WD 2001/ 100230 PCT/ US2004/ 011354 METHOD FOR REDUCI NG SHORT CHANNEL EFFECTS
‘I'N MEMORY CELLS AND RELATED STRUCTURE 1. TECHNI CAL FIELD 5 The present
invention is 9eneral|y in the field of sem conductor fiabrication. Mre
speci fi caMA2W¥ 8230 esent invention is in the field of PCABEReEI B of
seni conduct or menory cells. 2. BACKGROUND ART Non-vol atile nmenory devices
are currently in wi despread use in electronic conponents that require the
retention of informiesroPIR REPOLINESIORD WEANNEL FeFATT@t ed. Non-vol atile
menory devi ces i ncl udeNnmeBEORY GELIDANE RELYTKIRGMuUCcPrgr ammabl e- r ead- onl y
menory (PROV), erasabl e-programmbl e-read-only-nenory (EPROM, and
el ectrically-erasabl e- programuabl e-read-onl y-nmenory (EEPROM devi ces.
EEPROM ldevi cEECHNICAE EELP r om ot her non-vol atile nmenory devices in that they
can_be electrically programmed and erased. Flash nmenmory devices are
sinPlar to ERtPRewrdeeitioris spnsraiinithefislhof spmiseddictor Ghricatien. Masespenifirelty. ind er ased
electrlcally. However, flash nenory devices enabl e the sinmultaneous erasing
of aIIfﬁ?ﬁﬁ?&mﬁﬁv?gﬂwf§dWﬁﬁﬂﬁﬁPHHEV@F@HH%ﬁPE%@Y8#@s in flash nenory devices

have fouseq38§§hQﬁf§a§?PQ the programm ng speed, |owering programmng and

readi ng”vol ing data retention tine, redu0|ng cell erasure

tines, and Pﬁo%q/Uﬁl!ﬂque ?}l Aevgésq%rlﬁllrenﬂam wm}ésg ?19 llils(e:l ne ctr mc cam%)nentsstfla?re dlrethe aSh

mem)ry devi ces can achieve I ncrease and reduce

As the rgtgrﬁiéﬁofmmﬁ%n %eln elebtﬁcaﬁ WFE %rﬂuﬂat@' gﬂ@n-v&]eﬂ% rﬁe&r@@%e\%gﬂﬂxdquald Ionl§

channel length is also reduced in size. By way of background, 1n a

f1 eat i ngn@at@RoM), 3SBraBIBN. YadChly merloRRPEMAN) Bieabié-SOGhdinAR kRl BH fy ek vyt he l'ength
of the region situated between source and drain junctions og the flash
enor y EBeROM), hatelcitscalcambbloprbganbablettha-ofily agRof IAPRYPM) @dvices HEPRaAM dageegat €.
As the channel |length of the nenory cell decreases, the source and drain
r egi onglifésf from ethereerpyolptile ekinorl devisasin ¢hiaf thaytcinbe blyctnidaﬂbaemgrmnee acteratd ERsh whi ch
can cause undesirable short channel effects. For exanple, the short
channeFW%PE%%PWRﬁﬁﬂHmﬁ§”ﬁ$BﬁEHkPﬁF@U&%“E@%bﬂﬂ%mmﬁ@mbgﬁmﬁﬁ@H“Hﬁ%in vol t age
causes ncogtr | | ed cuyrrent, . current that is not contrqlled by the
memor y “CEFFAE FIENT iﬂﬁﬁ‘ ROy é?f"éces ?‘Bblf e HmuliBpRRY Frasing 8‘11“3 repg odbart t o occur
at hannel I s |less i nduce

battier | owdfin Q?V@‘ﬁ?fﬁﬂ‘-%%sm 0B PR e Rl 5 BT B R R REEPEPFEC ¢ ha
starts sﬁeQd Q&&Hﬁ p@&rraﬁmqg}i readi %ggl d’xo ?&gagﬁfcgét'reté%ﬁorﬂmye%% c}nﬁ géll egélﬁ!rmmets he

menory cell''s effectivé thres t age decreases esirably

af f ect and @&cﬂ@ EJIIQ[HK%@ B redubife $0RAREeNsidn€ Hihsh nkﬁor?%epﬁﬂ h&&Fo indr¥¥Sed speed
conventional techniques utilized to reduce short channel affects, such as

punch and reduced power consumption. As the flash memory cell is reduced in size, the flash memory cell’s channel

on.

length is also reduced in size. By way of background, in a floating gate flash memory cell, the channel length
20 refers to the length of the region situated between source and drain junctions of the flash memory cell that is
controlled by the flash memory cell’s floating gate. As the channel length of the memory cell deéreases, the
source and drain regions of the memory cell become effectively closer to each other, which can cause
undesirable short channel effects. For example, the short channel effect known as “punch through” occurs when
a high drain voltage causes uncontrolled current, i.e. current that is not controlled by the memory cell’s floating
25 gate, to flow. Punch through can start to occur at channel lengths less than 0.5 micron, for example. Drain
induced barrier lowering (“DIBL”) is another undesirable short channel effect that starts to occur as channel
length decreases. As a result of DIBL, the memory cell’s effective threshold voltage decreases, which
undesirably affects the performance of the memory cell.
In CMOS devices, two conventional techniques utilized to reduce short channel affects, such as punch

30  through and DIBL, are halo doping and retrograde well doping. In halo doping, a high concentration of P type
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30 through and DI BL, are halo dopi ng and retrograde well doping. In halo
dopi ng, a high concentration of P type -1 WD 2004/100230 PCT/ US2004/ 011354
dopant is inplanted, for, exanple close to source and drain junctions of an
N- channel wieMbEfaRUCh as an NFET. _The high concentr ati‘o(zwg%mg’ﬁ&ﬁpg dopant
i npl anted around the source and drain junctions reduces shor annel
effects, such as punch through and DI BL, by nmaking the depletion region

bet ween source and drain junctions nuch snaller. In retrograde well

dopi ng, 9®¥H i‘sgﬁplé‘mﬁ‘c@’rﬁxf‘%&l? Bisedt sopree sd dragndistinns pign Norherael dpdteomelt e BEst r at e
5 surface 24 .2 rp if]p a P well where punch through can occur in an

N- channdie Rgbgpreent ‘éfl‘}é’ GRe dopanfpEppipntedharound the souppe pnd cirwuvﬁuarﬁl@a??é@ﬁft FRE%ebn of

