e3e’ d($ 6HTXN A METHOD TO | MPROVE THE COUPLI NG RATI O OF TOP GATE TO
LOATI NG GATE I N FLASH BACKGROUND OF THE I NVENTION (1 ) FIE

| NVENTI ON The present invention relates generally to sem cohmmmmﬁuwm
integrated circuit technology and nore particularly to split gate ne

cells used in flash EEPROMs (El ectrically Erasabl e Programmabl e f8¥8 Oniy
Menory). (2) DESCRI PTION OF PRI OR ART I ncreased perfornmance i n EEPROMS can

be achi eved Lncreased ficienc f..the ogranm ng_and_erase
operat | ons. AMEFRREIC nEreolE SHE,SourionE BRAT RSP RATETEO | mproved
programm ng and erase effici LN g by i ncreasing the coupling
ratio of the top gate to fl &ﬁ%aﬁ%t@Tgﬂg%clog Hi ng ratio is essentially
the ratio of the top gate-floating gate capacitance to the floating

gat e-substrate capacitance, so decreasing the floating gate-substrate
capacitance relative to - ! paci tance increases
the coupling ratio. The %&%@B‘?ﬁﬂﬁc‘éhﬁ'%ﬁ}’gﬁﬂo e larger is the
fraction of the voltage applied to the top gate that falls across the
floating gate-substrate capacitor. In traditional EEPROM flash nmenory cells

the areagf tpglpPoRTHE INNENROQate capacitor is the sanme as the area of
t he roaSi ng gate-substrate capacitor. This is illustrated in Fig. 1, which

shows a crossTRE PrésehtahveéntiomPictates dRmiedaly @ sémiconduttop MitbgrtEREYChit ash
menory cell. Here is shown a sem conductor substrate, 2, in which shallow
trench igeghablogy, ah@, nidret paicekdly bosslitt fates wherhoat ecliyr ige®, ins fas at es
active regions of nenory cells. The nenory cells include floating gates,
18, f or nEEPRONsEEfexticallyl EnpsabledPrdgrdmotabde Read Olly Memory).

(2) DESCRIPTION OF PRIOR ART

Increased performance in EEPROMS can be achieved by increased
efficiency of the programming and erase operations. In EEPROMs where a top
gate controls a floating gate, improved programming and erase efficiency can be
obtained by increasing the coupling ratio of the top gate to floating gate. The
coupling ratio is essentially the ratio of the top gate-floating gate capacitance to
the floating gate-substrate capacitance, so decreasing the floating gate-substrate
capacitance relative to the top gate-floating gate capacitance increases the
coupling ratio. The greater the coupling ratio the larger is the fraction of the
voltage applied to the top gate that falls across the floating gate-substrate
capacitor. In traditional EEPROM flash memory cells the area of the top gate-
floating gate capacitor is the same as the area of the floating gate-substrate
capacitor. This is illustrated in Fig. 1, which shows a cross-section of a typical
design for a traditonal EEPROM flash memory cell. Here is shown a
semiconductor substrate, 2, in which shallow trench isolation, 10, that extends
above the substrate surface, separates active regions of memory cells. The

memory cells include floating gates, 18, formed from a poly 1 layer, and which are
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geparated fromion inplanted regions, 14, of the substrate by gate
dielectrics, 4, thus formng the floating gate-substrate capacitors. Top
gates, 22, forned froma poly 2 layer, are utilized as control gates and
are separated fromthe floating gates by a dielectric |ayer, 20, thus
formng the top gate-floating gate capacitors. In a traditional design the
di nension of the top gate-floating gate capacitor, 24, denoted Y in Fig. 1

and the di nension of the floating, gate-substrate capacitor, .26, denoted X
in Fig $ergrat am @%Wﬁﬁf‘tegrf@%t&@’dﬂn@ e aubgrate s gateagislactinss 4,

L L Tl et e
N I S
coupl1 noghia BSHEERGENGfLE SRS, My VYRl B BSAR Ol hation, ' "
gat e- Subgq t%gt?ﬁiﬁ&%cdés‘? n thé diirﬁeh{,igﬂr&fﬁﬁh Otép @aﬁ@if%\éﬂnggﬁt%e%rggﬁﬁ&d 2y ea of

the top gat oating gate capacitor w ut Tncreasi area, and
met hods gxhéfed!Pid PRy, A3&R1 HeCdiRRIHRIdTSr t'h@tﬂo%tihg (?%%@J%uﬁsﬂﬁt%r@épacﬁéh%, et
al., in US. Patent "6, 153,494, disclose a neth to increase the coupling

rati o bydbastedak iaomig! i1ngrd DsgaIRCckgGaldaing theagifnendidh<bf #these cApatifors Pat ent
6, 225, 162, show a stepshaped floating gate to i nprove the coupling ratio of
fl ash nepemendiddiar. toCtren plddeSshéah eare Edul), dBdelldi Thuoshe sreasrofrthesel | in
whi ch vertical sides are used to increase the top gate-floating gate

capaci t anapacitods tane usualy eagsial, tvileich dinits the catipling @tioer Theastuplingaatises ar e
di scl osed in Sakanpto et al., U S Patent 6,034,393 and in U S. Patent

6, 312, 98dependspattheratin of iNe areas sortbat changing botip atgaseby theasameg fgatoe
capaci tance increases the coupling ratio, considerable processing is

requi r eddpes npkalter theqoppling ratit. to i ncrease. 3 SUMVARY OF THE | NVENTI ON
It is a primary objective of the invention to provide a flash nenory cel
with increased coupling ratio of top gate to floating gate. is also a

It
primary objectjve of the inveption to provide net hod, of fornjn flash
menory cel | wMaedR i KEeerReo il Foping Flodivepean e Boiser SRE Ve e I
is furth | DA, ' [ f _the jnv i O . | eV i ncreased
coupl | ng ToATAG e BREEEY INE Soff ale ol Bhlel Pod B MoBliady e EREAR))
si ze and{ j Lner I i } LVes
e aon i E e So PSS CasadB B8 FrbnahORTRIE CIRERASBURRSA TS 1§
shaped sgs tthat tohh g f i t; paght OLN4S | ess
than t heegrtgg tg ?ﬁgé ﬁ%%m aidé?? oéag)l%ggatg?r\{gﬁ%gtt éﬁﬁ'?&?m gﬁ'& %‘e%?rr%%’héag of
att ai ni NehetHGds axBRaPndrabsé NBe fdoBPlind JatiR it sBEK A dMhet O HdI8hidtvaNtihoN
utilizes insulator spacers. A structure is disclosed to inprove the
coupl i ngUr8t Patent 6 168,494 edisclosé aanetiddietifcigast|ths ltouphmy Yaticeby satefr al | el
active regions are surrounded by isolation regions and are di sposed over a
sem condaoupling imgstackexd-gatesfldstt. r hincet dlhanils 8l Matemt 6,285,462, show astep-t | on
within and a portion above the sem conductor region. The sem conduct or
regi on usbiaped fleating igate i@ inpreyei thedeppding ratio of Viashrihemosy cele Sihdmce to
adjust the threshold voltage. Insul ator spacers are djsgqsed agai nst the
si dewal | ¥-9f Pateat §3A0i 182, dfsclasesiasBleamonycelldgivinieh vardicabsides 3oe eiseddo

