-vxe3ezW zT@ Tt; E / *@00002* 1 A STRUCTURE W TH COMPCSI TE FLOATI NG GATE BY
POLY SPACER I N E GROUND OF THE | NVENTION (1) FIELD OF THE | NVENTI ON
The present ﬂN\ﬂ“MﬂM@ | ates generally to sem conductor integrated circuit
t echnol ogy icularly to nmenory cells used in flash EEPROVs
(Electrically Erce8®l e Programmable Redd Only Menory). (2) DESCRI PTION OF
PRI OR ART The efficiency of programoperation in flash nmenory cells is

dependent on the coulgl ing ratio between a control gate and a floating gate.
'n flash memoryAGIRECTURE WIEHG OMBGTEAIPATE GRin B 8 BOBYm conduct or

region separates a floating gate fromthe sem conductor region. Charge is
exchanged between the floati ng ¢dtACBRANtHIeAASI®M conduct or regi on through
the gate dielectric layer and the charging and di scharging of the floating

gate in this way constitUugaCKEROURIS &MTHE [SVENSTTON Ng operations. A
control gate is separated fromthe floating gate by an interl 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 diel ectr j of charge between the control gate and
fl oati ng gat e?ﬁsFrIFng(gFﬁ H\g\zggiﬂgﬁcoupl ing ratio is essentially the ratio
of the voltage drop across the gate dielectric to the voltage drop across
the interl evel Thei @reseatr inventien jrglatqse geneyallyyyanteayerndyciop intpgrated Gigel of

t he applied potential as possible across the floating gate to sem conduct or
regi on dite¢hmotagyy antl megre pprtemkrakyctomgernéry cells used in flash EEPROMs (Electrically

Erasable Programmable 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 control 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 the charging and discharging
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
control 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 potential as possible

across the floating gate to semiconductor region dielectric thereby enhancing the

AR
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2 efficiency of the programm ng and erase operations. Larger coupling
ratios are thus nore desirable. Since the ratio of the voltage drop across
the gate dielectric to the voltage drop across the interlevel dielectric is
equal to the inverse of the ratio of the capacitances across these |ayer it
is beneficial to have the control gate2floating gate capacitance as |arge,
and the floating gate-sem conductor region capacitance as small, as is
practical. This nust take into account that if charge is to pass through
the gate effia¢nsytofitee prograanmisg abé erase opérpidnsaharger caipling eatios apothus mqsess
through the interlevel dielectric it cannot be too thin. These constraints
hi nder t kiesigabld. iSigceakhe tdtie dfitheksleags dedp ddressdhepate didletlianeths vblageadtbpyve

hi gh coupling ratios. In traditional flash nmenory cells, where the areas of

the cont relosgMeididRAL] DRIQAECiICARAL kS He f%ﬂ/@rskhff thja Qatid R tH@Eﬁf‘pamtances
seni conduct or regl on capacitor are conpar able and | ow COUp Ing ratios are

compens e P SLRASEH BRBLLES Y RIICRE cRNPLEEAJISE AR AL LAgE, oan

give riseto re y pro g equire
exceSS|v circ Yy, Which uses val uabl e cell area and inpedes the ability
of shri n T8 %f}téethéefilqatmg rga{en%ﬁ’“BF‘?é“g]é‘ﬁtPr iTFRI &M CRRATANGE, 4, R4 &S; 1§ p&?‘“é’c?algsed in
which the coupling ratio is increased by substantially increasing the area
of the cdmiyBusigakeinte seacungthghifchargedt fa pass siyovginthei gate dieleatricsit seRIOt| ar ger
then the area of the floating gate-sem conductor region capacitor. This is

acconpl i dleado tmclaambeifrbdigevib ncthtoi msathroughethe anteperel dedectiheiticamentbedno t hat

