A METHOD TO FABRI CATE A SQUARE WORD LI NE POLY SPACER BACKGROUND OF T,

[ NVENTI
the fab

mWOG (1) Field of the Invention The invention répa
ri Mm w ‘ ntegrated circuit devices, and nore particul arly,

structure fomretidde creation of square word |line poly spacers. (2)
Description of the Prior Art Sem conductor device perfornmance continues to
be inproved by virtue of reductions in device dinensions and by increasing
devi ce packaging densities. This also applies to the creation of CMOS
devi ces, whi chyfemiap RSB @ATRAR SQUARE astROTEIINNEY POHEVERRGER Read Only
Menory (ROM) devices are an inportance part of devices. that provide
functions of data storage, these devices are also referred to as

mask- progr anmred devi ces. ROM devi ces are non- volatile nenories, indicating

that data is pernanentl¥Aé%¢§dq$d By bhe 9@V%ﬁ¥¥bN'C“|y read operations can
the I n

be perforned, changes o

ata contal ne

after the device has been fabricated. Custom zation of the device is

however

(1) Field of the Invention
The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a structure for the

creation of square word line poly spacers.

(2) Description of the Prior Art

semiconductor device performance continues to be improved by
virtue of reductions in device dimensions and by increasing
device packaging densities. This also applies to the creation of

CMOS devices, which‘from an essential part of flash memory

devices.

Read Only Memory (ROM) devices are an importance part of
devices that provide functions of data storage, these devices are
also referred to as mask-programmed devices. ROM devices ére non-
volatile memories, indicating that data is permanently stored in
the devices. Only read operations can be performed, changes of
the data contained in the memory cannot be made after the device
has been fabricated. Customization of the device is howeyer

economically feasible since only one mask needs to be used for
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econonical |y feasible since only one nmask needs to be used for 1

t he

fabrication of the ROM device, ROM ' devices have been i npl ement ed 6usirRilo

bi pol ar and CMOS t echnol ogi es.
t he presence or

(the access path of the nenory) to a bit line (the sense line of the

menory) .

No data elenment will be provided if the word line and the bit
line are not interconnected by a circuit elenent. If therefore the word

line of ahBOFkbsiestlomtel, theh®ONr dswhce, cROM desiigesl hewet heedit |ine

indicates that a "1" is stored in that data element (or bit |ocation).

Different data are stored in a ROM device by
t he absence of a conductive data path between a word |ine

The

absence Qhplefbfted @NMrideigaularl end CHOS cat@mdlegties.”" 0" is stored in that

bit | ocation.

These devices are programred individually, some ROM devices are

manuf act ured puebetbat @da,ar@NetoeBlieirdai KON ddd cedbyi the prewmicshor

Fi el d- programabl e ROM (PROV) devi ces are ROM devi ces that
are typically manufactured in small quantities, using CMOS technol ogy.

erased. O her ROM devices allow the data to be erased and to be re-entered

after thepdeyloenbasopegmnotmueiaet taed. pRtnsnitedRAMIGERRIe detices
depend on the

ong-
access path of the memory) to a bit line (the sense line of the

memory). No data element will be provided if the word line and
the bit line are not interconnected by a circuit element. If
therefore the word line of a ROM i% activated, the presence of a
signal on the bit line indicates that a w17 is stored in that
data element (or bit location).lThe absence of a signal on the

bit line indicates that a “0” is stored in that bit locat;on.

Field—programmabie RbM (PROM) devices are ROM devices that
are typically manufactured in small quantities, using CMOS
technology. These devices are programmed individually, some ROM
devices are manufactured such that data, once entered into the
device, cannot be erased. Other ROM devices allow the data to pe
erased and to be re-entered after the device has been
manufactured., Erasable PROM (EPROM) devices depend on ﬁhe long-
term retention.of data, the data is retained as an electronic
charge and is stored on a polysilicon gate of.a MOS device. The
term “floating” in this structure refers to the fact that no

electrical connection exists to the gate that retains the



termretention of data, the data is retained as an el ectronic charge and
i's stored on a polysilicon gate of a MOS device. The term"fl oatl AR; 206
this structure refers to the fact that no electrical connection exists to
the gate that retains the 2 electrical charge. The charge is therefore
transferred fromthe silicon substrate through an insulator. In order for
the charge to be erased, the stored charge nust be erased fromthe
floating gate. EPROM cells typically consist of only one transistor,

meki ng it ep@ssl £l tchadiRat eheeelahyght degtaddtaf oaier ayanofe BRROMrogelthe. To
counter disadvantages of data erasure of conventional EPROM devi ces,

el ectri C%iﬁ@ér@%ﬂiﬂ&ﬂ%@%ﬁré&%ﬁw Ssiamshean oeaent sk tMstohalrgeh
menory EEPROM devi ces use a double poly structure whereby the upper poly

forms t heﬁ&%ﬁ rda A€ t3d skBeeWOENa t 18R s tOTel RRaBEEUSEMH hdid1RathRgl over
poly is the oating gate. In a typical structure, the control-gate poly

over | aps ggfeephféﬁ@ cd199 Qgﬁigg%%sc@r@ia&te@f ba1yheneharmed i stder the

fl oating ext ensi e control gate over the channel region

S relerhefi 1o @5 121500 €5 ebanceiBy wIue dehane) Sk k@ bs BerbAqul red

because I'S "er ase a positive charge Temains on the floating

gate invertj the ch el  j e sesies, tional
enhancene%?iir:%'de % rcé)rﬁlgﬁ%s%tro?ggrgg{}/ae{‘l{:%ﬁ%reg% Ic%\?:vtaofrxger -nven on
EPROM devices, electrically erasable PROM’s (EEPROM’ s) have been

created.

Most flash memory EEPROM devices use a double poly structure
whereby the upper poly forms the control gate and the word lines
of the structure while the lower poly is the floating gate. In a
typiéal structure, the control-gate poly overlaps the channel
region that is adjacent to the channel under the floating gate.
The extension of the control gate over the channel region is
referred to as the series enhancement-mode transistor and is
required because when the cell is erased, a positive charge
remains on the floating gate inverting the channel under floating

. gate. The series enhancement-mode transistor prevents the flow of

current from the source to the drain reglons of the MOS device.

Device performance improvements are typically achieved by
reducing device_dimensions, which further enables increased

packaging density of the created semiconductor devices. It is



current fromthe source to the drain regions of the MOS device. Device

. performance i nprovenents are typically achieved by reducing devi eMAR 2006
di mensi ons, which further enables increased packaging density of the

. created sem conductor devices. It is 3 therefore desirable to create nenory
- devices that can be created over smaller surface regions of the substrate
over which these devices are created. One of the frequently applied

nmet hods for the creation of etched |layers of poly, that are part of a

split gaherklfash aegpfybp@vd&%reia%etmem%g @év&ésart%%%ahay@rcfe@éed
overlies a layer of poly that needs to etched. For instance and

speci 1 Calviey 3HG1E8PC0uPYadd1% dgd YRl beNe POk S SPAREY oTHRL whEon il f or

the word line of menory ape of e po y spacer is of

Critical doFRRLLance. cHOErSDY healeetRRAPELau ol 9595801 ob Mooty ey 05

section i s advant ageous create av0| punc rough. The

: Rée?? carsy %%ﬁfﬁﬁt%% o FryErS 8“?“& : ucattﬁ‘%%%r BPE ¥5 2P %gi?;ng
Séaghes ;ﬁsplfﬁaagt@éf$§ZQl C%at?ﬁg# Sﬁ%Pprocegfrémgsg gFBIeEQI Chlen et

al.) shows g, qulti-layer & $oly that needs to etched. For instance and

specifically addressed by the invention, poly spacer must be

created for the word line of a flash memory device. The shape of
the poly spacer is of critical importance, whereby a gate spacer
of essentially square cross section is advantageously created to
avoid problems of punch through. The iﬁvention provides a method
for the creation of square poly spacers for the created word line

of the flash memory structure.

