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{6004} There is a continual interest in the integration density of semiconductor devices,
such as capacitors, etc. on the integrated circuit. High capacitance is desired for capacitors,
including DRAM storage capacitors. “Capacitance” refers to the capacity of the device for
storing electric charge. One approach to increase the capacitance is to increase the area of
the capacitor electrodes. Capacitance is directly proportional to the surface area of the
electrodes. However, this approach resuits in an increase in the actual area océupied by the
capacitor on the integrated circuit or an increase in the size of the chip (the integrated
circuit). Neither of these options is desirable as increasing the actual area occupied by the
capacitor excludes other semiconductor devices and an increase in the chip size undermines
the interest toward integration density,

[6005]  Accordingly, it is desirable to provide integrated circuits having a capacitor with
increased capacitance per unit arca (i.e., a “place-efficient capacitor”) and methods for
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i ncreased capacitance per unit area (i.e., a "place-efficient
capacitor") and nethods for 1 fabricating the sane. It is also
desired to increase the capacitance of the capacitor wthout
occupying nore chip space or increasing the size of the integrated
circuit to enable an increase in the nunber of sem conductor devices
integrated on a given area of the integrated circuit. Furthernore,
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will becomaﬁigpparent fromthe subsequent detail ed description of the
i nvention affd e BpiseRdel e spshisd torlagese e capanipren of the mepggitohwithpat

g&m%n)a:ngccdj‘y&w @S cidf dpacd bs inbREkGrRung &fthd h%gl’afb‘dt@:ﬂ&htotﬂ eélﬁ@ g:![: q
abricating integrate
circuits having p ll\ll\%cnélmg\l f %a%wp&ggeéﬁicfsd?@grﬁ? o iXsp El‘é?j‘% ﬂ?‘“’d"teg‘a‘ed
accor dance wictih Fomi@rmr@ mhbraieyxa@lnﬁemlmtciaarﬁckbe:strﬁebhmpmsm lidyeteisn fvidr m ng
substrate, Koy Phudy bl e Jte a0 el kL RSBl FARASARN" '
expose a pofitimgriakes int W@U@‘@ﬁ@ wéth ithgeacfogmenying dratvingartd thls b@qumurrdgoﬂt@
etched int o,nbgﬁgorpl! electric | ayer and positi _oned over t_he conducti ve
feature. Etch resistant particles are deposited overlying the
dielectric | ayer andinthe T ectric layer is
further etched using the et cﬁﬁéwg'ﬁf%ﬁ?ﬁ Ugglg@ an etch mask to
extend the (9686l i Methogsekoi fidyricafing integtated aircliits thiwide plageefficicar fapscirad are
overlying tﬁ@l&ﬁtlﬁr&%fha&@r&ﬂha&e Qpe%'wal nsn?nlragimgﬁte&% Hefﬁ% lr%lu%eg%i%gltglang

the conductive feature. A capacito atin ayer
overlyi ng tHaetricrlaer e gopductiggylgature po $@6m¢adl@t9mjmiltaievé viaapeingi s

formed overik ydringi fafdenhd Mttt g o &E a_poRBR LMl RedSe feRiiref ﬁl%[élltlglat I'ng
integrated cir.cui ient capacitors are provided in

accordance WY Y 'ygtfhegr%? ﬂlg ngeﬁté'ﬁ“ﬂﬂy &y B%Bmddbéﬁt‘h%?on‘fh’r‘fg"epf%‘é% Ach
i nvention. #igenngttidlad dedosite svdiipingitagicketeli BY €@ abd nh%elpa;yiarop@w@rmél ng a

conduct I ve i&&gﬁg Ol ftﬁ]thél%%gcp L@Flg%e eEchsré“slps%}:tr %;[ tlt%i.es %\, an fe? P H‘xgsﬁ(ng ﬁ’g tive

formed int ectric
feature. THBe vireal gypeniignd ﬁ!§t f"»‘i?ridh@me \}ﬂytlhksafntmrlg?aﬂil}cngpihamatmdzamaroai

