"1 A METHOD TO FABRI CATE A FLOATI NG GATE W TH A SLOPI NG SI DEWALL FOR A
FLASH NEMORY BACKGROUND OF THE | NVENTI ON (1) Field of the Invention Thé8 MAY 2004
invention relates to a nethod of fabricating sem conductor nenory
structures, and nore particularly, to the formation of a floating gate
with a sloping sidewall for. a Flash Menory Cell. (2) Description of the
Prior Art Flash EEPROVs are a well-known class of sem conductor devices in
the art. These devices are used in many digital circuit applications where
“bi nary data nust be retained even if the application system power is
renoved. Further, these devices allow the data to be altered, or
re-written, during normal operations. EEPROM nenory devi ces enpl oy
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BACKGROUND OF THE INVENTION

(1} Field of the Invention

The invention relates to a method of fabricating
semiconductor memory structures, and more particularly, to
the formation of a floating gate with a sloping sidewall

for a Flash Memory Cell.

(2» Description of the Prior Art
Flash EEPRQMS are‘g well-known class of semiconductor
devices in the art. These devices are used in many digital
. - circuit applications where binary data must be retained
even if the appligation system power is removed. Further,
these devices allow the data to be altered, or re—written,:

during normal operations.

EEPROM memory devices employ floaﬁing-gates; that is:
Field Effect T;ansistor (FET) gates completely surrounded
by an isolating'layer such as silicon oxide. The presenée
Qf charge on these floating gates effectively shifts the

threshold voltage of the FET. This effect can be detected



» by additional circuitry such that the charge state of the floating gate
can be used to represent binary information. Specifically, FLASH EEPB@MMNYZMM
menories enploy EEPROM cells in a configuration that allows for the bu
erasing, or flashing, of large blocks of nmenory cells in a nornal CIFCUIt
application without using any external data erasing source, such as
ultra-violet light. FIG 1 shows a cross sectional view of a partially
conpl eted prior art EEPROM nenory cell. The cell contains a substrate 11
typically conposed of lightly P- doped nonocrystalline silicon. Isolation
regions 12 extend above and below the substrate surface to effectively
isolate this nenory cell fromsurrounding cells. The region defined al ong
the substrate surface between the two i%solation regions 12 is called the
active regl dfdikionaderingubkidesudtayerati Bhevehhays dthaswisthate 11 and
the isolation regions 12. A polysilicon floating gate 14 overlays the
tunnel i ngtlnatdagigatsheanunaehsen) oximerd3eaerNEsaAS AEJSRaLAT bet ween
the floating gate 14 and the substrate 11. An interpoly dielectric film
15, typi calaoifgoapiysetLafH BRI MidmoirdesOoxhstsy Friilp Ryer! ays the
floating gate 14. Another | ayer of polysilicon Torns the control gate 16
of the remonfigekrbtidhethat ex 2Qiws dog! esbrbeifidMLsSenyes

flashing, of large blocks of memory cells in a normal

Circuit application without using any external data erasing

source, such as ultra-violet light.

FIG. 1 shows a cross sectional view of a partially
completed prior aft EEPROM memory cell. The ceii contains a
substrate 11 typically composed of lightly P- doped
monocrystalline silicon. Isolation regions 12 extend abové
and below the substrate surface to effectively isolate this
memory cell from surrounding cells; The region defined

along the substrate surface between the two isolation

i

regions 12 is called the active region. A tunneling oxide
layer 13 overlays the substrate 11 and the isblation
regions 12. A polysilicon floating gafe 14 overlays the
tunneling oxide 13. The tunneling oxide 13 serves as an
isolator between the floating gate 14 and the substrate 11.
An interpoly dielectric film 15, typicaily comprised of
oxide—nitride~oxide} or ONO, overlays the floating gate 14,
, Another layer of poly51llcon forms the control gate 16 of

the memory cell. The 1nterpoly dielectric film 15 serves



. 2 8 MAY 2004 3 as an isolator between the control gate 16 and the floatin
gate 14. The overlaying |ayers of control gate 16, interpoly diel ectrd&MAY 2004
.15, floating gate 14, and tunneling oxide 13 over substrate 11 forma
stacking gate structure. Data is stored in the EEPROM cells by the storage
of a charge on the floating gate 14. Because this gate 14 is electrically
isolated fromboth the substrate 11 and the control gate 16, a charge can
be stored for indefinite periods w thout any voltage applied to the gate
J14. To charge or wite data to the floating gate 14, a voltage nust be
applied fromthe control gate 16 to the substrate 11. This voltage is

di vided across the capacitor forned by the control gate 16, the interpoly
dielectric 15, and the floating gate 1%, and the capacitor forned by the

floating agate ilshlater bennebinghoxisiecdsd, and theagubsid ataklng f the
voltage fromthe floating gate 14 to the substrate 11 is |arge €nough,

char ge nmoyetentd wi IThe0oeul1agifl ET NS ot %ﬂ%&oﬁrﬁﬂié hgg substrate 11 to
the floating gate 14 through the tunneling oxide layer 13. Wen the

vol tage imtommmednt dilelgateidb1$0 suhsdin 1L s, regycad, ved, the
charge is trapped on the floating gater%il%gnd the data g

oxide 13 over substrate 11 form a stacking gate structure.

