STACKED CONTAI NER CAPACI TOR USI NG CHEM CAL MECHANI CAL POLI SHI NG BAMKEReoND)
O~¥FHE | NVENTION 1. Field of the Invention The present invention relates
generally to capacitors forned within integrated circuits. Mre
particularly, the present invention relates to stacked contai ner capacitors
formed wthin integrated circuits. 2. Description of the Related Art Wil
known in the art of integrated circuit nmenory chip design and fabrication
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serves as a switching el enent through which an associ ated storage capacitor

may be charged and di scharged. The single nenory cell provides an el enent
within advanced digital integrated circuits through which |arge quantities
of data may be stored, mani pul RASKGRRAUND LRE Fé‘@e@‘.&@lpﬂt egrated circuit
t echnol ogy has advanced, and integrated circuit device dinensions have
decreased, it has becone increasingly inportant to efficiently formw thin
advanced i nt eqgr.at efleXd roFUikthe SBivwmtgencapacitors which conply with the -2
conflicting requirenments of high charge storage capacity and
The present invention relates generally to capaciﬁors
formed within integrated circuits. More particularly, the present
invention relates to stacked container capacitors formed within

integrated circuits.
2. Description of the Related Art

Well known in the art of integrated circuit memory chip
design and fabrication is the single memory cell thch is comprised
of an access transistor which serves as a switching element ﬁhrough
which an associated storage capacitor may be charged and
discharged. The single memory cell provides an element within
advanced digital integrated circuits through which large quantities

of data may be stored, manipulated and retrieved.

As integrated circuit technology has advanced, and
integrated circuit device dimensions have decreased, it has become
increasingly important to efficiently form within advanced

integrated circuits storage capacitors which comply with the



decreased physical dinensions. Storage capacitors which possess these two
criteria allow continued scaling of integrated circuit device nenory cells
and efficient use of sem conductor substrate surface area while

si mul t aneously providing sufficient charge storage capacity to assure
integrity of data storage and retrieval ~wf thout data | osses due to
adventitious circuit noise and rel ated charge generation phenonena. Methods
t hrough whi ch t Rergligbinge fequizdmemtsegpét dughi rchartigedesticrageemapacity | #pd

and the storage %ﬁgacitors associ ated with those cells, are well known in’
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are referred to as trench storage capacitors. Less common in the art are

anal ogous st or agerfagechres swhhlehsimel faorevedlyi promiding hseffjiviant charge
dielectric |ayer directlﬁﬁabove or upon _the source/drain electrode of a
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stacked contai ner capacitor. ed container Capaci{ors provide
particul arly speiter®f igeneeatidmipaghéherth.Circuit nenory cells. It

Methods through which there may be formed integrated
circuit device memory cells, and the storage capacitors associated
with those cells, are well known in the art. Most commonly, the
storage capacitors within integrated circuit memory cells are
formed within trenches or other apertures formed within the
semiconductor substrates adjoining the transistors through which
those storage capacitors are accessed. Storage capacitors formed

in this location are referred to as trench storage capacitors.

Less common in the art are analogous storage capacitors:
which are formed within or through a dielectric layer directly
above or upeon the source/drain electrode of a field effect
transistor which accesses that storage capacitor. Wwhen formed in
this location, the stofage capacitor is commonly referred to as a
stacked container capacitor. Stacked container capacitors provide

particularly space efficient integrated circuit memory cells. It



-3- is towards form ng stacked container capacitors with fully planarized
sdrfaceés and readily accessible electrodes that the present invention is
directed. Stacked container capacitors formed with those properties are
nost likely to be readily fabricated into advanced integrated circuits with
maxi mum process flexibility. The art teaehgs-nmany inprovenments and

vari ations upon nethods for formng trench storage capacitors for use

within integraied wovagds! £MiGG NBHIEACCEdSLaineE CXapddiRorshi Patm, fully
U S. Patent 4,577,395 teaches a mnultiple nmasking and self-aligning nethod
for form ng a placiizeflosagéacepaand areadiilyh akaessibig ezllentzodpsi tbhatt pheo
el ectrical punch-through to an adjoi ning trench storage capacitor.
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source/drain el ectrode of the transistor through which the trench storage
capacitor is accessed via a novel doped polysilicon bridge el enent.

Further, Lee, in US. Patent 5,6 026, 659 t h t hod f f R
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i ncorporates andtffds' Ofbd "B AN e2BnO¥tdBage capacitors for use within
integrated circuit device memory cells. For example, Shibata, in
U.S. Patent 4,577,395 teaches a multiple masking and self-aligning
method for forming a tfench storage cépacitor which has limited
susceptibility to electrical punch—throﬁgh to an adjoining'trench
storage capacitor. 1In addition, Kenney, in U.S. Patent 4,833,094
teaches a method for forming a mandrel shaped trench storage

~ capacitor which rises slightly above the surface of the
semiconductor substrate within which it is formed. One of the
vertical electrodes of the 'capacitor is connected to the
source/drain electrode of the transistor through which the trench
storage capacitor is accessed via a novel doped polysilicon bridge

element.

Further, Lee, in U.S. Patent 5,026,659 teaches a method
for forming a trench storage capacitor having improved electrical
integrity. The method incorporates a junction implant and an oxide

spacer layer at the bottom of the trench into which is fqrmed the
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spacer layer at the bottomof the trench into which is fornmed the -4-
tfench* storage capacitor. Still further, Ellul et al., in U S Patent
5,275,974 teaches a maskl ess nmethod for form ng el ectrodes for a trench
storage capacitor. The nethod enpl oys a trench having two separate sections
of different wdth. Yet further, Anzai, i-n8U-S. Patent 5,292,679 discloses

a non-etching nmethod for formng trench storage capacitors. The net hod
provi des trenctesacthistorage Eapdaddorhr osghlseteahiere PIIVE hetofalan épi Uasi al
| ayer using a silicon oxide mask. Finally, Chu et al., in U S Patent

5,384, 152 t eachrieMethddST Ht4 fterabes a magkhest Sieahed ciradirr®ing FlertEpdss
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those surfacestwd Gepae@iiDEedtlohbCofldirzepest SEEla@aUres rel ating to stacked
contai ner capacitors. Dennison et al., in US. Patents 5,162,248 and

5,270, 241 disclose a nethod for formng a'stacked container capacitor which
protrudes above the surface of an insulatj nglf Isayer into which the stacked
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method proﬁides trenches which are formed through selective growth
of an epitaxial layer using a silicon oxide mask. Finally, Chu et
al., in U.S. Patent 5,384,152 teach a method for forming trench
storage capacitors of higher capacitance. The disclosed method

employs roughened capacitor plate surfaces formed through providing

lattice mis-matched crystal layers upon those surfaces.

Less common in the art are disclosures relating to
stacked container capacitors. Dennison et al., in U.S. Patents
5,162,248 and 5,270,241 disclose a method for forming a stacked
container capacitor which protrudes above the surface of an
insulating layer into which the stacked container capacitor is
formed. Fabrication of the stacked container capacitor involves a
planarizing process for filling the stacked container capacitor

with a sacrificial oxide.

Desirable in the art are additional improvements to

stacked container capacitors. Particularly desirable are



,/—————' o
with a sacrificial oxide. Desirable in the art are additional inprovenents
tb stacked container capacitors. Particularly desirable are
-5- inprovenents which provide stacked contai ner capacitors having a fully.
pl anarized structure in their final states, and stacked contai ner
capacitors wherein el ectrodes are readi§y accessible for connection to
other electrical circuit elenments within the integrated circuits within

which are for m@rbhenentd Iaer S idleN8tasRR (ddntagne SLBAKRL toks Thkving a
| NVENTI ON A first object of the present invention is to provide a stacked
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the present invention, which stacked contal ner capaC|tor I's al so read
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stacked contai ner capacitor in accord with the first object of the
capacitors.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a
stacked container capacitor for use within an integrated circuit,
which stacked container capacitor has a fully planarized surface in

its final state and readily accessible electrodes.

A second object of the present invéntion is to provide a
stacked container capacitor in accord with the first object of the
present invention, which stacked container capacitor is also

readily manufacturable.

A third object of the present invention is to provide a
stacked container capacitor in accord with the first object of the
present invention and the second object of the present invention,
which stacked container capacitor may also be readily connected

into an integrated circuit memory cell.
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present invention and the second object of the present invention, which
stackell contai ner capacitor may al so be readily connected into an '
integrated circuit menory cell. -6- In accord with the objects of the
present invention there is disclosed a new stacked contai ner capacitor for
use within an integrated circuit and a nethod by which the new stacked
contai ner capacitor may be forned. To formThe stacked contai ner capacitor

of the present inventiolntf&ddrd 9idPtHBbD4RRRSs 3 5 eRb GHRdeat Oinvenesbh anera
first dielectric layer having a first isotropic etch rate in an isotropic

etch process. Eordbsclgqsmd heevi stackederentainer| ggpacitwra foccuae Witdiiacanpic
| ayer which has second i sotropic etch rate the sane isotropic etg

h in, h
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etch rate. Fgggg@hégyaﬁaghgesﬁﬁggq.dieIectric | ayer is a patterned nmask
| ayer. Through neans of ah ani sotropic etch process enploying the patterned

mask | ayer as a mask there is etched at |east partially through the
first dielectric |ayer an aperture. Through neans of the isotropic etch
process enpl oyi ng t he p&et deredthmsitackgércentaingr neapacitore of stke drasente
second dielect&h&eééiéﬂ'éﬁgrzigic&g%ngdggogcgrga%i%gggﬁétor substrate a first
dieiectric layer having a first isotropic etch rate in an isotropic
etch process. Formed upon the first dielectric layer is a second
dielectric layer which has a second isotropic etch rate in the same
isotropic etch process. The second isotropic etch rate is greater
than the first isotropic etch rate. Formed upon the second
dielectric layer is a patterned mask layer. Through means of an
anisotropic etch process employing the patterned mask layer as a
mask there 4is etched at least partially through the first
dielectric layer an aperture. Through means of the isotropic etch
process employing the patterned mask layer as-a mask there is
etched the second dielectric layer to yield a ledge formed above
the first dielectric lafer and below the patterned masking layer.
The patterned masking layer is then removed. Formed then
successively into the anisotropically and isotropically etched
aperture are a first polysilicon layer, a third dielectric layer
and a second polysilicon layer. Neither the first polysilicon
layer nor the third dielectric layer completely £fills the

anisotropically and isotropically etched aperture. Finally, the



the first dielectric |ayer and bel ow the patterned nmasking |ayer. The
patterned nmasking layer is then renoved. Formed then successively
into the anisotropically and isotropically etched aperture are a first
polysilicon layer, a third dielectric |layer and a second polysilicon |ayer.
‘Neither the first polysilicon layer nor the’ third dielectric |ayer
conpletely fills the anisotropically and isotropically etched aperture.
Finally, the anisotaip3ehIlDpi Cald Y idedropRéd DNy Calteyeat Chperaiper t Wse ithen
then planarized until there is revealed a flange of the first polysilicon

| ayer where theP}3ananizgd| yantilcoghengeris s reveatssl i gt of1angd e@fe. thee first
stacked contai ner, capacitor_ of the present_invention has.a full | anar.i zed
structure in it2H lcgf‘a{%yeafnﬁgf'ég(ﬁ%iey?éﬁifé%’irigféﬂe‘fc’é‘cl]‘?%?l%sl.syfgﬂeeg Anto
nmet hod through yhé cfedge .formed the stacked container capacitor of the
present invention requires a planarizing process to renopve excess capacitor
materials fromthe insulating layers into which is fornmed the stacked
cont ai ner capacitor of the present invention. Simultaneously with renoving
t hose excess capacitor nEkesitarked ipoptghnenEapprahtan of ritheppoesent inygrntion

e-l ectrodes of tltx]fs SEE aPukﬁ‘i'; %qghgzi'{]zeerd Cs%:‘%%%itltxgé J(?I];. JI.thse fQJ.rngiegs:a_te and readily
accessible electrodes. The method through which is formed the
stacked container capacitor of the present invention requires a
planarizing process to remove excess capacitor materials from the
insulating layers into which is formed the stacked container
capacitor of the present invention. Simultaneously with removing
those excess capacitor matefials through the planarizing process,
the electrodes of the stacked container capacitor of the present
invention become accessible. Through isotropically etching a ledge
into the aperture into which is formed the stacked container
capacitor of the present invention, the stacked.containér capacitor
of the present invention is formed with a flange which serves as an
electrode of the stacked container capacitor. The flange electrode
is readily accessible for connection within an integrated circuit

- within which the stacked containér capacitor of the present

invention is formed.

