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protocols as they become standardized and to provide the ability to remotely upgrade the
device for enhanced features.

A typical flash memory comprises a memory array that includes a large number of
20  memory cells arranged in row and column fashion, Each of the memory cells includes a
floating-gate field-effect transistor capable of holding a charge. The cells are usually grouped
into blocks. Each of the cells within a block can be electrically programmed on an individual
basis by charging the floating gate. The charée can be removed from the floating gateby a
block erase operation. The data in a cell is determined by the presence or absence of the

25  charge on the floating gate.

Memory devices are typically formed on semiconductor substrates using
semiconductor fabrication methods. The array of memory cells is disposed on the substrate.
Isolation trenches formed in the substrate within the array and filled with a dieleciric, e.g.,
shallow trench isolation (STT), provide voltage isolation on the memory array by acting to

30  prevent extrancous current flow through the subsirate between the memory cells. The

isolation trenches are often filled using a physical deposition process, e.g., with high-density



30 prevent extraneous current flow through the substrate between the
menory cells. The isolation trenches are often filled using a

physi cal deposition process, e.g., with high-density 2 plasma (M)
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20 For one embodiment, the invention provides a method of forming a portion of a
memory device, The method includes forming a first dielectric plug in a portion of a trench
that extends into a substrate so that an upper surface of the first dielectric plug is recessed
below an upper surface of the substrate. The first dielectric plug has a layer of a first
dielectric material and a layer of a second dielectric material formed on the layer of the first

25  dielectric material. Forming a second dielectric plug of a third dielectric material on the
upper surface of the fizst dielectric plug is included in the method.

For another embodiment, the invention prov:ides a method of forming a portion of
a memory device. The method includes lining a portion of a trench that extends into a
substrate with a first dielectric layer by forming the fitst dielectric layer on the substrate and
30  forming a second dielectric layer on the first dielectric layer. The method includes forming a
third dielectric layer on the second dielectric layer so that the third dielectric layer fills a



a menory device. The method includes Iining a portion of a trench
that extends into a substrate with a first dielectric |ayer by
formng the first dielectric |ayer on the substrate and 30form ng a
second dielectric layer on the first dielectric layer. The nethod
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15 dielectric plug.

Further embodiments of the invention include methods and apparatus of varying

scope.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified block diagram of 2 memory system, according to an

20  embodiment of the invention.

Figures 2A-2H are cross-sectional views of a portion of a memory device during

various stages of fabrication, according to another embodiment of the invention.
DETAILED DESCRIPTION

In the following detailed description of the invention, reference is made to the
25  accompanying drawings that form a part hereof, and in which is shown, by way of
illustration, specific embodiments in which the invention may be practiced. In the drawings,
like numerals describe substantially similar components throughout the several views, These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and electrical changes
30  may be made without departing from the scope of the present invention. The term wafer or

substrate used in the following description includes any base semiconductor structure. Both



Figure 1 is a sinplified block diagramof a nenory system according
to an 20enbodi ment of the invention. Fi gures 2A-2H are
cross-sectional views of a portion of a nenory device during various
stages of fabri-cation, according to another enbodi ment of the

i nvention. DETAILED DESCRIPTION In the follow ng detail ed description
of the invention, reference is made to the 25 acconpanyi ng draw ngs
that forma part hereot and in which is shown, by way of
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fashion. For one embodiment, the memory cells are flash memory cells that include &

floating-gate ficld-effect transistor capable of holding a charge. The cells may be grouped
30  into blocks. Each of the cells within a block can be electrically programmed on an individual
basis by charging the floating gate. The charge can be removed from the floating gate by a

block erase operation,



25t hat additional circuitry and control signals can be provided, and
that the nenory device of Figure 1 has been sinplified to help focus
on the invention. The nmenory array 104 includes nenory cells
arranged i n-row and colum fashi on. For one enbodi nent, the nmenory
cells are flash menory cells that incluge a floating-gate
field-effect transistor capable of holding a charge. The cells may be
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memory cells of each string. This places the current-encoded data values of the row of

selected memory cells on the column bit lines.

