5 MARCH 2007 SUPPORT FOR VERTI CALLY- ORI ENTED CAPACI TORS DURI NG THE
FORMATI ON OF A SEM CONDUCTOR DEVICE Field of the Invention [0001; NI&EHZOM
invention relates to the field of sem conductor manufacture and, nore

particularly, to a nmethod for form ng a doubl e-si ded capacitor having
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random access nenories (SRAMs), and sone m croprocessors, capacitors such as
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and pedestal capacitors are well known to allow an increased stored charge
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wafer 12 hgy | ed source/drain regions 14 wthin the

waf er 12. %&foﬁrﬁ&rﬁ?"éd%%‘?%?ggﬁ ansistors 16 conprising gate oxide 18, a
doped polysilicon control gate 20, silicide 22 such as tungsten silicide
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often manufactured fromsilicon nitride. Silicon nitride spacers 26 are
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microprocessors, capacitors such as container capacitors and pedestal
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capacitors are commonly formed. Container and pedestal capacitors are
well known to allow an increased stored charge over planar capacitors by

increasing the surface area on which the charge may be stored.

[0003] FIGS. 1-7 depict a conventional method for forming a plurality of
container capacitors from polysilicon. Formation of a pedestal capacitor is
similar, but the bottom plate is a solid plug and the cell dielectric and top
plate are conformal with the exterior of the bottom plate to form a
single-sided vertically-oriented capacitor. FIG. 1 depicts a semiconductor

( wafer substrate assembly 10 comprising a semiconductor wafer 12 having

\ a plurality of doped source/drain regions 14 within the wafer 12. FIG. 1
further depicts transistors 16 comprising gate oxide 18, a doped
polysilicon control gate 20, silicide 22 such as tungsten silicide which
increases conductivity of the control gate 20, and a capping layer 24 often
manufactured from silicon nitride. Silicon nitride spacers 26 are formed to
insulate the control gate 20 and silicide 22 from polysilicon pads 28 to
which the container capacitors will be electrically coupled. Shallow trench
isolation (STI, field oxide) 30 reduces unwanted electrical interaction
between adjacent control gates. An etch stop layer 31 is formed, then a
thick layer of deposited oxide 32 such as borophosphosilicate glass (BPSG)



i solation (STlI, field oxide) 30 reduces unwanted el ectrical interaction

bet ween adjacent control gates. An etch stop layer 31 is fornmed, @g 007
thick | ayer of deposited oxide 32 such as borophosphosilicate gI ass‘{% é) 5
MARCH 2007 formed to provide a base dielectric Iayer for capacitor features
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The exposed portion of the etch stop is the renoved. Subsequent to the etch
of etch stopaye nofdashrderictedon pads 28 and possibly a portion of capping

| ayer 24 are exposed to result in a structure simlar to FIG 2. The

remai ni ng photoresist layer 34 is stripped and any pol ymer (not depicted)
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to result in a 'structure similar to FIG. 2. The remaining photoresist layer
34 is stripped and any polymer (not depicted) which forms during the etch
is removed according to means known in the art to provide the FIG. 3

structure.

[0005] As depicted in FIG. 4, a blanket conductive layer 40 such as
polysilicon or another material is formed conformal with the deposited
oxide layer, and will provide a capacitor storage node for the completed
capacitor. A thick blanket filler material 42, such as photoresist, is formed
to fill the containers provided by polysilicon 40. The FIG. 4 structure is
then subjected to a planarizing process, such as a chemical planarization,
a mechanical planarization, or a chemical mechanical planarization (CMP)
step. This process removes portions of the photoresist 42, the polysilicon
40, and usually a portion of the BPSG 32 to result in the FIG. 5 structure.

[0006] Next, the BPSG 32 is partially etched with an etch selective to
polysilicon (i.e. an etch which minimally etches or, preferably, doesn’t etch
polysilicon) to result in the structure of FIG. 6. At this point in the process
the polysilicon storage nodes (capacitor bottom plates) 40 are only
minimally supported. The bottom plates 40 in the FIG. 6 structure each

comprise a first region 60 which defines a recess, and a second region 62



40, and usually a portion of the BPSG 32 to result in the FIG 5 structure.
[ 0006] Next, the BPSG 32 is partially etched with an etch sel ecti%g Eo 007
polysilicon (i.e. an etch which mnimally etches or, preferably, H2
etch polysilicon) to result in the structure of FIG 6. At this point in
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a polysilicon container capacitor top plate 72, and a planar oxide |ayer
such as BPSG 74 are forned according to means known in the art to result in
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inside and outside of each container capacitor bottom plate 40. After
forming the structure of FIG. 7, wafer processing continues according to

means known in the art.

[0008] It can be seen at the FIG. 6 structure that conventional ‘
processes remove the oxide 32 which supports the capacitor bottom plate
40. This oxide removal is performed to allow formation of the cell dielectric
and capacitor top plate on both sides of the bottom plate to form a
double-sided capacitor. The structure of FIG. 6 is easily damaged and

/ susceptible to defects such as leaning (caused, for example, during the

( etch of BPSG 32 of FIG. 5 to result in FIG. 6), toppling, o lifting of the
bottom plate. However, it is desirable to form a double-sided capacitor to
increase the cell capacitance which allows the cell height to be decreased
over a single sided capacitor. Limiting this vertical dimension of the cell
capacitor is desirable because it sets the depth of the contact level to
follow. For example, current etch tool technology can etch contacts to a
depth of about 3.0 micrometers (um) to about 3.5 pm. If the capacitor
height causes the contact depth to go beyond the 3.0 ym to 3.5 pm limit,
then additional masking layers will be needed. One way to do this is to
form a portion of the contact to diffusion areas in the wafer befofe forming



doubl e- si ded capacitor. The structure of FIG 6 is easily damaged and
susceptible to defects such as |eaning (caused, for exanple, during the

etch of BPSG 32 of FIG 5 to result in FIG 6), toppling, or |iftigwaicH bsy7
bottom plate. However, it is desirable to forma doubl e-si ded capacitor to

i ncrease the cell capacitance which allows the cell height to be decreased
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[0010] A method used to form a double-sided capacitor such as a
container capacitor or a pedestal capacitor which reduces or eliminates
one or more the problems described above, and a structure resulting

therefrom, would be desirable.

Summary of the Invention

[0011] An embodiment of the present invention provides a new method
which, among other advantages, reduces problems associated with the

( manufacture of semiconductor devices, particularly problems resulting
from instability of unsupported capacitor bottom plates prior to formation
of a supporting layer,
[0012] Various embodiments of the preselnt invention provide lateral
support for a vertically-oriented structure, for example a storage capacitor

such as a container capacitor or a pedestal capacitor.