Data is stored in the EEPROM cells by the storage of a
;harge on the floating gate 14. Because this gate 14 is
electrically isolated from both the substrate 11 and the
control gate 16, a charge can be stored for indefinite
periods without any voltage applied to the gate 14. To

- charge or write data to the floating gate 14, a voltage must
be applied from the control gate 16 to the substrate 11.
This voitage is divided_across the capacitor formed by the
control gate 16, the interpoly diélectric 15, and the

='}‘ | floating gate 14, and the capacitor formed by'fhe floaﬁing
gate 14, the tunneling oxide 13, and the substrate 11. TIf

the voltage from the floating gate 14 to the substrate 11
is large enough, charge movement will occur as'electréns
tunnel from the substrate 11 to the floating gate 14

- through the tuhneling oxide iayer 13. 'When.the voltage
from control gate 16 to substrate 11 is reduced or removed,
the chérge is frapped on the fldating gate 14 and the data

is retained in the memory cell. The presence of this



-is retained in the nenory cell. The presence of this 2 8 MAY 2004 4 MAG

i ncreases the threshold voltage of the nenory cell FET, and this can 2004
detected by a cell sense circuit. A prom nent feature of the prior art cel
shown in Fig. 1 is severe topology introduced by the field oxide 12

i sol ati on. Because the polysilicon floating gate 14 overlaps this

isolation 12, as well as the tunneling oxide |l|ayer 13, all of the.

subsequent |ayers of material reflect this topology. Notably, a sharp

corner exists at the polysilicon floating gate edge 18. This sharp corner
causes problens with the integrity of the interpoly dielectric 15. The
effective breakdown probability of the interpoly dielectric is increased,

as is the amount of charge | eakage betfeen the floating gate 14 and the
control 55?5‘3%63:“%%3 ddre dhresheldhes ymdecaifagBel fehbey Qerf or mance of
the Flash_nenory cell is deteriorated. As charge | eaks of¥ the floating
gate 14, Fhe et¥dcihive carhbeskietdcrolitirges afe1lh@eRBADEY CEl{ FET is
altered, conpronising the data held on the cell. Aprior art attenpt to
reduce the sharpness of the floating gate edge is taught in U S. Patent
5,635,416 to

A prominent feature of the prior art cell shown in
Fig. 1 is severe topology introduced by the field oxide 12

‘isolation. Beéecause the polysilicon floating gate 14

e

overlaps this isolation 12, as well as the tunneling oxide
layer 13, all of the subsequent layers of material reflect
this topology. Notably, a sharp_cqrner exists at the
polygilicon floating gate edge 18. This sharp corner
causes problems with the integrity of the interpoly
dielectric 15. The effective breékdoﬁﬁ prébability of the
interpoly dielectric is increased, as is the amount of
charge leakage between the floating gate 14 and the control
} gate 167 The effect of this charge leakage is the
performance-of the Flash memory cell is deteriorated. As
charge leaks off the floating gate 14, the effective
threshold voltage of the memory cell FET is altered,

compromising the data held on the cell.

A prior art attempt to reduce the sharpness of the
floating gate edge is taught in U.S. Patent 5,635,416 to
Chen et al. Chen et al teaches the formation of tunnel

- oxide and the first part of the floating gate polysilicon




- Chen et al. Chen et al teaches the formation of tunnel oxide and the f2gMAY 200
part of the floating gate polysilicon 5 prior to the formation of the

i sol ati on oxide. The second part of the floating gate extends on to the
isolation oxide. US. Patent 5,573,979 to Tsu et al shows a sl oped
polysilicon sidewall for a nenory device. However, Tsu is directed at
-capacitor electrodes and teaches a sloping sidewall nethod for what are
termed unreactive and barrier layers such as platinumand titanium
nitride, respectively, in the formation of three-dinensional capacitor
nodes for DRAM U.S. Patent 5,554,564 to Ni shioka et al shows a nethod of
roundi ng the bottom capacitor el ectrode through the oxidation of the noble
metal s used, SUMMARY OF THE | NVENTI ON ASprinci pal object of the present

i nvent i onPF50% dto pitwyifgeman iehf eft the bwul atsion wRAWEACt tiabdeJwet hod of
fabricating a floating gate structure for a Fl ash EEPROM cell. Anot her

obj ect ofPi¥e P édentl licavénti gaté settteqpio\brdec aneetEgcii Mg, and very
manuf act urabl e net hod of fabricating a floating gate structure for a Flash
EEPROM de®# e havl.ifg Pamehtpspyes, profid asandtpan f ShHRNCE s1oped

- polysilicon sidewall for a memory device. However, Tsu is

directed at capacitor electrodes and teaches a élOping

sidewall method for what are termed unreactive and barrier

}ayers such as platinum and titanium nitride, respectively,

in the formation of three-dimensional capacitor-nodes for

DRAM. U.S. Patent 5,554,564 to Nishioka et al shows a

method of rounding the bottom capacitor electrode through

the oxidation of the noble metals used.
SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method of

fabricating a floating gate structure for a Flash EEPROM

| cell.

