WO 2004/ 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 generally in the field of sem conductor fiabrication. Mre
speci fi caMR20M/HE230pr esent invention is in the field of PCARISRWANIIGH of

sem conductor menory cells. 2. BACKGROUND ART Non-vol atile nmenory devices
are currently in wi despread use in electronic conponents that require the
retention of i nformipgRoBhaIR REFPOEINESIORPWEA NNELIFPFRUT@t ed. Non-vol atil e
menory devi ces i ncl udelN MEMORY GELIDANE RBLYTEREMUCPURGr anmabl e-r ead- onl y
menory (PROM), erasabl e-programmabl e-read-only-nmenory (EPROV), and

el ectrically-erasabl e- programmuabl e-read-onl y-nmenory (EEPROM devi ces.
EEPROM Hevi cEECHNICAE BEELPr om ot her non-vol atile nenory devices in that they
can be electrically programmed and erased. Flash nenory devices are

sindl ar to EEPROMRHewntioss gererallnmtthefislinf spmisaidigordabricaien. plasgipenifivelly. thnd er ased
electrically. However, flash nenory devices enabl e the sinultaneous erasing
of all Wéﬁ‘ﬁf‘vﬂ’(‘,@lf‘é‘thef‘SldPF%Hl?&‘tonﬂ’ceg\?’éﬂc?}ﬁh@é‘ﬁfm’@?rf'Ef'rlfs in flash nenory devices

have fo fuseq%%§§igﬁ%§$§§£g t he progranm ng speed, |owering progranm ng and

readi ng-vol ing data retentlon tinme, redu0|ng cell erasure

t I mes, and Iﬁ&%ﬁhlg glexﬁ&ghevgésrg?erk%}renqs in Wl é) a lleS%I IIIC Cglg qgn%%ﬁa?re mret l aS h

menory devi ces can ac I NnCrease re uce ower co SUI’T'p

As the édemhomaf%yon%&l eléct?lczfl 9%9@%@9&@' Nsm-whme rﬁénfgfymen&mtmdeq&h Joni$-
channel length is also reduced in size. By way of background, in a

f1 dat i ngengt @OM),38d3raHBBRNE Yad ey menlolAPROMY) BEdablt-BRGhAmAR L@y Snetnbryt he | engt h
of the region situated between source and drain junctions og the flash
NMENory @EBROMJ, hditelebtsicallg-andible plogaminybld al-dhlyasholyRERPRDM) @blices HEPR@Midageegat e.
As the channel |length of the nenory cell decreases, the source and drain

r egi ongdifddr from etherppmpyojatileademory devinreindfaf theytcintelelgctidaisprpgrangned auderastdh Elesh whi ch
can cause undesirabl e short channel effects. For exanple, the short
channelmf’é#oweﬁ?tﬂcqe RS Lo BEFRGBAde esdrGH memery eﬁlgcmﬁ@wogrammdg\wl el n vol t age
causes nco IIed élrent urrent that is not contrq|led by the

menory ‘§r¥a ?Yﬁﬁr @%?E%F8“$f%£?FB&P“@B%%%“PH@BU&W“@&H°§Fart to occur
at %h annel | IgrQ ct fvpiﬂ%%?s_m tfp)ats leas% emory%e\i ovipes hayeafgcfugeggﬁ e easmﬁ the Hrofgramﬁ_n: ed

barfi er | ower) L& aAotH &5 F&ct that

starts s&x%d QG\gelxli';\o §orﬁm‘5§b reaA1 gzge s 8@21@1%?(%@1 retéﬁlol@tlrﬁee ?eHx!lcE (3;11 eQJ lﬁ!ﬂlmés he
menory cell”s eftective threshold voltage decreases, ch ndesi rabl |y
af f ect sapl RAUBBLARKARNGSE. BY relifig BBIMRYisiGHB] tlash memory devices can achieve increased speed
and reduced power consumption. As the flash memory cell is reduced in size, the flash memory cell’s channel
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 dec;,reases, 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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In CMOS devices, two conventional techniques utilized to reduce short
channel affects, such as punch 30 through and DI BL, are hal o dopi ng and
retrograde well doping. In halo doping, a high concentration of P type -

1) 2004/1QQ%§QHEEE%LBZOO4/011354 dopant is inplanted, ma E? glose to
source and drain junctions of an N-channel device, such as an Q

hi gh concentration of P type dopant inplanted around the source and draln
junctions reduces short channel effects, such as punch through and D BL,
by maki ﬁfg’mtt Frdrmpfentad e eeswaleeapseﬁp e A Areis dHaptions of AriN@harnsh dpvisacedbana NFRTc h
smal ler, In retrograd a high concentration of Pt pant

i s fornlf hb‘i?lce)l{ﬁf"f” ng btglfer paat ‘g’pg‘%f’q‘ orgd %‘f SO&”‘E?I@‘HFF?"UW"H""?"W% Shgﬁﬁg"f“@c‘punch
t hrough cur 1 e 1

ey orean s it Pt it IS mab S Epiel iR PR e B PR ect i ve
it ol AGAAERL B0 L ARBRE AR EEDSONLAR, AN Bl AdatBEL hOABut CF

reduces punch through In anne evi ce

coneent £atd.qy, &ffgm R aPHRE wHQPARER Blohshhlo e R-@innbiByvidl! ﬁbl{‘aslaﬁ'ﬂﬁﬁﬁ @pain the -
conventional hal o doping and retrograde well doping techniques can cause

