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market for these electronic devices contumes to demand lower voltage, lower power consumption

and decreased chip size. Also, the demand for greater functionality is driving the design rule lower,
25  from the 0.35 - 0.25 micron technology of today to 0.18 micron,.o. 15 micron and lower.

A conventional flash memory cell of a flash memory IC is illustrated in FIGURES 1
and 2. FIG. 1 depicts a cross-sectional view along the bit line direction of a single flash memory
cell 10 on a substrate 11. Cell 10 includes a first transistor 12 and a second transistor 14. Each of
transistors 12, 14 includes a tunnel oxide léyer 16, a first polysilicon layer 18,20, an interpoly '

30  dielectric layer 22, 24, a second polysilicon layer 26, 28, a silicide layer 30, 32 and sidewall spacers
34, 36.

With reference first to FIGS. 2-7, a conventional flash memory cell fabrication
process is illustrated. A substrate 11 is shown in FIGS. 2-7 in a cross-sectional view along the word
line direction. Substrate 11 includes a shallow trench isolation structure (STI} 40 between devices

35  (notshown), such as, metal-oxide-semiconductor field effect transistors (MOSFETs), memory cells,
or other devices. STI 40 includes an oxide fill material 42. A tunnel oxide layer 16 is provided
above substrate 11. First and second polysilicon wings 46, 48 are patterned in first polysilicon layer
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above substrate 11. First and second polysilicon wings 46, 48 are patterned
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30  gate coupling ratio (&) of the memory cell. Gate coupling ratio () is defined as:

& = Cono K Cono + Crx)
where C,y, is the capacitance between first polysilicon layer 18, 20 and second polysilicon layer 26,
28 and C,, is the capacitance between substrate 11 and first polysilicon layer 26, 28.
Accordingly, what is needed is an IC and method of fabricating an IC to increase

35  the gate coupling ratio, decreasing the target voltage of the charge purmp, thereby decreasing power
consumption of the IC, decreasing the size of the charge pump, and improving reliability.

DISCLOSURE OF INVENTION

These and other limitations of the prior art are addressed by the present invention
which is directed to an integrated circuit having an increased gate coupling capacitance. The
40  integrated circuit includes a substrate having a surface, the substrate having a trench extending
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consunption of the IC, decreasing the size of the charge punp, and

i mproving reliability. DI SCLOSURE OF | NVENTI ON These and -other |imtations
of the prior art are addressed by the present invention which is directed
to an intgge circuit having an increased gate coupli ltance. The -
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BRI EF DESiRmREidN OF DRAW NGS The invention will becone nore fully
understood fromthe follow ng detailed description, taken in conjunction
wi th the acconpanying drawi ngs, wherein like reference numerals refer to
like parts, and in which: 20 FIGURE 1 depicts a cross-sectional view of a
conventional flash nenory BRIEF DESCRIPTION OFDRAWENGSi r ecti on; FlI GURE 2
depicts a cross-sectional view of the nmenory cell of FIG 1 along the word

line direction; FI %gﬁwg’nﬂﬁmlpﬁéfrﬁéﬁ&éfdlgsh&%t %ﬁﬁﬁefaﬁo\%EE&ét&B&iO” of the

conventional flash menory ce depi cts steps

in the présipionakensipeonunctiosvigythe FPEOTERFNTRE PSS Whéragwmm?%ﬂuesxﬂls of
FIGS 1 aﬁd;,a,thb@Pﬁdﬁ,m&i cts steps in the process of fabri catlon of the
conventional flash cell of FIGS, 1 apd Icts steps
in thé process of ﬂ%éﬁ?%?%@ﬁ‘f&“‘@%%ﬁﬁ%ﬁ% "ﬁf"&agh%r%e%fyyce &P of .
FI GS. | athebikline direction;

FIGURE 2 deplcts a cross-sectional view of the memory cell of FIG. 1 along the

word line direction; .
FIGURE 3 depicts steps in the process of fabrication of the conventional flash
25 memory cell of FIGS. 1 and 2;
| FIGURE 4 depicts stepé in the process of fabrication of the conventional flash
memory cell of FIGS. 1 and 2; '
FIGURE 5 depicts steps in the process of fabrication of the conventional flash
memory cell of FIGS. 1 and 2;
30 FIGURE 6 depicts steps in the process of fabrication of the conventional flash
memory cell of FIGS. 1 and 2; '
FIGURE 7 depicts steps in the process of fabrication of the conventional flash
memory cell of FIGS. 1 and 2; '
FIGURE 8 depicts a portion of an integrated circuit according to an exemplary
35  embodiment of the present invention;
FIGURE 9 depicts steps in the process of fabrication of the portion of an integrated
circuit of FIG. 8;
FIGURE 10 depicts steps in the process of fabrication of the portion of an integrated
circuit of FIG. 8;



