1 MM CAPACI TOR STRUCTURE AND METHOD OF MANUFACTURE _TECHNI CAL_FIEID
[ 0001] Enbodi nents of the present invention relate generally to the

fabrication of sem conductor devices, and nore particul ﬂllmmumwm
fabrication of netal-insulator-metal 5,(MM capaci tors.ll _

[ 0002] Capacitors are el enents that are used extensively in seskgonduct or
devices for storing an electrical charge. Capacitors essentially conprise
two conductive plates separated by an insulator. The capacitance, or
anount of  charge held by the capacitor 10 per applied voltage, depends on a

nunber of M ST TOR S TRUCHURE eNDMETH GDOEMANUFA CTERance bet ween
the plates, and the dielectric constant value for the insulator between

[ [ [ og-to-digital
the pl at esSTEGENEBRANMHIEED Capacitors are used in filters, analog
convgrters, menory devi ces, control applications, and nany ot her types of

: : . . i i .M capaci tor,
sem conduqbeq]devirgisodirhents SPAR] prtNGr IntREHH FAPEGILAL ¢ ThraEeat
which is gr eq&ent |y used In mxed el gnaﬁ dlervlaCﬁ%engF?g_}l 891% ar ??{ {Eé‘oé)% as
exanpl es. citors are used to store charge in a \_/_a _
seni condud tMél E\é oc?fg‘\?(%%rei@’ﬁ’l\ﬂn@dﬁ%fg|p€‘8fcé1?aég’etf’6§? BRrigalicn ofsneial-igsdrtayeetdde i n
a menory O& L@e’ for exanple. A MM capacitor is typl_cal ly forrreg hin
hori zoft al W (FABAQ8RS conduct or wafer, with two metal plates sandwic ing a
dielectric 20 |ayer parallel to the wafer surface. Often, one of the netal
pl ates i s BACKSRQUND netallization |ayer or netal interconnect |ayer of a
sem conduct or :devi ce. : _
[0002] Capacitors are elements that are used extensively in semiconductor devices
for storing an electrical charge. Capacitbrs essentially comprise two conductive plates
separated by an insulator. The capacitance, or amount of charge held by the capacitor
10 per applied voltage, depends on a number of parameters such as the area of the plates,
-the distance between the plates, and the dielectric constant \}alue for the insulator
between the -plétes, as examples. Capacitors are used in filters, analog-to-digital
converters, memory devices, control applications, and many other types of
semiconductor devices.
15 [0003] One type of capacitor is a MIM capacitor, which is frequently used in mixed
signal devices and logic devices, as examples. MIM capacitors are used to store a
charge in a variety of semiconductor devices. MIM capacitors are often used as a
- storage node in a memory device, for example. A MIM capacitor is typically formed
horizontally on a semiconductor wafer, with two metal plates sandwiching a dielectric
20 layer parallel to the wafer surface. Often,.one of the metal plates is formed in a
metallization layer or metal interconnect layer of a semiconductor device.
[0004] A prior art semiconductor device 100 is shown in Fi gure 1. The

semiconductor device 100 includes a substrate 104 having a dynamic random access .

memory (DRAM) region and a logic region. A plurality of transistors 106 are forined in
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[0004] A prior art sem conductor device 100 is shown in Figure 1. The

sem conduct or device 100 includes a substrate 104 having a dynam c random
access nenory (DRAM region and a logic region. A plurality of transistors
106 are formed in 2 and over the substrate 104, wherein transistors 106 in
t he DRAM region conprise access transistors of the DRAM devices. A
plurality of MMcapacitors 102 are for2ed in a second insulating |aver
116 which conprises a single interconnect |ayer of the device 100, as
shown. The M M capacitors 102 conprise a bottomplate electrode 118, 5 a
dielectric layer 120 and a top plate electrode 122. The M M capacitors 102

make el eghd heRhh& rlying bitlines 108 by contacts 112 that .
are formed in a fi%%e&%%gﬁl‘g@%l - aé’f/%?“ﬂb% A IF8IONKPINDTSY be

di sposed tween the first insplating |ayer 110 and the second insulating
| ayer 116.9&1_6%3 FHEYY Pt{}\ﬁmd%"d?ﬁsa& Slurality of MIM capeeitotsd Opragy/ fdgied

el ectrical contact to conponent regions and gates of transistors, as 10
exanpl es. "] HESSPd [nsulaging favet Hywhighteonmerisgea shelamrdaabiNing ofh.capaci t or s
102 in DRAM regions with logic circuits in the logic region. For exanple,

eyl ; i i .
t he t opogdeyiteyl @), eastedvibyThe MEMMaWacieRaqiod QBré%gge 5%%@1@% g%%%uéscﬁeoﬁf& a

thick insulating |ayer 124 to successfully ver t

t opogrsaphy dieldgid B&&klziofh‘%@'a%j% gﬂxté @i)éﬁ%on#%gzlzg rﬁg%‘}e’lzl}fca%%t%gsg Hgmgﬁgteicg g?t' ho

for the electrical contacts 1 Int

the cont@edi§camy , 2% anpl es. These hi gh aspect ratio
contacts 126 are n%rgto%ﬁgl#%{l?’gg%’étégﬁssaiofﬁ%g@ﬁﬁ‘%téép Bt wefornied idiaffiiscul t to
etch throug‘l_]]l .he, t hi f:lli)negses of the

- Insulatmg layer T10. A stop layer 114 may be disposed between the. first insulating

| layer 110 and the second insulating layer 116. In the logic region, contacts 126 are

formed to provide electrical contact to compohent regions and gates of transistors, as

10  examples.
[0005] It is challenging to merge the manufacturing of cépacitors 102 in DRAM
regions with logic circuits in the logic region. For example, the topography creafed By
the MJIVI capacitor 102 requires the uée of a thick insulating layer 124 to successfully
cover the MIM capacitor topography. The thick insulating layer 124 cr?:ates a higixer

15 aspect ratio for the electrical contacts 126 in the logic region. The a:;pect ratio of the
contacts may be 10:1 to 25:1, as examples. These high aspect ratio cohtacts 12.6 are
problematic because the contact pattern is difficult to etch through the thickneéses of the
dielectric layers 124, 116, 114 and 1 10, and also because it is difficult to fill tilc narréw,
deep contact patterns with a conductive material.

20 Another problem with the prior art MIM capacitor 102 structure shown in F igure 1 is
that there is often an insufficient overlap margin d; between the top plate electrode and
the bitiine contact 128. The margin d; may comprise 0.2 to 0.3 um, as an example.

This can lead to shorts, resﬁlt’mg in device failures.



dielectric layers 124, 116, 114 and 110, and al so because it is difficult
to fill the narrow, deep contact patterns wth a conductive material. 20
Anot her problemw th the prior art MM capacitor 102 structure shown in
Figure 1 is that there is often an insufficient overlap margin dl between
the top plate electrode and the bitlime contact 128. The margin dl may
conprise 0.2 to 0.3 um as an exanple. This can lead to shorts, resulting
in device failures. 3 SUVWMARY OF THE | NVENTI ON [ 00061 Enbodi nents of the
present invention achieve technical advantages by providing a novel MM
capaci tor SWMW%E&P&EW fabrication, in which a MM capacitor is
formed in two or nore insulati IWlayers of a sem conductor device. The 5

M M capac'ﬁ(@r] may ;Igjr ged in avia laver and an interconnect |ayer of a

seni condul1'0¢]  deFredmeispthe prsentievmntiomaclintet conas atlvineises byrey be used
to forma confact plu beneath the M M capacitor, wherein the contact plug
is part oPIOVHENGHBRE N capasiter Bructuypt atdmefhotihe (VLGP AL Whith o NI OF nore
adj acent M M capacitors may be electrically connected by recessing the top

i nsul at i neapagiyeTis fetedém té of masdm&mnﬁghhﬁ&@:&l?a%Mcéﬁd&%%%iv}cgr Zggand

filling the recess with a conductive material, 1 n thé same proc used to

fill tdhe MIM aiedrired . j .15 20 4 A first . aspect of the
pr esent inven??gn i's effoi%ﬁg(gh?én%g F%iter?r%!i@%? mtjt?{gorgﬁﬁtelﬁﬁ%rd’#@l SSW’%’PQW‘OI

device, in one embodiment. An interconnect layer may be used to form a contact plug

beneath the MIM capacitor, wherein the contact plug is part of the bottom electrode or
plate of the MIM capacitor. Two or more adjacent MIM capacitors may be electrically
connected by recessing the top insulating layer between at least two adjacent MIM

10 capacitors, and filling the recess with a conductive material, in the same process used to

fill the MIM capacitor top plate material.
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A second aspect of the present invention is defined in claim?21. 5 Athird
aspect of the present invention is defined in claim25. 5 A fourth aspect
of the present invention is defined in claim?29. A fifth aspect of the
present invention is defined in claim32. 5 A sixth aspect of the present
invention is defined in claim38. 6 [0%13] Advant ages of enbodi nents of
the present invention include providing'a nethod of formng MM capacitors
that is absent the bitline contact to top plate electrode shorting that is
found in prior art M M capacitor manufacturing nmethods. Capacitors with

i ncreased capacitance for a given layout area may be manufactured by 5
formng thé ﬁ}i)nsmsq;espaxf itheopresent tnnention isdefingdrin ¢laami Inef thegenesdes/epimshe

sem conductor device. The bottom el ectrode of the M M capacitor nmay
conprise a conductive plug formed in a first netallization |ayer and/or
subsequent netallization |ayers, for exanple. Overlay process margins are

i nproved farschBiRl ABRHGIAMSE RNt BRYAES is 8findfin BOmP1.[ 0013] The foregoi ng
has outlined rather broadly the features and techni cal :

5

A third aspect of the present invention is defined in claim 25.



advant ages of enbodi nents of the present invention in order that the
detailed description of the invention that follows nmay be better
understood. Additional features and advantages of enbodi nents of the
invention will be described hereinafter, which 5 formthe subject of the
clainms of the invention. It should be ﬁﬁpreciated by those skilled in the
art that the conception and specific enbodi nents di scl osed nmay be readily
utilized as a basis for nodifying or designing other structures or
processes for carrying out the sane purposes of the present invention. It
shoul d al so be realized by those skilled in the art that such equival ent
const ruct i dnfourb aspsct efdbepreséntamventien sydefined inelainp2%cope of the invention
as set forth in the appended clains. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0014] For a nore conpl ete understandi ng of the present invention, and the
advant ages thereof, reference is now made to the follow ng descriptions
taken in  hofRRMPBCI T ROpMESH itRBtGE EATAAGY indai 30M Ngs, in which: [0015]
Figure 1 shows a cross-sectional view of a prior art MM capacitor forned
in an epbedded DRAM device in a single interconnect |ayer of the device;

[ 0016] Figures 2A through 2M show a top view of a DRAM regi on of an

mbedded DRAM devi ing M.M ' f ormed.i DRAM region in t
20 nsul at A PEYBRLOLRe 2ROt LSRR L b B0 FEEOTh B cor dance wiih a |

preferred enbodi nent of the present invention, the two insulating |ayers
conprising a via layer and an interconnect |ayer of the device; [0017]

Fi gures 3A through 3M show cross-sectional views of the enbedded DRAM
device at view A-A of Figures 2A through 2M



8 [0018] Figures 4A through 4M show cross-sectional views of the enbedded

DRAM devi ce at view B-B of Figures 2A through 2M [0019] Figure 5 shows a

cross-sectional view of another preferred enbodi nent of the present

i nvention, wherein contact plugs are forned in a first interconnect |ayer,

a5 first via layer, and a second interconnect |ayer of a device, and

wherein M M capacitors are fornmed in a second via |layer and a third

i nterconnect | ayer of the device; [0020] Figure 6 shows a cross-sectional

view of a DRAM regi on shown in Figure 5 rotated by 90 degrees; [0021]

Figure 7 fpbiyystr = 2L i ._anat her odi nent of the
[0013)St I Ak @Panthptt OFSHEGHLELRRRY tl?’e' Jg’@ée?l{ 1n%?%}%gcﬁﬁg v{ﬁﬁ

10 present invention, wherein contact plugs are BryVi¢igg a

i ntercon - wher ejn capacitaqrs. are fornmed in a first via
| ayer, ar}lg%fcl%dngyiﬁ%?len%cqg%hﬁlec@a‘f‘%%{ﬁawﬁ a%gfglégﬁ 1ing cppigelto tamplage t hir d

i nter congegzc%r l.ayer .of the device; and [0022] Figure 8 shows a

cr oss- sedtCHRAF SRATENE Brat 5 fpradin s 6 NMRwepacitoFmgonfacring ahethets. by 90
degrees. 15 [0023] Corresponding nunerals and synbols in the different

~ figures Jemasitas yithdherase gapiteapiondighgn paousan iy Seahheimnitsed bpdi cat ed.
The figures are drawn to clearly illustrate the relevant aspects of the

pr ef efr edomming dhanefibEcapacitaige twbr m@ﬁeeis@@aﬁﬂz@qayé}é BV he séﬁf%'ogduc%& DETAI LED
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0024] " The maki ng and using of the

present | viepicel Thé 86naHRALLIBNE SHA i in detail below It should
be appreci ated, however, t hat the@r@gwﬁﬁﬁr\g%fg({’]%ﬂnfaer%%r@élgtweplug

formed in a first metallization layer and/or subsequent metallization layers, for example.

