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Technical Field

This invention relates to semiconductor processing methods of forming
contact pedestals and to integrated circuitry employing contact pedestals. The
invention also relates to methods of forming a storage node of a capacitor.
Background Art _

As DRAMs increase in memory cell density, there is a continuing
challenge to maintain sufficiently high storage capacitance despite decreasing cell
area. Additionally, there is a continuing goal to further decrease cell area. The
principal way of increasing cell capacitance is through cell structure technigues.
Such techniques include three-dimensional cell capacitors, such as trenched or
stacked capacitors.

Conventional stacked capacitor DRAM arrays utilize either a buried bit
line or a non-buried bit line construction. With buried bit line constructions,
bit lines are provided in close vertical proximity to the bit line contacts of the
memory cell field effect transistors (FETs), with the cell capacitors being formed
horizontally over the top of the wordlines and bit lines. With non-buried bit
line constructions, deep vertical contacts are made through a thick insulating layer
to the cell FETs, with the capacitor constructions being provided over the word
lines and beneéth the bit lines. Such non-buried bit line constructions are also
referred to as "capacitor-under-bit line” or "bit line-over-capacitor" constructions.

In DRAM and other integrated circuitry, ohmic electrical contact is

_typically made relative to an electrically conductive diffusion region in a

semiconductor substrate between a pair of conductive lines provided over the
substrate. In some instances, contact plugs or pedestals are utilized to facilitate
making electrical connection to the substrate, and contend with adverse vertical
topography. Such can provide the advantage of producing a larger targeting area
for a subsequent conductive line contact to the diffusion region through the
pedestal. My earlier U.S. Patent Nos. 5,338,700; 5,340,763; 5,362,666; and
5,401,681 are hereby incorporated by reference into this disclosure.
Brief Description of the Drawings '

Preferred embodiments of the invention are described below with reference

to the following accompanying drawings.
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subsequent to that depicted by Fig. 6.
15 Fig. 8 is a view of the Fig. 1 wafer fragment at a processing step
subsequent to that depicted by Fig. 7. '

Fig. 9 is a diagrammatic sectional view of an alternate embodiment
semiconductor wafer fragment at one alternate processing step in accordance with
the invention.

20 " Fig. 10 is a view of the Fig. 9 wafer fragment at a processing step
subsequent to that depicted by Fig. 9.

Fig. 11 is a view of the Fig. 9 wafer fragment at a processing step
subsequent to that depicted by Fig. 10. _ '

Fig. 12 is a view of the PFig. 9 wafer fragment at a processing step

25 subsequent to that depicted by Fig. 11.

Fig. 13 is a view of the Fig. 9 wafer fragment at a processing step
subsequent to that depicted by Fig. 12. |

Fig. 14 is a diagrammatic sectional view of another alternate embodiment
semiconductor wafer fragment at another alternate processing step in accordance

0 with the invention.

Fig. 15 is a diagrammatic sectional view of still another alternate
embodiment semiconductor wafer fragment at yet another alternate processing step
in accordance with the invention.

Fig. 16 is a view of the Fig. 15 wafer fragment at a processing step

35 subsequent to that depicted by Fig. 15.
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5 subsequent to that depicted by Fig. 17.

Fig. 19 is a diagrammatic sectional view of still yet another alternate
embodiment semiconductor wafer fragment at still yet another alternate processing
step in accordance with the invention.

Fig. 20 is a view of the Fig. 19 wafer fragment at a processing step

10 subsequent to that depicted by Fig. 19.

Fig. 21 is a view of the Fig. 19 wafer fragment at a processing step
subsequent to that depicted by Fig. 20.

Fig. 22 is a view of the Fig. 19 wafer fragment at a processing step
subsequent to that depicted by Fig. 21.

15 Fig. 23 is a view of the Fig. 19 wafer fragment at a processing step
subsequent to that depicted by Fig. 22.

Fig. 24 is a diagrammatic top view of a contact pedestal in accordance
with the invention.

Best Modes for Carrving Out the Invention and Disclosure of Invemtion

20 This disclosure of the invention is submitted in furtherance of the
constitutional purposes of the U.S. Patent Laws "to promote the progress of
science and useful arts” (Article 1, Section §).

In accordance with one aspect of the invention, a semiconductor processing
method of forming a contact pedestal comprises:

25 providing a node location to which electrical connection is to be made;

providing insulating dielectric material over the node location;

etching a contact opening into the insulating dielectric material over the
node location to a degree insufficient to outwardly expose the node location, the -
contact opening having a base; '

30 " providing a spacer layer over the insulating dielectric material to within
the contact opening to a thickness which less than completely fills the contact
opening;

anisotropically etching the spacer layer to form a sidewall spacer within
the contact opening;

35 after forming the sidewall spacer, etching through the contact opening base
to outwardly expose the node location;
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a node location;

" an electrically conductive longitudinal contact pedestal in electrical

connection with the node location, the contact pedestal comprising:
an inner longitudinal portion in electrical connection with the node
Jocation and an outer longitudinal portion, the outer longitudinal portion
comprising an anisotropically etched sidewall spacer and 2 radially inner

15 electrically conductive pillar, the spacer being electrically conductive and

in electrical connection with the pillar;
the pillar and spacer having a substantially coplanar common outer
surface; and
insulating dielectric material having a substantially planar outer surface
20 which is substantially coplanar with the contact pedestal common outer surface.
In accordance with yet another aspect, a semiconductor processing method
of forming a storage node of a capacitor comprises:
providing an electrically conductive pillar within a mass of insulating
material;

25 etching the pillar and mass of insulating material at substantially the same
rate to form a capacitor container opening within the mass of insulating material,
the pillar projecting from the capacitor container opening; and

providing a capacitor storage node within the capacitor container opening
in electrical connection with the piliar.

30 A first embodiment is described with reference to Figs. 1-7. Fig. 1
illustrates a semiconductor wafer fragment 10 comprised of a bulk monocrystalline
silicon substrate 12 and a spaced pair of field oxide regions 14. Regions 14
define active area 15 therebetween. A series of four wordline construction 16,
17, 18 and 19 are provided relative to substrate 12. In the depicted

35 cross-sectional view of wafer fragment 10, wordlines 16 and 19 overlie the

opposing field oxide regions 14, and wordlines 17 and 18 constitute a pair of
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17 is a diagrammtic sectional view of yet another alternate enbodi nment
sem conductor wafer fragnment at yet another alternate processing ste
in accordancwosBks2zhe i nvention. Fig. 18 is a vi BEFVEPHMEOL g,
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Fig. 17. Fig. 19 is a diagrammatic sectional view of still yet
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’ insulative material. For purposes of the continuing discussion, the subject
wordlines respectively have an outermost conductive surface 25 which in the
preferred embodiment is the topmost surface of refractory silicide layer 22.
Conductively doped diffusions regions 26, 27 and 28 are provided within substrate
710 12 alternatingly adjacent wordlines 17 and 18 as shown, and constitute respective
first, second and third active area node locations to which respective electrical
connection will be made.
An insulating dielectric material layer 30, preferably borophosphosilicate
glass (BPSG), is provide over the wordlines and node locations. In this
15 embodiment, insulating dielectric layer 30 is planarized to have a planarized outer
surface 29, and provided to have a preferred thickness above node locations 26,
27 and 28 of from about 8,000 Angstroms to about 12,000 Angstroms. An
example thickness of layer 30 above the outermost portion of caps 24 of
wordlines 16 and 19 is about 4,500 Angstroms. If desired, a thin barrier layer
20 (not shown), such as undoped S8iO, deposited by decomposition of
tetraethylorthosilicate or a silicon nitride layer, can be provided over the substrate
prior te deposition of layer 30 to serve as a shield to undesired boron or
phosphorous diffusion from BPSG layer 30 into substrate 12.
A hard mask or etch stop layer 31 is provided outwardly of insulating
25 dielectric layer 30. Such preferably comprises a material to which underlying
insulating dielectric layer 30 can be substantially selectively etched, as will be
apparent from the continuing description. Example and preferred materials for
layer 31 include doped or undoped polysilicon, or SigN4. An example thickness
for layer 31 is 2500 Angstroms.
30 Referring to Fig. 2, contact openings 32, 33 and 34 are etched into hard
mask layer 31 and insulating dielectric material layer 30. Contact opening 32
constitutes a first contact opening etched over first node location 26. Contact
opening 33 constitutes a second contact opening etched over second node
location 27. Contact opening 34 constitutes a third contact opening 34 etched
35 over third node location 28. Each is etched into insulating dielectric layer 30

to a degree which is insufficient to outwardly expose the underlying respective
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etched sidewall spacers. Example and preferred materials for layer 40 at this
point in the process include either doped or undoped polysilicon. '
Referring to Fig. 4, spacer layer 40 is anisotropically etched to form a
first sidewall spacer 42 within first contact opening 32, a second sidewall spacer
43 within second contact opening 33, and a third sidewall spacer 44 within third
contact opening 34. Such sidewall spacers are ultimately rendered to be

electrically conductive and constitute laterally outward portions of an electrically

to
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g
h

conductive contact pedestal. Accordingly, where spacer layer 40 is provided to .

be electrically conductive prior to the anisotropic etching to produce the
construction of Fig. 4, spacers 42, 43 and 44 will be electrically conductive
immediately upon their formation. Where spacer layer 40 is not provided to be
electrically conductive prior to the Fig. 4 anisotropic etching, spacers 42, 43 and
44 can be rendered eclectrically conductive after their formation by diffusion
doping, ion implant, or some other method.

