TRENCH TRANSI STOR BACKGROUND [ 00011Lat eral Doubl e-Diffused JD) transistors
have been w dely enpl oyed in high voltage applications. The perfornmance of
the LD transistors depends on the drain-to-source on-resistance (Rds,") as

wel | . as breakdown voltage. For exanple, |ow Rdson results in high
swi tching speed while high br ea ;li ases vol tage
capabilities. [00021Conventi onal l}@%ﬁﬂﬁ‘fﬂ(@% evi ng hi gh breakdown

voltage result in an increased distance between the drain and the gate.
Thi s, however concomitantly incr &ek WYND undesi r abl y decreasing the
swi tchi ng speed, [00031The disclosure is directed to transistors with fast
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formng a device is disclosed. In one enbodi ment, the nethod includes
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includes foming a buried doped region in the substrate in the device
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substrate in device region. A channel of the device is disp6sed on a
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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] I n one enbodi nent, a nethod of form ng a sem conductor device is

di scl osed. The nethod includes providing a substrate defined with a device
region. The nethod al so i ncludes providing first and second devi ce doped
wells in. the device region. The first device doped well includes first

pol ar i hythby petide prhides forchitdhe gste tomtrentdnindlee chbpterde wethe device teges. second
polarity type dopants. The first device doped well has a depth greater

titan dfignd 8¢ anRdIRY S ispRRE dn weldewall be tHertdnaE @hsburidicdopdésegiarisi ng a
buri ed doped region the second device doped well. The nethod further
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further includes formng a surface doped region adjacent to the gate,
100061thA 29t€t anot her enbodi ment, a seni conductor device is disclosed. The
sem conduct or device includes a substrate defined with a device region. The
seni col@0lt or Inigetiapethat smbodimentes semisandustprdigpied is diglesedi Ahe pemis fdte in
t he device region. The sem conductor device thither includes a gate in a
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sidewi dl of the trench. The buried doped region is disposed bel ow the gate.
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of the sem conductor device. The sem conductor device farther includes a
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[0008] In die drawi ngs, like reference characters generally refer to the
same psiniisortdactotdéndck 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 drawi ngs are not :accesshasis instead
generally being placed upon illustrating the principles of the invention,

In the foll ow ng description, various enbodi ments of the present inventi
drawi ngs, in which: e described with ferencthe follow ng device. DETAILED
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regul ators, power anplifiers and power
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;



managenent circuits. Such devices, fortriple, can be incorporated into

st andal one devices or 1Cs, such as mcrocontrollers or systemhips (SoCs).
The devices or !Cs can be incorporated into or used with, for exanple,

el ectroni c products, such as speakers, conputers, cell phones, and personal
digital assistants (PDA $)x=iltehdtEtgdoged; albws acr oss-sectional view of
an enbodi mrent of a device 100. The cross- sectional view, as shown,
illustrates the device al offe: havithappwl. | ength L. The device, as shown, is
formed in a device region 110 defined on a substrate 105. The substrate,
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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 |ess than about
5E13/enB, an internedi ate doped region has a dopant concentration of about
5E13 - SF1 5/cnB and a heavily doped regi on has a dopant concentration of
nore than about 5E15/c.,nB. P-type dopants may include boron (B), alum num
(A), Jd.ndi.um . i nat iof [ - :
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The isolation region, for exanple, is a shallow trentl isolation (STI)
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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 nmay be used
to provide separate sub-regions for difTerent 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 usefly. Eentxaoiple, egirethah7dotdevibe selatine regommaylesprowidddpbdothes] | . The
body contact region, for exanple, is heavily doped with second polarity
type degtvdirgents,0dliGkHue deviterdgin idlprovidedi Fot atdntple,r20git@p bollpcotxanpd e, may
be provided on one side of the device region. As shown., the internal
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Ot her arrangenments or configuration of the internal device isolation
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enpl oyed. In sonme applications, no body contact region is needed for an
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region for a transistor 120. The transistor region, for exanple, is defined
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of the transistor region nay al so be useful. 100211The transi stor includes
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gate. The SID regions are heavily doped regions in the substrate. In one
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be us eexléllmple, 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 enbodi nent, includes a gate el ectrode 140 and a gate
dielectric 130. The gate dielectric separates the gate el ectrode fromthe
substrate. The gate el ectrode, for exanple, may be polysilicon. O her types
of gate electrode materials, such as conposite nmaterials, nay al so be
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1500- 4000A. in one enbodi nent, the gate el ectrode may have a thickness (TO)
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enbodi nment, the gate dielectric is a high voltage gate dielectric. The gate
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for the gate electrode to extend into the first device doped well. The
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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. O her depths may al so be
useful. in one enbodinent, the first MD region is disposed between the
internal device isolation region rid the gate. Disposing the first SID
region at other |ocations may al so be useful. [0027] A second SID region is
di spossabddimedtethsivstty/Btregibe isodispdsed fettvepn fheorimiemngl devieeris@dti@y gion and the
second SID region is vertically displaced or offset fromthe channel of the
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greater than the interface of the first and second device Ted wells and
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[00291The | ateral displacenent facilitates providing a drain connector 165
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drai n connec or e I spose acent to e and extends

fromthe surface the substrate to the se D regipon. 'the. drain
connedfBRf cﬁ?djé'g{ lﬁn%tg‘rjrdh?‘frie\’/‘gmﬁlft B F.ag?‘ﬁ%%'els‘é#Hbd?jéﬂtl?ngﬁwgfoﬁ;‘ﬁi n
connector includes polysilicon. The drain connector, fbr exanple, is

heavi | ayaselde wpafl - first polarity type dopants. Cther types of conductive

materials may al so be used to formthe drain connector.
[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 fromeach other by a gate
i nsul ator, In one enbodi nent, gate insulator includes a primry gate

i nsul ator 145 and a secondary gate insulator 135, The primary gate

i nsul ator may be silicon oxide while the secondary gate i nsul ator may he

silic ni.tride. The gate. insul SQ. for h. ot.her

di el ecP éﬁlﬁmar%sgtegalﬁaé R Slird Rt B Fes R EACH ST may bsi <o
be useful. For exam ne, the gate |nsulator single ga uIator
or ot HdicoRuBEe. dhe gat@énsutﬁéen Hvplgo by ﬁc@fﬂmﬁty%ﬁ%f ?lthﬂg asﬁét% §59f55

di sposed over the substrate. Ti is understood that there may be addltlonal

| ayer ssobfpwetons ¢fehelgast svulatar thayaso biaseSlbSor example tlohgaie insplgtorenaarhsi @, an
etch stop layer. The dielectric |ayer serves as an interlevel dielectric
(LLD) dirplepate Tinalatredr@tier nambaysft garmiyiskigtorsd or exanpl e, silicon oxide. O her
types of dielectric materials, such as doped Si 02, Boron-Doped

