A METHOD FOR INTEGRATING A SONOS GATE OXIDE TRANSISTOR
INTO A LOGIC/ANALOG INTEGRATED CIRCUIT HAVING SEVERAL
GATE OXIDE THICKNESSES BACKGROUND OF THE INVENTION (1)
FIELD OF THE INVENTION This invention relates to semiconductor

integrategl sireritcievicss, aRGECRATIANGCWasyims neaitaddsrrsantrolling
the top oxide thickness on a polysilicon/ silicon oxide/silicon nitride/silicon
oxide/siliqunnsbstrarR (RAYOR) LoessranahicsforTEEgaresides of
different thicknesses elsewhere on the substrate by a first and second
embodimenRAUETTRAVINENGEVERALE GReTH a0 IDaE YTRICKNEESES
integrating merged logic/analog integrated circuits with non-volatile memory
devices. (2) DESCRIPTION OF THE PRIOR ART Merging semiconductor
logic/analog devices with non- volatile memory devices is finding extensive
use in the electronics industry. These embedded SONOS devices require 1
FETs with different gate oxide thicknesses to optimize the FET performance.

Typically non-volatile nB&EBEGREDNOF JFEE pENVENALPRuUt/output (1/0)
devices require thicker gate

(1) FIELD OF THE INVENTION

This invention relates to semiconductor integrated
circuit devices, and more particularly to a method for
controlling the top oxide thickness on a polysilicon/
silicon oxide/silicon nitride/silicon oxide/silicon
substrate (SONOS) transistor while forming gate oxides of
different thicknesses elsewhere on the substrate by a first
and second embodiment. The method and structure are
particularly suitable for integrating merged logic/analog

integrated circuits with non-volatile memory devices.

(2) DESCRIPTION OF THE PRIOR ART

Merging semiconductor logic/analog devices with non-
volatile memory devices is finding extensive use in the

electronics industry. These embedded SONOS devices require



oxides, while CMOS logic/analog devices require a thinner gate oxide for
increased performance (switching speed). For example, SONOS memory
and peripheral devices require thicker oxides of about 60 Angstroms or more
and operate at a gate voltage of about 3.0 to 5.0 volts, while CMOS logic

FERYicGestIaVeigate sxitesghakalexaliuit ShiAvRgfdwses ot despiathoperaite
at lower gate voltages (V) of between about 1.8 V and 2.5V to achieve

FE0 st spdtehigespe e dey Pieaaany enbaralsnathDle frnehiemng(SONOS)  and
dual-thickness gate oxides for FETs while forming a silicon oxide/silicon

pettiipstedn mgde (G Oplaye( DN sdesiiaiess riajpicied in Hiackehe naaitcs
cross-sectional views of Figs. 1 and 2. In this approach a field oxide 12 is
ostdiesd inwarid eorcessillcoistjbstrale 40 de-slitresna aqd atectecallyi modate
the various device areas. The logic/analog device area (core area) is
galepicied dethEdeft jooctiraskeEigpé r floeanarea (swbpwhdchm thpeamler
portion, and the SONOS area is depicted in the right portion of Fig. 1. For
Feimphcipraiel, p QNS oheiszugsiandthpehighdevde daeasase degiciere
adjacent to each other; however, it 2 should be understood that the device
thickergopddes of about 60 Angstroms or more and operate at
a gate voltage of about 3.0 to 5.0 volts, while CMOS logic
devices have gate oxides that are about 35 Angstroms or
less and operate at lower gate voltages (V) of between

about 1.8 V and 2.5 V to achieve higher switching speeds.

One conventional method of achieving dual-thickness
gate oxides for FETs while forming a silicon oxide/silicon
nitride/silicon oxide (ONO) layer on a substrate is
depicted in the schematic cross—-sectional views of Figs. 1
and 2. In this approach a field oxide 12 is formed in and
on the silicon substrate 10 to surround and electrically
isolate the various device areas. The logic/analog device
area (core area) is depicted in the left portion of Fig. 1,
the I/0 area is depicted in the center portion, and the
SONOS area is depicted in the right portion of Fig. 1. For
simplicity and purpose of discussion, the three device

areas are depicted adjacent to each other; however, it



distributed differently on the substrate depending upon the circuit design. In
this conventional approach a blanket stacked layer is formed on the

substrate. The stacked layer consists of a first silicon oxide (SiO2) layer 16,
a silicon nitride (Si3N4) layer 18, and a top SiO2 layer 20, as shown in Fig.

sHoWESswnidags2oba tackectQblQiayeris paltarsedain IBave portions
over the SONOS memory (cell) area. Then, as shown in Fig. 3, a first gate

dixtrel M tsedr oddrdeardhe 1§0rermnehléO slslviserareas asgdafaiignasda the
leave the first gate oxide 24 over the I/O device areas, and a second gate
cixilei 28 tegrDy. over the core area. Unfortunately, during processing to
form the first and second gate oxides, the effects of cleaning and oxidizing
can dramatically alter the thickness of the top SiO2 layer 20'. Various
methods of integrating SONOS or MONOS devices on a substrate have
beenIepbhéd ircthevidetatoma Foappaoaub, . h1RatketNeta&8éB5lay2r
to Satoh et al. describes a method for making twin MONOS devices on
igphositedidenaibef subsitidateewhildben dtamebeadly L kyemetiresietorp £
gate and the logic gate. Nishizaka in 3
a first silicon oxide (SiO;) layer 16, a silicon nitride
(SisNy) layer 18, and a top SiO, layer 20, as shown in Fig.
1. As shown in Fig. 2, the stacked ONO layer is patterned
to leave portions over the SONOS memory (cell) area. Then,
as shown in Fig. 3, a first gate oxide 24 is grown over the
core and I/O device areas and is patterned to leave the
first gate oxide 24 over the I/0 device areas, and a second
gate oxide 28 is grown over the core area. Unfortunately,
during processing to form the first and second gate oxides,

the effects of cleaning and oxidizing can dramatically

alter the thickness of the top SiO, layer 20’'.

