; e3eGv&J6" Tvf Ec , TSMCO01-977/1115 A METHOD TO FABRI CATE A SQUARE WORD LI NE
POLY SPACER BACKGROUND OF THE I NVENTION (1) Field of the Invention The

invention relates to the fabrication of integrated circuit dﬁMMNWNMMHWMWL
nore particularly, to a structure for the creation of square Wi |y
spacers. %%gcggggkkyiigg o the Prior Art Semi conductor device perdo@iance
conti nues by virtue of reductions in device dinensions and

by increasing device packagi ng densities. This also applies to the creation

of CMOS devi ces j f ng i t tl-ash vi ces. Read
Only Menory (RO% Mggg/?%eQQE@kaI?i?rﬁrp%r %@gé pwaé%{D &Fﬁgesﬁgggé%/%g@ provi de
functions of data storage, these devices are also referred to as

mask- progr anmred devi ces. ROM devi ces are nonvol atile nenories, indicating
that data is permanently i.n_th evi | y read operations can be
per formed, changes of tﬂg&ggﬁg%gbnpgiﬁ%@ ﬁh&ﬁﬁgxﬁgnnry cannot be made after
t he device has been fabricated. Custom zation of the device is however
econonmi cally feasible since only one mask needs to be used for 1

(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 £f£lash 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 are 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 however

economically feasible since only one mask needs to be used for
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9 y ~ T TSMCOL- 977/ 1115 the fabrication of the ROM device. ROM devices have
been i npl enent ed usi ng bi pol ar 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 |inengf~bNegt®pPrys . No data elenment will be provided if the word
line and the bit ?lne are not interconnected by a circuit elenent. If
therefore the word line of a ROMis activated, the presence of a signal on

the bit |intei fdbeodesidrhali anelRoMSASHFed ROM Wt c83t 1Rl @Rt (or Dbit
location). The absence of a signal on the bit line indicates that a "0" is

stored in thptehéitd®andim biboghd- afd QNG MRRLE R §PROM devi ces are ROM
devices that are typically manufactured in small quantities, using CMOS

technol ogy. These devi ces are programed individually, sone ROM devices are
manuf act ured such that data, once entered into the device, cannot be

erased. O her REOM gleydiesiadlal QWet Beofdd & 4 @ ReneHESELe a&éﬂ drQ %gerssheet@f ed

after the device has been manuf actured. Erasabl e PROM evi ces

depend on the LesehdErde relenbih,eniof &E\{@g#rﬂebg@&@ehs rﬁ%@ga§tﬁ@

el ectronic charge and Is stored on a poly icon gate of evice. The

term"floatLpggg 'ﬁhgﬂ1ﬁ¥ %%ruﬁEHﬁ§¥fe¢ résgf% Hlﬁef?gﬂetggqs ng ;6Legkrige!
connection exists to the gate that retain
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 is activated, the presence of a
signal on the bit line indicates that a “1” is stored in that

data element (or bit location). The absence of a signal on the

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

Field-programmable ROM (PROM) devices are ROM devices that
are typically manufactured in small quantities, using CMCS
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 be
erased and to be re-entered after the device has been
manufactured, Erasable PROM (EPROM) devices depend on the 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 “fldatinq" in this structure refers to the fact that no

electrical connection exists to the gate that retains the



2, (4 TSMC01-977/1115 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, nmaking it
possi bl e a ry- high-density arrays of EPROM cells. To counter
di sadvant gggéf)gféﬁa{@%ﬁ' asure of conventional EPROM devices, electrically
erasabl e PROM s (EEPRQM s) have been created. Mst flash nmenory EEPROM
devi ces uggeatdo S o %YEE p for t
control gate and@?%gc%@o? I}Tﬁgs&géf? e stec%éeg?ggmgﬁ%gfi%rﬁcg\fe%mpg% i's
the fl oatiyng; e i trucy =L e ntrol - gate  pol y. overl aps
t he channng%ggﬁt’o%uk%%arfat}eggggjggggn Ht:b Lﬁeat(?%énglgl i %re?fa%%et I%Qﬁf?@ gat e.
The ext engi,04, 0 c r e.over the channel region is referred to as
the seri egbeﬁ aénf:éegrf]eteadrft %dglt?rggélsf}g e ANEY g’er sﬁﬁ??i%%o&ﬁfe%&ﬂaﬁl?%e
cell is e d, S| tqiyve remai ns . on the.floatin ate inverting
t he channé?égh e%@fodaetl’ll\r%g tggiégf]l’ R °£nﬁ%¥e%%t?‘%&§éf’§%nsi stor
prevents .flow of current fromthe source tq the drain regions of the
MOS devi c}él.ggté ij\gée ppoesraflg}ﬁa%8ecf?‘r$‘?eovveerfé’nf"§gar'ge??/b’f%aﬁqrf‘ya?c efBE%y
reduci ng de 'ce,finensions,,mhich further enabl es i ncreased packagi ng
density OFE¥L% Fe i tEEnFE BANYRY 9o Pifc 8812  BrRQUZE Off COnYeREERANY 7/ 1115
t herefore ggiir ble to create nenpry devices_that can be created over
smal | er sf 4G 0ns SOFCERLC_ LS 1558 PdF e PRI £ n(BFFROY déviaee heen
created. One of the frequently applied nethods for the creation of etched
| ayers of “p*Ye9t hat are part of a split gate flesh menory device, is the
use of a hardmask | ayer that overlies a |ayer of poly that needs to etched.
Far instance and specifically addressed by the invention, poly spacer nust
be created for the word line of a flash nenory device. The shape of the
poly spacer i MGt EligshcBPMe R FERREE dewhersbysa yatanbdsapelyost esetams al |y
square cross section is advantageously created to avoid problens of punch
t hrough. WRRrehi &hei RPPEoRP He st arnifetthed cpPpErehegatre @nidoihef wexdiatiagsol y
spacers for the created word line of the flash nenory structure. US
5, 915, 1780f Gaari zeictare) wehbewstlee rlgiwarepodyl i3 e £lpasdegsgatyS 6 nl 65, 845
(Hsieh et al.) teaches a split gate flash with a poly tip process, US
6, 069, 042t yiotadn sgtrugkuyeshbiwe eontufali-ghagepoSpamesrlppecebs champdlit gate
flash. 4

region that 1s 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
remaing 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 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



TsMCO ~9~~~z15 US 6, 312,989BI (1 @i h et al.) shows a split gate Fl ash

{ )

Wth a poly spacer process. US 6,242,308 Bl(Hsieh et al.) shows 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. SUWARY OF THE

| NVENTI I NGi_p| bj ective of the invention is to provide a nethod for
t he cregﬁ#ﬁmﬁgfggdd&ﬁégmord | ine polysilicon spacers for split-gate nenory
devi ces. Anot her objective of the invention is to inprove punch through

per for anage féo el 9gh eo L ash JRIOLLIeY! aeps ety Aot ol ,gcagg&gecgfs

the inventionis to i nprove 1 nsu IOﬂO

i ;%é.éazs:ma%waene%&;.on | E58, AS RIS R g

substratngéa é%p%E% g?&gt lEﬁ%%e JEDt%ed?gégugntly applied methods for
the creation of etched layers of poly, that are part of a split
gate flash memory device, is the use of a hardmask layer that
overlies a layer of poly 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 invention 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.



|-, TSM01-977/1115 In accordance with the objectives o the invention a new
method is provided for the etch of word |ine polysilicon spacers that form
part of split-gate flash nenory devices. Under a first enbodi nent of the
invention, a conventional word line polysilicon gate etch is augnented with

an oxygen B nt of the layer of word Iine polysilicon that is
et ched asT%g??HE?g?ﬁfifgtch. Under a second enbodi nent of the invention, a

conventional five step etch procedure is replaced with a three step etch

procedur e thatygsepaseheypISiT@Nigr ¢hag dr chn : SCRLPT] ON
OF THE DRAWNGS Fig, la shoI\&/:(/s alcrgss sgﬁﬁo&rﬁof gb??ga?iﬁ%@giaatgg g%ﬁaé

control g@bgyogp§$gqu§Q&*Qﬂal split-gate flash nenory cell. Fig. 1b 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 o which have been created a | ayer of

gates oxi de, a f Iy - r 'cg a t Qr esi st sk [has, bee
created for thtelb:?al‘}érz’gw%? B%iﬁésgﬁge? ylln' ts\}\lx%b'?agegéil% ngaBtFSl\’;g@fPQ‘ﬁﬁMS

a spacer,

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
improved barrier against impurity penetration into the surface of

an underlying substrate for split-gate flash memory devices.



