: A METHOD TO FABRI CATE A SQUARE WORD LI NE POLY SPACER BACKGROUND OF THE
| N\VENTION (1) Field of the Invention The invention relates tothe—

fabrication of integrated circuit devices,. and nore i , to a
structure for the. creation of square word |ine pol m@w mm m )
Description of the Prior Art Sem conductor device performan tinues to

be inproved by virtue of reductions in device di nensi ons'*&§§y by i ncreasing
devi ce packaging densities. This also applies to the creation of CMOS

devi ces, whi o FAMRRCTEBREERTEPAT $0OARE lesty mEMEr PoLUesPREBR 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 anmed devi ces. ROM devi ces are non- volatile nenories, indicating

that data is per mnenté%ﬁ%&ﬁﬁg '?9 rhRerfeMitRsy Only read operations can
the da

be perforned, changes ™ a contained 1 n the nenory cannot be nade
after the device has been fabricated. Custom zation of the device is
however economically feasible since only one nask needs to be used for 1

the Tabri cat [on of 115, RWdeylgg. ROM devi ces have been |

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 impbrtance part of
devices that providé functions of data storage, these devices are
also referred to as mask—programmed.devices. ROM devices ére non-
volatile memories, indicating that data is permaneﬁtly 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 béen}fébricated. Customization of the device is howeyer

economically feasible since only one mésk needs to be used for

-
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i 1 nmpl ement ed using bi polar and CMOS technol ogies. Different data are stored
in a ROM device by the presence or the absence of a conductive data path
between a word line (the access path of the nenory) to a bit line (the
sense line of the nenory). No data elenment will be provided if the
word-1ine and the bit line are not interconnected by a circuit elenent. If
therefore the word Iine of a ROMis activated, the presence of a signal on
the hit line indicates that a "1" is stored in that data elenent (or bit
| ocat i aime Faprabsenea of ehsiRpMldewdrd h&kROMidevicre hadechess that.a "0" is
stored in that bit location. Field-programmable ROM (PROV) devices are ROM
devi ces ffiatnende® LYRhEab1 Yo TN AL oMo deznsmabbiqeantities, using CMOS

t echnol ogy. These devi ces are programed individually, sonme ROM devices
are manufactured such that data, once entered into the device, cannot be
erased. Other ROM devices allow the data to be erased and to be re-entered

after the deuizge has Bgen aP@ndRLUrEd.a HodsakkecBROW {EPROM s oes
depend on the long- termretention of data, the data is. retained as an

el ectrqnic ,,Gharge @nd Lsnghor Bk Qhth RU S HetGeBA0at Rool BiME tavi ce. The
term"floating” -in this structure refers to the fact that no electrical

char go 104 e R % FERGHLY o i 8" (nél SEhSLCEIngTer Ge 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 presencé of a
signal on the bit line indicates that a wi” is stored in that

data elemént (or bit location). The absence of & signal on the

bit line indicates that. a “0” is stored in that bit location.

Field—programmabie RbM (PROM) devices are ROM devices that
ere typically manufactured in small quahtities,_usipg CMOS
technology. These devicés are programmed individually, some ROM
devices are manufactured such that data, once entered into the
Aevice, cannot be erased. Other ROM devices a;low the data to ée
erased and t§ be re-entered afﬁer the device bas'been
manufactured. Braséble PROM (EPROM) devices depend on the long-
term retention-of data, the data is retained as an electronic
charge and is stored on a polysilicdn gate of.a MOS device. The
term “fidating” in this structure refers to the fact that no

electrical connection exists to the gate that retains the



:+to SiliCOi substrate through an 1nSula~.v_ In order for i the charge to.be
erased, the stored charge nust be erased fromthe floating gate. EPROM
cells typically consist of only one transistor, naking it possible to
create very high-density arrays of EPROM cells. To counter disadvantages
of data erasure of conventional EPROM devices, electrically erasable

PROM s (EEPROM s) have been created. Mist flash nmenory EEPROM devi ces use
a doubl e poly structure whereby the upper poly forns the control gate and
t he wordlédimeixca ofchdmyst et whargei te therkdoee pohysferAde fdopatdhrg gate.
In a typical structure, the control-gate poly overlaps the channel region

that issadj@senudsidte chavigh understhacblQathngrgas efcr B @HagRel on of
the control gate over. the channel region is. referred to as the series

enhancepgiie N dd,ans S tddio and ch§rgtaeau's&egebesay§@ MR trle raels |t1'n§
erased, a positive charge remains on the floating gate inverting the

channel awd%Pﬁdl»PQ:tél% 9Hi%a110e c8RELEE BRNBAECENEAY YIER ilshARSI st or

prevents the flow of current fromthe source to the drain regi ons of the

MOS d a b
Feduci e R o8 drEne Bhe . WACERCr e ther anaprae R Rl SRR
densi tycgflé.her r&%%%f%{?s%%@q%%EBQst%' G58%a L:}:aéére?’ of conventional

EPROM devices, electrically erasable PROM’s (EEPROM’é) 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 lowerx poiy is the floating gate. Ip a
typiéal structure, the control—gate:poly overlaps the_chanﬁel
reglion that is adjacent to'the channel under the floating gate.
Tﬁe extension of the cqntrol gate o?er_the channel :egion is
referred to as the seriés eﬁhahcement—mode transistor and is
required because.wheﬁ the cell is efased, a'positivé'charge_
remains on the floating gate inverting the channel under floating

. gate. The series enhancement-mode transistor pfeventé the flow'df.

current from the source to the drain regions 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



+ therefore desirable to create nenory devices that can be created over

smal | er surface regions of the substrate over. which these devices are
created. One of the frequently applied nethods for the creation of etched
| ayers of poly, that are part of a split gate flash nenory device, is the
use of a hardmask | ayer that overlies a layer of poly that needs to
etched. For instance and specifically addressed by the invention, poly
spacer nmust be created.for the word line of a flash nenory device. The

shape dfhertelferpokgsspacee t6 Ofetd hict@r 31 ReA LaRCeha WL e & .qale Spacer
of essentially square cross section is advantageously created. to avoid

probl ergyeaf spangBrt buosghe J&@iddWOH Qe RLOGLIESe ol?% hogk f Qi ets.*ée

creation of square poly spacers for the created word [1ne of t e flash

menory &dvidelsup Y 5, n S r it gate
process. ljS 6, lgg 8%%5%%& e%git&fgyh% ?é%tgﬁ%ilt)ly Qﬁwi@%trgﬁog%h%%ﬂth a

b otese h SerrEoBats Tl as %&’%*&?ye%%‘l%%&ggs%&"??@g% Z%”H £ sggreee
P Pk 3T Wehb: @ altPlde SRATRRPTAECRE 2 e Pakddh %Oa%e%l@f{%'teh_?t al.)
overlies a layer of poly that needs to etched. For instance and '
specifically addressed by the invention, poly spacer must be
created for fhe word line of a flash;memory device. The shape of
fhé poly spacer is of critical imporﬁance, whereby a gate spacer
‘of essentially square cross section is advantageously created to
av§id 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 spiit 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.



