DIELECTRIC STACK CROSS-REFERENCE [0001]This application is a divisional application which
claims benefit of copending US Patent Application Number 12/888,434, filed September 23, 2010, which
was concurrently filed with Application Number 12/888,431, now Patent Number 8,383,475 B2, entitled
"EEPROM Cell" (Attorney Docket Number CSM P2010 NAT 28 US 0), and Application Number
12/888,437, now Patent Number 8,383,476 B2, entitled "EEPROM Cell" (Attorney Docket Number CSM P
2010 NAT 30 US 0), which are herein incorpprtetinretesgraeKor all purposes. BACKGROUND
[0002]Non-volatile memory (NVM) circuits have achieved widespread adoptions for code and data
storage applications. An important aspect ofROE SIREFSREMERF performance, which includes endurance
(number of programming or write/erase cycles) and data retention after write/erase cycling and erase
speed. \Ygbithe imthissépplibatiparioardaisiers dpUcterimalegl tlameasnefitarhcipareih@xismsitely.
Generally, the NVM circuits should be able to endure over 100 thousand to 1 million programming cycles

with dataAppictinoneNoeeRiniR By aavs five Seitexisents arobienilirmpakadoneariin3fdentithe of NVM
circuits is a silicon-oxide-nitride-oxide-silicon (SONOS) NVM circuit. In SONOS types of NVM circuits,

memory ApplRAdos, Suehesl RIERE ASININGvaRleatasimgune) 363 o 7ar gin g atidedi SEERRONI elitrons from a
nitride layer of an oxide-nitride-oxide dielectric stack. The charging and discharging of electron charge is

achieved Aytofoee Kurkde NoovsterSiokd irepar (AN TURS &) 510)ancdon hidi cigatrNuntjectiars 8 @8, [A6W4] The
thickness of the various layers of the dielectric stack is important as they affect
Patent Number 8,383,476 B2, entitled “EEPROM Cell” (Attorney Docket Number CSM P 2010
NAT 30 US 0), which are herein incorporated by reference for all purposes.
BACKGROUND
[0002] Non-volatile memory (NVM) circuits have achieved widespread adoptions for code and
data storage applications. An important aspect of NVM circuits is their performance, which
includes endurance (number of programming or write/erase cycles) and data retention after
write/erase cycling and erase speed. Within the industry, the performance of NVM technology has
been characterized extensively. Generally, the NVM circuits should be able to endure over 100
thousand to 1 million programming cycles with data retention exceeding 20 years, even at extreme
ambient temperatures.
[0003] One type of NVM circuits is a silicon-oxide-nitride-oxide-silicon (SONOS) NVM
circuit. In SONOS types of NVM circuits, memory operations, such as programming and erasing
involve charging and discharging electrons from a nitride layer of an oxide-nitride-oxide dielectric
stack. The charging and discharging of electron charge is achieved by, for example, Fowler-
Nordheim (FN) tunneling and/or hot electron injection (HCI).
[0004] The thickness of the various layers of the dielectric stack is important as they affect

programming and erase speeds. For example, a thicker storage layer results in slow erase speed
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programming and erase speeds. For example, a thicker storage layer results in slow erase speed 1 while
a thinner storage layer results in slow programming speed. This can impact yield due to small operating
window. The thickness of the other layers as well as the overall thickness of the storage stack also affect
the performance and reliability of the memaory cell. For example, thinner dielectric layer and bottom oxide
increases erase speed, but may cause data retention problems. Tight control of the thickness of the

different |ayss ithihsetsade pgdarstatsaarswpreg andireighibity. afb\dshairgics y RIHMVAR ¥ 05]A

method of forming a device is disclosed. The method includes providing a substrate and forming a device

layer on tperatibgtiaieibavimatfcriesstbiakeestel Rgapangdiys tis iorengd witikhesswishateohaeng a
formed thickness TFc. Forming the capping layer consumes a desired amount of the device layer to

cause thetibickRessfotittie geviceriayss dadoelimlitytoé tiar grintioickoslts For ERentplekneaacidiatecieping
layer is adjusted from TFc to about a target thickness TTC [0006]A device is also presented. The device
comprisdayaisaiibtetieransiadirst dasdsenayespend, but may cause data retention problems. Tight control

of the thickness of the different layers is therefore important for performance and reliability of NVM

circuits.

SUMMARY

[0005] A method of forming a device is disclosed. The method includes providing a substrate

and forming a device layer on the substrate having a formed thickness Tep. A capping layer is

formed on the substrate having a formed thickness Tgc. Forming the capping layer consumes a

desired amount of the device layer to cause the thickness of the device layer to be about the target

thickness Ttp. The thickness of the capping layer is adjusted from Tgc to about a target thickness

Trc.

[0006] A device is also presented. The device comprises a substrate and a first device layer on

the substrate comprising a target thickness T+rp. The device also includes a second device layer on

the substrate over the first device layer having a target thickness Trsp. A lower portion of the

second device layer comprises a consumed upper portion of the first device layer.

[0007] These and other objects, along with advantages and features of the present invention

herein disclosed, will become apparent through reference to the following description and the

accompanying drawings. Furthermore, it is to be understood that the features of the various

embodiments described herein are not mutually exclusive and can exist in various combinations and

permutations.



the substrate comprising a target thickness TTFD. The device also includes a second device layer on the
substrate over the first device layer having a target thickness TTsD. A lower portion of the second device
layer comprises a consumed upper portion of the first device layer. [0007]These and other objects, along
with advantages and features of the present invention herein disclosed, will become apparent through
reference to the following description and the accompanying drawings. Furthermore, it is to be understood

that the fEmnges of theaviatiey 2@ ovANGNE RLEdeRe e et de e isnubalisc RselsTMeanstiesn exist in
various combinations and permutations. [0008]In another embodiment, a method of forming a device is

also discipsieded fgmieghopairclislestiiormyeg enhaseudiglaitiavayes oasthargebsiictadsaTing abase target

thickness T. A storage dielectric layer is formed over the base dielectric layer. The storage dielectric layer

has a statege)éativiedtthitkyeds forseAowippes bistedisisdaichigformedovalcirraragaydetesttc layer
having a upper formed thickness TFu. Forming the upper dielectric layer consumes a desired amount of

the storagerdigléctnedayickioesy qUsICAR $ipeagicibeidciigdaieloviibdastonag sttatgetdiriektrisyers. TFuU
of the upper dielectric layer is adjusted to about an upper target thickness TTu. [0009]These and other
objects, aniggveitippeivivntagethkadeature sFof ifiagoreseppéndénticn hrigin dissiossd dedileecome
apparent through reference to the following description and the accompanying drawings. Furthermore, it

is to be wmisusteddhdstorgeaiientd ofifee wapiodacrakasiiye disleasicrlapst hdtieinsaweagotaystually
exclusive and can exist in various combinations and permutations. BRIEF DESCRIPTION OF THE

[r)1 RAWINGISKRQI 0 the drbshingspdikdidkigrankgathiacmijistedge nemlbanaippdo ttrges amukpesd T troughout
e [0009] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations and
permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010] In the drawings, like reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the invention. In the following description, various
embodiments of the present invention are described with reference to the following drawings, in
which:
[0011] Figs. 1la-b show cross-sectional views of various embodiments of a dielectric stack;
[0012] Fig. 2 shows a relation between oxide growth versus nitride consumption;

[0013] Fig. 3 shows an embodiment of a process flow for forming a dielectric stack;

[0014] Fig. 4 shows an embodiment of a device; and



different views. Also, the drawings are not necessarily to scale, emphasis instead generally being placed
upon illustrating the principles of the invention. In the following description, various embodiments of the
present invention are described with reference to the following drawings, in which: [0011]Figs. la-b show
cross-sectional views of various embodiments of a dielectric stack; [0012]Fig. 2 shows a relation between
oxide growth versus nitride consumption; [0013]Fig. 3 shows an embodiment of a process flow for forming

a dielectfiooasick; [Pisd gy shonasmssereetitrdlinant of & stevise oanshmamancepibdifehfdfaD
DESCRIPTION [0016]Embodiments generally relate to forming a dielectric stack having tight thickness
control. Thentbiglestiic stack may be used in semiconductor devices. For example, the dielectric stack may
be employed in forming devices, such as non-volatile memory devices. Such memory devices, for
example, can be incorporated into standalone memory devices, such as USB or other types of portable
storage units, or ICs, such as microcontrollers or system on chips (SoCs). The devices or ICs can be
incorporated into or used with, for exampBETgI$WEDEDEBRCRIPIG@ROAucts, such as computers, cell
phones, and personal digital assistants (PDAs). [0017]Fig. la shows an embodiment 100 of a dielectric
stack 1100¢4s shovemboelidhelesyinerally relate to forming a dielectric stack having tight thickness control.

