ESD PROTECTI ON Cl RCUI T BACKGROUND [0001] Traditional n-type lateral diffused
tal oxide sem conductor (riLDMOS) has sone inherent poor characteristics,
such as "strong snapback kirk effect or base push out", which negatively
affect or degrade its ESD performance. These negative characteristics resul
in non-uniformturn on of the nLDMOS or ESD device. [00021The disclosure is

directed to reduce or pr eveﬁg &m%@Wase push out phenonena
and to provide transistors 9?‘%%8 formance. SUMVARY

[ 0003] Enbodi nents generally relate to sem conductor devices. In one

enbodi ment, a device whichs a suBAGIREROIEPned with device regi on having
an ESD protection circuit is presented. The ESD protection circuit has a

t r ansi §0a01] TheTtaddivmakd-oypeilatetall deffused gatat oki@eisagidondwitor(ntDdMOBNhssi des. A
first diffusion region is disposed in the device region adjacent to the

first sbfe ifierdnhpodiodh@randistcs Y “dirbdg/siapPacke@ikdffdcbortias@pagibutn t he
devi ce region displaced away fromthe second side of the gate. The first

and s e%ﬁﬂﬁl Hégfafib'éig el id%gr%dé fi§ bgﬁgpe‘%%%& Fhefe lfxégraﬁge ?ﬁagz?crtéﬁs}’ic%%@&lt A

drift i'solation region i's dispose et ween t he gate an he secon
Second BVH-GE B! 1 5 BT S SL IS R ot devi ce. wel |- A drain el |
havi ng dopants of the first polarity type is disposed under the second
di f f us i[QmPZﬂ egi bee diselogyre ki direcked te Wﬁlse geRier Nt REPRE sapbekiarpagsBisheut
enbodi nent devi ce which includes a substrate having first and
phenomena and to provide transistors having improved ESD performance.
SUMMARY
[0003] Embodiments generally relate to semiconductor devices. In one embodiment, a
device which includes a substrate defined with a device region having an ESD protection
circuit is presented. The ESD protection circuit has a transistor. The transistor includes a
gate having first and second sides. A first diffusion region is disposed in the device region
adjacent to the first side of the gate and a second diffusion region is disposed in the device
region displaced away from the second side of the gate. The first and second diffusion
regions include dopants of a first polarity type. A drift isolation region is disposed between
the gate and the second diffusion region. A first device well encompasses the device region
and a second device well is disposed within the first device well. A drain well having dopants
of the first polarity type is disposed under the second diffusion region and within the first
device well.
[0004] In another embodiment, a device which includes a substrate having first and
second device wells in a device region is disclosed. The second device well is disposed
within the first device well. A transistor is disposed in the device region. The transistor

includes a gate having first and second sides. A first diffusion region is disposed adjacent to

the first side of the gate and a second diffusion region is displaced away from the second side

1



second device wells in a device region is disclosed. The second deviceis
di sposed within the first device well. A transistordi sposed in the device
region The transistor includes a gate having firstsecond sides. A first
diffusion region is disposed adjacent to the first side of the gate and a
second diffusion region is displaced away fromthe second side of the

00 el RSB R B BT BT AT o

regi on and mnthln the first device well. [0005] These and ot her_ advant ages
and f eaegipmsAdiainiwellkisdisgpsednndeiae s¢qondidsifisioreegioniant vithio the fapipteviont

t hrough reference to the followi ng description and the acconpanyi ng

drawi ng&ll. Furthernore, it is to be understood that the features of the
various enbodi nents described herein are not nutually exclusive and can

exi st igssnosgr | O¥fseAfiPb0RE hRIRE! U RLMARS (RRAFRESHRNBIEL M GBucll Fill

DRAW N 006] In the drawi ngs, like reference characters generally refer

to the | ngs are
not - nodSeuEs Rty ML UORRIEcRE i bliGhER peth eraﬁﬁh ee?c%g R " pon
illustrati.n rinciples of t.he inv foll
descri QGRS v@mf@argor@ BoierErdeSiooga sheBane b Bt oS awi’gﬁlggem bed
with reference to the follow ng draw ngs, in which: [0007]Figs. a-d show
cr oss- sewribedherein aasoonhuipaly sudusridan canrxist 5F vaioge gpabinatipep a[ndoos] Fi gs.
2a-d show cross-sectional views of other various enbodi ments of a device.
permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] In the drawings, like reference characters generally refer to the same parts
throughout the different views. Also, the drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the present invention are described with
reference to the following drawings, in which:
[0007] Figs. 1a-d show cross-sectional views of various embodiments of a device; and
[0008] Figs. 2a-d show cross-sectional views of other various embodiments of a device.

DETAILED DESCRIPTION

[0009] Embodiments generally relate to semiconductor devices. ESD circuits are
provided for the devices. For example, the ESD circuits may be used in high voltage
applications or devices. ESD circuits, for example, are activated during an ESD event to
dissipate ESD current. The devices, for example, may be any type of semiconductor devices,
such as integrated circuits (ICs). Such devices, for example, can be incorporated into
standalone devices or ICs, such as microcontrollers or system on chips (SoCs). The devices
or ICs can be incorporated into or used with, for example, electronic products, such as

speakers, computers, cell phones, and personal digital assistants (PDAs).
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DETAI LED DESCRI PTI ON [ 0009] Enbodi nents generally relate to sem conduct or
devices. ESD circuits are provided for the devices. For exanple, the ESD
circuits may be used in high voltage applications or devices. ESD circuits,
for exanple, are activated during an FSD event to dissipate ESD current.
The devices, for exanple, may be any type of sem conductor devices, such as

i ntegr circuits (I1Cs). Such.deyices,.fur exanple, can be | ncorporated
into si@(ﬁgél ong‘gdiﬂl?}l?@? %‘?IOTSCS,QE,C“‘%IE?X Kegeof; %%&lﬁ)ﬁfrgg?tloé Iasd%&ce 29@1 e‘g“? on chi ps
(SoCs). The devices or ICs can be incorporated into or used with, for

exanpl showecubgrite 19 isduevided. sTahsubstraspdlak example derp sersicenduséyrisubsiBifes, and
personal digital assistants (PDAs). shown, a substrate 105 is provided.
The subsdh @tassilidoorsubsteatpl By oneenéboglanert pthd wehstratesnipsbe apaypesdopledas a silicon
substrate.. In one enbodi nent, the substrate nay he a p-type doped

subst r ghtrafcOIFoR ¥R4MPIL, tht PayPe HMRA stpRREE BWsdhidtelbebped sabitkee dteed

substrate. Qther types of sem conductor substrates, including doped with
th 4 ' : ful. F
el D BE S BRI e SR e e R s B oo o
arsenid tal-on:-i | at h sild - [ lator (SOB. Th
e SRS R S AR SR e b sl P Rulioen ™

regions or wells having different dopant concentrations. For exanple, the
devi ce SRERATIHE] Gramanagy gr\iugopeenids, af eyabparsuliserd GR) sy syicamsad

regi ons. The doped regions nmay be designated by x x and |', where X

i ndi cafisslatdrgSEd). aFhiet spbstfatt ban blopdoyed ssbgtatas p for p-type or n for nand;
x- = lightly doped; x = intermedi ately doped; and = heavily doped.

[0011] The device may include doped regions or wells having different dopant
concentrations. For example, the device may include heavily doped, intermediate doped and
lightly doped regions. The doped regions may be designated by x’, x and x*, where x
indicates the polarity of the doping, such as p for p-type or n for n-type, and:

x~ = lightly doped;

x = intermediately doped; and

x" = heavily doped.
A lightly doped region may have a dopant concentration of less than about 5E13/cm’. For
example, a lightly doped region may have a dopant concentration of about 1E1 1/em? -
5E13/cm’. An intermediate doped region may have a dopant concentration from about 5E13 -
5E15/cm’. For a heavily doped region, it may have a dopant concentration of more than
about 5E15/cm®. For example, a heavily doped region may have a dopant concentration from
about 5E15cm’ - 9E15/cm’>. Other concentrations of the different types of doped regions may
also be useful. P-type dopants may include boron (B), aluminum (Al), indium (In) or a
combination thereof, while n-type dopants may include phosphorus (P), arsenic (As),

antimony (Sb) or a combination thereof.



A lightly doped region may have a dopant concentration of |ess than about
5E13/cnB. For exanple, a lightly doped region may have a &pant concentration
of about 1 El tient35E13/cnB. An internedi ate doped regi on may have a
dopant concentration from about 5E13 - 5E15/cnB. For a heavily doped
region, it may have a dopant concentration of nore than about 5E15/cin For

exanpl heayi | y dopged . regi.on ave a do t, concentratj on from about
SE1 5000 ET ks loirtie e SHEENAPY ASHE Seloa OipeRREF EhitRyhiBusi Adoped
regions nay al so be usethl. P-type dopants nay include boron (B), alum num
(A, idswica hﬁoéfﬁl)onéﬁglanéBQrmaﬁé’LeiPé%Vlti‘ﬂbg)ééﬁO,latWBiqféel?@fittmﬂéh%léﬁé\‘?ﬁ@g’@&fquﬁcI ude
phosphorus (P), arsenic (As), antinony (Sb) or a conbination thereof

[ 0012] Ahes ldovine rdghensdavthe sulistrafeu de sn@acdbodinent, dgi davickisblatefn negidnon t he
substrate. A device isolation ngion 190 may be provided for isolating

separ atsiitguddd@hél@nii EerebRAI Ahe BolatiddtrBgion dRY bLenledl @RBalRW krffchSsdlsiomat e. 1 n
one enbodi nent, the device isolation region surrounds the device region.

