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SEMICONDUCTOR DEVICE AND FABRICATION METHOD TECHNICAL
FIELD The present invention relates generally to semiconductor transistors,
and more particularly to a method and apparatus for transistor doping. 5
BACKGROUND ART At the present time, electronic products are used in
almost every aspect of life, and the heart of these electronic products is the
integrate  ENGONDIOCAIOR AMEVEC BIANB A BREVAPIONOMIOTHOIplanes
and televisions to wristwatches. Integrated circuits are made in and on silicon
wafers by extremely complex systems 10 that require the coordination of
hundreds or even thousands of precisely controlled processes to produce a
finished semiconductor waferfEaehfipisheqggmiconductor wafer has
hundreds to tens of thousands of integrated circuits, each wafer worth

hundtggds qethuaanrdgsf daliats.Jnigarstad GEplishaednagdsurat, and more
hundreds to millions of individual components. One common component is

PHE BN B ARSI AN SRR S THBRE ¥ShftIRg%and important 15

semiconductor technology presently used is silicon-based, and the most
preferred silicon based semiconductor device is a complementary metal

oxide semiconductor ("CMOSACKGRISIOND A& principal elements of a CMOS
transistor generally consist of a silicon substrate having shallow trench oxide
isolatigriire giesestdondoslrvg ofictpardistonaread. i himtreirsigtonsROtargdas, and the

hEPRINROSUIGAN 8aRHANSIUGRD AXYR QAR Al IRE HSIRCIICRIQVRL Y8 in

silicon substrate. The silicon substrate on both sides of the polysilicon gate is
cigHtpedspRAis! Betsrfdetontertivey THEsE igfhtly doped regions of the

Si|iCO[h&Lgb%Ef@&&[&rﬁfl@Eﬁﬁﬂ'etﬁi)aa‘ﬁd"Sﬂh@lﬁbﬁﬁﬁ?uf%@/ﬂyaéﬂﬁaeﬁ@i?Q(ﬁﬁ@lex Isystems

separated by a channel regio neath t olysjlican gate, A cur silicon
A I TR RSP RSB TEMES ST AT ol G P coes
tsleduof thinpohysittoorogatetallowsrddpositiontofladditiondladoping:tddsimndreds
tJREER DI GORHLENR S RTANC ANANOM:PQIGP AL By IR Al ars.

called "deep S/D". To complete the transistor, a silicon oxide dielectric layer

is depSRE¢EtOBVEP e Bislysiircoh fadretid cumilianspricerdisiqyahecgipessnts-
oskhslaten temperideielastical.dneanpectinnader the HRISIsamSPeMINgH&ient

se?r}l?p(%%l;gt(t)??e% Illgcﬁgggxll)ge%ednlt }I]eggrelg lgys?lrictgnmgsed, and the most preferred silicon-
based semiconductor device is a complementary metal oxide semiconductor (“CMOS”)
transistor.

The principal elements of a CMOS transistor generally consist of a silicon substrate
having shallow trench oxide isolation regions cordoning off transistor areas. The transistor
areas contain polysilicon gates on silicon oxide gates, or gate dielectrics, over the silicon
substrate. The silicon substrate on both sides of the polysilicon gate is slightly doped to
become conductive. These lightly doped regions of the silicon substrate are referred to as
“shallow source/drain”, which are separated by a channel region beneath the polysilicon gate.
A curved silicon oxide or silicon nitride spacer, referred to as a “sidewall spacer”, on the
sides of the polysilicon gate allows deposition of additional doping to form more heavily
doped regions of the shallow source/drain (“S/D”), which are called “deep S/D”.

To complete the transistor, a silicon oxide dielectric layer is deposited to cover the

polysilicon gate, the curved spacer, and the silicon substrate. To provide electrical



10

15

20

25

30

polysilicon gate and the S/D. The openings are filled with metal to form
electrical contacts. To complete the integrated circuits, the contacts are
connected to additional levels of wiring in additional levels of dielectric
material to the outside of the dielectric material. 5 As electronic circuits
coraeshHnasherdbsingly complexngiensctiehpdcre iseslieraomidindiclsigho/bltag e the
pHIFRBIIRTSWITA QKL \WIsagm IrBpsistoss RTRRd Wag'ales Giresih Highivaliageicts.

