A METHOD FOR | NTEGRATI NG A SONOS GATE OXI DE

TRANSI STOR | NTO A LOG C/ ANALOG | NTEGRATED CIRCUI T
HAVI NG SEVERAL GATE OXI DE THI CKNESSES  BACKGROUND OF
THE I NVENTION (1) FIELD OF THE | NVENTI ON Thi s
invention relates to sem conductor integrated circuit
devi ces, and nore particularly to a nmethod for
controlling the top oxide thickness on a polysilicon/
ST 11 con VBRI (7R ANTECRATLIG (4| SOV AR DRTPEon
substrate (SON%? transistor while formn at e oxides
of di ff ERAWSISTHR: KAESs s LEFLe (AL Y rate
by a first and second enbodi nent. The method and

st ruct ur eIRGELT FRMINGU SEVERAS UFATD | XTI THIHCEGESSERg
merged | ogic/analog integrated circuits with

non-vol atil e nenory devices. (2) DESCRI PTI ON OF THE
PRI OR ART Mergi ng sem conduct or | ogi c/anal og devi ces
with non- volatile nenory devices is finding extensive
use in the electronics industry. These enbedded SONOS
devi ces require 1 d#ackerouib OFf fer entvepat ®oroxi de

t hi cknesses to optim ze the FET perfornance.
Typically non-volatile nmenory (SONOS) and

(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




peri pheral input/output (1/0O devices require thicker
gate oxides, while CMOS | ogi c/ anal og devices require
a thinner gate oxide for increased performance

(swi tching speed). For exanple, SONOS nmenory and

peri pheral devices require thicker oxides of about 60
Angstroms or nore and operate at a gate voltage of
about 3.0 to 5.0 volts, while CMOS | ogic .devices, have
gate BxFa et fiRperdr 9atBoqrids ‘Ahb%lf‘i‘%‘fﬁesortc’ rREEmLRg the
%%erate at | ower 3}te vol t ages (\q of between about

Ef pepfermanrey t FyRdsrdd¥ RPRnerlatite mengrypd&aY¥0S) and
One conventional method of achieving dual -thi ckness
parépbstafbsinmrt /REtpukhi(T€0) ofavheea Bidquigen thicker gate
oxide/silicon nitride/silicon oxide (ONO |ayer on a
subdesatehile @MOS diced ci/Anbhegsddehets require a thinner
cross-sectional views of Figs. 1 and 2. In this
aapeocagida fowrlithardadedl perfotvaned (swiattthingnsphed) .
silicon substrate 10 to surround and electrically
Foel akemphe, VSONOE mestyCandr pasipHdeal aivilcerakaguire
device area (core area) is depicted in the |eft

RBAEKER Sfiddd ofl abdute Gb/ % E2ohS SERidHLAniNopELate at
center portion, and the area is depicted In the

A ggtce PRE1L AL e Ribuel 3. Borto 5L gPboLid y vﬁﬁ(iep@fdggsfoglc
of “di scussion, the three device areas are depicted

%%b@SSchéééfﬁﬁﬁé‘gﬁyﬂés Qﬂg@VSLE éﬁo&% 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
SONOCS 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




shoul d be understood that the device areas can be
distributed differently on the substrate dependi ng

upon the ~circuit design. In this conventiona

approach a bl anket stacked layer is forned on the

substrate. The stacked | ayer consists of a first

silicon oxide (SiQ2) layer 16, a silicon nitride

(S|3hM) | ayer 18, and_a top Si.Q2 |ayer 20, as shomn in
phguldibe sanderRiPqch ey, toe ?ﬁ%l%?e?c’igétf RO Payer s
patterned to |eave portlons over the SONOS nenory
éééFF}baF@ﬁ diffisrentdy SRokhei avlrsrate 4¥anF§ngHP@n the

oxide 24 is grown over the core and |I/O device areas

gadcius tpdesegmed to | eave the first gate oxide 24

over the 1/0O device areas, and a second gate oxide 28

is grown over the core area. Unfortunately, during

processing to formthe first and second gate oxi des,

t he eftheehssofortaatiiamglangpexadh za gl adetdsaaekiedal hyer

alter the thickness of the top SiQ2 |ayer 20'. Various

ARt kodhedl oh NtRYr AlYI1G3a2NOSTRE MINKRdlQ\EYRAS con@idts of

substrate have been reported in the literature. For

eXIRLe, s SeolPdd:Bie NBi00) SBlyed®A B2 ot @i PaLOR RitAlde

describes a nmethod for making twin MONOS devices on

q&&%ﬂq cdewd! | §n8fa arord d,i PedhidE SidNUAREIHSEY g .

rmng the mendry gate and t e ['ogi ¢ gate. Ni shizaka
As shown in Fig. 2, the stacked ONO layer is patterned

&Q

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/0 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 $i0; layer 20’'.

