STRUCTURE AND PROCESS FOR A CAPACI TOR AND OTHER DEVI CES Background of
Invention 1) Field of the Invention This invention relates generally to
fabrication of sem conductor devices and nore particularly to the
fabrication of a capacitor and also to the sinultaneous fabrication of
capacitors and ot her devices, such as resistors and also to the

simul taneous fabrication of MM (Metal - Insulator -Metal) capacitors and
ot her devices, such as resistors and capacitors. 2) Description of the
Prior Art It is well known that capacitors are critical conponents in
today's integrated circuits. For exanple, capacitors play an inportant
role in devices having analog circuits constructed on the integrated
circuit chips, often being placed adjacent the device circuitry to carry
out de-coupling functions. However, achieving the desired capacitance
characteristics is often difficult due to several trends in the industry,
nanmely increasing device density and increasing frequency of operating
signals. First, since increased device densities has been achieved |argely
by the mniaturization of individual devices, it requires a simlar

mniaturization in Q%§§Citor structure ghere2§{placin a nuch greater
i mpor t anceSERUCHIRE ANBIRPGRSS RO deCABACIATR ANDO rHEVM%g‘-’ner
operating frequencies have also increased the |evel of parasitic

capaci tance and cross-tal k experi enced between adjacent signal lines or
metal | ization | evels thereby increasing the demand upon many capacitors.
However, fabrication of capacitance devices wthin or imedi ately adj acent
the integrated circuit is often.limted by design patterning rules. This
is particularly true for capaBhéiisund 6t BRegehd or use in analog circuitry
placed in imediate proximty to the netallization levels. In addition,
current designs can include capacitors and resistors,

1) Field of the Invention

This invention relates generally to fabrication of semiconductor devices
and more particularly to the fabrication of a capacitor and also to the simultaneous
fabrication of capacitors and other devices, such as resistors and also to the simultaneous
fabrication of MIM (Metal — Insulator —Metal) capacitors and other devices, such as

resistors and capacitors.

2) Description of the Prior Art

It is well known that capacitors are critical components in today's
integrated circuits. For example, capacitors play an important role in devices having analog
circuits constructed on the integrated circuit chips, often being placed adjacent the device
circuitry to carry out de-coupling functions. However, achieving the desired capacitance
characteristics is often difficult due to several trends in the industry, namely increasing
device density and increasing frequency of operating signals. First, since increased device
densities has been achieved largely by the miniaturization of individual devices, it requires a

similar miniaturization in capacitor structure, thereby placing a much greater importance on




particularly in R = applications. There is a challenge to develop a
manuf act urabl e and cost effect process that can make various capacitors
and resistors. The inportance of overcom ng the various deficiencies noted
above is evidenced by the extensive technol ogi cal devel opnent directed to
the subject, as docunented by the rel evant patent and techni cal
literature. The cl osest and apparently nore relevant technical

devel opnents in the patent literature can be gl eaned by considering US

6, 387, 770b2(Roy) that reveals a process for formng a MM Capacitor in a
damascene process. US 6, 3878, 775bl1(Jang et al.) shows a nethod for a MM
Capaci t or éhghcmﬁmnmana@bemermﬂUﬁas§euuB bighO 8 pOBsB ( Birapenons kavealso) t eaches
a nmet hod for HIN1Fa$ailtor usin t al gg ers. qi conl ad

6, 410, 386HTTCAN SRt B4 PR o BAS OO CoT oIk B oER BRI
danmascene $Fn¢8as or WRA1ARNIOR(Chakchb eincRbsihg tesleh@E@8pdh REBCRSScifory. a
capacitor and a resistor nade of the sanme material as the plate el ectrode.
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obj ect of an e i'nventioh to pr de a " net for
fabrlcatlmgwﬁdahmaomimnmamgc&mmesmﬁbahndmnnﬁhawmﬂemmqaom&1mgaﬁhaumane
conducti ve Iayers It is an ohject of an enbodi nent of the present

i nvention %83%rOV|de a structure for sem conductor device with a capacitor

and a resistor or othef, geNiGe &PMRULSEM can include capacitors and resistors,
particularly in RF applications. There is a challenge to develop a manufacturable and cost
effect process that can make various capacitors and resistors.

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as
documented by the relevant patent and technical literature. The closest and apparently more
relevant technical developments in the patent literature can be gleaned by considering US
6,387,770b2(Roy)} that reveals a process for forming a MIM Capacitor in a damascene
process.

US 6,3878,775b1{Jang et al.) shows a method for a MIM Capacitor in a
Cu damascene process. i

UJS 6,008,083(Brabazon et al.) teaches a method for a MIM capacitor
using two metal layers. '

US 6,410,386b12(Hsue ct al.) shows a method of a metal capacitor in a
damascene process.

US 6,040,596(Chot et al.) discloses a process for a capacitor and a

resistor made of the same material as the plate electrode.




of the same conductive layers. An embodi nent of the present invention
provides a nethod of manufacturing a capacitor and anot her device, such as
a resistor, which is characterized as follows. An enbodi nent of the
invention relates to a nethod of fabrication of a capacitor in a

sem conductor device; conprises the followi ng: a) providing a sem conductor
structure and providing a top insulating |layer and conductive features
over the sem conductor structure; b) formng a first conductive |ayer over
the top insulating layer; c) patterning the first conductive |ayer to form
at | east a capacitor bottomplate and a first portion of the first
conductive layer; d) formng a capacitor dielectric |ayer over the top
insulating |ayer and the capacitor bottomplate and the first portion of
the first conductive |ayer; e) formng a second conductive |ayer over the
capacitor dielectric layer; and f) patterning the second conductive | ayer
to format |least a top plate over the bottomplate and a first section of
t he second conductive | ayer oSumhearyagdbe¢ Iorentidael ectric |ayer. A further

enbodi ment can conprise conductive features.in the.top insulatin ayer
that can underlie thé(slgg?? l@)?n& ST e mfv?'?'t’sotan)BF(’tvf%r? S(S"W‘é[’ﬁfﬂartadHEc'ﬁ?# st
sect i on. forJavhichtiig Hepagrdodi nent can conprise the first portion and the
second portion formdevices such as resistors, capacitor or anti-fuses.
Anot her enmbodi ment  of! 22 @XFHSH AL EEEPITEN HldheiBEreng Iy cRlapEeinroYide a

CoNpPri segethdY fér A6 af R HUeaBio St UGEYES: ortbl)[hcfil db@Pe Lﬂl?éjllh@tsillﬂg b g and

conductiye features in the top Insulating layer over
ayers.

[t is an object of an embodiment of the present invention to provide a
structure for semiconductor device with a capacitor and a resistor or other device comprised
of the same conductive layers.

An embodiment of the present invention provides a method of
manufacturing a capacitor and another device, such as a resistor, which is characterized as
follows. An embodiment of the invention relates to a method of fabrication of a capacitor in
a semiconductor device; comprises the following:

a)  providing a semiconductor structure and providing a top insulating layer and
conductive features over the semiconductor structure;

b) forming a first conductive layer over the top insulating layer;

¢)  patterning the first conductive layer to form at least a capacitor bottom plate
and a first portion of the first conductive layer;

d)  forming a capacitor dielectric layer over the top insulating layer and the
capacitor bottom plate and the first portion of the first conductive layer;

e) forming a second conductive fayer over the capacitor dielectric layer; and

f) patterning the second conductive fayer to forin at least a top plate over the
bottom plate and a first section of the second conductive layer on the capacitor
dielectric layer.