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

from t he thihadhtdeoBstrpin@NBindst 8K kdifnS of UBE WhitkndsO @1 the Res@rioflaydre t6ont r ol
gate-floating gate capaC|tor area is acconpllshed Wi t hout any increase in

cel | si Z%c ¥4 R ég"ﬁ %H g géztRJs' ﬂgtxﬁ&hbﬁalrﬁa’%ﬁ'xhérﬂ& £ WAEre! MAETLARESE g ea of

t he contro gat gat e capaci tor

control gate-floating gate capacitor and the floating gate- semiconductor region capacitor
are comparable and 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 the present invention a structure is disclosed in which the coupling ratio is
increased by substantially increasing the area of the control gate-floating gate capacitor
so that its area is much larger then the area of the floating gate-semiconductor region
capacitor. This is accomplished in a method, which is an 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 high coupling

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



3 'thickness of the dielectric |ayers can be mintained as they optimally
shoul d be, the gate dielectric layer relatively thin and the interlevel
dielectric layer relatively thick. In addition, the applied voltage can be
low with resulting inproved reliability and reduced circuitry. Hsieh et al.
U.S. Patent 6,312,989 disclose a split3gate flash with protruding source
that contains a spacer control gate. Hsieh et al. U S Patent 6,297,099
disclose a flash with a floating gate process. U S Patent 6,249,454 to
Sung et dhickegsewnt the dpleptric dasess ¢an§sﬂrmmmgﬂ asethey optimsallypshasid be thogatso3

di sclose a nmethod for shrinking array di nmensions of split gate flash nenory
cel I s t hatieladtiit ilaps sbavely fiocmdsths. infddVEIRY eldetridEayleNVENGY €N thicki dna
primary objective of the invention to provide floating gate and contr ol

gat e str ughitfoRsStheMpbliad DolteRaN be@bvswith tiultMeliRMPPOR-d GOV Ry Mdt8dided _
floating gate coupling ratio. Another primary objective of the invention is
to provide.fiQating gate and control gate structures in flash menory cells
with increased control gate to floating gate coupling ratio that is

achi eved without increase of cell size. It is another primary objective of
the invention to provide floating gate and control gate structures in flash
menory cells that require | ower control gate applied voltage and thus
possess i ncredddeh ekl dBiS: iRajent Yetl 2080 diseloss prspliy eatsj Bashi with rrofradipgovi de
floating gate and control gate structures in flash nenory cells whose

decr ease sonrcedhdt ®ntamsi & spaser ¢antiol gdtebiisicheet @l.rld.8i Patgntr €397,029 disolodehi ver
the high voltage needed for traditional programm ng and erasing processes.
It is yetflash4vith 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 in flash memory cells with increased control gate to floating gate coupling
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 floating 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 structures in flash memory cells that
require lower control gate applied voltage and 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 required to deliver

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



anot her primary objective of the invention to provide a nethod to fabricate
floating gate and control gate structures in flash nenory cells with

i ncreased 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 structurfes in flash nenory cells with

i ncreased control gate to floating gate coupling ratio that is achieved

W thout increase of cell size. It is yet another primary objective of the
i nvent i ortnpdeppumptectictieridhe mvealin @arevide @amtggd tafabrieatel floating gategat e
structures resulting in flash nenory cells that require |ower top gate
vol t age and cohits] gads stesswss imflasdhamenhoryetélmbivith increa¥ed canmd Ipate tpriloating
objective is to provide a nethod to fabricate floating gate and control

gate struygatdlt@plingStié.] Ndsiyet bhahbr PRAMEY obfRbive Mq&euﬁ@morﬂ&%ﬁﬁm hs not
limted by the circuitry required to deliver the high voltage needed for

traditi 0'}ﬁ’éthﬁgQFa‘BHU&tQ%oﬁﬁ%%@ﬁ%%ﬁ%ﬂ&%ﬁé Situc 0§ ﬂﬁﬁl %%Ho\‘f%el?sr\%th

achieved I'n I nventlon oatl ng ga COI’]t rol gate structur es t hat

deviate fromthe nar ture radifi 1oL Y cell

Fef er r od BRI FeNrS e BrlsiEhe it Spiherogie g uid VERd e Re
structure. A spacer |like part of a_conposite floating gate is forned on a
pl anar pa&ell sizendt pfay@tsan@éi%gmmﬁrmbn%% of | the dpyeatipn g@ﬂ%de aTRethpd dpar
bottom surface of the conposite floating gate is disposed over a gate

