SELF- ALI GNED BODY FULLY | SOLATED DEVI CE BACKGROUND 100011Vari ous vol t age

| evel devices may he included in an integrated circuit (1C. For exanple,

| ow, internmediate and hi gh power devices are provided in an I C. Low power
devi ces may be used for conplenentary netal oxi de sem conductor (CMOS) for
logic circuitry, internediate voltagg devi ces for anal%gpigrcuitry and high

power devices for ORINAIHEREDHQRYFVRLY BQUATERBE is desirable for

hi gh vol tage devices to have fast switching speed. The perfornmance of such
devi ces depends on the on resi st BREKARIFOND, drain to source breakdown
vol tage (BVdss) and gate charge (QOgg) of the device. For exanple, higher

perforeorie i s avhi@wesdlmid RvilayviRds gy bbiigudWds an aneératedlcvni€dg). FOO02] It
is desirable to provide inproved performance and reliability of a device by
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fanning a device 1s disclosed. The nethod conprises providing a substrate

defined with evice region. The .device redjon~j es a drift well
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device region. The gate having first and second sides. Second polarjty type
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forma body within the drill well. The inplant is self-alio-led to the

gat e. iMirefapesipgtradt mnlesitabliefor ghpoltagodedeestthbayd fagitswdichimgspeedellgat e wit h
a length L, wherein the length L is small to achieve a | ow Rdson. First and
secondpeifdrindfdceost siely denseshiapénty ohithson pwisance Rdsppe detop antcirarteedkdowad i n
the substrate in the device region adjacent to the first and second sides

of the,gabeBYIS)ahd ghiBendrt i JrfiSiicd. ¥8k earhSleMikibrpetbanfiRdys and the
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[0002] It is desirable to provide improved performance and reliability of a device by
lowering Rdson and Qgg and increasing BVdss.

SUMMARY
[0003] A method of forming a device is disclosed. The method comprises providing a
substrate defined with a device region. The device region includes a drift well having first
polarity type dopants. A gate of a transistor is formed in the device region. The gate having first
and second sides. Second polarity type dopants are implanted into the substrate in a first side of
the gate to form a body within the drift well. The implant is self-aligned to the gate. The body
has an under-lap portion on the first side of the gate with a length L, wherein the length L is
small to achieve a low Rdson. First and second diffusion regions having first polarity type
dopants are formed in the substrate in the device region adjacent to the first and second sides of
the gate, wherein the first diffusion region is within the body and the second diffusion region is
within the drift well.
[0004] In another embodiment, the method of forming a device comprises providing a

substrate prepared with first and second isolation wells in a device region. The second isolation



substrate prepared with first and second isolation wells in a device

region. The second isolation well is disposed with the first isolation
well. Adrift well is foni ed within the second isolation well. A gate of a
transistor is foillied on the substrate in the device region. The gate

includes first and second sides. A body of the transistor is fornmed in the
subst r web indprrsehvithghe fiest fsolation sietle Aodirift sl ds fasmedratha the segomil igplativa body
is a self-aligned form ng process to the gate. The body includes an

under - {vap. pogdié ofa hamresadiis fdimedah ¢he stibetrata dethe ldapicpopidnorTHeaatengcladésengt h L
determ ned by the self-aligned form ng process. First and second diffusion
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first diffusion region is wWithin the body and the second diffusion region
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transistor. in.the device regian, rein the transistor include ate
havi ngg?‘&@FluQW%%ﬁﬁﬂpﬁogg@?bege%?}éet 83051 1Rt r-fa&ﬁoghoq VIR A %qu‘g‘gi on
adj acent to the first side of the gate and a,second diffusion region in the
de e rédgronnedibuthenelftabisnelosaingmiocssy st apdaccgad diffusioa regipay adigrgntiec ond

di ffusion regions conprise dopants of a first polarity type. A selfalibned
body i thedirstpmdaecand sides of theghteatre famijed.c Fhe fits diffisioni regipn ¢4 wighiofthe hedygat e.
The body conprises dopants of a second polarity type. The self-aligned body
enconpasbithegedong dififiissén Bifohuswahinrtegian,wdlhe sel f-aligned body having an
under -l appi ng portion under the gate in which the under-1|apping portion has
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in the hpasses e second 1solation well

has second polarity type dopants. A _body connector having.secon larity
type depafeane drsaldstead sgena it TR et HA ) B BBbond
i solation well. [0006] These and ot her objects, along wth advantages and

f eat ur side of thetpatepnd sienseondrdiBhtipwreainsriaithe dgvicel resied adiapent thkesagond siskeradnt
through reference to the foll ow ng description :onmpanying draw ngs,

Fur t hethegae,. THe first dnd sbeondriiffesséromgionk admptige dopantsios fiodt poheity typei dusit-
enbodi nents described herein are not nutually exclusive and can exist in
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comprises dopants of a second polarity type. The self-aligned body encompassing the first
diffusion region, the self-aligned body having an under-lapping portion under the gate in which
the under-lapping portion has a length L. A drift well having dopants of the first polarity type is
formed in the substrate. The drift well encompasses at least a portion of the body and second
diffusion region. A second isolation well is disposed in the substrate and encompasses the drift
well. The second isolation well has second polarity type dopants. A body connector having
second polarity type dopants is provided to be in communication with the body and second
isolation well.

[0006] These and other objects, along with advantages and features of the present
invention herein disclosed, will become apparent through reference to the following description

and the accompanying drawings. Furthermore, it is to be understood that the features of the



1000711 n the drawi ngs, like reference characters generally refer to the
sane parts throughout the different views. Al so, the drawi ngs are not
necessarily to scale, enphasis instead. generally being placed. upon
illustrating the principles of the invention. In the follow ng description,
various enbodi ments of the present invention are described with reference
to the'aions eRPAgTERtnMdcaged hgrah e ROt MYHEEY EXEESIVE B0GCAT & ¥ Sect i onal
vi ews of enbodi nents of a device; [00091Figs. 2a-.1 show cross-sectional

vi ews @intangions esépamutgionsng an enbodi ment of a device; and 100101Fi gs.
3a-f show cross-sectional views of a process of form ng anot her enbodi nent

of a device. DETAI LED HSEGR BESORITOON OEMoE DRRAWINGSneral ly relate to
sem conduct or devi ces. Sone enbodi nents relate to devices, such as | ow
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circuits. Such devices, for exanple, can be incorporated into standal one
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description, various embodiments of the present invention are described with reference to the
following drawings, in which:
[0008] Figs. 1a-d show cross-sectional views of embodiments of a device;
[0009] Figs. 2a-j show cross-sectional views of a process of forming an embodiment of a
device; and
[0010] Figs. 3a-f show cross-sectional views of a process of forming another
embodiment of a device.

DETAILED DESCRIPTION
[0011] Embodiments generally relate to semiconductor devices. Some embodiments
relate to devices, such as low power-loss buck and boost regulators, power amplifiers and power
management circuits. 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).
[0012] Fig. 1a shows a cross-sectional view of an embodiment of a device 100. The
device, as shown, is formed in a device region 110 defined on a substrate 105. The substrate, for
example, is a semiconductor substrate, such as a silicon substrate. In one embodiment, the
substrate comprises a p-type doped substrate. The p-type doped substrate may be a lightly doped

p-type substrate. Other types of semiconductor substrates, including those which are undoped or



100121Fig. |la shows a cross-sectional view of an enbodi nent of a device
100. The device, as shown, is thrilled. in a device region 110 defined on a
substrate 1.05. The substrate, for exanple, is a sem conductor substrate,
such as a silicon substrate. In one enbodi ment, the substrate conprises a
p-type doped substrate. The p-type doped substrate nmay be a lightly doped
p- t ypedapeb stithethe sar@e heothentypes affdopants vapdlsotberuseiubsharsxample; thelsuetiate t hose
whi ch are undoped or doped with the sane or other types of dopants nay

al so bgayseh lihtly Bosedaxaippl(g) ot redhsidrsili@nnmyr be adedvilyntdped dapsd(pd) bulbe (p)
or un-doped silicon | ayer on a hedoped p-type (pi bulk or an urcdopded or
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substrates. [0013]1sol ation regions 180 may be provided foring or
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device'region isi regirons by a~device | ation

180a, F exanpl e, the devi.ce isolation regian, surroun t he deyvi ce r.egion.
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anot her portion is a narrow portion. Providing a device jsolation region
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of the isolation region may be narrow portions. An internal device
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sub-regi ons. The substrate, as shown, includes an external isolation region
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O her types of isolation regions ma enployed. For exanple, the isolation
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provi d%}?e ;u%st?atg,ea\gslclgw{l,eigizl?l es a-rrlhee)"(tc;[nrlﬁ ri]sscjlzft}o%rregsigr? 180c. The isolation regions, for
example, are shallow trench isolation (STI) regions. Other types of isolation regions may also be
employed. For example, the isolation regions may be deep trench isolation (DTI) regions. The
STI regions, for example, extend to a depth of about 2000 - 4000 A. In the case of DTI regions,
the depth may be about 1 - 30 um. Providing STI regions which extend to other depths may also
be useful.
[0014] A transistor sub-region 110a is provided in the device region. The transistor sub-
region is defined by the device isolation region and internal device isolation region. For
example, the transistor sub-region is defined by an inner edge 181a of the device isolation region
and a first edge 181b of the internal device isolation region. Disposed in the transistor sub-
region is a transistor 115. The transistor includes a gate 120. A source region 130 and a drain
region 140 are disposed in the substrate in the transistor sub-region adjacent to the gate. For
example, the source region is disposed in the transistor sub-region adjacent to the gate and

device isolation region while the drain region is adjacent to the gate and internal device isolation

region.



region is defined by the device isolation region and internal device

i solation region. For exanple, the transistor sub-region is defined by an

i nner edge 18la of the device isolation region and a first edge 181lb of the
internal device isolation region. Disposed in the transistor subregion is a
transi stor 115. The transistor includes a gate 120, A source regiondrain
regi o094y are difgpséeigciudes, fier aapdls: areate; egeqtﬂ‘?ée {2haesr sregte digksctiisdizén

adj acent to the gate. For exanple the source region is disposed in the

t r ansiBteqgatesdiblecteiginmay aupacsestlicon okhile. gdtematimelyddeigete digedtrt itmy cosypirion
while the drain region is adjacent to the gate and internal device

i sol atdilanragimitide. DMLY fgatealidl aatitfRteriafsDsucha apiigh k diegatrk bl ode
124 over a gate dielectric The gate dielectric may conprise silicon oxide.
Al ter naty c\(,ﬁitpgsiéq} %ffe dRiceutt ehvatd 4 b m R ST 86 SiblelERBNY A1 Sidnd8 silfebRer

types of ga ectric materia such as a high k dielectric material or

a oonposite.qgate. diel ectric hayi a cqnbination of various.diel.ectrij
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materi als or a conbination, thereof, may be useful. in one enpodinent, the
gat e dP@NEEMPPEMEIRG gas dg?thﬁt%cwrt%@%gé V@?ta%gaéegwfeetner[@wﬂv% vol t age
gate dielectric may be about: 20 - 10Q0 A thick. The gate dielectric may be
i n t hevoltegegate Hickdctresmay hngeoutadp 1100 A bjskr dihiemgtevdi¢leciye saptbielie thenlowie

hi gher thickness range for higher operation voltages, for exanple, at about
40- 60Ghi¢knéss hargetfti lokieessastigy vatagey whiyprsthehighai thidthedsearige foshighyr al so be
useful. As for the gate electrode, it may conprise polysilicon. Qther types

of gatgeplBatvoRESsRE BLArRbIS, at &R AS b §f e thibMRess OF offRf Blpkd 6f gRE eri al s,
may al so be useful. [00161The gate has a width Wwhich is neasured from
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about 0.2 umto teng of mcrons. Providing gates having. other w dths may
o0, HabGtlale il Fani, St diGienatend bR gl e bt i ng
voltage at the drain as well as the length of the drift region LDR The
drift useflon, for exanple, is the region between the drain and the channel
(e.g., fromthe right edge oft, to the drain region 140). Gates with.

| ar ger[00d @t hs neEbhdmteisasch walth MErvelaske isttheasuforR ffoom sideghléto siddwalyefor
applications while smaller gates with smaller widths may be used for | ower

vol t agearPpR, teakidenyy, if RRdsliédalonetenetisiest the ERINSIOLAQR “LEYI Die | ncl udes
first and second sub-source regions 131 and 132. The first sub-source gi n,
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type dop, nts. St sub-source reglion serves as a S
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egl Onthg1 ngair(l:I arlsa\izvgll ';lSe t%ie ?Qngtnl?gf t?lg\é%ftpr:eéi%g %Dg.o %Q td?lﬁ region, for example, is the region
between the drain and the channel (e.g., from the right edge of L, to the drain region 140). Gates
with larger widths may be used to increase the Lpr for higher voltage applications while smaller
gates with smaller widths may be used for lower voltage applications.
[0017] In one embodiment, the source region includes first and second sub-source
regions 131 and 132. The first sub-source region, which is adjacent to the gate, and the drain
region have first polarity type dopants. The first sub-source region serves as a source of the

transistor. For example, the first sub-source region and drain region have n-type dopants for a n-

type device. Alternatively, the first sub-source region and drain region may have p-type dopants



for a p-type device. The second sub-source region, which is adjacent to the
device isolation region and the first sub-source region, has a second
polarity type dopant. The second polarity type dopant, for exanple, is
p-type. The source and drain regions are heavily doped re The depth of the
source and drain regions may be about 0.05 - 0.5 p.m Providing source and
dr ai n foegipeype dewican gltetseerndomiptsosracaggion shitteis adient to tgdlevicomplation it is
not necessary that the source and drain regions have the sanme depth. The

first gpidnsadtieefinegibadusRirégidndnsa ssaindgeldriey tipeaopaft. Thesdcoadpolatior ; t he
drain region serves as a drain termnal of the transistor. [00181The.
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For ex t'he deviceé nmay | nclude heavily doped, internediately doped
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and: x- = light]y . doped; x_= internedi ately doped:. apd heavily doped. A
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1E16/ CC, an ~ diately doped region may have a dopant concentration of
about ®E1® andglFg regnsdrye therramgidepthd oldedirsteybuauisa yegien aveepanpurce
concentration of about 5E18 - 2E20/ CC. Providi ng ot her dopant
concenetainabofthé oandidier; dief dreinengiod egees aseyiraingenepalalf $hee thansistoef ul . P-t ype

cl opants may include boron (B), alumnum (Al), indium(ln) or a conbination

t her eofpp18fhi t  n-ThPEvi@RAM MRy dopéd gRnPhOsRNGiTtsent BYpant taesheatohs) ,
anti nony (Sb) or a conbination thereof. 100191l n one enbodi nent, dielectric

si dewet |, SBRGKS feHeFicRhRY ilQHdORea19@WBed, Snt@nelifiely 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-type or n-type, and:

X = lightly doped;

x = intermediately doped; and

x" = heavily doped.
A lightly doped region may have a dopant concentration of about 1E14 - 1E16/CC, an
intermediately doped region may have a dopant concentration of about SE15 - SE18/CC, and a
heavily doped region may have a dopant concentration of about SE18 - 2E20/CC. Providing
other dopant concentrations for the different 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.
[0019] In one embodiment, dielectric sidewall spacers are provided on sidewalls of the
gate. The dielectric sidewall spacers can be, for example, silicon oxide or silicon nitride. Other
types of dielectric materials may also be useful. In other embodiments, the sidewall spacers may
be a plurality of dielectric layers to form, for example, a composite spacer or spacer stack. Other

configuration of spacers may also be useful. The sidewall spacers may be employed to define



gate. The dielectric pa te can be, for exanple,'lcon oxide or silicon
nitride. Oher types of dielectric materials nmay al so be useful. In other
enbodi ments, the sidewall spacers nay be a plurality of dielectric |ayers
to form fin exanple, a conposite spacer
or spacer stack. O her configuration of spacers may al so be uschil. The
si dewalouresiagd dran guipngen sgnnsy Sflditonaby. the sidewalt sracednay pYenéXieHaE oh
regions. Additionally, the sidewall spacers may prevent shorting of the
our ce thndoutraiml dwgi wp®ns (o thkeagai@trelieby tedalitationprosas istdtto dmmpthecess
used to formthe salidicide contacts. 100201A devi ce body 150 is disposed
i n t hegalidicide goafdcison of the device region. The device body has second
polarity type doparas with, for exanple, an internedi ate dopant
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far a pe device. Alternative e second polarity type may be n-type
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including the first and second sub-source regi ons. The second sub-source

r egi orCAPEFIEEPPEC-8s Xa bltseoehpalattyiupe, fpfee ampice & by 18 hR&RHEYI%Bot h have
the sanme polarity type dopants. [0021] The bottom or depth of the device
body shbedndtivedy,shé $acondpolayityleepmay bs ertype &s agp-tpdyedte.t Hee devagediogyor . The
depth, for exanple, is about 0.3 - 10 pm Such depths nmay be useful for

oper at ¢rntgmypasscagresolnco RAHDUThOdevidddY.compladlh encengestsnidaurdchegdapfon. of
the device up nay be to a couple of mcrons. O her depths may al so be

usef ul e)@%léﬁﬂclﬁ’(ﬁﬁ§ﬂﬁ 198t dSeORRl AblsBrcl %%i&%e fe sehshdd@yiseEree ASziSNAMWY, a
bottom of 'the device body is below the bottom of the source region and

above the. bot t Vi [ [ ' Provi di A dy
havi nggeg? %sralg gfaqﬁ%étaﬁgfs)r g‘fes%eql & bz)gg? %’ICQHT%%%B&O%IS t%egg(%/rw eég)tq %rﬁagﬁgeyg)ﬁg@t he
source,_regj on, under-| appi rtion of the te. The portion of the body
ander IHEH ng’ « nahebesTigr el of e detin ey JPuRRe suetinendt i Wadvabtne o
under-bggiunder the gate electrode defines a |length Lc of the channel of
the tr afttly transissore Haeriebth, &rgrpmplenigyabpet ¢-3 oA svbutuch dgsthp mayths uselibupl e
of m The desired Iength Le may depend on, for exanple, the nmaxi mum voltage
at t hefodibpénating 0012t froacaondand@0 Wi tTh odre emibbdidiemt nhg ddphleotitheideecbopy i s a
sel f-aligned device

may be to a couple of microns. Other depths may also be useful and may depend on the

operating voltage of the device. As shown, a bottom of the device body is below the bottom of

the source region and above the bottom of the device isolation region. Providing a device body

having other depths may also be useful.

[0022] The body extends beyond the source region, under-lapping a portion of the gate.

The portion of the body under-lapping the gate defines the channel of the transistor. The amount

of under-lap under the gate electrode defines a length L of the channel of the transistor. The

channel length L, may be from about 0.05 pm to a couple of pm. The desired length L. may

depend on, for example, the maximum voltage at the drain.

[0023] In accordance with one embodiment, the device body is a self-aligned device

body. Providing a self-aligned body avoids the use of an implant mask. For example, the

device body is self-aligned to the source region of the transistor between the device isolation



body. Providing a self-aligned body avoids the use of an inpian.t mask. For
exanpl e, the device body is self-aligned to the source region of the

transi stor between the device isolation region d the gate. The
self-aligned device body enables the under-lap portion Le well controll ed.
A well controlled under-lap portion enables the channel Le in the device to
be as cgoaantlthd grse.dEké sebaligned devinetiodyeengbles L@ wmdeplag pottion LFell exanpl e,
the channel L can be forned smaller or as snall as possible. Since Rdson is
di r ect ¢ghtidlleROAtWa@NE@ntiolled hiedeehanpatioh emglds the chaandRlih éfe desice ésbd &ss i n

| oner Rdson. The L should be as small as possible (e.g., as close LD as
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results 1n inproved performance uniformty, nmanufacturability and
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di sposed in the transistor sub-region. For exanple, the drift region is

di spospebsiba) eashi¢verthe losegeRdsond Farhemmasegerelbeontieled by resalts i9dmarqved r egi on
and internal device isolation region. As shown, the drift well enconpasses

t he dr pérformancdadformégj masufadtutabgity pahslishitity. Hon epareplenRdsdnmprof Jess Handept h

or bottomof the drift well is below the drain region. in one enbodinent,

the depiOhnenif@n®eiakhieWsd for v8ltdpR! Pplitdtion daniedf abeht 5oty V.eailoWRdsbi cane
enbodi nent, the depth of the drift well is below a bottomof the ST

regi ongg, QQQ%E%V-EE%H{@E& v_\SﬁL;i;eo m%qﬁgg%ﬁg%&e nt, is contiguous and

enconpasses rain-region an overl aps a portion of the body.

I n one di ment,, . the 1 ft well enc SSes e .drai ortli he
over | aB@ e por%‘id&ﬁ]‘g?ﬁj%élsb(ﬁews cgllnotaf’nglﬁ’gé?tﬁ tsl'ile gﬂ -“éeglﬂ?%%&epeg%ol%gﬁ?&t’r he
drift well conprises first polarity type dopants. For. exanple, the.drift
vel | cimpiposekingbe Gasisupapregion, For %ﬁﬂ‘y}f‘eﬂ@é{}ifb@g’&?‘ 1135189%(1 EiBCHR E0Chr o
p-type device. The drift well selves as a drift region of the device. The
drift edges amhgutbeedgeghf thy device isplation dégiereind idtspesd dowichisplapign ragitarAt y t ype
dopants. The &want concentration rmay depend on, for exanple, the nmaxi num
vol t agshoway therdzifewtll eficonfyasste wheCdrain ahd0d6 epi@nef d@rdtedisisent [n ke t r ansi st or
is afilly isolated transistor. The device includes first and second

i sol at L aBo WRlehS tlibjd%pﬁf& bbbt oF thS @i ALRILIN BelR thE Brafil RBIohN @n SaDSHBRERedtOr

exanple, the first and second isolation wells isolate the body and the
drift | r aThe: fi i -t enCHR of TRY
be ref %e%r%rdgﬁtfhtogwé%s&}? g}éggg %ﬁg{)/‘?é}ée 5\/\%?1 Ang?l&é) d@%l S pgggﬁg\%\nﬁl?%éln e{lﬁe ?&bﬁcoe

i sol ation, regi.on 180a. K As sh votne first isolation or deep device well is
di sposg’&r}\ﬂtﬁn‘gefﬁr}f’@ﬁwﬁﬁBo%?}Pé’?Y@d%lg§e$1°§f'a and 182a of the device isolation
region. The deep device well conprises dopants of a first dopant polarity.
The del¥928kvi cei Ahodwft well, in one embodiment, is contiguous and encompasses the drain

region and at least overlaps a portion of the body. In one embodiment, the drift well
encompasses the drain portion and the overlaps the portion of the body below the first sub-source
portion. The drift well comprises first polarity type dopants. For example, the drift well
comprises n-type dopants for a n-type device or p-type dopants for a p-type device. The drift
well serves as a drift region of the device. The drift well may be lightly or intermediately doped
with first polarity type dopants. The dopant concentration may depend on, for example, the

maximum voltage requirement of the device.



enbodi ment, conpitses the sane dopant polarity as the device type. For
exanpl e, a n-type deep device well is provided for a n-type device. The deep
device well, for exanple, is a lightly doped well. [0027] A deep wel |

contact region 113 is disposed on a surface of the substrate. As Shown, the
deep well contact region is disposed between the device isolation region
18t h dfB26Int er nan apewmbedinestt.dhe Bansidey isa fuldolsolatddrangisiop ¢ flevdemt act
region, for exanple, is a heavily doped with first polarity type &pants.
The deepuded first avscentd iselgiionwsks Visarsis] 14 td émpatel thei derice frofn thsisubsmteat i on
wel | bias term nal of the device. [0028] The second isolation well is

di sposeg ewhihipleltheMRstfant Sbcdn8 skt cNwiBl ikolatb iR Sriyand thE@iRkielTrom@the f O
exanple, may be referred to as a device body well 114. The devi ce body well

has s TIAVE a ! Ll 3 1S
i Sposca Py haE fstiskas ST Rexar S, SR bEE-(R0Y o et A RLPORENES { he
devi ce,.bod | ,..encaonpasses the drift well and is w thin inner.and outer
cdges BrPHL VR LEIFEET PRGR ke Tdat Ahgefr s Fadiolglid o PR 4§ Por
exanpl e, the depth of the body well is between the drift well and deep
devi ceVelblsidisposedopshiaaesdiangs qpter epgssdels ard byayiika fevirsdsalationgieioy- afglsed
concentration of second polarity type &ants. For exanple, the device body
wel | ideepidgrice well spegrivgstdoppnts ppe figg alapantpolarign 'Hhe dgse ddeve viellom amet ype
d.opants for a p-type device. Providing a device body well having other
dopantensitviiraait; edmirised thesatenibppttpatdrity ad thpeediop ayples Fonyxaahigq daetypeekep and
may, for exanple, depend on the voltage isolation requirenents of the

devi CcejeyiQdiLs %r&ﬂ@e@ﬂ@gﬁi-t Dliovige. PAMYIEH ABAEE Gl 1h8 chanflE QY htighy The body
connector extends frontion O0f the body to the second isolation or device

body Wf'%dW@Q one enbodi nent, the device body well extends fromthe body
bel ow the y contact 132 to the device body well. The body connector may

be contiguous w the dgrift region._ The body connector. has second polarity
Py dBEHTsS Foh lesammpllcontbriaSdoRy 12 S Remves ok SAPARHr CHe WS paFar | Ly
type dopants as the body region to provide a connection between the body
cont acthogndthsslagr well chretaetaggion ibdiagosaebetwemhtheplssicedwhivatregiomd§Obend i ght | y
or internediately doped with second polarity type dopants. The dopant
concennteatal davioaisobeipe nekian ] 8Gtor Tlexdeep el cohtacnmgionufor evdrhplgas mégaviiye ment
of the device.

doped with first polarity type dopants. The deep well contact region serves as a deep device or

first isolation well bias terminal of the device.

[0028] The second isolation well is disposed within the first isolation well. The second

isolation well, for example, may be referred to as a device body well 114. The device body well

has second polarity type dopants. The device body well, for example, is disposed in the

transistor sub-region of the device region. As shown, the device body well encompasses the drift

well and is within inner and outer edges of the device isolation and internal device isolation

regions. For example, the depth of the body well is between the drift well and deep device well.

In one embodiment, the device body well has a lightly doped concentration of second polarity

type dopants. For example, the device body well is lightly doped with p-type dopants for an n-

type device or n-type dopants for a p-type device. Providing a device body well having other



[ 00301The body contact (e.g., second sub-source) for cxanpie, serves as a
second isol ation or device body bias term nal of the device. The body bias
termnal, for exanple, applies a bias voltage to bias the body and body
well. The first and second isolation wells may be appropriately biased to
i sol ate the device, For exanple, an appropriately biased second isolation
wel | i dglaat escedteationiof seand pdlaaitntype dopants may alse he useflsnd anay, {iekample,

appropriately biasing the first isolation well isolates the body and the
first jgrhabhar wiape fsbRoh heuseehtsalf the d@X3111 n one enbodi nent, the
source 131 and body contact 132 are coupled to a common sign'', for

exanpl @ozb}e sour %For%i SRdiméit! £bARL doviREdor 1136 pRIVIEA, amd bb@dYormeabact may
be coupled to different signals. Furthernore, isolating the drain fromthe

agg; ;%gqc{sﬁgolﬁgg%ﬂgfon%rf?ﬁleeﬁg i %V%c&f&)%{)jﬁﬁ%f?lﬁgvﬁﬁ%d§ I‘,%yl dygnd 0

u " egat1ve volFtage appli arn S avoi ds

i sturbapces neighporing.circuitr aused. by the heavy, substr urrent.
[0032] HPBRBEERAlE (EotiE 2oty Meliesiimbn Fomape BRHaor dBba ety P2de T ¢ ne
substrate. In one enbodi ment, the substrate contact region is disposed

bet weefevi¢rbadevdle Thediodyiconnactaginery baronageausyath the drifirpgan, ot bey
Provi di ng the substrate contact region at other parts of the substrate nmay

al so beorgebtihas stbendsuivaity agre dopattacFor eginp, thaboiyeormstdicoetains thesame
heavily doped region. The doparit type of the substrate contact region is

the s aﬁ&aﬁb&ﬂ?p@éoﬁaﬁ@ adeResbdsubsibh & providera @XAEGRIbE betwien Shutsidy abatactomed.

region is p-type for a p-type doped substrate. The substrate contact region

SErves b(?%r £3 tﬁé@%’l{%ﬁy%gﬁ e'f;l%rl:mdg %\l;ngl{ctotr RgaydsMi gy of lﬂﬁeﬁ%‘ﬂ?ﬁ‘tél?ﬁ%é@iﬂp e

bi ased groun b a ages ‘'may al 50 be useful’ asing the

substrate, .far .exanple educ | atch-u nd/ aor .qr . ng device
oper at peRhd F%ﬁgt&}'lVﬂn‘??@é‘n@aglgng?’p?%ﬁ%?ﬁgra@%ww ggpe?‘ﬁggf ?)?E{aaqu% :‘Hﬂg type
is n-type and the second polarity type is p-type. As for a p-type device,
the fi FeKinygn apitage regpeement ptthe devighd t he second polarity type is n-type.