+ a spacer. .US 6,001,690 (Chien et al.) and US 6, 204, 126 Bl (Hsieh et al.)
. show related split gate flash processes. SUMVARY OF THE | NVENTI ON A

princi ple objective of the invention is to provide a nethod for the
creation of square word line polysilicon spacers for split-gate nenory
devi ces. Anot her objective of the invention is to inmprove punch- through
performance for split-gate flash nenory devices.  Yet another objective of
the i.nvention is to inprove insulation of split-gate flash nmenory devices.
A still furtiér GolBjlecOBIBIGICsHe ¢thvaht) oshavss teo gpuldyi detanflaaproitdd a
barrier against inpurity penetration into the surface of an underlying
subst r atm»lfyorspeplart pgatestl ash nmenory devices. 5 I n accordance with the
objectives. of the invention a new nethod is provided for the etch of word
| ine polysilicon spacers that formpart of split-gate flash nmenory
devices. Under a first enbodinent of the invention, a conventional word

l'ine polysilivsomg, 2aat 8ot sh (i sisgmeied) WHdvar @pigenghkasibast aatyrent of
the layer of word |ine polysilicon that is etched as part of this etch.
Under a assegrRr@renbodi ment of the invention, a conventional five step etch
procedure i's replaced with a three step etch _

US 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 square 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
improveéd barrier against impurity penetration into the surface of

an underlying substrate for split-gate flash memory devices.



< procedure that is based on Si ON or hardmask technol ogy. BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. la shows a cross section of a floating gate and a
control gate of a conventional split-gate flash nmenory cell. Fig. |'b shows
a cross section of a conventional split-gate flash nmenory 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 | ayer
of gate oxide, a layer of poly-lI over which a photoresist mask has been

created for the amiciangeolvithethadesi yéngvdmpd arer Snv@nkign 3 shews a
cross section after the layer of poly-2 has been etched, the photoresist

mask hasmdiredd Henpeshi deidd £04 SROVSE @h CbPSFo RN noaf L8k 1 3oL aysL
interpoly oxide has been deposited and a Iayer_5#‘5b|%-2.hag%b%enc%§%:hed

in accofgkance M tdh Ache A at L fat) on{,r ol . gates
DESCRI PTI ON. OF TH PI%EFI%R%E%EEN%%B% %El&%ﬁ:‘oian%e%{éivgfﬁﬁﬁ'rrg{‘ﬁbﬁ iflesn ng

Part oL (s e GO Rl 1n08RE: b Ao EBIRINL GOl Wbk TiRe o BBy DI 1Y

revi ewed. The cross section that i's shown 1 n I'sre
this pur&gggzeﬁ%bfqg %@ h@ +EEOSE ﬁgﬁ;i %ﬁ Ei,q.. lLa,is nvent.i onal
flash-nmenory cell 1n I cﬁ_a' dou%l e- poc?){c}éqo I é’ol%sma tr2afmef? of:r%:he :
- 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 étdh

procedure that is baséd on SiON or hardmask technology.

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

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

Fig. 1b shows a cross 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,



- --(poly) structure. is applied. A MXS transistor. is forned on a

sem conduct or substrate 10 having a first doped region 12, also referred
to as a Vss source region, a second doped region 14, also referred to as a
drain region, a channel region 1.6, a layer 18 of gate oxide, a floating
gate 20, a layer -11 of inter-gate dielectric and a control gate 24.
Substrate 10 and channel region 16 have a first conductivity type, the
first doped region 12 and . 7 the second doped region 14 have a second
conduct i vi t yFt9ped taws ix-anmsesisectioe dftst eoadinyad Wit Yol ype Rigthe
substrate 10. As seen in Fig. la, the first doped region 12 is provided in
the surPae® ®fchery sibshatteort8istheaskcosd soped&pgean 14 is also
provided in the surface of the substrate 10 and is spaced apart fromthe
first doped region 12. The channel region. 16 is in the surface of
substrate 10 and is | ocated between the first and the second doped
regions, 12 Eigl ¥4 shespeat icreky. s&at Bo9Xd - I val80verl | he -
subst'rat}glr;ilo. The floating gate 20, to mﬂ%crh a?%igaryee:}:i ggngﬁ%%}c Yelectrical
connect¢xiticarichovbieeh @epolsi€sd Lhe S tSr J_ rat ed fromthe
substrate 10 by a thin ©I ayer 18 of gg%eé%x#dkgl#hg @gﬁ??%‘%n ghdSh in o

- whi ch tdmreerdahicediwigl t8le€ehibed] of LG ON J3  98neEal | sitioned over
the floating gate 20 with thgﬁ?Jé?gr of ctltHrﬁ e%frgeé—’ltscel%gi 8Fe%?¥‘i£°cilfat§rsovi ded.
between the floating gate 20 and the .control gate

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A conventional method of creating partially completed split-.

- gate flash memory cell will first be briefly reviewed.

The_crqss section that is shown in Fig. la is referred to
forlthis purpose, shown in the cross section.of Figp la is a
copventiqnal flasthembry cell in which a double-polysilicon -
'(polY) strudtufe.is-applied. A MOS transistor. is formed bn a
semiconductor substrate 10 ha?ing a first.doped'region 12,'al;o

.. referred to as.a-Vss soufce régibn, a second doped region 14,
also referred to as é drain region, a channel region 16,.a layer
18 of gate oxide, a floating gate 20,Ia layer ‘i1 of intef—gate
dielectric and a control gate 24. Sgbstrate 10 and channel region

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



- 24. The surface of the floating gate 20 has been highlighted as. surface
26. Surface 26 typically is a | ayer of poly-oxide that has been forned
~over the surface of layer 20 of floating gate material by oxidizing the
| ayer of sem conductor material 20 such as polysilicon that has been
. deposited for the creation. of the floating gate 20, using nethods of
phot ol i t hogr aphy ‘and exposure to expose |ayer 20 over surface area 26. 8
In the st%gcture shown in Fig. la, control gate 24 overlaps the channel
regi on 28" WIFERNAsA9RPEcEREIPD Lhahaee 4 6s emoled neatductifa tf egbkngngat e
20. This structure ts needed because when the cell is erased, a positive
char ge i 35 8PRPRe8SoRhehELFBDacomfucybt bt R0 yphs of rasdidubsthacehapnel 16
under the floating gate-20 becones inverted. The series MOXS transi stor
(fornmed by the control gate 24 over the channel region 16) is needed in
order to prevent current flowfromthe control gate 24 to the floating