[0013] Additional advantages will become apparent to those skilled in
the art from the following detailed description read in conjunction with the
appended claims and the drawings attached hereto.



one or nore the probl ens described above, and a structure resulting
therefrom would be desirable. Summary of the Invention [0011] Ansﬁﬂhﬁéﬁ@ﬁ@;
of the present invention provides a new nmethod which, anong ot her

advant ages, reduces probl ens associated with the manufacture of

sem conductor devices, particularly problens resulting frominstability of
unsupported capacitor bottom plates prior to formation of a supporting

| ayer. [Oog}ieygé&ﬁ?ﬁ@pg'f i!ﬁ@tb‘ramliﬁﬁ@ present invention provide |ateral

support for a vertically-oriented structure, for exanple a storage capacitor
such as a container capacitor or a pedestal capacitor. [0013] Additional
advant ages [0014hedGE. dpparendrososetiomes dapitting ai convemsiomeal nietbodtfhe

follow ng detailed description read in conjunction with the appended clains
and the dra 'r%'%gét‘g%@ﬁgbsqﬂ%‘?é%?a'ﬂe%ciﬁgqrfg'ﬁif:%urlfr'i ef Description of the
Drawi ngs [0014] FIGS. 1-7 are cross sections depicting a conventional nethod

for formng a doubl e-sided contai ner capacitor structure; %0_015] FIGS. 8-16
and 18-20 af@0tbdsFIGEeErdhaNahB-20 are arpsEsestipnanand iFéG, 1ddpiackiPAg

enbodi ment s_.of  the.lLnventive: - ¥ ' | - Sl cont ai ner
capaci tor SYI?“L'}’(&t‘%ﬁ’é‘%tn[%g%o(aﬁﬁgé@%{%n@ V%bﬁggge}ngtrhooglg%?ef?{ ri%c')ﬁigdepi cting an
enbodi ment @dublehgdéd ecentainer tapddronaargdest al capacitor; [0017] FIG 23 is

a bl ock diagram of an exenplary use of the invention as a nenory array in a
dynam ¢ random access nenory; and [0018] FIG 24 is an isonetric depiction

of a use of r§hfe] N\eAE. 91 ddl 2P arB!PEdd &tBNdRMpR&ing an embodiment of

the invention to form a pedestal capacitor;

[0017] FIG. 23 is a block diagram of an exemplary use of the invention

as a memory array in a dynamic random access memory; and

[0018] FIG. 24 is an isometric depiction of a use of the invention in an

electronic device.

[0019] It should be emphasized that the drawings herein may not be to
exact scale and are schematic representations. The drawings are not

intended to portray the specific parameters, materials, particular uses, or
the structural details of the invention, which can be determined by one of

skill in the art by examination of the information herein.
Detailed Description of the Preferred Embodiment

[0020] The term “wafer” is to be understood as a semiconductor-based
material including silicon, silicon-on-insulator (SOI) or silicon-on-sapphire
(SOS) technology, doped and undoped semiconductors, epitaxial layers of
silicon supported by a base semiconductor foundation, and other
semiconductor structures. Furthermore, when reference is made to a
“wafer” in the following description, previous process steps may have
been utilized to form regions or junctions in or over the base

semiconductor structure or foundation. Additionally, when reference is



[0019] It should be enphasized that the drawi ngs herein may not be to exact
scal e and are schematic representations. The draw ngs are not inéﬁﬂﬁf‘@ntzﬁm
portray the specific paraneters, materials, particular uses, or the
structural details of the invention, which can be determ ned by one of

Descr i pti onTBReH e ERUr BTGP mseay it BOH g esEapFoR, e abTEite, be
under st ood §§sef'm§l?fﬁ1§? g%elgaaera Rasaowitiahgerisahciude ¢ didiectpick iaten,

silicon-on-insul at or or silicon-on-sapphire (SCOS) technol ogy, doped
and undopedcerdtcorsd @ndofentuessi sush as traggistarseformed thetrpvalipgeperdingy a

base sem co : ' r We 0,
Fur t her mor ooh e par HPPE Shad of BRORSSHT, 1R AR tHe teRlcet b e
descri pti onpotpbe\siliwes-pasE Ssutsécr s beeyadedven sitieen-agdrimhariach,t o f or m r egi ons
or junctions_in or over the base sem cqonductor structure or foundation.

Addi ti onal | §l]l0%-&$-w@teﬁc%|'¢<§1'°5\'%ﬁawzﬁa@ﬂ gEEYAN Wik Tt FRIRUMS3TSERide: e
assenbl y ' | Biridh Sk O MINEE SA'thBIdiGLssldieamd RRi sl ferf, AR gerfipdor ne! ude
wafer with layers including dielectrics and conductors, ‘and features such
as transi st osed wiidy resppech &o doodayerde peediony therothke, maans@llleastssage of

processing. In addifion he sem cqnduct or, need ot, be silicon-based, but
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in the discussion and clains herein, the term”"on” used with respect to two
| ayers, onethaireontaet istpnssibledandobirenuiied. Neither cont aet "eweridewliefe | ayers,

while "over! m%%tigﬂgléﬂyagfme@rh%réiﬂ.Cl ose proximty, but possibly with one
alrn

or (nore addff r'venirng |l ayérs such that contact is possible but not

required. Neither "on" nor "over" inplies any directionality as used

herein. [0021] A first embodiment of an inventive method used during the
formation of a semiconductor device, and various inventive in-process
structures, are depicted in FIGS. 8-20. FIG. 8 depicts a structure
comprising a semiconductor wafer substrate assembly 10 comprising a
semiconductor wafer 12, conductively-doped regions 14 within the wafer,
transistors comprising gate oxide 18, a word line 20, silicide 22 which
enhances conductivity of the word line, a dielectric transistor capping layer
24, dielectric spacers 26, and conductive contact pads 28. The contact
pads 28 reduce the amount of dielectric which must be removed during an

etch of an overlying dielectric layer.

[0022] After forming the features of the wafer substrate assembly 10, a
blanket etch stop layer 31 is formed. The etch stop layer 31 may comprise
a layer of silicon nitride, silicon carbon (SieC), aluminum oxide (Al,03), or
another material between about 50 angstroms (&) and about 1,000 A
thick. Next, a base dielectric layer 84, for example borophosphosilicate
glass (BPSG), phosphosilicate glass (PSG), spun-on dielectric (SOD), or
undoped silicate glass (USG), is formed over etch stop layer 31. A blanket
support layer 86 and a blanket sacrificial layer 88 are formed over the
base dielectric layer 84. Properties of support layer 86 and sacrificial layer
88 include etchability of layers 88 and 84 selective to layer 86 (i.e. layers



[0021] A first enbodi ment of an inventive nethod used during the formation
of a sem conductor device, and various inventive in-process structures, are
depicted in FIGS. 8-20. FIG 8 depicts a structure comprising a > MARCH 2007
sem conductor wafer substrate assenbly 10 conprising a sem conductor wafer
12, conductivel y-doped regions 14 within the wafer, transistors conprising
gate oxi de 88 ard 8drcan beetded while cRawVIg naneer veriditde Sf davriRe-vity of
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may conpris i |, +rd kA i al um num
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dielectric Pg@ﬁ)a,n gich {918%%‘&%3 E?'I%ﬁaGEPéag&%ss (USG), is forned over etch stop
| ayer 31. A blanket support |ayer 86 and a bl anket sacrificial |ayer 88 are

formed over the base dielectric |ayer 84. Properties of support |ayer 86
and sacrifi E08RI]Jayhfiter BamMinglrnask daystil, | theystofcturg of £1888dnet@dwdstsl ect i ve
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| ayer 88 can conprise a si|icon dioxide Ia%leer, for exanpl e using a BPSG or
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sacrificial silicon dioxide layer 88, silicon nitride support layer 86, and
timed to stop within base dielectric layer 84 prior to exposing etch stop
31. The chemistry can then be changed so that any remaining base
dielectric layer 84 is removed while stopping on etch stop 31. Then,
optionally, the etch can be changed and performed for a time to
sufficiently remove exposed portions of etch stop 31 which exposes
contact pad 28, while not excessively etching capping layer 24 or spacers

26. The etch stop layer 31 may also be left in place.

[0024] After forming the FIG. 9 structure, photoresist layer 90 is
removed, along with any polymer (not depicted) or other contaminants

which form during the etch, to result in the structure of FIG. 10.

