2 7 APR 2006 METHOD TO FABRI CATE M M CAPACI TOR W TH A CURVI LI NEAR SURFACE
USI NG DAMASCENE PROCESS FI ELD OF THE | NVENTI ON The present Zcmg[?%ﬂﬁ
invention relates to the field of sem conductor processing.

particularly, the present clainmed invention relates to novel vertical

cyl i niEEADIRT TARBRICATE MM CAPACHPOR: FEIEH AMMRBILE§EAROrs and a
nmet hod for form ng such capacitors. BACKGROUND ART As sem conduct or

geonetries conti BUERFACIEURIENG PAMASERNE FTOCHSSnew difficulties arise
in the fabrication of sem conductor devices. 10 As one exanple, wth

pr OghES Ve THI BT VESFIEONS Ul es, a probl em has ari sen due to capacitance
bet ween adj acent netal layers (i.e. interlayer capacitance). That is, as

devices s b esdhSliz e@qh@‘EﬂABnlr@Vaﬁ;% t8tReRAARST sefBicBnalet® Yy toget her.
Such a con I on resu ts in el eterious increase in interlayer

capagi taggggwh%%pe %‘fﬁ"c %atheeﬁlte%e pelAlian i erdtidierelites @8 15 rul e-based

sem ¥oid VI pro Iem exi sts due to the reduced

di st ancq %eéégscaf%Xﬁghfﬁgpﬁpﬁg%%éehh SSmeBREGIdN SRl Mot

P
ci r cUR¥Y suc as cross-talk anﬁ varl ous ot her RC

(yesi stance/c cita ce% a ff S cl osely spaced netal |ines
nr{ega?qwgi) T8t ?Ipﬁgl 2 |r}(;1}1f‘?l ﬁf(%]h c%ﬁn&ﬁ(}gﬂr%ductor devices. 20 In one

attenpt to reduce such del eterious effects, newer sem conductor
fabrication techni ques are enploying | ower resistance

BACKGROUND ART

As semiconductor geometries continue to become smaller and
smaller, new difficulties arise in the fabrication of semiconductor devices.
10  As one example, with progressively finer design rules, a problem has
arisen due to capacitance between adjacent metal layers (i.e. interlayer
capacitance). That is, as devices shrink in size, adjacent layers are spaced
more closely together. Such a condition results in a deleterious increase in
interlayer capacitance which adversely affects operation of finer design
15 rule-based semiconductor devices. A similar problem exists due to the
reduced distance between adjacent metal lines. Specifically, under some
circumstances, unwanted effects such as cross-talk and various other RC
(resistance/capacitance) delay effects between closely spaced metal lines
negatively affect the operation of the semiconductor devices.
20
In one attempt to reduce such deleterious effects, newer
semiconductor fabrication techniques are employing lower resistance

metals (e.g. copper) to form many metal elements (e.g. lines, interconnects,




‘netals (e.g. copper) to formmany netal elenents (e.g. lines,

I nterconnects, 1 2 7 APR 2006 and the like). Such newer segi ﬁmégﬁ
“fabrication technlques i nclude, for exanple, damascene an scene
processes which readily enploy copper netal and mhich achi eve highly

desi 538! tBergReY. t Such Wiwdt b’é&ﬂﬁ&iﬂ&uc@&p%mcéﬁoﬁ@em b€ inkfadeot readily

etched in the manner 5 which conventional ly-used al um num for” exanple, is

et chigh exAfmld, %Escer&ebh@ dusl- HHﬁ{szrc@ﬁe p?‘d%é's@% &ﬁp&ﬁk&&&ﬁ which in the

past have been readi | formed, at least in- et chi ng of
al u [ or fabrlcation
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Corrpatplpl?alreda\legigceeri(é ﬁlldngoppernéﬁg{]ggglta%rcegg lgrloggégegn Processes.
10
When forming huge copper plates several problems such as dishing,
cusping, and erosion occur. For example, using conventional chemical
mechanical polishing (CMP), severe dishing may occur when the copper
plates are larger than, for example, 8-10 micrometers. Therefore, large
| 15  copper metal-insulator-metal (MIM) capacitors plates with a dimension

larger than, for example, 10 micrometers by 10 micrometers are difficult to

form with copper damascene and copper dual-damascene processes.

As yet another concern, in order to achieve widespread acceptance,
20 and to ensure affordability, any method of forming a capacitor, which
overcomes the above-listed drawbacks, should be compatible with existing

semiconductor fabrication processes.

Furthermore, the desire for high density semiconductor devices, may

25  be compromised by the presence of passive devices. In particular, high




Furthernore, the desire for high density sem conductor devices, may 25 be
conprom sed by the presence of passive devices. In parti cgl gr Fglg 227
APR 2006 capacitance capacitors consune consi derabl e surf&c AR z; en
manuf act ured according to many conventional techni ques. Thus, a need exists
for a capacitor and, a nethod for f_%rrﬁrig t he, 5 capacifor wherein the
capatiRFA NG SMAGHIFHANSHIH: LAY dgF 2P lEspdRtpPEe2 WhE newer sem conduct or
fabrication techniques. A further need exjsts . for a capacitor and a method
for MsTHiAGtUncd REHELINEF WARECANY pRLI0RALERGEAUSHd the formati on net hod
nmeet the above need and are conpatible with existing sem conductor
fabrication processes such that 10 significant revanpi ng of sem conduct or
capital equipnent is not required. A further need exists for a capacitor
and a et Kbysf ameegr ¢xinty fone capgritin and anebhet o fwgnizghilgh capaci t ance
per unit area. 3 2 7 APR 2006 SUMVARY COF | NVENTI ON The present invention
i oveatexitorcapardindheasapagitostarsh the formpatipngnetting snpseinpatiblper ei n t he
capacitor and the formati on nmethod are conpatible with newer sem conductor
f abr witkt newer esetmicgudsctoffebpicatientteSheithudi ndrfurther heed pristsdes a
capacitor and a nethod for formng the capacitor wherein the capacitor and
t he forrarehpacitoreahdc acthed dot freminlgothe: taptcdtbrawbenghbi 8tenent and are
conpati ble with existing

capacitor and the formation method meet the above need and are

compétib}e with existing semiconductor fabrication processes such that
10  significant revamping of semiconductor capital equipment is not required.
A further need exists for a capacitor and a method for forming the

capacitor which provides a high capacitance per unit area.




