INTEGRATED CIRCUIT SYSTEM INCLUDING NITRIDE LAYER
TECHNOLOGY TECHNICAL FIELD The present invention relates generally
to integrated circuit systems, and more particularly to an integrated circuit
system including nitride layer technology. BACKGROUND ART Process
integration for embedded silicon/silicon oxide/silicon nitride/silicon
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industry. Embedded SONOS technology typically includes the formation of
input/output (VO) regions between non-volatile memory regions and
core/logic regions. This embedded SONOS arrangement is found in many of
today's integrated circuit systafhi€ 800 Ak HElNphones, portable music
players, video cameras, and computers. Central to many integrated circuit
systefhprocesde sviertigding SONOSpHycEs sategistah ecimyriaticiteoia sikicarpre
pRitidRAPBNA Ry tican R iR ofieRusetianfPRSgANGN layer, a
mask material, and/or a charge trapping layer. Regardless of its chosen
application, the silicon nitride film should display a high film purity and
density, uniform stoichiometry, i@ GoifasM ghickness. Low pressure
chemical vapor deposition (LPCVD) has emerged as the process for
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a%\éﬁrﬁemi%ﬁg %I '$on nitride is still subject to discontjnuities such as pinhole
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(ONO) layer, dry etching’of the top silicon oxide layer, followed by a wet
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lead to silicon substrate pitting. during the drﬁ/ etch of the silicgn nitride layer.

Pittiné%‘l‘ﬁjietosﬁ‘?é‘&ﬁ QI AEEIH X 10 JRetiSie ittt Bt g ocesses. 1s
teufos@quentjatelichielectide {Sishalityel hbidicanmneedistill s&mmainsifas theassivation
lQATINGLSL elest reg pllcan nitids fyar or the. ArgRees A of 8.5 icyion,
I itri 'el%y'er' w%gut aef(éct'?orﬁ?atgqrgpllng\ﬁe@rpfteé%{avgr.-incres'eélmsg 1 elec ton
the, sshean adisidedienimiprdd digttviatusiiimomisyeathdenidde erifiomp theichiometry,
2RNSWEIS e KA L0 thass-araklemsn Salvtignsitpdhass Rreoien s havadhess

long sought but prior developments have not ,
the process Tor depositing silicon nitride films with superior properties.

Despite LPCVD advancements, silicon nitride is still subject to discontinuities such as
pinhole formation. These pinhole formations not only affect the integrity of the silicon
nitride layers themselves, but they also may affect adjacent layers as well. For instance,
during the removal of a silicon oxide/silicon nitride/silicon oxide (ONO) layer, dry etching of
the top silicon oxide layer, followed by a wet clean step, may attack the bottom silicon oxide
layer through the pinholes within the silicon nitride layer. This erosion of the bottom silicon
oxide can lead to silicon substrate pitting during the dry etch of the silicon nitride layer.
Pitting of the silicon substrate can lead to gate dielectric failure during subsequent gate
dielectric formation.

Thus, a need still remains for the forming of a defect free silicon nitride layer or the

processing of a silicon nitride layer without defect formation. In view of the ever-increasing



taught or suggested any solutions and, thus, solutions to these problems

have long eluded those skilled in the art. DISCLOSURE OF THE

INVENTION The present invention provides an integrated circuit system,

which includes loading a wafer into a processing chamber and pre-purging
nehe [Hroeessivis chdniberaxstieidifiesciesmaninogasnd apusitirigcal fikstt ripigers be
rdayetvesdpewater and purging the processing chamber with a second

ammonia gas. Depositing a second nitride layer over the first nitride layer
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a nitroge .9as. Certain embodiments of the invention have other aspects in
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addition to or In place of those mentioned above. The aspects will become

apparent to those skilled in the art from a reading of the following detailed

description when taken i ying drawings.
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accordance with an embodiment of the present invention; FIG. 2 is an _
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and the hottom silicon oxide layer are removed; FIG. 11 is the structure of
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dsyetie in accordance with another embodiment of the present invention;

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a generalized process overview for the formation of a nitride layer in an
integrated circuit system in accordance with an embodiment of the present invention;

FIG. 2 is an integrated circuit system in accordance with another embodiment of the
present invention;

FIG. 3 is the structure of FIG. 2 after the formation of an etch mask;

FIG. 4 is the structure of FIG. 3 after the top silicon nitride layer is removed;

FIG. 5 is the structure of FIG. 4 after the top silicon oxide layer is removed;

FIG. 6 is the structure of FIG. 5 after the bottom silicon nitride layer is removed;

FIG. 7 is the structure of FIG. 6 after the etch mask is removed;

FIG. 8 is the structure of FIG. 7 after the formation of an etch mask;

FIG. 9 is the structure of FIG. 8 after the top silicon nitride layer is removed from

over the SONOS region;



FIG. 13 is the structure of FIG. 12 after the formation of an etch mask; FIG.