[0025] Next, a blanket conformal capacitor bottom plate layer 110 such
as titanium nitride is formed as depicted in FIG. 11. A protective layer 112
such as photoresist, is formed within the container to prevent
contaminants from being deposited into the interior of the container
formed by the bottom plate during subsequent processing. After forming
bottom plate layer 110 and protective layer 112, the structure is
planarized, for example using chemical mechanical planarization (CMP) to

result in the FIG. 12 structure.



allow an etch to expose contact pads 28. [0023] After form ng mask | ayer 90,
the structure of FIG 8 is etched to renpve the exposed portionssRfarcH 2007
sacrificial |ayer 88, support |ayer 86, base dielectric |layer 84, and etc
stop layer 31, and to expose contact pads 28 and possibly a portion of
capping layer 24 to result in a structure simlar to FIG 9. A single etch
can initially be used to renove exposed portions of sacrificial silicon
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sacri fici al bbayaf pfie 119. If the etch of layer 88 is performed after removal of

layer 112, the etchant may traverse any pinholes or other voids within

bottom plate layer 110 and begin to etch oxide layer 84. This is not

detrimental, however, as layer 84 will be removed during subsequent

processing and provides no further critical function. The removal of

protective layer 112 and sacrificial layer 88 resuits in the FIG. 13

structure.,

[0027] Next, a masking spacer layer 140 is formed over the surface of
the FIG. 13 structure to result in the structure of FIG. 14. The material
selected for this layer must be able to withstand an etch of support layer
86, and must also be etchable selective to the material of support layer 86
and bottom plates 110. With a nitride support layer and titanium nitride
bottom plates, polysilicon would function sufficiently. The masking spacer
layer is formed to a thickness sufficient to fill in and impinge on itself in
narrow regions 142, and form conformally in the wider regions 144. With
current technology, the narrow regions 142 may have a width of between
about 200 A and about 600 A, the wider regions 144 may have a width of
between about 600 A and about 1,200 A. The height of the exposed
portions 146 of capacitor bottom plates 110, which is determined by the
thickness of sacrificial layer 88, is between about 300 A and about 600 A.
To result in the structure of FIG. 14, a conformal polysilicon layer 140 is



selectively etched to expose the underlying support |ayer 86, then
protective layer 112 is renoved. For exanple, a sacrificial Iayer g
silicon dioxide can be etched selective to a silicon nitride supp
86 and a tltanlun1n|tr|de bottonlplate | ayer 110 using a wet etch

conprising  hydr aric 112 of
phot or esi st fi g%%‘""%ﬁoﬂ/@ad I?;\'§ n?ﬁgs f@:ﬁ@@g@@é&ﬁ&@ %H‘B?@g‘ur e of
bet ween abogpp &Wférﬁméa@bﬁéﬂ oe@ﬁﬁ,ld@,ﬁ’fhttdwf'ac%gbj:ﬂsl Lagidpictsaayert 4G wet
etch, for exanple using hydrofluoric acid (HF) to renmove t he photoresi st

ash. The eF@ﬁ‘%?teﬂ\hE“‘é‘Qctlhﬁfre@?éﬂ; in E{“y%POﬁQ”bBH’t%% Pyl ¥ MRRY BPE REFUMef or e or
ft t th

mat or i al - of Cepsfeirk & Bie IR SrE onding Wit E O MEEHONES At er

renoval of ehaylgh rﬂlaﬂarlal tnell dikelyafior ey preveent rassy damagertbdihesbcm:omtdxfer voi ds

within bott e | ayer 0 and begin to 8 This is not
detri nment al p?%ﬁgéa&du% g|aa§;{]gseggem|s At ‘?téﬁﬂ%gﬁ ?gﬂéﬁ% Q‘é‘i@@*ﬂ

processi ng and provides no further critical function. The renoval of
protective layer 112 and sacrificial layer 88 results in the FIG 13
structure. [0OOZB] Ndext, an amiskirogicgpraser eltetya pemformsdfcm bheel masking he
surface of _the tructur.e t he tru re of FI 14. The
mter al . sEPBLERaTRbRIPHC SELR thE I d st Ao B ThS S B ves e,

support | ayefateddl ofitite MEEkitd spadd 1alenah eekaltwetiovthd matbgalngt erlal of
support layer 86 and bottom plates 110. Wth a nitride sug4ort | ayer and

titanium ni ﬁupa@rt IBYek Bandapetompplajies LiLoAftepetehingdeyeohddusracarent | y.
The maski ng y %Bgfe?ﬁam iAXRE wlaeF%g%ﬂstﬂma v&rhlecl‘éQSF%sWef éh'neflf: Hrmrgé Il in and

ji nge on its narrow re 142, and form con or nal t he w der
reg| ons 144 th&\Hahrove uegiens ]I4élcmma]glyy atlba:em&rbrotbt&qujamsslﬂmz may have a
w dth of between about 200 A and about 600 A, the w der regions 144 may
have a wi dth of between about 600 A and about 1,200 A. The height of the

exposed [0029] After forming spacers 150, the support layer 86 is etched using
the spacers 150 and the other remaining portions 152 of layer 140 as a

§/{e2r007

mask to result in the FIG. 16 structure. FIG. 16 is depicted in plan view
along 1-1 of FIG. 17, which depicts part of an array of container capacitor
bottom plates 110 and the remaining portions 150, 152 of the masking
spacer layer 140. Various capacitor layouts other than the one depicted in
FIG. 17 can be used with the present invention. As this pattern of the
masking layer defines the support layer 86, the configuration of the
support layer 86 is analogous to that of the masking spacer layer of

FIG. 17. The etch of the support layer 86 with this mask removes the
material of support layer 86 selective to the material of bottom piates 110.
The spacers 150 and support layer 86 can also be etched during the same
operation, but it is more likely that the spacers 150 will be etched during
one process and the support layer 86 will be etched during another
separate etch. During the etch of support layer 86 a portion of polysilicon
layer 140 and spacers 150 may also be removed, as long as enough of
these two features remain to allow exposure of BPSG 84 in the wide
regions 144 and protection of support layer 86 in the narrow regions 142,



portions 146 of capacitor bottom plates 110, which is determ ned by the

t hi ckness of sacrificial |ayer 88, is between about 300 A and abogyﬁggﬁo -
To result in the structure of FIG 14, a conformal polysilicon |ay g
8 5 MARCH 2007 forned to have a target thickness of between about 200 A and

about 500 when sured over wde, flat rfa F 14 depicts | ayer
140u conpl Qt%q’goi {Tﬁ]?ﬁelrjl'"(?r’f'ﬂé\'lrf%e\é\n&or? i?ﬁel @Q?B‘irﬁspa‘?geg,e WEF%: P %ot
occur, dep‘%ggi. R8N 2 fdiBoved %lt Qifliisf(ﬂétﬁnPE?Pééth M tHY sertbRIrkYrtrIe. lsator-