sem conductor fabrication processes such that significant revanping of
sem conduct or capital equipnment is not required. The present enbodi nent 10

f'urther provides a capacitor and a nmethod for formng a cqzﬁciéégr Rt h
huge copper plates, for exanple, larger than 100 square nifro egﬂ The

preswmﬂ@ﬁ]l&pti Iq,fd@Nfor a capacitor and a nmethod for formng a
I'Tor "W a hig

capac capacitance per unit area. 15 In one nethod

enbodi nen t he pr l-nvent i recites formng a ening.in a

Substr at o T pieseaC SPGB PerEle L oo bl At B e B dobthibRen rcci tes
form a dielectric.region haying t curvilinear,  surfaces opposite one
anot 1Y <aparles issFi Bt Shptlondpians lahbatoBRPPE BFe dammasene
process.. .The surfaces are.curvilinear wi.th respect to 20 horj zont al

P o CoREHI vithateSTer S I H D PP HEPDRE 41 AR GPTESoRY r ot copper
r egi on .havi ng cyrvilinear surface proximte_one of the urfaces of the
el @E%hq%eme@a?faﬁt rf?walﬂ??ﬁea &&R&%@ﬁ@ngr%@é%@?g'f% fo"p’?@é’ea}e enbodi ment
then recites forminaU$ secqnd copper region having a_ curvilinear surface
pr oxFaRREter whersia e sapacitnr and the draetios pelicshadsegathag t he danascene
process. In so doing, the dielectric region forns_a 4 2 7 APR 2006

di el ebeve-disted preqmplishmentiand are sp e witlgiesistingl t he second copper
region such that the vertical cylindrical MM capacitor is formed. Another
enbodemicrndasiton falrieaidon veesses paichnthviti gniflrand revawipingedr surfaces are

cylindrical. In this fashion, a vertically oriented cylindrical MM
capasémaroridsictar papital equipment is not required. The present embodiment

10  further provides a capacitor and a method for forming a capacitor with
huge copper plates, for example, larger than 100 square micrometers. The
present embodiment provides for a capacitor and a method for forming a

capacitor with a high capacitance per unit area.

15 In one method embodiment, the present invention recites forming an
opening in a substrate during a damascene process. The present
embodiment then recites forming a dielectric region having two curvilinear
surfaces opposite one another at least partially within the opening during )
the damascene process. The surfaces are curvilinear with respect to a

20 horizontal cross-section. The present embodiment then recites forming a
first copper region having a curvilinear surface proximate one of the
surfaces of the dielectric region during the damascene process. The
present embodiment then recites forming a second copper region having a
curvilinear surface proximate a second surface of the dielectric region

25 during the damascene process. In so doing, the dielectric region forms a




Yet anot her enbodi ment perforns the above steps in which the curvilinear
surfaces are serpentine. In this fashion, a vertical serpenfihePRA10G M

capacitor is fornmed. These and ot her objects and advantages of the present
invention will no doubt becone obvious to those of ordinary skill in the

2t SRR HERLehNR S ALLaNORS: SELB £ SRSCLLALN DLyt he preferred

enbodiment’s ustra e vari ous igures. 52 7

ar o TG BOFRCRAT TR HrR] iRl MM el CGgR S ABRRRAL Y Tl Pat e

enbodi nents of the invention and, together with the description, serve to
explain the principles of the 5 invention: FIGURE 1A is a perspective view

of a vertjcal, cylindrical, metal - insul,ator-netal c¢ citor, in accordance
o th e A B Pod e DBt PR R SR e RBAT WS 1 e 1m |
top vi ev\f.of t he vertical l.i.ndyical metﬁé-lnsul at of.- ﬁetal. capaci tor of

B gurEvilpesn,sudacesiate sy ipERcahe i iashionpra preticpllgientgd ned

i nventjon. 15 RES 2A-2H are side sectional view of structures

il lﬁ%l’r%{]ril?fé Nﬁgﬁ\‘%ﬂ%ﬂﬁ@i ﬁ%lf?rdﬁe%r ocess steps utilized in conjunction with
the formation of a novel capacitor in accordance with one enbodi nent of

t he present

Yet another embodiment performs the above steps in which the
curvilinear surfaces are serpentine. In this fashion, a vertical serpentine

10 . MIM capacitor is formed.

These and other objects and advantages of the present invention will
no doubt become obvious to those of ordinary skill in the art after having
read the following detailed description of the preferred embodiments which

15  are illustrated in the various drawing figures.




claimed invention. 20 FIGURE 3 is a flow chart of steps performed in
accordance with one enbodinent of the present clained invention. FI GURE 4A
i's a perspective view of a vertical serpentine netal - i nsul at AP

capacitor, in accordance with one enbodi nent of the 25 present clai rred

[ nve@tm@p IﬁE@CF{IP@ﬁ}?@@ﬁ? PHEYRRARVINGS top view of the vertical

serpenti ne rreta -1 nsul ator- net al capaC| tor of Figure 4A, in accordance

w th one %or i ?hﬁra\pf fc'habf‘@@néd?x)‘é%ée‘lf‘m 2nid fddRFa0 s a flow

chart of steps serpentin capacitor, 1n accordance

wth %gcgp'&ﬁﬁcaﬁorf r1?1118£ gg'ten?llluﬁi Eeq)tfv.'o'?‘fﬁetlh%ntﬂaﬁ x{l RE 6A Is a

si de sec?lonal Vi ew o tru ure ing a e formation
process t| I| t| f noveI verti cal
Cer pEieer tfEEnt BeSEbLRR, battd Bblafy eI o™ he present
clai ped i,nvention. 15 FI GURES 6B-6C are top sectional view of structures

I u%‘?‘feeﬂtil%‘ various formation process steps utilized in conjunction with
the formation of a novel vertical serpentine capacitor in accordance with
one enbodi ment of the present clainmed invention. 20 The drawi ngs referred

to in thi %‘I&??ﬁﬁ)l Alzg rz]i Sgr%%legm?ee vlilgmdr%rfsaf 8gxqcical cylindrical metal-

insulator-metal capacitor, in accordance with one embodiment of the

present claimed invention.
10
FIGURE 1B is a top view of the vertical cylindrical metal-insulator-
metal capacitor of Figure 14, in accordance with one embodiment of the

present claimed invention.

15 FIGURES 2A-2H are side sectional view of structures illustrating
various formation process steps utilized in conjunction with the formation
of a novel capacitor in accordance with one embodiment of the present

claimed invention.

20 FIGURE 3 is a flow chart of steps performed in accordance with one

embodiment of the present claimed invention.