‘gate 20. The Rengednoint hegt rensitshieorsitdntadsed haqQwer hap; 28 (Lhe .
control gate 24 over the channel region 16,.detern§%és t%elgc%?%Vléeg 10

per f or mafibe. STaEpregoAM hées s €3 aro Shoun Jeoifucha Phi el shpws, t he
pl acenent of ‘a gate voltage Vg, a source voltage Vs ahd a drarn voﬁfages
vd, Chargésbsptwmé@riredtﬁé_@ﬁrsﬁwé e q;}{eO,su%@ﬁ;(}gQQ 10 and is spaced
 apart from the first doped region 12. The channel region 16 is in
.'thé surface of subétr#te 10 and is located between the first and
the second doped regions, 12 and 14 respeqtivély. Gaté oxide
layer 18 overlies the_éubstrate 10. The floating'éate 20, to
which there'is no direct electrical connection and'wﬁich overlieé
. the substrate.io; is separated from the substrate 10 by a thin
layer 18 of gate oxide. The contzrol géte'24h.to which there is
“direct electrical gonhectign, is_genefally positioned over the
floating gate 20 with the layer of intergate dielectric 11
provided_betweén the floating gate 20 and the control gate
24. o
-The surfacé'of the fioating gate 20 has been-highlighﬁed aéu
surface 26. Surface 26 typically is a layer of poly-oxide'£h%t
has been formed over the'sﬁrface.of layer 20 of floéting.gate
material bx oxidizing thé layef of semiconducfor material 20 such
as polysilicon that has been deposited for the creation. of the
floétiﬁg éate 20, using methods of photoiithography and exposure

to expose layer 20 over surface area 26.



- gate oxide 18 and is stored on floating gate 20 of the transistor. The
anmount of charge is set to one of two levels to indicate whether the cel
has been programed to an "on" or to an "off" <condition. Reading of the
programmed state of. the cell is acconplished by applying appropriate

vol tages to the source 12 and drain 1.4 regions of the cell and to the
control gate 24 after which the anount of. charge on floating-gate 20 is
sensed. To erase the contents of the cell, the progranm ng process is 9
reversed, that is charges are renpved fromthe floating.gate 20 by
transferring the charges back to the substrate 10 through-the gate oxide

18. El ectronf ynelde %cegeergakbﬁowhriee OX] A& i00% +30 23nd, 32 {hat  have
been highlighted in the cross section .Fi'g. Ta.” The progranm ng ‘and

er asi ng. Foﬁgﬁ_%al?gglgﬁ%l 2BS w%s&@é B?QCe%ltecttJ |Gl 10Y 6UShBGr A&t n

fanlllar irn tunneli1hg effect. During progranmng, a

sutfi ciand 1 g valktags. '§h§9p£tﬁ9c£9ré hes GANIJl 19akes24,RBd Lihe drain

14 while the source is grounded, creating a flow of electrons in the

channel 29010 o dep | HepaubsLiat o dfoq Sor Al dheoey ehectiggecga n enouor
the thingets ofla LARE 18Ry AEARS ofc FRNE B AETbyngeling As the
becomes inverted. The_seties MOS transistor (formed by the
control gate 24 over the channel regioﬁ'lG) 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 control gate'24 over the channel'region 16, determines the

cell performance.

To program the transistor shown in Fig. la, which shows the
: place@ent of a gate voltage Vg, é souf;e véitage Vs and a drain
voltages Vd, charge is transferred f;om substrate 10,'throggh-
gate oxide 18 énd is stored on floéting gate 20 of the transiétor.
' The amount .of charge is set to one of two levels to indicate
whether the cell has been programmed to an "on" or to aﬂ "off"
condition. Reading of thé 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



- increases on the floating gate 20, the electric field between the control
gate 24 and the drain 14 is reduced, which reduces the electron flow O

i mportance in the tunneling region 30 and 32 is the quality and the

t hi nness of the tunneling oxide 18 separating the floating gate 20 from

the substrate 10. Inadvertent reverse tunneling, or erasure, for exanple,
may occur if the tunnel oxide 1.8 is degraded, or othér barriers to

rever.se. tun;gglng are not forned'in a split-gate flash nenory cell. 10 A
si dewal€VeFgesh thet $bovhdrdss tam Gl |de ov the exposed surface
of the. control gate 24 V\/nerge this corrlr!t&reo gat gaﬂﬁtloﬂfe&?ﬁﬁtm

floatimy gakes20rrihgishd hey i of this demall acer that
addressed by the nvention %%ﬁﬁﬁﬁ%%crggtﬁ5ﬁ G SFﬁétSplgtt@RHQgH}&hd1

nennrygeeblokhaé 18, gfgg{k I sect|on in Fig. la, the Vss source
‘region 12 is  first |npur|f¥p|%p$ At g PﬁFBrFhéhéﬁﬁghu%heﬁoxmmstrate 10. A
thin kaye@n§83@faﬁgu3§ n formed over the surface of substrate
10 by either thermal ﬂggllon 8 5?“ aldgposrhted iprtteessosbheethiipnl ayer
18 of gatel?oxige essentlally forms the tunneling | ayer of the nmenory

cell. The floating gate 20 of a first conductivity type, typically
conprising polysilicon, is then formed over the surface of the layer 18 of

gate oxide.-The pattern for the floatlng gate 20 is deflned by a thick

| ayer of
y The pProgramming and eraslng of an EEPROM cell is

accompllshed electrlcally by uSLng the famlliar Fowler-Nordboirn
(F-N) tunnellng effect. During programmlng, a sufriciently high
voltage is’ 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. 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 Nordhelm tunnellng As the electron charge

1ncreases on the floating gate 20 ‘the electric fleld between th°-
control gate 24 and the drain 14 is reduced, which reduces the
electron flow of 1moortance in the tunnellng region 30 and 32 is
the quallty ahd the thlnness of the tunneling oxide 18 separatlng
the tloating gate 20 from the substrate 10. Inadvertent reverse H
tunnellng; or erasure, for example, may occur if the tunnsel oxioe
18 is degraded or other barrlers to reverse. tunnellng are not

formed in ‘a spllt-gate flash memory cell

10



. oxide which is. formed in simlarity wwth the formation of a:layer of
LOCOS oxide. The floating gate 20 is next covered wwth a |ayer 11 of
inter-poly dielectric (also referred to as a |ayer of spacer dielectric)
which forns the separation between the floating gate 20 and a thereover
.creat'ed control gate 24. For this layer 11 of spacer dielectric, a'layer
~of Oxide/Nitride/Oxide (ONO) is frequently applied.. The control gate 11
24, of a second conductivity type, is then forned overlying the Ilayer 11

of spacer difeledewatl ¥Heeert N8o€rHesHectd. f. FhQ. shows a split-gate
flash nenory device having a single fﬁoatiﬁgqgﬁFglgn8L§Y%$?1I%yﬁﬁ) ol .