25 Figures 2A-2H are cross-sectional views of a portion of a memory device, such as
a portion of the memory device 102, during various stages of fabrication, according to
another embodiment of the invention, Figure 2A depicts the portion of the memory device
after several processing steps have occurred. Formation of the structure depicted in Figure
2A is well known and will not be detailed herein.

30 In general, the structure of Figure 2A. is formed by forming a first dielectric layer
202 on a substrate 200, e.g., of silicon or the like. For one embodiment, the first dielectric
layer 202 is a gate dielectric layer (or tunnel dielectric layer), such as a tunnel oxide layer. A



25Fi gures 2A-2H are cross-sectional views of a portion of a nenory
device, such as a portion of the nmenory device 102, during various
stages of fabrication, according to another enbodi nent of the

i nvention. Figure-2A depicts the portion of the nenory device after
several processing steps have occurred. Formation of the structure
depicted in Figure 2A is well known and*w Il not be detail ed herein.
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spin-on glass, hydmgen silsesquioxane (HSQ), hexamethyldisiloxane, octamethylirisiloxane,
25  etc. The fifth dielectric layer 230 is then cured (or annealed), e.g., using a steam-oxidation
process, if necessary. For one embodiment, the fourth dielectric layer 204 acts to prevent
oxidation of the substrate 200 and the conductive layer 204 during curing. In Figure 2D, a
portion of the fifth dielectric layer 230 is removed, such as by etching in an etch-back
process, 5o that an upper surface of the fifth dielectric layer 230 is recessed within the
30 respective trenches 210, e.g., below an upper surface of substrate 200, exposing a portion of

the fourth dieleciric layer 220 lining each of frenches 210,



25etc. The fifth dielectric layer 230 is then cured (or anneal ed),
e.g., using a steamoxidation process, if necessary. For one

enbodi nent, the fourth dielectric layer 204 acts to prevent oxidation
of the substrate 200 and the conductive |ayer 204 during curing. In
Figure 2D, a portion of the fifth dielectric |ayer 230 is renoved,
such as by etching in an etch-back proc@ss, so that an upper surface
of the fifth dielectric layer 230 is recessed within the 30respective
trenches 210, e.gA pdretbmwfi tmfouqﬂpdmleaﬂds haer@20fs sslaibelyatimo@din Figned@8] ng
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the sixth dieleciric layer 240, The reduced aspect ratios of trenches 210 act to reduce the
25  formation of voids when depositing the sixth dielectric layer 240 within the unfilled portions
of trenches 210.

A portion of the sixth dielectric layer 240 is removed from the structure of Figure
2F in Figure 2@, e.g., using chemical mechanical polishing (CMP). That is, the sixth
dielectric layer 240 is removed so that the upper surface of the mask layer 206 is exposed and

30 so that an upper surface of the sixth dielectric layer 240 within each of trenches 210 is
substantially flush with the upper surface of the mask layer 206. Note that the portion of the
sixth dielectric layer 240 within each of the trenches 210 forms a second dielectric plug 242



25f ormati on of voids when depositing the sixth dielectric |ayer 240
within the unfilled portions of trenches 210. A portion of
the sixth dielectric layer 240 is renoved fromthe structure of
Figure 2F in Figure 2G e.g., using chem cal mechanical polishing
(CWP). That is, the sixth dielectric layer 240 is renoved so that the
upper surface of the mask | ayer 206 is ®xposed and 30so that an upper
surface of the sixth dielectric |layer 240 wthin each of trenches 210
i s subst anthaapdsyes through thd miskidyer mﬁpm cmdnéméayeif 204hide st kordagtive 1386

Not e t hat 0 ctri.c 240 n
of the tr etr%gﬁ egt%'f%éﬁ PO er?‘sﬂtjsga 2@@‘5’8‘1 ¢ ellngf(‘,’t gt %ﬁyéndfﬁave éﬁ% %’2 ngg’ggs
t hr ough t hdicteatsic ldyay2i2 IQﬁl&xpdsétbbmedﬂmtponmnloﬁﬂleISecBﬁdldleletac blup 342 and

atthe 11 Qe GiEaED) o b ﬁ{j@'@%éﬂgmrﬁﬂe%ﬁa“v@%m Pt %ﬂealngyte?r 21215

t d bet L t I 2 .and
the subotrate. 200 SRAEAS PHALEenl Beg Pre st vaoe v PrbSh bRt o
200. 5Not e pelvhes 210 @nd thus dvraydiceh Eretlaf}em dispysed o2 40 vprser bnfaeé efkubitratel 00

