A DUAL GATE OXI DE PROCESS W TH REDUCED THERMAL DI STRI BUTI ON OF THI N- GATE
CHANNEL | MPLANT PROFI LES DUE TO THI CK- GATE OXI DE BACKGROUND OF THE

I NVENTION (1) Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and nore particularly, to a

met hod of inproved channel inplant for a dual -gate oxide process. (2)
Descri pt PoRUSE: GRS EPOXGDEARRORS Sc MaAtH d LOFC o nipl Férit 21 VSR T TON o
Field Effect Transistors (CMOSFET) is well known in the art of creating
sem conduc el NdEWTIEe $ HARTES b VI MIEIAN T -RRGHTTES ((RVMOS)C andl Gxk-cdranh el X 1 i{(ENMOS)
devices are concurrently created over the surface of a silicon substrate.
The sinul taneous creation of PMOS and NMOS devices offers obvious

advant ages of reduced production costs in addition to reduced overall heat
bei ng created by the deacxkesovlue of orhhernvematosy of operation, which
allows for increased device density. PMOS and NMOS devi ces have found w de
acceptance, nostly ainmed at digital applications where | owcurrent, high
performance devices operating as basic inverter devices are nost

benefict@IIyFiéggnéPdt Jh?nQQHFléﬁity of FET devices is in no small neasure
due to their high packaging, 'ow power consunption and high yields. 1 °

TR AL R L AL T L RS fabrication of integrated

circuit devices, and more particularly, to a method of improved

channel implant for a dual-gate oxide process.

(2) Description of the Prior Art

The creation of Complementary Metal Oxide Field Effect
Transistors (CMOSFET) is well known in the art of creating
semiconductor devices whereby both p-channel (PMOS) and n-channel
(NMOS) devices are concurrently created over the surface of a
silicon substrate. The simultaneous creation of PMOS and NMOS
devices offers obvious advantages of reduced production costs in
addition to reduéed overall heat being created by the devices due
to their duality of operation, which allows for increased device
density. PMOS and NMOS devices have found wide acceptance, mostly
aimed at digital applications where low-current, high performance
devices operating as basic inverter devices are most beneficially
applied. The popularity of FET devices is in no small measure due

to their high packaging, low power consumption and high yields.
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....etli..o-~yS. ...... . .. .e .mw-vr t .ew&F.s ..J. The creation of
a CMOXS device typically starts with the definition of the active surface
region of the substrate over which the devices are to be created by
ereating reghensrefatiicsl @ fOd dyMdssaleaticn (OX¥aldry Shtad dtow wirignathd sol at i on
(STI') in the surface of the substrate. The surface of the substrate has

been pkevinded oM UF anevrltitfe canducdd Wdyidly sopimg dhessuhsd rater wWith

for instance a p-type inpurity such as boron or indium formng a p-type
vel | i gtiRe sy ack Qfed he-substdat e dNeXd . bR cti il ayvRigdngate Bxide is

fabricated over the surface of a single crystal sem conductor substrate.

To fed%ad%h%ql%m;e' goc%f%:g §A;£1E1L¢'D%)qcla&§@§ by 1l {135 SPoFdy deyi G

feature size, Li ped Dr al are inplanted in addition to the

| npl a”tsu‘}ffacseoqﬁecr?é“dm%sa&é‘ageﬁgi@%‘ezhsgﬁ‘é@ro@u?&' é/\?:%]&é?é’@%i éaggtﬁe?éﬁt ed

over the layer gat e oxi ed using photolithography owed by
ani sotrapi c poly etch. .The ani sotropic, pol tch, typically stops_on the
gate ol d)ev,lcfeool walgtprf i%atd o (\)Aﬁecr:%n%)‘ﬁ%tfwa%%reb%fd%%%ﬁgg o%%es?gsgjéﬁ/et hi n
this etch stop can easily beconme a problemresulting in the etch for the
pol y gate&thridtedt Pt @ RREYRAGERPYT hbY sBBSP r &f ePCEAR eCE palet 87 whi ch

electrically isolate the gate el ectrode,
forming a p-type well in the surface of the substrate. Next, a

thin layer of gate oxide is fabricated over the surface of a
single crystal semiconductor substrate. To reduce short channel
effect that is caused by ultra-short device feature size, Lightly
Doped Drain (LDD) are implanted in addition to the implant of
source and drain regions. A layer of polysilicon is deposited
over the layer of gate oxide and etched using photolithography
followed by anisotrcpic poly etch. The anisotropic poly etch
typically stops on the gate oxide, for applications where the
layer of gate oxide is very thin this etch stop can easily become
a problem result;ng in the etch for the poly gate proceeding into

the underlying substrate.

Gate spacers, which electrically isclate the gate electrode,
are formed over sidewalls of the gate electrode. The implanted
ions of the LDD can be further driven into the surface of the

substrate before the gate spacers are formed by heating the
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l
are formed over sidewalls of the gate el ectrode. The inplanted ions of the }
LDD*can be further driven into the surface of the substrate before the !
gate spacers are formed by heating the 2 substrate to a tenperature of

bet ween 700 and 900 degrees C., a process that at the sane tinme restores

any damage to the surface of the substrate that the LDD ion inplant may

have ¢ ratfe tQa ct et wee e f e EWaen had0 be® depodegeeedver: tde |
gate structure is etched back fromall regions other than the sidewalls |
of the maieesd ediaodet byhapphye ngime aessotespacyddymaet chbacket batfaeaoves
nost of the gate spacer material and only |eaves gate spacer material in ;
pl ace wherehé tswast nwsé ceasetye deposovhedmplhat mayonatbecsidewal Treof the
gate el ectrode. The renmaining step of formng the source and drain regions

of the gfed esphest radeet sapethot nedsbyean bEpUEit¥ai BpkantheWgheb uses the
sanme type inmpurity as has been used for the LDD inplant but provides the

i npl anteg-ions-i L H Btghes goprnk-cRNGENt LaLioRsaBdhekMRhant caaer gy,
t hereby creating deeper regions of inmpurity with higher concentration of

these iJpakiiies. cBULRENLaELCRILEPBhedYY! 28061 0% d8 LAYSELS CRTR h%?s
performng a nunber of inplants, such as"thin-gaté well and punchthiough :

| mplant téﬁﬁ'gaé/k ‘ch‘caFEmo%Qgt m85F B%rfc%mf%%tgr LoL LR LR honmatienqf the
dual -gat e T ayer of gaté oxide. par t'i culFar
leaves gate spacer material in place where it was most densely
deposited, that is on the sidewalls of the gate electrode. The
remaining step of forming the source and drain regions of the
gate electrode is performed by an impurity implant, which uses
the same type impurity as has been used for the LDD implant but
provides the implanted ions with higher dopant concentration and

implant energy, thereby creating deeper regions of impurity with

higher concentration of these impurities.

