21 February 2006 A STRUCTURE W TH COWCSI TE FLOATI NG GATE BY POLY SPACER
I N FLASH BACKGROUND OF THE | NVENTION (1) FIELD OF THE Il\%/l%[\%d\lzo'ghe pr esent
- invention relates generally to sem conductor integrated EREEY 2% echnol ogy
and nore particularly to nmenory cells used in flash EEPROVs (El ectrically
Erasabl e Programmuabl e Read Only Menory). (2) DESCRI PTION OF PRI OR ART The
efficiency of programoperation in flash nenory cells is dependent on the
coupling ratio between a control gate and a floating gate. In flash nenory
cell s a gate AGIBUECTWRE WEBE COMPOSHTD VRO AT TRENGAQEREPOLY egi on separ at es
a floating gate fromthe sem conductor region. Charge is exchanged between

the floating gate and the segpgemRupi prakegi on through the gate dielectric
| ayer and the charging and discharging of the floating gate in this way

constitute the progr amﬁﬁ[@Ké&%lﬂﬁ%%ﬁ%ﬁp@%M A control gate is
inter

separated fromthe floating gate by an evel dielectric so that the
control gate is capacitively coupled to the floating gate and this coupling
is utilized to control the voltage dropped across the gate dielectric.

D rect exchange of charge between the control gate and floating gate is to
be avoi ded.(%l'ﬁ@%%ﬁ INYENTION essentially the ratio of the voltage
drop across the gate dielectric to the voltage drop across the interlevel
di el ectri c. The fresepl eémvdnjion dicdaitsagenerslly oohsamicasduetoe hinbdgritbd d@pplti ed
potential as possible

technology and more particularly to memory cells used in flash EEPROMs (Electrically

.Erasable Programrriab[e Read Only Memory).

.(2) DESCRIPTION OF PRIOR ART
The efficiency of program operation in flash memory cells is dependent on the
. coupling ratio between a céntrol gate and a floating gate. In flash memory cells a gate
dielectric layer formed over a semiconductor region separates a floating gate from the
semiconductor region. Charge is exchanged between the floating gate and the
| semiconductor region through the gate dielectric layer and tﬁe chargiﬁg and discharginglr
of the floating gate in this way constitute the programming and erasing operations. A
_control gate is separated from the floating gate by an interlevel dielectric so that the
.c_ontrol gate .is capacitively coupled to the floating gate and this coupling is utilized to
control the voltage dropped across the gate dielectric. Direct exchange of charge between
_the control gate and ﬂoating. gate is to be avoided. The coupling ratio is essentially the
ratio of the voltage drop across the gate dielectric to the voltage drop across the interlevel
dielectric. It is clearly advantageous to have as much of the applied potentiél as possiblé’

~across the floating gate to semiconductor region dielectric thereby enhancing the




across the floating gate to sem conductor region dielectric thereby
enhanci ng the 21 February 2006 2 efficiency of the progr rp%ﬂ%(%g erase
operations. Larger coupling ratios are thus nore desirable nce the
ratio of the voltage drop across the gate dielectric to the voltage drop*
across the interlevel dielectric is gqual to the inverse of the ratio of
t he capacitances across these layer it is beneficial to have the control
gate-floating gate capacitance as |large, and the floating
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-take into account ge I1s to pass throu ectric it

cannot 0Q.thieck and d.f char is not to pass.thro t inferlevel
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t he thickness of Ehehgi | ectric layers to achjeve high coupling ratios. In
tradi t 251087 the H¥srlews }f@eceréq ISsequph & éhe Hweme fstheratin of the ganasitances
gate-floating gate capacitor and the floating gate- sem conductor region
capaci tagfoss #iase daiepar sbbanchnidl fohaoliel dontol gitedbating geonpeasanedaby

i ncreased applied voltage. However, increased voltage can give rise to
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circuitry, which uses valuable cell area and i npedes the ability of
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whi ch the coupling ratio is increased by substantially increasing the area

of the - | [N o] its.area. is.nuch
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achieve high coupling ratios. In traditional flash memory cells, where the areas of the
control gate-floating gate capacitor and the floating gate- semiconductor region capacitor
are comparable aqd low coupling ratios are compensated by increased applied voltage.
However, increased voltage can give rise to reliability problems. Also, high voltage could
.require excessive circuitry, which uses valuable cell area and impedes the ability of

shrinking the cell.

