METHOD OF FORM NG A HI GH VOLTAGE DEVI CE BACKGROUND [ 0001] Lat er al

Doubl e-Di ffused Hi)) transistors have been w dely enpl oyed in high voltage
applications. For high performance LD transistors. |ow drain-to-source
on-resi stance (Rdso") is desired to mnimze its power dissipation when it

is turned on, as WaEIrHRSD O RFORMEKCONMHIGH VAJETAGEBEVICA: its vol tage
capability. To achieve Low Rdso", the channel of the high ILD transistor

shoul d be as short as possible, £EAQRYZIASNEFHhNOlI 0gy evol ves into era of
deep sub-m cron e0,35 um Large-Scale integration (VLSH there is a desire
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formng 1,-V devices, such as caonpl epentary netal -oxi de-semn con tor
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CMOS processes are inconpatible for formng HV transistors. For exanpl e,

pr oc esksiosdetol raipirnigs ife poweikdssipatiginfftico it is tiroed ei.iag mreblras high hrpakdewpyyolipgnel
wel |, which defines the channel |ength. Process variations in process

over | ay nia@ize €S vbRiGeapitiliegs Tovichidonkow Rhss, tak elsanhelr ofithghighdit tratsastomel

| engths to achieve low RDs"" difficult if not inpossible. Furthernore, the

thin gabe 9lectradespdisgd. prevent them serving as a hard mask, further
exacerbating process control in formng the channel well. [0003] Fromthe

f or egqj dis (o] O I i r OV r.ehi i.ces forned
e A L R S N st Al s
form ng a devicel. The od i ncl udes .pr.ovi di su r rrepared with
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gate stack conprising at |east a ?at e electrode | ayer over a gate
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openi ng exposing a portion of a top gate stack

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 RDsop

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.

[0003] From the foregoing discussion, it is desirable to provide reliable HV devices formed

with short channel lengths to have low Rdsp.

SUMMARY
[0004] A method of forming a device is presented. The method includes providing a
substrate prepared with an active device region. The active device region includes gate stack
layers of a gate stack comprising at least a gate electrode layer over a gate dielectric layer. An

implant mask is formed on the substrate with an opening exposing a portion of a top gate stack



| ayers. lons are inplanted through the opening and gate stack | avers into
the substrate to Corma channel well. The substrate is patterned to at

| east renove portion of a top gate stack |ayer unprotected by the inplant
mask. 1000511 n anot her enbodi nent, a device is disclosed. The device

i ncl udegera. &umbate iaiptarpedeiared the dfenary adtdawestackdaypms infd theaabstrage todginon
includes a gate slack with a gate electrode | ayer over a gate dielectric

layer . ciAnhdl vl ed@QuBdirafe 93hReabd tPatIQEORREBBtRIN dfaQogalte sAtielaat t er ned

separately. A doped channel well is disposed in the substrate adjacent to

the fi t: - Jhe first edge of the gate overlaps the channel
wel | W%%%ﬁgggﬁggﬁg?ﬂgﬁgghg?ﬁthe channel well beneath the gate. The first

edge o e gate d the .channel edge .defin n effecti.ve | ength of the
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100061These and ot her objects, along w th advantages and features of the

pr eserRrepHIGHEINGH 2Rdyicaloni JorEESEE region inclpdis St ey Bitk 2 ACSIRGHOT®f er ence
to the follow ng description and the acconpanying draw ngs. Furthernore it
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[0006] These and other objects, along with advantages and features of the present invention

herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] 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:
[0008] Fig. 1 shows an embodiment of a device;
[0009] Figs. 2a-g show an embodiment of a process for forming a device; and

[0010] Figs. 3a-g show an alternative embodiment of a process for forming a device.



[ 0010] Fi gs. 3a-g show an alternative enbodi nent: of a process for formng a
devi ce. DETAI LED DESCRI PTI ON [ 0011] Enbodi nents generally relate to

sem conductor devices or integrated cireuit. Mre particularly, sone

enbodi ments relate to hi gh power devices. For exanple, high power devices
include | ateral doubl e-diffesBHTALLYDIDESGRPIOOS, such as netal oxide tr
sisters (MOS). The hi gh power devices can be enpl oyed as switching voltage

regul afon §| f OrERQVIBHATR BAGSIBNel APRI sef@ddn@iGor ddVeces Br hﬁ@g@é&% EREsC Morbe

easily integrated into devices or 1Cs, The devices ICs can be c rporated
into o i r I.m r e d .cularly
por ¢ ab SR sofhe chbaSLRL B e WRRTHIR, EAREL PO G RO Bon BRI
personal . di gi.tal ,assi stant D As, 00121Fig., 1.shows. a rtion, 100 of an
Prboar ekt ! BbRE MR S boe® g6t Fanditci dueaniub BURs 17901 ' he
substrate, for exanple, conprises a silicon substrate. The substrate can be
| i ght | Jichopwar daviges sy pecaploand as switahjigev diage tagatatonp der noves glysegemaas, such
as silicon germaniumor silicon-on-insulator 01), are al so useful.

[ 0013] Aipdicstust Tat € Dntaynsheorpcapbe edilwittberbied sito andiceeadAd. Tagidenisesht0Cand
160. In one enbodinent, the first region conprises a | ow voltage WO device

regi oncanel icdrperasaGdthr e WNh CRMBHANERS Bndiingh cklrbaig9réduckVdarder e
region. The regions nay be other types of device regions or additional

devi cepdiedlonheipl REIRFOVARE ocliBhofaImBS cofhy Al aaRldsd deihiRAaREaT On

may be provided for DGO devices, e DUD devices nmay be used
Altern&&L¥ﬁly, the device may include only a HV region. [0014] The first
regiontin ne enbodi ment, conprises first and second type active sub-
regions 112 and 116. The first and second tyggs are conpl enentary .types,

for mi N0k onplieneheds ¢ Pois i AT@s enhofingsiia Rpp deVicheAt S e MR t ype
devi ce conprises a conplenentary netal oxide sem conductor (CMOS) device.
For mi nigchides ¢ euhpiretmd Al afe swbstrivefor eypasleofonamises eailison sgdwfrate. The
substrate can be lightly doped with p-type dopants. N-type or other types of substrates, such as
silicon germanium or silicon-on-insulator (SOI), are also useful.
[0013] The substrate may be prepared with first and second regions 110 and 160. In one
embodiment, the first region comprises a low voltage (LV) device region while the second
region comprises a high voltage (HV) device region. The regions may be other types of device
regions or additional device regions may be provided. For example, a dual gate oxide (DGO)
region may be provided for DGO devices. The DGO devices may be used for I/O circuitries.
Alternatively, the device may include only a HV region.
[0014] 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.



[ 0015] The first type active sub-region, for exanple, conprises a n--type
active sub-region and the second type active sub-region conprises a p-type
active region. The first type active sub-regi on conprises a SCCOXKi type
doped wel |l 122; the second type active sub-region co a first type doped

wel | 1P15For Tredhpl tgpe ddtiee bul-sdgidry her exainipice catiprise8 ginotype actpleisaBsc@op- t ype
doped wel | and the second type active sub-region conprises an type doped

vel | £l e s&nll it g atil O aH-redfohi 6e1peldsy 4 RS 3 fégﬂinsqﬂéqﬁ‘ﬁtuckpe &y pe
dopants can include boron (B), indium (hi) or a conbination thereof whil

n-type i i CX a
comy g 5%3?@“#“%8%@1%9? AR Yo 7% A LSB og e BRI clypdes
first t actj ve,su giLon and,a sec d type tr nsi.stor 150 is OV|ded
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provided in the n-type active sub-region with a p-type doped well while a
p- t ypedaned vesllsingythe %ecs%mpuéetl‘fermsuprréglﬁntcw@r%taq Rr/P§ WPekyFbNOWieEh a n-type
doped well. The transistors, in one enbodinment, are MOS field effect

transi @tn(ﬁlggra(tmmye s@-re@ionsyap@dswﬁsetfulali’sﬁype dolsanmagan&ndudda‘tmrm aul .