Pt t t fect dt h of d J t
reat on Banuiser bt fe upE Fhne i aea&n%%fémv e BLRER TP Gugh | n
t.he N- C@%QELIRP%iﬂe%‘ﬁdladl_m\gﬁé{o%r ath %cg'nc tratf%l entJoH%nt 15 ?or dhbe10w¥ esubcsit?eRant

situated close o & drain jﬁnct I ona dopi ng and

r et rpgr @dﬁs‘mw AAthQmmM&la Bﬁrﬁh‘%ué‘@c@%&%ﬁ némaﬁmefc@%eesﬂﬁ aly Pl\ﬂﬁﬁf‘%' on '

br eakdown. t he conventi onal retrograde well doping

t echni guas, tdé SRS SRAlraBGHQY © tyRE Bopbhit b thetlydil it fices BRI titeQvidth OBLd dfleAteiok| ash
menory cells having small dinmensions, since the inplanted P type dopant

di f f usesetweemidondct yhd dlysnctidnii@h2h keBudas p’ile&hdhrbd’gh i MERandeDdevRg) 1Bfvleag tien@hmet hod
~for reducing short channel effects in nenory cells, such as floating gate
fl ash nengnyatioedflPsype §&pa@idiviaaRYlose Dhide frig metton innbegntveativnal daldidoppgtaed t o net hod
for reducing short channel effects in nenory cells and related structure.
The pr es&teradp feddopingischaigis sapseuse ardesiide dhip bigctiohbreskdewd i n the art for an

‘eff ctive nmethod for reduci ng short channel effects in nenory cells, such

oat i ng Q5 &erreriotebhpnapd reipgrade walk daping fepfiyiapues dé?ﬁéseéi‘@’ffﬁraﬁlﬁﬂcé‘h‘ﬁodl nent ,
t hod f f ab t { t
O L P RSB SRS 5 g r TR 7

substrac?gck{yo expose a trench, where the trench is situated between a first
source regron and a second source region, where the trench defines

si dewal I's i Nyl @netPStecb i @re arl B8 af deRAHE fﬂghcgﬁéreedﬂaﬁmﬁ&t HabfdYe@8Yin lﬂl%m@r
floating gate flash menory array, for exanple. The dielectric materlal may

be remosagsuch Rrfloga B3 Bish néinddy &84.T - al i gned source etch. The method further
conprises inplanting an N type dopant in the first source region, the
seddnd source region, and the 25 sigiawmiARY of the trench, where the N type
dopant forns an N+ type region. The nethod further conprises inplanting a P
t ype dopant The ptebrat ifiiventipn isshinatteldo metbidder, reduting sbacdianhekeffegtcie memory cells and

related structure. The present invention addresses and resolves the need in the art for an effective method for
reducing short channel effects in memory cells, such as floating gate flash memory cells.
According to one exemplary embodiment, a method for fabricating a floating gate memory array
20 comprises a step of removing a dielectric material from an isolation region situated in a substrate to expose a
trench, where the trench is situated between a first source region and a second source region, where the trench
defines sidewalls in the substrate. The floating gate memory array may be a floating gate flash memory arra&,
for example. The dielectric material may be removed, for example, in a self-aligned source etch. The method
further comprises implanting an N type dopant in the first source region, the second source region, and the
25  sidewalls of the trench, where the N type dopant forms an N+ type region.
The method further comprises implanting a P type dopant in the first source 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
région 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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region, and the sidewalls of the trench, where the P type dopant forns 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 exanple. The P type

dopant caNv®¥HiA2dht ed at an angl e of between approxi meRGEYS2A06/@135egr ees
and approxi mately 90.0 degrees -2 WD 2004/100230 PCT/US2004/011354 with
respect to a top surface of the first source region, for exanple. The P
type dopadtespest thlop buifide dNthE kst sBurék regiérdoPexhBAd. Ae P WPEIBark RBotdh@hdkaiBQi ON 1 s
separated fromthe first source region by a word I'tne. The nethod further
conpr i sésinpegidnowiferenty deait lagsiiBlepayel feom h@ktQoukda exgloh BY Mdrd GALC ITR: 1G4S @Bthdrhe P
“type dopant to forma retrograde profile underneath the N+ type region and
a gr adedommneserrfarming oherpalefdld, phadfabentl cyde daives tP typepiepanegfoon a reébograie one
enbodi ment, the invention is a floating gate nmenory array fabricated by
utilizi AEpfitetadegisyiy@e Ny yarugieeud prereded oncatrhion piodla pdircers teethaN-aldireartiarges of t he
present invention will beconme nore readily apparent to those of ordinary
ski 11 in the "9 epodigrent e inupiiongs a fratizsgpe By faliged Dsdieng Pt 3v8Ys and

acconpanyi ng, dr aw ... .BRIEF DESCRI PTI ON OF THE DRAWNGS Figure 1
1T ustr 4% S%%m%@%y'- @?’Ewea&resaf‘{*tdm@#ﬁroét f H‘&ﬁcﬁmvﬂ’&"‘é‘mﬁf’%ﬁ g}Ofﬁ%%wPPe@w%, in
accor daﬁxgge O\P'Ié‘rrdl}gnarg 01 in 411@ aft 5@39 %Ivig\%gé\;hg %Oll(t)“t}l’el% cﬁél‘?ﬁ%%Qs%riﬂéig%aenlgtaclzcgrig%an@égg#gwgrfgét he '

illustrates r0Ss-secti onal VI € ong i ne n u

structure of Figure 1. Fimﬁﬁdﬂ@ﬂéhrﬁiﬁ@yﬂg@ sectional view along
the line 3-3 in Figure 1 0 e structure o rgure 1. Figure 4 is a flow
chart correspidiiNEstaRs £X8 AR f Mstr RO A udioRRSnpABTRIRYREIIs! R 2 QB8R RddhirE Nt

of the present invention. 15 DETAI LED DESCRI PTI'ON C]z THE | NVENTI ON The

pr edkent embodierbtiodte prssediinvetived t o net hod for reduci ng short channel effects
in nmenory cells and related structure. The follow ng description contains
speci fi ¢ i nf Bigwat illysirajgesr dress-srchgualivie vt dirag thaphedram Figire dof thf strudhneofigesant
invention. One skilled in the art will recognize that the present invention
may be i npl eFi8Yie &§lustialgs acrospregstieanl vigvfalaag thp line3r3dnfietal offirstriqireefHgpedi scussed
in the present agpl i_cation. Moreover, sone of the specific 20 details of
the invent i oh'8YF &30P iae CorEesRogdipg{o sregalarymsthod frphisetipgto opeembpyasH p181. The
drawi ngs_in.th present application and their acconpanyi ng detail ed

in. .
descrip rfsgr%“grenelodi rected to nerely exenplary enbodi nents of the invention.

To gmai ntain brevity, other eahadhinenalol Beri fagipoynvention are not

specifically described in € present appiicatron and are not specifically
illustrated by gt inh&meNdireSHEAWBESYH for reducing short channel effects in memory cells and

related structure. The following description contains specific information pertaining to the implementation of

the present invention. One skilled in the art will recognize that the present invention may be implemented.in a

manner different from that specifically discussed in the present application. Moreover, some of the specific
20 details of the invention are not discussed in order not to obscure the invention.