gate, sanpvsadsbuYEhUBEckStEONYEME FPNa L) } i Ly,combined to formthe
structure that is shown in cross secﬁ one ?jr?dll—t{nge%%l%xlsﬁoen%rro gad&ction of

Fig. | hides sbewsviolhi ghbi ghtsq f1 oating. .gates 20' and 20", havi ng
surfaces 261. and 269, a%egbéiééggré%ggI%y'a?&aﬁgeagﬁdfiﬁﬁﬁﬁoqk9fét dfnonl y

shared sSQuee1 §89LOR dR-whjle,. trol qates 24' and 24" are aligned
with the two flgating gat es fﬁ&ﬂ%ﬁgggobyéﬁ%ehéﬁée%ﬁbﬂpbeen provided with

a drain region, highlighted as regions of inpurity concentration 14' and
14 in.the surface of substrate 10. Operational details and details of

Creation-OfFEPetﬁérégéé%f%ﬁrgg-the split-gate flash memory cell that is
shown in cross secﬁion in Fig. la, the Vss source region 12 is
first impurity implanted inﬁo the surface of substrate 10. A 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 meﬁory cell. The floating gate 20 of a
f;rst condqc;ivity type, typically comp;ising polysilicon, is -
‘then formed over the surface of tHe layer 18 of gate Qxide;~The

_pattern for the flo;ting gate 20 is defined by a thick layer of
oxide which is.forﬁed in similarity with the formation of a-léyer.
of LOCOS oxide;

The flqating géte 20 1s next coverea with a layer 11
of inter-poly dielectric (also referred.ﬁo 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 fréquently applied. The control gate

11



- is shown 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 line poly spacers. Since these word line poly spacers are created
‘after’ the processing steps of Figs. la*and | b for the creation of split
gate flash nenory devices have al ready been conpleted, 12 these prelimnary
steps will be assuned to have preceded the steps of the present i nvention. -

At the2ppiof ansddendreaiduierieficy Shbel gateni)ap T §pLhat has
proceeded through the steps as h?gh??ghted m%th 8 éﬁ%g: ¥E Q | a and

I'b, theadeyie ds Jpundreadriekorithe creation of vvord | i ne poly. spacers
overlying sidewalls of the control gates 24' and 24" of Flg | b. For this

purpose, the invention provides two processing sequences, that |s. 1. An
i-n-situ 02 pl asma. treatnent is added to the conventional processing

ol vl 1 con (aat 3] Candor Sourieh REORIST R VAR b Gt Re LR sAL ed
ggaﬁt:oné? p?%%gégingvgggp n§%§§}ggfiﬁat?§ég¥§§¥ﬁ%f GP%LE%%e gggt?gfd ror
| gate, such a structure is conventlonally and readlly comblned to
form the structure that is . shown ln.CrOSS gection in Fig. lb,
The cross séctipn oﬁ Fig. 1b is shown to highlight.thatstwo
floatiﬁgigaaﬁ 20’_and 20", having surfacés Zé’_and 23”, are
symmetriéal;y arréﬁged adjécent-td a commonly shared source
region 12 while two éontroi gates 24 and 24~ are aligned witﬁ.
'ﬁhe-two floating gates 20’ and 20” and have each been provided
with a dr;in regioﬁ}_highlighted'as regiéns of impurity |
éoncentratioﬁ 14! and 14” in the surface of subsgfate 10.
Operational deta;ls and details of_creation of the stfuctufe that
- is shown in crosé.section in Fig} 1b cah'readiiy.be derived ffém
and do not deviate f%om the déscriptionithat has_beea.provided

for the cross section of Fig. 1la.

The -invention specifically addresses the formation of word
line poly spacers. Shme.these word line poly spacers are created
aftér the processing steps of Figs. la and lb for thé creation of

split gate flash memory devices have already been completed,

12



The first of these two treatnents, that is the in-situ 02 plasnma
treatnent, in effect conprises a boosting step to the conventional use of
sacrificial hard mask material. This boosting of the conventional 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 13 inplantation penetration. This is achieved since a |ayer of
inproved profile (nore uniformthickness) due to the nore square cross
secti orthefsel Ipreldnd nairpessepsei| BYSE Ded aiH%F¥QQ% %Q%cb@ggrgﬁ%
implantation in regions where this self-aligned inplantation i ot

desi gned dpxs pemetnaterd hene supf-aneigh .t he underlying substrate. Further',
the inmproved profile of the word |ine spacer results in creating a |onger'
path between separate salicided surfaces, thus reducing the occurrence of
the salicidation bridging. The process of the invention starts with

a. nonocryst akl ke pskhkc 1 LS ctor-substrate 10 as. shown in cross
section in Fig. P &Egyg{ﬂ i%énocfcloga eonox(?ftsjea h?&l e8R Pof hBaN AT Tthe.

sur f aceief; o SURSIE L5 10 QVEL4uBI yehet p | 125 B

' deposited.lc Bef ore the%g$eat%o%@ogﬁfﬁgbﬂighﬁiéﬁ%&g %%igﬁégﬁ? §%%face of

t he- S%Hﬁﬁ{at%ggﬁ§<9§%P pﬁgvédeg mﬁtg Eégigﬁs fvelectrical insulation" in
the surface thereot such as ¥ egr ond"of ~Shal-Fow Tréfch 15 1ow 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_invention provides.two proceésing
sequences, thaf is:' | |
fli-An in-sitﬁ 0, piésma_treatment is added to the conventipﬁal
prpcessing steps, this 0, plasﬁa treatment is applied to the

.'laye; qf'word line polysilicon'(boly—Z)-and'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 fifst of these two treatments, that is the in-situ 0,
‘plasma treatment, in effect comprises & boosting step to'the
.convéntional use of sacrificial hard'maSk-material..This boosting
. of the conventional hard mask layer résults in an iﬁpréved
prdfilé.of fhe created poly spacer layer of the word line. fhis

in turn results in redﬁcihg the possibility of impurity

13



- I'solation (not shown) for the bounding of the active surface regions over
the substrate 10 over which sem conductor devices are to be created. STI
trenches are typically created to a depth of between about , 2, 500
Angstrom and 4,500 Angstrom and are thereafter filled with an isolation
oxi de IswugllerEstsidn goenexradeiod4d Thyser id0aehigatesl axXirde i prwdferebl y
created to a thickness between about 70 and 100 Angstrom forned by

t her malingddlald Pratile a(heppenat Bbembehwean akgutquedbq Anchd5R, degrees C.
The | ayer 40 of gate oxide can al so be forned by an at nospheric or |ow