However, enough material wl y formto prevent any danage to the

bottom of eyt mayiremnaiorin rjace.dfipodyrilaon sprcess ase camevedayley a0 bgescri bed

bel ow. [0028 X ni.sotropi c, s r ch 4 . £ he maski ng
spacer Iaye?t‘%ﬁg‘e steiéq@%uﬁ S'ﬁﬁort) e rllgleé.q.?p%g) %ﬁ&ﬁgtéggﬁgﬁgé@ﬁ lrdgeem)ves t he
material of béﬁt@rrﬂ‘@l%ké@glenMW? al wgeetdiopplietig teerdraetiye amirohiwh of
support |ayer 86 and bottom plates 110. After etching |ayer 140, spacers
150 renmi n hydroider dAH egi ons 144, while layer 152 remains to bridge the
narrow regi ons 142 forned by adjacent bottom plates 110. [0029] After

form ng spacers 150, the support layer 86 is etched using the spacers 150
and the ot hpo0oB&iaiFIGnd SpdepictenihelS2udiure agsultihdFrars e reambévalofresult in

the FIG 16 struct .. FIG 0 i depi di | i | A-1 of FIG
0 Theen SepbeliEsR et RS1abS dody %R B2 o aReE R RY ar SRadREL £ oo
and the rengj _%r@a.n%tbéy@diéﬁébtrié@yérfistrlaﬁ\dmkéév@cti\ﬁdoe&gag%%mﬁﬁo-

Various capacitor layouts other than the one depicted in 17 can be
used with t8e, poteanplatesdd end fshidipp datAreetchovhicheremedd siicomyer

defines the_support, lLaye .. the. c ' ' . th port..l aver 86 is
anl ogous. ¢ S o et dieohd FufRE e Bhi S e R Wer oB4ET e
support | ayef hﬁ@'dﬂ'dohictéfdi@ (P ko [resuiy @ thé etruatirer o IRf 1S upwetchaayer 86
selective to the material of ottom&olates_llo._ i .

completely removes the exposed base dielectric layer 84 depicted in

FIG. 17, and removes all of dielectric 84 around each capacitor bottom

~plate 110.

[0032] As depicted in the FIG. 19 structure, support structures 86
support the capacitors after removal of the base dielectric layer 84.
Removal of the base dielectric layer is necessary to allow the formation of
a double-sided capacitor. These support structures provide a dielectric
collar for each bottom plate, with each collar being continuous with
adjacent collars such that the support layer forms a matrix which braces
all capacitor bottom plates. The arrangement of the support layer can be
determined from FIG. 17, which depicts the pattern of masking spacer
layer 150, 152, and also of the etched support layer 86. As depicted in
FIG. 19, the top and bottom surfaces of support layer 86 are free from
contact with any other layer. However, some of dielectric 84 may remain,
especially at the point of contact between the support layer 86 and the
bottom plate 110, which may be more difficult to clear completely. In any
case, even if some of this dielectric 84 remains to contact the bottom side
of layer 86, the top and bottom surface of support layer 86 will remain
generally free from contact with any other layer. It is conceivable that for

some capacitor arrangements and processes the collar may not surround

10



The spacers 150 and support |ayer 86 can al so be etched during the sane
operation, but it is nore likely that the spacers 150 wll be etc 997
one process and the support |layer 86 will be etched during another separa
etch. During the etch of support |layer 86 a portion of polysilicon |ayer

140 and spager h, of e two
features reﬁ?ﬁ ﬁa;?%c %&L p%gﬁ? gﬁ%ﬁﬁgggsg%}f 8%9{;%% nge@ %fe)gll:%rlr':tﬁg'?44 and
protection gie Borpat plattéyeﬁi‘ othet fedthee baingosuppytah by tha. cddlab MéRabE 2007
[ 0030] The renainjng grtlons 140, 150, and i52 of the ski ng spacer |ayer

can be rermb@d:‘r&t”atrtﬂss eRictad oFiesid bytmandepYale OYPIA GIAUBFE 18, or t hey

may renmain i con spacers are renpved, they can be etched
sel ective t(la&stlg{‘gﬁ%ﬁ %tfct Frli)'il?g}ﬁg{ipport | ayer 86 and titaniumnitride bottom

pl ates 110 using a wet etch conprising tetramet hyI anmoni um hydr oxi de

TMAH) . [ 00 tsthestr [ fro he re al of
E)ol yls_ii) | i E:onf&bés:] %gﬁ 'fﬁﬁli%;) (}%&f?f%paecte('fﬂ?\ﬁ%r g%}(t) 6‘5%’8 ffﬂ?\é ectric
| ayer 84. Thet base réhﬁ)v@@t théy |n<'th&rbé PerhBUBY @€ tAR! wsiht Y& prévéntdirtingayer
86, bottom gl ates 110, and etch stop 31. An etch which renoves silicon

di oxi de sel between capagitarchettam plates.and titani um nitride incl udes a wet
etch of hydrofluoric acid (HF) to result in the structure of FIG 19. The
etchant conpletely renoves the exposed base dielectric layer 84 depicted in

FIG 17, anFOOSWZ_IvﬂnalN dtapaat@cidli gielitrae lOOﬂaQﬁ@bcﬁapa@premz om
pl ate 110 0032] As depicted in the FIG 19 structure, support structures

86 support aPHe G@ﬂﬁféf‘ﬁcﬁ\é‘a“a?@%@r? éorsned aseordifg Ha@éeaﬁ%keewwe thﬁ)?é\?. 84.
reroval of $0%MA%Re QrRlGld bEFIGYSD. WardepRRBSEKS'QrRINRY dRsrdifg Bt on of

a gouble-3| ed capacit ese support st ucture pr ovi ctric
means known in the art.

[0035] The completed structure may have improved capacitance over
conventional structures, because all of the base dielectric layer can be
removed which allows the top plate to be formed along more of the
bottom plate than conventional structures. Referring to FIG. 6, for
example, a portion of base dielectric layer 32 must remain in place to
support the capacitors during formation of the cell dielectric and top plate.
With an embodiment of the present invention, however, all of the base
dielectric layer can be removed as depicted in FIG. 19, because support
layer 86 remains to brace the bottom plates.

[0036] To prevent etching of the periphery, a mask layer may be
formed prior to the etch of the sacrificial dielectric layer, prior to the etch
of the masking spacer layer, or prior to the etch of the support layer. This
will prevent etching of BPSG over the device periphery, which would form
a step in the oxide between the periphery, where there are no storage cell
capacitors, and the array, where the tops of the storage cell capacitors are
at the original level of the top of layer 88. If the periphery is not
protected, the periphery must be backfilled with oxide which is then
planarized, after forming the cell dielectric 200 and top plate 202.