T L SRS 8Hoh SOURR T AT Feribih oG bOMIrbIFREN P SQlAK O STE)

regi on. ypes of isolation regions enpl oyed. 'For exanpl e,

the isol ation region.nay.be a deep,tre i sol ation. 1) regiqgn. The

ool at RsteRgeRT i e ki Bn S R IRE Pt ReR: HREiTshet a8 for a sn
region. Providing isolation regions o _other depths, such as 0.5
_-2 10 exdmpler extadsite gidshh of phgutA098 Ayfor gl esionn Pevidingiselating segionshe wi dt h
of the isolation region is about 0.3 um Providing isolation regions having
di f f er evitichdepenrstoantierwiepthhssuniays 815sol bemusePIl regitrs, tiagelseibenssiuf. oin
exanpl e, may depend on isolation requirenments. 100131The devi ce region

i ncl udeac ambb&ithdpt, ahe€®idthbf tHeriSdlation rEB@nESEbdut 01360hi Providihg ilolationn one
enbodinment, is a lateral diffused (ED) transistor. For exanple, the ESD

pr ot ect i | di et it i ] u I4; i SAVOR) i stor,
F0014] 1 Oma A dinPaehth PR RIS P GO G ot o e

substrate in gp devi.ce region.. The first doped well, as shown, enconpasses
t he co%%Pg#?eneg?ggﬁwgﬁf% e 8?“6xanple, the first doped well|l serves as a

first device we]l which js disposed jn the substra from_about an i nner
edge oﬂ&lm deﬁ“‘c@e‘il%“tﬂeg’coi“dﬂdl‘ i%rﬁSQ>PW?WH§1IPWéHf?°r éfgle REOYGEHP whi ch

extends fromthe bottom of the isolation region between inner and outer
edges efrcaihan psepmbpdiment dgs olntéral diffused(EEY) Gtansipter.ober exaoll, theftSDt he first
wel|l serves as an isolation well. For exanple, the first well isolates the
ESD pr pr@edtionrciciit éua LDfmetal dxide sanbisdrichicenr (IDMOS Y tsdnsisedr] shoul d be
sufficiently deep to serve as an isolation well.

[0014] In one embodiment, a first doped well 160 is disposed in the substrate in the

device region. The first doped well, as shown, encompasses the complete device region. For

example, the first doped well serves as a first device well which is disposed in the substrate

from about an inner edge of the device isolation region. Providing the first doped well which

extends from the bottom of the isolation region between inner and outer edges of the isolation

region is also useful. In one embodiment, the first well serves as an isolation well. For

example, the first well isolates the ESD protection circuit from the substrate. The first well

should be sufficiently deep to serve as an isolation well.

[0015] The first well includes first polarity type dopants. In one embodiment, the first

well is lightly doped with first polarity type dopants. For example, the dopant concentration

of the first well may be about 1E11/cm® - 5E13/cm’. Providing a first well having other
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[00151The first well includes first polarity type dopans. In one

enbodi nent, the first vell is lightly doped with first polarity type
dopants. For exanple, the dopant concentration of the first well my be
about 1E1 ilcnB - 5E13/cnB. Providing a first well having other dopant

concentrations may al so be useful. In one enbodinent, the first polarity
type is ii-type. For exanple, the first well nmay be wel |l .for a type
devi ce SPERHCHFRITAReTTERAASY hefdTrls n SgF #?%%béhq Bretpelaritydupdis ™ For

exanple a p- well may be enployed for a p-type device. 10016j A gate 120 of
t he tr dyps dtasexamplgi Bpdsgavalhmay be suvelhéws agttyphdegigpsPioyidng priyneeasdes/i ce
region. The gate includes a gate el ectrode 126 di sposed over a gate

di el ecftfirstpoldy typeds glad eseflile dlor edampley Heveflahysbd ¢raployeddonemnp-typt devied. s may
al so be usefuL As for the gate dielectric, it may be silicon oxide. O her

gate dijgdmtri & gued £10 &Xthe FBYsiAbSIS dRPoSRANIH the bR FRRBR EERRBEFRE In the 6vice
gategates used for core devices. O her configurations of gates may al so be

i -rcégigl?. Lifd g@(e) %Thf‘d'ggﬁ%a{%eerl%ugﬁé 26 ﬁigég{}sgeh%e%’@ %&Q die¥idric F24 aﬁf‘eZgagJ

. Ti
mul ti pl ransi rs or “exa conducCtor nmay travers

plurali of device regions_ separated by isolati regions. The pluralities
b 't rarnisbipis Bok g GolyStsine TGR AR GIE B3O PR Gk SRloR i ey SieRptlis
configurations of gate conductors may al so be useful. 10018] The gate is

di sposéidnpebosidigor pxide. Qier seleskirlcddematsriatsanay plsp by usedyli JAene30 and 140.
The S/ID regions are first polarity type doped regi ons disposed in the

subst r ambodifiant,ShOgate g8 onmslantoegatdsarsed fkarpreedeviveay Dither dopfeghritionstof gatiear i t y
type regions. For exanple, the S/D regions nay have a depth of about 0.1
-0. 4 umihy ¥des usdent hs may al so be useful The S/ D regions may be similar to
those of other transistors of the device. In one enbodinent, the first SID

region jherA S OHREBatt Gy B A LdHeuSBE AREhFoIhs BAEOSF heltiBledf AR EW RN Of
example, the gate conductor may traverse a plurality of device regions separated by isolation
regions. The pluralities of transistors have a common gate formed by the gate conductor.
Other configurations of gate conductors may also be useful.
[0018] The gate is disposed between first and second source/drain (S/D) regions 130 and
140. The S/D regions are first polarity type doped regions disposed in the substrate. The S/D
regions are, for example, heavily doped first polarity type regions. For example, the S/D
regions may have a depth of about 0.1 - 0.4 um. Other depths may also be useful. The S/D
regions may be similar to those of other transistors of the device. In one embodiment, the
first S/D region is a source region and the second S/D region is a drain region of the
transistor.
[0019] The first S/D region is disposed adjacent to a first side of the gate. In one
embodiment, the gate overlaps the first S/D region. For example, the first side of the gate
overlaps the first S/D region. The amount of overlap should be sufficient for the first S/D

region to be in communication with a channel of the transistor under the gate. The amount of

overlap, for example, is about 0.1 - 0.5 pm. Overlapping the first S/D region by other
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100191The first SID region is disposed adjacent to a first side of the
gate. I n one enbodinent, the gate overlaps the first SID region. For
exanple, the first side of the gate overlaps the first S/ D region. The
amount of overlap should be sufficient for the first S/Dregion to be in
communi cation with a channel of the tanthe gate. The anmount of overlap, for
exanple, is about. 0.1 - 0.5 um et apping the fjrst S/ D region .b t her
erount SREHtER bG Al I PR GRUSUHBOR e Srslabgadigh Frageeid of gn |y
doped region of the first S/D region. Oher configurations of the first SAD
r egi on thefirshF4 raggony S@thgr configurasions pethe degridDIegion axiyadso heruseBil.dis frraced
away froma second side of the gate. The di splacenent may be, for exanple,

r ef er r eble $aoonad Stiheegilim, ittis displaaaitaway] fiddnlascomel |ddoftthegat, Thedispifacemend! at i on
region 192 is provided between the gate and the second S/ D region. The

drift insg) ey QxR refbPéd @@NR &nift dfstacST! . Qther types of drift _
i solation region may al so be useful. As shown, the gate overlaps the dril

i sol ati The i i i : i ; ] i

of f cot 11002011 FFGld drtcR@hele PB1RANARNRRART oFFEL VTR OB HRRRR I e
to be ual t e profile . 1 drift isolation.regi 0021]sSid.ails of
e gatl® shghbs FediractneirthishiBp toin. Sl s £ ¥ TE ks Dot dnef

di el ectric_ spacers, for exanple, may be_ silicon _oxide spacers. O her types
of di elidatiangegnn &pgyalso bﬁa@sgﬁ}ls dsiseovBhe gatepyemansdhe duift ixphationt (Thgdridy ~ 5
conbi nation of dielectric materials or |ayers. For exanple, the spacers may
be conpadition regiavens be Tinplaypd teinsraasg/the atfettiveatrdt distanta gF arlesamplghthley doped
and S/ D regions. For exanple, the lightly doped region is fornmed prior to

spacer dkidndigthh@cantvelicrédzed td bséqual {9 the @idfile bhthe dnificidolafidrefegiopacer
| bituation. O her configurations of spacers may al so be usefid. For

cxani pligoz ihe SRRASNs BPe BStednsy BOLBy RBA Gt didIBoRERRSRTRS stbliR) L FROST St or

may al so 1 nclude a halo region.” The halo region is second polarity doped
regi on abutting the:.lightly doped and first S/ D regiaqns undern the gate.

