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| SOLATI ON BACKGROUND OF THE | NVENTI ON 1.

Technical Field The invention relates generally to nenory cells,
and nore specifically, to sem conductor] non-volatile nmenory devices. 2.
Background Art In non-vol atile nmenory devices, the placenents of

the f1oating pol ysiteaear Fheak] Ak SaAp 389 S EBIEORTRG AT

critical for the proper opera y at1' e storag r ansi stor
device. That is, the floating gate is rqgOUAHION overlap an isolation
structure of the cell, and the control gate nust align with the floating
gate to ensure the proper formation of the device.

BACKGROUND OF THE INVENTION
1. Technical Field

The invention relates generally to memory cells, and more specifically, to

semiconductor non-volatile memory devices.
2. Background Art

In non-volatile memory devices, the placements of the floating polysilicon (floating
gate) and control gate of a cell are critical for the proper operability of a non-volatile
storage transistor device. That is, the floating gate is required to overlap an isolation
strucf.ure of the cell, and the control gate must align with the floating gate to ensure the

proper formation of the device.

As feature sizes are reduced to sub-micrometer dimensions to achieve higher
packing densities of devices, several probiems emerge. First, large steps in the
control gate can cause processing problems. Typically, the control gate polysilicon is
depositing on a non-p}anaf area, and thus will go up and over the floating gate, creating a
large step for the control gaté. Hence, during subsequent processing, the step in the control
gate may become sufficiently steep to either allow the formation of a spacer or cause

breaks in the silicide, ultimately degrading the memory cell.



"As feature sizes are reduced to sub-m croneter dinensions to achieve higher
packi ng densities of devices, several problens energe. First, large
steps in the control gate can cause processing problens. Typically, the
control gate polysilicon is depositing on a non-planar area, and thus wll
go up and over the floating gate, creating a |arge step for the control
gate. Hence, during subsequent processing, the step in the control gate may
become sufficiently steep to either allow the formati on of a spacer or

cause breaks in thegsili.c mat el rad t he .ne

> Second, |t RECURp R Tspliel TR Gt RECRRAPHD Sobnf e By e lse: Shis the
smal | er. Thus, difﬂ?erﬁ'hf:lfgﬁfs%"ﬁli&?érﬂIﬁiaﬁlr&fgegérfi{eear bepdid ﬁ?okgﬁnerate a depth
of field problem Finally, a problem known as "bird s beak"
probl em occurs where the |soI ation structure tapers to the substrate in the
source and drain re s. h a taper results in _an electrical

smal l er than the ma Gisknown as the “biyd's P%al‘e\PF?fgﬁ@qcﬁ‘éfts wheee 'g‘?&ﬂoll.?éioén

of different heights etgﬂ#é Q%@Elﬁ)%ﬁﬁléié] e@&go%% &r%YrFlre lon@! ng? %té)elsltegrﬂ% in an

prevent efficient us ance ography proces es an rocesses

to generate hi ghctpiagkiwitth stealtdr tha@shOmhadediefsSon a substrate, since the
depth of field reduces with the smaller dinensions that are needed for

scal i ng.
It is evident that the profusion of different heights during processing and the

several alignment steps prevent efficient use of advanced lithography processes and other
processes to generate high packing densities of devices on a substrate, since the depth of

field reduces with the smaller dimensions that are needed for scaling.

Solutions to some of these problems are found in the following U.S. Patents: U.S.
Pat. No. 5,559,048, “Method of Making a Double Layered Floating Gate EPROM With
Trench Isolation”, issped September 1996 to Inoue; U.S. Pat. No. 5,173,436, “Method of
- Manufacturing an EEPROM With Trench-Isolated Bitlines™, issued December 1992 to
Gill et al.; and U.S. Pat. No. 5,091,326, “EPROM Element Employing Self-Aligning
Process™, issued February. 1992 to Haskell. These patents disclose self-alignment methods
to ehmmate some of the problems with the floating gate alignment.

: Altheugh the aforementioned patents use self-alignment techniques, some of the
techniques have complex processing, and cell size still may not be reduced. Furthermore,
in some cases, the control gate still develops a step, affecting the quality of the cell.



Solutions to sone of these problens are found in the followng U S
Patents: U S. Pat. No. 5,559,048, "Method of Mking a Double Layered
Floating Gate EPROM Wth Trench Isol ation", issued Septenber 1996 to | noue;
U S Pat. No. 5,173,436, "Method of Manyfacturing an EEPROM Wth
Trench-1sol ated Bitlines", issued Decenber 1992 to Gl etal.; and U.S.

