.; ae3eMtM">6 Tt=BWO 02/ 37551 NON VOLATTLE MEMORY W TH SOURCE S| DE BORON
| MPLANTI ON TECHNI CAL FI ELD The present invention generally relates to

- 1 nmproved wetpbagssi of maki ng fl ash menory devi ces such as ElpieR@d1/20d80 €
particularly, the present invention relates to non-volatile flash nmenory
devi ces with souNe¥VARHTHHEQMBMARSpIHG EAZRCEIFFRE BORAV FMRFANEHTARY short
channel effects. BACKGROUND ART Sem conductor devices typically include

mul tipl e individual conponents formed on or within a substr

devi ces oﬂlwmmmmlmm e a high density section and a | ow dens a,mw,gm ,Hmm
For exanp trated in prigor_art Fiqure la) a nenory as
a flash nenorysik® conprises one orTErW%l‘aﬁL%enm ty core regi of€®¥2 and a
| ow density p&hd ppdent abenpar genetily iePated ko ifiprdved Glefhods Wbmikingifashdemorylievites gibh as
density NiEU LYl f rr of

i ndi vi dugﬁsﬁb asﬁ%&o?eg:ﬁmb‘#iarb @Jte,lllt){ vedl I? llcﬁzes 8 n r?%oé lﬁ?lﬁéh n?em%all\élew%cs w%h sgﬁé'}{erremr y
cel | s anénd 409%'éi@ﬁgfetl]ﬂ“p&?eﬂlfs%%hmcwlteffmﬁﬁ 12 typically incl udes

i nput/output (I/0O circuitry and circuitry for selectively addressing the

i ndi vidual cells (such as decoder ing the source, gate and
drain of selected cells to predet gf’“&kh@é&%?&gges or inpedances to effect
desi gnat ed op&emstandnawr deivicestepioaldy ihchgla oltipls individgal sompomegts formetiinegwithin 221 asi ng) .

Pr i or ar bypfiaBUE&n h&&@&&@&%ﬁé ahigh HEHGHTREL:BH aﬁd%%%nsﬁﬁeul&n il ReHpRMsOf
typi cal npenor in the core redgion 11 of prior art Figure [a. Such a

cell 14 t&‘r‘ﬁ‘iatﬁélnlpi}‘” aﬁf g de af’ﬁ@%&&‘?‘i‘fé"cﬂs& tlaph fRempra O fomprises QRGO of bighnel 15
i N a subsgdnkigtcere eagiohd Mhd a 14 densifyhetipheralyiogiok EXbngaingle 8ibstiaet1Br Thehik daisierebi¢i ng
t he chan

di el ectr| gJorslét Ip-E{)]sl °§%§gﬁr‘g% Exglgjxg\sr;ar%gBiilg@&dda]ﬂpaldb}gsgﬁ)lc Tu%&énﬂﬂ%%e?’tor med on
t he surf ﬁ%"é‘“ﬂ)gat“t‘}‘i’é memops eglls 1‘6‘ eTtp degpily prigferg pprdion Wtypigaliyinglydes w@@ut@t (o)

pol ysili eleuamfy lle&Irtulil@' fgaele;uia)badamsﬁllg tlﬁ‘ﬁﬁi’vldhﬁ&cll% &echtauﬂua&ierscfdrlcd@eduz Edatkcan

! nter p0| ttaan lflr%%to l(éct da cgl?s to #cteggggd vlf)l a%es or IIIHRF at?ﬁes to ccgéj‘emérragfl 8?era-{an5 ﬁf aes an

i nterpol ectre ayer cC 1's of Ins
oxi de- ni t4lliseRb-apprpglennii@hi@pdingy erasitedvi ng t wo oxi de I ayers sandwi ching a

ni tride | ayer prd:astibite 1FreRQbS] fd ﬁ@fnarpa&ts Ec@tllonﬁﬁ.ﬁﬁmJa?ﬂyﬁé’a?ﬁleh&fccﬁlh@m the

interpoly dielectric | st ac at d to a word
Dol b o b Sy SLhREE rbogs h FUPL w2

t ransi st cragnehtSan caan@’atedr R-wellbl 6bantl theistackeq 3le@rucBid 14¢ overlyipg tBtcrh)mnel'IIﬁeTlrchamaél 15
of the Celd 14@ﬁ:rtﬁe9 %@M&E%th%a{e%mec W??ﬂ (éoﬁﬁloﬁl?%en%d tla%?th@&ﬁnei &?de%%@orﬂ-‘la in

€l

accordance wt an electric Lﬂ devel t he channe

st acked a‘afléfa%eﬂf thePurk 16 ke Stwdrﬁ@teﬁécﬁlSﬁ H‘é‘r“?ff" plysigenfloging salg Mbrvmwh evelictitry,
each nmenme ;anﬁbeb;dldelzﬂa aam iberpalgl dieRaselayef T opriiRghafiontinggater1 @@ diha gceq:ralyarea&hag

functi Onﬁ% 1k i Ao §$[ﬁgﬁge§3%ﬁ$t&rs h AR it GliG L}bﬁoﬁafepgatv Hgvl/o%gldé{aﬁ

t owar d hi gher devi ce t1es To increase circ %h

densi t i esndwighing@mjuidzdayeh &ady-1Hirghisiirepeintrel @xe tideraslieon dhe WH deﬁlmme sirilffues to
be ef f or Egh baened gte 4@k Edifledio WRkofdhige (N0, WE1,d1 NWNE) vis czﬁlﬂdrﬁlﬁ of thaisinielet!