di el ect r ifebricaye flodtorgreate emdrcoatrpl gatarstreotufescreswfing irs dasle oredury aells dgiton.  An
interlevel dielectric |ayer is disposed over the exposed upper surface of

both the rScpﬁf‘eelovlférkt%?aglﬁe Rlotage ap@rthes @bssefies Gacrpasi treliddingt ig gatierand
the control gate is formed over the interlevel dielectric layer. The area

of the V%’rﬁﬁ&?'otﬁéeﬁ@mé lt§ Jgf)wﬁg'ea FRAAN to! falﬁﬁczﬁérﬁoa@m%t fe ‘éﬁ’mgﬁfr&legétkoat' ng

gate can be very”much r than the area of | anar part Fesulting
in asi g%&rfu%:t%%@t resﬁ]ﬁrrlge %Isl%lasfl rglprgo%ocais w osreagel:lf) dgc\{‘ge{setlrs]aﬁotqlmlted by the

circuitry required to deliver the high voltage needed for traditional programming 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 planar 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 sidewalls of the spacer

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



conventional structures and, since the spacer |ike part does not extend
hori zontal | y beyond the planar part, the increased area is achieved wth no
expenditure of cell area. Wth an increased coupling ratio applied voltages
can be lower with a consequential inprovenent in reliability and with no
need for circuitry to support high vol fage. A conposite floating gate
structure in flash nenory cells is disclosed. Parallel active regions
separated by isolation regions that extend fromthe surface of a

seni cond RUBF pashirewltEig an suisignificaat jipereasen ef thei onbing t1eko r eyr othat Afgat e
dielectric layer is disposed over the active regions. Planar parts of
conposi t eofivgdivnalgstgatwss and, sionpdbedpadfer dikiei pat does ot tektead | layremontatig ar e
equal |y spaced al ong the active regions where they are di sposed over the

gate di e“:%?‘/bﬂid thel Sy palpaeeinclehdet doed fsSachieve®Wadishd exfidna@nties @t £8a.ar e
conposed of a second conductive | ayer and are di sposed over the planar

parts al ofgnbgt I?lc?éa%sc&fpgﬁggﬁﬁ? %I’?Iﬂég{ XC?EIIEI‘? cafl IIe%IVG’?%‘ﬂ%IJO%S&quIﬂEIg parts

spacer |like parts are pa e regions. e spacer

dth I h ' fl [ : ' I I
i ol ect r nitpalsaleR] o TROREA il PRI ooy Bl B EhiEl o pes” ©

perpendi cul ar to the active regions and each stripe is disposed over the
correspondi ng conposite floating gate for each active region. Wrd |ines,
whi ch are conposed of a third conductive |ayer, are parallel lines disposed
over the interAevsiposiicefleging gat¢ atyasturmnid Bashvweemeryceailsrioldisyiised. Paralfel BRI EF
DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawing formng a nateri al
part of tdetise degions plepaatedt Ber Bolados hegtons Fhgs .extend- frofm shewutfage \ofews
depicting a nethod of formng floating gate and control gate structures,
accor di NGefmiconBctbMeg vl o7 subdtratd ASNHHEREREbnE& thSregion. A gate dielectric layer

is disposed over the active regions. Planar parts of composite floating gates are composed

of a first conductive layer and are equally spaced along the active 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 composite floating

gates. An interlevel dielectric layer is patterned into equally spaced parallel stripes

perpendicular 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 dielectric layer and serve

as control gates.



Fi gs.” 2a-2f show cross-sectional views depicting a nethod of formng
floating gate and control gate structures, according to the invention, in
flash nenory cells. DESCRI PTION OF THE PREFERRED EMBODI MENTS Preferred
enbodi nents of the invention are well described with the aid of Figs. 1 a-1
f and 2a-2f. A nethod of fabricating aéconposite floating gate and control
gate is presented in Figs. 1 a-1 f, where top views are presented at
successi ve stages of the process and in Figs. 2a-2f, which show the
correspondi ng cross-secti %IEWDE%RI&EK%&%THE DRAWINGSs and 2a, active
regions, 2, are defined on a sem conductor region, 4, which preferably is a
p-type silicon region, using isolation regions, such as shallow trench