undesi r akliteteliigl BndeiAGnioOP tyDE @kl QWL P I} & Othe LEHE MNIESH QB ioMRLIGn and
retrograde well doping techni ques discussed above are difficult to apply

t o f | oabdtwegn gatceant] damhunptimm mitick ehilcss duaohitiagngls indtlel N-chiatrenivics) Howsief) € highe
_inplanted P type dopant diffuses quickly. Thus, there is a need in the art
for an ehfeadtiove Frive Aepdntfidnated ddgof thgdigih pnttiochdrredvemibhiat bilsddpimg adory cel | s,
such as floating gate flash nenory cells. 15 SUMMARY The present invention
i s direttregpde yel "H%)EC*‘P’SPCS F@dﬂ‘é‘F PryesspRly draigiveptipelredkfiqsct s i n nenory cel |'s
ang& rel ated structure. present invention addresses and resol ves the

need in the &Ft “F(S‘P“"%PH"‘@\‘ ‘?“E’é‘f‘ﬁ’ {Plognde Helbropige eohpigbrs diserged Aot e il ef fects
In mam)%ly(f\o nétl)oa%ig r%gtlél :psh %gmgr{{g Lafvgggr? ledlrjlens?qsnp ﬁigge ef %Blgxi%ecl ?W@éa%%%an{ cg %fun to one

exenpl a A i'ng nmenory array
20 conp&h§gs a step of removing a dielectric material froman isolation

region situated in a substrate to expose a trench, where the trench is

si tuated betYR8Mherk if d de&d in 810 Wi €8 al EBEQOmARA & r&l@&x@lﬂor&&h'&n@leeﬁ%&&h RBmoryVher e
the trench defines sidewalls in the substrate. The floati ng gate nmenory

array nays, beh a flohtda kit Wpsigasrf deish menory array, for exanple. The
dielectric material may be renoved, for exanple, in a self-aligned source
etcdd. The nethod further conprlsesjmﬂmhamtlng an N type dopant in the
first source region, the second source region, and the
The present invention is directed to method for reducing short channel effects in 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 array,
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

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

dopant can be implanted at an angle of between approximately 45.0 degrees and approximately 90.0 degrees
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25 sidewalls of the trench, where the N type dopant fornms an N+ type
region. The nethod further conprises inplanting a P type dopant in the
first source region, the second source region, and t he sidewal | s of the
trench, wWH&H¥O#EW2 { ype dopant forms a P type region, EAWUSRMHEIBRE P type
region is situated underneath the N+ type region. The P type dopant can be
boron, for exanple. The P type dopant can be inplanted at an angl e of

bet ween walpfps@atitBbeduyfacd bt the e giuee Segdh ForaRPEpRX THEH ©de)oftk iDnotBPlagesina2 WO
2004/ 100230 . PCT/ US2004/ 011354 with respect to a top surface of the first
sour ce Hdmrgirgpn, Wiere texianptgon islagraRd fippehedio sontce fegiomigta worddina rithe ehethod farthedr ai n
‘region, where the drain region is separated fromthe first source region by
a wor d Pampases Feiormieg Hibamdl cyclehwdrere thegmpmdl sl cprisestthe Privpa dopant tdfermverktragiadd e,

where the_thermal cycle causes the P type dopant to forma retrograde

prof i | ePHg é?%@aﬁtﬂhth% %@tywegﬂ?ﬁéﬂ 7 BYedrPrgaEatian ypiHeRdircwbia &8 MtHiwe Fegienpr of i | e

adj acent to the N+ ype g, 5_In one enbodi nent, the invention is a
floati ng gat %%ﬂﬂpé f‘? FgBFS@é@@ﬂbﬁﬁeﬂ??*yﬁ?%%”FﬁE“ﬁBWVﬁbﬁﬁﬁgﬁﬂssed

met hod. ;O
nor e rea

oo et %%%“%‘%@?%ﬂ%@*‘f@?lr F‘QQ??Q%%EP R

structure including exenplatpt pEERIPIIGEbETHEIDRAXGGES dance with one 10
enbodi mrent of the present invention. Figure 2 iTTustrates a cross-sectional
vi ew al ong t Agut il DRstRtexa thpvidw GulBucturedficlidi@ efhpl§ indhy odils, il Ltbr@nde. with Ghegur € 3
illustrates a cross-sectional view along the line 3-3 in Figure 1 of the

st rifct ugrebodinefiofjthe pestnt invdatigure 4 is a flow chart corresponding to exenplary
met hod steps according to one enbodi nent of the present invention. 15
DETAI LED DESERFPYillgaer TisEseriveENPr angthelin 2 ddefigurd nféhastusirof Figire et ed t o
met hod for reducing short channel effects in nmenory cells and related

structure. TH&YP 6f”l“%ﬁ\ﬂﬁesrf’g“‘li%%e&‘foi"ﬂﬂet?ﬁl°&%‘ﬁ? e ds iRl ]f‘ifé‘elstﬁFWFerPéf’io‘éfﬁl

pertaining t ntatio sent invention. One skilled in
Phe art i | DS BBy o By rRe s e o oy ROGH BTSRRI L n
manner (dj fromthat specifically discussed in the present

appl i caﬁ%ﬂt%ﬁypgover sone of the specific 20 details of the invention are

notysdi scussed in order not pheARBEGHERIPHRON GV iNENTIRE drawi ngs in the
present application and their acconpanyi ng detailed description are

directed to The present invention is directed to method for reducing short channel effects in memory cells and

cone

?sgc[ metﬁ %t B[h{:r%%a?ures fnr% \%Qt% aggts tl(lf pheétl;nt m Egm n,Wi elp becér%\ér%gg r%ae? §¥ ?pg?rent to