11



collar for each bottom plate, with each collar being continuous with

adj acent collars such that the support layer forns a matrix whi chy na&a$2007
all capacitor bottom plates. The arrangenent of the support |ayer can be
determned fromFIG 17, which depicts the pattern of masking spacer |ayer
150, 152, and al so of the etched support |ayer 86. As depicted in FIG 19,
the top and[QB??&m%ﬁ?'ﬁ&E‘ég QSﬁhé'D?)‘pgﬁtpq me%enaﬁl@ppr'él@vﬁr&ﬁ afi@ht act with

any ot her fdﬁ"ﬁm? HOBRKES 155 UFEFI6S 1@@@\%@5%%&&%%%@%% erfifgaei al 1y at
the point of confact between the support |ayer 86 and ottom plate 110,

whi ch may ba4ApTBisdargercepening ropy allowoins kass 9lequﬁrlﬁrh§/yerc%ae rm/r@n |f sone
f this d h
of this dielggly ueﬁpﬁx‘}e&egﬁasu a%p{&ﬂa ertpét%\'i'@d Pﬁﬁ&%hé'fGPfor% %i%%r the

top and bottom acé o remaln ener ?ree from
cont act wit diddeotriotlager ZQQemd ¢apacaioccbm®ilatab2(b2 that for sone capacitor
arrangenments and processes the collar may not surround 10 5 MARCH 2007 the
capacitor bottom plate through 360 as depicted in FIG 17. Further, the

bott om pl at §e038]Jot Apedtsiai wEﬁabmm@mbarformed |b>a fieneslsimianey tiot  be

circular as depicted in FIG 17 voi d, u
rect angul ar co@tpaéne i SRRACHOE. as[%gggﬁedl tﬁ?ﬁ%& ?1% FFP&FﬂEgi'Bo 152 of

spacer | ayer1d491 hevebbebm gﬁtehsﬁ& 1ﬂ®w&ﬁméd1aycweﬂéw fiRfR¥ed at this
point to prevent shortin enh_capacitor bottom pl at es. g0034] Finally,

a_capaci tor r@@asseamf@@figt?\ct%éacraf %'pla&erf 88 thﬁaswa@r@ layer 86 aaad she
dielectric 'b%kééfdué@étrﬁrlﬁyée\gﬂ?#hagCt‘;ﬁéCBo"t‘ﬂ)nH%Ié’@‘éﬁﬁie#ﬁ?w*llgsé Rugrt to form

the structure o processi ng conti nues according to neans

known i n t héhigker tHaooBBt denpicteshipl edd Gs tilusiruetsireain bhisepadestalved
capaci tance g §£ltorcaﬂésaﬁﬁ899|pr%‘:é&fi}eul%?ér 1956836 nalbsryt BE HRf&n

dielectric l'ayer
plate layer 110 completely fills the recess. After forming the FIG. 21

structure, the bottom plate layer 110 and possibly a portion of the
sacrificial layer 88 is planarized to remove layer 110 from the horizontal
surface of sacrificial layer 88 to leave the pedestal capacitor bottom plate
110 as depicted in FIG. 22.

[0039] In another embodiment, a single layer of material may be
formed instead of forming both the sacrificial layer 88 and the support
layer 86 of FIG. 12. This single layer would be a thicker layer of the
material of the support layer, such as silicon nitride, and would be as thick
as layers 86 and 88 combined. A timed etch would be performed on this
layer to result in the structure of FIG. 13. This process is not as
controllable as using two separate layers and is therefore not as preferable
for most process flows, but may have advantages for some processes.
Processing then continues according to the other embodiments, for
example to form the masking spacer layer 140 and other subsequent
steps.

[0040] With the above embodiments of the invention it may be
necessary to protect the peripheral area of the die during processing of
the array of capacitors, especially during the etch of the base dielectric of
the FIG. 18 structure to form the FIG. 19 structure. FIG. 23 is a plan view

12



renoved which allows the top plate to be forned along nore of the bottom

pl ate than conventional structures. Referring to FIG 6, for exagﬁkgg §2007
portion of base dielectric |layer 32 nust remain in place to supp ﬁ
capacitors during formation of the cell dielectric and top plate. Wth an
enbodi mrent of the present invention, however, all of the base dielectric

| ayer can béepicting dumsriaysi23tkenim periphery, Z%Qaag‘@ren@ppdwmn%@%sa

per phor y. - BGGE Mty RE TP RLEHGER recl ober O BFRIENE, B SR BCTEY, 1 o o

di el ectric Hiyweil, hk{my apniprigeha latgeh nuoﬁb&rrmf amtaks ng spacer |layer, or prior
to the etch of the support layer. This wll prevent etching of BPSG over
t he device periphery, which would form a step in the oxide between the

pﬁri phery, fmﬁ“]t fFE!GQZWfécla;:ﬂ@t§thiH 2100 Rbtrucﬂﬁ@aaﬁrt]émfcﬁmlagdalatfanedr a%/, \r/]vher e
the tops of the storage cell_ capacitors,are at t of the
top of |ayePh@@resist Fq%’@rp%q qua%?taaygr é@thaﬁrc?ﬁeéﬂ?@ﬁ ﬁéﬁ&gﬁ ‘ﬁh’&?’l‘y’v'“ust be
backfilled wid tRieden \mltﬁe s‘a%nﬁl?%ﬂlai@‘ @'Ba'thé%‘dlggéf’ﬁ ﬁzef— 86iiand thae cel |
dielectric 200 and top pla 7 IJSIAsel ective etch

may be perfbamé'%ﬁ—‘ﬁt@ﬁdébﬁ Bﬂa%féhe%Gaﬁt%FU@&F’%tﬁjoﬁ'ﬁat&‘@r of FIG 16 to
I ncrease th t [ may al |l ow t he
base di el ec?trl &{rg ger gﬁdgﬂgg;g%cgﬁgéaﬁﬂ%aﬁg 8+@Bﬁgﬁ'n§g(a%‘rdge)lrde I mproved
condi tions tapacﬁtmrmvw@ behtorowd thad eneedeplcted Rasistlegeadd aisq)baﬂ or top

Phe contai REP DRsnPRA4E wERRERT B, AR Bro B Rfie Brf IR ME . 0 Fi G
21, the bot protept giepkepheryl 202idurfray t‘rmzlretmowlrmﬂ {eod o gheledthcﬂdmeer 84tessed
el e, BY iy R 5kl AUEE, B 0, HPAD el B e g 2>
formation of the capacitor bottom piate 110, and thus no additional
processing is required to form and fill the moat. For current processing,
the moat may be between about 200 A and about 600 A wide. During the
etch of the base dielectric through the collar, a photoresist layer would be
formed to cover and protect the periphery but to expose the array. The
photoresist layer and the layer within the moat thereby protects the
dielectric layer such as BPSG in the periphery from being etched during
the removal of the base dielectric layer which exposes the sidewalls of the
capacitor bottom plates.