The stacked container capacitor of the present invention

is readily manufacturable. The stacked container capacitor of the



|nvent|on beconme accessi ble. Through isotropically etching a | edge into the
aperturé into which is formed the stacked contai ner capacitor of the
present invention, the stacked container capacitor of the present invention
jis formed with a flange whi ch serves as an el ectrode of the stacked

‘cont ai ner capacitor. The flange el ectrode +s8r-eadily accessible for
connection within an integrated circuit within which the stacked contai ner
capaci tor of therpseserinveAyest reGuifed deitler By AéRaaadr SORIAingChaterials
capacitor of the present invention is readily manufacturable. The stacked
cont ai ner capackhedr apy thew manusacqmrésemprioneems ofer eifts r Eabmigiathen. anyhe
new manufacturin rials .nor new ma cturi rocesses for its
fabrication. Fg:igng?"gcﬁ%rbtaé&ﬁf aFﬁé?c’c%Fﬁac 4,1 fp’ﬁ‘rgng gg‘éﬁ?t’r%e’rﬁ |{ﬂf“\e§1
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whi ch are known in the art. e stacked contai ner capaci t or e present
I nventi on may behieladidey ldnbwﬁrni)lta'eedrtnt 0 an integrated circuit nenory
cell. By formng the stacked container capacitor of the present invention

conpletely through an insulating layer imediately bel ow which resides a

source/drain el ectrode Otrhe staeclkgdeégnetcatlntei'agasﬁasét %or oé ine present invention

may be readily incorporated into an integrated circuit memory cell.
By forming the stacked container capacitor of the present invention
completely through an insulating layer immediately below which
resides a source/drain electrode of a field effect transistor which
accesses the stacked container capacitor, contact may be made
directly between the source/drain electrode of the field effect
transistor and an eléctrode of the stacked container capacitor.
Remaining electrodes of the stacked container capacitor are
planarized and readily available for connection within the same

integrated circuit memory cell.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which form a material part of

this disclosure, show the following:

Fig. 1 shows a cross-sectional schematic diagram



accesseg the stacked container capacitor, contact may be nmade directly
between the source/drain electrode of the field effect transistor and an
jel ectrode of the stacked container capacitor. Remai ning el ectrodes of the
Istacked contai ner capacitor are planarized and readily available for
connection within the sane integrated circ@i+ nmenory cell. BRIEF
DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng drawi ngs, which forma

material part ofililberatfifd OshE € stabr¥d t Rent iAW BEpaditdr 1oSNAYe Spresent

cross-secti onal

schemati c di agram -9- illustrating the stacked contai ner

capaci tor of théngeatéen. invention. Fig. 2a to Fig. 2f show a series of
schematic cross- sectional diagrans illustrating progressive stages in
form ng the preferred enbodi nent of the stacked contai ner capacitor of the

present invention formed g t_gfzgn tian%?gr ap gdg el f Cyl ééri('jeigg'gé?ts%ggﬁgtf%ecross—

schemati c pl an-view di agra
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pr esent
Fig. 2e.

t he stacked cont al ner

preferred embodiment of the stacked container capacitor of the

present invention formed into an integrated circuit.

Fig. 3 shows a schematic plan-view diagram of the stacked
container capacitor of the present invention corresponding to the

schematic cross-sectional diagram of Fig. 2e.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a stacked container
capacitor which has a fully planarized surface in its final state
and readily accessible electrodes. The stacked container capacitor
of the present inventidﬁ is formed into an anisotropically and
isotropically etched aperture within a pair of adjoining dielectric
layers within an integrated circuit. The anisotropically and
isotropically etched aperture has a ledge formed upon the upper
surface of the lower-lying dielectric layer. Formed into this
ledge is a flange: which forms one electrode of ﬁhe stacked

container capacitor of the present invention. This electrode and



The present invention provides a stacked contai ner capacitor which has a

fully planarized surface in its final state and readily accessible

el ectrodes. The stacked contai ner capacitor of the present invention is

formed into an ani sotropically and isotrqﬁically etched aperture within a

pair of adjoining dielectric layers within an integrated circuit. The

ani sotropically and isotropically etched aperture has a | edge forned upon

t he upper surf attee clemabrin@wiectyodeus difetiocistackeédwentaindwicapdcitdm of httse

| edge is a flange which forns one el ectrode of the stacked container ,

capacitor of tHFefeadeinventdan ihave frlly Aleaardrg sigfaces apd anejgeadily

remai ni ng elect#é§%§%ig ethe st acked cont ai ner capacitor of the present

i nvention have Tully plranari zed surfaces and are readily accessible. The

stacked contai ner capacitor of the present invention may -be readily forned

into an integrated circuit nenory cell. If the dielectric layers into which

is forned the stacked comhaistackedpantadnenfcapheitoroénthe presehorningestion

f ormed directlyigpon a source/drain electrode of a field effect transistor,
a
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capacitor of the present in&ention are formed directly upon a
source/drain eiectrode. of a field effect transistor, and the
isotropically etched aperture within the dielectric layers, within
which aperture is formed the stacked container capacitor is formed
completely through the dielectric layer, the stacked container
capacitor when formed within the iéotropically etched aperture will
contact the source/drain eleétrode. Since the bottom of the
stacked container capacitor of the present invention forms one of
the electrodes of the stacked container capacitor, electrical
contact is made between the stacked container capacitor of the
present invention and a field effect transistor which may be
employed to access that stacked container capacitor within a memory

cell.

The stacked container capacitor of the present invention
may be employed within any integrated circuit wherein it is desired
or required to form a stacked container capacitor within a

dielectric layer. In addition, the stacked container capacitor'of



conpletely through the dielectric |ayer, the stacked container capacitor
whén fotnmed within the isotropically etched aperture will contact the
source/drain el ectrode. Since the bottom of the stacked contai ner
capacitor of the present invention forns one of the el ectrodes of the
stacked contai ner capacitor, electrical €ditact is nade between the stacked
contai ner capacitor of the present invention and a field effect transistor
whi ch may be enpheypdesentacimemntiibat mayacdsd dentemployedapgaci dmy Yhtdyratad
menory cell. The, stacked container capacitor of the present invention may
be enpl oyed wi t AitFE4ty PPRPEY SetdavReTS JiimifkRe r ¢8miconduater Subsgrate rwykared
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limted sem conductor substrate surface area nmakes it desirable to enploy
the stacked con®hithér PEegant toventionhmapries employedntithbn variaukyintdyeated
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device cells, Static Random Access Memory (SRAM) integrated circuit
device cells, Application Specific Integrated Circuits (ASICs)
integrated circuits, integrated circuits having within their
fabrications field effect transistors and integrated circuits
having within their fabrications bipolar transistors. The stacked
container capacitor of the present invention has broad

applicability within integrated circuits.

Referring now to Fig. 1 there is shown a schematic cross-
sectional diagram generally illustrating the features of the
stacked container capacitor of the present invention. Shown in
Fig. 1 is a first dielectric layer 2 and second dielectric layers
32 and 3b which form the substrate into which the stacked container
capacitor of the present invention is formed. The stacked
container capacitor is formed from a first polysilicon layer 4, a
third dielectric layer 6 and a second polysilicon layer 8. The
first polysilicon layer 4 and the second polysilicon layer 8 form

electrodes of the stacked container capacitor of the present



device cells, Static Random Access Menory (SRAM integrated circuit device
cells, Application Specific Integrated Circuits (ASICs) integrated
circuits, integrated circuits having within their fabrications field effect
transistors and integrated circuits having within their fabrications

bi pol ar transistors. The stacked container 12 Tapacitor of the present
~invention has broad applicability within integrated circuits. Referring
now to Fig. 1 theY®GiOEnghoBK isodenphedlly etebing ddiet senend dligdeatr ieddyarsy

illustrati theg, f t he stacked t aj i t f. th . t
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cont ai ner capacitor of the present "~ invention 1s"f rmag. 'F e stacked
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dielectric layer 6 and a second polysilicon layer 8. The first polysilicon
| ayer 4 and t he'B¥YH® polhich i SPajeral lactrefecef ddes ssacked eantaliner

cont ai ner capacj f  the - 12 .- _invention. By.isotropicall
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polysilcon layer 4 forns a

electrodes of the stacked. container capacitor of the present

invention.

As shown in Fig. 1, the stacked container capacitor of
the present invention is formed only partially through the first
dielectric layer 2. While this structufe is entirely adequate for
some applications of the stacked container capacitor of the present
invention, in other applications it may be desirable for the
stacked container capacitor of the present invention to be formed
completely through the first dielectric layer 2. For example, when
the first dielectric layer 2 is formed directly over a source/drain
electrode of a field effect transistor which accesses the stacked
container capacitor of the present invention, it may be desirable
to form the stacked container capacitor of the present invention
completely through the first dielectric layer 2 so that direct
contact may be made between the ‘source/drain electrode and the

stacked container capacitor of the present invention.



fl ange surroundi ng the stacked contai ner capacitor of the present

i fventi‘on, which flange is an el ectrode of the stacked container capacitor.
The flange formed fromfirst polysilicon |ayer 4, and the exposed surface
of second polysilicon layer 8 formthe el ectrodes of the stacked container
capacitor of the present invention. As-skdwn in Fig. 1, the stacked

contai ner capacitor of the present invention is fornmed only partially
through the first diel ectti ¢slaysr withifhidhe sbope dF thkUpfedénteinvertion to

adequate for soge apgllcatlons of the stacked contai ner capacitor of the
present inventi i A Bttedysontadrenranacifay veldedlasamud tiipiet padjoining

stacked contain a rese ent| for

conpl etel y thro&éﬁgéﬁ CJIThlt rgltqu é:? rdlEé % ’t'é?/‘élf dﬂg?l%%a@ac\%ﬁﬁﬂcﬁ K the
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of a field effect transistor which accesses the stacked contai ner capacit
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capaci tor of the resent invention conpletely through the first dielectric
layer 2 so that SHiP%RY t0gRtRRE- naPepms epBedRs PLt hhe seapanitdragrne formed
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formed the stacked container capacitor of the present invention.
Such a multiple node stacked container capacitor forms the

preferred embodiment of the present invention.