transistors are found in devices such as liquid crystal display drivers and
TR sraplsiamiRRertcLireahEs LIBR OBIRS G 78It Arefaliitaah slicdsviring
irsahitasdighetiessiiylstaticrardanto aecass daembe\didec@inentypeadf high

volta%eS téﬁeggistor IS a ogble diffused soqrce/dra}in ('BDD"), High voltage

onic Circuits become immcreasin complex,. the ne ncreases 1o %O bine
DDD transistors are formed with processes using High energy implants and

higiy votiaeentransigttess withiomuyritedy, thesielqpisove gsastegetdeifito fbigh voltage
r¥RURIR URNSIBARS: RoltionsfadhestiRRmRiave-RerR RN seHEh Rtment

prior developments have not taught or suggested any solutions and, thus,
CiEHfionsOt) HONABPYBIRE ALY 1BIHaEE°s 8 thoe NRR deniYhe g, random
alSGh@HYRE OF THE INVENTION The present invention provides a

method and apparatus, for manufacturing a, semiconductor device, . .
RS R L TBRIRE WO BRI MIRL HEMIEE o, Hieh
véiteeg RIS fovmis@iin arreffirstecbgivh . [Bmagsses draiivg dvighformmesy inmghlentirsind high

HEHI: Qsﬁ“ ’éﬁ?&ﬂ%ﬁ:@?&&@%&ﬁ@é?&tﬁﬁ% Efﬁ{mqg f&J%l_ Q&ﬂsﬁ%ﬁ@ﬂ- A
second region gate is formed on the second region gate dielectric. A second

region uiftRe/ArdiTrisPrORYTBY YA SR e g UA Ririffoialorg)ertishave not
tdamaed augeihd sagrifinidblissighteuthedauble Wiffusedreblaneeldrainetiaeluded
tﬂ‘(i)rsstsrkelgie%r}h%]da'%pe second region. The sacrificial first gate is exposed. A

ga?e space is formed by removing the sacrificial first gate. A first region gate

dielectric is 25 formed in the gate space. A first region gate is formed on the

first region gate dielectric. The sacrificial layer is removed. Certain

embodiments of the inlstibPHakE OthaitadPatayEOMN addition to or in

place of those mentioned above. The advantages will become apparent to

thosel 8RillBgSenth & srRiRB PR Yis'atlirg BF thrd foiswiig et dar deseupissing a

sheshiaken aitsefaransade herldAretrmpanying ABWNES a%econd region. A
sacrificial first gate is formed in the first region. Source/drain are formed in the first region.
A second region gate dielectric is formed in the second region. A second region gate is
formed on the second region gate dielectric. A second region source/drain is formed in the
second region. A sacrificial layer is formed over the sacrificial first gate, the double diffused
source/drain, the first region, and the second region. The sacrificial first gate is exposed. A
gate space is formed by removing the sacrificial first gate. A first region gate dielectric is
formed in the gate space. A first region gate is formed on the first region gate dielectric. The
sacrificial layer is removed.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a cross sectional view
of an integrated high voltage / low voltage transistor device in an
intermediate stage of manufacture in accordance with an embodiment of the
present invention; 5 FIG. 2 is the structure of FIG. 1 after further processing
and the addition of BRIBGINESEIRISENIAFCE T &IRAMENGSs the structure of
FIG. 2 after further processing and addition of a low voltage gate, lightly
dopeglgbdrb“e‘i‘oﬁ@ﬁ‘?ss,eﬁ%’c“ald@&rﬂf Ry Bt gakshiy eherRitse 148 v dlkige transistor
dedceifisiah dielectitdayeiielor mianaisRelstivetigmed Rt shaftesdarhar of the
rocessi%g and chemical mechanical planarization of the sacrificial dielectric

