; st e3eB?X"6XT3A/ A METHOD TO FORM AN ASYMMVETRI CAL NON- VOLATI LE MEMORY
.DEVI CE USI TTU DOPED POLYSI LI CON SPACERS 1111 BACKGROUND OF THE
| NVENTI ON mem”mmﬂmumm Field of the Invention The invention relates to a
met hod of fabrigghi,ng sem conductor nmenory devi ces enploying floating
gates, and nore particularly, to a nethod of fabricating nmenory devices
enpl oying floating gates havi ng enhanced el ectron tunneling during erase.
(2) DesxilpETODofOt RERRr hur AAVMMETE ICRAS SIO0F- VEE N TUA MEMIR YTEVEN YCRlevi ces
enpl oys floating gates; that is, gates which are conpletely surrounded by
an insulating |85&NG sYehlLadNaSJllU OOFESX iRga-Y STH e HfcdER? absence of
charge in the floating gates represents binary information. These are
called electrically programmable read only nenories (EPROV). EEPROMS are

jcall b] d | i es. i i de,
ﬁéii%ﬁ%@m@@@ﬂﬂuﬂmaﬂ252?33 ERRRES O AL e PR i el ol ow the
t

fl oa the nmenory cell. Sonme current EEPROM devi ces enploy a
sharp pol*{8ticon tip on the floating gate to enhance el ectron tunneling

fromthe flogt] t ur - , thus achieving nore efficient 1
erase chéégc?g%?gt %?s%h% %.nq%ariec:alﬁoﬁg 6,242,308 to Hsieh et al, 6,204,126 to

Hsieh et al, and 6,117, 733 t,Q..Q41G; Al USE datiom.t9 fprma sharp tip
in the adjacent polysilicon lgat e. Lﬁ.?r;S. at enStotgiB%S, 80G to Sung et al

under cut 8 e odehCtchs ARl Nt hor S | 9311 80c 9ake of 590Ndapohysi | con

| ayer overlying oné side of the floating gate forns a sharp tip in the

under cut gakea., Und rfPHeRtal: H90.H68, ! ocdia @brBbdUsSESFabkightRhgssure
etching to foama slope in a polysilicon layer. A dielectric layer fills

t he sl opineghorgCersriided hengobyshd; | £0bat Mg egapast raning, ehhenskdr p edge of
the slope forns a polysilicon sharp tip.
electron tunneling during erase.

(2) Description of the Prior Art

One class of semiconductor memory devices
employs floating gates; that is, gates which are completely
surrounded by an insulating layer, such as a silicon oxide.

. The presence or absence of charge in the floating gates
represents binary information. These are called electrically
programmable read only memories (EPROM). EEPROMS are
erasable electrically programmable read only memories. A
tunneling oxide, necessary for the erase function of the
cell, is situated below the floating gate of the memory cell.
Some current EEPROM devices employ a sharp polysilicon tip on
the floating gate to enhance electron tunneling from the

floating gate during erase, thus achieving more efficient



SUVVARY, OF THE | NVENTI ON A princi pal object of the present inventionis to
provide an effective and very manufacturable nethod of formng a sharp
"tip'on a floating gate in the fabrication of integrated circuits. Another
obj ect of the present invention is to provide an effective and very
manuf act urabl e method of formng a sharp tip on a floating gate in the
fabrication of an EEPROM nenory cell. 2 A further object of the invention
is to premdgte chawddosh 0§t Fosm ng a sharp polysilicon tip on a floating
gate using small polysilicon spacers. Yet another object is to provide a
met hod for form ng an asymmetrical sharp poly tip using small polysilicon
spacers. In accordance with the objects of this invention a _new nethod of
forming a sharp tip on -8l oBeFAgtgafe2itn £RE ftabHséati &% &fl.a EEPROM
menory cell |s achjieved, Q first gate dielectric layer is pravided on a
subst r at%® ¢ B skednt® gafLeai 6Fedtri 7Fafer 1i’s 'depdSi tEG over Iiroli APt he first
gate dielectric layer. A control/floati.ng, gate stack.is f.orned overlying
t he secéﬁﬁ“%% %O%ie?eéPFPcalgyng e §Fd§m§1Fdégr%3513%1%%g§iﬁi% stack is
cover ed %éﬁ% a fgask. pTQEnﬁe%o@%zggto% fé'oe'sﬁl% G 1.8y el pavened by the