Phos pr[?ﬁﬁ_l]' CalejitdcasR la(}%P PG ny BAGROQERRP Rl subdtfe. TRIY @RfcRYdJANthitaséki cat e
A3 ass (BPTECS), nmay al so be uséful for the ILD | ayer, 100321The first SID

region, ALY djdltlon [aygrsg)%bwega%tt o FlREL cqggefr%[}ﬁ lpo%f%tecg&h%gtfot g)gingtﬂe Sa?lreYc%“ ch

sour cerParaim, erntna vice. I'nterconnects

i ncl ude contacts 95 a conductlve I| t sh r ed.in the
| LD | &gt layam ol éﬁ? e%ﬂﬁgﬁyet HEY S Hintes f)‘feé Frcurc Gbias & Syl GeqRg v
cont act s, for exg;gg provi de connections to the term nals of the device.
For exapb® fo siligpr opidey et tyres o dickestricomateriplsi swch gadepedridOpody
contact region. [0033] The body termnal is coupled to a bias voltage

sour ceBorbn-Dped Piibgihoriinite Glias (BPAE) voBbaghoghusitieate §egashyidrtiofsil@dte
Coupling the body term nal to other voltage sources may al so be useful. In

one entRY (BIMEOSNMah Aty veisBiunf)r theSIIGPMyBN| y coupl ed to the source
t ei m nal (or first region) of the transistor, 100341The device region in

one € %9?2] MeNth,e 'ﬁ?st%/ I§¥£§T§ﬁ,rs'e&ﬂtd gﬁvﬂeglgn,r &ﬁ’é agctr(;m:eang %\6[1? €ontact 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 symretrical viewed along a thickness direction of the gate. For
exanpl e, the two halves of the device region as separated by the nted |ine
are mrror inmages of each other. This produces a symmetrical device, for
exanpl e, having two source regions, two body contact regions, tw gates and
one dra@hé¢r eatodanténs, mdr ehatawiogates oy ex@oplded for sheatrahgmtorg@itleert r ansi stor. I n
ot her enbodi nents, nore than two gates may be provided for he trinsistot

Q her GRRELGHHRA dARS d&Ficd MGy dRY ibe 8sdfaY FireRalifleSLhdH-synAEtriexialipice may be
non-symetrlcal device maybe provided in the device region. [0035]As

descri s vice has longer drift region w thout increasing
devi c §?igeaapgtthgrd§ﬁ%§¥'eggﬁ'om ng the device to operate in |ower gate-drain

[ d [ . Thi tly i. the .
por forMiRde ofiieeitiad: (e Prseat R e EredufiT Rl e R AR R daven. oy
provi di ngsource vertically, the gate |l ength is not de end&g‘ig ongﬁag;ly
t ol er aedlaterdiby afloving thedevdectogprTate i lgper sate-dunecapasipnge (et B eased

by increasing the trench depth, elimnatingl constraints, Furthernore, the
pr ocessginiesf s graathynigemases gnoperfoboBcddthedevicerns evpdl dsyeliabilitpidag raltigheri nt o
CMOS process without incurring additional fabrication costs. 100361Fig. |Ib
shows BWVad.hBy peshdidi MR doutde vartitallly e $018 lenpiieisdevd@enddntoh dithdgemphhe devi ce
shown in Fig. la. As such, common el enments nay not be described or

descripeg B RLRk r]g, RO Scal®YIitG Of tRSa® WG chin6é HRIRRsdd Hysﬁlcﬁﬂﬂréé f8eenrdch

transistors 110a-b fainted in"the device reigon. The first and second

L1 ans! S0 SRR YR SRR chb Rk RIA uNGSl ORL B AoD. S1 1 ar

tyres rmna ransistors are onu a fi nger

Commonk VKTt Sanree BERitreSe i BRS RS el EARSRGOI e o

commonl y coupled, the gates 140 of the transistors are commonly coupled and
t he bol@yrieasiensests. 175 of the transistors are commonly coupled. In other
enbodi ments, nore than two transistors are coupled in a finger
conf i gi@#036]i on Figdbphows atatersindtodiserit of a déving#00. cBrefdeyicecas similactoghe t he
drive current of the device. 100371Figs. 2a-1 show cross-sectional views of
an enb@didEaRbwafin &igdN ©C A SudQorh@onfeiiBnfOmay 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. O her types of substrates, including silicon germanium or
silicon-on-insulator (SOD, are also useful. device region is shown, it is
however derstood that. the substrat.e .inelude yarious. .ty of regions
(ot Jopahly " Bs3awhitlis: 2 nateaiibifide IR inyehngs SntRp RS BTt o one
for other types of devices. The I C may_ include |ogic regjaons in which _|ogic
devi cedeviceacsion ifedrowbeth énanwryebrndergoqd that e sybstralGragginchuge vigRpsdyRes gt ons,
for exanpk, may include regions for different voltage devices. For exanple,
t he | aggions éwit smsvmyayFor pxdmple, thegibstrateimay inclgte oibkrt dayece(meipnsitoriothes typeedi um
or internediate voltage (1V) devices and | ow voltage (Li) devices. O her
conf i | oflleRick MBheIC hagicludRdb @0 Sedi®is ialvatclbR glisiivides ardddiniddo Madpeydingioher
types of device regions may also be provided. 10039] The device region is

