;1™ _"e3elll: 6JT M M CAPACI TOR STRUCTURE AND METHOD OF MANUFACTURE TECHNI CAL
FI ELD [ 0001] Enbodi nents of the present invention relate generally to the
fabrication of sem conductor devices, and nore parti cul
fabrication of netal-insulator-nmetal 5 (MM capacitor s;w [ 0002]
Capacitors are elenents that are used extensively in se evi ces
for storing an electrical charge. Capacitors essentially corf?Fze two

" conductive plates separated by an insulator. The capacitance, or anmpount of
charge held by the capacitor 10 per applied voltage, depends on a nunber of
par anmet er SYSNCOAPA CIORISERUCTIURRE RIND METHISD OE MARTFRETERE t he pl ates,

and the dielectric constant value for the insul ator between the plates, as

exanpl es. faeaNERFSRf e used in filters, analog-to-digital converters,
menory devices, control applications, and many ot her types of sem conduct or

devi ces. 003] e,.type aof capacitor is a MM capacitor, which is
frequent | 5111%91@ d i nEﬁ%HPéEfSé’EgPCH SAOL wvenfiop telsts gengrally te the fabrieationofes. M M
capacitors are used to store a charge in a variety of sem conductor

devi ces. MNEMioRgHPE davicesy andgnemsiparticadarlysto shesfabriegjionred aeetalrinsulatermetal
device, for exanple. A MMcapacitor is typically fornmed horizontally on a
sen coBdudMIiM)wabagitorsvi th two netal pl ates sandwi ching a dielectric 20

| ayer parallel to the wafer surface. Oten, one of the netal plates is
formed i n BACEIGROURE i on | ayer or netal interconnect |ayer of a

sem conductor device. [0004] A prior art sem conductor device 100 is shown

in Figure rgoofhe 'aefe&eafr-‘eta%%a}wfa@a&%e& gk & SHRSdHaRb Sy i&gf&avi ng a

dynam ¢ random access nenory region and a l'ogi c region. urality

of transi . re forned | .2 and gver the .supstrate 104, wherein
transi st ofﬁgp%tglé&g %n ?’ﬁgtr’ﬁgA%rggg&&Ra%goﬁ?)?ﬁsglglagé’@gg’?nf? T rdEpRveRlateR e prAM
devices. A plurality . of MMgcapacitors 102 are forned in a second,

i nsul ati nggeg%@%a bﬁ% IR pagitange, o agpwatiof e ?ISBHFI]S(!’(Y the Ganacker ¢ he
device 100, as shown. The M M capacitors 102 conprise a bottom pl ate

el ect r'@de Pe1gpplizdyolipgs, depende oh aywimbepof pasemetersspcipasthe asdasfithopletes,22. The
M M capacitors 102 make el ectrical contact to underlying bitlines 108 by
cont act s lh@distaate betereéothemiates) and tHerdidlectric oanstamt valge faytke inkdRtorA st op

| ayer 114 may be di sposed between the first insulating |layer 110 and the

second i nsyehvaéenmiBe bme@,raslekﬁmtplda. aBadiRe fre LS 18TiltefO BAAGE-S0-LRBtapr e forned
to provide electrical contact to conponent regions and gates of

transi st Orc%nv&&{%%ﬁff&?ﬁlesﬁes g&?ﬁ]agb&ﬁiﬁ%ng Rk hﬁl\%?ioﬂ%r %}g)leg%f ge the

manuf act uring of 'capacitors 1 regi ons C Circuits in the

| ogi ¢ regign. Far .ex | e, the topography created by the M M capacitor 102
requires tsl%rémhoélgu%t?“ge t%Fck insul ati ng | ayer 124 to successfully cover the

M M capaci ?@6 t opography. .The thick_insulatjng |layer |24 creates a, higher
15 aspect [PA3o tdrng We® of eappriterds 2 MM sarasitanehich 16 feareiiyised fi BikedThe
aspect ratio of the contacts may be 10 :1 to 2 S :1, as exanples. These

hi gh aspecignahd¢dces@and degie davieesarscexamplise MEV. carsitarssee nded tostoraat pattern
is difficult to etch through the thicknesses of the dielectric |ayers 124,
116, 114 ahdrgtifa varietyalf semlvenducser devices. BfIM daputitors arefofleh ukbdagwr r ow, deep
contact patterns with a conductive material. 20 Another problemwth the
prior art JAbbeCanRGhhMendShy diick ok ERansIOVA wﬂMFdaﬁm&rﬂsﬂyPicmmyarorﬁiaer eis
often an insufficient overlfap margin dI" between the top plate el ectrode and
the bitli : j B ' - : .. as an
exanypl e. HorzBias Dggﬁé%&;g ﬁ%%‘%@%%f t ng’ﬁuan é%?g%df%’é{*ﬁﬂg %??%&%" SUMVARY
OF THE I L ON.+( 00 Epbodi.nment.s. of the. present . invention.achieve
techni%gaW%gﬁ{agéje@qﬁ%/wﬁﬁgwr&%g Cgﬁ%%? Of@W Rlatesds %‘T‘}egd’f‘ gre and

met hod of fabrication, in which a MMcapacitor is forned in two or nore

i nsul at i ngm?té{béi*%o’blﬁyg o dpsteldRGIROPBeCt daxer elka seppeomsiugiondevisaci t or may f or ned
inavia Iaxer and an interconnect |ayer of a sem conductor device, in one
enbodi ment[0004 i nt4 prionant s¢emicaydrctoralevive 108 éxshpemfin Figuee tofhact pl ug
beneath the M M capacitor, wherein the contact plug is part of the bottom

el ect r ode semig@ndtietondevideel 0d ivtladgaciubstiate TOH ha¥ing R d@naficasedtm Md¥ks
capacitors may be electrically connected by recessing the top insulating

layer bet wa@Ro@t (DRSS rdgih & a RERYeg¥hMA plurality of transistors 106 are formed in

MR

*G00002*




10 capacitors, and filling the recess with a conductive material, in the
sane process used to fill the MMcapacitor top plate material. [0007] In
accordance with a preferred enbodi nent of the present invention, a

sem conduct or device includes a workpigece, a first insulating |ayer formnmed
over the workpiece, at |east one second insulating |ayer forned over the
first insulating |ayer, 15 and at | east one MM capacitor fornmed in the
first insulating | ayer and the at | east one second insulating |ayer. The at
| east one M M capacitor includes a first conductive |layer, a dielectric

| ayer di spabea: eheasubithie 104, Siheecin Bendiity® 108y the BRAMregREQRIEhpERBAUCE | Ve
| ayer fornmed over the dielectric |ayer. The first.conductive |ayer extends

conpl et el Yocb@ ParkRRrS M ha SR A dehedt Aﬁggtymgg% titbl;gslpgaa&é Rfmegyer- 20

[ 0008] In accordance w th another pref 0 e present

i nventi on, ' ctor ice dncludes a.workpiece fir i nsul ating
| ayer for trrrle egglgar &?ﬂg&%fr%%r?@\céeﬁhlgh SERRNG® iar‘?g)\tﬂgfea'flf ﬁ‘@or’lnsvg?wa d over the
first insylati | ayer, dl\z | east, . one third insulating |ayer fornmed
over the SEEEH% ASHIOR: g EM&?PW%‘&&CO%SM Rritematate slectrads Udmed i n
the at least one third insulating |ayer, the second insulating | ayer, 4

and tHe f#diglectrigslayenli2Agnd ayep platerplecinods ¢33t ThaMIM oapecipras 1 02makeicl udes a

first conductive layer, a dielectric |ayer disposed over the first
conduct i velettayarcontnttoamdedying bitimdudB ibyeohtayterl 12 tiarest fownsd inhefidt el ectric
| ayer. [0009] In accordance with another preferred enbodi nrent of the

pr esent im_\v;@iaﬁhgnmyeﬁu@.saemog%@ml@masi%idg@oie@qiem the PR kRLURERg at | east
one first insulating |ayer formed over the workpiece, and a plurality of

MM Capacjag?rr %O{\ﬂ%ﬁ'ﬁgsécgn& Hﬁuﬁﬁ{l%%ggxt lal%quPf%}ker léglr?g?%?%l%hf}ggsl %G 1€

plurality capacitors 1nc er, a dielectric
| ayer di sposed.over.ih Lrst conductive |ayer, an second. conducti ve
| aver for REeR sepRyis Haelcal borteit P8 GupdchenErtEions R efmldrs T s
conprises a tﬁ$ plate of 10 the plurality of MM capacitors. A top at |east
one 1% st Sating | ayer conprises a recessed regi on between at |east two
adj acent M M capacitors. The second conductive layer fills the recessed
regi on of [00A8] t opltas challasging fremeigedhe inasufheitiiing of capeciforel @2ty DRAM y
coupling together the top plates of the at |east two adj acent MM
capaci t or egidnd il logic cheaits idahe B rfefioan Pbhexanl & ftkd lopbgrapbperenedbyof the
present invention,
the MIM capacitor 102 requires the use of a thick insulating layer 124 to successfully
cover the MIM capacitor topography. The thick insulating layer 124 creates a higher
156 aspect ratio for the electrical contacts 126 in the logic region. The aspect ratio of the
contacts may be 10:1 to 25:1, as examples. These high aspect ratio contacts 126 are
problematic because the contact pattern is difficult to etch through the thicknesses of the
dielectric layers 124, 116, 114 and 110, and also because it is difficult to fill the narrow,
deep contact patterns with a conductive material.
20  Another problem with the prior art MIM capacitor 102 structure shown in Figure 1 is
that there is often an insufficient overlap margin d; between the top plate electrode and

the bitline contact 128. The margin d; may comprise 0.2 to 0.3 pm, as an example.

This can lead to shorts, resﬁlting in device failures.



15 a nethod of manufacturing a sem conductor device includes providing a
wor kpi ece, depositing a first insulating |ayer over the workpiece, and
depositing at | east one second insulating |ayer over the first insulating

| ayer. The at | east one second insulating |ayer and the first insulating

| ayer are patterned with a pattern for 3at | east one M M capacitor, and a
first conductive |ayer is deposited over the patterned at |east one second
insulating 20 |l ayer and the patterned first insulating |layer. A dielectric
| ayer i s deposited over the first conductive |ayer, a second conductive

| ayer is ggmit (ﬁA/-pﬁ[I [ tric layer, and the second conductive

| ayer, thg mf%?taric %ﬁ?%@t e first conductive |ayer are renoved from
a top sur of the to t ast one second insulating |ayer. The second
conduct i VL(be%g!/er , hf“‘r?@dmg‘ingﬁ ‘étjctﬁ? Presend yaventipniaghigyertechaicak ahaniegesy | ayer in
the at |east, gne 5 MM capacitor pattern conprises at |east one MM
capaci t or Proyishing s eoYql MM eenagiten stipeturaigrst method n Ebrioatining trewiicha MM t op
surface of the top at | east one second insulating layer. [0011] In

accor danceaparitdr isfotried in predemordnauthting lawsnt ofd sdoficontuesedevicelVER i on, 5 a
met hod of manufacturing a M M capacitor includes providing a workpiece,

deposid i NMIM édpasitorimeoanedth 4 i ¢AyeP e arl MEr¥HnKRI 187 of §8BARhIRGA Second
insulating | ayer over thhe first insulating |layer, and depositing at |east

one thirdddvisd) i@éﬂé’@nﬁ&%ﬁéntp%ﬁ{inﬁel?@orﬁ@&gé}%a }ﬂal?;f}ﬁglts%&g éoﬁﬂ%{fb{lﬁgtegllﬁé sl east

one third insulating | ayer, the second i ayer an t

i nsul atin erned wth a pattern for |.east qne M

capaci t or %ﬂg%‘?&%ﬁgﬁ/{ ?a&)ia%x %b‘ﬁ’gfﬁ? 4 @8 c?rﬁg,cé rp?lfgsls &axy B?i}{e&?%@%ﬁe‘itwye At t er ned
second i nsul ati n% er gnd the patterned first insulating |ayer. A

di el ectri ElaTeafolé]i’e Bt e d Wo e adieren MIM seanseitpis anayayeeslectrierllya second
conductive layer is deposited over the dielectric |ayer. The second
conduct i veonnasted by recessigthe topr insulhtiyelayentetwiéen at laast twocrdiiecenti MEM| ayer are
removed froma top surface of the at | east one third insulating | ayer,

wher elin t ¢trpasiougradd ot bt irecessiwith ayenductine mdtegial i tHeGamepesceddghetihe fir st
conductive layer in the at | east one MM capacitor. pattern conprises at

| east onefilVid Maaepidifor tdfidImdteriaccor dance with yet another preferred
enbodi nent of the present invention, a nethod of manufacturing a

sem condug devj i i.di -ace he. wor kpi ece
conpri si nrgbgﬂfi rs{n%?gg@gé]&gﬁgh gb%ﬁ%%ﬁ%@%%&g’%gletparic/%eﬁgmfﬁméq%e?rent s forned
t her ei n. é fi‘g# sdt i nsul.ati nﬁ\c}l ayer i s dggfgsi t ed qve %h wor kpi ece, and a

pl ur al i t y>BFCHPEPr SBAchOFdes  Workpieoe o Brst BisHiatng lyeni@mmed everithg ul at i ng
| ayer over B‘%’FP I easiﬁltshe first r e& on of the first insulating |ayer, the
first contitfcPIove at &g sreprdigsuatinglpyes formegrmvae thefirsttinalatmgdaxeri n t he
wor kpi ece. A second insulating layer is deposited over the first insulating
| ayer15andandiié 19ast ene MBYlhapaditee formgi dmthe fastdnatlatingdsyer ané thehit dehsi ormul at i ng
second insulating layer. The at least one MIM capacitor includes a first conductive
layer, a dielectric layer disposed over the first conductive layer, and a second
conductive layer formed over the dielectric layer. The first conductive layer extends
completely to a top surface of the at least one second insulating layer.
20 [0008] In accordance with another preferred embodiment of the present invention,
a semiconductor device includes a workpiece, a first insulating layer formed over the
workpiece, a second insulating layer formed over the first insulating layer, and at least _

one third insulating layer formed over the second insulating layer. At least one MIM

capacitor is formed in the at least one third insulating layer, the second insulating layer,



