| NTEGRATED CI RCU T W TH PROTECTED | MPLANTATI ON PROFI LES AND METHOD FOR THE
FORVATI ON THEREOF TECHNI CAL FI ELD The present invention relates generally
to sem conductor integrated circuit devices 5 and nmethods for the
production thereof, and nore particularly to nethods and devices for
protecting fromthermal degradation. BACKGROUND ART As sem conduct or
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patterns into sem conductor substrates. Increased mniaturization of

sem conduct or devi ces neans that these inplantation patterns have becone
nore vul nerabl e to subsequent heat treatnents in the manufacturing process.
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undue addi ti,onal nnvi nt .of. $rior inp&antatign nate%j | s. Foruexa | e,
when such A&5sAHREGUSHIOThE5YICH, PEEMBRt 975%T difdu Sttt rS%PmSyS‘(‘&%jz PSR the
order @fp f¥hifdt El%)cessteéﬁ@ft&pbédo%ﬂessoéffé&a@e.sem%seﬂﬁyl@,t QrtanpfflerAaeparidie top
and bottom surtfaces are heated nore than those in 25 between, making it

di fipi cigis, eto.)rmeg mplpnted apd/andigfuseshinppasticylaspatteens inkersemigoagduear atbstratey.. Such
2O 85 IERRAOI b TR G o o
devel oppRnbe@bicombse inahBlettbisaBldgyetrasnbbamenedn andrahnefaceady @odays. menory
" EEPRCS]1\1A(':I“)1 hgzgvtire%gnéne’}cg,h\arf]k%lclg% tex? %\)/Heoxzr %g:olégei%p?ar;ltaitiggsr,ergg)if (r:]agusg begce%gi(\)fg rfgrmrng 1
diffusion of the implantation materials. This will unfavorably affect their distribution,
15  harming desired physical features such as retrograde wells or very sharp channel implantation
profiles. This can lead to various problems such as fluctuations in threshold voltage,
increases in junction capacitance, deterioration of carrier mobility on the surface of a
substrate, and so forth, causing degraded operational performance.
Various technologies are known for controlling implantations and subsequent heat
20 diffusions, but they typically involve multiple mask, implantation, and heat steps. These
must be coordinated so that subsequent heat steps do not harm earlier implantation profiles by
causing undue additional movement of prior implantation materials. For example, when such
a subsequent heat treatment is conducted rapidly (e.g., on the order of minutes), the portions
of the semiconductor wafer nearer the top and bottom surfaces are heated more than those in
25  between, making it difficult to maintain implantation profiles that were created earlier. Such
problems are increasingly difficult to manage as circuit features on the semiconductor
become increasingly smaller.

For example, product development efforts in electrically erasable programmable read

only memory (“EEPROM?) device technology have focused on increasing the programming




speed, | owering programm ng and readi ng vol tages, increasing data retention
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integrated Circuit 1S accidenta ost."Atypic use of such a soft
error neceded to make the ONO structures. Th1s high heat can cause undesirable distortion of prior

structures already formed on the semiconductor substrate die, such as channel and well

implantation profiles. In this regard, it should be noted that channel and well implantations

into the underlying substrate are ordinarily done before formation of other layers on top of

25  the substrate, such as the ONO layer. However, as indicated, the ONO formation is a high-

temperature process that unfortunately can considerably change the profiles of such prior
channel and well implantations.

Such well implantation profiles provide important operational benefits. One example

relates to exposure to radiation, which can cause a memory cell to lose its data. For example,

30 in a memory-type integrated circuit, a so-called “soft error” may arise in which information

that is stored in the integrated circuit is accidentally lost. A typical cause of such a soft error

is radiation (e.g., cosmic rays; x-rays; alpha, beta, and/or gamma radiation) passing through

the circuit. One means for solving this problem is to use an implantation profile such as a




is radiation (e.g., cosmc rays; x-rays; alpha, beta, and/or gamma

radi ati on) passing through the circuit. One neans for solving this problem
is to use an inplantation profile such as a 2 retrograde well. A
retrograde well consists of a doped region with a dopant concentration
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implanting high-energy dopants to the desired depth so that high temperature diffusion is not
20  necessary. Retrograde wells require less space between the edges of the well and device
active areas than the space required by diffusion wells. Retrograde wells are therefore
desirable for high-density applications.
In certain applications, it makes sense to use both well types (conventional and
retrograde) on a single integrated circuit. For example, in flash memory applications, which
25  contain a low voltage peripheral circuit portion and a high voltage circuit portion, it is
desirable to have the low voltage peripheral circuit portion formed in retrograde wells and the
high voltage circuit portion formed in conventional diffusion wells.
In all such cases, unfortunately, subsequent high-temperature operations (such as
ONO formation) can lead to distortion of these well configurations and profiles. This is
30 especially true when high-temperature treatments are conducted, since this can cause further

diffusion (spreading) of the dopants beyond the boundaries where they are supposed to

remain.