t che wh an

mask is d away ereby “an ercut of the floating gate is fornmed in

t he secqggegéé@rggagﬁﬁ%%ggibﬁz%pF'@T%a ggii &%@”D¥§q¥aégﬂ silicon spacers

are formed on si oat'i ng erein one of the polysilicon
spacers fiils ik n t Id rdhPod s d { tip to

i nprove %%gyé?ﬁéggogf fq? i Em?ty“é%?%?ﬁ‘éj ?rfeﬁr%:%cgeeﬁﬁ S B Br on o
THE DRAW NGRs! B the2cearpanyidie: diawhds: fOordd ng @ gmtestahe part of this

description, there is shown: Figs. 1 through 6 schematically illustrate in
cross-seet bovakbegepesam ald el agyefernash enboshupateodhihg to form a

slope in a polysilicon layer. A dielectric layer £fills the
»~  sloping recess in the polysilicon. After patterning, the

sharp edge of the slope forms a polysilicon sharp tip.

SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of
forming a sharp tip.on a floating gate in the fabrication of

integrated circuits.

Another object of the present invention is to
provide an effective and very manufacturable method of
forming a sharp tip on a floating gate in the fabrication of

an EEPROM memory cell.



present irnvention. Fig. 7 schematically illustrates in cross sectional
representation a conpl eted EEPROM devi ce fabricated by the process of the
present invention. DESCRI PTI ON CF THE PREFERRED EMBODI MENTS Referring now

nore particularly to Fig. 1, there is illustrated a portion of a partially
conpl eted nenory cell. Sem conductor substrate i0 Zs preferably conposed of
nonocrystalline silicon. The sem conductor substrate illustrated has been

doped as a p-substrate. Nom a corTEo,si te gate dielectric layer 14/16 is
formed on the surface of tHETEGESPPAEEL Bor TEEanplVEM I i &© gat e

diel ectrig | 14 | t t hi ck f between about 90 and 110
Angst r o O §he? sUFFARE Of ERETATY SubSErat O HNE FGt g Il ect i ¢

| ayer is Ll di_oxi~de he .secaond t jelectric layer 1G
conpri ﬁg%?ﬁ%oﬁaﬁ%tk?ﬁggi g elgoaoggg’lg@e% hsg?afcf(?rg%' gate dielectric

| ayer by | ow pressure chem cal vapor deposition (LPCVD) or jet vapor
deposition (JVD) to a thickness of between about 35 and 65 Angstronms. The
second gate dielectric keyemnusicrhemwfed net erd ghrdhiade camdbehed ched
selectively with respect to the first gate dielectric |layer. Referring now
to Fig. Roraipol gsi heyonmegatieast atlans meposi trediovey $heltonposite gate
dielectric layer. Afirst in-situ doped polysilicon layer 20 is deposited
over thepebHposicengapecdirsi-ectric |ayer to a thickness of between about
1000 and 1500 Angstrons. Alternatively, the first polysilicon |ayer can be
deposi ted undoped and | ater doped by ion inplantation. Now, an interpoly
dielectric layer 22 is deposited over the first polysilicon |layer 20. This
| ayer may conprise sl idéh eGP eepost i edlandPoeChFo?f BPLEPCVD or
furnace oxidation to a thickness of between about 80 and 120 _Angstronms. A

second pdPYSPFE8na &Fdt o4 el RpokPYBHGvRr bREPI hiBr BBl § GrePEdFi c
layer by LRGVR, Q3 tAhGkNess; Of betyegh-gbaul.4320 and,! 220 AngstLgms. S
A first gate dielectric layer is provided on a substrate. A
second gate dielectric layer is deposited overlying the first
gate dielectric layer. A control/floating gate stack is
formed overlying the second gate dielectric layer. One
sidewall portion of the gate stack is covered with a mask.

. The second gate dielectric layer not covered by the mask is
etched away whereby an undercut of the floating gate is
formed in the second gate dielectric layer. The mask is
removed. Polysilicon spacers are formed on sidewails of the
floating gate wherein one of the polysilicon spacers fills
the undercut thereby forming a sharp pelysilicon tip to

: improve the erase efficiency of the memory cell.