sem conductor region and they taper so they are, w der near the .
seni cond iAeRS§ é'g‘? &P Q@Fﬁrtﬂf’ﬁ@ ORée saRaf! %?%%U%éﬁ"‘dﬁ%@itﬂe caplingt or

e oo SR B SRSRRE 5, SRR SR
o d spB<BHR ABeIFD SPAE  ate e o MsB e BB HGerRbtuBbdhe' o7
the i sol gLionoXieh] Ofste TORAALES FRAMIIGRCANG" colfifENMHEL | tBrsiatlns L hat
per p&ndi cul'arr t9 the dacti ve Teglons, are disposed over floallng gates
DESCR P R B e B Y B R e o ng Tor i ng & mater i al

part of this description, there is shown: Fig. 1 shows a top gate and
floating gate in a traditional flash nenory cell. Figs. 2a, 3a, 4a and ba
show t op vi ews depicting nethods of formng



shapéd floating gates according to the invention, in flash nmenory cells.
Figs. 2b, 3b, 4b and 5b show cross sectional views depicting a nethod of
form ng shaped fl oating gates according to approach A of the invention, in
flash menory cells. Figs. 2b, 3b, 4c and 5c show cross sectional views
depicting a nethod of fornming shaped ffoating gates according to approach B
of the invention, in flash nenory cells. Fig. 6 shows a top gate and

floating gate according to approach A of the invention, in a flash nmenory
cell. Fig. 7 shows a top gate aﬁ&JMMGﬁY%EEEéW&MT@N\g to approach B of
the invention, in a flash nenory cell. 5 DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS It is a primary objective of the invention to provide a flash

e 2l %0 a pri i o BEPERLTRCRE ot Y hiRRrtle RV Rt perBBFLHR of m ng
Gat e 1 R4 Rpifbirdto DY SF7 a5fs GLHSHP0a®; |Fiseisb i phifiafy bBigkd' ' 0
the oot | OLEaRefert @ yRle 4 ARG B fring 2 TeR8 ABBILR TRt increReg "o

obj ecti Vegysiing Ao &‘Xﬁﬂt%e%fﬂﬁiha@éf@ At %eertr%tr?r‘ﬁﬁéWﬁoat{jgﬁﬁ}gsi Reghé N

detail bel ow, "I n whi floati ng gate i s shaped so area of the

floati ngifg@hflof GoSHEHEVE! £h GAGRE5EQT cdupling CketiBdof Sop Nidte | {0S fl8afTy Idate
significantly less than the area of the top gate to floating gate

capaci t owithdtEinaridath e @It sixdiang vithdut a cdmiierhble inb@abb M brotdsgitice

i nvol ves an innovative utilization of insulator spacers. Anpbng the

advant ag@hesé abjditvesngreanchieveddsed flasiplmemonaicet styucteduoi mgichehe
floati ng gate-substrate capacitor area relative to the area of the

t op- gat efloating paig igathapedpacinad the aeeehef thehfloating gaterte asibstratcheaphaiioect ri ¢
thi ckness of the floating gate-substrate capacitor area relative to the

di el ect riscleshitorndbe aseatafethedppgaatertoolieating gateccapasitor.t drhe methediofi n
this way the field across the dielectric of the floating gate-substrate
capaci t ofttaiging, speh fghappifen the flgatiegi gatel agcording @pﬁ}eater@ﬁt'G'ﬂ ythgesenor y
cel |. Enbod‘aggnts of the invention are well described with the aid of Figs.

2a- 6, FifSYU'DY SEACCIS3 and 5a show top views at progressive stages of the

process. Figs. 2b, 3b, 4b and 5b show cross sectional views at progressive
stages of the process for enbodi nents of the invention having a shaped

(Loat o, 9at el b dtaltafa Rhgove i clby el oo NI B3 o ¢ e

i nventi og.fRAY Agsts ARREnS LR | RSraRdISt9E bBfns are surrounded by isolation
regions and are disposed over a semiconductor region of a substrate. The
isolation regions have a portion within and a portion above the semiconductor
region. The semiconductor region under the active regions is doped in the vicinity
of the surface to adjust the threshold voltage. Insulator spacers are disposed
against the sidewalls of the portion of the isolation regions that are above the
semiconductor region and they taper so they are wider near the semiconductor
region, and thus the spacing between neighboring insulator spacers on the same
active region decreases closer to the semiconductor region. Conductive floating
gates spaced along the active regions are separated from the semiconductor

region by a floating gate insulator layer, are disposed between insulator spacers

and extend about to the height of the isolation regions. Top gates, comprised of



6 second kind. Fig. 6 indicates the capacitor areas for the floating gate
to substrate capacitor and for the floating gate to top gate capacitor. In
Fig. 2a is shown active regions, 30, surrounded by isolation regions, 32.
Details of these regions, which are fornmed over a sem conductor region, 2,
of a substrate, are shown in cross section, at any early stage of the
process, in Fig. 2b, for preferred enbodlnents of the invention. To
achiever the structure of Fig. 2b, a first insulator |ayer, preferably a

gr own paeoastwiefelstr'a%Fh%msatpemwdiﬁ@@f foHe ?PFIV@HGQ'@% Srensisnased Qves

sem condyct or regi ants of this first insulator regi ons that
ore not BoetaORESTHmIMGCR My 8 Sahartendd abep SBd PuglaYer A second

i nsul ator layer, 6, preferably a nitride |ayer about 1600 Angstrons thick,
is formed that has good etching selectivity with respect to the first

insul ator layer and also with respect to the third and fourth insul ator

| ayers that are to be fornmed subsequently. This second insulator |ayer is
patterned to define th@R?@F'D’@Séﬁﬂbﬂ'@ﬁ\Iq:E? Eb WI r@goved except for the
areas to be occupied by active regions rer% y,'?ornlng a phot or esi st

