TRENCH TRANSISTOR BACKGROUND [00011Lateral Double-Diffused JD) transistors have been
widely employed in high voltage applications. The performance of the LD transistors depends on the
drain-to-source on-resistance (Rds,") as well. as breakdown voltage. For example, low Rdson results
in high switching speed while high breakdown voltage increases voltage capabilities.
[00021Conventional techniques in achievingREN O IRANS IO result in an increased distance
between the drain and the gate. This, however concomitantly increases Rdso", undesirably decreasing
the switching speed, [00031The disclosure igdicactsrRIotansistors with fast switching speed. and
high breakdown voltage. SUMMARY [0004]A method of forming a device is disclosed. In one

embodirfesot jthe methad clbdebipfiaddiigg suhsitiate Befinpetivithdaldevigtosedianhibheditiged also
includes fomiing a buried doped region in the substrate in the device region. The method further

includes:f@insingas gdtkec perftreneicinothtie: SUD stkatsstoi@egevise ratiodtafn abanelodihe device is
disposed on a sidewall of the trench. The buried doped region is disposed below the gate. A distance

from therdiiescd ORES],Negiovelbaderehiaianal it Engtkanglef ihe Hevicesstiheimpified flirther

includes forming a surface doped region adjacent to the gate.
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 Rds,y,
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



[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 secqnd polarity type dopants. The first device
doped ViRt s AR RdSEiORAR G ReBRISCE TR @&Bﬁé@’a\s’é&ff’ﬁéxﬁw@fﬁﬁs %%%S’I?nclftjdes limning

a buried doped region the second device doped well, The method further includes forming a gate in a
trench iﬁ%%ﬁ%&’ﬁt@qﬁ‘iﬁésmeéepe@?&}ﬁl e??ﬁ’ﬂn‘?‘n%%ftfﬁléc e&igg %é‘%?ép%ﬁ@? 5iPe Ridewall of the
trench. The buried doped region is disposed below the gate. The distance from the buried gdoped
region td'eReEADARYiths &k Ié[ili’ﬁtﬂli%‘ﬁT %8\%&’8?‘%?5%8%{8@?&{85?%%‘&% o Fﬁfg a surface
doped region adjacent to the gate, 100061In yet anpther embodiment, a semiconductor, device is
disclosddngthd-ssthifs Ut § 9@@%&3&8@%‘3 El?g‘égfﬁtg’ggﬂ}?e%l °§ RTESTRIGDAYR ﬁeen%?o
semiconductor device also  des a buried doped region in the substrate in the device region. The
semicortBEi&f-device thither includes a gate in a trench in the device region. A channel of the device
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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 semiconductor device. The
semiconductor device further includes a surface doped region adjacent to the gate.
[0007] These and other advantages and features of the embodiments 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 :accesshasis instead generally being placed upon
illustrating the principles of the invention, In the following description, various embodiments of the
present inventi drawings, in which: e described with ferencthe following device. DETAILED
DESCRIPTION 100121Embodiments generally relate to semiconductor devices, Some embodiments

relate tq@eMipes, sugh 25 1QNbROWESsIess BaskandsasashreaisiigmReMe i REiiasandRower

device.
DETAILED DESCRIPTION

[0012] Embodiments generally relate to semiconductor devices. Some embodiments relate
to devices, such as low power-loss buck and boost regulators, power amplifiers and power
management circuits. Such devices, for example, can be incorporated into standalone devices or
ICs, such as microcontrollers or system on chips (SoCs). The devices or ICs can be incorporated
into or used with, for example, electronic products, such as speakers, computers, cell phones, and
personal digital assistants (PDAs).
[0013] Fig. 1a shows a cross-sectional view of an embodiment of a device 100. The cross-
sectional view, as shown, 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;



management circuits. Such devices, fortriple, can be incorporated into standalone devices or ICs, such
as microcontrollers or systemhips (SoCs). The devices or ICs can be incorporated into or used with,
for example, electronic products, such as speakers, computers, cell phones, and personal digital
assistants (PDA,$). 100131Eig, la shows across-sectional view of an embodiment of a device 100.
The cross- sectional view, as showh &K SRS A8 one: a channel length L. 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 & sit6Aval| P:ff}a In one embodiment he substrate may be a

p-type doped substrate. For example, the p-typo doped.substrate is a light] .doped substrate.
Othor tybUS S EREDAEECToF L AFRHRL A A BE LSBT b S e 1 L e HAroe &
silicon germanium, germanium, gallium arsenide, ory &'0 -insulater (COL) su %s .
silicon-GRFLEEGP e B e srateian @I&OHBB%E SU%%U@@ ﬂ%@%j%&\‘ YIRss beBlhed with
p-type or n-type &pants. The doped substrate may. % lightly do e(g substrate.. Pro idin a%ﬂ%st\;\gte
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e useful.
[0014]The device may include dope regions aor.wells having.different dopant concentrations. F
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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 um for
DTI regions, may also be useful. In one embodiment, the width of the isolation region is about
0.3 um. 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 um. 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.