Overlay process margins are improved for the semiconductor device.
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many applicable inventive concepts that can be enbodied in a wide variety
of specific 9 contexts. The specific enbodi nents di scussed are nerely
illustrative of specific ways to nmake and use the invention, and do not
limt the scope of the invention. [0025], The present invention wll be
described with respect to preferred enbodinents in a specific context,
nanmel y, an enbedded DRAM devi ce. Enbodinents 5 of the present invention
may al so be applied, however, to other sem conductor applications that
utilize MM capacitors, for exanple. [0026] Figure 2A shows a top view of
the sem coW&é@f or Hes/forezad@hasmoutdoedrdhackroadiy the Raprafald t@dngabodi nent of
the present invention. At this stage of manufacturing, a first stop |ayer

214 is di spbaetigevatenthdihons aﬂm@e&e@tﬁn@enmﬁlﬁpbﬁ%ﬁh%%eﬁ%ﬁﬂefi gure 3A) 10
so that no features are visible at this point. Figure 3A shows a

Cross- sect §aeahtiod EWhOfnvehd ' r i ce 200 of, Figure 2A at view
A-A. Figure 4Ai)éhows acr otg(gl-ﬁgte@g? ?@%gfa &\%eg\?ﬁ%ﬁ‘unt%ﬁ%s%soélmptdéﬁgﬁ’@f%ﬁu&eévi ce
200 at vie = i gur A i IS a. Vi of Figure 3A rotated by 90
degr ees. [%EZfi ar%%%rrieﬁng Oggﬂ?ﬂ\ﬁshe(’fgtg%%"—eg’é‘&’t 'f"gwé? CTIQFF%WdAlCAF%‘?ﬁ% Whick 2A
shown in F.gure 3A, 15 a rkpiece 204 is provided. The workpi ece 204
conpri 5525 @%F‘&E‘? %Ubﬂeé’éf’gwe&mmé of thRANY§rEgN o, shewld b pprecinted by thesy skidled
plurality of logic regions and DRAM regions forned in the workpi ece 204,
al t hough™ ofl{the ah&hat thyiconeentionand specifiRivh baljinents idisclostbmmay bardadgyur e 3A. A
plurality of elements and various circuit conponents may be fornmed in the
| ogi ¢ regi whjzedss 8 hasimfor mddifyireor desighfigsitir Stra@froddt HHbcBRYs ﬁ?%iﬁ% 20
e

access transistors for the DRAM devices of the DRAMregion have be f ormed
in and out the same purposes of the present invention. It should also be realized by those

skilled in the art that such equivalent constructions do not depart from the spirit and

10 scope of the invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] For a more complete understanding of the present invention, and the
advantages thereof, reference is now made to the following descriptions taken in
15 conjunction with the accompanying drawings, in which:
[0015] Figure 1 shows a cross-sectional yiew of a prior art MIM capacitor formed
in an embedded DRAM device in a single interconnect layer of the device;
[0016] Figures 2A through 2M show a top view of a DRAM region of an
embedded DRAM device having MIM capacitors formed in a DRAM region in two
20  insulating layers of a semiconductor device in accordance with a preferred embodiment
of the present invention, the two insulating layers comprising a via layer and an
interconnect layer of the device;
[0017] Figures 3A_thr0ugh 3M show cross-sectional views of the émbedded

DRAM device at view A-A of Figures 2A through 2M;



over the workpi ece 204. The workpi ece 204 al so includes bitlines 208 that
are used to nake electrical connection to the transistors 206 and ot her
conmponents formed in the workpiece 204, not shown. Sone of the transistors
206 and ot her conponents may be 10 separated from adjacent transistors or
conponents by shallow trench isolation §STlI) regions. [0028] A first

insul ating layer 210 is formed over the workpi ece 204. The first

insul ating |ayer 210 may conprise an oxide or other dielectric material,
for exanple. 5 The first insulating |ayer 210 may conprise Si 2, high
density pl (H I - enl et raethoxysilate (PETEQS)
as exanplJgﬁﬁﬁepogﬁ%g%§?%ﬁgmﬁﬁPé&%gggpgﬁabgggggﬂgﬁgﬁ(ﬁgﬁ%ﬁ%%xkﬁ strons, for
exanpl e. irst insul ati ayer 21Q is patterned wth a pattern for
first conﬁggﬁkégﬂﬁgfQéﬁﬂ”%ﬁ@%fgu%ﬁﬁ SPQ%g erial is deposited.in the
pattern to formfirst conductive plugs 212 to make el ectrical connection
bet ween 1d0@BHpondrigurethdowgial crosssedtionabviewrpfenpbenpreferredienibodimént of ayer s
to the underlying bitlines 208 in the DRAM regi on and to ot her conponents
in the | oghepresgitdmentisn,shicanein cdinect phadstae forfred it héirdtinstconmb st we pl ugs
may conprise a circul ar, square, or rectangular pattern, or alternatively,
the cost agirsplislthyRAtah€hREcITRYnERIRAE Bryet BEL dSh@Dasd SHERi SR caﬁﬁg&f%ys or

el lipse, as exanples. 15 [0029] The first conductive plugs 212 iy be
formed by depesihing s@coﬁﬁ'@%’ﬁ ¢rad ag ird irﬁ%rchﬁye%f la?é/rﬁd(;]f tﬂ%]g%yfitlzer' st _insul ating

layer 210, and filling the patterne rrst rnsulati ayer’210 over the
other et P85 Rt RS AR ERp R TR A o B vpdRine e s
andfor i I¥Iofated by 90 degrees;
[0021] Figure 7 illustrates a cross-sectional view of another embodiment of the
10  present inveﬁtion, wherein contact plugs are formed in a first interconnect layer, and

wherein MIM capacitors are formed in a first via layer, a second interconnect layer, a

second via layer, and a third interconnect layer of the device; and

[0022] Figure 8 shows a cross-sectional view of a DRAM region shown in Figure 7
rotated by 90 degrees.
15 [0023] Corresponding numerals and symbols in the different figures generally refer

to corresponding parts unless otherwise indicated. The figures are drawn to clearly
illustrate the relevant aspects of the preferred embodiments and are not necessarily

drawn to scale.

20 DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0024] The making and using of the presently preferred embodiments are discussed
in detail below. It should be appreciated, however, that the present invention provides

many applicable inventive concepts that can be embodied in a wide variety of specific



for exanple. Excessive anobunts of the conductive material may be renoved
fromthe 20 top surface of the first insulating |layer 210 by a

chem cal - mechani cal polish (CW) process, for exanple. The first
conductive plugs 212 may be formed in singl e danmascene process, for
exanple. Afirst stop layer 214 is deposited or formed over the first

i nsul ating |layer 210, as shown. The first stop |layer 214 may conprise a

t hi ckness 11 of about 300 Angstrons and nay conprise a nitride such as
Si3N4, SIC, SION, TiN, or other dielectric materials, as exanples. [0030]
I'n accor dammextsi The spapifef @nlseitnent diicngssd aefmébl INLRSENE of GBALd Vi 2
portion of a MM capacitor bottomplate is forned in a subsequently

deposi t ed tGmake shdisenBe Ii¥ion, E&}'d@ﬁ&%ﬁ’th@sc%ﬁ&@ﬂﬂe Exﬂéﬁii&y ng layer 230

whi ch may conprise an oxide, a |low dielectric constant material, or a

simlar di tri i , for the, first insulating |ayer 210, is
deposi t ed [(givzgf thgh %egsf%tgb‘()%%fjgigﬂ bi%ﬁfmggd%%\msﬁeﬁt tBiPg FEC‘93B. The second
i nsul atin ayer 230 may .conprise Si 2, borophosphosilicate glass (BPSG,
tetraet ho>g<§li’f)‘¥g{eé‘%(l?éc% ?lﬁﬁ%t%& ’a"él?e%p%ﬂ%b?dé%ﬁ&@\é@sﬂce-uEﬁ@pém@its i cate
10 glass (USG, fluorinated silicate glass (FSG, or Black D anond T™M

manuf aet uPEEeRyeseripyeraionvRaversabesapphisdehoaraybr o othbt ermiadridueloy, t he second
insulating |ayer 230 may . conprise other insulating materials. The second

i nsul at i ngppleypeensABa wilet MdMbLapacitasplor sesmgsiet hi ckness of about 4000
Angstrons, although alternatively, the second insulating |ayer 230 may

conpri se §0026] ckn®ssr®PAaROWs a ?c?ﬁ@e\k%f @@&nﬁé&ﬁlﬁ&gpﬁevi@ﬁsﬁoﬁn@émg&% The
e a

second insul ating layer 230 preferably conprises a net | zat'i on or

I nt er conngedh J GYRHreRerdhBYBlenPbs thi %re%gﬁ? iHONIUGT Q1 yde \s/tlagee 0 r(r)lgﬁu acp[ultigé %
enbodi nent, the ’
first stop layer 214 is disposed over the top surface of a workpiece 204 (see Figure 3A)
10 so that no features are visible at this point. Figure 3A shows a cross-sectional view of
the semiconductor device 200 of Figure 2A at view A-A. Figure 4A shows a cross-
sectional view of the semiconductor device 200 at view B-B of Figure 2A, which is a

~view of Figure 3A rotated by 90 degrees.

[0027] Referring to the cross-sectional view A-A of Figure 2A shown in F igure 3A,

16 a workpiece 204 is provided. The workpiece 204 comprises a logic region and a
DRAM region, as shown. There.may be a plurality of logic regions and DRAM regions
formed in the workpiece 204, although only one logic region and DRAM region is
shown in Figure 3A. A plurality of elements and various circuit components may be
formed in the logic region, as shown. Likewise, transistors 206 which may comprise

20 access transistors for the DRAM devices of the DRAM region have been formed in and
over the workpiece 204. The workpiece 204 also includes bitlines 208 that are used to

make electrical connection to the transistors 206 and other components formed in the

workpiece 204, not shown. Some of the transistors 206 and other components may be



second insulating layer 230 is fornmed in a first (M) interconnect |ayer of
the sem conductor device 200. [0031] Preferably using a single damascene
process, as an exanple, the second 20 insulating |ayer 230 and the first
stop layer 214 are patterned with a pattern for second conductive plugs in
the logic region and the DRAM regi on. The pattern for the second

conductive plugs may conprise a circular, square, or rectangular pattern

or alternatively, the second conductive plug patterns nay conprise other
shapes such as. a rhonbus or ellipse, as exanples. 12 [00321 An optional

| _ _ | | 0
Second | not ot T aaEy 4SS, et PRSI ST il Ao Tehnatct  ve

barrier layer 232 preferably conprises Ta, TaN, WN, Ti, TiN or

conbi nati 6" Phereof, as exanples, although alternatively, the first
conductiv arrier |layer 232 may conprise 5 other materials. The first
conduct i VEOOBQ} ri e ﬁré%/l’éﬁu@@@g e ZlOnip forsied veihe reeksieat 204atietfir800
Angstroms, for exanple. A first conductive material 234 is then deposited
over the frsnisting biyduZt( mey bamprieran aydr or28Rer didlettiowmtertz0, tbf bdantgle pattern
for conductive plugs in the second insulating |ayer 230 and first stop

| ayer 214Thdfiest insubting REUTLI0 May cHRMPpAREd SH0,284h RELHE AR, gﬂﬁ@fdﬁ S o OPPEr,
and may alternatively ggﬁprise %Iun?nunl zlogcoppé?}ﬂgtng ten, ﬁ§1y3|llcon,

nbi [Welak e fl onduct iv.e terial .234 may
ol tornat | e SR e Ok BT P O s b e@%%efif Eﬁiaﬁrl;ﬁsi i the

St Con i TRURD s L B OB TR S 01 272,
VP with a pattern for first contact plugs, and then a conductive material is deposited in the |
pattern to form first conductive plugs 212 to make electrical connection between

10 components that will be formed in subsequent dielectric layers to the underlying bitlines
208 in the DRAM region and to other components in the logic region, as shown. The
pattern'for the first conduétive plugs may comprise a circular, square, or rectangular
pattern, or alternatively, the contact plug patterns may comprise other shapes such as a
rhombus or ellipse, as examples.

15 [0029] The first conductive plugs 212 may be formed by debositing a conductive
barrier layer over the first insulating layer 210, and filling the patterned first insulating
layer 210 over the conductive barrier layer with a conductive material such as tungsten,
or other metals, as examples. The conductive barrier layer may comprise Ti and/or TiN,

for example. Excessive amounts of the conductive material may be removed from the
20 top surface of the first insulating layer 210 by a chemical-mechanical polish (CMP)
process, for example. The first conductive plugs 212 may be formed in a single

damascene process, for example. A first stop layer 214 is deposited or formed over the

first insulating layer 210, as shown. The first stop layer 214 may comprise a thickness



process, for exanple, although other etch processes may alternatively be
used. The first 15 conductive material 234 and first conductive barrier

| ayer 232 conprise second conductive plugs 232/234. A top view of the

sem conductor device 200 at this stage, of nmanufacturing is shown in Figure
2B, and a cross-sectional view of the Bram region rotated by 90 degrees is
shown in Figure 4B. [0033] Shown in Figure 3C, a second stop |ayer 238 is
deposi ted over the second 20 conductive plugs 232/234 and the second
insulating layer 230. Athird insulating layer 240 is deposited over the

second st ofatoaysr0 Ragstrotd dhdrlaysédiprisayueritridd sudtSasdapos sicediorveintde third
insul ating |ayer 240. A fourth'insulating |ayer 244 is deposifed over the

third stogihka¥ieleciRitInatdlids asfQMhbils Stop | ayer 246 is deposited over the
fourth insdlaﬁiﬁa Ié?e# %42F Th% %top | ayers 238, 242, and 246 preferably

conprise gjpkhfon nitride or other,.diglectrijg terial, and the third

i nsul at i ngdokgt/:er %4%?%%%%%“%?5’pf?#g’ﬁ?%?rpﬁﬁﬁingg}geqﬂﬂgﬂrﬁsw HPERAH ¢ corrplrl se
an oxide or .other dielectric materjal. For exanple, the second stop |ayer
238, thi rHO"élPBﬁ?P cappstorbpitonypiates &rglding skbssqentiylepwsipdi se a

thi ckness of about 300 Angstroms and may conprise a nitride such as Si 3N4,
Si C, Si oNnstlatpg lyers Ksriesrmpleet sesond nsniating layks?3 awllich eytdoimpdise asul at i ng

| ayer 240 and fourth insulating |layer 244 may conprise a thickness of

about 5000xidngsibwatiglectrid comstart mgperia eormaymilaaiiplettsie nRitéoRl aBRSG orlReS, HDP
oxi de, SOG USG FSG Black D anondTM or other insulating materials. The

third i nsptsatdst@tih@yger 241 iPdPoskivr HRTRE $6Fladeri 1, ad Y& iﬁ’g%]éa@él’gr Vi,

and the fourth insulating |ayér 244 preferably conprises a sec

gg}).al L\i fg%ﬁpThQEeJOHH ?ﬁsﬁpﬂﬁﬁqﬁy& Qy@}ne@ rcanﬁM?er Sil@, Qgroﬁlpo%pﬁoesgﬂc%%ngqgs%t or device

(BPSG), tetraethoxysilate (TEOS), HDP oxide, spin on glass (SOG), undoped silicate

10 glass (USG), fluorinated silicate glass (FSG), or Black Diamond™ manufactured by
Applied Materials, as examples. Alternatively, the second insulating layer 230 may
comprise other insulating materials. The second insulating layer 230 preferably
comprises a thickness of about 4000 Angstroms, although aftematively, the second
insulating layer 230 may comprise a thickness of about 2000 to 6000 Angstroms, as

15 examples. The second inéulating layer 230 preferably cornpriées a metallization or
interconnect layer or level of the semiconductor device 200. In this embodiment, the
second insulating layer 230 is formed in a first (M1) interconnect layer of the
semiconductor device 200.
[0031.] Preferably using a single damascene process, as an e;(ample, the second

