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. sem conductor nenory devices. In particular, the present invention rel ates
to- inproved nethods of fabricating flash nenory devices with bit |ines
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'regions for reading and writing operations, a virtual ground array. structure reduces the
spacigg betweeq gates by employing bit lines that can serve as either sources or drains -
according to the voltages applied. |

20. Reducing the size of flash memory devices increases their speed, but speed can
be enhanced in other ways. In a large array, speed is enhanced by reducing the
-spacing between contacts along bit lines. Contacts take up room and generally require
a broader spacing between adjacent word lines wherever the contacts are to be placed.
A compromise between the gains of more narrowly spaced contacts and the cost of
25 having more contacts is to place contacts along the bit lines at every 16 word lines.

The responsg delay associated with polysilicon word lines can be redirced by
siliciding, which provides lower electrical resistance. Siliciding is generally carried
out without masking in what is reférred to as a self-aligned siliciding process
(saliciding). Unfortunately, saliciding has proven difficult in virtual ground arrays.,

30 The saliciding process has a tendency to cause shorting between bit lines, particularly
in the absence of oxide island isolation regions.



5 The follow ng presents a sinplified summary of the invention in order to
provi de a basic understanding of sone of its aspects. This summary:is not
.an extensive overview of the invention and is i-ntended neither to identify
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Figure 4 is a flow chart of a nethod according to yet another aspect of the .

present invention. Figure 5 illustrates the nmenory cell stack of a SONGS -
menory devi ce.
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Figure 6 illustrates the nenory cell stack of a conventional floating gate
menory device. Figure 7 illustrates the core region of a partial l[fﬁ f or med
menory device according to a still further aspect of the p3bﬂ A {006
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Ci rcui t mich the pfaRipRe 6fi titlipvestlon E£®E efploye@ch nenory cell can be addressed for
programm ng, reading or erasing functions. Wrd |ines are doped and
salicided to reduce the electrical response delay in 2 WO 03/030253 31 MAR
2006 PCT/ US02/ 30784 perform ng these functions. The present invention is

now descri bed with referengmbhg»ﬁmglyFeﬁmm i ke features are
referred to Wltgfls nurrb gv’lout Figure 1 |IIustrate a portion of

the core regit&fe aa°?qua%ﬂe (‘S‘é"i‘f?’d'%‘?‘i’f‘etﬂ@ﬁ%ﬂf theResenb inveaficked wor d
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| type However e I nvention enconpass evli ce ruct ure, bi t
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-devi ce 10 .ar FigaRstiluttses the Sicindrp Sell3AtK &b BONOS maﬂarﬁdaaaed pol ysilicon or
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doped regi ong, of substr I ons serve as sources and

12, T
drains for neEy HAfgva °§61‘“°'ﬁ1°é Ef?““f f‘ﬁg’sfmg}“@ ROV EPLsacky i sol ated from

each ot her Figure 9 is a view along line BB’ of Figure 7 after forming the memory cell stack.
Figure 10 is a view along line AA’ of Figure 7 after patterning the memory cell stack.
Figure 11 is a view along line BB’ of Figure 7 after patterning the memory cell stack.
Figure 12 is a view along line AA’ of Figure 7 immediately prior to saliciding.

Figure 13 is a view along line AA’ of Figure 7 after saliciding.

DISCLOSURE OF THE INVENTION

The present invention involves a process for fabricating virtual ground array flash memory devices, and
in particular, a process for doping and saliciding the word lines of such devices without causing shorting
between bit lines, even where oxide islands are not provided to protect the substrate between word lines. The
devices have core and peripheral regions. The core region includes memory cells and the peripheral region
includes low voltage gates, high voltage gates, and other input/output circuitry. The memory cells include
polysilicon or amorphous silicon control gates that are connected in continuous strips to form word lines. The
drains and the sources of the memory cells are connected, either in series or in parallel, to form bit lines. Using
decoders and control circuitry in the peripheral region, each memory cell can be addressed for programming,