A lightly doped region has a dopant concentration of less than about 5E13/em3, an intermediate
doped region has a dopant concentration of about 5E13 - SF1 5/cm3 and a heavily doped region has a
dopant concentration of more than about 5E15/c.,m3. P-type dopants may include boron (B),
aluminum (Al), indium (ha) or a combination thereof, while n- type dopants may include phosphorus
(P), arsertAgjirpniindnyt (ShcedaambibaidifftheieoéjOihlisttatlenedibninid smyddépnayided
for isolating or separating different regions of the substrate. In one embodiment, the device region is
isolatedifeofitsotieet dedigrs aretlcvisdiragonsibyt apdeldpenisoldtitniie gianriBlayvi Eod epahwil Hise
device isolation region surrounds the device region. The isolation region, for example, is a shallow
trentl isetatind {Shtiegiend @reas.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 deptv vflabour¥da dhdRioxididgpsalaitiniregiensnvbitinextesedta athke tedyhscudh &ss0.5 - 10
.tm for DTI regions, may also he useful. In one embodiment, the width of the isolation region is about
0.3 p.mpHeitidingeideldtion Tagiansmbyivicdifieyed tddintis, dedlvpdihsithayaisd frdarsefiylpd00161in e
embodiment, first and second device doped wells 112 and 114 are disposed in the substrate which
encomphsaife devieearegiarthd demsecoonncdritedopde walbiid dndcerdbpeimelitnigydispdeed within
the first device doped well. For example, the first device doped well has a depth geater than the
second 3ieMicel BapagnteThinfothdeeinbddimbntithi ficshagliceaopet wellifs widpGsatisfitstantially
within the device region. The first device doped well, for example, extends to a depth of about 3 - 5
pm, Thedefith tipeekpapie, The difitnick dbitde viecobdgekdovine\wlbagetandd sigfatfip d vpeiihaments.
For example, the depth of the second device doped well and the relative depth of the first device
doped welknsibnrespestite tghskeeakdodeavicdtagp ethydltshievideadbpedevitibrdegivedi thd skddpadie and
isolation requirements Providing the first device doped well of different depth may also be useful. In
one embadifisnpdheifirsysiedigeutdep&drealirhpke filst pofaritycdypentiapantsfiilitlétielsecoddmdvice
doped well has second polarity type dopants. [017]The second device doped well, in one embodiment,
serves agthmbobky abelitof a fifst Potatity Ity fre desdaef. dlineype cenitelaticédopedovelbpedyvsl doped
with second polarity type dopants. For example, the dopant concentration of the second device doped
well magbe ehouindBl seddaiti3denide dopelirstetleupetdqped well, for example, serves cis a drift well for
the first polarity type dopants. The drift well isolates the body from the substrate and lightly doped
drain exi@ispn toAoointietenhigivibeasdddtumregltagEBBThenfissbe puocaddd pe depaati e deviightly doped
with first polarity type dopants. For example, the dopant concentration of the first device doped well
may berapoutihtd Hi2ftegiGndn The tasmalfl devidy pe tevicesghm finstydevisedoped vidt serydbe if and
the second device doped well may he If. [00I81An internal device isolation region ISO may be
provideduio-weparafertdefdeaiceypes 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 be used to provide separate
sub-regions for difTerent 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 cont%i)r ion 1&5@0 bias tg?e seco dev'lceldo ed well. The ﬁodg%c%?t ci{;e jon, for example,
is heavitF U8pet N RRLRENEESIAIRY BISS GOSEME TR EEINE thearRs PRV s A8 region, for
example, may. be provided on pne side of the device regjon. As shown., the internal oh%vice {solation
regton PR HLTER A TR S PRI SR Q56 e SN nERAUOE B A DA B Peviding the
internal device isolation region inla d(%e ion which js %ergendi%ulg\r to the width of the aa&efénaé{ also
be useft! NSO BHBBUMERP NG Tntefhil 0& JREE <biqtE" ?eg(?oxg%lél}?tkfg%?g\}lsd%e o] pro{/la e two
body contact r%;?iogs. Alternatively, the internal device isolation region may be surrounded by the
device BIfCOmeY At gements or configuration of the internal device isolation regions may also be
useful, F amp‘ge mote than twoi vice isalation regions may be provided..In o bodiments,
o e vicols BROSISA PP DAL e RS ol i Ch e g o Ly e
employed. In some a pgcations 0.bady contact region is needed for an unbiased body well. [0020]A
e o e A e e S
example, is defined by the internal device.isolation region. For ex the .case where the internal
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the transistor region |sg1(§)|spose hudhetween i Sther embodimerits, sUCK as In the case of one

internal device isplation region alon jrection. of th Vi [ IS ion |
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may alsg e selul, 100211 The ransister indhydes fisst and seaond sourcaldialn (SIDL g
and 160°Separated by a gate. The regions are heavily dope reg%ns In tive substrate. In one
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[0021] The transistor includes first and second source/drain (S/D) regions 150 and 160

separated by a gate. The S/D regions are heavily doped regions in the substrate. In one

embodiment, the S/D regions are heavily doped regions with first polarity type dopants. For

example, the S/D regions may be n" doped regions for a n-type 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



[00221The 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

composifg:gatss|IesHetidone sxaupie Ahesempasie drienelewiode dratrbesmsgraheus silicon,

polysilicon and tungsten. The gate electrode may have a thickness (-16) of about 1500-4000A. in one

embodimeikadievaie eipcuiedeonty Dave aadlkicldrassd TRkRhakeind§Oln. Kathasrgate electrode

thicknesses may also be useful. [0 023]As for the gate dielectric, it may be lieon oxide. Other types of

gate digigetig matgsials inayas@decusefill g rxamplie oidmitticler yre e pHtodisientidhe gate
dielectric is a high voltage gate dielectric. The gate dielectric may be about 100-1000A thick, Other

gate diglegtitthiskpessebdnayralsrhecuseible, Dhgstale diplesisiedvickness, the gandpitcmays
depend on the maximum voltage at: the gate (/05). [0024]The transistor, in one embodiment, is a

trench tpansistitdneienEbl baAsisidnaledes eariendispesbeun adrenohintackubotiaiegathe gate

dielectric lines the trench sidcwalls and a portion of the bottom of the trench, separating the gate

electrodg drevnith@isubsdsatandyel ieheisens.a Urpiniedithetde pifcihksin foneembngliment is deeper
than the interface of the first and second device doped wells. For example, the trench extends pass

th.c secgg&ﬁi@uigqlg%@gﬂﬂgﬂ iinahealingt dawiqerdgped well. The depth DT should be sufficient for
the gate electrode to extend into the first device doped well. The depth DT, for example, may be about

0.3 'Am|deeper thandhearnsiatase sldhmesriaaaonediveals. tRiavieing THE hrendhgrathestsiepths relative
to the interface of the device doped wells may also he useful. [0025]The trench sidewall adjacent to

the gatefermassa ghemglsbl ansistaicinonewshedimastgifediktaak sldawyaloatiacksidevhsgate
from the surface of the substrate to the interface of the device doped wells forms the channel of the

transisteqdlhgoehanoekiengiiomisithe distencefranithalsupacelot e stbsirdie sabheiateTtace of the
device doped wells. The channel length Le, for example, may be about 0.3 - 3 gin. Other channel

lengths mayialer bagsebl. Thecchamnel langihe tensdimple, is despeminactiy itierfevecsebitfias

voltage across the dram and source (BVDss) and the drainto-source on-resistance (Acts.). [0026]A

first SiDakeDieboisdl deatesldopetha dlfate ek ihe Ry s rataddircanistpdialgaiecobidalevice doped
well into the first device doped well. The depth Dt should be sufficient for the gate electrode to
extend into the first device doped well. The depth Dr, for example, may be about 0.3 pm deeper
than the interface of the device doped wells. Providing Dr 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 L, 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 (Rdsen).