P 5%/63};1?—"f 85 the structure of FIG. 4 after further processing and addition of
a highltoltagehe atie diatectdidt@nidaéidrifirthottppecgste; Fid3he iddhiestriictdrable
df?ﬁﬁé@soﬁﬁféﬂ}zﬂfﬁther processing and removal of the sacrificial 15 dielectric

layer and the second dielectric layer; FIG. 7 is the structure of FIG. 6 after
furthdilfgrode bsmijragitraabitioh dRfsh vEhegRroststseAhid e agh oot eee
gBeUnealdratheandurdGdRils ailawiekhatii Of3dmetiostfaremanuiagturing sacrificial

s?mico ductor device in accordance with an embodiment of the present
dielectric

IRventioft 20 BEST MODE FOR CARRYING OUT THE INVENTION In the
followiHg desctiptisrichuenel dlis spedific ideteilpare giveratol previdealamechanical

pfﬂ&%ﬂ@n_%?ﬁﬁ@mw AEihe iy Hon. However, it will be apparent that

the invention may be practiced without these specific details. In order to
avoidBsedtithg tHaHHesAve atiehfudbinrossisvgane adféins A idisforeéee
csitepslareinahdiseigsed ipeletadl. 25 Likewise, the drawings showing

emb%c}i %nts of the devic F%'e §e£ni- iagrammatic. and not to scale and, .. .
. ﬁ] 1S the Stmflftlﬁl‘e %F . alter ur%er TOCECSSING a removaf({ the SaC&fICIal
particularly, some of the dimerisions are Tor the clari o"f{presen ation an
demitecsholyeiexayhe mteddnitiecFiGsycfhe same numbers are used in all the

drawifg FIGS i [0 fl RO RSB & RIMAN SrJ RS ThAERNAF A% URSR e

herein is defined as a plane parallel to the conventional 30 plane or surface
sQeRElihanahichy olrs soBLa(HRIBs BHits orientation. The term "vertical"

FIG. 8 is a flow chart of a method for manufacturing a semiconductor device in

accordance with an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits and process steps are not disclosed in detail.

Likewise, the drawings showing embodiments of the device are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown exaggerated in the FIGs. The same numbers are used in all the drawing FIGs.
to relate to the same elements.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the substrate or wafer, regardless of its orientation. The term “vertical”

refers to a direction perpendicular to the horizontal as just defined. Terms, such as “on”,
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refers to a direction perpendicular to the horizontal as just defined. Terms,
such as "on", 3 "above", "below", "bottom", "top", "side" (as in "sidewall"),
"higher", "lower", "over", and "under", are defined with respect to the
horizontal plane. The term "processing” as used herein includes deposition of
“sheterialhelopriotbrusist. pareriiis, éxpisiidenaliolopsber.clemier, “over”. and
“&iRaring. a0 amovpLef ieamaiesiatapiaphotoresist as required in
formi%g%a described structure. As the demand for chip performance and

functibifalf{inresss e h At eI &ALHIGS HERePHEMIO8 TREGALRS P RIRSGS st
pyodtage, (‘dxyorpuemiplesmpniaty, rekal Qxitensapiaaadu atono(HC MIOGE) nhagsial or

{agnahout S i g voltage, CHY ), GMOS about 20V-600Y, on the
Psame ¢ Ip. Ie-ﬂnwever, V'EMO8 tee nofogy preferably uses double diffused
sourcéydhaidererdbe Pip ngrokperse BIIMurelimiskity snsreafopntectonsthntiigeasing

nEREFGY o I@Jﬁ&ﬁﬁ%m&# IQ)QIOVK@a\ée t@‘ﬂQGQ &%‘ﬁleﬂ[&%ﬁ'}g hihermaldriveiidnductor
c cles;,greater than 800 C. However, high ener irer%lflants and high thermal
NS e ahe Pt O AR 0 IS e olay  FHYS00V. on the
spmehlrims HoowkwhEV apdip ¢:comlentipratigahnisusasotolntaiatd kigice/drain
. DDD. transistors with deep submicron high density low Jeaka
B S T A S A e e e oo e
taOe kst e md bl sherimrpFdrmetio nystes, thiekgaberdfdectric Howeseanhidh energy

P EAE athaR; gﬁqgeﬁn@ HW—QM%Q%%(B&%% Qfithe thiekigRQechnolo ay.

lelectric from the LV CMOS devices causes divots to form in shallow trench

ThabtaRIBAS PFrY o iR IPPIERIG L YEViERY. CrRHITHES Biesfaindughatiee DDD
trtiggped adikl dseichudsndfomaidh wbichyelehasarageet@hititoSy buchOad batidiveigom
a Cméaslge %%OLV(‘%%%,E%\C/LC&SS leak current and have low yield as a result.
ARother pﬁgblem occurs durlhg high energy DDD implants done after gate
electionepiohttarvienyrPolisitvonatigatel eléutiogis disdingicdmmiomide Eigater than

