| NTEGRATED Cl RCU T SYSTEM | NCLUDI NG NI Rl DE LAYER TECHNOLOGY TECHNI CAL

FI ELD The present invention relates generally to integrated circuit
systens, and nore particularly to an integrated circuit systemincluding
nitride |layer technol ogy, BACKGROUND ART Process integration for

enbedded silicon/silicon oxide/silicon nitride/silicon oxide/silicon
(SONOS) technology is an area of interest for the electronics industry,
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(110) regions between non-volatile nmenory regions and core/l ogic regions.
Thi s enbedded SONGS 10 arrangenent is found in many of today's integrated
circuit systens such as, cell phones, portable music players, video caneras,

and conputers. Central t j ed circuit system processes,

i ncl udi ng SONOCS processes, is %ﬁeﬁﬁl%ﬁ%ﬁﬁﬂ a silicon nitride (Si3MN)
layer. Silicon nitride is often used as a passivatiqn |ayer, a mask
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chem cal vapor deposition (LPCVD) has energed as the process for depositing
silicon nitride filnms with superior properties. Despite LPCVD

advancenents, silicon nitride BAGKGRIOWNDART to discontinuities such as
pi nhol e formati on. These pinhole formations not only affect the integrity

of the sili qBcedd 'Iﬂté%rhﬁi@ll fyreréntiddasd ekiviesn/sititén t beie/ilison majtridé/fiticon
adj acent |layers as well. For instance, during the renpval of a silicon
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gate dig%‘rt% rh G [ ed still remains for the formng
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suggest ed any sol utions and, thus, solutions to these problens have |ong
el dded the bitisen witiidd n jshouldhdisptay. a high film purity and density, uniform stoichiometry,

and a uniform thickness. Low pressure chemical vapor deposition (LPCVD) has emerged as
the process for 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
20  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.
25  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



DI SCLOSURE OF THE | NVENTI ON The present invention provides an
integrated circuit nethod for manufacturing an integrated circuit system
whi ch includes | oading a wafer into a processi ng chanber and pre-purging

t he processi ng chanber with a first ammoni a gas. Depositing a first nitride
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aspects aren hose’ § from a
thesfolth@yugkglddejhahdaed description when taken wlth reference to the
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS FIG |

is a generalized process overview for the formation of a nitride layer in
an 20integrated circuit s i I i enbodi ment of the
present invention; FIG Zﬁiésghsﬂ&%gégéﬂ%ﬁngpﬁgyst emin accordance
wi th anot her enbodi mnent of the present invention; FIG 3 is the structure
of FIG 2 affher plten@tflevmmmrowﬁesann aniehraeks Rirc @ethpd; for tREUGIEiEIAR of
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Fi Ci 7 is the structure of FIG 6 after the etch mask is renoved; FIG 8 is
t hd Ost rquet theewefer mdpurgingsthe pracresingshembien withra sgsord ammegig@as. Depositing
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chamber with a nitrogen gas.
Certain embodiments of the invention have other aspects in addition to or in place of
15 those mentioned above. The aspects will become apparent to those skilled in the art from a
reading of the following detailed description when taken with reference to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a generalized process overview for the formation of a nitride layer in an
20  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;
25 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
30  over the SONOS region;



FIG 11 is the structure of FIG 10 after formation of gate structures;
FIG 12 is an integrated circuit systemin accordance w th anot her

enbodi ment of the 5present invention; 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 t ilicaon oxide | [ empved, Fl 15,1 he st.ructure of
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FIG 16 after the renoval of the bottomsilicon oxide layer; FIG 18 is the
struct ure of FIQ. &l idtheafruemrefofiilG 49 per fofmgimeofpatastugiuess; FIG 19 is a
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and 5| Gredddt insveatidd;ow chart for the integated circuit: systemfor
fabricating the integrated 15circuit systemin accordance with additional
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and it is toFlee 18hggestroadrd sTRIGO1 hafteraid owdh meask $s 2thowedtl d be evi dent based
on the present disclosure and _that process or nechanjcal _chgn es may be
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t horough under st andi ng nventi on. wever, | e apparent that
t he i nventi oFIGrEY ibtheptracttirecfdIGi 1 hafitr ohestensfepid stmctiedsai | s. I n order to
avoid Obscurlj:ljag lt9hlg apﬁ()ev§ %ﬂ;.rt if(g]rvaef\lnllniteogrr]éted circuit system for fabricating the integrated
circuit system in accordance with an embodiment of the present invention; and

FIG. 20 is a flow chart for the integrated circuit system for fabricating the integrated

15  circuit system in accordance with additional embodiments of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The following embodiments are described in sufficient detail to enable those skilled in

the art to make and use the invention, and it is to be understood that other embodiments
20  would be evident based on the present disclosure and that process or mechanical changes may
be made without departing from the scope of the present invention.

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,

25 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,

30  description, and comprehension thereof, similar and like features one to another will

ordinarily be described with like reference numerals.



