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WD 2004/ 100230 PCT/ US2004/ 011354 METHOD FOR REDUCI NG
SHORT CHANNEL EFFECTS I N MEMORY CELLS AND RELATED
WEITRWITIRE 1. TECHNI CAL FIELD 5 The present i POBOR20041011354
is generally in the field of sem conductor
fabrication. More specifically, the present invention
is in thel\m@é&lﬁ% fC SORAHEE menory
cel I's. f‘iﬁ%@ MMR\E evi ces
are currently in w despread use in electronic
conmponents that require the retention of information
1. wheopnrlceetamigal power is ternminated. Non-volatile
nmenory devi ces include read-only- 10 nenory (ROV,
p Mogpresenviyéngen ie gegleralhyl iy therBeibofisenfifROM)or fabrication. More spec1f1ca11y the
er asabl e- progr ammabl e-r ead- onl y-nenory (EPROM), and
presenghvegtionfisdmibp §eldefdabsipatien ¢f sogecadhsabpenonests onl y- menory
(EEPROM) devi ces. EEPROM devices differ from ot her
n nory devices in that they can be

O T T BRI o0 o oo A T e e
retenti?(ixbof m%ormz%o? Qfgen Qfe&tqé’a rg éﬁ]rgna?eﬁ aﬁ%olaﬁﬂe InBIly ﬁé\lléeé/ include read-only-

['ash evi ces ena si mul t aneous
memory f(l@éMp grogtlmlﬁ'ltblle-r%mgfy&e&@ﬂy |(F'\R01\/§-)5erf> Qﬁ?éjﬁggraﬂﬁ%ﬁlr&ﬁm%emory
forts Tn flash menory devices have focused on
(EPROMICA@ @84 1R @11yt AU Q6 @b R Jead SR @Emork (BEPRONMK devices. EEPROM devices
progranmm ng and readi ng vol tages, increasing data
differ fr@ &hdr h@rvolatilBemdre chivicesig thateliely carba slentrizalyl preesammed Al erased. Flash
reduci ng cell dinensions. By reducing cell dinensions,
memoffyldgrgdes aresimilay todiBFROMsledesn indleahinemasy ¢eitqar bsiuekraspyecd gnd zfriesl
reduced power consunption. As the flash nmenory cell is
electrigafly) Qs verflashimemorydpices ?na%thﬁiélﬁﬂwoeseﬁsm% ofcaf] ey cells.
length is also redugﬁg in size. of . backgroun

gt dat Ly el RECERAHRIER oo
th 20 t
speed, Bovsfeaggéa amlirff‘n amdS rez&hn& vgll?a es 1n<gea 1n (Iata reg ntl%) ef {é kltg lé'e@l e?agure times,

U e an junc
and re?.‘%lng cetlllglﬁl]ienél&s %&u&ﬁé J:eﬁ QmQ}{su;np %as% lnéﬁﬁt‘ry H@J@% dn gc%kelve 1§creased speed
e channel |en gt of he nenor Yy

and re@f2bd po@@r(‘c&%ﬁffg%gm ANR flaSOMRRS BING redficdd A si€ @ie@lﬁlﬁa n@fodyld@r’s channel
menory cell becone effectively closer to each other,

length\Mls6 FedGaMinGias) B wakl biadzroadl, & ashaing gadfasiedmosf cfeEGlieShannel length
For exanple, the short channel effect known as "punch

refers tohlredength'of e giossitwh@ibetweentypugds agtt driimjuoatibisad de Gabymemory cell that is
uncontrolled current, i.e. current that is not

controbiesirbty iths [flash aeiygry £41ks fippting ggte. cAs the cianiigl fpagth pighexmemert Céﬂ deeggases, the
flow. Punch through can start to occur at chann

source| aéch%rfuﬁ eegopsof thf, ngrﬁorbceg bFﬁOEIF BfFFcth]é Flog’f(gﬁfﬂh@t erD}w}aFthcan cause

duced barrjer |Loweri

undeswﬁﬁégwaw% Rt R o Bt ev el FOPA R B g peous vhen
a hlgh%ram ﬁage calu?es un%&%%ﬁ‘edqgge% gﬁreﬁt’q’?\ dl@n({t @()?hm)ﬁed g; thplngl'rory Eelﬂ% floating

ective reS vol tage decreases,
gate, tX‘ﬁé& n’unéﬁ'ﬁg&%h Eaﬂmaﬂf toQIcéu? GrleBanhdd Rn RN O R NCBicOf, f(grté%ample Drain

nmenory cel CMOS devices, two conventiona

inducdd ®EREH I&M:ﬁﬁg (UlﬁllBhJ YaeothQ uﬁc@ﬁi&lﬁl@ shoh ahneCdIREARL stk fortus as channel
such as punch 30 through and DI BL, are hal o doping

length@Bdleabest AQQEaHef MBL ] thedtypiongell’s effelrak Chlredl@m wojage deckviagh which
concentration of P type
undesirably affects the performance of the memory cell.

In CMOS devices, two conventional techniques utilized to reduce short channel affects, such as punch

through and DIBL, are halo doping and retrograde well doping. In halo doping, a high concentration of P type
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-1 WD 2004/ 100230 PCT/US2004/011354 dopant is
i npl anted, for exanple, close to source and drain
wQ eovetio@es of an N-channel device, such as an NEEUS2004/011354
The hi gh concentration of P type dopant inplanted
around the source and drain junctions reduces short

dopantqp%ﬁlﬂgtlad F]O?E%Slgl %10,sest8| Qdarc@%d DncE(l;Hs QHQI'N &Q&el@'e@éc supl§/as an NFET.

‘et on region between source and drain
The hl% HRGdhRSh of AR dopiR lirh@dnted hreurfdeﬂers&&feaﬁ’cﬁdrﬂiﬁjuhcudﬁ&ﬂédﬁ&s strt channel
i gh concentration of P type dopant is formed bel ow
effectst du€h 8 plash havhigh 2od BIBLf BafakAk tha dehefabregith ttvidervwolrte anth @i junctions
punch through can occur in an N-channel device, such
much sgllaninbtfegradeAg:ll dopinrgeshight condefiatidm of R ypodpen tsiferinpdlpelogf theRubstrate
type dopant in the P well reduces the effective w dth
surfaceoyft a téweh inje et Whste Pecithorveh e pwerin als%ﬂlvaé@l ‘é‘?'i’de dlfca pypn NFET. Asa
junctions, which reduces punch throug

resal, e S AT U PP ERIEVE B P P eﬂﬂC@*ﬁhe LBerieHir at posispon egon

betweetnﬁ%l}/ cg@gﬂzg(gﬁ? u%ci)‘fg]?st ﬁg@%gdageﬁ ?%ght | agthr}r? h? og#‘x%lgil Hev?t I Qwelvepr the high
concefi2RIAFe LECARLOUER AR, GHIEARIRS!f BPLE veq{aaﬁ@aiotaamg A8