6 | ayer is deposited over the second insulating |layer. The nethod incl udes
patterning the at | east one third insulating |ayer and the second
insulating layer with a pattern for a plurality of MM capacitors over the
wor kpi ece first region, exposing the first conductive regions, and
depositing a first conductive |ayer ovér at least a top third insulating

| ayer, the second insulating |ayer and the exposed first conductive
regions. The first conductive |layer and a top portion of the top third.
insulating layer is renoved in a region between at | east two adjacent MM

capaci t or g RPihe Fr & Snsul RAY 1 ATROAL 1640 ofS MINEcApRBitdr hhdighes AT EdonAtetvRY er
recessed, and a dielectric |ayer is deposited over the first conductive

| ayer and r i il j ec, onductive

| ayer 10 }a&%g&%ﬁ%ﬁﬁg%@@sﬁcﬁ%& g‘.’ée"ﬁl’z‘%{‘@f %@gytg%%%eﬁg’ﬁ aeé%ggel%d(:)nd conductive
| ayer, the djelectric.|layer and fhe f.itrst conductive |layer are renoved from
a top surF%fg"é‘c{SYe ]f"}‘ﬁerff’%él‘f‘l’]‘fef&q‘%gﬁ?tﬁfﬁaﬁ'ﬁr'l ayer, wherein the second
conductive |layer, the dielectric layer and the first conductive |ayer in
the at | el09%ne I agcerdoned with apetheraireferodrpmbediment off thepresem dnyantipn,
capacitor, and wherein depositing the second conductive |ayer conprises
filling theerisondrewsievine invdudesp vidrkpidcd, asledshbhefjrst inselating taypt farmed oget her
the top plates of the at |east two adjacent M M capacitors. [0013]

Advant agegsvéfthewbagidte Mnd ailutalify GIMBERhpAcisRToiAet inthé deade bRy fightng a

met hod of formng MM capacitors that is absent the bitline contact to top

plate el eﬁfsﬁggﬁ%%;aﬁg{ tfj*l{bg,&ﬁ%g%;ad_ MW d;[itﬁrs%j:lﬁ&esaar sMMIGARAALT G 2

manuf act uri ng ods. citors i ncreased ‘capacitance for a given
I t b f act d- f i t he M.M it in.t
el at | ng et S PR e R B Aol B bt M BB e b B e of

the M M capaci.t or y. conprise a _conductive plug forned,in a first

netal | i za?qpr&?d.loé(%gggwg‘?‘:gﬁc @Wsé@ﬁéﬁ‘%onéﬁ%&cgfﬁ?w%cqw&%?t‘?R)Pla@%%fnpl e.
COverlay process margins are inproved for the sem conductor device.

[ 001310 Theherpburalityi Qfgvlli\é@amtbﬁn ddtopaat keast anediastlipsuldtingflayer gomprisesd t echni cal
advant ages of enbodi nents of the present invention in order that the '
det ai | ed rheessed pdgi@nbativedri leasymnd adjacehtefliMT cabhaitnss. MHye seeodibédndnctive

under stood. Additional features and advantages of enbodi nents of the

i nvent i onjaet fillPde deesdeibeHoh 6f &:e R 4tQ6ast YAM 3t ﬁasm@ﬁﬁ% lab&, sldbirRetty of the

clains of the invention. It should be appreciated b hose skilled in the

y
ort hat LABISRRSENY O AESSRAL S IR0 JEOLS thoelgsa ey be readily

utilized asa yi ng or g er structures or
processes cartyin ut t S ur poses.of. th esent' .invention. It
shoul d al &‘gﬁhb r eji’{ ?‘fgﬁgaﬂﬁe Wﬂﬁgg&g% I&F{ngeg foph ngpfofthgpregﬁrgﬁn% Pal ent
constructions do not depart fromthe spirit and 10 scope of the invention
as sef f optethofd effpanyiarbrings semiropducioRiErcpger ForPTIding WREKPERAW NGS
[0014] For a nore conpl ete understanding of the present invention, and the
advant agedepassingaf first inpulagaglay¢roventhe meatkpiecs, aibdépositiogiahlpastesese@mdons
taken in 15 conjunction with the acconpanying draw ngs, in which:
' insulating layer over the first insulating layer. The at least one second insulating layer
and the first insulating layer are patterned with a pattern for at least one MIM capacitor,
and a first conductive layer is deposited over the patterned at least one second insulating
20  layer and the patterned first insulating layer. A dielectric layer is deposited over the
first conductive layer, a second conductive layer is deposited over the dielectric layer,
and the second conductive layer, the dielectric layer and the first conductive layer are _

removed from a top surface of the top at least one second insulating layer. The second

conductive layer, the dielectric layer and the first conductive layer in the at least one



[ 0015] Figure 1 shows a cross-sectional view of a prior art MM capacitor

formed in an enbedded 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

enbedded DRAM devi ce having M M capacitors formed in a DRAMregion in two

20 insulating layers of a sem conductor5device in accordance with 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

devi ce at m 5 | : ' rough 4M
e el i ot el M camreay o Moo f by 0

show cross-secti onal "vi ews of

another prardrehtids bae RN of Lt SR Ry SRS SR

plugs are fornmed in a first interconnect layer, a 5 first via layer, and a
second i nt@¥onnect | ayer of a device, and wherein M M capacitors are
formed in a second via layer and a third interconnect |ayer of the device;
[ 0020] Fi gl@Ptlle shiavascerdencsswitlsanthaypadfenedemboidimeDRAVhe prgsamh irsfention, i n
Figure 5 rotated by 90 degrees; [0021] Figure 7 illustrates a

cr oss- gecta method of evsinofactifiog VM apatitoE icludbs prloeidltk PHveaidce! AepREkhSN,
wherein contact plugs are formed in a first interconnect layer, and wherein

M M capaci4 §fsp ir@ﬁlﬁtiﬁ? (ayetoveR t1 \if@)ﬂkﬁfecé’ IRpOHIES a sRoSE ﬁgg@gﬁ%;ﬁt@lﬁ&fw ffe!

| ayer, a second via lTayer, and a third i hterconnect e devi ce;
and [ 0022] ki . : .S - | Vi ew. of DRAM 1 eqgi on_shown in
Flgure 7 roeoReiiite BehEnPadlRthaaFihs 32t B Rindar At P sttadg
synbols in the.different fjgures generall. efer to carrespondi ng parts

u%l ess ot HEF%%%E et ?ﬁ‘?@&!egﬁtﬁ’é‘eitﬁ&&“@ atéggefaﬁ?ram‘? seePnd, 1@%3591& PYSi¢fdat e the
rel evant agg%cts_ of the preferred enbodi nents and are not necessarily drawn

to scal e. Doligtmsulating tpscaempritemedmithia naterfer veesvBapMIENTparba2aid The
maki ng and using of the presently preferred enbodi nents are di scussed in
det ai |10bel afirst ¢candubidvd ldydrds deposibed atee the pattamed secont ansuldtiag hayes end thenvent i on
provi des many applicable inventive concepts that can be enbodied in a w de

vari ety ofpattpeed ffirst insubatib@niyex! 4. didloeris paet {s epediiea biveeme SirdicorURE8 are
merely illustrative of specific ways to nmake and use the invention, and do

not 1imt (b8, &RIOPEcOd EdHRIubNEARYdr98deposited over the dielectric layer. The second

conductive layer, the dielectric layer and the first conductive layer are removed from a
top surface of the at least one third insulating layer, wherein the second conductive

15 layer, the dielectric layer and the first conductive layer in the at least one MIM capacitor
pattern comprises at least one MIM capacitor.
[0012] In accordance with yet another preferred embodiment of the present
invention, a method of manufacturing a semiconductor device includes providing a
workpiece, the workpiece comprising a first region and a second region and having

20  elements formed therein. A first insulating layer is deposited over the workpiece, and a
plurality of first conductive regions are formed 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. A second insulating layer is deposited over the

first insulating layer and the first conductive regions, and at least one third insulating



(0025] The present invention will be described with respect to preferred
enbodi nents in a specific context, nanmely, an enbedded DRAM devi ce.

Enbodi rents 5 of the present invention nmay al so be applied, however, to

ot her sem conductor applications that utilize MM capacitors, for exanple.

[ 0026] Figure 2A shows a top view of tle sem conductor device 200 in
accordance with a preferred enbodi nent of the present invention. At this
stage of manufacturing, a first stop layer 214 is disposed over the top
surface of a workpiece 204 (see Figure 3A) 10 so that no features are
visible a { S :N8-.Elaure .sh [ - i |+ vi t

seri condudPsr s ishRiB gyl B ogfi B ettt o BRE LI ritedlna g
crosssectional view of the sem conductor device 200 at, view B-B of Figure
oA, whi chat a8 ope B Rg l8ysanA sheseepndbipsyatnblgyeaies p apser Tk or ng to
the cross-sectional view A-A of Figure 2A shown in Figure 3A 15 a

wor kpi ece phudlity of pHdf cataditorTlosenibe Myorkpiece£04t reginpréxpesing thedlifist r egi on and a
DRAM regi on, as shown. There may be a plurality of |ogic regions and DRAM
regi ons f oombdtiveirdgimmsyorikiepesitng 8 first abtidustighlaged gveparlehnrgitop thdgh on and
DRAM region is shown in Figure 3A. A plurality of elenents and various
circui§ CMERRAARIfeANe RR]APIITIEAS ayBearldABE ExoReH ARt cARIUBHRVRgidakkew se,
transi stors 206 which may conprise 20 access transistors for tﬁe DRAM

d H . L . i i 2 0 4 .
devices, oy ey BEAMCSONG8: AN SERAIIEE by ARAOURRe Wi ik e 200
The. vor kpl b B e it BHacRt PR cppREbalirS 1ol RoBoR el

conponents may he . to separated from adjacent transistors or copponents by
shal | ow t &R thirhingelatipg fawan rpcgsaegl, apda dietrytrs layersis depositedoyesdhagist ayer 210
is formed over the workpiece 204. The first insulating | ayer 210 may

conpri se aondxtivelayer atdthe ragessed tapr third nesubatingllayef.oA sesemipdoadudivetiayeri r st
insulating layer 210 may conprise Si 02, high density plasma (HDP) oxide, or
pl asmagp enhoedepesitddadven teiddyatit adyer, ahETHe@S}ondamnauaivellgrr, tHepRcthd i n a

t hi ckness of about 5000 to 8000 Angstrons, for exanple. The first

i nsul at i NGayleA¥RT the HsticoanBRkitE Id&%paf@rérho%d%&l ‘?a.rt@% Efackiof fe top ALt pl ugs,
and then a conductive material "is deposited in the pattern to formfirst

conductiv ' : ' 3 nents
Chat i || TEREE ISP iR TRA GLGR LRI L BMAROREG 4 ORRETC
bitlines 208,in the regi on o ot.her conponents in the | ogi