separ ghg ﬂ/pfe QT FhRRI, f}ﬁqg%@ ?%ée?é(rggg(?géhlﬁglel 2l aldfR (£&8h O Aftdent WBRaglEVI CE

i sol atiornm'regi on surroun gion. In one enbodi nent. the device

regi on, al so Lncl ude n internal device jsol.ation.regian .Separate
the aameat, B amBRe B bR T ARt SR bifdsatitl! BRpdlsMac ORISR,

i nternal device isolation region, for exanple, s unds t first device
sub- r ggEHHM qrﬁmﬁﬂﬁedéﬁﬁdﬁﬁﬁ‘ﬁ?r(?\,’ ) devdceg @pd ?’%lttﬁg&t(ﬁ% 8?@&?50 r&gﬁd i nt ernal
device isolation region are concentric isolation regions. For exanple, the
secondconfgimtosudtlpgigiregiononpy else by usaful cddtisonally, therdypesenfiderics idgigrsgi on
with them separated. by the internal device isolation region. In other
enbodi menhise bé beovidedt | on regions are configured to provide a second device
sub-regi on which penally surrounds the first device sub-region, such as on

one, t|‘f093§]r t e Qesicd &Srionds REfar a8 frogi A repionPby h 96Viad isoRtibeighss 3ty al so
be usefid, 100401An internal ‘device isolation region 180b nmay be provided

to s epﬂqea&e%i%nS’\olgt%)éfyl%gieornﬁégggﬁﬁdgQ%é) deWl -{egg'npﬁ'ﬁ m;r QﬁB&d}ﬁl%ﬁp ﬁle C%gg:leg?%l?% fent

i sol at1on Tegion rovi de Separate sub-reglons
types qQf doped regions,, such as. surf.ac i fthsion regions. The internal
devi celrBRlPL N Pisgraevis olioRsreion [P B prabitede it Brendrgdrginghe
device region. The internal device isolatjion nma.y be disposed_ in the device
r egi orseapwshdevidesubtitegions biPads. Thesinigragl Wewice 150fkiop aegion, PpiogKaEINy Skpeunds
internal device isolation region in a direction which is perpendicular to
t he wi it firafdetice sgateziomyinains embedinset, uhe 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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100411i n other enbodi nents, the device region is a symetrical 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 wi thin device

r egi Orthe piites Oroyidind i infiat detivOisblatien ndiordia direciisoWaichanperpgidinsartay be
provided within the device isolation region. O her configurations of

i sol ath@WidiB i AtSsat@MahBe bb@sdfsef i1i. [0042] The isolation regions are, for
exanpl e, STN. Various process s can be enployed to formtheregions. For exa
plc., sub . t -US] - 1qu £.0rm
e s b A e G e

oxi de. Chemi cal nechapical .pglishing (MP) .can be perforned.to renpve excess
oxt e R BR e O a g e (AT iP5t G uitin B 4ol St o s BBy
materials can _al so be used to fom the srns. I n other enbodinents, the

i sol atTheniniesal Beviee iselatipy frasommay be pafSoHiop segiomdisposkd corgsnirically WHBINST) s

may be, for exanple, about 3000 - 4500 A. Qther depths for the STls may

al so hievicseégibn. IlstBdeferibadimentstivoenidom devied isolatieh fegione nragdeipmotitked devi ce
rei _jon. The first device doped well serves as a drift well for the device.
The fiwBkindiydsecedoflgtonbion. iOth@nentghatdbmeittisolitfnaeglefPmae yise e dsyfeld

well. The depth of the first device doped well, for exanple, nay be about 3

- 5 unpgokgovi %Qgso?atf;(])hrré iofeMb CBr SoRGHe VeI, OhriQishREcHQR LhS bdB¥pRY Pt e

useful. For e:ple, the depth of the first device doped well should be

ffici d he desi ,ed if f i d
T 1 heloBR i T PRRNE i S g R I i Wikl sl bbb BRR ( ShRlgub O o
st deyi ce doped wel |

S pr difa PR eR NGRS A Bt Wit ARG T Ay Y A FLEOAOUNE o BB ve |
for a p-type device nay also be useful. In one enbodinent, the first device
doped meghanicgl mlishigat(cgflPd@p@be peformedrth semenspaaess OB Heand Parvidmsplpes
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 devi ce doped well serves as a body well for the first type

transi stor. The second device doped well is second polarity type dopants.
I n one enbodi nent, the second device doped well, is a lightly or medi um

doped [,ce 1. [ .ex e, ..t.he.depant .concent r at i. d

devi ce[ﬂg%‘bed &ﬁw?{gﬁ’b‘ifﬁ%ﬁf’fﬂﬁ?éﬁ?ﬁﬁ@ - %eﬁ%‘r"cggé[%(%? @%en%gﬁ%d?(ge&?%ns for
t he second devi ce doped wel | ma | so be useful, The second devi ce. doped
vel |, dopedmellsppyseanehedy well \f‘Hrt?‘lf% IShYPRtRNPIRET £ Th%%ece%f/&?:v Cfofgﬁ?s@i “(EQIIFP For
exanpl e, the second device doped well has a depth which is shallower than

t he fisesenddmlirity tyfepdeganks] n ofthemblstimint, therseeordrfisivice dopedevjelbis a laghthyeor
desired channel length of the transistor which is formed in the device

r egi Onmedilmivpeé abAck wemt Foi dangdptite dfpahh@nsaaeiidn dé ttiesecadpsionelobed s
about 0.8 p.m Oher depths for the second device doped well may al so be

usef ul el R0hadIa: har M 13/GsV i G@edRRast Walkéntra®dnd R tig ¥echmBdevivel dope@sRNS eS