15 sonic wel | -known system configurations, and process steps are not

di sclosed in detail. Likew se, the drawi ngs show ng enbodi nents of the
invention are sem -diagrammatic and not to scale and, particularly, sone of
the dinensions are for the clarity of presentation and are shown
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nitride |ayer forned by i s "'enbodi ment is conprised by nultiple separate
deposi ttodhe botepn siliche oxideilayar during ithietopasjlegonsaNidd etthing prangss. adlthoughrihe e

silj.con.nitri. lLayer. w t suf f.i ci. ent, .t hi ckne to performthe int.ended
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capaci tﬁ- regardi ng sem conduct or. manufacturing. For instance, the 20
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silicon oxide/silicon nitride/silicon oxide (ONO) layer or a silicon oxide/silicon nitride/silicon
oxide/silicon nitride (ONON) layer. Furthermore, each nitride layer of the ONON
configuration can be formed by the multiple separate deposition steps described above and in
25  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
30 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.



The followng is provided as an exenplary iLlustration fbrthe formation of

a silicon nitride layer by nultiple separate deposition steps and it is not
to be construed as linmting. Initially a wafer boat, with one or nore
wafers, is |oaded into a processi ng Chanber, such as an 1_, PCND chanber, in
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thick nee%?ploy any flow rate ranges for the first source gases that effectively forms a first silicon

25  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
30  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,



300f the final silicon nitride |ayer. By way of exanple, deposition
step one may enploy a tenperature range of about 650 to about 775 'Eland a
pressure operating range of about 0.2 to about 0.5 tom However, be
understood that deposition step one nmay enploy any tenperature or pressure
range that is effective to formthe first silicon nitride |ayer.
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that the present invention nmay enploy any flow rate range for the third
am20ni ailicon 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

30  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.



5gas that effectively purges the |, PCVD chanber. After the post

anmoni a purge step, nitrogen gas, such as N2, may be delivered to the LPCVD
chanber to purge the systemin a block 120. Subsequent to the nitrogen
purge, the LPCVD chanber rel eases the vacuum seal and the systemis brought

to at nospheri rressure.in bl ock. 1 e.wafer.boat is then unl oaded
from ther 1 GRS QB ep b Getee 1P VGHARREE s Biert oy T pos THBARE e
pr ocessprbbQWwi@a thita aﬁﬁﬂéﬁiﬁgﬁéﬁ%ea wibcrams. nBﬁWa?b?@xeﬁhﬁl@,%& tEMEiRRbnaYal as
an enbedded SONCS, in accor er “enbodi ment of the present

ance wth anot
i nvent i may ePgltoyt iflowerdto dinging fromhaboubp0Gitd ke H0oxtwe Hayeveroft inthbe t om

silicon ide/bottomsilicon nitride/t siliscon oxide/taop. siti.con ni.tride
(o B RgBF BResenidRTerbigh mySraOy Binp 8PS ol B3 tiep ahpgHid

Al 't Bougdhs thdl RffRétRefNpuresd®EIPEVD defhsdrs 15 an ONION configuration, HTO of
a top silicon dioxide [layer in a bottomsilicon oxide/silicon nitride/top

silicon oxi ddfterthopostanihenip RLrasHteps nieesn 18ps. fseels ppNe, may be delfgredstoithey of

the to ARC L de -1 TO pr e j i . i

oo VR REBL Al B Bty IO REOTO SRR Sbedl A S
wi t h EITEC¥D dhamieOxdiees thy @aciunt Sl pidiheBivdtems bfoughictol angospherib pickaire
silicon dioxide |ayer duri ng a_subsequent 20 wet clean_ step i s _reduced.

Consequirithlgck 132 tThegvafer basbisshesenlandeddmm figrld @k Padamber igradlegkel 24.
preyented. prgq %—;} 1 :d?%{c a %dﬁ@rﬁ&&g AobRE e Uif%%&% o¥eR 'irﬁgﬁ%\(}v‘%?’}fui?f

exanpl e and not tation, an exenplary nodi rocess or the
f or mat i gystend, sach dsninegitaiided SONQS, in sqcstdanye with nathenemsrdbacdoed IBONES;Nt and

it is not to be congtrue s limting, 28Referring nowto FLG 2, therein
i s showAVERont JiFatit _Hp?ntsyﬁ? fp zﬁgé% Bty d@ﬁfﬁfe"&@"t OHpGt fikiFon
enbodi r@aaefaéu&ﬁ%ﬂﬁfoﬁSﬁﬁide/teyeémﬁdoanoxiﬁaf% gith%gﬁ 3iede CAONONY c'é)@bﬁﬁb@qg

i ncludes a substrate 202, a core region , an input/output (110) region
206, a GENORd nelgigbneap@atusTeiflaionatHiMs AltBoughn thegpre@NOBmbedigrenPdepictThe

| fyrther i d tt i.l i con. oxi de |ayer 21 bot t
o cormoNpotigyaios T ASFE b iongodus Loabn apifons S80n Ay sfight ' O™
si | i comitdeftbslSilicéy 8Xidé EONO) configubi it egudIRHeNibl¢04 may incl ude nunerous

passive and active devices, or conbinations thereof, operating separately
or col | abor didrmatign oByhertpp wlicaxaxige dayer by dEPepromyiesnpasgixatianyobpinhelss

copar at BTHE b B5Tes sMebf R334, oy HESLRAE L Bbhle2 ok &fon ' ©

f or mat i 9ige Béts, theeréBiBHith @Y @fch#ik’thk Doftomneileddvdibxitle tayst Beiifigh utkequent
Al t hough the present enbodinent is about to disclose thickness ranges for

