gates; said second gates are fornmed in an area where a first n+
region will subsequently be forned; said first channel regions under said
first gates, second channel regions under said second gates; c) formng a
first n+ region and a second n+ region in a substrate; said first n+ region
is not formed in said second channel regions; said second changﬁl r%ﬁ;ons
are at least partially surrounded on the substrate surface by s T390t n+
region; said first channel region is between said first and said second n+

regi ong; f Or . i 1.St r.eqi on, separ at fromsai d second n+ region
by a ot anHareBoEb e LA L A R bR RS B W T e her
Substrate gﬁ% sgid.secgnd n+ regi on co parasi tic bipolar ESD

. ri se
transi st & T Ieelpnapd didisce ane} iggio %@ﬁ%%@$@%?gy f&edi st ance of the
first n+t region; e) formng 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+t region; 21 2 June 2006 g) form ng a Vss contact to
sai d f&rdhe Eupthp@gﬁ dam 4gpich er includes forming electrical connections between said second

gates.

7. A method for an electro static discharge device comprising:

a) forming standard isolation regions in a substrate; said substrate is p- doped;

b} forming a first gate over a first channel r'egioﬁ and forming second gates; said second gates
are formed in an area where a first n+ region will subsequently be formed; said 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 o+ region is not
formed in said second channel regions; said second channel regions are at least partially
surrounded on the substrate surface Ey 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 al
parastiic 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;
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h) formng electrical connections between said second gates. 8. The nethod
of claim?7 which further includes before step (a) formng an n-well in the
area where said first n+ region and said second channel regions wll
subsequently be formed and in the area where a portion of said second n+
region will subsequently be forned. 22

2 June 2006

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

h) forming electrical connections between said second gates.

8. The method of claim 7 which further includes before step (a) forming an n-well in the area where
said first n+ region and said second channel regions wiil subsequently be formed and in the area

where a portion of said second n+ region will subsequently be formed.
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