layer (OPL)opBBeeint dleetidd¢ cg{t&h%ﬁlg 'c&ndlu?ﬂ@ Fealu., ﬁt&&%fan tlr%ultaﬁ)r{gmd)%: is

parti al openlng posi ti oned over the conductive
Et ch- r esi st'/3Hd palying héé‘ﬂ%?@d%ﬁ%@wé’dsesv@rcorm@we#aéme%formeé ovetlyisg in
the parti althopentingayedhe di el ectric layer is further etched around

the etch-r apt rticles.to. extend the parti al ening form ng an
ext ended pjﬁ “S’E W ‘hg‘ﬁ fﬁ" E‘L"ﬁ‘ﬁ%“ge't“f?ﬁwﬁﬁwl wah&f&a&weﬁp R R
mat eri al wiprdvidad tMdeaaceopﬂnyaugmmHeeexeemmyemhbod;mbmwthe@&p@clrﬁraﬁmn. _

el ectrode "[%efn%f{ggqnchgg% f&élﬁigpé Qe e'ét?gnlzﬁ'exng%alémﬁlanc rntfchve Pea ure t.t)]ne via

openi ng and the exten par eni insuratin
| ayer is fé?%@dmﬁlpbﬁmm%ompa fprinpein, themeiprpéwer tg axr@s & ortion

el ectrode i tﬁewom& vl fbdti 8 OrHe N M;Beﬁ-m@@seﬂllleﬂgwﬁ’lng) LBsiceiaRaRd RaLti al

openi ng vmtBaS al fill materi al
(OPL mate1 lal The dielectric layer is efched to form a partial opening positioned over the

conductive feature. Etch-resistant particles are deposited over the dielectric layer in the
partial opening. The dielectric layer is further etched around the etch-resistant particles to
extend the partial opening forming an extended partial opening. The etch-resistant particles
and the OPL. material within the via opening are removed. A lower capacitor electrode is
formed, for example from a metal liner, within the via opening and the extended partial

opening. A capacitor insulating layer is formed overlying the metal liner. An upper




[0008] Integrated circuits having a place-efficient capacitor are
provi ded in accordance with yet another exenplary enbodi nent of the
present invention. The integrated circuit includes a | ower capacitor
el ectrode having a surface area that includes an inner surface area
of an extended partial opening and a via opening forned in a
patterned dielectric layer on a sem conductor substrate. A capacitor
insul ating |layer overlies the | ower capacitor electrode. An upper
capacitor electrode netal fill material fills the extended parti al
openi ng and°WPHERARISdhrtrIdMine ey appaieraé be areded Meital operibadigsa t he
i nner sur f ageniEmiaddfl t he extended partial opening and via opening.
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DETAILED DESCRIPTION OF THE INVENTION

10013} The following detailed description of the invention is merely exemplary in nature
and is not intended to limit the invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any theory presented in the preceding
background of the invention or the following detailed description of the invention.

[0014] Various embodiments are directed to integrated circuits having place-efficient
capacitors and methods for fabricating the same. As used herein and noted previously,
“place-efficient capacitors” are capacitors with increased capacitance per unit area. Etch-
resistant particles are used as patterning agents to introduce porosity to a dielectric layer of
the integrated circuit to increase the effective area between capacitor electrodes, thereby

increasing the capacitor capacitance, without the capacitor occupying more area on the
3




integrated circuit or increasing the size of the integrated circuit.
A place-efficient capacitor frees up avail able space on the
integrated circuit for other sem conductor devices, thereby inproving
the economics of integrated circuit fabrication. [0015) Referring
nowto FIG 1, a method 10 for fabricating an integrated circuit
having a pl ace-efficient capacitor begins by providing an integrated
circuit 12 (step 20). The initial integrated circuit is made using
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100251 Fromthe foregoing, it is to be appreciated that the
integrated circuit having a place-efficient capacitor fabricated in
accordance with exenplary enbodi nents achi eves significantly higher
capaci tance per unit area on the integrated circuit. The effective
area between the capacitor electrodes is increased, enabling nore
efficient use of the chip area, particularly useful for high density
DRAM arrays. The effective capacitor area is increased w thout
occupying nore chip space by increasing the surface area of the
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are either not etched or etched less intensively. The dielectric layer is etched around the
etch-resistant partictes to introduce porosity into the surface of the dielectric layer increasing
the effective capacitor area without occupying more space on the integrated circuit. The etch
pattern may be ideal, as shown in FIG. 9, or chaotic.