I ti f t h d thus f t he |
(i posed. off A8 a0 BpraGlr rols, Bie Fat o e RRAFTR ARCBRECRIEN o
f or m menor Youet kiieteotrithayer 200 Soring nﬁmu eharfus pvb ity adisDtie ﬁuﬁﬂi dﬂviléchmtlﬁ}er

Lhe T our t 20 BPLREAE T gk 0 3t nBoe R RF ol HelEpnert AR ook g

af f ect 16 he nfeslotyedekdcet y of the nmenory cells and thus the lonenDry
devi ce. Mask 206 is subsequently renpbved to expose the
conductive | ay er Rfadl 2081s bubsejuadlydediel acdhbs th@bﬁ&ucﬁﬁ@lay@ 204, Asuch

as a |ayer J.caon oxi a n|tr|d x3m tride,

o e ) T et e e oy oy futh 15 alayeg OF SR PERB GRS AR Eomitid 2
colnduclt ive oklasaﬁim&%%xde&om) @hyext, 3 ?13'11@6)&%1‘[1:%5 Gn ﬂﬁwﬁﬁbsam@dm@ﬁyer 204. A
polysilico

n |laye | a racto net al er
metal cont a?w% aé(ﬁreig% %w%as 4 dpphespolysilison (faaprdeme layer, . r@%@tgw R’éta? is
formedi1on e, & RibRl @atathith lﬁj;di‘cé g. lsﬁnétﬂ)éﬁ{md%@er 85ths MRV thinddiofl e
21-1. The c¢onduct.ive | ayer 260 may include one or_ npre conductiyve

material s Hﬂrter&%%%}alewflv/mré?e*@ shoamfreﬁwure&ﬂ metegPndustiedaysr A8 maydaglude

di sposed 0BagorBRIry SnthdHIB wlaRWS or &i:&uctﬁ@fay&@‘atnf@dl ofRRatdoN B ing layer
conductive | ayers 204 and 260 respectively forma floating gate and a

control gafiEpqsed ongnralysilicar Jayess et rﬂ‘y'to'ﬂb@IeFl‘@O‘@-ﬂw% sopddiise lavers 2oAand 260 h
as nMenmory aipaivelPrbrR b ok O%te]and §9ﬂ{n‘6ﬁéﬂé @k {?mqume%ﬁné%{&y gliggrd or med

in a portion of substrate own in Figure 2G as a part of the
meror y20r r BpmoRgiay sechasmrmonganay 186 atiliewe J e Spurpidraingegions appalserdereedt o

I nprove theg ConRlnlJfGutifratk g?otn’ P E}QT

with diel ectéri?)c mat eri a ? E&)ﬁdt escri E%g}e%bo;vgg%aggt?ﬁt %ég‘r" EV bérhe
ext r aneous emeadignt, cﬁncbmmdiam g0 s lextenieh it impraye tstopeding ofi the Montingyzate
cells. The trenches 210 filled with dielectric materials, as described above, act to prevent

extraneous current flow throngh the substrate between the memory cells.

25 The components located in the region peripheral to memory array 104 of Figure 1
are also formed on the substrate 200, and the trenches 210 filled with dielectric materials, as
described above, may be formed between the region peripheral to memory array 104 and
memory array 104 and act to prevent extraneous current flow through the substrate between