20  insulating layer 230 and the first stop layer 214 are patterned with a pattern for second
conductive plugs in the logic region and the DRAM region. The pattern for the second
conductive plugs may comprise a circular, square, or rectangular pattern, or
alternatively, the second conductive plug patterns may comprise other shapes such as.a

rhombus or ellipse, as examples.



vi ew of the sem conductor device 200 is shown in Figure 2C, and a
cross-sectional view of the DRAMregion rotated by 90 degrees fromthe
view of Figure 3Cis shown in Figure 4C. [0034] The fourth stop |ayer 246,
fourth insulating |ayer 244, third stogzlayer 242, 15 third insulating

| ayer 240, and the second stop |ayer 238 are patterned using |lithography
(e.g. a photoresist is deposited, patterned and devel oped, and the
photoresist is used as a mask while the insulating |ayers 246, 244, 242,
240, and 238 are etched) with the pattern 248 for a plurality of MM

capaci t or {0325 shovmoptibrial 8#6¢ Bordictive arRat 06633480y ﬁeodephégfed%%/} gapacitors

may conprise a circular, square, or rectangular pattern

al ternal | yalomed 8o MGRRACkL AR, 4080 £OTRLIrR8 Ol er, shapes such

as a rhonbus or ellipse xarmples.

it f erabl xtends co et el h.the entire thicknesses of
'f ﬁga? LL?: arglrrglﬁ?r?;:é?_%'pr%%ébﬁ S(H?I{’rllﬁggilrﬁ’sﬁ?%tm%ﬁa B opepmbiping thereqd. | ayer
242, third.insuhati g | ayer 240, and_the second stop [ayer 238, |eaving
the top stiFaEWIGH alipueh alemati vendie firsy eonsiugfee baieiaseredp osmckonipize 14
pattern 248 preferably conprises at |east one MM capacitor, and may
conprise ethepaetednl. floe firfieondwtiagbamied byen?3 nmaptsiaprifa kB odevi ces,
the array having a dinmension of 2x1 or greater, for exanple. A top view of

the seni canutBO®Andsvims fA3tKamipte. SO chAdIHIY hfite2ll 28N tﬂencc!e@ﬁte%ieﬂ i onal
view of the DRAMregion rotated by 90 5 degrees is shown 1n Frgure 4D.

0085 4 comhetitextmtefdsofates 350 SofSPASLAY SUED AP 1o,
third i “Sb‘l'ugé ide ls@c%ﬁa ir?s%?a’ting layer 230 and first stop layer 214. The first conductive
material 234 preferably comprises copper, and may alternatively comprise aluminum,
10  copper, tungsten, polysilicbn, or combinations thereof, for example. The first
condﬁctive material 234 may alternatively comprise other conductive materials. Excess
amounts of the first conductive material 234 and the first conductive barrier layer 232
are removed from the top surface of the second insulating lagler 230 using a CMP
process, for example, although other etch processes may alternatively be used. The first
15 conductive material 234 and first conductive barrier layer 232'comprise second
conductive plugs 232/234. A top view of the semiconductor device 200 at this stage of
manufacturing is shown in Figure 2B, and a cross-sectional view of the DRAM region
rotated by 90 degrees is shown in Figure 4B.
[0033] Shown in F igure 3C, a second stop layer 238 is deposited over the second
20 conductive plugs 232/234 and the second insulating layer 230. A third insulating layer
240 1s deposited over the second stop layer 238. A third stop layer 242 is deposited
over the third insulating layer 240. A fourth insulating layer 244 is deposited over the
third stop layer 242, and a fourth stop layer 246 is deposited over the fourth insulating

layer 244. The stop layers 238, 242, and 246 preferably comprise silicon nitride or



and second stop layer 238, as shown in Figure 3E. The conductive materi al
|l ayer 250 preferably conprises TiN or TaN. Alternatively, the conductive
material layer 250 may 10 conprise a refractory netal, TiN, TaN, Ta, TaSiN,
TiW NG, MN Ru, W Wi, Cu A, W T, Ta, Co, N N, M, other
metal s, conbi nations thereof, or pol ysill i con, as exanples. The conductive
material layer 250 preferably conprises”a thickness of about 50 to 1000
Angstroms, for exanple. The conductive material layer 250 is a part of the
bottom el ectrode of the M M capacitors, to be described further herein.
Preferably, the 15 conductive material |ayer 250 nekes el ectr[cal cont act
to the topthudidedriomattiial.vad dndthirdonshlaingJayepRd@snd B thddsuldtitedpyari ew of
t he sem conduct or device 200 is shown in Figure 2E, and a cross-sectional

vi ew of t Id4pRéfbtablgeamprisetaatoitient oBifer ddé@eS miaterial MooMexhmpld, Giérsecdta _
[ 0036] A | ayer of photoresist 252 is deposited over the conductive materi al

layer 20 sfflay@s2330aa stdp Ry&ue A fohRE sRiphk 08k ﬁ{ag%%%lﬂr e GARERLEI  and

thus substantially conforms to the pattern or topography of the wor kpi eggz
204 at thi ' [ p f Lcation nr S a s[éo o .&o resi st
is patter nogg Bé)\nﬁt{gr(l) Oa/{jn ;jéds ;8 er %%b%gl ng}%g%%%g 8‘? SeuacgltalS Waﬁ@géﬁ g h?ﬁ/l o f
capaci tors,, as,.shown. The pattern 253 . b formed in a central region o
the M M c& idﬂeg?‘gr,lc E?Ieg’r%ﬁ/ﬂm% ﬁletth’ég)l‘ﬁggép%fﬂy F’if‘{f)l *ﬁl‘i‘rfl@u‘i‘?, insgjating fgyepxanpl e,
the pattern 253 may conprise a trench over a portion of an entire row or
colurm or 2d¢draxramprise adhickiess of eledus FA0G Angstvnesgrdanasosamprisetthay M M
capacitor array, as can be seen in the top view shown in Figure 2F. The
phot or esi sonPsBe S0, BRS6s GGt DR vride G USGeRBUeB ok Diamsnd™, bhe
phot oresi st 252 from over portions of
other insulating materials. The third insulating layer 240 preferably comprises a via
level or layer V1, and the fourth insulating layer 244 preferably comprises a second
10 metallization or interconnect level or layer M2 of the semiconductor device 200. A top
view of the semiconductor device 200 is shown in Figure 2C, and a cross-sectional view
of the DRAM region rotated by 90 degrees from the view of Figure 3C is shown in
Figure 4C.
[0034] The fourth stop layer 246, fourth Iinsulating layer 244, third stop layer 242,
15 third insulating layer 240, and the second stop layer 238 are patterned using lithography
(e-g. a photoresist is deposited, patterned and developed, and the photoresist is used as a
mask while the insulating layers 246, 244, 242, 240, and 238 are etched) with the
pattern 248 for a plurality of MIM capacitors, as shown in Figure 3D. The pattern 248
for the MIM capacitors may comprise a circular, square, or rectangular pattern, or
20  alternatively, the MIM capacitor pattern 248 may comprise other shapes such as a
rhombus or ellipse, as examples. The pattern 248 for the MIM capacitors preferably
extends completely through the entire thicknesses of the fourth stop layer 246, fourth

insulating layer 244, third stop layer 242, third insulating layer 240, and the second stop

layer 238, leaving the top surface of the second conductive plugs 232/234 exposed. The



5 the MM capacitors, as shown in view B-B in Figure 4F. [0037] Next, wth
portions of the photoresist 252 [eft remaining over the logic region and
portions of the DRAM regi on such as shown in Figure 3G and a top view in
Figure 2G the conductive material |ayer 252, the fourth stop | ayer 246 and
the fourth insulating |ayer 244 are etléhed in areas not protected by
photoresist 252, as shown in 10 Figure 4G The conductive material |ayer
250 and the fourth stop |ayer 246 are renoved conpletely in the patterned
region 253, and a top portion of the fourth insulating |ayer 244 is

removed bejawesrodstprbfeamly Evapradds aCRAt ot MIBEPAREHE, aRBinhfthSipriselyle anmount
of the fourth insulating |ayer 244 that is renoved is predeterm ned and

conpri ses @dirsfopieQididee @jles BP%M'axirEy &t rﬂ%grftfeévic}}%ﬁ}exgg eﬁﬁ&?ﬁg my

conprise about 15 500 to 5000 Angstrons, xa ) process to

recess they. . FAsul at | ayer 244 may .co ise a timed etch, for
exanpl e. 5%%%{%1%120%?@ ?{egr%lg%k E?re%3m§%4 4 @t“e‘ﬁggﬁi?os\?’é‘ﬂ@&d}ﬁ%}o’f ‘ﬁf‘é" or ezl st
252 remai n _unetch during the etching of the fourth stop |ayer 246 an
the fourt HSPHEM Bt F1gYre12h 8pd e 4rossprionabyiey ©f the DRAM regionsiptafediby 86 shown
in Figures 2H, 3H and 4H 20 [0038] A dielectric |layer 254 is' deposited
over tBe cisgthgeis shewman Eigug¢ 4Dayer 250 in the logic region and the DRAM
region, as shown in Figure 3J. The dielectric layer 254 is deposited over

t he condud0D3s matsrcomductiay siate2allayer 1306is Mbﬁdsnecpaeér_ttm%m}ﬁeqrmu@mopover
the recessed fourth insulating |layer 244, as shown in Figure 4J. .

L oy 46 b NPT S L SR T
material. a]ia%eégn‘als?o%tlﬁgleq 2|3§,ygsrshg% if 'FFgfu% ?é).l Yhé ggwdruictsl\?esmgterial layer 250
preferably coniprises TiN or TaN. Alternatively, the conductive material layer 250 may
10 comprise a refractory metal, TiN, TaN, Ta, TaSiN, TiW, NiCr, MoN, Ru, WN, WSi,
Cu, Al, W, Ti, Ta, Co, N, Ni, Mo, other metals, combiﬁations thereof, or polysilicon, as
examples. The conductive material layer 250 preferably comprises a thickness of about
50 to 1000 Angstroms, for example. The conductive materiai layer 250 is a part of the
bottom electrode of the MIM capacitors, to be described further herein. Preferably, the
15 conductive material layer 250 makes electrical contact to the tbp surface of the second
conductive plugs 232/234. A top view of the semiconductor device 200 is shown in
Figure 2E, and a cross-sectional view of the DRAM region rotated by 90 degrees is
shown in Figure 4E.
[0036] A layer of photoresist 252 is deposited over the conductive material layer
20 250, as shown in Figure 3F. The photoresist 252 is conformal and thus substantially
- conforms to the pattern or topography of the workpiece 204 at this point in the
fabrication process, as shown. The photoresist 252 is patterned with a pattern 253

between at least two adjacent MIM capacitors, as shown. The pattern 253 may be

formed in a central region of the MIM capacitors, as shown in the top view in Figure



hi gh dielectric constant insulating layer, such as Ta2C. Alternatively,
the dielectric |ayer 254 may conprise A1203 or SrTi @3, or other dielectric
materials, as exanples. The dielectric layer 254 may conprise a high
dielectric constant material. In one 5 enbodinent, the dielectric |ayer. 254
preferably conmprises Al, Si, 0, N, Ti, a, |ead- zirconate-titanate (PZT),
barium strontiumtitanate (BST), Ta205, A1203, Si2, other dielectric

materials, or conbinations thereof. The dielectric material 254 preferably
conprises a thickness of about 10 to 500 Angstrons, for exanple. [0039] A

top pl at e 2. &t eRaRplepthe pafdrn236 nha @eRREE bebnel Blertd Wb e ditite tav er
254, 10 al so shown in Figures 2J, 3J, and 4J. The top plate el ectrode

material 23GoRil GARE Yart GPARSW 8PS18mA QP UiRh RGN ift e il chBMcoRU:  OF

ot her conductive materials or netals, as exad%@ iment, the

terial. 256 c rises. a fractory netal, Ti N, TaN,
Ty Tad T R B B B e SR el 2 Riohadt 3 s &y e, o,
other netal s, gonbinations thereof, or polysilicon, as exanples. The 15 top
plate el ecet"P%i?é aﬁ&@sﬁt@eﬁé%ﬂ}%@ Reraonsoldbaphaterssish? hirermeespationsfut 50
to 1000 Angstrons, for exanple. [0040] The top plate el ectrode nmaterial
256 an@ t Hee MIM eappeitars,|agpbown bnvigwd3-H ierfiges 4Fr om t he | ogi ¢ regi on of the
wor kpi ece 204, as shown in Figure 3K. This nay be acconplished by
deposi ti nd0@37hot d¥ex, with poeions bEthe phototesio L kDicBcemdiiing ak g/ BpRg 20 t he
phot oresi st, and using the photoresist (not shown) as a mask to renove the

top pl at e re@ibgatd potEioABRS Lthi: IR A0Gregidd SQJ-:}%@s‘HoWnQngy]ﬁE 3é%dfart812\')}_§p@inl ogi ¢

region. Atop view of the seniconductor device 2 s shown 1 |gur$ 2K,
and a of o3aaeod, Menth e Ha kil 1o BRI RORMN 58 Y oRE lLERS T o
insulating layer 244 are etched in areas not protected by photoresist 252, as shown in
10 Figure 4G. The conductive material layer 250 and the fourth stop layer 246 are
removed completely in the patterned region 253, and a top portion of the fourth
insulating layer 244 is removed between at least two adjacent MIM capacitor patterns.
The amount of the fourth insulating layer 244 that is remove& is predetermined and
comprises a distance d, as shown in Figure 4G. The distance d; may comprise about
15 500 to 5000 Angstroms, for example. The etch process to recess the fourth insulating
layer 244 may comprise a timed etch, for example. Portions of the workpiece 204 that
are covered by the photoresist 252 remain unetched during the etching of the fdurth stop
layer 246 and the fourth insulating layer 244. The photoresist 252 is removed, as shown
in Figures 2H, 3H, and 4H.
20 [0038] A dielectric layer 254 is deposited over the conductive material layer 250 in
the logic region and the DRAM region, as shown in Figure 3J. The dielectric layer 254
is deposited over the conductive material layer 250 in the MIM capacitor pattern and

over the recessed fourth insulating layer 244, as shown in Figure 4J. Preferably, the

dielectric layer 254 is substantially conformal. The dielectric layer 254 will function as