The dielectric stack may be used in semiconductor devices. For example, the dielectric stack may

be employed in forming devices, such as non-volatile memory devices. Such memory devices, for

example, can be incorporated into standalone memory devices, such as USB or other types of

portable storage units, or ICs, such as microcontrollers or system on chips (SoCs). The devices or

ICs can be incorporated into or used with, for example, consumer electronic products, such as

computers, cell phones, and personal digital assistants (PDAS).

[0017] Fig. 1a shows an embodiment 100 of a dielectric stack 110. As shown, the dielectric

stack is disposed on a substrate 105. Various types of substrates used in semiconductor devices may

be used. For example, the substrate may comprise a silicon wafer, such as a lightly p-type doped

substrate wafer. Other types of substrates, including silicon germanium or silicon-on-insulator

(SOI) wafers, are also useful. The substrate may be a bare substrate. In other embodiments, the

substrate may include features in or above the substrate, such as doped regions, isolation regions,

gates or a combination thereof.

[0018] In one embodiment, the dielectric gate stack includes at least first and second dielectric

layers 130 and 140 disposed on the substrate. The second dielectric layer is disposed over the first

dielectric layer. In one embodiment, the first layer comprises a charge storage layer. The charge

storage layer comprises, for example, silicon nitride. Other types of materials capable of storing

charges may also be used to serve as the first dielectric layer. The second dielectric layer comprises
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stack is disposed on a substrate 105. Various types of substrates used in semiconductor devices may be
used. For example, the substrate may comprise a silicon wafer, such as a lightly p-type doped substrate
wafer. Other types of substrates, including silicon germanium or silicon-on-insulator (SOI) wafers, are also
useful. The substrate may be a bare substrate. In other embodiments, the substrate may include features
in or above the substrate, such as doped regions, isolation regions, gates or a combination thereof.
[0018]In agppmbesljerethéhshitigatyjegate sitaciincludes @i depstctissrangk Sraoel tHiesestir IRyers 130
and 140 disposed on the substrate. The second dielectric layer is disposed over the first dielectric layer.

In one emdlodifient athevitslagyenisovapintsa £hakge soragmiryimehnarehegs Riasgeedayprisemprises,
for example, silicon nitride. Other types of materials capable of storing charges may also be used to serve

as the firsilidiglestioe layesnd beisedionshigle canpilay &liyep gupniesesarcappistgalaypne e CASSIBY layer, for
example, serves to suppress charge flow to the storage layer below from a device layer above, such as a

gate. In gilicembadénenheih@gsippineiayss oeparssdsesiiefud. oxide. In one embodiment, the capping
layer comprises in-situ steam generated (ISSG) silicon oxide. Other capping materials may also be

useful. [qO02YN onenesnbedimeithdhe tiffeikatlayieyesioheeltibettitesiack are flarmeeduitita aadsided
thickness. The desired thickness of the different layers of the dielectric stack can be tightly controlled. In

one embildkoes, tecldsined thicknesobthbelifitierenijayecos wkthieldutaciticisiarkbeaighetightly
controlled from wafer to wafer or wafer lot to wafer lot. [0020]In one embodiment, a lower portion 135 of
the secooohtrolipgeldmieetribddireerpthpssised tiokkuereol wnpeiffaoetiorapdrthef tinstdis| ke dielectric
layer. Providing the lower portion of the upper dielectric layer which comprises a consumed upper portion
of the lowen Hecligtiriy tayeoHedbles tigifectnvaterfathwdfeckoassvitenfahe lower dielectric layer. For
example, the amount of consumption can be selected to result in the desired TL. A top surface 142 of the
upper digEaaor layér omneanebedimedinzciotyeopoptise $ 35 oftitleed dopdsuripper Tréectdbdal/topeufasss
results from thinning of the upper dielectric layer to a desired thickness Tu. This facilitates tight control of
the thickaesssimdearppeapgritoniof trarfdscerdbiiner thatkoegsl dyem &yobéd danthelledievifairiidn-¢f hdetween
wafers or lots of wafers. In other embodiments, the top surface of the upper dielectric layer may be an
unetchedigpefatieled2 13key vithish cors prisehe cemibod thuppe i POr bd @ afi e dtvees iickeditz. IAgeshown, the

enables tight control of the thickness T of the lower dielectric layer. For example, the amount of

consumption can be selected to result in the desired T,. A top surface 142 of the upper dielectric

layer, in one embodiment, comprises an etched top surface. The etched top surface results from

thinning of the upper dielectric layer to a desired thickness Ty. This facilitates tight control of the

thickness Ty. For example, the variance of the thickness Ty may be controlled within 1 -2 A

between wafers or lots of wafers. In other embodiments, the top surface of the upper dielectric layer

may be an unetched surface.

[0021] Fig. 1b shows another embodiment 100 of a dielectric stack 110. As shown, the

dielectric stack is disposed on a substrate 105. Various types of substrates used in semiconductor

devices may be used. For example, the substrate may comprise a silicon wafer, such as a lightly p-

type doped substrate wafer. Other types of substrates, including silicon germanium or silicon-on-

insulator (SOI) wafers, are also useful. The substrate may be a bare substrate. In other
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dielectric stack is disposed on a substrate 105. Various types of substrates used in semiconductor
devices may be used. For example, the substrate may comprise a silicon wafer, such as a lightly p-type
doped substrate wafer. Other types of substrates, including silicon germanium or silicon-oninsulator
(SOT) wafers, are also useful. The substrate may be a bare substrate. In other embodiments, the
substrate may include features in or above the substrate, such as doped regions, isolation regions, gates

or a comginsménerant {00ARENRagdleRite fetackeisisioniidole the slipseciidcssiarksafdpial fagisaslitionally,

the dielectric stack includes a base dielectric layer 120 below the first and second dielectric layers 130

and 140.iddigtibasediiele efsedayer cenvimtion exasople, as a tunneling layer. In one embodiment, the base
dielectric layer comprises silicon oxide. Other types of base dielectric layers may also be useful. For

example[gbeXpase Tayedistetrioseiice sitithin wittidelietxiti {RRRIAMPg tasetialtotiatijayes comprises a
thickness TB. In one embodiment, the thickness TB can be tightly controlled. In one embodiment, the