FI GURE 7 depicts steps in the process of fabrication of the conventional
flash nenory cell of -FIGS. 1 and 2; FIGURE 8 depicts a portion of an
integrated circuit according to an exenplary 35 enbodi nent of the present

I nventi on; HWdR depicts steps in the process of fabricaf]j %55 he
portion of an mtﬁggrated circuit of FIG 8; FIGURE 10 dep?%t’ggbgﬁ in the

process fabri cati opy@iRik PEadpRislstep In fe prdess Bf BEHCAGRDE the béridH I aR Intdslated 8:
P00 011703 ey LtlGuRE BEapRisiiefln e pRIGess Df S0 cRIdn Of thE plriot of af ntcteted

fabricati on @t HFIGStion of an integrated circuit of FIG 8; FIGURE 12
depicts steps in-the HMEOURS$2 &pictsalepd ifi BieipRidess bf fabiRailok the Porién oFian intdeRggat ed
circuit of FIG, 8, FlIGIJRE 13 ?:Igglpi ??fs, stelpl),s in the processpcc))t? fabrication of
the portion ‘B‘lcmé?f’ﬁ[%i;égrat ed 10 circuit of FIG 8; FIGURE 14 depicts steps
in the process of fabFIGERE ¢3depictsatepiin the process offabricatica@r thé PéltiorCdf &g thtegrated
according to.a. gf%ga .exenpl ary enbodi nent of the present invention; FlGURE
15 depic s‘i‘“éb‘g I'n-t"he process of fabrication of the portion of an
integrated circuit OofFIGURE 14dkpictsStepd ifttiRiprotEs dEfpbrichtionsf & pationrof ahisteprard es s
of fabricati . Qr.t.i ' ' i.t.of FIG 14; FlI GURE
17 depicts sﬁ%%lgécfx;n&?%g) ag%égﬁ@g@ing@&fe g@é‘lﬁ %Ea'?%gtﬂe Br? &pﬁ}é%}ﬁ%oﬁt lon of an
integrated circuit ofFIGURE 13depicEis@psrithe drodesppifalricaticapfthe portivneof pr integrated of
fabrication &{wi[%@'awion of an integrated 20 circuit according to a
third exenplary enbodi ment of the present invention; FIGURE 19 depicts
steps i nlt he process &IGYRE 1§ denictssiepsdn the peocess ok fabricatipn ofthe portiengf an wtegrated
circuit of HifmitdBucAUGIRE 20 depicts steps in the process of fabrication

O oo, B e e SRR} ot ob ol s SO b Byt
circuit of FirscuitdfFIGAKGEURE 22 depicts steps in the process of fabrication
of the portion of an 'F?é&% ?{E &gicts%éeﬁs%' hte ppo]::essF L&abn%gtion%ﬂ%e portion of an integrated
20  circuit according to a third exemplary embodiment of the present invention;
FIGURE 19 depicts steps in the process of fabrication of the portion of an integrated
circuit of FIG. 18; )
FIGURE 20 depicts steps in the process of fabrication of the portion of an integrated
circuit of FIG. 18;
25 FIGURE 21 depicts steps in the process of fabrication of the portion of an integrated
circuit of FIG. 18;
FIGURE 22 depicts steps in the process of fabrication of the portion of an integrated
circuit of FIG. 18; and
FIGURE 23 depicts steps in the process of fabrication of the portion of an integrated
30  circuit of FIG. 18.

MODE(S) FOR CARRYING OUT THE INVENTION

As stated hereinabove, an increase in the gate coupling ratio is required to decrease
the target voltage of the charge pump to, in turn, decrease the size of the charge pump. The present
35  invention achieves an increase in the gate coupling ratio by increasing the capacitance across the
interpoly dielectric layer between first and second polysilicon layers (ak.a., “poly 1" and *“poly 2",
respectively). As will be shown, this increase is obtained by increasing the surface area across
which poly 1 and poly 2 are in contact, thereby increasing the surface area of the capacitor formed
by poly 1, poly 2 and the interpoly dielectric layer.
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FI GURE 23 depicts steps in the process of fabrication of the portion of an
integrated 30 circuit of FIG 18. MOIDE(S) FOR CARRYI NG GUT THE | NVENTI ON
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30  Nitride Oxide) is provided over first conductive laycr 116 and tnench fill material 108. Insulative
layer 122 forms an insulative barrier between conductive portions 1_18, 120. A second conductive

layer 124, such as, doped polysilicon is provided over second insulative layer 122. Thus, insulative
layer 122 also insulates layers_' 116 and 124 from one another. A silicide layer 126 is provided over
second conductive layer 124. _