Current creation of dual-gate oxide layers comprises
performing a numﬁer of implants, such as thin-gate well and
punchthrough implants and vVt implant, that are performed prior to
the formation of the dual-gate layer of gate oxide. Of particular
concern for devices having a channel length of 100 nm or less is
the profile on the channel fﬁplant in order to obtain optimum
device performance. However, the high-thermal budget that is

required for the (furnace based) thick gate oxidation adversely
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concern for devices having a channel length of 100 nmor less is the
profile on the channel inplant in order to obtain optinmm device

per f ormance. However, the high-thermal budget that is required for the
(furnace based) thick gate oxidation adversely 3 affects the profile of the
channel inplant of the thin-gate oxide regions. The invention addresses
this cAdEat Dyt o4 @f ke 2oL netdhodhamael r edptest t e Fhpachinhadte hexide

t hi ck-gate oxidation has on the profile of the channel inplant underneath
t he thiregiadres . oxteleihayetriot/Saddddds 911t Bis (Yopcshowsy ap doal d gateaoxi de
process in addition to p-type and n-type wells. US 6,033,943 (Gardner)

reveal spec ikl £ 192t er Oxh 8€s PEREESApa el PHa FBEKENGhSERPSatHS0Ri889:8A%as
(Vines), US 6,214,674 B1 (Tung) and US 6, 268,250 Bl (Helm are related

gate oxbdecndo¥et]1Proees8ESchaMVMIVARYD Obn T HEn LAVENTE N AePEhialBLEe

objective of the invention is to provide an inproved nethod for the

dual - gate; @xi ge,process that reduces the inpact of thick-gate oxidation on

the channel inplant profile wunderneath the thin-gate region. 4 .
: .. Ce e e

S ¢ | Y..~.,.. ,,,S =...-a. s-,a."~e~. c~~++, . +. +roa+. ~+s+m Fwar

’ US 6,171,911 Bl (Yu) shows a dual gate oxide process in

addition to p~type and n-type wells.

US 6,033,943 (Gardner) reveals a dual gate oxide process

using masking steps.

Us 5,989,949 (Vines), US 6,214,674 Bl (Tung) and US

6,268,250 Bl (Helm) are related gate oxide and well processes.

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide an
improved method for the dual-gate oxide process that reduces the
impact of thick-gate oxidation on the channel implant profile

underneath the thin-gate region.
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In accordance with the objectives of the invention a new nethod is
provided for the creation of |ayers of gate oxide of different

t hi cknesses. A substrate is provided, the surface of the substrate is
divided into a first surface region over which a thick layer of gate oxide
has to be created and a second surface region over which a thin |ayer of
dat e oxi de im tacdherdamat edith Relge omsjeftives dof sohat iovear eopravieed in
the surface of the substrate. Thick gate-oxide inplants, conprising n-well

weldhod M eshodeh d@unedt EREoBr b APl @Rt £ Bsgeperbor getdei 8k 0t hes
surface of the substrate. Athick layer of gate oxide is created over the

Surface, { é%é%iéﬁﬁg ?gge i\hé&%s{;‘?é{@é oL gaLe; SéHdGthSs{??EESé”SQ W th

a first P ot oresi st nas or first t at e- " oxl e I npl ants, conpri sing

thin gafes Q%&ﬁ@% 'ls &g@??g@ggn?ﬁpgnﬁbkgEo 9?f5€8'?@§§8e'gb8 tDg; gfegnd

surface region o e first t I'n gate 0 Prplant s ar e

f h S, st h
Phot or g 3¢+ fa%ﬂ %% Qéﬁéﬁéﬁih?nhé%fé%éséég. s fnfoh c?;‘a%%%?.ﬂnaufﬁace
gat e- OXIde gsho

p nchthr u ts, .into the _se an
surface ?e%go%v%¥ Yhe subs g% eE Thé sgcgﬁa ?ﬁlnggagg LﬁpFanF§eﬁg
perfor t he s%cg ghot0ﬁe5|st mask is replaced with a thi
photorgg?%foﬂﬁs? S-8nov s aBFOPhéthPE?Vﬁgﬁgrlet&§t§u6fﬁﬁ§ Oﬁr&ﬁ@the

second surface region of the substrate. The thick |layer of gate oxide is
renovedSEPBRF R - sEBdRY gaFPae8iF8gEBR 18P tshe COMPrising n-well or p-

well, threshold, punchthrough implants, are performed into the
surface of the substrate. A thick layer of gate oxide is created
over the surface of the substrate, the thick layer of gate oxide
is patterned with a first photoresist mask for first thin gate-
oxide implants, comprising thin gate-oxide n-well, threshold,
punchthrough implants, into the second surface region of the
substrate. The first thin gate-oxide implants are performed, the
first photoresist mask is replaced with a second photoresist mask
for second thin gate oxide implants, comprising thin gate-oxide
p-well, threshola, punchthrough implants, into the second surface
region of the substrate. The second thin-gate implants are
performed, the second photoresist mask is replaced with a third
photoresist mask for removal of the thick layer of gate oxide
from the second surface regien of the substrate. The thick layer
of gate oxide is removed from the second surface region of the

substrate, the third photoresist mask 1s removed, exposing the
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substrate the third photoresist mask is reaned, exposing the 5 .. Co !

: e e e e - .H" Sr.- :

o~ T~V NeW. -, ... .. N S o _uti +M wi +~aanf . .rg, t hi ck Iayer of gate |
oxi de overlyrng t he frrst surface regi on of the substrate. The (now

contam nated) top layer of the thick [|ayer of gate oxide is renoved, a )
t'hi n | ayerclof Lt e oXi giet ¢ soxgdeowverkyithetsecdOndssustatece egeginoonfofhe i
substrate. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a cross section of a |

substraitee s@gOrscOf Thel tnoksebatirinheve) beep feysrdoEnchberruckace of ..
the substrate, the substrate is divided into a first surface region over '

whi ch C te.o s to c d-an S rface
regronagﬁggfmﬁ$cﬁagétﬁ%naéasgr%%ggégge %nggnrgggggbggcggg?egggaghﬁg

gat'e- o\ 5 B Pt 5, 0a4e hEeN REELOL TR, OLOoLhe,SULLAGE gF . the substrate.

ayer o oxrde'is crea ver surface of the substrate.
Fig. 2 shows a cross section after the surface of the thick |ayer of gate
oxide is patterned for first thin gate-oxide inplants into the surface of

| ayer of gate oxi de ?SS%%?@E@ TR e B e mpr ants i nto
t he surface of the substrate.

Fig. 1 is a cross section of a substrate, regions of field
isolation have been formed in the surface of the substrate, the
substrate is divided into a first surface region over which a
thick layer of gate oxide has to be created and a second surface
region over which a thin layer of gate oxide is to be created.
Thick gate-oxide implants have been performed into the surface of
the substrate. A thick layer of gate oxide 1s created over the

surface of the substrate.

Fig. 2 shows a cross section after the surface of the thick
layer of gate oxide is patterned for first thin gate-oxide

implants into the surface of the substrate.

Fig. 3 shows a cross section after the surface of the thick
layer of gate oxide is patterned for second thin gate-oxide
implants into the surface of the substrate.
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hy ,r V. s . r. ... a6.wayt ... +i-"4r 4. b .4.. .. _._. nY _ - ot
VXr is rnY4.YY.le~4. 4~/ WYh. Y AMr cl4 Fig. 4 shows a cross section after
the surface of the thick |ayer of gate oxide has been patterned for

removal of this layer from above the surface of the substrate over which a
thin layer of gate-oxide is to be created. Fig. 5 shows a cross section
after the tHilgk ldaydrowsd agatmssoxdaetias dEer ridrved: faom aboves tittelck
surface of the substrate over which a thin |layer of gate-oxide is to be

creat edayierg.off a8 & O SR Prddeied heo phedmdesk dasceen ayer
renoved, the top surface of the remaining thick |ayer of gate- oxide has

been remyedy,Hd-tre G W PSHSesihon - afd ecgvéart\g\'}f'cllx aé/elgmgrg Doy ér

oxi de has been created over the second surface area t he ubstrate.
DESCRI P, - R E | MENTS The perfornmance of CMOS devices is
i nver sﬁ-@y rt%oo}ﬁﬁ{aﬁ%@%%ec@%%éss of the layer of gate oxide that is
provided underneath the gate el ectrode of the device. It is therefore not
uncommon t he encounter a thickness of the | ayer of gate oxide for

advanced, hln%p pe%l‘f%mance devices in the regi on of 100 Angstrom 7 or |ess
where even nor® advanedy devites aFethePngftreatBa hAvrhg' ¥t hPEkPAREE for

the layer, of gate dielectric of 20 Angstrom
oxide HNas been removed from above the surface of the substrate

over which a thin layer of gate-oxide i1s to be created.