'Fi,g. 3 shows a cross section after the layer of poly-2 has been etched, the
phot oresi st mask has been renoved. Fig. 4 shows a cross section after a

| ayer of interpoly oxide has been deposited and a | ayer of poly-2 has been
etched in accordance with the invention for the creation of control gates.
DESCRI PTI G U -PRERERRED EMBCDI MENT A conventional method of creating
partially conpleteJ spﬁlt gate flash nenory cell will first be briefly
reviewed. The cross section that is showmn in Fig. la is referred to for

this purpose, dsmowecoRdbheeGipss ' i . Ei i s.a_conventi onal
flash-nenory cell in whi ch a doubtﬁg-cpoﬁgg? Yg%go% :)tg]ey)a'“ngfapg&?ﬁr% Rey

applied. And¥Hpd Hansk808ed SedOr a_.seniconduct or _substrate 10 havi ng
a first doped reéi oﬁ 12, a soéfr)ettr‘%?reg & 8§a‘g&é§{} esgﬁtlé’é??éﬁ?%rﬁpa&es‘écond

doped regiytl I ef er | 1 ¢ rain region, .a channel region 16, a
| ayer 18 of gat%grgx?gé? é’a?fsf%%ttlt %S%ga égig,m%{mf%@é&v’éfeﬁf Yhier -gyatiast

di el ectri Gndady N g O t s-2ubstrate 10 and channel regi on 16 have a
first conducti&?ﬁ@et%Ee%h%ﬁkﬁ%éﬁiéf§do%eao?%ﬁﬁﬁﬁ?”fg aﬁﬁg7ll“Qé$R%M5lliﬂPP225
t he seCOn p egLo 4 have a.second conductivity type that is opposite
the fi rst%gg%dggfﬁv?%y&t‘%ee 0 twﬁé?’sﬁﬂs?’i”é?eé" asRé gé%ﬁ’?‘ﬂ?ﬂq:icgf, thg the

first dop regl.en IS, provided.i,n the surface of the substrate i0. The
second dogga’er?eg?o‘ﬁ&%% B QRS YSAOIFPAR AR tife edGherdces patthefstbdsrat e 10

and is sp a formthe first, K doped region 12. The channel region 16
isin the%gggf aggg%’f bt é’m%@déﬁﬁg' f edVBBEhRRN & Heviensdonad t he
second dog§geregions 12 and 14 respectiveux¥ Gate oxide |ayer 18 overlies
the substrate 10°P Theh IRFAGSHY Gat e ®placedumilsh ehbhees stwp @itebet
el ectrical _connectign and which overlies the substrate 10, is separated
fromthe SGBEPFATS t%t)atbfsabtaﬁieﬁ PRYRION pofhagdmasxteinoliegysont rol  gat e
24, to which there is direct electrical connection, is generally positioned
over the floating gate 20 with intergate oxide 22 provi ded between the
Floating gate 20 and the control gate 24. The surface of the floating gate
20 has been highlighted as surface 26. Surface 26 typically is a |ayer of
pol y-oxi de that has been forned over the surface of |ayer 20 of floating
gate material by oxidizi FRIEHe DEGYRIPDION&F FOBIDBRGINGSt eri al 20 such as
polysilicon that has been deposited far the creation of the floating gate
20, using net fods d2 shewsl at aeegapectind efpeasfiaattimgexpaseahdyer 20 over
surface area 26.

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 contrel 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.



'8  TSMCOL-977/ 1115 In the structure shown in Fig. la, control gate 29
overl aps the channel region 28, which is adjacent to channel 16 underneath
the floating gate 20. This structure is needed because when the cell is
erased, a positive charge is retained on the floating gate 20. As a result,
t he chann u 7 floating gate 20 becones inverted. The series MOS
transisto?gygggngz?6§i?ﬁe control gate 24 over the channel region 16) is
needed in order to prevent current flow fromthe control gate 24 to the
floating gate POg. Thesh@ngth ctbskhectt emsi stiQly that aysrthe ;EM%IJzapagff of
the control gate 24 over the channel region 16, determ nes the “cel
per f or mangeenTetPREG) athd hdtlorBSH §E Oha SHWYY i ehil Jemdfeq Wi ch shows the
pl acenent of a gate voltage Vg, a source voltage Vs and a drain voltages
Vd, charge is transferred fromsubstrate 10, through gate oxide 1B and is
stored on floating gate 20 of the transistor. The amobunt of charge is set
to one of two el fandi t el been ranmed to an
"on" or to an tgg?"§€%ﬁgF??BE€EE§2%?%€§%} t éﬁbﬁoéggﬁﬁégggfg%%%g Yt he cel
i s acconplyi d ' opy. \, e _ ur.ce and, drai n
bik$hEdn Dy @&Hce Wéeg%s&gg& Rh4 3 elac}fgzt%% 58319 %hﬁass\?a]elec et%éee'gnjbxhnt

7.4 regions of the to the contr gate arter

f.ch i NG 201 h f th I,
Che. pr ogr Aus Tt ar baadt eg bavRab Rl %o, MRl KB EL AR i e S Sehat yos

are renmoved fromthe floating gate 20 by transferring the charges back to
the substrate 10 through the gate oxide 18. El ection tunneling occurs

t hrough the oxide regions 30 and 32 that have been highlighted in the cross
section of Fig. la. The progranm ng and erasing of an EEPROM cel |l is

li shed el i call ' he faniliar Fow er-Nor dboi F-
unnali ng. of oot Dur PROCBY bt i d AE PRRFFRESR RIS SR ool 1 age | 5

applied go to the control gate 24 and the drain 14 while the source 12 is
grounded, creating a flow yr electrons in the channel region 16 in the
substrate 10. Sane of: these el ectrons gain enough energy to transfer from
the substrat e AFTY I NRIalrRiPGdtle SEEAPGUBAT EHE hiRrgacEedxsrRic h-ayer
18 by neans of Fomﬂer-hbrdheinltunnelin%. As the el ectron charge increases
on the fl93t§ nglaplt deporyt Rele| ekll ifdystebg Betofkn zavde¥6Atrol gate 24 and
the drain 14 is reduced, which .educes the electron flow O inportance in
the tunneling region 30 and 32 is the quality and the thinness of the
tunneling oxide 18 separating the floating gate 20 fromthe substrate 10.
Tnadvertent reRhd SEOBENHEFTFhED Biaterigs ghewnf br Bianlee isnagfeteed td the
tunnel oxide 18 is degraded, or other barriers to reverse tunneling are not
formed i nfer sgiis Ryawpe st ashowenigy ytheekiros$0secTIVORLE- §13/4 1145i R &i dewal |
spacer (not shown) is typically provided over the exposed surface of the
control geenventinmade flpsb-Bemerwiceddt éndwbich otdaderpolpeiiicet i ng gate
20. It is the creation of this sidewall spacer that is addressed by the