US 5,915,178 (Chiang et al.) shows a related split gate

process.

US 6,165,845 (Hsieh et al.) teaches a split gate flash with

a poly tip process.

US 6,069,042 (Chien et al.) shows a multi-layer spacer

process in split gate flash.



process in split gate flash. 4 US 6,312,989BI (I @i h et al.) shomg(? sgliéﬁS
gate flash with a poly spacer process. US 6,242,308 Bl (Hsieh et aI.)MA WA

a split gate flash with a spacer. US 6,001,690 (Chien et al.) and US

6, 204, 126 Bl (Hsieh et al.) showrelated split gate flash processes.
SUMMARY COF THE | NVENTI ON A principle objective of the inventionis to
provide a nethod for the creation of square word |line polysilicon spacers
for split-gate nenory devi ces, Another-objective of the inventionis to

i nprove punch-U$ h§ o3iph, $9FIAMtedheet 0oal spl showmtae dpldshgatent lagrewithsa Yet
anot her objective of the invention is to inprove insulation of split-gate
flash nengbyydeyiees prodddd.l further objective of the invention is to
provide an 1 nproved barrier against inpurity penetration into the surface
of an underlying substrate for split-gate flash nmenory devices. 5 In
accordance wth the objectives of the invention a new nethod is provided

for the etch ofgworshd,isve mal(usibhcep spacesrowd kalspleenmypes tf nfstsplith- gat e
flash nenory devices. Under a first

a spacer.

UsS 6,001,690 (Chien et al.) and US 6,204,126 Bl (Hsieh et

al.) show related split gate flash processes.

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a
method for the creation of sguare word line polysilicon spacers

for split-gate memory devices.

Another-objective of the invention is to improve punch-

through performance for split-gate flash memory devices.

Yet another objective of the invention is to improve

insulation of split-gate flash memory devices.

A still further objective of the invention is to provide an
improvéd barrier agalnst impurity penetration into the surface of

an underlying substrate for split-gate flash memory devices.



enbodi ment of the invention, a conventional word line polysilicon gate
etch is augnented with an oxygen plasma treatnent of the |ayer ofg y®r Q006
line polysilicon that is etched as part of this etch. Under a second
enbodi nent of the invention, a conventional five step etch procedure is
replaced with a three step etch procedure that is based on Si ON or,

har dmask technol ogy. BRI EF DESCRI PTION OF THE DRAWNGS Fig. |a shows a
cross section of a floating gate and a control gate of a conventi onal

split-gate fla%h aeoorganesd lwithi ghel bb$bovbves fotheseatentiof & new
conventional split-gate flash nmenory cell having two control gates

overlyi ngne®Roblll 08t hAg it &or khe. eBcSNOFSveXL£NARe PELYEODNL &n %Tpﬁdeireon
substrate over the surface of which have been created a | ayer of gate

oxide, a kayersosh POHY-dr @AM tWRkED Plé’mtn%n%%‘gsheﬁ%gs hagndeen eneated
for the etching of the undérlying two |ayers. - 6 MAR 2006 Fig. 3 shows

a Cross sgphb@iméht e5s i 113XRNt9bn POk Yedn Vit 1 PRENWBEENBthe (5L RHALGERSI St

mask has been renoved. Fig. 4 shows a cross section after a layéer of

i nterpoly g exi decfags e%ecré%_su&eﬁ %d%fyééy La@tnapgwa@m dreepeet ched
in accordance wth the Tnvention tor the treation of control gates.
layer of word line polysilicon that is etched as part of this
etch. Under a second embodiment of the invention, a conventional

five step etch procedure is replaced with a three step etch

procedure that is based on SiON or hardmask technology.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. la shows a cross section of a floating gate and a

control gate of a conventional split~gate flash memory cell.

Fig. 1b shows a c¢ross section of a conventional split-gate
flash memory cell having two control gates overlying two floating

gates.

Fig. 2 shows a cross section of a silicon substrate over the

surface of which have been created a layer of gate oxide, a layer

of poly-1 over which a photoresist mask has been created for the

etching of the underlying two layers.,



N\
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A conventional nethod of creating
partially conpleted split- gate flash nenory cell will first be brg ¢faRY0s
reviewed. The cross section that is shown-in Fig. lais referred to for
this purpose, shown in the cross section of Fig. lais a conventional
flash-menory cell in which a doubl e-polysilicon (poly) structure. is
applied. A MXS transistor. is formed on a sem conductor substrate 10
having a first doped region 12, also .referred to as a Vss source region, a

~second doped rEigi.of Bhowsaksoroed esesd dno adsed gRhéi ayeagidIn podyChagpe!
region 1.6, a layer 18 of gate oxide, a floating gate 20, a layer 11 of

i nter - gatkeerdiedichety,i thanghateossisd n@ake had. beewstdiveql0 and channel
region 16 have a first conductivity type, the first doped region 12 and 7
~the second doped region 14 have a second conductivity type that

i s-opposite the first conductivity type of the substrate 10. As seen in

Fig, la, the fiigst 4dehedsr &0t ksl Zect iBhONEEEH 4 M a i€ 03U the
substrate 10. The second doped region 14 is. alsglproeﬁdghegﬁp€%% surface

of the subdideaheslBeanddésosPacedmPar talbenyt hs fj st doged. region, 12, The
channel region 16 is in the surface of gugstrgﬁéba5§§ﬁg ng?ocalgﬁ#ﬁéimeen

the firsiacaoddahbe eeRnchdoRRLa0hons: 19 alkhd Fespeatively.; Gate oxi de

| ayer 18 overlies the substrate 1 oating gate

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A conventional method of creating partially completed split-

-gate flash memory cell will first be briefly reviewed.

The cross section.that is shown in Fig. la is referred to

for this purpose, shown in the cross section of Fig. la is a
conventional flash-memory cell in which a double-polysilicon
“(poly) structure is applied. A MOS transistor is formed on a
semiconductor substrate 10 haﬁing a first.doped region 12, also
.referred to as a Vss source regibn, a second doped region 14,
alsb referred to as é drain regilon, a channel region 16, a layer
18 of gate oxide, a floating gate 20,Ia layef'll of intef-gate
dielectric and a control gate 24, Sﬁbstrate 10 and channel region

16 have a first conductivity type, the first doped region 12 and



whi ch t he
substrate
gate oxid
connecti o
| ayer of

the contr
hi ghl i ght
t hat has
mat eri al

polysilic
20, wusing

reis no direct electrical connection and which overlies the

10, is separated fromthe substrate 10 by a thin |ayerg 1ﬁA@hm6

e. The control gate 24, to which there is direct electrica
n, is generally positioned over the floating gate-20 with the

Intergate dielectric 11 provided between the floating gate 20 and

ol gate 24. The surface of the floating gate 20 has been

e surface urface 26 typically is a | ayer of poly-oxide
g’é%rﬁ%%?[e @ﬁiogu ahéve)fa |%gmnoé@o@fduﬁmaitgngtm ehat

(#%cmnd|2|ng t he | ayer of sem conductor material 20 such as
tIRRONES K8én fdép‘ésc@@@ucrbivim tyipeatifoheokubderatd qat.i ng g

ate

nmet hods of photolithography and exposure to expose |layer 20 over

surface area 26. 8 " S MAR 2006 In the structure showmn in Fig. la, contr
gate 24 overlaps the channel region 28, which is adjacent to channel 16

ol

t he

underneath thésf|segni Ay age 2o, e Sfitstucioped regheeder HeGaUse dehen,
cell is erased, a positive charge is retained on the floating gate 20. As
aresult,

series NCS transistor (fornmed by the control gate 24 ove

QHﬂa&@M@ﬁnelothhed&mbSt&aﬁd(ﬂnl|m@egab@oag d&ﬁ&@ﬁﬁ&hb%VQﬁtgg The
r

e channel

regi on 16)alise peosédedniortlies surface of the substrate 10 and is spaced

~apart from the first doped region 12. The channel region 16 is in

‘the surface of substrate 10 and 1s located between the first and
the second doped regions, 12 and 14 respectively. Gate oxide
layer 18 overlies the.éubstrate 10. The floating gate 20, to

which there is no direct electrical connection and which overlies

- the substrate 10, is separated from the substrate 10 by a thin

layer 18 of gate oxide. The control gate 24, to which there is

‘direct electrical connection, is genefally positioned over the

floating gate 20 with the layer of intergate dielectric 11
provided between the floating gate 20 and the control gate
24 .