Another object of the present invention is to provide
an effective and very manufacturable method of fabricating
a floating gaté structure for a‘Flash EEPROM device having

an improved profile and performance.



- 6 Yet anot her object of t he present invention is to provide an EffECt@ﬁﬁMﬁan
and manufacturable floating gate structure for a Flash EEPROM devi ce. 04

accordance with the objects of this invention, a .new nmethod of
fabricating floating gates for Flash EEPROM devi ces having an i nproved
profile and performance is achieved. A sem conductor substrate is
provided. Field oxide regions are fornmed in this substrate. A tunneling
oxi de layer is provided overlying both the substrate and the field oxide
.regions. Afirst polysilicon layer is deposited overlying the tunneling
oxi de layer. A photoresist layer is deposited overlying the first
polysilicon layer. The photoresist layeg is patterned and etched |eaving
the photoresist |ayer where the floating gates are to be defined. The
phot or esi st | dfér anphbeti esiechpalfydille parskayeinaamt: ide itsunrel i ng oxi de are
specially etched to both define the floating gate structures and to
create n&¥ovadei aal efEtopi vy midewalifactTrebl Nt i tithg pRekor esi st | ayer
-is removed. An interpoly dielectric is deposited overlying the floating
gates anétrbhetnest fof & hBlastafERPRON sleeerd.pol ysilicon layer is deposited
overlying the interpoly dielectric conpleting the fabrication of the
In accordance with the objects of this invention, a
new method of fabricating floating gates for Flash EEPROM
devices having an improved profile and performance is
achieved. A semiconductor substrate is provided. Field
oxide regions are formed in this substrate. A tunneling
oxide layer is provided overlying both the subsfrate and
the field oxide regions. A first polysilicon layer is
deposited overlying the tuhneling oxidé layer; A
photoresist layer is deposited overlying the first
polysi;icon layer. The photoresist layer is patterned and
) etched leaving the photoresist layer where the floating
- gates are to be defined. The photoresist layer, the first
polysilicon layer and the tunneling oxide are specially
etched to both define the floating gate structures and to
create non-vertical, sloping sidewalls. The remaining
photoresist layer is removed. 'An interpoly dielectric is
deposited-overlying the floating gates and the rest of the
wafer. A second polysilicon layer is deﬁosited ovérlying

'the interpoly dielectric completing the fabrication of the

floating gates for the Flash/EEPROM devices.



.floating gates for the Flash/ EEPROM devices. 2 8 MAY 2004 7 Also in
accordance with the objects of this invention, a floating gate for a F4 &MY 2004
EEPROM devi ce having an inproved profile and performance is achieved.

Field oxide 1isolations define active areas in the sem conductor

substrate. A tunneling oxide overlies the sem conductor substrate. A
polysilicon floating gate with non-vertical, sloping sidewalls overlies

the tunneling oxide. An interpoly dielectric overlies the polysilicon

L ayer, A control gate of polysilicon overlies the interpoly dielectric to
conplete the floating gate structure for the Flash EEPROM devi ce. BRI EF
DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawings formng a nmateri al

part of this description, there is shown: Fig. 1 schematically illustrates
in cross-sectional representation a partially conpleted Fl ash EEPROM
structure in accordance with prior art’ 2 8 MAY 2004 8 Figs. 2 through 6
schematical | y Rlbosin atedmiatkessith the objects of this invention,

a floating gate for a Flash EEPROM device having an

improved profile and performance is achieved. Field oxide

isolations define active areas in the semiconductor

substrate. A tunneling oxide overlies the semiconductor

Substrate. A polysilicon floating gate with non-vertical,

sloping sidewalls overlies the tunneling oxide. An

interpoly dielectric overlies the polysilicon layer. A

control gate of polysilicon 6verlies the interpoly

dielectric to complete the floating gate structure for the

Flash EEPROM device.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there Es shown:

Fig. 1 schematically illustrates in cross-sectional
representation a partially cdmpleted'Flash-EEPROM structure

in accordance with prior art.