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 iﬂ the present application and are 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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merely exenplary enbodi nents of the invention. To maintain brevity, other
enbodi nents of the present invention are not specifically described in-the .
present application and are not specifically illustrated by the present

dramﬁngswvggmm,gmﬁ5esentfinvention i nvol ves an innOVatiFﬁgﬁggﬁgﬁh3gpping

process for reducing short channel effects in nmenory ce ch™ as
floating gate flash nenory cells. As will be discussed bel ow, by reducing
short channel effects in a floating gate nenory cell, the present

i nvention' s TEOVEPYSACORMEN &1 cxgBpith Srupis dsiiding eroaplioy §8B Y PSS BeFPWIsE a
! invant | DG B e P SRSt 0 B O P B D g

e PR St SRR SR PR R
Srruct i RS pbie ARROROAR Sy I SIS 1ETRA0 R Blanfly R GyR A2 ATk BYE | 0

i solsat i Qi 4 8 @bMRSead HAsh rRRgry k4, Source regions 114, 116, and 118, drain
region 122, trenches 126 and 128, and menory cells 130, 132, and 134.

Structure 108 saa ibEiguré QineR¥@dR] B2 indlulds @adihd @0, VTR ¥R Mted ifda)eathSvoiICh  as
a floating gate flash nenory array. As shown in Figure 1, nenory cell 132

i ncl uddaefldat hagesgatebolBEnt memogleli 3234 at flogting datelinehei @it o ondéntbodinemae 102. | n
t he present enbodi ment menory cell 132 is a floating gate nmenory cell. In
one entyadionest 132 iypdieating seiefldsh mgpory eelia MemoraitdllNg?2 fyethes inkludes Mraimspmsecy138el | .
Menory cell 132 further includes drain contact 138, which connects drain
regi on WP cemmegisditin fpeiensl2p ofimemopypelh {32 t hiHiine 1496 Memerysely L R alsp inglades sopice)

i ngludes .soyrce, 10 region 116, ich is situated adjacent to word |ine 102
30" S Rt b & ieh e b e oG 1in s FhoaEE (ot Bt P 1 UG y
menory I i i.bed in.d il herein to preserve brevi menory
ol s P i ndyRo R B iR i ol Bl F v By, R SR A a4 P o e

of . fabrﬁnrﬁiﬁﬂ'jo%mpx‘%'célQB§ﬂQMmsziﬂoﬂngﬁgrﬁxerjuffaWagonl. ine 102 is _Si tuat ed over and
al i gned perpendi cular to bit lines 104, 106, and 108, which are situated

in a substratie shévatin BIRQWN wol nb §2MiSsitdated Dk dlibRE pekpbAdiand dHidlinks 10£3061 04,
106, and 15 108 can be fabricated in a manner known in the art. Further
shown iand FdSQwiiieh ale, sit@xed Ghen shis@htainbiBRownagFigie 1)1 OordSling il 02ual Bidlileetoscwa, abd t | i nes
104 and 106 and can be, for exanple, a shallow trench isolation ("STT")
_ 1 edPon. 10Bxinde fabiigd mtaimemer logivoin k0. Eathercomvpiii Bgus], biidoisolaixh ggonl 106t her
appropriate dielectric material and can be fabricated in a substrate (not
shown iSfuaEdgefiveen bif lines 1G4 apchifieend qembrafor pamelpa shallew tronclsigolaiion (i T hregipry (ixide 1
oxi de i.sol ation region L . e . X )
isolation region 110 ¢an comprise silicon oxide or other appropriate dielectric material and can be fabricated 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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112 is situated between bit Iines 106 and 108 and conprises simlar
material and is fabricated in a simlar 20 manner as oxide isolation region
110. Further shown in Figure 1, trench 126 is situated between source

regi ons 1¥9 AhH1%93¥. Trench 126 is forned by renoving @CEUSWHAOTI3Fat eri al |
e.g. silicon oxide, in a portion of oxide isolation region 110 situated

bet ween source regions 114 and 116, which are adjacent to word |line 102.
The di ebpedpfidteN Rt @phrdhnd@ats REN+ fRITEON@GndDMhofH &M 00 15 B SouRQEdeio 1 18f110¥iade

i solation region 110 situated between source regions 114 and 116 using 25 a
sel f - al iifnedho stoun oFigatecihdrpin ages $22 i Ginatebadjagaht@o flohtigpah 13626d toaphitstl@sV type
sidewal | s 146 and bottom surface 126. Al so shown in Figure 1, trench 128

i s situdrad benoedhat guy frein ragiog il s sptdBayntibcusde8 herrid toipsesérartmaydy.i n a simil ar
manner as trench 126. Trench 128 includes sidewalls 150 and bottom surface
148. An N+ sBubcceesigrbefimenta P trerdppapiiisnplapted ip gqyech eegionsldd. d il amiigs andén i n
sourge re iop§ 1 ﬂ ﬁ;G, and 118 to electrically interconnect source

r egi-ons "PIF 1P 7T 128 fpforad reeeiqqnad Figpe i Figis th ke R e dapam FAnSemBtise rPy pe
dopant as_arsenic or other -4 W 2004/ 100230 PCT/ US2004/ 011354