waler s ¢ B e bela bl R ARSELERLTL S di7) hoBRLh] BURheL S hLhaKl g, devi ce

f unct i onbetwgse te shiureg 14band llhedrptarl@neeoe@réanepsw@ ap elpcg@rflelshds‘@@b@dn tﬂechamel 15bmther der

to accomkdk&rgawﬁlam&qaé Img.g péﬂsﬁérhasco@en@hd%&mbnl Buit© ek miorp Le1QS cARAbE
required. i ncl udes spaci ng of features including gate

hod
| engt h. sﬁe‘iaﬁ?rf’%mf’g’ ef’g%%ﬂle'ias“?ggfg‘lcﬂ? &s rai ses nunerous concerns
associ at ed W Trihefsbrais¢ndwmmidystrslghereciescongmipg gerdltdward/iighbr deegradedbitietto omst st ent

per f or MLkt %@Q aﬁcﬁlab delllSEtMS o%me% fhEge lh&h dt§1§t1Js ?f@;elﬂgs%eé'l %@cﬂ%@ﬁ@ﬁ@éﬁoﬂ§ucr\
as a decrease |n variations in size (such as gate |ength)

i ncr ease Vi sliped &' fi"é"cg fimensions qn SERicoPAYCIor HREFrs- Sclgnedrothis sapicyefers to
PCT/ USO 1br2po¢tﬁﬁiﬂelmmhkmmlevxch srRansesaind drouit didnsions td frelusd azsenalibe devica Siatunctidis gat e
| ength d Q&Srﬁxﬂéﬁ%e p&%ﬁet&?&%‘l@é& hrFsé’aleﬁ fdev?c@ %Brd‘éﬂé‘ M?‘Lsphgl‘f sfua{:stcﬁ Qﬂlﬁﬁa?ﬁ S-

Ni trided tunne I nst ances te to I ncreases
i n shor t SEHErFABIes é‘F@FéEt”’él“‘feA Ehﬁ)wluct?h@ﬁweih apd pasins OBGEWF%‘"‘A@‘%W@‘* Jeeatiyt h

bet ween the sohrepiraiedt o sddliTediSesaadiinadousThikins Sianre Wikt atsory oltde Wt
rol | of f I rr

(DI'BL), gs¥ &la&li‘g;eﬂ{s}gga%:%fl @&BQ}&' rBrr&a%&%}n%ﬁc_:ﬁia%ﬂily r@g (chﬂasl}%t%e s?zte ﬁLcreascs f\fcgg i on
of dr ai nagsTeesa et ipns*hdmatlelﬁml(suet@a paelength) wcre@h eFhaiig rltdssdlff edo tmuetmn
vol t age causes the surface potential tgo be |owered. In view of the

af orenenti oned concerns and problens, there is an unmet need for making
flash menory cells of inproved quality with increased integration, and
especially for sub 0.18 ~mflash nmenory cells having reduced short channel
effects. SUMVMARY OF THE I NVENTION As a result of the present invention,
non- volatlle flash nmenory deV|ce fabrlcatlon |s |nproved thereby produ0|ng

T Y

-qC




substrate, the MDD nmask covering the source |ines and havi ng openi ngs
corresponding to drain lines; and inplanting a nedi um dosage drain inpl ant
of a secondobygmsito forma drain region in the substrate adjfag@iidégoe fl ash
menory cell. Another aspect of the present invention relates to a nethod of
making a flash nmenory cell, involving the steps of providing a substrate
havi ng arititadgimemiRADIm0ICSIhE sifeiedrend, A QiteTend(y decr@s fthedbisPNietof SkktichRAndIBEdéts OV er
:gesgﬂlpiégr?a‘ages Nlttr%d Elﬁrlc ?xﬂe Ha?%? (SH sin? gl{és?a&ccg?lii( corb[ﬁl\a/dt&? inc e%sre]%lg ghortc anre}?,'sfpects ndi ng
substrate thr oehgﬁ ctaﬁeel ef&etrwwgs@s the lctlgtebﬂé\eqet they$oygmand dy\oua? r@ewpﬁa§kort channel

