H GH VOLTAGE DEVI CE CROSS- REFERENCE TO RELATED APPLI CATI ON 1000. 1] Thi s
application is a continuatioa-in-part application which clains benefit of
en- pending U S. patent application Ser. No. :2/390,509, tiled on February
23, 2009. Al disclosures are incorporated herewith by reference.
BACKGROUND 100021Lat eral DouHEGIIVOLIAGE DEWIGE ansi st ors haw been wi dely
enpl oyed in high voltage applications. For high performance LD transistors

| ow drain-to- ou e QDROSSLEERMRENCRISGRELSTEBSNFPEICATION UM ze its power
di ssipation when it. is turned on, as vell as high breakdown voltage to

i m Aot S V! ABLERRARKIbh el Bu AR D U LA RURRA LS pERARRELO Ot he

hi gh 1 nsi stor "sho e as short techno?_ogy

evol ves int ra of deep . sul;m.cr o W Yo 0. 35 er Y- ..

o o B VR BuPh PBRC DR gD B GER o Rs s h kot B Gstosus
(KY) ED transistors and | ow voltage (LV) transistors to be fabricated on
the safi laqoBRYptae Bcrepathidyarfeyencene processes for forming IN devices, such
as conpl ementary net al - oxi de- sem conductor (CMOS) processes, are used to
formthe I TV devi ces. However, convsOKI@HAUNCMOS processes are i nconpatible
for formng WV transistors. For exanple, process overlay issues nmake it

di ffi cplon2f or Iakdrgrm@mie-0fiffidea (TDYtrahanmslhawebéen widerenttbyadds highevotfagannel
| ength. Process variations in process overlay requires |arge process
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difficul't 1f not inpossible. Furthernore, the thinused prevent
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reliable KY devices formed with shart channel |ength ve | ow Rdso",
to maxim(iIze its voltage capability. To ac Cieve loweigé]son, the ch%nne o% 816 ?gh Lb tran|§1stor

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 (LV) 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 transistors. 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 RDsy
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,y.



SUMVARY [ 00051A net hod of formng a device is presented. The net hod

i ncl udes providing substrate prepared with an active device region. The
active device region includes gate stack |layers of a gate stack including
at least a gate electrode |layer over a gate dielectric layer. A first mask
is provided on the substrate correSpiBiARYto the gate. The substrate is
patterned to at | east renove portions of a top gate stack | ayer unprotected

by the[doospt nRsdetho FTeRMg ARk cE & Rbfatddl Qhicd@dhQNinthgeSposidiatL W th an
openi ng exposing a portion of the first mask and the top gate stack |ayer.
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drift well in a first portion ofactive device region and gate stack |ayers
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| ayer over a gate dielectric layer on the surface of the substrate. A first
mask i snprveodeds of atdregaebisth hyer wpretegpdbyihedirsiontdke Ayatcend Thaek sudbst r at e
is patterned to at |least: renove portions of a top gate stack |ayer

unpr ot petviddloy thheibkirits twitEKopeAing@gpoindR pitrtios ol kst @yikded thdtdphte
substrate with an openi ng exposing a portion of the first nask and the top

gat e siaakial@y ¢ chaMnENRANR! folthdd by SR olYint diRh I s G ORA JfY Qugh the

openi ng and gate stack layers Int'o the substrate.” 100071i nm yet, another
enbOd'ﬂgg&in%tH§¥h§§mE§ presented. The device includes a substrate prepared
wi th an”active device region, The active device region includes a gate

stack with a gate el ectrode |ayer over a e dielectric layer. At |east
t he gam.ﬂﬂgl ecﬁp&a%tﬁfsra%bo “§’e'btag‘%q§?‘?ﬁé’&FﬂE&4 %@ftognwg@dfmks dipresdeviiée al so

i ncl udes a doped channel well disposed in the substrate adjacent to the
first sgfedorcludns pgeities a Trstiiemepasdheith an pelevegdaviceavgiphapse adivveclyaisnel
well with a channel edge of the channel well beneath the gate. The first
edge ofegidriendgaties aduped aifinetil edgBrsdpditine oéithe active device region and gate stack
layers of a gate stack. The gate stack layers include at least a gate electrode layer over a gate
dielectric layer on the surface of the substrate. A first mask is provided on the substrate
corresponding to the gate. The substrate is patterned to at least remove portions of a top gate
stack layer unprotected by the first mask. A second mask is also provided on the substrate with
an opening exposing a portion of the first mask and the top gate stack layer. A channel well is
formed by implanting ions through the opening and gate stack layers into the substrate.
[0007] In yet another embodiment, a device is presented. The device includes a substrate
prepared with an active device region. The active device region includes a gate stack with a gate
electrode layer over a gate dielectric layer. At least the gate electrode layer is patterned using a
hard mask. The device also includes a doped channel well disposed in the substrate adjacent to

the 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 define an



effective channel length of the device. A doped drift well|l adjacent to the
second edge of the gate is also included, 100081These and ot her objects,

al ong with advantages and features of the present invention herein

di scl osed, wi |l beconme apparent through reference to the follow ng

descr i pifé¢adine ahahnthlengtb ©6 padeyiceg Add@widnigst wélliadjhemmar e s¢dond sdgeooflibe gate
understood that the features of the various enbodi nents descri bed heroin
ar e nois amstidabiiad. excl usi ve and can exi st in various conbinations and

permut ati ons. BRI EF DESCRI PTI ON OF THE DRAW NGS 00091in the draw ngs, |ike
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differ i ews. so, t aw ngs are not-necessarily to sc

inste enegral |y bein | aced n illuysh-ati e principles of the
| nvent PR et T HoeoRR g Geet P ReRb e e B ARt PER PHEDr esent
invention are described with reference to the follow ng draw ngs, in which:
[ 00101#iCgMPRNEAB AR WARESe FvEFTRGTE, 1bFS ta bgapdeaooq B thedpeyres ohthg VaRews an
embodi nent of a process thr forming a device; [00121Figs. 3a-g show an
al t er nembadmentsddiambad hakinsarpnotmesiaflp exdlasivd syl Gndeist oeyarjo0d @ aFingsons4a- g
show anot her enbodi nent of a process for harm ng a device; and [00141Fi gs.
S5a-g sholpematdiens. enbodi ment of a process for form ng a device. DETAILED
DESCRI PTI ON
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. Sa-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



[ 00151Enbodi nents generally relate to sem conductor devices or integrated
circuits. Mre particularly, sonme enbodinents relate to high power devices.
For exanpl e, high power devices include |ateral double-diffused (CD)

transi stors, such as netal oxide transistors (MXS). The high power devices
can becani inyegoasediniotaisaywith) foageanigguloationa d@@tropewesdure) pgeanwaily
applications. The LD transistors can be easily integrated into devices or
[Cs. Thert£hyEGREmeS profScts, Gash RecelINMBhRO It ontPuler® hnd @M HigitalMssi€4ARP! €,
consuner el ectronic products, particularly portable consumer products. such
as cel IRQBUGS; | aptop coniputers and personal digital assistants (RDAs).