.The surface of thg floating gate 20 has been highlighted as
surface 26. Surface 26 typically is a layer of poly-oxide that
has been formed over the sdrface of layer 20 of floating.gate
material by oxidizing thé layef of semiconductbr material 20 such
as polysilicon that has been depdsited for the creation. of the
floating date 20, using methods of photolithography and exposure

to expose layer 20 over surface area 26.



prevent current flow fromthe control gate 24 to the floating gate 20. The
length of the transistor, that is the overlap 28 of the control-gpmﬁRéms
over the channel region 16, determnes the cell performance. To progr

the transistor showmn in Fig. la, which shows the placenent of a gate
voltage Vg, a source voltage Vs and a drain voltages Vd, charge is
transferred fromsubstrate 10, through gate oxide 18 and is stored on
floating gate 20 of the transistor. The anount of charge is set to one of
two levels to indicate whether the cell has been programmed to an "on" or
to an "off" condition. Reading of the programed state of.the cell is

acconpl i shed fiy @eplatird@taper oRswRt n Vild.ades icontbel sgate 24l dveaidpdr ai n
24 regions of the cell and to the control gate 24 after which the anount

of - char ggn o dfatl Heqddhe28) WBiEeNSLthdjEeener gs8echigneDrienimieahetbl
cell, the progranm ng process is 9 6 MAR 2006 reversed, that is charges are

removed {xongidg il PatiR020at €n20 sOMidtARSTG hieBBeliNbe cBsgamedatket 0 t he
substrate 10 through-the gate oxide 18, Electron tunneling occur$ through

the oxidg.{foi PN ARANY BastBele NV fLaN Hedhhhaht o6 ie tfivaanags section
of Fig. Ta The prografm ng and erasing of an EEPROM cel | is
gate 20. As a result, the channel 16 under the floating g;te-zo
becomes inverted. The series MOS transistor (formed by the
control gate 24 over the channel region 16) is needed in order to
prevent current flow from the control gate 24 to the floating
gate 20. The length of the transistor, that is the overlap 28 of

the cohtrol gate 24 over the channel reglon 16, determines the

cell performance.

To program the transistor shown in Fig. la, which shows the
placement of a gate voltage Vg, a souf;e voitage Vs and a dra;n
voltages Vd, charge is transferred from substrate 10, throqgh
gate oxide 18 énd is stored on floéting gate 20 of the transistor.

' The amount of charge is set to one of two levels to indicate
whether the cell has been programmed to an "on" orx to aﬁ .Foff"
condition. Reading of the prqgrammed state of the cell is
accomplished by applying appropriate voltages to the source 12
and drain 14 regions of the cell and to the control gate 24 after
which the amount of.charge on floating gate 20 is sensed. To

erase the contents of the cell, the programming process is



acconpl i shed.electrically by using the familiar Fow er-Nordboirn (F-N)
tunneling effect, During programming, a sufficiently high voltagetisar 2006
applied to the control gate 24 and the drain 14 while the source 12 is
grounded, creating a flow of electrons in the channel region 16 in the
substrate 10. Sone of these . electrons gain enough energy to transfer
fromthe substrate 10 to the floating gate 20 through the thin gate oxide
| ayer 18 by neans of Fow er-Nordhei mtunneling. As the el ectron charge

i ncr easeseversdée, filoat iiRg c8ak8e40ard NE ra.c field_between the control
gate 24 and the drain 14 is rgduced, Wﬂﬁ%ﬁﬁieéﬁﬁbggﬁhéf°%ﬁ e ROw. O
i mpor t anbg tradd Aimrekkhag 1 d is ,the quality and the

t hi nness of the tunnelra}?ng oglﬁggé%% %%cp€&§ %ﬁ‘& SPRECFE bt hd hyemah2oher om
the subs§gtd exlilte l1BAA¥ELE verse tunneling, or erasure., for
exanpl e, may occur if tEe ?g%%e éﬁgﬁ%ﬁgg PERESJERF A, ther ozider barriers
to reversgyidingly Rgqa d in,a lit-gate flash nenory cell

- 6 MAR %%6 A si dewal Pgsggé%rﬁ%;ﬁg%%.%ﬂhigg}Wﬁ?c@I%hepmsdedeot/bmnthe
gate does not

exposedcgp@ﬁ%qelgt the. control gate 24 where this control
overly the #Ioatlng gate 20. It is the creation of this sidewall spacer

that is addressed by the invention. For the creation of. the split-gate
flash nenory cell that is :

The programming and efasing of an EEPROM cell is

10

accomplished electrically by using the familiar Fowler-Nordboirn
(F-N) tunneling effect. During érogramming, a sufficlently high
voltage is applied to the control gate 24 and the drain 14

while the source 12 is grounded, creating a flow of electréhs in
the channel region 16 in the substrate 10. Some of these
electrons gain enough energy to transfer from the substrate 10 to
the floating gate 20 through the thin gate oxide layer 18 by
means of Fowler-Nordhgim tunneling. As the electron charge
increases on the floating gate 20, the.electric field bétweén:tﬁe
control gate 24 and the drain 14 is reduced, which reduces the
electron flow. Of importance in.the tunneling region 30 and 32 is
the quality and the thinness of the tunneling oxide 18 separating
the floating gate 20 from the substrate 10. Inadvertent reverse
tunneling, or erasure, for example, may occur if the tunnel oxide
18 is degraded, or other barfiers to reverse tunneling are not

formed “in a split-gate flash memory cell.

10



shown in cross section in Fig. la, the Vss source region 12 is first
inpurity inplanted into the surface of substrate 10. A thin |aye #gr abos
~gate oxide is then formed over the surface -of substrate 10 by either

t hermal oxidation or by a deposition process. The thin layer 18 of gate
oxi de essentially forns the tunneling |ayer of the nenory cell. The
floating gate 20 of a first conductivity type, typically conprising
polysilicon, is then forned over the surface of the layer 18 of gate

~oxide. The patétawdldr sgaeek! Qabtngngate 20 Ey’i)i@@ﬁweﬂrovtiyd%if fo%?;thé‘yegf

of oxide which is. forned in simlarity with the fornation

LOCOS oxéeggosed Ther fdoatdngnhaatenefoi Sgéwtzchz\nﬁ%"r@dtm& Nedhd Y %
inter-poly dielectric (also referred to as a layer of spacer d|e ectrlc)

whi ch f ogs®s tis: SRR |tq;\|g Bebueeny the: e fjooatI ngsg@ﬁg (gj‘o ng . a O%h@éeover

created control gate For this”layer spacer tr| Tayer

of Oxi desNadwd e/ |C_(ger (tgé‘@) S auent | i, e control gate 11 - 6
MAR 2006 24, of ;ﬁfzcond conéuc??%?ty ty;%%l%Igllg ﬁgengéwﬁed overlying the

| ayer 11 of spacer dielectric. Wiere the cross section of Fig. |la shows a
split-gate flash :

For the creation of the split-gate flash memory cell that is
shown in cross section in Fig. la, the Vss source region 12 is
first impurity implanted into the surface of substrate 10. & thin
layer 18 of gate oxide is then formed over the surface of
substrate 10 by either thermal oxidation or by a deposition
process. The thin layer 18 of gate oxide essentially forms the
tunneling layer of the mehory cell. The floating gate 20 of a
first conductivity type, typically comprising polysilicon, is
then formed over the surface of tHe layer 18 of gate oxide. The
pattern for the floating gate 20 is defined by a thick layer of
oxide which is.forﬁed in similarity with the formation of a léyer
of LOCOS oxide,

4

The floating gate 20 is next covered with a layer 11
of inter-poly dielectric (also referred to as a layer of
spacer dielectric) which forms the separation between the
floating gate 20 and a thereover created control gate 24.