C gr res pCUﬁdéﬁﬂﬂ?l(ﬁc@ V8 RUUBTE B/t LsitiRQifreshdld (oMo gB), AraGQhtiueR barﬁeumnhgtntm Subetsat e
ad] acent e

rce ed at
o ever o dkes BT Rt i oG e R e LB bR x 10 3
at ons/ crrdsothadrain tvolBgecadkesltide satfagerpitantid to bedovpredng t he sel f aligned source
mask from t heySlRSF hehtbremd @54 E&céns%ﬁﬁ&men{m&é& i9 ¥y nkﬂx%edstyxhﬁatk n@fﬂﬁ‘sh nIetl'ﬂS‘ry

second mask havi ng openi hgs correspo drairn
medi um cfﬁlé%fﬁ ENRIPVET fre tﬁﬁft'aﬁfr"'aé?d infegratiopy4ey! ?@Fﬁ’é“&fﬁf SpRQ- Lﬁ %’“&P%l“t?mf"é(d?ltﬁﬁa‘i“ﬁ t he
subst r atreduvadi seehinntllRefectsl ash menory cell, wherein the nedi um dosage drain
inplant is inplanted at an energy from about 30 keV to about 60 keV to a
dosage fromabout 5 x 10'3 atons/cn2 to about 5 x 10'5 atons/cne; renoving
t he second mask fromthe subsfYMMARYPRITHERVENGIQMhe substrate at a

tenperat ure fKoivesalotthe pldéht [neé’nftc}n ﬁont\@laﬂlb (ﬂbls'h mémdi9) Qevice EabricatidiGs M&Zcﬁﬁeleby

PCT/ USQOL/ 2d4680 Yet harltrot her gD eb Qt{a e sent1 dlﬁ gntl orglretat
met hod JFOHRRE 974°% MAYEIHPTRSHETEP IR Y cmPRYSE ‘r‘ﬁ‘& R & T RIE BB PioY ‘%i‘l ng a
subst r atreovix\for differentichangdi dmmryheoedwe abdtealeolw ;formatiamriohaflash merhdry dﬁwcgmetuc sbur ce

mask ovey1gttg sl hatﬁgaédeced taa caﬁtet effekts BRRitaQ UEEifishR Ifhett,@evénnﬂva@&rehms
correspondlng to source | ines; lanting a, source do ant |rst type

in the SHRSEaing ot mepyelgiie *Eﬂ%‘emﬁ?ﬁé% S ”YhHe Pyinizigg ynd/gy ﬁh&ﬁ’é‘éf’gélﬁ‘tﬁ‘ff‘@ B K
corres po:mdmelgﬂ“ecms meludinpat lkeasti@s pf Whaloffj Mght MBL, :audssealutinjpalate, arsl vatigdbrait @@ at an
energy f; t n 0'3
atons/ c %e &@Uéﬁ%g QP&QBWE lﬁgn%r %aérlng)f\%ftgcaq gﬂfsﬁeep%e%ﬁi? el {T éé’ﬁlﬁ %e mask
fromt héaseowsetatsafr@m%‘rm ng a second mask over the subst rate t he second
mask havi ng op@nkpegst molsrem PYBdibin@late®odm@ihBd bfiniRiSg a 3P meddry B, i@voNRek them
dosage | C forma drain. r )
subot at Sro R by dbncha RRFORM hoRE, o ek ARl Pl offH Bl Bk et |

i mpl ant substiptaqihesplf dignegdisousss mapicheyjye cfneoms AUTSERONdI (R Eyrce nesHBRIENtBER OB t 0 a

ﬂos age fdo :mt@ﬂgiﬁt ty%e?ﬁth%@u%a@%tﬁl‘ﬁiﬁg’h@l‘[@%b&m@bﬂﬂfe séXf-Aigred s@r@ﬁtﬁmoﬁéﬁondﬁ?ﬁ
eating the substrate in ap inert gas.at ere at a erat ur rom
about 4COHEe {155 Kigsupe he §668gn@sog|g\;f %ﬁiﬁﬁg %ﬁ' N P gtﬁer elais a
pl an Vi ewbstthte.uistMBIP mags caveping tbﬁrsoapethrtcaz}nomvmebpmmﬁd cas@pmmwimrﬁups afdi gure | b
is afr %%?Bﬁth%%){ae&m%&sag%%&ﬁd iRt bf A3Loh@lybd 8 foim B bilafregfihlin B AGHEE JRER 1k ! ash
menory ce l’%qgure is a cross sectional illustration of one aspect of a
maki ng Alayme “ile flash menory device in accordance with the present

i nvention. Fi guother Bpactof the pre@siSnewdh iraata ko A thdthes bf radking i flash memody kel inadparct of
a maki th@st%QQf' Y&kd@&g'alsﬁ)séalt%nnéﬁﬁgﬂ %en%%?’ eﬁﬁletle&l ﬁ)?rﬁlgg géﬂ%ﬁgn\éﬁ gotl]rcs mg‘st%?SEHt

d
i nvention Cross sectiona USt rati on of y anot her aspect
of a rrakthmlbsaratﬁatf 5916F‘&t"tdlS%‘“‘fclf'a%‘ﬂ‘aﬁ*éwvnﬁﬂé?ﬂeé@“‘?‘?ﬁ t9 U5 P HugidaPlating fonse
present dopabitalfiod typdin Qs sebsibatd throdzh Clie@P&ing €ia tHe GelBdlighel kaisde hratH coftespdndimg tol | yet

anot her am@ ﬁ; t(())ff(ﬁl% as kc'err] OQJHQQ&U?S?ILtQSAJq.Egm ﬁ'l% ﬁgsémgmgrlég‘ﬁl wlltgraem tltté/ %ogr%é/ (!,Iﬂ%gnt is

