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typically iWeP¥d®0nul tiple individual conmponents for meRCTHFOBH6TRI t hin a
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vol tages or inpedances to effectghdeskhena g6 operations of the cell such as
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| owering (D1BL), and excess _ columjl eakage. DIBL is often caused by the
application of drain voltage in short channel devices. |In other words, the
drain voltage causes the surface potential to be |owered. In view of the
af orenenti oned concerns and problens, there is an unnmet need for malting
flash menory cells of inproved quality with increased integration, and
especially for sub 0.18 ~ flash nenory cells having t' reduced short
channel effects. SUVMMARY OF THE I NVENTION As a result of the present
i nvention, non-volatile flash nmenory device fabrication is inproved thereby




0 3 FEB 2005 WD 02/ 37550 PCT/ US01/ 24677 medi um dosage drain inBI ant _of %
second type to forma source region and a drain.region in the BEEBat
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non-vol atile flash menory dewigRgy dﬂww m channel doping. As a
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oxi dateiAting apedipm frsaavalFairixpidatiof Dcond typER BHCAbuYARA AEPAS {20 ; £VD) .
Opt i osbbtaye)adfabtdt thé fisch nfiXhgQql ayer 40 may be nitrifi 2d Usi ng B et Pat i on
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dopi ng: process. The first doped anorphous silicon |ayer 42 (also termed
Poly 1) subsequently fornms the floating gate of the stacked nenory cell.
The dopant enpl oyed to nmake the thin first doped anorphous silicon |ayer is
at (east one oAMENIIEBROBHEEANd ar seni c.
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A dielectric layer 44 is provided over at |least a portion of the Poly |

| ayer 42 using any suitable neans. The dielectric layer 44 is ngFEBaﬁmﬁ an
ONO nul tilayer dielectric containing three |ayers; nanely ~ oxide [ayer
44a, a nitride | ayer 44b, and another oxide |layer 44c. The dielectric |ayer
subsequently forns the interpoly. dielectric |ayer. of the stacked nenory
cell 32. A second poly layer 46 is provided over at |east a portion of the
substrate u¥OF3 My suitable neans. The second poly | apéTusB 24sibsequent |y
farms the control gate of the stacked nenory cell (also termed Poly 2). The
second pol hetlayastage%ﬁml. mﬂ&&t&@@&t&ﬁﬂ&&&% Qm&%&% (ia%nmlthg fous, silicon. *
Al t hough nQL..shown, a onal layers may & provi using any suitable
means over dor |ons"1Trt% Poly 2 layer. For exanple, a cobalt or tungsten
sallicide | ayer nmay be provided over at |east a portion of the Poly 2 |ayer
46, and a sillicon oxynitri deriEEYESERIVEYN bEDIMWANGSled over the~tungsten
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form menory cellt cllbls pe st acke ‘ﬁo are t he core region of
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may be foI I oweq} %ro uce, non- . un hel ged devi ce of the
present inventi 6?'??“5?“8 {Rgtrafiqn gf e asgeqt of g making p pgyolptile SENGRflaghmenarys  The
illustrati w‘ﬁtn%“@tammemwmmmmwmmn ine. Referring to
Figure 3) a pre-inplant oxidation step is followed by formng a mask over

the structure |eaving exposed ﬁlg&oygf&dgn@@ﬂmme pre-inplant oxidation step
i nvol ves heati N8 L the r.uct § %j/gl?s contai ning atnpsphere foi a

sufficient perio t"tvcnh°"‘?v8v?sbmkr‘ﬁg PO APeEs YU PRS2 h own) . I n
one enbodi fEfE Ast‘FFé“'ﬁ‘?“é'°‘Pq¥pﬂ3@r‘i‘tem?5¥<4°8‘&t Ha s redycedshortqhppriel effestslare prpvidey Theh e
structure prrseheinvertion indesroisi wigrreferencarts e dmiwingy w@ermiygefamﬁmmaﬂuﬁmtoke)a at | east
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ANVENDED SHEET An (yoprqvedBeni@aiyctynDa REBTEFRQes{ IOV 8B BBV o nmkoketflasb 00DC t 0 about
1, 100DC f omensrytdéviziis desofied Rldailtin bijunSiRE Githizurés -6 ShiFiprabtk@&nlichttndativinaded her

