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substrate) a channel dopant is inplanted into the sem conductor substrate.
The concentration of the channel 20 dopant in the sem conductor substrate
fromi npl\gatu?)ﬁiﬁqg is less than about 4 x1013/cnR. A sourcgclrm%g]/mglf i's
fornmed over e substrate) and the source |ine nmask has an opening t

expose a source line of the sem conductor substrate. A source |ine dopant
of a first conductivity type is inplanted into the exposed source |ine of
the sem conduE'eHFq"gma/ G afpdl oS KRS RUmEroBTsERFERYRstopiathwit:eh esony deeceras k
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i npl antati.on %f ““fgﬁ nel dopant is not perforned 35 such that the
concent r SAYEHSE }iaﬁ Channel dopant in the sem conductor substrate from
inplantation is substantlally zero. In this manner) with the | ower

concentration of the channel ﬁﬁqﬁvﬁ Gi@xol d vol tage may be
achi eved for the flash nenory ce t“%’Ior enhanced speed performance, In
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BRI EF DES{bFYafRT AGRRresHineyipamt msirqrpgle\vcéwwaypiewmplmedth@%msm wwealise pithe a prior

art | ayodmi@hdueeof dubitte {Eﬁﬂy{ the SpkMifg of e soE}cQ Hﬁe&nakl@ 'I'h§ soﬁrcé R GRS tﬁén&ferﬁdv@cﬁ S
section illustrati n%to”ugr or art stacked @8 mam)r%/ cell. Figure 2

is a crofemiesemiepdy Trater A fireigags orped a%‘fﬁ femb‘P“d&c‘ﬁ‘e?R‘?S e andiibsdirainmask i | e
fl asis newmayogtaivg ﬁ&xﬂoﬁb mﬁmgmmwﬁm&m qmsseaenmmnu@aﬁuoﬂmcoﬁa Hnthetidtyl S a
cross sectional d ltl‘h At | of another aspect of .3 H’P °'1P a_nonyo oI at|Ie
flash memBry’ &?e &4 eeaEé%r Ihregion gt g serhconduetorsuhyrate [eusl g ppenings e 4
is a crossesksecti onal |IIustrat| on of yet another aspect of a maki ng a
non-volatil e f difel FeERbHnEHobiBudd? RERMICARGR] Hikdan Ehbgou;ag fiR Gl nd gNt 1 on-
Figure 5 is a cross sectiona ustration of anot her aspect of a
maki ng aresion- Thsifist pqnduct ity dype of tie sauses linpdappny IS@enﬁﬁl@éo 'ihﬁsea@é pndusivie txRp pihe he

presmt  GRKABHH:O T adﬁiu&u & @on&nchﬁty@yp@ b QRsThAAA ldbgaftad saind Astﬁﬁtﬁresa&dnauau@tfy tya@@fna:s pect
of a non-vol ﬁtl | e stack &gp | ash tn;gﬂ)ggé device in 20 accordance

present PHNFEHEG GRERt FRCGRIFIRS &9 ap peg seRERERtioRdhe spyrge iog fappnt hp dt Seé ﬁ@mgﬁpect
of a nonsaofde #ihd 1ht6 thSChiaiE] febiasih uss@ @Rl a dEssholdvoltize alBCilasinmarykll 6t tb féucpshes ent
*inventi O ndet S ts t€ . cre%%rs ctional illustration show ng inplantation of
a channef’ (%lb i f eSSt rate before formation of the gate stack in
Fig. 2) accor dmngthtr@mmrmmfﬂp preseht isveltivo, implartatiof of thie chapnebdapartt isinphpenfiringh. 25
“Fig.359 i §ucﬁth§i( tf?e%%nc%ﬂ%&rﬂi?% &ﬁ&%b&%lu@@ﬁk&%t&%&%@%m%bfnam‘aa& ipource
region wth a MDD I nplantation of a source region dopant after formation of
the drai fubs@dRbEeon Fig. 6) according to another enbodi ment of the present

i nventi on. Then dis GRS witthelbwaordcehtr@h oFf te anmadb@mna foQEr uﬁésadm {otagdfmay be
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DI SCLOSURE COF | NVENTI ON The present invention involves nmaking non-vol atile
flash menory devices with different channel doping for the source and
drain. Asyg ¢2854t, non-volatile flash menory devices havigg &iueasd short
channel effects are 35 provided. The lateral diffusion after source side

i npl ant heating steps are unnecessary when neki ng nonvol atile flash nmenory
devices in accordance with the present invention. The present invention is
descri beé&e winintized witlctheimplantatipniprecessiforth sourse livlheFusthermbiiekwithilayfee coprsotationofgheal s

ar e used gfatnel Sobsit, te@rehikds@n ?Anﬁfézl%&tné dbalf ag&lg)myfuncmnsﬁ(a%éﬁgé §e%§o§%10ﬁ)qéhitﬁgt} 1