t heObot WeSraledn steis tsdnesd. | Gonseauendy, pikingyoft themubstrate anl gate oxyle fadysrare 16,

t he topprg'énite%on oxi de layer 218, 5 and the top silicon nitride |ayer 220,
it is tto he understood that these thickness ranges are nerely

repr esent at ily &, tolbe vadestodd nige FMGE 21 hdepicoipewaf of beamply end hetrby lirhiation,

t hi ckness range of each layer_ is only to be |imted by the formati opn of an
ef f ect i e Y Bpdificshprogrss Jow fonthedamestiogpfan dategratddficyit sy§ieme sigh as

i ntegr %%@dHQ&'S&)N@SS, LEA29R0t to be construed as limiting.

25 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

30 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



The bottom silicon oxide |ayer 214 may be either grown or deposited over
the 10 substrate 202. The bottomsilicon oxide |ayer 214 may be fornmed to a
t hi ckness of between about 20 and 40 angstronms. The bottomsilicon nitride
| ayer 216 may be forned to a thickness of between about 30 and 60

angstronms, The top silicon oxide |aye y he f d athic ss of
bet ween's ZEpATated drom dhey aere JaGSR rzﬁﬁba.nd‘lth% %ﬁfﬁgirﬁl% 38% WTS’r $t]gfqr‘§9%‘?ns “may
be forr’qalge@ﬁﬁt}ag%%]}?qg%med%y\ﬁ@@umwzw and 30 angstrons. It is to be

15 under st oo e bottomsilicon nitride |ayer 216 and the top silicon
nitride | ayeAltRAGhrthy pieserft@mbedintgnt mdbouptoedisdpmrthicknate powes faothesbesn (as

di scl dinF 1 i i Cr. i i tinuiti i, - -
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etching. 20Notably, as ment’ioned above, the top silicon oxide |ayer 218 of
t he ONONetelympread¢itaties. f loravecrdbycexivish Bye seape of thexavgition, the thigkreserangeiofe HTO

process y. enploy a te rat ur out . 800."V, re f 0. 36
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r espect pr@dnyion 0P pEé @kidel thilir® i hehftepR@Rl cicaRdydthatobhe present enbodi nent
may enpl oy any tenperature range, pressure range, gas conbi nati on 25and

flow rate rahebotiem silican exidecleysrellf praydbe eithenngrayn o slepositedeoyerytbe .

By form t.h o] Kl jcon.oxide. 8 yi I (e.g.

o iy THBRek Soh LA R Rl B ARl B ot BhaAEER drbenimy

during £RROI0t inAN4C anghitongas Sheab@dm BARSH wdtridenlagér 21t aeyded dathsedc@na

prevent damage to di e underlyi n% bottom silicon oxjide I@éer Zé duri
6 0 8

5 Ubs oq UBIKNER &7 Hrep pnotot 30138 SOGMEBRME op S 1PP SUROBRIHE IPEF oS08 88 and
t he bot il L& L an T i f idofl iR

under | yifogrg&g'(t)d[%g%&s&k% é{)ﬁ&‘é)g%ggqugégrangﬁﬁ%g %%tﬁgnsgt’{:'lﬁ?ﬁg%ﬁlgogs toeé?}{eﬁ‘i nat e
si | i con20i tialynige 6frniel etosaibtisitkeese of Gi2fwendni about Sl Obald 80 engstoonbe dt tates be of

ate oxide failure in devices for, over the core region.204 an he 1/0
ecion. giskrstcod thatthe Degerarsicon o da oF EES T UEHGR &1tROR SHEo ot ) ey
struct U&eﬁ fHnef! @I« n?lllﬁﬁlkﬁ]epawxggekﬁé}i{dgﬁiohosne&f (a@%i@élﬁiédsn%s\lkléoﬁ, wWihien @hedas mask

300, such as a First et , formed over the GS region 208 so that
t he ONGMNidrasgepic2difcdntinmitiss di.er —t pishales)eformgi owitiio4eaghdlayére to /isplegi end 206

may be renpved, The etch mask, 300 conposition..and techni S using it are
ol | KGR iR A eTangr of Grmige 1 o nian de 10y Epl ShRRatasly o
Fla 4, &hgpein is shown the structure of FIG 3 after the top silicon

nitride layer 220 is renoved. The top silicon nitride Iager 220 is renoved

frc¥ over t H¥otablyeas mghtdonedGborn dhe top sil@oneqyidmlazoe? Iyofithe AN QN dayoral

ther oi o SBrbRY BRD. SHHERef R BBIG MRS OTPA (B I Py s

218 i s tepipeMAge of ABoUtOOST, aGREsOx cfabbay@B6 238 dnd DESRME ditfousraxidecflow he
core region 204 and the 1/O region 206 by techniques well known within the
art, suetesas ahowiel0 sqcanpnd PO scER.aigpestivelite Hpsrever ahls tarsundsrsiped tBaphey a

ohor e (REPEFESIRGE ) LANRD Y, BBl Y, il AndE % KRFRRLED

si 125conandi fldw ekte tampe tha? 1611 bffedvVED @ddidea HOP sflidonaaidedayate | ayer 218 mends

any defects within the bottgmsilicon nitrjde. |lay 216 that, ni gh rovi de
m cr o- channeP¥ fpBRINgREe fop pulicqnopxide 1a¥ea 18 SHeéi §é‘0t Br%l??sa(filsglgtcg?eE tTom

sili Corbiﬂff(i)lgﬁ th@wEreZdfned 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
30 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.