For this layer 11 of spacer dielectric, a layer of

Oxide/Nitride/Oxide (ONO) is frequently applied. The control gate

11



menory devi ce having a single floating gate and a single control gate,
such a structure is conventionally and readily conbined to formthe
structure that is shown in cross section in Fig. |b. The cross sl tMABN20BS
Fig. Ibis shown to highlight that two floating gates 20' and 20", having
surfaces 26' and 26", are symmetrically arranged adjacent to a conmonly
shared source region 12 while two control gates 24' and 24" are aligned
with the two floating gates 20' and 20" and have each been provided wth

a drain 2égiae legbhighbsdugsiveg) anpel UsTRHER! Forfen Cn3lingn cig’ and
14" in the surface of substrate 10. - erational details and détal s of

creati omHfet N olfr dphbee fh@tectSiShown in cross section in Fig. Ib can
readily be derived from and do not deviate fromthe description' that has

been provided for the cross section of Fig. la. The invention
specifically. addresses the formation of word |ine poly spacers. Since

Hose 1ord g ecBOLNeBRGEL e Qua AT QAL g, 1L CEnLPE T AARIELIG S L TREN O

Figs. la and.Ib for the creation spli"t gate f _ have
pr ccoded e QRRLEE Hayits PRGNS A0aRR0E SHEETAI o, oiRolR BRE o Eat  on
o hi ghidaibagich 8°BelRRYe (17 WohSentTonal y PLAS SRSl Ly OB Ine % 51 °PS

form the structure that is shown in.cross section in Fig. 1b,

The cross section of Fig. 1b is shown to highlight that two

floating gates 20’ and 20”, having surfaces 26’ and 267, are

symmetrically arranged adjacent to a commonly shared source

region 12 while two control gates 247 and 24” are aligned with

the two floating gates 20’ and 20” and have each been provided

with a drain region, highlighted as regions of impurity

concentration 14’ and 14”7 in the surface of substfate 10.

Operational detaills and details of creation of the structure that

is shown in cross section in Fig. lb can readily be derived from

and do not deviate from the description that has been provided

for the cross section of Fig. la.

The invention specifibally.addresses the formation of word
line poly spacers. Since these word line poly spacers are created
after ihe'processing steps of Figs. la and lb for the creation of

split gate flash memory devices have already been completed,

12



with reference to Figs. la and I b, the device is now ready for the
~creation of word line poly spacers overlying sidewalls of the corty @aromises
24' and 24" of Fig. Ib. For this purpose, the invention provides two
processing sequences, that is: 1. Anin-situ Q2 plasna treatnent is added
to the conventional processing steps, this 02 plasna treatnent is applied
to the layer of word line polysilicon (poly-2) and results in an inproved
profile of the created word lines, and 2. By using SiON or Si N hardnask

technol oghesehersddénihary sebhd ivanal ber @686RbATLS Chd WITPHLR ceBk L. | S
elimnated. The first of these two treatnents, that is thg in-s??% 02

pl asma t isgaipgseif, thHe ffearintcamardriatisoora boosting step to the conventiona
use of sacrificial hard mask material. This boosting of the conventi onal

hard mask |ayer results in an inproved profile of the created poly spacer
| ayer of the word line. This in turn results in reducing the possibility

of impurity 18- cfeMR200% drigplagbaibanspepeddal k-teT@';Lﬁai&gm fyeved

since a layer of inproved profile (nore unifor ness o the more
squar e CrRsS ¢ Hfs B Idtd itIERRAC&hd aAtip el Phidiemdited he
impurity i nplantation in regions where

with reference to Figs. la and 1lb, the device is now ready

for the creation of word line poly spacers overlying

sidewalls of the control gates 24’ and 24” of Fig. 1b.

For ;his purpose, the inventlon provides two processing
sequences, that is:' |
1. An in-situ 0, plasma treatment 1s added to the conventional
processing steps; this 0, plasma treatment is applied to the
- layer of word line polysilicon (poly—Z)land-résults in an
improved profile of the created word lines, and
2. By using SiON or SiN hardmask technology, the need fof o

additional processing to remove residue'is eliminated.,

The first of these two treatments, that is the in-situ 0,
plasma treatment, in effect comprises a boosting step to the
convéntional use of sacrificial hard mask material. This boosting
of the conventional hard mask layer résults in an improved
profile of the created poly spacer layer of the word line. This

in turn results in reducing the possibility of impurity
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this self-aligned inplantation is not designed to penetrate the surface of
the underlying substrate. Further', the inproved profile of the gogghbkge
spacer results in creating a |longer path .  between separate salTCi
surfaces, thus reducing the occurrence of the salicidation bridging. The
process amplhetanient penettrattiomi tIhis nenechistvad igiencessid ilayrer of

sem conduct or substrate 10 as shown in cross section in Fig. 2. Layer 40
of gate appseviasphesn 160r(mReeOveri fidith TWifder f) AUDHJ aliee Mbwyer which
a layer 42 of poly-1 has been deposited. Before“the creation of the

hi ghl i ghtsgqa}r@y%%sst @%c%lirotna%% Q_fhet %rdSl{lQ_% A dEs NERN: HoMigled with

regi ons o ectrical insulation' he surface thereof such as regions

of Shal | ow Trench Isolatlon nat ). for, t the active
surface PFEYEONs “OVer "EHE 3% l%%% 165Efjhhléﬁ'senlcon uct or devi ces

are to beh@seae@fl-aﬁﬂgnécrqm@h@atarc@oﬁypscx%éydéiglg{(?%dttoo n9€9§{1 tq{eilled

bet ween -about 2,500 Angstrom and 4,500 Angstrom are erea

th nd L t d
S prof erabra roniat o SRR SR R S R K e Bt Anget rom
f db bout 750 and 950
dogroes ErREETTSS S 3he SRb SRR EER, 5—%?%%}%3“@%%‘

or

eric

I OW  petween separate salicided surfaces, thus reducing the occurrence

of the salicidation bridging.

The process of the invention starts with a monocrystalline
silicon semiconductor substrate 10 as shown in cross section in Fig.
2. Layer 40 of gate oxide has been Lormed over the surface of
substrate 10 over which a layer 42 of poly-1 has been depdsited.
Before the creation of the highlighted layers, the surface of the -
substrate has been provided with regions of electrical insulation’
in the surface thereof such as regions of Shallow Trench |
Isolation (not shown) for the bounding of tﬁe active surface
regions over the Qubstrate 10 o&er which semiconductor devices
ére to be created. STI trenches are typicaliy created to a depth
of between about 2,500 Angstrom and |
4,500 Angstrom and are thereafter filled witﬁ an isolation oxide

such as silicon oxide,
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pressure Chem cal Vapor Deposition (APCVD/ LPCVD). The | ayer 42 of_go#x-% Bs
fornmed over the |layer 40 of gate oxide through nethods i ncl uding e
limted to nethods of LPCVD, Chem cal Vapor Deposition (CVvD) and Physi cal
Vapor Deposition (PVD) sputtering methods enpl oying suitable silicon

source materials. Layer 42 of poly-1 is preferably formed using nethods of
LPCVD, using SiH4 as a source material at a tenperature range between about
530 and 560 degrees C. A final l|ayer 48 of photoresist mask is created over
the surface piy épe4d dfelgad? okipel ys préferddly pattbedi iy ardiskonsag of
llayer 42 of pon . The photoresist mask 48, creates a pattern of poly-1

inthe p of A%ed 20098k s@&éﬁﬂrgy*memabgrtnérmayﬁdxmdathenlayer 42
of poly- ?gkgéggeg% etcheﬁ In accor%ance with the photoresist mask 48, the

phot or esi Si—ﬁﬁggga{@rer RN R A EB%E”?SO said apR elegibes! @yernet2agferpaly-1,

resultln Cross section Is showmn inFig. 3. 15 6 MAR 2006

Next, a | %yeréFASM flqd el %9.'336 Bé' #8rhea d@PQﬁ‘l taQGho@.}bﬁéri@%r Sfdwuct ur e t hat
n?