In all such cases, unfortunately, subsequent high-tenperature operations
(such as ONO formation) can lead to distortion of these well
configurations and profiles. This is 30 especially true when

hi gh-tenperature treatnents are conducted, since this can cause further
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from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. | is a cross-sectional view of a portion of a silicon wafer in the first stages of
20  processing to fabricate an integrated circuit device;
FIG. 2 is the structure of FIG. 1 following etching of the layers and formation of
trenches on the semiconductor substrate;
FIG. 3 is the structure of FIG, 2 after filling the trenches with a trench fill;
FIG. 4 is the structure of FIG. 3 following removal of the nitride hardmask, formation
25  of an array area photoresist mask, and well and threshold implantation in the periphery area;
FIG. 5 is the structure of FIG. 4 following removal of the array area photoresist mask,
formation of a periphery area photoresist mask, and well and threshold implantation in the
array area;
FIG. 6 is the structure of FIG. 5 following removal of the periphery area photoresist

30  mask, and showing channel implantation in the array and periphery areas;




FIG 4 is the structure of FIG 3 following renoval of the nitride
hardmask, formation 25 of an array area photoresist mask, and well and
threshold inplantation in the periphery area; FIG 5 is the structure of
FIG 4 follow ng renoval of the array area photoresist nmask, formation of a

periphery arga. ph@twﬁﬁjcaire GRFHG. andtenEbimatiod of hiaeshieledtricmdasinaiol @htel n t he
array area; FIG is the structure of FIG 5 follow ng renoval of the
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t he profllegl of the varioys dis l[lete str res .that are. forned thereon.
As circuits BRACE raressinge at Yrekhgeiednel ‘?}S <PHHPT &f matiad RPhelorestsh

need b (iR gl REHERR, %Xioﬁﬁl'eﬁﬂ Ce%hmgoaean%@%%r delndval Of tR PRGEISATY Of
desirable to fabticate bot pe and p-type devices on a single
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p-type substrate Inside the n-well, for exanple could be a p-type source
and dr déaturesn become ever smaller and smallel this need becomes increasingly critical. For
example, it is often necessary or desirable to fabricate both n-type and p-type devices on a
single substrate. In order to fabricate both types of devices in a single substrate, typically a
20 large area of a substrate of one type is doped to the other type in a large well. An example
would be an n-well (a well formed of n-type material) in an integrated circuit being fabricated
on a p-type substrate. Inside the n-well, for example could be a p-type source and drain on
either side of a gate stack. The gate stack could be formed of a gate dielectric, a gate
clectrode, and an insulating cap. Together, the gate stack and the source and drain then form
25 a p-type field-effect transistor. Field oxide regions would isolate the transistor from other
devices on the substrate. Preservation of these implantation profiles is therefore clearly
necessary.
Many integrated circuits rely on an oxide-nitride-oxide (“ONO”) layer formation.
ONO formation is a high-temperature process that can change prior implantation impurity

30 profiles significantly. The present invention teaches a method for protecting such

implantation profiles from thermal degradation during ONO layer formation.




either side of a gate stack. The gate stack could be forned of a gate
dielectric, a gate electrode, and an insulating cap. Together, the gate
stack and the source and drain then form25 a p-type field-effect
transistor. Field oxide regions would isolate the transistor from other
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in an array area 112 and a periphery area, 114. Referring now to FIG 2,
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trench i sol Refeprind A&T kS FIG. 2, therein is shown the structure of FIG. 1 following etching of

the nitride hardmask 108, the layer of polysilicon 106, the ONO dielectric layer 104, and the
20 semiconductor substrate 102. The etching has formed shallow trench isolation (*STI”)
trenches 200.

Referring now to FIG. 3, therein is shown the structure of FIG. 2 after the STI
trenches 200 have been filled with a trench fill 300, such as an oxide deposit (e.g., high-
density plasma or Os-tetraethylorthosilicate (“TEOS”), thermal TEOS). The trench fill 300

25  has been polished, such as by chemical-mechanical planarization (“CMP”), to get a flat
surface. Then, the usual dilute hydrofluoric acid (“DHF”) dip has been used to form divots or
small gaps 302 resulting from accumulation of DHF at the edge of the hydrophobic silicon.

