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Yet anot her aspect of the present invention relates to a nmethod of naking a
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Yet another aspect of the present invention relates to a method of making a flash memory cell
involving the steps of providing a substrate having a flash memory cell thereon; forming a self-aligned source
mask over the substrate, the self aligned source mask having openings corresponding to source lines; implanting
a source dopant of a first type in the substrate through the openings in the self-aligned source mask
corresponding to source lines; removing the self-aligned source mask from the substrate; cleaning the substrate;

heating the substrate in an atmosphere containing oxygen and optionally at least one inert gas; and implanting a
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drai n r egiedivm josige trajnjimplany oftyaecond typerid fotner yreeiotivreand odrgin region dhube substaté | nes)
conduct i &?ac&h%ﬁash%ﬁo Apf i rst oxide layer 40 is provided over at |east a
portion of the substrat,e 30 or over the entire WD (12/37S5(1

PCT/ US111/ 2~(77 substrate 30 using any suitable neans, such as dry

oxi dati on, wet oxidation) rapREFDESCRIBTIONARGRAVINGSOr chem cal vapor
deposrtlon ( y be nitrided
using a ni tr%‘ﬂ?éﬁm lgr[(}gés"}smusltrstﬁg Fgre({rrﬁirrtrlsEl alrrcggg%'&wn%£1 gghlﬁg a nitrided first
oxi de | ayer 4@{4@9#248?Bearrestwvérogsrrmﬂ@nléwaﬁnérprerrreﬁtc dgrrtnﬂaSbumeeeme“u nventi on
‘monimzes t heS@m@ﬁfsQQﬁﬁs sad‘ﬁdnat ﬂlu&mﬁiﬂ@fﬂneﬁspéchﬁalﬁﬁﬁn@f nofivblatil€l8h fbhd§ dedid de

| ayers 40. th g grleml)doé evrg es (enrtl;l[h rsct unnel oxi de | ayers). The
nitrided™fi ?°§‘t"m X G Tafere A ar 0 Cont"f PBUT e8°Y6™ i nproved tunnel oxide
reliability. RighrB itacrsd syctlbwyélpstrmnrowpthmap@eef aymaking a pawyvoRtile flash memesy ocess,
such as agd @lﬁh&Hnﬁf?ﬂ'cﬁhgn@H@ﬁ@%co%% wtutlae fledesttinventiofle | ayer 40. The first

poly layer 42 is polysilicon or dope hous |I|con siljcon is
Pored” e ng. BB EBalmgtrem SueaBacu ST ARELS ke bieT ayLF bk P

usi ng andévive sith tonaioifinn ghaped duping in abévedafice wih thelprpsent ievamiophous sr l'icon |ayer 42
(also terned ) ¥ Deoifa @b 98t8Qe dihBshSieacked
menory cel | . Eﬁlér)!ags ag%%@%{ﬂagﬂg%%h&% &Ea‘% Eoe t“ﬁlﬁné ?Irg)rl st tgo an%rrgﬁ'ollé’s
silicon rlagﬁewttlsonaplfqrea@e F@‘%F“%W&%ﬁﬁ&t‘%‘eﬁfﬁ%ma’t@eﬁf‘c A d| electric |ayer
44 is provi dedlgﬁwers a@tosd saalsxtar lugh@tidniofdhe Gpect dT@ nﬁahg/a ﬂonlvaryteé SEARO R faisH e ndory

sui tabl edrUia'an non- umformc}F] 5Ip9n 8 g)lrdaélc%wlthsthgrrgs];n m entr}é an ONO mul ti l ayer

di el ectr e €At A NN q §ers narref an o ayer 44a, a nitride

| ayer 44b, and another oxrde | ayer 44c. The drelectrrc | ayer subsequently
forms the interpoly dielectri Cd{ﬂﬂquﬁ]ﬁ(}thﬁl{ﬁt’@@k&d menory cell 32. A
second poly layer 46 is rov ded over a t a rtion of th bstrate
usi ng any suit rféefr&%rg ni Vess‘Bad‘HﬁBO“p‘fﬁ’aﬁ’le(ﬁ%@é’r&mﬂgg?ﬂfﬁ?eﬂwﬂt"fl "‘f‘g’F’WE] t he
control dafirg. afatednd, wb-adkieflasiemenoyy ¢eicds h{virlg seluded shoe dhalael gffept} are fingded eElend
poly | am}‘eseﬁtgm}e&omqgscmed Q'Qlll Qéﬁeteln&e(tcptrﬂe &EWIQ@ %ch@mr Q‘Q@rﬂ:@ nﬁﬁ&élﬁ%sed@ &e@p ugh
not sho tional layers nmay be provided using any suitable neans over
por ti ons ke plpEeniSYgpebout ayer . For exanple, a cobalt or tungsten silicide
layer may be mhapréselethvaniermatbe helasbodangibrativaomges ipptebigteddeynjuidciloayel thel6, and a
Si1TCon Giori)l eflefiSs J ANRLifI e el gsesquamestna hapgsten silicide |ayer.

