TRENCH TRANSI STOR BACKGROUND [ 0001] Lat eral Doubl e-Diffused (LD) transistors
have been w dely enpl oyed in high voltage applications. The perfornmance of

the LD transistors d s on the drain-to-source on-resistance (Rds"") as well
as breakdown vol tage. For exanple, |low Rds"" results in high sw tching

speed whil e high breakdown vol ta%wﬁwgﬁﬁgﬂe capabilities.
chieving hig

[ 0002] Conventional techniques in reakdown voltage result in
an increased distance between the draj he gate. This, however,
concomtantly increases undesirabﬁ?“@%g$gﬁgw g the sw tching speed,

[0003] The disclosure is directed to transistors with fast sw tching speed
and hi gA0®tleak dotenal \Rsiubkeyifisel IRV raGE0xF havehdso avidély eophayeg imhighwioliagd s
di scl osed. I n ont. enbodi nent, he method i ncludes providing a substrate

def i nechpplitdtioas.dThe pérforaginodof thh & Dediittoraldsgentdsoh taRaihaosbmge anbur i ed
doped rethon in the substrate in the device region. The nethod further
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switching speed while high breakdown voltage increases voltage capabilities.
[0002] Conventional techniques in achieving high breakdown voltage result in an increased
distance between the drain and the gate. This, however, concomitantly increases Rdson,
undesirably decreasing the 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 disclosed. In one embodiment, the method includes
providing a substrate defined with a device region. The method also includes forming a buried
doped region in the substrate in the device region. The method further includes forming a gate in
a trench in the substrate in the device region. A channel of the device is disposed on a sidewall
of the trench. The buried doped region is disposed below the gate. A distance from the buried
doped region to the channel is a drift length Lp, of the device. The method further includes
forming a surface doped region adjacent to the gate.
[0005] In one embodiment, a method of forming a semiconductor device is disclosed. The
method includes providing a substrate defined with a device region. The method also includes
providing first and second device doped wells in the device region. The first device doped well
includes first polarity type dopants and the second device doped well includes second polarity

type dopants. The first device doped well has a depth greater than the second device doped well.

The method also includes forming a buried doped region in the second device doped well. The



of the trench. The buried doped region is disposed below the gate. A
di stance fromthe buried doped region to the channel is a drift length Lo
of the device. The nethod further includes form ng a surface doped region
adj acent to the gate. [0005]1In one enbodi nent, a nethod of formng a

sem conduct evice is.disclosed. The t hod incl ude roviding a

Subst - AnE TPt iefdeS it €BSP yd BinRRdB e 4T s Hofibh BB 2 o i ng
first and secqond devi ce_doped wel|s eﬂion. The, first device doped, well

i ncl udedappdl of thediexice dsdigpgsed gp garderall o the trach e L bm furd 4 ped degiisvel |

i ncl udes second polarity type dopants. The first device doped well has a
dept h ghsmiset beloarthe gase.s Eoodidtaden/ifrom thobetedwiped hegioretortbelclngel ik adrifides
formng a buried doped region in the second device doped well. The nethod

f urt heriendig @€ shd dovideNThe ngah&l fuithar intkRidedformirdgiesusfabs dsmidaegion bjacaewd ce
region. A channel of the device is disposed on a sidewall of the trench.
The buqhggmgpped region is disposed bel ow the gate. The di stance fromthe
buri ed doped region to the channel is a drift Iength 1.30 of the device.
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The sem conduct or device incluydes a substrate_defined with devj ce region.
The serevisondudss aqubitte detisdivith  dedcerepan érge a%@amxm 1 8l§Vich alshe
substrate in the device region. The sem conductor device further includes a
gat e i ningludeserinhiedgoperbregion io éhe apsioate intheldgnige regidn. t Hie sgmicanduster despessed
on a sidewall of the trench. The buried doped region is disposed bel ow the
gat e. Audhatiacladesfa gate inhetrdiichiie chedizpird regign. oA dhaniidhef thealenieb id dispgoseld ofi &

| ength Le of the sem conductor device. The sem conductor device further
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advant ages and features of the enbodinments herein disclosed, wll becone
appar ent .t hr C 3 . e
ceorpay el UBHALL 36 B Aah S TP RGN L 0P BRSERROh AR The
features of the vario mhodi pents descri bed .herein are_not nutually
el s MR ar et TP D R GRS AECBH T R ons BRI EF
DESCRI PTI ON OF THE DRAW NGS 100081l n the drawi ngs, |ike reference i
char act80&7lgendheselapd ogtes pdvagtaghe andhivatusesralshe emnbediments 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:
[0009] Fig. 1a shows cross-sectional view of an embodiment of a device;

[0010] Fig. 1b shows cross-sectional view of another embodiment of a device; and



the different views. Also, the drawings are not necessarily to scale,
enphasi s instead generally being placed upon illustrating the principles of
the invention, hi the foll ow ng description, various enbodi nents of the
present invention are described with reference to the -follow ng draw ngs,

in whigho:{;00091Fi 9., La shows cross-sectional Vview of. e ' f a
devi ce 005707 B b it S SUSRT G A Wheall o Rnisa SRERALARRRER of &
devi ce; and device. DETAI LED DESCRI PTI ON [ 0012] Enbodi nents general |y

rel at e 4¥1°eni conduct or devi ces, Some enbodi ments relate to devices, such
as | ow power-1oss buck and boost regulators, power anplifiers and power
management circuits. Such devilJEBAILE DESSGRIPEIONan be i ncorporated into

st andal one devices or 1Cs, such as mcroLontrollers or systemon chips
(Saes) .[001R degibedintntd gehetadly rblatel to canjvondictst denices. 0fomis efiboditnientsfrelate
exanpl e, electronic products, such as speakers, conputers, cell phones, and
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an enbodi nent of a device 100. The crossS- sectional view as shoes the
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is a seni conduct or subsirate, such aﬁ.a giéic substrate. |In one d
enbodi rHeRtSUCR ARMIGERLANTRLIErs o8 5Yiem o0 shing §eottp dde SGHEET U ES RbPC BIAMBIESd t he
p-type doped substrate is a lightly p-type doped substrate. Qher types of
seni condlacr ysedwiibforexampme lestropicisodusts; gich asgpeakeenppraputersecalbwnesaaed may
be a silicon germanium gentian' , gallium arsenide, or

cryst alpeonalnBgitAhoistgr@OMDAsg)Ich as silicon-on-insulator (SOD. The substrate
can be a doped substrate. The substrate nay be doped with p-type or n-type

dopant gpoi)e dppeda shivatd @bss-sBRMoRe vaew bIOdH dnivbodipRest cFukRlicall00. Phowo-ng a
substrate with other types of dopanis or concentrations | auding an undoped

substr %E&iongpwyie@! §soshgarn, illustrates the device along a channel length Lc. The device, as shown,

is formed in a device region 110 defined on a substrate 105. The substrate, for example, is a
semiconductor substrate, such as a silicon substrate. In one embodiment, the substrate may be a
p-type doped substrate. For example, the p-type doped substrate is a lightly p-type doped
substrate. Other types of semiconductor substrates may also be useful. For example, the
substrate may be a silicon germanium, germanium, gallium arsenide, or crystal-on-insulator
(COI) such as silicon-on-insulator (SOI). The substrate can be a doped substrate. The substrate
may be doped with p-type or n-type dopants. The doped substrate may be a lightly doped
substrate. Providing a substrate with other types of dopants or concentrations, including an
undoped substrate, may also be useful.

[0014] The device may include dope regions or wells having different dopant concentrations.
For example, the device may include heavily doped, intermediate doped and lightly doped
regions. The doped regions may be designated by x°, x and x*, where x indicates the polarity of
the doping, such as p-type or n-type, and:

x" = lightly doped;



100141The device may include dope regions or wells having different dopant
concentrations. For exanple, the device may include heavily doped,

i nternedi ate doped and lightly doped regions. The doped regi ons nay be
designated by xlI, x and xt, where x indicates the polarity or the doping,
such as p- type or n- type, and =..l.i ght| ped; x = internedi ate doped,
and -t x = heavily doped. A |ﬂaﬁPP?h38§ (ﬁgﬁgon has a dopant concentration
of | ess than about 5E13/ 3internediate doped regi on has a dopant
concentration of about 5SE13X-=BeaMsly, ¢d.and a heavily doped region has a
dopant concentration of nore than about 5E15A, -tri 3. P-type, cl op, el ude

bor on (M)lightly dopaetnegioAlhps a dopkint eerfdendratom ef lessrtbinmebobbFE t Hembeh intemiddeate
n-type dopants nmay include phosphorus (P), arsenic (As), antinmony (Sb) or a
conmbi naddped rédiet Bafa dRaabddnsaltattiondf kegit SE$3 1801 5Vam3,tmdmrm{zid>eabﬁedrregion

i solating or separating different regions of the substrate. In one

enbodi ta do c%ﬁaén@l%usﬁemeré thath 568&%&@5/%@wqw@&oﬁaﬁalrﬁaﬁnemdasaﬂoﬁe

reglons evice isolation region 180a. For exanpl e, devi ce
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[0015] Isolation regions 180 may be provided for isolating or separating different regions of
the substrate. In one embodiment, the device region is isolated from other regions or device
regions by a device isolation region 180a. 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 isolation regions, for example, extend to a depth of
about 4000 A. Providing isolation regions which extend to other depths, such as 0.5 — 10 pm for
DTI regions, may also be useful. In one embodiment, the width of the isolation region is about
0.3 pm. Providing isolation regions having different depths and widths may also be useful.
[0016] In one embodiment, first and second device doped wells 112 and 114 are disposed in
the substrate which encompass the device region. The second device doped well, in one
embodiment, is disposed within the first device doped well. For example, the first device doped
well has a depth greater than the second device doped well. In other embodiment, the first
device doped well is disposed substantially within the device region. The first device doped
well, for example, extends to a depth of about 3 - 5 pm. The depth, for example, is determined
by device breakdown voltage and isolation requirements. For example, the depth of the second

device doped well and the relative depth of the first device doped well with respect to the second

device doped well should achieve the desired breakdown voltage and isolation requirements.