Fig. 6 shows a cross section after the photomask has been
removed, the top surface of the remaining thick layer of gate-

oxide has been removed.

Fig. 7 shows a cross section after a thin layer of gate-

oxide has been created over the second surface area of the

substrate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The performance of CMOS devices is inversely proportional to
the thickness of the layer of gate oxide that is provided
underneath the gate electrode of the device. It is therefore not
uncommon the encounter a thickness of the layer of gate oxide for

advanced, high-performance devices in the region of 100 Angstrom




One of the well-known advantages of the application of Conplenentary Metal
xide Silicon (CMOS) devices is the reduced power consunption that can be

achieved with these devices. This reduced power consunption is achieved by

the fact that the CMOS devices use both n-channel and p-channel CMOS
devi ces, whereby only one of the two transistors is on at any given tine
and virexaléysneheuner emenfinons bdrvausedoflevheehi ghei bpedancecetetthbdaving

device. The invention will now be described in detail using Figs. 1
t hr ougha 7thRekressngospeakf Lagkkyofoghlie aiesecsedti of Rlannigstshawn in
Fig. 1, there is showm: - 10, the cross section of a nonocrystalline

silicon substrate over the surface of which the dual -gate oxide |ayers of
the invention are to be created - 11, the surface region of substrate 10

that has b bei t f [ A i ck
[ ayer of gat o Coxtas s Po bE e eareyop oees IR GKH (RGRA Jel

e e . T - VTN (R, i )
g Complemeprary Mepal Oxide siligon (GMOS) devicemds the wedyead, ;5

ihe surfacé_re ion of .substrate 10 that has been selected , as being the
Sur T a6ePPHET o SBIBFAMIEEN TR Ahi AT Ao SR SYAts e A (15 T St ot

reduced power consumption is achieved by the fact that the CMOS
devices use both n-channel and p-channel CMOS devices, whereby
only one of the two transistors is on at any given time and

virtually no current flows because of the high impedance of the

device.

The invention will now be described in detail using Figs. 1

through 7.

Referring specifically to the cross section that 1s shown 1in
Fig. 1, there 1s shown:
- 10, the cross gection of a monocrystalline silicon substrate
over the surface of which the dual-gate oxide layers of the
invention are to be created
- 11, the surface region of substrate 10 that has been selected
as being the surface regionfover which a thick layer of gate

oxide is to be created
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- 12, a layer of gate oxide that is created over surfaces 11 and 13, this
| ayer 12 of gate oxide is a relatively thick |layer of gate oxide having a
t hi ckness of between about 80 and 120 Angstrom 14, Shall ow Trench

| sal ation (STlI) regions that have been <created in the surface of substrate
10 in order to electrically isolate adjacent gate el ectrodes from each
other — 1683, ame-sitface pewedh ¢fipsapstrhbe 1¢ pert orardoemdeseltieted
surface region of substrate 10 over which a thick |layer of gate oxide is
to be mredeithg e nswetdcandepioel bvenphiantls arehber eapent bongdtwi dhodée
differentiating between these two kinds of inplants reflecting that, over
the suriface Ide ddrdetadi vely thick gate-oxide, both NMOS (over a p-well)
and PMOS (over an n-well) can be created. The invention does not require

nor inply; 3 hat {hese Lo nggweéx%e Eg?’:?f.‘&Sc?@&@eﬁooggarpggf:?%@g hi 8ng

manner that differs fro conventi on i npurity proce or the creatlon

f N | at I th d
3 R L U L L A
P a5 PHC 0P8, DHISILr oo, and. h saheL, voli2gg, ! B! g gy peer

Angstrom

- 14, Shallow Trench Isolation (STI) regions that have been
created in the surface of substrate 10 in order to electrically
isolate adjacent gate electrodes from each other

- 16, an n-well or p-well implant that is performed under the
surface region of substrate 10 over which a thick layer of gate

oxide is to be created.

The n-well and p-well implants are here mentioned without
differentiating between these two kinds of implants reflecting
that, over the surface 11 of relatively thick gate-oxide, both
NMOS (over a p—Qell) and PMOS (over an n-well) can be created.
The invention does not require nor imply that these two types of
implants need to be performed in a manner that differs from
conventional impurity procedures for the creation of NMOS/PMOS

devices over a relatively thick layer of gate oxide.




substrate, that is the surface of the substrate over which a thick |ayer
of gate oxide is to be created. These inplants have not been further

hi ghlighted in the cross section that is shown in Fig. 1. No inpurity
inplant has at this tinme been perfornmed in surface 13 of substrate 10,
that is the surface region over which a thin |layer of gate oxide is to be
created. To gﬁé@FfF@aF%& Sd@REISTORE P YERede Pﬁ%&@ﬂﬁ% iIfpea s degmbb e
devices that are created having sub-mcron device features are subject to
pr.obl ensocovessiproelt amplaing sr egicon asu P ivhaggieh ot thystsdisl g ocduradeng
MOSFET devi ces having in short-channel dinensions which can result in
degr adat.inphaat si hatleabierg pehidoaticer iisticctaf sue adeviees.onTha prfoldrem of
source/drain punch-through is typically resolved by perform ng a punch-

t hroughssheprber,i Aplaantiatl iteR ishifedes e sSURPIAR PIdRIr thidihe
formati on of the CMOS device gate electrode. This ion inplant is perforned

prior tenhormingcthe digld oxide fiar éch%c?gélxleeoav\t%c?pt’fk%jfe iHe AeRosi 4 on of

| ayer 12 of gaté oxi de ‘can be perfornmed ng any of the conventiona

met hods Qg yel. : e : p... P N [
OOl L MY Sty scied in pe crosqrgecdly Tpar 37 ety

.~ W o 1 { gate, oxi e, such g by, {her gl oxi dation of the

Ce 3 W d,in
under | ying h~an o

m o)
i'on st edm anbien an. ea kfe%p&%.]f ure %et ween
surface 13 of substrate 10, that 1s the surface region over which

a thin layer of gate oxide 1is to be created.

To specifically address one of these impurity implants, CMOS
devices that are created having sub-micron device features are
subject to problems of source to drain region punch-through, most
notably occurring MOSFET devices having in short-channel
dimensions which can result in degradation of insulating
characteristics of the devices. The problem of source/drain
punch-through is typically resolved by performing a punch-
through-stop ioﬁ'implantation in the device substrate prior to
the formation of the CMOS device gate electrode. This ion implant

is performed prior to forming the field oxide for the gate

electrode.