14 is the structure of FIG. 13 after the top silicon oxide layer is removed;

FIG. 15 is the structure of FIG. 14 after the etch mask is removed; FIG. 16 is

the structure of FIG. 15 after the removal of the silicon nitride layer; FIG. 17 is
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is a flow chart for an integrated circuit system for fabricating the integrated

circuit §yrstri theatusramid Witd Gt e BoptHe A crth & BIEEHt invention;

and HIG. 20 is & fleasehadiclaniheyintegiatedoeiraiid sysianvdas abbieatiegttbethe

integrated .circuit system in accordance with additional embodiments of the
PSresent mvention. BEST MODE FOR CARRYING OUT THE INVENTION
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that other embodiments would be evident based on the present disclosure
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steps are not disclosed in detail. Likewise, the drawings showing
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embaodiments are disclosed and described having some features in common,

for clarity and ease of illustration, description, and comprehension thereof,
similar and like features one to another will ordinarily be described with like
reference numerals. 3 The term "horizontal" as used herein is defined as a
plane parallel BaHieNNDE BOR (riddeYdN& WaferTdtsvStEElOdgardless of its
orientation. The term "vertical" refers to a direction perpendicular to the
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In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known system configurations, and process steps are not disclosed in detail.
Likewise, the drawings showing embodiments of the invention are semi-diagrammatic and
not to scale and, particularly, some of the dimensions are for the clarity of presentation and
are shown exaggerated in the drawing FIGs. In addition, where multiple embodiments are
disclosed and described having some features in common, for clarity and ease of illustration,
description, and comprehension thereof, similar and like features one to another will

ordinarily be described with like reference numerals.



etching, cleaning, and/or removal of the material or photoresist as required in
forming a described structure. Referring now to FIG. 1, therein is shown a
generalized process overview for the formation of a nitride layer in an
integrated circuit system 100 in accordance with an embodiment of the
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eposrtron steps described above and in further detail below. The following is
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(about 0.1 to about 5 tort), and eglqllj oy temperatures between about 300 and
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invention, it is to be understood that the desired operating pressure may be
Oﬁﬂyﬂr@%u fatfidgt (ONON) layer.  Furthermore, each nitride layer of the ONON
configuration can be formed by the multiple separate deposition steps described above and in
further detail below.
The following is provided as an exemplary illustration for the formation of a silicon
nitride layer by multiple separate deposition steps and it is not to be construed as limiting.
Initially a wafer boat, with one or more wafers, is loaded into a processing chamber,
such as an LPCVD chamber, in a block 102. By way of example, the LPCVD chamber may
include hot-wall reactors, cold-wall reactors, and multi-chamber cluster tools that operate at a
medium vacuum (about 0.1 to about 5 torr), and employ temperatures between about 300 and

900°C. The wafer boat is typically made of an amorphous quartz that is resistant to high

temperatures. The wafer boat may be loaded by a manual or automated process.



is effective to form a silicon nitride layer. During pump down, the temperature

is also ramped up to its desired operating temperature. By way of example,

the desired operating temperature may range from about 650 to about 775

T. However, it is to be understood that the desired operating temperature
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gas in a block 106. By way of example, the flow rate of the first ammonia gas
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their operating ranges to begin the initial formation of the first silicon nitride
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present invention may employ any flow rate ranges for the first source gases
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ethetfirstositioan silidde dayiae eyer.the wafers surface. Notably, deposition step
one flg(r)li?s tlhe f!}:st silicon nitride layer over the wafers surface to an
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example, depQS|t|c_)r_1 step one may empioy a temperature range of about 650
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lempgratlie of pressure rande, that Is afiegtive fo torm the firgt Siiconitride

layer. Aftelfhe appropriate icRIS&s ofﬂ? e firSOSIRE A Hithide ayler 5
defgpositedepyne occurs in a block 110. As an exemplary illustration, the flow rates for the
first source gases may range from about 20 to about 200 sccm for DCS and from about 100 to
about 500 sccm for ammonia. However, it is to be understood that the present invention may
employ any flow rate ranges for the first source gases that effectively forms a first silicon
nitride layer.

Deposition step one forms the first silicon nitride layer over the wafers surface.
Notably, deposition step one forms the first silicon nitride layer over the wafers surface to
any thickness less than the final silicon nitride layer. As an exemplary illustration, the first
silicon nitride layer may be deposited to a thickness of about 20 percent of the total thickness
of the final silicon nitride layer.

By way of example, deposition step one may employ a temperature range of about

650 to about 775 °C and a pressure operating range of about 0.2 to about 0.5 torr. However,



deposition step one, then the LPCVD chamber is purged with a second

ammonia gas in a block 112. By way of example, the second ammonia gas

may employ a flow rate ranging from about 100 to about 500 sccm.

However, it is to be understood that the present invention may employ any
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understood that deposition step two may employ any temperature or
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Although this embodiment describes a process employing two separate
IYSpGRHBAY steRley it HYBdahHEESHIY thatcsyioHiBR i HBBbSTRSH Sy ferms
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it!R ?0%9%9&5%’39 that deposition step two may employ any temperature or pressure range
that is effective to form the second silicon nitride layer.

Deposition step two forms the second silicon nitride layer misaligned over the first
silicon nitride layer. By disrupting the formation of the first silicon nitride layer, purging the
chamber and then restarting with the formation of the silicon nitride layer, any defects (e.g. —
pinholes) that were forming in the first silicon nitride layer are not continued in the second
silicon nitride layer.