base dielfieteictirygagomgligesdihasodiesibodn layidea 20 bdioaninitfickdrakideofatt @l dypirsiaferase0
dielectric layers whose thickness can be tightly controlled may also be useful. For example, the base
dielectricalay¢aOnayhedyaner ifiel éBHC |allrarrid fopesiimple ity e mlidg .| @ fon ihunéieshbodi raesn ok
dielectric layer 130 and 140, they are similar to those described in Fig. la. In alternative embodiments, the
first and beswodid|dislirckiig fayenprisey shiécoppsdtied Otiernypesibiphady Qislikatks Ryasiasy aiieetric layer.
Other configurations of dielectric layers to form a dielectric stack may also be useful. [0024]The dielectric

stack mayssfiveras sfanpiantpdasedaledielg cisiopeige sifcarnainsio bXilather embodiments, the
dielectric stack may serve as a gate dielectric or intergate dielectric of a NVM memory cell. Employing the

dielectric[s0ack for Ttiehgzenhekes itinyalsomeriseefuthjoRaSHT:expanmenbodimenn thethidtkosde®ymine
consumption of the first dielectric layer based on growth of the second dielectric layer. In one
embodinuantbgtightly abHhSedilibonrexitehudinseatc teshasptl mheotr&illaper nibrigei feikarmailstticéng. 2 plots
growth of ISSG silicon oxide versus consumption of underlying silicon nitride. As shown, the slope of
oxide grawibievarsilgomitricta daohexingtiothis: types of base dielectric layers whose thickness can be tightly

controlled may also be useful. For example, the base dielectric layer may comprise 1SSG silicon

oxide or silicon nitrided oxide. As for the first and second dielectric layer 130 and 140, they are

similar to those described in Fig. 1a. In alternative embodiments, the first and second dielectric

layers may be repeated to form multiple NO stacks on a base dielectric layer. Other configurations

of dielectric layers to form a dielectric stack may also be useful.

[0024] The dielectric stack may serve as, for example, a gate dielectric layer of a transistor. In

other embodiments, the dielectric stack may serve as a gate dielectric or intergate dielectric of a

NVM memory cell. Employing the dielectric stack for other purposes may also be useful.

[0025] An experiment was conducted to determine consumption of the first dielectric layer

based on growth of the second dielectric layer. In one embodiment, growth of ISSG silicon oxide

versus consumption of silicon nitride is determined. Fig. 2 plots growth of ISSG silicon oxide

versus consumption of underlying silicon nitride. As shown, the slope of oxide growth versus

nitride consumption is:



y = 1.6301x - 1.0003. [0026]Based on the relation between the growth of the second dielectric layer
versus the consumption of the first dielectric layer, the thickness of the first dielectric layer can be
precisely controlled by its consumption. For example, the thickness of the silicon nitride layer can be
precisely controlled by consuming the desired amount based on growth of the ISSG silicon oxide. In other
embodiments, growth rate and consumption rate may also be determined for other types of materials.
[0027]Fig. 3 shows an embodiment of a prgcegssionx300dooForming a dielectric stack. At step 310, a
substrate prepared for processing is provided. Various types of substrates used in semiconductor devices

may be ysegdsfor exaple thersldndiiaieiay aengpsizehdbiliesacvadalickeiamyeligbiiupthgoe doped
substrate wafer. Other types of substrates, including silicon germanium or silicon-on-insulator (SOT)

wafers, aygnalsaptisafltf. thé &isubiledriolaydretinrepiakedsy/ish tHofiexadiyetiteldge ieatbeesréaissinbove the
substrate, such as doped regions, isolation regions, gates or a combination thereof. In one embodiment,

the substate it g epatedangumptierstaye éandgrining: ahitklesy iof strdiifosrannddedayeetarsbeh as a gate
dielectric or intergate dielectric. Providing a prepared substrate at other stage of processing may also be

useful. [Qfr28Helpoenewitwby eohsanbiageHayiesiedomeshobatiee prepavat 66 bsiEsG Bilkcbassideyer, in
one embodiment, comprises a tunneling layer. In one embodiment, the base layer comprises silicon

oxide. The sitiepsroxidiénmaat, kedamtmedeamdrssivspide kidheyrtoksdsienminecatfarehrboghssafts, the
base layer may be formed by ISSG. Other types of base layers, such as silicon nitrided oxide, may also
be usefumbtedal.embodiment, the base layer is formed with a thickness TB which can be tightly
controlled. The target thickness TB, for example, may be about 20 - 70 A. This target thickness TB may
have a v§GaTge of RigoBtshitva arfefbotinaier b ayateesy i@ 0o fdihisnfimgexairlpbericetadis iAtlep
thickness control of about 1.5%. Forming the base layer using other techniques may also be useful. Other
techniquasonayubstisteariypeesdifonprdmgtivg onrollab dhiskness Tpes of substrates used in

semiconductor devices may be used. For example, the substrate may comprise a silicon wafer, such

as a lightly p-type doped substrate wafer. Other types of substrates, including silicon germanium or

silicon-on-insulator (SOI) wafers, are also useful. The substrate may be prepared with, for example,

device features in or above the substrate, such as doped regions, isolation regions, gates or a

combination thereof. In one embodiment, the substrate is prepared up to the stage for forming a

dielectric stack for a memory cell, such as a gate dielectric or intergate dielectric. Providing a

prepared substrate at other stage of processing may also be useful.

[0028] In one embodiment, a base layer is formed on the prepared substrate. The base layer, in

one embodiment, comprises a tunneling layer. In one embodiment, the base layer comprises silicon

oxide. The silicon oxide may be formed on the substrate by thermal oxidation. In other

embodiments, the base layer may be formed by ISSG. Other types of base layers, such as silicon

nitrided oxide, may also be useful. In one embodiment, the base layer is formed with a thickness Tg

which can be tightly controlled. The target thickness Tg, for example, may be about 20 - 70 A. This

target thickness Tg may have a variance of about +/- 0.5 A from wafer to wafer or lot to lot. This,
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[0029]At step 320, a device storage layer is formed on the substrate. In the case of having a base layer,
the device layer is formed on the base layer. In other embodiments, the device layer is formed on the
prepared substrate. The device layer, for example, serves as a storage layer which stores charges. Other
types of device layers may also be used. The storage layer, in one embodiment, comprises silicon nitride.
The silicon nitride may be formed by chemical vapor deposition (CVD). Forming other types of storage

layers orfgsiaupiiier iethiifies MRk ese doatisiedthobae 1Hoknesamiihtedoasethgavicimipyeris T . In one
embodiment, T is designed to be greater than a target thickness TTD of the device layer. [0030]After the

device layehitidigssnagy ERdieknreas isOTiRasetrd @icstamBBbfdfaplihiekiens ofi ghe et lRer may be
measured using various metrological techniques, for example, transmission electron microscopy (hEM)
and ellipsioigieisys The measured thickness of the device layer is equal to TmD. Different sampling sizes
may be used depending on the setup. For example, 2 - 3 wafers may be measured to obtain TmD in a

batch of fpafE. [00QkAb SER 346vidicsiagedsyeridifurastoointhe subspRing iaier @Bdloe ienieealayer.
The capping layer, for example, serves as a blocking layer of the dielectric stack to block charge flow

from, for ieasariagte, theateiabdwgetastiientienion i siavapsdayen.otine eampidigntayeriha dsvécenalpoedisnent,
comprises silicon oxide. Other types of capping layers may also be useful. Forming the capping layer

consumefgranpaitiothepriepatieysbiaver. The davigynaydrcfmrsixapiite) witiee ateviterégydayiepends on the
amount of growth of the capping layer. In one embodiment, the capping layer is formed by an ISSG
process. teeshampe., Dehailigpes ofideviceplaiyeysaysy atstonmesbdy e [$&Gegadcyeess Either types of
processes of forming the capping layer which consumes an underlying device layer while being formed
may alscehoieiaht[@03R)Tdes sitippmgitager iBhositiecnwiitnidethakrnesiorhtet ypchendcdieagpping layer
consumes a specified amount of the underlying device layer. In one embodiment, forming the capping
layer witlidpesitimk (€D ). FEqunoitigasther tiperef|stpesdeduieyseothiskigesth @qectimdes mayalsoriizodiment,
the thickness TFc of the formed capping layer is at least equal to the target thickness Trc of the capping
layer. In osefudmblealthiektesbefithekioased o mkthay doisiBg cappmelapedimgreatas ihdesiprediorbe
example, forming the capping layer with the target thickness Trc should not result in over consuming the
device lageater than a target thickness T1p of the device layer.