appr opr ?ngt% gn b‘l\a’l"@%%gatc?ﬁén e“é‘t&ﬁ(ﬁc “PEt RESRERIVREEP £ ‘ées?é&‘f“é?ﬁegfcf’i‘égmshév@ﬁgﬁﬁ' B gure
1) in sgur i ; 118, so._sh i,n Figure 1, drain

hgi on 135 ek BEF e pprd & B A et e B b 2l e 20
type depankd inkifainr&idQbRH ad 2ad reBGr_l Yo ARl the PRPL Qﬁax}%gmﬁl%%e%pﬁﬁénfn&lgﬁkelly

di scussed herein to preserve brevity. In the present enbodinent,” a P type
dopant pesfoiniEgPploanisetle P ypS@Pint & difted RBBSnedid dourcd feBionsAgl 116l Sndangl Adh restlt deiu@NChes
126 and 128 to forma P type region (not shown in Figure 1). The P type
doplht presentdoentiod’ sRtyprofoping pragesh disaussel @bolveyp keirbdrid patile all aprgbdcondehthatisrespect t o
respective top surfaces of source regions 114, 116, and 118. In one

enbodi nispfle arg foemep updppeatijedbirtypeiresion iyt sinvieid Figert b) ferntefhim ehéh sgmegmepin] whzhant .

The P t¥ge dopant i s not %%planted in drain reg%ons, such as drain region

122, Af H&iiagns tedueq shert ehapnah fifeqtss suchsipanch depustsand RBH Aicussql@beve. Bhe pisesnf or med t o

cause the ti{fFe ocpfant tq di ffuse underneath source regions 114, 116, and
S Ilf)V&

118, AsTEIHRS t RE I9RIrerrg e fil hebaiser Bpvan slafigna Figtist 739 pr ocess

di scussed ab, @m@aodiﬁs:fg%%%s%{%?}%fga'cemsépcdﬁo% lg{gﬁgﬁmﬁmﬁ%@gol%gag,;gﬁéfgﬁf%gg@%i } e

are formed under neat pe region (no

eacls sourg Earﬂicﬁﬂi, Rfdrce Yé%‘ioﬁs@m 36k 2 AY QL Res rzﬁ‘éi.b{rﬁé‘zfs?i?é%%us"z@é‘ﬂﬂ 8ho, flafuEGhs: such

as punch through and DI BL di scussed above. e present 1nvention's

| Nnov at sufed244 Yia248] @ B@urPL00CEHEVELY, borREpo 15 SRS RPioRa W16, Bnd 18b, kAR tO
Figures 2 and 3. Structure 200 in Figure 2 corresponds to a cross-sectional

vi ew of 126 arduie8, widevallOBi6 ahdolrs(Q, ahd BretoR sidfabel 1441 agT48, in facthee 1000 1P RdtddGRAt Rérd SOUr Cce
regions 214, 216, and 218, trenches 226 and 228, sidewalls 246 and 250, and
bot t om line 102 and floating gate 136 are not shown in Figure 2 to preserve clarity of illustration.
As shown in Figure 2, N+ 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 sidewalls 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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surfaces 244 and 248, in structure 200, respectively, correspond to source
regions 114, 116, and 118, trenches 126 and 128, sidewalls 146 and 150,:
and bottom surfaces 144 and 148, in structure 100. Lt is noted that word
l'ine 102 yagdodddRassh N9 gate 136 are not shown in Figure v s
clarity 8? ?Gs?%gtlon As shown in Figure 2, N+ type %83ﬁ§2&§§g&P§
situat.ed bel ow respective top surfaces 213, 215 and 217 20 of source
regions 214, 216, and 218, sidewalls 246 and bottom surface 244 of trench
226, arti4<ileianbdBaespetivead pasdickto frotd ips 19e & Bave loBytrekrfchnpiaimpliniepisiot at e
258. N+ tége region 252 electrically interconnects source eglons 214,
216, an@d" @twe%f‘r?@P’P’é‘mftB‘P’ ﬁ%?idaéveﬁ "‘ﬁ‘b‘l‘%‘ff“?"ﬁ'@lygﬁo ReeFsyh e RS pramignt 260 Gen{mplant a
ar seni regi ons 2 1 strenches 226 and 228.
A s srB HREF § ol Sty sk i teéwesr atBatiadl RaER 4G on 2551 h
substr g a or a [ e 258
} ogré%elg'i'q 16" ﬂ?\ﬁs er gf? fI)ll__euﬂprﬂ P o e O 'ler__% 589/ 1mp§f[xt 2%99[211? H@%a%{ aeg

in a man wn in art omn n regi on 256

i's st ugletp ag@@gﬁmagfqpﬁowtglymevn substrate 258 and can conprise a P
type dopant such as boron. P" type region 256 can be formed by utilizing P

type i npl antp26Qiaktg b FRlp@iipard affmpidid $hgROBA e pre€onbinveR@In@hh efdivdly iR AR y@Ngl €
262 with respect to top surfaces 213, 215, and 217 of source regions 214,