e conventi ona
retro gJa&*et vveﬁ %ﬁ%cm&des 619 PludindSeBRIAHEhcMindtddR sl above are
ficult to apply to floating gate flash nmenory
c Qf{léo,sthb&)‘yﬂ/dﬂ@m&mb bnddétERnsd Nl Sopisd teteRqeli@scudigl aBoveasd dRficult to
type dopant diffuses quickly. Thus, there is a need
apply forlloftig g flasi dmogyvelsftheny smuk dinedstood sifie the ireydane:id Bgyps Hapatt diffuses
channel effects in nenory cells, such as floating
quicklppat e fl ash nmenory cells. 15 SUMVARY The present
invention is directed to nethod for reducing short
c Ay Bipre dsfamerdtingthg #t fﬁ@ﬁﬁff@;:h@épqﬂ}gd fon ppducing shortchannel effects in memory
stru ture épg@ggese i nvention addresses and
th”wggﬁ AiEe ffd g oY the art for an effective method

for reducing short changg#H&L@Fcts in menory cells,

such as floating gate fl ry cells. According to
O nl%e fé&%lln@ﬁt%n k& '&P&%h EEthod Bor F@&J}@ghofrtgﬁangé PG A ﬁéﬁg)ryacells and
ating gate menory array 20 conprises a step of
relatecf s@rﬂ@l}fé Nehe Brefh@hvBRHoh hdeiredRS Bt keddlveh (o HRed i these@lfditah Offective method for
region situated in a substrate to expose a trench,
reducidddbrchatiel ffe@f Reh@y &ilf, sah exflobiiz waeMs@mémdriiellsour ce
region and a second source region, where the trench
defdcordisg © ontewanipllasy enfpodiment.aumiptibd fat BbricTiing aflbatiag zatrgmaymt yearray
menory array may be a floating gate flash menor
comprigesyaghiep of iprgving R dwb‘et@c mafgyial fnpndsotaigraegiatsiaied in apy tfﬁ%“o expose a
renoved, for ex in a self-aligned source etc
trench-l-\ﬁlgrq,%ettﬁw is SftWefi ﬁg}weeea Ifllfﬂ' qogré%reglmﬁng chwd SQpFe ngtoi},p\,glere the trench

sour ce re%f qg ond S
ay,

defmeF %geiwglgf in ‘gﬁiﬂlgi“ﬁ% 'Elg, ﬂé)iltglé&%ef Jpemo arra%m Al étn 8%1ng %\z}t]e f‘[%Hl IP%I‘HOI‘}' array,
for ex%}L tiey R agpcﬁ{ymateggl% @ﬁﬂ'm%kle& Y& @xal;nggl if? Qs %e&rﬁ)lﬁlgggﬁh The method

t her conpri ses | anting a ype

furthed éofnﬁxtlsesslglﬂfaﬁﬁg 29 {y?@doplnlaﬁ tIRGEH Elﬂrc@ RYbk; Ghe séc@ﬁi' sBftee 18436h, and the
he sidewal I's of ‘the trench, where the P type dopant

SldeW‘:fH_@ bBe tébndR, memherregpmpanamdns\m 8- @pt Rgiol type region is
situated underneath the N+ type region. The P type
d opra fithedfitrtieecobprinimplagting @ R aywp Haepant Toivke fist boupe region, the second source
region, and the sidewalls of the trench, where the P type dopant forms a P type region, and where the P type

region is situated underneath the N+ type region. The P type dopant can be boron, for example. The P type

dopant can be implanted at an angle of between approximately 45.0 degrees and approximately 90.0 degrees
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dopant can be inplanted at an angle of between
approxi mately 45.0 degrees and approxi mately 90.0
waele@neer30 - 2 WO 2004/ 100230 PCT/ US2004/ 011354 Pau/UkK2004/011354
respect to a top surface of the first source region
for exanple. The P type dopant is not inplanted in a
with régé]e@ﬂ tha foff QR of fﬂ@%ﬁo&&%e%f 1MoPexbBGE. Ofhe bSypS 8K 2B AmbEAM in a
the first source region by a word line. The nethod
drain BdEd WRSe thCROPIbISES sep@itEDFIR hgfiret sbUAR¢ERIn b Y Gbi@ lindMTRE Rethod further
the thermal cycle causes the P type dopant to forma
comprisestpedgmag e therpriaf¢ld, @hantiethaealtciclé haasete R ypedopagiodmmanelrograde
a graded concentration profile adjacent to the N+ type
profileruadriresath thg Nt typeregionsnd o giadrd irencentiagon prpfiterntindsnt t¢ &e Y+ type region.
floatigngate menory array fabricated by utilizing the
aldBors emprdiecy’s Se fveREddloatg st HF’@%W gy dabLrrtpd Ry H%lﬁ’t“&&%éb"ve
pres

d1scus%i:6 615511%% tOtl%ebgatilrﬁsoag%a df'ma(%FSd’WWS Plﬁsegtw?vleximop H/ll]tq)ﬁ comg ﬂor%?aflg apparent to

those of o}/dm?lw sﬂﬁ mttllgeear ]; fge\:/rvI regqevsv{lllg h%%ll %%g%%fc%%cp@\c#%ﬂ a%ﬁ%panymg drawings.

DRAW NCB F! gur SRk bb&@ﬁﬁb%@rmxwmwf a
structure including exenplary menory cells, in

aqff@fedlaﬂ&ﬁatééﬂattdﬂ VRRGT a shctahordiREREmQdry Inklﬁ)rjaéeﬂ§ & Hecordance with one

invention. Figure 2 illustrates a cross-sectional view
embodh@N@f telpessdni ime@ntdn2 in Figure 1 of the structure of
Figure 1. Figure 3 illustrates a cross-sectional view

al fgvge 2 ihetritdsperoB-seetipml Hevgulera t liof 2-2 dFigyterlind the FtelC@fe of Figure L
Figure 1. Figure 4 is a flow chart correspondi ng
eXibgvp Sifyptraies e §oep-settionss viere tenedierdige 3-8 indigred b &g F%’i‘ﬁe OBFlgure L
the present invention. 15 DETAILED DESCRI PTION OF T
! rﬁ‘\ﬁsmﬁ i loPHFRar OB EBAIE SRR o QB OBPECP P gpen of e
r.educi ng short channel effects in nenory cells and
p“”“?@ﬂ??%ﬂ structure. The follow ng description contains

speci fi c infor mabi-0f BEHEARPRBNCE: FiENVERIRIENt at i on

of the present Tnvention. One skillTed inthe art wl|
I efQgRicAEnvehRh islih& R FoaR@idl fdr RMEIMolsRIX cHBMel Bfects in memory cells and
inplenented in a nmanner different fromthat

relatecS4a@&@irk.1 Tha kdilywidi EeddipS@dontdinstspeeifip infS@iion pppining ditheGfiplementation of
Mor eover, some of the specific 20 details of the

the préseny @mdniian Oae illadin tiekiag etibs@gnizerthad thel presemddvedtion phstumgemented in a
the invention. The drawings in the present application

manneg Aifferel &om thatceeifisellyisengsed it thg frasent ehpkieiqnp Mogqvegseme of the specific
directed to nerely exenplary enbodi nents of the

detaily 4 e HVPIGPR areTRot diterieddn prismene ?kvcuredt%wm@ﬁb odi ment s of

L t f l1y d
i %ﬁré»ev%?%g@ﬁ%rg%%gpéhgé‘w?aﬁ et SRl PRRD ket o
merel%ll elleergﬁ% ?r/ at bogung}{ of rh% invBftS® eﬁtma%aMrgﬁg “oth Semggcﬁmaﬁs%§ £ {)resent