[0030] After the device layer is formed, its thickness is measured at step 330. The thickness of

the device layer may be measured using various metrological techniques, for example, transmission

electron microscopy (TEM) and ellipsometry. The measured thickness of the device layer is equal

to Tup. Different sampling sizes may be used depending on the setup. For example, 2 — 3 wafers

may be measured to obtain Typ in a batch of wafers.

[0031] At step 340, the process continues to form a capping layer on the device layer. The

capping layer, for example, serves as a blocking layer of the dielectric stack to block charge flow

from, for example, a gate above to the device or storage layer. The capping layer, in one

embodiment, comprises silicon oxide. Other types of capping layers may also be useful. Forming

the capping layer consumes a portion of the device layer. The amount of consumption of the device

layer depends on the amount of growth of the capping layer. In one embodiment, the capping layer

is formed by an ISSG process. For example, the silicon oxide capping layer is formed by an ISSG
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[0033]A library may be created to contain recipes for forming the capping layer based on TmD of the
device layer to produce the resulting device layer with the target thickness T. Based on the recipe used to
form the capping layer, a thickness TFc of the formed capping layer can be calculated or determined.
Other techniques for determining the TFc may also be employed. For example, the formed capping layer
may be measured by metrological techniques. [0034]Once the TFc is calculated or determined, the

thicknesicts. copRing ey f israchsksiedftibthergroetipisinaasagel hie]vstingrigeathicieessmef the

capping layer may be achieved by etching to reduce TFc to about Trc. The etch, for example, comprises

a we etclevite ighantsisuringSehnée by 26 PEeserf. may continue to form the device at step 360. For
example, the process continues to form a memory cell. The process may further continue to form an IC.

The IC nfag3x a nTE@apHmgNel G Whinkdndthdes itlemarY cellseMaglthealtppiag eyenvonsinmests,
TFc which produces a device layer with TTD may be less than Trc. In such cases, adjusting the thickness

of the cappjrgifueamancomheiaadenyiingdenieetijionalncampénsbisdiatenyefotherg ew@aphirfgragd
capping layer to produce a capping layer having a thickness equal to Trc. Forming the capping layer is

achievednitithtbu ticieReesniNg ihedurde dydogi ckeiger lardngFohkaeslequhetedRpinm laye eisbiodmedtby
LPCVD. This maintains the thickness of the device layer at TTD- [0036]Fig. 4 shows an embodiment of a

device 4@k thivkolegiTednfltmdes maansigitgdaderTibatttensisjonl tortexarziethioRydoe Broofithelatile
memory cell. Other types of transistors may also be useful. The transistor is disposed in a cell region 408

of a substaptentdaydrhdrsubsuaiisodimeco thptisielanesiciya wiades fetmbdasgpiightby erigpgedtpebasubstrate
wafer. Other types of substrates, including silicon germanium or silicon-on-insulator (SOT) wafers, are
also useff}c. For example, forming the capping layer with the target thickness T1c should not result in over

consuming the device layer.

[0033] A library may be created to contain recipes for forming the capping layer based on Typ

of the device layer to produce the resulting device layer with the target thickness Ttp. Based on the

recipe used to form the capping layer, a thickness Trc of the formed capping layer can be calculated

or determined. Other techniques for determining the Trc may also be employed. For example, the

formed capping layer may be measured by metrological techniques.

[0034] Once the Tgc is calculated or determined, the thickness of the capping layer is adjusted to

the target thickness Tyc. Adjusting the thickness of the capping layer may be achieved by etching to

reduce Trc to about Trc. The etch, for example, comprises a we etch with etchants such as dilute

HF. The process may continue to form the device at step 360. For example, the process continues

to form a memory cell. The process may further continue to form an IC. The IC may be a memory

IC or an IC which includes memory cells.

[0035] In alternative embodiments, Tgc which produces a device layer with Ttp may be less

than Trc. In such cases, adjusting the thickness of the capping layer may comprise forming an

additional capping layer over the previously formed capping layer to produce a capping layer having

9



[0037]The cell region is isolated from other device regions by isolation regions (not shown). The isolation
regions, for example, comprise shallow trench isolation (STI) regions. Other types of isolation regions
may also be employed. The cell region may include a doped well (not shown). The doped well may
comprise dopants of a second polarity type. The doped well serves as an active or cell region for first
polarity type devices. [0038]The transistor, in one embodiment, comprises a gate 460 disposed on the

substrate; thiskigRtecqanpsiTes. Foats Rjehtrogispiitpl gueriagatevditlestiottlddhsimingate aleringis

comprises, for example, polysilicon. Forming the gate electrode using other types of gate electrode

materialsigsich| agemeataierndme)yeideppingyBeoidirseduly Tircydte dleictrogdataaythe tiikedsSor

example, by ion implantation. Depending on the application, the gate electrode may be doped by n-type
or p-typetispeavite tayieram LN+ or P+ doped gate electrode. [0039]In one embodiment, the gate dielectric
comprises a dielectric stack having multiple dielectric layers. The gate dielectric stack, in one

embodinjeossncludks. atJeant arcapping fayenl 4Qexes a0charge séolegm by Pamsstesdhethn Fig.
1. In other embodiments, the gate dielectric stack comprises a base layer 120 below the charge storage

and cappiagsisyersonsxdagtebedyimd-igndn-JoR4ildielaoticebacaie(ngissdwahsisayrbmaptiBoally
provided on sidewalls of the gate. The
useful. The transistor is disposed in a cell region 408 of a substrate 105. The substrate may
comprise a silicon wafer, such as a lightly p-type doped substrate wafer. Other types of substrates,
including silicon germanium or silicon-on-insulator (SOI) wafers, are also useful.
[0037] The cell region is isolated from other device regions by isolation regions (not shown).
The isolation regions, for example, comprise shallow trench isolation (STI) regions. Other types of
isolation regions may also be employed. The cell region may include a doped well (not shown).
The doped well may comprise dopants of a second polarity type. The doped well serves as an active
or cell region for first polarity type devices.
[0038] The transistor, in one embodiment, comprises a gate 460 disposed on the substrate. The
gate comprises a gate electrode 445 over a gate dielectric 110. The gate electrode comprises, for
example, polysilicon. Forming the gate electrode using other types of gate electrode materials, such
as metals and polycides, may also be useful. The gate electrode may be doped, for example, by ion
implantation. Depending on the application, the gate electrode may be doped by n-type or p-type
dopants to form an N* or P* doped gate electrode.
[0039] In one embodiment, the gate dielectric comprises a dielectric stack having multiple

dielectric layers. The gate dielectric stack, in one embodiment, includes at least a capping layer 140

over a charge storage layer 130, as described in Fig. 1. In other embodiments, the gate dielectric
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spacers may comprise silicon nitride. Other types of spacers may also be employed. For example, the
spacers may include multiple spacers. [0041]First and second doped regions 450a-b are provided
adjacent to the gate. The first and second doped regions comprise dopants of a first polarity type, which is
the opposite of the second polarity type. The first and second doped regions form source/drain (S/D)
diffusion regions of the transistor. The doped regions, for example, serve as terminals of the transistor.