Referring now to FIG. 4, therein is shown the structure of FIG. 3 following removal
of the nitride hardmask 108. In addition, an array area photoresist mask 400 has been

30 patterned and formed over the array area 112, and the polysilicon 106 in the periphery arca
114, not protected by the array area photoresist mask 400, has been removed by etching.
Similarly, the ONO dielectric layer 104 in the periphery area 114 has been removed by a wet

etch. The arrows 402 indicate well and threshold implantation that are then performed in the

6




trenches 200. Referring nowto FIG 3, therein is shown the structure of
FIG 2 after the STI trenches 200 have been filled with a trench fill 300,
such as an oxi de deposit (e.g., high- density plasm or
O03-tetraethylorthosilicate ("TEGQS'), thermal TEGCS). The trench fill 300 25
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of DHF & étgge@ﬁolﬁ glletthlgg@{ﬂﬁg) {'&9 I rx%gtlofn%ﬁll% h&FRLELIAY now to FIG 4,

t herei i ure o owm ng fenoval of the n|tr|de

har dmask 1oﬁefefrmgaﬁkd.ﬂt¢ ONG. snhatinay showa thndmhm&smﬁﬂ@n@%ﬂkﬁ%@am@%n 30
patterned and fornmed over the array area 112, and BI licon 106 in
t hes pepi Preeatipyaaren Phaigresishmagk 69%@?@&0%93%0!1@% PP S%%{%W ploFetyt Maskask

400, h r 104
"ot he oo PaE SRS REE B in o Bl iy arca (T4 RO BLARIET 102

i ndi catvellvakl thmﬁotdhrmgslbﬁbﬂlon mpltlaenaaay arcat hEt samiéartthethe peelt andetrasiold he 6
peri phery area 114, whi is n otec d t he area,_phot re i st
mask 40001 aﬁ*ﬁ%‘)‘F%"r t%P‘?ﬂﬁ £ %‘ﬁ% “Sgﬁféh% égg%‘&‘f’ﬁgﬁaﬁg‘pﬂaﬁ ocess
flow Shﬁpsglioi;]dghﬂ"arﬂﬁk ] ﬂlﬁst\“ﬁéd b ﬁff&dmtoWseﬁﬂcﬂmgs ﬁﬂﬂnk‘%ﬁﬁﬁ@aﬂb%ﬁéﬂs"’éd}%ﬁ and

correspon thermal cycles. Referring nowto FIG 5, therein is shown the
st nact treeOWO ditleetri¢ i [16hibaging @iffiwsidn thst sfunaffected batheddWO dhlstisicdgyest nmask
400 ang()% ormati on of a periphery area photoresist mask 500 over the
various“inpl anted |l ayers in the periphery area 114. The arrows 502

i Ilustrate RuRlbknARck tHTESHE)! EeleiPisafbahiROshtdBOf FIGAY fAl@Aing kémsidn | ar
to the well and t!’hreshold i mplantation for the peri phery area 114

i 11 ust phthecbebipheryeres plmwgwm@tzm@ﬁﬂ §)0.4Yhe prieweue0) ildustrate dhamrdh omgtlantation
i npl an ion illustrated b arro 502 t hu r.egi ons
beneat f%hz‘t%'b‘3 R ”E‘fi% foéﬁvg%t‘f&rl'}a %ﬁ?%rm% lﬁgvairer?gﬁgl fiu5| f%‘mﬂt g’;%%éé?%a fected

by 1§ he apMNe)hglitel ectric | ayer 104. Referring now to FIG 6, therein is shown
the structure of FIG 5 follow ng renoval of the gerlphery area
phot or esi st Rﬁ’é@l@%t}@w O af-rtbeigingo ohe Wi st schire f E ‘ifFﬁ‘ilfaWﬁ%’copoﬁn t hat
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shown &I{bepe&ﬁphet@taﬂézel of ad:illﬁstrﬁe(‘af Aﬁrlntfaﬂﬁymtdii@mtri(f O‘IILD”) layer 704 (e.g., a poly
gap fill) has then been formed over the various layers on the semiconductor substrate 102.
20  Electrical contacts 706 in the array area 112 and electrical contacts 708 in the periphery area
114 are also shown, formed in conventional manner through the ILD layer 704 to connect to
the various devices therebeneath, such as to the polysilicon 106 and to the control gate layer