i s shown® s&*settion 1 n .3,.preferpbly fornmed-at- a tenperature
bet ween about 750 0 e 1 §eggngqu@vgﬂ6 of polysilicon,
pol y-2, iP&® Pﬁ@ﬁef %gﬁggvggig ngg%sf%%Ie { t hi ckness bet ween about

1,500 and 2,000 Angstrom

The layer 42 of poly-1 is formed over the layér 40 of gate
oxide through methods including but not limited to methods of-
LPCVD, Chemical Vapor Deposition (CVD) and Physical Vapor
Deposition (PVD.) sputterin_g methods employing suitable silicon
source materials. Layer 42 of poly-1 is preferably formed using
methods of LPCVD, using SiH, as a source material at a

temperature range between about 530 and 560 degrees C,

A final layer 48 of photoresist mask is created over the
surface of the layer 42 of poly-1, for the patte;ning and etching
of layer 42 of poly-l. The photoresist mask 48, creates a pattern
of poly-1 in the pattern of the layer of gate electrode material.
Af;er the layer 42 of poly-l has been etched in accordance with
the photoresist mask 48, the photofesist mask is removed from the

surface of the layer 42 of poly-1, resulting in the cross section

that is shown in Fig. 3.
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The layer. of poly-2 is etched to formthe control. gates 46 that are
shown in cross section in Fig. 4. The etching. for the word |ine=8 MAR %008
pol ysilicon gate spacers 46 wuses a SiON or SiN sacrificial hard mask in
conbination with a three step or a five step etching sequence. .The three
step etch sequence typically conprises a Break Through etch (BT), followed
by a Main Etch (ME) followed by an Overall Etch (OE) . The five step etch
procedure typjcally conprises the .seqguence 0O T1- ME1- BT2- ME2- CE. The

obj ecti ve. of R{?ﬁats & gﬁry)%eéﬂeﬁ elPEefRe Ye%’fjé;%afar‘gl%@ﬁéﬁéa BBy Yipacers
for split%gate devi ces, the square shaped being required for reasons of
devi ce PeriTrthddatTde Shaye & ERESHOFSCLiRIdrs Fig sBroRgefeFAl it ed to
the remai ni ng hard nmask -thickness on the surface of the poly-2 surface
during ef@IREHy 35 Gedempesdtivgeubeterent abrittd Hdsiandaplf degrede Gayer of
poly-2 results in a concave spacer profile. To create a poly spacer profile
that is sAcandgiates dboos vedvsdhicene polseTdi dis itienodacesd apvgm-tdiet u 02
16 - 6 MAR 2006 TSMC01-977/1115 plasma treatnent to the surface of the
-deposi t eshhshymteof tgolay thickhesst beteeehiaputedudide aofl  he0 Qo afaiom.
spacers, as part of the five steps of word line poly spacer etching,

resul tinthe nayer of poly-2 1s etched to form the control gates 46 that

are shown in cross section in Fig. 4.

The etchling for the word line polysilicon gate spacers 46
uses a SiON or SiN sacrificial hard mask in
combination with a three step or a five step stching éequence.
The three step etch sequence_typically comprises a Break Throudh
etch (BT), followed by a Main Etch (ME) followed by an ngrq}l
Egch (OE) . The five step etch procedure typically comprises the
sequence of BTl—MEl— BT2-ME2-0OE. The objective. of this etch
sequence 1s to create squaré—shaped poly spacers fér.split-gate
devices, the square shaped being required for reasons bf device
performance. The shape of the poly spacers 1s strongly related to
the remaining hard mask thickness on the surface of the poly-2
surface during etching process, An insufficient hard mask layef

on the layer of poly~2 results in a concave spacer profile.

To create a poly spacer profile that is of a

square cross section, the invention introduces an in-situ 0,
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square gate spacer profile. The conplete steps as provided. by the R 2006
invention that incorporate a plasma treatnent of the surface of 'FFMA
deposited | ayer of poly-2 is as follows: BTl-MEl-in-situ 02 plasma

treat ment - BT2-- ME2- CE, whereby the applied processing conditions are as
fol | ows:pgM@bi-and/BI2s a pressure of between about 2 and 15 mforr, source
power between about 100 and 1,000 Watt, bias power between about 10 and
200 watt, etchant gas CF4 supplied at between about 20 and 120 scorn, Ml
and ME2:plasmaesseatmeht bee viden sandace20inghesdemesteddives © ORBEYB%« ween.
about 100 and 1,000 Watt, bias power between about 10 and 250 Watt,

et chant mas tGe4 esupphyesequerst wetheaboud gatentPacsr Sc@h ReFh efothe
supplied at between about 15 and 150 sccmwi th HBr supplied at between
about 20 and st3psseEnvond t hirde pmipplsbedeat ebebieen zafokti®gafd 80 sccm OE:
a pressure of between about 10 and 120 nfforr, source power between about
200 and e 33Q Watl, sphasr powerileat waen cahplietaSetepl LHPreatidedebihtit gas
HBr supplied at between about 20 and 200 sccmw th He-02 supplied at

bet ween ghutt idnaRBat5sf66Mdrate & MWARsRAO6reatBetu O gleaswriaceathent: a
pressure of between about 2 and 100 mforr, source power. between about 200

and 1, 00 WiddosiRe@S1ayer of poly-2 is as follows:

BT1-MEl-in~-situ 0, plasma treatment-BT2-ME2-0E, whereby the
applied processing conditions are as follows:

e BT1 and BT2: a pressure of between about 2 and 15 mTorr, source
power between about 100 and 1,000 Watt, bias power between
about 10 andl200 Watt, etchant gas CF, supplied at betwegn
about 20 and 120 scem

e MEL and ME2: a pressure of between about 2 and 15 mTorr, source
power between about 100 and 1,000 watt, bias poyer between
about 10 and 250 Watt, etchant gas CF, supplied at between
about 20 and 120 sccm with Cl, supplied at between about 15 and
150 scem with HBr supplied at between about 20 and 120 sccm
with He supplied at between about 3 and 30 sccm

¢ Oﬁ: a pressﬁre of between about 10 and 120 mTorr, source power
between about-ZOO and 1,000 watt, blas power between about 15
and 250 Watt, etchant gas HBr supplied at between about 20 and

éOO.scem with He-O, supplied at between about 2 and 15 scem
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power between about 10. and 200 Watt, source 02 provided at between about
10 and 100 sccm The above provided in-situ 02 plasna treatnent p[ngﬂgﬁmﬁ%
boost to the remaining sacrificial hard mask thi ckness by addi ng oxi

the layer of poly-2 in order to create a poly spacer of square profile, as
shown in cross section as elenents 46 in Fig. 4. The advant ageous of
square-profiled poly spacers can be summarized as follows: 1. the square
-profile av?ida i ssues .of inplantation penetration since the square profile
present s*'atfg t¥or 0y Plasmar hEesrentinisf Preskairgho £ biee vesen tdbeutor ggdof
inmpurities_and the surface of the underlying substrate 10, and .2. the
square proftPPeMBQBY dsSdpirsts ervest behween detdudn 290orhage, o¢olueattn, $alssci ded
stringers) between contact surfaces of the split. gate flash nenory cell.
Under the BeYBAdO&HRAN redoutofl 0t hedi 20@ME ), soliecha0gdmsdvideaygt i s

i mpr oved bg applying SiON or Si N hardmask technol ogy. 18 The second .
enmbodi ment Petweére dbontliloantedthbescemt hree step etching procedure and

. therewith provides advantages of inproved control of the etching sequence.
‘The three step etch sequence of the second enbodi ment of the invention is
as follows: BT-Me-OE, whereby the applied processing conditions are as

The above provided in-situ 0, plasma treatmeht provides a boost
to the remaining sacrificial hard mask thickness by adding oiide
to the layer of poly-2 in order to create a poly spacer of square.

profile, as shown in cross section as elements 46 in Fig. 4.