1001. 71 A transistor, for exanple, conprises a gate having a gate el ectrode

144 oviedivan (Jaj er di@hiatidnchddas whhengaiead phes tiirlude @hoHharRI(R), atefpr | ses
polysilicon. O her types of gate electrode materials, such as ponS|I|e|de

or rret@yls)s&ﬁhﬁid;l@, (SBY & AlodbiihYheredlo! ysilicide or netal silicide gates can
he formed by reactlng the desired netal with ponS|I|con Various types of

nmet al h as tlta m orcan. b
ol cot 1WAt & f ?g? rpnirep P Jerim R Fepmseens Sl afEefeond.
may he do ed wi t pant , @%%%g e gate el ctrode nay depend on the
techndWBﬁ ansiar (3418 PEYY eﬁﬁy@ﬁ@ depen [Pt FRemme, sanpe
dopanr ansi stor type. Doping the gate electrode wi th ot her dapant types is
al so usampistor lsp@vgbden tical-Boe prtevecan-rogion iwithaoprtoxiddped ®ehevhileypetypof gat e
el ectrode or gate dielectric materials can also be useful. The nmaterial of
t he gatasstedt podeledndtigat-gypdiaete-dubapgind with 4 heypgeeivbadivelly ThEaangstanpl e,
cobalt silicide mte electrodes may be used for
in one embodiment, are MOS field effect transistors (MOSFETSs). Other types of transistors may
also be useful.
[0017] A transistor, for example, comprises a gate having a gate electrode 144 over a gate
dielectric 142. The gate electrode, for example, comprises polysilicon. Other types of gate
electrode materials, such as polysilicide or metal silicide, are also useful. Polysilicide or metal
silicide gates can be formed by reacting the desired metal with polysilicon. Various types of
metal, such as cobalt, titanium or nickel, can be used. Other types of gate electrode materials
may also be useful. Furthermore, the gate electrode may be doped with dopants. Doping the
gate electrode may depend on the technology. The gate electrode, for example, may be doped
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 nmand 0.13 )LIT1 technol ogi es while nickel suicide may be used -for
0.09 pmtechnol ogies. O her configurations of gale el ectrode and gate
dielectric materials are also useful. 1001. 8l Sidewalls of the gate can he
provided with sidewal | spacers 148. The sidewal |l spacers, for exanple,

conpr i &es andirel ®E3 [indtetfbRIgilwhikudEkedsiliside inegrbeaskd éor 009 j@aechnblopiede or a
conbi nation thereof Qther types of materials can be used for the sidewall

spacerSthed AMBLANAS 8NEatd Bleb ARl Gary Beldbfit 84Dk 4:8QisBNSefd6. The
di ffusion regions serve as, for exanple, source and drain of the

h
transi : : i i.fi]si reqi. 147 ] rQyi : ext ensi on
diffus'gg&”egﬁgﬁgﬁﬂ$§?ﬂ3§%%ﬁkgﬁg ggéﬁgﬁW%€;§§?@ﬁ§¥§ﬁgﬂgéigﬁg“d‘PC1 ext end
under the s%ace Th diffusioa,kgﬂggns éincl ding.the gﬁte.sion i ffusion

r egi on¥PCTP Phe P StOTYHeE° ¢ H& 1Biteple SHHEE ST AN RS HYPE Y SE 2 dopant s
and the diffusion .gions oldie second type transistor are doped with the
secondcqﬂ}tp@attﬂmﬁhﬁ’@@g (ber wrespimyterialpeardlpd ysgd ifesrihe aigpwals seacerspr ovi ded f or
p-type transi storspe diffusion regions are provided for a-type transistors,
The dejv9]and Adbanctocongaatreatiffosiomfegidis ldbf Tusiddfusicmgegioss smye defend, i br
exanpl e, on the application, such as voltage, requirenments. [00201The FIV

r egi ONexlafifplld)@8Src@ ahdl WaRCIfi tMEtrhRHON H@&nsidnifigo rdashismantcan b&grohidel. active
region conprises a first type active region. For exanple, the FIV active
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region s
depicted with | y..one act.i ve,.regi.on .for pur of sinplyficati and t hat
the. 119¢ siisetn TBafifiEraaa Rt BIEE merr BRoR SRSt SklRsl oeifhidlndns For
exanple, the ETV active sub-regi ons can_be compl enentary types of 1-1V
sub- r ESIHOTREF dRsHYIBNBA DAT YRS Jowants pndifhg @EyiieREeions 62 i 69k YB% r egi ons
180, such as shallow trench. isolation. (STlI) regions are provided to
i sol atteartstséor|ane dopabd Nithy thg isenvad dgpevdsiphntas Fort ¢xamplbp1tatyi difgsion tdgionstabe
regions. Other types of isolation regions are al so useful.

provided for p-type transistors and n-type diffusion regions are provided for n-type transistors.
The depth and dopant concentration of the diffusion regions may depend, for example, on the
application, such as voltage requirements.

[0020] 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.

[0021] 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.



the type of TIV device, For exanple, a p-type HV active region would have a
n--type HV channel well and a p-type ER drift well. In one enbodinent, a
third or mddle portion separates the channel and drift wells. In other e

t hodi men he first and second portions are contiguous portions. For

exanpl [@022]he [Eh Yhebabaineat) heHifsidypd HVivetilvs rapdnt actprésas ht loash rst addO28Ad
deep well 132 may be provided in the HV active region, enconpassing the HV

channeloaae. dFHefﬁrstVﬁ)Hi’(%nh@%[s@L b ¥ecoh By RaEP MBkdel GRMREYSS] dRPafitise of t he

first type or same as device type. The deep well nay be used to

i sol at N o f - F ) .
) B ol RS 93691 XA SR s

, 1IN sone cases, opti onal

or the, dee [ .can npri se dopants .he second .qr._opposi t e of the
PN aebf SERaFLY oBiFe EHsnaPla p RS Y ustiS taeurud hefRE Rt R, be
a p-type or n-type deep welt The different types of deep. well selected may
dependvelhardepttypre Yrdrstiwell r bt ene qophpsimentya thidiof paiddispedtion 3581kt €% ar e
used for thbricating devices. Wien p-type substrates are used, the

n- t ypedeapelweat driftaydie. dpvitenahboditiests| the biegand eedohd pnrttopperechonfiguonel | i s
already different fromth.e p-type substrate. For a n-type substrate, a

p- t ypepdiasis. IR lexifaylch@e $B clidin€l dnde] ¢ Rigifinetllswhlact ¢omotiive. substrate. O her
configurations of deep wells may al so be eful. 100241As shown, first type

I'N devgoggsli S Qe/épdsnglo hﬁ ﬁlg@é 'gwdehxﬂ e HPWRGTd Ngidne 8t @hpaddiss &‘B'}v%’é type

HV dev in one e I me onprises a LD devicCe, such as a L

g‘;\é;? ?(lzhtax-lllgfl atg{d gri%evyélf:s? Gend aliliy,S e d%e;p\%gl? cgmrh%rrfsgsidgszgntg ijthg it rt]}%eeoq%grﬁe as
the HV device type. The deep well may be used to isolate the drift well from the substrate. For
example, a p-type device will have a n-type deep well. In some cases, the deep well can be
optional or the deep well can comprise dopants of the second or opposite type of the HV device
type. For example, in the case of a n-type HV device, the deep well can be a p-type or n-type
deep well. The different types of deep well selected may depend on the type of substrate.
Generally, p-type doped substrates are used for fabricating devices. When p-type substrates are
used, the n-type deep well may be optional. This is because the n-type drift well is already
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.