FIGURE 4A is a perspective view of a vertical serpentine metal-
insulator-metal capacitor, in accordance with one embodiment of the

25 present claimed invention.




as not being drawn to scale except if specifically noted. 7 2 7 APR 2006
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Ref erence wi |l now b@ Ar@?ezm
detail to the preferred enbodi nents of the invention, exanpl ch
are illustrated in the acconpanying draw ngs. Wiile the invention will be
described in conjunction with the 5 preferred enbodi nents, it wll be
understood that they are not intended to |limt the invention to these

o e G UE F £ IbE Uity e VYARLY Qpb ik ThEAGLPaiGOY o

alternati ns”an eqw va Included within

h ' d of f d ded cl .
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|nvent|on uner sgszlc details are set forth in order to provide a

t hor BERETY %’r"é? HBV '8F- the present invention. However, it will be

obvious to one of ordinary skill in the art that the present invention may
practiced w thout these speci fic details. In other instances, well

known net hods roced conmponent s, .and circuits have n been 15

descri bed¥ i[ﬁtuyfgé 153 %Fh@’ét rﬁ’f@E%Qgg}rF‘PVgo%é’Eﬁtﬂ‘éala%eﬁ?@{lginﬁf t he present

invention. Figure 1A is a perspective viewof a vertjic cylindrical netal -

|nsu13%m%ﬂitqreﬂlalac§%1f5@éﬁeo‘f“ QSWéllmﬁnEOg&{%ﬁﬁ@ﬁ%n F ggeél according to

20 an enbodi nent of the present invention. Figure 1B shows the sane

st r ubrwadidn.om a top view. The vertical cylindrical capacitor 100 conprises

an outer netal cylinder 108 having a substantially cylindrical inner

surface

10 FIGURE 6A is a side sectional view of a structure illustrating a step
in the formation process utilized in conjunction with the formation of a
novel vertical serpentine capacitor in accordance with one embodiment of

the present claimed invention.

15 FIGURES 6B-6C are top sectional view of structures illustrating
various formation process steps utilized in conjunction with the formation
of a novel vertical serpentine capacitor in accordance with one embodiment

of the present claimed invention.

20 The drawings referred to in this description should be understood

as not being drawn to scale except if specifically noted.




and an inner nmetal region 110 having a substantially cylindrical outer
surface. Each netal region 108, 110 al so has a second surfa?e%wgﬂﬁﬁ i 25
shown to be cylindrical, although this is not required. A h Q ectric
8 2 7 APR 2006 nmaterial 106 having substantially cylindrical I nner and

out er DESURIAERN O OB THHFNEERRHEDTMBUDEMBNHSr s 108, 110 to formthe
vertical cylindrical capacitor 100. There is a substrate of inter-netal

di el ectri cRdR4ehc® il lnw ke rHh&é 86 et £il TBERE 'p%ﬂerréﬂ BRHoIRR cREs Whi ch is
inside the inner nmetal cylinder 5 110. A second portion of the substrate of

i nt ereHetlendion] @&hiipled O vﬂﬁ%hdaex% iIRisESitde zh%evgécfohﬁﬁdr?gﬁﬁg' ndrical MM

capaci tor 100. El ectrodes 102a and 102d connect the i opper cyl i nder

110 tg-Riig rwnﬁeltwei veAYRhSwhl b%fh"escﬁb@g onfiid o El ectrodes

102c and 102b connect e outer copper @ to h| gher and | ower

l%yer}?rle‘?émfeﬂ%n%dﬁfﬂehts ﬁ;ﬁﬁ%é Yigla¥rsthd '%tngf’ﬁ?eggﬁéfl Aid}ehapg heve view of

a vertical serpentine net I nsul at or - aci din a
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e
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10 present invention, numerous specific details are set forth in order to

provide a thorough understanding of the present invention. However, it
will be obvious to one of ordinary skill in the art that the present invention
may be practiced without these specific détails. In other instances, well
known methods, procedures, components, and circuits have not been

15  described in detail as not to unnecessarily obscure aspects of the present

invention.

Figure 1A is a perspective view of a vertical cylindrical metal-
insulator-metal capacitor 100 formed in a damascene process, according to
20 an embodiment of the present invention. Figure 1B shows the same
structure from a top view. The vertical cylindrical capacitor 100 comprises
an outer metal eylinder 108 having a substantially cylindrical inner surface
and an inner metal region 110 having a substantially cylindrical outer
surface. Each metal region 108, 110 also has a second surface which is

25  shown to be cylindrical, although this is not required. A high k dielectric




20 each having a surface of substantially vertical serpentine shape
proximate to the serpentine dielectric region 406. Electrodes 408a and
408b each connect one side of the copper region 402 to hilgheAPR )86 s of
the circuit. Not shown are el ectrodes which connect each half of the

COPREAtered P06 AQZinPshPsantBr clav®isaloinneltenrcd babet subfated APR 2006 More
generally, the netal -insulator-nmetal capacitor of the present invention

may ;g deQ TR o the bBp&t Rikdd el in0GoHBEM e Paiticid Mndredutvi | i near
shape wth respect to a horizontal cross-section or plane. 5 Consequently,

t he fcgggciﬁ!&t 0! 9%e283s hUHsBthth e is@RanbiArdiBlatas 104 le.gack khave a

sur proximate to the high k dielectric which mrrors the curvilinear

Shapg ety d e dtedil K ad]loeﬁ?&ﬁ oF %Jgéﬂ}ié@ﬁﬁ@%% i}ﬁnér%_e@%’f Ylihagar structure

of the present 1 nvéntfon pr oVi or a capacitor with a large surface
5,30 A ISH Pl APRELPAGEt T IASERICSSRCh ki oonce o
CoPTELPRSRRGE LRI AR, At oh g curvil i near
12, 55 e PR P e A TB el DR BHBR SR YPRRY O 2, S
O Do R e 8 AR P Bt B S BB L
enb?:?riin g%‘ Slngtothghgl[ g%ﬁ%wieg\ig)rr]éljsoor}'th\é\héil'(?uiﬁi Ige%E)ggtigél_yz.H depict the
10
Figure 4A is a perspective view of a vertical serpentine metal-
insulator-metal capacitor 400 formed in a damascene process, according to
an embodiment of the present invention. Figure 4B shows the same
structure from a top view. The vertical serpentine capacitor 400 is formed
15  within a substrate of inter-metal dielectric 104 (e.g. low k dielectric
material). A metal region 402 is divided by a vertical serpentine region 406
of high k dielectric material to form the vertical serpentine capacitor 400.
The highk dielectric region 406 has two vertical serpentine shaped surfaces
opposite one another. The metal region 402 has two sides 402a and 402b
20 each having a surface of substantially vertical serpentine shape proximate
to the serpentine dielectric region 406. Electrodes 408a and 408b each
connect one side of the copper region 402 to higher layers of the circuit. Not

shown are electrodes which connect each half of the copper region 402 to the

lower layers of the circuit.