In thé present invention a structure is disclosed in which the coupling ratio is

N increased by sub'sfanfially. iﬁcfeasing the area of the control gate-floating gate capacitor
sé that its area is much larger then the area of the floating gate-semiconductor region .

capacitor. This is accomplished in a method, which is ari integral part of the invention,

that utilizes a novel application of the spacer etch technique. By deviating from the

traditional planer stacking structure, the increase of the control gate-floating gate

capacitor area is accomplished without any increase in cell size. With a hlgh coupliné

- ratio resulting from the increased area of the control gate-floating gate capacitor the




that utilizes a novel application of the spacer etch techni que. By
deviating fromthe traditional planer stacking structurﬁj%ghe &ﬁﬁrease of
the control gate-floating gate capacitor area is acconpllshéam%n out any
increase in cell size. Wth a high coupling ratio resulting fromthe
increased area of the control gate-fl;oating gate capacitor the 21 February
2006 3 thickness of the dielectric |layers can be maintained-as they
optimally should be, the gate dielectric layer relatively thin and the

i nt er | ahiekneds of gt ditlectkia Y Bferd &naled MelnYaibdd zfskthe)l' G%tnﬁcqgj st.ﬂoqgi’ bréé Elgecgaggl i ed

- voltage can be lowwith resulting inproved reliability an
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with protrudin source ntains a Spacer con et al.

us. P t 6,297, 09 isclos fl.ash wth a floating gate process. U S
pat ent RODYE 58 #PpACtEy g % Po Tap ol tpotlig imgened Uil wemerpoed | U, .
Pat ent 6, 207,503 di scl ose a method for shrinking array dinmensions of split
gate fICHSH"fenory cells that utilizes spacer processes. SUMMARY OF THE

" INVENTION It is a primary objective of the invention to provide floating
gate and control gate structures in flash nenory cells with increased
-control gate to floating gate coupling ratio. Another prinmary objective of

the inventi &isidhsett al. pr.8v Paenf 6022989 diedleseas @pROPAE Hash GHUE pBdthHGAg!r €S i n
flash menory cells with increased control gate to floating gate coupling

ratio tdiate itat 86AthRY @hputdrN@Hiroll SGE G356n Of 2IC®1 S, Bt 6 Jd7 Jod ARQLNel primary
- objective of the : ’
- flash with a floating gate process. U.S. Patent 6,249,454 to Sung et al. shows a split gate
flash memory cell. U.S. Patent 6,207,503 disclose a method for shrinking array

dimensions of split gate flash memory cells that utilizes spacer processes.

SUMMARY OF THE INVENTION

It is a primary objective of the invention to provide floating gate and control gate

structures m flash memory cells with increased control gate to floating gate coupliné

ratio. Another primary objective of the invention is to provide floating gate and control
gate structures in flash memory cells with increased control gate to ﬂ(.)ating gate coupling |

ratio that is achieved without increase of cell size. It is another primary objective of the

_ invention to provide floating gate and control gate structﬁies in flash memory cells that

require lower control gate ﬁpplied voltage aﬁd thus possess increased reliability. Yet

another primary objective is to provide floating gate and control gate structures in flash

memory cells whose decrease in cell size is not limited by the circuitry requi%ed_ to delive-;

~ . the high voltage needed_ for traditional programming and erasing processes. It is yet




invention to provide floating gate and control gate structures in flash
menory cells that require |ower control gate applied vo&{ﬁgg a&%ﬁthus
possess increased reliability. Yet another prinmary objec ive 15 10 provi de
floating gate and control gate structures in flash nenory cells whose
decrease in cell sizeis not limted4y the circuitry required to deliver
the high voltage needed for traditional programm ng and erasing processes.
1t is yet 21 February 2006 another primary objective of the invention to

provi deanatHEe ptiadrs objtabil dakeinve@dd R0pBRdR a ABHoE RN bPiLald3o8tiSs batgt ures in
flash menory cells with increased control gate to floating gate coupling

ratio. 4 éoﬁtr&ﬁéat@@@ﬁél?@ﬂ'es B hgrsglr %eﬁ%bggélisv‘tgirtgrin%%%%& E?ﬁp&litg%{% t%oﬂo%'{iﬁgi de a

met hod to fabri€ate floating gate and con ructures in ash

menory I i th _..ingcreased control gatge to flpatin ate coupljng ratio
That | S8 kRadioh o nius 3h ep E88eBinatE bhict e, af Bid Meht ambbier For vy
obj ective &L th% | nvzlnt ion to provide -a nmethod to.... fabricate floating
gate arfBethethia Gibrigae dloating, gateaed coplel| gate girvgiurcs i Rashermsmprye e¢llsswithat
require lower top gate voltage and thus possesses increased reliability.

Yet andi¢ressed gpitnelrapteotoj thating gatesouplipg owviodbatas melibod withdwlrdreat of f | oat i ng
gate and control gate structures resulting in flash nenory cells whose

cel I decledmeli B natanbther pechaby objretive iof Ghe Ginenfiew pashidoadabthyeto t he hi-gh .
voltage needed for traditional programm ng and erasing processes. These

-Obj ect itMefcal BoAGld SNEUnd RoARS S QRhdRs PesitiRRtd ﬁg%tgﬂieﬁ.ﬁféel@sop&; ol gate

"~ structures that deviate fromthe planar structures traditional Tlash
“menmory gellSioudd to Ega@er rvgga&%r’rp&p' n the inyention.th | oati ng gate
i‘ s a -CO%JOSi OwreL r% e §panF(E bgsst?srses Moréddd& reha%ri'llty. %(eft anther

primary objective is to provide a method to fabricate floating gate and control gate
structures resulting in flash memory cells whose cell decrease is not limited by the

circuitry required to deliver the high voltage needed for traditional pfogramming and.

erasing processes.