Referring to Fig. 5, and after etching anisotropic spacer layer 40, etch
chemistry is changed to etch through first, second and third contact opening
bases 35, 36, and 37, respectively, to outwardly expose node locations 26, 27 and
28, respectively. During such etching, hard mask or etch stop layer 31 restricts
etching of insulating dielectric material layer 30 thereunder. If sidewall spacers
23 of the subject wordline constructions constitute nitride, as in this example,
such layers are preferably not appreciably etched during the etching of BPSG
layer 30. If the material of spacers 23 comprises oxide, such material will more
typically be etched during the etch of layer 30 to outwardly expose the node
locations, but this should not be problematic. Provision of the illustrated spacers
42, 43 and 44 within contact openings 32, 33, and 34 desirably has the effect
of moving the resultant narrowed contact etch to the node locations away from

the conductive wordline edges such that exposure thercof will not occur during
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inwardly to insulating dielectric material layer 30 to form an electrically

conductive first contact pedestal 48, an electrically conductive second contact
pedestal 50, and an electrically conductive third contact pedestal 52. Each
10 comprises an inner longitudinal portion 53 effectively in electrical connection with '
the associated node location, and an outer longitudinal portion 54. Outer
longitudinal portion 54 for pedestals 48, 50 and 52 comprises anisotropically
etched spacers 42, 43, and 44, respectively, and a radially inner electrically
conductive pillar 56. Spacers 42, 43 and 44 are in respective ohmic electrical
15 connection with their associated pillars 56, with pillars 56 comprising and
extending between outer longitudinal portion 54 and inner longitudinal portion
53 of the respective contact pedestals. Example and preferred etching techniques
include chemical-mechanical polishing (CMP) or blanket plasma etch.
Such produces respective pedestal outer surfaces 58 which are substantially
20 coplanar with planar insulating dielectric layer surfaces 29, with individual outer
surfaces 58 constituting a substantially coplanar common outer surface with
respect to the individual pillars and spacers. Such a construction and method
further produces pedestal caps 60 of radially wider construction than longitudinal
inner portions 53 of the contact pedestals, with such caps 60 having a
25 substantially common longitudinal thickness "A". In the depicted and preferred
embodiment, the distance between the respective contact bases and their
associated node locations is shown to be constant at dimension "C". The
thickness of insulating material over outermost conductive surfaces 25 of
wordlines 17 and 18 to the contact opening bases is depicted with dimension ‘B".
30 Most preferably, "A™ and "B" are each greater than or equal to 0.1 micron.
Fig. 8 illustrates subsequent wafer processing, whereby capacitor
constructions 87 and 88 are provided in electrical connection with pedestals 48
and 52, and a bit line 89 is provided in electrical connection with pedestal 50.
An insulating layer 90 is provided outwardly of layer 30 and pedestals 48, 50
35 and 52. Capacitor container openings are provided through layer 90 to pedestals
48 and 52. Capacitor storage nodes 91 are provided therein. Layer 90 is
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increased thickness of layer 30a. An example thickness for layer 30a is from
about 20,000 Angstroms to about 25,000 Angstroms.

Referring to Fig. 10, such is similar to Fig. 4 of the first described
embodiment, with there being no associated masking layer 31. Further, contact

15 openings 32a, 33a and 342 are provided deeper relative to insulating dielectric.
‘layer 30a, with the associated spacers 42a, 43a and 44a being substantially
thicker. Such is represented by dimension "F". Further, the anisotropic etching
to produce such spacers effectively outwardly exposes insulating dielectric material
of layer 30 over the wordlines, wherein such was capped from such exposure by

2¢ layer 31 in the first described embodiment.

Referring to Fig. 11, the step of collectively etching through the respective
first, second and third contact opening bases of the first described embodiment
also etches insulating dielectric material 30a over the illustrated wordlines, but
to a degree insufficient to outwardly expose conductive surfaces 25 of such

25 wordlines. Further, "D" is less than "F" preferably by from 0.1 micron to 0.3
micron. The illustrated dimension "E" from the contact opening base of the
highest contact opening to its associated node location will be less than the
dimension "D" etch of layer 30a above the wordlines. A more preferred
relationship is to have "D" greater than or equal to about 1.3E. Most preferred

30 is for 'D" to be equal to from about 1.3E to about 1.5E.

Referring to Fig. 12, an electrically conductive material layer 46a is once
again deposited to fill the remaining first, second and third contact openings to
the respective node locations.

Referring to Fig. 13, etching is conducted to produce the illustrated

35 contact pedestals 48, 50 and 52.
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gl ass (BPSG), i sugh examplepueprefdreedndepbisited Shigknksn dore lé)m: aaobonsgreatbn than or
equal to 14,000 Angstroms. Processing of the Fig. 14 wafer fragment would
then occur as above, with an etching step being conducted to produce the
10 desired electrically conductive contact pillars.

Yet another alternate embodiment is described with reference to Figs. 15
and 16. Like numerals from the first described embodiment are utilized where
appropriate, with differences being indicated by the suffix "c" or with different
numerals. Fig. 15 is similar to the Fig. 14 depiction, but eliminates provision

15 of the masking layer 31/31b and provides a thicker layer 30c. In such instance,
the preferred deposited thickness of deposited layer 30c is greater than or equal
to about 24,000 Angstroms.

Referring to Fig.' 16, the etch of BPSG layer 30c is conducted preferably
as a timed etch down to approximately 2000 to 3000 Angstroms above conductive

28 outer surfaces 25 of the wordlines. Most preferably, the thickness of nitride
caps 24 in such embodiment where provided is equal to about 2,000 Angstroms.
Subsequently, layer 46c is deposited. An etch would then be comstructed to
produce the same essential construction of Fig. 7. _

Yet another alternate embodiment is described with reference to Figs. 17

25 and 18. Like numerals from the first described embodiment are utilized where
appropriate, with differences being indicated by the suffix "d" or with different
numerals. Fig. 17 depicts an embodiment whereby insulating dielectric layer 30d
is subjected to a planarizing etch, such as CMP, initially to stop atop the outer
caps 24 of the outermost wordlines, with such effectively functioning as etch stop

30 caps. Accordingly, such caps should be of a different material than layer 30d
to facilitate or provide the desired planarizing etch stopping function. Insulating
layer 31d is subsequently provided.