The deposition of layer 12 of gate oxide can be performed

following any of the conventional methods of forming a layer of

10
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about 850 and 1,000 degrees C. Layer 12 can also be fornmed in conjunction
with a deposited silicon dioxide |ayer, nitride |ayer, a conposite oxide
or nitride oxide material or any other material suitable for use as a gate
dielectric Gate oxide can be grown at a tenperature of 800 to 1,000
degrees C. to a thickness between about, 80 and 120 Angstron1 STl regions
14 can BBCRnO8L1H8i RYCE ¢&r Pet IS MRet RFdsia thor Gindthgncededne’ idst hod i s t he
Buried Oxide (BOX) isolation used for shallow trenches. The nethod

i nvol ve§itiFPingithant caicieds on tsheam cdnierdl araport edsosi tuiren HedwB)en
silicon oxide (SiO2) which is then etched back or nechanically/chemcally
pol i shedbpostyiBelld aad pl,&¥dr dagreace.C.THe yshallowarr ericevetichetd dm t he
BOX process are anisotropically plasma etched into the silicon substrate,

t ypi cal kpntjanatdept hviltet we ere gt G0 And 15,00 Brgsitdom At are ¢ f iatared .
around active devices that are created in or on the surface of a

substratigyel] lan c@n@\@&ﬂe}/%ﬁféﬂ&pmwﬁe deyvi £ mdher NMOS, devi e diser
formed over a p-well region while the PMOS device is fornmed over an n-well

region. m@t%gjl%l\,\@\.{h J{l{tfﬁxe%é@vaes tal‘eg%léac?f@i”é ic L '@été ”%U{dlé Yean

concentration In region 1s too resulting In crease O

the devi G WP el at Idrl%"lrfgpfe dCurForoigI @C% ScpeledO(%)eéecgllfengs d(?VI’gc?Sé thlckness

therefoF@ require evice

between about 80 and 120 Angstrom.

STI regions 14 can be made using a variety of methods. For
instance, one method is the Buried Oxide (BOX) isolation used for
shallow trenches. The method involves filling the trenches with a
chemical vapor deposition (CVD) silicon oxide (Si02) which is
then etched back or mechanically/chemically polished to yield a
planar surface: The shallow trenches etched for the BOX process
are anisotropically plasma etched into the silicon substrate,
typically to a depth between 2,000 and 5,000 Angstrom and are
formed around aé£ive devices that are created in or on the

surface of a substrate.

11
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is fabricated having a twn well structure whereby both p-well and n-well
regions are formed in the substrate and both well regions have | ow

inmpurity concentrations. Optimzing inmpurity concentrations for the n and |
p-well regions nmust in this case optimze device performance. The :
formation of p-well and n-well regions in the surface of a substrate is '
wel | known iFnt&eCl@s . tihe sonventdonbpr OVMOBLcdevibesNkdPe flevhed im and on
single crystalline silicon sem conductor substrates by fabricating the
n-channgbrmddDSoveleva ceswehl praglds whilbetkel PHOA dabsteais Whihed over
fabricating PMOS devices in n-wells in the silicon substrate. The p-well

is foramdnineliheragione demMyce #eyLoBs ¥ tlL@Bsi ARkaNthBgd@shdi ¥Reagdopant

such as boron (B11l) or indiumin the p-well regions. The n- well is forned ,
in the @Wétvfm§§¥i6g E@HbQHErQ¥1bH”1h”Ehé”kb@9 %eglentxeetgepﬁabhsuch as !
arsenic (Ar75) or phosphorous in the n-wel regi ons. Conventi onal '
phot ol i .le h es_are_used to forn1|nplant bl ock- out to ‘
preventEQggi an ng t% 8 gﬁﬁgelﬁfdﬁﬁgngeyﬁcﬁh SRt Yan BeFE % Eype opant

in the p-well. The substrate i s then anneal ed to achi eve the deS|red

dopant g?%??lQperFBlﬁgtp@ﬁﬁéeﬁhel&oﬁéthéﬁﬁfPSeréﬁﬁVér&Spéﬁﬁt fpeafevice

damage. Typlcallg the wells are between about 2.0 and 4.0 pm deep and
are dopedl t8PAiEBREENFRILPEN AbENBe WCaBoF rRCORES ARG EP@EPPLh p-well

and n-well regions are formed in the substrate and both well
regions have low impurity concentrations. Optimizing impurity
concentrations for the n and p-well regions must in this case

optimize device performance.

The formation of p-well and n-well regions in the surface of
a substrate is well known in the art. The conventional CMOS
devices are formed in and on single crystalline silicon
semiconductor substrates by fabricating the n-channel NMOS
devices in p-wells in the silicon substrate while fabricating
PMOS devices in‘ﬁ—wells in the silicon substrate. The p-well 1is
formed in the active device regions by ion implanting a p-type
dopant such as boron (B*) or indium in the p-well regions. The n-
well is formed in the active device regions by ion implanting an
n-type dopant such as arsenfc (Arn) or phosphorous in the n-well
regions. Conventional photolithographic techniques are used to

form implant block-out masks to prevent implanting the p-type
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atonms / cnB . Referring nowto the cross section that is shown in Fig. 2,
highlighted are the followi ng elenents: - 18, a first nmask of photoresi st
that has been created overlying the thin-gate oxide region 13; the opening
15 that has been <created in the first photoresist nask 18 exposes the
surface of substrate 10 where a thin- gate n-wel |, puncht hrough and

t hr eshofleranbl tagehenptents andt the radepe Qgpaatthpntgaté newel-| Ther med in
the surface of the thin-gate oxide region 13 of the surface of substrate
10 - 2lsubbtnagat ésnewehl anpeathtihroughhardet hheshelsd redl tagenti ppbdntle
performed into the surface of the thin-gate oxide region 13 of the surface

of substepabetiQatki Esk QBﬁbﬂEeéhat toBslenb¥ el siobanted mpdian@ cemweet.i onal
met hods of photolithography and masking. Layer 18 of photoresist can be

et ched %yfgeahxwgt% RLa3aR .30 HERGR WL K3 @plongn@m; lebs'pﬂg d'ééé%ndH202
and NH4COH sol ution. The opening 15 that is in :

N H
T e, s o ¢ e el SR T A S

created tn t he bayer 18 of photoresi st exposes the surface of the layer 12
of thi cR*§aCé Bt de where the above cited inpurity inplants are to be
performed. After the structure that has been shown in cross section in

Referring now to the cross section that is shown in Fig. 2,
highlighted are the following elements:
- 18, a first mask of photoresist that has been created overlying
the thin-gate oxide region 13; the opening 15 that has been
created in the first photoresist mask 18 exposes the surface of
substrate 10 where a thin-gate n-well, punchthrough and threshold
voltage implants must be made
- 20, a thin-gate n-well formed in the surface of the thin-gate
oxide region 13 of the surface of substrate 10
- 21, thin-gate n-well, punchthrough and threshold voltage
implants perforﬁed into the surface of the thin-gate oxide region

13 of the surface of substrate 10.

First photoresist mask 18 is formed using conventional
methods of photolithography and masking. Layer 18 of photoresist
can be etched by applying Oz plasma and then wet stripping by

using H2SQ4, H202 and NH4OH solution. The opening 15 that is in

13
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Fig. 2 has been created and the required i nplants have been perforned, the

first photoresist mask 18 is renoved fromthe surface of the thick oxide
| ayer 12, using well known nethods of ashing in an 02 plasma followed by a
t horough surface clean. This is followed by the formation of a second
photoresi st mask 22, Fig. 3, over the surface of thick gate oxide |ayer
22. (Opthiagmannes created iim tthe deyend LSaydr P tefrgshicttoreediostes tties
opening 17 aligns with the surface area of substrate 10 into which

t hi n- gaserfpawel bf purchtlyrcoud? arfd tifireshe e wol itdegevhd mypltaret s iR37emusitt o
performed. Thin-gate p-well 24 is created in the surface of substrate 10
as a congpguerge ipaeafs akhe tpnef egygrebdmgaurity of the invention for the
threshold inplant, which has collectively been highlighted with the
thin-gate p- well, punchthrough been highlighted as inplant 23 in Fig. 3,
is indium After the above highlighted inpurity inplants have been

performed, he 36005, RAANAIANIS RS 2 80 o owd i URYEY o Lon £ ©

v eny m1t sc F+r M'fron1the
ot e %@%&.%e%%rar@ e -?%%%%%% Ypudps Erbepspom (he
mask 26, FHQ 4. The cross section of Fi

performed, the first photoresist mask 18 1s removed from the

surface of the thick oxide layer 12, using well known methods of

ashing in an 02 plasma followed by a thorough surface clean.