i nvent i on{pFEgy) tdteucteaei be afpliesl.spl MOSghrendiasir memfoymeel én that i s
shown in cross section in Fig. la, the Vss source region 12 is first

i mpurity sendcaomidecdt tiomt subberstey fldc dacingulst { aéte ddpedArebion| Byeralk® of
gate oxide is then fornmed over the surface of substrate 10 by either

t her mal oxeftredn tor abya avsleposindeoregioness. sedwnd kiopetiayegid8 1of, gate

oxi de essentially forma the tunneling |ayer of the nenory cell. The
floating gladce 2T cafred torss «ardict irebtiyn} ypechdnHalcakhyosonp/ isilger
polysilicon, is then formed over the surface of the layer 18 of gate oxide.
The patt ers dfoatBeckliaal i of Paita ndOghsedpd) ned dperaz2bhbekihpywigadle oxide
which is fornmed in simlarity with the formation of a |ayer of LOCOS oxi de.
The fl oatdid e@&lrec28né Sa NEXxit XAV Raed Pt hs@odvdle 22 Qhdi Bh&indI0lRegion
dielectric which fornms the separation between the floating gate 20 and a

t her eoveri g aaked ¢9pL# Obotiild 129+ vF hi 2 SPAGES i-eliegtric,
a layer of O de/Ntridel O de (OND) e?géfr@aéu%ﬁsf gﬁ’%%?eg. Thnqugﬁ??oL
gat e



11, TSMCOL- 977/ 1115 24, of a second conductivity type, is then forned
overlying the |layer 22 of spacer dielectric. Wiere the cross section of
Fig. la shows a split-gate flash nenory device having a single floating
gate and a single control gate, such a structure is conventionally and
readily c i.ned the structure that is shown in cross section in
Fig. 1b. %ﬁgk@ﬁGQEQéigiggn of Fig, 1b is shown to highlight that two
floating gate 20" and 20", having surfaces 26' and 26", axe symetrically

arranged agieA@@BbnkOd8pEQ PR ok a.faahs@leSQU£§§oﬁ ?ﬁé@g%giwé%,et%b\é% Qptrol

gates 24' and 24" are aligned wth the two oa ates and

have each he Ld E{ rail . 9l i i.ght ed _as_regigns of
impurity cl%nggﬁtg%gtv%o%%i%ntg C%E‘ah?ﬁgtsggygt r&ag)te}l 5?95551%??5?%@1@?
Qperational details and details of creation of the structure that is shown
in cross section in Fig. 1b can readily be derived fromand do not deviate
fromthe descri,pt] t hat.has .been, provided far, the.cro section of Fig.
la. The invent?gnggggc%éﬁqﬁﬂ'lﬁaadgpgsgggsﬁkﬂ?&%ﬂ'ﬁﬁ??8ﬂ i? WOrRF i PEpdT y
spacers, since these rd lin oly spacers are created after the
processi nghgt gtﬁgP%?e = st.q"q gu‘;ﬁgrigef g& tHE? GEERNFoACREY sitg oy dtte 1FI ash
menory devi.ces_have q#rea been conplgt d 1 TS -977/ 1115 these
prel i ni nafy38t BREVIGFY o %?s&ﬁﬁéafzﬁ Ve HrCsdeatentl sihst & FRECEFe of
critical ingogt nce t.o he invention. At the point in the creation of a
split gat &PPfhs °’Ff&nrok?‘§ o 8OPRGt TGO ridce 88 CRRRBRY F EHE s Lépd 8 akn
highlight%g in F'%s, ég and 1b, the device is now ready for the creation of
word |ine ‘g8l 9%% cerdt ARRStyRRg &P vkl 1% locatrd berveen i £4reh angdd 24"
of Fig. 1lb, For this purpose, the invention provides two processing
sequences ENEhBECPRA dOPeA, Gegiepsy &7 fdishfa nespachively s @xddet he
conventional processing steps, this Ox plasma treatnment is applied to the
| ayer of WAYETtIhPTRANST L8N SPPBEYRTY Ihd Thesfleatine amtienp@Poved profile
of the created word lines, and 2. By using Si ON or Si N hardmask technol ogy,
the reed FBECAJERETDHA Nor §éE65E NGl eer 14 gonasttilen j anckewhiichareedr L e
first of these two treatnents, that is the in-situ 02 plasma treatnent, in
ef fect cofipfi gekstratsosili.ngs. seppraed Hraonhensibsiatatsd lobysacthinci al
hard mask material. 'his boasting of the conventional hard nask | ayer
resul ts i Aageri hprofamkter okilbe. oThe heordrmedt gdtpol ., spacdridhagberefis he word
line, This in turn results in reducing the possibility of inpurity 13
direct electrical connection, is generally positioned over the

floating gate 20 with intergate oxide 22 provided between the

floating gate 20 and the control gate 24.

The surface of the floating gate 20 has been highlighted as
surface 26, Surface 26 typically is a layer of poly~oxide that
has been formed over the surface of layer 20 of floating gate
material by oxidizing the layer of semiconductor material 20 such
as polysilicon that has been deposited for the creation of the
floating Qate 20, using methods of photolithography and exposure

to expose layer 20 over surface area 26.



r TSMCOL- 977/ 1115 i npl antation penetration since a |layer of inproved profile
;nmore uniformthickness due to the nore square cross section of the word
| i ne spacer |ayer blocks the inpurity inplantation where this self-aligned
inplantation is not designed to penetrate the surface of the underlying
substrat%. d%rqug, g i nproved profile of the word |ine spacer results in
creatin S i 6%@ ici i

g a longér bet ween separate salicided surfaces, thus reducing

the occurrence of the salicidation bridging. The process of the invention
starts with a nonocrystalline silicon sem conductor surface 10 as shown in
cross section in Fig. 2, layer 40 of gate oxide has been forned over the

surface of subgt gRbesdPuOMBre WHoGR 2nl RYET B2 onRobY- %a@éishfbeo%rqgggg ted,

before the creation of the highlighted [ayers, the surface of thé substrate

has b ' i [ fi gl egt Ll ' | at,i i f
I o SRS T A AR T8 oSl S M
boundi ng g chi e £ t 0 i ch
o e S M ORGENEE RAMEL B E LTT,
noroCerbg DR o R, MBSl e

t hereafter an f1solation Oxtde suc 0

ot veen 9850t 230 Bhd é%%u Ltg???ﬁgg?ﬁ%%m?%&er{d%%?%?é I%L?%‘éfw"go%%g? Al Ck”ez )
50 95 T 4 [
can’al a0 BEPEPnEAVEL Rl ARoSBREPF ol T IPERE LY B A dapor