Figure 4K. 17 [00411 A dual damascene process is used to pattern the third
insulating layer 240 and the fourth insulating |ayer 244 (and al so stop

| ayers 246, 242 and 238) in the logic region of the workpiece 204 with a
dual damascene pattern 258, as shown inﬁfigure 3L. For exanple, a
photoresist (not shown) may be depositet’ over the entire surface of the 5
wor kpi ece 204, and the photoresist may be patterned with a pattern for vias
that will be forned in the third insulating |ayer 240 (via level V 1). The
via pattern is transferred to the third insulating |ayer 240, and then a

second phaheMIM sipacayediciestridennsddl e The ddleduiClay &t J4r e ferdbiRedm sk A€
wor kpi ece 204. The fourth insulating layer 244 in the logic region is then

atterned P& I gs in the
Second 10“”%%?‘5}%&?‘2 AY E%‘l“%%@?“‘ﬁ%w %"“*‘S‘ﬁd&%?‘éi. ARGy FEREGIRIE T e

waf er . S | n the art and fhus is not
descri bed ?ﬁé '? al |3 C%hrl]lgqr%fi b?fAS}I@EFanP h%ﬁ 13%861%“?%%?16’&5 e§a’f}8¢e§'er ned for
t he desir : netal lizati evel, a second conductive barrier
| ayer 2609‘]‘;113?3/l %8“6‘83?9@ Egﬁ N EPmPRge ?gfﬂhs‘h?l?%f&‘é copstay gaterial wht R ece 204.
I'n particular, the second conductive barrier |ayer 260 is deposited over
the paPt erciekodinent theidigleqteie faver 2 dypefepably comprisesiAdssi, & Nygi) Bay&sad240, the
patterned stop |ayers 246, 242, and 238 in the logic region of the

wor kpi ece leagn&b(ontanaim(PETg,LbamuﬁLstronﬁhm titenaie (BSD)) Tusds, We, MaRI0cotheayer 260
i s deposited over the top plate electrode material 256 in the DRAM region

of the wordigle@tie ndfiialglos @ombBRMionsthéreSE! M EheXdieledtie n?é?erﬁﬁ 99@ droagyet i ve
barrier layer 260 nay conprise Ta, TaN, W, Ti, Ti N
comprises a thickness of about 10 to 500 Angstroms, for example.
[0039] A top plate electrode material 256 is deposited over the dielectric layer 254,
10 also shown in Figures 2J, 3], and 4]. The top plate electrode material 256 preferably
comprises a conductor such as TiN, TaN, Ru, or other conductive materials or metals, as
examples. In one embodiment, the top plate electrode material 256 comprises a
refractory metal, TiN, TaN, Ta, TaSiN, TiW, NiCr, MoN, Ru, WN, WSi, Cu, Al, W, Ti,
Ta, Co, N, Ni, Mo, other metals, combinations thereof, or polysilicon, as examples. The
15  top plate electrode material 256 preferably comprises a thickness of about 50 to 1000
Angstroms, for example.
[0040] The top plate electrode material 256 and the dielectric layer 254 are
removed from the logic region of the workpiece 204, as shown in Figure 3K. This may
be accomplished by depositing a photoresist over the entire workpiece 204, patterning
20  the photoresist, and using the photoresist (not shown) as a mask to remove the top plate
electrode material 256 and dielectric layer 254 from the logic region. A top view of the
semiconductor device 200 is shown in Figure 2K, and a cross-sectional view of the
DRAM region rotated by 90 degrees from the view shown in Figure 3K is shown in

Figure 4K.



conbi nations thereof, or other materials, as exanples, deposited in a

thi ckness of about 300 Angstroms. A top view of the sem conductor device
200 is shown in Figure 2L, and a cross-sectional view of the DRAM regi on
rotated by 90 degrees is showmn in Figure 4L. 18 [0043] A second _
conductive material 262 is deposited oddr the second conductive barrier

| ayer 260, as shown in Figures 2M 3M and 4M Excess second conductive
material 262 is renmoved fromthe top surface of the fourth insulating |ayer
244 using a CM process or other process, as exanples, formng a

conduct i vgopd199 264 dudl@niagdsht Brozesd iQRist PipPattéhGhaBNr DB s SHRYBerdupi g t he
CWP process, as shown. Note that the second conductive material 262 '

A e b e S G
respectivel

conduct | vaceRRBERRATM RS 1w R il G herdinel Folal, & short s BRAl

regi on, as, shown in Figures 10 3M and 4M Advant ageously, adjacent MM
cagaci t or $ 0P E6¥ATAPlS: wﬁg‘ér@ﬁéﬁnpbsj@mrnaYéeei@pml@dwlvyr thy epbrerracfacanef thegi on
265 that is formed in the recess in the top portion of the fourth

i nsul abi ngvdrkpiese 2044 andhthegihotemesist niEygher mtéed Avithoppatieemfarfvidstthat will be

sem conductor device 200 at this stage in manufacturing is shown in Figure

2M Note fommadd inhke thirddasedingdgy@na0 oliatdel Voyr The viapdttadnl D Gahddesd R44
create a trench that forns a 15 connecti on between vertical rows of the MM

Copac o ol 20, Rt SR SEP SRS S,
an f' FilledytiR ofPL 6f Ge WGBS Ve (B9t nshilfns B LC ARG logienL S 200:
is then patterned with the pattern for conductive lines and/or contact plugs in the second
10 metallization layer M2. The photoresist is then removed from the wafer. A dual
damascene process is commonly used in the art and thus is not described in detail
herein.
[0042] After the logic region is patterned for the desired via level and metallization
level, a second conductive barrier layer 260 may be deposited over the top surface of the
15 workpiece 204. In particular, the second conductive barrier layer 260 is deposited over
the patterned fourth insulating layer 244, third insulating layer 240, the patterned stop
layers 246, 242, and 238 in the logic region of the workpiece, as shown in Figure 3L.
The second conductive barrier layer 260 is deposited over the top plate electrode
material 256 in the DRAM region of the workpiece 204, also shown in Figure 3L. The
20  second conductive barrier layer 260 may comprise Ta, TaN, WN, Ti, TiN, Ru, or
combinations thereof, or other materials, as examples, deposited in a thickness of about
300 Angstroms. A top view of the semiconductor device 200 is shown in Figure 2L,
and a cross-sectional view of the DRAM region rotated by 90 degrees is shown in

Figure 4L.



shown. [0044] A novel M M capacitor structure is formed in accordance wth
20 enbodi nents of the present invention. For exanple, shown in Figure 3Min
a cross- sectional view, the MM capacitors 266 conprise a bottom pl ate

el ectrode that includes the first condyctive barrier |ayer 232, the first
conductive material 234, and the cond ive material layer 250. The MM
capacitors 266 conprise a top plate electrode 264 that includes the top
plate el ectrode naterial 256, the second conductive barrier 19 [layer 260,
and the second conductive material 262. Advantageously, a portion of the

M M capaci i0043]bot t &seqindtconélotivt mudeia? 362 issdebositsadvientha se®indlcbhaatkiven | ayer
ML of the sem conductor device 200. A portion of the top plate el ectrode

264 is forpmderdaydrng0dahoivhlih Fipupaens, W, ddweay. Exaad ssenandnd®iiqL! i zation

| ayer M2, for exanple, the same Till 5 process of the d:JaI darragceng mrslt hod
that i : t: ' L@ 1.Ng,: er .and the
Four th i e St ek g a8l fror e b Sukddelof b s ing PXELARIQURY

rocess is~imtegrated into already-exjsting. portiqns, of the f)arﬁ_‘rication

Br ocess ofcw rg(‘ée%gx('j%t 8rmﬁﬁ%a@pifé&“ﬂﬂng&Fo&g%WFé’M' hefgpdlise t he
top or fourth insulating |ayer 244 is recessed to create connecting o
regi ond 26ECIHBY St HEbMemored damng the P Pesesh @S sl i Metglthatgheal | i zat i on

level s are required to make electrical connections between adjacent MM
capaci t or ssee@8l condot b nvtenjal 2@6Ripcafomblyt filis tHevias endpmductivé maions dnpei se many
level s of netallization. For exanple, six or nore, and up to ten or twelve
or nore meVhhhd Kt lapss of dyehisd iRylabifg lardd0ehd foarte ai¥plagng I4temiat ed

circuits. The M M capacitor structure

respectively, as shown in the logic region of Figure 3M. The second conductive
material 262 fills the MIM capacitor pattern in the DRAM region, as shown in Figures

10 3M and 4M. Advantégeously, adjacent MIM capacitors 266 are connected together
electrically by connecting region 265 that is formed in the recess in the top portion of
the fourth insulating layer 244, as shown in Figure 4M. A top view of the
semiconductor device 200 at this stage in manufacturing is shown in Figure 2M. Note
that the recessed regions of the fourth insulating layer 244 create a trench that forfns a

15 connection between vertical rows of the MIM capacitors along their widest edge, as can
be seen in Figure 2M. Subsequent via layers and metallization layers may be deposited,
patterhed and filled to complete the manufacturing of the semiconductor device 200, not
shown.
[0044] A novel MIM capacitor structure is formed in accordance with

20  embodiments of the present invention. For example, shown in Figure 3M in a cross-
sectional view, the MIM capacitors 266 comprise a bottom plate electrode that includes
the first conductive barrier layer 232, the first conductive material 234, and the

conductive material layer 250. The MIM capacitors 266 comprise a top plate electrode

264 that includes the top plate electrode material 256, the second conductive barrier



15 and net hod of manufacturing described herein may be utilized in a
virtually unlimted nunber of insulating |layers and netallization |evels.
Preferably, regardless of the nunber of netallization layers, the top
insulating |ayer is recessed across a portion of adjacent MM capacitors
where el ectrical connection of adj acent!M M capacitors is required. The
bottom el ectrode of the MM capacitor may further conprise conductive 20
regions forned in additional insulating layers of the sem conductor device.
[ 0046] A second preferred enbodi nent of the present invention is shown in a

cr 0ss- sectlapsr@l60yar@vtht Bedoh@db@iutivd Mateiab2 61D dRBiFeous & RitorShfhe ar
nunbers are used for elenments as were used to describe Figures 3A through

3M agai n, MibEahhdflor B te RSB b G 3 L bRARLAGH YRGS VA GPAEUCt [ ve

region 332/334 that is formed in a firs |za!onlgyer_ Iand
t he conducg regl 3 4, conprises a first con ti.v rri.er |ayer
332 and .aste*n :{(Feosntdﬁ%gﬁ@ﬁﬂvc%%@sﬁ%f) 8&%&0%%4@’ PLat? ?}F%tr%%% it 5 ,eggumlﬁhe
capacitor Ls not far inthe M and V1 levels, but rather, a M

capaci t or t%l?grchss 0&6‘?‘%&1 apd, sgcpnd mstallizption layey M2 forpxpopley fhemrmentiv -
capacitor 376 has a bottom plate 378 conprising a conductive material

| ayer 350 RiAgFss Rbthe dualdantagecncangithorsthaBis g8iito pRternbudifihthp tiaitdin37dting t he
M M capacitors 376 further includes a second conductive barrier layer 360
and a secdaykr 240ndd dtei foerthidsatatiag 14362244 SPiosefdre) eteie apstink &tirichtal | v
connecting the conductive material |ayer 350 and the conductive regions

332/ 334. THiBcese AR RANNIMES AIMAdRALIISY pdifoh8¥Eihe 30Ricatsh }%ﬂaeesé eS¢

conductive material 362 form conductive regions 360/ 362 that are forned in

the VI angniatEnRla dA0RE 2501 AWo25a AR AR BELAS iR P85 RANE fOF med

insulating layer 244 is recessed to create connecting regions 265 between the MIM

10 capacitors 266, no additional metallization levels are required to make electrical
connections between adjacent MIM capacitors 266.
[0045] Many semiconductor device applications comprise many levels of
metallization. For example, six or more, and up to ten or twelve or more metallization
layers may be required for complex integrated circuits. The MIM capacitor structure

15 and method of manufacturing described herein may be utilized in a virtually unlimited
number of insulating layers and metallization levels. Preferably, regardless of the
number of metallization layers, the top insulating layer is recessed across a portion of
adjacent MIM capacitors where electrical connection of adjacent MIM capacitors is
required. The bottom electrode of the MIM capacitor may further comprise conductive

20  regions formed in additional insulating layers of the semiconductor device.
[0046] A second preferred embodiment of the present invention is shown in a
cross-sectional view in Figure 5. In this embodiment, wherein similar numbers are used
for elements as were used to describe Figures 3A through 3M, again, the MIM capacitor

bottom plate electrode includes a conductive region 332/334 that is formed in a first



inthe logic regions, in the third insulating | ayer 340 and the fourth
insulating |ayer 344, a portion 360 and 362 of the bottom el ectrode 378 of
the MM capacitor is also formed. [0048] In this process, a photoresist is
not used to cover the DRAMregions of the 15 workpiece during the V 1 and
M2 level fill. Rather, they are left untbvered so that the second
conductive barrier layer may also |ine a dual damascene pattern that has
been forned in the DRAMregion in the third insulating |layer 340 and the
fourth insulating layer 344. Simlarly, a second conductive material 362

i s deposi traetaldivetiod hgeeVl | 451 th%&ﬁiuctiﬁ@ﬁkf@or@ﬁ/ﬂ4%%§ﬁis€§a usedohductipgove
t he excess second conductive nmaterial 362 20 and the excess second

d i L&l : f o) u i nsul ati ng
Cayer 544 T4 Thonr 3 P epRARKEmAARISHE BERITmb QLR EMIM Cuer "t he

f h | ayer_ 3 i £ty st 370 is deposited. over fifth
{ moul at  ngepageF sl Torndh i Doy | RSPk SRR iy Sl ver e

fifth stop.layer 370, and a sixth stop |ayer (not shown) is 21 deposited
over the Q?EF%fVﬁgﬁpg%Wﬁbvgév@k-372. The 1 ogic region remains covered while
the sixth insulating layer 372, fifth insulating |ayer 368, and stop |ayers
370 and 34804fle phhea MilMectpagitan 370 badvk Moitep atite 378 gatprésing a asndbetiee | bed
with reference to Figure 3D, for exanple. To formthe M M capacitors 376,

a conduct ingterigitleydr 850 laay tfe Bhudtivedegions 3331351, OMRrbdtiom Pate FBngdhsi xt h
insulating layer 372, fifth stop layer 370, fourth insulating |ayer 368,

and f our t IMBVIQRPAGHHRS 3 AffrthilBcRABINSIOHE lc&?éu%fi'bfi;ar}iée/%geﬁa%% dn ars%g%}ﬂed’

and a portion of at l'east the sixth insulating |ayer 2 1s renov
ggzwiegn dg;cgggﬁge%?ri%?ggﬁ%ggsew M\S@e%afddte%cn@(%tllglec%rﬁ‘x?e‘ctiﬁ‘g %eecl,o% Bétllv% layer
material layer 350 and the conductive regions 332/334. The second conductive barrier
10 layer 360 and the second conductive material 362 form conductive regions 360/362 that
are formed in the V1 and M2 levels. When the vias and conductive regions are formed
in the logic regions, in the third insulating layer 340 and the fourth insulating layer 344,
a portion 360 and 362 of the bottom electrode 378 of the MIM capacitor is also formed.
[0048] I.n this process, a photoresist is not used to cover the DRAM regions of the
15 workpiece during the V1 and M2 level fill. Rather, they are left uncovered so that the
second conductive barrier layer may also line a dual damascene pattern that has been
formed in the DRAM region in the third insulating layer 340 and the fourth insulating
layer 344. Similarly, a second conductive méterial 362 is deposited over the entire
wafer, and a CMP process is used to remove the excess second conductive material 362
20  and the excess second conductive barrier layer 360 from the top surface of the fourth
insulating layer 344.
[0049] Then, a fifth insulating layer 368 is deposited over the fourth stop layer 346,

a fifth stop layer 370 is deposited over fifth insulating layer 368, a sixth insulating layer