35 Referring now to FIGS. 9-13, a method of fabricating portion 100 is described. In
FIG. 9, isolation structure 104 is formed by providing an insulative' layer 128 including an oxide
material (e.g., a pad oxide maxer_ial, such as, Si(_)z) over substrate 102. Layer 128 is grown in a
conventional thermal process,'or applied by a chemical vapor deposition (CVD) or a physical vapor
' deposition (PVD) process. Subsequently, a barrier layer 130, preferably a silicon nitride layer, e.g.,

40  SisN,, is applied over insulative layer 128 with a thickness of approximately 500 to 5000 A,




surface 110 of substrate 102, and nmay be approxi mately 1000 to 20001 above
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recess 1 is;,filled with insulative trench fill

rrat erial g%lya?or exa&%ﬁbé&gnt% BECVD oxi de step. Trench fill materi al

108 is dep05| ted wi t hReferring eiwte 3G.11éw etchiagstepemoves msulative layenigh barderal _

trench fill liﬁﬁb'aﬂbaéﬁtx&ﬁS%t@mhépﬁﬁg%ﬁ to. &tymtsEﬁxﬁ&ﬁBe E}'uleﬁch'mtn%érﬁi 10808 1S

deposited wi.th a thickness | ess t appr oxi_mat el assumng a

trench pt #s giohediugtibpnper sutface 4 1Q0f sulystrate, 1024is gxposed- M&Eﬁé’e‘l 8t agrortiop J098E nat el y
4000 A. Ref %ﬂdhﬂﬂ%ﬁaﬁ%éh@dsi&weﬁbp&ﬁﬁﬂfack@l@'NoﬂeQﬂatﬁﬁl@norﬂt@@@Bﬂﬁth&t

| ayer) is ap d over e h fill, material 108. Mask |ayer 131
preferably |"§ﬁ%§?ﬂ°f ﬁf@ﬁ ﬁ"ﬂé cletiye 48081 wi dth of opening 133 is somewhat
wi der than a | ateral nRIGH204 satyificial @tfidation/zmd stitif Off stop B perfunged th adundbenrerse r
layer 130 i g to
FIG 11, an 36, 358! nijﬂ ’?ﬁé{ﬂ Pgi@é@g @ﬁgﬁ@?ﬁgéﬁf”&“?@%&%@ érﬁiglgkﬂ%at%g& 130,
and a po'45t i @mmnémgtmwmdlnglprevm@ idgublellg@p effcpt’txmﬁgléhMme curyerafnch
Fill materi ke vhfidstor? Duichy thib Saoekidl Bididtion! m%vclsdf&&ﬁﬁ 6l bkfrifi{ 108 BB ey 8ot1 02 1 S

exposed. It c n be s en that a_portion 109 of trench fill material 108
ext ends abO\”E o the efohing asgseigted With Fi0n14 he prior at (FIG 6) only

the nitride I ayer 521nIRiG SBofstAnstlhfiveldyeS H @ahdrdlyghdhil o€ substrate 120 or
otherwise provided over substrate 120 using a known deposition process (e.g., chemical vapor
30  deposition, physical vapor deposition). In this embodiment, first insulative layer 111 is a tunnel
oxide layer (810,). Next, first conductive layer 116 (“poly 1”) is deposited over first insnlative layer
111 and trench fill material 108. Note that poly 1 layer 116 extends over portion 109 of trench fill
material 108,
Referring again to FIG. 8, poly 1 layer 116 is masked and etched (i.e., patterned) to
35 form via 140 between first and second conductive portions or wings 118, 120. Second insulative
layer 122 is then provided or grown (e.g., ONO) adjacent first conductive layer 116. Second
insulative layer 122 electrically isolates first and second conductive portions 118, 120. Next, second
conductive layer 124 (e.g., polysilicon) is deposited, followed by deposition of silicide layer 126.
Referring now to FIGS. 14-17, an alternative embodiment of the present invention
40  isdisclosed. In this second embodiment, the provision of mask layer 131 as described in FIG. 10 of
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In FIG 12, a sacrificial oxidation and strip off step is perforned to
round corners 136,138. In sacrificial oxidation, a thin:-oxide |ayer is
grown and then stripped off to get the trench 25 corner roundi ng. This
roundi ng RRNAMRs the "double hump effect” in the | - ristic curve-
of the trans?‘stor During this sacrificial oxidation, g&@%@’ﬁ’fz trench