reading or erasing functions. Word lines are doped and salicided to reduce the electrical response delay in
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by portions of substrate 12 with opposite doping fromthat of bit Ilines 26
- (form ng oppositely directed p-n junctions). Wrd |ines 20 are salicided,
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According to Ipne

i nvention, act ace. r to
“patter ni ng, eZB’y e eé%’f)"oFmrt ﬁhow’%cm?"b‘lcg%‘fg‘aﬁb"ﬁsf %Oﬁé °P‘{af‘|°§ f’rat e
bet ween @Wﬁ@gmﬂtwwmm QP chi beemplpyed in fsigorg flagh mhmpe«dic@ce\l\moﬂﬂdmozw 3
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generally doped p-type whllc the bit lines are generally oped n-type. Where the memory cell stack includes a

multilayer charge trapping dielectric, these doping steps can take place after the multilayer charge trapping
dielectric is formed. The substrate doping can be carried out with a blanket doping, whereas the bit line doping
generally involves doping through a lithographically patterned resist mask.

Act 204 is forming the memory cell stack in at least the core region. The memory cell stack can be
either a SONOS type memory cell stack or a floating gate memory cell stack. Peripheral region gate stacks can
be formed at the same time as the core memory cell stack, with portions of the core memory cell stack extending
into the peripheral region. For example, it is common for at least an oxide layer and a poly layer to extend into
the periphery.

Act 206 is doping the poly layer in at least the core region. The poly layer is the uppermost layer of the
memory cell stack, which is later patterned into word lines. A poly layer is a layer containing polysilicon or
amorphous silicon. According to one aspect of the invention, act 206 takes place prior to patterning, whereby

the poly layer protects portions of the substrate between subsequently formed word lines from becoming doped
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Figure 4 provides a flow chart of a more detailed example of a process 400 according to yet another
aspect of the present invention. The sequence begins with act 402, forming a charge trapping dielectric stack
over the core region of a substrate that includes a semiconductor. The semiconductor is generally silicon, but
can be any suitable semiconductor, GaAs or InP for example.

The charge trapping dielectric stack can be the charge trapping portion of 2 SONOS memory cell stack.
Figure 5 provides an example of a SONOS memory cell stack 500. SONOS memory cell stack 500 include a
charge trapping dielectric 504 and a poly layer 506 formed over substrate 502. The charge trapping dielectric
can be any dielectric layer or layers that are capable of or facilitate electron trapping. In other words, to
facilitate electron trapping, the charge trapping dielectric has a layer with a lower barrier height than the layers

sandwiching it (two layers with relatively higher barrier heights sandwiching a layer with a relatively lower
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thicknesses from about 70 A to about 130 A while the nitride layer has a thickness from about 30 A to about 70
A

While process 400 is primarily concerned with forming a SONOS type memory device, the invention
can also be employed to form floating gate memory devices. If a floating gate memory device is to be formed,
act 402, which involves forming the charge trapping layers of the memory cell stack, is postponed until after the
threshold voltage for the substrate is set and buried bit lines are formed.

Figure 6 provides an example of a stack 600 for floating gate memory cells. Gate oxide layer 604 is
formed over semiconductor substrate 602. In one aspect of the invention, gate oxide layer 604 is about 30 A to
about 150 A thick. In another aspect of the invention, gate oxide layer 604 is about 50 A to about 110 A thick.

Gate oxides can be formed by any suitable processes including chemical vapor deposition (CVD), dry
oxidation, wet oxidation, or thermal oxidation. For example, the gate oxide layer 604 can be formed by dry