[0024] 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.

[0025] 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,

6



100251The gate includes a HV gate electrode 174 over a I TV gate dielectric
172. The HV gate el ectrode, for exanple. conprises polysilicon. Oher types
of HV gate el ectrode materials, such as polysilicide or netal silicide, are
al so useful. Various types of netal, such as cobalt, tranmum or nickel,
cart bétanisedor fi¥iegreah PpasedofOther typgaife élgertd@dedomteriabl mayndyo bd swiilde
useful. Furthernore, the gate el ectrode nmay be doped with &pants. The 1-1V

gate ehfffAGR, thte%gte@fmh@ma d@?ecﬂﬂﬁﬁ@oﬁ&ﬂti} TheHvae: deqajit, foype of the

transi stor type. ping the I'TV gate el ectrode with other dopant types is

O gat Sek aEDTonaP B Sl S0 e e a8, PR e ot

the material of the te electro d, L1 ate dielectric my depend
on t nedleisae il Akl Sos Stk Paay: TR Herte Bl SecisSnaRtiel af o
the FIV gate electrode and MV gate dielectric my depend on the CMOS

pr ocesQthepiypesoldyi gatsdiglsetrismaleitneanodse baeefxanpl e, cobalt! "de gate

el ectrodes may be used for 0.18 pmand 0.13 pmtechnol ogi es whil e nickel
silici@e2¢lny hbeoedefibedifed the. matted i theddVesite dedirade codti\ggatadiebassiconhayat e
el ectrode and gate dielectric materials are also useful. 100271Si dewal | s of

t he gaddpefd@bn bR QVIOS sloceswhidiosictiawiddy. Spaaeembddigent hiee shdewadflthsHacer s,
for exanple, conprise a dielectric material such as silicon oxide, silicon

ni trideoLear&RIAHAY AR & &80y SR8l dREEMDS PRIRE] B S VC@RiRgampsd for

t he si ewal?t spacers. ~100281I n one enbodi ment, the various gate el ements of

the FIV .gate ch_as gat | ectrod te dielectrl re of
the sabErIEy 3 hefln ProBal TRl TR T Bt BRL P D saAE 6] G Sl
facilitates process conpatipility for formn 1V and LV, devi ces. .
[ 0029] tPHEO lﬁa‘tf@feo%lﬁl éﬁ’s“‘feﬁé% PRI i %?h‘\%cfﬂl%s'i hertgonfigitations g
second portions the H'V active region. Adrift isolation region. 180a may
be pr ovigaeklestiadhiand ghie dikleditic magdrialsia@ealem usdiel hi gh vol t age side of the RV
device. The drift isolation region 180a can inprove breakdown vol tage of
t he El 0BV cSidwealls of Heglatev@htbegeovifial wak aidplvell spdversdir78f tThesaleatasllon regi on
is particularly useful to sustain high voltages for applications beyond
about  QANers ASr é;ta%fne, bhBrids b lifeldct® Rhicanl, 5@ ARilBPBxide, diisROsadlcio at he

e

drift well 136 under the gate. Disposing the drift well at other positions,

such ac,son%ﬁzitlo%l th¥eb A5 LY t'yggs SatBUE cABY¥e Mel FoRE idkwall spacers.

[0028] In one embodiment, the various gate elements of the HV gate, such as gate electrode,
gate dielectric and spacers are of the same type of material as the LV devices in the LV region.
This facilitates process compatibility for forming HV and LV devices.

[0029] The HV gate overlaps the channel and drift wells in the first and second portions of
the HV active region. A drift isolation region 180a may be provided within the drift well 136 on
the high voltage side of the HV device. The drift isolation region 180a can improve breakdown
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.



[ 0030] A first type drain diffusion region 176h is provided between the
drill isolation region 180a and isolation region 180 which isolates the F1V
active region fromother sub-active regions in the 1-1V region. A first
type source diffusion region 176a is provided in the channel well 135 of

t he fi[0630]t ypea ffst fypadtdiv diffispnangiod 136uisqeoartdswo thegrinsdationcagiobe
provi ded whi ch extends under the spacernnel side of the NV gate. The first
type smoncad apthtidhabdlodi 86 WaicBnsdlaed @RSV hetveagion idm s@BPdibsetide Reglone

di ffusion regions fora p-type ITIV active region. Providing n-type

di ffusi j fA0 - i j IS @l 6 pa t
dept h B SRHCBER, AfrsPofl SYREe YRR R TR i e Pl ot ng
on the i cation., In one enhodi nent, the dopa dept h_an onentrati.on of
o't 1 ocifaRP kst Pl g N BinE AT Pansion -SROR U7 T e BV ef Bl
dept hs and concentrations are al so useful. 100311A second type bady contact
r egi orinfipn thewpaqse op tsvahgaee! sidleof gher il Y gates ghhe; gt type sqyscernd gt idifdsityi on.
As shown, the second type body contact region 171 is between the source

di f f usiegions,dgi ornpl6aompdse hp-tppeadiffosion eggian 080p-tTeHYewbndreagygpe body
contact: region conprises second type &pants. I n one enbodi nent, d.opant

dept h Eodideneeperdatiidin @fidnb €oodlyy eV active regioans ey uirdult Mheslapmtas t he
di ffusion regions of the I'N devices. O her dopant depths and concentrations

are al ROHISRI WneentheoR 88 CRIMAET rdzRIk A b%]se%&ﬂid‘éﬁéld%g[e&{ the GaplicaasR! i ng
to the channel well 135. [0032] An edge 133 of the channel well 135 extends

can b Brar e Pl FREnE eRh R Chusbfes TR Rag iy il SRR
edge of the channel we 35 and the. .t edge 179a of the .gate on the source
B 4

I e
o de derteie 1 ERderrelOlbsr oRantqepths 25 SPRIHIF ARG lEh V¥ lect i ve channel
length L. 100331The effective channel |ength, in_one enbodinment, is
cont r d0P3H by 4 sephd tvaeibedy ediitedi r¢gor &7 ¥ may bgmeayides in tilee Giat poréegel thedtV
exanpl e, dopant ions are inplanted using an inplant mask through the gate
el ect ratiee esgian. has shovas kheasedond tiype badyecealtaet tagiael 71 Tih detwgph drtsomask i s al so
diffusion region 176a and the isolation region 180. The second type body contact region
comprises second type dopants. In one embodiment, dopant depth and concentration of the body
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.
[0032] 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.
[0033] 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. 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 inplant conditions selected to satisfy threshold voltage
and breakdown vol tage requirenents. For exanple, shorter effective channe

| ength nmay be achi eved by decreasing tilt angle, inplant energy or dosage
and vice-versa. 100341Wth the channel well being self-aligned to the gate
edge obfy thwanelnplbady implhooesditonesdlayed wsaesy drestandidege akvé byeakdori
effective channel lengths with very |Iou. Use- can be achi eved, enabling

hi gh ciulf@BtedudeRRsS. FbF Ouatpl@ safdrlefRERR chhhhd léptpahy beubideiad ysef ul for
t echnol ogi es beyond 0.35 bt , such as, kr exanple, 0.25 pm 028 pro and