Although this embodiment describes a process employing two separate deposition
steps, it is to be understood that any number of deposition steps, in excess of one, may be
employed when forming the final or overall silicon nitride layer. It is to be understood that
the number of deposition steps is only to be limited by the formation of silicon nitride layers

with misaligned pinholes.



process with a third ammonia gas in a block 118. By way of example, the

third ammonia gas may employ a flow rate ranging from about 100 to about
500 sccm. However, it is to be understood that the present invention may
employ any flow rate range for the third ammonia gas that effectively purges
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silicon dioxide layer during a subsequent wet clean step is reduced
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invention. The integrated circuit system 200 includes a substrate 202, a core
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example, the core region 204 may act as a Ioglc circuit to perform varlous
aw@qg}q&lgﬁgllﬁq@r@epééigw tyyghe formation of an integrated circuit system, such as

an embedded SONOS, and it is not to be construed as limiting.

Referring now to FIG. 2, therein is shown an integrated circuit system 200 in
accordance with another embodiment of the present invention. The integrated circuit system
200 includes a substrate 202, a core region 204, an input/output (I/O) region 206, a SONOS
region 208, STI formations 210, and an ONON layer 212. The ONON layer 212 further
includes a bottom silicon oxide layer 214, a bottom silicon nitride layer 216, a top silicon
oxide layer 218, and a top silicon nitride layer 220.

The core region 204 may include numerous passive and active devices, or
combinations thereof, operating separately or collaboratively. By way of example, the core

region 204 may act as a logic circuit to perform various logic functions. The I/O region 206



7 is separated from the core region 204 and the SONOS region 208 by STI

formations 210. The ONON layer 212 is formed over the substrate 202.

Although the present embodiment is about to disclose thickness ranges for

the bottom silicon oxide layer 214, the bottom silicon nitride layer 216, the
istepraiftasnfpadtitagae 2a8onat thiedtdls SHOYAHIRHm 1308 b3 2 Titf iy matsms 210.

THOERBIQQL thatl theser-thigiRestianegmarepinerely representative. In
accordance with the scope of the invention, the thickness range of each
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o TR S RIS ENEeF AR08 BN 0 TRRS IR A s are
mridkriess shisdvwedn aabuduR sl 40 senpstrdribs. Myrnbottdn Silikdkonsnitpiele of
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angstroms. The top silicon oxide layer 218 may be formed to a thickness of

PESSRRBYhCABBG TS A 10 LHev T HECH T EiliBrA Mitride layer 220 may
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the bottom silicon oxide layer durlon%a subsequent etching. Notably, as
forasttiha gk, thBetdisdlroH il dad il o garonthe ONORSijap pifpdgglayer
2Pormed by fdfhedBy wayiotexamplatadep®sentaivedHI0apsoeess. MAYis to be
B R T SRS P R o
beeSpactively nHbweverpitristddpesinue rstpo dathdisthescgrasdiiGe rhb odimbk ntauses
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flow rate ran[%e that will effectively produce a HTO silicon oxide layer, B};
g dHfe (Op WifcsRcextidamyes P18SRYBORTOIIb sk lqxsediding gubsequent
cfelih@les) that were formed in the bottom silicon nitride layer 216 during

depoﬁgto can be passivated. Passiv%Hon of thﬁlesle de e%t% can Q
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t
silicon oxide layer 214 during etching helps to eliminate silicon pitting of the
raé@pogf@@ugég’sccm and 60 sccm, respectively. However, it is to be understood that the

present embodiment may employ any temperature range, pressure range, gas combination
and flow rate range that will effectively produce a HTO silicon oxide layer,

By forming the top silicon oxide layer 218 via a HTO process, defects (e.g. —
pinholes) that were formed in the bottom silicon nitride layer 216 during deposition can be
passivated. Passivation of these defects can prevent damage to the underlying bottom silicon
oxide layer 214 during subsequent etching process steps of the top silicon oxide layer 218
and the bottom silicon nitride layer 216. Prevention of damage to the underlying bottom
silicon oxide layer 214 during etching helps to eliminate silicon pitting of the substrate 202,
which is believed to be a cause of gate oxide failure in devices formed over the core region

204 and the I/O region 206.



which is believed to be a cause of gate oxide failure in devices formed over
the core region 204 and the VO region 206. 8 Referring now to FIG. 3,
therein is shown the structure of FIG. 2 after the formation of an etch mask
300. The etch mask 300, such as a first etch mask, is formed over the

SONBgeEigivno08 dd¢hat theradNOMdayeh seuRirmed Blfer ddteote fegimtion
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composition and techniques using it are_ well known in the art and are not
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the core re‘i;lon 204 and the I/O region 206 by techniques well known within

rapiaa )b de 4 AareiBatordr ExARiBIEs tiehvieeuBaN BrodBsSTnaych as dry-
eempdoy a Standard Clean-1 step followed by a dilute hydrofluoric acid clean

stepw re tg% é‘%{y Iﬁ%o elr\leolta}gl the e pas |va%t|on %g‘i’fn enger SI (():[())gllhcon

nitride T ayer op s icon oxi e(fayer
oxidfeltenithinsthanoged mibiicansHitideokage @ d6 2 Hats mtghtq@r@mieover the core
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silicon oxide Referring now to FIG. 6, therein is shown th
clepiicii¥ecs RIS, et B bBIASATS ﬁﬁé&@ﬁ]ﬂYo"e%‘?é?rﬁl%l%Wé rrigRdatlore by

