2 6 APR 2005 1 | NTEGRATION OF. H GH VOLTAGE SELF- ALI GNED MOS COVPONENTS

TECHNI CAL FI h nt invention generally relates to a CMOS process
and nore spejﬂl@ﬂwmlmmﬂ@a nmet hod of fabricating a high 5 voltage
sel f-aligned ransistor in a |low voltage CMOS process, dto a

sem conduct or st r'tft®%re conprising such a high voltage §§| ?'?Fgf;lzﬂuéned MOS
transistor integrated with |ow voltage XCMOS conponents. TECHNI CAL
BACKGROUND 10 I n nodern | ow voltage CMOS processes the |ine wdths,

di stances an er_thicknesses_ar r nd_nore r e | N er to
i ncrease theﬂg THAY $&c eVPﬁEAnggEgF'%ﬁ%N%%#e%qw?{r e CMOS
circuit. As a result of this also feed voltages and signal 15 voltages are

reduced. ForrECHNIGHL gampnents this is a benefit since it saves electrical.
power. In analog applications, such as e.g. mxed signal and radio '

frequency (RFE) applications, however, a_voltage dynam cs__may be needed
which is notT"%)%slg‘?etﬁ%ltt e nu SrRGTaheH redakef ohPvBl EYge PRRES S ocess.

I'f additionalnPrREessssteps: wer gy added tRtAcgonentdalat il v/ ohigage CMOS
process, it would be possible to fabricate | ow voltage and "hi gh voltage

transi stdrs whltase ssdfeadiigpednMRSBEEROSIpEOEeSB, 2 blPWstieht I c@d®s woul d
be 25 nore | gat t.h r y vent i | CMOS
ﬁé’w}g EPJt eécﬁ 80, 2ANY Lhus I8 46RE bl s%?[lg@gggt %813%% %V?% %}g{;}f gat 6

manuf act uri ol ogy. Anot her sol ution wou
CcVOS a high voltage self-aligned MOS transistor integrated

with low voltage CMOS components.

TECHNICAL BACKGROUND

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 vbltages are reduced. For -digital components this 1is 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 proCéss 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 sgch process wquld be
25 more 'cémplicated and Ithus more cgstly 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

R
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process, which includes the fabrication of CMOS devices wth two different
gate oxides. A conponent having a 30 thicker gate oxide would be able to
handl e the higher 2 2 6 APR 2005 voltage. Such process is also nore
conplicated and furthernore, it may be difficult to achieve sufficiently

good performance e.g. in radio frequency applications u5|qge$m@hlﬁ$nd of
MOS devi ces because such thicker gate 52o0xide deteriorates the pertormance

at high frequency. Still a further way to incorporate fabrication of high
vol t age conponents into a | ow voltage CMOS process is described in H
Bal | an et al .voliagk.volStughe neotees ahd aiscuimsren e@mp&kaatd@ﬂiﬁnd

t echnol ogi es’s,, [ Aca 1Q. Publ i sher 1999 uses a
LOCOS oxi de |ﬁ§%§@ﬁ?ﬁe hi nh%3|g§bégégﬁﬁﬁﬁghtt%()?Qé#&%ﬁﬁﬁé%%Sl down
vol t age. Thegwbdnnpéramfmanmmd iet.gr.| engt hratie  dekignedchefl gl tdwa ideposi ting
and etching of .the dy awback of such an approach IS that t he

|
15. channel |§lﬁgts§§ﬁf- Plgﬁ%dMqﬁj SYCe S QsGeMses AUchy | tigirdgr

structures hawxedbeabteknbLFad echd %éﬂﬁ%ep%Qcﬁ.%%hf Eouehet c§ he Channe'
area has been diffused fromthe edge of e.g. the gate structure. Such a

provi si on needs n addi tional anneallng 20 step, which may not al ways be

desirabl e si RE&ILhE tHRFTRAT Badgd | HIGRERP TG eEalREl gat sy yofi wilgad.

Furt her nor e, vantaget idBipodepitag ﬂ{asil gntydyp &;B@tsaémt%sarﬁﬁo sgﬂoa
obt ai ned since the highest channel doping is automatically o tal ned

closest to tHESShiPed Ared- Bllsrs enlalrg2”Highedolbage Tdemsgest aad. and
V®95/26Q45 (Bircuits in standard CMOS technologies”, Kluwer Academic

10 Publishers, 1999, pages 78-91, and uses a LOCOS oxide
inside the high voltage component to increase its
breakdown voltage. The channel area and its length are
defined before the depositing and etching of the
polysilicon. A drawback of such an approach is that the

15- channel is not self—aligned..

Further, lateral self-aligned DMOS structures have been
integrated in the CMOS process flow but the channel area
has been diffused from the edge of e.g. the gate
structure. Such a provision needs an additional annealing
20 step, which may not always be desirable since the thermal
budget in many processes is 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.
S6derbdrg 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



Soderbarg et al.) disclose nethods for form ng channel areas by nmeans of
an inclined inplantation. However, the resulting structures are not
capable of allowing high voltages to be applied between the drain and the
gate and 30 such limtation is not acceptable in many applicati ongg 2005
Further, the designs are very dependent on how the 2 6 APR 2005 3

transi stor structures are oriented on the substrate, which further
conplicates the fabrication processes. SUWARY OF THE INVENTION It is
consequently an object of the present invention to 5 provide, in a CMOXS
process, a mebhd¥SIBFOF orSHMVFtansisghavel t ageeMa8i t ramsitdteor subgetrher, with a

ow voltage NvEeh tf@isied Qlonffid A egiekgl bage, EMB. 1§ ransl slor
respectively, while overcomng at | east son%gléfc? e gt obT eIt “dssoci at ed
with the prior art. 10 It is a further object of the present invention to-

provi de such FROARY QF QHE INVEYFBPN of fabricating a high voltage MOS

transi stor which possesses very good perfornmance as regards e.g.
a,further object of

breakt hrough ol 1 206, 884, ' e 1511, is still
the invention to provide %uclﬁ ?rablé h%@%ﬁ c fiéh%a SBP e b LPREPTERR i T
i ntegrat ed ciRxWide,f oin dd gFM@P amdcenma) 0og medihodf rfequefwynid)a high
applications.,t-d er object of the invention to provide 20
such met hod v%#lc%dgl%s%ggss;t%%ﬁ%gsr ol n#% i cﬂlbﬁjo@‘i Yot afgynvMos
fabrication yimirdgg.stlor i sana t hias raspect valpagei cubBOsOb] egin®istdie,

. . - h h m ni mum of
I nvention to prowvid ?v%ﬁ%? e Ppd toé%ré%%%%éi I Tals? some of the

problems associated with the prior art.

10 It is a further object of the present invention to
provide such method which is capable of fabricating a
high voltage MOS transistor which possesses very good
performance as regards e.g. breakthrough voltages and

noise levels.

15 It is still a further object of the invention to provide
such method which is capable of fabricating integrated
circuits for digital and analog radio frequency (RF)

applications.

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

for high fabrication yields.

It is in 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



.,additional process steps to a conventional l'ow voltage 25 CMOS process.
These objects anong others are., according to one aspect of the invention,
fulfilled by a nethod wherein a sem conductor substrate is provided:

n-well regions for the high voltage NMOS transistor and the Ioﬁ?&@ﬂﬁa e
PMOS 30 transistor are formed in the subgtrate by neans of ion 2 6 APR 2005
4 inplantation; a p-well region for the Tow voltage NMOS transistor is
formed in the substrate by nmeans of ion inplantation; and isolation areas

are fornmed ondRn®htidRd/ o prwdDe suBsbhatRt orhat ebal lbizeper atod he 5
transistor from each other and to define a vol tage distributi ng region in
a

t he hi gh vol tteg@siwbert righsferded iThethgolubsbhabeedy dre2R§ pP IJICV1 LOCOS
or shal low 1 11aRnch800a! | U Sldradiiid Nekegal & Lot alid n! RS "
a an

vol t age NMOS nsi st or om1vo t age PMOS 10 tra S|stors
respectivel y,ana/@rpr aducetmeby fuwrstinag ea trcespbi:tténﬁelltml e texi déreon t he

substrate; depositin conduct i.ng em cond cti er, ther 0 and
patt er ni né 3’1 (Tniséﬁég toff8?‘m??1%hre%6‘ecﬁl Ve gaté Eegl o%s The’ Sta g regi on

for the higheitragetMESrégibhansl sher nﬁgmarcﬂﬁacgeraummrﬁamam the-
isolation area defining the voltage dlstrlbutln re bse uently
thereto, a p-'d6pddodRiARBI 2F8aF oATFoFYPREA1HY ghP Dor is

formed in thessubstoat e see)f - akhgprert ogdbe eﬁ@@&tsth@ﬂ gihé/olﬁlaggae NMOS
20 transistor gate region. According to theofpresent i nvention thi s§ doped
channel regi 6®litagrorMed Eyapéhs‘:?ﬁpﬁ%t“alﬁ? ¥ hYotieP S MESk, anthd™S he i on

'”plantaﬁbontran51stors, respectively, are produced by forming a
respective thin gate oxide on the substrate; depositing a
conducting or semiconducting layer thereon; and
patterning said layer to form the respective gate
regions. The gate region for the high voltage NMOS

15 transistor is here formed partly above the isolation area

defining the voltage-distributing region.