The drawings in the present application and their accompanying detailed description are directed to
merely exemplary embodiments of the invention. To maintain brevity, other embodiments of the present
invention are not specifically described in' the present application and aré not specifically illustrated by the
present drawings. |

25 The present invention involves an innovative channel doping process for reducing 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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25 The present invention involves an innovative channel dopi ng process for
reduci ng short channel effects in nenory cells, such as floating gate
flash nenory cells. As will be discussed bel ow, by reducing short channel
effects i i.,ng gate nenory cell, the present ‘i nv on' s innovative
channel d‘?)lgiazr({gllg@%%’ess advant ageousl y achi eves a fl oat &%’@%@“ﬂéﬁﬁry cel |l
havi ng i ncreased performance. The present invention can be applied to any
non-vol atile floating gate nenory, including flash floating gate nenory. -3
WO 2004/ 1002Bewptowspopyispafes semplaiygtncsrd indytingsxemplappmepiostgelfsfin apeordaresnpl ar y
structure includjn gxerrpl ary nenory cells in accordance with one

enbodi n&it O“BF’“"E‘HE“C%P e peseptiRyEtien ofifuctaie ftinglidss 1odline 83 Gt lives fy {6 ke 102,
bit lin 104, 106, and.. 108, oxide isolati regions 110, and 112, squrce
b onalUbge spRhongEns 1g: g 2SR 11501 anh B iy 28 enchs 20 Bl
menory I d . ructyre 1 can be, for exanple, a

floati nfg;’z%g%'ilt5 (ra"% ﬁ%?‘r%%g %g)i I’ra's’gya,m}gﬂl's Scf?ﬁsftué%fog “t ngf?ri eﬁ@nglgea %Oahgdgsa % mﬁ%?% ra‘ixmyar ray.
As showcl f} aFloQHE Baclfias BIRFYarn&e! | 132 includes floating gate 136, which is

si tuated under_ne'éfh word 1ine 102. In the present enbodinent menory cell
132 is a fl oat inBen @atsBre TBABRMOY cBIE | 32-inclidesGdSinE BRO o R is sit DRI Yerdeth Word 32 1S
a floating gate flash nenory cell. Menory cell 132 further includes drain

cont actlint382. Inwh pefenteabifdnSmaioni dall 1 820k HNoalisda®ineABHOAY €6t bmicdzneh) bi t
line 106. Menory cell 132 also includes source 10 region 116, which is ‘
Si t uat edenendy eell @1t is & foatinyr gdte flash@neh@ celn Mensulrstl fRtf@thé¢miniudshipamconact BBgure 1) .
It is noted that although only nenory cell 132 is described in detail

her ei n Yhichreensets drain fseien | 2pf merpamnee}l 18200 big 1ine306. alfemotBetll 43 2ealsodicividésapurdeo  nmenor y
«cel.l. 132 in conposition and manner of fabrication. A so shown in Figure 1,
wortd | iTREom 6. whichds sitepie! adjacery & wossh ined 07 Bra@ebsints (et oive in Bigura §- Bisnoted thés 104,
106, and 108, which Situated in a substrate (not sho in Figure 1).
Vord | iarlqtg"“fgﬁ‘“%‘h‘?im& ‘i"’ﬁﬁ?ﬁ% espif 0 445! hegRdo PV ’S‘g“éfdﬂe"lﬂ’g f Pé%i‘tlgkdjaf? n a

TRNNET KOGNR ddhobdieh A5 be cob sk DL SRUPdrlhElygtr € 1, oxi de isolation regi on

110 is situated between bi I nes 4" an U6 and can be, for exanple, a
shal | ow trengh, ins@d idblpR8 1 (worllitne 107 i€ BB ovEPda8 RignddSAbAkIA & PR 10k1Bscan

conprise silicon oxide or other appropriate dielectric material and can be

fabri cahedos, Bhich arsitiaddiidd Qbsrad tnoBMOWNn IFRuE 1Y W& e 10Dard bITRRR 04, kekOMA i n the
art. Also shown in Figure 1, oxide isolation region 112 is situated

betlfeerioBin teifidgsited 6 nmntks DG Ak £10 FRtteSRSwiSh Fighral, ot Bélhtan rexRd 1106is
~fabricated in a simlar 20 manner as oxide isolation region 110. Further
shown isttud&iddpetweendit linas é¢fcind 108@nd @n b¢, fax atagglershalpwresb isplegon(EJID regioll. 1&kidend
116. Trench 126 is forned by renoving dielectric material, e. % silicon
oxi de, ifoktign 158ips | 19 Ranspmpsies eficon exddecr et apRsefirietn dipteariahateriat aad can be Tabricated in a
substrate (not shown in Figure 1) in a manner known in the art. Also shown in Figure 1, oxide isolation region
112 is situated between bit lines 106 and 108 and comprises similar material and is fabricated in a similar
20 manner as oxide isolation region 110.

Further shown in Figure 1, trench 126 is situated between source regions 114 and 116. Trench 126 is
formed by removing dielectric material, e.g. silicon oxide, in a portion of oxide isolation region 110 situated
between source regions 114 and 116, which are adjacent to word line 102. The dielectric material can be
removed by etching the portion of oxide isolation region 110 situated between source regions 114 and 116 using

25  aself-aligned source etch process, for example. Trench 126 includes sidewalls 146 and bottom surface 126.
Also shown in Figure 1, trench 128 is situated between source regions 116 and 118 and is formed in a similar
manner as trench 126. Trench 128 includes sidewalls 150 and bottom surface 148. An N+ source implant is

performed in trenches 126 and 128 and in source regions 114, 116, and 118 to electrically 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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bet ween source regions 114 and 116, which are adjacent to word |ine 102.
The dielectric material can be renoved by etching the portion of oxide

i solation region 110 situated between source regions 1;4 and 116 using 25 a
sel f - al i gn&ERogouoes® et ch process, for .exanple. Trench 1 HbesAR 354
sidewal | s 146 and bottom surface 126. Al so shown in Figure 1, trench 128
is situated between source regions 116 and 118 and is fornmed in a simlar
manner : ' : i d |1 s.150 and .bottom.surface
Tag. an REIHBR ol Alpay ARG o €8 op D LUER s B0t o B S LCHS

sour ce 1 eqiANISholvdk 4 Fighddr, dx@fﬂ_?_egkonh@l & Qtu@tkcﬁa@i}awnlﬁg h!)a)(iné- EBE %Q@xﬁﬁmé@ Qﬂtl f[t“)?% o

regions 114, 116, and 118. The N+ source 1nplant can conprise an

dopant geofalt. A% nakd@tioaly AfainRédiar122 # spAANPALABQABRInRTHE LS00 01135- 1
appropriate N type dopant and fornms an N+ type region (not sﬁomn in Figure
1) in sour celrtbgirges edtiodimedt] O typddbpand ik Buplables i seh@WEidni 1 14| gYrad 1S aglriai n
region 122 is situated adjacent to floating gate 136 and conprises an N
typed dépnahes 1261and |28 tofotredl? tybaregioningt stvaiirFiguegi).oFhe P2gheidspasireciofupisabdryn

di scussed herein to preserve brevity. In the present enbodinent, a P type
dopant % Spfsiimpitnisd 26 47 aagruvidaespesgionrirective Aop surfages ofgedrcd reomridl, iL 1P, a8 1t& dmches
126 and 128 to forma P type region (not shown in Figure 1). The P type
dopant ¥%STRYRSFE LeP B8F dment iigplanisd bplareitiedt+apHres dmplpnt aFhe Kriye doRatisnor espect t o
respective t surfaces of saurce gions 114, 116, and 118. In one

embodi rﬁe‘“ﬁfa}“ef g P 8 6%“?{ i1 [ogiop It Al dus YwF dpiantinE ket b el YHpFant .