20 formation of a capacitor with a vertical cylindrical shape, the present
I hvention is well suited to form ng capacitors with other CUI’VI | i near
shapes. As will be described in detail below, the nethod andl arﬁ[B’RrZﬁUﬁs of
the present invention deal with a novel netal-insulator-netal (MM copper
capacitor. Furthernore, although the follow ng discussion and exanples 25
specifically describe a novel copper MM capacitor and formation method 10

CJ'!
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15

2 7 APR 19%9@ e8I} tHdd? %F%ﬁﬁla‘t&f’%@tb% éa%zs@f’ﬁﬁé:grééeﬂted to use with

netals o than ‘copper, for exanple num etc urt her rmre the
Eéﬁ%@?@twh%ﬁ&yﬂﬁi ﬁ?ﬁ%%%ﬁgbbﬁgh“ﬁfiéé&%e R A = e Y
.m ‘53%12%&??%’1‘%%%@99' ﬁﬁgi%ffﬁ 4 Hor At e %4;:3?"0 2%1 ﬁsﬁ%{tﬁéoz 0 & dua
Ty‘i‘ DR BRI B A g B bol B G Waces S HERBM coa o
| aI su hsas Ofor (% %ééggi% L er? d| el e%érl c%l I\/E);adngz efl al .
I m;{l K 0 ]ﬁpl:e o 1I\(;D IEI‘Orgisal fih ?Zc Ig(rj n the
n u | i i
exi@ﬁmlﬁéﬁ%ﬁ%ﬁ P e 6 el o ddvattapeouay) i, FREtBRgat e use of

any ot her rial intp which it esired tp formthe present novel MM
capk E‘F?t&l‘e%ﬁ@ %S?%H%‘Eeém%?r%‘f‘éﬁé%lf A ROAGHORSH IR tIBRent s of the
present |nvent|§n occur within a damarsrﬁﬁlne process flow. That is, the
pr S3BfACe AR apddpBIce @ ARERY capacitanes nadederasapt eapdimiend fabri cati on

met hods which are
exposes a relatively small area of copper to a CMP process. Furthermore, a

large capacitance per unit horizontal area majr be achieved by the

curvilinear structure.

Figures 2A-2H provide side sectional views of structures created
according to embodiments of the method of the present invention as set
forth in the flow chart of Figure 3. For purposes of clarity, the following
discussion will utilize the side sectional views of Figures 2A-2H in
conjunction with the flow chart of Figure 3 to clearly describe the
embodiments of the present invention. While Figures 2A-2H depict the
formation of a capacitor with a vertical cylindrical shape, the present
invention is well suited to forming capacitors with other curvilinear
shapes. Ag will be described in detail below, the method and apparatus of
the present invention deal with a novel metal-insulator-metal (MIM) copper
capacitor. Furthermore, although the following discussion and examples

specifically describe a novel copper MIM capacitor and formation method

10



conpatible with, a damascene, dual -damascene, or nulti-danmascene process
flow The present invention is not, however, limted solely gorm W th
such damascene process flows. Wth reference nowto Figure 2 tep
304 of Figure 3, the present enbodinment fornms a cylindrical opening 204 in

the shdebf e Jldentiivdifich %%fé‘%@é]ﬁéﬁ{tgﬁggﬁﬁglﬁﬁéi Ig,gtglﬁc&yﬁhiender of

substrate material 25 remaining inside 1 enerally, the openi ng

0,565 OB kel Ay R B 11T 08

of the opening may have ot pes an he formati on of

a ca ' | ' ' ' e the .
net a;ﬁ-ﬂﬁ% u na#o?v{égrlggﬁlgﬁ%g? ?(?Ig:?i’ngag f},\";‘m&’ I%%&%&eﬁgFmd@)§ﬁWFgPr'f ashion, it
is not required that the inner surface of the opening 104 5 be

cylindrical. Wth reference nowto Figure 2C and to step 306 of Fi gyr'e'_ 3,
the cyit aivh EEPAEREE Rk 50%RLE A BB Fr R VE B i eamheayer of i oh k
10, Sh R oA A % pions MG Shencmnami S (hTH L
Rl R R RO LR TG
240 RPELTaLE J8iot SHEQ BALERE! FoRomast @dchn Papsked Rt asahavtieimepost tf on of
A el Elre 2AP Mo Substoate T04 15 comprised bf B material shallag. foamscene process..
10 example, an inter-metal dielectric (IMD) material. In one embodiment, the

IMD is compriséd of a material such as, for example, silicon dioxide.

Although such an IMD material is recited in the present embodiment, the

present embodiment is well suited to the use of any other material into

which it is desired to form the present novel MIM capacitor. More
15 importantly, steps of the method embodiments of the present invention

occur within a damascene process flow. That is, the present novel copper

capacitor is formed during, and using fabrication methods which are

compatible V\;ith, a damascene, dual-damascene, or multi-damascene

process flow. The present invention is not, however, limited solely to use

20 with such damascene process flows.

With reference now to Figure 2B and to step 304 of Figure 3, the
present embodiment forms a cylindrical opening 204 in the substrate 104
during a damascene process, leaving a cylinder of substrate material

25 remaining inside 104b. More generally, the opening 204 need not be

11




Referring to Figures 2C and 2D, as well as step 308 of Figure 3, the
present enbodi nent then subjects the structure of Figure 2C to an e%&ai ng
20 process to renove certain portions of high k dielectric daf eAPRIZNBMO. I n

this step of the present enbodi nent, a |ayer of photosensitive materi al
(e. . r sl cégg] ' L §ed d tt.erned. For anpl e, the mask
206%&1&89&[ 'e%ﬁ#gﬁ( |éF}Z%tg§?(%sg?ae%% on" 4 en%§gﬁ§8%h§r¥ea??tﬁﬁffar shape. In
t hi Lon,,- ' | ekectri-c |ayer 106 wit.h a cylindri,cal shape for
the%‘gbgg\%lr L?télglamcy Fér?‘dﬁ#ecgqer%tﬂﬁ%ggécqatp(??g%ff ’B% af‘@ﬁ}%‘g‘?cqln one
enbodi nent..of the 1 7_APR 200 resent. i nvention, the remgval of the
o on RbE B resPEet ool st B FuRR i barBiee: o STHIGhE Seeh g (R B
process.., Th resent. i nyention.i , . however, Ijijmted to the use of such
o G BRI FeBEba tis nobREVERd theb fee srmerruiaie of Hleeorr@atihr; al 240,
glhgr trenches/vias 210 may al so be etched 5 during this step. Still
ef Pr‘?yr]rljl 3¢¥i gure 2D, the cylindrical high k dielectric region 106 may
be typically be approxi mtely 500 Angstronms w de. However, other w dths
such as, for exanple, 100 Angstronms to several thousand 10 Angstrons, may
be used depending on the capacitance desired. Furthernore, in the present
enbodi meY1thingéerenga mosntotigure 2y rnddeisten 306 0§ Figurs 31wt ric regi on 106
is conpatible with narrow wi dth masking techni (?ues, such as, for exanple,
. 15Presantiambediapent deppsitsep high ki dighaetric mpatiental | 240hwithaptthe 1t will be
under stood that variations of the above steps 15 nmay be used to formthe
hi ghylindfieakbepeningr2Q4. oFheqeesent method deposits a layer of high k
10 dielectric material 240 such as, for example, silicon nitride, tantalum
oxide, or tantalum nitride in the trench/via 204. Alternatively, the high k
dielectric material may be a suitable organic material. This high k
dielectric region 240 need not have a cylindrical shape. Furthermore, in
the present embodiment, the deposition of the high k dielectric material 240
15 is accomplished during, or in a similar manner to, the deposition of

dielectric material for various other purposes during a damascene process.