Fill mat ethefikst debbdaimmit leéhmem (Wlth RferdnBYBFRG. 1415d141RR sédcﬁm 304%s fBinted by 9
associated wi,th FIG 11 13, first insulative | ayer 111 is

t her mal | yPGYaRA a’b\‘)@ﬁla"%@?fr@% E“’lfé'ﬂg a9y oxidsymateria] (€ 8- B Pl Axile matspidy suchiks t r at e
1ﬁ0 usi lngsmz)lma\mt:s&aaaez tTia9ér 208 Beeaded simdlarly t@mﬁﬁﬂf 28las abaaibecli mfi@c;@ea}aew ti 221
physi ca Siti I'rs nsu tlve ayer

is atun ne'll %%'('f“gl 8’(% 2&)"“’@{@@’5 a g?‘fopé'{rﬁ‘ge(}?yﬁf]&gl’ 5%*’ 'e'_{ P ("poly 1")
i s deposi insulative werms with a thickhess songewhatygesater thir thatrod] layerd 28 der examplepbaeriegral 108.

Note that %'zx%% PL@x&r &r%%nﬁ?ﬁyel%g%ﬁémp&dtsWAr?gg@m%f pfggnﬁm&, !

mat eri al errln agarn-to I'S nmasked and
et ched (i photolithographi¢ proctys, emape@e 22§ isforined mmeﬂg 6284/3%01@“ therdesired lodativecAnd

conducti veonnaﬁlbﬁa@e&cﬁsmm%%%&slgm 3204 ?ﬁﬁ&ﬂQe ﬂ,jyh]eﬁ ﬁtﬁﬁTdat§@t¥ﬁfeieé3§0§es then

provi ded or grown ,gq acent st conducti ve cond
i nsul ati v sp 2‘1222\ ep eXigdation st Fg/forrwaleselgmrei lingg (net;shovgy alopgthe wallsoEt i ve
portions #t&s20620. Next, second conductive | ayer. 124 (e.g., polysilicon)

is d ited, foll db ; j t] f I 6Rf
|3 dogget Lo, oLl qyd DL 5PEL O Bluahb e B pRLSN A B e o
di scl 0sedPECYD bkidesstepe Moench filinadiial208 is demmmlmaomindmkrlhﬁym withL as
d bed 7 i I st
L bRl dy G S S, Sl i
204 is fomatedal B8 lspwpoﬂtedmmgastnclqneasaflassnhaeapmqlematelzsomklassdmmgaanmhxi de

t I te 202.
Egygp ‘2328&%21%(} ovp?g%agas&:e%??mt)&&m%yﬁgrﬂgp ?éscrl ems é?%ﬁﬁ;above.
Subs ed®ientptgrial 2085 plapagized (g Fhemmical elmayvawwﬁﬂ‘éﬁwnﬁmruperésw&y@r,r eg.,
Si 3N4, i Sﬁﬂmhnha&ﬂamv&fs appraﬁmh:a@lzs chlﬂF ﬁwmm?ﬁ&r\gﬁﬂdae afﬁamgﬁiswam SInEE wh at
reat'er t t hat. o Q i er
get ween ap%m {}'Vkﬂ%ﬁﬁbﬂ'ﬁ%? ?%96 %P’%S‘B%‘“% %?xt’%'ﬁ? hffé%ﬁﬂ:%iﬁstandard

phot ol i t hmgﬁeaqjm&)expmmgwanapmpufabmwozﬂmstmm med in |ayers 228 230 at

o bl aamn. et ch. i s \peeie PO K 13 Mg 4 Rebn B fislaie R 280 b TS °, 1Y
| i ner 2®xi a%&}%wm@ﬁlbvw%ﬁoa g be sepmthatia pertion 0% of emealyfij! ratesial 2B he vvaI | s

of rec esataﬁﬁaboaeﬁ;pbmhrface gupsaso%%m 35/d shérmlamxlidauém st bffSep isench fill
for,k exa Trench fill material 208

mat eri al PECVD oxi.de
i s deposi P“ég’“'{i%‘é? %@%@ég zég‘d g yacy P’“ cthgightand widthofoss | ess
t han t hat uexfchfdimateﬁal\zwmamaﬁaymm@éledmélyrderl al 58 (FIG 4).