a Botiemyailicnimittide &mrs%igﬁvlﬁefemevad)tmmoqver the core reglon 204 and

the I/ re |on 206 b tetlcohnl ! gwetllorlﬁng %ﬁ’vhtp}ﬂlt eart % 0. of the to
dry-etc gy oetafbarsy A& Bottom sificon Sxide Iayer yI| e damage P

sitigeltoxw@ lpyecédithgatdh ate pesfdRefenting ﬁwvbwmllikomemdﬁléashom that
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way of example, the etch mask 300 can be removed by a Physical Resist
siBeAp ?Pﬂ@?ﬁ’b%’é%s and/or a Chemical Resist Strip (CRS) process. The PRS

procasg @My Gysap BN a Clhersistry ﬂsbmmayetthet@t@t;ﬂmk 3 enHetBBtom
RS pracess employs a sulfyric_aci /thro en perq |d followeccl1 @/
Si licop gl 8?@/& S remove ctliﬁ oftom_ silic l’llttl‘l e ﬁ){%r é 15 removed from
an an-1 process. IS InNtermediate stage, om S Icon
owxidies layer 12¢ntBe4battotnesilidongion 206 by techniques well known within the art,
such as dry-etching. Notably, the bottom silicon oxide layer 214 exhibits little damage due to
the preceding etch steps.
Referring now to FIG. 7, therein is shown the structure of FIG. 6 after the etch mask
300, of FIG. 3, is removed. By way of example, the etch mask 300 can be removed by a
Physical Resist Strip (PRS) process and/or a Chemical Resist Strip (CRS) process. The PRS
process employs a plasma chemistry to remove the etch mask 300 and the CRS process
employs a sulfuric acid/hydrogen peroxide mixture followed by a Standard Clean-1 process.
At this intermediate stage, the bottom silicon oxide layer 214, the bottom silicon
nitride layer 216, the top silicon oxide layer 218, and the top silicon nitride layer 220 remain

intact over the SONOS region 208 and only the bottom silicon oxide layer 214 remains intact

over the core region 204 and the I/O region 206.



nitride layer 216, the top silicon oxide layer 218, and the top silicon nitride
layer 220 remain intact over the SONOS region 208 and only the bottom
silicon oxide layer 214 remains intact over the core region 204 and the 1/0
region 206. 9 Referring now to FIG. 8, therein is shown the structure of FIG. 7

after Bréeforraagontoofian Sicherpask SoovTHe stohtwrask 30D, 7sHftd g dormation
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FIG. 9 after the etch mask 300, of FIG. 8, and the bottom silicon oxide layer

nigride ol G Ardl B The BRAY FaRK 30U diersBBih <likish o ferdiTAYetogsde
nﬁterireemoved from over the core region 204 and the 1/0 reglon 206. By way

of ex e and not limitati n the etc ask
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hydrofluoric acid (DHF). Referring now to FIG. 11, therein is shown the
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FIGS. 12-18 d]&glct a process flow employing a hot phosphoric acid treatment

SUF aHURIYERY At cifetir syutsHESsUI daxsrilsdiletrsONEsS, iAot dic ONO
stitbuRNDLher Iﬁfp@ﬂiﬂﬂtﬂ@eﬂfecga@%ﬂ@§qmbmrfﬁﬁﬁefﬁftﬁh@t RIEgs8ALsuch as holes,
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288%%%“@4%‘6@’6&86(1 failure rates.

FIGS. 12-18 depict a process flow employing a hot phosphoric acid treatment of an
integrated circuit system, such as embedded SONOS, in accordance with another
embodiment of the present invention. Per the present embodiment, a hot phosphoric acid
treatment is employed to remove a silicon nitride layer formed over a lower silicon oxide
layer. Notably, the hot phosphoric acid etch of the silicon nitride layer will not cause silicon
pitting of the substrate.

It is to be understood that FIGS. 12-18 depict by way of example and not by
limitation, an exemplary process flow employing a hot phosphoric acid treatment of an
integrated circuit system, such as an embedded SONOS, and it is not to be construed as

limiting.

10



It is to be understood that FIGS. 12-18 depict by way of example and not by
limitation, an exemplary process flow employing a hot phosphoric acid
treatment of an integrated circuit system, such as an embedded SONOS,

and it is not to be construed as limiting. 10 Referring now to FIG. 12, therein

is shdigfemmgnteytdtedl€irclit harimii200vn atdoiisried witviangsem 1200 in

1&RReRINGRh AhtAR PERRRAIRYEDTIAR. pthRINEAAEH CHiGUhRYSIRN c#&HPsystem
includes the substrate 202, the core region 204, the inFut/out ut (1/0) regé%nth
, the

1545 ngudes oL 1o Bod e Pradrsigtions: 219 Iy APENELRsiom
stphm)@&éggbaymslm fﬁifﬁhﬁﬁﬂ@d&@%};ﬂ bommsummwidemyamma@r 1202
f S@??ﬁk@iﬂé‘ée layer 1204, and a.top, silicop, oxide, layer.218.,The Gapg region
15 2 may mcﬁude numerous passive znd acfive devices, or combinations
siffroreofidsgeratidtPseparately or collaboratively. By way of example, the core

regioqr}.%O%(g@)fl ‘&@%Joﬁiﬁﬂ'ﬁﬁ@fﬁég m@yaghqy&éogifdf%ﬁ%naeﬁ@, or
I/0O region 206 is separated from the core region 204 and the SONOS region
OB RSFAOALIONEADE SCPAEINES FRYRPA2BYH fdtth¥dioveriuple, the core