702. |

In a typical process (not shown) for forming these electrical contacts, suitable etch
25  stop, dielectric, and photoresist layers are formed in conventional fashion over the
semiconductor substrate 102 and the various layers thereon.  The photoresist is
photolithographically processed to form a pattern of contact openings. An anisotropic etch is
used to form contact openings in the ILD layer 704. The contact openings for the electrical
contacts 706 and 708 stop at the polysilicon 106 and the control gate layer 702, respectively.
30 The photoresist is then stripped and a conductive material, such as tungsten, is deposited over
the ILD layer 704 and fills the contact openings to form so-called "self-aligned” conductive

contacts. The substrate is then subjected to a CMP process, which removes the conductive




exanple, of a gate dielectric layer 700 and a control gate |layer 702, as
appropriate, such as in the periphery area 114 as illustrated. An
interlayer dielectric ("ILD") layer 704 (e.g., a poly gap fill) has then
been fornmed over the various |ayers on the sem conductor substrate 102. 20
El ect r iygadriaf haghs 110 Gayien 704 &oRiplctidig 26 @datibh D aince R el Kidhals teositagts 708
in the periphery area 114 are also shown, formed in conventional manner

t hr ougkonthgss 7T@Eanda}@y asabusttadedeonnect to the various devices therebeneath,
such as to th | vsi | - C r te | Mo In a
typi cal pr o%:{(ggeé]}? 1? é?wstﬁg}g\}%'jgggl}&%]grlénglﬁ%‘p?ﬁegge (%rét% ?iacgﬁca%gnﬂohétp(ﬁ?aggi tabl e
etch 2bpsh@fon grdliectivinctheand ddeidati@sdsting @D dayr dofmedtivad The method
conventional fashion over the sem conductor substrate 102 and the vari ous

| ayér s SPR&ravsnuiamiEing st igreegted Tt syHeuE Nt aseefd apsi WAl by srsseies¥ediopo form
a patt taet ki . i I G o i : ont act
peni ng o g s R e P PR e o

cont acbgidéQbtridadxkiR8disteopicataytthabgvol ths iskincmnddA6r ardtrbter acdnt step 39ate | ayer

702, respectively. 30 The photoresist is then. strippe nd conduct i ve
I fer ] Shiag e ioad opd HERAGATon i Je! hstpreh o e PR P Subs PSRy T | o

the CO%&%d@Hﬁ%éﬂgﬁdé Qieiée{rm1§%kr%§$§e§&ie1{%%@Mefaxlrﬁ%%@ﬂere&ﬂducti ve contacts.

The substrate i's then subjected to a CMP process, which renoves the

conduct i ve hv gredtar dethilabomentthautind rethed t70grotecb mpbleniatign fefriesi Bemof t he
contacts, such the ele ical  contacts 706.and.708,as.i| | ustrated.

et er r FGmRbT G Ep R ane PG S8rerE WRieE e tn S EIREPEd B oS hod o
protecting i mphaRhAtdRbcRY Afushas 152 anauibs Fépdenidas DND didldcad IND | ayer
formation. The nmethod 5 800 for manufacturing an integrated circuit

structure in ad¥os demeed thiretn.t Ree ayesdmolysiicent i06mni fd nitiels prdpesy 1962 of

Pt oy o S TR LR BN Aieerflp R, 12 o8 A OLIM AR B m iRl AT

. . . e.1grme
oxi de-nitri de-B%i'dé&" ric €r "above the’sem con or su rate; and

a gtep 806 of pdierisingdabrheRst thengralynpéant Abhdmhd piriphaty dreadti4 aver gieea of
t he sem conductor substrate beneath the oxide-nitride-oxide dielectric
| ayer subsequetitridediardiaskdOfafi6h i hereof . 10 In greater detail, a

ferutactu 58 TR R RBERLCF, DL ALAARLRCH] (4 ShlORD blei @,
1. The sem contMchnd tieuesiicatiectdOibissats UDE abd ytchpedepahe dreandott greteANO by
dielectric | aye L e L?(r m)dtotffggtl;%?enSTirgeenclhgg 350.0%11(? gcln%sci)slitiecrgerl]sklloi% and
the nitride halP@ifaEROS tpaMas p
20 is then removed. (FIG. 2)
3. The STI trenches 200 are filled with the trench fill 300 and the trench fill 300
receives a CMP polish to get a flat surface. (FIG. 3)
4. The nitride hardmask 108 is removed and the array area photoresist mask 400 ts
formed over the several layers in the array area 112, The polysilicon in the
25 periphery area 114 is removed by etching, and the ONO dielectric in the periphery
area 114 is removed by a wet etch. The periphery area 114 then receives well and
threshold implantation, as illustrated by the arrows 402. (FIG. 4)
5. The array area photoresist mask 400 is then removed and the periphery area
photoresist mask 500 is formed over the vartous layers in the periphery area 114,