The Pt i L npl in drain reqi weSu as _drajn.region
125, g FoprntpRRRe S U cophlT®, BALE ik Gt e Do Be B Phae o

cauge theselt iﬂvb’xﬁ@n’gpf}ﬁé’uopffg pxg!:efssf dis%@ssé&qgcﬁé,q?&%g}a& HfiteSnd % gh&ﬁl Sondehfation: 1 6, and

118. As a result of the present invention's type dopl ng process

di scussgdfilabeianedandefrbitD g Md@pdreQdn (hd? stR Rl in@Figdea §Reha MGaNH8d £k, wikéof 1 | e

are formed underneath an N+ type region (not shown in Figure 1) forned in
each souvaegroegiedns shoitiaimel ditota mich ggod tregdhae DIBodiicugbibboel TRifeat S, such
as punch through and DI BL di scussed above. The present invention's

i nnovat PYBtqR'sigpg et gdhyreglopingrressss will bd disoussed bdovimsedion®| Figures flardgl at i on t o
Figures 2 and 3. Structure 200 in Figure 2 corresponds to a cross-sectional
vi ew of st r utTERE 240 Fighis A gorresipadsge pcrpsrsamiiqpalvisw of Srugture [1G0 ghme finedd iaFigws our ce

regions, 214, .216, and 218, trenches 226 and 228, sidewalls 246 and 250, and
oo e sy Fenti 4  EREPER, eI a0 b po 50 SePrisanond o
sour ce i . 8..trenches,. 126 and 128,..sid |1s 146 and
100, o RREOATatil, ikl SR, eyl SORNGR o FER FROROR 1B FENR e P

word li2g @ﬁdll@g, sR&ehu it@%ﬁci 139, aQ@Bcﬁto&l_%\ﬁfa% f447094 ]24%!}&%%0!& lﬁbgl\flfs %oté!zt@ whig®Serve
I : t I'S

clarity of illustration. As shown in Figure ype region
si t uat athe e 0NM1d05RE U B/Re AR hoSH ITRAGRS tddrdervediatity Fthsitalidn. 20 of source

regions 214, 216, and 218, sidewalls 246 and bottom surface 244 of trench
226, and si dewbdvinsn Bigie 2m type region 252 is situated below respective top surfaces 213, 215, and 217
20 of source regions 214, 216, and 218, sidewalls 246 and bottom surface 244 of trench 226, and stdewalls 250 and
bottom surface 248 of trench 228 in substrate 258. N+ type region 252 electrically interconnects source regions
214, 216, and 218, and is formed by implanting an N type dopant, such as arsenic, in source regions 214, 216,
and 218 and in trenches 226 and 228.
Also shown in Figure 2, P well 254 is situated underneath N+ region 252 in substrate 258 and can be
25 formed by appropriately doping substrate 258 in a manner known in the art. Further shown in Figure 2, P type
region 256 is situated underneath P well 254 in substrate 258 and can comprise a P type dopant such as boron. P
type region 256 can be formed by utilizing P type implant 260 to implant a P type dopant, e.g. boron, at implant

angle 262 with respect to top surfaces 213, 215, and 217 of source regions 214, 216, and 218, respectively.

Implant angel 262 is situated in a plane that is perpendicular to top surfaces 213, 215, and 217 of source regions
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bottom surface 248 of trench 228 in substrate 258. N+ type region 252
electrically interconnects source regions 214, 216, and 218, and is forned
by inmplanting an N type dopant, such as arsenic, in source regions 214

216, anqw ?_@ﬁ Ay trenches 226 and 228. Al so shown in FH%Hre 21 wel |
254 is situated Uhderneath N+ region 252 in substrate 298 TAROMMIFE 25
formed by appropriately doping substrate 258 in a nmanner known in the art.
Further shown in Figure 2, P type region 256 is situated underneath P well
254 i n ZdiPd6.rand B 828Rectingdy and parglshtp w dinal 0R it Kigee Ud%)'awb' obughpla anplot ogle 242
type region 256 can be formed by utilizing P type inplant 260 to inplant a
P type WopaiftveenapgroxipaielyAd-0 dasrepsaae eprfoximaiely| 98- 026@6% R piperipplps 90 cppimplip 2
surfaces 213, 215, and 217 of source regions 214, 216, and 218,

respect? ¥&4 ‘X?Pam P Frdﬂo‘é’ﬂtat a}igaipnt Sesoeciokbebiyeey, approgimajslyd la flgms pppm jaad

per pendi cul.a

Do0h, 108938 e e SeRrER e S Byl Biesirles® bp Gt ol SR Dar a1 1 o
to \gorqylredo ngaQ%g#&f@a%g&%n%%yﬁyo pay of exanple, inplant angle 262 can be

bet ween”appr oxi rees and approxi mately 90.0 degrees. P type

i mpl ant 260 mrrmLam @dophnt bk L L el age
of between a%f)ir o>?| mat el y)? (ior)xmlodlaglarg'?lg’%skzpel? p(%srr?znma éaponacgrtperf%%v%%l y P196&51015

at ons  PRpanCiid reshRriveRaWANL 246 aBY250RY tEne€203 TR 23, 1BiptdiRGop WhBIN13 266 26607

inplant a P 5 type dopant at a power of approximately 30.0 keV. By

i mpl antdf egrca rdgiohyJie, 26, paad1L18 aind tesfattaibottain Ghrerced 824 antl DES I FrasER D26 ANV LIt AO|M can

effectively inplant P type dopant into respective sidewalls 246 and 250 of

t r enc hessuR 28ymmeticR 289 can bsfowest nndermntatpN-styped regi@s?52 43, desiébdepirdsulstizte 2%  sour ce

ons 214, 216, and 218, and respective bottom surfaces 244 and 248 of

g@c h 6Bhug ge5vill eidisepsed imdetadl belowdn seletion Higipsee3, the gresant insticaia i tpe deriermERgess

underneath N+ type region 252 at a desired depth in substrate 258. 10 Thus,

as will? baétaeﬁ"‘éséylﬁ'é‘%"ﬁs? C‘Héfeé{f’gfadﬁé‘l‘d(ﬁ@qufoP@P%f‘f‘P‘bﬁ‘)flﬂﬁf' updeggptip sogree {eﬁ‘@“sdﬂ‘ésent

i nventrlgg f’ type dopi ng process advantageously achi eves effective

retrogr é ané graded concentration profiles underneath source regions 114,

116, and 11 %truérznrc gg& ig %%rr@ 9 Qox#egboﬁdsgd_’qc?osg’ seE{i)Jnng/%%T gﬁlcttn% 180 :«ﬁc{ng ﬁﬁ 3S§91t1:i Qi al

view of structure ong line igure I'n part m)ry
cel | 3321y WeticHliad, nBiSorp 841,335, BRIl 2 dhghe 30 3365 QMFcE Rgibf B6ORd Sr%ﬁmeoﬁnﬂ@?ﬂfna' n
region 322, in 15 structure 300, respectively, correspond to rrermry cel |
1325 V\:strdctdré 30, rdHectildiQ abriefB@ndB Rmd:3 Gell 139, WoEHlink @G MAtink hfte 1BNBuds kit 11691 ON
122, in structure 100. Al so, source region 316, N+ type region 352, P well
354, aruld éwib sdgloatiz2, in3b&furd Y90S Alse) Sdutte &gd0 016, Ne gpe piow 882yF walis#.asdmbdat 0
source region 216, N+ type region 252, P well 254, and substrate 258, in
st r uct A58 IPQOCtig 300, rpepeetively, cpirespond tpsouaed redirmt21 @ dtte regib8 852, B welbis4sindwn i n

