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~30'gate coupling ratio (a) of the nenory cell. Gate coupling ratio (ag I S
defined as: a=C~l (C~+C~) where Co,~ is the capacitance between firstZ8 JAN 2004
polysilicon layer 18, 20 and second polysilicon |ayer 26, 28 and C-x is the
capaciywayiaseat ween substrate 11 and first polysilicon | pgEAUSERBI9528.
Accordingly) what is needed is an I C and nethod of fabricating an ICto
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steps in the proc e conventional flash rrem)[ﬁ‘/ cel |
of Fl GHurther@BfipidmisthEiRkelbitiopsfthelCa Asalesigmmilasicontinu¢ tordeefeasedhe 474 efiihe
according to an exenpl ary 35 .embodi nent SEhd H'afgé bbb @Rn bd-| GURE 9
depi ct £ g&ﬁgwﬁeﬁ%@%aPSﬁ%’s%‘B?‘?‘Pngr‘ Cal?%r‘{égﬁeltg{i por%i on?gf bar,l i nt egr at ed
Ci I cUi tdeRfealddBy dBireasing the target voltage. The target voltage can be decreased by increasing the

30  gate coupling ratio (0 of the memory cell. Gate coupling ratio (o) is defined as:

a=Cm/(Cm+Cuax) B
where C,, 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 lgyen: 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 pump, 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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FI GURE 10 depicts steps in the process of fabrication of the portigg oé 2@
integrated circuit of FIG 8 -3 2 8 JAN 2004 WD 01/ 17023 PGTI LTS0brASHS
FI GURE 11 depicts steps in the process of fabrication of the portion of an
i ntegrat MOB8IWA3t of FIG 8; FIGURE 12 depicts steps in t RETAISO0/89532 of
fabrication of the portion of an integrated circuit of FIG 8; FIGURE 13
depi cbs delopshe surfape A trenchdl material iy dispasaddm thefrepqhieand Basta RASHQS eXéﬁ?dlnﬂtanat ed

10 circuige é&?fagé G fifkt ccﬁh@fﬁgla% dSPh&hSns &&{BE fill Pnakd?a] AR E Bordibn E)&fodnfgat i on

of a portion of an integrated circuit according to a second exenpl a
enbodi mersverghe P¢f§°‘p¢féb@W§“1@tWé¢%qf@h Arringybrtive Jayerdis pdiagest the Hp¢ C‘P‘H’“‘Etﬁ’é "B(F’b cess

of fabri GalhQLkoRd caBetRR/idyeOS a@hcedltnt Ms@RUSH..Ci rcuit of FIG 14, 15
FI GURE 16 dep‘fbgtscste%s |:Ir¥E ag‘)'pcrocess of fa%‘rélrcatlon of  the portion of an

integrated circuit 4f¢comding ‘OBﬂO‘h‘FIe{EDFEEmPF of dysi nEgsent pveption; H"”cgfﬁéedp“rlﬁe’ééé"“lﬁ
f abri gat 'aﬂ@nd?éas%d"%td)&ﬁblh&rbaﬁgcuﬁféc i iR eHsed. CfheGhebgrathd cifthit Y fabrichfed by afprdceiisE 18

depi cts steps | rocess of fabrication of the portion of an  integrated
20 ci r cuiipcludingfogning at‘@n%h ip thersybgisetenihe &'F'}Phéﬁ‘ﬁt‘fﬂi‘mlﬂw dfurtage ofythe syhsirate;

i nventi onyeoillifbRErerdch EMAEHAF iSthe Rench @uéhhﬁatﬂfe%ﬁ&ﬁﬁlpﬁmﬁﬁﬂrek@ﬁ&sl @Bvethe t he.
portion of an integrated circuit of 18; FI GURE 20 depicts stetgpﬁn the

process otrfpoenfithesibsymtepandipreviding & ﬁﬁhc%f’“(‘élt’fc Jayeraoyerat least &poginniof e

FI GURE 215 figRegiis steps in the process of fabrication of the portion of an
integrated circuit of FIG 18; FIGURE 22 depicts steps in the process of
fabri®ation of the portion of an integrated circuit of FIG 18; and Fl GURE
23 depicts steps in the process of fabrication of the portion of an

integrated 30 circuit of FiERIEFDHESGHIFRIORDY BRRRVINGS OUT THE | NVENTI ON As

stated hereinabove, an increase in the gate coupling ratio is required to
decrease the target_vo]tage of the char u 0 de se the
size of the charge vaen%ﬂ%wﬂ}l&gﬁ?mgg%pwggﬁ%s HAQB'HF&U)J(’?B‘)’%Wg% ﬁl ase in
the gate dsstiptionJakedin Sonfinctichovitithé Mgothpdying dadiiigs wierdn liksefdrdnee haherilpol y
dielectric_| ayer betvvecgn first and second polysilicon |ayers (a.k.a.) "poly