/41 127 The present invention % under stood an vant a
appr eci aPBbr flash mement el I gdaigne wi t“ﬁé‘"’fﬁf PagsatEtion Ofﬂlcgbﬂnﬁ%dol’mg)ChWP@an li ke

numer al s moiRy GSREf thé (thkﬂlelfr@g'ﬂnli{ 185 dégkwauedm&r dn%bui‘ré@BﬂNe&ﬁslﬁﬁ‘dﬁof&QElﬁ uct or
ash nmenory

rranufacturlng roces WI| stratl e
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hi ghl i ghtensitidnisg aefoinmwhg/detanectdasnpxmn ef thecignentivn ovhick R preseuibd wittothegrtachky drdwings. Wher e
the stacked nenory cells and the select gate transistors are subsequently
positioned. In this connection) while the substrate contains two regions;
nanel y, the periphery regi oBRIEHDESCRIPTION OEHPRAWINGSe core region of the
substrate con y. cell area.
Referring to I&;gh‘ﬂ?ae&%nm.&;ﬁmgstu?%@%x&nﬁgg?uﬁmgﬁg%aefcﬁaggﬁ, nory cell 32 and
shal¥%w trenc ﬁlsvrs &b is o frageptagyicroppsection iflustrpsing g prips et stacke sate Seshagmerppdk y cel | 32

is positioned Fig&eb RQ chdseekiiRahl MBLMREAN of ke hspadt 66 ridking DonGRkSle 4f3h B PAevRE int he
substrate 3 hal |l ow trench i sol ati on regi ons 41 contain an 1 nsul ation

mat eri al €0 ‘H'C%lg‘ SR YTER de or silicon nitride. The substrate 30
having a st ackigare fisnmrogs se@iohal Bidstratin obmotherasped 6fh rdking @ hinovwhile fhsh Boiigh any
sui t abl edg,rcgﬁ1 r&‘ancgwltg&g rgseemei\lg;? u%XEd The substrate 30 is typically a
silicon SUD aP " Various el ement s, regions and/or |ayers

t herBover; i nElgud#mgcm %d:tlotlaéi;ﬂestmhonbéyehwﬁlbraspeﬂsﬁatdakmbemrr vobatile flysh memorglevi ce
structur ﬁéﬁceﬁn%&o\’o?m&%h&@ eéhﬁﬂe&én active 15 silicon regions or areas,
active el enments and passi | ements including P wells) N wells, additional
pol ysi | i con g&iews S isgsrass ﬁe?f@Ba‘ ilygrationet il yetappther gpest of a makjngamoh- vajitile stacked s)

bases) emst.tr@ﬁmdmhlne.eéoaraﬁc)awﬁ@mdb\@s‘eht\r@eﬂdoﬁles conductive plugs) etc. A
fast oxide layer 40 is provid over | east a portion of the substrate 30

or over the eRiEMPEISAsHS} eetiopal é'BSt'ﬁ%q“ﬁ§°rﬁﬁ§P°°§B‘i“t“abV‘§“‘\1FééPﬁl§? flash pgmopy dgyjog in

oxi dat i OIﬁQcor‘dﬁi:eﬂMitﬁh’:ﬁrdsaﬂ)nv&’n&@'l d thermal oxidation) or chem cal vapor

S:\Ip(r)lzl ;I (r)“n ¢ § |Cc}j{ ixrieg I;]sac%) 5S seC %9‘8] {1%3@&0*&% cfmle ra.lispgctg a:lngr?-vorlr%an %Oﬁ;b% dag&ﬁ?eﬂmygllg‘}j&:“ﬁg rGS i
oxi de Iay@prdnﬂe‘a!drtbernr@elttmsenn@ short channel effects. The present invention

i ni ni zes the%@ag&aasmecm Jlnﬂh'aﬁxoﬁﬁl@@xlngﬁni iddSa t.ma'dglsalnﬂﬁ@ the & bmlg%ge

layers 40 in h menory_devices (nitri tunne oXi ayers

ni t ri ded fqmytion ofhe edte stpekyjFig 2gacegrdips te armdﬁlrl?}m embodiggeny: pfithecpresent mmm oxi de