A further embodiment can comprise conductive features in the top

insulating layer that can underlie the bottom plate, the first portion or/and the first section.




the sem conductor structure; c) a capacitor bottomplate and a first
portion over the top insulating |layer; the capacitor bottom plate and the
first portion conprised of material froma first conductive |ayer; d) a
capacitor dielectric |ayer over the top insulating |ayer, the capacitor
bottom plate and the first portion of the first conductive |layer; e) a top
pl ate over the bottomplate and a first section of a second conductive
| ayer on the capacitor dielectric layer; the top plate and the first
section are conprised of the second conductive |ayer. Additional objects
and advantages of the invention will be set forth in the description that
follows, and in part wi further gpkadbugnticanaompescdbe Brst pertignandihe segpnge
| earned b r e [ ' [, € and advant ages of the
i nvention é%@oﬁg&be(gﬁiv?%aé&%ﬁgélsgggérg’ioc%%ﬁ%gOl(r)r%!a“ng’ts%f instrunmentalities and
conbi nati ons parti cul arAnptipoembedment ofi asctrhendappeddioe lhaving a cBydc@br;
Description of the Drawi ngs The features and advantages of a sem conduct or
devi ce accbPBhy5to the present invention and further details of a process
of fabricating guch,agmsiemcenduai@iredevice in accordance with the present
invention will be nore clearly understood fromthe follow ng description
t aken in conjunbt i ontogiitsuiating laee ong apydusyvel feawiresgs therdopvnselating legerefeer ence
nuneral s desi gnate, si_m.| 0 r pondi ng el enments, regions and portions
and in which: Fi gutrhgsseqn,cgécfuc&r%ﬁ?é@,se’6, 7A and 713 are cross sectional
views for illustrastdgciormetibacldioandmhtit potion iong the Lpp@aidiap laeeakdi ng to
a preferred enbodi ment, of the present _invention. E%eg]ure 8 is.a crgrssfsh

e

sectional view for CAPRFILRE{PPUIT REIHREE BF FEY Peritsa dPmERitd ofAsIihE ¢
present invention when&ivegsiest ors and capacitors are formed in any

d)  a capacitor dielectric layer over the top insulating layer, the capacitor bottom
plate and the first portion of the first conductive layer;

e}  atop plate aver the bottom plate and a first section of a second conductive
layer on the capacitor dielectric layer; the top plate and the first section are

comprised of the second conductive layer.

Additional objects and advantages of the invention will be set forth in the
description that follows, and in part will be obvious from the description, or may be leamed
by practice of the invention. The objects and advantages of the invention may be realized
and obtained by means of instrumentalities and combinations particularly pointed out in the

append claims.




conbi nation shown in the figure. s Detailed Description of the Preferred
Enbodi nents The present invention will be described in detail wth
reference to the acconpanying draw ngs. The present invention provides a
met hod of forming a capacitor and other devices such as, additional
capacitors and resistors. A preferred enbodiment of the invention is
descri bed below. Referring to figure 1, we provide a sem conductor
structure 14 having a top insulating |ayer 32 (e.g., 20 24 28 30 34) and
conductive features 26A, 26B, 26C and 26D. The conductive features are
optional. For conveni ence, the conductive features are not shown in
figures 2 thru 6A and 7A. The conductive features 26B, 26C and 26D are
shown in figure 7B to show that none, y conbination of, or all the
conductive features 26A, f%fﬁIk?ﬁ@“&ﬂdﬂéhﬁ?rﬁﬁwgﬁe f or med. Preferably at

| east a portion of thg LeRAUGhl Y&vheBtISESend@NdaS: @@@R@%@@bx&hgm {hke top
insulating |ayer 32. Sem conductor structure 14 is understood to possibly
i ncl ude raessafigrension anllf}Eﬂhﬁ’a‘ﬂféa”SarftEiIW@CCa?ﬁ {plrscgiive sutbvi seescohduaiesdlewict hi n
and/ or on or 1,90 t he
waf er suf %%Ogdam@ i ti%%F§eg§Hb%foq cou Egrglg%?};esenfﬁw‘j%%ﬁs}{e frrﬁ OF waf er
and | ayefesdtiontdkdn ire@masetion avittitled &Cmmpﬂyif*@tﬁﬁwmgﬁh wisichlike riff@endeevel
dielectric (IL %.or intg nmet al I(Hglectrlc g rgyer Furéher&g&; t he
sem condUEtHH!s €ESiaRRtE R4 9R CPTHEPOREN E BRAGRHE GRON GRS GRS N ¥ ) such
as netal or polysiliggmeliines. 4/ 60PA LR¢WB atd sl B RIhaBAehv§ ffror med over the
sem conduct or structure 14 The 't op insulating |ayer can be conprised of
one or ribuwraling amsthoprfer mantfaapring atroaRitor Acordjug ko Aprefaied copodiment ft i ng
| ayer 3 rably conprised of a bottometch stop |ayer 20, a | ower
dlelectgp%ﬁ?gm?rg %Rma m ddl e etch stop

Figure 8 is a cross sectional view for illustrating preferred embodlmcnts

according to the present invention where resistors and capacitors are formed in any

combination shown in the figure.




| ayer 28, and an upper dielectric layer 30. The |ower dielectric |ayer 24
and upper dielectric layer 30 (e.g., inter netal dielectric (IMD) |ayers)
are preferably conprised of low K dielectric materials (i.e., K less than
4.0) or oxide. The bottomand mi ddle etch stop layers 20 28 are preferably
conprised of silicon nitride (SiN) or SiC. The etch stop |ayers have a
different etch selectivity than the dielectric layers 24 30. 6 Referring
to figure 1, conductive features (e.g., 26A, 26B, 26C and 26D) can be
formed over the sem conductor structure. The conductive features can be

i nterconnects such as dual danmascene type interconnects. Features 26B, 26C
and 26D are optional elenents and nmay or may not be forned dependi ng on

t he design. Features 268, 3i'ﬁ%1’6]§95%ﬁ§fir%996§£e§[|’% éﬁ%ﬁg@%oéi ({Jsfi gure 7B. The

features are optional and show't ement under ot her
conductive el ements abdie prdseatinmveago? 6l b2 6&Scatm 12 GBad awith rafekcwe catpaci ti ve
devices to be forned  there ﬁéer as shown in fi%ures 7& ?gg 8 and descri bed
bel ow. FeafWPBYARYBE AGVings| J8F PESe MYFHPYBIoaKeoa pethpd of Hijming 2 papacilor
under st ood,{ h@helt RE%cBYL RE adimGhMd@FacitdS HOWE A Sefefred enBolipRnesich
stop layer 34 1s formed over the top insulating layer. The top etch stop

| ayer 34 i thepremgpaid desagdnpbelond of a dielectric |ayer and nore preferably

conprised of silicon nitride (S ST O : t faANSk;
conductive | ayer haviné&%T“P%giﬁg%egd??h%%§Q%§§R“%§@E§”§§H§g¥hguﬁgggflthe
top i nsul atdpngsdiaweray@?32 A.pr ef 24 2ed0 pAoadssndigtishamrdsi26fAl, QOB £8(2gnd 3 and
4. Referring to figure 2, we forma first conductive |ayer. 38 over the top
i nsul at i ngZoPaybe coplucttrdesipres arenppigivl Fueronugpigcadhy OnRrE eSS 6Bt i sed

of Ta, TaNy,,TiNg Alfilé&es@tmi 6A ML .nﬁ{@dongéﬁvﬁ% feaBlte N B 20€ LAk 28basKsHRvn in

TiN A Cu/Ti, an metal stack of Ti/TINNAICu/Ti, netal or netal alloys

and nore pfigirer7&oioyphes bt hed ondiFaconTbivestion gt or all the conductive features 204,
268, 26C and 26D can be formed. Preferably at least a portion of the conductive features

26A are exposed thru the top insulating layer 32.

Semiconductor structure 14 is understood to possibly include a wafer or
substrate, active and passive devices formed within and/or on the wafer; and insulating and
conductive layers formed on the wafer surface. For example, layer 10 could represent a
substrate or wafer and layer 12 could represent a dielectric layer such as an inter-level
dielectric (ILD) or inter metal dielectric (IMD) layer.

Furthermore, the semiconductor structure can include conductive
elements (not shown) such as metal or polysilicon lines.

A top insulating fayer 32 is formed over the semiconductor structure 14.
The top insulating fayer can be comprised of one or more layers.

Preferably as shown in figure 1, the top insulating layer 32 is preferably
comprised of a bottom etch stop layer 20, a lower dielectric layer 24, a middle etch stop
layer 28, and an upper dielectric layer 30. The lower dielectric layer 24 and upper dielectric
layer 30 (e.g., inter metal dielectric (IMD) layers) are preferably comprised of low K
dielectric materials (i.¢., K less than 4.0) or oxide.