' 0022) (TS Meaaionshiar . AP BF lPon bhF pdl, R e et ™ <
formed over .the transistors. The etch stop |ayer, for ample, is . a silicon
ni tri dEnaerAls Bey a{SPé’yéquElSH%h as ieon ndiridgtog  combafiay of éle[Frgyicamgtsn g or
useful. The etch stop layer should have a material which can be selectively
r enov edayersorica edaplectheispadesympy bt eorapesite spauees. etlerspecarpmagfedilitateci | i t at es
in formng contact plugs to contact regions of the transistor, such as the

gat e elfemiingde: lighdlydioped atic$/iDoregionkN Feperangyifahk ighttysdopet ecgidrchs fotnogal | ayer
may al so serve as a stress |ayer for
prior to spacer formation while the first S/D region is formed after spacer formation. Other
configurations of spacers may also be useful. For example, the spacer may be a single spacer.
In some cases, the transistor may also include a halo region. The halo region is a second
polarity doped region abutting the lightly doped and first S/D regions under the gate.
[0022] In some embodiments, a dielectric etch stop layer (not shown) is formed over the
transistors. The etch stop layer, for example, is a silicon nitride etch stop layer. Other types of
etch stop layers may also be useful. The etch stop layer should have a material which can be
selectively removed from a dielectric layer thereover. The etch stop layer facilitates in
forming contact plugs to contact regions of the transistor, such as the gate electrode and doped

regions. In some embodiments, the etch stop layer may also serve as a stress layer for

applying a stress on a channel of the transistor below the gate to improve performance.

6



applying a stress on a channel of the transistor below ate to inprove
perfoi mance. 100231A second well 165 is disposed in the substrate. The
second well nmay be disposed in the e device region. For exanple, the second
well is disposed within the first well. The second well serves as a body
wel | of the ESD device. The second device well includes second polarity

dopant a first polari .ype device.. Fo anple,, t second devi ce
wel Ao s AEmERHE BBt b Sutuligle, BTl BB B REPFSE

p-type device. The dopant concentration may depend on the voItagF

requi r éhdlif deyfcetrpgionepicexamphe thesesped wellicdsnased witin the firstgrall yrhex) or

internediately (x) doped with second polarity type dopants. For exanpl e,

t he sececmhdwedl] saregs deea hodly yedl ofcthd ESDrdeaice- Thpeecbad ideece Gelencludgsant
concentration for the second device well suitable for, for exanple, high

vol t agaeadia ﬂ(ﬁzﬁlt%r ABFantdRY adr&iPoPRity SRfelllevick 0§34 Exbng 18Ry sebBhd déticd wast

enconpasses the first S/Dregion and a part of the gate, As shown, the body
well e ’ Y Sl ESE an i i 1 i tions of
the seconpaayy teeppis i andE R AR RS o e e T L Suer
te than the firs I1. 109251The first and secon |s, 1h one

erbod MeET cgpstiatiGh sy dipen on e voliite BAURTER AT Nkt 1B S50 g 167

for asing. the wells. The well contacts are_ heavily doped regions, simlar
to the dovise wedliBasbe Bt () of infempasdiaelyr(khdensd Witthreeand pqlariyupq dRR8RISt han a
depth of the device isolation region tind the well contacts are in
comunifoaekamplei thh s¢dvad vedipeay bep typel wel foTher-8padevicon@thet depanbn of t he

wel | contacts may be about 5fil5ern3 - 9E15/cnB. The well contacts have the

sane pabacdntyitiby pg thSsdcbad Welitswell atiitabiafop) for exdagplé,ibigh volkigk applidadeis,i S a
first polarity type doped region and the second well contact i1s a second
pol ari tya MReLA@REH. region. [002611n one enl bodifnent, isolation regions
194 may be provided to separate the contact regions. The isolation regions

may be [&BA} r egirﬁg godva(?/Ell SRR Ieﬁéorﬁga%sésstﬁé ﬁ}slt b ?eeg%noarl]nsd z{T&Xt of the gate. As
shown, the body well encompasses the first and second S/D regions. Other configurations of
the second well may also be useful. A depth of the second well is shallower than the first
well.
[0025] The first and second wells, in one embodiment, are provided with first and second
well contacts 162 and 167 for biasing the wells. The well contacts are heavily doped regions,
similar to the S/D regions. For example, a depth of the well contact is shallower than a depth
of the device isolation region and the well contacts are in communication with the respective
wells. The dopant concentration of the well contacts may be about 5E15c¢m” - 9E15/cm’. The
well contacts have the same polarity type as the wells. For example, the first well contact is a
first polarity type doped region and the second well contact is a second polarity type doped
region.
[0026] In one embodiment, isolation regions 194 may be provided to separate the contact
regions. The isolation regions may be STI regions. For example, the isolation regions may

be similar to the device isolation regions. Other types or configurations of isolation regions
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be simlar to the device isolation regions. Qther types or configurations
of isolation regions also be useful. 100271Metal silcontacts ot shown) may
be formed on the gate el ectrode and various contact regions. For exanple,
nmetal suicide contacts may be provided over the S/D regions, well contacts
and gate el ectrode. The suicide contacts, for exanple, may be nickel - based
contacts. er t es of netal silieide contacts may al so be useful. For
exanpl (IR HE ‘H‘Sie de contacts may be cobalt suicide (CoSi) contacts. The
sui ci de contacts may be about 100 - 500 A thick. Oher thickness of the

sui ci dd0@Xt acb@tﬁ*ﬁshcmes?@n@étsd%ﬁhawn) maE bs iperedondibaeaiselectade s enpl oyed

to reduce contact resistance and facilitate contact to the back-endof-Iine
met al ivatienscamieet tegjonk0 028&tamme.enetalsilidide cantacs tmhy bd pwetidediorer the SoPovi ded.
The third well is disposed in the substrate within the second well. For

exanpi Gegidngl QRitoRfacts RAd ihierclecwlié. The sillaildk ovacts BNeandRgntayte Aibieclsecond
wel | . The third well serves as a drift well. In one embodi ment, the third

wel | e%ﬁg&g@ﬁgﬁ ?l gﬁé&rtﬁn%tﬁ HIRGH OGRS 1%§§7 ‘31@6’%8\%/&%{ F&%x&ﬁ%l% thIhe gat e

overl aps creating a gate ap regl 0

th t ded '

B bR R LR BB Busod
the gate and an ge of the drift |solat|on region (e.g., inner edge of the
drift i188r éppg\nthrcécglfe}hyr thisdeessh dregakidde sonteniemanslsabraseful. ofhg sligide yt o. 2

- 2gm Providing other values of R'," may also be useful. The width, for
exanpl epntaety nhyperioyaddsirghuce eqnnactem;stmce anddaglitate améaceteibebagnend-t he
depth or bottomof the third well is below the isolation regions. For
exanpl ef-linBendiliifitercomhdcss.f rom a bottom if di e device isolation radon to
under the gate. The depth of the third well nmay be about 0.1-5 um O her
dept hs [ggg) al SR B embodiment, a third well 170 is provided. The third well is disposed in the
substrate within the second well. For example, a depth of the third well is shallower than a
depth of the second well. The third well serves as a drift well. In one embodiment, the third
well encompasses the second S/D region and extends under the gate. The gate overlaps the
third or drift well, creating a gate overlap region Ogy.. In the case where an internal isolation
region is provided, the Oy is between an edge of the third well (e.g., inner edge of the third
well) under the gate and an edge of the drift isolation region (e.g., inner edge of the drift
isolation region) under the gate. In one embodiment, Og, is about 0.2 - 2pm. Providing
other values of Oy may also be useful. The width, for example, may depend on design
requirements.
[0029] In one embodiment, the depth or bottom of the third well is below the isolation
regions. For example, the drift well extends from a bottom of the device isolation region to
under the gate. The depth of the third well may be about 0.1-5 pm. Other depths may also be
useful. The depth, for example, may depend on the design voltage of the device. The

substrate under the gate between the first S/D region and third well forms a channel of the

transistor. The effective drift distance is from the second S/D region, around the drift
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The depth, for exanple, may depend on the design voltage of the device. The
substrate under the gate between the first S/D region and third well forns
a channel of the transistor. The effective drift distance is fromthe
second Sill/ region, around the drift isolation region and to the channel
wi der the gate. 10030] The drift well includes first polarity type dopants.
I n one .enbodi nent, the_dopant concentration of the drift well is |ower