46O SRV HMAN QSiE  [eIalivaNoin: (G0 ArosrdQe AR dhefsforgios
cannot block DDD implant species at 100 to 1000 KeV energiﬁr/an e in the

devlpcreairs dves wgoraianetHerdremBis s (diifhg dribe S¢fsyices.
ThVdGMOSdryrites feguiapiigherdhaumak B gels (900 &ORAGiat 30 treGOrT.

e for untion dive . Hoveer, Ly GMOS devices pannet tglerate
onger thermal budgets after gate patterning. Referring mow to FIG. 1, therein
is shéwnthecosbleactioned dieingoliigh éntegyddeD implants done after gate electrode

patterning. Polysilicon gate electrodes, being common for LV CMOS and HV CMOS, are
relatively thin (1500 A t0 2500 A) and therefore cannot block DDD implant species at 100 to
1000 KeV energy range in the HV channel area.

Yet another problem occurs during drive-in processes. HV CMOS devices require
higher thermal budgets (900 — 1050°C for 30 to 60 minutes) for junction drive-in. However,
LV CMOS devices cannot tolerate longer thermal budgets after gate patterning.

Referring now to FIG. 1, therein is shown a cross sectional view of an integrated
HV/LV transistor device 100 in an intermediate stage of manufacture in accordance with an
embodiment of the present invention. A substrate 102, of a material such as silicon (“Si”),
has STIs 104, filled with a dielectric of a material such as silicon dioxide (“SiO,”).

Between the STIs 104 are a low voltage LV CMOS device region 106 and a HV

CMOS device region 108 in an intermediate stage of manufacture. The LV CMOS device
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HV/LV transistor device 100 in an intermediate stage of manufacture in
accordance with an 30 embodiment of the present invention. A substrate
102, of a material such as silicon ("Si"), has STls 104, filled with a dielectric
of a material such as silicon dioxide ("SiO2"). Between the STIs 104 are a

rqgipnvHitagersad GVIdSiersvieehreghogh188icPRAN: GedE/deVIEs rdyisn 1gdn

103 anleierpadiale strgaQiqranyfaciugp i pe LY M R AeMgS ot deRian L8k ne
is used for devices such as high density SRAM. The HV CMOS device region

“Y¢84s used for devices such as liquid crystal display ("LCD") drivers and
powedmapagehsanbsaieUitR id tap SThetgubsikatei Q2] aidethecSdyler 104 i a

nA A ifsi%%" Qsi‘aéf?(‘i%”%@%e'id'ol@ %Bt?,f% &%‘?”%%U&i N Ij%afe)oﬂ O% aifWer

/ |c_k. sacfi Icial gate 1.1. “another diefectric materral, suc 8
disiipetrir mividealistieme diliterhatsderifidendiéleethe tagafidialodafietacHayer 110 of

HeMOS HRMcR IRgIRRILAG0T hemagtficial Haale 12 meastresverticaly ,%tho

m to 1.2m. Referring now to FIG. 2, therein is shown the structure of FIG.
L 2P further 10 processing. The sacrificial HV gate 112 and a mask 114
allowrefrigih € merg onmant 202 einthe HWGMQS@etice k@giaa. 108 fEReurther

high energy implant. oll by.a therma/ , drive-in, forms DDDs 204,
Pl S PR R P el FS s et 202 of
theidhér@WeRinlg pesweeiohnthedthidkm itridecot tiie wadaficlgdndlaved by a thermal

dﬁ%Mﬁﬁﬂiﬁﬁd@ﬁD@{@mﬂ ﬂ&bﬁﬁ@ﬁﬁ@&i@@nﬁﬁ%@@%@ﬁﬁﬁ@@@@ g’gmalqa.ts
in this case can 15 be high, about 100 - 1000 KeV, and hence the

requifdthdht BF 18RSI g Sy hesthirkdtiiede abdiesisiitstingiond 2

pisviatitiipized rSiexeiiaHM ohlans raibritheepieragroaie BDIDachfyiien this case can
completion e S device region 106 wit high.energy implant

