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transi stors have been w dely enployed in high voltage applications. The
performance of the LD transistors depends on the drain-to-source

on-resi stance (Rds.) as well, as breakdown voltage. For exanple, |ow Rdso,

results in high swtching sp ' j gdown vol tage i ncreases
vol tage capabilities. [00021@3&%&H%¢&%@¥ﬁ¢ ues in achieving high
breakdown voltage results in an increased di stance between the drain and
the gate. This, however, concom WK@Rpﬁmgases Rdso", undesirably
decreasi ng switching speed. [00031The disclosure is directed to transistors
with fl8891]swi LeterahPosplsddifbmer Hilhirdnsistoksieams beon wadpdy erspioviaRv higoodd tage
met hod of fanning a device is presented. The nethod. includes providing a
applications. The performance of the LD transistors depends on the drain-to-source on-
resistance (Rdsop) as well as breakdown voltage. For example, low Rds,, results in high
switching speed while high breakdown voltage increases voltage capabilities.
[0002] Conventional techniques in achieving high breakdown voltage results in an increased
distance between the drain and the gate. This, however, concomitantly increases Rdsoy,
undesirably decreasing switching speed.

[0003] The disclosure is directed to transistors with fast switching speed and high breakdown

voltage.

SUMMARY
[0004] A method of forming a device is presented. The method includes providing a
substrate having a device region. The device region includes a source region, a gate region and a
drain region defined thereon. The substrate is prepared with gate layers on the substrate. The
gate layers are patterned to form a gate in the gate region and a field structure surrounding the
drain region. A source and a drain are formed in the source region and drain region respectively.
The drain is separated from the gate on a second side of the gate and the source is adjacent to a
first side of the gate. An interconnection to the field structure is formed. The interconnection is
coupled to a potential which distributes the electric field across the substrate between the second
side of the gate and the drain.
[0005] A method of forming a device is disclosed. The method includes providing a
substrate having a device region. The device region includes a source region, a gate region and a

drain region defined thereon. A drift well is formed in the substrate between the gate and drain



substrate having a device region. The device region includes a source
region., a gate region. and a drain region defined thereon. The substrate
is prepared with gate |l ayers on the substrate. The gate | ayers are
patterned to forma gate in the gate region and a field structure .
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region and drain region respectively. The drain, is separated fromthe gate
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the gate. An interconnection to the field structure is farmed. The
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structure surroundi the drain regiqn. A source and a drain are formed in
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fromthe gate on a second side of the gate and the source i s adjacent to a
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formed. The interconnection is coupled to a potential which distributes the
el ect r devide regidn acmpsses alveusa begiom heatvatgierand hdrae g dsifided tereone That e and
the drain. 100061A device is presented. The device includes a substrate
havi ngdevistanioGacluéd Ofild Tihectaesugeurddagy the deMMsgieesA sosavimiea dragi wain a gate
region and a drain region defined thereon. The device also includes a field
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region and drairron respectively. The drain Is separated fromthe gate on a
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the distributes the electric field across the substrate between the second side of the gate and the
drain.
[0007] 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 various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0008] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,

various embodiments of the present invention are described with reference to the following

drawings, in which:



drain [00071These and ot her objects, along with advantages and features of
the present invention herein disclosed, will becone apparent through
reference to the follow ng description and the acconpanyi ng draw ngs.
Furthernore, it is to be understood that the features of the various
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scal e, egﬁhasis i nstead generally being placed upon illustrating the
princilBPEY of Figie23-hvkow vefranothsr embodisienRiiaflgviséscri pti on, vari ous

enbodi ments of the present invention are described with reference to the
f ol | oW0AL2]dr akigsg3a-b simwhbdier emb@io@aEiofs deviae;b show an enbodi nent of a
devi ce; 100101Fig. | e shows another enbodi ment of a device;

[0013] Figs. 4a-i show an embodiment of a process for forming a device; and

[0014] Figs 5a-b show impact ionization of devices.

DETAILED DESCRIPTION
[0015] Embodiments generally relate to semiconductor devices or integrated circuits (ICs).
More particularly, some embodiments relate to high power devices. For example, high power
devices include lateral double-diffused (LD) transistors, such as metal oxide transistors (MOS).
The high power devices can be employed as switching voltage regulators for power management
applications. The LD transistors can be easily integrated into devices or ICs. The devices or ICs
can be incorporated into or used with, for example, consumer electronic products, particularly
portable consumer products, such as cell phones, laptop computers and personal digital assistants
(PDAs).
[0016] Fig. 1a shows a cross-sectional view of a portion 100 of an embodiment of a device
and Fig. 1b shows a corresponding top view at the gate level. The device, for example, is an IC.
Other types of devices may also be useful. As shown, the device includes a substrate 105. The
substrate, for example, is a silicon substrate. Other types of substrates, such as silicon
germanium, germanium, gallium arsenide, or crystal-on-insulator (COI) such as silicon-on-
insulator (SOI), are also useful. The substrate maybe a doped substrate. For example, the
substrate can be lightly doped with p-type dopants. Providing a substrate with other types of
dopants or concentrations, including no dopants, may also be useful.

[0017] The device may include doped regions having different dopant concentrations. For



100111Fi gs. 2a-li show yet another enbodi ment of a device; 100121Fi gs.
30, -b show ot her enbodi nents of a device; 100131Figs. 4 show an enbodi nent
of a process for Mmng a device; and 10014] Fi gs 5a-h show i npact
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embodiment, the device region includes a LD transistor 120. Providing other types of devices in
the device region may also be useful. The substrate may also include regions for other types of
circuitry, depending on the type of device or IC. For example, the device may also include
regions for intermediate voltage (IV) and low voltage (LV) voltage devices as well as an array
region for memory devices.

[0019] Isolation regions may be provided for isolating or separating different regions of the
substrate. In one embodiment, the device region is isolated from other regions by a device
isolation region 180. For example, the device isolation region surrounds the device region. The
isolation region, for example, is a shallow trench isolation (STI) region. Other types of isolation
regions may also be employed. For example, the isolation region may be a deep trench isolation
(DTI) region. The STI regions, for example, extend to a depth of about 2000 - 5000 A. Inthe
case of DTI regions, the depth may be about 1 - 10 pm. Providing isolation regions which
extend to other depths may also be useful.

[0020] The transistor includes a gate 140 on the surface of the substrate. The width of the

gate along a channel length direction of the transistor, for example, is about 0.5 - 10 pm. The



exanpl e, the device may include heavily doped (x+), intetuiedi ately doped
(x) and lightly doped (x) regions, where x is the polarity type which can
be p or n. Alightly doped region my have a dopant concentration of about
1E11 - 1E13 / cn2, and an internedi ately doped regi on may have a dopant
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Provi dggﬂgelé’étfb% mayRS RfpedBMLESR. IFdr bhanplevhe Eaté REH-QhddRYy 8 pOlyhacasef ul .
The subsb ate may "al so include regions for other types of circuitry,

depend;j : t I le. i o]

i met udieRL St (0 YRy Bloe SEAEE Bt (rpel OF oG} BEREres iRE o E UL N Bi? g
devices as well as an array.region for nmenory devices., [00191i sol ation

oot oS tREsASRes srkATEs veot ! B8 Gmele ofe Ge e bitisgta b ERERK 8y ons of
the substrate. In one enbodiment, the device region isated from other

r egi orfielpsiria agdof ibe gpisclestrpdnmes i emmatd@atedectiodaniither conféguretiang f B¥e| at i on
regi on surrounds the device region. The on region, for exanple, is a
shal | daydrs effitbh gatsohst dlanbe BEIr egi on. Ot her types of isolation regions nmay
al so be enpl oyed. For exanple, the isolation region my be a deep trench

i sol at[bm&( DTirhe fre@idh alsoiaciSdés figghNgcofddoped s, 13@%hend4 iBpasedept h of
about 2000 - 5000 A. In the case of DIl regions, the depth may be about | -

10 pm i i i i (=Yoll i.C o t hs : al so be
usef ol " RS O i sbtRa o QR alel Fof Pl B Bl BbpettRblan T
substrate ' The wdt

transi §p8Fed ?r&he ggnsb e];oftt hegg%%%r?ﬂ t%%%)%_ng fg{;‘a %gfﬂgse (rlllg}txpse Ioh?’l?et sieggn sfidet he

of the gate. The doped regions, in one embodiment, are heavily doped with first polarity type

dopants for a first type transistor. For example, the doped regions are heavily doped n-type n"
regions for a n-type transistor. Providing heavily doped p-type (p") regions may also be useful
for a p-type transistor. The heavily doped regions, for example, have a dopant concentration of
about 1E15 - 1E16 / cm®. Other dopant concentrations for the doped regions may also be useful.
The depth of the doped regions may be about 0.1 - 0.4 pm. Providing doped regions having
other depths may also be useful. Additionally, it is not necessary that the first and second doped
regions have the same depth.

[0022] In one embodiment, the first doped region serves as a source region of the transistor.
The source region is adjacent to the first side and underlaps the gate. The underlap portion
should be sufficient for the source region to be in communication with the channel under the

gate. The underlap portion may be, for example, about 0.1 - 0.5 pum. An underlap portion which



gate, for exanple, includes a gate el ectrode 144 over a gate dielectric
142. The gate dielectric, for exanple, nay be silicon oxide while the gate
el ectrode may be polysilcon. The gate dielectric, for exanple, may be a

hi gh voltage gate dielectric having a thickness of about 301000 A while the
gat e emetlmdge gty byethep amountsmay akody usciuh kone embegimeens thowideEaR s, t he
gate electrode ma.y be a doped el ectrode. For exanple, the gate el ectrode
may bepqrodrysi the eourcelmgenh inalightly depedotizee (DS segwndopant s. Ot her types of
gate dielectrics and gate el ectrodes as well as thicknesses nay al so be
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and/or the gate electrode may be a netal gate el ectrode. O her
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di sposed. 1A r fi . S g
excanp & st b afHAET AR 8 cblnblng AR RERD TG Pls s IR foaifle, .
and the second doped region is disposed on t.h econ ide of the gate. The
oped e SPHHS M RRE R teER Tha SR CHS AU HTE oD AR5 Tgh ar £y
type dopants for a first type transistor. For exanple, the doped regions
are hewpsary The pEBetspacepemay fasitap forming the AQSsegion vellsi the Biain $paesFs di ng
heavi |y doped p-type (pt) regions may al so be useful for a p-type

t r ansi fatititate inmidpdwaiily domdedurce gnddsijn fegionex@thek eonfligavatioas dbsrantrs may
concentration of about 1E15 - 1E16 / in2. O her clop= concentrations for

t he dopesfhd @efdnSor@andls thdxpattseddy be aldigglel epichr. OfhetIBS ekppads fagiedpsiorny be
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etch stop layers may also be useful. The etch stop layer should have a material which can be

selectively removed from a dielectric layer 190 thereover. The etch stop layer facilitates in

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

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

stress on the channel of the transistor to improve performance.