[ 00161Fig. "1 shows a portion 100 of an enbodi nent of a device. As shown the

portiop.neludes a.substrate .- The ;substrat.e for exanpl e, conprises a
o1 colltBbst HER SR R B TR b s s paa et (g s
dopants. N-type or other types of substrates, such as silicon getnmanium or
si | i coWeBides 2 suhshelsrl Od sdhy subgiiates fos sxgrapkeysomprises 2 pilirhe sehshaier gfthé may be
prepared with first and second regions 110 and 160. in one enbodi nent, the
first sugirae cenhptiglisdbsdoped ovithrpltpaglepfitd 28/ t4pe desthertyp@gifenbsshaidsesuchas
second region conprises a high voltage (HV) device region. The regi ons may
be ot héficéry gemadiundewit@nt@Qirdhist@(S@DdirkiaBdakefdgvi ce regi ons may be

provi ded. For exanple a dual gate oxide (DGO region nay be provided for

DGO depjogep. TR s AEMhE 88 phBYrD&yiHS 8L LT sebdfi &g{&g iltl? h&5160. In one

Alternatively, the device may include only a HV region. [00181The first gi

n, in gn Qdi t, conprises first and ond.type active Sit mons 112
and 118 RRE N B BT b Sy B P BB Gyt S iebnphg
conplenmentary type device. For. exanple, the conplenentary type device
conpri fse&onawg&%?sewﬁﬁap agheltBY) GRIGCEefi CBnERRESMPCMOEleTdERAS O deHEF i ng
non-conpl enentary or other types of devices is also useful. 100191The
first.regigme oaeddivena dpvieersigoms niayrbeaxarigb@, Faompmipbes daalrgatepeadad?GOp
sub-regi on and the second type active sub-region conprises a. p-type active
r egi onregikmeméy bsprovidee faddGedesides.r €h¢ DIGE@ deqicdssesy be ssed dnrd/@ yprevnidtped wel |
122; the second type active sub-region conprises a first type doped well

124. Farte@%aidl ahe HB8cd mb indyRONAEE HXCregid- F €gi on conprises a p-type doped
wel | and the second type active sub-region o prises a n-type doped well.
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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),



indium (in) or a conbination thereof while n-type dopants can incl ude
phosphorus A, arsenic (As), antinony (Sh) or a conbination thereof PINA
first type transistor 140 is provided in the first type active sub-region
and a second type transistor 150 is provided in the second. type active
sub- - riadivan(InPot a exanpiten themeof whide bt grsioptuds carsinphude iptlegphbrus (e ametiype
active sub-region with p-typedoped well while a p-type transistor is

provi ded) i datidRyRSE)REe @eibiNRiofWlkeré&gi on with a n-typedoped well. The
transistors, in one enbodiment, are PADS field effect transistors

( MOSF -6520 CI e first éﬁp?rgﬁélstbf Wis}é@%ﬁemﬁh hfs?t g ag&d éﬂb-reégg 2dd- A second

transi tor for ex conprls gate aV| a gate ctrode 144 over

a gate di | ectr| 142. T e eIe trod

ol ys: 7% ERESph 50 Finri i SRt Bftvenib ai Ao S oRPRe  BEPRR 11 i de
or netal suicide, are also useful. Polysilicide or netal ?UICIde gates can
be fortAEWISHY 1F BRyided & thea-yes pride Sh‘htfﬁglowwthl? uIpsiderrE wall VARlE 8 sYP§ pes of
nmetal, such as cobalt, titaniumor nickel, can he used. O her types of gate
el ect rioansistratiepioaldsd rinasheagl-@pe bqi\wsv@btxbgiOFmmmr-meelppcmwe@.aifbe whetorode may
be doped with dopants. Doping the gate el ectrode nmay depend on the

t echnohagy embogingait,erehens fiolde:febotiarsisarp (MOSFRY s peOthepsgeybtthuntiiRrsany
dopant type of the transistor type. Doping the gate el ectrode with other
dapar a3t ypesserg. al so useful. The gate dielectric can be silicon oxide.

O her types of gate electrode or gate dielectric materials can al so be

usef bl ggTile ™ B Ak oF, LD At gong%gﬁ%%r gﬁ%.h%@%g%%? o ALRLREN I Sy e tloPend

on t he' technol ogy ectrodes e used

for 0.18 um 13 p techn ies while .nick Sui Ci used for
0.09 1 lﬁlﬁ"tr’tcggﬂn%ﬂ“%?tégec@?ﬂ% OGP CAPPES P@fysz;} ehtetadf e gate
dielectric materials are al so useful. 10022]S|demalls of the gate can be

pr ovi dedektrosie mpteriaiewagh asqvhdicde agnetrhaligile are abo usgiae dobysilicate wxagipl e,
conprise a dielectric material, such as silicon oxide, silicon nitride or a
conbi nali¢cide githecandfe. fofthdkby te,aptdmg b destedrmethlswitlapolyeilivse dV firdrusttyyees sif dewal |
spacers, 100231Adjacent to the gate arc diffusion regions 146. The

di ff usierl, 58 N®bEIE MEhidS. or MBkeE XA BE BsedS @tﬁ&agﬁé@d)frgaw dlec@bdé Rterials
transi stor. Extension diffusion regions TV can provided. The extension
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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 pm and 0.13 pm 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.



The depth and dopant concentration of the diffusion regions may depend, for
exanpl e, on the application, such as voltage requirenents. 100241The H1
region includes a HV active region 165. in one enbodi nent, the HY active
region conprises a first type active region. For exanple, the FIV active

r egi on[00d3ipr i s'efaani fio-thy pee act ditfesipe gigoms 1R6 oThdidiffusionpregippesdive &g tarve
region is also usefui. Furthernore, it is understood that the NV region is

depi ct @dnld, Roork ¥nOMQiBEL thY B-akLgbO Edteisi Ui Fosien efgicismalichi Bapioiecdnd t hat
the HV region can include nuMeTCRIS UV active regi ons or sub-regions. For

exanpl ¢ Llgystol MrGhh Y& HPIRIk AR le,ge?rg sRR1GOTPLETR BLAGYs WHBE ExtBhd fildér

sub-regions for conplenentary type devi ces. 1002511 sol ation regi ons 180,

such shal |l ow tr,epch isol atj.on (.STl) regions,are provide o-~isolate the
N ana roekn o RSP RO B BT TR e T Rl R RRES S AR BPS her
types of isolation regions are also useful. [00261ln one enbodi nent, the
first &rwéﬁwr%e@ne@émgbéﬁ SwstyrRrqrants agd %heé%\&FSI?lil Fegiong il et B85 t i ons.
The first portion conprises a second type EIV channel (or body) well 135
and t hisansestorade gemredivoNVe de¢ond tygd dopads. Fihexappplalpityne diébsion fagtonsxemml e,
defines die type of !lV device, For exanple, a p-type H 'V active region
woul d haveled for-f-ype tddvsisthanmedln-type diffisie ragipad yp@rovided e hitypareddsistarnt one
enbodi ment, a third or mddle portion separates the channel and driftln

ot her eRDAGHER Sopahh@rlcbisdiondd (1ReAHNHoR Rt dRMSa AP eh® bl GUfpfe, on the
application, such as voltage requirements.
[0024] The HV region includes a HV active region 165. In one embodiment, the HV active
region comprises a first type active region. For example, the HV active region comprises a n-
type active region. Providing a p-type HV active region is also useful. Furthermore, it is
understood that the HV region is depicted with only one active region for purpose of
simplification and that the HV region can include numerous HV active regions or sub-regions.
For example, the HV active sub-regions can be complementary types of HV sub-regions for
complementary types of HV devices.
[0025] Isolation regions 180, such as shallow trench isolation (STI) regions are provided to
isolate the LV and HV regions as well as active sub-regions within the regions. Other types of
isolation 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

6



portions. For exanple, the HV channel and 11V drift wells contact each

ot her. 100271A deep well 132 may be provided in the HV active region,
enconpassi ng the V channel and drift wells. Generally,p well conprises
dopants of the first type or same as the tiV device type. The deep well may
be us echahneli andldaifiew¢llse [dobiHet embbdinfenomicHestsnb sécomt] @ortiors aexa@nmppeyusa p-t ype

devic'e will have a n-type deep well. In. sone cases, the deep well can be
opt i ONgdrtiBfs. tm AfeplVBk HE dRarGeMR{d 139 d@PaalsScodfact hehseeend or opposite
type of the HY device ype. For exanple, in the case of a n-type HV devi ce,
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drill well is already different fromthe p-type substrate. For_a

subst r &eélV deyice pipe- éé@éeqnewl 1 gy %@S%@dsqlaefwra@ @/ellrf@r%ﬂlaﬁﬁwra&e‘el Orf rom
the substrate, OQther configurations of deep wells may al so he useful.