Peg on. - aSoutshe RNt Faresspas VN Srr e relfaromrsedos e Mo se a
circular, square, or rectangular pattern, or alternatively, the contact

pl ug pat t ErRRSitpE pnd Bihksreinsdepositiag tithsepend eanductive layar wemprisesdilliag thepse, as
exanpl es. 15 [0029] The first conductive plugs 212 nay be formed by
depositbi ngecasciortheitopi thied eplatieg ldyay eoupglingrtogdikerfthe ®ip platsubfihe aplehsiyer 210,
and filling the patterned first insulating |ayer 210 over the conductive
barrier | ayeadjatért MIM eaghettbisve material such as tungsten, or other netals,
as exanpl es. The conductive barrier |ayer may conprise Ti and/or Ti N, for

exanpl e FUROYS| v o\RARMEL SoUmiodfin ROGEIEE bRt RirtiBh li)rngf%deQﬁoViﬁngVaed from

the 20 top surface of the first insulating |ayer

chem cal - I i ' fhr.st conductive
ol ugs. 212 Hatnf Bl Vi bbb AE Bhent G bR R [OBr gl COA 1 ot
stop layer, 214.i§ deposited or, forned r the first jinsulati | ayer 210,
25 Snown. ekfiods okl Bt ¥ ok i Dt ay Vi srcionm S tenE metes.of *about
300 Aggstrons_and may conprise a nitride such as Si3N4, SIC, SION,_ Ti N, or
ot her 28i el(PpsifaEs Withangreased capacksneafPlagivemBZOYt arer may be awautaciirechba
preferred enbodi nent of the present invention, a portion of a MM capacitor
bot t om pl domning tiedviic-apacitr sutyseoueotel ipsudaingd eycesioEritissenstomiyctoayer . For
exanpl e, a second insulating |ayer 230 which may conpri se an oxide, a | ow

di el ectri clecioas Thebotiamh electtbde 6ffthé MiMItdpacitsh ehyeednipriseiBdopdhalvegtugised for
the first insulating |ayer 210, is deposited over the first stop |ayer 214,

as shown ianﬂdQHraeﬁéﬁnetIﬁﬁaﬁ@rp%?éI dn@ﬁif's%§egﬁedt B2 8n TRYr S QORI Bl 02,
bor ophosphosilicate glass (BPSG, tetraethoxysilate (TEQS), HDP oxide, spin

I [J. I . f . nated silicat I
(7o) *or Bty pHARRebis Bttt B Rl iue RT3 & o6 vl e

Alternatively, the second insulating |ayer 230 nmay conprise ot her
insulating materials. The second insulating |ayer 230 preferably conprises
a thickness of about 4000 Angstrons, although alternatively, the second
insul ating |ayer 230 may conprise a thickness of about 2000 to 6000
Angstronms, as 15 exanples. The second insulating | ayer 230 preferably

o . -



[ 0032] An optional first conductive barrier |ayer 232 may be deposited over
the patterned second insulating |ayer 230 and first stop |ayer 214. The
first conductive barrier layer 232 preferably conprises Ta, TaN, W, Ti,
Ti N, or conbinations thereof, as exanples, although alternatively, the
first conductive barrier layer 232 may Zonprise 5 other materials. The
first conductive barrier |layer 232 nay conprise a thickness of about 300
Angstrons, for exanple. A first conductive nmaterial 234 is then deposited
over the first conductive barrier |ayer 232, as shown, to fill the pattern

for conducfgoug) pl uBke foReddie; BRGMhel REHE A rbaTy HRVBL23An@Rdhhickist st op
| ayer 214. The first conductive material 234 preferably conprises copper,

and may al ﬁﬁfaﬁﬁ%ésﬁﬁl &n&g@éﬂ@ &f tﬁh%?ges%%vee}lgoﬁ grf@r?%rnta%tgpg SL&heq POl ysili con,

or conbi nations thereof, for exa I'r rve material 234 may
alternatively.conprise.other condyctive naterials. ess, .amount s, of the
et conafesero e BF eison aria Sty BE e hadenlabd Bahite fedpies 255
are rem)veddfromthe top surface of the second insulating_|ayer 230 using a
CMVP pr ocesdd sdyantagesafembodiments ofithe tnyention will by drseribed herpinafier whight i vel y
be used. The first 15 conductive material 234 and first conductive barrier

| ayer 282 foomyhé subjentobtic ctmd of thevisvantionsItaBauld B4 appretiated biyahosefskilled

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

2B, and a iprths srt sieg theadakeption\wn@kpdoitee dRAMimests ﬁﬁclrogécﬁh?ib@%aaﬂy degrees is
shown in Figure 4B. [0033] Shown in Figure 3 C, a second stop layer 23 8 is

deposi t ed Qygledtb§ bags AIInARAS '
i nsul ating | a;er 230. A third insul a%g}ﬂﬁxggﬂt%é?@%%@?ﬁpﬁg%géﬁé &gggg t he

second stop..l i o) yer .S, depaosited.over the third
i nsul ating té@éégarn}eﬁ{rg%cﬁgﬁﬁcﬁg?sﬁétuﬁxé{n?%g. ths;ﬁlé?ldf}fﬂeq%geﬂgﬁggﬁlgoﬁeover t he
third stop,l r 242, and fourth stop layer, 246 is deposited, over the
fourth i.nsﬂ?@%ﬁﬁé T a4y that sue _eqﬁkwg{eg{ ggxsﬁgg@pgdggo@epgq%o aﬁsﬁﬂﬁ aﬁgef erably
conprise silicon nitride or 13 other dielectric material, and the third

i nsul atd ngsaeng ef the Anveatian posat forth inghe annended clgigs. 244 preferably conprise an
oxide or other dielectric material. For exanple, the second stop |ayer 23
8, third stop layer 242, and fourth stop |ayer 246 nmay conprise a thickness
of about 300 Angstroms and may conprise a nitride such as Si3N4, SiC, SiON,

Ti N, or 5 BRIEF DHSCRIPTION ORTHEIDRAWINGS the third insulating |ayer 240
and fourth insulating |ayer 244 may conprise a thickness of about 5000

ANgStT oS @RIy, POMPhbReE AR ARl ggme Festht iVedfon T ! de. SOG

USG FSG Bl ack D anond, or r 1 nsu teria hird

i nsul ating ferably conprises, a-via.leyel .or |ayer.V 1, and the
fourth i ns%civg%{ﬁ%%%ﬁgrfg{r:’ %ﬁﬁ)%g? éfné’ Wz:%ﬁ/e e (S)t%go:ﬁg géngdgeggré@ho&s? “tallization
or interconnect |evel or layer N2 of the senjconductor device 200. A top

vi ew of° t NEPHEIER XEtdro A é\f’rﬂ%‘négﬁﬁ"flggssﬁb%mgh Figure 2C, and a
cross-sectional view of the DRAM region rotated by 90 degrees fromthe view
of Figure WO8S) s shigwre | shomsqaressasectiqrabsig ofteeprion arttMIN caprcitay frmed 6,
fourth insulating |layer 244, third stop layer 242, 15 third insul ating

| ayer 240, incanctntted dskDBAM slevipe irpy sing2 3 emopanquatayer ofdbe dsdiceg | i t hogr aphy
(e.g. a photoresist is deposited, patterned and devel oped, and the

phot or esi s[00ll6] Us eBigafes2 AMsdughtIM Shdwr g top EbWI A MR ARYREondfGn 244, 242,
240, and 23 8 are etched) with the pattern 248 for a plurality of MM

Capact | O Ser BRI MO QY FndRIMUERRbASER A o 98 AN RN sagec1 o7

may conprise a circular, square, pattern,

alterngtiv . apaciter pattern 248 C ri se ot he hapes such
s o rEompnsihe Ry Hs SRR Al e e &t SR e S fent
capacitors ef er abl, extqus conpl etely through the entire thicknesses of
the fourt hojg‘%‘Squsﬁ‘ifé vepkgn, the, trq Hisplating ﬁlﬂ?rﬁgomayémg sy layerand a8t op | ayer
242, third insulating |layer 240, and the second stop |ayer 238, |eaving the
top surf aci@teseonnget layes efithecdsirgct i ve pl ugs 232/ 234 exposed. The 14
pattern 248 preferably conprises at | east one MM capacitor, and may

conpri se a[00a7} er nFigorest3dethsduphsdd shoe emsobectionalrviews afftheembeddedevi ces, the
array having a dinension of 2x 1 or greater, for exanple. A top view of the
sem conducDRAM@eiice aABwi S ASEXPiBured 2 KitBldhgh 2B, and a cross-sectional view
of the DRAM region rotated by 90 5 degrees is shown in Figure 4D. (0035] A
conductive material |ayer 250 is deposited over the patterned fourth stop

| ayer 246, fourth insulating |ayer 244, third stop |ayer 232, third
insulating | ayer 240, and second stop |ayer 238, as shown in Figure 3E. The
conductive material |ayer 250 preferably conprises Ti N or TaN.

Al ternatively, the conductive material |ayer 250 may 10 conprise a

Y T . a1 —



Cu, Al, W Ti, Ta, Co, N, Ni, Mo, other netals, conbinations thereof, or
polysilicon, as exanples. The conductive material |ayer 250 preferably
conprises a thickness of about 50 to 1000 Angstrons, for exanple. The
conductive material layer 250 is a part of the bottomel ectrode of the MM
capacitors, to be described further hergin. Preferably, the 15 conductive
material |ayer 250 makes el ectrical contact to the top surface of the
second conductive plugs 232/234. A top view of the sem conductor device 200
is shown in Figure 2E, and a cross-sectional view of the DRAM regi on

rotated by egrees is shown. ipn Fjgure 4E. [0036] A er. o hot or esi st
252 is depl)@a?gd ¥ PGS 8’6?%0‘@([\?;% Fosspeqtt Pglﬁ’éﬁl'wszﬁlt%eﬁnb%édeghovm in
Figure 3F. _The photoresist 252 is conformal and thus substantially conforns
to the pat P&AMglevicegbyiewging offFigures ddthaorge @204 at this point in the
fabrication process, as shown. The photoresist 252 is patterned with a

pattern 258038} weeHRigure § elasts 4 owossastcticmbvieM of anafiec ptefersed easboslient.of The
pattern 253 may be formed in a central region of the MM capacitors, as
shown in t e greRnyin@¥ntion, Wwherelreeontatbpldfs afeTbrmedanlfist ihdecopAbdt @4yRr, 203 may
conprise a trench over a portion of an entire row or colum or over part of

a row og c i Nt I f be
seen i ngt hgk#g% l\Q/freerw S %%ﬁg&?dn |r§0l5£rn g“é%.?er%%ﬂd%ﬂg%%&rlgg{hse?mé%% g%gg%%ged and
devel oped to rfenmove portions,of th hqt.or esi st 252 from.over portions of 5
e M M capgcPEBran SEeuETA 10 i PESuteRorTst Feuel GF U045 Next w th
portions of the photoresist 252 left renmmining over the |logic region and
portions of002Ak DREMWeskVsHemssatectiorahMyionois BRAM seapmsheva indpewe dw i n
Figure 2G the conductive material |ayer 252, the fourth stop |ayer 246 and
t he fourt hritatedibaO0getieesier 244 are etched in areas not protected by

phot oresi st 252, as shown in 10 Figure 4G The conductive material |ayer

250 and t h§ooRalir t h Figuep? ihyente? 4 6ro3s-sedtioniliesly o0 amitedrembotiiindnbef gt t er ned
region 253, and a top portion of the fourth insulating |ayer 244 is renoved

bet weenyg at pleBattinteBoR GRS oMM haRasE tRMmeRa 4 BERntertBtheRMMYA a9 the
fourth insulating |ayer 244 that i's Tenoved i s predeterm ned and conpri ses

a dist ancegﬂg},ﬁgg Iﬁp&\ﬂg(fii(t)dr]‘s gr';c(a%xr edai(r}‘_thflel;gtg*{ig La@%?g(\sgco%% R Y ofine Eaity%e about 15

500 to 500 Fons, anpl e. Process to recess g% ourth
insulating |ayer.244 may conprise a timed etch, for exanple. Portions of
t he wor kpi 5?98}{%&? }ﬁeéta‘éraet%gﬁ\}%tﬂganw%ﬁg#ﬁg‘? 6‘?‘@%‘?@?5252 renmai n unet ched
during the etching of the fourth stop layer 246 and the fourth insulating
| ayer 244. [032] photiues B §1@0%azcrp§s-$eé§wémeva@f &RBWM 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



in Figures 2H, 3H, and 4H 20 [0038] A dielectric layer 254 is deposited
over the conductive material layer 250 in the |ogic region and the DRAM
region, as shown in Figure 3J. The dielectric |ayer 254 is deposited over
the conductive material layer 250 in the MM capacitor pattern and over the
recessed fourth insulating |ayer 244, 8 shown in Figure 4J. Preferably,
the dielectric layer 254 is substantially conformal. The dielectric |ayer
254 will function as 16 the M M capacitor dielectric material. The
dielectric layer 254 preferably conprises a high dielectric constant

i nsul at i NEort@Mter Thé spsebifRenitddiRent M &IsERE Ar¥ Ble¥ely HNRLA G SEELigichaysr 254

may conprise Al1203 or SrTi 03, or other dielectric materials, as exanples.

The di el eg) he. haURe (oA ERI.CRIPA 58 1SR HLelar] i cofgnst ant material .