Referring_now to Fig. 2a to Fig. 2f there is shown a
series of schematic cross-sectional diagrams illustrating
progressive stages in forming the stacked container capacitor of
the preferred embodiment of the present invention into a memory
cell within an integrated circuit. Shown in Fig. 2a is a schematic
cross-sectional diagram illustrating the early stages within the

Process sequence.

Shown in Fig. 2a is a semiconductor substrate 10 upon and
within whose surface there is formed an isolation region 12.
Semiconductor substrates upon which the present invention may be
practiced may be formed with either dopant polarity, any dopant
concentration and any crystallographic orientation. Typically, the

semiconductor substrate 10 upon which is practiced the present



It is also withi.n the scope of the present invention to forma stacked

cdnt ai der capacitor which has nultiple adjoining nodes. The nmultiple nodes
provi de additional capacitance to the stacked contai ner capacitor and
provide a series of additional electrodes,ihrough which varying |evels of
capaci tance may be shunted together. The nultiple nodes of the capacitor
tare formed into adjoining apertures within the dielectric layers into which
is formed the stiavestiemnisian®~ oapkeididricoh sémiqundsendr i sutartirats. h&uinly a
mul ti pl e node stacked container capacitor forns the preferred enbodi nent of
t he present invéﬁppgn?r%lPﬁﬁiPWFbe%ﬁmﬂa to Fig. 2f there is shown a
series of schematic cross-sectional diagrans Il lustrating progressive
stages in formng the stacked contai ner capacitor of the preferred

enbodi ment of the presentudthy@stByd ik Oisb 1HIBAYr&dilons\"hh i Bl Frhal o dligd
circuit. Showmn in Fig. 2a is a.schematic cross-sectional diagram

i | lustrating thé@ndaupgnsisggaésomiuction shbspratess areeduewae inShthen ar . Fi Gucla
is a sem conduct or s&bs,trate 10 upon and wi t hin whose surface there is

formed an i sol afPERCTRMGTUTS Puberit SRGuEIBILEdUER Meabeds uheaeinia Porhton of
ol ar 1y, any. dopanilehRuEtar GiiERed Whadoh S0 EBarburidie, PEos b ALt Rt o
Typically, the Femncsvlation redishs Atienih) dHAOBHINEE demiRbRGldRdstibSrate,
present and methods whereby a separate insulating layer is formed upon a
semiconductor substrate surface and subsequently patterned to form
isolation regions upon the semiconductor substrate. For the
preferred embodiment of the present invention, the isolation region
12 is preferably formed through a thermal oxidation process whereby
a portion df the semiconductor substrate 10 exposed through an
oxidation mask is consumed to form within and upon the

semiconductor substrate 10 the isolation region 12 of silicon

oxide.

Also illustrated within Fig. 2a is a gate oxide 14 upon
which resides a gate electrode 16. Both the gate oxide 14 and the
gate electrode 16 reside upon the active semiconductor region of
the semiconductor substrate 10. Both the gate oxide 14 and the

gate electrode 16 are components of a field effect transistor.

Methods and materials through which gate oxides and gate



- 14 - inventionis a N or P- silicon sem conductor substrate having a
(100) crystallographic orientation. Methods by which isolation regi ons may
be formed within and upon sem conductor substrates are known in the art.
Such met hods include but are not Iimted to nethods whereby a portion of a
sem conduct or exposed through an appropriatl® mask is oxidized to form
“isolation regions within and upon the sem conductor substrate, and net hods

whereby a separ@idtrgans ana§d ped¥dmbd LBOAEACHPOS SedIUnAABEYE! Pgions of
substrate surface and subseQuently patterned to formisol ati on regi ons upon

t he sem conductsemicenlattat esubstiates Aeepkredver dadtleniodi nateobxidas prESkt
I nvention, the isolation region 12 is preferabli formed through a thernal

oxi dati on proceS¥madePEyyetiiogsr irnddnat et ok LHHdEE: b7 mathofs RerEeY the
et conduct or SHRGAPRt 1o, oRy e RSP B et ol k. b, s RS

sem conductor su coh OXlI

ilTustrated W thidktitalle 28 d:8632041&% PorRCalp1dHikeR YaL&E1iBe! U8Pe ugBhethe
el ectrode 16. Both the gate oxide 14 and the gate electrode 16 reside upon

the active sem adridecisemirenduntorf regiosenmubmatbbds shdasthyatae bl@nkeBogate

the gate oxide 14 and the gate el ectrode 16 are conponents of a field

effect transistdfide layer 1s independently deposited upon the surface of the
active semiconductor region. Excess portions of blanket gate oxide
layers formed upon active semiconductor regions may be removed

through etching processes conventional to the art.

Gate electrodes are typically formed via patterning and
etching through methods as are conventional in the art of blanket
layers of gate electrode materials which are formed upon the
surfaces of blanket gate oxide layers. Typically, blanket layers
of gaté electrode materials are formed from highly conductive
materials such as metals, metal alloys, highly doped polysilicon

and polycides (polysilicon/metal silicide stacks).

For the preferred embodiment of the present invention,
the gate oxide 14 is preferably formed through patterning of a
blanket gate oxide layer formed through thermal oxidation of the
active semicdnductbr region of semiconductor substratello at a
temperature of about 800 to about 1000 degrees centigrade to yield
a typical blanket gate oxide layer thickness of about 60 to about



Met hods, and materials through which gate oxides and gate - 15 -

el ectrodes may be fornmed upon active sem conductor regions of sem conductor
substrates are known in the art. Gate oxides may be forned of nethods
including but not limted to nmethods whereby the surface of the active

sem conductor region of a sem conductor substrate is oxidized to form.a. :
bl anket gate oxide | ayer upon the active sdfi tonduct or regi on, and net hods

whereby a bl ankeloodadiystebrlS. | ayRr | end NGRSV | dsbilAShi € IPAHE { Plesent
surface of the active sem conductor region. Excess portions of blanket gate

oxi de | ayers forimyvéntpom, Zbeigeteseheatmvdiaci®isrmxpferabip\fdramedcrppetiterning
t hrough etchi ngdiprocess,es conventional to_the Gate el ectrodes are

typically formed?% ﬁt‘ﬁéﬂt"(ge?‘rH]r?d‘kﬁﬁdlaé’teEh?f]d‘iﬂﬁggti?ﬁeﬁﬁ?w&élé@ﬁrf@med_“Pon
ti | t. | f t. t t.er i ch
conventional in éﬁ"}ebm’?ﬁ bia dgng‘%}?g% a? a%;%éﬁ{a?g °rf0gg?‘§,”€i€%'°?§$'%'“%

are formed upon the sur s of ate ox ayers.

bl anket |ayers dsogaagetesis QholBhehi B PrdsshiPbMBRed i NapRkY Deposition
conductive materials such as netals, netal alloys, highly doped polysilicon

and pol yci des (J&Pg¥P) i prodesst @mpdoying deilsinacks) théosilivenprsehete edaterial

enbodi nent of th gresent I nvention, the gat e oxide 14 is preferablfl f or med

t hr ough patterrﬂ%iﬁ 8fwéth suitable dopant 3Species. Once the blanket layer of
highly doped polysilicon has been patterned to yield the gate
electrode 16, the gate electrode 16 may be used as an etch mask to

pattern the gate oxide 14 from the blanket gate oxide layer.

There is also shown in Fig. 2a source/drain electrodes
18a and 18b formed within the surface of the active semiconductor
region of the semiconductor substrate 10 at areas not occupied by
the gate electrode 16 and the gate oxide 14. Methods and materials
through which source/drain electrodes may be formed within
semiconductor substrates are known in the ‘art. Such methods
typically employ dopant species which are ionized and implanted
into a semiconductor substrate at sufficient velocity and dose to
form into the semiconductor substrate a region of conductivity
sufficient for a source/drain electrode. The polarity desired for
the source/drain glectrode will dictate the polarity of the dopant
species. Arsenic dopant species, boron dopant species and
phosphorus dopant species are common in the art. For the preferred

embodimept of the present invention, the source/drain electrodes



bl anket gate oxide |ayer fornmed through thermal oxidation of the active
selr conduct or region of sem conductor substrate 10 at a tenperature of
about 800 to about 1000 degrees centigrade to yield a typical blanket gate
oxi de layer thickness of about 60 to abo#ti7 - - 16 - 200 angstrons. For
the preferred enbodi nent of the present invention, the gate electrode 16 is
preferably fornmed by patterning and etching a bl anket |ayer of highly doped

pol ysilicon f0r1lf§%d a&&gggsﬁhsrb' PR 283l e £oXhele dn%aGh AlmFl ddtiialnassudtable

about 2000 to about angsttons through a Low Pressure Chem cal Vapor
Deposi ti on (LP@dpanpr agardesnplmtyi Nnghéi laatdvas tegiosi |dokhs olresdcandugton
al ong with suitabl e dopant species. Once the bl anket |ayer of highl
doped pol ysi | i co¥psEastedénapaboutntils soyakaut LRLS JaPE RE%EATIR cfgf:“"%/?'ltegr

7 om Che. bl ankD4GaERd GO P, B Sbeffe; fofdedy SBeC g Bltat it Ao e 1

source/drain el ectrodes 18a and 18b fornmed within the surface of the active
sem conductor region of the sem conductor substrate 10 at areas not
occupi ed by the gate el atdvimde fdrmedd bhefield effdet 14rahbisioys astducture

materials through which source/drain el ectrodes may be forned wiéhin th
seni conduct or SAFPLLELRE SPWrIe GFALR nelaetrades 188, @RdlfRofermed into the

semiconductor substrate 10, and a gate electrode 16 upon a gate
oxide 14 adjoining the source/drain electrodes 18a and 18b the
process steps in forming the stacked container capacitor of the
preferred embodiment of the present invention may proceed. The
results of the first of these process steps are also illustrated in

Fig. 2a.

