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addressed for programming, reading or erasing functions.
In the semiconductor industry, there is a continuing trend toward higher device densities to increase
35 circuit speed and packing densities. To achieve these high densities there has been and continues to be efforts
toward scaling down the device dimensions on semiconductor wafers. Scaling in this sense refers to
proportionately shrinking device structures and circuit dimensions to produce a smaller device that functions
according to the parameters as a larger unscaled device. In order to accomplish such scaling, smaller and

smaller features sizes are required. This includes the width and spacing of features including gate length.
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maybe source line dopant. According to an aspect of the present invention, the source line dopant that diffuses from the

£

source line into the channel region is used to alter a threshold voltage of the flash memory cell or to reduce short
channel effects of the flash memory cell.
In another embodiment of the present invention, implantation of the channel dopant is not performed
35 such that the concentration of the channel dopant in the semiconductor substrate from implantation is
substantially zero.
In this manner, with the lower concentration of the channel dopant, a lower threshold voltage may be

achieved for the flash memory cell for enhanced speed performance. In addition, short channel effects may still
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achieved for the flash nenory cell for enhanced speed performance. In
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The figures referred to herein are drawn for clarity of illustration and are not necessarily drawn to scale.

Elements having the same reference number in Figs. 1, 2, 3,4, 5, 6, 7, 8, and 9 refer to elements having similar

30 structure and function.

DISCLOSURE OF INVENTION
The present invention involves making non-volatile flash memory devices with different channel doping
for the source and drain. As a result, non-volatile flash memory devices having reduced short channel effects are
35 provided. The lateral diffusion after source side implant heating steps are unnecessary when making non-
volatile flash memory devices in accordance with the present invention. The present invention is described with

reference to the drawings wherein like reference numerals are used to refer to like elements throughout.



3 WO 02/ 37552 PCT/USO01/ 46127 The present invention may be understood and
its advant ages appreciated in conjunction with the process of Figures 2-9,
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A second poly layer 46 is provided over at least a portion of the substrate using any suitable means.
35 The second poly layer 46 subsequently forms the control gate of the stacked memory cell (also termed Poly 2).

The second poly layer 46 is made of polysilicon or doped amorphous silicon.
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phoy@r eslsr&aedm'g RAcTRAih AR Eéﬂ@z (aRd &uﬁwﬁyge%mb&geﬁ i3] iRl hifeRGidRPen
50 to urtheafhgrocessm Th ¥ mask 48 has openi ngs over the 15

subst r at @!=gref pishept O-dih s spalier subsequently formed source lines are forned.
After the rragt@fdnalgft@nmds a BhaskQL @R bieic HOR@B leavirg@kpoad tHeO/sOkhel Bormipthant ed

th h 50 th 48 t h d I t he

exposed BB i BRsrPRLtEa: 15 a0h o it (R et P CE S HE TEF SR HS 2. The

sour ce | dtnaureliogping theisauycelias dpe@$d ty furthdr proseesingn it in.oeusiv8tiaeopPaihgy SA.over thd I oating

gat 95 _ TM\GhsRl i ol Yiich BRARLcallily ofia Bk fite B ondiye, bul Tt 48 pr efer ably
odi ment, 0

n one e source pant is inplanted at an
ener gy f r om aMitsrithe mask fisdfyrmed aa%mﬂlnmpank%ﬁhaﬁbor@ iglimplapied thiongh opdnings S0%in the 1013
at ons/ Crﬁgasf(@B t@ﬁx@ U)Epoéd %‘ou;cg Rk (%ttﬁéréﬁléo@éa%ombﬂbf%%aﬁ%b) %ﬁi@e@@lﬂ&e’sx& bﬁ)lantsﬁur ce
€

l'ine dopant is inplanted at an energy from about to about 30 keV to
a dosagelhesure fpgigpantmay partiglly diffscyppdamenth the Boly befifloating gate (Pha soytes Hig/depppt mayy yet
anot her wrplige oripie, buk I8 peRbB typene dopant is inplanted at an energy from

b 15 keV bou keV t d f bout . 5 ne t
bl 2 x 1013 %ERRpmer g Rnsiob O Buap Ty S enfhopdbiar g 6 *°
phosphorks¥ tnadolsge fromhtant 1ed 0} tonistem? eabeit £1 800 atews/antd hdanslagembddbnbeﬂ, % .