[0042] As depicted in FIG. 25, a semiconductor device 250 formed in
accordance with the invention may be attached along with other devices
such as a microprocessor 252 to a printed circuit board 254, for example
to a computer motherboard or as a part of a memory module used in a
personal computer, a minicomputer, or a mainframe 256. FIG. 25 may
also represent use of device 250 in other electronic devices comprising a
housing 236, for example devices comprising a microprocessor 252,
related to telecommunications, the automobile industry, semiconductor
test and manufacturing equipment, consumer electronics, or virtually any
piece of consumer or industrial electronic equipment.
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t hi cker than that depicted in the FIG 11 structure. In this pedestal

capaci tor enbodi nent, protective layer 112 is not necessary, as b

plate layer 110 conpletely fills the recess. After formng the Flgbkgng2007
structure, the bottomplate layer 110 and possibly a portion of the
sacrificial layer 88 is planarized to renove |ayer 110 fromthe horizontal

surface of pEOA4ABMI Cited praxyss add $teuttess destrdbed thestial caralpacisedtobot t om pl at e
110 as depicted

in FIG 22 0Q3 | n,anot her enbodi nent,. a_single |ayer of
mat eri al rrawad’%'fa&b'f?r@dmi"ﬁ@éé’g eq‘e@?:rﬁ?rr‘lﬁp‘br(ﬁshﬁgﬁg DIRpYiss @icflp%f:g%r 88 and
the support suttt¥sta &ntafndrl Gpathor Shiaspedasghlecdpictior weld. o defor t hi cker |ayer
of the material of the support |ayer, sucFPas silicon nitride, and would be

as thick a§X¢W@rsi5@6§iH?Ri' g Rlgpkidirgramao @”&WWW %lucﬁbaﬁé‘_rfor med on
this layer g RamfSHiddm éd&@sé?ﬁé‘rﬁbm Ra@ihghd gaerﬁé%gh‘a? WiACRPEaingr N0t as

controllable as using two separate layers™and Is therefore not as preferable
for nost proeeradtars oviEich poay keyformed waing ANgyabofsneribabths pirsssss.

P . . : ¢ . f oF |
to Torm ¢ e MUEDEERS ThEHEHHAE Ahchdipg! & 479, £ HeRlocPBAMIPE Bne skiledo30F ©
W th the abbveheatiodlGedbsdagictsie pronesaot 360icouptad teea meoesgaleyidteo pr ot ect

t he peri phe ar the die.during praocessing. of he array of

capac tors, 288panfapipelidfriys che Rl ReBEE B pb Pt of the Fia

%/E\ R?:L r ggg gr mgég_ra‘te;lmirtch&: Boﬁtrd%ir&hkt&cﬂeﬁﬁroﬁIZEG ﬁﬁdic@lmgnlz;ﬂs gl @mgss2 3
ictin ur_ arrays nd .a peripher 0 sem conduct or

die 234 pri BP%EBS;f"&V%?l%é q C‘}?J‘H %%ﬁg@aet%gﬁ ' § @ra%éﬁé?rsﬁ@ 8. A typical

memory di epydrhbry bisaly2 ZOMBRd BatR idltgsitpunlyer of arrays. [0041] FIG 24

depicts the FIG 23 structure after formng patterned

[0044] While this invention has been described with reference to
illustrative embodiments, this description is not meant to be construed in
a limiting sense. Various maodifications of the illustrative embodiments, as
well as additional embodiments of the invention, will be apparent to
persons skilled in the art upon reference to this description. It is therefore
contemplated that the appended claims will cover any such modifications

or embodiments as fall within the true scope of the invention.
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phot oresi st |ayer 90. Resist |ayer 90 has openings therein 240 which wl|
allow the etch of the sacrificial |ayer 88, the support |ayer 86,

base dielectric |layer 84 of the FIG 8 structure to formthe FIG qugRb?_lemm
structure. ofi 24 is not to scale, and nmany nore openi ngs 240 for

capacitors \%l be formed than are depicted. Resist |layer 90 al so has

openi ngs t@ﬁ{?gin 4 e‘\/ni_ch forma "npat" around the array which wl|
I gl

protect th %32 duri ng the renoval of base dielectric layer 84 to

formthe FIG 19 struct Nietnbdifor friinyicl derhRohlilbed debice, EBhiiristg:dur i ng
the formation of the capacitor bottom plate 110, and thus no additional

Phe. moat nay b BUTERR ARG sP0 R e bBad®Ece et MeleSlimh 2a® o,

of the base dielectric through the collar, a photoresist |ayer would be
formed to CORIEFIEHAY®T ot ect the periphery but to expose the array. The
photoresist layer and the layer within the noat thereby protects the

di el ectric | ayerfornitly &uppP8GY rcallaes pgbat shéend f aronnbeindjviduehadpdgitohg  t he
removal of the base dielectric |ayer which exposes the sidewalls of the

capaci t or huttopmpdtet es thé PAAZlityA¥ cdepicitdebottomfdifies? the suppoitingrutiigisor
device 250 forned in accordance with the invention nmay be attached al ong

wi th ot her i SMFE 140 ; jJat ' it board
254, for exﬂag?rr%g? em%tr% a C(gérr%uvtﬁteﬁn&rr%t Eéreg%z?ﬁ{do?%gls aogaeﬂddoéf ﬁ%rrgrlsr{mw&éhrmdul e
used in a her sogﬁl bcorrpcﬁtler i m ni c%rrput er, or a mainframe 256. FIG 25
may al so réﬁgpgg ¢ PESE ?eﬁg\f’l 8€550% n ot her el ectronic devices conpri si ng
a housing 236, for exanple devices conprising a m croprocessor 252,

rel ated to tel ecfiting batbasesdiglerialayardbroudh heueperingsdnitber@liafoto t est

and manufacturing equi pnent, consuner electronics, or virtually any piece
of consunerexpose rsidewalisabf tleeplurality of eqoigimemtapatior bottom plates, wherein

subsequent to etching the base dielectric layer the supporting collars support
the individual capacitor bottom plates of the plurality of container capacitor

bottom plates.

2. The method of claim 1 further comprising forming a cell
dielectric on the sidewalils of the plurality of container capacitor bottom plates

and on the supporting collars.

3. The method of claim 2 further comprising forming a capacitor

top plate on the cell dielectric layer and over the supporting collars.

4. The method of claim 1 further comprising removing
substantially all of the base dielectric layer during the etching of the base
dielectric layer through the openings in the collars such that the collars remain

in contact with only the capacitor bottom plates.
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5 MARCH 2007 [0043] The process and structure described herein can be used
to manufacture a nunber of different structures which conprise a capacitor
such as a container capacitor or a pedestal capacitor. FIG 26, f&MARCH 2007
exanple, is a sinplified block diagram of a nmenory device such as a dynamc
random access nenory having a nenory array with container capacitors which
may be fornmed using an enbodi nent of the present invention. The general
operation of such a device is known to one skilled in the art. FIG 26

depicts a processor 26Q.co ed . Ly device . 262, and further depicts
the foll ow ng basic é'eahﬂeoﬁghlﬁd épﬂ%%”ﬁ%r%ﬁf 8%?‘8{'8}519& rcuit: control
circuitry 264; row 266 and col um 268 address  buffers; row 270 and col um
272 decoders: s&HBEN@np| Plan&pt layer fromangrfPaterialyselesteds fpraathe ighg¥R / out put
278. [0044] Wiile this invention has been described with reference to

i |l ustrativensistimgli abnsifcon hdxitkes c bopiphmsphesitiodteneglass,t arse tetnasthylied i n
alimting sense. Various nodifications of the illustrative enbodi nents, as

wel | as addithbsineateasrPadioneohtal @lirfbbe of fephé@ticidéttit IHgeragparent to
persons skilled in the art upon reference to this description. It is

