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present invention relates generally to the field of

sem conduMEMOREGER STRUGFERE HAVING NTRIDE LABERpr esent

i nvSTHEFDUEER{(EARGE LQSH AIhMFdHOD HORJIABRIEKTB¥E SAME

BACKGROUND ART Menory devices are known in the art for

storing.data in a wde variety of electronic devices
Aregt?ons. More recently, SONOS (Silicon Oxide

in l{eé%seentci?l(\!erqgaf&l %:e(l)l(g‘zillyft%/ Eggngoﬁﬁxcg%v%tﬁgrgigg(%% rggz?rgcularly, the

rese i BRuor situated over an ONO
b SI?%&%II%%FS#?%}? 5(11)% cg%)%ﬁglt‘érgg@{c%grhe gate stack is

SigAGtEOVELRA Sem conduct or substrate where a

channel region is defined between first and second

t eviendipdesicds @@ kN in the driT6r sHERE RARUAGTIR Marfdlrs be@iofic devices and

thereby formng a transistor. The ONO stack conprises
applicgiion Maondutt $ANOSABEt@dixide NithideyGxide Silyoph)agleImemarysiilides ave been

nitride layer ("nitride |layer"), positioned between
introdycgg S:,ql‘ququ flesk peraory epflepomprisplagatp ptackihgeing agpeerlayerpifeat¢deme an ONO

| ectric charge storing medium Moreover, the

(Oxidg Rk ggap é%r Theggate slprkidt woan OV%ea@rnrlgpnéﬁ%qr .Sv?gtraéﬁqwhere 2 channel region

is deflgedg)gttwcreen n%ng hﬁ%éng?emupeésg rtrcle%elong Iéﬂd of trgugtf) s&ats ﬁheé%\// ?ormmg a
transisfpPOSi te side of the nitride Iayer Thus, SONGCS type
menory cells can be described as capabl e of storing
t Vihe DINORTabk dinfries a@oifcondiBtie@clectld fayeNGpigar b Sihdon lﬂiutlde layer (“nitride
Conventional techniques for formng t%e nitride |ayer
layer” )y posttingd GiaRes tvaGhicqaroRidtiRgersa Thelibies la@fr fike@ak ko clectric charge storing
effects, which detrinentally affect the perfornmance of
mediumh dopreyep ithy nighsly lagee is caplie ofdbdalyy stdring amleatricdlechirag/@rone gide of the nitride
formed using a chem cal vapor deposition ("CvVD")
layer ipdeprogeakolyip ¢lgiirigal pliagse P ?n %?é’ﬁl&qs‘éetsi‘dﬁ gf the nigride flayern ThYypoY NS type
or dichl orosil ane

memo%réf:ll:ﬁlg%lb% )des.fra.bé]%.c%p lg?]% sigp%w? gnarﬁms] q’] 6 3 lﬁ% % a right bit.

n dr o nia and
t I’@S‘gﬁtﬁmg%ﬁ cC%:itfor(?c%%mg H%é 1tr|1dg? clsrlog gglee AN praduce a mgrrber of negative
effectsb&/lﬁ@llﬁetn}ﬁ@lﬁﬂy Eiﬁ,@tstﬁe ﬂ@l@&ﬁ@ncpsmen{o%ebﬁég r @ﬁ)@&ll}ag}f@ WRride layer is
react with each other to formstable nol ecu

formedM3ing B chemc8l viaPREditiont-COD”) phgesk AL fréfureh@fi@ifg of silicon hydride
However, a substantial nunber of the nitrogen-hydrogen
(Sity) § 5itrdls”) argnaifnoria (NHE, @ idichloositeley(SitieCo (- ThesTisddamat. Dur@gke CVD
and will remain in the nitride filmof the ONO stack.
PfoceSMheaitrO&e@ﬁ%@gereM@in apienig ad/gf thé &ﬂgomhydrbgge béngyresilangjor PCS desirably
have substanti al %/dro gen content, %pl cally in the

break. Vihieg g5 Pongplyea. the hygrgeep Agmeieact wiisaghper torfoem dfbjealieplecules which
t th tr.id b,

are purapee? ov.% 01’ th :ilcm/nfc ?n% MFvgr gs%gﬁf!ﬁll é]ﬁlg{;aé)? Fh(e: nlgrg%gfﬂy%?‘ggn bonds

and/or 8e @111&0‘11111?&83%‘91)0&1&%8 n(gt tﬂ%ﬁlgrisng %lfjrgmglé%%{e rgl!ljlﬁé 19 ot ng %%l%us?aglg. Asa

programm ng cyc es.
consequence, the resulting nitride layer will have substantial hydrogen content, typically in the range of about 1

to 2 atomic percent. The sizable content of hydrogen in the nitride layer becomes detrimental, for example,
when energetic electrons are injected into the I}itride layer during subsequent programming cycles. These
electrons may break the nitrogen-hydrogen bonds and/or the silicon-hydrogen bonds in the nitride layer,

freeing a substantial number of hydrogen atoms (“hydrogen radicals”). The presence of hydrogen radicals in
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el ectrons may break the nitrogen-hydrogen bonds and/ or
the silicon-hydrogen bonds in the nitride |ayer,
wo e@siozz1@ substantial nunber of hydrogen at onBCT/US2004/028329
("hydrogen radical s")- The presence of hydrogen
the nitrideddyergirslugena dhaig@lop00 ¢ HRIAQERr, RETindS2 S0l1eBRBSI R ts dshehift in the
nitride |ayer produces a charge loss in the nitride
threshqlyyadipge of beuprpdrneglli vhichgrshlts inageredispableatemeryidsvigedelyvigh Huthermore,
in the threshold voltage of the nmenory cell, which
the chargedopp indhe; nifriderlpyerapny dreyraulivg te |1‘§S ‘tf@i?g‘é@mﬁé AaAndfor programming
er nor e, oss in the nitride la

copnifiliy (PRt T i Pl Ry G W ad&a%naO%‘ﬁéa/ygﬁ’ Sucha
the topDam? & tgm ayergtgf tl%%ﬁ%pgtéck gr%i fur{ﬂer de adngg?cﬁ ﬁ]iogg 1efs1. The% ne%ative effects

gen‘ra

resulti(ﬁﬁbcﬁI erl’oﬁﬂa%&%fttéﬁﬁﬁor?%wc@he top and bOt tom | ayers of
gNO stack and further degrade device properties.