Ref db
: g ng\fnr :’]Ssgurfeqmghf %éﬁipla&tégﬁt %%II&@%OH aBut f’s%g?&n abb{lﬁb fi’eQ’tt@B hc%%plf@m olul ,I’Vﬁo . eé
that a heAT ateresiszt treabputR s lﬁlr @mlem ip ?QQSYIO@PF egnbOCbmnmhe mrce tiekedopantieimplyated s

(under Pg Ll'}’enérg}gﬁ;u?ab&?t)ﬁ kv 10 Ql;ou%(i(W DA Ysagenl366R5 & 1619 aloRs/Eh TN hfou x B14TBISK
54 |s f or med gver the structure | eaving exposed the drain regions of the

gty ciqmsem3oinglace of onja adition @&gragéhw@mmemmyﬂwwaéﬁfsw eﬁ?éﬂ*?s@ﬂ?é‘ﬂ‘ge
form ng eRr).Nn 58 regions. Form ng the mask 54 |nvoI ves patterning a MDD
mask using a otor r har sk .over Ihe ture ] eavin drain
fogi ons. open ‘BErtg ¢ gt e sBiedud P et § bt g B i oh 8t o
over t heopgerialijt alaam$ tBéstrdrure Uigia noted that lnhdatteatgerh ©prnertdiffusiboofibedn 5 wilérshear e

f or med. ohdet ntire periphery and portions of 35 the
core re 1;[1?( dﬂg?)&ﬁglta)lggcrﬁﬁéecgs %ﬁd to the drain regions. In other words,

t he 3%DD rm S k ]@;@y@ogp Figpnse &0 magké4 is| fprppedsover the structure leaving exposed the drain regions of the
memory cells 32 and a medium dosage drain (MDD) implant is performed forming drain 58 regions. Forming

the mask 54 involves patterning a MDD mask using a photoresist or hard mask over the structure leaving the
drain regions open 56 to further processing. That is, mask 54 has openings 56 over the substrate 30 through
which the subsequently formed drains are formed. The MDD mask covers the entire periphery and portions of
35 the core region that do not correspond to the drain regions. In other words, the MDD mask covers the source
lines.
The MDD implant facilitates the formation of a heavy junction. The dopant may be p type or n type,
but it is preferably n type. Specifically, the dopant is preferably an n+ implant, such as arsenic or phosphorus.
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The MDD inplant facilitates the formati on of a heavy junction. The dopant
may be p type or n type, but it is preferably n type. Specifically, the
dopant | w@oss®msably an n+ inplant, such as arsenic or phpepusIusi27 5 WO
02/ 37552 PCT/ US01/ 46127 The NDD i nplant dopant is preferably opposite that
of the source line dopant; that is, the MDD inplant is an n type when the
source | TR&mSIORBMAE: abgnis ﬁefbr)ﬂﬂ? oﬂ@s‘ﬂe AN Muﬂcm%: QABfant! tfﬁat‘?s e mmﬂm R ahfe

source line dopant is an n_type. |In one enbodi nent, rr@l ant 1s
(53

per f or medPeatheniie WHEs iy denapiis aibiersandihe MEY implanyis g afypsahqeélv S?%cean BELI§ A 1 om
about 5 Qﬁpel Thloke &ﬁﬂbﬂiﬁ'feﬁtﬁﬂe MDD&IB[Q&M is 5erf6rniee 46in aelyBlomiBout 30 ke RMORR B0 keV to a

enbodi ne e 9l S 19ed gt -a from 35 keV
o about eetse KaGAp 1 195 lier? bl 51 01T sy o SRR R R 1 x
10155 at mllamMerfd?mwautanenggy fronkabgut 38 ke, to bﬂmmﬂvmdmalbsaccs&cﬁbabourmkaﬁt‘at ion is

f ol I owed, Hy.cr.2 TRYLRY  LHe b4, and optionally cleaning the structure. A
s/ [Z%?I L .
heat trezgt rré:{ralnt t§$ p?én‘?)lte usi on of boron 52 and the MDD i nplant 58

under the gatReferingreidigureg the MDIdrain sidepiyplamigsionis folleydddby mmpving the mask Sdmisbdi nent |

t he heat oy J%ﬂ&g th WALHESA Rl RBReh RpréniRe BifdsiE bitboRn Qi‘Qﬁﬁhe@ﬁ)D ffplaht 58S
at nosphere at a nperature from about 400 C to about 200 C for a time

f r om abotpfer i*‘%@%*dﬁﬂert%lyé gAtp Atmax be periarped. Ju ans smbadineythe PﬁaE tFeaigen invelessi um
neong ar @mg tHé @W&ﬁﬁndeﬁﬁdn@f@a@l&mspﬂeﬁ aedl%ﬂwtur@&dmcdbmmC tolabsat HEOAIC fbraeat ment
I nvol ves,, atlag(gﬂd ‘1% ct ur e under al nger aHre from abgrutt 59{@ C to
about 1, 2O PPRRT Al508RosTRFdRuEoRgt P ManeRT: ATgPTh EYPPh 4P & RN ot her
enmbodi rremtanotktei"mbbﬁaent tthiechadt Penntent invoived he@ing the sttuctoig ubdeea Binpertirefiten abow 560 @