Referring nowto FIG 6, therein is shown the structure of bottom 20
silicon nitride layer 216 is renoved. The bottomsilicon nitride |ayer 216
is renoved fromover the core region 204 and the I/ O region 206 by

techni ques well known within the art, such as dry-etching. Notably, the

bottom sili oxi de | exhi.bits little dama o.th recedin
otch steps REraE Ry RURG o Besngs shite HerpehEnBaRid iEald e flblss H S
6 af t eroft fe oRhGHadl®S40. 7 Thd Wbh RfasiEBGY, sichi & 4 GRRVRSh nf¥k B YoRhePsAHRLE, the
etch mask 300 can he renoved by a Physical Resist Strip (PRS) process

and/ or SOBMScgmn 28 sb shat Sha OPQNCRSEr Prbisewsd oVerdhPRSepegor 284 anptheyd a

pl asma chem stry to renpve,t etch S 00 and.t he rocess enploys a
UT ur i R Aer Py B5aRTRERhx e ieino- 10 Fronetter tu EenRRe e € IR

pr oGes Swelfkndwih f1 thebRNB dicdio? réfed@8 hetdie bottom silicon oxide layer 214,
the bottomsilicon 30 nitride |ayer 216, the top silicon oxide |ayer 218,

and the top Reéfeirmgmow to Fide 4 diessin 29shaventie sirpefteecal Ftep aftee thednpsilicesyi on

208 20 RO E%2H5! DL PRl GRS TR R Lo

t her ei nrep®nsiEMEnd the IBOregibd W6y ekmiqiesaveRknbva Wiatiiiehe art, efichasms étyeh
mask 300, The etch mask 300, such as a second etch nmask, is forned over the
core re’?j?}Bﬂg-204 and the /O region 206 so that the ONON | ayer 212 above the

SONGS T egi Ongtgginré%vxb{% lekﬂf E‘ler(;li-ﬁ' & %0?\&1&%@%&&9 SRR iiatdepﬂlqug giliﬁon .

t echni ques using it are we nown 1 n art and are not repeat erein.
Ref er r i oxgden et D1 FHsGemByed. hEhetap sibcahanide tdyer 31§ isatmbecdfrofal &er headdrer t he

top silicon pitride |ayer 22 f FIG 7, is_renoved.fromover the SONOS
r egi on $880 Z%Heaqdpfgeﬁ FeRtn 2?@ ?’D’d‘é"h“é&’@? WEHOKIRR BN 6 SHSP & Rt i de
dry et Clicap tﬂ‘br%x%‘ngm , 8! aldidhipfodls ?ﬁk%@}ﬂ%‘ £KtRAardlORS-8 st 81159 b FI G

10, therein is sho the structure o after the etch mask 300, o

FI G 8,a dihde hiroBootiomid cleaw stap ostictbetht satieris 20&:1are renoved. The etch nask
300 ,and the bhottom.,silicon.oxi l.ayer 214 are .r,enpve r,o er.the core
Fegion 204" aNUP e tReist o By R, FTisaR e TRAT Ao HByHRL S o
L'im tatdigdbn 608 BlyeP 20 5Hend9AnG aRfRE WRABVAE BVtolN&litdRonARdl RiyePRE BHapCcess

descri bed above, and the bottom silicon oxide |ayer 15 214 can be renoved
by a conigbhtprowidé¢ neicwactiangelp o duws dispétsied einctRiemt cipeeips (hatteck Hict bottamhe

devel oper  RCA | oyi,ng diluted hydrofluoric acid (DUQ Ref erring
now to @fﬁnﬁqeﬁﬁnﬁ%’%ﬁh is shown the structure of FIG 10 after formation

of gate strurdfuirdg dobo FIB! 6, fikrditt i siRsvnl #RO0stARYré OE IFUde 5 gdlee tiaxbetesn 1102
or a gate ONO structure 1104. Inportantly, the gate oxides 1102 are forned

wi 29outsilireneanitride layerr? 14sis emneved. 2bhe beftork silicar nipde hasr 816 45 ramaeysd giant i ng

foth , . . . . . 02,
Che. gatLEI B relon 28 dIRREHI Seldif 208 bEIE NG WORRHEWRRIES ot O
206 expmch ends-detingasethblygthabatoimsiison oxide layei 18Sxhidts 18t clémage dueps ocess

fl ow enpl oyi ng a hot phosphoric acid treatnment of an integrated circuit
syst emthe pieseding gieBsteéd SONCS, in accordance with anot her

Referring now to FIG. 7, therein is shown the structure of FIG. 6 after the etch mask

25 300, 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

30 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.