i solation, STI, regions, 6. A floating gate dielectric layer, 8, is then
fornmed over thg tRehdcotpaB@ingAsawifg Fornlthg kReReriAfpartRAURis HeQrPgR! therssis
Preferably the floating gate dielectric layer is a thermally grown oxide.
The gatefﬂk@hectric | ayer serves as the dielectric |ayer between the

sem conductor region and the floating gate. Deposition of a first
conducti ve .ayer follaows, which will be fashianed,in forthconing
rocess st eps S Tt b Bp ey diPieine % misedpbIMPEnE  Laafinh FRAABTof Ut he
i nventi on. Preferabl¥ the first conductive layer is a first polysilicon

| ayer dep@8irplegnte grugteparcasdingfthe lemtlmggtﬂ%mcmry ¢dlsl ator layer is
then forned that is preferably a nitride |ayer of depth about |500
Angstronms. This insulator layer is patterned into stripes, 12, disposed
over the active regions, as shown in Figs. lband 2b. The patterning of the
i nsul ating | ay®gs.i%-3r ¢l alkysatoramlitwhdepibiing armethod af gbehiap eidasihg| ayer,
patterning the photoresist to define the stripe pattern, etching the

I nsul at orgal ARroonfbORRE BeucRired, RBcdrling to HRMGELY S 1RYIPMmeRIS EQROVI Ng t he
phot oresist layer. A second conductive [ayer is deposited fromwhich wll
be fashioned the spacer |ike part of the conposite floating gate of the

i nvention.

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 is
presented in Figs. 1a-1f, where top views are presented at successive stages of the process
and in Figs. 2a-2f, which show the corresponding cross-sectional views. As shown in
Figs. l1a and 2a, active regions, 2, are defined on a semiconductor region, 4, which
preferably is a p-type silicon region, using isolation regions, such as shallow trench
isolation, STI, regions, 6. A floating gate dielectric layer, 8, is then formed over the active
regions to a thickness of about 100 Angstroms. Preferably the floating gate dielectric
layer is a thermally grown oxide. The gate dielectric layer serves as the dielectric layer

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



Preférably the second conductive |ayer is a second polysilicon |ayer
deposited to a depth of about 600 Angstrons. A spacer etch is perforned to
renove all of the second conductive |ayer except for region 16 al ong the
sidewal I s of the insulator |ayer stripes, 14. The etching period is
extended so that first conductive |ayef not under the insulator |ayer
stripes or renaining second conductive |layer is also renoved. The structure
at this point of the process is shown in Figs. 1 ¢ and 2c. After renoval of
t he i nsullaseor 10, afpdewst whishswillihe faghiankd darfosbeaiping, proenss siepfpp dormiither an
H3P04 wet etch, the spacer like part of the conposite floating gate

st ruct ur eldnar pprpef thacompostedimating ghte @$ thelinderaiod. Pdeferdblyi the éirdt evductive
dielectric layer, 18, is now forned that serves as the dielectric |ayer

bet ween 44iRr fd Lakst pAydBten RPE Rp6aRLNEOL d9phe TaBoRS DUDSRHYARAYinfQked. The
interlevel dielectric layer is preferably an ONO | ayer with the depths of

the | ayel’lé,gp%' BnABAHE t islp%,fé'??ag?aoniﬁ'j]&sfaygﬁgf {I%ﬁﬁé éﬂ)gﬁ Eﬁf((:): Rg%ﬁf&grgsgr 20,

nitride a upper oxi de laye espective con I

i s deposited.th referably is.a third l ysilicon | ayer deposited to a

8 depth JF aHRIOS 0B AN JOLPBIG. epraripes fd: HORGRFCL TS THaERVS SRR & ned 1o
serve as control gates and as parallel word |lines running perpendicular to
the acti vBOWRginoHEes. glb SRBWED-i &hFi ppsterning  ¢fnghepfinsufasingi yen ippretsrabdy st

| ayer, 22, patterning the photoresist |ayer, as shown in Figs. 1 a and 2e,
and et chiangpniplishediby dfocoingue tphowrdsay dayerapattdroing ekambb®resist dondeifing the hi s
patterni ng. Before renoving the patterned photoresist, the exposed