. seetional representation a preferred enbodi nent of the present invention.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Wthout unduly limting the ETeMAY 2004

of the invention, a preferred enbodinment will be described herein.
Referring now nore particularly to Fig. 2, there is illustrated a portion
of a partially conpleted nenory cell. Sem conductor substrate 21 is

preferably conposed of nonocrystalline silicon. Isolation regions are
formed in or on the sem conductor substrate 21 to isolate active regions
from.one another. For exanple, as shown in Fig. 2, field oxidation regions
22 are fornmed through the method known as |ocal oxidation of silicon
(LOCOS). The surface of the substrate is oxidized to formthe tunneling

oxi de layer 23 to a thickness of betweensabout 30 and 80 Angstrons.

Ref erring nowfti@ski . tBroughi ¢ stclpmiatsidailagnil ayetrde irs Jepasi t ed
conventionally overlying the tunneling oxide 9 preferably to a thickness of

bet ween assUition@0 rapde8600adhgsta QmereRebar binbgdimei & 4ned | ayer of
photoresist 25 is deposited overlying the first polysilicon layer 24 to a
present invention. -

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Without unduly limiting the scope of the invention, a
preferred embodiment will be described herein. Referring
now more particularly to Fig. 2, there is illustrated a
porticon of a partielly completed memory cell.
Semiconductor substrate 21 is preferably composed of
monocrystalline silicon. 1Isolation regions afe formed in
Oor on the semiconductor substrate 21 to isolate active
regions from one another. For example, as shown in Fig. 2,

field oxidation regions 22 are formed through the method

S

known as local oxidation of silicon (LOCOS) .

The surface of the substrate is oxidized to form the
tunneling oxide layer 23 to a thickness of .between about 30

and SO-Angstroms.'

‘Referring now to Fig. 3, a first polysilicon layer 24

is deposited conventionally overlying the tunneling oxide



- thickness of between about 6 and 8 microns. The photoresist |ayer 25 i 98 MAY 2004
exposed to a conventional photolithographi c masking operation. The
photoresi st layer .25 is developed conventionally to open areas where the
first polysilicon layer 24 also nust be etched away. Referring nowto Fig.
5, the first polysilicon layer is now preferably etched using a reactive
~ion etching (RIE) process. This is the key feature of the invention

nmet hod. In the conventional art, the polysilicon is etched using an
ani sotropic etch that results in very steep, ideally vertical, edges. In
the invention, the polysilicon is etched using an isotropic etch that
renoves material in both the vertical ,as well as the horizontal
directions. The resulting structural profile is showmn in Fig. 5. The

si dewal | sPBgferadliy dat anghdakeedd éDOrvemvean abbuselangl hq Wstigy respect to
the surface of the isolation region 22 as indicated by 27. The angle 27

f ormed byArdgLrogisoped 2 8 MAY 2004 10 sidewall edges and the isolation
region 22 is between about 95 and 105 degrees. The process conposition, gas
flow, pressure, and plasma potential for the RTE etch were carefully

devel oped
_Referring to Fig. 4, a layer of photoresist 25 is

deposited overlying the first polysilicon layer 24 to a

thickness of between about 6 and 8 microns. The

et

photoresist layer 25 is exposed to a conventional
photolithographic masking operation. The photoresist layer
25 1s developed conventionally to open areas where the

first polysilicon layer 24 also must be etched away.

Referring now to Fig; 5, the first polysilicon layer
is now preferably etched using a reactive ion eﬁching {RIE)}
process. This is the key feature‘of the invenfion method.
In the conventional art, the polysilicon is etched using an
anisotropic etch that resﬁlts in very steep, ideally
vertical, edges. 1In the ihvention, the polysilicon is

~etched using an isotropic etch that removes material in
both the vertical as well as the horizontal directions.
The resulting structural profile is shown in Fig. 5. The
sidéwa;ls of the floating gate 24 formed an obtuse angle
With respect to the surface of the isblation region 22 aé

indicated by 27. The angle 27 formed by the sloped



+ to achieve the desired etching profile. Specifically, 2 gas is floﬁﬁ?g@92mﬂ
bet ween about 50 SCCM and 150 SCCM CF4 gas is flowed at between abo

SCCM and 150 SCCM HBr gas is flowed at between about 50 SCCM and 150
SCCM and 02 gas is flowed at between about 1 SCCM and 5 SCCM A pressure
of between about 5 mlIliTorr and 20 mlliTorr is maintained during
etching. Finally a plasma is generated using Tcp coil with a top coi

power range between about 100 watts and 250 watts and a bottom bi as power
. range of between about 50 watts and 150 watts. Follow ng the polysilicon
etch, the remaining photoresist layer 25 is now renoved. Referring nowto
Fig. 6, a layer of interpoly dielectric 28 is deposited overlying the
floating gate 24. The interpoly dielectaic layer is preferably an

oxi de- ni BifgEadki ddgeprai@NQhstizckatibe ragespaty i eJelbhCabsyconpri sed
of a first layer -of silicon oxide having a thickness of between about 30

and 160 AAgsndomB8S degesand | ayer of silicon nitride having a 2 8 MAY 2004
it thickness of between about 30 and 160 Angstrons, and a topnost |ayer of
silicon oxide having a thickness of between about 30 and 100 Angstrons.