the device region is used. The inplant nask, for exanple, is photoresist

Laver PRLLEEBE b, Al LORKH AR CIOBBP el ShIRE ofBEARAl el HidnAlneedl on

can se i hplant™ ha OwWs 't I'ncreased processing W ndow

finpatterning proges o formthe inplant .nask. Dopants are inp]anted into
the s ué)@f dexice fﬁ&ﬁi @’eﬁhé”or FRAARE, © §%PH$H%°%§%R?9§”§ Siarf%P‘zh‘f’gigﬁs‘ﬂ th the
appropri ate dose and power. In sone enbodinents, a device doped well may be
- f ar neshallgwerfthan thedirgtl dsvicgsopest wethg Theifenthy fer pxasmiatis cgal i the dedrad

energi es. 100461The inplant processes used to thin the device doped wells
may beclmangdtrgoh ef the ttah@steawhichss firmed s 8w desied regiont. hinmnetehdodsnent| the t ypes
of wells in the device. For exanple, the processes nmay be conpatible with

those &s@tlof e Seloh8 Abyicd/BSH A WHPESBSuf (08 LT Witig deptht Fathd weesd odvivel | s.
For exanple, the first device doped well may be forned at the sane tine as

t he de isq@allows the sane |ithographic mask of the current
CMOS i%eg%%qmggh%%b%{eﬂéggéd to pattern the inplant nmask for the first

AT R R R T X Rl
. dopierg Top ImRGnYmesk FTEFITRIedTRE eI ISR PSR b G IPREP B sk can
al so be used to formthe second device doped well. WA An anneal is
per f or Bimde tHenlewive isoldiodiragint can $revearnrmaimplant peask chised ows ferinergeseflj r st
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 fornmed. The anneal diffuses the dopants
fromthe inplant, formng first and second devi ce doped wells which extend
to under the bottom of the device isolation region. In other enbodi nents,
separate anneals may be perforned for the first and second devi ce doped
wel | . drobodimentp] &sepamteaimieddviceadopbe wel mhask mey teefiused tof speaiiinglyatadopibd wel | .

[ 00481The isolation regions, for exanple, nmay be fornmed prior to formng

t he deddpigy sfopedrsablise dopedordier IneubOcseE MissaniciBasksah alsb ®B us&DioddEN MRy be
formed after formng the device doped wells. Qther configuratio of formng

t he i%&kﬁﬁd&@%& efl$efind device doped wells ni also be useful. [00491A
hard mask | ayer 223 is formed on the surface of the substrate. The hard

mask | , i n.one enbadi-nent, is_silicon nitrid h [ r, for
ool Q0% DT PETRR fh BpS bmbBhert, G i RRRS TRE B et
the hard mask. The pad, | ayer, for exanple, be silicon_oxide, The pad
| ayer Fyseeddevics dopgt Wk HarRERch T snia! Auser e opas femdlis seplaiie The
t hi ckness of the pad Iayer may be about 200 A. Other types of hard nask

| ayer formigrivpirand;seepndfdetise dopeds wellnwhish @xteay &r endenthediogiomind thesdgvige
100501The hard mask and pad | ayers are patterned to form an openi ng which
exposesolatien sighst rlabéhes embadiementsh sepapenamgals amaydependantdfoa ther famcdnd n t hi ch
the gate of the transistor is fotnmed, To patternhard mask, a soft mask,

such agcHPdi®Sdopbd KRMs. PRorkx@fhplel B afiRsl Shy BBYeti@mRatafer eMintSd dsped
l'ithographic mask to create an opening. To 1nprove |ithographic resolution,
an antj-jeflective coating (ARC) may be provided beneath the resist. An
ardsotropic etch, such as reactive ion etch (RIE), nay be enployed to

transf he pattern. of the resist to the hard nask 0051] Referring . to
o 200"t BReHBiBieR et b FE P Firele el T RrABIY bo BRETBIBGARTES Lofe
trench i s forned b% a Rl Fusing the hard mask as an etch mask, The trench
f or medeilss 1a othep embpimgrise Hejiolgianyegionh By bp dormedaften foamyig thedeice st and
second device doped wells. The depth DT, for exanple, may be about 0.3 ism
bel ow ddpediweller Ogre cotifigunatice it cemingthd iseddtiop regiohesnddisyidesioped wellsmay o t he
interface of the device doped wells may al so be usefid.

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 exanple, are cleaned. For exanple, the
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 exposure
to hydrogen plasma at a tenperature in the range from about 200 - 400C for
a peri f from about .$ to about .seconds.. Gt her techni ques f.or cl.eaning
rhe° s e flac o KR E EoFigedthedrarh 280 I Thorgstater 3f SusnardRert i nm)
oxidation is carried out to deposit an oxide layer on the trench walls. The
oxi de trenghis fosmed hpe&dE, pone Gedapt waskyp aeichomatk. Thogsweh formed haga depthgat e
dielectric layer 230 is fornmed on the exposed trench walls, The gate

di el ecdr whidhdy deeper than tireinterfaoclofibatfirstiasd sedond daviox doeed vatllse Theylppth 1df, gat e
dielectric mate such as SiON, may al so be useful. The gate dielectric

I ayer, fof Qxdh:)}ﬂeﬂﬁb}ﬂﬁé agit 0.3115m beloetle MitedthRroTithe QvaeaB®ped SLILE Ofet bejthal
(0]

oxi dat i on. r exanple, the dielectric layer is forned by a wet oxidation

fol | ovedOy (ARASALIE Sl SURRIIARE wells Ay Atlodiealspgamdi ent. The

tenperature o e wet oxidation'can be, for exanple, about. 750 - 900 'C.