Shown upon the field effect transistor structure within
Fig. 2a is a blanket planarized first dielectric layer 26, a
blanket second dielectric layer 22 and patterned mask layers 24a,
24b and 24c. The patterned mask layers 24a, 24b and 24c are
employed as an etch mask when patterning the blanket second
dielectric layer 22 and the blanket planarized first dielectric
layer 20. It is preferred for the present invention that the
blanket planarized first dielectric layer 20 be formed a material
which has a substantially lower isotropic etch rate than the
material from which is formed the blanket second dielectric layer

22. The isotropic etch .rates are determined relative to an



typically enpl oy dopant species which are ionized and inplanted into a

sém conduct or substrate at sufficient velocity and dose to forminto the
sem conductor substrate a region of conductivity sufficient for a
source/drain el ectrode. The polarity desired for the source/drain el ectrode
will dictate the polarity of the dopant spéctes. Arseni ¢ dopant

species, boron dopant species and phosphorus dopant species are common

in the art. FOfiéa%ogggf@één_egig@%Mim thbe MRS EaYedd VEN1 | fibselliéntly

source/drain electro a and 18b are preferably formed through
i npl anting a sué axpbse@paPreSOLH19Sthat isdtirep Actdteh raggsomasdiotfier etching
sem conduct or substrate 10 at about 1E14 to about 1E16 ions per_square, .
centi neter dosethmdnatissdel 26rem Wisht 1s06°KRSA | Bif ibr?'ﬁlngtﬁ?af?‘iﬁf‘der?g'reéﬁ?tnc

Having formed a, fiel d, effect ransi%% [,St t YR8 HONRY | 8l SO sehinMtdt
el ectrodes 18aa]a%r18%§f Spﬁ'ed: en_tmoatt ga%e_rﬁrrgg'_n uct or subgﬁhgﬁe % an%ﬁg
gate el ectrode Jf,{i0qBea F3L6r O¥idPedikid] Qiyairn®d hes SQUr ¢ehsk abbout 10:1.
el ectrodes 18a and 18b the process steps in form ng the stacked contai ner
capaci tor of thgoyevelrerumitreahodimstances whiece mredentrapiveatlomratay natde ed.
The results of the first of these process steps are also illustrated &n
Fig. 2a. at least 10:1 is not achieved, or under circumstances where a large
flange is desired in the stacked container capacitor of the present
invention, a two step patterning method employing a second
patterned mask layer for separately and sequentially patterning the
blanket second dielectric layer 22 and the blanket planarized first

dielectric layer 20 may be employed.

Thus, although there are in general several methods and
materials through which dielectric layers may be formed upon
semiconductor substrates, the specific choices for the blanket
planarized first dielectric iayer 20 and the blanket second
dielectric layer 22 are limited. For the preferred embodiment of
the present invention, it has been found experimentally that the
desired isotropic etch rates ratio condition wili be met when the
blanket planarized first dielectric layer 20 is formed from a
dielectric material chosen from the group of dielectric materials
consisting of Plasma Enhanced Chemical Vapor Deposited (PECVD)
silicon oxide dielectric materials, Plasma Enhanced Chemical Vapor

Deposited (PECVD) silicon nitride dielectric materials and Plasma



Shown upon the field effect transistor structure within Fig. 2ais a

bl anket planarized first dielectric |ayer 20, a bl anket second dielectric
| ayer 22 and patterned mask | ayers 24a, 24b and 24c. The patterned nmask
layers 24a, 24b and 24c are enpl oyed as .9 -etch nask when patterning the
‘bl anket second dielectric layer 22 and the bl anket planarized first
dielectric layer 20. It is preferred for the present invention that the

bl anket pl anar i Zaghfdelist crflinBlg et W ﬁkayfépo?sqtha f@E®d) a JAtieohal oxyiehidas

tJ.
a substantially [ ower isotropic et rate than the nateriiﬁifron1mhich S
formed the bl ankidlestchadmdterinlist.i C NapterpidterabIe tisot bDamicetetplanaalizead
are determned relative to an - 18 - isotropic etch process to which

those two | ayerSiagt piglgstcdgelnyer Be is(Sosmed fppwig FABFYR tBRbansed (Hpmical

tch rat tio f t ching, t jal_f i ch | d the. bl t
Second i o ect 1109, PEPSSLI, (ECUB] 4 hcok BRAL RtdrIal o CBReddkanty ! "6l
bl anket pl anariggathielt’ §1akhialzet fi:Gt! @Y€iecdicS lg*er.l S ks 3BYH abut 5000 to

However, under circunstances where an isotropic ch rates ratio of at

| east 10:1 i s natoutchRe@@ll, acgstwwsr thickinst alives blhgket a plangeifddangirsts

desired in the stacked container capacitor of the present invention, a two
step patterni ngAHHEFETLENPIRYSTF ngd0 aM@¥c Afy Planarized through methods as are

conventional in the art, including but not limited to Reactive Ion
Etch (RIE) etch-back planarizing methods and Chemical-Mechanical

Polish (CMP) planarizing methods.

Analogously, for the preferred embodiment of the present
invention, it has been found experimentally that the isotropic etch
rates ratio condition will also be met when the blanket second
dielectric layer 22 is simultaneously formed from a dielectric
material chosen from the group of dielectric materials co_nsisting
of silicon nitride materials formed through a Low Pressure Chemical
Vapor Deposition (i.PCVD) met".hod, silicon oxide materials formed
through a Low- Pressure Chemical Vapor Deposition (LPCVD) method,
silicon oxide materials formed through an ozone assisted Chemical
Vapor Deposition (CVD) method and Spin-On-Glass silicon oxide
materials. Most preferably, the blanket second dielectric layer 22
is formed from a silicon nitride material formed through a Low
Pressure Chemical Vapor Deposition (LPCVD) method. Preferably, the

blanket second dielectric layer is from about 500 to about 3000



patterned mask | ayer for separately and sequentially patterning the bl anket
second dielectric layer 22 and the bl anket planarized first dielectric

| ayer 20 may be enpl oyed. Thus, although there are in general several

met hods and materials through which dielectric |ayers may be formed upon
'sem conduct or substrates, the specific choiges for the blanket planarized
first dielectric |ayer 20 and the bl anket s€cond dielectric |layer 22 are

ound oxpor | morsadYFbis ARERDOTAHRN S A bl REEIAN nbOYAL Ofrod (il DEOT

found experinenta e desired’i'sotropic e es rati1o condition

will be net Vmegibéﬂiﬁ'abh.?nf&tmela' e bi1dfkef idetondi @ttt tc | RyyRtr 2P sexvésrawed
froma dielectric material chosen fromthe group of dielectric materials

consi sting of HégﬁaiEMicedcménPdaleraw [ﬁmﬁ-icﬂéd‘l{mlsﬁllainééﬁzmg
oxi de dielectri terial sma. Enhanced Chenlcal

ed
(PECVD) s1 11 conf Ry Paecess B foves &mmﬂ $58 RFEa8E Torming Shezahaskad
Chenmi cal Vi 533%§3 gg%g@ épgf d
Nbgrlgfefefgg{y t en%FankE anarlz |rsgkg%%lgg?#?ggﬁg;g? ggaeékgérned

froma Plasm Enh&ﬂ&ﬂdnChen1cal Vapor Dep03|ted (PECVD) silicon oxide

material. Preferably, the blanket planarized first dielectric layer 20 is
from about 5000 to

The materiii from which is formed the patterned mask
layers 24a, 24b and 24c is not critical to the present invention.
Typically, however, the patterned mask layers 24a, 24b and 24c will
be formed from a blanket photoresist layer which has been patterned
and etched through methods as are conventional to the art.
Preferably, the patterned mask layers 24a, 24b and 24c will be
formed from a photoresist material which exhibits limited
degradation when exposed to the anisotropic and isotropic etch

processes to which those layers will subsequently be exposed.

Referring now to Fig. 2b there is.shown a schematic
cross-sectional diagram thch illustrates the results of the next
pfocess step in forming the stacked container capacitor of the
preferred embodiment of the present invention. Shown in Fig. 2b is
the presence of a first aperture and a second aperture formed via
anisotropic etching of the blanket second dielectric layer 22 and
the blanket planarized first dielectric layer 20. The anisotropic

'etching employs the patterned mask layers 24a, 24b and 24c as the



about 20000 angstroms thick. The bl anket planarized first
dielectric layer 20 may be planarized through nethods as are conventi onal
in the art, including but not limted to Reactive lon Etch (RIE) etch-back
pl anari zi ng nmet hods and Chemi cal - Mechani cal Polish (CWP) pl anari zi ng

nmet hods. Anal ogously, for the preferred gnypdinent of the present

i nvention, it has been found experinmentally that the isotropic etch rates

ratio conditionmékk! @héiBoEBspISBchNIRy 2bARK UheSHOndic) AftakliGed BUBEL

22 is simltaneously formed froma dielectric material chosen fromthe
group of di el ecBieteghuticr i Hyersor2dast i20p andsiddecoramd t thelepatteamedl second

f or med throughng,wa Pressure Chem cal_Vapor Deposition (LPCVD) .nethod,
silicon oxide nBt8rFELer JR¥EES t IduRPPa AGw2RFessThe amksAtEapicablr etched

Deposition (LP od i1 0X] [ med t hrqu n _Qzon
assi sted Cheni ?%‘P%%“S%‘J% Dgﬁ%siéttl%g’%d( 1%%%0'346{%8(;%{& e " ladied ] s2Eh
oxi de material saidbedtruceflayeb! ¥2 ime {HeAniRnkeeCpshaliikaCE; kst | YlectRit S
formed froma silicon nitride nmaterial formed through a Low Pressure

Cheni cal Vapor Deyesidld.on ThePEU3t matisotirofiaafldyabtghed fapeltkank ctehiesnthe

dielectric layer is fromabout 500 to about 3000 - 20 - angstromns thick.
The silicon nitPPYE"HAFErPaFL95ERAGNT ¥y 304 the second anisotropically etched

aperture is etched into the isolation region 12 to form the etched
isolation region 12a. Since the silicon substrate 10 within which
is formed the source/drain electrode 18b serves as an etch stop for
the first aperture but not the second aperture, it is common in the
preferred embodiment of the present invention that the second

aperture will be etched more deeply than the first aperture.

Several methods for anisotropically etching apertures
within and through insulator layers are known in the art, including
‘but not limited to Reactive Ion Etch (RIE) etching methods, sputter
etching methods and ion milling methods. For the preferred.
embodiment of the present invention, the anisotropic etch method
which is employed in forming the first aperture and the second
aperture is preferably an anisotropic Reactive Ion Etch (RIE) etch

method employing fluorine containing reactant gasses.