t enper at fr 0 it

seconds t;do lmﬁﬁg? ée%g%kﬁg? 4 ameIR) %g%gliogﬁﬁ&g ﬁg& a;'%t%é (E)Ikdr ce g eﬁggr%neéh?l on

i mpl ant mplvgehemgﬁed&%wqm awmpqngurafr%ﬂmtéo@%gnabwtlmﬁtamffomahml%our ce
region %cﬁést&@&nﬁtg@sh rrem)ry cell. The source region 64 is patterned with
a source region mask conpri sed of photoresist material for exanple,
formng an o Ting tEbig. 9T1'l? » $ e Hdecenipian implap dyRerformed byjmplantiage soRrOregithe

]port i Ogoﬁﬁiﬁ%@aﬁbﬁ&m@i&mg’i{ﬁd{?ﬁhﬁeﬂb@c&ﬂ mxmeftgibmmwgalge&émmp@?wag 62 to
orm t.he soyrce re e urce r on dopant a conductivity
Lype. t habEPumBE i conprted o BhaErTU PR P PRI SPmpR an OFPRe 62 QBSANYS TR | or

per f or m dogant 3 énpnied innphepoitioh of the skrgicehtdton subgglie 30 exXpBsed tiratigistbe dplxend 62 & feinn .
Suchga s sroﬁrg%lrgg{&n of the flash nenory cell is distinct fromthe source
line 52 torne rominplantation of the source |line dopant having a
conduct i vi ty Thegeurehegionidepapihatscondactislty tyiedhatis srges ey ¢onguetiyity peef thetdeindr ai n

dopant . o?ﬁﬁ@sé&ﬁﬁpeﬁ&&mwet@ﬁ gfértﬁetlﬁmxs@%wm ab &8drBEY A2 BEhRSSuf R EFRT t he
subsequen source side connection i | ant form ng such a source regl on

64 are kefdtlashapempr celkis QFtHFWzRWh%qulhn? 1 fored fionp m@?“???ﬁ'@&#‘%ﬁ"%‘ae Tine Aongnt
f abri cat ha9ilg a doAdudin@l; ps thaxEuPpdsiiest the odndiich Aty Rype SRR drdimdcpht. m&essésﬁﬁ@a&ehm@ to

Fi 2 nd8 hef rea structure
For i i e R egon & si tmtne et S s on PR e (i SRR of ¢ he
subst r at egi@064 atednelope ofelvfordinanskil in the gt offintexfatet kigcuft febddatioenory cel |, as

illTustrated ip faﬁh%&euﬁyomﬁ&g ofdm{ﬁ?isé‘n%%nh&“rg{%%iggmffﬂg%hS%Pfo QRAR e ﬁm{u&? ey

be conprised o such as exanpl e or an
dopant stfchl. 4544, Mm@r@e@mﬂ‘mz eshapns! depdntis jreplafisd intocthe coreaetjon of the mstrate 30

threshol g a4 |tﬁe%%ne@ifeo&>ﬁ'@f die! fRSH eFBATRELY aGfilstratdin £if. 8ms£Hhri7i‘nﬁ§1tanM§§Haﬁr%ﬂ short
channel effects of ash menory cel|, as known to one of rdi nary skill

in the a‘?"P““&f‘”h‘i"h{“é”g‘}eé?fERfsed&f P Bt dqp%fwc'&%ftbplaﬁfor £5qmple ar ag N-tgpe al?atlt such ag hannel

?O pant Whodphébus ifd¥Pagiple & pe@medid adhit thedhle MOl @bltagd of iR @Ssh nfemdry L6l o8 koiifimiz6 uUsed
or

undesired short channel effects of the flash memory cell, as known to one of ordinary skiil in the art of integrated
circuit fabrication.
In the prior art, a channel dopant with an implantation concentration of at least 6 x 1013/cm? is used for
35 doping the channel region of the flash memory cell. However, with such a high concentration of the channel
dopant, when the channel dopant is used to minimize undesired short channel effects, the threshold voltage of the
flash memory cell may be increased to degrade the speed performance of the flash memory cell. In addition,

with such a high concentration of the channel dopant, charge carrier mobility may be reduced to result in lower
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35 doping the channel region of the flash menory cell. However, with such a
hi gh concentration of the channel dopant, when the channel dopant is used
to m ni mweousmexsi red short channel effects, the threshol BCVoRtIage270f t he
flash nenory cell may be increased to degrade the speed performance of the

flash menory cell. In addition, wth such a high concentration of the
channel #RpaRtnt fdr B2 NSkR nfebry 8L F{Me;nlo& eﬁa{m A hrc&{éeﬂ&%n%% &%thdol?aﬂt | over 6
WD 02/ 37552 PCT/USOl 46127° drive current for menor

