Dl ELECTRI C STACK CROSS- REFERENCE 100011This application is concurrently
filed with US Patent Application Nunber 12/888,431 entitled "EEPROM Cel | "
(Attorney Docket Number CSM P 201.0 NAT 28 US 0), and US Patent

Appl i cation. Nunber 12/888,437 entitled "EEPROM Cel | " (Attorney Docket
Nunber CSM P 2010 NAT 30 US 0), which are herein incorporated by reference
for all purposes. BACKGROUND 1. 00021Non-volatile nmemory (WM circuits have
achi eved w despread adoptions for code and data storage applications. An

i nportant aspect of WMcircuits is their performance, which includes

endurance. (nunber of programipif] ™M €fgegse cycl es) and data retention
after wite/erase cycling and erase speed. Wthin the industry, the

per f ormance of NVM t echnol ogy hé‘{ioE@- I@@éeri zed extens y Cenerally,
the NVMM circuits should be able to endure over 100 thousand to 1 million

pr ogr .ng cycles with data retention. agi 20 year ev trene
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silicon-oxjde-nitride-oxide-silicon ( %C]\IOS NVM circuit. In SONOS types of
NVM cichtitigd ' EERRON Grllo pattempy Reckes dupmbssCHMIg Aidhiag 281P & ard Hey Fatsdol ve
chargi ng and di schargj ng electrons froma nitride |ayer of an
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el ectron charge is achi eved by, for exanple, Fow erNordheim (EN) tunneling
and/ oINADB0 &lSe®t whinh amj leodin owofpa@ted ho@C4diTh ortatiippkpress of the vari ous
| ayers of the dielectric stack is inportant as they affect
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

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
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programmi ng and erase speeds. For exanple, a thicker storage layer results
in slow erase speed while a thinner storage |layer results in slow
programm ng speed. This can inpact yield due to small operating wi ndow. The
t hi ckness of the other layers as well as the overall thickness of the
storage stack also affect the performance and reliability it the nmenory

cell. For anple, thinner dielectric |ayer and bottom oxi de increases erase
speed, but may cause data retention problens. Tight contxul of the
t hi ckness of the different layers is therefore inportant for performance

and r estackinlsq affeciahe parfaraianee angd seliabippitic moowsy eelldion swngte. tppsrrlelectieyi ce
is disclosed. The nmethod includes providing a substrate and formng a

devi celayayaad bottort eids invstasestarash apéadgbud nfayreaess datairetentéansprpblpws. Rghbgspiah
layer is formed on the substrate having a forned thickness TI.T. Form ng

t he capmhéthidkayserof denkficrest layetkess itieeeforrimpattar fortpeefonheance end miighilityef M Ide
the thickness of the device |layer to be about the target thickness Tip. The
t hi cknggsiitk.he capping layer is adjusted fromTi.t to about a target

t hi ckness TTC 100061A device is also presented. The device conprises a
substrate and a first device |ayer @onuifargubstrate conprising a target

t hi ckness Tim The device also includes a second device |ayer on the

substr ﬁﬁ)@?]oveﬁt\ hBfiod lc)jf %}mﬁlg‘eéi cfé@icle WELIPRY ! T Rethdd %fud%ﬁ%ﬁfr‘%% sWhtrafe | ower

portio thé second devi ayer conprises a consuned upper “portion o

AL TS SIREN R R N TR
formed on the substrate having a formed thickness Trc. 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 T 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 Ttep. The device also includes a second device layer on
the substrate over the first device layer having a target thickness Tsp. 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.
[0008] In another embodiment, a method of forming a device is also disclosed. The method
includes forming a base dielectric layer on the substrate having a base target thickness Tts. A
storage dielectric layer is formed over the base dielectric layer. The storage dielectric layer has a
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herein disclosed, wll becone apparent through reference to the follow ng
description and the acconpanyi ng drawi ngs. Furthernore, is to be derstood
that the features of the various enbodi ments described herein are not
nmutual |y exclusive and can exist in various conbinati ons pernutations,

[ 0008] I n anot her enbodi nent, a nethod of form ng a device is al so

di scl osed. The nethod includes formng a base dielectric |ayer on the
substrate having a base target thickness Ti. A storage dielectric layer is
formed over the base dielectric |ayer. The storage dielectric |layer has a

storage for ickness 1-55 An . u r.dielectric |layer. is formed pver the
2t or agtaPBRsdPIREETR. i irsP 4 BB B Bt o E s S PR Y e
upper dielectric. |layer. consunes_a desjired art30UElt of the staqra

di o o dBHHE ARpEoRPI IR HARE |- SE UG RS SIelCHIY |4y COTPRRS & 06T age
target thickness Trs. THJ of the upper dielectric |layer is adjusted to
about aaWuBIdhe stanagediclepiric ks & PrPINEAGtDTeRTEacten yst Widh 2 siojage tasgetal ong
wi t h advantages and features of the present invention herein disclosed,

wi || teickess hppdire af the hpprrgliclectficlagerde adjostediie abhitl aowipner teligsichicprdsenand t he
acconpanyi ng drawi ngs. Furthernore, it is to be understood that: the
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excl usive and can exist in various conbinations and permnutations. BRI EF

DESCRIhEEifWsclosed, will bebéimé Apaednd Wirb@ih referdie tethe rantenchatagioradganer al |y
refer to the sanme parts throughout the different views. Al so, the draw ngs

are NQkcigRsHa drdwingO FRffbihorE TPRAS bSuldestRRdnANE Al oPBlcNdriplsaced upon
illustrating the principles of the invention. in the follow ng description,

vari Ogéﬁ}b%ﬁ?%ﬁ%% i e@ke&&%r@%&iiﬁ%gl@f%i@%g@%@ HESH bﬁgﬂs WehBink&ng hipce

toth awi ngs, | a-b show cross-sectiona
Vi ews var%ous enbodi nents of a dielectric stack; 100121Fig. 2 shows a
rel at PSH'E&YWen oxi de grow h versus nitride consunption;

BRIEF DESCRIPTION
[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. 1a-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
[0015] Figs. 5a-g show cross-sectional views of a process of forming an embodiment of a

memory cell.