Various methods of integrating SONOS or MONOS devices
on a substrate have been reported in the literature. For
example, U.S. Patent No. 6,531,350 B2 to Satoh et al.
describes a method for making twin MONOS devices on
opposite sidewalls of a word line while simultaneously

forming the memory gate and the logic gate. Nishizaka in



U.S. Patent No. 2004/0021171 Al describes a method for making a
non-volatile two-bit (node) device, with a node on each side of a polysilicon
gate electrode. In U.S. Patent No. 2004/0018685 Al to Shibata, a method is
described for making a non-volatile memory cell, with nodes adjacent to and

U of.opRasdatsidrs. oo palysidiean gataglegigde iBss RatpeiNed for
2003/0155582 Al to Mahajani et al. describes a method for making very thin

mPai §Xiflef bisigod dewilempesabit incadidaicadegeaerativnflioeesoddeon
cited references do not address the problem of variations in the thickness of

edloh i 80D 6na PONES Hevise. Jaeefebdbemiden nedd irvthe. inHasiento
provide a method that minimizes variations in the thickness of top SiO2 on

NSOROMHJOMtesbealntegrainiba®alO S daeichs dviths Fid sdwaitegig fier
oxides of several different thicknesses on the same substrate. SUMMARY

ma Al Eal NVBNTHB AL benoipabatyje ctedf Ihe wi¢dentadentiad jeteformtan
ONO stacked gate for a SONOS transistor with a top oxide that has a

anghiform eppoeptatadicltsciotss groly diihiecpatedab® 2imgtermtiegrated
circuit having gate

U.S. Patent No. 2003/0155582 Al to Mahajani et al.

describes a method for making very thin gate oxides using a

low-temperature in-situ steam generation process. The

cited references do not address the problem of variations

in the thickness of the top SiO, on a SONOS device.

Therefore there is a need in the industry to provide a
method that minimizes variations in the thickness of top
SiO; on SONOS devices when integrating SONOS devices with
FETs having gate oxides of several different thicknesses on

the same substrate.

SUMMARY OF THE INVENTION

A principal object of the present invention is to form

an ONO stacked gate for a SONOS transistor with a top oxide

that has a uniform and repeatable thickness and is



oxides of different thicknesses. Another object of the invention by a first
embodiment is to achieve this top oxide having uniform and repeatable
thickness by using a thin sacrificial Si3N4 layer over the top Si02 layer
during processing to form gate oxides of different thicknesses elsewhere on

inlke grubsieatiei Abether obiaglive Dhtugiueston bycusecaiuk enpaghpent is
to utilize a silicon nitride/silicon oxide (NO) layer over the SONOS cell area
oxiakichothedliBRddayer thpakiadsserverted to a Si02 during processing to
form ONO gate oxides while forming gate oxides having different
thicknesses on other portions of the substrate. Still another objective of this
invention is to provide a simple manufacturing process that is more reliable
and Aare-best eflegivt WS theniiarenides BynathHd 1of t oatiblid d resmait
minimizing the variation in thickness of the top oxide on a polysilicon/silicon
i pxide/sibtdrenitriddisiscaropxidelsibctrasulgirate {EOO ShdeviepeBitisble
method of 5 minimizing the thickness variation of the top oxide is achieved
thialewesa thiy saxifigabSidNhlayecon ficigpl SisN, layer over the
top SiO; layer during processing to form gate oxides of

different thicknesses elsewhere on the substrate.

Another objective of this invention by a second
embodiment is to utilize a silicon nitride/silicon oxide
(NO) layer over the SONOS cell area in which the Si3N, layer
is partially converted to a SiO; during processing to form
ONO gate oxides while forming gate oxides having different

thicknesses on other portions of the substrate.

Still another objective of this invention is to
provide a simple manufacturing process that is more

reliable and more cost effective.

This invention provides a method of controlling and
minimizing the variation in thickness of the top oxide on a
polysilicon/silicon oxide/silicon nitride/silicon

oxide/silicon substrate (SONOS) device. This method of



of a silicon oxide/silicon nitride/silicon oxide (ONO) stacked layer. The
sacrificial SiI3N4 layer protects the top Si02 layer from thickness variations
on the SONOS devices during the formation of first and second gate oxides
on other portions of the substrate. In brief the method begins by providing a

mpaiialyi semplnied BemicskiciansLbsiale kavingénplepteskmgionss for
wells and drains for core regions, input/output (1/0O) regions, and SONOS cell
adhgiete suspuiadetdyasalation sdead FA bicakesstackerhipger oha GHE top
layer, a storage Si3N4 layer, and a top Si02 layer (ONO layer) is formed
oBegueitidllycan theisldysirnld dokey isattitegfdhe i tvyantori deo fOND B
sacrificial Si3N4 layer on the top Si02 layer of the ONO stacked layer. The
stsackkelallapal. layEhanddbe sthicked 10NO Ny el aye patietitestodeatre top
portions of the ONO layer with the sacrificial Si3N4 layer over the SONOS
S1e} regices. Adost gatdcxicsis foanédt iomexavmplehley BediQSsdamices
generation (ISSG) oxidation process, on the exposed surface of the
dweubsgatehe ef srmadureflogiv) fégishs and thedoOnegiarts Tdreiskesifioml
Si3N4 layer is partially oxidized to form a sacrificial Si02 6
other portions of the substrate.