Fur t her nthiegthe gjapng] dopragis ysefl fogdiugt 8y dhessholdatoltaga ohe fi%m@}?@fﬁ%lth giFpd shortyhen
the ch al‘Uhi&Jlnel@ﬂ&& ikay gx&e&‘ss &ghetvﬁeaamnu sﬂtaga'fal tﬁdllﬁﬂﬁiﬂt@ bdred fnétiRBkang be aeb@aséd as h
nmenory ce , = naesi r snor channe e CIlS Crease  or

o eokdon ol P AGAPEES: FECURT A s HroeL ATl ETs BT Al BEREPELEE]. | n
t hi s5 al tdamelidppast, inplacted ime e cat reglrofplieastamdte 3%¢bfetanmfthersedcﬁrd’s H0)g1,un 4E|agd 2,
t he conc o | h i, e reqi on
of the. oot {f%m"%&%a&%m A rar O o o TN 0d 4 oy b1 EOH oM, ©
are for rlo Jen'tte ehoetsed, rcomhitatien Vpﬂhlumg seataterimplapeatiof pragessesfargiopiae the drg 3/ ¢ P
to be iNedod aqma sduRDBS. @&aaseem@s@l%e mﬁlmafauwarééessg&mtaap ﬁ%’ﬁ'}y&rmmeﬁl'agand'tﬂg

conbi nati on mnt u5|n9 se garate I npl ant at1 on processes doping the drain
ql‘

regi on afecelife thegrncess tiggdhe s0pscs ligg of the dlashapsmprycell @sfﬁmcalaﬁdéﬁrﬁwﬁy poredses
f or 10opiw gmh&i Qdjeht A threkiRB vallagd Bidhd flagh meRieH cElCankllof 6 furthé} Enifh2€ @A&irdddhort

| ant f the flash | d i bed h [
i npl ant i gm §F8 F%?ﬁﬁh#ggﬁfﬁﬁ e ash nmenory ce (as descri be erein)

maybe us@ t the threshold voltage of the flash nenory
cell and/ or tDhurihgtht heat trdaimantiwhache badiesnducttl subktaret30 isthagedr{skch sfaftee e MDEF t he

flash | | . . '

Lo Pl o Sl o D80 b LR O P GORRNG poe  ,
58 as detbehirineldeghraobiniemicoiiacterguhsicate Yefwaen thispurerlingl 57 4nd e Jrafrreginn 5P endginder ce

11 ngs52 iy, Tﬁ%@m@é’lﬁ@ hnt Wakth 88 clﬁifmehja&oxﬁa%k RO BELGIQolE Behd RSl WBEN the

h
source line 52 rain reglon and under 15 the gate. qﬁe source
li ne dopf&?(?rreauﬁq%#ﬁslméh@neéﬁffféqso thfg}amfne&}ovéﬁ% the threshol d vol tage of the

flash me rrlolr y Ilﬁeﬁel emb&diﬂér@éf_ u{ea@l;teﬁﬁ$ a%mnes bt 1sletaiﬂ§lﬁ{tedﬁf afllegxi;d&g giocésdtﬂ@r f asth
nenory ce n one | 0 i.nv a channe opant. i's no
ot Siplying e Sz, ot e (B ey fefles ares hO PR RPR E MRR e of { e

f | ash nehredhyld ealake df te flakh semory edl ahdisras Mininiz uodesitkd ehoalcm:nev&teyts 6fohea’tﬂ;hu st the
thr 3? hol xgemogJ ceﬁlg R}atn}e a lg‘ﬁeq %?rﬁcéﬁg IBE %f tﬁ;e clhanné} Iag;{a.fl)tr less abrclnlltr]il le\fj”(' ei§ lIISrF(F d

short chann Pt &r nat
concent rtatigpe the elianmeh@glemtmashd@plamcell IIretég cashaln% pedgess) for nplanting _ﬂ@bm lindgof us e d

to dope &Jﬁsﬁxﬂéﬂ%ﬂﬂ!ﬂl Ea@ gés&ﬁe@ltereﬁn'?ﬁ afs&l) l%@cho 'ﬁﬁﬂ& X]uscf ﬁll: {hresﬂo'ﬂi Joﬂé%t: oﬁms(h the

