H GH VOLTAGE DEVI CE CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s -

- application is a divisional application which clains benefits of co-pending

U S. patent application Ser. No. 12/500,620, filed on July 10, 2009, which
is a continuation-in-part application of U S. patent application Ser. No.

12/ 390, 509, filed on Februar gyl v&iOPAGROBEVIEEed as U. S. patent No.
8,053,319. Al disclosures are incorporated herewith by reference.

BACKGROUND [ 0002] La @é MI&I‘%}EWEEL&%@) %‘f)ﬁﬂﬁ’?ﬁgﬁchave been wi del y

enpl oyed in high voltage appl i cations e LD transistors,
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maxi m ze its voltage capabilit To achi eve | ow Rdso", the channel of the
hi gh LmBtent aplicatien Serhtal /4RO, ézO,ﬁquhléy Bb 290 wehich 6o0SIABativaHngatgy
evolves into era of deep sub-mcron (e.g., beyond 0.35 pn) Very-

Lar ge-dpphtatiohntf €% .giatemn afplicdlion SéhBivel2/39(50e sil¢deord Bsbrinay A3 JE000, vol t age
(HV) LD transistors and | ow voltage (LV) transistors to be fabricated on

the sgERedHPBLS. dant GENE05.510. ANQisLIoR&RS 88Sn G&mﬁ@&%&%&\éﬂﬁwaﬁé such
as conpl ementary netal - oxi de- sem conduct or ) processes, are used to

formthe HV devices. However, co%veﬂ& @ﬁ}NIS:I\/OS processes are inconpatible
for formng HV transistors. For exanple,” process overlay issues nake it
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w ndows. This makes form ng short channel |engths to achieve | ow RDsori
di f fi capplicationgofor higheripmaance il Hansisiors, lowrdéaltlﬁpﬁoga@ en-sesistance §Rdsolsed
prevent them serving as a hard nmask, further exacerbating process control
i n f ordesmef tolminahee ite fpowet dlissif)a)ﬁﬂﬁv}'liéndmstuhmed o, ey evalicas diigichrsalidown violtags
desirable to provide reliable HV devices forned wth short channel | engths
t 0 haug mhainf2d$8Roltage capability. To achieve low Rdsyy, the channel of the high LD transistor
should be as short as possible.
[0003] As technology evolves into era of deep sub-micron (e.g., beyond 0.35 pm) Very-
Large-Scale Integration (VLSI), there is a desire for both high voltage (HV) LD transistors and
low voltage (L'V) transistors to be fabricated on the same substrate. Generally, the processes for
forming LV devices, such as complementary metal-oxide-semiconductor (CMOS) processes, are
used to form the HV devices. However, conventional CMOS processes are incompatible for
forming HV ftransistors. For example, process overlay issues make it difficult for alignment of
the HV channel well, which defines the channel length. Process variations in process overlay
requires large process windows. This makes forming short channel lengths to achieve low RDsqp
difficult if not impossible. Furthermore, the thin gate electrodes used prevent them serving as a
hard mask, further exacerbating process control in forming the channel well.

[0004] From the foregoing discussion, it is desirable to provide reliable HV devices formed

with short channel lengths to have low Rds,p.



SUMVARY [ 0005] A device is disclosed. In one enbodinent, the device includes
S substrate prepared with an active device region. The active device region -
i ncludes a gate. The device al so includes a doped channel well disposed in
the substrate adjacent to a first edge of the gate. The first edge of the
gate overlaps the channel well with a channel edge of the channel well
beneath the gate. The first edge gf the gate and channel edge defines an

ef fective channel length of the deVMMARN e effective channel length is
self-aligned to the gate. The device further includes a doped drift well

adj ack905} 0 A dexdemid desglpsedf Intdne etybodimgnobG ¢ viceinolutles s systoaté pespatedanot her
device is disclosed. The device includes s substrate prepared with an

act i veitlexiackve dgicenegidheTAe hdtive ddeive esidreigtiates ngdteldEle devitso ihbladéelevi ce
al so includes a doped channel well disposed in the substrate adjacent to a
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well with a channel edge of the channe beneath the gate. The first
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devi i ncl ud doped i f | | adj f th
gat c. ThpagetRy opuhend Hrardaess aiies of SHESHAchumeF LGB (HE<doped
drift well. [0007]In yet another enbodi nent, a sem conductor device is

di scl dbeeffective chavelclength it slf-aliaped to tha ghigd ddie dewigp Sirthgr mchdepadentdwrith an

active device region. The active device region includes a gate. The device
al so walt hdidesnt 0 alegpenid edgerufehe gaé.l di sposed in the substrate adjacent to a
first edge of the gate. The first edge of the gate overlaps the channel
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edge of the gate and channel edge defines an effective channel |ength of

t he dgﬁég%d wTﬁedlnga ﬁ@é:(tlévgcee &gﬁgpl e Bgcmtd?:vigjé é%%ér)é fnt%gf-dgyg atE.OgLé;g%‘g@% z?s% The

devi c 0 includes a doped ft well a ( conc he
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gate. first edge of the gate overlaps the channel well with a channel edge of the channel well beneath
the gate. The first edge of the gate and channel edge defines an effective channel length of the
device. The effective channel length is self-aligned to the gate. The device also includes a
doped drift well adjacent to a second edge of the gate. The device further includes a drift
isolation region in the doped drift well.
[0007] In yet another embodiment, a semiconductor device is disclosed. The semiconductor
device includes s substrate prepared with an active device region. The active device region
includes a gate. The device also includes a doped channel well disposed in the substrate adjacent
to a first edge of the gate. The first edge of the gate overlaps the channel well with a channel
edge of the channel well beneath the gate. The first edge of the gate and channel edge defines an

effective channel length of the device. The effective channel length is self-aligned to the gate.

The device also includes a doped drift well adjacent to a second edge of the gate. A drift



[ 0008] These-and ot her objects, along with advantages and features of the

present invention herein disclosed, will becone apparent through reference
to the follow ng description and the acconpanying drawi ngs. Furthernore, it
is to be understood that the features of the various enbodi ments descri bed

per musrindeigli iSigaly BBC HEIMRARREATIE Tkl HBAYETHRNE SRERIRLAS, 2
reference.characters e%?Fe al lfé refer to the same parts throughout the _
diffe Sl‘?ﬂ’?ﬁg’.nsﬁ&%@%, hE®&*Eni ngs are not necessarily to scale, enphasis

I nst eadm%eneral |y being placed upon illustrating the principles of the

i nventdPYB] | nThese apd pihgnphigcts adeng with advaniages andfeatntes @f hemreseat invemiosr esent
i nvention are described with reference to the follow ng drawi ngs, in which:
[ 0010Therein digclesedywwilhbeconivagparent thofugh refexenceto the GdlbpEngdescaption atahe an
enbodi nent of a process for formng a device; [0012]Figs. 3 a-g show an

al t er na¢dnyRingimpQEAWRES. PirtiRrRoes R IStof ¥y unierstiodgha titefehtss dfbhakbugs. 4a-g
show anot her enbodi nent of a process for formng a device; and [0014] Fi gs.
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and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] 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:
[0010] Fig. 1 shows an embodiment of a device;
[0011] Figs. 2a-g show an embodiment of a process for forming a device;
[0012] Figs. 3a-g show an alternative embodiment of a process for forming a device;
[0013] Figs. 4a-g show another embodiment of a process for forming a device; and

[0014] Figs. 5a-g show another embodiment of a process for forming a device.

DETAILED DESCRIPTION
[0015] Embodiments generally relate to semiconductor devices or integrated circuits. More
particularly, some embodiments relate to high power devices. For example, high power devices
include lateral double-diffused (LD) transistors, such as metal oxide transistors (MOS). The
high power devices can be employed as switching voltage regulators for power management

applications. The LD transistors can be easily integrated into devices or ICs. The devices or ICs



[ 0015] Enbodi nents generally relate to sem conduct or devices or integrated'
circuits. Mre particularly, sonme enbodinents relate to high power devices.
For exanpl e, high povver devi ces include | ateral double- di ffused (LD)

t ransij_st,or.s, suc ran istors r, devi ces
can pidtesyRarltg RaitE bt dFs SfaBRe Sttt Heonid gl prb i
applications. The LD transistors can be easily integrated into devices or

| Cs. Roftablesspnswrergrodusts, suchrpsisell pherssplapiep sampHiers s nessonaligital agsitants
exanpl e, consuner el ectronic products, particularly portable consuner
produd@As)such as cell phones, |aptop conputers and personal digital
assistants (PDAs). [0016]Fig. 1 shows a portion 100 of an enbodi nent of a
devi cC016fs s Fagw, shbive aportionoid0iofah kaibsdigneatibti datice. 1xlshohhethewogionat e, for
exanpl e, conprises a silicon substrate. The substrate can be |ightly doped
W th profdBEa Qﬁﬁﬁ‘ﬁﬁe%m Nrhy %s&ﬁte%?%ﬁarﬁﬁd@ec%n%sés@s%&ﬁ{s‘%r%stré"té'df‘héls silicon

ger mani um or I'i con-on-i nsul at or , are also useful. 100171The

subst r th I n In one
enbod%u%éﬁ%t%ﬁ’e GRS il “3%%125“2‘“? BSB89 on
whi l e 1.he second regi.on conpri ses h vol tage (HV) device region. The

r egi oﬂéc‘?’f’a%fmﬁémli%%ﬂ%‘zyﬁ%ng?ulﬁf@\’/{@p’rag@iﬂé‘i’]Es%ﬁ addi ti onal device regions
may be provided. For exa a dual gate oxide (D3O region nmay be

provi BW8d7k or Thesrbrérateqaay elmp@@b“@@\fgrete@dmn@éeglg@aﬂ 0oand| 160. & praui tri es.
Alternatively, the device may include only a HV region. 100181The first

r egi oembodimentetherthisidegion comprisgs ailew s oftages( Vorldvise eepich wijethacteond sub-
regions 112 and 116. The first and second types are conpl enentary types,

f or m REica c@ﬁimlsmgﬁwuégéng\Q%v&ere 6. EReABBbAs mahBe HIPLPEBHE dfvicet YPE
device conprises a conplenentary netal oxi de sem conductor (CMOS) devi ce.
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[0019 I rst type act i rises E
acti Vreﬁ:g1s lrijma{yelge provxded for DGO devices. The DGO devices may be used for I/O circuitries.