The bottom and middle etch stop layers 20 28 are preferably comprised of
silicon nitride (SiN) or SiC. The etch stop layers have a different etch selectivity than the

dielectric layers 24 30.




conductive layer 38 can conprise a |lower barrier layer, a center netal

| ayer and an upper Dbarrier layer such as TiINAICu/fi or Ti/TiNAICul/Ti.
The material and thickness of the first conductive |ayer can be sel ected
according to the resistance, capacitance and other properties needed. As
shown in figures 3 and 4, preferably we pattern the first conductive |ayer
38 to format |east a capacitor bottomplate 38B and a first portion 38A of
the first conductive layer (e.g., resistor or top plate or bottompl ate).
The patterning of the first conductive |ayer 38 preferably conprises (See
figure 3) formng a nmask pattern 42A 42B (e.g., resist) over the first
conductive | ayer 38.R&srrslrawiigine If cguinetivd, femwerepief ep@b) 3660 and b&)Y i r st

conducti ve | ayer 38 eferably using a t etch stop | ayer 34 as an etch
Stop.  BREPRIKBIY OVErIas sRroHHE O BUEY. LherPeHe e BPE e st ant i al |y al |
of the yperskedis CONGIGEL VANARURT YRR @NRYES BNBePH, 080 ahybsmate al | of
the etch stop | ayer 34. Preferabl bet ween 100 and 150 A of the top etch

|
stop | ay®HoBY clegienisnd Magror ke net g%forrpﬁféfimea@img op e desigahledbess 36t expose

any U”d%byénﬁ‘égﬁ%”é“i‘;%]fg%?e [ ead H%&?é 7p! 'h}é I%\ath%%fé (%J?fo Aoha kRS HiRASe any
under | ying con UCtive feat ures e.g., Z206A I esf that may cause
parti cl gogetiephténmt uktie otimaskndatitetlaacB840B38B Fastercs @6V, arldeft@raanng t o

figure 5 we forma capacitor dielectric |layer. 46 over at |eas the top
el at R a3 R e o BTG TE o BaR i BB R St 9 1§ on
38A of tHhARw. fHcafitesGROAMGHENRLdIAY Blured D€ FAPRR IO Undr@b&Fthhd ey Y Ehe | S
preferably conprised of silicon nitride and preferably has a thickness

bet ween Bd30iednd 650A. The capacitor dielectric |layer can be formed of
other dielectric matgr] ¥ C ' i el .G n act as an
AL éh%lvﬁi m-ﬁ@ﬁcfhfggﬁtﬁ:! étg{ st l«gg‘%"é‘o@fi i'scf"omﬁaﬁgﬁ/erﬁ?% ?o%

etch stop in subsequent steps. cknes t he capaci dielectric
| ayer 46nsatuting beyer. dhe hopsttdpstbaleger Bdis patierbigd y setnptieedoltaali¢icaridserrand

capac e O SARREUAELS, Mo M SR P ) for e The

Next, a patterned first conductive layer having at least 2 portions (38A
381) is formed over the top insulating layer 32. A preferred process is shown in figures 2,
3 and 4. Referring to figure 2, we form a first conductive layer 38 over the top insulating
layer 20. The first conductive layer 38 is preferably comprised of Ta, TaN, TiN, Ti, AlCu,
AICu metal stack, an AlCu metal stack of TiN/AICu/Ti, an AlCu metal stack of
TYTIN/AICu/Ti, metal or metal alloys and more preferably comprised of Ta. The first
conductive layer 38 can comprise a lower barrier fayer, a center metal layer and an upper
barrier layer such as TIN/AICW/Ti or TUTIN/AICu/Ti. The material and thickness of the
first conductive layer can be selected according to the resistance, capacitance and other
properties needed.

As shown in figures 3 and 4, preferably we pattern the first conductive
layer 38 to form at least a capacitor bottom plate 38B and a first portion 38A of the first
conductive layer (e.g., resistor or top plate or bottom plate). The patterning of the first
conductive layer 38 preferably comprises (See figure 3) forming a mask pattern 42A 42B
{(e.g., resist) over the first conductive layer 38, As‘shown in figure 4, we preferably etch
the first conductive layer 38 preferably using a top etch stop layer 34 as an etch stop.
Preferably, the etch has an over etch that removes substantially all of the unmasked

conductive layer and removes some portion but not all of the etch stop layer 34. Preferably
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| ayer 34 can vary from about 100 A to 3000 A depending on the application.
Next, sections (e.g., 54A 54B) of a second conductive | ayer are forned
over the capacitor dielectric layer as shown in figure 6. The preferred
process is shown in figures 5 and 6. Referring to figure 5, we preferably
forma second conductive |l ayer 50 over the capacitor dielectric |ayer 46.
The second conductive |layer 46 is preferably conprised Ta, TaN, Ti N, Ti,
Al Cu, or other netals and alloys and nost preferably conprised of Ta.
Dependi ng on the design objectives, the second conductive Iayer can be

formed of different materjals, thicknesses and/or el ectrical 2£erties
than that betweere! ) anst]50fonidthe tansch dgrfayen 34 FF@a‘&rﬂﬂéﬂﬁ‘érﬁcé?genrﬁﬁf hyghe

| nvent | on b2y LBLMA ekl 8, uRRASGLLORA LS Rau ATRYNGHN05 B (ORIt

and second con under | ying conduct’ive

shown in f ug&ml@n@ LOV\EB.ICfU@E foagure(p. ot , Sudiped alye ma§4aow fahelsgmordon. The
conductive | e cap etch stop layer is preferably conprised of

si li con ni ¥ @“8Fm§ﬁé E%%ﬂgﬁ?ﬁ?%pably has a thi ckness between 400 and 600

A and nore preferably @{lawm%mﬁrg%e Next foriver daphditerf iclbRica8aend cCandustd ve
|l ayer 50 to format least a |ate 50B over the bottom plate 38B and a

first sect if@riOLF)mAU lefing lhéers!élctkaﬁ@amﬁ@uhqti%plﬁtaﬁéB a§d dit firnepctpndis of the

e et b S TR YT RHEn TRE OBULIRUL AL Rl RUBR Ay ShBNLER SRR D Show

a preferre process econ con uc shown in
figure 5, aitRdsindgatfeably }hamtlmgk@tc;s baastn SWgme656A 5BA @pakiiobdBldcsid layared
over the cap etch s ayer 54 and second conductive.layer 50. As shown in
figure 6, f:webecfaanﬁ%ffptw &l?%wa%a'anﬁﬂgé%ﬁamé&%ﬁd& 2 49 Ert 36 ar e
etched usi pgy kRS iMaHhc PRI RIR. T8I MEMSsRE6f BOapadiRoratel 8iGH 1078SASarldand or m at

| east a top plate 50B over the bottomplate 38B and a first section 50A of
t he secondetch stop layer 34 can be set to obtain a desired capacitance of capacitors and other device

subsequently formed. The thicknesses of the capacitor dielectric layer 46 and the etch stop
layer 34 can vary from about 100 A to 3000 A depending on the application.

Next, sections (e.g., S4A 54B) of a second conductive layer are formed
over the capacitor dielectric fayer as shown in figure 6. The preferred process is shown in
figures 5 and 6.

Referring to figure 5, we preferably form a second conductive layer 50
over the capacitor dielectric layer 46. The second conductive layer 46 is preferably
comprised Ta, TaN, TiN, Ti, AlCu, or other metals and alloys and most preferably
comprised of Ta. Depending on the design objectives, the second conductive layer can be
formed of different materials, thicknesses and/or electrical properties than that of the first
conductive layer. It is an advantage of the invention to form resistor, capacitors with
combinations of both the first and second conductive layer or/and underltying conductive

features.

As shown in figure 5, we form a cap etch stop layer 54 on the second
conductive layer 50. The cap etch stop layer is preferably comprised of silicon nitride or SiC
and preferably has a thickness between 400 and 600 A and morc preferably about 500 A.