[W3)



Finally, a hard mask 26, conprising silicon oxide or silicon oxynitride,
for exanple, is deposited over the second polysilicon layer to a thickness
of between about 400 and 700 Angstrons. The gate stack is etched, as shown
in Fig. 3, to the conposite gate dielectric layer 14/16 to formthe

conpl eted gate stack. Now, a mask 30 is forned to cover one side of the
gate stack, as shown In Fig. 4. The topnost gate dielectric layer 16 is
etched away isotropically where it is not covered by the mask 30. As shown,
the gate dielectric layer 16 slightly undercuts the first polysilicon |ayer
20 at an obtuse angle with the first gate dielectric |ayer 14. The undercut
is between about 150 to 250 Angstrons fromthe edge of the gate stack-~:.
This may be a wet et cHPR&SFhgP @Rbﬁgé%%o@FcT%EiHRgBIN%ﬁDve t he exposed
silicon nitride layer 16 without etching the silicon dioxide |ayer 14 or
the polysilicon layers. Now, the mask 30 is stripped away and a pre cl ean

step is perforned to r yﬁesgé&gﬁ gé%gg?egggggngghkggmgglyglIlcon | ayers.

A then |l ayer of polysiTicon ep over € gate Jdel ectric | ayers

and the, gate 6, oStacks @gishaudcinpFign, Scndbe pal ysiblicon layer 32 is
deposi ted by LPébD to a thickness o? bet ween about 300 and 500 Angstrons.

This polysilicon |ayer is preferably deposited undoped so that it can be
doped by diffusion fromthe floating gate during source/drain annealing. AN
in-situ doped polysiliEbgsspacehréiffhnet ppbfmecukdliguiliénsepe tiehempt ype
gates. Referring nowto Fig. 6, the thin polysilicon layer 32 is

ani sot ropsatdscleichet depyccenteavensaablreperysid covoddpacer ©34hend 36.
Spacer 34 fills tine undercut of the top dielectric layer 16 under the
first porgssnt convéayeen20. The spacer 36 lies on a |ower sidewall of the
first polysilicon |layer 20 overlying the second gate dielectric |layer 16.
These spacers 34 and 36 should be as snmall as possible; that is, |ess than

about 300 Angstromns hl%h and | ess than about _300 An%§trons wi de.
Excessi vel y 7 schematically 1llustrates in cross-

sectional representation a completed EEPROM device fabricated

by the process of the present invention.
DESCRIPTION CF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 1,
, there is illustrated a portion of a partially completed
memory cell. Semiconductor substrate 10 1s preferably
composed of monocrystalline silicon. The semiconductor

substrate illustrated has been doped as a p-substrate.

Now, a composite gate dielectric layer 14/16
is formed on the surface of the substrate. For example, the
first gate dielectric layer 14 ig grown to a thickness of

between about 90 and 110 Angstroms on the surface of the



tall spacers will affect device source/drain formation. The spacer 34 forns
.an electron-injecting sharp tip of n-doped polysilicon. Only one sharp tip
is needed for device operation. Sharp tips could be Fornmed at both sides of
the gate, saving a nmasking step. If the sharp tip on the drain side is
correctly positioned, it could serve as a collector of hot electrons during
programm ng; or even 7 further inprove the erase efficiency by allow ng
el ectrons to tunnel to the drain as well as the source. By having the sharp
tip only on the source side, we don't have to worry about el ectrons
tunneling fromthe floating gate to the drain during a read operation, for

XAMD! Gl LAUPT T Oploge b Lh Dot o chect £ony PLOGLANI Agy £LSRysLa the case of

a symetric Vi ce, steps ve to n to”prevent over-erasure in

whi ch EHQJHHK*HEgﬁh&@|ta@ﬁeaéé@énéféégebégeﬂﬁ§t%9@ sapkl. 1Ehe polysilicon
sharp tip inproves erase efficiency Since | ower voltagées can be used as a

resul t fmetecinipns{letenenhapcesent atpbbetbipovBiroe@ssSifAgs¢oRfitrRUES t 0
conpl ete the EEPROM devi ce. Source/drain regions 40 and sidewall spacers 42
and 44 dreeldogrmied bsyeonvent penpkebaurbhecaetniand aspbld dspcastiedamnm Fig. 7.
This conpletes floating gate 20 and control gate 24 of the EEPROM devi ce.
The pr odeXSRdF hel PF e¥@RPTi AGBACILHACPr OVIVHes L8 §i fpiiekmefo®for fornming a

sharp polysilicon tip_on the floatlngg%%te of an EEPROM devi ce. The
resul t itRFEESMRR? e af > ndidvPafiPEt ry devi @Cﬁgg-éﬁﬁéhced el ectron

tunnellé¥%fg%k£fgu g&& %ﬂgge%SEd era%%t%&&% I% % can be etched

selectively with respect to the first gate dielectric layer.