0. 13, U EChaoNOfleRs i HARIHLITAYL AL ATGA vicareLnel ts for power management

applications~w e po i ssipation increases performance while

r educi ost s,,.,.1003611 n,one .enmbodj nent effective,channel] length L is
| eost RERT0 Syith e et ST SRRl Ruca {olBe Epatid VEmERRRARH PI€RE: 1 s
less than 0,3 pm In yet another enbodi nent, the effective channel_ |ength

i s | esverigypsspesase ElYﬁl.ge‘b e seey sbestie chpaivhinehsnginer gy Biso ciebysef ul |
for exanple, depending on the application. 1003712a-g show cress-section. al
vi ews ahieyad.cmbbldigiegh cofrerd tp parsdlarouglon siel aieag Thewis pertignlaflg us€fol foref erri ng
to Fig. 2a, a substrate 101 is provided. The substrate can conprise a

Si | i cofeclsitbdsdi et ond 0CH 1as, sach hqg idd akaprptey pe5dopem] S umsdndadt . e her types of
substrates, 1ncluding n-type doped substrates, silicon gernmanium or

si licopzapiddsul ator (SO0, are al so useful. [0038] As shown, first and
second device regions 110 and 160 are defined on the substrate, Tile first
regi on r e 1 . gi on
conpr 0435, 7 IOMRGE e PRl B R By R S Re A 20 B B MDA SBE O 7
devi ce regions may be provided, Alternatively, the device may include only
a NV r U§HeHIONTDGSSETReTRpaaes MEEC FOYFIB8 C2%® can be defined with first and

second tgpe active sub- ) _
[0036] In one embodiment, the effective channel length L is less than 0.4 pm. In other

embodiments, the effective channel length is less than 0.3 um. In yet another embodiment, the
effective channel length is less than 0.25 um. Other eftective channel lengths may also be
useful, for example, depending on the application.

[0037] Figs. 2a-g show cross-sectional views of an embodiment of a process for forming a
device or IC 100. Referring to Fig. 2a, a substrate 101 is provided. The substrate can comprise a
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.

[0038] 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.

[0039] 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



regions 112 and 116. In one enbodinent, the first and second type active
sub-regions are conplenentary type active sub-regions to forma

conpl ementary device such as a CMOS devi ce. Funni ng non-conpl enmentary or
ot her types of devices is also useful. [0OO401As for theltV device region
160, acd¥laotites typgadive k6 régordad iforeda threpleinentahyndone senboda AAMDS t he HV
active region 165 can be a first or second type HV active region. Although

only of&iddY Rehingtohe@nlerhént8§ir GHRE typel of Sevitd ey At@egfilhat the UV device
regi on may nelude additional HV active regions or sub-regions. The HY

ti - eg i i | ORSsin | 1Th
act | Vejgpify ' eN AP ey H%GQ%&W& iy &c"n\(/quélbf{%ﬂétﬁe‘ﬁﬁga Bafein | RQht1The

substrate is also prepare ationol80 to separate the device

regions_as,.well .as,other acti devi ce b-regqi ons. one enbodinent .. the
ol ac TR EGoAE G s ERadBa TRy bE T4 oA R0R Dl D aB e BB LLTOMh, e
enployed to formthe SIT regions, For exanple, the substrate can be etched
usi ng’ ¥BRYBAHHVoRAIVE Ben ampw@klttl%emﬂﬁm&othﬁtdh? H’Vné?"r‘?-?rf@ﬁ’é@ Y IBHUSE e t hen
filled with dielectric materials such as silicon oxide. Chem cal mechanica
pol i shaddgtiqna@NilP) actize rdpgonser fobp-negiortso ThedbV ectivesubxegions dindleeomplamengdrer i al s
and piovidea planar substrate top surface. Qther processes or materials can
al so bgvusede tub-fegiomst he [ 0012]in Fig. 2b, the doped welts for the active
regions of the device regions are formed. In one enbodi ment, first type

doped Moll] 124 hkSubdiald ik 8o iphedaht®l \ﬁﬁl@f&@f&ﬁbﬂafgiddﬂ 130 1o L&A APthbiRvRRd a
second type doped well 122 is formed in the first type IN active sub-region

A e G YU T SR

sub-regfFon a _ ed we s~ forne n-type a gl on
00101 e 1Y LA AR AS5 L R SL R0t L G g, speend,
the second portion corresponds to source portion. in sonme enbodinents, a
t hi rd oemplddiesubsirate e besctphes\ustedcongerfpal deleandiaask teghnigyry te &vnd
portions. Alternatively, the first and second portions are contiguous
port i omsnchis Wbigh aze thiewlled pathtdicectric materials such as silicon oxide. Chemical

mechanical polishing (CMP) can be performed to remove the excess dielectric materials and

provide a planar substrate top surface. Other processes or materials can also be used to form the

STls.

[0042] In Fig. 2b, the doped wells for the active regions of the device regions are formed. In

one embodiment, a first type doped well 124 is formed in the second type LV active sub-region

116 and a second type doped well 122 is formed in the first type LV active sub-region 112. For

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.

[0043] 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.
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[ 00441i n one enbodi ment, a doped well 136 is formed in the d.tain portion
of the MV active region. The doped well,tor exanple. is a drift well of the
[V device. The drift well conprises the sanme type as the HV active region.
In the case of a first type UV active region, the drift well conprises a
first [Oppé] Fdn oexampbémeat,a-doppeweililBé iselhed B the dmidpattibh bf therHV yipievel - 1V
active region, [0045]A drift 511 region | 80a nmay be optionally provided in

the dridstonnette db38d wehefofl ExdriplSiib a BGI W1 bSth HSPOSEEE. I Thet ¥t QEIL t:&m?ﬁ:le's to
inprove reliability of high voltage devices. For exanple, the drift STI

regi ong| I tabiqli [ i f eglpn
can Dol FORRSHTE RIRAHINN Retdih Ihihdodt: bV HEa1y S0 Fisbishy REGIISHEY
well 132 my b rovid in the 11V active region 165. As, sh , the deep HY
wol | 15mtistp 8 S 7 ey 676 e R ShaGPighe R Bt hstbdoses & he
first and second portions of ¢ HA/ active region 165. The deep 1-TV well
conpr i ¥€¥%an opposite type as the drill well and the NV active region. in
the ease of a first type RV active region, the deep well conprises a second
type. B95lexanpleft ST1pegiypedteepy edptidngllppovididdn flerdret well ype. Wik dctti ve
regi on. 100471The depth and concentration of dopants of the various wells
may depEhdgion it Bispepcanpiie,dridpwtil eain@ove felibiBXadiligh véltgbaevivel. trrge
applications may require | ower doping concentration of dopants and geater

dept h é;&fantiﬁe W& 8$t SITPr Qi igfg?@@és'ﬂ?émcdo&lﬁ Se1B8RIN o Ofhetile 4dGEP YRL birif %{%LLS

about 3 .1.E111 with a dopam concentration of about 5El6ein[3. For

drift | I have a. depth of a t 1.5 pmwth a dopant
concen&%ng%ﬁ%gg&%E%%¥ﬂ§§?“?§1 ?£%£ﬁ8ﬁwaggrﬁ§“%ﬁu dopant concentrations are
al so useful for the wells, [00481As described, the ST1 regions are forined
prior 046l mi‘h@ePHEY vk Gidsma pearowien &n therh¥ actiyeresios IBRCABSIONLA as

formng the ST1 regions after the various doped wells are tort ed may al so
be usefagp HV well 132 1s formed in the whole HV active region 165 and encompasses the first and

second portions of the HV active region 165. The deep HV well comprises an opposite type as
the drift well and the HV active region. In the case of a first type HV active region, the deep
well comprises a second type. For example, a p-type deep well is provided for a n-type HV
active region.

[0047] The depth and concentration of dopants of the various wells may depend on, for
example, application. For example, higher voltage applications may 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 um 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.