[0025] In one embodiment, an internal isolation region 185 is provided within the device

region. The internal isolation region may be an STI region. Other types of isolation regions may

also be useful. Preferably, the internal isolation region is the same type of isolation region as the

device isolation region. Providing an internal isolation region which is different from the device

isolation region may also be useful. The internal isolation region, for example, is disposed in the

device region along a channel width direction of the transistor between the gate and drain. The



be useful, such as silicon nitride or a conbination of dielectric materials
or layers. For exanple, the spacers may be conposite spacers. The spacers
may include an of fset spacer and nain spacer. The offset spacers may
facilitate knitting the LDS region while the main spacers facilitate

form ng, heavily. doped source and_drain regions.. O her nfigurations of
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The LDS region is fornmed prior to formng the spacers while the spacers
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i solation region which is different fromthe device isolation region may

al so beetétamiddd driff hgtéhoahndig@. ati on region, for exanple, is disposed in
the device region along a channel wdth direction of the transistor between
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underl aps the gate. For exanple, the internal isolation region extends
under 4AIB reieBrildsi-lerie aneeliqypefdhe gatan Agsheyn,the drilywellpneqmprssrs the Aty nal
i sol ati on regi on which extends under the second side of the gate by other
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isolation region may determne a drift length of the transistor.
contiguous and encompasses the drain region and at least overlaps a portion of the active region
underneath the gate. The distance from the drain and around the internal isolation region to the
channel under the gate is the drift distance of the transistor.
[0027] The drift well includes first polarity type dopants. In one embodiment, the dopant
concentration of the drift well is lower than the dopant concentration of the drain. In one
embodiment, the drift well may be lightly (x') or intermediately (x) doped with first polarity type
dopants. For example, the dopant concentration of the drift well is about 1E12 - 1E14 / cm?.
Other dopant concentrations may also be useful. For example, the dopant concentration may

depend on the maximum or breakdown voltage requirement of the device. The depth of the drift



[ 00261A drift well 150 is disposed in the substrate. The drift well, in one
enbodi nent _ i s disposed in the device region. For exanple, the drift well

i s disposed between the gate and the drain region, under-|lapping a portion
of the gate. As shown, the drift wel|l enconpasses_the drain. and the
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the source region and channel of the device. [0029] The device well includes
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The device well may be lightly (x) or intermediately (x) doped with first polarity type dopants.
Other dopant concentration for the device well, for example, dopant concentration greater than
that of the lightly doped substrate, may also be useful.

[0030] Salicide contacts 128 may be formed on the gate electrode of the gate and source
and drain regions. The salicide contacts, for example, may be nickel-based contacts. Other
types of metal salicide contacts may also be useful. For example, the salicide contact may be
cobalt silicide (CoSi). The salicide contacts may be about 100 - 500 A thick. Other thickness of
salicide contacts may also be useful. The salicide contacts may be employed to reduce contact

resistance and facilitate contact to the back-end-of-line metal interconnects.



exanpl e, the device well conprises p-type dopants for an n-type device or

n-type dopants for a p-type device. The dopant concentration may depend on
t he vol tage requirenent of the device. The device well may be lightly (x-)
or internediately (x) doped with first polarity type dopants. O her dopant

conce ion for the devi 1., for ex | e, dopa concentrati.o

or eat IPOFHan Bilpespephien vl Grirysisignate CobERedresihay! bived b8 moeral.

10030. 1Sal i ci de contacts. 128 may be formed on the gate el ectrode of the

gat e aNulsihesecond dared iepivnvaligke a soaqad eapasie @@teewﬁt dée secopd polspiadipfos, may
beni ckel - based contacts. O her types of netal salicide contacts nmay al so be
usef ulexafpte, exantiptaspedhé thalfirgipdeentialn tetfirstepptdntial ddradxamglel ingy de a(@wSi ). The
salicide contacts may be about 100 - 500 A thick. O her thickness of

sal i ciglgergiahivaile thersyordl poeeniial maebelh highhpteaihl. Aroeidignt et sotempl Reicamp! oyed
to reduce contact resistance and facilitate contact to the back-end-of-1ine
metal 4 RERLERANAGHE a sel¥ild!Ridnligl WRER N fléapﬁgex{tﬁgfnqy alb bk uB&YE Bor *RERpE

opposi te potential. The second potential., for exanple, is with respect to

0 S B O sl AT B PR

potentia secon

first potential. which.is a high _paotential and a second potenti al ichis a
| ow po‘ﬁ%‘ﬁt‘? a1 bigh paeaialpuich 38 a0 Necliring aaﬁﬁ%?n-ifﬁ&fh‘éﬁ%ssfler@?hw%%
transistor, the source is at a |ow potential, such as ground or DV while

t he drpgtentials ragy alshbghsepdt ¢apending os theonesatipg pagmnelers dﬁ&ﬁ tignygter. a¥ihemthe &t her
val ues for the high and | ow potentials may al so be useful, depending on the
oper atdraig hpanhigheepsential thaa the gais,ithe drain SiacEtht hate taahigh hiapaa idnigitien
potential than the gate, the drain side of the gate has Malt i npact

i oni zafieqd tlfBJrﬁ%E elebthie RIDIFRag bk Erahdi@bl thehRhinds Bra owPRMANSIGE K, the
drain is at a [ow potential, such as ground or O V while the source and
gate i i . . | ugsy f i gh and
| ow p%@ﬁ%@sbnvgglegﬁéga%ée@%?ge%% u%ﬁc%}ege%glr%gg)ﬁgénggp%%ger atl'ngﬁhﬁgpglﬁe ers of
the transistqr. The high voltage at t ource or .drain can cause breakdown
ot helObits gt #ncom spasttalinasniio Rl it diGe St esberbR dnaBibTs §6695) I n
one enbodinent, a field structure 160 is provided. The field structure, one
enmboditFasistorj dhe highrvattags 3 éhe savgcesarduain Grecatse prsakdpvenot the dislasic lays, and
surrounds the drain of the transistor. For exanple, the ring structure is
di sposeliclhrendbes thewasisédr ingwirattié.on regi on and device isolation region
surrounding the drain. The field structure serves to distribute the

el ect r[po34]i el d laches@bbdigestyBSictddttichet WeEHR privadel. aite fid stiurgdh®ne Thi s
reduces inpact ionization at the gate edge, which inproves gate dielectric

br eak doymdvALkag8-coh@R33L Fng s{rhﬁl.u% cﬁ%d’o'é&f & fhe s%ﬂa%nﬁ%?ﬁ@%ﬂdgghe dicqupl ed
to an opposite potential than the drain. For exanple, if the drainis at a
hi gh nti.al_ relatjive to the source, .then.the field stricture is coupled
tooa 1 3urmerdi i Pnifter e g R lithieds ¢S oo ofegla TiisfhblenBrd ™ han
the field structure is coupled tqo a high tential. in one enbodi nent, the
-fi el ¥R IRA4110R TPEIOR SYFEPEYinEFhe e ol dld RERCtasesRpies o ¢if Briedeclestict ur o
is coupled to the first potential. In another
ield across the substrate between the drain and the gate. This reduces impact ionization at the

gate edge, which improves gate dielectric breakdown voltage.

[0033] The field structure, during operation, is coupled to an opposite potential than the
drain. For example, if the drain is at a high potential relative to the source, then the field
structure is coupled to a low potential. In the case where the drain is at a low potential, than the
field structure is coupled to a high potential. In one embodiment, the field structure is coupled to

the source. For example, the field structure is coupled to the first potential. In another



enbodi nment, the field structure is coupled to the substratedevice well. In
ot her enbodi nents, the field structure is coupled either to the substrate
or the source, depending on which results in the |arger voltage
differential. In yet other enbodjnents, the field structure may be coupl ed
to bot ¢mborkmepy heclickhgirustisg is eupledite theipubateeonihe devisselly BOtBHd subst r at e
are at the sane potential. Coupling the field structurc to an opposite

pot ent émbodimeetpcthd érld stuctuheissoupled cigtred tothetshistatey ttheasourqpngengnding loa
useful. QG her configurations of providing the tield structure with an
opposi hichQEsuNt irdtheldas voagddidcrential. ah3et ctbefambod[@idd) Hhefiddh stneninediayent |
in the case of a n-type transistor,the field structure is coupled to a | ow

pot ent{, ou\;\)ﬁédocﬁ both 96 e Hd QibMratEN el dask fh&e theotrcelahl GliBsErBtetage Slther
potentia ich is lower than the drain potential may also useful. In the

ease of a p-t ransi st o t i C IS - i

pot ont 131 REtRE SOBTHEIRfeid sioshieio dn St tbnlid FORBRROONELEE .,
the differepnce between the potentials at.the.field structur.e and the drain,
the et fyort %Slmsgi‘treinﬂ)ad’ta}tl%?nb‘g Segil'e@ q&"‘fﬁ%ﬁrﬁmﬂéf)%\@ré?ﬁldﬂ%gh e
This reduces inpact ionization at the gate, inproving odielectric breakdown
vol t agwith 2o@Bpasits@otentipldhan thgdrain is algnseBibodi nent, is feinted of a
conductive material. The conductive nmaterial, for exanple, maybe

pol ysi [(064N. IIn onaembodioathiyinthe chsverf@ontype tiansstom therficdd strgstute preedupled to
polysilicon. O her types of conductive materials, such as netals, may al so

be usegliow PotentRil &fueh e EroaAP LD Ve rtouplihg tHel fedldstaichite talst@easeritiabwhrres
conposition as the gate of the transistor. For exanple, the field structure

may in%@agltg%a ié{jé)o%rﬁﬁi fra§ alth Al OAUE, GLEBE A Plifod hiRAYARe fillaS! | T ci de

cont ac rovided over the field structure, |ike the gate.

Provi di field whi ch h i t]

Gi o+ e i PR P e S0 2 TP R 0Bl Bl

f d sinult ly. | h di ts, the field st t h

(1 11 or BFELCEBIFgBERe b B DA B GA 1D BE AL GRS IR B POt pocea

in a dielectric |ayer 190 may be used to couple the source and field

st r uct distribigion ofielagtic fielddeetvienn thegate 98d drpine thigredsessiimppetyeizatiogat iganpl e,
is a silicon oxide layer, In one enbodinent, the dielectric layer is a

hi gh aggedmpi@tih@opinoeessg (hdiiRfipctde bteakdawrcvatageri al . Ot her types of
dielectric materials are al so useful. For exanple, the dielectric |ayer can

be t br prasf r ordaRgdstaichirs AR o8 bMBodiHeht, aSfofthetPbf NednadctbielmaaihloThde (PSG) ,
undoped or doped silicate gl asses such as boron phosphate silicate gias.s

13PSG . t Ll cat . , : |1
O oo SoTIEERMBSRAAS for UG8 P hESERAL 10 E RBEa Ren REGLRALER Y |
i al s..such, as no-s&l i cate

lowk or ultra lo Sgd'.elec ic materi or [.ass
(0so Hitehe iaprbeuplibre P hedy B yealo paleshe Rl B aie's PAGAR 0w o
be capabl e of selectively etched or patter neﬂ with respect to the eft ﬁh stop
| ayer . used. Ina preferred embodiment, the field structure has the same composition as the gate of the

transistor. For example, the field structure may include a gate dielectric with a gate electrode

thereover. A silicide contact may also be provided over the field structure, like the gate.

Providing a field structure which has the same composition as the gate simplifies the process.

For example, the gate and field structure can be formed simultaneously. In other embodiments,

the field structure may have a different composition from the gate.