Var i ous etc steps are ed to form nenory
cells in the é@d@krerfd ﬁeéwwweerlrnu&rtealgatocer%fewcwrseaﬂrléérbcrrvferﬂa'feﬁ'e fethr ucture
(the gat asmak eeviiefsld&eﬁt)ed in@agil ﬁkori]ﬁbt&mphﬁ)ﬁ@ﬁr&&-ds {This roddsONighightctham@slitg inaied/ Or
Erg_gkgar t If:c?i%;ll %wncf the St(ijstlrat(t: é. Fx& 1(3; %ﬁ etli-r staafeld mer(mry 6el]§ Pn%vt\ﬁ]e)sd??gate t?ané’l s%(gsdareas Lhe
sel ecti vrSttb§equelﬁtb)r poels(anial Iethwtch@e@en ythe thepy'erratr @nemetredegtpgr ngn%themlhhery
chem st r Yep@h fifdeie@bre rdglofhebedetfl of esubirhisl@nlaRY Blo SreasPhdnR G UG Ync RS cell
stacked flash nenory cell 32 is shown, a plurality of cells are formed in
the core®®gion of the structure. The structure is optionally cleaned
bef or e pr ocee®eforgng FREus 2ackistat fivhingvsmoey membry c@B2 @adwtialloldreBDiaBIon y pe
menory ceéglonml 1sl:ﬂrc9/wé@ Th stAERYd rhéi‘ﬂ()?y c@mlsitdamsﬂatnehe sanet Bbm@Y cARRMb: e cd@ | 7m
or smaller, rocess %{ two alternati veldgc\l)ocess

r

flows mayeelse O‘ftbﬁ SPWE‘g%r gﬁ’?)?h@tﬁ)”ct@“ hsélah‘tﬁlﬁ?ﬁﬂnt ArEhaHAY FEEBt the
. present idioxigedrisiticon niBe hTprsosess3fha s satked desey cie mlaﬁbel-flrcglulbdaas fdle®s, The
i |l ust ratajtrBUgT.af?Jsqulbﬂleo%és 3ov5m§;fb%e§r£l@é@ along a bit line. Referring to

Figure 3) a pre-i1nplant oxidation is followed by form ng a mask over
. the structur eTP“e‘a‘?FF’i’f@3‘e‘§<t¥B'§%'él af‘H?é’“\slé’gfafeloﬁté’“a'W Héth prious slaFentptreaipRs AUeT ESst ep
i nvol ves tkealdt; igludileme tayet, mreeru@eranlemuygmrsc@ntmmmg;, ativersgaesueh 4 adtiva

suffici enﬁtcog?e[ o?sﬁjgtfeast Acﬁf\% cte ertt?ﬂfn%gﬁ%%[e)ﬁe&tﬂh&d%'P% ﬁyv%L égc[;llgrtbnaﬂgw\éﬂ%n

one enbodi ment atron ste |nvo ves

struct ur éatﬁn‘ﬂfé‘i*h“%ﬁns%t‘tc‘r"r’ﬁé‘ﬁfﬁéﬁén reeptsdiitlingsgPagss, )Fg‘étﬁ“’afﬁ’é}ectﬁ‘ﬁt qoecrratr\ryneatcoqdeca@t one
i nert gaslugd etdt A exseidakayts 80 & pomialldod bt 1hEQ baitior oF tha Bubkttate 30 30OBGhI cfire 2 T 1 ME
fromabout 1 second to 5 mnutes. Inerg gases include nitrogen, helium
neon, argon, krypton, and xenon. |n another enbodi nent, the pre-inplant

oxi dation step involves heating the structure under a tenperature from4
WO 112/37S511 PCT/U S111 /2.1177 about 500DC to about 1,10Jerr]C for a
time fromabout 10 seconds to 3 minutes. In yet another enbodi nent, the
pre- |rrpI ant oxr datr on step invol ves heatr ng the structure under a

M AN NA N 12 - -1 L~ - o, A -
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to 5 minutes. In another embodiment, the heat treatment involves heating the structure under a temperature

from about 4000C to about 1,00000C for a time from about 10 seconds to 3 minutes. In yet another
embodiment, the heat treatment involves heating the structure under a temperature from about 500CC to about
9000C for a time from about 15 seconds to 2 minutes.