process for | anting the source l1ne of menory c
descri betFmeBy ﬁ‘j”°¥§ﬁ§1h§fdmﬂ§18€l“‘td6mﬂﬁh?fh@ﬁn“8‘cfffﬁf§%0f thﬁéasb Feeet el InagY tastye of

t]pfe fl a&he lmmﬁtmoyp@&isd foRARSKoREe 1tnethtu§s‘eme fmnnhmnétﬁﬁmdsﬁfasﬁtdr mt i regibra@n €l

e a case e i an i on cess

For % ho GrtibBaerniow B ks Gmint pEnS TR ER ot p P aah PP steoeloetBe ¢ he

dr ai n reg hdjust thatbreghbldorelsge d)flﬂ&dlasihe[embny):elainﬂlmmfnﬁ!hzd‘unddsmrshcﬁﬂ}lanﬁdlMOﬁlﬁe t he

par amet $¥%ﬁ§uinplantation process for the source line to adjust the
0 e

threshold v ‘of the flash menory cell and/or to mnimze undesired
short channel Wigf thelower cofcentiiatéon of thexshinnghalnpsnty a lowprithresiagld ¥oltageanay beywshieved for the

concent ey rQé&xoB:f cefl l%?erfﬁ RO \Bled gé?ﬂﬂﬁbﬁwe th Jd&M@H shbrf EIﬁﬁr{%PJfﬂcté/xﬁiytsﬁ‘lgﬁe nﬂlﬁhﬁﬂé‘d

achi eved for th sh nenory for enhanced speed perfornmance.
addP? i onmthéh?dmwlmwweqess(i?rﬁ@éwgceﬁm Fygthermorg, Wit Jopprppucenirationof (i ‘thH““FIH’éPam

| mpl ant ahd: @@km Q&l&@e ﬁﬁtﬁe drheangw& wbﬂoﬂ@naglﬁa fnﬁl@@mt@glheﬁ%lhﬁ%xﬂy ormRd ﬂash
concentratl on . d opant rea ta ain
o Sour TP AL P Ao B 91 ST R s PRIy TP Eoeh ash
menory ohbd dhannél mgmdmh! lésk dag;ade_m f{_)rhlghéldniremmnt afaredleshinfembiyoell. of t he channel
dopant, char 9 ar &%ﬂlg ﬁ-cgz}-ﬁpél h&sﬁ }ﬁer}utw Qeﬂ%ron is implanted as a channel dopant into the core region

35 of the substrate 30 before any of the structures 40, 41, 42, 44, and 46 are formed to minimize short channel

effects of the flash memory cell. However, such channel dopant at the prior art high concentration of at least 6 x
1013/cm? increases the threshold voltage of the N-channel flash memory cell to degrade the speed performance

of the flash memory cell. In this example, the separate source line implantation process (as described herein) is
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the channel region is | ess degraded for higher drive current of the flash
menory cell. In an exanple N-channel flash nmenory cell, boron is inplanted
as a chaweb2smspant into the core region 35 of the substrar@s@dowzf ore any
of the structures 40, 41, 42, 44, and 46 are fornmed to mnimze short
channel effects of the flash nenory cell. However, such channel dopant at
the pri Ogsedth milkhidsn&rOeRBIlefdks Pihe fsh %Em(lr? &l This Xhe c@&lﬁ{aﬁﬁ%‘f b SRS BRndeN€

threshol d vol tage of the N-channgh f]ash” menory cell to degrade the speed
per f or rra‘??@@tmﬁfbethFéeafeI’&’leFS%’h‘bHP dent Orq‘%mPlﬁ?%uoéRfa?Hﬁﬁlc@mﬁlﬁ@a@é‘ﬁh‘Peate sour ce
line i rrpélmtaaa kifa sl!b&@ﬁ?@ﬁe‘f effe@tSatdﬁ&Qdylnbﬁﬂxz&Eﬁ‘@Atﬂésoh@e lihe WP1 AR fich proeess. With

PCT/ US01/ 46 nnel effects of t | ash nmenpry
cel | THYE S B B cErRrPAiEn S o 107 AR oT e B R volag T e ool
decr @asadddcaadee®$nltafI&IﬁI34pexdﬂeﬁﬁlﬁfaﬂ:ﬁﬂfﬂlﬂasﬁlhmwmll antation of such channel
dopant may be ff [ d m zed
fromthe sourlge (itllleglesgel%{&ﬁl Ee%(ﬁtl I%V%Hh%lg g%eég@q% tﬁpe ogg%:%' glgdrogaél{slg%f’n easnth i
concent r@?@l@wtmfypmfrﬂwﬁow liptdopanhefithespuresdipsimplantativn proprsewtisn thel soptse h@ge of t he