be a deep trench isolation (D-ro region. The isolation regions, for

exanpl e, extend to a depth of about 4000 A. Providing isolation regions

whi ch extend to other depths, such as 0.5 - 10 pmfor DTl regions, may al so
be useful. In one enbodinment, the width of the isolation region is about
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the fi rst devi ce doped wel | . For exanpl e, thedevice doped well has a depth
gr eat erseeorghpalaréty dyreinpadieyvi ce doped wel |. In other embodiment, the first
devi ce doped well is disposed substantially within the device region. The

first d@0lfe ddhedecvalldevicedomedangll,én orxémbaliiment, scrdeyrstthobodybwell of3a firsh
pin. The depth, for exanple, is deteimned by device breakdown voltage and
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wel |l and the relative depth of the first device doped Il with respect to
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andlso tron requi rovi |ngthef|rst vice

differe e b ne enhodi nent r i.ce
doped vai THUYRY gfhe §§Ft oty ppevalRheein arene: stRf TR 3*80ped
wel | has seco olarit Ee dopants. 100171The second devi ce dope

in one RAHVYIL W&Pa@ér §da waheisplatey thaehady drom the; bt Hahilydop éll@m ce.
The second devi ce doped well nay be doped with second polarity type

dopant sexté¢Esionds gnplids highbradbgewm veltagee The firitalevict doprd weltmay bd élghﬂ:)ed‘dlﬁéed
wel | may be about 5E12 - 1E131lenB8. The first device doped well, for

exanpl ewitls st §8ladisy Hpédbpintsielidr ek@fiplehthiedopait comdentrhtioh dfithe fiekd paﬂbs dopEde
drift well isolates the body fromthe substrate and |ightly doped drain
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may be Ilght ope wth first poI arity type dopants. For exanple, th

dopant congent 190 of ;the fi Vi doped well may be about 1 --- 5
El 2i en13ma3f§ {lhaél aseec81fldgevflfe¢(§? Waee m%?be he first device doped wel | may
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region into sub-regions. The internal device isolation region may be used to provide separate
sub-regions for different types of doped regions, such as surface diffusion regions. For example,
the internal device isolation region provides a body region between it and the device isolation
region for a body contact region 175 to bias the second device doped well. The body contact
region, for example, is heavily doped with second polarity type dopants.
[0019] The internal device isolation region, for example, may be provided on one side of the
device region. As shown, the internal device isolation region may be disposed in the device
region along the direction of the width of the gate. Providing the internal device isolation region
in a direction which is perpendicular to the width of the gate may also be useful. In some
embodiment, two internal device isolation regions may be provided to provide two body contact
regions. Alternatively, the internal device isolation region may be surrounded by the device

region. Other arrangements or configuration of the internal device isolation regions may also be



region into sub-regions. The internal device isolation region may he used
to provide separate sub-regions for different types of doped regions, such
as surface diffusion regions. For exanple, the internal device isolation
regi on provides a body region between it and the device isolation region
for a body.centac eqgi on.17 i h. i d The body
cont act™r élé'i g(r)]% e’?}énrp Ii%)%éo(r%ne)fhea,n §Wé%ﬁ‘21§€|§ﬁo§/an 8%%8% rﬂ%yfgéé ISQ@g'of%%% Ii/ type
dopants. 100191The .internal, device isolati regiqn, for exanple, my be
provi dednadimgeis.diodategtal fRucqieagiands Pwﬂ%ﬁ: Fas cipalp, 2op o AR Prctdad i ce

i solation region may be disposed in the device region along the direction
of the saudehegipns may haceployedyilaiserge apmicatienss nabodiesiniast regnirais ingededdefi @h i n
a direction which is perpendicular to the wwdth of the gate nay al so be
usef ul .unbiwsedb®dyentibdi nent, two internal device isolation regions nay be
provided to provide two body contact regions. Alternatively, the internal

devi ce joagdjat i ARGt eHBY 116 isptoviabnEade BYvitH R gHRMOE & traREdten: 200t THRr
arrangenent's or configuration of the internal device isolation regions nmay
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abutting body .contact and,source regions .my be enplgyk,d. Ln.sonme .
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[0020] A transistor region 116 is provided in the device regio.n for a

t ransi shetransigor regients withinsthe interag) dswicefigatiopaegioa, In hegasq wagre yjo internal
internal device isolation region. For exanple, in the case where the

i nt er nadevibesadatidnsegiahs ane prexgial thestrawistopuegieal istlispobed dhenebetavees.olnatthem
region, the transistor region is within the internal device isolation

regi on.enhbdifients ageh ¥ tBe ER off Bh&infethal dRVice gsol #idhatEion alog bAddirédtidn of
provi ded, the transistor region is disposed therebetween. In other

enbodi npo Hévicéfé%%naﬁleiﬁnﬁi%r 6h RibeQiten ol ﬁlfé?ﬁzh M nGetisRhad 1AL €9i on

al ong one directionh of the device region, the transistor region is between

the internal isolatipn region.and vice.isol ation regi,on. her

conf i gUrdFIYHSEIR :C}tﬁeér ﬁopﬁﬁ%ﬁag?%sroﬁﬁﬁirgﬁlmeglo gg’%eﬁ%’s%efwl.%'[ 0021] The
transistor includes first and second sourceidrquué [ D) rethons %? and 160
separ atl882Yy aThairansistpeingjuges farst arssegprd JouERe ¢rpt fs@o‘e@@@? orsand,160he
substrate. In one enbodinment, the SID regions are heavily doped regions

Wi t h f iseparaied barai gage. t TheeS/Boegions arcfsavibxdonsd acgiomeinSiesubsgatontn orey he n+
doped regions for a n-type device. In one enbodinment, the first SID region
is a samidinad, hes/D eghnh 4ot Redvilgidoped fegiond vaithnfirsthdiattye g dopanit Fons of
S/D regions may al so be useful. [00221The gate, in one enbodi ment, includes

a gate gheold alss/bA:BRdmAy 8ahe ddh&l BEbhi forh3type device. In one embodiment, the

first S/D region is a source and the second S/D region is a drain. Other configurations of S/D
regions may also be useful.

[0022] The gate, in one embodiment, includes a gate electrode 140 and a gate dielectric 130.
The gate dielectric separates the gate electrode from the substrate. The gate electrode, for
example, may be polysilicon. Other types of gate electrode materials, such as composite
materials, may also be useful. In some embodiments, the gate electrode may include multiple
gate electrode layers, forming a composite gate electrode. For example, the composite gate

electrode may be amorphous silicon, polysilicon and tungsten. The gate electrode may have a



The gate dielectric separates the gate electrode fromthe substrate. The
gate electrode, for exanple, may be polysilicon. Other types of gate

el ectrode materials, such as conposite materials, may al so be usclifi. In
sonme enbodi nents, the gate electrode may include nultiple gate el ectrode
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oxi de. O her types of gate dielectric materials may al so be useful . For
exanpl d9833Ini t Misdet the gaisribelestiedt meybe gaican gxidee Otlhdar éynes ob gk dielegsia age
gate dielectric. The gate dielectric my be about 100-1000A thick. O her
gat e direhtedils naytdhiodienssfidsFormgraalpss okgnitrilef Uh ondrebgditnent itel gatd diclectric is

t hi ckness, for exanple, may depend on theoltage at the gate (irns).

[ 0024] Theigh rvam@ge?a&r dieleBtriRNThe FRRMidIBitic ma§ bd abb@NO0- 1008A%hiek ODthef gtet r ench
transi stor includes a gate disposed in a trench in a substrate. The gate
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trench, separating ectrode Ftom the substrate. The'trench has a
depth . The depth.Dr, in one enbodi t, is deeper than the interface of
the fi aﬁpe%{ﬂ%ﬂ&E&WH@W@@%%%E&%%&K%S- For exanple, the trench extends
pass the second device doped well into the first device dopgd wel | . The

dept h 0$92Houl dhp&ansister, & apg epbedimgrt, i Eensh dgpsigige The EsacBARNHED t he
first device doped well. The depth DT, for exanple, may be about 0.3 pm
deeper intladestagaté disposed dea gendthie adebstoate. dbeghtodiclestricHimes ithti W@C@?idhmﬁﬁg
other depths relative to the interface of the device doped wells may al so

be usefand.a R@RbHTthe bbtt@N oI tig tek@\0R| epadiife tidtgatelédi@dg &bt the sulstratec aenel
of transistor. In one enbodinent, the trench sidewall adjacent to the gate
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ransi stor. The channel length Lc is the
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(Mns) and the drain-to-source on-resistance (Rds.). 100261A first S/D
regi on ex¢enddntattbelfivsh deviec deneflaedl. dFherdepthsldib Jor exampael jnzayeretabpst Q. hemydgeper The
than the interface of the device doped wells. Providing Dt having other depths relative to the
interface of the device doped wells may also be useful.
[0025] The trench sidewall adjacent to the gate forms a channel of transistor. In one
embodiment, the trench sidewall adjacent to the gate from the surface of the substrate to the
interface of the device doped wells forms the channel of the transistor. The channel length Lc is
the distance from the surface of the substrate to the interface of the device doped wells. The
channel length Lc, for example, may be about 0.3 - 3 pm. Other channel lengths may also be
useful. The channel length, for example, is determined by the reversed bias voltage across the
drain and source (BVpss) and the drain-to-source on-resistance (Rdsgp).

