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(54) Title: HIGH TEMPERATURE OXIDE DEPOSITION FOR EEPROM DEVICES

(57) Abstract: A process for fabricating an ONO
floating-gate electrode (26) in a two-bit EEPROM
device (10) includes the formation of a top oxide
layer (32) using'a high-temperature-oxide (HTO)

<16

deposition process in which the HTO process
is carried out at a temperaure of about 700 to
about 800 °C by either an LPCVD or RTCVD
deposition processor. The process further includes
the sequential formation of a silicon nitride layer
(30) and a top oxide layer (32) using an in-situ
LPCVD or RTCVD deposition process in which the

silicon nitride layer (30) is not exposed to ambient
atmosphere prior to the formation of the top oxide

layer (32). The formation of the top oxide layer (32) using an HTO deposition process provides an improved two-bit EEPROM
memory device (10) by reducing charge leakage in the ONO floating-gate electrode (26).



LPCVD or RTCVD deposition process in which the silicon nitride |ayer (30)
i's not exposed to anbient atnosphere prior to the formation of the t(ﬁm
oxide layer (32). The formation of the top oxide |ayer (32) using T&r ¢
dep03| ti on %r ocess provides an inproved two-bit EEPROM nory device (10)
by redf Tharge 1 eakage in the ONO floating-gate eI eEFWBH‘S‘}/?@ ,19 APR

2004 5 10 15 20 25 i ApHOrOREd0BR REBLHSERICRORR: vekh TENPERATURE OXI DE
DEPCSI TI ON FOR EEPROM DEVI CES TECHNI CAl 1S 1 nventl on relates, in

general, to nethods for fabricating sem conductor devices and, nore

parti cuI arly, to methods for fabricating two-bit EEPROM devi ces. BACKGROUND
ART Non-vol atile nenory devices are currently in w despread use in

el ectronic conponents that require the retention of information when
electrical power is term nated. Non-volatile nenory devices include

s ead- OREFHNRIRY EIE , progranmabl e-read-only nenory (PROV),
er asabl e-pr ogr anmabl e-read-only nenory (EPROM), and el ectrically-

er asabTtds vegtiommelates; h@demn ltey rriesthgdsy/ for FREmBKM) | s&ﬂiébﬁ&SctoEEgm/hﬂév' ces
devices in that they can

differ_ from.other .non-vo

el ect r'"e%HR "b‘f'ﬁgY’amﬂh%f#? Qs'é{'s?%td‘ ORI EREHRMdeweRs ces are si m I ar to
EEPROM devices in that nenory cells can be programmed and erased

el ect rBRGKGROWNERABT, F|l ash EEPROM devi ces enable the erasing of all
menory cells in the device using a single electrical current pulse.

Typi cal |y, Menwolaitsmemerydevioesiaresurrgntly inatidasgregd use é@h etctronle upon whi ch

1@l ect réd?ﬁdon%ﬁ&r it i’&qu‘fr% %éaf&enTBﬁ J! arﬁ@ﬁﬁé&ﬂ)n ﬁelegfngaﬁy ol is fe g\(lﬁi'l’]étle%s a

channel egi on resi ding between source and dralni reglons
seni ¢ dﬂ%\é‘? 6‘1"35!09@%@%"09? irclydeokaadranlyrmemone(ROM); programigetblesreackibnly t he
" sourc eStaSibie- ,t;%rac
naRc 1OM)éta FR{ gremmiabke ct r%‘é’g?@fﬁéi@h ?%SF@%%X tage of

el ectrlcal charge on the tloating-gate e
t he saleRERdr aﬂ'ﬁ?@?‘ﬁaéron')f@emwdﬁﬁpﬁ@w devicest iBEPROM dévicea diféer

Cﬁ (r:) r teﬁfzg\g ﬁ%h;ég lrn\?gl-\{tgﬁgb gnf%ﬁi%hgée\héesr RTRYEHey EHBE Ji'@ctrwaﬁ?ﬂrg&a&ﬁ'lteﬁ ang €Ctrode,
. erased. Flash EEPROM devices are similar to EEPROM devices in that memory cells can
be programmed and erased electrically. Howéver, Flash EEPROM deviéés enable the
erasing of all memory cells in the device using a single electfical currént pdlse. |
Typically, an EEPROM device includes a floating-gate electrode upon which
electrical charge is stored. The ﬂoating-gate electrode overlies a channel region residing
20 - between source and drain regions in a semiconductor substrate. The floatmg—gate
electrode together with the source and drain reglons forms an enhancement transistor. By
_storing electncal charge on the floating-gate electrode, the threshold voltage of the
enhancement transistor is brought to a relatively high value. Correspondingly, when
4 charge is removed from the floating-gate electrode, the threshold voitage of the
25 enhancement transistor is brought to a relatively low valdé. The tﬁreshold level of the
‘enhancement transistor determines the current flow through the transistor w'hen'tHe |
transistor is turned on by the application of appropriate voltages to thé gate and drain.
When the threshold voltage is high, no current will flow through the transistor, which is
defined as a logic 0 state. Correspondingly, when the threshold voltage is low, currenf will
30 flow through the transistor, which is defined as a logic 1 state.