Referring now to Fig. 2, a polysilicon gate
stack is deposited over the composite gate dielectric layer.
A filrst in-situ doped polysilicon layer 20 is depocsited over
the composite gate dielectric layer to a thickness of between
about 1000 and 1500 Angstroms. Alternatively, the first
polysilicon layer can be deposited undoped and latexr doped by

ion implantation.

Now, an interpoly dielectric layer 22 is
deposited over the first polysilicon layexr 20. This layer
may comprise silicon dioxide deposited and/or grown by LPCVD
or furnace oxidation tc a thickness of between about 80 and
120 Angstroms. A second polysilicon layer 24 is deposited

, over the interpoly dielectric layer by LPCVD to a thickness

of between about 1000 and 1500 Angstroms.



VWhile the invention has been particularly shown and described with
reference to the preferred enbodi nents thereof, it will be understood by
those skilled in the art that various changes in formand details may be
made without departing fromthe spirit and scope of the Invention. 9
CLAIMS 1. A nethod of formng a polysilicon tip to inprove the erase
efficiency of a nenory cell conprising: providing a conposite gate
dielectric layer on a substrate conprising a first gate dielectric layer 5
underlying a second gate dielectric |layer wherein said second gate
dielectric layer can be etched selectively to said first gate dielectric

| ayer; formng a gate stack _overlying said conposite gate dielectric |ayer
10 covering one si dewaFftgétti of ﬁr%aﬂﬁs§a@ést&ﬂPﬁH%H¥91%ﬁ%ﬂ@%ﬂm et chi ng
away said,gecond ggte dielectric | ayer on another sidewall portion of said
gate stFEkIPOPT cBVerEa b ¥REGTHESK WREr BV R Cundér QRPG- S8 PGt e stack
on saidtﬁidgmgéldporﬁionlnotnp gggedtb sai.d @gsg 1569 6;prned Hp aid
second ga?e aratieck? XsﬁaﬁgP; eﬁb&inaygaigjﬁagf;saﬁ theréafrt & F'r ni ng
pol ysiligon.582666SnBRssh-eewal I s of said gate stack wherein one of said

pol ysilicon spacers fills said undercut thereby form ng said 20 polysilicon
tip to inprove said erase efficiency of said nenory cell. 2. The nethod
according to Claim1l wherein said first gate dielectric |ayer conprises
silicon dioxide and hafhe wchitekresskof: shettweenl aboutsBBvranc TFLO3 Angst r ons.

to the composite gate dielectric layer 14/16 to form the

completed gate stack.

Now, a mask 30 i1s formed to cover one side of
the gate stack, as shown in Fig. 4. The topmost gate
dielectric layer 16 is etched away isotropically where it is
not covered by the mask 30. As shown, the gate dielectric
layer 16 slightly undercuts the first polysilicon layer 20 at
an obtuse angle with the first gate dielectric layer 14. The
undercut is between about 150 to 250 Angstroms from the edge

) of the gate stack. This may be a wet etch using hot
phosphoric acid to remove the exposed silicon nitride layer
16 without etching the silicon dioxide layer 14 or the

polysilicon layers.

Now, the mask 30 is stripped away and a pre-
' clean step is performed to remove native oxide formed on the
polysilicon layers. A thin layer of polysilicon 32 is

deposited over the gate dielectric layers and the gate



10 + 3. The nethod according i=o Claim1l wherein said second gate
dielectric layer conprises silicon nitride and has a thickness or between.
about 35 and G5 Angstrons. 4. The nethod according to Claim1l wherein said
step of formng said gate stack conprises: depositing a first polysilicon
| ayer overlying said conposite gate dielectric layer; 5 depositi::g an
interpoly dielectric layer overlying said first polysilicon |ayer;
deposit~rg a second polysil~con | ayer overlying said interpolir dielectric
| ayer; depositing a hard mask | ayer overlying said second 10 polysilicon