Figure 3 to Ereserve
substrate 258, in structure 200 in Figure 2. It is noted that contact 138 is not shown in Figure 3 to preserve

clarity of illustration.

20 As shown in Figure 3, memory cell 332 includes tunnel oxide layer 362, which is situated on top
surface 366 of substrate 358 and can comprise thermally grown tunnel oxide. Also shown in Figure 3, floating
gate 336 is situated over tunnel oxide layer 362 and can comprise polycrystalline silicon. Further shown in
Figure 3, dielectric layer 364 is situated over floating gate 336 and can comprise, for example, an Oxide-Nitride-
Oxide (“ONO”) stack. Also shown in Figure 3, word line 302 is situated over dielectric layer 364 and can

25  comprise polycrystalline silicon.

Further shown in Figure 3, N+ type region 352 is situated in source region 316 and can be formed by
implanting an appropriate N type dopant in top surface 366 of substrate 358. Also shown in Figure 3, drain
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-



clarity of illustration. 20 As shown in Figure 3, nenory cell 332 includes
tunnel oxide layer 362, which is situated on top surface 366 of substrate
358 and can conprise thermally grown tunnel oxide. Al so shown in Figure 3,
floati ng WRARWIBBB3G s situated over tunnel oxide |ayer 3&Cr/esmop@nzaonprise
polycrystalline silicon.. Further shown in Figure 3, dielectric |ayer 364
is situated over floating gate 336 and can conprise, for exanple, an

_Q(l d_e’ N'Z%Bf. 'Agﬁ'sho%limouggm&ﬂ 3§1ti§§t5atedpﬂl) QQ%QQQM Hépnegchgll-f!ri el% iox%{\%rz,dch!lﬂnae 302
is situated over diefectric layer 364 and can 25 conprise %o ycrystal line
Si i conegfolBEdNe daRQUMbNI3N2. it GoIIrB84 Sin bNbBrhMREsubBEL OB iPPRachd kidwnddhesd: 1 N
source region 316 and can be forned by inplanting an appropriate N type
dopant in topuskrshaaan BigGe BfP tgpeheionab®@is dfaded liGRats NOWe feBiok B WhdEs Brmadr ai n
region 322 is situated in substrate 358 and is an N+ type region. Further
shown i hy Riliging RtyS:; implag A6l Freegi2anim@B8 a Pitge dofhuiat otbriie tafleenuiseuet éejmanct i on
374 and drain junction 376 and al so situated underneath tunnel oxide |ayer
-6 VD 200w/stEn§2ee dpat/in JSopoagion3ps Siffusegie an upsjasldiretovapriosshify gpisuefa@ 3660fne| |
354 is situated in substrate 358 underneath N+ type region 352, channel
regi on S&gratedntisddicpird PgPyhi7322s 2 psulidhq P mrsslopaifone a fayperey Profilegndsaedttat e 358
in a nanner know& %g%tqe grt. Further shown in Fi%ure 3, . P type region 356
is situdf&de TREAEAGHT HEINP T8 YRegPRIR 258 SittuitfoTad Foseistrt clgreliteipt $PAY P
type inpl 260 i i gur.e inplant.a P type dopant,..e.q., boron. After
s eiEnta R arS BUeeCe Sk TP Y Bty R PRy G maRaass

di ffuse §)rx-hsrh ﬁﬁed&“@ﬁtgtigj Jr&ﬁé fnq Borﬂ&qff g%ﬁ' gﬂ%it&agﬁ u %&%a@nﬁfg}atgxg Qatg §36?Hcpz§stor ate

358 as indicated by arrows 372. As a result, the pant” forms a

r et 10Ogr sitk@edddptdnl 18 NUBGEFBBALLD, with il ¥R IS DR reSa3 16 NSiRce Whid regiid22 ifhe P type
dopant also diffuses toward the center of channel region 368 as indicated

by ar r opstedatby a AaskalutigPedfdrmarce 6 H ey @mfl opp200tas @lichdsedabedm, rafogiaihing gladed by
arrows 370, the P type dopant forns a graded concentration profile in a
por t i oncapfenfutippprpfil@Ht rof fouet edacem thalrameagibn F22.0THub, by pgeities BeEdanthdgtadd 10
situated adjacent to N+ type region 352, which is situated in source region
316. Si frREeenERtiaR poflesgiliarsnt3o soufes region Hibelbe rseber jnventipneadkantierobsipckieres eduedhce of P
type inplant 260 as di scussed above, retrograde and graded concentration
prof i | eSO FErbTTeq HsrEerd 2B acures Pucithapst apyBntugdemorp iy got foRpingrepererieng
retyograde and graded concentratjon profjles adjacent to source region
oL B o G e B S R o b S B P b B B hannel
ef f ect s, di . . h ‘ Eurt her. by
ot 1 or o H S BRI TAS, RURGIN ot R N Bbanih ey ok R on,
drain r ggidfecidpachibREinBe ARk M biRRaRIVaNt ageousl y avoi ds  undesirabl e

drain junction breakdown. Thus, as a result of reducing short channel
effects, theripresabs 4 AvweRirt Wibtrating an exemplary method according to an embodiment of the
present invention. Certain details and features have been left out of flow chart 400 that are apparent to a person
20  of ordinary skill in the art. For example, a step may consist of one or more substeps or may involve specialized
equipment or materials, as known in the art.
At step 402, a semiconductor wafer is provided, which includes memory cells, such as memory cells
130, 132, and 134 in Figure 1, and a word line, such as word line 102, situated over bit lines, such as bit lines
104, 106, and 108. At step 404, dielectric material is removed in oxide isolation regions, such as oxide isolation
25  regions 110 and 112 in Figure 1, to expose respective trenches, such as trenches 126 and 128. Dielectric
material can be removed from oxide isolation regions 110 and 112 to expose trenches 126 and 128, respectively,
by performing a self-aligned source etch, for example. At step 406, N type dopant, such as arsenic, is implanted

in trenches, such as trenches 126 and 128, and source regions, such as source regions 114, 116, and 118, to

electrically interconnect the source regions.



