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of a memory array 10 and a plurality of peripheral circuits 12, By way of example only, a plurality of
schematically depicted illustrative peripheral circuits 12 are depicted in Figure 1A. More specifically, the
illustrative peripheral circuits 12 comprise read-write circuits 12A, sense amp circuits 12B and power
management circuits 12C, Of course, the illustrative peripheral circuits depicted in Figure 1A are not
exhaustive of all such peripheral circuits 12 on the memory device 17, In general, the peripheral circuit 12 may

comprise any circuitry on the memory device 17 other than the circuitry found within the memory array 10,

The memory array 17 includes a multitude of memory cells arranged in rows and columns, Each of the
memory cells is structured for storing digital information in the form of a logical high (i.e., a “1) or a logical
low (i.e., a “0™), To write (/.e., store) a bit into a memory cell, a binary address having portions identifying the
cell’s row (the “row address”) and column (the “column address”) is provided to addressing circuitry in the
memory device 17 to activate the cell, and bit is then supplied to the cell. Similarly, to read (i.e., retrieve) a bit
from a memory cell, the cell is again activated using the cell’s memory address and the bit is then output from
the cell.



froma nenory cell, the cell is again activated using the cell's nenory
address and the bit is then output from the cell. WO 2006/ 130309
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may not be oca recirse rw se be
if the the memory array 10. For examp formatxon of the source/dram reglons 24 of the transistors 15 in the

peripheral circuits 12 generally involves an initial LDD implant, followed by the formation of spacers 22 and
then followed by a source/drain implant step. However, given that the thickness 26 of the spacer 22 is
constrained by the spacing 32 between the word lines 11 in the memory array 10, the source/drain regions 24 on
the peripheral circuits 12 may not be located as precisely or formed as deep as they would otherwise be if the

formation of the spacers 22 was independent of the formation of the spacers 34,

The present invention is directed to various methods and devices that may solve, or at least reduce,

some or all of the aforementioned problems.



formati on of the spacers 22 was independent of the formation of the spacers
34, The present invention is directed to various nethods and devi ces that
may sol ve, 2 reduce, sone or all of the aforegppikRpesiRyobl ens.
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peripheral circuit of the memory device, forming a masking layer above the layer of spacer material positioned

above the transistor structure of the peripheral circuit, and performing an anisotropic etching process on the
layer of spacer material above the word line structure to define a first sidewall spacer for the word line structure,
the first sidewall spacer being comprised of the spacer material and having a first thickness. The method further
comprises forming a layer of epitaxial silicon on exposed portions of a semiconducting substrate between first
sidewall spacers positioned on adjacent word line structures in the memory array, and depositing a layer of
material above the layer of spacer material adjacent the transistor structure and above the word line structure and
the first sidewall spacer, the layer of material being comprised of a material that is selectively etchable with
respect to the layer of spacer material. The method further involves performing an anisotropic etching process
on the layer of material to define a masking spacer adjacent the layer of spacer material adjacent the transistor
structure, and performing an etching process on the layer of ‘spacer material using the masking spacer as a mask

to define a second sidewall spacer adjacent the transistor structure, the second sidewall spacer being comprised
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DETAILED DESCRIPTION OF THE INVENTION

Hlustrative embodiments of the invention are described below. In the interest of clarity, not all features

of an actual implementation are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another, Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of

ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with reference to the attached figures. Although the

various regions and structures of a semiconductor device are depicted in the drawings as having very precise,
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As indicated in Figure 2A, a layer of spacer material 50 is formed across the substrate 13 in the
peripheral circuits region 12 as well as the memory array region 10. The layer of spacer material 50 may be
comprised of a variety of different materials that may be formed by a variety of known techniques. For
example, the layer of spacer material 50 may be comprised of silicon nitride, silicon oxynitride, or materials that
may be selectively etched with respect to silicon or silicon dioxide. The thickness of the layer of spacer material
may vary. In one illustrative embodiment, the layer of spacer material 50 may have a thickness of
approximately 10-30 nm, and, in one particularly illustrative embodiment, the thickness may be approximately
15-27 nm. The layer of spacer material 50 may be formed by performing a variety of known deposition
processes, e.g., a conformal chemical vapor deposition process, a plasma enhanced chemical vapor deposition

process, atomic layer deposition, etc.
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the layer of insulating material 62 should be comprised of a material that is selectively etchable with respect to
the material that comprises the layer of spacer material 50. For example, if the layer of spacer material 50 is
comprised of silicon nitride, then the layer of insulating material 62 may be comprised of silicon dioxide, and

vice-versa. Of course, many different material combinations are possible.