t han tH%’%E’ﬁ‘éﬁ?%&ﬂ‘i%‘i}’?&gf‘%}?]B?‘gerrgl?erﬁa%‘?'n one enbodinent, the drill well
may be lightly (x-) or internediately (x) doped with first polarity type
dopant s[OO%}r eXanpiis wolliaclydesdirst pawatyiyReddapgntsofn preerabodimene Hieidopatfout
1E12 - 1E14 / cnR. O her dopant concentrations may al so be useful. For
exanpl epntdnaatiapafithe daficeeit isdowernthamthediepartdoocentdagomakihednon. br @ek down

vol tage requi rement of the device. [0031]1n one enbodi nent, the second

vel |, tehthobinmddt, thé BriR @aHI0MaRBE i galye(xaY & ifeimENAt¥yqR)@did wieh first polstity
termnal 134 of the ESD dev?ce. gl;Ii"th}g( second S/ D rggi gn Iﬁg coupled to a

second j e ' : A S § rnigal, is a
source t@ﬁpﬁfg& ;iﬁ% e? %%ﬁfs%’e%lgg p?g%%ﬁ%ﬁlgﬁén rai nhfﬁ e‘*r@nﬁr%g;o{)&%hée@s?t? ?e/
termnal o f exanmpl e, i oupled to,gro ile the.drain.termpal,. for
exanpl 471 SHhaPET Bhodbaiai e S huESHE M bty af oBh 5 o,
connections to the ESD . devices may al so be useful. 0%003(%] In accordance with
one entAY dapRRd onthegp@timuieen breakeopa violtags teguirente of Hifrdayidgel |, for

exanpl e, serves as a second S/D or drain well. The drain well is disposed

i n t he [80Ad$t r alneongratighodithentdihaisecand gvedln theTlirst SilHtelgionfant Igetefapeicarthmaelyl  may
be, for exanple, narrower than, the sane as, or larger than the w dth of

t he dr abipledlaPefitht R@maial 1 B4 oD BED A¢vive | TiagRcondh$yDaepioh iotouphel Wdraai n wel |
is between the bottomof the drift isolation region and body welt. O her

dept hs £ Omdhemfihai1n4Wekie BRY dalise. B 4SRII, thlBRBRIANE] Hladbolrcd@driniadlic! udes

first polarity type dopants. In one enbodi nent, the dopant

and the second terminal is a drain terminal. The source terminal, for example, is coupled to
ground while the drain terminal, for example, is coupled to Vpp or I/O pad. Other
configurations of terminal connections to the ESD devices may also be useful.

[0032] In accordance with one embodiment, a fourth well 175 is provided. The fourth
well, for example, serves as a second S/D or drain well. The drain well is disposed in the
substrate under the drain region. The width of the fourth well may be, for example, narrower
than, the same as, or larger than the width of the drain, depending on the operation voltage.
The depth of the drain well is between the bottom of the drift isolation region and body well.
Other depths for the drain well may also be useful.

[0033] The drain well includes first polarity type dopants. In one embodiment, the dopant
concentration of the drain well is between the second S/D region and drift well. In one
embodiment, the drain well may be intermediately (x) doped with first polarity type dopants.
Other dopant concentrations may also be useful.

[0034] We have discovered that, by providing a drain well under the drain, lower

resistance path is created in the vertical direction. As such, current is directed to flow in the
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concentration of the drain well is between the second S/D region and drift
well. En one enbodi nent, the drain well aintcmediatth (x) doped with first
polarity type dopants. O her dopant concentrationsbe useful. 100341We have
di scovered that, by providing a drain well under the drain, tower
resistance path is created in the vertical direction. As such, current is

directed to flowin th . verti.cal djrection instead of in the horizontal
i r ect ecaiEehon duleifotin (e ionr et SHon e This BgauoR opeba et s” an
early stage. This results in inproved and nore uniformturn on of the ESD
devi ce relaxmRydepipssadnt 6n 6oy sfags obhs swsBlts BnaIPreyed\gng Mmegp R B8R Phent of
a device 1001). The device 100h is simlar to the device of Fig. |la. Conmon
el enenttlse B8 doeicdescri bed or described in detail. As shown, a substrate 105
is provided with a device region isolated by a device isolation region 190.

The deyoE3s)r egF@N1h BEdvkILE0ss-$detibiAREdws bPdnole? eMibbgitnene bV £8evase PODHESD
protection circuit. The device region includes first, second, third and

fourth - : . -175. U?]rgn i | an

i sol at i@%%\ﬁgﬁc‘g\?bégilg@gg%ﬁg%&éﬁz&%ﬁé y 12’5 Ca o%él\%gleﬁsnkﬂe t Rlél‘%& \ﬁilglél?
serves as a drift . well,and the fourth well serves.as .a .drain wel.l. I

cont act™’ %pgﬁiml%eﬁm!inﬁs %g’fvr}’rﬂ)fuﬁsgra&ﬁ]o |laé)&‘?wﬁeéﬁ‘f'léﬁ?gﬁwf%bng%sl,so%ﬁg\r(\ﬁ'as a
drill isolation region 192 and well contact isolation re ionﬁiﬂll’94 may be
provi dédleviveisplationiregign 18601 he devisrisreion 1psladesdelD dransipler ht whishsgvedae, s/ D
and well contact regions. 100361lIn one enbodinent, a fifth well 180 is
provi ded ESThprotdcfiph cinelit. Bler deysceasgian fimphndes first, second, third and fourth doped

wells 160, 165, 170 and 175. The first well may serve as an isolation well, the second well
serves as a body well, the third well serves as a drift well and the fourth well serves as a drain
well. Well contact regions 162 and 167 may be provided. Isolation regions, such as a drift
isolation region 192 and well contact isolation regions 194 may be provided. Metal silicide
contacts may be provided on the gate electrode, S/D and well contact regions.

[0036] In one embodiment, a fifth well 180 is provided. The fifth well serves as a low
voltage (LV) well. The LV well includes second polarity type dopants. The LV well is
disposed within the drift well. In one embodiment, the LV well is disposed between the drain
well and inner edge of the drift well. As shown, the LV well is disposed under the drift
isolation region 192. For example, the LV well is disposed under the center of the drift
isolation region.

[0037] The LV well has been found to increase the holding voltage (Vi) of the ESD
device. We have discovered that by providing a LV well, the base push-out phenomenon is
depressed. It is believed that the LV well provides a high resistance path for the current in the
horizontal direction. As such, current is directed to flow in the vertical direction instead of in
the horizontal direction. This results in improved and more uniform turn on of the ESD

device.

10



voltage (LV) well. The LV well includes second polarity type dopants. The
LY, well is disposed within the drift well. In one enbodinent, the LV well
i s disposed between the drain well and inner edge of the drift well. As
shown, the LV well is disposed under the drift isolation region 192. For
exanple, the LV well is disposed under the center of the drift isolation
regi on. 37] The. LV wel | has been.found.to increase the haldin tage (V
of £sp 48 e ") T hsdhoVh A eBesionl e obgt 1 a0t g m b e 2
push-out phenonenon depressed. It is believed that the LV well provides a
hi gh r d3iesieise 0Qaistimidar to jthe dayiqeardig.at KonHBen olemenls neayme be descripgd such,
cui Tent is directed to howin the vertical direction instead of in the
hor i zowr descdbed ot davail. Ahsloowre asbibgratan] 05nis pownadiedawith adeece migioi iwlatedibyon of
the ESD device. 100381Fig. |c shows a crosssectionai view of yet another

enbodi aRRYicefisodatidR\ttgien 000. TROBcHEYIegRNLiAOAdésSa BDMahdiktot 013 RBicHaHes adf
Fig. la. Common el enents may not be described or described in detail. As

shown 2H %&5 ?ecgi%g 8fr§ul1ﬁ ;’PP( . @eﬁr@ce%%ign ?n@@d’és (fﬁsé},r fegbﬁ)cg Isliliﬁi)!uﬂf f?)QrtH ﬁoﬁecfj evi ce

i sol ation region evice region Includes a transi stor 115 which

Secona Pk e TGHRE HGop o PLmig o Fas 5 h5RaRa T RO et

may serve as an jsolation well, the second well serves as_a body wel|, the
third WeVes aet hedy well ghejthindiwelksarvesia adndt wellippchthgdpyrthwel) servesass ¢ n
well. Well contact regions 162 and 167 nmay be provided. I|solation regions,

such asvedl. Well contadiregipuml (2eayidod 7 182y baprowslell. &oltimotregignd, audhos ardsft ons 192
may be provided. Metal suicide contacts nay be provided on the gate

el ect r dedbdatiod/rEziand9ehd welrbaatt isealicnegiohd 089 hiay bagesvidan ddet tilicidee

enbodi ment, the drill vial is narrowed. As shown the drift well is narrowed

SO t halohtBgs h{h@ﬁfe 1?6888 theMale QXURIAE, I8 AW WAL E r@fishsdoes not  extend

into the channél region. For exanple, the inner edges of the drift well are

bel ow enter he drift isplation.reaion h Vi ce.isol ation
regi ont[qg;(?? [ O%fﬁ%%:ﬁéncﬁ a"}c}lrﬂ%)\(/)\ﬁtl enarﬁg?(ﬁ{nﬁgt’ ; 5 ‘ﬁfPV\Xgﬁ ?s I%aar{ff’ Vgegé r'IAL sfscl)1 8?1’ ? @%
i ncrease . the hol ding. voltage (Vi,), of the EST vice. W have di scovered
that b§nf WebRTAOTAS SafHeF 4r cdgheogs 40k eﬁﬁé%gﬁew 1 eHe ARt Oresiet
depressed. This increases the base of the parasitic bipolar transistor
(13JT) estend ho E8henpd megion. whercdxampliu desinnérecdpessed theidntt iwellpie helawriba t o
result in inproved uniformturn on of the EST) device. [0041]Fig. id shows
a cr ossemtecdfitbadtiftiiodmionfreyioh 182 ahdére dentvedsoiaivin rofioa 16@vi ce 100d.