| ayer; and patterning said first polysilicon |layer, Bald interpoly
dielectric |layer, said second polysilicon_layer, and said hard mask | ayer
to formtegkd Gt Shawiekdn sFighed met Fo® Betvf il hgoholayarmi2 f6rt her
conprising: formng source and dra~r~ regions in said substrate adjacent to

sai d g8 HEAE W File'Pethod BRtSrOFRY PO BRAVARFE @&ReMEi A08aPd i r st

pol ysi | ﬁgkla er forns_a. floatin ate and wherein said, second polysilicon
| ayer F@% %?%%ﬁﬁ?%1 dg?%? &Riysglgcon ?ayer is pre%erabﬁy

deposited undoped sc that it can be doped by diffusion from

the floating gate during source/drain annealing. AN in-situ

doped polysilicon svacer (if n-type) could counterdope the p-

type gates.

Referring now to Fig. 6, the thin polysilicon
layer 32 1is anisotropically etched away to leave small
polysilicon spacers 34 and 36. Spacer 34 fills the undercut
of the top dielectric layer 16 under the first polysilicon
layer 20. The spacer 36 lies on a lower sidewall of the
first polysilicon layer 20 overlying the second gate
dielectric layer 16. These spacers 34 and 36 should be as
small as possible; that is, legs than about 300 Angstroms

\ high and less than about 300 Angstroms wide. Excessively

tall spacers will affect device source/drain formation.

The spacer 34 forms an electron-injecting
sharp tip of n-doped polysilicon. Only one sharp tip 1s
needed for device operation. Sharp tips could be formed at

- both sides of the gate, saving a masking step. If the sharp
tip on the drain side is correctly positioconed, it could serve

as a collector of hot electrons during programming, or even



7. The nmethod according to Caim-~1 wherein said first polysilicon layer is
in-situ doped. 8. The nethod according to Caim1l wherein said undercut

ext ends between about 150 to 250 Angstrons under said gate staclc. 9. The
met hod according to Caim®6 wherein said polysillcon spacers are doped by
diffusion fromsaid floating gate. 10. The nethod according to Caiml
wherein said polysilicon tip underlies a floating gate in said gate stack

t hereby inproving erase characteristics of said nenory cell. 11. A nethod
of formng a pol~lJsilicontip to inprove the erase efficiency of a nenory
cell conprising: providing a conposite gate dielectric |layer on a substrate

conprising.,a first gate dielectric_.layer 5 underlyiiZg a second gate
i o oo EHEEHER drTer b T P b ORI arBa BY et PEETE, 8 SERROBE bEched
sel ectiNelyyt ¢ paid Thrst, gate diel sctpie Laver. forping,a gagestack
over|ying sai d conposite gate dierectric | ayer wheretn saird € stack
Conpr i S%,:3 12 onf r ohe 98be-Q¥eL ¥ing, 8 fLaati ng.gate; LLysering one
si dewal [ﬁggf%ﬁlééigé?% ga%e stgcé m}tﬁ'awnasé and eychingwawa sai d
second gahie: HIRl@CtEhE tunneling from the floating gate to the drain
during a read operation, for example, or interfering with hot
electron programming. Also, in the case of a symmetrical

device, steps have to be taken to prevent over-erasure in

which the threshold voltage after erase becomes too small.

The volysilicon sharp tip improves erase
efficiency since lower voltages can be used as a result of

electron field enhancement at the tip.

Processing continues to complete the EEPROM
device. Source/drain regions 40 and sidewall spacers 42 and
44 are formed as conventiocnal in the art and as i1llustrated
\ in Fig. 7. This completes floating gate 20 and control gate

24 of the EEPRCM device.

The process of the present invention provides
a simple method for forming a sharp polysilicon tip on the
floating gate of an EEPROM device. The resulting
' asymmetrical non-volatile memory device has enhanced electron

tunneling and resulting increased erase efficiency.