Alternatively, the device may include only a HV region.

[0018] The first region, in one embodiment, comprises first and second type active sub-
regions 112 and 116. The first and second types are complementary types, forming a
complementary type device. For example, the complementary type device comprises a
complementary metal oxide semiconductor (CMOS) device. Forming non-complementary or
other types of devices is also useful.

[0019] The first type active sub-region, for example, comprises a n-type active sub-region
and the second type active sub-region comprises a p-type active region. The first type active
sub-region comprises a second type doped well 122; the second type active sub-region comprises
a first type doped well 124. For example, the first type active sub-region comprises a p-type
doped well and the second type active sub-region comprises a n-type doped well. Other

configurations of active sub-regions are also useful. P-type dopants can include boron (B),



aﬁd the second type active sub-region conprises a p-type active region. The
first type active sub-region conprises a second type doped well 122; the
second type active sub-region conprises a first type doped well 124. For
exanple, the first type active sub-region conprises a p-type doped well and
the s ifatiSH Bick & e GOBE USSihtLoal 1hof BAEbrSleh. arldie”
configﬁgggﬁo g@S?Sg%ﬁﬁggth gggg?%ns re also uéef%ﬁ?ﬁ%; ype gﬁﬁgﬁ%ggcan
inclu oron (B indiu l.n)..or conbi nati on thereof while n-type
dopanggsgé ! ﬂéxé%%obﬁggﬂﬁ%éﬁ%a%ﬁﬁ?ﬁarsenic (As), antinony (Sh) or a
conmbination thereof. [0020]A first type transistor 140 is provided in the
first (P93 acitirgt tgnﬁoérwgtwﬁgmp@vg‘égém@etfqu P splyregiomanda sseeRd ded
in the second type active sub-region. For exanple, a n-type transistor is
provi dyet transistos 100 isprevided in/the sedond eyyiemstivie sub-regipnt Foeexioppd asetipewhi | e a
p-type transistor is provided in the p-type active sub-region with a n-type
doped ti@bibtor BRoYidedmi thé Astgpe dckive Bsb-rsghmcwitie 8 p-type opDe el vehite pfignt

transi stors (MOSFETs). Other types of transistors may al so be useful.

[ 0021} Antik@Pa pr&Alied fnQhe E%%H)Acﬁve SRl GHERitRa aalfe Jitﬁn\éh Rl BRRnekRe r ode
144 over a gate dielectric 142. The gate el ectrdode, for exanple, conprises

polysiz G0 'bc%i%%rrlt, B%H\%é)lsoéd@é‘%f?ct %’ﬁ%&tﬁ%‘{ﬁf(ﬂ?ﬁﬁé}.ab?her% G o??ra&sgété(é' dyc! de
or met AP P EE™ e aPs 6 uget Ul o ysiTicide’or met surcide ga gs can
be forneﬂ@ﬁygéfacting the desired netal with polysilicon. Various types of
met al 21OReHS§8L-copal t, titaniumor nickel, can be used. Other types of gate
el ectrode materials may al so be useful. Furtheuiiore, the gate el ectrode
may bd0@fdded Hitransigiopant exanmipicampribes agatehaliest eydeleggdadidarigr agatehe
technol ogy. The gate el ectrode, for exanple, nmay be doped with the sane
dopantdidlyquec d42.t Tiee gataelsctsdder for gpamplBo@mmerisedipolgsitieore | @ther types ofigate ot her
dapant types is also useful. The gate dielectric can be silicon oxide.

Q her dathBde RhtedialsCsiRh s Pb%‘ﬁcfa@ o8 el dilRIRC hrelatsoBEMI. | Pd1§siGelbe 8t etabe
useful. The material of thé gate electrode and gate dielectric may depend
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provided with sidewall spacers 148. The sidewal| spacers, for exanple,
conpr B dsupepsettly Furthermers, fe galq elpcteadeqnay kedepsd indid doppnts.c BePHEths de or a
conbi nation thereof. Qther types of naterials can be used for the sidewall
spacergate el¢dOA8 nagjdapant ort the tdvbnglagye Ehegae tleusodenfor egaropls, hdp be doped
di ffusion regions serve as, for

with the same dopant type of the transistor type. Doping the gate electrode with other dapant

types is also useful. The gate dielectric can be silicon oxide. Other types of gate electrode or
gate dielectric materials can also be useful. The material of the gate electrode and gate dielectric
may depend on the technology. For example, cobalt silicide gate electrodes may be used for
0.18 ufn and 0.13 pum technologies while nickel silicide may be used for 0.09 pm technologies.
Other configurations of gate electrode and gate dielectric materials are also useful.

[0022] Sidewalls of the gate can be provided with sidewall spacers 148. The sidewall
spacers, for example, comprise a dielectric material, such as silicon oxide, silicon nitride or a

combination thereof. Other types of materials can be used for the sidewall spacers.



exanmpl e, source and drain of the transistor. Extension diffusion regions
147 can be provided. The extension diffusion regions, for exanple, are
shal | ow di ffusion regi ons which extend under the spacers. The diffusion

regi o i ncludi ng the extensjon.diffusi regions). of the first pe
£ anol00zd e Aassh i e fiRah B feelips M e ER5H0 o #nisot T egi ons
of the second type transistor are doped with the second type dopants. For
exanpfample, spraceiand draing thegmsistora Fxtensionidifdesiaroiegions yhecan bgrypyideds and
n-type diffusion regions are provided for n-type transistors. The depth and
dopantheatesivnrdffision migidnkcodefdmpe,cme stedowriffinagn tegpas dvhifloextendamdbe, on
the application, such as voltage requirenents. [0024] The HV region includes
a HV @ekpacers! THe Qiffudidh redinsARRIRIMDME BRi¥hsioh HHTISMnasEibN of 8 fast t§PEPr i ses a
first type active region. For exanple, the HV active region conprises a
n-ty ' ' i i 5 ol e i ' useful .
P@alé&%dr‘éfei %@QH @Hth dtgé ?%’% ggﬁgiﬁg%rﬁ% hﬁéd)&e M raGdd rgiohEoF @B s.éc?n\%ltf;%

Furt her nor e, I'S un MW reglion T's depicte only one

active region for .pu se of sinplification and that .the.HV region can

ool et Pen RS fesBhe BebRobie S afPl A 0Bk gl R rskE™ BRI
active sub-regions can be conplenentary types of HV sub-regions for

conpl BR¥KEd faF Priype trapmstery aaémtws .lf'}r‘@GQ SEIQ0S| A4¢ Prowided oTgnEPedEsiEgEh as

shal l ow trench isolation (STlI) regions are provided to isolate the LV and
W r ebhedeptiaandsiphntaoneantiatien giithe dé@asonsregiontimay dkpendefpr enamplex ¢rethet ypes  of
isolation regions are al so useful. [0026]1n one enbodinent, the first type
HV acipplieatioagsueh as ooladesequittinengast first and second portions. The first
portion conprises a second type W channel (or body) well 135 and the

secon@oRgy t i qhe FOVRIgictEAcIAdds d BV dciPErdordrdst tin W bmbfimed) ey dtiifd wel |,
for exanple, defines the type of HV device. For exanple, a p-type MW active

regio I - . n ~ . Il 1. In
one. gt Faf b BNeEPE"ES oiticle, B8 oBEbeREoR RS B o1 '
wells. In other e odidmsnts, t first and .second portions are contiguous
por t i YRS actvgregen poxidinga pipe IR Y ATHY© LEgIPnR/AlSP P CERNEALY each

ot her. [0027] A deep wel|l 132 may be provided in the HV active region,

enco 5iqeg thatdhe-NVoegianés depiiedivithonlyeqrieqctieieaionl ipypurpese dfeep wel |
conprises dopants of the first type or sane as the Hy device type. The deep
wel | smaplibeativsadd tlot iledi Yiregidi eandinclutie wathbrofis HiVi 4dtiee seghsitsraatseb-Fegiomxanpl e,
a p-type device will have a n-type deep well. In sone cases, the deep well

can beoreRhmpRAthe MV b&18/cdaBReIBAY catdR cﬁﬁiﬂﬁrﬁ&@ar?%ﬂﬁ@bﬁH&’f subbiegisgecond or
€,

opposite type of the HV device type. For exanp in the case of a n-type

W deyj gg& be a p-type or n-type deep well. The different
types(ydo %érg%?ﬁgg\gﬁé{:?e r?hy depend on the type of substrate. Cenerally,
p-typ, ped.substrat.es e used fabricatin i ces. \Wen pstype

Db 0P8R S rtRkifn e iR S shalo i BRichiRyadsE GFViERRs SRR Because
t he n,—ty%e drift well is already different fromthe p-type substrate. For a
n- t ypéolateiie k¥iaad HY praignsas gedsisqetive sabyregieny wehinithe regiingt Othadyren fhnel

well fromthe substrate. O her configurations of deep wells may al so be
usef uisolation regions are also useful.