| ayer, patterning the photoresist |ayer and etching t he second i nsul ator

| ayer acconplish this patterning. The exposed first insulator layer is then
et ched fol | owpg thy dch@n?p@h?ﬁa%;‘ Srawihg FORARBES rﬁé(teﬁhp Ehﬁgoﬁﬂﬁ’s PEREHSEHN,

sem conductor region. In preferred enbodlnents of e invention, a lining

| ayer, 8thewBiig¢Bhowna third insulator |ayer, is then formed over the trench
bottons and walls. Preferably this lining layer is a thermally grown

oxi de-2 | ayer about 200 Angstronms thick. Next a fourth insulator |ayer, 10,
is deposited filling the trenches and also filling the extensions of the
trenches t hat Figktleshbwbeep gate sedflostinggater inraetyaditionaldlashanemosy belinded by
the patterned second insulator layer. In preferred enbodi nents of the
invention the fourth insulator | ayer is an HDP oxi de-3 | ayer about 6000
Angstroms thick. A CWP step,_ stopping on the second insulator,

pl aneri zes t hEIGR r2it dnedBcanthda shew top views gppisting Haethadsnaf forsmingt or

| ayer, as sho in Fi anaI of the re in secon i nsul at or

| ayer, 6Sh@Be 9\%'"%9%%%?@% B3 &9 thesinyention, "%rg 'E‘h'??rﬁgm(éqlér | ayer, 10,

whi ch extend above the level of the first insulator layer 4. An inplant is
then performed, resulting in a doped section, 14, diffusion sections of the

sem conduct or Fﬁg}g%n oT14B Ik ol ol R8N RGnb B Wi 1 BesARE'S

voltage Prefer I'S a boron

keV, I 0 | 12,
agai nst t eseGeS;Ei{ce)l k')tauﬁg?étgﬁ i 8i%md; ?Eb d%ﬁphé qfﬁ\ﬁ/gnﬁ\t’éﬁtaﬁﬁ@?\lg rc‘)l | ows.
This is mgﬂjéé@ed by first deposi ting a fifth insulator |ayer, which
preferably isa deposition of about 800 Angstrons of TEOQS oxi de-4. A spacer
etch of the fifth insulator |ayer, which also renoves exposed portions of
first insulator layer, than gives rise to the tapered shape of the spacers,
12, that is wFity. 2be@b, Woearsk 6t hoducrioss seetjional visws iapicting dingethdd .of At
this point it is preferred to forma sacrificial oxide |layer over exposed
sem condfaing sbgped floatingygates laacoiiding teapperasheld.of the ipventise infflashe

| ayer is to inprove the quality of the sem conductor region in the vicinity
of the sineme®.caelisg. 3a shows a top view of the structure at this stage of
the process. Afifth insulator layer, which is a floating gate insul ator

| ayer, is fornmed. Preferably the fifth insulator layer is a thermally grown
oxi de-5 | ayer s about 90 An tro t hi ck deposition of a fjrst
conduct or | ayglt‘g ?é)lsh%wé a Sﬁtep?8$(§|P§ g gate é‘ce%rﬁémf%bwp@ ftt|"6n to a
t hi ckness_ of ,.about ﬁ 0 A stro ) There are two approaches deflned by the
fol I owi n§’ &"8885'9% %‘%& YI%4d to two main versions of the preferred
enbodi mrents of the invention. In approach A an etch back of the first
conductor layer is perfornmed, |leaving first conductor, only between the

spacers, 12, t ;

shown in the ?ﬁ)ss Fs]g\?ts |é(;naq Séﬁe@vﬁ%ff IBEﬁné %%lt@taxeéé'rd r@i&wﬁ 8?6%?e§@tfftuct ure
at 8 t IHvenBbAdR PlladiImem@GR. | S shown in Fig. 4a Regions 18 will form
the floating gates, which in approach A are self aligned to the diffusion

sections, 14. A sixth insulator |ayer, region 20 of Fig. 5b, is then

f or med, mhich will be the dielectric |layer of the top gate to floating gate
capacitor. Preferably the sixth insulator layer is an ONO |layer with the
bott om oxi de | ayer being an oxide | ayer about 70 Angstrons thick, the
nitride | ayer being about 160 Angstrons thick and the top oxide | ayer being
about 40 Angstrons thick. Next a deposition of a second conductor |ayer is
performed which will formthe top gates. Preferably the second conductor

PN PN N A - o " ——r o



10 simlar to regions 22 of approach A shown in Fig. 5a, except that the
cross sections are as shown in Fig. 5c. These conductive parallel stripes
act as the top gates. In preferred enbodi nents of the invention formng a
phot oresi st | ayer, patterning the photoresist |ayer and then etching the
second conductor |ayer acconplish pattérning of the second conductor |ayer.
Finally the portions of sixth insulator Iayer and first conductor | ayer
that are not under_the second conductor er to ates _are renoved. \Wen
phot or esi ot i 5 us RESGRIERIGN ST elky RRERERRELEMEIDAMERTS conduct or

| ayer, etching conveniently perfornms renoval of these portions while the
phot oresi st | ayer masks the parts that should renmain. Subsequent to the

p&gngft SR el eref %&E{a‘%‘q A értgm t %‘ﬁmtaargéﬁwn@t: s

Gate i o ohfasRoodfHioRub A P 3Rt REHPRAGRE,' @ 1P RISk pHARy bR 98" ' 70,
o i a BT e fReRfitid frolidd m&%&ﬁf&ﬁﬁﬁ%étfﬁishééeﬁ*oﬁeeﬁwﬁh” oFIRE e he
.hﬁ' g.h; Ot%mt"?'?‘r?fe té?t%}]%ﬂ%pg%t% lf%bﬂkﬁe g’ a!esolt%'fgﬁhé:eﬁhﬁ’f&ry %b,&,@%égreﬁttﬁg by 38

ond conduct or stripes he area of the

f1 oati ngjri@hfioh oS HBGEVA & GARRELEQT cduplihgerdiiet bpr{wv' @Hte o fibAend gaél ng
gate, X designated by 28 in Fig. 7, timeS the width of the secon

conduct owithbui ipefeasiiiptheatdinsiaé ahtevitioeas dehsiderablenaiiasy in pYédeRings
larger than Y/ X, the ratio of areas in approach A and which can be

si gni fi c@hesy dmecgwestamnaohmeyed\kb}cla flash meematy aelY/structuret rdedctibed ah