Referring now to Fig. 2c¢ there is shown a schematic

cross-sectional diagram which illustrates the results of the next



preferably formed the bl anket second dielectric layer 22 serves as a
sacrificial etch stop |ayer for a Chem cal - Mechani cal Pl anarizing (CWP)
process enployed later in the process of formng the stacked contai ner
capacitor of the preferred enbodi nent of the present invention. The
material fromwhich is fornmed the patterned nmask | ayers 24a, 24b and 24c is
not critical to the present invention. Typi22atly, however, the patterned

nmask |ayers 24aprgdésanékedfCinV #drmifigl @h8EItadiA Tdtankéd Sdcanosi 8E the
| ayer whi ch has been patterned and etched through nmethods as are

conventi onal topréferned eRbeflimeritl wf the pretemtnddvemtsion.ay8hewiRdin FAgh and
24c will be fornmed froma photoresist material which exhibits limted

degr adat i on V\heﬁréxbtbes&fsf‘gtf RE &% 48PF RS SRER DAL HR }e‘t"@ﬁ BPETREE20E o
whi ch those |ay . URequent Resed gphef ' n i

there is shown gﬁgcﬁ%%r%??c crogg?sé%?‘i“gna di agrzgm mq?gheﬁlﬁﬁéﬁfgsg?hgpe

results of the asatrqyircesshSpRitess,l tidipattebrestsaeiond idleditBRE IBRACRLDT
of the preferred enbodi ment of the present invention. Shown in Fig. 2bis
the presence of 18 qampdetapy consumeddnd exnased pariionsof shemebiegned second

ani sotropic etcai.ng of .the bl ankg% sec n&zdi el ectri c,If)l]%/er 22 an tthef

bl anket pl anari 288*$579€¢ SHAYEEEt R P&ge 50 2r¢$h ALY TARSUREL K FRg TOTm.

enpl oys the pat teghect RS, | ReCh st téthea2édbtiilatéec?t it Nyers 22a* and 22¢.
In addition, the bottom of the second aperture is rounded and
formed slightly more deeply into the 4isolation region 12a.
Finally, the widths of the first aperture and the second aperture
are also etched slightly larger at locations other than those
occupied by the patterned second dielectric layer 22a' and the

patterned second dielectric layer 22c¢c'.

Isotropic etchants through which different materials will
exhibit éubstantially different isotropic etch rates are known in
the art. .éuch isotropic etchants are typically, but not
exclusiveiy wet chemical etchants which have excellent permeability
into integrated circuit micro-structures. For the preferred
embodiment of the present invention, the isotropic etchant is
preferably a buffered oxide etchant having a concentration of about
20:1 to about 50:1. The semiconductor substrate 10 is etched in
the isotropic etchant for a time period sufficient to form adequate

ledges on the surfaces of the patterned planarized first dielectric



- 21 - mpask. The anisotropic etching forns the patterned planarized first
dielectric layers 20a, 20b and 20c, and the patterned second dielectric

| ayers 22a, 22b and 22c. The anisotropically etched apertures are etched
conpletely through the blanket second dielectric |ayer 22 and the

bl anket planarized first dielectric layer 2Q. p3The first anisotropically
etched aperture reaches the source/drain electrode 18b, and the second

ani sotropi cal | y1 8&hedoaPahliUidh | S pehebesh it QhEhGLaé‘tQ e QRel BOAGEE hzel 8t

formthe etched isolation region 12a. Since ‘the silicon substrate 10 within
whi ch is fornmedleds: sshoute/ 1rainicroac tihodddt8b asﬂr\tms adndnuet ghdsh opff the
the first aperture but not the second aperture, Is common in th

preferred enbodiiRiRePdFLRE %FBSG@eFHVEﬁt(tﬁﬁi‘E?}]&%Y ERELeSROBIANG & P’Eﬁ dideh
be etched nore gFth than,the first aperj.ur.e
chrn

ani sot ropi cal I y et 39 555‘!’{% SReWeER £ ﬁ&nﬁ-ﬁ? o\égf:\@ﬁ&r% a‘folgﬁnalrgﬁgs fél”'%t
known in the ar&leléﬁﬂrﬁg'ﬂgy%¥§) gt L'ﬂlééﬁjéﬁgugeicé' f%ﬂdﬂn EEBGE&J? Ehnder

et chi ng net hods, sputter ng nethods and ion ml |ng met hods

the preferred ecixuimsgahced wheeeps aaege ledgenis @esitéd, ante@tsrteplpatﬂ&eehmg
met hod which is enployed in formng the first aperture-and the second
aperture is prePhast $mRHOGINGEYP GIRPETREARALETROR MAskh12YR1S) fer cteRAEERBLY

enpl oyi ng fl uor react ant _gass eferrin Fi
there is shown 55&2C%§{1L$+£Aﬂ% pa@ternlug fre Fl"ﬁanﬁe{ secong &'J.e\qec%n.cl: gIay%Q- 22
and the blanket planarized first dielectric layer 20 may be

employed.

As is understood by a person skilled in the art, the
ordering through which the anisotropic and isotropic etch steps are
undertaken in etching the blanket planarized first dielectric layer
20 and the blanket second dielectric layer 22 may be reversed under
certain circumstances. In particular, the ordering through which
are undertaken the anisotropic and isotropic etch steps may
preferably be reversed when forming stacked container capacitors
having only a single node formed into a single anisotropically and
isotropically etched aperture. Under such circumstances of
reversed ordering of the anisotropic and isotropic etch steps, the
dimensions of the etched aperture may nonetheless typically remain

substantially unchanged.

Having formed the anisotropically and isotropically



cross-sectional diagramwhich illustrates the results of the next - 22 -
process step in formng the stacked container capacitor of the preferred
enbodi ment of the present invention. Shown in Fig. 2c are the results of an
i sotropic etching of the first aperture and the second aperture shown in
Fig. 2b. Through exposure to the isotropic_ejgh process, the patterned
'second dielectric layer 22b is conpletely consunmed and exposed portions of

the patterned sgeeRgl di sscCtJ oS thAY S4ra 436 sggfo@{&ﬁﬂgr faba! hxo@fammy

to form respectively, t tterned second dielectric yers 22a' and

22¢'. In additi eﬂc:hécheebohacupe@tufdn,e tRequxt aaeiéybe prodessnsisgpsain formingl
sllghtly nmore deeply into the isolation region 12a. Finally, the w dths of
the first apert §he éﬁ'—éci‘ﬁé Seabmitnezpetancd tarF e o4l et RIRSENS| %WFP?“P‘M@%Y

at | ocations otp r.th se ac d? t he patier ed second f iC

|l ayer 22a’ and %%c%% ter drgéﬁgﬁ% 4&é§?r?5 R g%ﬁﬂf argsil %ﬁ% geed's

etchants throughepbiédbedich! 8h&NUrod8L 4 Elohat Lén&asml@ ai 6@%?:_% | a.

different isotropic etch rates are known in the sotropic

etchants are typically, but not exclusively met chenlcal et chants which
have excel |l ent perneability into integrated circuit mcro-structures.

For the preferred Fig. 24 shows the formation of a blanket first conformal
polysilicon layer 26 upon the surface of the semiconductor
substrate 10 illustrated in Fig. 2c. Upon the blanket first
conformal polysilicon layer 26 is formed a blanket third dielectric
layer which is also conformal. It is desirable in the present
invention that both the blanket first conformal polysilicon layer
26 and the blanket third dielectric layer 28 are formed conformally
into the first aperture and the second aperture. It is also
desirable, however, that neither of those two layers fills either
of those two apertures. 1In addition, it is also desirable in the
present invention that the blanket first conformal polysilicon

layer 26 be thicker than the patterned second dielectric layers

22a'’' and 22¢'.

Formed upon the blanket third dielectric layer 28 is a
blanket second polysilicbn layer 30. It is desirable in the
present invention that the blanket second polysilicon layer 30
completely £ill the spaces remaining in the first aperture and the

second aperture. Typically, although not necessarily, the blanket



enbodi nent of the present invention, the isotropic etchant is preferably a
buf f eréd oxi de etchant having a concentration of about 20:1 to about 50:1.
The sem conductor substrate 10 is etched in the isotropic etchant for a
“tine period sufficient to form adequate | edges on the surfaces of the
patterned planarized first dielectric -,23 - layers 20a and 20b.
Preferably, the widths of the Iedges are'a% [east about 1.0 micron in wdth

and the m ni num w e iso I t ched ap rtur ically
correspondi ng t®° ?‘?fé;]WEYﬁPHC% ay ’érﬂ.: “é‘ﬁb’é? e &R 8]"57]!3 l(ﬁgf}é%at t er ned

pl anarized first dielectric layers) is at |east about 1.0 m cron. However,
under circunstances where a large ledge is desired, a two step patterning
met hod enpl oyi ng two sepreésiiciaiidemateriats tiagergh whicheplanked ycanfdrmal

sequential |y patterning the blanket second dielectric layer 22 and the
bl anket pl anari E%%V%‘tlr1§9ndl-§deé”ét pRY t!°a§@Fm% uRRf "t:ﬂ?”-é’ﬁﬁfl’é‘?e%F spbstgates are

ot opi o and<PET A, Bt A3 LBl cBhbas IR0 BRENcb e ShRe gl b
planarized fir Sf’ré’és‘ﬂr"ecéﬁénﬁéaqyﬁépo?ronéﬁwsiﬂ%nbémt) MQBQ ¢ 18lsqatEdnanced
| ayer 22 may be reversed under certain circunstances. In partlcul ar, the
ordering througbthetnicall vapor Deposition (PECVD) methods and Physical Vapor
Deposition (PVD) sputtering methods. The Low Pressure Chemical
Vapor Deposition (LPCVD) methods typically employ as silicon source
materials gasses such as silane, dichlorosilane  and
trichlorosilane. For the preferred embodiment of the present
invention, the blanket first conformal polysilicon layer 26 and the
blanket second polysilicon layer 30 are preferably formed through
a Low Pressure Chemical Vapor Deposition (LPCVD) process employing’
silane as the silicon source material along with a suitable
quantity and type of dopant to make the blanket first conformal
polysilicon layer 26 and the blanket second polysiligon layer.30
sufficiently conductive to serve as electrodes for the stacked
container capacitor of the present invention. Preferably, the
blanket first conformal polysilicon layer 26 will have a thickness
of about 1000 to about 3000 angstroms and the blanket second

polysilicon layer 30 will have a thickness of at least about 2000

angstroms.

Methods and materials through which conformal dielectric



are undertaken the anisotropic and isotropic etch steps may preferably be
réversed when forning stacked container capacitors having only a single
node formed into a single anisotropically and isotropically etched
aperture. Under such circunmstances of reversed ordering of the

ani sotropic and isotropic etch steps, the_gk nsi ons of the etched aperture
may nonet hel ess typically remain substantially unchanged. Having forned the

ani sotropi cal | y;3pd-4 Sk QR gngﬁél be “frhed SN blichbAludRE LUbSLAdYest Bee

ani sotropi cal ly and 1 sotropi y etched second aperture, the next series

of process stepalss #&oXInipwhhénstie ket .coonifoema L apisdiecoriof layearspmagehe
I nvention may proceed. The results of those grocess steps are il|lustrated
by reference toferBed upos semiqandarter upstrates Jgommaterials saclydiqg byt

shows the formatipn. of..a b%ank.t first. conforpml, pol ysilican.l eriép n
the surface of f‘ﬁg_ LHM N 50 °§Bb%’f’_r‘§i gaﬁﬁg%]l%stsﬁgf’%%f’i ﬁtﬁ?é? " (?.rlig?s
Upon the bl ankebnfi £ St cofNéQfdiRl1 80! natleri 6 08. | @¥BEoxfal &1l i ca1 )k phy
third dielectric layer which is also confornal. It is desirable i'n the
present inventi be fomtedaihroufle Idwarfresstre sthemiehdr Vaporpdlepssitixan (LaCVD)
26 and the blanket third dielectric |layer 28 are fornmed conformally
methods and Plasma Enhanced Chemical Vapor Deposition’ (PECVD)
methods. For the preferred embodiment of the present invention,
the blanket third dielectric layer 28 is preferably formed from
either a silicon oxide material, a silicon nitride material or a
silicon oxynitride material formed upon the blanket conformal first
polysilicon 1layer 26 through a Low Pressure Chemical Vapor
Deposition (LPCVD) method. The blanket third dielectric layer 28

is preferably less than about 400 angstroms thick.