reifistadend0AcAdtholghe ke pitasgriformboedigianbiscaiactidas disaIOBO region 206
. thickness ranges for the bott silican Qxide layer.21 sili nitride
RTI4TN Tl bR R 210
Tiee N Ghicyand 292 anyemal e verdhelyutspresédiative. In accordance with the

scopg, RhNSHVERMUQL NRRIGKBRSS 1BRIeLHSa6R: aYamis OnlYLIR ke liPiEHom

by the formation of an effective ONO layer or the prevention of gate oxide
sifiGRv ey mtelgrdbso irumisidedayen SHY, trbBotmilibras gkiedagks. it is
to2B84 una@yasoeitharpeavniotdepasited avendhey sefasteateiz02. 1M hecbaliare with
silicon oxjde layer 214 may pe formed to a thickness of betwee out
RO Shg it e e U D RAUE Her 1560 Ty BTGPt e by the
fahiciaoesy efi PétwmerDalsd Lity80 @bk Glcamgstrorh gakdditiofailyscitiistho tnecgrated
ci%lﬁ%%ﬁ%ﬂgltﬂ'ﬁ the silicon nitride layer 1204 can be formed by multiple
separate deposition steps (as disclosed in FIG. 1), which causes

microSEoPiABcoEARIREKIEH. By e thio B3y fBFnsdls gty Bath Japesited over the
supisalignoandriheseiniediten thainridenaa afdamagenta the Botiamsshiceitween

oxide la ré14 durin bsequent etching. The top silicon oxide layer. 218
OGS, AR W Rt SR e B T o
bdS@eangsino ¥ aRefd ringshomsto Al@itib8alflyerein s $leowmdeth®oirtetutieddilicon

ngllﬁe i’a%&fi%ﬁh&ﬁ%m%ﬂ%d by multiple separate deposition steps (as disclosed in FIG.

1), which causes microscopic discontinuities (i.e. — pinholes) formed within each layer, to
misalign and thereby reduce the incidence of damage to the bottom silicon oxide layer 214
during subsequent etching. The top silicon oxide layer 218 may be either grown or deposited
to a thickness of between about 110 and 150 angstroms.

Referring now to FIG. 13, therein is shown the structure of FIG. 12 after the formation
of an etch mask 300. Etch mask 300 is formed over the SONOS region 208 so that the ONO
layer 1202 formed over the core region 204 and the I/O region 206 may be removed. The
etch mask 300 composition and techniques using it are well known in the art and are not
repeated herein.

Referring now to FIG. 14, therein is shown the structure of FIG. 13 after the top

silicon oxide layer 218 is removed. The top silicon oxide layer 218 is removed from over the
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of an etch mask 300. Etch mask 300 is formed over the SONOS region 208

so that the ONO layer 1202 formed over the core region 204 and the 1/0O

region 206 may be removed. The etch mask 300 composition and

techniques using it are well known in the art and are not repeated herein.
cRefegtimgZAtwotbtik G O1ggipie /@ty shibwareievsthlienyre witHiGgha rafieehtiae dry-

clRn SHitRR QXidlelayet gl is removed. The top silicon oxide layer 218 is
removed from over the 11 core region 204 and the YO re%ion 206 b
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o8 ter tq(eBSBCQlanLask 300 Cﬁ]; Flg S%rif,d/igrr \g(e)d from over the SONOS region

€ remqve cess ste

% él.lalf%y way o?’exampﬂe, etch mask maysbe Femoved by PRS and/or
CRS Reéueeing seapty Réfelfingatow tosk@n 18 shieeairs isf SHowldthiées theaineval

oPIE\Gichr ﬁﬁ%etih%emm!.a'n&)é hesiligasue Hﬂgﬁ 18521 12RdvdEMIGOR the core

nitride layer 1204 is removed from over the core region 204 and the 1/O
reggbroB By AP pRYSPHc Y ci i RIg ERRE B PRy 6B m S, ¥ of
ehehflbogphasc Eeichi@atneiat faynempieyy ahaplo$Sato@abesitt8Saparcast percent

hosphoric. acid by volume. However, it is to be understood that the present
DB A eSS A e e R S b Gl og i, mas
cafflojently relmaveptieesitigort mitrsidfayercl® Ozt Aglhrdfitionsy sowe, tive shloton
nRR@spherieagid etch treatment will not cause silicon pitting of the substrate

202. Consequently, the likelihood of gate dielectric failure due to silicon

pitting s sty mererrifg howrheseheria reithsidintisaenerinviHeatreritheigeon

phti 36 @Eisubsgate monalcohdbgubationsilicameoxdder layer Adidctlibednattotue to
silicon. oxide layer %14 is removed from over the core region 204 and the 1/O
S1l1con p1 S reguced.
regloﬂ 988 ]by a pre-clean process. By way of example, the pre-clean
proce¥sfenay exnployFa(GtEhdergiClieahoivstdp followedbyl&dilotdter the removal

of WA BOHGH S RGH KRR Wit iatiorgt 1900 BAISHIDAROW LR H8:i I 8nhREm

is shown the structure of FIG. 17 after formation of gate structures 1100.