ThesRdineg b ¥Qstef &r6iGinSed if @SAH thr 4 FenfRBQEN PAEHS hiMaNaRd
the nenory device. Accordingly, there exists a strong

fabricatigetméniort daid stactre hoinga nhiiabiayyr witk biknifidaiitly ¢ddudee clarpd laset hod
for fabricating a nenory cell structure having a
nitride layer with significantly reduced charge | oss.
SUMVARY The present invention is directed to a nenory
cel | structure having ni¥M¥a&RKayer with reduced

charge | oss and nethod for fabricating s The
o e g el cJrim Bt Oe SRR v opged e

loss an'ﬁ gthg‘c[ tt T ffa Heatfhe s o%gﬁ@%ﬁyptre%en inv ttl %&&réjsseg Vah‘l-:sglbes thesngid i th(L, Dt fora

uce res age s , reduced prog
memo@l eapmhc%?wmcﬂrgsqngqsfidm@&mmmg&sﬁm@ bidhdel }{ro,l;r%%ﬁzd da{a%ss,
reduced device degradation. According to onée exenplary
reduce® PRo@eih AR EapatilR L1050 Feduce®delicSdepd@akibh. € conpri ses a
sem conductor substrate, a first silicon oxide |ayer
SiActradiexdo oneereniphrey egdodioan tha okoory sdlibstciuat @mpdsechranigenductor
storing |layer situated over the first silicon oxide
substraten g Eifst, siligonsaxisle Fgler sifubied oyiar thacedieondepys pubsiiateymhargde Bermg laydygituated
char storing |layer, and a gate |ayer situated over
over the ffigst glé:elbﬂ%fleéa[yp‘r %saﬂ)n%% 1(‘6%0)11@)}%(?1‘ smfaﬁdf)}zf,éthé%% Ptarlnyg layer, and a gate

layer sgun?eg 8\@2‘%& sef:c%nld alglcq%ggi:;i«%le efc’ t 19 {h xgmﬁlg% Fn&%og r1inegt th% }ﬁrige stormé layer
comprfség ﬁla)% él.[tﬁ(ﬁgngvlrg re(ﬁaeg ll‘l%drc%e& &)ntgnt 5: ga'in rgngg 6f &b 10 0. ST z!%n‘fic percent.

duce rogen content corresponds to a reduced
This rehﬂc@éi H’}ﬂﬁ)@enrcaxdérﬁ &rre O BNtredtbrt E{rdFBYradlSu ERBRGhich mﬁﬁ& freed in the
charge storing |ayer due to subsequent progranmm ng
charge Giogtigdyle0dus to sfiSeddertt ASgthihming dperaticdsl ugeededaly, the dgiadd Gpidgemndontent in
in the charge storing |ayer reduces the charge | oss
the charge stotieg laslaedpeesdlicghdrgedosh mytechargelyerirgdahgc tlhomrdictioncih ghagge loss in the
loss in the charge storing |ayer has the benefit of
charge ﬁ‘@ﬂ‘l&éi‘yﬁ@af tae eeapft piredpeipg tigehold HPlfaﬁ%ShlffﬁrPEf@?aaWFﬁg Hefe boss apd
' |l oss in the n

ro rann1n capabj r
Pfogfalaléw B kb MHBFO R V’ﬁ"g %%F?X’&W%@TWWWH%’& €. Reduced

hydrogen cc?nte%q ﬁer é‘,grrrecs) EI(E]S rﬁc): ger i c}/droé'I ! Ern eartl rcx: gl([:o é%?gptqa érstS 0 The

f l'[‘flec-‘iiiirst%ihl:dn(bgefde Q%ajr (ill% cha@é/e%{ormgtlg}@r, 91@ Qé'c&ﬁ LA klﬁglalre"i'l)éﬁd' the gate layer
t he second silicon oxide |ayer, and the gate |ayer

form a gate stack having sidewalls. According to one exemplary embodiment, the memory cell structure
further comprises spacers adjacent to the sidewalls of the gate stack. In this particular embodiment, each of the
spacers comprises silicon nitride having reduced hydrogen content. As a benefit, the reduced hydrogen content

in the spacers reduces the charge loss in the charge storing layer and the hydrogen migration into adjacent
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forma gate stack having sidewalls. According to one
exenpl ary enbodi nent, the nenory cell structure
WO eooslogn21€conpri ses spacers adj acent to the si dROEUBR00628329
the gate stack. In this particular enbodi nent, each of
layersthegeby Sipber anpsovie mpnérs deyics pdrfogmnceni t ri de havi ng reduced
hydrogen content. As a benefit, the reduced hydrogen
c oﬁr?eegrtlg to Pwthrtréer@b@e & share dloEnedavptiecaptblerofdoring & bithwierrefor
e storin er and the hydrogen mgratjon into
exmpg?d %‘%‘ﬂ‘t‘y Ve &) 6%&5?5‘2‘7?5@“%?9%@8@4%% %?gomqf ERRofignent, the
1nvent1 8 %:s%r?nb I}ﬁﬁ% %c'i %brlg%ﬂélg Lﬁg gb%\éé(g%ﬁs%trgu%{r% hﬁ egugersér?d’ a‘gaalr]ltéges of the

presen ﬁye%{lcinl will 5&@&1@%&6 rgefdﬂ;‘ &é)?{:!&n@g) tllio\é\@ofp)l‘d‘i g\éﬁff i he. attgfter é&&g&g the