[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 SID region has a depth of about 2000 A. Other depths may also be useful. in one embodiment,
the first MD region is disposed between the internal device isolation region rid the gate. Disposing the
first SID region at other locations may also be useful. [0027]A second SID region is disposed in the

substrate helow the gate, forming a buried S/D second SID region s, ve rticall I
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terminal. The drift length Lp, for example, may be about 0.5 - 1.5 um. Other lengths for Lp
may also be useful.

[0028] In one embodiment, the second S/D region is vertically and laterally displaced from
the gate. 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



[00301The 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 he silicon
nitride. The gate insulator may also be formed with other dielectric materials. Other configurations of

the gate prsutatepmayralsadmsisefol. drof Bxaimine dkie gatalingiatepndayyhee sisgie@atersslator or
other number of gate insulators. [9031]A dielectric layer 190 may be disposed over the substrate. Ti is

understgioddhaiihiese TRybe additiciiahlayss betivepsdhditietactiidryaiandtsulisiraheuch as, for
example, an etch stop layer. The dielectric layer serves as an interlevel dielectric (LLD) layer. The

dielectrigolaygirmanber fhe examplslatilicoayaiderQihigilty pes efciglecttic sartatialaeuehypbaioped
Si02, Boron-Doped Phosphosilicate Glass (BPSG) or Borophosphosilicate Tetraethylorthosilicate

Glass (Biidie @& imayatdsohs usefuhiosrthedi® ilayeitck90321The first SID region second S/D region,
gate electrode and body contact region serve as source, drain, gate and body terminals of the device.

Intercorpesty, whishiisRieige tortants RS sadispadidciive tinesubzotashown) uaderprsddaek ihére ILD
layer, The device may include multiple interconnect levels. The contacts, for example, provide

connectipnsye dhgi terminajerefiihe devibe droe@xample, edniasis a piavidetbietamplryaeestdiain,
gate and body contact region. [0033]The body terminal is coupled to a bias voltage source. In one

embodigigiiatiee. bias Vailage Shiyasisvgsaiinth ahteibvelatplingih € bDYlYataimiNig thadtbeiciakage

sources may also be useful. In one embodiment, the body terminal is commonly coupled to the source
teiminakfay fiksttMR1egise) Hfitbe tadsisOnmd9p&ldhadevitenagienli) ora andopditeos, is a

symmetrical device region. The device
Boron-Doped Phosphosilicate Glass (BPSG) or Borophosphosilicate Tetraethylorthosilicate
Glass (BPTEOS), may also be useful for the ILD layer.
[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 0V. 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



region is symmetrical viewed along a thickness direction of the gate. For example, the two halves of
the device region as separated by the nted 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 other embodiments, more
than twé'§stsshediBenstonersd i H@%ﬁﬁf@?&&y@ﬁgwabﬁfbfﬂ%%ﬁgaﬂ?‘ﬁ%@d@@ may also be seful.
For example, a non-symmetrical device maybe provided in the device region. [0035]As described, the

present YA REQR AGHICAIY IS RitAGS HRcE adinh HETRLE of 9 Tt¥TRe AR ARG AL Dfe to

operate in lower gate-drain capacitance (Cdg) and Rds,", regimes. This greatly increases the
performBineadst ife R dfdc545819Pas reliability due to higher 13Vdd. By providingsource vertically, the
gate length is not dependent ono aphy tolerance. Therefore, the scalability of the gate |ength can be
increas §]incré%§ﬁ1®§?ﬁ‘8‘iﬁlemﬂ1pﬁ%sﬁfﬁ,§éwﬁ?ﬁ1 HhigPESh iﬁ?@%‘?’ﬂ%‘?ﬁé‘?@f &S %‘é‘g& of
fabricating a trench LDMQS device can easily he integrated into. CMOS process without incurring
acliior BB LSS BTG e A B DS SRR AERE S A8, R

€'device
A R e R AR R e
o e e e e e el o e o oiugion Smier
e 1 o8 SAo0 g arlos e PmL PR L s S0 el ool
oy ol TS e s r conmenly coule n o spRRdns g ren e
S:i(\)/f egg{g%%tpg\f%%végg'e%g?}g g‘ IFI{ esg'ra%t%alir?tr(l)oéll\i\/f{)%Is)fcs)(cagstéovglt (\)/1|1 \{\ﬁ:l?lfrl%%g 1t(i)(()jri1gfem ofa

fabrication costs.

[0036] Fig. 1b shows another embodiment of a device 100. The device is similar to the

device shown in Fig. 1a. As such, common elements may not be described or described in detail.

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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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 (SOD, are also useful. device region is shown, it is however
understood that the substrate may include various types of regions (not silo ). For example, the

substrajggngy inclyderethgnseviceseginnscioratben prsiefieyice theliindtataninadude tagic
regions in which logic devices are fotmed. Depending on the type of IC formed, the logic regions, for

exampkg¢0R¥ {eglddes aaians 1ok difivtest yalagn seviceshdaibsxampley ihellawivdagisngpaaytinclude
regions for high voltage (MV) devices, medium or intermediate voltage (IV) devices and low voltage

(Li) deviggsorQinor smiikuratipeg.aipegiteaipimanarload sl dddditiennhs Pihehtypescof
device regions may also be provided. 10039]The device region is separated from other regions by a

device igplatioseseains k8thay hekavikgisekation ieginfiaurgdnisihs seviseradiaegendli on
embodiment. the device region also includes an internal device isolation region 180b to separate the

device r@gipp#te firsbanddseconshravice sy foregiansi0a-dy; homdstespiahd evicd fiptationltegion, for
example, surrounds the first device sub-region, In one embodiment, the device isolation region and

internal gigNies. YA BRIONAISLIORGEEE eispiatinni caginnss femexamiegdiel vedenitegvice

sub-region completely surrounds the first device sub-region with them separated. by the internal

device igQlation sedieimedather fmbodimenischhemlabanvisgissiarg esnbiguredia provide a second
device sub-region which penally surrounds the first device sub-region, such as on one, two or three