The advantageous of square-profiled poly spacers can be
summarized as follows:
1. the square profile avoids issues of implantation penetration
since tﬁe séuare profile presents a uniform interface of

uniform hgight between the source of impurities and the surface
of the underlying_substrate 10, and

2. the square profile avoids problems of salicidation shortage
(due to salicided stringers) between contact surﬁaﬁes of the

split gate flash memory cell.

Under the second embodiment of the invention, the hardmask

layer is improved by applying SiON or SiN hardmask technology.
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follows: BT: a pressure of between about 2 and 15 mfforr, source power

bet ween about 100 and 1,000 Watt, bias power between about 15 200 MARta006
etchant gas CF4 supplied at between about 20 and sccm ME a pressure of
bet ween about 2 and 15 mTorr, source power between about 200 and 1, 000
Watt, bias power between about 15 and 250 Watt, etchant gas CF4 supplied
at between about 5 and 100 sccmwith Cl2 supplied at between about 15 and

150 sccm with HBr supplied at het n,about 2 c '

suppl i ed at bé@ﬁeéﬁC&Bguﬁm§°€ﬁﬂfﬁ§o%§§ERF tﬁye39%$£§§%%%e§fgggp%égnyg%%ut 10
and 120 niforr, source power between about 200 and 1,000 Watt, bij ower
bet ween %ﬁﬁhﬂﬁ919r§ﬁ8d259'%@ﬁt?h%RQQ¥§ﬁtp§8¥l %ékﬁﬂﬁ%ﬂfSaP%béTgﬁéﬁkéiabout
.20 and 200 sccmw th He-02 supplied at between about 2 agd 15 sccm_19 -
MAR 2006 GRNIPL OF7tD1e1StFhENGFELINSAGEs dhet FBreRcthfP &HS8dPRERENDY YHhe
invention can be summarized as follows: |. usin%_ i_ON or Si N hardmask

By
t echnol ogthe treonce@mbodlinpnt RfdithcoARVeREiRNt hait2d WSl | yrequired for

-the renoval
BT-ME-OE, whereby the applied processing conditions are as

follows:

e BT: a pressure of between about 2 and 15 mTorr, source power
between about 100 and 1,000 Watt, bias power betwegn about 15
200 Watt,_étchant'gas CF, supplied at between about 20 and
sccm

e ME: a pressure of between about 2 and 15 mTorr, source power
between about 200 and 1,000 Watt, bias power between gbOut 15
and 250 Watt, etchant gas CF, supplied at between about 5 and
100 scem with Cl, supplied at between about 15 and 150 scecm
with HBr supplied at between about 20 and 200 sccm with He

supplied at between about 3 and 30 scem

s OQE: a pressuré of between about 10 and 120 mTorr, source
power between about 200 and 1,000 Watt, blas power between
about 15 and 250 Watt, etchant gas HBr supplied at between

about 20 and 200 scem with He-0, supplied at between about 2

and 15 scem.
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of résidue, is elimnated 2. Punch-through of inpurity inplantations in the
area surrounding the gate electrode is avoided 3. A three step etdhMAR 2006
sequence is nore controllable than a five ‘etch procedure, a five step
etching procedure is prone to introduce particle contam nation, and 4 The
created sqadCelpdTY/BpbEters provide a strong fence to the el ectrode and
prevent issues of gate el ectrode defects. Al though the invention has been
described and jllustrated wth ref erence to specific illustrative
enbodi ment s t h&PeoRdvantages wét that apeerd terhodimenitneént hent tyeed t irtrt @dnt o
those illustrative enbodi ments. Those skilled in the art will recognize
that vari ati dits saundamdaeti eaat fohlowsan be nade wit hout departing fromthe
spirit of the invention. It is therefore intended to include within the
i nvention al I1.skghuskng £fi0dhorafdN hedidadattiennnolbgeh faé|nedd Hiox t2he
scope of the appended clainms and equivalents thereof. 20 - 6 MAR 2000 \Wat
is clained is: dddiximetdiochafsér thae s eaypimeldly weydikedefspanes Yehoral
split-gate flash nenory devices, conprising the steps of: providing a
substrate, haviof zmdsidest lenelimbmited) gate and intergate dielectric
2, Punch-through of impurity implantations in the area
surrounding the gate electrode is avoided
3. A three step etch sequence is more controllable than a five
etch procedure, a five step etching procedure is prone to
introduce particle contamination, and
4. The created square poly spacers provide a strong fence to

the electrode and prevent issues of gate electrode defects,

Although the invention has been described and illustratéd
with reférence to specific illustrative embodiments thereéf, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that varlations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents thereof,
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5 fornmed over the surface of the substrate; depositing a |layer of word |ine
gate spacer material over the surface of the substrate; and et chkioAR 08
| ayer of word line gate spacer material, thereby creating word line gate
spacers having a substantially square cross-section provided on both sides
of the 10 floating gate. 2. The nethod of claim1, wherein the word |ine
gate spacer naterial conprising polysilicon. 3. The nethod of claim1l or
claim2, wherein etching the layer of word line gate spacer materi al
conpri ses Wiat stadpmedfis: 15 a first Break Through etch (BT 1); first Min
Etch (ME 1); in-situ 02 plasma treatnent; a second Break Through etch
(BT2); a second. Mai A fakbbd fovHRY creativh GOvard-lDeapaders for split(dke) flash. The

met hod of claim 3, wherein the BTl step conprises applying a pressure of

bet ween abgiit, 2y 88Hckocdliptiding MeSRYE 68 POwer between about 100 and 1,000
Watt, a bias power beftween 10  and 200 Watt, and with etchant CF4 supplied

at a rate of b Eo‘@?(ﬁﬁg g\?\ﬁﬁeﬁrrtra?eoh%fg%éﬁgas%ﬁémoa?tﬂag' a l%&%@éﬁ@e deledtie Mt hod

of claim3 or cFarm ern conpri ses —appl yi ng

5  formed over the surface of the substrate;
depositing a layer of word line gate spacer material over the surface of the
substrate; and
etching the layer of word line gate spacer material, thereby creating word line

gate spacers having a substantially square cross-section provided on both sides of the

10 floating gate.