Subsequentiy thereto, a p-doped channel region for the.
high voltage NMOS transistor is formed in the substrate
self-aligned to the edge of the high voltage NMOS
20 transistor gate region. According to the present
invention this p-doped channel region is formed by ion
implantation through a mask, where the ion implantation
is effectuated in a direction, which is inclined at an
angle to the normal of the substratg surface, to thereby
25 créate the channel region partly underneath the gate

region of the high voltage NMOS transistor.

Finally, drain and source regions for the low voltagé
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.



. . . . . . . . the nor mal
effectuated in a direction, which is inclined at an angle to
IofS the substrate surface, to thereby 25 create the channel r;agl oanﬁ;Hg
underneath the gate region of the high voltage NM3S trangis i ,
drain and sour cg regions for the |l ow voltage PMOS transi itﬁoﬁﬁirz@%f or med by
means of creating ion inplanted p+-regions; and drain and source regions
for the 30_high voltage and | ow volXage NMOS transistors are forned by
nmeans of CcAEEPTHEY on Pnplaantfetrtrher egagpsct whefei ghehe i BG4 egi on for

[ eated withjn the p-doped channel
ﬁggi glnghzv%fAPR Mg@%é cor ?r ;J THt¥er 2aspagh oYOlﬁégenv@ﬁQSOPha
sithod ftogetirer 1ahh|agh1¢m| AR08 R bsans) St o o 1_ge er
&f[aezpfgdhr@p e ng and a | ow voltage PMOS tTanst s on a

transi st or
chipis pr ovi ang.'po% T NP brRNekpres P ehEpi nse}nromndgdow des in
an CMOS or Bi CMOS process a nethod for formng a high voltage NNDSI
transi ot orAcapgetiey véoténa eepr¥obisde MYESinlERaRSbLS ][r_o‘%%% <& lQw vol tage

i ng a
trans respectively, conprising the steps prO\ﬁ
spgﬂr:n)sco:lguc @é)sﬁfst ¢ (MO8 ) procegeni ag meWadd rEgr onSox®)ng ora t heidH gh

vol tage NN edddnaiies Obrandibhey! QUALRHA0S INDS, L1 anel rag'gf‘@%&fsm Cor

by nmeans of ion i antati
tsﬁgs][(r)\z/ivt Scﬂ%ﬁiﬁ#% 1®dran8| st dowi n vitagbst r@msby PARSs iQft dron
i npl ant at i,Quy glsc ation g:reas on top of and/or in the
substrate toq at erﬁ Plhtheing, cﬁ% fromeach other and to
define a vol tage- dlstrlbutlng region in the
10 - providing a semiconductor substrate (1) ;

- forming n-well regions (9) for the high voltage NMOS
transistor and the low voltage PMOS transistor in the

substrate by means of ion implantation;

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

15 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

high voltage NMOS transistor;

20 - 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
conducting or semiconducting material thereon; and

25 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;



‘high voltage NMOS transistor; 20 - producing gate regions (25, 27, 29) for
the high voltage NMOS transistor and the | ow voltage NNCS and PMOS

transi stors, respectively, by formng a respective thin gﬁ gg;d§B521) on
the substrate; depositing a |ayer of a conducting or semc ﬁ £

material thereon; and 25 patterning said |ayer to formthe respective gate
regi ons, whereby the gate region fog the high voltage NMOS transistor is

formed partlfomhive tzheplgepati tha’ﬂ:@@l glrynng (she vPM.ag:?.A [ ﬁ?éhbuti ng
region; 2 6_APR 2005 6 - formng doped channel region (31) the .
hi gh voIYaﬁEaﬁﬁcﬁMpﬁaﬁﬁéﬂﬁﬂsqqrth@ 505 Edes rodle s&lgﬂehlgnedthe edge of

he hi gh t t o] farmn Qurce , ) and
rain (41 T e Bae Tor Enaiph, oL Id5E, MO B Cr o BaE Sy R of
creating ion inplanted p+- regions, and - form ng source (49 45) and drain

(51, 47) reébcméHQOBownmelwlﬁi\Emdageaﬁnd(hmw/ve@t@@@ NME th@nsb&t ors by
neansgﬁ n+ regions, wherein the 10 source region

for tHe h|gﬁgl%??a&&ﬁ%w1§¥?%ﬁ%§%?5r ¥ detRd &Etmq¥%Qﬂ¥%9dob@H channel

region, chapbehesdzet ddyidiad; -adde step of formng a p-doped channe
region for the high voltage 'NMOS transistor in the substrate self 15
aligned to the edge of the high vaoltage NMOS transistor gate region is
perforned"b%OF%nngnﬁP&ﬁthﬁ§ﬁ (¥ tamdudraia B3k (@33) remiens ofor

| npl ant atid baigly ebhealdat gdai Mm@y didiRGdONnMidl ChrLagh BELined at an
angle (a) to théﬂgnorna b%f t he substrate étrface to %ﬁeregy Eredfe said
means of creating ion implanted n* regions, wherein the
10 source region for the high voltage NMOS transistor is

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

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

of the high voltage NMOS transistor.

A further alternative expression of the invention is in
an CMOS or BiCMOS process a method for forming a high
voltage PMOS transistor together with a low voltage NMOS
25 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;



.20 p-doped channel region partly underneath the gate region of the high
voltage NMOS transistor. A further alternative expression ofz%pgpég ntion
isin an CMOS or Bi CMOS process a nethod for form ng a high” "vol éﬁ PMOS
transi stor together with a | ow voltage NMOS 25 transistor and a | ow vol t age

PMOS transistor, . respectliyel coﬁg?i i ng e ste of : .- providing a

seni conduct o °§ﬂb§9ra éye-¥f0¥ﬁ9ﬁan n §9ﬁelFg?ggﬁbgﬁfoyoaﬁggﬁowk&8gtage
PMOS tranghfbostbh tdid subst rabe Rwimans fMokoniapsasteti o 2né APR
2005 6a - formng p-well regions for the high voltage PMOS transistor and

the | ow vérbagsa t NepBRsPér ipn dAPlaggesipaie by neans of ion
inplantation; - formng isolation areas on top of and/or in the 5

SUbStrate—tOfB§%§§§|'¥s§@9€&8&e EEQaEFaBEiSEBES Bﬁog?ﬁa9erotﬁﬁr apd to

define a voltage-distributing region in the i gh voltage PMOS transistor;

- produci agbghreteegiodstiegalillye sepgirats ttaye PMISistansi §rom eadht he | ow
vol tage N and_R transistors Q respecti.vely, by formng a_respective
Uhi n gat eo6RFHe BN The ket 8t Yo LiAg5S TRy FOchns O Kt oRBUE NG or
senm conduBigngvekRt egeabmbBeceansiafdrpatterning said layer to formthe
respective gate regions, whereby the gate region for the high voltage PMOS
transistor is 15 forned partly above the isolation area defining the

vol tage di stPFBEVFHETIr egPbR; FePdPREngin nLHSpeﬁlﬁhanHQﬂtPS&iO%Mp§r t he

hi gh vol t age, sPMB. -t BARSKEON du JdIE P SGS 238! budk! g28dsligrbhg, edge  of
t he high voltage PMOS transi stor gate Tegion;

10 respectively, by forming a respective thin gate oxide on
the substrate; depositing a layer of a conducting or a
semiconducting material thereon; and patterning said
layer to form the respective gate regions, whereby the
gate region for the high wvoltage PMOS transistor is

15 formed partly above the 1isolation area defining the

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;

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

doped channel region,; and

25 - forming drain and source regions for the low wvoltage
NMOS transistor by means of creating ion implanted n*-well

regions,



20 - forming drain and source regions for the high and |l ow voltage PMOS
transi stors by neans of creating ion inplanted p+-regions, wherein the
source region for the high voltage PMOS transistor is created within the
n- doped channel region,; and 25 - form ng drain and sourcenéggi ons for the
| ow vol tage NMOS transistor by means of creating ion inplant@dfR+2008! |
regions, 2 6 APR 2005 6b characterized in that - the step of formng an
n- doped channel region for the highéboltage PMOS transistor in the
substrate el 4 Sad kahed; Lo tfe Pﬂget}? et he hi gh voltage PMOS transi stor
gate region is perforned by ion 1nplantation through a nask, said ion

i npl antation being effectuated in a direction, which is inclined at an
angl e to thether giepofof t fermimst rat &1 -slotedC echdrthd here§yonr eake 3ad d

n-doped 1G, n o] tl,y underneath the gate region of the high

vol t age PNC]g}?r gﬁdslltrs%gér rb%rt%nsa]ﬁté?%aﬁnve tdigyr evhsiragte t lmelivent i on

is ina MESgratess aheetddgk fof taeNHIGHR $bobayo! bags %sf Alsi stor
i g the steps of:

t oget her vviatth a_l ow voltage NMOS transistor 15 conprisin
provi di ng F senf €8htict'dt BEbEPFALE (o) ; iewr dimpd antediion eghpoagh9)a f or t he

hi gh vol t agesyMOSBaid ansdst 0f mpDah P8t YRSt LAt §,bY ns.of i.on,
inplantation, - formng a _\A%? reg|§on (%%%’ﬁ?ore SCFERESS t dde RMOS 20
transi st orldiLedHEs U Ich ol $yinehimedfat oani apgaet 8bi @Re nork@MdIY
i sol ati on @gfLa t f and/or in the substrate to laterall
separate the trélal%%?étagrgs ?‘rggfna%%(:h €6 ‘thereby “create said n-dope

10 channel region partly underneath the gate region of the

high voltage PMOS transistor.