These objectives are achieved in the invention by floating gate and control gate

. structures that deviate from the planar structures of traditional flash memory cells. In
referred embodiments of the invention the floating gate is a composite structure. A spacer
like part of a composite floating gate is formed on.a.planar part, the parts being in

. intimate electrical contact. The planar bottom surface of the composite floating gate is
disposed over a gate dielectric layer formed over a plaﬁar surface of a .semiconductor

. region. An interlevel dielectric layer is disposed over the exposed upper surface of both
the spacer like and planar parts of the composite floating gate and the control gate is
formed over the interlevel dielectric layer. The area of the vertical sidewalis'ofl the sp'ace;

. like part of the composite floating gate can be very much larger than the area of the




li ke part of a conposite floating gate is fornmed on a planar part, the
parts being in intimte electrical contact. The planar ?loﬁtﬁomftd face of
the conposite floating gate is disposed over a gate diele A yer
formed over a planar surface of a sem conductor region. An interleve
~dielectric layer is disposed over theg exposed upper surface of both the
spacer |ike and planar parts of the conposite floating gate and the control
gate is formed over the interlevel dielectric layer. The area of the
verti caplasirdearlresiltafy thea SP@6BEank | kereRRY bf Ohe t BRILARENASH L&/ | @At IRy gate
can be very nuch larger than the area of the 21 February 2006 5 pl anar part
resul ti LA 0RaiS kG £ L t | i i o.qver that of
convent aralloe RS A, SAEE 1A Spflor IS B0l %ot Brlefy dFeab R ena
hori zo bevond the planar part, the increased area is _achieved with
no exp(rgr(\%%yu%hg pﬁ%“éé"ﬁt’ e Rcreasggligicajs E?CHBC‘?’ E4 e ‘E‘bﬁ’fﬂ&flﬁ'&“%’tf il 253t i ed
vol tage\fj. gan be lower with a consequential inprovenent in reliability and
with noVHBER wereasady capling ratio applisst volinggn comibedgwer avidomsosseguerftiabat i ng
gate structure in flash nmenory cells is disclosed. Parallel active regions
separ att@@rgygmesonaeliability @gd ovith noheied dout @rditfy torsuppret kigh valceseof a
sem conductor region of a substrate into the sem conductor region. A gate
dielectric layer is disposed over the active regions. Planar parts of
conposite floating gates are conposed of a first conductive |layer and are

“equal ly spa@edo@Fm ﬁJb@ingcéaité/ﬁnI&lﬂEQHﬁla‘éﬂ%é?nér%edélié‘riseﬁsaio%ﬁq?ﬁgllglver the

gate dielectric layer. Spacer |like parts of conposite oat1 ng gates are
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parts al ong bot ‘

_semic;onductor region of a substrate into the semiconductor region. A gate dielectric layer
is disposed ove.r the active regions. Planar parts of composite floating gates are composed
6f a first conductive layer and are equally spaced along the acfive regions where they are
disposed over the gate dielectric layer. Spacer like parts of composite floating gates are
composed of a second conductive layer and are disposed over the planar parts along both

| edges of edges planar parts so that sidewalls of the spacer like parts are parallel to the
active regions. The spacer like parts and the planar parts compose the cotnposite floating
gates. An interlevel dielectric layer is patterned into equally spaced parallel stripes

_perpendicular to the active regions and each stripé is disposed over the corresponding
composite floating gate for each active region. Word lines, which are composed of a third

. conductive layer, are parallel 1i_neé disposed over the interlevel diclectric layer and serve

as control gates.




edges of edges planar parts so that sidewalls of the spacer |ike parts are
parallel to the active regions. The spacer |ike parts a&q:Fhe a%gnar parts
conpose the conposite floating gates. An interlevel diefectPiE 1 ayer is .
patterned into equally spaced parallel stripes perpendicular to the active
regi ons and each stripe is disposed gver the corresponding conposite

- floating gate for each active region. Wrd lines, which are conposed of a
third conductive layer, are parallel lines disposed over the interlevel

dielectric layer and serBRIERBESORIPDIONAFERLEIR Aelqneary 2006 6 BRI EF
DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawing formng a materi al
part of this description, there is shown: Figs. | a-1 f show top views
depicting a nethod of forming floating gate and control gate structures,
accordi ng to,the i.hventi.on menor.y.

a.1n fl.ash ells.. Figs. 2a-2f,shaw

cross-secti ofal® ¢7enw WAL drivige 50%%8@%%“3? é’raﬁiorjlrdﬁﬁ %qufﬁpﬁaﬂagtgﬁfg {nd
control ,gate structures, according to the invention, in flash nenory cells.
DESCRI stf‘gm OF THE PREFERRED EMBODI MENTS Preferred enbodi nents of the
invention are well described with the aid of Figs. la-1f and 2a-2f. A
met hod of fdbes-talf sbow teprpess wepictiemta mythydt ef derthiog ftaating gate and
presented in Figs. | a-1 If, where top views are presented at successive
st ages whirvhgatpstorasss, aeswdding tdihgsnveRte fin fladh mbmshowilkhe correspondi ng
cross-sectional views. As shown in

