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‘A METHOD TO.EABRICATE.A FLOATING GATE WITH A SLOPING

SIDEWALL FOR A FLASH MEMORY
BACKGROUND OF THE INVENTION
(1) Field of the Invention

The invention reletes to a method'of fabriceting

semiconductor memory structures, and more particularly, to

the formation.of'elfloating gate'With a sloping sidewall

for a Flash Memory Cell.

. (2) .Description of the Prior Art

Flash EEPRQMs are.e well—known_class of semiconductor
devices in the,art. These devicee aré used in.many digital
ciréuit applications where'binery data_must be-retained
even if the application system-power'is removed. Further,

these',deviees allow-the data to be altered, or re-written, -

during normal operations.

EEPROM memory devices employ floatlng gates, that 1s

'Fleld Effect Tran31stor (FET) gates completely surrounded

by an 1solat;ng layer such as 811rcon_ox1de.,'The presence
of charge om these floating gates effectively shifts:the

threshold voltage of the FET . This effect can be detected
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by additional oircuitry such that the charge.state of'the

floatlng gate can be used to represent blnary 1nformatlon.

: Spec1f1cally, FLASH EEPROM memories employ EEPROM. cells 1n

a conflguratlon that allows for the bulk eras1ng, or

flashing, of large blocks.of memory cells in a normal

_c1rcu1t appllcatlon without using any external data. era51ng

source, such as ultra-v1olet llght.

FIG. 1 shows a cross sectional.view of a partially

completed prlor art EEPROM memory cell The cell contains a

.substrate 11 typlcally composed of llghtly P- doped

monocrystalline 31llcon." Isolatlon reglons 12 extend above

. and below the substrate surface to effectively isolate this

‘memory- cell from. surroundlng cells. The region defined

along the substrate surface between the two 1solat10n
regions 12. is called the active region. A tunnelinguoxide

layer 13 oVerlaYs the substrate 11 and the isolation

' regions 12. A polysilicon floating gate 14 overlays the

tunneling-oxide,13. ‘The tunneling oxide 13 serves as an.
isolator betweenothe floating gate.14 and the substrate'll.

An 1nterpoly dlelectrlc fllm 15, typlcally comprlsed of

: ox1de—n1tr1de—ox1de, or ONO, overlays the floatlng gate 14.
_ Another layer of_poly3111con-forms the.control gate 16 of

the memory cell. . The interpoly dielectrio film 15 serves
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as an isolator between the control gate 16 and the floating

gate 14. The overlaying layers of control gate 16,'

.interpoly'dielectric_ls, floating gate 14,_and]tunneling

‘oxide 13 over substrate 11 form a 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 from both the substrate 11 and the

control gate 16,'a charde can be stored for indefinite

periods without:any uoltage 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 1nterpoly dielectric 15, and the

floatlng gate 14, and the capac1tor formed by the floatlng

gate 14, the tunneling oxide 13, and ‘the substrate 11. If

the voltage from the floatlng ‘gate 14 to the- substrate 11

is large enough, charge movement w1ll occur as electrons
-'_tunnel from the substrate 11 to the floatlng gate. 14

" through the_tUnnellng_ox1de layer'l3. ‘When the voltage'

from control gate 16 to-Substrate 11 is'reduced'or removed,'

the charge is trapped on the floating gate 14 and the data

is retained in the.memory cell. The presence of this
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charge increases the threshold voltage of the memory cell

FET, and thlS can be detected by a cell sense c1rcu1t

A promlnent feature of the prlor art cell shown in-

Flg 1 is severe topology 1ntroduced by the f1e1d oxlde 12

.1solatlon; Because the poly8111con-float1ng gate 14

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 corner exists at the

poly81llcon floatlng gate edge 18 ThlS sharp corner
_causes problems with the integrity of the 1nterpoly

~dielectric 15. The effectlve breakdown probablllty of ‘the’

interpoly dielectrlc is 1ncreased, as is the”amount_of .