flash megpiads FJoceEs’s i &@@%ﬁaﬁ@ﬁo& &aﬁx@ﬂ@t@&seoﬂh@ Bash RERGy B} RLIRAE fulford Ne
flash rrermry ce I n anot her aspect of the %@esent i hvention, the

conduct i \Pfsg of th,fashymemorycell.nos ingiance; Spth e chaane] dogans afidie seurqeiiige dopashefitherspugqet v
t ypao of find EngiMtatiitprdctsd ﬁlaﬁmatﬂﬁns&lfofﬁ Pgpsaiphnt @hénltﬁeemmb@m at - 19151: depRC eSS when

the source |i | a on .proce S us e, short ch nnel

o oot s, Grmm B s SRty o B G T sodant & eoties Tt HORE POUTSEE of t he
fl ash nmedopised efiboron fvban therdszﬁrai@p@t is rod-tppet dogant laortiag todogabbdiadntlofiiiegresatir ce
l'ine dopgnt.@f the source 10 line inplantation process nay be conprised of
a p-type dopant when the drain dopant is an n-type dopant. For exanple,
bot h t he chanValouckmbedimentsofithe presenjdnyention 4r¢ iso apilioabietto SPNOHSilison Pxide Nitridre

' n‘pllg-nt %h&b%ﬂ%ﬂ%%ﬁmﬂ@y dRes. RABMA: tﬁ@%ul@ﬁ abwm W@%@m&@&eﬂéé’d 1@8?@99%;@' S an
n- type opant accor dl ng t o one enbodi rrent of resent I nventi on.

Vari ous EHBBES siderbpron ol g %%@Héfﬂ}nﬁ@ém‘aawiﬁatr @c augs vATh e Present iIVeRtion. SONOS
(Si |'i conTHIsDN®S hypt by delie $3%k St6ceSkd ih €18 BmelniRRr FREMEY flBIEMbhRSoell R Slolle)d t O

boron | oM BB A TP BT <R BRI AR BRI LN AR e

present mémogndohfigurationfhe SONOS type nmenory device 33 is processed in the
sa manner I Fi 2 gure 7
i sngnal ogous %10%\%%%&%90 aas?.ﬂes'a?r;ﬂ%%émﬁ% EL te §§f1 ?hg?] eﬁf%‘ Ch Ste%‘? &° %“6"%?}0{‘8 NAND
and NOR ﬂoylp@lectrzetmmylsteremtkegmemoe.mh VQl@gqﬁtrmhMg@d mvolsdgemswters ndhei es of

mask andpefhiel) rédidPRord BALE Rorts Siﬁéréonﬁécﬁ&n@%ﬁerﬁ&p@hatﬁé &&ﬁ)ﬁlﬂrsﬁzhgﬁpl oyed to form
sel ect gate transistors in the core region, I"%)HEVO ta e transi stors and

| ow vol t&iEpsthylpiqsilicate §FROS) WOIOH@SPh?f@faF‘bHWﬂICé‘@ O%Plasnhpﬁ%ge glasp S o5,
inter Commhés%ﬁllca&@lmmbdn&ﬁ\bm& @ifds€iRepk tohyBe cSdGdied@Eiring and/or after formation of

tetr eth I orthos I J cat @iﬁ bor o hosp tetraet%l orthosilicate

(BP “B?P?_?&bﬁ? I‘I“I"&‘ PEPEE ?e““‘iﬁ'r BOIBPHOLIHB L HG%at e gl ass

( BPSG) and t Righolghkle. mv}'ﬁtﬁﬁlms séeemwm dbserited nithietped tdhmmaﬁg)r&adﬂemboaﬁﬂeﬁror
formati Ofhb g&maés {}ﬂ%bmrétt uls“a!len alter C&Qmﬁ&ﬁ £) on\é\II w'{llhoc% h%o rss ed mltﬁI vention.
These steps are known In e Ae T Aventt on een shown and
descr i bewbomihe teadingandenderstanding efélm %quqﬁomoefaei thecagnexedylaivives nin pmculaewm'mo thent s,

it 1S ODYiGH Suntd¥al peRGited BY tﬁ'JHbo@ldEs@ﬁU@& l:cﬁ%@neﬂ@@ss@ﬂa{e; WGk, afbﬁnsvuté)l O T to

others skilled in the art upon the rea derstandi ng o

spec? f i cérclvdine i ipfarenes t A yaseay) lmdem%@e s%co&a?rtem& ¢ igfendegd wplaesmd ﬂlhléss