[0026] A first S/D region is located on the surface of the substrate adjacent to the gate. The

first S/D region has a depth of about 2000 A. Other depths may also be useful. In one



first S/D region has a depth of about 2000 A. O her depths may al so be
useful. In one enbodinent, the first SID region is disposed betwelLn the
inttxnal device isolation region and the gate. Disposing the first S/D
region at other cations may al so be useful. 100271A second SID region is

di spose r r o he
second %ra%ﬁélgﬁb%g?%&vsﬁ)? F@Sl}l?\%l%)&%e(?ace %{r?l g}fltfg d éél @ﬁ@lﬁ]gnneaﬁaﬂ? t he
transi stor._For .ex he .seco ID region is dis ed at a depth
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within the first device doped veii. In one enbodi ment, the second SID

regi on P82i spdsssdond S/ wapntis dispesediin theenbaimte tlew dhesgaindermyag adured RO
second S/ D region and channel (e.g., the interface of the device doped

wel | s) rdgibhn@he sdvend SV rediengtvierticBllp tlisplaeed oawi¥ies from. thd hieandel dftthé¢ Eagsistorl D
shoul d be sufficient to block the off-state voltage at the drain termnal,
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for LD ma; al gﬂg be usef ul 028 ﬁﬁ%ne enbodlgrrgntsecond SR-) region is
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the transi st For .e ecod S/ i on .inclu rtica d
|t er alSCHEY ReEERd oS et S BRRRIER e e SHeG e ??%Pl&%@@fl
vertical and | ateral displacenent conponents of the second S/D regi on,
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for accessing the second S/D region fromthe surface of the substrate. The
drai n dbatreastissor. The defdengtle Lpisbowd bp esféidicatifoddeck the offt hee galtagean thegdraionds
fromthe surface of the substrate to the second SID region. The drain
connectterinihIC I ThdeIsi fitleB@A d ¢ for\eRamiBleemhabe absutOe- B aNdr, leridiles F BpNn
connector includes polysilicon. The drain connector, for exanple, is

heavi | gpﬁ%ib%&gulf' rst polarity type dopants. Qther types of conductive
materi a s may Sso used to thnn the drain connector. [00301The drain

gﬁgggft\[@pﬁﬁngat g“ Ened e%&d's % &fa(téo% C h 0}1 Qsexger{?é(alls' 2345 raﬁ? 'ﬁfgfa%d by One

ry gate feul at's and
secondary gate |nsulator
t{le gzgte In one embodiment, the second S/D region is vertically and laterally displaced from the

channel of the transistor. For example, the second S/D region includes vertical and lateral
displacement components from the channel. As such, Lp includes vertical and lateral
displacement components of the second S/D region.

[0029] The lateral displacement facilitates providing a drain connector 165 for accessing the
second S/D region from the surface of the substrate. The drain connector, for example, is
disposed adjacent to the gate and extends from the surface of the substrate to the second S/D
region. The drain connector includes a conductive material. In one embodiment, the drain
connector includes polysilicon. The drain connector, for example, is heavily doped with first
polarity type dopants. Other types of conductive materials may also be used to form the drain
connector.

[0030] The drain connector and gate are isolated from each other by a gate insulator. In one

embodiment, gate insulator includes a primary gate insulator 145 and a secondary gate insulator



135, The primary gate insulator may be silicon oxide while the secondary
gate insulator may be silicon nitride. The gate insulator nay al so be
formed with other dielectric materials. O her configurations of the gate

i nsul ator may al so be useful. For ixanple, the gate insulator nmay be a
single ' n .gal e .1 [

i oF ot T THe Rl Bhte o Bl AP U O Il B PAS, e M ey o

t here be . itional .layers between.the di.electrjc |l ayer and substrate,
such: acsgniid e pats i G Rl % B sihosnuth Bl fee Y Py BRI BEL " 26
interlevel dielectric (ILD) layer. The dielectric |layer may_ be, for

exanpl econ§igpiagens ¢hthelgate msylatoryaealsobe wedle FoF prampie.dhe gate insglatas may beghed
Si 02, Boron-Doped Phosphosiii dass (BPSG or Borophosphosilicate

Tet r aetdmydle gith assuldtaatretl@r assb¢BH TgEaE@Snsulateys. al so be useful for the ILD

[ 0032] The first S/ D region,second S/D region, gate el ectrode and body

cont act[QD®Qi ON ASEENEtriRIay®P DG thayHedispos@ipdr eHtbubaelte. t Bisudddtsfoddfl thithBere
device. Interconnects, which include contacts 195 and conductive |ines (not

shown) , ' ' : : ' pncl ipl

i nter colﬁl%ég? Q(f(gtgéerﬁg fldybl'ﬁé)te gg%e%lg% 1;1%%? f)nrC %J{}S ﬁg?éﬁ&gﬁ %?u(% r&g’of‘rdlﬁ g’f:a?’]ilﬂcl)%l’saﬁtegc}lt he
termnals of t devi ce. . For exanpl e, .cont act re i ded.to,.t.he .source,
ar o . Vet o s 1R s UG B uT el B Ty LD R T B PG o
a bias voltage source. _In one enbodi nent, the bias voltage soqurce.is ground
of OV, TEBUPHIIHLLRAWISH sFoR exiden Qther Syrse RE Aielasicayatedplr WER ahggpedINgzhe
useful, In one enbodi nent, the body termnal is comonly coupled to the
sour ce BapniDnpled Pbosphosisitats/Ginss €gPd6) ooBortopbotphasibitaie detradtindeatiorHisatgevi ce
regi on one enbodinment, is a symmetrical device region. The device region

i set ri c@lass/((BREDS)| mag akotbeiveéfnbis tigh MExlayey of thc gate. For exanple, the
t wo

[0032] The first S/D region, second S/D region, gate electrode and body contact region serve
as source, drain, gate and body terminals of the device. Interconnects, which include contacts
195 and conductive lines (not shown), are provided in the ILD layer. The device may include
multiple interconnect levels. The contacts, for example, provide connections to the terminals of
the device. For example, contacts are provided to the source, drain, gate and body contact
region.

[0033] The body terminal is coupled to a bias voltage source. In one embodiment, the bias
voltage source is ground of OV. Coupling the body terminal to other voltage sources may also be
useful. In one embodiment, the body terminal is commonly coupled to the source terminal (or
first S/D region) of the transistor.

[0034] The device region, in one embodiment, is a symmetrical device region. The device
region is symmetrical viewed along a thickness direction of the gate. For example, the two
halves of the device region as separated by the dotted line are mirror images of each other. This
produces a symmetrical device, for example, having two source regions, two body contact

regions, two gates and one drain connector. The device, for example, is a dual gate transistor. In



hal ves of the device region as separated by the dotted |line are mrror
i mges of each other. This produces a symmetrical device, for exanple,
havi ng two source regions, two body contact regions, two gates and one
drain connector. The device, for exanple, is a dual gate transistor. In

ot her e | - ' - tor transi stor.
Ghor o piRAend ke AT bR ANER IR RN il dgg 12T,
non-symet.ri cal deyvjce nmay be provid in the device region. [00351As
desor ) HETENREoRT Sebf ovie Peh aha B HoGe G R D et O TRRGISe! GG a5 Uty
device area laterally, allowing the device to operate in |ower gate-drain
capaci tiEAvideqd mdiyy dayiee REEW. regi mes. This greatly increases the perfornmance
of the device as well as reliability due to higher Mdd. By providing the
sour ce [0833]i calAsydesdribvedgat erdsentglchice dasiphgetairdtggivn voithduk ifcagsiapldgvice

tol erance. Therefore, the scalability of the gate |ength can be increased

by i ncreesiafgally)aléwRBGhe deRddto opktabd iAabvBOgdd18rakAthsitanc® (Sdg) aha RSs,,
Furt hennore, trﬁ procgss of fabro?cati ng a&?grench LI%%S devi(%eg)can easily be

|97 i GHER AL 058SE DB AL ARG AR 6814 B
o B SRR I0 R e bl Do SO TR AT 12,

and second transistors Il QCarb forned in the device rejgon. The first and
second ‘PleEmse st Bergfose, dhessalsabdly phthsagata leesth can bomeragsed bigiwercayng thedreaeh on.
Simlar types of termnals of the transistors are commonly coupled to form
a fi ngelepthpplfimgnatiag therlatefd comstamss. el urtheembier Sie pBIdOss effiabneating@ teehch he
transistors -e conmmonly coupl ed, the second Sin regions 160 of the

transi StOMOSdEiIREIY WodRigeded infeCYREDS protdsk wifliius inRuGingraddzionmon! y
coupl ed and the body contacts 175 of the transistors are conmonly coupl ed.
I n ot heyh,iBedicggats, nore than two transistors are coupled in a finger
configuration. Coupling transistors in a finger configuration increases the
drive nt of devi ce. Fi -1 cross-secti.onal.,vi ews of
an enbdPiine Ble 1B Sl stbRdmdd B o 68, P HRERVREIERRVAFR Y £
Fig. 2 a substrate 105 is provided. The substrate can he silicon .
subst r dleuice ShiR¥n kg 14 ght Flgf%pcqrwena@s&s&tsgawswi@éle“@%ﬁgm 39%9@@64%@ detail.

substrates, including silicon germaniumor s o o atm (S01), are also
usef ul .The device, as shown, includes first and second transistors 110a-b formed in the device reigon.