I'nvol ves an I nnovati ve nnel dopi ng
mventR)lh %%ﬁpgcﬁf:allgl QQHE)EJHQ R lBlQ:Eetnt a%plﬂ:%ﬁ lndBkd Iﬁgstpémﬁclalﬂ/ 1%%£%y the
I's, such as floating gate flash nenory cel
pmmmm&@mge dlscussed bel ow, by reducing short channa
effects in a floating gate nenory cell, the present
| IMEhe Picbe@iin@ntioh MOV S hiviendyktan bt&hned@pmg]goﬁﬁs(fme&ﬁcmg short channel effects

in memory cells, such as floating gate flash memory cells. As will be discussed below, by reducing short
channel effects in a floating gate memory cell, the present invention’s innovative channel doping process
advantageously achieves a floating gate memory cell having increased performance. The present invention can

be applied to any non-volatile floating gate memory, including flash floating gate memory.
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advant ageously achieves a floating gate nmenory cel
havi ng i ncreased performance. The present invention
w@ a0v4/1e3@ppl i ed to any non-vol atil e floati ng PEr/@S2004/011354

menory, including flash floating gate nenory. -3 WO
2004/ 100230 PCT/ US2004/ 011354 Figure 1 shows a top
Vi WO sh R a%e/ml REYexShiidEdMEre InBIGAMU OIS X BIRIrAkels in accordance
menory cells in accordance with one enbodi nent of the

with ofd @®6diter S0VIRIPkds@Ninvedlidn Slruttue: 100 Giclude vbed €iSe W01t linésr104, 106, and
102, bit lines 104, 106, and 108, oxide isolation

108, okiggjiseinion £diOys 18N andl112 sos@uicgtoes Hegilersd M8Adraid kgion E3drenches 126 and
118, drain region 122, trenches 126 and 128, and

128, apdemamoyy qskd 13¢, 13R3@nd 184 XStrugiprd 190340 begfor eremple.@ flo@De eximmdseery array,
for exanple, a floating gate nmenory array, 5 such as a

“mh%FB%WWﬁ@wéé?QEPPé§WWnenDry array As shown in Flgure

cel] 132 i ydes floatin

A CR O BEG hagn e A asr s TR AEa % et Rt Pblafitpeat vor

line 1&nJ?Ir tge ;Fg:‘sgr‘l:t e oHEgOXt Crinegll H céiI?’l%Z 1ssa f%atfn% g;%% Ilne%g)?gc%ﬁ.eln rEg:fé.[«;ﬁ{b}{d1ment,
memoU cQﬁli §2n§)a tﬁ@ﬁn@ ggt«l: ﬁéﬁ]mmge‘ﬂ M%In&i cé}ﬁgpfu}fhe? ﬁl'clludel- 3rdin contact 138,

f'urther i1 ncludes drain contact whi ch connects
which@brikdk drS:0eQbh 122 3f BdmoRRI (3 1£81 Hne 1(352 Me@hofyictll 132 Ao thlldes source
Menory cell 132 also includes source 10 region 116,
regionVif6,Ghich & sidiatedl atj2eht @OjoaClaA 102t ina whstdte (HongodDid Fignred). It is noted that
substrate (not shown in Figure 1). It is noted that
althoughh ¢rityourgyteryeall 132 nedewrijeddedetail h@gin fopradewdrdviin doeinpry ddis 430 and 134 are
herein to preserve brevity, menory cells 130 and 134
similagiognemery ¢l 137 intceyppsifien apd gainpr of 8brqaiiPnc onposi ti on and
manner of fabricatjon, Al so shown jn Fi

K /Né" %fzﬂ ip Bigwp f» dvgfdéale KR7ds stopies oxy éﬂe&g%eéﬂ&l}la&m étﬁmﬁ%o‘* 106,
and 1&' %hl% nes‘lstuag‘eg or{a su s?réte (not sg nQr§ FlélYI\Aé]-; '%%J It dle %zt angt & g%es {bé 106, and

own- 1 n

108 CRI b‘é falblll&l 3 1nJaQnAénnelllg§Wn QRQ artlﬁuralgr%hogx@lnn lk:lgmi ﬁ@hh&?&la‘%ﬂn feQioﬁr’ll 101is

nner nomn I'n e art. Further shown in Figure 1

s1tuatéa)SEtQJ€en|b§ Rhed 0400 [RAhPEAN Bel r b@mPie lalRdISH &Rl WRERN PISTT”) region. Oxide
lines 104 and 106 and can be, for exanple, a shallow

isolatibif £Fi6M1 10 84l catiprRBsifcoDddide)or bt ipiopri&DX dielextrici nS@dialtahddan be fabricated in a
region 110 can conprise silicon oxide or other

substratp proopovireit Bigwte Bliechanne knetnen thadrt. o siwawn ib@girab pkideisadation region
in a substrate (not shown in Figure 1) in a manner

112 islsiienied betyieen biglings 106 apd K@ arg}ygmppsp%um]agmt@alland 5 ffbgjeated in a similar
isolation region 112 is situated between bit |ines

m”mﬁeﬁﬂéﬁﬁo&@gﬁﬁﬁﬂlgbnpr|ses similar material and is

S Sl P AR S B e R kb e 1261
forme? E%remgv%ggfdle%%t\ﬁlg ren% er1a? o sﬁlcr e(gc dig Q? :Ib:!’”é"on%pcgud%:l‘s%‘latlcigrrggn o%q 10 situated

yre VI Nng trIC mat er

betwe§ﬂ JO[IIG(QI@ 168 I1 gleand i18, Pniddkd ddﬁ&npcg whk '119@10? S’f"rle@ﬁele@tﬂc ﬁl@[%a@&n be
110 S|tuated bet ween source regions 114 and 6,

removedl bycéﬁchﬁaF the BEHiRHCR Bliddi D108 Fgibi N6 sithbhed bethieen dined xegibrfs 11€4 and 116 using
material can be renoved by etching the portion of

a self-@XdnekBsoiirSddtod tpiodds, e gtample 1 TOnch i1 dliadlelds diietals 46 & d bistos surface 126.
regions 114 and 116 using 25 a self-aligned source