Py S cofognhses oot 0 LAERILECI, e e £ oL 1

formed over the layer 40 of gate

Vapor 3SR 13 %f%?%@ﬁﬁﬁkﬁééﬁﬁﬁﬁ‘” gﬁfs' Bl o Z‘.“f’. con” <

sour ce tHlseisicdlrSalkanel $2o05n PN Yl :]ss rfétefoee[s r%xy tfﬁpggpgg e{%ggds of
al -a era

LPCVD,- using SiH4 as a source mat er |

about 530Q O+deg f yer f photoresi st nask is '
creat ed O\fgll?“gt %g tggr gggr’(% r& é‘{bggyere’f’%éf’z r&gﬁ %E‘FoFmPﬁ%V?)%ltter ni ng and
etchin £ yLayer o] The phot or SISt mask 48, creates a pattern
of pol %m?f%let BE e fardohind T or SO It dTeISEERFORE frat@igeN Path

between_separate salicided surfaces, thus reducing the occurrence

of the salicidation bridging.

- The-proceés of the invention starts with a monocrystalline
silicon semiconductor aﬂmtratelo as shown in cross section in Fig.
‘2 Laynr 40 of gate oxide has been ;ormed over the surface of

- substrate 10 over which a layer 42_of poly-1 has been deposited;
Before the creation of the_hiéhlighted layers, thé surface of the
substrate has been provided with regions of eleétrical-insulation'
in the surfage thereof such as regions of Shallow Trench |
I;olation (not_shown) fbr the bounding of tﬁe active suffade

_reéions.over'the éubstrate'lo o&er which Semiconductor.devices
are 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 bxidej

such as silicon oxide,

14



- After the |ayer 42 of poly-1 has been etched in accordance with the

phot oresi st mask 48, the photoresist mask is renoved fromthe surface of
the layer 42 of poly-1, resulting in the cross section that is shown in
Fig. 3. 15 Next, a layer 44 of -interpoly oxide is deposited over the
structure that is shown in cross section in Fig.-3,-preferably forned-at a
t enperature between about 750 and 900 degrees C. A second | ayer 46 of

pol ysilicon, poly-2, is then forned over the substrate, to a thickness

- between aboufaytr500 andg2t &0k AW PReferEe yl ayeatedf tead yelRidkneatsched to
formthe control. gates 46 that are shown in cross section in Fig. 4. The

et chi ng, §1Qfe @ HWAEd7bi BRd POY Y Hild 2R ng At rSRAC NS £t ABrmAlE OSx S 1M @i Si N
sacrificial hard mask in conbination with a three step or a five step

t chi The- ' tcall ' Br eak
Thr ough SERCRIFe PErl o by o MOk Eeh (BT oFol Towit 1y an oeral &
Etch fl i.cal j f
o71. Vel PR o Sep o B ) B GRS R e BB e 0T S Cremte

squar e- shaped pal ce r j e i e squar e shaped being
r equi reparef%srurreeg%ﬁngggg gl%%lé%eDes%Aegriﬁtg'?oﬁr‘an(ggﬂol‘Pzg%gﬁggé of the poly spacers
is strongly related to the remaining hard naskthi ckness. on the surface of

t he poly-2
' The layer 42 of poly-1 is formed over the layer 40 of gate

oxide through methods including but not limited to.methods of "
LPCVD, Chemical vapor Deposition (CVD) ahd Physical vVapor
Deposition (PVD) sputtering methods employing suitable silicon
source materials. La?ér 42 of poly-1 is preferébly formed using
methods of LPCVD, using SiH, as-a source matefial 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-1l, for the patterning.and et;hing.
of layer 42 of poly-1. The photoresist mask 48, creates a pattern
of poly-1 in the pattern of the layer of gate electrode materiél.
Aféer-the layer 42 of poly—i has been etched in aécordance_with
the photoresist mask 48, the photofeéist 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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- surface during etching process, An insufficient hard mask [ayer on the

| ayer 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 02 16 TSMC01-977/1115 plasma treatnent to the surface of the
deposited | ayer of poly-2, for the etching sequence of the word gate
spacers, as part of the five steps of word l'ine poly spacer etching,
resul.ting i a_ square gate spacer profile. The conplete steps as

provi ded. byﬁ?'ﬁ‘é' ?nﬁ‘@?ﬁﬁgo‘{ﬁ. tHatt 15 R5RPor e de peadraceieadnener ofhg he
surface of the deposjted |ayer of poly-2 is as follows: BT1-MEl-in-situ 02
pl asmastFRAEHERL FRAR - NERAEN e einp s ectdopl indFpgocdssprgferatiti ons are
‘as follows: + BT1 and BT2: a pressure of between about 2 and 15 nilorr,

sour cefOFBRRT 2 hed VERITPHIATIT €1 (T taimery 2BOT WIS, abHa80podegrées veera  about
10 and 200 Watt, etchant gas CF4 supplied at between about 20 and 120 sccm .
+ MEL apePME2l2ye prib f odividihasen @odyt-22 aadtisnnFormed sowscechepover
between. about 100 and 1,000 Watt, bias power between about: 10 and 250
Vatt, 8tkhartyast TRt Humliness e themneaboabolf 520 and. 22006 cArg stiddm. C12
supplied at between about 15 and 150 sccmwith HBr supplied at between
about . Pioe a]mjyé_@()_a%mﬁy—-Z is etched to form the control gates 46 that

are shown in cross section in Fig. 4,

The etching.for the word line polyéilicﬁn gate spacers 46.
uSes a SiON or SiN sacrificial hard mask in
combination with a three sﬁep 6r a.five step.etching Sequende.
':The thre_é step etch sequence typically comprises a Break Throué’h
‘etch (BT), followed by a Main Etch (iv:a) followed by an Ove.ra%l |
Etch (OE). The five step etch prdéedute typlcally compfises tﬁe
sequence.of BTl—MEl— BT2~-ME2~0OE. Thé objective. of this etch
‘sequence is to create équafe—shape@lpoly'spacers-fér.éplit,gate
devices;'the square shaped being required.for reagonsjﬁf-device
fperfgrmance. Thé shape of the poly spacers is strongly related to 
the remaining hard hask thickness:on the surfacé of the poly;2
surface during etching process, An insufficient hard mask layef'

on the layer of poly-2 results in a concave spacer profiie.