30 The array area 112 then receives well and threshold implantation, as illustrated by

the arrows 502. (FIG. 5)




are formed over the ONO dielectric layer 104, and the conposite mask 110 is
15 patterned and fornmed in the array area 112 and the periphery area 114
over the nitride hardmask 108. (FIG 1) 2. The nitride hardmask 108, the

| ayer of polysilicon 106, the ONO dielectric layer 104, and the

sem conduct gr ’ﬁiébgkfiﬁﬁ&y 1@aabRo®lcRednbsk 1310 a¢ emsn NRINREOL 8&t edhaliyel t he
conposite mask 110 to formthe STI trenches 200. The conposite mask 110 20
i s then renovdthplanmtions,2ilugtratehdyShe arreerschds grodorped p3 apRIgriiptenin the
trench fill 300 .and the tr h fill . Y polish to get a
flat surface. V(af—lfm(l;s\ re§50% f)v%ﬁge A lrc?lﬁ(%goérsgﬁsglghe @%8?Ffsa(r%grmved and the array
area phot or gsi'Ble pmeklidl@8ricslaytoroednovie dohgrob euer Aled aYErase ifermidde a3r r ay
area 112. The polysilicon in the 25 periphery area 114 is renoved by
etching, and tapercoRasedi ditectlP clayer ¢H lbefgfrﬁ oy et vaHaus syesmedelichy a
wet etch. The : 14,-t Y, ar - :

i npl ant ati on, Sggﬁ(:'quﬁést%{l} g‘%bggmjbeyfqzhleaﬁgrﬂgeggmlg&ﬁg%%?IHCt ; ﬂ%)luogﬁg %2& g(glfl%} ar ea
phot or esi st nasktadB0706sant Ve8, aerfored! hindighhkee Jdd ilple 794 ar tha vaphot antesi st
mask 500 is forned fver the various layers ip the per| qer rea 11é; 30
The array ar e cloEity HLeiVERiqnal Makis TH5RES Hof PO iht 406 e e

Illustrated byel?(ﬁlaﬁs B 1h8 WBn A atd ﬁg(gjﬁ“ 72 Bhebfinal RRuRE! iPBRhofpBAed with

phot oresi st mask 500 1s then renov and channel 1 nplantations,

i | hlastrated byconhentmnaldivesiGgsteps @of shromed IdGapgpropriate in the various
regions over the sem conductor, substrate 102, (FIG 6 . The gate.

i ol ectric R PeSDB GRa EhbaC bR PROP AT aTPa el yosol ediraigy PHecina
appr opLhRLS - thddeis! thd dRPeforfiddond DribPhiRE QMREalt RGHIMALIAYS Agwersulenthkhe
sem conductor substrate 102, and the el ectrical contacts, including the
el ect riimplantationt st S107 0xpasdl 708the ahighftenperatutdh rQNGh prasess| k@l | hyerfonos t o

the various. active ircujt, e 1 1n _convent.i l. nner h,as to
t he poI“?Btémaﬁ% r%%lsgjﬁae#%tﬂ?%@ﬁr@?igﬁ%mcga A aﬁlengc(gﬁasrl%'f gaia{seu11a3i§§tg d %52. The
fingl shdosiogRlcgicibRN. aomp) Bt pebftkd 6F thd dnplRAMETHY @8abt AlkdibdEbi dgn&dedps
(not shown). (FIG 7) It has been discovered that the present invention has
nuner oy thelighttggwstatypg RO ppcess.  The invention thus provides for both well-formed
retrograde wells and sharp channel profiles. In addition, it can reduce the narrow width effect
by retaining more channel impurity in the channel region.
While the invention has been described in conjunction with a specific best mode, it is
20 to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spirit and
scope of the included claims. All matters hither-to-fore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.

25




anong these is the ONO formation prior to the several inplantations. As a
result, the inplantations are not exposed to the hi gh-tenperature ONO
process and thus form inplantation regions beneath the ONO dielectric
| ayer having diffusion that is unaffected by 15 the ONO di el ectric |ayer.