met hods in which X=Y. Thus with only the additional processing required to
f or m t hedetadludelowr ins phiatr heaflcating gateastshapedeses thatthe fazea @if thatfleatiog
floating gate coupling ratio is achieved by the approach A of the

i nvent i ogaterioi substreie gapacitands prdipedrsn that ds@area is siggificantly ieascthanithe he
flash menory cell. The floating gate, in approach B, is not selfaligned to

the diff égﬁébﬁf the top pate tp ﬁﬁ@ﬁ'%@ﬁtﬂca%ﬁ?'tth The @%tbﬁﬁé?‘fs%ﬂ%@ng;ﬁltqli\eal ar ger
coupl i ng atl in a&%r oach B. n Wiile the inventi onrpgas been particularly
shown an g‘?ﬁ fhedlegting 9atedpuelves @5 'PH@V?}?V@f ghlization RIJasWRIN SPaRefSeof , it

will nders ood t hose sklledi .the a ar.i o stlnform
b dor alriaig IBSSARn GRS Bt thinvit o ioetepse FRHP@’H F Y $8000RE e " 1o
i nventi o at.qqlﬁ e AL VAL N e T R RN

gate to e in menory corrpr| si ng pa
regi ons, t'éléiﬁﬁ' Py at &g ; of a
sugst rat gété'rsg?d I sol at P%ﬁ%r eg:bgqnéha\% R] thf‘cﬁ@éﬁcﬁtg?ﬁﬂcﬁﬁ?ﬁé’ggﬁ% fﬁ’%pﬁgo

above sapgiesibtRNE Eabatitbeared relatheé Mﬁf@d%tﬁ@ﬂhn@ﬁﬁé‘éé?bf)[hé esH-gateunder
said active regions is doped in the vicinity of the surface to adjust the

t hr eshol doxting gqee capaditar} 0 thatairettis WapasefieRDacrsss theedrlgten@lof thef t he
portion of said isolation regions that are above said sem conductor region

and t hat floatiregy gate-siitesirade eapaditor isdacreased, whichds heneficial teethieooperatidnt hus
t he spaci ng between nei ghboring insul ator spacers on the sane active region
decr easesf tHeomemary celhe sai d seni conduct or region;

Embodiments of the invention are well described with the aid of Figs. 2a-6,
Figs. 2a, 3a, 4a and 5a show top views at progressive stages of the process.
Figs. 2b, 3b, 4b and 5b show cross sectional views at progressive stages of the
process for embodiments of the invention having a shaped floating gate of the first
kind. Figs. 2b, 3b, 4c and 5¢ show cross sectional views at progressive stages of

the process for embodiments of the invention having shaped floating gates of the



conductive floating gates spaced along said active regions, separated from
sai d sem conductor region by a floating gate insulator |ayer, disposed

bet ween i nsul ator spacers and extendi ng about to the height of said

i sol ation regions; top gates conprised of conductive stripes perpendicul ar
to said active regions, disposed over floating gates fromwhich they are
separated by a top gate insulator layer. 2. The structure of Caiml
wherein said 'sola&;on regi ons are oxide filled shallom/trench i sol ation

r egi ons. S&EONFHENGy g1 ndiktesths RARaGI0E AEpas 4ithe deaiing Aattootuhsligien is a
Serm condtRRRAOF apedar (e bR AtS Kot gt6 R0l Al Bt Gt 2aiF SOURBERTe about
60 keV to a dose of aboyt 2E13 r cn2. 5. . The structure of Claim,l wherein
cai d 1 nsRET Dy buPlRlba hyodaBlon HponB o haEle Bt ek R Hrichy
O o LTGRO, Bl S BRBRGP ks, o1 BF ol U, 1 BEORL SR
Coret AP o8P) Shg 5 £SO PRSI ot o
pol ysili gfNinvention. To achiever the structure of Fig. 2b, a first insulator layer,
preferably a grown pad oxide-1 layer about 110 Angstroms thick, is formed over
the semiconductor region. Remnants of this first insulator layer, regions that are
not etched in forming the isolation regions, are regions 4. A second insulator
layer, 6, preferably a nitride layer about 1600 Angstroms thick, is formed that has
good etching selectivity with respect to the first insulator layer and also with
respect to the third and fourth insulator layers that are to be formed subsequently.
This second insulator layer is patterned to define the active regions, i.e., it is
removed except for the areas to be occupied by active regions. Preferably,
forming a photoresist layer, patterning the photoresist layer and etching the
second insulator layer accomplish this patterning. The exposed first insulator
layer is then etched followed by the formation of trenches by etching the exposed
semiconductor region. In preferred embodiments of the invention, a lining layer,
8, which is a third insulator layer, is then formed over the trench bottoms and
walls. Preferably this lining layer is a thermally grown oxide-2 layer about 200
Angstroms thick. Next a fourth insulator layer, 10, is deposited filling the trenches
and also filling the extensions of the trenches that extend above the
semiconductor region and that are bounded by the patterned second insulator
layer. In preferred embodiments of the invention the fourth insulator layer is an

HDP oxide-3 layer about 6000 Angstroms thick.



9. The nethod of Caim1l wherein said top gate insulator |ayer is an ONO

| ayer with the bottom oxi de | ayer being about 70 Angstrons thick, the

nitride | ayer being about 160 Angstrons thick and the top oxide | ayer being

about 40 Angstrons thick. 10. A nethod of fabricating a structure to

i nprove the coupling ratio of top gate’to floating gate in flash nenory

cells, conprising: pI’OVI ding a substrate containing a sem conductor region
formng a pad first insulator |ayer over said

with an bare su
senmi conduct or i‘ ééﬂap %ﬁ%ﬂg PBrtHPrf&CQr‘géE%WatqrnElﬂ”&f'é@s rt%%Fruetwée teaid

first in

cecond | REUBAELR" ETEP of £14 SPRrsEina Bl 18Y¢T, G SRR Mg A SARaQal s w11
cem condle Eﬁ?ﬂ?@&%ﬁéﬂhﬁwb‘?“c%ﬁ%ﬁ ENEER et B g'f&'egﬁgaﬁetfﬂ%“h
| Sol at t oRePAPEIRYEEln Atnib gt Bold fie BERRP Bt kBhishSy Bebi

removi ngéﬁ@gﬁ ry fHenSE m c{‘srﬁfké‘ﬁl |rl1 aay%%?cﬁ’%(efs%ﬁ“ gk dnﬂﬂsnbﬂ@e‘%ﬂ%ﬂ% igpn for

