VOLTAGE SELF- ALI GNED MOS COVPONENTS TECHNI CAL FI ELD The present inventio
general | ywigdahes to a CMOS process and nore specifical ly plcq/sgolifidod of
fabricating a high 5 voltage self-aligned MOS transistor in a | ow voltage
CMOS process, and to a sem conductor structure conprising such a high
vol t age seIRUTHCGRMTIONVOE EHIGHs VOLIAGEN FEEF aREACHEP nMPEWCOHFONENTEMOS
conmponents. TECHNI CAL BACKGROUND 10 In nodern | ow voltage CMOS processes
the line “ﬁ@kﬂﬁmcﬂ&§%ﬁﬁiﬁs and | ayer thicknesses are nore and nore reduced
in order to 1ncrease the speed and decrease the size of the conponents in
the CMOS circuit. 15 20 25 30 As a result of this also feed vol tages and
si gnal vol Tage prasenteducetht ifeor geingirtadll ycorplenest $d i CNGS apberesst since
it saves elecirical power,.In analog applicatiops, such as e.g. m xed

S gnal - and TR BRI R abl Fed I PowEaRr L8 308t dydt ihan cs
nmay be peeded twieChid1F-2al PRSS MIse than@hlstict Us RO 1BE v d Qye vaibage CMOS
process. |f addi'tional process steps were added to a conventional | ow

vol t age CMBosessesend ttancul Embiecqrsbisitisie Storvetbrie ar@ng o Md t 3igeh and
hi gh voltage trapsistors on the sane chjp,_ a_Bi roce uch
process wo%ldkﬁgﬂnn§%f%%%%li%%&edﬁgﬁgm¥tugb%0rEr%§%§§§850n%§§%%9%%e3
convent i onali tGMIowhedafragteucvog teapoakagy. Anot her sol ution would be to
enpl oy a dual gate CMOS process, which includes the fabrication of CMOS
devices with two different gate oxides. A conponent having a thicker gate
oxi de woul FEGENIGRL BECEGROVED: he hi gher , ~2 WO 02/ 37y7

;e3eDDzz{L}:}.6dTnwFVWO 02/ 37547 PCT/ SE01 /02405 | NTEGRATI ON OF HI GH qii?i)
X

10 In modern low voltage CMOS processes the line widths,
distances and layer thicknesses are more and more reduced
in order to increase the speed and decrease the size of

the components in the CMOS circuit.

As a result of this also feed voltages and signal
15 voltages are reduced. For digital components this is a
benefit since it saves electrical power. In analog
applications, such as e.g. mixed signal and radio
frequency (RF) applications, however, a voltage dynamics
may be needed which is not possible to obtain using such

20 a low voltage CMOS process.

If additional process steps were added to a conventional
low voltage CMOS process, it would be possible to
fabricate low voltage and high voltage transistors on the
same chip in a BiCMOS process, but such process would be
25 more <complicated and thus more costly compared to

conventional CMOS manufacturing technology.

Another solution would be to employ a dual gate CMOS
process, which includes the fabrication of CMOS devices
with two different gate oxides. A component having a

30 thicker gate oxide would be able to handle the higher
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2 PCT/ SE01/ 02405 voltage. Such process is also nore conplicated and
furthernore, it may be difficult to achieve sufficiently good perfornance

e.g. in rgdiQ;shdequency applications usd ng such kind of )gﬁ(yli(&%% because
such thicker gate 5 oxide deteriorates the performance at hig T/requency.
Still a further way to incorporate fabrication of high voltage conponents

into a | owebkegge CHBShpr peesesiss descrdlnal imP1e Bmhieated . anfigh

(0 a | owgbbeage CHESNpr pEesssss desc ahi et
Academ ¢ 15 PP EOREFS, Lrogty S BLIRIEH RS RN B HIYi ae

t he hi gh vgbbagepsonpongentet e jdICT €ase raldd obr eakdavncyol 4peki cdthsodannel
area and its length are defined before the depositing_and etching of the
pol ysi | i coRSinIdEmbadiingt alicHCandgBpreacReceutRatstHhe W5 M tes not

sel f-al4 gned. +Eu ; akself-all D%@ u ve been

i nt egr aé’t edggﬁdghéé%&o%?ggésghgl %\%vrghtkﬂtgﬁgec anﬁzﬁﬁaggghﬁggégéen di ffused
fromthe edge of e.g. the gate structure. Such a provision needs an

addi ti onal Shnheéald njug2bhstrepiawhtcoh imeonpsiratlenayasbbecaespnalsife kigice t he
t hermal bud in man rocesses.is very limted, F roore, _an opti mal
dopi ng gr aﬁgﬁi?g?n qq{x}ébcgrheé{hg]sa 10EQ 75 TR0 Xﬁig?ﬁgdﬁbéér}"geptrﬁgéﬁisghlegt
channel dogkBgripeautionatj cahlyaabteai ned, casght vbotklhe sdutriceargad 25 US
5,891,782 issued to S.T. Hsu et al. and W95/26045 (A._ Soderbarg et al.)
di scl ose nBiheHstEolf otANRpEhaRtef &cchnBparesns ofFLwiey n%‘F?%%‘E‘FC

i npl antat i S er, r i NgaSt¥ uct S t bl

al | ow fn(g h?g l\l/gﬂégéés ]t%é‘%’e g%yleltsedg%e%\éenaq{ eugégi nrg)arIfg%tgﬁe ‘g}é?éée and 30
such limtahkotdei sthet acicgpt abbetage mapypmappkheat itens. iferddmy, the
designs are very dependent on how t he WO 02/ 37s7 3 PCT/ SEQ1/ 02405

transi st or PEEREEPHRe VU@L 1 enhEd TIFIME sBPSEr & Whf e Gt he? e

conpl i cat egcERRHabi LN PROCESRGR s 1IFUMPARY: (I TEECHAMENTIIN ¢ihel s
consequently an object of the present invention to 5 provide, in a
process, apakvhodifon.f dr nimawhadk ghfvaudgeM™Mosppraashstier thogethiee with a

| ow vohtage NIVDSWtr.ansi tor %ll’_l_d a |l ow vol tage PMOS transistor,
respecty veFY2rRRi| &5008FcoRi-hgar IPESst some of the problems associ ated

with the prior art. 10 It is a further object of the present invention to
provi de sugirtBehod Mtednl sseapabliegakdf aiMoTast ngcauhegh haglet ageeMOS
transi stor which possesses ver ood performance as regards e.g.

br eakt hr ougRt§Era&ges l@n&hﬁ)igﬁogePEP@?S?tSfllpwi dudt ifhe Lhapdkrabdiect of

the invent,gn t 8BROVI{S spiiely Mgl W dpeanabl & of T abid cagdig

integrated circuits for digital and anal og radi o frequency (RF)

appl i cati onsrubturs.yéuch faurdierisigrecieads tde addintooal t anpealide 20

such mf& hogt\éwgl,cuhli%he?ﬁsa tn%tpea{fwoa{’yng af:ped éf\gélcrha eovsl:gr(lage the thermal
budget in many processes 1s very limited. Furthermore, an
optimal doping gradient in the channel area is not
obtained since the highest channel doping is

automatically obtained closest to the source area.

25 US 5,891,782 issued to S.T. Hsu et al. and W095/26045 (A.
Stderbarg et al.) disclose methods for forming channel
areas by means of an inclined implantation. However, the
resulting structures are not capable of allowing high
voltages to be applied between the drain and the gate and

30 such limitation is not acceptable in many applications.

Further, the designs are very dependent on how the



for high fabrication yields. It is in this respect a particul ar object of
the invention to provide such nethod that adds a m ni nrum of additi onal

process s 9,2 conventional |ow voliage 25 CM3S proce obj ects
anong ot hgﬁg‘ﬁéﬁ‘ev according to one aspect of the inventi O?Tfsﬁpﬁﬁi%d by a

met hod wherein a sem conductor substrate is provided; n-well regions for
t he hi gh vdlreage sKNES stamsitsres aadet herlientedl toage PMOS S stramisé st or are

formed in the substrate b ans_ of ion .02/37S-t7 PCT/ SE01/ 0205

ol ant at i SRR BUHSPEE SEMBT SPor Sene MRof b oAb  RNEE PP AR St or i 5 f or ed
in the substrate by neans of ion inplantation; and isolation areas are
fornmed on tsupMaRY oandHEr INVENFEONUbstrate to laterally separate the 5
transi stor fromeach other and to define a voltage distributing region in

the high voltage NMOS transjistor. The isolation areas are typically ZOCOS
or shal | owltr it FIRFTHGHN Y S ) OPTRFEhRE JBfe HEEFHNs ¥HIETHE i h

vol t ages NVIG. ./ fas | Sitrpraagﬂgryshgr'o%s\gql 29R- NEP agd BMR: 4G tf ansistors,

respectively, are produce ormng a respective thin gaté oxide on the
substr at e; vibdpesiet iMQPS at candiustong togesdrircovidict a nolayerl talger e8MOS and

patterning said.layer to formthe respective gate fons. The, gate region
for the hi JraPsicsgE NVEEYUS & ansi® or ‘f%—“r?éfee foébﬁ@j pa‘flf"llﬂl/sh%‘) " t he

i solation a-epecdefivRiigg thaivel t agerdbmihbbuht Ng1&88t ONsoIbseFUEMdyY

thereto, a p-doped channel region for the high voltage NMOS transistor is
fornmed i n PFebdgpst Bgseciditkdami§RedheoPrhered§é-of the hi gh vol t age NMOS
20 transi stor gate region. According to the present invention this p-doped

channel,,regi,on.i.s for i on.4 antat i t a r he ion
i mpl antlgti glr? i %ef Fec ugpg%ri n a;,écﬁlér eﬁ?olﬁ?l%mpgﬁglggti ngﬁ\?%rel%%%? :%6 angl e
to the nor mpalovdldet heushibsiatdicel suhiake,id ochpebiby @5 cabatieathegchannel

region partly underneath the gate region of the high voltage NMOS
transi st or Pi@haVPytadeaiiPan r§5‘§|légoﬂfeg‘f’}6h%hf(ﬂ°stsﬁegsle§w BFY ag@°OoPMD5

transi stor g faLmRd bYsMeAlss Pis Creal i NG iahthFBlLant edoptagegi ofisg and
drain and Source regions for the =~ 30 high voltage and | ow vol t age NMOS
transi st or swcdrse flegvieed .by means of creating ion inplanted n+ regions,

wherein the source region for the high voltage NMOS transistor is created
mjthinlgheIQT%%P%gn_m@qge%u£ggé9nbbjew9 %%ZQ%ém%ﬁ%é%%E%%EQ%{qgé9§ide
such method which 1is capable of fabricating integrated
circuits for digital and analog radio frequency (RF)

applications.