Figs. 2a-2f show cross-sectional views depicting a method of forming floating

gate and control gate structures, according to the invention, in flash memory cells.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the invention are well described with the aid of Figs.
la-1f and 2a-2f. A method of fabricating a composite floating gate and control gate i's
.presented in Figs. 1a-1f, where top views are presented at succ;essive stages of the process
and in Figs. 2a-2f, which show the corresponding cross-sectional views. As shown in
Figs. la aﬁd 2a, active regions, 2, are defined on a semiconductor .region, 4, which
prgferably i1s a p-type silicon tegion, using isolation régions, such as shallow trench
isolation, STI, regions, 6. A floating gate dielectric layer, 8, is then formed over the active
regions-fo a thickness of about 100 Angstroms. Pr.eferably the floating gate dielectric
_layer is a thermally grown oxide. The_gate dielectric layer serves as the dielgctn'c Iaygr

. between the semiconductor region and the floating gate. Deposition of a first conductive




Figs. la and 2a, active regions, 2, are defined on a senm conductor region,
4, which preferably is a p-type silicon region, using i%??ti on..r egi ons,
such as shallow trench isolation, STI, regions, 6. A float rﬁﬂjyg)a? e _
dielectric layer, 8, is then forned over the active regions to a thickness
of about 100 Angstrons. Preferably th? floating gate ' dielectric layer is
a thermally grown oxide. The gate dielectric |ayer serves as the dielectric
| ayer between the sem conductor region and the floating gate. Deposition of

- a first capduct ey LyheR Wa e ?agggvg%% lil?gg#thco%%{lﬁ&%%e?%fepg\%% ?hﬂl’l\gnlﬂllelt hge

f ashi oned i'n forthcom ng process s orm ana

conposi | oat i ate of the inventjon. Preferahly the first conductive
ayer - bl R 8 bt shFog € B iBarvantiSn o P irerkpibiti rsh Brndicin

- Angstrops. An insulator layer is _then formed that is preferably a nitride
layer of¥geseHuaralysiieondayss dspesiisd io FHerthioh sbew38P Angyleems. Anpaglatemed i nt o
stripes, 12, disposed over the active regions, as shown in Figs. Ib and
2b. Thelayat tsethan dermusid thiveisi preferably nopitradeenyérsofpdepiie nbdityl 508 cgspbinshed by
formi ng a photoresist layer, patterning the photoresist to define the

stri pe PhistiasulatoetfRet g phinenéd i1 atrites] Y dispsed Ve thabctivRereliohs! as
conductive |layer and renoving the photoresist |ayer. A second conductive

| ayer | sholapas! bigd b ORAVICITIY hreerifng! B2NHANGRukR: SRAGCL: LhdiEaBRMt OF -

the conposite floating gate of the invention. Preferably the second
Condut sgbaies b ouaSENAAGHIE LSSl SDSFLISES B PR, Shcone
-lczonductsitt%llﬁ lé%xgrrn, %%(c%ﬁpgt thfeo{nstrilg Ir de]f,e stadlpglrrll zgtht eS}ig?v(\:l(a)}llgluscti% I;[ajpe? aingsuI ator
ayer. s )
rgmoving the photoresist layer. A second conductive layer is deposited from which will
~ be fashioned the spacer like part of the composite floating gate of the invention.
Preferably the second conductive layer is a second polysilicon layer deposited to a deptﬁ
.of about 600 Angstroms. A spacer etch is performed to remove all of the second
conductive layer except for region 16 along the sidewalls of the insulator layer stripes,
14. The etching period is extended so that first conductive layer not under the insulator
layer stripes or remaining second conductive layer is also removed. The structure at thés
point of the process is shown in Figs. lc and 2c. After removal of the insulafor layer
stripes, 14, which can be done, for example, with an H3PO4 wet etch, the spacer like part
.of the composite floating gate structure is apparent as shown iﬂ Figs. 1d and 2d. An .
interlevel dielectric layer, 18, is now formed that serves- as the dielectric layer between
the floating gate and a control gate to be subsequently formed. The interlevel dielectric
layer ié'preferably an ONO layer with the depths of the layers being about 50, 100 and 20

‘Angstroms, for the bottom oxide, nitride and upper oxide layers, respectively. A ihjra

. conductive layer, 20, is deposited that preferably is a third polysilicon layer deposited to a




