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%[\%O\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 across the floating gate to senm conductor region

_di el ectechmldgyedsmhyoenpuaniailaty toh@emory 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




21 February 2006 2 efficiency of the programm ng and erase operations.
Larger coupling ratios are thus nore desirable. Since gﬂgz atl gf t he
vol tage drop across the gate dielectric to the voltage op’um%ross t he
interlevel dielectric is equal to the inverse of the ratio of the
capacitances across these layer it i,s beneficial to have the control
gate-floating gate capacitance as |arge, and the floating

gat e- sem conductor regi on capacitance as small, as is practical. This nust

take i NiRciaESUthe %k I rﬁ%&lﬁn%%ﬁg:?ask %Péﬂ%grt?ss tigltég %&{I&HF rf'z?uc%aa%fthqb ﬁ{oﬁ"@ tric it

~-cannot be too thi charge erl evel

di el ect hese. onst r.ai der the setting of
the t hld(’?klgaebéés Sgac%'}ﬁ% ag fgﬁ? V?l agF éiy%pr Lo ¢ %gﬂ?&{ﬁéﬂ%ﬁﬁub{f} tE BUPIST4 Pt i 0s. In
traditional flash ne s, where the areas_of the contro

gat e- f 1255% Hf guer éevégléﬁ%icfréﬁ isapftat (e the BREAPIghe datia ofitko Armaersicet egi on
capacitor are conparable and | ow coupling ratios are conpensated by

i ncr eagewwsa e daopol isdpmeficibigebiave thermontrak edeviblatiag gatcarapgiitaece ase t o
reliability problens. Al so, high voltage could require excessive

ci rcui targe, addi thh fiseing vatesshlieomlatior asgien anshelthfe0BSsthdIR 28136 pirdcyicAlf
shrinking the cell. In the present invention a structure is disclosed in

whi ch 1 SestRhkdBité Q&doﬁm! fhat IfRAABBIER Pis FHBSHAMeI %até SieleBEicGASINAG: L he area
of the control gate-floating gate capacitor sO that its area I's nuch
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of the caontrol gate-floati nP tgat_e
achleve high couphng ratios. In fraditional 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




capacitor area is acconplished without any increase in cell size. Wth a
hi gh coupling ratio resulting fromthe increased area of; & Qe cgﬁ%rol
gate-floating gate capacitor the 21 February 2006 3 thic ness o _
dielectric layers can be naintained as they optimally should be, the gate
dielectric layer relatively thin andsthe interlevel dielectric |ayer
relatively thick. In. addition, the applied voltage can be ow wth
resulting inproved reliability and reduced circuitry. Hsieh et al. U S

Pat ent thicRdeds 9B thectiislehteis 2ayrSini e ;ﬁafhealﬁéda@hhﬁ: Eéll;knﬂélﬁi §H6q e tﬁeogegse t hat

- contains a spacer control gate. Hsieh et al Pat’ent 297 0 di scl ose

a {1 agpiuid %éér R, 03 SnB" RECRRriclbiSuie BN fayr éégﬁ“ $ e et 2l

shows a split nmenory se a
met hod f
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obj ective of the invention to provide floating gate and control gate
struct GFEEYYn flash nenory cells with increased control gate to floating
~gate coupling ratio. Another primary objective of the invention is to
provi de floating gate and control gate structures in flash nenory cells
"W th increased control gate to floating gate coupling ratio that is

achi eved wi Hsiht efi sic &8s aoht 68012,989 Zdiscldde & SpRNBAB NashWilRHYotARiGEt i ve of
the invention to provide floatlng gate and control gate structures in

flash BRFRS dhaf 8bhtSink Iaastpacé'r%HirBI At@"ﬁé’zel?@f‘élr ®ls %&t%?'@% HQhsage and