[0040] The narrowing of the drift well has been found to increase the holding voltage (V)

of the ESD device. We have discovered that by narrowing the drift well, the base push-out

phenomenon is depressed. This increases the base of the parasitic bipolar transistor (BJT) of

the ESD circuit, which reduces the base push-out phenomenon to result in improved uniform

turn on of the ESD device.

[0041] Fig. 1d shows a cross-sectional view of yet another embodiment of a device 100d.

The device 100d is similar to the device of Figs. 1a. Common elements may not be described

or described in detail. As shown, a substrate 105 is provided with a device region isolated by

a device isolation region 190. The device region includes a LD transistor 115 which serves as

an ESD protection circuit. The device region includes first, second, and fourth doped wells

160, 165 and 175. The first well may serve as an isolation well, the second well serves as a
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The device 100d is simlar to the device of Figs. |a, Commobn el enents may
not be described or described in detail As shown,a substrate 105 is
provided with a device region isolated by a device isolation region 190.
The device region includes a ED transistor 115 which serves an ES!)
protection circuit. The device region includes first, second, and fourth

doped Ils 160, 165 and 175. The f,jr.st I serve as an | ation
vt ey Sl e RBerd s of p i unell Wil Conatretorr Qeni 82AC s a
drain well. Well contact regions 162 and 167 nay be provided. Isolation

r egi onderetideds Isolgtion regioss] wich ema dadiisniatigpregion 198|and ssHtcqatact iselptien on
regions 194 may be provided. Metal suicide contacts nay be provided on the
gat e elregibnothE, mS) be prodided! Metalrdiladde cagacsmay b pdivjded omahe pataelvetrodd, h one
enbodi nent, unlike the device 100a of Fig. la, no drift well is provided.
The bOQyDWQthu&%nﬁQQM%kmﬁt | east enconpasses the first SID region and a
part of the gate. As shown, the body well enconpasses the first SAD region

and a of ' . Sl j drift
ool | ARE2ACL, bTecdRRed MDA ERbSApRE Bpfike bgReok S0 ety hORRY G ai n
wel |, for. exa . e optim.zed dependi ng on t 0 drain area.

11 1 ndtSTHS PRRGE T tady ol pehtf e STBEE B Sumach o BiSh SR Hfor e cur r en
is directed to flowonly in the vertical direction, This results in

Unpr ov@artohdhegate 4% 51qvh thahadyorelbencoppassepthedirpice Diaggivavad a1pad odithscover ed
that this configuration inproves ESD perthi mance. 100431Fig. 2a shows a

cr oss- gettfranalfirsti sede eflthagatal Wathvait thealridheldli the ditairols caupled tacthe 2D0mel The
device is simlar to the device 100a of Fig. la. Common elenents y not be

descri hiedisohtiseselli Tae drdin detlafor exAfipls/iawibe aptitityet dapeadidpon the potalvi ded.
The substrate, for exanple, ple, is a semconductor substrate, such as a

si I'i conrghhaar %?ﬁain%%éﬁﬁe HY RSV OllinsiBRs BQS% ; Yt HeRBmBRort! SEdlurrchy FeVi ce

egion 110 is define the substrate. A Ice isolation region 190 may be

o't he CLkey 11 2y BB FERAI AP s BEUED PER R bR bbb oo

t he devi c% ion. The_isol ation,regi on, faqr ex i.s a shallow trench
i sol at i°81?

re ) I e,
(sriPYD deyicen W ediaye plspyice Vered thep fhis P suEriopi@PHys KPS be
enpl oyed. 100441The devi ce region includes an ESD protection circuit 215.
The ESDepipmnasti on eludes a plurality of LD transistors coupled in
paral l el . For exanple, the ESD protection circuitntransistors, As shown,
t he deydes3]r egFign2a stedwsdesods-destiormdt @iew of an alternative embodiment of a device

200a. The device is similar to the device 100a of Fig. la. Common elements may not be
described or described in detail. As shown, a substrate 105 is provided. The substrate, for
example, is a semiconductor substrate, such as a silicon substrate. Other types of substrates
may also be useful. A device region 110 is defined on the substrate. A device isolation
region 190 may be provided for isolating or separating the device region from other device
regions on the substrate. In one embodiment, the device isolation region surrounds the device
region. The isolation region, for example, is a shallow trench isolation (STI) region. Other
types of isolation regions may also be employed.

[0044] The device region includes an ESD protection circuit 215. The ESD protection
circuit includes a plurality of LD transistors coupled in parallel. For example, the ESD

protection circuit includes n LD transistors. As shown, the device region includes first and
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second (e.g., n::: 2) LDtransistors |Ii Dt-b. Providing other |unber of LD
transistors may al so be useful. 100451A first doped well 160 is disposed in

the substrate in the device region. The first doped well, as shown,
enconpasses the conpl ete device region. For exanple, the first doped well
serves as an isolation well The first well includes first polarity type

dopants. I n one enpodinent., th irst well is lightly ed with first

ol ar 1 et E B oant G RSO Hpedd oSk fier i b LR lsm ey
concentrations may al so be useful. 100461A transistor includes a gate 120
whi ch iadsodiesyseBéd on the surface of the substrate in the device region. The
gate includes a gate el ectrode 126 di sposed over a gate dielectric 124. The
gate nd004d a gafist dupredwatlor6Ovikidshofedrimthegaibstsaten thldevipd eegiomariiedirstr s. The
gate is disposed between first and second source/drain (SID) regwns 130 and
140. Thpéd well, 48 showRIRBmipSssdé SRASARIAE I teglod. Fof kxmhpls] tHe figdh dbpl gat e.
hi one enbodi nent, the gate overlaps the first S/ D region. For exanple, the

hi one | i | |

choul d e oo Fara D ol AR, A LRl Bef BOleB, P SaRRy s Wit o
h | of .the. t i, St or. t h te. The. f l.ap i f

cxcamp eneagiirohd Rl i RBOEY admido™h Ssupian bR ot (Fals et [gn 1

doped (1,D) region of the first Siel) region. O her configurations of the
first Sy havientherdppantcongentizdiapymay alsopgus¢tie second & D region, it is
di spl aced away from a second side of the gate. The displacenent may be, for
exanpl d0046df er Adoansistossndides drgafet 124 whigh cedisfja36d 7 the sunfecenftbe suhstratedn | |
i sol ation regionl92 is provided between he gate and the second S/ D region.

The dr ithéd dévs&d r@fioan The gaterincliidds xuddElketrodes 28 dspbsedd e b ghiepiide@fic dp4.f t
i solation region may al so be useful. As shown, the gate overlaps the drift

| sol at IgR-gatthRafihd b bate BRI WHiEH ffhs Gafks BE nRITYIO Wakkidtors! THE§aREs L he

effective drift” di s%ance. For exanple, the drift distance can be increased

(0 e plod b5 BHEL14558ly LR DISIIRLELLET A SHL B it Jeva

of the e’ nay rovi pacers ectric

spacers, .for exa e,. may be_silicon oxide spacers. O her types o

di el ect§ign wﬁ%m"s% i mysa & b aid ebeizetes JE RNS EmBpdimesh the 47 a‘éer{ﬂ)s a

conbi nation of dielectric materials or |ayers. For exanple, the spacers may
be complasfitseSApeagions Forlesamplecedirstmiderafdhe gatepeerians thenfgrst H® tegionl hgoped
diffusion and SID regions. For exanple, the lightly doped diffusion region
i s for madupt oftovetlap sipadébatuf@oienhiolr ehet fivet $/0r ioBlt®be égc@nmiusichidsmedh af t er
spacer formation. O her configurations of spacers may al so be useful. For

exa pi tchande6f B AGRLIsORYnRE tiRe St IR SRAGR of oFH DA 6AS8plE, A8l (ANSI St OF
may al so include a halo region. The halo region is a second polarity doped