The first and second transistors are coupled in parallel to form a finger configuration. Similar
types of terminals of the transistors are commonly coupled to form a finger configuration. For
example, the first S/D regions 150 of the transistors are commonly coupled, the second S/D
regions 160 of the transistors are commonly coupled, the gates 140 of the transistors are
commonly coupled and the body contacts 175 of the transistors are commonly coupled. In other
embodiments, more than two transistors are coupled in a finger configuration. Coupling
transistors in a finger configuration increases the drive current of the device.

[0037] Figs. 2a-1 show cross-sectional views of an embodiment of a process 200 for forming
a device or IC. Referring to Fig. 2a, a substrate 105 is provided. The substrate can be a silicon
substrate, such as a lightly p-type doped substrate. Other types of substrates, including silicon

germanium or silicon-on-insulator (SOI), are also useful.
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100381As shown in Fig. 2a, a device region 110 is defined on thea ,.

Al t hough one device region is shown, it is however understood that the
substrate may include various types of regions (not shown). For exanpl, the
substrate may include other device regions for other types of devices. The
| C may ude Al.QgL & ELHi0 [ [ | ' r i ng
on the 10US4"CF s En BEBIECDE o el rblloh P8 & SRKLFBE LR AHC DR TR
regions,:ler different voltage devjces., For.exanple, the i C.regions._.nmay
ol uadievisgremen GhoRh AT 5o Ry o0bet e e i BrlfLb iSRG (1)
devices and | ow voltage (UV) devices. O her. configurations of |ogic regions
may al J62i98s G@éslmwn)A%ar eXagae.|the substigte mayjaeludg ofgéw%@erré&p%@r REPT BIPED be
provi ded. [0039] The device region is separated from other regions by a

devi ce dfsleViaes. ohherl€gmey idchgi@dogi® hegicte\in séhi¢lslop@tdesives agiformasii rPapendisg bhe
device region. In one enbodi ment, the device region also includes an

| nt er nahe B@uio€ &C ifsraled! ih@mo%egégﬁx;hs,lﬁﬂlex&lﬁpla,elﬂa fictudehegidavioe aiffeedit 90ltaget 0
first and second device sub-regi ons 110a-b. e internal device isolation

r egi 0”1de@féEs.fﬁ(g‘H§gﬁplé H{J@%{@‘I’égi&ﬁkemg} fn%fudggé’%i&% f%l-‘%‘gh?ggltlﬁ’ e(H\V) fees,

enbodi nent, vice Isofation redglion an ntern 1 sol ation

region are concentric isalati egi ons,, For .exa t.he ond devi ce
ub. r edrafud SR i g SORE PSRRI L REETEY S iSRS hem
separated _by the internal device isolation region. In other enbodinents,
the i scrafipygationsyidogic seeionsdpay gsp beugedulp Asidtimally Uhetupegof deEce 819 gi on
which partially surrounds the first device sub-region, such as on one, two
or t hr eeaysdlsiebe provided. confi gurations of isolation regions may al so be
useful. 100401An internal device isolation region 180b nmay be provided to
separ at[@e039]e deHé devicegihm ib Mparaedfromeghansgiondiey a dévecaiadlati@yviegioni I80hat i on
region may be used to provide separate sub-:regions for different types of
doped rEgiRORe iEAIdInASgioH kiR kd HSiRNeLiBA] Adne hSbdimEA! haldeteY tpfon
i sol ation region, for exanple, nmay be provided on one side of the device
regi on. I.ate ' ' at | oF ' i n..t ' region
ot ong. S el B lenfif Hhace L SRIEh AR LIE EhERETR ek T PR IHb By
isolation region in a.direction_which i erpendi cul ar to the width of the
gate migeondavise sysiions 9y 1 ipemel dafEolP R S BrasgTels. SEEIBS i o
symetrical device region. The device ) ) ,

the first device sub-region. In one embodiment, the device isolation region and internal device

isolation region are concentric isolation regions. For example, the second device sub-region
completely surrounds the first device sub-region with them separated by the internal device
isolation region. In other embodiments, the isolation regions are configured to provide a second
device sub-region which partially surrounds the first device sub-region, such as on one, two or
three sides. Other configurations of isolation regions may also be useful.

[0040] An internal device isolation region 180b may be provided to separate the device
region into sub-regions. The internal device isolation region may be used to provide separate
sub-regions for different types of doped regions, such as surface diffusion regions. The internal
device isolation region, for example, may be provided on one side of the device region. The

internal device isolation may be disposed in the device region along the direction of the width of
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regi on includes internal device isolation region or regions within the
device isolation region. The internal device isolation region nmay be an
i sol ation region disposed concentrically within device region. In sone
enbodi nents, two internal device isolation regions may be provided within

t he devi .S - 10N, . Lguratio i | i may
al so béhgggpuﬁhﬂ%gggg%ﬁﬁggﬁg8%%??%ﬂﬁ$§%P%ﬁ%ﬂgﬁggﬁ?géng@%ﬁg%gggg¥%§u83§rious
processes ¢ enpl oyed to formthe STl regions. For exanple, the
substrdﬁ%“@%ﬁOgﬁméggﬁgéyﬁ§Pgﬁu§#ﬂ% and mask techniques to formtrenches
which arc then filled with dielectric materials such as silicon _oxide.

Cheni cdP04Hchatn ether grabodiments, thergyicergiands psympicirical deyiseesion. dede¥coxi de
and provide a planar substrate top surface. Othses or materials can al so be
used t aefionimdhindes Ffdmal deviatibaatiemegoinre m¢gonst wighin $lod daviagrisotatjorbregionher
types of isolation regions. The depth of the STls may be, for exanple,

about  3f0nterthd@6vile isblaliBh rébedt May bOhn IsBEitioh k?%&isﬁés‘é@ chfcedRANY withf0431A
e

first device doped well 112 1s fornmed in the vice region. The first

devi ce I : i ed i ' I StidéeVvi ce

doped v teiEl - ERKETmARIReflE, (b iiEktel Hied IR ey G R HRF ot T

first deyi.ce doped .well, for e l e, .may..be out.,.3 - .5 pm _ Proyidi a

i ret dUHEEANEG Martongelionn cRhae g RGP a8 ioh gepuf M0 e Shelfl,

the depth of the first device doped well should be sufficient to produce

the dedPP#d dr iThe isokatign Fegionspre. RECX A Sy VRAUPHIGHOFSISES 1780 B Ry e

first device doped well is first polarity type dopants for a first polarity

type defoimoghe $DrregivaspFe, exampld, fheesubstrate caeha etehedoysiong el dndimsasirteshindigs f or

a n-type device. Formng a p-type first device doped well for a p-type

devi ce to@ymatrechbewtihfadd theh filled evigirdieldétrie Adateridiesuch s tiliday oxide.dChadicak!| |

is alightly doped well. Qher dopant concentrations for the first device

doped wakdha iR Mi8RinE SCNAS A be pbSGafHaAy SGRARLXIBNI K RIIDRGHOMES h plhidr 1 S

formed in the device region. The second device doped well|l serves as a body

wel | for.th ir [ |.SLor. 0, ' e d
sub%tra%e Iog sﬁ}fa%% Qgtlh%r %‘r%éés%%so(% (ﬂlaﬁgﬁ%ﬁg 9{190 ﬁig l\ﬂeg‘%o g(ﬂﬂm tﬂe gg#é Jﬁ&eﬁﬁ? is a

pol arity Typé dopan ne’e e second device

lightly or medium doped device It For _exanpl e, .the _dopan nc ration
of t he ¥R eIH%\%%’é"’aBB%HI othes tynsa af e Bibn resiempe RECP G dre %my
concentrations for the second device doped well may al so be useful. The
second twefir caamiplsesbont P00 § 4508k Othsadrptbnfor theSTlsmascalsg bawssftlhe first
devi ce doped well. For exanple, the second device doped well has a depth
whi ch i[8043]al | avrst ddvace ddped fietlsltl 2deformed dothe deviet kegidih eTtdefxtshdeviardoped
equal to the desired channel length of the transistor which is formed in

the deviQPagve ARadinificwtll fh18hsl@Rfide. Ofhel it &RERUSPEEWER Sin @B efhb¥@inlent, s about
0.8 pm O her depths for die second device doped well may al so be useful.

deep device doped well. The depth of the first device doped well, for example, may be about 3 -