Various methods of integrating SONOS or MOMOS devices
on a substrate have been reported in the literature. For
example, U.3. Patent No. 6,531,350 B2 to Satoch 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 ‘



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

a polysilicon gate e] ectrode. U.S. Patent No.

S8, Brssnboia FP MM B dPocrdest s BEER ISP od
for making very thin gate_oxides using a ,
IMingnpepaburel 2 ftls tiyoshédmigene! afebicr dtidds a2 pRee on

cited references do not address the probl em of
vwadhatsiidasofi a polysidiiciome gatef elpetrofe Si Gn $hSa Patent
SONGS device. Therefore there is a need in the
iNvdu00¢ /001 6DV Alle t Shetade ,t bavrehhod iy alescribed for
variations in the thickness of top Si 2 on SONGS
deakices awvhen-votegils imegncS@NCEldeviwtels nvdds ddfhsent to
havi ng gate oxides of several different thicknesses on

tdifl SR ppUbsts ad Fle SWAMVARY oD sTHECbMNVERHd @A trode.
princi pal object of the present invention is to form

an NPagkaekrd. g@d@sfﬂl@%s@@l@tbrﬁaﬁé?éﬂ M tdh.a top
oxide that has a uniformand repeatable thickness and
'ééé%ribes 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 $i0; on a SONOS device.

Therefore there is a need in the industry to provide a
method that minimizes wvariations in the thickness of top
8i0, on SONOS devices when integrating SONOS devices with
FETs having gate oxides of several different thicknesses on

the same substrate.
SUMMARY QOF 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




integrated into a single integrated circuit having

gate oxides of different thicknesses. Another object

of the invention by a first enbodinent is to achieve
this top oxide having uniform and repeatable

thi ckness by using a thin sacrificial Si3N4 |ayer over
the top Si02 layer during processing to formgate

oxi des of different thicknesses el sewhere_ on the
inbsgrated imer Hersigglecinkeospted stamidnPrEangyJate
second enbodinment is to utilize a silicon
pxidedersidiEiarent ddickmeFseayer over the SONGS cel
area in which the Si3N4 layer is partially converted
to a Si02 during processing to form ONO gate oxides
whil e form ng gate oxi des having different

t hi cknessesr osbh pidierofHathiel dngentiddebys b FirateemBbdihent
anot her objective of this inventionis to provide a
SisMpbea BRI ACERTd NppP oA dssS hiidhg | Enifyen ahdl rapketable
and nore cost effective. This invention provides a

Rl BRA 9 E?ﬂiéﬂ{d NG sabirRENEZAN G RE Vifdraldvai ithe
t hi ckness of the top oxide on a polysilicon/silicon
E‘%Edgé)éi i L0 Riublindebsbbie@lng 0xd URS bheanoSubsd ra¢ e

device. This nethod of"5 m nimzing the

tHiekness VAL dld O Ofa1tdientoR 9Xi g isiubstrate.

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 8iiN; layer

is partially converted to a 5i0: during processing to form
ONC gate oxides while forming gate oxides having different

thicknesses on other portions of the substrate.

8till 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
polysilicon/silicon oxide/silicon nitride/silicon

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




achi eved by using a thin sacrificial Si3N4 |ayer on
the top of a silicon oxide/silicon nitride/silicon

oxi de (ONO stacked layer. The sacrificial Si3N4

| ayer protects the top Si02 layer fromthickness
variations on the SONOCS devices during the formation
of first and second gate oxides on other portions of
the substrate. In brief the method begins by providing
Bipapi 7 ing ythe Gidickreds seaF LRt 16 ‘%’@b%?a?élﬁﬁv?'ﬁg

i mpl anted regions for wells and drains for core
rehiened Pnplainsuepihipl p&Frifigidn$itind agecercdhe top
regi ons surrounded by isolation areas. A blanket
sfaskeailiayeroxifdes s$il@2oh aytrride /stiddage o8Lidsd (PHOEY
and a top Si02 layer (ONO layer) is forned

seguakadi bhyer on Thee savbifiatal HN-Keyldwest g tefottshéhe top
invention is to forma sacrificial Si 3N4 |ayer on the
Bep, Syt Ifaver thickhes ONQSTadlkad bayehe FMBOS devices
sacrificial Si3N4d layer and the stacked ONO | ayer are
aaﬂﬁ?neﬂet&ﬁ@aa»i%n per ki pse ala tdaddOgaapebxabB bhe
sacrificial Si3N4 |ayer over the SONGS cell regions.
BthblSho Bt 6n 010G nies s{BLERLee, fOr exanple, by in-situ
steamgeneration (1SSG oxidation process, on the
exposed surface of the substrate over the core