In one 5 e nent ayer pref era y conprises A, Si,

O N, Ti, | ead, zirconate-t.ita PZT riumstrontiu tltanate
(BST), 12@25] Alzglée PESHE INRfieR Pl b Qéﬁfﬁl’%ﬂ WHE&‘?%PS\?%?P eEShbi nat i ons

t her eof . The dielectric material 254 pref erably c rises a thickness of
about 10 £% S@Jelemggtarse?ﬁé 1c estexdeamsly anfegirdiedD R%/Iémtse Binbedimeats
material 256 is deposited over the dielectric layer 254, 10 al so shown in
Fi gur es 20f ths presantdnvichtiol meayt adsp il applied; lhovievad® othéreeimidondb&opr ef er abl y
conprises a conductor such as Ti N, TaN, Ru, or other conductive materials

or netal saplﬂszamrméte.ﬁﬂlzb MIM@aIﬁUmgrmpégmﬂl@e top plate el ectrode materi al
256 conprises a refractory netal, TiN, TaN, Ta, TaSiN, TiwW N C, MN, Ru,

W, V&I, @0'26]°‘I W ufd 2.A FRow{® torggfle\fu'of tﬁ{%eglgéolﬁﬁﬁct &e‘%& FQE%Z‘&ME@S

thereof, or polysil |con as exa ate materi al

256 prefe 5 ness abou t.o 1000 troms for
exanpl e. %@f(ﬂrggﬁg&t oggd@%’gc’ﬁ:ﬁggfersg én‘f%‘?lg?r g? thi%ga%%%ﬁfl t‘érlnégr:f‘rr c .

| ayer 254 _.are r ﬁg mth gic regl on of the workpiece 204, as shown
in Figurefll ESIT(StOﬁ’ qyser 4 157ispog B SErfacg @éYQrkPiﬁceaz eoFiggresiAbver the
entire workpi'ece 204, patterni n 20 t he photoresist, and using the

phot of®si &2 thahwen fegﬂ@wrere sisitde atethis pointr Bigwwe3 Alshowop cmsats@tlehdoucmdé
material 256 and dielectric |layer 254 fromthe logic region. A top view of
t he sem cthedemiconddaur deyic2@D0iof FidunsDAianviewglirL Piguredil shows oedssect i onal
view of the DRAM region rotated by 90 degrees fromthe view shown in Figure
3K i's shoygsatibifal 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 Figure 3A,
15 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 regien 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



Fi gure 4K 17 [0041] A dual damascene process is used to pattern the
third insulating |ayer 240 and the fourth insulating | ayer 244 (and al so
stop layers 246, 242 and 238) in the logic region of the workpiece 204 with
a dual damascene pattern 258, as shown in Figure 3L. For exanple, a

phot oresi st (not shown) may be depositgy 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 formed in the third insulating |layer 240 (via level V 1 ). The
via pattern is transferred to the third insulating |ayer 240, and then a
second phot or i,s deposited over ntlre ace t he

wor kpi e(F:)e PR edTﬁ%mfa%?ﬂ tfaﬁ§1§‘1%&°t QL PGMPQYENS Eﬁghﬁ 19w trepe bij’ﬁaémflég{ran is then
patterned with the pattern for conductive |ines and/or contact plugs in the
second 10TG®ANS| | zation | ayer M2. The photoresist is then renoved fromthe
waf er. A dual damascene process is commonly used in the art and thus is not
descri bed[0038Het ail filsemsulating @Per 21 0A§ faemed ower the workpepe@04i Thpdirster ned f or
the desired via level and netallization |evel, a second conductive barrier

| ayer 260inzaitibelagepp) mﬁﬁic@ﬁﬁzﬁsetdﬁet)xﬁMrf‘o@Eér@C&e&ﬁc ilaeridh fwahkpipRce 204. I'n
particul ar, the second conductive barrier |ayer 260 is dep05| ted over the

pat t ered ok ihshfd8ie BlyeP 910 XS borififse 40,1lgh Bt tg 143ha! (RO R, of he

patterned stop |ayers o re Ion’o the
oo g BBl Sl Pl PSS AR RE S B Bl o 2
of the wor 20 al so sho in Flgure L.. The ,20, second conducti ve
barrier kifg‘rtgé@) nﬁ{Qo VP@é» Prexample fSI'FF insyiatipg fager 20 18 pataraed i ons

thereof, or other materials, as exanpl es, osited in a thickness of about
300 Angst Wit pagtemder {irsgprsectphugssand tb@n@lcm tmkemat;‘aalzle depasitshivihei n
Figure 2L, and a cross-sectional view of the DRAMregion rotated by 90
degrees i patmwfom fiestponduative plugt 21D 6Driake dlesteicalndnaamion betweenmat eri al 262
i s deposited over the second conductive
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 conductive 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 depositing 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



barrier layer 260, as shown in Figures 2M 3M and 4M Excess second
conductive material 262 is renoved fromthe top surface of the fourth
insul ating | ayer 244 using a CVMP process or other process, as exanples,
form ng a conductive plug 267. The fourth stop |ayer 246 may be renoved
during the CMP process, as shown. Notellhat the second conductive naterial
262 preferably fills the vias and conductive regions in the V1 and M

| ayers of the third insulating |ayer 240 and fourth insulating |ayer 244,
respectively, as shown in the logic region of Figure 3M The second

conducti ves E%L@Bb@hn%%xﬁé M@m%& A MeGARARES0Eh RASINE], Bid ISibRE TRHRAM regi on,

as shown in Figures I0 3Mand 4 vant ageously, adj acent M M capacitors

266 are c d..together electrjc¢ally by connecting region 265 that is
formed i n8?{(11’58fregegg§scsrg|§tﬁﬁglﬁ’east%%m8%F‘ti on of the fourth insulating |ayer 244,

as shown in Figure 4M top.yi ew of the sem conductor device 200 at this
stage in ﬁ@é&k act tf REFGT @C%Wé%ﬁ HYFF%FFéEﬁnEO Menhgfitae present ipventigR s sed
regions of the fourth insulating |ayer 244 create a trench that forns a 15
connect i oBoBiengseMIN cepacitior befipm plata is formenliie agulseguenslyslepesitetthei r wi dest
edge, as can be seen in Figure 2M Subsequent via layers and netallization
| ayer s5 maynshlatidg peysi.t Bat, expaiptec p sednd irufating éxyet 23 Cwhithehay doneprivanmuf act uri ng
of the sem conductor device 200, not shown. [0044] A novel M M capacitor

struct ur e okidef DloRediclebtrRCoastHR IR eNAI! 8t ZOmERDElcO®idSat&ial b Bsdar 85 gt
i nvention. For exanple, shown in Figure 3Min a cross sectional view, the

M M st OF ' t t ' th

{115t condueire g Brer Pl Sl R B iR DR B0, ana

th dugki teri.al | 2 The M M it 266 . i t

plat e ol edbr dug S fikdracdo md ettt SRE: bo8bfospbo LR 2o, e ne
d ' barri 19 | 260, and th d duct i

ot o 1 ol SESChspethaguslass GEQSIpHER o soite AISHASAgacHIaPeBet i at o

el ectrode 236 is formed in a metallization layer ML of the sem conductor

devi ca0 208lasp((h¥p), floarindted pilicato glass EiSE)edrBlacloBianzeul | snanvfactdediby i ng t he

fill process of the V 1 and second netallization |ayer M2, for exanple, the

same fill Apphedbftarialy, heexingllesd alegaaivelyrtienocoridiasulatingusgd 280 npat t ern and
fill the third insulating layer 240 and the fourth insulating | ayer 244.

Ther ef or e cothp@se\therGARARIdgOhatb AR TRE §RBnPIREIBESy lael Wﬁg}ﬁﬁ%i nt o

al ready-exi sting portions of the fabrication proceSs of edded DRAM

dovice 206ty ANLARL S9FRNR oo EERNPR, DI ERUBEREHL LRI

insulating layer 230 may comprise a thickness of about 2000 to 6000 Angstroms, as

15  examples. The second insulating layer 230 preferably compriées 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) interconneqt layer of the
semiconductor device 200,
[003 1.] Preferably using a single damascene process, as an e'xample, 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

thombus or ellipse, as examples.



10 capacitors 266, no additional netallization |evels are required to nake
el ectrical connections between adjacent M M capacitors 266. [0045] Many
sem conduct or device applications conprise nany |levels of netallization.
For exanple, six or nore, and up to ten or twelve or nore netallization

| ayers may be required for conplex int&yrated circuits. The M M capacitor
structure 15 and nethod of manufacturing described herein may be utilized
inavirtually unlimted nunber of insulating |ayers and netallization

| evel s. Preferably, regardless of the nunber of netallization |ayers, the

top i nsul atq | a 1S I ed, acr oss .a (porti.on of, adi acent M

caBaci tor zddv%zgr e é?égbt??nggﬁ%ig%l},dggﬁ‘(eo PoF lg Jrgégmayl\yiel\ﬂdebg%gg i Sli'tglei S
required. The bpttomel ectrode of th M capacitor pmay further conprise
coﬂduct i vea%m%f’g@ﬂ%@m%‘ﬁﬂ%lw ?é@cﬂﬂgif%ﬂﬂéwnalgwﬂégi Age %&%}@%dww% hrem

sem conductor device. [0046] A second preferred enbodi nent of the present
i nvent i onbpsieslayon3Zprafesably coraprises daal aN,i W, iTh TENgar eonzhindtions Hiegeof,

enbodi ment, wherein simlar nunbers are used for elenents as were used to
descri be ks enangdes3 Althdughuitbrndtivelaghe first threludidé bafaclhyar23Reidyasoniprit e

el ectrode includes a conductive region 332/334 that is forned in a first

20 netgl | bart iaferiahy GheMrst RAGuHE bERREKGE: ¥ MEPLOAPERA BRdn&RIBpr i ses a
first conductive barrier layer 332 and a"first conductive nmaterial 334. In

this enbogj j [ ' d . level s,
but rat hergi,)&g@?/?@?lé@f)%l&?gr ﬁ?'s&tf%‘ér%%g '|C§$?H{§%Pg3n%@\@é}ﬂdee¥8€%e.d [ 0047]
The M M capacjtor 376, has hottomplate,378 ¢ risin conducti ve

mat eri al Pg‘if@b" §g§6cmeﬁﬁe€€aggﬁrolaxqrﬂ%, #ShPYRsto Wﬁ?&ﬁgf’i‘%@ RGPl at e 378
of the MM capacitors 376 further includes a second conductive barrier

| ayer 360PHig8 Itheseeand inpwatingtlaxes 230 ard fiest stop daygr 3 b sEep fiwst candnctived

el ectrically connecting the conductive material layer 350 and the
conduct i venatasigi 3k peBzatdg somptisescepperdandonafualtdrnaivielyr congnrist @lundyen, 360 and
t he second conductive material 362 form conductive regions 360/ 362 that are

f or medo i ncopper, Yudgsesng pdlRsilieats los conibiantidrzehote 66 forelamplRd Utkifivq regi ons are
formed in the logic regions, in the third insulating | ayer 340 and the

fourth i ngsHdutiiROmbh@RKEI 23% thay lﬁ‘lté?f?a{twe%oﬂﬁ?iosg%gieg@&&Eti@é‘ﬁa&ﬁ%ﬁsp mxglget rode

378 of the M M capacitor is also forned. In thi's process, a

phot or esi gfobikts BPthe4fsitohGuiQ¥ %atér&? pXUAA N {h%q{r&%%ngﬁctitvg%arrier layer 232

are removed from the top surface of the second insulating layer 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 is 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



15 wor kpi ece during the V1 and M2 level fill. Rather, they are left
uncovered so that the second conductive barrier |layer may also |ine a dual
darmascene pattern that has been fornmed in the DRAMregion in the third
insulating layer 340 and the fourth insulating |ayer 344. Simlarly, a
second conductive material 362 is deposited over the entire wafer, and a-
CWP process is used to renove the excesd3second conductive material 362 20
and the excess second conductive barrier |ayer 360 fromthe top surface of
the fourth insulating | ayer 344. [0049] Then, a fifth insulating |ayer 368
is deposited over the fourth stop layer 346, a fifth stop layer 370 is
deposi ted eves didldditic matediahbhd thel thiyd insdRfing Biysi 240 andouttidinsiRtih@wser 372 is
deposited over the fifth stop layer 370, and a sixth stop | ayer (not shown)

is 21 depag ip?&@ra_@tlileéorﬁ Re 8h >6hﬂ_e IR e?&ﬂelbgirica}ﬂﬁéré'a;i; %o¥ g);‘aﬁ#l@,%@fercgﬂﬁ on

remai ns coveréd whil'e the sixth insulating |ayer r'nsul ating

| ayer 368, I I 3 ar,e patter with the capaci tor
pat tern, - aditdate2Bs MRl 2dn 8 o yBF Y SR l) bohmiies SRR, ¢ ne
M M capaci t Qr a conductjve material |ayer 350 js deposited over the
patter ISled ??Qﬁ‘ﬂ‘% Bﬁg ASFTreMYS pud WY Somprise § ’ElFflcétsBﬁh P’Sa.§léN4’3S§ s ST ki, or
insulating | ayer 368, and fourth stop |ayer 346. The conductive materi al

| ayer 380 iother dielgetiic matgaials, gnskthe girdoinsulatingdayaer 246 end fourth insidatingt layey | ayer
372 is renmoved between at |east two adjacent M M capacitor patterns. A

di el ectri c 2Hdymeay ®iprise adieipkasiss eflaboues000hengsaons ahd wayreingtisamayayer 3 50
and the recessed portions of the sixth insulating layer 3 72 10 and a third

conduct i ve chapfikesi0,2BPEGIPROSS HIPNOSAd, SO@ UG NG, Bigdieplaniond™ygr 354. A
third conductive material 3 84 is deposi ted over the third conductive

barrier | a%ﬁ{cfr thsl in?%t i€ theotﬁ{ra llr%ﬂﬁaggé Iaygg2%d;érr%ﬂr%ﬁ£g%iﬁf){i*§ Ry er I al