216, - andbpailiBto réspspecidewh 346 and 250 lobtrthchad 136 hnd2BR, réspechvettbpain@desi 203,21 kidrze7 t hat

is perpendicular to top surfaces 213, 215, and 217 of source regions -5 WO
2004/ 103286 REPAIS2(P0E /20117218 54d 28pdctiv@licBom sunfice? 281, and 248pé cenchee?2p amdi28pasal | el

to word line 102 in Figure 1. By way of exanple, inplant angle 262 can be
bet weerfesilsgrtipeirsipn @/ can be @rmégrdeesat@ﬁ*dymgﬂmﬁﬁﬁﬁtaérsye%mb inguhsire’s. P t ype

i mp] ant__260 can i nplant a dopant, e.g. boron, at _an inplant dosage
of et v@r@h aSa‘pB PoOXHEEP gktail bilorrmrala@f* aﬁgg“pee% thg ﬁ@seaﬂere%tpﬁrmpﬁﬁqpergWFS& 1015
at ons P 0 P ant 260

ot s senaaeoisit e SRR rouptadt B SRR o o B G ong B

i npl ant§,09. 8418 type dopant at inplant angle 262, the present invention can
effectively inplant P type dopant into respective sidewalls 246 and 250 of

trenches 226g5af6ke 388 Fighie B 8SHebpbfids kR rRMELRAR Sied bBstrudre 1003 Bk B-3 iRFigOUr CE
regions 214, 216, and 518 and)respectlve bottom surfaces 244 and 248 of

t renches Rg@icalag méxsy cefiS38 wotd@inabm, floRir ¢RE336EPuE e @503 16aRd figin fRIoABIL, in
underneath N+ type region 252 at a desired depth in substrate 258. 10 Thus,
as Wi | | sthaure3t9crpamicely, northgioad to mambrovelli 182, mwetddine 002 floatinEiggel136, sByrcd rgonin €s ent
i.nvention's P type doping process advantageously achieves effective

r et r ogramd drain pegiog A 2%l mdractme WAt Alse, s@rve pagioh P16eN+ tynelegipe¥R 1P wadiip6 endsupirgns 114,

116, and 118.
358, in structure 300, respectively, correspond to source region 216, N+ type region 252, P well 254, and

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-




Structure 300 in Figure 3 corresponds to a cross-sectional view of
structure 100 along line 3-3 in Figure 1. In particular, nenory cell 332,
wor d Iinevﬁ(g% fl gating gate 336, source region 316, anhd drain region 322,
in 15 str ‘{?T’/é""%ﬁb, respectively, correspond to menor PG@EIS2004821354\0r d
line 102 floating gate 136, source region 116, and drain region 122, in
structure 100. Also, source region 316, N+ type region 352, P well 354, and
subst r a3e2. Axb8howh in FidurelBCP wele358Qkjtuaked GBatrity I8 Yinde @Ot RS PRI 16LidnB55 Ohihee I €gi on
216, N+ type region 252, P well 254, and substrate 258, in structure 200

i N Fi guregio 368} 4nd frginprgtop 822 Wawell Gorh¢an b forh@@inisebstnat 358 navumnienkdeivg e ad. t 0
preserve clarity of illustration. 20 As shown in Figure 3, nenory cell 332
i ncl udes t unfgherghqvardn Fighyed P3gp regigh pshs sitsatedjundgepatilN-o type region 8urllésdemeb6 of
substra%e 358 and can gorrpr_i se thermally grown tunnel oxide. Al so shown in
Fi gure 3 “FPBHt YRidmPigAr® BEigur & tagmplgps Ez%%%"&te@rh?an- Bbisr daubpegyraithessd and

g | talline.silicon. Further sh in_ Figure 3
G o1 Lot Prie B PR Gl b 0Bhs ¢ Pl GG oS Ve K6 1 s
f jde-NLLri des id y ) tack. 0 .sho in Figure 3,
o (oM AN O denLibie, 405, (LOWL L sick Alse.chouninHlou
pol ycr y?ﬁi—@pé feli6n $3b ln'fcvwﬂ'%fufﬂelﬁ%pe §£Mlgde&f£ésg&%ﬁi6§e ce{n\égﬁﬁf%grﬁlelrrg%n%& a§52 I'S

situated in source region 316 and can or e anting an

appr opr indicRed¥y by Pe 370 p@'&esﬁlfbftPbee Séb!éuft aﬁﬁsi(;i@_@in@if:ate%l% shkdvdb, BB typét_ho%&ht shown
in Figure 3, drain region 322 is situated in substrate 358 and is an N+

type r efirorn grddedrchivenrasduqraiild in a forGiafobP Jell 35k sitaed und@ gHia@Mod@Bgate 336 Fidwat ed

bet ween source junction 374 and drain junction 376 and al so situated :
undk} nesitupfed adingsatto Bx lyderchioy 2. wiGeh\WEItRB0 4 s00G2&HnPOT/ B2 004 /@b 384s 362. Al so
shown in Figure 3, P well 354 is situated in substrate 358 underneath N+
type reBPBHedds o maskiquing @prforpags & 16 Buplagi 20 eprdiseyssed ebpive ret8@ e a@ gidkd 354 can
be fornmed in .subs{lrate 358 in_a manner known in the art. Further shown in

Fi gure $TPRPHETSgeant famsd pdiaceyt o drindegiqnide (e broravidingsptospdgndgadsd > and
is forngd Eg{.utitliz'.ncht e i. t260.in|.:igre2t‘§i.Iar}%1 P type
o1IC 1 tt o
dopant , “e.g. boron. ‘ATEr %’X‘gﬁﬁg‘g‘gﬁ g,gtge PR haftion H‘@P‘f’%?%“s tag‘%,eeslfp Vge dopant
in Pt Y 8t Elﬁgje%ec’gkﬁﬁscvg.ketifa%@ %ué.h Qs ch"i!kmﬂ%lé Q'BI(BI_&I? Cftu{‘tgegj %g% ﬁg? ol g Ero%p
, . ot formi d
surface 366 of substrate 358 as |l%|cat y arrows 3 _§ a result, the P
typks dograigtaddd@bidEntraioh BofilRO4ddsht RIdRfn refon YR 8E PERENveNbn LRt HE) Hia352 in P
wel | 354. The P type dopant also diffuses toward the center of  channel
regi on @6@8irade driinjciceattedkddynaTieWSa Bstfl of réficiag $h6$ tHakmeDdffedts, thY PréschtGRadiibn
diffusion as indicated by arrows 370, the P type dopant
advantageously achieves increased short channel performance.
Figure 4 shows a flow chart illustrating 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.




