Method For SONOS EFLASH Integrated Circuit Background of Invention 1)
Field of the Invention This invention relates generally to fabrication of
non-volatile memory devices and to improved methods of fabricating
SONOS type non-volatile memory devices. 2) Description of the Prior Art
Electrically erasable programmable non-volatile memory comes in different
types, for example, EEPROM of a floating gate type, a
metal-nitride-oxide-silicon (MNOS) type, a metal-oxide-nitride-oxide-silicon
(MONOS) typeppittl i FHSONOS RidespKipResiern (RENOS) type. The
SONOS-type EEPROM has a stacked structure typically comprising a lower
oxide layer, a nitride layer, an upper oxide layer, and a polysilicon layer. The
lower oxide layer is a tunnel oxide layer, the nitride layer 30 is a memory
(storage) layer, and the upper oxide layer 40 is a blocking layer for
preventing the loss of a stored charge. The polysilicon layer is a gate. The
lower oxide layer, the nitride layer, the upper oxide layer, and the polysilicon
layer are sequentially formed on a substrate in which isolation regions are
formed. Source/drain regions are formed at both sides of the stacked

structure in the substrate. BiRIPHNMASsYRaveRifdhOM can be used in a
corréEact semicQnductor memory cell because it needs less voltage to

D) Ficlghot the In¥enfitl than an EEPROM of the floating gate type. To achieve a
more highlyThiegratad SONRS-hperHERROMidheosize eivorRmeyeally devices

. There i hall N ' ith
and to&%ﬁigggdrbﬁé %Hg%g fabriecra%lllsgaS81\?(1)5qggetgo%r—%gija%ﬁesn%m%rsy gg\\/q(c:gss.’ wit

2) Description of the Prior Art

Electrically erasable programmable non-volatile memory comes in different
types, for example, EEPROM of a floating gate type, a metal-nitride-oxide-silicon (MNOS) type,
a metal-oxide-nitride-oxide-silicon (MONOS) type, and a silicon-oxide-nitride-oxide-silicon
(SONOS) type.

The SONOS-type EEPROM has a stacked structure typically comprising a
lower oxide layer, a nitride layer, an upper oxide layer, and a polysilicon layer. The lower oxide
layer is a tunnel oxide layer, the nitride layer 30 is a memory (storage) layer, and the upper
oxide layer 40 is a blocking layer for preventing the loss of a stored charge. The polysilicon layer
is a gate. The lower oxide layer, the nitride layer, the upper oxide layer, and the polysilicon layer
are sequentially formed on a substrate in which isolation regions are formed. Source/drain
regions are formed at both sides of the stacked structure in the substrate.

The SONOS-type EEPROM can be used in a compact semiconductor
memory cell because it needs less voltage to program and erase than an EEPROM of the floating
gate type. To achieve a more highly integrated SONOS-type EEPROM, the size of a memory
cell needs to be reduced.

There is a challenge to produce SONOS devices with increase reliability.
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Relevant technical developments in the patent literature can be gleaned by

considering the following. United States Patent Application 2002 0192910 -

Al- Ramsbey, Mark T. ; et al. December 19, 2002 - Simultaneous formation

of charge storage and bitline to wordline isolation - the patent forms a charge

trapping diefeqtie QvethRAPaEaiR JRe Y ASHRIB AaMiNe: it 6R BaiLBIOR ARERLy

. periphery region; removing at least a portion of the charge trapping dielectric

Consmﬁeﬁﬂ% b "Région; forming a gate dielectric in the periphery region;

forming burigdiidingsedPiRacAlHIRAIH 200 foropoggatas inkihieseeyeMark T. ;

region and the periphery region. United States Patent 6,730,564 Ramsbey, et
ctal. hccemhriiddayte Tor RO dRaHAY L dhbsis D Riecad fgtaedonesdine

isolatibhe pRégaAtaRIeaTS ichatieidha RNRIkYer efarsuierasilihg thesaaty HdBng a
20040014289 Al Woo, Won Sic - Method for mar_lufacturiné@semiconductor

core regioR And HRAAPHE (S TG dETONAY GBI MR SETEDReRNsidsctric
in the JaiipabStateoPAieminp plicati aeRRA4OR0IE 4R e PR glAL foMang bSReWSitlines
a EEPROM and method of fabricating the same a method of fabricating a

in the SOSRIESE A EPREMIH SashIE RS LA ERBTHERTY SdYeduces

memory cell size. 2 Summary of the Invention An example embodiment of
the present jnvention praovides a method of manufactur(i%g a memoga: device

which is char QU BESTrlaRinG 2 LmdsrtaPsRiNg £idtic rayisiiehegese for virtual

ground@MGEY I SHHNN; a fprHoEg R CHSQN USIPHD AYEr Pyehthe pabstates ONO layer
charge trapping layer comprised of any dielectric layers that can trap
before 5B IIRRL

US 20040014289 A1l Woo, Won Sic - Method for manufacturing

semiconductor device and the device thereof - shows a process for MONOS/SONOS device.

United States Patent Application 20040009645 A1 - Yoo, Tae-kwang -
shows a EEPROM and method of fabricating the same a method of fabricating a SONOS-type

EEPROM increases memory cell performance and reduces memory cell size.



forming a first gate layer over the charge trapping layer; patterning the first
gate layer and the charge trapping layer to remove leave the first gate layer
and the charge trapping layer only in the memory region; the first gate layer
over the charge trapping layer in the memory region thereby protecting the
charge trapping layer; forming logic device comprised of a logic gate
dielectric and a logic gate and logic source/drains in the logic region and a
memory device comprised of the charge trapping layer, the first gate layer,
and memory source/drain regions in the memory region. Another example
embodiment of the present invention provides a method of manufacturing a
memory device which is cRREEY & the BIENEBroviding a substrate
having a cell region, a 1/0 region and a core region; forming a charge
trapping layer over the substrate; the charge trapping layer comprised of any
dielectric layers that can trap electron charges; forming a first gate layer over
the charge trapping layer; forming a logic mask over the cell region; the logic
mask having openings over at least the core and 1/0 regions; 3 removing the

top dielectri¢*f {HERAHEEPH RS RSP Th ThEUATB B EA5 FaKided of
manuf&NeHRG Henlegicdnask; waRVvinchihg-ketiem dielectric layer to expose the

providing B oS Thta havin & Toost Soamn Bnd A ety region:.