ég?ief’“ 031t R 9nd BEbbAHEL, YnPOREGvaHabt HSieRlly B0kt D) regtbiof #Y/RAS BNder the
region. Other configurations of the first S/D region may also be useful. As for the second
S/D region, it is displaced away from a second side of the gate. The displacement may be, for
example, referred to as the drift distance.
[0047] In one embodiment, a drift isolation region 192 is provided between the gate and
the second S/D region. The drift isolation region, for example, is a STI. Other types of drift
isolation region may also be useful. As shown, the gate overlaps the drift isolation. The drift

isolation region can be employed to increase the effective drift distance. For example, the

drift distance can be increased to be equal to the profile of the drift isolation region.
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[0049] I n sone enbodi nents, a dielectric etch stop layer (not shown) is
formed over the transistors. The etch stop layer, for exanple, is a silicon
nitride etch stop layer. O he I YP of etch stop |layers may al so be useful.
The etch stop | ayer should have a material which can be selectively renoved
froma dielectric |ayer thereover. The etch stop layer facilitates in

formn tact,. pl ugs contact, regi ong qf t.he traas the gate el ectrodeand
doped %gé‘ﬁﬁns. g}(f?w ﬂ?@% i RBhPEPIOY ‘r‘l’@a W#Q’rfilglf’f)tﬁclsﬁwfs f?éyalgle clediiGe as a
stress layer for applying a stress on a channel of the transistor below the
gat e t GPheEpY, dureexpmpte oraresilicooP3olEApaetipvther hwes pf dielegliiy atedddmap
transistors are configured to have a comon second SID or drain region.

O her catsof begusefid i snals aofilitdrenitidet oransnttinnt®nrdicdciic imateriakfarllayefdFot] A
second well 165 is disposed in the substrate. The second well may be

di sposegampld iR sﬁ@d@r%a%'_ﬁg CORpodiRIspERITPTIRS spab&s RGIRE1IMWR] forhigdheposed
within the first well. The second well serves as a body well for the

t ransi : S hee-wel o S ¥ t:s. The
seaond 0T daB g L R R ok S o o R, {1t
pol arity type.dopants. .Q her doparit.concentration for .the second device
wel | melgrmasdkiosdd sespt formaemubie s sy thigeionds [rmsd ol g pa T 0RO
first SID regions and a part of the gates. As shown, the body  eh.
enconpdatfesconfiguratipas ofpace e B @lsg| e uselyil-oRer exampls: theoippeeymartheondnge t he
second well may al so be useful. A depth of the second well is shallower
t han t spader.r &t soned ¢asey; tha tdimsgptdr meaysdeoimdlude kb halei iepioot Ade hdleptgisnmsy al so be
useful . 100531The first and second wells, in one ibodinent, arc provided
wi t h fise&dndgiethri@aepel region abutting the lightly doped diffusion and first S/D regions under

the gate.

[0049] In some embodiments, a dielectric etch stop layer (not shown) is formed over the

transistors. The etch stop layer, for example, is a silicon nitride etch stop layer. Other types of

etch stop layers may also be useful. The etch stop layer should have a material which can be

selectively removed from a dielectric layer thereover. The etch stop layer facilitates in

forming contact plugs to contact regions of the transistor, such as the gate electrode and doped

regions. In some embodiments, the etch stop layer may also serve as a stress layer for

applying a stress on a channel of the transistor below the gate to improve performance.

[0050] As shown, the first and second LD transistors are configured to have a common

second S/D or drain region. Other configurations of the LD transistors may also be useful.

[0051] A second well 165 is disposed in the substrate. The second well may be disposed

in the device region. For example, the second well is disposed within the first well. The

second well serves as a body well for the transistors. The second device well includes second

polarity dopants. The second device well may be lightly (x') or intermediately (x) doped with

first polarity type dopants. Other dopant concentration for the second device well may also be

useful.
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wel | contacts 162 and 167 for biasing the wells. The well contacts are
heavily doped regions, simlar to the SID regions. For exanple, a depth of
the (ell contact is shallower than a depth of the device isolation region
and the well contacts are communication with the respective wells. The
dopa: nt concentration of the well contacts may be about 5E15c - 9E15/c 3.

The wel nt s, have the sanme polarit s the I1s. Ear exanple,
the 1 i0esel FhShedievel Ariet Fradsdien s G Sraremspaart aghisl He i Gne
second wel | contacts are second polarity type doped regions. [0Q0541in one
enbodi Herghownsibe dpiywel egronpasseshediyst pad pecend §é15 regionse SAhenr @négpratiens
regions. The isolation regions nmay be STl regions. For exanple, the

i sol at iof thersegormaingelimpy hisodieristfat. Aaleptheofdby second sellat simtowegthemhe fidsther
types or configurations of isolation regions nmay al so be useful.

100551 Meliialprovillingi tHE s<e8nd aetiSwithnohe Py mapylsdBe hyiimed on the gate
el ectrode and various contact regions. For exanple, netal siheidecontacts

may be i de j I; . ; t e. The
sut ci adOUEN: coPhENBEahd BebhPheie 0B bl n Gl S AR WA eGSR ot
metal silieide conta .al.so.be eful . For ex I t-he silicide

Cont ac etk 8RR B2 TR biriEs peguts dk tueliien i RaTs feavty GePtbieBisRs may
be about 100 - 500 A thick. Oher thickness of silicide contacts may_al so
be usefimilartpgesy/Piregigas.chritaemploradepid of thn wolkgontact inshatlewepihamadepth
resistance and facilitate contact to the back-endof-1ine netal

i nt er cofitteatesice[i@08BDI mgionené theodélhenttactaarehn commeinicatigiowith the wepattide The
third well is disposed in the substrate within the second well. For

exanmpl evells. daptbpat céht@ntritidco it veil Sosthetk hewese dbbanskl sdept 9Ee/ctiie Thecond
well. The third well serves as a drill well. In one enbodinent, the third
vel | eReaTRasRRthal B RRRIBIDIY tpol8 MOV hAR L EAOR, tHOURL: dIPodiflcB%mre The
gates overlap the third o ritt well, creating gate overlap regi ons Qyne.

[ 0057110 .0on odi nmen t he depth or bottom.of the third |l..1S ow t he
sol at 151 PORgTE R RBR! el el BieneCind Wit B e bl Stttk s o of < ne
device isolation region to under the gate. The depth of the third well may
e abouf®®O®:5 gm O her depths may al so be useful. The depth, for exanple,
may depend on the design voltage of the device. The substrate under the

gat e bdd0Gddn t Ineonieiemboginment sigdlohomragiansilPd mwasl te rirovided to sehanateedontact
transistor. The effective drift distance is fromthe second SID region,

ar ound régdiénsd ritetisdl sttdnadeions fragibers Tdnegibms. tive eapieetheusudaiontrhgiogatay

be similar to the device isolation regions. Other types or configurations of isolation regions
may also be useful.

[0055] Metal silicide contacts (not shown) may be formed on the gate electrode and
various contact regions. For example, metal silicide contacts may be provided over the S/D
regions, well contacts and gate electrode. The silicide contacts, for example, may be nickel-
based contacts. Other types of metal silicide contacts may also be useful. For example, the
silicide contacts may be cobalt silicide (CoSi) contacts. The silicide contacts may be about
100 - 500 A thick. Other thickness of silicide contacts may also be useful. The silicide
contacts may be employed to reduce contact resistance and facilitate contact to the back-end-
of-line metal interconnects.

[0056] In one embodiment, a third well 170 is provided. The third well is disposed in the
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[0058] The drift well includes -first polarity type dopants. In one

enbodi nent, the dopant concentration of the drift well is |ower than the
dopant concentration of the drain. hi one enbodinent, the drift well nay be
lightly (x) or internmediately (x) doped with first polarity type dopants.
For exanpl e, the dopant concentration 'the drift well is about 1E12 - 1E141
cm. Other dopant concentrations may als e eful. For le, the
dopant S§ E"n‘ﬂ%‘lﬁé@ﬁ %F@B’é‘%&'%@nlg%‘@‘ ‘?’rﬁﬂ%l’g’r%tgﬁﬁm %F‘Fégé?"r%gl?%nt of
t he device. [00591In one enbodinent, the second well, the first S/ D region
and gatdepthrof theenend yelbolipe thdrdiwelbservessss ardsifivivaldl Irogneramebodgpeniethe dird The
second S/D region is coupled to a second term nal of the ESD device. For
exanpl eyelltdneothpissés the sedond|S/D seglos and edendsrundaathe gatds.t Tiee ggeoodribpthe nal is
a drain termnal. The source termnal, for xanple, is coupled to ground

whi | e 4hes e @ whB! dedtle gat ObveBMpIRiéns Og,coupl ed to Vim or 1/0 pad. O her
configurations of term na% connections to the ESD devices nay al so be

usef ul é(()]ds%zﬁg] %.,ngbn%c V(\)gﬁ’f}?nefbtﬁia tg?(%tﬁgffg M%'f B hird WeRYs BQ&W@F% isg))giﬁgil S