e nenory Cc structure 1S used in
followiny aealré@ri@arrgsu&teayd &eomphrr}m@aetvtﬂ%r enbodi nent, t he
invention is a nmethod for fabricating the
above-di scussed structures. O her features and
advant ages of the present |nvent|on wi || becone nore
readi |y appar eB REPE DRAWINES in the art
after review ng the follomrng detalled descri ption
arféguerd@@rrﬁwyrmlam@mowggﬂ SUBFYIEFavDE SORIdP Ry ONitOFefiqpntly reduced
W NGS Figure 1 depicts an exenplary nenory cel
Chargeét’sf freerdipgto ﬁ%f‘\ﬁ“ﬁ@dl%enﬁ?ftﬁt"'lpfféent igvPationwi t h™ si gni f i cant I y
0ss acca

t ﬁ:ggure% depe& anlenv %{y r%eﬁtoryrfe { (%II}I(Q%E Eza'gtﬁl édlergaﬁer ér%i éw.Bﬁle gpitl‘ers with
sigmﬁgﬁﬁ%%c&l%hirge%sg &é%rhﬁlzt]geto giuﬁenpbfttl{e pgeg gﬁ ek d
Si g ni U ce

e spacers wt cant | char ge
| O8hreRCe R HnREEnpAryARE SAROG BN Qtteltdayecen £R9@# laccording to one
invention. Figure 3 depicts an exenplary flow chart
embodirent ffaa idvendibd. Nng a nmenory cell structure according to
one enbodi nent of the invention. Figure 4 depicts an
e el 4alepictf dneyympharfowfchart ffrdidricatiag # migidalayer tceirdies b ayeembodiment
according to one enbodi nent of the invention.
of the inpepiigny ED DESCRI PTI ON OF THE | NVENTI ON The present
invention is dlrected to a Jenor cel | structure
haV|ng ni tri dE&LPaERA A PE d GEAN R ER oss and
grgsetﬁtcl)r{‘verrttéarp 5 hl‘r:e%tte Iﬁcér%?r?/ cellTsrt}gctlfr 1avm% mgg fgtee? ?\]/{th rgéuceocp charge
cont arns Specific I ntorm al ni

loss an'd %hl%%@foétﬂ? sagltz 'hQ%olB(vﬁlg @&Enp‘h&y &%5%601morﬁtgﬁolrt b&gmmg to

in the art w recogni ze that the present 1 nvention
the imlb'[&h/enﬁ@qnl offpé ek iR 6htibA) (Ghe SEULA &f théldrf fig FeBbthizé th& e tpf&@bht invention

specifically discussed in the present application.
may be\ipplemsngd in ;aganeer differbihn &os geCspécificaltyelisaistes inafie frda@t application.

i nvention are not discussed in order not to obscure
Moreoydiesomgpefdisisipeoific detajlpef thprintphtion are not dtsﬁese@m@gbmot to obscure the invention.

p l'ication and their acconpanying detail ed
TIPS Gribereseny FHPB??P@’CP“? @e“ %?é%tavmé%%tﬁﬁﬂ dgsqyiption are directed to

merely efuﬁrg)gl ne nt drim?%fg ﬁ%@ 18¥er1]1{\{?e{12 anlgtgrﬂ rev1ty, ot e?" Ierptboglrm%th oiy tie present

invention are not specifically described in the present application and are not specifically illustrated by the

present drawings.

Figure 1 depicts exemplary memory cell structure 100 according to one embodiment of the present
invention. As described more fully below, nitride layer 120 of memory cell structure 100 has a significantly
reduced charge loss compared to known memory cell structures, which results in significantly improved

memory device performance.



invention are not specifically described in the
present application and are not specifically
w0 bdogse2at ed by the present draw ngs. Figure BCTER1004/628329
exenpl ary nmenory cell structure 100 according to one
e Mogiyrelhsirugfre i flecap fa seantple, iersed imta SHNOSAge demay déyid. For example,
nmor e full¥ bel ow, nitride |ayer 120 of nmenory cell
memoxy el fErpgipre 10pgen hsaslizgd fr gering ivoariepepdentbitslinsendraistesntipe withis ge
conpared to known nenory cell structures, which
mem"‘ryéglﬁ Pael as “‘r’ii‘”g‘F"gW’F‘io Pﬁﬁfel%}n‘i %\4’%}\}\@8°f3ﬁ%‘rﬁﬁ“39fyd’é‘<}?eéé° achieve high-
densitPEk 3,0 20 5/ 0272 PCT/ US2004/ 028 69
IP%‘}“Ocye‘f Viesgy Ml r e SEH’(.‘J“%]:]QﬁC"“fPEFeS e %?Frﬁ‘]‘b%‘fategi (o@gn fepninal

reglonq 12%%%% %318 oan % Igﬁ%g pgslte edag,]% ot %%% Sfanngfrs\%ory 116. elln a SONOS

structure e utize or sto
type Iﬂeﬂ&? Q@Qgﬁ&ﬁnnglrég\fon' 1 8, L&k guréd(%g Q&I‘blg %m%élﬁh@teﬁrﬂxﬁl region 114 may
menory cell, such as Advanced M cro Devices, Inc.

be configiMd)as MofcOfeBbi dufin SRR Ypeeh@is GRS for WRLRCRAERr dhsBia = first bit.
density flash nmenory devices. Menory cell structure

During]d@i@r gperapens,sesingirégiand v mapis tondipueed bd Ddrainfreniedl,rand ©fiiah@gion 112
region 112 and term nal region 114 are forned opposite

may beqeefeutst hersoueaTes e, e hafpnedting egilionor th@ng dspeoad BONOS  t ype
menory device, termnal region 112 may be confi gured
ags éhod’PéH Fievrech RPRSY colgheptoreelOinpludes gaéﬁgsra%l 1§ piiaied gver gybstraie 110

to fom? e? trr]afnl g?dte ﬁ%ck"hss %Fnrgxﬁseefl\#ﬁg rstﬁcg 18%J L ge%hlgyee%#% élltugg? P]‘@r (aN O stack
105. Ffujit ziﬁlhe %115 O%}f'\lbrg&ckolgg gcgmpgpeg glﬁ‘(:toll Nz (Slb% %ﬂé‘lﬁ &rrlaelg gl&ﬁed over

e configure a drainte
channd] REiBR [H%lof §u8@h R0 10l NtriddByer PR 1&9&‘&1 Gk Bk ARle By Y A€ functions as a
region, e.g., for witing, reading or erasing a second
chargeBiofing 148 B aaddryi dall ktiugidfe @00, , Niik@d TeYed 120 @brhprisds f Ufiud sBicoh@@ride (SisN,)
i ncl udes gate stack 118 situated over substrate 110
layer hpangfsggnificaatly reduasi lythogen c@@adne Fot eagkple] di8rogampntens @it@N@uyer 120 may
stack 105 and gate | ayer 130 situated over ONO stack
be in thegymige Ejapag 0 @ﬂ%@m&v@ﬁm mbs:h esfa sxgmﬁyastthaérkgea oBtepigedyetiog ever
oxi de (Si 02) is situated over