Pat. No. 5,091, 326, "EPROM El e ' -Al.lLgning Process", issued
February. 1992 to Haskell. Theggﬁmmgwgﬁi%%?{é i gnment met hods to
elimnate some of the problenms with the floating gate alignnent.

Al t hough the aforenentioned patents use self-alignnent techniques, sone of
t he techni ques havelteotiph ex agvances of thy preaerd imeintios ko prosidelal methyd fotpldnenzing
reduced. Further e,.in so cases, the caqontrol gate still devel ops a
step, affecti n@l&&-ﬂ)@gm&@g@patmg@a%p the isolation through which the cell size 1s reduced.

SUMVARY OF THE | NVENTI ON It is thus an advantage of the present
I nvention to provide a nethod for planarizing and self-aligning the

floating gate to thp iisaltiet 8dvahiagouOhe ke idRatisetd proiide airfethQUIHE lf-
It is a further advantage of the present invention to provide a nethod for
sel f - aligning the control gate to the floating gate without creating a step in the control gate.

The advantages of the invention are realized by a method for forming floating gate
regions in non-volatile memory cells each having a floating gate and a control gate. First,
a plurality of isolation structures in a substrate extending above and below a surface of the
substrate is formed. A nitride layer thickness determines the extension of the isolation
structures above the surface of the single crystal silicon. Second, a floating gate layer on
the substrate over and between at least a portion of the isolation structures is formed.
Finally, the floating gate layer is planarized down to the isolation structures for forming a
plurality of the floating gate regions isolated by the isolation structures. The planarization

of the floating gate layer to the isolation structures also allows a planar control gate.

The foregoing and other advantages and features of the invention will be apparent
 from the .following more particular description of preferred embodiments of the invention,
- as illustrated in the accompanying drawings.



~aligning the control gate to the floating gate without creating a step in
the control gate. The advantages of the invention are realized by
a method for formng floating gate regions in non-volatile nenory cells
each having a floating gate and a contrél gate. First, a plurality of
isolation structures in a substrate extendi ng above and bel ow a surface of

the substrate is forned. A @%I'EW{«:E@@PT?BNCAS f quhgrwf;nqefsthe ext ensi on

of the isolation structures ove € Surface o e single crystal
silicon. Second, a floating gate |ayer on the substrate over and between at
| east a portion of the isolation structures is fornmed. Finally, the
floating gate |ayer Ihapisfensd excreplantembodionantseofi theo pres¢rs Anventioe Wil berefngfter be

formng a pluralit f the floatin ate .regions isol at.ed .the isplation
Seructaros TharsprbetibcbdBneiet il e IRt s Vit Shefi Bighllons3Rapeof
structures al sge@bhtowmda pl anar control gate. The foregoing and

ot her advant ages and features of the invention will be apparent fromthe
foll owing nore particul ar description of preferred enbodi nents of the

i tion, il ted in th [ d ' : .
g oo 28 1T USHI GRS eritmp e o RO LR RSP RNSe0rdance with o pferred
preferred exenglaly SaRad {@_@ . sent invention wll hereinafter
be descri bed in%lljnconj Encti 0 V\%e?’h&tfvﬁﬁe&gb%{eﬁded drawi ngs, where |ike
desi gnati ons denote |ike

FIGS. 2, 3, 4, 5, 6 and 7 are cross-sectional views showing a fabrication sequence

of FIG. 1 in accordance with a preferred embodiment of the present invention.



‘el enents, and: FIG | is a sinplified diagramof a nmenory cell in
accordance with a preferred enbodi nent of the present invention; and

FIGS. 2, 3, 4, 5 6 and 7 are cross-sectional views showing a fabrication
sequence of FIG | in accordance with aspreferred enmbodi ment of the present
I nventi on.
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accordance with the present invention. In this structure, isolation
structures 20, (e.g., shallow trench isolation or STI), are formed using an
i sol ati on materi al , Reteshngi® 1d%i detherEheshoxindm highlveceplsfed forrece ssedobtilade or