Deposition (APCVD LPCQVD). The. |l ayer 42 of poly-1 is forned qgver the | ayer
20 07 gatenSEPHeSEHE DI YR ABAoSTARTEH TRALEM TRot 17 THTER b RECRBAS of
LPCVD, Cheni cal Vgpor Deposi ti on g;xmg and ngsical Vapor Deposition (PVD)
sput t eri BgeFEPhoTeE & %y £LGM BBE CUH 0 FoEBur et Praths T8t PGy er 42 of
poly-1is EreB&rablg f or med using met hods of LPCVD, using SiH4 as a source
mat eri al 98t%a?f et AL QfgEnBet TRl sHifdut 538 ahdt B EedrBeds ot A
final Ia¥er 48 of fhotoresist mask is created over_ the surface of the |ayer
42 of poltPe FONEERL tFaE Ak SVAE nER AP I #§96P1| b erdtRIBLNEE| §ba. The
phot oresi st _mask 4%, creates a pattern of poly-1 in the pattern of the

| ayer of C§ateP@fEiMWE naterial . After the |ayer 42 of poly-1 has been
etched in accordance with the photoresist nmask 48, the photoresist mask is
removed fromthe surface of the layer 42 of poly-1, resulting in the cross
section that is shown in Fig. 3, 15 TSM201-977/ 1115 Next, a |ayer 49 of

i nterpoly oxiHe PEROH@FvFheedravaistore sromicior Bighalai $helgdwahpyis ciliss
section in Fig. 3, preferably farmed at a tenperature between about 750 and
900 degr pésca@nent secEngatey&plisgefVpolay siobiccenyopboige s iagndt hedrdor ned
over the substrate, to a thickness between about 1,500 and 2,000 Angstrom
The | ayercdtapes WP, ichsegehéd toadsfenndde foomt subsgeetes 146 thatugre shown
in cross section in Fig. 4. The etching for the word Iine polysilicon gate
spacers 46teorwiid ilBnalndy iasesoredi N fdvaBihNgsaete fACicfl thar dramsikstar.
conbination with a three step or a five step etching sequence. The three

st ep et cllhsesmende dfy mhaakkyisospt itsewna Bfeako Thewiigh tet ehd{83)e f ol | owed
by a Main Etch (ME) followed by an Overall Etch (OE). The five step etch
procedur ghéyiperaiHey cedilphiasebeéheprsenuemeed ot BT 1 dM1-0xBI2- Ma2- G££'"The
objective of this etch sequence is to create square-shaped poly spacers for
split gatendieyiares Relzhig ngquar ehé hafrgd dheledgst etk st Heolcel @agons of device
performance. The shape of the poly spacers is strongly related to the

remai ni ngcbedigh Ndsdd oy @FP;@?_’én@%ﬂﬁﬁg’i‘i&EéWoPﬁaéé@ ROlhe? ssuré@ce during
et ching process, An insurficient hard mask | ayer on the | ayer of poly-2

resul ts hfdad.cOncave re83e8s Of ofid ®ellOahbets e Ifale gabel ¥4 siaGer
profile that is of a square cross section, the invention introduces an

in-situ ERidP the amount of. charge on floating gate 20 is sensed. To

erase the contents of the cell, the programming process is




TSMCO1- 977/ 1115 plasma treatnent to the surface of the deposited |ayer o
poly-2, for the etching sequence of the word gate spacers, as part of the
five steps of word |ine poly spacer etching, resulting in a square gate
spacer profile. The conplete steps as provided by the invention that

i ncor por ate pl [eatment of the surface of the deposited | ayer of
poly-2 i j%@ﬁﬁﬁiﬁﬁ%ﬂ- MEL-in-situ QZ plasma treatnent-HT2- VE2- OE,
whereby the applied processing conditions are as follows: BTl and BT2: a

15 mr bet bout 100
a1, 000 VEEr U SaTbote uBse A Aarro 187 o B0 AL At RE ke g OFa
supplied ttggtmgen about Zorgnd 120 sccm MEL and ME2: a @ressure of
bet ween about 23 ERAT 1Y nirlt ICNaTgSScBABEWEY et & taR5E! 14 oo zane theo

Watt, bias pomendbeé&egg_a out i0 a%g,ZSO Vatt, etchant gas CFa supplied at
bet ween 50Tt 93698t 120t STEAMWEPRANBE DG QR4 55 tREoBER vEleh Bisl® 15 and 150
sccmw th HBr sugﬁliég @%dﬁft en agout 20 and 120 sccmw th He supplied at
bet ween &5§aP"S Ahd® aEeEhagepPeeR il gbderedn BRDRTOEF S86t100
mrorr, soyrce poywer between about 200 and 1,0C0 watt, bias power between
about 15°§n§1§5d %att, etchant gas HBr supplied at between about 20 and 200
sccmwi th He-02 supplied at between about 2 and 15 sccm 17 TsMCO -97pl1115
in-Situ 02 plasma treatnent; a pressure of between about 2 and

The programming and erasing of an EEPROM cell is
accomplished electrically by using the familiar Fowler-Nordboirn
(F-N) tunneling effect. During programming, a sufficiently high
voltage is applied go 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 o0f Fowler-Nordheim tunneling. As the electron charge
increases on the flocating gate 20, the electric field between the
control gate 24 and the drain 14 18 reduced, which zeduces the
electron flow. COf 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 barriers to reverse tunneling are not

formed in a split-gate flash memory cell.

10



'100 niTorr, source power between about 200 and 1.,000 Watt, bias power

bet ween about 10 and 200 Watt, source 02 provided at between about 10 and
100 sccm The above provided in-situ 02 plasna treatnment provides a boost
to the remaining sacrificial hard mask thickness by adding oxide to the

| ayer of 221 r to create a poly spacer of square profile, as
shown inTg&%éé'gzgffgﬂgas elenments 48 in Fig. 5. The advant ageous of

square-profiled poly spacers can be sunmmari zed as follows: 7.. the square

profile avoi dg ksgues) Pfsd By, ANhaL SHloRFIetd AedRa31 0CE SRR pROT! I @

presents a uniforminterface of uniform et we the" source o

s o' o E3pBRdal B B40d Age e LORCUOHCELYL D SHASL! BLEo 1000 AN Zachl'®

square profile avoilds ens o tion shortageé t'o *sal’i ci ded

SL11n0t ShaBebuee, conl iy SUELRES, Aledie SBld Lo0aks LLERh Py Yyse! |

i mproved S agel VL 08 QLR 1§ NahBLgIRSo S 25200408 148

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. 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 memory 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 flocating gate 20 is defined by a thick layer of
oxide which is formed in similarity with the formation of a layer

of LOCOS oxide.

The floating gate 20 is next covered with a layer 22 of
inter-poly dielectric which forms the separation between the
floating gate 20 and a thereover created control gate 24. For
this layer 21 of spacer dielectric, a layer of

Oxide/Nitfide/Oxide (ONO) 1s frequently applied. The control gate

11



'TSMCOL- 977/ 1115 The second enbodi nent of the invention teaches a three step
et ching procedure and therewith provi des advantages of inproved control of
t he etching sequence, The three step etch sequence of the second enbodi nent
of the invention is as follows: BT-ME~CE, whereby the applied processing

conditio ne_@asaf ws: BT: a pressure of between about 2 and 15 nilorr,
source pg%g?oge?z%éﬂlggout 100 and 1,000 Watt, bias power between about 15

200 watt, etchant gas CF, supplied at between about 20 and sccm ME a

pressure 2f Bet yegse s UWord20d vi : bsEYeEN apeut 200

and 1, 000 ﬁatt, bi as pomé% etmgegyggg%%’i@pgﬁgﬁbggwﬁé?t$$%ﬁgﬁ5Wi%555 CF9

supplied e sccmwith Cl2 supplied at between about
%&EQ E@egﬁﬁaﬁﬁgggg%qgcggg

15 and 1 sccmw ired afl ' bet ween about 20 and 200 sccmwith He
supplied at between about 3 and 30 sccm OE: a pressure of between about 10
and 120 mTorr, source power between about 200 and 1,000 Watt, bias power

bet ween about 5 tt, etchan as HBr supplied at between about 20

and 200 sccm %&?ﬁgﬂé‘%f SUpplPeEa*at b tﬁge‘n é‘b&zf’&g An¥P LSt %iém

TSM201-977/ 1115, The advant ages of the_second enbodi nent of the invention
R et el AR s ) el BR04oGR SO e ANELE: COBERRBI gy,

can be su
t he need f%r an additional mask that is typically required for the renova
of resi dFBFr sSBFH A REAF IR ephAcRORWRBUGT IR Yi APHr FE5C4 b COMPARRENECi n t he
area surroundjing the gate electrode is avoided 3. A three step etch
sequence fPEMnBRR ToHTOINCakPatt ARNSROYN Vid STERSpPBRRIRR din &ifi-vabst ep
et chi ng %rocedure is prone to introduce particle contam nation, and