In a flash EEPROM device, electrons are transferred to a ﬂoating-gate electrode
through a dielectric layer overlying the channel region of the enhancement transistor. The
electron transfer is initiated by either hot electron injection, or by Fowler-Nordheim

. tunneling. In either electron transfer mechanism, a voltage potential is applied to the

35 floating-gate by an overlying control-gate electrode. The control-gate electrode is
1 : "
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—pqaard;ﬁrrent transistor is brought to a relatively | ow value. The threshold
» 1'eVeér”of the enhancenent-transistor determines the current rothSﬂ@ﬁBGQG
t he transi stor when the transistor is turned on by the appllcatlon
_appropriate voltages to the gate and drain. Wen the threshold vol gﬁﬂ,‘pR 20k
high, no cuffP®¥t will flow through the transistor, which is defined as a
|l ogic O state. Correspondingly, when the threshold voltage is | ow, current
will flow through the transistor, which is defined as a logic 1 state. In
a flash EEPROM device, electrons are transferred to a floating- gate

el ect rode mmﬁ@iyao@laiﬁﬁﬂklﬂbahﬁg@éte%lé%ﬁ'b ”s&cﬁﬁfat‘é%da@y 14 her the

enhancenment trapsistor. The electron transfér Is init hot

el ectron i rﬁc’@B'P ge elsctngge F&)m‘&ﬂedl\f@r&héhatmg-gmeélwn@del TheeflasheEERR@H®L 1 ON

transfer e.ntlal .I,S apjledtothe fl oati ng-gate by
an overl ying con%?gf ?‘Jg c?&g Fsiye - yeliage cloc the: sprirolgate

SUBSTI TUTE efédiod dﬂszEl t th
6. owe:posmve volagh %@9%&3@&% WG Ynh U Ry € e

floatipg-gate el ectrode, such that a voltage a gate
el ectrode i 6%?1@@?10‘681@@ tﬂl%ﬂbﬂ@g@t@ebbtmder Tthe ﬂa&lhEEPR[m deHEPROM

gg\rﬂt(r:gl ! ;ate el SEE c1a{ng’Jl @Igbgg %GQ'B Slt %“i}g’lgfaaa ehtnc‘a)’éltug?eéfphageegl on,

whi ch transhmugheitmuhemsm’éebfﬁfﬁlﬁ &h@f‘ﬂﬁ'enbﬁﬂie% R%f}sf% egate
el ectrode. The fl ash EEPRO\/I devi ceb%; erased by grgun I ng ttﬁ’g control - gate

el ectrode é’ﬁ GPpditigns, P@f?%o‘@ﬁttemved)lﬁagethet lﬂoam@%am telleetrotié eandour ce
or drain r%%ff@rr . Lansk stor Under rase . voltage
conditions, e ecﬁlg?l‘g are rem)ve(@rr X5 4 glgtsF LorpbiatSde and
transt@rred int Breduchdeveldpment effores ﬁrEEPROMH@ﬁb@?&hhélo £y BaveSgbsed dHCt or
.substrate. 10 Pr odéet devel opnent orts in EEPROM device technol ogy have
focused on™ %ﬁé%ﬁ&g#?&?& eRrograswaing nando readingnwoltagesind -
readi ng volidcA@Sihe dataCr&asioad tl.gn r educ el.| er sure
(H1R} el % ée‘ﬁ e%dﬁu}:efo" F@gﬁ“g $goal s

times and reducing cell dlnenS|ons
can be adddEaensigns. h Mamyh of oo efosrgoing resfearcht goalal carn e m&eﬁe@e&nﬁ@ t he

fabricatio f g 15 el ec ecently, devel gpnment
efforts hageﬁg &usedA on grl“fl PROSTYR élg‘ef%‘&"cﬁt@ﬂrp é\“? dleatinz-gate
f | oatisng- geleetradec Recentdy, &vblopmsmneﬁdrtsiﬁawm A GR 15 CRP

dioxide is novvn to oyi de satisfactory dielectric separatl on between the
control - F’E“ #@‘Seg%%g‘lgﬁ‘é gﬂx@@p oitridé in hembinitionc with rsilicon

transi st or diowddk |§hﬂﬁﬁ§ﬁ§ﬁx‘o°ﬂe satisfactory dielectric separation between the control-gate
electrode and the channel region of the enhancement transistor, while possessing
, electrical characteristics sufficient to store electrical charge.

20 One ‘important dielectric material for the fabrication of the floating-gate
electrode is an oxide-nitride-oxide (ONO) structure. During programming, electrical
charge is transferred from the substrate to the silicon nitride layer in the ONO
structure, Voltages are applied to the gate and drain Creating vertical and lateral

- electric fields, which accelerate the electrons along the length of the channel. As the

25 electrons move along the channel, some of them gain sufficient energy to jump over
the potential barrier of the bottom silicon dioxide layer and become trapped in the

silicon nitride layer. Electrons are trapped near the drain region because the electric

fields are the strongest near the drain. Reversing the potentials applied to the source

a_nd drain will cause electrons to travel along the channel in the opposite direction and

30 be injected into the silicon nitride layer near the source region. Because silicon nitride
is not electrically conductive, the charge introduced into the silicon nitride layer tends

lﬂ
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7elgrgc i,cal- characteristics sufficient to store electrical charge. 20 One
irpt

tent dielectric material for the fabrication of the floating-dd86028696
el ectrode is an oxide-nitride-oxide (ONO structure. During programm ng,
electrical charge is transferred fromthe substrate to the siliconldiAPRiZ0H
| ayer in th&%B8O structure. Voltages are appli-ed to the gate and drain :
creating vertical and lateral electric fields, which accelerate the
el ectrons along the I ength of the channel. As the 25 el ectrons nove al ong
t he channel, sone of themgain sufficient energy to junp over the
potential bt riemainoflodaliged) OACesPdinily, COspeAting | Gifor] IHET ﬁadagceffev&l ped in
the silicon nitride |layer. Electrons are trapBed near "'t he dral n reglon

because t hePYFREAlS | glectrical] gharge ecanhbe sstorsdginst e tepgnsirwithin Resiggisi ng
t he potenti%ﬁiﬁmgﬁ%ﬁjﬁwgﬂgpur ce and drain will cause electrons to
I'n )

travel along the channe opposite direction and 30 be injected into

the silicon nitrVaosay@imongadevidse BEYPEAAE HhE fcalFCAUSRriBLY IaBOY Bd 11 I
is not _electrically conductive, the charge Tntroduced into the silicon
nitride | ay%w%wd e pvENBPD sy, WO 82/40061\Bevcriber) thedfeataresireciteddalthe ed.