Fig. ‘18 illustrates subsequent processing in accordance with the above
preferred embodiments, whereby conductive material is provided within the contact

35 openings immediately prior to etching thereof, which will ultimately produce the

desired conductive contact pedestals isolated from one another. Such etch can



15 enbodinent, insulating dielectric layer 30 is planarized to have a

‘pl anari zed outer surface 29, and provided to have a preferred thickness
above node | ocations 26, 27 and 28 of from about 8,000 Angstrons to
about 12,000 Angstroms. An exanpl e thickness of |ayer 30 above the
out er nost powlo@ReNRy caps 24 of wordlines 16 and 19 i s BEUUSITA4BS00
Angstrons. |f desired, a thin barrier |ayer ? (not shown), such as
undoped SiJerr] deposited by deconp05|}

retract byl ort Nzl 53¢ Spidrdbit| 9wl b %dosggwt% G, % DMl

t he substrate lor to ayer sefve as a s
undesi red boroani!Shms phosphorous di ffusion fromBPSG | ayer 30 into

substrate 12. Yet ano;}haaaﬁerm%kamso&ﬁah ﬁt&&ribaa%t@kfe&nw ¥ igd 10
outwardly of insulating 2 dielectric |ayer . preferab conpri ses

a material to whch Likrienmersls from thes flegt |dn§ﬂb¢<b|%hqdmemay@r jzeda rWhisEe
substanti al | \5 sghgiepriate) ymst ﬂmﬂmcé’ss b&mymaﬁa:ed bﬁmakﬂm ‘U‘Qﬁ‘ Wwhe differem

continuing descri tlon e and p err terial | a 31
i ncl ude doped of® ﬁ'aﬁpeol“ "%} frrgmess, 1ds, 'S’N&n?% lgﬁai&ﬁ 204 {19 e cRrovided

for layer 321 ggwﬂﬁﬁﬂ?’ﬁﬁgﬁoﬁmaﬁ r?njg(}epau'ate msuliﬁ‘ﬁgelhfatd’tgl toaps£i gS3ucR, cagﬁrh‘o&!ﬁt of
openi ngs 32, an t i, nt sk |ayer .31.an .

i ﬁsul a?i ng di el EQ4TPq 2l aﬁ%r? ; tgb@%& act 5§ﬁ+ﬁ% °§“2’°g‘““°“80n‘§‘f‘1 {h8 es
a fi rst contact uﬁpﬂﬁnmgnlgethelhmlmited bylthstaccumnjrmg:ataixm Efimiravioh ift the caps
0peni NG 33 CHNSChikiES rASREP Y SAMACD POBNENER! P et SERMIKh 09 Yo

| ocati on 27
etched 35 over wohldr dthnm.i& Ibecalqvm Tor thﬂEah!hknegs eusehadslln!eo -’Mhsu’r%tl 1$gch

dielectric | ayeiﬂyépm this '4@scRibPF LB diMtnf lis prorddbty debbiitell col £ tRIKNRY Y¥ Hrom

expose the under % respective

a out 000 Angstroms to about 30,000 Angstroms. Contact openings 32e, 33e

and 34e are etched as shown, with their depth penetration relative to insulating

15 dielectric layer 30e preferably being between about 6,000 Angstroms and 12,000
Angstroms to provide a depth below the lowest topology of the outer portion
of circuitry peripheral to the figure.

Fig. 20 shows wafer fragment 10e at the processing step substantially
equivalent in sequence to that depicted by Fig. 6 in the first described

20 embodiment.

Referring to Fig. 21, the electrically conductive pillar material within
contact openings 32, 33, and 34, as well as their associated spacers and
surrounding insulating material, is etched as shown. Such etching preferably uses
an etch chemistry which etches all such materials at substantially the same rate

25 to produce the iilustrated capacitor container openings 70 and 72 over or relative
to node locations 26 and 28. Such effectively provides conductive pillars 74 and
76 which project or extend respectively from the bases of contact openings 74
and 76 to the associated node locations 26 and 28, respectively. An example
chemistry which will produce the illustrated aoisotropic etch and etch polysilicon

30 and BPSG at substantially the same rate would include NF;3, or a combination
of CF, plus CHF;. Alternately and by way of example only, polysilicon and
BPSG can be etched sequentially using a first etch chemistry of SF¢ and Cl,
followed by a second etch chemistry of CF4, CHF; and Ar.

Referring to Fig. 22, a second layer 78 of electrically conductive material,

35 preferably conductively doped polysilicon, is provided outwardly of etch stop

layer 31e (and accordingly insulating dielectric layer 30e) and to within capacitor
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| ocat i ons. An exanple preferred etch depth into layer 30 is
3,500 Angstrons. Contact openings 32, 33 and 34 incl ude flrst second and
third cowpaaBeRases 35, 36 and 37, respectively, which BYEU$E#6) oned
‘el evational ly. outward of wor dl i nes 16, g7, 18, 19 and their associated
out ernost conductive 5 surfaces 25. Referring to Fig. 3, a
spacer | ayer 4QohfaiftrQpetlfifgs P0Sind PS5 b NOtHickNeds whlich less tRdid caBpIelell R4 ¥udhver
insul ating dielectric naterlal 30, to a suitable thickness whi ch | ess

t han conpl et el wneinms% the respective contact openings 32, 33 and 34.

Such wi Il be uti | I Zerheho rblfei'ﬂcxjﬂﬁﬁi:(li?:lﬁg pwdmﬁmelewora@aéddyeﬁ@wtuam stecond |

aanotropicaIIy ched si de acers. a and, preferred_mater.al s

for |ayer 40 at f‘ﬁ’f'%a i °°nﬂ!5‘ftﬁ’fm$ It i@ aﬂﬁo@é‘s ?‘F%P@dé‘"&"w‘w@r g& ﬁ

undoped pol ysi | éfteprively in the same sﬁpf deﬁniasgcohachgdesﬁl sepaﬂein lisa;aedd ée[ba;n;or

ani sot ropi cal | fi d ac r 42 in first
P Ys %E@%(Jdé % s dca\klaf'for &J%au?ér @3’!% n_1s0 3 5{] capacitor,

contact openi ng secon pacer '
openi ng 33, andsteraghi nailesi8dewith| capgasiton commethopnmxtg r76 In accordance with

preferred aspects of the invention, such can be utilized as a capacitor container

storage node in fabrication of DRAM circuitry. The preferred etching by which
10 the Fig. 23 construction is achieved is chemical-mechanical polishing.

The above described embodiments enable improvements in pedestal
constructions over prior art constructions. For example with respect to my
earlier 5,338,700 patent, the construction there disclosed if wsing 0.75 micron
pitch technology would have an oval shaped base having a length of 0.5 microns

15 and a width of 025 microns, and a substantially circular top of 0.5 micron
diameter. This is in part due to the self-aligned contact etch which produces
the illustrated plugs. Preferred pedestal constructions in accordance with the
invention can have a pedestal base and a pedestal top which are both
substantially circular, with the top having a diameter of 0.5 micron and the base

- 20 having a diameter of 025 micron for 0.75 micron pitch technology. A
self-aligned contact etch is not required.

For example, Fig. 24 depicts a diagrammatic top view of contact pedestal
99 having an outer longitudinal portion 54f and inner longitudinal portion 53f.
As shown, both are substantially circular in radial cross section, with outer

25 portion 54f being larger (twice as large) in radial cross section than inner
portion 53f.

In compliance with the statute, the invention has been described in
language more or less specific as to structural and methodical features. It is to
be understood, however, that the invention is not limited to the specific features

32 shown and described, since the means herein disclosed comprise preferred forms
of putting the invention into effect. The invention is, therefore, claimed in any
of its forms or modifications within the proper scope of the appended claims

appropriately interpreted in accordance with the doctrine of equivalents.



15 contact opening 34. Such sidewall spacers are ultimately rendered

b I II muct ive and constitute laterally outward portions
an el ecﬂ mmm I HIIEH uctive contact pedestal. Accordingly, where space
| ayer 40*i s prtovi"ded td be electrically conductive prior to the

ani sotropi c éiIesert 0 produce the construction of Fig. PCTUSYH0A660S 42,

43 and 44 wil|

be electrically conductive | mredi ately upon their

formati on. \Where spacer layer 40 is not pr ded to be electrically’

conductive prior to the Fig. 4 ani sotropiré_lé#gr ng, spacers 42, 43 and
44 can be rendered electrically conducti r their formation by

di f fusi on

dopi ngl. i oA isepicandycter pesessingt methodeofdakming a contact pedestal

Referring to Fl&dgém n&ea;%lg?ﬁl?t& e ani sotropi ¢ spacer |ayer 40, etch

chem stry is chan

first, second and third contact

openi ng bases 33progdingamdody  logagiopctdt mwyelectocdumamioy sxpode maulte

| ocations 26, 27 an g
or etch stop |ayer 31 res ricts

rovidin

%sdlﬂﬁ&eﬁkle\éﬁL maBr al rbgmsw ns&&g phard mask

|ngo insulatin ectrlc

material |ayer 30 t HiFHRS AcFOntagt opeging, into the cissulating dtz!yc'r;rc m@rehmvercthe