This is followed by the formation of a second photoresist
mask 22, Fig. 3, over the surface of thick gate oxide layer 22.
Opening 17 is created in the second layer 22 of photoresist, this
opening 17 aligns with the surface area of substrate 10 into
which thin-gate p-well, punchthrough and threshold voltage
implants 23 must be performed. Thin-gate p-well 24 is created in
the surface of substrate 10 as a consedquence thereof. The
preferred 1mpuri£y of the invention for the threshold implant,
which has collectively been highlighted with the thin-gate p-

well, punchthrough been highlighted as implant 23 in Fig. 3, 1is

indiumn.

After the above highlighted impurity implants have been

performed, the second photoresist mask 22, Fig. 3, 1is removed
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shows how a third photoresist mask 26 has been created. The third (
phot oresi st mask 26 overlies the thick-gate oxide surface region 11 and ‘
exposes the thin-gate oxide region 13. Conventional methods for the

creation of a photoresist mask are applied for the creation of the third

phot oresi st mask 26. Fig. 5 shows how the invention proceeds with the

conpl et éTORefrBRal W ache Cfhitdle |tRyiek pxighe dédtYe foxiddérich reederc®ghde Shi teh

t he photoresist mask 26, renoving the thick |ayer of gate oxide from above

t he surtadedobhbliersshsttr atas wdr, e Fa a.hidn |Tiyeercmfss gatad ioxd def rflist. be
created. The etch of layer 12 as shown in cross section in Fig. 5 applies

di | ut edsHewsDHEW Edithutred dne t aledtils tlh sk D)6 afderoadn acdrddeed hiTik third
photoresi st mask 26 is renoved fromthe surface of the remaining |ayer 12

of thiClongaises@6tdeaA08 1 AR VI {GRNUENHIONA c JTREh0AS Afr Pt OF &S S
removal . It is at this tine of value to briefly review the various

i npl ant vweld J.eql i\n, the st ce of r 0 i ] 5, as
o1 ant oo Weld Leslans Ok e gl as ploouisi e 40 Ua A gy S 2
region Zhen¥iSMdS dhd NAMALS, Ogédae ShSE edTot irask i ApRlicd  £OL L
h+n+: .. +wWF, A 47N AF. w~<. .~ ~" 3. region 20, which is a thin gate oxide
n-wel | . the creation of the third photoresist mask 26

Fig. 5 shows how the invention proceeds with the complete
removal of the thick layer 12 of gate oxide in accordance with
the photoresist mask 26, removing the thick layer of gate oxide
from above the surface of the substrate where a thin layer of
gate oxide must be created. The etch of layer 12 as shown in
cross section in Fig. 5 applies diluted HF (DHF) (diluted by
about 100 : 1) after which the third photoresist mask 26 is
removed from the surface of the remaining layer 12 of thick gate

oxide, again applying conventional methods of photoresist

removal.

It 1is at this time of value to briefly review the various

implanted well regions in the surface of substrate 10 using Fig.

5, as follows:
1. region 16, which is a thick gate oxide n-well or p-well

2. region 24, which is a thin gate oxide p-well
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The cross section that is showm in Fig. 6 appears to be a Cross-section
wherein only the renoval of the third photoresist mnmask 26 is highlighted. |
In addition to this however the cross section of Fig. 6 also neans to

highlight the processing step whereby the contam nated top surface of the

renaini ick gate oxide_ is r eno ved using diluted HF (DHF)
(dilute n%%boﬂ?lg%ols Hihgn 2Bt e 3¥l The~™ Vﬁiikness of layer 12 is

as a consequence reduced from the original value of between about 80 and
120 Angstromto a value between about 40 and 70 Angstrom creating a new
| ayer 28 of gate oxide which is still a relatively thick |layer of gate
oxi de. AftBErettrssstepcofionhehaedust sbawof ihh&€ighi 6kapgsaok kaybe al2 is
conpleted, a pre-thin gate RCA clean is perfornmed of the surface of the
struct uceoishatsdcx ishhownhdde ior agsl \saetid arendvdl @of tthe TheL s rptcdtis e d Sst hen
ready for the creation of a thin layer of gate oxide overlying surface

region #3sef 2ubsd nat dexlllQ;htE'tﬁ ™ efetretbieidogh 0§ Adgeddtyerid o dHg the
creation of thin oxi | ayer 30 is by applying Rapid Thermal Oxidati on,

using a sydigldn ﬁ%%s'@galcé@%&(ns tﬁwshiéiﬁiyﬂii@ig Hﬂ@ éP@&é@é ?’dgé‘é of
this 16 .. .ae..,rrw _:.+a. twAL*~e7wy~~e+f +kai A. si

S. rwavo’, h%&%%%?sdﬁ@ éér?t?amﬂr?atg é;?cé’@gféé‘geéfOéhQaESler‘?lr?&t{wekslz of

thick gate oxide is removed using diluted HF (DHF) (diluted
between about 100 : 1 and 200 : 1).

The thickness of layer 12 is as a consequence reduced from
the original value of between about 80 and 120 Angstrom to a
value between about 40 and 70 Angstrom, creating a new layer 28
of gate oxide which is still a relatively thick layer of gate

oxide.

After this step of the reduction of the thickness of layer
12 is completed; a pre—-thin gate RCA clean 1is performed of the
surface of the structure that is shown in cross section in Fig.
6. The structure is then ready for the creation of a thin layer
of gate oxide overlying surface region 13 of substrate 10. The
preferred method of the invention for the creation of thin oxide
layer 30 is by applying Rapid Thermal Oxidation, using a single

processing chamber, thus reducing the thermal budget of this
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created to a second thickness of between about 10 and 50 Angstrom From
the above detailed description it is clear that the invention has provided
a method for creating two |layers of gate oxide of different thicknesses
whil e conventional inmpurity inplants into the surface of the substrate for
threshold and the |ike have not been inhibited or inpaired by the
i nvent i BROCFRE AV EREPoN L Sof TEre&LicRg dddaiY,Fattd Gfitde digy e titit HS r educed
thermal re-distribution of the thin-gate channel inplant caused by
t hi ck- gareapriddabi ensecamche hswpkmersiszed & thgldrowdroutt He iamgertd on starts
with a substrate, over the surface of the substrate has been designated a
first sBnfacecar.ea over which a thick layer of gate dielectric nust be :
created and a second surface area over which a thin |ayer of gate
dielectric must be created, required inpurity inplants have been perfornmed
into the first surface area of the substrate, regions of field isolation
have been pravigded Heh e, SWdaca &f dhesybstdate & fdrsdr layar «fe gate
dielectric having a first thickness is created over the surface of the
subst r at f.i st e sk 1§.,C e er,. t fac e first
| ayer O%L%g\faet{?1 éc lé)lnelhea?t(&%io%t%e? 9 rrééetSCheiae;;gEsouI?ecoJ}r/reaars 11@%%»% s%‘j %’?g C% gateé. .
la | +biias of dirferdit Gifchiesdds Wiide weptoitionl dipddlpig
. SSMteePi s... ++m . es~u. p"

implants into the surface of the substrate for threshold and the

like have not been inhibited or impaired by the invention.