10013] Fig. 3 shows an enbodi nent of a process flow for formng a dielectric
stack; (00141Fig. 4 shows an enbodi nent of a device; and [015]Figs. 5a show
cross-sectional views of a process of form ng an enbodi ment: of a nmenory
cell, DETAILED DESCRI PTI ON 10016] Enbodi nents generally elate to formng a
dielectric stack having tight thickness control. The dielectric stack may
be used in sem conductor devices. For exanple, the dielectric stack may be
enpl oyed in form ng devices, such as non-volatile nmenory devices. Such
menory devices, for exanple, can be incorporated into standal one nenory-
devi ces, such as USB or ot her DEyp&sERD IBPI@N st orage units, or ICs, such
as mcrocontrollers or systemon chips (SoCs). The devices or |ICs can be

i ncor 60kt ed Embodioents geutralist felatd torfomxingp dislectrisrrtashbaviag Sehttbiaknespeandgbt s,
such as conputers, cell phones, and personal digital assistants (PDAs).
10017 Hitiegliclbaris ftasksmaynbeimsad th seeritonifondevicesli Bérextmple, the dekectitGtachsnayhown,
the dielectric stack is disposed on a substrate 105. Various types of

subst rt@H164R8En Fitm$RetRBE Yad0ds datiokeite Mayollcuiserl. Such meaayidvicest foe

substrate may conpri se asuch as a lightly p-type doped
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

a capping layer. The capping layer, for example, serves to suppress charge flow to the storage layer

below from a device layer above, such as a gate. In one embodiment, the capping layer comprises



substrate wafer. O her types of substrates, including silicon germani um or
silicon-on-insulator (SOI) wafers, are also useful. The substrate may be a
bare substrate. In other enbodi nents, the substrate may include features in
or above the substrate, such as doped regions, isolation regions, gates or
a conbination thereof. 10018]In one enbodinent. the dielectric gate stack
includes at least first and second dielectric |ayers 130 and 140 di sposed
on the substrate. The second dielectric |ayer is disposed over the first
dielectric layer. In one enbodinment, the first |ayer conprises a charge
stora 1.SESyitf icon
i1 dmebRpEe %@?@?&%@E%@%&@% SR B R ABRR S 0D

used t9 lsgrmg ﬂlrc lnstatdtalectrsc Ia% The second dielectric |ayer
conpri’s&€" & gpé g PRy & TR %%ﬁﬁ Rge P‘%gr for anple, serves to suppress

charg w to the rage | | ow m a devi ce | ayer above, such s
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one enbodi nent, the capping |layer conprises in-situ stean1%enerated (1 SSG
si | i cduclnepelh ed pieqd thigpishef thadiffarent nEaYﬁﬁ%f thy delegiEc sigelf ¢aAn bet@btlvli n one
enbodi ment, the different layers of the dielectric stack are formed with a
desi r eonttdliedk freens: erithodingkens.ithedesirhd diickesss afthe differgnf lapareof the digtacicatackhe
dielectric stack can be tightly controlled. In OM enbodi nent, the desired
t hi cknasbe tightlynentolldddr@ntvatca yewsfeodr whfer i &l weatrlioc stack can be tightly
controlled fromwafer to wafer or wafer ot to wafer |ot. 100201li n one

enbodi[@e20] , anlcaveMbAAREhOR IoWaR pBftioh8 5 S tRREcHl oﬂﬁﬁfb? deHltreChydreomBh &
conpri ses a consumed upper portlon of the first or lower dielectric |ayer.

Provi dicBgsulfpa dpﬁWortRer(;ﬂtﬁmﬁ{s’{ oxllgﬁexucﬁpl@étng i£ke %erlﬁldeH@foWépb&ﬂoﬁ' BfREI Ses a
consuned upper portion of the |Iower dielectric |ayer "enables tight control

of th e anount
of coBbsf Ayt [l Y Lorh i Phbic: 5?%%¥§£gﬁe5§%er$ﬁ&@%®a5&’;ur face
142 of the u er d ct,r.i.c I in _on es an etched
top SGPIIGREREE) %@a*%ﬁe e P@“Sﬁﬁ‘?@%gﬁe{f Pt B gk
dielectric |ayer to 35|re h nes Thi s faC|I|£&@es tlght et My of
the t RPRICAWEST 9411 Dassected dnss tmtt & dgsiie éfmcétep syrfacel iy ekihe gpepdicleplie pe
control |l ed mnthln 1 - 2 A between wafers or lots of wafers. In other
enbodilayshtiz ong ¢ebadipers goppeisesom aiehed tgmpertags. eThacatehied tomspatacepyuliseram unshed
surface. 100211Fig. | b shows anot her enbodi nent 100 of a dielectric stack
110. Ayngihgwhtheuhper 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
embodiments, the substrate may include features in or above the substrate, such as doped regions,

isolation regions, gates or a combination thereof.



dielectric stack is disposed on a substrate 105. Various types of
substrates used in sem conductor devices may be used. For exanple, the
substrate may conprise a silicon wafer, such as a lightly p-type doped
substrate wafer. O her types of substrates, including silicon germani um or
silicon-oninsulator (S01) wafers are also useful.. The substrate may be a
bare substrate, In other enbodinents, the substrate may include features in
or above the substrate, such as doped regions, isolation regions, gates or

conbinatjon thereof. . 100221The dielectric stack is sinmlar t he

di el edP93 st IGlFCUEp §tack 1§ similpgiie ﬁ’&rﬁiéqtl"?%tl‘?c “f{?fg 05. 'rFlég' ddt ?ngﬁg%l‘@ kﬁllencl udes a
base dielectric |ayer 120 below the first and second digleftric Ia¥f s 130
and 14lielectiestpgksiaclufes| adass digleptalgdayes b#Q dow thy lréB@élFLﬁF@P SIICUAYRET {11y

| ayer. In one enbodinment, the base dielectric ao "prises siliconther types
of ~ basedd#@l Eloe base dickptsicdaypyersipss forissamplefasia tumsting Jayeip| la ong prabedi@ent) g er
may conprise silicon nitridcd oxide. 100231The base dielectric |ayer

conpr itssdialetthic tdyeessnpiBes $ihcaneidarisattientyps of bise didi¢cttnieses TBy eksn bbe
tightly controlled. In one enbodinent, the basedielectric |ayer conprises
t her majsefsi.| FéreRa@pledfic BiseSaylel an comprisedittonxittlded @Gider types of base
dielectric |l ayers whose thickness cat be tightly controlled may al so be
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oxide or Silicon nitricied oxide. As for the first and second dielectric