provid urt Serves as a secon rain

The wi BEE0DF ToRevTBtle e AR Sy E Togp o BO G AR so F o Eai8 ‘B o

| arger than the width of the drain

| dependi ng on the operation voltage. The
dept h @nderribe gatai mhodenthiof theahingbaiellpry lmﬁhoe;gO-éfS KRe (&Eﬁ’ffdﬁf’m}@é‘llaé’t alenbds egi on
and body well. O her depths for the drain well nmay al so be useful.
10061 1 Tbefuld rBiendepé, lfor examptie safyidepéndomi theidesigh ypkagtayf dime deviden Thae
enbodi ment, the dopant concentration of the drain well is between the

second s3tiaRAinder feGatd Hekwedttht firdt 8/ Reienvhiadlihivartell fohas 8chinhelsf the My
heedi ately (x) doped with first polarity type dopants. [00621We have

di scovendsibPathe GYecBUOULA dPafted bR HESdcoHALRH rddiéh, dFRD thEyifi €Nt 1S
isolation region and to the channel under the gate.
[0058] The drift well includes first polarity type dopants. In one embodiment, the dopant
concentration of the drift well is lower than the dopant concentration of the drain. In one
embodiment, the drift well may be lightly (x°) or intermediately (x) doped with first polarity
type dopants. For example, the dopant concentration of the drift well is about 1E12 - 1E14 /
cm”. Other dopant concentrations may also be useful. For example, the dopant concentration
may depend on the maximum or breakdown voltage requirement of the device.
[0059] In one embodiment, the second well, the first S/D region and gate are commonly
coupled to a first terminal of the ESD device. The second S/D region is coupled to a second
terminal of the ESD device. For example, the first terminal is a source terminal and the
second terminal is a drain terminal. The source terminal, for example, is coupled to ground
while the drain terminal, for example, is coupled to Vpp or I/O pad. Other configurations of
terminal connections to the ESD devices may also be useful.
[0060] In accordance with one embodiment, a fourth well 175 is provided. The fourth

well, for example, serves as a second S/D or drain well. The drain well is disposed in the
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directed to flowin the vertical direction instead of in the horizontal
direction. As such, base push-out phenonenon is rel axed or depressed at an
early stage. This results in inproved and nore uniformturn on of the ESD
device. [0063]Fig. 2b shows a cross-sectional view of another enbodi nent of
a device 200b. The device is simlar to the device 200a of Fig. 2a and

device 100b of Fig. Jh. Cao el, not. be descri bed or descri bed
in det gppsira m@ﬁb&ﬁffran SOt heeviaBEoltGe B Tboa DF 2" Rl GG

i solated by a device isolation region 190. The device region includes first
and sedlondthepameansirdargesthan Q@-WﬁldgT ofzthe grin, sepensiing emtheioperation vaifegedevi ce
region includes first second, third and fourth doped wells 160, 165, 170
and 17FheTbpthfdfitisd draizl welivaybeseeenahabotéom iof tiealrifoisoltbh regidrearnsidodyp dvolie| |
serves as a body well, the third well serves as a drift well and the fourth

vel | sefiNaSiepthsForthadmiNlell maMediso 6Pepal regions 162 and 167 may be
provi ded. Isolation rcgwns, such as drill isolation regions 192 and wel |

cont actad 59! at i i . i h Gl may
be proft 38 ol BE0N AR Tichiés SR pOGARS 5950 hne HBUAREIRE e Y
one enbodi nent, fifth wells.180 are_provi The fifth_ wel serve as LV
oet1 < eRReePRRY of o draee s be AR ARy V) sERte s Wk Todther 1 5 ar e
di sposed within the drift well. In one enbodinent, the INwells are

di spos&mbpeimgnéthe Aminwell maydielintgracdisghs(xp foned with Brsypplptityfape dopegtss hown,
the LAT wells are disposed under the drift isolation regions 192. 100651EN
wel | h§80ai¢en Walhrade ticcoviredthat by ipeohdindiantyainobdlagtder (hwidrjinofurtehtisESD
device. W have di scovered that by providing a LV well, the base push-out

phenomgnefted o AeRie tradrtidal dirsctdaliheyRibtihic Hdtgohivl deddiopr avisdes basehi gh
resi stance path for the current in the horizontal direction. As such,

current,.i i i g i t i I he
Por 1 20REaT o e o B s O P PRt o o
t he ESD devi ce. 00661?5%6%ﬁ§ shows a cross-sectional view of another

embodi FERE YBFOR HEV PR U 4EdYevice is sinilar to the device 200a of
Fig. 2a and device 100e of Fig. .1c. Commpn el enents ma got b%ﬁgeifribed or
descri B3] n deiga?h shoxs asergimsectional yigwy ok anothss C@OMB YdGie devi ce
region isolated by a device isolation region 190. The devi ce region

i ncl udddeidevise issanuilgeiodheldvire 2Wasif Fig2e and Bavibe bP0tael TESD hpremeeonon
circuit. The device region includes first, second, third and fourth doped
wel |'s tRthenfsGhay Aotbealtseribéd.or dbseribed & detsil.| Apslyoves asebamtands seratidan wel |,
the second well serves as a body well, the third. well serves as a drift

vel | agginl Nevi QUeEidn Wlldted B ¥ 88vidS isBltbarEiveh 9. Y deviQitegioh in@@dgns 162
and 167 may he provided. Isolation regions, such as drift rsolation regions
192 an 0 i i egi i : . sui ci de
cont actitngy EEMRT. B 17RO R PSP St O M oo YE G .01

region

?ricludes first, second, third and fourth doped wells 160, 165, 170 and 175. The first well may
serve as an isolation well, the second well serves as a body well, the third well serves as a
drift well and the fourth well serves as a drain well. Well contact regions 162 and 167 may be
provided. Isolation regions, such as drift isolation regions 192 and well contact isolation
regions 194 may be provided. Metal silicide contacts may be provided on the gate electrode,
S/D and well contact regions.

[0064] In one embodiment, fifth wells 180 are provided. The fifth wells serve as LV well.
The LV well includes second polarity type dopants. The LV wells are disposed within the

drift well. In one embodiment, the LV wells are disposed between the drain well and edges of
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10067] I n accordance with one enbodi nent, the drill well is narrowed. As
shown, the drift well is narrowed so that the edges do not extend bel ow t he
gates and do not extend into the channel region. For exanple, the inner
edges of the drift well are below the center of the drift isolation regions
192. 100681The narrow ng of the drift well has been found to increase the

hol di ng, vol.tage (Vi,) of  t ESD devj.ce. W hayve djscovered that py

narr ovm%ﬁ‘b&fl’%ﬁé“g eﬁr i Shigrmy t,he'?-ﬁ]ewﬁ %%reﬁi’z%ﬂ‘?-s%‘ﬂn%ﬁéﬁéﬁﬁféﬁlaflgn E?@Iﬂnéslggd Thi's
increases the base of the parasitic bipolar transistor (BIT) of the ESD

ci rcui tI006i chTheb¥cee! hiscbegn deundus inaease tredimddina gnltage (Vesed the ERD npr oved
uni formturn on of the ESD device. 100691Fig 7d shows a cross-sectional

vi ew ofdeaicot WM& harldidbrerad that ba poevdiag a 200d¢ll,Tthe bake\pusle-ousplsintinkasn iso t he
devi ce 200a of Fig. 2a and device 100d of Fig. 1d, Common el enents nay not

be des@ephResdon: idBekévelerhtitRe Bl prodRies R AWM redstabRslaiipts? tHOGuricht ripyi ded
with a device region isolated by a device isolation region 190. The device

regi on hpﬂ%‘grg(ﬁlzdiféc{iéﬁ. AR, GEE0N G(l'ﬁsg%i}%c?éast%)sffoWﬁltﬁé‘@&ﬁQ%}Q{ire i?xﬁiﬁg}eg% gfﬁi“i on

circuit evice region’Inc Irst, second, an our 0 wel |'s

160, 1 nd 175.first I | .serve as an isol ati || h d
nol | s 35 a0t bt | BispriioB SBGMER aRhmon e Taptltton oL EShEr

contact regions 162 and 167 may be provided. |solation regions, such as
drift id§vication regions 192 and wel |l contact isolation regions 194 nay be
provi ded. Metal suicide contacts may be provided on the gate electrode, S/D
and wel[00@dnt aEig. 2esghiowssa cra©0x0tdm! atvoo tanoter winbhdiomat efibdeliioe?iOc. unl i ke
device 200a of Fig. 2a, no drift well is

The device is similar to the device 200a of Fig. 2a and device 100c of Fig. 1c. Common

elements may not be described or described in detail. As shown, a substrate 105 is provided

with a device region isolated by a device isolation region 190. The device region includes

first and second LD transistors 115a-b of an ESD protection circuit. The device region

includes first, second, third and fourth doped wells 160, 165, 170 and 175. The first well may

serve as an isolation well, the second well serves as a body well, the third well serves as a

drift well and the fourth well serves as a drain well. Well contact regions 162 and 167 may be

provided. Isolation regions, such as drift isolation regions 192 and well contact isolation

regions 194 may be provided. Metal silicide contacts may be provided on the gate electrode,

S/D and well contact regions.