Referring to Figure 5, a medium dosage drain (MDD) implant is performed forming source 54 and
drain 56 regions. The MDD implant facilitates the formation of a heavy junction. The dopant may be p type or
n type, but it is preferably n type. Specifically, the dopant is preferably an n+ implant, such as arsenic or
phosphorus. The MDD implant dopant is preferably opposite that of the source dopant; that is, the MDD
implant is an n type when the source dopant is a p type and the MDD implant is a p type when the source dopant
is an n type. In one embodiment, the MDD implant is performed at an energy from about 30 keV to about 60
keV to a dosage from about 5 x 10'* atoms/cm? to about 5 x 10" atoms/cm®. In another embodiment, the MDD
implant is performed at an energy from about 35 keV to about 55 keV to a dosage from about 1 x 10"
atoms/cm? to about 1 x 10" atoms/cm’.

Another alternative process flow proceeds as follows. Referring to Figure 2, a substrate 30 having a
stacked memory cell 32 and shallow trench isolation regions 41 is provided, just as in the previously described
process flow. Referring to Figure 3, however, the pre-implant oxidation step is not performed, only a mask 48
is formed over the structure leaving exposed the Vsls line. After the mask 48 is formed, boron (and/or
phosphorus) is implanted through openings 50 in the mask 48 to the exposed source line (to the exposed portion
of substrate 30) forming the source side implant 52. Referring to Figure 4, the boron implantation is followed

by removing the mask 48, optionally cleaning the structure, and performing a pre-implant oxidation step for a
5
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a]dvantageous for any given or particular application.

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

memory devices, such as EEPROMs,
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I"L3 "10% implanting a source dopant (52) of a first type in the substrate (30) through the openings (50)

in the self-aligned source mask (48) corresponding to source lines;
removing the self-aligned source mask from the substrate (30);
cleaning the substrate (30); and
implanting a medium dosage drain implant of a second type to form a source region (54) and a

drain region (56) in the substrate (30) adjacent the flash memory cell (32).

2. The method according to claim 1, further comprising performing a pre-

implant oxidation step prior to forming the self-aligned source mask (48) over the substrate (30).

3. The method according to claim 1, further comprising performing a pre-
implant oxidation step after implanting the source dopant and prior to implanting the medium dosage drain

implant.

4, The method according to claim 1, further comprising performing a heat

treatment after implanting the source dopant and prior to implanting the medium dosage drain implant.

5. The method according to claim 1, wherein the source dopant is
implanted at an energy from about 15 keV to about 30 keV to a dosage from about 5 x 10" atoms/cm? to about

2 x 10" atoms/cm®.

6. The method according to claim 1, wherein the medium dosage drain implant is implanted at
an energy from about 30 keV to about 60 keV to a dosage from about 5 x 10" atoms/cm? to about 5 x 10"

atoms/cm?.

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

8. The method according to claim 1, wherein the flash memory cell (33)

comprises an ONO charge trapping layer (44), and a poly layer (58) over the ONO charge trapping layer (44).

9. A method of making a flash memory cell (32), comprising:

providing a substrate (30) having a flash memory cell (32) thereon;
7
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atoms/cm? to about 5 x 10" atoms/cm?.

10. A method of making a flash memory cell (32), comprising:

providing a substrate (30) having a flash memory cell (32) thereon;

forming a self-aligned source mask (48) over the substrate (30), the self aligned source mask
(48) having openings (50) corresponding to source lines;

implanting a source dopant of a first type (52) in the substrate (30) through the openings (50)
in the self-aligned source mask (48) corresponding to source lines, wherein the source dopant is implanted at an
energy from about 10 keV to about 40 keV to a dosage from about 1 x 10" atoms/cm? to about 5 x 10"
atoms/cmz;

removing the self-aligned source mask (48) from the substrate (30);

cleaning the substrate (30);

heating the substrate (30) in an atmosphere containing oxygen and optionally at least one inert
gas at a temperature from about 40003C to about 1,2000C; and

implanting a medium dosage drain implant of a second type to form a source region (54) and a
drain region (56) in the substrate (30) adjacent the flash memory cell (32), wherein the medium dosage drain
implant is implanted at an energy from about 30 keV to about 60 keV to a dosage from about 5 x 10"

atoms/cm? to about 5 x 10" atoms/cm?.