[0026] In one embodiment, the first type HV active region comprises at least first and second
portions. The first portion comprises a second type HV channel (or body) well 135 and the

second portion comprises a first type HV drift well 136. The HV drift well, for example, defines
the type of HV device. For example, a p-type HV active region would have a n-type HV channel

well and a p-type HV drift well. In one embodiment, a third or middle portion separates the



[ 0028] As shown, a first type HV device is provided in the first type W
active region. The first type HV device, in one enbodi nent, conprises a LD
devi ce, such as a LDMOS device. The HV device conprises a gate with first
and second edges 179a-b or sidewalls. [0029] The gate includes a HV gate

el ect rqdenel 4fid B4R wells &Fléxeen%cﬁigﬂ 5, 'tfie ﬁ%?ng&oW%&ﬁbﬂﬁ £LeGhdRPEs for
exanpl e, conprises polysilicon. er types of HV gate el ectrodée materi al s,
such as polysilicid | silici .are.al so ysef,ul ., Various types of
et a1 Posfi’ Tor eisite the ¥ Hanh ol A paft el oS atiBtbmer her Y pes of v
gate el ectrode material s may al so be useful. Furthernore, the gate
el ect rl80&Iray Ateep Sisd 3gineay lefotﬁaw@gg mrtﬁé Wﬁa&eéeﬁp’éﬁlF%Ef}SS%%h%ﬁanl e,
may be doped with the sanme dopant type of the transistor type. Doping the
HV gatahantelend duift wells.h Genérally,dopdeep welleomprisendopantsadithd {irsTiype bhsagas &
dielectric can be silicon oxide. Oher types of HV gate dielectric

mat er itht BIVCasvic t9pe. UEheldeep Well mi0BSiEet Bo Bomtethb deiftesdl frohke stbsedteaFoof the
HV gate el ectrode and HV gate dielectric may depend on the CMOS process

and/ Orexkﬁg,lw%q?ye déviceORil }%@Q%i-tgsé‘&ee W81, Matseidedhsddf tht ABed Wellladfne! ect rode
and HV gate dielectric nmay depend on tphe CMOS process for "LV devices and/ or

t echna| F xa e . Ll ci e ectrodes for

0" 15 Rt I AP VR an O Pate direh oh i SRR B o 0o
gm technol ogi es. O her confi.gurati of gate el ectrode and gate dielectric
Tt er (14PS Etexagl, tdbs gise of @m%ﬁgi@mqes&eﬂe?weﬁaﬁ%gﬁsﬁ-t FrsPPed wi t h
sidewal | spacers 178. The sidewall spacers, for exanple, conprise a

di el ecteep wetaflle differend ipes o€ desn welbselenkedomay depend on the type desubstrate.

conbi nation thereof. Qther types of nmaterials can be used for the sidewall
spacerGenefdl33g{type doped suthadieseretiused foe fataidating dgdtess. aViememtypeciibstiareskdié gat e,
such as gate electrode, gate dielectric and spacers are of the sane type of

mat er i\gkd,afe hidgeldées V11685 BeoptidBall HiLl beEkusd tHes-fyP6 lifttvdl S aRERGESS
conpatibility Tor form ng HV and LV devi ces.
different from the p-type substrate. For a n-type substrate, a p-type deep well may be used to
isolate the channel well from the substrate. Other configurations of deep wells may also be
useful.
[0028] As shown, a first type HV device is provided in the first type HV active region. The
first type HV device, in one embodiment, comprises a LD device, such as a LDMOS device.
The HV device comprises a gate with first and second edges 179a-b or sidewalls.
[0029] The gate includes a HV gate electrode 174 over a HV gate dielectric 172. The HV
gate electrode, for example, comprises polysilicon. Other types of HV gate electrode materials,
such as polysilicide or metal silicide, are also useful. Various types of metal, such as cobalt,
titanium or nickel, can be used. Other types of HV gate electrode materials may also be useful.
Furthermore, the gate electrode may be doped with dopants. The HV gate electrode, for
example, may be doped with the same dopant type of the transistor type. Doping the HV gate

electrode with other dopant types is also useful. The HV gate dielectric can be silicon oxide.

Other types of HV gate dielectric materials can also be useful.



[ 0033] The HV gate overlaps the channel and drift wells in the first and
second portions of the HV active region. Adrift isolation region 180a nay
be provided within the drift well 136 on the high voltage side of the HV

devic he qrift isol.atiop regio 0 an _inprove b down. vol t age of
the H3B0? R pi e B sl okt B RS i AR SRSl g on
is particularly useful to sustain high _voltages for applicatiaons beyond
about depgyd omthe G proesss apd/ex technology; dn opegibediment theqmafpag] 9 dhe HX t he
drift well 136 under the gate. Disposing the drift well at other positions,
such gate plgetradeiang Hin dete idiglentric mey depend maytheaCMOR profceds. fof DYIYides anddar t ype
drain diffusion region 176b is provided between the drift isolation region
180a wdtholegy. o exanisig) coball Silicidsigate deabaésanay beuddd face.l & am £di001B fithom

ot her sub-active regions in the HV region. A first type source diffusion

I €91 OfdcHnORsEi bsSwRlOMEIES diliciie sy KABE &r 06 ;Lmjt&'imefoglégﬁ JthérebnfidP&idY active

region. A source extension region 177 can be provi ded whi ch exiends under

t he s&caﬁﬁ]%ﬂg‘?{)&dg%nggggsﬁ?ell?%ég@%{a& ]Itsg?e%%%%ﬁ: The first type source and

. 1a . ; :
drain nreg npl'e,” conprise a p-type diffusion regions

for -type HV acti regi on Proyiding .n-type diffuysi regiqnps for a
n-tyS@B#)y acﬁlwﬂﬁégilglﬁgia can b PR ‘i‘illW‘r&%ﬂae‘@%B%H‘i‘f’eraéggh%gﬁﬁgg%ﬁ entration
of the diffusion regions may be sel ected depending on the application. In
one efAseRIs.fenexammthe compast 2 disjechicaneeddntishes silicomovifle dilidonsittde pegyi ons may
be the sane as those of LV devices. Ot her dopant depths and concentrations
ar e atsubingtehitheredf) CBb¢rAypesad mibtéryghecdndayused firaled sidegilbspatetd may be
provided in the first portion of the MV active region. As shown, the second
type ﬁ»ogza COM 8k erB&lii@BntlthE viafo LM EBmERS oF ST gdicf §uléhiagBate@BcRBdCL 762
and the isolation region 180. The second type body contact region conprises

S€co n%aéé Xf@fecgfb%ats ace{srhn? Bf:'thg g&tﬂﬁ E‘);E;Q)tf ma(g&'pa? Ege thg?.ﬁ He\.ﬁgg ify BRXG&N }J ri on of

t he body contact region my ane as usi on regions-of the LV

devi ces. .O.-her dopant dept.h d.conc at.i are al so useful. The body
cont abti FEias RPReealPaua T BE AU YA R ge RS e channel el | 135,

[ 0036] An_edge 133 of the channel well 135 extends below the gate on the
sour c9033lye ~ dhethé 2efg orerlapy ghesghganel 3nd drifwedls anfhedirsicand speondppeiong@ft o as
t he channel edge of the channel well. The channel edge of the channel well
135 athd HVhecthiersgiom d4alrifi7ielatén tegong0e noay belpeowdert wehigi thiedui fielld 3& oohannel
of the HV transistor having an effective channel length L. [0037] The

ef f |6‘Cﬁhb hiphohdtagesidé engt MV dévien eTindHTtisoRbn rdgforCI8lalcah ireptoby biegtdown

i mpl antation

voltage of the HV device due to high voltage. For example, the drift isolation region is

particularly useful to sustain high voltages for applications beyond about 10V. As shown, the
drift isolation region 180a is disposed in the drift well 136 under the gate. Disposing the drift
well at other positions, such as partially underlying the gate may also useful.

[0034] A first type drain diffusion region 176b is provided between the drift isolation region
180a and isolation region 180 which isolates the HV active region from other sub-active regions
in the HV region. A first type source diffusion region 176a is provided in the channel well 135
of the first type HV active region. A source extension region 177 can be provided which extends
under the spacer on the channel side of the HV gate. The first typé source and drain diffusion

regions, for example, comprise a p-type diffusion regions for a p-type HV active region.



which is self-aligned to the gate edge. For exanple, dopant ions are

I npl ant ed using an inplant nmask through the gate el ectrode or a hard nask
and the gate el ectrode. In one enbodinment, the inplant mask is also used to
pattern the channel edge of the HV gate. The effective channel |ength may

be co rﬁrf)ﬁhl\;%ﬁ;[-%g ﬁgﬁ%ﬂ%‘rrg Bg?ﬁﬁ'% ni-{}?le B\ a&%?&%&?&%@ﬁ%@ﬁﬁ?%é 8?%3?& | sty

t hresho own vol'tage requirenents. exanp shorter

R I N TR R

self-aligned to the gate edge of the inplant, process overlay issues are
avoi dda ongempodiment, tas dopapy qg?@thMrﬁ%Pent@ﬁg@ pEdiffusienyegiony way Ivvea%ﬁa@a @S be
achi eved, enabling high current to pass through a snmall area. This is

par t i dhdsrof\L.Vudeficds. Odher dopattdepths pmd chreyatradiods 3% ajpmussfuth as, for exanpl e,
0.25 um 0.18 gmand 0.13 gmtechnol ogies. [0039] Smal | er area requirenents

for pqesss|managesid typ®pédycevntaenfegiint 171reaLEEestoPidee in the SHétpRtHNLAREHTAS S
per formance whil e reducing costs. [0040]In one enbodi nent, the effective

h : ' I | ff '
¢ a””‘?%cu}/cg{r%g%dﬁ. :Asé ﬁﬁggﬁsgﬁggﬁgdgy%hﬁap cohfdctdeB6h 19!“?52%0':@@&{&3 s&ﬂ@ehg ective

channe n yet anhot her odi nent, t
engt IS S Lo age S G ekbted: The Biar haRety RERAFREAL  on.
BT R T UL O TN e
provi ded. The substrate can conprise a silicon substrate, such as a lightly
p- t ypeodtpengonlsdy be the s@nday the diféssianfregiobs of the &8/ déviessu @they dopany deptioped
substrates, silicon germaniumor silicon-on-insulator (SOD, are also
usef uland concentrations are also useful. The body contact region 171 provides electrical coupling to
the channel well 135.
[0036] An edge 133 of the channel well 135 extends below the gate on the source side of the
gate. The edge 133, for example, can be referred to as the channel edge of the channel well. The
channel edge of the channel well 135 and the first edge 179a of the gate on the source side define
a channel of the HV transistor having an effective channel length L.
[0037] The effective channel length, in one embodiment, is controlled by ion implantation
which is self-aligned to the gate edge. For example, dopant ions are implanted using an implant
mask through the gate electrode or a hard mask and the gate electrode. In one embodiment, the
implant mask is also used to pattern the channel edge of the HV gate. The effective channel
length may be controlled by channel or body implant conditions selected to satisfy threshold
voltage and breakdown voltage requirements. For example, shorter effective channel length may
be achieved by decreasing tilt angle, implant energy or dosage and vice-versa.
[0038] With the channel well being self-aligned to the gate edge of the implant, process

overlay issues are avoided. Very short effective channel lengths with very low Rds,, can be

achieved, enabling high current to pass through a small area. This is particularly useful for