COHVCIEIH%%’E ° byt hsﬂngﬁ%dra@ng%@mf a‘togt 11taéat°fmic PFFgR 4 &’fﬁé’i‘be‘i%"w in

conjunlctTc’on S\%/Iltlin Haltlrgs umﬂuesi%lbrlca)lgon ?rocess)fs used]tg' z?cm%n qhe rf: uced hatﬂ'%gen content

ar e StO

in mtn&(plgyer Not §écg1ﬁ olxﬂé/ ﬁ?er }%Oof %m{a&ksl%§ al?o Pﬁﬂé l%etixﬁg Llrld Odituated over
N4) ayer I cant

nitride (S 3 havi ng si gni y reduce

nitride [y 611100 EhteA BBt BO s sitka@b ofX IRl BxiddMEr @gen content in
nitride layer 120 may be in the range of about 0 to

0 Dbe @tti@ntdocep @ydeai contahiiCitridsSlayar RI0gM afioGra bt hylvgghh @gi2hls than can be
content reduction over conventional nitride |ayers
freed imgilyidpigyea 1 Wydduinggelrequen programpihg erlomtinns Is gtegfly2edatedniCensequently, the
percent. As described belowin conjunction with
Chargerkqsw fﬂé@e Byegddia Slglaﬁqamyqﬁﬁéceriaﬁ%q berefi, 81 rdpienesharss lopg witride

layer 1% a@yg ic ng%%dltggsetg%t %5%1%&8“% {98 o Slgfmgnt eﬁg@b}reﬁgg Furthermore,
the redFr!u%lQ of%%g%rlés%gl%ltgfga%gr ﬁ? %6Lllt§ m%é ?%en&rg\f é)rogram data C?gs and reduced

'S SI r "seco
potentlﬁl)%r(ﬂ)ﬁ) g'}aﬁl}ﬁﬁlrg céb%@hty E&@in ‘i‘r@m&p @ellrsﬁgi:&?eelgo h Xg L8 berfeBl) 1€ Bbiuced

in nitride layer 120, the amount of hydrogen radicals
hydrogbi\@hker@ i mith@: layer 120 further reduces the amount of hydrogen migration into adjacent silicon
oxide layers, such as first oxide layer 115 and second oxide layer 125. In sum, memory cell structure 100

results in a memory device having significantly improved performance.

Figure 2 depicts exemplary memory cell structure 200 according to one embodiment of the present
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freed in nitride |ayer 120 during subsequent
progranm ng operations is greatly reduced.
w@omseeent |y, the charge loss in nitride | ayPeT/LIRD04/628329

significantly reduced. As a benefit, the reduction of
inventigin aSigiar keddgird Inmemary delll gructug Pe0 cofb@lkesdilgpnn fubgram 210yand gate stack 218

reduces the threshold voltage shift in resulting
situategypiyepehgnnelapgionl ¢ ef cebgiraee 210 OTerming! ragion A and terminpbregiet]é pre fyymed

of charge loss in nitride layer 120 results in reduced
opposifssachptheiacropsghanpel grgipm o 9btubstp® 20 and reduced potenti al

LB T R vt tette e B Rt G205 nd e tver
230 re{i%cgl(/eg orrei%gnd t(? ﬁﬁo Isthkrib§ a{‘nld d }ta?ey %‘OI n %gurg Pr}ssggc%lt 1{‘1@? gy%szzo

gen m IC n

which E)ﬁbsﬁﬁ)ml:da&é%él firse Hﬁrﬂ 187@[ 2f15 gnﬁtsecgﬁﬁl &ﬁe la?éf 8%5 c;!f giil OEHAQ( 2‘6? Q:&H[glses a

oxi de layer 125. In’'sum nenory cell structure
nitride 9 &rthhtiSy digdifiGanBERLA h?(ﬁb/geﬁ EonRaV4sakcSthed B ofvd ﬁ@&ﬁdnb’uon with nitride
i nproved performance. Figure 2 depi cts exenpl ary
layer 1p@ofORigpirediednd tisit, hitrel lyee 220M0s agipimlly rgudcdchaneloshrbodi ment
of the present 4 WD 2005/027210 PCT/ US2004/ 028329
i Sertipring with Bgur 3, spacets@3 Firg)fprneed b thesidoTails @ ghté stk 21 c Lile witride
200 conprises silicon substrate 210 and gate stack 218
layer 229 ef YR tach v SPAgsis AFPesomprisg igide bavime sipnifeapiitrpdyeed hjqgen content, e.g.,