[0030] The body contact (e.g., second sub-source) for example, serves as a second
isolation or device body bias terminal of the device. The body bias terminal, for example,
applies a bias voltage to bias the body and body well. The first and second isolation wells may
be appropriately biased to isolate the device. For example, an appropriately biased second
isolation well isolates the drift and drain regions from the substrate while appropriately biasing
the first isolation well isolates the body and the first isolation well from the substrate.

[0031] In one embodiment, the source 131 and body contact 132 are coupled to a
common signal, for example, the source signal. Alternatively, the source and body contact may
be coupled to different signals. Furthermore, isolating the drain from the substrate reduces or
prevents heavy substrate current flow due to undershooting of negative voltage applied to the
drain. This avoids disturbances to neighboring circuitry caused by the heavy substrate current.
[0032] A substrate contact region 107 may be provided on a surface of the substrate. In
one embodiment, the substrate contact region is disposed between the device isolation region and

external isolation region. Providing the substrate contact region at other parts of the substrate
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[0034]Fig. | b shows a cross-sectional view of another enbodi nent of a
device 100. The device is simlar to that described in Fie. la. As shown,
the drain side of the gate is provided with a salicide block spacer 175.
The salicide bl ock spacer conprises a dielectric material. For exanple, the
dielectric material nmay be oxide, nitride, oxynitride or a conbination

t her eohaelse pe psghiels Tafe subwirateeqntast Frgie: impre ¢rafodines. s hegwiidoped gegion.
exanpl e, such as those conpatible with sem conductor processing, for the
sal i ci e dipecttyppalthe sybstiatesomzcerdgmo irtrtssmettiye dsltbe Rosdavbstrabmyt drav e
multiple dielectric layers to forma dielectric stack or sandw ch. The sal

c de hdxafiple BRCRbstRI OV RS e@ioh PR ERei fBNa Pe cll Bebspratee TaBGubdhatedioatast The
separation should he sufficient to accommodate the maxi mum operation

vol t a%%ﬁi%h sEREs N Aldbst Sl Bl dmmifQlof & THISUGERR ALy BOLAL&LBREG IS may
depen pon the maxi mum operating voltage at drain. termnal. |Inone

enbodi t ~the.separation. -Ds is asured fro h dge._of. gat.e to .the
neavi | OVdo R Bisk AR EG Sy it Gelr 0He5e b STahel: RE SafhistRbeb s um
to a couple of mcrons, depending upon maxi num operating voltage at the

dr ai n. UPNArEpgdonase depig davisiPPaiaiPAnces may al so be useful . The
sal i cide bl ock spacer prevents silicidation of the drill region between

gat e €l0833lr ode almdhe basedf ainrtype (©OGS] thdirggelasity type isievyneend sharssicond
determ ned by the anobunt that thev |laps (gate overlap region) the drift

r egi onpolddsty pypavis @itnge. aA s Briag-tl@e ldbvek thpasepolefifyaghé ise-thp2eiRi teneddd
increased for a given gate wwdth. This allows for a narrower gate wdth to
achi evg 4o 1Sk hagpd DR For exanple, the gate width can be reduced or

m ni mzed, "even for very high voltage applications, such as about 100 V.
Thi s (Oﬁg Ces Cdl% fﬁt{ s avcergssl-‘s%uio 'Vie%J (ﬁfea%tothe%bb 1 %llf(?f arbcfe%%%elg)o é%e
such, 2sal i ci d& bl 8¢ spacer enanbl 68 a narr ower gaP% 0 be used. For
exanple, .a.. gate with a salicide hlock space i.ch has a width W, where

Ve < EviesinSakr &/@aﬁ%% indds; AsoroRe gga,m Jaskhsreatiaareidednan 15
V and very | ow Rdson and Cgd can be achieved with total gate wi dth of as

| ow aswih 3 saliide Wecls spakeraldvanidedaGvbsblock seasst eryprises e gisepfregmeagrial. For
effectively produce a fully isolated device. [00361As described in

Fi gs. | @éampld, liee dioldytric amdtertd] nis3bearxides aitride oxggitrdde k3 dombgnatiohithetof.
sub-source) may be electrically connected by, for exanple, a comion

sui Ci detHePRHBEbE dibIREtriR¥RdTRH s nia?tatsotﬂaels@mwOﬁ@dah@%, s@dhhsIRGeEBmphEbleoupl ed

to the source siial or potentia In such cases, the source signal is used

Lo bi agih 06 SEEANL90LAOTof GOAkiad MoBl B THONAPN Bodiklfis DALY RN act
and source regl O!’l Yy ! e s par at e cont act re_gl ons. or exanplie, a surtace
Eloﬁf Z&S ggr%rlay ravle %)dlt?}glle%ri]elerc? (I: &r}]ferrsn%g fobr?n g) [il%Yf‘!C I'leCdSti;[.C% 0%%?%\;\%&% H?ee satli\éﬁl&i ons

preventing a suicide contact to electrically connect both regi ons _together.
Thi s nilgclhepagaramrayidesn ppavatige beyean dresale arrhihs draint e separagien sherld be ond
isolation well. Independently biasing second isolation well provides

gr eat esuffitientithiabéonymodutohematximgmanstratiesivoltpge @rted dnam tefminhke Fevkaeple,
the separation distance Ds may depend upon the maximum operating voltage at drain terminal.
In one embodiment, the separation Ds is measured from the edge of gate to the heavily doped
drain region. The separation distance Ds may be about 0.3 pm to a couple of microns,
depending upon maximum operating voltage at the drain. Providing other separation distances
may also be useful. The salicide block spacer prevents silicidation of the drift region between

gate electrode and the drain.
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[ 00371 device tides simlar elenments as the device shown in Fig. la. As
shown, a substrate is provided with a device isolation region 180a and an
internal device isolation region 180b, such as Si! regions. In one

enbodi nent, the internal device isolation region 180b is concentrically

di sposed within the device isolation region, separating the device region
into f0035] and sEhofgdd oSthe-deeige ormaibly0detaminetigyithe adoheirthadhe gajepearlaphs of
the isolation regions may al so be usetbl, such as that described in Fig,
l'a. 10@Qalohefap tdesdn) Shedrifegiglon. SBY Mevidisg @sdlichiedlsdkaspaceeghepifedtive A can
enbodi ment, the transistor region includes a plurality of transistors. As

shown, , & fieJ&N 6Fa %f)lgg gﬂteivﬂgihu O8Ss Aldwal foR R ﬂaﬁ@ﬁ,&"@ltél WS tosdchieSe dhkaRsied The

transi stors are si to that described in. Fig. la. For exanple, the

t i st incl ud te 120 ' 3 .

ai o ocbr o tERaR Af RO I8 ko PRI IAG: PUTHA OB, o e
Th te has, f I ., dth W . ' 13 dr aj '

140 o RIS scenas e S0 S 1 e gHees SRR & ESdgmof ERE Qe S Sour oo

region includes first and secondsub-source regions 131 and.132. 10391i n one
enbodi redneedof As suahe therseligidnblogk ppaser enabiles a magrpwer gaip g ke used pherrexampie, a
exanpl e, the first sub-source regions are disposed adjacent to their

I especity evithat saficide block kpaceewhivtl Ins b vadirWe whege B 0Bt yweenchipena highdr ai n
region of a transistor is disposed between the internal device isolation

regi onggQds ti cdahple, Basd sfunedt&t thirs 1 WyanB & e lodRI@DniaAd Qighelin be achieved
configurations. For exanple, the transistors may be configured with a

common, df 3hih éa%ﬂv?cﬂh gpas?jl%%s‘#.f %1212 gﬁ{s(s:s%gﬁ Qv Akd CEM.@SL}]%&ES RHPHS %bﬁﬁrgd egi on

serves a.s a.-source and the se -’source region serves as a body
contact. 1.004Q]A devic od .1 n one enbodi nent, is provided between

t he tr§H§%§Pﬁg P“¥ﬁ868§0ﬁegﬁﬂéage§ﬁ8uld extend to a sufficient depth to
serve as a body of the_transistor. For exanple,_the device.boﬂﬁ(gxte ds to
a dept H086] about A dgsciibed i Beg daph: dhedtodyicopi@rs! 3 2amsPurse pigid 1 Cdenlitsle
body may al so be useful. As shown, the device body has_a depth which is

| ess t hubnsaune) deptte ebdctridally STiinectedibynr ekgmplget common siligiigsprteefodiethat t he
body nmay have ot her depths. The devi ce body enconpasses the conmon source

r egi Onexahysie, ey thebbey tentiie yiad sourbieare coufiad sothe seurcegignal or potdetiall &ppichg a
portion of the gates. The portion of the body under-1|apping the gates

def | nes,dolign ChARRR il 36161 I BRSIHE b@Ioh isiRioATRLIOh. &f otketcRibokaferks, thelef | nes
a Iengt% of the channel of the transistors.
body contact and source region may be separate contact regions. For example, a surface block
spacer or isolation region may be provided to separate the two contact regions, preventing a
silicide contact to electrically connect both regions together. This may be useful to provide
separate signals to the source and second isolation well. Independently biasing the source and
second isolation well provides greater flexibility in operating and design parameters of the
device.
[0037] Fig. 1¢ shows a cross-sectional view of another embodiment of a device 100. The
device includes similar elements as the device shown in Fig. 1a. As shown, a substrate is
provided with a device isolation region 180a and an internal device isolation region 180b, such

as STI regions. In one embodiment, the internal device isolation region 180b is concentrically

disposed within the device isolation region, separating the device region into first and second
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100411i n accordance wi th one enbodi nent, the device body is a self-aligned
devi ce body. For exanple, the device body is self-aligned to commbn source
regi on between the gates of the transistors. The self-aligned device body
enabl es the under-lap portion I, to be smaller and well controlled. A

smal ler |, results in a |lower Rdson. The Le should be as small as ssi bl e
to achivevegione!|(naedil 1 Rps Gher pRiigEatRNs Oé‘lg&)‘ﬁ‘gaté‘?}br-egﬁ’ﬁﬁ g@ygﬁo\}ggsg@ﬁa body
contact to the device body. [0042] A drain drift well 11 6 is disposed in

t he sulushpathet dshabekinfltigvial |, i n one enbodi nent, is disposed in the
transi stor subregion. For exanple, the drift well is disposed between inner
and oupesgledges Tglfrsbsub-rkgidn sefvet bea trahgstoadegday e ené snbatiment, thegi on.  As
shown, the drift well enconpasses the source, drain and body regions

of si sterRistdrRe QbR iR TN ?ﬁ.ﬁ‘ﬁlitytol??raﬁ'ﬁﬂbﬂ. s BOtvh oML AbvibOReflin thEluMe firsi S

bel ow the drain region. oné enbodi nent the depth of the drift well is

bel ow t he ft regi vjice. N i £.h th of the
ari r o bR ET LR R SROR BRI i P R
wpi | ses first polarity type dopants..For ex le, the drift I 1

pri sese"ﬁmc%éh‘?fg%ﬁ’rﬂ‘g 1%‘6’1“}/% afaf @@Wv}%g‘ﬁ? g]g&f eovﬁf)ﬁﬁﬁtféh‘?l%“% p-type
device. The drift well serves as drift regions of the device, for_ exanple,
bet weeSidgivell praggrsda maybedrayide¢ egpidawallsipidhe gater The Bate hass foreexamph By or
internediately doped with first polarity type dopants, The &pant

concenidil Mon o fourberegionf 1t3 Oveal Idraia yegiep eftare njspbead i Xlengubetrate e oppositaum

vol tage requirement of the device. [0044]1n one enbodi nent, a body

connecti@ds kb bate PTRYiAS re?&rﬂ iRQYesTREHERE s8¢ ondfs@b-sex@EBdgRorsS 3praay i1 8.d in
the drift well, separating the drift well into first and second drift

regi 0n@p§§16a- The, SR ARRGRE! LLoriAdn §ﬁ§e§%§§m pi@?%&\bfdédnyFth@Q 8%%tor HAF

exanpl he body connector contains t ofarity type dopants as the

pody cEmaaTBR By b RRryoarhs A SRR AL By A0 el Gt oot tle T

second sub-source region between them. A drain region of a transistor is disposed between the

internal device isolation region and the gate. The transistors may be arranged in other
configurations. For example, the transistors may be configured with a common drain region and
separate source regions. The first sub-source region serves as a source and the second sub-
source region serves as a body contact.

[0040] A device body 150, in one embodiment, is provided between the transistors. The
device body should extend to a sufficient depth to serve as a body of the transistor. For example,
the device body extends to a depth of about 0.3 pm to a couple of microns. Other depths for
device body may also be useful. As shown, the device body has a depth which is less than the
depth of the STI regions. However, it is understood that the body may have other depths. The
device body encompasses the common source region. The body extends beyond the common
source region, under-lapping a portion of the gates. The portion of the body under-lapping the
gates defines the channel of the transistors. The amount of under-lap L. defines a length of the

channel of the transistors.
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pol arity type dopants. The dopant concentration of the portions nay depend
on, few exanple, the maxi num voltage requi renent of the device. [0045]in
one enbodi nent, the device is a fully isolated device. For exanple, the
body and the drift well are isolated fromthe substrate, hi one enbodi nent,
first and second isolation wells 112 and 114 are provided to isolate the
devi cel00AbhVst r alreacctidengensith peoembodimenie thie devicg body isrppick-aligaedhdeyéeep devi ce
wel | The deep device well, for exanple, is disposed within the device

i sol atbatly. rRegicpamAi8 e devise bdywin self-hbgitdep comuionsousk regicn bitwpasthd gajies hi n

i nner and outer edges 18la and 182a of the device isolation region. The

devi ceofyab krahQEBIs| T88 séianffedAevicdDogReRabRR| tBE hﬁdér-tléﬁg@)rﬁ& L.he tdrsidaller
regions. [0046] Deep well contact regions 113 may be di sposed on a surface

of the : , o [ i ' d between
t he de@?ﬁgéqgo ag$§§A%%%?%%ngggﬁgﬁgthggg%% 'H@%?gg&?ggﬁggi%ﬁﬁggbion 180b.
The deep wel | contagt .regigns serve in a dee Il bias tmnals,of th

dovi cabSatinbe P4 A0Fat Shiseiinin SRR Mo e Rriell Appar s,
provi di ng ot her  nunber of deep well contact regions, including 1, may al so
be usefuhe degeybadthe second isolation well 114 is disposed within the first
i solation or deep device well. The second isolation well may be, for

exanpl PWO42kf er r ed drainasifiavelbVl s dixpdyedaelthe subkizatdehe drih obll, medne has
opposite polarity type dopants as first iSOatiell and drift wells. The
devi ceeibslimen, ks diffsedanptrensidtsr sibspgisedFomnexah®ld, tiendifstvell issdifpased)i on of
the device region. As shown, the device body well enconpasses the drift

vel | agdwisn Winbiidd Juf2@HgANS 184he 3818 S e HtethBEddviteaidl@ond8ibh € Ak SRERA,1 ON
regi on. The body connector couples the device body and the Second

sub- sopL G G Q&OE%agsgg t}%ce%gxrc ,ed/r-hﬁlean . Ioliy regichs e 1R oglg region,

- r
for exarnpl e, Serves-as cong 1 sol ation’ o eV|céngg§§R%§ﬂw Iras term nal
of the devj.ce, [00481Substrate contact r.egi.ons, 107. may. be_provi ded,.on a
Qur | meanBrdieat, BEBEPRABODR S BhE St S On Tne iR tioR: LD RSP B ons
are di sposed outside of the device region. For exanple, theg may be

di sposég depthwadele drife wahis kalow skt dreingrgios ghd Aevipribedet dneas emBestigienk e

depth of the drift well is below a bottom of the STI regions.