therefore cont l g SARTY) ver any such

nmodi fi cati ons gﬁéﬁgﬂ% ?r%ﬂ‘#%{ %gefgfﬁgmﬁ?ﬁgﬁtﬂé?'q&r h{)a”és}gbpe of the
invention. 14 5 MARCH 2007 Clains Wat is clainmed is: 1. A nethod for
form ng a sem conductor device, conprising: formng a plurality of

contai ner capacitor bottomplates within a base dielectric layer; formng
supporting col | ars t8atlhexinettphebelatm ilfurtheacampesigci t or

forming a blanket supporting collar layer prior to forming the container
capacitor bottom plates;

etching the base dielectric layer and the blanket collar layer to form a
plurality of openings therein; |

forming one of the plurality of container capacitor bottom plates within
each opening in the base dielectric layer and in the blanket collar layer, the
collar layer defining the supporting collars extending around the capacitor
bottom plates;

only partially etching the collar layer to expose an upper sidewall of
each container capacitor bottom plate; and

subsequent to only partially etching the collar layer to expose the upper
sidewall of each container capacitor bottom plate, performing the etch of the

base dielectric layer through the openings in the collars.
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bottom plates of the plurality of capacitor bottom plates, the supporting
collars being interconnected with one another and havi ng openi ngs thﬁcﬁiﬂ)m
whi ch expose the base dielectric |layer; and etching the base diel SOOR

| ayer through the openings in the collars to expose sidewalls of the
plurality of container capacitor bottom plates, wherein subsequent to
etching the base di el7ecThieé mdthyeiof thmsufupiber icognpridihgir s support  the

i ndi vi dual capacitor bottom plates of the plurality of container capacitor

bottom plates. %rrmhg B4t FupPbRing Eolfad NS pEHRY iosiniey 18 BbAiderce! |
dielectric on the sidewalls of the plfurality of contali ner Tapacitor bottom

pl ates and_qn rting collars. 3. The nethod of claim2 further
BPakol S e

conpri si ngC? br top plate on the cell dielectric |layer and
over the supporting col|ars. 4. The nethod of clajm1 further conprising
renovi ng substa{ﬂ’irﬁ‘ﬁgl%/L%I”Iiebﬁa?rﬁ@'%ggﬁrd?%ﬁ%@c@'?f‘léeq ¢RJ&r 138" ng the et ching
of the base dielectric layer through the openings in the collars such that
the col |l ars rendtehingrtheoblaaset wactificial \ayehetheaplaokebcobat iayarpbadete 15 5
MARCH 2007 5. The nethod of claim1 further conprising: formng a bl anket

| ayer frompasewfielectic lagtewt fodnfa prurdiite oopepingsansreihi ng of silicon
di oxi de, borophosphosilicate glass, and tetraethyl orthosilicate on a

hori zontal surf bas, irgli rddnthiRBEE: ; i inket
| ayer to form tﬁgﬁgﬁt} p%'ﬁ?iong %gfﬂ.?rgrllgf’éf éﬁ] #ﬁé ESP ﬁglgcﬁ&gk?@?pr}?g&fﬁ‘r@ﬁer
conprising: _formng a.blanket , s Lt . collar layer pripr to form.ng the
contai ner  caaBthaind I EEY SBEa AR ihlne, BB 6P EpBE e R and
t he bl anket coll ar I_ayer_t? forma . ,
the base dielectric layer, the collar layer defining the supporting collars
extending around the capacitor bottom plates;
etching the sacrificial layer to expose an upper sidewall of each
container capacitor bottom plate and to expose the collar layer; and

subsequent to etching the sacrificial layer, performing the etch of the

base dielectric layer through the openings in the collars.
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plurality of openings therein; formng one of the plurality of container
capacitor bottomplates within each opening in the base dielectri [
and in the blanket collar layer, the <collar |ayer defining the sM‘ﬁﬂ@om
col lars extending around the capacitor bottomplates; only partially
etching the collar |layer to expose an upper sidewall of each container
capaci tor bottom pl atge; Thadnsthbdexfutim t furtdncopaptisingl y etching the coll ar

| ayer to expose the upper sidewall of each container capacitor bottom

plate, perforni ngidrhe f@Frﬁhwbgolfhet I\g@ralW%ﬁcght%ﬁr%rtddpfac'it@y%ttbh‘f ?I‘é@é’s {Witin

openings in the collars 07 7. The method of claim1 further

compr 11 NGipd AL R APKEL SURRRHEMBSLOUERLACKTE: B LAY 60 the

cont ai ner ormn sacr ayer on

t he bl anket coI | ar et chj | anket ,sacrifi.cial e bl anket
ol | ar | ay GPEMITED IHTETh 4ech et [5ee P%@Ew {5 ot Bep caPariy b Bpen ngs
therein; formng one of the plurality of container capacitor bottom pl ates
within eagfatepeandgaiplunality bf apkeingsdberdin oviith |dgfime, aiplunahty bf armdas, col | ar
| ayer, and in the base dielectric |layer, the collar |ayer defining the

suppor ti ng it bag ogdrendt nohr ervddof deerigeeddorsr diet t om pl ates; et ching
the sacrificial layer to expose an upper sidewall of each cont ai ner

capaci tor bot t 0y ARdnidn&XRaBEIdICHEREADIdBYEYer A tneSpRRSRYSH 1O

etching the sacrl l"ayer, per orm ng t d| e ectrl C

layer thr Ouo%en ngs %?ch 89find thé N&a58hs 3P the contglnerR%Ib'acQor bottom plates

and in the openings which define the plurality of moats; and

during the etch of the base dielectric layer through the openings in the
collars, using the container capacitor bottom plate layer in the openings which
define the plurality of moats as an etch stop to protect a periphery of the

semiconductor die.
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8. The method of claim11 further conprising: prior to formng the plurality
of container capacitor bottomplates within the base dielectric |ayer,
etching the base dielectric layer to forma plurality of openi ngs MARCE 2007
whi ch define |ocations for the container capacitor bottom plates, and a
plurality of openings therein which define a plurality of nopats, wth one

mat around each arrgy Ohndn3gEandshoh dificohdabPAciCE0BLRREIaapact L or

bottom plate layer in uraI openl ngs ocatl ons

f th t t b te in th whi def
the plural i1y ofoTias Z‘ac'paﬁarrbé’ﬁ PRge (i eBon25Pr eier Bose e wgi"eayir' h

t hrough the openings in the <collars, using the container capacitor bottom
pl at e IayeSUbﬁratﬁeﬁS@}@mblMgs which define the plurality of npats as an etch
stop to protect a periphery of the sem conductor die. 18 5 MARCH 2007 9. A

met hod used to feing ssenpsartibyer ovedihe patternedasei diglectriv lalyeg a patterned
base dielectric |ayer over a sem conductor wafer substrate assenbly;

formng a supporf(gml"ﬁg s%é’rﬁfcélh%é?%vfe‘?’iwgué’ﬁ&?]éé}e‘?l ectric layer; formng a

sacrificial |ayer ov support |ayer; renovi a portion of the

Tayer 1o form arBext AdRREh o0HE sl Rke o3 SRR ERcafdft’ | oyer.