wordline constr jgdel REMiHORShi deighed MbiffitidM 15 Duiwhrdliexpd¥ ARP! fode I0caridh N the
| ayers are preferably notf appreci abI etched during the etching of BPSG

| ayer 30. |If th%""ﬁﬁéﬁ’i‘ai“g a"é";ﬁa& 23 conprises oxide, such material wi

nor e ) typ:]I cally ;heweﬁughedp%&l Eg:rthb&reﬂﬁh Inﬁfxlahﬁg/ Qlicléiﬁn% Gna?ékialedod within
expose the node | ocat i pns is s n ro
Provi si on of 7t e PO  CReatRe stf’a@erthé ness ‘"H'ZH %? h’ ﬁﬁ%é?ﬁ Soptact

to
of
r

25

openi ngs 32, 33¢peming; 34 desirably has the effect 35 of erV| ng the resultant

narrowed contact et C{]ﬁ%?"’éxpgg(gp‘ﬁ o&aet gl?arl%rl ﬁ&%ot O 2 ﬂ%‘%‘{'}z‘ggﬁn ru%tmﬁe

wor dl i ne edges such

15

20

ure here occur

the contact opening;

after forming the sidewall spacer, etching through the contact opening base
to outwardly expose the node location;

filling the contact opening to the node Jocation with electrically conductive
material; '

rendering the sidewall spacer electrically conductive;. and

etching the electrically conductive material to form an electrically
conductive contact pedestal comprising the sidewall spacer, the pedestal having
an outer surface which is substantially coplanar with opposing laterally adjacent

electrically insulative surfaces.

2. The semiconductor processing method of forming a contact pedestal
of claim 1 wherein the spacer layer is provided to be electrically conductive
prior to the anisotropic etching thereby rendering the spacer to be electrically

conductive immediately upon its formation.

3. The semiconductor processing method of forming a contact pedestal
of claim 1 wherein the spacer layer is not provided to be electrically conductive
prior to the anisotropic etching, the spacer being rendered electrically conductive

after the anisotropic etching.



-ecr/ SR AIN) IN1T 7 the etch to

expose t'he®nole Yochati‘ons. Accordingly, spacers 23 and cap 24 are not a
preferred enbodi nent requirenent. Referring to Fig. 6, remaining
first, seconswoemesrhird contact openings 32, 33, 34, rBEPUENHEPy are
filled with an electrically conductive mateggal layer 46, 5 such as in
situ conductively doped polysilicon. Referring to Fig. 7,

electrically conductjve nﬁlte_efe?lﬂv]l,onh@ﬁfﬂf Bﬂ?:gisﬁlgeﬁxmgﬁi of for&liﬂg’gﬁr ?ti/r“aét Pedestal

insulating dielectric material |ayer 30 rorman electri
conductive firsef clpimatt whesginstthe irgulating ediglesteicc mageriat oinelides a8 QuEesmast
cont act pedasfacd, Wb culskndst Suefabd | Keldg YoubRiMtiany | ¥iplidarizéd g,gmraeé the

. pedestal 52. Each 10 conprj ses. an inner |ongitudinal portion

effectively in SFAPg rsf'tpalr‘?cfﬂ%ébfinfﬂew h t he associ ated node | ocati on,
and an outer |ongitudinal portion 54. CQuter | ongi tudi nal portion 54
for pedestals 48, 50.and.32 conpri,ses_ani sotropicall . etched spacer
42, 43, and 44, resploti VAR CHURRORCIPT Frocstune Rebed of forping 4 poptact pedsal
conduc_t ive pillef dim Bpsheseln 4Re didularing 4diclacieici materiapeintindées QGmobtermost
el ectrical surface, the outermost surface being substantially planar prior to the etching step

to form the pedestal.

6. The semiconductor processing method of forming a contact pedestal
of claim 1 wherein the insulating dielectric material includes an outermost
surface, the outermost surface being substantially unplanarized prior to the
etching step to form the pedestal, an unplanarized masking layer being provided
over the unplanarized insulating dielectric material outermost surface prior to the

etching step to form the pedestal.

7. The semiconductor processing method of forming a contact pedestal
of claim 1 further comprising:

providing a capacitor container opening and a second layer of electrically
conductive material over the insulating dielectric layer and to within the capacitor
container opening to a thickness which less than completely fills the capacitor
container opening; and

the etching step to form the pedestal also including etching the second
layer of conductive material to define an isolated capacitor stc;rage node plate

within the capacitor container opening.



15 co associated pillars 56, with pillars 56 conprising
‘and tH men outer longitudinal portion 54 and i nner
| ongi tu | na Lporn on 53 of the respective contact pedestals. Exanple

and preferred etching techniques i ncl ude chem cal - mechani cal polishing
(CVWP) or bl aneairagizasma et ch. Such produces resp®CTUSYdEest al
outer surfaces 58 which are substantially Zf) coplanar with planar

insul ating dielectric |ayer surfaces 29, w ‘11 i ndi vi dual outer surfaces

58 constituting a sypst a“h{ co%ﬂi?&ﬁpgﬂoc%&ﬁﬂg’ﬂe@‘dh% fi%ﬂngtru&%&cﬁ pedestal

respect to the individual cha con

nmet hod f ur t ofeclajm dd@uelsrpmwaﬂs caps 60 of radially w der construction
than | ongi t udi nal H [ 2 RO&IndORGE® Bcfiord 16d CORLAGE REHLS hgauch
caps 60 having a 25 su ub: ﬂ n?r}a Y cor'r:m)n I%nglﬁtu maﬁ ‘ﬁ gk gLﬁ»i}%{o I!lﬁ _

depi cted and priaswatingg dle‘“‘@ﬁﬂ&ﬁfnﬂ?ﬂf then segaAnd; apde lb@ﬁ'ﬂéerﬂ“t h%cm@s;seetaptve

contact bases agptnidiebéing msm&&ﬁlya&&g P A8taedIR L dxPoR 112 SRBNE rlode NBcation,
constant at dinension "C thi ckness of 1 nsulating material over

out er nost condu@FﬁFé"%Ff’%@é‘s%ﬁ“ﬁS having 4, s¢fopf R289:7 and 18 to the contact
oréem ng bascra]s i's dewhetlsyiow udyeldlalmansuggll Bihde(BQ\nMilﬁtthQrs&f:(ﬁfdabbﬂiacté@penﬁgd
"B" are each gre t han or, al to 0.1 mi.cron. i.g.
i|lustrates sub%”gqﬁb‘n?“\ﬁ%f%pr’c ﬁ&g'&gsgfeﬁ?f,f %ﬁ%‘ﬁg’ﬁy" S859R4; pafer withifl he seoond
constructions Scontattl dp@nimge provi ded in electrical connection with
pedestal s 48 and 2, .and a bit || vi ded, in ectri
connection with pedes e5.| f? 1ng IRL ogguﬁ%etv%aﬂ Q‘fageé agbmgsﬁ' 'ffé’ 4 °d sccond
outwardly of | amacsmmnmgpwesmapwasﬂy ®0p S8 @ndseSQnd @apadmaopncont ai ner

openi ngs are provi deggt hr.Ldh.J.aY 8§ Ll S q a
Capaci tor storage ne@espgtl nglg '@r/ovmg &ﬁgﬁgﬁ L§§/°3 ggdei gg:aé& with  the
electrically conductive mateml

before the etching step to form the pedestal, etching the insulating
dielectric material and the conductive material filling the second contact opening
to form a capacitor container opening over the second node location and a pillar
of conductive material extending between the capacitor container opening and the
second node location;

providing a second layer of electrically conductive material over the
insulating dielectric layer and to within the capacitor container opening to a
thickness which Jless than completely fiils the capacitor container opening; and

the etching step to form the pedestal also including etching the second
layer of conductive material to define an isolated capacitor storage node plate

within the capacitor container opening.