oxidation at a temperature of about 1050 °C, under an atmosphere containing 1.33 liters oxygen, 70 cc HCl and
12.6 liters argon.
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‘ example, a gate oxide in the peripheral region can be about 130 A to about 400 A thick. Core and peripheral
region gate oxides can be grown at the same time or at different times. Additional oxidation steps are employed
in the peripheral regions where greater thickness of gate oxide is required.
After the charge trapping layers are formed, the substrate is doped to set the threshold voltage (V1) in
act 404. However, in some instances, it is possible to optionally perform act 404 before act 402. The substrate
can be doped lightly (n- or p-) or heavily (n+ or p+). Examples of suitable dopants include one or more of
arsenic, boron, and phosphorus. The doping can involve several layers or wells. Generally, the uppermost well
is made p-type. As a specific example, boron can be implanted to a dosage of about 1 x 10" atoms per cm? to
about 1 x 10" atoms per cm®. The implant can be carried out with an energy of about 80 kev to about 300 keV.
Act 406 is forming buried bit lines. Buried bit lines are formed by doping the substrate. Suitable
dopants again include one or more of arsenic, boron, BF,", antimony, indium, and phosphorus, although the
dopant used to form the buried bit lines is of opposite type from that used to set the threshold voltage for the
substrate. In one embodiment, the bit lines are implanted to a dosage from about 1 x 10" to about 1 x 10"

atoms/cm’. In another embodiment, the bit lines are implanted to a dosage from about 5 x 10" to about 7 x 10"
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phosphorus. Act 414 is optional to the extent that an LDD doping for peripheral region gates can be provided

when the poly layer is doped in act 410. In one embodiment, act 410 and act 414 are performed at the same
time and after act 412.

Optional act 416 is depositing a spacer material. Any suitable material can be used, including a nitride
and/or an oxide, for example. An oxide layer can be formed by depositing then oxidizing TEOS. Using CVD
techniques, a nitride layer can also be deposited. Any masks are normally removed prior to depositing the
spacer material, whereby the spacer material generally deposits directly over and between the word lines of the
core region.

Optional act 418 is etching the spacer material. All of the spacer material across the substrate may be

etched at once, or the core may be initially masked while the spacers in the periphery are etched followed by
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Once, O{lméunt%f ﬁmgtgr?ah%yo]ppﬁ tb W&EHC%JC té? Sﬁr?e‘%%?d l}'r\@ IP?ov dn& %9)?9& ?ayér ovet E':g

peri phery are
substrate in the spaces between word lines can be facilitated by masking those areas during one or more

dielectric or spacer etching steps taking place prior to act 422.

Acts 424, 426, and 428 relate to the saliciding process. This process forms a silicide on exposed
silicon, including at least the word lines of the core region. Generally, the silicide is also formed in the source
and drain regions of the periphery. A silicide isa compound of Si and a metal. Any suitable metal can be
employed, including metals of the Group IVA, VA, and VIII. Specific examples include Ti, Ni, or Co, forming
compounds such as TiSi,, NiSi, and CoSi,. ,

In act 424, metal is deposited over the surface. The metal can be deposited by any suitable means,
including, for example, evaporation, sputtering, and CVD. In the evaporation method, a metal film is deposited
by condensation of a vapor on the substrate, which is maintained at a lower temperature than the vapor. The

metal can be vaporized by any suitable method, including, for example, resistive heating, inductive heating,
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31 MAR 2006 WD 03/030253 PCT/ US02/ 30784 masking the periphery and etching
t he spacers in the core, or the periphery may be initially3rRaeglswhile the
< spacers i nwdwnsese are etched followed by masking the corermswdietsehi ng the
spacers in the periphery. Any suitable etching process can be used that

| eaves a conparatively thick |layer of spacer material to the sides of the
per i phera}as"%bﬁﬁ“‘ﬁ&f"égs‘?‘hﬁﬁi‘@e | eaving .a thin |layer of spacer material or
no spacer mat emispiteridaposifimohamepbb tredeppsited drbophrakedlly cnegtioions gefteeme 3thes. et chi ng
process i g Shblshy cABen bS@d SRPSGo R ME fich. B OGL & meR G oddsd §yRRACH IR 1 0N

et chi ng.. Chaoi ce of, a.‘EUltab| e roceslg and rfghag%nts &ﬁ)ends on thﬁ Spacer
materi al . “REYELTUE"E TR B AR pf 2hhe sudack RS RE RR R S N x anpl e.
‘Wt et chi inducethy hipd whigh seiserithsns deggimppsitiomoflesi neptal qntpjpingcompgundepr sesitionetgtweentlsd ds