1" and " p‘BH} ike pags, AL W) As will be shown, this increase is obtained
by inggeasing the SB’IGIMI&E;&C&S 26/0QSBctivRbIoevDall atovennichapfiksh rnmrg calialong
cont act %h rgn% creaS| ng the surface area of the capacitor fornmed by
poly 1, § HEFCHRL i nterpoly dielectric |ayer.

FIGURE 2 depicts 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 steps 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 conventlonal 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. §;



2 8 JAN 2004 WO 01/17023 PCT/ USO0I 19572 Wth reference nowto FIG 8, a
portion 100 of an integrated circuit (1C having an inproved gate cbbighN agj
rati o according to one enbodi nent of the present invention is shown in

Cr 0SS+ 6%&/?%93 along the word line direction. The I C is apé&hmasto/rsersory

devi cé? b may alternatively be another nonvolatile nmenory (e.g., EPROM
EEPROM etc.) or pashRE 11 AbMEE seFin@hd ftbdeks offabrigatiowottie partios afsitintegrated 02
(e.qg.) silicon) germanium gallium arsenide, etc.) includes an isolation 10
struct ewanitkdFI@SEi ned in a recess or trench 106. In this enbodinent,

i sol ation struct giGURRA2idepitts $185d inAN¢ Bro@BEHE fabiidatitn of the porion of a integra@ini ng
a trench fill material 108. Trench fill material 108 is an insulative

mat er i girquittf 858, PECVD oxide. Trench fill naterial 108 extends fromthe -
bottom of recess FHEBRENMUcHicRRtepPThe Frocdksrrabidition ofthbpomiat of alategmisd

i ncludes a portion 109 extendi ng above upper surface 110. Recess 106 has a
botwomcirenif fdEG. 105 approxi mately 1000 to 7000 Angstrons 15 (~) bel ow upper -
surface 110 and pyefRianldtpeRaips AlROpboesbel Butiipacs spudianel dhigried i 1 st

i nsul ative |ayer 111, such as, a tunnel oxide |ayer, is_ provided over upper
sur f aceirtdiOacodrding b2 seserd exeMPHRErRRPEIMER ﬂfe‘hG\BTeF"éX IYSNHOP 4 of recess 106. A
first conductive gayRe klfpich4eps the sogssopmblisitoh opthe ipertion of inderigratiilacent
first insulative layer 111 and trench fill material 108. First conductive

| ayer Xiuit of Figslded and etched to forma first conductive wing or portion
118,20 and a secofgyfgNiHehi § [HthOprobedt bi PABridation of-ihe portion oflarciniegrateday er
11615al so defi nesoifaﬁvi a 140 it():itaé‘ft%\t/(\a/\e%eggcoirslducti ve portions ?18, 120. First and
second aironidofIGvE:;porti ons 118, 120 extend at |east partially over portion
109 of trench fi 'ﬂ:ldig@ﬁ icksQtepb 1 (BEFRcdsH Bf fabFibation ohthe Poitivaiof aindpmtedy e

| ayer 116 has exposed to the subsequent |ayers, relative to the prior art.
Thi s i nrceie®FIGnl4ur f ace area results in an increase in capacitance, which
raises the gate c (R depickshteps s procdre df hidriedtiohof diegortidh of a Mtegmted
exenpl ary enbodi nent) an upper surface 34 of trench fill material 108 is