The dopegh¢Rgiempriveyanabsdeyiighty deledtnedHaegy o eoieerdestping Bherdightbestonrd porigns serve
as extension regions which extend beneath the gate. The lightly doped regions may be lightly doped
drains (LDJ), including double diffused drains (DDD). The heavily doped portions are spaced apart from
the gate. The heavily doped regions may be spaced apart based on the spacer width. [0042]The surface
of the dofgadogiornsielactdepaiesct(adeshanbenryhddpdisvishynrtalisdicshestmwalitsofihe gieele Tl
dielectric (ILD) layer (not shown) may be provided on the substrate covering the transistor. The interlevel
dielectricsfayersnay seriprixe silicemdtalidie@eisictypéd D) dpyedrs\fadipalsarterniplioyial. examapien e SG,
PSG, HDP oxide, 1IEOS or HARP, may be used to form the PMD layer. Other types of dielectric materials

may alsatlizespsedsts [y djclattasid @k kpaved.in the PMD layer to provide connections to the different
terminals of the transistor. The contacts, for example, comprise a conductive material such as tungsten.

Other tygee4df] condictivadiateridlgopery ratfionsel siapiye grdviciedtadiaoeay tnthe data. cohgdiislinad Various
types of contact liners may be used. For example, the contact liner may be titanium (Ti), titanium nitride
(TiN) or 3evonthiloptidneifiersafonmpsiceo pantyostirn firdspthariliy €y peo nopicheis the opposite of the second

polarity type. The first and second doped regions form source/drain (S/D) diffusion regions of the

transistor. The doped regions, for example, serve as terminals of the transistor. The doped regions

may include lightly doped and heavily doped portions. The lightly doped portions serve as

extension regions which extend beneath the gate. The lightly doped regions may be lightly doped

drains (LDD), including double diffused drains (DDD). The heavily doped portions are spaced

apart from the gate. The heavily doped regions may be spaced apart based on the spacer width.

[0042] The surface of the doped regions and gate electrode may be provided with metal silicide

contacts. An interlevel dielectric (ILD) layer (not shown) may be provided on the substrate

covering the transistor. The interlevel dielectric layer may serve as a premetal dielectric (PMD)

layer. Various materials, for example, BPSG, PSG, HDP oxide, TEOS or HARP, may be used to

form the PMD layer. Other types of dielectric materials may also be used.

[0043] Contacts are formed in the PMD layer to provide connections to the different terminals

of the transistor. The contacts, for example, comprise a conductive material such as tungsten. Other

types of conductive materials may also be employed. A contact may include a contact liner.

Various types of contact liners may be used. For example, the contact liner may be titanium (Ti),

titanium nitride (TiN) or a combination thereof. In some embodiments, the liner comprises a
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composite liner comprising a combination of Ti and TiN, such as Ti/TiN or Ti/TiN/Ti. Other types of liners
may also be employed. [0044]In one embodiment, contacts are provided which are coupled to the dope
regions and the gate. The first doped region may be coupled to a source line, the second doped region
may be coupled to a bitline and the gate may be coupled to a wordline. Based on bias voltages applied to
the different terminals, charges tunnel through the base layer to and from the charge storage layer for

programgyngedit aresiogmprRintplitoatiedsonay Peramiernonreted Tismsl woTdimies TRitasrapgesource
lines to form a memory array. [0045]In other embodiments, the dielectric stack may be used with other

types of gidmerymejislsiich asmgojiegate memory cells, floating gate tunneling oxide (FLOTOX) type cells,
erasable programmable read-only memory tunnel oxide (ETOX) type cells, as well as other types of

devices. [0044]Figsirbeng ehpvdiress-seatietrdndereyidkamaiobacieupled eonheckss pfidas satirg a
device or IC. Referring to Fig. 5a, a substrate 105 is provided. The substrate can comprise a silicon

substrateyasslCiTasfadiglibe drégiendnpe desthigiredao @doardy piee, ahs sbsiratesputctoging vl oo
germanium or silicon-on-insulator (SOT), are also useful. [0047]As shown in Fig. 5a, a cell region 508 is
prepareccouphelsulstidiee Atidcrvioharna e egipletstehzowrdiiie. uBdsis oo dithatotiwy ssibsplise tmay
include other regions (not shown). For example, the substrate may include other cell regions of an array
region intnhititfarepinernivells, ahartigsnechahthiogith tagibae laywhtohahodimaeviceharge storagellalbe logic
regions, for example, may include regions for devices, such as support devices for accessing the memory

array. Additiongliymifintpand egsng mapluraityl efaikles myayeisedhtiesioescrepsivd vgoedithes, tyjaknet IC

formed. The logic region, for example, may include regions for different voltage devices. For example, the

logic  and source lines to form a memory array.
[0045] In other embodiments, the dielectric stack may be used with other types of memory cells,
such as split gate memory cells, floating gate tunneling oxide (FLOTOX) type cells, erasable
programmable read-only memory tunnel oxide (ETOX) type cells, as well as other types of devices.
[0046] Figs. 5a-g show cross-sectional views of an embodiment of a process 500 for forming a
device or IC. Referring to Fig. 5a, a substrate 105 is provided. The substrate can comprise a silicon
substrate, such as a lightly p-type doped substrate. Other types of substrates, including silicon
germanium or silicon-on-insulator (SOI), are also useful.
[0047] As shown in Fig. 5a, a cell region 508 is prepared in the substrate. Although one cell
region is shown, it is understood that the substrate may include other regions (not shown). For
example, the substrate may include other cell regions of an array region in which memory cells are
formed and logic regions in which logic devices are formed. The logic regions, for example, may
include regions for devices, such as support devices for accessing the memory array. Additionally,

the logic regions may include other types of devices, depending on the type of IC formed. The logic

region, for example, may include regions for different voltage devices. For example, the logic
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region may include regions for high voltage devices, medium voltage devices and low voltage devices.
Other configurations of logic regions may also be useful. [0048]The cell region is separated from other
regions by isolation regions 580. The isolation regions comprise, for example, STIs. Various processes
can be employed to form the STI regions. For example, the substrate can be etched using etch and mask
techniques to form trenches which are then filled with dielectric materials such as silicon oxide. Chemical

mechaniggyipalishjna dLitR gianse PeEge voRagw G teYentatiessVotiag Adipso vitiel avwp lagigigsubstrate top
surface. The STI regions can be formed, for example, prior to or after the formation of doped wells. Other

processeoicesatoals s glsativhLsEd it iegivtRenay ksdbetifigmbodiments, the isolation may be
other types of isolation regions. [0049]A doped well 509 is formed in the cell region. The doped well, in

one embpadiaggnt, comeprEtasglopanismiibel sesnntheplaylyriypg isoigidapegionelbed tiEnsassiatigpolarity
dopants is used to form first polarity type devices. In one embodiment, the doped well comprises a p-type

doped wedhiorfouanasriselfoeetaripts, Alfesnatividyisthe cispaccurelecanopestafortype 8rpeshival. to form
a p-type device. The doped well may be formed by implanting appropriate dopants with the desired dose

and powgenirdgathplsuhstsabstraieealobastcybusingetehdmbwasknaytignent doviherdyipees inddvicaréo be
formed. [0050]The substrate may include other types of device regions for supporting other types of
devices. fhen éxronplih tiiel scthistradee iy Jochudsipidgp@xidd. nAiygraidsivieeshasiwh pelibidghg (GMRIM and
low voltage p-type and n-type devices. Various types of n-type and p-type wells are provided for these