5 um. Providing a first device doped well of other depths may also be useful. For example, the
depth of the first device doped well should be sufficient to produce the desired drift length Lp of
the transistor formed in the device. The first device doped well is first polarity type dopants for a
first polarity type device. For example, a n-type first device doped well is provided for a n-type
device. Forming a p-type first device doped well for a p-type device may also be useful. In one
embodiment, the first device doped well is a lightly doped well. Other dopant concentrations for

the first device doped well may also be useful.
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[ 0045] To form a device doped well, an inplant mask whi ch exposes the device
region is used. The inplant nmask, for exanple, is phototesist |ayer
patterned by a |lithographic mask. Since the device isolation region can
serve as an inplant mask, this allows for increased processing w ndow for

the patb[glﬁlisg' ngApgeg&%fieJl(?e({ reﬁfweﬂellﬂfl’ﬁo%%% an’deR%Q ich, 3fHfe éegﬁﬂﬁ?c@ I nto

t he su te usin ant mask ts are i nplante

approprj at se and enbodi rrents devi my be
P od dsped peflSEn gy ggv%ewlﬁ) fonth Frsh PP PBSIFAE | Tk socapd %‘?Vfﬁepéﬁ’@ﬁ‘\if%h& ol es.
[00461The |an ant processes used to formthe device doped wells may be
conpat i Sstendgrolariiy tyerlopasts p froersseelodiment, the se¢ondidewich dpped well isra ltg}}ﬂé@f of
yells in the device. For exanple, the processes may be conpatible with

t hose uaetlumnloped devite WMDSE o exarpss shef dnpahtorontergrasioniof the segumdsievice depdds .

For exanple, the first device doped well may be forned at the sane tine as

t he deapelfRRBuVE2 -TiH1S/@’| @¥Ber dbPasaivRcdnitialoRl P Heketdirlkdet{celddpedwell ent
CMOS i npl ant mask to be used to pattern the inplant mask for the first

device e!.fl?%ﬁé’??e‘r?&s‘lf"’fgle%ec&ﬂgie%grdﬁgﬁ\%ﬁ}f‘n oHPEﬁP&dlﬁ% 1§%)&nn€&gﬁﬁﬁ1ttﬁén zed

to inclu evi ce dope openi ng n ot ér ments, a
separ at ev edk e used.to specifi r. .t he dopi ng
of 't he st s ppEd S BB ST R sefie é%%es e vl ¥ el it A s be
used to formthe second device doped wel | 0047] An anneal is perforned. In

one enthallonesrithan the fiagidisuice depgskwelbn Residenth.dor e4spls. iseduahie thedesirgd devi ce
doped wells are fornmed. The anneal diffuses the dopants fromthe inplant,

f or mi ngehfnned {engtidofahd tramiigter whishds foeinbd invhe dhviex tagiuh. tlo ona dabodimenb dhe om of
the device isolation region. In other enbodinents, separate anneals may be

per f or niegthf ¢fthé fRohd d&ticedshed &adiNg aBOM i0cE 60 POthendédths fordie ex@itidevicean
anneal may be perforned after form ng a doped well. [0048] The isol ation

regi ongy, g@(,veﬁkfg?{é)pglﬁ,bg@%ﬁge formed prior to formng the device doped
wel | s. Rother nbodi nents, the isolation regions my be formed after

BRI R T T N
used. The implant mask, for example, is photoresist layer patterned by a lithographic mask.
Since the device isolation region can serve as an implant mask, this allows for increased
processing window for the patterning process to form the implant mask. Dopants are implanted
into the substrate using the implant mask. The dopants are implanted with the appropriate dose
and power. In some embodiments, a device doped well may be formed by, for example,
performing multiple implants at different energies.

[0046] The implant processes used to form the device doped wells may be compatible or the
same as processes used to form other similar types of wells in the device. For example, the
processes may be compatible with those used in current CMOS processes for forming similar
types of wells. For example, the first device doped well may be formed at the same time as the
deep doped well. This allows the same lithographic mask of the current CMOS implant mask to

be used to pattern the implant mask for the first device mask. For example, the current CMOS

implant mask may be customized to include the first device doped well opening. In other

13



[ 0049] A hard nmask | ayer 223 is fornmed on the surface of the substrate. The
hard mask | ayer, in one enbodinent, is silicon nitride. The hard nmask

| ayer, for exanple, nay be about 1500 A. thick. A pad |layer 221 nay be
provi ded beneath the hard mask. The pad | ayer, for exanple, nmay be silicon

oxi de. TR®oRAknkaY SEpRY fi ftsgrdtéﬁct a%ﬁdeqatavaaaﬁhﬁ b8 sl SREAGNT JRR I O L he

substrate. The t hi ckness ypes

of hard or ¢ ard k and ad I so, be
seful - PBBS of Bedallor faBRBLHa b ke Ey&teé S el e HeobS wih e Praae ng
whi ch ex S the substrate surface The opening corresponds to a trench in
whi ch tH# cﬁgﬂéwﬁ? dopsd welhnsi stor is formed, To pattern the hard mask, a
soft mask, such as photoresist may be used. The resist may be patterned

usi ng a[0ﬂ4f7hog rAp hecahingierfouned. datomeambogeménghe hifwal ispedoendd dfteo greafprkti ¢
resolution, an anti-reflective coating (ARC) may be provided beneath the
resi st. addis@ohd déviopdaped tvidils afdfofmas Tl@tﬁ@ﬂﬂe&l&hffﬁ&s@ﬁ&dbﬁaﬂs@om ineMml@ﬁmt

enpl oyed to transfer the pattern of the esist to the hard nask

10051.1Rf3rﬁﬁﬁ% et b §cOnd dicd %,eeby a%;th?cH é{térﬁrtﬂ%qﬂégQE% tr9 to?HBﬁt Hedkdickn one

enbodi nent he trench is for using t as an etch

mask. T th DT which.is d er th the.nte face
of the rk% 1ratélt0 ggr%(n{s'te)@oon@er gt\lslologle HEPAURF Iagneallsrfgaﬁg’f)gﬂ 83% ﬁ%)ﬁéﬁtrﬂp

be about 0.3 .itit below interface of the device doped welts, Qt her

dept hs F“r&f’a‘g’ Agdcs donedavsl t%Pt SraanRle ananeal maydeRsHormekite fomRingpdepek
useful . [0052]The exposed trench walls, thr exanple, are cleaned. For
exanplewethe trench walls are cleaned to renove any surface damage fromthe
RIE etch. In one enbodi nent, the cleaning of the trench walls is perforned

by ex po[sll9|48] t o Thedsaigtiom qegansmfoaéxamlﬂenwlﬁ fotred priédte foratige tHerdemicaldepéd 200
- 400 "C for a period of fromabout 5 to about 60 seconds. O her techniques

for cl easildintdiRerepibRUmR s, MRYisalhfioh Ridhs @hdy! be Brh OEAHRIfoRIiAg ﬁﬁfsdevfc@ r
exanple, thermal oxidation is carried out to dep03|t an oxide layer on the

trench H@Eh%ellgh@tﬂé' cgﬁﬁb%l ns'osf f&gﬁpé% 1S(El§{50 Hé(w Op§§(\;&25 s gpay

[ 0053]In a gate e ectri
trench I% e gate dielectric Iayer, in one enbodlnent, is S|I|con
oxi de. hef "9 Yes  of gate dielectric materials, such as SiON, may al so be

usef ul . The gate dielec.ric _layer, in onebodlnent is fornmed by
[0049] A hard mask layer 223 is formed on the surface of the substrate. The hard mask

layer, in one embodiment, is silicon nitride. The hard mask layer, for example, may be about
1500 A thick. A pad layer 221 may be provided beneath the hard mask. The pad layer, for
example, may be silicon oxide. The pad layer may serve to improve adhesion of the hard mask
to the substrate. The thickness of the pad layer may be about 200 A. Other types of hard mask
layer or combination of hard mask and pad layers may also be useful.

[0050] The hard mask and pad layers are patterned to form an opening which exposes the
substrate surface. The opening corresponds to a trench in which the gate of the transistor is
formed. To pattern the hard mask, a soft mask, such as photoresist may be used. The resist may
be patterned using a lithographic mask to create an opening. To improve lithographic resolution,
an anti-reflective coating (ARC) may be provided beneath the resist. An anisotropic etch, such

as reactive ion etch (RIE), may be employed to transfer the pattern of the resist to the hard mask.
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t hermal process, such as thermal oxidation. For exanple, the dielectric

| ayer is formed by a wet oxidation followed by annealing the substrate in
an oxi di zi ng anbi ent. The tenperature of the wet oxidation can be, for
exanpl e, about 750 - 900 'C. The annealing can be, for exanple per f or med

at at ﬁ@gggat VIR £ ?‘{1 %Fool\%\%t ﬂ'bOQIQr % hﬁ‘bé ?s.liﬁﬁ’}léf‘(ﬁ%l the Fﬁb@ﬁatgi % 81%{ dn%)éftyth%ay

be for y a pa OxXi dat! of Focess se

folios the ic.layer o e exposed

t echni &€ hfhorme ﬁra@‘ i igate har@me@wsiae el Bk f%@e&%r tifepthne
t hi ckness of the gate dielectric |layer may be about 100 1000 A. O her