The invention, of creating dual-gate oxide layers with
reduced thermal re~distribution of the thin-gate channel implant
caused by thick-gate oxidation, can be summarized as follows:

e the invention starts with a substrate, over the surface of the
substrate has been designated a first surface area over which
a thick layer of gate dielectric must be created and a second
surface area over which a thin layer of gate dielectric must
be created, required impurity implants have been performed
into the first surface area of the substrate, regions of field
isolation have been provided in the surface of the substrate

e a first layer of gate dielectric having a first thickness is

created over the surface of the substrate

¢ a first exposure mask is created over the surface of the first

layer of gate dielectric, the first exposure mask comprises at
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| east one opening overlying the second surface of the substrate over which
at | east one PMOS device is to be created first inpurity inplants are
performed using the first exposure mask as an inplant nask the first
exposure mask is renoved fromthe surface of the first |ayer of gate

di el ectri a second exposure mask is created over the surface of the

first | ayé‘n‘ea(ﬁt Pt WEHRE 1L LS o d® eXPHS T & ISk Coti ses at

| east one opening overlying the second surface of the substrate over which
at- | east VNN JeoN R Pikicl de lershtene B¥WRdndeYhpuris yto npt aprsabee
performed using the second exposure mask as an inplant mask the second

exposure nmiskst sinpuoved impntthe st foeefofmédeusingsthéayersofegabeure
dielectric a third mask is created over the surface of the first |ayer of

gate diel egddit Cas the ihb18,rasksexposes the surface of the first |ayer of
gate dielectric where the first |layer of gate dielectric overlies the
second gurface.of the substrate ate dielec i's

the first layer o reg i
renoved fr%ﬁﬁt?k?%%c%ﬁ%osgﬁ?f%%%ko?sth%mgﬁbgt¥5?@,g?gugFﬁga?ﬁeO%h#gﬁ mask
as an etch_, mask, exposing the second surface of the substrate 18

first layer of gJate dielectric

®* a second exposure mask is created over the surface of the

first layer of gate dielectric, the second exposure mask
comprises at least one opening overlying the second surface of
the substrate over which at least one NMOS device 1s to be
created

¢ second impurity implants are performed using the second

exposure mask as an implant mask

¢ the second exposure mask is removed from the surface of the

first layer of gate dielectric

® a third mask is created over the surface of the first layer of
gate dielectric, the third mask exposes the surface of the
first layer of gate dielectric where the first layer of gate
dielectric overlies the second surface of the substrate

® the first layer of gate dielectric is removed from the second
surface of the substrate,_ using the third mask as an etch

mask, exposing the second surface of the substrate
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the third nmask is renoved fromthe surface of the flrst | ayer of gate
dielectric the thickness of the first |layer of gate dielectric is reduced

by a neasurabl e anount, and a second |ayer of gate dielectric having a
second * htbknébs rdsmaskeated eoverd Heogedtrd ssurffaaee odf thige fuisst latyer

Al t hough the invention has been described and illustrated wth reference
to specifbg phkusuiaticee raabodi ments thereof, it is not intended that the
invention be limted to those illustrative enbodi ments. Those skilled in
the art, W n|ze t var.i atiqns and d|f|c t|on .Gan be nmade

wi t hout' de%artlng anﬁﬁﬂi%fp%hﬁéﬁﬁlﬁﬁﬁf|%%F) |on %? ereforeuCed

i nt ended i nclude wi.thin the invention all such varlatlons and

nndificat#8n§ RFEoHPRYe WYt RE%Scope of the appended clainms and

equi val ents thereof. 19 ., Y. y Yoo t~,,~ ~
....... ® . a ssgond] layer of qate dige e Qi heymma ‘i g WL clnews i
What is claimed is: 1. A method of creating dual -gate oxide layers with
reduced cirerred raeredi Sthrd legwomnd cfutfrrecd i h-gat es Whatnregle | npl ant  caused
by thick-gate oxidation, conprising the steps of:

Although the invention has been described and 1llustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that variations and modifications can be made without departing
from the spirait of the invention. It 1s therefore intended to
include within the invention all such variations and

modifications which fall within the scope of the appended claims

and equivalents thereof.
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provi ding a substrate, over the surface of said substrate having been
designated a first surface area over which a thick |ayer of gate

di el ectric-nmust be created and a second surface area over which a thin

| ayer of gate dielectric nust be created, required inpurity inplants
havi ng heen perforned into the first surface area of said substrate,
regi ons"AC 1121 ¢-#EBEAt +8n having been provided in the surface of said
substrate; creating a first layer of gate dielectric having a first

t hi ckneks dveethee gfir facetongsdidlsopser akedeclagerfghvathi FsdueRgosure
mask over the surface of said first layer of gate dielectric, said first
exposurehemskl cenpissknguatioheast toretbpengpgeocerhyengitnhéaseécondssdrface
of said substrate over which at | east one PMOS device is to be created;
performpgthiicstghpubklidakaphantsmpstBgngaictef istebsexgosure nmask as an
i npl ant mask; renoving said first exposure mask fromthe surface of said

first layer gtogatiendi gl gebkhkeatel, €dkRd tReSLRHA RXREISUEE dTRSK s@V¥ak ot he
surface of said first layer of gate dielectric, said second exposure mask

Z0oe TR, BLheRel ORacoRe D0 e pnn e et LA el
layer of gate dielectric must be created and a second surface
area over which a thin layer of gate dielectric must be created,
required impurity implants having been performed into the first
surface area of said substrate, regions of field isolation having
been provided in the surface of said substrate;

creating a first layer of gate dielectric having a first
thickness over the surface of said substrate;

creating a first exposure mask over the surface of said
first layer of gate dielectric, said first exposure mask
comprising at least one opening overlying the second surface of
sald substrate over which at least one PMOS device is to be
created;

performing first impurity implants using said first exposure
mask as an implant mask;

removing said first exposure mask from the surface of said
first layer of gate dielectric;

creating a second exposure mask over the surface of said

first layer of gate dielectric, said second exposure mask

20
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created; performng second inpurity inplants using said second exposure
mask as an i nplant mask; renoving said second exposure mask fromthe
surface of said first layer of gate dielectric; creating a third mask over
the surface of said first layer of gate dielectric, said third mask
exposing the surface of said first |layer of gate dielectric where said
first |ag@propipdat et drabécerecosgeinges vehiad Yseéfohdesgerase shrdaicg of
substrate; renoving said first |layer of gate dielectric fromthe second
surf acesefidsaidssubstr aver udiing sai detbitr dneadkO8s davietch snask be exposi ng
said second surface of said substrate; renoving said third mask fromthe
surfacecetasapnd first layer of gate dielectric; reducing the thickness of
said first layer of gate dielectric by a measurable anobunt; and creating a

second | ayer pglgahe o electil 4 having a-aacond Jdieknesy auelo-sal d second

surface of s trate. 2. aim1, said first exposure

mask angxsag%r sggpnd exposg&glngﬁkngnquaid third mask conprising
photore5|gP. 51 -ﬁﬁlaf.afhe ethod "6F° ¢laim 1, said first | ayer of gate

dielectric . . .
removing said second exposure mask from the surface of said

first layer of gate dielectric;

creating a third mask over the surface of said first layer
of gate dielectric, said third mask exposing the surface of said
first layer of gate dielectric where said first layer of gate
dielectric overlies the second surface of said substrate;

removing said first layer of gate dielectric from the second
surface of said substrate, using said third mask as an etch mask,
exposing said second surface of said substrate;

removing said third mask from the surface of said first
layer of gate dielectric;

reducing the thickness of said first layer of gate
dielectric by a measurable amount; and

creating a second layer of gate dielectric having a second

thickness over said second surface of said substrate.