[ 0042] As shown, first and second device regions 110 and 160 are defined on
the substrate. The first region, for exanple, conprises a LV device region
whil e the second region conprises a HV device region. Qher types of device

regions, or additio devi ce regi ons y rovided. ternatively, the
oo cOoRlodtrct il fas Y sigh 0B 3REmpRY 0T o 81 B ondb Bafon 110 can be
defined with first and second type active sub- regions 112 and 116. In one
enbodieRERoLiehe first and second type active sub-regions are conpl ementary
type active sub-regions to forma conpl enentary devi ce such as a CMOS

devi cW03¥or nmiSmpllevaree vagpirements &mypower otahagemeppeapplichtiaswitersdieedglossr usef ul .
[ 0044] As for the HV device region 160, a HV active region 165 is defined

t her edissipdtiondn@esebpettormahce White uciag cyses.r egi on 165 can be a first or
second type HV active region. Although only one HV active region is

depi cfopde] | t 1h SndBHBEEMERT tHeRAechiNEHI A SMHBLL i EREORaNBY IAC IHGige2ddi ti onal

HV active regions or sub-regions. The HV active sub-regions can be

conpl . I, - j i a I ey thve

o, c TGN M Bkoal® cRithe] RALAMSIcrs BRI Ty Yo Sy BBt <
STl's. Mar.ious conventi onal  pr sses_can he enpl oyed to formfhe STI

r egi oxicipg phaug g il e dme Qi oceave bt ﬁ%h%m%fwﬁsnm et ch
and mask techniques to formtrenches which are then filled with dielectric
mat erisgfd, fopexpmpe.gicpending oxihgeppi@éipiical nechani cal polishing (CMP) can be
performed to renove the excess dielectric materials and provide a pl anar

subst j084Y t opiguli-gchow Ctdigseqhivnaledsrsoitan autodimealt©f e procabssior femiiged t o
formthe STls. [0046]In Fig. 2b, the doped wells for the active regions of

t he dgyiceernediooNRefirBnd N FBMRa, h JuldiateeNasprRited. ahb kiitsstratc)dag coapast yel |
124 is formed in the second type LV active sub-region 116 and a second type

SopeCHek kBBl LB, 5 b ie AP Lo ARO BB PR AT
WAL SRR SRR T
[0042] As shown, first and second device regions 110 and 160 are defined on the substrate.
The first region, for example, comprises a LV device region while the second region comprises a
HYV device region. Other types of device regions or additional device regions may be provided.
Alternatively, the device may include only a HV region.
[0043] The LV device region 110 can be defined with first and second type active sub-
regions 112 and 116. In one embodiment, the first and second type active sub-regions are
complementary type active sub-regions to form a complementary device such as a CMOS
device. Forming non-complementary or other types of devices is also useful.
[0044] As for the HV device region 160, a HV active region 165 is defined therein. In one
embodiment, the HV active region 165 can be a first or second type HV active region. Although
only one HV active region is depicted, it is understood that the HV device region may include

additional HV active regions or sub-regions. The HV active sub-regions can be complementary

HV active sub-regions.
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exanple, the first portion corresponds to a drain portion and the second
portion corresponds to a source portion. In sone enbodinents, a third or
m ddl e portion is provided to separate the first and second portions.
Al ternatively, the first and second portions are contiguous portions

Wi t hoyp m;m d@ia@sm&aee%als& &%ﬁéleg%@v mg&@&soesgﬁmge glm 6 is

forme In"the drain portion o actlvereglon for

exanpl S a rlse he
oane. rtiehSes ﬂLaW%{c#W%d?Vé@% Sy i ng Ebafiment, i jso Wﬁ? Roshue
region, the drift well conpris a first type. For exa a n-type drift
wel | |°§HWP§‘?/§EI=§d Vagjoug C?PWB@‘%O&E%SPS/%%‘?WOYWQ nB'&rSHtreWS rf&%i on
180a may be optionally provided in the drift well 136. The drift STI region
i s di spewpl, the shbstragly ¢antbevaé¢hied wsing wpmentiona letchtsintl imagk ¢dchhiqges todbtmage
devices. For exanple, the drift STl region inproves breakdown reliability
of t hardovhadentiicieare Theh flllédf witlSdielecfd iaatedald st dsailived oaidet Whethidie time as
the other STI regions. [0050] A deep HV well 132 may be provided in the HV
act i vendaghien plaﬁ?hlné‘gcm% bé PEIARERE td ¥nViRkelthel 3 edsid106HB thatdididundwhol e HV

active region 165 and enconpasses the first and second portions of the HV

active e ses 03| drift
ool 1 i 8P SEpT e EERehe i GOTREL G 3n0 APRRCY it WS R
regio t he deep mell conprlses a second type. For exanple a p-type deep
wel | i Ifmowded for a n-type HV active region. [0051] The depth and

concentration of dopants of the various wells K depend on, for exanple,
appl i d8946in. FoFigeXarnhs dopedivghls fontbe actiye regiphy ofthe derdcanegions gusi formedowier

dopi ng concentration of dopants and greater depth of the wells. In one
enbodiaie rinbotlineend exfidst type tbygedoedl 24k forhd ih thesdeonrtd t$pg LN astivé sub-tbgjpant
concentration of about 5El6cm 3. For the drift well 136, it may have a

dept h 19% aa@QWbcohdIypd dopall twkila 20 9P Rncs g{lﬁeqﬁgtaypeomv%umtmgx%ﬁ Agm Bor Ot her

dept hs and dopant concentrations are al so useful for the wel
example, a n-type doped well is formed in the p-type active sub-region and a p-type doped well

is formed in the n-type active sub-region.

[0047] In the HV active region 165, it includes at least first and second portions. For
example, the first portion corresponds to a drain portion and the second portion corresponds to a
source portion. In some embodiments, a third or middle portion is provided to separate the first
and second portions. Alternatively, the first and second portions are contiguous portions without
a middle portion.

[0048] In one embodiment, a doped well 136 is formed in the drain portion of the HV active
region. The doped well, for example, is a drift well of the HV device. The drift well comprises
the same type as the HV active region. In the case of a first type HV active region, the drift well
comprises a first type. For example, a n-type drift well is provided for a n-type HV active
region.

[0049] A drift STI region 180a may be optionally provided in the drift well 136. The drift

STI region is disposed in the drift well to improve reliability of high voltage devices. For
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[ 0052] As described, the SIT regions are formed prior to forming the various
doped wells. Ot her process schenes, such as formng the STl regions after
t he various doped wells are formed may al so be useful. 100531The doped

well's_can.b on |npl S .ca bor on
(5 eEDe dpe RS T Beidro e Tos BBt PRestaniff S R TV Sre At N o

t her eof  whi | type dopants, can | ncl ude phosphorus (P), arsenic (As),

ant i nsgje%38) eg?maed@éﬂmameﬁw 3fks ather S 'Eg‘ﬁ’g’ro&ﬁl y, the first and second
types of the active regions are fornmed selectively in separate processes.
For el04f] e, A HeeprHYwadl FE¥ghanbe pramided in thelthyiaetivenkginn 1635 yieshvomatites whi | e
an i npl ant mask prevents doping of the p-type regions. [0054]In one
enboddesprHY vidilel 386s Famel it the whéle HY aufivarszidol 6tedhdeapanpisedsythé fiestahdie LV
regions. For exanple, the LV wells can be forned first followed by the HV

vel | sgecbRd ?%ﬂﬁgni mheﬁvmivb§egqsﬁ 965. 1 Phd Dip 1M/ Wel1lcdm ;pﬁséféla%Q) géﬁtett e 1€

different types of | s can be forned I n separate processes and the

diffe r acesses. For
exarrp h%r&ﬁ]\}éﬁfl r s{h ?"gﬁa}ﬁi égrgoﬁlaﬁgﬁ%g O\/{glqmq%eng%ea%ﬁ{'?; glgl on care® f or med
In se ate i.npl ant roces es. | ar | ifferent t s of wells in
t he K%’aﬁéa?l%s ASCE rseé'saP t &Pt JR By df? H¥ped wel |

can be forned by a S|ngle i mpl ant process or mul tiple inplant processes. In
mul t i piteveiregiPmnt processes, dopants can be inplanted at different energy
| evel s to achieve the de5|red doping profiles. In the case of a single
I npl af05p} oc édw,depthhand kohempetiat off dopdiits wé thervapivacesls msy darehd bnefdr t o
achi eve the desired doping profile. [0056] A single inplant process nay be
enpl oyasn16) aphRéatiBH AFHE Sandpls, Wi gheLPol Bk bpplidaBbnsBmily require lower doping
concentration of dopants and greater depth of the wells. In one embodiment, the depth of the
deep well 132 is about 3 pm with a dopant concentration of about 5E16cm™. For the drift well
136, it may have a depth of about 1.5 pm with a dopant concentration of about 5E17cm™. Other
depths and dopant concentrations are also useful for the wells.
[0052] As described, the STI regions are formed prior to forming the various doped wells.
Other process schemes, such as forming the STI regions after the various doped wells are formed
may also be useful.
[0053] The doped wells can be formed by ion implantation. P-type dopants can include
boron (B), BF; (boron compounded with fluorine), indium (In) or a combination thereof while n-
type dopants can include phosphorus (P), arsenic (As), antimony (Sb) or a combination thereof.
Generally, the first and second types of the active regions are formed selectively in separate
processes. For example, the n-type regions can be implanted with n-type dopants while an
implant mask prevents doping of the p-type regions.

[0054] In one embodiment, the wells of the HV region are formed separately from the LV

regions. For example, the LV wells can be formed first followed by the HV wells. Forming the
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type deep well, phosphorus may be inplanted with a dopant concentration of
about 6E12 cm 2 at an energy |evel of about 2000 KeV foll owed by a two-hour
drive-in at a tenperature of about 1100C. Single inplant processes nay al so
be used to formother types of wells. Formng wells using nultiple inplant

DI 0CeSF9Sy R Yrid} RANDEYIRER s a1k A ittt WBEL SF 1Yy oS cAPBERAY in

mul tiple inplant processes. 1005 n Flg. 2c, rious |ayers of the gate

are formed on the substr . ln on odi ment ate.dielectric | ayer 242
5% o pEpdestes SHE Rl lfbront @G AL VA TRL e Be FlyBa T Bl ey
conprises silicon oxide. Qther types of djelectric materials, such as

sili coFrPr&;syﬁpkerf?xaéfstﬁﬁgﬁ ads6cnd tipevel's inAng kY 5gie) 1S OrRPGR.EPARG Y k or
conposite of dielectric materials nay be used. The thickness of the gate

di el edmplant progesses 4mikaglybibie diftarent3gpea of wielly irgtie FBY eegian aradarmedansi st or s.