The layer of insulating material 62 may have a thickness that varies depending upon the particular
application. In general, in one example, the thickness 61 of the layer of insulating material 62 may be at least

one-half of the spacing 32 between the word lines 11 such that the layer of insulating material 62 reliably fills
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Next, as indicated in Figure 2F, an etching process, as indicated by the arrows 69, is performed to
remove portions of the layer of spacer material 50 that are not protected by the spacers 66. That is, the spacers
66 perform a masking function as it relates to etching the underlying layer of spacer material 50 in the peripheral
circuits 12. In the illustrative embodiment wherein the spacer material 50 is comprised of silicon nitride and the
masking spacer 66 is comprised of silicon dioxide, the etching process is adapted to selectively remove silicon
nitride and not remove the silicon dioxide material, /.e., the masking spacers 66 and the insulating material 64
between the word lines 11. This results in the definition of a composite spacer 75 comprised of a portion of the
layer of spacer material 50 and the spacer 66. In one illustrative embodiment, the composite spacer 75 may
have a thickness at its base 77 of approximately 35-75 nm. Note that during the etching process 69, the portion

of the layer of spacer material 50 above the surface 21 of the nitride cap 20 of the transistor 15 is also removed.
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The present invention is generalty directed to a method of manufacturing sidewall spacers on a memory

device, and a memory device comprising such sidewall spacers. In one illustrative embodiment, the method
comprises forming sidewall spacers on a memory device comprised of a memory array and at least one
peripheral circuit by forming a first sidewall spacer adjacent a word line structure in the memory array, the first
sidewall spacer having a first thickness and forming a second sidewall spacer adjacent a transistor structure in
the peripheral circuit, the second sidewall spacer having a second thickness that is greater than the first
thickness, wherein the first and second sidewall spacers comprise material from a single layer of spacer

material.
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peri pher al the wprd lihd struaifre 4nd ehefistodeyvaltiuacer e lajed bihargialdbeinpekiprigd bfaynareridltorie t he

layer of spaggky MRtk ivah regrealts hoRgd oPRONMENLDG. ThE BBSdShBHer ﬁowegclse%ﬁ fn t he
peripheral circuit, and performng an etching process on the |ayer o spacer

material  HFGURCtehing Biogssy qnrike layer ofmatrrial to eeﬁa%r r“rrém& sapey adjacent H}SMFYI of S er
for the womgkedal macsit the erbnsisier stidvge, fand Setformiing @ewvatclingsyparess fon the dayergof Gieuoed aigeatl  Of
the spacer u%ttﬁerrhégln&;gﬁgcehﬁ\”rﬁ%gk 8 dfef'r{escltsectom s%éwﬁlsﬁacerj ayeﬁr th@m&ln&rmc re, the

illustrative enb npri ses deposi er of spacer
material WY &dalhepresr ‘Pei‘“ﬁém%PE‘f'eérefit’ﬂﬁséa"ﬁfmaﬁ”%ﬁﬂﬁ?"ylgéP?CQV%B?“““&S %@ﬁﬁfeﬁtﬂd‘@@r ce
and above #&efirahisingt dithedrst siktveltspacaf a peri pheral circuit of the nenory
device, formng a masking layer above the |ayer of spacer materi al
positioned above the transistor structure of the peripheral circuit, and
perforning an aRi%sollrsHpive srehodipenhdhe e auwprizsna mpreory rray&crmpared §§fé’@’éarhtyrfﬁfv%‘i’| al
above t he W ttudnirgsceast sfad plnrality of wed liestractirds rhatingsd ﬂl@t\N&]eWalB@&(eefonﬁedradjache wor d

line struchies, v, Irubtesurervrus;gac%r fisel b SRRERL, AEL NASOMNELASHnah.d Je; RBRGE"

mat eri al and havin HE%’I ses formng
a layer of tr@ﬁrterdser%aa ss5onq ddsralbmacendpRebadiapsat thersim & gfeony S'éarﬂléw g pgpeond

substrat e knicknvssahat fsigeegter than the first thickness, the first and second sidewall spacers comprised of a material

from a single layer of spacer material.