The a ing.can be, for _.ex l.e, poi-thorpned at_a te ratuyre of about
1000 B84, ;o E ey oV AR K e PRpla BSPRef 1 CBPREL Hefdefelial wer
oxi dation. The thermal process selectively fornms the gate. dielectyic |ayer
on t hetregisaeforpBahanyaiuriace damage frop mh %lfe%tclp-om FISTSHR 1OG TR @afﬁeamng
dielectric layer may al so be useful. The thickness of the gate dielectric

| ayer ofdle trenchibwalts id pofori@ddyxxpaiute to hyhiregengdasom 4t ertemperaiged i@ tHe ednget ri c

| ayer may al so be useful. [0054] As shown in Fig. 2d, a protective |ayer 235
i s forfimd aboutt 108 -sbsCriat & peltal/ef frdig abbgt arabovrEkseantlsg @itkerdéchinkpics ta@

| ayer. The protective |ayer serves to protect the gate dielectric |ayer
from dagRee AUsLRGRURSEAYE BE uRIQC &6 BeRball RobQE, Mot BENHRY E@mall HEdRIALSCL I Ve
| ayer, for exanple, is silicon nitride. Qther types of materials which can
be sel ectively r i 0 g j el i I y al so
pe. uscriiod Sirdo PR R oMo AR bRl 38 B SR Mt P G5 ™ 00
O her thicknesses for the protective |layer may al so be useful. The
protedﬁ@?§ﬂ$§yéW?e?§r exanpl e, may be forned by chem cal vapor deposition
(CVO. O her techniques for formng the protective |ayer may al so be

usef ul [0033j055 IREf%2e.i agppedickichmaydr 23pacwrmed 88 thy exppendrieanchwallpe The s#eh

si dewal k. The sidewall spacers, in one enbodinent, are forned froma

di el ecdielectricdtyer, ialonabinbbdiasnt, hesiiedbreatide eOther epoy efigast tivlacaipeaaterisls, t he
protective layer. In one enbodinent, the dielectric material can be

sel ectuérhy SIGNDMEHaMb bB usdsPetie dat diBRctRicQhRE ih \vBe bAvBdinfnd isihseduent | y
formed drain connector material. The sidewall spacers, for a ple, are

for ”Edthi:;f_ugdri"pgé(ég%rsg ?gcho%itﬂgma%ﬁﬂﬁtiérE( e efl&rrx%gi%?ﬁl%rdlieg%fetﬁé %al%ﬁis T L D&

usef ul he spacer materl a y’ 1 nc Icon nitride.

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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(0056j To formthe sidewall spacers, a sidewall spacer layer is fbiuied on
the substrate. The sidew dl spacer |ayer covers the protective |ayer and
lines over the substrate and |lines the trench walls. The sidewal |l spacer

| ayer, for exanple, is deposited by CND. O her techniques for foul ing the
si dewdhyer $fac eimh@y@iringaybselsent peodssefigito. foim therdeviseb dtie pertectiva 1aFeCSot ayer
is deposited on the substrate by CvD. The thickness of the sidewall spacer
layer shepldiegiah difideheddiplaesmabdidhehiorta B R0l ranevaalith

i nsul ator layer. In one enbodinent, the thickness of the sidewali spacer

| ayer r?%?écpt%ﬁg gfyc% d&?&&ﬁa&%}rﬂ%@ algéh gﬁﬂ\%lﬁh %@ﬁﬁ?kﬂe@yﬁf the B}&&@i%é §a‘§'§r w8y al so

be use I SOTLropics IS pertornmed to renove nori zont al

poi ti qns _of e sid || cer |aye form ng sidewal |l ,spa on the

Fr encrhetaubit sV oBer B G o we Al e PR B S R AR S g Ene
sidewal | spacers and hard nmask as an_etch mask. The etch forns drain
connedtretectivelazer, o2 gxamplgnmay be frmed by ishesisakbapsr dsnostignked D)aOthsown in
Fig, 21 For exanple, the etch renoves exposed protective |ayer, gate

di el eatclindquendor feubmgtiat groteotifolayet hay disabeussdeinect or trench. The depth of
the drain connector trench should produce the desired drift |ength LE)

bet weqpossle batef@ih@fo kige2d, sidbwhll sputetstdgned formbé odl €t thench sidewally. dilte
connector trench, for exanple, is about 0,5 - 5 tmfromthe surface of the

subst r%é?;vall h&drs 48 Bﬁ?&nﬁwim_teﬂf? af¥ BlAe £ RPRGCLi QEcthit aREaIMhi Al @A e useful .

[ 0058] Dopants are 1 nplanted into the substrate. In one enbodi ment, first

pol arit .ype dopants.,are i npl.anted | €S i t forns
t he dosﬁgﬁﬁ E1¥§§ ir%ﬂg‘éet% ‘Ylﬁhereﬁ%etc o) n%gg 14 r(gﬁéen}% (r?ae};r?g hI,n 0uqlls8 isehg’%?ﬁ%en-s[’iqﬁgggﬂcmsbp acers
and hard mask as an i npl ant sk, An anneal is perforned to diffu an
ke U M R L L S R B R R A R SRR e e
region serves as a buried drain region of the device. In one enbodi nent, a
bur i edirdiopednedtergnaaritie v sidewaP sprogrs; Forfexamplepsr fommed framailigeparide i s
formed. For exanple, the buried doped region has a dopant concentration of
about Ghtblypend sprosrmateridimig dlsd bp edefulk dioorxamplh, the kpacedoptennl may
concentrations may al so he usefid. The inplantation energy can be carried

out atinenes SYichinitdi®. r ange of for exanple, approximately 30 - 60 Kele, 'The
i npl ant dose can be, for xanple, in the range of about El5le -. Oher

i mpl a g ger IHQSHAR Ie%ﬁde%%?l%?a%.a@?de%ﬂ%gﬁ&r fﬁ‘%mstf&‘?n&i%ﬂ #dsadrred. egi on.