I

at feastirctidaccordingsowahirdnsemplaryembodimentof she prgsrnt IxenlioRg s> yyher surface 134
may be as high aspffi@th aé&@aes: PEthe Biicéss OF fabtiBativh of tHegiortmnef A0idlegated My
be approxi mately 1000 t£92 00 ~érﬂ§abovg upper surface 1 IO of substrate 102.
A secondruitofFigx 1%e | ayer 122, such as) an interlevel dielectric |ayer
(e.g.) Oxide 30 Nejdumie 26Udmies stéps idihe piodesd ob Yeticitionsif theqodiontof swintegiated 116
and trench fill material 108. Insulative |layer 122 forns an insul ative
barri ercipwit@ElG. d8nducti ve portions 118, 120. A second conductive | ayer
124,,such as) dopefGHRE ¥8blgiOfepsin B Prdces df fatgicationad itk portionlcfien integtateder
1227 Thus, insul ative layer 122 also insulates |ayers 116 and 124 from one
anot her cirnitof FIGil8e | ayer 126 is provi ded over second conductive |ayer 124.
35 Referring now EeGHRED? d&pidSsteps iffte pastessfof fatiicatiomtdf thy pootiani of an MEgrares!
described. In FIG 9) isolation structure 104 is fornmed by providing an
i nsul at Fiyaigof G- 18p8di ncl udi ng an oxide material (e.g., a pad oxide
material, such aspGURBR3Qusikts REfRSh BRipeoct@f falmigetionld ghe poriganeafan integeated
conventional thermal process) or applied by a chem cal vapor deposition
(Cvy orirepitghFIG.d8t vapor deposition (PVD) process. Subsequently) a barrier
| ayer 130) preferably a silicon nitride |ayer, e.g., 40 Si3N4, is applied
over insulative layer 128 with a thickness of approximtely 500 to SO000 ~)
-5 2 8 JAN 2004 WO 01l 1'1023 P bout 1000 to 2000
~. Using a standard Wﬂ%ﬁ%&ﬁﬁﬁ%er (arﬁe 129 is forned in
| ayers 128, 130 at the desired |location. A conventional trench etching
process, such as g isedHerdtadoviRatincieaseiisthe igete coupling zasib is tequiredio deccadss 106
in substrate 102. A liner oxidation st for an _d i | b t
Shonn) _ AhDAGERRAERATIS s BBkl BOw™. faess Pealyf GEHRls nifty TSl
iTn SWs ﬁt ;ily\?f,ggmﬁigyés:ah Ii;(,)ogakﬁhgﬁl gaib%uﬂgklg_ritﬁrb)einamrm, thacafeclwmoéw'%i e s]E ep.
rench fi mat eri a is osi.te ~a t ‘ + fancogigat, o
the convagpplysiglectricayey betyveen fﬁgttaé? Feé:f’“%%;l-‘(sf—]fc&n qéi’)%mégém ?‘??z Al P@ p{ﬂ? ench
f7 i)u) natr@s?b&ivcl%'QBAi ﬁil%ﬁﬁ%\ﬁ, ﬂﬁs i]gfc:wscas dthimddrhyssf' credsinigahssurfaceAreansOSki mat ell Y

~ assumng a treng ept rom upper .su Midedce
of appr oxtiehRady | andoeply 2 are In ¢outagt, p\e{%y ﬁ%w.?lgg hcgﬁﬁa_%}{%gfoggg%ag@ﬂéf 131
(e.g., i RM&Epolydickiefidis@rover 15 trench fill material 108.
Mask Ia?ﬁ%ﬁ@ﬁggbl y li)p(sﬂyappl i ed&y:uch that a lateral w dth of opening
133 is sonewhat wider than a lateral width of barrier layer 130 to ensure
that barrier layer 130 is conpletely rt(;goved by subsequent et chi ng.
Referring nowto FIG 11, an etching sT€p renoves insulative |ayer 128)
barrier layer 130, and a portion 135 of trench fill material 108. In this
enbodi nent, trench fill material 108 20 is etched until upper surface 110
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. In'FIG 12) a sacrificial oxidation and strip off step is perforned t

round corners 13b, 138. In sacrificial oxidation) a thin oxide IayerZleAN 2004
grown and then stripped off to get the trench 25 corner rounding. This
roundi ng WOewaNR23 t he "doubl e hunp effect” in the |-V charagteussitescur ve
of the transistor. During this sacrificial oxidation, the |evel of trench
fill material 108 niithoeteraage Y toddG, Bigepastiorf 1A0tai@p integssied piecudt(hhagng an
associ at egnybida gEJe@ou;%% rdeid aEéo%m%?&oJe'edeﬂn{aﬁ%ﬁLé yx%sénameémms Swn in

thermal 'y grown ‘over 'substrate or ot herw se provided over substrate 120
using a kA©Hnseadgnsdangitheverd dinedisectien.gThe khis giflash mempryrdegioe. dapway alicoatively
“physi cal’ K@Whe@ﬁcﬂ%ia&l'e?d}}no glgt JHER GMPREPRBAL, 2ech of Sther :Ht%g'lja%'c}{-&nﬂ ayer 111
i's a tunnel oxide |ayer (S Next, first conductive |ayer 6 ("poly 1")
i s deposi saricendustorsupsirate] lﬁaén &t Silicon) geywaniumy gallium arsenide elcr)I“IIClW&’é @wiscaatwnos
Not e tihat sibute 104 R¥REd &l@ec@é&to‘?ﬂgﬁchol‘()%r Irpﬂl!isién%?)dﬂr&%t ‘?Jolalnbﬁ%ﬁbnfré \d4 iRt erial