[0043] The drift well comprises first polarity type dopants. For example, the drift well
comprises n-type dopants for a n-type device or p-type dopants for a p-type device. The drift
well serves as drift regions of the device, for example, between the body and the drain regions.
The drift well may be lightly or intermediately doped with first polarity type dopants. The
dopant concentration of the drift well may depend on, for example, the maximum voltage
requirement of the device.

[0044] In one embodiment, a body connector 118 is provided. The body connector, for
example is provided in the drift well, separating the drift well into first and second drift regions
116a. The body connector has second polarity type dopants. For example, the body connector
contains the same polarity type dopants as the body region to provide a connection to the device

body and body contact. The body connector may be lightly or intermediately doped with second
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regions (not shown). Providing the substrate contact regions at other
part.s of the substrate may al so be us. The substrate contact regions serve
as substrate bias term nals of the device. Al though the device is shown
with two substrate contact regions, providing other nunmber of substrate
contact regions, including 1, may also be useful. [0049]Fig._ |d shqws, a

o1 05 5-PoiEHY bipaIdopnisy ‘Bhe ARIBhEICEHIEEI A e RTIANSIBY Sead o, FPRExRIF B | s
simlar that described in Fig. le. As shown, the drain side of the gates is
provi degkimutrhvatagatdquirdment ddhke dpacer 175. The salieide bl ock spacers
conprise a dielectric material. For exanple, the dielectric material may he
silic"[gg43]e, ni tlhiode emd¥Yifidnt,itkked®ficesis a doldy 3atatedndeiviver Fof exa@igignhd yas of
dielectric materials may al so be used to for the salicide block spacers. in

some %Qﬁ %&?@R«%ﬂ A BoRIAGKOS RREEHsHRY. RN dddiRbg, isehRClebdia Lkayvgss. A

salic spacer provides a separation between a gate and its drain
The se t.i,on uld be .suffici 0 -W t desg] . j

ol t agiila 1P AB 3PS PrrRaBhls sfBhe R R LRI TR, AER (AR E
about 0.4 umtaq a couple of mcrops, far ex | e, dependin pan .val t age of
oper atiPbfEantievs 8 isp VFﬁ?rWPéE gepdedre Py gg’é eﬁaé?ﬁg’l 1§ 158&@35@% I HThe

sal icide block spacer prevents silicidation of the drift region between

gat e elereisdaioarndgioné g ahnshqvonso] desp deyige vielltihdisplesgd pdthisingsy gidyouter
determ ned by the anmobunt at the gate overlaps (gate overlap region) the
drift gdged D8la ady 1920V tike dgviac Balatieh degidn. oThke dpamewell tdrepréfes dopdntpidher be
increased for a given gate wwdth. This allows for a narrower gate wdth to

achi ev&n{e%lggﬂ}?@qsmrifﬁygi&gawpl e, the gate width can be reduced or
m nim zed, even for very high voltage applications, such as about 100 V.

This ;ﬁlﬂ%ﬁﬁes Cdgy, Pwéh &R rdons' 1 3%4}’3&; disi9d b ad ﬁ?cero‘?g}%ﬁi}strﬁé aych,

the s de bl ock*spacér enabl esa narrower gate to be used. r exanple, a
gate with a salicide bl ock.spacer i.ch has,a w.dth wher e, kV2 W, can
achi eviO¥h? gerarw eﬁ%’é@t FetO 1)§éihs@p\é\é{3 sbge e d§Y18%11[581r\Q%P‘P15€?$1%1 4[4 very

| ow Rdson and Cgd can be achieved with total gate width of as low as 0,3
pm  Asintaiesh devieg saletion ceng biibe dd deay WisH cenisrigipaigns seres 1t dsoparst Bavduce a
fully isolated device. The surface spacers may be forned froma dielectric
mat er i tatminkef éeatepice, Altheughithtaiceics pashems: wigly tvhededp waldcdntashraghmss ane
dielectric material as the salicide block spacers. The surface spacers

faci | i gravi@irpenRdraiuer 8f ddepavaiosbneRt deilondNdchdiiy I alyatdo YedRefuPr ovi ding a
surface spacer may be useful, for exanple, to provide separate .ot regions

to bi %Okﬂe sourfig, aBshd 161aRGMWell 114 is disposed within the first isolation or deep device

well. The second isolation well may be, for example, referred to as a device body well. The
device body well has opposite polarity type dopants as first isolation and drift wells. The device
body well, for example, is disposed in the transistor sub-region of the device region. As shown,
the device body well encompasses the drift well and is within inner and outer edges of the
internal device isolation region. The body connector couples the device body and the second
sub-source region to the body device well. The second sub-source region, for example, serves as
a second isolation or device body well bias terminal of the device.

[0048] Substrate contact regions 107 may be provided on a surface of the substrate. In
one embodiment, the substrate contact regions are disposed outside of the device region. For

example, they may be disposed between the device isolation region and external isolation
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i ndependently. For exanple, the source and. body nma.y be biased at
different potentials. 10521The transistor pair of Figs. lc-d is eantigtired
wi th a common source region and separate drain regions. Alternatively, the
transi stor pair may be configured with a conmon drain region and separate
source regions. Additionally, the transistor region may include other
nunber regions (aetshewo). sLroAdingshe sylistrateaaptagiddgions ahvashermarth ef thefsubstratesna or s
may be provided. in the case of odd applications gieater diarl or equal to
3, oneales bernsefull rArRSuBdtKe @akdcs ragionsBerve no vildadtediasadaminale oéthetdeains.i st or,
such as that described in Figs. |a-b. Enbodi nents having a plurality ot

tansi sh@hudhthk BBvikE ANKbWA WithStwo- JuB&HAE cGRR): %&ﬁ“%r%'vr&ﬁé‘&ﬁér et GEIT at i on
ac

which th-ilitates high current drive with a conp | ayout. For exanple, a

pl ural é"ft%tfr&% &ﬁﬁ@@ﬂeglvﬁ Iﬁ‘ﬁﬁ‘#ﬁéwﬁﬁy RO LR Ganfigured in parallel to provide

paral |l e Ingers in sources are connDnIy coupled all gate are

conmon upled an drains a d Su arr.ang nt
S 7 s O crf)asrifﬁfl%ﬂﬁtvwabﬁ shofier Brboaimsat o idkyiis TP G
about hundreds of ni A to about 40-50 A. [00531Fig. | c shows an enbodi nent

i n whi éevieens siswilar de thapdessnbedig Fignlg- wowanﬁlaéfalqsléeaf thegphPIevedct
regions. For exanple, a silicide contact on the surface of the substrate
connecwghhorhcidohtoak spaceg! TnsThei saliside block spaserstdospsioe p deel sitmabteiigl. foed. to
bias to the second isolation well. Alternatively, as shown in Fig. |d, the
Sour ceexa@@il®Nbe airttchiRdiatedd] inddt beddiBeonaixade hitri€e) Bk fitrideadl aQidsmbirgibn exanpl e,

a surface spacer is used to separate the contact regions. An isolation

regi ong, (R 2bRRr B eH%P&’iefe@tr&%@cEﬁél?nfap%ls%%éﬁ% to%ﬂﬂfé%ﬁhmﬁ’é el\swgﬁage@emr ate

sour ce contact regions allows the secon olatlon mel to be

:Mn,([jﬁp:nogﬁe?%; ocg ﬁt%dthe lr:)i%)c%h ciPl gighave %Y(i (?gle?tnc l%yﬂ CI'S. nb&ig&{dé“ﬁ @{OVI ded

e spacér as Cr

o Ceﬂ’%zﬁrgﬁgwﬁlﬁﬁd@%a@&w%chﬁ%%at}%ggﬁ?%%aﬁ% R SHp I Rp TR ot

I OCes\')ssfltlzlsotz?n(ic tcl)lre desired maximum voltage at the drain. In one embodiment, the separation distance
Ds is about 0.4 pm to a couple of microns, for example, depending upon voltage of operation.
Providing other separation distances may also be useful. The salicide block spacer prevents
silicidation of the drift region between gate electrode and the drain.
[0050] The Cgd of the device is mainly determined by the amount that the gate overlaps
(gate overlap region) the drift region. By providing a salicide block spacer, the effective Lpgr can
be increased for a given gate width. This allows for a narrower gate width to achieve the desired
Lpr. For example, the gate width can be reduced or minimized, even for very high voltage
applications, such as about 100 V. This reduces Cdg for a given Lpr. In effect, Qgg is also
reduced. As such, the salicide block spacer enables a narrower gate to be used. For example, a
gate with a salicide block spacer which has a width W,, where W, < W, can achieve a higher
BVdss. For example, BVdss of greater than 15 V and very low Rdson and Cgd can be achieved

with total gate width of as low as 0.3 um. As such, advanced CMOS process may be employed

to effectively produce a fully isolated device.
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formng a device or IC. Referring to Fig. 2a, a substrate 105 is provided.
The substrate can conprise a silicon substrate, such as a lightly p-type
doped substrate. Qther types of substrates, including silicon gernmanium or
silicon-on-insulator (SOD, are al so useful. 100551As shown in Fig, 2a, a
device region 110 is defined on the substrate. Although one device region
i s shdffdllever uRdePstBYdimeEts SHEacPpaET Rl © Ray bp REAILRE opdhe SRYECS FPBI0R- of
regions (not shown). For exanple, the substrate may include other device

r egi oriBhef sorfaot bpacers ypodedbrdel/froms:, didglhetric Matenali Ret erdanplo ghecsurfags snasetsn
whi ch | ogi ¢ devi cesforned. Depending on the type of IC formed the logic

r egi ongay berorgxafphtthe¥Ryie ditdaitiemargialoanshé salicit o fledlespacaral Tageudsue ces.
For exanple, the logic regions may include regions for high voltage (LW

devi cegacdfe flciiithiRkep it RInBRIh A Rird0l 11388 HobYkoslaMi 138S IP%\QdihQWsMx?ﬁ%e%@c& LV)

devices. O her configurations of |logic regions nmay al so be useful.

Addl t II%Q al)le XSeﬁ?lt 0% rCXZtIIX]QII%St of 0\(/:{8%/ g %ﬁra':cee (% ?QC% r@%ns"% %(i-) st?ﬁe &)rUP(yel gﬁ%e ﬂ'(g) 6.1 The
devi ce r%g|on I's$ separa ed Y ony other regi ons by a device IS0l at i on egi on
180a. The device jsolation region surrounds the device region, In one
erbodi RAFRENIFHE: diog PEanpIEghBAtFaE A ey B CUT U
region 180b to separate the device region into first and second device
sub-r el§0BHs 110allte traristarparotdlicsi $oHat Ponigvey with a commeraapice reger #sunds
the first device sub-region. in one enbodinment, the device isolation region
and i ndepamad drd@vegions. shlt@hatdrely, elgs wansate paomeenba canfigsmdalittomcoregioodsain For
exanpl e, the second devic sub-region conpletely surrounds the first device
sub-r eghfn i tsBdrite B EEPALAIEd AMitloRgly, Thefhibida\esn s iaélL@Nothedh@iber | N
ot her enbodi nents, the isolation regions are configured to provide a
second [ - reql | nak L ' eyl

otqgfﬁsfsﬁ)ré u115)0r eﬁ%ﬁf&hé@ (?(ﬂi teﬁ ﬁlﬁ%éeiﬁléalgg@%?%%l?§ Bg hl;o_%ﬁdeﬂ Ya fife cas

sub-region, "such as on o Wo or t igurations o

i sol ati regj.ons may al so be u : : . :
ofo orzid ap%ilcati%ns gl}é:ater fhan of qua ft(gj !’;, one or more transistor pairs may be provided an

additional transistor, such as that described in Figs. 1a-b. Embodiments having a plurality of
transistors in the transistor sub-region employ a multi-finger configuration which facilitates high
current drive with a compact layout. For example, a plurality of transistor structures can be
configured in parallel to provide parallel fingers in which all sources are commonly coupled, all
gate are commonly coupled and all drains are commonly coupled. Such an arrangement may be
useful, for example, for high current applications, for example, from about hundreds of mA to
about 40-50 A.

[0053] Fig. 1¢ shows an embodiment in which the source regions 131 and body contact
132 are common contact regions. For example, a silicide contact on the surface of the substrate
connects both contact regions. In such cases, the source signal is used to bias to the second
isolation well. Alternatively, as shown in Fig. 1d, the source regions and body contact are
separate contact regions. For example, a surface spacer is used to separate the contact regions.
An isolation region may also be used to separate the contact regions. Providing separate source

and contact regions allows the second isolation well to be independently biased. Furthermore,
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[ 0057] The isolation regions conprise, for exanple, STIs. Various processes
can be enploved to formthe STl regions. For exanple, the substrate can be
et ched using etch and mask techniques to formtrenches which are then
filled with dielectric, materials such as silicon oxide. Chem ca
mechani cal polishing (CWP) can be perfonned to renove excess oxide and
provi déeaepicanfFigs libstaydeerougedswith aserfacetshager ps desegbeskingtig.nglt driseine can

al so be used to formthe STls. In other enbodinents, the isolation nay be
ot her ¢nip&dimehts] theldavice bf Fggi dnty hitecdepbh safrcd fiel Bl somaytshe dededbed in
exant pl e, about 3000 - 4500 A. O her depths for the STis may al so be
usef ul g Fpg exanple, the isolation regions may be DIl regions. 190581lln
Fig. ZE, a deep device well 112 is fornmed in the device region. The deep

§§Zi ZﬁL@%rFéﬁ?? | Chiprr LS R HeElor Fehio? o fnbog B, SFFGRY AR AT 11
[ : . ' ly d . The d h he d I f l e,
ny  HETERA Sice aCt e GTER e o att U U8 R Ry RIS dovt cos

operating fromabout 10 - 100 V. Forming a deep device well haying other
dept hscorayrisgiasiligpa sybstrase, sugthes aliguly nubipe dapsd wbstrase-nEeh{yrenpl BvsirHes,
appropriate dopants with the desired dose and power into the substrate. The
&pant inghelingkisenagetmpmver orrsiicod epenshlanr (H¥) taypelsofisefidvi ce t o be for ned.