| ayer ‘;L{?Be apeh c‘%%_troflafyln%hﬁe %)Haﬂn%ﬁt, 1R thfl0f 8488 Bk b&HndriiedthSmal Slicdd

al ternative~enbodi nents, the first and second dielectric |ayers nay be
ted.to forin. multi ' ' :
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o) ctric orma ectric stack may a go be
useful. 100241Th ielegctric stac serve. as, for_ exanpl
di el ecctof‘fr‘él?q = ﬁ%"fdbedusf ng?rsef‘?)’fnpf(ei ﬁgéﬁ%{‘e 2 %’&?’?Féﬂ?ys‘f"‘?rm%‘égﬁ ng %@%‘% c
stack may serve as . a gate dielectric or intergate diel ric of . a NVM
menor yoxae qr silicep nggidedpxidee A far be firgtand Feée‘l;@‘gf“t&f’ Bier gﬁﬁ@slé > BB so be
useful. 100251An experinent was conducted to determ_ne consunption of the
first sindirde thosed¢satteqd in Fig. la. 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.



based on growth of the second dielectric layer, In one enbodi nent, growth
of 1SSG silicon oxide versus consunption of silicon nitride is determ ned.
Fig. 2 plots growth of |1SSG silicon oxide versus consunption of underlying
silicon nitride. As shown, the slope of oxide growh versus nitride
consunption is: y = i.6301x 1.0003. [00261Based on the relation between
the gromh of the second dielectric |ayer versus the consunption of the
first dielectric layer, the thickness of the first dielectric |ayer can be
precisely controlled by its consunption. For exanple, the thickness of the

silic itride Layer can be precjisely controlled,. cqnsum n he desired

SrrourdORb eq e P e BRon R PR tbF Frotf S ecor el rE AR bR s

grow h rate and_consunption rate y also be determ ned for qther .types of

mat er CAPYMP{ign oFheiligst Sy e AR R 5'35 BEELaer FabeaBer Ty

formng a dielectric stack. At step 310, a substrate prepared thbr

pr ocesentrjled Sy pis sonsaaptionaFerouemplepids thekneshefithesiieon yedeilgyeseasikeonduct or

devi ces may be used. For exanple, the substrate may conprise a silicon

waf er presisely castralldd tghtonyuming yipalcsiopleuneubbiscd ve gwatle pf thOIHRG silippresxidd.

substrates, including silicon germaniumor silicon-on-insulator (SC)!)

waf er $p otheCerab&imess foubwth e and baist@ptormye gy fisepadecminddfor dther tepanl e,

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

regi ORsyterth®f €S or a conbi nation thereof in one enbodi nent, the substrate is

prepared up to the stage for formng a dielectric stack for a nenory cell,
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| ayer,” I’n one e I ment, S unnel’| ne enbodi nent,

t he base. | ayer conprises, silican oxide. Th i |icon oxide be forned on
the S aEBIEPRTE By OTHE Ha POkethal PR PHEo MR Gr SRS ¢ RERRSEIAPEt ray
be formed by 1SSG O her types of base |layers, such as siljcon nitrided
oxi de 2 Alightay Béynselopedsubsirate iabe Ol BAFFHERUDSEANS, BSREINgNHePN BEMIASHT 6F wi t h
a thickness TB which can be tightly controlled.. The target thickness TB,
for exdisph-en-inaNaterd S@boutierzoare alpo ugefulTihe substigermashhecaeased With, fas/cXampée, a
vari ance of about 41- 0.5 A fromwafer to wafer or lot to lot. This, for
exanpldeyice &atur¢ssinionabdvi¢hd dubstkate sscheasntoped regfongbsnlatioh. régions-gates orp t he base
| ayer using other

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 Tp

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

target thickness Tp may have a variance of about +/- 0.5 A from wafer to wafer or lot to lot. This,

for example, results in the thickness control of about 1.5%. Forming the base layer using other
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techni ques may al so be useM. O her techniques nmay preferably result in a
tightly controlled thickness T8 [0029] At step 320 device storage |ayer is
formed on the substrate In the case of having a base |ayer, the device
layer is formed on the base layer. In other enbodinents, the device |ayer
is formed on the prepared substrate. The device |layer, for exanple, serves
as a storage layer which stores charges. Qther types of device |ayers may
al so be used. The storage l|layer, in one enbodinment, conprises silicon
nitride. The silicon nitride may be forned by chem cal vapor deposition

( CVD) .tedhoiqvenmpay else be uyghels Qiherdechnigyes maypetrdily trsplh g bt CP%tE‘ﬁﬁ?dques may
al so be useful. The thickness of the forned device layer is Tm In one
enbodithekigss TED i s desi gned to be greater than a target thickness 'Im of

t he device | ayer. 100301After the device layer is forn' ed,thickness is
measur[@iygt shepep 30, abeeict sthrags tayef is fivered euitivesubstyate. Imdbe tree olzayinged usi ng
various netrol ogi cal techni ques, for exanple, transm ssion el ectron

M Cr 0SGePMyér] E¥)dediad 151 is Bsrafvalon Yhe Blielafeadn vedr ehbakmems, thé ddvive laevisce
layer is equal tor) Different sanpling sizes may be used dependi ng( on the
set up. fRRLd (ﬁf(l‘ﬁ@?l'enparea subshralaT8E AeTBY 1D, % ek Mkbl1E, RefBS & dstbiafe laferaviietl ch of
waf ers. [0031] At step 340, the process continues |lo forma capping |ayer on
t he deyi r ol ! I | : | ocki ng

| ayer S\éérgfﬁﬂe e é%e?ﬁp%@?f%c etl%)ég{rg% ﬁg%g%‘g%ﬁ'f ?g?/vaﬁ{agfnﬁdy?t(s’)}@g(%npl e, a gate

above tg the device. or..stor layer. The . [ (T odi nent
conpr | SRWILPEHEORPISES fico atgﬁe't ?%eesslh%)fn q@&gg?‘%& %?%rg%ég b%bagﬁggglagég)usef ul .
Formng the c ing.layer consunmes a portion of. th evi ce | ayer he
amount %PSIE%M} i%ﬂ‘u’“’é?g ‘ftﬁfg R Pg %tofagﬂ’/ L@Vefa SpeHtE Otg"ra‘fdtf’ﬁgméﬁ%ﬁ%y alsp Ear owt h
of the capping |layer. I n one enbodinent, the capping. |a i s, forned, by an
| SSG puss@gsEhe thiskness afthedormpadedexice layghis dxp-d& %’aﬁ%bﬁglm&gg{@ }szieflgﬂ%"ﬁfi an
'MSG process. Qther types of processes of Raining the capping |ayer which
consungrsaterthamaltargey thickndssvi oef Kpydswicofdyee bei ng formed may al so he useful .