It is yet a further object of the invention to provide
20 such method which is easy to perform and which provides

for high fabrication yields.

It 1is 1in this respect a particular object of the
invention to provide such method that adds a minimum of
additional process steps to a conventional low voltage

25 CMOS process.

These objects among others are, according to one aspect
of the invention, fulfilled by a method wherein a
semiconductor substrate is provided; n-well regions for
the high voltage NMOS transistor and the low voltage PMOS

30 transistor are formed in the substrate by means of ion



According to a further aspect of the invention a correspondi ng nethod for
formng a high voltage PMOS transi stor together with a | ow vol tage NMOS
transi st f-1 ow vol tage PM3S transistor on a chip is i <

5Accor di (r?élotadggz/‘eg a further aspect of the invention anet hggrrgglr) o?am' ng a
hi gh vol tage NMOS transi stortogether with a | ow voltage NMOS transi stor in
a MOSprocesmplentgticMDS,a BpENEE]! oredNMDS procdds) towpricsitrgeheN¥®@ps of
provi di ng sem. conduct or _substrate; .form nglOn-well regions far the high
Dot age REESCFAREPEL or | FORBSRuEt 508 by MRSt Bror AR aftar H6R.
formng a pmpebhthegban fid t heoh awival tage NVEBet riyisicst Obni Rddhesabstrate
by nmeans of 1on inplantation; form ng isolationareas on top of and/or in
the substrahd/es | dter &g 1558paF B2 St hEOL r didicdedrly f roRBHNE ot He® and to
define avo cdiLstri i ng i Op+f.A.th igh.vo NMOSt i Stor;

pr oduci %g Ié%tgggrlglé?%nsg%}rn tﬁégﬁi gﬁt}\}cg)ﬂ aggﬁlr\/[gotrg%ggg?oflv%n%gﬁéea%ow
vol t age NMO@Sstrahatihgr segdspecin vehy, hbghf solitegiea NMEspectawvei $hon. gat e
oxi de onZOtBe substrate; depositinqég,lay r of _a conducti

or seni condtBfi AGONBLEPRaRTERSr &d% T e iiGhyY &F of Y LAt he

respective;gatgtfiggi onsriwher eby-thiegatR veLgi Qs t e hi ghheol f age NMOS
transistor isfornmed partly above the isolationarea defining the25voltage
di stributi mgliageohMOBotrengiatprdaped tdisanm rayltergd dMAheard ghMOBI t age
NMOS tiﬁns' star .ig t hesubstrat .sehf-al i ?ned £94f he edge o% t he high

vol t ag PHangretsr gﬁ?ép?‘ég%ﬁ; Yand®F&r P hg eG6TH ce®And AP A A¥ egf ons f or
the high vekkpgetand kLawnvohtage NMS(onBHHansisdrscdy deghsivingrgating
ion inplanted n+ regions,wherein the source region for the high voltage
NMOSt r ansi SPBEUFE1BPeat €4 wi S8 comelystddsed divaffifel ridtpereiiccor@ddg to
the invent| te fy foryung -d 0 7. PCT/ /02405
channel re ?gﬁe%ggnéhe%ﬁﬁg 3oﬂ%ge%9??§nsit§?or%l%t %tls‘}lj st?%%

sel f-al i gnedgtionthe BHge g&ttherbggbnvofbagethMOShighnsvsloaggat®MOegi on i s
perforned by ion inplantation through a mask, said.ion inplantation being 5
ef fect Egt eH¥F‘HSéSHg?e&Fi g‘ﬁ,re\/\ﬁioEﬁlelds BatdihePote dfanf et ol the?Fe? mal  of
the substrate;ginbacge %BlEﬂsée yseheaheing degidgped channel region partly
underneath the gafe region of the high volfage ™ NMOS transi stor. An

advant age of the present invention is that inproved 10 hi gh voltage and | ow
vol t age cofipbreAnsntan Hegirteyr ated TIRREG g}lﬁﬁgmlm%i@@ei@rt heleigh t he

sol e addi ng. st n L .l a o) ep.. Fu r,_1he
channel Ie%égh %SOrIS% 7 v@??gdefgﬁgéggﬁkrgrsmnﬁgﬁb%@ ghaﬁcrtlle ér&e%?e%%a%y nmeans
of i1on inpkantatlogndd onby. tBey pedoer mdfg tde i naldgmedve Mpdgat atiMo® i n a

pl ur al iéy of different directions, e.g._four, the arientation of the high
vol t agé’ NVEE2PPAREPEt or9drF t h&SERHOF i s ABECERLRPal tFur ther FNEFERges and

characteri shiear9bnt he iRy e§¢35p3@ I 10N 841 bn be (di 86HRSE u’& 15e
foll owi ng detailed description of enbodi nents. BRI EF DESCRI PTI OF
DRAW NGS Theppessahtonnvédmaugh wh | malsécomhams ethal liypnuntepbanogtfeom t he

detail ed descri(ﬁii n QEf ‘frgbOdi mectius of . the 2 .R esent .| ngenti on.given
CT
e

her ei nbel oW’ ar CCo %ﬁlwiang JF?eg%FiT}‘ZSW -Ch “ar elﬁ? éﬁe%y a\}ﬁayal?)f

illustrati aAgesl Yo am@ tidisnalr eoNothki Bubatirke eofsurfdg)vert i Oer&by. 1-12
are enlarged schematic cross-sectional views of a portion of a
sen coRtucEéraer ueher chanirt i drgiQreppartly upndesreptiy sEpe/ 02abs

region of the high voltage NMOS transistor.

Finally, drain and source regions for the low voltage
PMOS transistor are formed by means of creating ion
implanted p'-regions; and drain and source regions for the
30 high voltage and low voltage NMOS transistors are formed
by means of creating ion implanted n' regions, wherein the
source region for the high voltage NMOS transistor is

created within the p-doped channel region.



of processing according to a first enbodi nent of the present invention.
Fig. 13 is an enlarged schenmatic cross-sectional view of a portion of a

sem condu@ifyskjucture at a particular>5 step of processi ing to a
second enbodi nent of the present invention DETAI LED DESCRI (ﬁ@ﬁ@é&’

PREFERRED EMBODI MENTS In the follow ng description, for purposes of

expl anat i oRdcaeddiow | ite t adi ofiurspeci f mspdetai lof artdsetitverhioruch 10 as
particul ar processes,.. techni ques, .etc..in order_tq .provide.a tho h
understandfﬁﬁrgépfﬁﬁhﬁ¥%sgﬁFﬁpﬁveﬁ?Fonfog%ﬁ%%eff RIS gagﬁpaggﬁg to one
skill ed i ntrhesdstc drhatogbeheresanth | avanhi ofoygbe NMGECt tegflsi Brekher
enbodi nents that depart fromthese specific 15 details. In other instances,
det ai | ed dés€r iEptlicvhy Fftags IEMgFolrr ansdeéede s RetChdds 1 SaRdovdeRfi-ques are

omtted so as not to obscure the description of the present invention with

unnecessar ;| Lth Leferepcefo agﬁgggﬁny' g H s RR_ANNt Lve
enbodinent¥%gﬁgﬂhﬁgﬂe¥% 2&6% inc?ud%é ?or tion g gﬁh?gﬁ voltagg
transi st or medadpetcherfan t hfarhbdmg vokt ade ghr ansildtagre andM@S | owranki ager PMOS

LVPM tively, | i_bed tically.,1-12.a first . which
AN (HVNNERPSHIEE (IVRRCSS | CBF t TINEPat onttoss” £RangLaFPF g hrator HOE of
standard np#elde sGMOR: PG OCeS®S),S B AN, resi SMoei tyrdrdyde suRptiatggl. The

total nunber of processing steps of an entire silicon wafer i's nunmerous,
but act ual e tHePs cdh DECBLHRY | 2 cdeRiconducehenttbet rptial efodepnet ed

her ef n o The, {,eqhinol ogyo 30 caysi dox ed er &.d & AN nyel! (M fuiggesgoi th a

si ngl e "pol ysiTT¢con yer and two netal” | ayers. asi ¢ process

02/ 37547 8 tBeT/<SHkl 4D 5by eflebn €S offWwalove inskes tad lioip! efteriiddiea p-
conpl enment ary _devi ces and one additional mask to integrate the formation of
a hi gh vol "&gd NMEBLER ansTstiche i APY 1R tAGGy, NEQS t hEPTSPEILORs it etBPai | abl e

to i Ml enentater 5 Anal o, ek Ul s, iAONBNEL: 1 SHENEODA1 095 18582 09bn

di scussed further here. n-wel | 1 npliant phase starts w't e growt h of

an oxi de 2afrelasowed byom meskaBddeti mirti hhet heulmstwedte | deat Leherdaheyoxi de

[ t dat this | ti wh t he_10 phot st has, b ' I
amoveds ARPEFERS GUhi RGBT THRE DT GER HarRi REBOF A b GE B TR gFown o

protect thgcawszirceoktihigusiinicCoReg@Bf aiphaghonug Mbartgé i SMos
performed, as shown in Fig. 1.

transistor; producing gate regions for the high voltage

NMOS transistor and the low voltage NMOS +transistors,

respectively, by forming a respective thin gate oxide on

20 the substrate; depositing a layer of a conducting or

semiconducting material thereon; and patterning said

layer to form the respective gate regions, whereby the

gate region for the high voltage NMOS transistor is

formed partly above the isolation area defining the

25 voltage distributing region; forming a p-doped channel

region for the high voltage NMOS transistor in the

substrate self-aligned to the edge of the high voltage

NMOS transistor gate region; and forming source and drain

regions for the high voltage and low voltage NMOS

30 transistors by means of creating ion implanted n' regions,

wherein the source region for the high voltage NMOS

transistor is created within the p-doped channel region.