Referring now to Fig. 2e there is shown a schematic
cross-sectional diagram illustrating the results of the next
process step in forming the stacked container capacitor of the
present invention. Shown in Fig. 2e is a planarizing of the filled
first aperture and the filled second aperture illustrated in Fig.
2d. The filled first aperture and the filled second aperture are
planarized until the surface of the patterned second dielectric
layers 22a' and 22c' are reached. Upon completion of the
planarizing process, there is exposed: (1) 'a planarized first

polysilicon layer 26a which forms a first electrode of stacked



into the first aperture and the second aperture. It is also desirable,
however, that neither of those two |layers fills either of those two
apertures. In addition, it is also desirable in the present invention that
the bl anket first conformal polysilicon |ayer 26 be thicker than the
- patterned second dielectric |ayers 22a' andpz2c¢'. Fornmed upon the bl anket
third dielectric |ayer 28 is a bl anket second polysilicon |ayer 30. It is

desirabl e in thedntasfe: dapeentéPoet ke dhedelt atkant368PND)PPLYSdize@Nthird
| ayer 30 conpletely fill the spaces remaining in the first aperture and the

second apert ur e dipiprtnic¢ \layairshd8ghambi28bewbichr farym ipselétanketyers within

second pol ysili lLayer 30, wll be a conformal |ayer. Methods and
materials thr oug’ﬁﬁ\?/ljrf‘ P9 fodese Pt cHif értﬁﬁFeﬁo?%FPEBrFﬁpéféFgrr&@ the P’c’ﬁeré’&

upon sem CondUCt(?xrv HP& raﬁr&f urpg.ggﬁgd& ot pf)e%osﬁ't@%hhqgi LOC G ha

but are not |imited m cal  Vapor I on

met hods, Pl asma ﬂbhaﬂﬁﬂd'z G @@hﬁ@m{l [aReeréded LiRRYDlndB)fiRE: Addbs of
Physi cal Vapor Deposition (PVD) sputtering nmethods. The Low Pressure

Cheni cal Vapor D&gostac¢ked coraDlemweapacistarypf ctild prefigptmed asbedinentnof the

source materials asses such as si | ane, di chl orosi | ane and
pres nt invention.

Methods and materials through which semiconductof
surfacés may be planarized are known in the art. Typicaily such
methods employ either a Reactive Ion Etch (RIE) etch-back
planarizing method or a Chemical-Mechanical Pol;sh (CMP)
planarizing method. Due to the combination of materials that are
planarized in forming the stacked container capacitor of the
preferred embodiment of the present invention, it is preferred to
planarize the first filled aperture and the second filled aperture
using a Chemical-Mechanical Polish (CMP) planarizing process

employing a silicon oxide or aluminum oxide based slurry.

Subsequent to planarizing the filled first aperture and
the filled second aperture to the surfaces of the patterned second
dielectric layers 22a‘' and 22c', the final process steps in forming
the stacked container capacitor of the preferred embodiment of the
present invention may proceed. The resu1ts of those process steps

are illustrated in the cross-sectional schematic diagram shown in



trlchlor05|lane For the preferred enbodi nrent of the present invention,

t he bl anket first conformal polysilicon |ayer 26 and the bl anket second
polysilicon |layer 30 are preferably formed through a Low Pressure Chem ca
Vapor Deposition (LPCVD) process enployi&ﬁ silane as the silicon source
material along with a suitable quantity d type of dopant to nake the

bl anket first conformal polysilicon |ayer 26 and the bl anket second
polysilicon |aygig3Gsufficiently conductive to serve as el ectrodes for the
stacked .contai ner capacitor of the present invention. Preferably, the

bl anket first conformal polysilicon layer 26 will have a thickness of about

1000 to about 3000 angstrons and the bl anket second, polysiljicon |ayer. 30
will have a thickness of ShevRekisFighotf 2RFOO2ERYNIDARUWbiHEdECERtF 1ayers

materials thr Ougg 5?&1 CZ&Q:f %rgﬁ %'relﬁcé 'd% and_ mggeﬁlalgy%b?o% v}hr}.lch the

general be forned Upon 'serficon rates are al'so-we

art. Confornal pdtebftdd ifouktlf eife 1BRYErRe Loyems 350N 3381 SROIE F2d may be
substrates frommaterials including but not limted to silicon oxide

materials, sili conmed taredanaimigens dios the dnedihbds andomgtetildet mmtughi wiiisch the

Conformal dielectric |layers may be formed through Low Pressure Chem cal

Vapor Depositi oR2tE planarized first dielectric layers 20a, 20b and 20c and
the patterned second dielectric layers 22a, 22b and 22c are formed
from the blanket planarized first dielectric layer 20 and the
blanket second dielectric layer 22. Preferably, the patterned
fourth dielectric layers 32a, 32b, 32c and 32d are formed via
patterning through an anisotropic etch process of a blanket fogrth
dielectric. layer formed upon the surface o_f the semiconductor
substrate 10. The blanket fourth dielectric layer is preferably
formed from a silicon oxide material deposited through a Cﬁemical
Vapor Deposition (CVD) method. Typicélly, the blanket fourth
dielectric layer is about 4000 to about 15000 angstroms thick.
Formed between adjoining patterned fourth dielectric layers 32&. '
32b, 32c and 324 are a third aperture, a fourth aperture and a
fifth aperture. The third aperture reaches the surface of the
patterned second polysilicon layer 30a, the fourth aperture reaches
the surface of the patterned second polysilicon layer 30b and the

- fifth aperture reaches the surface of the patterned first conformal

polysilicon layer 26a.



met hods and Pl asma Enhanced -Chem cal Vapor Deposition (PECVD) nethods. For
the preferred enbodi nent of the present invention, the blanket third
dielectric layer 28 is preferably formed fromeither a silicon oxide
material, a silicon nitride material or a siljgon oxynitride materi al
formed upon the blanket conformal first polysilicon layer 26 through a Low
Pressure Chenical Vapor Deposition (LPCVD) nethod. The bl anket third

dielectric layer 28 is pnebersidwn L858 d.naR A0BirdOQonadst i ohbaéK studs
Referring nowto Fig. 2e there is shown a schematic cross-sectional diagram

il lustrating thd4aes34h samd 34te wiich precéosmed eprdspectivelyy inte dihecitbdrd
contai ner capacitor of the present invention. _Sh [ '
[

' Fig. 2
pl anari zi ng of BRET¥4HQefhe f%%rfé‘péPﬁﬂ?'é‘%ﬁ&dtﬁ%e?ﬁvl\q}ltlgga%!%’é (Te:alpjé?‘?%i"e
illustrated i | fill fir d fill d
et 0 Ee 2l 0 L OB HE S0 A8 4 o SR e

di el ectric | ayeegcluirelydnthed?tre RrRedGACHEEhly cobl@d: SRRAESA 131 s0dudn8s
pl anari zing process, there is exposed: (1) a planarized first polysilicon

| ayer 26a whi chateminume filuwsinus edfepsle tyingstenkawl highlp Mopedopt bysididcon.

capacitor of the present invention (2% pIt_Fnari zed third dielectric_|ayers
28a and 28b whi 8fi THFAPFE RAAMIPID thFed St itPRi GpRductive contact studs 34a,”34b

and 34c of the preferred embodiment of the present invention are
preferably formed of tungsten of sufficient thickness to completely
fill the third aperture, the fourth aperture and the f£fifth

aperture.

Finally, there is shown in Fig. 2f a series of patterned
first metal layers 36a, 36b and 36c which make contact,
respectively, with the first conductive contact studs 34a, 34b and
34c. Patterned metal layers are also conventional to the art.
Patterned metal layers are typically although not exclusively
formed through patterning and etching of blanket metal layers
formed upon semiconductor substrates. For the preferred embodiment
of the present invention, the patterned first metal layers 36a, 36b
and 36c are preferably formed through patterning and etching of a
blanket first metal layer formed from an aluminum containing metal
alloy beneath which resides a barrier metal layer, as is common in
the art. Typically, the patterned first metal layers 36a, 36b and
36c will be about 4000 to about 10000 angstroms thick each.



adj oi ni ng nodes of the stacked contai ner capacitor of the present

i hvention, and (3) planarized second polysilicon | ayers 30a and 30b, which

form additional electrodes wthin individual nodes of the stacked contai ner
~capacitor of the preferred enbodi mrent of the present invention. Methods and
rmateri als through which sem conductor surfac3® -my be planarized are known

~in the art. Typically such nethods enploy either a Reactive lon Etch (RIE)

et ch-back planari zi ngmgﬁ%bﬂdfoﬁﬁngatn%&@%eafé@m GkalPohyers 36&MPI6D

pl anari zi ng met hod. o the coibi nation of materials that are
pl anari zed in famdni36 tipensthe ksshiconactar subpticaterlogf thaee pieffrmed the
enbodi ment of the present invention, it is preferred to planarize the first

filled apert uresStifkacheondedner f Fapacdtaperfurtbey Praferr chanhodingpe nahi the
Polish (CWP) planarizin rocess .enploying a.silicon oxide . or alum num

oxi o based 5| b o orE nEtHdiER; STERARARY, Shetbrate Pltfies, “HbE BfEket
the filled secopsh@iflerlicRph@itdte StIr{ae fretlertb® BALdSIMAAY SFCURE present
dielectric layers 22a' and 22c', the final process steps in formng'the

st acked cont ai nenverdiiani has afpliaherjgeat surfacenboditsefiinadfl sthee pamesertdily

I nvention may proceed. The results of those process steps are illustrated
in the cross-seREFHITAPLIEc RAREETEASH- agrtim HyRkrated by Fig. 2f, the stacked

container capacitor of the present invention may be readily formed

within a memory cell within an integrated circuit.

Finally, there is shown in Fig. 3 a plan-view schematic
diagram of the stacked container capacitor of the present invention
corresbonding to cross-sectional schematic diagram of Fig. 2e.
Shown in Fig. 3 is a patterned second dielectric layer 224'
adjoining the planarized first polysilicon layer 26a which forms an
electrode of the stacked container capacitor of the present
invention. Also shown are the planarized third dielectric layers-
28a and 28b which form insulator layers within individual nodes of
the stacked container capacitor of the present invention. Finally,
there is shown in Fig. 3 the planarized second polysilicon layers
30a and 30b which form additional electrodes within nodes of the

stacked container capacitor of the present invention.