[ 0059] I n one enbodi ment the deep device well conprises a n-well for a
n-type[@ssj ce. FALRh&En & Prgt YA dERP el T Wwaklinddodn e Bubsyate. delttiongh may

al so be useful. The doped well may be forned by, for exanple, performng

mul tiple é(ljéew&e%éi%nﬁ Sl{rér)lg{?t gg?ﬂ&w@\;&?{lﬁe‘?ﬁooc{r l?l%g[ @ﬁg'@ﬁl?sﬂtategﬁ%gﬁéﬁldb' 9840 form

t he deep device“we conpatible wt e process ‘used to fool for

exanpl hi gh vol t age, well For ex I he de J |1

Fonr | et/Pg SR Ba RN For RemEbr I b TS ore R ey o e i
al l ows the sane Iithogrgphic nask(}o be used to ttern the im Iaqf mask.
The | i ehegpapheidavicsk Ghel may rslpde logiggegionsipviNgR fogts devicahatrdPacd: ¢ or
exanpl e, may be stom zed to also include an opening for the deep device

wel | . Diepensiingon Gttt ofdhtformed, swdagigtregiorse frrespmpleasiry mejudsaegisadior o
specifically tailor the doping of the deep device well, [0060] To formthe
deep daiffeeent weltdge devitee pFavedxkmipleptteriogimasdionshnghinelge sepsortster kighivokage

(HV) devices, medium or intermediate voltage (IV) devices and low voltage (LV) devices.
Other configurations of logic regions may also be useful. Additionally, other types of device
regions may also be provided.

[0056] The device region is separated from other regions by a device isolation region
180a. The device isolation region surrounds the device region. In one embodiment, the device
region also includes an internal device isolation region 180b to separate the device region into
first and second device sub-regions 110a-b. The internal isolation region, for example,
surrounds the first device sub-region. In one embodiment, the device isolation region and
internal device isolation region are concentric isolation regions. For example, the second device
sub-region completely surrounds the first device sub-region with them separated by the internal

device isolation region. In other embodiments, the isolation regions are configured to provide a
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region is sed, The inplant nmask, for exanple, conprises photoresist
patterned by a lithographic nmask. Since the device isolation region can
serve as an inplant mask, this allows for an increased processi ng wi ndow
for the patterning process to formthe inplant mask. The inplant mask nay
be renoved after the deep well is formed. O her techniques for formng the
deep d¥eprbdeasq subggzian sdugepasidhisurroppds thy Ay de vich sulieagyprg sdaheas oReIne,” may
be formed by epitaxial silicongrowh on a heavily doped N and P regi ons on
t he sawe subsersatee POGS tdiduraimme alf isohyiobeegpensimayeldo bdheefidnneal , f or
exanple, diffuses the first ype dopants fromthe inplant, form ng a deep
devi ce[oos?] whi CITheXdobdiide rbSonnERfipridaciobekdmple B TIsharadioud Srocdss&@l @hiben
region. The anneal canfo ed at a tenperature of about 1000 - 1200 t. O her
anneal | - ann ' e
st al R e TR o g s RO B RL e Gl QORERRR g ARy
devi ce, sub-reqgian. The, body. well . f X . serves. as second isol ation
wel | PBRREGTo Flm FRReSRKic Bt en e VBT ST B PR AR B8N,
polarity type. The body well is fornmed within the deep done well. I n one
enbodi G%?ﬁn,calt Rechsaigy! mﬁwhmgécm)rﬁéa bgpemprmadde remey eetis et PAGASAt hi n
the first device sub-region The depth of the body well, for exanple, my be
about planargubsirate wpgerfa®udPther pteptskesios magerialy cdnorlscabaleseil tefomintthe 8§Tedinr ed
operating voltage fromabout 5 - 100 V. Providing a body well having other
dept hsotheyerab&iimbgts,ukefsulatian thayfterotiest ayus @ f isvbatiod@pgionk. Orhetdepthoeshe STIs
operating voltage of the device. The body well may be fornmed by inplanting

appr ophhabhe, [PRaMse, Wbk 1006 -desh RebllesEpAntoPMUTIS Ma9 alb®etubipl rage. The

dopant type, dose ‘and power may depend on the type of device to be Ranted.

[ 0063] I f . | onprises a p- 11 for a El-type

devi ce.%ﬁitﬁg}ggﬂ{ﬁ%%&g %g@aﬁ%dﬁxﬂ\%glrong' p-type device may al so be useful.

The do wel | be_ forped by peril-riffling. [ti.ple inplants at

G Tt o Besbner oi BT Sidrep e ol oL < omnifin B piibh Setsby TRGRFS ray be

conpatible with the process used to forma high voltage doped well. For

exanpl éevigeheelbdeyexagiple, seryehes fist iveldtien wele Thadeen daviccasell freomg gh vol t age

second. polarity type doped well. This allows the sane |ithographic mask to

be usednbalip@ht, esmptides doppitaof thadisdt polbhiey tyipthdbe dpdp deviskellimeylbe tiglitby m t he

hi gh. voltage second polarity type doped well, for exanple, may be

cust oniigR. tMdecidegthédehd iHeBAdY, IRlckarBpeNinBg be hbot2hero ;ﬂﬂbsdél{@ﬂ%pﬁh,_ for f
oping o

separate body well mask rmay be used to specifically tailor the

the de@&n’ﬁﬁé,lmay accommodate devices operating from about 10 - 100 V. Forming a deep device
well having other depths may also be useful. The doped well may be formed by implanting
appropriate dopants with the desired dose and power into the substrate. The dopant type, dose
and power may depend on the type of device to be formed.
[0059] In one embodiment, the deep device well comprises a n-well for a n-type device.
Forming a p-type deep device well for a p-type device may also be useful. The doped well may
be formed by, for example, performing multiple implants at different energies. The implant
process used to form the deep device well may be compatible with the process used to form, for
example, high voltage wells. For example, the deep device well may be formed at the same time

as the isolation wells for LV and HV devices. This allows the same lithographic mask to be used

to pattern the implant mask. The lithographic mask used to form the LV and HV isolation wells,
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[ 00641To formtht. body well, a body well inplant mask which exposes the
first device sub-region is used. The inplant mask, for exanple, conprises
phot oresi st patterned by a |ithographic nask, Since the internal device
isolation region can serve as an inplant mask, this allows for an increased
processi ng wi ndow for the patterning process to formthe inplant mask. The
i mpl anfor eeskplaayapke custoviedd tf dlsr intluderamgpentieg foothe dosp idevice wel. Twreether ques
for form ng the body well may al so be useful. 100651An anneal may be

per f or ¢rEsbdihbes angepatatedd dep watisniskanselsondd ty gecidiepldy taslor fherdoping of thzody wel |
whi ch extends to tinder the bottomof the internal device isolation region.
The aWﬂ%@heﬁEQ%eﬁxa”ple’ is perfornmed at a tenperature of about 1000 - 1200
C for about -1 - 15 hours. Alternatively, the anneal nmay be a rapid thernmal

anneal a6dr) - ST AMREALLN AR BIE L8, RLn RhBGRERES. IRt BhafeDfic WsatY!

100661 cri bed, ion Wel'l's™are I solation
region is formed. _|In ofher odinents, the isplatio | ls .may be forned
prior ¥8onds Hisdg Thedmp F@ngﬁorreé‘ﬁmifs CORBHET f%étpéeﬁisﬂﬁavkﬁglq%ib@f *y2d, a drift
well 1.16 is faulted in the first device sub-region. The drift well,in one
enbodi hbagrapkie mpsk s Sincd dhradrvicedsolating egies capearyg ax an impiant magk, thisiallpWeel | i s
formed within the body well. In one enbodi nent, the drift well is forned

Wi t hi nfok be inepehged prevessmgweintiow ik the patiaminp erdoessstb fomv theemplant magh.obfhe | n one
enbodi ment, the depth or bottomof the drift well is below the drain

r egi ONimylint ANk HJsH el ed Afe tiitediep vadll it fam@al Otheveédhniqued flr @wniihgtidr ai n
and body regions. I n one enbodi nent, the depth of the drift well is below a
botto i Viedi I : [ hs may
R A A R S T R N A e

o S5 385 RSP RG Baed O A T, coper
Govi celO6BH m g ARgRES s emeriagnd T e g evuaF b iy 47 45" Bae et ul
The drift well may be formed by inplanting ions into the first device
sub- r edpmants fiidre thenipipdant, formieessicas devieowelh whith extandgfq yrder the bottom of the
device isolation region. The anneal can be performed at a temperature of about 1000 - 1200 °C.
Other annealing temperatures and annealing parameters or processes may also be useful.
[0062] Referring to Fig. 2¢, a body well 114 is formed in the first device sub-region. The
body well, for example, serves as a second isolation well. The body well, in one embodiment,
comprises dopants of the second polarity type. The body well is formed within the deep device
well. In one embodiment, the body well is formed within the deep device well and within the
first device sub-region. The depth of the body well, for example, may be about 1 - 8 pm range.
Such a depth is useful for a device with a desired operating voltage from about 5 - 100 V.
Providing a body well having other depths may also be useful and, for example, may depend on
the desired operating voltage of the device. The body well may be formed by implanting

appropriate dopants with the desired dose and power into the substrate. The dopant type, dose

and power may depend on the type of device to be formed.
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may be conpatible with the process used to lona a | ow vol tage doped wel | .
For exanple, the shallow device well | ay be forned at the s e tine as the
| ow voltage first polarity type doped well. This allows the sane
Iithographic mask to be used to pattern the inplant mask. The |ithographic
mask used to formthe | ow voltage first polarity type doped wel|, for
exanpl @063y be Bycsmbedimey, thabpdygwel! ﬁ@neﬂ%ﬂswdwaﬁ\f%fbnmel deyiseni ng. 1n
ot her enbodi nents, a separate shallow well mask may be used to specifically
t ai | orFarlnenglepityige bddyt well thriafpetype devicd 008 91sT e fuseli. t Tee dhpied wellehdy, bean

i npl ant nmask whi ch exposes the first device sub-region is used. The inplant
mask, foaihedbampiermiag multige smplank at @giesdnt padriies.n€he biyplantl frodeegtsaihs Cormmsk.
Since the internal device isolation region can serve as an inplant mask,

this ahl@way (Rl R4y B 861 WHPEePRbdebNeiewid Wrmt RigR %rt?eruoggd Repcass to

formthe inplant rask. her techniques for formng the deep device well

may al s e . [ ively, .t i t ) i iLfically
Four 1B IF bihorALREY PR R A Vs PR B R LSO FETRRIACT
the first deyj .sub- region._ The body connector. conprises. dqpants. of the
secono‘iﬂiﬁfléﬁ‘%ﬂt ;C;ﬁ}l?ég)ws'l‘ﬁ S‘BB%IU;[@SWR ’(‘Pt‘%‘?s,ié te EF ugsdARpe ,emftﬁ‘?l‘ﬁ%pci tOATKeths on
with the body well 114. As shown, the body connector separates the two
drift Wbbgraphicanasimsedbiodpan éedrigl voltaggiseersnd pobuaity hive doper welbrfreexasiplermy be
formed by inplanting appropriate &ants with the desired dose and power

i nt o tiney babsitomized td heludo piariodyywpd] oo, dndthpowmbodientie pecdraabsdie t ype
of device to be fornmed. [00711l n one enbodi nent, the body connect or

_corrpr!&s&n&skm_uéciﬁedlfossﬁe&h@algoﬂnop@easﬁihgbffmme wiegil med by i npl anti ng
ions into a porfion of the shall ow device region. The inplant process used

For m o T84 vol 1 agh ‘IA0a oua 1Yo o TR kS R T B e

at the sanme.ti.ne as.the Ilpo - vqltage second polarity type doped well. This
| ovesPrETio Bty g apRrb Atk For BT unPRs o et PREREE AR rmok.
The |ithographic mask used to formthe | ow voltage second polarity type
doped lWdpgraphigmaskanyines thednferpal dayiqegpmlatean regionsan serae ehan perlgntapske@isor

opening. in other enbodi nents, a separate body connector mask nmay be used
t o spedidvscat hy irtcadabat probessitg piindow ffortthe pistrdying provest torform the implant mask.

The implant mask may be removed after forming the body well. Other techniques for forming
the body well may also be useful.

[0065] An anneal may be performed. The anneal diffuses the second type dopants,
forming a body well which extends to under the bottom of the internal device isolation region.
The anneal, for example, is performed at a temperature of about 1000 - 1200 °C for about 1 - 15
hours. Alternatively, the anneal may be a rapid thermal anneal (RTA). Other annealing
parameters or processes may also be useful.