components of the peripheral region and memory array 104,



25The conponents | ocated in the region peripheral to nenory array 104
of Figure 1 are also forned on the substrate 200, and the trenches
210 filled with dielectric materials, as described above, nay be
formed between the region peripheral to nenory array 104 and nenory
array 104 and act to prevent extraneous,current flow through the
substrate between conponents of the peripheral region and nenory
array 104. 9 CONCLUSI ON Al t hough specific enbodi nents have been
illuscited and described herein, |§§5NQHU3i@PhppreC|ated by those of
ordinary skill in the art that any arrangenent that is calculated to
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conpri si ng; 4.8 | §ﬁmq? d on
a substrate ﬁ%%??¥%£#§§p%¥%§ ayer aV|ng Ie%%??@ ayer
and a 2nd dh@ﬁﬁm@ﬁ@nWﬂQWﬁhmﬁdﬁned on top of the 1st dlelectrlc | ayer
so that the upper side surface thereof is disposed bel ow the upper
side surface of the substrate; formng so that a 2nd dielectric
filling |ayer consisting of a 3rd dielectric nakes contact with a
portion of a 4th dielectric |ayer and a portion of a 1st conductive
| ayer, extending along a remaining portion of the trench running
through the 4th dielectric |layer formed on the upper side surface of
the 1st dielectric filling layer fromthe upper side surface of the
1st dielectric filling | ayer extending upward to the upper side
surface of the substrate; formng a 5th dielectric |ayer on top
of the 1st conductive |ayer after the step of formng the 2nd
dielectric filling layer; and form ng a 2nd conductive | ayer on top
of the 5th dielectric |ayer,




wherein the upper side surface of the 5th dielectric layer is

di sposed bel ow the upper side surface of the 2nd dielectric filling

| ayer. 2. The nethod of Caim1l, wherein the step of formng the 1st
dielectric filling layer further conpﬁhses a step of covering a
portion of the trench and formng the 1st dielectric |layer on top of
a 6th dielectric layer disposed on top of the substrate. 3. The

met hod of whdtdd dRieddherein the step of formng the 2nd dielectric
filling |ayer conprises a step of form ng a portion of the 2nd
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The met hod efmapy s©dielédudd 18r ckrebp of%&rrainau&]h@aﬂ-trmedthelste}%fﬁdrﬁmlgaﬁéeﬁd is
a tunnel ddebeslingtydraier. 8. The nmethod of any of Clains 1-7,
wher ei n t hefarmigpe i f@diatvaiedr dyopeftiedt diefegrialageret chi ng a hard mask

| ayer di spowbereipthetupper gifle surfece pEthe otiderticlayer if digtoped below tiFhppearsitihocfacef
any of Cl Afheg ' flefpctrigRlpepEr-t he step of formi ng the 1st dielectric
filling |ay es ste « eI ctrlclayer
on von-orc SR b R

| evel abo%gec S%ESG Uﬁ’§ ﬁ ab at the écnd' PRCEri c
| ayer; Yemovi ng a portl on t he 2nd d| electric layer and

di sposi nx.t he: hieRAG: Ghife, whekdhaheste oftdhRing 1 268laRlea6E Klligy 1yRYBMmpR&L OW

t he upperstpiotifermsitg £ pewnaf the fredisledisd Miadg@yer ohGop of the s@EbEIBGGE 19%r. Cl ail M 9,
wherein the step of formng the 1st dielectric filling layer further
conpr i sest aTkaregshadfof ang pe@ainyeihyougiehoyérnig the 1p dieleftopmafriaf iy e nitride, the 20

di el ectr ﬂb‘e'?CHVé?a sPiy-og djelectar. aﬁﬁ ?31%1 ?Jiﬁ?fecris aighedessity plagrea hgsedrige 2nd
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12. The r@t Iﬂ%é@lﬁod%ﬂﬁanﬁl@ @e?élme ;tep70fQ]‘rmglﬂéhmﬁle%ct%glaymﬁfs& ah bﬁda%&h
di el ectr |¢;ode@yer is an inter- gate dielectric |ayer.
met hod of Claim 12, wherein the 1st conductive | ayer | s a fI oatl ng

gate | ayer @hmedndtivd oPamgl o UemielcE, imereinalyeet diedeci@ic tigertsaahnnglakedectriayoger.

8. The method of any of Claims 1-7, wherein the trench is formed by patterning and etching a hard
mask layer disposed on top of the 15t conductive layer.

9. The method of any of Claims 1-8, wherein the step of forming the 1st dielectric filling layer
comprises steps of

forming the 2™ dielectric layer on top of the 1st dielectric layer and filling the trench up to a leve!
above the upper surface of the substrate on the 2M dielectric layer; and

removing a portion the 25¢ dielectric layer and disposing the upper side surface of the 2nd
dielectric layer below the upper side surface of the substrate.