The process composition, gas flow, pressure, and
piasma potential for the RIE etch were carefully developed
to achieve the desired etching profile. Specifically, Cl,
gas is flowed at between about 50 SCCM and 150 SCCM, CFy gas
is flowed at between about 50 SCCM and 150 SCCM, HBr gas is
flowed at between about 50 SCCM and 150 SCCM, and O, gas is
flowed at between about 1 SCCM and 5 SCCM. A préssure of
between ébout 5 milliTorr and 20 milliTorr is maintained
during etching. Finally a plasma is generated using.Tcp
coil with a top coil power range between about 100 watts
and 250 watts and a bottom bias poﬁer range of between

', . about 50 watts and 150 watts.

Following the polysilicon etch, the remaining
photoresist layér 25 1is now removed. Referring,now to Fig.
6, a layer of.interpoly dielectric 28 is deposited
overlying the floating gate 24; The interpoly dielectric
layer is preferably an‘oxideQnitride—OXide, or ONO, stack.

' The_interpoly diélectric is comprised bf‘a first layer of
. Silicoh oxide having a thickness of bet@een about 30 and

7160 Angstroms, a second laYér of silicon nitriderhéving a




A second polysilicon layer 29 is deposited overlying the interpoly

dielectric. This layer will formthe control gate of the conpleted Fpgsiiay 2

EEPROM devi ce. It can now be denonstrated how t he process features-

positively inpact the performance and manufacturability of the floating

gate structure. Conpare the cross section of the preferred enbodi nent
~version of the floating gate depicted in Fig. 6 wwth the cross section of

- the prior art floating gate of Fig. 1. The edges of the floating gates

. of the preferred enbodi mrent have sloping sidewalls. This sl oping

translates into a |ikew se sloped corner of the overlying interpoly

dielectric. Because of this profile, there are fewer points of |eakage in

the dielectric and, therefore, the floafling gate of the preferred

enbodi nefhickokds chabgewdmt talrouth®0 that 160 Ahestrdny, anhly. aThe process of

the present invention provides a very manufacturable process for

f abri cat itegmostf Legei ngf gat ke cdmvixigeshaping sidevaldsssf @ a Fl ash EEPROM

The device 28 MAY 2004 12 inproves on the prior art as described above and

r epr esenbstwaenenbappr dacind a ol aslgsEEBROM devi ce processing. Wile the

i nvention has been particularly shown and

A second polysilicon layer 29 is deposited overlying

the interpoly dielectric. This layer will form the control

-

gate of the completed Flash EEPROM device.

It can now be demonstrated how the process features
positively impact the performance and manufacturability of
the floating gate structure. Compare the Cross section of
the preferred embodiment version of the floéting gate
depicted in Fig. 6 with the cross section of the prior art
'floating gate of Fig. 1. - The edges of the floating gates

of the preferred embodiment have sloping sidewalls. This

[——

sloping translates into ‘a likewise sloped corner of the

overlying interpoly dielectric. Because of this profile,
there are fewer points of leakage in the dielectric and,
thérefore,_the floating gate of the preferred embodiment

holds charge better than that of the prior art.

The process of the present invention provides a very
manufacturable process for fabricating a floating gate

having sloping sidewalls for a Flash EEPROM. The device



" described with reference to the preferred enbodi ments thereof, it willydgay 20
understood by those skilled in the art that various changes in form and
details may be made wi thout departing fromthe spirit and scope of the
invention. 2 8 MAY 2004 CLAIMS 13 1. A nethod for fabrication of an
integrated circuit device conprising: providing a sem conductor substrate;
providing field oxide isolation regions in said 5 substrate; 10 15
providing a silicon oxide |ayer overlying said isolation regions and said
substrate; depositing a first polysilicon layer overlying said silicon
oxi de | ayer; form ng a photoresist mask overlying said first Polysilicon
| ayer; etching away said first polysiligpn |layer and said silicon Oxide

| ayer in g t coyvered by said photoresist nmask to create structures
with outwa#%%}vgg ohi ¥kt prlé& art as described above and represents

@ new approach to Flash EEPROM device processing.

'While the invention has been particularly shown and
deScribed with reference to the preferred embodiments
_thgreof, it will be understood by those skilled in the art
that various changes in form and details may be made

without departing from the spirit and scope of the

invention.