enbodi ment eoretrégﬁnm@subsm Al UL a0 it cehswﬂte‘ég%&%%gﬂwo%a} he structure

under a ten era os1 qnnlha outt1 600, %g a tinme from about
15 seconds™ yr’h F&Y 1y e A O Seippiapely bererpiey o sel f
al i gned sotﬁ???éﬂdc'sﬁesafe%élte%tem ofhersehetats pastainsdwo agses; 1prlyl thersissked menmry celhe
structure #®aving the source line open 50 to further processing, That is,

mask 48 has op@Eerdigso Fpke O\ Gbsttatd 0 22 8 Etafc@a ﬁengg i %%ﬂ%&ﬂs&a&ﬁ

b L Q S O] 1S S dm C § k f d
Sour ca. dopain BHFRALTHE K ISR 812 B IE ol Sty s UL o s 48

to the ex p8§°§8‘5‘§°5‘l?f‘“3t83q i e“‘ha{‘?"b“et“i't@”é‘ﬂ"d&"ésdl f:?&‘f“t‘ fodpsulgsipn E%S‘F‘Flaﬂﬁ dlicg0) f or ni ng
t he sour cedigidefs sificoiitidet THS Subgtratih30 heviing mstagiedl egronyca3Zunayedk probdled 4 gpllows, The sour ce
dopant nayaljmaghtaiyadikbye pehicdsd flas@maybeegidy@at h the Poly 1 or floating gat e. The

source dopant m)(ubhﬁteﬁblgmlﬂ silidhn o optRhL y&n&nvén%us%lremen r abnsyancﬁ) | n one

enmbodi nent 0 ante an energ rom a ut 10 keV
to about %m& “t%‘%‘“é““’ lgaegabmf“%a?ﬁ“a%%ﬁ ic lyyers, d "’_?"ﬁel“g“&'fe&ﬁ%‘l’i‘l’ﬂﬂ’“ts&’h HGR 5 x 1014

at oms/ cn. PP R PHEP: S BefeREast passtrprtementrincleding @ oyoltertt vills addidprialepiysiichnat  an
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at ons/ CIME. iivgs, @) @ikst idxlaykOh is pAliBs BVl olest a bditiol &the RBRALL RS or HERAIENT , the
source dopant is inplanted at an enenrgy from about 15 keV to about 25 keV
to a dosage fromabout 5 x 1013 atons/cne to about 2 x 10la atonslcne. In
pl ace of or in addition to boron, phosphorus may be inplanted (at the sane
energi es and dosage levels). Referring to Figure 4, the source dopant
inplantation is foll owed by renoving the mask 48, optionally cleaning the
structure) and optionatly heat treating the strubture for a sufficient
period of time to further pronote diffusion of boron 52 under the gates
(under PoI y 1 gate 42) In one enbodi rrent the heat treatnment invol ves
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The primary difference in the first and second alternative process floygvs S
that in the first alternative process flow the pre-inplant oxi c@a3i Qvﬁfp' S
_i's perforgrflydfisihe steps associated with Figure 3 whereas in the second
alternative process flow the pre-inplant oxidation step is poavisuinmey, n the
steps associated with Figure 4. Qtherwi se) the paraneters for the .
i ndi v gilsibstsite3D SsighQS € dultdRndn Ll Al r.the first alternative process are
enpl o!(; NI Q%)ot he gec al fe%lﬁ#yvoél%ﬁuro&vgég’?da‘memﬁﬂé@@w oxifatiommt i on i s
al so appTl cabl f%ep% (Silicon Oxide Nitride Oxide Silicon) type nenory
devi ces. Ref ePptionalyt the fiFst gxidelayer 405 ONER; dey RE. TEHD device.33 is shown
havi ng téﬁ@lo?g,gggﬁ.idgaggopﬁg %tjid%lm% t 52 .in glgcord%%oc?é’mvﬁesf‘hmtsﬁ%“ﬁfté?scéﬁt '
inve/ruti%E. $e SONOS type nenory. 857 1 tors ehapnel qffeesy B présenhintentorsaEE RN Ner
as Stacked"? eé‘éFFdﬁ’Eﬁ‘rﬁqaglescthﬂsegmﬁi@dﬁtsgmdesayasEOin"ﬂkhu%)emEﬂy%ﬁ@es@i&igé nal ogous
t o Fi guresidSlayd)e T iRS@A first £ MHydr QB af icabl e to bot h. NAND an ype
menory configxﬁﬁ%g io?' S. @I.thoug rnoﬂsiﬁg%nw}ésggggmvﬁcgwl"}%R&ha‘?%etch st eps
(such”as sel f al IiGHed e AP YEDLIREARLsuEabs Royress, stah af orinsisiopial pOSkE over the
t ransi stit sxifiglayend). Gy fstipely lapar 42 RipahsiNesh brafed lnABRIuS ifloR. Alghul-OV YOl t age
transi SuehSCVD wehtfqRe ThoRSLYhe8i,90,: word .11 nes, “contacts, 1 15 Tormed
interconnecgtions, an enca sualmgﬁl ngs%%n erfl§ e using@p ingsifu doping process. The first
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4. The method according to claim1, further conprising perform ng a heat
- treatnent after inplanting the source dopant and prior to inplanting the
medi um dosage drain inplant. 7