forming a charge trapping layer over the substrate; the charge trapping layer comprised of any
dielectric layers that can trap electron charges;

forming a first gate layer over the charge trapping layer;

patterning the first gate layer and the charge trapping layer to remove leave the first gate layer
and the charge trapping layer only in the memory region; the first gate layer
over the charge trapping layer in the memory region thereby protecting the
charge trapping layer;

forming logic device comprised of a logic gate dielectric and a logic gate and logic source/drains
in the logic region and a memory device comprised of the charge trapping
layer, the first gate layer, and memory source/drain regions in the memory

region.

Another example embodiment of the present invention provides a method of
manufacturing a memory device which is characterized as follows:
providing a substrate having a cell region, a I/O region and a core region;
forming a charge trapping layer over the substrate; the charge trapping layer comprised of
any dielectric layers that can trap electron charges;
forming a first gate layer over the charge trapping layer;
forming a logic mask over the cell region; the logic mask having openings over at least

the core and I/O regions;
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forming a first gate dielectric layer over the core and 1/0 regions and over the
first gate layer in the memory region; forming a dual gate oxide mask at least
over the first gate dielectric in the 1/0 region and the cell region; etching the
first gate dielectric layer to form an 1/0 gate dielectric layer over the 1/0

regiaibving fifstEntaidavari o Yactham R 98 AP RIRGJaYSein iR MIROINd 1/0
region thereby protecting the charge trapping layer; removing the dual oxide

mask; forming a sé€8Wiyate dielectric layer over the core region; forming a
seeRddigai@dayercarasithe substrate; forming an inverse logic mask over the
second gate layer; the inverse logic mask covering the core and 1/0 regions;

rJTBOYBEHE SeESHY disler tHy daveh dorREPRite: Ba s BriE v A ovE g and 1O

memory region; patigpaig the second gate layer to form a core gate over
the second gate dielectric layer in the core region, a 1/0 gate over the 1/0

gleEniat et sals HRleeipicrkyion QYist hatern iy O mistignte sl Ryeanke st gate

charge storing layghyte fRfR: aeeoRPNEGate in the memory region. 4 The
ahove and below advantages and features are of representative

eMBEHB LA SRt QRN EASLRYE NSy EACRISTS N, i/ O region and

presented only to agsigtlinepidsierstanding the invention. It should be

und r_sto%d tthat they are not represer%tative of all the )
etching the first gate dielectric layer to form an [/O gate dielectric layer over the I/O

region;
the first gate layer over the charge trapping layer in the memory region
thereby protecting the charge trapping layer;

removing the dual oxide mask;

forming a second gate dielectric layer over the core region;

forming a second gate layer over the substrate;

forming an inverse logic mask over the second gate layer; the inverse logic mask
covering the core and I/O regions;

removing the second gate layer and the first gate dielectric layer over the memory
region;

patterning the second gate layer to form a core gate over the second gate dielectric layer
in the core region, a I/O gate over the I/O gate dielectric over the I/O
region and patterning the first gate layer and the charge storing layer

to form a memory gate in the memory region.
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5 inventions defined by the claims, to be considered limitations on the
invention as defined by the claims, or limitations on equivalents to the
claims. For instance, some of these advantages may be mutually
contradictory, in that they cannot be simultaneously present in a single
embodiment. Similarly, some advantages are applicable to one aspect of the
invention, and inapplicable to others. Furthermore, certain aspects of the

claimed inveatPRsaAdeRE AdTaRIfess AMEIRAHIED A ONSERIEE HitkFence
embod@se Be1dranniegRidineathase sisrsissedRareimieladiveptostise iy to assist in

discussed herein other than for pur@oses of space and reducing repetition.

understppdingBSIYRRUAD of Yelftos YRR AL B A SERE ot idE Il the

invenGiPRQRIHIMEdD ¢ aie UNINROE BUivalt ke dARitiedak ieatHEan @nd ACvantNaes by the
. of the invention will become apparent in the following description, from the
claimgyop limytationy obrIthe eRiie s B EpEA R LY HE S&F‘%ﬁé’é%éﬁ Ag¥apthges may

be mii@allresrRdithaniages e seminandisionsRvea PsRAME tostheleRieseiment.
invention and further details of a process of fabricating such a semiconductor

Similagly;isamg agAniazas A RRCARE SPeSn SR RIGRSARY BRI Ry g gy licable to
othersuPdarsieasckdreatihe fohenirg cesshiptiani iakandn EORjWoetheBrvdiictheed herein.

accompanying drawings in which like reference, numefLals des%laate sirTLiIar

Howeypr. 5 ARlsEifin ShowthBR Ay 158 arding Bumonis e hARAICHCFYrdg fhose not
discust¥oHgRihdaie HOSSoPELHPOAIME Wi foraild statingeadpaifiod. fihud Othis summary of
manuyfacturing a memaqry device according to the present invention. 6
featmﬁfe%ﬁ%é ‘iﬁa@%‘fﬁﬁhﬂ‘qﬁ i’%’é %&?ﬂb‘%ﬁfé BBarLNG'S 38 ence.
Additiseinfrias&rendogediatatives aidiadiitioal oavegrgrta@pparent in the following

description, from the drawings, and from the claims.
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5 memories, but they replace the floating-gate with a thin silicon nitride film.
The stored charge is localized in isolated sites within the silicon nitride
dielectric, as opposed to a delocalized charge storage in the conductive
polysilicon of a standard floating-gate. This is a key reliability advantage for
SONOS. In a traditional floating-gate structure, if the oxide becomes