A further alternative expression of the invention is in a
MOS process a method for forming a high voltage NMOS
trangistor together with a low voltage NMOS transistor

15 comprising the steps of:

- providing a semiconductor substrate (1)

.
1

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

transistor in the substrate by means of ion implantation;

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

20 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

high voltage NMOS transistor;

25 - producing gate regions (25, 27) for the high voltage
NMOS transistor and the low voltage NMOS transistors,

respectively, by forming a respective thin gate oxide



other and to define a voltage-distributing region in the high voltage NMOS
transistor; 25 - producing gate regions (25, 27) for the high voltage NMOS
transi stor and the | ow voltage NMOS transistors, respectively, by formng
a respective thin gate oxide 2 6 APR 2005 6¢c (21) on the SQBSM#ﬁhﬁ'
depositing a layer of a conducting or sem conducting material t ergon; and
patterning said layer to formthe respective gate regi ons, whereby the
gate region for the high voltage NMOS transistor is 5 fornmed partly above
the isolation area defining the volkage distributing region; - formng a

p- doped channel of egh&ns(B3k rhek ;t Beplisdh i nyold alg;eyé\il\@:téa@éhésehbg the
substrate self-aligned to the edge of the~high voltage NMOXS transiStor
gate regi Of Sedigeaductangi mpEtewiek Chereds); amoddraitteBingt7$aiégi ons
for the hy olta d w vol t age. NMOS transistors b means of
creating ihio |£rlrp}:§n?j'§o n+t¥1§gi%ehs ,ev%;] Yei ﬁatttls?e TetreR ré’&egﬁ%yort}?ﬁe hi gh
vol tage NM@E&d r armsjistror ficx thecr Bagdd wblbBhget hEMpsdopegnshanpel 1ggion,

characterized ip that - the step of form ng a p-doped channel region for
the hPgh Teégembfraﬁ%ﬁ’%%ortlﬁ thRO5ibseR ataraz| fdobiningnetheo t he

edge of t%l@%&) \@Jé%m%i@%ﬁ% or gate region is perforned by ion

i npl antation ( t hrough a Tas said ion inplantation being
effectuated in a direction, which is inclined at an angle (a) to the
normal of th&oxmbBaor ad e muddrd, channledr ebggtoeat B35hi 25 phdopeiglchannel

region par\}élyta"é%delﬁl\'/’llggt Qrgxqgi%%%% '§P'He substrate self-aligned to
the edge of the high voltage NMOS transistor gate region;
10 and

- forming source (49, 45) and drain (51, 47) regions for
the high voltage and low voltage NMOS transistors by
means of creating ion implanted n* regions, wherein the
source region for the high voltage NMOS transistor is

15 created within the p-doped channel region,

characterized in that

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

of the high voltage NMOS transistor.



~of the high voltage NMOS transistor. 2 6 APR 2005 6d An advantage of the
present invention is that inproved high voltage and | ow voltage conponents
can be integrated into a single MOS process through the sole adding of a 5
mask step and an ion inplantation step. Further, the channel length is very
wel | defined by formng the channel region by neans of ion ?gpl\ﬁﬁ;é&t' on
only. By performng the inclined inplantation in a plurality”of 5
different directions, e.g. four, the orientation of the high voltage NMOS
transi stor on the chip is not crucial. Further advantages and
characteristics of the present i nventidon wi Il be disclosed in the

fol | ow ng xdet Akl SQE piion Sahodi Jeot s o4 5 1 BRI B DESERBILEN OF
DRAW NGS ﬁ%e %?\é%g%?&?n\%gnﬁ%ﬁ \ﬂgllcel becone m)rleo%ulll y un%ersﬁ}jgod fromthe
det ai | ed degir ivatlitaigeofareirbooti meot sagé cbwpopersencannpentinbeggiared

her ei nbel qw_and the_acco ying 20 Figs. 1-13 which.are gjiven by way of
i | ustrat i*Oforft y?lngﬁa 5%852 E’F‘gcﬁﬁ? It?‘rﬁotugh V&%t SPhe iarfg%lrﬂq o‘ﬁ¥ Fig. 1-12
are enkar gRekxs ghemibEng GroSors deigleitatiiestep. a portion of a

sem conductor structure at various steps 2 6 APR 2005 7 of processing
according to a first_ enbodi nent of the present invention. Fig. 13 is an

enl arged SERERSE C H@ssggéﬁﬁﬁénaiei}?%ﬂ/ of® &§¥of t it lof defddRtoMduct or
structure ;b @A rRArthEULREnnel region by means of ion implantation

only.

By performing the inclined implantation in a plurality of
10 different directions, e.g. four, the orientation of the

high voltage NMOS transistor on the chip is not crucial.

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

description of embodiments.
15
BRIEF DESCRIPTION OF DRAWINGS

The present invention will become more fully understood
from the detailed description of embodiments of the
present invention given hereinbelow and the accompanying
20 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



5 step of processing according to a second .enbodi mrent of the present

i nvention DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS In the follow ng
description, for purposes of explanation and not limtation, specific
details are set forth, such 10 as particular processes, t28MRRjg@y, etc. in
order to provide a thorough understanding of the present invention.
However, it will ‘be apparent to one skilfed in the art that the present
invention may be practiced in. other enbodinents that depart fromthese
specific 15 details. In other instances, detail ed descriptions of

wel | - known pfPdceBERseS Tt hodscoaAdntecti guebinse @modégienso af rde to

obscure the gdeseehpt iRPeRfidhe present invention with unnecessary details.
Wth reference to acconpanying Figs. 1-12 a first 20 inventive enbodi ment
of an n-well CMOS process, which includes formation of a high voltage NM3S
( HYNMOS) tr§ﬁ§rsﬂ§rlﬁogﬁlrﬁﬂlﬂM9ﬁ¢EFQHﬁm&PﬂqaﬂyQSSWQQStﬁpvmwcsﬁeWtpﬁgshstor
and a | ow volt R VEMR), 5 i r, e ctiy, , 1.s.describe
schemati cal | b %g%-tl% és%argti ng.ltr?l;o?@?icgf)gofs’talrusctscg% ar%gn-xm@alrt aﬁr ocess
is a highdSresktspi vft ypyedegmE rsubstcatadidy The a osadondusibodDhept 06ESSI NY

steps of an. ire silicon fer is nunerous, but actually, these can be
sumF;ari zed tgg%hgge'ss%rh%nlnr”e\g&fbodhl es depicted herein. The technol ogy 30
considered here is an n-well CMOS process with a single polysilicon |ayer

and two net aPETAYELER DESCRIRWION OFOPREFERRED BMBORDMENSS requires twel ve
masks to inplenent the conplenentary ' : _
In the following description, for purposes of explanation

and not limitation, specific details are set forth, such
10 as particular processes, tedhniques, etc. in order to
provide a thorough understanding of the | present
invention. However, it will be apparent to one skilled in
the art that the present invention may be practiced in
other embodiments that depart from these specific
15 details. In other instances, detailed descriptions of
well-known processes, methods, and techniques are omitted
.80 as not to obscure the description of the present

invention with unnecessary details.

With reference to accompanying Figs. 1-12 a first
20 inventive embodiment of an n-well CMOS 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 m-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



devi'ces and one additional mask to integrate the formation of a high
voltage NMOS transistor into the flow Further options are available to

i npl enent ot her 5 anal og features, however, such options a@ﬁ#“@# @ scussed
further here. The n-well inplant phase starts with the gro 2 oxi de

2 followed by a mask 3 delimting the n- pe | ocation. The oxide is etched
at this location where the 10 photoresi st has been previously renoved.
After the etching of the oxide, a thin buffer oxide 5 is grown to protect

the surface qfeqtuti@esl | tGeDve aRgds s p*tQ?P*lggo‘i% en‘t”plcﬁﬁt Lot 1&%”1-%{ ”yengd as

shown in Fig. Then, a diffusion phase orus 1's per
15, achieve ro@é’t}lcﬁlsng audael drze 9 a@ds’emnah Fmgskz t?éhe 1d1tfefgt1sut@n ithe

typically perdQqroe n st fir oxi di ng at nrosphere such.
as e.g. N2, fffo Fn h 5J¥\Da 5?@& ovnOlp aacthe WO% &Wsdt Sphelke e '

i ncrease t he friowweIEunidrmrh Oﬁﬂl(ﬁﬁﬁ eareheavli fifapgieont phasp1efehbe Jrnegl |, the
initial X|de|sc mpl.etely etched and a_ new thin oxide layer 11 is grown

inadry 588 tuﬁﬁsrn PHEVeh t PR CRFPRS1FTES nt%rijltfé-‘p’(%‘leﬁed and

the active arfaaShéE Héﬁe delimted by a corresponding mask (not.
illustrated). 25 Thus, the nitride is renoved outside these areas and, in

a final step the ph;ﬁorem st is conpletely renoved. The resulting
structure is PPl J§Meated™PiantE ghase At ntsol i tonthet v@é’r‘t’tthheOf an

conpl enent ar pxkaw vol tRGMSE  byansi SiQNs @”ddQﬂM‘EE’I‘n nd.the high
vol tage NMOS 30 transistor uses a field doping nmask and two d| ferent p-
type inpl ant $oCcHhiRn - t Fae phvt 8¢ esfsetrhed st thiehdgcasipsi dberhethask

regi on, thenppot&hasngl shop” bgpﬁanbré§1ously removed. After the
etching of the oxide, a thin buffer oxide 5 is grown to
protect the surface of the silicon, and a phosphorus

implant 7 is performed, as shown in Fig. 1.