Also shbwerhin Pigoe @9snchflag is eijatpdheveenyoupcrhgid® 616 and | 18dedis formed in a similar
sidewal | s 146 and bottom surface 126. Al so shown in _

manngTjagyiggnen 1. Frensh &R inchges sidewllp é%)taé@b%e@we@?? 14Buprld+ source implant is

ions 116 and 118 and is forned in

simlar
performeg in trenches 126 and 128 and in source regions 114 116, and 118 to electrxcally interconnect source

regions 114, 116, and 118. The N+ source implant can comprise an N type dopant such as arsenic or other
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manner as trench 126. Trench 128 incl udes sidewalls
150 and bottom surface 148. An N+ source inplant is
w@esohoewred in trenches 126 and 128 and in sourPE€I/US2004/011354
regions 114, 116, and 118 to electrically interconnect
source regions 114, 116 and 118. The N+ source
approﬁrﬂ@ ll\ﬂgﬂe d&Akk F OB a8 R+ NobY 36 sHRRANE 34100 R8rc@eiSRI1€4, 116, and
or other -4 WD 2004/1 236 PCT/USZOO4%01 354
118. QRLORTih Ble@e N diayiesicopaRkinandadQni® fiditinBltatd 3eand @Eb@Bs an N type
(not shown in Figure 1) in source regions 114, 116,
dopan@ds notell $hat dNlySipaisiagiwni 22 s specigiciile didqussekt fgeran tb exgseom bikeRigy. | S
situated adjacent to floating gate 136 and conpri ses
arin Ne prpgsat emtiesiyaant. a P Ihipe fapam éstimplanteld &t soerpd rpgiehs di 4 L Hegpidd b8 and in
122 is S£e0|f|cally di scussed herein to freserve .
tfe“"hEﬁrlé@?rldW PERRE R B8R fohdn Rigwe - 9P pRsrordbia AtmArige boron
source r ons 18 a i.n
e cog W i s i rSSP?CSVWPaS“é“FWé“FCSé?gb"ﬂs P8 118, 1
one CI% ogﬁment t}Qe [%%opagtl 2 lmll?r?flt%d lfefor t eieN SC())Q 1n1pﬁl§tn Tﬁ%@e d%gant is not

an an
1mp1a1{'teQi uli @rgig ?e%itohsvﬁlcﬁ &Qra&%gﬁcﬁﬁ% @ffer t‘ﬁQf" %ﬁ@do‘bﬁxgis Qﬂp?ange{]l‘la thetnkd? cycle is
In one enbod nent, type dopant 1s

perforfn&;pcb %Ee&ﬁ’e 1@feQiofant B Q1f1N§E u%ﬁ%ﬁﬁsoh@@ﬂe@% 11475, Bhdt1Y$€As a result of the
dopant is not I1nplanted in drain regions, such as

preserfl in@dnfion segy@ o BzhrocAds Hgtusseddbol?, 4 g p@radopafilt aids: graded concentration
i nplanted, a thermal cycle is perfornmed to cause the
profildrg fpped dolpasnth 4 d+dipk fagve (adermieBiglhe Hdomedinreadyisemes region, which
114, 116, and 118. As a result of the 10 present
advanagegesrieduesyihagt qramnshsEectiopbng Prclbboagh 2 BBRclisetssedisbare, Thy present
retrograde profile and a graded concen%gatlon oroflle

mven%?flélw&vfamsa’ %Pﬁ&%l?‘i%é’é"cci’fs A1) RS EGT B tl?fﬁaﬁggrﬁ SR

lfllgtere }C)O 1rf1 ig qu correspo (f: Igo asc(r) lélsr s%cetloflag glf:‘fl of structure l1'1)0 alon‘%hne 2-2 in Figure
ageous reduce ort anne ects,

I. In mﬁ@r L0ORGMs30H P Qldzﬁié §8H§e§ gﬁ% aﬂéﬁ%esmemg 2@6 &‘1%1%56 and batom

nvention" s I nnovative P’'type doping process w

surfacthi 234 MRS 8 i@ hAWE 300, rEBbldIy0 Borfeorkd 19 50uRS redioANd4,316, and 118, trenches
Structure 200 in Flgure 2 corresponds to a

126 ar@lr08 Sid&R0E 146 Bl 15V, a8boithm Sirfades 144ragd 1UOQn atueia@ 100. 1eis Zotedl that word
in Figure 15 1. In particular, source regions 214,

line 12%64 flamg 2@ 836 44 entbesin FR6re 2 mobr&& 8, claiyddvmbttagor?46 and
250, and bottom surfaces 244 and 248, in structure
20, shqwadpligurd % &Hhyype eagion ¥evitatqddelew casreetivie éagiseyfses 134 215, and 217
116, and 118, trenches 126 and 128, sidewalls 146 and

of SOHTS g:gm%dr Béq ?%1% mdﬁ»éa(l:lé%été fﬂbog% suifa% 244} (,)f tr§1@c|h a%q eﬂdéldcwalls 250 and

bottorj_sgléfacg 2%8 %%{:n@@%‘%\%s Igﬁrafgygi{] &g— t&)elretgloﬁ ?és in€1éafllg?r§etﬁ'+qg% rg]source regions
214, 2'1% la ds%l QPQBm@%\Xﬁmp?an négca I'N\'j %"% H(gpeant suc I\A-ls_ arts%P 1{%89%?%10%?214 216,

resp P S S Eee

mngqghgkgmmggmggdggyrce regions 214, 216, and 218,
dewal | s 246 and bottom surface 244 of trench 226,

anﬂso%h@iﬁlvi@h%&e 2 30yeB N6l is Qﬁﬁt&cﬂﬁiﬂ&ﬁéﬁtﬁ NG Ceg2AB51ih stbk@CII and can be
228 in substrate 258. N+ type region 252 electrically

formedl Bt BpoRRARBGHSnSabLGe 25830k Aftter kadwh,in Bd &t Fantkr &b8n indtiygre 2, P type
is formed by inplanting an N type dopant, such as

regiore5§ @ningted imders@trfoeellr264inerbstra® P48 ard by compuird 2 2 1pe dopdntisysh as boron. P
trenches 226 and 228. Also shown in Fiqure 2, P well _

type rtzam 2pGcag bg fgured B Wikigies b e ImPRpt 2pQeg ingplpnpatypeflogaih § g rbgtog. at implant

and can be 25 forned b propri atel opj N ,
e S PraRE 2198 SHOR2 e RO RS 16 Bl paeeecivey