permeable to charge, then the entire conductive floating-gate is discharged.
In SONOS, only a few RyasfiRsscription gbthe Jrayings affected by a

localized oxidg fRiluiesand lfermatiQnstoieatihdeamRRicHHEMRYing to the
destroyed. 1. Example embodiment 15 Referring{,generally to figures 1 to 10,

preseng inyeation andhwdbrr ittt of mBtRGTS O faBFEALBR B hsmirgndagigedevice in

accor@HRPHsSSI AenaralveieRsalil fiB eote-dNidingd @ sobsfiaia #H Raving
Jlogic region (14 16) and a memory region;(SONOS cell region 12). 20

descripliam R endRaYuPSHpIhY by OF d5°erarsnyas iyt tBdichdinetarerge

numetiRRIRGn Y SI1ERIR BHSEE Ghani elRGiia dayessoitadRpolidh el @Nwhich:
charges; figure 2 - forming a first gate layer 32 over the charge trapping layer
30; figure 3 and 4 -patterning the first gate layer 32 and the charge trapping

layer to rempis@rdeavigibiexfirsd gate dayareddonarviee, Shargeutiaping layeiod for
nly in the 25 memory region; the fg&étgate layer over the charge trapping

manu ﬁi}gflﬂ‘gtﬁénﬁ%%ﬂf‘fé‘tﬁéﬁcﬂgf%)go Qﬁ?ﬁ%‘%’%’%‘ﬂgfﬁe trapping layer; 30
figures 5 to 10 - forming logic device (68C or 68B) comprised of a logic gate
dielectric and a logic gate and logic source/drains in the logic region (14 or
16) and a memory device comprised of the charge trapping layer 30, the
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7 first gate layer 32, and memory source/drain regions in the memory region
12. 5 1l. Another Example embodiment An example method of fabrication of a
SONOS EFLASH device is shown in figures 1 to 10. A feature of the
embodiment is the polysilicon layer 32 is formed over the 10 charge storing
layer (ONO) 30 before the charge storing layer is patterned. The polysilicon
layer 32 protects the charge storing layer (ONO) from various etches used in
the process toPefitilsdHescription ghthefiample Epabedimenter regions of
substrate. A. substrate having a cell region, a I/O region and a core region 15
Referring toétigs;ﬁre 1, we provide a supstrate 10 having a cell region 12, a 1/0

region 14 artP OS8R IFe RIBRAiSITR GloHs"a1s hreratistitiopat dhenting-sate

memdi@HORS: thEe isphstake FoaamPLisedyaihoaREHPIBESH Gl tEICTRGIOThiSsthredharge is
1/Q region 14 and a core region 16) and a memory region (SONOS cel

localizedigr{>phtof i erihidr 15eBionn B4R Bedigregiofs QPRISHIHN treletisry charee

storagkeli o bdndhiQiPeHPhRIALHAgIE caihdacitealagiCsd} dPMICRSa RUE oS By
volta tes, hi%h \ﬁ)@l%%?e gates, and other input/output circuitry. Memory
6 1

e ga .
advanfaog %%%a@rﬁ)ﬁs TR theusale SIFRCHIFmUd G BradmBrRERFidsBReable to
chargd,2hén the egti@reshdNOSMRe: PANRNisIEes] Can SONTIBIesh Y they 182alized

region, thick gate dielectric devices and/or transistors can pbe formed. Faor
charge (F4Rsian Hﬁ&ﬁ&%ﬁé‘% SRRV G, AN AN b sforAsE o i figsaded.
but not/@esagi@al. In the Core region 16, _thin gate dielectric of both n & p type
devices can be formed. For example, thin gate dielectric devices (e.g., Low
V) can be formed in the 1/0 region.

L. Example embodiment

Referring generally to figures 1 to 10, An example embodiment of a method
of fabrication of a memory device, comprises the general steps of :

figure 1 - providing a substrate 10 having a logic region (14 16) and a memory
region;(SONOS cell region 12).

forming a charge trapping layer 30 (20 24 28) over the substrate; the charge trapping
layer comprised of any dielectric layers that can trap electron charges;

figure 2 - forming a first gate layer 32 over the charge trapping layer 30;

figure 3 and 4 -patterning the first gate layer 32 and the charge trapping layer to remove
leave the first gate layer 32 and the charge trapping layer only in the
memory region; the first gate layer over the charge trapping layer in
the memory region thereby protecting the charge trapping layer; 30

figures 5 to 10 - forming logic device (68C or 68B) comprised of a logic gate dielectric
and a logic gate and logic source/drains in the logic region (14 or 16)

and a memory device comprised of the charge trapping layer 30, the
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8 B. a charge trapping layer We form a charge trapping layer 30 (20 24 28)
over the substrate. The charge trapping layer comprised of any dielectric
layers that can trap electron charges. The charge trapping layer is preferably
comprised of a ONO trilayer (ONO- 5 32 A/45A/45A ) comprised of a bottom

dielectric layer 20, @rgpichila 4yEide |anenrehrid dieR/dighe stdtolayen 8’ mhb@ory

bottom dielectric layer Is [I:Jreferably comprised of oxide and has a thickness
of between about 39274135 A, the middle nitride layer and has a thickness of
between about 40 and 80 A and a top dielectric layer is comprised of oxide
and has a thickness of 10 between about 40 and 80 A. The above-mentioned
range is the preferred range for the ONO layer dielectric for the SONOS cell
to work. The charge trapping dielectric can be any dielectric layer or layers
that are capable of or facilitate electron trapping. For example, charge

trapping dielectrics include an 1? NO trilayer dielectric, Although the term

L. SONOS is s‘glg"éteﬁsetlfv%écngn a%? ?%/Iélr?nats used herein the term
encompasses nonvolatile memory devices containing any of the charge
trapping dielectric. In other words, a SONOS type nonvolatile memaory device

contains any*BieTeEtALe mpEhsk thiehscatianabicipNiNe Stdrratlidsricalischein in

figure ANBING, ATELElREDNGraavig RPN ERarggItannng: 29 ditlgelicoWhele
the charg;l tra%pﬁdielectric is an ONO dielectric, one or both of the silicon

chargg;aiHe IRyerd &% bafesmthrcrheirsoHUIBRItY FajePatsifBedr bBaPhttbicon layer

32 pr&teRNhe charge storing layer (ONO) from various etches used in the process to pattern the

various gate dielectric layers on other regions of substrate.