t hr eshol age adJ | nsul'at or spaceérs agal nst
si dewal | %@éerﬁﬁ:’oﬂdhél%“?égleﬁ 'T%' |ﬁ{b$aﬁth§‘?eq7\ﬁlﬁ‘ed"ﬂod§dju§‘letﬁé tF\Fé%h%ﬁm/&%%UCt or

region and renoving exposed first ‘insulator layer; forning a floating gate

i nsul at opréfaysily @veimplant RX®BBRsh MRPlaRPBHERERY 6fRSHAUR 60 keV, to a dose of
about 2E13 per cm?. Formation of insulator spacers, 12, against these exposed
sides, which is basic to the invention, then follows. This is accomplished by first
depositing a fifth insulator layer, which preferably is a deposition of about 800
Angstroms of TEOS oxide-4. A spacer etch of the fifth insulator layer, which also
removes exposed portions of first insulator layer, than gives rise to the tapered
shape of the spacers, 12, that is wider near the semiconductor region as shown in
Fig. 3b. At this point it is preferred to form a sacrificial oxide layer over exposed
semiconductor region, a layer that is then removed. The purpose of the layer is to
improve the quality of the semiconductor region in the vicinity of the surface. Fig.
3a shows a top view of the structure at this stage of the process. A fifth insulator
layer, which is a floating gate insulator layer, is formed. Preferably the fifth
insulator layer is a thermally grown oxide-5 layer that is about 90 Angstroms thick.
A deposition of a first conductor layer follows, which preferably is a doped poly-1

deposition to a thickness of about 2000 Angstroms.

There are two approaches defined by the following process steps that lead
to two main versions of the preferred embodiments of the invention. In approach
A, an etch back of the first conductor layer is performed, leaving first conductor,
18, only between the spacers, 12, below the top level of the isolation regions, 10.

This is shown in the cross sectional view of Fig. 4b. A top view of the structure at



formng a floating gate conductor layer by filling, with conducting
material, the space of the active regions between said oxide spacers to the
| evel of the top of said isolation regions; formng a top gate insul ator

| ayer; formng a top gate conductor |ayer and patterning said top gate
conductor layer to formparallel stripeés perpendicular to the active
regions, thus formng top gates; renoving top gate insulator |ayer and

floating gate conductor layer that js_npot under said tQE gates; 11. The
met hod ofNEstags ebthmeresessdaisnomn & Figa 4@ aRegiansy 8 Wik farm de fleatieg| ayer
grown to

10 wher eg%‘teéﬁwﬁﬁﬁﬁaﬁ&pﬁgﬁr&@%%‘%p@;‘agéﬁé@f%gﬁ p%fi@é%m%%&%n%?g} FtRness.
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and sai d second 1nsul'ator [ayer and erern sard’ etching of’ trenches is
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Claim 10 erein filling of sard trenthes and the“space above the trenches

to the | gxige Riel MRiNPRDBUL 4L ARRSRBMS thick. atéxt! aY&pdshicH of B lskebrdl by
first formng a first isolation region insulator |ayer by growng a |iner

oxi de of cohddtoeryepROpErfattitAWERhIIFoRNY Bie igavek! S’r@féﬂabl?tth@%c@ﬁd sai d

trenches, than formng a second isolation region insulator [ayer by

deposi ti ognélmtot 16@00s Andeped olysiliddbPlayer aboat @506 Angstiorgs @MekonTlsai d HDP
oxide so its top level is about that of said second insulator |evel. 16.
The net heecarid Cbaductto layerriei patterned db fofmsedrdiuctivei parallelssidpes, 22sas at or

| ayer is acconplished by etching. 17. The nethod of C aim 10 wherein said

t hr eshol hewntiageigadaustiinese ¢anductiye aralial siripes acb@sothe tap gaasantat i on
at energy about 60 keV at a dose of about 2E13 cm 2., 16 18. The net hod of
d ai m 10Pugered erkadiments ptihsrinvgntiosy forming a ghatagesist layer, patterning the

photoresist layer and then etching the second conductor layer accomplish
patterning of the second conductor layer. Finally the portions of sixth insulator
layer and first conductor layer that are not under the second conductor layer top
gates are removed. When photoresist is used to achieve the patterning of the
second conductor layer, removal of these portions is conveniently performed by
etching while the photoresist layer masks the parts that should remain.
Subsequent to the etching of the sixth insulator layer and first conductor layer the
photoresist layer is removed. The structure resulting from approach A is shown in
Figs. 5a and 5b. How an increased coupling ratio of top gate to floating gate is
achieved in approach A of the invention is depicted in Fig. 6. The area of the top
gate to floating gate capacitor is the top width of the floating gate, Y designated
by 24 in Fig. 6, times the width of the second conductor stripes. The area of the
floating gate to substrate capacitor is the bottom width of the floating gate. X
designed by 28 in Fig. 6, times the width of the second conductor stripes. The

ratio of the area is thus Y/X' which can be significantly larger than one, which is



depositi ng about 800 Angstrons of TEOS oxi de and then perform ng a spacer
etch that is nmaintained so that exposed first insulator |ayer is renoved.

19. The
gr own ox

silicon that
back to the top | ever of said isolation re

wher ei n $ O/ Xy Arradiionalipethogdydn which

nmet hod of Claim 10 wherein said floating gate insulator |ayer

is a

i de | ayer whose thickness is about 90 Angstrons. 20. The net hod of
Claim 10 wherein said floating gate coflductor |ayer is conposed of doped

I s deposited to a thickness of about 2000 Angstrons and etched

?#ons. 21. The nmethod of Caim 10
:dwoﬂhWéV'tW\Pf‘W thecadditionah oxi de

| ayer bei ng about 70 Aag{stro thick, the nitride |ayer. bein ﬁlétﬂut 160
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In approach B, shown in Figs. 4c and 5c, the first conductor layer is
patterned to form stripes, 30, over the active regions, 30, and that also overlap the
neighboring isolation regions, 32. A preferred method to achieve the patterning is
to form a photoresist layer over the first conductor layer, pattern the photoresist
layer, etch the first conductor layer and remove the photoresist layer. This
structure is shown in the cross sectional view of Fig. 4c. A top view of the
structure at this stage of the process is similar to that shown in Fig. 4a for
approach A, except that in approach B the first conductor layer overlaps the
isolation regions so not all of region 32 is visible in a top view. Regions 30 will
form the floating gates, which in approach B are not self aligned to the diffusion
sections, 14. However, this is compensated for in that a greater coupling ratio
can result in approach B because of increased top gate to floating gate capacitor
area. A sixth insulator layer, region 32 of Fig. 5c, is then formed, which will be the
dielectric layer of the top gate to floating gate capacitor. Preferably the sixth
insulator layer is an ONO layer with the bottom oxide layer being an oxide layer
about 70 Angstroms thick, the nitride layer being about 160 Angstroms thick and
the top oxide layer being about 40 Angstroms thick. Next, a deposition of a
second conductor layer is performed which will form the top gates. Preferably the
second conductor layer is a doped polysilicon layer about 2500 Angstroms thick.