- thus possess increased reliabil % anot her pr| mar | ective is to
provi dﬁagh! Qﬁﬁ rfﬂ)aﬂﬁé %at%%lo&eggt[f 8 | Pzggnteﬁ fz{d thﬁft tch)r ung et al sﬁows 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




menory cells whose decrease in cell size is not limted by the circuitry
required to deliver the high voltage needed for traditiopgl.n 0gm’rri ng and.

ro
erasing processes. It is yet 21 February 2006 anot her prlnarym8 jective of
the invention to provide a nethod to fabricate floating gate and control
gate structures in flash nenory cells with increased control gate to
floating gate coupling ratio. It is yet another primary objective of the
invention to provide a nethod to fabricate floating gate and control gate

st ruct umnesher Prifdads bbje@IvRIOf thelventidd b proDide 9a568H0& AN tdbBikat8 FHoGrih® ofih 0at i Ng
gate coupling ratio that is achieved wthout increase of <cell Sirze. It is

yet anofhelonRbl PRE Yur@lh st ﬁgsho&eﬁﬁla%g%neée\g{tﬁ b Qe Egﬁ/tloqutafeﬁtar’?(}ﬁlaﬁ to....

fabricate floating gate and contro ructures resu ash
nmemory

I hat ..reguire |ower top gate voltage and thus possesses
e enclff paming ity B ivaR aiti pOaR i i pEGT Vareh & 6 Brotede. a
met hod to,f bri%ate floating gate and control gate structures resulting in
flash mB#BeY 4 Bbrigatgiloaing afte and crataalesate stsegtuncs w flath mpmore cellsi wighii t ry
required to deliver the high voltage needed for traditional programm ng and
er asi ngngesed seeizol ghketodloobe erievwsphngratiotthavie dchiavadheithaw émdréasa oby
floating gate and control gate structures that deviate fromthe planar
struct uelsiaf It isagittanotiel phlmsh obfRtivy of ehd $nvehfion tehesvi@sanbned ment.s (of- - . _
the invention the floating gate is a conposite structure. A spacer |ike

_-part  offaliica@MRe&inCedtt Aad ichlirdadfe IsBuliBfelBds M i FaSAMmeAR celidaPar 'S

“being in intimate electrical contact. The planar bottom surface of the

~conpos irécﬁjixfel R34k r[?%%'ieg fVBlZa diaP S _L?s\égsrsesa i&%aeseéj k%lliﬁﬁlﬁtg %(elt Za%{xg@lef SR

over .a planar sur em con r egi on. rlev Blectric

| ayer is_disposed over the. expose er, surfagce of both
y! primary R jechive 1S to provu?e met?mé'il F%B frabrslcate %l%ating 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




" the spacer like and planar parts of the conposite floating gate and the
control gate is fornmed over the interlevel dielectric Iaélleﬁr Thgqogr ea of
the vertical sidewalls of the spacer like part of the cofps&¥e™¥Poating
gate can be very nmuch larger than the area of the 21 February 2006 5 pl anar
~part resulting in a significant incregase of the coupling ratio over that of
conventional structures and, since the spacer |ike part does not extend
horizontally beyond the planar part, the increased area is achieved with
no expapldidrUpt atsubeld iR £ignililh ABehACHEARELABHRL Ao Ak ANFPRET e
vol tages can be lower with a consequential inprovenent 1nreliability and
wth n QI Gl it i t i c site floating
gate s'?: rO Egﬁlroggi %&#({[lgs a%%’nl%gl?égg??’éaﬁeg lgél%sgﬁ)s(@g; nﬁareéf)e@ﬁm“gfg?tia@% regi ons
separ at isqglatio egi ons that extend fromthe surface of a
seni conb%g?: %Fherpcei%rlla&?a'gf {hg DER5ATeAATeR 1SAB VRS Valnie BHRFIETHE of &gl GFea A gat e
di el ect\&iﬁ Iaégr i s disposed over the active regions. Planar parts of
conposi ¥ ¥Rt dcteatpdgcaupling ratie gaplirdb yoltages gan ibeslowen wdilice icpeseagnsial and ar e
equal Iy spaced along the active regions where they are disposed over the
gat e - dit@ipEpemicat inagleabilit@and evith nokeseg dot drcoftryctorsppygirt keigh volxigeng gat es are
conposed of a second conductive |ayer and are di sposed 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 |ike