A. substrate having a cell region, a I/O region and a core region

Referring to figure 1, we provide a substrate 10 having a cell region 12, a I/O
region 14 and a core region 16. Isolation regions 13 preferably separate the regions.

The substrate is comprised of a peripheral or logic region (e.g., , a I/O region
14 and a core region 16) and a memory region (SONOS cell region 12). The peripheral region
can be any region other than the memory region 12. The peripheral region can include logic
devices, such as low voltage gates, high voltage gates, and other input/output circuitry. Memory

devices such as SONOS memory devices are formed in the memory region 12.

In the cell area, SONOS type memory devices can be formed. In the I/O
region, thick gate dielectric devices and/or transistors can be formed. For example, thick gate
dielectric devices (e.g., high V) can be formed in the I/O region.  In the Core region 16, _thin
gate dielectric of both n & p type devices can be formed. For example, thin gate dielectric

devices (e.g., Low V) can be formed in the I/O region.
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30

dioxide layers can also be an oxygen-rich silicon dioxide layer. One or both of
the silicon dioxide layers can be a thermally grown or a deposited oxide. One
or both of the silicon dioxide 25 layers can be nitrided oxide layers. Nitride
Layer can be graded such that Si rich near Bottom oxide & Nitrogen rich

NG FFhepgearipify dgecan be nitrogen rich alone or Sirich alone. Top
oxide can be formed by Low Pressure Chemical Vapour Deposition(e.g.,

High TempeNattiremyibier¢eiTrappiog thyyer thié (bl dRidleofe@gthpenbstintoxithe charge
trapplﬁéggélo&%ﬁéﬁwy ¢ 5@ igilermal, oxidation(s. g'a Aoy O (RIS ?ure wet

tion's as ISS (In -situ Steam Generatio ) In 30 caseof ISSG Top
oxide, as dePusitets gutigepiagdegtiosiprtferthbkeontugiidobe ke thkyer (ONO-

32 A/ &Vzﬁ%)t%@r%ér%fe &l 'QSrﬁ*HPéi?&ﬁ% RRLPS6 &’é&ﬂﬁﬁé’%&‘?@éﬂ?&sﬂ*%nd a top

~nitride layer orm a |rst gate layer over thé charge trapping layer As
dielecgmolasicnZigure 2, we form a first gate layer 32 over the charge trapping layer

30. The firsgatg Jayer ﬁ@l&&ﬁ@ﬁgmﬁ?&ﬁﬁfgﬁéﬁ%& HP%B%@ Q{Hyﬁ!ﬁ%

or a doped 5 poly silicon layer (doped with n and/or p type Implants). The

thickriesyer 3R prederaislythad anitRb dsslist edleantriioliyesa0dms 2200 knas ffatween
about HPYRIHHS AN tﬂﬁﬁﬁ@l&‘é&l@”a(?ér showvRIASigWE.Ridve farm 2. paig QNG

mask 36 (e.g., resist) over the ell region 12. The logic mask 36 has
betweébéhm’gs“@véﬁéﬁféést the logic region 14 16. 15 E. remove the top dielectric

The aWXEL ARG R MIGNE RIHISIG¥RLHSING AR EIRD ANFDRWNIRIGWHE R Ylﬁ% SONOS

remove the top dielectric layer and the middle nitride layer and preferably a
cell topwetibn (or all) of bottom dielectric layer not over the memory cell regions 12

(e.g., regionﬁl%‘kﬂ'&@gé)ft%ﬂ@%%tﬁ@@an be any dielectric layer or layers that are
capable of or facilitate electron trapping. For example, charge trapping dielectrics include an
ONO trilayer dielectric,

Although the term SONOS is suggestive of an ONO layer, as used herein the
term encompasses nonvolatile memory devices containing any of the charge trapping dielectric.
In other words, a SONOS type nonvolatile memory device contains any dielectric layer or layers
that are capable of or facilitate electron trapping, and does not require an ONO charge trapping
dielectric.

Where the charge trapping dielectric is an ONO dielectric, one or both of the
silicon dioxide layers can be a silicon-rich silicon dioxide layer. One or both of the silicon
dioxide layers can also be an oxygen-rich silicon dioxide layer. One or both of the silicon
dioxide layers can be a thermally grown or a deposited oxide. One or both of the silicon dioxide
layers can be nitrided oxide layers. Nitride Layer can be graded such that Si rich near Bottom
oxide & Nitrogen rich near Top Oxide. Nitride layer can be nitrogen rich alone or Si rich alone.
Top oxide can be formed by Low Pressure Chemical Vapour Deposition(e.g., High Temperature
Oxide (HTO)) or by a thermal oxide (e.g., pure dry oxide or wet oxide)or by a rapid thermal
oxidation(e.g., dry or low pressure wet oxidation such as ISSG(In-situ Steam Generation)). In
case of ISSG Top oxide, as deposited nitride layer should be thick enough to achieve the desired

target of final nitride thickness as ISSG oxidation consumes the nitride layer.