OYshtBestAliefigred PP AYCIMEIaE Yatd ORI 1 T2 PR Gate BINGY sthGeiiEle:
thb14-clBapgriaRtly nthe GaiR pXiden dO 2 R -osme tonsthalb dafetits ByGdMsoric
hgle;s, stJl?e to '%he ?l@&qce of silicon pitting of the substrate 202. By improving

a?heslﬁ?e‘ﬁlrl f othe gaté oxides 1102, the gate structures 1100 formed over
the cRdamegiono20w &ild. the th&eiegsomown the structure of FIG. 17 after formation of

gate structures 1100. Gate structures 1100 may include gate oxides 1102 or a gate ONO
structure 1104. Importantly, the gate oxides 1102 are formed without defects, such as holes,
due to the absence of silicon pitting of the substrate 202. By improving the integrity of the
gate oxides 1102, the gate structures 1100 formed over the core region 204 and the 1/0 region
206 experience decreased failure rates.

Referring now to FIG. 19, therein is shown a flow chart for an integrated circuit
system 1900 for fabricating the integrated circuit system 100 in accordance with an
embodiment of the present invention. The integrated circuit system 1900 includes loading a
wafer into a processing chamber in a block 1902; pre-purging the processing chamber with a
first ammonia gas in a block 1904; depositing a first nitride layer over the wafer in a block
1906; purging the processing chamber with a second ammonia gas in a block 1908;

depositing a second nitride layer over the first nitride layer that is misaligned with the first
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206 experience decreased failure rates. Referring now to FIG. 19, therein is
shown a flow chart for an integrated circuit system 1900 for fabricating the
integrated circuit system 100 in accordance with an embodiment of the
present invention. The integrated circuit system 1900 includes loading a
nijifetdyeoia prhedss:dieahvegiing shblpokerd02 chrarprirgitiyatiargronewsingas
ichamaerovith,ag fiteL REMOpIs-B&mIN-AB ek W04 h RRes Eind PRI RITdde.
layer over the wafer in a block 1906; purging the processing chamber with a

secoR SRR dasttFa Hlodierdmas hapdshiflg™ shebher dltriduagiptsdoiesuit
syherfirsoutriderdasiesihattis misatignedraithsiefira00Lt nistete daye withabiaknal

191Q; post- ing the processing,chamber with a.third a ia gas in a..
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fﬂ@i%%ﬁ'ﬁ%ﬁacga%%iﬁ §¥%&W1§8QQ1Q%JRRV 'Cﬁﬁ?ﬁ Hﬂ%&@tﬁ@@t@%lc%u@ﬁ&s_iﬁrﬁ' block
100 in accordance with additional embodiments of the present invention. The

10 P4t &irbaitRgeTiina sHBMRETUdL IGatiRgPd. WAHRIIALEY phocebigrly 1908:
dehambeniseacaltbakrikR0Ry arevet rain@rihaipi@cessingahiambariyéa avidirste first
mpnia gas,i lock 1904: depositing a first nitride layer over.the wafer in
o DR B et PP RS 2 Ll Ao G i b
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processing chamber with a third ammonia gas_in a block 1912; and pur |n:?‘c:;l
niidolyes sathiGcraAder fith lAYARAS §aT ¢l iﬁlﬁ%r@e&lalgimwaam&%%%, e
integraigekEirayiisystasd 180tmnaydncivde aonfiguriag theffinstnpitie eilaysitride
and the second nitrid er as part of an ONO configuratign {0 a block 2002.
R T TR PAEER EREb oD eI QDBTASS e e e g TR g Tn o
bloitki@804yer and the second nitride layer as part of each nitride layer of an

ONON GaRfiauatan ip rQJ&P‘éi?p%Q[“sﬁ{éﬂi“%%Jl}?datﬁgfﬂ%%gs‘r‘fﬁ%li&dditional

system 1900 miay include depositing additional misaligned nitride layers over

miseligaed AtriserlaeTagusifha sroRd 2B0ds oystHB AR #980Gntegrated circuit
systerAIRPR sravtheclhderRumpingideywicihel eessingiabapbapinado@skine

p2208; ramping.up first SouiGikaases to deposit the first altride Las{& Ina.piock,
%iﬁ, r%mplng up second SOL%I’CG gpasés IEO dseposﬁ secon%pnl riae layer in
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bﬁ%ﬁ%@i}'&%%&%ﬁ'ﬁdg zﬁi&lt?&%%lzgﬂ's%iigned nitride layers over the second nitride layer
in a block 2014.

It has been discovered that the present invention thus has numerous aspects. A
principle aspect is that an embodiment of the present invention teaches forming a silicon
nitride layer by multiple separate deposition steps, which may cause microscopic
discontinuities formed within each layer to misalign. By misaligning the discontinuities,
silicon pitting of the substrate caused by subsequent etching can be prevented and the
incidence of gate oxide failure can be reduced.