t hat CaI’ldihﬁe,@g@éﬁ@yﬂ&alio&@diMngmdﬁpﬁskﬂﬂﬁ COD@Gtethes. Nydr obrom ¢ aci d, _ nitric
aci d, Phosphorgz?ce%%'mg ¥ a %%%3 ifiei G 5l ime BASE o6 v} E’i‘}& £ 0SSR Qyed 1 ncl ude
hydr oxi des such as SO%‘I U ydroxl cfe, anmoni unt Y roxi ‘de P An pot°aSS| um
hydr oxi deladuGes|chemtiabreastigys 98 Piaws|chepges whils pvoidingislopged heating abthe plesicaig tat sqyldh  as

Xyl Ierig Or,cﬁ@|utx]déml 6h of B mexl of ddpafet. FEXA i@ geRerally @dcarnplihtd wmuss&s,aaémgmpﬂal&

i ncl udi ng_ et hanol, . 4 ' ' 0 | de spurce, an I.n,.regions
adj acent gates’s qr'r‘f hfﬂﬁég %gpslg%ﬁ%’?]y&g%@gﬁ%@%ﬁg% hind @y eflﬁ'glu%g%aé’(f{]at?cﬁl’f on of
dopant i nieEd belléar pdinpene @it  fufaceq Biedgnperpiuie Ypendgenelamong Stisafagiors. s vas & doped
‘separ at el yllicide béingremeddspect of the invention, the dopants are inplanted to a

~dosage from abguaile o kB sifiRle SRR MVorvks o KA Greps ATRIERE P atla o QLD BE, ASPECE
of the invention, t%mg@@ are i nmpl a%t ed to a_dosage from about 5 x 1014
to about2PPueR00e gt tes ip fhe forpasipg ¢ dhe relalRb i Bh St CHE R PISE FOr t he

dopant s asemplaBTAR AL G 30 gosiace bé cupinyed dutlective eich 0 bSustdgo aiown-faced 1015

at ons/ CNM2mekioh thé ddewaitphcedind Solaledhitksi6RA uRWburd/alaRiregloRs. 23kdokd FHAMa tednserd 1OV NY

any material .0 e .to the word |ines. ar.t i arly spacer material,
while | eatr?"hbbméq 7{’)‘?’3 %b(?ﬁ?(\)/o?cf néaflsg?rms od\;/ee“r’m}v%éﬁlghurﬁs%f"r" tcgwg‘g{ze%s@ﬁf @b’?‘&‘“ﬁ‘i‘/ ds in
t he core repigiyitorase it Tigin Tht gymosnhere Madeveloh wewpm; eic.)andimpyriticscaneiion ihe erypeting 422,
A spacer Kihetich atd @6/ thd optidiind sadehldilne O €mpécit@ewOrd | i nes can be renoved by -
chem cal, MeChAR:, Gl oftimofiy BRicd i GORFA (s, ARUelBEAFN diloreld BiYSen: O cal
removal ing|udes_wet et,ghl ng).fh&@g@gtlonﬁl xanmpl es” of chem cal renoval
i ncl ude pPEBRE SAFY0f BRE{GAFE e b?sﬁﬂ@@bﬁbﬁé‘%‘ﬁe’é‘é’ﬁmﬁbf%?%k&'&@n,
f1 uori ne, filghicpsitienewhilp paintainiegs vacem. Afternfivit REA.iths TiNdap iskiclsd off Gk romedidny Wi t h
ot her gaspRroxifeaftién/ Thd aReaBidCd la2hg o£S10;, Bt APRer\Makedlal, MR Tbly ctcBid BXSRD! €.
Conbi ned ¢ 1',%Iaﬁgﬁ@gm&§kmn@%§5&?’ ngLude chem cal nechani cal