9
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The remnant bottom dielectric layer 20A over the 1/0 region 14 and core
region 16 preferably has a thickness of between about 0 and 20 A. There is a
concern over the removal of bottom oxide layer during nitride etch is the
silicon pitting. Hence the wet etch is preferred compared to dry etch. As
shown in figure 4, we remove the logic (ONO) mask 36 using a 20
photoresist strip process and we remove the remnant bottom dielectric layer

20A.F. h dielectyic | [
SRR 0es KR L CPRUREL PR, such o
diute HE eigh vt Ry SCA & SRAFPARSISR 106 Sk SE2HHE: rpping

basically a RCA Clean. The clean provided can be considered thus as

layer 3pHFIRER. gl RENIEIcam kasom I istdpiPHysifsatr aietahrRody crdfeor a doped

poly siffeft ﬁ'ﬁ‘é%@ﬁ@@%ﬂl"ﬂﬂﬁ@%%ﬁt?ﬂé@hﬁ@iﬁ&?ﬁ%@%@@?@ﬂ%ﬁﬁ%ﬁ@ thickness
hydrogen peroxide, and water and a second solution of hydrochloric acid,

of betW?ﬂFoé@r‘itpémdé}d a3l &ter. The RCA cleaning solutions typically are
mixed in separate tanks. The wafers are first 10 subjected to cleaning by the
ammonium hydroxide solution, then are moved to a rinse tank, then to a tank

cant ini&g tl)ragh drochjoric ac'*gl clea@inggsolution, and then to a final rinse
tank 'S 9o APAYLRVERIEGRE f; ﬁé"ferring to figure 5, we form a first
gate dielectri ayRi ¢y id0R €-ge Hh A3l LIRSS EMEK 98I URIBTHIS) the

over the logic region 14 1 and (first gate dielectric 40B) over the first gate
cell regignr 13> Thadogistraatk Hidiataremayey 2GA ddengethe lngidaggiendid|betric) In
the 1/0
E. remove the top dielectric layer and the middle nitride layer using an etch

As shown in figure 3, we remove the top dielectric layer and the middle
nitride layer and preferably a portion (or all) of bottom dielectric layer not over the memory cell
regions 12 (e.g., regions 14 16) of the using an etch.

The remnant bottom dielectric layer 20A over the I/O region 14 and core
region 16 preferably has a thickness of between about 0 and 20 A.

There is a concern over the removal of bottom oxide layer during nitride etch
is the silicon pitting. Hence the wet etch is preferred compared to dry etch.

As shown in figure 4, we remove the logic (ONO) mask 36 using a

photoresist strip process and we remove the remnant bottom dielectric layer 20A.

F. remove the bottom dielectric layer using an etch process

We remove the bottom dielectric layer 20 preferably using an etch process,
such as a dilute HF etch followed by SC1 & SC2 clean step. The “SC1 & SC2” are basically a
RCA Clean. The clean provided can be considered thus as “DHF+RCA”. The RCA clean also
cleans the substrate surface.

The "RCA clean" process which uses a first solution of ammonium hydroxide,
hydrogen peroxide, and water and a second solution of hydrochloric acid, hydrogen peroxide,

and water. The RCA cleaning solutions typically are mixed in separate tanks. The wafers are first

10
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10 region 14 will be used to as a gate dielectric for the 1/0 devices in the 1/0
region 14. 15 H. form a dual gate oxide mask As shown in figure 6, we form a
dual gate oxide mask 44 over the first gate dielectric 40 in the 1/0 region 14
and the cell region 12. 1. etch the first gate dielectric layer to form an 1/O gate

subjedliRiesticalVestbenretehieniiiat BRdfodialedstiisyendPate fasvta &/Q a8 tank, then

dielectric 40C over the 1/0 region 14. We remove the dual oxide mask 44. 20
to a tapkgoR{ainipg Pirdhydrecdhiore arddaraming saeieprand gish o5 ALUHHHA frnk-

figure 7, we form a second gate dielectric layer 48 (e.g., thin gate oxide) over
the core region 16. The second gate dielectric layer 48 will be used as a gate

diglegtric layer in the core region 16. K. form a second gate layer over the

sﬁ'strgfé"l%?ﬂé#eﬂﬂ{s %??Sgr}g?,]l Eform a second gate (e.g., polysilicon)

layer 52 OVR%PQﬁiﬁAE *?éff@?rel_?); Ve M 8 FRVEESR @816&9&\'19})@4@& Qbﬂ)ﬁr(@% /0
s a

second gate layer As shown in figure 8, we form a reverse logic (ONO) mas
gate diglesiris piethickgabndiglatdriay eyasshelneicirgion iktlo prb kst gatsalislngtric 40B)

over tROYREE $he agfliygareas in the peripheral (logic) regions 14 16 preferably
except the area of poly bridge between ONO dielectric & the 1/0 region. This

portion of second gate layer (e.g., poly) 52 between the 1/0
The first gate dielectric layer 40A 40B (e.g., thick gate dielectric) In the I/O

region 14 will be used to as a gate dielectric for the I/O devices in the I/O region 14.

H. form a dual gate oxide mask

As shown in figure 6, we form a dual gate oxide mask 44 over the first gate

dielectric 40 in the I/O region 14 and the cell region 12.

I. etch the first gate dielectric layer to form an I/O gate dielectric

We then etch the first gate dielectric layer 40 to form a I/O gate dielectric
40C over the I/O region 14.

We remove the dual oxide mask 44.

J. form a second gate dielectric layer over the core region

As shown in figure 7, we form a second gate dielectric layer 48 (e.g., thin
gate oxide) over the core region 16. The second gate dielectric layer 48 will be used as a gate

dielectric layer in the core region 16.

K. form a second gate layer over the substrate
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gate dielectric layer 40C and bottom dielectric layer 20 will be etched during
the second gate layer 52 etch. 10 M. remove the second gate layer and the
first gate dielectric over the cell region As shown in figure 9, we remove the
second gate (e.g., polysilicon) layer 52 and the first gate dielectric 40B over

the cell fegiR@f@?rni@iﬁ) eppeRes, the emeh e fitgtaaiee lRysbR4iIRISD, layer 52
referab fz/Fethere is a gap between the second gate (e.g., polysilicon) layer 52

over thsubstratte lharge trapping layer (20 24 28). Then we removed the logic
mask 36. N. perform a RCA clean As shown figure 9, we can perform an etch

aild foelnan peverse (egic (ONO) Riask cewer) the sacvndigatedayayer on
polysilicon 52. The oxide can have a 20 thickness of about -30A. 0. form a

logic deviceAnthaYdmBEIEetite Egira LRI O PARskord: Iy
second 3RRIBGEOEA RGN MeR hd A Bansiainy 68R10 dhe.d{R argandthand

core transistor 68C in the core area 16. In an example aspect, the second

periphgzth (l9gis) 5e B trHe BT T 190 GatdEEsaE bRk tREIED Reate e Ric
dielechRCLOMRY Haerd e ainn araos @f@@&@lﬂag@téfe@e@\(@r theoser3ndbeRieen the 1/0

dielectric layer 48. Next silicide regions (memory SI|ICIde region 60A, 1/0
gate dighestracByRid Sornd haeredinlesdac ki ety he sishrd dwing herermmd cate
layer §2tQ:82, the I/O gate 54B and the 12 core gate 54C. Source/drain regions