(logic) regions and the 1/O regions. The sacrificial
sggrl\lﬁp};g]?!g{eg arrgelt?xhlciybgéi ézb%d ;;r%Ji%rinaa partially

completed semiconductor substrate having implanted regions
for wells and drains for core regions, input/output (I/0)
regions, and SONOS cell regions surrounded by isolation
areas. A blanket stacked layer of a $5i0; layer, a storage
Si3N; layer, and a top $i0; layer (ONO layer) is formed
sequentially on the substrate. A key feature of the
invention is to form a sacrificial Si;N, layer on the top
8i0, layer of the ONO stacked layer. The sacrificial SizNg
layer and the stacked ONO layer are patterned to leave
portions of the ONO layer with the sacrificial SizNy 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/0 regions. The sacrificial

S8ij3N; layer is partially oxidized to form a sacrificial SiO;




6 layer. The sacrificial Si3N4 |ayer prevents the
thickness of the top oxide |ayer of the ONO | ayer
from changi ng during processing when the first gate
oxide is fornmed. Next the first gate oxide is
patterned to | eave portions over the I/O regions
while renoving the first gate oxide over the core
regions. The renmining sacrificial Si3N4d |ayer
pREEECt sTlt“hesaf‘b"p‘-%ﬁ’Gg Sdydy lAwiere PrERBY Rt hickness
sacrificial Si02 |ayer over the SONOS. Next a second
g4t sheokerecx s draver oF the SHBsinrwer s dbReddpde
regions while concurrently oxidizing the renaining
sacingi protesiidig wheay dhet ficeohphate ¢hiaiss tizc Eedmeo

| ayer for the SONOS nenory cell, and to conplete the
Nekst that £1.0xt dmtandxtikie isepahtlegadd oxildawvelpertions
remai ning sacrificial Si3N4 |layer that is oxidized
alvee thens/@ pafidran wofilkheechopinyi tiee fiawar galte axide
second enbodi nent of this invention, the nethod is
Skl Bhet Sotdarddicils enaedi ¥eRkiHPnd Osdde FiQriaat senvof
the bottom Si 02 layer. A storage Si3N4 |ayer is

qepes %Egteét’:g find ald WatieChalaralih OVt ardnRR 0 €8e
| ayer to be formed by thermal oxidation of the Si 3N4

'sikég&fggiéi‘g?jfc%r E@&%Q”o@ér fnd | §loANd 118600088584 gate
oxi de. Briefly the“bottom Si 02

oxide is formed on the substrate over the core regions
while concurrently oxidizing the remaining sacrificial SiNy
layer to complete the stacked ONC layer for the SONOS
memory cell, and to complete the first gate oxide and the
second gate oxide. The remaining sacrificial Sis;Ny; 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 Si0, layer. A storage Siz;Ny; layer is deposited
sufficiently thick to allow a top oxide layer to be formed
by thermal oxidation of the SijN; layer during formation of
a first and second gate oxide. Briefly the bottom SiO;
layer and the storage Si;N; layer are patterned to leave

portions over the SONOS cell regions. Next the first gate




| ayer and the storage Si3N4 | ayer are patterned to

| eave portions over the SONCS cell regions. Next the
first gate 7 oxide is formed over the core area and

the I/O area using thermal oxidation while the

storage Si 3N4 | ayer over the SONOCS cell is partially
oxidized to forma portion of the 4E4 top oxide

| ayer. The first gate oxide is then patterned to |eave
ﬁéﬁlf‘?oﬁ foured HVey her €arRhpFea p?’éfféé’tel G ggea using
partially conpleted top Si02 from etching. A second
ghesmadx predation hideorbe sheradr cSityi hrremfver the
concurrently increasing the thickness of the top Si02
Bayer teltohplraxtigily swadkeddONO fayer foorttilkbs SONESe
menory cell while conpleting the first gate oxide and
ttbe sstdadigpée. oXitde firsdchabé axild fier dmient patikressd to
BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gs. 1-3 show
deheosabbetEL6NS SovRe tienal/ovaerns Hioile GrvtaRitiogalkhe
processes and structure depicting the current problem
pRreoRl 19| bomgld bl iy @ioderidi Foedsngon A SEBERI gate

storage device while naking gate oxides of dlfferent

LR gknesSes-pda thfeSalk Sukat Lagfonfwgmé dolcu BN 81y
show schenmati ¢ cross-sectional

increasing the thickness of the top 5i0; 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 contrelling the top oxide thickness on a SCNOS
storage device while making gate oxides of different

thicknesses on the same substrate.