sides. Qihefiaaafionsatiansiotisplationregdioserasshalso beéitisefity, Hae4ddpe sftasralaiegioassolation
region 180b may be provided to separate the device region into sub-regions. The internal device
isolationggigsbrpayheidsed to provide separate sub-regions for different types of doped regions,
such as surface difthsion regions. The internal device isolation region, for example, may be provided

on one $i8qf thedavireigionot hestpamal devicetisalaiionseyyakiRdispeskdion tegideig@aregion
along the direction of the width of the gate. Providing the internal device isolation region in a direction
which isprresndicidtaktio thegiddtfuabiirigate doayalsgibe Usaiié embodiment, the device region
also includes an internal device isolation region 180b to separate the device region into first and
second device sub-regions 110a-b. The internal device isolation region, for example, surrounds
the first device sub-region. In one embodiment, the device isolation region and internal device
isolation region are concentric isolation regions. For example, the second device sub-region
completely surrounds the first device sub-region with them separated by the internal device
isolation region. In other embodiments, the isolation regions are configured to provide a 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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100411in other embodiments, the device region is a symmetrical device region. The device region
includes internal device isolation region or regions within the device isolation region. The internal
device isolation region may be an isolation region disposed concentrically within device region. In
some embodiments, two internal device isolation regions may be provided within the device isolation
region. Bh&eoRfevidingniednisaalidevieyisating Feaion be 4 LERFIHOUBIIHS ROPEHHLiths are,
for example, STN. Various process s can be employed to form theregions. For exa plc., the substrate
can be StenEdthighfresHemnibikietsffifues to form trenches which are then filled with dielectric
materials such as silicon oxide. Chemical mechanical polishing (MP) can be performed to remove
excess BM4&]1and W 8tige cbRdimcati heHe viss Serarss HIBMGatee s 1rantiald e 46480 be
used to fomi the srns. In other embodiments, the isolation may.be other types of isolation regions. The

depth of &S BETR SRARTIROI AL ECERIbOr A8RIOTR VEHE R AR L foS LIRSSy also be
useful. 10431A first device doped well 112 is formed in the device rei_jon. The first quiCe doped well

serves 346 BT HEOlHABIHRE AIRY BEGRASBHE ThelPhiiSRRSe ol ¥Ry device

doped well, The depth of the first device doped well, for example, may be about 3 - 5 um, Providing a
first deViES 8B EREWellbF ST BRpAHE ISy M HE St 1Gedr e fﬁsl%iowziﬁaerﬂréﬁ vice

doped well should be sufficient to produce the desired drift length LO of the transistor formed.in the
dovice. THGEARIIE HOTRNERST O BETat e OB AT SIS AR R UF

opot HEK A pHJbeBHER S bSO ooV BBIR RS 2P S AP N wel o o

lightly d?oe'(rergtl\%eg*[‘?rtgglggs? plél(r)]rt g)?arr]gg eErt téosrlll g?rgte can be etched using etch and mask techniques
to form trenches which are then filled with dielectric materials such as silicon oxide. Chemical
mechanical polishing (CMP) can be performed to remove excess oxide and provide a planar
substrate top surface. Other processes or materials can also be used to form the STIs. In other
embodiments, the isolation may be other types of isolation regions. The depth of the STIs may
be, for example, about 3000 - 4500 A. Other depths for the STIs may also be useful.
[0043] A first device doped well 112 is formed in the device region. The first device doped
well serves as a drift well for the device. The first device doped well, in one embodiment, is a
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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10441A second device doped well 114 is foanied in the device region. The second device doped well
serves as a body well for the first type transistor. The second device doped well is second polarity type
dopants. In one embodiment, the second device doped well, is a lightly or medium doped device well.
For example, the dopant concentration of the second device doped well is about 5E12 - IE13/cm3.

Other dapps]congerbations{acdivsarant devisefslapalinvelt dayelsezhn uTtkbetheiskeond device
doped well, in one embodiment, is formed within the first device doped well. For example, the second

device digped willl deasea deptdavhiedllisoshad oie it ypan-iheiditst didcedapeldviellddel deptls for
exampil, Is equal to the desired channel length of the transistor which is formed in the device region.

In one egkedimgaithesiepibnidhesecoba sialiaertopedavelds atioaiop@pwellQthdigielytbs for the
second device doped well may also be useful. 100451To form a device doped well, an implant mask

which expses iipeedisesxegian isssedintgle, implpamaskctonakamplehissphutddsistddpeed
patterned by a lithographic mask. Since the device isolation region can serve as an implant mask, this

allows threinesedsat 10T eIFing wirld@vHen dapeintg ahneessntoffe the dmptanicadskeDopints are
implanted into the substrate using the implant mask. Th.e &pants are implanted with the appropriate

dose ang 0Ny binsefie ameectioienisy v cldvied debiethweat ansyobimdéatnetbhyedonehantpe,
performing multiple implants at different energies. 100461 The implant processes used to thin the

device dapedewelsiopey heltompaiialasie e samadddriocdspes wstichie thtepththidiniilar types of
wells in the device. For example, the processes may be compatible with those used in current CMOS

processgs b miaotbitiler dyprs dbpwlls.cRorexateplk, ihechimshpleyiseqopedtivelaisgdbe formed at
the same time as the deep doped well. This allows the same lithographic mask of the current CMOS

implant shaskda hgisertiie patasmihehittplafsmagkdahéhiz it dgiioe Masle dobekarapiehthe
current. CMOS implant mask may be customized to include the first device doped well opening. In

other empaidisnanisceoaaprrate tigiedeviteidapad welumasthaydepthsést thespeoifidaiyitailor the
doping of the first device doped well. In such eases,the same mask can also be used to form the

second deyidesdtipadyilb W\Wéfalanneal is performed. In one embodiment, the anneal is performed

after the first
[0045] To form a device doped well, an implant mask which exposes the device region is
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
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and second device doped wells are formed. The anneal diffuses the dopants from the implant, forming
first and second device doped wells which extend to under the bottom of the device isolation region. In
other embodiments, separate anneals may be performed for the first and second device doped well.