| ayer on another sidcwall portion of said gate stack not covered by said
_mask whereby an undercut of said 15 floating gate on said sidewall portion
not covered by said nmask is forned In said second gate dielectric |ayer;
removi ng said mask; and thereafter form ng polysilicon spacers on sidewalls
20 of said gate stack wherein one of said polysilicon spacers fills said
undercut thereby formng said polysilicon tip to inprove said speed of said
menory cell. 12. The method according to Clailn 11 wherein said first gate
dielectric layer conprises silicon dioxide and has a thickness of bet~r~een
about 90 and 110 Angstrons. 13. The nethod according to Cairn 11 wherein
sai d second gate diei§§p~ic |.ayer conprises silicon nitride and has a

t hi ckness of between e:ﬁ?@n&ﬁfﬁ??&@@t?%ﬁsbeﬂﬁ.PQ%Elﬁ%%ﬁBgYaccording to
depos] PRl S SRS AT 'Gort G- RVer | 4 g S v aEORRERI to gate.
First BOIFSTIEcts [HYeres topbei T hy 5 SOROREE FOTgery i CORCEagEr LGU8TIying
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.



said interpoly dielectric layer; depositing a hard mask | ayer overlying
.said second 10 polysilicon layer; and patterning said first polysllicon
| ayer, said interpoly dielectric |ayer, said second polysilicon |ayer, and
said hard mask |layer to formsaid gate stack wherein said first polysilicon
| ayer forns said floating 15 gate and wherein said second polysilicon |ayer
forms said control gate. 15. The nethod according to Claim 11 further
conprising: formng source and drain regions in said substrate adjacent to
said gate stack. 16. The method according to Claim 14 wherein said first
pol ysiliconGa¥¥ is in-situ doped. 17. The nethod according to Claim 11
wher ei n saild Undestlyvdexf efdsmbapweepocdeut 1160 tap250 Anmgsovenshender said
gate stack. 14 18. The nethod according to Claim 1l wherein said
pol ysi | i corespzeeeEf ageedopediby oefbyyi orlfir oompaiigificoat i ng gate. 19. A
met hod of formng a polysilicon tip to inprove the speed of a nenory cel
conpri sing: provPdPVigdangi ascogareidieebestr g ellgpdr isn lgyer on a
substrate comprising a first gate dielectric lavyer
5 underlying a second gate dielectric layer wherein said
second gate dielectric layer can be etched selectively
to salid first gate dielectric layer;
forming a gate stack overlying said composite gate

dielectric layer;

10 covering one sidewall portion of said gate stack
with a mask and etching away said second gate dielectric
layer on another sidewall portion of said gate stack not
covered by said mask whereby an undercut of said gate
stack on said sidewall portion not covered by said mask

15 is formed in said second gate dielectric layer;

removing said mask; and

thereafter forming polysilicon spacers on sidewalls
of said gate stack wherein one of said polysilicon
spacerg fills said undercut thereby forming said

20 polysilicon tip to improve said erase efficiency of said

memory cell.
2. The method according to Claim 1 wherein said first

gate dielectric layer comprises silicon dioxide and has

a thickness of between about 90 and 110 Angstroms.

10



substrate; 5 depositing a second gate dielectric |ayer overlying said first
~second gate dielectric layer; formng a floating gate overlying said second
gate dielectric layer; covering one sidewall port~or~ of said floating gate
10 with a mask and etching away said second gate dielectric not covered by
sai d mask whereby an undercut of said floating gate is fornmed in said
second gate dielectric layer; renovir_g said mask; and 15 thereafter
form ng pal.ySiHd Gt isgpd et Soodi 154 dewadl siaf 1 sahdrél nabathg gatendherein one
of said polysilicon spacers fills said undercut thereby form ng said
pol ysili coattd plicl d¢dqurovel sped spepdioéssaitlioenonyteelbe. ab8 ha20. The
nmet hod according to Caim19 wherein said second gate dielectric |ayer can
be etched ssdllegtinvedy ¢D satdeénrsboygat 85deetieé6br Rogkayems.21. The net hod
according to Claim19 wherein said first gate dielectric |ayer conprises
silicon dioxide and has a thickness of between about 90 and 11 0 Angstrons.
22. The nmethod according to Claim 19 wherein said second gate dielectric
| ayer comfri sE¥ STEFRa%R ﬁFF?FﬁénanBOhgéaémtﬁl8?ﬁ§§§“oﬁaﬁgtﬁ§éﬁ’about 35 and
65 Angstro% 23 The éhod acco kng torO aim 19 further conprising:
formng a Eont? ?Wl%%t%aﬁve??ylnﬁ Pleacng |
depositing a first polysilicon layer overlying saaid
composite gate dielectric layer;
5 depositing an interpoly dielectric layer overlying
said first polysilicon layer;
depositing a second polysilicon layer overlying

said interpoly dielectric layer;
depositing a hard mask layer overlying said second
10 polysilicon layer; and
patterning said first polysilicon layer, said
interpoly dielectric layer, said second polysilicon

layer, and said hard mask layer to form said gate stack.