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

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




views, by a first enbodinent of this invention, for a
process using a novel thin sacrificial Si3N4 [ayer to
8 control the thickness of a top oxide on a SONCS
device while nmaking gate oxides of different

t hi ckness on the sane substrate. Figs. 9 through 12
show schematic cross-sectional views, by a second

enbodi ng of, this invention, for a process usjng a
(AP O hiEER %ﬁﬂa{lm%?y&f AndoPherdr| 97 3FWCH fgvise
forma top oxide on a SONGS device while rmaking gate
Fhides magkingef g mxidasc Rfedd€Sesrnt hehsefRess on the same

substrate. Fig. 13 is a graph of the oxide thickness
#bgtrptiaet i on of the process time in an | SSG

oxi dation systemin an H202 gas with different
percent ages of oxygen Fig. 14 is a graph of the oxide
t hi ckness and the consunption of a Si3N4 |ayer as a
funct iFagsof 9 oxhxteagh Hi2c lshews schema gl d | cors ssidesitiiahali n
an | SSG oxi dation system DESCRIPTION OF THE
RREWERRER EMBEEIAMENIboBiteftt BEAthSs DWW &laSGH bedri A
detail by a first enbodi nent for maki ng a SONGS
@8 d8Yh§ea WMidve1a th@Bk Si;N, 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 188G oxidation system in

an H;O0, gas with different percentages of oxygen

Fig. 14 is a graph of the oxide thickness and the
consumption of a Si;N; layer as a function of oxide
thickness on a silicon substrate in an I$SG 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




9 oxide having mninmum | oss and variation while making
gate oxides of two different thicknesses on the sane
substrate. Although this invention is described for a
pl anar gate structure, it is also applicable to
non- pl anar structures such as dual -sidewall gate
structures and the like. Referring nowto Fig. 4, the
met hod begins by providing a substrate 13 havj n

PEgfie RRBIRG HaHioHs 1P6A 2R8r VRHR TR F@&'Fs?akigg gate
regions 10B, and SONCS cell areas (non-volatile
ashBey)of ooro Alififargnt Feighpeeees i Jhe §ABS SPBRRrate.
adj acent to each other to sinplify the draw ngs, the
Attbatglli thid butveption tikedescoiperhLueFeRdanan gate
circuit design (layout). The different regions are
Bypucthty, =t cct rdlcal lappilsokbledtd rom-wdehast Rérubjpures
usi ng shallow trench isolation 12. An inpl ant

saehi A cdwdl+aEwalld igatedepoacteckorardtiedloket he
substrate 10 for inplanting the wells and channels.
Sacrificial layer 14 is typically S and is forned
to a thickness of about 100 Angstrons. The wells and

channglge P g SPAWo @1 .F ar Mede bietrfu dedBhanbat i on,

| abel ed 1/1 (15), as depicted by the vertical arrows
%EPF%S%%% a RS ANG 49 FaGing 18§i&" (dJB)yarkhRgnk heon
for logic circuits, I/O 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




channel s, the inplant sacrificial |ayer 14 is renoved.
For 10 exanple, layer 14 can be renoved by wet

etching in a solution such as hydrofluoric acid and

wat er. A bl anket stacked |ayer is fornmed on the
substrate 10. The stacked |ayer is made up of a

bottom Si2 | ayer 16, a storage Si3N4 |ayer 18, and a
top Si2 layer 20 (ONO | ayer). The bottom, Si Q2 | ayer
53Rl or haehyL 4 IfFdrnke 6?‘[“6‘6?‘?0‘?3 FEhFEFERI dRafpl e,
rapid thernmal oxidation (RTO or I1SSG and is forned
solutinhciueh sapfhyseofdearapoytidrnt BT rAngSt Péagket
and nore specifically to a thickness of about 40
Atgskedntayeieiks for8eg@Ngn| dhersuistmtgeddsi t fdeomtapked
bottom oxi de layer 16 by LPCVD, and using a reactant
dagefi isunadefup difclal botsbhadeOancyamin,aa shyergd 88isN,
is deposited to a preferred thickness of between

abouk 18, amid W AYTHOPNBayeArah NN Jpgerf L cafhy bot#om
t hi ckness of about 80 Angstrons. A top oxide |ayer 20

isS of, Nedyd:0ried s0fokhed by Vhdayall ok dathayenis2Rgl Stor
Si 2 deposited, for exanple, using LPCVD using a