forms a graded concentration profile in a portion of P well 354 situated
underneath floating gate 336 and also 10 situated adj acent to N+ type’ ..
region 352, which is situated in source region 316.;Since drain region 322
is prot ewbeqmmogorrask ‘during performance of P type |rrp&?/@]F20%§/9"§5s4

di scussed above, retrograde and graded concentration profiles are not
formed adjacent to drain region 322. Thus, by providing retrograde and
graded concentrg}él on profiles adjacent to source region 316, the present

i nvent i on adVafit deobR] dppati implpaied indgrrbesuchan Beheg Fr%?r?ﬁ‘erzseﬁ“f’ EUEE TGP T ussed
above, ch as nc Furt he
r et \r/ogr ade: P57 glonsr 511%2060 g%gégﬁq?rata? gﬂ)e relré(?f' i ésgs‘é ere%%[{s% ) uﬁtecg‘]}"ﬁeg‘r%%r on

322, t QSR I\ﬁ»r @§ Eeglton s&\{ %ﬂ[tll 8"[;'03 r@ﬂé’n%g ﬁlg‘? %%l ¥or%§a9ﬂgﬁsbor ng?l%ll prlte% d%ﬁn% 1% cts.

junction as a res |ng Ol’t C anne

the presgativd ti::a/s@n;clema AVANAgERYS rygl&ag Bi42¥8 Sk DG! SRFEH 290180 botoRanned
performance. Figure 4 shows a flow chart iilustrating an exenpl ary method

accar dingofndn2e IR 500 §di6m s@rammf tieRH @D dt @hblanfRELL Bé2nvidledsgicdts and
features have been left out of flow chart 400 that are apparent to a person
20 of aesgecnatyp smidckd 218,015 fi@ 28T df soubd EegRULATPI 286, adtl 29 8.€Ry WB\f e@nge,stplaf one or
nore substeps or may involve specialized equipnment or materials, as known
i n the aagle 262 A tsbepeet @PproxdmatSdcingless trdrapmefiraately ¥).Qulegrodsd ddhermehéyelnisi ncl udes
menory cells, such as nenory cells 130, 132, and 134 in Figure 1, and a
wor d | i ngEormed fe Hiffass Piipe donantiel typresion 356 itferen refipeieddsing gipded eqncengefion pralilesi t

lines 104, 106, and 108. At step 404, dielectric material is renoved in
OXI de 3BFeRLP WP ’@&P‘E?n%‘d‘ @ﬁ%‘ﬁe%‘ob%édét ?“’s}’d'llgrtpfoﬁ‘ﬁs“%"fF*@@?"B??é‘d“f‘fﬁwaé‘ﬁd 112 in

re 1l expose I es tive trenc astr
i aPecepi R B S R ek i By i BEFA L e R Rl R RE 8 an
112 to gypose trenches 126 and 128, respectively, by performng a
sel f-ali gned source etch, for exanple. At step 406, N type dopant, such as

arseni ¢, is niPhAbAEA abdve,bh BACHESP wﬁy&?m@%m&, LEREIAES fokd R plie haBaradand
source regions, such as source regions 114, 116, and 118, to electrically

I Nt er c apiediatidnpeofifd bilj@ent EQur18gions df FO€Ang Qi a3k, RICH 4s\HoARY 4dtd3354 At
step 408, P type dopant is inplanted in trenches, such as trenches 126 and
128, anskneourlsao redgpe 0missirabls shoh clagnebdfacts éhe peghidnentibh 4vadtdgousianchie¥k8 t o form
a P type region, such as P type region 356 situated underneath an N+ type
r eddon, inozagesh IralsaSNShOttylpeﬂd pfiororneg Sxlopting Bitgmereoreelli-or exanpl e, boron can be

inpl anted deep bel ow respective top surfaces 213, 215, and 217 of source
regions 214 JFrom e abgpeflescrigionef exemeliry anbpdigensyrd ths tvensian & ismpifeg that various

techniques 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 te certaiﬁ 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 tt\rc
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.




5 244 of trench 226, and sidewalls 250 and bottom surface 248 of trench 228
at inplant angle 262 with respect to respective top surfaces 213,215, and
217 of source regions 214, 216, and 218. By way of exanple, inplant angle
262 can b¥hHOHEWR0appr oxi mately 45:0 degrees and appr oRCEHISI0/09G5-0
degrees. A thermal cycle is perfornmed to diffuse P type dopant in P type
region 356 to formretrograde and graded concentration profiles adjacent
to source regions, such as source regi @naake. At step 410, processing of

t he sem conductor wafer 10 continues by filling trenches, such as trenches
126 and 128 i.n Fi guitiethod for fabrichingia @baBid gateGnefBiy@fiiyadaid nsthodcodpriGiglsiepsaft  oxi de.
Thus, as discussed above, by utilizing a P type dopant, such as boron, to