The second conductor layer is patterned to form conductive parallel stripes, 34,



17 24. 25 A structure to inprove the coupling ratio of top gate to floating
gate in flash nenory cells, conprising: parallel active regions, surrounded
by isolation regions, over a sem conductor region of a substrate, said

i sol ation regions having a portion within and a portion above said

semi conduct or region, and where the seli conductor region under said active
regions is doped in the vicinity of the surface to adjust the threshold

vol tage; |nsul ator spacers di sposed against the sidewalls of the portion of
sai d i soPiRilasntor ERPIBNS 4% 8f aRPEOBHVE SSaM ¥ g oRau ekeRPtr et JReasrgst hat

taper so they are w der near.sa d _sem conductor reqjon,.and thus the
spaci g BREIRNS TR ABRVR i1 Fidh 6t 2t Ses Vg mafdlie! stinesaagtiasahedap on
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resen of the second conductor layer, etching conveniently performs removal of these
portions while the photoresist layer masks the parts that should remain.
Subsequent to the etching of the sixth insulator layer and first conductor layer the
photoresist layer is removed. The structure resulting from approach B is shown in
Fig. 5¢c. How an increased coupling ratio of top gate to floating gate is achieved in
approach B of the invention is depicted in Fig. 7. The area of the top gate to
floating gate capacitor is given by the sum of the top width of the floating gate, Z
designated by 36 in Fig. 7, and twice the height of the floating gate above the
isolation region, h, designated by 38 in Fig. 7, times the width of the second
conductor stripes. The area of the floating gate to substrate capacitor is the
bottom width of the floating gate, X’ designated by 28 in Fig. 7, times the width of
the second conductor stripes. The ratio of the areas is thus (Z+2h)/X’, which is
larger than Y/X', the ratio of areas in approach A, and which can be significantly
larger than one, which is the ratio Y/X for traditional methods in which X=Y. Thus
with only the additional processing required to form the insulator spacers a
significant increase in the top gate to floating gate coupling ratio is achieved by
the approach A of the invention. This increases the programming and erasing
efficiency of the flash memory cell. The floating gate, in approach B, is not self-
aligned to the diffusion as it is in approach A, but this is compensated by the

larger coupling ratio in approach B.



18 27. The structure of C aim 24 wherein said doping of the sem conductor
region is acconplished by boron inplantation at energy about 60 keV to a
dose of about 2E13 per cnR. 28. The structure of C aim 24 wherein said

i nsul ator spacers are conposed of TECS oxide. 29. The structure of Caim?24
wherein said floating gate insulator Idyer is a thermally grown oxi de about
90 Angstrons thick. 30. The structure of C aim 24 wherein said conductive
floati ng gates are conposed of doped polysilicon. 31. The structure of

C ai m 24 wher ¥Yhiles dhe inypntien dpsaheepopgdicadarb shevay ansl \dascribesh. with. The
t hod of Cl ai 4. wh i idt te i | at | i |
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Lgy%ggte 'Flglﬂ%é‘ ?ﬁﬁ%ﬁ_lafsrp tr'eér%%é[r{o%gscﬁamg%ié i%nf%rrtnhaen %Oetéllf(lrndaey gyrﬁédg Wi u{%‘bOUt

departing from the spirit and scope of the invention.



33. A nethod of fabricating a structure to inprove the coupling ratio of
top gate to floating gate in flash nenory cells, conprising: providing a
substrate containing a senm conductor region with an bare surface; formng a
pad first insulator |ayer over said sem conductor region surface; formng a

second insul ator layer over said first!? nsul ator |ayer; 19 patterning
said first insulator |layer and said second insulator |layer to formparall el
stripes that define areas that will be active regions; etching trenches
into exp@&-éw\/@r eas of said sem conductor region; filling said trenches and

t he space aboye the trenches tg the | evel .of .the top of the secon

noul a0 | ay BrotiHcuel OB wHNELGTRNNG Tl 2f tonapt lorloatigdats o Hesly

i sol ation regions: re Vié}'ﬂ r.emai ni ng second insul ator |ayer; performng
i on i npl ant at "SGR CEIR GURBIYING ol t age adj ust ment; forming i nsul at or

he. som conduct or  PaBHIEH kS, Haihhosubfulied o] SRR, bS] S8 "
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region, formng a ate con ayer by tin nduct i ng

material, filliAg LRE gp&&ﬁfyﬁf atf;é‘lﬁgl aGid \SenfieshditoPfs ﬁ,naﬁgi \ﬂ/h@ré;a%e

spacers and extending to a leve gher than the top ©of sald 1solation

regions; pattgsmidithdeetdt regRM Lderdsdie B08 tegiond ik avpedtial theritinity of
electrically isolated stripes disposed over said active regions and

over | appi ng neiegflrided adjostahe dhreshoidonsitagepr ning a top gate insul ator
| ayer; formng a top gate conductor |ayer and patterning said top gate

conduct or | ayer t oirfsafatopapacéms| disposert agaerspahdisidéwaalls of tihe pactiory @f
regions, thus formng top gates;
said isolation regions that are above said semiconductor region and that
taper so they are wider near said semiconductor region, and thus the
spacing between neighboring insulator spacers on the same active region
decreases closer to the said semiconductor region;
conductive floating gates spaced along said active regions,
separated from said semiconductor region by a floating gate insulator
layer, disposed between insulator spacers and extending about to the
height of said isolation regions;
top gates comprised of conductive stripes perpendicular to said

active regions, disposed over floating gates from which they are separated

by a top gate insulator layer.

2. The structure of Claim 1 wherein said isolation regions are oxide filled

shallow trench isolation regions.

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

region.



renmoving top gate insulator |ayer and floating gate conductor layer that is
not under said top gates. 20 34. The nethod of C aim 33 wherein said
first insulator layer is a pad oxide |layer grown to a thickness of about
110 Angstronms. 35. The nethod of C aim 33 wherein said second insul ator
layer is a nitride |ayer whose thickneSs is about 1600 Angstroms. 36. The
nmet hod of C aim 33 wherein said sem conductor region is a silicon region.