f0021]  After the further etching step is completed, the etch-resistant particles, the residual
second photoresist layer, and the OPL layer including within the via opening are removed to
leave a patterned dielectric layer 42 that is roughened with increased surface area as
illustrated in FIG. 10. As noted previously, the patterned dielectric layer has increased
porosity and roughness and therefore an increased active area in the extended partial
opening 52 and via opening relative to the pre-etched dielectric layer.

{0022} Referring now to FIG. 11, method 10 continues by forming a first conductive layer
44 overlying the dielectric layer including within the extended partial opening 52 and via
opening 26 and contacting conductive feature 18 (step 50 in FIG. 1). The first conductive
layer may be a diffusion barrier layer. The first conductive layer simultancously serves as a
metal liner for the partial opening (e.g., a trench) and via opening and will constitute a lower
capacitor electrode 58 (See FIG. 14). The metal liner has a thickness of about 5 nm to about
20 nm, and is formed of a conductive material such as, for example, titanium, titanium-
nitride, or the like. The surface area of the lower capacitor electrode includes the irregular

surface area of the extended partial opening and the inner surface area of the via opening.
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feature; etching a partial opening into the dielectric |ayer and

posi ti oned over the conductive feature,; depositing etch _
resistant particles overlying the dielectric layer and in the parti al
openi ng; further etching the dielectric layer using the etch

resistant particles as an etch mask to extend the partial opening;
formng a first conductive | ayer overlying the extended parti al
opening and electrically contacting the conductive feature; formng a
capacitor insulating |ayer overlying the first conductive |ayer; and
form ng a sBEBd Rebriade i@ 12ayeihobierdnginusg with dorinfrg il @pdcitg ihaljpeng 2.
The et hod Bairerqléaév@ﬂl)}img whetgl Rndfiwi 1Bke at4viilc§l‘udm§e@ﬂtl‘mg EH.erngnéeGepartial
dielectric (l)paer\nliggr an%O\EQDgplegiggs (.step 60 in FIG. 1). The capacitor insulating layer may be formed
from insulators as known in the art. The place-efficient capacitor 48 (FIG. 14) includes the
lower capacitor ¢lectrode and an upper capacitor electrode separated by the capacitor
insulating layer, as hereinafter described.
[0024] Referring to FIGS. 13 and 14, method 10 continues with forming a second
conductive layer 49 overlying the capacitor insulating layer 46 including filling the extended
partial opening and via opening (step 70 in FIG. 1). The second conductive layer is a metal
layer formed of a metal fill material such as, for example, copper, tungsten, aluminum,
silver, gold, and the like. For ease of illustration, the second conductive layer 49 is shown as
a single layer, but it is to be understood that there may be additional metal layers that may
be formed in multiple steps. The metal fill material in the extended partial opening and the
via opening forms the upper plate of the capacitor (i.e., an upper capacitor electrode 62).
The excess metal is removed, for example, by a chemical mechanical planarization (CMP)
process as known in the art to remove metal overfill forming the upper capacitor electrode
62 of the place-efficient capacitor 48 (FIG. 14). As the surface area of the partial opening
has been incieased by use of the etch-resistant particles, the metailization area within the
extended paitial opening has been increased, thereby increasing the surface area of the lower
and upper capacitor electrodes and increasing capacitor capacitance. The surface area of the
upper capacitor electrode includes the inner surface area of the extended partial opening and
via opening. The integrated circuit having the place-efficient capacitor can be integrated into
a multi-level metallization package. Thereafter, standard processes may be used to complete
fabrication and packaging of the integrated circuit.
[0025] From the foregoing, it is to be appreciated that the integrated circuit having a
place-efficient capacitor fabricated in accordance with exemplary embodiments achieves
significantly higher capacitance per unit area on the integrated circuit. The effective area
between the capacitor electrodes is increased, enabling more efficient use of the chip area,
particularly useful for high density DRAM arrays. The effective capacitor area is increased
without occupying more chip space by increasing the surface area of the dielectric layer
between the capacitor electrodes. A higher number of semiconductor devices may be
integrated on a given area of the integrated circuit or higher capacitance can be achieved for