Thus, the profil of the inplantations are not altered or damaged by the
hi gh-tgﬁgeﬁ‘é‘(ﬁwﬁ%[p}%@%bg@' The i nvention thus provides for both

wel | -formed retrograde wells and sharp channel profiles. In addition, it

can reduce the narrow width effect by retaining nore channel inpurity in

the channel region. While the invention has been described in, conjunction
with a specilfic bagrethastier mapufagturipg ap intperalge GEFEE SHFTERatOMRRIFNE:

alternati Ve?)F'O\H&q.k%isgl?lF(jogﬂl?CtOIasj{'lgf]tYEﬁé'i ations will be apparent to those
inlig of t

skilled in e ar e af oregoi ng description. Accordingly, it
i s pnt ended fdning ahovRide-nittide-outle ddleerioblyevesthe sadicbhdatdronbstraag)d
variations which fall within the spirit and  k scope.qf the included clains.
Al matters f%‘i@‘ﬁ%ﬁ%y@f \fl)\%ﬁ"g)f@é‘for‘f‘aﬂe‘ﬁ Oﬁ@te"é’i‘ﬁﬁ‘d?)"roxgﬁdv\%e‘ftﬂc &> acconpanyi ng
draw ngs ar iF 1avBr ADthk hd s hf i NBcrd non-limting sense.
25 9 THE IN@%%@P%%“%{_}%?FAI/%%&% : a}’. A trret ﬁ}gd f%;ryrra%uf acturing an integrated
circuit strpettemeg a@dipmiisg agomppsitunaikg the séndclomdimeskor substrate; 5
form ng an oxide-nitri.de-oxid ielectric,layer.on.t sem caonduct or
Subst rat ot SIGHTH g TS pERGR. ey O PREGHeh S G R FRaer S e

di ghectric |ayer;adk@htbAduchoriubditateioltans SRIkw PR ilatidngrdnaly@l of
polysilicon; patterning and formng a conposite mask on the nitride

har dmask; etfdhigmtphetshalaw trencdsdlatiamtgesiches wiflern otidpaty §1l1 i con,

oxide-nitri de-npgi dﬁ1 di e(* ectrd £ | ayer, 10 and sem conductor substrate to
f or m shal | WO P& He & eaﬁapélﬂ ‘trenches; filling the shallow trench

i sol ation treaeRas tw diftic@mahate; gap fill; polishing the oxide gap fill;
renmovi ng the nitride hardmask; covering an array area over the

seni conduct GeveitEstyaray aga dven thsremitoadiaer whslkite with aphwiyesy mask:

oLy L con a0 00 SRR I G CR AL SE i A BRI N o2,
performing well and threshold implantation over the periphery area into the
semiconductor substrate;
covering the periphery area over the semiconductor substrate with a photoresist mask;
and
20 performing well and threshold implantation over the array area above the

semiconductor substrate into the semiconductor substrate beneath the oxide-

nitride-oxide dielectric layer.

2. The method of claim 1 further comprising forming a channel implantation

over the array area and the periphery area into the semiconductor substrate therebeneath.

25 3. The method of claim 2 further comprising:
forming a gate dielectric layer over at least portions of the periphery area;
forming at least one control gate layer over at least portions of the gate dielectric
layer; and
forming an interlayer dielectric layer over at least portions of the array area and the

30 periphery area.

10




sem conductor substrate; covering the periphery area over the sem conductor
substrate with a photoresist mask; and 20 performng well and threshold

i npl antation over the array area above the sem conductor substrate into

t he sem conductor substrate beneath the oxide- nitride-oxide dielectric

| ayer. 2. The nethod of claim21 further conprising form ng a channel
inplantation over the array area and the periphery area into the

seni conductor sulpsé nadteod BERRANE FuRther2BordprisThe fovaiihg dit déascloak raldtifical t her
conprising: formng ate dielectric layer over at |east portions of the
per i ph@crryacaltlaraugff &enﬂtﬁga}e&r dicdegdric byyar kowtlpat og%p@ﬂpwéﬂht‘o%atw £atE dayst
portlo t he t _ I
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per4 pheay Oﬁé@@rtioh(bﬂhe pdigsilienhbeteodneathai m 3 further conprising forning at

| east one electrical contact through the interlayer dielectric layer to at
| east one portion of the control gate |ayer therebeneath, and at | east one
el ectrical contact through the interlayer dielectric layer to at 5 |east
one portion of the polysilicon therebeneath. 10 15 11
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