The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein, For example, the process steps set forth above may be performed in a different order.
Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the.claims below.



si dewal | spacers positioned on adjacent word |ine structures in the nenory
array, renoving the masking |ayer, and depositing a |layer of material above
the | ayer of spacer material adjacent the transistor structure and above

the word line structure and the first sidewall spacer, the |layer of materi al
bei ng conprised of a material that is &®lectively etchable with respect to
the | ayer of spacer material, The nethod further involves performng an
anisotropRg ztcﬁLngdprocess on the layer of material to define a masking
spacer adj At CHIAEd} ayer of spacer mmterial adjacent the transistor
structure, and perform ng an etching process on the | ayer of spacer materi al
usi ng the maski ng spacer as a nmask to define a second sidewall spacer

adj acent tlhe t rARSM9rHhevdce: cmpiieng:t he second sidewal | spacer being

conpri sed I j i . IS
T R e e

i |'I'ustrat ivwed Bdadictuediteach hevigiey paieoiomugesas fastiivimitiye aklewyll gaogr i sed of a
plurality of word Ii?e strrqtures,,eaoh of the gluralttg of word_line

st r uct ur eSOREPElRs T pifirdinsylagiygaateriahiornsd sdigcrpidhergioasaidpompgrapes fyst ¢ he
first sideyglaive RaGeAI %ﬂyérrégnﬁrufcfi&ﬁtoftsﬂh FHAGRR1ati 0 RhafriB L 'cﬁ)ﬁﬁfiﬁ’%a fikk cul t
conprised of at least one transistor having a secon S|é%ma pacer formnmed
adj acent therata,firsteaxgwooribicknadeweahd fispbasein hawvsngcoorseibindhe mhmelyness t hat

is greater than the first.thickness, the first and second. sidewall. spacers
conpr i sed B4 RARSERPTS frodete dltewl sppse oSSRy ohraidd sty

parti cul amReFQBENE Bpsrediis 6di@8R6 RBRUEWRKIS thd &%Bﬂyaafrﬂay@n@ﬁd)%e_in%i—ﬁ}ﬁ?ed

i nvention nmay be nodified and practiced in different but equival ent manners
appar ent tibsaitheroes sekiion wihindhe memamntartagivandg t he benefit of the teachings
herei n. For_ex I the pro t eps. set. h above nmay be perforned in a
i trerent geHER Byl REpREREST T AR B Pl PRV BRER C8ePRL Gerai 1 s ot

const r uct iigdala@ifve gidswgnspacsraonstBlavmof @id kst inhidmivesnateles ¢srirfedddjatent he cl ai ns
below. It is therefore evident that the particular enbqdi nents discl osed
above nay thrEetogjaidhamRpEspoyBrEsddpputative aildpwallgnscersongtuchpr ot @it it der ed
within th L SPJF ' ' [ , tion
sought. hor e nafiafRiilds Poold et BIELLLOM mpOERRl it IS BRAbRELI 0
menory devin eerosesrpon withiy: thapergirory ciaruitathe cenopd insednwoh thackylesy ling greaér wor d

i ne structures, .each of sai lurality of word .line structyres each having
) bai of egieugey gt bldabedbe bendefematrodanin e Sl sekFone of

first insubadtuBod ™t QId @kt haUame rAdiag 88hg L b@RSII0N sidicthsh ormRas WaHm the r st
i nsul ative sidewal | spacer constructions of said first insulative materi al

each havi mgriphdralregreuit paseot Rping daperadsn sadriogusaction wikhiaghe periphpral ¢ifqugt base in
a cross section within the nenory array, the honogenous first insulative
si dewal | spacer constructions of said first insulative naterial being

tapered i m sai dTigs @SfceDEChiRN, WhérBinRaildiRstiRmGhmahicRyes@iithppoikinkeélngdsL27shaped

in said cross section within the menpry array; and
nm and said second maximum thickness is approximately 45-90 nm.