\éar | ous dthenitd lﬁutitatem@cr dn@ EdTREneRtwHich GerRBAME: PRl fub@idn mmmesaf Al Sorkpdfneli®) | es,
evices, circuits ncl.u referen
means ) SR S sl G of BB R de s

unl ess the function in the herein illustrated exemplary embodiments of the invention. In addition, while a particular

feature of the invention may have been disclosed with respect to only one of several embodiments, such feature
35 may be combined with one or more other features of the other embodiments as may be desired and advantageous

for any given or particular application.



ot herw se indicated, to any conponent which perfornms the specified function

of the described conponent (i.e., that is functionally equivalent), even
t hough novose2/31362 ural |y equi val ent to the disclosed strucPOr/@setictiy
performs the function in the herein illustrated exenplary enbodi nents of

the invention. In addition, while a particular feature of the invention
may havewqpeg sk SCl osed with respect to only one of several enbodi nents,
such feature 35 may be conbined with one or nore other features of the

ot her enbodi nknts A%ethedforfabrigatiag 3 fash mereprieell ahe seepiconsiuctorpwstraig e gpthedn or
parti cul @mpaggliice@psiorn. 8 WO 02/ 37552 PCT/ US01/ 46127 WE CLAIM 1. A nethod
for fabricating a fI sh cel ) a sem cor uctor substrate

nmet hod conpri si ng ﬁ%tmg %m}ﬁgm opan W%?IS%{HW@“ AR W%%%P“‘ieﬂtf%%‘g%d

sem §onduct or s ulpstel ddpant inshié segiiconductocisea frav implantatfon sadssltharmbod ar10d/cfopant
in said sem conduc r a

x1013/cn2; form n%&gng:a:)é g‘?%:eeﬁ\g ?1?1% %ﬁ%@& g’%%r s'%"ga%'eﬁl!;k aésrag?pe&n%l d
source line nasRO‘m@eawu@‘phlmoﬁigldSﬂm@sﬁp@s%‘bwﬂ&ource i ne of said

sem conduct or subsipRhy a loIRE ﬁt@tdoﬁwtcﬁaﬁﬂf-goﬁuucdvitﬁ@?éiﬁl@%exmsedaso&r&er 1RE of
conductivity type into said exposed source 0 sal d sem conduct or
substrate throu@‘Hd%ea‘fcﬂndﬁﬁ‘é‘ﬁl‘tﬁ'@at“o*m%lsﬂd%ﬂ?&fﬁﬁ“ﬁ?@”“‘fﬁ’ék’“kio wherein a
condectivity type ﬂfereﬁﬁﬂcdmﬁhﬁﬂﬁ@lb ol RERdnné] YofaR iFsadSas SAd fhstichidadtvieOpstleet | Vi ty
type of said soui f pant removi ng said source line mask fromsaid
seni conduct or s{iB ?of’rﬁ?éne 'Wing a drain mask over said seniconduct or
substrate, wherei nrememmgsddmehtasﬂasl&fammﬂsenﬁq@edﬁcmgubsoatexpose a drain region
of said sem conduc S a_second
conducti vi ty. type PAEHESLAEE o i Bl B e o8l o5 PR e S0
substrate thr ougbﬁf@&t@xmﬂmgregﬁn@a&@lseumandnctm%tram forma drain region of
sai ds flash menor yinfahing o WaRa6HaRk of Refonk anﬁﬁchﬁQ%Uﬁﬁo' s%hk%o&&%m?égmﬁ?f

source |ine dopant IS opposite to said second ‘conductivity type of said
drain dopant; 26&mifpafusionsubstiats dirnyeh said epgnigs ofppid ?ain@agféﬂ%ﬁéﬁ’éf%}m eimidt r at e

i s disposed betmlmeﬁlalydemource I|ne and sal d drain region; and using said
source line dopant that diffuses from g line into sa{l $anne|
region to alter a offed &SH"WF?VA%HP% Saé ﬁ°&‘°‘? f“ﬁ PR BPYER P 67 o r educe
short channel efctﬁnﬂmdnsmofpes»asaddfaimhant menory cell. 25 2. The rret hod of claim
1, erein said soyr n desed
of boron when said ?egllarfh%'gpa%.%%itssmgﬁean@ ;}‘%‘8‘% E‘I‘aﬁs“‘g‘%’g%{?’% g,'zp °claim
1, wherein sai dardseid desinr¢gignl aadt i ng sai d channel dopant is not performed 30
such that said cong&Btfdobedling bopat i FRRAMSH sHORMU lideTts AladnRGTtgBRAUCT OF

substrate frominplantation is substantially zero.
alter a threshold voltage of said flash memory cell or to reduce short channel effects of said flash

memory cell.
25
2. The method of claim 1, wherein said source line dopant and said channel dopant are
comprised of boron when said drain dopant is an n-type dopant.
3. The method of claim 1, wherein said step of implanting said channel dopant is not performed
30 such that said concentration of said channel dopant in said semiconductor substrate from implantation is
substantially zero.
4, The method of claim 1, further comprising the step of:
heating said semiconductor substrate such that said source line dopant diffuses into said
35 channel region.