AMENDED SHEET




0O ~ FED 2005 replacenent page 0 2 FEB 2005 5. A nethod according to claim

1, wherein the source dopant is inplanted at an energy from 1(gn§ﬁ§t ggggbout
30 keV to a dosage from5 x 1013 atons/cne to 5 x 10la at ons/cnR. . A
met hod according to claiml, wherein the nmedium dosage drain inplant is

I npl anted at an energy from about 30 keV to 60 keV to a dosage from5 x
1013 atons/¢cn2 to about 1 x 1015 atons/cne. 10 7. A nethod according to
claimi1, wh&P0F%he flash nenory cell (32) conprises XCTUPH46FDIy | ayer
(42), an ONO nmufti-layer dielectric (44) over the first poly layer (42),

and a secorbhuFOInE 4 dywer, 1002Ghr adivefon abit IONCBR 3 rhincke@ 6ot Rl BEdles 1 44) - 8. A
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15 an ONO er ,
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lines; i Wpﬂ‘&@&utcﬂ@pﬁtlﬁa@w#l@eékﬁ@g@ﬂuti@ig ré'eribﬁyr e LYPE 1IN the substrate (30)

through the o Sod ned source nask
corregpondlggagqmng urclggfthénes (\)ﬂﬁ'%lsm"hn “9""%“6‘6’%?95%’6%&F&VW§0"{¥?15?V<3{N ed at an
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energy from t X0 SRR’ topboutsano éam’m’en 3 ppfher pPPSmEG bt wuerenatt page 0 2
"FEB 2005 t & implagfeseiageefey fm abdybld keVBo sbout KBV @b dogd oMbt xalbbins/En?o 1014
at ons/ cng; stoerew‘agmidd 5@t dotal GBI SRYSESOPRSKniIAR) o d D03 EhEasHbSt rat e
(30); . 15 keV to about 25 keV to a dosage from about 5 x 10® atoms/cm? to about 2 x 10" atoms/em®. In place of or

in addition to boron, phosphorus may be implanted (at the same energies and dosage levels).

Referring to Figure 4, the source dopant implantation is followed by removing the mask 48, optionally
cleaning the structure, and optionally heat treating the structure for a sufficient period of time to further promote
diffusion of boron 52 under the gates (under Poly 1 gate 42). In one embodiment, the heat treatment involves
heating the structure under a temperature from about 3000C to about 1,10003C for a time from about 1 second
to 5 minutes. In another embodiment, the heat treatment involves heating the structure under a temperature
from about 4000C to about 1,0000C for a time from about 10 seconds to 3 minutes. In yet another
embodiment, the beat treatment involves heating the structure under a temperature from about S000IC to about
90001C 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 n4- 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-lmplant oxidation step is not performed, only a mask 48
is formed over the structure leaving exposed the Vss line, After the mask 48 is formed, boron (and/or
phosphorus) is unplant;d 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



cl eaning the substrate (30); heating the substrate (30) at a tenperature
from about 300C to about I, 100C 5 thereby diffusing the souchEgbgn?@%
under the flash nenory cell (32); and inplanting a nedi um dosage drain

i npl ant of a second type to forma source region (54) and a drain region
(56) in the substrate (30) adjacent the flash nenory cell (32), wherein the
medi um dosage drain inplant is inplanted at an energy from about 30 keV to
about 60 ke%'otoepﬁsodosage from about 5 x 1013 at ons/ cnR PCHUSMBB4E7 1 x 101s 10
atons/cnR. 10. The nmethod according to claim9, wherein the source dopant
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wher ein the"f’ S ry cell has a gate length of about 0.18 wm or | ess.
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in the sel Wﬁ?ﬁ“‘ﬁ%ﬂ“@&ﬂ?’t’@%%%m%@éﬁr'@ssp%wﬁlﬁrrﬁgﬂat@usteﬁm Thenes, wherein
t he sour ceprrgepiamattion isapplighlezribid NASID and NORGRm@yorf doffirabeut 10 keV to about 25