O her thicknesses may al so be useful. The thickness, for exanple, may
dependseparatcimplpat pro¢cedseage appl i cations. For exanpl e, higher gate voltages
may require thicker gate dielectric layers. In one enbodi nent, the gate

di el ecfopssy | awedoped “{eﬁrdaﬁ%e@anﬁéaq;yr@ingéi hhtQtocdst Behultpdidifugs. such as
chem cal vapor déposition (CVD), cCan also be used to formthe gate

di el ectr] a . I i I e

gar e ity YT iR b AR, ERahaEH bETHland o SHORRPSIL ME0BSIS
enbodi nent, polysilicon ) he gate el ectrode | ayer 244 can be forned
o an b e B drmnbisiote Bigpd o aSh S R B et o EifheRyut
subsequent processing can be performed to crystallize it. Qher types of
gat e edrdetinpaecessis pertameeddp ackicsothg slesitad dopig regBlepl e, the pol ysilicon can
be subsequently processed to formpolysilicide or netal gates. The

t hi cknj@d56]of tAhdnglaimplahtigudeas enalydy empioyed he fabenamp?s) @emAdasp Wwallss Fot an-

anot her enbodi nent, the thickness of the gate el ectrode |ayer is about 2500

A or |t9§§deépﬂvéi§bh@d§»gbﬁ§ mSMRApIRIND with e dbpint koeatrtfont STabe@tsE 10l B¢t 4r0de

| ayer Can be about 00 A or less. For exanple, in the case of polysilicide

gates, té}}%fg}gké’e? ok LIGAIR 206 {(@9 f@f?(‘}e\%q @%ﬂwﬁh&‘(ﬂj drfrelifl Gt & WG Aikelo¥ aﬁélg“t 2000

A. O her nesses are al so us ari1 ous techniques ‘can be us to
formt gat e..el ectrode | ayer. For, exanpl ol ysilicon can be deposited by
VD whi 100 FersiRe B b Bar erfiiSe iy By Bty a8 Sk P A GAMise beE e pendi ng
on the material, may also be useful. [0Q059]Referring to Fig. 2d, a mask

| ayer b ysingayltiple igplant proggsses may also dewssiih Farigsamgpleel ¥ vedls meayebq ayer. In
one enbodi nent, the mask | ayer conprises photoresist. The nask is patterned
as desformed bymuftgti¢ enplattiprocensk. | ayer, phot ol i t hogr aphy can be enpl oyed.

For exanple, the mask can be sel ectively exposed to an exposure source

t hr ougjpos7] | t hOBicaRH varibBSkKyerPop R Gatkthr® foritled bh &l subpest.t Invéhembiigiatdty e
resist is used, the exposed or unexposed portions are renoved by

devel OQ%?QH*%%S"CEEJ{EZ? iét Eﬁﬁ@@ Bg&:ih&sex{b‘.?ﬁ%.gg%fgﬁe Alkiéent ia%?for%&%gﬁbom)

may be oVl e nas ay e mask | ayer 288 i
patterned to f.oie, amn opReni 289..1.0 .expose. ortion. of the gate el ectrode
Payer Smprise i il dPRERDPe: eigRer Rpeily Salies ornBedRe iR ®or
t he channel wel | inplant. For exanple, t{he_nask |ayer serves as the channel
vel | i BRIIsERL. Adistaatively higlek) loyiek onegmpnsitp af tisleqtty iterials may Sred. b .
Subsequently patterning the ARC | ayer may al so be useful.

thickness of the gate dielectric layer 242 may be about 30 A for 1.8V gate voltage transistors.

Other thicknesses may also be useful. The thickness, for example, may depend on the gate

voltage applications. For example, higher gate voltages may require thicker gate dielectric

layers. In one embodiment, the gate dielectric layer is formed by thermal oxidation. Other

techniques, such as chemical vapor deposition (CVD), can also be used to form the gate

dielectric layer.
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[0061] In Fig. 2e, the substrate is inplanted with dopants to forma channel
wel |l 135. In one enbodi nent, dopants of the opposite type as the type of
the HV active region are inplanted. For exanple, p-type dopants are

i mpl i h - d wel | of - . Lan.
TSR "R e SRR "
t t to t . o) A i t 0
R R T e Gy

i mpl ant condi tions can be varied depending on application requirenments. For
exanpéan bet fhemethasl an angypleousvdl nerremgyphoms layer. sairagrosehous depdsited/ Byehe desired

ef fective channel length. [0062]In one enbodi nent, the channel well is

f or meshibeyquietit propdseing kil Bapaforred texgstpllize it [Gthahtgpesalf garl dlectrade hetetiatsmed by
at least two lilt and rotate inplants. In one enbodinent, the inplant

conpr ig@kotisBfufdrdrRhdple; the paUAHicoRRARBS subREqHch&R prodedstd toefraPelyalicide

i nplants, each rotated by a rotation angle. For exanple, a p-type channel

wel | ' ' il t t i, h

Fot a §AetE gt TRE bR ot EREARNC Riprdudy 4o ar RO RN PR ol L oy
| evel o bout .130. Key. her til ngl es, [rotat.i angl e oses and

ener g?n{"é‘s@iegt’ g‘reéglﬁ{éé%s B&Flﬁqe ell—‘fﬁ&ma% lé,a{’%u%éggr‘&i?fg%in?ﬁ e hri se a
tilt ang(!le of about 7 with rotation angle of about 45 with a _boron dose of
about embadiment, therthisknesp ef thy ertaltctisrle layeigantsabratA00p doertpss tFer exarPeng t he
channel doped well 135, exposed portions of the gate el ectrode | ayer 244
are ranhv eabe odipolykitivideigatek;i the palfysiliton map be Atod 2HMA, wile the iwgstenp aboet ch,
such as a reactive ion etch (RIE) is perforned to renove exposed portions

of thgomed e Orhe ehitiadesds ayeedlso ddegull 8BIYEd teBlini§its cax poasd to &bl egarf the
gate el ectrode |ayer, in one enbodinment, forns a first edge of a HV gate.

The fielksé&o%ggv%r. %ﬁre&ggltp%?%{m% cmpﬁcgegaawa% ¢PDLRISAMECEnede of the HV

gat e. S ectric r 242 °serves as an etch stop for

et chi t he gat e, el.ectrode, | aver. Leavi.ng the te dielectric layer can be
v antehset AR QBT ekl AGRIRB b N AReRet b S beSee ! o
inplantation to protect the susgst rate frominpl %nt damage. Alternatively,
the eMl958kd Jisferrian toFis #é agaesk layaPed iy ioamed g hesHbstHE, Fevrngdhe fovi ng
the gate dielectric layer 242 to expose the substrate may al so be useful.
Af t er electedvierigyerhén eretamtwidiroentotie niask dayer ¢dvaprings Rhotasesist. JH® maskrienoved.

[ 0064] As descri bed, the inplant mask, in one enbodi nent, serves as a

channgittentdd asidegitedntTopastsrathe wekk laysr, phomlithobaphpair s ethplgyddieFdri r st edge
(e.g., source side) of the HV gate. By using the sane mask to formthe

channglanyb |th@ﬂﬁsl§&!ﬁr&%e§i:ﬁ'&‘elﬁ Exgodgd @3noxpbiife %E@t%od% aIRhdgr@nigned to

the gate edge. This enables the channel |éngth of the device to be well

o koSBT L DBl d B Bt P

per f ornarice ne ‘emnt ctrve chdnne _ ess than
1 m DOHOTReARBOVIEDIBOAPTER: [ HOABRSERe G AP Bk 8T [8Le 1 han
0-25 Ehrgwn) may be provided beneath the mask layer.

[0060] The mask layer 288 is patterned to form an opening 289 to expose a portion of the

gate electrode layer 244. In one embodiment, the opening corresponds to the opening for the

channel well implant. For example, the mask layer serves as the channel well implant mask.

The ARC layer may be patterned with the mask layer. Subsequently patterning the ARC layer

may also be useful.
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[ 0065] Referring to Fig. 2g, another mask |ayer 288b is fornmed on the
substrate and patterned. The mask |ayer is patterned to expose portions of
the gate el ectrode | ayer 244 to be renoved, protecting portions
corresponding to gates of the LV devices. For exanple, the nmask serves as a

gate réélai Adgl Fiig.o%"%‘ 'tﬁé’sub&t?é?? @ﬁ@l&ﬁéﬁitﬁ BGRnRY 185 § chdlfmePRu @%.pﬁ][&deon of

t he on an e gate o HV devi ce. The exposed portions of the

gate el ect.,rod ayer 4 are .renmpved.to for es..of both the .V and HV
ot o SEOpHERS dRAas of i BRbale TR Atat Rms O el e ettt e
the device, as il|lustrated in Fig. 1. The process,. for exanple, includes
form faBRIce ALYRSHOPaYS mmﬂ@twnrcb%w mntpsped&eatw%h?f FR5EYPSAEY 2BV TERIN N g
spacers 148 and 178 and diffusion regions 146 and 176. The different types
of extlese embadithedt, tiiaddpentsaeginpiantediat dpanglsrtoderni a clainhelefrem thegate edgses .

For exanple, n-type diffusion regions are fornmed in one inplant process and
p- t ypéo thd ddgs o6 therchgrmeh s/ellr @ht imhpladt dngled cdn ey infrrasgsst. abbulr It fost5ADOhert he

di ffusion and extension regions of the different device regions can be

f or med 2eRRhAI& May alsd bE LulIARIMPRM SHARME Saf BEvRRd RHEREnAS4 er the
di ffusion regions are forned. For exanple, netals, such as cobalt are

deposi t n. the. r t f .Gl d
gat oo, it n e iRl ¥l ity ARG ke ol Rl e SUide PRAGEGE o
processes. react ed tals are renoved. A pre-netal and an inter-Ievel

di el ectePired §HEFEYVe epRngldeq®hed in which contacts and interconnects are
formed. Additional interconnect |evels can be formed by, for_exanple, dual
damasd@f@lt ec Inorpuesbodinent] the sbannghweld is forned hgmuliinde rplgntanHor xemply may
be perforned to conplete the IC. [0067] An alternative enbodi nent of a

pr oc eghe chanhelrwelhcansdbedormekrbyl &t eass tvedtilvand rotdte gaplaB@- gondRehlesdimeny, the Fi g.
3a, a partially processed device is shown. The partially processed device
IS si Nidpddnt EOmphRk aﬁhmnﬂ;}antFl@qua%pimrpﬁda%ﬂpﬂ%%mtﬁ&a anglell @pRAtsOshchhe gate
el ectrode | ayer 244." The hard mask, for exanple, conprises silicon oxide.