According to the invention, the step of forming a p-doped



Then, a diffusion phase of the phosphorus is perfornmed to 15 achi eve
resulting n-wells 9 as seen in Fig. 2. The diffusion is typically perforned
in two st »3hd5St in a non oxidizingétnosphere such as oo Ol | owned
by a di ffﬁ?ﬁ%ﬁgﬁzase in dry Q2 atnosphere, to increase thgeﬁj\%g?]lw?zéeapth. 20
After the diffusion phase of the n-well, the initial oxide is conpletely

et ched andchaneelt heyimn déokaydre 1high giodwaden ¥MAPy tganstiwsophei®. An
initial nitride_ |layer 13 is en, deposi t ed, the actiye area are
del i mi ted %éea %%?¥§£6%ﬁdiﬁ8&ga%kl?ﬁ%§ ifgusﬁﬂgte%§98250#hu€?etﬁgﬁﬁ?tride

i's renovedyeutstde Nvagser 24 eabs 8difl, ghed ddgiadn sieppektierpbat esist is
conpletely renmoved. The resulting structure is illustrated in Fig, 3. The
i sol ati on bEPheRhathencsoasentaaryasbw §8LHadeMVETR FHHS StBY LA bet ween

them and t ' tage _N aAnshster suses, & fi&l dydapi ng, spsk and
two dif erg%@%??%@?ﬁ%gaﬁt 5%'?%351 nt’he %hot olr e?i st Jisee(%i rst etch%rigléoutsi de
t he mask regi bhe hbemad 'othamrelsudiop’atiendumiadss, tINANRA SRy 7cOeate

PCT/ SEQ1/ 02. 405 perforped using boron. This step is followed by a second
hi gh- ener g?aibgr CPE— %%ﬁ?h&e&&s? CaF LY aPpfnel ‘i”?r%?’ffh?a%?. %N& eIhat the
nitride 13regmsﬁeokh@hehﬁaghe%bieaaasNh@gnt&gﬂgygeprts not totally opaque
to the second high 5 energy inplant, as showmn in Fig. 4. In this region,

t he boron concentration typically reaches a peak of about 2.5x1016 cm 3 at
0.4, m dept An @svantagg sefattiftn PEeaeht evdyeytHeo ehdi Hhe§ pHeRBPEEst is

renove b h Ltrid i t ri o] A

fiel d-g(g(i dga%’&o%%%g%& %'ﬁ%]glé)?“’()m tla tyégjlq"éa eeyrgcg)sg\r,ﬁ%lr ﬁ% %%é?%gg%%ps t he
first beingnte an HNehqlaeospSermso@k t herseghndhien solet abidfingt rfspder e.
The resulting field-oxide shape is_shown in Fig. 5. Note that a field oxide
is grown al@dkwPtRPnahHe2PefPRon@PIANLREIRN1SRRIIs 9, which is to be used
as a voltage distributing region in the high voltage NMOS transistor. It

shal | be apgregiat edefbatphendsol Bdhpm may equal) v uehl beripphenppted as
shal l ow trench 1solation (STlI). It is thus obvious to a man skilled in the

art to chafigem20gcihreenthynoetcriebddnprocessan® ioficcrqor anelahbdtbent rench
i sol at}lgn argas instead of LOCOS isolation. As a further alternative the

i sol ation 8Fed-used as a voltage distributing region within the high

vol tage NMOS transi stor may be a | ow doped n- region, while the 25

i sol ati on ayepsrsepaiab tet Heidliarsl sirgrisinmyt ke airl GCGEL wxd diet pro ST
areas. It shall further be appreciated that the order in which the n-well,
p-wel |, an@8if&esral iHdiedtismsr e8sdi s frdrmed h RELCRFAELAr &F 1DRY as a

resul ting §tEHCLHIEaE8 NMOS transistor on the chip is not crucial.

Further advantages and characteristics of the present
20 invention will be disclosed in the following detailed

description of embodiments.
BRIEF DESCRIPTION OF DRAWINGS

The present invention will become more fully understood
from the detailed description of embodiments of the
25 present invention given hereinbelow and the accompanying
Figs. 1-13 which are given by way of illustration only,

and thus are not limitative of the invention.

Fig. 1-12 are enlarged schematic cross-sectional views of

a portion of a semiconductor structure at various steps



30 obtai ned having n- and p-wells separated by isolation areas. 10 WO
02/ 37s. 17 PCT/ SE01/02~0s After the field-oxide growh, the initial nitride
| ayer is and the buffer oxide i/s etched, see Fig. <hat
during tﬁggt é?ﬂ%l oxi dation, the n-well depth increases gngE@%?“%(err)m
and the peak of the boron 5 concentration of the p-well and "channel stop"

i npl ants isft ypicmdsinedacedrddnp0lsocm 3 fdveit lepbedihentepth. thfet er the
field-oxide growth, the next steps consist of grow ng and depositing the
gat e oxidepﬁgﬁe% | RV P kbR gat e respectively. A thin gate oxide 21 is grown
in adry 10 02 atnosphere. Wien the gate oxide growmh is achieved, a | ow
ener gy borefgi npBants 2 i enperded nedhémaads usktokbestbteshal dvielt age of the
devices. It is obvious that this | ow energy inplant is stopped by the

fiel d- oxi o, PPz P @hé%l%&nwt%dé¥rﬁggugst & oxPd@IediHEonl y 15
as sho [ 10 : aY Vty adpu ' chi us{/sg two
separa?g n%g aﬁﬁﬁi%€$%§%§?$%ngg¥gggaﬁ oPxﬁw%s%%ﬁﬁﬁgﬁcgég¥gg%§%¥i3% y).
Such al t ertia¢ i preappt odnheptbendes for a larger flexibility at the

optim zation of the process. 20 This step is followed by a 2000-9000 A

Cor  sspond REANGER SERCRTPEFoG b PR Beady b TR Es U311 (oo T ayer
Finally, the photoresist is renoved and the gate oxide is etched outside

t he pol ysitnCoReg@beldhiageasscthptsbhlCiruie pukips seecifvediglanddivst r at ed
in Fig. 7. Here, 25 denotes the gate polysilicon for the high vol t age NMOS
transi st oran@7ngéndi@d tae ogat SHSEIYSI] | ¥ot 2He P8l VOIrthge NS

transigfor,.a ) e e i f he.l o a PMOS
transi g or® B%Itzl%scﬂ‘g{%)g b%rtgggfc’g%%ét g%%ﬁ%#‘%%%’er %rtocﬁ' o%he\r%fr/r%fer %gjl t han
pol ysi | i copromydde enpl ayred-dugrh t hendgatetsndiogur eof Wh&2/ Preseht

PCT/ SEULl/ (12~0S The next step is to ﬁo m a p- doped channel regqgion 31 for

the high vORYSgELRROSTIPYEHEFst dF FPhlthBSsABERFS g £81 PRR; (é%@& e edge

of the hi %aola&%ggtmth@arﬁg&{t 98k G h €96ONmaAC QM dhpgct OcEAE iRF esent

i nvention, a mask 33 is placed above the structure to protect i.a. the

drai n areasther t lkeboskipesttisve thainsi depprtt hikromsktbeep beipsfriffald owed by
ion i antation 35 of baqron, or _other p-t d nt . such. as. BF2, 3 or
 nPum S84 PR it TR ot SRCAPIBR55. {RCBel Par st Ak ot o

al um ni'um fum The a pe i r'ection,

whi ch is Ileinckhowd pkoassasgl emathodsheandr kelkchofi gulee suestondfteesur f ace,
as illustrated in Fig. 8 [In such manner_ the pdoped channel region 31 is
formed par$Py afd@OfeatR tHRSEaER i oACSSIPTERE hPEh WRF t RFE IS

transistor; 'é99£8ntQ9tHsﬁn8éc@%Q££§U§'@@iﬁé?p- 15 An optimal dope profile

ought to be honobgenous or even better having the highest doping
concentration closest to the drain area in order to exhibit good AC
perf or manclidlnd kewerenke ndicse danamiparifhugy preferablyl201a- 1FESsdn? of

boron {or ot her, P;LyRgydopant), i g nplanted gt agos process, which
includes formation of a high voltage NMOS (HVNMOS)
transistor together with a low voltage NMOS (LVNMOS)
transistor and a low voltage PMOS (LVPMOS) transistor,

respectively, is described schematically.

25 The starting material of a standard n-well CMOS process
is a high resistivity p-type substrate 1. The total
number of processing steps of an entire silicon wafer is
numerous, but actually, these can be summarized to the
schematic modules depicted herein. The  technology

30 considered here is an n-well CMOS process with a single

polysilicon layer and two metal layers. The basic process



20 energy of 10-300 keV. The angle a with which the inplantation direction
is altered fromnormal incidence may range from 15 to 75. In the case of

hi gh ener\gﬁo'hm@nt ation is performed Shere may be a ri skpihafetdigesdopant s
are penetrating 25 through the gate polysilicon | ayer 25. To reduce such

risk the polysilicon mask may be left on top of the polysilicon and the
i npl ant at | BAAEERERS wobiVel Yaemdks ak¢ anierll ectbp e t el §BSI BN mask,

wher eaf t er?ég Ce%igPl %trﬂ]btdat i&pe m?hgip?SB?%f orned t hf28u9i1rﬁttzé%r%‘ﬁ% masks 30

(not illustra sequent ere e two masks wou be renoved
si mul t aneo@iskyatiodD 2/ 37587 gh2 REITE SO 1/NMOs tAlaherisatdrveliytoorthe
addi tional | the gate polysilicon |layer may be fornmed thicker than

convent i onéi@‘y-s&é’dftthr%ﬁ BBpARES peiét r aVRAPPhRoUGh LRELEBEYSi |9 T can be

prevented of,abgl %@%tturreegl;'c%wé%r%uPéhéfP55?9§8nE_h%rgatri%ts Podysisdgon
t hi ckness woul d”be dependent on the ion inplantation energy. A third

al ternati véufthberi heustrated) would be to forma nultilayer gate structure
including i.a. a polysilicon |ayer and a |layer of a material having high

etch 10 selectivity wth respect to pQ LLicon.thereon._The g ructure
can then b geEiefq ﬁ“’e%ui nlrﬁpsf—"ﬂgl &P 315 gég’cr"flbe%l gé‘gve?r(\)/%% eg%tfe%‘the
gate mask bginenoyediolhevemskf o t ke skhasnebei ik anhgt i ®Rei sntdent pl aced
above the structure and the inplantation is effectuated. The 15 nultil ayer

gate structafatipnt dprecriids yigitleehednyti 6Rdst dpatdomardaife Hte
structH{e 8%%89 %@ka”%]%ts' Orbee%’bzﬁﬂélﬂ%l Y1yt he baplant atiqn mask, and
ally 6 2d a ]llay% F

option 1tron gate structure r of the material having the
hi gh etch setkthygviotfy taree sxeimbveda This |[atfferr 20xivd ebi dls mmovbe deposi t ed

oxi de cont ai ni ng._ phosphorus. (such_material, has high etch selectivity with
r espect tOPBBFﬁgEO|V§$| iSUFTaETd BhdobRe G HE§On By FGE nPn PR AP HGPed

Chahnel,reghgmaﬁé byikngbipednbQ@N LBPLABLAL iANF33,an accurate and precise
definition of the 25 channel region nay be perfofnmed whereby the breakdown

voltage and the noise properties of the hi %r; vol tage NMOS transi stor may be
cont r ol | edThey, prodiidifngirenphagkantattihen ahegaharlg tis gpewiowedd opd, each

of whigh belpg il ineditothe ol of the 305ubsirapg surface,the
orientdtion-of the igh  voltage conponent on the substra i s hot” needed to
be known. Riefesabhyisi kpbantaliyopersopertiorinedwn ftaps diffegtenin a
non oxidizing atmosphere such as e.g. N;, followed by a
diffusion phase in dry O, atmosphere, to increase the n-

well depth.