ROX), because a porti f the oxide 20 is recessed into. the substrate 22.
Regi ons bet vveeﬁ’eg"r?@' ?"g&d;’tni a&ﬁorgfricﬁ&lﬁlr‘g%mféenéﬂré"c%%r MW“?WF& gsolation
tunnel I i ng oxi ' T 0aLl Ng. 2 | :

fornmed of polysi ({t%ljg%,h@’gg%tgéEgalyrvbﬁ%dtcﬁgb%ﬁ?f%?%)gm(%x@gg@%ﬁn% %ﬁgﬁgwi n
accordance W t matdnl,isostesd oxade. TiR axidariafecesgel Bedddsddexides@l RROOKYbesiuss atpdrtes

20. This planarization my be done by a chem cal / mechani cal _ pol i shi ng
oper ation, but of e /side20ns resepsediniq i subshratep) Za idggionst tebveaa tho iselatine structures =

Inter-poly di eb@ gfi}ercio(\:féreg rb? ];%i%%%emng%rﬁdg)ﬂh%eﬁ. The floating gates 26, which are
preferably formed of polysilicon, extend from the tunnelling oxide film 24 and, in
accordance with the invention, is planarized with the isolation structures 20. This
planarization may be done by a chemical/mechanical polishing operation, but is not
limited to such. The planarization allows the inter-poly dielectric, preferably of an oxide-
nitride-oxide (ONO) composition and construction 28, 30 and 32 respectively, and the
control gate 34 to be formed on a planar surface without being compromised by surface
topology. In this invention, problems of lithographic exposure focus are generally
eliminated, and the memory cell is scalable to a smaller design (appréximately 30%-40%

smaller) than the conventional memory cells.

Referring now to FIGS. 2-7, fabrication of a preferred embodiment of the present
. invention will be discussed. As seen in FIG. 2, a pad oxide 23 of approximately 10-40
Angstroms thickness is grown over the silicon substrate 22. A nitride layer 52 is then
deposited over the pad oxide 23. The nitride layer, as will be seen in subsequent figures, is
important to the development of the isolation _sn'ucuires, mainly because the thickness of
the nitride layer determines the extension of the isolation structures. An approximate |
thickness of the nitride layer may range between approximately 1000-2500 Angstroms. A



‘nitride-oxide (ONO conposition and construction 28, 30 and 32
respectively, and the control gate 34 to be fornmed on a planar surface

wi t hout bei ng conprom sed by surface topology. In this invention, problens
of |ithographic exposure focus are generally elimnated, and the nenory
cell is scalable to a smaller design (approximtely 30% 40% smal | er) than

t he conventi onal. nmor ells. Referring nowto FIGS, 2-7, . .
fabrication of ¥ s ngetﬁﬁtsa@lrféh“ﬁna%avfc{@n Bleduieic. wdiFaiing shets Lg? isgiation
di scussed. As i&x‘%@r&fb@l@mt@d. a pad oxide 23 of approxi mately 1040
Angstrons thickness Is grown over the silicon substrate 22. A nitride |ayer

52 is then deposited over the pad oxide 23. The nitride |layer, as wll be

seen in subsequent figures, is:inportant to the devel opnment of the
i sol ati on struct ur eBeferrgoy oddgudcantipdation RGBS Isgrreaterkby ptehingd Sladyanch

det erm nes t he, ext i on. of, the,isol ation ruct ur es. oxi,npt e,
t hi ckness of t ouﬁ’ﬁt ‘?‘a‘g‘“féé%“f %%’a@e P %*éd"bﬁ %%W%I%g]ﬁr%g%?g?y TT%C?-“ESW
Angstroms. A etching 45 is shown, it will be aF%reciat_ed that a plurality of such ®ench8$ma} bé2 or

masking material iS then placed on e nitride, indicating where the
i sol ation ar easnplogedan dsinglesanednductor substrateResf shrawmip FiGw 1t eackldglin@tingra

i solation structure is created_ by etching 45 a trepch through the nitride
| ayer 52, the Sp*%ae%&mg@hﬁgar&ﬁaf 7 fievca P.f_éleg@agh e bijed w*flqa@q%ﬂ%?tgpndﬁ%tenah
etching 45 is s?x@ﬂ\ﬁ@ Pxi'dE gﬁ\ﬂ hian?ﬁzeal?f{h%%tﬁhgﬁgg 33 toafoﬂhléﬁ%dlét:i/onogtru%H.ﬁQZO, as
trenches may be enployed oh a single sem conductor substrate, as shown In
FIG 1, each ddbivndalii@gs.aAs aforementioned, the thickness of the isolation structure 20 is
dependent upon the thickness of the nitride layer 52 and the etched depth into the silicon.
The hardness and resistance of the nitride layer 52 to a chemical/mechanical polishing
process allows the planarization of the isolation structure to be self-limiting. Depositing
the nitride layer first, then filling the shallow trench regions with deposited oxide and
planarizing the isolation structure, as disclosed in this invention, eliminates the formation

of a bird’s beak and its associated problems as aforementioned. The nitride 52 and pad
oxide 23 are then stripped by using industry standard techniques.