t hi cknddswhichds dedper Ban thedinteriaee of the lfiasiend pespnd dgvcpdonederdlls. ThedsphAxr,
shown in Fig. 2d, a protective layer 235 is forned on the substrate,
cover i nigr txenplarmayesiboand.3gah écldivethe irtérfacel o yier devideelopedvells. i Othet dgptths. . r
serves to protect the gate dielectric |ayer from danage during subsequent

processieRgvé & fhehiieiie Jdend &@lcem@e@ Wéll?ﬁ{a'y\é%o' wRygeful.f or exanple, is
silicon nitride. Qher types of materials which can be seIectlver renoved

with fe@ t tqpk @g%a@& Froflls exkﬁ?st E&@ggr arsggegﬁga %&%xmph et;ttrehwa gkness

of the ectiv yer her nesses or t he

protective | ayer aIso b efuI Th Ia for

P it ochb 5 camerip cER VD e Greaes ey R b e opHiRH ghY F]gfn?ﬁ’%g

t he protectlve | ayer may al so be useful. [0055]Referring to Fig

si dewal 9f tBpaenshsvallsgs pereormsd iy ExppsUnie hyidgotien saemralt@nperﬁ@resmdbwrlge
spacers, in one enbodinent, are forned froma dielectric material which can
be sel etdrhabbyt 200 rd0e ACvibt alnpcnixxmfd’rom ebote tprabowdili seeoriday Oxther tevhoigges for
enbodi ment, the dielectric material can be selectively renoved with respect

to the @éa@txﬁgcﬁw ¥ébstrateahaypdlso belhsediall entheymilGroaes, dbidxanpis) feeial oxiddthiial .
The sidewal| spacers, for exanptc, are footled fromsilicon oxide. Oher

types : er
mASI o S E%Fﬁ%%s?r?&n o B T e R Boreh e R S er s,
si dewal | %B L§ ?¥ é is fomed on the substrate. The sidewal | spacer |aver
covers E? Y S |ayer and littes over t he substrate and Iines t he
trench walls. The s _dewal | s acer IS depOSI b CND
ot her tl883Hi quésF rgo?cwrﬁﬁs eetii | %reaéa%rq s@ert eﬁ@?%ﬁésﬁnslr vl b el
In one enbodi nent, a TEGCS | ayer is deposrted on the substrate by CVD. The

t hi cknelbeledfic aysi,devnat bmbpdivent, lissibeonsirads. dObgubes of gakedickticikmeateriald, t he
gate el ectrode and gate insulator |ayer. In one enbodi nent, the thickness
of the satlley8ION, sp&cslso baysfulndhe lpateadiclodtrid 0Her,An ofd aﬁbocﬁhréﬁww foragdhber
l'ayer thicknesses nay also be useful. An anisolropie etch, such as an RTE,

is perfig&pg ptdeersemch 8 ﬁtwﬁlmz&aaaionp Gok eRAR IthhE bRI&t dis A8 by a wet
| ayer, fosm ng sidewall spacers on the trenc% dewal | s 0057] The substrate

is etc h%’ al?%nqgll@!/é% b’f zhﬂl%alth& the 'sﬁi?s‘ﬁ%te in %R%%ﬁﬁﬁn@@&bféﬂ{ dl'ﬂ?t%%p@l%tlﬁ@ of g h

wet oxidation can be, for example, about 750 - 900 °C. The annealing can be, for example,
performed at a temperature of about 1000 °C. Alternatively, the dielectric layer may be formed
by a partial wet oxidation. The thermal process selectively forms the gate dielectric layer on the
exposed trench walls. Other techniques for forming the gate dielectric layer may also be useful.
The thickness of the gate dielectric layer may be about 100 - 1000 A. Other thicknesses for the
gate dielectric layer may also be useful.

[0054] As shown in Fig. 2d, a protective layer 235 is formed on the substrate, covering the

hard mask and gate dielectric layer. The protective layer serves to protect the gate dielectric
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mask. The etch forns a drain connector trench 229 in which the drain
connector is fornmed, as shown in Fig. 2f. For exanple, the etch renoves
exposed protective |layer, gate dielectric and substrate to formthe drain
connector trench. The depth of the drain connector trench should produce

t he desi ' e . - t.h r : nel .
The deé? %e?%oglg H‘Igh%éeal n ggé%%@?%bﬁ?%ﬁ%%togg%g@a%&ég; q]htg pgﬁgﬁ%\ég%?{mg pm
fromthe surface.of the substrate. .O her depths for the drain connector
trench fﬁ‘é?lpiﬂ’ Sosiieon ey bt VYRS B PRt elsy cﬁﬁﬁfg‘?ﬁ%%?%i"glyde‘[“%e‘g‘ﬁﬁ}it rate.

I n one enbodinent, first polarity type dopants are inplanted into the

subst r aegpectringh¢ gase dielectrin lagertay d&pgquﬁeég}i die dhicknsss plothe pratestive lyef makich,
using the sidewall spacers and hard mask as an inplant nask. An anneal is
per f onrtechboot b[)()‘-fﬂm)ei.a@dlemd:ltibkzr%sastfbtethelpnnemisreﬂayef oragnabolbenisef]. dbiped r egi on
160. The buried doped region serves as a buried drain region of the device.
I n one R5REEHNIBMr, for cRAMh 1@%@99@%&6%2&11&@@_&1 Vapod ageditivnt(CVID)r Dthgol ari ty
type dopants is forned. For exanple, the buried doped region has a dopant

concentté%%l%;@%??grfgggﬂgﬁg afeggg%gggglgi?%?lsg?ﬁugéﬁq doped region with other

dopant rations us e I nplantation energy can be

carrie at _enper. in the ran of , far ex | e, roxi mat el 60
oV, 0N RER G e e sOPRAT ek S oF evinet pa At ARsete s e,
O her inplant energies and/ or doses may be used to than,the,w d doped
regi on.st PPacers, 1n one erRBﬁ"Bmephgretf@ﬂF?‘bfm@g% diglegffigmaterih faighoran| yer 252
is deposited on the substrate. The drain connector layer tills the drain
connectsslectively cémaved vadvesspecs tootbe pettective daptso dImastemhodemetrt aha disbestrec t or

| ayer is poiysilicon. The drain connector |ayer can be forned as an

anor phatigendl dan be asBEPROBUS M 0AY¥E vithIrBspeoitto ehbpdtdtEng laythedpabyguéitoforthed/ er
is heavily doped with first polarity type dopants to provide electrical

eoupl i Rgaih Qohh&tdruhiteshdane dide®dil Qﬁace}é?fdr%ﬂh'a@?ﬁl@if&'ﬁ?eﬂm siRof BRIdeyed to
dope the draln connector |ayer, for exanple, Insitu doping orPlantation. in

one e i_ment he drain.conne I ! | 1S} ., To form
The or APeE Rtk ared PP RAR HlsG be oRUEL o' f e RoRfRe i Spl P Bl ey,
t echni ques ma,épal so.be useful. In one enbodi nent, the drain connector |ayer

and t hengjafesiira are preferably the sane material. [0060]1n sone

enbodi ments, the drain connector |ayer and the gate el ectrode need not be
[0056] To form the sidewall spacers, a sidewall spacer layer is formed on the substrate. The

sidewall spacer layer covers the protective layer and lines over the substrate and lines the trench
walls. The sidewall spacer layer, for example, is deposited by CVD. Other techniques for
forming the sidewall spacer layer may also be useful. In one embodiment, a TEOS layer is
deposited on the substrate by CVD. The thickness of the sidewall spacer layer should equal to
the thickness of the gate electrode and gate insulator layer. In one embodiment, the thickness of
the sidewall spacer layer may be about 3000 A. Other sidewall spacer layer thicknesses may
also be useful. An anisotropic etch, such as an RIE, is performed to remove horizontal portions
of the sidewall spacer layer, forming sidewall spacers on the trench sidewalls.

[0057] The substrate is etched by an RIE using the sidewall spacers and hard mask as an etch
mask. The etch forms a drain connector trench 229 in which the drain connector is formed, as

shown in Fig. 2f. For example, the etch removes exposed protective layer, gate dielectric and
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the sane material. OQther types of materials may al so be used to formthe
drain connector |ayer. For exanple, the drain connector |ayer may include
conductive materials, such as tungsten. [0061]1In Fig. 2h, a planarization
process is performed toexcess material of the drain connector |ayer. In one

embod! rEBLrai PRI IR Bl REERS: uSUA" TRE abihor iR d@@glfcsm&g%ttfseng}fmﬁi the

excess ‘draln connector ‘materrar over her type

pl anari zati on rocess al so be useful to renobve the exce rain
Eonnectipayrgtas festred 98 Tenedh Lpipstivaes dhehasiom el the frepsieond BaprTonhe gfiﬁfaaﬁces
a planar top surface between the drain connector |ayer and hard mask.

Al t er nah¢ desiitycormactoy wengho far siample; isabaatd)-h- & pinEemdne purjase ofilie substes| oyed
to ensure that the excess drain connector material is rutto%d. The

over - pabihshdepiior foetheniphia coneces seach may disaibe usefohect or material in the
trench below the top surface of the hard mask. [0062] Referring to Fig. 2i,

the si deusd]l SPRERAs AeSmpRANRDIAG thé ButRfiBic MOk EMPédimehie fisdt geMaty typpacer s
ate renoved by an isotropic etch, such as a wet etch. The etch renobves the

si dewal gﬁmﬁf\eriﬁ}pzzﬁ{tﬁitgitov etsﬁbsttlg df}%i i&gﬁ%‘?ﬁﬁ‘ﬁﬁ%gﬂ%‘(ﬁ%ﬁq%oﬁ Qtethp Bﬁt‘t&ﬁ BT on

| ayer. I exanp et ch enploys a mstry noves the side al
spacers, | eavi.ng .t he drai n.connect oy, and otectiqgn |ayer ,remaini.ng.