advant ageousl y achi eves increased short channel performance. Figure 4 shows
a flowchart illustrating an exenplary nethod according to an enbodi nent. of
the present invention. Certain details and features have been left out of
fl ow char are apparent to a person 20 of ‘ordinary skill in the
art. For %&éﬁg’ﬁﬂfﬁ step may consi st of one or nore sub§¥3§énwpﬂﬂﬁ?4involve
speci alized equipnent or materials, as known in the art. At step 402, a
sem conductor wafer is provided, whi ch i ncl udes menory cells, such as
menory cel | sAtsega08, B 8pe dopard isi@planted irfregehes suth asdyeubhes WApand 1P§, ped sowesateicds wor d
line 102, situated over bit |ines, such as bit lines 104, 106, and 108. At
step 4094ch aaﬁ@r%@swv%llﬁdtlérapchm tosformeRoRSTeSIqT: WK 98 LP8 EEien P riitvaisg pesieweaths ¢
as oxide isolatjon

%1 |ons 110 and 112 in Figure 1, Xp r ectlve
trenc he"é‘N“étPéﬁeg%?ﬁ t é‘ﬁE’ﬁ ¢ FPHIgR ZadP RS 2 Dok aRly- iPEron ?f‘aﬂ’%’n"lpgf“e(gd} *i’fg) enoved -
f d t 1 d 112 t h 126 d 128,
eopectTUEIYS S B BErPn 2T Lurr spraach B Rels spERC FE A aRuf e
step 40&48{3‘ %@% ‘ZEPfPsT%auS%'&Rd BeoREEL Sag of éenamah %%Sns‘m alob 6 @ﬂ?@%& tos uch

as french and source regions, suUch as source reglons

116, af’&@s of Qirfacd BBLAE GA1 1Y of s%r@errgo(?&ggﬁlt 216NBd SRUBS Gaf GIKLPR; im 1ZmV\D _

- 2004/ 100 30 P / US2004/ 011354 At step 408, P type dopant is |onanted in
t r encheggle 362Chn RYelve@NGHBAMAAP 1520\ gt 8nd PPExiTAL 0G0 BN MStherMblGItIeAS SOUT Ce
regions 114, 116, and 118 to forma P type region, such as P type region
356 si tpseforedld wdidieserPagicRiopaanin Rypt itpien 3580 0fin reSapedde ael ghdded cpfentfag@i paafile? 52 | n
Figure 2. For exanple, boron can be inplanted deep bel ow respective top
sur f ac ediaghBo s@fch reg@ngl sl 7 sofrcegeimm@ 6. rAs glepAlY), 12dcdssin® $B8he samidor@d@r wefedewal | s

- 246 and bottom surface 5 244 of trench 226, and sidewalls 250 and bottom
surlfac ecopiipgesy fillipgraphes 3@h at trenehpy 13h 9ndala§1n€1gmz Vi dicloctsis patetialiseeh of dlicpect j ve
top surfaces 213,215, and 217 of source regions 214, 216, and 218. By way
of exadﬁF@ 1 npl ant angle 262 can be between approxi mately 45.0 degrees
T O L 00 SRSl L LT Sy I S T T o0 P

concenty, gctef]tglgo 6(%1&3 a§§centqggo% Ox?élorh Ot ﬁoqmg(‘ggte ﬂ$r9 Btis, s?clﬂgpﬂcﬁﬁng%gtg &g €9 ion

216. At step 41 cessing e semcon uctor 10 continues by

filli ngnéﬂo%ﬂeb%feﬁéé%hde@ﬁabfersm%ﬁd di8bits @%re%%&nbéﬁtx&:d ag%ﬁgelausl))’ucﬁlafeﬁ' electric
material, such as silicon oxide. Thus, di scussed above, by utilizing a

P tippe 16@@@&%@@ Stidrt@Banbé) p@TdrmAn€ ih ﬂcramgrgete rn@gp@dals and graded concentration
profiles adjacent to source regions of floating gate nenory cells, such as
fl oati ng gat®orh thastove doseription of edeinplary trobadiaetoes of therishestion dili reanifésothdt vattvam nel
effects, the present invention advantageously achi eves
techmques can be used for implementing the concepts of the present invention without departing from its scope.
Moreover, while the invention has been described with specific reference to certain embodiments, a person of
ordinary skill in the art would recognize that changes could be made in form and detail without departing from
20 the spirit and the scope of the invention. The described exemplary embodiments are to be considered in all
respects as illustrative and not restrictive. It should also be understood that the invention is not limited to the
i
particular exemplary embodiments described herein, but is capable of many rearrangements, modifications, and
substitutions without departing from the scope of the invention.

Thus, method for reducing short channel effects in memory cells and related structure have been

25  described.



15 increased increase short channel performance in floating gate nenory
cells. Fromthe above description of exenplary enbodi nents of the invention
it is manifest that various, techniques can be used for inplenenting the
concepts e _present invention w thout departing fremits scope.
NbreoVer,a&%%ﬁguﬁﬁ i nvention has been described with sp¥ci/¥$2804E1BAence to
certain enbodi nents, a person of ordinary skill in the art would recognize
t hat changes could be made in formand detail w thout departing from 20 the
spirit and the scope of the invention. dirdmdescri bed exenpl ary enbodi nents
are to be considered in all respects as illustrative .and not restrictive.
It should al 5o beAumsthed fr Bberatitsatiloate giteruemtyi aomy, b metiod ommirisieitappoft he
particul ar exenpl ary enbodi nents descri bed herein, but is capable of many
rearr angenenfeglo‘“i‘ﬁ)(dg“f) P diglestiiaaterighfepm ag isplationresiqn §HE) sithataddn subkspla 258.3%8) ©r om

t he scope of the i Thus, nmethod for reducing short channel effects
R TR el R L ey LR St R P ot 5w

fipe e e R A
404 di el g¢ | at ted.
GOV Wit

si t uat e@1mgm@a@s@mﬁ;aﬁpzf;a)calldrzbggg%gga@éé,gmm&ﬁ@ w9, ﬁgond 5 source

region (118,218), said trench i ng 0,250) in
sai d subst r aitr@lahtdd 0803 typd d¥PInBR bdid st 6AHBR ke o (N6 b W%an&jQ%a Soukdd regl%h d first
source region (116, 216, 316), said second source region (118,21 and said
si dewal (1 B,218)5ehd 2503idewaids (t501950)yfaie Pd@p asant(tarmity BY typbirebltn LYRES6S, &4 Pfipe
- (252,352); inplanting (408) a P type dopant in said first source region
(118, 2regon (3% 306)Peiopridatgbuiarcath erid Bntyp{ edidh 22S52); and sai d si dewal | s
(150, 250), said P tépe dopant forming a P type region (256,356), said P
type 10 r eg‘?’ *6??‘“(52‘5 typs dgpa és g melaateddn edrain Frgion HR23AR). said draingegiog Ha2.328i on

(252, 3; ﬁld Pt pe do ant is not inplanted in a drain region
(122 3 ﬁ%"g segae{?t ‘ia r s %CF‘E’QQ @%‘5)316)19& Heyd deed 5209d f r om said first

ol ai m 1 whersin oo B Dpdd el e i Rl i i Bl o o
first s&ﬂé&r r(?ﬁ'z%‘s 1(6% la@d %&0@1(1 %@l reﬁ%@‘ l(iiS gl%f Qx[]i](laa v&lﬁs (E%S@%torg}% ilsg 2 18)

and said 5| wal 1's 250) conpr|§es e dopant at

aniang |nﬁpth1ﬁhsai’d@Gtﬁ%%paB&t &h Jnél@ withhedpae & a(tgp]s'éx)facg {2155%&‘ Qldfﬂré’t §4urc§ {09 e region
(116, 216, 316), sald angle (262) being between approxinmately 45.0 degrees

and ap[iriozi itk kaid Hgle RedDaging BSween approximately 45.0 degrees and approximately 90.0 degrccs.