[ 00321The capping layer is formed with a thickness TFG Form ng the capping
| ayer [©OBGjureafter 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



a specified anmount of the underlying device layer. In one enbodi nent,
formng the capping |layer with the thickness Trc produces a device |ayer
having a thickness equal to Tio. In one enbodi nent, the thickness Trc of
the formed capping |ayer at |east equal to the target thickness T,c of the
capping layer. in one enbodinment, the thickness TFc of the formed cappi ng

| ayer is greater than T1. For exanple, formng the capping |layer with the
target thickness 'fit should not result in over consum ng the device |ayer.
100331A library may be created to containp for form ng the capping |ayer

based on Tnr f. the.device | [. I I ] vige. | ayer

ot RBeT Gl ya B RRELSS: T ok PR b PR SR B ST ™Y e ng
| ayer,, a thickne Ltt.of the forped ppi ng | ayer can be cal cul ated. or
det er Wﬂéﬁgyﬁ‘ﬂn@feslfeé‘tgffﬁpﬁff{%@WB]r”g%PS@ ining the TFc may al so be enpl oyed.
For exanpl e, the forned capping |layer may be neasured by tnetrol ogical

t echni[Qf% [Dzapeng Lyenis fanmedivathagthickngss deac-o Fodeing tha GFBRINS {3YeT WS EREes s

of the capping layer is adjusted to the target thickness Try. Adjusting the
t hi ckn@pgmg@d arheung apipe rugddrlw@demy layer. alotvine gadpodiyneat, Eorimeg the campdgleyTtio to
about TTc. The etch, for exanple, conprises a we etch with etchants such as
di | ut evithRhe thidkmepriae esslunmy doveilayeBraving 4 tiickntdhseqad v Te. dh ost epbB&Ethent-or
exanpl e, the process continues to forma nenory cell. The process may

f | ut helie taRRhEsE T8 b0thé edrokll cagpinglaydkhigat&shegtiab® the MBIBOtHckhEssATr- antheC whi ch
i ncludes nenory cells, 100351l n alternative enbodi nents, Trc which produces

a devicgshih@Meer. Wh bile dmbddifB, 1€ thiSi&Rsd TANS MeCtorrhdl GPFiRg BASES grafrUshi ng the
t hi ckness of "t he capping | ayer may conprise form ng an additional capping

| ayer ﬁgeﬁoﬁ&ﬁmpfee}ﬂn% the Eﬁig}%qg}%?%&’}ﬂel ‘?glifl&e&rﬂ%' Y I@n&tg&@g/t’lﬁ B@%?r

havi ng ~‘devi ce Fayer. For e t he cappin ayer I's fome
Thi s %ajgtain%$the é%&&kness of the device layer at T11). 100361Fig. 4
shows “gW"Eio ﬁSWf a4 device 400. The device includes a transistor 409

Th : .
© [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 Ty is calculated or determined, the thickness of the capping layer is adjusted to
the target thickness Ttc. Adjusting the thickness of the capping layer may be achieved by etching to
reduce Tgc to about Tc. 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, Trc which produces a device layer with Trp may be less
than Ttc. 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
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transistor, for exanple, may be a non-volatile nmenory cell. O her types of
transistors may al so be useful, The transistor is disposed in a cell region
408 of a substrate 105. The substrate may conprise a silicon wafer, such as
a lightly p-type doped substrate wafer. Qther types of substrates,
including silicon germaniumor silicon-on-insulator (S01) wafers, are also
useful. [00371The cell region is isolated from other device regions by

i sol ation regions (not shown). The isolation regions, for exanple, conprise
shallow trench isolatiaon (ST1) regjons. O her types of isolatjon i ons
may  al SHIOEBESS FAYAD e drc- TIOETEEI (e sapgIngayThip afhlems*)é@ﬂaouaewammtfw Hﬁ%ﬁg‘é‘ﬁom).
The doped well may conprise dopants of a second polarity type. The doped
vel | igedayss Bor @é@mglgethe canping lay@ds ormedby LP%’B- porismpiniansfhethigkyess 08

[ 00381The transistor, in one enbodi nent, conprises a gate 460 di sposed on

t he substeatelaycFieTgat e conpri ses a gate el ectrode 445 over a gate
dielectric 110. The gate el ectrode conprises, for exanple, polysiticon.

For m ngo3édle gaige4 sheed ancahsbodirhderg obh Hevicd 400e Thofleed imclatiect radstordder Tlad s,
such as netal s and pol yci des, may al so be useful. The gate el ectrode nay be
doped, trdngistoR X Blathpld) Ynaly ®R aindR.vankidd eferyldepeOeich gypesof thisiapd mepili®be t he
gate el ectrode may be doped by n-type or p-type dopants to forman N or r

doped gat @ TROBHs|stor W& sSIIRPHI IR reEn 968 & AHuBliREd 105C TIRAMsraRSInAy _
dielectric stack having nmultiple dielectric |layers. The gate dielectric

st ack, _| J i i ncik ;
char gecos 51?&;55&‘{32138’?%?’%@ ézlassrld lg%glgiﬁ@é%h(ﬁ%aé?%ﬁgﬁ@wfﬁggt e?ﬁgr%égsl Ertg%%gg t he
gate di st ack. co ises a b 20_hel ow éfﬂl.e charge storage

and c alﬂgllf-lﬁlégé {ng%gl} g?ﬂngglugle%r;gslrilfcl%a)nl—lﬂsu%ﬁgr_ (ls%?vrvat%rs, ar¢ also us