3. The device of claim 1, wherein said first insulative material is one of silicon nitride,

silicon dioxide and silicon oxynitride.

4. The device of claim 1, wherein said memory device is at least one of a dynamic

random access memory device and a flash memory device.

5. The device of claim 1, further comprising a computer having said memory device

positioned therein.



a peripheral circuit conprised of at |east one transistor having a
honogenous second insulative sidewall spacer construction of said first
insulative material formed adjacent thereto, said honbgenous second

i nsul ative sidewal| spacer construction of a said first insulative material
havi ng a second base and a second maxi mim t hi ckness at the second base in a
cross section within the peripheral circuit, the second maxi numthi ckness
bei ng greater than said first nmaxi mumthi ckness, the honbgenous second

i nsul ative sidewall spacer construction of said first insulative materi al
being L-s IéapedThmdesadeobf&iai)msl sefeimfidvnehony dehee igXermahar abubsirate whd and not
bei ng tapered,i aald ss section within the peripheral circuit.

devi ce of W@F%fff%ﬂi NBF COMPAISES 3 ROTeREYS lAvRnof AIatkiabosmpd omp sirbice ﬁﬁ&ha y

15- 27 nnk@dl@at%%hﬂ'm?@rpé’r@&idém?éh@Z@blhmrﬁlfﬁb‘ﬁﬁ%vb Sid&par gaahmtoﬁé%cf}éas%% nm

The device of claim1, wherein Said first 1nsulative material 1I's one of
silicon namaﬁmEWONEMRMmmmuGBOX|de and silicon oxynitride. 4. The device of
claiml, wherein said nmenory device is at |east one of a dynam c random
access nmenory device and a flash nmenory device. 5. The device of claiml,

further cqnpr|$g@gn@-Q@q@yughmﬁgwgng said nmenory device positioned t herein
11 6. The device of claiml, wherein said nenory device is forned on a

subst r at e aaroryABR:samArised gby pluealifyipf wierd line riswdteres eactpoforidaiipbtylodyer of
materi al f\)\%&(?ﬁlgﬁ s?{ﬁnﬁ’lre%th Lf%%g\ tﬁ& Mh%m%%%&vgﬁ&%t oﬁét%ﬁ% grrg;ghs l%egf 1 R&d by

said first 1ns rve sid er cons F'ons word 1ine

st ruct ur e$nsulﬁtlveornmemlrtbrrdﬁi/acﬁz&:snnﬁé’fﬁtrol slidest Rsuerivy ydavallapacd opistragdnof a
plurality of word |ine structures each of said glurallt of .word line
st ruct ur e$HAY R AEt ariand e firriduapdmimdhicknesvaithe Bishpase o Fo8Y BEHOHIEBNY i si ng

a first yRSHEAL ‘é?ra?%@ﬁ}s@lnsﬁ ﬁ!?@Qdé{v@ill Q&E c%rﬁ?r[l@ﬁo‘ﬁ 'be tQ;FJréJ MlsaldRpadk at i ve

si dewal | spacer construction aving a rst ase and maxi mum
thicknesssaﬂobh@hﬁhﬁshwh&sﬁamwy&ndmmbbdngée&mnﬂ1msmdnnmsmhemnwnbmyharray, t he
first insulative side spacer construction being tapered in said cross
section wiTtHW ?%@’ﬁ@&gry array and not being L-shaped in said cross section

W thin t he pefIBHERAI%irddil 8dmpred oRatR&fst BtafAkisel haths a QORI [nSeEtRS sidiwalleast one
transi stor having a second insulative sidewall spacer construction forned

adj acent tspaseeganstreciod feraedradiacens theaetpseidseeimdaniulasivasilewald spasen uct i on
cireuit  SomprrIBTRE P Reb By Far PR et R bt SRR T on
havi ng a sesphstdaasie favdingulative material, the L-shaped portion having a second base and a
second maximum thickness at the second base in said cross section within the peripheral
circuit, the second maximum thickness being greater than the first maximum thickness, the
second insulative sidewall spacer construction comprising a tapered portion comprising a
second insulative material different from said first insulative material received adjacent and
over the L-shaped portion, the tapered portion being tapered in said cross section within the

peripheral circuit.