For example, an anneal may be performed after foyming a doped well. [00481The isglatign regions, for
e G A BTG AGERBTISE BTG (P HLVEL BN e U P B ISBUHENS e reolaton
regions may be formed after. forming, the device doped wells. Other configuratio of forming the isolation
regions ST LIPS RPEIB b JSSH 5 ACRAE Ak AR Bh e
surface of the substrate. Hﬁe hard mask layer, in one embodiment, is silicon nitride. The hard mask
layer, foi SRRMHTEISHAORS gﬁbﬁjt 1500 A thick. A pad layer 221 may be provided beneath the hard

of e Ak 14 4SS RS OTH i RGE A s AP RSy BEAOBII IO DG ypos of
sk s HE A1 DA HOING PR BN o SR AV BApb LB LR B S R e

cb1 g SR R LT TR A BT TN SIS WA BAAB IRGEHARPic mack t
orovid i BENER BN e AL A AR AP e A AN £ SR Gl Iedy o Bploye to
the sub S RS AOREGTEr 1 TN FOMRAL) B AR T HORER S0Pl sk

The trenvg formed has a depth DT which is deeper than the interface of the first and second device
doped weTs. The depth DT, for example, may be about 0.3 ism below the interface of the device

doped Yl gs Pt e He IR SIAS I 16 TeHAES AiEdRM e IoRe LS InMan 88 D2 Yssld:
wells. In other embodiments, the isolation regions may be formed after forming the device
doped wells. Other configurations of forming the isolation regions and device doped wells may
also be useful.
[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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[00521The exposed trench walls, for example, are cleaned. For example, the trench walls are cleaned
to remove any surface damage from the RIE etch. In one embodiment, the cleaning of the trench walls
is performed by exposure to hydrogen plasma at a temperature in the range from about 200 - 400C for
a period of from about $ to about 60 seconds. Other techniques for cleaning the substrate may also be

useful. foizanMmal Nereesss ' mpamplethrImalgoxidation if ¢asriadeutdo ReRasinbbaxidadayer on the

trench walls. The oxide layer is removed, for exampie, by wet etch. 100531In Fig. 2c, a gate dielectric

layer 23@eiscforenBeeha theaxaosethiyens Randlisaskhe artedlialastiicriny abnth eftbdiedinesitis

silicon oxide. Other types of gate dielectric mate such as SiON, may also be useful. The gate dielectric

layer, incpn@1aepiedisepat s fenn AP LRI BIOCASS sstitl A ey Bupeaxidaioriealeprample, the

dielectric layer is formed by a wet oxidation followed by annealing the substrate in an oxidizing

ambientoF BRatap1peiai IR abthe (el axishbanicamRenty @i Rped BRIt WtHer digtannealing

can be, for example, poi-thorned at a temperature of about 1000 'C. Alternatively, the dielectric layer

may he fgumnestbyiR Rasitloyst eddriian ddrdnesmahpiosesveelrgtively forms the gate dielectric

layer on the exposed trench walls. Other techniques for forming the gate dielectric layer may also be

useful. Towstickngse ekpdscaatendielosliic fiayetamplePa-abruhdOOF O8Nt fRisknasses for the

gate dielectric layer may also be useful. [0054]As shown in Fig. 2d, a protective layer 235 is formed on
the subsiatessRYaHEONATF Mdakeanandaterdiplert RIBWEh. Thedotativ@aye! sRvRadmprotect

the gate dielectric layer from damage during subsequent processing to form the device. The

protective Ry elerfel %a8RIBetfosHic@B KSR hipescalpRsietials whiphraandr sedeatively

removed with respect to the gate dielectric layer may also be useful. The thickness of the protective

layer mabhe.880L2d004080Q AoQteridaiciTRsaamhtat e REJeCcty sdayalsmayhalsedaidaedubThe

protective layer, for example, may be formed by chemical vapor deposition (CVO). Other techniques

for formignghthegririsehveatayasymaso dsahgulsefuheRRb pidiRede gRansgite WwalhEpRcLIEASH igre

formed on the trench sidewalk. The sidewall spacers, in one embodiment, are formed from a dielectric

materiakyeish Gandecpelecily siide MovEsHVith teape Gt d0s hEHY oleet ey @V retigire, grbodiment, the
dielectric material can be selectively removed with respect to the protective layer and subsequently

formed graifiienmeGier sieaterial. The sidewall spacers, for a ple, are formed from silicon oxide. Other
types of spacer materials may also be useful, For example, the spacer material may include silicon

nitride. [0053] In Fig. 2c, a gate dielectric layer 230 is formed on the exposed trench walls. The gate
dielectric layer, in one embodiment, is silicon oxide. Other types of gate dielectric materials,
such as SiON, may also be useful. The gate dielectric layer, in one embodiment, is formed by
thermal process, such as thermal oxidation. For example, the dielectric layer is formed by a wet
oxidation followed by annealing the substrate in an oxidizing ambient. The temperature of the
wet oxidation can be, for example, about 750 - 900 °C. The annealing can be, for 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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(0056jTo form the sidewall spacers, a sidewall spacer layer is fbiuied on the substrate. The sidewidl
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 CND. Other techniques for foul ing the sidewall
spacer layer may also he useful. In one embodiment, a TEOS layer is deposited on the substrate by
CVD. THYShERAEIABIZAE WIS THRSSAUER MERRSSERS IRITRET ASSIBE thi RIS GFING GRS éfictrode
and gate insulator layer. In.one embodiment, the thickness of the sidewalj spacer layer may be about
3000 A SEHAR S et a u ks a PR ioRse S uatsEpls W 1HR (RORGISATFUKS fﬁ%?é@gc‘ﬁl an RIB, is
performed to remove horizontal poitions of the sidcwall spacer layer, fo%'ng sidewall spacers on the

trench JRRBREILS heEBRI TR LisdmmemnesRise doyssi RIBIG LGRS SR rISEHYPS BHEE HAYD mask
as an etch mask. The etch forms drain connector trench 229 in which the drain connector is formed, as
Dbl

shown iRerBow! PO aR%rminlOthee tBieknesRes Va5 e PoLea o LR YT A and
substrate to form the drain connector trench. The depth of the drain, connecto ch should produce
the desREISHHIdAGH E%fﬁmé%m%&ofﬁmgﬂ%shﬁ%ﬂ% YHRPEASRRRIOR %i%th%tpﬁﬁe drain
connector trench, for example, is about 0,5 - 5 tm fro g%e surface of the substrate. Other depths for
the drailPEYHABEIIPTERERTS LF A asH F[B%%%FB a‘?ﬁ%@re implanted into the substrate. In one

embodiment, first polarity type dopants are jmplanted jnto the substrate. The implant forms, the doped
region e{pﬂgbottoﬁ?mf%%gﬁsﬁﬂf@%m%gﬁg R L R w&aﬁ%ﬁ%ﬁa ask. An
anneal is performed to diffuse and activate the dopgnts to form a huried doped region 160. The buried
doped r@éjﬁi?ﬁagesrk’/%‘?’ﬁslﬁ B'Eﬁi%‘b‘%‘@iﬁ“?@bi% FHE %@.%P%ﬁ%‘%ﬁ?ﬁ%?&i?ﬁéﬂl{%gﬁﬂﬂiéﬁ doped.
region heavily doped with first polarity type dopants is formed. For example, the byried doped region
nas & A3HSFH EERAEMPHEOTER BT Lo TER PRI PO R RTS8 8?‘33?&57 i hﬁle?ﬁ%?l&%pam