384 and third con ac ive barrier Tayer ve e top surface
of the six { nsul at l.ave 2 usi.ng.a rocess. 15.[0050] The MM
capaci t or stlgvfggrcfé?(r%rrY Q%“ﬁ%%@%‘%‘bﬁ“%ﬁl&g ?yg%%frefqg%ﬁﬂ GRUPTRS afsie%‘gld
conductive bar [_i er layer 332, first conductive material 334, second
conduct!Pve msiallization o yrseregpurct lenelnrdayes M ek the scrpigprductar dsgize 20dA top
conductive material |ayer 350. The MM capacitors 376 also include a top
pl at e 380 tviear okthepemisendudier devive 20 iswsheivadn Figiee 2@ andi sadro$-E6tiortahgiewhi r d
conductive barrier layer 3 82 and the third conductive materi al

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 insulating 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



20 3 84. A conductive plug 3 86 is fornmed in the logic region that extends
through the netallization |ayers M, M2 and M3, and the via layers V1 and
V2, as shown. Advantageously, in this enbodinment, a portion of the top or
sixth insulating |layer 332 nay al so be renoved, providing connections

bet ween adj acent M M capacitors, as shoMn in Figure 6. Figure 6 shows a,
cross-sectional view of the sem conductor device 22 300 shown in Figure
5, rotated by 90 degrees in the DRAMregion. As in the first enbodinent, a
top portion of the sixth insulating |ayer 372 is recessed by an anount d2
so t hat I oy L i i exposed to
a CMWP proc sgﬁh%“%@%??gﬁpggﬂgﬁ%¥?h¥?g%%%%Qagf%%ghﬁ%ggiﬁgykgggggg%d third
conductive rrier. layer 5 382 remains.residing.in . conneciing regions 365
between at PHGHL{Or i oiipe Radie ohrRARanacrenpd dicel 1hF BPRChaif iy ant age
because no_additional netallization |ayers need be used to connect_ adjacent
M M capaci $igreasignef 2x|,px greaten i@, examplay o tamvew o thecsemigpndaefrb deyvias2flar e
formed in the top insulating |layer 372, there is |ess chance of shorts to
bitline coistshews jin Rigus2Depandecréssrseettbnahviswind ¢op PRA Muegidémuoittated hy 90
processes. 10 [0051] While a portion of the MM capacitor 376 bottom pl ates
378 i s g ordepgedstis $hovniatFigure 28 i on | ayers ML and M2 (insulating |ayers 330
and 344) and one via layer (insulating layer 340) in the structure shown in

Figures 5 podsp. ahiRhdddivé@haleria 1eF 25PR depositee oM rYhé BRAghddfoulR koM

plates 378 may al so be formed in three or nore nmetallization |ayers and two

or nore Vi re.La. h .. I f L r

i nvention, ﬁ(%lr%‘%s ogm)lﬁﬁfzgk\%g?fei2m ‘E‘&gg@gg%ﬁg% ’t@frd [rﬁglaég%gagﬁffﬁvent ion
i's shown in cross-sectional view.n.Fi e (. In this enbodj nent, again,
a portion H¥ CRRAHRRR (VP e £ SWSMABG BT P o T%W%%&&? p@#glaﬂ et for med
inthe first nmetallization |layer ML. However, in this enbodinent, the MM
capaci t or sP&gatly eomprisesd’ lNrOr%lﬂ@P\beM@ﬁmﬁ?ﬁ’ﬁb’, e condudtiys umaterial day2o25Qupey s 440,
444, 468, and 472. For exanple, the M M capacitors 488 are forned in the

t hi rd 1hsudcanprisg alrefrectory4fetal, AaNf Bal,tTa, TaSiN, Ji W iyiCa WMoN AR, WNn&VSij f t h

insul ating |ayer 468, and the sixth insulating |ayer 472. Note that the MM
capaci t or sC4.88l, av eTiaT5,aCd, N, FdMoNothbemeRiDesthbivaticisARerb &y 6F Solysttiédiaé ncl ude

second stop layer 43 8, third stop |ayer 442,
examples. The conductive material layer 250 preferably comprises a thickness of about
50 to 1000 Angstroms, for example. The conductive materiail layer 250 is a part of the
bottom electrode of the MIM capacitors, to be described further herein. Prefe;ably, the
15  conductive material layer 250 makes electrical contact to the top 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



23 fourth stop layer 446, and fifth stop layer 470. A sixth stop |ayer may
al so be used over the top surface of the sixth insulating |ayer 472, not
shown. [0053] In this enbodinment, prior to filling the third netallization
| ayer M3 and the second via layer V2 with a conductive barrier |ayer 482
and a conductive material 484, 5 the MMcapacitor pattern is formed in the
top four insulating |ayers 472, 468, 444, and 440. Wile the |l ogic region
of the workpiece 404 is covered in photoresist, the insulating | ayers 472,
468, 444, and 440 and stop |l ayers 438, 442, 446, and 470 are patterned, and
t he phot or egi 1 i . &l : I it ed
over the pg?'t gh%%@;ﬁggg{iﬁu@ ?g{/‘%ﬁgt:%gr,l 46€édc§£XE1a%ﬁ§fu§§%f %ﬁ%ﬁggﬁ%’uct ive
material 1Q | ayer 450 is r ved, and at.,| t a.portipn t he sixth

i nsul ati ng®f ‘é@ L???V?@afte%88' dﬂé’f’a@%OfaMﬁﬁzcgg?wt%Wnég? gﬁ&maﬂ@f’iﬁrcapaci t or
patterns. A dielectyic |layer 454 is depqgsited over the conductive materi al

| ayer 450, 2Ha%. 35 £op é%ma@e thedop xiew shewndy Eiguagsl | ThejphpjeresisH2Risr t he
dielectric layer 454, and a third conductive material 484 is deposited over
the third expdedanddevieboped v remaye porRds oAthERotorastst 252 ifront dreem pudtieds v
renove the 15 excess third conductive material 484, third conductive

barri ers | ajlerMANZapabitera§ stiosvd iaywédw BB in Biptirec4iNduct i ve material |ayer 450
fromover the top surface of the sixth insulating |ayer 472. The MM

capaci tor {@R37f 0MPNeRE Svith gﬂziﬁéxggﬂr{%ﬁ%t&ési@Z%Q_tléfl??é%nzﬂl%ﬂg%‘?%ie g

conductive barrier |ayer ive material 434, and conductive

material |3 i I t .

el ectrode 2%3&12%{33’8 rﬁ%&ﬁs&rﬁ%é ]?g%ﬁ‘% F%é?(én ée}'féggg r&(ﬁ)ﬂggﬁ ﬁlaeﬁgﬁrlea %gi(if?{og’ovg%g}i ve
barrier layer 482, and conductive terj.al 484. (0054 ant ously,
again in t hiSreABolr genuctixe W@@b@eﬁ#@’ thsgoyth é‘PRf?) °f ﬁ&m@%goq@yer 472
is recessed by an anmount d2 fromthe top surface, such that a connecting
regi on 465inselaiag layen2ddare gtohed igreasanet piteatesblyaphatonesistide, asshovmrind, as
24 shown in Figure 8, which shows a 90 degree rotated cross-sectional view
of the1¥i eRigsiheod@d. The Bomluctve mafepidblhayer\#50laad threfolttstopiaysr2d6 ared88 ar e
formed in two netallization | ayers M2

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;i 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 fourth 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



and MB (insulating |layers 444 and 472, respectively) and two via layers V 1
and V2 (insulating |ayers 440 and 468, respectively) in the structure shown
in Figures 7 and 8, one or nore MM capacitors nay also be forned in three
or nore netallization layers and three or nore via |layers in accordance

wi th embodi nents of the present inventibh, (not shown). [0056] Note that

l i ke nunmerals are used to nunber the elenents in Figures 7 and 8 1 o0 as are
used to nunber the elenments in Figures 2A through 2M Figures 3A through
3M Figures 4A through 4M Figure 5 and Figure 6. As such, only the

el ement s t[]%t 6l @b&shol Qiel &icarﬁﬁ’t‘éﬁaldiﬁ@&%écgﬁ%fg?&l @%Efaeﬁbf%@d;ﬂg%ggﬁe

descri bed. escription of every elenent n gure I's not
repeated herein:. reference.shoul d. be made t he,prior figures, and

i Scussi on igaderlc SRR inAng 1R SR s Ralp cARRERE ey A RIS o g
invention |nclude providing a nethod of form ng M M capacitors 266, 376,
and 488 t h&ver ey comprise AkOper HiliPs, 08 othghdiglectricnaterials, asegamples:t r ode
shorting. MM capacitors with increased capacitance for a given |ayout area
may be nanilhediclectitt loyerf25d maycomprisi/atighagielectrioconst®s maaial. Imone488 in two
or nore insulating |layers of the sem conductor device. The bottom el ectrode
20 of the Mnbbdiajeas; itlieodisle2tnic laydr 354 preferdlild comprisssMil 85 ©, N, 0/ TH)tdadve pl ug
formed in a first metallization | ayer and/or subsequent netallization
layers, fobir@matefitnatEer i hiYs (BSE), ! i5,08#hkt N9

adj acent Nlﬁﬁﬁgpaéﬁ?ors é%%?m%&%?@%ﬁgﬁgg%hﬁgée?ﬁ%r y§¥gg%€§¥%682k{op
portion of dfene%tr}corﬂafe{:lglgl cﬁ'tc'oﬂﬁ)ir{a?%ﬁg ﬁhtefé%f.e’?ﬁé feltric mgtéria[&(gé%}efgﬁg di ment s
of the present 1 nventioh have useful applicatron i n many Sem conddct or
applications. For anpl e, .the M capacitors 266, 376, and 488 descri bed
herein myc%p?%?ﬁgﬁ‘%ﬁ@%?g?hf-uém%sq g’bﬁ‘?"ﬁ’év&’é%”}m@ﬁbedded menory

devi ces, non-voltage nenory devices, ferro-electro nenory devices,

magnet o el HNBPD 5 fcien pyateleloeizads, majeralids6 isdrpomtedcwer therdslentyic [agradid,

devi ces, dynam c random access nenory (DRAM devices, digital devices, RF
devi ce$Q anlab sgpwdein Kigsres 8¥, 3] aeldiio dhe daprplees]ecaode rmtupiab236 freferadlv
capacitor structures 266, 376, and 488 and net hods of manufacture descri bed

herei n al seompiised@ cofidebtdrsuciRRATIN, TaNY RQ[ oftithérl AEd B InAridSPaaEthR] asunder
bitline (CUB) structures, as exanples. Enbodinents of the 10 novel MM

ﬁ;?ii‘:nt rmy° %"“i.ﬁ%%[@?g‘%?ﬁ’é"’?ﬁ%ﬂﬁ?“ﬁ"@ﬁ’?ﬂ%§‘|§°%@e{1ﬁ%§1;f?é??§?éﬁ§é5§% "oack end
nvent i on S oREeAkaUh AN L&A p ooty e RS B VR o Rl 6°be.

under stood_t hat various changes, substitutijons_and 15 alterations can be
made her ei Wavﬁ?’%ﬁl’ 9, qther mgtaisp ganpratians; thereoty APy Hec s exRles, ehie on as
defined by the appended clains. For exanple, it will be readily understood
by thod® skipplatd elegtrodremaieriak vt prefgraplio¢omprises e ghicknsss off about §Gbies] 000
processes, and materials described herein nmay be varied while renaining
wi t hi n t he Angstpens)ffortdxempleesent i nventi on. Moreover, the scope of the
present application is not intended to be Iimted 20 to the particul ar

enbodi ment Eomm] t he TRE esBslate elREDIORateMBIM TR YhSdickefiRdaydri2gn aff matter,
means, nethods and steps described in the specification. As one of ordinary

skill In t Rl fln {heggéﬁ }ré%gt?@ﬂﬁ@@o?ﬁ ede' 200 4R ofhSf !F%ﬁ’% ?K?T;}"tlxisjgrﬁa}pr esent

i nvention, processes, manufact ure, tonpositio . means,
net hods, or steps,. presently..existing or |later to be devel.aoped,. that
perform su ég ?%Hg}pglﬁﬁﬁmcgepgéﬂgg ]a@hgt[o?egﬁt over tﬁe entire workpiece 2%8, 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.