Next, we pattern the second conductive layer 50 to form at least a top

plate 50B over the bottom plate 388 and a first section 50A of the second conductive layer
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eonductive layer. The first section 50A can forma device such as a
resistor, bottomplate, anti-fuse, etc. The etch is preferably stopped by
the capacitor dielectric |layer 46. Preferably the capacitor dielectric

| ayer remai ns and cover the underlying conductive features 26A and bottom
pl ate 38B and portion 38A. For, exanple in section 47 over the conductive
feature 26A, a total thickness of the capacitor dielectric |ayer 46 and the
etch stop layer 34 between 500 and 650A renmai n over the conductive feature
26A. A MM (netal -insulator-netal) capacitor is conprised of top plate 50B,
capaci tor dielectric 46 and the bottomplate 38B. Next, dielectric |ayer

and i nt eneROnRaEtit@RIAERif RYydred over tﬁ@ﬂ)lfheﬁiulitﬁh gtiher 3gie\zgu:re§s () @show a
capacitors, lines and resistors). preferred process is shown in figures
7A  and PrEerTThRIoptse HoRYEE! taﬁaecgftf#&mdu?tévef%wée infigs 7A and 7B can be

form simul taneously At Qﬁu%%ﬂ‘?&ﬁéé%%%%@ at@nghmgfmg@t &gmc%@m%aduct' ve

features 26A 26b 26¢C 26D Under the capacitors and devices. W form an
i nsul at 988 ik &yevwd 65er(the gzp,etdlesymlsy@:éﬁtaﬁd 8e-pndverduches layaw30i nsul ati ng | ayer

02, amddie otch st oy esnaneuRplE AP i FRTED BT ol Byl 2 g

64 are W&E%%t%ea@wglﬂﬁaadamfpadt@m/ségmmtﬁapahnﬁim@@taﬁﬁask&'hefommdﬁl e etch
stop 63 can be forned as _described above for the g? etch stop | ayer 34.
Next, opedstapp phate S8 xedhs botionerlpts S PadndylirshsrstionssiA ot the s5repd 62 63 64)

preferahl de%ﬁb@ﬂa%grepﬁ%tfﬁst%ﬁ%ﬂ%%/\%ﬁ (TR £4806S SERRL Y NBIR DR damascene

phot o process etch stop l'ayers 54A 54B, capacitor dielectric |ayer 46
and top aetidhsestiop | ayers 46 serve as buffer |ayer for the et ches. Theses

! ayers Wil stop theél—he egﬂ] is he@rﬁewgopgedtbggthgfs a%fl(grocﬂciecg 4%88 S0B and

resi stors 50A 38A ev drEnte TR ?%éy?hlckness of 9
t he di elpegiefably thayachatdaestrid hgeraeamss wibcoeet fhe uadPphdig@hgudiveesi stors and

the Conc'lfgagfzrle;/%}\ and bottom plate 38B and portion 38A. For, example in section 47 over the
| “conductive feature 26A, a total thickness of the capacitor dielectric layer 46 and the etch
stop layer 34 between 500 and 650A remain over the conductive feature 26A.

A MIM (metal-insulator-metal) capacitor is comprised of top plate 50B,
capacitor dielectric 46 and the bottom plate 38B.

Next, dielectric layer and interconnection are formed to connect to the
devices {e.g., capacitors, lines and resistors). A preferred process is shown in figures 7A
and 7B. The processes and structure formed in figs 7A and 7B can be form simultaneously
the same substrate. Fig 7B shows optional conductive features 26A 26b 26¢ and 26D under
the capacitors and devices. We form an insulating layer 65 (e.g., layers 62 63 64) over the
top insulating layer 32. The insulating layer 05 is preferably comprised of a lower IMD
layer 62, a middle etch stop 63 and a upper IMD layer 64. The IMD layers 62 and 64 are
preferably comprised of low k materials or oxides. The middie etch stop 63 can be formed as
described above for the top etch stop layer 34. -

Next, openings are etched in the insulating layer 65 (or fayers 62 63 64)
preferably using a photo process and more preferably using a dual damascene photo process.
The etch stop layers 54A 54B, capacitor dielectric fayer 46 and top etch stop layers 46 serve
as buffer layer for the etches. Theses fayers will stop the etch from etching the capacitor

plates 383 50B and resistors S0A 38A even though there is a difference in the thickness of
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features (e.g., interconnect 26A) reside. A nmulti-step etch is preferably
used to formthe openings for the interconnects 68. Afirst etch step uses
a chem stry that selectively renoves the dielectric |ayers. Wen the etch
reaches the etch step layers (e.g., SINor SIC) over the capacitor and
resistors the etch will stop on the etch stop layers and conti nue etching
the dielectric layers over the interconnects (e.g., 26A). Wen the etch
reaches the etch stop | ayer(s) 46 34 over the interconnect (e.g., 26a), a
second etch step uses a different etch chem stry that etches the etch stop
| ayers selectively. This fornms openings in the various etch stop and

di el ectri ahe |dgletsc agertHrevacarthonsacalac tteanpsacitng /reditstsand tlendnductive

i nterconnects. As shown in figures, 7A and 7B, we form i nterconnections 68
to cont act'fea‘t‘ﬁ”é(‘f-g-r@ferﬁ&“??tgﬁ%ﬁfesﬂq‘?e first conductive layer (e.g., first

resistor) 38A, the bothomiBlatetdBBpreflABly Lokl Bl ke 1RAB ARG fohghf i rst
section 50A of the second conductive |ayer; the conductive features (e.g.,

26A) . Fi gunercpBeskrois Aafrsopth siap weasa@ cbondue thay eclédaelrremoyohe: 26Ec2BD) are
formed under _ i.tor i cthon rtions. Refer to
figure 1. qgi’%eéé‘ h@%&\%ﬁ%&?b%ﬁ }é%ﬁ 8? gtgﬁgtgéﬁaﬁrgrgf(égég@Oféﬁroggrntﬁég%ﬂag'ﬁorﬁﬁ nor e
pref er abl yre§stoguid etdlamiis aepmen thendi@r conheat kehSontifte slobnwg thaditlegtc @ayéB, t he
conductive features can further conpprise a |ower bottom plate 26B under

the bott orfiY§T REAMSSHERE (BrfdePAYh & Mep prestdeadisp thegirdrstalayeried 4G HHRKST n

figure 7Bl Dee CARAUGL LY 064)CALULES eCRBeh UELNET TGRAPL LS hethidthy Bkt etches the
i nt erconnect 26C under “the first portion 38A of first conductive |ayer.

si ngl e nmaskch taplagérs esle@BEy34hBErmissopkningeit thheariquletchistoptanid widdectronnect 26C

acts as a ca atcitké)ra b%ttom it Il%g1 egtspoeS Iar%%.e{erc% act as a capaci tor
di el ect ri cYAYy & BHEYE KPFI'YE¢ %Br‘fl On"BBRACIEY 4% a top plate. As shown

figure 7B, the conductAYehdvaaihUi@sesCanarfduri, Besfoad ifEicsEnedtionsasdu chbhive
structure 26D under the capacitor dielectric |ayer 46 and the first section
50A of the first portion of the first conductive layer (e.g., first resistor) 38A, the bottom plate 38B,
the top plate S0B and the first section S0A of the second conductive layer; the conductive
features (e.g., 26A). Figure 7B shows an option were conductive features (26B 26C 26D)
are formed vnder the capacitors and conductive sections/portions. Refer to figure 1. The
conductive features are preferably interconnection and more preferably Cu dual damascene
interconnections. _

As shown in figure 7B, the conductive features can further comprise a
lower bottom plate 26B under the bottom plate 38B and under the top etch stop layer 34.

As shown in ﬁgﬁre 7B, the conductive features can further comprise a
first interconnect 26C under the first portion 38A of first conductive layer. A single mask
capacitor 26C 34 38A is formed when the first interconnect 26C acts as a capacitor bottom
plate, the layer 34 act as a capacitor dielectric layer, and the first portion 38A acts as a top
plate.