[ 0059] rring to in connector layer 252 1s deposited on e

subst rsaléeev&all-rs%gcer 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 enbodi nent, the drain connector |ayer is

pol ysilicon The drain connector |ayer can be formed as an anorphous or
non- anor phous |ayer. In one enbodiment, the polysilicon |ayer is heavily

comes balh T8k Pk b5, E%RET e B ?révdcﬁ%ﬁ'gﬁﬁlﬁ%yoﬁeps B “‘?htec’
one. Qréé&rlﬁéﬁé”es'er%‘ G dprie o gk asion & TR g 185 QA9 B 1 or m

the drain connector |ayer, techniques such as CVD can be used. O her

t echn|th@ésammymat‘rsotrh@huﬁ?efG&amplbmS@heutéhfboﬂ|umaﬁ‘om theyeurthcgiof theomhsitior | ayer
and the gate el ectrode are preferably the same naterial, [0060]in sone
enmbodi @met geptisher tHeairfin conetir dfentlay@y aBobetubefugat e el ectrode need not be
the sane material. OQther types of materials may al so be used to formthe

drai n geggect ODOF%? hre 159[an?e>ﬂqml tBe sitRBa@l § Bn&&ﬁﬁ@(ﬁfn@ﬁt By %Blaﬁ‘%ytybé‘d ude
conductlve mat er such as tungsten. 100611lin Fig. 2h, a planarization

pr oCesy ﬁntspreerlf Or%‘ﬁedl gc{ S TG aﬁexcﬁle im n?rfdrﬁ’{s tﬂé déﬁ%ﬂ rg%%gt t‘ﬁgB &rbor med to

| ayer. a po Shing process,

renove, t he excess drain connector over the substrate surface
Q her thypeac FSlﬁgéhPa%“i‘l?‘@tﬁ WACHS Y LS %ﬁf}s%wl%fﬁ @0 $88ldfove the
excess drain connector nmaterial. The planarization grocess in one

enbodi pesfermedicodiffossan gstiseiathe dopasisnd G pbungsedopeh eceirm QG cHirdrEse | ayer

and hard mask. Alternatively, an over-polish to the drain connector |ayer
may bealopep kapy@dsdroesen siiueied Hedin tdpgorneofths devdeai in cronmetaidomentpd butied dapsd
sanoved. The over-polish, for exanple, recesses the drain connector

mat er i @biohMehiBy ddpaa Q\hﬂp@rls%lﬁrh? tipdopdhisas Brdbdt Rer dampldrasiburied doped

[0062) Referring to . the sidewal | spacers are rennved In one

enmbodi 1%% ’hagftﬁ] %o Q%mehtrﬁp&cﬁ z)ogtlr %lrS? /48 B¥n rgg'e[] 931 Feg%rtpﬂlth ?%I N

a wet € h renmoves ewal I space ve to
connector 165 and the profectio er.. For exa
itglibge SR A AR SR Ay b {ﬂ.yrfan ?’ﬁéaﬁlreg s ﬁ%%t or
and protection |ayer remnaining. REWDVIH% t he sidew, spacers | eaves_ a gap
bet wedn thevange eh dor axag@lm pRoTaRmaisly 39e AUIEY-i Bhe mplerﬁéioaff eAtPee Prgatmpies
formed. CC . The gap serves as a gate trench in which a

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 enbodi nent, the gate insulator layer is selectively
formed on the exposed portion of the drain connector. Athill al process is
enpl oyed to selectively formthe gate insulator |ayer on the exposed

porti go0ed] t hén sbra¢ embadimeatspthe drain omencetob tyenamnit the gatt lekectrade weeld dat bon
process is enployed to forma silicon oxide gate insulator |ayer. For

exanmpl e sdi®mbaterial 00tHRX iyPes Sfhatelifls Wa3tao BeA)ed td HrhhdBditonaecdetlayer.
oxidation. Alternatively, the silicon oxide gate insulator |ayer may be

for m%&%x%n%ﬁh%ﬁzﬂ?c?%}kg&oﬁ%é@} g%yt dide Jo)‘x@@c?iv@fma@é{a?i, SR sAhstdndyer s may

al so be ust ne e gate I nsulator l'ayer na e about
1000 - 0 A h t hi cknesses for .the_.gate. insul ator | ayer. al,so be
uset ull008H06 2 Eien T R FRRGS Bros iy WERARGE i PR efess MR OE PR
expose the gate dielectrjc., In one enbodinent, the protection |ayer is

r enov e@nDGIPgayerndi ope eRbodimenisa Polisiing Rieresst gk P@Cg@qurwsd B BIYEi on

| ayer, leaving the gate dielectric remaining. A portion of the protective

| ayer themuiessdiamn damnasteewotedal gyvey tiesubsisitd surtace.1Qther [ypossfplanaizatien ect r ode
| ayer 242 is forned on the substrate. The gate el ectrode layer fills the
gat e trecshenansscoy adesulttd eensereshé ate@ss dad @ahet@ eatridddhk dy@arizasioni N one
enbodi ment, polysilicoa. The irate el ectrode | ayer can be fornmed as an

anor phgysesOlin 8RO RABDERRAL Srd RY&S a pldRe t%@&&fa%la Betweeh the BYRcollBettd8a P REE -
Vari ous techni ques may be enployed to dope the gate el ectrode |ayer for

at of 1AL EREG %ﬁ%ﬁﬁﬁ%@é&g}ég?f-@g#q@?getn%?@;Cﬁ%%&%%e" e tef?;@%‘zﬁg%g Ehtupee
i Ci WSi x). T J D.
Q'ner PBRRPHAEL Ry opheriorB Baal s e 5Hon DER Yoo Gl BF BFEOHT GRe AT | o

over the substrate is renoved, as shown in Fig, 2k. A pianarization process
i s usedtaingonpgpivranagcdds thedraneh helowfthe fap wrfacholdbe hadimpisk] ayer. In one
enbodi ment, a polishing process, such as CVMP, is used to renove the excess
gat e €l0862]r od®efamting tcaFigoiethetshiewsall spaaeat are sumdvad e In Gichenbadimerst, thic

pl anari zati on processes nmay al so he useful to renove the excess gate

el ect r Q@isyAMBdpREdrahre rdMBvdEttaB6kopié Bich &alBY £web@EN.eFh@siciRrdddvies thest op f or

t he planarization process. In one enbodi nent, an over-polish may be
enpl oy, i bals ed N
Connea R b oSy B P g E POl ISR
over-pqlish,. for exanple,.recesses.th erials ates and drai

conn ec‘%%‘c‘}’r §mplRYE 81%?1?15&% SOy by 8@6@ PREC srsbng\qﬂ% ﬁ"r?aq%ﬁmr‘r:grsnke.cpofﬁgd
over-polish also may result in the materials in the tr%nch bei ntg p] anar
Wi th tifeteglgn layerrrspaingng.  emaying thesidewall spacers leaves a gap between the trenc