'charge.leakage between the floating'gate 14 and the'control

gate 16f 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,

compromlslng ‘the data held on the cell. ' Y

A prior'art'attempt to reduce-the'sharpness of the
floatlng gate edge 1s taught in U. S Patent 5, 635 416 to

Chen et al. Chen et al teaches the formatlon of tunnel

 oxide and the flrst part of the floatlng gate polys111con
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'_prior to the formation of the isolation oxide. The second -

part of the flbating gate extends on to.the isolation

- oxide. U.S. Patent 5,573;979 to Tsu et al shows a Slbped-

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

d;reCtea at capacitor eiectrodes and teéches a sloping

éideWali method for whaﬁ Are termed-ﬁnreaﬁtivé and barrier
layefé such as platinuﬁ:and_fitanium hitride, reépecﬁiveiy,_
iﬁ the fbrmatioﬁ of threefdimensiohal capacitof nodés 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 manﬁfattu;able'method of

-fabricating a-flbating 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 devide-ha#ing

an improved profile and performance.
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Yet another object of the present invention is to-
provide an effective and manufécturable-floating gate

structure for a Flash EEPROM device. -

| In ac?brdancé with'ﬁhé objects Qf-this inveﬁtion, a
.lnew méthod of fabricating floating gates for ?lash EEPROM.
devices héviné an improved profile and pérforméﬁce is
achieved. .A;sémicondu§tor Subétraté.is ﬁrovided} | Field
oxide rééidns are férmed in this substrate. A tunneling

~ oxide layéi.is.prdvided:bverlyiﬂg_both.thé subétrate énd
_thé fieid oxide.regiohs. .A first po;ysilicon layer is
déposited'overlying theléﬁhﬁeiiné 6xid§llayer;: A .
photofesist layef is depositéd;oﬁerlying_thé-firét
'poiysi;icén:layer; The.photoresisf layer is patterned and
etghéd-leaving'fﬁe phdforesist’layer whéte_the floating-
gatés-a;e tq be'definea; The phbtorésist layer, fhe first' 
. polysiiicon léyer'and the tunneiihg oxide_are-speciélly'
etched to botﬁldéfine'th§ fl§éting_gété struCtures and to
create hon—vértiéal; sioéihg'sidewails.. Thelremaihing ”
photdresist'laYé#-is femqved. 'An'interpbly dielectric ié.
deposited.overijing-the floétiug gates and the rést of the
wafer. A second polysilicon layer is.debbsited ovériyiﬁg;
'the ihterpoly dieleé;ric-cpmpietipé thélfabrication of the

floating gates for the Flash/EEPROM devices.
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Also in accordance with the objects of this invention,

a floating gate for a Flash EEPROM device having an

. improved profile and performance is achieved. Field'oxide.

i§olatioﬁs define -active areas in the semiconductor
subétrate. A tunnelingléxide ove;lie$ the.semiccnductor
substrate;_ A~polySiliédn.floating gate.with non-vertical,
;ioping sidewalis ovérlieé_fhe tunﬁeling oxide. An |
interpoly_dieiecfrié ovériieé.the5pdlyéilidon layér.' A'

control gate of-pOIYSilicqn 6vgrlieé the interpoly

 dielectric to complete the floating gate structure for the

" Flash EEPROM device.

BRIEF DESCRIPTION OF THE DRAWINGS

' In the accompanying drawings_formihg a material'part_--

of this description, there is shown:

Fig. 1 schematically'illustrates'in Cross-sectidnal
represeﬁtatidn a partially cdmpieted Flash EEPROM strudture

in accordance with prior art.
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Figs. 2 through 6 schematically illustrate in cross-
séctibnal_represéntation a preferred embodiment of;the

present invéntion.
DESCRIPTION OF THE PREFERRED -EMBODIMENTS

Without.unduly limiting the scope of the invention, a

. preferred embddiment:will be described herein. " Referring

now more pértiduiarly to'Eig. 2;_theré is ‘illustrated a

portion of a partially,éompleted memory cell.