Then, a diffusion phase of the phosphorus is performed to
15° achieve resulting n-wells 9 as seen in Fig. 2. The
diffusion is typically performed in two steps; first in a
non oxidizing atmosphere such as e.g. Ng, follbwed by a -
diffusion phase in dry O; étmosphere, 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 is removed outside these areas and, in
a final step, the photoreéist is comgletely 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
30 transistor uses a field doping mask and two diffetent p-
type implants. Thus, the photoresist is first etched

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



.2 6 APR 2005 9 perforned using boron. This step is followed by a second

hi gh- energy boron inplant dose, called a p-well inplant 17. Note that the
nitride 13, where the photoresist has been renoved, is not totally opaque
to the second high 5 energy inplant, as shown in Fig. 4. 126 tAPRS20080i on,
the boron concentration.. typically reaches a peak of 'about 2.5x1016
cm3 at 0.44m depth. Once the isolationd9s achieved, the remaining
photoresist is renoved, but the nitride 13 is kept .during the growh 10
of a 10000 A field-oxide (LOCOS) 19. The growh is typically perforned in
two steps, therformedbesimgilnonon N2This nesebets, fahllovbe bgcaendeicbnd wet

H20 at nosphe T esulting.field:oxide sha is shown in Fi 5. Note
that a fiel fi?%?i%ge?@ ngl%ﬁ%na ERIGE N9 EHe SRR Dr B "Ehb AEBaRYel | s 9,
which is to be.u¥eteashatvalhieagei tdiister i IBIt | Wigerd eghonphBtbheshéghnhysel t age

NMOS transistor. |t shall he appreciated that the isolation nmay equally
vel | be i npl BREht éamageéhaﬂﬁovv[)%pfr ehdt2 5% gPREHe (&P )thq t seenq hhdabbvi ous

to a man skibheegy nikpeadt) 49 Shangeir0 rayy.rent |y, degcsi beds htocegs to
i ncorporate shallow trench isolation areas instead of L I sol ation. - As
a further a!lP‘éF%t CPECERETREBPRL 0P idPdd Yusedaakea avoPealje ofi sabpbuti ng
region withip 4 i gh-sv ttagguﬁmgé%tﬁfan5|spor may be a | ow doped n-
region, while the 25 1 solatron"areas separating the transistors may be a
LOCOS oxide or STI areas. It shall further be appreciated that the order
in which thenee visid igpleiilon drd dadiienveld,i shlatienniat agsphstboeseg: is not
crucial as ljpsngrg‘nslox?‘ec{,e%ﬂt[ I’&lc"e Sﬁ{tulpfélel’ elé Sis kept during the growth
10 of a 10000 A field-oxide (LOCOS) 19. The growth is
typically performed in two steps, the first being in an N,
atmosphere, and the second in a wet H,0 atmosphere. The
resulting field-oxide shape is shown in Fig. 5. Note that
a field oxide is grown also within the left one of the n-
15 wells 9, which is to be used as a voltage distributing

region in the high voltage NMOS transistor.

It shall be appreciated that the isolation may equally

well be'implemented as shallow trench isolation (STI). It

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 low 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-wéll, p-well, and lateral isolation areas is formed
is not crucial as long as a resulting structure 1is
30 obtained having n- and p-wells separated 'by isolation

areas.



.30 obtained having n- and p-.wells separated by isolation areas. 2 6 APR
2005 10 After the field-oxide growh, the initial nitride layer is renpved
and the buffer oxide is etched, see Fig. 5. Note that duri tAlgg émﬁirmal
oxi dation, the n-well depth increases of about 1m and the Eg%k f e
boron 5 concentration of the p-well and "channel stop" inplants is
typically reduced to 1016 CM -3 over 1-2fh depth. After the fiel d-oxide
growt h, the next steps consist of grow ng and depositing the gate oxide
and polysiligcpon gate respectively. A thin gate oxide 21 is growm in a dry
10 02 at rmsp]ﬁ%’eer. W%nfﬂﬁédgaf‘éSSxigéfQWﬁPovw § slfhjcqfﬁae]\/eﬂ}tﬁlgeF OWRERET gy
boron i npl ants 23eihsveer banMaGet dackdist ok ge EBr%%*a%Q,VOAeteagﬁeiogﬂ.f Ehe
devices. It is obvious that this |ow energy inplant is stopped by the )
fiel d-oxi de, Notchrati dgrine the afiherpalingsideteonyat thexndeetbgidepshonl y- 15
as shown in Fi ternatively, the Vt- adjust _is, achieyed by using two
separ at e nasii%%ﬁﬁ%%ﬁg éﬁ{a?%gﬁﬁ sﬁ@%s Epgr % BﬁakPwﬁg, gggpe%?f@%ly).
Such al t & naténeentaRieac b Pr oNe deswbol ankargafardfdeaxi bidpt Yiﬁ%léﬁs

optim zation of the process. 20 This step_is followed by a 2000-4000 A -

pol ysi | i con ¥syePricidgysirervaedntodddi ngm Tiewegatedar degehi ned by t he
correspondi ng mask, which allows the etching of the polysilicon |ayer.
Finally, theshot i I S_ §¥§%e t g 0XJ i s, etched outside

t he pol ysil iq\con ggtg}géii%%%aé. egg?‘?%’t u?getﬁtﬁgtr )e(s’lé%l%\?e LAY Rt rat ed
in Fig. 7. Hmeing5 gedotdepdshieigat etlpol yeitki conider anlde bobfsiVoddrmage NMOS

transistor, &Q@ékﬁggﬁ%%tﬁgglg?tﬁ 98&%355 gogxide 21 ‘is grown in a dry

10 O atmosphere. When the gate oxide growth is achieved, a

low energy boron implant 23 is performed to adjust the
threshold voltage of the devices. It is obvious that this
low energy implant is stopped by the field-oxide,
localizing the V¢ adjust under the gate oxide regions only
15 as shown in Fig. 6. Alternatively, the V. adjust is
achieved by wusing two separate mask and implantation
steps (for NMOS and PMOS, respectively). Such alternative
approach provides for a 'larger flexibility at the

optimization of the process.

20 This step is followed by a 2000-4000 A polysilicon layer
deposition and doping. The gatés 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-fhe gate polysilicon
for the low voltage NMOS transistor, and 29 denotes the

gate polysilicon for the low voltage PMOS transistor.

300 It shall be appreciated that layers of other material

than polysilicon may be employed for the gate structure.



for 'the I ow voltage NMOS transistor, and 29 denotes the gate polysilicon
for the | ow voltage PMOS transistor. 30 It shall be appreciated that |ayers
of other material than polysilicon nay be enployed for the gate structure.

2 6 APR 2005 11 The next step is to forma p-doped channel zrﬁegpp@rm’gl for
the high voltage NMOS transistor in the substrate self- aligned to the edge

of the high voltage NM3S transistor gatg region. According to the present
invention, a mask 5 33 is placed above the structure to protect i.a. the
drain areas for the., respective transistor, this mask step being.followed

by ion inpl artd ik 35 dp b of  A8rthep-adsdy Pén tr%dﬂféh ag BFg, BF3
or alumnium_cor indium _The inplantation 35 is performed in a direction,
which is 10 it iWedh avohkeesgh¥O8 tsapRéshorndh dfhe heulsststtraatsel &ur f ace,

as iltustratedigheld o Bpd N h r .t;he p-_ doped nel _region 31 is
formed partly lj.l’?gleel‘ neat h t%eea %t 8@2@?0#% o‘fo%cthagq%imoﬁ% s '
transi stor \Hatsoutegimm . .uskcadrdingi ffastba ptrepent5 iAveaptionnl adapasprofile

ought to ke nogen r, even better having the highest doping

concent ra?i on@%cl ggeg)tlisatc%d t RO ai% “ar térli"cht"_grr%eFot BHiYit Lgod e

per for mance damdnl awenst lernehserbepettiFOUSrams £ ©s8b th 1D kessh0 1S 2 of
npl.anted at an 20 energy of 10-300 keV.

boron (or other, p-ty dopant) ,is i, )

The angle a \ﬁeﬁﬁg\/\ﬁiogﬁof"ﬁa giy)r’rﬂloé?ntl&‘ﬁléﬁtéitl?-@& Pén %ifs PnoBr e @f rdthervor nal

i ncidence npytkpBYRIcpadH Idudio 5. BFY, tBB, Case 19lmbh9hn ENBLIY; 4TRL ANt ation
is performed__there ma%/ be a risk that the dopants are penetrating 25
through the Ji€elPBLeRFptEem Payk? pErfogwneddurer sligtection, which is

10 inclined at an angle o to the normal of the substrate
surface, as illustrated in Fig. 8. In such manner the p-
doped channel region 31 is formed partly underneath the
gate region 25 of the high voltage NMOS transisﬁor

without the use of a diffusion.step.