[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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1004010 el ectric spacers (not shown) nmay he optionally provided on
sidcwal s or the gate. The spacers may conprise silicon nitride. O her types
of spacers may al so be enpl oyed. For exanple, the spacers nay include
mul ti pl e spacers. [00411First and second doped regi ons 450a-b are provided
adj acent to the gate. The first. and second doped regi ons conprise dopants
of a first polarity type, which is the opposite of thesecond polarity type.
The first and. second doped regions formsource/drain (S/ D) diffusion
regions of the transistor. The doped regions, for exanple, serve as
temM al s of the transistaqr,. The doped regions may .include |jghtly. doped and
heavi 1ACHSBRRFES APRtarer 1R bRIOFHEY P Ror o GHRINE ApeE. sndeSstibat i B

regi ons which extend beneath the gate. The lightly doped regi ons may be
Iightﬂy-doped drains (LDD), including double diffused drains (DDD). The
heavily doped portions are spaced apart fromthe gate. The heavily doped
regi orl804y bP1egshiseacepaimot Hwswwd may be hptigpdy erovidedton sidedeUadfThe gatar Thee of
t he doped regions and gate el ectrode may be provided with nmetal silicide
cont acspacersAnay exineprise vicom hittidec t@ther tfpdsOf spaysmayruddo tehmvpiyyedn Fobexaptpbyi ded
on the substrate covering the transistor. The interievel dielectric |ayer
My sehyadss tapighiRtmadltifiegp&etst i ¢ (PMD) |ayer. Various materials, for
exanpl e, BPSG PSG HDP oxi de, TE1OS or HARP, nay be used to formthe FMB

layer.jofdiher bi¥asd fcofl 8RALEJiSnsBHEDIR SrolTa¥d AdjaRnPe tHSefe. HHIOA3LNt act s

are formed in the ?NM | ayer to provide connections to the different

term @%&d%&g&&%ﬁfgﬁggﬁh sg?oPﬁggfﬁﬁ&?%lﬁgyi%b\géﬁgg ffie o dgﬁé btfe @ef‘cond

conductive ter sSuc con rve materials

d -incl ud [ . Vari
of corbhet PEREr B Rl o SRR bl R RS BRI T R PRy e Y P

titanium.(Ti) iumnitride (TitsT) or a %%EQinatLon t hereof I n _sone

enbodiFRNer- ’{'Ip.éécfp? 521908 f0F pxample, 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

11



conposite liner conmpnsng a conbination of Ti and Ti N, such as TilTi N or
TirTiNITi. Ohertypes of liners nay al so be enpl oyed. 100441l n one

enbodi ment, contacts are provided which are coupled to the dope regi ons and
the gate. The first doped region may be coupled to a source line, the
second doped gbe coupled to a bitline and the gate may be. coupled to a
wor dl i ne. Based on bias voltages applied to the different term nals,
charges tunnel through the base layer to and fromthe charge storage | ayer

for programm ng and erasing. A plurality of cells, be. i.nt.erconnect ed

usi ng caBPasitelEsT conpIsitgcopnaivg e d1 prdEE F‘E?%faé?rfﬁgx ﬂ’éﬁ’é#'i% ft‘r r‘il)]‘?f WRG4511 n
ot her enbodi nents, the dielectric stack nay be used with other types of
menor yfdineh nzy adgolbetempdayednenory cel ls, floating gate tunneling oxide
(FLOTOX) type cells, erasable programmable read-only nmenory tunnel oxide

( ETOX)[0044e cé&h biss eratsodimednit, @ataotshes proyided which desdoupled tol the dendiegions Ful e show
cross-sectional views of an enbodi nent of a process 500 for formng a

devi cgay The firlRelopéd tepi@nintyBeGouplad tcea souhstiinaf the 4426nd doyed osgicteday Bhe b tra
can conprise a silicon. substrate, such as a lightly p-type doped

subst rahfled & {16lide}RE $hefateSHAS b @ufed tb BRoktlingg BasddionMiasgeitagRiapplicdrto
silicon-on-insul ator are al so useful, [0047] As shown in Fig. 5a, a

(S01),
cel 108 &i;@fegpghglgla{sﬂ%%gauﬁaattm A HaBOUOR (ORI §6hthed @EIRRtdrSzeI RN, i t

i s understoo strate may i1 nclude other regions (not shown). For

exanpl t he substr Ay, i I i Siegion in
mhiCh1ﬁEWB§VHE%P¥%mg%bmﬁgrﬁéﬁﬁg#g%Fgggg&iegf%ﬁ§£?%£$%f§%g?gg?gkggﬁ?gg% are
formed. The Iﬁgig rﬁgéons for_exanple, may include regions for devices,
such #OISHHELITCSIRMTHAMPEPY RS sing the nemory array. Additionally, the

| &t orlhth)“This T pdgroR; TGRS SR FRLPURBIEBREHE PEPoRIHbr o

vol t age devi ces. For exanple, the logic )
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, nedium voltage

devi ces and | ow voltage devices. O her configurations of |ogic regions may
al so be useful. [0048] The cell. region is separated from ot her regi ons by

i solation regions 580. The isolation regions conprise, for exanple, STIs.
Vari ous processes can be enployed to formthe STI regions. For exanple, the
substrate can be etched using etch and mask techniques to formtrenches
which are then filled with dielectric materials such as silicon oxide,
Chem cal nechani cal poI i shi ng (PAP) can be perfornmed to renove excess

oxi dc, te urfa he STI ns_can be
fanneé ngmgg?ncllu%? r‘gglgr}sﬁgfhl 0 or er éSt’ ﬁm&u n%ogtt%ge Jew%es d fo wgﬁ %FS. Ot her
processes or terjals.can SO be used to fo t he sTis. |n ot her
enbodldsﬁiélﬁ‘fss Qtﬁg“iogﬁg‘éf?‘il%ﬁ Oﬁg‘iﬁ“bré’g@f‘ﬁg’taytatfﬁé’gu 1rsol atl on regions. [0049] A
doped well 509 is frmed in the cell region. The do ,_1.n one
enbodilH¥ ,  cHifsell semonisappasated fr?ﬁ’@t%eéé%ﬂﬁ‘épsﬁmlwliﬁtoyl rt:glpla,s 58ﬁtheeﬁ9&alome| | of
the second polarity &ants is used to formfirst pol arltfy type devices. in
one emtRIGNSTFORPIISE tier cdemelt, KElsI Veops proessses cpn by pepidupdid faen hetS T Fegionsan
ti-type device. Alternatively, the doped well conprises an n-type doped
wel | tFor &xaimmla tie suppeatclenn beeetcht @sidg petl ane haskayhriguek or ford tieyichieapthivhtareg
appropriate &pants with the desired dose and power into the substrate. The
dopantthdnyflizd vil@isdiclasitlc na@MRIs sively aseR@ndxatt. Iihemydaemethadryl sgishiag beMippr med.