[0036] A conductive line 198 disposed in a dielectric layer 190 may be used to couple the

source and field structure by contact plugs 194 and 195. The dielectric layer, for example, is a
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[ 00371The dielectric layer includes upper and | ower portions. The upper
portion serves as an intra-netal dielectric (I1MD) |layer in which conductive
lines are formed. The | ower portion serves as an interlevel dielectric
(LLD) layer in which contact plugs are forned. In one enbodi nent, the ILD

| ayer dé I[?co% 4 eag? raIIn 8% étﬁﬁ&fn![n%nt( MA‘%)i %{g fayer is d h%sﬁgqtrgt t}?xgl ygs are

S
forme 0 con Feglrons on e subs such gﬁ ns to the

transi |ncIud|n he source, |n and ) 0038 ne e i ment,
t he ud%@&%elﬁmn Sk Orter byres 06 fiafesttc %?1356% a Spd%se‘%inﬁweéamgﬁ fre
conductive |lines and plugs are forned using separate processes, such as

si ngl éildﬁﬁii%@ﬁécwbﬁzg%%ﬁoudwﬁd sidigpmpxjde sudhaw flugrinated sifinen o6l (SG)v e
lines and plugs nmay al so he useful. For exanple, reactive ion etch (Rl B)

t echniupdepedharydopled silibate ghesks anctaascomi pladsphate eiflicirt Elaan(BREGEsd@hesphate
techni ques may al so be useful. [00391For the ease where the contact plugs

and cogigised %m (PSG?Sm@bﬁedt ditdobb®theHBAINOd RAIRLE oRIFRCHRRRBEd ort db?e& ordigct i ve
materi al s the plugs and lines may be different. In one enbodi nent, the

cont aC&e&Q%#éqssﬂ?croﬁ ol géﬁdqgw(ly? IHP'H Yow Wlél cthgl ?na? s 50 Efl fo{gaﬁ}f 2Siligft€ copper

l'ines ypes mat er i t he plugs an Ines are al so

empodi RS EY b&ﬂraw??w@ HielietSs kﬁﬁﬁieﬁ@fh@%ﬂ%% Benapd £ Fgetllalal

damaseene process. In such cases, the conductive plugs and lines are of the
sane sty ey etchebapnafiseed mateiserechio theetchisiopdaystr uct ure di sperses t he
electric field across the substrate between the drain and the gate to
r educd003fact Thediekatricay¢rhaclydisaippeimd lawespariiprsovids ugatrepodiia] ectasias
br eakdown vol tage w thout increasing the distance between the gate and
dr ai n adhingh-nmtdrdéds@sc BNEY) layer in which conductive lines are formed. The lower portion
serves as an interlevel dielectric (ILD) layer in which contact plugs are formed. In one
embodiment, the ILD layer is a pre-metal dielectric (PMD) layer in which contact plugs are
formed to contact regions on the substrate, such as contact regions to the transistors, including
the source, drain and gate.
[0038] In one embodiment, the upper and lower portions are separate portions. For example,
the conductive lines and plugs are formed using separate processes, such as single damascene
processes. Other techniques for forming the conductive lines and plugs may also be useful. For
example, reactive ion etch (RIE) techniques may also be used or a combination of RIE and
damascene techniques may also be useful.
[0039] For the case where the contact plugs and conductive lines are formed using separate
processes, the conductive materials of the plugs and lines may be different. In one embodiment,
the contact plugs are tungsten (W) plugs while the conductive lines are copper lines. Other types

of materials for the plugs and conductive lines are also useful. For example, the conductive lines

may be aluminum lines. In other embodiments, the conductive plugs and lines may be formed
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[0041] Fig. 2a shows a cross-sectional view of a portion 100 of another
enbodi nent of a device and Fig. 2b shows a corresponding top view at the
gate level. The device is simlar to that shown in Figs. la-b. As such,
simlar features may not be described or described in detail. Hr one
enbodi weng 2 dualclamasieae pragesso AABEFIGRses, Qstsonductiue plyes anines grssethe MG o
exanple, is a silicon substrate Qther types of sem conductor substrates my
al so bmatesief.ul . I n one enbodi nent, the substrate is a 1- substrate
Provi ding a substrate having other types of dopauts or dopant
concenfoab] onshheipiesehict dTghafieldsaogeact dispgesdes diecelcvnyc fdld acroes the ehhskrate
190421The substrate, includes a first polarity type drift well 150 and a
secondyRQlat ine¥irdi¥ BRd BR\Watio Weduce Thact TdHzat0h b th%’ég@tleredg‘acnﬂpaﬁgﬁ%st drain
e

134 and underlaps a portion if the gate fromdi e second side. evi ce
wel | enc ) ce: . i The

wel | 5. EBTRETEAROR BRMER IR it BOARG ol 1e RAGRR BLALwnlHD, o
polarity tg/%gq(fopants. In one enbodinent, the drift well is disposed within
t he del{fi°E& Son- For exanpl e, the depth of the device well is deeper than
the drift well. In other enbodinents, device and drift wells are about the
same dE9R]  FdiigSeshpea crasesertipnale/iciof 2 esfiopd 08 Af grntier spybadimgnt ohg gr i f t
well. Other configurations of the device and drift well may al so be useful.
The dr déticavald Figf2ir shewampbeespuagingrory vicw ab thegate Isvale To¢ deviee @similane that
enconpassi ng the source region and chainel of the device. [0043]1n one
enmbodi BRFHn inaFiF‘é?'l h-bC Q0 such, skdBarl fatPred Yiagamdt bd Bescribdd orclemdrfvet in detdil. sposed in
the device well froma surface portion of the substrate. The well contact,

In Oneoﬁmﬁ%&{ﬁ.’-‘ t, tHeSlevidE WViolheAOPE dubirhft 196C ANE sitilde! fof ckaRSd, i¢Rant s. For
exanpl e, the we contact region 1s apt contact for an n-type transistor.
Provi ding a nF contact . nma so be istor. O her
dopant Sl@gﬂ%%‘ﬂ{s?%% ?g}éeritmegf) ﬁseemv%é?qdugtc%))g% acs%rfa%éi}% X{%Igsé%%?s%fgg?%o, %The dept h of
the well contact, for exanple. may he ahout the .as the sour or

drai n. embe@nwph&lwgéfrﬁt%&a HTéHP%¥%Pﬁ{8YIBH€& w@%@@%@&r HRESTUHOPHH el |
contact provides a contact to the device well to, for exanple, bias the
devi ceonddpant q@dntiatiens,iedlnding pr wedoped pubstrateempp dispbaselils i sol ated from
the source by an internal isolation region 185, |a sone enbodi nents, no

i nt er ngd042% 0l aTtiecsabstext miluides pficsy poledtyttyps dypfimadld 50 aed weédond polasity tyaed
source. Other configurations of the source and well contact may al so be
usef ul device well 170. The drift well encompasses the drain 134 and underlaps a portion of the gate

from the second side. The device well encompasses the source 132 and the channel of the
transistor. The wells, for example, may be lightly or intermediately doped with respective
polarity type dopants. In one embodiment, the drift well is disposed within the device well. For
example, the depth of the device well is deeper than the drift well. In other embodiments, device
and drift wells are about the same depth. For example, the device well may be on both sides of
the drift well. Other configurations of the device and drift well may also be useful. The drift
well, for example, may only be on one side of the drift well encompassing the source region and
channel of the device.

[0043] In one embodiment, a well contact 135 is provided. The well contact is disposed in

the device well from a surface portion of the substrate. The well contact, in one embodiment, is
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1004511 n one enbodi nent, the well contact, the source and the field
structure 60 are commonly coupl ed. For exanple, a conductive |ine 198

di sposed in a dielectric |ayer 190 may be used to cairn only couple the
source, field structure and well tap region by contact plugs 194, 195 and

196, T f
coupl e %V@}?%{ ee(as&é@{o% O&P (g%?t @‘g"d do ]ﬁzsstls %}J&t‘lﬂipﬁeé'ﬁ}{eceu’n%ﬁé)%n%k%g &;ﬁ%a%? ield
a L2?t%{eﬁf?%féea?a—t%ﬁe‘é@%?s%e%‘&5?%»%31%%@“%@%%&5%% o be GG 3 sty peiSor.

structure may al so be usefin, [0046] Figs. 3a-la shom1cross sectional views
of ot r@ﬂleteqimt@at PROGErabipNg Ey ﬂtee\gellgmtacrﬁ@ywéiﬂ teawell.eThe dentlapf the weHose shown
in Figs. | a-b and Figs. 2a-b, As such, simlar features nmay not be

descr i dwathch fordaxanid)echyibe abledtahd sanddBAld Refrer ori drgint Grdviiding 3@pnthtténadiagi ce i s
formed on a base substrate 105. The substrate, for exanple, is a silicon
base sithaldepths mdyr030 Kb urgfud! TR wel RESa@iprHASS Sdasict RLRS d6HYe RbIS 0, st

useful. In one enbodi ment, the base substrate is a p' base substr at e.
Pr ovi déx'ﬁﬂl f, B&%?hes rv@éne havi ng ot her types of dopants or dapant
concentra 1'6ns, including an undoped base substrate, may also be useful.

S RSt 5 B Bt o TR AT B g, o

of sunf ce substrates nay al so, be useful, The surface substrate in ()fie
enbodi ifRAEon fegiog 155. Iy sqrag embedimients: o insrpr)isplatigndegion fsirevideh®t seattatehavi ng
ot her types of &pants or dopant concentrations, including an =doped base
subst rthe ellpaytaal and sberces Ofher coftpug]onhef thersbarse and et cantactimay alstebe a fi r st
polarity type drift well 150 and a second polarity type device well 170. In
one endeflil.nent, the surface substrate should be sufficiently thick to
accommpdate the drift and device wells. The drift well enconpasses the

drai n hgdsjand WegeshBREmnPRE Wl confact, MG SRALR A AR £418 seeaARAcBlfe. The
deV|ce wellco p es the source 132 and the channel of the transistor. The

wel I's, coftrﬂ'rlolﬁis %gfﬂllgd. If@%x%pfe', 99511(13(108%619&%9%' (Msposed in a dielectric layer 190 may

be used to commonly couple the source, field structure and well tap region by contact plugs 194,
195 and 196. The device well, source and field structure, for example, may be coupled to the
second opposite potential. In other embodiments, the field structure may be coupled to either the
device well contact or the source. Other configurations of coupling the well contact, source and
field structure may also be useful.

[0046] Figs. 3a-b show cross-sectional views of other embodiments of devices 100. The
devices are similar to those shown in Figs. 1a-b and Figs. 2a-b. As such, similar features may
not be described or described in detail.

[0047] Referring to Fig. 3a, the device is formed on a base substrate 105. The substrate, for
example, is a silicon base substrate. Providing other types of base substrates may also be useful.
In one embodiment, the base substrate is a p* base substrate. Providing a base substrate having
other types of dopants or dapant concentrations, including an undoped base substrate, may also

be useful.
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doped with respective polarity type dopants. In one enbodinent, the drift
well is disposed wthin the device well For exanple, the depth of the
device well is deeper than the drift well. In other enbodi nents, device and
drift wells are aboui the sanme depth. For exanple, the, device well be
on bot W048les Iypng ﬁ@g%‘ilinﬁlt’ Aeyface spbbate: oris Q[r}re’&fqdcﬂ’fgr the %f‘sﬁ’ UBAE el B
drift well may also be useful. The drift well, for exanple, may only be on
one si sefaoé sulistratgr fof exanenle, ie aciiepaswifasg subrirateo hesurfagy sybstetRimay B Ael  of

t he device. 10050i I n one enbodi nent, a well contact 135 is provided. The
wel | cglitacdpitasiatiiep) adake sabstrute. dethec beoni sarface fubsteatgromay also bé uselfia.
substrate. The well contact, in one enbodinent, is heavily doped with

secondrROdafact YubsiPRJindpR afbs dfntnt, X @ prduetacd Sihsigk| PEATIACE sur€@eQibstiated pi .
contact for an n-type transistor. Providing a n+t contact may al so be useful

for a p-t [ - ont act
may ol RS EER Gt bany b s BRI AR el e B b e
about the sane a 1t he source or drain. Providing a contact having other
dept hsMAARG SEIPE Y5 BB usef ul . The wel |l contact provides a contact to the
device well to, for exanple, bias the device well 0051. 1The I

cont acl0049h oridieshiesgi stivitate ingludesd Hise Rolar FrfyPHENL E’)Vl?hclgg B{}‘} 3 ﬁe‘io\ﬁﬁ BPRR&tY

i solation region 185. In sonme enbodi nents, no internal isolation region is
provi dege dedcswplr 30.eln dre ewdiodimentt the surfaced selestnateeshodd he sulfisisntly tirigl fons  of
the source and well contact may al so be useful. 100521l n one enbodi nent,

t he weidcop@midartithe 8 asddeviee waltk. tTe drifewell shdougiasses thibGaiarl84 endmonl y
coupl ed. For exanple, a conductive line 198 disposed in a dielectric |ayer

190 may, Reaps£brtion 6 PHBRR MR UR! Redriesi &0 UriRievice @lell enbétpdsésah@sshrcenel |
tap region by contact plugs 194, 195 and 196. The device well, source and

field '

pot ont 134 4 HE Sysph P of O Fror e AEHPLERAE IRRESO R ARERRKLR
ither the devi vel | tact t h O figurati f

Coupl | SPeRRET APk BplteD A Bananiy STea i e @ hay TP S5PB8R St ur

[ 00531Referring to Fig. 3b, the device is fornmed on a base subgt,fl;atﬁ 105.
The sub#hinghedevieg well. For example, the depth of the device well 1s deeper than the drift well.