37. The t hod of Claim 33 wherein said tterning of said first insulator
| ayer anft sai &@e”‘t%!%ﬂfﬁr%f&'é!rﬂﬂ W. Eﬁ'”i%@é@ﬁ'ﬁﬁl?s ESRF)ICPBAWGtAR region

phot oresi st | ayer tterni sai.d photoresjst |ayer suecessi vel

Bt ehing. sai d 1 soashed by amelietin f Sacrghsond P 42 & fors et
wherein said i reaches i s acconplished before renpval of said
phot or esi st | %émi%‘égb?hgﬁ]mt hod of Caim33 wherein filling of said
trenches and the space above the trenches to the level of the top of the
second insul ator |ayer is acconplished by first formng a first isolation
region igsula (o) i i : i f i 0
Angstrome: over SR eeet SR I B ek P8 tep peb R A Sofpbkby of
second i sol at TEnHg 8gigen | nsul ator |ayer by depositing about 6000 Angstrons
of HDP oxi de and perform ng CVP on said HDP oxide so its top |evel is about
that of said second insulator level. 39. The nethod of C aim 33 wherein
removal of said renmaining second insulator |ayer is acconplished by
etching. 6. 21ThB. stfintureeoh@laini 1CwiiemeiB3saitl efiedtings gaté tisuéstbollayeroist age
adjustnent ion inplantation is a boron ion inplantation at energy about 60
keV at a dose thermzily gro@EXide 2bouwt B0 Ahgstranathickf C ai m 33 wherein said

i nsul ator spacers are forned by depositing about 800 Angstrons of TEGCS

oxi de and then performng a

7. The structure of Claim 1 wherein said conductive floating gates are

composed of doped polysilicon.

8. The structure of Claim 1 wherein said top gates are composed of doped
polysilicon.
9. The method of Claim 1 wherein said top gate insulator layer is an ONO

layer with the bottom oxide layer being about 70 Angstroms thick, the
nitride layer being about 160 Angstroms thick and the top oxide layer being

about 40 Angstroms thick.

10. A method of fabricating a structure to improve the coupling ratio of top gate
to floating gate in flash memory cells, comprising:
providing a substrate containing a semiconductor region with an bare
surface;
forming a pad first insulator layer over said semiconductor region surface;

forming a second insulator layer over said first insulator layer;



spacer etch that is maintained so that exposed first insulator |ayer is
renoved. 42. The nmethod of Claim 33 wherein said floating gate insulator

| ayer is a grown oxide |ayer whose thickness is about 90 Angstrons. 43. The
met hod of Cl aim 33 wherein said floating gate conductor |ayer is conposed
of doped silicon that is deposited to ¥ thickness of about 2000 Angstrons.
44. The nethod of C aim 33 wherein said patterning of said floating gate
conductor |ayer is acconplished by form ng a photoresist |ayer, patterning
sai d photor esipgtterrawrsagﬁarséﬂwkﬂ@r el andosaid seicend |ing\dator 4ayertadorat hod
of Claim33 wherejn said o te insuylator layer is an ONO | ayer wth the
bott om oxi de P& IE| SEInSS téﬁﬁﬁ“ﬁﬁ%éb?bﬂ t{%g‘?,tl%’,e CAONS tri de | ayer being

b 160 A thick and the t ' | . bei bout 40 Angst
hi ck. 46 THEHREEMGReTS sxaSscd Bt Paaid e gl Bt &R00eE or | ayer 1 <

formed of dOp%ﬂinﬁi 4di§ PerdpRESIHFL the gpglcet bS6L RS tRhcABSYS R FThECO™s:

top of the second insulator layer with isolation region insulation layers, thus
forming isolation regions;

removing remaining second insulator layer;

performing ion implantation for threshold voltage adjustment;

forming insulator spacers against the sidewalls of said isolation regions
that are wider near the semiconductor region and removing exposed first
insulator layer;

forming a floating gate insulator layer over the exposed semiconductor
region,

forming a floating gate conductor layer by filling, with conducting material,
the space of the active regions between said oxide spacers to the level of
the top of said isolation regions;

forming a top gate insulator layer;

forming a top gate conductor layer and patterning said top gate conductor
layer to form parallel stripes perpendicular to the active regions, thus
forming top gates;

removing top gate insulator layer and floating gate conductor layer that is

not under said top gates;

11.  The method of Claim 10 wherein said first insulator layer is a pad oxide

layer grown to a thickness of about 110 Angstroms.



22 47. The nmethod of Claim 33 wherein said patterning of said top gate
conductor layer is acconplished by form ng a photoresist |ayer, patterning
sai d photoresist |layer and etching said top gate conductor |ayer and

wherei n exposed top gate insulator |ayer and floating gate conductor |ayer
are renoved by etching before said photoresist layer is renoved.
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insulator layer and said second insulator layer and wherein said etching of

trenches is accomplished before removal of said photoresist layer.

156. The method of Claim 10 wherein filling of said trenches and the space
above the trenches to the level of the top of the second insulator layer is
accomplished by first forming a first isolation region insulator layer by
growing a liner oxide of thickness about 200 Angstroms over sidewalls and
bottoms of said trenches, than forming a second isolation region insulator
layer by depositing about 6000 Angstroms of HDP oxide and performing
CMP on said HDP oxide so its top level is about that of said second

insulator level.

16. The method of Claim 10 wherein removal of said remaining second

insulator layer is accomplished by etching.

17. The method of Claim 10 wherein said threshold voltage adjustment ion
implantation is a boron ion implantation at energy about 60 keV at a dose

of about 2E13 cm™.
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spacer etch that is maintained so that exposed first insulator layer is

removed.

19. The method of Claim 10 wherein said floating gate insulator layer is a

grown oxide layer whose thickness is about 90 Angstroms.

20. The method of Claim 10 wherein said floating gate conductor layer is
composed of doped silicon that is deposited to a thickness of about 2000

Angstroms and etched back to the top lever of said isolation regions.

21.  The method of Claim 10 wherein said top gate insulator layer is an ONO
layer with the bottom oxide layer being about 70 Angstroms thick, the
nitride layer being about 160 Angstroms thick and the top oxide layer being

about 40 Angstroms thick.

22. The method of Claim 10 wherein said top gate conductor layer is formed of

doped silicon deposited to a thickness of about 2500 Angstroms.

