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tunneling. However, increased market demand has driven the development of Flash memory cells to increase

25 both the speed and the density. Newer Flash memory cells have been developed that allow more than a single
bit to be stored in each cell.

One memory cell structure involves the storage of more than one level of charge to be stored in a
memory cell with each level representative of a bit. This structure is referred to as a multi-level storage
(MLS) architecture. Unfortunately, this structure inherently requires a great deal of precision in both

30  programming and reading the differences in the levels to be able to distinguish the bits. If a memory cell using
the MLS architecture is overcharged, even by a small amount, the only way to correct the bit error would be to
erase the memory cell and totally reprogram the memory cell. The need in the MLS architecture to precisely
control the amount of charge in a memory cell while programming also makes the technology slower and the
data less reliable. It also takes longer to access or “read” precise amounts of charge. Thus, both speed and

35  reliability are sacrificed in order to improve memory cell density.
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core region. This method eliminates the problem of the short-circuiting of the buried bitlines because of the
30 difficulty in controlling implant density with smaller devices.
The above and additional advantages of the present invention will become apparent to those skilled in
the art from a reading of the following detailed description when taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

35 FIG. 1 is a plan view of a MirrorBit Flash EEPROM according to the present invention;
FIG. 2 is a circuit schematic of a portion of one of the M x N array cores of FIG. 1;

FIG. 3 is a plan view of a portion of one of the M x N array cores and periphery gates of FIG. 1;
2



35 FIG 1 is a plan viewof a MrrorBit Fl ash EEPROM according to the
present invention; FIG 2 is a circuit schematic of a portion of one of
the M x Nvearsagssdres of FIG 1; FIG 3 is a plan view of paTfmos/i4an of one
of the Mx N array cores and periphery gates of FIG 1; 2 WO 03/088353
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- The terms such as “processed” and “formed” as used herein is defined to include one or more of the following:

depositing or growing semiconductor materials, masking, patterning, photolithography, etching, implanting,
removal, and/or stripping.
30 Referring now to FIG. 2, therein is shown a circuit schematic of a portion of one of the M x N array
cores 104 of FIG. 1. The circuit schematic shows a line of memory cells 200, which includes memory cells
201 through 204 and which together can form an 8-bit word. Each of the memory cells 201 through 204 is
connected to a wordline 206, which acts as a control gate. Each of the memory cells 201 through 204 has two
associated bitlines with most of the memory cells having a common bitline. The memory cell 201 has
35  associated bitlines 208 and 209; the memory cell 202 has associated bitlines 209 and 210; the memory cell 203
has associated bitlines 210 and 211; and the memory cell 204 has associated bitlines 211 and 212.
Depending upon a signal on the wordline and the connection of the bitlines in a memory cell to an

electrical source or drain, the memory cells 201 through 204 are capable of writing, reading, and erasing bits at
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201 through 204 and which together can forman 8-bit word. Each of the
menory cells 201 through 204 is connected to a wordline 206, which acts as
a controlwgasmss3Each of the menory cells 201 through 204 Re3/USHB04461

associ ated bitlines with nost of the menmory cells having a comon bitline.
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The locations 420 through 422 indicate where bits can be stored in the memory cell 400 and locations

424 and 426 are adjacent locations, which are independent of the memory cell 400.

35 Referring now to FIG. 5, therein is shown a cross-sectional view of a partially processed EEPROM
500, which has a silicon substrate 506, a core region 502, which will be densely covered with MirrorBit Flash
cells when processing is complete, and a periphery region 504, which will be less dense and will have other
control devices thereon.

In the core region 502, where memory cells are to be formed, a p-type silicon substrate 506 has been

40  implanted or processed with a p-type threshold adjustment implant 508. A charge-trapping dielectric layer
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vol une between themw th the threshold adjustnment inplant 402, which is a
channel 416. A material, such as polysilicon, is deposited over the
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Referring now to FIG. 9, therein is shown the structure of FIG. 8 after etching of a conformal stop
layer 532 to form spacers 534 around the gates 530 and the wordlines 524.
Referring now to FIG. 10, therein is shown the structure of FIG. 9 during a heavy dopant
implantation process 538. A core photoresist layer 536 has been deposited over the core to protect the bitline
35 isolation areas, which are designated by the p in FIG. 3, from a heavy dopant implantation process 538, which
implants the source/drain junctions 540 and the gate doping implants 542 in the periphery region 504. Again,
the dopant for the heavy dopant implantation process 538 will be dependant upon the NPN or PNP structure of
the devices.
With the removal of the core photoresist layer 536, this portion of the EEPROM 100 is ready to be

40  further processed into a completed integrated circuit.



Referring nowto FIG 7, therein is shown the structure of FIG 6 after
formation of wordlines 528 and gates 530. The peri phery photoresist |ayer
526 is rewowadsssnsl the wordline-gate |ayer 524 is process@dTiuso3/basm t he
wordl i nes 528 and the gates 530. Although not shown in FIG 7, the

wor dl i nes 528r86085wo BichAYferdn 1J£S&@ﬁ&%1%d FHQSSchBE6d0 AR p@mt melnhonhave

doped regj ons 52 the to [t wi that at this e
gat es 850 =S o vidhee Wﬁﬂé&ﬁtdmsm ‘H‘h&"éﬁa‘ﬂ? fs“npg’&&{f%‘% P HpEHRNER i .ﬁgﬁagﬂ?ﬁ“mg
phot or esidite-dag yayer ab@Brsiuborbielsish e eerigioye@ dnpl4ntiegwaldine-gye khjre aldipapttotoresist

i mpl am6§§' 'r%vi@% ﬁﬁl.e;l%tols‘egét 6186{0%15% Q&dlﬂl@%& QlteFdlg" degosmrng' @ﬂagér naykr%l&h&m t he

strycture fter osition of a conformal ~spacer |ayer 532, The
conP or ARgrer §fa Ewpfantingeate as%szurﬁé‘é%rmbém%@mr?ﬁtb &5°P) Rbotergiiyh omeores 13 fE‘b‘P(‘“é)%"rcefé‘