372 is deposited over the fifth stop layer 370, and a sixth stop layer (not shown) is



conductive material |ayer 350 and the recessed portions of the sixth
insulating |layer 372 10 and a third conductive barrier layer 382 is
deposited over the dielectric layer 354. A third conductive material 384
is deposited over the third conductive barrier layer 382, and excess
portions of the third conductive materidl 3 84 and third conductive barrier
| ayer 382 are renoved fromthe top surface of the sixth insulating |ayer
372 using a CMP process. 15 [00501 The M M capacitors 376 conprise a
bottom plate 378 that includes the first conductive barrier |ayer 332,

first conddepokivel ovet ﬂreis@hh%?sﬁlatmgqmﬂ3¢p.n1;iy&ro'gieere hrbRhins c8Y&Ed #hfle second
conductive material 362, and conductive material layer 350. The MM

. : | . t
oot rode Toarar e dEIYERP, KRR e IR SO R 1383 2 SRR

third conductiv teri 20 384. A conductiye, pl 86 is formed in the

| ogi ¢ regi o(r{;t it twqgkﬁgmtcﬁﬁ’a&&aﬁp?q?@’ arsnlé?sﬂll F%g?t?’gﬁéfeé‘;‘r'glt%%’f&s,re ﬁ% fléﬁd VB,
and the via layers V1 and V2, as shown. Advantageously, in this '

enbodi mentX2RPor 19 ?v%mo‘ eWMF@{?CHWSéWt%qu}ﬁ%‘&m‘@tmﬁ@rlﬁéﬁﬁr 3392s densyited so be
removed, providing connections between adjacent MM capacitors, as shown

i n Fi gdr e ®er Hiequatterngd shdwinsalating sayes 32, ifidithastopvliape 390, fduethsesulatimpdatr or
device 22 300 shown in Figure 5 rotated by 90 degrees in the DRAM region.
As in the 368 atd foanthatipiadr,348. (The cpadictiod naterfahRiysi X3(isiranol e, bfda | ayer
372 is recessed by an anpunt d2 so that when the third conductive materi al
384 is deppsiibeer #NchseRABEH idsRlAnEM er BIPRSER0vE lgér?{leéxpﬁ 18fsthiag third

conductive material 384 and third conductive ayer 2 remains

residing iﬁj&%ﬂf‘l@ﬁl’i/ﬂ &%aéiﬁgipgagmgﬁg cﬁeel%c‘ﬁ%% Tay%% 3%43 %Séepgéq?%dac)qjera t%gnt MM

Q

conductive material layer 350 and the recessed portions of the sixth insulating layer 372

10 and a third conductive barrier layer 382 is deposited over the dielectric layer 354. A
third conductive material 384 is deposited over the third conductive barrier layer 382,
and excess portions of the third conductive material 384 and third conductive barrier
layer 382 are removed from the top surface of the sixth insulating layer 372 using a
CMP process.

15 [0050] The MIM capacitors 376 comprise a bottom plate 378 that includes the first
conductive barrier layer 332, first conductive material 334, second conductive barrier
layer 360, second conductive material 362, and conductive material layer 350. The
MIM capacitors 376 also include a top plate 380 that comprises the top plate electrode
material 356, the third conductive barrier layer 382 and the third conductive material

20 384. A conductive plug 386 is formed in the logic region that extends through the
metallization layers M1, M2 and M3, and the via layers V1 and V2, as shown.
Advantageously, in this embodiment, a portion of the top or sixth insulating layer 332
may also be removed, providing connections between adjacent MIM capacitors, as

shown in Figure 6. Figure 6 shows a cross-sectional view of the semiconductor device



capacitors 376. This is an advantage because no additional netallization

| ayers need be wused to connect adjacent MM capacitors 376. Furthernore,
because the connecting regions 365 are formed in the top insulating |ayer
372, there is |less chance of shorts to gitline contacts, which may be
formed i n subsequent manufacturing proc@ ses. 10 [0051] While a portion of
the MM capacitor 376 bottomplates 378 is formed in two netallization
layers ML and M2 (insulating layers 330 and 344) and one via |ayer
(insulating layer 340) in the structure shown in Figures 5 and 6,

al t er nat i véD§ shawminrRigare 5, edtateti &y WD MegrpaR the DIDOM @PIoR! alsqs t1R/& sy al so
be formed in three or nore netallization |layers and two or nore via |layers

, d ; ; . . Or i ' own) .
o e SO 8k R SR L of b

- [ ' L0 El } S. _enbodi ,..again, ortion of
The bot t o of e R ek 8 SRR mploRel e AEPEN TR PRl RiaM e T s
metal | i zation | ayer embodi nent, the M M capacitors

M . ver, in this /
488 are. foPHBE hOUHERE! O R GoRtuctibe st 209 Ayl ard|capdyesiva harrienbayer 468,
and 472. Fgr exanpl e, the MM capacitors 488 are formed in the third _
i nsul at ng’PalFerainsresidingdn conrachng regionst 364 petvesearat losdt, twiohwdjdcedttMIMNS Ul at i ng
| ayer 468, and the sixth insulating layer 472. Note that the MM
capaci t or scafgeiters 87a| $hisfipamedvantage bbeausesp additiven] sheallivAan Syerdbeabe
i ncl ude second stop layer 438, third stop |ayer 442, 23 fourth stop |ayer

446, and f udedho stxect fj@&ienf VM éapatixdrd 396 OPukiRYRbrdBYcALSReRE over
the top surface of th?isixth insé)laati ng |layer 472, not s ovvn.mlf%gg%] In

this embodidgris 369 btelforhed f thk tdlPinbh&tiAd a8 7B lekd £3Lds UadBYE5HNEB and the
bitline contacts, which may be formed in subsequent manufacturing processes.

10 [0051] While a portion of the MIM capacitor 376 bottom piates 378 is formed in
two metallization layers M1 and M2 (insulating layers 330 and 344) and one via layer
(insulating layer 340) in the structure shown in Figures 5 and 6, alternatively, a portion
of the MIM capacitor bottom plates 378 may also be formed in three or more
metallization layers and two or more via layers in accordance with embodiments of the

15 present invention, (not shown).

[0052] A third embodiment of the present invention is shown in a cross-sectional
view in Figure 7. In this embodiment, again, a portion of the bottom electrode 490 of
the MIM capacitors 488 are formed in the first metallization layer M1. However, in this
embodiment, the MIM capacitors 488 are formed in three or more of the insulating

20 layers 440, 444, 468, and 472. For example, the MIM capacitors 488 are formed in the
third insulating layer 440, the fourth insulating layer 444, the fifth insulating layer 468,
and the sixth insulating layer 472. Note that the MIM capacitors 488 are also formed in

the respective stop layers, which include second stop layer 438, third stop layer 442,



second via layer V2 with a conductive barrier layer 482 and a conductive
material 484, 5 the M M capacitor pattern is fornmed in the top four
insulating |ayers 472, 468, 444, and 440. Wile the logic region of the
wor kpi ece 404 is covered in photoresist, the insulating |ayers 472, 468,
444, and 440 and stop |ayers 438, 442, 356, and 470 are patterned, and the
phot oresist is renoved. A conductive material |ayer 450 is deposited over
the patterned insulating |ayers 472, 468, 444, and 440. The conductive
material 10 |layer 450 is renoved, and at |east a portion of the sixth

i nsul at i ngfduetietopdderi 4161 aubfifkl stoF%y&e@MO.aA sb@hstoptlaver atlyatR e dedover
capacitor patterns. A dielectric layer 454 is deposited over the.

conduct i veraeEirlce o@YRS sidRPnsufatin iléﬂ:r@?@,%@%lil%@n.bar rier |layer 482 is
deposited over the dielectric |aye 54, and a third conductive materi al

484 is de iLed ver the third co 1V rrier layer 482

process igﬂiﬁéﬁ us§ﬁ§¥%lpg%%$%n%ﬁgoﬁ %gkg%ggqﬁﬁ?Pﬁag%ﬁ%ﬁﬁyp@ézﬁé%éﬂgél 484,
third conductivye, harri | ayer 482, dielectric |ayer 454, and conductive
mat eri al | {F8P4 Y anI()\r%r W\VEF CPHQUCF’SB%%F’F &t g& ik candpriveaaiedli 4% | ayer
472. The M M capacitor 488 conprises a bottomplate or electrode 490

conpr i s¥ ngthedviBYcepacstop patidre is foaped ingiBe forciontinsulatieg ersrd73] 4683444,amd
conductive nmaterial |ayer 450. The M M capacitor 488 conprises a top plate
or el ectr odé0.49il2theclogirriegion@f tieprvgkaicee 404 Btovocked implestobisg e, conducti ve
barrier layer 482, and conductive material 484. [0054] Advantageously,

agai n in t hisslaBAP OYeremTD, 468, alerMala0the stpRais 538Ul 4apsHiPdiog.! ayer 472
is recessed by an anmount d2 fromthe top surface, such that a connecting

region 465, RelNECIPRR bidiRG& iAAhRGEA! AMMNEARR A 1843R 4561 RpBRHy as 24

over the patterned insulating layers 472, 468, 444, and 440. The conductive material

10 layer 450 is removed, and at least a portion of the sixth insulating layer 472 is removed
between at least two adjacent MIM capacitor patterns. A dielectric layer 454 is
deposited over the conductive material layer 450, a third conductive barrier layer 482 is
deposited over the dielectric layer 454, and a third conductive material 484 is deposited
over the third conductive barrier layer 482. A CMP process is then used to remove the

15 excess third conductive material 484, third conductive barrier layer 482, dielectric layer
454, and conductive material layer 450 from over the top surface of the sixth insulating
layer 472. The MIM capacitor 488 comprises a bottom plate or electrode 490
comprising conductive barrier layer 432, conductive material 434, and conductive
material layer 450. The MIM capacitor 488 comprises a top plate or electrode 492

20  comprising top plate electrode material 456, conductive barrier layer.482,' aﬁd -
conductive material 484,
[0054] Advantageously, again in this embodiment, preferably the top or sixth
insulating layer 472 is recessed by an amount d2 from the top surface, such that a

connecting region 465 between one or more adjacent MIM capacitors 488 is formed, as



shown in Figure 8, which shows a 90 degree rotated cross-sectional view of
the view shown in Figure 7. [0055] Wiile the MM capacitors 488 are forned
intw netallization layers M and M3 (insulating |ayers 444 and 472,
respectively) and two via layers VI and V2 5 (insulating |ayers 440 and
468, respectively) in the structure shown in Figures 7 and 8, one or nore
M M capacitors nmay al so be forned in t H4ee or nore metal i zation layers
and three or nore via layers in accordance with enbodi nents of the present
invention, (not shown). [0056] Note that |ike nunerals are used-to nunber
the elements in Figures 7 and 8 10 as are used to nunber the elenments in
Fi gures 2AhbWnanghyuddl, WhighiEiesvs3Ao0 Bég?k@fbté’zéd crofd-§fiBRal &Bf%@%‘b#'\ﬂ
Figure 5 and Figure 6. As such, ogl% he Slenepésdthitdre aFet'oaooghgvery
above dis ' igures 7 an are descri bed. escrip

el enent nﬁﬁﬁg?qﬁﬁf F%Erg 7 and 8 is not repeated herein: reference should

be made t the pryon fi s_and di sgussi.on thereof. 15 [0057] Advant ages
of enbodi 1% of THE E}}eg\ggﬁtcaf’?ﬁ}té’mﬁ P U s b%meéﬁjfh@[“an e of
formng M Nlégggpltors 266, 376, and 488 that reduces the risk of bitline

contact tdof psplating layers ddrbard 73, rerpectiviely) @ap e visrlayars M andfeased
capacitance for a given |ayout area may be nanufactyreq by formng the MM
capaci for {inzelgtingiayersA4 and 868, mspentivaly) imshestiucsurt shéwgin Bigeres 7ahdighe

sem conduct or device. The bottom el ectrode 20 of the M M capacitors 266,

376, and 488 omeore MIM tap@citors angtulbdol becforhetlinfthfed®e midie thetdllizagion layers
nmetallization | ayer and/or subsequent netallization |ayers, for éxanple.

Overlay RhAERES ofRoEH NI 18/%R ihTRERYAR Wit F O diAgn @ dk ﬁl%%ésem 1%&%9)%9' tors
266, 376, and 488
(not shown).
[0056] Note that like numerals are used to number the elements in Figures 7 and 8
10 as are used to number the elements in Figures 2A through 2M, Figures 3A through 3M,
Figures 4A through 4M, Figure 5 and Figure 6. As such, only the elements that related
to the above discussion for Figures 7 and 8 are described. A description of every
element number in Figure 7 and 8 is not repeated herein: reference should be made to
the prior figures and discussion thereof.
15 [0057] Advantages of embodiments of the present invention include providing a
method of 'forming MIM capacitors 266, 376, and 488 that reduces the risk of bitline
contact to top plate electrode shorting. MIM capacitors with increased capacitance for a
~ given layout area may be manufactured by forming the MIM capacitors 266, 376, and
‘488 in two or more insulating layers of the semiconductor deifice. The bottbrﬁ electrode
20 of the MIM capacitors 266, 376, and 488 may comprise a conductive plug formed in a
first metallization layer and/or subsequent metallization layers, for example. Overlay
process margins are improved by coupling adjacent MIM capacitors 266, 376, and 488

together by recessing a top portion of the top insulating layer therebetween.



together by recessing a top portion of the-top insulating |ayer

t herebetween. 25 [0058] Enbodi nents of the present invention have useful
application in many seniconductor applications. For exanple, the MM
capacitors 266, 376, and 488 described herein may be forned in stand-al one
nmenory devi ces, enbedded menory devi ce2? non-vol t age nmenory devi ces,
ferro-electro nenory devices, magneto-electro 5 nenory devices, static
random access menory (SRAM devices, dynami c random access nenory (DRAV)
devices, digital devices, RF devices, analog devices, or m xed- node

devi ces, a$mﬁm¢npl@&ﬁbﬁhﬁmk&b?ﬁ@ﬁﬁ&kﬁ@hvé&ﬁMQkﬂéG%g@ﬁgghéiﬁmiﬁ%ﬂm?BS and

nmet hods of manufacture descri bed herein also may d 1 n capacitor over

u
bitline (mcogéuc@(ﬁ'%ﬁji&g{onk'ﬂnﬁf{ e)&hl&)!’l\jt, g}?e Dapidil S %g%ejslé,?%?i anpl es.