In On%‘o ) %?atttonta}lgl,eh ?‘;Oggwe,}gg'%p% &f'l o Q'eﬁxarw Olﬂ-llgg \Jléﬂl aC GSS of the

hard mask, tor exanp materi al s, techniques or

t hi cknesses may al s0 u | ... Far..exanpl t he bar. sk e, fqrmed
¢ om STERE AL FHE APEIRoBRAE Rt Wit Bk Tt drabanSs” Betiontn SR olgbod Fr g
3b, a soft mask 287, such as photoresist, is formed on the hard mask 388.
The scARl3gmsiet emengsgy lsxekefiabedt 1BP Kot Other HE gpalghiretatior ppgles, de9ses @0 or m an
openi ng 289 which can serve as a channel inplant nask. An ARC | ayer can be
provi dmdrgydevebeare tilse usefit. Farska@gle, aguad inpldmcah cespriesdilt Figle plabost 7 of
the soft mask is transferred to the hard mask by, for exanple, R E

[ ﬁ%ﬁ]‘*’ﬂg’ ﬂﬁ!ﬁ%(&xr@gréi JTRBbut 45P vithaf Boromaksel AYBSut2E 18 & esh afck@f lepéltdfabmitng of
t he ar mask,

150 KeV.

[0063] After forming the channel doped well 135, exposed portions of the gate electrode
layer 244 are removed, as shown in Fig. 2f. In one embodiment, an anisotropic etch, such as a
reactive ion etch (RIE) is performed to remove exposed portions of the gate electrode layer. The
removal of the exposed portions of the gate electrode layer, in one embodiment, forms a first
edge of a HV gate. The first edge, in one embodiment, corresponds to the source side of the HV
gate. As shown, the gate dielectric layer 242 serves as an etch stop for etching the gate electrode
layer. Leaving the gate dielectric layer can be advantageous since it can serve as an implant

mask for subsequent ion implantation to protect the substrate from implant damage.
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as shown in Fig. 3c. The substrate is inplanted with dopants to forma
channel doped well 135. In one enbodi nent, dopants of the opposite type as .
the type of the HV active region are irrpl anted. For exanple, p- type dopants

are inpplante to the e of,a n-t ve re

0070 TR o s ortstESEBE e el ekl et R P or m a
channel fromthe gate edge to the edge of the channel well. The i npl ant
ang| esae diglechsis laypra“? éﬁ@@oes? thﬁt%b%tfaie may also beysedil. iAr giphingfhe &denay al so
be useful. The inplant conditions can be varied depending on application
requi¢1ecnmdte§ayet:,dhemMV@,ZStSHErfamgdeé-, dose and energy can be selected to
achi eve the desired effective channel |length. [0071] I n one enbodi nent, the
channpiéstel | Assdekeibedcdthbympldht inpdkein ¢Hel ediiodlimér) seeves ap h €harinbewelh anpleht wel |
can be forned by at least two tilt and rotate inplants. In one enbodinent,
the i RRUARLY QPP ha&Sfof patiasink MR B8E edgh ( agagodrseaélaé)tofmv R Bﬂytgnt%

angl ed |nplants each rgtated by a rotatlon angl e. "For exanp e, ype
chann

i th islfe?él | tfimfﬂ?er TRl el d%ﬁﬁ‘%es@%%ﬁf e B %”%%ﬁflfﬁlﬁtl%ﬂ: &
13 V.
and ségvy%ﬂg%e”r@s SibIs QoS B e haf e ARESe b téﬁ‘j’\% FORBIODRY CERACpr | e

atilt angle of about 7 with rotation angle of about 45 with a boron dose

of abvary sikEl gdentive ghanapl lengthytp redyas Rdstn peploumancs( Iikene epbaiippmsthehown in

Fig. 3d, another soft mask |ayer 287 is deposited on the substrate,

cover éfﬁgtitrh ehdnaeldengh K ik gethaaOdt gxpds ethegahbodimentss thd effeaiperchaniiee sof t

mask is patterned by lithography. The soft mask protects portions of the

hard RBstk i$ RYShas88 |GRY lr?%&%ﬁé’t'h@x%rﬁﬁbcﬁxﬂ@nttth@'&ﬁb@th@%hﬁﬁi&?en Hews AR | ayer

can be provi ded between e soft mask 287 and the hard mask 388. In Fig.
P @?p portions of the hard mask are renoved, exposing portions of the

gate el'e ode layer. Patterning of the hard nask | ayer can be achi eved by,

for e I.B.. T erndha mask. The soft
mask, f@ggls hoﬁf‘?rﬂn%Péﬁgﬁg’ af‘%t ayeo@iééﬁ Spf\é %‘f‘?ﬁ ﬁ‘ﬁ%ﬁgér ALY mask.
[0073] Referrlng to Fig. 3g, the gate electrode |layer 244 is patterned to

f oi i i patiganeds Tihg magk layer imattenged tgremsoRortipry ofdhagie eleatreds laysetdinbag of
the gate el ectrode | ayer can be achieved using, for exanple, RTE. The

pat t eremiovgd,gfroteétengyatreons| cootspoadinigdy gatesbSthe &Nodkyices hEohewathpia dhe, maskduci ng
its thickness. The hard mask 388 can be renoved by, for exanple, a clean
step @ifeRras atgattimgkt Paldgaingllg| tRe tagdRybEdB3b protbés He@o8&s poAidhi oTHRSHHS

previ ously described to conplete the device.

region and the gate of the HV device. The exposed portions of the gate electrode layer 244 are

removed to form gates of both the LV and HV devices.

[0066] After the gates are formed, the process continues to form the device, as illustrated in
Fig. 1. The process, for example, includes forming extension regions 147 by ion implantation,
followed by forming spacers 148 and 178 and diffusion regions 146 and 176. The different types
of extension and diffusion regions can be formed in different processes. For example, n-type
diffusion regions are formed in one implant process and p-type diffusion regions are formed in
another process. Furthermore, the diffusion and extension regions of the different device regions
can be formed separately. Silicide gates and contacts can be formed after the diffusion regions

are formed. For example, metals, such as cobalt are deposited on the substrate 101 and reacted
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[ 0074] Anot her enbodi nent of a process for formng a device 100 is shown in
Figs. 4a-g. Referring to Fig. 4a, a partially processed device is shown.
The partially processed device is simlar to that show in Fig. 3a.

[ 0075] Ref erring to Fig. 4b, a soft mask layer 387, such as a photoresi st

layer o squa"&éicaﬂ%&étﬁld ki, AR leoRB8s aﬁ@gﬁgsccdnaaé%rrﬁ@cﬂnttﬁe Rivbded between

t he so and t mask. The soft “nmask ayer |s patterned to expose

t f the h Th f
cor éﬁdbfiﬁggt RS, FPgad el R Ty STRY e Bl i wlbtlfved el o
k| be achi eved by photolith h h |
emhodilEAEan PHRTREE TLVHER SOBhE AN R B9 AR OB b AL AR BFHORESk | n 1 ho

LV region 110. [0076] As shown in Fig. 4c, the pattern of the soft mask is
t r ansflevetssaantbe formeedingy, dorresatapley dual dmnemn@teehmﬁmﬁ Fineé pmisivatienslieing,exposed
portions of the hard mask to expose portions of the gate el ectrode | ayer

344 | nsichblydhd @iy mahbe performetl o bempletenietC. | n one enbodi nent, the
renoval of the hard nmask al so exposes the gate el ectrode |ayer in the LV

regiong ﬂalit er ARERLIN NN dithB& Jf%rﬁiio%ésgf fotRe S UdviddB Il id oS ihFigespved.
[0077]'In Fig. 4d, another soft mask layer 487, "such as a photoresist |ayer,

is for r e soft
ek %ﬁ%’ef&*‘%é& b5, ?t%éaﬁ%ﬁﬁyé&tsﬁéﬁ%@éz Hé@ée?%@a%%“?%? AR b
techni qu expose. portions, of t te eIetr 44 in e LV
g1 orf N ch et SHg T oV B RO SR THES 0F et feha o gat es
of the LV devices. For exanple, the patterned soft mask serves as a gate
mask flde bardempsk, f@gaxampletmnmes sifigeik oxidg-en ¢ne quthediraents the fardrpaskng 88@@ on.
[0078] The gate el ectrode layer is patterned in Fig. 4e. In one enbodinent,

t he gdbened o€ VDA Healtiekndss of the hand mesk, for examplkt isebowdiOnsi. nQthcn enasarfals, mas k
while the hard mask is used in the HV region. The use of the soft nask

?g \é ;':1 g tg@cﬂﬁﬁf&%& ¥r thakhédstahep alk® b8 uRFuIO FHR Sxhple] tht hedlmak AR ble LV
silicon nitride or other types of materials.
[0068] Referring to Fig. 3b, a soft mask 287, such as photoresist, is formed on the hard mask
388. The soft mask can be patterned by photolithographic techniques to form an opening 289
which can serve as a channel implant mask. An ARC layer can be provided between the soft
mask 287 and the hard mask 388. The pattern of the soft mask is transferred to the hard mask
by, for example, RIE.
[6069] In one embodiment, the soft mask layer is removed after patterning of the hard mask,
as shown in Fig. 3c. The substrate is implanted with dopants to form a channel doped well 135.
In one embodiment, dopants of the opposite type as the type of the HV active region are
implanted. For example, p-type dopants are implanted into the p-type deep well of a n-type HV
active region.
[0070] In one embodiment, the dopants are implanted at an angle to form a channel from the

gate edge to the edge of the channel well. The implant angle 6 can be in a range of about 1 to