3. The method of claim 1 further comprising a step of performing (408) a thermal cycle, said
thermal cycle causing said P type dopant to form a retrograde profile underneath said N+ type region (252,352).
4. The method of claim 1 further comprising a step of performing (408) a thermal cycle, said

.20 thermal cycle causing said P type dopant to form a graded concentration profile adjacent to said N+ type region

(252,353).
5. The method of claim 1 wherein said P type dopant is boron.
6. The method of claim 1 wherein said step of removing said dielectric material from said

isolation region (112) comprises removing said dielectric material in a self-aligned source etch.
25 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.




3. The method of claim1l further conprising a step of performng (408) a
thermal cycle, said thermal cycle causing said P type dopant to forma
retrograde profile underneath said N+ type region (252,352). 4. The net hod
of claim1l further conprising a step of performng (:408) a thermal cycle,
said 20 wioaemieoomycl e causing said P type dopant to forpapuSiedashss
concentration profile adjacent to said N+ type region (252,353). 5. The
met hod of claim 1 wherein said P type dopant is boron. 6. The nethod of
claim 1 yhereln..5atd step of removing said dielectric material from said
isolation region (112) conprises renoving said dielectric material in a
sel f-al | gneds SOUr & fofthffhe riethofy arehladBalheRnofib bty bottfiRg! n_sai d fl oati ng
gate nenory array is a floating gate as menofy array. 8. The method of

claim 1 whergirin 2gbsl(154,£0) ShatdRh 8BbdRA2408) said P type dopant in said
first source region (116,216, 316), said second source region (118, 218),

and sai d si defvelsbusce (b (250) 6,363 b SR6nd sbiidelréithi(N8,2 58 kithated yspes@apant at a
dosage of between approxinmately 1 x 1014 atons per cnR and approximately 1
-9 YO 200895800230 PCT/ US2004/ 011354 x 1015 atons per cn2. 9. A floating
gate nenory array, said floating gate nmenory array conprising: a drain
regi on (122, 82%4 ligi(10340% dituated betwash satid ditieregipgb@23%8) and seid firstspureeaegione r egi on
(116, 216, 316) and a second source region (118,218) situated in said

subst r {8 ¥:2163{6x58 358): a word |ine (102, 302) situated between said drain
regi on (122,322% and said first squrce region 116, 216, 316); a trench
(128, 228) sit{ratdP8sad) widiated bsyvepn paid st S%%?fﬁw“r(b‘é#bﬁﬁlé&% said 8008 gPcand sai d

G o B NAES A IR e M N

an tViRGa:L 89k 9y.situated in said first source region (116,216, 316), in
sa}gHséE%hg ?bd?%é region (118,218), and underneath said bottom surface

(148, 248), SAINI ¥t 1dat6R SieubtSin Ofd £isQ64iEd €Add (Y16228518L i B s&Bhdbodrbd r8dion SOUT CE
regi on (116, 216, 316) and said second source region (118,218); a P type
r egi on ({ 3308358 \indBintditasaid Gotonckartne aiuB 2 saissld N tybyiRgior @@irRily(cameiBpR)d;first
source region (116,216,316) and said second sourcé region (118,218);
a P type region (256,3506) situated underneath said N+ type region (252,352);
15 wherein said P type region (256,356) is not situated underneath said drain region (122,322).
10. The floating gate memory array of claim 9 wherein said P type region (256,356) comprises a P
type dopant, said P type dopant forming a retrograde i)roﬁle underneath said N+ type region (252,352).
11 The floating gate meinory array of claim 10 wherein said P type dopant forms a graded
concentration profile adjacent to said N+ type region (252,352).
20 12. The floating gate memory array of claim 10 wherein said P type dopant comprises boron.
13. The floating gate memory array of claim 9 wherein said floating gate memory array is a
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),
25 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

-10-



15 wherein said P type region (256,356) is not situated underneath said
drain region (122,322). 10. The floating gate nenory array of claim?9
wherein said P type region (256,356) conprises a P type dopant, said P
type dopaw gﬁr[ﬂ{ng a retrograde profile underneath saijd N+ type region
(252, 352). Q1010238 | oat i ng gate nmenory array of clai m 1RCTHENeIHI1SHi d P
type dopant forns a graded concentration profile adjacent to said N+ type
region (252,352). 20 12. The floating gate nmenory array of claim 10 wherein
sai d P t(¥elBopdmid séemplisi(50250.00i0 B type HiGpant Eidhink k D@t REcHASEIBRERI VRS I ay - of
claim9 wherein said floating gate nenory array is a floating gate flash
nenory dFFA252£22) baingaiuiesimdenneath sk IN-€ trpd agjora22]362) Wir@ing it B LR ALY isabt ay
conprisi.ng steps. of removing (404) a dielectric material froman isolation
regi on (“‘1"%6)‘6% t 3 ggiop Hz%ﬁ?gb Baid drain es{o2 §82.353 heitzoepanipden sidfire saitve region

128, 228) being situated between a first source

ﬁéé?oﬁzﬁlfglé%g;@l%y‘}r ﬁg%lgp’é%'ond source region (118,218), said trench

ol ant 1 g (406) SN REEFSERRIRAT LRt e GBbisut P ooy g s
(150, 256 en ROy SEORBRARH S RBLE i an el uitals PDedo semiosa o
T G0 SRR g B P BELA  AOE B P PR RI ¢

2004/ 1002801613), $452004 (283 bahdbetwedilBplithhelyah Ld &) .5 06,8 39+220)
said P type dopant form ng gg{lblgtti%%pr egitolr}{ ?g%%%%g%pg%g@aé%’?ég%’m%sr'egi on

(252, 352) beilfg siThemtted oficidharineahdd carBindb stdp)oP et @ QMhelrd R B2 theMAET €1 N
saif P tyf)e dopant is not inplanted in a drain region (122,322), said
drath r BY§icGrsipg i F3tppe)doppai tp fprg @ parp @t de grofiiteqindenmititlsafdi N4 S i pe $€@ioh B2 581 0N