Enbodi ments of the 10 hove capa structures d 488 and

met hods of- W f ure described herein may be inplenmented in the front
end of t hedglﬁglée?ﬁ%&n)m E‘bﬁo © h‘aS‘B’F&POHS Gy égﬁéﬁy ,e"&’ggdeé%a?fﬁ%h [ 0059]
Al t hough enbadi ments of the present invention and their advantages have
been dgscr ggﬂae% RoRr¥pliage memomyifeyicgs. errenstestre msspry avicon magnstoctientge s,
substitutions and 15 alterations can be made herein without departing from
the spi?it MemPrs dopecsostatihmndnmerstéss mensors ¢BRAM) deyidebadyapmenaadoral ai ns.

For exanple, it will be readily understood by those skilled in the art

that nmany efcestimefent (DRAM)denicts, Aisital BEAERSREevRBE AARIE deMcss, ofBS&ldL bed
herein may be varied while remaining within the scope of the present

Lo be 11 m Lot ot R R, 2R IR el alhng, 1 P
manuf act ur g e8P HahhQPu?d described herein also may be used in capacitor over bitline
(COB) or capacitor under bitline (CUB) structures, as examples. Embodiments of the
10 novel MIM capacitor structures 266, 376, and 488 and methods of manufacture
described herein may be implemented in the front end of the line (FEOL) or back end of
the line (BEOL), for example.
[0059] Although embodiments of the present invention and their advantages have
been described in detail, it should be understood that various changes, substitutions and
16 alterations can be made herein without departiﬁg from the spirit and scope of the
invention as defined by the appended claims. For example, it will be readily understood
by those skilled in the art that many of the features, functions, processes, and materials
described herein may be varied while remaining within the scope of the present
iﬁvention. Moreover, the scope of the present application is not intended fo be limited
20  to the particular embodiments of the process, machine, manufacture, composition of
matter, means, methods and steps described in the specification. As one of ordinary
skill in the art will readily appreciate from the disclosure of the present invention,

processes, machines, manufacture, compositions of matter, means, methods, or steps,

presently existing or later to be developed, that perform substantially the same function



matter, means, nethods and steps described in the specification. As one of
ordinary skill inthe art will readily appreciate fromthe discl osure of
the present invention, processes, nmachines, manufacture, conpositions of
matter, means, nethods, or steps, presently existing or |later to be

devel oped, that perform substantially t4% sanme function 26 or achieve
substantially the sane result as the correspondi ng enbodi nents descri bed
herein may be utilized according to the present invention. Accordingly, the
appended clains are intended to include within their scope such processes,

machi nes, ormmhisfaaibytaatialtphiedaint r@k a8thd @irfeepondiRAdBhodMERG descrided St eps.
LLOYD MVSE 27 CLAIM5S 1. A sem conductor device, conprising: a workpiece;

a first i npuirtdd®elANBEd hQREHg 99’@15 E pi J%@ntviﬁféﬂﬁoﬁc ccGrdfely ‘?lgpsﬁaptp%ﬁgedsecond

insul ating | ayer "forned over the f I nsu atlng ayer east one

nmetal -ins a r.formed insulating |ayer
and t he a'tg 1arﬂeas y%%egdgé%o{%luﬁg&ﬁ% fﬂﬁt{ Sf“%Rfeﬁ'uc Pﬁogeﬁs’l%%f {1e¥ne M M

capaci tor rising a first conductive layer, a dielectric |ayer disposed
over the frf’? LYh PQFYI0NS 9f giatter, fipags, gaet %roﬁﬁ%iﬁctlve | ayer forned over
the dielectric |ayer, and mhereln the 10 first conductive | ayer extends
conpletely to a top surface of the at | east one second insulating |ayer,
wherein the second insulating |layer conprises a recessed region



bet ween at | east two adjacent MM capacitors, the at least two MM
capacitors having top plates conprised of the second conductive | ayer,
wherein the second conductive layer fills the recessed region of the
second insulating |ayer, electrically coupl ing 15 together the tofa'-‘bY%Wé&E
of the at |east tw adjacent MM capam&.g 2. The sem conductor device
according to Claiml, wherein the first onductl ve layer and the second
conductive |layer conprise a refractory nmetal, TiN, TaN, Ta, TaSiN, TiW
NiCr, MON, Ru, WN, Wsi, Cu, Al, W Ti, Ta, Co, N, N, M, other 20 netals,
conbi nat i ofdAINY eof , or polysilicon, and wherein the MM capacitor is
formed in an interconnect |ayer of the sem conductor device. LLOYD WSE
28 3. The dem cdnstudit@rdudieydevwcgecompdsing: to Claim 1, wherein the dielectric
| ayer conprises Al, Si, 0, N, Ti, Ta, l|lead-zirconate-titanate (PZT),
barium stronti umv&drkﬁe@ge (BST), Ta205, A1203, Si 2, or conbinations
thereof. 5 4. The sem conduct or devi ce accordi ng to daim1l, wherein the at

| east one Seconqﬁrétmﬁéeurlzgtfrfgrl@%ér%ﬁﬁed%gp{h'eWk}% , 4, 5, or 6 or nore

insul ating | ayers capaci tor |sforrred|nthe entire

t hi cknesses of t econd insul ers ctor _device
hecor i Bo to a A 0“8\5%%08 w%il plEhge OXH té%ﬁfﬁ? FRLERRE IRk anf T of
el enents forned therein, Lfrth r L 1{/}% net;]lrd i psul ating
| ayer di sposed Bk Rt ORe M Pré’é‘é %aHaF‘F%rt 1 the IRy SHPEPE  and

at | east one conductive region forned in each thi rd insul ating | ayer
abut ti ng t feyer and the at least one second insulating layer, the at least one MIM capacitor

comprising a first conductive layer, a dielectric layer disposed over the first conductive
layer, and a second conductive layer formed over the dielectric layer, and wherein the

10  first conductive layer extends completely to a top surface of the at least one second
insulating layer, wherein the second insulating layer comprises a recessed region
between at least two adjacent MIM capacitors, the at least two MIM capacitors having
top plates comprised of the second conductive layer, yvherein the second conductive
layer fills the recessed region of the second insulating layer, electrically coupling

15  together the top plates of the at least two adjacent MIM capacitors.

2. The semiconductor device according to Claim 1, wherein the first conductive
layer and the second conductive layer comprise a refractory metal, TiN, TaN, Ta,
TaSiN, TiW, NiCr, MoN, Ru, WN, WSi, Cu, Al, W, Ti, Ta, Co, N, Ni, Mo, other

20 metals, combinations thereof, or polysilicon, and wherein the MIM capacitor is formed

in an interconnect layer of the semiconductor device.



first conductive |ayer of the at |east one M M capacitor, wherein each
conductive region 15 and the first conductive |ayer conprise a bbOYDmISE
plate of the at | east one M M capacitor, and wherein the at | east one
conductive region nakes electrical contact to an elenent in the workpiece.
6. The sem conductor device according t? Claim5, wherein the at |east one
third 20 insulating |layer conprises a $rst nmetallization | ayer of the
sem conductor device, wherein the first insulating |layer conprises a first
via |ayer of the sem conductor device, wherein the at |east one second

i nsul at i ng3l ayehe semicordustey dswise aecanding e Clasmilowherpjiethe digleqtelayer

sem conduct or device, and wherein the at | east one MM capacitor is forned
in LLOYD We&hpri3 Alh&i, 0, Ns Ti,VTa | dadyrincomael titanete BED) darinsustanting titaaer  of

t he sem conductor device. 7. The sem conductor device according to Claimb5,

wher ei n th?Bgr), a5, AY®, 10, Qrcdnﬁﬁﬁétﬂingﬂg;ré@‘yer conprises a first
netallization Tayer, at [east one first via | ayer and at 5 |east one

second netallization | ayer of the sem conductor device, wherein the first
insulating | ayer conprises at |east one second via |ayer of the

sem conductor deyice,. erein the at .l east,one second.insul ating | ayer
conpri s&s 4t | e%‘f’ SRieOpyCIQy dgﬁ’ﬁf gf:‘fqrgléfg?%ﬁlqugae?”%ﬂel? He az ger?‘?tcoéﬁgﬁ%({ngr
device, wherein the at | east one M Mcapacitor  [s forned in the at |east
one second IRFURIING JaYer GRBPHTFE 208> 4 @aQ% 0 SBOTeHPF A NSy LS, WRETe I8 ey 10 the
sem conductor device, and wherein a bottomplate of the at |east one MM
capaci t or capacpoi is dermdddn fthe ettire thicknessey ef thapegond nesuldtimgdayetuct i ve regi ons
inthe third insulating |ayer.
5. The semiconductor device according to Claim 4, wherein the workpiece
10  comprises a plurality of elements formed therein, further comprising:
at least one third insulating layer disposed between the workpiece and the first
insulating layer; and
at least one conductive region formed in each third insulating layer abutting the
first conductive layer of the at least one MIM capacitor, wherein each conductive region
15  and the first conductive layer comprise a bottom plate of the at least one MIM capacitor,

and wherein the at least one conductive region makes electrical contact to an element in

the workpiece.

6. The semiconductor device according to Claim 5, wherein the at least one third
20 insulating layer comprises a first metallization layer of the semiconductor device,

wherein the first insulating layer comprises a first via layer of the semiconductor device,

wherein the at least one second insulating layer comprises a second metallization layer

of the semiconductor device, and wherein the at least one MIM capacitor is formed in



8. The sem conductor device according to Caim1l, wherein the at |east one
M M 15 capacitor conprises an array of nenory devices, the array having a
di mrension of 2x 1 or greater. 9. The sem conductor device accorth %PYWﬁ
Claim 1, wherein the first conductive |ayer conprises a bottom el ectrode,
the dielectric |ayer conprises a capaci%yr dielectric, 20 and the second
conductive | ayer conprises a top el ectrbode, wherein the bottom el ectrode,
top el ectrode, or both are forned by a chem cal - nechani cal polish (CWP)
process. LLOYD WSE 30 10. The sem conductor device according to Claiml1,
wher ei n t héheNirM \Ga pparer anst the second insutpting layes obihe seinisaadyrtorsioyicgevi ce,
enbedded nenory device, non-voltage nenory device, ferro-electro nenory
devi ce, magneto-electro nenory device, static random access nenory (SRAM
devi ce, dynam c random access nenory (DRAM 5 device, digital device, RF
devi ce, angl og qg¥ké&hicofudiirdRiciacréay ke€elaih®, whbris g\ia¢ kastiuetk eirdevi ce
according to Claiml, wherein the workpiece conprises a first region and a

second regiapy, i\ﬁ@ﬁ@ Sorh ega_drﬁ%ﬁéta@%id}{ll&@&,aaq@@isi SHe firdt vih MyZRehPyer the

first region, r conprising conductive regions fornmed in the first 10
insul atpng,layer and the second insulating |laver qver regi on of
t he wor Rpi é"’(‘?ét?lonef?onﬁﬁgetg@lﬁ?té%ﬁa egtog }hedsgﬁ%oé%é%t%g%‘fl egwl?%r%?g}%mr}ﬂitl, wher ei n
the first region conprises a DRAM regi on, ,agnerei t he .second regqion
conprises &ulagng 13yepF@nRPrises gt legt ope secopd ¥ quré%gle SRECONINFIORFENESS or
conprises a storage node of a DRAM nenory

wherein the at least one second insulating layer comprises at least one third

metallization layer of the semiconductor device, wherein the at least one MIM capacitor

is formed in the at least one second via layer and the at least one third insulating layer of
10  the semiconductor device, and wherein a bottom plate of the at least one MIM capacitor

comprises the first conductive layer and the conductive regions in the third insulating

layer.

8. The semiconductor device according to Claim 1, wherein the at least one MIM
15  capacitor comprises an array of memory devices, the array having a dimension of 2x1 or

greater.

9. The semiconductor device according to Claim 1, wherein the first conductive

layer comprises a bottom electrode, the dielectric layer comprises a capacitor dielectric,
20 and the second conductive layer comprises a top electrode, wherein the bottom

electrode, top electrode, or both are formed by a chemical-mechanical polish (CMP)

process.



15 cell in the DRAM region. 13. The sem conductor device according to Claim
11, wherein the first insulating |ayer conprises a via |layer of the

sem conductor device, wherein the second insulating |ayer conprisEOv g
netal lization |ayer of the sem conductor device, and wherein the 20
conductive regions in the second region é:orrpri se a dual danascene
structure. 14. The sem conductor devi c%e according to Claiml, wherein the
wor kpi ece conprises a plurality of elenents forned therein, further
conprising a third insulating LLOYD WSE 31 |ayer forned between the

wor kpi ece d8d t Ake s¢mispndustaridgvicagedoagiag to ElaimHe wheriipthieVIRY capacitpelist one
first conductive region disposed in the third insulating |ayer abutting the
first conderatedvealsapdalak mémomtdelieasimmddedinkinogpdavitepnon-wbktagei n t he at

| east one first conductive region and the first conductive |ayer conprise a

bot t om pl ahenry H&Ec@ferr@aRLtro MepitRy NEWLE aRaatlo®lectrbmembs deRbecauibict or
devi ce according to Claim 14, wherein the at |east one first conductive

regi on co i i J : i | al
%d%ﬁﬁag@%sg%g@ V(gﬁél;&ﬂdévﬁre dpaslic ARdoR 0ndwednorg (DRIAN) @

di sposed over t ler [ayer. 10 16. The sem conductor device

accordi pg to .Cl al \Wh yn.the at lLeast one firs conductive region
el ectri gal pﬁ‘“ﬁ%@b@%ﬁ?‘ﬂ‘é&%ﬁ%ﬁ%ﬁ a%aﬁ%g ﬁl\ﬁvmecglbrg&efigyo eodeé’hceél enent in the
wor kpi ece. 15 17. The sem conduct or device according to C aim 14, wherein
the first conductive

11.  The semiconductor device according to Claim 1, wherein the workpiece
comprises a first region and a second region, wherein the at least one MIM capacitor is
formed over the first region, further comprising conductive regions formed in the first

10  insulating layer and the second insulating layer over the second region of the workpiece.