Accor di ngl yygepend n | icat] t tentigls,.
el ectrical I(’:har ggr&gan e sto#ﬂeégﬁ'lgﬁ’%ﬂi}’?%f‘tﬁg ?@&ggjf] Wﬁawﬂ’gﬁ@r
cont i nuous manufwturing tar fldatingt\pate mevi@sry sk EROBfoatiig! ufl SHAMOARIRASAY N9 Lhe
features descr known 1n the art. FOr exanple, WO 82/40162

bed 5
describes t cm’éejt &@%ﬁe@ﬁ%l? cyamibes pimethas of Hrmingeancoxdemitrideraxidéer nan
tent DE ' i t fact I fl t]
ot o oo s oRgRe HERURSRIRE ol f Al ol B8R 2ctibu thdip 2ol o en

- 5104810 deslaciode in awtEBERROM ftyperidegicanwhich dietehsos i the- Caphasifive COUPRE t €
dielectric tr e hetween | gati n olysilicon electrode and a control
10 el ectr o&g{vp%ﬁéﬁe EE%Q@)@F’F}?B& '%%ﬁ?aé@g%ﬁ&c‘?&f%mé@sm changa eetention

coupling heinymeviobdmemons.r ol gate and the floating gate while providing
greater charge retention than previous nethods. The article -Thin stacked -

oxi de/ ni t ri de/ oxingeartivle| ‘din stockeklopxide/nitridetoxidendislettrics forntatioh doyr maghi ve

o2515. pare) i SRR Mbia SRR eGP CRoniRh B iy Vol B M si 1

usi nglsa  cip@di>a315)acamactetizps aht oxide-AiRedend :GAe dichlRtre’ Wralll 8 SRMNide a
desi gners have. t.aken agvant.age of the | ocalized nature of electron storage
within a SFE?'WVRP?‘PT Bositignbtechigienave desi gned nenory circuits

- Non-volatile memory designers have taken advantage of the localized nature
of electron storage within a silicon nitride layer and have designed memory circuits
 that utilize two regions of stored charge within an ONO layer. This type of non-

20 volatile memory device is known as a two-bit EEPROM. The two-bit EEPROM is
capable of storing twice as much '
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that utilize two regions of stored charge within an ONO layer. This type of
non. 20 vol atile nmenory device is known as a two-bit EEPROM The t\Nnglé\g&Z@é
EEPROM i s capable of storing twice as nuch AVENDED SHEET 2a 19 APR

15 20 25 30 WO 01/ 31695 PCT/ US00/ 28696 informati on as a conventi onal _
EEPROWD®1316AenDry array of equal size. A left and ri ghtPChbiustoks9et ored in
physically different areas of the silicon nitride |ayer, near left and

ri ght 'HeigaieR age erveniknebEGFBEIM in progmeneiney ofedurd ¢4zear 8 lafteadrighéd t hat

enabl e bhiostbielisn physLAIVRIRGERAEREAS BNthe! GRAn ALY @ﬁ}?ﬂ&ét bt gl w0~ D1 L s of

the menory cell can be” individually erase y appl'ying suitabfe erase

vol t ag&egiens of pachapemarysello ngtaflamm@ sadineriscaee then usedithat eapibiertwo-bitksi utoe t he
t j 2RI y [ ners to

Qoubl ¢ R E e ol e R THE Ko BRER: E TR ce ROt o age.

durrer oinglividually eragss kydnplyingsuitable elase vattages tothengete andl tol eitfientie sedreen

t hese E&{aﬁ,@% ioln% particular, the ONO | ayer nust be carefully fabricated

to avoi reafion of interface states that could provide charge

| eakage pat Méhileithkirecerad@ees inylE EPREM dcchinbioby haveaetvasled ménionONO

fabricag]. C re necessary.| re proper charge isolation in
oo st Peeplire 6 HOBHE e Rleholl RaEBa FrE M eraly WinipiicEia iRt on The
pr esennuinercestchaliengesfexist in the tabeatiboiof h?kﬁriaﬁ!ﬁ?érﬂ@vit?m %efdeqtaésléggh%\nat e

| ectr . N t wos it EEP device. [Fabrication of a two-Dbi
1@evi ce?’g‘gFH’a" i‘?ﬁe %‘%YFBEPW@%F@S% fkrCAtRso P?é?fa thesraation igasdn of a

hi gh _qsaitéstmat@dﬁlldpmwidam;gewélaagéspathegﬁmﬁah@mrayéu nAb_b?any,:K OfC]\ltO he

St ruct GPECPR LG BRpERIOR el e fibce Spiy nsire Rees iR Yafon n

suf f i ciONQ stnecturiesi useddn tweebif BEPRONMRicviceshar ge traps. The formation of
charge'traps in the top oxide |ayer can |lead to undesirable charge | eakage