Tem | i nal ion 212 and termnm nal ion 214 are
in e g oo 8T E S T BREH IO W P AL TS o e

atormcg)%r{c);é?fﬁJ q%}e écgt%lee s1%%f§a’lenr§1}%§u§e \xﬁr% keg I%cl:;l]'n e&%bn[‘g erss’§§ éié)gl)gaﬁi al?y rec%uced
amoun]c @Rﬁﬁ{rogeg \??ﬁ)l fin€ gkd nYtﬁJleMayQICE’Zb EERENH ga&@O%h%ﬂ@ﬁ Iﬁlrril'lgéllt in

and gate | ayer O in Figure 1. As such, nitride |ayer
reducingdk¥, presat 6fhydrSgeP@sitalsiiOneide Rt Y¥eRd, fu]tlfrﬁt*ely Q¥duéles theaayi@ge loss in
215 and second oxi de |ayer 225 of ONO stack 205,
nitride ¢ager2R0. Sle sther wordls,tir 4 clevehtivy@ meiay caligspsiegr2B S, iwbiaindrt adjacent to ONO
reduced hydrogen content, as described above in
stack 28 hpagme erlogher spireetef myfdrodndied evbrayabeharp® Bssgh nifrideylayes 220, thesghy further
thus, nitride layer 220 has significantly reduced o
°°mP°&fH5ag&E apQyE: §15C“€§6drfteﬁar%ﬁ ﬁﬁfgctw £opvenfigngl menry el sfrugipues, gndsesulfing in
further de%r (delélem(il‘%gleglfes [Iﬁ 8-m81fce aw&yng? g @f(co%la]g ktg%é%e@?og Et%sgold voltage shift,
the pot&f? QH&J p§(%1‘am Ja{aIIOQSe all'(]l%é gtgntiéf r%g%a?r@r@%é cXpaé%grl‘fgsgﬁl glg%gg Qegl%gucture

content, e.g., rang
200 ard)e@lrsfgﬂlﬁt:anﬂﬂe@l@éht Jeﬁlﬁfng WHB};}O\Q@ BVESRY bR berfortba&. @ addition, the reduced
approximately I to 2 atom c percent. Due to the
hydrogsi @hteitiCpitels g3gratiets e ahytdl @ gRifogeOmizRtdn ihth adRat §kdn &dde,layers,
a substantially reduced anount of hydrogen will find
such asj fir oyideylayen2 1A jatdrspadad dxaly Byer220 of ONO st ack 205 which
Will inturn result in reducing the presence of
h%fﬁrélgéw“f ta fiswa b dlow Ahapi3pq ﬁhei*és P gYFEPlagy 2 ihath fpr fabricating a memory cell
reducin loss in nitride

nmat el the charge
structurf fﬁfordfnﬁ t %lnﬁ &y o\(;‘BmFH §9th<? 1Hve5tloél Q.F%élﬁ ti?t'ﬁﬁ é{nd fﬁaéwrhg,ve E%’P ieft out of flow
chart 3 &%16‘ {Jr% B%Ii?’?%e ?pparenlpto a 8eerso]ia1d a ent lf'lm g\lo t aC Ple aﬁtgp ng consist

ano sourc en an even

of one 13191?0%3 éug st@ﬂstof fngfqnvloﬂé/ §%Ec1a%géa'eq&1£}%€c9¥1a{eﬁgl§ Qﬁ&?\?{n in the arlt While steps

conpoundi ng the above-di scussed negative e

305 thr6pR S 80 6hb @ ia ko WBRMD 8O0 afehihiciSi foleicHbme erﬁmn{eﬂ%ﬂ&let {r&36ht InRention,
further degraded nenory device performance. In

other ebiiinieds bf thaiaeadod imagutiliee stdpedifférane fidth dbse shd®h@sivo clart 300.

vol tage shift,
The method begins at step 305, and at step 310, a semiconductor substrate is provided. For example,

with reference to Figure 2, semiconductor substrate 210 having terminal region 212 spaced apart from terminal
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the potential for programdata |oss, and the potentia
for programm ng capability loss in nenory cel
waeosoezie 200 are all significantly reduced, PCT/US2004/028329
resulting in inproved nmenory device performance. In
regionQdHlbytchangl reglve 2 ioetiy beptovilied during erp PONNendt stem3 ISpaics p8dARfr is
reduces the anount of hydrogen m gration into adjacent
formedsgver thephangsdiregion pltyyesulsirate. slﬁpé hxaalsle,f“ilt? A gferapge tel Bighra st 9xidg layer 215
and second oxi de |ayer 225. Referring nowto Figure 3,
is fOH?"F 8V AP regBG  SHENEs R léxenpl ary net hod for

er ot Targf LSt on® t“gﬁgﬁfgf B0 0p P g% over e
first O)Ilcﬁze}%/%lrr ?@an@%&?la&%ﬁgodlﬁiﬁ ﬁt&l.{rs%r com r?s‘ﬁ{é sﬁ:anglr ! %Qﬁ Peactlve form of

re appare
mtroge?lKé dsdd ih BcbP %ro@e@st ata Eeﬁlﬁerﬁ&@ BRIt 46 1$658PC. nﬁ% ekafPR, nﬁsrowegfg energy,
one or nore sub-steps or nay involve speciallzed
or othd® Gjichi1 B FRIBdssiY, miEe @fel t@brSak uB Stk FA\WY) indd ahidBly ehdtive M bhitrogen, i.c. to
steps 305 through 340 shown in flow chart 300 are
form “gitrbden cilieadt”. Wath dhe 81Gduie [0 Daiees dizatbedabnte, afitriidlgyeplia@@gsignificantly
i nvention, other enbodi nents of the invention my
reduced hydrdggrecostens yochiived: dsdintusfed ghove, Ifhwéucsc}fwmgdnmownowl@ h'midte layer
300.. The nmethod begins at step 305, and at step
resultsdn apitrifelayseipdpoiedusetrbpegios. Wt mfeée\?wd%ﬁlgmw:% Flmé@@é%‘ﬁ] ZéO i formed

ove o5 o P AR ?ngoﬁ 212 spaced apart from
2%&%@{}@5 a%e }?@ c&gilg ??Lérqus & Qd E grél% %%Qeqyep é%'ég grgt ox{dg %ye? rlhe nitride

chan reg
layer, ahd 1 sec!)\lﬁ)(%ud@iayeﬁoﬁp an?(315® stakkf F(gr%;{amgl)y I rdr@¥RE to'P%urefZ%JEﬁ&j oxide
over the channel region of the substrate. For exanpl e,
layer 206 fs form@f REQMER 1dyer 260 @ldih@sted, 325 torfisin 0N thek 20BY AF step B30, algie layer is
formed over channel region 216 during step 315. At
formedsdvenphe320nd exidg hiyguEhOVRO pradae e & sateismekd Foexfrgiarwiah reference to
nitride |ayer having reduced charge | oss over the
Figuref2; gatgtlaye,ep@imay b jammed qver seaendoréduya Ry te fm@ aatqmqk 2184
precur sor conpri sing S|Iane and a hig reactive form
ofIf degired. thstrepp tean dpigngl ﬁepas S5 Boed svhl%& theyinyeaiggesgiyy &0
400 m cro