_Semiconductor substrate;21'is preferably cémposed of

- monocrystalline silicon. 1Isolation regions are formed in

or on the semiconductor'subétrate 21 to isblate"acti#e
regions from one another. For example, as shown in Fig. 2,
field oxidation regions 22 are formed through the method

known as local oxidation. of silicon (LOCOS).
The surface of the'substrafe-is-éxidized to form the
tﬁnneling'oxide-laYer 23 to a thickness of between about 30

and 80 Angsttoms;'

Referring now to Fig. 3, a first polysilicon layer_24

. is deposited convenﬁionally.overlying the tunneling oxide



9 _
preferably to a thickness of between about 1000 and 2500

Angstroms.

_,Refefrihg to Fig.:4,_a léyef of photofesist.25 is
dgpoéitéd overlYing the f;rst_pélysiliéon layer 24 to a
thickness of between ébout_G and .8 microné. The.
photofesisﬁ layer 25 ié'exposed to a conventional
: éhotolith§graphic masking_oﬁeration, The photoresist.layer
-25 is developedlcdnventional;yfto_open'areas where the

.first'polysilicon 1ayer 24 also must_be etched away.

Referring now to.Fig;-S,'the_first polysiliconllayer
 is now préfefably'étched using a_réactive ion efching (RIE)
'process. This ié the kéy feaﬁurefof the invénfion méthod.
In the éonventional art,.the.polysilicOn is etched using an
anisqffopic etéh that resﬁlts.in very stéep, ideallY'
vértical, édges. In the invéntion, tﬁe'pOIYSilicbn is
etched_usihg an isotropic etch fhat removes material in::
both the vértical'as we1l as-tﬁe horizontal directions.
Thé resulﬁihg.structural profile is shown in Fiq. 5, The_
sidewalls 6f.the_floating_gate 24 forméd'aq*obtuse anglé
with réspeét to~the-surfa¢e of the'isblation region Zé'aé

indicated by 27. The angle 27 formed by the sloped .



L3 ]

| .10 - .
sidewall edges and the isolation region 22 is. .between about

95 and 105 degrees.

The process composition, gas flow, pressure, and
plasma potential for the RIE . etch. were carefully developed
to achieve-the_de31red etching profile. SpeCifically,_Clz
gas is flowed'at betWeen'ahout 50 sccM and 150-SCCM,'CF4 gas
is flowed at'between:about 50 SCCM and 150 SCCH; HBr gas is
flowed at between about 50 SCCM-and.ISO SCCM, and O, gas is -
flowed at hetween ahout l SCCM:and S.SCCM. A pressure of

between about 5 milliTorr and 20'milliTorr is maintained

- during etching.' Finally a plasma is generated using Tcp

c011 w1th a top c01l power range between about 100 watts

and 250 watts and a bottom bias power_range_of between

about 50 watts'and 150 watts.

Follow1ng the poly31llcon etch, the remainlng

'photore31st layer 25 is now removed Referrlng_now_to Fig.

6, a layer of 1nterpoly dielectric 28 is deposited'
overlying the floatlng gate 24 The interpoly dielectric

layer is’ preferably an- ox1de -nitride- ox1de, or ONO, stack.

' The_interpoly dielectric is comprised of a first layer-of

E silicon oxide having:a thickness of between about 30 and

160 Angstroms, a second laYer of silicon nitride-having a
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thickness of between about 30 and 160 Angstroms, and a

topmost layer of silicon oxide having-a.thicknessfof 

~ between about 30 and 100 Angstroms.

‘A second polysilicon layer 29 is deposited overlying
the interpoly dielectric. -This laYer will form the control .

gate of the completed Flash EEPROM deﬁice{'

It can now be demonstrated_how'the process features

positively impact thé'performance and manufacturability of

the floating gate structure. Compare the cross section of

' the preferred embodiment version of the floating gate

depicted in Fig. 6 with.thé_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 ihterpoly dielectric. Because of this profile,
" there are.feweﬁ points of leakage in the dielectric and,

_thérefore, the floating gate of the preferred embodimént

holds chérge better than that of the prior -art.

The prqceés of the present"invention provides a very
ménufacturable process fqr.fabricating_a flbating'gate

haviﬁg_sloping sidewalls_fOr a Flash EEPROM. The device
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improves on the prior art as deSc:ibédVaboveHand represents

a new apprdaéh to Flash_EEPROM device processing.