108. Referring again to Fl G poly 1 layer 116 is nmasked and et ched
(i.e., paﬁhaélpwwycmeplgenﬁ@mrv Feptaining B érenghefill matesial W8 Traelbfitl matsrial 0B isen

portions qrsulw,mtérﬂaﬁ)suaa?& PERSAS Bide. "Pihél ﬁrfﬁmlcaxﬁfosje%t%nmr&na@ bBitdhy beled or
grown (e.g., ONO acent first conductive layer 116. Second insulative

layer 1227espwdP$ rocvarri an uppes|suiface 119 pEsubstrate EQ2canddnclusies a prtion 107extqnding above
118, 120. Nepek surfRC PIvd ReORSH6d Ha¥ & bbﬁ%ﬁ Eur?&é 168 aﬂm)xn?ﬁﬁﬂe%sl'om £PTODO ASigstroms

dep03|ted) foIIovved by deposition | Ci e 6 Referrlng now t o
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35 Referring now to FIG. 17, poly 1 layer 216 is masked and etched (i.., 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 portions 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.



LVo5 -
' f § JAN 2?04

WIO-yt oj e [ V] ca] ca] ca] calc
ca] ca] cal] ca] ca] cal] ca] c}a] 2525251]{1952{2?] an/(], SE'?']ZgSg]GCZ] ca] ca ca] cal al ca

$!B!~ cgmé%ﬂ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calpealesvelisahcal cal ca

] ca] ca] calcalca]calcalcaljcalcaV]ca!!!l!l % z"

H#&H] HHHANSS] Y0 %ﬁg owto K (is-ii \éCIinGED&x Xipta) embedimem]of #leqadsend ca] ca] ca]

e Rl il )
| cal cal C%&@hﬁ‘.@ Fans %ﬁ@{ﬁﬂﬁfd&%@doﬁamﬁ&m falerialh aabconl eatieaional cal c

PPRL RPR}@ P REG.\1 6 xg@l{mqmuqtura@pw]f@a]eé&y@mwaf&y} ingylativedayer 378 inpluding 2 -
Ical call cal Gauha & £ Sl itk Gleial, Gthaalsi6) %ai&abmtﬂo@@?&m&%&ahzﬁl in

~J_he| aamm&dmmwmmmmmdém chemigplovaperdgpesition (G VY T P04t V] ca] ca] - -

ca] ca] calc “a

oL AR o ek o s |
ﬂ g :] c a};t_;,ul mbpk]dm]:uaitﬁa]ve lzaycraB@]Z &a@@aljllélﬁ]césaflﬁj 3@&‘]‘%’55’%‘ i M‘]G‘m aU cal] ca
U e AR RGP MRBLEI0. gt s et s o1
] ca] caUligsatieed )i BIG. ©aUsing a standard photollthographw process, an aperture 30231159 ngui]ﬂ(i%] g ea

rksssss wu?u\Vu ppr. A
] da ; €§ Q Cg\’—a RPRE l{vre on %Hz‘n 3@13 Mﬁ%\ﬂ:ﬁé’&&&b% kéhsal cal
e e =

h& ()-!10% # % %h& % %4.0% 00
bl st 1< s, 00 0o i
ne 8 01 3905 & { | Yook s OO 81ch jnssiogTonch K matesin A8 13 Tor pkarmg) e
b@" S#lg:g;&g d?ggg reludn @%ﬂgﬁ@gy&éﬁc}?m&@mmﬁe@ Te Sl B3 ot )$ e
h& (d- WcUMEdix@htitdh%ﬁll (ateriglSFABIGR 4] )Spemgmgwﬁ xpa}tcmal poébm&&oset)ﬁ‘wuﬁ

coa( <o htmiel ¢ GrSnmminnny TP & Desiret () TSR PR O

GG (o ilTiigjonbpiptaszgioy of GFYURHLaR oas e DT O etheO s 109 Sora0%

éoo/&HO(;/&l?a}%x 7 fﬂ%%&tl{&m per su;fa@g%%ér)laﬁi‘@ﬂ%f& () 13
MLOYANG' () - S#10%rRefarring uew o@IF 1 yaRetchiogsaromeves inwlasiaves 328 BRI () -

| 81096 ()i 330 LB foiidir§35%e o B (matdd08( din hisl SBORirhdnt, trench fill material 308

is etched until upper surface 310 of substrate 302 is exposed.