[0066] As described, the isolation wells are formed after the isolation region is formed.
In other embodiments, the isolation wells may be formed prior to forming the isolation regions.
[0067] Referring to Fig. 2d, a drift well 116 is formed in the first device sub-region. The
drift well, in one embodiment, comprises dopants of the first polarity type. The drift well is

formed within the body well. In one embodiment, the drift well is formed within the body
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100721To Rum di e body connector, a body connector inplant mask which
exposes the portion of the first device sub-region is used. The inplant
mask, for exanple, conprises photoresist patterned by a |ithographic task.
The inplant mask nmay be renosed after form ng the body connector [00731lin
Fig. 2f, gate layers are formed on the substrate, In one enbodi nent, a gate
di el ecdaviiee welland withinithe fitst dedcosubrisgiosu il apecnpodiments tigsieptditas bottha qjat e
dielectric layer, for exanple, conprises silicon oxide. Qther types of

di el ectheideifimatletsiteley theydrahsegibe Ins@fewimbodimanahe digohlbfrthetdrift el gatebow
dielectric layer conprises a thick gate dielectric |layer. The thickness of

the gatng dlifheE bodFrekRWE! IEHe d8banawt, He depthQPtheAirifEREl EXRIBY @ botth@ of

t hi ckness of the dgate dielectric |layer nay be about 20 A for Vgs of about

1.2v } . . : = : t

di el e?{i&%s‘g’fﬁé@%&?r ﬁ’?gﬁﬁ%ﬁ?&? an%/&aﬁl %Ot %sdtfgglfsu ) Og%glésf gﬁ)'d?(g g:l?ﬁeélg?aier
b d by .th |. oxidation., F le, .t dielectric,| [

e DR e AP o e AR Gl el Bh BEVE i ™" '°

oxi dizing amhient. The tenperature of the wet oxidation can be, faor

exanp| #ibsageut hy dopanh ppecdostizad apweaningeneas opdhe tyas of dsvigedp e y@edor ned at
a tenperature of about 1000 "C. OQther types of gate dielectric materials or
t hi ckn@®68s nay bl e dosbadseént) the Hoft veolbenphreises he-welt for dinetype devies. nat eri al
may conprise other types if gate dielectric materials and/or be forned by

ot her Fympefg ab-RpOees K&l fos 8l phygsdsi@mhadlso/bpadefid e Mbs idtittarel( G¥Ppe fdrifdd4] | n
one enbodi nent, the gate dielectric layer is foi nmed using nultiple

proce Sﬁfﬁmgﬁtﬁ&ﬂ; BhOmES thelRERvRe E%-}ég%h. Of heAnfpine Rﬂic@és%&d foCrohAYRE drat i |

the desire Ickness 1s achieved. For exanple, the gate dielectric |ayer

is f d by fj '
Id;S el g(r:{r{e%}o&l 1%{%%% g(%r%[?art]%{fs\gﬁﬁ .ﬂge {)Sv)ﬁ%lg ﬁ%e%tst% f(;r Fa Io'vs; 941t E%Sé&tswélpr P&t e@a?]%ee?

evi ces e second process | ncreases
t hi ckness. o tge,di electric layer for LV devices to that of Hi{g_@g i ces.
For i nEpechBlogh 0evich WPLaw te Y & WEOIHERS HEHBLTO s SRS eotebe Ry al so
be usefill. This facilitates conpatibility o f processes used in fanning
1Cs hadoned wall. t Thiy aliqvesile derne ithograpbiyraask tghe ased) te peiteradhg iapdant ppask; dhe
formed on the substrate over the gate dielectric
lithographic mask used to form the low voltage first polarity type doped well, for example, may
be customized to include the shallow device well opening. In other embodiments, a separate
shallow well mask may be used to specifically tailor the doping of the drift well.
[0069] To form the drift well, an implant mask which exposes the first device sub-region
is used. The implant mask, for example, comprises photoresist patterned by a lithographic mask.
Since the internal device isolation region can serve as an implant mask, this allows for an
increased processing window for the patterning process to form the implant mask. Other
techniques for forming the deep device well may also be useful. Alternatively, the implant may
be tailored specifically to form the drift well.
[0070] Referring to Fig. 2e, a body connector 118 is formed in the first device sub-
region. The body connector comprises dopants of the second polarity type. The body connector,

for example, forms a connection with the body well 114. As shown, the body connector

separates the two drift well into two separate drift regions 116a. The body connector may be
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| ayer. The gate el ectrode | ayer conprises, in one enbodinent, polysilicon.
The gate el ectrode | ayer can be forned as an anorphous or non-anor phous

| ayer. The gate el ectrode may be doped. Various techniques may be enpl oyed
to dope the gate el ectrode, for exanple, doping or ion inplantation. O her
types of gate electrode materials na¥ al so be useful. For exanple, a

met al | fosmpdbrimplantrganpsertiatoddnspinva e sesiggdidose prkpewddntothesybsirekness of
the gate el ectrode | ayer may be about 800 3000 A. O her thicknesses may

al so bEhaudghant typdaloboamd pdvecrgadyedspbst bu doteypagfateyvicede hafqgued. such as

chem cal vapor deposition (CVD), can be used. O her techniques may al so be
usef ul ;pofPO76] i NInFdi@ endBdirhéif, M bedY eRESoREEN E?Itﬂ%iidpanfsomib(bﬂ&y or nore
gates. As shown, the gate layers are patterned to formfirst and second

gat es dflG0! e BORTI tiyGmbldnfihe R iREEQRGHAT ANRL MO dedideliegibhamst st of
sub-region. A gate i1ncludes a ga%e el ectrode | ayer 124 over a gate
dielectric |layer 122 apnd s,.awdth W. Patterni tF ate layers to form
ot her APy EeE 4 Rim RS bR Endret mebiBt pEPuii WG AP Geufifteo

Techni ques, such as mask and etch proce sgs, can be sed. For exanple, a
phot or Bgngtloyypdtags dogedvgdly Fsy sxampls, éﬁ?’@ BFUREFISHmay B¢ dormgdft i PEned,
exposi ng portions of the gate el ectrode |ayer. An anisotropic etch, such as
a RILE, titng apéreflownmetiagosacembpad artyppseedbped meallo idiodllovsehe sanee bihegtapbiganasky er
and gate dielectric |ayer below, To inprove |lithographic resolution, an
anti - refdeagtd wepsteat ihgmpRARGhadaHidiths gruplde chable newitth fotethelowonitsgest .

Q her techniques for patterning the gate |layers may al so be usehil. [0077] A

body %Qoﬁépél%tg?%é. HodelSvdil aSixahple, £4D bE@FiORized R iRAMY thébddf dHRedtdt

source regions he transistors. in one enbodi ment, the body is formed in

a conmpn._sour.ce reqj on.bet n.t I .

exanpl %Be“f‘}%a I Ig N 'E[ }Ileﬁ gmé?’g((i:lo na ¥\SIS % IS%PraP???/ g?%éon&-é%aﬁﬁ'gg%ﬁﬂa? Ré Bgz‘gc;aﬁtn’rgn;j Eé(csl%%a?lé/ e
region. P-type dopants may he inplanted to fonEl a body for a n-type

devi cetailefthe Harige ﬁ“ﬂ%ﬁﬁfmﬂnﬁyﬁe dopants may be inplanted to forma p-type
device. [0078] To formthe body, a body inplant mask may be used. The body

i mpl anl00&kk, f oo éxanihledody epmnecwas siotconeentertimpiang magpWhith axasses iy be
patterned to expose the source region of a transistor. For exanple, the

i mpl anportias kf theyfirkelgoaktsebnadon 8 wad ok intydard amasknfos exare@er@gippeof t he
transistors. To inprove lithographic resolution, an ARC | ayer may be

provi deihtbiebiompditemeRbYta0itBSdraphic Iﬁ@klhmé ﬂﬁ}lilantfr@z{sk%@'w RmolvEd 8Rérffohingned
einp

to the gates. In other enbodi nent, t ant may be self-aligned to a.

gate i ion region. As such, the body is a self-aligned body.
Forniﬁgggﬁg%Fégg?#%ned body allows for an increased processing wi ndow for

the pa[ot(ﬁgpi nd pfnolgieg.sff, tggtetlzby%?s grg ?orgl% %ni e lsﬁ)r&ratrgiitll( one embodiment, a gate

dielectric layer 122 is formed on the surface of the substrate. The gate dielectric layer, for
example, comprises silicon oxide. Other types of dielectric materials may also be useful. In one
embodiment, the gate dielectric layer comprises a thick gate dielectric layer. The thickness of
the gate dielectric layer may be about 20 - 1000 A. For example, the thickness of the gate
dielectric layer may be about 20 A for Vgs of about 1.2V and increase to about 1000 A for Vgs
of about 40 - 60 V. Other gate dielectric layer thicknesses may also be useful. The gate
dielectric layer may be formed by thermal oxidation. For example, the dielectric layer is formed
by a wet oxidation followed by annealing the substrate in an oxidizing ambient. The temperature

of the wet oxidation can be, for example, about 750 - 900 °C. The annealing can be, for
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10079! The i nplant fornms a body having a desired depth and under-lap L. The
depth of the body, for exanple, about 0.3 ismto couple mcrons. The depth,
for exanple, may depend on the device voltage operation requirenents. The
under-lap L should be sufficiently small to achieve the desired Rdsort. For
exanpl e, the under-lap should he as small as possible to achieve as | ow
Rdson esnpds gettbanediita temgenaturapf abouf HOWHE. éhtggdiyn@mﬁ gategliglpeitie meMeriglam t o
couple of mcrons for voltage ranging fromabout 5 - 7 V to about 100 V.

i ni s perthivkiedes hbgalgodd usdflll. Horpkanple, the gatexésiglies mateeihLidey céroprise aidrant s
peifont at a tilt, each rotated by 900. The tilt angle of the quad tilt

i mpl an{yp@é(fgﬁe &@&Hﬁuclnatenalélénd/bﬁb@ﬁﬁnedr‘spéﬂh BEfbes sfMRoddsbds, A LE climitdle
quad ti i npl ant may be about 450. Other tilt "angl es may al so be useful,

depend;j ed under-lap L. The dose of the inplant may be from
about %%Eﬁéﬁﬁﬂ%ngﬁath4/enﬂ and the inplant energy may be from about 20-30

oy oMU on.  BronaEaSEne o ABls HUBRE N TR NETE B R TSr e,
t he body |nplant mask is removed. 100811lin one enbaodi nent, lightly doped

drai n Eaghmroessgiwms axmetion of # grterdisleshic aver snhkthe Qﬁﬁrqdﬁhllch@%?s&chle&% sour ce
regions of the transistors, as shown in Fig. 2h. In one enbodi nent, the LDD
r egi onBoraaxamipieg kitel gatajdipkdtrilcégfvem nsfonaved by fifst psd sqeohdipiocyssesy ﬁﬂled'uptanosass The
depth of the LDD regions, for exanple, is about 0,05 - 0.3 pm A LDD

I mpl anforfi® akzatbdielBerib $6et Drilpl@ntesdaiRithesdcond prodedshigerbddel theghiocksess dhe LDD
i npl ant mask, for exanple, conprises photoresist. The inplant mask may be

pat t er pad; 401§ gﬁr.efo'i' & &RAMES Fo ﬁﬁgofjﬁ@" d&vfc@&' }Qﬂﬁuﬁ% the }kﬁtet(ﬁéigb?hés [:9ESusid®

i nprove 11 thographic resolution, ARC | ayer e provid

<ol at POR PERY esﬁfpegﬁsss% Al bfeﬁ’fée I Fci e [ %1‘°§§ R

and internal ice |sola i on reglons This increases the e processing

Wi ndomf%@ﬂn&%%ﬁ Flgé‘i“HPrY@ B8OEeESt 0 foni the LDD inplant mask. The inpl ant
dose may be from about 1E 12cnR - SE |14/cnR and the inplant energy may be
from al00&%l hundr Adzats\eledsroglp daser 20 isdennedmtiae spbpriervepBicaisrdselectitay al so
be useful. [00821Side all spacers 170 are formed on the sidewalis of the
gat es. lajer. fitergatdedectrode layer comprises, in one embodiment, polysilicon. The gate electrode

layer can be formed as an amorphous or non-amorphous layer. The gate electrode may be
doped. Various techniques may be employed to dope the gate electrode, for example, in-situ
doping or ion implantation. Other types of gate electrode materials may also be useful. For
example, a metallic material may used to form a metal gate electrode. The thickness of the gate
electrode layer may be about 800 — 3000 A. Other thicknesses may also be useful. To form the
gate electrode layer, techniques such as chemical vapor deposition (CVD), can be used. Other
techniques may also be useful.

[0076] In Fig. 2g, the gate layers are patterned to form one or more gates. As shown, the
gate layers are patterned to form first and second gates 120 corresponding to first and second
transistors in the transistor sub-region. A gate includes a gate electrode layer 124 over a gate
dielectric layer 122 and has a width W;. Patterning the gate layers to form other number of gates

in the transistor sub-region is also useful. Techniques, such as mask and etch processes, can be
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spacers, a dielectric layer is deposited on the substrate. The dielectric
| ayer, for exanple. may be silicon oxide. Other types of dielectric
material, such as silicon nitride, nay al so be used. The dielectric |ayer
may be formed by CVD. The dielectric |ayr nayal so be fornmed using other
techni ques. The thickness of the dielectric |ayer may Fe, for exanpl e,
about usaBotorzyample, a phpferesishlayRiis da@ediqyer thegats dedots fayer %'W;rrat al so be
usefid. The thickness, for exanple, nmay depend on the desired width of the
spaceresposhng partisos ope gatetetsiairodaiaerasAmambdtropimsiclh sughers R Hb ds pofareedve
hori zontal portions of the dielectric |ayer, |eaving spacers on the

si dewathsvoéxpob&l g@tions dfiths gare ckpphdalayanmd ghealidpartetayeayelbe. florimpdover om
multiple dielectric layers. [00831lln Fig. 2i, a commobn source region 130
and dnghdhrd86¢ RRSIUEGR, A &itileN8diveRokille GUESY dathR prdlgeCRNERA RO HSetiRTi ON
includes a first sub-source region 13T and a second-sub source region. In
one e i . I for. formn fir sub-source and drain
regi O@Bgalljl tg%[faﬁ %‘bﬁ%qgr }gaé%%l%? W%&tev@( ﬁ% @%X%dggtberu ég@%ns 113. The first

sub-s , draip and deep. well. contact regjons are heavily doped regi ons
havi nd09THst polmbpey ! 10 SdomRRSIACES rapisteraPP RomPI e pedsels ferieian spREe
drain and deep wel| contact regions, for exanple, is about 0.05 - 0.5 RITi.
A fi r segiondrf the frangistpiss kn pagepbodigient, the hodplia A pah EENNENPERIEE F98E0n

di fferent doped regions. The first S/D inplant nmask, for exanple, conprises
ohot orbesieeh.the gites. i T iy isrfiskedy, foe epatplerimpdarting exqasd @otdngy fyipe sibpants
sub-source and drain regions of the transistors. To inprove lithographic

resol yf kmonﬁﬂoﬁaﬁr&@&gfonm?b@ dopRYd Hefbdahpunted & RROLLObIETHEA n-tFhe

inmplant, for exanple, I's self-aligned to the gates and isolation regions

W th t i I J - S { E le, the

pl eV ivgy CRAnEHEE b b RRAR ol O ERd 0 e SR o anc

i nter evice ,jsplatjo egion with a rtion coverin he second

sub- sgﬁbgﬂ regi o .Poﬁ’?itbe P?fi}? gé’gg%l Plléntprpgsg(erg@f ﬁ‘@“%ﬁn %10 "Pﬁgmprﬁ?sé(er ni ng
process to formthe first S/ D inplant mask. The dose of the inﬁlant may he,
for exanpiaaple, compaseRholqEesigmIde spplag) waskamay hg pettangd g cxpesed AR PYYChay be
fromabout a few hundred eV to about 200 KeV. O her plant paranmeters nay

al so bregius ef alkran§idivt. | Forsaampenthedinpbnt siask ey baphternedrimyexposmthi semgoni | t
inplant. In such cases an LDD i npl ant nmay be dispensed with since the tilt

i mpl anbuf@Yedien Us8@ tia@siktofs. tTeimgebyEiitheaapob sesdndioh] 45 ARSUBy&QnAyCle: and.
drain r enbodinment, the process for formng the second sub-source region