Implant anfgl\‘pmﬁ Iﬂe sﬂua%hl ina p%a’ne P hat 1sy J‘e):rpendwular to top surfaces 213, 215, and 217 of source regions
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region 256 is situated underneath P well 254 in
substrate 258 and can conprise a P type dopant such as
Whereno02B type region 256 can be formed by utPCT/ES2004/611354
type inplant 260 to inplant a P type dopant, e.g.
boron, at inplant angle 262 with respect to top
214, 2§6u %Td%‘fs? §esgeltﬁfely%11cﬁparaﬁago \20]17 11r9f102?‘19 P& 1f EQJNW e)%ﬁaﬂ'le uglglﬁmt angle 262

respectlve y. Inplant angel 262 is situated
can bel b@tw@en RbRSKEn&INALS 0 BorbR Eﬂ&lﬁﬁb)ﬁlﬂz{tcﬂf oloiefroR. Buht apest 284 G implant a
215, and 217 of source regions -5 WO 2004/ 100230
P typeR6FRANLIS? 664, Btk Bipant @izpe of2dieenapplo:diBsly F e s etdniswelcpn’ axdd
parallel to word line 102 in Figure 1. By way of
approxé@xagip! 19101 | ards amcné@le@n@@ 2By wayref trampletR s amplant 260 can implant a P
approxi mately 45.0 degrees and approxi mately 90.0
twwd@@@@§@§WﬂPfHWﬁémPWBﬁ82$9Q60 can inplant a P type
do ant, e. on, at an ant dosa ‘ﬂ

rua&limﬁlg% eldoRanﬁ_;ﬁ 112})1@{ aélﬁlg eﬁhe ﬁcﬁnt 4 antlon can e%fectwell’]y implant P type
dopanagtg re ol%ectlve sﬁev%élls]%éa 1d%é 0 renﬁqss Z?Oe % 8% fe ngea{ve ?oémlce% Bl SB¥15 and 217

of SOUICX% 101%%@@ 516 %d 243, Qﬁ’d’\f@ gec@xf/e 1R Qﬁ‘f‘dé@éﬁlaﬁ(d 21@ oPrrdi @Y 22BYnd 228. Asa
npfanting a P type dopant at inplant angle 262, the

result, @’rty?p% €d3fon bsBVBINel 1OKthe & AAerBdafh@E 1t pé @don DI @Mdsirdd depPR substrate 258.
‘dopant into respective sidewalls 246 and 250 of

Thus, b VRN B BB usedbn &l b22B in rél@BP ST Jues, hofresutlifvatios's R fyBg doping process
215, and 217 of source regions 214, 216, and 218, and

advantagopdGithieves difettivorireuardt adesd@4dncanmti4@fitsh uidemertihroycexpgons 114,
and 228. As a result, P type region 256 can be forned

116, aghdér neat h N+ type region 252 at a desired depth in

substrate 258. 10 Thus, as w || di scussed_ jn. deta
beiyerF ﬁoorl’éflﬁ‘trf’ 6?9%@%?0?48 &&C@S%Secttoﬁai iy 8Lt HOBRDE 3 in P

I
o G B B P A L e
structl.g;% %rr spgc ive 08 rrre%%ﬁ & gllerg&gce:hll% w01:!i:11§e 103'?1%&1& gate 136, source region 116,

ruct ure ure corresponds t
and d&ﬁl? Bn 8L ﬁx's%ﬂllre 16b eﬂs@gouﬁcte Flh WGeN-l]-ng 1@%1&{1332 JH 334 #nd substrate
I gure . In particular, nenory cell 332, word
358, lh !;tﬂa@cu{é@@ retﬂeaatsly r&grr@fﬁn@to%&ﬁce & ROE Ni- Gt 2BioB1B, P &#lk54, and
drain region 322, in 15 structure 300, respectively,
substrat©28eia priatiret200 MEFiEDre\2. Ttéd doted B2, comapt 188 lisi noeshd@Pin Figwa s korpgeserve
gate 136, source region 116, and drain region 122, in
claritygtf Hygtatigme 100. Al so, source region 316, N+ type region
352, P well 354, and substrate 358, in structure
r edysbeiyBieye 3.cwmprspbiia inclydes %?%@ldcéangéﬁ? 2peh 15&#11&{39/ E)‘?e“’P

ion 252, P well 254, and substr
smfa%@%%fﬁf%teéé%a@ ﬁanr_eplagﬁs%thgmaliyt T tlH’lB? det Hgs(o s omlélé%ure 3, floating

Fi 3 1t
gate 3?5? I Ellgufltfng?ver tHn O]é)éldﬂglyer %glua&? can ccEQan)e p%glgr’yé{ﬁhne %1 i@h! I %\%{'fhgr,;gown in
Flguré {] ﬁ efégg }IeluiﬂSq gJ Sét%efdgeer lﬂ@abﬁﬁé’ a%@?r@ an%incct}mbx%e Sf(l)rteya%{pﬁd n@kide-Nitride-

surface substrate 358 and can conprise
Ox1det (W(ﬁ@ Liho¥. Al:OWMIwh h'ﬁ’fh@}e 30wdr@Bne 364 18 QtusBOWS: didleckric Biyér@648and can
floating gate 336 is situated over tunnel oxide | ayer
compifd olgdr@ialiafsigenpr i se pol ycrystalline silicon. Further
shown in Figure 3, dielectric |layer 364 is situated
oVErrthérsimah imnEjguged, &1+ 3B 6 reginel356 dvitaedpr sowres refion 316 jizirpp e, formed by
an Oxide-Nitride- Oxide ("ONO') stack. Al so shown in )
implaFting @ @pIpriajdY Hp¢ dopwnt BOP sprfesiol ghvkstrate B Adohowa iryfigure 3, drain

z%e r 364 and can
region 322 is situated in substrate 358 and is an N+ type region. Further shown in Figure 3, channel region 368

is situated between source junction 374 and drain junction 376 and also situated underneath tunnel oxide layer

-6-
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25 conprise polycrystalline silicon. Further shown in
Figure 3, N+ type region 352 is situated in source
WO e@u0023L6 and can be forned by inplanting aPCT/US2004/011354

appropriate N type dopant in top surface 366 of
substrate 358. Also shown in Figure 3, drain region

362. AA@3hdvid i 1?’11"'5%&1]9%1 B4.cll 54%&1&%&% Sbsh28 30 ddrRaf N+ Ne F¥i8£ 352, channel
region. er s own I n Figure 3, channel region 368

region! 36, %dh%ﬁﬁr@ﬁon@@i WE Q41 330 b 68 ol hHa Gl JuBRtatd T i Blariérdindivn in the art.
junction 376 and al so situated underneath tunnel oxide
| @Fyier shOwMOFZ004/ PLEd 280 BESTA LiSRE0AAOIAB DY typd 6:2ion Af2sipd is formed
shown in Figure 3, P well 354 is situated in substrate

by util3HgP u'ndlerphetdﬁ@unrﬂlguteﬁptelmpeglaé’nﬂfs gopantchzhered. Afiepgyjubspquent thermal
368, and drain region 322. P well 354 can be fornmed in

drive sppiFeiyRespRIntIBE OPRICEOEA diEEseK AP HIPRSCBFPPoaghifE forrérrface 366 of