2. The method of claim 1, wherein the word line gate spacer material
comprising polysilicon.
3. The method of claim 1 or claim 2, wherein etching the layer of word line

gate spacer material comprises the steps of:
15 a first Break Through etch (BT1);
first Main Etch (ME1);
in-situ 0, plasma treatment;
a second Break Through etch (BT2),
a second Main Etch (ME2); and
20 an Overall Etch (OE).
4, The method of claim 3, wherein the BT1 step comprises applying a
pressure of between about 2 and 15 mTorr, a source power between about 100 and
1,000 Watt, a bias power between 10 and 200 Watt, and with etchant CF4 supplied at a

rate of between about 20 and 120 sccm.
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a pressure of between about 2 and 15 mforr, a source power between about
100 and 1,000 Watt, a bias power between about 10 and 250 Watt, and
etchant CF4 supplied at a rate of between about 20 and 120 scenT # MAR @082
supplied at a rate of between about 15 5 and 150 sccmw th HBr supplied at
a rate of between about 20 and 120 sccmwith He supplied at a rate of

bet ween about 3 and 30 sccm 6. The nethod of any one of clains 3 to 5,
wherein the in-situ 02 plasma treatnent conprises applying a pressure of
bet ween about 25.and Thomeftwdrof cleim Guarsdaimpbwdier et SPBRISSEOPYHE 1, 000
Watt, a bias power between about 10 and 200 Watt, 10 and source 02 provided
at bet ween,ghgsire $0batderd Mbus eai 13 mTidig asetite gowvtr betweemsbont 160 @ids 3 to
6, wherein the BT2 step conprises applying a pressure of between about 2

and 15 nirof fyng WAL RANE heRRiWaBsta0QHE 250 WPateagd dicBRA ORYistipplizdlat &s
power between about 10 and 200 Watt, and with gas CF4 supplied at a rate

of between gi{%b8 teetvz"%‘gg%t“égg at€ £38 st With Erl]?s%giig@gt Dt PP eBPEnbolil B M 3

to 7, wher conprises applyi a pressure of between about

2 and b . i
power bt weBh ST o0 i) ae et oot HebPhat gadn i WhIm el 58

rate of between about 20 and 120 sccmwith C 12 supplied at a rate of

bet ween abéupplied ahnente ghbaiween dhioth3 pry 38 845H1i ed at a rate of between about

20 and 20 120 sccmwith He supplied at a rate of between about 3 and 30

sccm 9. The method @heamhahet anfy onk af algings 3 tv 8 wherein dierintsife Opplasar| Et ch

(OE) conprises applying a pressure of between about 10 and 120 niorr, a

sour ce POVRfeatni@t E‘@ﬁ%&-is’ztg@yﬁlyf&@& feduie, (TMRtWkhtabowt 2bireisl (9anEorr eetonen about
t

15 and 250 Watt, w
power between about 200 and 1,000 Watt, a bias power between about 10 and 200 Watt,

10 and source 0, provided at between about 10 and 100 sccm.

7. The method of any one of claims 3 to 6, wherein the BT2 step comprises
applying a pressure of between about 2 and 15 mTorr, a source power between about
100 and 1,000 Watt, a bias power between about 10 and 200 Watt, and with gas CF,4
supplied at a rate of between about 20 and 120 sccm.

15 8. The method of any one of claims 3 to 7, wherein the ME2 step comprises
applying a pressure of between about 2 and 15 mTorr, source power between about 100
and 1,000 Watt, a bias power between about 10 and 250 Watt, with etchant gas CF,
supplied at a rate of between about 20 and 120 scem with C1; supplied at a rate of
between about 15 and 150 scem with HBr supplied at a rate of between about 20 and

20 120 sccm with He supplied at a rate of between about 3 and 30 sccm.

9. The method of any one of claims 3 to 8, wherein the Overall Etch (OE)

comprises applying a pressure of between about 10 and 120 mTorr, a source power

between about 200 and 1,000 Watt, a bias power between about 15 and 250 Watt, with
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6 MAR 2006 etchant gas HBr supplied at a rate of between about 20 and 200
sccmwith He-02 supplied at a rate of between about 2 and 15 st@&iNAR1Z06 A
method for the creation of square word-line spacers for split-gate flash
menory devices, conprising the steps of: 5 providing a substrate; creating
a layer of gate oxide over the surface of the substrate; depositing a |ayer
of gate material over the surface of the layer of gate oxide; patterning
and first etching the layer of gate material, creating floating gates for
at | east oamehaplgad HBaseppiliedsha rerof hetyeancabopedq pustied0sscemict it B,e-%zo
depositing a layer of inter-gate dielectric material over the surface of
the subst ggipfied bclaudo b opobed Buskaces of the floating gates;
depositing a | ayer of gate spacer nmaterial over the surface of the | ayer of

inter- gate dieh@irio Hefhed s the @x@gticﬁ%fts@ﬁﬁl’é%rme%?ﬁféfﬂoﬁﬁpﬂhig@@ ik | ayer
of gate spacer material, creating control 15 gates for the at |east one

split-gate flﬁ%ﬁgg‘g%@;ég@{@gﬁgl{%ggg structure, the second etching

cogﬁridsi ?gn? aadh \a/h Si'tu 02 plasma treatnent. 11. The
nmet hod of claim 10, wherein the |ayer of gate naterial conprises
pol ysi | Pcon. 12PTOVHHNGRASHRSHA claim 10 or claim 11, wherein the |ayer of

gate spacer 20 material conprising polysilicion, 13. 13. The net hod of
any one of cl ai ﬁiﬁatlng{1lﬁYEQC,’f%ﬁ%@’éﬁ%oY%éges%@ﬁﬁogméﬁpwate;

depositing a layer of gate material over the surface of the layer of gate oxide;
patterning and first etching the layer of gate material, creating floating gates for
at least one split-gate flash memory gate electrode structure;
10 depositing a layer of inter-gate dielectric material over the surface of the
substrate, including the exposed surfaces of the floating gates;
depositing a layer of gate spacer material over the surface of the layer of inter-
gate dieletric material; and
patterning and second etching the layer of gate spacer material, creating control
15 gates for the at least one split-gate flash memory gate electrode structure,

the second etching comprising an additional step of in-situ 0, plasma treatment.

11. The method of claim 10, wherein the layer of gate material comprises
polysilicon.
12 The method of claim 10 or claim 11, wherein the layer of gate spacer

20  material comprising polysilicion.
13.

13. The method of any one of claims 10 to 12, wherein the second etching

comprises steps of:

a first Break Through etch (BT1);
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conprises steps of a first Break Through etch (BT 1); 23 - 6 MAR 2006 first
Main Etch (ME 1); in-situ 02 plasma treatnent; a second Break ThréowgR 2dgch
(BT2); a second Main Etch (ME2); and 5 an Overall Etch (CE). 14. The

met hod of claim 13, wherein the BTl step conprises applying a pressure of
bet ween about 2 and 15 mTorr, a source power between about 100 and 1, 000
Watt, a bias power between about 10 and 200 Watt, and etchant gas CF4
supplied at a rate of between about 20 and 120 sccm 10 15. The method of
claim 13 or cl afirst Miin Wohr(MElL)t he ME1 step conprises applying a pressure
of between about 2 and 15 mforr, a source power between about 100 and

1, 000. Watt, a bi@@tm\@ﬂﬁsnm&mﬁmtabout 10 and 250 Watt, etchant gas CF4
supplied at a rate of between about 20 and 120 sccmwith C 12 supplied at a

rate of bet vveegs@(_lg Hprdak AdudmQcragmw th HBr supplied at a rate of
bet ween about 20 and 15 120 sccmw th He supplied at a rate of between

about 3 and 30 sccm - 0 f any one of clains 13 to 15, in which
tBe in-zsi tg Ogoﬁls%%’r?%w%l?-eﬁgﬁlngﬁ]t%ﬂé%ﬁ%ri ses applying a pressure of between
about and 1 mJor r S ce power between about 200 and 1,000 Watt, a
bi as power bet wég Vﬁﬁ‘yﬁcaggg}]d 200 Watt, with source 02 provided at a

rate of between about 10 and 100 sccm , . .
1 The method of claim 13, wherein the BT1 step comprises applying a

pressure of between about 2 and 15 mTorr, a source power between about 100 and
1,000 Watt, a bias power between about 10 and 200 Watt, and etchant gas CF4 supplied
at a rate of between about 20 and 120 sccm.,

10 15. The method of claim 13 or claim 14, wherein the ME1 step comprises
applying a pressure of between about 2 and 15 mTorr, a source power between about
100 and 1,000 Watt, a bias power between about 10 and 250 Watt, etchant gas CF4
supplied at a rate of between about 20 and 120 sccm with C1, supplied at a rate of
between about 15 and 150 sccm with HBr supplied at a rate of between about 20 and

15 120 sccm with He supplied at a rate of between about 3 and 30 scem.