20 After the diffusion phase of the n-well, the initial
oxide is completely etched and a new thin oxide layer 11
is grown in a dry O; atmosphere. An initial nitride layer
13 is then deposited, and the active areas 15 are
delimited by a corresponding mask (not illustrated).

25 Thus, the nitride i1s removed outside these areas and, in
a final step, the photoresist is completely removed. The

resulting structure is illustrated in Fig. 3.

The isolation between the complementary low voltage MOS
transistors and between them and the high voltage NMOS
300 transistor uses a field doping mask and two different p-
type implants. Thus, the photoresist is £first etched

outside the mask region, then a "channel stop" implant is



WO 02/ 37y7 13 PCT/ SE01/02-L0O, directions symetrically distributed around
the normal of the substrate surface. By such provision it is possible to

fabricat ey Bhw@ ity of the above descti bed hi gh vol t age N}/}% Léaksi stor 5
differently oriented on a single chip. This |essens the dgrran g/on 't he

integrated circuit design considerably. Next, the formation of the source
and drai n Pegiferseds Usd e Rruidror nBlef S ThESP ol FolicAd owedpdy id 12RE_d ed in

Figs. 9 ang.10Q, _ar h (o]od W t he %mj nt atj_ f sour ce
and drain gllg’?‘uglﬁggg‘:y g?or%%? g}ﬂg%gggr Olté))r%iede 3 or@nitjttrdi ?f'%llqs J}rg?lrrge.rgt Af ter
t he defi ni tii7on Naftet hehatpthaet niaski d&/ D3, t heepe dhef ghiorodeeriat ilsas

i npl ant ed.  Thus, p+ doped,source 39 afﬁ drain 41 regions for the | ow
vol t age PMPREPr &fdiAt&st: ate Mtai hetEl4% PREIBROtIST esPet SESPRe T Eoved

and thes magke43yOfiffe it didfugben mpl@nf, 15 defi Reds RRQSRROrushd or As
or Sb) is then“inplanted to form n+ doped source 45 and drain 47 regions
for the | owovoht agenddDSr2taosi stywicld woureehss amd pdedi noS1 glegions for
the high voltagelg\lND%ZO transi stor. After the drain and source inplant
steps, the?pRSLEr eSSt #% Coyhet®Pyirenoved and a first SiC2 is deposited
and densified. The nmask of the source, drain and substrate contacts is then

defined, a h t gh f Lydes ey 2 r Jyestod ; this
step is shgg/ﬁ%i %h%i ggog%t%k?ed; g%no‘%%hrgleee‘{e?h'egt%goééﬂiis de%%@jéﬁ%%l.ﬂ%fore

t he deposi tisomregovielde fhutsttist G2ittrhde sddr de/ degitn cand ngattEhe ey @nish nay be
silicidized_by ne f e.4.. >al icid pr. (Sel f igned Silicide
procesg(;, fhier 8 af@@() ilzgc?%]ee,alcf.%}fldae rre(tlgfc-%gﬁl i ign c@hﬁouﬂﬁo‘( Bt LS

iIIustrateéygibﬁlﬁgr5@Qf@@m@@r@nSEhbcgﬂe@e¢ RAkYShkk€0Bein¥0i Q2437R47 14

PCT/ SE01/ 02~05 areas. As this silicide can be self aligned by neans of
earlier foPkB@SBpacers a51d okihde S6CORFL ritde? WRE Sblr cémpsahergnd Her e

resi st ance .ni . _ | wra_ni_um._J r.._deposi.t|on f WS Si 2
openi ng, 5:%8%([3]%{5%‘8% ?tlé?gor?%gggi t)érr?a eskq'lsl %%g)ewﬂ ﬁ@dsfkl(gr' [%'eqicitg%i%%ygf t he
metal | | ayar fiand ke deesyl tgrmagirstaliset wiechisy idHeustafat ethd rofFitthe &2- wher ei n

the etched netal |ayer is denoted by 55. Wen this is achieved, the

phot or &3i s¥eild sy ehovBL £Br 15het? oPFOWSRS sR2p8, ¥ita9s bt veLhend o

deposi ti on @f;8,S¢G0RAMRE B LBYSG ENAMOs! kushEated). A second Si02 is
deposited affer the first nmetal |ayer deposition followed by a chem cal

pl anari zation process. The via mask is then defined and the Si02 is etched
at these | étatifonlsl The grnariasied thaterdeediaptabigrcory 181w Wy ni um

| ayer is d i d..}e i of .t eco t | ay.er i r f or,med
usi ng the gg?rﬁeé%orﬁf Eéam%ﬁ%dn%ﬁ Isohég%y%a&gla@sai@a%%nl naygsrﬁe'pgfs?ti on.
is thus obvious to a man skilled in the art to change
20 currently described process to incorporate shallow trench

isolation areas instead of LOCOS isolation.

As a further alternative the isolation area used as a
voltage distributing region within the high voltage NMOS
transistor may be a 1low doped n region, while the
25 isolation areas separating the transistors may be a LOCOS

oxide or STI areas.

It shall further be appreciated that the order in which
the n-well, p-well, and lateral isolation areas is formed
is not «crucial as long as a resulting structure is
30 obtained having n- and p-wells separated by isolation

areas.



It shall be appreciated that the netallization may be perforned in a
plurality of other manners w thout 20 departing fromthe present invention.
Parti cul aglYp3as4ul tilayer netallizati 3R process may incl BEgsRofiBRGaL ed
nunber of oxi d}e' | ayer depositions; planarizations; contact et c%es; net al
depositions; netal etches; etc. According to a ,second enbodj ment of the

i nvent i on, Adder5 g n§iplfoskidee@nNayii-g. the, 13i§yAdettiter HiYhlevetage

NMOS t r ansi;st of. sy, befabricatieds 0, a entd opal.p Rocess. fLow by
t he addi ng lo%f the aeb%vgﬁgegg% b%%f n%%k?%geéng’ I ngﬁne " gn 5 npl-ant at i on
st eps. Her élotlkovighear , dutieng ohhenmphamtmatli exid3®mthas:,t ol pewébl nBdpfthom a
plurality 30 of directions, as indicated in the Figure. Wen the gate

pol ysi | i coArEFegsesndeiup ahrart t Hé | anf oxile cagek (f of nehey Be&AB of
e.g. LO?% r. STi rd 2/ 37547 RCT/ /9@% th in.region
51 and the GFECR® 3%?@% i%fl B}é\gt %d ‘%nl hae&(gentgéﬁﬁgfqit he rugrtnﬁ;%{,iesé very

good vol t age diygfiikhuti RaRLP. AGFevasbebueen-bhe deptn. 51 and the gate
25 as well. In"such a manner a high voltage 5 conponent ‘may be i ntegrated
in the process flowwth a m ni num nunber of additional process steps and
at the samdfitieme Wi af hehg-prsdebiditiovitds tiheleNfhe \BdePss eensiHanfél

| engths wi t hout, obtaining a too |ar relative error in the annp | engt h.
10 A 50 | n PR e Rt e PEbPaT o G 1o oP SR FREACERE b oh
vol t age NMgS ey arsipeicer vy .bey aHiow glopedhatdd el ons | gséeadinf aadk@COS or
STI region. Charge carriers in such a | ow doped n- region will be depleted
when a lRi giPzvermegeheseappiiesy Wt wedhet RE1dfaigF yEhants 15ckhevedur ée 49.
As a conse C hj pl.et i 05 R V, i | kb in over
the gate o%%g’re] %&E%chgfgghnﬁ% ulg‘;}}ﬂg %gng{ée %?%%%%E%Tﬁg |eél asﬁdt a?ﬁgn dose
for this deplretshodd egildrdes dbdilte IdSwilOdP. cht 2iandbvheup thahnehisegi on

dose has of course to be higher. The 20 RES t echni que ~woul.d al so be
usabl e in 8°%0 G urjemff%t‘i‘? stPi cSOFRShs dt¥at of §e IF1§E9FPXB €feadily

appr eci at ed dchat; Aihg ikdeasy, ofgtheLPLAaeRt thBVEALLOBxHBY edayabhy wRhlL, be
applied for the fabrication of “a high voltage PMOS transistor in the very
25 samd5pr esesshbwow. 1suchid r arfsi sfditewinit ivigdiveal EhehaVe iads ugitai as

short-circuit .to the,.substrate (a type suhstrate js. Ln
process). 'Féjthé\?&eﬁl shen 3°+Bg ré“é?i gsnéjff'—’\l/\%aqca%di |Soknala%|31r o%}é{égggf&%%gﬁone

maski ng st ey @ NMOS lankMdE pnrssepdt eyl bhe. peutbr aedetaalveirstly
define a relatively deep n-well, whereafter a shallower. p-well for the high
vol t age PMEERTCAG stRIOVIARfef i FRH wAt hildTa%e n-Wed41P3 S chefrankBF short

circuit to e SubstiAl &d $ravdedss. WO 02/37al7

20 This step is followed by a 2000-4000 A polysilicon layer
deposition and doping. The gates are defined by the
corresponding mask, which allows the etching of the
polysilicon layer. Finally, the photoresist is removed
and the gate oxide is etched outside the polysilicon gate

25 areas. The structure thus received is illustrated in Fig.
7. Here, 25 denotes the gate polysilicon for the high
voltage NMOS transistor, 27 denotes the gate polysilicon
for the low voltage NMOS transistor, and 29 denotes the
gate polysilicon for the low voltage PMOS transistor.