14. The etching period is extended so that first conductive |ayer not Fnder
the insulator |ayer stripes or remaining second conductjve |layer is also
renoved. The strugture atpthis poi nt of the proceSS‘is‘@ﬁ%ﬂﬁmﬁﬁoiigs. I c
and 2c. After renoval of the insulator layer stripes, 14, which can be
done, for exanple, with an H3PO4 wet cetch, the spacer |like part of the
conposite floating gate structure is apparent as shown in Figs. Id and 2d.
An. interlevel dielectric layer, 18, is now forned that serves as the

di el ectddpfh bRYESutPRINER ApstioR&. f#h%a&ﬁrg%&aﬁ&i@“ﬂyﬁaﬁg@{eﬁled%t %rgﬁﬁgean NG

‘subsequently fornmed. The interlevel dielectric y I's pref

| ayer wi d of . t;he l.ayers being about 50 00 and 20 Angstrons,
for [ oot ar%neso%%gs,spﬁﬂl‘?li‘ﬁ%rdg%besd‘d%?g %ﬁ@&%&ﬂ%%t}‘er@ﬁ%é‘i&‘%t STA third
conductjve layer, 20, is deposited that preferably is a third polysilicon

| ayer d’b%’gi“i‘ #st Uzaé‘déZf°quf@E‘?%P]§/°-t9@6‘6t iayefept-atenmsdhe PhyosianlgEty ons. The
third conductive layer is patterned to serve as control gates and as

par al | @ sitewd inifigs lewndi vy apérepebing; thel third tcondunéivadayer eanefpr emsmples  shown
~in Figs. 1 f and 2f. Forming a photoresist |ayer, 22, patterning the

phot or es¢stplishythis pagienbigoBefone fangsing ehapditctred phokosdsthi 0@ thpsédi rd
conductive | ayer can, for exanple, acconplish this patterning. Before
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| ayer, second conductive layer and first conductive |ayer are etched. Thus
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- conductive ayer renal ns exce I's di sposed unde %hird
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completes the fabrication of the composite floating gate and control gate according to

most preferred embodiments of the invention.

The objectives of the invention are achieved by floating gate and control gate
structures that deviate from the planar structures of traditional flash memory cells. In
-preferred embodiments of the invention the floating gate is a composite structure. A
spacer like part of a composite floating gate is formed on a planar part, the parts being 1n
intimate electrical contact. The planar bottom surface of the composite floating gate is
disposed over a gate dielectric layer formed over a planar surface of a semiconductor
region. An interlevel dielectric layer is disposed over the exposed upper surface of both
.t_h,e spacer like and planar parts of the composite ﬂoatirig gate and the confrol gate is
formed over the interlevel dielectric layer. The area of the vertical sidewalls of the spacer
like part of the composite floating gate can be very much larger than the -area of the
planar part resulting in a significant increase of the coupling ratio lovcr that c?f

- conventional structures and, since the spacer like part does not extend horizontally -




nost preferred enbodi nents of the invention. The objectives of the

i nvention are achieved by floating gate and control gate_ structures that
deviate fromthe planar structures of traditional flash Theli P8 1s. In
preferred enbodi nents of the invention the floating gate is a conposite
structure. A spacer |like part of a gonposite floating gate is forned on a
pl anar part, the parts being in intimate electrical contact. The pl anar
bottom surface of the conposite floating gate is disposed over a gate
dielectrjc layer for over a planar surface.of a sem.conductor region.
a1 nt 2P FanChiE e el s s e ERIBEEEY GpParas irt ace
of botSV,the‘spacer | i ke and. pl anar parts of the conposite floating gate
and t h&" iRt rigregssd coupling gaticeapriiedrvaltages panebe dower with| 2 conseguemdiphr - The
area of the vertical sidewalls of the spacer |ike part of the conposite
fl oat i Hgppaementan rdmbitisy yndryith nb avegd for ichrawitry e suppost logh véleagepl anar part
-resulting in a significant increase of the coupling ratio over that of
conventional structures and, since the spacer |ike part does not extend
horizontally 21 February 2006 9 beyond the planar part, the increased area
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Referring to e I'ncreased con _ oatrng“gate coupling
Thi s cBRIPRET s Rlep topimeiss oottt SEETrOPt g Brbh VLR Adogat o
‘dielectric layer, 8, to the voltage drop across

‘ “the interlevel dielectric layer, 18, which 1s also the ratio of the capacitance of the control
gate to floating gate capacitor tc; the capacitance of the ﬂoatiﬁg gate to semiconductor
region. The factor by which the coupling ratio for the structure of the invention is
increased over that of the traditional structure, where the capacitance areas are equal, is
given by the ratio of the capacitor areas. As can be seen from Fig. 2f the area ratio is
close to 1+(4h/x}), where h, 24, is the height of the spacer like portion of the composite
floating gate of the invention and x, 26, is the width of the active region. Thus, the larger
is h the larger is the increase in coupling ratio and the smaller is x the larger is th;
increase in c.oupling ratio. As feature sizes decrease, that is as x decreases, coﬁposite
ﬂoating gate structures of the invention of .the same height, h, will give rise to greater
increase in the coupling ratio. For example, for x=Imicron and h= 1500 Angstrom, the
area ratio is 1.6, while for x=0.5 micron and h=1500 Angétroms the area ratio is 2.1. So
that for 1 micron technology the coupling ratio of a typical composite floating gate
structure of the invention i.s a factor of 1.6 times greater than a traditional floating

structure, for 0.5 micron technology the factor is 2. 1.