In other embodiments, device and drift wells are about the same depth. For example, the device
well may be on both sides of the drift well. Other configurations of the device and drift well
may also be useful. The drift well, for example, may only be on one side of the drift well
encompassing the source region and channel of the device.

[0050] In one embodiment, a well contact 135 is provided. The well contact is disposed in
the device well from a surface portion of the substrate. The well contact, in one embodiment, is
heavily doped with second polarity typed dopants. For example, the well contact region is a p
contact for an n-type transistor. Providing an’ contact may also be useful for a p-type transistor.
Other dopant concentrations for the well contact may also be useful. The depth of the well
contact, for example, may be about the same as the source or drain. Providing a contact having
other depths may also -be useful. The well contact provides a contact to the device well to, for

example, bias the device well.
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exanple, is a silicon base substrate. Providing other types of base
substrates may al so be useful. In one enbodi nent, the base substrate is a
p- base substrate. Providing a base substrate having other types of dopants
or dopara concentrations including an undoped base substrate, may also be

usef ul 08§ﬁ054|1ﬂe thHBg > nn&?{yebnﬁ{ H{x&ﬁcs (1)3%'1&?@& fr&%‘%hé‘go%réesogpz{ ﬁﬂegrﬁﬁj over the

base rate surface su icon surface

substr.ate. The, surface subst e may be a si on epitaxial surface
Subst ratioTERisn [ p e sERe SuPRReT e oS ol ar Bt B nudeER seafe

surface substrate, |n one enbodi nent, is a pi surface substrate, Providing
a sur fthe el gpslagtand spurge-nGther Kerfiguaions of tlwparﬁﬁ angw el sprinet ek at i ons,

i ncl udi ng an Moped base substrate, ma.y al so be useful. [00551The over
subst natfi]. i n one enbodi nent, is provided with an opposite po buried well
115 than the base and surface substrates. The opposite polarity type buried

vel |, [os2]exampbse em&d%n&&aﬂ&bk\)/ell%ﬂ&@t @m%tde%nﬂfﬁleaﬁéla ytriaepe 180aked wel | .
The opp05|te polarity type buried well, for exanple, is a n buried well

for p-do¥Rfo g'&:f)&‘}ﬁ@%a%? eQQIﬁﬁlesélpﬁt i hne{:fb%l(gé&g)@lﬂ fra &151&3%9'1{}@? dl'ﬁQf]”ate

IS a p- surface substrate I'C burie e base
substrate

S Ubat 15 ed fo oS REuste I kR St g St sp TR 3o sl p Bl 106 Dot o

into the base substrate. CIher confl uratlons of thg@surface substrate
buri ed9%eand 19Ad The devieqwell rsapice apd fig 0T exprobs K de sovRlgE o the
substrate, in one enbodinment, includes a flrst polarity type drift well 150
and a seashepppsitapdtential. yipethkembodiedrits, throfield ntrestereandydeti epepled te pighes thef ace
substrate should be sufficiently thick to accombdate the drift and devi ce.
The drdevicewadll commueoomias s@gcd. h®ther configurations of coupling the well contact, source and

field structure may also be useful.

[0053] Referring to Fig. 3b, the device is formed on a base substrate 105. The substrate, for

example, is a silicon base substrate. Providing other types of base substrates may also be useful.

In one embodiment, the base substrate is a p~ base substrate. Providing a base substrate having

other types of dopants or dopant concentrations, including an undoped base substrate, may also

be useful.

[0054] In one embodiment, a surface substrate 110 is provided over the base substrate. The

surface substrate, for example, is a silicon surface substrate. The surface substrate may be a

silicon epitaxial (epi) surface substrate. Other types of surface substrates may also be useful.

The surface substrate, in one embodiment, is a p~ surface substrate. Providing a surface substrate

having other types of dopants or dopant concentrations, including an undoped base substrate,

may also be useful.

[0055] The over substrate, in one embodiment, is provided with an opposite polarity type

buried well 115 than the base and surface substrates. The opposite polarity type buried well, for

example, is a heavily doped opposite polarity type buried well. The opposite polarity type buried
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drain 134 and underlaps a poition of the gate fromthe second side. The
devi ce enconpasses the source 132 and the channel of the transistor. The
wells for exanple, may be lightly or internediately doped with respective
polarity type dopants.,|In one enbodinent, the drift well |s disppsed within
he devVeld iReerampte s aQahyied Wflh@rﬁékﬁ"hs‘ﬁfac? A brsg seRstrates. F?@"&@Q&eﬁ‘% han
the drift well. In other enbodinents device and drift wells are about he
sane depfiee sEvtragiaapt surface sestatsethpditiedrayll e wrbusisd el apddhabasehe dri ft
well. Other configurations of the device and drift well may al so be useful.
The drédbktratelid a pThase awatgb.e Thabyrieinwsll inay ba a pa of thichasd subkieatelr Fot  wel |
enconpassi ng the source regi on and channel of the device. [0057]in one

embodi gBRiplS thSbiiAW dBday B& iRl b @@?ﬁaﬁﬁ%@l@aﬂfsﬁﬂ@&ﬁ‘@bds@ stithi@ade\Oth@ el |
froma surface portion of the subs%,ra e. e well contact, in one

emhod! Biitourdidnl'SANL L HBREG M BulGPBfROBAE Linsrh¥RELaidloBRAYS - For

exanpl é. region s a p4- contfact for an n-type transistor.

Provi dj n_cont act | so be eful for - e transi st or. r
dopant to@%ﬁﬁentﬁgtsfl%%%e %%lm?% &n (RRY ?&@5{‘&18‘?}1 mﬁﬁ\?eg’l’ ﬁgg B%laﬂg'gm‘f 3“#’??’3%@ §t h of
the well contact, for exanple, may be about the sane as the source lr)

dr ai n. amk psacanhpolaniytyea daviee wejl b{Om dp oge prhedimept, hesyrigee -ﬂ@é‘ﬁﬁ? .ShoPllfg el |
contact provides a contact to the device well to, for exanple, bias the
devi cesufitiently fhik58]aTtrenmeddte teniridicand demico mellenboeldnd mell encompaskesitbel f r om
the source by an internal isolation region 185, in sone enbodi nents, no

i Nt er n@daid B3 aidiwder §QiaQdrtich ¢Xrthy pate troinothe egdhdtide! Mae detite welht act and
source. Ot her configurations of the source and well contact nay al so be

usef ul on oRadled it LoRR8 197 RRSHHRR ANl HEHYBhASIGON M Afelwelshr SR4HSI8, ARfLd he
field structure 160 are commonly coupl ed. For exanple, a conductive |ine

198 di ed.in el e ol [ ) - t he
R R e R e R L L
196. The_deyi.ce. well, .source and fjeld structure, for.ex | e y, be
coupl et &vel s diseesst avipigidedicn wellnF prxample. S dsetephsBh ARbes el Fiischire) o
structure may be coupled to either the device well contact or the source.
Ot her tenthedrithwebnin ethercesalsidiments, levige prd difh tuglls areqbgpicthe savae dgnsh.-gior
structure may al so be useful.
example, the device well may be on both sides of the drift well. Other configurations of the

device and drift well may also be useful. The drift well, for example, may only be on one side of
the drift well encompassing the source region and channel of the device.

[0057] In one embodiment, a well contact 135 is provided. The well contact is disposed in
the device well from a surface portion of the substrate. The well contact, in one embodiment, is
heavily doped with second polarity typed dopants. For example, the well contact region is a P
contact for an n-type transistor. Providing a n’ contact may also be useful for a p-type transistor.
Other dopant concentrations for the well contact may also be useful. The depth of the well
contact, for example, may be about the same as the source or drain. Providing a contact having
other depths may also be useful. The well contact provides a contact to the device well to, for

example, bias the device well.
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[0060] 1t is understood that the various substrate configurations of Figs.
3a-b may al so be applicable to the device of Figs la-c. In other

enbodi ments, the substrate nay be a crystalline on insulator (COD type of
substrate, such a.s a. silicon-on-insulator (SOTI) substrate, A CO

substr i ncludes .base and surface substrates.separated. by a burijed

houl 008N Dy d SR BAGe BT e RS G F R T RETRAY RURE Haraf og el
as other, features can be applied to the different enbodi nents, of the

devi cé?OIF%Bffﬁﬁnd§3- A sHMS HBRPEMERS. ReiRf g AfolaFioaiESIBR IsAHOBAEL G skBtEte of a
process for formng a device 200. Referring to Fig. 4a, a substrate 105 is
provi dhdweltigentaoiomdsquise. Ohes nenfegvbddingehthe spurca ard wiel santaetiisay alsaebe The
substrate nay be a doped substrate, such as a p- substrate. Qther types of
subst ratfs, such as a gernmani um based, gallium arsenide, CO such as 301,
or sapphire, may al so be useful. The substrates may be doped wi th ot her

types [9659opam snOEmblRRaR:, HeREEohakt, MSsout LAAd HdigesRuaMRadpaRNt . the
substrate may include a base substrate with an surface substrate di sposed

ther e Rl BESTed ey LGB, SUPREAA! B mydi%g)secf s GERORL favePiod 0D |1

one enno e sur e substrate 1s an I surtace substrate.

types .of sem conduct or erials rr the base a surface substrate y

o 20° i LR forminph ConmR LSO TBE HRdsriHuaRganale K FDe Lo R L nsed
not be the same material. [0063]1n one enbodi ment, the base substrate is a
p+ subPraadd 9andhe Hevisuwelhaeurqignd figldestiustuge, for exampte mag beceypled fathe
substrates with other dopant concentrations or different types of dopants,

i ncl udiepepndnappdsipapritentiahrain dhaentbedusatts) ithe figld stoneure mgychen@npled taeither ited

wel | of the opposite polarity as the surface substrate may be provided. The

buri ediewelwelf @htXanik eoutdd GgetcdifRyitdtionslopasiplieg theahell tiRitRpROSE @nd
polarity as the surface substrate. In one enbodinent, a n+ buried well is

E)Sr ?g%\}\gFtﬁu&nﬁ@ nli’ag Y EAGLengpi substrate froma p- base substrate. The n
y be a part of the base substrate. Qther configurations of
base Syhgd)" 2t G is WA A5 BUPRE L ALGusANEBL LT Bl ondBYFiRL 53 P Gay 8RO HE-
applicable to the device of Figs 1a-c. In other embodiments, the substrate may be a crystalline
on insulator (COI) type of substrate, such as a silicon-on-insulator (SOI) substrate. A COI
substrate includes base and surface substrates separated by a buried insulator layer. Furthermore,
the various configurations of wells as well as other features can be applied to the different
embodiments of the device.
[0061] Figs. 4a-h show cross-sectional views of an embodiment of a process for forming a
device 200. Referring to Fig. 4a, a substrate 105 is provided. The substrate, in one embodiment,
is a silicon substrate. The substrate may be a doped substrate, such as a p” substrate. Other types
of substrates, such as a germanium-based, gallium arsenide, COI such as SOI, or sapphire, may
also be useful. The substrates may be doped with other types of dopants or dopant
concentrations.