[ 00501The substrate may include other types of device regions for

supporchih BYpQtdiied E&ﬁ%v@%xdé@é’é)ﬁ@éand@éwﬁé QBBhé‘r suBsnl%teSth shitRteTARYTI Ncl ude
p-type and n-type devices, such as high, nediumand | ow vol tage p-type and

ntype, %gﬂsccﬁﬁ be Yt Wor E)Yeﬁ)tﬁﬁv\eé f'loxnt' Etelatgor sl 3{1% (Yé%)le!i Wefls. %fﬂl%lg%ﬂog&gesf or

t hese devi ces e vari ous arate m’p tation
processes, us ant ude
al um r?ﬁ%at%a& O nplghm tge §gﬁelﬂ&ﬁ]eﬁﬁmb?(ﬁ@?ét5’f%e Wﬁlia %n ﬁg é%lﬁant S
can incl ud? gp hor us Par senic (As.(Sb) or a conbination thereof:

types of 1s at10 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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[00511In Fig. 5b, a base layer 120 is formed on the substrate s Cane in one
enbodi nent, the base |ayer serves as a tunneling |ayer. The base | ayer, for
exanpl e, conprises silicon oxide. Oher types of base |ayer, such as
silicon nitrided oxide, may al so be useful. The base | ayer, in one

enbodi ment, is formed by a thermal pneess, such as thermal oxidation. In

ot her enbodi nents, the base |ayer nmay be forned by 1SSO In yet other

enbodi ments, the base |ayer may be forned by other types of processes. .For
exanpl e, the base | ayer may be formed by CVD, such as ILPC%P 100521The
base Ithsreof, whitppitgmesionanthpaninglyde H*B?sphqsu%% ¥Rk ARy (SB) Ffual to
about a target thickness Tru. Preferably, TB can be tiahtly controlled to
equal cabbirtatifuthergobr exanpl e, the base |ayer may be formed with TTB of
about 35 A. The TB may be controlled to within a variance of about 471- 0.5
A fronoogtier IoFigeften base lingt ¢ PO tsdfobraddodn thd hibstrate swifacs. Imonglsmbodintent, the %
variance of the thickness of the base |ayer from TTB. O her base | ayer

t hi cknRssRSerQkréahd NG ol She B Usef, tr.cxpph3dRgiraey diligntoaidei @thédc, a
device layer 532 is forned on the substrate. The device |ayer, for exanple,

SErVeSyas of b§§eQE %u!:l?%sesﬁhéﬂﬂ' HiRidSd 8488 ey Pt -ustlul ErhetiReRyf indgei ce
layers y al so used. The device Iayer i n one enbodi nent, conprises

si 11 cop g %qu f(@;ed ﬁ%la'ﬂge?ﬁal%r&ésg%u%f% éf?é?mfa%mlogy 1 DR GtodURRRY, the

dep03| er types evice or storage layers or using

compr 146 B GO PR 573,55k tsterrbe AR e i “YZ"s'rraf"’*?%“fdat. on

(DPN). The thi kness of _ t he f ice
exanpl ¥her t@ﬁé@ﬁ?@ﬁ%ﬂaest (}:Oﬁgxaéltp £ gﬁ%‘? Slim% Folng?‘b@ 8\,@ 8 eags r'nof the
device | ayer. I n one enbodi ment eater i ckness TTD

of t hel0824i ceThabase layen eppaprisgs @ hi ‘tkl‘}éssc]rév 8ng ¢y “?‘%“tf ‘ﬁ§ jia e g’ofrh? ckness
is neasured. The thickness of the device |ayer may be measur ed usi ng
var i ousrgetthicshegiloal Preedhiy disegn be gghtbxenripled tpEwial abeit Eps ohtergmplepige
measur ed thi ckness of the device layer is equal to Tryin, [00551In Fig, 5d,
a cappbasglayeyresy HeArmed fith adds ofiatione3 WAy iThe Tk ayearbe cilihteolkfzép@wntglm gepsiancef or

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 Ttg. Other base layer thicknesses or variances may also be

useful.

[0053] Referring to Fig. 5¢, 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 Tp, 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 Trp of the device

layer.
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exanp]e, serves as a blocking layer of the dielectric stack to bl ock charge
flow fromthe gate electrode to the device layer. In one enbodi nent, the
capping |l ayer conprises silicon oxide. O her types of capping |ayers, for
exanpl e, Al 203, may al so he useful. In one enbodinment:, the target:

t hi ckness Tic of the capping layer is about 50 A. Gt her values of Tic may
al so he useful. [0056]1n one enbodi nent, form ng the capping | ayer
consumes a portion of the device |ayer. 'The anount of consunption of the
devi ce | ayer depends on the anobunt of growth of the capping Iayer I n one

nbod t S .
The silfERbn cxrad eamnriey By arid t it d hekod PhBiagnestnf S8 Res of
ayor YA TEY BEIRGFOF VAT §1n§ ols%c%és@“@?q%@f SoeHpTa S ke

| ayer, a capping. layer recipe is selected. The capping | ayer recipe nay be
sel ectl¥g W%W%%Fqkﬁﬁséroﬁl@fdefnééhyégls cqpd @ Egbpes may be stored, for exanpl e,
in a conputer or tool used to formthe capping |ayer. In one enbodlnent a
cappi 1§035hy erlnrfégisdea erppimgriireed 4@ oot ail the denieklnee's ThEeappingtlngerf for med
capping |l ayer and an anmount of the underlying charge storage |ayer
consuredanplp 6681 Ihebloeking &aysedfaht didleciric stk tebibodeieg flovdfpanblsgaa neasur ed
t hi ckness "Li; of the device layer. For exanple, based on |im, a capping

| ayer ele@b@eoite &RiReird mrfefbatboaimcnt,@ni&éa;pgingflaﬁeheoxﬁ@maé §ifcdndysede. QOASUMES
a desired anmount of the underlying device [ayer to produce a device |ayer

havi ngys bhEReISyRIURH exhApRDRUD, B8, §18) Belsehlli fERRSbEMR:, iteadeyi ce

| ayer.” The forned t hi ckness TED of tHe deV|ce Iayer in one enbodinent,

houl d h Ti d a
o P b A 0 3, g
T g3 @ﬁfgﬂte@@@%ﬁgﬁwﬂm@aﬁ.@sﬁp@ge; WS b '
o e A S B o SPRELER Y