religbility. &gfsnrss5ro§a@écnodaﬁm&auﬁzshbﬁngfoﬂwumau&ﬁdagegﬁsﬂmﬁumb.lnﬁarmne&&ss
rocess), over. the 25 first oxide |ayer 40. The

such as an in sjt h

first pof§PUycajreln °2’”i't§ %g%f@*m‘ plabs i region B Fie Hvircpseing e 2wther embpdimenphrls | j con
i s for megrestst imgntioWD technl gues. The doped anorphous silicon |ayer is made
using an in situ ess. . The fi.r us_si on. la er 42
(al so terned Iligkel f;}ﬂ%&e{;}% se %%’?1 defm for dar?)h()fqgl gnan mﬁ necesfsmkyh(g RIOERE
menory c &lementstiawingitbpsane reiqrqntwesblerirtﬁgmlk@. % 4Hé.6 ﬁ48na1ﬂ|9rr@¢r tajelgpents baving phuhxs
silifpon kaNGle shBritiold. €ast one of phosphorus and arsenic. 30 A dielectric

| ayer 44 is provided over at |least a portion of the Poly 1 |ayer 42 using
any suitable neans. The dielectric layer 44 is preferably an ONO nultil ayer

di el ectric containing three | aymnsmlzy[mgmmwe | ayer 44a) a nitride

| ayer 44b) ang, anot her oxide 44c. T ielectric er subse uent |y
forms the i nr APEBI HVERGL IS PRRE Frpiol o B R oVt B e chagpd dopie
second pddryhe kauyoe anddfain. SAsprrault, decvoltile flash memarg dévicas tpmng teduaedshort dhénndlhistsiast €

" using an ros,uédt %94 AR %ﬁ g.% ﬁ&%@&égﬁ%{myg(sleﬁy 48 agybsequy 'nx for B

t he cont menor erne

second pd?‘&tﬂq fhnytemew 4@%&@@&&“@@@ the priesenrinventiop P @reseninyshion & dssctliiedmth 4
WO 02/ 37 Yeter&Rbelth tnb Srbkibb b 11R% feRAHG AR s SO 124 8 1fie QbR idNSho, MRY be
provided using any suitable nmeans over portions of the Poly 2 ["ayer. For
exanple) a cobalt or tungsten silicide |ayer nay be provided over at | east
a portion of the Poly 2 layer 46, and g silicon oxynitride layer may be
provi ded over the tungsten silicide |ayer. Various suitable masking and
etching steps are enployed-to formnmenory cells in the stacked nenory



cell area of the core region of the structure (the gates are defined). One
or nore photoresi sts and/or hard masks and/or the partially formed stacked
menory celly gR94s,shown) nmay be used as the masks. Etching p§/dooPi& l,ly
conducted layer 6y | ayer to maxim ze etch selectivity. For exanple

Poly 2 layer is etched using an etch chemstry different from etchi ng the
oxi de layers. Although only one stacked flash menmory cell 32 is shown) a
plurality of &hqnresenpuention mgyde ppderstaed ang)iteadyanigpes pppestiaedia ceriyngtion With the The

Struct ur grobess & Blghredd, |w)ﬁer&hﬁl?eriﬂﬂerh§lfe%§mme rartegsqedrgnan The stacked flash
menory cell 32 (and the SONOS type menory cel |l of Frgure 7) may have a
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hot r o1 BoR B LRh B fafte B ek et e PLE W ek R E FERERen 50
_to furt hessitionedc inshis cognectidnavhile the substake cdiailisaso wgian; nanely, s pephery tepien dnd the

subst r at t re fornmed.
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t hr ough openi ReferrisgtoiFigutedea sybstite B!er'egMvekeémeeredeﬂs%md:séﬂlowewb isplatione
exposed RRfohd Al REviReDRe k@Bdked Mory @i m 19 BosttiBied TR £iked hidiRorly BaRR bf tReXore ThE
source |ine do‘@ént ma tially diffuse underneath the Poly 1 or floating

gat &0 Theeopah “‘PSF‘H%XQ:IJﬁ%ﬂ'ﬁ‘“‘?f’dﬂ?“%ésﬂﬂn‘{“)ff@“&?l ‘i"?“‘f“’y ﬁ‘e‘)‘s‘llﬁﬁ?“ ‘Pﬁ‘mi‘lé"“ﬁr“%ﬁﬂé’P&bl y
p type. dRxilidorinéon a0 THENsratt FehaGifd i sEiSked imdforgl 64NN nay Be préitkediifqldwat an
ener gy fr(l)hlo %bout %% keV to abg)ﬁﬁ éo keV to a dosage fromabout | x 1013
at ons/ c nBHPBEh AR yitable procass How mpy DREPRIBNSI | n anot her enbodi nent, the source