9. The semiconductor processing method of forming a contact pedestal
of claim 8 wherein the etching to form the capacitor container contact opening
is conducted to etch the insulating dielectric material and the conductive material

filling the second contact opemning at substantially the same rate.
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; Egﬁmﬂmmlm mlnt‘lﬂ al sidewalls of nodes 91. A cell di eI8ectri cef ;SZ? Ho

92 and* acell Plate Tayer 93 are provided over the substrate.
subsequent wosmmesat ating |ayer 94 is provided. A contact p?%lsggm‘?‘g“

provided through |ayers 94 and 90 to pqa&estal 50. Bit line 89 is
provided in electrical connection with 5 plug 95 for DRAMcircuitry
-f abrication. 10. A sahicehididic? FEbasingBRdthdbS dtefosminged ddntdd pRAGEANCE

to Figs. 9-13. Like nunerals fromthe first described enbodi nent are
utilized wher e SPBFispe ithe SollOWIRg 5t8Ps: g {1 f er ences being i ndi cated by the

suffix "a" or with dﬁé\ﬁ(ﬁﬁ@r‘d ;ﬁmlfahsmlﬁsghaang a mwhalpi Rcatidn théreBstwadie to
enbodi ment wafer  fragne ch is essetlallythe sane 10 as that

depicted by Fi g"igh € %ﬁf""?b”’é’f“ﬂ?‘hdﬁ i"¥rPeP2% d mask | ayer 31 and
I ncreased t hi ckness pobvidiay cénsubiling dislectxianpiteridlnoek nbe spain of [vaydlinesGadi the -

from about 2%1301893“6";{95”0”3 to about 25,000 Angstrons.
Referring to F|g Suth is sinmilar to Fig. 4 of the first described
enbodi nent, with thetchidgeangpntast copsoingaintl the dhsulaging adielectgie . materialhever the
cont act node location to a degree insufficient to outwardly expose the node location
between the pair of wordlines, the contact opening having a base positioned
elevationally outward of conductive portions of the pair of wordlines;

providing a spacer layer over the insulating dielectric material to within
the contact opening to a thickness which less than completely fills the contact
opening;

anisotropically etching the spacer layer to form a sidewall spacer within
the contact opening and to outwardly expose the insulating dielectric material
over the pair of wordlines;

after forming the sidewall spacer, etching through the contact opening base
to outwardly expose the node location between the pair of wordlines, the step
of etching through the contact opening base also etching insulating dielectric
material over the pair of wordlines but to a degree insufficient to outwardly
expose the pair of wordlines;

filling the contact opening to the node location with electrically conductive
material;

rendering the sidewall spacer electrically conductive; and

etching the electrically conductive material to form an electrically
conductive contact pedestal comprising the sidewall spacer, the pedestal having
an outer surface which is substantially coplanar with opposing laterally adjacent
electrically insulative surfaces.

11.  The semiconductor processing method of forming a contact pedestal
of claim 10 wherein the spacer layer is provided to be electrically conductive
prior to the anisotropic etching thereby rendering the spacer to be -electrically

conductive immediately upon its formation.



drel iﬂlﬂlﬂlﬂ lﬂﬂﬂlllﬂﬂleQd W th Lhe associ at ed spacers 424, 43a and 4da

bei ng *subst antTaliy * thi cker. Such is represented by dinension "F".
Further, the anisotropic etching to produce such spacers effectively
out vvardl y exwodwsepnsul ating dielectric materi al of | ayRGCT/GRITIA4669 t he
wordl i nes, wherein such was capped from suglg exposure by 20 layer 31 in
the first described enbodi nent. eferring to Fig. 11, the step
of collectively etchang tie S BRREsin [ e ird
contact openi ng bases_of thgéfgllhbrog?&éesgrl blts gemn%tgg? r?férfgﬁﬁmg% &ﬁis?otgﬁqﬁ &l

i nsul ating di el¥cH3imc 10yherein, the spacsy daver e noy Pt?é'tqeatted’%\eemcﬂbscmﬂmuve

to a degree ingioritel matarmn@picwa&ﬁkhg ﬁeepq:aeercmﬂgleédd\é&dsaeétﬁeﬁﬁ é’o‘i;deénv'éUCh
25 wordlines. Fur er, "D'.is less than "F" preferably by from O.

mcron to 0.3 3fte Er‘lﬂ‘?"""?’r‘ie“l"“‘l"ﬁstrat ed dinmension "E' from the cont act
openi ng base of the hi ghest contact opening to its assom at ed node
| ocation will ' | ayer 30a above

be | eg th t he. c(ill men ; rs}
the wordlines. A ?rbr eqﬁf df mjsopguctor PP&F‘SPF&H&‘H?@ °? Ofming, 3, eontast pefestalo,
than or equal tof elaimutlOl véiereidbthie [mssfaing edieBCtrici material " mcluties ha ecitbahoito

from about 1. 3% ; abﬁ: t olne%:\x)st sruéf?/%er bzfg:fRestl%Intxaﬂy tunplagnggfeng d’é’r%sm et&e to

el ectrically con Ucti Ve rmater’al 'S once
fill the renui retehing istept to dexponhe padestali rd cont act openings to t he
respecti ve node | ocati ons. Referring to Fig. 13, etching is

conducted to produce the illustrated 35 contact pedestals 48, 50 and 52.
14, The semiconductor processing method of forming a contact pedestal

of claim 10 wherein the quantity of insulating material etched over the pair of
wordlines during the step of etching through the contact opening base is greater
than or equal to at least about 1.3 times the distance between the contact base

and the node location.

15. The semiconductor processing method of forming a contact pedestal
of claim 10 wherein the quantity of insulating material etched over the pair of
wordlines during the step of etching through the contact opening base is equal
to from about 1.3 to 1.5 times the distance between the contact base and the

node location.

16. A semiconductor processing method of forming a storage node of
a capacitor comprising the following steps:

providing an electrically conductive pillar within a mass of insulating
material;

etching the pillar and the mass of insulating material to form a capacitor
container opening within the mass of insulating material, the pillar projecting
from the capacitor container opening; and

providing a capacitor storage node within the capacitor container opening

in electrical connection with the pillar.

17. The semiconductor processing method of claim 16 wherein the pillar

and the mass of insulating material are etched at substantially the same rate.
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Fig. 14 Tlcl t anot her nodified enbodi ment. Like nunerals from

the first described enbodinment are utilized where appropriate, wth

di fferences woowsidgn indicated by the suffix "b" or with difGRSppecee
nunerals. Fig. 14 differs principally fgomthe first described .
enbodi ment in that outer surface 29b of 5 insulating dielectric.layer 30b

s initially providedgto memhaaﬁﬁh;}pgompﬁsin Accor di ngly, masking | ayer
31b provided thereover is alsg unplanarized. th such exanple, a
preferred deposited ®hPedenldascatignsr | ayer 30b is greater than or equal to

14, 000 Angstrons. Prageslécigeally coiiuciig: lohgiwfien fcomgornpedestal din  eledetican .
' conduct ed tol produce the 10

occur as above, with an etchjn t g.el n q d oL
~desired el ectri 58?1"9’"85n‘&'ﬂbt4‘%g1°§5ﬁg? nyiRG gptact pedestal ComPIAMGE: 5ot her
al ternate enbodi nent i s desdnhdrckingitidinal qloeticen ire electricalgeonng&ion withrttie I®de
Li ke nunerals fromthe f.irst descr] i . are utilj . €t
appropriate, with di ??céile'ﬁcaé'g %nei%ﬁlﬁget??lga&%y@eﬁ ?'ﬁeﬁg ué#%ﬂxﬁ%g”x\ﬁér%lv\f ?rﬂon
di fferent nurmer alcempfising ahSahisot_sdptidallmretclmdt sidewvallg spatdr depi x tradially _limter
el i minates provisi on ejy @y NGndRAKE UGS shaded iR 1okl Sndhctité GEE"

| ayer 30c. In such instance, ]
in electrical connection with the pillar;

the pillar and spacer having a substantially coplanar common outer
surface; and
insulating dielectric material having a substantially planar outer surface

which is substantially coplanar with the contact pedestal common outer surface.

19. Integrated circuitry comprising:
a pair of wordlines having a node location therebetween, the wordlines
having respective conductive outermost surfaces;
an electrically conductive longitudinal contact pedestal in electrical
connection with the node location, the contact pedestal comprising:
an inner longitudinal portion in electrical connection with the node
location and an outer longitudinal portion, the outer longitudinal portion
comprising an anisotropically etched sidewall spacer and a radially inner
electrically conductive pillar, the spacer being electrically conductive and
in electrical connection with the pillar, the inner portion comprising the
pillar, the spacer comprising a base and having a longitudinal thickness;
the pillar and spacer having a substantially coplanar common outer
surface; and
insulating dielectric material over the wordlines and having a substantially
planar outer surface which is substantially coplanar with the contact pedestal
common outer surface, the insulating dielectric material over the outermost
conductive surfaces of the wordlines having respective thickness which is greater
than or equal to a sum of, a) the distance between the spacer base and the

node location, and b) the spacer longitudinal thickness.