25 enbodi nent of the present invention. Per the present enbodi nent, a. hot
phosphoric acid treatnment is enployed to renove a silicon nitride |ayer
formed over a |l ower silicon oxide |ayer. Notably, the hot phosphoric acid
etch of the silicon nitride layer will not cause silicon pitting of the
Ssubstrate. : t ] be. understqgod that F 2- 18, depi ct. by way
of exanpl e a%%feﬂB‘th %DF ﬁ-rﬁtﬁ‘a‘?ﬁad? S %W%ﬁl?nsﬂﬁ”ﬁ%e B# _@%séaf?‘ffgw g(?ﬂﬂa Ytng a
hot phosminaiditmasd Sho. reRid& add 360) shdh KA RESHH Gt HIK iSHTheIbVE IR an
embedded SONGS, and it is not to be construed as .ng. Referring now
t o Fl G region 200enditie 1/9 region0a 80 that SurGNEN kiyerc2ii2taboye therRQNOS region 20

accordance.w t h anqgt her .enbqdi ent of .t he nt invention. T iLnt egrat ed
ot our gy b aheheSod e s S soE it whb B R W Bl w el Sl He
i nput / omb RHtand lrdlot rEaRA hély. t he SONCS regi on 208, sm formations 210, and
an ONO | ayer 1202. The ONO | ayer 1202 further includes a bottomsilicon

oxi de | ayer Rafarring now fcBi6- 9 therein i3 shpsyn theslructaredo i 1Ce 8 afier thedap siticera

| ayer 21 h r.eql i hcl p i

e At dnser BB T BN HhaT e B RSB UBpERLF sh

col | abotigtidevRlyyr 2BY mByb® rerfasdpbe a iitredecdfyeettle git a Agh welyctivdty msoside ogi C
circuit to performvarious logic functions_ The 1/0 region 206 10 is
separ at®B@efiglom t he core region 204 and the SONOS regi on 208 by STI

for At i ons zﬁ&em%%oq\g ﬂ’lqu{) &1%1%?11 jsssht)alﬁ qﬁgﬁﬁ}éﬂre BP?I%.?@?&&‘%@&%Q fask

Al though the present enbodi neht I's about to ose thickness ranges for
t he bot30do$ FIG.c&)rand xhaleottomy eilic@d dxide heyes 21 4 amrremioved. d€hé¢ etgbmatR 000 andid t he

top siljcon oxide |ayer 218, it is to be understood that. these thic Ss
Fanges. i PoHeRetoorards Beh e ate eiTorL SRARALE DR CRTS oD Reath S

i nvent i Qpiont 7. tﬁ}r%ﬁ% A A0E 88 BRGY WA BF lihStaBBh Viht QtdEmbiTBOGab¥e t he
formation of an effective | ayer of the prevention of gate oxide failure
i n the iemosgd by évt CRS @ud/or BRStreoces? @ cribed abovEhandgbe bottersisilicon nxiggilaisr | ayer

214 may, be either gr or deposited over the s trape ,202. The hotdom

o1 1 1oor s SuRed By g ER0) Flraniog mory SERELTBE SR R 20
and 40 tﬁ@ﬂé&él(%&RdKD%n&ﬁlb&iﬁgﬂilﬁieﬂh gRfluddehbcid PRy be fornmed to a

t hi ckness of between about 30 and 60 angstrons. Additi onallé, it is to be

under st ood theferringenosy to Flen 1hi thetedeis|shgen thogmegua opEIG, T grmationiopl e

separat e, deposi ti t s discliased in Fl whi e

m cr os c%%? ég%a‘isf%rc?%ﬂ??@uf‘?ft%%{%t‘?%"? Cl-lagi n??’ofnecslf f%#érrg)éll\a% '? E?%%ggc% t(f %I/\Ieg , to
m sal i stiucané 11Ger Biporfaatiicle khe dxitids de 02 arcofondada@dotitaddiéugs, BotH amdléd, i con
oxi de layer 214 15 during subsequent etching. The top silicon qxide |ayer

2180maydusdodhe Rlseneg elwilieen piéiesek e spbsteate 2% KRe dawervingethpapisgatyrfithe 10
d 150 ferr i, i :
ot r vt S GFUEP T2, e gaye LRSS T190 Tl (e b reldi DU e POMBLET

i s form expetierdchdeGEEB fiitge enes?208 so that the ONO | ayer 1202 forned over
the core region 204 and the 1/0 region 206 may bc, renmpved. The 30 _etch

sk 300 conBUes okt AFick ENPYUSY GUIRY R = HPEPIRPRORNGHHA AT ORRE and
e TGS SRS, ey [RGB DO e Sy st
Thest opemsbddiment afthd eprésayeinvdtdon. s Peetievigdsent embodigrent, ehot 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
30 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.
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core region 204 and the 1/O region 206 by techniques well known within the
art, such as dry-etching followed by a wet clean. Referring now to
FIG 15, therein is shown the structure of FIG 14 after the etch mask 300,
of FIG 13, is renoved fromover the SONGS regi on 208. By way of exanpl e,

the etch na 00 may be nmoved by. PRS_and/ or .CRS pr,o t .
Referring n(s)lg‘?ffs’%mlgl A f%,ﬁlﬁe]:éeit r¥1§ ISHOW ﬁbl‘gFRng%fiu‘f%g’% fssyls—’ﬁ%%s]%%o Hter
the renpyaldafde Wille asdthérC@b Uit bhtdT tﬁ@idfeﬁenjf %%nti&g e;l"ﬁé lﬂté@ﬁteﬂ' icfréﬁiggyste%/ er