the interlevel dielectric |layer, 18, which is also the ratio of the
capaci tance of the control gate to floating gate capacitor,to the
capaci tance of the floating gate to sem conduct or regi&ﬁfdﬂﬁ?%%&tor by
which the coupling ratio for the structure of the invention is increased
over that of the traditional structure, where the capacitance areas are
equal, is given by the ratio of themcapacitor areas. As can be seen from
Fig. 2f the area ratio is close to | +(4h/x), where h, 24, is the height of
t he spacer Lk ortion of the conposite floating.gaje.of the invention
g 2 56, M B8 lsRor byt SRR Shrwn SRS BRE R sottdiod Ba ¢ he
| arger Jis the increase in coupling ratio and the smaller is x the larger is
the i Hemseed ﬁmQB&ﬁ}qﬂFﬁdh?fﬁ?E&Wl crupdeisraoddiyAbesegkiledase, that is as x
decreases, conposite floating gate structures of the invention of the sanme
hei ght therprt gl Varighy ehanigsweint forrg apditleteil niaydeansde withautdepoting | ng rati o. For
exanpl e, for x=lnicron and h= 1500 Angstrom the area ratiois 1.6, while
- for x=@oh the spicnaahstope d51@ iAvigsbnons the area ratio is 2.1. So that for 1
m cron technol ogy the coupling ratio of a typical conposite floating gate
‘structure of the invention is a factor of 1.6 tines greater than. a
‘traditional floating structure, for 0.5 mcron technology the factor is
2.1. 21 February 2006 10 Wiile the invention has been particularly shown
and described with reference to the preferred enbodi nents thereof, it wll
"be understood by those skilled in the art that various changes in form and
detail may be nade wi thout departing fromthe spirit and scope of the
~invention. '




21 February 2006 Il CLAIMS 1. A conposite floating gate structure in flash
menory- cells conprising: a sem conductor region within a_substrate
extending to a surface; parallel active regions separate@}ﬁV“Fggpﬁtion
regions that extend fromsaid surface into said sem conductor region; a
‘gate dielectric [ayer disposed over said active regions; planar parts of
conposite floating gates that are conposed of a first conductive |ayer and
that are equally spaced al ong said active regions where they are di sposed
over said gate dielectric layer; spacer |like parts of conposite floating
gates that are conposed of a second conductive |layer and that are di sposed
over sihgdg% nar parts along both edges of said planar parts so that

si dewa sai d spacer like parts are parallel to said active regions,
and which together with the planar parts conpose said conposite floating
gates; anl- i At eymposit flditelegnte storchuy en flaghanemorystells oereprisggial | y spaced
paral l el stripes perpendicular to said active regions, where each said
stripe is di spasedndwerr regios ofthespontdirag ek erpagith @ sidfarl i ng gate for each
active region; word lines, which are conposed of a third conductive | ayer,
that are parptdir alctm@segb@@%ﬁ%@d/q;y S dlioh NieBlong ikt SLiBALGEImh Galyer and
“that serve as control gates. 2. The Structure of Caiml| wherein said

sem CORAULL Ao 'sBQBRidoBdfuts) lje.kl(é)g{] region.
‘a gate dielectric layer disposed over said active regions;
planar parté of composite floating gates that are composed of a first conductive
layer and that are equally spaced! along said active regions where they are disposed over
said gate dielectric layer; |
spacer like parts of composite floating gates that are composed of a second
conductive layer and that are disposed over said planar parts along both edges of said
planar parts so that sidewalls of said spacer like parts are parallel to said active regions,
N and which together with the planar parts compose said composite floating gates;
~an interlevel dielectric layer that constitutes equally spaced parallel stripes |
perpendicular to said active regions, where each said stripe is disposed over a
- corresponding composite floating gate for each active region;
word lines, which are composed of a third conductive layer, that are parallel lines

disposed over said interlevel dielectric layer and that serve as control gates.

2. The structure of Claim 1 wherein said semiconductor region is a silicon region.

—




21 February 2006 12 3. The structure of Claim1l wherein said isolation
regions are shallow trench isolation regions. 4. The stnﬂ%;ure ﬁ% Caiml
wherein said gate dielectric layer is an oxide |ayer. 5. i Qture of
Claiml wherein said gate dielectric layer is a thermally grown oxide

| ayer of thickness about 100 Angstrons. 6. The structure of Caiml wherein
sai d-first conductive layer is a polysilicon |ayer deposited to a thickness
of about 300 Angstroms. 7.. The structure of Caim1l wherein said insulator

| ayer LS a mitrj | -Of ickness. t 1500 Angstrons. 8. The
structhe o?h%f%ﬁ%WF%éﬁg?gﬁhaggﬁalgéigﬁgﬁg%ﬁg“% iVe a&?@k“?gha pol ysilicon
| ayer deposited to a thickness of about 600 Angstrons. 9. The structure of