As shown figure 7B, the conductive features can further comprise a
conductive structure 26D under the capacitor dielectric layer 46 and the first section 50A of
the second conductive layer. A capacitor can be formed when the interconnect 26D acts as

the bottom plate, the layers 34 and 46 act as a capacitor dielectric layer and the first section

50A acts a top plate.
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t he second conductive layer. A capacitor can be-fornmed when the

i nterconnect 26D acts as the bottomplate, the layers 34 and 46 act as a
capacitor dielectric layer and the first section 50A acts a top plate. 10
Figures 7A and 7B show vari ous conbi nati on of devices (e.g., resistor and
capacitors and interconnects). Al or any conbination(s) of devices shown
in figures 7A and 7B can be fornmed using the enbodi nents. Figure 8 al so
shows many possi bl e conbi nati ons of devices that can be formed using the
enbodi ment's process. Figure 8 shows the foll ow ng devices: " resistor 50A
(resistor 1) - fornmed with the second conductive |ayer. " resistor 38A
(resistor 2) - ForneH@mkkhA&hé?masw\mdndunmﬂﬂﬁﬂ%awédmﬁaﬂmag maskorcapaci t or
38B, 46 5 aC| fornme two photo A Capaci tor 26D,

34/ 46, 50 C("B’:&H é.aﬂéfm%g““ &-;fﬁ)sd\*?rﬁ O ARERSH a@@met%{wm PpAEURSEA 34,
38A - (%B@’Q‘éaﬁ%e%m(eﬂ'u@@%;%cr@ﬁ%dﬁﬁ&ﬂ@ tor) - also may be an anti- fuse *
capacitor -- (capacitor 4) conbination of single and dual nask capacitors

26B 38B 50B (e.g., Elﬁtlr@rScﬁémé@wsmwmpO%ﬁdd@um:nm@i@n@abé@mcteertbatcambe | ower

el ectro [ he plate 3813
preferagﬁg%%gfﬁggn %ﬁga c&ﬂ%%5§ﬁ§§ g%%?%“%%%?erabﬁ&%gdgvmén 80 and 100%
11 wire |ine @&AoAS@m@%emnedyeﬁbmddnmmUhesmmmeamdn&s@ﬂ@mst portion 38A and

the first _sectio are re lst i Aﬂoéher referred enmbodi nent i s where
first portHod®38X %ﬁ?’@ §¥m§ ¥t @%9%‘5“?@§%§fors that have

di fferent resiustankeapactdr W86 SOBROHEREN S (fokh&d §¥ {@plﬁm&b%g 38A and the
first section 50A can act as any other devices, such ‘as inductors,

ant i - f usestorCapegitos 261, 1445, 5BA (Fapasitas @ t absesmiabicean anti-fuse
[0 Capacitor 26C, 34, 38A — (capacitor 3) (single mask capacitor) - also may be an anti-

fuse

[J capacitor — (capacitor 4) combination of single and dual mask capacitors 268 38B
50B (e.g., interconnect under a dual mask capacitor) — The lower electrode 26B
preferably underlies a significant area of the plate 38B preferably between 50 and
100 % and more preferably between 80 and 100%.

[0 wire line 26A

A preferred embodiment is where the first portion 38A and the first
section 50A are resistors. Another preferred embodiment is where first portion 38A and the
first section 50A are reststors that have different resistances.

In other embodiments, the first portion 38A and the first section 50A can
act as any other devices, such as inductors, anti-fuses or fuses if the portions/sections have
the proper electrical properties suitable for the devices. The bottom plates of capacitors 2, 3
and 4 (26D 26B and 20A) can be wired in difterent ways and not [imited by the
configuration in the figs. For example the bottom plates of capacitors 2, 3 and 4 (26D 26B

and 26A) can be wired up to interconnects 68.

The preferred embodiments of the invention have many advantages over
prior art processes. The embodiments uses only two additional masking steps in the BEOL
process to form resistors with two different resistances. In addition, at least four different

configurations of capacitors can be form simultaneously with the resistors.
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the proper electrical properties suitable for the devices. The bottom

pl ates of capacitors 2, 3 and 4 (26D 26B and 26A) can be wired in
different ways and not |limted by the configuration in the figs. For
exanpl e the bottom plates of capacitors 2, 3 and 4 (26D 26B and 26A) can
be wired up to interconnects 68. The preferred enbodi nents of the

i nventi on have many advantages over prior art processes. The enbodi nents
uses only two additional masking steps in the BEOL process to form
resistors with two different resistances. In addition, at |east four
different configurations of capacitors can be form sinultaneously with the
resistors. In the enbddithesmbodinent, with gnl2 2additionalmarskaelskHerent tgpdsiadr ent

types of capacitor d 2 different devices (e.q.. .resistors) can be

f or med. Tﬁ@%ﬁﬁ%cﬁ"ﬂéﬁ@@m TI“S%VE?FT {ﬁeﬁ'TrleSeBS(l Bsﬁfel"{ l§/e o(?fﬂ?g' netal materials and
metal thicknesses of Theensiasiiméas sisd aldevd 12xibhitg bf @ enctd himediai amdIirh@nieous| y
with the capacitors. capacitors 2 and 3 (see FIGURE 8) can act as

Al so, (
ant i - f use.thivkpesspsof therrgdgerspepdgeviyrihadonridmen tinsausly qith tey @pagiosy

enbodi nents of a st ruch W& Bhcitoher LV eREE PIGURES) W adt Bs £l OREESTh 4vi-7B and
figure 8. A descriptionis below Figs 7A, 7B and 8 illustrate that any

conbi nat i diasesfnagédxiptesd bitownn the vidse fi gs can be fabricated. A seniconductor
structure 14 and an overlie . a top insulating | a 32 e..g.,. 20 28 30
34) “and conduct ve 1 eatie s SakSime R Aok i Ehs ifen s afsronfdp Shubt,
| east a pomy i78mnnaffiganes. oA defigiptondusidw eribeanyureand 8Alexpesedan top etch
stop layer 34 is over the top insulating | ayer and the conductive features
26A. A capapbingtiomet doifeppizave mgbe Hagean ooifplicaligr ti on 38A of the first

conductive | ayer are CRUBHISAMAL sruliifcSa GANHRNE, LNl 1fcFgPaC] tor
yer 46 is over the top insulating layer 12 and tHhe
(e.g., 20 24 28 30 34) and conductive features 20A in the top insulating layer. Preferably at
least a portion of one of the conductive features 26A exposed.

A top etch stop layer 34 is over the top insulating layer and the
conductive features 20A.

A capacitor bottom plate 38B and a first portion 38A of the first
conductive laver are comprised of a first conductive layer 38.

A capacitor dielectric layer 46 is over the top insulating layer 12 and the
capacitor bottom plate 3813'and a first portion 38A of the first conductive layer. The first
portion 38A of the first conductive tayer preferably acts as a resistor or other device.

A top plate S0B is over the bottom plate 38B and a first section 50A of
the second conductive layer on the capacitor dielectric layer 46 over the top insulating layer
32. The top plate 50B and the first section 50A are preferably comprised of a second
conductive layer 50 and an overlying cap etch stop layer 54,

An insulating layer 65 (e.g., 62 63 64) is over the top insulating layer 32.

Interconnections preferably contact to at least: the first portion of the first
conductive layer , the bottom plate 38B, the top plate 50B and the first section 50A of the
second conductive layer; and the conductive features.

The first section 50A of the second conductive layer preferably acts as a

resistor.
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capacitor bottomplate 38B and a first portion 38A of the first conductive
| ayer. The first portion 38A of the first conductive |ayer preferably acts
as a resistor or other device. Atop plate 50B is over the bottom plate 38B
and a first section 50A of the second conductive |ayer on the capacitor
dielectric layer 46 over the top insulating |layer 32. The top plate 50B
and the first section 50A are preferably conprised of a second conductive
| ayer 50 and an overlying cap etch stop |layer 54. An insulating | ayer 65
(e.g., 62 63 64) is over the top insulating |ayer 32. [Interconnections
preferably contact to at least: the first portion of the first conductive
| ayer , the bottom pl’\atS@O\@BB figunes Toandod, ahﬁewﬁOlB‘,t@n(ﬂeaItITes furthet cgecti on 50A

of the second ond |ve conductive ,fe ur es The first
section SOK'G Faq Wméeé%ﬁ %%%gé &ﬁgmﬁb‘gpl ?%§§$§%?9 @3§Ee§hsﬁgklstor
12 As shiawer34n figures 7B and 8, the conductive features further can
conprise a | ower botton1p|ate 26B under the bottom plate 38B and under the
top etch stop | ayer ASaNOWEIndHaGE ﬁ%arfdi?gt‘jl?’eéé’“cf‘@“é{ﬁ&aﬂ"e%Wfé{et%#w&%fﬁ‘?ﬁ&e

f eat ur escow;ﬁfs@m&tymwsme{zs@m; bR Jolnmts3'An5ferg9@&ﬁ%m?eﬁ%émﬁ?g t he
first portion 38A of first conductive |ayer. The first 1 nterconnect 26C

pr ef er abfinpt méatrcsmasct%ﬁ@mf@ﬁblmaaﬁezs abdtiomeldi¢ arstthp Grst pomioB8AAactssisasom t op
plate in 12GaRacLLOr. As shown in figures 713 and 8, the conductive
feat ures’ pre er f furt her conprise a conductive structure 26D under the

capaci tor dielectri CAls ayein Adigmad Mend §, Histcondietive @At b referdbierus@eond
conductive |l ayer. Preferably, the conductl ve structure 26D acts at

a
bott om [ﬂ"&%@%ﬁﬁo‘iqﬂ’ét‘ﬁ ﬁi'é‘t:t”é%%ql? Yrdas g cappadtondiclecirigdasr 46 and Hedirdtapaci t or .
In the aley& 58S oF tRtLQIRIRUARIAYS 5P PHdiliGhidahatdpiudh® setufonkB Such as,

at a bottom plate and the first section S0A acts as a top plale in a capacitor.