[ 0028 1&singhigwy-tyme fdevist Wily paveR Mtyevdeee wiel. fin eveleabes, ihe ﬁ@pf\ﬁelbqantbjtpe Hv
active reOon, The first type ITV device, in one enbodinent, o prises a FD
devi c eoptﬁiﬂl@hoﬂhe dedpDMEIIScL30NgRise 10 adth/oﬂﬁv b€&@né ONPHHESEs type@ditie: M tdevickr st

and second edges 179a-b or sidewal 100291The gate includes a RV gate
el ect r@?g FdfeQ¥ie, @n Y A&t & éjﬁ qli‘{/'dﬁwzg thér H@elpWelg@éneoeecl BefpeQda.iypor e
-npl e, orrprlses pol yS|I|cen er types ‘of IFI'V gate el ectrode material s,

such a i C 0 sm c re al u Va pes of
nmet al , geseﬁ éigsh%e (g%elien{ EYP?S ({fﬁP Sr° 1nslelcef€t%fi magadzepﬁeds(grg{ehg tyrﬁ # S(aﬂ%iralﬁ%e/s of HV
gate eI ectrode mat I's. my al so be. usef.ul rther e, e el ectrode
may heUgwpRId- W yRe g@ifgr?PESt‘Tﬂﬁ"é amseg‘afp&?agrle%tt ¥icefq Mﬁesp%gl%ﬁﬁ%%ar&oped
with the sane depant ty of the transistor type. Doping the NV gate

el ect rowd, thietnktype Heap Wj‘dB@ﬁY be ppléenal s Thisgobesgesethe nypiee drift weag @r@ﬁbl ectric
can be silicon oxide. O her types of Hy gate dielectric materials can al so

be useiitiferent [{0@3MiprypneutetrivediFoenh;typdeibawiterd @typefdetherchivhaydteaised ect r ode
and HV gate dielectric may depend on the CMOS process and/or technology. In

one enRgridm@e '&:haﬂn@?w@l‘liﬁ%fﬂ ﬁle s@hstlahte GMeORInBioBlaB6hS OUEAREIEM A be

di el ectric may depend on the CMOS proess for LV devicesand/ or technol ogy.
For ex&@?! e, cobalt silieide gate el ectrodes may be used for 0.18 pm and
0.13 umtechnol ogi es whi l'e nickel suicide may be used for 0,09 inn

mat or UDEBET o A7 8vaebrin DIO6Y HESeBE P Gobi PrArare BYrChe: fEGv ol wi th
si dewal | spacers /78. The si dewal |

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.



spacers, for exanple, conprise a dielectric material, such as silicon
oxide, silicon nitride or a conbination thereof, O her types of nmaterials
can be used for the sidewall spacers. [00321ln one enbodi nent, the various
gate elenents of the HV gate such as gate el ectrode, gate dielectric and
spacer B030k olldioec smbredimept tlof mattier ifghe HY gdieeledifoddemil dEE ghte didiecttid/may
region. This fac ta process conpatibility for form ng HY and LV devi ces.

[ 0033 1ddiRnRYn g EMDEHodRS ahdler BNK1eLy. ARthndlehftbdMdnt Shé Matdi@l bf the Hvand
second portions of the Il V active region. A drift isolation region 180a
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device. The drift isolation regio a can i nprove brea vol tage of

the FIV i t 0 _hi It .. F | th i.l.l, isol ati i
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positions, such as partially underlying the gate nmay al so useful. 10034A
first ofgeee dectraiedinfl i2alsidielestagimateribioay alss upgfoli ded bet ween the drift

i solation region 180a and isolation region | SO which isolates the HV active
regi on[0BBOM otFidswsly bt det davecanagi povided witd sfdeWall egacers' 8. fTheSideimfle sour ce
diffusion region 176a is provided in the channel well 135 of the first type
FI'V acijvgs  @HELMplé SHHEE 2 81 QA3 RAteHaDsQh b 471i GRDxNR, RO Sgthcach
extends under the spacer an the channel side of the gate. The first type

M
source i L FfySI } . I i -type
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di ffusj regions fo n-type I TV actiye region js also useful. The dopant
dept h WAL onderbe sepedimsnt. fcvagions Geestrmeats eirde HExe Sueh sxadiclagpdidl ng
on the application. In one enbodi nent, the &pant depth and concentration of
di f f usgdadickegirsnandprgedrvare v theaamedspe plosetendl as thajeVidewises otthe k- Vdsgiant
dept hs and concentrations are al so useful. [00351A second type body cont act
r egi onTHi¥ Taontétyteb prqeeswiodeudtibitity foe fointiag HpOatd bW deficehe HV active region. As
shown, the second type body contact region 171 is between the source

di f f usjooB3y egiTeR HV Gacandrligiahé siainabl M drEGkeINs h8Re filkhendaLendpd¥iBes Hody
contact region conprises second type dopants. in one enbodlnen¥, dopant

depth @pdy¢ 9&%%&1%@? m&ﬁ@%@s{?gﬁﬁ agga%ségﬂoegiggm@%%gg%ml 256 bipe

di ffusion reglons opt concentrati ons

SN e SNSRI T R T
bel ow \tloqt%gg g% ﬁle%v tdg\(/aiceS 81% t%ehiglil ggltaogfe. Fr(;re 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 type source and drain diffusion

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



gate. The edge 133, for exanple, can he 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 soujie side define a channel of the flV

transi stor having an effective channel |ength 100371The effective channel

| engt hProviligne-tgreabfusientegidns faomb-tydd I8W abyvd wpionnphlanustfilorThehiopimti s
self-aligned to the gate edge. For exanple, dopant lons are inplanted using

an i mpiepi adtbsdnctitraeg b tHeeligadien aégﬁﬁisrrﬂgsodxele@tehaie? erlfSKoind abpPcagioh e

el ectrode, in one enbodinent, the inplant mask is also) pattern the channel
edge i | Sgkah: t

channel” e SpIYaRmeE) ﬂa%? st 3%‘20@5%2@?%0 to satéﬂa%%%ﬁ‘ﬁ"d&?gﬁ%é S hse
and breakd oIta quire For ex orter effectlve channel
engt nisy e S8BT b el g R B G e A bEner gy or dosnge
and V|ce versa. [0038] VVth t he channel wel| being self- allggsd to the ate
edge of0BPe i rhpeEARC t}@?&@éggor&wrrf%wnﬂ%a@x awva%iﬂaé@ firs{apr{io Rbhe

ef fective channel |l engths with veryRds",, can be achi eved, enabling hlgh
cur r emctivo rggags b slowrgh the ssperd type bady dimtasct regiqal iliis blewrdey thessefiede f or

t echnol ogi es beyond 0.35 pm such as br exanple, 0.25 pm 0.18 jun and O0.13
pm t echiffobiogiregon 10033 ShaisbRrioRr@gor BRI TIenRad®Rl thpObEbynentdrarggament
applications with reduced power dissipation increases perffimance white

Ir gggc't (ﬁg%ﬁg?& Secoh® %Q)dbgalﬁsﬂ emesReAiyTathent! ipaff deBf A onREMIBbN bERGHLBAL 1
contact region may be the same as the diffusion regions of the LV devices. Other dopant depths
and 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



enbodi nents, the effective channel length is less than 0.3 pm in yet

anot her enbodi nent, the effective channel length is less than 0.25 pm

O her effective channel lengths nmay al so be useful, for exanple, depending
on the application, [0041]Figs. -g show cross-sectional views of an

enbodi teetiiiol@fiessbepont @3S pharsutoasyfargxamgry 006 por, 0L 18 1BAnd Ref3grmi ng to Fi g.
2a, a substrate 101 is provided. The substrate can conprise a silicon
substr@gﬁmkgy&@ as a lightly p-type doped substrate. O her types of
substrates, 1ncluding n-type doped substrates, silicon gernmani um or

silico -in : . Qﬁﬂh I Fﬁﬂg
secondmgg@i ce%%eagllteg{rl]rse£ E&@Be%%@ts ?‘%@%ﬁ%& g%‘ %er?g%qgﬁh!{%até&%u st F{(ii![u éédt e first
regi on,. tor.exangle, cg risesh? Eﬁ/.device regi on while the second region
conpr | UEEPAIOR IRFTEER, PELOTRRRFOWIIFHEFINEGBEE of device regi ons or additiona
device regions may be provided. Alternatively, the device may include only
a. FIMV0P&Yi on n epoashadimentythgesiiesdve eyinael landh Ednlasethga Ve W oHCF i r st and
second type active sub- regions 112 and 116. In one enbodi nent, the first
and segondlimype, the tifewivs ghametieopth iatess dumdl epentliayyt anper acbodiment, the
sub-regions to fool, a conplenmentary device such as a CMOS devi ce. Form ng

non- c osfRicE @ Bliahyl 1efigtRidIess thiiPeS 5 Qfm dewiet efedtse@hsmelBaf s malQldAkAs f or
the 1-1V device region 160 ETV active region 165 is defined therein. In one

enbodiaggﬁ%%%ggﬁﬁygqﬁbgMﬁnégghgq?%ﬁénﬁﬁn_be a first or second typeactive

regi on. onl y one HAT active region is depicted it is understood

that t devi ce region _may include additional. 1117. active.regions_or
sub- r PN RS B aBh P O R e R SR RN bEPRmeR b e TR o
sub-regi ons. _10045] The bstrate is al d with jsolati i