C ai m 1 wheFBI3HOBZPERMnt er | evel dielectric layer is a conposite .
dielectric layer. 10. The structure of Caiml wherein said interlevel
dielectric layer is an -ONO layer w th the thickness of the bottom oxide
| ayer, nitride |ayer and top oxide |ayer are about 50, about 100 and about
20 Ang4t r onfthe stesqaetoif Cidign. | @hedeabsaithgate 2BBricIaler is dihexide tayet.ure of C aim
1 wherein said third conductive layer is a polysilicon |ayer

5. The structure of Claim | wherein said gate dielectric layer is a thermally grown

oxide layer of thickness about 100 Angstroms.

6.  The structure of Claim ! wherein said first conductive layer is a polj/siliccn layer

deposited to a thickness of about 300 Angstroms.

7. The structure of Claim 1 wherein said insulator layer is a nitride layer of thickness

about 1500 Angstroms.

8. The structure of Claim 1 wherein said second conductive layer is a polysilicon

layer deposited to a thickness of about 600 Angstroms.

9, The structure of Claim 1 wherein said interlevel dielectric layer is a composite

dielectric layer.

10. The structure of Claim 1 wherein said interlevel dielectric layer is an ONO layer
with the thickness of the bottom oxide layer, nitride layer and top oxide layer are

about 50, about 100 and about 20 Angstroms, respectively.




deposited to a thickness of about 2000 Angstrons. 12. A nethod of

fabricating a conposite floating gate structure in flash nor 2| |'s
‘conprising: providing a sem conductor region within a sﬁ??‘?rﬁﬁ'%zogit endi ng

to a surface containing parallel active regions separated by isolation
regions that extend fromsaid surfage into said sem conductor region
formng a gate dielectric |ayer over said active regions; form ng a bl anket
first conductive |ayer over said active regions and said isolation
regions; formng an insulator |layer and patterning said insulator |ayer
into stripes disposed over said active regions; formng a second

- conductive laye nd form a s er.etgh on said seconﬂ conducti ve
| ayer. t&° sec?g'%&[fb‘%ﬁﬁ {Glgn FX&%F“% Bzgggtflgd %'@B%té‘@da%é? aeelyiteenshydnal | s of
said- insulator |ayer and over said first conducting |ayer; renoving said
first condu PQﬁéteﬁﬁy%Fhl‘%lW&ﬁs ¢fabank 209Rderestama. i nsul ator | ayer or said
second conductive | ayer spacers; renoving said insulator layer; formng a

‘bl anket interlevel dielectric layer; formng a blanket third conductive
layer and patterning said third conductive |ayer into parallel lines
per pendicul & mithodaif thbaichiinga E@BHBNES 1OAtife Patel Siryctdi@QP flash memory cells

comprising:
providing a semiconductor region within a substrate extending to a surface
~containing parallel active regions separated by isolation regions that extend from said
surface into said semiconductor region;
forming a gate dielectric layer over said active regions;
forming a blanket first conductive layer over said active regions and said
1solation regions;
forming an insulator layer and patterning said insulator layer into stripes disposed
over said active regions;
forming a second conductive layer and performing a spacer etch on said second
conductive layer to second conductive layer spacers disposed against the sidewalls of said.
insulator layer and over said first conducting layer;
removing said first conductive layer that is not under said insulator layer or said
second conductive layer spacers;
removing said insulator layer;
forming a blanket interlevel dielectric layer;

forming a blanket third conductive layer and _patteming said third conductive layer

- into parallel lines perpendicular to said active regions




14 renmoving said interlevel dielectric |ayer, said second conductive | ayer
and first conductive layer that is not under said third _conductive | ayer
lines. 13. The method of O aim 12 wherein said sem condu@t6F 3% dn is a
silicon region. 14. The nethod of Caim 12 wherein said isolation regions
‘are shallow trench isolation region%. 15. The method of C aim 12 wherein
said gate dielectric layer is an oxide layer. 16. The nethod of Claim 12
wherein said gate dielectric layer is a thermally grown oxide |ayer of

 thickness abanind QcAMSIAEMBiclddic FRe: B0 8l Ghatdidaapherl fipal d

first conductive 'l ayer Is a polysi ayer depos to a ness of

about strons.. .. 18. The.method qf Claim 12 wherein said insulator

| ayer F&é)g%éﬁmg? fra’y %frertﬁ?talflg?ﬁ'gpef ?ﬁ@&ﬁ%gcémaﬁ(gh‘feali% DMEhgstroms. 19. The net hod
of Claim12 wherein said patterning of said insulator |ayer is

acconpl i shed by formng a first photoresist |ayer, patterning said first
phot oresi st |ayer and etching exposed insulator |ayer. 21 February 2006 15
20. Thé3met Hbemsthod ofiGhrine 1 rdersimsashsanisenditbroegion tstd sikednaygipni s a
polysilicon | ayer deposited to a thickness of about 600 Angstrons. 21. The
“nmethod of Claim12 wherein said interlevel dielectric |ayer is a conposite
14. The method of Claim 12 wherein said isolation regions are shallow trench

isolation regions.
15. 7 The method of Claim 12 wherein said gate dielectric layer is an oxide layer.