[0062] In some embodiment, the substrate may include a base substrate with an surface

substrate disposed thereon. The base and surface substrates may be, for example, silicon. In one
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(00641As shown, a device region is defined on se substrate. Al though one
device region is shown, it is however understood that the substrate nmay

i ncl ude various types of regions (not shown). For exanple, the substrate
may i ncl ude ot her device re%ipns for other types of devices The |IC may

i ncl udembestiments BigisYracy bgiate I ansgi urkpss peslatgy Othetyreg of pepispiustTon t he
type of IC forned, the |ogic regions, for exanple, may include regions tbr
di f f er materiuls/forathe bawand ssriadeoubssadesphay, alsdiee wsefilc Itrie gndenstoerhihai the bagge
regions for high voltage (1-1\r.) devices, nmediumor intennediate voltage

(1V) dsid suelcaitbsiraes Neddtnagbe fheNimdaatgs. O her configurations of
may al so be useful. Additionally, other types of device regions may al so be

provi de@e3] 004RLh8 :ARSIIRIRO HeBaRE subksiifte AEVHCRILERAL Y the s@ifade\bubRMIORa The
device region, for exanple, serves as a device region for a LD transistor.

o oV Sy A L AR D SRRl R B REgHRFE

The deVi*cé region s regi ons Yo)

regi on. 180, The, devi ce isolation region surrounds the.device.region. In one
Croat RERGingdicraYs ey 83 Bhusato 1 ane GERO G e biisd RACTLE PyBRte | on
region 185 to separate the device region into first and second device

sub- r epelanity as tesr susigps sibstraie maythsrmsevideseyviheduried giells fos sxaBpiednas@har at es t he
device region into first and second sub-regions on the surface of the

subst r daeily 16866¥ ¢lhotthe oppdsitd ipniarity, asahe surface sabistrasollmbnoembetjinent, 185 | s
provided within the device region. The internal isolation region for

exanpl Buriddswdli 18RO s@Hrdtthcpe se€rte @i §udSirAO framaNg tas€ fisfete. Whelhhbwiddesdll on
of the transistor between the gate and drain. The internal isolation, for
exanpl| iy %éh?@ﬂ%{fﬁeﬁ%&ﬂﬁ%sﬁét@: Bl c{) LR85 0B AR s@bstlale sl itk SRt A8
al ong the channel w dt irection. [006/71The 1solation regions are, for
exanpl g, . STI Vari ous processes can be enployed to fotiai thL STI regions.
For exﬁ%ﬁ%ev,va{‘ﬁayéfa%ﬁ?}‘g"t "can be etched using etch and nmask techniques to

formtrenchesare then filled with djelectric material s such as silican
oxi de. (0888 ¢ A)s shown, a device reglontis deqjmed on the substrate. Aﬁlloug?l one device region 1s

shown, it is however understood that the substrate may include various types of regions (not
shown). For example, the substrate may include other device regions for other types of devices.
The IC may include logic regions in which logic devices are formed. Depending on the type of
IC formed, the logic regions, for example, may include regions for different voltage devices. For
example, the logic regions may include regions for high voltage (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.
[0065] In one embodiment, the device region is a HV region. The device region, for
example, serves as a device region for a LD transistor. Providing a device region for other types
of devices may also be useful. The device region is separated from other regions by a device
isolation region 180. The device isolation region surrounds the device region. In one
embodiment, the device region also includes an internal device isolation region 185 to separate

the device region into first and second device sub-regions. For example, the internal device
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mechani cal polishing (CWP) can be perforned to renove excess oxi de and.
provi de a planar substrate top surface. Qther processes or materials can.
al so be used to formthe STN. The depth of the Sits may be, for exanple,
about 2000 - 6000 A. O her depths for the STIs nay al so be useful. in other
enbodi.nents, the isolation. may be other types of isolation_.regions.. Al so,
e deomBLoTLiR T P RTA HRUSIR Fesion B Db iMtbirout slbrPePbh e iy sttigror

i sol ation regions. [0068]As shown in Fig. 4b, a doped. well 150 is forned

i n t hehggWhsidter egi on. The doped wel | serves as a drift well for the device.
in one embodinent, th.e drift well is disposed in a portion of the device
r egi onl00G%je din e embddimenty areinsarpdl eésol@innonpias § 8% it frevided withal the dotiat i on
region and a portion of the device isolation region on a second side of the
devi ceepiegl ahe intb@aligflhiiorDfegionefod ek drhplegis ldispbad i XarduvRe ré@yn Bengbout 0. 1 -
5 pmProviding a drift well of other depths may al so he useful. The depth
of t hecigdhhdl bwidfh! directiéd oEHE MR Kor YR wASRRD gate QR bAg. dﬁﬁéé ifferPi RofitibR or

voltage. The drift well i1ncludes first polfarity type pants for a first

| ari ige. . I . N- drift .well i i ded
ety pe AP B A R RRFTR o R PR ke SRignd el B or o

dopannf. Fowing a p-type drift well for a p-type device may al so be

usef ul9CHOBne enbodi ment, the drift well may be lightly or internediately
doped with first polarity type dopants. Qther donant concentrationst

dri ft @96 so The isgsasion regipoBe fphexqopde, Sitho dY areawns precesisy corbaiopeldysdeiol i s
formed in the device region, as shown in Fig. 4c. The device well serves as
a bodyfonelthe $BIrrepioas.t Farsiasiblyy the Ehbstahey¢aneevsddhled usiap ethhsind @csk tchniqaés t y

type dopants. In one embodinent, the device well is a lightly doped device
vel | . tb@srmeanake whidi@rd@Ra fillcd ONRIMIEAEL Bat@falstieh deyiissh y8ld. drengbut
1E13 - 1E14 / cnR, The device well, in one enbodi nent, enconpasses the

drift jr4 j i i i 1 Vi ce
wel | e et AR REMEI R B bR R PR RS T R
i sol ati regi on_and ift well. The depth of .the vi.ce r exanpl e,
| < abPe € Brae it b frafifhes o HHtertid iAo subed RmANSS e 106 FOR 1
ot her enbodi nents, the device well and drjft well may have about the sane
dept h.oftes SERans ke, fanszamaly alwuhdP0 nefl}p @Hl%éﬁmh%¥qy§se DFlsty Aot wel | .
O her configurations of the device and drift well may al so he useful. The
dri ft weful., Inf @heresuabmliregntsydlye ollatiobmagbe otter Sipde obisolnhen thgidis. Widol, the
enconpassi ng the source regi on and channel of the device. [00701To font
doped dwelde.andintérmipl @slhticrRkiond ntly bexpRsest tyhe dewlapnregben is used. The

i npl ant mask, for exanple, conprises photoresist patterned by a

l'i thoqpaed)i ¢ MRSKowRAPRR! §b,3ar<ﬁ>PE&rRJeﬁﬁ%9(i’s fo & ﬁhﬁeay@éé 3l qgﬂgragpwe

i npl ant mask. The dopant's are inplanted wt e appropriate se and
power . rate i rocesses W th respective | npl ant sks,are used to
Por m duiERRl iR s R 8 (EIBERSRET 4PobpBRBERhL AR LRAM L BRSE &<
processes are used to formthe drift and device wells. in one enbodi nent,
Phe deRfFeen YghF dpdcs Feidd geilae WJL e ?ﬁaﬁﬁ’?% RRCQERRaReS fig interpal lsgg;%@n
enbodi nents, a doped well nmay be forned by, for_exanﬁle,_perfpin i ng
mul ti pegionapd apegioatof dhe devtasrisoledinarrgion onRorecannigs o the devickaezion. WhEl may
be formed using

depth of the drift well, for example, may be about 0.1 - 5 um. Providing a drift well of other

depths may also be useful. The depth of the drift well, for example, may depend on the device

operation voltage. The drift well includes first polarity type dopants for a first polarity type

device. For example, a n-type drift well is provided for a n-type device. The n-type drift well,

for example, may include phosphorus dopants. Forming a p-type drift well for a p-type device

may also be useful. In one embodiment, the drift well may be lightly or intermediately doped
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e inplant processes. Qther configurations of inplant processes may al so be
enpl oyed to formthe wells. 100711The i nplant processes used to forrn the
device wells may be conpatible or the ame as processes used to form ot her
simlar types of wells in the device., For exanple he .processes may be
conpat WP iTsOHrith b dgBasS | Fthet AReRt cqueeRrasios deshe Syt SFﬂfV%ﬁ?lamﬁsh@lS%f;% | ar
types of wells. For exanple, the device well may he forned at the sane tine
as theusedul. vol t age device or internediate voltage device well. This allows
the same |lithographic mask of the current CMOS i nplant mask to be used to
patt er [006RE i Malsamt embsBinient, af deeicd dvpakwelblsl forrkat inekadeie, regibe, asshoenin
(.71\40S inplant mask may be custom zed to include the device well opening.

I n ot hef, gabegl AR SWAl SRPE BlaBod§ WeAFoMBE krafBstkr. "B RQice efbiltiRclagaci fical ly
tailor for the doping of the device well. in such cases, the sane ask can

also h S ' : j f.am In
one. entsangaptln] RREUMEL OREmpSK-ch, HEAETER AP F R P RRH RER o
are fupned. The anpeal K activat.es e dopants. L.n odi ments,

Separ aF B B S Rpan P BHAR of A5 ACRE valis 150ub it By ARl T It

exanpl e, an anneal may be perforned after formng a doped well. 100731As
shown Aevieg yell.4a onggmbodigyeat, snesrmpessgs the drifewel apd int@palisplationgegipat 81 08¢, one
enbodi ment, the gate layers include a gate dielectric |ayer 242 on the
subst r ambodinent thyateyice|vedt erodmphsages p@tidn phibealevice Fhktigmregiah, sitemak i ¢

| ayer, for exanple, is silicon oxide. The thickness of the gate dielectric
| 'ayer psR)atioe redheind3fift N0 The démh ofthanipliee wellefogakangle b eladut 05 l@yer is a
hi gh voltage gate dielectric layer. The gate dielectric |layer may be forned

by -t he i d@}?‘thg?éritﬂé]de\f&rwﬁl(ﬁﬁ? hRo bt RSerd. Gh @fcr bmbb@tRAts! the UovieR e vnget
oxi dation foll owed by annealing the substrate in an oxidi zing anbient. The

t enper gt.yr e .of the ] [ LR 1 5R0R = ' C
The anﬁgglweﬁlgm%ﬂavg\g%&?tgﬁé ga%élén% él% aﬁpoer %g ar %%dthgt _ a %?ﬁ%%&%rogp% h Salégsg 1
? glo Ckﬁ- [ rjg’f? v%% eO]‘:h%E cgnr}legugaﬁ}o%s %i‘ t %tdrexgigee arlldf:1 Xr? ’wehtng/a z}fsobbee sgl:uY.S ‘I'Lclz iy The

well, for example, may only be on one side of the drift well encompassing the source region and
channel of the device.