keV to a dosagwﬁoﬁ@mta{awase&exfn&&ln%eéﬁs@:{?ﬁéu&'l&a& 0 Step) o exfpitbys 1AL OB/ CITE;
renoving tae se Jmmwgﬁ rleJrT%g héga%t%tr%n%}sm P%ggubst rate”(30);

cleaning the substrate o8 an at nospher e
cont ai ni ngPBRRSRYRFPARH g °P"é’§f§t“‘°6??é°°‘i‘°ﬂ‘°e‘r“t°“ t‘%ﬁ"x‘é‘-%ﬂ'ﬁbﬂﬁat ure from about

400C t o abeusthylpripgita: @EO.derpphespivteiapthytortiogiivat @YEIOSHphesphokitivate glasheid),at e (30) and
t her eby di tofoptBiphoglicts SasBPSTNand iR UL TR Sterh b@wwﬂaaammmgﬁh/lx aedRmatiod B

i npl ant | n%&&?&m&i&%ﬁﬁ@m{ﬂﬁh@b&e& %i.,' w8 RELRRH L ype 10 form a source

15 region (54 r e (30) adjacent the
fl as h 9 me ITDI(’ y C ) ugh mven on has begn sgown ibed with respect to a certain prefer(red cn)zbodlmc!,nt

or embodlments 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
(including any reference to a “means™) used to describe such components are intended to corrc‘;spond, 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 may be combined with one or more other features of the other embodiments as may be desired and
advantageous for any given or particular application.

INDUSTRIAL APPLICABILITY .
The methods of the presnt 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. '



(32), wherein the nedium dosage drain inplant is inplanted at an energy
from about 30 keV to about 60 keV to a dosage from about 5 x (LQIERtAHs/ cnR
to about 1 x 1014 atons/cnR. 20 16. The method according to claim15,
wherein the source dopant conprises at | east one of boron and phosphorus.
17. The nethod according to claim15, wherein the nedi Geplaseoeieads ai n

i npl ant conprises at | east one of arsenic and phosphoru%%l ?g ]ﬁsThe met hod
according to claim15, wherein the source dopant is inpl 21 B g an energy
from about 15 keV to 25 keV and the nedi um dosage drain inplant is

i npl anted at an_energy from about 35 keV to about 55 keV. 10 03 FEB 2005
Repl acenent paé‘eué&,_égFEB 2005 19. The nethod according to claim15, wherein
the flash nenory cell conprises a nitrided tunnel oxide |ayer. 20. The

met hod according to,cl ai 5, .wherein the flash menory cell is a SONCS type
menory cell. 1 -.Agé.nﬁﬁeog]?ilmﬁ«wg&f@lx@?%?rzce.lk(3%>gcqnmﬂflflgr. A5 A2 _0>JWp? P
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al aa cc e >gSiii } xsni calJca)ca]ca]ca]c
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S 10%K K & () - Ipribr © ifBplbB8M 4 Jnedivth dosage drain implant by heating the substrate in an

atmosphere containing oxygen and optionally at least one inert gas at a temperature

from 400°C to 1,200°C; and

15 implanting the medium dosage drain implant of a second type to form a source

region (54) and a drain region (56) in the substrate adjacent the flash memory cell

(32).

2. A method according to claim 1, further comprising performing a pre-implant
20 oxidation step prior to forming the self-aligned source mask over the substrate.

3. A method according to claim 1, further comprising perfbrming a pre-implant

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

25
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.
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10%&" () -m t 310%& () A48 abdordinghto-ctaim 1 OWHdreih B33 dopAVEBBEplahted at an

energy from 10 keV to about 30 keV to a dosage from 5 x 10" atoms/cm® to 5 x 10"

atoms/cm®.
5
6. A method according to claim 1, wherein the medium dosage drain implant is
implanted at an energy from about 30 keV to 60 keV to a dosage from 5 x 10"
atoms/cm’ to about 1 x 10" atoms/cm?.
10 7. A method according to claim 1, wherein the flash memory cell (32) comprises

a first poly layer (42), an ONO multi-layer dielectric (44) over the first poly layer (42),
and a second poly layer (46) over the ONO multi-layer dielectric (44).