accor dance W th
i |1 ustr dmpbpedit am@gagm&outdp kel abouyH) ka¥ Fq @OW?AM@Oﬁtllaslﬁ m@wﬁm teldboitce in

accor danceioM atamsme teﬂi’o@ﬁ@iﬂ& safauetaa édﬁfée mbk guﬁ@ezuustsatafoeralaﬁ seS&Ha tﬂam)aér the
RESRAR TP ) s B s (ot e

implant of a second type to form a dram nglOl‘l in the substrate adjacent the flash memory cell, wherein the

medium dosage drain implant is implanted at an energy from about 30 keV to about 60 keV to a dosage from
about 5 x 10" atoms/cm® to about 5 x 10 atoms/cm®; removing the second mask from the substrate; and

heating the substrate at a temperature from about 3000C to about 1,1000C.



- The present invention involves maki ng non-volatile flash nmenory devices
with different channel doping for the source and drain. As a result)

. non-vol atwb e2/81s8sh nmenory devi ces havi ng reduced short chaoralsoebfeset s are
provi ded. The lateral diffusion after source side inplant heating steps are
unnecessary when making non-vol atile flash menory devices in accordance
with the pres¥henothasaspeetodthe provert inyprsigereiates 9\ asthpdef makingjpfash mprarty ¢t h

r ef er enGevolvingteQtett ot plotigitig ¥duBsiratt Ravink i Gash &leRbr@ BERthdiebiFOR ity aadsleaugﬁdado&da refer

to like gl e&%ﬂke suEstIateit{ﬁ'tsoi!flghgncg Wurd m%ﬁ{ia”\‘}m' c\)rgc!?el%sl ?(?'rgasprga n Qo sourc%j Fqg? qgé‘lél%fi7

its advanafages a n conjunc ess O
wher ei n alspiee dnpmecrfa ifigst fypein the auhstrate rtht@gh theprepiogs in the @tfghgmfd SOMﬁm#SlYpr oved

sen ConQyedspindiABRUb ARG RdreRIRGEES dH)ﬁWs ml;Jxauea srdh by kb8 tkwmtkev mak&u t he
flash menory device is described in, tqaho ﬁé@ con U@C%’IOI’I agﬁ%gres 2-7.

Thi's proCés t°ﬁ|d§ﬁﬁ?‘§9ﬂ%b°YtHélgcit?W% ot Cé’g’lrﬁ?f"'lﬁ‘ﬁ trate,
whi ch i sowdeanask frére ths tubstkedfonergarsycondthdsk o@ntie fuberasghesetondjmbse havnalogansxgsor s are
WD 02/ 37, n,

Wi Te ¢ Rapbun kb e B S RAUE Bhente PR AR eecn b e R
the cor dn thegberee adieenichs lastypsgioyrel pherpia the medivrp a‘zsegeéemlaplﬁ% wtlwaféﬁdéhe

nanel y) ehé}@y fEdnpabls@d0 REND ahbuOsdlktV Rra@asagdtedntdbbit 8§ 10'®atbrhgiidi® @ aBout Aix $oibst rat e 30
havi ng st acked ' 41 is
provi ded A SRR S b Elle 178 ARy il RGeS Rl 00 S

cell ard®098Ct he core region of the substrate 30. The shallow trench

i solation regions 41 contain an insulation material such as silicon dioxide
or silicon nitride. The subsir i ed nenory cell 32 may be
provi ded as follows, alt hou%@@%ﬁ%*@g[?%@gggf | ow may be enpl oyed.
The subst r at Fige fags 4 piquivealillugtratingsd driocarautvf ¢ flah meopy flimal |y wi t h vari ous

el ements, r egﬁ@@élqu{ra%mltg,vaaé scb R HIRAYiRAs a gridFrihond oEAAD mb¥PEH, barrier

| ayers, di el ec | ayers, device structures, active reqi ons such as active
silicon regi et ‘SéFfé§§§°°“‘é{'é‘t"i1‘\§'éat'é‘r of PR ASRecLHh f makiRgs nop-velftile lash BemoRydelish ng P
wel |'s, Nhwedrignce wititthd présqralnvgpodnysi | i con gat es, wordlines, source regions,
drain regi O”Spl &éilstﬂaSch &%ﬁﬁuat.smf%{n&ﬂéaspé‘c%fa%ﬁfuﬁg 210 Qgﬁtﬁyﬁa&ﬁ M@m(*r& nes,
conductive p % Frr St oxde ayer 40 is provi over at least a
portion dGchet‘hé“%fdﬁ’ﬁ?W‘é{t‘éﬁﬂ.’s@%’(“"e@m the entire substrate 30 using any

sui tabl e rrearlsgmsui@ hcres sdmﬁanmsmm 6¥1yet aviéier ER)écEiorlainRing 4 wofivolathiBAsHREmory

oxi dati o Vceor m ca ht}{ rescmme n95| tion (CVD). Optionally, the first oxide
| ayer 4 eHEsm ccor using a hitridation process. In sone instances)
enpl oyi ng a rﬁngurq:’ruseelro*susqrcs@nalobkusmm efyptll yeqgnotheresnettiofis making@ ngrhyplatilectagkahel