S o e At e o S R e

tregloevd OB dpas RO ¢vissionsfaymatintired 20Shighak nesigyrimpiaht tho paerdart are

s BYVRCIANAL ENIRGE O SR IR RGERURE HRSiH BIEUGHH €A implant

implants have not yet been formed on the LV CMOS device region 106, the
25ndriricaerldget 8rive for forming the DDD 204 of the HV CMOS device
regioBck@seamn@hteftgahthe L ¢ ginscliskese avg dmphaniiss hbisyee salis formed, the

niRded 0ot o 162 RPR:20fh and Mgl 4 Qltags,capability

Also, because the LV structures and implants have not yet been formed on the LV
CMOS device region 106, the high thermal budget drive for forming the DDD 204 of the HV
CMOS device region 108 cannot effect the LV structures and implants. This results in a
graded profile of the DDD 204 and high voltage capability.

Referring now to FIG. 3, therein is shown the structure of FIG. 2 after further
processing of removing the mask 114 (FIG. 2) and the sacrificial dielectric layer 110 (FIG.
2), growing a LV gate dielectric 306, depositing a gate electrode poly-silicon layer (not
shown) which after photolithographic processing forms a LV gate 302 in the LV CMOS
device region 106. The LV gate 302 is thinner than the HV gate 506 (FIG. 5). Lightly doped
source/drains (“LDDs”) 304 are formed in the LV CMOS device region 106 using standard
implant procedures (not shown).

An etch removes the sacrificial dielectric layer 110 (FIG. 2) leaving a sacrificial HV

gate dielectric 308. A first liner 310 of a dielectric layer, such as tetraethyl orthosilicate
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25 Referring now to FIG. 3, therein is shown the structure of FIG. 2 after
further processing of removing the mask 114 (FIG. 2) and the sacrificial
dielectric layer 110 (FIG. 2), growing a LV gate dielectric 306, depositing a
gate electrode poly-silicon layer (not shown) which after photolithographic

(Proesssing ffomed avevthataIorid HY EUCMD SAdwvivk! féefivA 110¢. THelestric

15ete 20 é§ thieser hamibe &Y gﬁéefﬁﬂga(g I@Z&A—iﬂ@%ﬁ&@ﬁ@ﬁ@@ﬂ of another
source/drains ("LDDs") 304 are formed in the LV CMOS device region 106

diskngistandERY SHiBIAhT Botetitires! MBT Showh)s Adetih FetRov8s i first liner
3satificieldielratric layerd #0 (Bs 2Dieaningcaitaatifigial HY ateidielettrisyer,

S3%8. Agg I}n%rgn% (())Je? tgl}i(1AJel%gstriz§: I?Yer 3ﬁh as tetraethyl orthosilicate 5
?G Eo gﬁls ormed overt é)sa%rﬁ?cigplﬁ gate 112. A second liner 311 of a
diele&¢sicriagenosudh HECTEHO Seisifoimeltbvvethetivgtgste B30 A rdispdeether

p}@&’&"si%%.z of anothel digleckis ’Pﬁ%ﬂ%ﬁ%iﬂlc(h@ﬁﬁv\'«nﬁ fmgs Quer the,sbisde
104, the LDDs 304, the first liner 310, the second liner 311, and the DDDs

Coffa. ' nsalmerh omii Sealid ttedttc A MPstaess TiEpgidwnfied! the

saveicthieprespace. layer 312. Referring now to FIG. 4, therein is shown the

structure of FIG, 3 aft rther processing. A chemical me ical
planarlz%lltrlrcljnr‘ig (n(%W/I gq)%%t shct)l\}v% l,nsbsc 'hz(a%v %r{%’xf e C%Rﬁ Po,?izﬁ[l%r%r%ﬂee{j guﬁt her
prpeessagifiths sageii G4V isetCMP EXposktha topisurdhtley 40% dfdgetric 308 (FIG.