(116, 216, 316)1 by a word |ine &102, 302). 5 15. The nethod of claim 14

wher ei n sai d*5t ep TBtmsthadobaiim ddfuthen gompsisingle pofseordinga titersiahcysia said fhemnat
source rglgi on c(1%@,316, 316% sai d second source region (118,218), and said
si dewal 8" FA58: F80) YResimsPS e foun 2 pragsel senesnfration giogile plitogys éo seid pharitpe segioan angl e
(262) V\%qgfgﬁ_spect to a top surface (215) of said first source region
(116, 21 ,316?, said angle (262) being between approximately 45.0 degrees
and appr oxi mgd. el Y 1RO HSAIEE s wibl: l‘thIlg% t)?{vgtgé}%ﬁ is%fomCI aim 14 further

P i .
conprising a step of performng a therna &°%%id thermal 10 cycle

causi ng sai di® t ype seRabtcla14 HefnBaii 8bLagLade )i ernegth said N+
type region (252, 352). 17.caThe mgt ho%l of uc??fi m ir‘g{y?‘%%lﬁ%ﬁ(’qgn r%trel%%sihng a step

of per froemwryegrapg t hermal cycle, said thermal cycle causing said P type
~dopant to forma graded concentration profile adjacent to said N+ type
regi on 20. The method of claim 14 wherein said step of implanting said P type dopant in said first source

region, said second source region, and said sidewalls comprising implanting said P type dopant at a dosage of

between approximately 1 x 10" atoms per cm® and approximately 1 x 10" atoms per cm®.

20

-11-



(252,352). 18. The nethod of claim 14 wherein said P type dopant is boron.
15 19. The nmethod of claim 14 wherein said floating gate nenory array is a
floating gate flash nenory array. 20. The nethod of claim 14 wherein said
step of inplanting said P type dopant in said first source region, said
second source region, and said sidewalls conprising inplanti ng said P type
dopant WP 23044992 of between approximately 1 x 1014 at BaEUsé04dip3dnd
approximately 1 x 1015 atonms per cnR. 20 -11 WO 2004/ 100230 PCT/ US2004/0 1
1 3 54 31 A AERORSY AFPEPTPENPET sing: at | east one nemory cell situated on

a substr atigast SRintknRtky tPARhat@N6h IRORF¥, S8 dt IGRRE hnsinBE @il Eéhpilsing 3Pt ce
region and a drain region situated in said substrate; a second source

regi on SfreeUsgiaend deain ppeionisvaiestin saidppbsate;y pe region situated in said first

source I @gicond fifke Saich sHEAQNH sH0WiHRak;egi ON, said N+ type region
electrically connecting said first source region and said second source

g said .
regi on; & Prixpsecsiagitgsedinsaid sy suticrapHebag saidpepongisousss eegiaigiaihN+ (e ei n

sai d Prdoydael®BhI8 tohSechif safid firsiab&de fégfé%ﬁtﬁs%id‘seéﬁhgoﬂéeﬂjegloﬁ;egi on. 22. The
menory array of claim21 wherein said P type region conprises a P type

dopant, &&it¥pe regiensiuatadpndsiesth said NG typereinogr ade profile underneath said N+

type regwdieinddd PHAR rBEHPE Yo@ithaYd @fdembah Bildith&i&l n said P type dopant
forms a graded concentration profile adjacent to said N+ type region. 24.

The nmenmofd ar r A BEM aay ofclajmer ayhareipd Paypq regien compaiserebly e dapprt, said
conpr i ?%e@ogdnm}mmgara@tg&de prakift Unb@adagidadt §pdREfRE. situated over said
substrate., 25. The nenory array of claim?24 wherein said nenory cell
further onpri SBESMERORRKRY ehrétim 24 whgisinesaidFay Ricionans raps p grsded Gogcegaetionand

sai d SF%&IJa@}a@ent%@aid’N\ﬁyB@ oM. array of claim 21 wherein said nenory array
is a flash menmpry array. 27. The nmenpory array of claim26 wherein said
flash merbry afRafemey ey f£taing! ghewinspidehleasypnegpgmasy pallcomprises a floating

gate, said floating gate being situated over said substrate.
25. The memory array of claim 24 wherein said memory cell further comprises an ONO layer
situated between said floating gate and said substrate.
26. The memory array of claim 21 wherein said memory array is a flash memory array.
27. The memory array of claim 26 wherein said flash memory array is a floating gate flash
memory array.
28. The memory array of claim 21 wherein said P type dopant comprises boron.
29. A memory array comprising:
a drain region situated in a substrate;
a first source region and a second source region situated in said substrate;
a word line situated between said drain region and said first source region;
a floating gate situated underneath said word line and adjacent to said first source region;
a trench situated between said first source region and said second source region, said trench
defining sidewalls and a bottom surface in said substrate;
an N+ type region situated in said first source region, in said second source region, and underneath
said bottom surface, said N+ type region electrically connecting said first source region and said
second source region;
a P type region situated underneath said N+ type region;
wherein said P type region is not situated underneath said drain region.
30.  The memory array of claim 29 wherein said P type region comprises a P type dopant, said P

type dopant forming a retrograde profile underneath said N+ type region.
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28. The nenory array of claim 21 wherein said P type dopant conprises
boron. 29. A nenory array conprising: a drain region situated in a
substrate; a first source region and a second source region situated in
said substrate; a word line situated between said drain region and said
first source re a floating gate situated underneath said word |ine and
adj aceff© ?WM§QP%“¥|rSt source region; a trench situated Bet/WeaW+O3ip4si rst
source region and said second source region, said trench defining

si dewal | 4T-and AhpBemephagat olsdaim A Whsier saidsty peopant mpg gragprecopesgireion

si t uat gebrildhdfuddfd tdf Jafd+ §PAHeERnS €0i On, in said second source region, and
underneath said bottomsurface, said N+ type region electrically

connecti g sai dhe mergery apsp efelaim gP srhersinaid ] pe dopat AUMRIET R¥OY egi on: a P
type reghon si thahefod RS srealih 2§th@rel}l+safd¥ﬂ§ndbe£}l'a9'?saMﬁ%h’Br}S&?ﬂ‘aQ P type
region is not situated underneath said drain regi on. . The 'menory array
of cl ai m%9 whéhenpmenpgayoficiaye 2P dgthshcompaiging suQNQ Sraclf Vb@teééﬁaﬁ?n Sa§ia| d P
type dapam % FOLM 38 @bdi@ler ograde profile underneath said N+ type region.
-12 WO 200 F100230 PCT/ US2004/0 1 1 3 54 31. The nmenory array of claim 30
wherei n 3&i d PThspemerypamt ofickiims4 yhgieldald oaingesaterintiiuatad ingrfippiingeatedj acent
to sai daftmdn¥Pecdiiegi on. 32. The nenory array of claim30 wherein said P
type dopant conprises boron. 33. The nenory array of claim 29 wherein said
menory array is a flash nenory array. 34. The nenory array of claim 29
further conprising an ONO stack situated between said floating gate and
said substrate. 35. The nenory array of claim 34 wherein said floating gate
is situated in a floating gate flash nenory cell. -13
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