al so o5 NBeSHASH AL &%Ei%tTHeQHfg%% faPZxam(T}hg, ég gégggw%ge% BRUER. #Gther

substrate contact regions are heavily dope ving second polarity
type dopants. The.depth of . the-seco sub-soyrce S r at ont act

regi or?gﬁbopgpe%xtglﬁﬁnggnfl@a B&ngf 6&%8906 .ggteuarlrl] a?ﬁseoq%goggﬁg%é.u%gsgg%},%e regi on
serves as.a body contact to the device body. second .S/ D i npl ant .mask may
be uséwﬁzzs i %rfﬁ?gﬁlt‘g@ BRAY-s Fergnipg p sl plgrgad hady allowy St IP%fﬁ?%‘}HE’FO"?ﬁ%n% econd
S/'D inplant mask, for exanple, conprises photoresist. The dose of the

i npl anwindewy foethe patteraimg| psocess wnioahdag badyEmpswt nrsk. 2E16/ cn and the i npl ant
enebe from about a few hundred eV to about 200 Key. O her inplant parans,
al so ljeoryef ul , The implant forms a body having a desired depth and under-lap L. The depth of

the body, for example, is about 0.3 pm to couple microns. The depth, for example, may depend
on the device voltage operation requirements. The under-lap L should be sufficiently small to
achieve the desired Rdson. For example, the under-lap should be as small as possible to achieve
as low Rdson as possible. The under-lap L, in one embodiment, is about 0.2 pm to couple of

microns for voltage ranging from about 5 - 7 V to about 100 V.
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100861l n ot her enbodi nents, the firs S/D inplant mask may he used to foiin
the body contact along with appropriate contact regions while the second
S/D inplant mask may be sed to formthe source and drain regions along with
appropriate contact regions. [00871lln some enbodi ments, the first and
second sub-source regions are separate regions. For exanple, a surface
spacer[0080] sol at Inomeresgiodimentythidogy svfpreed hyoa Bk paplane Kdiexdmplsta aud tdecond
sub-source regions. Separate first and sub-source regions nay be useful for
i ndepeingsnt ibpatirhgd! Mae geadiild implah@firerahpleSivtlides fouo oesisnts pefornuasa t o
formthe device. For exanple, the additional processing can include

feintigg abhtghtd®bo0t affeStilPind10 61 MBGuaLS]t GaphAchay BOARIS 7anB°t itorkeur f ace
of the gate electrode. The process further continues to forma MD | ayer

?2? m'C gé%gf&i%ﬁlté@ ‘E)}%emr‘;{ﬁto &rn%ﬁ%{\ﬁ!: uz?c{ tiltt p'ﬁ]ialﬁr?tl +asy, lﬁ?é?ﬂotur QWIOtHErQﬁ?%%?é haty a E&CI ude

' I Nt er connec eve I nal passivati %g,
asse a ackagi ng. her processes_are al useful . Fqr exanple, other
conpo né%‘tl?,%ﬂs nﬁgg P%W‘%ﬂs{r%gl}gﬁt{iﬁﬂ ‘gn{fg%ﬁ?sgd’i?%%g‘ﬂ%‘?fﬁ map'%edi% gg%u? can be
formed prior,to formng the interconnections. Referring to Fig. 3a, a

par t i al E12/gmrepdl Bdem'saskthe mplanbenersy mapbhirompeopaid-3 QKEY tp lhlé‘ﬁng‘éé of
substrate is at a stage of processing as described in Fig. 21 For exanple,
t he suKsVr &itkeriimplant psragatees may elss be 2g:falrahd 122y dependdn,dnr exagpbs desited
prepared with isolation regions 180a-b and vari ous doped wells and doped

r egi ongeptl gnd L1Afted & baag islbBmed, AROBIdyrindplaht bk iddemoged.e | ayers are

patterned toone or nore gates. As shown, the
[0081] In one embodiment, lightly doped drain (LDD) regions 236 are formed on the
substrate in the drain and source regions of the transistors, as shown in Fig. 2h. In one
embodiment, the LDD regions are lightly doped regions having first polarity type dopants. The
depth of the LDD regions, for example, is about 0.05 - 0.3 pm. A LDD implant mask may be
use to implant dopants to form the LDD regions. The LDD implant mask, for example,
comprises photoresist. The implant mask may be patterned to expose the source and drain
regions of the transistors. To improve lithographic resolution, an ARC layer may be provided
below the photoresist. The implant, for example, is self-aligned to the gates and isolation region.
For example, the implant may be self-aligned to the gates and internal device isolation regions.
This increases the processing window for the patterning process to form the LDD implant mask.
The implant dose may be from about 1E12cm? - 5E14/cm’ and the implant energy may be from a
few hundred eV to about 200 KeV. Other implant parameters may also be useful.
[0082] Sidewall spacers 170 are formed on the sidewalls of the gates. To form the
sidewall spacers, a dielectric layer is deposited on the substrate. The dielectric layer, for
example, may be silicon oxide. Other types of dielectric material, such as silicon nitride, may

also be used. The dielectric layer may be formed by CVD. The dielectric layer may also be

formed using other techniques. The thickness of the dielectric layer may be, for example, about
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gate layers are patterned to fom first and. second gate 120 correspondi ng
to first and second transistors in the transistor sub-region. A gate
includes a gate electrode |ayer 124 over a gate dielectric layer 122 and
has a wwdth W., In one enbodinent, W For exanple, is equal to about 0.4 -
2 pm {00911A body 150 is fornmed in the transistor sub-re%ionn The body is
f or medl Q0 2080k eOthey thaglnesses fordhe diglesiristlayes mayrplimee wsebtd L he thickoesse fo5ody i s
formed in a. comon source region between the gates. The bod.y is forned

by, f ogxaewdeyplay,depeml anthienigsiseicwidth pithaspdeyrst Wreandaypaps: dteh, st aseniioh
source region. P-type dopants may be inplanted to forma body for a n-type

devi Cema%Jae g&%xﬁ{eﬁ% rd1A6h hoRizbNREpHIGHY F thaWicketrid TR @ le@eng Shdcarsdnahe- t ype
device. 100921Referring to Fig, 3c, lightly doped drain (I, regi ons 236

)
are faor e b 1.19: 1k i f i :
e e S R C i e R LG
having@first polarity type dopants. The depth of the LDD regions for
exanmpl @Y s about 0.1 - 0.5 pm Sidewall spaces 170 are formed on the
sidewal | s of the gates. The sidewall spacers 170, faor exanple, my be
si i colfO8Xi de. GnHEE. 3iypeemppPngpere ragiqrc! Ipeand drain regiops] 49sare farmeg 9nihe r i de,
may al so be used. [0093]in one enbodi nent, sahcide block spacers 175 are
f or medsubstrathe The eommein deursé regien igalndss a fsst skivsmir¢arefiog.133dnd hsemd-sub
enbodi nent, a salieide block spacer includes an extension portion which

provi desirce r8gipar & beriddi@ent, thedad@safdd foriiing thi fitst shbeosepandtifdmrepioyl d
be sufficient to avoid gate overlap of the drain. In one enbodi nent, the

separ aii O,k ﬁgﬁﬁ&\&%gsw{:l? corﬁm 'r'é_lgﬁ&ls“l 1BMhERRY s- 08 QL Bffn SRPAB N

di stances may al'so seul t e separation of the gate fromthe drain

AR R N T R KR

the s uf?rss% gu%t-sedurce, drain and deep well contact regions, for example, is about 0.05 - 0.5 pm. A first
S/D implant mask may be used to implant dopants to form the different doped regions. The first
S/D implant mask, for example, comprises photoresist. The implant mask may be patterned to
expose the first sub-source and drain regions of the transistors. To improve lithographic
resolution, an ARC layer may be provided below the photoresist. The implant, for example, is
self-aligned to the gates and isolation regions with a portion covering the second sub-source
region. For example, the implant may be self-aligned to the gates, device isolation region and
internal device isolation region with a portion covering the second sub-source region. This
increases the processing window for the patterning process to form the first S/D implant mask.
The dose of the implant may be, for example, from about 1E15¢m? - 2E16/cm” and the implant
energy may be from about a few hundred eV to about 200 KeV. Other implant parameters may
also be useful.
[0084] In some embodiments, the implant may comprise a tilt implant. In such cases, an

LDD implant may be dispensed with since the tilt implant may be used to for the LDD

extensions and first sub-source and drain regions.
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The dielectric layer, for exanple, may he oxide, nitride, oxyntride or a
conbi nation thereof Qther types of dielectric materials may al so be useful
for the salicide block spacers. in sone enbodi nents, the bl ock spacer nmay
have multiple dielectric layers to forma dielectric stack or sandwi ch. In
one enbodi nent, the dielectric layer is different fromthat of the sidewall
spacer®085or exaRpleming thdiigliZg) essrondsubaspmrceaegiobd3pmtformetednostecti vely to
the sidewtl| spacers. The dielectric layer is patterned to formthe

sal i ci gigbdiliek:, HR3EE¢Ss for FOABAE theQleb@id wblIOMicERHISn dlbe fuding ketsttteccohtyer is
patterned to formsalicide block spacers and surtace spacers 176. The

surfa S . | ot SRR it &Qi Neeighs t he
sour cg‘%@g?gﬁ?‘ ﬁ%%%%ﬁ%ﬁr{]éggn?fmtﬁﬁ%%i el ec'f rc Sﬁgé;lgr lé%ﬁg%eg ugclhi eved
usi ng,, for exanple, .mask and et t ni-que I t i st
aver hey e BT au STRe GRS Reat M Reprslop SRR s RO A
I'i thographic mask, exposin ortjons the dielectric |ayer to he renoved.
An ani $81OHIPE XAYHe, 13 pgpt gsd%a(ﬁ g ﬁ“b%ﬁcf’ ﬁg?dsotuﬁcerrggﬂﬂ{} Cr¥SSA L Wor t i ons
of the dielectric layer. The sidewall| spacers remain on the side -ails of
t he gatastact Tothe dpyiew bodyl. t heegoag il impkot meslomay heusatoiimplent dapantsdo &8t i ng
(ARC) can be provided beneath the photoresist. Qher techni ques for
pat t erthediffértiet ddped exgionsc Thayeond8yD ahplantwaasks éfriekampROStiprises-plptodsist. f i r st
sub-source regions 131 and drain regions 140 are fornmed on the substrate.
i N oneTRNBREioMB impldHe nidy Ve fod eﬁfimﬁfwl@,r oM GbbL 151 56mb- 3BLE/6R° anidkheiaplant
regions also forns deep device well contact regions. The first sub-source
drain i i : j ' irst
po ar T e 8P ol SR0L 2R RERADEV R Soqhe 20 KivD RE hBRhEpTate T
wel | cclnt ct rﬁlagi ons, for exanple, is about 0.05 - 0.5 (tin. Afirst S/D
i npl antSHBSRS My be used to inplant dopants to formthe different doped
regions. 'Fhe first S/D.inplant mask, for exanple, conprises photoresist.
The i ni9086k  naskinehensabodimentydbe trest 840 tarlagtipask MAYRS I(Sedg%ff%rmith%?o y
sub-source), drain and deep well contact regions of the transistors.
10098 1&Rettast riong with #pprppriaBlcontact iegisina dle tlarisecenshd/Arimplant gnask swydhgased
sub-source) region 132

to form the source and drain regions along with appropriate contact regions.

[0087] In some embodiments, the first and second sub-source regions are separate
regions. For example, a surface spacer or isolation region may be provided to separate the first
and second sub-source regions. Separate first and sub-source regions may be useful for
independent biasing the second isolation well.

[0088] The process continues to form the device. For example, the additional processing
can include forming silicide contacts on the various contact regions and the surface of the gate
electrode. The process further continues to form a PMD layer and contacts to the terminals of
the cell. Additional processes may include forming of one or more interconnect levels, final
passivation, dicing, assembly and packaging. Other processes are also useful. For example,
other components, such as low voltage, medium voltage, and high voltage I/O devices can be

formed prior to forming the interconnections.
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is formed. In one enbodi ment, the process of fanning the isolated body
contact region also forns substrate contact regions 107. The second

i sol ated body contact and substrate contact regions are heavily doped

regi ons having second polarity type dopans. The depth of the second
sub-source and substrate contact regions, for exanple, is about 0,05 - 0.5

um A [988%8nd S D'igwpladrhowrarceps jorfarysg anetger smpedimentgfarexice §08.or m t he

di fferent doped regions. The second SID inplant mask, for exanple,
conpr i Refsrrpigdd Fiig Skasa parfihldy prephmdtsubsiiste IDayis Bovat Ther predaltyprepapekseibsinete
second i sol ated body contact and substrate contact. 10099]in ot her

enbodiigans stagd Bﬁprf)bd’sﬁhﬁ 96 Bedcripb@ i Figpsk FoRyx€plu st sitstrhenmlids gatedhpdred
body contact along with appropriate contact regions while the second S/D

| mpl anf> Bk SBYmRR &?@%b%&a&%%%g%é@ﬁwﬁ?%ﬁﬁoﬁ‘Péki(ﬂ{saiisﬂafb%id%ﬁo@ QWi th

appropriate contact regions. lin yet other enbodi nents, |.DD regions

are fom.ed by using.tilt.,i S foiwi ng, for exanple the drain and
first \gf}ﬁs_@@&oggéf%bqng,}@% %’3%\%%@% he need to form |, DD regions prior
to form ng sidewal | %r%a;cers. 10101] As descrihed, the transistor pair LS
conf i dﬁpgﬁ with B Tdgnih MesHile RYersess RACIIRLLR FTHY QRFETYIOTE g8ty gﬁé Ty Da; r
may be configured with a common drain region. Additionally, the transistor
r egi orgatalayens|ancipatistiiedrto fembErst ehd secand gajesol ). corsspandingodirstang sewaddor even
nunber of fransistors may be provided. in the ase of odd applications

gr eat effaristsédis @f the Gaadistot sub3regivme A paticdudes apaiesd@trofaiaysr Ayoeeagaeyvi ded
an additional transistor, such as that described in Figs. la-h. Form ng the

di f f er gpfec@h A TBNLS) hAVPWURE WHaNGhBgmbh&nRat, tve] @ N Ediexhhpleoaraphi ¢
mask. No additional steps would be required. Furtheinore, it 1s understood

t hat tgl%apﬁrooa%ggtso_%ga%ﬂbed is not limted. to the specific sequence of
st eps sclosed. 'For “exanpl e, sone steps may be perforned in different

seque nﬁ)ﬁal]an dror A%%gly t1 |58 ri]sa orr%teg Pns thg]%yanstgsetora gl%?r%’gion. The body is formed in source

regions of the transistors. In one embodiment, the body is formed in a common source region
between the gates. The body is formed by, for example, implanting second polarity type dopants
in the common source region. P-type dopants may be implanted to form a body for a n-type
device. On the other hand, n-type dopants may be implanted to form a p-type device.