.sloping sidewal |l edges that intersect said isolation regions at an obtuse
angl e of between 95 and 105 degrees Wherein. etching gases for said etching
Consist of Oz, CF4, HBr, and 02; renoving said Photoresist mask;
depositing an interpoly dielectric |layer overlying said structures, said
sl opi ng sidewal | edges, and said isolation regions; 20 depositing a second
polysilicon | ayer overlying. said interpoly dielectric; and conpl et i&% MAY 2004
said fabrication of said integrated circuit device. 2 8 MAY 2004 14 2. The
met hod according to Claim1l wherein said first polysilicon layer is
deposited to a thickness of between about 1000 and 2500 Angstrons. 3. The
nmet hod according to Caim1l wherein said etching away to create said
structures MﬁtBth%wﬁrd|y sloping sidewall edges uses an isotropic etching
process. 4. The nethod according to daifl1 wherein said step of etching
away to create said stpugkihgs Wt NeEldly o8' OB NG, Sideval ! edges uses
circuit device comprising:

providing a semiconductor substrate:
providing field oxide jsolation regions in said

5 substrate;

providing a silicon oxide layer overlying said

L

isolation regions and said substrate;
depositing a First polysilicon layer overlying said
silicon oxide layer;

forming a photoresist mask overlying said first

polysil{con layer;
etching away said first polysilicon layer and said

51;icon_oxide }ayer in areas not covered by said
?hotoresist mask to create structures with outwardly
sloping sidewall edges that intersect said isolation

regions at an obtusge angle of between 95 and 105
15

}- ~ degrees wherein etching gases for said etching consist
of Cl=, CF4,‘_HBI.‘, and 0z;
Femoving saiq pPhotoresigt masgk;
depositing an in i i
e terpoly dielectric layer overlying
14 structures, saig slopi
o .
‘ | ’ Ping sidewall edges, and said
isolation regions;
20~ depositing a second polysilicon layer overlying

said interpoly dielectric; and.
compieting said fabricdation of said integrated

Circuit device.

v




‘process 'conprising Cl2 gas flowed at between about 50 5 SCCM and 150 SCCM
CF4 gas flowed at between about 50 SCCM and 150 SCCM HB.r gas flowgghﬂy 2004
bet ween about 50 SCCM and 150 SCCM and 02 gas flowed at between abott 1
SCCM and 5 SCCM a pressure of between about 5 mlliTorr and 20 mlli Torr,
and plasma generation 10 using Tcp coil with a top coil power range between
about 100 watts and 250 watts and a bottom bi as power range of between
about 50 watts and 150 watts. 2 8 MAY 2004 15 S 5 The nethod according to
€l aim1l wherein said photoresist layer is deposited to a thickness of

bet ween about 6 and 8 mcrons. 6 The nethod according to Claim1 wherein
said step of depositing said interpoly dielectric |layer conprises:
depositing a first layer of silicon oxide 5 overlying said first
polysilicon layer to a thickness of between about 30 and 100 Angstrons;

- deposition a layer of silicon nitrideléverlying said first |ayer of
silicon oxide t®. &hthimekhedsa®fording to Claim 1 wherein said first
polysilicon layer is deposited to a thickness of

_between about 1000 and 2500 Angstroms.

3. The method according to Claim 1 wherein said etching
away to create said structures with outwardly sloping

sidewall edges uses an isotropic etching process.

4. The method according to Claim 1 wherein said step of
etching away to creaté said structures with outwardly
slopiﬁg sidewall edges uses a reactive ion etch
pfocess:comprising Cl: gas flowed at between about 50

5 SCCM and 150 SCCM, CF; gas fiowed at between about 50
SCCM and 150 SCCM, HBr gas flowed at between about 50
SCCM and 150 SCCM, and 0, gas flowed at between about 1
SCCM and ‘5 SCCM, a pressure of between about 5
milliTorr and 20 milliTo;r; and plasma generation

10 using Tcp coil.with a top coil power range between-
about\lOO watts and 250.watts and a bottom bias power

range of between about 50 watts and 150 watts.




' bet ween about 30 and 100 Angstrons; and 10 form ng a second | ayer of

silicon oxide overlying

said layer of silicon nitride to a th'Cknei?%EQ% 2004

bet ween about 30 and 100 Angstrons. 7 A nethod for fabrication of sta
gate structure for a Flash EEPROM cel | : . "18 NMAY 2004 16 providing a
sem conductor substrate; providing field oxide isolation regions in said

substrat e;

providing a tunneling oxide |ayer overlying said 1isolation

regi ons and said substrate; depositing a first polysilicon |ayer overlying
-sai d-tunneling oxide layer; 10 form ng a photoresist mask overlying said
first polysilicon layer; isotropically etching away said first polysilicon
| ayer and said tunneling oxide |ayer in areas not covered by said
photoresi st mask to create said floatingisgates with outwardly sl oping

si dewal |

edges 15 that

intersect said isolation regions at” an obtuse angle

of between 95 and 105 degrees wherein a ohi(j ases for

pa

¥

5 The method according to Claim 1 wherein said

photoresist layer is deposited to a thickness of

between about 6 and 8 microns.