RN e LRy 1588 SR b e
N+ typﬁ rWB gi%ngB gﬁl@ yﬂgfe Tlmerg) %nd%%anp a ]p d@fusE:ls t%war the cgnQer ?ﬂm%] alte Eréﬁn 368 as

fer a SU sequen

e e S e e dopan
indicat] d far1¥\§s b Rs algsuhxplet&rgegig?ag{ d1ﬂflﬁloﬁ) adiYdR G 5@39&1%@ %Gth P type dopant

uses I n an upwar ction approaching top
forms # %{-ﬁcfeagcﬁcéﬁﬁgloﬁ)f)roﬁlu BSifofbeorPoR 11884 dithlldGadetdatdHoadhd @WS36 and also
372. As a result, the P type dopant forms a retrograde
situateP b@dckdt & NnGierpeatie, whith & Yifeted i@ giuaa ra3bR 3161 SRcavhih re8ibd 322 is
The P type dopant al so diffuses toward the center of
protec@iByniadsk dugigg pnfo3G8eeasP typaichbles RELhs igcusned dhwwe, 7 Oradagndzgraded
result of P type dopant diffusion as indicated by
concergatiqpep iRy @e nqt frsmed agl}yfggt tg] @)rpla pfgion B ﬁgusabyg)'rca/di@'{g retrograde and graded
concentration profile in a portion of P well

54
concergip i REobles iigEY Sat s tH Bt H@ PG e veRen & %Vant%ﬁe%ly fficves reduced

oo G0 LG 0, N Y L s LR, LS
and gr!id%d fd?lgetloa!:rag érbprgfﬂpsy Eceﬁﬁg' g alg E‘e{%loﬂ 922p§1£ [;rQJeEE% iof? gdv%tggycﬂgy avoids

cusse ove, retrograde and grade
undesi gfggxeclﬂlt ﬁr@&dn‘%ﬂaal&fo@ﬁ | +h%§ asaar 1Esuff Qttrecfugﬁé@gt @Qﬁr@ﬁi@f@&ts he present invention
rain reglon 322. Thus, by providing retrograde and
advan@§cBEEAchi& ARt Bldi@RankMl Pdioln@Beeadj acent to source
regi on 316, the present invention advantageously
aghdueviesowsadide eichrt iBiieitihg @lsnmntly neftbé edcardidg ®@u sst®diment of the
above, such as punch through and DI BL. Furthernore, by
presenniptenfiay Femedn deetly g featdies h8e taerdefyeua ofdly webmicOh thatgtd agprrent to a person
rofiles adjacent to drain region 322, the present
of ordinpry et in 815 2oiea Feaag e GLASP JPaspeiidef ongPfIROL] HRSSPEOr R ujolve specialized
junction breakdown. Thus, as a result of reducing
‘ﬂmmgﬁHFPm@H%%ﬁ%WO%WWgﬁﬁ t he present i nventi on

advant eous| ie es |n 118 d ort e
pe?fS?%%HE%mmémuﬁ?e “%"€R3 mw‘ q?ﬁé%ﬁ@ Fgw%ag§%?3?nm%fw0dh

130, 1@5‘ ar?dxl%m F%JX% 1”51{1'3% eflcflg gl[cg hsfb%ré 191 é}& Q{ﬁt}g&j&v%thn&f su&ha@ bit lines

resent ent i on. rtaln s and features have
104, 1@@ e 108f A¢ SQH h04oﬁlelgdn§bvﬁla@ehﬁﬁ§rexﬂ&1@d fRRtle B RioRAREBHENEN s Oxid isolation
person 20 ordinary skill in the art. For exanpl e,
regiond 1 BXa81 1@&%9@@& kcSdxpddé reGpB@ivOienthds, Such bIEh@ESI 26 indMaY. Dielectric
i nvol ve specialized equipnment or materials, as known
materialvai fe@ergived froit oxgltedspladk®2sgicas B midcld P dhespoos trangteel26jamd 128, respectively,
provi ded, which includes nenory cells, such as nenory
by perfahing a Sdlf@@gm!@zfce eirielfon Samplyy Aisigri#Q8, I tYP%r%ané ] ra%jar?ef“ﬁés implanted

such as word |ine 102, situated over bit |]jnes
Atk
in trenghes, lﬂ“ih ag lireﬁ%@s 126 and 128, and source regions, such as source regions 114, 116, and 118, to

electrically interconnect the source regions.
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104, 106, and 108. At step 404, dielectric material is
renoved in oxide isolation regions, such as oxide
WO soiaeizan 25 regi ons 110 and 112 in Figure 1,PECDUS2004/011354
expose respective trenches, such as trenches 126 and
128. Dielectric material can be renoved from oxide
I %Q Lt@pt 40@ P t&}&%}%ﬁs Hgnt%g trdnbies, LsReh @XRASRs 1J6QRENE Sind Bbirce regions,
8, respectively, y performng a self- allgned
such asgﬁbﬂ‘;&l@glﬁis ey, 1 f@ind@%&iﬂwnﬁ aP A‘pe Bfien swb s P ipelrygdd 3dOH@Méd underneath
such as arsenic, is inmplanted in trenches, such as
an N+ typergitee sucll 2N-atpyeb rdz2,25%in Higero Or Be exaggledrosn cguelimgated deep below
source regions 114, 116, and 118, to electrically
respeciveti@rsertiaes@dd, 24 end%mfo@quee@}m@h%m 21§, apg2 13 0tyleyvaly 39Bpd bottom surface
PCT/ US2004/ 011354 At step 408, P type dopant is
244 ofjtsgsh 83 erd sidpwallp é‘%@@ﬁfb@tw% ﬂ’éfPFe%g qf rtrélﬁg E%%at inpgantpngle 63 gvith respect to

d h 114
oS S8 205 2950 B3RO SEo LD bt g
angle fé canSDe %&\%ée% g}ﬁ)g(g(gn?ate? eégtot&egeeeﬁan %{B&at n@&) Oodg%ree%ug [ﬂlegr?ﬁl gﬁle is

exa oron can

T a er ! Enﬁ 83 cohdedtration profile
perfo ﬁl&ﬂ{) éﬁfﬂls@ g zy%@ ﬁ(ﬁ) pcgrlolgépﬂé eEg?oZlg:?gfg sfM% ]r_anggrs%gl grgd 5 tration profiles

adjaceRt t&j%ﬂ@lz Jeéor%‘ls@clﬁf@ cbuRetdeRR BU N AGe11G prodsit of ke @eﬂlﬁ&)mﬂﬁﬁr wafer

and sidewal | s 250 and bottom surface 248 of trench 228
contin@ds by MPhgarhchad gleleas2Gathasi1Ldnnt €280 Bigurt 0, with @Bpett inat@iat, @jph as silicon

surfaces 213,215, and 217 of source regions 214, 216,
oxide.and 218. By way of exanple, inplant angle 262 can be

bet ween approxi mately 45.0 degrees and approxi mately

9(thes, eheifeesend aboxe.toh el 2 (et dopang SUCBéSr‘fOEﬂnn% &f@éetraﬁffqe&%degmded