1204 is renmoved from over the core region 204 an e 1/Oregion 206 by a
hot pho&i®Rdnélodescthd sebsttate 2@ tthe pore rBgionP4othearputpiugput (HE) hegiopRds hor i ¢

idt t baut to ab t 10 hor, i id
by vol usia ORoteta 208 R ofs s o g paf B DN HARFE R0, oLk PRREIBHE 11872 ey
enplsoy fapterRicHiles RESARH aiRoRToxRIROBPHOP 14 Asilidort Ratidvildyer aDba cating ltyp

renove the silicon e |ayer 1204. As mentioned above, the hot
phosphotilieonawids layas218r eat ment will not cause silicon pitting of the

substrate 20¢,. CRNSeAMGntbys 0P hLiELT ARRG0! Hake: didl GEhd Gl upe due
. e WTtlo )

to 15 silicon picﬂe’l NG s fedud erring no ’herein

i s showpdnititatidhs HedrévTeopdrathlgGepid@atadf beolldberdiiRsBy aBy efaytdfexhmplep thesdoré con
oxi de layer 214. The bottom silicon oxide |ayer 214 is renoved from over
the cor€gipagldmaoert anad legie cirpw) toeRfrRMAGEIoBY logig uactionsa Therlde aegion BY6 way

of anpl 1 . K -1

P ol s sEpardeO REF 620 (PHEE 353 JRNE KRNV Bedth 808 SHIRfnfrighoRo.

Ref er r iTigg ON® lagerAR®R isl®rmedeverithe subsshto@02t he structure of FIG 17 after
fonnation of gate structures_ 1100. Gate struyctures 1100 nay |nclude gate
oxi des 1102 /_%'?h%lgbélﬁf‘epf@@tgmbe bisiapgyt tolflrfrifgﬁsﬁéﬁﬂ}%ﬁss f%%%e@h%‘m& 1102
are f 0rﬂ%n%xﬁd&ﬁ%er%ﬁ%%%ﬂizcﬁﬂggtﬁiéé 1yl £504, Link9op Bﬁc&P&G&&%%r&le%' kiigon

pitting of the substrate 202. nproving the integrity of the gat’e_ oxi des
1102, tthébegatdersgtodubatuthes:s thidk@edsonangsd ave ener¢liyaeprosantativgi dn azCatrdaned witle |/ O

regi.on 206 experjence decreased.firilure rates, Referri now t o, Fl 19,
t hal h SoGHon e TResHjobn ik rosness fank o Cadbler 1oy 0y S by T
f abr katfoRfatidh€ofl 4i SHCAVE DN 1541 br ¥ r&BnkBR of BatdGxRIIRNER iMithdinddprated
enbodi ment of the present invention. The integrated circuit system 1900

i ncl udesrchidayitery 12080 wafer into a processing chanber in a bl ock 1902;
DB 9110 e, BSR GRATOFUETR A B BB, P licd W e
substrate 202. The bottom silicon oxide layer 214 may be formed to a thickness of between
20  about 20 and 40 angstroms. The silicon nitride layer 1204 may be formed to a thickness of
between about 30 and 60 angstroms. Additionally, it is to be understood that the silicon
nitride layer 1204 can be formed 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
25  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 /O region 206 may be removed. The

30  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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1906; purging the processing chanber with a second ammoni a gas in a bl ock
1908; depositing a second nitride |layer over the first nitride |ayer that
is msaligned with the first nitride layer in a block 1910; post-purging
the processing chanber with a third ammonia gas in a block 1912; and

purgi ng the processi anber with a nitrogen gas in_a bj ock 1914.

Ref er r i $R§€ AP Qand o 3},10 FORANEA U0 stoghEgeS 2l BV Kithing e ar45uch A &7 at ed

circuit 2 icating the integrated circuit system 100 in
G S

accordan enbodi nents af the present invention. The
i nt egrat ed cReferrintg sy tte RIGI00, theodin de shdvortiengrmtuafod FIGntl é afteptlocetski ng

roni emgsks b ofFlSy Jar reBye Ry i SOWPS Sean 2ot oY iy of chduftehe ™
vaf e i fcRrRbosH £2PBe rQHE QNG HRIERIGCERS RE&NMET Wi th a second amoni a

gas in a block 1908, depositing a second nitride l'ayer over the first
nitride | ayeRefetritg nesv  EKF.i lgn gwrain ishshoma the sguctu@mitilGadéS nierethe remevabl ock