Wi t hin } nd at the interface between the top oxide
"~ layer o QBR%XquNb%KHO icon nitride layer. In a properly for Imsd "ONO
tructure, ghé peésstt iiveationis i dfpiozess fr¢abrictidgh ONO f8AtiMY-4did de | ayer. By
' 1fﬁabri catinp 32 r?ieéh ua ':o, or-,ggi dg |,a§g§i’,’b§{ or eqélglhba?egt"imné.t he ONO
st ruct §teEr %‘?ﬂé‘i%g"""gﬁE %dgw‘m raprigationsf atweshit EER REM devicensing an con

ni tri dON@JI&Iting-gate electrode requires the formation of a high quality ONO structure. This is
" because proper fundt’i'bnality'of the two-bit EEPROM device requires localized charge
storage within the ONO structure. In particular, the top oxide layer must have a density |
20 ' sufficient to minimize the fonhation of’charge tfaps. The formation of charge traps in the
top oxide layer can lead to undesirable charge leakage within the top oxide layer and at the
interface between the top oxide layer and the"underlyin‘g silicon nitride layer. Ina properly
formed ONO structure, all electrical charge is stored in the silicon nitride layer. By
fabricating a high quality top oxide layer, storéd charge in ihe ONO structure remains
25 localized within predetermined regions in the silicon nitride layer. |
In one form, a process for fabricating an ONO floating-gate electrode includes
providing a semiconductor substrate, and thermally growing a first silicon oxide layer on fhe
semiconductor substrate. Then, a silicon nitride layer is formed to overie the first silicdn
oxide layer. A second layer of silicon oxide is then formed to overlie the silicon nitride layer
30 using a high temperature oxide (HTO) deposition process. The highv temperature oxide
deposition process is carried outata temperature of about 700 to about 800° C.
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In one form a process for fabricating an ONO fl oati ng-gate el ectrode

i ncludes providing a sem conductor substrate, and thernmally grow Rg EPR 2004
first silicon oxide |layer on the sem conductor substrate Then, a silicon
nitri dwoemegesi s formed to overlie the first silicon *&wla A second
| ayer-of silicon oxide is then formed to overlie the sil p 8tﬁPdee | ayer
usi ng Wﬁmmqu deposi tion process. The high

t emperat ure Ré:rﬂﬁ S|t|on process is carried out at a tenperature of
about 700 t EiGbliustassan CEOSSLRG TP, TR rtERTa &uictndd&or kUbstRR 2004 WO

oy ot o Sonikihihg SHOAdEGAe HERkHor Habhiebipbi s i O Heich it abisghdi ni g o

in cross-section tion of a sem EGHEH ni ng a
floati ﬁ@‘zoé%?("@etw*ﬂhmes'ﬂt‘ﬁnﬂphaand ncor porat es an ONO structure fabricated in

d trat [
O oos- socti o AARD i BR55 B8on. bicges Sops for bk bt ieon okan QMG ¢ | 1

accor défficdurgiin aceorelanes with treninvertioahoul d be appreci ated that for sinplicity

and clarityy nents.shown in the Figures have not

necessari | y égirx]lh aW%é'gggéﬁ%ﬁmr—%mp@%ﬁWé”aftflﬁ@f ﬂ@sﬁﬁeggmm@ts shown of

t he el Bﬁb@F@Umseh@mggmeaemrilyeb@mdtgwh% s&4b %hﬁ%mé 1 %&Heﬂé{ong tt her,
a ave

wher e p riate, ference nuner €en repe {ed
-anong %‘ﬂ“é’ﬁf‘g‘aﬁ%"“? %%8? t@ﬁl’&%’é‘fﬁ)‘ﬁ(ﬁaﬁ@ othes fas plagty . NEDEST, mare:ARva NG
1QuUT THRNSKeERTAENOANEL) MNRAEREY ﬁbmeé\am&/éfﬂéehw a?éﬂm%{,g t@ &gu,ésls t(}
Qross_lﬁgég%meé lfI%tln -gate transistor swta n a

t wo- bi gev ggg ng gate transi stor 10 includes source/drain
regions 12 15 and 14 located in a sem conductor substrate 16 and separated

by a JMORES FOB(CARRMNG GUT THEINVENTIONARDINDURSRAL &S h
overlie so% ce/ dra#g%regl ons 12 and 14, respecliVery. gat e
el ect r ode 1¢ GTASS-Sedtighda atiivatingtgate mpletbaﬂ%wthﬁl@foeh&@”ihby an

StaCka A6 S Tietur e ob e SRR ARl Hiiedont non i ae
ayer 3% g“x)@? F%WWUP@QF%@E 16 an¢separatedbyarcmmbm@¢sn $8.overlies
first Fistasdgesdndisit limykide %Hadz op, o, de |a top oxide
I ayer) 32 ﬁw@sr" i, es S‘:"kl con %g{cﬁs?@ aye 2%\}:%1% %ﬁ '?eflfg 'Bpr aé.a@i' ‘P
f 1 oat.i"fitP gite plectrpge 4 guerlias chamsl regibnna aod iy ebargRide
el ect rtb@lefr&ﬂ l?blh ONGQW&@./ [ ause el ectri cal
. char getaféo sour ce/ dr ai r?cgegg(?%r[@ggg@ %:%f%g ?@E@a‘%@cﬁ% "Bhénnel .
regi or? @aﬁ?es ryGr € har ge encounters a sufficiently strong vertical
20 i el d, the oNOsRictre26iltliddst fel Sfof'o AddNageod ov&ilYing channel region 18.
A silicon nitride layer 30 overlies first silicon oxide layer 28. A second silicon oxide layer
, (or top oxide layer) 32 ovetlies silicon nitride layer 30. ‘