30 It shall be appreciated that layers of other material

than polysilicon may be employed for the gate structure.



|6 PCT/ SE01/02~05 It shall further be appreciated that the inventive
process flow depicted may be |ncorporat ed in any Bi CMOS process flow. It

will be oRyi@ysssyhat the invention maylbe varied in a 5 pb@@gkblt,(m@;f ways.
Such variations are not to be regarded as a departure fromthe scope of the

invention. All such nodifications as woul d be obvious to one skilled in the
art are infeadagxtoster dd ddedt 9 h# nPtHeprsdopbapnel hacgppanddd femi s.

et hod 1o CK8r GG oG ol Fage TRLECF Siei Bl of TogaPALF ANt o0 T ow

vol t age Nl\/EEJ_{:;NaﬂSIt@t athéinddge | oW i aigbgiPM2G1 t 6g6'S NSIOGr tf:srrsasapﬁml vely,
conprising the steps of: - providing a sem conductor substrate (1);
forming n-%FE FEGLORs (@qudillr%%etﬁl &Ili’evcﬂqea?félq\lm??%h%ﬁ‘st 8r Mk t he | ow

vol tage; PV ”@”5‘1%%%"@1 | a0 Pe SRSt %%Eﬁc?ﬁx@ea'f@ ol @Rl mpl ant gtjon; 10 -

formng a p-well region (17) for the Iow voltage N transistor in the
substrate byamaasee‘s ifom itimel aetspeictive- tfr@mmlrsgousoltmiisomaasmeme(pw) on

top of and in_t rate to,| rall raethetran5| ors from
each ot her ?ai'fa tgong’ éyvolﬁlhgjénﬁ J?“ilrb%cf 85 BRIPR t P& yh

vol tage NMpS:{pansicp=@ft; sudt OHYCIHKg, Jarg r(ﬂglé)l}@m{ra?ﬁjm27or23)ncflq,fmthe hi gh
vol tage N transi stor and the | ow vol tage NMOS and PMOS transi stors,

respect i ve'IJ-"19re wpi@nﬁﬁﬁgoa PEspecPeréortied gat @ ciirgstian), ofitdhe is
substrate; 0Si | ayer .of a 20 conducti n r condyc mat eri al
Thercoll  ahICDORPAr MingRardais el £6 { i TRENRdegdor FUE g%#b“ﬁ@gﬁ
whereby the,gakeeregison 1fiofstthe i g vield age. ’\Wsﬁéﬁnﬁbﬁh% kel

partly above the isolation area defining the voltage distributing regl on;

25 - form dgpadpca@p@@lchmmn régi as (mgmefd)rpah‘elw ghdeshtagh NVES
transi st or {:1 t he su(l))str?%e Cs)glf allg@% to t%@ﬁ g\ﬁ%?t t}d%ahlgl voltage
NMOS t r ansP&tGr 6%?% ?eg n; %2/ 0
sour ce (39Q,langudrgh@ ﬁéé)ofegl @mgfﬁgithgtépw vol t age PMOS transi st or by
means of creating ion inplanted p+-regions; and
15 An optimal dope profile ought to be homogenous or even
better having the highest doping concentration closest to
the drain area in order to exhibit good AC performance
and lower the noise level. Thus, preferably 10*2-10% cm™
of boron (or other p-type dopant) is implanted at an
20 energy of 10-300 keV. The angle a with which the
implantation direction 1is altered from normal incidence

may range from 15° to 75°.

In the case of high energy implantation is performed
there may be a risk that the dopants are penetrating
25 through the gate polysilicon layer 25. To reduce such
risk the polysilicon mask may be left on top of the
polysilicon and the implantation mask would then be
arranged on top of the polysilicon mask, whereafter the
implantation would be performed through the two masks
30 (not i1llustrated). Subsequent thereto the two masks would

be removed simultaneously.



. voltage N

- formng source (49, 45) and drain (51, 47) regions for 5 the high voltage
and | ow voltage NMOS transistors by neans of creating ion inplanted n+

regi ons, H{y,t he source region forl2he high vol tage NVEP/skhAgshst or i's
created wthin the p-doped channel region, c har actar i1 zadin
that 10 - the step of _form ng a p-doped _channel region for the high voltage
NMOS t r ansPEEFNRRLIVAE YsubSiT attaldddlifongldived tida hevatRye BPLYHELATQR

vol tage N apsi,st.ar reqi. j o} ;] i i (35)
hrough a PLRT T o e RS ok R SRR LR b

di rection, debbah | pdreltateibrat @hranghe (the t opbhgshdioah ofcarhe lsabstrate
surface, to thereby create said p-doped channel region partly underneath

ot he gate r@ﬁFHEHBPdt R& fﬁtghl‘?&ﬂ? AR RRES: t Fan§iu§thorl.nsf_.a”ﬂ?e Thit h‘éﬂt_ﬁs
cl ai meds i B&%h?bﬂic%er ehicrAkdsP-goned 20echatpelqLsgi o#gnf ofnd hes igh

ransi stor 1s created by ion inplantation of boron, or other
p-type dopamplsothtaeni pdeugy.al um nium BFz or BF3. 3. The nethod as
claimed in claim1l or 2 wherein said pdoped channel region for the high

{rompor Gmtiigep eyt iey G Pt SR dh ARLTH BR T ey oar "Y' 1

clai ns 1-3mwhetebResaightpe depedceharnelneegiongf ar. 4 heahi gbl yel 1 agen NMOS
transistor is created by ion inplantation at an energy WD 02/375.17 19
PCT/ SE01/ 022§eThefiten 810 Re¢ran@®f1060 WAL TRl notaV pref bty deeleen 10

keV ang, 30 5. .The et iCl gﬁg : f i 4 in the
angl e \?\?t hgﬁgggﬁl?ﬁgyi %I[Egln?%%' %% dit?'e ti c},nsr}ﬁlglq%lonrglv%e%écgﬂ %Igﬁ? n %ﬁgl
i nci dence ssructhira t henr ahenof b&5- d6fibedThénneshosimsletai wed i asany of

clainms 1-5 wherejn sajd p-doped channel .regiqn for the high voltage NMOS
transi stor d?ECEFé89e8£8§’ei'o eﬁfﬁla%%leét R Qc;f FEEE arfd Jé%“%Y\e%ne%B? such

that a congpgkl eb.perher ranpsmal 181408t 5t 96nVald agRe NV ddeansisdee 1S
obtained. 7. The method as clainmed in any of clainms 1-6 wherein said
p- doped ch&heelstraftoncd opndhetg ghmpdpnags INNOSL $ r @ddiesttoraties.cr'éaeed by

ion i ant at | %hrou h Kk q_qg at _an .ener, uch &hab.a gpan
conceﬁ% at %%%I?ga 5 ac ?%‘\%‘e under neat H”’trlhle %é‘c?écﬁtéé’ie& o] lPnghi% Yvol t age
NMOS transtsher tehipeheitsatte teastgaase Highi@utdeddopant imeheens £ adhon
out side the edge of the high voltage NMOS transi stor gate region.
Subseégquently, the implanhtation mask and ©Optionally the
additional gate structure layer of the material having
the high etch selectivity are removed. This latter
20 material may be deposited oxide containing phosphorus
(such material has high etch selectivity with respect to

both polysilicon and undoped oxide).

By forming the p-doped channel region 31 by inclined ion
implantation 33 an accurate and precise definition of the
25 channel region may be performed whereby the breakdown
voltage and the noise properties of the high voltage NMOS

transistor may be controlled.

By providing ion implantation in plurality of directions,
each of which being inclined to the normal of the
30 substrate surface, the orientation of the high voltage
component on the substrate i1s not needed to be known.

Preferably, implantation is performed in four different



8. The method as clainmed in claim7 wherein said p-doped 20 channel region
for the high voltage NMOS transistor i;ﬁpreat ed such that said channel
region h N/ ghest dopant concentratton underneath thecgak6: 686 on of

t he hi ghaglglttage NMOS transistor. 9. The nethod as cl ai ned ?n any of clains
1-8 wherein_ 25 sajd conducting or_sem conducting material, of which the

| ayer for mi Mg eFel oat esyBYrbRiFral hudeistgsibplgsi presRd the TRE™M3dt IKdd as

clained in any of i l:9¢xbherein the layer, which forns the gate
. . {g f . . .
region, is nade tk?ﬁcil'c 0 prlgven% t he dopant inplanted during the step of

formng 30 the p-doped channel region for the high voltage NMOS WO
02/ 37s. 17 BY RCIH SEOAYD2+@s ftamnsi ppesiblemtpedetoraciang thpduglalsdiyd gat e

region | ayer . The nethod as ¢l ai nmed. i.n any of cl aj 1-9 wherein the

| ayer, whi c‘hff(])‘?]}?ﬁs t%m@%t ecg‘?%‘b]flg?ﬁé {Tg‘lpgéite‘fqﬁetdagf ﬁ”@"‘ a RS 13 §Ton _
mask; the rskrdest fPr ol-9BnkERl I ad i @ﬂnEQef QHd.herw: slopedsehadnngle regi on
is arranged on top of the gate region mask; and the ion inplantation to

form the p-dspEebshamniehe rogionritePperibrwet 492 biighcootideralshy d nasks. 10
12. The method as clained in any of clains 1-11 wherein said p-doped

channel reqj f h . gh. vol L ag nsi.st or. _L r i.Qn
i npl ant ati g\llné))?tn’ gﬁ&ﬂéra ?%gg%&gi Irjgc}te'}q%l@uggghgg %{EF&E‘ %ggﬁéﬁigngﬁ ril-%d at
sai d angl e b® péefontedl Dhet feliubshyakeepsr,f dddusttatdd The Mietshod as

claimed in claim12 wherein said plurality of jnplantation, dinctions are
four; and vﬁfé‘?em'séFﬂ Fec IR iF e r el P?pﬁﬂﬁgF?Fbanerar%’l?nd t he

normal j@f the,subsifate-sunfacesyddondhe method as clainmed in claim12 or
13 wherein the 20 high voltage NMOS transistor is symmetric with respect to

at least one plane parallel to the normal of the substrate surface. 15. The
met hod as diisted &nspayesf oxligiens 61-d2 wheredler $ai dormeHat Adiredr éds are

formed as L xi de. 6. The . netho i med Ji.n any of. ai.ns 1- 14
wher ei n sai 'Js%fcaﬁ%noéfe %earlétlﬁl(?rn&edgggﬁs%a—fl (()r;;%v t?g%c i Sol auls&rﬁm( STI)

areas. 17. gdwonreifodmpsastatedhib, apy @bpeliaksarieldonagreidratine 41
i solation area defining the_voltage-distributing . .

regions for the low voltage PMOS transistor are obtained.