This Sheet Has Been Replaced THIS SHEET HAS BEEN-
AT REPLACED
. . _3_
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the pr 1 0] ij“g t hi ckness of deposited |ayer 30c is greater than or
equal mlmltmzlmmﬂﬂ 00 Angstrons. Referring to Fig. 16, the
et ch of* BRSG!l ayer 330t is conducted preferably as a timed etch down to
approxi mately 2000 to 3000 Angstrons above conductive 20 outer surfaces 25
of the wordl ivw@sw3sadost preferably, the thickness of nitri d®PCTUSIT/MIs 24

i n such enbodi nent where provided is equal ?g about 2,000 Angstrons.
Subsequently, layer 46¢c is deposited. An etCh would then be constructed to

produce the sane essguntial .c r j g, 7. Yet anot her
al ternat e enbodi nent E‘?’s dié%%q?‘i“g%d‘wvé\n%ﬁ’n?ﬁ%re ce to Figs. 17 25 and 18.
Li ke nuneral s from t hendder tatitmscri bed enbodi nent are utilized where

appropriate, wth differ ej LAl G t fflX. el OF .

di fferent nuner q%s.ei?gﬁgsllﬁ?hgggftcts lg;ﬁﬁgl o%ii ?rgﬁ?&wr#é%&g té} ilﬁsu%i%ctul?cr%

di el ectric | ayecompgtion with thes npfe:decationothe pontent pedestal eemprisingich as CMP,

initially to stop atop thg Gae? longitudinaPponith Af elehiicAUlRhERDh Wik dhé RBde

with such effectively functioning as etch stop 30 caps. Accord nq!y, such
[

N » I. »
caps shoul d be of a lpcrtiol apd apgputer Jengitygdinal poetjongdhe outer foggitudingl; gostign o

provide the desired B&lﬂﬂﬁiﬁﬂgziaﬂgaxﬁidiﬁpﬁhmpﬁitdlﬂdfsmil%bacérnﬁﬂdEhtirﬂﬂany inner
| ayer 31d is subsequept ly B'r Ov'i&gﬁg' . Fi g) .18 f I I_usb(r ates
subsequent processi n§eFEca: 59 Yo Rillag theo spasey peing elegtrigally, ponguctive and
enbodi-ment s, wher eby ic eledtticili sonneetionr with thé pjilladvihdcifineri ohgitudida® poaidnabéing5
openings imrediately _Qrj.o 0 etching thereof, ich.wll ultinmately .
produce the des f‘?bcglcf“é%' o GEY v'emcf)ar?fa c?osﬁ ﬁ\é\g?nalr}gei"s“éfraboé'amf%% Rfyfton
anot her. Such etch cheing substantially circular in radial cross section and being larger in radial

cross section than the inner longitudinal portion.
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WO 97/ 36327

. PCT/ US97/ 04660 10 agai n be
an anisotropic dry etch, an isotropic wet etch, or chem cal - nechani cal
pol i shi ng. Yet another alternate enbodi ment is described with
reference to wiogsme9- 23. Like nunerals fromthe first 8
enbodi nent are utilized where 5 appropriate, with differences being
indicated by the suffix "e" or with differe ﬁ nuneral s. I n wafer
fragment |10e, wordline 16e, 17e, 18e and & e provided wi t houtQ
provi sion of any separate insulating material caps. Such caps '(:ém)d) of
course also be elimnated in the Figs. 1 - 16 descri bed egfbodiMents, with
t he invention only being limted by the acconpanying/cl ai ns.
El i mination of tk¥ _caps_10 fﬁf‘l"f = Sdut--on—-A—t-opol-ogy—-o—be
planarized, and faciT}ate wott-c-ottTeTr WS T §E
required for the thi kness i nsu 7|ﬁ1g Iayer 30 - 30e. Such | ayEr\ i n
this described enbodifnent is prg?[erabl y depos ed to a l?l cknesgfof flom
about 25,000 Ang¥#?rofs to about’ 30, 000 Angst ms?soo .-. ngs 32¢, 33e
and 34e are etched a$ showy, hthelr de h pe ;/ eLafy ve to
insulating 15 dieledtric If4 { B0e preferably h=| ng. bet ’ﬁn 6, 00
Angstrons and 12, 000 '*

14 }
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Angstrons to provide a depth below the | owest topol ogy of the outer portion
.of circuitry peripheral to the figure. Fig. 20 shows wafer
fragment 10e at the processing step substantially equi val ent in
sequence to that depicted by Fig. 6 in the first described 20 nt.
Referring towog@m36Z;, the electrically conductive pillar é?”%ﬁggﬁﬁﬂe
contact openings 32, 33, and 34, as well as their associated spacers and
surrounding insulating material, is etchgd 33 shown. Such et ching
preferably uses an etch chem stry mhﬁbé é%ches all such materials at
substantially the same rate 25 to produce the illustrated capacitor
cont ai ner openings 70 and 72 over or Bglative 33 to node~}pcat|ons]@6 and
28. Such effectively provides condugtive pil s 74 and |ch
proj ect or extend respectively f;gﬁ?the basiz?gf cont a open gs‘zg
and 76 to the associ ated node | ocktions 26 &nd re pectlvely,KAn 15?9Ie
chenistry which M| | e || lfustraled a rfopi c g
polysilicon 30 an 5t ant|i ey the G prive rate W
NF[err], or a conbinatf oF—H[ er r | “ptus ﬁ[ = /dternaté and by
way of exanple only, poI ilicom\and 17 RPSG c e\ et ched sag/ent ally
using a first e¥@h ¢hemistry of SH%rr] and JA[g§ 37 foll ofed byja
second etch chem s of ], CHF[grr] and ﬁé eferring to
|

Fig. 22, a second | ayer 7 ectrically cond ve mat a 35
preferably conducti N Dl ysi IS ed o y et
st op | ayer e (and accor¥{ ngly ati ectrijg | ayer 30 and

to within capaci'to //\\

26’5/2; 23 224 21 23 28

12
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WO 97/ 36327

: PCT/ US97/ 04660 11 cont ai ner
openi ngs 70 and 72 to a thickness which |ess than completely fills such
openi ngs. Then, referring to Fig. 23, etching is conducted
rel ative to lwobmsazzond el ectrically conductive |ayer 7&MN
el ectrically conductive |ayer 46e. This, 5 effectively in the sane step,
defines contact pedestal 50 and an i sol age capaci tor st orage node 80
wi t hin capacitor container opening 70 an 1 4sol at ed capaci tor st orage
node 82 with capacitor container opening 72. In_accordance with
preferred aspects of the invention, h can beJddtilized &4 a cap cl@or
cont ai ner storage node in fabrifation of Mcircupary. T preferred
etching by which 10 the Fig. 23 cghstructio/is achieygd is
chem cal -rrechamg% | polishing. The above déscribed e odr mentsy
enabl e i nprove ) 42 uetd ems ner44)r OT ayL =]
constructions. For € Wt slpEct |t o i E%M\r 5, 338, {8
patent, the construgti t her elL{di scljosed Lt us_rhgaﬂ_ 5 m:cron piXch
t echnol ogy woul g,haye a%val shaped bd#e|havi h llengt i} of O. mc onr¥d 15
and a w dth of 075 m'cron[ angd a s bita tial gfta:\'rcul an t of OT5Tm cron
! 14
N SZTR
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26’5/2'7 23“24 ‘51 23> 28
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42 43 r 414
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dianeter. This is in part due to the self-aligned contact etch which