 Whi1e.the invention has been partiéularly shown and

' described with reference to.the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made

“without departing from the spifit'and scope of the

invention.
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CLAIMS 13

1. A method for fabrication of an integrated circuit

.device comprising:
providing a semiconductor substrate;

providing field oxide'isolation regions in said

"substrate;

providing a silicon oxide layer overlying said
isolation regions and said substrate;

depositing a first polysilicon layer overlying

‘said silicon oxide layer;

forming a photoresist mask overlying said first

 polysilicon layer;

etching away said first polysiliéon layef and .
said silicon oxide layer in-éreas_nqt coveréd by said
photofesisﬁ mask to'create sﬁructures with out&ardly
sloping sidewall edges;

removing said phdtoresist'mask:'

depoéiting an iﬁterpoly diélectric-layer
overlyingjsaid sﬁructures,'said'sloping_sidewall
edgeé, ahd]said isolation regions}

dgpositing a'secohd polysilicon layer.overlying
said interpoly dielectric; and |

éompieting said fabrication of said integratéd

circuit device.
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2. The method according 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-slopihg

sidewall edges uses an isotropic étching process.

4. The method accofding to Claim 1 wheieiﬁ said step:of
etching away to creatée said structﬁres_with outwardly
slopiﬁg sidewall eagés uses a reactivg iop etch . |
pfocess;comprisiﬁg Clz'gas flowed at between abéut 50
SCCM and 150 SCCM, CF,; gas fioweﬁ at between about 50
sceM and 150 SCCM, HBr gas flowed at betﬁéen-abbut.SO
SCCM and 150 SCCM, and O; gas flowed at between about 1

SCCM and-SISCCM,'a pressure of between about 5

milliTorf and 20 milliTorr;.and‘plasma'geheration

usiné Tcp coil with a top_cdil power range between"
abdut_100 watts and 250 watts and a bottom bias power

range'of between about 50 watts and 150 watts.

‘5. The method accérding to Claim 1 wherein said etching
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to create said structures with outwardly sloping

sidewall edges~forms said slbping-sidewall edges that
'infersect said isolation regions at an obtuse angle of

between about 95 and 105 degrees.

6. The method according to Claim 1 wherein said
photoresist layer is deposited to a thickﬁess of

between about 6 and 8 microns.

7. The méthodiaccordiné.to,Claim 1 wherein said step
of depositing said ihterpply diéléctric layer-
cbmpfises:- |

depositing.a-first.iayer'of siliéon.OXidg
.ovenlying-said fifst_pqusilicon layer té a thickness
pf befwegn.abgut’30 and iO0 Angé;#éms;

debésiﬁion a layer of silicon nitride 6vériyin§ 
‘said first layef'of silicpn'oxide.tO'a thickness of
between about 30 and 100 Angstfoﬁs;.and

| forming a second'layer_of silicon o#ide overlying

said_laYer of silicon nitfide to é thicknésé of

between.about“BO and 100 Angstroms.

'8, A method for fabiication of stacked gate stfucture

for a Flash EEPROM cell:
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providing a semiconductcr substrate;
providing fielq oxidelisolation-regions-in said
subatrare; |
providing a tcnnelihg oxide layer overlying said
.isolaticn'regions_and-said substrate;

depositingna'first'polysilicon layer overlying

said tunneling oxide_layer;'

fbrming-a photoresist mask overlying said first

'poly5111con layer;

1sotrop1cally etchlng away sald first poly3111con

1ayer and said tunnellng oxide layer in areas not

' covered by said photore31st mask to create said.

floatlng gates w1th outwardly sloping s;dewall edges,
etching away sald photore51st layer,

depositing an 1nterpoly dlelectrlc layer

'overlying said'floatinc;gates, said sloping sidewall

edges, and said isolation-regions;

dep051t1ng a second poly5111con 1ayer overlylng
sald 1nterpoly dlelectrlc, and

completlng sald.fabrlcatlon:of stacked gate

structures in said Flash EEPROM cells.