15 An optimal dope profile ought to be homogenous or even
better havipg the highest doping concentration“closest to
the drain area in order to exhibit good AC performance
and lower the noise level. Thus, preferably 10%?-10%% cp2 |
of boron (or other p-type dopant) is implanted at an

20 energy of 10-300 keV. The angle o with which the
implantation direction is altered from normal incidence

may range from 15° to 75°.

In the case ef 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 illustrated). Subsequent thereto the two masks would

be removed simultaneously.



.risk the polysilicon mask may be left on top of the polysilicon and the
i npl antation nmask would then be iarranged on top of the polysilicon mask,

whereafter the inplantation would be perforned through the masks 30
(not illustrated). Subsequent thereto the two masks woul d bégﬁﬁﬁbaﬂﬂ
simul taneously. 2 6 APR 2005 12 Alternatjyely, or additionally, the gate
polysilicon |ayér may be fornmed thicker than conventionally such that
dopant penetration through the polysilicon can be prevented or at | east

reduced. In suckrinagtiasle, t hergaheddbt pohysiy] Copnd hi gkness,youd d hey,
dependent on.the ion |nplantation energy.:.,. Athird alternative (not |
i |1 ustrated) \YGFdMBY P§ formed thifker afean gaerventinnakly isvahudibag i . a. a

olysilicon dopyak anndthra¥8bnof RGN i alpdavj bi phsogtch a0 4
gelgctivity mﬁ?h res%ﬁ%t to poPysiIicoEﬁ%hereon.b$%¥ gat%o structure can
t hen be defi REGVPAtadsPHi Rar lrayptageddesdr i Bed salbby e nswheceatther gahte gat e

mask is reno _ s f el Lmplantation is then placed
above - thg s??ggfgggcgﬁg %ﬁgﬂﬁﬁ%ﬁinggﬁggn Pg e??%%?%%?%df”*h $TB miPti | ayer
gate structuiwphphtabiémoenemdw. . hi nder any ions to penetrate the gate -

structure during inP!antation. SSubssﬂuenflyérthf iﬂglantgﬁggp Hgirngndthe
P oL LR ERIOH LOUBLBel e SIANE IS LBYETdl eI L2l a0 the
espect 1o bot b potyal It con and undoped oxi e By Torm g the pranped
Tesbect o Bablpolp! L cop g uponed %), BYfgrm g, e B
10 selectivity with respect to polysilicon thereon. The gate
structﬁre can then be defined in a similar way as
described above, whereafter the gate mask is removed. The
mask for the channel implantation is then placed above
the structure and the implantation is effectuated. The
I5 multilayer gate structure will effectively hiﬁder any
. ions to penetrate the gate structure during implantation.
Subsequentl&, the implantation 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 érientation of the high voltage
component on the substrate is not needed to be known.

Preferably, implantation is performed in four different



_inplantation 33 an accurate and precise definition of the 25 channel region
may be perfornmed whereby the breakdown voltage and the noise properties of
the high voltage NMOS transistor may be controlled. By provdi ARR 2005
inplantation in plurality of directions, each of which being inclined to
the normal of the 30 substrate surface,l he orientation of the high voltage
conponent on the substrate is not needed to be known. Preferably,
inplantation is perfornmed in four different 2 6 APR 2005 13 directions

symetri cal IcylI@c%tlwnlautsggqfn@rtweélwedmeﬁfr%ueé éb@uﬁalb«éﬁé%@mmbf@f:e- By

such provision it is po le to fabricate a plurality of th ove
descri bed hitdte wobtsagethVeBrtaaasi stor 5 differently oriented on a single
chip. This |l essens the demands on the integrated circuit design

consi der abl Qgéﬁ [ 0 urce . i n regi s,i' to 'bé
perfornmed. The tol k?%lsgggaék 9F|E§%$§?§§ F% E?gg%ggaég%dgggeﬂﬁf: t hus
associ at ed wift hthee athantaesmmuhﬁdtthagthvsdmage aNMO8Ir at 1artH fftesd ons.

OXI e 36.or .nitride is.fo def i ni n of

Fi t, )
The i ot dnt SREeT35ESY PRASBESH PUR ORInSHF o R | B ndsa TS e doped

source 39 arndhaisnoAlther egtomnsafad ctzhe:dlayvdé@llbageoﬁymetalanﬁl stor are
obt ai ned. 15 The photoresist is then renoved and the nask 43. of the n+

di ffusion inpplant is efin d. Phosphorus (or As or Sb . then inplanted
to form n+ g%ﬁ% §hﬁrg8rﬂg ahb 8$a %64%°u§% 4?ﬁl tﬁ?Qﬁﬂﬁsv&Ft§§e NMVOS
transi stor aedpseibeRedd TABALEL BOHWLA] w@p@,nslfprsﬁﬂ%ﬁtela gh walylsage NMOS
20 tranSIStord 10, are thus associated with the implantation of the '

10 source and drain diffusions.

First, a. spacer oxide 36 or nitride is formed. After the
definition of the implant mask 37 of the p' diffusion
boron is implanted. Thus, p' doped source 39 and drain 41
. regions for the low wvoltage PMOS transistor are obtained.
15 The photoresist is then removed and the mask 43. of the n*
diffusion iﬁplant 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 photofesist

is completely removed and a first Si0O; is deposited and

densified. The mask of the sourcé, drain and substrate

contacts is then defined, and the etching of the oxide is

25 performed. The result of this step is shown in Fig. 11
" wherein the etched Si0; is 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



After the drain and source inplant steps, the photoresist is conpletely
renoved and a first Si02 is deposited and densified. The mask of the

source, drain and substrate contacts is then defined, and t,\;f hi n
the oxide is 25 perfornmed. The result of this step is sho ﬁrﬁp 600
wherein the etched Si02 is denoted by 53_’1.4 Bef ore the deposition of the
first Si02, the source/drain and gate regions may be silicidized by means
of e.g. a Sal icid process (Self Aigned Silicide process) where a 30

silicide, i.ereastetlral -&ild con compound, (Kot I s far
bare sili con and pol ysi | |lcon 2 l6 APR 2005 €4S%%£a§ﬂé§£§ SeRRE; rTgdcan be
sel f al i gned By l¥gsns fsfirmedar | $pacdny nmedfspacdrde of onXi detmtdé; tricge, the

sour ce/ drai ngand S es are pni mzed. An alum nium | ayer
deposi tion foll oﬁg?? 1@ %)%5 2§BQC raeSl aé.’ﬁﬁst RESi REBIEOARECti on nmask is
defined for the etchl_ng of the rretall | ayer, and the resulting structure is

illustrated An I%ilglmillzumhdraejerr t dep et Cthiech ned Rl oway €hel $1oqer¢?>@ec1n y 55.
When thissis gghl t he resist is repoved for the foll ow ng steps,

whi ch i nvol vas the 10m5’éar8§ e8 18P Fagkcdita detied afe¥ thet etlchelegr at ed)

A second Si 62 Hshdematted aby€r, thend i ksl NMeEah1tayer st98RASIAI O
fol | owed by a; {n cal planarization process. The via mask IS then defi ned
and the Si 02t e ad” FHesel? otheroir. theeehabedraestat layeenbsed and

a second 15 abuat&d Upy| 8 el whsn deRosi tedacEESVS&Chtﬂg gkoggge%&?”d met al
| ayer is performed using the correspondin a pasgl vation

| ayer deposi TTBAVET t fé’ﬂr'al [thie éeéiemegedstm t b et alllntvpatresn tisy be
10 deposition of a second metal layer (not illustrated). A

second Si0O; 1is deposited after the first metal layer
deposition followed by a chemical planarization process.
The via mask is then defined and the Si0; is etched at
these locations. The photoresist.is removed and a second
tS~ aluminium layer is deposited. The etching of the secbnd
metal layer. is performed using the corresponding mask,

followed by”a 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 seeond embodiment of the invention, as
25 being illustrated in Fig. 13, a symmetric high voltage
NMOS transistor may be fabricated'in_e 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 STI) towards



.performed in a plurality of other manners w thout 20 departing fromthe
present invention. Particularly,, a multilayer netallization process nmay
i nclude a repeated nunber of oxide |ayer depositions; pl an?$2@ Bs
contact etches; netal depositions; netal etches; etc. Accor

enbodi nent of the invention, as 25 belng il lustrated in Fig. 13 a
symmetric high voltage NMOS transi stor be fabricated in.. a
conventional CMOS process flow by the, addlng of thﬁ above described
maski n and I t e Her e owe i on
|nplan?at|on %@ghgggg% gggherfo?ngﬁh$P%%%aBﬁ?ﬁ?aFF9§°n36' fl%ﬁg%%%lb%s, as
i ndi cated in thee F¢eg}ur€B: When tlne gatm'cpﬁhy@l | i gonv@by exgesdls vp1Oyes the
field oxide edge r.med b ans, of e.g, LOCOS or STI) towards 2 6 APR
2005 15 the d&ﬁ%ﬁf éﬁ?ﬁﬁ §T ang Fﬁ@layﬁﬁanEU?%ﬁ FRe| deated®} end heheent er
of the structgdts @5 vaky geod. VOiﬁagﬁnﬂﬁIQ{rththn gayhpghacpgfw

bet ween the drain 51 and the gate 25 as well. In such a nanner gh

vol tage 5 corff¥tRanentay me Pat agtageated dme t'mfebcES@Cﬂ%)Wf\MDVhwacthmam mum
nunber of addjit S 0%t t e inEn
possibiliti egﬁltdcigdo}gf{‘ i ﬁ%@/ﬁyogh%@gﬁjﬁr}el ?%%%gﬁg ke g%ou%}oab?*él %CI ng a too
| ar ge rel ati\&@Meeribpre | pbthenéhanmolssibadihies0 tAl sdefnne hivergy ratetnt c

geonetry, th lat i e.high vol1t eNl\/DStr nS|stor
nmay be a Iowec%%%eg nfé}?gg{gh%gna’?%% eadogfz%gnﬁ g %TI 3 8§i ot
carriers in sugivraihowhdopkanmel regngrhwi || be depleted when a hi gh
voltage is applied between the drain 51 and 15 the source 49. As a

consequenge %hs%hhﬁldggigt%ggmngrhlggeometry, the isolation area 19
within the high voltage NMOS transistor may be a low

second

doped n"region instead of a LOCOS or STI region. Charge
carrieré in such a low doped n~ region will be depleted
when a high voltage is applied between the drain 51 and
15 the source 49. As a consequence of this depletion no high
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 SOI structure