: u al, 0

pol i shi ng ' 1)5‘ ses a materi en feferred to as a slurry, that
does not rapi df*S4%Fi reraayesgey werractad sl thabeopld dorm whygted compaypds frdtifrprogsssigatsiss.
chem cal Uorddtsdgnesldat begen@médiby any euititdeonchast Gérerallyhe e isG@hoveddiwushing Witida a
pol i shi ngAdiutdyBid ktadble, 6 8kt of BydRnid R TRYER B Yeid Wt & dhpBRENABLGRbo BRARS . A
pol i shi nggggd agcgs%cpsed L0 rigif eff!abggat.gnurf;haﬁe can be noved agai nst the
upper | ay &P F BOGTLE AT S ratrE et FORRAE oI B Pk BEBYY S ppr opri ate to
expose the t opSEE® 7thid schemagically Hustsate tm forpiadingifharogsmsion intaiSQNOP Aysbmemarer t he
subst r at eddvite ifteviEppeRc Het swRAR aBdids loitiR@esctdivedlion. e idvict BinRa 1dd ¥n RBSKi NQ

t hose are ' el ol ' . ar . .ng. st t aki ng
bl ace pr i st pE6ad e Fib st H kRl YhurbiiB i kSl Rihol 1R, (71
process. Tﬁ’i"%‘e'ﬂl‘%ﬁg'?émf pFRTElicysrdq the vardfine n exposed

Figure 7 illustrates a semiconductor substrate 702 after Vir adjusting and forming buried bit lines 704.

Figures 8 and 9, correspond o cross-sections along line AA’ and BB' of Figure 7 afier forming a memory cell
stack. The memory cell stack includes charge trapping layers 706 and poly layer 708. Poly layer 708 is doped
at this stage, which is prior to patterning

Figures 10 and 11 provide cross-sectional illustrations along fine AA’ and BB' after patterning the
memory cell stacks into elongated strips, forming word lines. The charge trapping layers 706 need not be
patterned at this stage, aithough they have been patterned in the illustrations. Whether or not the charge

trapping layers have been patterned away, the spaces between word lines can be partially or entirely filled with '
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silicon, including at |least the word Iines of the core region. Generally,
the silicide is also formed in the source and drain regiorgs @R Xfte
periphery. A silicide is a conpound of Si and a nmetal. Any suitable netal
can be egplogysAss i ncl uding netals of the Goup IVA VA 3eguébiderssSneci fic
exanpl es include Ti, Ni, or Co, formng conpounds such as TiSi2, N Si, and
CoSi 2. In act 424, netal is deposited over the surface. The net aI can be
deposi t epkedrpxideaitlO guillusadsédon Figarn 2. The spadetckidegan b depositednphethe mocap of dabinpn,

sput t er iskigoe amlmgonslf& thQsQ)f ﬁ)g?aﬁﬁ@;l “cgﬂn 'X?tLMely,%eEE%B&%Ls cfu{ l!aerﬁhltd%vlmqpoSI ted

by condensation of "a vapor on the substrate, which is maintalned at a | ower
t enper atiifeams waisial 4?8"5{}%%?‘0‘#% s“"ﬁ‘[é‘f°dﬂ°‘“”€°&ﬁ"°b’é‘“ﬁseff?6‘r¥ Bh prympaerial op foRi9f e
met hod, therwokdiilesrigrembved topxavitp khe stric@feiilistraced bjiBigdré [8), | nducti ve heating, 8 WO

031030253 3 %n!:\m 1 ;%Q)@th% E&I 41}9 §9|%/ %:gz:g Ah\e d@?ﬁ{nesQQWeaSal%rgee& t'l’hc & Iiuaéx Sofetal heati ng.