ef fects. ﬂa;l'meenmﬁ&e;agmlagp,g,emceQ,&tggdpésgmg,e&ngmese effects and thus enabl es the

use of nitrifjed fjirst oxide ers l.ash I ces trified
t unnel oxi de %P&“e% iy crospyjeetiopgl bLIS %“8'a°ff°f‘?*§?e°b%€f‘a‘é‘ Y”%P'X%&?fg S%'Be"&(’&‘ie?”ic%lﬂt es
t 0 i npr cwediatag itk khe presedeinveatiopabi | ity. A first poly layer 42 is provided
usi ng any suigahl ﬁlsge.eeeécﬁonaﬁm@é&neéof%ne dsPecdth Hond\Qth@QONbQ@lﬁ‘sﬁ ShemBty Bévide it
first oxide |layer 40. The first poly layer 42 is polysilicon or doped
am)rphod’§°°§|aP‘iec‘}’b‘HthePE?F";’}%'P‘fef“l?Bn is formed using CVD techniques. The doped
anor phous silicon layer is nmade using an in situ doping process. The first

doped anor phous silicon |ayer ﬂ%d@éﬁéﬁ%ﬁ%y 1) subsequently forns

the floating gate of the stack nmenory cell. The dopant enpl oyed to nake
the thin firsthe@bFotneRnHalE meking ’6961‘(013%{‘573?5“ gmery d?‘@&%“(“hd’l‘f “"B“f"h‘ﬁ‘ﬂ‘ﬂsphor us
and ar seafapifg fofthelsogatce arddrdrain. |Aay&l§ult414)nlv81a|}ilé fash dl@ldor@ﬂ@/[ceﬂiawhg?ra&kedahquhiﬂnéln of
the Pol yﬁffl‘ J aél G e% Jrl{selqgal%%s gna tIir%? urce s%g ﬁ ?ant hc gtl ;ﬁla.%%;ufccegs avbﬁ%‘x'i mfx‘k‘x’r I's
preferab f are i C comntal ni 5 ree name%?/ an
oxi de | apewolameﬂasemﬁmrr Mew"aveqrdan%wthéimreémb'ﬂwevonoIhwsmwﬁrmlmedesmh

. di el ect rjih r&fay:ee to&hmmﬂl% mqéran mewaerwmemsafemdyo 1dieto @R dldnfent! @dREhof t he
st acked menory ¢ ver | east a

rOV|de
portion of theheé’[ff)?f'?vef"éo“lff’ 7 ‘mg oogé?it g%‘? antahrﬁs’s ar?gre Fiain §°é'b“8 G EEIYe | ayer 46
subsequemtcksy of Ggure ZtMGth@nlnhcolllmegaéﬂr@r@@nttllkPefea;w‘a@kwh%nory cell (also terned
Poly 2). The ﬁﬁﬁtﬁm&e@&hﬂcoﬁdﬁbf&rmaﬂ@adtﬁm ssQlowRIRkatihd hERA 10 maid@RMsnaMOr phous

silicon jtiona I i ded usi.n

sui t abl é“er%)&'n‘% g‘?/‘épesﬁg’?{]‘i“g%@ ‘6?°“{ é‘o'PBiﬂi/ll:é‘X &%&EX Pr(??es‘g& fsdhe aguy téﬁg'éﬁet or
t ungst ercosir¢gian@déth supsirateirehychiiewheretheistiekdd meraory edls inddiwtselert gerttansistorsaite t he Pol y
2 layer 46, and a silicon oxynitride |layer may be provided over the
tungsten silicide layer. Various suitable masking and etching steps are
enployed to formnenory cells in the stacked nenory cell area of the core
region of the structure (the gates are defined). One or nore photoresists
and/ or hard nmasks and/or the partially formed stacked nenory cell (not
shovvn) may be used as the masks Etchl ng |s typ| caIIy conduct ed Iayer by

e T o




WO 02/ 37551 PCT/ USQOL/ 2- 4680 plurality of cells are fornmed in the core
region of the structure. The structure is optionally cl eaned before
proceedi Rgo oIABsspt acked fl ash nmenory cell 32 (and the SONGET/y$0a/246800" Y
cell of Figure 7) may have a width (gate length) of about 0.18 Dm or

smal ler. Referring to F| ure 3, a mask is fornmed over the structure |eaving
exposed SHpfeauersly P‘I’Sitﬁéﬁd iPongectipfe Wils de substrate fpRipipIEro Fraiopss Rameigthepesiglicry

al i gned r6gdhra6@thé OASgiGREK cois tefign 6 tHeREbsiteBhtGihs (A6 ald@] AmERStle IRE meR6ry cell
structuraﬁeal eaving the source line open 50 to further processing. That is,
mask 48 has openi ngs 50 over the substrate 30 through which the

subsequent | y Referringdb Boue 2 e sibstrates30hivingfa stackedimengry eofl 32 pnd shallok trensh fsolptived, a