LeanbaR! 925:3Ualk AR 1TESdabaYRT (RibY Sof algRd hAadis
thi ckness of between about 30 and 50 Amgstrons and

g&ﬁedsescgftmmegso o LE&&&@&S&&& aéw%cflgo angstrons,

ngstrons. Continul ng W and key feature o
%n% more specifically to a thickness of about 40 Angstroms.

Next a Si:N; 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 SiiN; layer 18.
Layer 20 is Si0; 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 ig to deposit a sacrificial SisN; layer 22 on the
top $5i0; layer 20 of the ONO stacked layer, and form a NONO

stacked layer. The Si:N; layer 22 is deposited to a

11




invention is to deposit a sacrificial Si3N4 |ayer 22
on the top Si2 |layer 20 of the ONO stacked | ayer,
and forma NONO stacked |ayer. The Si3N4 | ayer 22 is
deposited to a 11 thickness of between about 40 and 50
Angstronms, and nore specifically to a thickness of
about 45 Angstrons. Layer 22 can be deposited by
LPCVD, and using a reactant gas_  m xture of
shépkeedsidhake tisErarkEHE a0 RRRG 79 Mpdsserg, 8ndihrre
sacrificial Si3N4 |ayer 22 and the stacked ONO | ayer
epecitico)lnrte patthdchagseoof etlveut pbt APGHE*EPSt helTNET
|l ayer with the sacrificial Si3N4 |ayer 22 over the
SANGSS Cle¢: | damepidesl bRCLPCHDer aR@ wsindh @ ngacterhedgas
usi ng photolithography and plasma etching. A first
gakeusdxi ae Richlpriomitadeoanthameoposed 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

Oxi dagbPLrPIRf ass fig .2 6,1 Rhekpgssipichal waen, akgelr 28 and
and 70 Angstrons, and nore specifically to a

thickpgspe@TorP Ay B0 ARISIH! 80F . addi6oa RS thi MBatd
a typical |SSG oxidation system can be determ ned

f rog‘@.!.gng ech QltheC Lo %ﬁero%shgﬁ Eﬂé C§£1@§j§i\é%%§_u§j_3n4 layer
Eropess time, as sho In Fig. 13. Concurrently,

% rbggr the SONCS 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 1/0
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 8i3N; layer 22 is partially
oxidized to form a sacrificial Si0; layer 24. The thickness
of the oxide layer 24 can be determined from the curve G of

oxide thickness formed on Si;N; 22 versus 8$i0; thickness on

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

12




oxidation the sacrificial Si3N4 |ayer 22 is partially
oxidized to forma sacrificial SiQ2 |ayer 24. The

t hi ckness of the oxide |ayer 24 can be determ ned
fromthe curve G of oxide thickness fornmed on Si3N4
22 versus SI 2 thickness on the substrate, as shown
in Fig. 14 by left coordinate axis 12 L. The anount of
silicon nitride of |layer 22 that is _ consunmed or | ost

ks dBeeraigint frorkiddepe eitride rdfspgeaert 62 Fhetright
coordinate axis Rof Fig. 14. An inportant feature of
thesums@my crpsts itsh sleteffainedof ¥omh FWaer Cf Wéithl respanl to
| ayer 22 prevents the thickness of the top oxide |ayer
2Beotiglhe CN@dimpdre faxdm Bhafighig. difr.i ndnprspestant

when formng the first gate oxide 26. Referring to
Fegture éhecHa risivegatienoxsdeh26 tlse reaiatieingdshorifageal
portions over the I/Oregions 10B while renoving the
Binet 1ggke 2Xi fee?én Oy aind RMieRhesE egf Ofite Mt oxilde layer
sacrificial oxide 24 is also renoved. The patterning

b§ 8€hERYesko fQlyEXFHIE chRNg Sy A i retedsing when
hydrofluoric acid dip. The remai ning sacrificial