¢ The method according to Claim 1 wherein said step

of depositing said interpoly dielectric layer

comprises:

depositing a first layer of silicon oxide

5 overlying said first polysilicon layer to a thickness

of between about 30 and 100 Angstréms;

deposition a layer of silicon nitride overlying

said first layer of silicon oxide to a thickness of

between about 30 and 100 Angstrohs:'and

10 forming a second layer of silicon oxide overlying

said iayer of silicon nitride to a thickness of

between about 30 and 100 Angstroms.

7 A method fo; fabrication of stacked gate sttucture

" for a Flash EEPROM cell:




.sai d etching consist of 2, CF4, HBr, and Q2.; etching away said

pnot oresi st layer; depositing an interpoly dielectric |ayer overlying
said floating gates, said sloping sidewall edges, and said isolation
regions; 20 depositing a second polysilicon |ayer overlying 'said interpoly
dielectric; and conpleting said fabrication of stacked gate structQg &Y mo:
said Flash EEPROM cells. 8 The nmethod according to Caim?7 wherein said
first 2 8 MAY 2004 17 polysilicon layer is deposited to a thickness of

bet ween about 1000 and 2500 Angstrons. 9 The nmethod according to Caim 7
wherein said step of isotropically etching anay to create said floating
-gates with outwardly sl oping sidewall edges uses a reactive ion etch
process conprising Cl2 gas flowed at 5ibetween about 50 SCCM and 150 SCCM

CF4 gas flowed at b .about _5Q S and 150 SCCM HBr gas fl owed at
bet ween about 50 SCCE%$§§8ﬁ%bE§é@Mlc8H Ugpohat H9taRéa: at bet ween about 1

SCCM and 5 SCCM a essure of_,
pﬁrov1d1ng field oxide isolation regions in said

s substrate;

providing a tunneling oxide layer overlying said

isolation regions and said substrate;

depositing a first polysilicon layer overlying

—

said tunneling oxide layer;
10 forming a photoresist mask overlying said first
polysilicon layer;
isotropically etching away said first polysilicon
layer and said tunneling oxide layer in afeés not
covered by said photoresist mask to create said
floating gates with outwardly sloping sidewali edges

that intersect said isolation regions at an obtuse angle

15
-_of between 95 and 105 degrees wherein etching agases for
5ald etchina consist of Cla, CFs, HBr, and Oa;

_ : .~ &tching away said pnotoresist layer;

. _ depositing an interpoly dielectric layer
overlying said floating gates, said sloping sidewall
edges, and said isolation regions;

20 . depositing a second polysilicon layer overlying

said interpoly dielectric; and
completing said_fabrication of stacked gate
structures in said ELaéh EEPROM cells.

i

g The method according to Claim 7 wherein said first

’
L




bet ween about 5 m|IliTorr and 20 mlliTorr, and plasma 10 generati on 5@&@&%
Tcp coil with a top coil power range between about 100 watts and 250 2004

and a bottom bias power range of between about 50 watts and 150 watts. 10
The met hod according to Claim?7 wherein tunneling 2 8 MAY 2004 18 oxide is
provided to a thickness of between about 30 and 100 Angstroms. 11 The

nmet hod according to Caim?7 wherein said step of depositing said interpoly
dielectric layer conprises: depositing a first layer of silicon oxide 5
overlying said first polysilicon layer to a thickness of between about 50

and 200 Angstrons; deposition a layer of silicon nitride overlying said
first layer of silicon oxide to a thicknqgss of between about 30 and 200

Angstrons; and 10 depositing a. second |layer of silicon oxide overlying
said layer of sif9beniliaon deves astéepksissl tof abehieknesbait 30- and 100

Angstrons. 28 MAY 2004~ ,
between about 1000 and 2500 Angstroms.

9 The method according to Claile‘wherein said step
of isotropically etching away to create said floating
-gates with outwardly sloping sidewall edges uses a
reactive ién etch process comprising Cl; gas flowed at

5 between about 50 SCCM and 150 SCCM, CF, gas flowed at
between about 50 SCCM and 150_SCCM, HBr gas flowed at
between about 50 SCCM and 150 SCCM, and Oz gaé flowed
at between about 1 SCCM and 5 SCCﬂ, a pressure of
between about 5 milliTorr and 20 milliTorr, and plasma

10 geﬁeration using Tcp coil with a top coil power raége
between about 100-watts and 250 watts and a bottom

bias power range of between about 50 watts and 150

Smreet

watts.