. produces the illustrated plugs. Preferred pedestal constructions in
accordance with the i nvention can have a pedestal base and a pedest al
top which are both substantially circular, with the top kégw
di anmeter of Gvéd9mesaTon and the base 20 having a di aneter of m-cron
for 0.75 mcron pitch technol ogy. A sel f-aligned contact etch:is not
requi red. For- exanpl e, Fig. 24lzﬂzp|i ﬁt s a diagrammatic top view of
cont act pedestal 99 havi ng an outer udi nal portion 54f snd inner
| ongi tudi nal portion 53f. As shown, both are substant I al Ci rcuI ar in
radi al cross secti ?g vm t h out 658254 orti 08544, bei n g/(;gm ce as '
| arge) in radial S e} tha nner ortign 5 In
conpl i ance V\nththesatu 2ifivent i ndBas bee 4l¢cr|bd|n
| anguage nore or ] res. It
Is to be undgrsto i &b R 5960t | M ledAo the
specific featgpe 30 shown cri ‘ C s herei d
conprise pref d forngs & i/n LAVERA I nto €f fect). '
i nvention is, therefor 36 28 i modi fli cat b
within the propef scop pepde ' Nately
interpreted in a > i 0 I Of, @ , 14
14 1 '
22/ \\20 25
26”7 92727 93 ““ 244 51 23" 28
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17 18
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WO 97/ 36327

. PCT/ US97/ 04660 _ 12
CLAIM 1. A sem conduct or processing nmethod of formng a
cont act pedestal conprising the foll ow ng steps: providing a

node | ocati oRyéor3eBizch el ectrical connection is to be nmade; PCI/USIN04660
providing insulating dielectric material over the node |ocation;

‘etching a contact opening into the insulating dielectric material over the
node | ocation to a degree insufficient tggéqt¢ardly expose the node

| ocation, the contact openi ng having base; providing a
spacer | ayer over the insulating dielectric material to within 10 the
contact opening to a thickness which less than conpletely fills the contact
openi ng; ani sotropically etching the spacer layer to forma
sidewal | spacer within t he contact opening; after form ng
the sidewall spacer, etching through the contact opening base 15 to
outwardly expose the node | ocation; filling the contact opening
to the node location with electrically conductive mat eri al ;

rendering the sidewall spacer electrically conductive; and

100

|
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etching the electrically conductive material to forman electrically 20
.conductive contact pedestal conprising the sidewall spacer, the pedestal
havi ng an outer surface which is substantially coplanar with opposing
| ateral | y adj acent el ectrically insulative.surfaces. .
The seni condugborageocessi ng met hod of fornming a contact peo@é‘l"&?”m of
claim 1 wherein the spacer layer is provided to be electrically conductive
prior to the anisotropic etching thereby&ignfﬁuing t he spacer to be

n

electrically . conductive inmediately s formation. 3.
The sem conduct or processing nethod of form ng a contact pedestal of
claiml wherein the spacer layer is not provided to be electrically
conductive prior to the anisotropic etching, the spacer being rendered
el ectrically conductive after the anisotropic etching.

330 34a
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| 4.3_0/ 44_g,/ s o
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WD 97/ 36327

.PCT/ US97/ 04660 ' 13 4.
The sem conduct or processing nmethod of form ng a contact pedestal of
claim 1 wherein the insulating dielectric material includes an outernost
surface, the ywyogseddst surface being substantially unpl anar iPﬂH’s&W to

t he etching step to formthe pedestal. _ 5. The

sem conduct or processing nethod of form ng a contact pedestal of claim
1 wherein the insulating dielectric mateyiAl 4ncludes an out er nost
surface, the outernost surface being substantially planar prior to the

etching step to formthe pedestal. 6. The sem conduct or
processi ng nethod of forming a contact pedestal of claim1l wherein the
insulating dielectric material includes an outernost surface, the

out ernost surface being substantially unplanarized prior to the et chi ng

step to formthe pedestal, an unplanarized maski ng | ayer being provided
over the unplanarized insulating dielectric material outernobst surface
prior to the etching step to formthe pedestal.

32a 330 J4o
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7. The sem conduct or processing nethod of form ng a contact pedestal

,of claim1l further conprising: provi di ng a capacitor contai ner
opening and a second | ayer of electrically conductive material over the
insulating dielectric layer and to within the capacitor Eéﬁé?;qagp
opening to awdymkness which less than conpletely fills t he®
cont ai ner openi ng; and the etching step to formthe pedestal also
i ncl udi ng etching the second | ayer of cenductive material to define an
L.sol ated capacitor storage node plate y? 4 n the capaci tor contai ner
openi ng. WO 97/ 36327
PCT/ US97/ 04660 320 33a J4g, 8.

edestda  of

i/bgcation and
460

The sem conduct or proceSS|ng met hod of form
claim1l further conprg

a second contact ope
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inéulating dielectric | ayer over the second node |ocation, the second
opening being insufficiently deep to outwardly expose the

. cont act

second node | ocati on,
t he spacer

and the ani s@ig®@psx7et ching thereof providing a second spacg?'r’\ﬂf
after formng the second sidewal |

second

expose the second n

contact opening;
spacer, etching through the second

746

| ocati on;

g7 1%

openi ng base to out
ling the second co

t he second contact opening having a second base;
| ayer al so being provided within the second cont act %B nj
|

g
t he

4

opening to the seco ode | ocation whih the el ectricygpy ndu2gb ve
mat eri al 46b Dbef he etch'%%bstep t 3?%rn1the edt tching
the insul ating relediric t e con mat er i filling
t he second contact openi tg¢dforma capacitor cokMtai ner ning o ﬁ%
the second nodd & P 03¢ i wor pEleL g
bet ween the capacit ontain opemni d SeR0 node tion;
providing a second faygr of el rigdl | yLron JTat €[ al overyg he
insul ating dielgctr]c Iaxfr and to W th#n| the [capqcktor omuﬂ;yﬂ 0 eﬂﬂﬂg
to a t hi ckreSs ich¥ ess tlhan qonpl efely [f231\s|t he gapacj¥or capt ai ner
openi ng; and the¢letqyi ng 4t tp forim\t pedegfa | so ircluding
etching the second | ayEr conquctiyve mat to d an isgl ated
capaci tor storage ngde prat wi i e c r co ner opehi pg.
9. The sem cgpduc}or procesdin of a_cgntact ped a
22 \\20
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of claim8 wherein the etching to formthe capacitor container contact

_openi ng I's conducted to etch the insulating dielectric material and the
conductive materi al filling the second contact openlng at substantially
the sanme rate. WD 97/ 36327
PCT/ US97/ 0468 0736327 15PCT/USITI04660 1
A semi conductor processing nethod of formng a contact pedest al
conprising the foll owi ng steps: |d|ng a pair of wor dl i nes
havi ng a node | ocation therebetween to 1();¢£ ch electrical connection is
to be nade; - providing insulating dielectric material over the
pai r of wordlines and the node | o32¢i on; 33c et¥d ng a Qrt

ne®d€ | ocati on
bet ween

opening into the insulating dielectrig material jover the
to a degree insuificci e

the pair of wordli

ape positione

A
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el evationally outward of conductive portions of the pair of wordlines;
providing a spacer |ayer over the insulating dielectric material to within
the contact opening to a thickness which | ess than conpletely fills the

cont act ~opening; ani sotropically etching the spacer |ayer to
forma si dewalbospeeer within t he contact opening and tol’gm’%&’ﬁ"b@g
expose the insulating dielectric material over the pair of wordlines;
after formng the sidewall spacer, etchif tﬁr&ugh t he contact openi ng base
t-o outwardly expose the node | ocation be he pair of wordli nesm(}he
step of etching through the contact opening base also etchin =
insulating dielectric material over the pair of wordli nesfp&g/to a
degree insufficient tgggutwardly expose the pair of wordl fnes;

fillJing the cont open™Qg to the node | ocation with electrically
conductive W?%t I,Nq‘ ~~——TENger ~Rg-ATE ST tswatt—spacer Sid

tgr
electrically congugx ye—atrt chin fepel ect r, . Qigve
material to for crecTTraN tivd [com pct p IO ;E? ng
the sidewal | spacerTtthe p | hayi ng arl out €f sur ich j
substantially copl an t si ng|ffat g\al |y |Ad), apent enl |y
i nsul ative surfacekt 11 e sepmmoympyct orj rocessin ##t hod
of form ng a contact\jpedest al of- T arQr Lo/ WL e\ spacer | aer is
provided to be electrfically c rve ] f‘%\ NNsot r opi ¢ \et chi ng
t hereby rendering t 2; be}l«e/(‘é'; 5 I 24 ‘59 2328
15
12

FZm ey 155
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conductive inmmediately upon its formation. WO 97/ 36327