a single semiconductor device.



form ng and patterning an opening in a first photoresist |ayer; and
etching the via opening. 3. The method of claiml, further
conprising after the formng a via opening and before etching a
partial openi:ng: ‘ form ng an organi c planarization |ayer (OPL)
overlying the dielectric layer including filling the via opening;
form ng a second photoresist |ayer on the organic planarization |ayer
(OPL); and form ng and patterning a second opening in the second .
photoresist |ayer a nd OPT |ayer. 4. The method of claim1l, wherein
deposi ting &0& r%liesfttéwﬁ e exqmplass eravdiyrehisles bepaweseittédni tiet fofpgoing

resi stant padidileg!@ripdamnsthe mQEIQEU]p i Shffd 6 afrQMPALRUS yROLYIRI S¢

organi ¢ or i norgani.c rtic and conbi nations thereof.
9 Vﬂil%tl s exist. ahould also be appr eglated that the exemplary embodiment or exemplary

embodiments are only examples, and are not intended to limit the scope, applicability, or
configuration of the invention in any way. Rather, the foregoing detailed description will
provide those skilled in the art with a convenient road map for implementing an exemplary

embodiment of the invention, it being understood that various changes may be made in the

function and arrangement of elements described in an exemplary embodiment without
departing from the scope of the invention as set forth in the appended claims and their legal

equivalents.




5. The method of claim1l, wherein depositing etch resistant particles
conprises depositing etch resistant particles to distribute the etch
resistant particles overlying the dielectric layer and in the parti al
opening. 6. The nmethod of claiml, wherein formng a first
conductive |layer conprises formng a netal liner. 7. The nethod of
claim6, wherein formng a first conductive |ayer conprises formng a
| ower capagjf9¢ cigg@ts.0de having an irregular surface area of the

ext ended partia? opening and via opening. 8. The method of claiml,
wherein formng a second conductive |ayer overlying the insulating

| [ f ! . | 1 ay. |.yi he | | at.i I .
et udi ng 111 Phd e o caafing af Rlee SR el & e Hior

mat eri al . cofprifinpet hod for fabricating an integrated circuit having a
pl ace-efficient, pagacitgg conprising: _ fotnin%’a_dielgcg!Lq o
| ayer overlyi ndPHbiddEtGly st GVEluRe & seiicbradeasr Yulstgupyductor

form ng abaa@Pening into the dielectric layer to expose a portion

of the conductive feature; filling the via opening with an organic
pl anari zati on If@yERg ¢ @RLYPeHERertpdhe dielectric layer to expose a portion of the conductive
feature;

etching a partial opening into the dielectric layer and positioned over the conductive
feature;

depositing etch resistant particles overlying the dielectric layer and in the partial
opening;

further etching the dielectric layer using the etch resistant particles as an etch mask
to extend the partial opening;

forming a first conductive layer overlying the extended partial opening and
electrically contacting the conductive feature;

forming a capacitor insulating layer overlying the first conductive layer; and

forming a second conductive layer overlying the insulating layer.

2. The method of claim 1, wherein forming a via opening into the dielectric layer
comprises:
forming and patterning an opening in a first photoresist layer; and

etching the via opening.