1 SO t ogeé’é'ﬁé}régel Othegeé'(jpég) 1~§ig. 2a,a slu‘ts)strateS ?0 lpirs %Lr)(?vriged. V’\[n“he su ;'St?atéjl ;[:e{nocr(])mrp% Lgns

silicon substrate, such as a lightly p-type doped substrate. Other types of substrates, including n-
type doped substrates, silicon germanium or silicon-on-insulator (SOI), are also useful.

[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
HV 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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regions as well as other active device sub-regions. |In one enbodi nent, the
i solation regions 180 conprise STIs. Various conventional processes can be
enpl oyed to faun; the STl regions. For exanple, the substrate can he etched
usi ng conventional etch and mask techniques to formtrenches which are then
filled0msh diTéleaabstiate isatse pralasedsuitinisaition r¢gian @it ecpathethecklicaechani cal
polishing (CMP) can be perfornmed to renove the excess dielectric materials

and prRuioAe agwell B dthes kst datite &ﬂpre%wrﬂ‘sacr@onél;rhsddime&,ceﬁsaﬁamfn BBLes 18 S
can al so be used to formthe STlIs. 1I00461In Fig. 2b, the doped wells for

hactiv i - [.C: i I t

frrst CBEReands VaiPR AYoBpl ARGt ok SR | B P RPHEIRE FoP et on
116 and a second.type dope I1.122 is for in the first t I N active
sub- rCGrNTS 1 ST RE g St vrinksiGe SostsRaT ek Py LNkt fort
p-typeactive sub-region and a p-type doped well is fornmed in the n-type

act i velraighey whicsare hondiled withHeelpdiymatarialsesuel f HHcorsexids.t Cheficgldes at

| east first and second portions. For exanple, the first portion corresponds
to a dma¢chanpal poélohiregr@MMPeas be padormpat thiremocothe espon deldctiamsisualsengor t i on.
In some enbodi ments, a third or mddle poition is provided to separate the

first godideagatr pastrarnsp MreicBalite|pyocebdie of iasdiaknidn 386 dedis@diot oA shear €
contiguous portions without a mddle portion. 100481l n one enbodi nent, a

doped g}l 136 is fornmed in the drain portion of the W active region. The
doped wells for exanple, is a drift well of the FIV device. The drift well

conpri t he ,same .t ype .as th ctive region..Iln the case of .a first
Cype. FEaRt  vdS PR RE BRI R Bt B EROBDr 1 NG SRS Bl B

a n-type drill well .is provided for a n-type HAT active region. 100491A
drift~ SR RGP BHE! by 4‘?8@‘&5(?11 R&M {}%Fgm e aSORU LFE 1Y AFEVGRPTRSB. The
drift ST1 region is disposed in the drift well to inprove reliability of
hi gh vbl&age wevidtove dpeord weleliZon feamredhe thofirsetypatl M dsiveansTegior §i onter
10050] A deep FIN well 132 nmay be provided in the I1V active region 165. As
shown, edahwple, 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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deep H1V well 132 is fornmed in the whole W active region 165 and
enconpasses the first and second portions of the 1-1V active region 165.
The deep 11V well conprises an opposite type as the drift well and the I-1V
active region. In the case of a first type W active region, the deep well
conpr i sesnpde, sSecomil STY piorRaiprexapdakdoan peliapiay d€tp Hekdbvics Phosit8dIf or a
n active region. 10051j The depth and concentration of dopants of the

var i ouggil dag bEBYmHRIRE itk Qe thdd aoX80RIce STARRIIGAt i on. For exanpl e, hi gher
vol t age applications may require | ower doping concentration of dopants and

gLt clupdapt " BlekTivIRY e 0, 805, SRRy .16 5B 61l By geag v

132 is a t opant con tron o 'ocm For ’the drill
wel | 136, .i y have a depth of apout 1.5 pmwth dopant concentration
of aborerdEy R 1 han it he i B e St it thdheRRRseSRE gt bt
for the wells. 106521As described, the 811 regions are fornmed prior to

f or i nggcombPUPnoRisthe Beective rpgon éﬁeTh%d@f@éi‘g wetlompsisessUcIPrasite tyae fhi ng
the 511 regions after the Vati QUS doped wells are fornmed may al so be

usef ul the HRH58d Thel tto pBd astetlrsgionnIbihefcasenea foygt tiype Hivhppltian tegiomhe ®epype
dopants can include boron (13), BF, (boron conpounded with fluorine),

i ndi umyél abmgﬁse@ aGRBRIdNGHd. OFortdrempRy a whtypeddeptwdlEis pepadddsiot aR-thpecHvde
phosphorus (P), arsenic (As), antinony (Sti) or a conbination thereof.

GEnera£ﬁN@r&$gmfirst and second types of the active regions are forned
selectively Tn processes. For .turipln-type regions can be inplanted with n

1005410 " crps PR R R TR p Bl s Rl Byl Fal by et

separately fromthe UWW FIV wells prior to the UV wells is also useful. The
di i f ePEHiPleppBlcagPny Yoy le diehse volbaseariisrtigBp BRS FEUHE SCREHSENnd t he
different types of UV wells can. also be forned in separate processes. For
exanpl exncetieationrod dopypearangtesfecdamth ofytbe wedls! & one qoilendinenteidie daptarod theor med
in separate inplant processes. Simlarly, the different types of wells in
t he NVdeepgvddnl 3 ie aboutriadniwittseparaat eoricomtaivh qiubeesEescm™. For the drift well

136, it may have a depth of about 1.5 pm with a dopant concentration of about 5E1 7em”. Other

depths and dopant concentrations are also useful for the wells.

[0052] As described, the ST 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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100551A doped well can be fornmed by a single inplant process or nmultiple

i npl ant processes. In nultiple inplant processes, dopants can he inplanted
at different energy levels to achieve the desired doping profiles. In the
case of a single inplant process, a high tenperature drive- process is

per f or HRdwéls mohitene Tevetle s diedisdfipi Mye gifteért eypef 00BY] welki daglbe fomgdant
process may he enployed to, for exanple, formdeep wells. For an- type deep

vel |, RhosrhabuSsamndiRe iiimhﬁﬁm)?@s ¥ 1Yy ReldaRanLdotRIEeMd Atk MRt hrakeds. 6E12
cm2 at an energy |level of about 2000 Key followed by a two-hour drive-in

at at [ r ! j [ so be
ased tIrarp fetietiyBEbag < Gop NIl TR RllorRhORERRE i P2
processes may al so he useful . For exanple, .JN yel may be forned by

e e pThtaten: reta s the et b o wolsan Wrd SHE% B5bBhETR: s gat e
are formed on the substrate. In one enbodiment, a gate dielectric |ayer 242
i s foryaarabEIUHregEser ate. The gate dielectric layer. for exanple,
conprises silicon oxide. Other types of dielectric materials, such as

si | i cof@0685lyni tA iceedmesl] ednse fhenebsief abinglalitngtanapiocedsyor nhilighle kpplaotv- k or
conposite of dielectric material she used. The thickness of the gate