. PCT/ US97/ 04660 16 12. The sem conduct or processing
nmet hod of forming a contact pedestal of claim 10 wherein the spacer

| ayer is not provided to be electrically conductive prior to the

ani sot ropi ¢ @bohbexgr the spacer being rendered el ectrical | yPESHINTOH60 e
after the ani sotropic etching. 13. ‘The sem conduct or
processi ng nethod of formng a contact ﬂgg sgal of claim 10 wherein
the insulating dielectric material incl out er nost surface, the
out ernost surface being substantially unplangpized prigr, to the et chi ng
step to formthe pedestal. 32 55 54 10e
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14. The sem conduct or processing nethod of form ng a contact pedestal
.0of claim 10 wherein the quantity of insulating material etched over the
pai r of wordl i nes during the step of etching through the contact
openi ng base is greater than or equal to at |least about 1.3 tines the
di stance bet vwen7sde7 cont act base and the node | ocat i on.PCT/US97/04660
15. The sem _conduct or processing nethod of formng a contact pedestal
of claim 10 wherein the quantity of insulating material etched over the
pai r of wordlines during the step of gq'?n‘leg t hrough the contact opening
base i s equal to fromabout 1.3 to t he d| stayi bet ween t he

e

contact base and the node | ocatio m copgduct or
processi ng nmethod of form ng a storAg Bnode of a cagaci tor ﬂ&i si ng
the follow ng steps: 46e prgvi ding ardée ectricalyy cowv%%l | ar
within a mass of insul at ng : i e p| and
t he mass of i nsll# ivRe~TRRe aer~opendilg
within the mass of\] r t he
capaci tor contai ner or age
node within the capacitor cdr i cal conngction
with the pillar. 16e . 19e
30e i€ Y |30e
P 25\\ .
14
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17. The sem conduct or processing nmethod of claim 16 wherein the pillar
:and the nass of insulating material are etched at substantially the sane

rate. 17 18. Integrated
circuitry conprising: a node | ocat.i on; an electrically
conducti ve | omgprasdimal contact pedestal in electrical conndSIEHRE4EY  he
node | ocation, the contact pedestal conprising: - a |l ower

| ongi tudi nal portion in electrical connectign with the node | ocation
and an upper |ongitudinal portion, the] ded | ongi tudi nal portion
conprising a sidewall spacer and a radially inner electrically
conductive pillar, the spacer being electrically conductive and in

el ectrical connection with the pillar, the spacer havi ng a | owest nost
surface and the conductive pillar having a | ongi tudi nal surface, the
spacer | owestnost surface being generally flat and extending

generally perpendicularly relabbve to the

54f

53f

/2 gggyaE§”@§f



©y

' .cc‘)n_duct i vé pillar | onﬁ H "f | 3 t he pi | | ar and spacer
vt o coiwesi, o AMVMBMIITIY oo corepemis oy e

which is substantially coplanar with theggontact Eedestal comon upper
the

surf.ace. 19. Integrated circuitr SLY pair
of wordlines havjgg ahﬁgggatggcgﬁ&ﬁ)ﬁpt hemgpakigen r‘gqu;MéRhmsg

respective conductive outernost surtaces; an electrically conductive

| ongi t udi nal cora amadepddestian; i n el ectrical connection with the node '

| ocation, the contact pedestal
Slegtpica

| ongi t udi nal pord® &Y c‘f‘?'f‘i‘g‘iqpv(r?iam{‘f%iﬂawcpﬂt“t psgﬁl*gp ﬁ’r&oeéefg?',célli on
s g SO O RGBT gAY comact (RERMSICk Mg |
i nner “el ectrically comdowerviengitudinal portion in electrical connection with the
- node location and an upper longitudinal portion, the upper
longitudinal portion comprising a sidewall spacer and a radially
~ inner electrically conductive pillar, the .spacer being electrically
conductive and in electrical connection with the pillar, the spacer
having a lowestmost surface and the conductive pillar having a
longitudinal surface, the spacer loWe'stmost surface being generaliy
flat and extending generally perpendicularly relative to the
conduét_ive pillar longitudinal surface;
the pillar and spacer having a substantially coplanar
common upper surface; and - |
'.insulating diélebtric material having a substantially planar upper
surface which is substantially coplanar wifh the contact pedestal common

upper surface.
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) s;;acer being el ectri mmm m' I I{an.d in electrical connection
*with the pi#Rza0Pot he il "][ml“ i nprising t usi o}
« conprising a base an aving a l'engrtudi nal thi m 9776054%303

pillar and spacer having a substantial I yggopl ana commn out er
surface; and i nsul ating dielectric materi 1’. WIAR 11888 and
havi ng a substan 9al I %%c%‘itr u&gﬁ 'S subst antiall'y copl anar

wi th the contact pedeslt“qg?commn out r suﬁ?lsmeg the insulating dielectric
mat eri al over the qnherobsWomllmhscthamnguafm dbcatienwtheltebrewebny i the

respective thickness which is greater an or equal to a sumof, a) the
di st ance bemahn?ﬁé‘%vﬂ%e’fesBS B"%\n?PI{‘iPétWGd(?uIt Pl SUTTILES) t he spacer

20 It egr at ed SirouL TS D sgRdustive longitudinal contpct pedsstal in elblyrical
el ectri cal | gommextion i with| tinginode rletation; ahe eentast gpedestal eomprisihg:
' an inner longitudinal portion in electrical connection with
the node location and an outer longitudinal portion, the 6uter’
longitudinal portion cdmprising an anisotropically etched sidewall
spacer and a radially inner -electrically conductive pillar, the
spacer being electrically conductive and in electrical connection
with the pillar, the inner portion comprising the pillar, the spacer
comprising a base and having a longitudinal thickness;
the pillar and spacer having a substantially copla'nar'
common outer surface; and |
insulating dielectric .mat'erial over the wordlines and having a
subsfantially planar outer surface which is substantially coplanar with the
contact pedestal common outer' surface, the insulating dielectric material
over the outermost conductive surfaces of the wordlines having
respective thickness which is greater than or equal to a sum of,
a) the distance between the spacer base and the node location, and

b) the spacer longitudinal thickness.
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“ connection with thé n”daé_I_oméat i on, the contact pedestal conprising:
* a | ower | omgp-tsoieh nale“wu wk“unugllﬁ rical connection with the . " no;:le
| ocation and an uppent I rtion, them gnl a
portion conprising a si ewal | spacer an radi al !’US97|4n r 6]01
el ectrically conductive pillar, the spacér. bei nmi I
conducti ve and izB el ?ﬁﬁiﬁ@d ccop{lﬁgrt)j an Wi Tih th fﬁh@%d&%
havi ng a | owest DSt S and pi PRr %‘Iﬁ%I ng a | ongitudi nal
surface, the apaode ldciknai;nost surface extending generally

perpendi cularly fromthe pillar |ongitudinal surface, the |ower ]
| ongi t udi nal po@f 611305@?#8)' sopdustive Jongitydinall eentagt rpeilestalcimedectrical

section, t I i i rtjs 1N bstantially, circul ar _
in radial grsgisigazée%t?gﬁ g%g @e.%gﬂ’léP%r q’?‘ﬁ ?3@%&# Bfégﬂaie%(’ﬂ%ﬂsmg' t han
the | ower |ongitudinal lgowet i@mgitudinal portion in electrical connection with the

" node location and an upper longitudinal portion, the _upper

longitudinal portion comprising a sidewall spacer and a radially
inner electrically conductive pillar, the spacer being electrically
conductive and in electrical connection with the pillar, thé spacer
having a lowestmost surface and the pillar having a longitudinal
surface, the spacer lowestmost surface extending generally
perpendicularly from the pillar longitudinal surface, the lower
longitudinal portion being sﬁbstantially circular in radial cross
section, the upper lqngifudinal portion being substantially circular
in radial cross section and being larger in radial cross section

than the lower longitudinal portidn.
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(57) Abstract

A semiconductor processing method of forming a contact pedestal includes: a) providing a node location (28) to which electrical
connection is to be made; b) providing insulating dielectric material (30) over the node location; <) etching a contact opening into the
insulating dielectric material over the node location to a sufficient degree but not to outwardly expose the node location, the contact opening
1 having a base; d) providing a spacer layer over the insulating diclectric material within the contact opening to a thickness which less than
completely fills the contact opening; &) anisotropically etching the spacer layer to form a sidewall spacer (44) within the opening; ) etching
through the contact opening base to outwardly expose the node location; g) filling the contact opening with an elecmcally conductive

material (56); h) rendering the sidewall spacer clectrically conductive.
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