~parts and thecphaoile RHihg GARARukNE %Qm%rguégrifqg hﬂglos%‘?‘tl’ﬁﬁliliefgl

~interlevel dielectric layer is patterned into y spaced paral

over | ROROTRER RihRlieh ot MSolRRd BT BRG SREN RSB WBRrseof gl on.

| W?r dl _isgrgﬁ;bnminto%r}eggg of g su Os%rg% igtfo the ggrh{cgnductor 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.




conductive layer, are parallel lines disposed over the interlevel
dielectric layer and serve as control gates. 21 Februar%(ll_rzgﬁ(l)ﬁ 90 ?RI EF
DESCRI PTI ON OF THE DRAW NGS | n the acconpanyi ng drawi ng formfg S°materi al
part of this description, there is shown: Figs. | a-1 f show top views
depicting a method of formng floatigg gate and control gate.structures,
~according to the invention, in flash menory cells. Figs. 2a-2f show
cross-sectional views depicting a nethod of formng floating gate and

control gate structures, BROEEODESORIPDIONOF TNEMRAWINGE fl ash nmenory cel |l s.
DESCRI PTI ON 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

nmet hod of fabricating a conposite floating gate and control gate is

presented in Fjigs. | a-1 |f, where t.op views. ar resent ed .at successive
stages of tﬁle1 dﬁ?%%cé)gép anging drgpvipg 5%?““5%-3 é‘?eﬁe’?ﬁﬂ ipéﬁ (gﬁ@\ﬁ/%ﬁ‘%‘p%?’rtgg'ﬁdﬁdi ng
cross-sectional views. As shown in Figs. |a and 2a, active regions, 2, are
def i ned™8H™a seni conductor region, 4, which preferably is a p-type silicon
region, usi nlggi sol ation regions, such as shallow trench isolation, STI,
regi ons, 6. IAgslobf ishegydap evieveldepicting al mgthod &f forminhdlvafiog restk evér t he
active regions to a thickness of about 100 Angstrons. Preferably the

f 1 oat i ngnyal gte stdicelres icdoedihg yetheiisveatibh én fast ye@boneeliexi de. The gate
dielectric layer serves as the dielectric |ayer between the seni conduct or
region and the floating gate. Deposition of a first conductive

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




21 February 2006 7 layer, 10, follows, which will be fashioned in

forthcom ng process steps to formthe planar part of t osite _
floating gate of the invention. Preferably the first co%&%ﬁr?%%%o%ayer is a

first polysilicon |ayer deposited to a depth of about 300 Angstrons. An

i nsulator layer is then forned that FS preferably a nitride |layer of depth
about 1500 Angstrons- This insulator [ayer is patterned into stripes, 12,
di sposed over the active regions, as shown in Figs. |b.and 2b. The

P or R ofo, bRk E ik Wil &Y BhiohS B SLEAARYN, BELARIEERS Sy for M no @

phot oresi'st | ayer, patterning t otoresis i ne

pattern,;.efchi he insul ator. [ayer . st.oppin t the fjrst conductive

| ayer a %?n}irr%ar’{%&th%ccfrﬂ%o%ﬁg]tog?l&ﬁ ?Of%t&?é’f“%‘)lﬂoge?&fﬁa@é’ﬁ%%gfsf GUGuUERNE: s
deposited fromwhich wll be fashioned the spacer |ike part of the