i nterl evetripdi pdteed,r étchih@ee .inSeaen thye) ndoiing at ltiay eirstasshdhiti et 1agendhgt i ve
| ayer are etched. Thus none of the interlevel dielectric |ayer, second

conduct i VenbaRg thPhtbietist 1a9&nQU§e%1¥cfc$rﬁmalriyéﬁ '@Eegéﬁéetﬁ&ﬂ%himmb i's

di sposed under "the third conductive |ayer |1ines. conpletes the

2001 oGP TRRRL ' B S NY At kg enR iRt o
Preferably the second conductive layer is a second polysilicon layer deposited to a depth
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 this
point of the process is shown in Figs. 1c and 2c¢. After removal of the insulator 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 in 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 is 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 third

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



The objectives of the invention are achieved by floating gate and control
gate structures that deviate fromthe planar structures of traditiona
flash nenory cells. In preferred enbodi nents of the invention the floating
gate is a conposite structure. A spacer |like part of a conposite floating
gate is formed on a planar part, the pdrts being in intimate electrica
contact. The planar bottom surface of the conposite floating gate is

di sposed over a gate dielectric |layer forned over a planar surface of a
sem conddepdr of abpus rZ00RANgRtemseJde third| wadystive) layer 1si Raterigdolwetrvv @ t he
exposed upper surface of both the spacer |ike and planar parts of the
conposi t eohirolagatesgarglassepanldel twerddores rohnigg perpesditalamed thevastive egioms, @s | evel
dielectric layer. The area of the vertical sidewalls of the spacer |ike
part of tshéws QPRSI Iftntl 29atdritgn Dapkot6@BisbRyMEDY, pati6ihidgth8 hotoFRRt faher, ar ea
of the planar part resulting in a significant increase of the coupling
rati o ov faliof i : : i p i part
does not%gf?gﬁglﬁg? 23E5§ﬁI@ﬁ%h%%%gyg%gkﬁﬁgap gﬁgﬁﬂggﬁ%?q?ﬁéﬁﬁﬁ%ﬁggggd area
is achieved wt 0. expendi t of cell area. Wth an jncreased coupling
ratio apprratpil P BEEHe, S afer i in 1S snlirt Mola S Tt REHEd | o
reliability and with np need for circuitry to support high voltage

Referri ngntﬁﬂe\ﬁ?&!elezftw ToHE", iSpied oBEU B RYSE agadEstondyifilansr gis €chslipl i ng
rati o achi eved for preferred enbodi nents of the invention is apparent. This
coupl i ng Thas inen¢ ef thikentetlevad didleattie layet, seepmd chonguctiove daysr nhé figetcendlictivect ri ¢
| ayer, 8, to the voltage drop across the interlevel dielectric |ayer, 18,
whi ch i s lajes @erhhias erddpo thak which Baligoisédonder alie thid @mdtctdle 1ggdrdies. Thigat i ng
gate capacitor to the capacitance of the floating gate to sem conductor

region. Togplast Gk hridiba bithe 6/ Qii{enﬂod'tﬁ‘lgi %’dté Qhd Lhrat %a‘t@h&fo?diﬁé tb he
invention i S increased over that of the traditional structure, where the

capaci t angsy e‘i’%ﬁedaér%ogﬂﬂgr#ts??@e%%ﬁﬂm?y the ratio of the capacitor areas.

As can be seén from area ratio is

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 in
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
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 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 over that of