he cross section of Fig. 1lb is shown to highlight that two

floating gate 20’ and 207, having surfaces 26’ and 26", are
symmetrically arranged adjacent to a commonly shared source
region 12 while two control gates 24’ end 24”7 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” in the surface of substrate 10.
Operational details and details of creation of the structure that
is shown in cross section in Flg. 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 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 lb for the creation of

split gate flash memory devices have already been completed,

12



9. The created square poly spacers provide a strong fence to the el ectrode
.and ‘prevent issues of gate el ectrode defects. Although the invention has

been described and illustrated with reference to specific illustrative
enmbodi nents thereof, it is not intended that the invention be limted to
those illustrative enbodi ments. Those skilled in the art will recognize

t hat vaf'ﬁgdfm@g7qmqlandifications can be nmade w thout departing fromthe
spirit of the invention. It is therefore intended to include within the

i nvention all such variations and nodificakjo iChbakletMtie n the scope
of the gppendsedldirdinesyadterRd)d @%éstsﬁgégo?? }%} lEJTSl\/DOl- 977/ 1115 what

is ciaimed is: 1. A nethod for the creation_o -JJep@ 18pacers for
split-gatgpf! @adt nrwORy deities) Jé%ﬂﬁﬁtiagf:ﬁgt?éey@% ce%'prls:\)legf: provi ding a
substrate, at |east one split-gate flash nenory gate el ectrode structure
havi ng been created over the surface of said substrate: depositing a |ayer
of word |line gate spacer material over the surﬁgge?gqes%@a@hsmbﬁbf@te,

t her eby incIygiageqxﬂnsednsmhﬁaeéga%ﬁ°Qxﬂ 33¢Praast one split-gate flash
menory gate el ectrode

ighlighted in
device that has proceeded through the steps as highlighte

ionn of word
Figs. la and 1b, the device is now ready for the creation ©

24’
line poly spacers overlying sidewalls of the control gates

and 247 of Fig. 1b.

] ' cessing
For this purpose, the invention provides tWo PO

segquences, that is:

tional
1. An in-situ 0, plasma treatment is added to the conven

] ' the
processing steps, this 0, plasma treatment 18 applied to

;s in an
layer of word 1ine polysilicon (poly-2) and results 1

improved profile of the created word lines, and

or
2, By using SiON or giN hardmask technology, the need £

i inated.,
additional processing to remove residue 18 elimineg

' in-situ 0
The first of these two treatments, that is the in-sil 2

' i ; to the
plasma treatment, in effect comprises & boosting step

poosting
nventional use of sacrificial hard mask material. This
co

] improved
of the conventional hard mask layer results in an imp

ine. This
profile of the created poly spacer layer of the word 1i

ibili impurit
in turn results in reducing the possibility of imp y

13



!

'structure; and etching said |layer of word |ine gate spacer materi al
thereby creating word |ine gate spacers for said at | east one split-gate
flash nenory gate el ectrode structure. 2. The nethod of claim1, said word

| i ne gate er terial conprising polysilicon. 3. The method of claiml,
sai d etcrﬁ$§?§;ﬁ%3q?&§ép of word |line gate spacer material conprising steps
of: a first Break Through etch (BT1}~ first Main Etch (ME1l}; in-situ 02

plasma tr 4 @mS egk Through,etch (BT2); a second Main Etch
(VD). andIE e AR PEERor At S8 AT adL Aot FVEF oF (Blcved” phet ik s
claim 3, 1 T LSi lLying a pressure of between about 2 and i5
mrorr, so%ﬁc%xﬁo&ggggg%%\%eﬁ&ag%gt FoBPARaS U0 IKASS SBFasopokerthret ween
about 10 et chant 4supplied at between about 20 and 120
sccm 5. % ﬁggﬁ\gg%%‘f“eﬁl%ﬁ%,ﬁg&iﬁ glé‘i tBRpF4 of AgPaBprgt hep aviftessur e of
bet ween t 2.and, 15 orr,, source power between about 100 and 1, 000
Watt, bi gg’q%oﬁé}%bé%h%‘é%ga%‘b‘ﬂta“%@téﬁa 25 NQtde s igineRafp LFNeEIAA itde at

bet ween %pogt 20 ng 120(§ccn1mjth Cl2 supplied at between about 15 and 150
sccm wi t B9 P"SuBgl BY Ho%rkNidgn SHBSEEa Y. ey, s&hen wWiptowds suppl i ed at
bet ween ab%%t 3 and 30 sccm_ 6. The nethod of claim3, said in-situ &Z

pl asma t FEACHERt CEoRR? i “9%f ldsl PPAges peeskir dnofrpet keens dmger2pand 100
mrorr, squrce power between about 200 and 1,000 Watt, bias power between
about 10 P8t4©800S¥RE f2t & Aaldeidedpp eyt arees att hyst wedncabputhd ®camd rence

of the salicidation bridging.

The process of the invention starts with a monocrystalline
silicon semiconductor surface 10 as shown in cross section in Fig.
2, layer 40 of gate oxide has been formed over the surface of
substrate 10 over which a layer 42 of poly-1 has been deposited,
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 the active surface
regions over the substrate 10 over which semiconductor 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 oxide

such as silicon oxide.

14



100 scem 7. The method of claim3, said 8T2 conprising applying a pressure
of between about 2 and 15 nforr, source power between about 100 and 1, 000
Watt, bias power between about 10 and 200 Watt, gas CF, supplied at between
about 20 and 120 sccm 22 TSM201- 977/ 1115 6. The method of claim3, said
VE2 conpriSi~2d _applyi a pressure o between about 2 and 15 nforr, source
power bef&%g%ﬂaggg{xigg and 1,000 Watt, bias power between about 10 and 250
Watt, etchant gas CF4 supplied at between about 20 and 120 sccmwith C12
suppl ied at b%tageenwb@yt%z& A4 db59sSp et ae A J B clRAl £60a AnRALWREN
about 20 and 120 sccmw th He supplied at between about 3 and 30 sccm 9.
The met hadh1Qfsefl 8hBLE, 76l QRS %TESEH?#H, %@me“o‘”ﬂ&' ‘tﬁb?ﬁagpﬁﬁ’dﬁq A

mlorr, e

pressure of between about and sour ce power ween a OSF 200

d 1,00 ' d, 250 _\att, h HB
Szppl i ed%al%g'éﬁﬁgg?%%%\ﬁez%e;a\%%%gogggg%rr#vsafcﬂ qsg?:%fsséF)pTﬁ?ée&a;’t%trbgt%\?\eenr
about 2 aid o153 SGEIL 10an A NS R Lok NS, clealian gt vord: | i e spacers for

y coipr Thg 1 stgpgrgg: brow

split-gate flash nenory deVices, I'sifhg e provi ding a
substrate;.. Gr [ . f | V. face of said
substr at Z:J;re esggéi {91?%@%@/%&%3 %gé?sgﬁ%’gt QA% é?*?’%?” ver the surface of

said | ayer of gate oxide;

The layer 42 of poly-1 is formed over the layer 40 of gate
oxlde through methods including but not limited to methods of
LPCVD, Chemical Vapor Deposition (CVD} and Physical Vapor
Deposition (PVD) sputtering methods employing sultable 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-l, for the patterning and etching
cf 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.
After the layer 42 of poly-l has been etched in accordance with
the photoresist mask 48, the photoresist mask is removed from the
surface of the layer 42 of poly-1, resulting in the cross section

that is shown in Fig. 3.