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 Tmp, 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 Trp of the device layer. The formed

thickness Trp of the device layer, in one embodiment, should be sufficiently thick to produce a
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[ 00591The overall thickness of the capping |ayer can be determ ned fromthe
reci pe selected. In other enbodi nents, the overall thickness of the capping
| ayer TRT may be neasured using, for exanple, various netrol ogical

techni ques. (00601l n one enbodi nent, the thickness of the capping |ayer is
adjusted fromTrc to TTC, as shown in Fig. Sc. The thickness of the capping
| ayer, for exanple, may be adjusted by, for exanple, a wet etch or wet
clean, in one enbodinent, the wet clean uses dilute I-1F as an etchant. Wt
cl eans using other etchants may al so be useful. The .etch.rate of the wet

cl ean dedise e Ei0ayith Aeyansh? capping Z%’ﬁ % }eaaséi’e gt q’r‘ﬂ‘él?ssg%g'e THRUHRE et ch
rate, the duration of the wet clean can_he determ ned to produce ahcapping
| ayer foimting shetdappirg daysr wijly the tugetdbiskness fre thopldmot {a5els ingveprRewaegdiGyy al so
be enpl oyed to adjust: the thickness of the capping |layer. [00611lIn

al t er niavice éayenblndinrembsdimeat thpahiskicse Tedbo fdemivuned cappingd yee Brodugss adewee t he
underlying device layer to produce a device |ayer having a thickness equal

t 0 abaufertahith doaiitdR ahd b clppisslaFa® i gfeaten ehad e tarzet ticknesafint of thesaipiriglgydrn a
formed thickness Tit of the capping |ayer being |l ess than the target

t hi ckngeso)! r eThd vePAIFickagS o1 thREhpisihd Rgertdag bt Heteloniassiroh thdrecipappecngl. Ilayer
may i nvolve formng a secondary cappl ng |ayer on the capping |ayer (primary

cappi Yodintes] {1 PhiBheQVSTHR & RAyRET bdREAsIE bR BF get
thickggg% or%n%ﬁg’@ﬁﬁk%ﬁg éf fhe secgﬁgggy)?ap%?%gylayer, in oﬁe

enbodi nent, doe p%a ﬁ underlying device |ayer. 100621Referring
to Fig#aﬁfk’gﬂgﬁ ggéPg%F%o e ﬂ&%r 560 is forned on the substrate over the

di el ' tack. T t I d . P j di t,
oot yoi PPbfn° " FrisieshtBoting s SRORFLIEK T LIPS, ot BN EIDPE 50

- hous, | . Th t | ectrod b d.. Vari techni
may beTeHBIT s>t oLifdBisKhdie OGRS R PYBRT GRS Thay g Y, PO b

i npl antation. Doping the gate el ectrode |ayer by _in-situ dopin al so be
usef ul a wetraseh i wrj cleAn.uRcRRs embgaient (thsoy st sifan megpehily a %bet‘ﬁ@nﬁ s‘g%le.an& her

types of gate electrode materials may al so be useful. The thickness of the
gat e elsig atbetetdhayte mayaisolbe uatfol tTheGGh-rate @ the webclsar cambecdetrsgigd bielpr al so
be usefid. To formthe gate el ectrode |aver, techniques such as cheni cal
vapor &eppsd, ieodip (ddeD)Basabon the eteheate, tit thanticreafling wetedeamreyn b deerpunagdstef ul t o
formthe gate el ectrode | ayer.

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 Ttp of

the device layer while resulting in a formed thickness Tc 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 Trc. 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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[00631In Fig. Sg, the substrate is patterned to forma gate stack 410. For
exanpl e, the gate electrode |ayer and dielectric stack are patterned to
formthe gate stack conprising the gate el ectrode 445 and gate dielectric
stack 110. Techni ques, such as mask and etch, can be used. For exanple, a
photoresi st |layer is fonned over the gate el ectrode |ayer and patterned,
exposi ng portions thereof An =isotropic etch, such as a R1E, is perforned
to renove exposed portions of the gate electrode |ayer and gate dielectric
stack. To inprove lithographic resolution, an anti-retlective coating (ARC)
can be ovi ded bepeath the photoresist. in other, enbadi nent a, har d, mask
rmy ho Bl {7E 08B Bt A ehany R ERer eorrBeB PR bV 86 EHE risfioBRLe:
continues to formthe device. For exanple, the additional _processi.ng na

i ncl udersk BTN tCRBIIHESIRAY wﬁmw PSR gatF iefestro I}gof?g %amlfslﬁémgopey
regions adjacent to the gate. The first portions, for exanple, serve as S/D
ext endmplintaggn.oRepingfhectstecdertnode layey bit iacbityloping mayadsepreaseiphdirardinggni ons

of the first polarity type. The inplant nmay be self-aligned, using the gate
and i soHepddgate dgirods lags raay alspbauscfiadkher Sipdewddte € pdrmde siatraplshrayf dsared on
sidei,valls of the gate after formng the Si D extension regions. The gate
si dewadlelussfb CBieshick@dss exiaaphte elecoogyr lage niytheiadeut S00REX000 Yp adthef theRasess
materials may al so he usehal. To form sidewal | spacers, a spacer dielectric

layer h&y AePesistRd 0H fdrRahs BRs tledk&le 14, teRRAGRES suehs BigentiOdl FBsbripoksidhg
various ‘techni ques such as plasma enhanced chem cal vapor deposition

( PECVIQr T B&Mb hEG D AMESCHAR JeQszaﬁs beRBGRT todbSh BElohicCld AY&RI 1aPBY @l so be

useful. The spacer die ectrl% ayet hsequent|ly ani sotropically etched, such

as by to.r e [lzant. L i i ti

Si dewa[ﬁ&"?] as {nh}gg'gsv a&hreéggg)&rﬁ%dgbil%edﬁgg%ngséﬁ%éﬁ%um;aﬂr:g?(%%n |$rigiées£%? % form
nsistors,.sal

pun) 1 BpaE Bl Rl RuTieyt T TR % orviind BAPal) BT A E oo R

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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-onnect levels to couple the termnals, for exanple, control gate lines,
wordlines, bitlines, source lines, and well potential as well as

i nterconnections for other devices. Additional processes nmay also include
final passivation, dicing, assenbly and packaging to conplete the IC. O her
processes are al so useful. For exanple, other conmponents, such as |ow

vol tage, nmedium vol tage, and high voltage 110 devices can be fornmed prior
to form ng the interconnections. The nenory cells can be fornmed as a nmenory
device or enbedded into a part of I1Cs. 100661The invention Hgégbe enmbodi ed

i n ot HesteREarIGed chamial ipetlsapsidapdrG VY- fQtBeh ehaiapt fo o esBXEht i al
characteristics thereof. The foregoing enbodiments therefore, are to be
nsi derdielejtric idyer mey plee be usefuludhe spacerdilagtrie fayeia subseareniln gnisiwpicalient i on
described herein. Scope of the invention is thus indicated by the appended
cl ai metclreds dueh a¢ bypRIE Yo teneove horigpntid portiops,ileavingand-takizonhlangems vhdte  cone
within the meaning and range of equivalency of the claims are intended to
be enyi@sedsbhtkepaters. What is claimed is; CLAIM