source degaBki i$predeas Tm&ééﬁd'ﬁmbxﬁ%l@mﬁ)@slﬁﬁéﬂH% sQRENh RSy & welofiiR@oBSk 48
e. ex ose rtion of substrate form ng

to the eXPOS urc
the. SourTonet e B o PRSI LG TR CTAP AR P ason
under neatidxide brsilider njtride. dihe fubsiatei3 bavipa b etackddraenpairell 82 dopwmtovided s bdows, t ype or

n type, Ribugt dny siiatil fHREARWMA bl fPfyed N ONe embodi ment, the source dopant
is inpl aan eé { a?l e%er gy f roa% about 10 keV t o about 40 keV to a dosage

from about 1 The ywhatrate30 Grtnicalipa tiFonybipte aptignaily with warigpseiergmps: ragiansandpriayers
enbodi mMakdreovdrna:nRng mal ldﬁbfbalﬁhinor Ey&s(@&]&&fcwer&tdeﬁ& seﬁwﬁ@yacﬁ\reofgloamm as ddivkeV
to about ..30 keV to a out

at ons/ C nﬂlcoq (o 1ons T aéera]l% ta lé,? ggm n 859 rpélpsiv? cl%rﬁen%(s 115:919%159 a/eﬁrgﬁ t nﬁs acfaltlorrap o@ysi% coglt 1gn
ener gy faa@mwallébm squEceleipns, graifiyeians, i lites Wasen cxaltteraffelgetoqsfcemuetbamesysorsducim3
at ons/ Crgugh, Qe aJQ@iH;'E o:é’de)tayl% 1s9§r6lméé SJé?-at lehsfa Pr@m@r @E sdB&ra!eBo @Mbrtﬂhe(}ﬂur& 0 bor on,
phosphor ener | es anﬁj F e | evel s)

anted (a
P o T 1o i R epk St b o0 G R Reteecp DRPRREE by
r enovi nghtiien! yrpgideptBifiom@¥Doypt i onal | y cl eaning the structure. It is noted

that a heat t(ﬁp‘ﬁ@x‘iaﬂ?'ﬁ{e £ oREQTRE £ ny b Mﬁhé&'ﬁsxi?é 1991'&81811 B%céskmiﬁomfe Bl es
(under Pol é\yl gate I'S not” neceSsary errin Figure 5 a mask 54

is fornedP ‘§$a'flﬁ'€°dsftr?"8&‘fl‘iﬂ?3é‘r FeqRTibpps é’fb%‘s%‘ﬁf‘“?lﬁge 'arPerPrFsé‘ﬁll‘Hﬁ%‘OW“‘t‘rﬁ@s
menory abdsd dfedPand ftils enablestthd izt cfaddge fidt caidelagdvDID)in flaxp memidry davicphifrided@ithel

form ng I g a MDD

sk us.°%fgd@£a9ef§8?%?’§é&2?ﬂst A o0 ot b VA8 o LEEITC, D G

regi ons open ‘ersmlwluﬂt‘}?e% PrpyYidse Bsingjapipuitaplefocess sughpgin 1'5&1tUHa@ngd>fﬂs¢fF 9% 156

over t henr§uhsd hat ®. 30 ﬁrlatrpalygiyeMImq:blymhben SrldoseR Qibrphduy sificat. el silEcn s Tornd e _

g on” tRAECUB PROR S RE Gt SR I P8 bR AP Ko pReR, 00 01 Uy

mask cowdepes amhrehoywlrl@@lawrﬁésﬂlsowdmllsnlpfpcalmtl.\/ffca@ﬁ th flopting;zaterpbthe sackest i on of

a heavy mé%?}tdel@n}‘he-ﬁ&ﬁnt@%%?éd t6Bdke BB thih i BEpe® AmdiptHodPBicodidfer Istt 1ast ok & er abl y

n type. ng ifi c the dopant is preferably an n+ inplant, such as

ar seni ¢ gP°P ‘H‘&?s“b The MDD i npl ant dopant is preferably opposite that

of the sourceA éidpc&mlayet $eit progded oyre atfddida porpdnautithe Pgly & fnyer 42 yyieg amhseitablemeearsour ce

dopant i Fhe BieRetdid lgﬁr mgpx%@ﬁblkl Y &l lnmlaﬁ%[)lel'e&'lcacoﬂtalhﬁﬂp ﬁnrem &ls; tng}ﬁ‘el)sag ldﬁx@@laﬂzp pant
is an n type, In one enbodiient) th ornmed ‘at an energy