(SOI, 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 is wused in 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 tranéistor is
defined within the n—wéll. In such manner short circuit

to the substrate is avoided.



voltage will be obtained over the!gate oxide 21. Such techni que is denoted
RESURF. The inplantation dose for .this depletion region is about 1-2x1012
CM -2 and the p channel region dose has of course to be hi e rAPRTjpgs 20
RESURF techni que woul d al so be usable in a SO structure (SO,
silicon-on-insulator). It shall be readily appreciated that the i deas of
the present invention nmay equally well be applied for the fabrication of
a high voltage PMOS transistor in the vély 25 sanme process flow. Such
transistor will typically have its drain short- circuit to the substrate

(as a p type subg ite is used in the process):' To avoid such a
restriction two Z08 |oﬁ8Ftb?6ce§§ stRPEe ¢ bHeedmsitiaty Hrep J&W@n@:ne'a on

i mpl ant at i onpsbepysMaY ohe fgyif-ereed, n el atiyely deep
n-wel |, whereafter a ghallg&gr - éy>§%;t%%§£% %g%%l %98£¥ C&&ﬁnsistor
is defined RFPRPAStHLOW- wel | . In such manner short circuit to the '

substrate is avoided. 2 6 APR 2005 16 It shall further be appreC|ated that

t he |nvent|vgt gg@gegg pi d, Ry cor por at din an
process flow. b%hgggﬁgugﬁ% f lgvﬁ%e 77 oh® § b¥a5b? ﬂniﬁ a

pIural|ty50fp%ﬂy@llﬁmCmivmaysu|&unhEﬂazuuﬂldm@ heera@ardedbea&egaéaeartUre

fromthe sco f n ion:- such fications as would be
obvi ous to oﬁg ngFP§r£ ¥ &M a aF%OPﬁtggDEb anEHFhEPud%HlmFPﬁhn t he

scope of themoap@mmxﬂbndeagmwoelﬁ BERoBQQ5u&7to one skilled in the

art are intended to be included within the scope of the

appended claims.



_CLAIMB 1. In an CMOS or Bi CMOS process a nethod for forming a high voltage
NMOS. transistor together wwth a | ow voltage NMOS transistor and a | ow

vol tage PMOS transistor, 5 respectively, conprising the steps of :

provi ding a sem conductor substrate (1); - form ng n-wel ?069) for
the high voltage NMOS transistor and the | ow voltage P rans Q in

the substrate by neans of ion |nplantat16n 10 - formng a p-well region
(17) for the low voltage NMOS transistor in the substrate by neans of ion
inplantation; - formng isolation areas (19) on top of and/or in the

substrate to laterally. separate the t& ﬁgﬁgtors fromeach other and to
define a vol tage-distributing region in 15 hi gh vol tage NMOS
transi stor; - producing gate regions (25, 27, 29) for the high voltage

NMOS tranS| sthbr émdanh@m@wqmlm:e@@sm\mm Py OhethbanFHost Frming a '
respectively,, f pective thin ate OX|de (21 on the
substrat e; depo%} t.‘l%nlgn13 é’% g\’;)%o%sotfraél% @5ndi?&g oifd’bc‘t"i’h"gﬂgﬁat erial
t her eon; and NME# t efrinad saird bayer at 016Qr wbmew%ssr)mésvetﬂé’ﬁ&st;cﬁg' ons,
wher eby t q{ate region for the high voltage transistor i's formed

partly abdve 1P I"étlﬁ’onca%“@’élsﬂ%%?ﬁ%gs’ct% Wit age distributing region;
25 - formng a p-doped channel region (31) for the high voltage NMOS

transistor in tiovideayr at gesebéndbded dit e qdge of the high voltage
NMOS transi stor gate region; 2 6 APR 2005 18 - formng source (39) and

drain (41) reglipns for the {ow vol tage PMOS transi stor by means of
creating ion ming regions "~ (9) for the high voltage NMOS
transistor and the low voltage PMOS transistor in the

substrate by means of ion implantation;

10 - 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

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 thefeon; 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;



inmplanted p+-regions; and - forming source (49, 45) and drain (51, 47)
regions for 5 the high voltage and | ow voltage NMOS transi stors by neans
of creating ion inplanted n+ regions, wherein the source region for the

hi gh voltage NMOS transistor is created within the p-dopeolzg;tmnn% regi on,
characterized in that 10 - the step of form ng a p-doped channel region for
the high voltage NMOS. transistor in thfssubstrate self- aligned to the
edge of the high voltage NMOS transistor™ gate region'is perfornmed by ion

i nplantation (35) through a nmask (33), said ion inplantation being

effectuated in aolni g resiion, (3 chy, syt I a ake. ( tp the
normal of the substlr]g(%e surfacga, )![O tgﬁlere%l;;/lll cpgg)t e£% |%@p%(g%p€})’de cg%"r’mel
regi on part!| yvehtRIheab¥O$ hetganeisegr onbyof meheshi gif vot testel NVOSi on
transistor. 2;. ¢ ad : jned.in claim1 wherein said p-doped 20
channel regi olnmé”c}’?lgt%%i 5%8%/‘%4’%@9%“%/05 transistor is created by ion '
i npl antation of boron, or other p-type dopant such as.indium al um nium
BF2 or BF3. 37 fitwemimgt hexhmse cl4f,meth)i nard adimih of52, WEy efegs@idl for doped

channel regiaon for.the high voltage NMOS transistor 25 is created by ion
i mpl ant at ;%onq%fe ahaége ‘f%l%cga}%eg PPBm 112 VO get VMRS tERNS L SEOr TheYret hod

as clained i mesms off ctabasidg 3ivherigiplansabd - depadnehannlri80i@ f or
fransi stor. is created by ion inplantation at an

t he high voltage NMOS )
energy 2 6 Aﬁﬁq%(% 9 weeh 19 % eV gRd VRIGE e WM t¥areipEeteriabl y

between 10 keészard 30@hkfVihe p-doped channel region,
characterized in that

10 - 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
a mask (33), said ion implantation being effectuated in a

15 direction,'.which is inclined at an angle (a) 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.

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 boreon, or other p-type

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

3. The method as claimed in claim 1 or 2 wherein said p-
doped channel region for the high voltage NMOS transistor
25 1is created by ion implantation at q'dose ranging from 10%2

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



5. The method as clainmed in any of clainms 1-4 wherein the angle w th which
the inplantation direction is inclined 5 fromnornmal incidence is within
the range of 15-75. 6. The nmethod as clained in any of clains 1-5 wherein
sai d p-doped channel region for the 'high voltage NMOS trqrgshpp;%%l S
created by ion inplantation at a dose and at an energy such that a
controll ed performance of the 10 high Vi tage NMOS transistor is obtained.
7. The nethod as clainmed in any of clainms 1-6 wherein said p-doped channel
region for the high volta e NMOS _transi stor |s created by ion inplantation

through a masie g & &F er?é“fcbyl%%hkei\f:rata%fj dBpERt PESFREAN Hatheiieen 15

achi eved undermmeatvh ahide 3ogakeyregi on of the high voltage NMOS transistor
which is at |east as high as the dopant concentration outside the edge of

t he high volt gé, tranS|stor gate region. 8. The method as clained in
claim7 wher %%ﬁ deshgdpad c28iRRdnkBI 2R¥EgPHNCEBEMS hehivgie KAt dde NMOS

transistor lSar@;u%atveictrﬁumlérhakhéallﬁp@gﬂeg‘éhoﬁeal %@céi‘ént he gir%'@?é g dopant

concentration underneath the gate:region of i gh voltag
transi stof. $rorhacxBahodnasdencs ney w:rtranyt@re ckaogrsof- 85whetein 25 said
conducting or seniconducting material, of which the layer formng the gate

region is mds. ik pRLYsbI Gan cllaqmeqq e AELhgd 25 ¢l algediig gk af clal m

1-9 wherein the layer, which forns the gate region,
prevent the Géﬁéntp'ﬁ%ﬁﬂ%t ebate } ngeglhienstigr othéormighy 861thge pN@hoaed

channel regi oB.hQt,L0p BLOb,YalLA0G, NS, 2,5, APR . 2005, 20, 113081 St From

penetrating throug gate regi o
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
said 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 dbpant_
concentratioﬁ outside the edge of the high voltage NMOS

transistor gate region.