A thin tunneling oxide 24 is then grown as seen in FIG. 5, the tunneling oxide

~ thickness ranging between approximately 50-150 Aﬁgstroms. Then, a first polysilicon
layer 26 is deposited as a blanket layer over the appropriate areas. The thickness of the
first polysilicon layer 26 ranges between approximately 300-1200 Angstroms thick. As
seen in FIG. 6, the first polysilicon layer 26 is then planarized to the surface of the
1solation structure 20, resulting in the floating gate structure and a planar surface. Thus,
this planarization self-aligns the floating gate structure 26 with the isolation structures.
The height of the protrusion of the isolation structures redefines the thickness thereof in



‘subsequent active area of a device. The trench is then filled with an
i-solation material, such as oxide and planarized to the nitride layer 52 to
forman isolation structure 20, as shown in FIG 4. As aforenentioned, the
t hi ckness of the isolation structure 207 s dependent upon the thickness of
the nitride layer 52 and the etched depth into the silicon. The har dness
and resistance Qf he ni. hé‘de | ayer 52 to a gr}l m cal / mechani c gol i.shi ng
process al | ows af"hoé BICEAEH DEITEHIBr FRACGWSICAHICHTCET} R 116 “8 using a

sel f-1imting. pReaas tdsngid Recidy bde l)msst $Jtégumm%9u{ ﬂllcld'cglﬂ,dtchcﬁs shak! ow

trench regions W|th deposi ted oxide and pl ana Izing the 1solation
structure, as digghrpsedy.i hhishits floaventadtosiruceire dosxat@ hatde éxmnﬁmbto@mtmfenare
bird' s beak and its associ ated problens as aforenenti oned. The nitride 52
and pad oxide 3Ta%AS WHEMARY $9r)FEIPNBY B RGS | ndustry standard techniques.
A thin tunneling oxide 24 is then grown as seen in FIG 5, the tunneling
oxi de thi ckness rangi ng between approxi mately 50-150 Angstrons. Then, a

first polysilicon | ayedeed b FE:. depohitd-6lyakelactlt aitkRtablypyin @&@r nitR-oxide
appropriate areas. The thickness of the first poI silicon |la 26 ranges

bet ween appr oxi (PRDI opnoeition 86, 3 g2 tis owe fartiedk ThAflIS@ardelﬁi fGyp@alljt remges

f t | | | 6 th | f ft
| soi at Lo’ st r uGPOVER 5B ISP PRg The Ehierignid f degsEdat ftrimetelnao450
pl anar surface anbitdSmst Al SatiBirRA ?ésis% Al ONis38hd stdh LAY teBirlde il 309 oGRAL Bim 26 &

structure 26 with the isolation structures. The height of the proétrusion’o
the isol ation shd ﬁoatmwta: egafhs 26 Swithe RdactknleaEttnor RHY) 4t the areas where

7 accordance with the i tiaon. One feat f the pr.esent |nvent|on
i ncl udes usi ngcﬁn‘ﬁﬁfl?’éﬁlﬁiésgé%%t‘re%a%éq %E%W@f ﬁ'l duanelieparde 24 is

structures in E%‘Srgﬁéw'/er iR %@ﬁog%c%%aggﬂgaé %he e 3 ZTQ[fﬁenérQ&'n ondRd LG

gate structure does not acr os
crystal silicon in the CMOS regions. Preclean etch times, or additional dry etches, may be

used to prevent excessively high isolation structures in logic areas and help the isolation
structure erode in preparation for gate oxide 32 growth. The gate oxidation forms the final
oxide layer 32 on the surface of the nitride, which is grown between 10-40 Angstroms _‘
thick. A second polysilicon layer 34 is then deposited to form both the control gate and the
conventional CMOS gate. As aforementioned, the second polysilicon layer 34 will be
planar over both the NVRAM array and CMOS regions. Conventional CMOS processing
is then performed to form and enhance the operation of transistors around the gate
structhres, as is well-known in the art.