45° Other implant angles may also be useful. The implant conditions can be varied depending
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[0079] Referring to Fig. 4f, another soft mask | ayer 487b, such as
photoresist, is forned over the substrate. An ARC | ayer may be provi ded
beneath the soft mask. The soft mask | ayer can be patterned by

phot ol i t hegr.aphi c .t echni gues form an opening 489. The patterned.soft
sk PhyRT Rk GhaR, R S Rp o Bl R B e U BRI RGO, e
substrate is ipplanted with dopants to forma channel doped well 135. In
one e%gﬁ?lﬁéirﬁfg‘e@mdé‘?ngf}he opposite type as the type of the HV active
region are inplanted. For exanple, p-type dogants.are i nplanted into the
p-t ypHW0dtep Webhe ehbedimenty e dhynnet wiellds E@@'ﬁ@ y niudiggle jmplantse Feneraaiphent , t he
dopants are inplanted at an angle to forma channel fromthe gate edge to

t he ethgehafnel Wwell clabnformed by at 1€kt tworpltant retaglimplintarin bee embadifmeng ¢heof

about | to 45. Qher inplant angles nay al so be useful. The inplant

condi R cBAPrIRS aVffatl SHpRBY EA QuADindNadRBIpFisds PilltddemE] AP Hnts, edchr _
exanpl e, the angle, dose and energy can be selected to achieve the desired

e e e e R TR
o RSt Py O L R IR A0 e TR DL uhe Ll g

inmplants, each rotated by a rotation angle. For exanple, a p-type channel
wel | 2BlPcBe #toneaersyileve! af abertl I YanOthar tidt angles, ratpgipn anglenidosas a8A0 wit h
rotation angle of about 45 with a boron dose of about 2E13cml2 at an energy
| evel emfgsalowels atk3Msolswiul.OF treaxatniple, a gnad asplantehatomprisergtile snglel ofgmuaind
energy levels are al so useful. For exanple, a quad inplant can conprise a
tilt Rifk&aedn AROLST Adud I Ryifhod Bérb® dost el abo@f2EABEME aftbn Widrlly RvBIST@Bowose Of
about 2E13cm 2 at an energy |evel of about 150 Key. [0083]In one
enbodiffﬁeﬁg the i nplant mask and hard nask are renoved after formng the
channe vveY]. For exanple, the inplant mask is first renoved foll owed by

the r ﬁ)’iS‘?i{]a' 9{5 sthg\%n in Fig. 3d, another soft mask layer 287 is deposited on the substrate,

covering the hard mask layer and exposed gate electrode layer. The soft mask is patterned by
lithography. The soft mask protects portions of the hard mask layer 388 corresponding to the
transistor gates. A new ARC layer can be provided between the soft mask 287 and the hard
mask 388. In Fig. 3e, exposed portions of the hard mask are removed, exposing portions of the
gate electrode layer. Patterning of the hard mask layer can be achieved by, for example, RIE.
The patterned hard mask serves as a gate mask. The soft mask, as shown in Fig. 3f, is removed
after patterning the hard mask.

[0073] Referring to Fig. 3g, the gate electrode layer 244 is patterned to form gates in the LV
and HV region by, for example etch. Patterning of the gate electrode layer can be achieved
using, for example, RIE. The patterning of the gate electrode layer also erodes the hard mask,
reducing its thickness. The hard mask 388 can be removed by, for example, a clean step after
etching the gate electrode layer. The process continues as previously described to complete the

device.
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hard mask. In sone enbodi nents, the hard mask is remai ned. The process
continues as previously described to conplete the device after the
formati on of the gates. [0084] An alternative enbodi nent of a process for
formng a device 100 is showmn in Figs. 5a-g. Referring to Fig. 5a, a

parti pro B i 15al; | £€,1S

G 1| 200Y41Py P ARSHEC RN o 0V G AnRAE R Bk | RSRSEEh ERL 6. 2.

| ayer 7,. such. as a photoresist layer, i.,s forned gver the s trate. An
a1 RRRinRgS Bie B APARD R PHEe R aRoa0r e Radiey yPsRBVSEES ek
| ayer can be patterned by photolithographic techniques to expose the HV

r egi orfimparde dhat shayn Wig\adevi ces from being processed. As illustrated by
Fig. 5c, the gate electrode in the HV region is patterned by, for exanple,
R E, t[8075r m Rbferriye te Higidbga sdfbmiask tiyem337, aucht dse phatoesish ddyer, A§ foemed on
patterning of the gate electrode in the HV region, the soft nmask layer is

r endv ale hird @86k B8S. AhI ARIC I8y el t4h bstovidod b&twiees tHetsoftasdsk laay e @I hasisuch as
photoresist, is formed over the substrate. An ARC may be provi ded beneath

the sofe saﬁ%fash?ac/ﬁg is Cpplgﬁieréﬁgg %,%mgég?éﬁxsg oL BB hAR RALBRE NG Péfnaining jortio

phot ol i t hogr ap e m an openi ng 589. The pattern sof t
mask | ayer serves as a channel. i npl an k., .[0087] shown.in Fig. 5e, the
subst (LA seR iR Batbnlr G s A Mol By feaicrt RO HeReBRER ot igs®; |
one enbodi nent, dopants_ of the opposite type as the type of the HV active

r egi on2¥sr €21 PpRcRvEd by phptolithograpaic ts@w@&d@p%ﬁ%n%ﬁgn@wﬁsaﬁwm t he

p-type deep well of a n-type HV active region. [0088]1n one enbodinent, the
dopantmsaskrlayer alsb gxpasds e hard mask is thol Vaegion 1éhannel fromthe

[0076] As shown in Fig. 4c, the pattern of the soft mask is transferred to the hard mask by,
for example, RIE. The RIE removes exposed portions of the hard mask to expose portions of the
gate electrode layer 344 in the HV region which are to be removed. In one embodiment, the
removal of the hard mask also exposes the gate electrode layer in the LV region. After
patterning of the hard mask, the soft mask layer is removed.

[0077] In Fig. 4d, another soft mask layer 487, such as a photoresist layer, is formed over the
substrate. An ARC layer may be provided beneath the soft mask layer. The soft mask layer can
be patterned by photolithographic techniques to expose portions of the gate electrode layer 344
in the LV region which are to be removed, protecting portions corresponding to gates of the LV
devices. For example, the patterned soft mask serves as a gate mask for the LV region. The soft
mask layer is removed from the HV region.

[0078] The gate electrode layer is patterned in Fig. 4e. In one embodiment, the gate
electrode layer in the LV region is patterned using the soft mask while the hard mask is used in
the HV region. The use of the soft mask advantageously facilitates forming gates of critical

dimensions in the LV region.
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gate edge to the edge of the channel well. The inplant angle O can be in a
range of about 1 to 45. Other inplant angles nay al so be useful. The
i npl ant conditions can be varied dependi ng on application requirenents. For

exanp he l.e, .dose,and energy c be | ect.ed to, achieve the desired
o rocldogal ch aRRdRe B e o BESr R SR IR 4 B SEATES AT St 1
formed by multiple_inplants. For exanple, the channel well can be fornmed by
at | eHSrsubsite: i/E‘% ARGdlayemaaeds provisled beneath the soft maski Hemioft mask laygsicanbe
conprises a quad inplant. A quad inplant conprises 4 tilted angl ed

i pl apattsmedgiyrphotalishagranbye wchroquesito foremayl epentagr438x dip Ipatteraedusoffymaskc hannel
well can be fornmed with a quad inplant at a tilt angle of about 30 with

r ot at lager @nakas athabelimpldntwidsk. a bor on dose of about 2E13cm 2 at an energy
| evel of about 130 Key. Other tilt angles, rotation angles, doses and

ener goossye! sl 0ig! 8! b sufsRhucas AiifhRed idlRAxitTR) Bith « AP EDSIGSE 2

tilt angle of about h rotation angle of about 45 wth a boron dose of

about t I f t 9 ferring to Fig.
St anear. TR enBoaRRl YopaBL uRlorBBSH BT G Mns R B CRLY el
over the substrate. An ARC | ayer may be proyi.ded beneath the soft mask

| ayer SO TmaIaSisHl, THRGHRIGErPS PR AT BBPIBY R P S1 R-H@GISEIEL PEE RrivBfues ¢ o
expose portions of the gate electrode |ayer 344 in the LV region to be

r enoved. achyei¢gi@nal |y, the soft nmask layer remains in the HV region to
protect it from being processed. The exposed portions of the gate el ectrode
| ayer [(®©84] ar dn becavbalitment, drendophets geetiaplaited dtanlavgld ew farm, a dmnndlIftesd thet ed i n
Fig. 5g. [0091]Simlar to the enbodi ment of Figs. 4a-g, the LV gates are

pat t epiieddatsionie @gsOf theBhakndMielle The MapHnRle 6 Saifel alranRAttaBom the EV
gate. After formng the LV gates, the soft mask is renoved foll owed by

TR, o UG LR 94T P Rl

rocess contl nues conp ri bed

previously. 100921The invention be enbodi ed in other specific .formns
b & ot SRiSEPUT R PETHEL HrTSBRRPLE. B BELT A0S ChEPRCHENS SRt ' ALVES . The
foregoi ng enbodi nents, therefore, are to be considered in all respects
i |1 ustheadesived qffecties chapagl length-t i ng t he i nvention described herein. Scope of
the invention is thus indicated by the appended clains, rather than by the
f or egi1083] dedu Phpembedimant thel dhagtehmglss fomaed by menltiple inplanise Foeersinmie,and
range of equivalency of the clains are intended to be enbraced therein.
What % chhi@iel®@ll ic&i be formed by at least two tilt and rotate implants. In one embodiment, the

implant comprises a quad implant. A quad implant comprises 4 tilted angled implants, each

rotated by a rotation angle. For example, a p-type channel well can be formed with a quad

implant at a tilt angle of about 30° with rotation angle of about 45° with a boron dose of about

2E13cm™ at an energy level of about 130 KeV. Other tilt angles, rotation angles, doses and

energy levels are also useful. For example, a quad implant can comprise a tilt angle of about 45°

with rotation angle of about 45° with a boron dose of about 2E13cm™ at an energy level of about