4§aacffdf'@r‘1|@-lﬁlfgylgf%¥e31-é%}7ﬁ9 Rﬁﬁ%rﬂ&g&/@w’ﬂ? @@p@ﬁb%@@aﬁsb%@ﬂ%ric acid

structure of FIG. 4 after further processing. The sacrificial HV gate 112 (FIG.
dip), sk WgatdWiibctric 308 (FIG. 4), and the first liner 310 (FIG.
4) aresrenenuad by @heppiiedaredrand ey Sify atie seidl g glpsphbei S0, Jataing
ce 502 is far . A chemj r deposited dielectric, such as SiO
R B D R B R e v
seMdedeivicifegioinGs. [ivonsagpibodimehickhesHytegatetiinldOfiA50Piging

fSRAMRS PR Pig: (@i ANIGkBEs S IQr §_§c‘§ﬁéﬁ@ﬁhf&osﬁt DrtRg pformatiqnyef 312
the HV gate dielectric 504, the sacrificial layer 314 and the prespacer I%/er

profest theraElsthRIS THRUS od Y HHQEM ALt b s atibh HPHE Bpidedodsehysridge the
pibiseabyrIedui goth g igddableamub $erkycdovinsal by YOS devices caused by

civots, 20,10 Ga1S 568 807 15 e il ot AoRe e Roliason &SRl
and forms a HV gate 506. A CMP is performed on the sacrificial layer 314 down to the HV
gate dielectric 504.

Referring now to FIG. 6, therein is shown the structure of FIG. 5 after further
processing. An isotropic etch removes the sacrificial layer 314 (FIG. 5) and the exposed
regions of the HV gate dielectric 504 on either side of the HV gate 506. An anisotropic etch
then etches the prespacer layer 312 (FIG. 5), thus forming a LV spacer 602 around the LV
gate 302.

Referring now to FIG. 7, therein is shown the structure of FIG. 6 after further
processing. Standard back end of line processes are used to form the remaining structures,
such as LV source/drains 702 and HV source/drains 704, to complete the integrated HV/LV
transistor device 100.

Referring now to FIG. 8, therein is shown a flow chart of a method 800 for

manufacturing a semiconductor device in accordance with the present invention. The method
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and forms a HV gate 506. A CMP is performed on the sacrificial layer 314
down to the HV gate dielectric 504. Referring now to FIG. 6, therein is shown
the structure of FIG. 5 after further processing. An isotropic etch removes the
sacrificial layer 314 (FIG. 5) and the exposed 25 regions of the HV gate
SefieiecdidesSna Ve ngith en et ohakia g-p/Msitee 508 . ank aptsorcolsigi @tch tdpck 802;

riEhes.thR PresRaser Jaxen 2RI Ge2in s ERURIBGI LY SRAGST 80 ain in the

around the LV gate 302. Referring now to FIG. 7 thereln is shown the
figgfiesinR Brrtecls Se FAURAR A FHMKSSHGD SinAisIEeBicCR Risgeakregion in a
bmcme?smmgjseebtmdqergidh@memﬁhrhmgesmmmg‘m gB0 gistdrdis lnva block 810;
source/drams 062 %rllldslc-)ll}/ s?,?djrce/dr jns SLQ(A{ 0.Cco léplete tta% cﬂt%ﬁﬁa %ir o a
W/‘&/ transistor device 10 eferrlng now to ﬁ?él ‘thérein is shown a How
sasmdiciol ypewinsd §G0sterifmiahdfesttaring hesdmitlondifitnrsd dwvice/hain, the first
r RECOTIRNGE é@@&qm%g%ﬁ%ﬁ‘Qﬁa‘f&ﬁ@H@%x}@%ﬂ@%@@&’crﬁlﬁg%ﬁg EmRreMdinde;

a substrate having a first region and a second region in a block 802; formlnﬁ .
IS

foraing figaeiRigatd R Resthetionind BistredR Poh%’ﬁhggé@urfé’é‘fb%ﬁu
rdglen fgﬁé r(ﬁglmia ia o gkt8Octotimingoaksexm Mok e gion fiyat eedietegitecoi tHaefirst
nna forml a second r teontes nd
& lon % flcl%xg(% ock lédlf? ?orﬁﬁ?ﬁegsgcrslecond%egmn s[;urcge%)ram
in theTbewﬁdiarfe@em dseotork Batxhforenivgalusteeriffaiar lapdrodvandthgparatus of