Thus, this invention provides a method to self-align the floating gate structures to
the isolation structures and to form a control gate on a planar surface, reducing the overall

cell size.



array, as with many conventional techniques. As seen in FIG 7,
an inter-poly dielectric, preferably of an oxide-nitride-oxide (ONO
conposition 26, 30, 32, is then formed. The first oxide film 26 typically
ranges between 50-150 Angstrons. The ni%ride film30 is deposited at
approxi mately 50-150 Angstrons. A patterned resist is then used to etch

away the nitride film 30, oxide film 26 and.floatin e regions 26 (Wth
a Reactive lon Etch %ﬁpﬁf“éP“?h%“a?Ebgmﬁﬂﬁﬁgyg%ﬁ@@ %fgﬁﬁpggkﬁﬁﬁféﬁﬁ‘”tOd
areas are to bgrdrQfdmBntdinthe MDY it Thebd Bedibbdgy Besdsiddd irsmakhaend enpved
in the CMOS | ogic areas and a gate oxide 32 is then grown on the single

crystal silicoforegpitgenddb& cheggesnis forfrand| deruils ehayhbe madstherin adtlohti depadtindr y
etches, may be used to. prevent excessively high isolation structures in

| ogi ¢ areas anéoﬁ@hﬁSPﬁéaﬁéé%%@PBﬁm§PWWéFUre erode in preparation for gate
oxide 32 gromh. The gate oxidation forns the final oxide |layer 32 on the
surface of the nitride, which is grown between 10-40 Angstrons thick. A
second polysilicon layer 34 is then deposited to formboth the control gate
and the conventional CMOS gate. As aforenentioned, the second polysilicon

| ayer 34 will be planar over both the NVRAM array and CMOS regi ons.
Conventional CMOS processing is then perforned to form and enhance the
operation of transistors around the gate structures, as is well-known in
the art. Thus, this invention provides a nmethod to self-align the
floating gate structures to the isolation structures and to forma control
gate on a planar surface, reducing the overall cell size.



8 Whil e the invention has been particularly shown and

with reference to a preferred enbodi ment thereof, it wll mmﬂ lﬂﬂlﬂ”"””““l
those skilled in the art that the foregoing and other ch anges s nefokm@nds
details may be made therein wthout depﬁetl ng fromthe spirit and scope of

t he i nvention. What is claired is: : A met hod for
formng floating gate regions in non-volatile rrem)ry cells, the nethod
conprising the steps of: a) . fcﬁz%wsd plurality of isolation
structures in wjﬁyg%qz{lgﬁgglsextendl ng above and bel ow a surface of the
substrat e; b) selectively formng a floating gate | ayer on the
substrate over and between at |east a portion of the isolation structures
using a patterned resist; and c) pl anari zing the selectively

formed floating gat bk ayéfm@fb%fof &g floating gate regions in non-volatile memory cells,
the method comprising the steps of:

a) forming a plurality of isolation structures in a substrate extending above
and below a surface of the substrate;

b) forming a floating gate layer on the substrate over and between at least a
portion of the isolation structures; and

c) planarnizing the floating gate layer down to the isolation structures for

forming a plurality of the floating gate regions isolated by the isolation structures.

2. The method of claim 1 further compﬁsing, prior to step a), the step of:
forming a nitride layer on the substrate having a preselected thickness, wherein the
thickness determines a distance that the isolation structures extend above the surface of the

substrate.

3. The method of claim 2 further comprising, subsequent to step a) but prior to
step b), the step of: removing said nitride layer.

his Sheet Has Been Replaced THIS SHEET HAS BEEN
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isolation structures for formng a plurality of patterned fl

regions isolated by the isolation structures. . The émﬁmelmmmtlmll
| further conprising, prior to step a), the step of formng a" nitritde™ °
| ayer on the substrate having a presele 6ed t hi ckness, wherein the

t hi ckness determ nes a di stance that the i solation structures extend above
the surface of the substrate. The nethod of claim2 further
conprising, subsequént téh%tﬂéﬁmé})f platm pmihgrein b‘CBtlbf)lf‘lﬁl}r cqQraRrisss &l eps of:
removing said nitride Ia)( erein step a)

further conprises the ste@ I(’Eﬁmng a trench ”b%f‘mmg?gd\ﬁt HY @10 St’é“{:ﬁ in the

nitride |ayer and the subsfalfisaid ench wABkn isoldtidd AgrigRedd trench with an
i solation material; and a3) planarizing said isolation materi al

to said nitride |ayer toa}ormplanasaing saigadodationnmaemaldo saidsitride ayer to foftheaid
met hod of cl ai mg wherein said predeterm ned thickness is approxi mately
within the rantj8e8Pn ¥EHEUES 2500 Angstroms.