(memory S/D regions 64A 64B, 1/0 S/D regions 64C 64D, and core S/D
"M Orng’n?ggeq I;%regc@ny %j J?g}?entt ;U,GJ trﬁg’ ﬁg \éyeasaea t(?lelectrlc over the cell
region
As shown in figure 9, we remove the second gate (e.g., polysilicon) layer 52
and the first gate dielectric 40B over the cell region 12. This exposes the top of the first gate
layer 32. Also, preferably there is a gap between the second gate (e.g., polysilicon) layer 52 and
the charge trapping layer (20 24 28).

Then we removed the logic mask 36.

N. perform a RCA clean

As shown figure 9, we can perform an etch and a clean process (e.g.,
“DHF+RCA” clean) to remove an oxide layer on polysilicon 52. The oxide can have a

thickness of about ~30A.

O. form a logic device and a memory device

Figure 10 shows three transistors: memory transistor 68 A in memory area
12, I/O transistor 68B in the I/O area 14 and core transistor 68C in the core area 16.

In an example aspect, the second gate layer 52 is patterned to form I/O gate
54B over the 1/0 gate dielectric 40C over the I/O region 14 and a core gate 54C over the second
gate dielectric layer 48. Next silicide regions (memory silicide region 60A, I/O silicide region

60B and core silicide region 68C) are formed on the memory gate 32, the I/O gate 54B and the

12
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510 15 Ill. Features of the example embodiment The embodiments provide
for the following. * Better top dielectric (ISSG oxide or HTO Oxide) 28
integrity due to the protection of the degradation of the TOP oxide 28 by 2
RCA cleans. This in turn results superior endurance (<10K) & data retention

core gate33Y IS HaRiIgFiRedishitritendtyRiTknassiising 86 pydatior Bt 64D,

since HTO process doesn't consume the nitride layer. On the other hand
and cqpg 2/ ROt S Qe mBhifgme rdiccsidP P SesRSkIdRi8H Mtethod due to

run to run variation of Incoming as deposited nitride thickness. Leaving aside
the final nitride thickness fluctuation, ISSG Method can still give consistent
Top oxide thickness Unless explicitly stated otherwise, each numerical value
and range should be 20 interpreted as being approximate as if the word
about or approximately preceded the value of the value or range. Given the
variety of embodiments of the present invention just described, the above
description and illustrations show not be taken as limiting the scope of the

III. present 25 iRvaniies cltiircsom phe aithodinwiikle the invention has been
particularly shown and described with reference to the preferred

The egbMBAIFREREHERSSE, thevinlisviftferstood by those skilled in the art that

various 30 chapges: id )M RIS MRaveRe MPGRONIHRYUEEIGRRERY HRMo the
the spirit and scope of the ) ]
protection of the degradation of the TOP oxide 28 by 2 RCA cleans.
This in turn results superior endurance (<10K) & data retention
'] Easy to monitor the final nitride 24 thickness using HTO oxidation
method since HTO process doesn’t consume the nitride layer. On the other
hand final nitride thickness monitor is difficult for ISSG oxidation Method
due to run to run variation of Incoming as deposited nitride thickness.

Leaving aside the final nitride thickness fluctuation, ISSG Method can still

give consistent Top oxide thickness

Unless explicitly stated otherwise, each numerical value and range should be
interpreted as being approximate as if the word about or approximately preceded the value of

the value or range.

Given the variety of embodiments of the present invention just described, the
above description and illustrations show not be taken as limiting the scope of the present

invention defined by the claims.

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
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13 invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements and procedures.

inven@oh4 WRahisneainmees vier AdnEtR ARt fRBrISAH Auah A R cERIRE and
comprisingﬁtﬁhe steps of : @) providing a substrate havin%a logic region and a

proceduEthatyr Y5 SHOPE )RR RP SRR IR A s a5 SN ParRe senigstrdhe  begidest

interpfRaigR {RRPIDS YR EOMPEsarHb Ay AislRNE lavears thaheam&aPand
electron charges; c) forming a first gate layer over the charge trapping layer;

procedyrsiiterning said first gate layer and the charge trapping layer to remove
leave said first gate layer and the charge trapping layer only in said memory
region; said first gate layer over said charge trapping layer in said memory
region thereby protecting said charge trapping layer; e) forming logic device
comprised of a logic gate dielectric and a logic gate and logic source/drains
in said logic region and a memory device comprised of said charge trapping
layer, said first gate layer, and memory source/drain regions in said memory
region. 2. The method of claim 1 wherein in the memory area, SONOS type
memory device are formed; in the logic regions thick dielectric 1/0 devices or
thin gate dielectric NMOS and PMOS type

14



device are formed. 3. The method of claim 1 wherein said charge trapping
layer is comprised of a bottom dielectric layer, a middle nitride layer and a
top dielectric layer. 4. The method of claim 1 wherein said charge trapping
layer is comprised of an Oxide - Nitride- Oxide tri-layer comprised of a bottom
What ielgetsicilayer, a middle nitride layer and a top dielectric layer; said bottom
dielectric layer comprised of oxide has a thickness of between about 24 and
38 A, the middle nitride layer has a thickness of between about 40 and 80 A