In sputter-deposit ted 1S energetic
i ons t o Teaptpwithsay jeast g pasting ofpdﬂwemét maesamsmtmwywhm 71111911@&9@ fnciiguret o
formthagasfilm In CVD, the netal is produced by one or xore reactions

occurring either in the. v ase surface of t ubstrate. The
reactions ar @"S"é’ﬁ%\h§1nf"§?t’°ﬂﬁﬁ%€‘g%°‘ﬁ'§/a gﬁff' QRS RIPH, °F oSl
deconpoor ¢mbodimerts, it Fobyiwis Hiat eguimsient arklenagmsmdrpmdlﬁdnms wilbactr keahpsbssilledie the tidn e

differe i .
once th2“%?2%“?%“"2‘?5%.‘%“@aﬂg@m*&r%?méﬁﬁé‘“?‘gﬁﬁ‘é’a*?%‘@%% et AR |

enpl oy ednutiedens performed by the abqvr dasribef] compnnety (Wba?fod%ﬁ%?s‘éfc‘e‘ﬁéﬁ@’é%“ S | e
avoi di nginglidgamgefdrelie ad d ‘igars?) uted & desthibd sichicomgohients athtrided tp adiRepondihless

-di ff usi t shed

| asers, rw?s«t. lnEhcandrTB @Jc}?%éosngrﬂgwf;ﬁfgﬁ gerfogg'%he sfecﬂ&ﬂ‘ﬁxfcﬁ!m of %&9 %Ji éomnentgnh “ot her
sui t abl dhapip fyaetigrally equiralen exeRoushaek strackied lnenuwgeraw tﬁq dwlowﬁ etmcw whiskat ed bel |
jar and pbrtbnsamu&a&ﬂa the Berbibl INARRY extiBlarly e;nmrnaatysfeham@md SInQYitioR, Whilga Ot her

factors, icid To Anne ani

ST o et obhe mhtniiaare BE Aot BoPBr et D 1 o
from - apbfatugdy bocogbnet witGoOE wthee%ulllrcsgf fheothdy embagimerats asomry b¢ desited and

rel ati V%h%n@egjgfd’rg@ﬁkh&Iﬂaﬂlc‘%%pp]_bagbg phase. For exanple, RTA at 650M for
30 seconds can be enployed. A selective etch can be used to renove
un-reacted netal on the SI dewal | spacer and isolate gates fromthe source
drain regions. A second RTA aINDUSTRINIARRLACABILATY M about 700 and about

9000C. L1 andOriPad iR ohEhadal ol M lnleighoilc o dZifTy ﬁan?voztflggﬁmf,&u&p

relatively low resistivit e atnosphere eve
vacuum mefery fabrgaton. r?ﬁ'éf?‘l“t’iyé@e dexipes aRdrrasthodsof; he ereﬁweww@namaw indabrigheg vary

t he opt inbMvBlaER MR melmorRleAdts| sicRAPEEFROMse. CoSi 2. is al so commonly fornied
with two RTA steps. TR4 capping can be enployed to prevent oxidation of C6
and provide a smooth film For exanple, a Co filmcan be sputter-deposited,
followed by TiN filmdeposition while maintaining a vacuum After a f| rst
RTA, the TiN cap.is etched off using amoniurn
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hydr oxi de sol ution. The un-reacted Co |layer on Si% or other spa= material
is selectively etched off using hydrochloric acid solution. A second RTA
converts CoSi to CoSi2. Act 428 renobves any un-reactod netal that could
form unwant ed conmpounds in |ater processing steps. Un-reacted netal can be
removed by any suitable nmeans. Generally, the, netal is renoved by

washi ng-with an acid solution. For exanple, a solution ol MJI26Eh! oric
and/ or M@gci d can be enployed. Al though not shown, further processing
is perf conplete the fabrication of the flash nenory device.
Figures 7 to 13 schematically illustrate the formation of the core region
in a SONOCS flash nenory device with virtual ground array structure

accor di ng t o A hen-yeleslersemiqondwetpomemPtyedaiace; eanprgningsd has an NOR structure
in that the bit |i nes am congect ed in Baﬂgl | el and form.conti nuoys trips
in the core relftHcral rpgiphand BguRgPaion: His 4oy T8 HL SOPEHS B PPt ar to

t he wor qnérhms;eusfjogure 7 illustrates a sem conductor substrate 702 after
VT adjusting and formng buried bit fines 704, Figures 9 and 9, correspond
to cross-sectiobhord bneg ©0nealmadedawith BEnetet aird gpuviag As peel gaieioRdhea menory

cell stack. Th ory cell stack includes charge trapping |ayers 706 and
poly Iayngerm%@?ﬁ%’{;%%gonéyer 708 is doped at this stage, which is prior to

patterning Filguieé$itlifes(?d), spheddl apartdleer®n@sSs-sderkimmialr draihwsgioad fopnise al ong
line AA and BB after patterning the nenory cell stacks into el ongated
strips, RIPHIEELUN0% | i nes. The charge trapping |ayers 706 need not be
patterned at I t 4