1910; post-purgi ng. r ssi ng.,chamber, with t.hird a ni a in.a

b1 ock 19e Sith Bkt Tyl R BE SUEPR TG it DR R TRRL R G e e

bl ock 1@}bn 204 and ARAI/O A& Y06 bhar hott gsphaet 64id Gt treytflein BIORaywy
include configuring the first nitride [ayer and the second nitride |ayer as
part of exgmpbniChe disft i Rhesphdrisnagia tseanentkmap Gpley rabpel 55 ttaeationt 8§r paredt
Cirguit em i nc opf.l QUi i ' LLLd : and
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conf i gugraplo rnky Nvoturhé @ekceRt@@é of phosphoAddicid haakfily effidientiynteagivattkel siticogui t
system 1900 nmay include depositing additional msaligned nitride |ayers
over t haitridedaysd 13041 de 1ayer in a block 2006. Furthernore, the integrated

circuit syst i.nc ngs d i i
S bl ack 200 aBadP Kb aC i RoPHBRLRGCME dCiralmeht PAERR BC SHELRT 1 1

| ayer ipittmgbbiottle stBstthite 262pi Cunsequentty othd I&kelihowl ghgas didedspdaivre tdoe tsecond
nitride Jayer. in.a hlock 2012; and depositing additional msaligned nitride
| ayler s DU RIKDEISEGHEENi tride |ayer in a block 2014

Referring now to FIG. 17, therein is shown the structure of FIG. 16 after the removal
of the bottom silicon oxide layer 214. The bottom silicon oxide layer 214 is removed from
over the core region 204 and the I/O region 206 by a pre-clean process. By way of example,
the pre-clean process may employ a Standard Clean-1 step followed by a dilute hydrofluoric

20  acid step with a ratio of 100:1.

Referring now to FIG. 18, therein is shown 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

25  gate oxides 1102, the gate structures 1100 formed over the core region 204 and the I/O 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

30  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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It has been di scovered that the present invention thus has nunerous
aspects. principle aspect is that an enbodi nent of the present invention
teaches formng a silicon nitride layer by nultiple separate deposition
steps, which may cause m croscopic discontinuities fanned within each |ayer
to msalign. By msaligning the discontinuities, silicon pitting of the
subst r atitridedayesdn Bpledkbkd Qunent-perEng Hig rragesHBE shaksstvath ?aﬁardt HRDPRHEgdence

of gate_qgxl bl : @?% aypﬁ i ment of

t he pr es ce%l)rﬂlg(iq(n{/%%f %‘ﬁpﬁ?ﬁgﬁg? 5@9%@%&1}1 %‘8‘ he@%ﬁﬂgﬁ%ﬁ%gﬁ&oﬁlge agf'er of an

ONON st ruct Réefening dwl @ RIGe 2bptHeesin 98 shewom anfléw i dhert| fay elie integpated iciradied and

the bottomsilicon oxide |layer is protected fraom subsquent et.chi %1 sa1tl]eps.
‘H‘] i
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phosphowafer ato d pedcehdimgclofmber $n b iboak 1902 prdgutgye thei procassi@iiChaobdrivgtr at i on
will nof cause silicon pitti of a.bsubstrate, enpl oyi ng hot osphoric
aci d et tﬂamefnaagaéilpiac@ﬂdﬁﬂ?(?‘&;d%m%%a%ﬁ“éﬁf@@)@&ﬁ?%ﬁlﬁﬁafﬁ Pfﬁ@@?oxi de
I ntegri{ghec r%aﬁ 'tﬁprﬁﬁg&sing chambEP&%Eh ANde@hBCimMdhidapie ifSPBlIcR Post he
present inventioh consequently in her the state of the technology to at

| east tdwpositing alsevald nifideslayért oveashdrfiesh nitiide tayer But ishmisatipeed; witk gheafiest
circuit . t.em of e ent .inventjon 10 .furni shes .| r.tant and

ner Bk o RGNA bR TR BBt b e dane B R BN R PRR 22t ona
aspect Sin 6K THLAREEpurBgtBO P08 st gThhin6 & with b hitelseh @yei dbloci dligpl e
separate deposition steps, by employing I TTO of a silicon oxide |ayer
formed over Additipnatlyn the integratefl sgjuspit systegy dPthanay iclude sienfipeningithe Byper by
hot phosphoni ¢ _aci d e n | yi . r nt ed.
The T esl b brot B S SRRk A T B Sh AT OND CL o3 BiogR o8

15cost - ef f ecqtuiriher, the Gae@hiedadiedit systel Y000emsptindledcacshfgufiag thes frst aétridbe

i npl ement ed by adapting_known techno] ogies, and are thus readily suited for
ef fliSci daverand thesnsord prtideanerasdarqfsgch nitride laygy; f @niRONGPBHERBHOR L2 been
descri b[ﬂgcﬂ ggonjunction with a specific best node, it is to be understood

that many alternatives, nodifications, and variations will be apparent to
t hose skil | edldditiondlly, @i iriteprhtedhircoit syktemat $00egaiy ngcldés depgsitingnadditional
Accordingly, it is intended to enbrace all suc atives,

modi f i cAtSpiagned i e\]/aitefsa‘i‘ie&ﬂ?,semdﬂt@ﬁﬁ?y%r% %F“ﬁfh&é cope of the included