In the operation of ﬂoatmg -gate transistor 10, voitages are applied to mntrol-gate
electrode 24 and to source/drain regions 12 and 14 that cause electrical charge from
25 source/drain regions 12 and 1 4 to propagate across channel region 18. Once the charge
encounters a sufficiently strong vertical field, the charge is either mjected or tunnels from
| channel region 18 into silicon nitride layer 30. For.example, dependlng upon the part:cular
voltage levels applied to control-gate electrode 24 and to source/drain regions 12 and 14,
electncal charge 34 is transferred into silicon nitride layer 30 and is localized to reglons in
30 prox:mlty to either source/drain reg:on 12, or source/dram region 14.
Those skilled in the art will recognize that the proper functioning of a two-bit
EEPROM device necessarily requires that electrical charge 34 remain isolated in the
regions of silicon nitride layer 30 to which it is initially introduced. The proper maintenance
-of electrical charge 34 in localized regions of silicon nitride layer 30 is critical to the proper
35 = performance of a two-bit EEPROM device. In particular, the quality of ONO structure 26

4
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channel region 18 into silicon nitride layer 30. For exanple, depending
upon the particular voltage levels applied to control -gate el ectrg&g Zﬁlﬁ
and to source/drain regions 12 and 14, electrical charge 34 is td fietrr ed
into silicon nitride layer 30 and is |ocalized to regions in 30 proximty
to eit HQOEdEASce/ drain region 12, or source/drain regi onpdtAisthbore skill ed
in the ogni ze that t oper functioning of a two-bit EEPROM
devi ce rﬁ%%g}s%g% ﬁ@é\tr% ﬁ%@(agﬁga %&mi”m?%ﬁéhveteﬁaCEMWaen theffissted i n
the regidsesord siicon oxbdiela én@z@%r{cﬁs@fan%os i i '

y J C%nmr'ideha)}e?] A%dltgﬁlah)ﬁ %’%%%ﬁ’l sed

- introd 0 nance of electrical ar ge
regi on%ﬁggn gf'{]? é%\ff’ %ﬁﬂ&gbe € W'C@Ot densityi such shat clmrgma'appmgaltes?ére
per f or mainiedzeef wthihle BilidonfxiiERegI.ce. | n particular, the quality of ONO
;tructure 2 4 e SUBSTI TUTE SHEET ( RULE 26) 19 APR 2004 WO 01/ 31695

CTI USOOr 288%8Ccordancwithsiherinvensionceharge ldad!agaagﬁurpel\!@asﬁﬂetufﬁmlm zed at the
i de 28 and 32 d
L1} P bR P for i 4 8 bualRp o SR8 Bl TR R ARl Y Bkadpearaly mast b

SI|ICOI’1 nitrid aer
of suf fMefo¥ed 'a@m ggte tf§ﬂ%‘1¥0t netfomogmwamumme pleb@At Miventidii cahBez €d

wi t hi npeh ce wi th the invention,
charge.| egrklgidgw\’/t\ne?d %Ib?ﬁgr%(?ér%ﬁgﬁﬁne fz%’p Pw%ﬁ DRIGCESS CariedRYt 1B hi gh

qual i t?c?%ﬁa@ﬁ‘ﬁéh FWeventnm reduced charge | eakage and i nproved
10l oati ng- ga tained by the present invention can
be FRidiRgT o%’ ﬁ'%{ I;;ﬁéJFPB‘é%gg S ggr'F f8¥“e§H° aNerie theistdacent process

better understood OW N
car ri egegigondyctor suhstrateatfc d’mierablyhmmmmmtda BubsiBicRes A & s tc%/s'falG 2,

first siik [ d to overlie the sur ace of
seni condu%f%%&%t???%aﬁ{@d% *) %Vé"%@?s FHN MPRRHEREE IQpeMoHs 16 is a
._si ngl ePtqCpssad to remave gabria drxt native. oxities, dretbrublyofirsSsiRB 8kide eas ,San upper
surfacg o.re ved bris and_native oxide
refer at;ﬁ%? W’??ﬁi‘?@%’“g@ 51'%3"3?%8& 3% "g'g tF’BP‘?FEEI"%W the.preggnce Qf)&iﬂdl zi ng
18ur f acBolEsular OxygR). eﬁrsfeé@bly.éhpemamrepmewe CRITSS BIRGER @ierﬁlbéfat%n% opl ecul ar

oxygen R o BXi cess i.s carried ou a tenperature
of ygabgﬁﬁt%g t?% bggtott![ib 6 TS.@EJXQ%%.BE% S P&E%%QXFE% 'ﬁﬁefd’f%f?%p%n oxi de

| ayer Pavinga gwpgnesswéapcng sao ahoukteeanmemtsoumd ﬁorbcpréﬂ%lbl EDthigRYERYET S,
| SP&QS%?%‘SH“’?“%Q&%‘?%J@%W%@ PiocrS28iod Rt m iticna bt omer on
f ur nackemsal eridationfuinges, gr altemativsly) gh a-sivaflewatexoxiitibA rammawt us. 20 After
20ver 12 | MM e bidE s oo Y bl 5 e ogverte” ™ ¢
Pr ef er St Silicas; gxiderlayen 28 pa dlustgayted i3 61G.3.f Prefasblyy yilicore pitrigé Ia?er 30is
rapi d-fohfedB) nidhd ot %'rapﬁ%nngﬁeﬂér‘n caPOa;Sol?Id%;\)/o%tloR (ﬁf&%) process. The
RTCVD process is carried out at a temperature of about 700 to about 800° C. The silicon
nitride material is formed by reacting ammeonia (NH,) with either dichlorosilane (SiCl.Hy) or
silane (SiH,). The processes is carried out for a penod of time and at gas flow rates
sufficient to form a silicon nitride Iayer preferably havmg a thickness of about 5 to about 15
: nanometers ‘and more preferably about 100 angstroms. In one embodiment of the
“invention, ammonia is introduced in the RTCVD apparatus at a flow rate of about 1
standard liter per minute (slpm) and either dichlorosilane or silane is introduced at a flow

30 rate of about 30 to about 50 standard-cublc-centlmeters-per-mrnute (scem). The RTCVD

~A

process is carried out in three steps including an initial temperature ‘ramp, a deposition
step, and cool-down step. Preferably, the total residence time of substrate 16 in the

RTCVD apparatus is about 3 minutes. Preferably, the silicon nitride deposition step is
completed in about 2 minutes.