1. A il e sbelestss opyaicarpser Ofoxiga dirs @dRiekness of between
about 40 and 80 A. 15 5. A method of fabrication of a SONOS EFLASH

device 2 BRASHERAREPSTESS RiTving plgvlairtg Qs aRs # S AINTGEEe region,

a 1/0 regigiaiig @ ERIREQeIpPind) 1IN NG e B HRPPINY JRYRe AMPPIRE layer
substrate; said charge trapping layer comprised of any dielectric layers that

can trap ele PBIPERSHGELNY 5T RsiY Leviest Qlale IRV ERRTASF 08 charefs:
trapping) laygtid) farriingie lagie MaskhevensaidesPiregigrrsaid logic mask
having gpenings over at least said core and 1/0 regions; e) removing said

top dieftRALIHYBR SHY L5k $hitdie ittt 1B EPRSSATARIRS KT 9¢PryiGAsave

f) removing said fagigarasky &) Aemmé e saidREPRIP idiRieGhIs ayefidanemory
expose the substrate surface in said core and 1/0 regions; h) forming a first

gate dielectrEFRErBUENSARPIOVY St OIS BHS SRR Eigf in said memory

region thereby protecting said charge trapping layer;

e) forming logic device comprised of a logic gate dielectric and a logic gate and
logic source/drains in said logic region and a memory device comprised of
said charge trapping layer, said first gate layer, and memory source/drain

regions in said memory region.

2. The method of claim 1 wherein in the memory area, SONOS type memory device are formed;
in the logic regions thick dielectric I/O devices or thin gate dielectric NMOS and PMOS type

device are formed.

3. The method of claim 1 wherein said charge trapping layer is comprised of a bottom dielectric

layer, a middle nitride layer and a top dielectric layer.

4. The method of claim 1 wherein said charge trapping layer is comprised of an Oxide — Nitride-
Oxide tri-layer comprised of a bottom dielectric layer, a middle nitride layer and a top
dielectric layer;

said bottom dielectric layer comprised of oxide has a thickness of between about 24 and 38 A,

the middle nitride layer has a thickness of between about 40 and 80 A and a top dielectric

layer comprised of oxide has a thickness of between about 40 and 80 A.
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first gate layer in said memory region; i) forming a dual gate oxide mask at
least over said first gate dielectric in said 1/0 region and said cell region; j)
etching said first gate dielectric layer to form an 1/0 gate dielectric layer over
said 1/0 region; said first gate layer over said charge trapping layer in said
memory region thereby protecting said charge trapping layer; k) removing
said dual oxide mask; 1) forming a second gate dielectric layer over said core
region; m) forming a second gate layer over said substrate; n) forming an

5. A VeS8 1Qghzi BABSK OV arSTRNUSLEPNA 9RLQdaNRY; oA IRUEY $Be!0@iss BTask
covering said core and 1/0 regions; 0) removing said second gate layer and
said firé% BR¥idiRre 10k VPG dite e gery A LGidheion TG S&™
seconchyasenhayeh Ehiosan mssiie: Jaterover aridaneand gatecrdieleetiispiayahyer
in said core region, a 1/Q gate over said 1/0 gate dielectric 16 over said 1/0
region and peRIBPAIY é’éiﬁf“ﬁrg{eéfé’(@lfak%‘!fﬂésﬁg%ﬁﬂl]éﬁé’rﬁlgcgﬁ}iﬁ@fﬁ%r to
form a gyesneny@aterin said memoniregionage thppmetiagef claim 5
wherein in the cell area, SONOS type memory device are formed, in the 1/0
region, thiOKBRFINR1S D BENLEE A1 e OBnt ih e CBIE By BRFIngs
gate dielecticdNMQRasanddFddie aniypedeyieasare formed. 7. The method of

S e ine St g e ST R R e i Sae Nere and

I/O regions;

f) removing said logic mask;

g) removing said bottom dielectric layer to expose the substrate surface in said core
and I/O regions;

h) forming a first gate dielectric layer over said core and I/O regions and over said
first gate layer in said memory region;

i) forming a dual gate oxide mask at least over said first gate dielectric in said I/O
region and said cell region;

j) etching said first gate dielectric layer to form an I/O gate dielectric layer over
said I/O region;
said first gate layer over said charge trapping layer in said memory region
thereby protecting said charge trapping layer;

k) removing said dual oxide mask;

1) forming a second gate dielectric layer over said core region;

m) forming a second gate layer over said substrate;

n) forming an inverse logic mask over said second gate layer; said inverse logic
mask covering said core and I/O regions;

o) removing said second gate layer and said first gate dielectric layer over said
memory region;

p) patterning said second gate layer to form a core gate over said second gate

dielectric layer in said core region, a 1/O gate over said I/O gate dielectric
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layer, a middle nitride layer and a top dielectric layer. 8. The method of claim
5 wherein said charge trapping layer is comprised of an Oxide - Nitride-
Oxide tri-layer comprised of a bottom dielectric layer, a middle nitride layer
and a top dielectric layer; said bottom dielectric layer comprised of oxide has

a thickness ofeetwaanARANSP4naNA@8ntethadiddls.nitisle faver s harge
thickness of between about 40 and 80 A and a top dielectric layer comprised
of oxide has RRREHEEE B BEREREBABLEUS ArdISaMEMOY Hegifkthod of
claim 5 wherein the step of " removing said bottom dielectric layer to expose
the substrate surface in said core and 1/0 regions; " further includes
performing an RCA clean to clean the substrate surface. 10. The method of
claim 5 wherein the last step comprises: removing said reverse logic mask

with openini?s over at least said memory re%on' performing a RCA clean of

6. Theypetyphekdamaodereintbesaitiiss ) PSﬁYQSiH'EBMbﬁ?é(}%eaﬁ‘aelfRfmed’ in
thedAtEreH3éh NaBRAL BRtA L FDONiBYi sQUIRefaftkdl Al RAIRNE @dj a5 bh SAIE care
die%%t%’ said 1/0 gate, said memory gate, 17 11. A method of fabrication of a