10. The method of Claim 9, wherein the step of forming the 15t dielectric filling layer further
comprises a step of selectively removing a portion of the 1st dielectric layer to a level of the upper
side surface of the 2nd dielectric layer.

11. The methed of either of Claim 9 or Claim 10, further comprising a step of annealing the 2nd
dielectric layer before the step of removing a portion of the 27 dielectric layer.

12. The method of any of Claims 1-7 or Claims 9-11, wherein the 5t dielectric layer is an inter-gate
dielectric layer.



14. An integrated circuit device, conprising a Pt dielectric filling
| ayer, conprising a 1st dielectric filling layer having a 1st
dielectric layer and a 2nd dielectric |layer fornmed on top of [the
1st] layer and di sposed inside a tren di sposed inside a substrate
such that the top side surface is disg sed below the top side surface
of the substrate; a 2nd dielectric filling layer consisting of a
3rd di el ept FhEmdRa@F 1@ 1200 RASE L -QBnduBie Rl eriN@oMpHRG A Bl HEnSHL Sace of
the 1st dicRdREdendy6rifd dohirfi@atk AY&r i nside the trench, running through a
4th dielectric layer formed on top of the upper S|de surface of the
subst r at et4andingegthsdd ccontderdte complismger fornmed on top of [the 4th
dielectric Péy@ﬂﬁﬂyémangGmekeﬂﬁbntact with a portion of the 4th
dielectric P&y @?IEGHFf(ﬁ“a‘gﬁ’é?rthPW‘Eadftdte}‘i‘é'“i@rerém 1q1vtrwllaer§ref?rmeémstphof
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%f the' 1% die E ielec \joe
di sposed me% kSR i o fim@osg te b e Tl T
layer.  Lfne 47BRIetNE BEERD G6ko SlakLddhhict e b E(ﬂ‘tlg‘f of @He @i Beit Aric ek bfd&Mportion
conpri si ngtia 16tdadettiad 1get;ri ¢ materi al di sposed between the substrate
and t he 1st adf diblettidmaerimbibatddah tapnf thhe: chstucdieddyacindi ¢ filling | ayer
and di sposed?2Betviedtive layep Brin¢don tapfof thh 8" @elektdlilglesctric filling | ayer
and t he sub¥herainghe upges sidayyefagersf ibeyb bdidertricilaveiis disngeadibelew de upper pigg surface
C ai ms 1478k 2¥glelegiRpfilipgdaiehe 15t dlelectrlc naterlal |s a n|tr|de and

t h? anl di Ct ! Irg tcglli de% ce;:) Iaam 1IPP com pfﬁed
nateri a th s’Jrzn t(’lgr%l rid é‘lé&ne dlefect?’ l}{llm%layehan& sgos€d

throughlnﬁ 55&&510% Ia]e
pl asma based oxi de. . The |ntegrated CIrCUIt devi ce of any of

Cl ai ns 1416t mmugg}atwc.rcwm@erveb b¥ etthee CAInfR 16 belseetefdiCthk &YBdlechE ntdrnae!l ed
di el ect r i wtriday@ithe 2bdueeldctriceatedbiod inienchiay gin-srslidectrlcaaterinly gate | ayer,
the 5th dielectric layer is an inter-layer dielectric |ayer, and the
2nd condukt i'eentegrgted cifcyit devisppfepiotf Clgisd 4 Hhagush 16, wmgelnmé’dudw’ceetgp mntedal
circuit dé@W@bmﬁPWQH?“®F“@¥%WﬁB 14 through 18, wherein the integrated

circuit d%v l]‘lg:eelntlegsratg'd chc[lrl? de¥r1ce any Eﬁ' Claims 14 through 17, wherein the 4+ dielectric layeris a

tunneled dielectric layer, the 1t conductive layer is a floating gate layer, the 5% dielectric layer is an
inter-layer dielectric layer, and the 2nd conductive layer is a control gate layer.

19. The integrated circuit device of any of Claims 14 through 18, wherein the integrated circuit
device is a memory device.