Speci fically, l k f
o R L T Wy A o b e

otherwise provided over substrate 220 using a known deposition process (e.g., chemical vapor

deposition, physical vapor deposmon). In this embodiment, first insulative layer 211 is a tunnel
oxide layer (Si0,). Next, first conductive layer 216 (“poly 1”) is deposited over first insulative layer
211 and trench fill material 208. Note that poly 1 layer 216 extends over portion 209 of trench fill
material 208. :

35 Referring now to FIG. 17, poly 1 layer 216 is masked and etched (i.e., patterned) to
form via 240 between first and second conductive portions or wings 218, 220. Second insulative
layer 222 is then provided or grown (e.g., ONO) adjacent first conductive layer 216. Second
insulative layer 222 electrically isolates first and second conductive pbrtions 218, 220. Next, a
second conductive layer (not shown) is deposited, followed by deposition of a silicide layer (not

40  shown) in a similar manner as in the first embodiment.




depth fromupper surface 210 to bottom surface 205 of approximately 4000 A
Next, trench fill 20 material 208 is planarized (e.g., chemical mechanical
pl anari zati on or CWP) until an upper surface 237 of material 208 is

appr oxi mat e{yg nar with an upper surface of barrier | gh as
wll be seen, ‘{iﬁ%z?hl ckness of barrier layer 229 assists ?ﬁ%@ﬁ?—ﬁ the
extent tg whi ch trencaeéeﬁingmmtms 3k ﬁ%ﬁéx@xﬂﬂ&y%&%(ﬁm&:@oﬂﬁ@ﬁéseﬁurface
210 of substrate 202. Referrl. nowto FIG a st rxﬁ% step renpves

i nsul at i ve |iBYFESOnjSsBows, dnghiy i ?ml?"ﬂ‘yliﬁt @Whﬁh malfgi Ghyfill

mat er :j al t2) O 8matdriat Iﬁ'&fideb(ﬁ} M&éﬁfgﬂfw acepafdtalséb%nae&gmﬁu hﬁ@ﬁmih 4 debdnd m@gbl?l 208

ext ends above u ur face so. in i ci xi.dat i on

and strip ofsfepsf"gﬁé @ isplation Sturlice 304 1 formed EXB’PH‘%H"% a ‘f% yer 5%% 'f"ﬁ@él’t‘%“s

sacrificial oxideedatetisie.gjdyad bﬁdtglhiter&ndudluadisl‘ozpévcr iubﬂﬂtbb()ﬁ [ lLdyerrm esrgravn i208
reduce |ve | ayer

I
211 15 1 Ror RPPERTR Y oclust ey st vyt SRt CLER TR ovor
substrate ZZ@pqndqzmgum (RMD)procksp Sebsequentlypa bade dayee33g. grefqrhldm maide\laargmg,

outat i ve. 1SR ied 0R The I 134 2 ilohlbs ey RkaER Hooo b 0% A,
conducti ve Itﬂy‘@ﬂymtt{‘*q%ﬁy Nme)thatﬂnsabg@sasmdmew@r thickerdhanithat of the gmpediment o r
211 and trenghribddih F@§ emnaéasmﬁam m&ﬂkgagmpgb&sslml@m&e?zbﬁs fxhsn: %ag/

portion 209 of trench fil mat er i al eferring nowto FIG 17, poly

| layer P16 328 3iQalitheesired l‘@?‘&’ﬁeﬂ cpyvegtional trepch gfchiagiprogess, sych ata dry 9 Blasapet ween
first and smndumﬂuedtb Vieh ROdsE 3wﬂﬁsw§mw30m8Am§ox1aaﬁn st foRfichninalativt | ve

| ayer 222 i 2@ 3 I‘OVI ded, or “Ig s}?ﬁg ONO) adjacent first conductive

| ayer 216. SBEIAshqwnLgpngthe we 8&8‘? electrically isolates first and
second conducti ve porNemce&]@ﬁ1s2m@dwhiemulatﬁeml£ﬁmdmeﬂaidmﬁfceeﬂampbra (not

h d | 8 Silici 40
Shown) 11 a ok yp) i ef LA Rl 30F s el Mip Sl RS ABUER ) 170
PGT! US00701 9 Sspventiongharendhyfill moaterial 38t (BIG-A)CSpecifdalpy3 trengh filh matgrial 388is depogited with

enbodi ment  QfhibiRessBF BRWh abﬁ&&ﬂ&t&l?'?odo% %‘fé?i"’ﬂenc%ﬂuhﬁieﬁal'sds f8 Qiz@(@g: the

trench fill mai8til includes a first trench naterlawﬁ)rowde in a

first fabri cHemea W@HCQHB“%"%EW?X‘EM“PWW@?PBW 308d%cond
fabrication apﬁbﬁﬁatelyaoﬁdxﬁwﬂ&nup@ﬁhﬁawwh&u@ém 304 is forned by

provi ding an i nsul ati er 3 clud e.nateri e..g., a pad
oxi de material, such é@f"%g ’s“ﬂﬁg‘nf‘gft%"%ﬁ%"esE‘ﬁi’@r"e%%%%%%%@?%vm in 10
a convensi odaﬁ%hmdabmpomiﬁésﬁuendrfﬂhmﬂbmkmsbyn thisclvborlirosk, tresqhdill nolgypiald0B i on