Rerovi e gﬁ‘é"hs ﬁﬂgg\gﬁ Sl‘zaﬁva?@eﬁpgcqr% rd "tfg% aH@ W@?jﬂmtrﬂ%g t féﬁh@ﬁle@ilﬁ ewal | s and
exposed portion of the drain connector. The gap serves as a gate trench in
whi ch aPegiarmed © diffsrand astwap thegdapants 4 e Hburtesydaped i1 60 Hgdugsd t he

exposed portion of the drain connector. In
doped region serves as a buried drain region of the device. In one embodiment, a buried doped

region heavily doped with first polarity type dopants is formed. For example, the buried doped
region has a dopant concentration of about 5E15/cm’. Forming a buried doped region with other
dopant concentrations may also be useful. The implantation energy can be carried out at energy
in the range of, for example, approximately 30 - 60 KeV. The implant dose can be, for example,
in the range of about E15/cm®. Other implant energies and/or doses may be used to form the
buried doped region.

[0059] Referring to Fig. 2g, a drain connector layer 252 is deposited on the substrate. The
drain connector layer fills the drain connector trench and covers substrate surface. In one
embodiment, the drain connector layer is polysilicon. The drain connector layer can be formed as
an amorphous or non-amorphous layer. In one embodiment, the polysilicon layer is heavily
doped with first polarity type dopants to provide electrical coupling to the buried doped region.
Various techniques may be employed to dope the drain connector layer, for example, insitu
doping or ion implantation. In one embodiment, the drain connector layer is an insitu doped
layer. To form the drain connector layer, techniques such as CVD can be used. Other
techniques may also be useful. In one embodiment, the drain connector layer and the gate

electrode are preferably the same material.
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one enbodi nent, the gate insulator layer is selectively fornmed on the

exposed portion of the drain connector. A thermal process is enployed to
selectively formthe gate insulator |ayer on the exposed portion of the
drain connector. In one enbodinent,e al oxidation process is enployed to

fotma Sjlli,con. oxide te insulator layer. For ex | e h n_oxi ate
i nsul at bk(}]ayein TEng gﬁﬁ%(ﬁmﬁg}tsat all@)ﬁ?‘ﬁ’ﬁﬁ% Ea{ye%r{%tgg §?ﬁb\7}eelc§f6‘det %eéa)((ig? Fll’egon
oxi de gate insulator |ayer nay be fornmed by a dr xi dat i on. For m ng ot her
types ohe gapempiesial {PEer yrgeelmatgials may abw beused {q E’H‘TIHEC S ERBELOTEYhe e
gate insul ator |layer may be about 1000- 4000 A. Ot her thielcnesse for the
gat e i rnisurleasroplel thy draimaoynestos taybbemay efaliide joddetivRahaierialy such #8ityngsn, t he
protection layer is renoved to expose the gate dielectric. In one

enbodi Me0E1] t hén PiOLBG plaMkrizal@l proGest &41Bd RAmes ik ntoverkcat afateribhef thetdrai ch
selectively renoves the protection layer, leaving the gate dielectric

[ el Ni Adnoctdt 1R 1P IndbmbORmBAOk POidING: bRYEE fRHRL OMA % pOTHRE TORMRSY
gate insulator 135. 109651A gate el ectrode |ayer 242 is formed on the

substrate, The gate el ectrode |aver fil] h t [ . rs the
subot r argerctread i Sugract P QEihesubieud BnOe Dulet FRRYSEpERELERNELD ' The
gate el ectrode |l ayer can_he fornmed as an anprphous or nan- r phous | ayer.
The gatREOSEEIRYIIS 'a%%eﬁﬂé? g0 eI B e W%%Wﬂpatﬁ%@- ﬁfg@ aE?ﬂSPB%d
to dope the gate electrode |layer, for exanple, insitu doping or ian

i npl antrpéass.in ok embedipwst, pfodyaeses plrrasttep sl fagaberiegh shediginglospedier layesapd .
For exanple, the gate el ectrode may be tungsten suicide (W5 x). The gate

el ect r dded mayler Altemathecl§, axwivedpdlyshGihe Ghinetonheddir by esayrteyenaplsyedde coseé ul .
100661Excess gate el ectrode material over the substrate is renoved, as

shown i Ratfth@exls drAinloARedt N nMEASIES SerhSvedS Gle ber SITRM Efof ¥£dSle,TBEREdsahe Of
the drain connector |ayer. In one

drain connector material in the trench below the top surface of the hard mask.

[0062] Referring to Fig. 2i, the sidewall spacers are removed. In one embodiment, the
sidewall spacers are removed by an isotropic etch, such as a wet etch. The etch removes the
sidewall spacers selective to the drain connector 165 and the protection layer. For example, the
etch employs a chemistry which removes the sidewall spacers, leaving the drain connector and
protection layer remaining. Removing the sidewall spacers leaves a gap between the trench
sidewalls and exposed portion of the drain connector. The gap serves as a gate trench in which a
gate is formed.

[0063] A gate insulator layer 245 is formed on the exposed portion of the drain connector. In
one embodiment, the gate insulator layer is selectively formed on the exposed portion of the
drain connector. A thermal process is employed to selectively form the gate insulator layer on
the exposed portion of the drain connector. In one embodiment, a thermal oxidation process is
employed to form a silicon oxide gate insulator layer. For example, the silicon oxide gate
insulator layer is formed by a wet oxidation. Alternatively, the silicon oxide gate insulator layer

may be formed by a dry oxidation. Forming other types of gate insulator layers may also be
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enbodi nent, a polishing process, such as cnP, is used to renove the excess
gate electrode material over the substrate surface. Other types of

pl anari zation processes may al so be useful to renove the excess gate

el ectrode material. The hard mask, for exanmpk, serves as a polish stop for
the planarizatiQn. proc . 1l.n.on i t, e

ensure TR Fh APLR R S g TRar IR B ap0 AUTE AgRE A T B b ses,
removed, to formprinmary gate inpsul gtors 145. The over-polish, for exanple,
recesse@rﬂﬁéa%f’%ﬁ?t% Y?rgrg%éls%tﬁﬁlu tn connector) in the trench bel ow t he
top surface of the hard mask. The over-polish also may result in the

mat er i d0864In t ReferriegohFiBelindie pretactiondiyds it temoved taserppacibe ghterdidedupshy at e,
100671As shown, gates 140 are forned on either sides of the drain
connectok entbodiigent ke piadédtiodilayee isiremooéd idieg & haneteh.. Thawet diel sededbiodiynent ,
the gates surround the drain connector. The hard mask is renoved, in one

embodi BRbved A8 pRAEFioR RS /er, 18avi BT %ﬁteuﬁéleﬁrié réﬁﬁz{inﬁgp b\l porti6n Bfthe %i‘été'&ivies
e may be

removed, for exanple, using wet etch. A screen oxi ayer formed on

he surflg}pegr(%aﬁ,lp%t%gggl‘tiéog}%gtg/%peei@ﬁ&%?@ﬁ)xi de | ayer serves as an inplant

mask fo arm ng regr ons and body contact regions. In another

enbodi th ad oxi de .ser . an_ i npl an sk for faorm ng,.the_first
SIDr e&ﬁ@#ﬂ an %6‘?1?16 Hﬁjt%alﬁxerﬁggi‘%ﬁ@eqi?l? & ﬁﬁﬁ%gf%%at%ﬁaé?ﬁﬁﬁ}%&ﬁﬁlaa
regions are formed. The first S/D regions are heavily doped with first

pol ar i tthe gsipreadsannd coyers @eﬁh@tﬂﬂtﬁdyﬂ@cﬁﬁte&@t’d@@ ilB1§E s eongeahodimeBped wit h
second polarity type dopants. The first S/ D regions and body contact

r egi ongodysdidoar fiad gateichaptreodp byat @nibepgbamtd prancessphousior nos-epmrpttoss laypt. ant
masks. 100681The di scl osure may he enbodied in other specific forns w thout

depart iTHg daterdTedthde $Bjer hiay®e dOpEE NV hrddustbdindfie® fla§be epldied €0 Hopdac gate
foregoi ng enbodi nents, therefore, are to be considered in all respects

11 ustraddy8e [AEN$6r éxlaﬂl?lé iftth 'ggﬁglg Q%a F](gf ig%drl)ﬁelﬁ%{e(gl. gﬁgi&r rrtg?@s?oat [e&i1&roggOPe Of

the di sclosure”i$ thus rndicat er than by the

0 008G e A, P SRS U SRIE L b R LS

10069 1V"}h'11aetgaiteselgclt1'a()idrenlaa(ljyeir Isn:ay be formed by CVD. Other techniques may also be useful.
[0066] Excess gate electrode material over the substrate is removed, as shown in Fig. 2k. A
planarization process is used to remove excess material of the drain connector layer. In one
embodiment, a polishing process, such as CMP, is used to remove the excess gate electrode
material over the substrate surface. Other types of planarization processes may also be useful to
remove the excess gate electrode material. The hard mask, for example, serves as a polish stop
for the planarization process. In one embodiment, an over-polish may be employed to ensure
that the gate insulator material on top of the drain connector is removed, to form primary gate
insulators 145. The over-polish, for example, recesses the materials (gates and drain connector)
in the trench below the top surface of the hard mask. The over-polish also may result in the
materials in the trench being planar with the top surface of the substrate.