15



123 TSMCO1- 977/ 1115 patterning and first etching said | ayer of first gate
.material, creating floating gates for at |east one split-gate flash nenory
.gate el ectrode structure; depositing a |ayer of inter-gate dielectric

mat eri al over the surface of said substrate, thereby including exposed

surfacesr@hcsalgh§)patd ng gates; depositing a second |ayer of gate materia
over the surface of said |ayer of inter-gate dielectric materi al
patterni ng and second etching said second | ayer of gate spacer materi al
creating contNekt gat eayfear 4dabfl ahtésasly anddeplist dgadel fdaaiverefpey gate
el ectrode structure; depositing a |ayer of word |line gate spacer materi al

over thesspnéacee ofhaniid shdwhr ohecrdderaipt ionci HArFDg. expesetesabiaces of
said at | east one split-gate flash nenory gate el ectrode structure; and

third et gbirngdsat b | argye ratuner Betiden GHRLSP30eanABY Y | RgrdelReceby
creating word |ine gate spacers for said at | east one partially conpleted

split- gatseca‘ahasredyafrmraf dFabe19kecisqle piruet Uk g, t8ah dedidd ook g

conprising an additional step of in-situ 02 plasma treatnent.
substrate, to a thickness between about 1,500 and 2,000 Angstrom.
The layer of poly-2 is etched to form the control gates 46 that

are shown in cross section in Fig. 4.

The etching for the word line polysilicon gate spacers 46
conventionally uses a SiON or SiN sacrificial hard mask in
combination with a three step or a five step etching sequence.
The three step etch sequence typically comprises a Break Through
etch (BT), followed by a Main Etch (ME) followed by an Overall
Etch (OE), The five step etch procedure typically comprises the
sequence of BT1-MEl- BT2-ME2-OE. The objective of this etch
sequence is to create square-shaped poly spacers for split gate
devices, the square shaped being required for reasons of device
performance. The shape of the poly spacers is strongly related to
the remaining hard mask thickness on the surface of the poly=-2
surface during etching process, An insufficient hard mask layer

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

To therefore create a poly spacer profile that is of a

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

16



!'11. The nethod of claim 10, said First | ayer of gate material conprising

c polysilicon. 24 TSM201-977/ 1115 J. 2. The method of claim 10, said second
"layer of gate material conprising polysilicon. 13. The nethod of claim 10,
- said ward |line gate spacer material conprising polyszlicon. 14. The net hod

of clai Qeosadh fhiyd etching conprising steps of a first Break Through
etch (8??%; a ??rs{ Main Etch (MEl); in-situ 02 plasnma treatnent; a second
Break Through etch (HT2) a second Main Etch (Mee) ; and an Overall Etch

(CE). 15plibga neidwithadft GloakheldurSotel BTEheodppbsi ved appled RE goppezs,sure
of between about 2 and 15 mflorr, source power between about 1.00 and 1, 000

Watt, bi asrpoMeret@iMRERcaReHE: 10F atrtk 2 d\\ahte SpEOEHY, aS pokdsupptied at
bet ween about 20 and 120 sccm 16. The nethod of claim14, said ME1l

conpri si Bgvapetehd B2 WIS IYhE 18&31 R dReHEngd, aRdk i 1HEOl K, aSOUr Ce
power between about 100-and 1, 000 tt, bias power between about 10 and 250
Vatt, et ghalte das LropaeRPhir8d: 8, DR{RRRHARRU! s 20p &Nk 120 SGeM BY the

invention that incorporate a plasma treatment of the surface of

the deposited layer of poly-2 is as follows:

BT1-MEl~in~situ 0, plasma treatment-BT2-ME2-OE, whereby the

appllied processing condltions are as follows:

¢ BT1 and BT2: a pressure of between about 2 and 15 mTorr, source
power between about 100 and 1,000 Watt, kias power between
about 10 and 200 Watt, etchant gas CF, supplied at between
about 20 and 120 scenm

¢ MEl and ME2: a pressure of between about 2 and 15 mTorr, source
power between about 100 and 1,000 watt, bias power between
about 10 and 250 Watt, etchant gas CF, supplied at between
about 20 and 120 scem 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 scem

¢ OE: a pressure of between about 10 and 120 mTorr, source power
between about 200 and 1,000 watt, bias power between about 15
and 250 Watt, etchant gas HBr supplied at between about 20 and

200 sccm with He-0, supplied at between about 2 and 15 sccm

17



! TSMCOL- 977/ 1115 with Cl12 supplied at between about 15 and 150 sccmw th HBr
supplied at between about 20 and 120 sccmw th He supplied at between about
3 and 30 sccm 17. The nethod of claim 14, said in situ 02 plasm treatnent
conprising applying a pressure of between about 2 and 100 nforr, source
power betwgem abouyt; 1460 and 1, 000 Watt, bias power between about 10 and 200
Watt, source 02 provided at between about 10 and 100 sccm 18. The net hod
of claim 14, said BT2 conprising,applying a pressure of between about 2 and

15 nilorry deusSteupoyelabebvweessaheoitd: B0@ragduie 099 Wallaenbiadsupoyesbet ween
about 10 and 200 Watt, etchant gas CF4 supplied at between about 20 and 120

sccm 19. The nebhepd Q&uﬁ‘d@!?@wég, b& kMR RAMROOSEAE PRI Y it 2 B“éﬁsure
of between about 2 and 15 mlorr, source power between about 1DO ané , 000

Vatt, Dbi asppuer pbbehdeerhautl ol@nansgy @ t hagn , s suppl i ed at
bet ween abgut 20 and 120 sccm w ?h d 25%&\;% itsgg?gtg gzetpv\r%g%dggoﬁ? 15 and

150 sccm Wil BB, $ iqfl 3 behwegh, about 20 and 120 sccmw th He
suppl i ed at bgt ween about 3? ang go sccm 26 xsMCd -s~~/ 1115 20, The

met hod of claim19, said Overall Etch (OE) conprising applying a pressure
of between about 10 and 120 mforr, source power between about 200 and |, 000

Watt, bi t ) t t chant H |.ied at
et ween aboie So e SR arar R . B3 eth ot R e i e 15
2 ; Lm.d,, [ tchi ai.d | f d Li t

socm 2ieg B TROHAG, ShALDL 500, SLEN T SOV ED, Bl e GRte
Etch (I\/E%. r%d it hen an Q/g)r,aél. Etclgi g é 22, The mit hod of claim 21, said
tch &r TP *WeY 4 ¢ nd* FAFE Pkt & PRtYr GPRRET @ aze

oo g S Y dpeBloPhB B o gt Shceri b eder o o

profile, as sgown in crosg gection as elements 48 in Fig. 5.

The advantageous of square-profiled poly spacers can be
summarized as follows:

1. the square profile avoids issues of implantation penetration
since the square profile presents a uniform interface of
uniform height 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 surfaces 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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23. The nethod of claim 21, said BT conprising applying a pressure of

bet ween about 2 and 15 mtorr, source power between about 104 and 1, 000
‘Watt, bias power between about 15 and 200 Watt, etchant gas CF, supplied at
‘bet ween about 20 and 120 sccm 24. The nethod of claim 21, said ME

conpri si n@sEpplydno/ A @ essure of between about 2 and 15 mflorr, source
power between about 200 and 1, 000 Watt, bias power between about 15 and 250
27 TSMCOL- 977/ 1115 Watt, etchant gas Cad supplied at between about 5 and
100 sccm wi t h T2 seqaid embadinenteeh EiounvEitaod d&fcisacm wWhirbeHEtep
supplied at between about 20 and 200 sccmw th He supplied at between about
3 and 30 stehin@gTrofeduret Bbod bhertwith rovided Qesaddgds off (RQErpved
conprising applying a pressure of between about 10 and 120 mflorr, source

power bet wertrabod 260 cxctihg096qWikide. IThas thovershas weeh alkaubndd @nd 250
Watt, etchant gas HBr supplied at between about 20 and 200 sccmw th He-02

suppl i ed &hebseaweh eafbodindnands 1thes cdamen28onAL gea hoth f@yst:he creation of
word-1ine spacers for split-gate flash nenory devices, conprising the steps

of : providi ng B MBI, atvderebgat hidapblidvebrote 98wy WO ta¥aE Lhe syrface
of said substrate; depositing a first |ayer of gate material over the
surface ofospdwkd ayer of gate oxide; patterning and first etching said

| ayer of first gate material, creating floating gates for at |east one

split-gate,flgasha NERDL Y 21 ReRGLERIELSLL UP il sIRRORE L T L A d B¥5E O
inter-gate dielectric material over
between about 100 and 1,000 Watt, bias power between about 15
200 Watt, etchant gas CF, supplied at between about 20 and
scem
* ME: a pressure of between about 2 and 15 mTorr, source power
between about 200 and 1,000 Watt, bias power between about 15
and 250 Watt, etchant gas CF, supplied at between about 5 and
100 scem with Cl, supplied at between about 15 and 150 scem

with HBr supplied at between about 20 and 200 sccm with He
supplied at between about 3 and 30 scem

®» OE: a pressure of between about 10 and 120 mTorr, source
power between about 200 and 1,000 Watt, bias power between
about 15 and 230 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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the surface of said substrate, thereby including exposed surfaces of said
floating gates; 2B  TSMCOL-977/ 1115 depositing a second | ayer of gate
mat erial over the surface of said layer of inter-gate dielectric materi al
patterni ng and second etching said second | ayer of gate spacer materi al

creating 0 for said at |east one split-gate flash nenory gate
eIectrodg%g?péc%a?gifg%positing a layer of word |ine gate spacer materi al

over the surface of said substrate, thereby including exposed surfaces of

sai d at |eastrpBe;gpintagiaf &« hashs BB YerlBR)l meheChF Ofies StMGHULS: caRd
third etching said | ayer” of word |line gate spacer material, thereby

creating worg ldpe gqspacess ., said at |least one partially conpleted
split-gate f aét ngﬁg%ydg§$e?% eéﬁiode structure, said third etching said

| ayer of morg ki,n Gl ter] IhSLA thre LR 5t
procedure. 2 " thgs%g% ﬁso@gf clsg?mﬁélé%llas%?&%ﬁh?l&lg?gye% o?‘%ﬁfe O%a‘égri al
conpri sing pol ysilicon,, %Saﬁkﬂﬂﬂla!{fewogyé’fcacﬂﬂ) Pe381 - 88! £ 585G elnBYEL Of
gate material conprising polysilicon
of residue, is eliminated
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 illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that variations 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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+ 29. The method of Caim25, said word |ine gate spacer material conprising
pol ysilicon. 29 TSMCOL- 97/ 1115 30. The nethod of claim 26, said third
etching conprising steps of: a Break Through etch (8T); then a Main Etch
(ME); arid then an Overall Etch (QE). 31. The nmethod of claim30, said

et chi ng | a rd line gate spacer material further conprising an
in-situ S&eé%dals-)éngﬁt/?g;i ment. 32. The nmethod of claim 30, said BT conprising

appl ying a pressure of between about 2 and 15 milorr, source power between
about 1004mand 1k @0Q1Mé8t igbi as power between about 15 and 200 Watt, etchant
gas CFA supplied at between about 20 and 120 sccm 33. The nethod of claim

30, said {VE X aRRhbSI Bgr 2P Vi Fh t3. o 63SWE 4 0f i RetdpRre rabegt Loand-ghzenilorr,
source power between about 200 and |,000 Watt, bias power between about 15

and 250 Vifdsh GlemBapt q8@sc&d? SipRliisedgatndeswaan ahout 5 and 100 sccmwith
Cl2 supplied at between about 15 and 1%0 sccmw th HBr supplied at between
about 20 and %Q%v%ﬁ@ﬂb“@t£hﬁg%f%%%9|%@dléést one split-gate flash memory
gate electrode structure having been created over the surface of
said substrate;
depositing a layer of word line gate spacer material over
the surface of said substrate, thereby including exposed surfaces
of sald at least one split-gate flash memory gate electrode
gtructure; and
etching said layer of word line gate spacer material,

thereby creating word line gate spacers for said at least one

split-gate flash memory gate electrode structure,

2. The method of c¢laim 1, said word line gate spacer material

comprising polysilicon,

3. The method of claim 1, said etching said layer of word line
gate spacer material comprising steps of:

a filirst Break Through etch (BT1l):

first Main Etch (MEl):

in=-situ 02 plasma treatment;

a second Break Through etch (BT2);

a second Main Etch (ME2): and
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- between about 3 and 30 sccm 30 TSM201- Q77/ 1115 34. The nethod of claim
30, said Overall Etch (OF) conprising applying a pressure of between about
10 and 120 niforr, 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-Qz supplied at between about 2 and 15 sccm 31

CA2. An. ATSMEQL 29V /AS 18 . A AG{. AO{. A& Al 3. As{3. A&U. ALhy. AS2. A9{f . A@ A, 2. A& A
hy. A9. A9. AA. A. A9y. ALU. A. A& A. A9J\|f "CBAz9;

<?AG h X :

ol cal cal o] oaf Al S kR PEE] Chb b omt Gzt | ko o calealealeal
02Z2\]1}xsnid_YV]U c a]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c

avoo- - H0) 3y (RN o) POafBaPeaRt B SFERF LIS AR A pEoeeuTe

() X o, 98 PREAT 40 o] Cal b LoA b e es) BRY Ch e e & 28 chftal cal ca

Lfg!g?LS?%%?LCS%@ﬁ%ﬁﬁég§?P§R89Y§§rﬁ?ﬁﬁﬁﬂﬁ]%Eafﬁafga?%%ﬂ%%ﬂ(ﬁgféa]ggf%%ﬁ%a]ca]

at
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca) ca].ca] ca] ca]ca] ca] ca]ca! @w h
71 U1 ChErbpRbb o A4 [Ja1cH sapon) €0 and 120 Seca oo ol calealeat X0

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a] ca] ca] ca! ##u$$SU WNVEOBRE>' C S' (((() b*c*,,",(,N,,,,----}xsnid_2ZV]]]ca]ca]
ca] ca] ca] ca] ca] ca] ca]ca ca]ca]ca]ca]C%L%é]ca]ca]ca]ca]ca]ca]ca catﬁﬂga]ca]

ca] ca] caPcalba]rafthed of claim 3, said combrising applying a press

of between about 2 and 15 mTorr, source power between about 100
and 1,000 Watt, bias power between about 10 and 250 Watt, etchant
CF, supplied at between about 20 and 120 scem with Cl, supplied at
petween about 15 and 150 scem with HBr supplied at between about

20 and 120 sccm with He supplied at between about 3 and 30 scecm,

6. The method of claim 3, said in-situ 0, plasma treatment
comprising applying a pressure of between about 2 and 100 mTorr,
source power between about 200 and 1,000 Watt, bias power between

about 10 and 200 Watt, source 02 provided at between about 10 and

100 sccm.