5. The method of claim 1, wherein said source line dopant is implanted at an energy of from

about 10 keV to about 40 keV with a dosage of from about 1 x 1013 atoms/cm? to about 5 x 1014 atoms/cm?2.
9



4. The nmethod of claim1, further conprising the step of: heating said
sem conduct or substrate such that said source |ine dopant diffuses into
said 35woansmb2region. 5. The nethod of claim1, wherei ACHESU/®SOI Cce |ine
dopant is inplanted at an energy of from about 10 keV to about” 40"KeV with
a dosage of fromabout 1 x 1013 atons/cnR to about 5 x 1014 atons/cnR. 9
WO 02/ 37552 PCT/ USO01/ 46127 6. A flash nenory cell fabricated on a
semn conductor substrate, the flash menory cell conprising: a source |ine
formed from i%pl ant Btshewmery cll fabsicatedon p paucopriypsansubsisgte, the fllashagremery gelluct i vi ty
type i nt@mpssisgai d sem conduct or substrate; a drain region fornmed from
i nplantation of a drain d%aant of, a second conducti vi tty type.into said

t

sem conduct or subst PHEEne immedfom iwplpnation ptasouzes Hag dopant pfiafirst gagdnefyity typp gt
sourge |ine dopaid semoipautseatd;0 sai d second conductivity type of said

drain dopant; 10 a channel . reqgi.on.di.spose et wee aid source |ine,and
said drain regi on,a%aﬁ?:lre léfro'ér?éra]frgmlm laél%ﬁ%qoqﬁoﬁlgn?pafr}s&?%n ﬁ?ng%fg‘ln tt)@eglg)l d

channel regi on suddemichuducter sghswadent rati on of said channel dopant in said
channel region fr %ekeﬁ&kiﬁ%a%oh&@ﬁﬁt?tykﬁ&%ai& @ide ﬁx@ﬁb’&amgs %Eé&itg’{ogﬂgéecog@d

wherein a conductivity type of said channel dopant I me as sald first
conductivity typedugritydyief siddraindopanie dopant; 15 and wherein said source

l'i nggdopant of saifhhamblir&onldispiRed a@ken@hifl Edue Bnclah PMaTRitte SEH S ¥hibing 1 Nt O
sai d channel regjon_ alters t hreshol d v?lt_age of said flash nenpry cell or

reduces short cREATFAfoPans fshrplinted o saig;chanpql coginm syl ity conggnpration of seif ghapfel g
menory cell of @bt Gid chinael Gigion S6r tnphatitiches lkss then Aboparioldmnd?;sai d channel
dopant are 20 conprised of boron when .sai d ai n. dopant..i.s. an n-type
dopant . 5. The 11 ol “iein torafi0 pBOGuf Buthel s AR A bg e BPai i REs, o
sai d channel dopbsaid spuceriot dopesr f or ned such that said concentration of said

changel dopant in L i ] . tffi’ath‘f i 1S
subggant ially zer O@ﬂ'ﬁ»@er%?éﬁﬁ@%ﬂ%%p%ﬁ%%@%&cﬁPifle(r) crfgqe%ﬁ%? %@%@ihhélgaoi d
semi conduct or s §Hdthprnelaegion ajang bigsheld vpitaggrfsaid Bash gereony gel ar eduprs sk shatnel

di ffuses into safdisehaligindeapiyeqn. 10. The flash menory cell of claim§6,
wherein said source line dopant is inplanted at an energy of 30 from about
10 keV to about 40 keV with a dosage of fromabout 1 x 1013 atons/cnR to

about 5 x 10174 at THeSlkshhitmork@ell of claim 6, wherein said source line dopant and said channel dopant are

20 comprised of boron when said drain dopant is an n—typé dopant.

8. The flash memory cell of claim 6, wherein said implantation of said channel dopant is not
performed such that said concentration of said channel dopant in said semiconductor substrate from implantation

is substantially zero.

9. The flash memory cell of claim 6, wherein said semiconductor substrate is heated such that

said source line dopant diffuses into said channel region.
10. The flash memory cell of claim 6, wherein said source line dopant is implanted at an energy of

30 from about 10 keV to about 40 keV with a dosage of from about 1 x 1013 atoms/cm? to about 5 x 1014

atoms/cmz.
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