In brief the method begins by providing a partially
completed semiconductor substrate having implanted regions
for wells and drains for core regions, input/output (I/O)
regions, and SONOS cell regions surrounded by isolation
areas. A blanket stacked layer of a SiO, layer, a storage
SisN,; layer, and a top SiO; layer (ONO layer) is formed
sequentially on the substrate. A key feature of the
invention is to form a sacrificial Si3;N; layer on the top
SiO, layer of the ONO stacked layer. The sacrificial Si;Ng
layer and the stacked ONO layer are patterned to leave
portions of the ONO layer with the sacrificial Si3;N,; layer
over the SONOS cell regions. A first gate oxide is formed,
for example, by in-situ steam generation (ISSG) oxidation
process, on the exposed surface of the substrate over the
core (logic) regions and the I/0O regions. The sacrificial

Si3N; layer is partially oxidized to form a sacrificial SiO;



layer. The sacrificial Si3N4 layer prevents the thickness of the top oxide
layer of the ONO layer from changing during processing when the first gate
oxide is formed. Next the first gate oxide is patterned to leave portions over
the I/O regions while removing the first gate oxide over the core regions. The

149eRiningracriicil i53N4aRysh protacis e iobcdee lyehwhiR 1erReyEg
the sacrificial Si02 layer over the SONOS. Next a second gate oxide is
oforthrd ebphegtdsiraiaywer ¥ ebie O NEaydite £06UICRANGAXIEIZING
the remaining sacrificial Si3N4 layer to complete the stacked ONO layer for
dulid S WoScaxstoy celeand he caipiaie diat &rsd gt olige fchibd .
second gate oxide. The remaining sacrificial Si3N4 layer that is oxidized also
Ndattns Ag@oftiarsef inaetiep axicie ldyerplita seted ewmbbdaventmithisons
invention, the method is similar to the first embodiment up to the formation of
ovtkg bbliemIZi02taygsroAsstetagbeSiSaMdayans ttep ositets tsuffdientbathdsk to
allow a top oxide layer to be formed by thermal oxidation of the Si3N4 layer
ovkrringHernsativn alegifesisand Theoncegattroxde. Braxflyfilke baltofiLHN2
layer and the storage Si3N4 layer are patterned to leave
layer protects the top oxide layer while removing the
sacrificial SiO; layer over the SONOS. Next a second gate
oxide is formed on the substrate over the core regions
while concurrently oxidizing the remaining sacrificial Si;Ny
layer to complete the stacked ONO layer for the SONOS
memory cell, and to complete the first gate oxide and the
second gate oxide. The remaining sacrificial Sis3N; layer

that is oxidized also forms a portion of the top oxide

layer.

In a second embodiment of this invention, the method
is similar to the first embodiment up to the formation of
the bottom SiO, layer. A storage Si3N; layer is deposited
sufficiently thick to allow a top oxide layer to be formed
by thermal oxidation of the Si;N; layer during formation of
a first and second gate oxide. Briefly the bottom SiO,
layer and the storage Si3;N, layer are patterned to leave

portions over the SONOS cell regions. Next the first gate



portions over the SONOS cell regions. Next the first gate 7 oxide is formed
over the core area and the 1/0O area using thermal oxidation while the storage
Si3N4 layer over the SONOS cell is partially oxidized to form a portion of the
top oxide layer. The first gate oxide is then patterned to leave portions over

oxhid CiarepoxhilipwieatingHbe cpaidialiy sampiricd hep Sj@2 GewtahinggA
second gate oxide is formed over the core regions while concurrently
thearmasingthdsicloieseraf 1be tor S¥tolaygetosaqmpleigy die staeked RINO
layer for the SONOS memory cell while completing the first gate oxide and
so®seea1d gale @dae iaatlyoba ilifieredt thickbesm BRHSrODESCRIIPTHRN
OF THE DRAWINGS Figs. 1-3 show schematic cross-sectional views for
t gpneeiitnal pyeoesseThadRitcturgaapicikidee Tsrrehemprphleteitned to
controlling the top oxide thickness on a SONOS storage device while making
lemte opidet Déuldfererithidkac3des ardee vhmbesubstratsctigsy 4ttheough 8
show schematic cross-sectional views, by a first embodiment of this
Pamtaribhyforempiledesd ushpy & iy ef Hum seteicialgSi3NA [aperond gate
oxide is formed over the core regions while concurrently
increasing the thickness of the top SiO; layer to complete
the stacked ONO layer for the SONOS memory cell while
completing the first gate oxide and the second gate oxide,

each of a different thickness.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1-3 show schematic cross—-sectional views for
conventional processes and structure depicting the current
problem in controlling the top oxide thickness on a SONOS
storage device while making gate oxides of different

thicknesses on the same substrate.