&%@ﬁ&w&égﬁéy%ﬂ?ﬁﬂ@ﬁéetﬁ%@@ps of : a) providing a substrate

having a memory region, a 1/0 region and a core region; (1) in the memory
area, SONOS type memory device are formed; in the 1/0 ,region, thick

7- The A fPHEVI CRUCKF A GBETaR RS BYE B GiBRPERC Gheaikamygliglectric
laybiViGS @ne M@ dypeade viesparrttmethys). forming a charge trapping layer

8. Theogl%iﬁgg osfu 3311;3 %eiwilaeir%i%hs%{g %ﬁg?gg {?a%ll)?gge rlalyer is comprised of an Oxide — Nitride-
Oxide tri-layer comprised of a bottom dielectric layer, a middle nitride layer and a top
dielectric layer;

said bottom dielectric layer comprised of oxide has a thickness of between about 24 and 38
A, the middle nitride layer has a thickness of between about 40 and 80 A and a top

dielectric layer comprised of oxide has a thickness of between about 40 and 80 A.

9. The method of claim 5 wherein the step of “ removing said bottom dielectric layer to expose
the substrate surface in said core and I/O regions; * further includes performing an RCA

clean to clean the substrate surface.

10. The method of claim 5 wherein the last step comprises:
removing said reverse logic mask with openings over at least said memory region;
performing a RCA clean of the exposed surfaces;
forming salicide region on said core gate, said 1/O gate, said memory gate;
forming source and drain regions adjacent said core gate, said I/O gate, said memory

gate.
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comprised of any dielectric layers that can trap electron charges; (1) said
charge trapping layer is comprised of an Oxide - Nitride- Oxide tri- layer
comprised of a bottom dielectric layer, a middle nitride layer and a top
dielectric layer; c) forming a first gate layer over the charge trapping layer;
said first gate layer is comprised of polysilicon; d) forming a logic mask over
said memory region; said logic mask having openings over at least said core
and 1/0 regions; e) removing said top dielectric layer and said middle nitride

11. A lRyedn sefabeRiriends A/Q0SIISNSHEINGRASIER; EHieprRMBAIRAIEEIRAE mask;
g) removing said bottom dielectric layer to expose the substrate surface in |
said cofePENAUNE PeyBHE R PRYAEAGSE MILD G Mielddthiccigaader Qirregion;
core and 1/0 regions and over said first gate layer; i) forming a dual gate
oxide mask bverthaithéirsirgaiecd)s OGS nypaichdiobregiovicanct $archedemotye 1/0

region; j) etching said fjrst gate dielectric layer to form a /O gate gielectric . .
ayer over saic 0 HIoh 0 ettio Sa T L AL L H g on thin
second gate diglaetdielkayec NG ithd P Eigpe deyiterananpansdcond gate
layer over said substrate; 18 ) )

b) forming a charge trapping layer over the substrate; said charge trapping layer

comprised of any dielectric layers that can trap electron charges;

(1) said charge trapping layer is comprised of an Oxide — Nitride- Oxide tri-
layer comprised of a bottom dielectric layer, a middle nitride layer and a

top dielectric layer;

c¢) forming a first gate layer over the charge trapping layer; said first gate layer is
comprised of polysilicon;

d) forming a logic mask over said memory region; said logic mask having
openings over at least said core and I/O regions;

e) removing said top dielectric layer and said middle nitride layer in said core and
I/0O regionsusing an etch;

f) removing said logic mask;

g) removing said bottom dielectric layer to expose the substrate surface in said core
and I/O regions;

h) forming a first gate dielectric layer over said core and I/O regions and over said
first gate layer;

1) forming a dual gate oxide mask over said first gate dielectric in said I/O region
and said memory region;

j) etching said first gate dielectric layer to form a I/O gate dielectric layer over said
I/O region;

k) removing said dual oxide mask;

1) forming a second gate dielectric layer over said core region;

m) forming a second gate layer over said substrate;
18



n) forming an inverse logic mask over said second gate layer; said inverse
logic mask covering said core and said 110 regions; 0) removing said
second gate layer and said first gate dielectric layer over said memory
region; p) removing said inverse logic mask; q) patterning said second gate

layer tohfquimAMoss DRt LVBERAlhsecanRd galecdisleclic layar idaithertelogic
region, a 110 gate over said 110 gate dielectric over said 110 region and

patterning sl HirSCYSHE A S aartseithlgerediiiig layer to form a

memory)gatgolsaldimemeny saaionyd) a0 sCde: @eiec N gXd SR¥Esaid
gate, said 110 gate, said memory gate; s) forming source and drain regions
adjacent saidl'€8t& )58 %hid 1/0 gate, and, said memory gate. 12. The

methodpfciaitinblyinareénssaiskationg; dielectric layer comprised of oxide
has a thickness of between about 24 and 38 A, the middle nitride layer has a

thickne$5PH EEHNE SAI LIS ORA G UR B 10 H08™ 4650 GiSRE RN SERapHsaie
of oxide has @dhkigkieers ef heeesrakelir@ a &lovissdiberoethediffiectric

claim 11 wherein the step of " removing said bottom dielectric layer tQ

expose the SUSHAL KOagoRARdiRUSRIAR G4 T Sifis oY sh ARG S chasge
performing aftofR{gAasiaan foraleamdhe supatatessidrfaemotPregion;

r) forming salicide region on said core gate, said I/O gate, said memory gate;
s) forming source and drain regions adjacent said core gate, said I/O gate, and, said

memory gate.

12. The method of claim 11 wherein said bottom dielectric layer comprised of oxide has a
thickness of between about 24 and 38 A, the middle nitride layer has a thickness of between
about 40 and 80 A and a top dielectric layer comprised of oxide has a thickness of between

about 40 and 80 A.
13. The method of claim 11 wherein the step of “removing said bottom dielectric layer to

expose the substrate surface in said core and I/O regions; “ further includes performing an

RCA clean to clean the substrate surface.
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