In the above description numerous specific details are set forth such as,
thicknesses, etc., in order to provide a more thorough understanding of the present invention.
It will be obvious, however, to one skilled in the art that the present invention may be
practiced without these details. In other instances, well known process have not been
described in detail in order to not unnecessarily obscure the present invention.

Unless explicitly stated otherwise, each numerical value and range in the
specification and claims should be interpreted as being approximate as if the word about or
approximately preceded the value of the value or range.

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in the
art that various changes in form and details may be made without departing from the spirit
and scope of the invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims therefore should be
accorded the broadest interpretation so as to encompass all such modifications and similar

arrangements and procedures.
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t hi cknesses, etc., in order to provide a nore thorough understanding of the

present invention- It wll be obvious, however, to one skilled in the art
that the present invention may be practiced without these details. In
ot her instances, well known process have not been described in detail in

order to not unnecessarily obscure the present invention. Unless explicitly
stated ot herwi se, each nunerical value and range in the specification and
clainms should be interpreted as being approxinmate as if the word about or
approxi mately preceded the value of the value or range. Wile the invention
has been particularly shown and described with reference to the preferred
enbodi nent s thereof, it wll be understood by those skilled in the art

t hat vari TR B@%“in formand details may be nmade without departing from
the spirit and scope of the invention. It is intended to cover various

modi fi cat j ons )Iamsiet@drﬂf*f%ﬂca%ﬁ BNOSIENG? i PNENREQRROYT 8Sice2Bn e Shope of
t he appended clains therefore should be accorded the broadest

interpretatitegrsodo as to enconpass all such nodifications and sinilar
arrangenments and procedures. 13 i | ai ] i.s: 1. A h f.
fabrication of a cdﬁ%%.F%f”?ﬁmﬁmggﬁéﬁﬁﬁﬁﬁ%%8g%%39§%%?“%8%%@%@%%6&%ﬁ@d st eps
of : providing a senmcadnduetf@turss &g bald ecrainchduey beonge;a t op i nsul ating
| ayer and conductive features over, s%id seg%condu tor structure, gorning
at | east a capaci t oforBRE Bhsast asapaciinyg Patiem plafe By HISHPEUTIYRECHP & i r st
conductive layer; fermpgu@ieapagitor dielectric layer over said top
insulating |ayer, said capacitor bottomplate and said first portion of
sai d first conduct ifpeningpenpacitbodiricagic daysecondaid derdinetliting thayeridover said
capacitor dielectri ccapld&%le'[)étt(%rrl] %kxte and said first portion of said first conductive layer;

forming a second conductive layer over said capacitor dielectric layer; and

patterning said second conductive layer to [orm at least a top plate over said

bottom plate and to form a first section of said second conductive layer on

said capacitor dielectric layer.

2. The method of claim | which further includes:
forming an insulating layer over said top insulating layer;
forming interconnections to contact at least: said first portion of said first
conductive layer, said bottom plate, said top plate and said first section of said second
conductive layer.

3. The method of claim | wherein a top etch stop layer is formed on said top insulating
layer and said conductive features; and said top etch stop layer is comprised of SiN or
SiC and has a thickness between 400 to 600 A.

4. The method of claim 1 wherein said top insulating layer is comprised of a bottom
etch stop layer, a lower dielectric layer, a middle etch stop layer, a upper dielectric layer;

said bottom etch stop layer and said middle etch stop layer are comprised of silicon
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patterning said second conductive |layer to format least a top plate over
said bottomplate and to forma first section of said second conductive

| ayer on said capacitor dielectric layer. 2. The method of claim|l which
further includes: formng an insulating |ayer over said top insulating

| ayer; formng interconnections to contact at least: said first portion of
said first conductive |ayer, said bottomplate, said top plate and said
first section of said second conductive |ayer. 3. The nmethod of claiml
wherein a top etch stop layer is formed on said top insulating |ayer and
sai d conductive features; and said top etch stop layer is conprised of Si N
or SiC and has a thickness between 400 to 600 A. 4. The nmethod of claiml
wherein said top insulating layer is conprised of a bottom etch stop

| ayer, a ligwRlor@i@lgatric layer, a mddle etch stop |ayer, a upper
dielectric layer; said bottometch stop |ayer and said m ddle etch stop

| ayer are cw%rivwom@iﬁct@w layeiopmd paidrippey fﬁ@le‘aﬁc Byer arg prmitaicd of alwy Kdi el ectri c

| ayer and i.d. ef odiqel ectric layer are conprised of a low k material or
an oxi de. éﬁ&%ﬁgQﬁetﬁog‘of claiml wherein said first conductive layer is

conpri seds.of allmabhethodbd! clael eehedinfsaohfitshendrciup layens cenpnspdaf! a TiateriEhN,
TiN, Ti, and 1 al Joys. 6. The t.ho f i m | ich further includes :
fornming a F?FQ%SE%WH SﬁﬁwgCP&?QF@gséﬂtgéﬁdTﬁkghﬁﬂé 4l9¥s-ayer: patter ning
sai d firsg conpuchiued beygm t @hfchmauat idcaist: a capacitor bottomplate and
a first portion coqprised of said first conductive |ayer; wherein the

P

patterni ng of said Pipigg adsrgaedyctive laygervecwighiop desylatipg Y8y a mask pattern
patterning said first conductive layer to form at least a capacitor bottom plate
and a first portion comprised of satd first conductive layer;
wherein the patterning of said first conductive layer comprises forming a mask pattern

over said first conductive layer; and etching said first conductive layer.

7. The method of claim | wherein said first portion of said first conductive layer acts as a
resistor. ‘

8. The method of claim | wherein said first section of said second conductive layer acts as a
resistor.

9. The method of claim 1 wherein said first section of said second conductive layer has a
different resistivity than said first portion of said first conductive layer; and
said first section and said first pértion are resistors.

10.  The method of claim 1 wherein said first section of said second conductive layer is a
resistor, fuse, anti-fuses or inductor and said first portion of said first conductive layer is a
resistor, fuse, anti-fuse or inductor.

11, The method of claim | wherein said conductive features further comprise a lower
bottom plate under said bottom plate and under said top etch stop layer.