Figs. 4 through 8 show schematic cross-sectional
views, by a first embodiment of this invention, for a

process using a novel thin sacrificial Si;N; layer to



8 control the thickness of a top oxide on a SONOS device while making gate
oxides of different thickness on the same substrate. Figs. 9 through 12 show
schematic cross-sectional views, by a second embodiment of this invention,
for a process using a novel thick Si3N4 layer and thermally oxidizing to form
centopsIidmen Eh3 GRS deriseavhilsp Ntkikk gaie exidgewobdiffetate
thicknesses on the same substrate. Fig. 13 is a graph of the oxide thickness
witbla fmawintgoidhe rosassdine M dn S Ceptidtackyded iBnatk it Ofame
gas with different percentages of oxygen Fig. 14 is a graph of the oxide
stbiskiatseand the consumption of a Si3N4 layer as a function of oxide
thickness on a silicon substrate in an ISSG oxidation system.
DESCRIPTION OF THE PREFERRED EMBODIMENTS The method is now
described in detail by a first embodiment for making a SONOS storage
devidgiwith aQoph3rouigle H/irghounistnelsssian dovarsgiosastticomaking
gate
views, by a second embodiment of this invention, for a
process using a novel thick Si3N; layer and thermally
oxidizing to form a top oxide on a SONOS device while
making gate oxides of different thicknesses on the same

substrate.

Fig. 13 is a graph of the oxide thickness as a
function of the process time in an ISSG oxidation system in

an H;O; gas with different percentages of oxygen

Fig. 14 is a graph of the oxide thickness and the
consumption of a Si3N, layer as a function of oxide
thickness on a silicon substrate in an ISSG oxidation

system.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method is now described in detail by a first

embodiment for making a SONOS storage device with a top



oxides of two different thicknesses on the same substrate. Although this
invention is described for a planar gate structure, it is also applicable to
non-planar structures such as dual-sidewall gate structures and the like.
Referring now to Fig. 4, the method begins by providing a substrate 10

oXBIdHagic§ore) emians 164s famagietats JHOwaginasaRiagd gate
SONOS cell areas (non-volatile memory) 10C. Although the device regions
oxideshay adiacantfipeannhtotbRt tksigyiidstheriraningsaiie subyirate.

distribution of these regions depends on the circuit design (layout). The
Alliffeyaghreghins dmevigpicaby electdeallyrisblade Eemacaduniier §utising

shallow trench isolation 12. An implant sacrificial layer 14 is deposited or
stanmsohoe tha subsiraiz <6 fapphpleabile the wells-grichelzan et aanifieis|

layer 14 is typically SiO2 and is formed to a thickness of about 100
sualysromindheswddwahll chahaeckstnotsies) amdotthed biken

implantation, labeled I/l (15), as depicted by the vertical arrows in Fig. 4.

Referring to Fig. 5, after implanting the wells and channels, the implant

sacrificial layer 14 is removed. For 10

Referring now to Fig. 4, the method begins by

providing a substrate 10 having logic (core) regions 10A
for logic circuits, I/0 regions 10B, and SONOS cell areas
(non-volatile memory) 10C. Although the device regions are
shown adjacent to each other to simplify the drawings, the
actual distribution of these regions depends on the circuit
design (layout). The different regions are typically
electrically isolated from each other by using shallow
trench isolation 12. An implant sacrificial layer 14 is
deposited or formed on the substrate 10 for implanting the
wells and channels. Sacrificial layer 14 is typically SiO;
and is formed to a thickness of about 100 Angstroms. The
wells and channels (not shown) are formed by ion

implantation, labeled I/I (15), as depicted by the vertical

arrows in Fig. 4.

Referring to Fig. 5, after implanting the wells and

channels, the implant sacrificial layer 14 is removed. For

10



example, layer 14 can be removed by wet etching in a solution such as
hydrofluoric acid and water. A blanket stacked layer is formed on the
substrate 10. The stacked layer is made up of a bottom SiO2 layer 16, a
storage Si3N4 layer 18, and a top SiO2 layer 20 (ONO layer) The bottom

exdiRgllayentfisfommeddy thermantxidadiopyisied. fet cxxamplaragid
thermal oxidation (RTO) or ISSG, and is formed to a thickness of between
sébatida agddl) ABJHYING £ Miidiereagiatifinady wasdRicknasoabakd 40
Angstroms. Next a Si3N4 layer 18 is deposited on the bottom oxide layer 16
sthydiR@VDagad usigfa rereiaringahaidulestirdicd|arosilarmehandaaakesda.
Layer 18 is deposited to a preferred thickness of between about 70 and 90
layestromsnagied mopre Spaciboalboie Stittckiessaf dfut 80shrgsikpean S iiN,
top oxide layer 20 is then formed on the Si3N4 layer 18. Layer 20 is SiO2
lalepositéd, fandxamplep uSing.L REYEXUiAg ONCadtagegds. sudthas B&ISm
Layer 20 is formed to a thickness of between about 30 and 50 Angstroms,
S Iraye rspegificallf co-mekickye $shefratzout dRiAadstimsisGaorginufirgrwith
Fig. 5 and a key feature of the invention is to deposit a sacrificial Si3N4 layer
exanpite @PSOZeem2d oixhd@NOstdERe)aper, B88Gormrd\N O8I0

formed to a thickness of between about 30 and 50 Angstroms,
and more specifically to a thickness of about 40 Angstroms.
Next a Si3N,; layer 18 is deposited on the bottom oxide layer
16 by LPCVD, and using a reactant gas mixture of
dichlorosilane and ammonia. Layer 18 is deposited to a
preferred thickness of between about 70 and 90 Angstroms,
and more specifically to a thickness of about 80 Angstroms.
A top oxide layer 20 is then formed on the Si3;N, layer 18.
Layer 20 is SiO,; deposited, for example, using LPCVD using a
reactant gas such as TEOS. Layer 20 is formed to a
thickness of between about 30 and 50 Angstroms, and more

specifically to a thickness of about 40 Angstroms.