26 or achieve substantially the sanme result as the corresponding

enbodi nents described herein may be utilized according to the present

i nvention. Accordingly, the appended clainms are intended to include within
their scope such processes, nachines, manufacture, conpositions of matter,
nmeans, nethods, or steps. 27 CLAIMS 117 A sem conduct or devi ce,
conprising: a workpiece; a first insulating |ayer forned over the
wor kpi ece; 5 at |east one second insulating |ayer fornmed over the first

i nsul ati ng Iayer; and at | east one netal-insulator-nmetal (MM capacitor

formed in foﬁﬁ 1! rs{a d'uQFu'm 'élﬁ r506SE s [ VRiiBin th@ﬁﬁfd ngﬁctﬁfggl?ig%i 4sul ating

| ayer, the at 1 eas acitor conpr|5|ng aftirs ive | ayer,

a dielectric ond d.a.second
conduct i veaqd:}b%i‘ ?%64& i o B 96, L e SRR S T st
conductive | ayer extends co | et el to atop surface of the at |east one
second i nsi¢RN;ofghe wydpiece 20 @ei%abm@mpaaem 8, avdoma indigwe 8lai m 1,
wherein the first conductive Iayer and the second conductive |ayer conprise
a refract oFgr exemale, a Phdtorebsh(not shovirh niaySheNlepdsited dviethe ehtitd, sulface dithe Wi |

Cu, Al, W Ti, Ta, Co, N, NN, Mo, other netals, conbinations thereof, or

IOOI ysi |5 CORorkpitde P04 idRhd ﬂSlﬂ)tMe%tCrﬁﬁBaBé Aferied v'fuﬂ{ ﬂBﬁtdrﬂfcﬁersﬁhﬁrvﬁiﬂ%eCt
| ayer of the sem conductor device. 3. e sem conductor device accordi ng to

Aaiml, vwRenhelh &hBehitl ﬁ%ﬁlﬁﬁ éﬁgé%[%v&%&@'m ! ¥R vi att§t'n 'is Qasxé}i:rre-ﬁt

L2

| ead- Z|rconatet|tanate PZT arium stronti mtlta ate (BST Ta2

o o ai m 1o Rkt ESRRAZILE" P10, O R0 siopd afpREGHS ”%%%tdgé%se By pEcer om0
For med | 'S4G SHEISP O P ERHBSSE b1 LB UaBaTH I PR AP bip Pesregion
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 41..



5. The sem conductor device according to Caim4, wherein the workpi ece
conprises a plurality of elenents forned therein, further conprising: 5 at
| east one third insulating |ayer disposed between the workpiece and the
first insulating |ayer; and at | east oni conductive region formed in each
third insulating | ayer abutting the fir $ conductive | ayer of the at |east
one M M capacitor, wherein each conductive region and the first conductive
| ayer conprise a bottomplate of the at | east one M M capacitor, 10 and
wherein the at | east one conductive region nmakes el ectrical contact to an

el enent i n[o(u3] Wor kpiR6Rd céhduliite SERHEITTIUS HOosHEY bh tiR-Rbs ethdutide ai m S,
wherein the at |east one third insulating | ayer conprises a first

met al | i zat ivgfidk 8/8F 260, ab Qﬁ‘ovﬁ?ﬁ mg&@ygmpm%a ag.t%,gew%wc Betidel St

insul ating layer "conprises a first via layer o sem conduct or devi ce,

wherein th t.] ne ond, i psul atin ayer . CoOnpLises. a cond

mocal ||zt PRl g87 tesPR B BOR s R Br B P X B R Ry & PAESBE o cns
one M M capacjtor is formed in the first via |ayer ,and the second

i nsul at i ng GMb rocsss anather awpacs b exasmpless (orERnE 2 gonductiyeplia A6 Lokhe ush
device according to Caim5, wherein the at | east one third insul ating

| ayer cbnpsiopdayen 2f6 may begemby¢dduringithe €VR proaess) asssbpwondotté thetthei a | ayer
and at | east one second netallization |ayer of the sem conductor device,
wher ei n t hgedondbndutsivt aiateithl D6y prefaabip fills @k ks dladhdaniesegomdintha | ayer
of the sem conductor device, 29 wherein the at | east one second

i nsul ati ng V12¢RAINM2 4¥REd $fie fird iﬁﬁﬁ&ti@ﬁyéﬂ%ﬁn&@&ﬁfiﬂ ihddhtifNay@yan, of the
sem conduct or device, wherein the at 1east one MMcapacitor is forned in

the at | ea?ésp?&ﬁzeggﬁg%vyﬂ f Jh@Yo cégﬁgto\?ﬁi ¢ 51@9 he%@o&ﬂok u&.tRl?m ating

| ayer of the“sem conductor devi Ce, ern a bottomplate of the at

| east one M Mc i.t.or onprises the firs uctive |ayer, and the
conduct | ve BAGTRARE S PaecMBK ahacif mpc iy BAERM tgEionn e LR do Rikviessor
device according to Claim1, wherein the at |east one M M capacitor

conpri 48s aM ard M. grdusniesequshic adieeant MING canaciigrs BAG preccoanenterbtogetber of 2x 1

or 10 greater. 9. The sem conductor device according to Claim1l, wherein
the first eleatically 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 forms 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,
patterned 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



| ayer conprises a bottomelectrode, the dielectric |ayer conprises a
capacitor dielectric, and the second conductive | ayer conprises a top

el ectrode, wherein the bottom 15 el ectrode, top electrode, or both are
formed by a chem cal - nechani cal polish (CWP) process. 10. 'The

seni conduct or device according to O ai M9, wherein the MM capacitor is
formed in a stand-al one nenory devi ce, enbedded nenory devi ce, non-voltage
20 nenory device, ferro-electro nmenory device, nagneto-electro nmenory
device, static random access nenory (SRAM device, dynam c random access
nmenor % . i >

m xed}/m()g)ea% g’%rv%%‘?é%uﬁ?th%gb%ﬁ%ﬁgﬁglg%ﬁggé?bg%r& ea\??%gb‘g%%’%ﬁyfﬁ‘g" ?13&1& aiml,
wherein th rkpi.ec onpni.se i . r.egi qn_and _ a..second regj op, wherein
the at "1 ealtVEiRRRT R oBNEE BReBoqd Ahs R e ARG RBRERIE 5 RH Plime s
conmprising canductive regLons forped in the first ipsulating |l ayer and the
“second | niigendygtor 39\@96 rAPREIRE Shitop plto pleeiroderddid Farpied dBring ghe The
sem conduct or device according to Claim1l, wherein the first region

conpri ses &l prersyafghoN ] and seesind matallisasivodayer My, dor exompls, shessamel i ¢

region, and wherein the at | east one M M capacitor conprises a storage node
of a DRAM prevess pf del dual darhdveersRAbthod giaois. usddtolitterhandsiliviheahisd trisolatifgvi ce
according to Claim1l1l, wherein the first insulating |ayer conprises a via

layer of thgerSei maEd uith iﬁ’s%‘i’eitﬁlg%la%%@i ThdrBRre FOMIM ik tichBY ST

conprises a netallization |layer of the sem conductor device, and wherein

the condu Cf)ﬂfé@si Zs?ﬁ%ﬁ%gaﬁe& [hed Be ﬁg%&ﬁﬂaéggﬁﬁﬁs R (r%bzgca %rgé%gle%%@%ec ene

structure. sem conduttor I ce accor , wherein
t he second insul ati er rrises a, recessed regijon between at | east
two ad; acerbsen Daas i 201 Blie SfBuae SOl hena- S or 6 B0y (g top
pl ates conprised of the second conductive | ayer, wherein the second
conduct i velnSulpng fayen 244ip eeceesed o ergate sgnussting ragins 266 davaeadh MiMhg 20

| ayer, electrically coupling together the top plates of at the | east two
adj acett Mdpacitgradbt,mosadditional 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



15. The sem conductor device according to Claim1, wherein the workpiece
31 conprises a plurality of elenments formed therein, further conprising a
third insulating | ayer fornmed between the workpiece and the first
insulating layer, further conprising at |east one first conductive region
di sposed in the third insulating layer 3Butting the first conductive |ayer
of the at | east one M M capacitor, wherein the at |east one first 5
conductive region and the first conductive |ayer conprise a bottom plate of
the at | east one MM capacitor. 16. The sem conductor device according to

daim 15, ‘i\glgélﬁ:kﬁi&nrlﬁyéi‘tl\di,gﬂﬁtth@%gﬁéﬁv%treﬁgﬂgyf/%?’ @orﬁﬁ%&e@'& fﬁ&&ﬂ&hh&&ﬁrea

conductive barrier layer and a conductive material 10 di sposed over the

conductive Frihe r 7. .Ih en con or,_devi.c ccor di to Claim
5 aher o rapiss er p 34 80a a fift ol ETARER 4 T RN B BT SR ot e
the at |east one MM capacgi.tqr to an_elenent in the rkpi ece. 15 18. The
seni conductc8pracfayisaot g@@"&ﬁd’i’ﬁtj I\{Iga@l Xﬁrjﬁ‘%’ LRH@FI’QFW? ‘F‘P"f“'éftorézaéfuct ive
region and the third insulating |ayer conprise a first nmetallization |ayer
of the senifemrfiote MdaanddE lewtler ein the first insulating |ayer conprises a
first via layer of the sem conductor device, wherein the second insulating

| ayer cenprj084q a sHedvIM2@pasitoalT6é kata ttoheplate 398 comprisidgiacondtiver
device, and wherein the at | east one MM capacitor is formed in the first

via |layer ahderid19ayeeso0 thd Bk abhduzailé R%idr@)BgQBQﬂ. trhe beesth picisrmg e thelevi ce.

32 19. The sem conductor device according to daim1 S, further conprising

at | east OMIeﬂdgg#&rcE&olsW' hér:rgn%lﬂé’e%ra s@gﬁ@%ﬁﬁu&%gﬁr@%ﬁ%ﬁ 554 Sild 4 QRUhAL ! NG

| ayer and rnsulatii ayer, a secon I've region forned
e R RSk PR b Y e B R RIS L b SRR V2
region el e(i;[lzitcier(i:.'ﬁ Ilal.y){er (338([)J gtlldegletcgr?du%givé ?eagisc;[ns%gg/i%%.MThe 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] In 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 material 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



capacitor to the first conductive region. 20. The sem conductor device
according to Claim19, wherein the third insulating |ayer and the first
conductive region conprise a first netallization |ayer of the 10

sem conduct or device, wherein the at |east one fourth insulating | ayer and
t he second conductive region conprise &Kirst via layer and a second
nmetallization | ayer of the sem conductor device, wherein the first
insulating | ayer conprises a second via |ayer of the sem conductor device,
wherein the second insulating layer conprises a third netallization |ayer

of the sena@%&%mh ?Yitﬁ%suf’a@iﬂg‘i‘%@f §47) Tmogg rh@@ﬁ% RAfs MMihivﬁ?eoaC' tor

is formed In the second via |aye e thi |zat|on ayer of the

sem conduc con ucto ordl 1,
wher ei th*ggségﬁﬁﬂaﬁ@%%% bt @ﬁ Al “agr%%w?ﬁ% 5 sBF! @fer%ﬁﬂm%sgéa
conductive barrier conductl te di s er t he
conduct i vePaiigFpedayith g’s‘/@(ﬂﬁ ca@agntggpatggr%@ H%EYVSL gé@mne%%cz@ ifg: a
wor kpi ece; a first insulating |ayer forned over the workpi ece a second
i nsul at i ngeyampde. Toforavthe capacitprs {76 meanduetivegnatesiallayes 350 19 deassitedne
third insulating |ayer fornmed over the second insulating | ayer; and at

| east dhe owt e patisrtedtsinth imtilating Mybd 3723 fifihistoprlayer3modfourth inalatihg las@st one
third insulating | ayer, the second insulating |layer, and the first

i nsul ati ng3dgyed fo&ih%t@ﬁ lay &z, AR cbhdicEoPAfatdrial 1ag&M¥0! i§ kdiovad| dddsd
conductive |ayer, a dielectric l'ayer di sposed over the first conductive

| ayer, and péhidft P&qe&?g%‘k?}tﬂx%uiaﬁ}égﬂaﬁfep ﬁ%ré’ﬁ{&'} [ n%ltﬁ’é%‘st{th@ 10 | ayer.