RAGHUGHRATSh Gt ey FRRIIRHRIR A THREHSQUrGR/ iy Whea iistnte 9iRBIARAuRSs,

second region in a block 814; exposing the sacrificial first gate in a block 816;
ctBihiliisa ek Erapiens A YaRARh E THa s e ey R Ttk gtiaze DDD
tr&n@iﬁtag avittstiofe giohagate aieleat ionntbaesgate a@pcewnearbionklgaﬁoéemgngad
con I3t Iegion gate on Ihe first elc%l{er‘ﬁi%’l ale digleguic bv%%‘??e A o %recuve

ovmgnt e sacrificial layer In a a; nf]ﬁus it ha discovere
cahdlqh@@emomddbmt@ad@mémmh@dmn@ap@@atwa)fhuheftpil@wmpatlble with

coVeRHiaRITHHE RRL AL ARE RIS Jgknown and unavailable

solutions, capabilities, and functional advantages for mtegratlngﬁthe o
manutdutg r‘@eo‘Pﬁ?é‘H‘\Po‘Pﬁd%‘?%tﬁ‘EfCEl%‘f?s@ﬁ%lWHQEW%&&@%C’[ RG¥tBrdEnt is
tdhe Samesalip. tf{atneﬁzﬁgumt@glpﬁoegaae&ﬁmld& configuriations wik be apparent to
strai o ward, e Ilcat vesatil d effective
e B o B g R oo S A R e o
cwbmpatibladhithternatives, modlflcatlons and variations which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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conventional manufacturing processes and technologies. While the invention
has been described in conjunction with a specific best mode, it is to be
understood that many alternatives, modifications, and variations will be
apparent to 20 those skilled in the art in light of the aforegoing description.

THECRYNIRYAGNS IntdNHEY k5 embrace all such alternatives, modifications, and
variatjons which fall within the scope of the included claims. All. matters
hithertofore SPTORA 0B EP LHEUGT i HECALL S SN CarERIRgs are to
be intarpiciedaruistitivsinathgeadivet nielirmitingsengeegiontHHE INVENTION

CLA'MEHn'gSA L Adpeihed fard gfﬁ&t[qrég%ﬁ semiconductor device,

comprising:” providing a substrate having a first region and a second region;
formifjrai B eoHicRAf Yt g e fistiefist region; 5 forming source/drain in the

first regi@mofoURIBEH33R5PA 8RICN SRR Hieledhie iy ihie second region;
forming a_second region gate on the second region gate dielectric; forming a

secont TABTGh SSL Bl gl Al esnadESiOR  SRIRG Y Sacrificial layer
over thensagrifictahnfirsiegateoihe/daunde/draias dherfigginl 0 region, and the
secong region; £X _1'z§|]%l§heer %%Pf%'ﬁéaééé&%ﬁa &1 MINY .9 rﬁe’?@rﬁﬁl,bﬁﬁ first
removing tie sacrificial first gate; forming a first region’gate dielectric in the
gate space;tsipmirfgdtheseeeptionrite on the first region gate dielectric; and

15 regpuing e saanliciplilayele2. The method of claim 1 wherein exposing
the sacrificial first gate uses planarization of the sacrificial layer. 3. The

meth&IBIE4iRA1T TRATRSY SERPIR B AR #ieAlYion source/drain in
the fifstwreggontiROrdgidheameiblediod alahe chtevhiekein forming the second

regiO@ sourcg/prrsfqin forms . a llilgttﬁE:I)figs?Ped sou&cg{glreain. 5. The method of

claim 1 whérein orrerﬁll(r)]ré% tg first reg|one 1:gl)tnegéleIectriccr%tcfrtaﬁ]élr

removing the sacrificial layer.
2. The method of claim 1 wherein exposing the sacrificial first gate uses

planarization of the sacrificial layer.

3. The method of claim 1 further comprising forming a first region source/drain

in the first region.

4. The method of claim 1 wherein forming the second region source/drain forms

a lightly doped source/drain.