P type dopant in P type region 356 to f@ gradeﬂ "
concera%ong)fﬂé%fé eakeisia &%Sﬁ%ff%f%l%ﬁofﬁga}?% ﬁaé%mené?aﬁ Gt °§t BFte s
memolalr gl Ogieidﬁcé lillg 51{a 18 S Sore :crllg:agrgn g'% % glre Pr ese t 1nve51_t6m é%vrﬁxlig‘g%%ueslg a 11)1/eves
mcrea?_ed 1ncre£§g ih0¥t %&%%?gﬁrfoﬁﬁéﬁg 1@1‘?0:1%%%5}9 gglﬁor}geﬁs and 128 in

ctric terial, such as silicon

Oxlir&?the A Sdes @Bt PGURSH S e Ents B ¥heilvbitioR It RGnadifekt thay RBous

dopant, such as boron, to formretrograde and graded
techni§REE&E BE ¥sad foLithpRmerting lﬁ&coﬁ&bt@ﬁiﬁlﬁ&pr&s@lt Bodtfi@evithe depasindfon its scope.

floating gate nenory cells, such as floating gate
Moredvbrastile thrdiventipn e bées destribed withispeifia ndesics talbé¢rminstpbediments, a person of

channel effects, the present invention advantageously
ordinsgycstillan b art Bouidreropzsditt dhangescaddbegprd in formeandhestail without dePar ting from

performance in flpatln% gate nenory cells. From
the spgibpg éhe geoBe 91 ﬂmmV@WO&f The Reshfiehs el ST REHES 260 e tderd nal

invention it is rrou ec ues
respeqfsgs (J4 eGP rfowﬁft%%m @rh{ aﬂfsﬁswﬁargg%ﬁh%ﬁm g e o e
partw%\éi?erlgp{a Wochme s descr1 eﬁqlél‘ t1s cfe% eoﬁm%&?&?%ﬂgarﬁéﬂ{s Ylﬁircatlons and

PAVENt i 0N gen Cri spec
substl{ugcf Gvﬁl{bgl@de&a%rn%%b&%e@co@gmgl iebs, @ person of
Inary s in the art would recogni ze that changes

C OPHUQ nﬁﬁomfj@ddcfﬂg f1oft Bhagieerdad ia memiWy b1 ild rel@ppsirtidtidg@have been
from 20 the spirit and the scope of the invention. The

descridgscr i bed exenpl ary enbodi ments are to be consi dered
in all respects as illustrative and not restrictive.
It should al so be understood that the invention is not
limted to the particular exenplary enbodi nents
descri bed herein, but is capable of many
rearrangenents, nodifications, and
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substitutions without departing fromthe scope of the
i nvention. Thus, nethod for reducing short channe
we@bdoeaom30 n nenory cells and rel at ed struct ur eP¢TEHUS2004/011354

been 25 described. -8 WD 2004/ 100230

PCT/ US2004/ 011354 CLAIMS 1. A nethod for fabricating

a floating gate nenory arrayg.Sfgisd nmet hod conpri sing

steps of: renobving (404) a dielectric material from

an. i solsahdia 6 eptieindalibing §itd MebcRfariaf séld SithsitcbBprBing steps of:

(258,358) to expose a trench (128, 228), said trench

b @dntvging (4DHatdetbclne thwereahfran fniisostiorsregiond &10) aghtcrhm a substrate (258,358) to

(116, 216, 316) and a second 5 source region (118, 218),
exposegratietht 28A8H. seitl 280ch D sithafeil Pritwizgn & firdiespirrd 1381<(nl($t95 226@56) o a second

d bst r at 258, 35 ti
source st AR S e st 2@%?1%%@%856 30258 ki Sy Y B3on
secaond s

( irg}danﬂ%()él bg) glz{\l (rHy% o[p% gl(saégrétﬁfm:%eorﬁwngb%al r%g ?\& salxvaecong source region
s PRGERTR ) T AT B0l Ao sttt

secon source
r ] tostde I1 o, ilg Qid%aQhd so&@é dgion
pqg@%@“%%%%ﬁf%géﬁaﬁgggﬁ mst ype r %}gl. (on ( 2)26 356), said g
(118,28 | M@ §uid skRwAIBGi50050§,288p 85Edoph@ionfinSd B typd redonUDEbess 6)eaidlP type
said N+ type region (252,352); wherein said P type
region@FPARY) beisg siradtediunelant @d Ny rgfoai232,68Yi on (122, 322),
said drain region (122,322) being separated from said
f inhseinsodP tyge dopgit Bmot(nplBied G, dBA6ipgipny(122.388) ehid drayeregion (122,322)
(102,302). 2. The nethod of claim 1l wherein said step
being gpargtefyfiozrpeid figst LHOBYEI L 1263 \pply ke (193841 d i rst
source region (116, 2 316), said sec rcere n...
(o o185 B s @aeram% 199 SO S i gy id

Ll Pt .
source,re (rg)on?{]l gg?%’ﬂlr% 5a(1:d se((OQiyl%yexce rfc ﬁm)r Sx}das‘g < d(?egv\é\flsr(ESé)Qgﬁggr%ﬁnses
1mplar§1£lf%s6atd%]t%a é‘ﬁ@&)ﬂ? at §haa|nge @ﬂlg'las%ec( t%g%)p s@xﬁcg]@lg ok éﬁﬁqgst source region

r oxi egrees and "approxi mat el y
(116 2@1@91"6? Satd angl% (26Ihﬁm d)gfoxﬁila@lym.i 8 adgbet he ﬁpﬁ&mfeﬂﬁom@egrees
a step of perforn1ng (408) a thermal cycle, said
t ler mal The yethed &Falsi INgrtBBdoshpiRide i pep cippdining GLO§)artimermsal cycle, said
retrograde profile underneath said N+ type region
thermd] 2R, cB5RY saiddP tyfehiopamed foodl a efrogrdda profilt vhdemedterriddBrtmeiregion (252,352).
a step of performng (408) a thermal cycle, said 20
t Her mal The yethed of glaisi Infgrthsedonipisingy slep efppiming 0P srthprmaal cycle, said
raded concentration ?roflle adj acent tg said N+ ¢
thermg exglegppsing seisbP typsrdppantyo foym a eradef! B T L R Séidry#a type region
id P type dopant is boron. 6. The nmethod of claiml
@52§%§erein said step of renoving said dielectric nateri al

frio m Saﬁ% me{h&?éfafa{ olgvyl{ex% SQIQP J’}li &?p]grﬁ%rﬁ%hses renovi ng

salrd di rrc nma al |gned source

etye h. 2he ?neth&h& of¥Et mgreglfsalﬁ: IstéH meli1om faﬁﬂ 1Sk haterial from said
floating gate nenory array is a floating gate flash

isolation region (112) comprises removing said dielectric material in a self-aligned source etch.