di el eCﬁxbb@ssésﬁMﬁ&mﬁﬂBleﬁﬁ?ﬁlaﬂﬁ @d0&Es, 30pairtd @ bk iyl Gheddent Uttdragentiggnsiesd tor
O her thicknesses nmay al so be useful. The thickness, for exanple, my

depend, @F : I L i.g ages
et e R S S s R e
dielectric. layer is formed by,thernal oxidat.ion. her techni ques, such as
chem c‘i‘ilve\?lélﬁ’é Ce&%ﬁd’sef{&%ﬁgtoc%@))eye E%‘leéF %S?Pén%glé)gl%o formthe gate
dielectric layer. 100581A gate el ectrode Iay?r 244 is depositeq on the
gate di08Fekt r i singlpampbund proves nenit ke @nRleYshigelor syaprigoiopRidesr welly e n-
enbodi ment, polysilicon (poly). The gate el ectrode |ayer 244 can. bezforned
as an apedptowusll,ghosweranmaphoumplirye withRofopanmophanigtide poshoue AE I agmr at
subsequent processing can be perfornmed to crystallize it, Qther types of
gat e ehreaicrgdevemifaboal 2)0amKe vafoflowesd 8f ultwoHmiur éxXasil £ a ttiperptiry sf dbiooon can
be subsequently processed to formpolysilieide or netal. gates. The

thi cknegs) of §he1OatRaR bREERfal AKEHeNBYd RefoRl Qier R00F Held. FfiSng | N

anot her enbodi nent, the thicknesS of the gate el ectrode |ayer is about 2500
A or | A . i t1.tde hC ctrode

| ayer @glris %Sjél?gd%@{lﬂp%}f%gﬂ pg(?@"?eg g{a arg’Ii"‘l'(ljsro ﬁ;ex?istrc}p 1'e F&le%él ee’yz}g ‘évgg# &6 g :bgsi l'ieide
gates, .the_ pol ysilicon nmay be about 2000 A while the tungsten |i about 2000
A CIh@*“@%BX %@8§nﬁkétépgﬁﬂﬁ%eful, Vari ous techni ques can be used to
formthe el ectrode |ayer. For exanple, polysilicon can be deposited by CVD
whil e B9FAl cdn P 2deyrsivius Eayetsyof dhrugate piedgmed ¢rethesulsiigicg Ja one gapedisncaly on
the material, may al so be useful. 100591Referring to Fig, 2d, a mask |ayer
288 i sa pate didectic talier Z42his forated oveothe sulsiratch €l'lgagaée @klectricdder,| fay exampley, one
enbodi ment, the mask | ayer conprises photoresist. The mask is patterned as

desi r eghnliRatiiesmokide. MRSHK tyRY 6F dieRRRIOhhicRAG! RPRYSs GBBoDS yRMBIONEE) alkOr
exanpl e, the mask can be selectively exposed to an exposure source through
a lithpgraphi Qlternatively, high-k, low-k or composite of dielectric materials may be used. The

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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mask. Dependi ng on whether a posir negative resistK exposed or unexpo, e
portions are renoved by devel opnent To enhance |ithographic resolution, an
ARC | ayer (not shown) may be provided beneath the nmask |ayer. [0060] The
mask | ayer 288 is patterned to forman opening 289 to expose a portion of

t he gaess ecta gule cleaty@te 12t 244 s dapesiesbadihagnte, didlberiopgai 2M3. Cidtergagponds t o
t he opening for the channel well inplant. For exanple, the nmask | ayer

Ser Vese|asrddB eayePaiiftiscdBihlonk BRIbBHM MBS 1ysil ﬁﬁﬁyamr Ry dB e nned
W th tehe rmask }%ayer.ﬁﬂlsgu’bseoguently pat ti)gryr?i1 ngnt e jARC Iggyererray al}rgo be

et st e DR RS b PR M RS o T or
g e L R T

enbodi nent, the dopants are i anted at an angle to forma_ channel fromh
gat e edgelspgseiie Eagaawple; the pehyahisen coebe subspricnily Pedsessash il 1D pebinilisedd n a
range of about | to 45" . O her angl es may al so he usetld. The

i mpl andr mealdiatésotise tharknbes ofané gale dlepteottti lagerOidy rpghlont 20000k or Egui hemeties .
For exanple, the angle, dose and energy can he selected to achieve the

desi r eghigfdiedt e thidRiRebf ihenglelbledO6 RiyknisaBeutersDOd sElss. 1hiet aharnel wel |
s formed by mul ti ple inplants. For exanple, the channel well can be fow ed

b t . i j i t J t.
oy e | SERREmENDulcliiARE of (e Shfe A ETLAD o (b Do B M ires, 1R chIFRLRY

R I SR Tt i R T R e S

rotation gle of .about 45" with _a boron dose of about 2E13cm 2 at an
ener gyZQOQ% Ofer #Hpfnesyes ara@se usefileV afipps teghiyfiess cap gﬁ‘ 485908 Tamyhegateoses
and energy levels are also useful. For exanple, a quad inplant can conprise
a til telesipide layfer.aboruaxaiiplaypolysitioomtaroe dapgbiécddfy @Bbuvhilbtheipf ¢dm e bor on dose
of about 2E13cnrl energy |evel of about |SO Key.

deposited by sputtering. Other techniques, depending on the material, may also be useful.

[0059] Referring to Fig. 2d, a mask layer 288 is formed on the substrate, covering the gate

electrode layer. In one embodiment, the mask layer comprises photoresist. The mask is

patterned as desired. To pattern the mask layer, photolithography can be employed. For

example, the mask can be selectively exposed to an exposure source through a lithographic

mask. Depending on whether a positive or negative resist is used, the exposed or unexposed

portions are removed by development. To enhance lithographic resolution, an ARC layer (not

shown) 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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[ 0063] After form ng the channel doped well 135, exposed port:the gate

el ectrode | ayer 244 are renoved, as shown in Fig. 21 In one enbodi nent, an
ani sotropic etch, such as a reactive ion etch (RIB) is perfornmed to renove
exposed portions of the gate el ectrode |ayer. The renoval of the exposed
porti of®6df the Fiyate, tkechstratds layletfted withalvgaetsio thirmendhaniidd ehis 38. fTh b
edge of a HV gate. The first edge, in one enbodi nent,o the source side of

tile | dhbodiRkst, ddSans\&Mhe opRitIBIE adtiRdl 1964 6f1ﬁelfp\xf§ém%4’e’glsﬁﬁfé%p%t&1n mkch

stop for etching the gate el ectrode |ayer. Leaving the gate dielectric

| ayer t |
su%seq%ghIH@5@8¥QH§§§@Q#?gﬁb@gégP%?ect @%%dcggstra gBJ: %ﬁ?ﬁ%ﬁ E%%anage
Alterntlvel the e sed ortlon of the |eIe r can he

" emovel onsgmindhEci e 3t e anelnRi al phylie ybriig Ci%‘%?i Fhde ShBares: e
may al so be useful, After etching thehéate el ectrode | ayer, the mask |ayer

288 i stortbpredasn! thodeanpsvelbsErd igwiant apge Orpgn 2Atn Aasiee of Ao é te AbodPivent |

serves as a channel well inplant mask as well as a nmask for patterning t he
first sdgent(aeglgs magalsode sefie) T intiant ldohdjabes cdBybe-wasied depiendingame mask to
formthe channel well and source side of the gate, the channel is

sel f - ahjppiegtidroreljiicerf@ite BslgRamphl Se@ngl! @ssctahe cebran gl bd eNatdl ofachidee HY

device to be well controlled to produce very short effective channel

| engt hg.st, 04 LBYULRE ﬁgﬁllﬁﬁ iormance. I n one enbodi nent, the effective
channe eE;feng Lis less an 0,4 pm in other enbodinents t he effective

charm is less.tha et ot

char ™ ST o bR HYRL o deh Ry s YoimaS e B B I r krs, o
anot her mask |ayer 288h is forned on the substrate patterned. The mask

| ayer 1§ CBWbWﬁB&a@ Be &rpsd by pblensténg tidrandretaipinglalte chysgembegirenghe t o be
renoved., protecting portions corresponding to gates of the LV devices. For
exanpl anplaisompsikessequadsmapsang Haped fraglknt cddiriseoh slted anglérbinmpdeks,leagler 288b
protects the source portion of the HV and the gate of the HV device.