- conmposi faé’e‘f I3dtRp yRhiondayer Hepesigd it # depth OﬁﬁgqléﬁﬁﬁI&ﬂgﬁﬂﬁ@n%éécswl%@mducti ve
| ayer is a second polysilicon |ayer deposited to a depth of about 600
Angst r olayer |5 hpademedt thht issprplerdbdy rediride lnperonfedaplhh abdut t 1560 Segatidms.
conductive | ayer except for region 16 along the sidewalls of the insulator

| ayer sThispi@sylatod ayeil e patichéd thepetriped, I3, expardasies thd Ralvel dekhs, canduct i ve
| ayer not under the insulator |ayer stripes or renaining second conductive

| ayer i ghows Qnrﬁgg.V@H- ank@bSITRC ety L e Hﬂhl@ﬁ{\%fm%}e s{)r Péfgxﬁﬁlyilz shown

: . i
in Figs. Ic and After renoval of the iInsulator ye st ri pes,

whi ch ¢ : o feor it n P4 wet h, 1 wcer, |ike
- part o?&'? ﬁgl%%#gboys iﬁ?‘émﬁ%( %2@%‘ O(r%]%r%%tt [9}1 yglf’ rpl?gtte W%gm?lée gltb(%%'egﬁ{]%aggta o] in
“Fi gs. _Ig .and gd. AEC‘. i&lterll@vel dielectrjc | aélgr 18, is .now forned that
serves HEPY RATHN, Cicling the) Wswlatop dayitesiopping 31| tht fivshy cgadustixm dayer @t r ol
gate to be subsequently forned. The interlevel dielectric
- removing 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, respecfivcly. A ihjra

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




- bottom surface o

| ayer is preferably an ONO | ayer with the depths of the |ayers being about
50, 100 and 20 Angstrons, for the bottom oxide, nitrided§3g§%$g§5 oxi de

| ayers, respectively. A third conductive |layer, 20, is 8§ ¢ hat ‘
preferably is a third polysilicon | ayer deposited to a 2 1 February 2006 8
depth of about 2000 Angstroms. The third conductive layer is patterned to
serve as control gates and as parallel word |ines running perpendicular to
the active regions, as shown in Figs. 1 f and 2f. Form ng a photoresi st

| ayer, &g BRLbGHMOND ARGHRRL OfiRSIEY Lkive z@%ﬁ@ﬁ&gmﬁ'o@@m% ggand 2e,

‘and etching the third conductive | ayer can, for~ exa acconplish this

patternj 0 e i t he.patter.ned phot.oresjst, the exposed
interlg@@ﬁ°h§§%§%ﬁ¥%%Bgé@ggﬁmggggﬁduggﬂ%@SEF %CWQ@E?&ﬁﬁﬁgy?f ofuct i ve
| ayer are etched. ngilgfne of the interlevel dielectric |ayer, second
conduct9ER M gigs: Hapdeat, Karmingaphqtpipeist laygre 2. matieming thxphgieretibleyeti ch i s
di sposed under  the third conductive |layer lines. This conpletes the

f abri c&sisbawafinthigs. derpdsie; end |etehinmthegthird canductivatlayst cgat rasempldi ng t o

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

i nvent iaocompleshathis @agcning. Badati rnayaige tangaanéd phowedsit, Sler bigiogsds t hat
deviate fromthe planar structures of traditional flash nenory cells. In

- pr ef er rigdrlevd agk svaid &F@ﬂj skddadi BHGNVE TayleP @nd lfi%]?fcbﬁtﬂx_cﬁ% GaykeS a® GQEOSI te

structure. A spacer [ike part of a conposite oating gate is fornmed on a

.pl anar 1Bk hond g‘ﬁp@@é}t&ﬂe&? aRGeckd P}y&t LIBL& cg{uﬁﬁ:h% Pag*lar &quﬁ%? LondlRgP! anar
“the conposite frodfing gate I's I'sposed over a gate
‘dielectric laver forped over .a planar surface. of a sem conductor_ _region.
an 1 ot eeE gt exedb{Tie W ddilpblebuofist coRuREth Io8 tapmami s ace
of bot r(]:ompletes 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 paﬁ 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 -