'S

o for e/EMRRE, SPR RS SO BV T A BGOSR bR B

range of
o et DB, e ML oo OO ofol PR B doped oo
Other types of spacer materials may also be useful. For example, the spacer material may
include silicon nitride.
[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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drain connector layer tills 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 begByioyad BrdoRe heid@neernesiptiayie sptxempledinsitbaoping aeieh inplantation. In
one embodiment, the drain connector layer is an insitu doped layer. To form the drain connector layer,

technigygasdsuehasisswRiGamienssed ,BtheetachniBsiesnnaiial secheh usafvhaimenerambgsdiment, the
drain connector layer and the gate electrode are preferably the same material, [0060]in some

embodifmeatsithe skabearnek@siayemnpns ihebgat® sledtiodaroaethaetiiacthef saenebneiesial. Other
types of materials may also be used to form the drain connector layer. For example, the drain

conneciotiay&spiayfinehda sandustivemataiialsasulh 86 tve@sten. 100611in Fig. 2h, a planarization
process is performed to remove excess material of the drain connector layer. In one embodiment, a

polishingpsggess, Bipras GMihinpedonetdouamnave theexeass diaithgdisesttirmeatgsial over the
substrate surface. Other types of planarization processes may also be useful to remove the excess

drain caiypetenreaissiahtéhemplanaszalianeproaesapnaneembiediveat rpposduseh atpiacardop
surface between the dram connector layer and hard mask. Alternatively, an over-polish to the drain

connectpe layeEHnaiietemeyed arsyradhatihasxcessdraplaaonnagkioamaiaedlis samoved. The
over-polish, for example, recesses the drain connector material in the trench below the top surface of

the hargéprsin 0053 Reterintatoirig: e dhsasidewvrihspobersdtepeieytsh 1o@nTlrrbbddiment, the
sidewall spacers are removed by an isotropic etch, such as a wet etch. The etch removes the sidewall

spacersispleridgde e ey aiaaaniuaciaid 6Spantohd pdeigctiontayer emboasnple tingedidbpedploys a
chemistry which removes the sidewall spacers, leaving the drain connector and protection layer

remainingziRemavingdbgegidew. fitspataisyepesopgapibétweah therterneilsidawbiikiandexposed

portion of the drain co gate is formed. CC . The gap serves as a gate trench in which a
region has a dopant concentration of about 5E1 5/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 E1 5/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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[0063.1.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 thill al 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 emp‘)#oyeg) to form a
silicon dRRbate IASRG PR SR BRI FRISARSNH BYTHAHF BRI SeTTage PRESIMNEE by a wet
oxidation. Alternatively, the silicon oxide gate insulatoy Iager may be formed by a dry oxidation.
Formind StFEPR/Batetrl Shes biReS Olgareralsyman 4 162 Oa Sskd terathig el SPRREH A Sulator
layer may be about 1000 - 4000 A. Other thicknesses for the gate insulator layer may also be useful.
100641 RIFEHPLE ﬁ}E.déj",“ﬁh‘é"b‘i‘S?&&i‘GPi%%yié“FéNS\?QB‘{BC%XBG%@‘i%&@a?%é?lai%“lé‘é‘ﬂﬁ&t.efh one
embodiment, the protectign layer is.,removed using a wet etch. The wet etch selectively_ removes the
protectiblPEler. 1A tle HAENERALIRPTRRTENHBETOBBFICR PR ST T T hETEIt form
secondary gate insulator 135. [00651A gate electrode layer 242 is formed .on the substrate. The gate
electrod@MGSIRIIYHe (RENFEMAILLEH ARUINAS RIASEIa Y RAS ég{ ’éFe‘%‘fF&e(B@j Y Bne

embodiment, polysilicoa. The irate elecfrode layer can be formed as an amorphous or non-amorphous
layer. THY G585S I SRTD SRVASRP IR B Yfé&ﬁ%/%m’éggt{ae ?ﬁfxe§ ﬁ\%ﬁ}%e%ﬂ%&%%ﬁﬁn(%pe the gate

electrode layer for example, msinj doping or jon implantation. Other types of gate electrode. materials
i AR e AR A R e e e
electrode layer may be formed by CVD. Other, techniques.may also be usgeful. [00661Excess gate
electrodd it GVe 8%35’ He ?SWB?%@EI’?B%CE ﬁ%&eﬁﬂ%lf’ 8%}{5#%?%505?8&%%%5 used
to remoye excess mEteriaI, of the drain corﬁgnlictoh]a er. In one empodiment agolighin tprocess, such

as CMPAE BaSK 1o HERRBRAAVERG AR QsE-Babisb iR o i SRRSP 0 P YREAE hRE SPRPLOYVPLS BRHES types
O oS Ts Do R e ressh el el e hard
over POl SRS houte USLLE S P el n.gp of e comect
e St AR i Bt o0 sl Syl g g o oo