12.  The method of claim | wherein said conductive features further comprise a first
interconnect under said first portion of first conductive layer; said first interconnect acts

as a bottom plate and said first portion acts as a top plate in a capacitor.
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over said first conductive layer; and etching said first conductive |ayer.
7. The nethod of claiml wherein said first portion of said first
conductive layer acts as a resistor. 8 The nethod of claiml|l wherein said
first section of said second conductive |ayer acts as a resistor. 9. The
met hod of claiml| wherein said first section of said second conductive

| ayer has a different resistivity than said first portion of said first
conductive layer; and said first section and said first portion are
resistors. 10. The nethod of claim 1l wherein said first section of said
second conductive layer is a resistor, fuse, anti-fuses or inductor and
said first portion of said first conductive layer is a resistor, fuse,
anti-fuse or inductor. 11. The nmethod of claim1 wherein said conductive
features further conprise a |lower bottom plate under said bottom plate and
under said top etch stop |layer. 12. The nethod of claim1l wherein said
conduct i vB- feaThﬁlégthﬁdj@é)%%m ]c‘dhﬁf?iﬂsséldéoﬂii#célﬁe Iqahpes ERsEOmPHftRr said first

portion of Lf 5,6 ONAHGLLKEer SQM%% 2cSBl &kelfebthéqayepwﬁ%mﬁn%%c@&%éfsafas a

bottonlplate an n acts as a'to te In a capacitor. 15
13. The netdao@ldofondzhcawmaycwaad evmlusayastoo g et aea b@a:nmpisg dndstidelrsconpri se
a conductive,structure under said.capacitor dielectric |ayer and said

first sectiBRiGraEAd ORRBEEIN &AM i ve | ayer: said conductive structure

acts at a bottomplate and said first section acts as a top plate in a
capacitor. 14. A nethod of fabrication of a capacitor in a sem conductor
devi ce; cbhpri dimmihadmd fabsicalen ¢ffa canyciior B3 Wﬁ@)nﬁlu%hﬂ%fﬁd%‘f‘ﬁfs“ﬁﬁt%ct ure
and prOVIdI¥§) ftop insulating layer and conductive features in said top
i nsul ati ng yer

a)  providing a semiconductor structure and providing a top insulating layer

and conductive features in said top insulating layer;

by  forming a top etch stop layer over said top insulating layer and said
conductive features;

c) forming a first conductive layer over said top insulating layer;

d)  patterning said first conductive layer to form at least a capacitor bottom
plate and a first portion of said first conductive layer;

¢) forming a capacitor dielectric layer over said top insulating layer and
said capacitor bottom plate and a first portion of said first conductive

layer;

(1) said first portion of said first conductive layer acts as a
resistor;

f)  forming a second conductive layer over said capacitor dielectric layer;

g} forming a cap etch stop layer on said second conductive layer;

h)  patterning said second conductive layer and cap etch stop layer to form
at least a top plate over said bottom plate and to form a first section of
said second conductive layer on said capacitor dielectric [ayer over said
top insulating layer;

i) forming an insulating layer over said top insulating layer;
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b) formng a top etch stop | ayer over said top insulating | ayer and said
conductive features; c) formng a first conductive | ayer over said top
insulating layer; d) patterning said first conductive |layer to form at

| east a capacitor bottom plate and a first portion of said first
conductive layer; e) formng a capacitor dielectric |layer over said top
insulating layer and said capacitor bottomplate and a first portion of
said first conductive layer; (1) said first portion of said first
conductive layer acts as a resistor; t) formng a second conductive | ayer
over said capacitor dielectric layer; g) formng a cap etch stop |layer on
sai d second conductive |ayer; h) patterning said second conductive |ayer
and cap etch stop layer to form at least a top plate over said bottom
plate and to forma first section of said second conductive |ayer on said
capacitor dielectric layer over said top insulating layer; i) formng an
insul ating |ayer dver femiidg irspreommselicnsitngortiany efleast:16iq first perpmgf said

i nterconnections to contact .at. | east: i i rti of 1. first
conductive | ayer |, saﬁﬁs%%?9%%v%ﬁg?%fm§af%mﬁﬂgaéfgggggﬁ%mggﬁ%gpgpgt

section of said secondectvndifGhidvecondyefiducandlagai shdwanidwativoree feaires. es.  15.
The nmethod of claim 14 wherein said top insulating layer is conprised of a
bottom etch stop layer, a |lower dielectric layer, a mddle etch stop

| ayer, a upper dielectric layer; said bottometch stop |layer, and said

m ddl e etch stop | ayer are conprised of silicon nitride or SiC, said | ower
di el ectri 5.1 ayElre mettiod af dainppewhattial sed iopdndulnjies layeiets comprisosad agpttom

etch stop layer, a lower diclectric layer, a middle etch stop layer, a upper dielectric layer;
said bottom etch stop layer, and said middle etch stop layer are comprised of silicon
nitride or SiC; said lower dielectric layer and said upper dielectric layer are comprised of
a low k material or an oxide.

16.  The method of claim 14 said first conductive layer is comprised of a material
selected from the group consisting of : Ta, TaN, TiN, Ti, and AlCu alloys.

17.  The method of claim 14 wherein the patterning of said first conductive layer
comprises forming a mask pattern over said {irst conductive layer; and etching said first
conductive layer using a top etch stop layer as a ctch stop; and not exposing said
conductive features.

8.  The method of claim 14 wherein said capacitor dielectric layer is comprised of
silicon nitride and has a thickness between 500 and 650A.

19.  The method of claim 14 wherein said first section of said second conductive layer
acts as a resistor.

20.  The method of claim [4 wherein said first section of said second conductive layer
has a different resistivity than said first portion of said first conductive layer and said first

section and said first portion are resistors.

21.  The method of claim 14 wherein said conductive features further comprise a lower

bottom plate under said bottom plate and under said top etch stop layer.
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a low k material or an oxide. 16. The nethod of claim 14 said first
conductive layer is conprised of a material selected fromthe group
consisting of: Ta, TaN, TiN, Ti, and AlCu alloys. 17. The nethod of claim
14 wherein the patterning of said first conductive |ayer conprises formng
a mask pattern over said first conductive |layer; and etching said first
conductive layer using a top etch stop |layer as a etch stop; and not
exposing said conductive features. B. The nethod of claim 14 wherein said
capacitor dielectric layer is conprised of silicon nitride and has a

t hi ckness between 500 and 650A. 19. The nethod of claim 14 wherein said
First section of said second copductive layer acts as a resistor. 20. The
met hod of 281 ai Meraeing pEFAS i HheFistai ety s HrbSeimePrie Adlet  ve
layer has @tflidnfi&s @Rbers8RirRtipbitdon drifdR csRludtifd S, RRA tilsomeQformabhclsi 1 st
conductive layer and said first section and said first portion are

resi stors. &k bofhm pleiehodsad fist ppation 4ctpher wiprpldaine: eapadipet i ve features

Sai d top oten Steray Sl cabl 4 M ALaLE HIERE BRI AR MithRaats, OO

conducti ve {mdtdtivestrictutcheddec enpraseitar diclestic ldyet ardoaninést seutieest saali d fir st
portion of first conductive |lgyer; said first interconnect acts. .as a

bot t om pl at ECAKFBAFANEIEE HECPRTREHRICHES 2t 87 BT BRINA o8 UGt or . 23.
The method Qf+i&l AlkdMsltopBekeinn Spidloconductive features further conprise a
conductive structure under said capacitor dielectric |layer and said first

section of said second conductive |ayer; said conductive structure acts at
a bottomplate and said first section acts as a top plate in a capacitor.
24. A sem conductor device having a capacitor; conprising:

24. A semiconductor device having a capacitor; comprising:

a)  asemiconductor structure;

b)  atop insulating layer and conductive features in said top insulating layer
over said semiconductor structure;

¢}  acapacitor bottom plate and a first portion over said top insulating layer;
said capacitor bottom plate and said first portion are comprised a first
conductive layer,

d)  acapacitor dielectric fayer over said top insulating layer, said capacitor
bottom plate and said first portion of said {irst conductive layer;

e)  atop plate over said bottom plate and a first section of a second
conductive layer on said capacitor dielectric layer;
said top plate and said first section are comprised said second conductive

layer.

25.  The semiconductor device of claim 24 which further includes:
an insulating layer over said top insulating layer;
interconnections contacting to at least: said first portion of said first
conductive layer, said bottom plate, said top plate, said first section of said second

conductive layer; and said conductive features.
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a) a sem conductor structure; b) a top insulating |layer and conductive
features in said top insulating |ayer over said sem conductor structure;
c) a capacitor bottomplate and a first portion over said top insulating
| ayer; said capacitor bottomplate and said first portion are conprised a
first conductive layer; d) a capacitor dielectric |laver over said top
insul ating |ayer, said capacitor bottomplate and said first portion of
said first conductive layer; e) a top plate over said bottomplate and a
first section of a second conductive |ayer on said capacitor dielectric
| ayer; said top plate and said first section are conprised said second
conductive layer. 25. The sem conductor device of claim 24 which further
includes: an insulating |ayer over said top insulating | ayer;

i nterconnggst i oNg LAMcAGLIHAIL Rl clhik@ss wikadid atdy &th POy livars ofi ssiakap first
conductive |ayer, said bottomplate, said top plate, said first section of
sai d secondnsigngdeter ord ya ermdugtivg feaiigs:@Aduct i ve features. 18 26. The

sem conduct or dewi 6 e gl bl A Athddhl ElaBadiol BBtdth phteS iR drd¥RhtidSarn sai d
top insulatiﬁgﬁwgggFﬁgﬁ’ ggiégtoﬁgﬁéf%@% F%atureg; aﬁh séi tép éﬁch stop
| ayer i s undercapaiidr diafpatictloyerbott om plate and a first portion and said
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of claim 24.,wheriein said first portion of said first

27.  The semiconductor device of claim 24 wherein said first portion of said first
conductive layer acts as a resistor.

28.  The semiconductor device of claim 24  wherein said first section of said second
conductive layer acts as a resistor.