process glscus[s?1 a%ove 1s ut1lﬁzed to%orm s%acers on the sm%%{) of the Sgéite stac\:lf%\ft 1S ltlg thgy step 335

er simiular processing,

requlrég 'atu[n%gpcﬁ’ p{ellélgl)mtla Qép@ afil Jflh&llg L s[eﬁﬁffatt érg ot glﬁ&/ﬂh o scﬁlkeh E’l&‘gg B [greserve

form"ni'trogen radica uni que CV

31mp11cﬂt§/.0ﬂﬁ1§, %pa6§§, 6dch ROl RRQNEhydR g8 dbténdl Bre kAMEN on IR \EIBGAL of the gate stack.
significantly reduced hydrogen content is achieved.

As disbgsed hine) Sa dxeaplay embddirgent, @ gidaesdr doplishg €lncmA b Righly tefictive form of
the nitride layer results in a nitride |layer having

nitrogen éschsrdartia €A prgess abs smpatir ofrabfue 408 @01 GtoFprguieanitfide film which forms
nitride |layer 220 is fornmed over first oxide |ayer

the spagers; iy foj thigyuniquep VB prycesppitride é@ﬁcexszlsvm@lgg@é@ﬂﬁdreé‘s@mdm&y gpntent
IS .med over the nitri | ayer. e first oxi

acﬁwgsﬂé MRS b Fiae 2 pae 955 b GedtsheIb ke o

step 33’20&1@ &l gr\lorocgsfé‘c co%le Laf )&9 aElE) ghtaﬁduFonal%ab dlca%gn }l),rgcesses may also

econ

be perfellrrteﬁ beqlcﬁe ldéﬁﬁ% ranc?‘grgftglt'ﬂe s{égs s‘ﬁ&v@ﬂn §(%5ch5193d€00 rm ONO stack
. At step 330, a gate layer is formed over the

S RGi@ﬂﬁdg K% t6l Bigdréy, @lbw @ﬁa_rttélb@sh@@n%ﬁeﬁ@iﬁrﬁ&thﬁ@fofﬂa&m@@fg@ nitride layer
stack. For exanple, with reference to
according to one embodiment of the invention. Certain details and features have been left out of flow chart

400 of Figure 4 that are apparent to a person of ordinary skill in the art. For example, a step may consist of

one or more sub-steps or may involve specialized equipment or materials, as known in the art. While steps 405

6



Figure 2, gate layer 230 may be forned over second
oxi de layer 225 to formgate stack 218. If desired,
wo b@sman be an additional step, such as st epPGBBES20041028329

whi ch the invention's unique CVD process discussed

through BZhsbovingn fiow thiant 6 atepufficientriosipranigroge anbodiiment of tewabilt Bvefion, other
the gate stack. It is noted that step 335 requires a

embodijpapts &F theinvestieynesy Yiiligp sieps differpns frem alovahq“@ulsﬂcswarsw@ps
that are not shown or discussed _herein to preserv

s |%Prf’%e?st spownrip, flew charhafi0&pncbe uged & foFraips wgh feeipreras gitride layer 220 and
t t f d h I |
I L e
numbe? m%h&ﬁ&#dr fa%rl&gl&%ﬁﬁ(h%g{ons%&qp %1(1% Ilalygn &7%139 £k hQ\}u%h (l:cMced
reactive formo trogen I's tsed In"a process at

hydro@n LRREH @E&ﬁ@acfﬁfzvc%g&a ch%&glog o0 650° Cto formt he,
nitride filmwhich forns the spacers. Due to this

U Mihé] teh S\ iR 0 8§15, afl ok §tdpdig0, P ARBKDiald B ductor structure is provided.
significantly reduced hydrogen content are achieved.

The intfiniediate edn@eopticer $hoctire bad b @gidn osyiadensrid3dyerdaangd reduted dhapge loss is to
the sidewalls of gate stack 218 during step 335. The

be fabrigztsdrpiVile spfepsnesdeBiguré % avexapiletfaningtmediate penm@ducevr stiughergyly substrate
addi tional fabrication processes may al so

210 haﬁl@% fighpride apa P b Bereogutipth gie Ptray o e tq e @ltﬂéep’gvers%%e R first

art 300, Referrin to Figure 4
oxide eghs 15 R SRl it S s fefsafb?stf?f%élg #amﬁ gate
e

stack jlﬂli] E}léljre]& whe?é’t%ellgresgﬁ %th(gft 1% I &S tg g ::r:rg ?qageg%? 812&% %an\i/eg/a %?te sta?l% 218 of
Figure@Ut Of flow chart 400 of Figure 4 that are apparent

to a person of ordinary skill in the art. For exanple,

a A bePi15RYe iGR@AENS tini@fe CVDIPEocEE difBaEse] HNR-iSEs@iAs fddh a AiBe layer

i nvol ve speci alized equi pnent or materials, as known
havingjreduteld bydaggen coant|oger S psmedBfs sGnisidIROOGMORE 24 discussed above, in an