16.  The method of Claim 12 wherein said gate dielectric layer is a thermally growu.

oxide layer of thickness about 100 Angstroms.

17.  The method of Claim 12 wherein said first conductive layer is a polysilicon layer

deposited to a thickness of about 300 Angstroms.

18.  The method of Claim 12 wherein said insulator layer is a nitride layer of thickness

about 1500 Angstroms.

19.  The method of Claim 12 wherein said patterning of said insulator layer is
accomplished by forming a first photoresist layer, patterning said first photoresist

layer and etching exposed insulator layer.




dielectric layer. 22. The nethod of Caim 12 wherein said interlevel
dielectric layer is an ONO | ayer w th the thickness of E@ bot%@g1oxide

| ayer, nitride |ayer and top oxide |ayer are -about 50, SerEany: and about
20. Angstrons, respectively 23. . The nethod of Claim 12 wherein said third
conductive layer is a polysilicon | ayer - deposited to a thickness of about
2000 Angstronms. 24. The method of Claim 12 wherein said patterning of said
third conductive layer into parallel |ines perpendicular to said active

291000 205G SRl LS T RO NGB ST

conductive l'ayer an ctive Tayer
conductive layer lines is acconpl.ishe y form ng a photoresist |ayer,
patterning h%%fﬁﬂ%¥6?@§ﬁ§9wﬁavé f@ﬁﬁ“%@gﬁ%ﬁ@?ﬁp?y etching the
third. conductive |layer, the interlevel dielectric |ayer, second conductive
| ayer and first conductive |ayer. Abstract A STRUCTURE W TH COMPCSI TE
. FLOATI NG GATE BY PCOLY SPACER I N FLASH A conposite floating gate structure

—in flagh neitbeynaldd sf Chini B wbseth sfRdriaietievel alitleatac layegivaonmosikat ed by
isolation regions that extend fromthe surface of a sem conductor region
of a substr adickciritilaydrhe sem conductor region. A gate dielectric |layer is
di sposed

22. The method of Claim 12 wherein said interlevel dielectric layer is an ONO layer

with the thickness of the bottom oxide layer, nitride layer and top oxide layer are -

about 50, about 100 and about 20 Angstroms, respectively.

23.  The method of Claim 12 wherein said third conductive layer is 2 polysilicon layer .

deposited to a thickness of about 2000 Angstroms.

24.  The method of Claim 12 wherein said patterning of said _third conductive laygr
into parallel lines perpendicular to said active regions and said removal of saici
interlevel dielectric layer, said second conductive layer and first conductive 1ayer
that is not under said third conductive layer lines is accorﬁplished by fbrming a
photoresist layer, patterning the photoresist layer and sequentially etching the
third conductive layer, the interlevel dielectric Iayér, second conductive layer and

first conductive layer.




over -the active regions. Planar parts of conpositelrloating ga}es arﬁ
conposed of a first conductive |layer and are equally spac g a t he
aCPPve regi ons where they are disposed over the gate di21%3??V%%%ayer
Spacer |ike parts of conposite floating gates are conposed of a second
conductive layer and are di sposed ov the planar parts along both edges of
edges planar parts so that sidewalls of the spacer |like parts are parall el
to the active regions. The spacer like parts and the planar parts conpose
the conposite floating gates. An. interlevel . dielectric layer is _
patterned into equally spaced parallel stripes perpendicular to the active
regi ons and each stripe is dispos%gﬁ%yer the corresponding conposite
floating gate for each active regi raglsr d | i nes, which are conposed of a

third conductiyve Ia¥er are parallel lines diigosed over the interlevel
dielectric | afetTRIAATYRRNYIEE COMPQNITERLOATINGGATA BY POLY
SPACER IN FLASH

A composite floating gate structure in flash memory cells is disclosed. Parallel active
régions separated by isolation regions that extend from the surface of a semiconductor
h region of a substraté into the semiconductor region. A gate dielectric layef is disposed
over the active regions. Planar pa;‘ts of composite floating gates are composed of a first
conductive layef and are equally spaced along the active regions where they are disposed
over the gate dielectric laygr. Spacer like parts of composite floating gates are composed
qf a second conductive layer and are disposed over the planar parts along both edges of
_.edges planar parts so that sidewalls of the spacer like parts are parallel to the active
regions. The spacer like parts and the planar parts compose the composite floating gates.
_ Aﬁ_ interlevel dielectric layer is pattemned into equally spaced parallel stripes-
perpendiculaf to the active regions and each stripe is disposed over the corresponding
composite floating gate for each active region. Word lines, which are composed of a third

conductive layer, are parallel lines disposed over the interlevel diclectric layer and serve

as control gates,

(Fig. 1a)