15 The photoresist is then removed and the mask 43 of the n*

diffusion implant is defined. Phosphorus (or As or Sb) is

then implanted to form n* doped source 45 and drain 47

regions for the low voltage NMOS transistor and source 49

and drain 51 regions for the high voltage NMOS

20 transistor.

After the drain and source implant steps, the photoresist
is completely removed and a first Si0O, is deposited and
densified. The mask of the source, drain and substrate
contacts is then defined, and the etching of the oxide is

25 performed. The result of this step i1s shown in Fig. 11
wherein the etched SiO,; 1s denoted by 53.

Before the deposition of the first Si0,, the source/drain
and gate regions may be silicidized by means of e.g. a
Salicid process (Self Aligned Silicide process), where a
30 silicide, i.e. a metal-silicon compound (not

illustrated), 1s formed on bare silicon and polysilicon



WO 02/ 37e7 21 PCT/SE01/(12.108 region wthin the high voltage NMOS
transistor is a |low doped n- region. 18. The nethod as clained in any of

clainms 1-J6 02 \Akqhgher conprising the fotAation of a high Ve E A461,0%S 5
transi stor, erein - a p-well region for the high voltage tranS|stor

is formed in the substrate sinultaneously with the formation of the p-well
region for age@sl-ols otk ke sAVDSL feansinstasr ; selainalsenadi iy areansde?tning a

vol t age- dlstrlbutln gi g i_n_the gh oltage Pl\/[)% isto S
formed si mift anegusl Orm%(ﬁ gafsgl;ﬁatl(gfn of’ sléjfad i 30l ati'o 61gfeéas 1Elr-léa gate

region for sblmeclaa/girra\ml hade (BWMES rekaRsbates bgepmoduaedesi. mul t aneous| y as
the production of said gate 15 regions for the high voltage NMOS transistor

and the | ow vol tar%en NMOS_and PMOS transi stors, respectively, whereby the
gate regi oft"f ol Y h 19SPEaGeHNES 1 anEP§1 0¥ S| £heor ek paPefri @bove t he

i solatign anea (el Ph@ér&@ﬁné@f&é‘ﬂem@sﬁt HiOUys PPN EGTIFBR 1¢hd e b gl vol tage

PMOS 20 transistor; - formng an n-doped channel region for the hig
vol t age PMoS t Ehesi seballn tdwesubsicht ¢heel fresbilgned t etrhetedge b$ t he

hi gh volta P ransi st Lon mean fi ni | ant at i on
through a ﬂ,ﬁ%lngsg}t Eﬁkﬁ aaigt %r‘iio'hbg%ﬁg 3}‘0?15%1 lﬁ‘}ft iTH A i T@ction,
which is igehoted aly B arwﬂzent@hweleoemlle@fedt h&@%ﬂcﬁ@éﬁaﬂﬁﬁ atce, to
thereby create said n-doped channel region partly underneath the gate

region of k&ONiegh ekt ageePMEBlLprABPst 8FSPand Whighni hpVatEes aH@Iesour ce

regi ong,f or I g I\/[T‘@ 92 ion

i mpl an?gd 8—?%%&?&%5 ooé V\% gf%g}?rﬁ Q}EBC'I'?%%%% I ?’%tnﬁa@é’l e t ho as

cl ai med i nselcaing 18idheriad ndepessted odfter mulge a firsel | meegnonlépert he

hi gh voltage PMXS transistor is preceded b the formation of a | ar e ndoped

region for RESHtGR™Y TR SMARY t FardiclEsRl dP R i et IR tIECpe

region forghie pighpyokt age HMH Béﬁﬂﬁbét %rnd ScfOr BRE, Wi Khidt SRIf é‘tdol@ed
region. 20. An integrated CMOS- or BIi CMOS-based circult conprising at |east

a hi gh vol tageeNNOR atriams -stBrg Bh¢m\ra©i$‘ageSNmomealnsarsic& secord | ow
vol tage_ P 10tran i st or ect . act_a.r zad,in
Uhat oard EPARGrOtBr SIS 1 57 noRoRee bR ndMh THEPRRTngd 40t 7 BRti n' any
of clainms #etd1 2layén ar CMEEr&Fm&H CMIBnpr 0ERSS R riRisteGdioy feiskng a
hi gh vol ta%e PMOS tranS| st or to%et her with a | ow vol tage
ollowed by 2 passivation layer deposition.
It shall be appreciated that the metallization may be
performed in a plurality of other manners without
20 departing from the present invention. Particularly, a
multilayer metallization process may include a repeated
number of oxide layer depositions; planarizations;

contact etches; metal depositions; metal etches; etc.

According to a second embodiment of the invention, as
25 being illustrated in Fig. 13, a symmetric high voltage
NMOS transistor may be fabricated in a conventional CMOS
process flow by the adding of the above described masking
and inclined ion implantation steps. Here, however, the
ion implantation 35 has to be performed from a plurality

30 of directions, as indicated in the Figure.

When the gate polysilicon 25 extends up over the field
oxide edge (formed by means of e.g. LOCOS or S3TI) towards



15 NMOS transistor and a | ow vol tage PMOS transistor, respectively,
conprising the steps of: - providing a sem conductor substrate; - formng

an n-wel lwpagjzy;f or the | ow voltage PMDS transistor in tpgwﬁgpi 254ﬂ4te by
means of 1on inplantation; 20 - formng p-well regions for the hi'gh voltage

PMOS transistor and the | ow voltage NMOS transistor in the substrate by
means of | bhci fpRadRt afTHHED - SLommchgth® oPERILBN I&%EER ohs t épcaEedndMor in

t he substr@}tlg tgeh@ggr alolf_y ﬁ?péaraé@r&gﬁlEé,ansgstggﬁyfr%@o%ﬁc&ﬁ%%a%teher and

to define a voltage-distributing regionin thée high voltage

transi st ordistptodutbngmgat Ber aghonsetiobethechi ghevalribage SRMIbd reavesi st or
and the | ow vol tage NMOS and PMOS transi stors, respectively, by formng a
respectived®hen gat e2dxideldbn 307t B SRbst r B Yepdsi thify! a V&I a

conducty Ngc G 8nent™Ordd/ 3y 7 i%%e§9£’t§§03i/rp2€ﬁ§ e-eerduet b hg, raherd al
thereon; and patterning said layér to formthe respective gate regions,
wher eby t heigamenr egindred opft heddi girnel t pgecPhES steamsi sinor as ftdrenmed

partly above the . solatjon area defi.ni.ng.t.he 5 vol e distributing region;
D or i ng EFR- GABEd CRENNBE S ediot Tar e thi G Vi e PREK P st or i
the substrehgnself-1aldgned Lothbetedgr Ohithe Ai albo/olbhage PMIGdir@Nnsi stor

gate region; - formng drain and source regions for the high and | ow 10

vol t age PMESC@FahBi Sher shaynabahengfhereati ng i on inpl anted p+-regions,
wherein the source region for the high voltage PMOS transistor is created

wi t hi n,{ he p C el LQn, %ggm rm I Al nd. s e egi ons
for thleot I o%vfggl ?Lg)ge{@ggNl\s/&&%Fgggi stor %%/E*\?]’eg]ﬁggo?l%le%a%% ?gégi r%pgfant ed
n+-wel |l regiohsn cHe ahiga cvbdliagei NMCOS dtransihabr- nhe deepa ofldwor m ng

an n-doped channel region for the high voltage PMOS transi stor_in the
substrate S¥P$928 aFfgned tLBSFﬁéde&’gfg aofLQ%%gh‘i’ﬁhS%I 584 OPVOSNETSFsi st or

gate regi 0fa}8:i PeEf ehmedidly 4 ool MRipRlatd O d i HoR: 1 MReK . qe3Aidt don
i mpl antation being effectuated in a direction,”which is inclined at an
angl e to tWeenornAlighf Yhktagdsisaepprsiefladetvwesen Hdtebgrateabe saidd

n- dopefl 25, ehapnel oL egbonaRatt LY NAdRENLE e 159 radi o ol Hig oh
voltage will be obtained over the gate oxide 21. Such
technique is denoted RESURF. The implantation dose for
this depletion region is about 1-2x10'? cm™® and the p
channel region dose has of course to be higher. The

20 RESURF technique would also be usable in a S0OI structure

(SOOI, silicon-on-insulator).

It shall be readily appreciated that the ideas of the
present invention may equally well be applied for the
fabrication of a high voltage PMOS transistor in the very
25 same process flow. Such transistor will typically have
its drain short-circuit to the substrate (as a p type
substrate i1s wused 1in the process). To avoid such a
restriction two additional process steps (one masking
step and one ion implantation step) may be performed to
30 firstly define a relatively deep n-well, whereafter a
shallower p-well for the high voltage PMOS transistor is
defined within the n-well. In such manner short circuit

to the substrate is avoided.