devices. dancowaudoiosrieel o mayohe dreose diysamhpate ido Rl piiatiosu bsperSepsuding.iMpBATmasks.
P-type dopants can include boron (B), aluminum (Al), indium (In) or a combination thereof, while n-type

dopants ayidnstiasenp fiospddrics (Ranguise pitotAs)oraftintreyfeEhattoract aoyiEdatil s theteafpfoCstdn Fig.
5b, a base layer 120 is formed on the substrate surface. In one embodiment, the
or materials can also be used to form the STIs. In other embodiments, the isolation may be other
types of isolation regions.
[0049] A doped well 509 is formed in the cell region. The doped well, in one embodiment,
comprises dopants of the second polarity type. The doped well of the second polarity dopants is
used to form first polarity type devices. In one embodiment, the doped well comprises a p-type
doped well to form an n-type device. Alternatively, the doped well comprises an n-type doped well
to form a p-type device. The doped well may be formed by implanting appropriate dopants with the
desired dose and power into the substrate. The dopant type, dose and power may depend on the type
of device to be formed.
[0050] The substrate may include other types of device regions for supporting other types of
devices. For example, the substrate may include p-type and n-type devices, such as high, medium
and low voltage p-type and n-type devices. Various types of n-type and p-type wells are provided

for these devices. The various wells may be formed by separate implantation processes using

implant masks. P-type dopants can include boron (B), aluminum (Al), indium (In) or a combination
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base layer serves as a tunneling layer. The base layer, for example, comprises silicon oxide. Other types
of base layer, such as silicon nitrided oxide, may also be useful. The base layer, in one embodiment, is
formed by a thermal process, such as thermal oxidation. In other embodiments, the base layer may be
formed by ISSG. In yet other embodiments, the base layer may be formed by other types of processes.
For example, the base layer may be formed by CVD, such as LPCVD. [0052]The base layer comprises a

thicknesshERof whigegmbpel dopaitsTRrisremud phedphoh @gatddnakpass dntidiiefsmloiya TB can be
tightly controlled to equal about TTB. For example, the base layer may be formed with a TTB of about 35

A. The TEomeindoaanéreed to within a variance of about +/- 0.5 A from wafer to wafer or batch to batch.
This results in about +/- 1.5% variance of the thickness of the base layer from T. Other base layer

thicknesgeesal varigneeg 61y bise kedrsefulis[fitaaiReiarinaiiotfaleg. sScasedavioand yeidadAdatfanmed on
the substrate. The device layer, for example, serves as a storage layer which stores charges. Other types

of deviceplaydryensaradsadetuseelinglaydevitad e, [y antoe axanthis etdnpe vy s isosilisadeniDitier The
silicon nitride may be formed by chemical vapor deposition (CVD). Forming other types of device or
storage lgyresofibasirigyetheudeabritives mitadalsxive, usejullsb deexsfuhle Hhede Vigergyeasnmay comprise
silicon nitride or nitrides formed by decoupled plasma nitridation (DPN). The thickness of the formed

device lagrabiglihkdnt, Thivideddryexdnrvphal isctesignechtashireantdastiéaiml. toneothrg ehibicknesss Tthe of the
device layer. In one embodiment, TFD is greater than a target thickness TTD of the device layer.

[0054] Aftersthieyde vies ey foriadobmadSEs tinclknesiseisembadiniects Tihe Hakeklagss by denieel layer may
be measured using various metrological techniques, for example, 1EM or ellipsometry. The measured
thicknessikthgpde ot prisyessds. eepraxamipieDthDbEss)] Iayergnayl ba foapreih o1& Dl 40cts dotrrey/on the
device layer. The capping layer, for example, serves as a blocking layer of the dielectric stack to block
charge flf8@329m thHEhgdisselagtroctemorites dévicdenBsyars.Inmoscambodimentt, Thdsaapiplng dypat aomprises
silicon oxide. Other types of capping layers, for example, Al203, may also be useful. In one embodiment,
the targetatigetkhessdss 0 of. tireetaapiyg TayanibeatighttyoCoAtr @it toveduelsabbit T rpay ol sxdreplsahd.

base layer may be formed with a Ttg of about 35 A. The Tg may be controlled to within a variance

of about +/- 0.5 A from wafer to wafer or batch to batch. This results in about +/- 1.5% variance of

the thickness of the base layer from Trg. Other base layer thicknesses or variances may also be

useful.

[0053] Referring to Fig. 5¢c, a device layer 532 is formed on the substrate. The device layer, for

example, serves as a storage layer which stores charges. Other types of device layers may also be

used. The device layer, in one embodiment, comprises silicon nitride. The silicon nitride may be

formed by chemical vapor deposition (CVD). Forming other types of device or storage layers or

using other techniques may also be useful. For example, the device layer may comprise silicon

nitride or nitrides formed by decoupled plasma nitridation (DPN). The thickness of the formed

device layer is Tep. The Trp, for example, is designed to be at least equal to a target thickness Ttp

of the device layer. In one embodiment, Trp is greater than a target thickness T+p of the device

layer.
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[0056]In one embodiment, forming the capping layer consumes a portion of the device layer. The amount
of consumption of the device layer depends on the amount of growth of the capping layer. In one
embodiment, the capping layer is formed by an ISSG process. For example, the silicon oxide capping
layer is formed by an ISSG process. Other types of processes for forming the capping layer which
consumes an underlying device layer while being formed may also be useful. [0057]To form the capping

layer, a qappig layefisegipeliviselrgiads Theneapivinbitkyesd ecineasneatber BeleetRAkO0T théildkaiyof
recipes. The recipes may be stored, for example, in a computer or tool used to form the capping layer. In

one embpginanly Bemepineethysingasinedatrirolog it eoveitalbihickegamlecTH nefempeonsapping layer
and an amount of the underlying charge storage layer consumed. [0058]The recipe selected, in one

embodinEi ntegerdsitokmeasfed thickodsgel HByoakine Tgyice layer. For example, based on TmD, a
capping layer recipe is selected so that the forming of the capping layer consumes a desired amount of

the undeftyips] devireRaye3dia pepdirelaydeviisvemba\ungha thidkoesgeqiatkicappiogtitiyeridtget
thickness TTD of the device layer. The formed thickness T of the device layer, in one embodiment, should

be sufficistiiypiieicleteepadick eking Vigerlay ecldiolvdthic stdekatachio clphimgel fiyev frbat iraghthe target
thickness Trc. For example, forming the capping layer with the target thickness Trc should not result in

over conslggtiogdie e ded dayayein onsneerhbotingntt, the thjping $syéFcoafghiscbasitiash exigenidnger
produces a device layer with about TTD and a capping layer of greater than the target thickness Trc of

the cappipgeyecdppmg]HyeroMearadiktigiocas Ot thegappibg IsyRi can dre datbodinest fthetdhgerecipe
selected. In other embodiments, the overall thickness of the capping layer TFc may be measured using,
for examppliekviasiolis roethelogipaiddaymidpiaisout 50 A. Other values of Trc may also be useful.
[0056] In one embodiment, forming the capping layer consumes a portion of the device layer.
The amount of consumption of the device layer depends on the amount of growth of the capping
layer. In one embodiment, the capping layer is formed by an ISSG process. For example, the
silicon oxide capping layer is formed by an ISSG process. Other types of processes for forming the
capping layer which consumes an underlying device layer while being formed may also be useful.
[0057] To form the capping layer, a capping layer recipe is selected. The capping layer recipe
may be selected from a library of recipes. The recipes may be stored, for example, in a computer or
tool used to form the capping layer. In one embodiment, a capping layer recipe determines the
overall thickness Trc of the formed capping layer and an amount of the underlying charge storage
layer consumed.
[0058] The recipe selected, in one embodiment, depends on measured thickness Typ of the
device layer. For example, based on Typ, a capping layer recipe is selected so that the forming of
the capping layer consumes a desired amount of the underlying device layer to produce a device