the spacer like and planar parts of the conposite floating gate and the
control gate is forned over the interlevel dielectric |ayer. The area of
the vertical sidewalls of the spacer |I|ike part of the dﬂﬁﬁﬂg?¥%m?loating
gate can be very nuch larger than the area of the .planar part resulting in
a significant increase of the coupligg rati o over that of conventional
structures and, since the spacer |liké part does not extend horizontally 21
February 2006 9 beyond the planar part, the increased area is achieved with

no expendi ture of cell area. {th an increas coupl i rat.i o applied

Vol ¢ ag 28 rt g ool Bart B iRsens el A RISV rbvhendfins, 3F ot BRI | £y anc
with ng need for circuitry to suppaort high voltage Referring to Fig. 2f,
the i ndYiEh @B dneigricd gloupln ratly pprdisti yitages: eanc e powergwitht 3 sonsgawnél@gd f or
preferred enbodi nents of the invention is apparent. This coupling ratio is
t he r atmprogemenian yellabdiye anlt wighaomeed farlegcyjty éo ehipplogidtigh woltagger, 8, to the
-voltage drop across the interlevel dielectric layer, 18, which is also the
rati o of the capacitance of the control gate to floating gate capacitor to
the capacitance of the floating gate to sem conductor region. The factor

by which theet@HRd kdFid atd ohd Qordald@i SEAkEtIAEL (PTOAME LAYERUbERY kftio

i ncreased over that of the traditional structure, where the capacitance

ccon t Ao ZA Bk prddpectbaBlimod oF e alln | B TR SR iS5 < "t
hei ght

Fnvent MebRar 3 55ea; dropaBR et defreidrT o br BgbHO AR B0 FHES ar gor
ish the larger is the increase in coupling ratio and the smaller is x the
| ar ger thednieqgvel idigdecing lypr 18 owpich ayalsathegalinef theggappeitagre eEthgeontselse, t hat
is as x decreases, conposite:

gate to floating gate capacitor to the capacitance of the floating 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.




floating gate structures of the invention of the same height, h, wll give
rise to greater increase in the coupling ratio. For example, for x=lnmcron
and h= 1500 Angstrom the area ratio is 1.6, while for X26"8 %% on and.
h=1500 Angstrons the area ratio is 2.1. So that for 1 mcron technol ogy
the coupling ratio of a typical conpgsite floating gate structure of the
inventionis a factor of 1.6 times greater than. a traditional floating
structure, for 0.5 mcron technology the factor is 2.1. 21 February 2006 10
Wil e the iRgvention has bee articul arly sho and, describhed with
‘reference tgﬁnFH%eHP@Pég?@ﬁqE%BBQWﬁ% ﬁgsﬁﬂﬁ?éﬁ ?ﬁFFb%fW#ﬁﬁ SLgAtRPst ood by

t hose skill ed ing%h art that various changes in formand detail may be -

. made V\nﬂlerﬂfﬁfl%rrﬁéﬁ Pi?IH&antP?fﬁ?@ Hevidiherynderstpoddydpesegkilleldn i nvent i on. 21
February 2006 Il CLAIMS 1. A conposite floating gate structure in flash
menor y thear thatcawions shanges ia foonanddetaid nory beagaderwithaut depaatisgibst r at e
extending to a surface; parallel active regions separated by isolation

- r egi on$rotihtht sgixit emdtlsdope of daiiavensidnf ace i nto 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 along said active regions where they are di sposed
over




said gate dielectric |ayer; spacer like parts of conposite floating gates
that are conposed of a second conductive |layer and that_are di sposed over
sai d planar parts-along both edges of said planar parts?SE"PHA%| dewal | s
of said spacer like parts are parallel to said active regions, and which
‘together with the planar parts conpose said conposite floati.ng gates; an
interlevel dielectric |layer that conStitutes equal | y spaced parall el
stripes perpendicular to said active regions, where each said stripe is
di sposed over a corresponding conposite floating gate for each active
region; word lines, which are conposed of a third conductive |ayer, that
are paggjl | i nes di sposed over said interlevel dielectric |ayer and that
serve AR r ol gates. 2. The structure of daiml| wherein said

sen conductor region is a silicon region. 21 February 2006 12 3. The

st ruct ur é- oA @rapasite flnkfersgate sinictiire soflagh mempwgictnsompusisgial | ow trench
isolation regions. 4. The structure of Claiml1l wherein said gate dielectric
| ayer is an ax¢deohdyeor.region WMithirsd subctrateexehdiolad ishrfadeer ei n said gate
dielectric layer is a thermally grown oxide |ayer of thickness about 100