7. The method of claim 1 wherein said floating gate memory array is a floating gate flash
memory array.

8. The method of claim 1 wherein said step of implanting (408) said P type dopant in said first
source region (116,216,316), said second source region (118,218), and said sidewalls (150,250) comprises

implanting said P type dopant at a dosage of between approximately 1 x 10" atoms per cm? and approximately 1

-9-
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menory array. 8. The nethod of claim 1l wherein said
step of inplanting (408) said P type dopant in said
WO p00gt10023uUr ce region (116, 216, 316), sai d secoPdI/Es0noe11354
regi on (118, 218), and said sidewalls (150, 250)
conprises inplanting said P type dopant at a dosage
X10w9$mg£;&§en approximately 1 x 1014 atons per cnR and
approximately 1 -9 WO 2004/ 100230 PCT/ US2004/ 011354 x
1015 atOfiifehte gBRory RrayAaifl Flodihg 1@ r@saiofy are@myrisigr ay,
said floating gate nenory array conprising: a drain
I egiadiredidid222322)singiet inatsatgtrdtn(28. Bhst rat e (258, 358); a
first source reglon (116, 216, 316) and a second source
r ediroseulcd egioR (183,216i31Q) anderchedopd aceregpid A Bisituad in said substrate
3258 358); a word line (102, 302) situated between said
(2583¢fai n regi on (122,322) and said first source region

(116, ch 8, 228
e R b e e R R R
(“62§@$% regi on (118, 218) said trench (128 228)
ing sidewalls (150,250) and a bottom surface
( ]aAh%m%%ﬁ)S 2&@ st fe&jbetv;legn s%fdk?i%li: 50@&@&:&1815&1551%)3%) 3RH N sdc¥i¥ource
region situated in said first source region
Ieglon((ilﬂ;@as?; 16ia3168h (128,M85 AridinS 8GAAE (FO5® @nd ABit@Msurface (148,248) in said
(118, 218), and underneath said bottom surface
smmnﬁaéﬂsﬁmﬁ) said N+ type region electrically connecting
said first source region (116,216,316) and said
s eo dhdyps cagive eituptedyin o firgt 3@ 1@)on (146, plG; 3 peinpdigpemmd source region
(256, 356) situated underneath said N+ type region
(118 2(1 @wd gipipeathid hpfiomesiirea A48, SRt W F%‘Hl e632‘51 B B@yecting said first
si t uat ed undernea h said d gi on (122,322).
sourceﬂfﬁﬁmn‘ﬁﬁé 295100 ‘i‘“ﬁéa“bsﬁfoé‘ ??8%?%‘0%{1?%@ {Jf claim9 wherein

S al tme re%c%?%j%ggé) sﬂuat(ag un érn a a1g’ ﬁ-ir-rP rgle rseglgn ?55352} ype

rograde
_’?_rh\gf n%aﬁilpﬁgg 1[% 1@1‘i &563%'65% M s1&¥t9@unﬁ§@afﬁ rs]al(i gf?lg Vﬁégh;zz,ié).

te menory array of claim10 ereln
sajod P iy @l@atiqg paithenfoBr: aﬂﬁf 7 kPR dreinG R © @t Fedibh @B6,356) comprises a P
profile adjacent to sa N+ type region (252,352). 20
type ddpant, shiep thleQafani Pom@ta CotbBARIpYOfiERIundeyne@h sat 1 thpekEiaMiZRE5D).
said P type dopant conprises boron. 13. The floating
galtle neherlyatag paymaforyciai afcBimiferherin sEdl tpd dopat forg a graded
gate nenory array is a floating gate flash nmenory
concegtratigpprofiletadjagenive sabli+ pnrediad?i2gatii ng a floating gate
menory array conprising steps of renovin

a
di & ect Fiedloing &g mymopragy of Aleims QM AEPg it %%Peo‘}??*(“)i‘fﬁ)"mes boron.
? Il]!:z";g atzg elﬂrc}at%g galflebrge}rr{o%/t a?r a); %5§1 95\%261'611’1 Salg )fﬁga%ng ga?e memory apray 1sa

floating gate flash memory array.

14. A method for fabricating a floating gate memory array comprising steps of removing (404) a
dielectric material from an isolation region (110) situated in a substrate (258,358) to expose a trench (128,228),
said trench (128,228) being situated between a first source region (116,216,316) and a second source region
(118,218), said trench (128,228) defining sidewalls (150,250) in said substrate (258,358), implanting (406) an N
type dopant in said first source region (116,216,316), said second source region (118,218), and said sidewalls
(150,250), said N type dopant forming an N+ type region (252,352), said method being characterized by:

implanting (408) a P type dopant in said first source region (116,216,316), said second source region
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25 said trench (128, 228) being situated between a
first source region (116,216, 316) and a second source
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sidewal I s (150, 250) in said substrate (258, 358),
i mpl anting (406) an N type dopant in said first
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nmet hod bei ng characterized by: inplanting (408) a P

implatitgdoea draipagpioni( 122,828),daifl fmis tegwo (122,822) Brjrigaepalattd 6o 146d Bdt69urce region
sai d second source region -10 WO 2004/100230

(116,96T)Usp00f Orel88402)( 118, 218), and sai d sidemalls

(150, 250), said P type dopant formng a P type reg
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hod of claim 14 wherein said step of inplanting
( 4&8) SBieGheBod ¥RRinODFAME: doRpSaicd st stpbrforGiay GEmAIRYEE Bid thermal
(116, 216, 316), said second source region (118,218),
cycle angngsaid @ typke depaaltd forn( A& gRBO rofdOmderncadsaid NRpbantibngs2,352).
said P type dopant at an angle (262) with respect to a
t ol sur TheewethpPafSlinp¥4 fardiercbofmprising a stopiefperformige otermal cycle, said thermal
(116, 216, 316), said angle (262) being between
cycle gaHiResRIA RePe Agpant & formepespdedeoncepigrtiopheTisadipaaneloyaidl+ type region
@xﬂgggrees 16. The method of claim 14 further conpri sing
step of performng a thernal cycle said thermal 10

cygl e causi e d to f Qrm a retrograde
prﬁﬁlIéﬁhnﬁgg%égkﬁlgaw%ngm?p BemQMﬁ 0?%52 352). 17.

Th@ met m%eﬁ‘lt)d gflcﬁhﬂn4]w4lelfeilﬂ L&"ﬁcfa_u%a%ﬂg 'iﬂel%b grre@/ 1584 ffo@tm% ate flash
performng a thermal cycle, sai hermal  Cycl
memo§28y.Ng said P type dopant to forma graded
concentration profile adjacent to said N+ type region
( 2592, 35Phe.meth8d of thin nmBihbrei sad stepl oRlinipladdhg\WAEP §b&ldopait th skid first source
type dopant is boron. 15 19. The nethod of claim 14
region\fRr@lrsedond Sarcelrefibro artdisridjsidrabies comprising ingtandng saig P &ypé dlapatt niraglosage of
gate flash nmepory array. 20. The nmethod of claim14
betwegyrpprarimatelail f 11 dpmsgrr mdamr@wgateéﬁal "1 atopms @er@@lpant in
said first source region, said second source region
and said sidewalls conprising inplanting said P type
dopant at a dosage of between approxinately 1 x 1014
atons per cnR and approxinmately 1 x 1015 atons per
cnm2. 20 -11
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