The exposetibvpokdtadnsaie.t ha eganplegh paypoctnheywedl] Eddbedbenddeni edubd form
gates of both the LV and HV devices. [00661After the gates are fornmed, the

pr ocesgn At E!Hﬁ%nglerdﬁabb@c ReVithGotaBSn hhdb8F AR5 Rithh Borch dolBBf IREESS,
for exanple, includes formng extension Tegions 147 by ion inplantation,

rol | owegh b f Q111G SRGEL kB A0RAT o B0 AU AN eRpIg A0, and 176

The d erent types “of extension and orne

di fferocesse For e
energy levels are a )isonﬁ)se%ll %or g)glmple a quad implant can comprise a tilt angle of about 7°

with rotation angle of about 45° with a boron dose of about 2E13¢m™ at an energy level of about
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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di ffusion regions are forned in one inplant process and p-type difthsion
regions are formed in another process. Furthernore, the diffusion and
extension regions of the different devllS can be bored separately. Silicide
gates and contacts can be fornmed after the diffusion are forned. For

exanpl Altemetiedlg, ths exposedspatbabf thargetedigodiit éayecovart teereswbed. r Re¢rmodiog thend
reacted to formsilicide contacts and gates. The contacts and gates

canf or g@é dielecthEla$@m206 ebdst eleebstRrORRFIRS be WIERACALEL 18R SicdhR enmoved.
A pre-netal and an inter-level dielectric layer can be farmed in which

cont acéléﬁﬂg&l‘j‘}%’%g%%ﬁg& %ngﬁt.%ﬁqu Addi tional interconnect |evels can

be forne r exanp anascene techni ques. Final passivation,

assenb nd testin be perforned to c lete the IC .| An. . .

a1 tor nDeEE S e e P B bEBUS T p R oS ufech TeheMeL SSHawR I ¢
Referri n%(to Fig. 3a, a partiall rocessed device is shown. The partially
pr oces®¥adk Hevslbe § dags fwmaﬁterﬂ@gttﬁﬁa s ptfr ©i2n Spge sige) ofAhp HiVoeaiasRY 3888 s
formed on the gate el ectrode |ayer 244. The hard mask, for exanpl e,

conpr i desase hagloto xindes channdrecl barlosurerside afiibe paie.dheresknddgsdlBaligreded by
CVD. The thickness of the hard nmask, for exanple, is about 40nin. O her

mat er i ék$atetedgliNThiy@8ates thbickkmeskashiyhall Yaldoicus b d<ll kofitraldnp beduthe
hard mask may be forned fromsilicon nitride or other types of naterials.

NO68] Redr ek d Bt @ivElcHanm3Piendths &f fed TBSKd 2 8der fotHalc@ SRR ERLE Sk, the for med
on the hard mask 388. The soft mask can be patterned by photolithographic

t echni gue [ penin whi ch n _ser channel i ant mask
nn ARCHTED et S RerAp DR HB L IR 5788 St BB P IRPRE s hasi
388. The patiern if the soft mask is transferred to the rd mask by, for
exanpl Enepil} {ss 1gpSgy HR- KR ﬁ‘ﬁh‘?‘{lmte% thegtt] e%%fél%%}@?%l% @ﬁeﬁé %er ni ng
of the hard mask, as shown in Fig. 3c. The substrate is inplanted with
dopant$2¢ ¢nf.orm a channel doped well 135. In one enbodi ment, dopants of the
opposite type as the type of the ITV active region are inplanted. For

exanpl 06§} t yRefetapgnt Bigalg annthleanhedlayat 288bhe fraicy pe tidewpstrat bndf a n-type

active region.
patterned. The mask layer is patterned to expose portions of the gate electrode layer 244 to be
removed, protecting portions corresponding to gates of the LV devices. For example, the mask
serves as a gate mask. Additionally, the mask layer 288b protects the source portion of the HV
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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| 007011 n one enbodi nent, the dopants are inplanted at anto form a channel
fromthe gate edge to the edge of the channel well. The inplant angle It
can be th a range of about to 45". Qher inplant angles nay al so be useful.
The inplant conditions can be varied depending on application

requi r enfennsilickizrcoeseatsping ,gatehe Tha gbreactdaskgarstaaberfgynalan thresasel @ct ed t o
achi eve the desired effective channel |length. [0071] I n one enbodi nent, the

channedlifidnl ptdeedsaninedreayteMti std1phre réMPldNt/S pre@EtaBXal @ter i@l GloRRAR Wel |
can be forned by at least two tilt and rotate inplants. In one enbodi nent,

the i mplant,GRIpNSES %i%@(ﬁl&ﬁ%@éﬁq}mer&nﬂé’&gaﬂeqpﬁﬁé& LRG3 Fgeré% -t ed

angled inplants, each rotate a rotation angle. For exanp p.-type

channe Il capforned with a quad, inplant at. a tilt.angle of about 300
ah sy d8ieon SERERETSS, Brbtetnlh Aty iR Gndaldy’ ErflBbG et Me "2 an
ener gy Ievg{ of. about 130 KeV. her tilt angles, rotation angles, doses
and endFEPLYARE testing day kepesioangd to qegplg , a quad inplant can conprise
atilt anglebout 7" with rotation angle of about 45" with a boron dose of
about H@O3L M At altamativeregyboldeneit 0bé prisesstof THNIKE 9tdevice 700 Ashewown Figs. Fi-g.
3d, another sort mask |layer 287 is deposited on the substrate, covering he
har d npsRefeayies todfig. X ppsenllgatecseddeviods shayar Thdpertad{ praveskd dsvice is
patterned by |ithography. The soft mask protects portions of the hard mask

I ayer 388lacQy thesdendiin Q‘i%. oct dendrd a1ASE 58015 BAh&Bon MeRBW MRGHAKSE: EAN be
provi ded between the soft mask 287 and the hard mask 388, In Fig. 3e,

Gat e of SEPRURRAR. O kit e R R RIS pe SRR I REE s R 80 ES 1y,
k. SORERB Y EheigmeS) QTR G GuRr Cer<imitiech APRg “ORE. nale® RREL
10073] Referring to Fig. 3g, the gate electrode |ayer 244 is patterned to
f or m g®eRYaRes oF feickngsses may also be useful. For example, the hard mask may be formed from
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.
[0069] 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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and W region by, for a iple etch. Patterning of the gate el ectrode |ayer
can be achieved using, for exanple, RTE. The patterning of the gate

el ectrode | ayer al so erodes the hard mask, reducing its thickness. The hard
mask 388 can be renoved by, for exanple, a -Jean step after etching the
gat e ebeepplwdeon @yeremdiie Poooeswyla drtdngleedomsandreawigyush Ye sdsaed toedhicoe
conplete the device. [0074] Anot her enbodi nent of a process for formng a
devi cetHRQlekigedsdtndnive thanheSené4R- 9. Referring to Fig. 4a, a partially
processed device is shown. The partially processed device is simlar to
[hat s i nFi - el : i a1 S I 387,
such atsm gm]photlgro gg FISI? o?%%%ﬁﬂ%fa o%lrre 1%2()@6% bﬁé?‘éltlmaeéﬁ{p%aé%? Sflg\)rrl e&ﬁﬁ ]le’ayer
can be_.provi ded hetween the,sof sk .and.. t hard .mask. Th of t sk
Cayer B RERBEM B Rl 35 loe TR0 SR iab s GRR " BEipe o il R g
portion of the soil mask corresponds to the MV gate in the M region 160.
Pat t er Hm@ntﬁpntpﬁéessaoﬂadﬁa@%mt-awa HRAPIRB! CoEpTER Y t@ﬁd ArBebIMRIpYy SRphi ¢
techni ques, in one enbodi nent, the patterned soft mask |ayer al so exposes
t he haradatp@ibk aireiatidreangle. r qyiesampleQa pitopT@magelshadivan be fringed wigh atghed patt ern
of the soft mask is transferred to the hard mask by, for exanple, TUE. The
RAE r eimples ae X piltsedlepdabburs)° ofithtrbatibabtgleas kbdud 46%Xpak a bpant dosast sout he
gate electrode layer 344 in the flY region which are to be renoved. In one

enbodi PEMom AQinTeBBRY ALV bf hltfut 130 deRsiihal tﬁ@ﬁ@é@?&&i&tﬂ@lg&@t &8 Gkt rode

layer in the IN region. After patterning of the hard mask, the soft nmask

| ayer | 0 nF - . er 7 0o8S a
phot or SEEFTEYEthe ARG Suantte, RGN MEpLIPE R R B
provi ded, beneat h t he. sof sk | ayer.. The.soli k J ayer can be t.t erned
Dy phoranrtGg: s F Sk aias BB dsdesr S0t BBt Rene o BEttesto

| ayer 344 in the LV region which are to be renoved, protecting portions
correspdhliE¥g to gates f the LV devices. For exanple, the patterned soft
mask serves as gate nmask for the LV region. The soft. mask |laver is renoved
fromt 878V r &g shownlif 678 Bihanagiatr sokk hesblger L& Brdepssipd bhelismedstrate,Fi g.  4e.