As is understood by a person skilled in the art, the

preferred embodiment of the present invention is illustrative of



- 28 - Fig. 2f. Shown in Fig. 2f are patterned fourth dielectric layers
32a, 32b, 32c and 32d. Methods and materials through which the patterned
fourth dielectric layers 32a, 32b, 32c and 32d may be fornmed are anal ogous
to the methods and materials through which the patterned planarized first
‘dielectric layers 20a, 20b and 20c and the-pst terned second dielectric

| ayers 22a, 22b and 22c are fornmed fromthe bl anket planarized first
dielectric |aye 0 e se di ct Ki; r 22.

Preferably, t he&b%t tpgrgggégf oit}lr"taerq&g%rél ecat%rﬂlgg I%aglr sléﬁé%frgb,&wgh%mfrfﬁm
are formed via pRtdrRidhng ¢KH:?&3hmaﬁ B inaak! 8P inethbal, Maeeas18f seluckakes
fourth dielectric |layer fornmed upon the surface of the sem conductor
substrate 10. Terd Wlimgreions khrhugh ahdehr it fogped the preferrds gmbodimentf eHm
a silicon oxide, aterial .deposited through a. Chem cal] Vapor Deposition
(CVD) nethod. °BSpPERI§RF ’E‘fFé‘tﬂPﬁnR’Q'tlggoﬁﬁ"ﬁd?@F'&t‘Hi n| gpgrdineny, fAf @
4000 to about 1;{)&{)‘ n t hl : r b .add.0l 0L ng. e
fourth dielectric ae?egésﬁig%a@rsg%éfg?a%(@zgg ‘ﬁgﬂéﬂﬁﬁer gbg%.tetﬁ%h%lé&?% of
fourth aperturetinpreséhtt invpeibhl €. The third aperture reaches the
surface of the patterned second polysilicon |ayer 30a, the fourth aperture
reaches the surface of the patterned second polysilicon |ayer 30b and the
fifth aperture reaches the SLL'rf,ace of tdhe patterned first confornal

pol ysilicon |ayer 26a. what is claimed is:



- 29 - Also shown in Fig. 2f are first conductive contact studs 34a, 34b
and 34c which are forned, respectively into the third aperture, the fourth
aperture and the fifth aperture. Conductive contact studs are conventi onal
ito the art. Typically, although not excl usivegly, they are formed of highly
conductive materials such as alum num alum num al | oys, tungsten and highly
doped polysilicon. As is nbost common in the art, the conductive contact

studs 34a, 34b and 34c Of fiRoRr ST ffhipgPadk FEdKedObohbRiddre $aBhC L EBL HorON
are preferably formed of tungsten of sufficient thickness to conpletely

fill the third apertuseeyithia aauidtdeqrpeed wwircaid tdmprfisihé: aperture.
Finally, there is showmn in Fig. 2f a series _of patterned first nmetal |ayers
36a, 36b and 36¢c whi ch rE@isgiipes;a sepdpepdychorysubjirpte pefirsis@ielectric

Convent i onal to the AYEt UBEPe 4478 i el AT TR pp B FRBLE ey
exclusively formed pbseagsy patterning and etching of blanket netal |ayers
formed upon sem conductor substrates. For the preferred enbodi ment of the
present invention, the p&rmdngeduddrr sthaetfirdtaydisle®fxic36hayerd 86csegond
preferably formed tgg.gijgchtr%%t iae;erl'i,nghg nsdec%tn(c:lhtiiir.]eglecc):ftr?.c layer having a second
isotropic etch rate in the isotropic etch proceés, the second
isotropic etch rate being greater than the first isotropj.c
etch rate;
forming a patterned mask layer upon the second dielectric
layer; |
anisotropically etching through the patterned mask layer
an anisotropically etched aperture at le&st partially through
the first dielectric layer, the anisotropic etching being
accomplished with an anisotropic etch process;
isotropically etching throﬁgh the patterned mask layer
the second dielectric layer to yield an isotropically etched
apefture. the isotropically etched aperture having a ledge
formed above the first dielectric layer and below the
patterned masking layer, the anisotropic etching and the
isotropic etching together yielding a completely etched
aperture;

removing then the patterned masking layer;

forming then into the completely etched aperture a first

R 0 AR O



bl anket first netal |ayer formed froman al um num containing netal alloy
beneath which resides a barrier metal layer, as is comon in the art.
Typically, the patterned first nmetal |ayers 36a, 36b and 36¢c will be about
;4000 to about 10000 angstrons thick each. - 30 - Upon formng the
patterned first netal layers 36a, 36b ands3$6c upon the sem conduct or
substrate 10, there is forned the stacked container capacitor of the

preferred enbodi mentyQly sk Reci Ei%ggi‘t ié?x\éeﬂ%ée){' Pg’g&%ih{)i(%{& n%%&g?@‘:e&ngﬂe@gi

The stacked contai ner Capacitor he pre the presen
i nvention has a pl arkniliag che fovmpletely etbheal ageraieepnd readily
accessi bl e el ectrodes. As illustrated by Fig. 2f, the stacked contai ner
capacitor of the present EPFOERE | YROAmyEhse £én8H | Polysibican t Raven reenthjrd

cell within an integy.ated,circuit. Fipal ere is shqwn in Fi.g. 3.a

pl an- vi ew schenat i cq{d'l%téﬁfiéﬁ%&jatyﬁé 's%gﬁké%irééﬁﬁﬁﬁﬁ%‘i" ‘é:aaéé’FF oRehcqmpdetely
present invention canagngnldiohpletdns <teaba Alldlreacbemti c di agram of
Fig. 2e. Shown in Fig. 3 s a patterned second dielectric |layer 22d

adj oi ni ng the planarizedféimiaig papysi |[theonthby®r dledesdrih fiayéd a second

el ectrode of the stacked container capacitor of the present invention. Al so
shown are the pl anaPcl¥ailigan l@averecand c | ayers

planarizing then the completely etched aperture until
there is revealed a flange formed from the first polysilicon
layer where the first polysilicon layer is formed into the

ledge.

2. The method as recited in Claim 1 wherein the first
dielectric layer is formed from a Plasma Enhanced Chemical

Vapor Deposited (PECVD) silicon oxide material.

3. The method as recited in Claim 1 wherein the thickness of
the first dielectric layer is from about 5000 to about 20000

angstroms.
4, The method as recited in Claim 1 wherein the second
dielectric layer is formed from a Low Pressure Chemical Vapor

Deposited (LPCVD) silicon nitride material.

5. The method as recited in Claim 1 wherein the second

T



28a and 28b which .forminsulator layers within individual nodes of the
stacked contai ner capacitor of the present invention. Finally, there is"
shown in Fig. 3 the planarized second polysilicon |ayers 30a and 30b which
form additional electrodes within nodes of the stacked contai ner capacitor
~of the present invention. As is understood.-bgsa.person skilled in the art,
the preferred enbodi nent of the present invention is illustrative of -

31 - the present inyegid&}icalger t 19NeddnTidbond 9ot 66 AWRRCHoOONUAGS tms
Changes may be made to nethods, “materials, structures and di nensions

t hrough which is fothkeki he preferred enbodi nent of the present invention
while still form ng an enbodi mrent of a stacked container capacitor which is
within the spirit and scope of the present invention. What is clained is:

-32- 1. A nmet hod for fQrmng, a,stacked cqntaier. capagi f.Qr i.t.hin
an integrat ed Circu%f cx#hﬁi“fgﬁﬁg as recxteg &3 £¥51m i Qﬁéééin éﬁe Q§8tygﬂﬁy
etch rates ratio of the second isotropic etch rate to the

first isotropic etch rate is at least about 10:1.

7. The method as recited in Claim 1 wherein the anisotropic
etch process is a Reéctive Ion Etch (RIE) etch process

employing fluorine containing reactant gases.

8. The method as recited in Claim 1 wherein the isotropic
etch process is a wet chemical etch process employing a
buffered oxide etchant at a concentration of about 20:1 to

about 50:1.

9. The method as recited in Claim 1 wherein the width of the

ledge is at least about 1.0 microns.

10. The method as recited in Claim 1 wherein the minimum
width of the completely etched aperture is at least about 1.0

microns.

11. The method as recited in Claim 1 wherein the thickness of
the first polysilicon layer is from about 1000 to about 3000

* c L M S *



form ng upon a sem conductor substrate a first dielectric |layer having a
fTrst i1sotropic etch rate in an isotropic etch process; formng upon the
first dielectric layer a second dielectric |ayer, the second dielectric

| ayer having a second isotropic etch rate in the isotropic etch process,
“the second isotropic etch rate being great&5 +han the first isotropic etch
rate; formng a patterned nmask | ayer upon the second dielectric |ayer;

ani sotropically etcghegt}&ﬁgpgh the patterned mask | ayer an anisotropically
etched aperture at |least partially through the first dielectric |ayer, the
ani sotropi c etching being acconplished with an ani sotropic etch process;

i sotropically etching through the patterned nmask |ayer the second
dielectric |ayer to‘gi-eI'EP%lﬁ‘eFB‘éﬁ r§pFecited ép Hedmapathegeén theethickness of

i sotropically etched,apgriuye_hayin | edge. formed above th I rst
dielectric |ayer anghSe ’W‘{ ﬁé’sﬁgﬁ%r ﬁgaeﬁa’siilr?gssl gﬂ’%?,a\éﬂ’f% g?ﬁ s%}gl%ﬁ?'&s'
etching and the isotropic etching together yielding a conpletely etched
aperture; renoving then the patterned nasking layer; formng then into the

conpletely etched apart urie amétiHesd as recited in Claim 1 wherein the third
insulator layer is formed .from a material chosen from the
group of materials consisting of silicon oxide materials,

silicon nitride materials and silicon oxynitride materials.

14. The method as recited in Claim 1 wherein the thickness of

the second polysilicon layer is at least about 2000 angstroms.

15. The method as recited in Claim 1 wherein the planarizing
is accomplished through a Chemical-Mechanical Polishing (CMP)

process.

16. The method as recited in Claim 1 further comprising a
second patterned mask layer for separately and sequentially

patterning the ledge in the second dielectric layer.