§E§&%n&a¥ﬁ§lé§%§¥_ A $xikiBe2g0op oxide layer 20 while
renovi hg the sacriticial Si02 [|ayer 24 over the SONCS

cells 10C. Referring nowto Fig. 8, a second gate
oxide 28 is

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;Ny; layer 22 protects
the top oxide layer 20 while removing the sacrificial SiO:

laver 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 SizN; 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
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formed on the substrate over the core regions 10A

while concurrently oxidizing the remining

sacrificial Si3N4 |layer 22 to conplete the stacked

ONO | ayer for the SONOS nmenory cell 10C, and to
conplete the first gate oxide 26 and the second gate

oxi de 28. The second gate oxide 28 is forned

preferably by | SSG processing to a thickness_of

pbewke0 1EnhifduANIE tEANS 402 2R gl T P cHTd oidrg to a
specifically to a thickness of about 35 Angstrons.
Thiackeass mhgboadr B AhgstrSnaNg They gerpinifgt spgrificial
oxi di zed during this process step also forns a

pos4 dayetr BRethap ioxickddiapdr dROimndthitampatess sltep
SONCS gate structure oxides with inproved top oxide
ahisekfeass contardli owhbfethentop rexntdey fayrem 29§ gatle

oxi des of different thicknesses el sewhere on the
sohplede. tiRefomNOSNgate FtgucOuraviusfilidss Witk smpPoasd top
Fig. 4, a second enbodi nent of this invention also

gka&é%ﬂ%ﬁ&m RGnt@otdfhilé CbGhcaildhdidy ForkdngNgate
doing an ion inplant, indicated by the vertica

L5 QUS é@b&i%:lénlt (:%5);1(5@3&@& 1 YGIHS- AR ¢hansgbstrate.

not labeled), as in the first enbodinent. Referring
to Fig. 10, a first oxide layer 16 (bottom oxide) is
formed by rapid thermal oxidation (RTO or in-

Referring to Fig. 9, which is the same as Fig. 4, a
second embodiment of this invention also starts by forming
a sacrificial 8i0; 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) oxr 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 SiszNy
layer 19 is deposited on the bottom oxide layer 16. Layer
19 iz deposited to a preferred thickness of between about
110 and 140 Angstroms, and more specifically to a thickness

of about 125 Angstroms. The Si;N; layer 19 is depcosited
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situ steam generation (1SSG oxidation process to a

t hi ckness of between about 30 and 50 Angstrons, and
nore specifically to a thickness of about 40

Angstronms. A Si3N4 layer 19 is deposited on the
bottom oxi de | ayer 16. Layer 19 is deposited to a
preferred thickness of between about 110 and 140
Angstroms, and nore specifically to a thickness
%‘gﬁﬁcmlezs:lmw%wﬁo Fhiowi BNPR fdreldayer depds t%bmed
14 sufficiently thick to allow a top oxide |ayer to be
by rhernad dnidagdppabfokheafidih bryenhd Sidymanpgafermabion
during formation of first and second gate oxides.

B Brrstngnd seicgndl atehexBidP. | ayer 16 and the Si 3N4

| ayer 19 are patterned to | eave portions over the

SONCS cell regions 10C whil e exposing the substrate
surface over the core regions 10A and I/ O regions

10B. $idddriref eor Fag.t 01Fi ghe 1di0,albye8t 1 §airel GhedEi2B,
is forned over the core area 10A and the 1/O area 10B

Ysd9 19 hefdatexirdati @8 sdsbe G5odt38q:s0%Eat E0E soNos
process, while the Si3N4 |ayer 19 over the SONCS cel

306G 'lseaa-,r&a Aldey Wi di 28Hosify fa{éns%bm&stens@ffs&@ over
top oxide layer 20, as deternmined fromthe

£xd dat L O 3t A8 pROURHMR Y b OPe Si¥neeS BN Fi g 14.

Still referring to Fig. 11, a first gate oxide 26 is
formed over the core area 10A and the I/0 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
SisN, 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/0 area 10B
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For exanple, when a first gate oxide is grown to a

t hi ckness of about 60 Angstrons, the top surface of
the Si3N4 layer 19 is oxidized to a thickness of
about 35 Angstrons, while the thickness of silicon
nitride consunmed is about 25 Angstrons. Continui ng
wth Fig. 11, the first gate oxide 26 is then
patterned to | eave portions over the I/O area 10B 15

vhile protecting theePpatiphly ycod e FoPofi8p obayer 20
| ayer 20 frometching. Referring next to Fig. 12, a
Seowndtgairgoxide 28 is fornmed over the core regions
10A, also by ISSG oxidation, while concurrently

i ncreasing the thickness of the top Si02 |ayer 20, as
determ ned fromthe oxidation curves shown in Fig.

