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Although not shown, additional layers may be provided using any suitable means over portions 6f the
Poly 2 la)rer. For example, a cobalt or tungsten silicide layer may be provided over at least a portion of the Poly
2 layer 46, and a silicon oxynitride layer may be provided over the tungsten silicide layer.

Various suitable masking and etching steps are employed to form memory cells in the stacked memory
cell area of the core region of the structure (the gates are defined). One or more photoresists and/or hard masks
and/or the partially formed stacked memory cell (not shown) may be used as the masks. Etching is typically
conducted layer by layer to maximize etch selectivity. For example, the Poly 2 layer is etched using an etch

chemistry different from etching the oxide layers. Although only one stacked flash memory cell 32 is shown, a
4
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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, and
optionally cleaning the structure. It is noted that a heat treatment to promote diffusion of boron 52 under the
gates (under Poly 1 gate 42) is not necessary. '

Referring to Figure 5, a mask 54 is formed over the structure leaving exposed the drain regions of the
memory cells 32 and a medium dosage drain (MDD) implant is performed forming drain 58 regions. Forming
the mask 54 involves patterning a MDD mask using a photoresist or hard mask over the structure leaving the
drain regions open 56 to further processing. That is, mask 54 has openings 56 over the substrate 30 through
which the subsequently formed drains are formed. The MDD mask covers the entire periphery and portions of
the core region that do not correspond to the drain regions. In other words, the MDD mask covers the source
lines.

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 imblant 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 102

atoms/cm’.

e

Réfcrring to Figure 6, the MDD drajn side implantation is followed by removing the mask 54, and
optionally cleaning the structure. A heat treatment to promote diffusion of boron 52 and the MDD implant 58
under the gates (under Poly 1 gate 42) may be performed. In one embodiment, the heat treatment involves
heating the structure under an inert gas atmosphere at a temperature from about 40001C to about 1,2000C for a

time from about 1 second to 5 minutes. Inert gases include nitrogen, helium, neon, argon, krypton, and xenon.
‘ e
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periphery region, word lines, contacts, interconnections, an encapsulating oxide film, such as
tetraethylorthosilicate (TEOS), borophosphotetraethylorthosilicate (BPTEOS), phosphosilicate glass (PSG), or
borophosphosilicate glass (BPSG), and the like. These steps may be conducted during and/or after formation of
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
(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 addiﬁon, while a
particular feature of the invention may have been disclosed with resbect 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 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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cell (32) is a SONC e nmenory c
implanting a medium dosage drain implant of an n type to form a drain region

(58) in the substrate (30) adjacent to the flash memory cell (32), wherein the p type
boron is different from the n type, and the medium dosage drain implant is implanted
20 at an energy from about 35 keV to about 60 keV to a dosage from about 5 x 10"

atoms/cm? to about 5 x 10'° atoms/cm>.

2, A method according to claim 1, further comprising heat treating the substrate
(30)  after implanting the medium dosage drain implant.

25
3. A method according to claim 1, wherein the source dopant is implanted at a

dosage from about 5 x 10" atoms/cm? to about 2 x 10! atoms/cm?.

4. The method according to claim 1, wherein the source dopant consists

30 essentially of boron.
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8. A method according to any one of claims 1 to 5, wherein the flash memory cell
~ (32) comprises an ONO charge trapping layer (44) and a poly layer over the ONO
charge trapping layer (44).

15 9. A method of making a flash memory cell, comprising:
providing a substrate (30) having a flash memory cell (32) thereon, the flash
memory cell (32) has a gate length of about 0.18um 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;
20 implanting a source dopant of a p type boron in the substrate through the
openings (50) in the self-aligned source mask (48) corresponding to source lines to
form a source region (52) in the substrate (30) adjacent the flash memory cell (32),
wherein the source dopant is implanted at an energy from about 10 keV to about 30
keV to a dosage from about 1 x 10" atoms/cm? to about 5 x 10! atoms/cm?, with the
25 proviso that the substrate (30) is not heated after implanting the source dopant and
before implanting a MDD implant;
removing the self-aligned source mask (48) from the substrate (30);
forming a second mask over the substrate (30), the second mask having
openings corresponding to drain lines;
30 implanting a medium dosage drain implant of an n type to form a drain region

in the substrate adjacent the flash memory cell (32), wherein the medium dosage drain
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10.  The method according to claim 9, wherein the source dopant consists

essentially of boron.

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

10 consists essentially of arsenic or phosphorus.

12. The method according to claim 9, wherein the flash memory cell (32)

‘comprises a nitride tunnel oxide layer.

15 13. The method according to claim 9, wherein the flash memory cell (32)
comprises a first poly layer (42) and a second poly layer (46).

14. A method of making a flash memory cell, comprising:
providing a substrate (30) having a flash memory cell (32) thereon, the flash
20 memory cell (32) has a gate length of about 0.18um 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 p type boron implant in the substrate (30)
through the openings (50) in the self-aligned source mask (48) corresponding to
25 source lines, wherein the source dopant is implanted at an energy from about 10 keV
to about 30 keV to a dosage from about 1 x 10'* atoms/cm® to about 5 x 10'*
atoms/cm?, with the proviso that the substrate is not heated after implanting the source
dopant and before implanting a MDD implant;
removing the self-aligned source mask (48) from the substrate (30); forming a
30 second mask over the substrate, the second mask having openings corresponding to

drain lines;
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16. The method according to claim 14, wherein the medium dosage drain implant

consists essentially of arsenic or phosphorus.

15 17. The method according to claim 14, wherein the flash memory cell (32)

comprises a nitride tunnel oxide layer.

18. The method according to claim 14, wherein the flash memory cell (32)_is a
SONOS type memory cell.
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