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 forned on either sides of the drain
connector, along the width direction of the channel. In other enbodi nent,
the gates surround the drain connector. The hard nmask is renmovcri. In one
enbodi nent, the hard mask is renoved using a wet etch. The pad oxide is

renoved,  for. exanpl e, ing wet. etch. A screen i.de r e.formed on
the suPfitells é‘ﬂcﬂg‘eﬁfgﬁ?é g Insyigfor ?:yrﬁég}?y&?iaggutlolg)ygf 4@@8&\5&%"‘ KRPERSTSant
mask for formng the first Sill) regions and body contact regions. In

anot hefer wigattiinanator layer payalog beleseddr ves as an inplant mask for fofirst SAD
regi ons and body contact regions First SiD regions and body contact regions
are fdoeet. TRefdiingto BilRj tgipootsctimdayve avidmovdo peckpase thefgategticlpdtiar it y
type dopants while the body contact regions are heavily doped with second

pol ar idng ehHe8irdaRARE protddi@nfliyer B/ enbegl Mise andt BBy TReWeaath segitiony are
formed using separate inplant processes wth separate inplant nasks,

[ 0068Jrlﬂl%v%-rtgﬁ]lpﬁﬁwtﬁ)nﬁyy}/erhga\gﬂgglgi ﬁ:a-iéle 1@ ?émﬁﬂﬁ'lg T4 Gorligh BB W rbtedtive

](cjepartlng e spirit’or e characteristics thereof The

or egqi ng enbodi nents, therefore. r 0 be considered in all respects

il us_ﬁ?& TERANS f G R e afyn?{%? Hﬁﬁlﬁﬁ’é?é%d osure described herein. Scope of

the disclosure is thus indicated by the appended cl.ains,rather tha lgy t he
énd

f or egdPABS]des ér 2358 FlgArodeaye|2i2 dhirged op Hig Subgrate wi Rhedte PIREToREIAYS

range of equival ency of the clainms are intended to be enbraced therein.
What ithe ghtaitrepchessind Chydrd/Bie 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 nethod of form ng a device conprising: providing a substrate defined

wth a device region; formng a buried doped region in the substrate in the
devi ce region; and forming a gate in a trench in the substrate in the
devi ce region; wherein a channel of the device is disposed on a sidewall of
t he t rénchgrd nesk ixmrehesedlopechercaghodimers, te dpdseatk ibednowed heingatwet etcheThen a
di stance fromthe buried, doped region to the channel is a drift length LO

of t hepgieni&®is rabvdd Fi REmpleS dih@ 6ot slemed scRen oRidatHy3eMay bt Goried onake, 2.
The nethod of claiml wherein the device region is surrounded by device

| sol atypp .t 6f #QRubstrate. Th-gk%réé:ﬁtogﬂfé.l er gér%ﬂs%n\él?lg)liagx:t ﬂl&gl?ﬁ)é ‘?ﬁieﬁ‘;l/iﬁgt}{e%ﬁgto n

conpri ses one or nore iIntern evi ce redl on, e redion

into i pl e deyice sub-regions, 4. The nethod of.clajm.3 wherein the
dovi ceS ELigkshs E5Y b i FR; 1o fadE syt a PR Side MR G B8 a devi co
doped wel |, the second device doped well has a depth equals to a channel
| engt hiniplangfmask dorfepming) the B S{h s3aqns apd body panta aegions. dised Daseronpaad o
depth greater than the second devi ce doped
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.

20



wel | . The nethod of claim4 wherein the first device doped well
conprises fast polarity type dopants and the second devi ce doped wel |
conprises second polarity type dopants. 6. The nmethod of claimb5 wherein
t he second device doped well is disposed substantially within the first
devi c oped | 1..7. The method of claim6 wherein formng a gate in the
trencﬁ‘vg%ﬁgf}a\é%%(!lsf ormng the trench in the first and second dgvi ce doped
wells, the trench having a first and second portions; formng a drain
connector in the trench; form ng gate insulators on either sides of
the drain connector in the first portion of the trench, and form ng gate

el ectrodes on either sides of the g&lé&IMisul ators in the first portion of
the trench. 8. The nmethod of claim7 wherein formng the trench conpri ses:
for nilng t h& niethicioffforninga deviceltemprieingh, the first portion has a depth
greater than an interface of the first and second device doped wel |l swherein

exposed si dg¥alilng afubbbe tibfisdd Wik & HeAcd &glonned with a gate dielectric
| ayer;

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

forming a gate in a trench in the substrate in the device region, wherein a channel of the
device is disposed on a sidewall 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; 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.
3. The method of claim 2 wherein the device region comprises one or more internal device

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 L¢ of the channel; and

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

well.
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lining a protective |ayer on the gate dielectric |ayer; form ng
sidewal | spacers on sidewalls of the first portion of the trench, leaving a
portion of the first portion unfilled; and etching die
substrate in the first device doped well to fonn the second portion of the
trenchs. t heTlsd methad bf slape drvehesen e st davietdopedigeliasiprisesifirst palafitpiype
connector layer. [0.The nethod of claim9 wherein formng the gate

i nsul algphasits GAAEHd seB86id device dopEANI1 REmpHSesSkélRMMAolarBpagRdopddie renoval of
the sidewall spacer |eaves a gap between the sidewalls of the trench and

expos a i r.aln.: i A i : | ayer
on £ e exporsnof oy Il MRERRT dor RS obfl it ABRd ARHAERY: 10
te.el ectrodes conprises: removi ng the

wher ei n. f.orJm he
proteé?V@@iﬁéﬁgFE@Qgggﬁwgﬁg ortion which is protected by the gate
insulators, the remaining protective |ayer fornms secondary gate insul ators;
filling the gap between. the sidewalls of the trench with a gate el ectrode
| ayer; planarizing the gate electrode |ayer, wherein a top surface of the
gat e €l.ect rBaemethpé of clging Glydtesein iferiniyg & gatglimthgrirench pormaptisp: surface of the
Substrate
forming the trench in the first and second device doped wells, the trench having a first
and second portions;
forming a drain connector in the trench;
forming gate insulators on either sides of the drain connector in the first portion of the
trench; and

forming gate electrodes on either sides of the gate insulators in the first portion of the

trench.