- 35 Alternatively, silicon nitride layer 30 can be formed by means of a
low-pressure-chemical-vapor-deposition (LPCVD) process. In the alternative method, the
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RTCVD process is carried out at a tenperature of about 700 to about 800 C.
The silicon nitride material is formed by reacting amonia (NH3)y \[}MAPR’]Z[IU[,
ei ther dichlorosilane (Sid2H2) or silane (SiH4). The processes i s carrie

out fowaoysikeod of time and at gas flowrates sufficie a .
silicon nitride |ayer preferably having a thickness of E&E}%}g@kg{)ﬁabout 15

nanonetsdicen nifride ﬁ@meigr@aénraabmdnmmosmm a@ﬁ@%tUsorrﬁe LTV §reefadi ment  of

the i aratus at a flowrate

of abo Q@degﬁ rg ||teDrsr e%o%?é %ﬁﬁ?@é@g“lt ﬁfe’o'&rﬁﬁ%ﬁ A, @t terpee8dEsSane or

si | ane 709 awt’n(bd@mrmnoraa Bhowitler disieraafiambetilakfya0 about 50

st andar d- cubj ers m nute (sccm. The CVD process is carried

out in threé Aﬁ: gg@ﬁ'!‘ '(i?gl @83!133{&5% ﬁécqné’r?ﬂ‘é9'a9&¢@aY%ﬁ§2 !%\focmqﬁm tion

S ep, am drhecsmcodaumastaw 307 eefiRisehlad intre, 4 Ol cghRand AL tﬁ%ﬂ? erfibpSubst rat e
con )

16 in th about 3 mnutes. Pre

nitri déeg%'bcgé%rb???& ’r@}ﬁert@ IS z‘?fﬁ’pﬂdeli)'e@!th% aalﬁiﬁVQomnmR@yD Qﬁceslsl a'lhmt ively,
'silicom mﬁdsﬁkﬁadw@rl 3248 fd?

| ow pr ese %% lche a az?%%or degfg?{):%'?w% §ra§%g§gg mfrﬁu? %de W?Q)nat ive
met hod 2 angigichl [rflﬁgi' The Qffproceressep ramgca«md 2EE4 ANBHcrA1GH

PCT/ US t h d t
S st i A B TS o

ppar at y
1gbout 2‘0% F%Eg'ﬁg(ﬂ PEGB? Use RPQGPQ%& sitienrenitide laer SCYGQHEE@-s@p deﬁmsm@o@mmm a
and ei kB GHues® i r siljco
| ayer 30quesrg§oﬁd S|, Fl:ciggﬂgg;}? d '+ ngg’ef’ﬂ'#‘% sﬁé‘ﬂ ﬂa%%%}é'ﬂ“ﬂ 13881 H’?f’on
ni t ri ddPtRLRIeGessiNg time in fh%u&TPélﬁbapmafams@s aldouti3rmincieqr Beaieeably, doriidithe

t | th RTCVD
;EVEBC\‘};?}F&‘?‘E??“"%‘“ 1638 ol BB mlR i P B2 Sob T bieBln bR

appar at itianatly, gko,35de aprEDY5 seer, Mdohbmrmetet’abm .abbhes0RECkDof

1 ut 700 bout
268?;6255“%"5?“2&? o e CCVI brctis® PR HRY GieRlmnd WatbnoB el tredy 10

wi th t Huckrees/of hAH S4Q abeut d Singneesterist ard hncajprefarabtyl modJﬁuEnianB&etérs

Goposi 1 ob LEoeD "’“ri‘% R 0LR0E s 4 et e A A BER e s Hhosls ¢ e
RTCVD ghisamrer “?s§ dBBEPO°C-ni nutes. Preferably, during the deposition step
bout 1 t f t id
asoﬂsegw Ao :’%’ﬁg??'% PITCE) roBBecioP i fylloh odiithe SikioRTiile Bibtang, ™' 4°
bout 10p Oidsrlayes adyantagsoysly Inseddes an iresitu prbeesRTEvRe wequetst&l foamﬁoa
si 1| coof fsividal Rysre vﬁﬁM'tﬁQCﬁ\lG’éﬁfj GALFE Ap dPN GRS 108hafBR U slloan Rt 12

nanorret% and nore preferab out rocess,
the sel¥R3dand ée?%"dd;d'ﬁ%% Pxide l&)’ﬁf g2tim acequential, hrasttuidep,qmmdmfseﬁwnme at