Referring to Figures 2C and 2D, as well as step 308 of Figure 3, the
present embodiment then subjects the structure of Figure 2C to an etching
20  process to remove certain portions of high k dielectric material 240. In this
step of the present embodiment, a Jayer of photosensitive material (e.g.
photoresist 206) is deposited and patterned. For example, the mask 206 over
the high k dielectric region 240 may have an annular shape. In this
fashion, a high k dielectric layer 106 with a cylindrical shape for the
25 . vertical cylindrical MIM capacitor 100 is formed. In one embodiment of the




Referring now to Figure 2E and step 310 of Figure 3, in a damascene
process, a liner material 212 (e.g. tantalum tantalumnitride, titanium
nitride, or the like) is used to prevent subsequently depositlediPRef806 (such
as 20 copper) from contam nating substrate 104. In the present enbodi nent,

| i j f | @t el y,.50- 200 t £l terial.

owgbee e SRR R ol B A e Gad A0 AP RomRetnesses.  Then

th | ngs 208.are fi.lled with metal . Th t inventiop is well

sur PRI 2 AR ARR A Ruapitk TROR) ol ol e€etord, FOiemt R bbpr ocosses. I n
25 enbadi nent, the bargjer | 212 i d with a.top layer, of 13

2" THRBEY Sb 0L NI §F Hd IR IRGSE foremate BeBomaobr | ol (1. e

a l r.of. .the materjal_ to subsequent |y el ectrop] ated i nto openi ngs
208@% hdféslecg‘a? Rpte Zﬂhne& rftfpeglllefi{WSn‘%ﬂrQ By asodre etadiesh 110 is

%or d, Wiihh its cylindrical inner surface proximte the outer surface of
heCHP'@S K118 S§fR ectric regi on 106 during the damascene process.
Furthernore, the outer vertical cylindrical nmetal region 108 is forned
with its cylindrical outer surface proximate the inner surface of the high
k dielectric region 106 during the damascene process. In this fashion, a
verti cal Stif} refertingto pﬁlwreeaﬁhghpmyhmqaé Highriedielegititeegione, in the
present enbodi nent, the 10 formation of inner and outer cylindrical netal

r egl@f snay be &ypicalld besaprrosimptdly 5@ Avgstrgmeowide Hsiendraothanner to, the

formati on of various other nmetal structures (e.g. netal regions 125)
f abwididseshidhoas, Viar iecmaspleh$00 Angsioses usdvegahtideusaodne/ dual
damascene/ nul ti - danascene process.
10 Angstroms, may be used depending on the capacitance desired.

Furthermore, in the present embodiment, the creation of the cylindrical

high k dielectric region 106 is compatible with narrow width masking

techniques, such as, for example, 157 nm lithography and step-and-flash

imprint lithography. It will be understood that variations of the above steps

15  may be used to form the high k dielectric region 106.

Referring now to Figure 2E and step 310 of Figure 3, in a damascene
process, a liner material 212 (e.g. tantalum, tantalum nitride, titanium
nitride, or the like} is used to prevent subsequently deposited metal (such as

20  copper) from contaminating substrate 104. In the present embodiment,
layer 212 is comprised of approximately 50-200 Angstroms of liner material,
However, the present invention is well suited to other thicknesses. Then
the openings 208 are filled with metal. The present invention is well suited
to blanket deposition, electrodeless, or electrolyte processes. In one

25 embodiment, the barrier layer 212 is covered with a top layer, of

13




Additionally, a portion of the substrate 104b may be fornmed into a cylinder

15 inside of the capacitor 100. The inner cylindrical netal ﬁgl@ﬁmﬁﬂg S
formed wth its inner surface proximate the substrate 104. [
understood by those of ordinary skill in the art, the present enbodi nent

r eMyAoRKARRy M@lh&%f&ﬁ%%("sqvp) 4fSeelt PIB0AR] GAL Pl fIR! fjod such as

chem cal nechanical polishing erence n to step 312 of
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capacitor 100 is formed. Furthermore, in the present embodiment, the

10  formation of inner and outer cylindrical metal regions 110 and 108 is
accomplished during, or in a similar manner to, the formation of various
other metal structures (e.g. metal regions 125) fabricated for various other
purposes during a damascene/dual damascene/multi-damascene process.
Additionally, a portion of the substrate 104b may be formed into a cylinder

15 inside of the capacitor 100. The inner cylindrical metal region 110 is formed
with its inner surface proximate the substrate 104. As is well understood by
those of ordinary skill in the art, the present embodiment removes excess
metal using, for example, a planarization method such as chemical
mechanical polishing (CMP).

20 |

With reference now to step 312 of Figure 3 and Figure 2F, the present

embodiment deposits a second low k IMD layer. The layer may be deposited
by, for example, Fluorine Spin-on-Glass (FSG), Spin-on-Glass (S0OGQ),

undoped Spin-on-Glass (USG), etc. Then, the present embodiment masks

14




sectional views of capacitor formation. In step 510 of Figure 5, the
present enbodi nent deposits a high k dielectric material within an opening
in the substrate. The opening need not have a shape analogous to the
curvilinear shape which the capacitor 400 will have. The pZebefR 8ifhod
deposits a layer of high k dielectric material 240 (not shown) such as,
for exanple, silicon nitride, tantalumoxide, or the like. Furthernore, in
t he present enbodi nent, the deposition of the high k dielectric nmateri al
240 (not asidopmiterns fax the kapaetioxielacimgdesot02x (Botsshowa) amdnh@2c t o, t he
depositign of high k diielectric material ., fqr various other purposes durin
a darmascénet phewad simpdtanequsdy Pethithe ofherdntercgnnects.and Fi gures 6A- 6B, °
the present enbodi nent then perfornms an etching process to renove certain
portions of high k dielectric material 240 (not shown). In this 15 27 APR