[0067] As shown, gates 140 are formed on either sides of the drain connector, along the

width direction of the channel. In other embodiment, the gates surround the drain connector.
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CLAIMS 1. A sem conductor device conprising: a substrate defined with a
device region; a buried heavily doped region in the substrate in th.e
devi ce region; a gate in a trench in the device region, wherein a
channel of the device is disposed on a sidewall of the trench, the buried

heavi | iQn | i . nd is verticall d
Iaterarﬂﬁggﬁgkégggg?%agvgf?@ﬁ??%@g§%§%ﬁéﬁﬁgggéﬁggﬁgVFégye %ﬂ%ﬁﬂéﬁggrépghce
fromthe buried heavily. doped regjon to the channel is a drift_length Lp of
the deviPBl oA FTOYRY.JOESHERF. NEIHE §ihegh SeedPadetayerpat lrf‘efoga@&n thy

The sem conductor device of claim 1l wherein the device region is surrounded
by devi curfacecifalis swbstratgi dhe screen atide kiped ssoved ae aimplenti oeskdbr Hiraing the fiksér ei n
t he device region conprists one or inure ernal device regions, dividing the
dev. ¢ giSdDiregionsmandttiody eontestiregions) binraagihensmbddimehe tieagpid oaidduetves aglevi ce of
claim1 wherein the device rtgion conprises; a first device doped well; and

o7 hARIEH FEARE STz S pc ki apac. P e g4l
body contact regions are formed. The first S/D regions are heavily doped with first polarity type
dopants while the body contact regions are heavily doped with second polarity type dopants.

The first S/D regions and body contact regions are formed using separate implant processes with
separate implant masks.

[0068] The disclosure may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the disclosure described herein. Scope
of the disclosure is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.

[0069] What is claimed is:
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wherein the first device doped. well has a depth greater than the second
devi ce doped 5. The sem conductor device of claim4 wherein the first
devi ce doped well conprises first polarity type dopaiits and the second
devi ce doped well conprises second polarity type dopants. substantially
within the first device doped well, él}ﬂﬁ{ em conduct or device of 6
t herei n; the trench is dispose e first and second devi ce doped
wel I's and the trench conprises first and second portions. The sem conduct or
devi ce bf clAiSHIOBSHHIN dEViF§ COBMPHFRBN connector di sposed in the trench
gate insul ators di sposed on eitherdrain connectorfirst portion of the tret
gat e el ect r cdebstoate defilel wih eldsviof raghm; gat e i nsul ators in the first portion
of t he trench.
a buried heavily doped region in the substrate in the device region;
a gate in a trench in the device region, wherein a channel of the device is disposed on a
sidewall of the trench, the buried heavily doped region is disposed below the gate and is
vertically and laterally displaced away from the channel of the device, wherein a distance from
the buried heavily doped region to the channel is a drift length Lp of the device; and

a surface heavily doped region adjacent to the gate.

2. The semiconductor device of claim 1 wherein the device region is surrounded by device

isolation region.

Bx The semiconductor device of claim 2 wherein the device region comprises one or more

internal device regions, dividing the device region into multiple device sub-regions.

4, The semiconductor device of claim 1 wherein the device region comprises:

a first device doped well; and

a second device doped well, the second device doped well has a depth equals to a channel
length L of the channel,

wherein the first device doped well has a depth greater than the second device doped

well.

5. The semiconductor device of claim 4 wherein the first device doped well comprises first

polarity type dopants and the second device doped well comprises second polarity type dopants.
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9. The sem conductor device"therein: the first portion of the trench
has a depth greater than an interface oldie first and second devi ce doped
wel I's; and conpri sing a gate dielectric layer which lines sidewalls
and bottomof the first portion of the trench w thoutsidewalls of the drain
connect or. 0. The sem conductor .devi ce of .cl aim.8 wherein each of e
gate i oy at B eHEQUBRATRHrrgeiiY WhFedl Eefr ™ AaVee LEdaar§ aels

i nsul ator which conprise different materials, Il, A sem conductor device
conpr i suhgfantzally yighip theligedqviredlored Well: devi ce regi on; first and
second device doped wells in the device region, wherein the first device
doped well has a depth greater than the second device doped well; a buried
heavily doped region within the int device doped veil; a gate in a

trench 7.n t hehedRMicmdueot Oviceadty whérem: channel of the device is disposed on
a sidewall of the trench, the buried heavily doped region is disposed bel ow

the gate andpf feafibiuRblat At fid fllebdndSRIABRA RUAYald ARG, aRkgisesd

channel of die ereln a distance fromthe buried heavily dope
region to the channel. is a drift kngth LE) of the device; and a surface
heavi | yttlrato c?e?(g%pé’#l%r}fj acent to the gate.

8. The semiconductor device of claim 7 comprising:

a drain connector disposed in the trench;

gate insulators disposed on either sides of the drain connector in the first portion of the
trench; and

gate electrodes on either sides of the gate insulators in the first portion of the trench.

9. The semiconductor device of claim 8 wherein:

the first portion of the trench has a depth greater than an interface of the first and second
device doped wells; and comprising

a gate dielectric layer which lines sidewalls and bottom of the first portion of the trench

without lining sidewalls of the drain connector.

10.  The semiconductor device of claim 8 wherein each of the gate insulators include a

primary gate insulator and a secondary gate insulator which comprise different materials.

11. A semiconductor device comprising:

a substrate defined with a device region;
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17. The sem conduct or device of claim 11 wherein the second devi ce doped
wel |l has a depth equals to a channel length Lc of the channel. 13. The
sem conductor device of claimii wherein the first device doped well
conprises first polarity type dopants and the second devi ce doped wel |

compri ses SqENAIRBL AL doYict ¥BEAQBANE SnBBELiENR ! Rhe@Rdne QAL ENRA
doped wel | s conpri'se dopant concentration esser ™t han e blri ed an
surface avi | oped regi gns. 4. The, sem conductor device of 11
conpri swqqghas a(}/ep’gl ée%ff’%ﬁ%%“ g%?r‘?ﬁ%‘&’}’oqev eéj[%%‘glﬁeﬁh the trench, wherein the
drain connector is disposed adjacent to the gate and extends froma top
surface of tawriedihsevibtdoped regien withinghe feshdpvige densdavalkgi on. The

sem conductor of claim 14 wherein the drain connector directly contacts the
buri ed heavid gateimpeglenchgn dre.devitie segiegdvidireie atchyndet bbHitle tdoei cel isadisposahoret or
and occupies a portion of the first device doped well. 17. The

sem congitGla@loffIRVi&Rh Othe GLAbdhdedilG ABPEd Ridais BRp&scl Belomathe hte@hdRosed on
either sides of the drain connector 1n the trench; and gate el ectrodes on

et BHEP ly LSRE SpBSEET M B 1 ol syt o

device o m erein eac _ lators 1nc e a primry
?ng :r : gﬁifal_m%%%orr? chel: b%ri% ge?w yr(%pggl }eegi(;nnt%%lg El?a';me 1|s g'&n(i"[qgi?g"dl ieD o(i“tlIef(Fe"Vlecrc]:}
and

a surface heavily doped region adjacent to the gate.

12.  The semiconductor device of claim 11 wherein the second device doped well has a depth

equals to a channel length L¢ of the channel.

13.  The semiconductor device of claim 11 wherein the first device doped well comprises first
polarity type dopants and the second device doped well comprises second polarity type dopants
and the first and second device doped wells comprise dopant concentration lesser than the buried

and surface heavily doped regions.
14.  The semiconductor device of claim 11 comprising:
a drain connector disposed in the trench, wherein the drain connector is disposed adjacent

to the gate and extends from a top surface of the substrate to the buried heavily doped region.

15.  The semiconductor of claim 14 wherein the drain connector directly contacts the buried

heavily doped region.
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19. The sem conductor device of claim 14 wherein: the trench has a
depth greater than an interface of e first and second device doped wells;
and conpri sing a gate dielectric layer which lines sidewalls and
bottom of the trench without lining sidcwalls of the drain connector. 20.

The senjcondyed s%ﬁu%ﬁqlhgtgrn gésvéé‘é & Mith1 DBEEInd Qﬁi&ﬂﬁeﬁvﬂ ﬁ$&gtr5éiﬁn kayer

conpri ses the sane

disposed directly below the drain connector and occupies a portion of the first device doped well.

17.  The semiconductor device of claim 14 comprising:
gate insulators disposed on either sides of the drain connector in the trench; and

gate electrodes on either sides of the gate insulators in the trench.

18.  The semiconductor device of claim 17 wherein each of the gate insulators include a

primary gate insulator and a secondary gate insulator which comprise different materials.

19. The semiconductor device of claim 14 wherein:

the trench has a depth greater than an interface of the first and second device doped

wells; and comprising

a gate dielectric layer which lines sidewalls and bottom of the trench without lining

sidewalls of the drain connector.

20. The semiconductor device of claim 19 wherein the gate dielectric layer comprises the

same thickness.
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