S
f r om abdift- 23tyidedayert4gb. ébcb*l?f’th@?’“li%l?}’ef e T@G?&&E—!" By ﬁ‘lbéf’ﬂ'dﬁﬁ‘fly fgrms thedmerplh g / e
t 0 aboutdidecitic l:9érof @ oakédanamory aall 2not her enbodi nent, the MDD inplant is

performed at g&c&'aﬁg?ya%%uempg(g%& V%S(it féa%’a Joﬂmﬁ‘@ﬂh‘é su§s§atg§ﬁ%gtag &utﬂﬁé from

about 1 x 10 tons/ cne i gure
6) the NMOEScRRdRPY layFrda sybagsrently Remsdhe cparof &WIOSU% gfaghsd memepkAeh @159 F?é“‘ﬂﬁglp( 24,
and opt i ThHesdcbid pblly Reri48 g xﬁdaeoﬁ;bryummaope&mh@ﬁtoui gileas.ment to pronote

di ffusion of ‘Bglmbgg il tzshoawn a&dFlonallVEg:rs m% ?rovu? ? uéf?%ﬂa%y F’| uita FT‘e %%tns? Sver( unlgl?srof P oly 1

gate 42) may b rea i nvolves
heat i ng Robe layer- ot ft}rmeplaﬁ@ebaltaﬁungﬁ@rsehcxjabyeamm@pded ger 2 lepgs mmcatomhel’cﬂr om

about 40 k¥er iﬁalﬂla@i%onjax?xﬁ)ﬂ@@a)fe%ayﬂ)c bloWBedlol @ MR ARGYSN sxlxcﬁ@ﬁﬁ!ﬂ dto q 5 mnutes.
an X non.

021 37581 T/ VB DuBls T et e EhsBaPRE © DR HEA Tt BAEARSHT THOM ves

heat i ng deheresaf thgcore region pitthy stractire(tpezatest agerdefifed)o fAng bourtre H0OreSibts @doohaplymasks

1,100 D fabobe lﬁ:tiailmrxﬁeﬁ HRIEP A oryl 1 BERGRE mbPoedisdlli a0 AL Biisks. | Bchtflis t%ﬂgfl)h er
enbodl ment, the B’E] t r eat ment mgol ves heatin the structur

t enper at PPWCtES BYFF DOBYS togtistRizestehslsetvit: Repesample. fhe FQly ilayer if ot Bt St
seconds dhemirydifferdnefsom ei¢hingplicegidatyersn Withduptoonlyi @e sthekal fagiohéntapdel? 31 i sHo@NGS
(Silicon Oxide Nitride Oxide Silicon) jype nmenory devices. Referring to
Figure 7) a SONGS type nenory device 33 is shown having the source side
boron inplant 52 and a MDD drain side inplant 58 in accordance wth the
present invention. The SONGS type nenory device 33 is processed in the sane
manner as stacked flash nenory cell 32 in Figures 2-6. Thus, Figure 7 is
anal ogous to Figure 6. The pr esent |nvent| on |s appl i cabl e to both NAND and

o - Y



the nenory cells in accordance with the present invention. These steps are
| a~own in the art. Although the invention has been shown and described with
. respect wpee/gmstain preferred enbodi nent or enbodi ment s, PCT/US81/p4684 ous
that equivalent alterations and nodifications will occur to others skilled
in the art upon the reading and understanding of this specification and the
annexed mwraity ofgells ate forpedrin the adraregipeefdhredtrictire: The spryetirg isoptianaitytcicansd befese f or med

by the 8&9&\4&.@6%@9@%&%&9&@eénsazQ.ﬁa&es@koseﬁ,pe HEYIr £ &R of Bikdr&H e havel C - )
the terns |nc uﬁ‘il)é% reference to a "neans") used to describe such
o5 Tg proBefssng,

corrponen‘l“g SRl lon unl ess ot herw se indicated, to any
co rrpo nent whi Rdferfeté ExgmmB b im@skspooe |oml the structinie taaviag expdsed de¥siind dFdrme@tiEonent

(i.e., thafad 1§vof1\}é£‘;§|}¢ér8 E’“eg a @H& Yt ERhE V\%ma@%%ﬂlétaPmalspﬁthargga&%%frtt@' ly

eqw vaI ent to the sclose ructure orns t unction in the
her ei n i ¥PeEe leaningdheausseinasngn ehp Sutherreeessivg T ﬁé il 4§ bas gpeningPORMATPE| on,
whi | e a qaeichtt whnaﬁghfve.&hUfeeub@équ&nhgafohﬂede&kdemﬂesraieyorﬁadze been di scl osed with

e ot 0 Ohter BGaRTs SR 3o STRM IR Rt EBML el B RAGC

with one or PREr® PEsTdres™s o1 e EaT ent esired
and advﬁttagemssecl sonrcgyling (tgithgexposed pprtien df eqhmte 3&)cfprlrmngahq sgwce SIKNMMWALT he

APPLI CABblitkeldé Jﬁhﬁayrmlmdﬁmﬁé urldBRealtRIBI of MABHY da@NTRY sBurbspaat mdyrbch%e &i el d
of non-volatjle. se nduct or menory fabrication. Particularly, e met hods
b el

of the pt&elt SR "PSr e useful in fabricating non-volatile flash
menory devi cel onesambbdiment, BeRGDIRIopaGt is imlEnt€Pet Bi/antrgy BindHUE kel toiaboutdOckeVied i S:

PCT/ USOL g ajg§§ dbout’} ﬂiﬁ@ ﬁlﬁ ztm}s&t%q 1@”&5&&&2”&@9&%{a Ql?i)ddm(cﬁtzthe sofif M| NY:

provi di ng strate avl ng nmenor her eo orm ng
a self af 1rrg>ﬂfétsd 3nenesy Fers pbouuip)ke \‘Peﬂbm{‘ ﬁ‘é“‘%’t&‘b%@ﬁa&? fom oyt 55@1 a&’F‘F’@‘H &% source
mask ( 486))01haw10'gat6}ﬁ9%ﬂ1 NBSet(zbélder eiodRBMOREOLEE doPansid ifiplaiteld Iaﬂ’hﬁSncrgym’ph'naISHut ng a

source dggﬁea{) to a% t@S bt adk E%‘{Jlﬂ%ou@x RURR dntnﬁo S3OUG 4 lgrgze B %feggggo?q in

the self " &ource M correspon to source I Nes
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a MPD mask  ( Seefer@ig@s Fibies, HeRGirde@bRin(iBPintatibilie fAUBIRdIHR Sdfncyad Jhe ﬁ@é&QBlaﬂ@ t he

source |ines 2). a havi n rresp | i nes;
and i npl%?ﬁ?qa“’ééeég'%@? T?Hft%szgﬁ “Qta‘p ‘lr‘l%%?agrp a?élnr?f't? rorgot %dé%‘(’)srll % OT%' f‘ otlr1m a
dr ai n r egieofundebBily | gatet43bis setbeessay.e (30) adj acent the flash nenory cell

(32). The rretmgrl@q&ﬁgﬂwg nfafk ﬁl.@fbme&ovet ms&rh&ﬁreﬁ e'xﬁdsEEQth?ﬁﬂ regl&@atthag the

substrate (30)_after rrplantlngj di um dosage, drai n |n'9
memory Cells 32 and a medium dosage drain (MDD) implant is performed forming drain 58 reglons 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
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.
The MDD implant dopant is preferably opposite that of the source dopant; that is, the MDD implant is an n type
when the source dopant is 2 p type and the MDD implant is a p type when the source dopant is an n type. In one
embodiment, the MDD implant is performed at an energy from about 30 keV to about 60 keV to a dosage from
about 5 x 10" atoms/cm® to about 5 x 10" atoms/cm”. In another embodiment, the MDD implant is performed
at an energy from about 35 keV to about 55 keV to a dosage from about 1 x 10" atoms/cm? to about 1 x 10
atoms/cm’.

Referring to Figure 6, the MDD drain side implantation is followed by removing the mask 54, and
optionally cleaning the structure. A heat treatment to promote diffusion of boron 52 and the MDD implant 58
under the gates (under Poly 1 gate 42) may be performed. In one embodiment, the heat treatment involves
heating the structure under an inert gas atmosphere at a temperature from about 4000C to about 1,2000C for 2

time from about 1 second to 5 minutes. Inert gases include nitrogen, helium, neon, argon, krypton, and xenon.
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3. The method according to claim1, wherein the source dopant conprises at
| east one of boron and phosphorus and the source dopant is inplanted at an
energy freeeadoisy 15 keV to about 30 keV to a dosage fromebpusoi4ssel0’ 3
atons/cn? to about 2 x 10'4 atonslcnR. The nmethod according to claim1,
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providing a substrate (30) having a fl ash menory ¢ 2
otherwise indicated, to any component which performs the specified unctlon of thc de: cnbed component (ie.,

that is functionally equivalent), even though not structurally equivalent to the disclosed structure which
performs 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 resi:ect to only one of several embodiments,
such feature 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.

INDUSTRIAL APPLICABILITY
The methods of the present invention are useful in the field of non-volatile semiconductor memory
fabrication. Particularly, the methods of the present invention are useful in fabricating non-volatile flash

memory devices, such as EEPROMs.



formng a self aligned source nmask (48) over the substrate) the self
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4. The method according to claim 1, wherein the medium dosage drain
implant comprises at least one of arsenic and phosphorus and the medium dosage drain implant is implanted at
an energy from about 30 keV to about 60 keV to a dosage from about 5 x 10" atoms/cm? to about 5 x 10"

atoms/cm’.

5. The method according to claim 1, wherein the flash memory cell
(32) comprises a first poly layer (42) , an ONO muliti-layer dielectric (44) over the first poly layer (42), and a
second poly layer (46) over the ONO multi-layer dielectric (44).

6. The method according to claim 1, wherein the flash memory cell
(33) comprises an ONO charge trapping layer (44) , and a poly layer (58) over the ONO charge trapping layer
(44).

7. A method of making a flash memory cell (32), comprising:
providing a substrate (30) having a flash memory cell (32) thereon;
forming a self-aligned source mask (48) over the substrate, the self aligned source mask (48)
having openings (50) corresponding to source lines;
implanting a source 'dopant of a first type in the substrate (30) through the openings (50) in the

self-aligned source mask (48) corresponding to source lines to form a source region (52) in the substrate (30)
7
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heating the substrate (30) in an inert gas atmosphere at a temperature from about 4000C to
about 1,2000C.

9, The method according to claim 8, wherein the flash memory cell (32) comprises a nitride

tunnel oxide layer.

10. The method according to claim 8, wherein the flash memory cell is a SONOS type memory
cell (33).