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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[00671As 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. The hard mask
is removcri. In one embodiment, the hard mask is removed using a wet etch. The pad oxide is
removed, for example, using wet etch. A screen oxide layer may be formed on the surface of the

substraigefilie peEaatRNde Javes dgﬁ@@ﬁ@&@}na lankpaskdar fovmingotie Airso&idh fiapiorssand body
contact regions. In another embodiment, the pad oxide serves as an implant mask for fofirst SAD

regions @pchRodi GRAIBELFeLePm i alse b i@gaNs and body contact regions are formed. The first SID
regions are heavily doped with first polarity type dopants while the body contact regions are heavily

doped wibsagcong priafity fypedopantsrokedinidaginasoaed Radpeantaetseginasark faimed
using separate implant processes with separate implant masks, [0068JThe disclosure may be

embodigdd,atReatmRRC ik frsasmith Ryt ARRBAIPE:iroRHIDe GRIEter.eTaeWial abiatrtseristiss thereof
The foregoing embodiments, therefore., are to be considered in all respects illustrative rather than

limiting thg gisslasUsrorRscrbaghaminn S earg.af dhe isriasHansidua insticatest et rprended
claims,rather than by the foregoing description, and all changes that come within the meaning and
range of Sarivalencnotina shaimaaieintandgd:t besembraced therein. What is claimed is: CLAIMS
[0065] A gate electrode layer 242 is formed on the substrate. The gate electrode layer fills
the gate trenches and covers the substrate. The gate electrode layer is, in one embodiment,
polysilicon. The gate electrode layer can be formed as an amorphous or non-amorphous layer.
The gate electrode layer may be doped. Various techniques may be employed to dope the gate
electrode layer, for example, insitu doping or ion implantation. Other types of gate electrode
materials may also be useful. For example, the gate electrode may be tungsten silicide (WSix).
The gate electrode layer may 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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1. A method of forming a device comprising: providing a substrate defined with a device region;
forming a buried doped region in the substrate in the device region; forming a trench having upper
and lower portions of different widths in the substrate in the device region; forming sidewall
spacers on sidewalls of the upper portion of the trench, leaving a portion of the upper portion unfilled;
forming HrARdCBAMe S SPRCHRd trheRe embrdimihdhh SARBIS STERMCIHE R MBFAIH R Sewall
spacer leaves a gap between, the sidewalls of the trench and exposes a portion of the drain connector;
forming BAGAREGS thECTDEr pitBHBPIe T ORI etRR: SOBSHRSR IRt DEVIEBX QG BTmEH SR %
channel of the device is disposed on a sidewall of the upper portion of the trench, the b riegﬁ%oped
region i§‘ﬂ%ﬁ8§§&}’r§eﬁﬂ%§t{ﬁ@gﬁ? SRR A B SEHBTATHE %Pqéata%i?ﬁ%g’&ﬁ‘&g nnel is a
drift Ien%th LD of the device, wherein forming the ﬁ_gete comprises fogrmin gate insulator layer on the

exposePJOrEEIPRY ARG 8PS CONAY CRF OB LA 85&6‘[?88& LRSS BrIhBYate

insulators in the upper portion of the_trench; and ) ) )
Emp ant ma%E t{)rp g)l’mﬂ’lg the%rst S/D reglons and body contact regions. First S/D regions and

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.
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forming a surface doped region adjacent to the gate. 2. The method of claim 1 wherein the device
region is surrounded by device isolation region. region, dividing the device region into multiple device
sub-regions. 4. The method of claim 3 wherein the device region comprises: a first device doped well;
a second device doped well, the second device doped well has a depth equals to a channel length Lc
of the channel; and wherein the first device doped well has a depth greater than the second device
doped wilihabisTdieimetlisd 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. 6. The method of
claim 5 wherein the second device doped well is dishtiged substantially within the first device doped
well.
1. A method of forming a device comprising:
providing a substrate defined with a device region;
forming a buried doped region in the substrate in the device region;
forming a trench having upper and lower portions of different widths in the substrate in
the device region;
forming sidewall spacers on sidewalls of the upper portion of the trench, leaving a
portion of the upper portion unfilled,
forming a drain connector in the trench;
removing the sidewall spacers, the removal of the sidewall spacer leaves a gap between
the sidewalls of the trench and exposes a portion of the drain connector;
forming a gate in the upper portion of the trench in the substrate in the device region,
wherein a channel of the device is disposed on a sidewall of the upper portion of the trench, the
buried doped region is disposed below the gate, wherein a distance from the buried doped region
to the channel is a drift length Lp of the device, wherein forming the gate comprises
forming gate insulator layer on the exposed portion of the drain connector, and
forming gate electrodes on either side of the gate insulators in the upper portion of

the trench; and

forming a surface doped region adjacent to the gate.

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

region.
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7. The method of claim 6 wherein forming a gate in the trench comprises forming the trench in the first
and second device doped wells. 8. The method of claim 7 wherein forming the trench comprises:
forming the upper portion of the trench, the upper portion has a depth greater than an interface of the
first and second device doped wells, wherein exposed sidewalls of the upper portion is lined with a
gate dielectric layer; lining a protective layer on the gate dielectric layer; forming sidewall spacers
on sidewallls of e upgikeogoftobairof2nehtreinctheldaviog ragiontcampf ides ompgper portontemillddyiand
etching the substrate in the first device doped well to form the lower portion of the trench, the sidewall
spacers sagio adi\ddistcthie daviaskegdormimeomethipdeaferlmers @wegiozin forming the drain connector
comprises filling the trench with a drain connector layer. 10. The method of claim 9 wherein forming
the gate electrodes comprises: removing the protective layer except the portion which is protected
by the gate insulators, the remaining protective layer forms secondary gate insulators; filling the gap
between4he sidEveatistbbthef tlnciBwitiezigate dnctotgiayeonmiasesizing the gate electrode layer,
wherein a top surface of the gate electrode layer is substantially co-planar with a top surface of the
substrate. 11. A firetledicd fopaihgaldevice comprising:

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

length Lc of the channel; and
wherein the first device doped well has a depth greater than the second device doped

well.

5. The method 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.

6. The method of claim 5 wherein the second device doped well is disposed substantially

within the first device doped well.

7. The method of claim 6 wherein forming a gate in the trench comprises

forming the trench in the first and second device doped wells.

8. The method of claim 7 wherein forming the trench comprises:

forming the upper portion of the trench, the upper portion has a depth greater than an
interface of the first and second device doped wells, wherein exposed sidewalls of the upper
portion is lined with a gate dielectric layer;

lining a protective layer on the gate dielectric layer;
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providing a substrate defined with a device region; providing 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; forming a buried doped region in the first device doped well; forming a trench having
upper and lower portions of different widths in the substrate in the device region; forming sidewall
spacers on sidewalls of the upper portion of the trench, leaving a portion of the upper portion unfilled,;
forming a drain fwmeg gideéew dhiespamacihion sideveatisvintéhe sed paibspdekedr¢hehrdeavirg) af the
sidewall spacer leaves a gap between the sidewalls of the trench and exposes a portion of the drain
connectqortionfofrtiag@pgaperitiothendpleer padtion of the trench in the substrate in the device region,
wherein a channel of the device is disposed on a sidewall of the upper portion of the trench, the buried
doped region isatichpus e bebotvathenghtefiwhdeeiceal dsthned tofortheheddedrdapadrediba to the
channel is a drift length LD of the device, wherein forming the gate comprises forming gate insulator
layer on trenexpbssutipualicpafeisaransconetebing, raagckforming gate electrodes on either side of the
gate insulators in the upper portion of

9. The method of claim 8 wherein forming the drain connector comprises filling the trench

with a drain connector layer.