[0048] 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.
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[ 00491The doped wells can be formed by ion inplantation. -type dopants can
i ncl ude boron (B), 8F2 (boron conmpounded with fluorine), indium(in) or a
conbi nati on thereof while n-type dopants can include phosphorus (3),
arsenic (As), antinmony (Sh) or a conbination thereof. Generally, the first
and sefi9dfl] t yesioptd tvebs emtheviermeybpivs iampéartaione @-typé éqtantseday indudepar at e
processes. For exanple, the n-type regions can be inplanted wth n-type

dopant sorohi(Bg B ébd‘fbh abipomelcd pigvRMrmesl oRiitg (8f) ok BRoRbinNiABN FIRGIPIRhile n-
00501i n one enbodi nent, the wells of the NV region are fornmed separately

fromh i t . l]s: 11k St owed
byt hoSPFChar SPSpelIat pRBIRUE () Ml (5, iiniy GRS MR bAIpncRat,
useful ~ The . different. types of T wells can be forned in soparate

or ocesSEHING e ikt Pt PN P eve iR €€ Caed sElseRTy B iseeraten
separate process ple, the first type and second type wells in the LV region
are f oPIREEFSTh [ 5a7Eple the n-typg regiase 63z B immapgeq aﬂ%yz-typﬁéonﬂm whightn t ypes of
wells in the [IVregion are -hinted in separate inplant processes, 1051 IA
doped wwestlintgraskipeeviehistdopmgaf thyyp-gypsiragjbes.i npl ant process or nultiple

i npl ant processes. in nultiple inplant processes, dopants can he inplanted
at dif foesent a@nengymbediglest, tie: welhi @\tke HVeredRai s €tbraeP bet@rel9fiidnethe I t he
case of a single inplant process, a high tenperature drive-in process is

per f or plthnk OF8CHaMfe, tieL denils @8h BORIAR IR A thli§wed Wﬁ’ﬁ% I:HGV VeN@! BornfTRE 82

t
process may be enployed to, for exanple, formdeep wells. For a n- =2. type

oere ndn o RORER Oy S REER P EEs Kbl e SRRER) LR b e T e
o 11 TRRTHarPymes 1 it renElipit ROl SV RE Gaithg SRUPERSl 8 SFRHAMOsgrsEeases
may al so be useful. For exanple, INwells may be forned by nmultiple inplant
pr oc esE@sexampigs Hierfirg type and segeird ong wely ar edfV ragiongae éormed i sapaeste on t he
substrate in one enbodi nent,

implant processes. Similarly, the different types of wells in the HV region are formed in

separate implant processes.

[0051] A doped well can be formed by a single implant process or multiple implant

processes. In multiple implant processes, dopants can be implanted at different energy levels to

achieve the desired doping profiles. In the case of a single implant process, a high temperature

drive-in process is performed to achieve the desired doping profile.

[0052] A single implant process may be employed to, for example, form deep wells. For a n-

type deep well, phosphorus may be implanted with a dopant concentration of about 6E12 cm™ at

an energy level of about 2000 KeV followed by a two-hour drive-in at a temperature of about

1100 °C. Single implant processes may also be used to form other types of wells. Forming

wells using multiple implant processes may also be useful. For example, LV wells may be

formed by multiple implant processes.

[0053] In Fig. 2c, various layers of the gate are formed on the substrate. In one embodiment,

a gate dielectric layer 242 is formed over the substrate. The gate dielectric layer, for example,
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a gate dielectric layer 242 is fotned over the substrate, The gate
dielectric layer, for exanple, conprises silicon oxide. Oher types of
dielectric materials, such as silicon oxyultride, may al so be useful
Alternatively,lowk or conposite of dielectric materials may be used. The
t hi cknesgprots tiheorgatide. eDihet tyipes biadielect?id 2narayald) sudbmsisilic® oAyhitdel nBY atyat e
vol tage transistors. Other thicknesses may al so be useful. The thickness

thr exgnpkfl. MBrdepanthignkt e -gat onpsiteGe drRRPl CakicARS mdyde BEANDheE,
hi gher gate voltages may require thicker gate dielectric |ayers. In one

embod fEhess Uyt eaipheBl iyt 94b MU oel BoROTTR NV ISRk o iRt G0 X er

t echni ques, sucC S chem cal” vapor eposition can a

formt te dielectrjc.la 00541A gate el ectrode,l ayer 244 is
deposi 006 iR Gy alsGortebh B ARG ah? oSSRt PRI po B S e
conprises, in_one enbodinent, polysilicon (poly). The gate el ectrode |ayer
244 cafpligee rRlisadonss Fan cxarenl pHBEREST GAteHON 28GR BHEHS = ldleg‘%?ﬁ?‘bhous
deposited | ayer, subsequent processing can be perforned to crystallize it,
O her laygesIodnegattedehet the getervatl estiialayenisdomasldyubefndl oxietiomx@ttpt e, t he
poi ysilieon can be subsequently processed to form polysilicide or netal
gat es tEttenidtls CdBR S cldmitdl&/agat dxpesideit (OUP),| ay afso e yishbtoabatthe?@HO A or

| ess. I n another enbodi nent, the thickness of the gate el ectrode layer is
about Z5Q0.i818fer! €ss, in yet another embodiment, the thickness of the gate
el ectrode | ayer can be about 4000 A or |ess. For exanple, in the case of

Dol LS Rl TR DRl 12000 ARl ri i unast en
b to f th te el ect e | .. , l.ysilij h
A BRI R TN e S M X

t echni ques, depending on the material, may al so be useful. 1.00551Referring
t o Fi geandg, fomnereasian) aayeph@g or sof-emwahous layee Bulsstorplicas deprséled Fyethe gate

el ectrode | ayer. In one enbodi nent, the mask | ayer conprises photoresist.
The mesbsdé@epairbesseg casbdpstoradd td orypiatlizenn Gther typsdofl gateetlgctrode materials

phot ol i t hography can be enpl oyed. For exanple, the mask can be selectively

exposege atse uddfuB XRRSNEBPROME $813isNiceH @i Be sstéﬂﬁﬁﬂ?@fUc@ss@&%forﬁ%Mﬂidﬁﬂ: on
whet her a positive negaflve resist is used, the exposed or unexposed

2%&:(: ;%&%%#&Eﬁfé%%%%ﬁ%??% BT e R R oSSBT URE | "
.288 | ] [ [

T S B0 bR OB a0 SR B B T 58 BoRellbons o

t he opening for the channel well inplant. For exangle, e mask | aver

: h
ser veseaRodRante hgihieknsiepf the gpleahtctings kayerrprs hepbop ylepe fndterampisd
with the mask | ayer. Subsequently patterning the ARC | ayer nay al so he

usef ul in tiOEBEZ of polFsitcid2 gates,Hbe polbsiticat may de nbgpit 200@d whi hthe dpzasies it abofudr m a
channel well 135 in one

2000 A. Other thicknesses are also useful. Various techniques can be used to form the gate

electrode layer. For example, polysilicon can be deposited by CVD while metal can be

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

[0055] 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
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enbodi ment dopans of the opposite type as the type of the I-1V active
region are inplanted. For exanple, p-type dopants are inplanted into the
p-type deep well of a n-type BY active region. In one enbodi nent, the
dopants are inplanted at an angle to forma channel fromthe gate edge to
t he edgetiohs drhecrodradrbgl develepinentTHe éntph@rithegrgblec Gesclatioleni ARE layan geot of
about | to 45 . O her inplant angles nay al so be useful. The inpl ant