Continuing with Fig. 5 and a key feature of the
invention is to deposit a sacrificial Si3N, layer 22 on the
top SiO; layer 20 of the ONO stacked layer, and form a NONO

stacked layer. The Si3N; layer 22 is deposited to a

11



stacked layer. The Si3N4 layer 22 is deposited to a 11 thickness of between
about 40 and 50 Angstroms, and more specifically to a thickness of about 45
Angstroms. Layer 22 can be deposited by LPCVD, and using a reactant gas
mixture of dichlorosilane and ammonia. Referring to Fig. 6, the sacrificial

tigNAdRerP dedtwhestangkedtONO layer B6, Khderawmpatteynad i laave
portions of the ONO layer with the sacrificial Si3N4 layer 22 over the

s Oceall fpgitnal Mhilaes 22 eah b qiaitessedngisgimialithogrpehy
and plasma etching. A first gate oxide 26 is formed on the exposed surface

22f Han BbSstaisoRdd dHe Ispra.HQYD) regianasdAqna thed€r aagionasOB.
Preferably the first gate oxide 26 is formed by in-situ steam generation
miSEFroxidatidrchilaress 14 anéhidaw ssmafidyeieen about 50 and 70
Angstroms, and more specifically to a thickness of about 60 Angstroms. The
process time in a typical ISSG oxidation system can be determined from a
set of curves of oxide thickness versus process time, as shown in Fig. 13.
ConRerfatly ichginigp ORidatioh th&ékecsficraliSi3N1dayi2Nis payteatly22 and
oxidized to form a sacrificial SiO2 layer 24. The thickness
the stacked ONO layer (16,18,20) are patterned to leave
portions of the ONO layer with the sacrificial Si3;N,; layer
22 over the SONOS cell regions 10C. Layer 22 can be
patterned using photolithography and plasma etching. A
first gate oxide 26 is formed on the exposed surface of the
substrate over the core (logic) regions 10A and the I/O
regions 10B. Preferably the first gate oxide 26 is formed
by in-situ steam generation (ISSG) oxidation process to a
thickness of between about 50 and 70 Angstroms, and more
specifically to a thickness of about 60 Angstroms. The
process time in a typical ISSG oxidation system can be
determined from a set of curves of oxide thickness versus
process time, as shown in Fig. 13. Concurrently, during
oxidation the sacrificial Si3N; layer 22 is partially
oxidized to form a sacrificial SiO, layer 24. The thickness
of the oxide layer 24 can be determined from the curve G of

oxide thickness formed on Si3;N; 22 versus SiO, thickness on

the substrate, as shown in Fig. 14 by left coordinate axis

12



of the oxide layer 24 can be determined from the curve G of oxide thickness
formed on Si3N4 22 versus SiO2 thickness on the substrate, as shown in
Fig. 14 by left coordinate axis 12 L. The amount of silicon nitride of layer 22
that is consumed or lost is determined from curve C with respect to the right

L coordieatendbinR ff-igild Jonimpeiddefasturenfdire aventian isthat the
remaining sacrificial Si3N4 layer 22 prevents the thickness of the top oxide
cdimead 0bihelOMO fayed foarmiarging doiing WreeesSingiwhek fopaity to
the first gate oxide 26. Referring to Fig. 7, the first gate oxide 26 is patterned
the leavghrordons dieatbe 14 iegiRn® f 0Biwhilel 4emorimgitip dirdi=gaie oxide
26 over the core regions 10A. The sacrificial oxide 24 is also removed. The
f gatterng fis tichiekmdefor sxamipie Hhatisinpa ndftaéa hygraflaictic faadal
dip. The remaining sacrificial Si3N4 layer 22 protects the top oxide layer 20
SiyNile layevring2hpsaeehidial 3P thicrdemerdiife SENOScailgikd. layer
Referring now to Fig. 8, a second gate oxide 28 is formed on the substrate
2®vef tHetheoreNegibmpeld Afwbite alreginegtlyexitivn g trecessdingigvhen

sacrificial SiI3N4 layer
forming the first gate oxide 26.

Referring to Fig. 7, the first gate oxide 26 is
patterned to leave portions over the I/0 regions 10B while
removing the first gate oxide 26 over the core regions 10A.
The sacrificial oxide 24 is also removed. The patterning
is achieved, for example, by using a buffered hydrofluoric
acid dip. The remaining sacrificial Si;N, layer 22 protects
the top oxide layer 20 while removing the sacrificial SiO;

layer 24 over the SONOS cells 10C.