10 The method according to Claim 7 wherein tunneling




19 .12 A nethod for fabrication of stacked gate structure for a Flash
EEPROM cel | : provi ding a sem conduct or substrate; providing field oxi 48 MAY 2004
isolation regions in said 5 substrate; providing a tunneling oxide |ayer
overlying said isolation regions and said substrate; depositing a first
polysilicon | ayer overlying said tunneling oxide layer; 10 formng a

phot oresi st mask overlying said first polysilicon |layer; isotropically
etching away said first polysilicon layer and said tunneling oxide |ayer
in areas not covered by said photoresist nask to create said 15 floating
gates with outwardly sloping sidewall edges that intersect said isolation
regions at an obtuse angle O between 95 and 105 degrees using a reactive
ion etch process consisting of C2 gas fhgwed at bet ween 50 and 150 SCCM

I e e o T L

and 150 SCCM wed "at t T asout a pressure

of between 5 aQnd f%brgnggiggag and pl asnma generation using Top coil wth

11 The ﬁethod according to Claim 7 wherein said
step of depositing said interpoly dielectric layer
comprises:

depositing a first layer of silicon oxide
S overlying said fi;st polysilicon layer to a thickneés
of Eetween about 50 and 200 AngstrOms;

deposition a layer of silicon nitride overlying

said first layer of,silicon oxide to a thickness of
. between about 30 and 200 Angstroms; and |
10 depésiting a second 1ayer of siiicon_oxide
overlying said layer of silicon ﬁitride tp’a thickness

A}‘ ' of between about 30 .and 100 Angstroms.




range between 100 and 250 watts and A. bottom bias power
2$ etching away said photoresi st €8 MAY 2004

a top coil power
said floating

range. of between 50 and 150 watts; -
depositing an interpoly dielectric |layer overlying ~

t ayer;

gates, said sloping sidewall edges, and said isolation regions; depositing

a second polysillicon layer overlying 30 said interpoly dielectric; and
structures in said Fl ash

conpleting said fabrication of stacked gate
EEPROM Cel I's. 2 8 MAY 2004 20 13 The nethod according to Claim 12 wherein
polysilicon layer is depositfed to a thickness of between about

said first
1000 and 2500 Aggsjir, 14 The nmethod according to Claim12 wherein
tunnel i ng oxi de ?s 6‘%%?%5 rtf@gﬁiﬁﬁiﬁ‘ﬂrfgsgt‘i‘ﬁ‘eﬁ(ﬁ%eﬁirabwe gorand 100
Angstrons. 15. The Rlethakramceeting to Claim 12. wherein said step of
depositing said interpoly dielectric |layer conprises: depositing a first

| ayer of silicon oxide p%’%‘?jl“;?i AEeFarendurtan syledtystdsi con | ayer to a
t hi ckness of providing field oxide isolation regions in said

5 substrate;
providing a tunneling oxide layer overlying'said
.isolation regions and said substrate;
‘ depositing a first ':polysilicon layer overlying said
tunneling oxide layer;
10 3 forming a photoresist mask o&erlying said first
polysilicon layer; ' |
isotropically etching away sald first polysilicon -
layer ang said tunneling oxide layer in sreas ﬁot
covered by sald phntoreslst mask to create gaila
i5 t;oating gates with outwardly sloping sidewall edges
that intergect said 1591aﬁipn regions at an obtuse angle
of batween 95 and 105 fegress using & reactive ion etch
Process™ " SIStING 0%y L hus flowed at between 50 amd 150
SCCH, CFe gas flowed st between S0 and 150 5CCH, HBr gas
20 flowed at between 50 and 150 SCCH, and O= gam flowed at
bet?eeu about 1 and 5 ECOM, a pressure of between S &nd
20 milldTorr, and Plasma generation using Tep coil uitﬁ
4 top coil power range between 100 and 250 watts uﬁn_a
bottom bisg power range of between 50 and 150 watts; -
25 etching away said photoresist layer;
depositing an interpoly dielectric layer ovérlyinq,
said floating gates, said floping midewall edges, and
-5aid igolation regiona;
depositing a gevond polysilicon layer overlying
30 8aid interpoly dieleotric; and
coqplgging 8uid fabrication of stacked gate
structures in said Flash EEPROM ‘cells, ‘

i




bet ween about 50 and 200 Angstrons; deposition a |ayer of }silicon nitride

overlying said first layer of silicon oxide to a thickness of betmgﬁg
about 30 and 200 Angstrons; and depositing a second | ayer of silicon W@g 2004
overlying said layer of silicon nitride to a thickness of between about 30

and 100 Angstrons.

20

13 The mathod according to Claim 12 wherein said first
polysilicon layer is deposited to a thickness of betwsan

about 1000 and 2500 Angstroms., .

' 14 The method according to Claim 12 wherein tunneling
- oxide is provided to a thickness of between about 30 and

100 Angstroms.

15. The method according to Claim lz_wherein-said

step of depositing said interpoly dielectric layer
comprises:

depositing a first layer of silicon oxide
overlying said first polysilicon layer to a thickness of
petween about 50 and 200 Angstrops;

deposition a layer of gilicon nitride overlying
said first layer of silicon oxide to a thickness of
between about 30 and 200 Angstroms; and |

depositing a second layer of silicon oxide
overlying said layer of silicon nitride to a thickness
of between about 30 and 100 Angstroms.