[0092] Referring to Fig. 3¢, lightly doped drain (LDD) regions 236 are formed on the
substrate in the drain and source regions of the transistors. In one embodiment, the LDD
regions are lightly doped regions having first polarity type dopants. The depth of the LDD
regions, for example, is about 0.1 - 0.5 um. Sidewall spaces 170 are formed on the sidewalls of
the gates. The sidewall spacers 170, for example, may be silicon oxide. Other types of dielectric
material, such as silicon nitride, may also be used.

[0093] In one embodiment, salicide block spacers 175 are formed on the drain side of the
gates, as shown in Fig. 3d. In one embodiment, a salicide block spacer includes an extension
portion which provides a separation between a gate and its drain. The separation should be

sufficient to avoid gate overlap of the drain. In one embodiment, the separation distance Ds is
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[ 0102] The enbodi ments described are highly conpatible with current
processes for formng ICs, For exanple, the enbodi nents described are

hi ghly conpatible with current processes which formIN and FINT devi ces
"The various wells utilize to formIN and devices can be used. An
addi ti onal body mask may be enpl oyed to formthe body. 101031The i nvention
may beatwwbOdied. Provadihg pthepsapifation distansesvnaholge beepdvl iThg sepasatianhed thpi ri t

or essential characteristics thereof. The foregoing enbodi nents, therefore,
ar e t oghe fioangie dedieelps thl device spadthstand highér qicratiag valtdgerat tHeadraini mi ti ng t he
i nvention described herein. Scope of the invention is thus indicated by the

appendf@og] ai s, Th 3AetheshRAdOY ot ko eHGicRGtrRaRF iPfohRBd odfHe sabdtratdlanges
that come within the neani ng and range of equivalency of the clains are

tor m ngt s BisgFieIRETRE Bife Shil be MBS ol YRR & o R ARAERIEY 2

pol ar 1 Y e AbBEREELe FFfngny A5t Orrh R BG4k P EBe egi on.

the gate having first and second sides; )
embodiments, the block spacer may have multiple dielectric layers to form a dielectric stack or
sandwich. In one embodiment, the dielectric layer is different from that of the sidewall spacers.
For example, the dielectric layer can be patterned selectively to the sidewall spacers. The
dielectric layer is patterned to form the salicide block spacers.
[0095] In other embodiments, the dielectric layer is patterned to form salicide block
spacers and surface spacers 176. The surface spacers separate the first and second sub-source
regions of the source region.
[0096] Patterning of the dielectric layer can be achieved using, for example, mask and
etch techniques. For example, a photoresist layer is formed over the dielectric layer and
patterned using a lithographic mask, exposing portions of the dielectric layer to be removed. An
anisotropic etch, such as a RIE, is performed to remove exposed portions of the dielectric layer.
The sidewall spacers remain on the sidewalls of the gates. To improve lithographic resolution,
an anti-reflective coating (ARC) can be provided beneath the photoresist. Other techniques for
patterning the dielectric layer may also be useful.
[0097] In Fig. 3e, first sub-source regions 131 and drain regions 140 are formed on the
substrate. In one embodiment, the process of forming first sub-source and drain regions also
forms deep device well contact regions. The first sub-source, drain and deep well contact regions
are heavily doped regions having first polarity type dopants. The depth of the first sub-source,

drain and deep well contact regions, for example, is about 0.05 - 0.5 pm. A first S/D implant

mask may be used to implant dopants to form the different doped regions. The first S/D implant
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i npl anting second polarity type dopants into the substrate in a first side
of the gate to forma body within the drift well, wherein the inplant is
self-aligned to the gate, the body having an under-lap portion on the first
side of the gate with a length L, wherein the length L is snmall to achieve
a | ow Rdson; and butting first and second diffitsitni regi ons havi ng
first poskatonsramplie corapass phatoresists fhe implar maskipey braaticmed sgrapsadicacent
to the first and second sides of the gate, wherein the first diffusion

r egi onsausceNietghi fivsttsnb-sbadty), drdn b d sepceel Deahicdcf tepians of €gi toamsisorwi t hi n t he

drift well. 2. The method of claimI| conprises formng a first isolation
wei. | joo9ghe subRefead® BaNE W, 4d IslatddWody béﬁ/caét)(@F , depantseb-sbatdibgoa 1second
isolation well in the substrate having second polarity type dopants,

wher ei f#ﬂtﬁgeidf 'Iﬁ%he 'eﬁlgl)&ﬂﬂeﬂp t%@#ﬂoc%%?ﬁﬁ‘ﬁ%@f@egﬁ?atgd bé)(h' &ﬁlltdct re 1on a soThe

nmet hod aim 2 conprlses onnector having s &con pol arity

second Rabr Aol wBRE e BRI AT e eGRAB P haiRor G asﬁggﬁ%%t%’ﬁo%t $toond

i sol ation well The met hod of .claim4 conprises form.ng
connecieBINS Bt IW@&RY fdopredrpgiens byvingsseand P@gﬁlf@(ﬁmﬁw@n@a&y Télsﬁpa@tof ﬂee spRend

met hod of claim|l conprises finmng a bl ock spacer on the second side of
t he gasub;source and substrate contact regions, for example, is about 0.05 - 0.5 pm. A second S/D

implant mask may be used to implant dopants to form the different doped regions. The second
S/D implant mask, for example, comprises photoresist. The implant mask may be patterned to
expose the second isolated body contact and substrate contact.

[0099] In other embodiments, the first S/D implant mask may be used to form the
isolated body contact along with appropriate contact regions while the second S/D implant mask
may be used to form the source and drain regions along with appropriate contact regions.

[0100] In yet other embodiments, LDD regions are formed by using tilt implants when
forming, for example the drain and first sub-source regions. This avoids the need to form LDD
regions prior to forming sidewall spacers.

[0101] As described, the transistor pair is configured with a common source region.
Alternatively, the transistor pair may be configured with a common drain region. Additionally,
the transistor region may include other number of transistors. For example, any odd or even
number of transistors may be provided. In the case of odd applications greater than or equal to 3,
one or more transistor pairs may be provided an additional transistor, such as that described in
Figs. 1a-b. Forming the different embodiments involves changing the pattern on the lithographic
mask. No additional steps would be required. Furthermore, it is understood that the process as
described is not limited to the specific sequence of steps disclosed. For example, some steps

may be performed in different sequences and/or additional steps may be added.
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t he bl ock spacer providing a distance Ds between the second diffusion
region and the second side of the gate to increase the distance of a drift
regi on between the body and the second diffusion region. The net hod
of claiml wherein the device region onprises a plurality of transistors
arranged in a finger arrangement. 8. A nethod of formng a device

conpr i 1AL Theerobediinanis desquibed peethigliy spmpatibloavith currpaiprageases detond
isolation wells in a device/ wherein the second isolation well is disposed
Wi t hi nfolrtagngf TI0ss Foi exingilé,ahe svabodimbots miesugibed drei Highlyebipatitldimithtchgestecond

i solation well; fo.rmng a gate of transistor on the substrate in the

devi ce I‘b@&'séénwhlaﬁ f@t EVhAIENG dévitst TaRdaf86PWellsSitIRE to form LV bad Hing a body
of the transistor in the substrate adjacent to the first side of the gate,

wher ei &J@J wgtﬂg t%,% %Pa/ddtt‘f ufl ﬁedalmgérlet @@eﬂ%éggm? o%ﬂﬁ%&sodd?h the gate,

wherein t a5 an unde the gate e under-1lap

na b8 73,5 n%s%xﬁ%% GuBRbebi o 6 B e frof Shep Bl

first and second S|des of the gate, the flrst d|L S|on r i.on mnt in the
body athg spit ot ewsenfepl gharacierisiss at?gtoén The fogegeing em @ﬂmemst fqre, argto

nmet hod of claim8 conprises fonniru, a body connector in the drift mell,

t he bodynsieradsnBrespectpiliusyativerathodthan diniting wdoveitive dessribeshhexein; Scope

"o

=

X

of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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10. The nmethod of claim9 conprises formng a body contact, the body

contact providing a bias sipial to bias the second isolation well. 11. The
nmet hod of claim 10 wherein the body contact and first. dif sion region are
commonl y coupl ed. The met hod of claim8 conprises formng a bl ock

spacer_on the second side of the gate, the bl ock spacer providing a

di st an¥@atis heedEdn th. e second diffusion region and the second side of the
gate to increase the distance of drift regi on between the body and the
second di ffusion region. 13. The nethod of claim 12 conprises formng a
body connector in the drill well, the body connector coupling the body to
the second isolation well. 14. Thegom{lmsl of claim 13 conprises formng a
body contact, the body contact providing a bias signhal to bias the second
isolation well. comonly coupled. 16.A device conprising: a substrate
defined with a device region; a transistor in the device region, wherein

the tr ﬁnsi SA%eth&f &futg%ﬁing a device comprising;:

providing a substrate defined with a device region, wherein the device region includes a
drift well having first polarity type dopants;

forming a gate of a transistor in the device region, the gate having first and second sides;

implanting second polarity type dopants into the substrate in a first side of the gate to
form a body within the drift well, wherein the implant is self-aligned to the gate, the body having
an under-lap portion on the first side of the gate with a length L, wherein the length L is small to
achieve a low Rdson; and

forming first and second diffusion regions having first polarity type dopants in the
substrate in the device region adjacent to the first and second sides of the gate, wherein the first

diffusion region is within the body and the second diffusion region is within the drift well.

2. The method of claim 1 comprises
forming a first isolation well in the substrate having first polarity type dopants;
forming a second isolation well in the substrate having second polarity type dopants,

wherein the first isolation well encompasses the drift well.

B The method of claim 2 comprises forming a body connector having second polarity type

dopants, the body connector in communication between the body and second isolation well.
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a gate having first and second sides, a first diffusion region in the
device region adjacent to the first side of ¢ gate, and a second diffusion
region in the device region adjacent to the second side ereiri the first
and second diffusion regions conprise dopants of a polarity type;

i gned body disposed in the substrate adjacent to the first side of the
gate, 4he blymethegof slaim dopamrisesformingechndd coplaghinthe padyethebrdy contact

sel f-aligned body enconpassing the first diffusion region, the self-aligned
body hpepivitgn@anbias cemidad fipibieginpotht sevond imdéationveeligat e, t he under -1 appi ng
portion having a 1 engthl..; a drill well in the substrate having dopants
of the first polaritye, the drift well enconpassing at |east a portion of

t he body and second diffusion region; a second isolation well in the

Subst 8t e RONRARTINGITh 8 AhikbelEhbinglBuiEEPRERIAILAIRL s N

second pol ari ype dopants; y connector haying second

polarity.e dopants jn co njcation with the body and second isol ation
wel | . é‘%ff‘.s}laﬁég%%? b‘ffg'cg‘f%ctn 16 conprises a first isolation well in the

substrate having first

6. The method of claim 1 comprises forming a block spacer on the second side of the gate,
the block spacer providing a distance Ds between the second diffusion region and the second
side of the gate to increase the distance of a drift region between the body and the second

diffusion region.

7. The method of claim 1 wherein the device region comprises a plurality of transistors

arranged in a finger arrangement.

8. A method of forming a device comprising:

providing a substrate prepared with first and second isolation wells in a device region,
wherein the second isolation well is disposed within the first isolation well;

forming a drift well within the second isolation well;

forming a gate of transistor on the substrate in the device region, the gate having first and
second sides;

forming a body of the transistor in the substrate adjacent to the first side of the gate,
wherein forming the body is a self-aligned forming process to the gate, wherein the body has an
under-lap portion beneath the gate, the under-lap portion having a length L determined by the

self-aligned forming process; and
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polarity type dopants, the first isolation well enconpassing the second
isolation well, wherein the first and second isolation wells isolate the
device fromthe substrate. i S. The device of claim 17 conprises a body
contact having second polarity type dopanis, the body contact providing a
connection to the second isolation well for biasing the isolation well.

19. The deVicewingsiiret andpeadhdprsomraginas sdipgent dpthedirstangd sesongtsidgs of thsi on
region are coupled to a cormmon signal. 20. The nmethod of claim 16
conpr i ges tlee fidsodikfusipacegiowis witlen slectomly anid diec scondédifigsipe regidreisbyittuk ttepacer
providing a distance Ds between the second diffusion region and the second
si de qfrift henngate to increase the distance of a drift region between the
body and the second diffusion region,

9. The method of claim 8 comprises forming a body connector in the drift well, the body

connector coupling the body to the second isolation well.

10.  The method of claim 9 comprises forming a body contact, the body contact providing a

bias signal to bias the second isolation well.

11.  The method of claim 10 wherein the body contact and first diffusion region are

commonly coupled.

12.  The method of claim 8 comprises forming a block spacer on the second side of the gate,
the block spacer providing a distance Ds between the second diffusion region and the second
side of the gate to increase the distance of a drift region between the body and the second

diffusion region.

13.  The method of claim 12 comprises forming a body connector in the drift well, the body

connector coupling the body to the second isolation well.

14.  The method of claim 13 comprises forming a body contact, the body contact providing a

bias signal to bias the second isolation well.
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15. The method of claim 14 wherein the body contact and first diffusion region are

commonly coupled.

16. A device comprising:
a substrate defined with a device region;
a transistor in the device region, 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, and
a second diffusion region in the device region adjacent to the second side
of the gate, wherein the first and second diffusion regions comprise dopants of a
first polarity type;

a self-aligned body disposed in the substrate adjacent to the first side of the gate, the body
comprises dopants of a second polarity type, the self-aligned body encompassing the first
diffusion region, the self-aligned body having an under-lapping portion under the gate, the
under-lapping portion having a length L;

a drift well in the substrate having dopants of the first polarity type, the drift well
encompassing at least a portion of the body and second diffusion region;

a second isolation well in the substrate encompassing the drift well, the second isolation
well having second polarity type dopants; and

a body connector having second polarity type dopants in communication with the body

and second isolation well.
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17.  The device of claim 16 comprises a first isolation well in the substrate having first
polarity type dopants, the first isolation well encompassing the second isolation well, wherein the

first and second isolation wells isolate the device from the substrate.

18.  The device of claim 17 comprises a body contact having second polarity type dopants,
the body contact providing a connection to the second isolation well for biasing the isolation

well.

19.  The device of claim 18 wherein the body contact and first diffusion region are coupled to

a common signal.

20.  The method of claim 16 comprises a block spacer on the second side of the gate, the
block spacer providing a distance Ds between the second diffusion region and the second side of
the gate to increase the distance of a drift region between the body and the second diffusion

region.
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