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



close to 1+(4h/x), where h, 24, is the height of the spacer |ike portion of
the conposite floating gate of the invention and x, 26, is the wdth of the
active region. Thus, the larger is h the larger is the increase in coupling
ratio and the snmaller is x the larger is the increase in coupling ratio. As
feature sizes decrease, that is as x décreases, conposite floating gate
structures of the invention of the sane height, h, wll give rise to
greater increase in the coupling ratio. For exanple, for x=1 mcron and h=
1500 Angsreyend therdanar party He ioctieased . agga istfichieved withzm sxpeinditarne rmgllped®00
Angstrons the area ratio is 2.1. So that for 1 mcron technol ogy the

coupl i ng Withian mikcreasddy poupling qatipappliel #oltaks rgn dat lowst mitt are@nsdqueitel
invention is a factor of 1.6 tinmes greater than a traditional floating

structur Eimﬁf&fenQnﬁin%Hélﬁﬁ‘tytaﬁﬁ RAM ROYeel 18- fiR%ltAS tolsBpgorthigh voRadthi | e the
i nvention has been particularly shown and described wth reference to the
preferred enbodi nents thereof, it wll be understood by those skilled in

the art that various changes in formand detail nay be made w t hout

departing fromthe spirj.t d, scope of the invention.. 11 CLAIMS 1., A
Combosi te {1 oetiEngapdis, 2cngieruey | ol EHey TRiing @hpriniagli

sem conductor region within a substrate extending to a surface; parallel
active raghisred &xpueigired empofligminis plotherisyingas is Apparentt Ehig copPRSEAE iSur f ace
into said sem conductor region; a gate dielectric |layer disposed over said
acti ve r gbée mt®;of the voltage drop across the gate dielectric layer, 8, to the voltage drop across

the interlevel dielectric layer, 18, which is also the ratio of the capacitance of the control
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 the
increase in coupling ratio. As feature sizes decrease, that is as x decreases, composite
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=1micron and h= 1500 Angstrom, the
area ratio is 1.6, while for x=0.5 micron and h=1500 Angstroms 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 is a factor of 1.6 times greater than a traditional floating

structure, for 0.5 micron technology the factor is 2.1.



pl anar parts of conposite floating gates that are conposed of a first
conductive |layer and that are equally spaced al ong said active regions
where they are disposed over said gate dielectric |ayer; spacer |like parts
of conposite floating gates that are conposed of a second conductive | ayer
and that are di sposed over said planarlarts al ong both edges of said

pl anar parts so that sidewalls of said spacer |ike parts are parallel to
said active regions, and which together with the planar parts conpose said
conposi te fl oaVhigthgdnwentionhas beeamarticajarly shpwatapd descaiped withaeterssaata t ut es
equal |y spaced parallel stripes perpendicular to said active regions, where
each sai dhepreifqreedientidspesethemotrit wilthe netepowi bygthosnskildédtie f | oati ng gat e
for each active region; word lines, which are conposed of a third

conduct i \Re hiyier varididtchages piaforl £ld detallefaypbepadeditby@rdepatidgi nterl evel
dielectric layer and that serve as control gates. 2. The structure of Caim

1 wherei i 1 t I is a silicon region. 12 3. The
structur gﬁogﬁlt% ?Ima%gah%eﬁhés%?gﬂl{bgol ation regions are shallow trench
isolation regions. 4. The structure of Caim1 wherein said gate dielectric
| ayer is an oxide layer. 5. The structure of Claim21l wherein said gate
dielectric layer is a thermally grown oxide |ayer of thickness about 100
Angstronms. 6. The structure of Claiml wherein said first conductive |ayer
is a polysilicon |ayer deposited to a thickness of about 300 Angstrons. 7.
The structure of Caim1 wherein said insulator layer is a nitride |ayer of
t hi ckness about 1500 Angstronms. 8. The structure of Cdaim1l wherein said
second conductive layer is a polysilicon



| ayer deposited to a thickness of about 600 Angstrons. 9. The structure of
Claiml wherein said interlevel dielectric layer is a conposite dielectric
| ayer. 10. The structure of Claim1 wherein said interlevel dielectric

| ayer is an ONO | ayer with the thickness of the bottom oxide |ayer, nitride
| ayer and top oxide | ayer are about 501! about 100 and about 20 Angstrons,
respectively. 13 11. The structure of Claiml wherein said third
conductive layer is a polysilicon |ayer deposited to a thickness of about
2000 Angstrons. 12. A method of fabricating a conposite floating gate
structure in flash nenory cells conprising: providing a sem conductor

regi on WlbAIM& substrate extending to a surface containing parallel active
regi ons separated by isolation regions that extend fromsaid surface into