Referring now to Fig. 8, a second gate oxide 28 is
formed on the substrate over the core regions 10A while
concurrently oxidizing the remaining sacrificial Sis3N; layer
22 to complete the stacked ONO layer for the SONOS memory
cell 10C, and to complete the first gate oxide 26 and the
second gate oxide 28. The second gate oxide 28 is formed

preferably by ISSG processing to a thickness of between

13



22 to complete the stacked ONO layer for the SONOS memory cell 10C, and
to complete the first gate oxide 26 and the second gate oxide 28. The
second gate oxide 28 is formed preferably by ISSG processing to a
thickness of between 13 about 30 and 40 Angstroms, and more specifically to

aBotticRTeerd abpUARGANgSHOMArdereraiRipesahiticial pighd sayer 22
that is oxidized during this process step also forms a portion of the top oxide
t My dsand £oshdates3be A Ofogrie stmiclireaxidasiwhh dapoyveddanl

oxide thickness control while concurrently forming gate oxides of different
Ssihikresges elxevleie obshesitstaid. Retdniggtinh 0. oddels issthep
same as Fig. 4, a second embodiment of this invention also starts by forming
abssacfidietas SO piaytet dd arftl dhiagtasponsiigéant ayekcaod daydhe vertical
arrows labeled I/l (15) to form wells and channels (not labeled), as in the first
canpictiment. Hee f8ONQStodaiy el G ta first oxiEledayeleks Whidttoningpads)ed top
formed by rapid thermal oxidation (RTO) or in- situ steam generation (ISSG)
oxkdatiohiprkoessstoc titiciale selut betwearcuboein3Q gnd SOmimgstgmts; and
more
oxides of different thicknesses elsewhere on the substrate.

Referring to Fig. 9, which is the same as Fig. 4, a
second embodiment of this invention also starts by forming
a sacrificial SiO; layer 14 and doing an ion implant,
indicated by the vertical arrows labeled I/I (15) to form
wells and channels (not labeled), as in the first

embodiment.

Referring to Fig. 10, a first oxide layer 16 (bottom
oxide) is formed by rapid thermal oxidation (RTO) or in-
situ steam generation (ISSG) oxidation process to a
thickness of between about 30 and 50 Angstroms, and more
specifically to a thickness of about 40 Angstroms. A Si;3N,
layer 19 is deposited on the bottom oxide layer 16. Layer
19 is deposited to a preferred thickness of between about
110 and 140 Angstroms, and more specifically to a thickness

of about 125 Angstroms. The Si3N; layer 19 is deposited

14



specifically to a thickness of about 40 Angstroms. A Si3N4 layer 19 is
deposited on the bottom oxide layer 16. Layer 19 is deposited to a preferred
thickness of between about 110 and 140 Angstroms, and more specifically to
a thickness of about 125 Angstroms. The Si3N4 layer 19 is deposited 14

ssiffiiciabydhigkda adRWedtaprdde yesio b faenad yarthesmBloadatiii
of the Si3N4 layer 19 during formation of first and second gate oxides.

bRafakingald MgildhtheSio? layry Kiangd theyeisN1olayer iAqre patatiash
to leave portions over the SONOS cell regions 10C while exposing the

oSubstrate sitithceenumtidhgainse sagidas 10A and 1/O regions |OB. Still
referring to Fig. 11, a first gate oxide 26 is formed over the core area 10A
and the I/0O area 10B using thermal oxidation such as ISSG oxidation
process, while the Si3N4 layer 19 over the SONOS cell 10C is partially
oxidi ReE ¢ fomy atporidrgof thik, toploxidiiRy el 29e as téterminddhdrai e
oxidation/nitride-consumption curves in Fig. 14. For example, when a first

lypear otifledas great teanticknesd e vubopbs® Megstromsr theh pIanfage of
the Si3N4 layer 19 is oxidized to a thickness of about 35

cell regions 10C while exposing the substrate surface over

the core regions 10A and I/O regions 10B.

Still referring to Fig. 11, a first gate oxide 26 is
formed over the core area 10A and the I/O area 10B using
thermal oxidation such as ISSG oxidation process, while the
SisN,; layer 19 over the SONOS cell 10C is partially oxidized
to form a portion of the top oxide layer 20, as determined
from the oxidation/nitride—-consumption curves in Fig. 14.
For example, when a first gate oxide is grown to a
thickness of about 60 Angstroms, the top surface of the
Si3Ny; layer 19 is oxidized to a thickness of about 35
Angstroms, while the thickness of silicon nitride consumed

is about 25 Angstroms.

Continuing with Fig. 11, the first gate oxide 26 is

then patterned to leave portions over the I/O area 10B
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Angstroms, while the thickness of silicon nitride consumed is about 25
Angstroms. Continuing with Fig. 11, the first gate oxide 26 is then patterned
to leave portions over the 1/0 area 10B 15 while protecting the partially
completed top SiO2 layer 20 from etching. Referring next to Fig. 12, a