23. The seh con uctor evi ce accor erein first
i nsul ating_l.a ises a firs er sem,conduct or devi ce,
wherein  reiESBOMIST Bieh .Pﬁaerpayé@‘ (B s T lﬁ'aﬁg?ﬂtﬁﬁpa? TS5t on | ayer
of the sem conductor device, rein the at |east one third_ insulating
t ayer conp?qr@égtl\éﬁmﬁfeagltlamséSQ éE%Ht? recessadpoations o the sixta dasulating layss 844
metal | i zation | ayer of the semi conductor device, wherein the at |east one
M M caffaci amska tidendductive bawgter {dyer 282 isdepasited kverdbediclsttricHayer 364t Avi a
| ayer, the first netallization |layer, the at | east one second via | ayer,
and the atthirdashdwtioe setahd 3s®isalepbsitttionsr thaydrd conluctive 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



24. The sem conductor device according to Caim 22, wherein the workpi ece
conprises a plurality of elenents forned therein, further conprising: at

| east one fourth insulating | ayer disposed between the workpi ece and the
first 34 insulating |ayer; and at |east one conductive region fornmed in
each fourth insulating |layer between tR& first conductive |ayer of the at

| east one M M capacitor and an elenent in the workpi ece, wherein each
conductive region and the first conductive |ayer conprise a bottom plate of
the at | east one MM capacitor. 25. The sem conductor device according to

G aim 24, yhehshi ih P 5) x%]f'a'%éd 160 AQUEdsIn tHIIR AM RGid2YAY inGROBF S€S 2

first nmetallization layer of thé semconductor devicCe, wherein the first
insul atin o] i LI vi a | ave f sem.con tor device, 1
o ser ei n endbeBo AR Raf ot e St b i 72 Sl it BA EhRLals

| ayer of the. sem copdyctor devjce, wherein the at |east one thir

i nsul ati ng®™@ ta%‘?%e@& HF%de‘éon FCt}VSé%%teré?ﬁégéé% HSIﬁdzfnﬁﬁB?seaﬁ‘aagtMﬁeast one
third nmetallization |ayer of the sem conductor device, and wherein the at

| east one IWPHAse.fRastionpf g thirdieonduetivegnateria 384 and ghirdh¢anetseedmmmidgr layes fi r st
via |l ayer, the second netallization |ayer, the at |east one second 15 via

| ayer, sand3&hemainsiresiding imeormectipdrepiohaBs bettveanatileasetwo 2dacehhMIM
sem conduct or device according to Claim22, wherein a top at |east one

third ins L&a&héitws 3 P8/ EThis A aN ddvastage BREGRIVhIIRDNANMEEIINEESh Riers 888t bd WO
adj acent M M capacitors, the at least two MM capacitors having top pl ates

compr i ee gbd 19U MANLUBINR I8 PRI Rohlle (RPEAARLGRNIUCL | ve

| ayer fills the recess regi on st one 't | at i ng

ad) acent NERIB A6 Fedptned iides 8 TholTdok s AT e AR Bhet AP EF Ry o

wor kpi ece; ,%1 | east one first insulati ng | ayer forned, over the workpiece;
and a pl urBitlineopipcisewhichimay hedounedapisypsegigntmanyfsiiringiogestesed in the at
| east one first insulating layer, the plurality of MMcapacitors
conpr i ®i ngl0851])i r st Whdladwportioneoflthy MIM eapdeitir8d6 botomaplates 3 &igdemeeddner t he
first conductive |ayer, and a second
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,



conductive |layer formed over the dielectric |layer, the second conductive
| ayer conprising a top plate of the plurality of MM capacitors, wherein a
top at least one first insulating | ayer conprises a recessed regi on between
at |east two adjacent MM 10 capacitors, and wherein the second conductive
layer fills the recessed region of the 2bp at |east one first insulating
| ayer, electrically coupling together the top plates of the at |east two
adj acent M M capacitors. 28. The sem conductor device according to Caim
27, wherein the at least one first 15 insulating | ayer conprises at |east

two T mul alkuih gy it p a4MSHET A 9B 1y #10.] ASHIRSD%elcRYBY BOTERNIsERTvE Vi 2

| ayer of the sem'cohductor device ereln an rst insulating

| ayer conpri ses _an interconnect . layer f d gver the via layer. 29. The
sem conducﬁlbertoag‘&l/ri?%cg oﬁk&eo?%ﬁﬁ’ésull%méq%ﬁeﬁ?%?mt P n the wor kpi ece 20
conpri ses lural ity . of elenents fornped therein, further conprising at

| east one f@%éﬁd i%é‘%@Wﬁﬁ%?%P‘l?ﬁPﬁhnga& m@?ﬁ‘ﬁl%ﬁ’ﬂﬂ}’éb 340d there
first insulating |ayer, further conprisi n? a conductive region fornmed in
each at | eagrondnia leperovidiwithsusoaduatiye bawyisr layedS2canddacomiduetivieayitonal 484,
electrically coupling the first conductive |ayer of the MM capacitor 36

to an ebemdrt MIM dapaciwo phipire éeformbdinctha tdpfeucmsulatiig lagers dgR o468, 444 ahbbe
first conductive |ayer conprise a bottomplate of the at |east one MM

capaci t or. 420. WHiR tBE[HakOreEida 0P thedRirkpR eGP FoPsted th ARG thewher ei n the
at least one first 5 insulating |ayer conprises at |east two insul ating

layers, Wn%sﬁiaﬁn% lﬂﬁ'efso Ugkd Vidq ) a2 Flgtgg?fye?st?ifﬂﬁi, ﬁ@eﬁ{cm?rodaré nsulating

| ayer conprise at [east “one’fir’st neta I‘on [ayer ’of the sem conduct or

device, wherein one first _insylatin ayer conprises.a, fir via |layer
formed oveP? %ecgtmﬁl h}:?s@’o&{%s‘%i“?’éefnq%ﬁ‘%'a Iqoi‘élf“iq&ﬁ nra%;a? laygp, Q/ﬁéﬁ@?ﬁﬁ%gnot her
first insulating | ayer conprises a second netallization | ayer formed over
the first Ve thepaternedonsylating layers 442,468 it pud44( | Hep conductvedpaierialor

devi ce, the nethod conprising: providing a workpi ece; depositing a first

i nsul attd ngldyay 450 iswemovdik andatdpast e portivepd thet sixth insuldtingdayeoA?2 saemoded

insul ating | ayer over the first insulating |ayer; patterning the at |east
one secondbetieeh at lead tivavdiacain WM eafacitGr pattesid] Al diBlgctrikM@fer 454 th a

pattern for at |east one netal-insulator-netal (MM capacitor;

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, and
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



depositing a first conductive | ayer over the patterned at |east one second
insulating layer and the patterned first insulating | ayer; depositing a
dielectric layer over the first conductive |ayer; depositing a second
conductive |layer over the dielectric layer; and 20 renoving the second
conductive layer, the dielectric layer and the first conductive |ayer from
a top surface of the top at |east one s¥cond insulating |ayer, wherein the
second conductive layer, the dielectric layer and the first conductive

| ayer 37 in the at |east one M M capacitor pattern conprises at |east one
M M capacitor, and wherein the first conductive | ayer extends conpletely to
the top SUEHRGEINFighB8], MRh%BO\\L,vﬁQ§b dOf1Re BREEA rolsSitiBhiiNGe BY fle v?c%v The

met hod accordi ng t% Claim 31, erein t%e wor kpi ece conprises a first

regi on and e, d region, wherein patterning the second insulating | ayer
ang t he fi#gWaﬂﬁgﬁggF?hg | ayer with a pattern for the at | east one MM

capaci tor i se tterpipg the second jnsulating | ayer, and the first

i nsul at i ngfq%ggtr owﬁttﬁ%mwwaﬁ’%ﬁ gﬁs ate foredin dwpnstallizationayeroMai ng
conductive regions in the first insulating | ayer and the second insulating
| ayer over add3Jinsuleting tayewriddand 42 wesrieplivaly) anditwg via ldnera Ydeand V2 ocess,

wherei n depositing the second conductive | ayer conprises formng the
conduct§ ve(inedatmgdayered4Q drel 468¢ mspeatieglypin thé strintureshéwn &cBiguids 73d §The
met hod according to Caim 31, further conprising, after depositing the

first condygd ériBore BV cBYRitofsRaP@bd BE fphed BEBRE drigott MetflBzdtRY Shyead the
patterned first insulating |ayer, renoving the first conductive l‘ayer and

recessi ng i i i D i; V. rtion of at
cact tvio RSRREE ek BELs ek Bchdoihos (P o S A 8L kBBt ve
| ayer corrp{\ﬂi i/?elio fi\lling the recessed second insulating 20 |ayer, formng at
| east two M° zmgci tors having top plates that are electrically coupled

t oget her. 3
g€ [0052] 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 device. The bottom 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.



34. The nethod according to Caim 31, wherein the workpi ece conprises a
plurality of elenents forned therein, further conprising formng at |east
one third insulating | ayer between the workpi ece and the first insulating
| ayer, further conprising formng a 5 first conductive region in each third
insulating layer, wherein the at |east %he first conductive region and the
first conductive |ayer conprise a bottomplate of the at | east one MM
capacitor, and wherein the at |east one first conductive region
electrically couples the at | east one MM capacitor to an elenent in the
wor kpi ece. [dg3sp S. EhyHRIA&Hs 6f thEPRERGHWNOYhave RERN appIRatiss Bl makf &l (MM
capacitor, the nethod conprising: providing a workpi ece; depositi'ng a first
i nsul ating_l a r e wor kpi ece. (e [ .Se d,4nsu i ng | ayer
sorieBha i apb GRS P Emg B BENINS RIS EZRE I 3 T4
i nsul ating | ayer over the second.insujating |ayer; patterning the at |east
one t hi rd-Areped hergin mpebe Tormed inatandeloRe BiemOnh A vides crmibedded menmory st
insulating layer with a pattern for at |east one MM capacitor; depositing
a first codeniess pen-veljage magmeerydeuicpn ferea-elecirasmemoy derdedsamagngtd-aleetro and t he
patterned first insulating |ayer; 20 depositing a dielectric |ayer over the
first cHndosmoredédyes statiepndomiaccess neamoy (SRAM) devices; diymangic randen t he
dielectric layer; and 39 renoving the second conductive | ayer, the

di el ectri catcryeie@oey (DRRAM)IdeVices) Athital dovices R devit@MumaldPdevidds| @GRIxed- t he
at least one third insulating |ayer, wherein the second conductive | ayer,

the di el echiqde dbAUEY a@BAniS, MHNIMAENELE MRchYEsed A76if@kshagst one MM

capacitor pattern conprises at |east o capaci e met hod

according to,Caim 35 erein.t wor kpi ece .co ises a first .egion and a
second regfl’cﬁhc’d\ﬁ/ﬁg}m@flﬁfa\é\pé’f? ‘iﬁsﬁ’il%egﬁleﬁ D 210 ey e‘%ﬁ‘imﬁﬁpflﬂ@ﬁé’fﬁ bﬁ‘iﬂ%g | ayer,
the second jnsulating |layer and the first insulating |layer with a pattern
for the at (G¢@Rapr eapaciarvindertitine 4CUR) sisustutes, %%%Pl%ﬁﬂgnlbﬁ@nﬁmﬂ ‘éfégQ one
third insulating |layer, the second 10 insulating |layer and the first
i nsul af® ngnpes) MIM gapacitbwstiuctuses 266¢3 th and 8% andimdthods pf manpfadteresecond
conductive | ayer conprises form ng conductive regions over the second
regi on of téseribed hqremaray Bimpléraented imattle fronoendi ofghd bneQFBON ) badkieridnefy
conprising, after depositing the first 15 conductive | ayer over the at
| east one il (BEDI)afor BRarhgl¥er . the patterned second insulating layer,
and the patterned first insulating |layer, renoving the first conductive
| ayer and sin i rd tingd. J- < i r portion
of "ot 1 oasiOIE"\ fyebaReh @ R Srint B lichidaR AN AU K BT
conductive, |l ayer conprises filli the recessed secaond insul ating |ayer,
formng at PPERGEsCred yaRalo4 gl Pe understond Dal Yasipus Flanges, shitujods ab
el ectri cal Ia[y coupl ed_together. 40 - L

15 terations can be made herein without departing from the spirit and scope of the

over the fir I nsu east

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
invention. Moreover, the scope of the present application is not intended to 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