COﬂdItﬂﬁﬂﬁg@ﬁﬂlﬁqn&ﬂﬂuﬁﬂﬁﬁQ@Qmﬁﬁﬁgg@ erappl i cati on requirenments. For exanple
the angle. dose and energy can he selected to achieve the desired effective

it ?Sil"é’g.@f’nﬁt o BB TRRRY ﬁ’%‘r‘%a“ﬁ%eﬁ{@??‘h"ﬁ?? BRI cast
[.n
quad | it SRR G AT i e P eaT fpf’?lfl% 88“% fr® tﬁ%%%?ﬁfﬂ? 3

rotate y a rotation_angle. For exanple, a hai rn wel | can be
for rrediPflﬂ welimpdent nh pasitample. dhe mpsk g S@“’SF a% Clxﬁnm Wsﬁ HPPISAt WAY e of
45" with a boron dose of about 2E13crin energy |evel of about 130 Kelt,
O her The AR&hlgyesnay st paticorsd aritl ths madlo davsr. afiebsequent]y phtésreing tizgr ARE) lgyer
useful. For exanple, a quad inplant can conprise a tilt angle of 7" with
r ot at i may anglbe uedfud5” with a boron dose of about 2E13cill2 at an energy
| evel of about 150 KeV. 100591After form ng the channel doped well 135,

exposemoRef ti ans$i %ﬁettﬁgsﬁﬁﬁte% BEAIRQEE wi d%?ax?té{]o RIS o SARYE %ell a3 55 1WA | N
Fig. 2f Tn one e di ment, an ani sotropic e such as a reactive ion

et ;gr@@dl{n@mpss B3 Sipog0 gasﬁfquﬁso@gemggagge cAIE BRI EC e

one enbodi nent, rns afir | TI . .The fi edge, .in one
obod: REIPIS dope it Bp ﬁ%teg Gio She Sint P Pl o SpelY e Bdeitin, e
gale dielectric layer 242 serves as an etch stop for etchlng the gate

el ect rlodue|eahodimans e dgpantiearg npladied [aben pogle t%@ém achAnTed fraviha ral§edes
since it can serve as an inplant mask for subsequent ion inplantation to
pr ot ecto thhedgulishe cdtaendlvosih. | Thel iampiant anglg € .cat\bt ér matnigw ef yhout heo éXpd3ther
portion if the gate dielectric |ayer can he renoved. Renoving the

t el ectimpladta)gles Az alse RXBOGE TINEInFIAS tcbAdiBofiBYanHeSAribE détafiing onAf t er
etching the gate electrode layer, the mask | ayer 288 is tenpved. [0060]As

descri o 0, I
pl an%?@%a%tﬁdﬁifs%“?&aﬁ%zf PO ARTRMATRNt pSE) MR ATIELR BACRL LB
si de) 8 t t gﬁ . %X si ng the sane mask to formthe channel well and
sour ce"SI" & Wﬁ YIELERe channel is sel f- aligned to the gate edge. This
enabl es the channel |ength of the HV device to be well controlled to
pr oduc@0vgl y dmene er@b@(heuenwe@ﬁamf‘élwaléﬁ&rﬁ@dtba padnedmRlasksy: 9e exErpEnce.
I n one enbodi nent, the effective channel length Iless than 0,4 urn. In
ot her aishatinebweld cathee Bined by weleatiawn it dndnigtate impldngs sIntohannrbpéinmnt, the yet
anot her enbodi ment, the effective channel length is less th 0.25 m

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 30° with rotation angle of 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 7° with rotation angle of
45° with a boron dose of about 2E13cm ™ at an energy level of about 150 KeV.

[0059] 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
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10061]) Referring to Fig. 2g, another mask |ayer 288b is formed on the
substrate and patterned. The nmask |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
gat e nesdtiveAdu etch RHL) iy paskniedye ren288texpostigottsons né theqatcdeqnrde lorr.oThd he
region and the gate of the ITV device, The exposed portions of the gate

el ect redRvhidyRhe édsbsad orfieAPY@He e EREM GRS, Bf or@itbotiigerk oahiela fitsy
devices. [0062. 1After the gates are fornmed, the proce.ss continues to form

the deyjeeradpy i%hﬂe.u Fhe fi‘itré%%d'gg ilg bk erfxbodﬂﬁ%nt? E&?@sﬁ?ngsﬁg \klgez}%ggﬂeﬁidei JIehaaes

f or m ng “ext ensi 6n regions 1 yi npl ant at'i on, orm ng spacers

148 and, 17 nd diffusion,regi,ons 6 _and 176. .The different type f

ext enoh it Anghant 1P ARLGREENE 242 SePEnloesthe firl B e B sbbag,
exanple, it-type diffusion regions are formed in one inplant process and
p- t ypeladitt fUeREngAhs e SISCHICAYEH AR BC RHY ARHEEMRSSIIFEACHESIVEGP FREPABRE, t he
di ffusion and extension regions of the different device regions can be

t i nnedmgsplar sttskguensidni igipthatatigatte srodent theonbstoats fromrintpéant damege. af t er t he

di ffusion regions are funned. For exanple, netals, such as cobalt are
deposi Aremativdl Nehs erligkedp@tidd) df v gGateahcit@tlc layef ainbesemoivele Randaag sheand
gates. The contacts and gates can be fomed in the sanme or different

proc es?a‘?@ dicldRfrRAGL 8D 40RE ?*}ﬁ)s@g}i%_ sLBERYEhay Alsh bk @sdrat. ah randciany ihdteale | evel

dielectric |ayer can be forned in which contacts and interconnects are

for”EQﬂaﬁgﬂ%ﬁ%Rﬁq ehﬁbﬁ&&g qgﬁkﬁx%hg can be fornmed by, for exanple, dua
ni’q I'nal” pa

darmascene tec ues. ssivation, dicing, assenbly and testing nmay

be perRirnmed to conplete the IC. [[00631An alternative enbodi nent_ of process
of forﬁoﬁﬁe a eég%f@ot%.egmgﬁama% IEpRfsembodigentpagriesas ﬁgf?‘f"H‘ gl igplang
partially processed device is shown. The partially processed device is

si m | anatkastwll asshivark fon pritegningéhe ishedas (ras koOBBBSiS) ¢igheEly griet B ugage

el ectrode | ayer 244. The hard mask, for exanple, conprises silicon oxide,

hi onetherbodimmintq fottheahdearadnetasd] 88%ousefsatenddhdgat N chbineeltibsdkalegedod t he
hard mask, for exanple, is about 40ain. Oher materials, techniques or

t hi ckn@ssgs eapy. @his @nitfedine thdnneFohgt@%a MR 8V dehRe habéweBsknidedne pftoed
fromsilicon nitride or other types of materials. dais. [0064i Referring to

Fig. 3fy ?rha@géi‘ggﬂi%g Knafhé) leﬁ%ggt@dg%gti%ﬁﬁﬁ%nah 18 o8 cBoditfenfiahg mask

The soft e patter ographic techniques to formart
open n0r2R5s LA B0 30 YSa BB AR PR e L, S0, e
the s Oll;ggtlrlr?ss lkessi, t?lartl E)%nirl;l.e rIr?gettagotthgre ergggddimggt? lt(hebe)%fectti\r/]er ch%ﬁgﬂéfgth f\s’l lgs's than
0.25 pm.
[0061] Referring to Fig. 2g, another mask layer 288b is formed on the substrate and
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.

[0062] 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,
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[ 0065)i n one enbodi nent, e soft mask layer is renoved after patterning of
the hard mask, as shown in Fig. 3e. The substrate is inplanted with dopants
to forma channel doped well 135. In one enbodi nent, dopans of the
opposite type as the type of the Hinplanted. For exanple, p-type doparits
ar e i mpilmteddyi fotroing lspagerst iBeand 18 eitd diffusidn refioas &éd aidvET6r €t differdn®Oged | n
one enbodi nent, the dopants are inplanted at an angle to forma channel

from t beegatseoredgeliffosibsiegtigRavbe fdiRic8 ManiIRkentBldcessEherdrRhaple, Atghe 0 can
he in a range of about | to 450 O her inplant angles may al so be useful.