22. The nethod as clainmed in claim21 wherein the step of formng a p-well
region for the high voltage PMOS transi;%or is preceded by the fornmation of
a large ny3P,spred region for the highl¥ol tage PMOS transi y s WO
02/ 37y7 24 PCI/ SE01/02. 10~ wherein the p-well region for the E?gﬁﬂgbltage
PMOS transistor is formed within said n-doped region. 23. ~n integrated
CMOS- or Bildvosihdkled E9¥tehes dommpralBPhgchdte@asthathi ghevollnggatPves
transi stor, | t : I st vQl t
transistorfngég%%%f%gg y?9§1?@§§r%%§£S¢§a9%c?9goga§%ﬁ €9{h§§§8§g§§os

transi st or pmyeedorirdr.according to the method as clained in claim21 or

. 22. 24. In a MOS process a nethod for formng a high voltage 10 NMOS

transistor to etgfr with a Iom1vo|tage NMOS transi stor conprising the steps
of . - provild ﬁ‘@l SR 2BHULEE oF"8tibSfFateVEDEior M g Keher? FBgPons (9)
. for theshi gn wolitiage MM Id ansiH Ofatfad NonSUbsLTabe by pRang akqkan
inplantation; 15 - formng a p-well region (17) for the | ow vol'tage NMOS
transi st or ds a héepabserat Erby hbanscobe @f itpt abtaenbheon. RAdknispgh

i sol ation areas..(19). on top of d/ar in the substrate .to | ateral

separ at e tﬁ5)39§h§$§¥%y§ ?$0W?82§h9§rﬁgvﬁﬁﬁﬁt Od@ﬁ%ﬂfﬁgile& 15 the

vol t age- di sidd batté ngntegien ik e Achi@bdvelithga NMS ddansi 8FOokhe-
produci ng gate regions (25, 27) for the high voltage NMOS transi stor and
the | ow voldPRfOAMOS teidifsi st ors, respectively, by fornming a respective
thin gate oxide (21) on the substrate; depositing a |ayer of a conducting
25 or sem conducting material thereon; and patterning said layer to form
the respective gate regions, whereby the gate region for the high voltage
NMOS transistor is forned partly above the isolation area defining the

vol tage distributing region; WO 02/37,-17 25 PCT/ SE01/02~0S - formng a
p- doped channel region (31) for the high voltage NMOS transistor in the
substrate self-aligned to the edge of the high voltage NMOS transi stor gate
region;



and - 5 - form ng source (49, 45) and drain (51, 47) regions for the high
vol t age and Iom/voltage NMOS transi stors by nmeans of creating ion inplanted

n+ regio {&in the source region ¥6r the high voltag @Eﬁi S|stor
IS creatgﬁ mntﬁﬁﬁ t he p-doped channel region, 10 ¢c h ar $C¥ /&ﬁ@f z

i nthat - the step of form ng a p-doped channel region for t he high

vol tage NMOS transistor in the substrate selfaligned to the edge of the
hi gh voltage NMOS transistor gate reEhdM$s performed by ion inplantation
(35) through 15 a mask (33), said ion inplantation being effectuated in a

direction  whigh die LAGH! Red RCIAh An0Lecla) ! Gulif,dIOESR! ALifg substrate
surface, t0' thereby create sa| do annel tegion parfly Underneath
the gate riegjlenveltkhe mes\Mﬁéﬂsmgtdwﬂlb@éamerswmth 20 12w viecawrt hod as

claimed in_claim?24 wherein said pdoped channel eg}on for the hi gh vol t age
NVOS transii¥er FE2BPE&ERE by flon i npiPdnt #1079t IF Frrom 101°

cmz @ 1049: 583t 1ved), IBRpBELIAY BfeckabgRdokn clalm 24 or 2,5 Wner,ei n
said 25 p-doped channel region fof the high volfage NMOS transistor is

created by ion inplantation at an energy between 10 keV and 1000 keV, and
nmore preferaptgvbadingea somkeyndndt@oOskleytrage The/ method as clainmed in
any of clains 24-26 wherein 30 the angle with which the inplantation

direction is /37 5 _PCT/SEO1 cllne C|dence
is wWthin theofgﬁgl % q%%% rfgl ?E g@th%§§a§ﬁ% a? P%Hg% g §1

24- 27 whergiansastop- doppdthbanmel wvegiragel opMbbe tﬁlagtsl\sQJotraglem 5
transistor is created by ion inplantation through a mask and at an energy
such t hat %u%%%ﬁﬁtecgﬁc@ﬁﬁhétP5n1P§ HER{ @0 EAtL4Ader neat h the gate regi on of
t he high voltage NMOS transistor which is at | east as high as the dopant

concenfy at 1 0ok 3igde tlhew@plger@ ibhe ﬁ'79h ) tage Wv%(ittag%”%ﬁisor gate

region. 29. The method as clainmed in claim28 wherein said pdoped channel
regi on fortramshsybrvbont e MMOStrebesbytoeans cfeatedimptantaiaiosai d
channel regi on has the highest dopant concentration underneath the gate

region of the 15.hi gh. vq% age N tr jystor. 30. The hod as aimed in
t he | ayer, PEAH S ms° e dnqp?evgﬁt Q%Q dg%atpp an? othe p1%Bped
channel regipst28cérapsilsterafilgmsppaetrat ivh@ ltB¥eIsistors from each

other and to define a voltage-distributing region in the

15 high voltage NMOS transistor;

- producing gate regions (25, 27, 29) for the high
voltage NMOS transistor and the low voltage NMOS and PMOS
transistors, respectively, by forming a respective thin
gate oxide (21) on the substrate; depositing a layer of a
20 conducting or semiconducting material thereon; and
patterning said layer to form the respective gate
regions, whereby the gate region for the high voltage
NMOS transistor is formed partly above the isolation area

defining the voltage distributing region;

25 - forming a p-doped channel region (31) for the high
voltage NMOS transistor in the substrate self-aligned to

the edge of the high voltage NMOS transistor gate region;



any of clainms 24-29 w-~erein ate region, is nmade thick to during the step
of formng for the high voltage NMOS t hrough said gate region 31. The

nmet hod asygl @iz9ed i n any of clains 24- 30 wherein the layerp(:T%hﬁ 4{)4)”73 t he
gate region, I's patterned using a gate region mask; the mask used tor ion
25 inplantation to formthe p-doped channel region is arranged on top of

t he gate regiforrmigmsk;saiEe he33omirdpfaaiat i(A)t gepdrmst Hop-dopeo€hannel

region is r.f.qor ned ug sai 32, ;The t as. ¢J ai med
in any of g’l%éit%ggg4-%\ig§he?5$ﬁggﬁgé5i dlbg'- gg@éﬁ Schaﬂﬁel crrer%it}ol(r%lng orl(%e hi gh
vol t age NMdhplkamedsporrégicniepnt&gdby ion inplantation in plurality of WO
02/ 37a. 17 PCT/ SEOQ1/ 02~05 directions, each of which being inclined at said

angle to the normal of the substrate surface. ,
. As3. Aa. Au"AFARIRY RRUAEE ALY ANEX . AR ABaANy (RIa (A7)A e qiRns for

a. Af u. ASURAW. Aﬁh’gﬁ‘: \%\iﬂé@ And Viow/ Bir&tage NMOS transistors. b

F#NOL2| w mhc”XU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal calcal ca] c:alUc: a] caYJ] caj ca]
ca] ca] ca] cakealscaltatkeat tnd] day cajrkgtaddan” regions, wherein the

G al 2v#$$) $8PU&7" *~ytoj e cal.c cal cal ca alcalcalcalca] ca]ca]c
a] CLU] ca] z:gf’i‘gféﬁa] “E%%%Tﬂycfoaﬁlcaﬁg] ?&]g?“aq] Xa}ﬁa}léa{‘)@aﬁccﬁfébf&%ﬁﬂ +J*%* 2]+‘ +]++
-.. 1 0y0013444542d/with82a9t889p-doped channel region,

; zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca!;

L Wex<<<o=y<| B2TE 43 SSAEBDRDPD DVF] BPRPH@HHIJJILzupke' [ V] ] ca] ca] cal] ca] ca]
ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]

! W KA., XY A
ii]_‘c?llg%g?w cg%%%i ca] cai cajfhgga}/\%a cgég%dz:(a ca r&% ]cgfgéafcéc]oga] %%Tca] cajc
a] ca] ca] cahdahcajodfkegt] cliMEOa] catenbtatorn! " bb+ctheef f $¥ibggogbdi i $¢ 20t memxmmo
Ts~yt.0j €
| oy cal caUridBean] ] cOUf CRFBR] G CHTe Al col oo cbr PEad et { (RS aS o1 1)
H-~<?[ &~ clafrealdea)iVBh licalgeaieatleerlisal i calsrd oad adc al sall et sadgal cal ca

] ca] ca] ca] ca] ca] ca%ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! OCE: DgTX{vql fa\W] ] ca] ca]

cal] ca] ca] @afeafkcd3Ea) c &edd dafre afaldnda] tddre A id]x g EegelafgE al e adl] ca] ca
. I'X - DTX{ vql f.a\

T o8] oalf PSR 02y cal Bh}Ba] Ch] RFIITER 5] o c Ao ol 4] copoarie o

VIi G 3" 10%v&no) - S0%EHE) L0 rhr 3" MR D, - Sto thereby create said

1098 ()-"109%& ()-}7~2y2109%& () -y, )10%& ()-y9! 10%& ()-! 65“ 109%&' ()--109%&' ()-!.

3"10%m8' ( p-dop4éd channel region partly underneath the gate region

of the high voltage NMOS transistor.

2. The method as claimed in claim 1 wherein said p-doped
20 channel region for the high voltage NMOS transistor is
created by ion implantation of boron, or other p-type

dopant such as indium, aluminium, BF,; or BFj.

3. The method as claimed in claim 1 or 2 wherein said p-

doped channel region for the high voltage NMOS transistor
25 1s created by ion implantation at a dose ranging from 1012

cm™? to 10%° cm™2.

4. The method as claimed in any of claims 1-3 wherein

said p-doped channel region for the high voltage NMOS

transistor is created by ion implantation at an energy



10F=10%' ()-! *310%} QG & ()-L6S 10%& ()-+S 10%& ()-S 10%& () -
| Psi 310% ()-]/ B CjK 10F

MLO% U&' ( Yorr }10% a& ()-2Z! | " 10%1u& () - Z810% u& ()- 10% U&'{).- c, L
Spoxek 1 TR ()- 1S@10%u& ()- !\ @ 10%u& ()- Foriseblori
@10% U& ()-M N@ 10% u{ u& ()-M | @ 10%uvug ()- MPG ar Si!

"10%x<& () b&bwEew<& () keV and0IRE0( keV@ Eo¥k <@ X9 -prdDenaldyiubgduasn

" 10%IU& (1 kev and 300 kev.

5. The method as claimed in any of claims 1-4 wherein the
angle with which the implantation direction is inclined

5 from normal incidence is within the range of 15-75°.

6. The method as claimed in any of claims 1-5 wherein
salid p-doped channel region for the high wvoltage NMOS
transistor is created by ion implantation at a dose and
at an energy such that a controlled performance of the

10 high voltage NMOS transistor is obtained.