Tl ust rati ons e Pk St ot AU OGISY: RKE: BEARCAA FbOR0YLR bocen

pat t er nagordvines (R0E as hragsns@Shaetersvlic) vonkisfacAnatbdsglation af lthe buright i rel y
filled wiith 9 31 MAR 2006 WO 03/030253 PCT/ US02/ 30784 spacer oxide 710 as

i || ust r 2H@HeS (#OKi gure 12. The spacer oxide can be deposited during the
process of doping source and drain regions for gates of the peripheral
region. Alternatively, these spaces can be filled with a dielectric

mat er i al2.deposidedde toclpinndeint claie swhstinghe pblytwerdrings (D)l are depeids and
salicidipng., Any. materia n top.of the word lines is renoved to provide

t he strdggﬁ?@n SIH?%%F‘B‘?‘L:@%WC Y% 12. Once the tops of the word |ines are
exposed, the word lines can be salicided. The saliciding netal reacts with
at least a portion of poly layer 708. The resulting structure, wth
silicide.712,Aidsvict hsiskimatdih ¢lainFil gwhereirBthe Aetinberghreghng ¢amrses sotrpdis been

shown and .described wi.th respect. .to.a certain preferred enbodi nent or
enbodi n@r‘i‘figi,ralflfegl%ns(}ﬁ%}itht%ﬁ%g‘fel%a?h‘élaﬁq'vaI ent alterations and nodifications
will occur to those skilled in the art upon the reading and understandi ng

of this specification and the annexed drawings. |n particular regard to the
vari ous 4 unctA dpgcpas ¢laimeddn slpimHe whistrinthgeots icpion it ap Faneddg slbadwbl i es,

devi ces, l"‘r’&t-tggbsf& Ole%rgat& thgc%e%s.er nms (including any reference to a "neans")
used to descri’be such conponents are intended to correspond, unless

ot herwi se indicated, to any conponent which perforns the specified function
of the described conponent (i.e.,. i .
5. The device as claimed in claim 1, wherein the memory cells comprise SONOS

memory cells (50).

6. A method for forming a virtual ground array non-volatile semiconductor memory
device, comprising:

providing a semiconductor substrate (702) having a core region and a peripheral
region, wherein oxide islands are not formed in the core region;

forming charge trapping layers (706) comprising at least one dielectric layer over

the core region;
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that is functionally equivalent), even though not structurally equival ent
to the disclosed structure which perfornms the function in the herein
illustrated exenplary enbodi nents of the invention. In addition, while a
particular feature of the invention may have been discloiquﬁ%wﬁﬁrespect to
only one of several enbodinents, such feature may be conbi mgth one or
nore ot her features of the other enbodinents as nay be desired and