10. The method of claim 9 wherein forming the gate electrodes comprises:

removing the protective layer except the portion which is protected by the gate insulators,
the remaining protective layer forms secondary gate insulators;

filling the gap between the sidewalls of the trench with a gate electrode layer;

planarizing the gate electrode layer, wherein a top surface of the gate electrode layer is

substantially co-planar with a top surface of the substrate.

11. A method of forming a device comprising:

providing a substrate defined with a device region;

providing 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;

forming a buried doped region in the first device doped well;

forming a trench having upper and lower portions of different widths in the substrate in
the device region;

forming sidewall spacers on sidewalls of the upper portion of the trench, leaving a
portion of the upper portion unfilled,

forming a drain connector in the trench;
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the trench; and forming a surface doped region adjacent to the gate. 12. The method of claim 11
wherein the second device doped well has a depth equals to a channel length Lc of the channel. 13.
The method of claim 12 wherein the second device doped well is disposed substantially within the first
device doped well. 14. The method of claim 13 wherein forming a gate in the trench comprises forming
the trench in the first and second device doped wells. 15. The method of claim 14 wherein forming the
trench comprisesmovirgrimrsidéveallspacqertiereahthaliefribh sitevabispaparteavdsasgaplbgtiiegreater

than an interface of the first and second device doped wells, wherein an exposed sidewall of the upper
portion igHmsidenithl aoddbe tiielcid eyersdmanupeipnoté thiy driEyeioonettiergate dielectric layer;
forming sidewall spacers on sidewalls of the upper portion of the trench, leaving a portion of the upper
portion unfilled; fanding aejeteing ttrecuppbispatizom dhehétsentvicehdgpbstnatelinaieciavilce fegven,portion of
the trench, the sidewall spacers serve as an etching mask.
wherein a channel of the device is disposed on a sidewall of the upper portion of the trench, the
buried doped region is disposed below the gate, wherein a distance from the buried doped region
to the channel is a drift length Lp of the device, wherein forming the gate comprises
forming gate insulator layer on the exposed portion of the drain connector, and
forming gate electrodes on either side of the gate insulators in the upper portion of
the trench; and

forming a surface doped region adjacent to the gate.

12. The method of claim 11 wherein the second device doped well has a depth equals to a

channel length Lc of the channel.

13.  The method of claim 12 wherein the second device doped well is disposed substantially

within the first device doped well.

14. The method of claim 13 wherein forming a gate in the trench comprises

forming the trench in the first and second device doped wells.

15. The method of claim 14 wherein forming the trench comprises:

forming the upper portion of the trench, the upper portion has a depth greater than an
interface of the first and second device doped wells, wherein an exposed sidewall of the upper
portion is lined with a gate dielectric layer;

lining a protective layer on the gate dielectric layer;
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16. The method of claim 15 wherein forming the drain connector comprises filling the trench with a
drain connector layer. 17. The method of claim 16 wherein forming the gate electrodes comprises:
removing the protective layer except the portion which is protected by the gate insulators, the
remaining protective layer forms secondary gate insulators; filling the gap between the sidewalls of
the trench with a gate electrode layer; planarizing the gate electrode layer, wherein a top surface of the
gate electrode |fyremirg Sidstanitspiyas-micsidewalls af e sppEqeoadidhekiledterteh, b8vilgreethod of
forming a device comprising: providing a substrate defined with a device region; forming a buried
doped regpotioim ¢héhswippaperiticinerddiedeamion; forming a first trench in the substrate in the device
region; forming a second trench in the first trench, wherein the second trench has a depth deeper
than the first tregtching thécsubsticatdie el fspiedevs odopetbweall sofdime tiestdverrgiorieavofdhre portion of
the first trench unfilled; forming a drain connector in the first and second trenches;

trench, the sidewall spacers serve as an etching mask.

16. The method of claim 15 wherein forming the drain connector comprises filling the trench

with a drain connector layer.

17.  The method of claim 16 wherein forming the gate electrodes comprises:

removing the protective layer except the portion which is protected by the gate insulators,
the remaining protective layer forms secondary gate insulators;

filling the gap between the sidewalls of the trench with a gate electrode layer;

planarizing the gate electrode layer, wherein a top surface of the gate electrode layer is

substantially co-planar with a top surface of the substrate.

18. A method of forming a device comprising:

providing a substrate defined with a device region;

forming a buried doped region in the substrate in the device region;

forming a first trench in the substrate in the device region;

forming a second trench in the first trench, wherein the second trench has a depth deeper
than the first trench;

forming sidewall spacers on sidewalls of the first trench, leaving a portion of the first
trench unfilled;

forming a drain connector in the first and second trenches;
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removing the sidewall spacers, the removal of the sidewall spacer leaves a gap between the sidewalls
of the first trench and exposes a portion of the drain connector in the first trench; forming a gate in
the first trench in the substrate in the device region, wherein a channel of the device is disposed on a
sidewall of the first trench, the buried doped region is disposed below the gate, wherein a distance
from the buried doped region to the channel is a drift length LD of the device, wherein forming the gate
comprises forming gate insulator layer on the exposed portion of the drain connector, and forming
gate electrodes on either side of the gate insulators in the first trench; and forming a surface doped
region adjacentrsonibng rgptiee sidewall spacers, the removal of the sidewall spacer leaves a gap between
the sidewalls of the first trench and exposes a portion of the drain connector in the first trench;
forming a gate in the first trench in the substrate in the device region, wherein a channel
of the device is disposed on a sidewall of the first trench, the buried doped region is disposed
below the gate, wherein a distance from the buried doped region to the channel is a drift length
Lb of the device, wherein forming the gate comprises
forming gate insulator layer on the exposed portion of the drain connector, and
forming gate electrodes on either side of the gate insulators in the first trench; and

forming a surface doped region adjacent to the gate.
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