CvD Sub tly,
f)arrl)e?rl gyeré‘%%% %’?PSQH%%%P&&IS{MS%M%@%&WCES.S, gl gﬁﬂuelns )altppﬁl ed

over insulative | ayerkmﬂﬂ\ll‘t‘ﬁoffq ﬁp,@nm@lsmﬂayaw (2 mﬁ‘@?%l@(}@mi'ed 7000 A,
typically 2@0&&@4@@&:@d\mﬁmahﬁam&héﬁpsrmxﬁ&aﬁaéomssma@%ﬁmytmer than

that of the S&)blg g:?atxve layer 342 is then patterned (i.e., masked and etched, as described with reference
30  to FIG. 10 above) to form a second trench fill material 346 (FIG. 21) above trench fill material 308,
It can be seen that trench fill material 346 extends above upper surface 310.
In FIG. 22, a sacrificial oxidation and strip off step is performed to round corners

336, 338. During this sacrificial oxidation, the level of second trench fill material 346 may or may
not be lowered further from the stripping associated with FIG. 19. A first insulative layer 311 is

35  thermally grown over substrate 320 or otherwise provided over substrate 320 using a known
deposition process (e.g., chemical vapor deposition, physical vapor deposition). In this embodiment,
first insulative layer 311 is a tunnel oxide layer (SiO,). Next, first conductive layer 316 (“poly 1”) is
deposited over first insulative layer 311 and trench fill material 308. In this embodiment, first poly
1 layer 316 also extends over second trench fill material 346.



described in FIG 9. Using a standard photolithographic process, an
aperture 329 is fornmed in l'ayers 15 328, 330 at the desired location. A
conventional trench etching process, such as a dry or plasna etch, is then
utilized W@ ofd recess 306 in substrate 302. A liner oxg&g@g&a step forns
an |nsulat|ve I ner (not shown) along the walls of rece

recessg306 is fill thh V, hhd&ﬁ
exanplse a PECVD g%%t&%?deﬁi %(?ezgcl?ob”ﬁ)&gggr I al %18{3&@5 g me%q with a

t hi cknessforayia 340 hetweenfirst apd seppnd senduetive aertiprses vings 318 P20 .Spqonm'émvm 58

(FIG 4). 1a§¢mz fslmealpw.dea bER6h (Elgl bNm&.%a@ad firstQBndudtivd BIRI16ESecdhd h 2

t hi ckness, of £Bn@ﬂ8§ﬁOXI . Next, trench fill_ material 308
is pl anarf"f‘gﬁ'vf}yﬁr b F aﬁ‘?z Kstatd seond,pondugtive portjons 315, 30 DExtbdt i | an
upper sur éeecl canductive laget (@bl shbwid @depssited; Pallowed bidepbsition 0P4 silidde luyek thoftN UppeTr

surfa o] rier 330. rr| nom1to FIG 19, an etching step
rennveg |%§8ﬁg ﬁ@gmkgééwc m%ﬁ?f ?ayer 330, and a portion 335 of

trench fill materi aWhBO®e embpdinent 1mtstmnﬂ imehetFIGS. mediddscribed dbowedre piesentlB08 i s
et ched un f i now
PO R G olelenbl AShohd Beuclind oo btk 375l £ 3F hanffhl il F00

trench fi prample; te prerificpateriply ﬁlddlmqnslen@n@b@dm the prsfersd ¢rehodiments dizclosed 5000 A,
typicall yh&a%etpﬂmé@mx&nplémyh%bmam&sfecﬁée?me s%b&#aﬁien eﬂma Eeﬁshs

masked and et chéd, as described wth reference ove to form
a secdhd gimeptienss Alse. while dejembodimenty diyclgsedarg pmlréy E‘P‘é‘ﬂ%f?fﬁﬂflﬁh Pral  308.
|t can beoweawnivbiatie hreﬁacyhhéy rhdy fifd taplicition 3t foncriénoneldevitB) ke iREIRIoN Ssl#’of ace