To create & poly spacer profile that is of a

square cross section, the invention introduces an in-situ 0,

16



- Wth He supplied at between about 3 and 30 sccm COE a pressure of between

about 10 and 120 nTorr, source power between about 200. and 1,000 watt,

bi as power between about 15 and 250 Watt, etchant gas H3r supplied at

bet ween about 20 and 200 sccmw th He-02 supplied at between about 2 and

15 sccrsMCD1-97-73i1ttd 502" plasna treatnment: a pressure of between about 2 and

100 niforr, source power between about 200 and 1,000 Watt, bias power

bet ween about 10. and 200 Watt, source_02 provided at  between abput, 10 and

100 scRkasmaTHeeaigeatpttovEhadsrhriase LhHx & &@ﬁ?ergvPag%'%!boost

to the remaining sacrificial hard mask thickness by adding oxide_ to the

| ayer B¥r pdley-exdhingr dequepcereft tha YOIy e aPasersquafePaproff | &€ as

shown in cross section as elenents 46 in Fig. 4. The advant ageous of

squar efpreofstdegd. gqfowprsipdépespein ﬁ@acétnﬁﬁéh%ﬂﬂj F&SMAERHEsin12 t he square

profile avoids issues of inplantation penetration since the square profile

pr esensgiateurydtar mpacteer pacEidé. Timé formp Int gt dnst ise PrPHESSBuPY et

‘inmpurities and the surface of the underlying substrate 10, and .2. the

squar eipraftion areitds npoabbesseoé sht scd datsamestorfaghe gduéace &bl ici ded

stringers) between contact surfaces of the split. gate flash nmenory cell.
the deposited layer of poly-2 is as follows:

BT1-MEl-in-situ 0, plasma treatment-BTZfMEZ—OEr whereby the
applied processing conditions are as follows:
e BT1 and BT2: a pressure of betweeﬁ about 2. and 15 derr, source
. power beiwéen about 100 and i}OOO Watt, bias power betWeen
.about 10 and 200 Watt, etchant gas CE;.supplied at betyegn
. about 20 and 120 scem |
¢ MEl and ME2: a pressure of be£weeﬁ aboﬁt 2 and 15 mTorr, soﬁrce-
poWer betwéen.about 100 and l,OOOtWatt, bigs power bétween
about 10 and 250 Watt, gtch;gt gas CF, supplied at between
~about 20 and 120 scem with Cl, stpplied at between about 15 and
150 sécm wifh HBr supplied at between about 20 and 120 sccm
with He supplied at between about 3 and 30 sccm
. Oﬁ: a pressdré of between aboﬁt 10 and 120 mTorr, source power
between about.200 énd 1,000 watt, bias power between about 15
and 250 Watt, etchant gas HBr supplied at between about 20 and

éOO sccm with He-0, supplied at between aboqt 2 and 15 sccm

17



Under the second enbodinent of the invention, the hardmask |ayer is

i nproved by applying SiON or Si N hardmask technol ogy. 16 The second

enbodi ment of the invention teaches a three step etching procedure and

therew th provi des advantages of inproved control of the etching sequence.

The t'hree step etch sequence of the second enbodi nent of the invention is

as follows: ST-Me-CE, whereby the applied processing conditions are as

fol l owg: 4 Bgnta @re sure 8%eggtmeen about 2 and 15 mflorr, source power

bet ween abodf ~100? 55y PENt bi 3P pohRRr et fidest wdrmoubbsit 20@ndat t | .

et chant *ggs gFA sugglied at between about 20 and sccm M a pressure of
uf®

bet ween & T EhdSIET TR RS & RSERE 2PoRee Ut 30Resndabpt0 200k BN ds s 00

Watt, bias goggr bet ween about 15 and 250 Watt, etchant gas CF4 supplied
at bet we@A"ahotit 4 eMPPAWD e emdni2fA Ba2tsupphired 6f hetweed akout 15 and
150 sccmy Wi th HBr sugﬁiied at between about 20 and 200 sccmwith He .
suppl i ed PEFYBRR wRRPHbEUtarBl A9@ Becccm OF: a pressure of between about 10
and 120 nforr, source . power between about 200 and 1,000 Watt, bias power
bet ween about 15 and 250 Watt, etchant gas HBr supplied at between about
20 and 200 sccmw th He-02 supplied at between about 2 .
The above provided. in-situ 02 plasma treatmeht provides a boost
to the remaining_sacrificial hard mask thickness by adding ogide
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 advantagebus of square-profiled poly spacers can be

summarized as follows: | .

1. the sqﬁare profile avoids issues of implanﬁation penétration
since the sédare profile presents a'uniforﬁ interface of
uniform héight between the squfce of impurities and the surface
of thé underlying'substrate'lO/ and

2. the square profile avéids problems of salicidation shortage
(due to salicided stringers) between contact éurﬁa;es 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.

18



and 15 sccm 19 The advantages of the second enbodi nent of the invention
can be summarized as follows: 1. By using SiON or Si N hardmask technol ogy,
the need for an additional nmask that is typically required for the renoval
of residue, is elimnated 2. Punch-through of inpurity inplantations in the
area surrounding the gate electrode is avoided 3. Athree step etch
sequence is nore controllable than a five etch procedure, a five step

etehing procagiddchdeaB8dl Rent NEF AME &L ARl 0® L6QBhAY Dtk ALk 4. The

created square poly spacers provi de a strong fence to the electro and

prevent | ssues ofc Gale eLeat £ode defiect s,.; 4 Nanah. Lbes gyention s been

descrlb ustrate ere o) speC| 1've

nmbodi t th t t d t th ti be | ted t
those ”r?q”qrfrs%lr S%ﬁe&@eeﬁﬁsaeﬁgﬂ%%qﬁ%%‘eeﬂw izl eeResare BeTTot b ze
t hat t d di f b d th t f th
St t oS R BmERenent Pt PRer TeSE: 1 dfiad CBLLPRET ude Wi thi n the.

i nvention all_ such variations an dlflcatlon which fall mnthln t he
scope of thPHppertfed "OEIPRYE t%da%%%l%frﬂ%esﬁ Bfegpnditions are as

follows:

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

e ME: & pressure of between about 2 and 15 mTorr, source:power
between about 200 and 1,000 Watﬁ, bias power between ébout 15
and 250 Watt, étchant gas CF, supplied at between abOut.S and.
106 sccm with €1, supplied at between about 15 and 150 sccm
with HBr supplied at_between about 20 and 200 sccm with Hg

supplied at between about 3 and 30 scem

e OE: a pressure of between about 10 and 120 mTorr, source i
power between about 200 and 1,000 Watt, bias power betwgen
about 15 and 250 Watt, etchant gas HBr supplied at between