16. The method of any one of claims 13 to 15, in which the in-situ 0, plasma
treatment comprises applying a pressure of between about 2 and 100 mTorr, a source
power between about 200 and 1,000 Watt, a bias power between about 10 and 200 Watt,
with source 0, provided at a rate of between about 10 and 100 sccm.

20 17. The method of any one of claims 13 to 16, in which the BT2 step
comprises applying a pressure of between about 2 and 15 mTorr, a source power
between about 100 and 1,000 Watt, a bias power between about 10 and 200 Watt, with

etchant gas CF, supplied at a rate of between about 20 and 120 sccm.
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20 17. The nethod of any one of clainms 13 to 16, in which the BT2 step
conprises applying a pressure of between about 2 and 15 niforr, a sewW MAR 2006
power between about 100 and 1,000 Watt, a bias power between about 10 and
200 watt, with etchant gas CF4 supplied at a rate of between about 20 and
120 sccm 24 6 MAR 2006 18. The nethod of any one of clainms 13 to 17, in
which the ME2 step conprises applying a pressure of between about 2 and 15
mlrorr, a source power between about 100 and 1,000 Watt, a bias power

bet ween about 108.andTA&meWkdtqf any bhe ef@hlthQQﬁGMNhlghlﬁmMEa SBP a rate of
bet ween about 20 and 120 sccm wth C 12 supplied 5 at a rate of between
about 15 apginpRéds SpFIFing 4 presdre cfitpphécncibatt ardatSem@brrbesmeerpovedrout 20 and
120 sccmwith He supplied at a rate of between about 3 and 30 sccm 19. The

met hod of @Qt)(\/egﬂﬁb&itQt)mﬁn&:I; 000 Wﬁt alblasomel bétRRef i 10 akldl 050 WCH), with

conprises applying a pressure of between about 10 and 120 niforr, a source

pover bet &fﬁﬂntabogkéﬁsgg?llegidat %H%g%f %Ween &f[t 35 o546 s%ﬁ%%ﬁm szsgggllé'fﬁ and

250 Watt, supplre rate o etween a
and 200 sccm with_He- 02 | i a rate f be "’2 and 15 sccm
20. A B hék 165 OF i esmealeRb b 810 L P it HEF SR LR FLE PERRYET « gat o
flash menory devices, conprising the steps of: provi dlfsﬂ a subst r at e; 15
creating aabaydf apfl 1@@@@%)&1%@%%@@4@ agigterof stvereniahgu
depositing a layer of gate nmaterial over the surface of the I a er of gate
oxi de; patternilfg arffthefietbdd ef anlyiong claires I Ziycel8, o whichgherfverallditch @Bat i ng
floating gates for
comprises applying a pressure of between about 10 and 120 mTorr, a source power
between about 200 and 1,000 Watt, a bias power between about 15 and 250 Watt, with
10  etchant gas HBr supplied at a rate of between about 20 and 200 sccm with He-0,
supplied at a rate of between about 2 and 15 sccm.
20. A method for the creation of square word-line spacers for split-gate flash
memory devices, comprising the steps of:
providing a substrate;
15 creating a layer of gate oxide over the surface of the substrate;
depositing a layer of gate material over the surface of the layer of gate oxide;
patterning and first etching the layer of gate material, creating floating gates for
at least one split-gate flash memory gate eletrode structure;
depositing a layer of inter-gate dielectric material over the surface of the

20  substrate, including the exposed surfaces of the floating gates;

depositing a layer of gate spacer material over the surface of the layer of inter-

gate dielectric material,
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at least one split-gate flash memory gate el etrode structure; depositing a
| ayer of inter-gate dielectric material over the surface of the 28 MMR%WG
substrate, including the exposed surfaces of the floating gates; depositing
a layer of gate spacer naterial over the surface of the layer of inter-
gate dielectric material; 25 - 6 MAR 2006 patterning and second etching the
| ayer of gate spacer nmaterial, creating word- |ine spacers having a
substantially square cross-section, having control gates for the at | east
one split-gate patasfingandsscogdtehingaind yeefenrespacar eatGiadcrearing wasdhod of

cl ai n20 wherein the | ayer of gate material conprising polysilicon. 22. The

met hod of  ghakyBcdQ havingladiuBatRdialphgi&E Broshieection tavirig @atrel gaesfor te at
conprising polysilicon. 10 23. The nmethod of any one of clains 20 to 22,

wher ei n t hg, secandiiet 600t meRBRS kit BdciidRREushrd Break Through etch (BT);
then a Mai 1y té)ﬁlphgl(lﬁg; andmtﬁg}r}r%n Overal | Et Cf‘l.(OE). 15 24. The nethod of
claim 23, wherein etching the second |ayer of gate spacer material
includes an in-situ 02 plasna treatnment. 25. The nethod of claim 23 or

claim 24, wherein the BT step conprises .appl,ying,a pressure of .hetween
about 25and 15 ﬁiorr?hﬁ%@‘g@"g%ﬁ@p“gﬁ%gﬁ %’f%ﬁlfgatgma erial comprising
polysilicon.
22.  The method of claim 20 or claim 21, wherein the layer of gate material

comprising polysilicon.

10 23. The method of any one of claims 20 to 22, wherein the second etching
comprising steps of:
a Break Through etch (BT); then
a Main Etch (ME); and then
an Overall Etch (OE).
15 24.  The method of claim 23, wherein etching the second layer of gate spacer
material includes an in-situ 0, plasma treatment.
25.  The method of claim 23 or claim 24, wherein the BT step comprises
applying a pressure of between about 2 and 15 mTorr, a source power between about
100 and 1,000 Watt, a bias power between about 15 and 200 Watt, with etchant gas CF4
20  supplied at a rate of between about 20 and 120 sccm.
26.  The method of any one of claims 23 to 25, wherein the ME step
comprises applying a pressure of between about 2 and 15 mTorr, a source power
between about 200 and 1,000 Watt, a bias power between about 15 and 250 Watt, with

etchant gas CF4 supplied at a rate of between about 5 and 100 sccm with C1, supplied at

26



100 and 1,000 Watt, a bias power between about 15 and 200 Watt, with
etchant gas CF4 20 supplied at a rate of between about 20 and 1206skARpQIR6.
The net hod of any one of clainms 23 to 25, wherein the ME step conprises
applying a pressure of between about 2 and 15 mforr, a source power

bet ween about 200 and 1,000 Watt, a bias power between about 15 and 250
Watt, with etchant gas CF4 supplied at a rate of between about 5 and 100
sccmwith C 12 supplied at 26 a rate of between about 15 and 150 sccmwith
HBr suppl i edatadf betwatreatmfut bs nud 50 sdsouwith PiBranpplizdet s caaohbetiverakaubpl i ed
at a rate of between about 3 and 30 sccm 27. The nethod of any one of

clai ms 23 g arf200REEWHh Hhauphiidadt a rhic ol bet(veEd asanPrand 89 sagpl yi ng a
pressure of between about 10 and 120 nmiforr, a source 5 power between about

200 and 1,000 Vigyt, El‘hp;'g‘?c‘ﬁhcfdod’i’%h et WeaRinABUo 265waBdirHe OMtdll Etci t h
etchant gas HBr supplied at ar agle of between about 20 and 200 sccmw th
He-02 s uD?biE?gor%ris%s ngl%n%fa pqgsts}ﬂ\ﬁe& b%RX?eLé}l agoﬁ?m% ahd 196 ‘hﬁor?,% source
5  power between about 200 and 1,000 Watt, a bias power between about 15 and 250 Watt,
with etchant gas HBr supplied at a rate of between about 20 and 200 sccm with He-0,

supplied at a rate of between about 2 and 15 sccm.

27