8. A method according to claim 1, wherein the flash memory cell (33) comprises
15 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, wherein the
20 flash memory cell (32) has a gate length of about 0.18 um or less;
heating the substrate (30) in an atmosphere containing oxygen and optionally
at least one inert gas at a temperature from about 4000 C to about 1,200°C to form a
thin oxide layer over the substrate;
forming a self-aligned source mask (48) over the substrate (30), the self
25 aligned source mask (48) having openings (50) corresponding to source lines;
implanting a source dopant of a first type in the substrate (30) through the
openings (50) in the self-aligned source mask (48) corresponding to source lines,

wherein the source dopant is implanted at an energy from about 10 keV about 25 keV



10 10

10! ° Y- Z10%& () -!Y-Z10%& ()-! L$310%& ()---s./-0\23zX6M! | ks(1Qp W%ﬁ@%
&9&10% " & ()-11 9&10% [ & ()-! 9&L0%#& () - 09&10%W& ()-"Y 10% 7#9
UOWUAMZ +0y MF109%& ()-3)!'&y M10% & ()-3!>y M 10984 % & () - 3'Hy

M 10% B/ B& ()-3!Csy M10% * & ()-3![y Replacement page

M 109BB& () - 3U9(: a: <<F=H=xVAM?! v02* 10%4 S] S& () - 3 I|2*10%)o&' Ot
102*109%& ()-3 'a2*10%H& ()-3 Oy M109X& ()-3!'y FEB' 2005

M 109&' () - BHEV=WEX=Y=e==>?b@ v 0! &310% (& () - &310%{ & ()-

L0% & () -s$@10% & ()- 10/ 10/ 10/ 2@O% & () - 2>ACk= J2NBM4MNUGQ@ 10( (

10( (! 109% (& ()to a Yosagefou( &opt)5-x YOI atoh@9a’ & {bput S 10T @egsmf;) - |

Lna0vBe: ). 20 () - STOopay sl @R P&ﬁ%@%‘%@‘g‘%s FLmoses: ()-F
10BB! 390100/853&' ()- | gﬁ@@%&'s I)strgt@ ROBYBE' ()-1rs 10%}\/BIVB&' ()-!"" FLMLO%&' () - Z!Z2
,) 9 0, 0
T AR PO o A
' - <& thieye Q oy ce
10.-109%& () -f & 100/ le(n)mé‘a &Q&’ﬁ:ﬁ‘ gg%g%ﬁ%%gﬁﬁ‘lgét)of &J/zcgp(z type to form a source

S$10%<<& () - S! H3109=<&
ys10% & () - $y 100gi® (649)-and 3 émmjr@g@m(é&)&a e e9bsiate §3D)L¢dla@e;at&1e(f9as®emona@ﬁbd BbC!
10! 5F10% (& () (@), 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 1 x 10"

10 atoms/cm?,

10.  The method according to claim 9, wherein the source dopant comprises at least

one of boron and phosphorus.

15 11.  The method according to claim 9, wherein the medium dosage drain implant

comprises at least one of arsenic phosphorus.

12.  The method according to claim 1, wherein the flash memory cell has a gate
length of about 0.18 pum or less.

20
13.  The method according to claim 9, wherein the flash memory cell comprises a
nitrided tunnel oxide layer.

14, The method according to claim 9, wherein the flash memory cell comprises a

25 first poly layer and a second poly layer.

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

providing a substrate (30) having a flash memory cell (32) thereon, wherein the
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flash memory cell (32) has a gate length of about 0.18 pum or less;
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 in the substrate through the openings
5 (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 25 keV to a
dosage from about 5 x 10" atoms/cm? to about 5 x 10'* atoms/cm?;
removing the self-aligned source mask (48) from the substrate (30);
cleaning the substrate (30);
10 heating the substrate (30) in an atmosphere containing oxygen and at least one
inert gas at a temperature from about 400°C to about 1,200°C to form a thin oxide
layer over the substrate (30) and thereby diffusing the dopant under the flash memory
cell (32); and
implanting a medium dosage drain implant of a second type to form a source
15 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 1 x 10"

atoms/cm?.

20 16.  The method according to claim 15, wherein the source dopant comprises at

least one of boron and phosphorus.

17.  The method according to claim 15, wherein the medium dosage drain implant
comprises at least one of arsenic and phosphorus.

25
18.  The method according to claim 15, wherein the source dopant is implanted at
an energy from about 15 keV to 25 keV and the medium dosage drain implant is

implanted at an energy from about 35 keV to about 55 keV.

10
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5 20.  The method according to claim 15, wherein the flash memory cell is a SONOS
type memory cell.
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