[0070] To form a doped well, an implant mask which exposes the device region is used. The
implant mask, for example, comprises photoresist patterned by a lithographic mask. Dopants are
implanted into the substrate using the implant mask. The dopants are implanted with the
appropriate dose and power. Separate implant processes with respective implant masks are used
to form doped wells of different polarity types. For example, separate processes are used to form
the drift and device wells. In one embodiment, the device well is formed prior to forming the
drift well. In some embodiments, a doped well may be formed by, for example, performing
multiple implants at different energies. For example, the device well may be formed using
multiple implant processes. Other configurations of implant processes may also be employed to

form the wells.
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el ectrode | ayer may be about 500 - 5000 A. Ot her thickness may al so be
useful .. The gate el ectrode | ayer nmay be thnned by, for exanple; CATE O her
techni ques for fotining the gate electrode |layer may al so be useful. The
gate el ectrode | ayer can be former: as aa anorphous or non-anorphous | ayer.

In on odinent., the gate electrode |ayer is . polysilicon.doped wth first
type. d8BERLs. Tnamelhufite st bt OF8 e cen o R e R PRRE Yl oy
be about 1E14 - 1E15 / enR. Various techniques nay be enpl Qqyed to dope the
gate eISdEPGEER U tOJsz%ﬁf%,r siftlag fypgs a%wa}ﬁgméhe fexce HSF s’ff.l%zﬁf%dhf; PIOGEFIEL O her
types of gate dielectric and gate el ectrode materials or thicknesses may

al so beaybetampatibly wik shmst ssedtihsugentMOS| peetesses forefoaninglsimiday timesaf hi gh k
dielectric material while the gate el ectrode nay be a netal gate el ectrode
mat er i watlls. Gobexamginf thgdedte asll afaydetfernhalye tise ahmaimeasthetaw volkage dexiaspt e,
the gate dielectric andlor gate electrode |layers may have nmultiple | ayers.

The | aygiscéiaR RaadOddTRE W1 VAL Ausvd 86 Bh8UBR grapHemAk of R dlenOXV@RS | ON,
CVD and sputtering. [00761Referring to Fig. 4e, a mask layer 249 is forned

on themg}l' ? Wl %o J%d%é%ﬁégg}h%gxﬁ@aﬂg ﬁﬁ%‘l@f@?lﬂ?ﬁi &&iée%&??o@‘é?{xn@ﬁé&gat €

el ectrode layer. I'n one e mask 1ayer 1s | ayer,

such as a esi.st layer. An expaQsure .squrc . sel ectively expose the
hot arureaf CRIGR R Rit K i o BCs o ATsHorg o A oo S Shenye Toaiferar t er
sel ectively exposing the photoresist layer, it is developed to form

openi rRBbadeneRE FoteHAlY deyice sechl messnappleduset éo gpecidicplly tailer for ghe dppieg of
retnovcd. To inprove lithographic resolution, an anti-reflective coating
(ARC) timagewiee wskdIrbeicbwatchethp kohomeslagesralsoll@0iséd tnfooinhibe senibdévienwe]. t he
mask | ayer may be a hard mask |ayer. The hard mask | ayer, for exanple, nmay
conpr i Be7JECS Aqy ansibAlii€ pétfdthdetli heondnigydityRetedbndidishaRsied @ thadistt My

al so be used. The hard nmask | ayer nmay be patterned using a sofi mask, such

as a PHRALRLRE RIS are formed. The anneal activates the dopants. In other embodiments, separate

anneals may be performed for the drift and device wells. For example, an anneal may be
performed after forming a doped well.

[0073] As shown in Fig. 4d, gate layers of a gate are formed on the substrate. In one
embodiment, the gate layers include a gate dielectric layer 242 on the substrate and a gate
electrode layer 244 thereon. The gate dielectric layer, for example, is silicon oxide. The
thickness of the gate dielectric layer may be about 30 - 1000 A. For example, the gate dielectric
layer is a high voltage gate dielectric layer. The gate dielectric layer may be formed by thermal
oxidation. For example, the dielectric layer is formed by wet oxidation followed by annealing
the substrate in an oxidizing ambient. The temperature of the wet oxidation can be, for example,
about 600 - 1000 °C. The annealing can be, for example, performed at a temperature of about
1000 °C.

[0074] As for the gate electrode layer, it may be polysilicon. The thickness of the gate
electrode layer may be about 500 - 5000 A. Other thickness may also be useful. The gate

electrode layer may be formed by, for example, CVD. Other techniques for forming the gate
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100781The patterned nmask | ayer serves as an etch mask for a subsequent etch
process, as shown in Fig. 4f For exanple, the etch transfers the pattern of
the mask to the gate |ayers_ The etch renoves the gate |ayers unprotected
by the mask, exposing the substrate. The etch, for _exanple, may be an

ani sot elegiradedeyen may by hesuselithc The gate elgctarderiayarem) be formed ag rpaaoghousrh
processes nmay al so be useibi. In one enbodinent, an RIE is enployed to

pat t er mott-lreoxphaves laggre s ohoembadiment dteegatieddectiode tayer smobdiliventiopadheitiet ch
patterns the gate layers to fonn the gate and a held structure 160

sur r oufigh Rge@doars. NTHe@neentaitioh BE dspHaGLin Mesgatieéledtadelbyyet haybatbsndlE14 -

i solation and device isolation regions. 10079] As deseribed, the gate and
field ' | K 1U&tdug, fohexMasie thayers.
ot b o e e el B e
differeﬁ{td .OCESSes. ]'ﬁ['hi Igllows the gate and field structure to have

differd &P 81 P r(5traa(<’ax'arrpl e, after the gate is firnmed, a conductive
layer is formed on the subsirate an atterned to.formthe field structure.
Gher |0a8h] qusbSTspeaseeHEe g eharli i Eup S bl theResry Sy st B ont
processes may al so be useftd, [OMIn one enbodi nent, |ightly doped regions
232 anusefid4 Far exaninleithe gate dielgsericupterialanay hay kigh kaielp@dc atsrigh ‘aﬁﬁe tegi ons
of the device. The lightly doped regions have first polarity type dopants.
To f or pate blecirodghhhy belo pethl pewicbaegrpdd matstialp dDther ¢opfigypton obgate kyens enay
inplanted into the substrate. The inplant, M exanple, may be self-aligned

W th ra5p8e Lisdrel. e eeipl6ahé 88tk Aitlech and¥iFRlctleditdge iaypisaidy HaRy mudtigloped
into the substrate unprotected by the gate, field structure and isolation

regi on h i - i acl cyphaut 0.1
L e e B L R R nfol, S BB BB, CYPIRE e

i npl ant_energy may be from 10 - 100 KeV, O her inparaneters may al so be
usef ul 5P B8] Si dewal | spacers 148 are forned on the sidewalls of the gates

and the field structure,
[0076] Referring to Fig. 4¢, a mask layer 249 is formed on the substrate. The mask layer, for

example, is formed over the gate electrode layer. In one embodiment, the mask layer is a soft
mask layer, such as a photoresist layer. An exposure source may selectively expose the
photoresist layer through a reticle containing the desired pattern. After selectively exposing the
photoresist layer, it is developed to form openings corresponding to locations when the gate
layers are to be removed. To improve lithographic resolution, an anti-reflective coating (ARC)
may be used below the photoresist layer.

[0077] In other embodiments, the mask layer may be a hard mask layer. The hard mask
layer, for example, may comprise TEOS or silicon nitride. Other types of hard mask materials
may also be used. The hard mask layer may be patterned using a soft mask, such as a
photoresist.

[0078] The patterned mask layer serves as an etch mask for a subsequent etch process, as
shown in Fig. 4f. For example, the etch transfers the pattern of the mask to the gate layers. The

etch removes the gate layers unprotected by the mask, exposing the substrate. The etch, for
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To tbrrn the sidewall spacers, a dielectric layer is deposited on the
substrate. The dielectric |layer, for exanple, may be silicon oxide O her
types of did cthic material, such as silicon nitride, nmay al so be used. The
dielectric layer may be forned. by CVO. The dielectric |ayer may al so be

fanned_ usi ot her techni que The thicknes i el [ yer may
bor "t o BB P an ot RORaTE SR Gf b MR E B BRSO G e A oy e ey
al so be useful. The thickness, for exanple may depend on the desired

wi dt h RIPCSPRS agadlen e ussfila fi gpt ?re‘gqﬂn@e@t #hRIE feppieyerte patty “wega&elﬁmﬁ med
to renove horizontal portions of the dielectric |ayer, |eaving spacers on
t he sitddoal hgatglld)e Iyaneembadimentethgirhi netieins the, gathleyerp s ormthay gdie anda ned
frommultiple dielectric |ayers. 100821Referring to Fig. 4g, heavily doped
r egi onfdeld s2uam@ 1584uas@eiing aditaheregourod ¢heasnbistertad efited dhiyahsintemal iwlaiolst r at e.
The heavily doped regions have first polarity type dopants. Form ng the
heavi | 3hddRPRE idotdioanrseibic! ude i npl antingt polarity type dopants into the
substrate. The inplant, like the one that forns the |lightly doped regions,
is sel ive i .t D i %h&%u | 1 opl ant
may be[fog?)%ed ?‘ﬁwggﬁbre?&?ﬁgg{“? a? %%Eﬁipsg%%gélgﬁeaeré? y the ﬁ%astag%éae@elﬁ 80435?%1}& ure
and isplation regions. | his se, th idewal | spacers cau t he heavily
doped Do are &y amtics cBbogLdhe eean ngH STiGue il fitheR e et
lightly doped source portion and a heavilyfl doped deeper, portion. The depth
of t hedrpeasst i bapoploarsitbeyeaimand figld sretnys te hayedijfsent mpterials. Fog exagmple.The

i npl ant dose nmay be about 5E12 - 5E13 1 c:mand the inplant energy nay be
10 - 14%r He\gatOs Hemddnp camtucpae hiyet ie famed pndhesabseata sed phtteriddits féror e a LD
transi stor 120. 100831l n one enbodi nent, salicide contacts 128 are forned
on confi¢lg btrii@gie0 TRh&@ftedhn@yuics 8 iiag tiaSgaSwnartidld stri@ure 4bing Aofferentanpl e, t he
salicide contacts are forned on the gate and source and drain of the

transiﬁ%ggsseslrﬁa}pﬂghggm jjment, a salicide contact is also forned over the
field structure. The salicide contacts are to facilitate | ow resistance

h [ A d : [ o] .
cmboal HERT 1 RECen Rl uBMRR R 5o BrGularhar TPk o PERMaediir,,

al so be useful. [0084]To formthe salicide contacts, .a ngtal |ayer is
deposi f&do¥Re BibAigerHCES of (e HEvigt oLt Galily dPRes et ey Bt POIBRUY R o,
may he nickel or an alloy thereof Other types of netallic |ayers, such as
cobal tdopentsalTlodgun thediahdlly doperbtegifinpcfital pokasity typsydoghufe atgdmpéaaied iTedheret al
| ayer can be forned by Physical Vapor Deposition (PM. Qher types of netal
el emendubstaatel/ The inepliuay foe dxdyplef ey bé yesligikd pritcegsestochndaticaepenusef ul .

example, the implant may be doped into the substrate unprotected by the gate, field structure and

isolation regions. The depth of the lightly doped regions, for example, is about 0.1 — 0.4 pm.