'aboﬁt 20 and 200 scecm with He-0, supplied at between about 2

and 15 scem.
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20 LLOYD WSE. What is clainmed is: 1. A nmethod for the creation of
word-1ine spacers for split-gate flash nenory devices, conprising the
steps of: providing a substrate, having at |east one floating gate and
intergate dielectric 5 forned over the surface of the substrate;
depositing a layer of word |ine gate spacer material over the surface of
the substrate; and etching the layer of word |line gate spacer nmaterial,

t hereby creatjigg acer ving. a substantially square
cross-section pr Oa://(\"‘ll?/r aye boga{%‘? dg% %‘?g ?‘T@F’ ‘Q@‘elnltoﬁfl f§egangengiomhean

met hod of clai wher t word |ine gate spacer material conprising
ponS|I|con gh%ﬂarh%ﬁﬁdﬁ’égﬁéngn1l or claim2, wherein etching the | ayer

of word lin é%}e .Spa % material conprises the steps of: 15 a.first Break
Through etc USING SEPN oRpt AN EhatAaER Dechinelsigyu @Bephastnfsor eat nent ;

a second Break T rough etch (BT2); a second Main Etch (ME2); and 20 an
Overal|l Etch Trighathma plettrf ofs ¢t yindlywreneinethéoBTEhet een@@iIr i Ses

applying a .
pplying of residue, is eliminated

2. Punch-through of impurity implantations in tﬁe area
surrounding the gate electrode is avoided . |

3. A three step etch sequence is more controllable than a fi#e 
etch procedure, a five step etching procedure is prone to
introduce particle contamination, and

4. The c;eated square poly spacers provide.a strong fence to

the electrode and prevent issues of gate electrode defects.

Although the invention has been described and illustrated
with reference tO'speéific illustrative embodiments thereéf, it
is not intended that the invention be limited to thoée |
illustrative embodiments. Those skilled in the art will recognize
that variations and modifications can be made without departlng
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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pressure of between about 2 and 15 mforr, 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 21 LLOYD WSE 5. The
nmet hod of claim3 or claim4, wherein theMEl conprises applying bLQRRYEE e
of between about 2 and 15 mlorr, a source power between about 100 and

1,000 Wwatt, a bias power between about 10 and 250 Watt, and etchant CF4
supplied a . e of. between about 20 and 120 sccmwith C 12 supplied at
a rate of Bhg?a\}\ésreﬁ&g(}?gdf' 15 5 and 150 sccmwith HBr supplied at a rate of

bet ween about 2Q and ,120.sccmwi th E uppl.ied at a.rate of hetween about
3 and 30 sccm 6: Théé“ﬁﬁtthﬂgﬁorotwe 8‘???%%?‘8‘?‘%61?%%0%5 fo5 Sg,lt'%%%ﬁaﬁthn t he
in-situ 02 plasma treatmnent, conprises applying a pressure of between about
2 and 100 MY dgviges, FOBPIIHBGHIK SPEREen about 200 and 1,000 Watt, a bias
power between about 10 and 200 Watt, .10 and source 02 provided at between
about 10 and 10@raviding aBubsTiate, hevihgdt ledst any floatinggatedng intergnte dielctrigher ei n
the BT2 step conprises applying a pressure of between about 2 and 15

mrorr, & sdothed gvereie shefhswsithahdstrate100 and 1, 000 Watt, a bias power
bet ween about 10 and 200 Watt, and with gas CF4 supplied at a rate of

bet ween about 2Qeastink2D1a§&CdNwoka 18e gdte@paRt hRekrRi oddhOaRTRE ofthei M 3 to
7, wherein the step conprises applying a pressure of between about 2

and 15 mror, St]%%ug&? power between about 100 and 1,000 Watt, a bias power
bet ween aboul? >and 250 Watt, with etchant gas CF4 supplied at a rate of

bet ween about Z%tc%?n% tgig ?ay%? 59 wg\édtlpnecgag'ezsp%ge? %eitggal,aﬁxer%bgf %}egtir?é 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 maferial 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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* between about 15 and 150 sccmw th HBr supplied 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 nmethod of any one of clains 3 to 8, wherein the oMPIPWIEE chy
(OE) conprises applying a pressure of between about 10 and 120 niforr, a
source power between about 200 and 1,000 Watt, a bias power between about
15 and 250 Watt, wth 22 LLOYD WSE etchant gas HBr supplied at a rate of

bet ween about 2@ andT%%%e}\ﬁ&f%ﬂ@l%ﬂ#fﬁfﬁﬁin?&',%éréﬁtﬁetl\]glﬁl  Ahfprils &g@,ﬁﬁgg

about 2 and 15 sccm met ho or the creation of square wo
spacers for

split-gate flash _ renory devices. conprising the ps,of: 5
o ovi di ng. & PR of Bevegh Bk RIS I, £ eI hEMBRR O 08B ace of
the substrate: depositing a. layer of te erial qver the surface of the
| ayer of 93@0(}&?@& blawwemrmnéﬁaut%ﬁ%@%bé’}ﬁtﬁgﬂn fEchpaffelis sypPlindrat a
material, creating floating gates for at least one split-gate flash nmenory
gate el ect rgelef betvgen abaat 20 enddPdsdom wigh &1k syaplicd it 4 rateef bpiweerdgboubtiri ¢
mat erial over the surface of the substrate, including the exposed surfaces

of the fl oahd bhf0 srhrewith dHRreaipplisinta rhtewe betwfeen abaut 2paaéd 1 20mtoe wath Hever t he
surface of . the layer of inter- gate dieletric material; and patterning and

second et cRipidictia€a kAY 6f bivegRiOUE PAREBO B&InEr i al , creating control 15
gates for the at |east one split-gate flash nenory gate el ectrode

structure, the geconepgledhNoGAFRME 3 B3 AASlIALAR hehERu Y, plddaal t U 02

pl asma treatnment.