Si | i comhdrésist a16;,coMpleting Ghiegiatell Gt G2y Ni tride. Optionally, lightly doped

sour ce/ dr ai un [ ex 0 to FIG
o her ei n (ahdlp SAcEORE Ryeleth ABRAT AR GBS OhHER rF LT bOGEYs O
stop IhegeeskillgBin tbeoarf Bpmmagletaided rendmg af te pgiedt dissleswat 8@10583@113&%“%0% quredl i nes

5 24. R%‘feﬁfx[ inzﬂgae RSN i iftbibfoeledfnic libV@EEInD eép@cwﬁlp ‘iﬂéﬂluil IBE m bt} QElle’r@ut&fureFrh:@ 9
antation oresi.st .| ayer

eav
580N S48 pERealuer SRR ko ors B P BB o OB R B R g o SEE e Y o
ar eas, amfirable tamanogedsvigriatherdin byth bikven uplrpit F4liGre Bed fprydaimeninfersption sthgsant
i mpl ant at i ORyHAE QeCR FenBtOhas WRCRsdrBR ANbSudchéh SOMECELMH AR hdaBCH iORSHH40 and
t he gat e, dopi | ants 542 i n the peripher

on 5
dopant“WBPm@h@aﬁ@gg§wﬂ%%ﬁ%PmWWﬁP%ﬁfﬁ Yﬁﬂ“ﬁ?8%§§§8§§§t%gPﬁng%d%@%ﬁagnt upon
t he NPNgioof tRRiNRoregbing déstriptioo f Accdrliaglyl @vs integled t\embradeak suck sieualive modifi@ticwr e
p h (Ptj or e:n?d é&atlh@dﬁ[ fa§ %ﬁhm thlé] 'spﬁrthF stc!)pg Bf tQJ 1n<;11§21§d EEBBQY! I';II'QIZQI‘S 'hl%heF {%‘Zﬁqy set Qrtp& 40

processed I nt Integrated circuit.
PCT/ use@m mbelaccor@ﬁré(rng udﬁgmﬁw? t® Ge me'@fefei i angljyglfafiyepng gonéﬁbw S%?ses i rrpl i f i ed
process chart 600 of the present invention which includes: providing wafer
602; depositing bitlines and first photoresist on periphery 604; depositing
wordl i ne-gate |layer and first photoresist on periphery 606; inplanting
wordline-gate | ayer and first photoresist 608; renoving first photoresist
610; form ng wordline and gate 612; depositing spacer |ayer 614; formng 5
spacer 616; inplanting gate and source/drain junctions with second
phot oresi st on core 618; renoving second photoresist 620; conpleting
integrated circuit 622. Various alternative sequences, additions, and
deletions to this process chart would be obvious to those skilled in the
art froma detailed reading of the present disclosure. Various
i npl ementations of the nethod may be used in different electronic devices
and especially the dual bit nmenory cell architecture may 10 be achi eved
according to one or nore aspects of the present invention. In particular,
the invention is applicable to nmenory devices wherein both bits in a dual
bit cell are used for data or information storage. Wile the invention has
been described in conjunction with a specific best node, it is to be
understood that nmany alternatives, nodifications, and variations will be
apparent to those skilled in the art in |ight of the aforegoing
description. Accordingly, it is intended to enbrace all such alternatives,
nodi fications, 15 and variations that fall wthin the spirit and scope of
the included clains. All matters hither-to-fore set forth or



shown in the acconpanying drawings are to be interpreted in an illustrative
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. wherein:

implanting the wordline-gate material (524) with dopant and implanting the gate (530) uses a second
25 type dopant different from the first type dopant.
5. The method of manufacturing an integrated circuit as claimed in claim 1 wherein:
providing the semiconductor substrate (506) provides a substrate having a first type dopant; and
implanting the wordline-gate material (524) with dopant and implanting the gate (530) uses a second
type dopant different from the first type dopant.
30 6. The method of manufacturing an integrated circuit as claimed in claim 1 wherein:
providing the semiconductor substrate (506) provides a substrate having a first type dopant; and
forming the bitlines (518) uses a second type dopant different from the first type dopant.
7. The method of manufacturing an integrated circuit as claimed in claim 1 wherein the charge-
trapping material (510) is composed of:
35 a first dielectric material (512),
a charge-trapping material (514) over the first dielectric material (512), and
a second dielectric material (516) over the charge-trapping material (514).
8. A method of manufacturing an integrated circuit comprising:

providing a silicon substrate (506) having a core region (502) and a periphery region (504);



trapping material (510) is conposed of: 35 a first dielectric materi al
(512), a charge-trapping material (514) over the first dielectric materi al
(512), amaooa/08s3sdnd dielectric material (516) over the clramrgesos/oappi ng
material (514). 8. A nethod of manufacturing an integrated circuit
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i mkanting the mp&gkkﬂﬁ;gate | ayer (524) with dopant in the core region
(502); and [nplantlng_I%e ate (530) with source/drain junctions and gate
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9 The method of manufacturing an integrated circuit as claimed in claim 8 wherein:

20 implanting the wordline-gate layer (524) with dopant in the core region (502); and
implanting the gate (530) with source/drain junctions and gate doping implantation use the same type
dopant.
10. The method of manufacturing an integrated circuit as claimed in claim 8 including

implanting a threshold adjustment dopant implantation (508) in the silicon substrate (506).
25