3. The method of claim |, further comprising after the forming a via opening and
before etching a partial opening:

forming an organic planarization layer (OPL) overlying the dielectric layer including
filling the via opening;

torming a second photoresist layer on the organic planarization layer (OPL); and

forming and patterning a second opening in the second photoresist layer and OPL

fayer.




etching the dielectric layer to forma partial opening positioned

over the conductive feature; depositing etch-resistant particles over
the dielectric layer in the partial opening; further etching
the dielectric layer around the etch-resistant particles to extend
the partial opening form ng an extended partial opening; renovi ng
the etch-resistant particles and the OPL material within the via
opening; formng a | ower capacitor electrode conprising a metal |iner
within the via openlng and the extended partial opening; formng a
capaci t or 4 nsullaei mghedydr clawrerll ywirrgeip Héepmstl@g elqhneﬁrststaahd)amcies compnses

form ng a’?!gb{?;ﬁg]gee)?(@ga% !stai?tr dﬁic?c%tffoqgﬂm ) 50 th[Q ffon%L 1%? H]% kS Gor 81 ic or

openi ng an Al openim ter
10. The WEMhﬂ@HﬂipmﬁaémhﬁdcMﬂMﬂﬂKﬂsﬂﬁﬁﬂfﬂg a via opening into the
dielectric |ayer
5. The method of claim 1, wherein depositing eich resistant particles comprises
depositing etch resistant particles to distribute the etch resistant particles overlying the

dielectric layer and in the partial opening,.

6. The method of claim |, wherein forming a first conductive layer comprises forming

a metal liner.

7. The method of claim 6, wherein forming a first conductive layer comprises forming
a lower capacilor electrode having an irregular surface area of the extended partial opening

and via opening,.

8. The method of claim |, wherein forming a second conductive layer overlying the
insulating fayer comprises forming a metai layer overlying the insulating layer including

tilling the extended partial opening with a metal fill material.

9. A method for fabricating an integrated circuit having a place-efficient capacitor
comprising:

forming a dielectric layer overlying a conductive feature on a semiconductor
substrate;

forming a via opening into the dielectric layer to expose a portion of the conductive
feature;

filling the via opening with an organic planarization layer (OPL) material;

etching the dielectric layer to form a partial opening positioned over the conductive
feature;

depositing etch-resistant particles over the dielectric layer in the partial opening;



conprises: formng and patterning an opening in a first photoresist

| ayer; and etching the via opening. Il.The nmethod of claim9, further
conprising after filling the via opening and before etching the
dielectric layer: form ng a second photoresist |ayer on the OPL
material ; and form ng and patterning a second opening in the
second photoresist |layer and OPL material, the partial opening

extendi ng the Qﬁt@l@q@t&iﬂ%nﬂh@ghe ec%?c 1a}£\ea|%&h@&! Bfh-elighm ;%’Ltlé’f&etroeéx%nd the
etching the dielectric |'ayer to forma partial opening ‘conprises

et chi ng t 3ty ppeainpaliernial ap pelsidey pertahsreaise to the via opening. 13.
The et hod of  GL ALy dune MIETELRAFRARIS WAPuSIHL. LERESLANN B §leffie,

conpr i ses
forming a lower capacitor electrode comprising a metal liner within the via opening

and the extended paitial opening;
forming a capacitor insulating layer overlying the metal liner; and
forming an upper capacitor electrode comprising filling the via opening and the

extended partial opening with a metal fill material.

10.  The method of claim 9, wherein forming a via opening into the dielectric layer
comptrises:
forming and patterning an opening in a first photoresist layer; and

etching the via opening.

Il. The method of claim 9, further comprising after filling the via opening and before
etching the dielectric layer:

forming a second photoresist layer on the OPL material; and

forming and patterning a second opening in the second photoresist layer and OPL

material, the partial opening extending the second opening.

2. The method of claim 9, wherein etching the dielectric layer to form a partial opening

comprises eiching to form a partial opening transverse to the via opening.