20 step of thggﬁhﬁéquiéeprgéﬁ%r}gn eBaSi@XPFéQ&ﬁgg?,oéﬂﬁﬁgg?fés%’%@}Fri al (e.g.

phot oresi st 2 at't erned: exanp e nmask 206

(not showR) c@MRIit iRRohiplBtdd Bx_erbﬁﬁaﬁ'gq;h@et@pa@;t%ﬂ@léét;@bdé@th (agy have a
serpentine shape. In this fashion, a high k dielectric |ayer 406 with a

vertical shewmnindd02odpet shown)andothaninteecqemdta @18 (ot shawin)or 400 i s
formed, as seen in Figures 6A and 6B. In_one enbodi nent of the present

i nvent i o&s perecansraniagnalfdualed amgisceneiM Meor MOMhproessingown) s
perfornmed using a reactive ion etching (RIE) process. The present

i nvention is not, however, limted to the use of such an etching process

As described herein, the method described in Figure 3 may be
modified to form capacitors with other curvilinear shapes with respect
to the metal-insulator-metal barrier. Figure 5 describes the steps of a
process which may be substituted for steps of the process of Figure 3.
Figure 6A shows a side sectional view and Figure 6B-6C illustrate top
sectional views of capacitor formation. In step 510 of Figure 5, the
present embodiment deposits a high k dielectric material within an
opening in the substrate. The opening need not have a shape
analogous to the curvilinear shape which the capacitor 400 will have.
The present method deposits a layer of high k dielectric material 240
(not shown) such as, for example, silicon nitride, tantalum oxide, or
the like. Furthermore, in the present embodiment, the deposition of
the high k dielectric material 240 {(not shown) is accomplished during,
or in a similar manner to, the deposition of high k dielectric material

for various other purposes during a damascene process.
Referring to step 520 of Figure 5 and Figures 6A-6B, the

present embodiment then performs an etching process to remove

certain portions of high k dielectric material 240 (not shown). In this

15




to renove portions of high k dielectric material 240 (not shown). QO her
trenches/vias 210 may al so be etched during this step. The serpentine high

k dielectric region 406 nay typically be approximtely 500 Angstrons w de.

However, other widths such as, for exanple, 100 Angstrons?tjo AFR Sl
t housand Angstronms, may be used depending on the capacitance desired.
Furthernore, in the present enbodinent, the creation of the serpentine

high k dielectric region 406 is conpatible with narrow w dth ski ng
t echni qeten of the paesemtoembodamens, a 1syenaf photeagnapive aratesialleagid- f | ash

|6gpr: Ft glhiot hogr.a:o%;: Reﬁ err wggi Qﬁa,é}ta%ﬁ%%fgd é)rz%gmlgiﬁg%r@ﬁS aniii(%é)%!:i gure
tantal u t htrilde, 1 ti: | Lir [ ' d

or ovent chet R VB Pl 1 iRBPHT Bl 280 Bl RS B A et ng
subst ra@&%«?f{'ﬁn& Bhilpe. Ph&hed fa SHIBACE TRBh. k U8B Lr3d Faydiod06 hA¥R)a | S

conpri sed approximately 50-200 Angstrons of liner material. However,
the preseticaly@iplending shupt lfor thé edrticabtdgentmmc MidM sapacitor2 7 APR 2005
Then the openings 428a, 428b are filled with nmetal. The present invention
i s wel |l 490iisddrmedpbardeen imePiminesdiA agide6Br buenessmbedimentef theyt e

processes. In one epbodinent, t rrjer. layer 212 0 shown), .is covered
with a Pepsentgvention,fhetamay 9fb ﬁlq Ewlhhfrfﬁp trig {W?‘C’B’fn dged

material (|.e€. | ayer of the .materjal e ectropl at ed
"o operriBiofysiih Saskip PR kbl (BIRE prodiRCRHE kRl oo M P
invention is not, however, limited to the use of such an etching process

to remove portions of high k dielectric material 240 (not shown). Other

trenches/vias 210 may also be etched during this step.

The serpentine high k dielectric region 406 may typically be
approximately 500 Angstroms wide. However, other widths such as, for
example, 100 Angstroms to several thousand Angstroms, may be used
depending on the capacitance desired. Furthermore, in the present
embodiment, the creation of the serpentine high k dielectric region 406
is compatible with narrow width masking techniques, such as, for

example, 157 nm lithography and step-and-flash imprint lithography.

Referring now to step 530 of Figure 5 and to Figure 6C, in a
damascene process, a liner material 212 (not shown) (e.g. tantalum,
tantalum nitride, titanium nitride, or the like) is used to prevent
subsequently deposited metal (such as copper) from contaminating
substrate 104. In the present embodiment, layer 212 (not shown) is
comprised of approximately 50-200 Angstroms of liner material.

However, the present invention is well suited to other thicknesses.
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the metal regions 402 with vertical serpentine surfaces are fornmed around
the vertical serpentine high k dielectric barrier 406 such that a vertical
serpentine M M capacitor 400 is formed. Furthernore, in the resent

enbodi nent, the formation of metal regions 402 with a sedperdPR@0B5 de
surface 408a and 408b are acconplished during, or in a simlar manner to,
the formation of various other nmetal structures fabricated for various

ot her purposes during a damascene, dual danascene, or multi-danmascene

p;ﬁgcgss Theantli¢ epenings 438a.54280 ave Sileshwitlometal ohhewrrsemt of the present
enbodi nents are .realjzed usi exi stjng sem duct fabricati

pr ocess&BVeREAN s Jfell sy @anﬁ]@%zéi?@%ﬁglén@cé’gﬁ&g’éﬁi‘fﬁ grr l:;gi ![ gln

equi prent_i.s ot requireds As a _r ] | ts d t
Faqun v e e ol prpCkRseR s She hahBidirbend IhBERIA 1S THRLT, 6h ™
provi deéhawﬁmaﬁ%@rgda@ﬁwa %Bfr)rg@ﬂer fagdpoRingatéRea FeRaiA@edrher ein the

capacitor and t rmat 1 on thod aré conpatible with newer semi conductor

fabri catimgstréehof gewd mIteeidlr@sentlagsbodtherhafariahes ber ovi des a
capacitor and a nethod for formng the 17 2 7 APR 7006 capacitor wherein

the capaubsequentlytciectroplatedontowpkoings B08\wot sleowmbols-do deiag,
acconpl i shnment .and, are conpatible wth existing .sem conductoy fabrication
pr ocesséBegnetalmegions dRZw @gn‘fer(c@%ﬁﬁrmfdne I fRcesReC F'l%{ipi t al

equi prrergroiu%drﬁ;[e ver ijciarles%rpgﬂﬁnerheféﬁrﬁ diierl\égﬂiii: Yarrier 406 such that a
vertical serpentine MIM capacitor 400 is formed. Furthermore, in the
present embodiment, the formation of metal regions 402 with a
serpentine side surface 408a and 408b are accomplished during, orin a
gimilar manner to, the formation of various other metal structures
fabricated for various other purposes during a damascene, dual

damascene, or multi-damascene process.