14. Thefsecimigl rgaite toxiFdg. 282 sa foxamed] igate tiiidkng8sis
of about 35 Angstrons while the thickness of the top

8b0Red0ovés thsreasedebionsabon) B5sAngsUsees okedabadh,
60 Angstrons to conplete the stacked ONO | ayer for

181 ONERHERD L dpeJAcre&QQn@htxh@ QBN RIING £ el kbpt 510,

gate oxi de 26 and the second gate oxide 28, each of a

&Efrg t %gné%ﬁ5¥ﬁinéﬁhfkgmt@ﬁe'&ﬂ%ﬁgﬁﬁﬁﬁ Ras$vR&eBhown in
ticu y shown and described wth reference to
%ig.p&gterﬁﬁg §gﬁ§%ﬁ E%Qgsox1de 28 is formed to a thickness
of about 35 Angstroms while the thickness of the top 8$i0; 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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thereof, it will be understood by those skilled in the
art that various changes in formand details nmay be
made w thout departing fromthe spirit and scope of
the invention. What is clained is: 16 1. A nethod
for integrating the fabrication of a SONOS nenory
cell with gate oxides of different thicknesses
conprising the steps of: providing a sen_conductor
subst}at & marheg fPﬁpFaﬁ‘F%’aaF’efg‘J ffePTheREEoR RE 2
drains for core regions, input/out (1710 regions,
and SIS ausimoryy Ggfiénslt‘shlrgf'atmd@ﬂl%ﬁ ioforafforenE eas;
form ng sequentially a blanket silicon oxide |ayer, a
st or atjei Sirddscms gopprdeihaybhe sfrbs dfop silicon

oxi de layer (ONO |layer) on said substrate; formng a
sacri fi gpmwdvisiinigc ansamt cotduttyerswrstyaité htepngi | i con
oxi de layer; patterning said sacrificial silicon

ni trigeplameid readonal BoPONG:1 By ednd eding ot tons of
said ONO layer wth said sacrificial silicon nitride

I ayerr@g’fénssallthu%%@@pﬁel kz/6Pi fagi oMy | anBxXpoROOGcell
surface of said

regions surrounded by isolation areas;

forming sequentially a blanket silicon oxide layer,

a storage silicon nitride layer, and a top silicon

oxide layer (ONOC 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/0 regions;

forming a first gate oxide (ISSG) on said exposed
surface, while partially oxidizing said sacrificial
silicon nitride layer to form a sacrificial silicen
oxide lavyer while protecting said top silicon oxide
layer;

patterning said first gate oxide to leave portions

over said I/0 regions while concurrently removing said

17



substrate over said core regions and said 1/0 regions;
formng a first gate oxide (1SSG on said exposed
surface, while partially oxidizing said sacrificial
silicon nitride layer to forma sacrificial silicon

oxi de |l ayer while protecting said top silicon oxide

| ayer; patterning said first gate oxide to | eave
portions over said I/O regions while concurrently
renoviigs s gate pPrider svegateid @e GRSE-08&i gngoFanoving
regions and renoving said sacrificial silicon oxide

| ayersaidrsrgmfaciedondliace oxide lewerisaid core
regions while concurrently oxidizing remining said
sacri fi cfatmisid iec areaontlr gdée | ayiade tayegoplidt eosai degions
SONCS nenory cell and said first gate oxide and said
secongh{bd ecanduderepadly okidigdihd arentinihigc kaeds. 2.

The met hod of claim1, wherein said sem conductor

subst g &£ 5N YA iConshakr $&d | Lofer To HompletBoda ofl
claim1, wherein said blanket silicon oxide |ayer is

f or megods SelnthSHREINALBADYa1 & 3P i Bl x@¥dahlioBaid
(RTO or in-situ steam generation (I'SSG oxidation

proce§é¢$£ﬁ£§§é@‘Hﬁ%%%ﬁeggh 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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bet ween 30 and 50 Angstrons. 4. The nethod of claim1,
wherein said storage silicon nitride is deposited by
LPCVD using dichlorosilane and ammonia, and is forned
to a thickness of between about 70 and 90 Angstrons.
5. The method of claim1, wherein said top silicon