f or m r et r ogr ethevisg(d04) r didiedric matmigldomna tsplativon prof (11 @sitact{ acsntstrdto2$0AI8)0e
regions of floatin ate nenory cells, such as floating gate flash nenory
cells, F’@"Sﬁéﬂﬁ:ﬂ%(lﬁgﬁ’géiw%‘lﬁﬁ“@ being pituatedheiveer a fisft paurse segion (Hé6.pi6 3@ Ard giseppecht | on
advant ageously achieves 15 increased increase short channel performance in
1ot N EaFEPHANbIY: G fe8eh (H5GH0 CHBinBEvEI PRt Pt T ReAIPar y

enbodi nents of ,the jnvention it is manifest that varioQus . techniques can be
Gsed for 1 pielE el PRLSEaRpayp SR onE freen ane IR nbarc R o TR e
departi K LS. re r. while the j.nyventi.on been descri bed
W th spgggl’%lisg%rdes%lgrs'lg%g’gs 5(9’ cef agﬁty%r?%aﬁfﬁ%nﬁ%sa? lkI?’Slgﬁeelre %‘%nn@%?ﬁz)m di nary skill

in the art Waill.ghids@RREN &b dofdt in GRATI et Plofl (1762 155 d%eﬁbgil il @:Ek.gn detail

wi t hout departing from20 the spirit and the scope o I nvention. The
descri badsBxp ajlsad YidahadsomBoyt sid@i@e HepaRt@orkRB & P 8¢ Rlod B5@sk), sald@&PRCt s as
illustrative and not restrictive. It should al so be understood that the
i nvEht i mgion 85G356) Helnghitueel dnderhdath sgddNt iypibgisn (2sesapl ary enbodi nents descri bed
herein, but is capable of many rearrangenents, nodifications, and
subst i t ut i onheygirt said ifttynd deranttis napimplemiesh iv dédraig ceior (18%,322h enid drsierstivo(i22,32RUS,
met hod for reducing short channel effects in nenory cells and rel ated
st r uct utEBRRGatehERsaidfist suece fagigr (16340320 but wod BBE1BEIPUS2004/ 011354 CLAI VB
1. A nethod {or f bricaéi .a floati,ng gate nenory array, said nmethod
conpri sing steps O™l ?fggf‘ﬁbwkeff‘@&f)“d (o7t APRiGDfing (08 3piddy g dopapigpsaig first
i sol ati egl.o si.tuated in a. s rate (258, 358)_1.Q.expose a trench
(198 o8t SEbEM bt o b MGl P HBR Ak R iR B RS,
(1165 214 i i S A ch

6 21GoRhE) sAy B @9&.@&%@5 %gfg{e%g% §o%gbposﬁrf&éaz§s)%}&}d firs? & %%geglggs);

(128, 228) defining sidewalls I'n sald substrate
i mpl ant 1 I@lé,é%,)sai_& Bnghd (t&P&n@@&&&h aﬂ;prx_ﬁlﬁteﬁl 45 0liSkeeS A b5 RoxIrREHYID.0 degrees.
(116, 216, 316), said second source region
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
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(118, 218), and said sidewalls (150,250), said N type dopant form ng an N+
type region (252,352); inplanting (408) a P type dopant in said first
source region (116, 216), said second source region ; (118,218), and said

si dewal | _ , said P type dopant forming a P typ | Ol 6, 356),
said P t%é]zafilga?g%i on (256, 356) being situated under neg?ﬁ/%ggﬁgoﬁ(\ﬁﬁtype

regi on (252,352); wherein said P type dopant is not inplanted in a drain
region (122,322), said drain region (122,322) being separated from said
first Solfréemiegf®n (116,216,316) by a word |ine (102,302). 2. The nethod
of claim1l erein_said step of ir’g)szlnti ng (4082 said P.type dopant in said
first source red?%?"l‘t"(gﬁ%,mf B 318 S0 4193148 EECBRYDAEE CBPYYE on (118, 218),
and said sidewalls ( 5 onpri ses iopl anting said P type dopant at
an angl e wi t%&\%%rgﬁ%nc&@%g%é’g%a&eg'nsuSPlfsgag‘Pé@%(g%g?pof said first source region

(116, 216, 31 6a)ﬁrst chl'cg be 9Q?6,£1%§¥é) apcgzi s'é‘%ﬁﬁ’&éé@%@gﬁﬁ Piﬂ’éi Smaliysaf&%?]@trgee grees

and appr oxi mat e egr ees. . e nethod of claim1 further

congri shaygs@y, step of performng (408) a thermal cycle, said thermal cycle
causing said P type dopant to forma retrograde profile underneath said N+
type region vwadind0id},302) 4tuardd R iwred daia dra@ifreggdndi am3dz) bt shild @iFst @00Pregisn Ng a step
of performng (408) a thermal cycle, said 20 thermal .cycle causing said P
type dapsx#i6sw);f orm a graded concentration profile adjacent to said N+ type
region (252,353). 5. The nmethod of claim1l wherein said P type dopant is
boron. 6. Theerenadi(}2642% fitugtechbatrvetn salddirst pourcs pegidn 1@ 6316) prdvaidisergndsaires
dielectric material fromsaid isolation region (112) conprises renoving
sai d diTediendi 13248 rraid épiich (128,72 8y defiging S-l%ewlﬁrﬁE&ngia?dc?émé%wrfaoze‘,lﬁzZ“ffﬁb*alﬁet hod of
claim 1 wherein said floating gate nenory array is a floating gate flash
me ryS]FF§§Q5%$§ﬁhe met hod of claim 1 wherein said step of inplanting