layer having a thickness equal to about the target thickness Ttp of the device layer. The formed

thickness Tgp of the device layer, in one embodiment, should be sufficiently thick to produce a
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[0060]In one embodiment, the thickness of the capping layer is adjusted from TFc to TTc, as shown in
Fig. 5e. The thickness of the capping layer, for example, may be adjusted by, for example, a wet etch or
wet clean. In one embodiment, the wet clean uses dilute HF as an etchant. Wet cleans using other
etchants may also be useful. The etch rate of the wet clean can be determined by, for example, wet dip
time. Based on the etch rate, the duration of the wet clean can be determined to produce a capping layer

with a thigéiessagaradtonatront Taad QEmpingesyef precessemaayjrisnierreRpioyeddpaditpldhe
thickness of the capping layer. [0061]In alternative embodiments, recipe selected consumes a desired

amount gbihengndedypigndadies iR 1he produCtcardeyTa lsysulbavingihickvesssgualibg arout the

target thickness TTD of the device layer while resulting in a formed thickness TFc of the capping layer

being lessethen|dhyertargentieknesimaine. the stickressasc adjtmstifogried dajgkingdayet fredirppingeiayer may
involve forming a secondary capping layer on the capping layer (primary capping layer) to result in an

overall cagpingiaysiobaTingaiteaangptrifickeess Jriael rardahmiagef thieksreomdans dapgipgitayayein one
embodiment, does not consume the underlying device layer. [0062]Referring to Fig. 5f, a gate electrode

layer 56q0sgoymedTdi tiverallnsickiesvs tHtccaipliegilic/staak. bEiz@aid rele ¢topal ehtaysigosoledaes, In one
embodiment, polysilicon. The gate 16 electrode layer can be formed as an amorphous or non-amorphous

layer. Thetigatenshedirnelesniay beectdpeicRiasiovitieatapicingdayeryToe maydbeyachtardapsitiye fpate electrode
using, for example, ion implantation. Doping the gate electrode layer by in-situ doping may also be useful.
Providingampit) apeid gateetdotiicdietdalriooesy also be useful. Other types of gate electrode materials
may also be useful. The thickness of the gate electrode layer may be about 800 - 2000 A. Other

thicknes$esatipy alkodne ersehdimentoting thielgaks efabty edppiagdeykerdbnijusted frdmak-ghe Mjepayapor
deposition (CVD), can be used. Other techniques may also be useful to form the gate electrode layer.
[0063]In $higwhdnthig sbdosTrhdethichrdterokitidcdppinglapds fiackahiitle Foay arg)lestédd gafer elerhmde
layer and dielectric stack are patterned to form the gate stack comprising the gate electrode 445 and gate
dielectricastatletth @r Vetlnhaguie $n suele@aboumséng rttleaidt obzem lses silditd-HF esamptehanphdlerekishdayer
is formed over the gate electrode layer and patterned, exposing portions thereof. An anisotropic etch,
such as afRi§ othgretihansdriayrelswbe wefdsethpettionst@bfhbegate cbantvaddéayeteramdegiby, dorlectric
stack. To improve lithographic resolution, an anti-reflective coating (ARC) can be provided beneath the
photoresestarhpletheetetifbibolien d3ess chanetie rielskaeathbdentjoiopé dheovpettodeantbendet e etbectnoetettayer.

produce a capping layer with a thickness equal to about Trc. Other types of processes may also be

employed to adjust the thickness of the capping layer.

[0061] In alternative embodiments, recipe selected consumes a desired amount of the underlying

device layer to produce a device layer having a thickness equal to about the target thickness Tp of

the device layer while resulting in a formed thickness Tgc of the capping layer being less than the

target thickness Trc. In such cases, adjusting the thickness of the capping layer may involve

forming a secondary capping layer on the capping layer (primary capping layer) to result in an

overall capping layer having the target thickness Ttc. The forming of the secondary capping layer,

in one embodiment, does not consume the underlying device layer.

[0062] Referring to Fig. 5f, a gate electrode layer 560 is formed on the substrate over the

dielectric stack. The gate electrode layer comprises, in one embodiment, polysilicon. The gate
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[0064]The process continues to form the device. For example, the additional processing may include
removing the mask layer and forming first portions of the dope regions adjacent to the gate. The first
portions, for example, serve as SID extension regions, which can be formed by, for example, implanting
ions of the first polarity type. The implant may be self-aligned, using the gate and isolation regions as an
implant mask. Sidewall spacers may be formed on sidewalls of the gate after forming the S/D extension

regions. dlaet@ake]ajde vallRprReaTsd ierapxandpihos BDbise arioigtoR ety PESeqfsparetrotrieiaieay
also be useful. To form sidewall spacers, a spacer dielectric layer is deposited on the substrate. The

spacers gapede frarmed tyhisingyangus wopigees gueh s ghesoleceobansied, doeaismprarion deposition
(PECVD). Other techniques to form the spacer dielectric layer may also be useful. The spacer dielectric
layer is sinhysieftaciolly Boisipiganicgale efettestisslagbrasy y-Sik-dopireyneaiedny iBontafulomiansdiegeing
non-horizontal portions on the sidewalls as the spacers. [0065]The process may further continues to form

the secounddopdiogecoidopedt lagipmsagfdise nsifiorOsrlicigeconiatisldivddtayersigsiaaisdldhe
terminals of the cell and one or more interconnect levels to couple the terminals, for example, control gate

lines, wobdluvesu IbitlinethiskugsedinRs gatdeivell quzt¢yininas oelhbsuingdecoroeotbnoineatiieksigyéses.
Additional processes may also include final passivation, dicing, assembly and packaging to complete the

IC. OthenpipeBsdasiBeduhlsDoUReithe gatxelstpled®thysrctacpigestsushiab atoical olipgedapesdiion
voltage, and high voltage I/O devices can be formed prior to forming the interconnections. The memory

cells can(ba/foyroed Esussthe Dby ceviciewsenabedisteikintefal parfiooil Ge. JARad tinedeimmption may be
embodied in other specific forms without departing from the spirit or essential characteristics thereof. The
foregoingG@stjodimerftiy. thg refosapstrattoibpatiensideccidim alyees pecis4ll0strati\examipler theagatieniting the
invention described herein. Scope of the invention is thus indicated by the appended claims, rather than
by the foetgptiodedepearipitdictantrmlstuhraye pdtiatnedrtefontin the lnatestackr mpdiaggeeafate aivetedey of
the claims are intended to be embraced therein. What is claimed is: CLAIMS

445 and gate dielectric stack 110. Techniques, such as mask and etch, can be used. For example, a

photoresist layer is formed over the gate electrode layer and patterned, exposing portions thereof.

An anisotropic etch, such as a RIE, is performed to remove exposed portions of the gate electrode

layer and gate dielectric stack. To improve lithographic resolution, an anti-reflective coating (ARC)

can be provided beneath the photoresist. In other embodiments, a hard mask may be employed to

pattern the gate electrode layer.

[0064] The process continues to form the device. For example, the additional processing may

include removing the mask layer and forming first portions of the dope regions adjacent to the gate.

The first portions, for example, serve as S/D extension regions, which can be formed by, for

example, implanting ions of the first polarity type. The implant may be self-aligned, using the gate

and isolation regions as an implant mask. Sidewall spacers may be formed on sidewalls of the gate

after forming the S/D extension regions. The gate sidewall spacers, for example, comprise nitride.