8. The method as claiméd 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 underneath 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



_layer. 11. The nethod as clainmed in any of clains 1-9 wherein the |ayer,
which forns the gate region, is patterned using a gate region nask; the
mask used for ion inplantation to formthe p-doped channel region is
arranged on top of the gate region mask; and the ion i ng GaPRL) to form
t he p-doped channel region is perfornmed through both of said masks. 10 12.
The nethod as claimed in any of clainms 3pll wherein said p-doped channel
region for the high voltage NMOS transistor is created by ion inplantation
in plurality of directions, each of which being inclined at said angle to

the normal okrhheisubst retsn SPdmaeatidgl3cnibagAet Hoth agy Al %@1'09. claim
12 wherein said plurality of inplantation directions are four; and

wher ei n sai d18¥f8ctions are symmetrically distributed around the normal of
the substrate surface. 14. The nethod as clainmed in claim 12 or 13 wherein

the 20 highiyol trage MNVER A rANSESE Dhed SiAY MR A€ M 4 nd e§p§%ht99e% | east
one plane parallel to the normal of the- subStrate surface. 15. The nethod

as cl ai med i Ah@nyt ekl avhsch- P5ifer 6hA  gatial irsghiani onlar pastersefior med
as LOCOS oxidging5 16. ;@gor ggg L 8Sn& % 1 megyin ﬁgg i Of ggg|n§?%Tl4 wherein

said isolation afeas are as shallow trench I sol'ation | }°4r eas.
17. The met hbapbantationed ton afprmof tHeai s dbpbdl Webeenel t hegisnl atson area

defining the Str |bu n R 2005 21 Fegion mnt n the high
vol tage NVOS™ %(]?‘%ﬁl stgk1 i & %)f drie Og4%E region SN W 6,
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
said 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 whérein 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
said isolation areas are formed as shallow trench

isolation (STI) areas.

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

the 1isolation area defining the voltage-distributing



.doped n- region. 18. The nethod as clainmed in any of clainms 1-17, further
conprising the formation of a high voltage PMOS 5 transistor, wherein - a
p-well region for the high voltage PMOS transistor is forned in the
substrate sinul taneously-with the formation of the p-vell2gegpyytor the

| ow vol tage NMOS transistor; an isolatiopn area defining a
vol tage-distributing 10 region in the hig}] vol tage PMOS transistor is

formed sinultaneously with the formation of said isolation areas.; agate

region for thedigh woliage RV ik ansh hfosP" L.mylt aneously as
t he production of said glate 15 ré%i ons ?%gé_th@oﬁi écﬁ:%\&}%ﬁ?géé NVOS t T%hsi st or
and the | ow C@Rﬂecdag’e KrMDB°_and PMOS transi stors, respectively, whereby the

gate region for the high voltage PMOS transistor is forned partly above

the isolationaremdefd Hpg 4he. Moldage djistributjng regian ip the high -
vol tage PMOS 20 transistor ;éfgcrrﬁl(r?\t{geag%%n-a{dlc}’pe%?c iaanjﬁ’éﬁ fe]g{l]’onp‘f%tﬂ‘et%e hi gh
vol tage PMOSHMPaAsSisgor tihe t hEosubsiomt eosel fa al hgged tvolthgeedamopf the
hi gh vol t 3gge EMOS . sisior gate.region, by neans of ion inplantation

t hr ough a@rras{, sélgg-lg?bnwl ?r]f)? rﬁt_,ati on 25 being effectuated in a direction,
which is inclined at an angle to the normal of the substrate surface, to

thereby creat@ Paiwglh- depédnchannecheredgionvebtidy pMeerieatdi sche jgate
region of thehi I% e Pl\)/[?t ansistor; and - formng drain and source
regions for tﬁe}n%!ggxgv ﬁgaﬁg S ﬁam%‘?%@?%‘?‘ﬁl}bwlﬁé’a hepffqgmagtiiong i on -
i npl ant ed p+ofr égeopsweP? 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

areas;

- a’ gate regidn for the high voltage PMOS transistor is
p;oduced simultaneously as the production of said gate
15 regions for the high voltage NMOS transistor énd 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 defihing 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 substrafe surface, to thereby
create said 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.



.2 6 APR 2005 19. The nmethod as clained in claim 18 wherein the step of
formng a p-well region for the high voltage PMOS transistor is preceded
by the formation of a |l arge n- doped region for the high voltage PMOS

transistor; and 5 wherein the p-well region for the high vgl
transistor is fornmed wthin said n-dope?zregi on. 20. An. .2@3?&2@%03@5-

or Bi CMOS-based circuit conprising at [east a high voltage NMOS
transistor, a low voltage NMOS transistor and a | ow voltage PMOS 10

transistor, 1espertiMetNodCad @udimed in &Yaim 2 &€ Whdrdint Bak s3al do]j:' .
transistors are forned according to the nethod as clainmed in any of clains

1-19. 21. | nfQrmEMDS Br BreM3S pretiess &aret ttd‘@ f dridhor modgage hPYdSvol t age
PMOS transi stepnkogeshen swidh & v ]]y)gl tage EDSrmal}y\{%%ht(g@ngl sf%%rqeaflg_a | ow

vol tage PMOS transistor, respectively, conpri'sing the steps
provi di ng a depedomegibor Bubsthat 8igh frltang aFPMIE wekhnsegton; f andt he | ow

vol t age PMOS istor int substrate b ans_of ion .inplantation; 20
- fornming p‘\”/’v%% regis%]r?s Poweiﬂe‘ue ﬂ?%]horbo&toiéeggﬁ/oshl% aﬁ’ﬁl_g'la&ﬁ ahid°%he | ow
vol t age NMOSttrammbstsdorid rfddied stbitinabeiBynr@apsd ofediyh i Mpl ant ati on; - -

form ng isolation areas on top of and/or in the substrate to laterally
separate the,transjstors. from each other and tq define a .

vol t age- di st%{)but iSAr?g r EPFBREFREE he “MiSgh vBFt ag%l%bta_rsﬁﬁsl sfofFcult
produci ng gatempegsions for dae i @hgnolicage gBMIBoSt £2BsEs506r ang 1&g | ow

vol tage NMOS and PMOS transistors, respectively, by formng a respective
thin gate oxY%tatﬁhe 30NPRE sUFtECTdepRRit i g alPUyervdftagecontiiet i ng or

a 10 transistor, respectively, characterized in that
said 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 togethér with a low voltage
- 15° 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;

200 - forming p-well regions for the high voltage 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
25 other and to define a voltage—distribﬁting 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

30 the substrate; dépositing a layer of a conducting or a



.2 6 APR 2005 23 seniconducting material thereon; and patterning said | ayer
to formthe respective gate regions, whereby the gate region for the high
vol tage PMOS transistor is forned partly above the isolation area defining
the 5 voltage distributing region; - formng an n-doped c@#&nARR 200§9i on for
the high voltage PMOS transistor in the substrate self-aligned to the edge
of the high voltage PMOS transistor gaté&3egion; - form ng drain and source
regions for the high and low 10 voltage PMOS transi stors by nmeans of
creating ion jnplanted ons, wherein the source region for the high

vol tage PMOS tW&ﬁ?PgPSFggéregéﬁ?ﬁﬂah t RS eMY n-2Rp kP HREIHAY r &Giigh, ; and

forning drainageg Sﬁlrﬁsrmeﬁh@nsrés(ifeétﬁ%é Y40l tagond? WNEBebyangiest or by
nmeans of creating ion inplanted n+-well regions, characterized in that -

the step of I8/ n§eRHOR- cﬁ?ﬁ”edtéﬁanhé@hrégﬂmﬁgmr PMRE hr@ﬂrﬁmqragesPl\/m
transistor inctheqgsupsiepye s&lde 2Q %I [ gggga;:go}lhea ge &{flntl t}} vol tage

PMOS transistor gate reglon I's per orrre y 1on inplant |on
mask, saifl i geltapkadiats btbsiqgesfifomct uated in a direction, Whl ch i s
inclined at an angle to the normal of the substrate surface, to thereby

te said n- cha T a rneath,t ate regi on of
;:Lga hi ghI vol tgggﬁgl\és trzl;s}nglB tle%f:ﬂﬂﬂe@ % ?ﬁ ggas%g g’ g’ﬁ’tlgfagl m 21
wherei n the 8MEp bdfansbsmongim phrevedubstegiten s‘e(ijf-talidghlegh twolthagedB¥OS

transistor igprﬁgegfgkt%Qfggég(yMggnt%gnggs or ggenregion;

- 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 NMOCS 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 voltage PMOS transistor in the substrate self-
20 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 is preceded by the formation of a large n-