(408) said P e dopant in said first .s G (oF 16), said
second sourég%¥gﬁf35B?T%@?Q&ﬁ?,Hgﬁ%mggﬁgngﬁéﬁﬁ%l ém?§%%%%§5%$%g%%?ises

i npl ant, e A 8RR suke 48082061 10f (yRELNGLRARIMAY QphBEQhi ikt X 1014
at ons é%@é%*“aﬁ‘?e%’%“g’ﬁé‘xi mat el 'y MG 2004?%0"230 e L
1015 atsairee 8én (C18216,516) Ad fdidREcnd SuBateGon@INIIE);array, said floating gate

menory array conprising:
a P type region (256,356) 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 profile 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
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a drain region (122,322) situated in a substrate (258,358); a first source
region (116, 216, 316) and a second source region (118,218) situated in said
substrate_ 5 &258 358); a word line (102,302) situated;between said drain
regi on (1%03%9§100230 said first source region (116, 216, BIBYS208/¢lixsach
(128, 228) situated between said first source region (116, 216,316) and said
second source region (118,218), said trench (128,228) defining sidewalls
(150, 2500L1%H8), andisatl bidawaBu(t 1026, shid 28yp2 4&phntitsimSdh O typd Reisiibsd 38t KidE2RR, 358) ;
an N+ type region situated in said first source region (116, 216,316), in
sai d secisgier GRS ddeng giuged undetie@h 24d3Y+; typervegiom(@tR(36B attereBaiidP bpd dopin: Busif ace
(148,248), sajd N+ type region electrically connecting said first source
regi on (‘Prigutetiiga dipigycsiond123 A1) saddan eion (122622 baifisorpahitd BorhB)first soufle tegipe
region ( situated underneath said N+ type region (252,352); 15
mherein(gggﬂagﬁ%?b%wwngéﬁméggﬁ,356) is not situated underneath said drain
regi (122,322). 40. The floating gate nmenpry array of claim9 wherein
saidqg type régioﬁﬂffggﬁggé#mbgﬁﬁgﬁgggﬁﬁmﬁfm? pre §9p=pe P egdapandinsgip Esgopant
form ng & Of |- rneat hosai.d. Nt t r egi 252,352). 11.
The 11 oarra SaTLRLEe Bl b Eel Sl RRb B et S EUsR05 b 67808t 1o e
a gr adedmple@ne QRtH @b fi i i e. ion (252, 352).
202 T B e e PO TR el e e
dopant QOIspR16, 3% shOiRR.(262)3ing Tddeeef dppaRkimAB1yAsh Be PRI ypp?o&ﬁr@hély?&o fdoften 9
wherein said floating gate nenory array is a floating gate flash nenory
array. 14. A et hdthehmothod @binindd tirtig comrisagh bepr BefoRniRTRTRE Nl AcleAMid@RARI | Si Ng
steps of renoving (404) a dielectric material froman isolation region
(1100 sivdereedngisnd Bogednt rtfem@258gr8E8)ofifcandxpab idN-t yengion(5285828), 25
said trench (128, 228) beinq,situated between a first source region

(116, 216, 316)7and 3 Sebe il claigf &uher sgyprsining 4 99, op fegiprmingaitibrial el paif 12812P28)
defining(iLgemgng %%5%,250) in said substrate (258,358), inplanting (406)
an N type GoPEsteT HPedipdt pifree sedid consetiatipngrpiifepdiacent 1gsen 1) type éasiol second
source Qﬁﬁbﬁﬁ.(ll8’218)’ and said sidewalls (150,250), said N type dopant
form ng an type region (252,352), said nethod being characterized by:

mplanting (468) anBubffirdaRaNbndd SRy dk SQHLCe reai on (116,216, 316),

sai d second source region -1

15 19. The method of claim 14 wherein said floating gate memory array is a floating gate flash
MEmOory array.
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 c’.

20
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WO 2004/ 100230 PCT/ US2004/ 011354 (118, 218), and said sidewal | s (150, 250),
said P type dopant formng a P type region (256,356), said P type region
(252, 352) being situated underneath said N+ type region (252,352), wherein
said P type dopant is not inplanted in a drain region (122,322), said
drain region (122,322) being separated fromsaid first source region

(116, 216,316) by a word line (102,302). 5 15. The nethod of claim 14
wherein said step of inplanting (408) said P type dopant in said first
source region (116, 216, 316), said second source region (118,218), and said
sidewal I s (150, 250) conprises inplanting said P type dopant at an angle
(262) with respect to a top surface (215) of said first source region

(116, 216, 316), said angle (262) being between approximately 45.0 degrees
and approxi mately 90.0 degrees. 16. The method of claim 14 further
conprising a step of performng a thermal cycle, said thermal 10 cycle
causing said P type dopant to forma retrograde profile underneath said N+
type region (252,352). 17. The nmethod of claim 14 further conprising a step
of performng a thermal cycle, said thermal cycle causing said P type
dopant to forma graded concentration profile adjacent to said N+ type
region (252,352). 18. The nethod of claim 14 wherein said P type dopant is
boron. 15 19. The nethod of claim 14 wherein said floating gate nmenory
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
regi on, said second source region, and said sidewalls conprising inplanting
said P type dopant at a dosage of between approximately 1 x 1014 atons per
cn?2 and approximately 1 x 1015 atons per cnR. 20