Another aspect of an embodiment of the present invention is that by forming the top

silicon oxide layer of an ONON structure via HTO, the bottom silicon nitride layer is

passivated and the bottom silicon oxide layer is protected from subsequent etching steps. By
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It has been discovered that the present invention thus has numerous

aspects. A principle aspect is that an embodiment of the present invention

teaches forming a silicon nitride layer by multiple separate deposition steps,

which may cause microscopic discontinuities formed within each layer to
pravsalign dBpagisialidaibgtvre diseuntingitidayersitideanpittimeg offtHe subgtattean be
pRAvsed hasuRseguentelehingicarbeiprevented and the incidence of gate

oxide failure can be reduced. Another aspect of an embodiment of the
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capabilities, and functional aspects. For instance, by forming a silicon nitride
19¥8fe PHY RIS YA At id5elausition ek pRotRh R RElindr LS &t Ansidsalying
sibsidadayarntopnechader ahsiieaninitrigecdayenr @lehine toslieeNsailideorward,

layer_by. hot phosphoric acid, damage to gn underlying, substrate cap be . .
LT TROTRLLTINY DS abe dhd EGURAOAR o SR wetePe
keosteffbotilvgjasnoohaplidatectatiyhiyited isaitiidicina effbetivenoanl banufacturing.

Implewaniee: By 2AARH RS ﬁ%&ﬂ%@s&%@ﬁ%O&Jfl?j%nﬁﬁﬂ&%ﬁﬁ%iéﬁﬁ%ﬁéém&u Wis

efficient and economical manufacturing. While the invention has been
tyBe et e e Shjtmetioh Almma iie crrdbisatipnodendt Yariag B il diserngaratio
tHeRNKAke matives: madificationsaferdoasiatgnmpuill. ba appdmnt, v ithagaded to
Rl T HETa e o G R Oe QSR AR el ape of the
TREITGAd 166 BIAEE an S9Ch s Ratles MG dieatioRs, “antt Vatiaose!
inghighl felhiwithimthengtepehahthefdrcheddoribldiensn All vimtter srhitireatofonpapging

ofh Rerin B Shown- i the, A RMARMYIRG nGrawings:, A to be interpreted in

an illustrative and non-limiting sense.
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14 THE INVENTION CLAIMED IS: 1. An integrated circuit system
comprising: loading a wafer into a processing chamber; pre-purging the
processing chamber with a first ammonia gas; depositing a first nitride layer
over the wafer; purging the processing chamber with a second ammonia gas;

THEPDEINYTA SN EdmiINEIdESlayer over the first nitride layer that is misaligned
with the first nitride layer; pgost-purging the iorc_)ces,sing chamber with a third
ammbnia ga¥! B Hedgis {h%yiﬁ?ﬂgb‘é?gﬂ& Chamber with a nitrogen gas. 2.
The dystienp as diaimedipretaining whaeriein: loading the wafer includes

loadi rality of wa T t s claimed in.claim 1 wherein:
Ioadi%ge%gll_%:l/n;%e%{?rﬁ{%%ﬁgeg{g%ggggsﬁeﬁg%ﬁﬁgm r%ral%c 5%% oading the wafer into
a lowdgnestdnga find micisleJapsodepssitiéftthamber. 4. The system as

claimglqg{hglﬁy%gb(fggm%r&gmggjw:ac&g@gyg%gl@gga@@g nitride layer and the
second nitride layer as part of an ONO_ caonfiguration. 5. The system as .
claimSP i A St RHE S HPRSET &gt R Ald B A&y thihe
second nitriflesiayeidaspatt of each nitride layer of an ONON configuration.

6. The system as claimed in clﬁlim 1 whﬁlreip:. gie ositing the fir&t nitride layer
OSt-pur, llbg he.]am?essm C amber\(x:/ll a thir ?Dmonl as,gn
and the scond nitride ayerprevents damage of the wafer during

subs@yueng Brehineesying lkbasyrsteryithy alivaemiges claim 1 further comprising:
depositing additional misaligned nitride layers over the second nitride layer.
8. The systeta¥ S edafrefhirc BitAnEr s iprising: pumping down the
procdsaitiggchamdter inaieingddinfirspsoaliceogasesdo deposit the first nitride

layer; and ramping up second source gases to deposit the second nitride
layer3.15 The system as claimed in claim 1 wherein:

loading the wafer into the processing chamber includes loading the wafer into a low

pressure chemical vapor deposition chamber.

4. The system as claimed in claim 1 further comprising:
configuring the first nitride layer and the second nitride layer as part of an ONO

configuration.

5. The system as claimed in claim 1 further comprising:
configuring the first nitride layer and the second nitride layer as part of each nitride

layer of an ONON configuration.

6. The system as claimed in claim 1 wherein:
depositing the first nitride layer and the second nitride layer prevents damage of the

wafer during subsequent etching.

7. The system as claimed in claim 1 further comprising:

depositing additional misaligned nitride layers over the second nitride layer.

8. The system as claimed in claim 1 further comprising:
pumping down the processing chamber;
ramping up first source gases to deposit the first nitride layer; and

ramping up second source gases to deposit the second nitride layer.
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9. The system as claimed in claim 8 wherein: ramping up the first source
gases and the second source gases includes ramping up dichlorosilane and
ammonia. 10. The system as claimed in claim 8 further comprising:

depositing additional misaligned nitride layers over the second nitride layer.