wiseteng gataeex i ¢ Sukefopaed VeI {ha-eaislegistiin, sy byd$&ks 20
oxidation, while concurrently increasing the thickness of the top SiO2 layer
fZ&mastieramgned from the oxidation curves shown in Fig. 14. The second
gate oxide 28 is formed to a thickness of about 35 Angstroms while the
thickness of the top SiO2 20 is increased from about 35 Angstroms to about
60 Angstroms to complete the stacked ONO layer for the SONOS memory
cell ReEFedierepnmeleting therfirgt ga, 0)dde@6andl ihetsecorddgat28xide
28, each of a different thickness. While the invention has been particularly
fohoead andkxlesbebedwithreteieonce I0he @t Esrrdole MBSGinceritdathiecenf,
it will be understood by those skilled in the art that various changes in form
whahtled eteitscmeaydrecimdenwiteestidepariveg frbarkrespiritcsh d-beopfeopf H&0:
layer 20, as determined from the oxidation curves shown in
Fig. 14. The second gate oxide 28 is formed to a thickness
of about 35 Angstroms while the thickness of the top SiO; 20
is increased from about 35 Angstroms to about 60 Angstroms
to complete the stacked ONO layer for the SONOS memory cell
10C while completing the first gate oxide 26 and the second

gate oxide 28, each of a different thickness.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made
without departing from the spirit and scope of the

invention.

What is claimed is:
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invention. What is claimed is: 16 1. A method for integrating the fabrication of
a SONOS memory cell with gate oxides of different thicknesses comprising
the steps of: providing a semiconductor substrate having implanted regions
for wells and drains for core regions, input/output (I/0O) regions, and SONOS

cell regions swtsdleddyy isatodigeareas feHaingAseeueatialbha sanket
silicon oxide layer, a storage silicon nitride layer, and a top silicon oxide
layer SOMES laysanpbery sashauhsinate Janainga sreifisinl alicge rérde layer
on said top silicon oxide layer; patterning said sacrificial silicon nitride layer
and sshd EXYe dayey |eavipd pPoitinnstifesast OO dafyer with said sacrificial
silicon nitride layer over said SONOS cell regions while exposing surface of
said subptrateiclaigail ceteiregiohscttirsaEdE): tetenidorbngg a first
gate oxide (ISSG) on said exposed surface, while partially oxidizing said
sacrifimpllanted regions for wells and drains for core
regions, input/output (I/O) regions, and SONOS cell
regions surrounded by isolation areas;
forming sequentially a blanket silicon oxide layer,
a storage silicon nitride layer, and a top silicon
oxide layer (ONO layer) on said substrate;
forming a sacrificial silicon nitride layer on said
top silicon oxide layer;
patterning said sacrificial silicon nitride layer
and said ONO layer leaving portions of said ONO layer
with said sacrificial silicon nitride layer over said
SONOS cell regions while exposing surface of said
substrate over said core regions and said I/0O regions;
forming a first gate oxide (ISSG) on said exposed
surface, while partially oxidizing said sacrificial
silicon nitride layer to form a sacrificial silicon
oxide layer while protecting said top silicon oxide
layer;

patterning said first gate oxide to leave portions

over said I/O regions while concurrently removing said
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silicon nitride layer to form a sacrificial silicon oxide layer while protecting
said top silicon oxide layer; patterning said first gate oxide to leave portions
over said I/0O regions while concurrently removing said 17 first gate oxide
over said core regions and removing said sacrificial silicon oxide layer;

formipg Pe%e (oEley AR DAKI NS SSik B0IETEGIONSgIbIE CORAUFRRIbYing
oxidizing remaining said sacrificial silicon nitride layer to complete said
SON@&i mesaty el éngdisadd it gateoeiide anghaaig second gate oxide
each of a different thickness. 2. The method of claim 1, wherein said
semicondiwiari Agbsiraiede Al oiacrystat SdicobvarT atinktied-ef elaidns
wherein said blanket silicon oxide layer is formed on said substrate by rapid
thermad oked ationdRd £y lig- stin Sidainge reatian {5 Gpdxddation
process to a thickness of between 30 and 50 Angstroms. 4. The method of
claimshartidiemisdid sidragensihddrr nided d sysdaposide ddyd REEDassiny

SONOS memory cell and said first gate oxide and said

second gate oxide each of a different thickness.

2. The method of claim 1, wherein said semiconductor

substrate is single crystal silicon.

3. The method of claim 1, wherein said blanket
silicon oxide layer is formed on said substrate by
rapid thermal oxidation (RTO) or in-situ steam
generation (ISSG) oxidation process to a thickness of

between 30 and 50 Angstroms.

4. The method of claim 1, wherein said storage
silicon nitride is deposited by LPCVD using
dichlorosilane and ammonia, and is formed to a

thickness of between about 70 and 90 Angstroms.

5. The method of claim 1, wherein said top silicon

oxide layer is deposited by LPCVD using TEOS and is
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dichlorosilane and ammonia, and is formed to a thickness of between about
70 and 90 Angstroms. 5. The method of claim 1, wherein said top silicon
oxide layer is deposited by LPCVD using TEOS and is 18 formed to a
thickness of between about 30 and 50 Angstroms. 6. The method of claim 1,
whereibraaid saerificiahsibkere BEdE | ayet iedepagiiedty3ldP e Bong
dichlorosilane and ammonia, and is formed to a thickness of between about
40 achg@¥rgagoms. 7. The method of claim 1, wherein said sacrificial
silicon nitride layer is patterned using a photoresist mask and plasma
etching. 8. The method of claim 1, wherein said first gate oxide is grown to a
thickness of 50 and 70 Angstroms. 9. The method of claim 1, wherein said
first gate (Thee is=fohvdddfy ISEGwhile cehewring apbdicsaelr Sftdcial
sacrificial silicon nitride layer to form said sacrificial silicon oxide layer. 10.
The méihiockof cldihridehémye saitlsetepdgiited by LPCVD using
dichlorosilane and ammonia, and is formed to a

thickness of between about 40 and 50 Angstroms.