7. The method of claim 3, said BT2 comprising applying a pressure
of between about 2 and 15 mTorr, source power between about 100
and 1,000 Watt, bias power between about 10 and 200 Watt, gas CF,

supplied at between about 20 and 120 sccm.
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10F: s109& ( E’%@%’g 4" %Q%f&&skzzé&/& s GUETD@O! L 2100 () - 109 () - Z1

09%& ()-1 " 10ty

1o gg'ébgﬁgb&%ﬁ (arp °/‘& ()fl}% o (daded B Gl 382078 (1A% (Lo
101 : s109& 1O%&! 2I10ty 0l " 10%& () - XdEnbCl0! !
:10%;&' 0 fﬁ)iii ’% 3&%0@%@ &3 10%g&' ()-109%g& ()- @+ h

dEnbC10! ! ( 10% OW $10%0& s" 910% 10%g& s10%& ()-h
frrrrrge uéb@%g‘ é/gsl §1)a§@| q o,@g'?e(l) g&f}fog(@ )§trilcagna%@glal over

. el 2! £ 100 0 "B CS)~ =10'!"
1093'510A@§é(;urf£1)4%% %21%$A>b§%féﬁi, theréby 1nclud1ng exposed surfaces

of said floating gates;

depositing a2 second layer of gate material over the surface
of said layer of inter-gate dielectric material:

patterning and second etching said second layer of gate
spacer material, creating control gates for sald at least one
split~gate flash memory gate electrode structure;

depositing a layer of word line gate spacer material over
the surface of said substrate, thereby including exposed surfaces
of salid at least one split-gate flash memory gate electrode
structure; and

third etching said layer of word line gate spacer material,
thereby creating word line gate spacers for sald at least one
partially completed split-gate flash memory gate electrode
structure, said third etching comprising an additional step of

in-situ 0, plasma treatment.

11. The method of claim 10, said first layer of gate material

comprising polysilicon.
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101100 ()1 0100 (); &0 0 ' 35 19060 13O0 e macerias

comprising polysilicon.

13. The method of claim 10, said word line gate spacer material

comprising polysilicon.

14. The method of claim 10, said third etching comprising steps
of:

a first Break Through etch (BT1):

a first Maln Etch (MEI);

in-situ 0, plasma treatment;

a second Break Through etch (ETZ);

a second Main Etch (ME2) ; and

an Overall Etch (CE),

15. The method of claim 14, said BT1 comprising applying a
pressure of between about 2 and 15 mTorr, source power between
about 100 and 1,000 Watt, bias power between about 10 and 200

Watt, etchant gas CF, supplied at between about 20 and 120 sccm.

16. The method of claim 14, said MEl comprising applying a
pressure of between about 2 and 15 mTorr, source power between
about 100- and 1,000 Watt, bias power between about 10 and 250

Watt, etchant gas CF, supplied at between about 20 and 120 scom
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17. The method of claim 14, said in-situ 0, plasma treatment
comprising applying a pressure of between about 2 and 100 mTorr,
source power between about 200 and 1,000 Watt, blas power between
about 10 and 200 Watt, source 0, provided at between about 10 and

100 scem.

18, The method of c¢laim 14, said BT2 comprising applying a
pressure of between about 2 and 15 mTorr, source power between
about 100 and 1,000 Watt, bias power between about 10 and 200

Watt, etchant gas CF, supplied at between about 20 and 120 scem.

19. The method of claim 14, said ME2 comprising applying a
pressure of between about 2 and 15 mTorr, source power between
about 100 and 1,000 Watt, bias power 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 sccm with HBEr
supplied at between about 20 and 120 sccm with He supplied at

betwean about 3 and 30 scam.

286



. 109109’ () - QUEUUUVEV} VAE~_@L! Y1 @L0% & ()- 10% & ()-Y"10% & ()-SI'10% & ()-1L
110% & () -1 @0% & () - } WAVWIW WME~_@L! (
10% & () - F&10% & () Y$M 10% & ()-Y"10% & () -
lé(?/;/a&&'(g)os%gO% & () - WAKGXXXXXXdYNCL! 10\ 10\ 10\ 910% & ()-2
' 10% &' 0% & ()-1*10% & () - XXYYZ[ % zX9YNCLP! 10% 1& () -
I h! 10%1u£564)C6&1 I(i’)’/ﬁbja/%u&' ()I "10% Cf )c& ()-4![ o180
"10% u- u& () -4, 10% u& () - %\\\\\\8] RIbC1P,Y 4 10% & ()- @0% & ()-L10% & ()-

ig%u&;?) léfoigng%QE/ﬁbl%ﬂ- %%A)é%%‘yw&' 61 & A AR ¢RREIPER) comprising

L) SR AR S L
O effgé%ﬁg%%?%ot %ng) 9§§0 IP%E 913830 & §defRsaanadbt bAEYN

CLP F! 109
i 10%ge (7 fif &,ﬁé et b %@3 DR 2hobarryen AE B 808 acue
SOEVICIP AR L O B0 O OUAL )2 o 88abda

21. The method of claim 1, said etching sald layer of word line
gate spacer material comprising steps of:

a Break Through etch (BT):; then

a Main BEtch (ME); and then

an Overall Eteh {QE).

22, The method of claim 21, said etching said layer of word line
gate spacer material further comprising an in-situ O, plasma

treatment.

23, The method of claim 21, said BT comprising applying a
pressure of between about 2 and 15 mtorr, source power between
about 100 and 1,000 Watt, bias power between about 15 and 200

Watt, etchant gas CF, supplied at between about 20 and 120 sccm,

24. The method of e¢laim 21, said ME comprising applying a
pressure of between about 2 and 15 mTorr, source power between

about 200 and 1,000 Watt, bilas power between about 15 and 250
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25. The method of claim 21, said Overall Etch (OE) comprising
applying a pressure of between about 10 and 120 mTorr, source
power between about 200 and 1,000 Watt, bias power between about
15 and 250 Watt, etchant gas HBr supplied at between about 20 and

200 sccm with He-0, supplied at between about 2 and 15 secm,

26. A method for the creation of word-line spacers for split-gate
flash memory devices, comprising the steps of:

providing a substrate;

creating a layer of gate oxide over the surface of said
substrate;

depositing a first layer of gate material over the surface
of said layer of gate oxide;

patterning and first etching said layer of first gate
material, creating floating gates for at least one split-gate
flash memory gate electrode structure;

depositing a layer of inter-gate dielectric material over
the surface of said substrate, thereby including exposed surfaces

of said floating gates;
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Ol bC of said layer of inter-gate dielectric material;
patterning and second etching said second layer of gate
spacer material, creating control gates for said at least one
split-gate flash memory gate electrode structure;
depositing a layer of word line ‘gate spacer material over
the surface of said substrate, thereby including exposed surfaces
of said at least one split-gate flash memory gate electrode
structure; and
third etching said layer of word line gate spacer material,
thereby creating word line gate spacers for said at least one
partially completed split-gate flash memory gate electrode

structure, said third etching said layer of word line gate spacer

material comprising a three step etch procedure.

27. The method cf claim 26, said first layer of gate material

comprising polysilicon.

28. The method of claim 26, said second layer of gate material

comprising polysilicon.

29. The method of Claim 26, said word line gate spacer material

comprising polysilicon.
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30. The method of claim 26, said third etching comprising steps
of:
a Break Through etch (BT); then
a Main Etch (ME); and then

an Overall Etch (OE),

31. The method of claim 30, said etching said layer of word line
gate spacer material further comprising an in-situ O, plasma

treatment.

32. The method of claim 30, said BT comprising applying a
pressure of between about 2 and 15 mTorr, source power between
about 100 and 1,000 Watt, bias power between about 15 and 200

Watt, etchant gas CF, supplied at between about 20 and 120 scem.

33. The method of claim 30, said ME comprising applying a
pressure of between about 2 and 15 mTorr, source power between
about 200 and 1,000 Watt, bias power between about 15 and 250
Watt, etchant gas CF, supplied at between about 5 and 100 sccm
with Cl, supplied at between about 15 and 150 scem with HBr
supplied at between about 20 and 200 scem with He supplied at

between about 3 and 30 scecm.
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power between about 200 and 1,000 Watt, bias 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 sccm.
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