sai d sem condugteinp 6§ﬁlfwmm$ gatmsﬁgctareqatfﬁsldm%hf%w EdIs doRyeikingver said active
regions; formng a bl anket |rst conductive |ayer over said active regions

and sai d i sol at] ol eghg05:co B 1Al dARHLARnd @YELARY. AL terning sal d

i nsul ator | ayer rl pe i'sp 0S8 over Ve regions; formng a
second conductlve l.ayer and. perfornl a .spacer etch ﬁ sai d s cond

conduct i ve | ayBiHY SBENFERLORSTRYRLS iy atigh Lelansy aJamn&tidt ne
sidewal I s of said insulator |ayer and over said first conductl ng | ayer;
renovi ng sygfpep infq spid gemeenRductps T¢ZigBr that is not under said insulator |ayer
or said second conductive |ayer spacers;

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 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,
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.



removing said insulator layer; formng a blanket interlevel dielectric

| ayer; formng a blanket third conductive |ayer and patterning 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 notldunder said third conductive |ayer
lines. 13. The nethod of Caim 12 wherein said sem conductor region is a
silicon region. 14. The nethod of C aim 12 wherein said isolation regions
are shal Bow t ridssHUEEE ¢ftGlaim | adicenia said ssolatiea regipprotre shallomairench2 wher ei n
said gate dielectric layer is an oxide layer. 16. The nethod of Caim 12
wher ei n sai d gstl&ichiregiens.ric | ayer is a thermally grown oxide |ayer of

t hi ckness about 100 Angstrons. 17. The nethod of Caim 12 wherein said
first conductive layer is a polysilicon |layer deposited to a thickness of
about 300 Angstrons. 18. The nmethod of C aim 12 wherein said insulator

| ayer is 4a nitqyiy -t hi : : r : The et hod
of C ai m412 vvhrlgfre ceglfrrl%&gge:%(f (%gltnﬁ Zbﬁéﬁﬁiﬁleggﬁégléﬁgﬁf gnt}%ffslag;az}deijlgyegcconpl i shed
by formng a first photoresist |ayer, patterning said first photoresist

| ayer and etching exposed insul ator |ayer. 15 20. The nethod of Claim12

wherein said second conductive |layer is a polysilicon |
5. he structure of Claim 1 wherein said gate dielectric layer is a thermally grown

oxide layer of thickness about 100 Angstroms.

6. The structure of Claim 1 wherein said first conductive layer is a polysilicon 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.



| ayer deposited to a thickness of about 600 Angstrons. 21. The nethod of
Claim12 wherein said interlevel dielectric layer is a conposite dielectric
| ayer. 22. The nmethod of Claim 12 wherein said interlevel dielectric |ayer
is an ONO |layer with the thickness of the bottom oxide |ayer, nitride |ayer
and top oxide |ayer are about 50, about3 100 and about 20 Angstroms,
respectively. 23. The nethod of Caim12 wherein said third conductive

| ayer is a polysilicon |layer deposited to a thickness of about 2000
Angstrons. 24. The nethod of Claim12 wherein said patterning of said third
conductive layer into parallel lines perpendicular to said active regions
and sai d Ilenovidie structuzd of Clained [véheedin daid tleod edanduttimednyerssai polysibiomulayer
conductive layer and first conductive |ayer that is not under said third
conductive | ayRpoditet@s a tisiclareOslbos BT nds@bmsng a photoresi st | ayer,
patterning the photoresist |ayer and sequentially etching the third
conductive layer, the interlevel dielectric |ayer, second conductive |ayer
and first conductive layer. .A A Al .As.As. A A (.As.As. Ay2. As

. As. As. . A=M 9%N\khbp* D . . ,
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isolation 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 patterning said third conductive layer

into parallel lines perpendicular to said active regions
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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.
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24.  The method of Claim 12 wherein said patterning of said third conductive layer

into parallel lines perpendicular to said active regions and said removal of said
interlevel dielectric layer, said second conductive layer and first conductive layer
that is not under said third conductive layer lines is accomplished by forming a
photoresist layer, patterning the photoresist layer and sequentially etching the
third conductive layer, the interlevel dielectric layer, second conductive layer and

first conductive layer.