PCT/ US2004/ 028329 through 425 shown in flow chart 400
exemplgpyeembeginqng p pisuropcodiadsngisiiac e e highthseltivgform effnitopea is used ina CVD

i nvention, other enbodinents of the invention

esent
procesﬁw arrrize credd afy G i i B R P o«

h
nlﬁlde(fageréxa\fugrm ﬁcanﬁw‘%ducecﬁﬁgrf)%en o0 ent is ac{ue X\I Xs dscuslsed agove gl‘féeduced

orm ures as n|tr|

hydrog%pg)ntexﬁ %gﬁléldgﬁér feﬁlltpﬁ %[1 d ghgigle 1£ K& hita€ 1 %&90 of

igure 2, for exanple ow chart 400 can be
U@ lep 420,3n akhddiREFroRks aﬁﬁ%ﬂé&ﬂwﬁghgrthaﬁl A s6Bduti® the CVD process of
appllcatlons for formng a nitride layer or nitride
step 4155iid usadh@fnttheg reided the @ghiroghyy/@hend @itheaitfided fiier fofined BEHRE stb0415. In an
achi eve reduced charge | oss. The nethod begins at step
exempROYBmbeimeng an Anepingpi@sss an tquptraridhakeze starpw GPHLP08° Erusing an
_structure is _provided. The internmedi ate sem conduct or
ambieng Pfr%&aem Q) raior xiggNer lﬁ)we%ﬁ ifrepdgitippiat hyfrggen aigipe fromh g pifsige layer,
uced char ge | oss g

f ab t ed
e S  EPT B i e EFBR G SRt B eaeoss n
nitride ‘%a%p ds ?%rﬁ;eplrﬁc]}éédr dﬁrcfr:x:g:%ﬁ 420S W%gnb ﬁc’st ({]téa%a%nczate%gxtlééﬁegﬁq%o otl.memory cell

ayer
structufé%@@oftF%ufeQr & Qc'aﬁlf;lé ‘fh@m&r Y& lce %Bmﬁ}{c% efvér{ fSlther ﬂ-l'?ﬂod(% dln,ﬁtx 8l
. Anot her exanple of an P'nt ermedi ate sem conduct or

s1gn1ﬁcﬁﬁtmbtﬁetaw i@ cHafge Ssdd6 the AtrRe BdD TR VkenlaGdtRess BleabietedhSstep 425,
t hereon, where the present nethod is used to form

although péritipng fab3&atiomprodagessiagl @viete lpefonfedpaibe, ditiag knddi &teoflow chart 400.

From the above description of exemplary embodiments of the invention it is manifest that various

techniques can be used for implementing the concepts of the present invention without departing from its
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Figure 2. At step 415, the invention's unique CVD
process di scussed above is used to forma nitride
wo ays0272m@vi ng reduced hydrogen content over tPET/US2004/028329
i ntermedi ate sem conductor structure. As discussed
scope.alforp@yer, wikledhs inventiemipk beey desertbedwithentcific aefqpeneacto pg@in embodiments, a
conprising silane and a highly reactive form of
personyif prdigey plilf 18 thg g groylgyregpeixehat phrapgeseoyldye made inslygyeang fafpilevigput
about 400 to 650° Cto formthe nitride |ayer. Due to
departtnﬁ fram fh FWH@“@@C@FBE@%@’“%’D nitride layer having

fi t d t
aidtorewd Mot SR Iy réﬁ%gﬁ%%égﬁfn%%ﬁ%%ﬂfa%ﬁu%@sfabmate
nitrlde%y'élrs gigw%eggtggr t}{a%? er}o§B1 ) Emrﬁrgcgjrg ge%gce suc [asg ?or ex?n%%e a%o&tllﬂg gate memory
dev1cet %m%@ ERL YL, %h@l' ¢RI, chluct r[x]tﬁ{ﬂ% lgﬁ%nﬁﬁe;gocgsls' bt tﬁkgn\xeﬁﬁm g\{gd in a floating

process of step 415 is used to further reduce the

gate mdYi6ly RYRE e @MNEYHck is BitubBEovai 4 folyeifcdn AYihg S221WHBE tHe Y61isl@on floating
step 415. In an exenplary enbodi nent, an annealing

gate ispepoeed Somithe gilidoe bp@ragtby h @nbehodidedaytrasigaeddn t@lad tit ONO stack, in a
900-1000" C using an anbient of oxygen (02) or

floating jg¢te emerygievickais GRRY aipslysilgericantol fsate eThe dhekiheriisgns &Y which the invention’s
hydrogen atons fromthe nitride |layer, further

umquernétaféfdiWﬁfgS JdprRntaE Py BYWALAE irihcsndesqrifedaeve nfor pragiale| dygta the Low-

iR Epde! PayERe R BB P TR @3@3&2}3563% Ffﬁég’ngr'f%bvtvf&%m rn,
prevenYéh@-FEth(‘? 90% uéeghlﬁtacg%%g&g ?y(gbgtg dlgfg o’n1 to gdja%eZnQI n;g,rs v%%rﬁg)re\(lent

structure ure
perforfl S &g[aaﬁ&f A0 FERDARY JrSo1@¥ G ind ﬁuaartgegate e rgxe%f;!e due to the
signiticant decrease in charge loss in the nitride
| ayiedescribbiRx@XRPndb P mEHiQEES Se dofsideRa I 8 isbc@ bs iBls@fivétada not
al though additional fabrication processes may al so be
restricher Tt shronig disblgfuodesstood thatitiegnvestivd isapt lafitbdew the baucubharihpld 0.
From t he above description of exenplary enbodi nents of
embodjrpeats fes¢ribad legsin, but isicapablp pff ofaay tearrangementy modificgtions. apdhyubsgyans
can be used for |nplenenting the concepts of the
‘“mmﬁ¢@§@W@DPNVéHPFBﬂhMPFﬁﬁﬂt departing fromits 7 WO

th e5§ Eg 1\1?;%11%)10 /ctuur§ g/g)nA'/ grégaca}yer w1tg rcgluci_e% I\(g: @ss an%met od for

fabncathggs% g@begrp? %:t%gdal n errbodl ments, a person of
ordi nary ski In the art would recogni ze that changes
could be made in formand detail w thout departing
fromthe spirit and the scope of the invention. For
exanpl e, the unique nitride |ayer form ng process of
the present invention can be used to fabricate
nitride layers in devices other than a MrrorBit TM
menory device, such as, for exanple, a floating gate
menory device. In that case, i.e. when the unique
nitride layer form ng process of the invention is used
ina floating gate nenory device, the ONO stack is
situated over a polysilicon floating gate where the
polysilicon floating gate is separated fromthe
silicon substrate by a tunnel oxide layer. Situated on
top of the ONO stack, in a floating gate nenory
device, is typically a polysilicon control gate. The
nmechani snms by which the invention's



unique nitride layer is advantageous are simlar to
t hose descri bed above. For exanple, due to the | ow
why@sogem content of the nitride layer in the BN\NOQUS2004/028329

stack, fewer hydrogen radicals are generated which, in
turn, prevents threshold valLaBg® shift, charge | oss,
hydrogen diffusion into adjacent |ayers, which prevent