5. The method of claim 2 wherein said predetermined thickness is

approximately within the range of 1000 to 2500 Angstroms.

6. The method of claim 1, further comprising, subsequent to step a) but prior
to step b), the step of: forming a tunnelling oxide layer on the substrate between at least a
portion of the isolation structures, whereon said floating gate layer is deposited.

7. The method of claim 1, wherein step ¢) is performed by a process including
a chemical/mechanical polishing step.

8. The method of claim 1, further comprising the step of:
d) forming an inter-poly dielectric layer on the floating gate layer and
exposed regions of said isolation structures. '

9, The method of claim 8, further comprising the step of:
e) forming a control gate layer on the inter-poly dielectric layer, wherein

said control gate layer is planar.
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-10- 6. The nethod of claim 1, further conprising, sub
a) but prior to step b), the step of: formng a tunnelling ojmuﬂ M‘mmmmm
the substrate between at |east a portion of the isolation structdres, *
whereon said floating gate |ayer is depgsited. 7. The net hod of claim
1, wherein step c) is perfornmed by a process including a

chem cal / nechani cal

I
conprising the step o R? I Sﬂlxﬂah(% d%p formu m1£, ﬂroatlrﬁ%.q%tﬁ ri,gﬂ?résrm&gln 0(5‘]%4"? 8‘(&’{1 cctllh

| ayer on the flthakicigdgetprisitygelc a8 #xposed regions of said isolation
structures. 9. The method of claim38, further conprising the step of:
e) formng a control @afoemlr@wemtmh laykeon atebstpod Javihged peseleaed tyakmess;

wherein said control gat | ana A et hod for formng

fl oating gate regions i ne‘?Pota X%Eétﬂ‘ﬂ@‘%@ﬁrﬁ?&?“%ﬂr%muﬁeﬁé“ Hrevhsga e tRRding bepw
br 656l et eq. { hi RpATecBbE te subftff, 8R4 Bydldhg £2. BeurfAe O P RELEALE AL
structures in esaxtublwalm@thmmudbﬁgnd)mhmulhm surface of the substrate, and

ext endi ng above the surfac)e of the substrate a di stance of said preselect ed
thi ckness of said nitride® BRNg said nitridg Jayer; 1 enpvi ng said nitride |ayer;

d) using a patterned esl t.0, rm oatin are | ayer
on the substrate over dﬂ)b e ﬂcg%gggtf’\{a; ;y)orrlgh %grat? ﬁ\éeriaggﬁjﬁh'e&ﬂ at feast a
str uclt ures; dancbortion %fthe)solatmn@dr@ﬂﬁ&é,%h@g the selectively fornmed floating
gate |l ayer down to the o _ _

e) planarizing the floating gate layer down to the isolation structures for

forming a plurality of the floating gate regions isolated by the isolation structures.

11.  The method of claim 10 wherein step b) further comprises the steps of:
b1) forming a trench in the nitride layer and the substrate;
b2) ﬁllin_g said trench with an isolation material; and
b3) planarizing said isolatien material to said nitride layer to form said

isolation structures.

12, The method of claim 10, wherein said predetermined thickness is
approx1mately in the range of 1000 to 2500 Angstroms.

13.  The method of claim 10 further comprising, subsequent to step ) but prior

to step d), the step of: forming a tunnelling oxide layer on the substrate between at least a
portion of the isolation structures, whereon said floating gate layer is deposited.