I n one enbodi nent, the electrode layer in the LV region is patterned using

t he sofdverinBste hald hRsit RgeN@idexpBsdd date d1s@fbde MastcheTHESoff £GEOR pattfifediBE Of

the soil mask advantageously facilitates fhnning gates of critical
di mens}i@Bsrabhly.t ke Lot 18X Mtects 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.

18



[0079] Referring to Fig, 4f, another soil mask | ayer 487b, such as
photoresist, is thirned over the substrate. An ARC | ayer may be provi ded
beneath the soft mask. The soil mask | ayer can be patterned by

phot ol i t hographi ¢ techni ques to form an opening 489. The patterned soft
mask | Eya4] serAreshasmbodminannéh prarpdsant fonagilg, a ABORONNASs sitvovwnini FigFkg-g. 49,
the substrate is inplanted with depants to forma channel doped well 135.

| n onererbadi tamag.,4agﬁ>?§fﬁhﬁy pfockfied apReSIssBow Y. PEh@partiBRy byRessed déhe: k1 V
active region are inplanted. For exanple, p-type depants are inplanted into

t he p'&%ﬂ@rﬁﬁﬁﬁmﬂ%&hiﬁ?&f39ﬁtype 1-1V active region. [00811lin one
, the

enbodi nment : .opants are inplanted at art angle to forma channel from

th t.h f t h I [ 1. The. inpl I be i
T ang0aE! ap tRetinE S e, el RIa eGP 5 ALY B CobE: GeBrOR “he. |
i npl ant conditimcan he rind depending on application requirenments. For
exanpl @e harlemagkA8S. ApaB Glayeresnn bgprevadedguteeandbe seft mgslagi &g 8atdiBasfesi r ed

effective channel length. [0082]In one enbodi nent, the channel well is

f or medThdsofimbsk lpye it patpereat to.expose poxtampsloé thethmed olaaln 583, Wed tenmamngportion ned
by at least two tilt and rotate inplants. In one enbodi nent, the inplant
conpr i sfte oy tack topdspoids t tIHY darinand HOregiod 1t60| Pateraigl &ahd Jupl randks,

each rotated by a rotation angle. For exanple, a p-type channel welt can be

for mediapet B dcqGuRdyvdd W) ﬁ{&olﬁhoﬁaﬁﬂib tecAmgh&s. ah oﬁ@@ﬂfbo&%enﬂtﬁébd’t@h%:sggf angl e

of about 45 with a bor'on dose of about 2F, E3cm 2 at an energy |eve

about 1‘}38(1526}%}18%%555&%&hqarg%agﬁarhglgt@{]ireonogﬁﬂ%l. es, doses and energy |levels

are also"us_ rexanp t can conprise a tilt angle of
SEout (Bl MBI G a0 e R Pl AR, 11
i npl ant mask and hard nask are renoved after form ng the channel well, For
exanpl ©r exareplenplEanthefildkreinpves pxrosedeprstiens, offthe haedask o errose pigas obthet he

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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d mask, in sone enbodi nents, the hard nmask is remained. The process
continues as previously descnhed to conplete the device after the formation
of the gates. 100841An alternative enbodi ment of a process for funning a
device 100 is shQwm in Figs, 5a-g. Referring to Fig. .5 partially proessed.
devi cel0039k hoiteferfihg tpBigt #abhythpr ofiesssidayte wBele sush gd phidt@esistoistthiatedshenn

in. [00851As shown in Fig. 5b soft mask | ayer 587, such as a photoresi st

| ayer, theSubsdrafee AOKRIC Talie Bapsd pdkRicd ABnARGHE AYR mdIRY The st puildrRderaneat h
the gate soft mask | ayer. The soft mask |ayer can e patterned by

Phot ol b antisdRinG di R i iAo MheRLALACE Ltgmble LA

devi ce% ?’r om% ng 1pr CQ@?M£é???%$§?ﬂ%lﬁ&gghe g, tﬁe gagtne

el ectrode in the region is tterned by, for exanple. RIE, to formthe

gat e u@?’?{gsef‘f?@aﬁg%négﬂlpé@t%%ﬁgate mask. After patterning of the gate

electrode in the HY reqgion, the soft nmask Ia&er, is renoved. 100861Referring
HVl

to Fi gl00BRl arbtHerndpiie. Aaske sulsbptedgrpplaatge withdopaets & Bemst chapael dgperkd
over the substrate. An ARC nay be provided beneath the soft nask | ayer. The
sof t mask 1Baybrorcambodimettt dpand afyhepirppeild tyho gy dishie afdehiVepasese tagidror m an
openi ng 589. The patterned soft nmask | ayer serves as a channel inplant

mask. 4r008plaAgds Fonexanipl &ipgtypb dopdiears il glan@t éntoshé pRojanices walltolf aglogpat s to
foima a channel doped well 135. in one enbodi nent, dopants of the opposite

type agvtfeve yeof the NV active region are inplanted. For exanple, p-type
dopants are inplanted into the p-type deep well of a n-type FEY active

for imo groghgﬁﬁgglﬁ pﬁ%ﬁ%ﬁdﬁ%ﬁ{ HRMopahGrRRAM S A% AR B WGla Hanftl ANHNE O
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.

[0082] In one embodiment, the channel well is formed by multiple implants. For example,
the channel well can 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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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 usetid. The

i npl ant conditions can he varied dependi ng on application requirenents. For
',sanple, the angle, dose and energy can be selected to achieve th.e

desi r etlardfmaskt v sorchambedimleetsgthk hard Q8&9} Femonel. eftteqabemntontinhes sshannel

wel | bi nned by multiple inplants. For exanple, the channel well can be

f or nedphyicublyl @& tbetl W@ Borh Sttt tBe 1ORERM S thd PraRe R pxeNt , the inpl ant
conprises a quad inplant. A quad inplant conprises 4 tilted angl ed

| Mol anjgpg4pachnd AtEh ARl éxﬁ%?gﬁfc@@ for fo':rx%ﬁl%gea%‘&’é’{l?éeelooais g%(hv%'rp%loﬁgénnel

well can he firned mntﬁ a quég at a ti angle of a W th
rotation _angl.e .of out 450 with a boron dose,of ahout 2El3em - at .an enof
Cbout | $38° RayTiEE KERR . £ Paniedr SRt BrgPle” 1S bl N A esse BT eS ol
are al so useful. For exanple, a quad inplant can conprise a tilt angle of
about WIMiattg haisbewpim Hegte of about 45 with a boron dose of about
2E13cm 2 at an energy | evel of about 150 Key. [00901Referring to Fig. 5f,
anot hel00Baler A showtinres kbl ayet MB8T Byesiidhswd aphghotozesislayed infoemed heer
substrate. An ARC | ayer may be provi ded beneath the soayer. The soil mask

| 'ayer ih% spbdttags. ned ARC Plathy bbpgrvaildibentge thei @ites fitria®Xpase TRO kst aask of
the gate electrode layer 344 in the Liz region to be renoved. Additionally,