t enper miniRsWontEindtidl Gt the silicon nitride/silicon oxide interface. Additionally,
uncontrolied native oxudatlon can be reduced to insure that a single, hugh-densxty suhéon
25 oxide layer is deposited over silicon nitride layer 30.
An important aspect of the invention mcludes the sequent:al formation of snhcon
nitride layer 30 and second silicon oxide layer 32 in the absence of exposure of silicon
nitride layer 30 to ambient atmosphere. Following the deposmon of silicon nitride layer 30
- onto first silicon oxide layer 28, substrate 16 is transferred to an oxide deposition chamber
30 under vacuum conditions without exposing the substrate to ambient atmosphere.
Alternatively, a positive-pressure inert gas atmosphere can be introduced during wafer
transfer. The in-situ nitride and oxide deposition respo:"nse can be carried out in a batch-
type LPCVD system.
Those skilled in the art will appreciate that various means exist for insuring that
35 silicon nitride layer 30 is not exposed to ambient atmosphere prior to the deposition of
second silicon oxide layer 32. For example, a cluster/tool apparatus can be used in which
6
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The foregoing RTCVD process for the formation of both the silicon nitride

| ayer ‘and 20 the top oxide |ayer advantageously provides an i n-qigtMJR 2004
process for the sequential formation of individual layers within the
structure. In particular, the formation of silicon nitride |layer 30 and
second v 03/31695 oxi de | ayer 32 in a sequential, in-situ depoasieg6csequence,
mnimzes contamnation at the silicon nitride/silicon oxide interface.
Addi t i oramiegnductas syRstrate 18 és transtoweditpana nitside slgnosiion chaurlert to an oxidar e t hat
a singl e lal bt ¥ addniti | de LS ' r..sklicon
i eSS e B N oS i e, b PR E T BB ol
sequentdas athespRereo Mitematiyely,dbe nitride deplesitioayaad oxle depbsition pdbcsssks oam oxi de

| ayer i 3 f L ST itride |ayer 30 to anbient
ot moopre S ERfiBeEAL o in £ KGR edtiicH o BBl (B B & 38 ot
& r st svdrious prageissiog bagses: Agordinglyt albsuehMariations mad sbdificationoargn oxi de
deposi t | 0 (Y} m condi ti ons w t hout exposing
t he. sub&sq%?%'ﬁﬁe‘g{ggqért}% %r%%] at'%ggﬁﬁ'r e. Alternatively, a positive-pressure
inert gas atFakopling thedamatieniohONT stracturk26, e sediet-gatd siaétaie-shdWa ihn- Si tu
o b S S0P eing SOREOTF Sl o el g i lcon e
exi st I@(idé hyem3mgAﬂimgrap?& ;ia'ttbi'm'ﬁgl and ?_tdhdfg dfr@dé%é is%éi &_all‘]’_ﬂéd cﬁ%i@Qﬁgﬁ,e]t 0
i ent _atnpsphere.priqr eposi tion second silicon oxide _|ayer
B ForcRYahRE SRk 35 b e INGE R nbdte dbruosS Sihse sild BeRrSRiT! TUTE
SHEET (rethdnizsihal GarioR g2@0ibriiRgthaBHaRTaRGE udse B RER86e conffbicarduct or
substrate .16, i tll_:ansf er{ed fr?m nitride deposition chanber to an oxide
epost (HBSHER. o R Rbleg Fontniate latloth 2 AN RENE WP RONCRSBURR: | ve
pr ess ugsilidon;eamphg@ﬂs allicars lahefractof)y metan@libiue,laﬁhfl thékeni t § i de depositi on and
oxi de deposition,.processes ca . sequeptia carried out in a single
deposi.tion ct%'fﬁ)g?er? ﬁﬁ? g‘i’%" @'8%??3@?"&&9@%"@%@?%@9 MePHEDA Prstssdd ng gases.
¥8 cor difaligatinglan GNOHfloatng-gate @lectrude inadivbibi EERROM aéice dRAUGITPIGVIQEs | n t he
0t ackedns AEafth ot fer ol PouBh e nyentBs ne Bediptpegass IheRed ayer
FT t.ﬁat emtrﬁ_re@mg?mmebﬁb ilrgteativel egbsdinents tﬁérbbﬁ;{lﬁsnoﬂ%itdﬁdégﬂﬁfth@f- /; .
i t hogr.aphi.c [ and. et chin [QCEesS i en carrjed out to define
10 .co:nt»'.ﬁgffn-uﬁglt% I&'ﬁ@?ﬁ&&? egﬁ’s&ﬁg"e&%m%‘{&"\ep%at%@ 8@'@9 BtheEE. Those
skil | eqkei_,cogr;immt varitibhs am@rmgm'caaorts{mn besbda tvithiut @gémmblri@nmé gbirfalbs can
R A
si | i corstruatureicaa be oagiedrizomlthatideisctibed hevaih. tfie teréfere intedied!ith RERd datHreen
di scl Ost%g invenfiGit &f g&éhc\?ari%ict)n% én@n{ogi\figgt%ng%ﬁ fﬁ{vei%\?nstﬁe fsoc:rc')pe'é:of the

- appended claims and equivalents thereof.
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O-;l@;fz@l@rl cating an ONO fl oating-gate electrode in a two-bit EEPROM devi ce

+ t'hat fuI |y provides the advantages set forth dsplacemght Poggh t he iUSEORIBVG
has been described and illustrated with reference ;}‘Ig ﬂpﬁ?ﬁmbc illustrative
enbodi nents thereof, it is not intended that the inve e |imtedPR a0
t hose il | ustfoesd ve enbodi ments. Those skilled in the art will recognize
that variations and nodifications can be nade wi thout departing fromthe
spirit of 20 the invention. For exanple, the thicknesses of the individual
| ayers making up the ONO structure can be varied fromthat described
-herein. It CeAtMB:efore intended to include within the invention all such
vari ations and nodifications that fall within the scope of the appended
clains and equival ents thereof. 7 SUBSTI TUTE SHEET (RULE 26) CLAI M5: 19
APR 2004 1.;A pr c§?sfor f .lcatln O\IOroatln ate electrode in a
two-bit EEPROM 63 aging:patg| electrodet il astwo-bivn
sem conductEEPROMHéﬁéeQ:oﬁ)}ﬁ); 4 her mal |y oxi d| zing the silicon substrate
(16) tgo forma fi rst _silicon i oxi de layer (28) on the substrate (16):
formng a silicd¥o |acS§1811Qa§tmal(sﬂib§>nseimbdsmiufﬂoE§ﬁbs&atbéDQﬂ di oxi de | ayer