advant ageous r..any. @i ven particul application. | N 2l AL

APPLI CABI LI Tﬁ‘ol‘ﬁ%‘%g‘é’\??ycie%“a@gg)r%’teﬁ%@Sasg?het‘ﬁ’grgﬁﬁrea%‘ﬁ’? l?yr?{lsgjﬁla_)gn are usef ul
in the field pitenong (e pbly EayeeR7eOHNIUHOEore REWDNYtof Bl G@lkd Qthes; and
Particularly, the devices and nethods of the present invention are useful
in fabricati rfglicidpg-theoward linesf | ash nenory devi ces, such as EEPROVs. 10 31
MAR 2006 CLAIMS: 1. A non-vol atile sem conductor nenory device, conprising:
a peripheral region and a core region, the core region conprising an array
of nendry celhseth@Dis clpiped iwalldin 6 figshel 20)npSidink Cprid@ctovdattBrningitie @olyand
serving as control gates for the nenpry cells (50); and buried bitlines
(26), sparEd’G8)an the cors speivy %@%{bﬁ@@lysa%mrﬁ()@rlarfhﬁ GOEGie8®- f or the menory
cells (50); wherein oxide islands of about 100A or greater thickness are
not provided between word lines (20) at |ocations (28) where they would
facilit & e | shhathamselaimbé iheitheedainbbtor iclaga 7( Adher Gmphisiteyi ce as cl ai ned
inclaiml, wherein the poLg_mord lines (20) are doped, and the doping is
performed af (B3SKigIBS FOES7RioO% a0d device as claimed in claim1, wherein the
peri pheral 1 qgiliRivne QBRI 1esf iSAMUER andiof iRkdlici@ MRS Ae W FindeR
salicided. 4. A device as clained in ¢claim1l, wherein the core region is
free froubsxitad@O0Rtodlts sowte albdininG@gioAs edjagame gates intthe pkipdssl régionThe devi ce
as claimed in claim1, wherein the nenory cells conprise SONOS nenory
cells (50). 6. Anethod for formng a virtual ground array non-volatile
sem conduct orA FRMYdas cHEMES & clea®Rhsidlg: provi di ng a sem conduct or
substrate (702) having a core region and a peripheral region, wherein

oxi de i sl andssauk patigpning sharvpelyilayer {é0@oinethe egieorggion forms word lines spaced

apart on the substrate (702).

10. A method as claimed in any one of claims 6 to 9, wherein source and drain
regions adjacent gates in the peripheral region are salicided at the same time as the word

lines in the core region.

11. A method as claimed in claim 6, wherein the core region comprises buried bit
lines.
12. A method as claimed in claim 11, wherein the virtual ground array non-volatile

semiconductor memory device has a NOR device structure.

13. A method as claimed in claim 6, wherein the virtual ground array non-volatile

semiconductor memory device comprises a SONOS device structure.
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form ng charge trapping |layers (706) conprising at |east one dielectric

| ayer over the core region; 11 31 MAR 2006 formng a poly layer (708) over
at | east the charge trapping layers (706); patterning th€1&8¢ﬁmkayer (708)
in the core region to formword lines; and saliciding th ines. 7. A
met hod as clainmed in claim6 further conprising, prior to patterning the
poly |afer (#osthedastleimedria claaggi Grvhedgaipiahlpastibe disllsetiicalaper gro@sels they t he

core regjQn A method.as clainmed in either claim6 or clai.md,.further
corpr 1 o keonducrdy ARSERE 18 BrecPRel b Lastprilfine St PhdLeRlpe afiih rbiine ke
-and pri ahe WordhhdsGirdidnigidede word |ines, doping the substrate (702) to form
source and drain regions adjacent gates in the peripheral region. 9. A

met hod as clainmed in claim6 wherein: said patterning the poly layer (708)
in the care rggj ord | S h . (702).
10. A method Aehifiad R RabRiy' URGF oF RRRSy PRAL] O inet SHSELERIG 100
drai n rmggieonshadimveniugat absiritetihehfacpdbétalecti @@rdMinas &osabéconrdrg at t he
sane tine.as(Lhﬁ_mord lines in the core region. 11. A nmethod as clained in
cl ai m 6,52ifdsehile fie wyddesgiesaladsthri ses buried bit lines. 12. A nethod
as claimed in claim11l, wherein the virtual ground array non-volatile

sem conduct or nenory devi ce has a NOR device structure. 13. A nethod as
claimed in claim6, wherein the virtual ground array non-volatile

sem conductor nenory device conprises a SONOS device structure. 12 31 MAR
2006 14. A nethod as clained in claim6, wherein at |east the dielectric

| ayer protects the sem conductor substrate in the spaces between word
lines frombecom ng salicided while the word |ines are salicided. 15. A
method as clained in claim6, wherein at |east a | ayer of spacer materi al
protects the sem conductor substrate in the spaces between word |ines from
becoming salicided while the word lines are salicided. 12a
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