Beneficially, the structures and formation methods of the
present embodiments are realized using existing semiconductor
fabrication processes such that significant revamping of semiconductor
capital equipment is not required. As a result, the present

embodiments do not require significant costs to implement.

Thus, the present invention provides a capacitor and a method
for forming the capacitor wherein the capacitor and the formation
method are compatible with newer semiconductor fabrication
techniques. The present embodiment further provides a capacitor and a

method for forming the
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5 further provides a capacitor forned in a danascene process w th copper
that may be substanti ally larger than 100 square mcrorreter grpg il sent
invention further provides a capacitor and a nethod for form n zgﬁaci tor
with a high capacitance per unit area. 10 The foregoing descriptions of
speeapaditambdirantlse ohpadieomandeaihic formweitn niethed @echiare fireesent ed for
purposes of illustration and description. They are not intended to be
exhabhséd-Yiet@d aktomblichridig and enti @mpatibleewitheetistingf or ns di scl osed, and
obviously many nodifications and variations are possible in light of the

aboyemi@ariicier fAbecetibadirepises\lich €hQS eltrafifadidréaaaipidiedfin order to

best explain the principles of the invention and its practical

apphimddddhctdPc dﬁﬁé?@bﬁuﬂfﬁ@h@@h@@%qﬂ%ﬁ' erhd préfe@tanvehfioRest utilize

the 1 nvention and vari ous enbodi nents wth varl ous nodifications are

ui rti i t Lede t t the scope
S e e S B e A

equwaad £l éﬁb&ahpﬁ% %}%@r%éh'\ﬁ)dg lg?n% mmﬂom o2t ipd fREeAOr M ng 2

I ns or-neta apacl t or ring amascene ‘process, said

fret h%den‘% fﬁ&h@g F:05iddCR RaBheit ahAl A h%d%?'f&ﬁ-ﬁ%{a%igsc%gaQROPaV' ng a

secon urviline rlng sai ne process, said
sur I}V?ﬁ'? a ce(lzl%c\ﬂe;ﬁc%eﬁ‘ér unit area.
10 The foregoing descriptions of specific embodiments of the present

invention have been presented for purposes of illustration and description.
They are not intended to be exhaustive or to limit the invention to the precise
forms disclosed, and obviously many modifications and variations are
possible in light of the above teaching. The embodiments were chosen and
15  described in order to best explain the principles of the invention and its
| practical application, to thereby enable others skilled in the art to best
utilize the invention and various embodiments with various modifications
are suited to the particular use contemplated. It is intended that the scope
of the invention be defined by the Claims appended hereto and their

20 equivalents.
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W th respect to/horizontal cross-section; b) formng a first netal region
having a curvilinear surface during 10 said damascene process; and c)
formi ng a second netal region having a curvilinear surface? JdypPRngjjgai d
damascene process, with said dielectric region is disposed between said
first metal region and said second netal region such that said MM
capacitor is fornmed. 15 2. The nethod for formng a MM capacitor as
recited in Claim1l, wherein saigafiipfgt and said second curvilinear
surfaces of said dielectric, said curvilinear surface of said first netal
regi @M @agsai d curvilinear surface of said second netal region are
substantially cylindrical. 20 3. The nethod for formng a MM capacitor as

o5 L., A AR T AR R 7T e
(F0s A, SRbAs O ai TS PmDRstoS S8 ePTRE mochod for
Lor 1. 2o A SARRSL e SSRET b S b S Al SO °25,
surface during said damascene process, said surface being curvilinear
with respect to Ewrizontal cross-section;
b) forming a first metal region having a curvilinear surface during
10  said damascene process; and
¢) forming a second metal region having a curvilinear surface
during said damascene process, with said dielectric region is disposed
between said first metal region and said second metal region such that said
MIM capacitor is formed.
15
2. The method for forming a MIM capacitor as recited in Claim 1,
wherein said first and said second curvilinear surfaces of said dielectric,
said curvilinear surface of said first metal region, and said curvilinear
surface of said second metal region are substantially cylindrical.
20
3. The method for forming a MIM capacitor as recited in Claim 1,
wherein said first and said second curvilinear surfaces of said dielectric,

said curvilinear surface of said first metal region, and said curvilinear

surface of said second metal region are substantially vertical serpentine.
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a2) formng said dielectric region at least partially within said opening
dUring sai d danmascene process; step b) conprises formng said first netal
region with its said 10 curvilinear surface proximte salng rface of
said dielectric region during said danascene process; t&ﬂ?gﬁm
conprises formng said second netal region with its said surface proxinmate
sai d second surface of said dielectric region during said danascene

process. 415179 ﬂ&ﬁoﬂ%?qgrﬁﬁ}[ B%M%ﬁ’adﬂd}/‘ £PRRHUI0 Bfaieqited in Caim4
wherein: step al) conprises orm ng said opening with a portlon of said

subgiyalsy f enai ning substantially in the center of said opening, said 20
substrate conprising an inter-netal dielectric; and step c) conprises

form ng tal region with a second surface proximate said
remai ni ngﬁfdggg(?lgl?’q‘&g The nethod for formng a MM capacitor as recited

n Cdaiml 2 S tal region of
Sopper. 20 2 JABRSISH Seinf IR HFSr L TubRe "l daabedR O L
recited |1r) Ccé‘isgl g}lé wherein step c) conprises form ng said second nmet al
regi on of ™2 copper. 8. A damascene process-based netal -insulator-netal (MM

}- capaci tor Congéj ?om%ng said dielectric region at least partially within said
opening during said damascene process;
step b) comprises forming said first metal region with its said
10 curvilinear surface proximate said first surface of said dielectric region
during said damascene process; and
step c¢) comprises forming said second metal region with its said
surface proximate said second surface of said dielectric region during said .
damascene process.
15
5. The method for forming a MIM capacitor as recited in Claim 4
wherein:
step al) comprises forming said opening with a portion of said
substrate remaining substantially in the center of said opening, said
20 substrate comprising an inter-metal dielectric; and
step ¢) comprises forming said second metal region with a second

surface proximate said remaining substrate.