The implant dose may be from about 5E12 — 5E13 / cm?” and the implant energy may be from 10

- 100 KeV. Other implant parameters may also be useful.

[0081] Sidewall spacers 148 are formed on the sidewalls of the gates and the field structure.

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, 300 -

1000 A. Other thickness for the dielectric layer may also be useful. The thickness, for example,
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1901351A first anneal may be perfoiined. The first anneal diffuses the
netal dopants into the active thstrat ',Pinning a silicided |ayer. The
first anneal, for exanple, is perfornmed at a tenperature of about 300 - 600
A'": for about 10 - 60 seconds. Excess netal.  not used in the silicidation of
t he achpyéderandfondhe fesired NadBOT e SPAGHTS. XA APSATORIC Gk, SP&hﬂﬁr%iE’B?aéf ss. For
exanpl e, unreacted netal material is renoved selective to the salicide

cont acpaforied ée b varoedadntatepprtvenspd teatieteeirit tayen heavos spheernen Gieisidewalls
properties of the silicided |ayer, for exanple, |lower resistivity. The
first eftle gstecdmsomanpitiahtiong, heopesseay bayorhed dronamuttiplddicleetricaayeenl ( RTA) .
O her annealing paraneters or techniques may al so be useful to ft.1311 the
sal i ci fipgsPnt atdtsiring QPBR] ReftRhvily @@ régichs 140.and 19 BleEBirhddCin Ry ®urdedddi S

formed on the ubstrate, covering the transistor. A dielectric etch stop

| ayer . for i i ] gl ectric

| ayer . Tt REichR OARE AV Ghact Py SADEY Sl Tebh oy et TR RO B0 O

| ayer. Ot her types, of etch.stap | ayer [ so.h seful. Th tch stop

| ayer BRI MR dhartr v PR Eame e R e R L% P ¢ he
dielectric layer thereoyer. The etch stop |layer facilitates jn formng via
pl ugs subsEdift i’bﬁ implgitolike the onp éhat formsithg laghtlyddeprd rrgiangds gelf-aligedctitbde and
SID regions. In sone enbodi nents, the etch stop | ayer may al so serve as a
st r essrdspgeeto thedevpptegiany Far skaregls, theimplentohanbredopef inth éhe substsitest or to

i nprove performance. Various techniques, such as CND, maybe enpl oyed, to

f or m t igretectdd Byt Ly, Gield §tRREiFd dbistliagdetdgions. [rothéy cas€ tiwesidexallaspacers
i nterconnect dielectric layer in which interconnects are forned to couple

to the { - i i ) i 3
ca{RE t}f}%aﬁgﬂ?%{’éﬁ sb&dt flFvor o He BN &esti a §Ji'l?<|:etv{rlﬁel§ Ihdes a iggl‘ci%}ll —

di el ectric layer, exanple, is a silicon oxide laymin one e

the dielectric |ayer | hi.gh QP ) L gl tric

mat er | G99ecpings ppYfaenda taiBRPRR Bodnct ok D TRE B85Ty LERENAY oo

exanpl e, the dielectric |ayer can be farnmed, from doped sjlicon i de ,such
2 {1 uBEION BHCGRRIEdh RN o T ﬁlﬁdﬁ@”ﬁﬁ%@%ﬁ@gﬁ%ﬁjﬁwﬁﬁ TSR Such
as boron phosphate silicate glass (BPSG and phosphate silicate gl ass

( PSG) , anthihe paplant ermgyeraay\hmi(ghioq Ke¥in Qheriimplinbrargactepiaopdsr bt ugded TEGS
deposited silicon oxide, and lowk or ultra towk dielectric materials
such a%hrfgatmoe EDItragsitter §2@ss (OSG and fl uori ne-doped silicate gl ass
(FSG . The dielectric |ayer should be capable of selectively etched or

pat t er @3 t Nnlhas BR6bdihRnt, B&iEdLddnEic@N 28aYEformed on contact regions of the

transistor as shown in Fig. 4h. For example, the salicide contacts are formed on the gate and
source and drain of the transistor. In one embodiment, a salicide contact is also formed over the
field structure. The salicide contacts are to facilitate low resistance contacts between the active
substrate and the BEOL metal lines. In one embodiment, the thickness is about 200 A.
Providing other thicknesses may also be useful.

[0084] To form the salicide contacts, a metal layer is deposited on the surface of the
substrate. The metal layer, for example, may be nickel or an alloy thereof. Other types of
metallic layers, such as cobalt, or alloys thereof, including nickel, may also be used. The metal
layer can be formed by Physical Vapor Deposition (PVD). Other types of metal elements and/or

be formed by other types of processes can also be useful.
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[ 0088] The dielectric |layer includes i'pper and | ower portions. The upper
portion serves an intra-inetal dielectric (IMD) layer in which conductive
lines are formed. The | ower portion serves as an interlevel dielectric
(ILD) layer in which contact plugs are forned. In one enbodi nent, the ILD

| ayer pr a- [ i P | i

for rreo[bﬁ%ﬁcon a@?{ %gagéﬁisﬁgetnﬁ étrﬁ)ggl se%/%{lér’ g%lsgamlseglc agégé@é;@tgg%: bo eg#gﬁtg q{l‘g t he
transi stoors, including the.source, drain and te. 089] 1 p _one enbodi nment,
e upiitire SihatrR e eGSR Tk Rt G HP b et 1 W b
conductive lines and plugs are forned using separate processes, such as

si ngl éemam%@ﬂ%aqgubﬁg&s&@. CHor akous APl 60 s¢oady plerfiepyaetal eotiugediddhe n t he PVD
| ayer using, for cnask and etch processes, such as RIE. The via openi ngs

ar e t idilicdationtot the actinasiotace & watosed by,. foExaemde, conad uetowad prretssr iFat i s
removed by, for exanple, OAP to forma planar top surface with exposed

cont acdxalplg Sniefcttd@ieddl matPRDisRESoveRIRAld Bthe §dRideManladgeA deSoddammesl over
the PMD | ayer, Trenches are formed in the I MD | ayer using nask and etch

proce Skﬁ%}g‘?? %é}?orfnreﬁ REOBSnGOhE Fiﬁa?é}mfl R%ofbeﬁf%@ gF'ﬁ'ﬁ isM&idedNSyer ABFeaH 1, Tower

comuni n wth contact plugs I he PMD | ayer. The trenches are filled

with a conducti,v terial .. Excess conductive materials are r d by, for
exampl ECRR. (g Bura s g IRaRE Rttt el et L Rt Pl S e ct
lines. Other techniques for formng the condyctive |ines and plugs as well
as t heDthsrangealiigRaransigis o1 chpigRe /ARy 9iso gﬁnglFla‘P dorgpihe spAIgeOnACEY ul . For
exanpl e, reactive ion etch (RIB) techniques may al so be used or a

conbi (808a@n of REfcEingid Figrfascdplectriediysr dbids fomyedadsihiesebsirstes eqveripp@80] For
the ease where the contact plugs and conductive |lines are forned using
separ atasptodC asdieisctrit Behcapdugdrinve, tefoenedbdve the thasitargpriand féimiestiray be
different. In one enbodi nent, the contact plugs are tungsten (W plugs

whi | e dibecieie 'P%‘éﬁt TNEcthl 865 186 fSORRRINIY, iNeslicdA Mtide &dh B B éralGhertopest he
pl ugs and conductive lines are al so useful. For exanple, the conductive

1% P P TGSk, PADEL STRSULPROL nbIS, ERBRHSUEhies on
ST NI IR R CTEME SN
via plugs to contact regions of the transistor, such as the gate electrode and S/D regions. In some
embodiments, the etch stop layer may also serve as a stress layer for applying a stress on the
channel of the transistor to improve performance. Various techniques, such as CVD, may be
employed to form the etch stop layer.
[0087] The dielectric layer serves as an interconnect dielectric layer in which interconnects
are formed to couple to the various contact regions or terminals of the transistor. The dielectric
layer, for example, is a silicon oxide layer. In one embodiment, the dielectric layer is a high
aspect ratio process (HARP) dielectric material. Other types of dielectric materials are also
useful. For example, the dielectric layer can be formed from doped silicon oxide such as
fluorinated silicon oxide (FSG), undoped or doped silicate glasses such as boron phosphate

silicate glass (BPSG) and phosphate silicate glass (PSG), undoped or doped thermally grown

silicon oxide, undoped or doped TEOS deposited silicon oxide, and low-k or ultra low-k
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dielectric layer. The contact plugs are coupled to the source and to the
Field structure. The contact plugs arc interconnected by a conductive |ine
198 in the upper porti on, of the di el ectric layer. This interconnects the

field structure to t sour ce-, ther pbodj ments, the._ sour field
st r uct dielectaicanaigrials ?Hcgraé 8%9133&“% S40sH) e'a‘gégomtewpﬁti sifigate s@a%&&%@
interconnected to a | ow potential source which is |ower than the drain. In
one enbloeidintentric layee shicudd de sapablstaiselestsvelyneteladommetderael wish gespedido Be ol
Coupling the field structure to other |ow potential sources is also useful.

[ 0092] dtop tiyler enbodi nents, a well contact is provided. The well contact is
di sposed in the device well froma surface portion of the substrate. 'The

wel | copBgct, The et ?stl iABles UppeBAMblv¥r SIRRGE. WHeRippaGRMbridRkadkiat Y

typed dopants. For exanple, the well contact region is a pf contact for an

n-type, 1n%§@%}1§1e18§t%g Kftl\ﬁ‘fgg%gé‘r 1Ktw}ﬁ8{1&ﬁﬁ¥lctm¥ 2k 5 fPﬁ'nét’ls o Q" o?ﬁl(ﬂm t ype

transis entrations he> el ontact nm

useful. The depth,of th ntact, .fqr e e b bout the sane
as t heSS¥iAs an gytergvel @wﬁf k 016 %{%M{l%c@nﬁﬁgﬁ ésfgrfjﬁ%tn geg TR may al so be
useful. The well contact provides a contact to the device well to, for
exanpl enbestizent; fe IGBaYE ine pre-metgbdigiestrie (RRD) laysh t“hﬁ’t‘whlcﬁméﬁé’ WS ment |

is isolated fromthe source by an internal isolation region. In sone

enbodi foemed fo ermtichtegiaralonitisoswsirae, suelyaoepntast mgions dethettapsistersaimatudinghe wel |
contact and source. Other configurations of the source and well contact may

al so bmeuds@telldraih@B@4dten one enbodi ment, the well contact, the source and
the field structure 160 are conmonly coupl ed.. For exanple, a conductive

l'i ne djgppeped Ith@etﬁb@dl%htr ttféd &etndrrawelbﬁorﬂ&%otré SepafefdPRNbNs. TR RkAnplBe
source, field structure and well tap region by cont act plugs. The device

wel I, @O L ucﬁgg hfxés and p%.!%%%é Hfed Lﬁﬁ%gé;ﬁf%?%émﬁgg dp%th%g 'ﬂ{ﬁéf‘eddahﬁsé%ng second