¢ L gioms- Al FRteRhGreD itﬁJ'?ﬂtE%%Eﬁeciﬁ%t %}Qfetnb 1966 &hy Qﬁclﬁ&@pﬁmbﬂlgt BSwn the
npanyi ng draw ngs are t e Interpreted in anillustrative and
nor20l i nprbéasging @hamber in a block 2008; ramping up first source gases to deposit the first nitride
layer in a block 2010; ramping up second source gases to deposit the second nitride layer in a
block 2012; and depositing additional misaligned nitride layers over the second nitride layer
in a block 2014.
It has been discovered that the present invention thus has numerous aspects. A
25  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.
30 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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THE | NVENTI ON CLAI MED 1| S: 1. Anintegrated circuit nethod for

manuf acturing an integrated circuit system conprising: |oading a wafer

havi ng a bottom dxi de | ayer thereover into a processing chanber;
pre-purging the processing chanber before depositing a nitride |layer with
only a first anmoni a gas; .deposjting a first nitrjge |ayer over the
bot t om RIFYSIEIBR dariage 19 Mrebotiany silisen widerlayir FJIE‘Pfh giteng of 3@0%9%% Sapbe

10pur gi gn!g%, OGRS Bink &limMdJega second anmmoni a gas; depositing a
second é‘ll)lg‘tll‘l e a%er d?rlenct onlm%e fii rst nitride layer that is m saligned
with the firAnothértaspete off ay@mboginunit bi Zerpresat drventsouis ¢eat diat plsospharic znié t he

Sae a5 e T30, Seutce Saace FoAL oG, proeedsl N crarber 1 <
and set Cﬁb&%t%g%g&?ﬁgy{ﬂﬁtﬁdt%okﬁ%ﬁﬁ RelhRe ST hitfidleladyay B anvoNut

substanti al . the bottomsilicon oxide |ayer due to'the
m sal i gromSgtratibn.tgdate diidsintegrity calebd iaywovednd t he second nitride | ayer.

S S B e TRARR i

wher ei Ngtate of the technology to at least the next level.

Thus, it has been discovered that the integrated circuit system of the present invention

10  furnishes important and heretofore unknown and unavailable solutions, capabilities, and

functional aspects. For instance, by forming a silicon nitride layer by multiple separate

deposition steps, by employing HTO of a silicon oxide layer formed over a silicon nitride

layer, or etching a silicon nitride layer by hot phosphoric acid, damage to an underlying

substrate can be prevented. The resulting processes and configurations are straightforward,

15  cost-effective, uncomplicated, highly versatile and effective, can be implemented by adapting
known technologies, and are thus readily suited for efficient and economical manufacturing.

While the invention has been described in conjunction with a specific best mode, it is

to be understood that many alternatives, modifications, and variations will be apparent to

those skilled in the art in light of the aforegoing description. Accordingly, it is intended to

20  embrace all such alternatives, modifications, and variations, which fall within the scope of the

included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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| oading the wafer into the processing chanber includes |oading the wide to
a | ow pressure chem cal vapor deposition chanber. 4. The nmethod as
claimed in claiml farther conprising: 25configuring the first nitride

| ayer and the second nitride |ayer as part of an ONO configuration,

5. The nethod as clained in claiml further conprising. configuring the
first nfHEINYENION GRAIMED &cond nitride |ayer as part of each nitride

| ayer of an ONON configuration, 306. The method as clainmed in claiml

wher ei n: deplosi t i Hp intgarafed groul methgd hrjepuiaayripg ansiategried Freyiyeyste er
prevent g e of the wafer during subsequent etching of an overlying

| ayer. . > nethod as clainmed in claiml further conprising: depositing
addi ti onal nioadihy gneadfer lidvirde al botRins siticen dxiée $|epnieredver iine 4 gyedessing. The
method as clainmed _in _claim1 further conprising: punping down the
proéessing chanbéﬂ?nﬂﬁﬁping up the first source gases to deposit the first

rocessing ch ) _ i |
i do 1 ayare P B P e e

first source gasesnansiatgag second source gases includes ranpi ng up

di chl orosilape and zmynoni.a.. 1010. The hod .cl ai in cl
conpri si ng: (Peposaitnmg a first mt%de ]layer over the ottomasslhgona o:rg%lg layercanat‘iI {He8w]; e{rt her

utilizing first source gases;
10 purging the processing chamber with a second ammonia gas;
depositing a second nitride layer directly on the first nitride layer that is misaligned
with the first nitride layer by utilizing second source gases that are the same as
the first source gases;
post-purging the processing chamber with a third ammonia gas;
15 purging the processing chamber with a nitrogen gas; and
etching the first nitride layer and the second nitride layer without substantial damage
to the bottom silicon oxide layer due to the misalignment of the first nitride

layer and the second nitride layer.

2. The method as claimed in claim 1 wherein:
20 loading the wafer includes loading a plurality of wafers.
3. The method 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 method as claimed in claim 1 further comprising:
25 configuring the first nitride layer and the second nitride layer as part of an ONO
configuration.
5. The method 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.

30 6. The method as claimed in claim 1 wherein:
depositing the first nitride layer and the second nitride layer prevents damage of the
wafer during subsequent etching of an overlying layer.
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depositing additional msaligned nitride |layers over the second nit 'de
| ayer. 15

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

depositing additional misaligned nitride layers over the second nitride layer.

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

ramping up the second source gases to deposit the second nitride layer.

9. The method as claimed in claim 8 wherein:
ramping up the first source gases and the second source gases includes ramping up

dichlorosilane and ammonia.

10 10. The method as claimed in claim 8 further comprising:

depositing additional misaligned nitride layers over the second nitride layer.

15
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