30 doped region for the high voltage PMOS transistor; and



.30 doped region for the high voltage PMOS transistor; and 2 6 APR 2005 24
wherein the p-well region for the high voltage PMOS transistor is forned
wi thin said n-doped region. 23. An integrated CMOS- or BiCMﬂﬁBb@ﬁqgmﬁircuit

conprising at |east a high voltage PMOS transistor, a |low 5 voltage NMOS

transistor and a | ow voltage PMOS transistor, respectively, c har act
eri zedi nthat said transistors ade formed according to the nethod

as clained in claim?21 or 22. 24. In a MOS process a nethod for formng a
high voltage 10 . NMOS transistor together with a | ow vol tage NMOS
transi stor cORgERsNNgthde rstwedd ofegiopr ofadi dpea béghcoveluiviay SYOStrate
(1 - form ag.nawelh, regi pns,d9),har e i ah ygliage DS transistor in
the substrate Sy means of Ton |nﬁ1an ation; 15 p?ornl%g a p-well region
(17) for the low voltage NMOS transistor in the substrate by nmeans of ion
i npl ant ati on23- f okmi ngnitsgiratedn aGMGR- (19r onBiOWOSfbasel or ciimcuhe
substrate to | rally separate the transistor om.each _.other and to
define a vol £ 8%%%?33?% %Etf%ags?eagﬂ(l)lr?r} nvq%htgg%%b{ﬁsgr?g?&Sﬁg&ngm ow
transi stof; woptagdeci myogat et f&gs 8tSor (22nd27)a f onowhe ophageo! t ages NMOS
transi stor and the | ow vol tage NMOS transi stors, respectively, bX form ng
a respective TAPR YR okPERECEDYSI¥vn EHE2SUBE Faf &:1 depbsi th Ag APRAyer of
a conducti ngs25d 0k rs@Bk 60BdYClIrRY fBYnRId ahctbRd 804 t8Nd HRA A& g gai d
| ayer to formthe respective gate regions, whereby the .gate region for the
hi gh vol t ageShMEELE rbhsF it 4ls o 6Pmed partly above the isolation area
defining the

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 voltage 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 low voltage NMOS transistors,
respectively, by forming a respective thin gate oxide
(21) on the substrate; depositing a_léyer of a conductiﬁg
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;



_voltage distributing region;

region (31) for the high voltage NMOS transistor in the substrate
to the edge of the high voltage NMOS transi fégr%%a%@%regi on;

sel f-aligned

and 5 - formng source (49, 4.5) and drain (51, 47) regio
vol tage and | ow voltage NMOS transistors,

n+ regions,

wherein the

2 6 APR 2005 25 - form ng a p-doped channel

e high
y means of creating ion inplanted
source region for the high voltage NMOS transi stor

is created within the p-doped channel region, 10 characterized in that -
the step of f.orwoR@idgP aﬂoeeaoeéanwanﬁe@ Ofe péntgel)hlﬂ&vehtea%d\ll\@s

transistor in the substrate se

aligned to the e

e of the high voltage

NMOS t ransi st tage aMQSy| oransst sfens dr%@%ysmbﬁtlﬁﬁﬂ aﬁhﬁﬂﬂrﬂ?{r@&) tdr ough
il a i f _ £ ion,
which is incli ne?ﬁ% é)(r%nécn%peﬁ%%) R]]tog@taﬁg Nggsrr%?g%??%ﬁe str %% sdrface,

15 a mask (33)

to thereby craaa e said p-doped channel
region of the high voltage NI\/DS transistor.

in claim 4 Vmefoeﬂnﬂléasg:u@ glead crga}nr}i%d r x?aI gnd @2 : hJTo\rﬁglrr;t e

transi st OI’

IS Crea

i mpl antatiioh & g|n

region partly under neath the gate
20 25. The met hod as cl ai ned

NMOS
cm

2 to 1015 cmthe Zﬁlgﬂ'herdmialgmd aﬁdcllawredonnagéalmdm araRbiwberei rb_\,sal d
25 p-doped channel g| on for the |.tage NMOS transistor is C
bdPRaaRLSH heo

by ion inmpl aft%ti% LeeBHg gyon

8 Revr&Ad°R800 eignd

preferably besth&Qlé ﬂ@gll«ﬁi/ god MMe KRVgh voltage NMOS transistor is

10

15

20

25

30

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

- the step of forming a p-doped channel region for the
high voltage NMOS transistor 4in the substrate self-
aligned to the edge of the high voltage NMOS transistor
gate region is performed by ion implantation (35) through

a mask (33), said ion implantation being effectuated in a

r eat ed
re

direction, which is  inclined at an angle (a) to the .

normal of the substrate eurface, to thereby create said
p~doped channel region partly underneath the gate region

of the high voltage NMOS transistor.

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%?

cm™? to 10%° em™2.

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

the angle with which the implantation direction is



27. The method as clainmed in any of clainms 24-26 wherein

30 the angle with

which the inplantation direction is 2 6 APR 2005 26 inclined from nornal
incidence is within the range of 15- 750 28. The nethod as clained in any
of clainms 24-27 wherein said p-doped channel region for tpeg )s;p;gtm ol t age
NM3S 5 transistor is created by ion inplantation through a mask and at an
energy such that a dopant concentration is achieved underneath the gate
region of the high voltage NMOS transistor which is at |east as high as
the dopant cordemedatficom ootsaleinbidenge 0§ whehii gtheotdmge NMAS- 10
transi stor gate region. 29. The nethod as clainmed in claim28 wherein said
p- doped channel region for the high voltage NMOS transistor is created
such that said channel region has the highest dopant concentration

under neat h t 128 gathe megihon afs tdlaimkhl Hinghankoldmoel NS 24-ansididfein30. The
met hod as cl a| ch%%d of cl ai 24-29 wherein the layer, which forns

the gate regi SrJf

t APaRne rﬁrgé\?é‘ntf‘f%etﬂﬁpa}mgf} nBPakEed AMASng t he

step of fsrmt&gnsﬁbeoﬁ depedeahaansl, regi A 1am thie o %r%gbha%en!yws 20

transi-stor from penetrating thraugh said gate region |ayer

hée met hod

as clai med i AMny2of 28| FHBEM- 30Chhdrdth at rdoraiyter Comhﬁnhréﬁ‘oxm tike gate
region, is pathe a n t Kk d f r._ion 25
eped uH@b?QthH %ﬁe ﬂ% f%ﬁ%)n e PR hﬁgg atggeof t he

|rrplantat|ontoformt e p-doped cha

nis arrang

ont

gate regi on WHSR; téﬁdsﬂﬁéorowhlphpllantaé;t iloresto dorimi¢eap- dopedophannel
regron is concentration outside the edge of the high voltage NMOS

10 - transistor gate region.

29. The method as claimed in claim 28 wherein said p-

doped channel region for the high voltage NMOS transistor
is created such that said channel region has the highest

dopant concentration underneath the gate region of the

15- high voltage NMOS transistor.
30. The method as claimed in any of claims 24-29 wherein
the layer, which forms the gate region, is 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 layer, 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 is
arranged on top of the gate region-mask; and the ion
implantation to form the p-doped channel region is
performed through both of saia 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



~performed through both of said nmasks. 32. The nmethod as clainmed in any of
clainms 24-31 wherein 30 said p-doped channel region for the high voltage
NMOS transistor is created by ion inplantation in plurality of 2 6 APR 2005
27 directions, each of which being inclined at said angle t@86 APR 2ggr mal  of
t he substrate surface. 33. The nmethod of any of clains 1 - 19, 21 - 22, or
24 - 32, wherein said isolation areas ngining-said vol tage- distributing
region; and said channel region and said source and. drain regions for the
hi gh voltage transistor 5 are fornmed laterally within said well region for

the high -vgl: ; nsd r ; - 1 of. clai ; [ region
extendi ng i ﬁ“g‘g?h&s\iﬁ Fé%}gioofn%olrcﬂqﬁbeélﬁ{%%qlvo ltn%é)g a{Pr %%é}:agt%%%lgr gl% said 10
channel regfb® nermal didrdien subgitertkosutciechi gh vol tage transistor. bel ow
said isolation area defining said voltage- .distributing.-region has a
| ength, which is set by a length of said isolation area defining said

vol t age- di s33.J buliengnetiR@ &E anty sef deBdfme of £orpl ngla-channek ragi-on for
the. 15 high voltage, transistor._ 35 The nethod of any clains 1 - 19, 21 -
22, or 24 374 whgEedhnsedidy {1PARFDr 8r8rE QM HIN[UERLY (MRdtSS8rors: 20

36. The netdiatrQfbudAngC! 2bgBod; - &% Zhid 22hafhe?4 redbonWng{ei Bagai d
transi stors are radi o frequency transistors. 37. The_nethod of any of
clains 1 1FoWre and dppingredagnghdcdi n-hai Bigbn VoksPast fmagwissor ~
ef fect ugt edired $8indde A2 4ARN Gy 1 v 1481 PTwe Pl drRgdoRedoghanpel, ;Kagi on
w thout the use of a diffusion step.

voltage transistor.

' 34. The method of claim 33 wherein a fegion extending in
said well region for the high voltage transistor from said

10 channel region to said drain region for the high voltage
. transistor below said isolation area defininQ said voltage-
distributing region has a 1ehgth; which is set by a length

of said isolation aréaldefining said voltage-distributing
region and said step of forming a channel region for the

15 high voltage transistor.

35. The method of any claims 1 - 19, 21 - 22, or 24 - 34‘

wherein said transistors are high frequency transistors.

20 36. The method of any claims 1 - 19, 21 - 22, or 24 - 35

wherein said transistors are radio frequency transistors.

37; The method of_ahY'of claims 1 - 19, 21 - 22, or 24 -
36 wherein said ion implantation is effectuated to sef the
© 25 doping'profile.of said p-doped channelﬂregion without the

use of a diffusion step.