8. The device of claim 7 wherein the tapered portion has an elevationally outermost
surface and the L-shaped portion has an elevationally outermost surface, the elevationally
outermost surface of the tapered portion being received elevationally outward of the

elevationally outermost surface of the L-shaped portion.

9. A memory device, comprising:



second maxi num t hi ckness at the second base in said cross section within the
peripheral «circuit, the second maxi mnumthi ckness being greater than the
first maxi mumthi ckness, the second insulative sidewall spacer construction
conprising a tapered portion conprising a second insulative materi al
different fromsaid first insulative niBterial received adjacent and over
the L-shaped portion, the tapered portion being tapered in said cross
section within the peripheral circuit. 8. The device of claim7 wherein the
tapered P&IAMBHABRSCOIMPrEF0ER PIYFAIY 9f wRrd dingrsisecturgs epcheef saideplermlityof shaped
portion t er nost
surface (k)l?) §%ﬁ%§lgg§?%él%g% tal)bgﬁ Eggﬁgﬁpgﬁg{%}e e %Qc%r?éﬁs‘éxﬂ%&%% {I/\lé ISCJR%f t he
el evat i ondirdtynsolitiee magtiakforthedadjafent thereto; ﬁidiﬁesdnpolratwemdev@all spaceenory devi ce,
conprisin 12. a ry array co ised of, a pluralit rd.line
structur §g“Str8%tb°r‘i’58? -é)g fg}‘,sgh dfﬁfsrsm?’afﬁur*ﬁ ickpesg@ E}I‘Fégs a¥'A§ a pair of
first ingpsabdcién @itgi%vt@é he&@?ﬂay?ﬁ@?%t%ﬁlaﬂ@é3199%1' b Gondrillifitbeing
insulative material forned adjacént thereto, said tirst insulative si devval I
spacer tapastiweaid on@ss waion Wablmrtlge memonysarrabasénatrhtnm -shaped maseicharosst hi ckness
at theflr t base in Cr oSS section within the menory array, the first

i nsul ati V& ISPHVéR?eM“ gﬁéﬂ?@( st ructions bei ng tapered in said cross
section wipkfipherdl RRcUTRETNPLisad boyt |@REodRQtanbiSloNBavingSHadR6eH indulid «kidfnafs

section vvlthl n the nmenory array; a peripheral circuit conprised of at |east
one t r anspasgiosonpiavgtiag fermed ediagent %mt@tsawemnéewlatwe sidawall spasefst r uct i on
formed a t su i

constr ucgg)@s‘rf]rﬁg%on J%ﬁ{sn‘?*sf?lg aﬁfiLﬂlaﬁ?ag;gdgﬁod e Jr&tslsg&gﬁcxﬁgl‘é‘@ hJSe %ﬁﬁt?e%l cirouit
peri pher abmphs'edld)lfthe fﬁ@trrpsrulaexd nedfteridiehd LrsthpedIpsuloathavmgmbcﬁmld@hse etnba L- shaped
portion havi a, second base and a , second, maxi mum t hi ss at the second
base in §%ﬁ089g}36§%“f%§€? ngs Ahiterierendhaspiarspidirsrsa section i &letpﬁrép}?éaéond

maxi mum thEgkK '&f‘ess%c&ﬁ' rﬁ&lﬁﬁﬁ%féknésb%lné bRafel fnah tﬁm&m&ﬁhmﬁﬁﬁ%s aadd
epi taxial si 'i'con being recel ved bet weén adjacent word |ine structures

wi thin t kepitaeatwilicon beingyeckived bétdear @;b@estemrddlme mrmdﬁums wntbmrtbwpyloa’r ray

bet ween g{c? acent, of said first insulative b 41 atc &9 nstwctl ons,
the epit &0FRM W9 TS FCHNNINR feATSRYY BHRY WB‘H}? %cr‘?n 9 Said TERRMIAYE £ ace of
sai d firsidelvaBypRbi dRstictien e HRAGENsilidNSkieHEhE @ g only a portion of an outer

surface of said first insulative sidewall spacer constructions.