7. The method of claim 1, wherein said sacrificial
silicon nitride layer is patterned using a photoresist

mask and plasma etching.

8. The method of claim 1, wherein said first gate
oxide is grown to a thickness of 50 and 70

Angstroms.

9. The method of claim 1, wherein said first gate
oxide is formed by ISSG while consuming a portion of
said sacrificial silicon nitride layer to form said

sacrificial silicon oxide layer.

10. The method of claim 1, wherein said second gate
oxide is grown to a thickness of 30 and 40

Angstroms.
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oxide is grown to a thickness of 30 and 40 Angstroms. 19 11. The method of
claim 1, wherein said second gate oxide is formed by ISSG. 12. A method
for integrating the fabrication of a SONOS memory cell with gate oxides of
different thicknesses comprising the steps of: providing a semiconductor
substrate having implanted regions for wells and drains for core regions,
input/output (1/0) regions, and SONOS cell regions surrounded by isolation
areag; Tormmpesaneentalyox bEnkeinsilicorhsiglelayeya aad sexiormgegaitieon
nitride layer (NO layer) on said substrate; patterning said NO layer leaving
portiensidesaid NoOdmger ®ier BaEESONOS cell regions while exposing
surface of said substrate over said core regions and said I/O regions;
forming a first gate oxide (ISSG) on said exposed surface, while partially
oxidizing said silicon nitride layer to form a portion of a top silicon oxide
12. A method for integrating the fabrication of a
SONOS memory cell with gate oxides of different
thicknesses comprising the steps of:
providing a semiconductor substrate having
implanted regions for wells and drains for core
regions, input/output (I/O) regions, and SONOS cell
regions surrounded by isolation areas;
forming sequentially a blanket silicon oxide layer
and a storage silicon nitride layer (NO layer) on said
substrate;
patterning said NO layer leaving portions of said
NO layer over said SONOS cell regions while exposing
surface of said substrate over said core regions and
said I/O regions;
forming a first gate oxide (ISSG) on said exposed
surface, while partially oxidizing said silicon

nitride layer to form a portion of a top silicon oxide

layer;
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layer; 20 patterning said first gate oxide to leave portions over said I/O
regions while concurrently removing said first gate oxide over said core
regions; forming a second gate oxide over said core regions while
concurrently increasing the thickness of said top silicon oxide layer to
completepaid SENQS Ba@Ny icedtangherid disl gate exite=ansl g¥igtions
second gate oxide each of a different thickness. 13. The method of claim 12,
whereiieinié aseinitgod ueigh swdstiaie iesisglectiysiehsiligorehdving said
method of claim 12, wherein said blanket silicon oxide layer is formed on
said fuhsitatgdydR BRideinesikrSteaidyeneratiaed b&is);oxidation process
to a thickness of between about 30 and 50 Angstroms. 15. The method of
claim 12, fcherbingsaid staragd ghten piridieiscleposiad dyddeV Datpims
dichlorosilane and ammonia, and is formed to a thickness of between about
110 ariti1l40 Aogsuwemsne 1y 6inbeensting df lnéaithliz; kviesysinodaid diist
ate
) top silicon oxide layer to complete said SONOS memory
cell and said first gate oxide and said second gate

oxide each of a different thickness.

13. The method of claim 12, wherein said

semiconductor substrate is single crystal silicon.

14. The method of claim 12, wherein said blanket
silicon oxide layer is formed on said substrate by RTO
or in-situ steam generation (ISSG) oxidation process

to a thickness of between about 30 and 50 Angstroms.

15. The method of claim 12, wherein said storage
silicon nitride is deposited by LPCVD using
dichlorosilane and ammonia, and is formed to a

thickness of between about 110 and 140 Angstroms.
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oxide is grown to a thickness of 50 and 70 Angstroms. 17. The method of
claim 12, wherein said first gate oxide is formed by ISSG while said portion
of said top silicon oxide layer is formed to a thickness of between about 30
and 40 Angstroms. 18. The method of claim 12, wherein said second gate

oxidelis growhdomebickacss ok 36 andidl) ARgelrdng saddsafd iapesilicale
oxide layer is increased in thickness to between about 50 and 60 Angstroms.

19. Toridethod of ctaid b ehaiRickaid secodd gateamdidrois formed by
ISSG. 20. The method of claim 12, wherein a conducting metal layer is
depoaitedardmatterned to form gate electrodes over said first gate oxide,
said second gate oxide and said SONOS cell regions. 22
17. The method of claim 12, wherein said first gate
oxide is formed by ISSG while said portion of said top

silicon oxide layer is formed to a thickness of

between about 30 and 40 Angstroms.

18. The method of claim 12, wherein said second gate
oxide is grown to a thickness of 30 and 40 Angstroms,
and said top silicon oxide layer is increased in

thickness to between about 50 and 60 Angstroms.

19. The method of claim 12, wherein said second gate

oxide is formed by ISSG.

20. The method of claim 12, wherein a conducting
metal layer is deposited and patterned to form gate
electrodes over said first gate oxide, said second

gate oxide and said SONOS cell regions.
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