L pefrpehaddpidbrienting arpraonysall sreiure.cif apthd comprisingbl ems i n
t he floatlng gat e nenory devi ce. The descri bed
e%%ﬁ%@ﬁﬁy OB 058 t 0 be considered in aI

tive and not. est rictive.

s <O O DR G P PSR e FRAREREN s ot
d é)S v§dﬁ~% (%ﬁkéeﬂ?&m%r %1‘{1}‘1‘191&1%{ cogﬁgﬁ rqgn gfrs%{ane ?Jﬁt%ea%' iv%%ﬂrogen;

I G828 %A kFicon TRGHe idy GRYdr O rsténgon%saﬂ@me& Wil QRS precursor in a
wi t hout departing fromthe scope of the 1nvention.

CVvDpkbyd&, a nenory cell structure having nitride |ayer
with reduced charge | oss and nethod for fabricating
same have been descri bed. 8 WO 2005/ 027210
PCT/ US2004/ 028329 CLAIMS 1. A nethod for fabricating
2. a Themehed of elpin Isfurthee compasingsaiedling€42Risdid siiepp mittdefryer in an ambient of
provi ding (310) a sem conductor substrate; formng
oxygey G PHIOUSPXidEr st si| i con oxi de | ayer over said
sem conduct or substrate; providing (320) a precursor
conprising a conbination of silane and reactive

. Nkl AUEDIor LG Al ARMAAI 4 si i con nitride | ayer

over sal rst si Xxi de | ayer using said
Pre6ikHy $25) d Rcold sifke¥Podle @5&Ter sd sﬂl;B@mﬁrﬁé e 0f claiml,
further conprising annealing (420) said si’licon
Ni fbdiling €330 Py Ete 1dy6r oRdd seddatoaiiilicah oﬁd@y@e[n or nitrous
oxide. 3. The nethod of claim1, further conprising:
form ng (325) a second silicon oxide | ayer over said
silicon nitride layer; and formng (330) a gate |ayer

4. ovkae methdcpt eleimd nuhessin shig eppctigschitieze goyrerises djtroghhradipads hod of
claim1l, wherein said reactive nitrogen conprises
nitrogen radicals. 5. A nenory cell structure

5 L gsucte%g%g%nductor substrate (210), a first

' sﬁTlco ver “{9215) situated over said

S %%rﬁgdﬂ%&y Q.ﬁ)s&rat% %ﬁ)t gﬁxrstglhgcgl]o%e la f’ﬁ% %teﬁ QU Faﬂgsellni@éﬁﬁlyctor

(220) situated over sai irst silicon oxide ayer
subsrdie23 F0), 2 cRar SQGBAREay2t (2005 Giated over said first silicon oxide layer (215), a second silicon

oxide layer (225) sitnated over said charge storing layer (220), a gate layer (230) situated over said second
silicon oxide layer (225), said memory cell structure characterized by:
said charge storing layer (220) comprising silicon nitride having reduced hydrogen content;

said reduced hydrogen content reducing charge loss in said charge storing layer (220).

6. The memory cell structure of claim 5, further comprising:

said first silicon oxide layer (215), said charge storing layer (220), said second silicon oxide layer
(225), and said gate layer (230) forming a gate stack (218), said gate stack having a sidewall;

a spacer (235) adjacent to said sidewall of said gate stack (218), said spacer (235) comprising silicon

nitride having reduced hydrogen content, said reduced hydrogen content reducing charge loss in said charge

9



oxi de layer (225) situated over said charge storing
| ayer (220), a gate layer (230) situated over said
wa@ewsoe7216i | i con oxi de |ayer (225), said nmenorRCT/E51004/028329
structure characterized by: said charge storing |ayer
storing 122002@.0onpri sing silicon nitride having reduced
hydr ogen content; said reduced hydrogen content
reduci ng charge loss in said charge storing Iayer

(220). 6. The nenory cell structure of claim
T f e ﬁ‘érF"rl‘: %‘i“i"%‘?er?ﬁ claig} whereir sgif gy¢ ?“?CE & S)d&ﬁl%"é@dl"&? & phannel region

@10 BT i B dgae D et el a6 By egion (212
and a 95T 2881 815t ack (218) sai d gate stack having a
SRR Rt

acer (235) adjacent to said sidewall of

said gate stack (218), said spacer (235) conprising
silicon nitride having reduced hydrogen content, said

8. I exideesbornelsOERR of ORISMNhetf A kiehe 6BAIS ed (2BFhas B hyiddgbh content
charge 9 WO 2005/ 027210 PCT/ US2004/ 028329 storing

less thhray@atorfi@2@pnt. 7. The nmenory cell structure of claimb,
wherein said gate stack (218) is situated over a
channel region (216) in said sem conductor substrate
(210), said channel region situated between a first

9.t ghiinpaqry el grushirep qlgim 3, whepingsaid eleopss rotingl¥Pi{AI0) has g hspgen content

bet %ﬁ) é 8.. The nenory cell structure of claimb5,

etwesi PP &7 HOWEPHhar ge storing | ayer (220) has a hydrogen
content less than 1.0 atomic percent. 9. The nenory
cell structure of claimb5, wherein said charge storing

10. | e fnerﬁcz;@l sthﬁére%f Eléﬁﬁ{rSo\gl%&nps%ﬁt:ﬁ% st@ﬂg\’l\ﬁlgﬂzﬁ) fs@onQedﬁ'Tom nitrogen
atom c percent. 10. The nmenory cell structure of clalm

radica®, Wherein said charge storing |ayer (220) is forned
fromnitrogen radicals. 10
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