23. The method of Claim 10 wherein said patterning of said top gate conductor
layer is accomplished by forming a photoresist layer, patterning said
photoresist layer and etching said top gate conductor layer and wherein
exposed top gate insulator layer and floating gate conductor layer are

removed by etching before said photoresist layer is removed.
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9710%& ($45U] dutructuretepmarovel tha cauting ralio o§dop gatg to)flaatingwmate (n flash
memory cells, comprising:
parallel active regions, surrounded by isolation regions, over a
semiconductor region of a substrate, said isolation regions having a portion
within and a portion above said semiconductor region, and where the
semiconductor region under said active regions is doped in the vicinity of
the surface to adjust the threshold voltage;
insulator spacers disposed against the sidewalls of the portion of said
isolation regions that are above said semiconductor region and that taper
so they are wider near said semiconductor region, and thus the spacing
between neighboring insulator spacers on the same active region
decreases closer to said semiconductor region;
conductive floating gates spaced along said active regions and electrically
isolated from each other, separated from said semiconductor region by a
floating gate insulator layer, disposed between insulator spacers and
overlapping said isolation regions;
top gates comprised of conductive stripes perpendicular to said active

regions, disposed over floating gates from which they are separated by a

top gate insulator layer.

25. The structure of Claim 24 wherein said isolation regions are oxide filled

shallow trench isolation regions.

26. The structure of Claim 24 wherein said semiconductor region is a silicon

region.
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is accomplished by boron implantation at energy about 60 keV to a dose of

about 2E13 per cm?.

28. The structure of Claim 24 wherein said insulator spacers are composed of

TEOS oxide.

29. The structure of Claim 24 wherein said floating gate insulator layer is a

thermally grown oxide about 90 Angstroms thick.

30. The structure of Claim 24 wherein said conductive floating gates are

composed of doped polysilicon.

31.  The structure of Claim 24 wherein said top gates are composed of doped

polysilicon.

32. The method of Claim 24 wherein said top gate insulator layer is an ONO
layer with the bottom oxide layer being about 70 Angstroms thick, the
nitride layer being about 160 Angstroms thick and the top oxide layer being

about 40 Angstroms thick.

33. A method of fabricating a structure to improve the coupling ratio of top gate
to floating gate in flash memory cells, comprising:
providing a substrate containing a semiconductor region with an bare
surface;
forming a pad first insulator layer over said semiconductor region surface;

forming a second insulator layer over said first insulator layer;
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etching trenches into exposed areas of said semiconductor region;
filling said trenches and the space above the trenches to the level of the
top of the second insulator layer with isolation region insulation layers, thus
forming isolation regions;
removing remaining second insulator layer;
performing ion implantation for threshold voltage adjustment;
forming insulator spacers against the sidewalls of said isolation regions
that are wider near the semiconductor region and removing exposed first
insulator layer;
forming a floating gate insulator layer over the exposed semiconductor
region,
forming a floating gate conductor layer by depositing conducting material,
filling the space of the active regions between said oxide spacers and
extending to a level higher than the top of said isolation regions;
patterning said floating gate conducting layer to form electrically isolated
stripes disposed over said active regions and overlapping neighboring
isolation regions;
forming a top gate insulator layer;
forming a top gate conductor layer and patterning said top gate conductor
layer to form parallel stripes perpendicular to the active regions, thus
forming top gates;
removing top gate insulator layer and floating gate conductor layer that is

not under said top gates.
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35. The method of Claim 33 wherein said second insulator layer is a nitride

layer whose thickness is about 1600 Angstroms.

36. The method of Claim 33 wherein said semiconductor region is a silicon

region.

37. The method of Claim 33 wherein said patterning of said first insulator layer
and said second insulator layer is accomplished by forming a photoresist
layer, patterning said photoresist layer and successively etching said first
insulator layer and said second insulator layer and wherein said etching of

trenches is accomplished before removal of said photoresist layer.

38. The method of Claim 33 wherein filling of said trenches and the space
above the trenches to the level of the top of the second insulator layer is
accomplished by first forming a first isolation region insulator layer by
growing a liner oxide of thickness about 200 Angstroms over sidewalls and
bottoms of said trenches, than forming a second isolation region insulator
layer by depositing about 6000 Angstroms of HDP oxide and performing
CMP on said HDP oxide so its top level is about that of said second

insulator level.

39. The method of Claim 33 wherein removal of said remaining second

insulator layer is accomplished by etching.
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implantation is a boron ion implantation at energy about 60 keV at a dose

of about 2E13cm™.

41. The method of Claim 33 wherein said insulator spacers are formed by
depositing about 800 Angstroms of TEOS oxide and then performing a
spacer etch that is maintained so that exposed first insulator layer is
removed.

42. The method of Claim 33 wherein said floating gate insulator layer is a

grown oxide layer whose thickness is about 90 Angstroms.

43. The method of Claim 33 wherein said floating gate conductor layer is
composed of doped silicon that is deposited to a thickness of about 2000

Angstroms.

44. The method of Claim 33 wherein said patterning of said floating gate
conductor layer is accomplished by forming a photoresist layer, patterning

said photoresist layer and etching said photoresist layer.

45. The method of Claim 33 wherein said top gate insulator layer is an ONO
layer with the bottom oxide layer being about 70 Angstroms thick, the
nitride layer being about 160 Angstroms thick and the top oxide layer being

about 40 Angstroms thick.

46. The method of Claim 33 wherein said top gate conductor layer is formed of

doped silicon deposited to a thickness of about 2500 Angstroms.



1096109 ()- 53"10%& ()-9F1 109%& ()-9f/ GLO%&' ()-9-GlO0%& ()-ndYNC 1! 10 10
109610%&' ()- 53"10%&' ()-9GLOY& ()- 3"10%&' ()-109& ()- Normal" "Headi ng
13]c" "Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Headi ng
63] c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
FontZ ]! (' 19A5JQKPJUZ" / ej Cot zNTd( oXYZ[3?] \ U+( 4D8MUNGRT5UVIX=Z] n"

c7de/ hhkmoegsuw} ~g*_" abcdef ghi j kIl mopqr st uvwxyz{| } ~6Ti nes New

RomanAri al Courier New'h Root EntryWrdDocunent . )
| #$oR (FF+, - Themethednid-laim 33 wherein said patterning of said top gate conductor

<=>?@A\B F KLNMNOP 1 Y, N fghi j ki ~
@ABCDE GH|a‘]yer is ac osmplﬂ}/s\p\’édz Lo\y] fcrrmalj'rt\)g(;: dae &wcl)t{)res?g}ofécgl%?,t %‘é}’»}’é}’nﬁé }said
photoresist layer and etching said top gate conductor layer and wherein
exposed top gate insulator layer and floating gate conductor layer are

removed by etching before said photoresist layer is removed.