2. The method of claim 1, said first exposure mask and said

second exposure mask and said third mask comprising photoresist.
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conprising oxide. 4. The nethod of claim1l, said first |layer of gate
dielectric being created to a first thickness of between about 80 and 120
Angstrom 5. The nethod of claim 1, said required inmpurity inplants having
been perforned into the first surface area of said substrate being
selected fromthe group of inplants consisting of n-well inplant and
p-wel | 3 nplatmemtopupcheheough, | splanfiantd thAreshofdgavel dageethplant. 6.
The nethod of claim1, said regions of field isolation having been

pr.ovi dezbmpr ihengustade. of said substrate conprising regions of Shall ow
Trench Isolation. 7. The method of claim1, said first inpurity inplants
being selected fromthe group of inplants consisting of n-well inplant
and puncht hrough inplant and threshold voltage inplant. 8. The nethod of

claimly sphd s6€054 bﬁpeiéibﬁ urrpgénhsf%g@gla%&estfeaafcreomtefﬂ@cg&%p of

i npl ants consisting of p-well inplant and puncht hrough i nplant and
t hresh I n , "
L 0&91HS_§§8§FEHD£8 L f%%stméhﬁfﬁnsgswgftbe%Wagn abpug 80 and. 1ﬁod

C|alﬂ18A S d threshold voltage i npl ant preferably using indium as source

of |npur|?y fons. 10. The method of claim 1, said renoving said first |ayer
of gate

5. The method of claim 1, said required impurity implants having
been performed into the first surface area of said substrate
being selected from the group of implants consisting of n-well

implant and p-well implant and punchthrough implant and threshold

voltage implant.

6. The method of claim 1, said regions of field isolation having
been provided in the surface of said substrate comprising regions

of Shallow Trench Isolataion.

7. The method of claim 1, said first impurity implants being
selected from the group of implants consisting of n-well implant

and punchthrough implant and threshold voltage implant.

8. The method of claim 1, séid second impurity implants being
selected from the group of implants consisting of p-well implant

and punchthrough implant and threshold voltage implant.
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dielectric fromthe second surface of said substrate conprising applying
HF chem stry whereby said HF is diluted in a ratio of about 100 : 1. 11.
The nethod of claim1, said reducing the thickness of said first |ayer of
gate dielectric by a nmeasurable amunt conprising applying HF chenistry
whereby said HF is diluted in a ratio of between about 100 : 1 and about
200 : 12- 19he Thethedhell etaérabm 32idabBreebnefingothe9enhi ERABEE of said

first layer of gate dielectric by a nmeasurable anmount conprising reducing
said fipsefehikknessing anthiwkaessoofchbepfeanpabdty 40nsand 70 Angstrom
13. The method of claim1l, said creating a second |ayer of gate dielectric
over said second surface of said substrate conprises Rapid Thernal

Oxi dation of said second surface of said substrate wusing a single

processing cthanhethod3o¥. chaifnel-,~-salid $emdV¥ing ¥aid fhrsttlbyer’ of Ghte}
Iwf.P.f sAFNSFrM~fY MAW. i -r.-~r'rl/ +.wW"'"~"1A Y 14. The nmethod of claim

1, “‘thd??léggkiEOE§EmSEﬁ§OQEc§%Ef%h@k%@e BEegkﬁbns%%%%r%%rf%%%p%&%%%g sai d

addi tional step being per prlor to said step of creatlng a second

I f f
Tﬁgege?ﬁggﬁgﬁ glgkﬁ% mggFg se@%%l ayegggfﬁg;tg%ﬁﬂ' 6c fﬁbsugéﬁhg created

to a second thlgkneﬁs of between about 10 and 50
] about

11. The method of claim 1, said reducing the thickness of said
first layer of gate dielectric by a measurable amount comprising
applying HF chemistry whereby said HF is diluted in a ratio of

between about 100 : 1 and about 200 : 1.

12. The method of claim 1, said reducing the thickness of said
first layer of gate dielectric by a measurable amount comprising
reducing said first thickness to a thickness of between about 40

and 70 Angstrom.

13. The method of claim 1, said creating a second layer of gate
dielectric over said second surface of said substrate comprises
Rapid Thermal Oxidation of said second surface of said substrate

using a single processing chamber.
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Angstrom 16. A nethod of creating dual-gate |ayers of gate dielectric,
conprising the steps of: (a) providing a substrate, the surface of said
substrate having been divided into surface regions, said surface regions
having been electrically isolated fromeach other, said regions being: (1)
region 1 over which PMOS devices having a thick Iayer of gate dielectric
must beléredhedmetpdr i ¢ adrover wWittihc R NNMICE idevingds shan g @ettficoinilnayer
of gate dielectric nmust be created; (3) region 3 over which PMOS devices
havi ng arthichihagert eofsurfatce djlelaer;t rsad dnastd ibe coradatsackp (o)1 ge giert A naer
whi ch NMOS devices having a thin layer of gate dielectric nust be created,

24 (b) perber mongafiid SttdpTRU idieddRlAN Sdddm the surdacf dired il
(c) performng second inpurity inplants into the surface of region 2; (d)

creatlngvérfggghI§@5yhdﬁsdggéééh5¥(gg rd Gfpuing.a first thickness over
the surface of said substrate; (e) performng third inmpurity inplants into
t he surface of

15. The method of claim 1, said second layer of gate dielectric
being created to a second thickness of between about 10 and 50

Angstrom.

16. A method of creating dual-gate layers of gate dielectric,
comprising the steps of:

(a) providing a substrate, the surface of said substrate
having been divided into surface regions, said surface regions
having been electrically isolated from each other, said regions
being:

{1) region 1 over which PMOS devices having a thick layer of
gate dielectric must be created;

(2) region 2 over which NMOS devices having a thick layer of

gate dielectric must be created;

{(3) region 3 over which PMOS devices having

ats

thin layer of

gate dielectric must be created;

(4) region 4 over whicﬁ.NMOS devices having a thin layer of

gate dielectric must be created;
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region 3; (f) performng fourth inpurity inplants into the surface of
region 4; (g) renoving said first |layer of gate dielectric from above
surface regions 3 and 4; and (f) creating a second |ayer of gate dielectric |
having a second thickness over the surface of regions 3 and 4 of said
substrate. 17. The nethod of claim 16, said first and third inpurity

i npl ant's i nt dbt heesdfradegr egirert Lripeimg ys elmgctaed o rigrhd Hehegrougfaayd of

i npl ants consi sting of n-well inplant and puncht hrough inplant and |
t hr eshokdqguelnt age i nplant. 18. The nethod of claim 16, said second and

fourth inpurity inplants into the surface region 1 being selected fromthe \
group 25 of (idyphanite Gans SddthOfinpuweldy | m @ e and gunafd hhoughed rept ant
and threshold voltage inplant. 19. The nethod of claim 16, said first |ayer |
of gate  digglecty;ic conprising oxide. 20. The nethod of claim16, said |
first layer of gate dielectric being created to a first thickness of

between about § él%gqe LYSILOM , 2 JPe B hod: L S AL MAGinGal de i v st

surface reglons haV|

thickness over the surface of said substrate;

(e) performing third impurity implants into the surface of
region 3;

(f) performing fourth impurity implants into the surface of
region 4;

{g) removing said first layer of gate dielectric from above
surface regions 3 and 4; and

(f) creating a second layer of gate dielectric having a
second thickness over the surface of regions 3 and 4 of said

substrate.

17. The method of claim 16, said first and third impurity
implants into thé surface region 1 being selected from the group
of implants consisting of n-well implant and punchthrough implant
and threshold voltage implant.