[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/O 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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1. A nethod of foiiaung a device conprising: providing a substrate; formng
a device layer on the substrate having a fanned thickness T;);

form ng a capping |ayer on the substrate haying a formed thickness irc,
wherein form ng the capping | ayer consunes a desired amobunt of the device

| ayer to cause the thickness of the device |layer to be about the target

thi ckness 'cm and adjusting the thickness of the capping |layer fromTFc to
about a target thickness 2. The method of claim| :further conprises
thermally formng a dielectric layer prior to formng the device |ayer.

The nqﬁ@ . cl.aim1 further conprises neasuring the TFO to obtain a
measur e q%ﬁﬁ%ﬁﬁggiof the device layer '"inp. The nethod of claim3 wherein

tbe TFc is determned or calculated fromthe 17m) 5. The nmethod of claiml
wher ei nadj usting the Tpc to about the Tit: conprises etching. 6. The nethod
of claimwherein the device |ayer C%EB&R&FS a charge storage |ayer.

1. A method of forming a device comprising;:

providing a substrate;

forming a device layer on the substrate having a formed thickness Trp;

forming a capping layer on the substrate having a formed thickness Trc, wherein 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 T1p; and

adjusting the thickness of the capping layer from Trc to about a target thickness Trc.

2. The method of claim 1 further comprises thermally forming a dielectric layer prior to

forming the device layer.

3. The method of claim 1 further comprises measuring the Tgp to obtain a measured thickness

of the device layer Typ.

4, The method of claim 3 wherein the Tgc is determined or calculated from the Typ.
5. The method of claim 1 wherein adjusting the Tg¢ to about the Tc comprises etching.
6. The method of claim 1 wherein the device layer comprises a charge storage layer.
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7. The nethod of claim1l wherein the device |ayer conprises a nitride

mat eri al and the capping | ayer conprises a thermally grown oxide material .
8. The method of claim| wherein the anobunt of consunption of the device

| ayer depends on the ampunt of growth of the capping laycr. The nethod of
cl ai wherein the capping layer is fornmed by thermal oxidation 10. The

met hod of claim1 wherein feinting the capping |ayer conprises selecting a
reci pe which dere nines the TFc and an anount of consunption of the device

layer. 11. The nethod of c|aim| erein adjusting.the '|I''mto_about. the
T o cohpr | G MR GHIB | W B oo 13 R EL N LOTPRET figha 1 Capping
layer comprises a thermally grown oxide material.

8. The method of claim 1 wherein the amount of consumption of the device layer depends on

the amount of growth of the capping layer.
9. The method of claim 1 wherein the capping layer is formed by thermal oxidation.

10.  The method of claim 1 wherein forming the capping layer comprises selecting a recipe

which determines the Tgc and an amount of consumption of the device layer.

11. The method of claim 1 wherein adjusting the Trc to about the Trc comprises wet etch or wet

clean.

12. A device comprising:

a substrate;

a first device layer on the substrate comprising a target thickness Ttep; and

a second device layer on the substrate 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.

13.  The device of claim 12 wherein:
the first device layer comprises a first dielectric material; and

the second device layer comprises a second dielectric material.
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a substrate; a first device layer on the substrate conprising a target

t hi ckness TTFD; and a second device |ayer on the substrate over the first
device |l ayer having a target thickness |ITSD, wherein a | ower portion of the
second device |ayer conprises a consunmed uPP first device |ayer. 13. The
device of claim 12 wherein: the first device |ayer conprises a first
dielectric material; and the second device |ayer conprises a second
dielectric material. 2tr.i r portion of the surface.

14.  The device of claim 12 wherein a top surface of the second device layer comprises an etch

surface.

15.  The device of claim 12 comprises a third device layer below the first device layer.

16.  The device of claim 15 wherein the first, second and third device layers form a dielectric

stack.

17. The device of claim 12 wherein the thicknesses Ttrp and Trsp are tightly controlled.

18. A method of forming a device comprising:

forming a base dielectric layer on the substrate having a base target thickness Trg;

forming a storage dielectric layer over the base dielectric layer, the storage dielectric layer
having a storage formed thickness Tks;

forming an upper dielectric layer over the storage dielectric layer having a upper formed
thickness Try, wherein forming the upper dielectric layer consumes a desired amount of the storage
dielectric layer to produce a storage dielectric layer with a storage target thickness Trs; and

adjusting Try of the upper dielectric layer to about an upper target thickness Ty.

19.  The method of claim 18 wherein adjusting Try comprises etching the upper dielectric layer.
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15. The device of claim 12 conprises a third device |ayer below the first
device layer. 16. The device of claim15 wherein the first, second and
third device layers forma dielectric stack. 17. The device of claim12
wherein the thicknesses TTFD and Tjsf) are tightly controlled. 18. A

met hod of form ng a device conprising: tbming a base dielectric |ayer
on the substrate haying a base target thickness Tru; formng a storage
dielectric layer over the base dielectric |layer, the storage dielectric

| ayer haying a storage formed thickness I ps; form an_upper

di el e%ic 'ﬁ'@y@‘f"h rclaimel Osv el dhechagss storgeeang HpRsy dﬁ’%?m“?gg%i:rﬁ @ f or med
thickness I'm wherein formng the upper dielectric |ayer consunes a

desi r aticlegtpe paclodf & mm-wildrlagemginel ectric | ayer to produce a storage
dielectric layer with a storage target thickness TTs; and adjusting Ti m of
the upper dielectric |ayer to about an upper target thickness 'rm 19. The
nmet hod of claim 18 wherein adiusting TFIJ conprises etching the upper
dielectric layer. dielectric stack of a non-volatile nenory.
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