310. In F 2, .S ation and s of f ste rmed to
round cor h@ft%dzmggﬁmc% ?93'?‘?%& {%ﬁ?’g S8 3990 E‘P‘i{{i aﬁ%s&ﬂ e{eﬁse&? \‘}g'F‘ of
second trén@hwﬁpfmemmwmhddNHQAG may or may not be Iomered further fromthe
stripping associated with FIG 19. Afirst insulative layer 311 is 35
thermally grown over substrate 320 or ot herw se provided over substrate 320
using a known deposition process (e.g., chem cal vapor deposition,

physi cal vapor deposition). In this enbodinent, first insulative |ayer 311
is a tunnel oxide |ayer (SiQ2). Next, first conductive layer 316 ("poly I")
is deposited over first insulative |layer 311 and trench fill naterial 308.
In this enbodinment, first poly I |layer 316 al so extends over second trench
fill material 346. -8 WO 01/17023 PCT/USOQ 19572 5 Referring now to FI G
23, poly 1 layer 316 is nmasked and etched (i.e., patterned) to formyvia
340 between first and second conductive portions or wi ngs 318, 320. Second
insulative layer 322 is then provided or grown (e.g., ONO adjacent first
conductive layer 316.. Second insulative |layer 322 electrically isolates
first and second conductive portions 318, 320. Next, a second conductive

| ayer (not shown) is deposited, followed by deposition of a silicide |ayer
(not 10 shown) in a simlar manner as in the first enbodi nent.




Wil e the enbodi ments illustrated in the FIGS. and described above are
presently preferred, it should be understood that these enbodi nents are
of fered by way of exanple only. For exanple, the specific materials and

di nrensi ons in the preferred enbodi nents disclose

provi ded asmei)?g)rlr]ﬁ)%cejs and are not neant to preclude the subsf{l?'?rﬁ)ﬁ%’i1 i ke
materials or 15 dinensions. Al so, while the enbodi nents disclosed are
particularly suitable for a flash EPR@yomisot her non-vol atile nenory, they
may find application in non-nmenory devices. The invention is not linited
to a parti cWEAT EhEbaMER(IS: but extends to various nodifications that
neverthel ess_fal| kb ci RnrkldSs AP BRARE tpelbl Smprih WABdd 7023

PC / USOQ 19572 t
(100) havi ng® %H’Vt“ﬁc?“gﬁgwa&o)d ebs'r%‘if %ﬁ*“&%ﬁéﬂt‘f"%"éﬁ“‘*n&%ﬁ& @%T“&ﬁegq most rate
(102) havi ngHSRACTEREERBY110), the substrate (102) having a trench (106)

extendi g bel ow f QG haGal ﬂéé%sm&ﬁ%& @68Y aRdMhavihPa BortibrE@09) eitbddtn
material (108) disposed In the trench (106) and having a portion (10 f
extendi ng #howstee sfacedli0hace (110); a first conductive layer (116) above
the substrate (10 conudctielnGS ?]BB&% fhe SubGthtd 1d>d) aﬁﬂ?’ddﬁﬁdnﬁt!hetréﬁbﬁ’ﬁh mardathavi ng

a portion (118) extendin over t ortion of the tr
mat eri al ( 168%)and baying 3 porfion (1B & oypr they PZ’%} Zi?&%“‘tﬁﬁ@ ‘r&‘ﬁ&“‘t{&m{’@t ive
| ayer (116); andanlﬁum\&etmﬁdt (CZD) dbbvt the Eirst eonehictivelidyty (146l adent the insul ative

mat eri al (122) t he ted IEC oved gate
couplin Sratio. ‘é d‘h‘t"é@"&?é@% Jage e %Veg%gg%lé%?fﬂ eler n the
trench fi IIimmtaedmadmt(momasa:rmipmia!sgatqqoeplmgmio second | ayers of oxi de (308,
342). 20 3. The integrated circuit (100) of claim1, wherein the first
conductive material (116) includes first and second wn (118, 120)
separated by the* Wsmsa{ei‘%“‘rﬁ%?f%}m’(YM“W"@I@H“F‘FR%&AP&‘H“&#“F‘C‘Nt (100)
of cl ai m 1, seedaetagisiof dxie (308,84%). conductive material (116) defines a via (140)
fabricated by a patterning process conprising a masking step and an etching

step. 3¢ The imn§ a&g%&arcﬁﬂubo{otgﬁ%n wah%ﬁ'ﬁ@fﬁ'stcm%tﬁéﬂmﬁeﬂ& (fgy tion

(109) of the trench 25 material (108) extends. above the surface (110)
of the subsinFldes firstand secand wings({ 18 5o soaprated Pioifig insulasive paenal (224 at ed circuit
(100) of claim1, wherein the substrate (102) defines a corner (136, 138)
where an upper suuﬁeaiﬁﬁgrﬁ&da)cuibtlotmﬁcﬁubatmhtl(e]fﬁﬁ):ondmamhmriﬂhHGIrench

(106), wherein the corner (136, 138) is rounded. 7. The integrated circuit

- (100) of cl gigRdy vid RRH RibReatddBy b phr it PRAYS b tistng ¥ Saskink 5&) and an etching step.