Other types of spacer materials may also be useful. To form sidewall spacers, a spacer dielectric

layer is deposited on the substrate. The spacers can be formed by using various techniques, such as
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1. A device comprising: a substrate; a first dielectric device layer on the substrate comprising a target
thickness TTFD; and a second dielectric device layer over the first dielectric device layer having a
target thickness TTSD, wherein a lower portion of the second dielectric device layer comprises a
consumed upper portion of the first dielectric device layer. 2. The device of claim 1 wherein: the first
dielectric device layer comprises a nitride material and the second dielectric device layer comprises a

thermally grpiareakigiedi ate¥idibaByapoe diposiei e @aEaovDvherasn thshnitiids tesatiaheepageises silicon
nitride and the thermally grown oxide material comprises in-situ steam generated (ISSG) silicon oxide. 4.

The devigleteiaimybmingraisobhtopsstufateoiphesartadriiaigetric sisaubayBr sosonopeak etch

surface. 5. The device of claim 1 comprises a third device layer below the first dielectric device layer. 6.

The devieg®d;leuoh asycreR) tbechiistcseadnshangdhishs avisiniqyersHoriroatdipatings sache
sidewalls as the spacers.
[0065] The process may further continues to form the second portions of doped regions of the
transistors, salicide contacts, PMD layer, contacts to the terminals of the cell and one or more
interconnect levels to couple the terminals, for example, control gate lines, wordlines, bitlines,
source lines, and well potential as well as interconnections for other devices. Additional processes
may also include final passivation, dicing, assembly and packaging to complete the IC. Other
processes are also useful. For example, other components, such as low voltage, medium voltage,
and high voltage 1/0 devices can be formed prior to forming the interconnections. The memory
cells can be formed as a memory device or embedded into a part of ICs.
[0066] The invention may be embodied in other specific forms without departing from the spirit
or essential characteristics thereof. The foregoing embodiments, therefore, are to be considered in
all respects illustrative rather than limiting the invention described herein. Scope of the invention is
thus indicated by the appended claims, rather than by the foregoing description, and all changes that

come within the meaning and range of equivalency of the claims are intended to be embraced

therein.
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7. The device of claim 1 wherein the thicknesses TTFD and TTsD are tightly controlled. 8. The device of
claim 1 wherein the consumed upper portion of the first dielectric device layer is based on growth rate of
the second dielectric device layer represented by a formula y = 1.6301x - 1.0003, wherein y is an amount
of grown second dielectric device layer and x is an amount of consumption of the first dielectric device
layer. 9. The device of claim 8 wherein: the first dielectric device layer comprises a nitride material
and the sgeani digieedigdevice layer comprises a thermally grown oxide material. 10. A device
comprising: a substrate; and a gate having a gate electrode and a gate dielectric stack disposed over
the substrate, wherein the gate dielectric stack corgpigessa first device layer on the substrate comprising
a target thickness TTFD, and a second device layer over the first device layer having a target
thicknesg TTSDa whdtgiosmpMgtigaortion of the second device layer comprises a consumed upper portion
of the first device layer.

a substrate;

a first dielectric device layer on the substrate comprising a target thickness T+¢p; and
a second dielectric device layer over the first dielectric device layer having a target thickness
T+rsp, wherein a lower portion of the second dielectric device layer comprises a consumed upper

portion of the first dielectric device layer.

2. The device of claim 1 wherein:
the first dielectric device layer comprises a nitride material and the second dielectric device

layer comprises a thermally grown oxide material.

3. The device of claim 2 wherein the nitride material comprises silicon nitride and the

thermally grown oxide material comprises in-situ steam generated (ISSG) silicon oxide.

4, The device of claim 1 wherein a top surface of the second dielectric device layer comprises

an etch surface.

5. The device of claim 1 comprises a third device layer below the first dielectric device layer.
6. The device of claim 5 wherein the first, second and third device layers form a dielectric
stack.
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11. The device of claim 10 wherein: the first device layer comprises a nitride material and the second
device layer comprises a thermally grown oxide material. thermally grown oxide material comprises
in-situ steam generated (ISSG) silicon oxide. 13. The device of claim 10 wherein a top surface of the
second device layer comprises an etch surface. 14. The device of claim 10 wherein the dielectric stack
further comprises a third device layer below the first device layer. 15. The device of claim 14 wherein the

first, secgnd andibigdviey sEclaiars waeyeimha BitRriactie il megs\wiatithiyasoain!1dh. The device of
claim 15 wherein the first device layer serves as a charge storage layer, the second device layer serves a

capping layer and the third device layer serves as a tunneling layer. 17. The device of claim 10 wherein
the consumed upper portion of the first device layer is based on growth rate of the second device layer

represenged by aHe o R Yickp30 lxhels P03 cotisiain yipperpartionaf ahgfivviaisteond genieddgyer and
X is an amount of consumption of the first device layer. 18. A device comprising: a substrate;
is based on growth rate of the second dielectric device layer represented by a formulay = 1.6301x —
1.0003, wherein y is an amount of grown second dielectric device layer and x is an amount of

consumption of the first dielectric device layer.

9. The device of claim 8 wherein:
the first dielectric device layer comprises a nitride material and the second dielectric device

layer comprises a thermally grown oxide material.

10. A device comprising:
a substrate; and
a gate having a gate electrode and a gate dielectric stack disposed over the substrate, wherein
the gate dielectric stack comprises
a first device layer on the substrate comprising a target thickness T+rp, and
a second device layer over the first device layer having a target thickness Trsp,
wherein a lower portion of the second device layer comprises a consumed upper portion of

the first device layer.

11.  The device of claim 10 wherein:
the first device layer comprises a nitride material and the second device layer comprises a
thermally grown oxide material.
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a base dielectric layer on the substrate; first dielectric device layer on the base dielectric layer comprising
a target thickness T and a second dielectric capping layer over the first dielectric device layer having a
target thickness TTsp, wherein a lower portion of the second dielectric capping layer comprises a
consumed upper portion of the first dielectric device layer. 19. The device of claim 18 wherein: the
first device layer comprises a nitride material and the second and third dielectric layers comprise a
thermally grown oxide material. 20. The device of claim 19 wherein the nitride material comprises silicon
nitride and the thermally grown oxide material comprises in-situ steam generated (ISSG) silicon oxide.

12.  The device of claim 11 wherein the nitride material comprises silicon nitride and the

thermally grown oxide material comprises in-situ steam generated (ISSG) silicon oxide.

13.  The device of claim 10 wherein a top surface of the second device layer comprises an etch

surface.

14.  The device of claim 10 wherein the dielectric stack further comprises a third device layer

below the first device layer.

15.  The device of claim 14 wherein the first, second and third device layers serve as a gate

dielectric of a non-volatile memory.

16.  The device of claim 15 wherein the first device layer serves as a charge storage layer, the

second device layer serves a capping layer and the third device layer serves as a tunneling layer.

17.  The device of claim 10 wherein the consumed upper portion of the first device layer is based
on growth rate of the second device layer represented by a formula y = 1.6301x — 1.0003, wherein y
is an amount of grown second device layer and x is an amount of consumption of the first device

layer.

18. A device comprising:

a substrate;
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a base dielectric layer on the substrate;

first dielectric device layer on the base dielectric layer comprising a target thickness T+ep;
and

a second dielectric capping layer over the first dielectric device layer having a target
thickness Trsp, wherein a lower portion of the second dielectric capping layer comprises a

consumed upper portion of the first dielectric device layer.

19. The device of claim 18 wherein:

the first device layer comprises a nitride material and the second and third dielectric layers

comprise a thermally grown oxide material.

20.  The device of claim 19 wherein the nitride material comprises silicon nitride and the

thermally grown oxide material comprises in-situ steam generated (ISSG) silicon oxide.
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