5. The method according to Claim 1 further cowmprising:
forming source and drain regions in said substrate

adjacent to said gate stack.
6. The method according to Claim 4 wherein said first

polysilicon layer forms a floating gate and wherein said

second polysilicon layer forms a control gate.

11



gate and separated fromsaid floating gate by an interpoly dielectric

~layer; and form ng source and drain regions in said substrate adjacent to
said floating gate. 24. The nethod according to Caim 19 wherein said

under cut extends between about 150 to 250 Angstrons under said floating

gate. 25. The nethod according to Claim 11 wherein said polysilicon spacers

are doped b¥ diffusion fromsaid 16 1~ .AAASA A .Al e A.A.A,.AS A
A he method according to Claim 4 wherein said first

A A A z*fquw " | wr mhc”
S o] ca] 3} YA} CATCH] CAYEA] o Cal CHl CuFCAICRU cal cal cal cal cal cRai 1) New. X ¥ 1
b~

8. The method according to Claim 1 wherein said undercut

extends between about 150 to 250 Angstroms under said

gate stack.

9. The method according to Claim 6 wherein said
polysilacon spacers are doped by diffusion from said

floating gate.

10. The method according to Claim 1 wherein said
polysilicon tip underlies a floating gate in said gate

stack thereby improving erase characteristics of said

memory cell.

11. A method of forming a polysilicon tip to improve the
erase efficiency of a memory cell comprising:

providing a composite gate dielectric layer on a
substrate comprising a first gate dielectric layer

5 underlying a second gate dielectric layer wherein said

second gate dielectric layer can be etched selectively
to said first gate dielectric layer;

forming a gate stack overlying said composite gate

dielectric layer wherein said gate stack comprises a

12
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gate dieléctric layer comprises silicon dioxide and has

a thickness of between about 90 and 110 Angstroms.
13. The method according to Claim 11 wherein said second
gate dielectric layver comprises silicon nitride and has

a thickness of between about 35 and 65 Angstroms.

14. The method according to Claim 11 wherein said step

of forming said gate stack comprises:
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10 polysilicon layer; and
patterning said first polysilicon layer, said
interpoly dielectric layer, said second polysilicon
layer, and said hard mask layer to form said gate stack
wherein said first polysilicon layer forms said floating

15 gate and wherein said second polysilicon layer forms

said control gate.

15. The method according to Claim 11 further comprising:

forming source and drain regions in sald substrate

adjacent to said gate stack.

16. The method according to Claim 14 wherein said first

polysilicon layer is in-situ doped.
17. The method according to Claim 11 wherein saaid

undercut extends between about 150 to 250 Angstroms

under said gate stack.
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19. A method of forming a polysilicon tip to improve the
speed of a memory cell comprising:
providing a first gate dielectric layer on a
substrate;
5 depositing a second gate dielectric layer overlying
sald first second gate dielectric layer;
forming a floating gate overlying said second gate
dielectric layer;
covering one sidewall portion of said floating gate
10 with a mask and etching away said second gate dielectric
not covered by said mask whereby an undercut of said
floating gate is formed in said second gate dielectric
laver;
removing said mask; and
15 thereafter forming polysilicon spacers on sidewalls
of said floating gate wherein one of said polysilicon
spacers fills said undercut thereby forming said

polysilicon tip to improve saild speed of said memory

cell.
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gate dielectric layer comprises silicon dioxide and has

a thickness of between about 90 and 110 Angstroms.

22. The method according to Claim 19 wherein said second
gate dielectric layer comprises silicon nitride and has

a thickness of between about 35 and 65 Angstroms.

23. The method according to Claim 19 further comprising:

forming a control gate overlying said floating
gate and separated from said floating gate by an
interpoly dielectric layer; and

forming source and drain regions in said substrate

adjacent to said floating gate.

24. The method according to Claim 19 wherein said
undercut extends between about 150 to 250 Angstroms

under said floating gate.

25. The method according to Claim 11 whereain said

polysilicon spacers are doped by diffusion from said
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