!
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rogi ons sol ated by the fsel atfen struciures. 41 o The 'nﬂmllﬂﬁllﬁﬂlﬁllmll

10 wherein step b) further conprises the steps of b1)* Fornifg &
trench in the nitride |ayer and the substrate; b2) filling said
trench wwth an isolation material; and

- 11 - b3) pl anarizing said isolation material to said nitride
layer to form said isolation structures. 12. The net hod of claim 10,

wherein said predeterm ned thickness is approximtely in the range of 1000
to 2500 Angstrons. 13. The met hod of claim 10 further conprising,

subsequent to step pj. bulhdrmebd bOclSHEID, SherdihGtep PR peiforthed By A@rddess
tunnel l i ng oxide | ayer on the substrate between at | east a portion of the

i sol ation strugtlydiag a hpeiedmeekaniral pdshinggtapat e | ayer i s deposited.

15.  The method of claim 10, further comprising the step of:
f) forming an inter-poly dielectric layer on the floating gate layer and

exposed regions of said isolation structures.

16.  The method of claim 15, further comprising the step of:
g) forming a contro! gate layer on the inter-poly dielectric layer, wherein

said control gate layer is planar.
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I ncl udi ng a chem cal / mechani cal polishing step. 15. The

10, further conprising the step of: f) form an I=n
dielectric layer on the floating gate Ig,}yer and exposed regi ons of said
I sol ation structures. 16. The met hod of claim 15, further conprising
the step of: -9) formng a control gate |ayer on the inter-paly
dielectric |ayer, vier ei h mhoft fepforrer agpevq %Q%F“CW%F‘%&FC metheg comppsing
met hod for for ng,a,Mon-volatile menory cell, the nethod conprising the
steps of: form ng a pad oxide Iayer on a substrate; b)
formng a nitride |ayer QHorkife paed exbéRyéyel sutsah@d: nitride [ayer having a
presel ected thi ckness; ) formng a pl urallty of isolation
structures in a substrat® mm@dbéayewnaemdmmdam sakbnignidsslayeathe yingad
ext endi ng above tp aﬁrx @16 of the substrate a distance of said preselected
t hi ckness of SATG R els%fyer d) renovi ng said pad oxide

layer and said nitride |§¥8iming a plurality of isolation structures in a substrate extending below

14. The nethod of claim 10, wherein step e) is perforrred mm'")m
er

the surface of the substrate, and extending above the surface of the substrate a distance of “-
said preselected thickness of said nitride layer;

d) removing said pad oxide layer and said nitride layer;

e) forming a tunnelling oxide layer and a floating gate layer on the
substrate over and between at least a portion of the isolation structures;

f) planarizing the floating gate layer down to the isolation structures for
forming a plurality of the floating gate regions isolated by the isolation structures;

g) forming an inter-poly dielectric layer on the floating gate layer and
exposed regions of said isolation structures;

h) forming a control gate layer on the inter-poly dielectric layer, wherein
said control gate layer ‘is planar; and

- 1) completing said non-volatile memory cell.

. 18.  The method of claim 17 wherein step c) further comprises the steps of:
cl) fofming a trench in the nitride layer and the substrate;
c2) filling said trench with. an isolation material; and
¢3) . planarizing said isolation material to said nitride layer to form said

isolation structures.
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Layer on the substrate over and between ot 1 east a porti on PIINAMIARUATI

structures, wherein the floating rate layer is selectively forned‘ovdr *
presel ected cells by using a patterned resist; f) pl anari zi ng
the entire selectively forned floatin 4gate | ayer down to the isolation
structures for formng a plurality of patterned floating gate regions

i sol ated by the isb¥atidhestetigstafclagn 17, whereingpid preddtesmmestihalingsstier - pol y

dielectric layer on the floatin at r.nand exposed regions of said
i sol ation str%ﬁ?ﬂWE§LJ3“Mknl“hng&(&ﬁgﬁﬁ¥§aogg€§ﬂﬁgg? gate layer on the

inter-poly dielectric |ayer, wherein said control gate |ayer is planar; and
i) conpl eting said non-volatile nmenory cell. 18. The net hod of
claim 17 wherein si@p c)hé mretherof chumprli’ sebereinestept f pspenformed by a pracgys
formng atrench in the nitride |ayer_and the substrate,; c2)

filling said YeRAEE aherueal/mehpniedl JRlisRS SR ; and c3)

pl anari zing said isolation naterial to said nitride layer to form said

i solation structures. 19. The met hod of claim 17, wherein said
predeterm ned thickness is approximately within the range of 1000 to 2500
Angst r ons. 20. The nmethod of claim 17, wherein step f) is perfornmed by
a process including a chenical/mechanical polishing step.
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