17. A method for forming a stacked container capacitor within
an integrated circuit memory cell comprising:
forming upon a semiconductor substrate a field effect

transistor structure comprising a gate oxide, a gate electrode

/
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- 33 - polysilicon layer, the first polysilicon [ayer not conpletely
filling the conpletely etched aperture; form ng upon the first polysilicon
| ayer a third dielectric layer, the third dielectric |ayer not conpletely
filling the completely etched aperture; formng upon the third dielectric
“layer a second polysilicon | ayer; and pl aralé 2 ng then the conpletely
etched aperture until there is revealed a flange forned fromthe first

pol ysilicon |ayer whgf h ' p ld AdE9En | A%Skrbde f Ormed into the

| edge. 2.  The netho aatg ?ee;cﬁ% o % al m %&V\h%%éei ﬁ%?fe first dielectric
| ayer is formed from a Plfasitnd=nlpofedtKd esemitoniorDegabstrate PRCVDLrst
silicon oxide material. 3. The nmethod as recited in daim1 wherein the

t hi ckness of the firdielgcériet tayern hpaingsaf £onsthbbintmpde eschbsate 26mozn
angstrons. 4. The nethodias r%pited in Caim1l wherein the second
dielectric layer is ¥6hE8BF rhfiaPIYressure Chenical Vapor Deposited

\(MI:'E%/PL tSihlei gggomjt ride FBLRIAP! upon tnENCeIRIN0G 18%eEECHd €dalBr U8l Bedona
dielectric layer, the second dielectric layer having a second
isotropic etch rate in the isotropic etch process, the second
isotropic etch rate being greater than the first isotropic
etch rate;

forming a patterned mask layer upon the second dielectric
layer, a pattern of the patterned mask layer corresponding to
location of the source/drain electrode;

anisotropically etching through the pattern of the
patterned mask layer an aperture completely through the first
dielectric layer to reach the surface of the source/drain
electrode, the anisotropic etching being accomplished with an
anisotropic etch process;

isotropically etching through the patterned mask layer
the second dielectric layer to yield an isotropically etched
aperture, the isotropically etched aperture having a ledge
formed above the first dielectric layer and below the
patterned masking layer, the anisotropic etching and the
isotropic etching together yielding a cémplétely etched
aperture;

removing then the patterned masking layer;

AR O )



- 34 dielectric layer is fromabout 500 to about 3000 angstrons thick. 6.
The method as recited in Caim1 wherein the isotropic etch rates ratio of
the second isotropic etch rate to the first isotropic etch rate is at | east
about 10:1. 7. The nmethod as recited in £ aim1 wherein the anisotropic
~etch process is a Reactive lon Etch (RIE) etch process enploying fluorine
contai ning reactant gases. 8. The nethod as recited in Caim1l wherein the

i sotropic etch process igyfy RS GR! 6 LomBioe SRR O \HpRGtard W Eersd
oxi de etchant at a concen?ré*ﬁ%n %? about ZO:EBto i%ﬁ&t 50:1P@9.. The

met hod as recited i poCiaibidonieyer n thieef ittt podys iHeoheliapeer pohtcdmpstely
about 1.0 microns. 10. The nethod as recited in Caim1 wherein the m ninum
wi dth of the conpl etfdi}1iRg cthed caprlietnly edched |apestusBbut 1.0 nicrons. 11.

The Tethnod as recited | neShiln e b (05l chgan o PGl S tnire
dielectric layer, the third dielectric layer not completely
filling the completely etched aperture;

forming upon the third dielectric layer a second
polysilicon layer; and '

planarizing then the completely etched aperture until
there is revealed a flange formed from the first polysilicon

layer where the first polysilicon layer is formed into the

ledge.

18. The method as recited in Claim 17 wherein the first
dielectric layer is formed from a Plasma Enhanced Chemical
Vapor Deposited (PECVD) silicon oxide material formed at a -

thickness of about 5000 to about 20000 angstroms.

19. The method as recited in Claim 17 wherein the second
dielectric layer is formed from a Low Pressure Chemical Vapor
Deposited (LPCVD) silicon nitride material formed at a
thickness of about 500 to about 3000 angstroms.

20. The method as recited in Claim 17 wherein the ratio of

the second isotropic etch rate to the first isotropic etch
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- 35 - _angstrons. 12. The nethod as recited in Caim1l wherein the

t hickness of the third insulator layer is |ess than about 400 angstrons.
13. The nethod as recited in Claim1 wherein the third insulator |ayer is
formed froma material chosen fromthe grogp _of materials consisting of
silicon oxide materials, silicon nitride materials and silicon oxynitride
materials. 14. The nethod as recited in Caim1l1 wherein the thickness of

the second polysiliceged ayerad Seake! gAGIe 3PP, %ﬁ@ovﬁﬂgﬁ%?”&? il%]deg}h‘is at

method as recited in Claim1 wherein the planarizing 1s acconp

t hrough a Chem cal - Meedsthiabalit RQbintiltirdg 4kdvhemiintigmm widch dbetheetbopletely
recited in Caiml further conprising a second patterned nask | ayer for
separat el y and sequeftshad prpatuze dsngt tIrastegbeut nl thaiseennd di el ectric

| ayer. 17. A nethod for form ng a stacked contai ner capacitor within an
integrated circuit nmenory cell conprising: form ng upon a sem conduct or

substrate a field efpect theanstddhs Stéditied EnCOIRIM ATNUnerHB Tne*tilfokrss
gate el ectrode
of the first polysilicon layer is from about 1000 to about
3000 angstroms, the thickness of the third dielectric layer is
less than about 400 angstroms and the thickness of the second

polysilicon layer is at least about 2000 angstroms.

22. A stacked container capacitor for use within integrated
circuits comprising:

a first dielectric layer having a first aperture formed
at least partially therethrough;

a second dielectric layer formed upon the first
dielectric layer, the second dielectric layer having a second
aperture formed therethrough adjoining the first aperture, the
second aperture having a width greater than the first
aperture, thus forming a ledge upon the upper surface of the
first dielectric layer;

a first polysilicon layer formed into and £illing the
ledge, the first polysilicon layer also formed into but not
completely filling the remainder of the first aperture or the
second aperture;

a third dielectric 1layer formed upon the first

e
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- 36 - and at |east one source/drain electrode; formng upon the

seni conductor substrate a first dielectric layer having a first isotropic
etch rate in an isotropic etch process; formng upon the first dielectric
- layer a second dielectric layer, the second dielectric |ayer having a
second isotropic etch rate in the isotropic-eihkh process, the second
isotropic etch rate belng great er than the first |sotrop|c etch rate;

form ng a patterned PEfys113€6h ¢ e %ﬁfi%ddﬂ'é SRSl E?%&y%t Qo (el P

of the patterned mas ayer correspénding to Ioca 1 on “of e source ran

el ectrode; ani sotropfLHing eieddm@nhe hfiéghapdrerudadl b£rthedketbit Rpbi-@irgdand
mask | ayer an aperture conpletely through the first dielectric layer to
reach the surface of the asogecetdr PAysl Bionoddayehe famnedt rupoinc the hithgrd

bei ng acconpli shed m%lﬁ B anr otroprc etch process; isotropically etching
t hrough the patterne Y% e second dielectric layer to yield an

i sotropically etched aperture, the isotropically etched aperture having a
| edge forned above the first dielectric |ayer and bel ow the patterned

maski ng | ayer, the azd sotrhepseackddicogtansed RRApacitor as recited in Claim 22
wherein the thickness of the first dielectric layer is from
about 5000 to about 20000 angstroms and the thickness of the
second dielectric layer is from about 500 to about 3000

angstroms.

24. The stacked container capacitor as recited in Claim 22
wherein the width of the ledge is at least about 1.0 micron
and the width of the first aperture is at least about 1.0

micron.

25. The stacked container capacitor as recited in Claim 22
wherein the thickness of the first polysilicon layer is from
about 1000 to about 3000 angstroms and the thickness of the

third dielectric layer is less than about 400 angstroms.
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i sotropic etching together yielding a conpletely etched aperture;
rénmovi ng then the patterned masking layer; '~ -37 - formng then into the
conpletely etched aperture a first polysilicon |ayer, the first polysilicon
. | ayer not conpletely filling the conpletely etched aperture; form ng upon
"the first polysilicon layer a third dielectric layer, the third dielectric
| ayer not conpletely filling the conpletely etched aperture; form ng upon
the third dielectric |ayer a second polysilicon |ayer; and planarizing then
the conpletely etched aperture until there is revealed a flange forned from
the first polysilicon |ayer where the first polysilicon layer is forned
into the | edge. 18. The nethod as recited in daim17 wherein the first
dielectric layer is forned froma Plasnma Enhanced Chem cal Vapor Deposited
(PECVD) silicon oxide nmaterial formed at a thickness of about 5000 to about
20000 angstroms. 19. The nethod as recited in Caim17 wherein the second

ABSTRACT OF THE DISCLOSURE

STACKED CONTAINER CAPACITOR USING CHEMICAL MECHANICAL POLISHING

A method for forming a stacked container capacitor for
use within integrated circuits. Formed successively upon a
semiconductor substrate is a first dielectric layer, a second
dielectric layer and a patterned mask layer. Within an isotropic
etch process, the first dielectric layer etches slower than the
second dielectric layer. By means of an anisotropic etch process
employing the patterned mask layer as a mask, an aperture is etched
at least partially through the first dielectric layer. By means of
an isotropic etch process employing the patterned mask layer as a
mask, the second dielectric layef is etched to yield a ledge formed
above the first dielectric layer and below the patterned masking
layer. The patterned mask layer is then removed. Formed then into
the anisotropically and isotropically etched aperture is a
first polysilicon layer, a third dielectric layer and a second
polysilicon layer. Finally, the filled isotropically etched
aperture is planarized until there is exposed a flange of the first

polysilicon layer formed into the ledge.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



dielectric layer is formed froma Low Pressure Chem cal Vapor Deposited
(LPCVD) silicon nitride material forned at'-a thickness of about 500 to
about 3000 angstrons. 20. The nethod as recited in Claim17 wherein the
ratio of the second isotropic etch rate to the first isotropic etch - 38
i- rate is at |least about 10:1, the width of the ledge is at |east about 1.0
mcron and the mnimumw dth of the conpletely etched aperture is at | east
about 1.0 micron. 21. The method as recited . in Cai-m 17 wherein the

t hi ckness of the first polysilicon |ayer i 4/#rom about 1000 to about 3000
angstronms, the thickness of the third dielectric layer is |ess than about
400 angstrons and the thickness of the second polysilicon |ayer is at |east
about 2000 angstrons. 22. A stacked container capacitor for use within
integrated circuits conprising: a first dielectric |ayer having a first
aperture forned at |east partially therethrough; a second dielectric |ayer
formed upon the first dielectric layer, the_ second dielectric |ayer having
a second aperture forned therethrough ad oiﬁindﬁthe first aperture, the
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second .aperture having a wwdth greater than the first aperture, thus
formng a | edge upon the upper surface of the first dielectric layer; a
first polysilicon layer formed into and filling the | edge, the first

pol ysilicon layer also formed into but not conpletely filling the renai nder
of the first aperture or the second aperture; a third dielectric |ayer
formed upon the first - 39 - polysilicon payer, the third dielectric

| ayer not conpletely filling either the first aperture or the second
aperture; and a second polysilicon |ay $orgsg) nthe third dielectric

| ayer. 23. The stacked contai ner capa0|(% ~asreci %Pln Claim 22 wherein
the thickness of the first dielectric |ayer i9 fromjabout 5000 to about
20000 angstronms and the thickness of the second diefectric layer is from
about 500 to about 3000 angstroms. 24. Thé stagcked fcontai ner capacitor as
recited in Claim22 wherein the width of tlhe lledgefis at |east about 1.0

m cron and the w dth, of t??-LLLsL-apeLL¢re i s fgtLeast about 1.0
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mcron. 25. The stacked contai ner capacitor as recited in Caim22 wherein
the thickness of the first polysilicon layer is fromabout 1000 to about
3000 angstrons and the thickness of the third dielectric layer is |less than
about 400 angstrons. 11111111 111111 111111111111111
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