150 KeV.

[0083] In one embodiment, the implant mask and hard mask are removed after forming the

channel well. For example, the implant mask is first removed followed by the removal of the
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CLAIMS 1. A device conpri sing: S substrate prepared with an active
devi ce region, wherein the active device region includes a gate; a
doped channel well disposed in the substrate adjacent to a first edge of
the gate, the first edge of the gate overlaps the channel well with a

chan nqlag?gﬁgcn g[féll sz)glg éegfbgg : ént%’“?ﬁé hap(?ﬁﬁgﬁ R I'Eljﬁgiﬁlg&t Z}'le Plgﬁas{s k%;ﬁ)t;imjt%g ge of the

gate an nes an etfective chann e devi ce,
wherein the.effective channel, length.is,self-ali d to the gate; and a
opeq RIpTipEsIArEie 6 SRR the €l AedtE Prortpndt fds®ss “rhe qevice of
claim1 wherein the effective channel length is |less than about 0.4 gm 3.
The dd0P34 of Amaliempativeprabedimentf aqypeass far dopping aidswise 160 wrshpwniin Bigst i on
region in the doped drift well; and a doped deep well in the substrate
of t hebasgt Referrthed Feg. Segd partialhconopessed dayidetie shiope dThly partialiyeprbcessefl devive
device of claim1l wherein the first edge of the gate corresponds to a
channgk si@iﬁﬁ&t@ﬂqatélﬁwﬂdhe‘(ijg?ﬁcl he device and a second edge of the gate

corresponds to a drain edge of the gate of the device. 5.The device of

cl ai mgogdier el shiien B Fik! 58, 2R AUhAR 1458587 shich S S PRGN, & REmBARrer
the substrate. An ARC layer may be provided beneath the gate soft mask layer. The soft mask
layer can be patterned by photolithographic techniques to expose the HV region, protecting the
LV devices from being processed. As illustrated by Fig. 5c, the gate electrode in the HV region
is patterned by, for example, RIE, to form the gate using the hard mask as the gate mask. After
patterning of the gate electrode in the HV region, the soft mask layer is removed.
[0086]  Referring to Fig. 5d, another soft mask layer 587b, such as photoresist, is formed over
the substrate. An ARC may be provided beneath the soft mask layer. The soft mask layer can be
patterned by photolithographic techniques to form an opening 589. The patterned soft mask layer
serves as a channel implant mask.
[0087] As shown in Fig. 5e, the substrate is implanted with dopants to form a channel doped
well 135. In one embodiment, dopants of the opposite type as the type of the HV active region
are implanted. For example, p-type dopants are implanted into the p-type deep well of a n-type
HYV active region.
[0088] In one embodiment, the dopants are implanted at an angle to form a channel from the
gate edge to the edge of the channel well. The implant angle 6 can be in a range of about 1 to
45°. Other implant angles may also be useful. The implant conditions can be varied depending

on application requirements. For example, the angle, dose and energy can be selected to achieve

the desired effective channel length.
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6. The device of claim5 wherein first and second diffusion regions are
provi ded adjacent to the gate, wherein: the first diffusion region is
di sposed in the doped channel well on a source side of the device; and

the second diffusion region is disposed between the drift isolation region
and a[t089] ce Inook ambodimesyithachannel vallas forgied dyafultiple ihplantse For gxanijile, devi ce
of claim1 wherein the effective channel length is controlled by ion

I mpl atHeath@it]l well.cad Be faimet ©§ abfeastitab mlt/andietat itpldifs. | [Brdnk RRlbadihait, Gt
conprises atilt angle inplant. 9. The device of claim8 wherein a tilt

angl e Rflabt@nipRed d”@laﬂri {dn®NAl Ria@ RRMEntcoftRrisesPtiltdd Sh MM inpPar®d, edr@l M 7

wherein the 1on I npfantation conprises multiple tilt angle | mplants which

o1, RS RISl RSk SHAPA A sl SRSERLOHE 110,
T Bt el B STRo S50 355 b b SO LA 1 1

2E13cm™ at an energy level of about 130 KeV. Other tilt angles, rotation angles, doses and

energy levels are also useful. For example, a quad implant can comprise a tilt angle of about 45°
with rotation angle of about 45° with a boron dose of about 2E13cm™ at an energy level of about
150 KeV.

[0090] Referring to Fig. 51, another layer of soft mask layer 587c, such as photoresist, is
formed over the substrate. An ARC layer may be provided beneath the soft mask layer. The soft
mask layer is patterned by photolithographic techniques to expose portions of the gate electrode
layer 344 in the LV region to be removed. Additionally, the soft mask layer remains in the HV
region to protect it from being processed. The exposed portions of the gate electrode layer 344
are removed to form the gates of the L'V device, as illustrated in Fig. 5g.

[0091] Similar to the embodiment of Figs. 4a-g, the LV gates are patterned using a soft mask
while a hard mask is used to pattern the HV gate. After forming the LV gates, the soft mask is
removed followed by removal of the hard mask over the HV gate. In some embodiments, the
hard mask can remain. The process continues to complete the device as described previously.
[0092] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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S substrate-prepared with an active device region, wherein the active

devi ce region includes a gate; a doped channel well disposed in the
substrate adjacent to a first edge of the gate, wherein the first edge of
the gate overlaps the channel well with a channel edge of the channel well
benea he .gate,. the first edge of the gate and channel edge defines an

ef f ect l%ﬂ%ﬁ$ %9 ength of the device, wherein the effective channel
length is self-aligned to the gate; a doped drift well adjacent to a second
edge of the gate; and a drift isolation region in the doped drift well.

14. The device of claim 13 wherein the effective channel length is |ess
than about 0.4 lam 15. The devi ceCbAIMBai m 13 wherein the first edge of
the gate corresponds to a channel edge of the gate of the device and a
second. edge\ @éviéd@nipristhgeor responds to a drain edge of the gate of the
device. 16. The device of claim1l wherein the drift isolation region is

di sposed. LRAGbettalpidpdiEd with on adiie dRYICGEEiGh, WAk HSaE UBYBe fdgicH - and
second diffiision reglions are provided adj acent to the gate, wherein:

the fi.rst diffysion region is disposed in the doped channel well on a
sourcém§W§§a&?€%he devi ce; and the second diffusion region is disposed

g?g\g/egp :E Eg cg{glg({l teléalnl_ SnglI v%li (?irs]porsgg 5n0trllle%1qgstr%teda%3/zic%§t ti)sa rgtt éd%g o% { %I g?l{é, 8‘1@: ffarstdr arn

edge of the gate overlaps the channel well with a channel edge of the channel well beneath the
gate, the first edge of the gate and channel edge defines an effective channel length of the device,
wherein the effective channel length is self-aligned to the gate; and

a doped drift well adjacent to a second edge of the gate.
2. The device of claim 1 wherein the effective channel length is less than about 0.4 um.
3. The device of claim 1 wherein the substrate comprises:

a drift isolation region in the doped drift well; and

a doped deep well in the substrate of the active device region encompassing the doped
drift well.
4. The device of claim 1 wherein the first edge of the gate corresponds to a channel edge of
the gate of the device and a second edge of the gate corresponds to a drain edge of the gate of the

device.

5. The device of claim 3 wherein the drift isolation region is disposed under the gate.
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18. The device of claim 13 wherein the effective channel length is
controlled by ion inplantation. nultiple tilt angle inplants or quad tilt
angl e inplant. 20. A sem conductor device conprising: S substrate
prepared with an active device region, wherein the active device region

i ncl uGes aThadevice of claimad wherenh foiseamdalecou diffdsiepoegehsiare progidsd bdinceant ®

adj acent to a first edge of the gate, wherein the first edge of the gate
overlﬁj@%ateha,hsﬂ@ﬁ{mel well with a channel edge of the channel well beneath
the gate, the first edge of the gate and channel edge defines an effective
channel t t | i's
self-ali gnﬁ% fl[}%tQi;l fgﬁg%@dngﬁgm%&ﬁ%ﬂleﬁ ge&éﬁ 1‘A@vle g(cgiLﬁ g%éelg‘?&ttgea second
edge 8f the ate, wherein a drift isolation region is disposed in the doped
drift nd first and second diffusion regions adjacent to the gate.

the second diffusion region is disposed between the drift isolation region and a device

isolation region on a drain side of the device.

7. The device of claim 1 wherein the effective channel length is controlled by ion
implantation.

8. The device of claim 7 wherein the ion implantation comprises a tilt angle implant.
9. The device of claim 8 wherein a tilt angle of the ion implantation is about 1-45°.

10.  The device of claim 7 wherein the ion implantation comprises multiple tilt angle implants

which are rotated about a plane of the substrate.

11.  The device of claim 10 wherein a tilt angle of the implant is about 1-45°.

12.  The device of claim 7 wherein the ion implantation comprises a quad tilt angle implant

which is rotated about a plane of the substrate.

13. A device comprising:
s substrate prepared with an active device region, wherein the active device region

includes a gate;
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a doped channel well disposed in the substrate adjacent to a first edge of the gate,
wherein the first edge of the gate overlaps the channel well with a channel edge of the channel
well beneath the gate, the first edge of the gate and channel edge defines an effective channel
length of the device, wherein the effective channel length is self-aligned to the gate;

a doped drift well adjacent to a second edge of the gate; and

a drift isolation region in the doped drift well.

14.  The device of claim 13 wherein the effective channel length is less than about 0.4 pm.

15.  The device of claim 13 wherein the first edge of the gate corresponds to a channel edge
of the gate of the device and a second edge of the gate corresponds to a drain edge of the gate of

the device.

16.  The device of claim 1 wherein the drift isolation region is disposed under the gate.

17.  The device of claim 13 wherein first and second diffusion regions are provided adjacent
to the gate, wherein:

the first diffusion region is disposed in the doped channel well on a source side of the
device; and

the second diffusion region is disposed between the drift isolation region and a device

isolation region on a drain side of the device.

18.  The device of claim 13 wherein the effective channel length is controlled by ion

implantation.
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19.  The device of claim 18 wherein the ion implantation comprises a tilt angle implant,

multiple tilt angle implants or quad tilt angle implant.

20. A semiconductor device comprising:

s substrate prepared with an active device region, wherein the active device region
includes a gate;

a doped channel well disposed in the substrate adjacent to a first edge of the gate,
wherein the first edge of the gate overlaps the channel well with a channel edge of the channel
well beneath the gate, the first edge of the gate and channel edge defines an effective channel
length of the device, wherein the effective channel length is self-aligned to the gate; and

a doped drift well adjacent to a second edge of the gate, wherein a drift isolation region is
disposed in the doped drift well; and

first and second diffusion regions adjacent to the gate.
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