The i mpirARIoNGERGAL 407 Mn BRe }rﬁﬁliéln rJ&RE AN g%gi%ﬂ&ﬁ 8 ’ABJ 1%%&? ﬁﬁgent S

For exanple, the angle, dose a rgy can ected t°o achi eve

desire fective channel length. .100671l n one enbodi t, the channel well
17 or SRR S e TR i i e e @R SR et S B G e
by at least_two tilt and_rotate inplants. in one enbodinent, the inplant
cgrrpr i gaé’gb%foaf&aﬁsqmt%mt .Sﬂ%&ldcﬁ’msirgpﬂﬁlcﬁlﬁ?“é 6#pPG HEmed piterdie diffustopgeeianyl ed

i npl ants, each rotated by a rotation angle. For exanple, a p-type channel
wel | came thenddorlips @xanplh, metglsashchrapicalbrlt &t depdsited oatigl seb@iatS00 audtteacted at i on
angle of 45 wth a boron dose of aboutat an energy |evel of about 130 KQJO.
O her to fotmaiiglidescontaotsaintl @ateanThesont s 88l @iehk @ASeFymheMeltise ARk @l SO

useful. For exanple, a quad inplant can conprise a tilt angle of 7" with
rotati @imfeddd@bRceses. Unreacted metals are removed. A pre-metal and an inter-level dielectric
layer can be formed in which contacts and interconnects are formed. Additional interconnect
levels can be formed by, for example, dual damascene techniques. Final passivation, dicing,
assembly and testing may be performed to complete the IC.
[0063] An alternative embodiment of a process of forming a device 100 is shown in Figs. 3a-
g. Referring to Fig. 3a, a partially processed device is shown. The partially processed device is
similar to that shown in Fig. 2c. A hard mask 388 is formed on the gate electrode layer 244.
The hard mask, for example, comprises silicon oxide. In one embodiment, the hard mask 388 is
formed by CVD. The thickness of the hard mask, for example, is about 40nm. Other materials,
techniques or thicknesses may also be useful. For example, the hard mask may be formed from
silicon nitride or other types of materials.
[0064] 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 transfered to the hard mask by,
for example, RIE.

[0065] 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.
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45" with a boron dose of about 2El13eria-n energy |evel of about 150 KeV.
10068. 1As shown in Fig. 3d, another soft mask |ayer 287 is deposited on the
substrate., covering the hard mask | ayer and exposed gate el ectrode |ayer.
The oft mask is patterned by lithography. The soft mask protects portions
of t helnlaredmmgknémydpaBi88f dwrappspErispags the tipeefthall¥istior regatmese A new ARC
| ayer can be provi ded between the soft mask 287 and the hard nmask 388. in

Fi g. 3gnpl@xpnsest fempledpsyf ddpastshas thpraskd atethe@rmyedeepaxdDsi augtygRrHvons

of the gate electrode |ayer. Patterning of the hard mask | ayer can be

achi evedi. . byiof or exanple, RTE. The patterned hard nmask serves as a gate
mask. The soft mask, as shown in Fig. 3f, is renoved after patterning the

har d [ 0069] Referring..to, Fig. 3 h te el ectrode l.ayer, 244 . s

pat t er ROk o FoPRt GapeumeRe eleioprits almr TeERsf Bt RRE ARG mihe
Patterning of the gate electrode |ayer can be achi eved using, for exanple,
H E Thetpsdacde i gﬁf"?flk?ec(?@%‘ﬂ“i veetle cslaeflarlawle P beigtaset HeaRit Bitrask,
reducing its thickness. The hard mask 388 cart be renoved by, for exanple,
a deamtst éphafimeangeedlerigay hleo aveclel dderimatant eguslitionFisen pe seessislaperdingues
as previously described to conplete the device. [00701The i nvention may be
enbodi @dapphicaidieteqsipané:fts. CFdraxampiy, theauplegdéparahd rgerby om bheelpidrtotacbieve
essential characteristics thereof. The hiregoi ng cnbothntnts,therefore, are

to he gensiifretdcive dahnéigsRgets illustrative rather titan limting the
i nvention described herein. See of the invention is thus indicated by the

tion de: ein. e i - th
o i mO0RE! e ke PR RO BT FARE Ko PO BN IRRNOR AP RLBREG 1

he errbt g%ﬁgnr{[ep\%reﬁ Iczrllri be }[(\)hrr%ted Ib?/ a% legétrtr\%g ti'ltsa:nd%éjtel\{rsnplants. 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 30° with rotation angle of 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 7° with rotation angle of
45° with a boron dose of about 2E13cm™ at an energy level of about 150 KeV.

[0068] As shown 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.
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1. A method of formng a device conprising: provi ding a substrate
prepared with an active device region, wherein the active device region
i ncludes gate stack |ayers of a gate stack conprising at |east a gate

el ectrode | ayer over a gate dielectric |ayer; form ng an inpl ant
mask oft06%e sResdrriag & Wigt b, aheras& clepenicrigye o ss pateangdas forangands ia tiicopV of
the gate stack; the nmask opening having first and second opposi ng edges;

i pl andrdngViregisn biirferetinifIe cidns hamﬁi@%wt@@t@%@mﬂfe%&r Layes schidie® t he
substrate to Torma channel well in the substrate, wherein a first channel

edge . Nelat-Tal I i j
whereﬁ%uggﬁ?rst 35%F?%hkggﬁ%ﬁgggﬁgﬁﬁgﬁgﬁéﬁﬁx%gé%é?ﬂggéegﬁgp ?9g?qg gﬁnel
edge and the.first m enin e, .the first portion,defjnes a channel

o o FeOE it el Sy HBE i 0 b e RS oRRIn 8 lGF SeRafifou ce

i s disposed under a mask portion and a second portion of the channel well

i s di speueethsesatieleredriaieropenhpirgess sonthaichat Heuioyly depaibse 1o eiepleietha t op
| ayer oe gate ack |ayers conprises the gate el ectrode layer. 3. The nethod
of cl adavi@. wherein the gate el ectrode | ayer conprises including anorphous
or polysilicon. 4. The nmethod of claim2 conprises: patterning the

gat e sark | ay@e snveatibOnan ba efribb8ied gabcedgeifeffotrhewdbbe debatkyg framdhé urt her
conprises patterning the gate stack |ayers to forma second. gate edge of

the gag,gitfragdenBhil @hrabRETHAANERSE FiHeShr 38 EdRRimens, HBEHLIRLAAI pf claim 4
wherein the first gal e edge corresponds to a source edge of the gate of the

gfevi ﬁgcoggl(\(}fntgg %n 3 ?&Bgctg ﬁfugtrgtg\%eraﬁl%{ s B?nqggg bR iltl\pe%tigﬁ %gs%ﬁgg(gﬁer%fn. rSrcg((;"peq ate
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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6. The nethod of claim|l thither conprises patterning the gate stack to at
| east renove a portion of the gate electrode |ayer after formng a first
gate edge of the gate to forma second gate edge of the gate. 7. The

met hod of claim®6 wherein the first gate edge corresponds to a source edge
of the gavieitef clhiheddevi ce and the second gate edge corresponds to the drain
edge of the gate of the device. 8. The method of claim| wherein
patterning the gate stack | ayers | eSSt he gate diel ectrl c layer remaining

on the sy bs”%tr%ethﬁgof}_&%l B8 Qfn éﬁ.]t 1 wherein. the gate stack

| ayers conprise a hard ayer oV e gate el ectrode | ayer; patterning
t he hard mask pusiidigg t bebstrapl magaredaskh bo acternieeica rgpoi, ivdrerof thohestihar d mask

| ayer to expose.the gate elec rodel d i nplanti ons to formthe
channel #eYife egefying & 33 He AEEThY g%éﬁ@gk “%aﬁ%}i}%&a& claim9

wher ei n teﬁ@tr@@él‘ay&%%ré atgg{eq&eﬁclg?ég erned to serve as an etch mask of a

gate. iiThe nethod of c aim 10 furthér conprises patterning the gate stack
| ayers with tHenpag teimmgdntoaast omgBksitbotritemithan gatkeopsning. exppsing aand second
nin the ate st ack

Payer s | axiee et B apEruak, e A1 Brerr e A o e e B 13 The
met hod ofggdsai m | whereii npu
implanting ions through the mask opening and gate stack layers into the
substrate to form a channel well in the substrate, wherein a first channel edge of the
channel well extends beyond the first mask opening edge, wherein a first portion of
the channel well is between the first channel edge and the first mask opening edge, the
first portion defines a channel with a length L of a device; and

wherein the channel of the device is disposed under a mask portion and a

second portion of the channel well is disposed below the mask opening.