29.  The semiconductor device of claim 24  wherein said first section of said second
conductive layer has a different resistivity than said first portion of said first conductive
layer and said first section and said first portion are resistors.

32.  The semiconductor device of claim 24 wherein said first section of said second
conductive layer is a resistor, fuse, anti-fuse or inductor; and

said first portion of said first conductive layer is a resistor, fuse, anti-fuse or

inductor.

3.  The semiconductor device of claim 24 wherein said conductive features further
comprise a fower bottom plate under said bottom plate and under a top etch stop layer;
said top etch stop layer between said lower bottom plate and said bottom plate.
32.  The semiconductor device of claim 24 wherein said conductive features further
comprise a first interconnect under said first portion of first conductive layer;
said first interconnect acts as a bottom plate and said first portion acts as a top plate

in a capacitor.
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conductive layer acts as a resistor. 28. The sem conductor device of claim
24 wherein said first section of said second conductive |ayer acts as a
resistor. 29. The sem conductor device of claim24 wherein said first
section of said second conductive |layer has a different resistivity than
said first portion of said first conductive |layer and said first section
and said first portion are resistors. 32. The sem conductor device of claim
24 wherein said first section of said second conductive layer is a
resistor, fuse, anti-fuse or inductor; and said first portion of said first
conductive layer is a resistor, fuse, anti-fuse or inductor. 31. The

sem conduct or vice of, ¢l aim 24 wherej,n sai.d cqonducti.ve.features further
conpri se ggl ov\gge BB PP E noé\éﬂng %4dw Ot 8?71185%1 ueclmé%f a heéglrl a4 top etch
stop | ayer; congisd atcodRtiehsticape hiadeekaid edpaeien dsaéadid yaranbehitidimtptaioa and

sai d bottonug%ate. 32. The sem conductor device of claim 24 wherein said
conduct i ve ®leatdiceandiagpdydive layshpri se a first interconnect under said first

por tion of i sbigCBRMEL MfuchY &hs aAlohl it ahDLAS GRUNEGIonAELSs A%yR DOt tom
plate and said first portion acts as a top plate 1n a capacitor. 19 33.

The seni conplaction caexitere of cl ai m 24 wherein said conductive features

further conprise a conductive structure under said capacitor dielectric

| ayer and said first section of said second conductive |ayer; said

conductive structure acts at a bottomplate and said first section acts as

a top plate in a capacitor. 34. A seniconductor device having a capacitor;

conpri si ng% a) AdcRErndiRiietve hatipg s cUret A heP IS er | yi ng top i nsul ati ng

layer and a)  asemiconductor structure and an overlying top insulating layer and
conductive features in said top insulating layer;

by  atop etch stop layer over said top insulating layer and said conductive
features;

¢)  acapacitor bottom plate and a first portion of said first conductive layer
comprised of a first conductive layer;

d)  acapacitor dielectric layer over said top insulating layer, said capacitor

bottom plate and said first portion of satd first conductive layer;

(I}  said first portion of said first conductive fayer acts as a
resistor;

e)  atop plate over said bottom plate and a first section of said second
conductive layer on said capacttor dielectric layer over said top
insulating layer;
said top plate and said first section comprised of a second conductive
layer and a overlying cap etch stop layer;

§) an insulating layer over said top insulating layer;

g)  interconnections to contact at least: said first portion of said first
conductive layer, said bottom plate, said top plate and said first section

of said second conductive layer, and said conductive features.
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conductive features in said top insulating layer; b) a top etch stop | ayer
over said top insulating |ayer and said conductive features; c) a
capacitor bottomplate and a first portion of said first conductive |ayer
conprised of a first conductive |ayer; d) a capacitor dielectric |ayer over
said top insulating |layer, said capacitor bottomplate and said first
portion of said first conductive layer; (1) said first portion of said
first conductive |ayer acts as a resistor; e) a top plate over said bottom
plate and a first section of said second conductive |ayer on said
capacitor dielectric layer over said top insulating | ayer; said top pl ate

and sa! d ;Ei@{&%@%ﬂgﬁgﬁ(g ice gngl];nn 3 81%91 ng ettchvsﬁop fa?é( Jf:cé’%npnse

overlyin i nsu over i nsul ati ng

| ayer; @) lcntsem«alsrte@ﬁdm@atmlok@@ma%erauoomsaocoz:saud first portion of said
first conductive layer, said bottomplate, said top plate and said first
section of said second conductive |ayer, and said conductive features. 20

35. The sgm Coﬂ BQJOQQEefb&%VQE o@L@m%mﬁ{ﬁl@ﬁ@@eo@daaae%y%hlsstop | ayer
is conprlsed SIN or SIC and has a thickness between 400 "and 600 A 36.

The seni cormmm;mcd disvingteridfselettad froguthosmup cansssing of iTa.skals dwdubit andeAiCayer i s
conpri sed ofla material selected fromthe group consisting of Ta, TaN, TiN,

Ti, and Atéﬂ Yal 1 oy. 37. The semi conductor device of claim34 wherein said

capaci t or3di el Bgd delrGedndy®sr deSice of claim 34 wherein said capacitor dielectric layer is

comprised of silicon nitride and has a thickness between 500 and 650A.

38.  The semiconductor device of claim 34 wherein said first section of said second
conductive layer acts as a resistor.

39. The semiconductor device of claim 34 wherein said first section of said second
conductive layer has a different resistivity than said first portion of said first conductive
layer and said first section and said first portion are resistors.

40.  The semiconductor device of claim 34 wherein said first section of said second
conductive layer is a resistor, fuse, anti-fuses or inductor and said first portion of said first

conductive layer is a resistor, fuse, anti-fuse or inductor.

41.  The semiconductor device of claim 34 wherein said conductive features further
comprise a first interconnect under said first portion of first conductive layer; said first
interconnect acts as a bottom plate and said first portion acts as a top plate in a capacitor.

42,  The semiconductor device of claim 34 wherein said conductive features further
comprise a conductive structure under said capacitor dielectric layer and said first
section of said second conductive layer; said conductive structure acts at a bottom plate

and said first section acts as a top plate in a capacitor.
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conprised of silicon nitride and has a thickness between 500 and 650t h. 38.
The sem conduct or device of claim34 wherein said first section of said
second conductive |layer acts as a resistor. 39. The sem conductor device
of claim 34 wherein said first section of said second conductive |ayer has
a different resistivity than said first portion of said first conductive

| ayer and said first section and said first portion are resistors. 40. The
sem conduct or device of claim34 wherein said first section of said second
conductive layer is a resistor, fuse, anti-fuses or inductor and said first
portion of said first conductive layer is a resistor, fuse, anti-fuse or

i nductor. 41.  The sem conductor device of claim 34 wherein said conductive
features further conprise a first interconnect under said first portion of
first conductive |ayer; said first _interconnect acts as a hottom plate and
said fi rs‘i3-58?t3?16‘ﬁ0%‘3‘€ rgeviee g shiistn PAEGe fegyros ffgher P

sem CpndUth%{np‘ij@é/hﬁﬁw&%o@&ﬁ{p[ﬂt@ﬁc@é@@ﬁ@b&;&ﬁbﬁte‘%@ﬂQHéfér's_é(i% theatM GBS 1dy8F t her
conprise a conductive structure under said capacitor dielectric |ayer and
said first section of said second conductive |layer; said conductive
structure acts at a bottomplate and said first section acts as a top
plate in a capacitor. 21 43. The sem conductor device of claim34 wherein
sai d conductive features further conprise a |ower bottom plate under said
bottom pl ate and under said top etch stop layer. 21 A
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