(28); and depo [Y0) | ayer of silicon dioxide (32 on the silicon
nitride |ayer %%@%‘?yusﬁﬁﬁn%%ﬁ &ﬁ ’bﬁ‘ﬂ@Fﬁ‘Fu@@ & iferer adists sitisapndigride es's; _
char act er i daykr (28)tdnathe subsgats(1g)con nitride layer (30) is formed using rapid

t hermal chem cal_ vapor dep05|t| on using 0.5 to 2
st andar d- | i t r es-f0ERIng? silicen pigidslgyen (38) onahefinst sm:ondm&ﬁie layer (28); and

S oroun. consi sorpeltiRE & Soedn il W dhico il of} Gl Wil aipig ver | O
, terrpe]r(gtur 3%@Sdmmdommﬂpbnﬂeﬂepoﬁtﬁn%6@b§@hﬁh&e%d%£hﬁﬂper ature of

- 700C to 800C SO As g el ntain aié two charge _ isolation regions in the
silicon nitridéJ g@‘ %@%M@mmmreln

‘deposi ti ngdepmmdsxﬁg blscwﬁzcgtﬁi@hﬂﬁhu&%éé)q(ﬁég&t g;v@n) 58\/¥gp§ ssure

chem cal va a sition using nitro seco

process as 1PeRIBgtres per-wlimrte (secnid pb 2i secong @sselemdﬁsmiam I.OXI de
| ayer ('32) c&mggg%gw&aﬁg}&&nghaﬂ cal vapor deposition using .5. to 2

sl pm
15 the high temperature oxide deposition process is carried out at a temperature

" of 700°C to 800°C s0 as to maintain at least two charge isolation regions in the silicon
nitride layer (30).

2. A process as claimed in claim 1, wherein depositing a second silicon dioxide
20 Iayer (32) comprises low pressure chemical vapor deposition using nitrous oxide and
the second gas.

3. A process as claimed in claim 2, wherein depositing a second silicon dioxide
Iayer (32) comprises low pressure chemical vapor deposition using 0.5 to 2 slpm
25 nitrous oxide and 10 to 50 sccm of the second gas.

4, A process as claimed in claim 2 or claim 3, wherein depositing a second
dioxide layer (32) comprises the low pressure chemical vapor deposition using nitrous

oxide and dichlorosilane at a ratio from 10:1 to 200:1 by volume.
30
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072_§ nl_;'l@'ous oxide and 10 to 50 sccmof the second gas. 4. A process as
‘cl 37 c} in claim2 or claim3, wherein depositing a second di oxi dqU$ey=696
(32) conprises the |ow pressure chem cal vapor depBe;blattementSﬁagg ni trous
~oxide and dichlorosilane at a ratio from10:1 to 200:1 by vol ume. 3D3 &PR 2004
AVENDED SHE#®105 .Repl acenent page 2 9 MAR 2004 19 %gmmpqgﬂp. A process
as clainmed in claiml, wherein depositing a second silicon dioxide |ayer
(32) conprises rapid thermal chem cal vapor deposition. 6. A process as
claimed in claim5, wherein depositing a second silicon dioxide |ayer (32)

conprises r&pi d Ahsrooss a8 eRikhédin YBRO" | e fRitids 1" o Shpm

ni trous oxia]ge f% 25 to 75 sccmdichl (%nggllg angé@gltﬁgrarﬁ%f‘%%& glg%odh%'ggi?i con
di oxi de I 8‘?’? ompyisesRgpH thenmalk ckgsicalfvapér deposifiéh. A 7. A process as
claimed in claim5 or claim6, wherein depositing a second 10 di oxide

| ayer (32) 6(zzlorrpri ses the rapid thermal chem cal vapor -deposition using
nitrous oxiGle and plocdss as eRithéd B @hinf 5" FhbR; ifito 20: 1 Dy wol une.
8. Anp ocezg as §|p§i med in any one o Sbﬁ'gf}%q&t&%&@% g‘v%‘gqpél %hctoﬂe‘ﬁ%?flgq east
two char gda¥eEdPa) icompriscsi tapisl sheemab chemicalevagion depesitién iusi Nith 3 dpn] ayer
(30) by forgs id1C nitri. | ayer (30) and the second silicon
di oxi de | a;}gﬂf&%sé?&s éﬁﬁ? t#oa?$ Naah 4‘%’2“03%@@ ﬁéefg% the perond silicon aliosident
at nospher e.layer (3RYEIEDa HiEknEss of 50 to 150 A.

7. A process as claimed in claim 5 or claim 6, wherein depositing a second
10 - dioxide layer (32) comprises the rapid thermal chemical vapor deposition using
nitrous oxide and dichlorosilane at a ratio from 13:1 to 120:1 by volume.

8. A process as claimed in any one of claims 1 to 7, wherein the at least two

charge isglation regions are maintained' in the silicon nitride layer (30) by forming the

15 silicon nitride layer'(30) and the second silicon dioxide layer (32) sequentially in the
» absence of exposure to ambient atmosphere. |
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