6. The method for forming a MIM capacitor as recited in Claim 1

25 wherein step b) comprises forming said first metal region of copper.
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a) a first metal region having a curvilinear surface with respect to a
hori zontal plane, said first nmetal region forned during a danascene
process; b) a dielectric region having a first and a secoﬁh7cﬂPRiMM@ear
surface wth respect to a horizontal plane, said first surface di sposed
proximate to said surface of said first netal region, said dielectric
region formed during said damascene process; and c) a second netal region

having a havi nggque/ideitRE@ TorSforiafig AWMIM chfiRelast@cRelaniClankal pl ane
di sposed proxi mate said second surface of said dielectric region, said

second nethéreiegiemcX amprisenifarngngaiadd seemssmetd negtgesicoppesr ei n sai d
dielectric region is disposed between said first netal region and said
second netal region and wherein said MM capacitor is forned. 9. The

damascene proGese aRARRMCAE bRbodsa kAl MetiPiAlylaRRamiiar pefyy Cl ai m 8,

wherein said firs second curvilinear surtfaces of said dielectric
region, Sapdciuf ¢bimiphiangsurface of said first nmetal region, and said
curvilinear surface of said second netal region are substantially
cylindrical iohrstomesal vogiyshawng »Auriboyae swfiee vate romsck e 2based

| -1 I - I ' f ' .ej 1d £ d id
cecond cdnerereriaby s PAREEH el yo it Bt MERRES Flhdaea 3074°"

curvili nggiyesdsi face of said first netal region, and said curvilinear

surface of said second netal region are substantially vertical
b) a dielectric region having a first and a second curvilinear surface

with respect to a horizontal plane, said first surface disposed proximate to
said surface of said first metal region, said dielectric region formed during
said damascene process; and

¢) a second metal region having a havinga curvilinear surface with
respect to a horizontal plane disposed proximate said second surface of
said dielectric region, said second metal region formed during said
damascene process, wherein said dielectric region is disposed between said
first metal region and said second metal region and wherein said MIM

capacitor is formed.

9. The damascene process-based metal-insulator-metal capacitor of
Claim 8, wherein said first and second curvilinear surfaces of said
dielectric region, said curvilinear surface of said first metal region, and
said curvilinear surface of said second metal region are substantially

cylindrical in horizontal cross-section.

10.The damascene process-based metal-insulator-metal capacitor of

Claim 8, wherein said first and said second curvilinear surfaces of said
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serpentine in horizontal cross-section. 11. The damascene process-based
netal -insulator-netal capacitor of Claim8, wherein said first netal
region is conprised of copper. 12. The damascene process-based

metal -i nsul ator-netal capacitor of Caim8, wherein said?ff rAdfR pgal
region is conprised of copper electroplated copper. 13. The danmascene
process-based netal -insulator-nmetal capacitor of Caima8 wherein said
dielectric region conprises a high k dielectric material_ selected fromthe
group condsleetrisg saird airvilinpqr surtace of awd Hush magtahresirpeand 92idThe damascene

process-ba 1ﬂng§1‘ %fi%geg Hﬁ' a8 rsg%%#egﬁ%gio%loza??gu&s%aﬂimﬁvm%a?i n said

second neta region s conpri copp mascene process-based
met al - i nsulRmndERl Réritdith) crodpaedticar. conprising: a) a dielectric region
having a first and a second surface of curvilinear shape with respect to a
hori zontal plane; b) a first nmetal region having a surface of curvilinear
shape with respect to the horizontal plane disposed proxinmate said first
surface of said dielectric region; and 22 2 7 APR 2006 <c¢) a second netal

regi on havi ng ia. THe dageaseén€ protebd-basyd spapeinsuldior-aspatéagaeitohef hori zont al
pl ane diz?osed proxi mate said second surface of _ said dielectric region,
with sai dlaimSeatherein syl dstimepalsegionas gomprasadifcopper. netal regi on and
said second of nmetal region, wherein said M M capacitor

12. The damascene process-based metal-insulator-metal capacitor of
Claim 8, wherein said first metal region is comprised of copper electroplated

copper.

13. The damascene process-based metal-insulator-metal capacitor of
Claim 8 wherein said dielectric region comprises a high k dielectric material

selected from the group consisting of silicon nitride and tantalum oxide.

14. The damascene process-based metal-insulator-metal capacitor of

Claim 8 wherein said second metal region is comprised of copper.

15. A damascene process-based metal-insulator-metal (MIM) capacitor
comprising:

a) a dielectric region having a first and a second surface of curvilinear
shape with respect to a horizontal plane;

b) a first metal region having a surface of curvilinear shape with
respect to the horizontal plane disposed proximate said first surface of said

dielectric region; and
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S is formed. 16. The netal -insul ator-netal capacitor of O aim 15, wherein
said first and said second curvilinear surfaces of said dielectric, said

curvilinear surface of said first netal region, and said cgrwr{%}ﬁg@g
surface 10 of said second netal region are substantlally cyli 17.

The net ady iansdtbal e tE RiGPRAGHLE RirfidebMuilinbsF §hAps &gy first and
i i

said second curvilinear surfaces of said di

ectric, sal curvilinear

surfaagRcPio §l§’é Hofizbatal'Bbab & 1%&%%% gaﬁi’éc\!éo!ﬂdﬂ' fa§é”fgace 15 of said: ‘

second netal region are subst tlal y vertica

ser en

metalial ieeatiohe graogtalwﬁll}/lst ﬁ?eq Oxreg‘.ﬁgln & m%%c@easb \g&fr t%l)%"a} d first netal

regron 1s conpri

copper. -in capaC|tor

h k di el
o SRS R d"ofé%l%ﬁagrf@%as?%vﬁﬁge‘%ﬁi’s“agflfﬁi{;ﬁcaﬁ e

5t angoggqewl de. 20. The netal -insulator-netal capacitor of Caim 15 wherein
i

10

15

20

sécond netal region is conprised of copper. 23

16. The metal-insulator-metal capacitor of Claim 15, wherein said
first and said second curvilinear surfaces of said dielectric, said
curvilinear surface of said first metal region, and said curvilinear surface

of said second metal region are substantially cylindrical.

17. The metal-insulator-metal capacitor of Claim 15, wherein said
first and said second curvilinear surfaces of said dielectric, said
curvilinear surface of said first metal region, and said curvilinear surface

of said second metal region are substantially vertical serpentine.

18. The metal-insulator-metal (MIM) capacitor of Claim 15 wherein

said first metal region is comprised of copper.

19. The metal-insulator-metal capacitor of Claim 15 wherein said
dielectric region comprises a high k dielectric material selected from the

group consisting of silicon nitride and tantalum oxide.

20. The metal-insulator-metal capacitor of Claim 15 wherein said

second metal region is comprised of copper.
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