‘9. The method'accordihg to Claim 8 wherein said first
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polysilicon layer is depoéited to-a thicknéss of

'between about 1000 and 2500 Angstroms.

10, Thé-method accofding to.Claim 8 wherein said step

of isotropically etghing away to create said floating

fgateSIWith outwafdlj sloping sidewall edges uses a

reactiye ién'etch process comprisihg Cl, gas flowed ét_
betwéen abéut_SO SCCM and 150 SCCM; CFy Qas flowed at.
between aboﬁ£'50 SCCM ahd 150.SCCMf.HBr gas:flowed:at”
betwéen ;b6u£_50_SCCM énd_lSO SCCM,.and Qz.gas flbwed

at between about. 1 SCCM and S.SCCM) a pressﬁre of

| between about 5:miiliTorr and 205milliT¢£r, and plasma

generation using-Tcp3goil with a top COil'powé; range

between about 100 watts and 250 watts and a bottom

' bias'power'rahge of between aboﬁthO watts énd 150

watts;

11. The.method accoiding to Claim 8-wﬁefein said

-etching'ta create Séid floating gates with sloping

éideWall edges forms said sloping sidéWall'edges that
intersect said isolati6n regiohs'at_an obtuse angle of

between about 95:and 105-degrees{

12. The method according to Claim 8 wherein tunneling
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oxide is provided to a thickness'éf-betwéen about 30

and 100 Angstroms.

"13. The method according'to Claim 8 wherein said
. step of'depositing'said interpoly dielectric layer

 comprises:

'depositing_a,first layer of silicon oxide

overlying said first pblysilicon layer to a thickness

‘of between about 50 and 200 Angstroms;

deposition-a 1ayér of silicon nitride overlying

said first layer of silicon oxide to a thickness of

.betweeﬁ about 30 and 200 Angstroms; and.

depositing a second laygr of silicon oxide
overlying_éaid layer of silicon nitride to a thickness

of between about .30 .and 100 Angstroms.

.14. A stacked gate for a Flash EEPROM dévicé

. comprising:

field'pxidé isolation regions pﬁ and in a
éeﬁicondﬁchr substraté to'isolété thélactive devicé'
area;

'_a-tﬁﬁneiipg dXide l§§ér overijihg_said

semiconductor substrate;
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; a first polysilicon layer ovérlyinq said -

. tunneling okidé lajer wherein said pglysiliéon3layer

énd_said‘tunneling oxide_fo;m a floating gate and

wherein.the'sidewall"edges of said.floating_gaté_are“

outwardly sléped;_. |
'an-interpoly-giélectfic léygr pverlying.said

floating g#te;.and |

. a secqnd_pélysiiiédn layér overlyinglsaid

inte;poly_dielegtrié layer Whefein $aid second

polysilidon léyer forms a'COntrql_gate-overlying said

. floating gate completing the stacked gate for:a Flash

'EEPROM device.

15. The device according to claim:14-whereih said
tunneiing_oxidé has a thicknéSs;of,between abodt 30

and 200 Angstroms.

16..The_devicé.a¢cording to éiaim 14 wherein said

first polysilicon has a thickness of between ébout.

1000 and 2500.Ang$troms._

17. The device according to claim 14 wherein at -
‘least one of said sidewall edges_oflsaid floating gate‘

extends over said isolation region.
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18.The devicé according to claim'i4'wherein said

sidewall edges of said floafing gate are sloped such’

" that said sidewall_édgés intersect said isolation =

. regions at an obtuse angle of between about 95 and 105

degrees.

19. Thé’devi¢é according to claim 14 wherein said

‘interpoly dielectric layer comprises:

a first layer of silicon oxide overlying said

first polysilicon layer having a thickness of between

about 30 and 100 Angstroms;

a layer of silicon nitride overlying said first |
layer of silicon oxide having a-thiékness of between
about 30 and 100 Angstroms; and

‘a second laye;_qf,siiicon oxide overlying said.

',iayer of silicon‘niﬁfide haVing a thickness of between

about 30 and 100-An§strbms;

20. The device according to claim 14 wherein said

- semiconductor substrate is comprised of

monocrystalline silicon.