opposi potenti er e odl ructare nay
coupled to eit %{?ﬁ devi ce.wel | ont ct orP]\}ysEar sour. cef
Cont i GRPSEFEha CEEBRIGH IR GPEHEENEY TR i ie SEEURRE T BPPLS Ptk ur o may
al so be useful. [0095]Fi 5a-b_show i npact ionization of transistors with
and wi aogieh propessesds g‘lﬁr dhe via openings are filled with a conductive material. Excess
conductive material is removed by, for example, CMP to form a planar top surface with exposed
contact plugs in the via openings. Thereafter, the IMD layer is formed over the PMD layer.
Trenches are formed in the IMD layer using mask and etch processes. The trenches correspond
to conductive lines and are in communication with contact plugs in the PMD layer. The trenches
are filled with a conductive material. Excess conductive materials are removed by, for example,
CMP to provide a planar top surface with exposed interconnect lines. Other techniques for
forming the conductive lines and plugs as well as the use of other types of conductive materials
may also be useful. For example, reactive ion etch (RIE) techniques may also be used or a
combination of RIE and damascene techniques may also be useful.
[0090] For the case where the contact plugs and conductive lines are formed using separate

processes, the conductive material of the plugs and lines may be different. In one embodiment,

the contact plugs are tungsten (W) plugs while the conductive lines are copper lines. Other types
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Referring to Fig. 3a, inpart ionization 330 of the transistor 120 w t hout a
field structure is concentrated at a drain side of the gate. On the other
hand, inpact ionization 340 of the transistor of Fig. 3b with the field
structure is distributed across the substrate fromthe drain the gate. By

distrihuting.the inpact ionization across the strate, for exanpl from
the. araimaary R M Ao R oR Rt uril R chaPlnPGoTEgs Gier | an
increase in dielectric breakdown voltage can be achieved. 100961Table 1
shows TFOADS alimmigua {iaes. e ether §mb¢>d1§wmsa&l§i0§%}ctw tpesng phraseaytbe fRengd el d
structure. The dinensions of the transistors are identical. As can be seen,
t he brsaigiodwal dahtsmges praceseabesich cases.28¢e 8ondurtveslines awd pluge aysl adyhenggre fi el d
structure. Table |I 100971The invention may be enbodied in other specific

f oi ws mktehglut departing fromthe spirit or essential characteristics

t hereof The foregoi ng enbodi nents, therefore, are to be considered in al
res peC[b§91]| | ugt b dSodi@bite onrteilf?EIangb oA LAY 1§NGe FENRATLA BR Igﬁréﬂdrﬁﬁgoﬂﬁée' n.

Scope of the invention is thus i cated by the appended cl ains, rather

t han by .t Qr i n escfiption, an |1 chan h C wi t-Rin the
roan iYclkific) Rl IPhL bR Sl Phde HBupR o fiiso iR ARER hRkSHIEAL LD he
t her ei n. at

is.claimed is: CLAIM
1 St)y a conductive line 198 in the upper portion of the dielectric

contact plugs are interconnected
layer. This interconnects the field structure to the source. In other embodiments, the source and
field structure are not interconnected. In such cases, the field structure is interconnected to a low
potential source which is lower than the drain. In one embodiment, the field structure is
interconnected to ground or O0V. Coupling the field structure to other low potential sources is
also useful.

[0092] In other embodiments, a well contact is provided. The well contact is disposed in the
device well from a surface portion of the substrate. The well contact, in one embodiment, is
heavily doped with second polarity typed dopants. For example, the well contact regionisap’
contact for an n-type transistor. Providing an' contact may also be useful for a p-type transistor.
Other dopant concentrations for the well contact may also be useful. The depth of the well
contact, for example, may be about the same as the source or drain. Providing a contact having
other depths may also be useful. The well contact provides a contact to the device well to, for
example, bias the device well.

[0093] The well contact, in one embodiment, is isolated from the source by an internal
isolation region. In some embodiments, no internal isolation region is provided to separate the
well contact and source. Other configurations of the source and well contact may also be useful.

[0094] In one embodiment, the well contact, the source and the field structure 160 are

commonly coupled. For example, a conductive line disposed in a dielectric layer may be used to
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A nmethod of form ng a device conprising: provi ding a substrate haying
a device renion, wherein ale device region conprises a source region, a
gate region. and a drain region defined thereon, the substrate is prepared
with gate |ayers on the substrate; patterning the gate layers to form
gat e i ¢pnuthenlyspeple Hisi shrcanteld strpesing asd msdhtap @%Qﬂbmtﬁchéug%ewwwer egi on;
formng a. source and a. drain in the source region and drain region,

wher ei well, seurte ahd fiekl ssmptara fedxhmple, tiag bgateplehtosths exrondlogpodide potentind. gat e
and the source is adjacent to a first side of the gate; and form ng
an i nt gy siRdedoldferits) theReld k@b dutnidyeldolpletl e eittith efecdenite Gldllantast eakpl ed
to a potential, wherein the potential distributes the electric field across

the t bﬁ}u?@et %th@nié%ﬁgulraﬂ&sz(g%?g i@ e wrfl bitgcahifced Adiesthlctird mag-aldDe

met hod of claiml conpris mng an internal deice isolation fegion
al ong 1?se%ﬁannel width direction in the substrate between the gate and
drain. * The nmethod of claim2 conprises formng a drift well in the

substrat e_between the gate and drain regi on, underl apgin ortion of the
gate. WOk disode-8rhew ARRS Ifiettient {1 lﬁ?‘isﬁlﬂh\%ldl lg’r%‘g?rgﬁlgssggc?‘% drain

and internal device isolation region.
Referring to Fig. 3a, impart ionization 330 of the transistor 120 without a field structure is

concentrated at a drain side of the gate. On the other hand, impact ionization 340 of the
transistor of Fig. 3b with the field structure is distributed across the substrate from the drain to
the gate. By distributing the impact ionization across the substrate, for example, from the drain
side of the gate and under the isolation region to the drain, an increase in dielectric breakdown
voltage can be achieved.

[0096] Table 1 shows TCAD simulation results of a transistor with and without the field
structure. The dimensions of the transistors are identical. As can be seen, the breakdown

voltage increases from 29.3 V to 34.5 V by employing a field structure.

Table 1
Device parameter Without field structure With field structure
Idlin(uA/um) 12 12
Breakdown Voltage(V) 29.3 34.5

[0097] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
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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The met hod of claim 1 conprises formng an isolation region, Werein the
isolatio region isolates the device region fromother regions of the
device. 6. The nethod of claim5 conprises formng a device well disposed
within the isolation region. 7. The nethod of claim6 wherein the device

wel | ca&ggssggp}?e_source, drain rift well and internal device isolation
regi on "AECIHEHET Scl ai m 1 wherein the device is an NMOS transistor. 9. The
nmet hod of claim8 wherein the potential to which the interconnection
coupled is lower than the drain pot 10. The nethod of claim1 wherein the
device is a PMOS transistor. 11. The nethod of claim 10 wherein the
potential to which the interconnect CoOAIMS coupled is higher than the drain

potential. The method of claim 1l wherein the field stncturc, conprises a
conductive material.

1. A method of forming a device comprising:

providing a substrate having a device region, wherein the device region comprises a
source region, a gate region and a drain region defined thereon, the substrate is prepared with
gate layers on the substrate;

patterning the gate layers to form a gate in the gate region and a field structure
surrounding the drain region;

forming a source and a drain in the source region and drain region, wherein the drain is
separated from the gate on a second side of the gate and the source is adjacent to a first side of
the gate; and

forming an interconnection to the field structure, the interconnection is coupled to a
potential, wherein the potential distributes the electric field across the substrate between the

second side of the gate and the drain.

2. The method of claim 1 comprises forming an internal device isolation region along a

channel width direction in the substrate between the gate and drain.

3. The method of claim 2 comprises forming a drift well in the substrate between the gate

and drain region, underlapping a portion of the gate.

4, The method of claim 2 wherein the drift well encompasses the drain and internal device

isolation region.
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The nethod of claim1 wherein the Held structure conprises a gate

el ectrode. gate electrode. 15. The nmethod of claim | conprises formng
sahei de contacts on the source and drain regions. 16. A nmethod of fora ing
a devi ce conpri sing: provi ding a substrate having a device
regi on, Wherein the device region conprises source region, a gate region and
a drain region defined thereon; formng a drift well in the substrate

bet wees t hel‘%ﬁ'n@th@@g b 7 cBﬁ'@hQ& fofGRESh qdoﬂﬂloﬁ%ﬁoﬁ RSN A ikd1gictubst rat e;
patternl ng t gate ayers to forma gate in the gate region and a field

structure sunroun d|n he dr L9 mng a source and a drain
in the® %)Hrl%oéat% egﬁ &he raié%rgroéﬁe?rl’glo Ofthedef\'g]e drain is separated from
the gate on a second side of the gate and the source is adjacent to a first
side of the gate; and

6. The method of claim 5 comprises forming a device well disposed within the isolation
region.
7. The method of claim 6 wherein the device well encompasses the source, drain, drift well

and internal device isolation region.

8. The method of claim 1 wherein the device is an NMOS transistor.

9. The method of claim 8 wherein the potential to which the interconnection is coupled is

lower than the drain potential.

10. The method of claim 1 wherein the device is a PMOS transistor.

11.  The method of claim 10 wherein the potential to which the interconnection is coupled is

higher than the drain potential.

12.  The method of claim 1 wherein the field structure comprises a conductive material.

13.  The method of claim 1 wherein the field structure comprises a gate electrode.
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formng an interconnection to the field structure; the interconnection
coupled to a potential; wherein the potential distributes the electric
-field across the substrate between the second side of the gate and the
drai n. 17 The met hod of claim 16 wherei n the dnfi. well underiaps a

oves ¢ Mot EEr R or aitlts 1T NPT DR sl AT omptliShal illfefig sl et  on,

coupled is | ower than the drain potential. potential to which the

i nt er cEHRHEEEH %ﬁ*is coupl ed is higher than the drain potential. 20.A device
conpri si ng: a substrate having a device region, wherein the device
regi on conprises a source region, a gate region and a drain region defined
thereon; a field structure surrounding the drain region; a source and a
drain 15 t hEhsmethod of elginon canghridesaorminggalivide sdmerced on thheowdraaml drsit from
the gate on a second side of the gate and the source is adjacent to a first
si de ofeglsTate; and an interconnection to the field structure, the

i nterconnection is coupled to a potential, wherein the potential

di stributes the electric field across the substrate between the second side
of the gate and the drain

16. A method of forming a device comprising:

providing a substrate having a device region, wherein the device region comprises a
source region, a gate region and a drain region defined thereon;

forming a drift well in the substrate between the gate and drain region;

depositing gate layers on the substrate;

patterning the gate layers to form a gate in the gate region and a field structure
surrounding the drain region;

forming a source and a drain in the source region and drain region, wherein the drain is
separated from the gate on a second side of the gate and the source is adjacent to a first side of
the gate; and

forming an interconnection to the field structure, the interconnection is coupled to a
potential, wherein the potential distributes the electric field across the substrate between the

second side of the gate and the drain.
17.  The method of claim 16 wherein the drift well underlaps a portion of the gate.

18. The method of claim 16 wherein the device is an NMOS transistor, and wherein the

potential to which the interconnection is coupled is lower than the drain potential.
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19. The method of claim 16 wherein the device is a PMOS transistor, and wherein the
potential to which the interconnection is coupled is higher than the drain potential.
20. A device comprising:

a substrate having a device region, wherein the device region comprises a source region,
a gate region and a drain region defined thereon;

a field structure surrounding the drain region;

a source and a drain in the source region and drain region, wherein the drain is separated
from the gate on a second side of the gate and the source is adjacent to a first side of the gate;
and

an interconnection to the field structure, the interconnection is coupled to a potential,

wherein the potential distributes the electric field across the substrate between the second side of

the gate and the drain.
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