Referring now to FIG. 20, an insulative layer 342 (e.g., 2 CVD oxide) is applied
over trench fill material 308 with a thickness of approximately 1000 to 5000 A, typically 2000 to
4000 A. Insulative layer 342 is then patterned (i.c., 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. l

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 17) 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.
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example, the specific materials and dimensions utilized in the preferred embodiments disclosed

herein are provided as examples and are not meant to preclude the substitution of like materials or
15 dimensions. Also, while the embodiments disclosed are particularly suitable for a flash EPROM or

other non-volatile memory, thcy.may find application in non-memory devices. The invention is not

limited to a particular embodiment, but extends to various modifications that nevertheless fall within

the scope of the appended claims.
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(i1 10%@ ()- 1010 & trench fill material (108) including first and second layers (308, 342) of
' axide disposed in the trench (106) and heving & portion (109) extending above the
sutface (110); .
a first conductive layer (116) above the substrate (102) and adjacent the trench
10 il materiel (108) and having & portion. (118) extending over the portion (109) of the
trench All material (108);
&n insulative material (122) sboye the first conductive layer (116); and
2 second camductive layer (124) adjacent the insulative raterial (122).

15 - 2. The integrated circuit (100) of claim 1, whersin the first layer of oxide (308)
bas a thickness of less then approximately 7000 Angstroms and tha second layer of
‘oxide (342) has 2 thickness 0£2,000 to 4,000 Angstroms. |

3. The mteg'mxed'mmm(loo) of claim 1, wherein the first conductive material
20 (116) includes first and second wings (118, 120) separated by the insulative mam,ual
(22).

% The'imegroted circuit (100) of cladm 1, wherein the first conductive matecial

(116) defines a via (140) fabnatcd by a pattening process comprising a mashng step
25 and an etching step,

5. Theintegrated circuit (100) of claim 1, wherein he portion (109) of the trench

fill material (108) extends above the surface (110) of the substrate (102) st Jeast 1000
Angstroms.
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The integrated circuit (100) of cleim 1, wherein the first conductive layer
(116), insulative material (122) and second condncnve layer (124) form part of g flash
EPROM transistor.

8 The integrated circuit (100) of claim 1, wherein the first and second
10 conductive layers (116, 124) comprise polysilicon

'S, A procaess for fabricating an mgmted circuit (160) forming a rench (106) in
the mbstmta (102), the trench (106) extending below aaun&ce (110) of the substrate
(102), CHARACTERIZED BY:
15 providing a trench Sl material (208) in the trench (106) such thar the treach
fill material (108) extends above the surface (110) of the substrate (102);
providing a first conductive layer (116) over at 1east a portion.of the trench fill
material (108), and
wherein the step of providing a trench £l mamml (108) inchides:
20 providing & trench fill oxide (108) over the treach (106);
epplying a photoresist mask (13 1) above the trench (106); and
dt.hing the trench fill axida (108). °

10.  The pracess of claim 9, furttier comprising:

25 providing en insulative material (122) over the fixst conductive layer (116); aad
providing & second canductive layer (124) over ths insulative material (122).
11.  The process of cleim 9, wherein the photoresist mask (108) has a mask portien

(131) over the trench (106) and an opening (133) over the surface (110) of the
30  substraw.
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tlectrically isolate the ﬁrst and second
copductive wings (118, 120),

10
14, The process of claim 9, further comprisxng providing an insulative material
(342) overthe trench fill maverial (108) end patterning the insulative material (342) to
fabricate a second tench 61l maferjal (346) above the rench (106), the first

conductive layer (116) extending over at least a porton of the second trench fill
15 materia] (346).

15.  Theprocess afclaim 11, Turther comprising;
providing a barrier layer (130) over the substrate (1 02),
forming apertures (129) in barrier layer (130), wherein barrier Izyer (130) has a larersl
20 width between the apetures (129), wherein the opening (133) of the mask portion
(131) is somewhat wider than the lateral width between the apermres (129).
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