5. The method of claim 1 wherein forming the first region gate dielectric further

comprises forming the first region gate dielectric with a thickness of greater than 400 A

6. A method for manufacturing a semiconductor device, comprising:

providing a substrate having a high voltage device region and a low voltage device
region;

forming shallow trench isolations between and around the high voltage device region
and the low voltage device region;

forming a sacrificial dielectric layer on the substrate and the shallow trench isolations;

forming a sacrificial high voltage gate on the sacrificial dielectric layer in the high
voltage device region;

forming double diffused source/drain in the high voltage device region;
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comprises forming the first region gate dielectric with a thickness of greater
than 400 A. 6. A method for manufacturing a semiconductor device,
comprising: 25 providing a substrate having a high voltage device region and

a low voltage device region; forming shallow trench isolations between and
arourfarthiahiglewolkdigee detdcw tbgioaritipidl Wieltswic/birags deaview Modfig; device
forming a saggjfigial dielectric layer on the substrate and the shallow trench
isolations; 30 forming a sacrificial hi&r}] voltage gate an the sacrificial

dieled HiRIBg e iSRG Uhiiss adsidielsdis it iy alastestiflislgtric by

source/draineindhiadighsvalitgel desicairdgien; 8 forming a low voltage gate

on the sacrificial dielectric layer. in the low voltage device region; forming a
s S Lo e Ao R B AR by
remotengitiger Suerifidap e lbetricisiyey: IBorelingelksttly doped source/drain in

the oy ¥eHagsasyiagEegianinfaming@dirsidiner over the sacrificial high
voltaéJQe gate; forming a second liner over the low voltage gate; forming a

presp ARy er BRASF ThESHANH fe nbH RBILEBHS stHaTRY Vottye wiiiee device
region souregfiakputhe/ditsh liner filkelsreomd haendanakthamdotbledibfusitiused
10 source/drain; farming a sacrificial layer over the prespacer layer;

. ource/drain o . .
exposing a fop surfacé of the sacrificial high voltage gate; forming a gate
spacédappirgmovnidgiciie lezerificiattiigresmskeageygtite, the sacrificial high

VQ”%%;B@E%@%B%U}P@@%@' tﬁ%‘:‘sitrﬁfi@ﬂ?ﬁié@v@fﬁg%é;high voltag_e gate
dielectric in the gate space,; formln%a high voltage gate on the high vpl_ta@ae_
gate HERIBETRSHEBYRIY tiE S HOs BRI R HIHHING 4 R5eYBithG s2pHER? high
around the laiagelfagedgadenty, remnavifigthiaeprespacer layer;

forming a high voltage gate dielectric in the gate space;

forming a high voltage gate on the high voltage gate dielectric;

removing the sacrificial layer;

forming a low voltage spacer around the low voltage gate by removing the prespacer
layer;

forming a low voltage source/drain in the low voltage device region; and

forming a high voltage source/drain in the high voltage device region.

7. The method of claim 6 wherein:

forming the sacrificial high voltage gate further comprises forming the sacrificial high
voltage gate to measure vertically 0.2 um to 1.2 pm; and

exposing the top surface of the sacrificial high voltage gate uses chemical mechanical

planarization of the sacrificial layer.

8. The method of claim 6 wherein
forming the prespacer layer uses a nitride; and

forming the sacrificial layer uses tetraethyl orthosilicate.

9. The method of claim 6 wherein:
removing the sacrificial layer uses an isotropic etch; and

removing the prespacer layer uses an anisotropic etch.



20 forming a low voltage source/drain in the low voltage device region; and
forming a high voltage source/drain in the high voltage device region. 7. The
method of claim 6 wherein: forming the sacrificial high voltage gate further
comprises forming the sacrificial high voltage gate to measure vertically 0.2

m to 102 m; Bronzshedpbsiagnthevispesurface of the sacrificial high voltage

gate usashemical ecbanierl wﬁﬁ?@'@@ﬁb‘?{n@&lé@%ﬁiﬁ&h'ﬁ@{ VBltdR€gate,
method of claim 6 wherein forming the prespacer layer uses a nitride; and

forming the 'B5cHARETIRL R JoUat gt icdretilsinedidhe 355 Ippk by dbrsahsric

claim 6 wheraihae maevitmdhe dactificial layer uses an isotropic etch; and
remoying.the pr ‘?§ a%%ftéaxera%’es&%fé‘&r%”ﬁ% opic sieh. 9,40, Thenethed ol o
claim 8 whérein: rming eggate space further comprises rgmgvmg the
sacrificial higevdiedesarigare ththetlalenifisialf higttoo lthye Hite'dilechrmicad apor
the first linegRypiggphoric acid and hydrofluoric dip; and 5 forming the high
voltage gate dielectric further comprises forming the high voltage gate
dielectric with a thickness of greater than 400 A by chemical vapor

disposition. 10
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