38. The nethod according to Caim35, wherein the workpi ece conprises a
plurality of elenents forned therein, further conprising formng at |east
one fourth insulating | ayer between the workpiece and the first insulating
| ayer, further conprising formng a conductive region in each fourth
insulating |ayer, wherein the conductiv&regi on provides electrical
connection between an elenent in the workpiece and the first conductive

| ayer of the at |east one M M capacitor, wherein the conductive regi on and
the first conductive |ayer conprise a bottomplate of the at | east one MM

capaci tor. g &hie}@%uﬁﬁﬁﬁ%ﬂg%&r@ At & c}ﬁ% %r@sﬁ@m&é‘%%@&&lﬁeﬂﬁ MMeegpaci tor

is formed in a 0 stan |'one nmenory devi ce, nenory devi ce,

non-vol t ag devi-ce, fernro-el.ectrao nor.y _deyi ce,. et o-el.ectro
menor y dov ped BRY pf S asr B SR p Rk AreGmdAhe B E naom
access nmenory (DRAM devi ce i gital device, RF device, analog device, or
mi xed- modec]aé% us .mti@%éd?l ervithiB theleaPRIFUcY Prepesses: IRacdineswher ei n
depositing the at | east one third insulating | ayer conprises depositing 2,
3, 4, 5, omagufapigitd, sompgsitienserfnatiet, megne, bdsdomsteps: di ng to C ai m 35,
wherein depositing the first conductive | ayer and the second conductive

| ayer conprises depositing Si, Al, Cu, W Ti, Ta, Co, N, Ni, 20 M, Ru,
other nmetallic materials, or conbinations thereof, and wherein depositing
t he 41 dielectric layer conprises depositing Al, Si, O N, Ti, Ta,

| ead-zirconate-titanate (PZT), bariumstrontiumtitanate (BST), Taz205,
A1203, Si 02, other dielectric materials, or conbinations thereof. 5 42. A
met hod of manufacturing a sem conductor device, the method conpri sing:
provi ding a workpi ece, the workpiece conprising a first region and a second
regi on and having elenments forned therein; depositing a first insulating

| ayer over the workpiece; formng a plurality of first conductive regions
inthe first insulating |ayer over at 10 |least the first region of the
first insulating layer, the first conductive regions making el ectrical
contact with elements in the workpiece; depositing a second insulating

| ayer over the first insulating |ayer and the first conductive regions;
depositing at |east one third insulating |ayer over the second insul ating
| ayer; 15 patterning the at |east one third insulating |layer and the second
insulating layer with a pattern for a plurality of netal-insul ator-netal
(MM capacitors over the workpiece first region, exposing the first
conductive regions;



depositing a first conductive |layer over at least a top third insulating
| ayer, the second insulating |ayer and the exposed first conductive
regions; 20 renoving the first conductive |ayer and a top portion of the
top third insulating |ayer in a region Qﬁtmeen at | east two adjacent MM
capacitor patterns, leaving a portion of the top third insulating |ayer
recessed,; 42 depositing a dielectric |layer over the first conductive

| ayer and the recessed top third insulating | ayer; depositing a second
conductive |l ayer over the dielectric layer; and renoving the second
conductive fpyuems the dielectric layer and the first 5 conductive |ayer
froma top surface of the top third insulating | ayer, wherein the second
conductive kayer RecAidabirddvice, bavprisiagtd the first conductive layer in
the at |east one M capacitor pattern conprises at | east one MM
capacitor, and wherejin depositing the second conductive |ayer conprises
filling the r ece8 P Re top third insulating |ayer, coupling together the

top plates of the at ,|east two adjagent M itors. 10 43. The net hod
according to C a?rﬂfﬂ?}s‘-\?&ﬂ’é‘ﬁé?wr? ioﬂﬁr%é”ofcrﬁg%\t%’conducti ve layer and a
top portion of the top third insulating layer in egi on. het n | east
two M M Bapaci t ont ksastoae aecoad isplatiag .layaretsva%ﬁ‘ duel tge ﬁﬁgf%}l@&lgr@%ﬁ’gg?emvi ng
a top portion of the photoresist fromthe region between the _at |east two
adj acent M M capglehstone petdlenswatormptat (MEMp eanariserdorned inghg first inspishiBict i ve
| ayer; etching away exposed portions of the first conductive |ayer and the
top portion rléfe btk Ak Tedsti e e cdinti igsul adingayearthe atdeasy bngMINkcaprotar esi st .

43 44. The thod according to Caim42, wherein renoving the second

conduct i ve lé:g%g)%isi[ng NG Qh8Gdive fayeRYEdiclRBt c 14}Rr Bispéded @OBHHE First €onduetive f rom

a top surfa e Secona

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.

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,

15  TaSiN, TiW, NiCr, MoN, Ru, WN, WSi, Cu, Al, W, Ti, Ta, Co, N, Ni, Mo, other
metals, combinations thereof, or polysilicon, and wherein the MIM capacitor is formed

in an interconnect layer of the semiconductor device.

3. The semiconductor device according to Claim 1, wherein the dielectric layer
20 comprises Al, Si, O, N, Ti, Ta, lead-zirconate-titanate (PZT), barium strontium titanate

(BST), Ta,0s, Al;03, SiO,, or combinations thereof.

4. The semiconductor device according to Claim 1, wherein the at least one second

insulating layer comprises 2, 3, 4, 5, or 6 or more insulating layers, wherein the MIM
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insulating layer comprises at least one second via layer of the semiconductor device,
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CdEXY: ]| 810()/&-T£11}esemlconduc or device according to Claim 1, wherein the at least one MIM

capacitor comprises an array of memory devices, the array having a dimension of 2x1 or

10  greater.

0. The semiconductor device according to Claim 1, wherein the first conductive |
layer comprises a bottom electrode, the dielectric layer comprises a capacitor dielectric,
and the second conductive layer comprises a top electrode, wherein the bottom

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

process.

10.  The semiconductor device according to Claim 1, wherein the MIM capacitor is
formed in a stand-alone memory aevice, embedded memory device, non-voltage

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

device, digital device, RF device, analog device, or mixed-mode device.
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cell in the DRAM region.

10
13.  The semiconductor device according to Claim 11, wherein the first insulating
layer comprise.s a via layer of the semiconductor device, wherein the second insulating
layer comprises a metallization layer of the semiconductor device, and wherein the
conductive regions in the second region comprise a dual damascene structure.

15

14.  The semiconductor device according to Claim 1, 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,

wherein the second conductive layer fills the recessed region of the second insulating
20 layer, electrically coupling together the top plates of at the least two adjacent MIM

capacitors.

15.  The semiconductor device according to Claim 1, wherein the workpiece
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one MIM capacitor.

16.  The semiconductor device according to Claim 15, wherein the at least one first
conductive region comprises a conductive barrier layer and a conductive material

10  disposed over the conductive barrier layer.

- 17. The serﬁiconductor device according to Claim 15, wherein the at least one first
conductive region electrically couples the at least one MIM capacitor to an element in
the workpiece.

15
18.  The semiconductor device according to Claim 15, 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

20 metallization layer of the semiconductor device, and wherein the at least one MIM
capacitor is formed in the first via layer and the second metallization layer of the

semiconductor device.
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insulating layer between the first conductlve region and the at least one MIM capacitor,

5  wherein the second conductive region electrically couples the at least one MIM

capacitor to the first conductive region.

20.  The semiconductor device according to Claim 19, wherein the third insulating
layer and the first conductive region comprise a first metallization layer of the

10  semiconductor device, wherein the at least one fourth insulating layer and the second
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

15 capacitor is formed in the second via layer and the third metallization layer of the

semiconductor device.

21.  The semiconductor device according to Claim 1, wherein the second conductive
layer of the MIM capacitor comprises a conductive barrier layer and a conductive

20  material disposed over the conductive barrier layer.
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third insulating layer, the second insulating layer, and the first 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

10 layer.

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

156 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
metallization layer.

20
24. The semiconductor device according to Claim 22, wherein the workpiece
comprises a plurality of elements formed therein, further comprising:

at least one fourth insulating layer disposéd between the workpiece and the first
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at least one conductive region formed in each fourth insulating layer between the
first conductive layer of the at least one MIM capacitor and an element in the
workpiece, wherein each conductive region and the first conductive layer comprise a

5  bottom plate of the at least one MIM capacitor.

25.  The semiconductor device according to Claim 24, whetrein the at least one fourth
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,
10  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
thickhesses of the first via layer, the second metallization layer, the at least one second

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

26.  The semiconductor device according to Claim 22, wherein a top 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
20  conductive layer, wherein the second conductive layer fills the recessed region of the
top at least one third insulating layer, electrically coupling together the top plates of at

the least two adjacent MIM capacitors.
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27. A semiconductor device, comprising:

a workpiece;

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

5 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
conductive layer formed over the dielectric layer, the second conductive layer
comprising a top plate of the plurality of MIM capacitors, wherein a top at least one first
insulating layer comprises a recessed region between at least two adjacent MIM
10 capacitors, and wherein the second conductive layer fills the recessed region of the top

at least one first insulating layer, electrically coupling together the top plates of the at

least two adjacent MIM capacitors.

28. The semiconductor device according to Claim 27, wherein the at least one first
15 insulating layer comprises at least two insulating layers, wherein one first insulating
layer comprises a via layer of the semiconductor device, and wherein another first

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

29.  The semiconductor device according to Claim 27, wherein the workpiece

20 comprises a plurality of elements formed therein, further comprising at least one second
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
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layer comprise a bottom plate of the at least one MIM capacitor.

30.  The semiconductor device according to Claim 29, wherein the at least one first
5 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
of the semiconductor device, wherein one first insulating layer comprises a first via
layer formed over the at least one first metallization layer, and wherein another first

insulating layer comprises a second metallization layer formed over the first via layer.

10 31. A method of manufacturing a semiconductor device, the method comprising:
providfng a workpiece,
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
15 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;
depositing a dielectric layer over the first conductive layer;
depositing a second conductive layer over the dielectric layer; 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
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wherein the first conductive layer extends completely to the top surface of the top at

least one second insulating layer

5 32.  The method according to Claim 31, wherein the workpiece comprises a first
region and a second region, wherein patterning the second insulating layer and the first
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.

16 33.  The method according to Claim 31, further comprising, after depositing the first
conductive layer over the patterned second insulating layer and the patterned first
insulating layer, removing the ﬁr:st conductive layer and recessing the second insulating
layer in a region over a portion of at least two MIM capacitor patterns, wherein
depositing the second conductive layer comprises filling the recessed second insulating

20 layer, forming at least two MIM capacitors having top plates that are electrically

coupled together.
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34.  The method according to Claim 31, 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

5 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
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 35. A method of manufacturing a metal-insulator-metal (MIM) capacitor, the
method comprising:
providing a workpiece;
depositing a first insulating layer over the workpiece;
depositing a second insulating layer over the first insulating layer;
15 depositing at least one third insulating layer over the second insulating layer;
patterning the at least one third insulating layer, the second insulating layer and
the first insulating layef with a pattern for at least one MIM capacitor;
depositing a first conductive layer over the patterned second insulating layer and
the patterned first insulating layer;
20 depositing a dielectric layer over the first conductive layer;

depositing a second conductive layer over the dielectric layer; and
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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.

36.  The method according to Claim 35, wherein the workpiece comprises a first
region and a second region, wherein patterning the at least one third insulating layer, the
second insulating layer and the first insulating layer with a pattern for the at least one
MIM capacitor comprises patterning the at least one third insulating layer, the second

10  insulating layer and the first insulating layer over the first region, wherein depositing the
second conductive layer comprises forming conductive regions over the second region

of the workpiece.

37.  The method according to Claim 35, further comprising, after depositing the first
15 conductive layer over the at least one third insulating layer, the patterned second
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, wherein depositing the second conductive layer comprises
filling the recessed second insulating layer, forming at least two MIM capacitors having

20  top plates that are electrically coupled together.
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38.  The method according to Claim 35, wherein the workpiece comprises a plurality
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

5  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

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

39.  The method according to Claim 35, wherein the MIM capacitor is formed in a
10  stand-alone memory device, embedded memory device, non-voltage memory device,

ferro-electro memory device, magneto-electro memory device, static random access

memory (SRAM) device, dynamic random access memory (DRAM) device, digital

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

16 40.  The method according to Claim 35, wherein depositing the at least one third

insulating layer comprises depositing 2, 3, 4, 5, or 6 insulating layers.

41.  The method according to Claim 35, wherein depositing the first conductive layer
and the second conductive layer comprises depositing Si, Al, Cu, W, Ti, Ta, Co, N, Ni,

20 Mo, Ru, other metallic materials, or combinations thereof, and wherein depositing the
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dielectric layer comprises depositing Al, Si, O, N, Ti, Ta, lead-zirconate-titanate (PZT),
barium strontium titanate (BST), Ta,Os, Al,03, SiO,, other dielectric materials, or

combinations thereof,

5 42. 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;
forming a plurality of first conductive regions in the first insulating layer over at
10 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;
depositing at least one third insulating layer over the second insulating layer;
15 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 first conductive layer over at least a top third insulating layer, the
second insulating layer and the exposed first conductive regions;
20 removing the first conductive layer and a top portion of the top third insulating
layer in a region between at least two adjacent MIM capacitor patterns, leaving a

portion of the top third insulating layer recessed,;
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depositing a dielectric layer over the first conductive layer and the recessed top
third insulating layer;

depositing a second conductive layer over the dielectric layer; and

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

5  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.

10
43.  The méthod according to Claim 42, 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;
15 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
of the third insulating layer; and .

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