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

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

lining a protective layer on the gate dielectric layer;

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

etching the substrate in the first device doped well to form the second portion of

the trench, the sidewall spacers serve as an etching mask.
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12. A nethod. of kenning a device conprising: providing a substrate defined

with a device region,; providing first and second devi ce doped wells
in the device region, wherein the first device doped well has a depth
greater than the second devi ce doped wel | ; footling a buried doped region

in the, secopd d e trench in
the sabacr ol PRRRREF HE0F EaEacin SRMp e drin SRR AR Rl BRs

di sposed on a sidewal| of the trench, the buried doped region is disposed
bel ow Wi aavecmuﬁepé=df% di stance fromthe buried doped region to the
channel is a drift length 1,0 of the device and fetining a surface doped
regi on adjacent to the gate. 13. The nmethod of claim 12 wherein he second
devi ce doped vel 1l has a depth equa channel |length Le of the channel, 14.

The netthod Tie mtthodoldainh e ieiereih ianseg hieGattausutsotsapathrised:| s di sposed
substantially within the first device doped well. 15. The nethod of claim

14 wher ei ngahBvind tﬁé‘ﬁdé\ﬁﬁﬂﬁlc&o{ﬂ?:r e189al STUITiNGyAINGabdreBhs h Baf P@wkid st and
second devi ce doped wells, the trench having a first and second portions;

the sidewalls of the trench and exposes a portion of the drain connector; and

forming gate insulator layer on the exposed portion of the drain connector.

11.  The method of claim 10 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.

12. 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 second device doped well; and

forming a gate in a trench in the substrate in the device region, wherein a channel of the
device is disposed on a sidewall 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; and

forming a surface doped region adjacent to the gate.
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formng a drain connector in the trench; feinting gate insulators on
either sides of the drain connector in the first portion of the trench; and
form ng gate el ectrodes on either sides of the gate insulators in the first
portion of the trench, 16. The nethod of claim 15 wherein formng the
trench conpri ses: forioing the first portion of the trench, the first
portion has a depth greater than an interface of the first and second

devi cesdoperhewgbthsd oMIBIE I P wRBrefX PR $66bndiddeia dbpedf wélhiasfd depth @pblsiton i s
lined with a gate dielectric layer; lining a protective |layer on the gate

d|eIec%&bﬁﬂngplig5ﬂ&ggh§hgpmalI spacers on sidewalls of the first portion

of he trenc Ing a portion of the first portlon unfilled; and

P00 SRR B B LAY SRR

a drain connector aye
within the first dev1ce doped well.

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

forming the trench in the first and second device doped wells, the trench having a first
and second portions;

forming a drain connector in the trench;

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

forming gate electrodes on either sides of the gate insulators in the first portion of the

trench.

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

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

lining a protective layer on the gate dielectric layer;

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

etching the substrate in the first device doped well to form the second portion of

the trench, the sidewall spacers serve as an etching mask.
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18. The method of claim 17 wherein formng the gate insulators conprises:
remm ng the sidewall spacers, the renoval of the sidewall spacers |eaves a
gap between the sidewalls of the trench and exposes a portion of the drain
connector and form ng gate insulator |ayer on an exposed portion of the
drain nn n formn

el oot rigdes Hsppatat Iam T8 WA Plorih DR Or CPhPAR St B8 e

portion which is protected by the gate insulators; the remaining protective
| ayer Wit priiradeeWaePylayst e i nsul at ors; fllllng the gap between the
sidewal I s of the trench with a gate electrode | ayer; planarizing the gate
el ectrode | ayer, wherein a top surface of the gate el ectrode |ayer is
substantially co-planar with a top surface of ¢ substrate. 70.A

sem corsductTie ékod ef gl T sihbgin forsisthe ahe ideldtoedomiptifesa devi ce regi on;
a buried doped region in the substrate in the device region; a gate

in a trencheigyi g%héjﬁéfév@eﬁl §[ﬁ9é19r\he YhesBil Bt AeGRRIAR spRlerd 1B/ 48 \ah Betven
di sposed on a si of the trench, the buried doped region s disposed

bel ow f’lh%dg\%l fw{;' {rgncrﬁta%d ﬁ(t)s%n%%gﬁlo mfttﬁeedrgﬂlréoﬁgecq&p Gaa ' egion to the

channe evi ce, a surface doped region

adj acent t o t he gg
forming gate msulator layer on an exposed portion of the drain connector.

19.  The method of claim 18 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.

20. A semiconductor device comprising:

a substrate defined with a device region;

a buried 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 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; and

a surface doped region adjacent to the gate.
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TRENCH TRANSI STOR ABSTRACT A nmethod of formng a device is disclosed.
A substrate defined with a device region is provided. A buried doped region
is formed in the substrate in the device region. Agate is forned in a
trench in the substrate in the device region, A channel of the device is

di sposed on a sidewal|l of theTRENCH TRANSBSTO®RI doped region is di sposed
bel ow the gate. A distance fromthe buried doped region the channel is a
drift length LD of the device. A spBRaIra@ipbped region is forned adjacent to
t he gate.

A method of forming a device is disclosed. A substrate defined with a device region is
provided. A buried doped region is formed in the substrate in the device region. A gate is
formed 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. A surface doped region is

formed adjacent to the gate.
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