13. The method of claim 9, wherein depositing etch resistant particles comprises
depositing etch resistant particles from the group selected from porous polymers, organic or

inorganic particles, and combinations thereof,
14, The method of claim 13, wherein depositing etch resistant particles comprises

depositing etch-resistant inorganic patticles selected from the group consisting of platinum,

gold, carbon, and combinations thereof.
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depositing etch resistant particles fromthe group selected from
porous polymers, organic or inorganic particles, and conbi nations
thereof. 14. The nethod of claim 13, wherein depositing etch
resistant particles conprises depositing etch-resistant inorganic
particles selected fromthe group consisting of platinum gold,
carbon, and conbi nati ons thereof. 15. The method of claim 13,

wher ei n dQ@QS'hm99n§h$$cﬁQ§M§J@ﬂtwﬂé%EﬂGéﬁﬁkﬁgﬂﬂ&!$&§ﬁ£@ﬁﬂﬁhﬁkn&) s
resistant particles wth an area coverage of about 20%to about 60%
16. The neehesdingetdl radisng paiistasevim anowen qageragd dwbpuiciai abopt 60%.

el ectrode conprises form ng the | ower capacitor electrode having an
irregular surface area of the extended partial opening and via

openi ng. 187. The meh&bdf ofaicl Qi whDeinwheniaz foovermdagacitar bepesde comprises

capacitor el ectrode conprises formng a netal |ayer overlying t »
i tor S LS DS et G he o ettt S G ML b B ppgie
ext ended &Hh@bmpﬂﬁab&thM th the netal fill material of the netal

| ayer. 18.An integrated circuit fabricated according to the nethod of
claiml.

i7.  The method of claim 9, wherein forming an upper capacitor electrode comprises
forming a metal layer overlying the capacitor insulating layer including filling the via

opening and the extended pariial opening with the metal fill material of the metal layer.

t8.  An integrated circuit fabricated according to the method of claim 1.




| NTEGRATED Cl RCUI TS HAVI NG PLACE- EFFI Cl ENT CAPACI TORS AND METHODS FOR
FABRI CATI NG THE SAME ABSTRACT OF THE | NVENTI ON | nt egr at ed
circuits having place-efficient capacitors and nethods for
fabricating the sane are provided. A dielectric layer is formed
overlying a corIdlﬂIE@HMEDf(H@CUIE HNVI&?GSHMOEQEH&GIW sabSITTaRE ANA Vi a

opening is forned into tf tErAbﬁI(!‘Aﬁ“Xﬁ(E TR Expose a portion of

t he conductive feature. par opening is etched into the
dielectric layer and positi oned over t he conductive feature. Etch

resistant particles are depoSPtBH oV IYERYHWECH el ectric layer and
in the partial bgpeniedgicuilhtavidg ﬁlh@(éfﬂcleﬁt daﬁa}éﬁc&s a8 oletholidver falgleghedhe Usi Ng
the etch r r d the partial
openl ng. Aesﬁﬂté glgglio\gn%iu}\ dlelectuf er 1srf0rme Qver 18g 6?;)8??c§)}zer]tnaanﬂ1ﬁ%n %yt ended
partial opemhitepdagiel selisede. v \cfa¢plelyng:i@ fﬂula@itmtngaetdiwcmo hglercd éexy@dc heature. A
capaci tor _Iakh athd\dnb AN echibe, AHhIRCHONE!L HING: n]ﬁJ}ﬁen&as Ao ifengyct 1 ve

| ayer. A second conductive over I'nsul ati ng
| ayer. Fi gLﬁo%}n%wd over the conductwe eature. Etch resistant particles are deposnted ovexlymg the

dielectric layer and in the partial opening. The dielectric layer is further etched using the
etch resistant particles as an etch mask to extend the partial opening. A first conductive layer
is formed overlying the extended partial opening and electrically contacting the conductive
feature. A capacitor insulating layer is formed overlying the first conductive layer. A second

conductive layer is formed overtying the insulating layer.

Figure 1
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