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

the gate electrode layer.

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

including amorphous or polysilicon.

4, The method of claim 2 comprises:
patterning the gate stack layers to form a first gate edge of the gate stack; and
further comprises patterning the gate stack layers to form a second gate edge

of the gate stack after forming the first gate edge.
5. The method of claim 4 wherein the first gate edge corresponds to a source

edge of the gate of the device and the second gate edge corresponds to the drain edge

of the gate of the device.
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ting ions conprises a tilt angle inplant. 14. ihe method of claimwherein
atilt angle of the inplant is about 1 --- 45", 11The nethod of claim!]l
wherein inplanting ions conprises multiple tilt angle inplants which are
rotated about a plane of the substrate, 16. The nmethod oferein a tilt angle

of the i @pl antThi snedRLES claim- I fudther condpfisthpativiiing theQfatecdt @k bt \sher ei n
inplanting ions conprises a quad tilt angle inplant which is rotated about
a pl ane 6IMeYse RAHEE Phihe sateglstiade yer el fyminge fiest galviceee eldhpersi ng:

provi di n%%@%ﬁ%@%ﬁéﬁ%ﬂﬂp@ﬁ h an active device regi on which includes

a doped ‘ion of the active device region and gate
stack layers of a gate stack conprising at | east a gate el ectrode |ayer

over a gate dielectric yer on the surface qQf idle SUbstratc;
forning dn inpl ametwsqéjcg%mt%ﬂ%raﬁs@? ft &gt g%\CQ‘FﬁéRorgﬁé%? AY"E%posing a
portion Qfi,8,{Qp éﬁtﬂz oF IR Q318 a8d Aekecordd Bt BEK ORENLAG: BN 8Qid ddg8t and

second opposi ng €édges,
of the gate of the device.

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

dielectric layer remaining on the substrate.

h The method of claim 1 wherein:
the gate stack layers comprise a hard mask layer over the gate electrode layer;
patterning the hard mask using the implant mask to remove a portion of the
hard mask layer to expose the gate electrode layer; and

implanting ions to form the channel well after patterning the hard mask.

10.  The method of claim 9 wherein the hard mask is further patterned to serve as

an etch mask of a gate.

11.  The method of claim 10 further comprises patterning the gate stack layers with

the patterned hard mask to form a gate with first and second gate edges.

12.  The method of claim 11 wherein patterning the gate stack layers leaves the

gate dielectric layer remaining on the substrate.
13.  The method of claim 1 wherein implanting ions comprises a tilt angle implant.
14.  The method of claim 1 wherein a tilt angle of the implant is about 1 — 45°.

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

implants which are rotated about a plane of the substrate.

16.  The method of claim 15 wherein a tilt angle of the implant is about 1 — 45°.
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i npl anting ions through the nmask openi ng and gate stack |layers into the
substrate to forma channel well in the substrate, wherein a first channel
edge of the channel well extends beyond the first mask openi ng edge,
wherein a first portion of the channel well is between the first channel
edge and the first mask opening edge, the first portion defines a channel
with a length L of a device; and wherein the channel of the device is

di sposed linder hs mehad ofsiaimoh WA nd Mpdadvg IpsronpaseTa quie tdhasitel wel | i s
di sposed ; @bBMW5nﬁlyﬁﬁﬁdPQ§$*?§ 19 iEnEpdBthod of claim 18 wherein the

substrat e onprises &t on region in the doped drift well; and
a doped deep well in the substrate of the active dtcice region enc pa ing

t he dope drlft thod-1ing.a device conpri sing;
providin 8a s%gﬁ%é) %‘?IEB%\% gge"lﬁﬁ fRRARHet i ve device teizion which
includes a dop ?&/l&iﬁl?f tsuﬂ‘éﬁlalte ﬁeﬁdré@&vltﬂgﬁtabf?vrb (féfwctef}@glaﬁ"i)v'h‘i’& i8%i&® region and

gate stack layers of a gate stack conprising at |east a gate el ectrode
| ayer oveloped dyaft weﬂllelaé'nzstrpodldna;fehe o ve Mevisurdzamenndfgatetack sty aff

Conni ng an, i mask n the trate with a openi ng exposi ng a
por 11 on G4 BOBPrITTE b EY PSR TPHE RO S ST REDE G °F PF B ang
second oRp@sdd tRAGMSHrate] NPl @nti ngt hrough the mask opening and gate stack

layers into the substrate to forma channel well in the substrate in a
second port | onowfing e iraplentseaskay) tba subatretearith amppk epensizsaxnesingdge of the

channel t nds firs erein a first
port1on GPrioRe eBRRERE IR oL gl ks PR Ao PRADE PR SroobITERUS  he T ¢ s
mask ope&ugg edge the first portion defines a channel with a length L of a
devi ce; and wherein the channel of the device is disposed under a
mask portion analaatiseesdrpesh themask opedng mrhers stag lryers indp disosed bel ow the

mask openfl@te to form a channel well in the substrate, wherein a first channel edge of the
channel well extends beyond the first mask opening edge, wherein a first portion of
the channel well is between the first channel edge and the first mask opening edge, the
first portion defines a channel with a length L of a device; and
wherein the channel of the device is disposed under a mask portion and a

second portion of the channel well is disposed below the mask opening.

19.  The method of claim 18 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.

20. A method of forming a device comprising:

providing a substrate prepared with an active device region which includes a
doped drift well in a first portion of the active device region and gate stack layers of a
gate stack comprising at least a gate electrode layer over a gate dielectric layer on the
surface of the substrate;

forming an implant mask on the substrate with a mask opening exposing a
portion of a top of the gate stack, the mask opening having first and second opposing

edges;
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The met hod of claim 20 wherein the doped dri ft well in the first portion

of the active region is contiguous with the doped channel well in the
second portion of the active region. The net hod of claim 20 wherein
the doped drift well in the first portion of the active region is separated

from t he dopeénglhatipelonsrdughnhé hesis@gaint: pardateaadhfiagedreinacticve regi on by a
third. p(s)lggsltrgtré'to form a channel well in the substrate in a second portion of the active

region, wherein a first channel edge of the channel well extends beyond the first mask

opening edge, wherein a first portion of the channel well is between the first channel

edge and the first mask opening edge, the first portion defines a channel with a length

L of a device; and

wherein the channel of the device is disposed under a mask portion and a

second portion of the channel well is disposed below the mask opening.

21.  The method of claim 20 wherein the doped drift well in the first portion of the
active region is contiguous with the doped channel well in the second portion of the

active region.
22.  The method of claim 20 wherein the doped drift well in the first portion of the

active region is separated from the doped channel well in the second portion of the

active region by a third portion.
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