and the patterned base dlelectrlc | ayer; formng_a capacitor bottom plate
wi t hi n t hePPEeEes bask distestymipyeiie fO%ﬁtrse@$$1eetl'h%d %he fasrtgial l@yerr t he
support layer, and the patterned base dielectric |ayer; subsequent to

form ng th(hecammm@rlt aydvpandthepatterneddrase diglactrc layecri ficial |ayer to | eave
a portion of the bottomplate protruding fromthe
forming a capacitor bottom plate within the recess, the bottom plate
contacting the sacrificial layer, the support layer, and the patterned base
dielectric layer,
subsequent to forming the capacitor bottom plate, removing the
sacrificial layer to leave a portion of the bottom plate protruding from the
support layer;
forming masking spacers along the protruding portion of the bottom
plate; |
etching the support layer using the masking spacers as a mask to form
openings in the support layer; and
etching the base dielectric layer through the openings in the support
layer,
wherein at least a portion of the support layer remains subsequent to

the etching of the base dielectric layer through the openings in the support

layer.
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support layer; form ng masking spacers along the protruding portion of the
bottom plate; etching the support |ayer using the maski ng spacers as a nask
to form openings in the support l|ayer; and etching the base di el eEMARTCH 2007
| ayer through the openings in the support |ayer, wherein at |east a portion
of the support |ayer remains subsequent to the etching of the base

dielectric |ayer thrq!éghg,g‘?ﬁ}etcmg@iopgﬁai“’g ;J}fﬁ&#gmi%n .ayer. 19 5 MARCH 2007

10. The method of clai'm her “conprisi ng: it |east first,
second, and third capacjtor hottom plates suc that, in cross sectipon, a
Tt i of ance BOTIEGNSE st 17s SHRANSeEBR N e FARRCPT DOURTD ARSI R &
greater than a second distance between the second and third capacitor

bot t om pl atheat, im erass sectione asticst idistaned betwyeen the fieghanchspoend sapstitarhe
first, second, and third bottomplates protruding fromthe support |ayer;

form ng a mastohmplatesegrdaterathabel veesnd bistdricestietaeenshewetondnan third
bottom pl ate and between the second and third capacitor bottom plate such

that the L r bridges between the first and second capacitor
Ar2EeDhRaRh (RS

bott om pl at et ween the second and third capacitor bottom
pl ates; and perform n n ani sotropi c .etch on the maskin pacer |ayer to
Porm e maoki rgmayats Pl SRmE Ve Gofdur A oos o BE e Brt P feingl 26

pl ates, such that, subsequent to the anisotropic etch, the nasking spacer
layer, in thed bped plates pEirudiReBoRbthensyrRest IB¥elieen first and second

capaci tor bottom pl ates
forming a masking spacer layer between the first and second capacitor

bottom plate and between the second and third capacitor bottom plate such
that the masking spacer layer bridges between the first and second capacitor
bottom plates and bridges between the second and third capacitor bottom
plates; and

performing an anisotropic etch on the masking spacer layer to form the
masking spacers along the protruding portions of the bottom plates, such that,
subsequent to the anisotropic etch, the masking spacer layer, in the cross
section, does not bridge between first and second capacitor bottom plates

and bridges between the second and third capacitor bottom plates.

11. The method of claim 9 further comprising forming the
capacitor bottom plate conformal with the recess defined by the sacrificial
layer, the support layer, and the patterned base dielectric layer such that the

capacitor bottom plate has a recess therein.
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and bridges between the second and third capacitor bottom plates. 11. The
met hod of claim9 further conprising formng the capacitor bottom plate
conformal with the recess defined by the sacrificial |ayer, the SUJA®RGH 2007
| ayer, and the patterned base dielectric |ayer such that the capacitor
bottom plate has a recess therein. 20 5 MARCH 2007 12. The nethod of claim

i1 the recess defifed by ERDEERRRR SuRRLETRBRBE: V00 L% VT, “and”

the patterned base  dielectric layer and to overlie a hO{I ﬁ{?nf’al sur face of
the sacrificial [9/HYBE; 2 £APSIAHAAEM P!t 2y8pdei EOMPKIEYo ! N8t €8S er and
the sacrificial layer to renove the capacitor bottomplate |layer fromthe
hori zont al dsfinéddey dlie tsaerifisiablayarcitbé duppert kayert endothe patenmshopser
bottom plate. 13. An in process sem conductor device, conprising: a

plurality dfel6strt & yrerarerpaidrivs alidrizentdisatage ofittid saaeticial laler; apanpri si ng
a bottomand first and second cross sectional, vertically oriented sides

o havi Hetahts 9 . Cority of
€ach having 2 ﬁ\%rrzgrﬁgfﬁbaggggﬂﬁir%t{b% g%attll__algé BP9h GHe ARRE A 14T 51 LY ©

its height; support aving a surface and a top ‘surface,
wherein the su rting layer .contacts, each container capacitor bottom plate
of the  pl (R INGT CHRT iR Ea s aten GG g HE HPIASH Bind TR Gn!BGr f aces
of the support i_ng | ayer is generally free fromcontact with any ot her
| ayer; wheg@tfificiagidaperiand tQ {oreT theoerracier bedpacplets: bot t om pl at es conpri ses
first, second, and third contai ner capacitor bottomplates and the in
process sem conductor device further conprises: the first and second
capacitor bottomplates, in cross section, being spaced by a first
di stance; 13. An in process semiconductor device, comprising:
a plurality of container capacitor bottom plates, with each plate
comprising a bottom and first and second cross sectional, vertically oriented
sides each having a height, with each side being unsupported along a
majority of its height;
a supporting layer having a bottom surface and a top surface, wherein
the supporting layer contacts each container capacitor bottom plate of the
plurality of bottom plates, and wherein the top and bottom surfaces of the
supporting layer is generally free from contact with any other layer;
wherein the plurality of container capacitor bottom plates comprises
first, second, and third container capacitor bottom plates and the in process
semiconductor device further comprises:
the first and second capacitor bottom plates, in cross
section, being spaced by a first distance;
the second and third capacitor bottom plates, in cross

section, being spaced by a second distance which is less

than the first distance; and
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the second and third capacitor bottomplates, in cross section, being

spaced by a second distance which is less than the first distance; and 21 5
MARCH 2007 the supporting layer, in cross section, bridging bet wsevIARIGH 2007
second and third capacitor bottom plates and not bridging between the first
and second capacitor bottom plates. 14. The in process sem conduct or device

of c! aim 13 wherein the Qbﬁrﬁg thﬂ& IQ;Q({F ggege(gsscg&q q{mgﬁhgom _pI ates is

Wi thin an array; wherein Vi ce~inc perl phéry adj acent the

array area; and wherei S betwe the her are and the array
area; the noat havi ngbﬁtwleﬁgg?’ess{‘?fé’ %cﬁﬂ?' %ég %tﬁ?é’gdand a
second side which faces the array area; the second S|de belng exposed and
the first side not bei®§ briclghog atween the first and second capacitor bottom

plates.

14. The in process semiconductor device of claim 13 wherein
the plurality of container capacitor bottom plates is within an array; wherein
the device includes a periphery area adjacent the array area; and wherein a
moat is between the periphery area and the array area; the moat having a
first side which faces the periphery area and a second side which faces the
array area; the second side being exposed and the first side not being

exposed.
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