11. A% integFheesasttrowit SpanethiesipriSingeisraviding a substrate including a
core regiafe 3} WMOARIINAPIAIGNQR reginn siRrmingashatiam stieqing up
oxide layer over the substrate; forming a bottom silicon nitride layer over the
bottom silicSIF RIS R 4SRMY & top silicon oxide layer by high
tempggatureygxidation,over fie hotiom lisen nifrdeayer: forming @ top
silicon nitride afér over the op silicon oxide fayer;pforn%hg a first etch mask
over the@ONOS fegiehméswiinef thitridsp sititory erithid eckapdrnitnide dpysilicon
oxide layer and the bottom silicon nitride layer formed over the core region
and thé 1/0 PEgRIREATHSTIT HE TS C RTINS K from over the SONOS region
and fprovidh g satnnatetsllumask @rerdhiocarelogigibanadhes ANDsgas:;
etchir%grthe to%stitlicon.lnitride JS‘%?V formeqhoveli)tpetSONOS region; removing
the secondtetch mask and the botton silicon oxide efayer formed over the

core fegiongarizhbtieen Bilree gidnd lageformirigedateostrulitarescslgdrybie core
regiofy,{hie /0 (69IANRBAb G SBNO RYIPRmberalie SYRIGMASElAImeddfiom

claim 11 wherein: forming the top silicon oxide layer by high temperature

oxidation pasioatei&igfelaptfitom silicon nitride layer. 13. The system as
claimgghiinglaifvp kilivdrereinicfRiRidgdhade silicon exidadayer by high
temp?rature 0 idatioq l[greventst%tecg&gocg rth{-} bottom silicon oxide layer

duringogflé %nag otthe opassl?l%‘f)errl oxide Iayer.e‘?Lﬁl.lThe system as claimed in

claimelhinvhéreinp fohmingithdetdpy silitertaxide tayeridylighashtpebattre silicon
oxidation preyenis.SilicRpmPitog: %JG&@%’%&@&E@MQ PPsuPsfauent etching

steps. 16 15. The system as claimed in claim 11 wherein:
removing the first etch mask from over the SONOS region and forming a second etch

mask over the core region and the I/O region;

etching the top silicon nitride layer formed over the SONOS region;

removing the second etch mask and the bottom silicon oxide layer formed over the
core region and the I/O region; and

forming gate structures over the core region, the I/O region and the SONOS region.

12. The system as claimed in claim 11 wherein:
forming the top silicon oxide layer by high temperature oxidation passivates the

bottom silicon nitride layer.

13. The system as claimed in claim 11 wherein:
forming the top silicon oxide layer by high temperature oxidation prevents etching of

the bottom silicon oxide layer during etching of the top silicon oxide layer.

14. The system as claimed in claim 11 wherein:
forming the top silicon oxide layer by high temperature oxidation prevents silicon

pitting of the substrate during subsequent etching steps.

16



forming the top silicon oxide layer by high temperature oxidation prevents
failure of gate oxides. 16. An integrated circuit system comprising: providing
a substrate including a core region, an 1/O region and a SONOS region;
forming a bottom silicon oxide layer over the substrate; forming a silicon
nitridé3ayerldgey shrangstebmmsiliconldridé hseinforming a top silicon oxide
layer QygfdhensiliGe Qs 18y &lye fuyming Ahichdnaski st R RN B Fure of
region; etching the top silicon oxide layer formed over the core region and the
/O region: ¥&MBVIERSthe etch mask from over the SONOS region: etching
the si[iligon n&ride la er formed over the care region and the 1/0 region by a

. n inte ed circuit system comprising: - .
hot phosphoric ac Trea ment; removmgp{he Bottom silicon oxide layer
formadayidinghes donteare giondanglaherd fegivagiod/Qaregifor amid g YA ngetones

over qlggrﬁgéed 'iﬁ;@ﬂ&&sm@oy&[@@%%%lt% SBNQS region. 17. The system

as claimed in claim 16 wherein: etching the silicon nitride layer formed over
the tHE'EYRE AeHfiGAAHH Y FOPEGIBR bR A HBE RSP Ecid treatment
preveimpiftin@philiesobisk aieerl8.clthe systemiatieayaed in claim 16

wher?ln: etchin Ctpe %yfcon qﬁrlgﬁ)ﬁxgrrformed over the the core region and

the 1 8?lelrgl‘(foarlll y aho (p)) ecgsp‘ﬁorlc adid treatment prevents failure of gate

oxidegichig ety sileronass clainyedfinotaliovdishwltere mgiotc ikddhh B @ itieam:
nitride. |y eh INGLERR ANRERAPSPIAHS %i@'d&el%gl%%m employing about 55 to

about 85 percent phosphoric acid by volume. 20. The system as claimed in

claimeidih die il e pait ke xsti domastiuer direrairciadies mdithad/Setsgiaieby

deposition gtepshosfliehc aaidsesmigi9scopic discontinuities formed within

each I‘Igl}{lg{‘/ltnog rHllg %qug)hg%ilicon oxide layer formed over the core region and the 1/O
region; and

forming gate structures over the core region, the I/O region and the SONOS region.

17. The system as claimed in claim 16 wherein:
etching the silicon nitride layer formed over the the core region and the I/O region by

a hot phosphoric acid treatment prevents pitting of the substrate.

18. The system as claimed in claim 16 wherein:
etching the silicon nitride layer formed over the the core region and the I/O region by

a hot phosphoric acid treatment prevents failure of gate oxides.

19. The system as claimed in claim 16 wherein:
etching the silicon nitride layer includes a hot phosphoric acid treatment employing

about 55 to about 85 percent phosphoric acid by volume.

20. The system as claimed in claim 16 wherein:
forming the silicon nitride layer includes multiple separate deposition steps, which

causes microscopic discontinuities formed within each layer to misalign.

17