oxi de layer is deposited by LPCVD using TECS and is

18 fornmed to a thickness of between about 30 and 50
Angst ferreed g0 Phéhiekneds orf drafiiaer akieertePR 3add50
sacrificial silicon nitride layer is deposited by
LPCVDArgs trpmsdi chl or osi | ane and ammoni a, and is forned
to a thickness of between about 40 and 50 Angstrons.
7. The nmethod of claim1l1l, wherein said sacrificial
silicon nitride layer is patterned using a photoresist
mask and THeaswaheticbEnglafm Thevheridiod sefidckacpificial
wherein said first gate oxide is grown to a thickness
of besyepsbrbGiand dé01af8gsi s 0Spodh te®yRPROD @ing
claim1, wherein said first gate oxide is fornmed by

| SSGC ahbh BoNIWALNEnd RARGALD, Und 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 between 50 and 70

Angstroms.

9. The methed 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 between 30 and 40

Angstroms.
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said sacrificial silicon nitride layer to formsaid
sacrificial silicon oxide |ayer. 10. The nethod of
claim1, wherein said second gate oxide is grown to a
t hi ckness of between 30 and 40 Angstronms. 19 11. The
met hod of claim11, wherein said second gate oxide is
formed by I1SSG 12. A nethod for integrating the
fabrication of a SONOS nenory cell with gate oxides
of different thicknesses conprising the steps of:
provi ding a sem conductor substrate having_ inplanted
regi dids f Ghenmethodnaf debais Fowhegedn pagf oprcond gate
i nput/output (I/0 regions, and SONCS cell regions
sur r owidied ilgy fosoedt bpnid3¥@as; fornm ng sequentially a
bl anket silicon oxide layer and a storage silicon
nitride layer (NO |ayer) on said substrate;
patterning said NO |layer |eaving portions of said NO
| ayeriovemn sRitdo80KOE £Rtégregimntnehiftbbrfapbsompf a
surface of said substrate over said core regions and
sai d N3y @Ry 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/0) 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/0 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

layexr;
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formng a first gate oxide (1SSG on said exposed
surface, while partially oxidizing said silicon

nitride layer to forma portion of a top silicon oxide

| ayer; 20 patterning said first gate oxide to | eave
portions F over said I/Oregions while concurrently
renmoving said first gate oxi de over said core

regions; formng a second gate oxide over iai d core, .

r egi ons Paftfiq@iagneardeft¥st it tRe EATRKRRERLORS
of said top silicon oxide |ayer to conplete said, ,
soNOYRsrraid ddP| raadors; while songirgepklderghaving Faid
second gate oxide each of a different thickness. 13.
The ristdakl asftecloxideloyenneaid woks degdenF¢onduct or
substrate is single crystal silicon. 14. The nethod

of cl ai fidyingher eenosdi gdate anldste ogieli gehdoxkpde rayeons
is formed on said substrate by RTO or in-situ steam
generiiild drist@renkildaiheregsioreshe tthiakhbbsknfssaid
bet ween about 30 and 50 Angstrons. 15. The net hod of

cl ai md, s VhieicRl BxSakd18yOF age codlieden saitlr BOROS Smemory
deposited by LPCVD using dichlorosilane and amoni a,

and i SefPrdRf daQd@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

te 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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t hi ckness of between about 110 and 140 Angstrons. 21
16. The nmethod of claim 12, wherein said first gate
oxide is grown to a thickness of between 50 and 70
Angstrons. 17. The nethod of claim 12, wherein said
first gate oxide is forned by | SSG while said portion
of said top silicon oxide layer is fornmed to a

t hi ckness of between_about 30 and 40 Angstrons.

The mét-hodbsf meFheth ab, <iiat didn ¥hrgeiac %dg%’tre'st Gate
oxide is grown to a thlckness of 30 and 40 Angstrons,
and sxidet 4F IFPYROC oki e Gpse ©F PrErear Rl japd 70
t hi ckness to between about 50 and 60 Angstrons. 19.
The PewisdédonE.cl aim 12, wherein said second gate
oxide is forned by 1 SSG 20. The method of claim12
wherein a conducting netal |ayer is deposited and
patterned to formgate electrodes over said first
gat e 10Xi dehesmabths@cofndclgal 20X iwherand said SGMGS gate
cell regions. 22
oxide is formed by IS$SG while said portion of said top
silicon oxide layer is formed to a thickness of

betwaen about 30 and 40 Angstroms.

18. The method of claim 12, wherein said seccond 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 ¢laim 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 gaid first gate oxide, said second

gate oxide and said SONOS cell regions.
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