[0067] In accordance with one embodiment, the drift well is narrowed. As shown, the

drift well is narrowed so that the edges do not extend below the gates and do not extend into

the channel region. For example, the inner edges of the drift well are below the center of the

drift isolation regions 192.

[0068] The narrowing of the drift well has been found to increase the holding voltage (Vi)

of the ESD device. We have discovered that by narrowing the drift well, the base push-out

phenomenon is depressed. This increases the base of the parasitic bipolar transistor (BJT) of
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provi ded. The body well, as shown, at |east enconpasses the firstregi on and
a part of the gate. As shown, the body veil enconpasses the first S/D
region and a part of the gate froma first side of the gate. Wthout the
drift well, the drain is coupled to the channel by the isolation well. The
drain well, .or exanple may be optim zed depending on the total drain area.

Elimnating the drift we]l elimnates base push-out enanenon.. The current
is diré EthCHCPlltao‘WlﬁlhriduF?F (AN s e S g A

i nproved and nore uniformturn on of the ESD device. W have al so

di scovdvwmdnidfdhe EfDglegisaf i gurati on i nproves F, SD perfoi mance. 100711The

di scl osure may be enbodied in other specific fornms without departing from

t he spi[0da9jor Bipsedthals Cirasasicaonds tvievs of fiwtlenfembodiniet efodegceddadi ment s,
therefore, are to be considered in all respects illustrative rather than

limti r’l&eh@@ic@ﬁs%ﬂnﬂﬁ#fo&hé’@%ééMdm%izﬁ-an@a@ﬁ%e 960d berigl REl OSHARNI S t hus
i ndi cated by the appended clains, rather than by the foregoing

cqui var SRR p g ERAIER, kL EE I D shotf FEABAe 0000 o
o dev; CBTHLiTs TOERB 1GUtT B Sgebhe cbiPnakon ot BeldteueRen gy
having a transistor, wherein the transistor includes

first and second LD transistors 115a-b of an ESD protection circuit. The device region

includes first, second, and fourth doped wells 160, 165 and 175. The first well may serve as

an isolation well, the second wells serve as body wells and the fourth well serves as a drain

well. Well contact regions 162 and 167 may be provided. Isolation regions, such as drift

isolation regions 192 and well contact isolation regions 194 may be provided. Metal silicide

contacts may be provided on the gate electrode, S/D and well contact regions.

[0070] In accordance with one embodiment, unlike device 200a of Fig. 2a, no drift well is

provided. The body well, as shown, at least encompasses the first S/D region and a part of the

gate. As shown, the body well encompasses the first S/D region and a part of the gate from a

first side of the gate. Without the drift well, the drain is coupled to the channel by the

isolation well. The drain well, for example, may be optimized depending on the total drain

area. Eliminating the drift well eliminates base push-out phenomenon. The current is

directed to flow only in the vertical direction. This results in improved and more uniform turn

on of the ESD device. We have also discovered that this configuration improves ESD

performance.

[0071] The disclosure may be embodied in other specific forms without departing from

the spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be

considered in all respects illustrative rather than limiting the disclosure described herein.

Scope of the disclosure is thus indicated by the appended claims, rather than by the foregoing
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a gate having first and second sides, first diffusion region in the device
regi on adjacent to the first side of the gate, a second diffusion
region in the device region displaced away fromthe second side of the
gate, wherein the first and second diffusion regions conprise dopants of a
first polarity type, and a drift isolation region disposed between the gate
and the, second diffusion region; a first device Il epconpasses .t he device
[ egi on;deacr%@an@%%lf&@@gwﬁﬂt erisppiug e mRHNE AR Fangs of etYAEnX the and

a drain well having dopants of the first polarity type is disposed under

t he secdaithsdrd missdenta kegrobraggddtheseithi n the first device well. The
device of claiml wherein the first device well conprises dopants of the
first ooz tyWhsés dmeheldie second device well conprises dopants of a
second polarity type. 3. The device of claim2 wherein the first polarity
type conprises n type and the second polarity type conprises p type. 4.
The device of claim| wherein the second device well enconpasses at | east
the first
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diffUsion region and a part of the gate. isolation region and the second
difibsion region. 6. The device of claim| further conprises: a drift well
di sposed within the second device well, 7. The device of claim®6 wherein
the first device well and the drift well conprise dopants of the first
polarity type and the second device well conprises dopants of a second
polarity type- 8. The device of claim7 wherein the first polarity type
conprises n type and the second polgpﬁﬂyﬁ%ype conprises p type. 9. The
device of claim6 wherein the drift well enconpasses the second diffusion
regi onl. 10.A d¢vcdempeing: cl aim 9 wherein the drift well extends under the
gate fromthe second side of the gate. The device of claim6 further

conpri ses a alsayktdd dfiRd (Wil a Welite rephddl iclietie régionedrhprises dh §80sed wi t hin
the drift well.
protection circuit having a transistor, wherein the transistor includes
a gate having first and second sides,
a first diffusion region in the device region adjacent to the first side of the gate,
a second diffusion region in the device region displaced away from the second
side of the gate, wherein the first and second diffusion regions comprise dopants of a
first polarity type, and
a drift isolation region disposed between the gate and the second diffusion
region;
a first device well encompasses the device region;
a second device well disposed within the first device well; and

a drain well having dopants of the first polarity type is disposed under the second

diffusion region and within the first device well.

2. The device of claim 1 wherein the first device well comprises dopants of the first

polarity type and the second device well comprises dopants of a second polarity type.

3. The device of claim 2 wherein the first polarity type comprises n type and the second

polarity type comprises p type.

4. The device of claim 1 wherein the second device well encompasses at least the first

diffusion region and a part of the gate.
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12. The device of claimli wherein the LV well is disposed under the dril

isola o region. type, 14. A device conpri sing: a substrate having
first and second device wells in a device region, wherein the second device
well is disposed within the first device well; a transistor in the device

regi on, wherein the ansist includes a gate having first and second si des,
and a first diffusion region disposed adjacent to the first side of
the gate andbq dewicsof d&}mm@reaﬁnrt@g‘iesﬂn@s?@mea‘«é COERERPAFSED HHEL s si de
of the gate, and a drift isolation region disposed between the gate and the
second igtldtionsieginn and the seconsl diffusiodiregiersed under the second diffusion region
and within the first device

6. The device of claim 1 further comprises:

a drift well disposed within the second device well.

7. The device of claim 6 wherein the first device well and the drift well comprise dopants

of the first polarity type and the second device well comprises dopants of a second polarity

type.

8. The device of claim 7 wherein the first polarity type comprises n type and the second

polarity type comprises p type.
9. The device of claim 6 wherein the drift well encompasses the second diffusion region.

10.  The device of claim 9 wherein the drift well extends under the gate from the second

side of the gate.

11.  The device of claim 6 further comprises a low voltage (LV) well, wherein the LV well

is disposed within the drift well.

12.  The device of claim 11 wherein the LV well is disposed under the drift isolation

region.
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The device of claim 14 wherein the first and second diffusion regions, the
first device well and the drain well conprise dopants of a first polarity
type and the second device well s s dopants of a second polarity type.

16. The device of claim15 wherein he first polarity type conprises n type
and the second polarity type conprises p type. The device of claim14
wherein_the second devjce well enconpasses at | east the first diffusion
regi on ldnd dhsalevicgpte éndét@erelpgkﬂrﬁy GOEYITSRS nispe a8 POUATHY usi on

region. 19. The device of claim14 further conprises: a drift well disposed

Wi t hi ntygee second device well. 20. The device of claim 19 further
conprises a low voltage (LV) well,herein the INwell is disposed within the
drift well.

14. A device comprising:

a substrate having first and second device wells in a device region, wherein the second
device well is disposed within the first device well;

a transistor in the device region, wherein the transistor includes

a gate having first and second sides, and

a first diffusion region disposed adjacent to the first side of the gate and a
second diffusion region displaced away from the second side of the gate, and

a drift isolation region disposed between the gate and the second diffusion
region; and
a drain well is disposed under the second diffusion region and within the first device

well.

15.  The device of claim 14 wherein the first and second diffusion regions, the first device
well and the drain well comprise dopants of a first polarity type and the second device well

comprises dopants of a second polarity type.

16.  The device of claim 15 wherein the first polarity type comprises n type and the second

polarity type comprises p type.

17.  The device of claim 14 wherein the second device well encompasses at least the first

diffusion region and a part of the gate.
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18.  The device of claim 17 wherein the second device well encompasses the gate, the drift

isolation region and the second diffusion region.

19.  The device of claim 14 further comprises:

a drift well disposed within the second device well.

20.  The device of claim 19 further comprises a low voltage (LV) well, wherein the LV

well is disposed within the drift well.
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