5. The integrated circuit (100) of claim 1, wherein the portion (109) of the trench fill

25  material (108) extends above the surface (110) of the substrate (102) at least 1000 Angstroms.
6. 'The integrated circuit (100) of claim 1, wherein the substrate (102) defines a comer

(136, 138) where an upper surface (110) of the substrate (102) contacts the trench (106), wherein the
corner (136, 138) is rounded.

7. The integrated circuit (100) of claim 1, wherein the first conductive layer (116),
30  insulative material (122) and second conductive layer (124) form part of a flash EPROM transistor.
8. The integrated circuit (100) of claim 1, wherein the first and second conductive layers

(116, 124) comprise polysilicon.
—_—
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30 insulative material (122) and second conductive |ayer (124) formpart of
a flash EPROM transistor. 8. The integrated circuit (100) of claim1l,
wherein the first and second conductive layers (116, 124) conprise
ponsiI|C@@ Litrrrreriricrttrrrrrr f1i-10- s WO 01/

PCT/ US00/ §94%%}9 An integrated circuit (100) having an |é§m£g§@d gate
coupling capacitance, the integrated circuit (100) fabricated by a process

conpri si ng forei 2@ imegritedéiituit {1006) having arhiacreasbdgatedonpling @&pacitantegthe integratdd ( 106)
ext endi ng bel ow a surface (110) of the substrate (102) CHARACTERI ZED BY:

I di t th
Prench 11 Feuk (EPEtibgeley pEEbREE ontphith ook frrch £ 06 c‘é‘“?é:’@f“?m%% °
substratewmbm)%)%mdlnﬂbtﬂv\bvslufamlw)fofﬂlswbem D ¥:over at
least a portion of f ﬁd.hgﬁ&-ﬂ&hfﬁn'nlatenmi@ainahe&eka%alos)lsﬁemﬁsmelueﬁ&qnlat ed

circuit (100) of claim9, the process further conprising: providing an

i nsul ati v@aWEFIéFQS&FXti“ﬂQWV%WEFW@PRa“iq)Pg'll'eE‘i?ﬁﬂ’&%‘t @fayer (116): and

provi dpgng a second genidigh fkEcdnadt@ie layed d16)0VEN at 1A aipbiich of the/weentipfiler i al
(122). 15 11. The integrated circuit (100) of claim9, wherein the step of
provi di ng"&tef’iﬂé?‘ﬂ??r fill material (108) includes: providing a trench fill
oxi de (108) over the trench (106); applying a photoresist mask (131) above
the trench (10&). mmegrmmmg(mo)efmmhewssm@t@omm- 20 12. The

integrated cir iding a nitride
| ayer (230) o H’bld"%e su Ha%?fg)ﬁg‘% e n|tr %g%r( éll(l)é)j havi ng a

t hi ckness of bem@mgammdmmmﬂﬂﬁ@ﬂvﬁfdm;m%@?wtﬁ"@ﬁ 2rench fill
material (108) and nitride |layer (230) are planarized. 13. The integrated
circuifs (100) of. THe #itehrAled dirdiit (100) of E1AVY, Vhét€in fidistep bNprowgding & trénichi £l
conductive layer (116) to formfirst and second conductive w ngs (118, 120)
and providi 25 i.nsul ative material (122) to electrically isolate the
first and '?é‘%&ﬁ&ose h‘&?tl ve wings (118, 120). 14. -The integrated circuit
(100) of claim?9, f providagatembfilloxidg(198)venthetgenan(106)sul ati ve materi al

(342) over the tren Pfbo i the insulative
material (342) to ?@I%écéam}&iéﬂe‘?gﬁh%tren‘%q%tﬁﬁléﬂﬁab?e??al (346) above the -
trench (106), the fPehingtemensbfilosided®r (116) extending over at least a
portion of the second trench fill material (346). | Il | | | 11111111111 11
1111 2011- 111421 Thelintdgtated circuit (100) of claim 9, further comprising providing a nitride layer .

(230) over the substrate (102), the nitride layer (230) having a thickness of between 1000 and 5000
Angstroms, wherein the trench fill material (108) and nitride layer (230) are planarized.

13. The integrated circuit (100) of claim 9, further comprising patterning the first

conductive layer (116) to form first and second conductive wings (118, 120) and providing an
25 insulative material (122) to electrically isolate the first and second conductive wings (118, 120).

14. The integrated circuit (100) of claim 9, further comprising providing an insulative

material (342) over the trench fill matenal (108) and patterning the insulative material (342) to
fabricate a second trench fill material (346) above the trench (106), the first conductive layer (116)
extending over at least a portion of the second trench fill material (346).
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