the sofcn@skoc Ateihed 8YBhASIiE Rid tdhnf R RNexpBs PR EBE tedidn, bF sed.
The exggged pc?rptai ong o?ﬁt he 151'3&4361%%%{}%(@%&' athGIj)‘raS 344 ar eegrl(gen’ vdggwt?i q?%rm

the gaiésdeQ/Iceg ?r%ml ﬁ\éirggeﬁlrjo(c‘gsSe(fsAL hiu‘é&&t%é‘%? g’lé 'gc,Fthg 'gat% Hectrode 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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100911Sim lar to the enbodi nent of Figs. 4a-4z, the | X gates are patterned
using a soft mask while a hard nmask is used to pattern 1' FPI gate, Afier
form ng the IN gates, the soft mask is renopved followed by renoval of the
hard mask over the RV gate. in sone enbodi nents, the hard mask can remain.
The pr W88k cdnnaambodimenttipd dtaentliveslde oroeday raesiplel ihmthnpy, o exshyle,
100921The invention may be enbodied in other specific forns w thout

depar t ileghhsireinvicl @as pé forined by @8 Ragttivaltil CharaGtEiii piidt€ Sint 1M dindh€ the
f oregoi ng enbodi mentstherefore, are to be considered in all respects

illust ! - it e i, v, | J .0, Scope of
the i n{\r}?#? I?{tgcr?h?)?@ﬁauésd&iagrg Lag’%.e%’l%?& ?ﬁglagtp%g{rﬁég% %ﬁgg%ﬁﬁda%ﬁ%@t{] ﬁg(h% b)é t he
f or egoj ri.ptio nd- al | changes that cqonme.wi thin. the ani ng, and nu
ge. of sard8y B ah PRl R e EP Rl B el e e B e @ﬂ@f?d. What
is clainmed is: CLA met hod of form ng a_device cot provi ding a
subst r'&t aﬁ@éﬁ&%@&g{\ﬁﬁfﬁb% SHctithaolon é’égq? afkont 4nneilep horamelose e abogkvi ce
region includes gale stack |ayers of a gate stack conprising at least a

gat e ePlebicnodé anpengy demest obahgat £3UKeVesitherdilbyrates, mtavindinglesaldbes std mask on
the substrate corresponding to the gate; patterning the substrate to

at | eastergyeivnvie apardd wekil oForcexaapl gatg@as iapkn @yeomphips OtiRchgd obybdtiest i r st
mask; provi ding a second mask on the substrate with an opening

exposi Wih fotpes ke Of abbhies Fivist 2 PBSK d@HIot MBut BP1 ﬂﬁi‘zeat%h%ﬁ&ﬁg gébt%L%f Aad:

i npl anting ions through the opening and gate stack | ayers |
substrpdecte forma channel wen.

[0090] Referring to Fig. 5f, another layer of soft mask layer 587¢, 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 LV 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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The nethod of claiml|l wherein the top gate stack | ayer conprises the gate
el ectrode | ayer of the gate stack. 3. The nethod of claim2 wherein the gate
el ectrod. e | ayer conprises including anorphous or polysilleon. The nethod
of claim2 wherein the first nmask conprises a hard nask. The net hod
of cl ai mWhwherckimedasfirst edge of the gate corresponds to a. channel edge
of the gate of t |le device and a second edge of the gate corresponds to the
drain edge of the gate of the devi cLAGnviEhe net hod of claim 1 wherein the
first edge of the gate coiresponds to channel edge of the ti,ate el the

device and the -car.responds to the drain edge of the
n A RAAD e 902k dﬁﬂ?%%ﬁ*l@?ﬁ%’-

gate of the device, aiml wherein patterning the
substrate Ieaves.ahe %aéﬁ ielectéithaye{ rinaining 0 thetsubz The
met hod of cl aif?Y“WREPEPH Pl TBFHT AG (*HE At € ECdek V%%ml 5008t he gate
dielectric |ayer remaining on the suhstrate, 9. The nethod of claim1
wher ei n iG5BIcaAegipyICHIAES %@gﬁﬁﬁ?ls@gerao P Bhtegigk sompptianet a2 etie net hod of
claiml wherein atilt angle of the inplant is about | --- 45",

electrode layer over a gate dielectric layer;

providing a first mask on the substrate corresponding to the gate;

patterning the substrate to at least remove portions of a top gate stack layer
unprotected by the first mask;

providing a second mask on the substrate with an opening exposing a portion
of the first mask and the top gate stack layer; and

implanting ions through the opening and gate stack layers into the substrate to

form a channel well.

2. The method of claim 1 wherein the top gate stack layer comprises the gate

electrode layer of the gate stack.

3. The method of claim 2 wherein the gate electrode layer comprises silicon,

including amorphous or polysilicon.
4. The method of claim 2 wherein the first mask comprises a hard mask.

5. The method of claim 4 wherein a 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

the drain edge of the gate of the device.
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The method of claim| wherein in ionsprises multiple tilt angle inplants
whi ch are rotated about a plane of the substrate. 12. The nethod of claim 11l
wherein a tilt angle of the inplant is about 1--- 45", The net hod of
claim1l wherein inplanting ions conprises a quad tilt angle inplant which
is rotated. about a plane of the substrata 14. The nethod of claim 1l wherein
t he second nask conprises photoresist. 15. A nethod of form ng a device

conpri si mg, . The metRsdo climgl @hsidhisthe dik e epgephegatbicbiiespondabiave devi ce
regi on which includes a doped drill, well first portion of' the active

devi ce reghon 8 GMEoRd 8Cke HBNEE SnPhhe 3o @Al 8dSE AGKe EABRAHSHBEIAb | €ast a

gate el ectTode layer over a gate dielectric |layer on"the surthee 01 the

ggférate;théjér%%{fe gQ%fﬁlefgla{eS(;[ftﬂgéekvic%n t he substrate corresponding to the

7. The method of claim 1 wherein patterning the substrate leaves the gate

dielectric layer remaining on the substrate.

8. The method of claim 1 wherein patterning the gate stack layers leaves the gate

dielectric layer remaining on the substrate.

9. The method of claim 1 wherein implanting ions comprises a tilt angle implant.

10.  The method of claim 1 wherein a tilt angle of the implant is about 1 —45°,

11.  The method of claim 1 wherein implanting ions comprises multiple tilt angle

implants which are rotated about a plane of the substrate.

12.  The method of claim 11 wherein a tilt angle of the implant is about 1 — 45°.

13.  The method of claim 1 wherein implanting ions comprises a quad tilt angle

implant which is rotated about a plane of the substrate.

14.  The method of claim 1 wherein the second mask comprises photoresist.

24



patterning the substrate to at |east renove portions of a top gate stack

| ayer unprotected by the first nask; provi di ng second mask on the
substrate with an openi ngexposing a portion of e first mask and the top
gate stack |l ayer; nd i npl anting ions through the opening and gate
stack. layers into the substrate to forma channel well. |b. The method of
claim 15 whereinunstrate conprises: a drift isolation g-iodoped drift well;
and 15a dopedthddep fmelihg 4 detibecosingat e of the ctive device region
enconpassi ng the doped drift well. 17. The nmethod of claim 14 wherein the

fitst mask COmpLy}igias adubl@hft fFBSHed wikBan 108 RO d% Ghahmhdddsherein a

first edge of the gate corresponds to a channel e of the gate of the

devi ce a@ﬁ%@d | e ggﬁ i %8st BbrtfoiD A ReiCOBLAEPRRMR hd hRGe Ak RyrEsige of the

gate of

gate stack comprising at least a gate electrode layer over a gate dielectric layer on the
surface of the substrate;

providing a first mask on the substrate corresponding to the gate;

patterning the substrate to at least remove portions of a top gate stack layer
unprotected by the first mask;

providing a second mask on the substrate with an opening exposing a portion
of the first mask and the top gate stack layer; and

implanting ions through the opening and gate stack layers into the substrate to

form a channel well.

16. The method of claim 15 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.
17. The method of claim 14 wherein the first mask comprises a hard mask.
18.  The method of claim 17 wherein a 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

the drain edge of the gate of the device.
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