12.  The semiconductor device according to Claim 11, wherein the first region
comprises a DRAM region, wherein the second region comprises a logic region, and
wherein the at least one MIM capacitor comprises a storage node of a DRAM memory

15  cell in the DRAM region.

13.  The semiconductor device according to Claim 11, wherein the first insulating
layer comprises a via layer of the semiconductor device, wherein the second insulating
layer comprises a metallization layer of the semiconductor device, and wherein the

20  conductive regions in the second region comprise a dual damascene structure.

14.  The semiconductor device according to Claim 1, wherein the workpiece

comprises a plurality of elements formed therein, further comprising a third insulating



region and the third insulating |layer conprise a first netallization |ayer
of the sem conductor device, wherein the first insulating | ayer con(‘jpri ses
a first via layer of the seniconductor device, wherein the secondLLOYD WISE
insul ating | ayer conprises a second netallization [ayer of the

sem conduct or device, and wherein the a% | east one M M 20 capacitor is
formed in the first via layer and the s kond netallization | ayer of the
sem conduct or device. 18. The sem conduct or device according to C ai m 14,
further conprising at least LLOYD WSE 32 one fourth insulating |ayer

di sposed btyernmed betivees thej wierkibigee angl the fiest izsytating dayeni faher;comprising iy

| ayer, and a second conductive region fornmed in each at | east one fourth

i nsul at i ngldastyome flvsttoonductivh eedion dispesed dutikitlvied insgliating kayelr atugtingt the Gasst one
M M capacitor, wherein the second conductive region electrically couples
the at | eagdnduoevdMalbrofGEPadeds0bnd MIM@phtitos] wharbidUbé heast 6g¢ ikt 19. The
sem conduct or device according to Caim 18, wherein the third insulating

| ayer and k&&’dutegcéseggo%@ga%é H&t &giuetmvqup&}raoﬁﬁri@eabsﬁm;ﬁgﬁgwhé%& ielga | ayer

of the sem conduct Vi ce, erein the at l'east one i nsul ating

| ayer apd the ond .10 conductive region conprise a first via layer and a
second gret QPT@Qf?a@HCI%OJyer of the sem conductor device, wherein %/he first

i nsulating | ayer conprises a second via |ayer of the sem conductor device,
wherein the second insulating |ayer conprises a third netallization |ayer

of the sem conductor device, and wherein the at |east one MM capacitor is
formed in tlthe sdbesemigpaductyralevigadeqonding i Cthimddawherein theat leasione difstt he

conductive region comprises a conductive barrier layer and a conductive material
disposed over the conductive barrier layer.

10
16. The semiconductor device according to Claim 14, wherein the at least one first
conductive region electrically couples the at least one MIM capacitor to an element in

the workpiece.

15 17.  The semiconductor device according to Claim 14, wherein the first conductive
region and the third insulating layer comprise a first metallization layer of the
semiconductor device, wherein the first insulating layer comprises a first via layer of the
semiconductor device, wherein the second insulating layer comprises a second
metallization layer of the semiconductor device, and wherein the at least one MIM

20  capacitor is formed in the first via layer and the second metallization layer of the

semiconductor device.

18.  The semiconductor device according to Claim 14, further comprising at least



15 sem conductor device. 20. The sem conductor device according to Caiml1,
wherein the second conductive |ayer of the MM capacitor conprises a
conductive barrier layer and a conductive material disposed over the
conductive barrier layer. 20 21. A sem conductor device, conpris#HéYDMﬁSE
wor kpi ece; a first insulating |ayer forped over the workpiece; LLOYD W SE
33 a second insulating |ayer forned over“the first insulating |ayer; at

| east one third insulating |ayer formed over the second insulating |ayer;
and at |east one netal-insulator-metal (MM capacitor forned in the at

| east one onhfqugthiinsilatingilaypridispesed hepweendbofitst insulating laygr angthe thishd t he
first insulating |ayer, the at 5 | east one M M capacitor conprising a first
conduct i veinsalaging layer]iaall eceednd coagetive regimsfedmed irecach laelehstrome fawtiduct i ve

| ayer, and a second conductive |ayer forned over the dielectric |ayer,

wherein a fmpladéihg l88Fbet@aen tHRiflrst doRwdtiaE rdiGon AMEthe GOIRRStIOHE MM kgsReRsEed
region between at |east two adjacent M Mcapacitors, the at least two MM

capacitors th%}’eiin’f'ﬂlg sE&B&%ﬁ&&%iv%ég?M él@&g?{lpé Jb?xgi%@?}?e”& IGRNGNELVE | ayer,

wherein the second conductive ayer : e recessed region of the top
o % O IS O B Sl o o 11 cally, couplL R0 Logether the
sem conductor device according to Claim2l, wherein the first insulating
19.  The semiconductor device according to Claim 18, wherein the third insulating
layer and the first conductive region comprise a first metallization layer of the
semiconductor device, wherein the at least one fourth insulating layer and the second
10  conductive region comprise a first via layer and a second metallization layer of the
semiconductor device, wherein the first insulating layer comprises a second via layer of
the semiconductor device, wherein the second insulating layer comprises a third
metallization layer of the semiconductor device, and wherein the at least one MIM
capacitor is formed in the second via layer and the third metallization layer of the

15  semiconductor device.

20.  The semiconductor device according to Claim 1, wherein the second conductive
layer of the MIM capacitor comprises a conductive barrier layer and a conductive
material disposed over the conductive barrier layer.
20
21. A semiconductor device, comprising:
a workpiece;

a first insulating layer formed over the workpiece;



| ayer conprises a first via layer of the sem conductor device, wherein the
second 15 insulating layer conprises a first netallization |ayer of the
sem conductor device, wherein the at |least one third insulating | EyOBD wisE
conprises at |east one second via |layer and at |east one second

metal lization |ayer of the sem conductogt, device, wherein the at |east one
M M capaci tor extends through the enti r%3thi cknesses of the first via

| ayer, the first netallization |layer, the at |east one second via |ayer,
and the at |east one second 20 netallization |ayer. 23. The semn conduct or
devi ce accor di ng seewndiinguating laygn derated ovhethgbirst phsdading daehr i ses a plurality
of elenments fornmed therein, further conprising: LLOYD WSE 34 at |east one
fourth insul ati aglehstpae thitsipadathgleyerdenede entrelgpi@ckinadatingleydri ant
insulating |ayer; and at |east one conductive region formed in each fourth
i nsul ating | ayekt Rt\WAE hetd19nsullitbSine@DMINIY taprcit@yformed inttheatleast east one
M M capacitor and an elenent in the 5 workpi ece, wherein each conductive

regi on and 4t:he: fi ty P : i ; he at
Izgas\t,\lh one I{}}lkﬁ:lgg%g@% %?&dg%s'eé’r éi 12%{%15%;%259&21%@%%51%22&52%% g%y%q{leoét(} aim
: erein the

t Jleast .one fourth - nsulati. Iy ' a fLrst

redaf 11 3t 8 PGP Sondien B3Rl 01 BB g AR IR0 portd
i nsul ating | ayer .conprijses first via layer aof the sem conductar, devi ce,
wher ei n t h@VEB® HER PRRANCHYS [yeT 45¢P S‘WEFGH‘&P%’/%‘E@“&C E’@Erofr%?ﬁ‘n?fgf"éﬁrltﬁezif’*efi‘i’iwl ayer
of the sem conductor device, wherein the at |east one third insulating
| ayer conphaysasvhereih@dep at least one third insulating layer comprises a recessed region

between at least two adjacent MIM capacitors, the at least two MIM capacitors having

top plates comprised of the second conductive layer, wherein the second conductive

10 layer fills the recessed region of the top at least one third insulating layer, electrically

coupling together the top plates of the at least two adjacent MIM capacitors.

22.  The semiconductor device according to Claim 21, wherein the first insulating
layer comprises a first via layer of the semiconductor device, wherein the second

15  insulating layer comprises a first metallization layer of the semiconductor device,
wherein the at least one third insulating layer comprises at least one second via layer
and at least one second metallization layer of the semiconductor device, wherein the at
least one MIM capacitor extends through the entire thicknesses of the first via layer, the
first metallization layer, the at least one second via layer, and the at least one second

20 metallization layer.

23.  The semiconductor device according to Claim 21, wherein the workpiece

comprises a plurality of elements formed therein, further comprising:



one second via layer and at |east one third netallization |ayer of the

sem conduct or device, and wherein the at | east one MM capacitor extends
through the entire 15 thicknesses of the first via |layer, the sec D

nmetal lization layer, the at |east one second via layer, and the a IQQ§F
one second netallization layer. 25. A's conductor device, conprising: a
wor kpi ece; 20 at | east one first insulating |ayer formed over the

wor kpi ece; and a plurality of netal-insulator-nmetal (MM capacitors forned
inthe at |east one first insulating |ayer, the plurality of MM
capacitors conpeilsastgnefqurthdnsulasingleydrgisposedyheiween the siogtieqecang slecfirst

di sposed over the first conductive |ayer, and a second LLOYD WSE 35
conduct i veilsalating layermaddover the dielectric |ayer, the second conductive

| ayer conprising a top plate of the plurality of MM capacitors, wherein a

top at |east ongfehdtDhe coithielidd fe%lgmlfaﬁﬁéq HQALH fe insulRERISRE beR@enthe
between at | east two adjacent M capacitors, and wherein the second

OOt | e fr@YGhaclile By LT hEGPRAEANE RENPE: 593 rifidlARIchda d i8St one fir st

i nsul ati ng Tayer elec rica ycouplngto er t etoppates of the at

I d M Th d di
o dl ai i 28 GERePHERHECRD cPRBiERve fign e A P EPEHEE eSS RE R ox a1

| east two insulating_ |ayers, wherein one first |nsulat|ng 10 | ayer

conpri ses QOUWBIﬂ%yéfﬁ@ﬁlFﬁ@‘%@@ﬂ@éﬁﬂ%@ﬁ%& devi ce, and wherein anot her
first insulating |layer conprises an interconnect |ayer formed over the via
| ayer.

24.  The semiconductor device according to Claim 23, wherein the at least one fourth
insulating layer comprises a first metallization layer of the semiconductor device,

10  wherein the first insulating layer comprises a first via layer of the semiconductor device,
wherein the second insulating layer comprises a second metallization layer of the
semiconductor device, wherein the at least one third insulating layer comprises at least
one second via layer and at least one third metallization layer of the semiconductor
device, and wherein the at least one MIM capacitor extends through the entire

15  thicknesses of the first via layer, the second metallization layer, the at least one second

via layer, and the at least one second metallization layer.

25. A semiconductor device, comprising:
a workpiece;
20 at least one first insulating layer formed over the workpiece; and
a plurality of metal-insulator-'metal (MIM) capacitors formed in the at least one
first insulating layer, the plurality of MIM capacitors comprising a first conductive

layer, a dielectric layer disposed over the first conductive layer, and a second



27. The sem conductor device according to Caim 25, wherein the workpi ece
conprises a plurality of elenents forned therein, further conprising at

| east one second 15 insulating |ayer forned between the workpi eceiand 8e
first insulating |ayer, further conprising a conductive region fornmed in
each at | east one second insulating |aygr, the conductive regions
electrically coupling the first conduct?%e | ayer of the MM capacitor to
an elenment in the workpiece, wherein the conductive regions and the first
conductive |ayer conprise a bottomplate of the at |east one MM

capaci t or . coglupgve ayer formed ovaiihs dieledaigilever.dbe srcandgondyciyalaye27,  wher ei n
the at least one first insulating |ayer conprises at |east two insulating
| ayers, wheomprisihfe tepopldieatfitheplnmdicoof MiMdaphmtoat, wheeesn a topeattlédst ane first
insulating |ayer conprise at |least one first nmetallization |ayer LLOYD W SE

36 of the %%Ma@iﬁgqjd&@fr S mpiIek G Qeceddrdireditn BEVebh ESlkast DS o héjabdng MIdy er
conprises a first via |layer forned over the at | east one first

metal lizat i ac}t@ﬁé,ez{nd WhdeihRe %‘égen@@&{dﬁeﬁvé laf&Lflls t?@f&c@és}e@%gli&ly@fr tlzlgﬂiﬁg\ rises

t
a second ne Ization layer rmed over the first via layer. 5

e o 8 TP R BT A, S b T DRDSRERE b

pro¥iQi sl ating over

wor kpi ece; depositing at | east .one second insulating |ayer over the first

i nsul at | ng_lqaé&‘é‘f“,?dﬁﬁ{‘ttl}éﬁn\rﬁ‘ﬁ@a"c‘ﬁ’és-at | east one second insulating |ayer and
the first insulating layer 10 with a pattern for at |east one

netal -insulator-nmetal (MM capacitor;

26.  The semiconductor device according to Claim 25, wherein the at least one first
insulating layer comprises at least two insulating layers, wherein one first insulating
10 layer comprises a via layer of the semiconductor device, and wherein another first

insulating layer comprises an interconnect layer formed over the via layer.