Angstroms. Garallee a%ﬁw@?w@s QbpaFdiad By iSWRIRT AL dnld Eabnd IRANCLidve | ayer
is a polysilicon |ayer deposited to a thickness of about 300 Angstrons. 7..

The st 5 - [ i n.said insulator layer is a nitride |ayer of
GRS S G

t hi ckness a

‘a gate dielectric layer disposed over said active regions;

planar parts of composite floating gates that are composed of a first conductive

layer and that are equally spacedl 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.

—



8. The structure of Caiml wherein said second conductive |layer is a
polysilicon | ayer deposited to a thickness of about 600 ﬁ strogga 9. The
structure of Claim1 wherein said interlevel dielectric ;Lglgva“f % _
conposite . dielectric layer. 10. The structure of Claiml wherein said
interlevel dielectric layer is an - | ayer with the thickness of the
bottom oxi de | ayer, nitride |ayer and top oxide |l ayer are about 50, about
100 and about 20 Angstrons, respectively. 21 February 2006 13 11. The
structyre o im1 [.el id thir nductive layer ,is a polysilicon
| ayer 'epos:cr%1 ga%f%&lrg O\t@’gﬁ%‘ nggvzlg%méaaﬁoﬁ?la%ﬁﬁe gb?ﬁlgc’s‘?fer%lr%}sif)wf’fld)k met hod of
fabricating.a conposite floating gate structure in flash nenory cells
conpri si ng: SOFYEORIFHY™Sa seni conductor region within a substrate extending
to a surface containing parallel active regions separated by isolation
regions that extend fromsaid surface into said sem conductor region;
formng a gate dielectric |ayer over said active regions; form ng a bl anket
first 4onduthe steudtaryef Chaier | svheddiresid yae detfcoitdagirds saoxide isyet. at i on
regions; formng an insulator |ayer and patterning said insulator |ayer
into stripes disposed over said active regions; formng a second
conductive | ayer and perform ng a spacer etch on said second

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.




conductive layer to second conductive | ayer spacers di sposed agai nst the
sidewal | s of said insulator |ayer and over said first ggq?ucti%ﬁ_layer
renoving said first conductive layer that is not under saif@®TRsFator |ayer
or said second conductive |ayer spacers; renoving said insulator |ayer;
form ng a blanket interlevel dielectyic layer; formng a blanket third
conductive layer and patterning said third conductive |ayer into parallel
lines perpendicular to said active regions 21 February 2006 14 renovi ng
said interlevel dielectric |ayer, said second conductive |layer and first
conductive layer that is not under said third conductive |ayer lines. 13.

- The met,hod aim1l erein said.sem conductor, region is .a sjlicon

r egi on.lq' 14%@%"%f%0§ gy %Wgﬁemliﬁalaﬁm‘g‘mg&%ﬁ‘f& 1?%‘?53%1‘[‘ pJprsipt ‘Iéﬁ%r are
shal low trench _isolation regions. 15. The nethod of Caim 12 wherein said
gate di el ectFpesited fq thickngss ¢habgat 3090eAngsremsThe net hod of O ai m 12 wher ein
said gate dielectric layer is a thermally grown oxide |ayer of thickness
‘about 100 Angstrons. 17. The nethod of Claim 12 wherein said first
conductive layer is a polysilicon layer deposited to a thickness of about
300 Angd3t r omsmethodl®f fabieatimy Hoshpdsiteifidafihg 2avbeadine is Auch mbsbhateas | ayer is

a nitride layer of thickness about 1500 Angstrons.
' comprising:
providing a semiconductor region within a substrate extending to a surface
- containing parallél active regions separated by isolation regions that extend from said
surfaqe into said semiconductor riegion;
forming a gate dielectric layer over said active regions;
forming a blanket first conductive layer over said. active regions and said
i_soIat_ion regions;
forming an insulator layer and patterning said insulator layer into stripes disposed
éver said active regions;
forming a second conductive layer and performing a spacer etch on said.second
conductive léyer 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