| i ne dopant i Thé supstrate B@id typicallya smctmrsg:ytr&ercmmm]l}omm virmukedivhehts, réglmwndﬁﬂa)lesv to
:ng?ﬁggee Q\g'r, m@ﬁ#yg 1?%211 lagerél‘ %nrger?ﬁgﬁr%%méct}écn lta?e% evice ﬁtructlfrg actlf}atr 651%%5 glch ds act*ve yet
abouls 15 sikieoy regipnsdy @rges, @svmv&entvnép@ew@@em mmdargc?meﬂsstetls@ 1@hansbmthm to

about 2 %udiOddhdifnes, M%kl@%mh B@%Saﬁﬁln&f belods, enliteR0@hidcloRNcohducie 'il%)conductlve
phosphorus may be i nplanted (at the same energies and dosage | evel s).
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Various embodiments of the present invention are also applicable to SONOS (Silicon Oxide Nitride
| 15 Oxide Silicon) type memory devices. Referring to Figure 7, a SONOS type memory device 33 is shown having
the source side boron implant 52 and a MDD drain side implant 58 in accordance with the present invention,
The SONOS type memory device 33 is processed in the same manner as stacked flash memory cell 32 in Figures
2-6. Thus, Figure 7 is analogous to Figure 6. The present invention is applicable to both NAND and NOR type
memory configurations.

20 Although not shown, a series of mask and etch steps (such as self aligned etch steps) are employed to
form select gate transistors in the core region, high voltage transistors and low voltage transistors in the
periphery region, word lines, contacts, interconnections, an encapsulating oxide film, such as
tetracthylorthosilicate (TEOS), borophosphotetraethylorthosilicate (BPTEOS), phosphosilicate glass (PSG), or
borophosphosilicate glass (BPSG), and the like. These steps may be conducted during and/or after formation of

25 the memory cells in accordance with the present invention. These steps are known in the art.

Although the invention has been shown and described with respect to a certain preferred embodiment or
embodiments, it is obvious that equivalent alterations and modifications will occur to others skilled in the art
upon the reading and understanding of this specification and the annexed drawings. In particular regard to the
various functions performed by the above described components (assemblies, devices, circuits, etc.), the terms

30 (including any reference to a *“means”) used to describe such components are intended to correspond, unless
otherwise indicated, to any component which performs the specified function of the described component (i.e.,
that is functionally equivalent), even though not structurally equivalent to the disclosed structure which performs
the function in the herein illustrated exemplary embodiments of the invention. In addition, while a particular
feature of the invention may have been disclosed with respect to only one of several embodiments, such feature

35 may be combined with one or more other features of the other embodiments as may be desired and advantageous

for any given or particular application.
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wherein said first conductivity type of said source line dopant is opposite to said second
conductivity type of said drain dopant;
20 wherein a channel region of said semiconductor substrate is disposed between said source line
and said drain region; and
using said source line dopant that diffuses from said source line into said channel region to
alter a threshold voltage of said flash memory cell or to reduce short channel effects of said flash
memory cell.
25
pA The method of claim 1, wherein said source line dopant and said channel dopant are

comprised of boron when said drain dopant is an n-type dopant.

3. The method of claim 1, wherein said step of implanting said channel dopant is not performed
30 such that said concentration of said channel dopant in said semiconductor substrate from implantation is

substantially zero.

4, The method of claim 1, further comprising the step of:
heating said semiconductor substrate such that said source line dopant diffuses into said

35 channel region.

5. The method of claim 1, wherein said source line dopant is implanted at an energy of from
about 10 keV to about 40 keV with a dosage of from about 1 x 1013 atoms/em? to about 5 x 1014 atoms/em?.
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channel dopant is implanted into said channel region such that a concentration of said channel
dopant in said channel region from implantation is less than about 4 x1013/em?;
and wherein a conductivity type of said channel dopant is same as said first conductivity type
of said source line dopant;
15 and wherein said source line dopant of said source line that diffuses from said source line into
said channel region alters a threshold voltage of said flash memory cell or reduces short channel

effects of said flash memory cell.

7. The flash memory cell of claim 6, wherein said source line dopant and said channel dopant are

20 comprised of boron when said drain dopant is an n-type dopant.

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

25
9. The flash memory cell of claim 6, wherein said semiconductor substrate is heated such that

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

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

atoms/cm2.
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