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,

10 and soufce 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 CF4
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 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

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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11. The method of claim 10, wherein the |ayer of gate materi al ﬁ/
polysilicon. 12. The nmethod of claim 10 or claim 11, wherein the Fg(élﬁ HE
gate spacer 20 material conprising polysilicion. 13. The nethod of any one
of claims 10 to 12, wherein the second etching conprises steps of a first
Break Through etch (BT1); 23 LLOYD WSE first Main Etch (ME 1); in-situ 02
pl asma treatnent; a second Break Through etch (BT2); a second Main Etch

(ME2).; and e%hgﬁsge%{ﬁré‘}l l"f}‘iﬁ e(ar.ht %%@ ofﬂ)é]tWeH?bng?ngd % gclc gh (y\/ner ein the

BT1 step corrprl ressure o 15 mlrorr, a
source power e%ween abgﬁt 100 and 8 0 Watt, a b| as power between about
10 and 200 SYRR'tEd a6R fRte PE PiECT ko gng gﬁ?‘%ﬂéd at a rate of between about
20 and 120 sccm 10 15. The nethod of claim 13 or_ claim 14, wherein the MEl
step conprises l8ppl ¥+ mgtheddertbe greation obsquarserorddingtspacesnfor selitrgpéy flashy
source power between about 100 and 1,000 Watt, a bias power between about
10 and 250 nwidry devicémnomgasingke st@pﬂp[ﬁl ied at a rate of between about 20
and 120 sccmwith Cl2 supplied at a rate of between about 15 and 150 sccm
wi th HBs suppli @ebvading als@bstra@d; bet ween about 20 and

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;
patteming 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.  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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15 120 sccmwith He supplied at a rate of between about 3 and 30 sccm 16.
The nmethod of any one of clainms 13 to 15, in which the in-situ 02 (agre
treatment conprises applying a pressure of between about 2 and 100 niforr, a
source power between about 200 and 1,000 Watt, a bias power between about
10 and 200 Watt, with source 02 provided at a rate of between about 10 and
100 sccm 20 17. The nethod of any one of clains 13 to 16, in which the BT2
step. conprises sure of between about 2 and 15 niforr, a
source power bé?ﬁg%% a lﬁ?“?ﬁ% and 1,000 watt, a bias power between about.
10 and 200 Watt, Q etc as CF4 supplied at a rate of between about
20 and 120 sccm' ﬁﬁu l@ﬁfﬁ % The nmet hod of any one of clains 13 to
17, in which the ME2 step conprlses a% | ying a pressure of between about 2
and 15 niorr, a2setAddpanehroughelzadh Ebout 100 and 1,000 Watt, a bias
power betmeen about 10 and 250 Watt, with etchant gas CF4, supplled at a
rate of betweenaspennd Mainditch (MB2x@ody with C 12 supplied 5 at a rate of
bet ween about 15 and 150 sccmwith HBr supplied at a rate of between about
20 and 320 sccmaniOverdteEwshgQE).ed at a rate of between about 3 and 30 sccm
19. The nmethod of any one clains 13 to 18, in which the Overall Etch (OE)

conpri ses appl yijag am{e%&ué&opélalhetmﬂ{ara@%tlsﬁpsteﬁdoégﬂsetmgpuymgaa source
power between about 200 and 1, 000 Watt, a bias power between about 15 and

250 vatt, és@ur@%f%&&%%ﬂ%b&ﬁ%%ﬁg dlS%H’P&Jr'aeQ)u?ée Rweberwkn Géd’é’el 0 afpout 20

and 200 sc a rate of between about and 15 sccm
f2 Pésﬁ\ met hqc,jOJO%a& ha? bigs Sg\;[v!cr retv%ens Padt fo W%rﬂ)Ol an ahd Stchant éa%rCFa sL;In;h gat €
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 sccm.

16. The method of any one of claims 13 to 15, in which the in-situ 0, plasma
treatment comprises abplying 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 CF4 supplied at a rate of between about 20 and 120 sccm.
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. menory devices, conprising the steps of: providing a substrate; 15 creating
a layer of gate oxide over the surface of the substrate; depositipgoep haster
of gate material over the surface of the |ayer of gate oxide; patterning
and first etching the layer of gate material, creating floating gates for
at | east one split-gate flash nenory gate el etrode structure; depositing a
| ayer of inter-gate dielectric material over the surface of the 20

substrate, i ncl ygi ng e EKAPSEIIELRERINO!3 o7, b RRlchife SAASep dePOSi ting

a layer of gate spacer nateri ver the surtace’o yer i nter-
gate dielectric mate 25 LLOYD MYSElﬁﬁ teéﬂ%n and second etching the

Lal ;
layer of ga‘EPE‘pEB"écaé’P{%ﬁ & presfure g} RAVPeR? ap He8r8UaIPHY a
substantially square cross-section, having control gates faor the at, | east
one split- @s{wéeemasgw 100rmae R Watk adkips BRI Qe PR abast 19 and 259 latkdtifibd of
clai n20 wherein the layer of gate nmateri al conprising polysilicon. 22. The
met hod of tchianh 226 (B, sipplied &k ragrdbetween aboutPeand 320 geane, with €41 supplied
conprising polysilicon. 10 23. The nethod of any one of clains 20 to 22,
wher ei n 5t hat s estoofibetiveén algput ¢Hapd i S0 sugnswizh SiBrfsupplBdeak rdthodbeveet ch ( BT) ;
then a Main Etch (ME); and then
about 20 and 120 sccm with He supplied at a rate of between about 3 and 30 sccm.
19. The method of any one claims 13 to 18, in which 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
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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an Overall Etch (OE). 15 24. The nmethod of claim 23, wherein etching the
second | ayer of gate spacer material includes an in-situ 02 plasna
treatment. 25. The method.of claim 23 or claim?24, wherein the BT S{Q¥® WISE
conprises applying a pressure of between about 2 and 15 mforr, 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 2 fot A ' - 25 3 Ly the ME
Battdfifhg Tl RO et it t‘ﬂ? @48/8{ %géeaﬁé g{%c&%n!n@ngl, ere Wotd

step conprises applying a pressure o out 2 and 15 orr, a

source powss = between. about 200 .and 1,000 Watt hi as power between about

e a Doo Tiag Pkt tibaafte) R0ty s Sflom Bt ol Bed R EER Sbon

5 and 100 iccmvvit C 12 supplied at 26 LLOYD WSE a rate of between about
gaig aé%ﬁ%

15 and 150 '€StoRasPh MoBYEHE RISt ween about 20 and 200
sccmwith He supplied at a rate of between about 3 and 30 sccm 27. The

nmet hod of any one of clains 23 to 26, wherein the Overall Etch (CE)
conprises applying a pressure of between about 10 and 120 niforr, a source 5
power between allout 208 methododaim2atwherdin helaypafgatchritesd coalpaising15 and
250 Wwatt, wth etchant gas HBr supplied at a rate of between about 20 and
200 sccm wigblysitRoR2 supplied at a rate of between about 2 and 15 sccm 27

- 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 P;T step comprises
applyihg 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 CF,4
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
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a rate of between about 15 and 150 sccm with HBr supplied at a rate of between about
20 and 200 sccm with He supplied at a rate of between about 3 and 30 sccm.

217. The method of any one of claims 23 to 26, 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 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