19. The nmethod of Claim 12 wherein said patterning of said insulator |ayer
is acconplished by formng a first photoresist |ayer, patterni ng said
first photoresist |ayer and etching exposed insul ator I%Vé‘l‘"‘.m% ?:ebruary_
2006 15 20. The nethod of O aim 12 wherein said second conductive |ayer is
‘a polysilicon |ayer deposited to a tfji ckness of about 600 Angstrons. 21.
The method of Claim 12 wherein said interlevel dielectric layer is a
conposite dielectric layer. 22. The nethod of Claim 12 wherein said

interlevel rgﬁ,gé,ig%s@idc idté}YeS/El F&le%ﬂicg;%ehas)éﬁf seéé\figﬁ h:ohﬁl?ct%ilﬁ%}e:ﬁﬁl ﬁ]'tasbt he

bottom oxi de layéer, nitride [ayer top oxi | ayer are - about , about

100 an 0 stro respectively 23.. . The nmethod of Caim 12

wher ei (r%ofg%%(tjg? ﬁ‘?‘?@ﬂ%&ﬁ&ﬂg‘?}‘\%ﬁl‘g@gﬁd ‘iogdﬁdbv&l lﬁ%qr;[’iﬂg%n | ayer deposited to a

t hi ckness. of about 2000 Angstrons. 24. The nethod of Claim 12 wherein said

patterning of said third conductive layer into parallel lines

perpendi cul ar to said active regions and said renoval of said interlevel

di el ectldi c [Thymethodaifd leiar bhwhewsiosad samicordustoraegion israstilicmdgioni ve | ayer

that is not under said third conductive layer lines is acconplished by

formng a photoresist |ayer, patterning the photoresist |ayer and

sequentially etching the third.conductive layer, the interlevel dielectric
layer, 18eCcOoMHe SRABGIN S BY @heritkaid isbBliok PLMELY ShalB%aFench

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.




Abstract. A STRUCTURE W TH COWPCSI TE FLOATI NG GATE BY POLY SPACER I N FLASH
A conposite floating gate structure in flash nenory celh@ﬁj (%%osed
Paral l el active regions separated by isolation regions o d from
the surface of a seniconductor region of a substrate into the
seniconductor'region A gate dielectric layer is disposed over the active
regions. Planar parts of conposite fﬁoatlng gates are conposed of a first
conductive layer and are equally spaced al ong the actlve regi ons where they

are d' oseef ?ﬂ/e odt(n%lgl% ?) q}hglle‘iancéarld gecoﬁg %ndu%ﬁ@ec faler 1' ke ar 15, 0f

conp05|te floa gates are co 8 'second *¢8nabér ng%yer and are
di sposed over the planpar ts al.o ges of edges pI anar parts so
that si devvaf qv&r ¢ ?P%%‘%p@ﬁég’éﬁmﬁfsﬁﬁa‘ﬁg?%&)%f@“ﬁ%%u lel to the active
regions. The spacer |ike parts and the planar parts conpose the conposite
floating gates. An. interlevel . dielectric layer is patterned into
. equal ly spaced parallel stripes perpendicular to the active regions and

- each s2t.i peThs niitbpbstTlamel2 wheretiosaid dp@ridval gliclearip dsjier és il aiposige gat e f or
each active region. Wrd |lines, which are conposed of a third conductive
|l ayer, are prlairddhydd nes di sposed over the interlevel dielectric layer and
serve as control gates. (Fig. la)

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.