18. The method of claim 16,Isaid second and fourth impurity

implants into the surface region 1 being selected from the group
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|
electrically isolated fromeach other conprising creating regions of
Shal |l ow Trench Isolation in the surface of said substrate. 22. The nethod

of claim 16, said fourth inpurity inplant preferably using indium as {
source of inpurity ions for a threshold voltage inplant. 23. The nethod of
claim 16 saig creating a second | ayer of gate dielectric over the surface
of regi Bhs BPAARCE SPngéP&l§ﬁb§FrQf@el&oﬁﬁﬂl§mﬁgaR%ﬂQﬂ“FﬁéPﬁQPg@KPEQH@@ﬁ of
sai d second surface of said substrate using a single processing chamber.
26 24. FRE KBER6HCH wFPaitmo®s immlemtan additional step of performng
pre-thin gate surface clean, said additional step being perforned prior to
said step of creating a second |ayer of gate dielectric over the surface
of regions 3 and 4 of said substrate. 25. The nmethod of claim 16, said
second [Layefhef mgaheddiogl edtariinc 1 dheisad «ridatad tayear setc et d hiickness iof

bet ween about 10 and 50 Angstrom 26. The nethod of claim16,"'said

per f or nktBgphiikshgargigecond inpurity inplants conprising perform ng
inmpurity inplants into the bare surface of said substrate. 27. The net hod
of claim 16, said performng third inpurity inplants into the surface of
region 3 conprises the steps of: creating a first exposure nmask over the

sgrfacezgﬂ %%éjmethod of claim 16, said first layer of gate dielectric

being created to a first thickness of between about 80 and 120

Angstrom.

21. The method of claim 16, said surface regions having been
electrically isolated from each other comprising creating regions

of Shallow Trench Isolation in the surface of said substrate.

22. The method of claim 16, said fourth impurity implant
preferably using indium as source of impurity ions for a

threshold voltage implant.

23. The method of claim 16, said creating a second layer of gate i
dielectric over the surface of regions 3 and 4 of said substrate
comprising Rapid Thermal Oxidation of said second surface of said

substrate using a single prébessing chamber.
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first layer of gate dielectric, said first exposure mask conprising at

| east one opening over the surface of said first |ayer of gate dielectric, |
said at | east one opening overlying the surface of said region 3;

performng third inpurity inplants using said first exposure mask as an

i.pl ant mask; and renoving said first exposure mask fromthe surface of
sai d fQﬁstThgy@pt@pdg@ﬁecd@émeéﬁn|@1t@7an additional step of performing

e ~ 0, T = ~
- dpre thln gate sqrface qlean“-saLd addﬂthnal sta@jbeﬁnq-perﬁqnmmd%B
The nethod of claim 27, said first exposure mask conprising photoresist.

29. Thep&ebh}oc&oofsaqldaisrﬂe,’b6,ofsaircta&qrﬁgordﬁstgbémrﬂdyémﬂ idate idmd &dtScidt o
the surface of region 4 conprises the steps of: creating a second exposure

mask oveketrthe neurshace f saidkdidsd 3 awer ofogale dialwatsde . said second
exposure mask conprising at | east one opening over the surface of said
first layer of gate dielectric, said at | east one opening overlying the
surface of said region 4, perforning fourth inpurity i npl ants using said

second Xpasur S ; V|ng ald se exposure
mask fro% tﬁé‘ SS(} ace 5it Sal%ﬁpfl tst® ayesrec ego %Ire?ec? T &lé‘ﬂecﬁﬁp

being created to a second thickness of between about 10 and 50

Angstrom.

26. The method of claim 16, said performing first and second
impurity implants comprising performing impurity implants into

the bare surface of said substrate.

27. The method of claim 16, said performing third impurity
implants into the surface of region 3 comprises the steps of:

creating a first exposure mask over the surface of said
first layer of gate dielectric, saild first exposure mask
comprising at least one opening over the surface of said first
layer of gate dielectric, said at least one opening overlying the
surface of said region 3;

performing third impurity implants using said first exposure
mask as an implant mask; and

removing said first exposure mask from the surface of said

first layer of gate dielectric.
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30. The nethod of claim 29, said second exposure mask conpri sing

phot oresist. 31. The nmethod of claim 16, said renoving said first |ayer of
gate dielectric fromabove surface regions 3 and 4 conprising the steps
of : creating a third mask over the surface of said first |layer of gate
dielectric, said third mask exposing the surface of said first |ayer of
gat e di 8Pecthec Mattéosl o4 ¢lfiims 27 ayperl dbff igdtte gposure mask comprising

w. r_,,.. . V. -~ -~ ~y . ST .. L. <., ~W.

S, .- .photaresist~"..~t MC. wdielectric overlies regions 3 and 4 in
the surface of said substrate; renoving said first |ayer of gate

dielectric fromthe surface of regions 3 and 4 of said substrate, using
said third nask as an etch mask, exposing said the surface of regions 3

and 4 ofy.saihd sudrsHdater Aand o eroVidg ¢ ad &k £ o th drasdu frromdder suy f ace of
said first | ayer of gate dielectric. 32. The nethod of claim31, said

third masdeicemy iYW cHhdOresdStor 32gilhe reidipd- pie gl @idn d&pidh; an
additional step of reducing a thickness of said first |ayer of dielectric

g%’eg measur al & o AMRUNE . s Sl th addidd gnaly, $1,eP, D&l ngh PeL i PENEL PEIOL; fo said

first layer of gate dielectric, said second exposure mask
comprising at least one opening over the surface of said first
layer of gate dielectric, said at least one opening overlying the
surface of said region 4;

performing fourth impurity implants using said second
exposure mask as an lmplant mask; and

removing said second exposure mask from the surface of said

first layer of gate dielectric.

30. The method of claim 29, said second exposure mask comprising

photoresist.

31. The method of claim 16, said removing said first layer of
gate dielectric from above surface regions 3 and 4 comprising the
1 steps of:
creating a third mask over the surface of said first layer
of gate dielectric, said third mask exposing the surface of said

first layer of gate dielectric where said first layer of gate
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of creating a second | ayer of gate dielectric over the surface of regions
3 and 4 of said substrate. 34. The nethod of claim33, said reducing the
t hi ckness of said first layer of gate dielectric by a neasurabl e anount
conprising applying HF chem stry whereby said HF is diluted in a ratio of
between about 100 : 1 and about 200 1. 29 r F . a

., C. dlelectrlcdoverﬁles+r¥919n3aﬁ|ahd ﬂoln_théysurfﬁce"bwtgwad35 The
met hod of claim 33, said reducing the thickness of said first |ayer of
gat e di shestrbteby a neasurabl e amount conprising reducing said first
t hi ckness to a thickness of between about 40 and 70 Angstrom 36. The

nmet hod of cl aefib¥®ngSaiad dr eAR%ING a8@ird Jffi ISl d Ayen Rt rigatre i electric from
above regions 3 and 4 of said substrate conprising applying HF chem stry

wher eby sgaicd cHF o Esr@bhgh%dB'%n@ a0 sofi AR QR ¢, Lisi3Q sdia WAL
I,ci foAn4" wN. W >

mask as an etch mask, exposing said the surface of regions 3 and

4 of said substrate; and

removing said third mask from the surface of said first

layer of gate dielectric.

32. The method of claim 31, said third mask comprising

photoresist.

33. The method of claim 19, with an additional step of reducing a
thickness of said first layer of dielectrac by a measurable
amount, saild additional step being performed prior to said step

of creating a second layer of gate dielectric over the surface of

regions 3 and 4 of said substrate.

34, The method of claim 33, said reducing the thickness of said
first layer of gate dielectric by a measurable amount comprising
applying HF chemistry whereby said HF is diluted in a ratio of

between about 100 : 1 and about 200 : 1.
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35. The method of claim 33, said reducing the thickness of said
first layer of gate dielectric by a measurable amount comprising

reducing said first thickness to a thickness of between about 40

and 70 Angstrom.
36. The method of claim 16, said removing said first layer of

gate dielectric from above regions 3 and 4 of said substrate

comprising applying HF chemistry whereby said HF is diluted in a

ratio of about 100 : 1.
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