27.  The semiconductor device according to Claim 25, wherein the workpiece
comprises a plurality of elements formed therein, further comprising at least one second
15  insulating layer formed between the workpiece and the first insulating layer, further
comprising a conductive region formed in each at least one second insulating layer, the
conductive regions electrically coupling the first conductive layer of the MIM capacitor
to an element in the workpiece, wherein the conductive regions and the first conductive
layer comprise a bottom plate of the at least one MIM capacitor.
20
28.  The semiconductor device according to Claim 27, wherein the at least one first
insulating layer comprises at least two insulating layers, wherein the conductive region

and the at least one third insulating layer comprise at least one first metallization layer



depositing a first conductive | ayer over the patterned at |east one second
insulating layer and the patterned first insulating |ayer; renoving the
first conductive |ayer and recessing the second insulting layer in a

region over a portion of at |least two M M capacitor patterns; 151d@HQ§VBEng
a dielectric |ayer over the first condu éive | ayer; depositing a second
conductive | ayer over the dielectric Ia@ r, wherein depositing the second
conductive |layer conprises filling the recessed second insulting |ayer,
formng at |east two M M capacitors having top plates that are electrically
coupl ed t ogEthesemicgnduceor deairsy whereinmedsionsilatingdaxaricomprisgsey first via
dielectric layer and the first conductive |layer froma top surface of the
top at | eaddyenfoemsé owverdh¢ adudshbhefirsk meeallizatioh éayer, and méheseic amdhardivstuct i ve

| ayer, the dielectric |ayer and the first conductive |ayer LLOYD WSE 37

in the at kRakking MeMdvhsaRaaist@ndRadtdlirAtionQaRr: fsafedaivet R Tirstoi@lalybiV
capacitor, and wherein the first conductive |ayer extends conpletely to

the top surface of the top at |east one second insulating |layer 5 30. The
met hod according to Caim29, wherein the workpiece conprises a first
region and a second region, wherein patterning the second insulating |ayer

gion and a second re: ein pat _
capaci 1Br Earmpr OB of e AErfl e RiERAARYA R, bbShdod ERRARRE 1115,

insulating |layer over the first region, further Fsing:
J y prov\ll 1ng a workpiece; 9 urthe conpri sing

depositing a first insulating layer over the workpiece;
depositing at least one second insulating layer over the first insulating layer;
patterning the at least one second insulating layer and the first insulating layer
10  with a pattern for at least one metal-insulator-metal (MIM) capacitor;
depositing a first conductive layer over the patterned at least one second
insulating layer and the patterned first insulating layer;
removing the first conductive layer and recessing the second insulting layer in a

region over a portion of at least two MIM capacitor patterns;

15 depositing a dielectric layer over the first conductive layer;
depositing a second conductive layer over the dielectric layer, wherein
depositing the second conductive layer comprises filling the recessed second insulting
layer, forming at least two MIM capacitors having top plates that are electrically
coupled together; and
20 removing the second conductive layer, the dielectric layer and the first
conductive layer from a top surface of the top at least one second insulating layer,

wherein the second conductive layer, the dielectric layer and the first conductive layer



10 form ng conductive regions in the first insulating |ayer and the second
insulating |ayer over the second region of the workpiece using a damscene
process, wherein depositing the second conductive |ayer conprises formng
t he conductive regions over the second region of the workpi ece. L4YYD3WISEThe
met hod according to Caim29, wherein t wor kpi ece conprises a plurality
of elenents fornmed therein, further co ising formng at |east one third
insulating |ayer between the workpiece and the first insulating |ayer,
further conprising forrri]rrﬁ a first conductive region in each third

i nsul at i ngin tyet leastione MIM chpacitor pastgt caprpises pideast epnNIM ¢apacii@gingh and t he
first conductive |ayer conprise a bottomplate of the at |east 20 one MM
capaci t or, whettintherfizstrcohthective ldyeasttendsecofripletely cotiatitop sméaceedittertop at
electrically couples the at | east one MM capacitor to an elenment in the

wor kpi ece. 1dak{dde sWopld inkBatir lagernet hod of manufacturing a

metal -insulator-nmetal (MM capacitor, the nethod conprising: providing a
wor kpi ece; depositing a first insulating layer over the workpiece; 5
depositing a second insulating |ayer over the first insulating |ayer;

depositing,at least one third insul.ati | aver, over th ifisul ating
| ayer ; E-’patzp‘er ni aqeﬁléodaa[cc?r(gi&gttogﬂgqu %‘?,Meinﬁgmea\g?rﬁalefggirﬁfp‘g%%g fis}tgaitcond
insulating layer and the first insulating |ayer with a pattern for_.at |east
one M M capeaion #d a ysppd 1agiony Whers} E@E“e&'ﬁﬂ%lﬂ@tsle%‘\m ingnlating layerand thefinsk ned
second insul ating | ayer, the

insulating layer with a pattern for the at least one MIM capacitor comprises patterning

the second insulating layer and the first insulating layer over the first region, further
comprising:

10 forming conductive regions in the first insulating layer and the second insulating
layer over the second region of the workpiece using a damascene process, wherein
depositing the second conductive layer comprises forming the conductive regions over

the second region of the workpiece.

15 31.  The method according to Claim 29, wherein the workpiece comprises a plurality
of elements formed therein, further comprising forming at least one third insulating
layer between the workpiece and the first insulating layer, further comprising forming a
first conductive region in each third insulating layer, wherein the at least one first
conductive region and the first conductive layer comprise a bottom plate of the at least
20  one MIM capacitor, and wherein the at least one first conductive region electrically

couples the at least one MIM capacitor to an element in the workpiece.



10 patterned third insulating |ayer and the patterned first insulating

| ayer; renoving the first conductive |layer and recessing a top third
insulating layer in a region over a portion of at |east two M M capacitor
patterns; depositing a dielectric |ayer over the first conducti velDAy®iSE
depositing a second conductive |ayer ovgg the dielectric layer, wherein 15
depositing the second conductive |ayer nprises filling the recessed
second insulting layer, formng at |east two M M capacitors having top
plates that are electrically coupled together; and renoving the second
conduct i ve 32ayed methed df slapufaciucing ayestalansiiathemietal MIMg sapageer. the | ayer from
a top surface of the at least one third insulating |ayer, wherein the 20
second conghishiddv@dnipigiig; the dielectric layer and the first conductive

| ayer in the at |east one MM capacitor pattern conprises at | east one MM
capaci tor. LLOYB-dMdihg a3brBRecelhe method according to Caim 32, wherein the
wor kpi ece conprises a first region and a second region, wherein patterning

the at | east On%ﬂ?’%gf’%a%,@f%%ﬁ‘%ﬁgg %g%(xe(;verh{éqwrﬁﬁgggd i nsul ating | ayer and

the first insula tern for t at least one MM

capaci tor conpri,ses,patterni t he | east .,one t.hird.insul ating |ayer, the
second B i nsul afffRRt %§echhc8%[sw8tlrfﬁa¥?r qvﬁgmegﬁftﬁasql%%qa%?/rer the first

regi on, wherein depositing the second conductive |ayer conprises formng
conducti ve regi @aROSHingratignst qnecthind iInsulaging fayst oYaRdheseRy wswatinglayete net hod

according to Caim32, wherein the workpiece conprises a plurality
patterning the at least one third insulating layer, the second insulating layer and

the first insulating layer with a pattern for at least one MIM capacitor;
depositing a first conductive layer over the patterned second insulating layer, the
10  patterned third insulating layer and the patterned first insulating layer;
removing the first conductive layer and recessing a top third insulating layer in a
region over a portion of at least two MIM capacitor patterns;
depositing a dielectric layer over the first conductive layer;
depositing a second conductive layer over the dielectric layer, wherein
15  depositing the second conductive layer comprises filling the recessed second insulting
layer, forming at least two MIM capacitors having top plates that are electrically
coupled together; and
removing the second conductive layer, the dielectric layer and the first
conductive layer from a top surface of the at least one third insulating layer, wherein the
20  second conductive layer, the dielectric layer and the first conductive layer in the at least

one MIM capacitor pattern comprises at least one MIM capacitor.



10 of elenents forned therein, further conprising formng at |east one
fourth insulating |ayer between the workpiece and the first insul ati n%

| ayer, further conprising formng a conductive region in each foﬁ?@w ISE
i nsul ating | ayer, wherein the conductive region provides electrical
connection between an elenent in the wogé(pi ece and the first conductive

| ayer of the at |east one M M capacitor;” wherein the conductive regi on and
15 the first conductive |ayer conprise a bottomplate of the at | east one
M M capacitor. 35. The nethod according to Caim35, wherein the MM
capacit or B3. f ofhethethodaccendingdo &llaine3davhsrsin thepverkpicep pRIBRIEWSs AdhYr v

devi ce, non-vol tage nenory device, ferro-electro nenory device,

magnet o- el eglisroandenscyndirgione wheteat patterringithean astisme 20irdrwolating BRed/Jhe

devi ce, dynam c random access nenory (DRAM device, digital device, RF

devi ce, angl@ddiaviafifg 18kr MK e IR lifing G8yver Wi patkHor 4 aifeastidie met hod
according to C aim 32, wherein depositing the at | east one third

15U 219 Nt Gl SRURICHSSRBRAMILE 8 o teath o4 Blicfing 1WA R4 o eyer

37. The net ccor erein depositin I rst

CONILET L & 380 SRR B s SRR

I'I'c e or

conbi nati ons thereof, and wherein depositin he dielectric |ayer
conpri ses drepissond eppdpgtivedayer gomprisep; formigg Cg’é‘gﬂpi? FeHTaodct ﬁ'?‘f’ éﬁ%ll’l“g (PZT),
bariumstrontiumtitanate (BST), Ta205, A1203, Si02, other dielectric

mat eri al s, region ohthbiweakpieres t her eof . 10

34.  The method according to Claim 32, wherein the workpiece comprises a plurality
10  of elements formed therein, further comprising forming at least one fourth insulating
layer between the workpiece and the first insulating layer, further comprising forming a
conductive region in each fourth insulating layer, wherein the conductive region
provides electrical connection between an element in the workpiece and the first
conductive layer of the at least one MIM capacitor, wherein the conductive region and

15  the first conductive layer comprise a bottom plate of the at least one MIM capacitor.

35.  The method according to Claim 35, wherein the MIM capacitor is formed in a

stand-alone memory device, embedded memory device, non-voltage memory device,

ferro-electro memory device, magneto-electro memory device, static random access
20 memory (SRAM) device, dynamic random access memory (DRAM) device, digital

device, RF device, analog device, or mixed-mode device.



38. A nethod of manufacturing a sem conductor device, the nethod
conprising: providing a workpiece, the workpi ece conprising a fi [ShyH L 0N
and a second region and having elenents formed therein; depositing a %L‘gt
insulating | ayer over the workpiece; 15 formng a plurality of first
conductive regions in the first insulat'Qg | ayer over at |east the first
region of the first insulating |ayer, t first conductive regi ons nmaking
el ectrical contact with elenents in the workpi ece; depositing a second
insulating |ayer over the first insulating |ayer and the first conductive
regi ons; 2086depdbé nethpdaaccordingtto §iaim 3, mherais depositing thegtdeaspoeg thitrde second
insulating layer; patterning the at |east one third insulating | ayer and

t he secondinsnltihglayagcdmagtises depdshting 2043 4,65, or 6 arsubatipp layats. ty of

netal -i nsulator-nmetal (MM capacitors over the workpiece first region,
exposing the first conductive regions; LLOYD WSE 41 depositing a first
conductive layer over at least a top third insulating layer, the second
 nsulati ng shay ey aftudieaceRRARAY Clhie$2, AR BENRIRARONR cORIRMIGyLMe

first conductive [ayer an top portion o opt insulating |ayer

in a region tween at least . two adjacent MM capacito tt.erns,; heaving a

5 por £+ 8n_ 87 et Toni i AT RS Aot MaSR0RE O RL TR GF N

dielectric_layer qver the first condugtive |ayer .and th

third in suMﬂ:ﬁWg o;hgg,gl,e‘gall?c materials, or com(i)tmationst >éreof, an WhC?Gilrl %(e:gossﬁ?ndg thg P
dielectric layer comprises depositing Al, Si, O, N, Ti, Ta, lead-zirconate-titanate (PZT),

barium strontium titanate (BST), Ta;Os, Al,O3, SiO;,, other dielectric materials, or

combinations thereof.

10
38. A method of manufacturing a semiconductor device, the method comprising:
providing a workpiece, the workpiece comprising a first region and a second
region and having elements formed therein;
depositing a first insulating layer over the workpiece;

15 forming a plurality of first conductive regions in the first insulating layer over at
least the first region of the first insulating layer, the first conductive regions making
electrical contact with elements in the workpiece;

depositing a second insulating layer over the first insulating layer and the first
conductive regions;

20 depositing at least one third insulating layer over the second insulating layer;

patterning the at least one third insulating layer and the second insulating layer
with a pattern for a plurality of metal-insulator-metal (MIM) capacitors over the

workpiece first region, exposing the first conductive regions;



depositing a second conductive | ayer over the dielectric |layer; and
renovi ng the second conductive |layer, the dielectric layer and the first 10
conductive layer froma top surface of the top third insulating FEQE?YWSE
wherein the second conductive |ayer, the dielectric |ayer and the first
conductive layer in the at |east one gﬂcapacitor pattern conprises at

| east one M M capacitor, and wherein dg% siting the second conductive

| ayer conprises filling the recess in the top third insulating |ayer,
coupling together the top plates of the at | east two adjacent MM
capacitors. 15 depositing ar@lshmda@t\@rlwqagver@t@aaﬁ aiopghirgiisplating laygbitieng t he
first conductive layer and a top portion of the top third insulating |ayer
in a regi osecond selhtiag ldyensid thaexpdskd ficapanductive patdnsy ns conpri ses:
depositing a photoresist; 20 renoving a top portion of the photoresist from
the regi on bet weghovikethrtfirktedsuctivetayaehRE£tp Poriibicefae tdpohird adsuliting ,
exposi ng portions of the first conductive |layer; etching away exposed

portions OEaJEPﬁl Jriegﬁﬁx b%ap&ﬂcdft ie\égtntg\%%afac@rﬁ%fl\h%ﬁfaé?ﬂﬁpﬁﬁein?sﬁ‘ 1&%}}@_ WTEE 42

of the third insuldating |ayer; removi ng the photoresist.
met hod accordin 0 I wher ejn ving the second conductive 5
]i%é)flg)é ﬁl}el tgp Aifd f?lgulatan% l%lger reée%%%%

| ayer, hePd I"ayer~ant frrst"¢onductive layer froma top
;g{ T 2ﬁe( (();VP; hgr g;g)gsgt?ng aI cﬂgllélct%tcllg]}%r logé/rei{)e ﬁ?srtrg(gﬂ ugtslve agehrea%]d% <1, ferggs%pc? tnolpCal
third insulating layer;
depositing a second conductive layer over the dielectric layer; and
removing the second conductive layer, the dielectric layer and the first
10 conductive layer from a top surface of the top third insulating layer, wherein the second
conductive layer, the dielectric layer and the first conductive layer in the at least one
MIM capacitor pattern comprises at least one MIM capacitor, and wherein depositing

the second conductive layer comprises filling the recess in the top third insulating layer,

coupling together the top plates of the at least two adjacent MIM capacitors.

15
39.  The method according to Claim 38, wherein removing the first conductive layer
and a top portion of the top third insulating layer in a region between at least two MIM
capacitor patterns comprises:
depositing a photoresist;
20 removing a top portion of the photoresist from the region between the at least

two adjacent MIM capacitor patterns, exposing portions of the first conductive layer;

etching away exposed portions of the first conductive layer and the top portion
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of the third insulating layer; and

removing the photoresist.

40.  The method according to Claim 38, wherein removing the second conductive
layer, the dielectric layer and the first conductive layer from a top surface of the second

insulating layer comprises a chemical-mechanical polish (CMP) process.