7. The method as claimed in any of claims 1-6 wherein
sald p-doped channel region for the high voltage NMOS
transistor is created by ion implantation through a mask
and at an energy such that a dopant concentration is
15 achieved underneath the gate region of the high voltage
NMOS transistor which is at least as high as the dopant
concentration outside the edge of the high voltage NMOS

transistor gate region.

8. The method as claimed in claim 7 wherein said p-doped
20 channel region for the high voltage NMOS transistor is
created such that said channel region has the highest
dopant concentration wunderneath the gate region of the

high voltage NMOS transistor.

9. The method as claimed in any of claims 1-8 wherein
25 said conducting or semiconducting material, of which the

layer forming the gate region is made, is polysilicon.

10. The method as claimed in any of claims 1-9 wherein
the layer, which forms the gate region, is made thick to
prevent the dopant implanted during the step of forming
30 the p-doped channel region for the high voltage NMOS



| 2vwWVAr S11 1 ayL-"10%<<& ()- Xy' "10%.L& ()- !'\y' "10%<& ()- !Sy@
"10%G<G<& ()-! Dy@ 109B<8<& ()-3! "10%<& ()-VRN-\:!1119" 10%u& ()-!{

10%u& ())Ngsg}g}%/%:-)& ()- 10< 10< 20 PCTSE01/02405

10<y4" 10% Xy4" 10%.<L<& () - ZN#WU3~\: 11 SS "10%uué&' () -

"10% u{u& ()-:!'1S

"10%uvu& Eransgstovuug&Ten- | penovwatiny- | th109gh3uBaLyl- #oake ' 109608 () -
310%&' ()-glo%)&' ()- 10-u-u 10-u-u 10-u-u'l1' 10% u-u& ()- 'l1' 10% u-u& ()-
eM)/!Y M 1098b& ()--L'!'Y M 10%b& ()--Y M 10%b& ()--L' 1Y M 10%b& ()--!Y
M 10%b& ()--ABC| }~0R0/!!Y M 10%b& ()--Y M 10%b& ()--L'!'Y M 10%b& ()--Y
M 10%b&' (N4-L'The method as claimed in any of claims 1-9 wherein

the layer, which forms the gate region, is patterned
5 using a gate region mask; the mask used for ion
implantation to form +the p-doped channel region 1is
arranged on top of the gate region mask; and the ion
implantation to form the p-doped channel region is

performed through both of said masks.

10 12. The method as claimed in any of claims 1-11 wherein
salid p-doped channel region for the high voltage NMOS
transistor is created by ion implantation in plurality of
directions, each of which being inclined at said angle to

the normal of the substrate surface.

15 13. The method as claimed in claim 12 wherein said
plurality of implantation directions are four; and
wherein said directions are symmetrically distributed

around the normal of the substrate surface.

14. The method as claimed in claim 12 or 13 wherein the
20 high voltage NMOS transistor is symmetric with respect to
at least one plane parallel to the normal of the

substrate surface.

15. The method as claimed in any of claims 1-14 wherein

said isolation areas are formed as LOCOS oxide.

25 16. The method as claimed in any of claims 1-14 wherein
saild isolation areas are formed as shallow trench

isolation (STI) areas.

17. The method as claimed in any of claims 1-14 wherein

the isolation area defining the voltage-distributing



M 10%b& ()--./tR/IIL' 1Y M 10%b& ()--Y M 10%b& ()--L'!'Y M 10%b& ()--Y
M 10%ob& ()--L'/OghiiQ4/!1Y M 10%b& ()--L'bl'Y M 10%b& ()--'Y

M 109Bb& (g gals7dsY M 10%b& ()--'Y M 18%b& ()-- N oR0/ I ¥8gh;,ﬁ%p&'()--v
M 10%b& ()--L' 1Y M 10%b& ()--Y M 10%b& ()--L' 1Y M 10%b& () P
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4151 6!i Q4/ F?Ylﬁfll@%%@'l{)tbﬁ' bighMVrogsnsie (YHQS ytransistor is a low

doped n~ region.

18. The method as claimed in any of claims 1-17, further
comprising the formation of a high voltage PMOS

5 transistor, wherein

- a p-well region for the high voltage PMOS transistor is
formed in the substrate simultaneously with the formation

of the p-well region for the low voltage NMOS transistor;

-~ an isolation area defining a voltage-distributing
10 region in the high voltage PMOS transistor is formed
simultaneously with the formation of said isolation

areasy;

- a gate region for the high voltage PMOS transistor is
produced simultaneously as the production of said gate
15 regions for the high voltage NMOS transistor and the low
voltage NMOS and PMOS transistors, respectively, whereby
the gate region for the high voltage PMOS transistor is
formed partly above the isolation area defining the
voltage distributing region in the high voltage PMOS

20 transistor;

- forming an n-doped channel region for the high voltage
PMOS transistor in the substrate self-aligned to the edge
of the high voltage PMOS transistor gate region, by means
of ion implantation through a mask, said ion implantation
25 Dbeing effectuated in a direction, which is inclined at an
angle to the normal of the substrate surface, to thereby
create salid n-doped channel region partly underneath the

gate region of the high voltage PMOS transistor; and

-~ forming drain and source regions for the high voltage
30 PMOS transistor by means of creating ion implanted p*

regions.
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‘region for the high voltage PMOS
transistor is preceded by the formation of a large n-
doped region for the high voltage PMOS transistor; and
wherein the p-well region for the high wvoltage PMOS

transistor is formed within said n-doped region.

20. An integrated CMOS- or BiCMOS-based circuit
comprising at least a high voltage NMOS transistor, a low
voltage NMOS transistor and a low voltage PMOS
transistor, respectively, characterized 1in that
sald transistors are formed according to the method as

claimed in any of claims 1-19.

21. In an CMOS or BiCMOS process a method for forming a
high voltage PMOS transistor together with a low voltage
NMOS transistor and a low voltage PMOS transistor,

respectively, comprising the steps of:
- providing a semiconductor substrate;

- forming an n-well region for the low voltage PMOS

transistor in the substrate by means of ion implantation;

- forming p-well regions for the high wvoltage PMOS
transistor and the low voltage NMOS transistor in the

substrate by means of ion implantation;

- forming isolation areas on top of and/or in the
substrate to laterally separate the transistors from each
other and to define a voltage-distributing region in the

high voltage PMOS transistor;

- producing gate regions for the high voltage PMOS
transistor and the low voltage NMOS and PMOS transistors,
respectively, by forming a respective thin gate oxide on

the substrate; depositing a layer of a conducting or a
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5 voltage distributing region;

- forming an n-doped channel region for the high voltage
PMOS transistor in the substrate self-aligned to the edge
of the high voltage PMOS transistor gate region;

- forming drain and source regions for the high and low
10 voltage PMOS transistors by means of creating ion
implanted p'-regions, wherein the source region for the
high voltage PMOS transistor is created within the n-

doped channel region,; and

- forming drain and source regions for the low voltage
15 NMOS transistor by means of creating ion implanted n'-well

regions,
characterized in that

- the step of forming an n-doped channel region for the
high wvoltage PMOS transistor in the substrate self-
200 aligned to the edge of the high voltage PMOS transistor
gate region is performed by ion implantation through a
mask, said ion implantation being effectuated in a
direction, which is inclined at an angle to the normal of
the substrate surface, to thereby create said n-doped
25 channel region partly underneath the gate region of the

high voltage PMOS transistor.

22. The method as claimed in claim 21 wherein the step of
forming a p-well region for the high voltage PMOS
transistor 1is preceded by the formation of a large n-

30 doped region for the high voltage PMOS transistor; and
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5 wvoltage NMOS transistor and a low voltage PMOS
transistor, respectively, characterized 1in that
said transistors are formed according to the method as

claimed in claim 21 or 22.

24, In a MOS process a method for forming a high voltage
10 NMOS transistor together with a low voltage NMOS

transistor comprising the steps of:
- providing a semiconductor substrate (1);

- forming n~well regions (9) for the high wvoltage NMOS

transistor in the substrate by means of ion implantation;

15 - forming a p-well region (17) for the low voltage NMOS

transistor in the substrate by means of ion implantation;

- forming isolation areas (19) on top of and/or in the
substrate to laterally separate the transistors from each
other and to define a voltage-distributing region in the

20 high voltage NMOS transistor;

- producing gate regions (25, 27) for the high voltage
NMOS transistor and the 1low voltage NMOS transistors,
respectively, by forming a respective thin gate oxide
(21) on the substrate; depositing a layer of a conducting
25 or semiconducting material thereon; and patterning said
layer to form the respective gate regions, whereby the
gate region for the high voltage NMOS transistor is
formed partly above the isolation area defining the

voltage distributing region;
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source region for the high voltage NMOS transistor is

created within the p-doped channel region,
10 characterized 1in that

- the step of forming a p-doped channel region for the
high voltage NMOS transistor in the substrate self-
aligned to the edge of the high voltage NMOS transistor
gate region is performed by ion implantation (35) through
15 a mask (33), said ion implantation being effectuated in a
direction, which 1is inclined at an angle (o) to the
normal of the substrate surface, to thereby create said
p-doped channel region partly underneath the gate region

of the high voltage NMOS transistor.

20 25. The method as claimed in claim 24 wherein said p-
doped channel region for the high voltage NMOS transistor

is created by ion implantation at a dose ranging from 10%

-
pA

cm™ to 10* cm

26. The method as claimed in claim 24 or 25 wherein said

25 p-doped channel region for the high voltage NMOS
transistor is created by ion implantation at an energy
between 10 keV and 1000 keV, and more preferably between
10 keV and 300 keV.

27. The method as claimed in any of claims 24-26 wherein

30 the angle with which the implantation direction is
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dopant concentration underneath the gate region of the

1
N

15 high voltage NMOS transistor.

30. The method as claimed in any of claims 24-29 wiherein
the layer, which forms the gate region, i1s made thick to
prevent the dopant implanted during the step of forming
the p-doped channel region for the high voltage NMOS
20 transistor from penetrating through said gate region

layer.

31. The method as claimed in any of claims 24-30 wherein
the 1layer, which forms the gate region, is patterned
using a gate region mask; the mask wused for ion
25 implantation to form the p-doped channel region 1is
arranged on top of the gate region mask; and the ion
implantation to form the p-doped channel region is

performed through both of said masks.

32. The method as claimed in any of claims 24-31 wherein
30 said p-doped channel region for the high voltage NMOS

transistor is created by ion implantation in plurality of
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